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E0C33208/204/202 Technical Manual

Thismanual describes the hardware specifications of the Seiko Epson original 32-bit
microcomputers EOC33208, EOC33204 and EOC33202.

E0C33208/204/202 Technical Hardware
Describes the hardware specifications of the EOC33208/204/202 except for detail s of the
peripheral circuits.

EOC33 Family ASIC Macro Manual
Describes details of al the peripheral circuit blocks for the EOC33 Family
microcomputers.

Refer to the"EOC33000 Core CPU Manua " for detail s of the EOC33000 32-bit
RISCCPU.






E0C33208/204/202
Technical Hardware






TABLE OF CONTENTS

Tableof Contents

L QUL N . L e e e e 1
B == PP 1

A = [ Tod L =T [ =2 PP 3

1.3 PN DESCHIPLION ..ttt 4

1.3.1 Pin Layout Diagram (plastic package) ..........coooiiiiiiiiiiii e 4

1.3.2 PiN FUNCHONS. . e e e e e e as 6

2 P OW BT SUP DI e e 12
2.1 POWET SUPPIY PINS ..o 12

2.2 0perating VOIAGE (VDD) - .. .uuu ettt et ettt ettt e e e e eae s 12

2.3 Power Supply for /O INterface (VDDE) .......uuiuiiiiii e 12

2.4 Power Supply for Analog CirCUItS (AVDDE). ... ...uuieiieeiiieie e 13
BINtErNAl MeMOTY ..ttt e e 14
B R A . e 14

3.2 ROM @Nd BOOt AUAIESS. .....u ettt ettt 14

A Peripheral CirCUITS ... e e e e e 15
4.1 List Of Peripheral CIFCUILS. ... . ...t et 15

B (@ 1V =T g To] Y 1 - T o PO 16

5 POWEr-DOWN CONTIOl ..o e e e e 57
6 Basic External Wiring Diagram ..........ooiiuiii e 59
7 Precautions ON MOUNTING . ..ot ettt et et 60
B Electrical CharaCteriStiCSs ...t e et 62
8.1 Absolute MaxXimum RALING ........eeiii et 62

8.2 Recommended Operating ConditioNS ... ... .. c.vuiiiiuiiii e 63

R B O O g F= = Toa (=] 1] T TR 64

8.4 CUITENt CONSUMIPLION ...ttt et ettt et ettt et e e 66

8.5 A/D Converter CharaCteriStiCS. . ... .uiuie it 67

A G O O g F= = Tea (] L] T TR 69

8.6.1 SYMDOl DESCIIPLION . ...ttt e 69

8.6.2 AC Characteristics Measurement Condition ............c.coiiiiiiiiiiiiiiiiiiieene 69

8.6.3 AC Characteristic Tables ..o e 70

8.6.4 AC Characteristic TIMING Charts .........c.ouiiiii e 77

8.7 OSCIllatioN CharaCteriStICS . ... . ittt et 84

8.8 PLL CNArCLEIISTICS ... iuetitiiii ettt et e 86

O P aACK G . ..ot s 87
.1 PIASHC PACKAGE ...ttt e 87

0 Vo I I Y 1 89
10.1 Pad LayOuUt DIAgIram .. . ...ttt e et ettt ettt aes 89

10.2 PAd COOMINALE. ... ettt ettt ettt 920

E0C33208/204/202 TECHNICAL HARDWARE EPSON i



TABLE OF CONTENTS

Appendix A <Reference> External Device Interface Timings ..............coocevviinnn... 92
AL DRAM (TONS)......eeeeee et 93
A2 DRAM (BONS)..... e 96
A3 ROM AN BUISt ROM ... ettt 100
A4 SRAM (55NS) ... 102
A5 SRAM (TONS) .. 104
AL B2 A . e e 106
B Pin CharaCteriStiCs ....ouuii it 107

ii EPSON E0C33208/204/202 TECHNICAL HARDWARE



1 OUTLINE

1 Outline

The EOC33208/204/202 isa Seiko Epson original 32-bit microcomputer that features high speed, low power and
low-voltage operation. It isdesigned for portable equipment that needs advanced data processing.
The EOC33208/204/202 consists of the EOC33000 32-bit RISC type CPU as the core, abus control unit, a DMA
controller, an interrupt controller, timers, serial interface circuits, an optional A/D converter, and RAM. It also
includes a high-speed oscillation circuit, PLL and low-speed oscillation circuit allowing high-speed operation and
low-power operation and aclock timer that provides excellent clock functions.
The E0C33208/204/202 a so provides a DSP function, by using the internal MAC (multiplication and
accumulation) operation function with the A/D converter, it makesit possible to design simply speech recognition
and voice synthesis systems.

Each model hasadifferent internal RAM size, package and data bus interface as shown in Table 1.1.

Table 1.1 Model Configuration

Model Package Internal RAM Data bus I/F
E0C33208Foa QFP5-128pin 8K bytes TTL
E0C33204Foa QFP5-128pin 4K bytes TTL
E0C33202FoA QFP5-128pin 2K bytes TTL
EO0C33208Foe QFP5-128pin 8K bytes CMOS/LVTTL
E0C33204Foe QFP5-128pin 4K bytes CMOS/LVTTL
EO0C33202Foe QFP5-128pin 2K bytes CMOS/LVTTL
EO0C33208F1E QFP15-128pin 8K bytes CMOS/LVTTL
EO0C33204F1E QFP15-128pin 4K bytes CMOS/LVTTL
EO0C33202F1E QFP15-128pin 2K bytes CMOS/LVTTL

The EOC3320xFoa thatis configured witha TTL level data bus interface must beused only for 5 V data businterface
systems.

Thismanual explainsthe common functions using E0C33208/204/202 as themodel name. Notethat theindependent
functions available only for one or the other model (EOC33208, EOC33204 or E0C33202) are described with the
specific model name.

1.1 Features

Core CPU
Seiko Epson original 32-bit RISC CPU E0C33000 built-in
¢ Basicinstruction set: 105 instructions (16-bit fixed size)
« Sixteen 32-hit general-purpose register
¢ 32-bit ALU and 8-bit shifter
» Multiplication/division instructions and MAC (multiplication and accumulation) instruction are available
¢ 16.7 nsof minimum instruction execution time at 60 MHz operation

Internal memory
RAM: 8K bytes (EOC33208)
4K bytes (EOC33204)
2K bytes (EOC33202)
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1 OUTLINE

Internal peripheral circuits
Oscillation circuit: High-speed (OSC3) oscillation circuit 33 MHz max.
Crystal/ceramic oscillator or externd clock input
Low-speed (OSC1) oscillation circuit 32.768 kHz typ.
Crystal oscillator or external clock input

Timers: 8-bit timer 4 channels
16-bit timer 6 channels
Watchdog timer  (16-bit timer O's function)
Clock timer 1 channel (with alarm function)
Serial interface: 2 channels (clock-synchronous system, asynchronous system and IrDA interface
are selectable)
A/D converter: 10 bits x 8 channels
DMA controller: High-speed DMA 4 channels
Intelligent DMA 128 channels
Interrupt controller: Possibleto invoke DMA
Input interrupt 10 types (programmable)
DMA controller interrupt 5 types

16-bit programmable timer interrupt 12 types
8-bit programmable timer interrupt 4 types

Serial interface interrupt 6 types

A/D converter interrupt 1type

Clock timer interrupt 1type
General-purpose input Shared with the I/O pinsfor internal peripheral circuits
and output ports: Input port 13 hits

1/O port 29 bits

External bus interface
BCU (bus control unit) built-in
 24-bit address bus (internal 28-bit processing)
 16-bit databus
Datasizeis selectable from 8 bitsand 16 bitsin each area.
« Little-endian memory access; big-endian may be set in each area.
e Memory mapped 1/0
 Chip enable and wait control circuits built-in
* DRAM direct interface function built-in
Supportsfast page mode and EDO page mode.
Supports self-refresh and CAS-before RAS refresh.
 Supports burst ROM.

Operating conditions and power consumption
Operating voltage: Core (VDD) 18V to36V
I/O(VDDE) 1.8V to55V
Operating clock frequency: Max. 60 MHz (when core voltage = 1/0 voltage =3.3 V £0.3 V)
Operating temperature: -40t0 85°C
Power consumption: During SLEEP 4 pW typ.
During HALT 100 mW typ.(3.3V, 50 MHz)
During execution 215 mW typ.(3.3V, 50 MHz)

Note:  Thevaluesof power consumption during execution were measured when atest
program that consisted of 55% load instructions, 23% arithmetic operation
instructions, 1% mac instruction, 12% branch instructions and 9% ext instruction
was being continuously executed.

Supply form

QFP5-128pin or QFP15-128pin plastic package, or chip
(Note that achip isavailable only for the EOC33208.)
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1.2 Block Diagram

1 OUTLINE

N—

Vob
e E0C33208/204/202
DDE
A[23:0]
D[15:0]
#RD [ EO0C33000
H#WRLHWRMHWE [J+—
#WRH/#BSH [J+——
#HCAS
#LCAS
#CE10IN, #CE10EX #CE[9:3] (]| ‘ CPU Core ‘
#EMEMRD [ J+——
#WAIT(P30)
#DRD(P20) ‘ Bus Control Unit ‘
#DWE(P21)
#GAAS(P21) [J+—
#GARD(P31) [J+—
0sC3 J ‘ i
OSC4 [J«—— Interrupt
PLLS[1:0] OSC3/PLL = Controller
PLLC T ’—>
i I 16-bit
Prescaler pmmm I Programmable
. Timer (6 ch.)
osci— - 1 J: 8-bit
OSCZED: OSC1 i T Programmable
FOSC1(P14) [} < Timer (4 ch.)
v L v
Clock [ Serial Interface
Timer <I: (2ch)
RAM — : A/D Converter
8KB/4KB/2KB (8 ch.)
Intelligent -
DMA (128 ch.) — Input Port
#DMAREQx(K50, K51, K53, K54) . -
#DMAACKx(P32, P33, P04, P06) [J+—| g"\%‘sfe‘;d i /0 Port
#DMAENDX(P15, P16, P05, P07) [ J+——| (4ch,) ——

Figure 1.2.1 E0C33208/204/202 Block Diagram

#RESET
#NMI

#X2SPD

ICEMD

DSIO
EA10MDI[1:0]
EA3MD

BCLK
#BUSREQ(P34)
#BUSACK(P35)
#BUSGET(P31)
DST[2:0](P10-12)
DPCO(P13)
DCLK(P14)

EXCLX(P10-13, P15, P16)

TMx(P22-27)

TBUFx(P10-13)

SINX(POO, P04)
SOUTX(PO1, PO5)

#SCLKxX(P02, P0OB)
#SRDYx(P03, PO7)

ADO-7(K60-67)
#ADTRG(K52)
AVDDE

K50-54
K60-67

P00-07
P10-16
P20-27
P30-35
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1.3 Pin Description

1.31 Pin Layout Diagram (plastic package)

QFP5-128pin
102 65
103 — ——64
—] —
— —
— —
— —
— —
— —
— —
— ——
— —
— —
— —
— —
— INDEX =
— —
— —
— —
— —
— —
— —
— —
128—— 39
1 38
No. Pin name No. Pin name No. Pin name No. Pin name
1 |P24/TM2 33 |K65/AD5 65 |#RESET 97 |A16
2 |Vss 34 |K50/#DMAREQO 66 |#NMI 98 |ICEMD
3 |P25/TM3 35 |K64/AD4 67 | AO/#BSL 99 |A17
4 |P26/TM4 36 |K63/AD3 68 |Al 100 |A18
5 |P15/EXCL4/#DMAENDO 37 |K62/AD2 69 | P34/#BUSREQ/#CE6 101 |A19
6 |P27/TM5 38 |AVbDE 70 |Vss 102 |P04/SIN1/#DMAACK2
7 |BCLK 39 |K61/AD1 71 |A2 103 |PO5/SOUT1/#DMAEND?2
8 |P0O0/SINO 40 |K60/ADO 72 |A3 104 |PO6/#SCLK1/DMAACK3
9 |P01/SOUTO 41 |D6 73 |A4 105 |Vss
10 D15 42 |Vss 74 | A5 106 |PLLC
11 Vbbb 43 |D5 75 | A6 107 |Vss
12 |PO3/#SRDYO 44 D4 76 |#CE10IN 108 [PLLS1
13 D14 45 |D3 77 |Vop 109 |PLLSO
14 |P31/#BUSGET/#GARD 46 |D2 78 |#EMEMRD 110 |PO7/#SRDY1/#DMAEND3
15 |D13 47 D1 79 |A7 111 |[#X2SPD
16 |P32/#DMAACKO 48 |DO 80 |#HCAS 112 |EA10MDO
17 |D12 49 |P35/#BUSACK 81 |A8 113 [EA1OMD1
18 |P33/#DMAACK1 50 |VobeE 82 |#LCAS 114 |Vobp
19 D11 51 [#CE9/#CE17/#CE17&18 83 |A9 115 [EA3MD
20 |[K54/#DMAREQ3 52 |0SC2 84 | P16/EXCL5/#DMAEND1| 116 |OSC4
21 D10 53 |#CE7/#RASO/#CE13/#RAS2 85 |A10 117 |P20/#DRD
22 |K53/#DMAREQ2 54 |0SC1 86 |A20 118 |0SC3
23 |D9 55 |#CE6/#CE7&8 87 |All 119 |P21/#DWE/#GAAS
24 |[K52/#ADTRG 56 |#RD 88 |A21 120 #CE3
25 |Vss 57 |Vss 89 |A12 121 |P22/TMO
26 |[K51/#DMAREQ1 58 H#WRLHWR/HWE 90 |A22 122 |P23/TM1
27 |PO2/#SCLKO 59 |[#WRH/#BSH 91 |A13 123 |DSIO
28 D8 60 |[#CEL1OEX/#CE9&10EX 92 |A23 124 |P10/EXCLO/TBUFO0/DSTO
29 |D7 61 |#CE8/#RAS1/#CE14/#RAS3 93 |Vss 125 [P11/EXCL1/T8UF1/DST1
30 |VopE 62 [#CES/#CE15/#CE15&16 94 |Al14 126 |P12/EXCL2/T8UF2/DST2
31 |K67/AD7 63 [#CE4/#CE11/#CE11&12 95 |A15 127 |P13/EXCL3/T8UF3/DPCO
32 |K66/AD6 64 |P30/#WAIT/#CE4&5 96 | VDDE 128 |P14/FOSC1/DCLK

Figure 1.3.1 Pin Layout Diagram (QFP5-128pin)
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QFP15-128pin

1 OUTLINE

96 65
B A
975 264
% INDEX %
128 = =33

1 32
No. Pin name No. Pin name No. Pin name No. Pin name
1 |P26/TM4 33 |K63/AD3 65 |Al 97 |A18
2 |P15/EXCL4/#DMAENDO | 34 |K62/AD2 66 |P34/#BUSREQ/#CE6 98 |A19
3 |P27/TM5 35 |AVDDE 67 |Vss 99 |P04/SIN1/#DMAACK?2
4 |BCLK 36 |K61/AD1 68 |A2 100 [PO5/SOUT1/#DMAEND2
5 |PO0/SINO 37 |K60/ADO 69 |A3 101 |PO6/#SCLK1/DMAACK3
6 |P01/SOUTO 38 |D6 70 |A4 102 |Vss
7 |D15 39 |Vss 71 |A5 103 |PLLC
8 |Vbp 40 |D5 72 |A6 104 |Vss
9 |PO3/#SRDYO0 41 D4 73 |#CE10IN 105 |PLLS1
10 |D14 42 D3 74 |Vbp 106 |PLLSO
11 |P31/#BUSGET/#GARD 43 |D2 75 |#EMEMRD 107 |PO7/#SRDY1/#DMAEND3
12 |D13 44 D1 76 |A7 108 [#X2SPD
13 |P32/#DMAACKO 45 |DO 77 |#HCAS 109 |[EA1OMDO
14 |D12 46 |P35/#BUSACK 78 |A8 110 [EA1OMD1
15 |P33/#DMAACK1 47 |VDDE 79 |#LCAS 111 |Vobp
16 |D11 48 |#CE9/M#CE17/#CE17&18 80 |A9 112 |EASMD
17 |K54/#DMAREQ3 49 |0SC2 81 |P16/EXCL5/#DMAEND1| 113 |OSC4
18 |D10 50 [#CE7/#RASO/#CE13/#RAS2 82 |Al10 114 |P20/#DRD
19 |K53/#DMAREQ2 51 |OSC1 83 |A20 115 |0SC3
20 |D9 52 [#CE6/#CE7&8 84 |All 116 |P21/#DWE/#GAAS
21 |K52/#ADTRG 53 #RD 85 |A21 117 |#CE3
22 |Vss 54 |Vss 86 |Al12 118 |P22/TMO
23 |K51/#DMAREQ1 55 |[#WRL#HWR/H#WE 87 |A22 119 |P23/TM1
24 |PO2/#SCLKO 56 [#WRH/#BSH 88 |Al13 120 [DSIO
25 |D8 57 [#CE10EX/#CE9&10EX 89 |A23 121 |P10/EXCLO/T8UFO/DSTO
26 |D7 58 [#CE8/#RAS1/#CE14/#RAS3 90 |Vss 122 |P11/EXCL1/T8UF1/DST1
27 |VpbE 59 |#CE5/#CE15/#CE15&16 91 |Al14 123 |P12/EXCL2/T8UF2/DST2
28 |[K67/AD7 60 |#CE4/#CE11/#CE11&12 92 |A15 124 |P13/EXCL3/T8UF3/DPCO
29 |K66/AD6 61 |P30/#WAIT/H#HCE4&5 93 | VDDE 125 |[P14/FOSC1/DCLK
30 |[K65/AD5 62 |[#RESET 94 |Al16 126 |P24/TM2
31 |[K50/#DMAREQO 63 [#NMI 95 | ICEMD 127 |Vss
32 |K64/AD4 64 |AO/H#BSL 96 |Al7 128 |P25/TM3

Figure 1.3.2 Pin Layout Diagram (QFP15-128pin)
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1.3.2 Pin Functions

Table 1.3.1 List of Pins for Power Supply System

Pin name Pin No. /0 | Pull-up Function
QFP5-128 | QFP15-128
VbD 11,77,114 | 8,74,111 - - Power supply (+) for the internal logic
Vss 2,25,42,57, | 127,22,39, | - — Power supply (-); GND
70,93,105, | 54,67,90,
107 102,104
VDDE 30,50,96 27,47,93 - - Power supply (+) for the 1/O block
AVDDE 38 35 - - Analog system power supply (+); AVbbe = Vbpe
Table 1.3.2 List of Pins for External Bus Interface Signals
Pin name Pin No. 110 | Pull-up Function
QFP5-128 | QFP15-128
A0 67 64 (0] - AO: Address bus (A0) when SBUSST(D3/0x4812E) = "0" (default)
#BSL #BSL: Bus strobe (low byte) signal when SBUSST(D3/0x4812E) = "1"
A[23:1] 68,71-75, | 65,68-72, | O — Address bus (Al to A23)
79,81,83, 76,78,80,
85-92,94, | 82-89,91,
95, 97, 92,94,
99-101 96-98
D[15:0] 10,13,15,17,| 7,10,12,14, | I/O — Data bus (DO to D15)
19,21,23,28,|16,18,20,25,
29,41,43-48)|26,38,40-45
#CE10EX 60 57 (¢} - Area 10 chip enable for external memory
[OwWhen CEFUNCJ[1:0] = "1x", this pin outputs #CE9+#CE10EX signal.
#CE10IN 76 73 (¢} - Area 10 chip enable for internal ROM emulation memory
#CE9 51 48 (e} - #CE9: Area 9 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#CEL17 (default)
#CEL17: Area 17 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "01"
Owhen CEFUNCJ[1:0] = "1x", this pin outputs #CE17+#CE18 signal.
#CES8 61 58 (¢} - #CE8: Area 8 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#RAS1 and ASDRA(D8/0x48128) = "0" (default)
#CE14 #RAS1: Area 8 DRAM row strobe when CEFUNCI[1:0](D[A:9])/0x48130)
#RAS3 ="00" and ABDRA(D8/0x48128) = "1"
#CE14: Area 14 chip enable when CEFUNCI1:0](D[A:9])/0x48130) = "01"
or "1x" and A14DRA(D8/0x48122) ="0"
#RAS3: Area 14 DRAM row strobe when CEFUNC[1:0](D[A:9])/0x48130)
="01" or "1x" and A14DRA(D8/0x48122) ="1"
#CE7 53 50 o) - #CET: Area 7 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#RASO and A7DRA(D7/0x48128) ="0" (default)
#CE13 #RASO0: Area 7 DRAM row strobe when CEFUNCJ[1:0](D[A:9])/0x48130)
#RAS2 ="00" and A7TDRA(D7/0x48128) = "1"
#CE13: Area 13 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "01"
or "1x"and A13DRA(D7/0x48122) = "0"
#RAS2: Area 13 DRAM row strobe when CEFUNC[1:0](D[A:9])/0x48130)
="01" or "1x" and A13DRA(D7/0x48122) ="1"
#CEG6 55 52 (¢} - Area 6 chip enable
[Owhen CEFUNCI1:0] = "1x", this pin outputs #CE7+#CES8 signal.
#CE5 62 59 o) - #CES5: Area 5 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#CE15 (default)
#CE15: Area 15 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "01"
#CE4 63 60 (0] - #CE4: Area 4 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#CE11 (default)
#CE11: Area 11 chip enable when CEFUNCJ1:0](D[A:9])/0x48130) = "01"
[Owhen CEFUNCI[1:0] = "1x", this pin outputs #CE11+#CE12 signal.
#CE3 120 117 [¢] - Area 3 chip enable
#RD 56 53 (¢} - Read signal
#EMEMRD 78 75 (¢} - Read signal for internal ROM emulation memory

EPSON E0C33208/204/202 TECHNICAL HARDWARE
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Pin name Pin No. /0 | Pull-up Function
QFP5-128 | QFP15-128
#WRL 58 55 o - #WRL: Write (low byte) signal when SBUSST(D3/0x4812E) = "0"
#WR (default)
#WE #WR: Write signal when SBUSST(D3/0x4812E) = "1"
#WE: DRAM write signal (default)
#WRH 59 56 o) - #WRH:  Write (high byte) signal when SBUSST(D3/0x4812E) = "0"
#BSH (default)
#BSH: Bus strobe (high byte) signalwhen SBUSST(D3/0x4812E)="1"
#HCAS 80 77 o - #HCAS:  DRAM column address strobe (high byte) signal
#LCAS 82 79 (0] - #LCAS: DRAM column address strobe (low byte) signal
BCLK 7 4 (o) - Bus clock output
P34 69 66 110 - P34: 1/0 port when CFP34(D4/0x402DC) = "0" (default)
#BUSREQ #BUSREQ: Bus release request input when CFP34(D4/0x402DC) = "1"
#CEG6 #CE6: Area 6 chip enable when CFP34(D4/0x402DC) = "1"
and 10C34(D4/0x402DE) = "1"
P35 49 46 10 - P35: 1/0 port when CFP35(D5/0x402DC) = "0" (default)
#BUSACK #BUSACK: Bus acknowledge output when CFP35(D5/0x402DC) = "1"
P30 64 61 110 - P30: 1/0 port when CFP30(D0/0x402DC) = "0" (default)
H#WAIT H#WAIT: Wait cycle request input when CFP30(D0/0x402DC) = "1"
#CE4&5 #CE4&5:  Areas 4&5 chip enable when CFP30(D0/0x402DC) = "1"
and |0C30(D0/0x402DE) = "1"
P20 117 114 110 - P20: 1/0 port when CFP20(D0/0x402D8) = "0" (default)
#DRD #DRD: DRAM read signal output for successive RAS mode
when CFP20(D0/0x402D8) = "1"
P21 119 116 /0 P21: 1/0 port when CFP21(D1/0x402D8) = "0"
#DWE and CFEX2(D2/0x402DF) = "0" (default)
#GAAS #DWE: DRAM write signal output for successive RAS mode
when CFP21(D1/0x402D8) = "1"
and CFEX2(D2/0x402DF) = "0"
#GAAS:  Area address strobeoutput for GA when CFEX2(D2/0x402DF)
="
P31 14 11 110 P31: 1/0 port when CFP31(D1/0x402DC) = "0"
#BUSGET and CFEX3(D3/0x402DF) = "0" (default)
#GARD #BUSGET: Bus status monitor signal output for bus request
when CFP31(D1/0x402DC) = "1"
and CFEX3(D3/0x402DF) = "0"
#GARD:  Area read signaloutputfor GAwhen CFEX3(D3/0x402DF)="1"
EA10MD1 113 110 | With  |Area 10 boot mode selection
pull-up |EA10MD1 EA10MDO Mode
1 1 External ROM mode
EA10MDO 112 109 | - 1 0 Internal ROM mode
0 1 OTP mode
0 0 Internal ROM emulation
EA3MD 115 112 | With  |Area 3 mode selection
pull-up |1: Internal ROM mode, 0: Emulation mode
Table 1.3.3 List of Pins for HSDMA Control Signals
Pin name Pin No. /0 | Pull-up Function
QFP5-128 | QFP15-128
K50 34 31 | With K50: Input port when CFK50(D0/0x402C0) = "0" (default)
#DMAREQO pull-up |#DMAREQO: HSDMA Ch. 0 request input when CFK50(D0/0x402C0) ="1"
K51 26 23 I With  |K51: Input port when CFK51(D1/0x402C0) = "0" (default)
#DMAREQ1 pull-up |#DMAREQ1: HSDMA Ch. 1request input when CFK51(D1/0x402C0) ="1"
K53 22 19 | With K53: Input port when CFK53(D3/0x402C0) = "0" (default)
#DMAREQ2 pull-up |#DMAREQ2: HSDMA Ch. 2 requestinput when CFK53(D3/0x402C0) ="1"
K54 20 17 I With  |K54: Input port when CFK54(D4/0x402C0) = "0" (default)
#DMAREQ3 pull-up |#DMAREQ3: HSDMA Ch. 3request input when CFK54(D4/0x402C0) ="1"
P32 16 13 110 - P32: 1/0 port when CFP32(D2/0x402DC) = "0" (default)
#DMAACKO #DMAACKO: HSDMA Ch. 0 acknowledge output
when CFP32(D2/0x402DC) = "1"
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Pin name Pin No. 1/0 | Pull-up Function
QFP5-128 | QFP15-128
P33 18 15 110 - P33: I/0 port when CFP33(D3/0x402DC) = "0" (default)
#DMAACK1 #DMAACK1: HSDMA Ch. 1 acknowledge output
when CFP33(D3/0x402DC) = "1"
P04 102 99 110 - PO4: 1/0 port when CFP04(D4/0x402D0) = "0"
SIN1 and CFEX4(D4/0x402DF) = "0" (default)
#DMAACK?2 SIN1: Serial I/F Ch. 1 data input when CFP04(D4/0x402D0) = "1"
and CFEX4(D4/0x402DF) ="0"
#DMAACK2: HSDMA Ch. 2 acknowledge output
when CFEX4(D4/0x402DF) = "1"
P06 104 101 110 - PO6: 1/0 port when CFP06(D6/0x402D0) = "0"
#SCLK1 and CFEX6(D6/0x402DF) = "0" (default)
#DMAACK3 #SCLK1: Serial I/F Ch. 1 clock input/output when CFP06(D6/0x402D0)
="1" and CFEX6(D6/0x402DF) = "0"
#DMAACK3: HSDMA Ch. 3 acknowledge output
when CFEX6(D6/0x402DF) = "1"
P15 5 2 110 - P15: 1/0 port when CFP15(D5/0x402D4) = "0" (default)
EXCL4 EXCL4: 16-bit timer 4 event counter inputwhen CFP15(D5/0x402D4)
#DMAENDO ="1" and IOC15(D5/0x402D6) = "0"
#DMAENDO: HSDMA Ch. 0 end-of-transfer signal output when
CFP15(D5/0x402D4) = "1" and 10C15(D5/0x402D6) = "1"
P16 84 81 110 - P16: I/0 port when CFP16(D6/0x402D4) = "0" (default)
EXCL5 EXCL5: 16-bit timer 5 event counter inputwhen CFP16(D6/0x402D4)
#DMAEND1 ="1"and 10C16(D6/0x402D6) = "0"
#DMAEND1: HSDMA Ch. 1 end-of-transfer signal output when
CFP16(D6/0x402D4) = "1" and 10C16(D6/0x402D6) = "1"
P05 103 100 110 - PO5: 1/0 port when CFP05(D5/0x402D0) = "0"
SOUT1 and CFEX5(D5/0x402DF) = "0" (default)
#DMAEND2 SOUT1L: Serial I/F Ch. 1 data output when CFP05(D5/0x402D0) ="1"
and CFEX5(D5/0x402DF) = "0"
#DMAEND2: HSDMA Ch. 2 end-of-transfer signal output
when CFEX5(D5/0x402DF) = "1"
PO7 110 107 110 - PO7: 1/0 port when CFP07(D7/0x402D0) = "0"
#SRDY1 and CFEX7(D7/0x402DF) = "0" (default)
#DMAEND3 #SRDY1: Serial I/F Ch. 1 ready signal output when
CFPO07(D7/0x402D0) = "1" and CFEX5(D5/0x402DF) = "0"
#DMAEND3: HSDMA Ch. 3 end-of-transfer signal output
when CFEX7(D7/0x402DF) ="1"
Table 1.3.4 List of Pins for Internal Peripheral Circuits
Pin name Pin No. 1/0 | Pull-up Function
QFP5-128 | QFP15-128
K52 24 21 | With K52: Input port when CFK52(D2/0x402C0) = "0" (default)
#ADTRG pull-up |#ADTRG:  AJD converter trigger input when CFK52(D2/0x402C0) = "1"
K60 40 37 | - K60: Input port when CFK60(D0/0x402C3) = "0" (default)
ADO ADO: A/D converter Ch. 0 input when CFK60(D0/0x402C3) = "1"
K61 39 36 | - K61: Input port when CFK61(D1/0x402C3) = "0" (default)
AD1 AD1: A/D converter Ch. 1 input when CFK61(D1/0x402C3) = "1"
K62 37 34 | - K62: Input port when CFK62(D2/0x402C3) = "0" (default)
AD2 AD2: A/D converter Ch. 2 input when CFK62(D2/0x402C3) = "1"
K63 36 33 | - K63: Input port when CFK63(D3/0x402C3) = "0" (default)
AD3 AD3: A/D converter Ch. 3 input when CFK63(D3/0x402C3) = "1"
K64 35 32 | - K64: Input port when CFK64(D4/0x402C3) = "0" (default)
AD4 ADA4: A/D converter Ch. 4 input when CFK64(D4/0x402C3) = "1"
K65 33 30 | - K65: Input port when CFK65(D5/0x402C3) = "0" (default)
AD5 AD5: A/D converter Ch. 5 input when CFK65(D5/0x402C3) = "1"
K66 32 29 | - K66: Input port when CFK66(D6/0x402C3) = "0" (default)
AD6 ADS6: A/D converter Ch. 6 input when CFK60(D6/0x402C3) = "1"
K67 31 28 | - K67: Input port when CFK67(D7/0x402C3) = "0" (default)
AD7 AD7: A/D converter Ch. 7 input when CFK67(D7/0x402C3) = "1"
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Pin name Pin No. /0 | Pull-up Function
QFP5-128 | QFP15-128
P00 8 5 110 - POO: 1/0 port when CFP0O0(D0/0x402D0) = "0" (default)
SINO SINO: Serial I/F Ch. 0 data input when CFP00(D0/0x402D0) = "1"
PO1 9 6 110 - PO1: 1/0 port when CFP01(D1/0x402D0) = "0" (default)
SOUTO SOUTO: Serial I/F Ch. 0 data output when CFP01(D1/0x402D0) ="1"
P02 27 24 110 - PO2: 1/0 port when CFP02(D2/0x402D0) = "0" (default)
#SCLKO #SCLKO: Serial I/F Ch. 0 clock input/output when CFP02(D2/0x402D0)
= "1"
P03 12 9 110 - P03: 1/0 port when CFP03(D3/0x402D0) = "0" (default)
#SRDYO #SRDYO: Serial I/F Ch. 0 ready signal output
when CFP03(D3/0x402D0) = "1"
P04 102 99 /10 - PO4: 1/0 port when CFP04(D4/0x402D0) = "0"
SIN1 and CFEX4(D4/0x402DF) = "0" (default)
#DMAACK2 SIN1: Serial I/F Ch. 1 data input when CFP04(D4/0x402D0) = "1"
and CFEX4(D4/0x402DF) = "0"
#DMAACK2: HSDMA Ch. 2 acknowledge output
when CFEX4(D4/0x402DF) = "1"
P05 103 100 110 - PO5: 1/0 port when CFP05(D5/0x402D0) = "0"
SOUT1 and CFEX5(D5/0x402DF) = "0" (default)
#DMAEND2 SOUT1: Serial I/F Ch. 1 data output when CFP05(D5/0x402D0) ="1"
and CFEX5(D5/0x402DF) = "0"
#DMAEND2: HSDMA Ch. 2 end-of-transfer signal output
when CFEX5(D5/0x402DF) = "1"
P06 104 101 I{e] - PO6: 1/0 port when CFP06(D6/0x402D0) = "0"
#SCLK1 and CFEX6(D6/0x402DF) = "0" (default)
#DMAACKS3 #SCLK1: Serial I/F Ch. 1 clock input/output when CFP06(D6/0x402D0)
="1"and CFEX6(D6/0x402DF) = "0"
#DMAACK3: HSDMA Ch. 3 acknowledge output
when CFEX6(D6/0x402DF) = "1"
PO7 110 107 /0 - PO7: 1/0 port when CFP07(D7/0x402D0) = "0"
#SRDY1 and CFEX7(D7/0x402DF) = "0" (default)
#DMAEND3 #SRDY1: Serial I/F Ch. 1 ready signal output when
CFP07(D7/0x402D0) = "1" and CFEX5(D5/0x402DF) ="0"
#DMAEND3: HSDMA Ch. 3 end-of-transfer signal output
when CFEX7(D7/0x402DF) = "1"
P10 124 121 110 - P10: 1/0 port when CFP10(D0/0x402D4) = "0"
EXCLO and CFEX1(D1/0x402DF) = "0"
T8UFO EXCLO: 16-bit timer 0 event counter inputwhen CFP10(D0/0x402D4)
DSTO ="1", I0C10(D0/0x402D6) = "0" and CFEX1(D1/0x402DF)
= "0"
T8UFO: 8-bit timer 0 output when CFP10(D0/0x402D4) = "1",
10C10(D0/0x402D6) = "1" and CFEX1(D1/0x402DF) = "0"
DSTO: DSTO signal outputwhen CFEX1(D1/0x402DF)="1" (default)
P11 125 122 110 - P11: 1/0 port when CFP11(D1/0x402D4) = "0"
EXCL1 and CFEX1(D1/0x402DF) ="0"
T8UF1 EXCL1: 16-bit timer 1 event counter inputwhen CFP11(D1/0x402D4)
DST1 ="1", 10C11(D1/0x402D6) = "0" and CFEX1(D1/0x402DF)
= "0"
T8UF1: 8-bit timer 1 output when CFP11(D1/0x402D4) = "1",
10C11(D1/0x402D6) = "1" and CFEX1(D1/0x402DF) = "0"
DST1: DST1 signal outputwhen CFEX1(D1/0x402DF)="1" (default)
P12 126 123 110 - P12: 1/0 port when CFP12(D2/0x402D4) = "0"
EXCL2 and CFEX0(D0/0x402DF) = "0"
T8UF2 EXCL2: 16-bit timer 2 event counter inputwhen CFP12(D2/0x402D4)
DST2 ="1", |I0C12(D2/0x402D6) = "0" and CFEX0(D0/0x402DF)
= "0"
T8UF2: 8-bit timer 2 output when CFP12(D2/0x402D4) = "1",
10C12(D2/0x402D6) = "1" and CFEX0(D0/0x402DF) = "0"
DST2: DST2 signal outputwhen CFEX0(D0/0x402DF)="1" (default)
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Pin name Pin No. 1/0 | Pull-up Function
QFP5-128 | QFP15-128
P13 127 124 1/0 - P13: 1/0 port when CFP13(D3/0x402D4) = "0"
EXCL3 and CFEX1(D1/0x402DF) = "0"
T8UF3 EXCL3: 16-bit timer 3 event counter input when CFP13(D3/0x402D4)
DPCO ="1", I0C13(D3/0x402D6) = "0" and CFEX1(D1/0x402DF)
="0"
T8UF3: 8-bit timer 3 output when CFP13(D3/0x402D4) = "1",
10C13(D3/0x402D6) = "1" and CFEX1(D1/0x402DF) ="0"
DPCO: DPCO signal output when CFEX1(D1/0x402DF) = "1"
(default)
P14 128 125 1/0 - P14: 1/0 port when CFP14(D4/0x402D4) = "0"
FOSC1 and CFEX0(D0/0x402DF) ="0"
DCLK FOSC1: OSC1 clock output when CFP14(D4/0x402D4) = "1"
and CFEX0(D0/0x402DF) ="0"
DCLK: DCLK signal outputwhen CFEX0(D0/0x402DF) ="1" (default)
P15 5 2 110 - P15: 1/0 port when CFP15(D5/0x402D4) = "0" (default)
EXCL4 EXCL4: 16-bit timer 4 event counter input when CFP15(D5/0x402D4)
#DMAENDO ="1"and I0C15(D5/0x402D6) = "0"
#DMAENDO: HSDMA Ch. 0 end-of-transfer signal output when
CFP15(D5/0x402D4) = "1" and 10C15(D5/0x402D6) = "1"
P16 84 81 110 - P16: 1/0 port when CFP16(D6/0x402D4) = "0" (default)
EXCL5 EXCL5: 16-bit timer 5 event counter input when CFP16(D6/0x402D4)
#DMAEND1 ="1" and 10C16(D6/0x402D6) = "0"
#DMAEND1: HSDMA Ch. 1 end-of-transfer signal output when
CFP16(D6/0x402D4) = "1" and 10C16(D6/0x402D6) = "1"
P22 121 118 110 - P22: 1/0 port when CFP22(D2/0x402D8) = "0" (default)
TMO TMO: 16-bit timer 0 output when CFP22(D2/0x402D8) = "1"
P23 122 119 110 - P23: 1/0 port when CFP23(D3/0x402D8) = "0" (default)
™1 TM1: 16-bit timer 1 output when CFP23(D3/0x402D8) = "1"
P24 1 126 110 - P24: 1/0 port when CFP24(D4/0x402D8) = "0" (default)
T™M2 TM2: 16-bit timer 2 output when CFP24(D4/0x402D8) = "1"
P25 3 128 110 - P25: 1/0 port when CFP25(D5/0x402D8) = "0" (default)
TM3 TM3: 16-bit timer 3 output when CFP25(D5/0x402D8) = "1"
P26 4 1 110 - P26: 1/0 port when CFP26(D6/0x402D8) = "0" (default)
T™M4 TM4: 16-bit timer 4 output when CFP26(D6/0x402D8) = "1"
p27 6 3 110 - P27: 1/0 port when CFP27(D7/0x402D8) = "0" (default)
TM5 TM5: 16-bit timer 5 output when CFP27(D7/0x402D8) = "1"
Table 1.3.5 List of Pins for Clock Generator
Pin name Pin No. /0 | Pull-up Function
QFP5-128 | QFP15-128
OsC1 54 51 | - Low-speed (OSC1) oscillation input (32 kHz crystal oscillator or external
clock input)
0SsC2 52 49 ¢} - Low-speed (OSC1) oscillation output
OSC3 118 115 | - High-speed (OSC3) oscillation input (crystal/ceramic oscillator or external
clock input)
0OSsC4 116 113 (¢} - High-speed (OSC3) oscillation output
PLLS[1:0] 108,109 105,106 | - PLL set-up pins
PLLS1 PLLSO fin (foscs) fout (frscin)
1 1 10-30MHz 20-60MHz m
10-25MHz 20-50MHz %]
0 1 10-15MHz 40-60MHz m
10-12.5MHz 40-50MHz @
0 0 PLL is not used L
[M: ROM-less model with 3.3 V + 0.3 V operating voltage
[2: ROM built-in model, or 3.0 V + 0.3 V operating voltage
PLLC 106 103 - - Capacitor connecting pin for PLL
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Table 1.3.6 List of Other Pins

Pin name Pin No. yo | Pull-down Function
QFP5-128 | QFP15-128 Pull-up
ICEMD 98 95 | With High-impedance control input pin
pull-down | When this pinis setto High, all the outputpins go into high-impedance state.
This makes it possible to disable the EOC33 chip on the board.
DSIO 123 120 l[e} With Serial 1/0 pin for debugging
Pull-up | This pin is used to communicate with the debugging tool ICD33.
#X2SPD 111 108 | - Clock doubling mode set-up pin
1: CPU clock = bus clock x 1, 0: CPU clock = bus clock x 2
#NMI 66 63 | With NMI request input pin
Pull-up
#RESET 65 62 | With Initial reset input pin
Pull-up

Note: "#"inthe pin names indicates that the signal is low active.
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2 Power Supply

This chapter explains the operating voltage of the EOC33208/204/202.

2.1 Power Supply Pins

The E0C33208/204/202 has the power supply pinsshown in Table 2.1.1.

Table 2.1.1 Power Supply Pins

Pin name Pin No. Function
QFP5-128pin QFP15-128pin

VbD 11,77,114 8,74,111 Power supply (+) for the internal logic
Vss 2,25,42,57,70,93,105,107 |22,39,54,67,90,102,104,127] Power supply (-); GND
VDDE 30,50,96 27,47,93 Power supply (+) for the 1/0 block
AVDDE 38 35 Analog system power supply (+); AVbpbE = Vbpe

Internal

CPU core peripheral
circuit
1/0 .
interface circuit +>(1/0 pins

Analog circuits
(A/D converter)

Figure 2.1.1 Power Supply System

2.2 Operating Voltage (Vop)

The core CPU and internal peripheral circuits operate with avoltage supplied between the Vbp and Vss pins. The
following operating voltage can be used:

VDD=18V t03.6 V (Vss=GND)

Note: The E0C33208/204/202 has three VDD pins and eight Vss pins. Be sure to supply the operating
voltage to all the pins. Do not open any of them.

The operating clock frequency range (OSC3) is5 MHz to 50 MHz with this voltage.

2.3 Power Supply for I/O Interface (Vooe)

The VDDE voltage isused for interfacing with external 1/0 signals. For the 1/O interface of the EOC33208/204/202,
the VDDE voltage isused as high level and the Vss voltage as low level.

Normally, supply the same voltage level as VDD. It can be supplied separately from Vbp for 5V interface. The Vss
pin isused for the ground common with VDD.

Thefollowing voltage is enabled for VDDE:

VDDE=1.8V t05.5V (Vss=GND)

Notes:s The E0C33208/204/202 has three VDDE pins. Be sure to supply a voltage to all the pins. Do not
open any of them.

* When an external clock is input to the OSC1 or OSC3 pin, the clock signal level must be Vbb.

« The interface voltage level of the DSIO, P10, P11, P12, P13 and P14 pins is VDD.
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2.4 Power Supply for Analog Circuits (AVboe)

The analog power supply pin (AVDDE) is provided separately from the VDD pin in order that the digital circuits do
not affect the analog circuit (A/D converter). The AVDDE pin is used to supply an analog power voltage and the Vss
pin isused as the analog ground.

Supply the same voltage level as the VDDE to the AVDDE pin.

AVDDE = VDDE (Vss=GND)

Note: Be sure to supply VDDE to the AVDDE pin even if the analog circuit is not used.

Noise on the analog power lines decreasethe A/D converting predision, so use astabilized power supply and make
the board pattern with consideration given to that.
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3 Internal Memory

This chapter explainsthe internal memory configuration.

3.1 RAM

The EOC33208/204/202 has a built-in RAM. Table 3.1.1 shows the size and mapping address.

Table 3.1.1 Built-in RAM
Model Size Address
E0C33208 8K bytes 0x0-Ox1FFF
E0C33204 4K bytes 0x0-OxOFFF
E0C33202 2K bytes 0x0-0x07FF

Theinternal RAM isa32-bit sized device and data can be read/written in 1 cycleregardless of datasize (byte, half-
word or word).
Figure 3.1.1 shows the basic internal memory map.

E0C33208 E0C33204 E0C33202

Area Address Bus cycle Device size
Area 3 OxO00OFFFFF
(Reserved) (Reserved) (Reserved)
For middleware use For middleware use For middleware use
0x0080000
Area2  OxO007FFFF Fixed at 3 cycles 16 bits
(Reserved) (Reserved) (Reserved)
For CPU core For CPU core For CPU core
or debug mode or debug mode or debug mode
0x0060000
Area 1 Ox005FFFF Fixed at 2 cycles 8,16 bits
(Mirror of internal I/O) (Mirror of internal I/O) (Mirror of internal 1/0)
0x0050000
Ox004FFFF
Internal I/O Internal I/O Internal I/O
0x0040000
Ox003FFFF (Mirror of internal I/O) (Mirror of internal I/O) (Mirror of internal 1/0)
0x0030000
Area 0 gxgggzggg (Mirror of internal RAM) Fixed at 1 cycle 32 bits
X (Mirror of internal RAM) . .
0x0001FFF (Mirror of internal RAM)
0x0001000
0x0000FFF Internal RAM (8KB)
0x0000800 Internal RAM (4KB)
0x00007FF Internal RAM (2KB)
0x0000000

Figure 3.1.1 Basic Internal Memory Map

Area 2 isused in debug mode only and it cannot be accessed in user mode (normal program execution status).

3.2 ROM and Boot Address

The E0C33208/204/202 has no built-in ROM. Since the boot addressis fixed at 0x0C00000 in the
E0C33208/204/202, an external ROM/Flash must be placed from thetop of Area 10.

For setting up Area 10, refer to the "BCU (Bus Controller Unit)" section in the "EOC33 Family ASIC Macro
Manual".
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4 Peripheral Circuits

This chapter lists the built-in peripheral circuits and the I/O memory map. For details of the circuits, refer to the
"EOC33 Family ASIC Macro Manual”.

4.1 List of Peripheral Circuits

The E0C33208/204/202 consists of the C33 ASIC Macro Blocks: C33 Core Block, C33Peripheral Block, C33DMA

Block and C33 Analog Block.

C33 Core Block
CPU
BCU (Bus Control Unit)

ITC (Interrupt Controller)
CLG (Clock Generator)

DBG (Debug Unit)

C33 Peripheral Block
Prescaler
8-bit programmable timer
16-bit programmable timer
Serid interface

Input and /O ports
Clock timer

C33 DMA Block
HSDMA (High-Speed DMA)
IDMA (Intelligent DMA)

C33 Analog Block
A/D converter

EO0C33000 32-hit RISC type CPU

24-bit external address bus and 16-bit data bus

All the BCU functions can be used.

39 types of interrupts are available.

OSC3 oscillation circuit (33 MHz Max.), PLL and OSC1 oscillation circuit
(32.768 kHz Typ.) built-in

Functional block for debugging with the ICD33 (In-Circuit Debugger for EOC33
Family)

Programmable clock generator for peripheral circuits

4 channels with clock output function

6 channels with event counter, clock output and watchdog timer functions
2 channels (asynchronous mode, clock synchronous mode and IrDA are
selectable.)

13 hits of input portsand 29 bits of 1/O ports (used for peripheral 1/0)

1 channel with alarm function

4 channels
128 channels

10-bit A/D converter with 8 input channels
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4.2 I/O Memory Map

Table 4.2.1 1/0 Memory Map

Register name | Address | Bit | Name | Function | Setting | Init. | RIW| Remarks
8-bit timer 0040146 | D7-4 |- reserved — — — |0 when being read.
clock select (B) D3 |P8TPCK3 [8-hit timer 3 clock selection 1(6/1 0 |Divided clk.| O | R/W [8: selected by
register D2 |P8TPCK2 [8-bittimer 2 clock selection 1(6/1 0 |Divided clk.| 0 | R/W |Prescaler clock select
D1 |P8TPCK1 [8-bittimer 1 clock selection 1(6/1 0 |Divided clk.| O | R/W [register (0x40181)
DO |P8TPCKO |8-bit timer O clock selection 1]6/1 0 [Dividedclk.| 0 |R/W
16-bit timer 0 [ 0040147 | D74 |— reserved — — — |0 when being read.
clock control (B) D3 [P16TONO |16-bit timer O clock control 1 |On | 0 |Of'f 0 |RW
register D2 |[P16TS02 |16-bittimer0 P16TS0[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TS01 |clock division ratio selection 1(1]1 0/4096 0 Prescaler clock select]
DO |P16TS00 111)0 6/1024 0 register (0x40181)
110]1 0/256
1({0]o0 0/64 16-bit timer O can be
of1(1 0/16 used as a watchdog
o|1(0 0/4 timer.
of(of1 6/2
0[0|O 0/1
16-bit timer 1 | 0040148 | D7-4 |— reserved — — — |0 when being read.
clock control (B) D3 |P16TON1 |16-bit timer 1 clock control 1[{On | 0 |Off 0 |RW
register D2 |P16TS12 |[16-bittimer1 P16TS1[2:0]| Division ratio 0 | R/W |6: selected by
D1 |P16TS11 |clock division ratio selection 1(1]1 0/4096 0 Prescaler clock select]
DO |P16TS10 1 0 0/1024 0 register (0x40181)
1101 0/256
1100 6/64
of1(1 0/16
of1(0 0/4
o001 0/2
O[O0 0/1
16-bit timer 2 | 0040149 | D7-4 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TON2 |16-bit timer 2 clock control 1|on [o]off 0 [rw
register D2 |P16TS22 |[16-bittimer 2 P16TS2[2:0]| Division ratio 0 | R/W |6: selected by
D1 |P16TS21 |clock division ratio selection 1(1]1 0/4096 0 Prescaler clock select]
D0 |P16TS20 111)0 0/1024 0 register (0x40181)
1101 0/256
1]10]0 0/64
of1(1 0/16
of1(0 0/4
o021 0/2
0Ol0|0O 0/1
16-bit timer 3 [ 004014A | D7-4 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TON3 |16-bit timer 3 clock control 1|On | 0 |Of'f 0 |RW
register D2 |[P16TS32 |16-bittimer3 P16TS3[2:0]| Division ratio 0 | R/W |6: selected by
D1 |P16TS31 |clock division ratio selection 1(1]1 0/4096 0 Prescaler clock select]
DO |P16TS30 1]11]0 6/1024 0 register (0x40181)
110]1 0/256
1]10]0 0/64
o|]1(1 0/16
of1(0 0/4
of(of1 6/2
0[O0 0/1
16-bit timer 4 | 004014B | D7-4 |— reserved — — — |0 when being read.
clock control (B) D3 |P16TON4 |16-bit timer 4 clock control 1[{On | 0 |Off 0 |RW
register D2 |P16TS42 [16-bittimer 4 P16TS4[2:0]| Division ratio 0 | R/W |6: selected by
D1 |P16TS41 |clock division ratio selection 1(1]1 0/4096 0 Prescaler clock select]
DO |P16TS40 1]11]0 0/1024 0 register (0x40181)
1101 0/256
1100 6/64
of1(1 0/16
of1(0 0/4
o011 0/2
O[O0 0/1

The meaning of the symbols described in [Init.] are listed below:
0, 1: Initial values that are set at initial reset.

(However, the registers for the bus and input/output ports are not initialized at hot start.)
X: Not initialized at initial reset.
- Not set in the circuit.
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4 PERIPHERAL CIRCUITS

Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 5 | 004014C | D7-4 |- reserved — - — |0 when being read.
clock control (B) D3 [P16TONS |16-bit timer 5 clock control 1|0On | 0 |Off 0 [RW
register D2 |P16TS52 [16-bittimer5 P16TS5[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TS51 |clock division ratio selection 111(1 6/4096 0 Prescaler clock select]
DO |P16TS50 111(0 6/1024 0 register (0x40181)
110(1 6/256
1]1]0(0 6/64
of1]1 0/16
of1]0 6/4
o(0]|1 0/2
0[0]0O 6/1
8-bit timer 0/1 |004014D| D7 [P8TON1 _[8-bit timer 1 clock control 1]on [o]off 0 [Rw
clock control B) D6 |P8TS12 8-bit timer 1 P8TS1[2:0] Division ratio 0 [ R/W |6: selected by
register D5 |P8TS11 clock division ratio selection 111(1 6/4096 0 Prescaler clock select]
D4 |P8TS10 1]11/(0 6/2048 0 register (0x40181)
110(1 0/1024
1{o0fo0 6/512 8-bit timer 1 can
o111 0/256 generate the OSC3
0|1]0 6/128 oscillation-stabilize
0|01 0/64 waiting period.
0[0]O0 6/32
D3 [P8TONO  [8-bit timer 0 clock control 1]on [oJorft 0 [rRw
D2 |P8TS02 8-bit timer 0 P8TS0[2:0] Division ratio 0 [ R/W |6: selected by
D1 |P8TSO01 clock division ratio selection 1(1(1 6/256 0 Prescaler clock select]
DO |P8TS00 111/(0 6/128 0 register (0x40181)
110(1 0/64
1{0fo0 0/32 8-bit timer 0 can
o111 0/16 generate the DRAM
0o|1]0 0/8 refresh clock.
0o(o0]1 6/4
0[0]O0 6/2
8-bit timer 2/3 | 004014E | D7 [P8TON3 _[8-bit timer 3 clock control 1]on [o]oft o [rRw
clock control (B) D6 |P8TS32 8-bit timer 3 P8TS3[2:0] Division ratio 0 [ R/W |6: selected by
register D5 |P8TS31 clock division ratio selection 111(1 0/256 0 Prescaler clock select]
D4 [P8TS30 1|11/o0 6/128 0 register (0x40181)
1]10(1 6/64
i1({o0fo0 6/32 8-bit timer 3 can
of1]1 0/16 generate the clock for|
0|1]0 0/8 the serial I/F Ch.1.
0O(0]1 0/4
0[0]O 0/2
D3 |P8TON2  [8-bit timer 2 clock control 1]on [o]off 0 [rRw
D2 |P8TS22 8-bit timer 2 P8TS2[2:0] Division ratio 0 [ R/W |6: selected by
D1 |P8TS21 clock division ratio selection 1(1(1 6/4096 0 Prescaler clock select]
DO |P8TS20 1]11/(0 6/2048 0 register (0x40181)
1101 6/64
1{o0fo0 6/32 8-bit timer 2 can
of1]1 0/16 generate the clock for|
0|1]0 6/8 the serial I/F Ch.0.
o(0]|1 6/4
0[0]0 6/2
A/D clock 004014F | D74 |- reserved — — — |0 when being read.
control register (B) D3 [PSONAD |A/D converter clock control 1 |On |O |Oﬁ 0 |RW
D2 |PSAD2 A/D converter clock division ratio | P8TS0[2:0] Division ratio 0 | R/W |6: selected by
D1 |PSAD1 selection 1(1]1 6/256 0 Prescaler clock select]
DO |PSADO 1]11]0 6/128 0 register (0x40181)
1101 6/64
1(0]0 0/32
of1(1 6/16
of1fo 6/8
ofo0(1 0/4
ofofo 6/2
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Clock timer 0040151 | D7-2 |- reserved — — — |0 when being read.
Run/Stop B) D1 |TCRST Clock timer reset 1 |Reset 0 [Invalid X W |0 when being read.
register DO |TCRUN Clock timer Run/Stop control 1|Run 0 [Stop X |RW
Clock timer 0040152 | D7 |TCISE2 Clock timer interrupt factor TCISE[2:0] | Interrupt factor X | RIW
interrupt (B) D6 |TCISE1l selection 1(1(1 None X
control register D5 |TCISEO 1 0 Day X
1(0(1 Hour
1]10(0 Minute
of(1(1 1Hz
of1(0 2Hz
o011 8 Hz
0[O0 32 Hz
D4 |TCASE2 |Clock timer alarm factor selection | TCASE[2:0] Alarm factor X | RIW
D3 |TCASE1l 1(X|X Day X
D2 |TCASEO X|11|X Hour X
X X1 Minute
0O[O0|O None
D1 |TCIF Interrupt factor generation flag 1 [Generated | O [Notgenerated | X | R/W |Reset by writing 1.
DO |TCAF Alarm factor generation flag 1 [Generated | O [Notgenerated | X | R/W |Reset by writing 1.
Clock timer 0040153 | D7 |TCD7 Clock timer data 1 Hz 1 [High 0 |Low X R
divider register B) D6 |TCD6 Clock timer data 2 Hz 1 [High 0 |Low X R
D5 |TCD5 Clock timer data 4 Hz 1 [High 0 |Low X R
D4 | TCD4 Clock timer data 8 Hz 1 |High 0 [Low X R
D3 |TCD3 Clock timer data 16 Hz 1 [High 0 |Low X R
D2 |TCD2 Clock timer data 32 Hz 1 [High 0 |Low X R
D1 |TCD1 Clock timer data 64 Hz 1 [High 0 |Low X R
DO |TCDO Clock timer data 128 Hz 1 [High 0 | Low X R
Clock timer 0040154 | D7-6 |— reserved — — — |0 when being read.
second (B) D5 |TCMD5 Clock timer second counter data 0 to 59 seconds X R
register D4 |TCMD4 TCMD5 = MSB X
D3 |TCMD3 TCMDO = LSB X
D2 |TCMD2 X
D1 |TCMD1 X
DO |TCMDO X
Clock timer 0040155 | D7-6 |- reserved — — |0 when being read.
minute register (B) D5 |TCHD5 Clock timer minute counter data 0 to 59 minutes X | RIW
D4 |TCHD4 TCHD5 = MSB X
D3 |TCHD3 TCHDO = LSB X
D2 |TCHD2 X
D1 |TCHD1 X
DO |TCHDO X
Clock timer 0040156 | D7-5 |- reserved — — |0 when being read.
hour register (B) D4 | TCDD4 Clock timer hour counter data 0 to 23 hours X | RW
D3 |TCDD3 TCDD4 = MSB X
D2 |TCDD2 TCDDO = LSB X
D1 |TCDD1 X
DO |TCDDO X
Clock timer 0040157 | D7 |TCND7 Clock timer day counter data 0 to 65535 days X | RIW
day (low-order) (B) D6 |TCND6 (low-order 8 bits) (low-order 8 bits) X
register D5 |TCND5 TCNDO = LSB X
D4 |TCND4 X
D3 |TCND3 X
D2 |TCND2 X
D1 |TCND1 X
DO |TCNDO X
Clock timer 0040158 | D7 |TCND15 Clock timer day counter data 0 to 65535 days X | RIW
day (high- (B) D6 |TCND14 (high-order 8 bits) (high-order 8 bits) X
order) register D5 |TCND13 TCND15 = MSB X
D4 |TCND12 X
D3 |TCND11 X
D2 |TCND10 X
D1 |TCND9 X
DO |TCND8 X
Clock timer 0040159 | D76 |- reserved — — — |0 when being read.
minute B) D5 |TCCH5 Clock timer minute comparison 0 to 59 minutes X | RIW
comparison D4 |TCCH4 data (Note) Can be set within 0-63. | X
register D3 |TCCH3 TCCH5 = MSB X
D2 [TCCH2 TCCHO = LSB X
D1 |TCCH1 X
DO |TCCHO X
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4 PERIPHERAL CIRCUITS

Register name | Address | Bit Name Function Setting Init. | RIW Remarks ]
Clock timer 004015A | D7-5 |- reserved — — — |0 when being read.
hour (B) D4 |TCCD4 Clock timer hour comparison data 0 to 23 hours X | RIW
comparison D3 |TCCD3 TCCD4 = MSB (Note) Can be set within 0-31.| X
register D2 |TCCD2 TCCDO =LSB X

D1 |TCCD1 X

DO |TCCDO X
Clock timer 004015B | D7-5 |- reserved — — — |0 when being read.
day (B) D4 |TCCN4 Clock timer day comparison data 0 to 31 days X | RIW [Compared with
comparison D3 |TCCN3 TCCN4 = MSB X TCND[4:0].
register D2 |TCCN2 TCCNO =LSB X

D1 |TCCN1 X

DO |TCCNO X
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
8-bit timer 0 0040160 | D7-3 |- reserved — — — |0 when being read.
control register (B) D2 |PTOUTO |8-bittimer O clock output control |1 |On 0 | Off 0 |RW
D1 |PSETO 8-bit timer 0 preset 1 [Preset 0 |Invalid — W |0 when being read.
DO |PTRUNO |8-bit timer O Run/Stop control 1 [Run 0 | Stop 0 |R/W
8-bit timer 0 0040161 | D7 |RLDO7 8-bit timer O reload data 0to 255 X |RW
reload data B) D6 |RLDO6 RLDO7 = MSB X
register D5 [RLDO5 RLDOO = LSB X
D4 |RLDO4 X
D3 |RLDO3 X
D2 |RLDO2 X
D1 |RLDO1 X
DO |RLDOO X
8-bit timer 0 0040162 | D7 |PTDO7 8-bit timer 0 counter data 0to 255 X R
counter data (B) D6 |PTDO6 PTDO7 = MSB X
register D5 |[PTDO5 PTDOO = LSB X
D4 |PTDO4 X
D3 |PTDO3 X
D2 |PTDO02 X
D1 |PTDO1 X
DO |PTDOO X
8-bit timer 1 0040164 | D7-3 |- reserved — — — |0 when being read.
control register (B) D2 |PTOUT1 |8-bittimer 1 clock output control |1 |On 0 | Off 0 |RW
D1 |PSET1 8-bit timer 1 preset 1 [Preset 0 |Invalid — W |0 when being read.
DO |PTRUN1 |8-bit timer 1 Run/Stop control 1 [Run 0 | Stop 0 |R/W
8-bit timer 1 0040165 D7 |RLD17 8-bit timer 1 reload data 0 to 255 X | RW
reload data B) D6 |RLD16 RLD17 = MSB X
register D5 |RLD15 RLD10 =LSB X
D4 (RLD14 X
D3 |RLD13 X
D2 |RLD12 X
D1 |RLD11 X
DO |RLDI10 X
8-bit timer 1 0040166 | D7 |PTD17 8-bit timer 1 counter data 0 to 255 X R
counter data (B) D6 |PTD16 PTD17 = MSB X
register D5 |PTD15 PTD10 =LSB X
D4 (PTD14 X
D3 |PTD13 X
D2 |PTD12 X
D1 |PTD11 X
DO |PTD10 X
8-bit timer 2 0040168 | D7-3 |- reserved — — — |0 when being read.
control register B) D2 |PTOUT2 |[8-bit timer 2 clock output control |1 [On 0 |Off 0 |RW
D1 |PSET2 8-bit timer 2 preset 1 [Preset 0 | Invalid — W |0 when being read.
DO |PTRUN2 |8-bit timer 2 Run/Stop control 1 [Run 0 | Stop 0 |R/W
8-bit timer 2 0040169 | D7 |RLD27 8-bit timer 2 reload data 0 to 255 X |RW
reload data B) D6 |RLD26 RLD27 = MSB X
register D5 |RLD25 RLD20 = LSB X
D4 |RLD24 X
D3 |RLD23 X
D2 |RLD22 X
D1 |RLD21 X
DO |RLD20 X
8-bit timer 2 004016A | D7 (PTD27 8-bit timer 2 counter data 0 to 255 X R
counter data B) D6 |PTD26 PTD27 = MSB X
register D5 |PTD25 PTD20 = LSB X
D4 |PTD24 X
D3 |PTD23 X
D2 |PTD22 X
D1 |PTD21 X
DO |PTD20 X
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4 PERIPHERAL CIRCUITS

Register name | Address | Bit Name Function Setting Init. | RIW Remarks ]
8-bit timer 3 004016C | D7-3 |- reserved — — — |0 when being read.
control register (B) D2 |PTOUT3 |8-bit timer 3 clock output control |1 |On 0 | Off 0 |RW
D1 |PSET3 8-bit timer 3 preset 1 |Preset 0 | Invalid — W |0 when being read.
DO |PTRUN3 [8-hit timer 3 Run/Stop control 1 [Run 0 [Stop 0 |RW
8-bit timer 3 004016D| D7 (RLD37 8-bit timer 3 reload data 0to 255 X | RIW
reload data (B) D6 |RLD36 RLD37 = MSB X
register D5 |[RLD35 RLD30 =LSB X
D4 |RLD34 X
D3 [RLD33 X
D2 |RLD32 X
D1 |RLD31 X
DO |RLD30 X
8-bit timer 3 004016E| D7 (PTD37 8-bit timer 3 counter data 0to 255 X R
counter data (B) D6 |PTD36 PTD37 = MSB X
register D5 |PTD35 PTD30 =LSB X
D4 |PTD34 X
D3 |PTD33 X
D2 |PTD32 X
D1 |PTD31 X
DO |PTD30 X
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4 PERIPHERAL CIRCUITS

[ Register name

Address | Bit Name Function Setting Init. [ RIW Remarks
Watchdog 0040170 ( D7 |WRWD EWD write protection 1 [Wwrite enabled| 0 |Write-protect 0 |RW
timer write- B) D6-0 |- - - - — |0 when being read.
protect register
Watchdog 0040171 | D7-2 |- — — — — |0 when being read.
timer enable (B) D1 |EWD Watchdog timer enable 1 [NMI enabled| 0 |NMI disabled| 0 | R/W
register DO |- —

— - — |0 when being read.
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4 PERIPHERAL CIRCUITS

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Power control [ 0040180 | D7 |[CLKDT1 |System clock division ratio CLKDT[1:0] | Division ratio 0 [RW
register (B) D6 |CLKDTO |selection 1 1 1/8 0
1 0 1/4
0 1 1/2
0 0 1/1
D5 |PSCON  [Prescaler On/Off control 1]on [o]off 1 |[rw
D4-3 |- reserved — 0 — | Writing 1 not allowed.
D2 |CLKCHG [CPU operating clock switch 1[0OSC3 0 [OSC1 1 |RW
D1 |SOSC3 High-speed (OSC3) oscillation On/Off| 1 | On 0 [ Off 1 |RW
DO |SOSC1 Low-speed (OSC1) oscillation On/Off | 1 |On 0 [Off 1 |RW
Prescaler clock| 0040181 | D7-1 |- reserved - 0 - \
select register (B) DO |PSCDTO | Prescaler clock selection 1]0scC1 | 0 |OSC3/PLL 0 |RW |
Clock option 0040190 | D74 |- — — — — |0 when being read.
register (B) D3 |HLT20P HALT clock option 1|0On 0 | Off 0 |R/W
D2 |8T1ON OSC3-stabilize waiting function | 1 | Off 0[On 1 [RIW
D1 |- reserved - 0 — | Do not write 1.
DO [PFION  [OSC1 external output control 1]on [o]off o [rw
Power control [ 004019E | D7 (CLGP7 Power control register protect flag Writing 10010110 (0x96) 0 |R/W
protect register (B) D6 |CLGP6 removes the write protection of 0
D5 |CLGP5 the power control register 0
D4 |CLGP4 (0x40180). 0
D3 |CLGP3 \Writing another value set the 0
D2 |CLGP2 write protection. 0
D1 |CLGP1 0
DO |CLGPO 0
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Serial I/F Ch.0 [ 00401E0 | D7 |TXDO7 Serial I/F Ch.0 transmit data 0x0 to OXFF(0X7F) X | R/W | 7-bit asynchronous
transmit data (B) D6 |TXD06 TXDO07(06) = MSB X mode does not use
register D5 |TXD05 TXDO0O = LSB X TXDO7.
D4 |TXDO04 X
D3 |TXDO03 X
D2 |TXDO02 X
D1 |TXDO1 X
DO |TXDO0O X
Serial I/F Ch.0 | 00401E1| D7 [RXDO7 Serial I/F Ch.0 receive data 0x0 to OXFF(OX7F) X R | 7-bit asynchronous
receive data (B) D6 |RXDO06 RXDO07(06) = MSB X mode does not use
register D5 |RXDO05 RXDO0O0 = LSB X RXDO07 (fixed at 0).
D4 [RXDO04 X
D3 [RXDO03 X
D2 [RXDO02 X
D1 [RXDO1 X
DO [RXDO0O X
Serial I/lF Ch.0 | 00401E2 | D7-6 |- — — — |0 when being read.
status register B) D5 |TENDO Ch.0 transmit-completion flag 1 [ Transmitting [ 0 | End 0 R
D4 |FERO Ch.0 flaming error flag 1 [Error 0 |Normal 0 | R/W |Reset by writing 0.
D3 |PERO Ch.0 parity error flag 1 [Error 0 |[Normal 0 | R/W |Reset by writing 0.
D2 |OERO Ch.0 overrun error flag 1 [Error 0 |[Normal 0 | R/W |Reset by writing 0.
D1 |TDBEO Ch.0 transmit data buffer empty | 1 |Empty 0 | Buffer full 1 R
DO |RDBFO Ch.0 receive data buffer full 1 |Buffer full | 0 [Empty 0 R
Serial I/F Ch.0 [ 00401E3| D7 |TXENO Ch.0 transmit enable 1 |Enabled 0 [Disabled 0 |RW
control register (B) D6 |RXENO Ch.0 receive enable 1 [Enabled 0 | Disabled 0 |R/W
D5 |EPRO Ch.0 parity enable 1 [Wwith parity | 0 [No parity X | R/W | Valid only in
D4 |PMDO Ch.0 parity mode selection 1 (Odd 0 |Even X | R/W |asynchronous mode.
D3 |STPBO Ch.0 stop bit selection 1|2 bits 0 |1 bit X | RIW
D2 |SSCKO Ch.0 input clock selection 1 |#SCLKO 0 [Internal clock | X | R/W
D1 |SMDO1 Ch.0 transfer mode selection SMDO[1:0] | Transfer mode X | RIW
DO |SMDOO 1 1 |8-bit asynchronous| X
1 0 |7-bit asynchronous
0 1 Clock sync. Slave
0 0 | Clock sync. Master
Serial I/lF Ch.0 | 00401E4 | D7-5 |- — — — — |0 when being read.
IrDA register (B) D4 |DIVMDO Ch.0 async. clock division ratio 1(1/8 0]|1/16 X | RIW
D3 |IRTLO Ch.0 IrDA I/F output logic inversion | 1 | Inverted 0 | Direct X | R/W | Valid only in
D2 |IRRLO Ch.0 IrDA I/F input logic inversion | 1 | Inverted 0 [Direct X | R/W |asynchronous mode.
D1 |IRMDO1 Ch.0 interface mode selection IRMDO[1:0] I/F mode X | RIW
DO |IRMDOO 1 1 reserved X
1 0 IrDA 1.0
0 1 reserved
0 0 General I/F
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4 PERIPHERAL CIRCUITS

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Serial I/F Ch.1 |00401E5| D7 |TXD17 Serial I/F Ch.1 transmit data 0x0 to OXFF(0OX7F) X | RIW |7-bit asynchronous
transmit data (B) D6 |TXD16 TXD17(16) = MSB X mode does not use
register D5 |TXD15 TXD10 =LSB X TXD17.
D4 |TXD14 X
D3 [TXD13 X
D2 |TXD12 X
D1 |TXD11 X
DO |[TXD10 X
Serial I/F Ch.1 | 00401E6 | D7 [RXD17 Serial I/F Ch.1 receive data 0x0 to OXFF(0X7F) X R | 7-bit asynchronous
receive data (B) D6 |RXD16 RXD17(16) = MSB X mode does not use
register D5 |RXD15 RXD10 = LSB X RXD17 (fixed at 0).
D4 [RXD14 X
D3 [RXD13 X
D2 [RXD12 X
D1 [RXD11 X
DO [RXD10 X
Serial I/F Ch.1 | 00401E7 | D76 |— — — — — |0 when being read.
status register (B) D5 |TEND1 Ch.1 transmit-completion flag 1 | Transmitting | 0 | End 0 R
D4 |FERL Ch.1 flaming error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D3 |PER1 Ch.1 parity error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D2 |OER1 Ch.1 overrun error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D1 |TDBE1 Ch.1 transmit data buffer empty | 1 | Empty 0 | Buffer full 1 R
DO |RDBF1 Ch.1 receive data buffer full 1 |Buffer full | 0 [Empty 0 R
Serial I/F Ch.1 [00401E8 | D7 |TXEN1 Ch.1 transmit enable 1 [Enabled 0 [Disabled 0 |RIW
control register (B) D6 |RXEN1 Ch.1 receive enable 1 |Enabled 0 | Disabled 0 |R/W
D5 |EPR1 Ch.1 parity enable 1 | With parity | O [No parity X | R/W |Valid only in
D4 |PMD1 Ch.1 parity mode selection 1|Odd 0 |Even X | RIW |[asynchronous mode.
D3 |STPB1 Ch.1 stop bit selection 1 |2 bits 0 [1 bit X | RIW
D2 |SSCK1 Ch.1 input clock selection 1 [#SCLK1 0 [Internal clock | X | R/W
D1 |SMD11 Ch.1 transfer mode selection SMD1[1:0] | Transfer mode X | RIW
DO |SMD10 1 1 |8-bit asynchronous| X
1 0 |7-bit asynchronous|
0 1 Clock sync. Slave
0 0 | Clock sync. Master
Serial I/F Ch.1 | 00401E9 | D7-5 |- — — — — |0 when being read.
IrDA register (B) D4 |DIVMD1 Ch.1 async. clock division ratio 1|18 0|1/16 X | RIW
D3 |IRTL1 Ch.1 IrDA I/F output logic inversion | 1 |Inverted 0 | Direct X | R/W |Valid only in
D2 |IRRL1 Ch.1 IrDA I/F input logic inversion| 1 | Inverted 0 [ Direct X | RIW |asynchronous mode.
D1 |IRMD11 Ch.1 interface mode selection IRMD1[1:0] I/F mode X | RIW
DO |IRMD10 1 1 reserved X
1 0 IrDA 1.0
0 1 reserved
0 0 General I/F
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
A/D conversion| 0040240 | D7 |ADD7 A/D converted data 0x0 to Ox3FF 0 R
result (low- (B) D6 |ADD6 (low-order 8 bits) (low-order 8 bits) 0
order) register D5 |[ADD5 ADDO = LSB 0
D4 |ADD4 0
D3 |ADD3 0
D2 |ADD2 0
D1 |ADD1 0
DO [ADDO 0
A/D conversion| 0040241 | D7-2 |— — — — — |0 when being read.
result (high- B) D1 |ADD9 A/D converted data 0x0 to OX3FF 0 R
order) register DO |ADD8 (high-order 2 bits) ADD9 = MSB (high-order 2 bits) 0
AID trigger 0040242 | D7-6 |— — — — — |0 when being read.
register (B) D5 [MS A/D conversion mode selection | 1 |Continuous| 0 |N0rma| 0 [RW
D4 |TS1 A/D conversion trigger selection TS[1:0] Trigger 0 [RW
D3 |TSO 1 1 #ADTRG pin 0
1 0 8-bit timer 0
0 1 16-bit timer 0
0 0 Software
D2 |CH2 A/D conversion channel status CH[2:0] Channel 0 R
D1 |CH1 1(1(1 AD7 0
DO |CHO 1110 AD6 0
1(0(1 AD5
1]1]0(0 AD4
of1(1 AD3
of1(0 AD2
o011 AD1
0O[0|O ADO
A/D channel 0040243 | D7-6 |- — — — — |0 when being read.
register B) D5 |CE2 A/D converter CE[2:0] End channel 0 [RW
D4 |CE1l end channel selection 111(1 AD7 0
D3 |CEO 1(1(0 AD6 0
1(0(1 ADS5
1(0(0 AD4
of1(1 AD3
of1(0 AD2
ofO0f(1 AD1
0O[0|O ADO
D2 |CS2 A/D converter CS[2:0] Start channel 0 [RW
D1 |CSs1 start channel selection 1]11(1 AD7 0
DO |CSO 1(1(0 AD6 0
1]10(1 AD5
1100 AD4
of1(1 AD3
of1(0 AD2
ofO0f(1 AD1
O[O0 ADO
A/D enable 0040244 | D7-4 |- — — — — |0 when being read.
register (B) D3 |ADF Conversion-complete flag 1 [Completed | O [Run/Standby| O R |Reset when ADD is read.
D2 |ADE A/D enable 1| Enabled 0 [Disabled 0 |RW
D1 |ADST A/D conversion control/status 1 [Start/Run | O | Stop 0 |R/W
DO |OWE Overwrite error flag 1 [Error 0 [Normal 0 | R/W |Reset by writing 0.
A/D sampling | 0040245 | D7-2 |— — — — — |0 when being read.
register (B) D1 |ST1 Input signal sampling time setup ST[1:0] Sampring time 1 | R/W |Use with 9 clocks.
DO |STO 1 1 9 clocks 1
1 0 7 clocks
0 1 5 clocks
0 0 3 clocks
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4 PERIPHERAL CIRCUITS

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Port input 0/1 | 0040260 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP1L2 Port input 1 interrupt level Oto7 X | RIW
priority register D5 |PP1L1 X
D4 |PP1LO X
D3 |- reserved — — — |0 when being read.
D2 |PPOL2 Port input 0 interrupt level Oto7 X | RIW
D1 |PPOL1 X
DO |PPOLO X
Port input 2/3 | 0040261 ( D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP3L2 Port input 3 interrupt level Oto7 X | RIW
priority register D5 |PP3L1 X
D4 |PP3LO X
D3 |- reserved — — — |0 when being read.
D2 |PP2L2 Port input 2 interrupt level Oto7 X | RIW
D1 |PP2L1 X
DO |PP2LO X
Key input 0040262 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PK1L2 Key input 1 interrupt level Oto7 X | RIW
priority register D5 |PK1L1 X
D4 |PK1LO X
D3 |- reserved — — — |0 when being read.
D2 |PKOL2 Key input O interrupt level Oto7 X | RIW
D1 |PKOL1 X
DO |PKOLO X
High-speed 0040263 | D7 |- reserved — — — |0 when being read.
DMA Ch.0/1 B) D6 |PHSD1L2 [High-speed DMA Ch.1 Oto7 X |RW
interrupt D5 |PHSDIL1 |[interrupt level X
priority register D4 |PHSD1LO X
D3 |- reserved — — — |0 when being read.
D2 |PHSDOL2 [High-speed DMA Ch.0 Oto7 X |RW
D1 |PHSDOL1 |interrupt level X
DO [PHSDOLO X
High-speed 0040264 | D7 |- reserved — — — |0 when being read.
DMA Ch.2/3 B) D6 |PHSD3L2 [High-speed DMA Ch.3 Oto7 X |RW
interrupt D5 |PHSD3L1 |[interrupt level X
priority register D4 |PHSD3LO X
D3 |- reserved — — — |0 when being read.
D2 |PHSD2L2 [High-speed DMA Ch.2 Oto7 X |RW
D1 |PHSD2L1 |interrupt level X
DO [PHSD2LO X
IDMA interrupt | 0040265 | D7-3 |— reserved — — — |0 when being read.
priority register (B) D2 |PDM2 IDMA interrupt level Oto7 X | RIW
D1 |PDM1 X
DO |PDMO X
16-bit timer 0/1 | 0040266 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T12 16-bit timer 1 interrupt level Oto7 X | RIW
priority register D5 |P16T11 X
D4 |P16T10 X
D3 |- reserved — — — |0 when being read.
D2 |P16T02 16-bit timer O interrupt level Oto7 X | RIW
D1 |P16TO1 X
DO |P16T00 X
16-bit timer 2/3 [ 0040267 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T32 16-bit timer 3 interrupt level Oto7 X | RIW
priority register D5 |P16T31 X
D4 |P16T30 X
D3 |- reserved — — — |0 when being read.
D2 |P16T22 16-bit timer 2 interrupt level Oto7 X | RIW
D1 |P16T21 X
DO |P16T20 X
16-bit timer 4/5 | 0040268 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T52 16-bit timer 5 interrupt level Oto7 X | RIW
priority register D5 |P16T51 X
D4 |P16T50 X
D3 |- reserved — — — |0 when being read.
D2 |P16T42 16-bit timer 4 interrupt level Oto7 X | RIW
D1 |P16T41 X
D0 |P16T40 X
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
8-bit timer, 0040269 | D7 |- reserved — — — |0 when being read.
serial I/lF Ch.0 (B) D6 |PSIO02 Serial interface Ch.0 Oto7 X | RIW
interrupt D5 |PSIO01 interrupt level X
priority register D4 | PSIO00 X
D3 |- reserved — — — |0 when being read.
D2 |P8TM2 8-bit timer 0-3 interrupt level Oto7 X | RIW
D1 |P8TM1 X
DO [P8TMO X
Serial I/F Ch.1, [ 004026A | D7 |- reserved — — — |0 when being read.
A/D interrupt (B) D6 |PAD2 A/D converter interrupt level Oto7 X | RIW
priority register D5 |PAD1 X
D4 |PADO X
D3 |- reserved — — — |0 when being read.
D2 |PSIO12 Serial interface Ch.1 Oto7 X |RW
D1 |PSIO11 interrupt level X
DO ([PSIO10 X
Clock timer 004026B | D7-3 |- reserved — — — | Writing 1 not allowed.
interrupt (B) D2 |PCTM2 Clock timer interrupt level Oto7 X | RIW
priority register D1 |PCTM1 X
DO |PCTMO X
Portinput 4/5 | 004026C| D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP5L2 Port input 5 interrupt level Oto7 X | RIW
priority register D5 |PP5L1 X
D4 |PP5LO X
D3 |- reserved — — — |0 when being read.
D2 |PP4L2 Port input 4 interrupt level Oto7 X | RIW
D1 |PP4L1 X
DO |PP4LO X
Port input 6/7 | 004026D| D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP7L2 Port input 7 interrupt level Oto7 X | RIW
priority register D5 |PP7L1 X
D4 |PP7LO X
D3 |- reserved — — — |0 when being read.
D2 |PP6L2 Port input 6 interrupt level Oto7 X | RIW
D1 |PP6L1 X
DO |PP6LO X
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4 PERIPHERAL CIRCUITS

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Key input, 0040270 | D7-6 |— reserved — — — |0 when being read.
port input 0-3 (B) D5 |EK1 Key input 1 1 |Enabled 0 | Disabled 0 |R/W
interrupt D4 |EKO Key input 0 0 |R/W
enable register D3 |EP3 Port input 3 0 |RW
D2 |EP2 Port input 2 0 |RW
D1 |EP1 Port input 1 0 |R/W
DO |EPO Port input 0 0 |RW
DMA interrupt | 0040271 | D7-5 |- reserved - - — |0 when being read.
enable register (B) D4 |EIDMA IDMA 1 |Enabled 0 | Disabled 0 |RW
D3 |EHDM3 High-speed DMA Ch.3 0 |RW
D2 |EHDM2 High-speed DMA Ch.2 0 |RW
D1 |EHDM1 High-speed DMA Ch.1 0 |RW
DO |EHDMO High-speed DMA Ch.0 0 |RW
16-bit timer 0/1 | 0040272 | D7 |E16TC1 16-bit timer 1 comparison A 1 |Enabled 0 | Disabled 0 |RW
interrupt (B) D6 |E16TUL 16-bit timer 1 comparison B 0 |RW
enable register D5-4 |- reserved - — — |0 when being read.
D3 |E16TCO 16-bit timer O comparison A 1 [Enabled 0 [Disabled 0 |RW
D2 |E16TUO 16-bit timer O comparison B 0 |RW
D1-0 |- reserved - — — |0 when being read.
16-bit timer 2/3 | 0040273 | D7 |E16TC3 16-bit timer 3 comparison A 1 |Enabled 0 | Disabled 0 |R/W
interrupt B) D6 |E16TU3 16-bit timer 3 comparison B 0 |RW
enable register D5-4 |- reserved — — — |0 when being read.
D3 [E16TC2 16-bit timer 2 comparison A 1 |Enabled 0 | Disabled 0 |RW
D2 |[E16TU2 16-bit timer 2 comparison B 0 |RW
D1-0 |- reserved - - — |0 when being read.
16-bit timer 4/5 | 0040274 | D7 |E16TC5 16-bit timer 5 comparison A 1 |Enabled 0 | Disabled 0 |R/W
interrupt (B) D6 |E16TUS 16-bit timer 5 comparison B 0 |R/W
enable register D5-4 |- reserved — — — |0 when being read.
D3 |E16TC4 16-bit timer 4 comparison A 1 |Enabled 0 | Disabled 0 |R/W
D2 |E16TU4 16-bit timer 4 comparison B 0 |RW
D1-0 |- reserved — — — |0 when being read.
8-bit timer 0040275 | D74 |- reserved — — — |0 when being read.
interrupt (B) D3 |E8TU3 8-bit timer 3 underflow 1 |Enabled 0 | Disabled 0 |R/W
enable register D2 |E8TU2 8-bit timer 2 underflow 0 |R/W
D1 |E8TUl 8-bit timer 1 underflow 0 |RW
DO |E8TUO 8-bit timer 0 underflow 0 [RW
Serial I/F 0040276 | D76 |— reserved — — — |0 when being read.
interrupt (B) D5 |ESTX1 SIF Ch.1 transmit buffer empty 1 |Enabled 0 | Disabled 0 |R/W
enable register D4 |ESRX1 SIF Ch.1 receive buffer full 0 |R/W
D3 |ESERR1 [SIF Ch.1 receive error 0 |RIW
D2 |ESTX0 SIF Ch.0 transmit buffer empty 0 |RW
D1 |ESRX0 SIF Ch.0 receive buffer full 0 |R/W
DO |ESERRO [SIF Ch.0 receive error 0 |RW
Port input 4-7, | 0040277 | D7-6 |- reserved - — — |0 when being read.
clock timer, B) D5 |EP7 Port input 7 1 |Enabled 0 | Disabled 0 |R/W
A/D interrupt D4 |EP6 Port input 6 0 |RW
enable register D3 |EP5 Port input 5 0 |RW
D2 |[EP4 Port input 4 0 |R/W
D1 |ECTM Clock timer 0 |RW
DO |EADE A/D converter 0 |RW
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks

Key input, 0040280 | D7-6 |- reserved — — — |0 when being read.
port input 0-3 B) D5 |FK1 Key input 1 1 [Factor is 0 |Nofactoris| X | R/W
interrupt factor D4 |FKO Key input 0 generated generated X | RIW
flag register D3 |FP3 Port input 3 X | RIW
D2 |FP2 Port input 2 X | RIW
D1 |FP1 Port input 1 X |RW
DO |FPO Port input 0 X |RW

DMA interrupt | 0040281 | D7-5 |- reserved — = — |0 when being read.
factor flag (B) D4 |FIDMA IDMA 1 [Factor is 0 |No factoris| X | R/W
register D3 |FHDM3 High-speed DMA Ch.3 generated generated X | RIW
D2 |FHDM2 High-speed DMA Ch.2 X |RW
D1 |FHDM1 High-speed DMA Ch.1 X |RW
DO |FHDMO High-speed DMA Ch.0 X |RW
16-bit timer 0/1 | 0040282 | D7 |F16TC1 16-bit timer 1 comparison A 1 |Factor is 0 |Nofactoris| X |R/W
interrupt factor (B) D6 |[F16TUL 16-bit timer 1 comparison B generated generated X | RIW

flag register D5-4 |- reserved — - — |0 when being read.
D3 |F16TCO 16-bit timer O comparison A 1 | Factor is 0 [Nofactoris| X |[R/W
D2 |F16TUO 16-bit timer O comparison B generated generated X |RW

D1-0 |- reserved — - — |0 when being read.
16-bit timer 2/3 | 0040283 | D7 |F16TC3 16-bit timer 3 comparison A 1 [Factor is 0 |Nofactoris| X | R/W
interrupt factor B) D6 |F16TU3 16-bit timer 3 comparison B generated generated X | RIW

flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC2 16-bit timer 2 comparison A 1 | Factor is 0 [Nofactoris| X |[R/W
D2 |F16TU2 16-bit timer 2 comparison B generated generated X |RW

D1-0 |- reserved - - — |0 when being read.
16-bit timer 4/5 | 0040284 | D7 |F16TC5 16-bit timer 5 comparison A 1 [Factor is 0 |Nofactoris| X | R/W
interrupt factor B) D6 |F16TU5 16-bit timer 5 comparison B generated generated X | RIW

flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC4 16-bit timer 4 comparison A 1 [Factor is 0 |Nofactoris| X | R/W
D2 |F16TU4 16-bit timer 4 comparison B generated generated X |RW

D1-0 |- reserved — = — |0 when being read.

8-bit timer 0040285 | D7-4 |- reserved — — — |0 when being read.
interrupt factor B) D3 |F8TU3 8-bit timer 3 underflow 1 [Factor is 0 |Nofactoris| X | R/W
flag register D2 |F8TU2 8-bit timer 2 underflow generated generated X | RIW
D1 |F8TUl1 8-bit timer 1 underflow X |RW
DO |F8TUO 8-bit timer 0 underflow X |RW

Serial IIF 0040286 | D7-6 |— reserved — — — |0 when being read.
interrupt factor B) D5 |FSTX1 SIF Ch.1 transmit buffer empty 1 [Factor is 0 |Nofactoris| X | R/W
flag register D4 |FSRX1 SIF Ch.1 receive buffer full generated generated X | RIW
D3 |FSERR1 [SIF Ch.1 receive error X |RW
D2 |FSTXO0 SIF Ch.0 transmit buffer empty X | RIW
D1 |FSRX0 SIF Ch.0 receive buffer full X |RW
DO |FSERRO [SIF Ch.0 receive error X |RW

Port input 4-7, | 0040287 | D7-6 |- reserved — - — |0 when being read.
clock timer, AID (B) D5 |FP7 Port input 7 1 |Factor is 0 |Nofactoris| X |R/W
interrupt factor D4 [FP6 Port input 6 generated generated X | RIW
flag register D3 [FP5 Port input 5 X | RIW
D2 |FP4 Port input 4 X |RW
D1 |FCTM Clock timer X | RIW
DO |FADE A/D converter X | RIW
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Port input 0-3, | 0040290 [ D7 |R16TCO 16-bit timer O comparison A 1 |IDMA 0 | Interrupt 0 |RW
high-speed (B) D6 |R16TUO 16-bit timer O comparison B request request 0 |RW
DMA, 16-bit D5 |RHDM1 High-speed DMA Ch.1 0 R/W
timer O D4 |RHDMO High-speed DMA Ch.0 0 |R/W
IDMA request D3 |RP3 Port input 3 0 |RW
register D2 |RP2 Port input 2 0 |RW
D1 |RP1 Port input 1 0 |R/W
DO |RPO Port input 0 0 |R/W
16-bit timer 1-4| 0040291 | D7 |R16TC4 16-bit timer 4 comparison A 1 |IDMA 0 | Interrupt 0 |RW
IDMA request (B) D6 |R16TU4 16-bit timer 4 comparison B request request 0 |RW
register D5 |R16TC3 16-bit timer 3 comparison A 0 |RW
D4 |R16TU3 16-bit timer 3 comparison B 0 |RW
D3 |R16TC2 16-bit timer 2 comparison A 0 |RW
D2 |R16TU2 16-bit timer 2 comparison B 0 |RW
D1 |R16TC1 16-bit timer 1 comparison A 0 |R/W
DO |R16TU1 16-bit timer 1 comparison B 0 |R/W
16-bit timer 5, | 0040292 [ D7 [RSTXO0 SIF Ch.0 transmit buffer empty 1 |IDMA 0 | Interrupt 0 |RW
8-bit timer, (B) D6 |RSRXO0 SIF Ch.0 receive buffer full request request 0 |RW
serial I/F Ch.0 D5 |R8TU3 8-bit timer 3 underflow 0 |RW
IDMA request D4 |R8TU2 8-bit timer 2 underflow 0 |RW
register D3 |R8TUL 8-bit timer 1 underflow 0 |RW
D2 |R8TUO 8-bit timer 0 underflow 0 |RW
D1 |R16TC5 16-bit timer 5 comparison A 0 |R/W
DO |R16TUS 16-bit timer 5 comparison B 0 |R/W
Serial I/lF Ch.1, | 0040293 | D7 [RP7 Port input 7 1 |IDMA 0 | Interrupt 0 |RW
AID, (B) D6 |RP6 Port input 6 request request 0 |RW
port input 4-7 D5 |RP5 Port input 5 0 |RW
IDMA request D4 |RP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |RADE AID converter 1 |IDMA 0 | Interrupt 0 |RW
D1 |RSTX1 SIF Ch.1 transmit buffer empty request request 0 |RW
DO |RSRX1 SIF Ch.1 receive buffer full 0 |R/W
Port input 0-3, | 0040294 [ D7 |DE16TCO [16-bittimer O comparison A 1 |IDMA 0 | IDMA 0 |RW
high-speed (B) D6 |DE16TUO |16-bit timer O comparison B enabled disabled 0 |RW
DMA, 16-bit D5 |DEHDM1 |High-speed DMA Ch.1 0 R/W
timer O D4 |DEHDMO [High-speed DMA Ch.0 0 |R/W
IDMA enable D3 |DEP3 Port input 3 0 |RW
register D2 |DEP2 Port input 2 0 |RW
D1 |DEP1 Port input 1 0 |R/W
DO |DEPO Port input 0 0 |R/W
16-bit timer 1-4| 0040295 [ D7 |DE16TC4 [16-bittimer 4 comparison A 1 |IDMA 0 | IDMA 0 |RW
IDMA enable (B) D6 |DE16TU4 |16-bit timer 4 comparison B enabled disabled 0 |RW
register D5 |DE16TC3 [16-bit timer 3 comparison A 0 |RW
D4 |DE16TU3 |16-bit timer 3 comparison B 0 |RW
D3 |DE16TC2 |16-bit timer 2 comparison A 0 |RW
D2 |DE16TU2 |[16-bit timer 2 comparison B 0 |RW
D1 |DE16TC1 [16-bittimer 1 comparison A 0 |R/W
DO |DE16TU1 |16-bit timer 1 comparison B 0 |R/W
16-bit timer 5, | 0040296 | D7 |DESTX0 SIF Ch.0 transmit buffer empty 1 |IDMA 0 |IDMA 0 |RW
8-bit timer, (B) D6 |DESRXO0 |SIF Ch.0 receive buffer full enabled disabled 0 |RW
serial I/F Ch.0 D5 |DE8TU3 8-bit timer 3 underflow 0 |RW
IDMA enable D4 |DE8TU2 8-bit timer 2 underflow 0 |R/W
register D3 |DE8TU1 8-bit timer 1 underflow 0 |RW
D2 |DE8TUO 8-bit timer 0 underflow 0 |RW
D1 |DE16TC5 [16-bittimer 5 comparison A 0 |R/W
D0 |DE16TU5 |16-bit timer 5 comparison B 0 |R/W
Serial IlF Ch.1, | 0040297 | D7 |DEP7 Port input 7 1 |IDMA 0 |IDMA 0 |RW
AID, (B) D6 |DEP6 Port input 6 enabled disabled 0 |RW
port input 4-7 D5 |DEPS Port input 5 0 |RW
IDMA enable D4 |DEP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |DEADE AID converter 1 |IDMA 0 |IDMA 0 |RW
D1 |DESTX1 SIF Ch.1 transmit buffer empty enabled disabled 0 |RW
DO |DESRX1 SIF Ch.1 receive buffer full 0 |R/W
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0040298 | D7 |HSD1S3 |High-speed DMA Ch.1 0 [ Software trigger 0 |RW
DMA Ch.0/1 (B) D6 |HSD1S2 |trigger set-up 1 (K51 input (falling edge) 0
trigger set-up D5 |HSD1S1 2 | K51 input (rising edge) 0
register D4 |HSD1S0 3 |Port 1 input 0
4 [Port 5 input
5 [8-bit timer Ch.1 underflow
6 | 16-bit timer Ch.1 compare B
7 [16-bit timer Ch.1 compare A
8 [16-bit timer Ch.5 compare B
9 | 16-bit timer Ch.5 compare A
A|SI/F Ch.1 Rx buffer full
B | SI/F Ch.1 Tx buffer empty
C [ A/D conversion completion
D3 |HSDO0S3 High-speed DMA Ch.0 0 | Software trigger 0 |[RW
D2 |HSDO0S2 |trigger set-up 1 (K50 input (falling edge) 0
D1 |HSDOS1 2 | K50 input (rising edge) 0
DO |HSDOSO 3 [Port 0 input 0
4 | Port 4 input
5 [8-bit timer Ch.0 underflow
6 [16-bit timer Ch.0 compare B
7 | 16-bit timer Ch.0 compare A
8 | 16-bit timer Ch.4 compare B
9 [16-bit timer Ch.4 compare A
A | SI/F Ch.0 Rx buffer full
B [ SI/F Ch.0 Tx buffer empty
C | A/D conversion completion
High-speed 0040299 ( D7 |HSD3S3 High-speed DMA Ch.3 0 | Software trigger 0 |[RW
DMA Ch.2/3 B) D6 |HSD3S2 |trigger set-up 1 (K54 input (falling edge) 0
trigger set-up D5 |HSD3s1 2 (K54 input (rising edge) 0
register D4 |HSD3S0 3 | Port 3 input 0
4 | Port 7 input
5 [8-bit timer Ch.3 underflow
6 [16-bit timer Ch.3 compare B
7 | 16-bit timer Ch.3 compare A
8 | 16-bit timer Ch.5 compare B
9 [16-bit timer Ch.5 compare A
A | SI/F Ch.1 Rx buffer full
B | SI/F Ch.1 Tx buffer empty
C [ A/D conversion completion
D3 |HSD2S3 [High-speed DMA Ch.2 0 [ Software trigger 0 |RW
D2 |HSD2S2 |trigger set-up 1 (K53 input (falling edge) 0
D1 |HSD2S1 2 | K53 input (rising edge) 0
DO |HSD2S0 3 [Port 2 input 0
4 | Port 6 input
5 [8-bit timer Ch.2 underflow
6 | 16-bit timer Ch.2 compare B
7 | 16-bit timer Ch.2 compare A
8 [16-bit timer Ch.4 compare B
9 | 16-bit timer Ch.4 compare A
A | SI/F Ch.0 Rx buffer full
B | SI/F Ch.0 Tx buffer empty
C | A/D conversion completion
High-speed 004029A | D7-4 |- reserved — — — |0 when being read.
DMA software B) D3 |HST3 HSDMA Ch.3 software trigger 1| Trigger 0 [Invalid 0 W
trigger register D2 |HST2 HSDMA Ch.2 software trigger 0 w
D1 |HST1 HSDMA Ch.1 software trigger 0 w
DO |HSTO HSDMA Ch.0 software trigger 0 W
Flag set/reset | 004029F | D7-3 |- reserved — - —
method select B) D2 |DENONLY [IDMA enable register set method | 1 [ Set only 0 [RD/WR 1 [RW
register selection
D1 [IDMAONLY|IDMA request register set method| 1 [ Set only 0 |RD/WR 1 |RW
selection
DO |RSTONLY |[Interrupt factor flag reset method |1 [Resetonly | 0 [RD/WR 1 [RW
selection
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
K5 function 00402CO0 | D7-5 |— reserved — — — |0 when being read.
select register (B) D4 |CFK54 K54 function selection 1 |#DMAREQ3 | 0 [K54 0 |R/W

D3 |CFK53 K53 function selection 1 |#DMAREQ2 | 0 [K53 0 |R/W

D2 |CFK52 K52 function selection 1 |#ADTRG 0 | K52 0 |RW

D1 |CFK51 K51 function selection 1 |#DMAREQ1 | 0 [K51 0 |RW

D0 |CFK50 K50 function selection 1 |#DMAREQO | 0 K50 0 |RW
K5 input port [ 00402C1 | D7-5 |- reserved — — |0 when being read.
data register (B) D4 |K54D K54 input port data 1 |High 0 |Low — R

D3 |K53D K53 input port data R

D2 |K52D K52 input port data — R

D1 |K51D K51 input port data — R

DO |K50D K50 input port data R
K6 function 00402C3| D7 |CFK67 K67 function selection 1|AD7 0 | K67 0 |RW
select register (B) D6 |CFK66 K66 function selection 1 |AD6 0 | K66 0 |RW

D5 |CFK65 K65 function selection 1 [AD5 0 [K65 0 |R/W

D4 |CFK64 K64 function selection 1 |AD4 0 | K64 0 |R/W

D3 |CFK63 K63 function selection 1 [AD3 0 [K63 0 |R/W

D2 |CFK62 K62 function selection 1|AD2 0 | K62 0 |R/W

D1 |CFK61 K61 function selection 1 [AD1 0 [Ké1 0 |R/W

DO |CFK60 K60 function selection 1 [ADO 0 [K60 0 |RW
K6 input port |00402C4 | D7 [K67D K67 input port data 1 |High 0 |Low R
data register (B) D6 |K66D K66 input port data R

D5 |K65D K65 input port data R

D4 |K64D K64 input port data — R

D3 |K63D K63 input port data — R

D2 |K62D K62 input port data - R

D1 |K61D K61 input port data — R

D0 |K60D K60 input port data — R

E0C33208/204/202 TECHNICAL HARDWARE

EPSON

33



4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Port input 00402C6| D7 |SPT31 FPT3 interrupt input port selection | 11 10 01 00 0 |[RW
interrupt select (B) D6 |SPT30 P23 P03 K53 K63 0
register 1 D5 |SPT21 FPT2 interrupt input port selection | 11 10 01 00 0 [R/W
D4 |SPT20 P22 P02 K52 K62 0
D3 |SPT11 FPT1 interrupt input port selection | 11 10 01 00 0 [RW
D2 |SPT10 P21 P01 K51 K61 0
D1 |SPTO1 FPTO interrupt input port selection | 11 10 01 00 0 |[RW
DO |SPTO0 P20 P00 K50 K60 0
Port input 00402C7| D7 |SPT71 FPT7 interrupt input port selection | 11 10 01 00 0 |[RW
interrupt select (B) D6 |SPT70 P27 P07 P33 K67 0
register 2 D5 |SPT61 FPT6 interrupt input port selection | 11 10 01 00 0 [R/W
D4 |SPT60 P26 P06 P32 K66 0
D3 |SPT51 FPTS5 interrupt input port selection | 11 10 01 00 0 [RW
D2 |SPT50 P25 P05 P31 K65 0
D1 |SPT41 FPT4 interrupt input port selection | 11 10 01 00 0 |[RW
DO |SPT40 P24 P04 K54 K64 0
Port input 00402C8| D7 |SPPT7 FPT7 input polarity selection 1| Highlevel [0 Low level 1 |RW
interrupt (B) D6 |SPPT6 FPT6 input polarity selection or or 1 |RW
input polarity D5 |SPPT5 FPTS5 input polarity selection Rising edge| Falling 1 |RW
select register D4 |SPPT4 FPT4 input polarity selection edge 1 |RW
D3 |SPPT3 FPT3 input polarity selection 1 |RW
D2 |SPPT2 FPT2 input polarity selection 1 |RW
D1 |SPPT1 FPT1 input polarity selection 1 |RW
DO |SPPTO FPTO input polarity selection 1 |RW
Port input 00402C9| D7 |SEPT7 FPT7 edge/level selection 1 (Edge 0 |Level 1 |RW
interrupt (B) D6 |SEPT6 FPT6 edge/level selection 1 |RW
edge/level D5 |SEPT5 FPT5 edge/level selection 1 |RW
select register D4 |SEPT4 FPT4 edge/level selection 1 |RW
D3 |SEPT3 FPT3 edge/level selection 1 |RW
D2 |SEPT2 FPT2 edge/level selection 1 |RW
D1 |SEPT1 FPT1 edge/level selection 1 |RW
DO |SEPTO FPTO edge/level selection 1 |RW
Key input 00402CA | D7-4 |- reserved — — |0 when being read.
interrupt select (B) D3 |SPPK11 FPK1 interrupt input port selection| 11 10 01 00 0 [RW
register D2 |SPPK10 P2[7:4]|PO[7:4]|K6[7:4]|K6[3:0]| O
D1 |SPPKO1 FPKO interrupt input port selection| 11 10 01 00 0 |RW
DO |SPPKOO P2[4:0]|P0[4:0]|K6[4:0]|K5[4:0]| O
Key input 00402CC| D7-5 |- reserved — — |0 when being read.
interrupt (B) D4 |SCPKO04 FPKO04 input comparison 1 [High 0 |Low 0 |RW
(FPKO) input D3 |SCPKO03 FPKO3 input comparison 0 |RW
comparison D2 |SCPK02 FPKO02 input comparison 0 |RW
register D1 |SCPKO1 FPKO1 input comparison 0 |RW
DO |SCPKO00 FPKOO input comparison 0 |RW
Key input 00402CD | D7-4 |- reserved — - — |0 when being read.
interrupt (B) D3 |SCPK13 FPK13 input comparison 1 [High 0 |Low 0 |RW
(FPK1) input D2 |SCPK12 FPK12 input comparison 0 |RW
comparison D1 |SCPK11 FPK11 input comparison 0 |RW
register DO |SCPK10 FPK10 input comparison 0 |R/W
Key input 00402CE| D7-5 |- reserved - — |0 when being read.
interrupt (B) D4 |SMPKO04 |FPKO4 input mask 1 [Interrupt 0 | Interrupt 0 |RW
(FPKO) input D3 |SMPKO03 |FPKO3 input mask enabled disabled 0 |RW
mask register D2 |SMPKO02 |FPKO02 input mask 0 |R/W
D1 |SMPKO1 |FPKO1 input mask 0 |R/W
DO |SMPKOO |FPKOO input mask 0 |R/W
Key input 00402CF | D7-4 |- reserved — — — |0 when being read.
interrupt (B) D3 |SMPK13 |FPK13 input mask 1 [Interrupt 0 | Interrupt 0 |RW
(FPK1) input D2 |SMPK12 |FPK12 input mask enabled disabled 0 |R/W
mask register D1 |SMPK11l |FPK11 input mask 0 |R/W
DO |SMPK10 |FPK10 input mask 0 |[R/W
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4 PERIPHERAL CIRCUITS

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
PO function 00402D0| D7 |[CFPO7 P07 function selection 1 [#SRDY1 0 [PO7 0 | R/W |Extended functions
select register (B) D6 |CFP06 P06 function selection 1 |#SCLK1 0 | P06 0 | R/W [(0x402DF)
D5 |CFPO05 P05 function selection 1[SOuUT1l 0 [PO5 0 |RW
D4 |CFP04 P04 function selection 1 [SIN1 0 [P0O4 0 |R/W
D3 |CFP03 P03 function selection 1 [#SRDYO 0 (P03 0 |R/W
D2 |CFP02 P02 function selection 1 [#SCLKO 0 [P0O2 0 |RW
D1 |CFPO1 P01 function selection 1 [SOUTO 0 [PO1 0 |R/W
DO |CFP0OO POO function selection 1 |SINO 0 | POO 0 |R/W
PO I/O port data| 00402D1 | D7 |PO7D P07 1/O port data 1 |High 0 | Low 0 |RW
register (B) D6 |P06D P06 1/0 port data 0 |RW
D5 |P05D P05 1/0 port data 0 |R/W
D4 [P04D P04 1/0 port data 0 |RW
D3 [PO3D P03 1/O port data 0 |RW
D2 [P02D P02 1/O port data 0 |RW
D1 [PO1D P01 I/O port data 0 |RW
DO |POOD P00 1/0 port data 0 |R/W
PO I/O control |00402D2 | D7 [lOCO7 P07 1/O control 1 |Output 0 | Input 0 |RW
register (B) D6 |I0C06 P06 1/0 control 0 |RW
D5 |10C05 P05 I/O control 0 |RW
D4 [I0C04 P04 1/0 control 0 |RW
D3 |10C03 P03 1/0 control 0 |RW
D2 |[I0C02 P02 1/O control 0 |RW
D1 [IOCO01 P01 1/O control 0 |RW
DO |10C00 P00 1/O control 0 |R/W
P1 function 00402D4| D7 |- reserved — — |0 when being read.
select register (B) D6 |CFP16 P16 function selection 1 |EXCL5 0|P16 0 |RW
#DMAEND1
D5 |CFP15 P15 function selection 1 |EXCL4 0|P15 0 |RW
#DMAENDO
D4 |CFP14 P14 function selection 1 [FOSC1 0 (P14 0 | R/W |Extended functions
(0x402DF)
D3 |CFP13 P13 function selection 1 |EXCL3 0|P13 0 |RW
T8UF3
D2 |CFP12 P12 function selection 1 [EXCL2 0([P12 0 |RW
T8UF2
D1 |CFP11 P11 function selection 1|EXCL1 0|P11 0 |RW
T8UF1
DO |CFP10 P10 function selection 1 [EXCLO 0 (P10 0 |RW
T8UFO
P11/O port data| 00402D5| D7 |- reserved — — — |0 when being read.
register (B) D6 |P16D P16 1/O port data 1 |High 0 |Low 0 |R/W
D5 [P15D P15 1/O port data 0 |RW
D4 |P14D P14 1/0 port data 0 |R/W
D3 [P13D P13 1/0 port data 0 |RW
D2 |P12D P12 1/O port data 0 |R/W
D1 |[P11D P11 1/O port data 0 |R/W
DO [P10D P10 I/O port data 0 |RW
P11/O control [00402D6 | D7 |- reserved — — — |0 when being read.
register (B) D6 |IOC16 P16 1/0 control 1 |Output 0 | Input 0 |R/W
D5 [IOC15 P15 1/O control 0 |RW
D4 |10C14 P14 1/0 control 0 |R/W
D3 [IOC13 P13 1/0 control 0 |RW
D2 |I0OC12 P12 1/O control 0 |R/W
D1 |[IOC11 P11 1/O control 0 |R/W
DO [IOC10 P10 1/O control 0 |RW
P2 function 00402D8| D7 |CFP27 P27 function selection 1|TM5 0|P27 0 |RW
select register (B) D6 |CFP26 P26 function selection 1|T™M4 0| P26 0 |RW
D5 |CFP25 P25 function selection 1[TM3 0 [P25 0 |R/W
D4 |CFP24 P24 function selection 1|T™M2 0 |P24 0 |R/W
D3 |CFP23 P23 function selection 1[(TM1 0 [P23 0 |R/W
D2 |CFP22 P22 function selection 1|T™MO 0 |P22 0 |R/W
D1 |CFP21 P21 function selection 1 |#DWE 0|P21 0 | R/W |Ext. func.(0x402DF)
DO |CFP20 P20 function selection 1 [#DRD 0 [P20 0 |RW
P2 1/0 port dataf 00402D9 | D7 [P27D P27 1/0 port data 1 [High 0 [Low 0 |RW
register (B) D6 |P26D P26 1/0 port data 0 |RW
D5 [P25D P25 /0 port data 0 |RW
D4 |P24D P24 1/0 port data 0 |R/W
D3 [P23D P23 1/0 port data 0 |RW
D2 |P22D P22 1/0 port data 0 |RW
D1 ([P21D P21 1/0 port data 0 |RW
DO [P20D P20 1/O port data 0 |RW
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4 PERIPHERAL CIRCUITS

| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
P2 1/0 control |00402DA| D7 |l0C27 P27 1/0 control 1 [Output 0 |Input 0 |RW
register (B) D6 |10C26 P26 1/0 control 0 |R/W
D5 |10C25 P25 1/0 control 0 |RW
D4 |10C24 P24 1/0 control 0 |RW
D3 |10C23 P23 1/0 control 0 |RW
D2 |10C22 P22 1/0 control 0 |RW
D1 |lO0C21 P21 1/0 control 0 |RW
DO |10C20 P20 1/0 control 0 |RW
P3 function 00402DC| D7-6 |— reserved — — — |0 when being read.
select register (B) D5 |CFP35 P35 function selection 1 [#BUSACK |0 |P35 0 |RW
D4 |CFP34 P34 function selection 1 |#BUSREQ |0 |P34 0 |RW
#CE6
D3 |CFP33 P33 function selection 1 |#DMAACK1| 0 |P33 0 |RW
D2 |CFP32 P32 function selection 1 |#DMAACKO | 0 | P32 0 |RW
D1 |CFP31 P31 function selection 1|#BUSGET [0 |P31 0 | R/W |Ext. func.(0x402DF)
DO |CFP30 P30 function selection 1 |#WAIT 0 (P30 0 |RW
#CEA4/#CES5)
P31/0 port data|00402DD | D7-6 |— reserved — — — |0 when being read.
register (B) D5 |P35D P35 1/0 port data 1 [High 0 |Low 0 |RW
D4 |P34D P34 1/0 port data 0 |RW
D3 |P33D P33 1/0 port data 0 |RW
D2 |P32D P32 1/0 port data 0 |RW
D1 |P31D P31 1/0 port data 0 |RW
DO [P30D P30 I/0 port data 0 [RW
P3 1/0 control |[00402DE | D7-6 |— reserved — — — |0 when being read.
register (B) D5 |10C35 P35 1/0 control 1 [Output 0 |Input 0 |R/W
D4 |10C34 P34 1/0 control 0 |RW
D3 |10C33 P33 1/0 control 0 |RW
D2 |10C32 P32 1/0 control 0 |RW
D1 |10C31 P31 1/0 control 0 |RW
DO |10C30 P30 I/0 control 0 |R/W
Port function | 00402DF| D7 |CFEX7 P07 port extended function 1 |#DMAEND3| 0 |P07, etc. 0 [RW
extension (B) D6 |[CFEX6 P06 port extended function 1 |#DMAACK3| 0 |PO06, etc. 0 [RW
register D5 [CFEX5 P05 port extended function 1 |#DMAEND2| 0 |PO05, etc. 0 [RW
D4 |CFEX4 P04 port extended function 1 [#DMAACK2 | 0 [PO4, etc. 0 |R/W
D3 |CFEX3 P31 port extended function 1 [#GARD 0 |P31, etc. 0 |R/W
D2 |CFEX2 P21 port extended function 1 |#GAAS 0 [P21, etc. 0 |RW
D1 |CFEX1 P10, P11, P13 port extended 1[DSTO 0 |P10, etc. 1 [RW
function DST1 P11, etc.
DPCO P13, etc.
DO |CFEXO P12, P14 port extended function | 1 |DST2 0 |P12, etc. 1 |RW
DCLK P14, etc.
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Areas 18-15 0048120 ( DF |- reserved — — — |0 when being read.
set-up register | (HW) DE |A18Sz Areas 18-17 device size selection| 1 |8 bits |0 |16 bits 0 |R/W
DD |[A18DF1 Areas 18-17 A18DF[1:0] [Number of cycles| 1 | R/W
DC |[A18DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
DB |- reserved — — — |0 when being read.
DA |[A18WT2 [Areas 18-17 wait control A18WT[2:0] Wait cycles 1 |RW
D9 |A18WT1 1]11(1 7 1
D8 |A18WTO 1)111(0 6 1
110(1 5
1)10/(0 4
o111 3
of1]0 2
0o(0]|1 1
0[0]O0 0
D7 |- reserved — — — |0 when being read.
D6 [A16SZ Areas 16-15 device size selection| 1 |8 bits |0 |16 bits 0 [RW
D5 |A16DF1 Areas 16-15 A16DF[1:0] [Number of cycles| 1 |R/W
D4 |A16DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A16WT2 |Areas 16-15 wait control AL6WT[2:0] Wait cycles 1 |RW
D1 |A16WT1 111(1 7 1
DO |A16WTO 1]11/(0 6 1
1({0(1 5
1|10fo0 4
o111 3
of1]0 2
0O(0 |1 1
0[o0]oO 0
Areas 14-13 0048122 | DF-9 |- reserved — — — |0 when being read.
set-up register | (HW) D8 |A14DRA |Area 14 DRAM selection 1 |Used 0 | Not used 0 |R/W
D7 |A13DRA |Area 13 DRAM selection 1 [Used 0 [Not used 0 |RW
D6 |A14SZ Areas 14-13 device size selection| 1 |8 bits 0 |16 bits 0 |R/W
D5 |A14DF1 Areas 14-13 A14DF[1:0] |Number of cycles| 1 |R/W
D4 |A14DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A14WT2 |Areas 14-13 wait control AL4WT[2:0] Wait cycles 1 |RW
D1 |A14WT1 111(1 7 1
DO |A14WTO 1]11/(0 6 1
110(1 5
1)1]0/(0 4
o111 3
of1]0 2
0o(0 |1 1
0[0]O 0
Areas 12-11 0048124 | DF-7 |- reserved — — — |0 when being read.
set-up register | (HW) D6 |A12SzZ Areas 12-11 device size selection 1|8 bits |O|16 bits 0 |RW
D5 |A12DF1 Areas 12-11 A18DF[1:0] [Number of cycles| 1 |R/W
D4 |A12DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A12WT2 |Areas 12-11 wait control A18WT[2:0] Wait cycles 1 [RW
D1 |A12WT1 111(1 7 1
DO |A12WTO 111/(0 6 1
110(1 5
1]10/(0 4
of(1]1 3
of1]0 2
o(0]|1 1
0[0]O0 0
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|Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Areas 10-9 0048126 (| DF |- reserved — — — |0 when being read.
set-up register [ (HW) DE |A10IR2 Area 10 internal ROM wait control| A10IR[2:0] ROM size 1 |RW
DD |A1l0IR1 Area 10 internal ROM size 111(1 2MB 1
DC |A10IRO selection 1 0 1MB 1
1]10(1 512KB
1(0(0 256KB
of1(1 128KB
of1(0 64KB
OfO0(1 32KB
ofofo 16KB
DB |- reserved — - — |0 when being read.
DA |A10BW1 [Areas 10-9 A10BWI[1:0] Wait cycles 0 |[RW
D9 |A10BWO |[burst ROM 1 1 3 0
burst read cycle wait control 1 0 2
0 1 1
0 0 0
D8 |A10DRA [Area 10 burst ROM selection 1 |Used 0 [Not used 0 |RW
D7 |A9DRA Area 9 burst ROM selection 1 |Used 0 [Not used 0 |RW
D6 |A10SZ Areas 10-9 device size selection | 1 |8 bits 0 |16 bits 0 |RW
D5 |A10ODF1 Areas 10-9 A10DF[1:0] |Number of cycles| 1 |R/W
D4 |A10DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A10WT2 |[Areas 10-9 wait control ALOWT([2:0] Wait cycles 1 |RW
D1 |ALOWT1 1111 7 1
DO |A1OWTO 1(1(0 6 1
1]10(1 5
1{0fo0 4
of1(1 3
of1(0 2
o011 1
ofofo 0
Areas 8-7 0048128 | DF-9 |- reserved — — — |0 when being read.
set-up register | (HW) D8 |A8DRA Area 8 DRAM selection 1 [Used 0 |Not used 0 |R/W
D7 |A7DRA Area 7 DRAM selection 1 |Used 0 [Not used 0 |RW
D6 |A8SZ Areas 8-7 device size selection |1 |8 bits 0 |16 bits 0 |RW
D5 |A8DF1 Areas 8-7 A8BDF[1:0] |Number of cycles| 1 |R/W
D4 |A8DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A8BWT2 Areas 8-7 wait control ABWT[2:0] Wait cycles 1 |RW
D1 |A8BWT1 1(11(1 7 1
DO |A8BWTO 1(1(0 6 1
1(0(1 5
1100 4
of1(1 3
of1(0 2
o001 1
0Ol0|O 0
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Areas 6-4 004812A | DF-E |- reserved — — |0 when being read.
set-up register | (HW) DD |A6DF1 Area 6 A6DF[1:0] |Number of cycles| 1 |R/W
DC |A6DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
DB |- reserved — — — |0 when being read.
DA [AB6WT2 Area 6 wait control AB6WT[2:0] Wait cycles 1 |RW
D9 |A6WT1 1(1(1 7 1
D8 |A6WTO 111/(0 6 1
1(0f1 5
1(0f0 4
oj]1]1 3
of1]0 2
0|01 1
0|]0]O0 0
D7 |- reserved — — — |0 when being read.
D6 |A5SZ Areas 5-4 device size selection | 1[8 bits [0]16 bits 0 [rRw
D5 |A5DF1 Areas 5-4 A5DF[1:0] |Number of cycles| 1 | R/W
D4 |A5DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
D3 |- reserved — — |0 when being read.
D2 |A5WT2 Areas 5-4 wait control A5WT[2:0] Wait cycles 1 |RW
D1 |ASWT1 1(1(1 7 1
DO |ASWTO 1 0 6 1
1(0f1 5
1(0f0 4
oj]1]1 3
o(1]0 2
0|01 1
0|00 0
TTBR write 004812D| D7 |TBRP7 TTBR register write protect Writing 01011001(0x59) 0 W |Undefined in read.
protect register (B) D6 |TBRP6 removes the TTBR (0x48134) 0
D5 |TBRP5 \write protection. 0
D4 |TBRP4 \Writing other data sets the 0
D3 |TBRP3 write protection. 0
D2 [TBRP2 0
D1 (TBRP1 0
DO [TBRPO 0
Bus control 004812E | DF |RBCLK BCLK output control 1 |Fixed atH | 0 |Enab|ed 0 |RW
register (HW) DE |- reserved — 0 — | Writing 1 not allowed.
DD |RBST8 Burst ROM burst mode selection | 1 |8-successive| O |4-successive| 0 | RIW
DC |REDO DRAM page mode selection 1|EDO 0 | Fast page 0 |R/W
DB [RCA1 Column address size selection RCA[1:0] Size 0 |R/W
DA [RCAO 1 1 11 0
1 0 10
0 1 9
0 0 8
D9 |RPC2 Refresh enable 1 [Enabled 0 [Disabled 0 |RW
D8 |RPC1 Refresh method selection 1 [Self-refresh| 0 | CBR-refresh| 0 | RIW
D7 |RPCO Refresh RPC delay setup 1(2.0 0[1.0 0 |[R/W
D6 |RRA1l Refresh RAS pulse width RRA[1:0] [Number of cycles| 0 | RIW
D5 |RRAO selection 1 1 5 0
1 0 4
0 1 3
0 0 2
D4 |- reserved — 0 — | Writing 1 not allowed.
D3 |SBUSST |External interface method selection| 1 [#BSL 0 [AO 0 |RW
D2 |SEMAS External bus master setup 1 | Existing 0 |Nonexistent|] 0 | R/W
D1 |SEPD External power-down control 1 |Enabled 0 | Disabled 0 |RW
DO |SWAITE [#WAIT enable 1 [Enabled 0 [Disabled 0 |RW
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
DRAM timing | 0048130 | DF—C |- reserved — — — |0 when being read.
set-up register [ (HW) DB |A3EEN Area 3 emulation 1 |Internal ROM| 0 |Emu|ati0n 1 |RW
DA |CEFUNC1 [#CE pin function selection CFFUNCI1:0] #CE output 0 [RW
D9 |CEFUNCO 1 X |#CE7/8.#CE17/18| O
0 1 #CES6. #CE17
0 0 #CE4. #CE10
D8 [CRAS Successive RAS mode setup 1 [Successive [ 0 [Normal o [rRw
D7 |RPRC1 DRAM RPRC[1:0] |Number of cycles| 0 | R/W
D6 |RPRCO RAS precharge cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
D5 |- reserved — — — |0 when being read.
D4 |CASC1 DRAM CASCJ1:0] |Number of cycles| 0 | R/W
D3 |CASCO CAS cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
D2 |- reserved — — — |0 when being read.
D1 |RASC1 DRAM RASCJ[1:0] |Number of cycles| 0 | R/W
DO |RASCO RAS cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
Access control| 0048132 | DF |A18I0 Area 18, 17 internal/external accesg 1 | Internal 0 [External 0 |RW
register (HW) DE |A1610 Area 16, 15 internal/external accesy |access access 0 |R/W
DD |[A14I10 Area 14, 13 internal/external access 0 |RW
DC |A1210 Area 12, 11 internal/external access 0 |RW
DB |- reserved — 0 — |0 when being read.
DA |[A8IO Area 8, 7 internal/external access | 1 |Internal 0 [External 0 |RW
D9 |A6I0 Area 6 internal/external access access access 0 |RW
D8 |ASIO Area 5, 4 internal/external access 0 |RW
D7 |A18EC Area 18, 17 endian control 1 [Big endian | O [Little endian| 0 | R/W
D6 |Al6EC Area 16, 15 endian control 0 |RW
D5 |Al4EC Area 14, 13 endian control 0 |RW
D4 |A12EC Area 12, 11 endian control 0 |RW
D3 |Al0EC Area 10, 9 endian control 0 |RW
D2 |A8EC Area 8, 7 endian control 0 |RW
D1 |ABEC Area 6 endian control 0 |RW
D0 |ASEC Area 5, 4 endian control 0 |RW
TTBR low- 0048134 | DF |TTBR15 Trap table base address [15:10] 0 |RW
order register (HW) DE |TTBR14 0
DD |TTBR13 0
DC (TTBR12 0
DB |TTBR11 0
DA |TTBR10 0
D9 |TTBRO9 Trap table base address [9:0] Fixed at 0 0 R |0 when being read.
D8 |TTBRO8 0 Writing 1 not allowed.
D7 |TTBRO7 0
D6 |TTBRO6 0
D5 |TTBRO5 0
D4 |TTBRO4 0
D3 |TTBRO3 0
D2 |TTBRO2 0
D1 (TTBRO1 0
DO |TTBROO 0
TTBR high- 0048136 | DF |TTBR33 Trap table base address [31:28] Fixed at 0 0 R |0 when being read.
order register (HW) DE |TTBR32 0 Writing 1 not allowed.
DD |TTBR31 0
DC |[TTBR30 0
DB |TTBR2B Trap table base address [27:16] |[The initial value is set R/W
DA |TTBR2A according to the BTA3 pin
D9 (TTBR29 status.
D8 |TTBR28 BTA3 ="1": 0x008
D7 |TTBR27 BTA3 ="0": 0x0CO
D6 |TTBR26
D5 |TTBR25
D4 |TTBR24
D3 |TTBR23
D2 |TTBR22
D1 (TTBR21
DO (TTBR20
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
G/A read signal| 0048138 | DF |[A18AS Area 18, 17 address strobe signal| 1 |Enabled 0 | Disabled 0 |R/W
control register| (HW) DE |A16AS Area 16, 15 address strobe signal 0 |R/W
DD |[A14AS Area 14, 13 address strobe signal 0 |RW
DC |A12AS Area 12, 11 address strobe signal 0 |R/W
DB [- reserved — 0 — |0 when being read.
DA |[ABAS Area 8, 7 address strobe signal 1 |Enabled 0 | Disabled 0 |RW
D9 |ABAS Area 6 address strobe signal 0 |R/W
D8 |A5AS Area 5, 4 address strobe signal 0 |RW
D7 |A18RD Area 18, 17 read signal 1 |Enabled 0 | Disabled 0 |[RW
D6 |A16RD Area 16, 15 read signal 0 |RW
D5 |A14RD Area 14, 13 read signal 0 |R/W
D4 |A12RD Area 12, 11 read signal 0 |RW
D3 |- reserved — 0 — |0 when being read.
D2 |A8RD Area 8, 7 read signal 1 [Enabled 0 [Disabled 0 |RW
D1 |A6RD Area 6 read signal 0 [R/W
DO |A5RD Area 5, 4 read signal 0 |R/W
BCLK select 004813A | D74 |- reserved — 0 — |0 when being read.
register (B) D3 |A1X1IMD |Area 1 access-speed 1 |2 cycles | 0 |4 cycles 0 | R/W |x2 speed mode only
D2 |- reserved — 0 — |0 when being read.
D1 |BCLKSEL1|BCLK output clock selection BCLKSEL[1:0] BCLK 0 |RW
DO |BCLKSELO 1 1 PLL_CLK 0
1 0 OSC3_CLK
0 1 BCU_CLK
0 0 CPU_CLK
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer O | 0048180 | DF |CROA15 16-bit timer O comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CROA14 CROA15 = MSB X
register A DD |[CROA13 CROAO =LSB X
DC |CROA12 X
DB |CROA11l X
DA |CROA10 X
D9 |CROA9 X
D8 |CROAS8 X
D7 |CROA7 X
D6 |[CROA6 X
D5 |CROAS5 X
D4 |CROA4 X
D3 |CROA3 X
D2 |CROA2 X
D1 |CROA1 X
DO |CROAO X
16-bit timer 0 | 0048182 | DF |CROB15 16-bit timer O comparison data B 0 to 65535 X |RW
comparison (HW) DE |CROB14 CROB15 = MSB X
register B DD [CROB13 CROBO =LSB X
DC |CROB12 X
DB |CROB11 X
DA |CROB10 X
D9 |CROB9 X
D8 |CROB8 X
D7 |CROB7 X
D6 |CROB6 X
D5 |CROB5 X
D4 |CROB4 X
D3 [CROB3 X
D2 |CROB2 X
D1 |CROB1 X
DO |CROBO X
16-bit timer 0 | 0048184 | DF |TCO015 16-bit timer O counter data 0 to 65535 X R
counter data (HW) DE |TC014 TCO015 = MSB X
register DD [TCO013 TCO0 = LSB X
DC ([TCo12 X
DB |TCO11 X
DA |TCO010 X
D9 |TC09 X
D8 ([TCO08 X
D7 |TCO7 X
D6 |TCO06 X
D5 |TCO5 X
D4 |TCO4 X
D3 [TCO03 X
D2 |TCO02 X
D1 |TCO1 X
DO |TCOO0 X
16-bit timer 0 | 0048186 | D7 |- reserved — 0 — |0 when being read.
control register B) D6 |SELFMO |16-bit timer O fine mode selection | 1 | Fine mode | O |[Normal 0 |R/W
D5 |SELCRBO |16-bit timer O comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINVO [16-bit timer O output inversion 1 [Invert 0 [Normal 0 |RW
D3 |CKSLO 16-bit timer 0 input clock selection | 1 | External clock| O |Internal clock | 0 | R/W
D2 |PTMO 16-bit timer O clock output control | 1 |On 0 | Off 0 |R/W
D1 |PRESETO |16-bittimer O reset 1 [Reset 0 | Invalid 0 W |0 when being read.
DO |PRUNO 16-bit timer 0 Run/Stop control 1 [Run 0 | Stop 0 |R/W
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 1 | 0048188 | DF [CR1A15 16-bit timer 1 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR1A14 CR1A15 = MSB X
register A DD |CR1A13 CR1A0 =LSB X

DC |CR1A12 X

DB [CR1A11 X

DA |CR1A10 X

D9 |CR1A9 X

D8 |CR1A8 X

D7 |CR1A7 X

D6 |CR1A6 X

D5 |CR1A5 X

D4 |CR1A4 X

D3 |CR1A3 X

D2 |CR1A2 X

D1 |CR1A1 X

DO |CR1A0 X
16-bit timer 1 [ 004818A | DF [CR1B15 16-bit timer 1 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR1B14 CR1B15 = MSB X
register B DD |CR1B13 CR1BO=LSB X

DC |CR1B12 X

DB |CR1B11 X

DA |CR1B10 X

D9 |CR1B9 X

D8 |CR1B8 X

D7 |CR1B7 X

D6 |CR1B6 X

D5 |CR1B5 X

D4 |CR1B4 X

D3 |CR1B3 X

D2 |CR1B2 X

D1 |CR1B1 X

DO |CR1BO X
16-bit timer 1 [ 004818C| DF |[TC115 16-bit timer 1 counter data 0 to 65535 X R
counter data (HW) DE ([TC114 TC115 = MSB X
register DD ([TC113 TC10 =LSB X

DC ([TC112 X

DB [TC111 X

DA [TC110 X

D9 |TC19 X

D8 |TC18 X

D7 |TC17 X

D6 |TC16 X

D5 |TC15 X

D4 |TC14 X

D3 |TC13 X

D2 |TC12 X

D1 |TC11 X

DO |TC10 X
16-bittimer 1 (004818E| D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM1 |16-bit timer 1 fine mode selection | 1 |Fine mode | O [Normal 0 |R/W

D5 |SELCRB1 |16-bit timer 1 comparison buffer |1 |Enabled 0 | Disabled 0 |RW

D4 |OUTINV1 [16-bit timer 1 output inversion 1 |Invert 0 [Normal 0 |RW

D3 |CKSL1 16-bit timer 1 input clock selection | 1 |External clock| O |Internal clock | 0 | R/W

D2 |PTM1 16-bit timer 1 clock output control | 1 |On 0 | Off 0 |RW

D1 |PRESET1 |16-bittimer 1 reset 1 |Reset 0 | Invalid 0 W |0 when being read.

DO |PRUN1 16-bit timer 1 Run/Stop control 1 |Run 0 | Stop 0 |RW
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer 2 | 0048190 | DF |CR2A15 16-bit timer 2 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR2A14 CR2A15 = MSB X
register A DD |[CR2A13 CR2A0 =LSB X
DC |CR2A12 X
DB |CR2A11 X
DA |CR2A10 X
D9 |CR2A9 X
D8 |CR2A8 X
D7 |CR2A7 X
D6 |CR2A6 X
D5 |CR2A5 X
D4 |CR2A4 X
D3 |CR2A3 X
D2 |CR2A2 X
D1 |CR2A1 X
DO |CR2A0 X
16-bit timer 2 | 0048192 | DF |CR2B15 16-bit timer 2 comparison data B 0 to 65535 X |RW
comparison (HW) DE |CR2B14 CR2B15 = MSB X
register B DD [CR2B13 CR2B0 =LSB X
DC |[CR2B12 X
DB |CR2B11 X
DA |CR2B10 X
D9 |CR2B9 X
D8 |CR2B8 X
D7 |[CR2B7 X
D6 |CR2B6 X
D5 |CR2B5 X
D4 |CR2B4 X
D3 [CR2B3 X
D2 |CR2B2 X
D1 |CR2B1 X
DO |CR2BO X
16-bit timer 2 | 0048194 | DF |TC215 16-bit timer 2 counter data 0 to 65535 X R
counter data (HW) DE |TC214 TC215 = MSB X
register DD ([TC213 TC20 =LSB X
DC ([TC212 X
DB |TC211 X
DA |TC210 X
D9 |TC29 X
D8 |TC28 X
D7 |TC27 X
D6 |TC26 X
D5 |TC25 X
D4 |TC24 X
D3 |TC23 X
D2 |TC22 X
D1 |TC21 X
DO |TC20 X
16-bit timer 2 | 0048196 | D7 |- reserved — 0 — |0 when being read.
control register B) D6 |SELFM2 16-bit timer 2 fine mode selection | 1 | Fine mode | 0 [Normal 0 |R/W
D5 |SELCRB2 |16-bit timer 2 comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV2 [16-bit timer 2 output inversion 1 |Invert 0 [Normal 0 |RW
D3 |CKSL2 16-bit timer 2 input clock selection | 1 | External clock| O |Internal clock | 0 | R/W
D2 |PTM2 16-bit timer 2 clock output control | 1 |On 0 | Off 0 |R/W
D1 |PRESET2 |16-bittimer 2 reset 1 [Reset 0 | Invalid 0 W |0 when being read.
DO |PRUN2 16-bit timer 2 Run/Stop control 1 [Run 0 | Stop 0 |R/W
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 3 | 0048198 | DF [CR3A15 16-bit timer 3 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR3A14 CR3A15 = MSB X
register A DD |CR3A13 CR3A0 =LSB X

DC |CR3A12 X

DB |CR3A1l1 X

DA |CR3A10 X

D9 |CR3A9 X

D8 |CR3A8 X

D7 |CR3A7 X

D6 [CR3A6 X

D5 |CR3A5 X

D4 |CR3A4 X

D3 |CR3A3 X

D2 |CR3A2 X

D1 |CR3A1 X

DO |CR3A0 X
16-bit timer 3 [ 004819A | DF [CR3B15 16-bit timer 3 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR3B14 CR3B15 = MSB X
register B DD |CR3B13 CR3B0 =LSB X

DC |CR3B12 X

DB |CR3B11 X

DA |CR3B10 X

D9 |CR3B9 X

D8 |CR3B8 X

D7 |CR3B7 X

D6 |CR3B6 X

D5 |CR3B5 X

D4 |CR3B4 X

D3 [CR3B3 X

D2 |CR3B2 X

D1 |CR3B1 X

DO |CR3BO X
16-bit timer 3 [004819C| DF |[TC315 16-bit timer 3 counter data 0 to 65535 X R
counter data (HW) DE ([TC314 TC315 = MSB X
register DD ([TC313 TC30=LSB X

DC |[TC312 X

DB [TC311 X

DA [TC310 X

D9 |TC39 X

D8 (TC38 X

D7 |TC37 X

D6 |TC36 X

D5 |TC35 X

D4 |TC34 X

D3 [TC33 X

D2 |TC32 X

D1 |TC31 X

DO |TC30 X
16-bit timer 3 [004819E| D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM3 |16-bit timer 3 fine mode selection | 1 | Fine mode | O [ Normal 0 |R/W

D5 |SELCRB3 |16-bit timer 3 comparison buffer | 1 |Enabled 0 | Disabled 0 |RW

D4 |OUTINV3 [16-bit timer 3 output inversion 1 |Invert 0 [Normal 0 |RW

D3 |CKSL3 16-bit timer 3 input clock selection | 1 |External clock| O |Internal clock | 0 [ R/W

D2 |PTM3 16-bit timer 3 clock output control | 1 |On 0 | Off 0 |RW

D1 |PRESET3 |16-bittimer 3 reset 1 |Reset 0 | Invalid 0 W |0 when being read.

DO |PRUN3 16-bit timer 3 Run/Stop control 1 |Run 0 | Stop 0 |RW
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer 4 | 00481A0| DF |CR4A15 16-bit timer 4 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR4A14 CR4A15 = MSB X
register A DD |[CR4A13 CR4A0 = LSB X
DC |CR4A12 X
DB |CR4A11 X
DA |CR4A10 X
D9 |CR4A9 X
D8 |CR4A8 X
D7 |CR4A7 X
D6 |CR4A6 X
D5 |CR4AS5 X
D4 |CR4A4 X
D3 |CR4A3 X
D2 [CR4A2 X
D1 |CR4A1 X
DO |CR4A0 X
16-bit timer 4 | 00481A2| DF |CR4B15 16-bit timer 4 comparison data B 0 to 65535 X |RW
comparison (HW) DE |CR4B14 CR4B15 = MSB X
register B DD [CR4B13 CR4B0 =LSB X
DC |[CR4B12 X
DB |CR4B11 X
DA |CR4B10 X
D9 |CR4B9 X
D8 |CR4B8 X
D7 |[CR4B7 X
D6 |CR4B6 X
D5 |CR4B5 X
D4 |CR4B4 X
D3 |CR4B3 X
D2 |CR4B2 X
D1 |CR4B1 X
DO |CR4BO X
16-bit timer 4 | 00481A4 | DF |TC415 16-bit timer 4 counter data 0 to 65535 X R
counter data (HW) DE |TC414 TC415 = MSB X
register DD ([TC413 TC40=LSB X
DC ([TC412 X
DB |TC411 X
DA |TC410 X
D9 |TC49 X
D8 |TC48 X
D7 |TC47 X
D6 |TC46 X
D5 |TC45 X
D4 |TC44 X
D3 |TC43 X
D2 |TC42 X
D1 |TC41 X
DO |TC40 X
16-bit timer 4 | 00481A6| D7 |- reserved — 0 — |0 when being read.
control register B) D6 |SELFM4 |16-bit timer 4 fine mode selection | 1 | Fine mode | O |[Normal 0 |R/W
D5 |SELCRB4 |16-bit timer 4 comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV4 |[16-bit timer 4 output inversion 1 |Invert 0 [Normal 0 |RW
D3 |CKSL4 16-bit timer 4 input clock selection | 1 | External clock| O |Internal clock | 0 | R/W
D2 |PTM4 16-bit timer 4 clock output control | 1 |On 0 | Off 0 |R/W
D1 |PRESET4 |16-bit timer 4 reset 1 [Reset 0 | Invalid 0 W |0 when being read.
DO |PRUN4 16-bit timer 4 Run/Stop control 1 [Run 0 | Stop 0 |R/W
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 5 |00481A8 | DF [CR5A15 16-bit timer 5 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR5A14 CR5A15 = MSB X
register A DD |CR5A13 CR5A0 = LSB X

DC |CR5A12 X

DB |CR5A11 X

DA |CR5A10 X

D9 |CR5A9 X

D8 |CR5A8 X

D7 |CR5A7 X

D6 |CR5A6 X

D5 |CR5A5 X

D4 |CR5A4 X

D3 |CR5A3 X

D2 |CR5A2 X

D1 |CR5A1 X

DO |CR5A0 X
16-bit timer 5 [00481AA| DF |[CR5B15 16-bit timer 5 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR5B14 CR5B15 = MSB X
register B DD |CR5B13 CR5B0 =LSB X

DC |CR5B12 X

DB |CR5B11 X

DA |CR5B10 X

D9 |CR5B9 X

D8 |CRS5B8 X

D7 |CR5B7 X

D6 |CR5B6 X

D5 |CR5B5 X

D4 |CR5B4 X

D3 |CR5B3 X

D2 |CR5B2 X

D1 |CR5B1 X

DO |CR5BO X
16-bit timer 5 [00481AC| DF |[TC515 16-bit timer 5 counter data 0 to 65535 X R
counter data (HW) DE |[TC514 TC515 = MSB X
register DD ([TC513 TC50 = LSB X

DC |[TC512 X

DB [TC511 X

DA [TC510 X

D9 |TC59 X

D8 ([TC58 X

D7 |TC57 X

D6 |TC56 X

D5 |TC55 X

D4 |TC54 X

D3 [TC53 X

D2 |TC52 X

D1 |TC51 X

DO |TC50 X
16-bit timer 5 |[00481AE| D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM5 |16-bit timer 5 fine mode selection | 1 | Fine mode | O [Normal 0 |R/W

D5 |SELCRB5 |16-bit timer 5 comparison buffer | 1 |Enabled 0 | Disabled 0 |RW

D4 |OUTINV5 |[16-bit timer 5 output inversion 1 |Invert 0 [Normal 0 |RW

D3 |CKSL5 16-bit timer 5 input clock selection | 1 |External clock| O |Internal clock | 0 | R/W

D2 |PTM5 16-bit timer 5 clock output control | 1 |On 0 | Off 0 |RW

D1 |PRESET5 |16-bittimer 5 reset 1 |Reset 0 | Invalid 0 W |0 when being read.

DO |PRUN5 16-bit timer 5 Run/Stop control 1 |Run 0 | Stop 0 |RW
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4 PERIPHERAL CIRCUITS

[ Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
IDMA base 0048200 | DF |DBASEL15(IDMA base address 0 |RW
address low- (HW) DE |DBASEL14(low-order 16 bits 0
order register DD |DBASEL13|(Initial value: 0XOCO03A0) 0

DC [DBASEL12 0

DB |DBASEL11 0

DA |DBASEL10 0

D9 |DBASEL9 1

D8 |DBASELS 1

D7 |DBASEL7 1

D6 |DBASEL6 0

D5 |DBASEL5 1

D4 |DBASEL4 0

D3 |DBASEL3 0

D2 |DBASEL2 0

D1 |DBASEL1 0

DO |DBASELO 0
IDMA base 0048202 | DF-C |- reserved — = — |Undefined in read.
address (HW) DB |DBASEH11{IDMA base address 0 |[RW
high-order DA | DBASEH10| high-order 12 bits 0
register D9 |DBASEH9 |(Initial value: 0XOCO03A0) 0

D8 |DBASEH8 0

D7 |DBASEH7 1

D6 |DBASEH6 1

D5 |DBASEH5 0

D4 |DBASEH4 0

D3 |DBASEH3 0

D2 |DBASEH2 0

D1 |DBASEH1 0

DO |DBASEHO 0
IDMA start 0048204 | D7 [DSTART [IDMA start 1 [IDMA start [0 [stop 0 [RW |
register (B) D6-0 | DCHN IDMA channel number 0to 127 0 |R/W |
IDMA enable 0048205 | D7-1 |- reserved — — — \
register (B) DO [IDMAEN |[IDMA enable 1 |Enab|ed | 0 |Disabled 0 [RW |
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048220 ( DF |TCO_L7 Ch.0 transfer counter[7:0] X | RIW
DMA Ch.0 (HW) DE |[TCO_L6 (block transfer mode) X
transfer DD |TCO_L5 X
counter DC (TCO_L4 Ch.0 transfer counter[15:8] X
register DB [TCO_L3 (single/successive transfer mode) X
DA |TCO_L2 X
D9 [TCO_L1 X
D8 |[TCO_LO X
D7 |BLKLENO7|Ch.0 block length X | RIW
D6 |BLKLENOG |(block transfer mode) X
D5 |[BLKLENO5 X
D4 |BLKLENO4|Ch.0 transfer counter[7:0] X
D3 |BLKLENO3|(single/successive transfer mode) X
D2 |[BLKLENO2 X
D1 |[BLKLENO1 X
DO [BLKLENOO X
High-speed 0048222 | DF [DUALMO [Ch.0 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.0 (HW) DE [DODIR D) Invalid - - | -
control register S) Ch.0 transfer direction control | 1 |Mem0ry WR| 0 |Memory RD| 0 |R/W
DD-8 |- reserved - — — |Undefined in read.
Note: D7 |TCO_H7 Ch.0 transfer counter[15:8] X |RW
D) Dual address D6 |TCO_H6 |(block transfer mode) X
5 rsniﬁgfe D5 |TCo_HS X
address D4 |TCO_H4 Ch.0 transfer counter[23:16] X
mode D3 [TCO_H3 (single/successive transfer mode) X
D2 [TCO_H2 X
D1 [TCO_H1 X
DO [TCO_HO X
High-speed 0048224 | DF |SOADRL15|D) Ch.0 source address[15:0] X | RIW
DMA Ch.0 (HW) DE |[SOADRL14|S) Ch.0 memory address[15:0] X
low-order DD |SOADRL13 X
source address DC |[SOADRL12 X
set-up register DB [SOADRL11 X
DA |[SOADRL10 X
Note: D9 [SOADRL9 X
D) Dual address A8 |SOADRLS X
9 g(r"gfe D7 |SOADRL? X
address D6 |SOADRL6 X
mode D5 |[SOADRL5 X
D4 |[SOADRL4 X
D3 |SOADRL3 X
D2 |SOADRL2 X
D1 |SOADRL1 X
DO [SOADRLO X
High-speed 0048226 | DF |DINTENO |Ch.0 interrupt enable 1 |Enabled 0 | Disabled 0 |RW
DMA Ch.0 (HW) DE |[DATSIZEO |Ch.0 transfer data size 1 |Half word | O |Byte 0 |RW
high-order DD ([SOIN1 D) Ch.0 source address control SOIN[1:0] Inc/dec 0 [RW
source address DC [SOINO S) Ch.0 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |SOADRHL1L|D) Ch.0 source address[27:16] X |RW
9 g‘r"gfe DA |SOADRH10|S) Ch.0 memory address[27:16] X
address D9 [SOADRH9 X
mode A8 |SOADRH8 X
D7 |SOADRH7 X
D6 |SOADRH6 X
D5 |[SOADRH5 X
D4 [SOADRH4 X
D3 [SOADRH3 X
D2 |[SOADRH2 X
D1 |[SOADRH1 X
DO [SOADRHO X
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048228 | DF |DOADRL15|D) Ch.0 destination address[15:0] X | RIW
DMA Ch.0 (HW) DE |DOADRL14(S) Invalid X
low-order DD |DOADRL13 X
destination DC |DOADRL12 X
address set-up DB |DOADRL11 X
register DA |DOADRL10 X
D9 |DOADRL9 X
Note: A8 |DOADRLS X
D) Dual address D7 |DOADRL7 X
s) 'gi?]glee D6 |DOADRL6 X
address D5 |DOADRLS X
mode D4 |DOADRL4 X
D3 |DOADRL3 X
D2 |[DOADRL2 X
D1 |[DOADRL1 X
DO |[DOADRLO X
High-speed 004822A | DF [(DOMOD1 |Ch.0 transfer mode DOMOD[1:0] Mode 0 |RW
DMA Ch.0 (HW) DE |DOMODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |DOIN1 D) Ch.0 destination address DOIN[1:0] Inc/dec 0 |[RW
DC |DOINO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 gi?\g?e 0] o Fixed
address DB |DOADRH11|D) Ch.0 destination X | RIW
mode DA |DOADRH10 address[27:16] X
D9 |DOADRH9 |S) Invalid X
A8 |DOADRHS8 X
D7 |DOADRH7 X
D6 |DOADRH6 X
D5 |[DOADRH5 X
D4 |DOADRH4 X
D3 |DOADRH3 X
D2 |DOADRH2 X
D1 |[DOADRH1 X
DO |DOADRHO X
High-speed 004822C | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.0 (HW)
enable register DO |HSO_EN Ch.0 enable 1 |Enab|e | 0 |Disable 0 |[R/W
High-speed 004822E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.0 (HW)
trigger flag DO |HSO_TF Ch.0 trigger flag clear (writing) 1 [Clear 0 |No operation| 0 | R/W
register Ch.0 trigger flag status (reading) |1 |Set 0 | Cleared
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048230 ( DF |TC1_L7 Ch.1 transfer counter[7:0] X | RIW
DMA Ch.1 (HW) DE |[TC1_L6 (block transfer mode) X
transfer DD [TC1_L5 X
counter DC ([TC1_L4 Ch.1 transfer counter[15:8] X
register DB [TC1_L3 (single/successive transfer mode) X
DA [TC1_L2 X
D9 [TC1_L1 X
D8 |[TC1_LO X
D7 |BLKLEN17|Ch.1 block length X | RIW
D6 |BLKLEN16 | (block transfer mode) X
D5 |[BLKLEN15 X
D4 |BLKLEN14|Ch.1 transfer counter[7:0] X
D3 |BLKLEN13|(single/successive transfer mode) X
D2 |[BLKLEN12 X
D1 |[BLKLEN11 X
DO |[BLKLEN10 X
High-speed 0048232 | DF [DUALM1 [Ch.1 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.1 (HW) DE [D1DIR D) Invalid - - | -
control register S) Ch.1 transfer direction control | 1 |Mem0ry WR| 0 |Memory RD| 0 |R/W
DD-8 |- reserved - — — |Undefined in read.
Note: D7 |TC1_H7 Ch.1 transfer counter[15:8] X |RW
D) Dual address D6 |TC1_H6 |(block transfer mode) X
5 rsniﬁgfe D5 |TC1 HS X
address D4 |TC1_H4 Ch.1 transfer counter[23:16] X
mode D3 [TC1_H3 (single/successive transfer mode) X
D2 [TC1_H2 X
D1 [TC1_H1 X
DO [TC1_HO X
High-speed 0048234 | DF |S1ADRL15|D) Ch.1 source address[15:0] X | RIW
DMA Ch.1 (HW) DE |[S1ADRL14|S) Ch.1 memory address[15:0] X
low-order DD |S1ADRL13 X
source address DC |[S1ADRL12 X
set-up register DB |[S1ADRL11 X
DA |[S1ADRL10 X
Note: D9 [S1ADRL9 X
D) Dual address A8 |S1ADRLS X
9 g(r"gfe D7 |S1ADRL? X
address D6 |S1ADRL6 X
mode D5 |[S1ADRL5 X
D4 |[S1ADRL4 X
D3 |S1ADRL3 X
D2 |S1ADRL2 X
D1 |[S1ADRL1 X
DO |[S1ADRLO X
High-speed 0048236 | DF |DINTEN1 |Ch.1 interrupt enable 1 |Enabled 0 | Disabled 0 |RW
DMA Ch.1 (HW) DE |[DATSIZE1 |Ch.1 transfer data size 1 |Half word | O |Byte 0 |RW
high-order DD ([S1IN1 D) Ch.1 source address control S1IN[1:0] Inc/dec 0 [RW
source address DC [S1INO S) Ch.1 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |SIADRHL1L|D) Ch.1 source address[27:16] X |RW
9 g‘r"gfe DA |S1ADRH10|S) Ch.1 memory address[27:16] X
address D9 [S1ADRH9 X
mode A8 |S1ADRH8 X
D7 |S1ADRH7 X
D6 |[S1ADRH6 X
D5 |[S1ADRH5 X
D4 |[S1ADRH4 X
D3 [S1ADRH3 X
D2 [S1ADRH2 X
D1 |[S1ADRH1 X
DO [S1ADRHO X
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048238 | DF |D1ADRL15|D) Ch.1 destination address[15:0] X |RW
DMA Ch.1 (HW) DE |D1ADRL14(S) Invalid X
low-order DD |D1ADRL13 X
destination DC |D1ADRL12 X
address set-up DB |D1ADRL11 X
register DA |D1ADRL10 X
D9 |[D1ADRL9 X
Note: A8 |D1ADRLS X
D) Dual address D7 |D1ADRL7 X
s) 'gi?]glee D6 |D1ADRL6G X
address D5 |D1ADRL5 X
mode D4 |D1ADRL4 X
D3 |D1ADRL3 X
D2 |[D1ADRL2 X
D1 |[D1ADRL1 X
DO |[D1ADRLO X
High-speed 004823A | DF [(D1IMOD1 |Ch.1 transfer mode D1MOD[1:0] Mode 0 |RW
DMA Ch.1 (HW) DE |D1MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D1IN1 D) Ch.1 destination address D1IN[1:0] Inc/dec 0 |[RW
DC |D1INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 gi?\g?e 0] o Fixed
address DB |D1ADRH11|D) Ch.1 destination X | RIW
mode DA |D1ADRH10 address[27:16] X
D9 |D1ADRH9 |S) Invalid X
A8 |D1ADRH8 X
D7 |D1ADRH7 X
D6 |[D1ADRH6 X
D5 |[D1ADRH5 X
D4 |D1ADRH4 X
D3 |D1ADRH3 X
D2 |[D1ADRH2 X
D1 |[D1ADRH1 X
DO |D1ADRHO X
High-speed 004823C | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.1 (HW)
enable register DO |HS1_EN Ch.1 enable 1 |Enab|e | 0 |Disable 0 |[R/W
High-speed 004823E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.1 (HW)
trigger flag DO |HS1_TF Ch.1 trigger flag clear (writing) 1 [Clear 0 |No operation| 0 | R/W
register Ch.1 trigger flag status (reading) |1 |Set 0 | Cleared
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048240 ( DF |TC2_L7 Ch.2 transfer counter[7:0] X | RIW
DMA Ch.2 (HW) DE |[TC2_L6 (block transfer mode) X
transfer DD ([TC2_L5 X
counter DC ([TC2_L4 Ch.2 transfer counter[15:8] X
register DB [TC2_L3 (single/successive transfer mode) X
DA [TC2_L2 X
D9 |TC2_L1 X
D8 |TC2_LO X
D7 |BLKLEN27|Ch.2 block length X | RIW
D6 |BLKLEN26 | (block transfer mode) X
D5 |BLKLEN25 X
D4 |BLKLEN24|Ch.2 transfer counter[7:0] X
D3 |BLKLEN23|(single/successive transfer mode) X
D2 |[BLKLEN22 X
D1 |BLKLEN21 X
DO |BLKLEN20 X
High-speed 0048242 | DF [DUALM2 [Ch.2 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.2 (HW) DE [D2DIR D) Invalid - - | -
control register S) Ch.2 transfer direction control | 1 |Mem0ry WR| 0 |Memory RD| 0 |R/W
DD-8 |- reserved - — — |Undefined in read.
Note: D7 |TC2_H7 Ch.2 transfer counter[15:8] X |RW
D) Dual address D6 |TC2_H6 |(block transfer mode) X
5 rsniﬁgfe D5 |TC2 H5 X
address D4 |TC2_H4 Ch.2 transfer counter[23:16] X
mode D3 [TC2_H3 (single/successive transfer mode) X
D2 |TC2_H2 X
D1 |TC2_H1 X
DO |TC2_HO X
High-speed 0048244 | DF |S2ADRL15|D) Ch.2 source address[15:0] X | RIW
DMA Ch.2 (HW) DE |[S2ADRL14|S) Ch.2 memory address[15:0] X
low-order DD |S2ADRL13 X
source address DC |[S2ADRL12 X
set-up register DB |[S2ADRL11 X
DA [S2ADRL10 X
Note: D9 [S2ADRL9 X
D) Dual address A8 |S2ADRLS X
9 g(r"gfe D7 |S2ADRL7 X
address D6 |S2ADRL6 X
mode D5 |S2ADRL5 X
D4 |S2ADRL4 X
D3 |S2ADRL3 X
D2 |S2ADRL2 X
D1 |S2ADRL1 X
DO |S2ADRLO X
High-speed 0048246 | DF |DINTEN2 |Ch.2 interrupt enable 1 |Enabled 0 | Disabled 0 |RW
DMA Ch.2 (HW) DE |DATSIZE2 |Ch.2 transfer data size 1 |Half word | O |Byte 0 |RW
high-order DD ([S2IN1 D) Ch.2 source address control S2IN[1:0] Inc/dec 0 [RW
source address DC [S2INO S) Ch.2 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |S2ADRHL1L|D) Ch.2 source address[27:16] X |RW
9 g‘r"gfe DA |S2ADRH10|S) Ch.2 memory address[27:16] X
address D9 [S2ADRH9 X
mode A8 |S2ADRH8 X
D7 |S2ADRH7 X
D6 |S2ADRH6 X
D5 |S2ADRHS5 X
D4 [S2ADRH4 X
D3 |S2ADRH3 X
D2 |S2ADRH2 X
D1 |[S2ADRH1 X
DO |S2ADRHO X
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048248 | DF |D2ADRL15|D) Ch.2 destination address[15:0] X | RIW
DMA Ch.2 (HW) DE |D2ADRL14(S) Invalid X
low-order DD |D2ADRL13 X
destination DC |D2ADRL12 X
address set-up DB |D2ADRL11 X
register DA [D2ADRL10 X
D9 |[D2ADRL9 X
Note: A8 |D2ADRLS X
D) Dual address D7 |D2ADRL7 X
s) 'gi?]glee D6 |D2ADRL6 X
address D5 |D2ADRL5 X
mode D4 |D2ADRL4 X
D3 |D2ADRL3 X
D2 |[D2ADRL2 X
D1 |[D2ADRL1 X
DO |[D2ADRLO X
High-speed 004824A | DF [D2MOD1 |Ch.2 transfer mode D2MOD[1:0] Mode 0 |RW
DMA Ch.2 (HW) DE |D2MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D2IN1 D) Ch.2 destination address D2IN[1:0] Inc/dec 0 |[RW
DC |D2INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 gi?\g?e 0] o Fixed
address DB |D2ADRH11|D) Ch.2 destination X | RIW
mode DA |D2ADRH10 address[27:16] X
D9 |D2ADRH9 |S) Invalid X
A8 |D2ADRH8 X
D7 |D2ADRH7 X
D6 |D2ADRH6 X
D5 |[D2ADRH5 X
D4 |D2ADRH4 X
D3 |D2ADRH3 X
D2 |[D2ADRH2 X
D1 |[D2ADRH1 X
DO |D2ADRHO X
High-speed 004824C | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.2 (HW)
enable register DO |HS2_EN Ch.2 enable 1 |Enab|e | 0 |Disable 0 |[R/W
High-speed 004824E | DF-1 (- reserved - - — |Undefined in read.
DMA Ch.2 (HW)
trigger flag DO |HS2_TF Ch.2 trigger flag clear (writing) 1 [Clear 0 |No operation| 0 | R/W
register Ch.2 trigger flag status (reading) |1 |Set 0 | Cleared
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048250 [ DF |TC3_L7 Ch.3 transfer counter[7:0] X | RIW
DMA Ch.3 (HW) DE |[TC3_L6 (block transfer mode) X
transfer DD ([TC3_L5 X
counter DC (TC3_L4 Ch.3 transfer counter[15:8] X
register DB [TC3_L3 (single/successive transfer mode) X
DA [TC3_L2 X
D9 |[TC3_L1 X
D8 |[TC3_LO X
D7 |BLKLEN37|Ch.3 block length X | RIW
D6 |BLKLENS6 | (block transfer mode) X
D5 |[BLKLEN35 X
D4 |BLKLEN34|Ch.3 transfer counter[7:0] X
D3 |BLKLEN33|(single/successive transfer mode) X
D2 |[BLKLEN32 X
D1 |[BLKLEN31 X
DO [BLKLEN30 X
High-speed 0048252 | DF [DUALM3 [Ch.3 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.3 (HW) DE [D3DIR D) Invalid - - | -
control register S) Ch.3 transfer direction control | 1 |Mem0ry WR| 0 |Memory RD| 0 |R/W
DD-8 |- reserved - — — |Undefined in read.
Note: D7 |TC3_H7 Ch.3 transfer counter[15:8] X |RW
D) Dual address D6 |TC3_H6 |(block transfer mode) X
5 rsniﬁgfe D5 |TC3 H5 X
address D4 |TC3_H4 Ch.3 transfer counter[23:16] X
mode D3 [TC3_H3 (single/successive transfer mode) X
D2 [TC3_H2 X
D1 [TC3_H1 X
DO [TC3_HO X
High-speed 0048254 | DF |S3ADRL15|D) Ch.3 source address[15:0] X | RIW
DMA Ch.3 (HW) DE |[S3ADRL14|S) Ch.3 memory address[15:0] X
low-order DD |S3ADRL13 X
source address DC |[S3ADRL12 X
set-up register DB |[S3ADRL11 X
DA |[S3ADRL10 X
Note: D9 [S3ADRL9 X
D) Dual address A8 |S3ADRLS X
9 g(r"gfe D7 |S3ADRL? X
address D6 |S3ADRL6 X
mode D5 |[S3ADRL5 X
D4 |[S3ADRL4 X
D3 |S3ADRL3 X
D2 |S3ADRL2 X
D1 |S3ADRL1 X
DO [S3ADRLO X
High-speed 0048256 | DF |DINTEN3 |Ch.3 interrupt enable 1 |Enabled 0 | Disabled 0 |RW
DMA Ch.3 (HW) DE |DATSIZE3 |Ch.3 transfer data size 1 |Half word | O |Byte 0 |RW
high-order DD ([S3IN1 D) Ch.3 source address control S3IN[1:0] Inc/dec 0 [RW
source address DC [S3INO S) Ch.3 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |S3ADRHL1L|D) Ch.3 source address[27:16] X |RW
9 g‘r"gfe DA |S3ADRH10(S) Ch.3 memory address[27:16] X
address D9 [S3ADRH9 X
mode A8 |S3ADRH8 X
D7 |S3ADRH7 X
D6 |S3ADRH6 X
D5 |[S3ADRH5 X
D4 |[S3ADRH4 X
D3 [S3ADRH3 X
D2 |[S3ADRH2 X
D1 |[S3ADRH1 X
DO [S3ADRHO X
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048258 | DF |D3ADRL15|D) Ch.3 destination address[15:0] X | RIW
DMA Ch.3 (HW) DE |D3ADRL14(S) Invalid X
low-order DD |D3ADRL13 X
destination DC |D3ADRL12 X
address set-up DB |D3ADRL11 X
register DA [D3ADRL10 X
D9 |[D3ADRL9 X
Note: A8 |D3ADRLS X
D) Dual address D7 |D3ADRL7 X
s) 'gi?]glee D6 |D3ADRL6 X
address D5 |D3ADRL5 X
mode D4 |D3ADRL4 X
D3 |D3ADRL3 X
D2 |[D3ADRL2 X
D1 |[D3ADRL1 X
DO |[D3ADRLO X
High-speed 004825A | DF [D3MOD1 |Ch.3 transfer mode D3MOD[1:0] Mode 0 |RW
DMA Ch.3 (HW) DE |D3MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D3IN1 D) Ch.3 destination address D3IN[1:0] Inc/dec 0 |[RW
DC |D3INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 gi?\g?e 0] o Fixed
address DB |D3ADRH11|D) Ch.3 destination X | RIW
mode DA |D3ADRH10 address[27:16] X
D9 |D3ADRH9 |S) Invalid X
A8 |D3ADRHS8 X
D7 |D3ADRH7 X
D6 |[D3ADRH6 X
D5 |[D3ADRH5 X
D4 |D3ADRH4 X
D3 |D3ADRH3 X
D2 |[D3ADRH2 X
D1 |[D3ADRH1 X
DO |D3ADRHO X
High-speed 004825C | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.3 (HW)
enable register DO |HS3_EN Ch.3 enable 1 |Enab|e | 0 |Disable 0 |[R/W
High-speed 004825E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.3 (HW)
trigger flag DO |HS3_TF Ch.3 trigger flag clear (writing) 1 [Clear 0 |No operation| 0 | R/W
register Ch.3 trigger flag status (reading) |1 |Set 0 | Cleared
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5 Power-Down Control

This chapter describes the controls used to reduce power consumption of the device.

Points on power saving
The current consumption of the device varies greatly with the CPU's operation mode, the system clocks used,
and the peripheral circuits operated.

Current consumption low — - high
CPU/BCU SLEEP HALT2 Operating HALT2 HALT(basic)| Operating
System clock - 0OSC1 0OSsC1 OSC3 0SC3 0SC3
OSC3 oscillation circuit OFF OFF OFF ON ON ON
Prescaler/peripheral circuit STOP RUN

To reduce power consumption of the device, it isimportant that as many unnecessary circuits as possible be
turned off. In particular, peripheral circuits operating at afast-clock rate consume alarge amount of current, so
design the program so that these circuits are turned off whenever unnecessary.

Power-saving in standby modes
When CPU processing is unnecessary, such as when waiting for an interrupt from key entries or peripheral
circuits, place the device in standby mode to reduce current consumption.

Standby mode Method to enter the mode
Basic HALT mode |Execute the halt instruction after setting
HLT20P (D3)/Clock option register
(0x40190) to "0".
When the #BUSREQ signal is asserted from
an external bus master while SEPD (D1)/Bus
control register (0x4812E) = "1".

Circuits/functions stopped
CPU only

HALT2 mode Execute the halt instruction after setting CPU, BCU, bus clock, and DMA
HLT20P to "1".
SLEEP mode Execute the slp instruction. CPU, BCU, bus clock, DMA, high-speed

(OSC3) oscillation circuit, prescaler, and
peripheral circuits that use the prescaler
output clocks

HLT20P (D3)/Clock option register (0x40190) that isused to select aHALT modeissetto"0" (basic HALT
mode) at initial reset.

Notes: ¢ In systems in which DRAM is connected directly to the device, the refresh function is turned off
during HALT2 and SLEEP modes.

» The standby mode is cleared by interrupt generation (except for the basic HALT mode, which is
set using an external bus master). Therefore, before entering standby mode, set the related
registers to allow an interrupt to be used to clear the standby mode to be generated.

The low-speed (OSC1) oscillation circuit and clock timer continue operating even during SLEEP mode. If they
are unnecessary, these circuits can aso be turned off.

Function
Low-speed (OSC1) oscillation ON/OFF control

Control bit "1 "0" | Default
SOSC1(D0o)/ ON | OFF| ON
Power control register(0x40180)

Switching over the system clocks
Normally, the system is clocked by the high-speed (OSC3) oscillation clock. If high-speed operation is
unnecessary, switch the system clock to the low-speed (OSC1) oscillation clock and turn off the high-speed
(OSC3) oscillation circuit. This helpsto reduce current consumption. However, if DRAM is connected directly
to the device, note that the refresh function isalso turned off.
Even during operation using the high-speed (OSC3) oscillation clock, power reduction can also be achieved
through the use of asystem clock derived from the OSC3 clock by dividing it (1/1, 1/2, 1/4, or 1/8).
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Function Control bit "1t "0" |Default
System clock switch over CLKCHG(D2)/ OSC3| OSC1| 0OscC3
Power control register(0x40180)
High-speed (OSC3) oscillation ON/OFF control SOSC3(D1)/ ON OFF | ON
Power control register(0x40180)
System clock division ratio selection CLKDT(D[7:6])/ "11" = 1/8 1/1
Power control register(0x40180) | "10" = 1/4
"01" = 1/2
"00" =111

Turning off the prescaler and peripheral circuits
Current consumption can be reduced by turning off the peripheral circuits operating at high speed as much as
possible. The circuits listed below are operated using a clock generated by the prescaler:
* 16-bit programmable timers 0 to 5 (watchdog timer)
* 8-bit programmable timers 0 to 3 (DRAM refresh, seria interface)
* A/D converter
If none of these circuits need to be used, turn off the prescaler. If some of thesecircuitsneedtobeused, turn of f
all other unnecessary circuits and stop clock supply from the prescaler to those circuits.

Function Control bit "1 "0" Default
Prescaler ON/OFF PSCON(D5)/Power control register(0x40180) ON OFF ON
16-bit timer 0 clock control P16 TONO(D3)/16-bit timer 0 clock control register(0x40147) ON OFF OFF
16-bit timer 0 Run/Stop PRUNO(DO0)/16-bit timer 0 control register(0x48186) RUN STOP | STOP
16-bit timer 1 clock control P16TON1(D3)/16-bit timer 1 clock control register(0x40148) ON OFF OFF
16-bit timer 1 Run/Stop PRUNZ1(D0)/16-bit timer 1 control register(0x4818E) RUN STOP | STOP
16-bit timer 2 clock control P16TON2(D3)/16-bit timer 2 clock control register(0x40149) ON OFF OFF
16-bit timer 2 Run/Stop PRUN2(D0)/16-bit timer 2 control register(0x48196) RUN STOP | STOP
16-bit timer 3 clock control P16 TON3(D3)/16-bit timer 3 clock control register(0x4014A) ON OFF OFF
16-bit timer 3 Run/Stop PRUN3(D0)/16-bit timer 3 control register(0x4819E) RUN STOP | STOP
16-bit timer 4 clock control P16 TON4(D3)/16-bit timer 4 clock control register(0x4014B) ON OFF OFF
16-bit timer 4 Run/Stop PRUN4(D0)/16-bit timer 4 control register(0x481A6) RUN STOP | STOP
16-bit timer 5 clock control P16TON5(D3)/16-bit timer 5 clock control register(0x4014C) ON OFF OFF
16-bit timer 5 Run/Stop PRUNS5(D0)/16-bit timer 5 control register(0x481AE) RUN STOP | STOP
8-bit timer O clock control P8TONO(D3)/8-bit timer 0/1 clock control register(0x4014D) ON OFF OFF
8-bit timer 0 Run/Stop PTRUNO(DO0)/8-bit timer 0 control register(0x40160) RUN STOP | STOP
8-bit timer 1 clock control P8TON1(D7)/8-bit timer 0/1 clock control register(0x4014D) ON OFF OFF
8-bit timer 1 Run/Stop PTRUNZ1(DO0)/8-bit timer 1 control register(0x40164) RUN STOP | STOP
8-bit timer 2 clock control P8TON2(D3)/8-bit timer 2/3 clock control register(0x4014E) ON OFF OFF
8-bit timer 2 Run/Stop PTRUN2(D0)/8-bit timer 2 control register(0x40168) RUN STOP | STOP
8-bit timer 3 clock control P8TON3(D7)/8-bit timer 2/3 clock control register(0x4014E) ON OFF OFF
8-bit timer 3 Run/Stop PTRUN3(DO0)/8-bit timer 3 control register(0x4016C) RUN STOP | STOP
A/D converter clock control PSONAD(D3)/A/D clock control register(0x4014F) ON OFF OFF
A/D conversion enable ADE(D2)/A/ID enable register(0x40244) RUN STOP | STOP

The same clock source must be used for the prescaler operating clock and the CPU operatingclock. Therefore,
when operating the CPU in low-speed with the OSC1 clock, the prescaler input clock must be switched
according to the CPU operating clock. In this case, in order to prevent amalfunction in the peripheral circuit,
the prescaler should be turned off before switching the CPU operating clock. After the CPU operating clock
has been switched, switch the prescaler operating clock and then turn the prescaler on.

Function Control bit "1 "Q" Default
Prescaler operating clock |[PSCDTO (DO)/Prescaler clock select register(0x40181) | OSC1 |OSC3/| OSC3/
switch over PLL PLL
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6 Basic External Wiring Diagram

External
Bus

HSDMA <:>

Serial I/0 <:>
A/D input |:>

Timer
input/output

D[15:0
#RD

#DRD

#WRH

#DWR

#CEXX

BCLK

#NMI

{

SINx

#HCAS
#LCAS

#CE10EX
#CE10IN
#WAIT

A[23:0]

]

#EMEMRD

#GARD
#GAAS
#WRLHWR/HWE

/#BSH

EA

[#RASX
EA

#BUSREQ
#BUSACK
#BUSGET

EO0C33208/204/202

[The potential of the substrate
(back of the chip) is Vss.]

#DMAREQX
#DMAACKXx
#DMAENDx

SOUTX
#SCLKx
#SRDYx

#ADTRG

ADx

TMx

{

Kxx

Pxx

T8UFX

EXCLx

EA3MD

#X2SPD

#RESET

VDD
VDDE
AVDDE

- 3.3V
DSIO

ICEMD

10MDO

10MD1

PLLC

PLLSO

PLLS1

0SC3

0SsC4

0scC1

0osc2

Vss

X'tall

Crystal oscillator |32.768 kHz, Ci(Max.) = 34 kQ

[1: When the PLL is not used,

Ca1

Gate capacitor 10 pF

leave the PLLC pin open.

Cb1

Drain capacitor 10 pF

Rf1

Feedback resistor |10 MQ

X'tal2

Crystal oscillator |33 MHz (Max.)

CR

Ceramic oscillator |33 MHz (Max.)

Ca2

Gate capacitor 10 pF

Cb2

Drain capacitor 10 pF

Rf2

Feedback resistor |1 MQ

R1

Resistor 4.7 kQ

C1

Capacitor 100 pF

C2

Capacitor 5 pF

Note: The above table is simply an example, and is not guaranteed to work.
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7 Precautionson Mounting

The following shows the precautions when designing the board and mounting the IC.

Oscillation Circuit
¢ Oscillation characteristics change depending on conditions (board pattern, components used, etc.).
In particular, when aceramic oscillator or crystal oscillator is used, use the oscillator manufacturer's
recommended values for constants such as capacitance and resistance.

» Disturbances of the oscillation clock dueto noise may cause amalfunction. Consider the following pointsto
prevent this:

(1) Components which are connected to the OSC3 (OSC1), OSC4 (OSC2) and PLLC pins, such asoscillators,
resistors and capacitors, should be connected in the shortest line.

(2) Asshown inthefigure below, make aVss pattern as large as possible at circumscription of the OSC3
(OSC1) and OSC4 (OSC2) pins and the components connected to these pins. The same applies to the

PLLC pin.
Furthermore, do not use this V/ss pattern to connect other components than the oscillation system.
Sample Vss pattern In the QFP5-128pin/QFP15-128pin package, the
0OSC3 and OSC4 PLLC P20 pin islocated between the OSC3 and OSC4

pins. The P20 signal line should be laid under the
osca [:ﬂss package, not parallel with the OSC3 and OSC4

= p20_ MNGCDE pLLC | Patterns. Furthermgre, the#CE7 b_etwet.en the
loscs OSC1 and OSC2 pins should be wired in the

[:gss same way.

[:gss

(3) When supplying an external clock to the OSC3 (OSC1) pin, the clock source should beconnected to the
OSC3 (OSC1) pin in the shortest line.
Furthermore, do not connect anything else to the OSC4 (OSC2) pin.

* In order to prevent unstable operation of the oscillation circuit dueto current leak between OSC3 (OSC1) and
VDD, please kegp enough distance between OSC3 (OSC1) and VDD or other signals on the board pattern.

Reset Circuit
» The power-onreset signal which isinput to the #RESET pin changes depending on conditions (power rise time,
components used, board pattern, etc.). Decide the time constant of the capacitor and resistor after enough tests
have been completed with the application product.

* In order to prevent any occurrences of unnecessary resetting caused by noise during operating, components
such as capacitors and resistors should be connected to the #RESET pin in the shortest line.

Power Supply Circuit
* Sudden power supply variation dueto noise may cause malfunction. Consider the following pointsto prevent
this:

(1) The power supply should be connected to the VDD, VDDE, Vss and AVDDE pinswith patterns as short and
large as possible.
In particular, the power supply for AVDDE affects A/D conversion precision.
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(2) When connecting between the Vbbp/VDbDE and Vss pinswith abypass capacitor, the pins should be
connected as short as possible.

Bypass capacitor connection example

VDD VDD

A/D Converter
» When the A/D converter is not used, the power supply pin AVDDE for the anal og system should be connected

to VDDE.

Arrangement of Signal Lines
« In order to prevent generation of electromagnetic induction noise caused by mutual inductance, do not arrange

alarge current signal line near the circuits that are sensitive to noisesuch astheoscillation unit and anal oginput
unit.

* When asignal lineis parallel with ahigh-speed line in long distance or intersects a high-speed line, noise may
generated by mutual interference between the signalsand it may cause amalfunction.
Do not arrange a high-speed signal line especially near circuits that are sensitive tonoisesuch asthe oscillation

unit and analog input unit.

Prohibited pattern
1
K60 (ADO) —{_]OSC4
—
. f . —{_]OSC3
Large current signal line
High-speed signal line
gn-sp g Bl {Vss

Large current signal line
High-speed signal line

Precautions for Visible Radiation (when bare chip is mounted)
« Visible radiation causes semiconductor devicesto change the electrical characteristics. It may causethisIC to
malfunction. When developing products which use thisIC, consider the following precautions to prevent

malfunctions caused by visible radiation.

(1) Design the product and implement the IC on the board so that it is shielded from visible radiation in actual
use.

(2) Theinspection process of the product needs an environment that shieldsthe IC from visible radiation.

(3) Aswell astheface of thelC, shield the back and side too.
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8 Electrical Characteristics

8.1 Absolute Maximum Rating

(Vss=0V)
Item Symbol Condition Rated value Unit | O

Supply voltage Vbbp -0.3to0 +4.0 \Y
1/0 power voltage VDDE -0.3to +7.0 V
Input voltage Vi -0.3 to Vbpe+0.5 V
High-level output current loH 1 pin -10 mA

Total of all pins -40 mA
Low-level output current loL 1 pin 10 mA

Total of all pins 40 mA
Analog power voltage AVDDE -0.3t0 +7.0 V
Analog input voltage AVIN -0.3 to AVDDE+0.3 V
Storage temperature TstG -65 to +150 °C
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8.2 Recommended Operating Conditions

1) 3.3 V/5.0 V dual power source

(Vss=0V)
Item Symbol Condition Min. Typ. Max. | Unit | O
Supply voltage (high voltage) \/DDE 4.50 5.00 5.50 V
Supply voltage (low voltage) \/bD 2.70 - 3.60 V
Input voltage HVI Vss - VDDE \
LVI Vss - VDD \
CPU operating clock frequency fcpu ROM-less model and 3.3+0.3V - - 60 MHz
ROM model or 3.0+0.3V - - 50 | MHz
External bus clock frequency fBUS - - 33 MHz
Low-speed oscillation frequency  |fosci - 32.768 - kHz
Operating temperature Ta -40 25 85 °C
Input rise time (normal input) tri - - 50 nS
Input fall time (normal input) tfi - - 50 nS
Input rise time (schmitt input) tri - - 5 mS
Input fall time (schmitt input) tfi - - 5 mS
2) 3.3V single power source
(VopE=VDD, Vs5=0V)
Item Symbol Condition Min. Typ. Max. | Unit | O
Supply voltage \/bD 2.70 - 3.60 V
Input voltage Vi Vss - \Ya)o) \
CPU operating clock frequency fcpu ROM-less model and 3.3+0.3V - - 60 MHz
ROM model or 3.0+0.3V - - 50 MHz
External bus clock frequency fBus - - 33 | MHz
Low-speed oscillation frequency  |fosci - 32.768 - kHz
Operating temperature Ta -40 25 85 °C
Input rise time (normal input) tri - - 50 nS
Input fall time (normal input) tfi - - 50 nS
Input rise time (schmitt input) tri - - 5 mS
Input fall time (schmitt input) tfi - - 5 mS
3) 2.0 V single power source
(Vobe=Vbp, Vss=0V)
Item Symbol Condition Min. Typ. Max. | Unit | O
Supply voltage /DD 1.80 2.00 2.20 V
Input voltage Vi Vss - VoD \
CPU operating clock frequency fcpu - - 20 MHz
External bus clock frequency fBus - - 20 MHz
Low-speed oscillation frequency  |fosci - 32.768 - kHz
Operating temperature Ta -40 25 85 °C
Input rise time (normal input) tri - - 100 nS
Input fall time (normal input) tfi - - 100 nS
Input rise time (schmitt input) tri - - 10 mS
Input fall time (schmitt input) tfi - - 10 mS
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8.3 DC Characteristics

1) 3.3 V/5.0 V dual power source

(Unless otherwise specified: Vbbe=5V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. Unit | O
Input leakage current ILi -1 - 1 HA
Off-state leakage current loz -1 - 1 A
High-level output voltage VoH lon=-3mA (Typel), Vobe=Min. VDDE - - \%

-0.4

Low-level output voltage VoL loL=3mA (Typel), Vooe=Min. - - 0.4 \
High-level input voltage VIH CMOS level, Vope=Max. 3.5 - - vV |1
Low-level input voltage ViL CMOS level, Vobe=Min. - - 1.0 vV |1
Positive trigger input voltage | VT+ CMOS schmitt 2.0 - 4.0 V
Negative trigger input voltage |Vr1- CMOS schmitt 0.8 - 3.1 V
Hysteresis voltage VH CMOS schmitt 0.3 - - V
High-level input voltage ViH2  |TTL level, Vooe=Max. 2.0 - - vV |2
Low-level input voltage ViLz  |TTL level, Vooe=Min. - - 0.8 vV |2
Pull-up resistor Rpu  |V=OV 60 120 288 kQ
Pull-down resistor RPD  |VE=VoDE (#ICEMD) 30 60 144 kQ
Input pin capacitance Ci f=1MHz, Vope=0V - - 10 pF
Output pin capacitance Co f=1MHz, Vope=0V - - 10 pF
1/O pin capacitance Cio f=1MHz, Vboe=0V - - 10 pF
Onote 1) Inthe EOC3320xFxE, the data bus (D[15:0]) is interfaced with CMOS level.

2) In the EOC3320xFoa, the data bus (D[15:0]) is interfaced with TTL level.

2) 3.3V single power source

(Unless otherwise specified: Vbpe=Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. | Unit | O
Static current consumption Ipbs  |Static state, Tj=85°C - - 90 UA
Input leakage current LI -1 - 1 A
Off-state leakage current loz -1 - 1 HA
High-level output voltage VOH  [lon=-2mA (Typel), lon=-6mA (Type2), VbD - - \%
Voo=Min. -0.4
Low-level output voltage VoL loL.=2mA (Typel), lo.=6mA (Type2), Voo=Min.] — - 0.4 \
High-level input voltage ViIH CMOS level, Voo=Max. 2.4 - - vV |1
Low-level input voltage ViL CMOS level, Vop=Min. - - 0.4 vV |1
Positive trigger input voltage | V1+ LVTTL schmitt 1.1 - 2.4 \%
Negative trigger input voltage | VT- LVTTL schmitt 0.6 - 1.8 V
Hysteresis voltage VH LVTTL schmitt 0.1 - - V
Pull-up resistor Rpu  |V=OV Other than DSIO 80 200 480 kQ
DSIO 40 100 240 | kQ
Pull-down resistor RPD  |V=Vbp (#ICEMD) 40 100 240 kQ
Input pin capacitance Ci f=1MHz, Vop=0V - - 10 pF
Output pin capacitance Co f=1MHz, Vop=0V - - 10 pF
1/0 pin capacitance Cio f=1MHz, Vop=0V - - 10 pF
Onote 1) Inthe EOC3320xFxg, the data bus (D[15:0]) is interfaced with CMOS level.

Note: See Appendix B for pin characteristics.
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8 ELECTRICAL CHARACTERISTICS

3) 2.0 V single power source
(Unless otherwise specified: VbpE=Vpp=2V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. | Unit | O
Static current consumption Ipbs  [Static state, Tj=85°C - - 80 A
Input leakage current LI -1 - 1 A
Off-state leakage current loz -1 - 1 A
High-level output voltage VOH loH=-0.6mA (Typel), loH=-2mA (Type2), oD - - \
Vop=Min. -0.2
Low-level output voltage VoL loL=0.6mA (Typel), lo.=2mA (Type2), - - 0.2 \
Vop=Min.
High-level input voltage VIH CMOS level, Vop=Max. 1.6 - - vV |1
Low-level input voltage ViL CMOS level, Vop=Min. - - 0.3 vV |1
Positive trigger input voltage | VT+ CMOS schmitt 0.4 - 1.6 V
Negative trigger input voltage |VT- CMOS schmitt 0.3 - 1.4 \
Hysteresis voltage VH CMOS schmitt 0 - - \
Pull-up resistor Rpu  |V=OV Other than DSIO 120 480 | 1200 | kQ
DSIO 60 240 600 kQ
Pull-down resistor RpPD  |VE=VoD (#ICEMD) 60 240 600 kQ
Input pin capacitance Ci f=1MHz, Voo=0V - - 10 pF
Output pin capacitance Co f=1MHz, Voo=0V - - 10 pF
1/0 pin capacitance Cio f=1MHz, Voo=0V - - 10 pF

Onote 1) In the EOC3320xFxE, the data bus (D[15:0]) is interfaced with CMOS level.

Note: See Appendix B for pin characteristics.
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8.4 Current Consumption

1) 3.3V power source
(Unless otherwise specified: Vbbe=2.7V to 5.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. Unit | O
Operating current IbD1 When CPU is operating 20MHz - 25 35 mA |1
33MHz - 40 60
50MHz - 65 85
IbD2 HALT mode 20MHz - 12 16 mA |2
33MHz - 20 26
50MHz - 30 40
IDD3 HALT2 mode, 20 to 50MHz - 1.8 25 mA |3
IDD4 SLEEP mode - 1 30 uA |4
Clock timer operation current Ipbct  |When clock timer only is operating - 7 - HA |5
OSC1 oscillation: 32kHz

2) 2.0 V power source
(Unless otherwise specified: Vbbe=Vbp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. Unit | O

Operating current IbD1 When CPU is operating, 20MHz - 13 19 mA |1

IbD2 HALT mode, 20MHz - 6 9 mA |2

IbD3 HALT2 mode, 20MHz - 04 1.0 | mA |3

IbD4 SLEEP mode - 1 30 LA [ 4

Clock timer operation current Ipbct  |When clock timer only is operating - 15 - HA |5
OSC1 oscillation: 32kHz

3) Analog power current
(Unless otherwise specified: Vpp=2.0V+0.2V, Vbpe=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. Unit | O
A/D converter operating current |Alpp1 |Vbp=3.6V, VbDE=AVDD=5.0V+0.5V — 800 | 1400 | pA |6
VbD=VDDE=AVDD=2.7V t0 3.6V — 500 800

Current consumption measurement condition: ViH=Vbb, ViL=0V, output pins are open, VDDE current is not included

Onote) | No. | OscC3 0OSC1 CPU Clock timer Other peripheral circuits
1 On Off Normal operation [IL Stop Stop
2 On Off HALT mode Stop Stop
3 On Off HALT2 mode Stop Stop
4 Off Off SLEEP mode Stop Stop
5 Off On HALT mode Run Stop
6 On Off HALT mode Stop A/D converter only operated,
conversion clock frequency=2MHz

[(1: The values of current consumption while the CPU is operating were measured when a test program that
consists of 55% load instructions, 23% arithmetic operation instructions, 1% mac instruction, 12% branch
instructions and 9% ext instruction is being executed in the built-in RAM continuously.
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8.5 A/D Converter Characteristics

1) 3.3 V/5.0 V dual power source
(Unless otherwise specified: Vbbe=AVbb=4.5V to 5.5V, Vbpb=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C, ST[1:0]=11)

Item Symbol Condition Min. Typ. Max. | Unit | O
Resolution - 10 - bit
Conversion time - 5 - - puS |1
Zero scale error Ezs 0 2 4 LSB
Full scale error EFs -2 - 2 LSB
Integral linearity error EL -3 - 3 LSB
Differential linearity error Ep -3 - 3 LSB
Permissible signal source impedance |- - - 5 kQ
Analog input capacitance - 45 pF

Onote 1) Indicates the minimum value when A/D clock = 4MHz (maximum clock frequency in 5V system).

2) 3.3V single power source
(Unless otherwise specified: VbpE=AVbp=Vpb=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C, ST[1:0]=11)

Item Symbol Condition Min. Typ. Max. | Unit | O
Resolution - - 10 - bit
Conversion time - 10 - - pusS |1
Zero scale error Ezs 0 2 4 LSB
Full scale error EFs -2 - 2 LSB
Integral linearity error EL -3 - 3 LSB
Differential linearity error Ep -3 - 3 LSB
Permissible signal source impedance |- - - 5 kQ
Analog input capacitance - - - 45 pF

Onote 1) Indicates the minimum value when A/D clock = 2MHz (maximum clock frequency in 3V system).

Note: « Be sure to use as VDDE = AVDD.
« The A/D converter cannot be used when the E0C33208/204/202 is used with a 2V power source.

A/D conversion error

V[000]h = Ideal voltage at zero-scale point (=0.5LSB) 1LSB = AVDD - Vss
V'[000]h = Actual voltage at zero-scale point 210-1

V[3FF]h = Ideal voltage at full-scale point (=1022.5LSB) 1LSB' = V'[3FF]h - V'[000]h
V'[3FF]h = Actual voltage at full-scale point 210-2

m Zero scale error

004
< Ideal conversion characteristic
£ 003
= V[000]h ) .
é 002 (=0.5LSB) Actual conversion characteristic
3
o
= Zero scale error Ezs = (V'[000}h - 0.5LSB) - (V[000h - 0.5LSB) [LSB]
£ 001 1LSB
g8 V[000Jh
a

000 <

Vss

Analog input

m Full scale error

V'[3FF]h V[3FF]h (=1022.5LSB)
3FF IN——
<
[}
< SFE V'[3FF]h + 0.5LSB') - (V[3FF]h + 0.5LSB
5 Full scale error Ers = (/13FF] - ) - (VISFF] : ) [LSB]
£ 3rD 1LSB
>
% 1 Actual conversion characteristic
5 3FC
o ~—Ideal conversion characteristic
3FB ‘
AVDD
Analog input

E0C33208/204/202 TECHNICAL HARDWARE EPSON 67



8 ELECTRICAL CHARACTERISTICS

m Integral linearity error

3FF

3FE
£ ‘\‘V'[SFF]h WA - VN
< 3FD i i EpRAA R
< 3 ] IR Integral linearity error EL 1LSB' [LSB]
a ) T = VN VN
= 003
‘_c; «— Actual conversion characteristic
£ 002
a «——+———— Ideal conversion characteristic

001

V'[000]h
000 L1”
Vss . AVDD
Analog input
m Differential linearity error

N+1
’g «—i——Ideal conversion characteristic
S N
g_ Actual conversion characteristic
= N-1
G ™~ V'[N]h
-‘% N-2 Differential linearity error Ep = M -1[LSB]
= ~ 1LSB
a V'[N-1]h

Analog input
68

EPSON E0C33208/204/202 TECHNICAL HARDWARE
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8.6 AC Characteristics

8.6.1 Symbol Description

tcyc: Bus-clock cycle time

*In x1 mode, tcyc =50 nS (20 MHz) when the CPU is operated with a20-MHz clock
tcyc=30nS (33 MHZz) when the CPU is operated with a33-MHz clock

*In x2 mode, tcyc =50 nS (20 MHz) when the CPU is operated with a40-MHz clock
tcyc=40nS (25 MHZz) when the CPU is operated with a50-MHz clock
tcyc =33 nS (30 MHZz) when the CPU is operated with a60-MHz clock

WC: Number of wait cycles
Upto 7 cycles can be set for the number of cycles using the BCU control register. Furthermore, it can be
extended to a desired number of cycles by setting the #WAIT pin from outside of the IC.

The minimum number of read cycles with no wait (0) inserted is 1 cycle.

The minimum number of write cycles with no wait cycle (0) inserted is 2 cycles. It does not change eveniif 1-
wait cycleisset. Thewrite cycleisactually extended when 2 or more wait cycles are set.

When inserting wait cycles by controlling the #WAIT pin from outside of the IC, pay attention to thetiming of
the #WAIT signal sampling. Read cycles are terminated at the cycle in which the #WAIT signal is negated.
Write cycles areterminated at the following cycle after the #WAIT signal is negated.

C1, C2, C3, Cn: Cycle number
Cl indicatesthefirst cycle when the BCU transfers datafrom/to an external memory or another device.
Similarly, C2 and Cn indicate the second cycle and nth cycle, respectively.

Cw: Wait cycle
Indicates that the cycleiswait cycleinserted.
8.6.2 AC Characteristics Measurement Condition

Signal detectionlevel:  Inputsigna Highlevel ViH=VDDE-0.4V
Low level VIiL=04V

Output signal Highlevel VoH=1/2 VDDE
Low level VoL =1/2 VDDE

The following applies when OSC3 is external clock input:
Inputsignad  Highlevel ViH=1/2 VDD
Low level ViL=1/2 VDD

Input signal waveform:  Risetime (10% — 90% VDD) 5nS
Fall time (90% - 10% VDD) 5nS

Output load capacitance: CL =50 pF
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8.6.3 AC Characteristic Tables

External clock input characteristics
(Note) These AC characteristics apply to input signalsfrom outside the IC.

The OSC3 input clock must be within VDD to Vss voltage range.

1) 3.3 V/5.0 V dual power source

(Unless otherwise specified: Vobpe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
High-speed clock cycle time tcs 30 nS
OSC3 clock input duty tc3ep 45 55 %
OSC3 clock input rise time tiF 5 nsS
OSC3 clock input fall time tir 5 nS
BCLK high-level output delay time tcow 35 ns
BCLK low-level output delay time tcp2 35 nS
Minimum reset pulse width trsT 6tcyc nS
2) 3.3V single power source
(Unless otherwise specified: Vbpe=Vbb=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
High-speed clock cycle time tcs 30 nS
OSC3 clock input duty tcsep 45 55 %
OSC3 clock input rise time tiF 5 nS
OSC3 clock input fall time tir 5 nS
BCLK high-level output delay time tcoa 35 nS
BCLK low-level output delay time tco2 35 nS
Minimum reset pulse width trsT 6tcyc nS
3) 2.0 V single power source
(Unless otherwise specified: Vbbe=Vbp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
High-speed clock cycle time tcs 50 nsS
OSC3 clock input duty tc3eD 45 55 %
OSC3 clock input rise time tiF 5 nS
OSC3 clock input fall time tir 5 nS
BCLK high-level output delay time tco 60 nS
BCLK low-level output delay time tcoz 60 nS
Minimum reset pulse width trRsT 6tcvc nsS
BCLK clock output characteristics
(Note) These AC characteristic values are applied only when the high-speed oscillation circuit is used.
1) 3.3 V/5.0 V dual power source
(Unless otherwise specified: Vbpe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
BCLK clock output duty tcep 40 60 %

2) 3.3V single power source

(Unless otherwise specified: VbbE=VDD=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item

Symbol

Min.

Max.

Unit

0

BCLK clock output duty

tcep

40

60

%

3) 2.0 V single power source

(Unless otherwise specified: VopE=Vbp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item

Symbol

Min.

Max.

Unit

0

BCLK clock output duty

tcep

40

60

%
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Common characteristics
1) 3.3 V/5.0 V dual power source

8 ELECTRICAL CHARACTERISTICS

(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Address delay time tap - 8 nS
#CEx delay time (1) tcex - 8 nS
#CEx delay time (2) tce2 - 8 nS
Wait setup time twrs 15 - nS
Wait hold time twTH 0 - nS
Read signal delay time (1) trRDD1 8 nS
Read data setup time trDS 12 nS
Read data hold time trRDH 0 nS
Write signal delay time (1) twRrD1 8 nS
Write data delay time (1) twpb1 10 nS
Write data delay time (2) twpb2 0 10 nS
Write data hold time twpH 0 nS

2) 3.3V single power source

(Unless otherwise

specified: VbbE=VDD=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Address delay time tap - 10 nS
#CEx delay time (1) tcex - 10 nS
#CEXx delay time (2) tce2 - 10 nS
Wait setup time twrs 15 - nS
Wait hold time twTH 0 - nS
Read signal delay time (1) trRDD1 10 nS
Read data setup time trDS 15 nS
Read data hold time trRDH 0 nS
Write signal delay time (1) twRrD1 10 nS
Write data delay time (1) twpb1 10 nS
Write data delay time (2) twpb2 0 10 nS
Write data hold time twpH 0 nS

3) 2.0 V single power source

(Unless otherwise specified: VbbE=VDD=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Address delay time tap - 20 nS
#CEx delay time (1) tcer - 20 nS
#CEx delay time (2) tce2 - 20 nS
Wait setup time twrs 40 - nS
Wait hold time twTH 0 - nS
Read signal delay time (1) trRDD1 20 nS
Read data setup time trDS 40 nS
Read data hold time trRDH 0 nS
Write signal delay time (1) twRrD1 20 nS
Write data delay time (1) twpb1 20 nS
Write data delay time (2) twpb2 0 20 nS
Write data hold time twpH 0 nS
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SRAM read cycle

1) 3.3 V/5.0 V dual power source
(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Read signal delay time (2) trDD2 8 nS
Read signal pulse width trROW tcyc(0.5+WC)-8 nS
Read address access time (1) tacci tcyc(1+WC)-20 nS
Chip enable access time (1) tceac: tcyc(1+WC)-20 nsS
Read signal access time (1) trRDAC1 tcyc(0.5+WC)-20 nS

2) 3.3V single power source
(Unless otherwise specified: VbpE=Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Read signal delay time (2) trRDD2 10 nS
Read signal pulse width trROW tcyc(0.5+WC)-10 nS
Read address access time (1) tacci tcyc(1+WC)-25 nS
Chip enable access time (1) tceact tcyc(1+WC)-25 nS
Read signal access time (1) trRDACL tcvc(0.5+WC)-25 nsS

3) 2.0 V single power source
(Unless otherwise specified: Vobe=Vbp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Read signal delay time (2) trRDD2 10 nS
Read signal pulse width trROW tcyc(0.5+WC)-10 ns
Read address access time (1) tacci tcyc(1+WC)-60 ns
Chip enable access time (1) tceact tcyc(1+WC)-60 nS
Read signal access time (1) trRDACL tcyc(0.5+WC)-60 nS

SRAM write cycle

1) 3.3 V/5.0 V dual power source
(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Write signal delay time (2) twRrD2 8 nS
Write signal pulse width twrw tcyc(1+WC)-10 nS

2) 3.3V single power source

(Unless otherwise specified: VbbE=VDp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Write signal delay time (2) twrD2 10 nS
Write signal pulse width twrw tcyc(1+WC)-10 nS

3) 2.0 V single power source

(Unless otherwise specified: Vbpe=Vbb=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Write signal delay time (2) twrD2 20 nS
Write signal pulse width twrw tcyc(1+WC)-20 nsS
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DRAM access cycle common characteristics

1) 3.3 V/5.0 V dual power source

2)

3) 2.0 V single power source

8 ELECTRICAL CHARACTERISTICS

(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
#RAS signal delay time (1) trAsD1 10 nS
#RAS signal delay time (2) trRASD2 10 nS
#RAS signal pulse width trASW tcyc(2+WC)-10 nS
#CAS signal delay time (1) tcasbl 10 nS
#CAS signal delay time (2) tcasD2 10 nS
#CAS signal pulse width tcasw tcyc(0.5+WC)-5 nS
Read signal delay time (3) trRDD3 10 nS
Read signal pulse width (2) trROW2 tcyc(2+WC)-10 nS
Write signal delay time (3) twRrD3 10 nS
Write signal pulse width (2) twrw2 tcyc(2+WC)-10 nS
3.3V single power source
(Unless otherwise specified: Vbbe=Vpbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O

#RAS signal delay time (1) trRASD1 10 nS
#RAS signal delay time (2) trASD2 10 nS
#RAS signal pulse width trRASW tcyc(2+WC)-10 nS
#CAS signal delay time (1) tcasp1 10 nS
#CAS signal delay time (2) tcasp2 10 nS
#CAS signal pulse width tcasw tcyc(0.5+WC)-10 nS
Read signal delay time (3) trRDD3 10 nS
Read signal pulse width (2) trRDOW2 tcyc(2+WC)-10 nS
Write signal delay time (3) twrD3 10 nS
Write signal pulse width (2) twrw2 tcyc(2+WC)-10 nS

(Unless otherwise specified: Vbpoe=Vpp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
#RAS signal delay time (1) trRASD1 20 nS
#RAS signal delay time (2) trASD2 20 nS
#RAS signal pulse width tRASW tcyc(2+WC)-20 nS
#CAS signal delay time (1) tcasbi 20 nS
#CAS signal delay time (2) tcasp2 20 nS
#CAS signal pulse width tcasw tcyc(0.5+WC)-20 nS
Read signal delay time (3) trRDD3 20 nS
Read signal pulse width (2) trROW2 tcyc(2+WC)-20 nS
Write signal delay time (3) twRD3 20 nS
Write signal pulse width (2) twrw2 tcyc(2+WC)-20 nS
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8 ELECTRICAL CHARACTERISTICS

DRAM random access cycle and DRAM fast-page cycle

1) 3.3 V/5.0 V dual power source

(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Column address access time taccr tcyc(1+WC)-25 ns
#RAS access time trRACF tcyc(1.5+WC)-25 nS
#CAS access time tcack tcyc(0.5+WC)-25 nS
2) 3.3V single power source
(Unless otherwise specified: Vbbe=Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Column address access time taccr tcyc(1+WC)-25 nsS
#RAS access time tRACF tcyc(1.5+WC)-25 nS
#CAS access time tcacr tcyc(0.5+WC)-25 ns
3) 2.0 V single power source
(Unless otherwise specified: VbbE=Vpp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Column address access time taccr tcyc(1+WC)-60 ns
#RAS access time trRACF tcyc(1.5+WC)-60 nS
#CAS access time tcack tcyc(0.5+WC)-60 nS
EDO DRAM random access cycle and EDO DRAM page cycle
1) 3.3 V/5.0 V dual power source
(Unless otherwise specified: Vbpe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Column address access time tAcce tcyc(1.5+WC)-25 nS
#RAS access time tRACE tcyc(2+WC)-25 nS
#CAS access time tcace tcyc(1+WC)-15 ns
Read data setup time trDS2 20 nS
2) 3.3 V single power source
(Unless otherwise specified: Vbpe=Vbb=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Column address access time tacce tcyc(1.5+WC)-25 nS
#RAS access time trRACE tcyc(2+WC)-25 nsS
#CAS access time tcacE tcyc(1+WC)-20 nS
Read data setup time trRDS2 20 nS
3) 2.0 V single power source
(Unless otherwise specified: VbbE=VDp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Column address access time tacce tcye(1.5+WC)-60 ns
#RAS access time trRACE tcyc(2+WC)-60 nS
#CAS access time tcace tcyc(1+WC)-60 nS
Read data setup time trDs2 20 nsS
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Burst ROM read cycle
1) 3.3 V/5.0 V dual power source

8 ELECTRICAL CHARACTERISTICS

(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Read address access time (2) tacc2 tcyc(1+WC)-20 nS
Chip enable access time (2) tceacz tcyc(1+WC)-20 nS
Read signal access time (2) trRDAC2 tcyc(0.5+WC)-20 nS
Burst address access time taccs tcyc(1+WC)-20 nS
2) 3.3 V single power source
(Unless otherwise specified: Vbbe=Vpbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Read address access time (2) tacc2 tcyc(1+WC)-25 nS
Chip enable access time (2) tceac2 tcyc(1+WC)-25 nS
Read signal access time (2) trRDAC2 tcyc(0.5+WC)-25 nS
Burst address access time taccs tcyc(1+WC)-25 nS
3) 2.0 V single power source
(Unless otherwise specified: Vbpbe=Vbp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Read address access time (2) taccz tcyc(1+WC)-60 nS
Chip enable access time (2) tceac2 tcyc(1+WC)-60 nS
Read signal access time (2) trRDAC2 tcyc(0.5+WC)-60 nS
Burst address access time taccs tcyc(1+WC)-60 nS
External bus master and NMI
1) 3.3 V/5.0 V dual power source
(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
#BUSREQ signal setup time tBrRQS 15 nS
#BUSREQ signal hold time t{BRQH 0 nS
#BUSACK signal output delay time tBAKD 10 nS
High-impedance - output delay time tz2e 10 nS
Output - high-impedance delay time tB2z 10 nS
#NMI pulse width tNmIw 30 nS
2) 3.3 V single power source
(Unless otherwise specified: Vbbe=Vbb=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
#BUSREQ signal setup time tBrRQS 15 nS
#BUSREQ signal hold time {BRQH 0 nS
#BUSACK signal output delay time tBAKD 10 nS
High-impedance - output delay time tz2e 10 nS
Output - high-impedance delay time tB2z 10 nS
#NMI pulse width tNmIw 30 nS
3) 2.0 V single power source
(Unless otherwise specified: Vbpe=Vpp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
#BUSREQ signal setup time tBrRQS 40 nS
#BUSREQ signal hold time t{BRQH 0 nS
#BUSACK signal output delay time tBAKD 20 nS
High-impedance - output delay time tz2e 20 nS
Output - high-impedance delay time tB2z 20 nS
#NMI pulse width tNmIw 90 nS
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Input, Output and 1/O port
1) 3.3 V/5.0 V dual power source

(Unless otherwise specified: Vbbe=5.0V+0.5V, Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Input data setup time tines 20 nS
Input data hold time tiNPH 10 nS
Output data delay time toutp 20 nS
K-port interrupt  |SLEEP, HALT2 mode  |tkinw 30 nsS
input pulse width |Others 2 xtcyc nS

2) 3.3V single power source

(Unless otherwise

specified: VbpE=Vbp=2.7V to 3.6V, Vss=0V, Ta=-40 to +85°C)

Item Symbol Min. Max. Unit | O
Input data setup time tines 20 ns
Input data hold time tiNPH 10 nS
Output data delay time toutp 20 nS
K-port interrupt  |SLEEP, HALT2 mode  |tkinw 30 nS
input pulse width | Others 2 xtcve nsS

3) 2.0 V single power source

(Unless otherwise specified: Vbbe=Vbp=2.0V+0.2V, Vss=0V, Ta=-40 to +85°C)
Item Symbol Min. Max. Unit | O
Input data setup time tinPs 40 nS
Input data hold time tiNPH 20 ns
Output data delay time toutp 30 nS
K-port interrupt  |SLEEP, HALT2 mode  [tkinw 90 nS
input pulse width | Others 2 xtcyc nS
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8 ELECTRICAL CHARACTERISTICS

8.6.4 AC Characteristic Timing Charts

Clock
(1) When an external clock is input (in X1 speed mode):
tcs
tcaH 1
OSC3
(High-speed clock) HE . tR -
tcs
—tco1— ktcozﬂ
BCLK ‘
(Clock output)

(2) When the high-speed oscillation circuit is used for the operating clock:
tcs

tceH

BCLK
(Clock output) '

tc3ep = tcan/tes

tcep = teeH/tes

E0C33208/204/202 TECHNICAL HARDWARE EPSON

7



8 ELECTRICAL CHARACTERISTICS

SRAM read cycle (basic cycle: 1 cycle)

tcs
BCLK
w wtAD ——taD
A[23:0]
tcex tce2
#CEX
trRDD1 trRDD2
trROW
#RD
tceac1
tacci
«— tRDAC1
D[15:0]
«—trRDS —» — tRDHD]'—v
e twrs > ——twTH—
#WAIT

1 trDoH ismeasured with respect to thefirst signal change (negation) from among the #RD, #CEx and A[23:0]
signals.

SRAM read cycle (when await cycle is inserted)

C1l Cw(wait cycle) Cn(last cycle)
BCLK _
«—tAD ' «— tAD
A[23:0] \
—tcEL —rtcE2
#CEX T (
))
« tRDD1 (C1 only) «—tRDD2
trROW
#RD M
)
tceact
tacci
tRDACL
D[15:0] q /.
FWTS twTH tWTs twTH FWTS twTH tRDS tRoH (1
HWAIT 7 7

1 trboH ismeasured with respect to thefirst signal change (negation) from among the #RD, #CEx and A[23:0]
signals.
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SRAM write cycle (basic cycle: 2 cycles)

8 ELECTRICAL CHARACTERISTICS

C1 Cc2
BCLK
— taD tap
A[23:0]
—itce1 tce2
#CEX o
«— twrD1 — twrD2
twrw ‘
#WR
«— twpD1 twpH
D[15:0]
twrs twTH

#WAIT

SRAM write cycle (when wait cycles are inserted)
C1l Cw(wait cycle) Cw(wait cycle) Cn(last cycle)
Wait cycle follows Last cycle follows

BCLK S

—staD i taD
A[23:0] \

i tcEL —tcE2
#CEx B (

«—i twRrD1 — twrD2
twrw :
#WR | -
«—i twpD1 «— twoH

D[15:0] 1) —

twTs % % twTH twTs « " twTH twTs =« «— twTH
HWAIT | /}>X //%V W

E0C33208/204/202 TECHNICAL HARDWARE
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8 ELECTRICAL CHARACTERISTICS

DRAM random access cycle (basic cycle)

Data transfer #1 Next data transfer

RAS1 CAS1 PRE1(precharge) RAS1' CASY1'
BCLK / N
s tAD w—sitaD «—tAD
A[23:0] 4 X
«— tRASD1 i tRASD2
trRASW
#RAS A 5 \
tcasDL —+fcasp2
—toasw— |
#HCAS/ i
#LCAS
«—i tRDD1 «—itRDD3
trow2
#RD B § \
s tcacr
tRACF
+——taccFr— o
tRDS i+ «—tRDH
D[15:0] Y s
«— twrD1 «—itwRD3
twRw2
#WE B ; \
«— twpD1 #— twpp2
D[15:0] — )

(1 troH ismeasured with respect to thefirst signal change (negation) of either the#RD or the A[23:0] signals.

DRAM fast-page access cycle

Data transfer #1

Data transfer #2

Next data transfer

RAS1 CAS1 CAS2 PRE1(precharge) RAS1'
BCLK _ / N SN
«— tAD «—staD w—s tAD
A[23:0] X X
«—i tRASD1 «—itRASD2
trRASW
#RAS B 3 \
tcasDL +— el tcasp2
—tcasw— |
#HCAS/ ¥
#LCAS |
«— tRDD1 i trRDD3
trROW2
#RD B ; ; \
«—sitcACF | —taccF —
tRACF
—— tacCcF —
tRDS i > tRDEH' tRDS i s tRDE!H-
D[15:0] Y s
«— twrD1 «—itwrD3
twrRw2
HWE A 3 \
#— twbD1 #— twbD2 #— twpD2
D[15:0] — s

(1 troH ismeasured with respect to the first signal change (negation) of either the #RD or the A[23:0] signals.
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8 ELECTRICAL CHARACTERISTICS

EDO DRAM random access cycle (basic cycle)

Data transfer #1 Next data transfer
RAS1 CAS1 PRE1(precharge) RAS1' CAS1'
BCLK /! L L N
«— taD w—s1AD w—s tAD
A[23:0] 7IX X
«—i tRASDL «—tRASD2
trRASW :
#RAS A 5 \
tcasD1 «——itcasp2
«—tcasw— |
#HCAS/
#LCAS
«—» tRDD1 “— tRDD3
trOW2
#RD A \
tcace
tRACE
tacce
tRDS2 [+ s tron L
D[15:0] )
«—» tWRD1 «—itwRrD3
twrw2
#HWE B \
«—twbD1 i« twpD2
D[15:0] ———— Y

1 trpH ismeasured with respect to thefirst signal change (negation) of either the #RD or the #RASx signals.

EDO DRAM page access cycle

Data transfer #1 Data transfer #2 Next data transfer
RAS1 CAS1 CAS2 PRE1(precharge) RAS1'
BCLK 4/ o o o - *\—/7
«—» tAD «—tAD w— tAD
A[23:0] X IX
«—itRASDL «—itRASD2
tRASW
#RAS B ! \
tcASD1 i— e tcasn2
—tcasw— |
#HCAS/
#LCAS
«— tRDD1 «—itRDD3
trROW2
#RD A \
tacce
«——tcAcCE—
tRACE trRDS (tRDH tros  itron L
tacce e e
D[15:0] —— X/ s
«—» twRD1 +—»twWRD3
twrw2
#WE A \
~— twbD1 #— twbD2 «— twbD2
D[15:0] ————————— —

(1 troH ismeasured with respect to thefirst signal change from among the#RD (negation), #RA Sx (negation) and
#CAS (rise) signals.
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DRAM CAS-before-RAS refresh cycle

CBR refresh cycle

CcBR1 CcBR2 CcBR3
BCLK /N N/
«—i tRASDL «—»tRASD2
#RAS 7 ‘ : A\
w—»tcaspl tcasp2
#HCAS/ i
#LCAS
#HWE 7 XU

DRAM self-refresh cycle

Self-refresh mode setup

Self-refresh mode

Self-refresh mode canceration

6-cycle precharge
(Fixed)
BCLK \ \
«—» RASDL i« tRASD2
#RAS N N N/
w—stcasD1 k—tcAsD2
#HCAS/ ‘ | 45
#LCAS 55
Burst ROM read cycle
SRAM read cycle Burst cycle Burst cycle Burst cycle
BCLK J —\— —\— —\—
e tAD w—» tAD
A[23:2]
s tAD s tAD s tAD s tAD )
A[1:0]
w—» tCE1 Ly tce2
#CEX
«—trRDD1 L+ tRDD2
#RD ‘
%Mccz% ——tacce—* ——tacce— ——1taccB—
+~— tceac +—
tRDAC2 +—*
tRDS i+ tRDS *— tRDS tRDS *#—
D[15:0] ————( IX
! tRDH «—/tRDH > tRDH ! tRDHDl

(1 trDH ismeasured with respect to thefirst signal change (negation) from among the #RD, #CEx and A[23:0]

signals.
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8 ELECTRICAL CHARACTERISTICS

#BUSREQ, #BUSACK and #NMI timing

BCLK S NS
tBRQS 4—» tBRQH
#BUSREQ
Valid input

tBakD
#BUSACK

tz2e
eBUS_OUT signals 1 —_—

te2z
eBUS_OUT signals 1

LNV

#NMI

1 eBUS OUT indicatesthefollowing pins:
A[23:0], #RD, #WRL, #WRH, #HCAS, #L.CAS, #CE[17:4], D[15:0]

Input, output and 1/O port timing

BCLK S NS
tINPS i+ tiNpH
Kxx, Pxx
(input: data read Valid input
from the port)
toutp
Pxx, Rxx (output)

tkinw

KXxx
(K-port interrupt input)
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8 ELECTRICAL CHARACTERISTICS

8.7 Oscillation Characteristics

Oscillation characteristics change depending on conditions (board pattern, components used, etc.). Usethefollowing
characteristics as reference values. In particular, when aceramic or crystal oscillator is used, use the oscillator
manufacturer recommended values for constants such as capacitance and resistance.

OSC1 crystal oscillation
(Unless otherwise specified: crystal=C-002RX#! 32.768kHz, Rf1=20MQ, Cc1=Cp1=15pF#2)

Item Symbol Condition Min. Typ. Max. Unit 0J
Operating temperature Ta Vbbp=2.7V to 3.6V -40 85 °C
Vbbp=1.9V to 2.2V -40 85 °C
Vbp=1.8V to 2.2V 0 70 °C

#1 C-002RX: Crystal resonator made by Seiko Epson
#2 "Cc1=Cp1=15pF" includes board capacitance.

(Unless otherwise specified: Vbp=3.3V, Vss=0V, crystal=C-002RX#! 32.768kHz,

Rf1=20MQ, Cc1=Cp1=15pF#2, Ta=25°C)

Item Symbol Condition Min. Typ. Max. Unit 0J
Oscillation start time tstaL 3 Sec
External gate/drain capacitance Cac1,Co1 |Ce1=Cpb1, 5 25 pF
including board capacitance
Frequency/IC deviation Af/AIC -10 10 ppm
Frequency/power voltage deviation|Af/AV -10 10 | ppm/V
Frequency adjustment range AfIACc  |Cc=5to 25pF 50 ppm

#1 C-002RX: Crystal resonator made by Seiko Epson
#2 "Cc1=Cp1=15pF" includes board capacitance.

(Unless otherwise specified: Vbp=2.0V, Vss=0V, crystal=C-002RX#1 32.768kHz,
Rf1=20MQ, Cc1=Cp1=15pF#2, Ta=25°C)

Item Symbol Condition Min. Typ. Max. Unit 0
Oscillation start time tsTAL 20 Sec
External gate/drain capacitance Cac1,Cp1 |Ce1=Cp1, 5 25 pF
including board capacitance
Frequency/IC deviation Af/AIC -10 10 ppm
Frequency/power voltage deviation|Af/AV -10 10 | ppm/V
Frequency adjustment range Af/ACc  |Ce=5 to 25pF 50 ppm

#1 C-002RX: Crystal resonator made by Seiko Epson
#2 "Ce1=Cp1=15pF" includes board capacitance.
OSC3 crystal oscillation

Note: A "crystal resonator that uses a fundamental" should be used for the OSC3 crystal oscillation circuit.

(Unless otherwise specified: Vbp=3.3V, Vss=0V, crystal=MA-306#! 33.8688MHz,
Rf2=1MQ, Cc1=Cp1=15pF#2, Ta=25°C)

Item Symbol Condition Min. Typ. Max. Unit 0J
Oscillation start time tsTA3 Vop=3.3V 10 mS
Vbp=2.0V 25 mS

#1 MA-306: Crystal resonator made by Seiko Epson
#2 "Cc1=Cp1=15pF" includes board capacitance.
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OSC3 ceramic oscillation

8 ELECTRICAL CHARACTERISTICS

(Unless otherwise specified: Vss=0V, Ta=25°C)

Item Symbol Condition Min. Typ. Max. Unit | O
Oscillation start time tstas 10MHz ceramic oscillator 10 mS |1
16MHz ceramic oscillator 10 mS |2
20MHz ceramic oscillator 10 mS |3
25MHz ceramic oscillator 5 mS |4
33MHz ceramic oscillator 5 mS |5
Onote) | No. Ceramic Recommended constants | Power voltage Remarks
oscillator Ca2 (pF)|Cp2 (pF)|Rf2 (MQ)]| range (V) (Manufacturer)
1 [CST10.0MTW 30 30 1 1.8t02.2 |(Murata Mfg. corporation) [
2 | CST16.00MXWO0C1 5 5 1 1.8t0 2.2 |(Murata Mfg. corporation)
3 |CST20.00MXWOH1 5 5 1 1.8t0 2.2 |(Murata Mfg. corporation)
4 [|CST25.00MXWOH1 5 5 1 2.7t03.6  [(Murata Mfg. corporation)
5 | CST33.00MXZ040 Open Open 1 2.7t03.6  |(Murata Mfg. corporation)
[ This oscillator has a tendency to rise to the frequency of 0.3%.
EPSON 85
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8 ELECTRICAL CHARACTERISTICS

8.8 PLL Characteristics

Setting the PLLSO and PLLS1 pins (recommended operating condition)

VDD=2.7V to 3.6V

PLLS1 PLLSO Mode Fin (OSC3 clock) Fout
1 1 X2 10 to 25MHz 20 to 50MHz
0 1 x4 10 to 12.5MHz 40 to 50MHz
0 0 PLL not used - -

VDD=2.0V+0.2V

PLLS1 PLLSO Mode Fin (OSC3 clock) Fout
1 1 X2 10MHz 20MHz
0 0 PLL not used - -

PLL characteristics

(Unless otherwise specified: Vbp=2.7V to 3.6V, Vss=0V, crystal oscillator=SG-8002*1,

R1=4.7kQ, C1=100pF, C2=5pF, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. Unit | O
Jitter (peak jitter) tpj -1 1 nS
Lockup time tpll 1 mS

#1 SG-8002: Crystal oscillator made by Seiko Epson

(Unless otherwise specified: Vbb=2.0V+0.2V, Vss=0V, crystal oscillator=SG-8002*1,

R1=4.7kQ, C1=100pF, C2=5pF, Ta=-40 to +85°C)

Item Symbol Condition Min. Typ. Max. Unit | O
Jitter (peak jitter) tpj -2 2 nS
Lockup time tpll 2 mS
#1 SG-8002: Crystal oscillator made by Seiko Epson
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9 PACKAGE

9 Package
9.1 Plastic Package

QFP5-128pin
23.604 (Unit: mm)
| om0
BN 1

Limit of power consumption
The chip temperature of an LS| rises according to power consumption. The chip temperaturecan be cal cul ated
from environment temperature (Ta), thermal resistance (8) and power consumption (PD).
Chip temperature (Tj) = Ta+ (Pb x 8) (°C)
Asaguide, normally keep the chip temperature (Tj) lower than 85°C.
Thethermal resistance of the QFP5-128pin package is as follows:
Thermal resistance (°C/W) = 105 to 115 (75 to 85 for Cu lead frame)

Thisthermal resistance isavalue under the condition that the measured device ishanging in the air and hasno
air-cooling. Thermal resistance greatly varies according to the mounting condition on theboard andair-cooling
condition.
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QFP15-128pin

1604
14201
96 65
R TR AR
97: 264
g INDEX %
128= =33
HHHHHHHHHH INLRLHIN HHHHHHHH32 5
g 0.4 0.16°03s
g I = I 0.125°8:635
: aw il 0°
S 10°

Limit of power consumption

0.5%02

|
L

(Unit: mm)

The chip temperature of an LS| rises according to power consumption. The chip temperature can becalculated

from environment temperature (Ta), thermal resistance (6) and power consumption (PD).

Chip temperature (Tj) = Ta+ (Pp x 8) (°C)

Asaguide, normally keep the chip temperature (Tj) lower than 85°C.
The thermal resistance of the QFP15-128pin package isas follows:

Thermal resistance (°C/W) = 110 to 120 (90 to 100 for Cu lead frame)

Thisthermal resistance isavalue under the condition that the measured device is hanging in the air and hasno
air-cooling. Thermal resistance greatly varies according to the mounting condition on theboard andair-cooling

condition.
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10 PAD LAYOUT

10 Pad L ayout
101 Pad Layout Diagram

Die No. I [ [ A A
155 150 145 140 135 130 125 120 115 110 105

0 100 O

H 160 =

O 95 [

H 165 =

O 90 O

H 170 -

0 Y 850

5175 -

u go | E
0 X 5 a
= O’ 0 S

0 180 (0,0) 0 o
O 750

H 185 =

O 700

H 190 -

0 650

H195 s

0 600

H 200 =

1 50 55
I [ [ A
\ 4
TBD mm
< >
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10 PAD LAYOUT

10.2 Pad Coordinate

(Unit: pm

No. Pad name X Y No. Pad name X Y

1 | P24/TM2 -2,373 | -2,288 | 51 |N.C. 1,890 | -2,288
2 |N.C. -2,247 | -2,288 | 52 | K63/AD3 1,974 | -2,288
3 |Vss -2,142 | -2,288 | 53 |N.C. 2,058 | -2,288
4 | N.C. -2,058 -2,288 54 | K62/AD2 2,142 -2,288
5 | P25/TM3 -1,974 -2,288 55 |N.C. 2,247 -2,288
6 |N.C. -1,890 -2,288 56 | AvbDE 2,373 -2,288
7 | P26/TM4 -1,806 | -2,288 | 57 | K61/AD1 2,855 | -1,806
8 | P15/EXCL4/#DMAENDO -1,722 -2,288 58 | N.C. 2,855 -1,722
9 |N.C. -1,638 | -2,288 | 59 | K60/ADO 2,855 | -1,638
10 | P27/TM5 -1,554 -2,288 60 |N.C. 2,855 -1,554
11 | N.C. -1,470 -2,288 61 | D6 2,855 -1,470
12 | BCLK -1,386 -2,288 62 | N.C. (Vbp) 2,855 -1,386
13 | N.C. -1,302 | -2,288 | 63 |Vss 2,855 | -1,302
14 | POO/SINO -1,218 | -2,288 | 64 |N.C. 2,855 | -1,218
15 | N.C. -1,134 | -2,288 | 65 |D5 2,855 | -1,134
16 | P01/SOUTO -1,050 | -2,288 | 66 |N.C. 2,855 | -1,050
17 | N.C. -966 -2,288 67 |D4 2,855 -966
18 | D15 -882 -2,288 68 | N.C. 2,855 -882
19 | N.C. -798 | -2,288 | 69 | D3 2,855 -798
20 | Vop -714 -2,288 70 | N.C. 2,855 -714
21 | PO3/#SRDY0 -630 | -2,288 | 71 | D2 2,855 -630
22 |D14 -546 -2,288 72 |N.C. 2,855 -546
23 | P31/#BUSGET/#GARD -462 -2,288 73 |D1 2,855 -462
24 | D13 -378 -2,288 74 | N.C. (Vss) 2,855 -378
25 | P32/#DMAACKO -294 | -2,288 | 75 | DO 2,855 -294
26 | D12 -210 | -2,288 | 76 | P35/#BUSACK 2,855 -210
27 | P33/#DMAACK1 -126 | -2,288 | 77 | VopE 2,855 -126
28 | D11 -42 -2,288 78 | #CE9H#CEL17 2,855 -42
29 | K54/#DMAREQ3 42 -2,288 79 | 0OSC2 2,855 42
30 | D10 126 -2,288 80 | #CE7/#RAS0/#CE13/#RAS2 2,855 126
31 | K53/#DMAREQ2 210 | -2,288 | 81 | OSC1 2,855 210
32 | D9 294 | -2,288 | 82 |#CE6 2,855 294
33 | K52/#ADTRG 378 | -2,288 | 83 |N.C. 2,855 378
34 |Vss 462 -2,288 84 | #RD 2,855 462
35 | K51/#DMAREQ1 546 -2,288 85 |N.C. 2,855 546
36 | PO2/#SCLKO 630 -2,288 86 |Vss 2,855 630
37 | D8 714 -2,288 87 | N.C. 2,855 714
38 | N.C. 798 -2,288 88 | #WRLHWR/HWE/HLWE 2,855 798
39 | D7 882 | -2,288 | 89 |N.C. 2,855 882
40 |N.C. 966 | -2,288 | 90 | #WRH/#BSH/#UWE 2,855 966
41 | Vppe 1,050 -2,288 91 |N.C. 2,855 1,050
42 | N.C. 1,134 -2,288 92 |#CE10EX 2,855 1,134
43 | K67/AD7 1,218 | -2,288 | 93 |N.C. 2,855 1,218
44 | N.C. 1,302 -2,288 94 | #CE8/#RAS1/#CE14/#RAS3 2,855 1,302
45 | K66/AD6 1,386 | -2,288 | 95 |N.C. 2,855 1,386
46 | N.C. 1,470 -2,288 96 | #CE5/#CE15 2,855 1,470
47 | K65/AD5 1,554 -2,288 97 | N.C. (Vo) 2,855 1,554
48 | N.C. 1,638 -2,288 98 | #CE4/#CE11 2,855 1,638
49 | K50/#DMAREQO 1,722 | -2,288 | 99 |N.C. 2,855 1,722
50 | K64/AD4 1,806 -2,288 | 100 | P30/#WAIT/#CE4&5 2,855 1,806
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10 PAD LAYOUT

No. Pad name X Y No. Pad name X Y
101 | #RESET 2,373 | 2,288 | 151 |N.C. -1,890 | 2,288
102 | N.C. 2,247 | 2,288 | 152 | A18 -1,974 | 2,288
103 | #NMI 2,142 | 2,288 | 153 | N.C. 2,058 | 2,288
104 | N.C. 2,058 | 2,288 | 154 | A19 2,142 | 2,288
105 | AO/#BSL 1,974 | 2,288 | 155 |N.C. 2,247 | 2,288
106 | N.C. 1,890 | 2,288 | 156 | PO4/SIN1/#DMAACK2 2,373 | 2,288
107 | AL 1,806 | 2,288 | 157 | POS/SOUT1/#DMAEND2 2,855 | 1,806
108 | P34/#BUSREQ/M#CE6 1,722 | 2,288 | 158 | N.C. 2,855 | 1,722
109 | N.C. 1,638 | 2,288 | 159 | POG6/#SCLK1/DMAACK3 2,855 | 1,638
110 | Vss 1,554 | 2,288 | 160 | N.C. 2,855 | 1,154
111 | N.C. 1,470 | 2,288 | 161 |Vss 2,855 | 1,470
112 | A2 1,386 | 2,288 | 162 | N.C. 2,855 | 1,386
113 |N.C. 1,302 | 2,288 | 163 | PLLC 2,855 | 1,302
114 | A3 1,218 | 2,288 | 164 | N.C. -2,855 | 1,218
115 | N.C. 1,134 | 2,288 | 165 |Vss 2,855 | 1,134
116 | A4 1,050 | 2,288 | 166 | N.C. 2,855 | 1,050
117 | N.C. 966 | 2,288 | 167 | PLLS1 -2,855 966
118 | A5 882 | 2,288 | 168 | N.C. -2,855 882
119 |N.C. 798 | 2,288 | 169 | PLLSO -2,855 798
120 | A6 714 | 2,288 | 170 | Voo -2,855 714
121 | #CE10IN 630 | 2,288 | 171 | PO7/#SRDY1/#DMAEND3 -2,855 630
122 | Vop 546 | 2,288 | 172 | N.C. -2,855 546
123 | #EMEMRD 462 | 2,288 | 173 | #X2SPD -2,855 462
124 | A7 378 | 2,288 | 174 |N.C. -2,855 378
125 | #HCASHUWE 294 | 2,288 | 175 | EA10MDO -2,855 294
126 | A8 210 | 2,288 | 176 | EA10MD1 -2,855 210
127 | #LCASI#CAS 126 | 2,288 | 177 | Voo -2,855 126
128 | A9 42 | 2,288 | 178 | EA3MD -2,855 42
129 | P16/EXCL5/#DMAEND1 -42 | 2,288 | 179 | OSC4 -2,855 -42
130 | A10 -126 | 2,288 | 180 | P20/#DRD -2,855 -126
131 | A20 210 | 2,288 | 181 | OSC3 -2,855 -210
132 | A1l -204 | 2,288 | 182 | P21/#DWE/#GAAS -2,855 -294
133 | A21 -378 | 2,288 | 183 |N.C. -2,855 -378
134 | A12 -462 | 2,288 | 184 | #CE3 -2,855 -462
135 | A22 -546 | 2,288 | 185 | N.C. (BSTB) -2,855 -546
136 | A13 -630 | 2,288 | 186 | P22/TMO -2,855 -630
137 | A23 -714 | 2,288 | 187 |N.C. -2,855 714
138 | N.C. -798 | 2,288 | 188 | P23/TM1 -2,855 -798
139 | Vss -882 | 2,288 | 189 | N.C. -2,855 -882
140 | N.C. -966 | 2,288 | 190 | DSIO -2,855 -966
141 | A14 -1,050 | 2,288 | 191 | N.C. -2,855 | -1,050
142 | N.C. -1,134 | 2,288 | 192 | P10/EXCLO/T8UFO/DSTO 2,855 | -1,134
143 | A15 -1,218 | 2,288 | 193 | N.C. -2,855 | -1,218
144 | N.C. -1,302 | 2,288 | 194 | P11/EXCL1/T8UF1/DST1 -2,855 | -1,302
145 | Vooe -1,386 | 2,288 | 195 | N.C. -2,855 | -1,386
146 | N.C. -1,470 | 2,288 | 196 | P12/EXCL2/T8UF2/DST2 2,855 | -1,470
147 | A16 -1,554 | 2,288 | 197 | N.C. 2,855 | -1,554
148 | N.C. -1,638 | 2,288 | 198 | P13/EXCL3/T8UF3/DST3 2,855 | -1,638
149 | ICEMD -1,722 | 2,288 | 199 | N.C. 2,855 | -1,722
150 | A17 -1,806 | 2,288 | 200 | P14/FOSC1/DCLK -2,855 | -1,806
Note: The E0OC33208 is constructed with 0.35 um process technology. Since the pad pitch is to small, itis

impossible to use all pads when mounting the chip (die form) on the board. When mounting the chip,
use the pads other than "N.C." and "N.C. (xxxx)". The pads which is indicated with "N.C. (xxxx)" in
the table is available in the QFP5-128pin/QFP15-128pin package.
The E0C33204/202 cannot be shipped in chip form.
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APPENDIX A <REFERENCE> EXTERNAL DEVICE INTERFACE TIMINGS

Appendix A <Reference> External Device Interface Timings

This section shows setup examplesfor setting timing conditions of the external system interface as areference
material used when configuring a system with external devices.
Pay attention to the following precautions when using this material.

» Thedescribed AC characteristic values of external devices are standard values. They may differ from those of the
devices actually used, so the actual setup values (number of cycles) shouldbe determined by referring themanual or
specification of the device to be used.

« It isnecessary to set the timing values allowing ample margin according to the load capacitance of the bus and
signal lines, number of devicesto be connected, operating temperature range, 1/O levels and other conditions. The
number of cycles described in this section isan example and the conditions are not considered.

« Thevaluesdescribed in"Time" column of thetablesare simply calculated by multiplying the number of cyclesby
the cycle time. Conditions such as the output delay time of the device, delay dueto wiring and load capacitance,
and input setup time are not considered.

« The described contents are reference data and cannot be guaranteed to work.
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APPENDIX A <REFERENCE> EXTERNAL DEVICE INTERFACE TIMINGS

A.1 DRAM (70nS)

DRAM interface setup examples — 70nS

Operating RAS precharge RAS cycle CAS cycle Refresh _RAS pulse Refresh RPC delay
frequency cycle width
20MHz 2 1 2 2 1
25MHz 2 1 2 2 1
33MHz 2 2 3 3 1
DRAM interface timing — 70nS
DRAM interface Unit: nS 33MHz 25MHz 20MHz
Parameter |Symbo| ‘ Min. ‘ Max. | Cycle Time | Cycle Time | Cycle Time
<Common parameters>
Random read/random write cycle time trC 130 - 7 210 5 200 5 250
#RAS precharge time trP 50 - 2 60 2 80 2 100
#RAS pulse width trAS 70 10000 5 150 3 120 3 150
#CAS pulse width tcas 20 10000| 25 75 15 60 15 75
Row address setup time tAsSR 0 - 0.5 15 0.5 20 0.5 25
Row address hold time trRAH 10 - 15 45 0.5 20 0.5 25
Column address setup time tasc 0 - 0.5 15 0.5 20 0.5 25
#RAS -, #CAS delay time trcD 20 - 2.0 60 1.0 40 1.0 50
#RAS - column address delay time trRAD 15 - 1.5 45 0.5 20 0.5 25
<Read-cycle parameters>
#RAS access time trAC - 70 4.5 135 25 100 25 125
#CAS access time tcac - 20 25 75 15 60 15 75
Address access time taa - 35 3.0 90 2.0 80 2.0 100
#OE access time toac - 20 45 135 2.5 100 2.5 125
Output buffer turn-off time toFF 0 20 2 60 2 80 2 100
<Write-cycle parameters>
[ Data input hold time [ton | 15 | - [ 25 ] 75 | 15 ] 60 [ 15 | 75 |
<Fast-page mode>
Fast-page mode cycle time tec 45 - 3.0 90 2.0 80 2.0 100
Fast-page mode #CAS precharge time tcp 10 - 0.5 15 0.5 20 0.5 25
Access time after #CAS precharge tacp - 40 3.0 90 2.0 80 2.0 100
<Refresh cycle>
#CAS setup time tcsr 10 - 1.0 30 1.0 40 1.0 50
#CAS hold time tcHr 10 - 25 75 15 60 15 75
#RAS precharge - #CAS hold time tppc 10 - 1.0 30 1.0 40 1.0 50
#RAS pulse width (only in refresh cycle) trAS 70 10000] 3.0 90 2.0 80 2.0 100

E0C33208/204/202 TECHNICAL HARDWARE EPSON 93



APPENDIX A <REFERENCE> EXTERNAL DEVICE INTERFACE TIMINGS

DRAM: 70nS, CPU: 33MHz, random read/write cycle

trc
RAS cycle CAS cycle RAS precharge
2 3 2
Beek [ L L[ L L L
AlLo] X ROW #1 X coL #1 Y/, X ROW #2
«—tRAD—
tRAH tasc
tasr trAS trRP
#RAS \ / \
trcp tcas
#CAS \ /
#RD \ /
trAC
toac
taa
tcac torr
RD data
D[15:0](RD) { {
twp
#WE \ /
tos toH
D[15:0)(WR) ——— WR data XU
DRAM: 70nS, CPU: 33MHz, page-mode read/write cycle
trc
RAS cycle CAS cycle CAS cycle RAS precharge
2 3 3 2
Bk [ L L[ LT L LI
ALL0] X ROW #1 X CcoL #1 X CcoL #2 Y]
trAS
#RAS \ /
— tcp
#CAS \ [\ /
#RD \ /
tacp
D[15:0](RD) { I — I ——
RD data RD data
#WE \
D[15:0J(WR) ——— WR data X WR data YXh—
DRAM: 70nS, CPU: 33MHz, CAS-before-RAS refresh cycle
RPC delay Fixed Refresh RAS pulse width RAS precharge
— 1 1 3 2
Beew | L L L0 L0 LI LI LI [
trRAS
#RAS / \ / \_
«—trPC tcsr tcHR
4cas / \ /
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DRAM: 70nS, CPU: 25/20MHz, random read/write cycle

RAS cycle CAS cycle RAS precharge
— 1 2 2
seew | L[ [ [ LI LI [
Al11:0] X row#1 X coL #1 Y 7 ROW #2
trRAS
#RAS \ / \_
#CAS \ /
#RD \ /
D[15:0](RD) { W) 7,
RD data
#WE \

D[15:0)(WR) ——— WR data X

DRAM: 70nS, CPU: 25/20MHz, page-mode read/write cycle

RAS cycle CAS cycle CAS cycle RAS precharge
—1 2 2 2
seek | L L] L [ [ [_1 I
A11:0] X row X coL #1 X coL #2 X/
trRAS

#RAS \ /
#CAS \ / N\ /

#RD \ /

D[15:0](RD) {)

RD data RD data

#WE \ /

D[15:0)(WR) ——— WR data X WR data N —

DRAM: 70nS, CPU: 25/20MHz, CAS-before-RAS refresh cycle

RPC delay Fixed Refresh RAS pulse width RAS precharge

— 1 1 2 2
scek | L L L1 L L7 [ [
trAs
#RAS / \ / _
—trPC tcsr tcHrR
#cAs [\ /
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A.2 DRAM (60nS)

DRAM interface setup examples — 60nS

Operating RAS precharge RAS cycle CAS cycle Refresh _RAS pulse Refresh RPC delay
frequency cycle width
20MHz 1 1 2 2 1
25MHz 2 1 2 2 1
33MHz 2 2 2 3 1
DRAM interface timing — 60nS
DRAM interface Unit: nS 33MHz 25MHz 20MHz
Parameter |Symbo| ‘ Min. ‘ Max. | Cycle Time | Cycle Time | Cycle Time
<Common parameters>
Random read/random write cycle time trC 110 — 6 180 5 200 4 200
#RAS precharge time trP 40 - 2 60 2 80 1 50
#RAS pulse width trAs 60 10000 4 120 3 120 3 150
#CAS pulse width tcas 15 10000| 15 45 15 60 15 75
Row address setup time tAsR 0 — 0.5 15 0.5 20 0.5 25
Row address hold time trAH 10 - 15 45 0.5 20 0.5 25
Column address setup time tasc 0 — 0.5 15 0.5 20 0.5 25
#RAS -, #CAS delay time trcD 20 - 2.0 60 1.0 40 1.0 50
#RAS - column address delay time trRAD 15 — 1.5 45 0.5 20 0.5 25
<Read-cycle parameters>
#RAS access time trAC - 60 35 105 25 100 25 125
#CAS access time tcac - 15 15 45 15 60 15 75
Address access time taa — 30 2.0 60 2.0 80 2.0 100
#OE access time toac - 15 35 105 25 100 25 125
Output buffer turn-off time toFF 0 15 2 60 2 80 1 50
<Write-cycle parameters>
Data input hold time [ton | 10 - 15 ] 45 ] 15 [ e0 15 | 75
<Fast-page mode>
Fast-page mode cycle time tpc 40 — 2.0 60 2.0 80 2.0 100
Fast-page mode #CAS precharge time tcp 10 - 0.5 15 0.5 20 0.5 25
Access time after #CAS precharge tacp — 35 2.0 60 2.0 80 2.0 100
<Refresh cycle>
#CAS setup time tcsr 10 - 1.0 30 1.0 40 1.0 50
#CAS hold time tcHr 10 - 25 75 15 60 15 75
#RAS precharge - #CAS hold time trpc 10 — 1.0 30 1.0 40 1.0 50
#RAS pulse width (only in refresh cycle) trAs 60 10000] 3.0 90 2.0 80 2.0 100
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DRAM: 60nS, CPU: 33MHz, random read/write cycle

trc
RAS cycle CAS cycle RAS precharge
2 2 2
Beek [ [ L L L L L L
Al1:0] _ X ROW #1 X coL #1 Y/, X ROW #2
«—tRAD ——
tRAH tasc
tasr trRAS trP
#RAS \ / \
trcD tcas
#CAS \ /
#RD \ /
trAC
toac
— tAA R —
«—tcac— torFr
RD data
D[15:0](RD) Y X ) {
twp
#HWE \ /
tos toH
D[15:0(WR) ——— WR data XU
DRAM: 60nS, CPU: 33MHz, page-mode read/write cycle
trc
RAS cycle CAS cycle CAS cycle RAS precharge
2 2 2 2
=IoTN S I I N I A A O B O
Al1:0] _ X ROW #1 X coL #1 X coL #2 Y,
trRAS
#RAS \ /
«— tcp
#CAS \ /N /
#RD \ /
«—tacP—
D[15:0](RD) { Ik ——
RD data RD data
#WE \
D[15:0[(WR) ———— WR data X WR data Xh—-
DRAM: 60nS, CPU: 33MHz, CAS-before-RAS refresh cycle
RPC delay Fixed Refresh RAS pulse width RAS precharge
«— 1 1 3 2
e [ L [ L [ [ [ I [I [/
trAS
#RAS / \ / \_
«IRPC tcsr tcHrR
#CAS  / \ /

E0C33208/204/202 TECHNICAL HARDWARE EPSON 97



APPENDIX A <REFERENCE> EXTERNAL DEVICE INTERFACE TIMINGS

DRAM: 60nS, CPU: 25MHz, random read/write cycle

RAS cycle CAS cycle RAS precharge
— 1 2 2
Beew | L L L | LI [
Al11:0] X rRow# X coL #1 Y, X ROW #2
trAS
#RAS \ / \_
#CAS \ /
#RD \ /
D[15:0](RD) { W) {7,
RD data
#WE \

D[15:0)(WR) ——— WR data XU

DRAM: 60nS, CPU: 25MHz, page-mode read/write cycle

RAS cycle CAS cycle CAS cycle RAS precharge
—1 2 2 2
seek | L] L] [ [ [ L] I
A11:0] X row# X coL #1 X CcoL #2 Y
trAS
#RAS \ /
#CAS \ / N\ /
#RD \ /
D[15:0](RD) {)
RD data RD data
#WE \ /

D[15:0)(WR) ——— WR data X WR data X———-

DRAM: 60nS, CPU: 25MHz, CAS-before-RAS refresh cycle

RPC delay Fixed Refresh RAS pulse width RAS precharge

— 1 1 2 2
sew | L L [ L LI LI [
trRAS
#RAS / \ / \_
—1trPC tcsr tcHrR
#cAs [\ /
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DRAM: 60nS, CPU: 20MHz, random read/write cycle

RAS cycle CAS cycle RAS precharge
—1 2 1—
seek | L] L L L[| L[
A11:0] X row#1 X coL #1 Y, X ROW #2
trAs

#RAS ~ \ /L
#cAS N\ [

#RD \ /
D[15:0](RD) { N r—
RD data
#WE \ /

D[15:0)(WR) ———— WR data Xh———-

DRAM: 60nS, CPU: 20MHz, page-mode read/write cycle

RAS cycle CAS cycle CAS cycle RAS precharge
—1 2 2 1—
Beek [ L[ L[ L L L[ L[
A[11:0] X row# X CcoL #1 X COL #2 Y/
trRAS
#RAS \ /
#CAS \ / \ /
#RD \ /
D[15:0](RD) {
RD data RD data
#WE \ /

D[15:0](WR) ——— WR data X WR data X—

DRAM: 60nS, CPU: 20MHz, CAS-before-RAS refresh cycle
RPC delay Fixed Refresh RAS pulse width RAS precharge

— 1 1 2 1—
scek | L L L L LI [
trAs
#RAS / \ /L
«—trRPC tcsr tcHrR
#cAs [\ e
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A.3 ROM and Burst ROM

Burst ROM and mask ROM interface setup examples

Operating Normal read cycle Burst read cycle Output disable
frequency Wait cycle Read cycle Wait cycle Read cycle delay cycle
20MHz 2 3 1 2 15
25MHz 3 4 1 2 15
33MHz 4 5 2 3 15
Burst ROM and mask ROM interface timing
Burst ROM and mask ROM interface 33MHz 25MHz 20MHz
Parameter Symbol Min. Max. Cycle Time | Cycle Time Cycle Time
Access time tacc - 100 5 150 4 160 3 150
#CE output delay time tce - 100 5 150 4 160 3 150
#OE output delay time toe — 50 45 135 35 140 2.5 125
Burst access time teac - 50 3 90 2 80 2 100
Output disable delay time toF 0 40 1.5 45 1.5 60 1.5 75

ROM: 100nS, CPU: 33MHz, normal read

ek [ L [ L L[ L[ L L[ [

tacc
AR3:0] X Y, X

tce

#CE9,10  \ /L

toe
R0 T\ e
—toF—
D[15:0] ——(] /X_RD data \————///,

ROM: 100nS, CPU: 33MHz, burst read
BCLK

Normal read cycle

Burst read cycle

«— teac — «— teac — «— teac —
A23:0] _X X X X WIX
#CE9, 10  \ / o\
#RD \ / \
« toF —
RD data RD data RD data RD data
D[15:0] —/

100
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ROM: 100nS, CPU: 25MHz, normal read

ek [ L[ L L[ L[ L LI
Al23:0] _ X % X
#CE9,10  \ /L
#RD T\ /A
D[15:0] ———/ X_Ro data y———

ROM: 100nS, CPU: 25MHz, burst read
BCLK

Normal read cycle Burst read cycle
A23:0] X X X X XX
4CE9, 10\ / N\

#RD  \ [\

RD data RD data RD data

RD data
D[15:0] Ui S i, S Y S ) S, Wi

ROM: 100nS, CPU: 20MHz, normal read

ek [ L L[ L[ LI L[
Al23:0] _ X X/ X
#CE9,10 |\ /S
#RD /2
D[15:0] —— JX_ro data y————/,

ROM: 100nS, CPU: 20MHz, burst read

BCLK

Normal read cycle Burst read cycle
A23:0] X X X X XX
#CE9,10 ~ \ / N\
#RD ~\ /A

RD data RD data RD data

RD data
D[15:0] Wi, S S, S/ S UL
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A.4 SRAM (55nS)

SRAM interface setup examples — 55nS

Operating Read cycle Write cycle Output disable
frequency Wait cycle Read cycle delay time
20MHz 1 2 2 1.5
25MHz 2 3 3 1.5
33MHz 2 3 3 15
SRAM interface timing — 55nS
SRAM interface 33MHz 25MHz 20MHz
Parameter |Symbo| ‘ Min. ‘ Max. Cycle Time | Cycle Time Cycle Time
<Read cycle>
Read cycle time trC 55 - 3 920 3 120 2 100
Address access time tacc — 55 3 90 3 120 2 100
#CE access time tacs - 55 3 90 3 120 2 100
#OE access time toe - 30 25 75 2.5 100 15 75
Output disable delay time toHz 0 30 1.5 45 1.5 60 1.5 75
<Write cycle>
Write cycle time twe 55 - 3 920 3 120 2 100
Address enable time taw 50 - 2.5 75 2.5 100 15 75
Write pulse width twp 45 - 2 60 2 80 1 50
Input data setup time tow 30 — 2 60 2 80 1 50
Input data hold time toH 0 — 0.5 15 0.5 20 0.5 25
SRAM: 55nS, CPU: 33/25MHz, read cycle
ek [ L L[ L[ LI L[
trc
A[23:0] X X X
tacc
HCEX  \ / \
tacs
#RD \ / \
toe toHz
RD data
D[15:0] —— I —— L
SRAM: 55nS, CPU: 33/25MHz, write cycle
seek [ L | L] [ |
twe
A[23:0] X X ]
taw
HCEX  \ /
twp
#WP \ /
tow toH

D[15:0] —— WR data —
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SRAM: 55nS, CPU: 20MHz, read cycle

=orI QN I I I T R O A O
A[23:0] _ X X X
#CEx  \ / \
#RO N\ /O
RD data
D[15:0]

SRAM: 55nS, CPU: 20MHz, write cycle

Bek [ L[ L[ 1
AR3:0] X Y/,
#CEx  \ /

awe N\ /S
D[15:0] Y
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A.5 SRAM (70nS)

SRAM interface setup examples — 70nS

Operating Read cycle Write cycle Output disable
frequency Wait cycle Read cycle delay time
20MHz 2 3 3 1.5
25MHz 2 3 3 1.5
33MHz 3 4 4 15
SRAM interface timing — 70nS
SRAM interface 33MHz 25MHz 20MHz
Parameter |Symbo| ‘ Min. ‘ Max. Cycle Time | Cycle Time Cycle Time
<Read cycle>
Read cycle time trC 70 - 4 120 3 120 3 150
Address access time tacc - 70 4 120 3 120 3 150
#CE access time tacs - 70 4 120 3 120 3 150
#OE access time toe - 40 3.5 105 2.5 100 2.5 125
Output disable delay time toHz 0 30 1.5 45 1.5 60 1.5 75
<Write cycle>
Write cycle time twe 70 - 4 120 3 120 3 150
Address enable time taw 60 - 3.5 105 2.5 100 2.5 125
Write pulse width twp 55 - 3 90 2 80 2 100
Input data setup time tow 30 — 3 90 2 80 2 100
Input data hold time toH 0 — 0.5 15 0.5 20 0.5 25
SRAM: 70nS, CPU: 33MHz, read cycle
Beek [ L[ L[ L L L[ L[
trc
Al23:0] X X/ X
tacc
#CEX \ / \
tacs
#RD \ / \
toe toHz
RD data
D[15:0] ———{//
SRAM: 70nS, CPU: 33MHz, write cycle
seek | L L] L [ |
twe
A[23:0] _ X X
taw
HCEx  \ /
twp
#WP \ /
tow toH
D[15:0) ——— WR data —
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SRAM: 70nS, CPU: 25/20MHz, read cycle

ek [ L L LI LT 1L_[°
Al23:0] _X % X
#CEx  \ /A
#RD A
RD data
D[15:00 ———
SRAM: 70nS, CPU: 25/20MHz, write cycle
Beek [ [ L[ [T 1
A23:0] X Y/
#CEx  \ YA
#WP -\ e

D[15:0) —— WR data —
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A.6 8255A

8255A interface setup examples

Operating Read cycle Write cycle Output disable
frequency Wait cycle Read cycle delay time

20MHz 9 10 10 35

25MHz 11 12 12 35

33MHz 14 15 15 35 @

8255A interface timing
SRAM interface 33MHz 25MHz 20MHz
Parameter |Symbo| ‘ Min ‘ Max. Cycle Time | Cycle Time Cycle Time

<Read cycle>
Read cycle time trC 300 - 15 450 12 480 10 500
Address access time tacc — 250 15 450 12 480 10 500
#CE access time tacs - 250 15 450 12 480 10 500
#OE access time toe - 250 14.5 435 115 460 9.5 475
Output disable delay time toHz 10 150 3.5 105 3.5 140 3.5 175
<Write cycle>
Write cycle time twe 430 - 15 450 12 480 10 500
Address enable time taw 400 — 14.5 435 115 460 9.5 475
Write pulse width twp 400 - 14 420 11 440 9 450
Input data setup time tow 100 — 14 420 11 440 9 450
Input data hold time [B toH 30 — 0.5 15 0.5 20 0.5 25

(1 The EOC33208/204/202 enablesup to 7 cycles of wait-cycle insertion. If anumber of wait cycles more than 7
cyclesneedsto beinserted, input the #WAIT signal from external hardware. Notethat the interface must be set for
SRAM type devicesto insert wait cycles using the #WAIT pin. (Refer to "BCU (Bus Control Unit)" in the"C33
ASIC Macro Manual”, for more information.)

[2 Thissetting cannot satisfy the 150 nS of output-disable delay time specification required for the 8255A. When
implementing such alow-speed device in the system, the external bus must be separated by inserting a 3-state
bus buffer at the output side (when viewed from the CPU) of the external system bus.

(B If thedatahold timethat can be set is sufficient for the device, secureit by connecting a bus repesater to the
external databus D[15:0] or by inserting alatch at the output side of the external system interface.

106

EPSON

E0C33208/204/202 TECHNICAL HARDWARE




APPENDIX B PIN CHARACTERISTICS

Appendix B Pin Characteristics

Pin No. Signal name 1/0 cell Characteristic Pull-up | Power Remarks
QFP5 | QFP15 name Input Output| /down [ supply
1 126  |P24/TM2 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
2 127 |Vss XVSS
3 128 |P25/TM3 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
4 1 P26/TM4 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
5 2 P15/EXCL4/#DMAENDO XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
6 3 P27/TM5 XHBHIT CMOS/LVTTL SCHMITT | Typel VDDE
7 4 BCLK XHTB1T Typel VDDE
8 5 POO/SINO XHBHI1T CMOS/LVTTL SCHMITT | Typel \VDDE
9 6 P01/SOUTO XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
10 7 D15 XHBCI1T CMOS/LVTTL Typel Vope |notel
11 8 Vobp XLVDD
12 9 PO3/#SRDY0 XHBHIT CMOS/LVTTL SCHMITT | Typel VDDE
13 10 |[D14 XHBC1T CMOS/LVTTL Typel Vope [notel
14 11 P31/#BUSGET/#GARD XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
15 12 D13 XHBCI1T CMOS/LVTTL Typel Vope |notel
16 13 P32/#DMAACKO XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
17 14 D12 XHBCI1T CMOS/LVTTL Typel Vope |notel
18 15 P33/#DMAACK1 XHBHI1T CMOS/LVTTL SCHMITT | Typel VDDE
19 16 |[D11 XHBC1T CMOS/LVTTL Typel Vope [notel
20 17 K54/#DMAREQ3 XHIBHP2 CMOS/LVTTL SCHMITT Pull-up \VDDE
21 18 D10 XHBCI1T CMOS/LVTTL Typel Vope |notel
22 19 K53/#DMAREQ2 XHIBHP2 CMOS/LVTTL SCHMITT Pull-up VDDE
23 20 D9 XHBCI1T CMOS/LVTTL Typel Vope |notel
24 21 K52/#ADTRG XHIBHP2 CMOS/LVTTL SCHMITT Pull-up VDDE
25 22 |Vss XVSS
26 23 K51/#DMAREQ1 XHIBHP2 CMOS/LVTTL SCHMITT Pull-up \VDDE
27 24 P02/#SCLKO XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
28 25 D8 XHBCI1T CMOS/LVTTL Typel Vope |notel
29 26 D7 XHBCI1T CMOS/LVTTL Typel Vope |notel
30 27 |VooEe XHVDD
31 28 |K67/AD7 XHIBCLIN [CMOS/LVTTL AVbDE |note2
32 29 K66/AD6 XHIBCLIN |CMOS/LVTTL AVpDE |note2
33 30 K65/AD5 XHIBCLIN |CMOS/LVTTL AVpDE |note2
34 31 K50/#DMAREQO XHIBHP2 CMOS/LVTTL SCHMITT Pull-up | AVbpe |note2
35 32 K64/AD4 XHIBCLIN |CMOS/LVTTL AVpDE |note2
36 33 K63/AD3 XHIBCLIN |CMOS/LVTTL AVpDE |note2
37 34 |K62/AD2 XHIBCLIN [CMOS/LVTTL AVbDE |note2
38 35 |AVbbpe
39 36 K61/AD1 XHIBCLIN |CMOS/LVTTL AVpDE |note2
40 37 K60/ADO XHIBCLIN |CMOS/LVTTL AVpDE |note2
41 38 D6 XHBC1T CMOS/LVTTL Typel Vope |notel
42 39 |Vss XVSS
43 40 |D5 XHBC1T CMOS/LVTTL Typel Vope [notel
44 41 D4 XHBC1T CMOS/LVTTL Typel Vpbe |notel
45 42 D3 XHBCI1T CMOS/LVTTL Typel Vope |notel
46 43 D2 XHBC1T CMOS/LVTTL Typel Vpope |notel
47 44 D1 XHBC1T CMOS/LVTTL Typel Vope |notel
48 45 DO XHBCI1T CMOS/LVTTL Typel Vope |[notel
49 46  |P35/#BUSACK XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
50 47 VDDE XHVDD
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Pin No. Signal name 1/0 cell Characteristic Pull-up | Power Remarks
QFP5 | QFP15 name Input Output| /down | supply
51 48 #CE9/#CE17 XHBC1T note4 Typel VDDE
52 49 OSC2 XLLOT VoD
53 50 #CE7/#RASO/#CE13/#RAS2 |XHBC1T note4 Typel VDDE

54 51 OSC1 XLLIN Voo |note3
55 52 |#CE6 XHBC1T note4 Typel VDDE
56 53 |#RD XHBC1T note4 Typel VDDE
57 54 Vss XVSS

58 55 #WRLHWR/HWE/#LWE XHBC1T note4 Typel VDDE
59 56 #WRH/#BSH/#UWE XHBC1T note4 Typel VDDE
60 57 #CE10EX XHBC1T note4 Typel VDDE
61 58 |#CE8#RAS1/#CE14/#RAS3 |XHBC1T note4 Typel VDDE
62 59 |#CE5/#CE15 XHBC1T note4 Typel VDDE
63 60 #CE4/#CE11 XHBC1T note4 Typel VDDE
64 61 P30/#WAIT/#CE4&5 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
65 62 #RESET XHIBHP2 CMOS/LVTTL SCHMITT Pull-up VDDE
66 63 #NMI XHIBHP2 CMOS/LVTTL SCHMITT Pull-up VDDE
67 64 |AOM#BSL XHBC1T note4 Typel VDDE
68 65 |Al XHBC1T note4 Typel VDDE
69 66 P34/#BUSREQ/#CE6 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
70 67 Vss XVSS

71 68 |A2 XHBC1T note4 Typel VDDE
72 69 |A3 XHBC1T note4 Typel VDDE
73 70 |Ad XHBC1T note4 Typel VDDE
74 71 A5 XHBC1T note4 Typel VDDE
75 72 A6 XHBC1T note4 Typel VDDE
76 73 #CE10IN XHTBI1T Typel VDDE
77 74 Vobp XLVDD

78 75 #EMEMRD XHTBI1T Typel VDDE
79 76 |A7 XHBC1T note4 Typel VDDE
80 77 #HCAS/#UWE XHTB1T Typel VDDE
81 78 A8 XHBC1T note4 Typel VDDE
82 79 #LCAS/H#CAS XHTB1T Typel VDDE
83 80 |A9 XHBC1T note4 Typel VDDE
84 81 P16/EXCL5/#DMAEND1 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE
85 82 |A10 XHBC1T note4 Typel VDDE
86 83 |A20 XHBC1T note4 Typel VDDE
87 84 All XHBC1T note4 Typel VDDE
88 85 A21 XHBC1T note4 Typel VDDE
89 86 |Al12 XHBC1T note4 Typel VDDE
90 87 |A22 XHBC1T note4 Typel VDDE
91 88 |A13 XHBC1T note4 Typel VDDE
92 89 |A23 XHBC1T note4 Typel VDDE
93 90 Vss XVSS

94 91 Al4 XHBC1T note4 Typel VDDE
95 92 |A15 XHBC1T note4 Typel VDDE
96 93 |VboE XHVDD

97 94 |Al6 XHBC1T note4 Typel VDDE
98 95 |ICEMD XITST1 Pull-down Testing pin
99 96 Al7 XHBC1T note4 Typel VDDE
100 97 Al18 XHBC1T note4 Typel VDDE
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Pin No. Signal name 1/0 cell Characteristic Pull-up | Power Remarks

QFP5 | QFP15 name Input Output| /down | supply

101 98 A19 XHBCI1T note4 Typel VDDE

102 99 P04/SIN1/#DMAACK2 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE

103 100 |P05/SOUT1/#DMAEND2 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE

104 101 |PO6/#SCLK1/#DMAACK3 XHBHIT CMOS/LVTTL SCHMITT | Typel VDDE

105 102 |Vss XVSS

106 103 |PLLC XLLIN

107 104 |Vss XVSS

108 105 |PLLS1 XHIBC CMOS/LVTTL VDDE

109 106 |PLLSO XHIBC CMOS/LVTTL VDDE

110 107 |PO7/#SRDY1/#DMAEND3 XHBHI1T CMOS/LVTTL SCHMITT | Typel VDDE

111 108 [#X2SPD XHIBC CMOS/LVTTL VDDE

112 109 |EA10MDO XHIBC CMOS/LVTTL \VDDE

113 110 |EA10MD1 XHIBCP2 CMOS/LVTTL Pull-up VDDE

114 111 |Voo XLVDD

115 112 |EA3MD XHIBCP2 CMOS/LVTTL Typel | Pull-up VDDE

116 113 |OSC4 XLLOT VoD

117 114 |P20/#DRD XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE

118 115 |OSC3 XLLIN Vop |note3

119 116 |P21/#DWE/#GAAS XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE

120 117 |#CE3 XHTB1T Typel VDDE

121 118 |P22/TM0 XHBH1T CMOS/LVTTL SCHMITT | Typel VDDE

122 119 |P23/TM1 XHBHIT CMOS/LVTTL SCHMITT | Typel VDDE

123 120 |DSIO XLBH2P2T |CMOS/LVTTL SCHMITT | Type2 | Pull-up Vob  |note3

124 121 |P10/EXCLO/T8UFO/DSTO XLBH2T CMOS/LVTTL SCHMITT | Type2 Vop |note3

125 122 |P11/EXCL1/T8UF1/DST1 XLBH2T CMOS/LVTTL SCHMITT | Type2 Vop |note3

126 123 |P12/EXCL2/T8UF2/DST2 XLBH2T CMOS/LVTTL SCHMITT | Type2 Vop |note3

127 124 |P13/EXCL3/T8UF3/DPCO XLBH2T CMOS/LVTTL SCHMITT | Type2 Voo |note3

128 125 |P14/FOSC1/DCLK XLBH2T CMOS/LVTTL SCHMITT | Type2 Voo |note3

notel) Inthe EOC33xxxFoa, the pins for the data bus are set for the TTL interface (I/O cell name: XHBTLT, output

characteristics: Typel).

note2) The voltage applied to this pin must be 0V < VIN < AVDDE.

Note that the input voltage range for the K50 pin differs from other K5 pins.
note3) The voltage applied to this pin must be 0V <ViN < Vbb.
note4) This pin is set as an input pin during device testing. Normally it is an output pin.

The following table lists output current characteristics.

Output current (loL/loH)

5.0V 3.3V 2.0V
Typel 3mA 2mA 0.6mA
Type2 — 6mMA 2mA
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I OUTLINE: INTRODUCTION

-1 INTRODUCTION

The C33 ASIC Macro isalibrary of macro cells including SEIKO EPSON origina 32-bit CPU core EOC33000
and its various peripheral circuits. It isintegrated on the SSL 50000, SEIKO EPSON's 0.35 um embedded ASIC
Family. Sinceit sharescommon process technology, SRAM/ROM/Flash ASIC memory macro can also beintegrated
on the same chip. Thus SEIKO EPSON provides complete ASIC-microcomputer design environment.

The C33 CPU architecture is RISC type. So the CPU core sizeissmall but the instruction set isvery strong to
achieve small compiled-code size.
The C33 ASIC Macro hasthefollowing features:

» Small CPU core:

* Fast and high performance:
« Strong instruction set:

« Execution cycle:

* MAC function:

* Registers:

* Memory space:

* Externd bus I/F:

* Interrupts:

* Reset, boot:

* Power down mode:
* Others:

 User logic interface:

25K gates

DC to 60 MHz operation

16-bit fixed length, 105 basic instructions

Major instructions are executed in 1 cycle per instruction

16 hits x 16 bits + 64 hits, 2 clock per MAC (25 MOPS in 50 MHz)
32 hits x 16 general registers and 32 bits x 5 special registers

256M bytes (28 bits) linear space, code-data-10 shared type

15 configurable memory areas
Direct connection to external memory

Reset, NMI, up to 128 external interrupts, 4 software interrupts, 2 exceptions
Cold reset, hot reset
Sleep, Halt

Little endian (partial big endian can be configured)
Harvard architecture (fetch, load/store parallel execution)

Programmable wait state (up to 7 cycles)

#WAIT pin hand shake is possible.

Large memory space for the user logic (up to 16M bytes)

BCU configuration registers allow internal use of the external areas (Areas4 to 18).
Many interrupt requests from the user logic are acceptable.

EOC33 FAMILY ASIC MACRO MANUAL EPSON 1-1-1



I OUTLINE: INTRODUCTION

THISPAGE ISBLANK.

I-1-2 EPSON EOC33 FAMILY ASIC MACRO MANUAL



I OUTLINE: BLOCK DIAGRAM

|-2 BLOCK DIAGRAM

The C33 Macro Library consistsof five major blocks: C33 CoreBlock, C33 Peripheral Block, C33 Analog Block,
C33 DMA Block and C33 Interna Memory Block.
Figure 2.1 shows the configuration of the C33 macro blocks.

Internal RAM Internal ROM

! C33 DMA Do (Area 3) (Area 10) !

| - - A A 3

! | (IDMA,HSDMA) | | ! }

! Lo Internal RAM Internal ROM !

(Area 0) (Area 3) !

| A L 4 4 3

3 777777777777 vy y ;; 7777777 y ;;777777777‘:

s ol

3 C33_CORE o !
—r—> w' 4—‘—»@ Pads

3 (CPU, BCU, ITC, CLG, DBG) x|

I O I

User Ligic !

< 3 > C33_SBUS 3

L | 1. c33Core Block

C33_ADC C33_PERI

(A/D converter) (Prescaler, 8-bit timer, 16-bit timer,

Clock timer, Serial interface, Ports)

PERI_PAD
o
@
o
(7]

Figure 2.1 Block Configuration
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C33 Core Block
The C33 Core Block consists of afunctional block C33_CORE including CPU, BCU (Bus Control Unit), ITC
(Interrupt Controller), CLG (Clock Generator) and DBG (Debug Unit), an 1/0 pad block for external interface,
and an SBUS (Internal Silicon Integration Bus) for interfacing with on-chip Peripheral Macro Cells.
The C33 Core Block employs the EOC33000 32-bit RISC type CPU as the core CPU.

C33 Peripheral Block
The C33 Peripheral Block consists of aprescaler, four channels of 8-bit programmable timer, six channels of
16-bit programmabl e timer including watchdog timer function, two channels of serial interface, input and 1/0
ports, and aclock timer.

C33 Analog Block
The analog block consists of an A/D converter with eight input channels.

C33 DMA Block
The DMA block is configured with two types of DMA controllers: HSDMA (High-Speed DMA) that has on-
chip registers for controlling DMA command information and IDMA (Intelligent DMA) that uses amemory
areafor storing DMA command information.

C33 Memory Block
For the internal memory space (Areas 0, 3 and 10), SRAM, Flash or mask ROM are provided. The memory
size can be decided according to the system.

User Block
The user can design custom blocks using the SSL50000 Series ASIC libraries.

For details of the blocks, refer to the respective section in thismanual.
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-3 LIST OF PINS
List of External I/O Pins

Thefollowing lists the external 1/0 pins of the C33 Core Block and Peripheral Block. Note that some pins are listed
intwo or more tables.

Table 3.1 List of Pins for External Bus Interface Signals

Pin name 1/0 | Pull-up Function
A0 (0] - AO: Address bus (A0) when SBUSST(D3/0x4812E) = "0" (default)
#BSL #BSL: Bus strobe (low byte) signal when SBUSST(D3/0x4812E) = "1"
A[23:1] ) - Address bus (Al to A23)
D[15:0] 110 - Data bus (DO to D15)
#CE10EX o - Area 10 chip enable for external memory
OJWhen CEFUNCI1:0] = "1x", this pin outputs #CE9+#CE10EX signal.
#CE10IN o - Area 10 chip enable for internal ROM emulation memory
#CE9 o - #CE9: Area 9 chip enable when CEFUNCI[1:0](D[A:9])/0x48130) = "00" (default)
#CE17 #CELT7: Area 17 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "01"
When CEFUNCJ1:0] = "1x", this pin outputs #CE17+#CE18 signal.
#CE8 o) - #CES8: Area 8 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#RAS1 and ASDRA(DS8/0x48128) = "0" (default)
#CE14 #RAS1: Area 8 DRAM row strobe when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#RAS3 and A8DRA(D8/0x48128) ="1"
#CE14: Area 14 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "01" or "1x"
and A14DRA(D8/0x48122) ="0"
#RAS3:  Area 14 DRAM row strobe when CEFUNC[1:0](D[A:9])/0x48130) = "01" or "1x"
and A14DRA(D8/0x48122) = "1"
#CE7 (o} - #CET: Area 7 chip enable when CEFUNCI[1:0](D[A:9])/0x48130) = "00" and
#RASO A7DRA(D7/0x48128) = "0" (default)
#CE13 #RASO:  Area 7 DRAM row strobe when CEFUNC[1:0](D[A:9])/0x48130) = "00"
#RAS2 and A7DRA(D7/0x48128) = "1"
#CE13: Area 13 chip enable when CEFUNC]J1:0](D[A:9])/0x48130) = "01" or "1x"
and A13DRA(D7/0x48122) ="0"
#RAS2: Area 13 DRAM row strobe when CEFUNCJ[1:0](D[A:9])/0x48130) = "01" or "1x"
and A13DRA(D7/0x48122) ="1"
#CEG6 (e} - Area 6 chip enable
[JwWhen CEFUNCI1:0] = "1x", this pin outputs #CE7+#CE8 signal.
#CES5 (o} - #CE5: Area 5 chip enable when CEFUNCJ[1:0](D[A:9])/0x48130) = "00" (default)
#CE15 #CE15: Area 15 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "01"
[Jwhen CEFUNCI1:0] = "1x", this pin outputs #CE15+#CE16 signal.
#CE4 o - #CE4: Area 4 chip enable when CEFUNCI[1:0](D[A:9])/0x48130) = "00" (default)
#CE11 #CE11: Area 11 chip enable when CEFUNC[1:0](D[A:9])/0x48130) = "01"
OOwhen CEFUNCI1:0] = "1x", this pin outputs #CE11+#CE12 signal.
#CE3 0 - Area 3 chip enable
#RD (o) - Read signal
#EMEMRD (o) - Read signal for internal ROM emulation memory
#WRL (o} - #WRL: Write (low byte) signal when SBUSST(D3/0x4812E) = "0" (default)
#WR #WR: Write signal when SBUSST(D3/0x4812E) = "1"
#WE H#WE: DRAM write signal (default)
#WRH (o} - #WRH: Write (high byte) signal when SBUSST(D3/0x4812E) = "0" (default)
#BSH #BSH: Bus strobe (high byte) signal when SBUSST(D3/0x4812E) = "1"
#HCAS o - #HCAS:  DRAM column address strobe (high byte) signal
#LCAS 0 - #LCAS: DRAM column address strobe (low byte) signal
BCLK (o) - Bus clock output
P34 | - P34: 1/0 port when CFP34(D4/0x402DC) = "0" (default)
#BUSREQ #BUSREQ: Bus release request input when CFP34(D4/0x402DC) = "1" and I0C34(D4/0x402DE) ="0"
#CEG6 #CE®6: Area 6 chip enable when CFP34(D4/0x402DC) = "1" and |0C34(D4/0x402DE) = "1"
P35 110 - P35: 1/0 port when CFP35(D5/0x402DC) = "0" (default)
#BUSACK #BUSACK: Bus acknowledge output when CFP35(D5/0x402DC) = "1"
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Pin name 1/0 | Pull-up Function
P30 110 - P30: 1/0 port when CFP30(D0/0x402DC) = "0" (default)
H#WAIT #WAIT: Wait cycle request input when CFP30(D0/0x402DC) = "1" and 10C30(D0/0x402DE) = "0"
#CE4&5 #CE4&5:  Areas 4&5 chip enable when CFP30(D0/0x402DC) = "1" and I0C30(D0/0x402DE) = "1"
P20 110 - P20: 1/0 port when CFP20(D0/0x402D8) = "0" (default)
#DRD #DRD: DRAM read signal output for successive RAS mode when CFP20(D0/0x402D8) = "1"
P21 110 pP21: 1/0 port when CFP21(D1/0x402D8) = "0" and CFEX2(D2/0x402DF) = "0" (default)
#DWE #DWE: DRAM write signal output for successive RAS mode
#GAAS when CFP21(D1/0x402D8) = "1" and CFEX2(D2/0x402DF) = "0"
#GAAS:  Area address strobe output for GA when CFEX2(D2/0x402DF) = "1"
P31 110 P31: 1/0 port when CFP31(D1/0x402DC) = "0" and CFEX3(D3/0x402DF) = "0" (default)
#BUSGET #BUSGET: Bus status monitor signal output for bus request when CFP31(D1/0x402DC) = "1"
#GARD and CFEX3(D3/0x402DF) = "0"
#GARD:  Area read signal output for GA when CFEX3(D3/0x402DF) = "1"
EA10MD1 I With  |Area 10 boot mode selection
pull-up |EA10MD1 EA10MDO Mode

1 1 External ROM mode
EA10MDO | - 1 0 Internal ROM mode

0 1 OTP mode

0 0 Internal ROM emulation
EA3MD | With  |Area 3 mode selection

pull-up |1: Internal ROM mode, 0: Emulation mode

Table 3.2 List of Pins for HSDMA Control Signals

Pin name 1/0 | Pull-up Function
K50 | With K50: Input port when CFK50(D0/0x402C0) = "0" (default)
#DMAREQO pull-up |#DMAREQO: HSDMA Ch. 0 request input when CFK50(D0/0x402C0) = "1"
K51 | With K51: Input port when CFK51(D1/0x402C0) = "0" (default)
#DMAREQ1 pull-up |#DMAREQ1: HSDMA Ch. 1 request input when CFK51(D1/0x402C0) = "1"
K53 | With K53: Input port when CFK53(D3/0x402C0) = "0" (default)
#DMAREQ2 pull-up |#DMAREQ2: HSDMA Ch. 2 request input when CFK53(D3/0x402C0) = "1"
K54 | With K54: Input port when CFK54(D4/0x402C0) = "0" (default)
#DMAREQ3 pull-up |#DMAREQ3: HSDMA Ch. 3 request input when CFK54(D4/0x402C0) = "1"
P32 110 - P32: 1/0 port when CFP32(D2/0x402DC) = "0" (default)
#DMAACKO #DMAACKO: HSDMA Ch. 0 acknowledge output when CFP32(D2/0x402DC) = "1"
P33 110 - P33: 1/0 port when CFP33(D3/0x402DC) = "0" (default)
#DMAACK1 #DMAACK1: HSDMA Ch. 1 acknowledge output when CFP33(D3/0x402DC) = "1"
P04 110 - P04: 1/0 port when CFP04(D4/0x402D0) = "0" and CFEX4(D4/0x402DF) = "0" (default)
SIN1 SIN1: Serial I/F Ch. 1data inputwhen CFP04(D4/0x402D0)="1"and CFEX4(D4/0x402DF)="0"
#DMAACK?2 #DMAACK2: HSDMA Ch. 2 acknowledge output when CFEX4(D4/0x402DF) = "1"
P06 110 - PO6: 1/0 port when CFP06(D6/0x402D0) = "0" and CFEX6(D6/0x402DF) = "0"(default)
#SCLK1 #SCLK1: Serial I/F Ch. 1 clock input/output when CFP06(D6/0x402D0) = "1"
#DMAACK3 and CFEX6(D6/0x402DF) = "0"
#DMAACK3: HSDMA Ch. 3 acknowledge output when CFEX6(D6/0x402DF) = "1"
P15 110 - P15: 1/0 port when CFP15(D5/0x402D4) = "0" (default)
EXCL4 EXCL4: 16-bit timer 4 event counter input when CFP15(D5/0x402D4) = "1"
#DMAENDO and I0C15(D5/0x402D6) = "0"

#DMAENDO: HSDMA Ch. 0 end-of-transfer signal output when CFP15(D5/0x402D4) = "1"
and 10C15(D5/0x402D6) = "1"

P16 110 - P16: 1/0 port when CFP16(D6/0x402D4) = "0" (default)
EXCL5 EXCL5: 16-bit timer 5 event counter input when CFP16(D6/0x402D4) = "1"
#DMAEND1 and 10C16(D6/0x402D6) = "0"

#DMAEND1: HSDMA Ch. 1 end-of-transfer signal output when CFP16(D6/0x402D4) = "1"
and 10C16(D6/0x402D6) = "1"

P05 110 - PO5: 1/0 port when CFP05(D5/0x402D0) = "0" and CFEX5(D5/0x402DF) = "0" (default)
SOuUT1 SOUT1: Serial I/F Ch. 1 data output when CFP05(D5/0x402D0) = "1"
#DMAEND2 and CFEX5(D5/0x402DF) = "0"

#DMAEND2: HSDMA Ch. 2 end-of-transfer signal output when CFEX5(D5/0x402DF) = "1"
PO7 110 - PO7: 1/0 port when CFP07(D7/0x402D0) = "0" and CFEX7(D7/0x402DF) = "0" (default)
#SRDY1 #SRDY1: Serial I/F Ch. 1 ready signal output when CFP07(D7/0x402D0) = "1"
#DMAEND3 and CFEX5(D5/0x402DF) ="0"

#DMAEND3: HSDMA Ch. 3 end-of-transfer signal output when CFEX7(D7/0x402DF) = "1"
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Table 3.3 List of Pins for Internal Peripheral Circuits

Pin name 1/0 | Pull-up Function
K50 | With K50: Input port when CFK50(D0/0x402C0) = "0" (default)
#DMAREQO pull-up |[#DMAREQO: HSDMA Ch. 0 request input when CFK50(D0/0x402C0) = "1"
K51 | With K51: Input port when CFK51(D1/0x402C0) = "0" (default)
#DMAREQ1 pull-up |#DMAREQ1: HSDMA Ch. 1 request input when CFK51(D1/0x402C0) = "1"
K52 | With K52: Input port when CFK52(D2/0x402C0) = "0" (default)
#ADTRG pull-up |#ADTRG:  A/D converter trigger input when CFK52(D2/0x402C0) = "1"
K53 | With K53: Input port when CFK53(D3/0x402C0) = "0" (default)
#DMAREQ2 pull-up |[#DMAREQ2: HSDMA Ch. 2 request input when CFK53(D3/0x402C0) = "1"
K54 | With K54: Input port when CFK54(D4/0x402C0) = "0" (default)
#DMAREQ3 pull-up |#DMAREQ3: HSDMA Ch. 3 request input when CFK54(D4/0x402C0) = "1"
K60 | - K60: Input port when CFK60(D0/0x402C3) = "0" (default)
ADO ADO: A/D converter Ch. 0 input when CFK60(D0/0x402C3) = "1"
K61 | - K61: Input port when CFK61(D1/0x402C3) = "0" (default)
AD1 AD1: A/D converter Ch. 1 input when CFK61(D1/0x402C3) = "1"
K62 | - K62: Input port when CFK62(D2/0x402C3) = "0" (default)
AD2 AD2: A/D converter Ch. 2 input when CFK62(D2/0x402C3) = "1"
K63 | - K63: Input port when CFK63(D3/0x402C3) = "0" (default)
AD3 AD3: A/D converter Ch. 3 input when CFK63(D3/0x402C3) = "1"
K64 | - K64: Input port when CFK64(D4/0x402C3) = "0" (default)
AD4 AD4: A/D converter Ch. 4 input when CFK64(D4/0x402C3) = "1"
K65 | - K65: Input port when CFK65(D5/0x402C3) = "0" (default)
AD5 AD5: A/D converter Ch. 5 input when CFK65(D5/0x402C3) = "1"
K66 | - K66: Input port when CFK66(D6/0x402C3) = "0" (default)
AD6 AD6: A/D converter Ch. 6 input when CFK60(D6/0x402C3) = "1"
K67 | - K67: Input port when CFK67(D7/0x402C3) = "0" (default)
AD7 AD7: A/D converter Ch. 7 input when CFK67(D7/0x402C3) = "1"
P00 110 - P0O0: 1/0 port when CFP00(D0/0x402D0) = "0" (default)
SINO SINO: Serial I/F Ch. 0 data input when CFP00(D0/0x402D0) = "1"
PO1 110 - PO1: 1/0 port when CFP01(D1/0x402D0) = "0" (default)
SOUTO SOUTO: Serial I/F Ch. 0 data output when CFP01(D1/0x402D0) = "1"
P02 110 - P02: 1/0 port when CFP02(D2/0x402D0) = "0" (default)
#SCLKO #SCLKO: Serial I/F Ch. 0 clock input/output when CFP02(D2/0x402D0) = "1"
P03 I[e} - PO03: 1/0 port when CFP03(D3/0x402D0) = "0" (default)
#SRDYO0 #SRDYO: Serial I/F Ch. 0 ready signal output when CFP03(D3/0x402D0) = "1"
P04 110 - P04: 1/0 port when CFP04(D4/0x402D0) = "0" and CFEX4(D4/0x402DF) = "0" (default)
SIN1 SIN1: Serial I/F Ch. 1data inputwhen CFP04(D4/0x402D0)="1"and CFEX4(D4/0x402DF)="0"
#DMAACK?2 #DMAACK2: HSDMA Ch. 2 acknowledge output when CFEX4(D4/0x402DF) = "1"
P05 110 - POS5: 1/0 port when CFPO5(D5/0x402D0) = "0" and CFEX5(D5/0x402DF) = "0" (default)
SOUT1 SOUT1: Serial I/F Ch. 1 data output when CFP05(D5/0x402D0) = "1"
#DMAEND?2 and CFEX5(D5/0x402DF) = "0"
#DMAEND2: HSDMA Ch. 2 end-of-transfer signal output when CFEX5(D5/0x402DF) = "1"
P06 110 - PO06: 1/0 port when CFP06(D6/0x402D0) = "0" and CFEX6(D6/0x402DF) = "0" (default)
#SCLK1 #SCLK1: Serial I/F Ch. 1 clock input/output when CFP06(D6/0x402D0) = "1"
#DMAACK3 and CFEX6(D6/0x402DF) ="0"
#DMAACK3: HSDMA Ch. 3 acknowledge output when CFEX6(D6/0x402DF) = "1"
P07 /10 - PO7: 1/0 port when CFPO7(D7/0x402D0) = "0" and CFEX7(D7/0x402DF) = "0" (default)
#SRDY1 #SRDY1: Serial I/F Ch. 1 ready signal output when CFP07(D7/0x402D0) = "1"
#DMAEND3 and CFEX5(D5/0x402DF) ="0"
#DMAEND3: HSDMA Ch. 3 end-of-transfer signal output when CFEX7(D7/0x402DF) = "1"
P10 /10 - P10: 1/0 port when CFP10(D0/0x402D4) = "0" and CFEX1(D1/0x402DF) = "0"
EXCLO EXCLO: 16-bit timer 0 event counter input when CFP10(D0/0x402D4) = "1",
T8UFO 10C10(D0/0x402D6) = "0" and CFEX1(D1/0x402DF) = "0"
DSTO T8UFO: 8-bit timer 0 output when CFP10(D0/0x402D4) = "1", I0C10(D0/0x402D6) = "1"
and CFEX1(D1/0x402DF) ="0"
DSTO: DSTO signal output when CFEX1(D1/0x402DF) = "1" (default)
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Pin name 1/0 | Pull-up Function
P11 110 - P11: 1/0 port when CFP11(D1/0x402D4) = "0" and CFEX1(D1/0x402DF) = "0"
EXCL1 EXCL1: 16-bit timer 1 event counter input when CFP11(D1/0x402D4) = "1",
T8UF1 10C11(D1/0x402D6) = "0" and CFEX1(D1/0x402DF) = "0"
DST1 T8UF1: 8-bit timer 1 output when CFP11(D1/0x402D4) = "1", I0C11(D1/0x402D6) = "1"
and CFEX1(D1/0x402DF) ="0"
DST1: DST1 signal output when CFEX1(D1/0x402DF) = "1" (default)
P12 110 - P12: 1/0 port when CFP12(D2/0x402D4) = "0" and CFEX0(D0/0x402DF) = "0"
EXCL2 EXCL2: 16-bit timer 2 event counter input when CFP12(D2/0x402D4) = "1",
T8UF2 10C12(D2/0x402D6) = "0" and CFEX0(D0/0x402DF) = "0"
DST2 T8UF2: 8-bit timer 2 output when CFP12(D2/0x402D4) = "1", |I0OC12(D2/0x402D6) = "1"
and CFEX0(D0/0x402DF) ="0"
DST2: DST2 signal output when CFEX0(D0/0x402DF) = "1" (default)
P13 110 - P13: 110 port when CFP13(D3/0x402D4) = "0" and CFEX1(D1/0x402DF) = "0"
EXCL3 EXCL3: 16-bit timer 3 event counter input when CFP13(D3/0x402D4) = "1",
T8UF3 10C13(D3/0x402D6) = "0" and CFEX1(D1/0x402DF) = "0"
DPCO T8UF3: 8-bit timer 3 output when CFP13(D3/0x402D4) = "1", I0C13(D3/0x402D6) = "1"
and CFEX1(D1/0x402DF) ="0"
DPCO: DPCO signal output when CFEX1(D1/0x402DF) = "1" (default)
P14 10 - P14: 1/0 port when CFP14(D4/0x402D4) = "0" and CFEX0(D0/0x402DF) = "0"
FOSC1 FOSC1: OSC1 clock output when CFP14(D4/0x402D4) = "1" and CFEX0(D0/0x402DF) = "0"
DCLK DCLK: DCLK signal output when CFEX0(D0/0x402DF) = "1" (default)
P15 110 - P15: I/0 port when CFP15(D5/0x402D4) = "0" (default)
EXCL4 EXCL4: 16-bit timer 4 event counter input when CFP15(D5/0x402D4) = "1"
#DMAENDO and I0C15(D5/0x402D6) = "0"

#DMAENDO: HSDMA Ch. 0 end-of-transfer signal output when CFP15(D5/0x402D4) = "1"
and 10C15(D5/0x402D6) = "1"

P16 110 - P16: 1/0 port when CFP16(D6/0x402D4) = "0" (default)
EXCL5 EXCL5: 16-bit timer 5 event counter input when CFP16(D6/0x402D4) = "1"
#DMAEND1 and 10C16(D6/0x402D6) = "0"

#DMAEND1: HSDMA Ch. 1 end-of-transfer signal output when CFP16(D6/0x402D4) = "1"
and 10C16(D6/0x402D6) = "1"

P20 110 - P20: 1/0 port when CFP20(D0/0x402D8) = "0" (default)
#DRD #DRD: DRAM read signal output for successive RAS mode when CFP20(D0/0x402D8) = "1"
P21 10 P21: I/0 port when CFP21(D1/0x402D8) = "0" and CFEX2(D2/0x402DF) = "0" (default)
#DWE #DWE: DRAM write signal output for successive RAS mode
#GAAS when CFP21(D1/0x402D8) = "1" and CFEX2(D2/0x402DF) = "0"

#GAAS: Area address strobe output for GA when CFEX2(D2/0x402DF) = "1"
P22 110 - P22: 1/0 port when CFP22(D2/0x402D8) = "0" (default)
TMO TMO: 16-bit timer 0 output when CFP22(D2/0x402D8) = "1"
P23 110 - P23: 1/0 port when CFP23(D3/0x402D8) = "0" (default)
™1 TML: 16-bit timer 1 output when CFP23(D3/0x402D8) = "1"
P24 110 - P24: 1/0 port when CFP24(D4/0x402D8) = "0" (default)
T™M2 TM2: 16-bit timer 2 output when CFP24(D4/0x402D8) = "1"
P25 110 - P25: 1/0 port when CFP25(D5/0x402D8) = "0" (default)
TM3 TM3: 16-bit timer 3 output when CFP25(D5/0x402D8) = "1"
P26 110 - P26: 1/0 port when CFP26(D6/0x402D8) = "0" (default)
T™M4 TM4: 16-bit timer 4 output when CFP26(D6/0x402D8) = "1"
P27 110 - P27: 1/0 port when CFP27(D7/0x402D8) = "0" (default)
TM5 TM5: 16-bit timer 5 output when CFP27(D7/0x402D8) = "1"
P31 110 P31: 1/0 port when CFP31(D1/0x402DC) = "0" and CFEX3(D3/0x402DF) = "0" (default)
#BUSGET #BUSGET: Bus status monitor signal output for bus request when CFP31(D1/0x402DC) = "1"
#GARD and CFEX3(D3/0x402DF) = "0"

#GARD: Area read signal output for GA when CFEX3(D3/0x402DF) = "1"
P32 110 - P32: 1/0 port when CFP32(D2/0x402DC) = "0" (default)
#DMAACKO #DMAACKO: HSDMA Ch. 0 acknowledge output when CFP32(D2/0x402DC) = "1"
P33 110 - P33: 1/0 port when CFP33(D3/0x402DC) = "0" (default)
#DMAACK1 #DMAACK1: HSDMA Ch. 1 acknowledge output when CFP33(D3/0x402DC) = "1"
P34 I - P34: 1/0 port when CFP34(D4/0x402DC) = "0" (default)
#BUSREQ #BUSREQ: Bus release requestinputwhen CFP34(D4/0x402DC)="1"and I0C34(D4/0x402DE) ="0"
#CEG6 #CE®6: Area 6 chip enable when CFP34(D4/0x402DC) = "1" and 10C34(D4/0x402DE) = "1"
P35 110 - P35: 1/0 port when CFP35(D5/0x402DC) = "0" (default)
#BUSACK #BUSACK: Bus acknowledge output when CFP35(D5/0x402DC) = "1"
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Table 3.4 List of Pins for Clock Generator and Oscillation Circuits

Pin name 1/0 | Pull-up Function
0OSC1 | - Low-speed (OSC1) oscillation input (32 kHz crystal oscillator or external clock input)
0OSC2 o - Low-speed (OSC1) oscillation output
OSC3 | - High-speed (OSC3) oscillation input (crystal/ceramic oscillator or external clock input)
0OSC4 (o) - High-speed (OSC3) oscillation output
PLLS[1:0] | - PLL set-up pins
PLLS1 PLLSO fin (foscs) fout (frscin)
1 1 10-30MHz 20—-60MHz m
10-25MHz 20-50MHz @
0 1 10-15MHz 40-60MHz m
10-12.5MHz 40-50MHz m?
0 0 PLL is not used L
[1: ROM-less model with 3.3 V + 0.3 V operating voltage
[2: ROM built-in model, or 3.0 V + 0.3 V operating voltage
PLLC - - Capacitor connecting pin for PLL
Table 3.5 List of Other Pins
Pin name 1/0 | Pull-up/down Function
ICEMD | With High-impedance control input pin
pull-down When this pin is setto High, all the outputpins go into high-impedance state. This makes itpossible|
to disable the EOC33 chip on the board.
DSIO 110 With Serial I/O pin for debugging
pull-up This pin is used to communicate with the debugging tool ICD33.
#X2SPD | - Clock doubling mode set-up pin
1: CPU clock = bus clock x 1, 0: CPU clock = bus clock x 2
#NMI | With NMI request input pin
pull-up
#RESET | With Initial reset input pin
pull-up

Note: "#" in the pin

names indicates that the signal is low active.
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Il CORE BLOCK: INTRODUCTION

[1-1 INTRODUCTION

The core block consists of afunctional block C33_CORE including CPU, BCU (Bus Control Unit), ITC
(Interrupt Controller), CLG (Clock Generator) and DBG (Debug Unit), an I/O pad block for external interface, and
an SBUS (Internal Silicon Integration Bus) for interfacing with on-chip Peripheral Macro Cells.

C33 DMA Block C33 Internal Memory Block
Internal RAM Internal ROM
! €33 DMA Do (Area 3) (Area 10) !
1 - A A 3
! | (IDMA,HSDMA) | | ! }
! Lo Internal RAM Internal ROM !
(Area 0) (Area 3) !
1 A L 4 4 3
E ------------ b v :V- ------- v :V- --------- E
o |
' < '
: C33_CORE o H

> w' [ Pads
: (CPU, BCU, ITC, CLG, DBG) Ll
1] o 1]
User Ligic '
s C33_SBUS :
| 1 t  c33coreBlock !
P 1 ””””” v A t I
o a |
| C33_ADC b C33_PERI g !

3 P = ——() Pads
| (A/D converter) ! (Prescaler, 8-bit timer, 16-bit timer, w !
! ' Clock timer, Serial interface, Ports) o
S C33AnalogBlock ; | C33 Peripheral B 'P,C,k,j

Figure 1.1 Core Block

EOC33 FAMILY ASIC MACRO MANUAL EPSON 1I-1-1



I CORE BLOCK: INTRODUCTION

THISPAGE ISBLANK.

1I-1-2 EPSON EOC33 FAMILY ASIC MACRO MANUAL



I CORE BLOCK: CPU AND OPERATING MODE

1-2 CPU AND OPERATING MODE

CPU

The C33 Core Block employs the EOC33000 32-bit RISC type CPU as the core CPU. Sinceit hasabuilt-in
multiplier, al instructions (105 instructions) in the EOC33000 instruction set including the MAC (multiplicationand
accumulation) instruction and the multiplication/division instructions are available.

All theinternal registers of the EOC33000 can be used. The CPU registers and CPU address bus can handle 28-hit
addresses. However, the core block has a 24-bit external address bus (A[0:23]), so thelow-order 24 bits of address
datacan only be delivered to the external address bus and theinternal address bus which is connected to the User
Logic Block.

Refer to the "EOC33000 Core CPU Manua" for details of the EOC33000.
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Standby Mode

The CPU supports three standby modes: two HALT modes and a SLEEP mode.
By setting the CPU in the standby mode, power consumption can greatly be reduced.

HALT Mode

When the CPU executes the halt instruction, it suspends the program execution and enters the HALT mode.

The CPU supports two types of HALT modes (basic HALT mode and HALT2 mode) and either can be selected
using the HLT20P (D3) / Clock option register (0x40190).

The CPU stops operating in basic HALT mode, so the amount of current consumption can be reduced. Theinternal
peripheral circuits including the oscillation circuit keep operating in basic HALT mode.

HALT2 mode stops the external bus control functions including DMA and the bus clock as well as the CPU similar
to basic HALT mode. Consequently, HAL T2 mode realizes more power saving than thebasic HALT mode.

The HALT modeis canceled by an initial reset or an interrupt including NMI. This mode is useful for saving power
when waiting for an external input or completion of the peripheral circuit operations that do not need to execute the
CPU.

The CPU transitsto program execution status through trap processing when the HALT modeis canceled by an
interrupt and executes the interrupt processing routine. The trap processing of the CPU saves the address of the
instruction that follows the executed halt instruction into the stack. Therefore, when the interrupt processing routine
isterminated by thereti instruction, the program flow returnsto the instruction that follows the halt instruction.
Note that the HALT mode cannot be canceled with an interrupt factor except for reset and NMI if the PSRissetinto
interrupt disebled status.

SLEEP Mode

When the CPU executesthe slp instruction, it suspends the program execution and enters SLEEP mode.

In SLEEP mode, the CPU and theinternal peripheral circuits including the high-speed (OSC3) oscillation circuit
stop operating. Thus SLEEP mode can greatly reduce current consumption in comparison to HALT mode.
Moreover, thelow-speed (OSC1) oscillation circuit and clock timer do not stop operating. The clock function keeps
operating in SLEEP mode.

SLEEP modeiscanceled by an initial reset or an interrupt (NMI, clock timer interrupt, external interrupt such as a
key entry). Note that other interrupts by theinternal peripheral circuits that use the OSC3 clock cannot be used for
canceling SLEEP mode.

The CPU transitsto program execution status through trap processing when the SLEEP modeis canceled by an
interrupt and executes the interrupt processing routine. The trap processing of the CPU saves the address of the
instruction that follows the executed slp instruction into the stack. Therefore, whentheinterrupt processing routineis
terminated by thereti instruction, the program flow returnsto the instruction that followsthe slp instruction.

Note that SL EEP mode cannot be canceled with an interrupt factor except for reset and NMI if the PSR is set into
interrupt disabled status.
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Notes on Standby Mode

Interrupts
The standby mode can be canceled by an interrupt. Therefore, it is necessary to enable theinterrupt to be used
for canceling the standby mode before setting the CPU in the standby mode. It isalso necessary to set the |[E
(interrupt enable) and IL (interrupt level) bitsin the PSR to a condition that can accept the interrupt. Otherwise,
the standby mode cannot be canceled even when an interrupt occurs. Refer to "1 TC (Interrupt Controller)", for
interrupt settings.

Oscillation circuit
The high-speed (OSC3) oscillation circuit stops in SLEEP mode and restarts oscillating when SLEEP modeis
canceled. If the CPU had operated with the OSC3 clock before entering SLEEP mode, the CPU restarts
operating with the OSC3 clock immediately after canceling SLEEP mode. However, the OSC3 oscillation
needs appropriate stabilization time (10 ms max. under the standard condition in 3.3 V). To restart the CPU
after the oscillation stabilizes, a programmable interval can be inserted between cancellation of SLEEP mode
and starting the CPU operation. Refer to "CLG (Clock Generator)", for details.

The oscillation start time of the high-speed (OSC3) oscillation circuit varies according to thecomponentstobe
used, board pattern and operating environment. Theinterval must be set to allow enough margin.

BCU
When the CPU enters the standby mode, the BCU (bus control unit) stops after the current bus cycle has
completed. All the chip enable signals are negated.
In basic HALT mode, the BCLK (bus clock) signal isoutput and DRAM refresh cycles are generated. DMA
also operates.
In HALTZ2 or SLEEP mode, the BCLK signal stops, therefore DRAM refresh cycles cannot be generated and
DMA stops.

Additional
The contents of the CPU registers and input/output port status are retained in the standby mode. Almost all
control and dataregisters of theinternal peripheral circuits are also retained, note, however, someregistersmay
be changed at the transition to SLEEP mode. Refer to the section of each peripheral circuit for other
precautions.

Test Mode

The C33 Core Block hasthe ICEMD pin for testing the chip. When thispin is set to High, the IC enters the
following state

« All output pins go into high-impedance state except for the clock output pins (OSC2: H, OSC4 H, PLLC: L).
* Clock inputs are disabled. OSC1, OSC3 and PLL stop operating. OSC2: H, OSC4H, PLLC: L

« All the pull-up and pull-down resistors enter aninactive state.

Leavethis pin open or connect to Vss for normal operation. The ICEMD pin has abuilt-in pull-down resistor.

Debug Mode

The C33 Core Block supports the debug mode.
The debug modeisa CPU function, and realizes single step operation and break functions in the chip itself. Refer to
the "EOC33000 Core CPU Manua" for details of the debug mode and the functions.

Area 2 in the memory map can only be accessed in the debug mode.

In the debug mode, the OSC3 clock isused as the CPU operating clock. Therefore, do not stop the high-speed
(OSC3) oscillation circuit when using the debugging functions. Furthermore, only the C33 Core Block operatesin
the debug mode and other internal peripheral circuits stop operating.
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Trap Table

Table 2.1 shows the trap table in the C33 Core. Refer to the "EOC33000 Core CPU Manual” for detailsof exceptions
and Section 11-5 inthismanual, "I1TC (Interrupt Controller)", for interrupts.

Table 2.1 Trap Table

HEX | Vector number N N IDMA -
No. | (Hex address) Exception/interrupt name Exception/interrupt factor Ch. Priority
0 | O(Base) Reset Low input to the reset pin - High
1-3 reserved - - 1
4 | 4(Base+10) Zero division Division instruction -
5 |5 reserved - -
6 | 6(Base+18) Address error exception Memory access instruction -
7 |1 0x0 or 0x60000 |Debugging exception brk instruction, etc. -
8 |8(Base+1C) NMI Low input to the NMI pin -
9-11 reserved - -
C |12(Base+30) Software exception 0 int instruction -
D |13(Base+34) Software exception 1 int instruction -
E 14(Base+38) Software exception 2 int instruction -
F |15(Base+3C) Software exception 3 int instruction -
10 | 16(Base+40) Port input interrupt 0 Edge (rising or falling) or level (High or Low) 1
11 | 17(Base+44) Port input interrupt 1 Edge (rising or falling) or level (High or Low) 2
12 | 18(Base+48) Port input interrupt 2 Edge (rising or falling) or level (High or Low) 3
13 | 19(Base+4C) Port input interrupt 3 Edge (rising or falling) or level (High or Low) 4
14 | 20(Base+50) Key input interrupt O Rising or falling edge -
15 | 21(Base+54) Key input interrupt 1 Rising or falling edge -
16 | 22(Base+58) High-speed DMA Ch.0 High-speed DMA Ch.0, end of transfer 5
17 | 23(Base+5C) High-speed DMA Ch.1 High-speed DMA Ch.1, end of transfer 6
18 | 24(Base+60) High-speed DMA Ch.2 High-speed DMA Ch.2, end of transfer -
19 | 25(Base+64) High-speed DMA Ch.3 High-speed DMA Ch.3, end of transfer -
1A | 26(Base+68) IDMA Intelligent DMA, end of transfer -
27-29 reserved - -
1E | 30(Base+78) 16-bit programmable timer O Timer 0 comparison B 7
1F |31(Base+7C) Timer 0 comparison A 8
32-33 reserved - -
22 | 34(Base+88) 16-bit programmable timer 1 Timer 1 comparison B 9
23 | 35(Base+8C) Timer 1 comparison A 10
36-37 reserved - -
26 | 38(Base+98) 16-bit programmable timer 2 Timer 2 comparison B 11
27 |39(Base+9C) Timer 2 comparison A 12
40-41 reserved - -
2A | 42(Base+A8) 16-bit programmable timer 3 Timer 3 comparison B 13
2B | 43(Base+AC) Timer 3 comparison A 14
44-45 reserved - -
2E | 46(Base+B8) 16-bit programmable timer 4 Timer 4 comparison B 15
2F |47(Base+BC) Timer 4 comparison A 16
48-49 reserved - -
32 |50(Base+C8) 16-bit programmable timer 5 Timer 5 comparison B 17
33 |51(Base+CC) Timer 5 comparison A 18
34 |52(Base+D0) |8-bit programmable timer Timer 0 underflow 19
35 |53(Base+D4) Timer 1 underflow 20
36 |54(Base+D8) Timer 2 underflow 21
37 |55(Base+DC) Timer 3 underflow 22
38 |56(Base+E0) Serial interface Ch.0 Receive error -
39 |57(Base+E4) Receive buffer full 23
3A | 58(Base+ES8) Transmit buffer empty 24
59 reserved - -
3C | 60(Base+F0) Serial interface Ch.1 Receive error -
3D | 61(Base+F4) Receive buffer full 25
3E | 62(Base+F8) Transmit buffer empty 26
63 reserved - -
40 |64(Base+100) |A/D converter A/D converter, end of conversion 27
41 |65(Base+104) [Clocktimer Falling edge of 32 Hz, 8 Hz, 2 Hz or 1 Hz signal -
1-minuet, 1-hour or specified time count up
66-67 reserved - -
44 |68(Base+110) |Port input interrupt 4 Edge (rising or falling) or level (High or Low) 28
45 |69(Base+114) |Port inputinterrupt 5 Edge (rising or falling) or level (High or Low) 29
46 | 70(Base+118) |Port input interrupt 6 Edge (rising or falling) or level (High or Low) 30 1
47 |71(Base+11C) |Port inputinterrupt 7 Edge (rising or falling) or level (High or Low) 31 Low

OBase = Set value in the TTBR register (0x48134 to 0x48137); 0xC00000 by default.
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11-3 INITIAL RESET

Pins for Initial Reset
Table 3.1 shows the pinsused for initial reset.

Table 3.1 Pins for Initial Reset

Pin name /0 Function
#RESET | |Initial reset input pin (Low active)
Low: Resets the CPU.
#MNI I |[NMI request input pin

This pin is also used for selecting a reset method.
High: Cold start
Low: Hot start

The chip isreset when the #RESET pin goes low and starts operating at the rising edge of thereset signal. TheCPU
and internal periphera circuits areinitialized whilethe #RESET pin islow.

Cold Start and Hot Start

The CPU supports two initial reset methods: cold start and hot start. The #MNI pin isused with the #RESET pin to
set this condition.
The differences between cold start and hot start are shown in Table 3.2.

Table 3.2 Differences between Cold Start and Hot Start

Setup contents Cold start Hot start
Reset condition #RESET = low & #MNI = high #RESET = low & #MNI = low
CPU: PC The vector at the boot address is loaded to the PC.
CPU: PSR All the PSR bits are reset to 0.
CPU: Other registers Undefined
CPU: Operating clock The CPU operates with the OSC3 clock.
External bus status (0x48120-0x4813F) Initialized | Status is retained.
Oscillation circuit Both the OSC1 and OSC3 circuits start oscillating.
1/0 pin status (0x402C0-0x402DF) Initialized | Status is retained.
Other peripheral circuit Initialized or undefined

Since cold start initializes all theinternal peripheral circuits as well as the CPU, itisuseful as a power-on reset.
Hot start initializesthe CPU and peripheral circuits, but does not reset the bus control unit and the input, output and
1/0 port status. It isuseful as areset that maintains the external memory, external 1/0 and the port status.

The#NMI pin that specifiesthe reset method should be set following the timing chart shown in Figure 3.1.

Cold start is generated Hot start is generated
+ (#RESET = low & #NMI = high) 4 (#RESET = low & #NMI = low)
#NMI \ #NML T\ /
#RESET \ / #RESET \ /
#NMI must be set to high longer than #NMI must be set to low longer than
the reset pulse width. the reset pulse width.
(1) Cold start (2) Hot start

Figure 3.1 Setup of pad_rset_x and #MNI Pins
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Power-on Reset

Be sureto reset (cold start) the chip after turning on the power to start operating.
Sincethe #RESET pin isdirectly connected to an input gate, apower-on reset circuit should be configured outside
the chip.

Aninitia reset (#RESET = low) turnsthe high-speed (OSC3) oscillation circuit on. The CPU starts operating with
the OSC3 clock at therising edge of the reset signal. The high-speed (OSC3) oscillation circuit takes time (10 ms
max. under the standard condition in 3.3 V) for the oscillation to stabilize, thereforeinitial reset must bereleased after
an appropriate oscillation-stabilization time has passed in order to start up the CPU without fault. Theinitial reset
pulse width must be exceeded the oscillation-stabilization time.

Figure 3.2 shows a power-on reset timing chart.

3.0V (Vop=3.3V)

VoD tsTA3 (OSC3 oscillation start time) or more

#RESET

0.1Vbp

Power on

Figure 3.2 Power-on Reset Timing

Maintain the #RESET pin at 0.1+VDD or less (low level) after turning the power on until the supply voltage rises at
least to the oscillation start voltage (3.0 V). Furthermore, maintain the #RESET pin at 0.5+VDD or less until the
high-speed (OSC3) oscillation circuit stabilizes oscillating.

Note: The OSC3 oscillation start time varies due to the elements used, board pattern and operating
environment, therefore allow enough margin for the reset-release time. Refer to "Oscillation
Characteristics”, in which an example of oscillation start time is provided.

Reset Pulse

A low pulse can be input to the #RESET pin for resetting the chip being operated.
The minimum reset pulse width isprovided in "AC Characteristics’. Be sureto input a pulsethat has a pulse width
longer than the minimum value.

To reset the chip when the high-speed (OSC3) oscillation circuit isin off status, the pulse width must be extended
until the oscillation stabilizes similarly to the power-on reset. Be aware that a short reset pulse may cause an
operation error.
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Boot Address

When the core CPU isinitially reset, it reads the reset vector (program start address) from the boot address
(0x0C00000) and loads the vector to the PC (program counter). Then the CPU starts executing the program fromthe
address when the #RESET pin goes high.

Thetrap table in which trap vectorsfor interrupts and other trap factors are written also beginsfrom theboot address
by the default setting. (Refer to the "EOC33000 Core CPU Manual” for details of thetrap table.)

The trap table base address can a so be changed to a 1KB boundary address using the TTBR register (0x48134 to
0x48137).

Notes Related to Initial Reset

Core CPU
Sincethe al registers except for the PC and PSR are indeterminate at initial reset, they should be initialized by
aprogram. In particular, the SP (stack pointer) must be initialized before accessing the stack area. NMI
requests are disabled until any value iswritten to the SP. Theinitialization is necessary when the CPU is
cold-started.

Internal RAM
The contents of theinternal RAM are indeterminate at initial reset. Initialize the areato be used if necessary.

High-speed (OSC3) oscillation circuit
Aninitial reset activates the high-speed (OSC3) oscillation circuit and the CPU starts operating with theOSC3
clock after theinitial reset isreleased. In order to prevent amalfunction of the CPU due to an unstabilized
clock, the #RESET pin must be maintained at low until the OSC3 oscillation stabilizes when performing a
power-on reset or resetting while the high-speed (OSC3) oscillation circuit is stopped.

Low-speed (OSC1) oscillation circuit
A power-on reset or an initial reset when the low-speed (OSC1) oscillation circuit is off startsthe OSC1
oscillation. The low-speed (OSC1) oscillation circuit takes alonger stabilization time (3 sec max. under the
standard condition) than the high-speed (OSC3) oscillation circuit. In order to prevent amalfunction dueto an
unstabilized clock, do not use the OSC1 clock until the stabilization time has passed.

BCU (Bus Control Unit)
Cold-start initializes the control registers for the BCU (bus control unit). Therefore, it isnecessary to set up all
the bus conditions.
Hot-start retains the previous bus conditions before an initial reset.

Input/output ports and input/output pins
Cold start initializes the control and data registers for theinput and I/O ports.
Hot start retains the contents of the control registersand input/output pin statusbefore aninitial reset. However,
when the pins are used for theinternal peripheral circuits, it is necessary to set up the control registers of the
peripheral circuit becausethey areinitialized by an initial reset.

Other internal peripheral circuits
The control and dataregisters of peripheral circuits other than those listed above areinitialized with the
predefined values or become indeterminate regardless of the reset method (cold start or hot start). Therefore, it
is necessary to set up the peripheral circuit conditions.
Refer to the 1/0 maps or explanation of each peripheral circuit section for initial settings of the peripheral
circuits.
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1-4 BCU (Bus Control Unit)

The BCU (Bus Control Unit) providesan interface for external devices and on-chip user logic block. The types
and sizes of memory and peripheral 1/0 devices can be set for each areaof the memory map and can be controlled
directly by the BCU. Thisunit also supports adirect interface for DRAM andburst ROM. Thischapter describes how
to control the external and internal system interface, and how it operates.

Note: The control registers of the external system interface shown in this chapter are mapped to the
internal 16-bit I/O area. Therefore, the addresses of these control registers are indicated by half-
word (16-bit) addresses unless otherwise specified. Note that the control registers can be accessed
in bytes, half-words, or words.

Pin Assignment for External System Interface

I/O Pin List

External I/O pins
Table 4.1 lists the pinsused for the external system interface.

Table 4.1 1/0O Pin List

Pin name 1/0 Function
A[0]/#BSL O |Address bus (A0) / Bus strobe (Low-byte)
A[23:1] O |Address bus (A1-A23)
D[15:0] I/O |Data bus (D0-D15)
#CE10EX O |Area 10 external memory chip enable
#CE10IN O |Area 10 chip enable for internal ROM emulation mode
#CEOQ/M#CEL7 O |Area 9/17 chip enable
#CE8/#RAS1/#CE14/#RAS3 | O |Area 8/14 chip enable / DRAM Row strobe
#CE7HRASO/H#CE13/#RAS2 | O |Area 7/13 chip enable / DRAM Row strobe
#CE6 O |Area 6 chip enable
#CE5/#CE15 O |Area 5/15 chip enable
#CE4/#CE11 O |Area 4/11 chip enable
#CE3 O |Area 3 chip enable for ROM emulation mode
#RD O |Read signal
#EMEMRD O |Read signal for area 3/10 emulation mode
#WRLHWR/HWE O |Write (Low-byte) / Write / DRAM write
#WRH/#BSH O |Write (High-byte) / Bus strobe (High-byte)
#HCAS O |DRAM column address strobe (High-byte)
#LCAS O |DRAM column address strobe (Low-byte)
BCLK O |Bus clock output
#BUSREQ/#CE6/P34 1/0 |Bus release request / Area 6 chip enable / 1/O port
#BUSACK/P35 O |Bus request acknowledge / 1/0O port
#WAIT/HCE4&5/P30 1/0 |Wait cycle request / Areas 4&5 chip enable / 1/O port
#DRD/P20 O |DRAM read signal / 1/O port
#DWE/P21 O |DRAM write (Low-byte) / 1/O port
#X2SPD | |CPU - BCLK clock ratio
1: CPU clock = Bus clock, 0: CPU clock = Bus clock x 2
EA10MD[1:0] | |Area 10 boot mode selection
11: External ROM, 10: Internal ROM, 01: OTP, 00: Internal ROM emulation
EA3MD | |Area 3 mode selection
1: Internal ROM mode, 0: Emulation mode
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User interface signals

Table 4.2 List of User Interface Signals

Signal name

1/10

Function

Internal_addrO

« Address bus (a0) when SBUSST(D3/0x4812E) = "0" (default)
« Bus strobe (low byte) signal (#BSL) when SBUSST(D3/0x4812E) = "1"

Internal_addr[23:1] | O |Address bus (al to a23)
Internal_dout[15:0] | O [Output data bus (doutO to dout15)

This data bus is used when the CPU writes data to the on-chip user logic.
Internal_din[15:0] | |Input data bus (din0 to din15)

This data bus is used when the CPU reads data from the on-chip user logic.
Internal_ce4_x O |Areas 6-4 chip enable signals
Internal_ce5_x These signals go low when the CPU accesses the user logic circuits that are mapped to Areas 6—4.
Internal_ce6_x
Internal_rd_x O |Read signal

This signal goes low when the CPU reads data from the user logic.
Internal_wrl_x O |+ Write (low byte) signal (#WRL) when SBUSST(D3/0x4812E) = "0" (default)

« Write signal (#WR) when SBUSST(D3/0x4812E) = "1"

This signal goes low when the CPU write 8 low-order bit data to the user logic.
Internal_wrh_x O |+ Write (high byte) signal (#WRH) when SBUSST(D3/0x4812E) = "0" (default)

« Bus strobe (high byte) signal (#BSH) when SBUSST(D3/0x4812E) = "1"

This signal goes low when the CPU write 8 high-order bit data to the user logic.
Internal_osc3_clk O [High-speed (OSC3) oscillation clock output

This can be used as a source clock for the user logic.
Internal_pll_clk O |PLL output clock

This can be used as a source clock for the user logic.
Internal_wait_x | |wait cycle request input

The user logic can request to insert wait cycles by setting this signal to low.
Internal_irrd_x O |Instruction fetch indicator signal

This signal goes low when the CPU is in an instruction fetch cycle.

Internal_k60-k67

Input signals
These signals are connected to the input ports K60-K67. The user logic can request HSDMA, IDMA and
interrupts using these signals. The user logic can also be used as input ports with these signals.

Theinternal bus signals are available when an internal access areais set using the BCU register.
The bus conditions can be programmed using the BCU registers similar to the external bus.
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Combination of System Bus Control Signals

The bus control signal pinsthat have two or more functions have their functionality determined when an interface
method is selected by aprogram. The BCU contains an ordinary external system interface (two interface method are
supported) and aDRAM interface.

Table 4.3 Interface Selection

Interface type Interface method Control bit
External system interface |AO system (default) SBUSST(D3/0x4812E) = "0"
#BSL system SBUSST(D3/0x4812E) = "1"
DRAM interface 2CAS system (fixed) None

SBUSST isinitialized to "0" at cold start.
When the IC is hot-started, these bitsretain their status before the chip was reset.

Table 4.4 shows combinations of control signals classified by each interface method.

Table 4.4 Combinations of Bus Control Signals

External system interface DRAM interface
AO system #BSL system 2CAS system
A0 #BSL (little endian) / -
#BSH (big endian) [
#WRL #WR #WE
#WRH #BSL (little endian) / -
#BSH (big endian) (1
- - #HCAS
- - #LCAS
#CEX #CEX #RASX [2
1 Inthe#BSL system, the A0 and #WRH pin functions change according to the endian selected (little endian or

big endian).
2 Whenusing DRAM, the #CE output pinsin areas 7—8 (areas 13—-14) function asthe #RAS1-2 (#RAS3-4)pins.
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Memory Area
Memory Map
Figure 4.1 shows the memory map supported by the BCU.
Area Address Area Address
Area 9 OxOBFFFFF Area 18 OxFFFFFFF
SRAM type SRAM type 0xD000000
Burst ROM type External memory (4MB) 8 or 16 bits OxCFFFFFF External memory (16MB)
8 or 16 bits 0x0800000 0xC000000
Area 8 Ox07FFFFF Area 17 OxBFFFFFF
SRAM type SRAM type 0x9000000
DRAM type Bxternal memory (2MB) 8 or 16 bits OXBFFFFFF | ol memory (16MB)
8 or 16 bits 0x0600000 0x8000000
Area 7 Ox05FFFFF Area 16 Ox7FFFFFF
SRAM type SRAM type 0x7000000
DRAM type External memory (2MB) 8 or 16 bits OXBFFFFFF [ o mory (16MIB)
8 or 16 bits 0x0400000 0x6000000
Area 6 0x03FFFFF External 1/O (16-bit device) Area 15 Ox5FFFFFF
SRAM type 0x0380000 SRAM type 0x5000000
0x037FFFF External I/O (8-bit device) 8 or 16 bits OXAFFFFFF External memory (16MB)
0x0300000 0x4000000
Area 5 Ox02FFFFF Area 14 Ox3FFFFFF
SRAM ‘yFe External memory (1MB) SRAM type External memory (16MB)
8 or 16 bits DRAM type
0x0200000 8 or 16 bits 0x3000000
Area 4 Ox01FFFFF Area 13 Ox2FFFFFF
SRAM type External memory (1MB) SRAM type External memory (16MB)
8 or 16 bits DRAM type
0x0100000 8 or 16 bits 0x2000000
Area 3 Ox00FFFFF R d) Area 12 Ox1FFFFFF
. eserve
16 bits h SRAM type
Fixed at 1 cycle For middleware use 8 or 16 bits External memory (8MB)
0x0080000 0x1800000
Area 2 0x007FFFF R d) Area 11 Ox17FFFFF
) eserve
16 bits SRAM type
Fixed at 3 cycles For CPU core or debug mode 8 or 16 bits External memory (8MB)
0x0060000 0x1000000
Ar:alé bit giggggggg (Mirror of internal I/O) Ar:zAl'a " OXOFFFFFF
s its pe
2 or 4 cycles OXO04FFFF Burst ROM type External memory (4MB)
Internal 1/0 )
0x0040000 8 or 16 bits 0x0C00000
0x003FFFF (Mirror of internal I/O)
0x0030000
Area 0 Ox002FFFF
32 bits
Fixed at 1 cycle Internal RAM
0x0000000

Figure 4.1 Memory Map

Basically, Areas0 to 3 areinternal memory areas and Areas4 to 18 are external memory areas.

Area 0 isnormally used for abuilt-in RAM. The built-in memory is mapped from the beginning of the areaand the
remained spaceisused as the mirror area of the mapped memory.

Area 1l isreserved for the 1/O memory of the on-chip functional blocks. Address 0x0040000 to address Ox004FFFF
are used as the control registers and address 0x0050000 to OxO05FFFF are used as the mirror area.

Area 2 isused in debug mode only and it cannot be accessed in user mode (hormal program execution status).

Area 3 isreserved for EOC33 middlewares.

Area 4 to 18 can aso be configured as internal memory areas using the control register and they can be used for user
logic circuits.
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External Memory Map and Chip Enable

The BCU has a24-bit external address bus (A[23:0]) and a 16-bit external data bus (D[15:0]), allowing an address
space of up to 16MB to be accessed with one chip enable signal. By default, the address spaceisdivided into 11
areas (areas 0 to 10) for management purposes. Of these, areas 4 to 10 are open to an external system, each provided
with an independent chip-enable pin (#CE[10:4]).

The C33 Core Block islimited to 24 available pinsfor the address bus and 7 pinsfor the #CE output dueto its
package structure. However, the #CE[4:10] output pins can be switched to the high-order area chip enable output
pinsas shown in Table 4.5 using software. CEFUNC[1:0] (D[A:9]) / DRAM timing set-up register (0x48130) is
used for this switching.

Table 4.5 Switching of #CE Output

Pin CEFUNC ="00" CEFUNC ="01" CEFUNC ="1x"
#CE4 #CE4 #CE11 #CE11+#CE12
#CE5 #CE5 #CE15 #CE15+#CE16
#CE6 #CEG6 #CE6 #CE7+#CE8
#CE7/#RASO #CET7/#RASO #CE13/#RAS2 #CE13/#RAS2
#CE8/#RAS1 #CE8/#RAS1 #CE14/#RAS3 #CE14/#RAS3
#CE9 #CE9 #CE17 #CE17+#CE18
#CE10EX #CE10EX #CE10EX #CE9+#CE10EX

(Default: CEFUNC = "00")

The high-order areasthat are madeavailablefor use by writing "01" to CEFUNC can belarger in size than the default
low-order areas. For example, when using DRAM in default settings, the available spaceis4MB inareas 7 and 8.
However, if areas 13 and 14 are used, up to 32MB of DRAM can be used. The same applies to the other areas.
Furthermore, when CEFUNC isset to "10" or "11", five chip enable signals are expanded into two areasize.
Although the C33 Core Block has only 24 address output pins, it features 28-bit internal address processing.

Figure 4.2 shows amemory map for an external system.

Area Address Area Address
Area 10 (#CE10) O0XOFFFFFF Area 17 (#CE17) OxBFFFFFF (Mirror of External memory 6)
SRAM type SRAM type 0x9000000
External memory 6 (4MB) ;
Burst ROM type 8 or 16 bits OXBFFFFFF | & iomal memory 6 (16MB)
8 or 16 bits 0x0C00000 0x8000000
Area 9 (#CE9) OXOBFFFFF Area 15 (#CE15) OXSFFFFFE | (\tirror of External memory 5)
SRAM type SRAM type 0x5000000
External memory 5 (4MB) ;
Burst ROM type 8 or 16 bits OXAFFFFFF | o iomal memory 5 (16MB)
8 or 16 bits 0x0800000 0x4000000
Area 8 (#CE8/#RAS1) Ox07FFFFF Area 14 (#CE14/#RAS3) 0x3FFFFFF
SRAM type SRAM type
DRAM type External memory 4 (2MB) DRAM type External memory 4 (16MB)
8 or 16 bits 0x0600000 8 or 16 bits 0x3000000
Area 7 (#CE7/#RAS0) Ox05FFFFF Area 13 (#CE13/#RAS2) 0Ox2FFFFFF
SRAM type SRAM type
DRAM type External memory 3 (2MB) DRAM type External memory 3 (16MB)
8 or 16 bits 0x0400000 8 or 16 bits 0x2000000
Area 6 (#CES) OXO3FFFFF | Coiornal /0 (16-bit device) Area 11 (#CE11) 0x17FFFFF
SRAM type 0x0380000 SRAM type External 2 (8MB
OX037FEEF - _ 8 or 16 bits xternal memory 2 ( )
External I/0O (8-bit device)
0x0300000 0x1000000
Area 5 (#CE5) 0Xx02FFFFF Area 10 (#CE10) OXOFFFFFF
SRAM type SRAM type
8 or 16 bits External memory 2 (1MB) Burst ROM type External memory 1 (4MB)
0x0200000 8 or 16 bits 0x0C00000
Area 4 (#CE4) 0X01FFFFF Area 6 (#CE6) OXO3FFFFF | ional /o (16-bit device)
SRAM type SRAM type 0x0380000
8 or 16 bi External memory 1 (1MB) OX037FFEE
or 16 bits X External I/O (8-bit device)
0x0100000 0x0300000
CEFUNC ="00" CEFUNC ="01"
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Area Address
Area 17+18 (#CE17+18)  OxFFFFFFF .
Mirror of External memory 7
SRAM type 0xD000000 |\ V)
8 or 16 bits OxCFFFFFF
External memory 7' (16MB
0x0000000 y 7 (16MB)
OxBFFFFFF (Mirror of External memory 7)
0x9000000
OxBFFFFFF External memory 7 (16MB)
0x8000000
Areas 15-16 (#CE15+16) 0Ox7FFFFFF )
Mirror of External memory 6'
SRAM type 0x7000000 | X v 6)
16 bi
8 or16 bits OX6FFFFFF External memory 6' (16MB)
0x6000000
OX5FFFFFF (Mirror of External memory 6)
0x5000000
OX4FFFFFF | eytormal memory 6 (16MB)
0x4000000
Area 14 (#CE14/#RAS3) 0x3FFFFFF
SRAM type
DRAM type External memory 5 (16MB)
8 or 16 bits 0x3000000
Area 13 (#CE13/#RAS2) Ox2FFFFFF
SRAM type
DRAM type External memory 4 (16MB)
8 or 16 bits 0x2000000
Areas 11-12 #CE11+12) (Qx1FFFFFF
SRAM type
8 or 16 bits External memory 3 (16MB)
0x1000000
Areas 9-10 (#CE9+10EX) OxOFFFFFF
SRAM type
Burst ROM type External memory 2 (8MB)
8 or 16 bits 0x0800000
Areas 7-8 (#CE7+8) 0x07FFFFF
SRAM type
8 or 16 bits External memory 1 (4MB)
0x0400000

CEFUNC ="10" or "11"

Figure 4.2 External System Memory Map

Furthermore, the #CE4+#CES5 and #CE6 signals can be output from the P30 and P34 terminals, respectively.
Thisfunction expands the accessible areawhen CEFUNC isset to "01, "10" or "11".
To output the #CE4+#CES5 signal from the P30 terminal:

CFP30 (D0)/P3 function select register (0x402DC) ="1"

I0OC30 (D0)/P31/0O control register (0x402DE) ="1"

To output the #CE6 signal from the P34 terminal:
CFP34 (D4)/P3 function select register (0x402DC) ="1"
I0C34 (D4)/P3 1/0 control register (0x402DE) ="1"

The P30 and P34 terminals are set for the general 1/O ports at initial reset.
The P30 and P34 terminals are shared with the #WAIT input and the #BUSREQ input, respectively. Therefore,
when using the #WAIT and #BUSREQ signals, there terminal cannot be used for #CE4+#CES5 and #CEG6 outputs.
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Using Internal Memory on External Memory Area

The BCU dlows using of an internal memory in the external memory aress.

The AxxIO hit in the access control register (0x48132) isused to select either internal accessor external access.
When "1" iswritten, theinternal device will be accessed and when "0" iswritten, the external device isaccessed
(external access by default). The bit names and the corresponding areas are as follows:

A18I0 (DF): Areas17and 18

A16l0 (DE): Areas15and 16

A1410 (DD): Areas13and 14

A1210(DC): Areas1land 12

AB8IO (DA): Areas7 and 8

ABIO (D9): Area6

A5I0 (D8): Areas4and5

Exclusive Signals for Areas
Areas can be accessed using the exclusive signals (address strobe and read signals) as well as the common control
signals.
To use these exclusive signals, they should be configured using G/A read signal control register (0x48138).
The AxxAS bit is used to enable/disable the address strobe signal, and the AxxRD bit is used to enable/disable the
read signal. When "1" iswritten to the bit, the exclusive signal for the corresponding area(s) isenabled andwhen"0"
iswritten, it isdisabled (disabled by default). The bit names and the corresponding areas are as follows:
A18AS (DF), A18RD (D7): Areas17 and 18
A16AS (DE), A16RD (D6): Areas15and 16
A14AS (DD), A14RD (D5): Areas13and 14
A12AS(DC), A12RD (D4): Areas1land 12
A8AS (DA), ASRD (D2): Areas7 and 8
ABAS (D9), A6RD (D1):  Area6
ABAS (D8), A5RD (D0):  Areas4 and 5

#CE selected with AxxAS (ORed)

#WRH

#WRL
#RD

#GAAS —» P21

. #GAAS —» P31
#CE selected with AxxRD (ORed)

Figure 4.3 #GAAS and #GARD Signals

The address strobe signal and the read signal are output from the P21 pin and P31 pin, respectively. Therefore, when
using these signals, the pin(s) must be configured for exclusive signal output using the port function select register
and port function extension register.
To output the exclusive address strobe signal #GAAS:

CFEX2 (D2)/Port function extension register (0x402DF) ="1"

To output the exclusive address strobe signal #GARD:
CFEXS3 (D3)/Port function extension register (0x402DF) ="1"

These signals are common used to all the above areas, so when two or more areas aresel ectedtooutput theexclusive
signal, OR condition is applied.
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Area 10

Area 10 isan external memory areathat includes the boot address (0xC00000). This area supports four boot mode
and a high-speed internal ROM can also be mapped.

Area 10 boot mode

The boot mode can be configured using the external pins EA10MD[1:0].

Table 4.6 Area 10 Boot Mode Selection

EA10MD[1:0] pins Area 10 boot mode
00 Internal ROM emulation mode
01 OTP and internal ROM emulation mode
10 Internal ROM boot mode
11 External ROM boot mode

Internal ROM boot mode

The CPU boots by the internal ROM mapped to area 10. The internal ROM size should be selected from among
eight types (min. 16KB, max. 2MB) using the A10IR[2:0] (D[E:C])/Areas 10-9 set-up register (0x48126).
ThisROM begines with address 0xCO0000 and can be read in one cydle the same as that of area3. For the
remained areawithin area 10, the external memory will be accessed if itisavailable.

Internal ROM emulation mode

The CPU boots by the external memory that emulates an internal ROM. This mode accesses the ROM
emulation area set by the A10IR[2:0] (D[E:C])/Areas 10-9 set-up register (0x48126) using the same condition
asinterna ROM boot mode. The emulation memory is accessed using the #CE10IN chip enable signal.

OTP and internal ROM emulation mode

In thismode, channel 0 of IDMA startsup for tranfering the program codes in the Flash memory to the high-
speed SRAM immediately after an initial reset isreleased. Then the system boots by the SRAM. After that,
this mode functions the same as internal ROM emul ation mode.

Since the Flash memory and SRAM are mapped to the same address range, the Flash memory is accessed
using the #CE10EX chip enable signal and the SRAM isaccessed using the #CE10IN chip enable signal.

External ROM boot mode
The CPU boots by the external ROM (ROM, Flash, SRAM, etc.). This mode uses the bus condition set by the
BCU registers for area 10.

Setting the internal ROM size

When aboot mode other than external ROM boot mode is used, theinternal ROM or emulation memory size
should be set using A10IR[2:0] (D[E:C)/Areas 10-9 set-up register (0x48126).

Table 4.7 Area 10 Internal ROM Size

A10IR2 A10IR1 A10IRO ROM size

0 0 0 16KB

0 0 1 32KB

0 1 0 64KB

0 1 1 128KB

1 0 0 256KB

1 0 1 512KB

1 1 0 1MB

1 1 1 2MB (default)

11-4-8

EPSON EOC33 FAMILY ASIC MACRO MANUAL



Area 10 memory map
Figure 4.4 shows the memory map of area 10.

OXOFFFFFF

0x0C00000

Area 3

External ROM boot mode

Area 10

25 MHz
5 wait

External memory
is accessed.
Set-up example

Il CORE BLOCK: BCU (Bus Control Unit)

Other modes

OXOFFFFFF Area 10

External memory
is accessed.
Set-up example
25 MHz
5 wait

Internal or
emulation memory
is accessed.
Set-up example
25 MHz (#X2SPD = "1")
25 MHz (#X2SPD ="0")

0X0C00000 No wait

Figure 4.4 Area 10 Memory Map

Area 3 isan interna memory areaand reserved for EOC33 middlewares.
Thisarea can be configured with an internal ROM or an external emulation memory. TheEA3MD pinisused for this

selection.

Table 4.8 Area 3 Mode Selection

16KB, 32KB, 64KB, 128KB
256KB, 512KB, 1MB or 2MB
selected by A10IR[2:0]

EA3MD pin Area 3 mode
0 Emulation mode
1 Internal ROM mode

EOC33 FAMILY ASIC MACRO MANUAL
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System Configuration in Emulation Mode
Figure 4.5 shows a development environment example using the emulation mode.

EOC33 Area 3 emulation memory
(High-speed SRAM)
A[23:0] » Address
#CE3 L » #CE
#EMEMRD [2 » #RD
#WRL » #WRL Data bus GIA DRAM
#WRH » #WRH Data buffer Data Data
$ $ $
D[15:0] >4
O— EA3MD v t
Data Data
O— EA10MD1 —» Address
O— EA10MDO PHRD 0 | geeemmmnnaa
» #WRL 4
» #WRH
#CE10IN » #CE
Area 10 emulation memory
High-speed SRAM
(High-sp ) » Address
#CE10EX » #CE
#RD (B » #RD
» #WRL
» #WRH

[1: Available when EA3MD ="0"

[2: Available only for emulation mode
[B: General read signal for external devices
[4: Data is transferred from Flash to SRAM when booting with OTP mode.

Area 10 external memory
(Flash)

Figure 4.5 Development Environment Example

The emulation memory is accessed without wait state as shown in Figure 4.6.

10 ns 10 ns
BCLK | td1 + tsetup = 10 ns or less
td2 + tsetup = 15 ns or less
External address i P
+———1d1(3 ns) tsetup = 7 NS
#CE10IN/#CE3 td1 =3 ns
td2(8 ns) td2=8ns
#EMEMRD 5ns
External Data —
tacc tsetup
(7 ns)

Figure 4.6 Read Timing in Emulation Mode

In the emulation mode, the exclusive read signal #EMEMRD is used.
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Il CORE BLOCK: BCU (Bus Control Unit)

Setting External Bus Conditions

Thetype, size, and wait conditions of adevice connected to the external bus can be individually set for each area
using the control register (0x48120 to 0x48130). The following explains the available setup conditions individually
for each area. For details on how to set the DRAM interface conditions, refer to "DRAM Direct Interface”.

The control register used to set bus conditions isinitialized at cold start. Therefore, please set uptheseregistersagain
using software according to the external device configuration and specifications.
When the IC is hot-started, the setup contents and pinsretain their previous status before areset.

Setting Device Type and Size
Table 4.9 shows the types of devicesthat can be connected directly to each area.

Table 4.9 Device Type

Area | SRAM type DRAM type Burst ROM type Control bit
18-15 o X X None
14 o o X A14DRA(D8)/Areas 14-13 set-up register(0x48122)
13 o o X A13DRA(D7)/Areas 14-13 set-up register(0x48122)
12,11 o X X None
10 0 X 0 A10DRA(D8)/Areas 10-9 set-up register(0x48126)
9 0 X 0 A9DRA(D7)/Areas 10-9 set-up register(0x48126)
8 o o X A8BDRA(D8)/Areas 8-7 set-up register(0x48128)
7 o o X A7DRA(D7)/Areas 8-7 set-up register(0x48128)
64 o X X None

o : Can be connected X: Cannot be connected

When connecting burst ROM or DRAM, write "1" to each corresponding control bit. These control bits are reset to
"0" (SRAM type) at cold start.

The device size can be set to 8 or 16 bits once every two areas except for area 6. Area 6 alone hasits first half
(Ox300000—-0x37FFFF) fixed to an 8-bit device and the second half (0x380000—0x3FFFFF) fixed to a 16-bit device.

Table 4.10 Device Size Control Bits
Area Control bit
18,17 |A18SZ(DE)/Areas 18-15 set-up register(0x48120)
16,15 |A16SZ(D6)/Areas 18-15 set-up register(0x48120)
14,13 |A14SZ(D6)/Areas 14-13 set-up register(0x48122)
12,11 |A12SZ(D6)/Areas 1211 set-up register(0x48124)
10,9 |A10SZ(D6)/Areas 10-9 set-up register(0x48126)
8,7 |A8SZ(D6)/Areas 8-7 set-up register(0x48128)
5,4 |A5SZ(D6)/Areas 64 set-up register(0x4812A)

At cold start, each area by default is set to 16 bits.
When using an 8-bit device, write "1" to the control bit.

Note: The BCU supports 16-bit burst ROM. Therefore, when connecting burst ROM to area 10 or area 9,
do not set the device size to 8 bits (A10SZ = "1").

For differencesin bus operation due to the device size and access data size, refer to " Bus Operation of External
Memory".
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Setting SRAM Timing Conditions
The areas set for the SRAM allow wait cycles and output disable delay timeto be set.

Number of wait cycles: 0to 7 (incremented in units of one cycle)
Output disable delay time: 0.5, 1.5, 2.5, 3.5 cycles

This selection can be made once every two areas except for area 6.

Table 4.11 Timing Condition Setting Bits (for SRAM type)

Area Number of wait cycles | Output disable delay time Control register
18, 17 A18WT[2:0](D[A:8]) A18DF[1:0](D[D:C]) Areas 18-15 set-up register(0x48120)
16, 15 A16WT[2:0](D[2:0]) A16DF[1:0](D5:4]) Areas 18-15 set-up register(0x48120)
14,13 A14WT[2:0])(D[2:0]) A14DF[1:0](D5:4]) Areas 14-13 set-up register(0x48122)
12,11 A12WT[2:0](D[2:0]) A12DF[1:0](D5:4]) Areas 12-11 set-up register(0x48124)
10,9 A10WT[2:0](D[2:0]) A10DF[1:0](D5:4]) Areas 10-9 set-up register(0x48126)
8,7 ABWTI[2:0](D[2:0]) A8DF[1:0](D[5:4]) Areas 8-7 set-up register(0x48128)
6 ABWTI[2:0](D[A:8]) AB6DF[1:0](D[D:C]) Areas 64 set-up register(Ox4812A)
54 A5WT[2:0](D[2:0]) A5DF[1:0](D[5:4]) Areas 64 set-up register(Ox4812A)

At cold start, the number of wait cycles isset to 7 and the output disable delay timeis set to3.5 cycles Resetupthese
parameters as nhecessary using software according to specifications of the connected device.
At hot start, these parameters retain their previous settings before areset.

Wait cycles
When the number of wait cyclesisset for an areausi ng the control bit, the BCU extends the bus cyclefor a
duration equivalent to the wait cycles set when it accesses the area. Set the desired wait cycles accordingtothe
bus clock frequency and the external device's accesstime. Separately from the wait cycles set here, await
request from an external devicecan also be accepted using the #WAIT pin. Since the settings of wait cycles
using software are made once every two areas, use this external wait request function if you want the wait
cycles to be controlled individually in each areaor if you need 7 or more wait cycles. The#WAIT pinisshared
with the P30 /O port. For an external wait request to be accepted, write " 1" to CFP30 (DO0) / P3functionselect
register (0x402DC [Byte]) and write "1" (default ="0") to SWAIT (DO) / Bus control register (0x4812E) to
enable the #WAIT pin.
For timing charts for bus cycles and when wait cycles areinserted, refer to "Bus Cycles in External System
Interface”.

If the number of wait cyclesisset to 0 and no external wait is requested, the basic read cycle (read in byte or
half-word) for the SRAM external device consists of onecycle. If wait cycles are set, because these cycles are
added, the bus read cycle consists of [number of wait cycles + 1] (providing that there isno external wait).

On the other hand, the basic write cycle consists of at least two cycles. This does not change regardless of
whether zero or onewait cycleisset. If the number of wait cycles setis2 or more, the bus cycleisactually
extended. In this case, the bus write cycle consists of [number of wait cycles + 1], as in the case of read cycles
(providing that thereis no external wait).
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Output disable delay time
In cases when a device having along output disable timeis connected, if aread cyclefor that deviceisfollowed
by the next access, contention for the data bus may occur. (Dueto the fact the read device's databus is not
placed in the high-impedance state.) The output disable delay timeis provided to prevent such data bus
contention. Thisis accomplished by inserting a specified number of cycles between aread cycle and the next
bus operation.
Check the specifications of the device to be connected before setting the output disable delay time.
By default, the output disable delay timeisinserted only in the following cases:
» when aread cyclefrom the external device that has had an output disable delay time set isfollowed by a
write cycle performed by the CPU; and
» when aread cyclefrom the external device that has had an output disable delay time setisfollowed by aread
cyclefor adifferent area (including the internal device).

Conversely, no output disable delay timeisinserted in the following conditions:
» immediately after awrite cycle, and
* during a successive read from the same external device.

Setting Timing Conditions of Burst ROM

Wait cycles
If burst ROM is selected for area 10 or 9, the wait cycles to be inserted in the burst read cyclecan be selectedin
arange from 0 to 3 cycles. A10BW[1:0] (D[A:9]) / Areas 10-9 set-up register (0x48126) isused for this
selection. This selection is applied simultaneously to areas 10 and 9, so wait cycles can not be chosen
individually for each area. Thewait cycles set at cold start isO.

Even for aburst read, the SRAM settings of wait cyclesinthefirst bus operation are valid. (Refer to
A10WTI[2:0] in the foregoing section.)
Thewait cycles set by A10BW[1:0] areinserted into the burst cycles after thefirst bus operation.

In addition, when burst ROM is selected, no wait cycles can be inserted into the read cycle viathe#WAIT pin.
For writing to an areathat has had burst ROM selected, an SRAM write cycleis executed. In thiscase, boththe
SRAM settings of wait cycles and thoseinput viathe #WAIT pin are valid.

Burst mode
The burst mode can be selected between an eight-consecutive-burst andafour-consecutive-burst mode. RBST8
(DD) / Buscontrol register (0x4812E) is used for this selection. The eight-consecutive-burst modeis selected
by writing " 1" to RBST8 and the four-consecutive-burst mode is selected by setting the bit to "0". At cold start,
the four-consecutive-burst modeis set by default.
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Bus Operation

Data Arrangement in Memory

The EOC33 Family of devices handle datain bytes (8 bits), half-words (16 hits), and words (32 bits). When
accessing datain memory, it is necessary to specify aboundary address that conformsto the data size involved.
Specification of an invalid address causes an address error exception. For instructions (e.g., stack manipulation or
branch instructions) that rewrite the SP (stack pointer) or PC (program counter), the specified addresses areforcibly
modified to appropriate boundary addresses. Therefore, no address error exception occurs in this type of instruction.
For details about the address error exception, refer to the "EOC33000 Core CPU Manual”.

Table 4.12 shows the data arrangement in memory, classified by datatype

Table 4.12 Data Arrangementin Memory

Data type Arranged location
Byte data Byte boundary address (all addresses)
Half-word data |Half-word boundary address (A[0]="0")
Word data Word boundary address (A[1:0]="00")

The half-word and word datain memory area accessed in little-endian format by default. It can be changed to big-
endian format using AXXEC (D[7:0])/Access control register (0x48132). When "1" iswritten to AXXEC, the
corresponding areais accessed in big-endian method. The bit names and the corresponding areas are as follows:
A18EC (D7): Areas17and 18

A16EC (D6): Areas15and 16

A14EC (D5): Areas13and 14

A12EC (D4): Aress1land 12

A10EC (D3): Areas9and 10 ... Fixed at "0" (little-endian) for booting.

A8EC (D2): Areas7 and8

AG6EC (D1): Area6

ABEC (D0): Areas4 and5

Toincrease memory efficiency, try to locate the same type of dataat continuous locations on exact boundary
addresses in order to minimizeinvalid aress.

Bus Operation of External Memory
The external data bus is 16-bitswide. For this reason, more than one bus operation occurs depending on the device
size and the data size of theinstruction executed, as shown in Table 4.13.

Table 4.13 Number of Bus Operation Cycles

Data sizeto be| Devise Number of bus

Remarks
accessed size operation cycles

32 bits 16 bits 2

16 bits 16 bits 1

8 bits 16 bits 1 In little-endian method, the low-order byte is accessed when the LSB of
the address (A[0]) is "0" or the #BSL signal is L. The high-order byte is
accessed when the LSB of the address (A[0]) is "1" or the #BSH signal is
H.
In big-endian method, the high-order byte is accessed when the LSB of the
address (A[0]) is "0" or the #BSL signal is L. The low-order byte is
accessed when the LSB of the address (A[0]) is "1" or the #BSH signal is
H.

32 bits 8 bits 4 In little-endian method, the 8-bit device must be connected to the low-

order 8 bits of the data bus. In big-endian method, the 8-bit device must be
connected to the high-order 8 bits of the data bus.

16 bits 8 bits 2 In little-endian method, the 8-bit device must be connected to the low-
order 8 bits of the data bus. In big-endian method, the 8-bit device must be
connected to the high-order 8 bits of the data bus.

8 bits 8 bits 1 In little-endian method, the 8-bit device must be connected to the low-
order 8 bits of the data bus. In big-endian method, the 8-bit device must be
connected to the high-order 8 bits of the data bus.
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The following diagram shows sample bus operations where the A0 system is used.

Little-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Byttl | ByteO || pNo. A1 A0 #WRH #WRL 15 Data bus 0
15 v?2 o0 15 vi ol 1 0 0 0 0 Byte 1 Byte 0
| A[L:0]=10 [ A[L:0]=00 |2 t 0 0o o Byte 3 Byte 2
Destination (16-bit device)
Big-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Byttl | ByteO || pNo. AL A0 #WRH #WRL 15 Data bus 0
15 vi 0 15 v2 ol T 0o 0o o 0 Byte 3 Byte 2
| A[1:0]=00 [ A[L:0]=10 || 2 t 0 0o o Byte 1 Byte 0
Destination (16-bit device)
Figure 4.7 Word Data Writing to a 16-bit Device
Little-endian
31 Destination (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Byttl | ByteO || pNo. AL A0 #WRH #WRL 15 Data bus 0
15 42 0 15 41 ol 1T 0 0 1 1 Byte 1 Byte 0
| A[L:0]=10 [ A[L:0]=00 |2 0 v 1 Byte 3 Byte 2
Source (16-bit device)
Big-endian
31 Destination (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Byttl | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
15 ! 0 15 42 ol 1 0 0 1 1 Byte 3 Byte 2
| A[1:0]=00 | A[1:01=10 | 2 1 o0 1 1 Byte 1 Byte O
Source (16-bit device)
Figure 4.8 Word Data Reading from a 16-bit Device
Little-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Bytt2 [ Bytel [ ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
15 vl ol T O 0o 0 o | Bytel | ByteO |
[ A[1:0]=[0 |
Destination (16-bit device)
Big-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Byttl | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
15 vi ol T D0 0o o 0 | Bytel | ByteO |
[ A[1:0]=0 |
Destination (16-bit device)
Figure 4.9 Half-word Data Writing to a 16-bit Device
Little-endian
31 Destination (general-purpose register) 0 Bus operation
[_SignorZeroextension | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
15 41 ol L 0O o0 1 1 | Bytel | Byte0O |
[ A[1:0]=00 |
Source (16-bit device)
Big-endian
31 Destination (general-purpose register) 0 Bus operation
| sSignorzeroextension | Bytel | ByteO || No. A1 AO #WRH #WRL 15 Data bus 0
15 41 ol 1 0 o 1 1 | _Bytel | Byte0O |
[ A[1:0]=[0 |
Source (16-bit device)
Figure 4.10 Half-word Data Reading from a 16-bit Device
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Little-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 [ Bytel [ ByteO |[ No. AL A0 #WRH #WRL 15 Data bus 0
15 X1 U 4| 1 0 1 0 1 Byte 0 [Data retained
| A[1:0]=C1 | A[1:0]=0 | 1 o o 1 0 Data retained Byte O
Destination (16-bit device)
Big-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 | Byte2 | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
15 K1 1 ol 1 0 0 0 1 Byte 0 |Data retained
| A[1:0]=00 | A[1:0]=C1 | 1 o 1 1 0 Data retained Byte O
Destination (16-bit device)
Figure 4.11 Byte Data Writing to a 16-bit Device
Little-endian
31 Destination (general-purpose register) 0 Bus operation
| Sign or Zero extension | RDbyte || No. A1 A0 #WRH #WRL 15 Data bus 0
15 A1 41 4| 1 0O 1 1 1 RD byte Ignored
| A[1:O]:EJ1 | A[lZO]ZED | 1' o o 1 1 Ignored RD byte
Source (16-bit device)
Big-endian
31 Destination (general-purpose register) 0 Bus operation
| Sign or Zero extension | RDbyte || No. A1 A0 #WRH #WRL 15 Data bus 0
15 A1 4r 4.1 0 o0 1 1 RD byte Ignored
| A[1:0]=00 | A[1:0]=C1 | 1' o 1 1 1 Ignored RD byte
Source (16-bit device)
Figure 4.12 Byte Data Reading from a 16-bit Device
Little-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
s v4 o8 v3 05 ¥2 gg w1 | 1 0o o X 0 [Dataretained] Byte 0
[AILO=11 | A[L:0]=10 | A[1:0]=01 | A[l:0}=00 || 2 © 1 X 0 |Dataretained] Bytel
Destination (8-bit device) 3 1o X 0 Data retained Byte 2
4 1 1 X 0 Data retained Byte 3
Big-endian (X: Not connected/Unused)
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
8 vl gg v2 g5 ¥3 gg ¥4 | 1 o o 0 1 Byte 3 [Data retained
[ A[L.0]=00 | A[1:0]=01 | A[1:.0]=10 | A[L0]=11 || 2 ©0 1 © 1 Byte2 |Data retained
Destination (8-bit device) 3 1 0 0 1 Byte 1 Data retained
4 1 1 0 1 Byte O Data retained

Figure 4.13 Word Data Writing to an 8-bit Device

Little-endian
31 Destination (general-purpose register) 0 Bus operation
[ Byte3 [ Bytt2 [ Bytl [ ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
3 44 08 43 08 42 08 41 ol 1 0 0 X 1 Ignored Byte O
[ A[LO=11 | A[L0]=10 | A[1.0]=01 | A[L0=00 ]| 2 © 1 x 1 Ignored Byte 1
Source (8-bit device) s Lo X t Ignored Byte 2
4 1 1 X 1 Ignored Byte 3
Big-endian (X: Not connected/Unused)
31 Destination (general-purpose register) 0 Bus operation
[ Byte3 | Byte2 | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
8 41 4s 42 44 43 43 44 4 1 o0 o 1 1 Byte 3 Ignored
[ A[L:0]=00 | A[L:0]=01 | A[1.0]=10 | A[L.0]=11 || 2 ©° 1 1 1 Byte 2 Ignored
Source (8-bit device) 3 10 ! ! Byte 1 Ignored
4 1 1 1 1 Byte O Ignored

Figure 4.14 Word Data Reading from an 8-bit Device
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Little-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 [ Bytel | ByteO || No. AL A0 #WRH #WRL 15 Data bus 0
s ¥2 pg ¥l o| I O o x o |[Dataretained ByteO
[ A[LO]=C1 | A[L.0]=00 | 2 01 X 0 Data retained Byte 1
Destination (8-bit device) (X: Not connected/Unused)
Big-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Byttl | ByteO || pNo. AL A0 #WRH #WRL 15 Data bus 0
s ¥l 55 ¥2 o/ I O o o 0 Byte 1  [Data retained
[ A[LO=DD | A[LOJ=CL | 2 01 0 0 Byte 0 Data retained
Destination (8-bit device) (&1 Uniformly 1 or 0)
Figure 4.15 Half-word Data Writing to an 8-bit Device
Little-endian
31 Destination (general-purpose register) 0 Bus operation
[ SignorZeroextension | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
3 42 434 41 o4 1 O o X 1 Ignored Byte 0
[ A[LO=L | A[LOJ=0D | 2 01 X 1 Ignored Byte 1
Source (8-bit device) (X: Not connected/Unused)
Big-endian
31 Destination (general-purpose register) 0 Bus operation
[ SignorZeroextension | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
3 41 44 40 4,0 1 O o 1 1 Byte 1 Ignored
[ A[LO=D | A[LOJ=CL | 2 01 1 1 Byte 0 Ignored
Source (8-bit device) (C Uniformly 1 or 0)
Figure 4.16 Half-word Data Reading from an 8-bit Device
Little-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 [ Byte2 | Byttl | ByteO || pNo. A1 A0 #WRH #WRL 15 Data bus 0
s ¥1 o/ 1 D0 O X 0 [Dataretained] ByteO |
A[1:0]=0
Destination (8-bit device) (X: Not connected/Unused)
Big-endian
31 Source (general-purpose register) 0 Bus operation
[ Byte3 | Byte2 | Bytel | ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
s ¥l o/ 1T ©0D O o 1 | ByteO [Data retained|
A[1:0]=0)
Destination (8-bit device)
Figure 4.17 Byte Data Writing to an 8-bit Device
Little-endian
31 Destination (general-purpose register) 0 Bus operation
| Sign or Zero extension [ ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
g %1 L, 1 O O X 1 | Ignored | ByteO |
A[1:0]=J
Source (8-bit device) (X: Not connected/Unused)
Big-endian
31 Destination (general-purpose register) 0 Bus operation
| Sign or Zero extension [ ByteO || No. A1 A0 #WRH #WRL 15 Data bus 0
s 41 4| 1 0O O 1 1 | ByteO | Ignored |
A[1:0]=[TJ

Source (8-bit device)
Figure 4.18 Byte Data Reading from an 8-bit Device
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Bus Clock

The bus clock is generated by the BCU using the CPU system clock output from the clock generator.
Figure 4.19 shows the clock system.

» To CPU
PLLS[L:0] pins #X2SPD pin
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, :
T [cLkoTiL0]] [clkeHe] CLG | [ ‘ Bus clock
High-speed (OSC3) | 0SC3_CLK v ; || 1BCU 1 BCLKSEL[1:0]
oscillation circuit ~ o |
‘ ] A 1/1~1/8 CPU_CLK: {1 or 12 :BCU_CLK

PLL CLK —»( BCLK pin

YVYVY

' | Low-speed (OSC1)

oscillation circuit

0OSC3_CLK (PLL: off)

PLL_CLK (PLL:x2mode) | | [ | [ 1 T 1 | 1

PLL_CLK (LU xemose) | 1 [ 1/ 11 L L L L L

CPU_CLK (CLKDT = 1/1)

cpu_clk(ckoT=12) [ | [ L[ L[ | | ]

CPU_CLK (CLKDT = 1/4)

CPU_CLK (CLKDT=1/8) _ | \ \

CPU_CLK

BCU_CLK(#X2SPD=H, x1 speed mode)
BCU_CLK(#X2SPD=L, x2 speed mode)

[ Access to the internal RAM
[P Access to the external memory

Figure 4.19 Clock System

Since the bus clock is generated from the CPU system clock (CPU_CLK), the following settings affect the bus
clock:

1. Selection of an oscillation circuit (OSC3 or OSC1)

2. PLL configuration (OSC3_CLK x 1, x2 or x4)

3. CPU clock divisionratio for power saving

Items 2 and 3 apply when the high-speed (OSC3) oscillation circuit is selected as the CPU clock source.
For details about the settings of the system clock, refer to " CLG (Clock Generator)".

Bus clock operation during standby is as follows:

Basic HALT mode: the BCU and bus clock continue operating. DRAM can be refreshed.
HALT2 mode: the BCU and bus clock are stopped.

SLEEP mode: the BCU and bus clock are stopped.
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Bus Speed Mode

The CPU - bus clock ratio can be set using the #X2SPD pin as follows:

When #X2SPD = High, x1 speed mode (CPU - bus clock ratiois1 : 1) isset. The bus clock and the CPU system
clock will be the same.

When #X2SPD = Low, x2 speed mode (CPU - bus clock ratio is2 : 1) isset. In X2 speed mode, the busclock will be
dynamically varied according to the memory to be accessed.

» When an external memory areais accessed, the bus clock frequency becomes half of the CPU system clock.

» When theinterna RAM/ROM areais accessed, the bus clock frequency becomes equal to the CPU system clock.

In x1 speed mode, area 1 (internal 1/0 area) isaccessed in 4 cycles of the CPU systemclock, whileinx2 speed mode,
the number of access cycles can be selected using A1X1IMD (D3) / BCLK select register (0x4813A).

When A1X1IMD ="1", areal isaccessed in 2 cycles of the CPU system clock.

When A1X1IMD ="0", areal isaccessed in 4 cycles of the CPU system clock. (default)

Bus Clock Output
The bus clock isaso output from the BCLK pin to an external device. The BCLK output clock can be selectedfrom
among four typesusing BCLKSEL[1:0] (D[1:0]) / BCLK select register (0x4813A).

Table 4.14 Selection of BCLK Output Clock

BCLKSEL1 BCLKSELO Output clock
1 1 PLL_CLK (PLL output clock)
1 0 OSC3_CLK (OSC3 oscillation clock)
0 1 BCU_CLK (BCU operating clock)
0 0 CPU_CLK (CPU operating clock)

EOC33 FAMILY ASIC MACRO MANUAL EPSON 11-4-19



Il CORE BLOCK: BCU (Bus Control Unit)

Bus Cycles in External System Interface

The following shows asample SRAM connection the basic bus cycles.

EOC33 SRAM EOC33 SRAM EOC33 SRAM
A[9:1] > A[8:0] A[9:1] > A[8:0] A[9:1] > A[8:0]
D[15:0] > 1/0[15:0] D[15:0] [« > 1/0[15:0] D[15:0] > 1/0[15:0]
#RD » #RD A0 » #LB A0 DC: #LB
#WRH > #WRH #WRH > #UB #WRH #UB
#WRL > #WRL #WRL > H#WE #WRL > H#WE
#CE > #CE #CE > #0S #CE > #0S
#RD > #OE #RD » #OE

(1) AO system (little endian/big endian) (2) #BSL system (little endian) (3) #BSL system (big endian)

Figure 420 Sample DRAM Connection

SRAM Read Cycles

Basic read cycle with no wait mode

_/

A[23:0] X addr

BCLK

#CEXX

D[15:0] dat

17 18

#RD

#WAIT

Figure 4.21 Basic Read Cycle with No Wait

Read cycle with wait mode

Example: When the BCU has no internal wait mode and 2 wait cycles via#WAIT pin areinserted
C1l CW CW

< <

A

BCLK

X addr

WU

A[23:0]

#CEXX

X data —

D[15:0]

#RD

HWAIT N I\ 4 N

Figure 4.22 Read Cycle with Wait

The#WAIT signal issampled at thefalling edge of thetransition of BCLK (bus clock) and when it is sampled
on an inactive (high level), theread cycleisterminated.

Note: Insertion of wait cycles via the #WAIT pin is possible only when the device for bus conditions is set
for SRAM, and SWAIT (D0) / Bus control register (0x4812E) is enabled for waiting.
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The above example shows aread cycle when await modeisinserted viathe #WAIT signal. A wait mode
consisting of 0 to 7 cycles can also be inserted using the wait control bits. The settings of thesebitscan alsobe
used in combination with the #WAIT signal. In this case as well, the #WAIT signal issampled at thefalling
edge of thetransition of BCLK. However, even when the #WAIT signal isinactive beforethewait cyclessetby
thewait control bits are terminated, the read cycleisnot terminated at that time.

Precaution
#CE and address hold times at the rising edge of the #RD signal
In read cycles of thisBCU, negating the #RD signal, negating the chip enable (#CExx) signal andchangingthe
address (A[23:0]) occur simultaneously at the same clock edge. No hold timeisinserted to the chip enableand
address signals. The same applies even when an output disable delay timeisinserted.
Therefore when connecting a peripheral circuit, which changesits internal state by reading, to the bus, take a
measure to insert adelay to the address and chip enable signals.

Output disable cycle

When an output disable cycle (set with output disable delay time parameter) isinserted, the chip enable
(#CExx) signa temporarily goes high. This makes an interval between the next read cycle.

Note, however, that no output disable cycleisinserted when reading is continuously performed to the area that
is accessed with the same chip enable signal.
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SRAM Write Cycles

Basic write cycle with no wait mode

) C1l D c2
BCLK N N S
AR30] X addr N
#CExx |
D[15:0] data —
H#WRH/MH#WRL -
H#WAIT
#WR -
#BSL#BSH__ X X
Figure 4.23 Half-word Write Cycle with No Wait
« C1 yie C2 « C3 « C4
BCLK L S
A[23:0] _ X addr
#CEXxx o
#WRH
#WRL
D[15:8] ‘ Undefirjed Valiq
D[7:0] ‘ Valicji Undefirjled
Figure 4.24 Byte Write Cycle with No Wait (AO system, little endian)
« C1 yie C2 « C3 « C4
BCLK L S
A[23:0] _ X addr
#CEXxx o
#BSH
#BSL o
#WRL
D[15:8] ‘ Undefirjed Valiq
D[7:0] l Valié Undefi%led

Figure 4.25 Byte Write Cycle with No Wait (#BSL system, little endian)
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Write cycle with wait mode
Example: When the BCU hasno internal wait mode, and 1 wait cycleisinserted viathe #WAIT pin

c1 cw c2
BCLK _/ L L L
A[23:0] X addr XU
#CEXX

D[15:0] data —

#WRHH#WRL

#WAIT

#WR

#BSL#BSH___ X ‘ ‘ ‘ ‘ ‘ X

Figure 4.26 Half-word Write Cycle with Wait

The#WAIT signal issampled at thefalling edge of thetransition of BCLK (bus clock), and the write cycleis
terminated in the cycleimmediately following the cyclein which the #WAIT signal was sampledin an
inactive (high level).

Note: Insertion of wait cycles via the #WAIT pin is possible only when the device for bus conditions is set
to SRAM and SWAIT (DO0)/ Bus control register (0x4812E) is enabled for waiting.

The above example shows awrite cyclewhen await modeisinserted viathe #WAIT signal. A wait mode
consisting of 2 to 7 cycles can also be inserted using the wait control bits. The settings of thesebitsalso canbe
used in combination with the #WAIT signal. In this case as well, the #WAIT signal issampled at thefalling
edge of thetransition of BCLK. However, even when the #WAIT signal isinactive beforethewait cyclessetby
thewait control bits are terminated, the write cycle is not terminated at that time.

Note: The basic write cycle consists of at least two cycles. This does not change regardless of whether
zero or one wait cycle is set by the wait control bits. If the number of waitcycles set is 2 ormore, the
bus cycle is actually extended. In this case, the bus write cycle consists of [number of wait cycles +
1], as in the case of read cycles (providing that there is no external wait).
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Burst ROM Read Cycles

Burst read cycle
Example: When 4-consecutive-burst and 2-wait cycles are set during the first access

BCLK _ / L . L I

AR32) X | | |  addr[23:2] | | | | XU
T R R GRS G
#CE10(9) |

D[15:0] X ARO XIITIK RL XK \R2. XK IR3 »—
#RD

Figure 4.27 Burst Read Cycle

A burst read cycle occurs when area 10 or 9 is set for burst ROM and one of those areas is accessed for the
following reasons:

1) Instruction fetch
The burst read cycleis executed as long as ainstruction fetch from contiguous addresses continuesuntil
A[2:1] ="11" (for 4-consecutive bursts); or
A[3:1] ="111" (for 8-consecutive bursts)

2) Word (32-bit) data readout

Note: A 16-bit output is supported for the burst ROM. Set the device size to 16 bits.

Wait cycles during burst read
In thefirst bus operation, 0 to 7 wait cycles can be inserted using the wait control bits A1OWT[2:0] (D[2:0]) /
Areas 10-9 set-up register (0x48126) in the same way as for ordinary SRAM. For thewait cyclestobeinserted
inthe burst cyclethat follows, use adedicated wait control bits, A10BW[1:0], which isonly used for reading
bursts. The wait cycles can be set in therange from 0 to 3 using these hits.
Note that no wait cycle viathe #WAIT pin can be inserted into the burst-read cycle.

Write cycle to burst ROM area
If area10 or 9 isset for burst ROM, a SRAM write cycleis executed when awrite to that areais attempted. In
this case, wait cycles viathe #WAIT pin can be inserted.
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DRAM Direct Interface

Outline of DRAM Interface

The BCU incorporatesa DRAM direct interface that allows DRAM to be connected directly to areas8and7 or areas
14 and 13. Thisinterface supports the 2CAS method, so that column addresses can be set at between 8and 11 bits.In
addition, thisinterface supports afast-page or an EDO-page mode (EDO DRAM directly connectable to areas) as
well as random cycles. The refresh method (CAS-before-RASrefresh or self-refresh) and timing conditions (e.g.,
number of RAS/CAS cycles and number of precharge cycles) can be programmed using acontrol bit.

When selecting areas 8 and 7 or areas 14 and 13 to be used for DRAM, it depends on chip-enable settings using
CEFUNC (D9) / DRAM timing set-up register (0x48130).
CEFUNC ="00": DRAM can be connected to areas 8 and 7 (default)
#CE8 and #CE7 function as #RAS0 and #RAS1, respectively.
CEFUNC # "00": DRAM can be connected to areas 14 and 13.
#CE14 and #CE13 function as #RAS2 and #RAS3, respectively.

Figure 4.28 shows asample DRAM connection. Table 4.15 and Table 4.16 show examples of connectable DRAMs
and typical configurations.

EOC33 4M DRAM
(256K x 16)
Al9:1] » A[8:0]
D[15:0] | I/O[15:0]
#RD » #OE
#RASX#HCEX)* #RAS
#HCAS » #HCAS
#LCAS » #LCAS
HWE #WE

Ox:14,13,8o0r7

Figure 4.28 Sample DRAM Connection

Table 4.15 Connectable DRAM Example

DRAM Numper of Number of Number (?f Memory size
devices Row bits Column bits
1M (64K x 16) 1 8 8 128K bytes
4M (256K x 16) 1 9 9 512K bytes
16M (1M x 16) 1 12 8 2M bytes

Table 416 DRAM Configuration Example (areas 7 and 8 only)

Area 7 Area 8 Total memory size
1/0 DRAM (1M) 1M bits (128K bytes)
/0 DRAM (4M) 4M bits (512K bytes)
/0 DRAM (16M) 16M bits  (2M bytes)

DRAM (1M)  [DRAM (AM)  [2Mbits (256K bytes)
DRAM (4M) |DRAM (4M)  [8Mbits (1M bytes)
DRAM (16M) |DRAM (16M) [32M bits  (4M bytes)

o0 W N (P
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DRAM Setting Conditions
The DRAM interface allows the following conditions to be selected. Although DRAM can beusedinareas8and7 or
areas 14 and 13, these condition are applied to all four areas and cannot be set individually for each area.

Table 4.17 DRAM Interface Parameters

Parameter Selectable condition | Initial setting Control bits
Page mode EDO page mode Fast page mode|REDO(DC)/Bus control register(0x4812E)
or Fast page mode
RAS mode Successive RAS mode |Normal mode |CRAS(D8)/DRAM timing set-up register(0x48130)

or Normal mode

Column address size

8,9, 10 or 11 bits

8 bits

RCA[1:0](D[B:A])/Bus control register(0x4812E)

Refresh enable

Enabled or Disabled

Disabled

RPC2(D9)/Bus control register(0x4812E)

Refresh method

Self-refresh
or CBR refresh

CBR refresh

RPC1(D8)/Bus control register(0x4812E)

Refresh RPC delay 200r10 1.0 RPCO(D7)/Bus control register(0x4812E)

Refresh RAS pulse width 2, 3, 4 or 5 cycles 2 cycles RRA[1:0](D[6:5])/Bus control register(0x4812E)

Number of RAS prechargecycleq1, 2, 3 or 4 cycles 1 cycle RPRC[1:0](D[7:6])/DRAM timing set-up register(0x48130)
CAS cycle control 1, 2, 3 or 4 cycles 1 cycle CASC]J1:0](D[4:3])/DRAM timing set-up register(0x48130)
RAS cycle control 1, 2, 3 or4 cycles 1 cycle RASC[1:0](D[1:0])/DRAM timing set-up register(0x48130)

Page mode
The DRAM interface allows EDO DRAM to be connected directly. Therefore, the EDO-page modeis
supported along with the fast-page mode.
Use REDO to choose the desired page mode that suits the DRAM to be used.
REDO ="1": EDO page mode
REDO ="0": Fast page mode (default)

Successive RAS mode
For applications that require high-speed DRAM access, the DRAM interface supports asuccessiveRAS mode.
In this mode, even when successive accesses to the DRAM are not requested by the CPU or DMA, the #RAS
signal iskept low and operation is continued without inserting any precharge cycle. Therefore, when accessing
the same page (row address) of the DRAM that has been accessed previously, the page mode remains active,
allowing read/write to be performed at high speeds.
However, to maintain therated AC characteristics, oneidle cycleisinserted when accessin the page modeis
begun and when finished.
CRAS isused to set the successive RAS mode.
CRAS ="1": Successive RAS mode
CRAS ="0": Normal mode (default)

The successive RAS mode s suspended by one of the following causes:

« arefresh cycle has occurred;

* bus control isrequested by an external bus master;

« the requested device and page are not compatible with DRAM memory; and

« the slp or halt instruction is executed.

If the successive RAS modeis suspended, aprecharge cycleisinserted before the next bus cycle begins.

Note: When using the successive RAS mode, always be sure to use #DRD for the read signal and #DWE
for the low-byte write signal.
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Column address size
When accessing DRAM, addresses are divided into arow address and a column address as they are output.
Choose the size of this column address using RCA, as shown below.

Table 4.18 Column Address Size

RCA1 | RCAO | Column address size
1 1 11
1 0 10
0 1 9
0 0 8

Theinitial default sizeis 8 bits. Choose the desired size according to the addressinput pins of the DRAM to
be used.

The row addresses output synchronously with falling edges of the #RAS signal are derived from the CPU's
internal 28-bit addresses by logically shifting them to the right by an amount equal to the column address size.
The MSB containsa 1. The column addresses are output to the address bus along with the falling edges of the
#CAS signal. These addresses are derived directly from the CPU's internal 28-bit addresses.

Figure 4.29 shows the contents of the row addresses thus outpui.

28-bit CPU internal address
[27]26]25[24[23[22[21[20[19[18|17]16]15[14[13]12]11]10] 9[8[ 7 [6[5]4[3[2]1]0]

(1) Row address when column address is set to 8 bits
[TIT]T[T]T]T[ T[T [27]26]25[24]23]22[21]20]19[18[17[16]15]14]13]12]11]10][ 9] 8]

(2) Row address when column address is set to 9 bits
[TIT]T[T]T]T[T][T][T][27]26]25]24]23]22]21[20]19]18]17[16]15]14]13]12]11[10] 9]

(3) Row address when column address is set to 10 bits
[T]r]T[T]T]TT[T[T[7[27]26]25]24]23]22]21]20]19]18]17]16]15]14]13]12]11]10]

(4) Row address when column address is set to 11 bits
[TIT]T[T]T]T[T[T[T][T[T][27]26]25][24]23]22]21[20]19]18]17]16]15]14[13[12]11]

T ="1", 0-27: Bit number of CPU internal address

Figure 4.29 Example of Row/Column Address Mapping

Refresh enable
Use RPC2 to enable or disable theinterna refresh function.
RPC2 ="1": Enabled
RPC2 ="0": Disabled (default)
After choosing the desired refresh method using RPC1, write "1" to RPC2.

Refresh method
The DRAM interface supports both a CAS-before-RA S refresh cycle and a self-refresh cycle. Choose the
desired method using RPC1.
RPC1 ="1": Self-refresh
RPC1 ="0": CAS-before-RASrefresh
The generation interval of the CAS-before-RAS refresh is determined by the underflow signal of an 8-bit
programmabl e timer 0. Consequently, before the CAS-before-RAS refresh can be executed, the 8-bit
programmable timer 0 must be set to obtain the necessary underflow timing. When this method is selected and
RPC2 isenabled, the refresh cycle is generated each time the 8-bit programmable timer O underflows.
The self-refresh is started by writing " 1" to RPC2 while RPC1 ="1" and isterminated by clearing RPC1 or
RPC2t0"0".
If RPCL1 is switched over when RPC2 ="1" (refresh enabled), an undesirable self-refresh cycle is generated.
So be sureto clear RPC2 to " 0" (refresh disabled) before sel ecting the refresh method.
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Refresh RPC delay

Use RPCO to set the RPC delay value of arefresh cycle (adelay time from theimmediately preceding

precharge to thefall of #CAS).
RPCO="1": 2 cycles
RPCO ="0": 1 cycle

Refresh RAS pulse width
Use RRA to set the #RAS pulse width of a CAS-before-RASrefresh cycle.

Table 4.19 Refresh RAS Pulse Width

RRALl | RRAO Pulse width
1 1 5 cycles
1 0 4 cycles
0 1 3 cycles
0 0 2 cycles

Theinitial default value is 2 cycles.

Number of RAS precharge cycles
Use RPRC to choose the number of RAS precharge cycles.

Table 4.20 Number of RAS Precharge Cycles

RPRC1 | RPRCO | Number of cycles
1 1 4 cycles
1 0 3 cycles
0 1 2 cycles
0 0 1 cycle

Theinitial default value is 1 cycle.

CAS cycle control

Use CASC to choose the number of CAS cycles when accessing DRAM.

Table 4.21 Number of CAS Cycles

CASC1 | CASCO | Number of cycles
1 1 4 cycles
1 0 3 cycles
0 1 2 cycles
0 0 1 cycle

Theinitial default value is 1 cycle.

RAS cycle control

Use RASC to choose the number of RAS cycles when accessing DRAM.

Table 4.22 Number of RAS Cycles

RASC1 | RASCO | Number of cycles
1 1 4 cycles
1 0 3 cycles
0 1 2 cycles
0 0 1 cycle
Theinitial default value is 1 cycle.
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DRAM Read/Write Cycles

The following shows the basic bus cycles of DRAM.
The DRAM interface does not accept wait cycles inserted viathe #WAIT pin.

DRAM random read cycle
Example: RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle

Il CORE BLOCK: BCU (Bus Control Unit)

Precharge
_ RAScycle . CAS cycle cycle

BCLK _ /. .

A[11:0] X ROW X coL Y,

#RASX

#HCAS/

#LCAS

#RD

D[15:0] U data_ X

Figure 430 DRAM Random Read Cycle
DRAM read cycle (fast page mode)
Example: RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle
Precharge

RAS cycle CAS cycle #1 CAS cycle #2 cycle
BCLK . S
A[11:0] ROW X COL #1 X COL #2 X
#RASX
#HCAS/
#LCAS
#RD
D[15:0] U data X[ data_ XJ)—

Figure 4.31 DRAM Read Cycle (fast page mode)
DRAM read cycle (EDO page mode)
Example: RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle
Precharge

RAS cycle CAS cycle #1 CAS cycle #2 cycle
BCLK L L L L L
A[11:0] ROW X COL #1 X COL #2 X
#RASX
#HCAS/
#LCAS
#RD
D[15:0] U data data X

Theread timing in EDO page-modelags 0.5 cycles behind that in fast page mode.

Figure 4.32 DRAM Read Cycle (EDO page mode)
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DRAM random write cycle
Example: RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle

RAS cycle

CAS cycle

Precharge
cycle

et

»

BCLK _ /

A[11:0]

X ROW X

COoL

X

#RASX

#HCAS/
#LCAS

#WE

D[15:0]

write data

B

Figure 4.33 2CAS Type DRAM Random Write Cycle

DRAM write cycle (fast page or EDO page mode)
Example: RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle; word-write sample

Precharge
RAS cycle .. CAS cycle #1 L CAS cycle #2 cycle R
BCLK _ /| L L L L
A[11:0] X RrRow X COL #1 X COL #2 MY,
#RASX
#HCAS/
#LCAS
#WE
D[15:0] write data X write data X
Figure 4.34 DRAM Word-Write Cycle (fast page or EDO page mode)
Example: RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle; byte-write sample (little endian)
Precharge
_ RAScycle . CAS cycle #1 CAS cycle #2 X cycle
BCLK _ /| - - - L
A[11:0] X ROW X CcoL M,
#RASX
#HCAS
#LCAS
#WE
D[15:8] Undefined X write data X
D[7:0] write data X Undefined X

Figure 4.35 DRAM Byte-Write Cycle (fast page or EDO page mode)
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Operation in successive RAS mode

BCLK _/‘\_/_\_/_\_/_\_/_\_/_\_/_\J_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\J
ALLO] ) S X G

Example: RAS: 2 cycles, CAS: 1 cycle; Precharge: 2 cycles
(1) @ 3 @

RAS CAS cycles Deassert Assert CAS cycles Precharge RAS CAS
cycle in page mode cycle cycle in page mode cycle cycle  cycles

AWAWAWE
_ C
#RASX |\ / \
#HCAS/

HLOAS (WAWRWAW WAWRWRW (WA
#DRD |\ [ \ / U S
#DWE |\ [ \ / .

Accsess to other Not asserted for areas
device than DRAM other than DRAM

)
)

©)
(4)

Figure 4.36 Operation in Successive RAS Mode

When accessing the DRAM area, an ordinary RAS cycleis executed first.

If accessto the same DRAM is suspended during a page mode, #RA Sx remains asserted while some other
device isaccessed. In this case, acycleto temporarily deassert #DRD/#DWE isinserted before accessing the
other device.

If accessto the same page in the same DRAM areaasin (1) isrequested after (2), #DRD/#DWE is asserted
back again to restart the page mode.

A precharge cycleis executed when one of the following conditions that cause the page mode to suspend is
encountered:

« accessto different DRAM is requested;

« access to adifferent page in the same DRAM areais requested;

* access to some other device than DRAM isrequested;

* CAS-before-RAS refresh isrequested; and

« relinquishing of bus control is requested by an external bus master.

Note: When using the successive RAS mode, always be sure to use #DRD for the read signal and #DWE

for the low-byte write signal.
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DRAM Refresh Cycles
The DRAM interface supports a CAS-before-RAS refresh cycle and a self-refresh cycle.

CAS-before-RAS refresh cycle
Before performing a CAS-before-RAS refresh, set RPC2 to " 1" while RPC1 ="0" in order to engble the
DRAM refresh function. Once thisis done, the BCU executes a CAS-before-RAS refresh by using the
underflow signal that is output by the 8-bit programmable timer 0 as atrigger. Therefore, refresh generation
timing can be programmed using theinternal prescaler and 8-bit programmable timer O.
For details on how to control the prescaler and 8-bit programmable timer O, refer to "Prescaler and Operating
Clock for Peripheral Circuits', and "8-Bit Programmable Timers'.

Example: RPC delay: 1 cycle; Refresh RAS pulse width: 2 cycles; Precharge: 1 cycle
CAS-before-RAS refresh cycle

P
<

Bk /N /N / ./ _/

!
Lt}

#RAS
#HCAS/
#LCAS 1
Refresh ‘ Fixed at Refresh Precharge
RPC delay 1 cycle RPC pulse width cycle

Figure 4.37 CAS-Before-RAS Refresh

When therefresh cycleisterminated, the #HCAS/#LCAS signal boot timing is 0.5 cycles beforethat of #RAS.
Consequently, the pulse width of #HCAS/#L CAS isdetermined by the refresh RAS pulse width that was set
using RRA. The number of precharge cycles after therefresh cycleisdefined by the value that was set using
RPRC, the same value that isused for both random cycles and page mode accesses.

Self-refresh
To support DRAM chips equipped with a self-refresh function, the BCU has afunction to generate a self-
refresh cycle.
To start aself-refresh cycle, set RPC2 to " 1" after setting RPC1 to "1". To deactivate a self-refresh cycle,
write"0" to RPC1 or RPC2.
Example: RPC delay: 1 cycle

Self-refresh mode

Self-refresh mode set up Self-refresh mode deactivation
BCLK (/
#RAS | \
#HCAS/ )) / /
#LCAS ;
Refresh o Fixed at Precharge cycle
RPC delay 1 cycle (6 cycles)

Figure 4.38 Self-Refresh

For aself-refresh function as well, the RPC delay is determined by setting RPCO in the same way as for a
CAS-before-RAS refresh.

Therefresh RAS pulse width is determined by the timing at which the refresh is deactivated in softwareand is
unaffected by settings of RRA.

#RAS and #HCAS/#L CAS are booted up simultaneously upon completion of a self-refresh and the precharge
duration that followsisfixed at 6 cycles.
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Normally, DRAM specifications require that the contents of all row addressesberefreshed withinacertaintime
before and after a self-refresh. To meet thisrequirement, make sure a CAS-before-RASrefresh is executed by
aprogram. In this case, set the 8-bit programmable timer 0 so that the contents of all row addresses are
refreshed within a predetermined time.

Note: If read from or write to the DRAM under a self-refresh is attempted, the BCU keeps #RAS and
#HCAS/#LCAS low as it executes a read/write cycle. Other bus signals than #RAS and
#HCAS/#LCAS (e.g., address, data, and control signals) change their state according to the
specified conditions. Since said attempt initiates an invalid access to the DRAM, do not read from or
write to the DRAM during a self-refresh.

Releasing External Bus

The external bus isnormally controlled by the CPU, but the BCU is designed to release control of thebusownership
to an external device. Thisfunctionisenabled by writing"1" to SEMAS (D2) / Bus control register (0x4812E)
(disabled by default). The #BBUSREQ (P34) and #BUSACK (P35) pinsare used for control of the bus ownership.
Todirect the P34 and P35 pins for input/output of the #BUSREQ and #BUSACK signals, write "1" to CFP34 (D4)
and CFP35 (D5) / P3 function select register (0x402DC [Byte]).

Sequence in which control of the bus is released
This sequenceis described below.

1. Theexternal bus master device requesting control of the bus ownership lowers the #BUSREQ pin.

2. The CPU keeps monitoring the status of the #BUSREQ pin, so that when thispin islower, the CPU
terminates the bus cycle being executed and places the signalslisted below in high-impedance stateone
cyclelater:

A[23:0], D[15:0], #RD, #WRL, #WRH, #HCAS, #L CAS, #CExx
Thenthe CPU lowersthe #BUSACK pin to informthe external devicethat control of the bus ownership has
been released.

3. Onecyclelater, the external bus startsits own bus cycle. The external bus master must hold the
#BUSREQ pin low until the bus cycleis completed.

4. After completing the necessary bus cycles, the external bus master places the bus in high-impedance state
and releases the #BUSREQ pin back high.

5. After confirming that the #BUSREQ pin israised again, the CPU raises the #BUSACK pin one cycle later
and resumes the processing that has been suspended.

BCLKlewl\l\l\lL/ﬁ\l\l\l
S Synchronization
#BUSREQ \

\|

Synchronization

#BUSACK
The EOC33
terminates the bus The external bus master The EOC33
cycle being executed.: 1 cycle 1 cycle controls bus cycles.l 1cycle | controls bus cycles.
D[15:0]
A[23:0] : : Hi-Z
#RD, #WR /]

Figure 4.39 External Bus Release Timing

If control of the bus ownership isregquested during aDMA transfer by theinternal DMA controller, the DMA
transfer under way is suspended at abreak in datato accept the request for bus ownership control. The DMA
transfer that has been kept pending is restarted when the CPU gains control of the bus ownership.
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DRAM refresh when bus ownership control is released
In systems where DRAM is connected directly, arefresh request could arise while control of thebusownership
isreleased from the CPU. In such acase, take one of the corrective measures described below.

» Monitoring the output signal of the 8-bit programmable timer 0
The underflow signal (DRAM refresh request) of the 8-bit programmable timer 0 can be output from the P10
1/O port pin.
If arefresh request arises while the external bus master is monitoring this output, release #BUSREQ back high
to drop the request for bus ownership control.
Start aDRAM refresh cycle when control of the bus ownership is returned to the CPU.

Todirect the P10 pin in order to output the underflow signal of the 8-bit programmable timer O, write "1" to
CFP10 (DO0) / P1 function select register (0x402D4 [Byte]) and IOC10 (DO) / P1 1/O control register (0x402D6
[Byte]). Also, to output the underflow signal to an external device, write "1" to PTOUTO (D2) / 8-bit Timer O
control register (0x40160 [Byte]). For details about output control, refer to "8-Bit Programmable Timers'.

« Monitoring the #BUSGET signal
The#BUSGET signal can be output from the P31 1/O port pin.
The#BUSGET signal isderived from logical sum of thefollowing signals:
1. DRAM refresh request signal (output from the 8-bit programmabl e timer 0)
2. Interrupt request signal from the interrupt controller to the CPU
3. Startup request signal from the interrupt controller to theIDMA

If the #BUSGET signa isfound to be active when the external bus master is monitoring it, release #BUSREQ
back high to drop the request for bus ownership control.

When using the #BUSGET signal to only monitor arefresh request, set theinterrupt controller in such away
that no interrupt request or IDMA startup request will be generated.

Todirect the P31 pin for output of the #BUSGET signal, write "1" to CFP31 (D1) / P3 function select register
(0x402DC [Byte]) and CFEX3 (D3) / Port function extension register (0x402DF [Byte]).

Power-down Control by External Device

In addition to requesting the releasing of bus ownership control described above, it ispossible to placethe CPU ina
HALT state by using the #BUSREQ signal. Thisallows the CPU to be stopped during bus operation by an external
bus master in order to conserve power.

Thisfunction is enabled by writing "1" to SEPD (D1) / Bus control register (0x4812E).

If SEPD ="1", the CPU and the BCU stop operating when the #BUSREQ pin islowered, thus entering aHALT
state. ThisHALT state isnot cleared by an interrupt from theinternal peripheral circuits and remains set until the
#BUSREQ pin isreleased back high. Unlike in the case of ordinary releasing of the bus by #BUSREQ), the address
bus and bus control signalsare not placed in high-impedance state

For aDRAM refresh request that may arisein thisHALT state, take one of the corrective measuresdescribed above.

11-4-34 EPSON EOC33 FAMILY ASIC MACRO MANUAL



Il CORE BLOCK: BCU (Bus Control Unit)

I/0 Memory of BCU

Table 4.23 shows the control bits of the BCU. These I/0 memories are mapped into the area(0x48000 andfollowing
addresses) used for theinternal 16-bit peripheral circuits. However, these 1/O memories can be accessed in bytes or
words, as well as in half-words.

For the control bits of the external system interface pins assigned to the 1/O ports, and for details on how to control
the 8-bit programmable timer 0 in order to generate aDRAM refresh cycle, refer to each corresponding section in
thismanual .

Table 4.23 Control Bits of External System Interface

|Register name | Address | Bit | Name | Function | Setting | Init. | RIW| Remarks
Areas 18-15 0048120 ( DF |- reserved — — — |0 when being read.
set-up register | (HW) DE |A18SZ Areas 18-17 device size selection| 1 |8 bits | 0 |16 bits 0 |[R/W
DD |[A18DF1 Areas 18-17 A18DF[1:0] [Number of cycles| 1 |R/W
DC |A18DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
DB |- reserved — — — |0 when being read.
DA |A18WT2 |Areas 18-17 wait control A18WT[2:0] Wait cycles 1 |[RW
D9 |[A18WT1 1(1(1 7 1
D8 |[A18WTO 1(1(0 6 1
110(1 5
1]1]0/(0 4
o|1]1 3
oj1]0 2
0|01 1
0[0]O 0
D7 |- reserved — — — |0 when being read.
D6 |A165Z  [Areas 16-15 device size selection]| 1 [8 bits [o]16 bits 0 [rRwW
D5 |A16DF1 Areas 16-15 A16DF[1:0] [Number of cycles| 1 | RIW
D4 |A16DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A16WT2 |Areas 16-15 wait control A16WT[2:0] Wait cycles 1 |RW
D1 |[A16WT1 1]11(1 7 1
DO [A16WTO 1(1(0 6 1
1(0f1 5
1(0f0 4
oj]1]1 3
of1]0 2
0|01 1
0|00 0
Areas 14-13 0048122 | DF-9 |- reserved — — — |0 when being read.
set-up register | (HW) D8 |A14DRA |Area 14 DRAM selection 1 |Used 0 | Not used 0 |RW
D7 |A13DRA |Area 13 DRAM selection 1 |Used 0 [Not used 0 |RW
D6 |A14SZ Areas 14-13 device size selection| 1 |8 bits 0 |16 bits 0 |RW
D5 |A14DF1 Areas 14-13 A14DF[1:0] [Number of cycles| 1 |R/W
D4 |A14DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A14WT2 |Areas 14-13 wait control A14WT[2:0] Wait cycles 1 |[RW
D1 [(A14WT1 1]11(1 7 1
DO [A14WTO 1(1(0 6 1
1(0f1 5
1]10(0 4
o|1]1 3
oj1]0 2
0|01 1
0|00 0
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Areas 12-11 0048124 | DF-7 |- reserved — — — |0 when being read.
set-up register [ (HW) D6 |Al2SZ Areas 12-11 device size selection| 1 |8 bits | 0 |16 bits 0 |RW
D5 |Al12DF1 Areas 12-11 A18DF[1:0] |Number of cycles| 1 |R/W
D4 |A12DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A12WT2 |Areas 12-11 wait control A18WTI[2:0] Wait cycles 1 |RW
D1 [A12WT1 1111 7 1
DO |A12WTO 1110 6 1
1(0(1 5
1]10(0 4
o|1(1 3
oj1|o0 2
oj0|1 1
ofofo 0
Areas 10-9 0048126 (| DF |- reserved — — — |0 when being read.
set-up register (HW) DE |A10IR2 Area 10 internal ROM wait control| A10IR[2:0] ROM size 1 |RW
DD |A1l0IR1 Area 10 internal ROM size 111(1 2MB 1
DC |A10IRO selection 1110 1MB 1
1]1]0(1 512KB
1]1]0(0 256KB
of1(1 128KB
oj|1|o0 64KB
o|j0|1 32KB
0O|0fO 16KB
DB |- reserved — — — |0 when being read.
DA |A10BW1 [Areas 10-9 A10BW[1:0] Wait cycles 0 [R/W
D9 |A10BWO burst ROM 1 1 3 0
burst read cycle wait control 1 0 2
0 1 1
0 0 0
D8 |A10DRA [Area 10 burst ROM selection 1| Used 0 [Not used 0 |RW
D7 |A9DRA Area 9 burst ROM selection 1 |Used 0 [Not used 0 |RW
D6 |A10SZ Areas 10-9 device size selection | 1 |8 bits 0 [16 bits 0 |RW
D5 |A10DF1 Areas 10-9 A10DF[1:0] [Number of cycles| 1 |R/W
D4 |A10DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A1OWT2 |Areas 10-9 wait control ALOWT([2:0] Wait cycles 1 |RW
D1 [A10WT1 1111 7 1
DO [A1OWTO 1]1]1(0 6 1
1]1]0(1 5
1]1]0(0 4
of1(1 3
oj1|o0 2
oj]0|1 1
0O|0fO 0
Areas 8-7 0048128 | DF-9 |- reserved - - — |0 when being read.
set-up register | (HW) D8 |A8DRA Area 8 DRAM selection 1 [Used 0 |Not used 0 |R/W
D7 |A7DRA Area 7 DRAM selection 1 [Used 0 |Not used 0 |R/W
D6 |A8SZ Areas 8-7 device size selection |1 |8 bits 0 [16 bits 0 |RW
D5 |A8DF1 Areas 8-7 A8DF[1:0] |Number of cycles| 1 |R/W
D4 | A8DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A8WT2 Areas 8-7 wait control ABWT[2:0] Wait cycles 1 |RW
D1 |[A8WT1 1111 7 1
DO [A8WTO 1]1]1(0 6 1
1]1]0(1 5
1(0(0 4
o|1(1 3
oj1|o0 2
ofof1 1
o|O0foO 0
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Areas 6-4 004812A | DF-E |- reserved — — — |0 when being read.
set-up register | (HW) DD |A6DF1 Area 6 A6DF[1:0] |Number of cycles| 1 |R/W
DC |A6DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
DB |- reserved — — — |0 when being read.
DA [AB6WT2 Area 6 wait control AB6WT[2:0] Wait cycles 1 |RW
D9 |A6WT1 1(1(1 7 1
D8 |A6WTO 111/(0 6 1
1(0f1 5
1(0f0 4
oj]1]1 3
of1]0 2
0|01 1
0|]0]O0 0
D7 |- reserved — — — |0 when being read.
D6 |A5SZ Areas 5-4 device size selection | 1[8 bits [0]16 bits 0 [rRw
D5 |A5DF1 Areas 5-4 A5DF[1:0] |Number of cycles| 1 | R/W
D4 |A5DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
D3 |- reserved — — |0 when being read.
D2 |A5WT2 Areas 5-4 wait control A5WT[2:0] Wait cycles 1 |RW
D1 |ASWT1 1(1(1 7 1
DO |ASWTO 1)111(0 6 1
1(0f1 5
1(0f0 4
oj]1]1 3
o(1]0 2
0|01 1
0|00 0
Bus control 004812E | DF |RBCLK BCLK output control 1 |Fixed atH |0 |Enab|ed 0 |RW
register (HW) DE |- reserved — 0 — | Writing 1 not allowed.
DD |RBST8 Burst ROM burst mode selection | 1 |8-successive| 0 |4-successive| 0 | RIW
DC |REDO DRAM page mode selection 1|EDO 0 | Fast page 0 |R/W
DB [RCA1 Column address size selection RCA[1:0] Size 0 |R/W
DA [RCAO 1 1 11 0
1 0 10
0 1 9
0 0 8
D9 |RPC2 Refresh enable 1 [Enabled 0 [Disabled 0 |RW
D8 |RPC1 Refresh method selection 1 [Self-refresh| 0 | CBR-refresh| 0 | RIW
D7 |RPCO Refresh RPC delay setup 1(2.0 0[1.0 0 |[R/W
D6 |RRA1l Refresh RAS pulse width RRA[1:0] [Number of cycles| 0 | RIW
D5 |RRAO selection 1 1 5 0
1 0 4
0 1 3
0 0 2
D4 |- reserved — 0 — | Writing 1 not allowed.
D3 |SBUSST |External interface method selection| 1 [#BSL 0 [AO 0 |RW
D2 |SEMAS External bus master setup 1 | Existing 0 |Nonexistent|] 0 | R/W
D1 |SEPD External power-down control 1 |Enabled 0 | Disabled 0 |RW
DO |SWAITE [#WAIT enable 1 [Enabled 0 [Disabled 0 |RW
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
DRAM timing | 0048130 | DF—C |- reserved — — — |0 when being read.
set-up register [ (HW) DB |A3EEN Area 3 emulation 1 |Internal ROM| 0 |Emu|ati0n 1 |RW
DA |CEFUNC1 [#CE pin function selection CFFUNCI1:0] #CE output 0 [RW
D9 |CEFUNCO 1 X |#CE7/8.#CE17/18| O
0 1 #CES6. #CE17
0 0 #CE4. #CE10
D8 [CRAS Successive RAS mode setup 1 [Successive [ 0 [Normal o [rRw
D7 |RPRC1 DRAM RPRC[1:0] |Number of cycles| 0 | R/W
D6 |RPRCO RAS precharge cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
D5 |- reserved — — — |0 when being read.
D4 |CASC1 DRAM CASCJ1:0] |Number of cycles| 0 | R/W
D3 |CASCO CAS cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
D2 |- reserved — — — |0 when being read.
D1 |RASC1 DRAM RASCJ[1:0] |Number of cycles| 0 | R/W
DO |RASCO RAS cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
Access control| 0048132 | DF |A18I0 Area 18, 17 internal/external accesg 1 | Internal 0 [External 0 |RW
register (HW) DE |A1610 Area 16, 15 internal/external accesy |access access 0 |R/W
DD |[A14I10 Area 14, 13 internal/external access 0 |RW
DC |A1210 Area 12, 11 internal/external access 0 |RW
DB |- reserved — 0 — |0 when being read.
DA |[A8IO Area 8, 7 internal/external access | 1 |Internal 0 [External 0 |RW
D9 |A6I0 Area 6 internal/external access access access 0 |RW
D8 |ASIO Area 5, 4 internal/external access 0 |RW
D7 |A18EC Area 18, 17 endian control 1 [Big endian | O [Little endian| 0 | R/W
D6 |Al6EC Area 16, 15 endian control 0 |RW
D5 |Al4EC Area 14, 13 endian control 0 |RW
D4 |A12EC Area 12, 11 endian control 0 |RW
D3 |Al0EC Area 10, 9 endian control 0 |RW
D2 |A8EC Area 8, 7 endian control 0 |RW
D1 |ABEC Area 6 endian control 0 |RW
D0 |ASEC Area 5, 4 endian control 0 |RW
GI/A read signal| 0048138 | DF |[A18AS Area 18, 17 address strobe signal| 1 | Enabled 0 | Disabled 0 |R/W
control register| (HW) DE |A16AS Area 16, 15 address strobe signal 0 |R/W
DD [A14AS Area 14, 13 address strobe signal 0 |RW
DC |A12AS Area 12, 11 address strobe signal 0 |RW
DB |- reserved — 0 — |0 when being read.
DA |ABAS Area 8, 7 address strobe signal 1 [Enabled 0 | Disabled 0 |R/W
D9 |A6AS Area 6 address strobe signal 0 |R/W
D8 |A5AS Area 5, 4 address strobe signal 0 |RW
D7 |A18RD Area 18, 17 read signal 1 (Enabled 0 | Disabled 0 |R/W
D6 |A16RD Area 16, 15 read signal 0 |[|R/W
D5 |A14RD Area 14, 13 read signal 0 |RW
D4 |[A12RD Area 12, 11 read signal 0 |RW
D3 |- reserved — 0 — |0 when being read.
D2 |A8RD Area 8, 7 read signal 1 [Enabled 0 | Disabled 0 |R/W
D1 |A6RD Area 6 read signal 0 |R/W
DO |A5RD Area 5, 4 read signal 0 |RW
BCLK select 004813A | D7-4 |- reserved — 0 — |0 when being read.
register (B) D3 |A1X1IMD |Area 1 access-speed 1 |2 cycles | 0 |4 cycles 0 | R/W |x2 speed mode only
D2 |- reserved — 0 — |0 when being read.
D1 |BCLKSEL1|BCLK output clock selection BCLKSEL[1:0] BCLK 0 |[RW
DO |[BCLKSELO 1 1 PLL_CLK 0
1 0 0SC3_CLK
0 1 BCU_CLK
0 0 CPU_CLK
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A18SZ:Areas 18-17 device size selection (DE) / Areas 18-15 set-up register (0x48120)
A16SZ:Areas 16-15 device size selection (D6) / Areas 18-15 set-up register (0x48120)
A14SZ:Areas 14-13 device size selection (D6) / Areas 14-13 set-up register (0x48122)
A12SZ:Areas 12-11 device size selection (D6) / Areas 12—11 set-up register (0x48124)
A10SZ:Areas 10-9 device size selection (D6) / Areas 10-9 set-up register (0x48126)
AB8SZ: Areas 8-7 device size selection (D6) / Areas 8—7 set-up register (0x48128)
A5SZ: Areas 5-4 device size selection (D6) / Areas 6—4 set-up register (Ox4812A)

Select the size of the device connected to each area
Write"1": 8 bits
Write"0": 16 bits
Read: Valid
A device size can be selected for every two areas.
An 8-hit sizeisselected by writing " 1" to AxxSZ and a 16-bit sizeis selected by writing " 0" to AXxSZ.
Area 6 hasits first half (0x300000 through 0x37FFFF) fixed to an 8-bit device and thelast half (0x380000 through

Ox3FFFFF) fixed to a16-bit device.
At cold start, these bitsare set to " 0" (16 bits). At hot start, these bitsretain their status before being initialized.

A18DF1-A18DFO0:Areas 18-17 output disable delay time (D[D:C]) / Areas 18—15 set-up register (0x48120)
A16DF1-A16DFO0:Areas 16-15 output disable delay time (D[5:4]) / Areas 18-15 set-up register (0x48120)
A14DF1-A14DFO:Areas 14-13 output disable delay time (D[5:4]) / Areas 14-13 set-up register (0x48122)
A12DF1-A12DFO0:Areas 12-11 output disable delay time (D[5:4]) / Areas 12-11 set-up register (0x48124)
A10DF1-A10DFO:Areas 10-9 output disable delay time (D[5:4]) / Areas 10-9 set-up register (0x48126)
A8DF1-A8DFO0: Areas 8-7 output disable delay time (D[5:4]) / Areas 8-7 set-up register (0x48128)
A6DF1-A6DFO: Area 6 output disable delay time (D[D:C]) / Areas 6-4 set-up register (0x4812A)
ASDF1-A5DFO: Areas 54 output disable delay time (D[5:4]) / Areas 64 set-up register (0x4812A)

Set the output-disable delay time.
Table 4.24 Output Disable Delay Time

AxxDF1 AxxDFO Delay time
1 1 3.5 cycles
1 0 2.5 cycles
0 1 1.5 cycles
0 0 0.5 cycles

When using adevice that hasalong output-disable time, set adelay time to ensure that nocontentionfor thedatabus
occurs during the bus operation immediately after adevice isread.
At cold start, these bitsare set to "11" (3.5 cycles). At hot start, the bitsretain their status before being initialized.

A18WT2-A18WTO: Areas 18—17 wait control (D[A:8]) / Areas 18—15 set-up register (0x48120)
A16WT2-A16WTO: Areas 16—15 wait control (D[2:0]) / Areas 18-15 set-up register (0x48120)
A14WT2-A14WTO: Areas 14-13 wait control (D[2:0]) / Areas 14—13 set-up register (0x48122)
A12WT2-A12WTO0: Areas 12—11 wait control (D[2:0]) / Areas 12—11 set-up register (0x48124)
A10WT2-A10WTO: Areas 10-9 wait control (D[2:0]) / Areas 10-9 set-up register (0x48126)
ABWT2-A8WTO: Areas 8-7 wait control (D[2:0]) / Areas 87 set-up register (0x48128)
ABWT2-A6WTO: Area 6 wait control (D[A:8]) / Areas 6—4 set-up register (0x4812A)
ASWT2-A5WTO: Areas 5-4 wait control (D[2:0]) / Areas 6—4 set-up register (0x4812A)

Set the number of wait cycles to be inserted when accessing an SRAM device.

The values 0 through 7 written to the control bits equal the number of wait cycles inserted.

Note that the write cycle consists of aminimum of two cycles, so that awriting 0 or 1 isinvalid.

When an SRAM device is connected, wait cycles derived viathe #WAIT pin can also beinserted. Inthiscasetoo, the
walit cycles set by AXXWT arevalid.

The DRAM read/write cycles do not have wait cycles inserted that are set by AXXWT or derived from the #WAIT

pin.

EOC33 FAMILY ASIC MACRO MANUAL EPSON 11-4-39



Il CORE BLOCK: BCU (Bus Control Unit)

Theburst read cycle of aburst ROM (except for thefirst access) also does not have any wait cycleinserted. Thefirst
read cycle of aburst ROM and the write cycleto the burst ROM area have wait cycles inserted that are set by
AXXWT . Wait cycles derived from the #WAIT pin aso can be inserted in the cycle for writing to the burst ROM
area.

At cold start, these bitsare set to "111" (7 cycles). At hot start, the bitsretain their status before being initialized.

A14DRA: Area 14 DRAM selection (D8) / Areas 14—13 set-up register (0x48122)
A13DRA: Area 13 DRAM selection (D7) / Areas 14-13 set-up register (0x48122)
A8DRA: Area 8 DRAM selection (D8) / Areas 8—7 set-up register (0x48128)
A7DRA: Area 7 DRAM selection (D7) / Areas 8—7 set-up register (0x48128)

Select the DRAM direct interface.

Write"1": DRAM isused
Write"0": DRAM isnot used
Read: Valid

When DRAM isused by connecting it directly to the BCU, write " 1" to thishit. The ordinary SRAM interfaceis
selected by writing " 0" to the control bit.

The areas to which DRAM can be connected are areas 8 and 7 when the CEFUNC ="0", or areas14and 13whenthe
bit ="1".

At cold start, these bitsare set to "0" (DRAM not used). At hot start, the bitsretain their status before being
initialized.

A10IR2-A10IRO0: Area 10 internal ROM size selection (D[D:B]) / Areas 10-9 set-up register (0x48126)

Select an area 10 internal/emulation memory size.

Table 4.25 Area 10 Internal ROM Size

A10IR2 A10IR1 A10IRO ROM size
0 0 0 16KB
0 0 1 32KB
0 1 0 64KB
0 1 1 128KB
1 0 0 256KB
1 0 1 512KB
1 1 0 imMB
1 1 1 2MB

At cold start, A10IR is setto "111" (2MB). At hot start, A10IR retains its status before being initialized.

A10BW1-A10BWO: Burst read cycle wait control (D[A:9]) / Areas 10-9 set-up register (0x48126)

Set the number of wait cycles inserted during a burst read.

The values 0 to 3 written to the bits constitute the number of wait cycles inserted. The contentsset hereareapplied to
both areas 10 and 9. The wait cycles set by AXXWT areinserted in thefirst read cycle of burst ROM and in theburst
ROM write cycle. For the burst ROM write cycle, the wait cycles set viathe #WAIT pin can also be used.

At cold start, A1I0BW is set to "0" (nowait cycle). At hot start, A1OBW retains its status before being initialized.
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A10DRA: Area 10 burst ROM selection (D8) / Areas 10-9 set-up register (0x48126)
A9DRA: Area 9 burst ROM selection (D7) / Areas 10-9 set-up register (0x48126)

Set areas 10 and 9 for use of burst ROM.

Write"1": Burst ROM isused
Write"0": Burst ROM isnot used
Read: Valid
When using burst ROM, write "1" to the control bit. The ordinary SRAM interface is selected by writing "0" to the
bit.
Area 9 can only be used when the CEFUNC ="00".

At cold start, these bitsare set to "0" (burst ROM not used). At hot start, the bitsretain their status before being
initialized.

RBCLK: BCLK output control (DF) / Bus control register (0x4812E)

Control the bus clock BCLK to enable or disable external output.

Write"1": Fixed athigh level
Write "0": Output enabled
Read: Valid

To stop outputting the bus clock from the BCLK pin, write " 1" to RBCLK. When the clock output is stopped, the
BCLK pinisfixed at high level. The bus clock output from the BCLK pin isenabled by writing "0" to RBCLK.
The bus clock output from the BCLK pin also is stopped inthe HALT2 and the SLEEP modes.

At cold start, the RBCLK issetto"0" (output enabled). At hot start, RBCLK retainsits status before being
initialized.

RBST8: Burst mode selection (DD) / Bus control register (0x4812E)
Set the operation mode during a burg read.

Write "1": 8-successive-burst mode
Write "0": 4-successive-burst mode
Read: Valid

The 8-successive-burst modeis selected by writing "1" to RBST8 and the 4-successive-burst modeis selected by
writing "0" to RBST8. This setting is valid when areas 10 and 9 are set for burst ROM, and the setting is applied to
both areas simultaneously.

At cold start, RBST8isset to 0" (4-successive-burst mode). At hot start, RBST8 retainsits status before being
initialized.

REDO: Page mode selection (DC) / Bus control register (0x4812E)
Select the page mode of DRAM.

Write "1": EDO-page mode
Write "0": Fast-page mode
Read: Valid

When using EDODRAM, write "1" to REDO to select the EDO-page mode.
The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.
At cold start, REDOis set to "0" (fast-page mode). At hot start, REDO retainsits status before being initialized.
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RCA1-RCAQO0: Column address size selection (D[B:A]) / Bus control register (0x4812E)

Select the column address size of DRAM.

Table 4.26 Column Address Size

RCA1 | RCAO | Column address size
1 1 11
1 0 10
0 1 9
0 0 8

The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.
RCA can be read to obtain its set value.
At cold start, RCA issetto"0" (8 bits). At hot start, RCA retain its status before being initialized.

RPC2: Refresh enable (D9) / Bus control register (Ox4812E)

Control the DRAM refresh function.

Write"1": Enabled
Write"0": Disabled
Read: Valid

When DRAM isconnected directly, arefresh cycleis generated by writing 1" to RPC2. Theinternal refresh
function is disabled by writing " 0" to RPC2.
Since the BCU stops operating in the HAL T2 and the SLEEP modes, no refresh cycleis generated regardless of how
thishit isset.
The contents set here are applied to al of areas 14, 13, 8, and 7 that are set for DRAM.
At cold start, RPC2 issetto "0" (disabled). At hot start, RPC2 retainsits status before being initialized.

RPC1: Refresh method selection (D8) / Bus control register (0x4812E)

Select the DRAM refresh method.

Write"1": Self-refresh
Write"0": CAS-before-RASrefresh
Read: Valid

To perform a CAS-before-RAS refresh, set RPC1 to " 0" and then RPC2 to " 1". This causes the underflow output
signal of the 8-bit programmable timer 0 isfed to the DRAM interface, at which timing arefresh cycleis generated.
To start aself-refresh, set RPC1 to"1" and then RPC2 to " 1". The self-refresh is disabled by writing " 0" to RPC2.
The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.

At cold start, RPCl issetto "0" (CAS-before-RASrefresh). At hot start, RPC1 retainsits status before being
initialized.

RPCO: Refresh RPC delay (D7) / Bus control register (0x4812E)

Set aRPC delay when at start of refresh.

Write"1": 2 cycles
Write"0": 1lcycle
Read: Valid

Set atime from theimmediately preceding precharge to the falling transition of #HCAS/#LCAS necessary in order
to perform arefresh. Thistimeis 2 cycles when RPCO ="1" or 1 cyclewhen RPCO ="0".

The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.

At cold start, RPCO issetto "0" (1 cycle). At hot start, RPCO retains its status before being initialized.
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RRA1-RRAO: Refresh RAS pulse width selection (D[6:5]) / Bus control register (0x4812E)

Select the RAS pulse width of a CAS-before-RAS refresh.

Table 4.27 Refresh RAS Pulse Width

RRALl | RRAO Pulse width
1 1 5 cycles
1 0 4 cycles
0 1 3 cycles
0 0 2 cycles

The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.
The RRA can be read to obtain their set value.
At cold start, RRA issetto"0" (2 cycles). At hot start, RRA retains its status before being initialized.

SBUSST: External interface method select register (D3) / Bus control register (0x4812E)

Select the interface method of an SRAM device.

Write"1": #BSL system
Write"0": AOQsystem
Read: Valid

When using the #BSL system, write " 1" to SBUSST.
The contents set here are applied to all areas that are set for the SRAM type.
At cold start, SBUSST issetto"0" (A0 system). At hot start, SBUSST retainsits status before being initialized.

SEMAS: External bus master setup (D2) / Bus control register (0x4812E)

Specify whether an external bus master exists.
Write"1": Existing
Write "0": Nonexistent
Read: Valid

A request for bus ownership control viathe #BUSREQ pin is made acceptable by writing "1" to SEMAS. If the
system does not have any external bus master, fix thisregister at "0".
At cold start, SEMASissetto "0" (nonexistent). At hot start, SEMAS retainsits status before being initialized.

SEPD: External power-down control (D1) / Bus control register (0x4812E)

Enable or disable the CPU's power-down control by an external bus master.

Write"1": Enabled
Write"0": Disabled
Read: Valid
Power-down control viaan external pin (#BUSREQ) isenabled by writing 1" to SEPD. If the #BUSREQ pin is
lowered when external power-down control isthus enabled, the CPU isplaced inaHALT state, allowing for
reduction in power consumption.
At cold start, SEPD isset to "0" (disabled). At hot start, SEPD retainsits status before being initialized.
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SWAITE: #WAIT enable (DO) / Bus control register (0x4812E)

Enable or disablewait cycle control viathe #WAIT pin.

Write"1": Enabled
Write"0": Disabled
Read: Valid

A wait request from an SRAM device is made acceptable by writing " 1" to SWAITE. The wait request signal input
from the #WAIT pin issampled at each falling edge of the bus clock when executing an SRAM read/write cycle.
Wait cycles areinserted until thewait request signal is sampled and detected as high (inactive).

Wait control for O to 7 cycles can be accomplished by AxxWT without using the #WAIT pin. However, since the
setting via AXxXWT isapplied to every two areas, the number of wait cycles may be controlled individually in each
areaor more than 7 wait cycles may be set. In such acase, use an external wait request viathe #WAIT pin.

Wait requests from the #WAIT pin areignored when SWAITE ="0".

The contents set here are applied to all areas that are set for SRAM, and are al so effectivefor writecyclesintheareas
that are set for burst ROM.

At cold start, SWAITE issetto "0" (disabled). At hot start, SWAITE retains its status before being initialized.

A3EEN: Area 3 emulation (DB) / DRAM timing set-up register (0x48130)

Select area 3 emulation mode.

Write"1": Interna ROM mode
Write"0": Emulation mode
Read: Valid

When "1" iswritten to A3EEN, internal ROM emulation mode is sel ected and the external device will be accessed
with the same condition as the internal ROM. When "0" iswritten, theinternal ROM will be used for accessing area
3. Thishit functions the same as the EA3MD pin. The bit status and the pin status are logically ORed.

At cold start, ABEEN issetto "1" (internal ROM mode). At hot start, A3EEN retainsits status before being
initialized.

CEFUNC1-CEFUNCO: #CE pin function selection (D[A:9]) / DRAM timing set-up register (0x48130)

Change the #CE pin-assigned area.

Table 4.28 #CE Output Assignment

Pin CEFUNC ="00" CEFUNC ="01" CEFUNC ="1x"

#CE4 #CE4 #CE11 #CE11+#CE12
#CES #CES #CE15 #CE15+#CE16
#CEG6 #CEG #CEG6 #CE7+#CES8
#CE7/#RAS0O #CET7/#RASO #CE13/#RAS2 #CE13/#RAS2
#CE8/#RAS1 #CE8/#RAS1 #CE14/#RAS3 #CE14/#RAS3
#CE9 #CE9 #CE17 #CE17+#CE18
#CE10EX #CE10EX #CE10EX #CE9+#CE10EX

(Default: CEFUNC = "00")

The high-order areasthat are madeavailablefor use by writing "01" to CEFUNC can belarger in size than the default
low-order areas. For example, when using DRAM in default settings, the available spaceis4MB in areas 7 and 8.
However, if areas 13 and 14 are used, up to 32MB of DRAM can be used. The same applies to the other areas.
Furthermore, when CEFUNC isset to "10" or "11", four chip enable signal isexpanded into two areasize.

At cold start, CEFUNC is set to "00". At hot start, CEFUNC retains its status before being initialized.

1I-4-44 EPSON EOC33 FAMILY ASIC MACRO MANUAL



Il CORE BLOCK: BCU (Bus Control Unit)

CRAS: Successive RAS mode (D8) / DRAM timing set-up register (0x48130)
Set the successive RAS mode.

Write"1": Successive RAS mode
Write"0": Normal mode
Read: Valid

In systems using DRAM, the successive RAS modeis entered by writing " 1" to CRAS. In thismode, read/write
operations can be performed in page mode even when DRAM accesses do not occur back-to-back.

When using the successive RAS mode, be sureto use #DRD for theread signal and #DWE for the write signal for
low-byte.

When CRAS ="0", random read/write cycles are used for non-successive DRAM accesses.

The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.

At cold start, CRAS issetto "0" (normal mode). At hot start, CRAS retainsits status before being initialized.

RPRC1-RPRCO: Number of RAS precharge cycles (D[7:6]) / DRAM timing set-up register (0x48130)
Select the number of precharge cycles during aDRAM access.

Table 4.29 Number of RAS Precharge Cycles

RPRC1 | RPRCO | Number of cycles
1 1 4 cycles
1 0 3 cycles
0 1 2 cycles
0 0 1 cycle

The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.
At cold start, RPRCissetto "0" (1 cycle). At hot start, RPRC retains its status before being initialized.

CASC1-CASCO: Number of CAS cycles (D[4:3]) / DRAM timing set-up register (0x48130)
Select the number of CAS cycles during aDRAM access.

Table 4.30 Number of CAS Cycles

CASC1 | CASCO | Number of cycles
1 1 4 cycles
1 0 3 cycles
0 1 2 cycles
0 0 1 cycle

The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.
At cold start, CASC isset to "0" (1 cycle). At hot start, CASC retainsits status before being initialized.

RASC1-RASCO: Number of RAS cycles (D[1:0]) / DRAM timing set-up register (0x48130)
Select the number of RAS cycles during aDRAM access.

Table 4.31 Number of RAS Cycles

RASC1 | RASCO | Number of cycles
1 1 4 cycles
1 0 3 cycles
0 1 2 cycles
0 0 1 cycle

The contents set here are applied to all of areas 14, 13, 8, and 7 that are set for DRAM.
At cold start, RASC isset to "0" (1 cycle). At hot start, RASC retainsits status before being initialized.
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A18I0: Areas 18-17 internal/external access selection (DF)/ Access control register (0x48132)
A1610: Areas 16-15 internal/external access selection (DE) / Access control register (0x48132)
A1410: Areas 14-13 internal/external access selection (DD) / Access control register (0x48132)
A1210: Areas 12-11 internal/external access selection (DC)/ Access control register (0x48132)
A8IO: Areas 8—7 internal/external access selection (DA) / Access control register (0x48132)
A61O: Area 6 internal/external access selection (D9) / Access control register (0x48132)
A5IO: Areas 5-4 internal/external access selection (D8) / Access control register (0x48132)

Select either internal access or external accessfor each area.

Write"1": Internal access
Write"0": External access
Read: Valid

When AxxIOissetto"1", theinternal device that mapped to the corresponding areais accessed. When AxxIO isset
to"0", the external device is accessed.

At cold start, these bitsare set to "0" (external access). At hot start, these bits retain their status before being
initialized.

A18EC: Areas 18-17 little/big endian method selection (D7) / Access control register (0x48132)
A16EC: Areas 16-15 little/big endian method selection (D6) / Access control register (0x48132)
A14EC: Areas 14-13 little/big endian method selection (D5) / Access control register (0x48132)
A12EC: Areas 12-11 little/big endian method selection (D4) / Access control register (0x48132)
A10EC: Areas 10-9 little/big endian method selection (D3) / Access control register (0x48132)
ABEC: Areas 8-7 little/big endian method selection (D2) / Access control register (0x48132)
ABEC: Area 6 little/big endian method selection (D1) / Access control register (0x48132)
ASEC: Areas 54 little/big endian method selection (DO) / Access control register (0x48132)

Select either little endian or big-endian method for accessing each area.
Write"1": Big-endian
Write "0": Little-endian
Read: Valid
When AXXEC issetto"1", the corresponding areais accessed in big-endian method. When AXXEC isset to "0", the

areaisaccessed in little-endian method. When using area 10 as the boot area, fix A10EC at "0" (little-endian).
At cold start, these bitsare set to "0" (little-endian). At hot start, these bitsretain their status before beinginitialized.

A18AS: Areas 18-17 address strobe signal (DF)/ G/A read signal control register (0x48138)
A16AS: Areas 16-15 address strobe signal (DE) / G/A read signal control register (0x48138)
A14AS: Areas 14-13 address strobe signal (DD)/ G/A read signal control register (0x48138)
A12AS: Areas 12-11 address strobe signal (DC)/ G/A read signal control register (0x48138)
ABAS: Areas 8-7 address strobe signal (DA) / G/A read signal control register (0x48138)
ABAS: Area 6 address strobe signal (D9) / G/A read signal control register (0x48138)
ABAS: Areas 5-4 address strobe signal (D8) / G/A read signal control register (0x48138)

Enable/disable the exclusive address strobe signal output.

Write"1": Enabled
Write"0": Disabled
Read: Valid
If AxxASissetto"1", the exclusive address strobe signal is output from #GAAS (P21) pin when the corresponding

areaisaccessed. If AxxASissetto"0", thesignal output is disabled.
At cold start, these bitsare set to "0" (disabled). At hot start, these bits retain their status before being initialized.
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A18RD: Areas 18-17 read signal (D7) / G/A read signal control register (0x48138)
A16RD: Areas 16-15 read signal (D6) / G/A read signal control register (0x48138)
A14RD: Areas 14-13 read signal (D5) / G/A read signal control register (0x48138)
A12RD: Areas 12-11 read signal (D4) / G/A read signal control register (0x48138)
A8RD: Areas 8-7 read signal (D2) / G/A read signal control register (0x48138)
A6RD: Area 6 read signal (D1) / G/A read signal control register (0x48138)
A5RD: Areas 5-4 read signal (DO) / G/A read signal control register (0x48138)

Enable/disable the exclusive read signal output.

Write"1": Enabled
Write"0": Disabled
Read: Valid
If AXXRD issetto"1", the exclusiveread signal isoutput from #GARD (P31) pin when the corresponding areais

read. If AxxRD isset to"0", the signal output is disabled.
At cold start, these bitsare set to " 0" (disabled). At hot start, these bitsretain their status before being initialized.

BCLKSEL1-BCLKSELO: BCLK output clock selection (D[1:0]) / BCLK select register (0x4813A)

Select aclock to be output from the BCLK pin.

Table 4.32 Selection of BCLK Output Clock

BCLKSEL1 BCLKSELO Output clock
1 1 PLL_CLK (PLL output clock)
1 0 OSC3_CLK (OSC3 oscillation clock)
0 1 BCU_CLK (BCU operating clock)
0 0 CPU_CLK (CPU operating clock)

PLL_CLK: PLL output clock. Thisclock is stable and kept as output except in the following cases:
1. When the PLL isoff by setting the PLLS[1:0] pins.
2. When the OSC3 (high-speed) oscillation is stopped by executing the SLP instruction.
3. When the OSC3 (high-speed) oscillation is stopped using the CLG register.
Note that the PLL_CLK clock isout of phase with the CPU operating clock.

OSC3_CLK: OSC3 (high-speed) oscillation circuit output clock. Thisclock isstable and kept asoutput except inthe
following cases:
1. When the OSC3 (high-speed) oscillation is stopped by executing the SLP instruction.
2. When the OSC3 (high-speed) oscillation is stopped using the CLG register.
Note that the OSC3_CLK clock isout of phase with the CPU operating clock.

BCU_CLK: Busclock inthe bus controller. This clock varies according to the bus cycle speed. Furthermore, the
clock frequency changes dynamically in x2 speed mode as follows:
1. When theinternal RAM/ROM is accessed, x2 clock (e.g., 50 MHz same as the CPU operating

clock) isoutput.

2. When an external device isaccessed viathe external bus, x1 clock (e.g., 25 MHz) isoutput.
This dynamic change (e.g., between 50 MHz and 25 MHZz) does not affect the external memory access
timing, such as position relationship between therising or falling edge of the 25 MHz clock and the
falling edge of the #WR signal. (It isthe same as that in the x1 speed mode with 25 MHz clock.)

CPU_CLK: The CPU operating clock. The clock frequency is as follows:
1. EqualstothePLL output clock frequency when the PLL ison.
2. Equals to the OSC3 (high-speed) oscillation circuit output clock frequency when the PLL is off.
3. However, it equalsto the divided frequency when the CLG is set to generate the CPU operating
clock by dividing the source clock.
4. When the CPU stops by theHALT or SLP instruction, thisclock isalso stopped.
Thisclock isamost in phase with the bus clock.

Atinitial reset, BCLKSEL issetto"0" (CPU_CLK).
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A1X1MD: Area 1 access speed (D3) / BCLK select register (0x4813A)
Select anumber of access cycles for areal in x2 speed mode.

Write"1": 2 cycles
Write "0": 4 cycles
Read: Valid

When x2 speed modeis set (#X2SPD pin =L) and AIX1MD ="1", areal isread/written in 2 cycles of the CPU
system clock.

When A1IX1IMD ="0", areal isread/written in 4 cycles.

When x1 speed modeis set (#X2SPD pin =H), area 1l is always accessed in 2 cycles regardless of the AIX1IMD
value.

At cold start, AIX1IMDisset to"0" (4 cycles). At hot start, AIX1MD retains its status before being initialized.
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11-5 ITC (Interupt Controller)

interrupts are generated, refer to the description of each peripheral circuit in thismanual.

Outline of Interrupt Functions

The C33 Core Block contains an interrupt controller, making it possible to control all interrupts generated by the
internal peripheral circuits. This section explains the functions of thisinterrupt controller centering around the
method for controlling maskableinterrupts. For details about the various factorsand conditions under which

Maskable Interrupts
ThelTC can handle 39 kinds of maskableinterruptsas shown in the table below.

Table 5.1 List of Maskable Interrupts

HEX| Vector number Interrupt system IDMA L

No. | No. (Hex address) (Peripheral circuit) Interrupt factor Ch. Priority
1 | 10 |16(Base+40) |Port inputinterrupt 0 Edge (rising or falling) or level (High or Low) 1 High
2 | 11 |17(Base+44) |Port inputinterrupt 1 Edge (rising or falling) or level (High or Low) 2 T
3 | 12 |18(Base+48) | Port input interrupt 2 Edge (rising or falling) or level (High or Low) 3

4 | 13 |19(Base+4C) | Port inputinterrupt 3 Edge (rising or falling) or level (High or Low) 4

5 | 14 |20(Base+50) |Key inputinterrupt O Rising or falling edge -

6 | 15 |21(Base+54) |Key inputinterrupt 1 Rising or falling edge -

7 | 16 |22(Base+58) |High-speed DMA Ch.0 High-speed DMA Ch.0, end of transfer 5

8 | 17 |23(Base+5C) |High-speed DMA Ch.1 High-speed DMA Ch.1, end of transfer 6

9 | 18 |24(Base+60) | High-speed DMA Ch.2 High-speed DMA Ch.2, end of transfer -

10 | 19 |25(Base+64) | High-speed DMA Ch.3 High-speed DMA Ch.3, end of transfer -

11 | 1A |26(Base+68) |IDMA Intelligent DMA, end of transfer -

- 27-29 reserved - -

12 | 1E |30(Base+78) | 16-bit programmable timer O Timer 0 comparison B 7

13 | 1F |31(Base+7C) Timer 0 comparison A 8

- 32-33 reserved - -

14 | 22 |34(Base+88) | 16-bit programmable timer 1 Timer 1 comparison B

15 | 23 |35(Base+8C) Timer 1 comparison A 10

- 36-37 reserved - -

16 | 26 |38(Base+98) | 16-bit programmable timer 2 Timer 2 comparison B 11

17 | 27 |39(Base+9C) Timer 2 comparison A 12

- 40-41 reserved - -

18 | 2A |42(Base+A8) |16-bit programmable timer 3 Timer 3 comparison B 13

19 | 2B |43(Base+AC) Timer 3 comparison A 14

- 44-45 reserved - -

20 | 2E |46(Base+B8) | 16-bit programmable timer 4 Timer 4 comparison B 15

21 | 2F |47(Base+BC) Timer 4 comparison A 16

- 48-49 reserved - -

22 | 32 |50(Base+C8) [ 16-bit programmable timer 5 Timer 5 comparison B 17

23 | 33 |51(Base+CC) Timer 5 comparison A 18

24 | 34 |52(Base+D0) |[8-bit programmable timer Timer 0 underflow 19

25 | 35 |53(Base+D4) Timer 1 underflow 20

26 | 36 |54(Base+D8) Timer 2 underflow 21

27 | 37 |55(Base+DC) Timer 3 underflow 22

28 | 38 |56(Base+E0) [ Serial interface Ch.0 Receive error -

29 | 39 |57(Base+E4) Receive buffer full 23

30 | 3A |58(Base+E8) Transmit buffer empty 24

- 59 reserved - -

31 | 3C |60(Base+F0) [Serial interface Ch.1 Receive error -

32 | 3D |61(Base+F4) Receive buffer full 25

33 | 3E |62(Base+F8) Transmit buffer empty 26

- 63 reserved - -

34 | 40 |64(Base+100) | A/D converter A/D converter, end of conversion 27

35 | 41 |65(Base+104) | Clock timer Falling edge of 32 Hz, 8 Hz, 2 Hz or 1 Hz signal -

1-minuet, 1-hour or specified time count up

- 6667 reserved — _

36 | 44 |68(Base+110) |Port inputinterrupt 4 Edge (rising or falling) or level (High or Low) 28

37 | 45 |69(Base+114) | Port input interrupt 5 Edge (rising or falling) or level (High or Low) 29

38 | 46 |70(Base+118) | Port input interrupt 6 Edge (rising or falling) or level (High or Low) 30 !
39 | 47 |71(Base+11C) | Port input interrupt 7 Edge (rising or falling) or level (High or Low) 31 Low
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Contents of table

"Hex No." indicates an interrupt number in hexadecimal value

"Vector number (Address)" indicates the trap table's vector number. The numeralsin parentheses show an
offset (in bytes) from the starting address (Base) of the trap table. The starting address (Base) of thetrap table
by default isthe boot address, 0xC00000 set at an initial reset. This address can be changed using the TTBR
register (0x48134 to 0x48137).

For details about the trap table contentsincluding exception factors, etc., refer to the "EOC33000 Core CPU
Manua".

"Interrupt system (Peripheral circuit)" indicatesthat interrupt levels can be programmed for each peripheral
circuit written.

"Interrupt factor" indicates the factor of the interrupt occurring in each interrupt system.

"IDMA Ch." indicatesthat an interrupt factor which has anumeric value in this column can start up the
intelligent DMA (IDMA) to transfer datawhen an interrupt factor occurs. The numeric value indicatesthe
IDMA's channel number. Interrupt factorsthat do not have anumeric value here cannot start up the IDMA.

"Priority" indicatesthe priority of interrupts in caseswhen al interrupt systemsare set to the same interrupt
level. If two or more interrupt factorsoccur simultaneously, interrupt requests are accepted in order of highest
priority. Interrupt priority varies depending on theinterrupt levels set in each interrupt system. However, the
priorities of interrupt factorsin the same interrupt system are fixed in the order that they are written here.

Maskable interrupt generating conditions

A maskableinterrupt to the CPU occurs when all of the conditions described below are met.
« Theinterrupt enable register for theinterrupt factor that has occurred issetto"1".
* The lE (Interrupt Enable) bit of the Processor Status Register (PSR) inthe CPU issetto"1".

» Theinterrupt factor that has occurred has ahigher priority level than the value that is set inthe PSR's
Interrupt Level (IL). (Theinterrupt levels can be set using theinterrupt priority register in each interrupt
system.)

* No other trap factor having higher priority, such as NMI, has occurred.
» Theinterrupt factor does not invoke IDMA (the IDMA request bit isset to "0").

When an interrupt factor occurs, the corresponding interrupt factor flag isset to " 1" and the flag remains set
until it isreset in the software program. Therefore, in no cases can the generated interrupt factor be
inadvertently cleared even if the above conditions are not met when the interrupt factor has occurred. The
interrupt will occur when the above conditions are met.

However, when the interrupt factor invokes IDMA, the interrupt factor isreset if the following condition is
met.

* TheIDMA transfer counter isnot "0".
« Interrupts are disabled in the IDMA control information even if the transfer counter is"0".

If two or more maskable interrupt factors occur simultaneously, the interrupt factor that has thehighest priority
isallowed to signal an interrupt request to the CPU. The other interrupts with lower priorities are kept pending
until the above conditions are met.

The PSR and interrupt control register will be detailed later.
For details about interrupt factor generating conditions, refer to the description of each peripheral circuitinthis
manual.
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Interrupt Factors and Intelligent DMA

Several interrupt factors can be set so that they can invoke IDMA startup. When oneof theseinterrupt factorsoccurs,
IDMA is started up before an interrupt request to the CPU. The interrupt request to the CPU is generated after
IDMA iscompleted. (The interrupt request can be disabled by aprogram.)

IDMA isalways started up regardiess of how the PSR is set. For details, refer to "IDMA Invocation”.

Nonmaskable Interrupt (NMl)

The nonmaskable interrupt (NMI) can be generated by pulling the #NMI pin low or using the internal watchdog
timer. The vector number of NMI is 7, with the vector address set to the trap tabl€'s starting address + 28 bytes.
Thisinterrupt is prioritized over other interrupts and is unconditionally accepted by the CPU.

However, since thisinterrupt may operate erratically if it occurs before the stack pointer (SP)issetup, itismaskedin
hardware until awrite to the SP iscompleted after an initial reset.

Interrupt Processing by the CPU

The CPU keeps sampling interrupt requests every cycle. When the CPU accepts an interrupt request, it enters trap
processing after completing execution of theinstruction that was being executed.

Thefollowing lists the contents executed in trap processing.

(1) ThePSR and the current program counter (PC) value are saved to the stack.
(2) ThelE bit of the PSR isreset to"0" (following maskable interrupts are disabled).
(3) ThellL of the PSR isset to the priority level of the accepted interrupt (NMI does not haveits interrupt level

changed).
(4) Thevector of the generated interrupt factor isloaded into the PC, thus executing the interrupt processing
routine.

Thus, once an interrupt is accepted, all maskable interrupts that may follow are disabled in (2). Multipleinterrupts
can also be handled by setting the |E bit to "1" in theinterrupt processing routine. In this case, since the IL hasbeen
changed in (3), only an interrupt that has a higher priority than that of the currently processed interrupt is accepted.
When theinterrupt processing routine isterminated by the reti instruction, the PSR isrestored to its previous status
before the interrupt has occurred. The program restarts processing after branching to the instruction next to the one
that was being executed when theinterrupt occurred.

Clearing Standby Mode by Interrupts

The standby modes (HALT and SLEEP) are cleared by an NMI or amaskable interrupt.

All maskableinterrupts can be used to clear HALT mode. However, if the bus clock has stopped in HALT2 mode,a
DMA interrupt cannot be used.

In SLEEP mode, since the high-speed (OSC3) oscillation circuit is deactivated, interruptsfrom theperipheral circuits
that operate with the OSC3 clock cannot be used.

Interrupts that can be used to clear basic HALT mode: NMI and all maskable interrupts
Interrupts that can be used to clear HALT2 mode: NMI and all maskable interrupts (except DMA interrupts)
Interrupts that can be used to clear SLEEP mode: NMI, input port interrupts, and clock timer interrupts

Clearing of the standby modes is accomplished by an interrupt request to the CPU. Therefore, this requires that the
PSR be set in such away that the requested interrupt will be accepted, and that the interrupt enable register for the
interrupt factor be set to accept the interrupt.

When standby modeis cleared and the CPU has accepted theinterrupt, it returns to the instruction next to the halt or
slp instruction after executing the interrupt processing routine.

Note: If the interrupt factor used to restart from the standby mode has been set to invoke the IDMA, the
IDMA is started up by that interrupt.
In the case of SLEEP mode, the high-speed (OSC3) oscillation circuit also starts operating.
If an interrupt to be generated upon completion of IDMA is disabled at the setting of the IDMA side,
no interrupt request is signaled to the CPU. Therefore, the CPU remains idle until the next interrupt
request is generated.
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Trap Table

The C33 Core Block allows the base (starting) address of the trap table to be set by the TTBR register.
TTBRO (D[9:0]) / TTBR low-order register (0x48134): Trap table base address[9:0] (fixed at"0")
TTBR1 (D[F:A]) / TTBR low-order register (0x48134): Trap table base address [15:10]

TTBR2 (D[B:0]) / TTBR high-order register (0x48136): Trap table base address [27:16]

TTBR3 (D[F:C]) / TTBR high-order register (0x48136): Trap table base address [31:28] (fixed at"0")

After aninitia reset, the TTBR register is set to the boot address determined by the BTA3 pin status.
BTA3 = high: 0x0080000
BTA3 =low: 0x0C00000

Therefore, even when the trap table position is changed, it is necessary that at least the reset vector be written to the
above address.

TTBRO and TTBR3 areread-only bits which arefixed at"0". Therefore, the trap table starting address always
begins with a 1KB boundary address.

The TTBR register isnormally write-protected to prevent them from being inadvertently rewritten. To removethis
write protection function, another register, TBRP (D[7:0]) / TTBR write-protect register (0x4812D [byte]), is
provided. A write to the TTBR register is enabled by writing "0x59" to TBRP and is disabled back again by awrite
to the most significant byte of the TTBR register (0x48137). Consequently, awrite to the TTBR register needs to
begin with the low-order half-word first. However, since an occurrence of NMI or the like between writes of the
low-order and high-order half-wordswould cause amalfunction, it isrecommended that the register be written in
words.
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Structure of the Interrupt Controller
Theinterrupt controller is configured as shown in Figure 5.1.

[ Key input x

Interrupt
factors

16-bit timer x
8-bit timer x
Serial I/F x
AID

L Portinput x
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generator

IDMA completion

Reset A

Reset B

Reset C

Software trigger —|

HSDMA trigger
selection circuit

Ch.x HSDMA request
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Figure 5.1 Configuration of Interrupt Controller

Thefollowing sections explain the functions of the registers used to control interrupts.

Processor Status Register (PSR)
The PSR is aspecial register incorporated in the core CPU and contains control bitsto enable or disable an interrupt

request to the CPU.

Interrupt Enable (IE) bit: PSR[4]
Thisbit isused to enable or disable an interrupt request to the CPU. When thishit issetto"1", the CPU is
enabled to accept amaskableinterrupt request. When thisbit isreset to "0", no maskableinterrupt request is

accepted by the CPU.

HSDMA
Ch.x

When the CPU accepts an interrupt request (or some other trap occurs), it saves the PSR to the stack and resets
the|E bit to"0". Consequently, no maskable interrupt request occurring thereafter will be accepted unless the
IE bit issetto"1" in software program or the interrupt (trap) processing routine isterminated by the reti

instruction.

ThelE bit isinitialized to "0" (interrupts disabled) by an initial reset.

Interrupt Level (IL): PSR[11:8]
ThelL bitsdisable the interrupts whose priorities are below the set interrupt level. For example, if theinterrupt
level setinthell is3, theinterrupts whose priorities are set below 3 in the interrupt priority register (described
later) are not accepted by the CPU evenif the |lE bit issetto"1". The IL and the interrupt priority register
together alow you to control the interrupt priorities in each interrupt system. For details about the interrupt

levels, refer to " Interrupt Priority Register and Interrupt Levels®.

When the CPU accepts a maskabl e interrupt request, it saves the PSR to the stack and sets the IL to the
accepted interrupt's priority level. Therefore, even when the |E bit isset to " 1" in the interrupt processing
routine, no interrupts whose priority levelsare equal or below that of theinterrupt currently beingprocessed are
accepted unless the IL isrewritten.

ThelL isrestored to its previous status when the interrupt processing routine isterminated by the reti
instruction.
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ThelL isrewritten for only maskable interrupts and not for any other traps (except areset).
ThelL issettolevel O (that is, al interrupts above level 1 are enabled) by an initial reset.

Note: As the EOC33000 Core CPU function, the IL allows interrupt levels to be set in the range of 0 to 15.
However, since the interrupt priority register in the ITC consists ofthree bits, interrupt levels in each
interrupt system can only be set for up to 8.

Interrupt Factor Flag and Interrupt Enable Register
An interrupt factor flag and an interrupt enable register are provided for each maskable interrupt factor.

Interrupt factor flag
Theinterrupt factor flag isset to " 1" when the corresponding interrupt factor occurs. Reading the flag enables
you to determine what caused an interrupt, making it unnecessary to resort to the CPU's trap processing. The
interrupt factor flag isreset only by writing datain software. Note that the method by which thisflag isreset
can be selected from the software application using either of the two methodsdescribed below. Thisselectionis
accomplished using RSTONLY (DO) / Interrupt factor flag reset method select register (0x4029F).

* Reset-only method (default)
Thismethod isselected (RSTONLY ="1") when initialy reset.
With this method, the interrupt factor flag isreset by writing "1". Although multipleinterrupt factor flags are
located at the same address of the interrupt control register, the interrupt factor flags for which "0" has been
written can be neither set nor reset. Therefore, this method ensures that only a specific factor flag isreset.
However, when using read-modify-write instructions (e.g., bset, bclr, or bnot), note that an interrupt factor flag
that hasbeen setto"1" isreset by writing.

In this method, no interrupt factor flag can be set in the software application.

¢ Read/write method
Thismethod is selected by writing "0" to RSTONLY .
When this method is used, interrupt factor flags can beread and written asfor other registers. Therefore, the flag
isreset by writing " 0" and set by writing"1". In thiscase, all factor flags for which "0" has been written are
reset. Even in aread-modify-write operation, an interrupt factor can occur between the read and the write, so
be careful when using this method.

Since interrupt factor flags are not initialized by an initial reset, be sure to reset them before enabling
interrupts.

Note: Even when a maskable interrupt request is accepted by the CPU and control branches off to the
interrupt processing routine, the interrupt factor flag is notreset. Consequently, if control is returned
from the interrupt processing routine by the reti instruction without resetting the interrupt factor flag
in a program, the same interrupt factor occurs again.

For details about interrupt factor generating conditions, refer to the description of each peripheral circuitinthis
manual.
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Interrupt enable register
Thisregister controlsthe output of an interrupt request to the CPU. Only when the interrupt enable bit of this
register isset to " 1" can an interrupt request to the CPU be enabled by an occurrence of the corresponding
interrupt factor. If the bit issetto"0", nointerrupt request is made to the CPU even when the corresponding
interrupt factor occurs.
Interrupt enable bits can be read and written as for other registers. Therefore, the interrupt enablebit isresetby
writing " 0" and set by writing " 1". By reading thisregister, its setup status can be checked at any time.
Settings of the interrupt enableregister do not affect the operation of interrupt factor flags sowhen aninterrupt
factor occurs theinterrupt factor flagisset to " 1" evenif the corresponding interrupt enable bit isset to "0".
When initialy reset, the interrupt enable register isset to " 0" (interrupts are disabled).

In caseswhen IDMA is started up by occurrence of an interrupt factor or when clearing standby mode (HALT
or SLEEP mode) too, the corresponding interrupt enable bit must be setto"1".

Theinterrupt controller outputs an interrupt request to the CPU when the following conditions are met:

» Aninterrupt factor has occurred and the interrupt factor flagissetto"1".

» Thebit of theinterrupt enable register for the interrupt factor that has occurred issetto " 1" (interrupt enable).
» Thebit of the IDMA request register for theinterrupt factor that has occurred is set to 0" (interrupt request).

If two or more interrupt factors occur simultaneously, the interrupt factor that hasthe highest priority isallowed to
signal an interrupt request to the CPU. (Seethefdllowing section.)

When these conditions are met, theinterrupt controller outputs an interrupt request signal to the CPU along with the
setup content (interrupt level) of the interrupt priority register for the generated interrupt system and its vector
number.

These signals remain asserted until theinterrupt factor flagisreset to "0" or the corresponding bit of theinterrupt
enable register isset to " 0" (interrupts are disabled) or until some other interrupt factor of higher priority occurs.
They arenot cleared if the CPU simply accepts the interrupt request.
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Interrupt Priority Register and Interrupt Levels

Theinterrupt priority register isa3-bit register provided for each interrupt system. It allows the interrupt levels of a
given interrupt system to be set in therange of 0 to 7. The default priorities shown in Table 5.1 can be modified
according to system requirements by this setting.

Thevalue set in thisregister isused by theinterrupt controller and the CPU as described below.

Roles of the interrupt priority register in the interrupt controller
If two or more interrupt factors that have been enabled by the interrupt enable register occur simultaneoudly,
theinterrupt factor in the interrupt system whose interrupt priority register contains the greatest value is
allowed by the interrupt controller to signal an interrupt request to the CPU.
If an interrupt factor occurs in two or more interrupt systems having the same value, theinterrupt priority is
resolved according to the default priorities in Table 5.1. Interrupt factors in the same interrupt systemal so have
their priorities resolved according to the order in Table 5.1.
Other interrupt factors are kept pending until all interrupts of higher priority are accepted by the CPU.

When outputting an interrupt request signal to the CPU, the interrupt controller outputs the content of the
interrupt priority register to the CPU along withiit.

If another interrupt factor of higher priority occursduring outputting an interrupt request signal, the interrupt
controller changes the vector number and interrupt level to those of the new interrupt factor before they are
output to the CPU. Thefirst interrupt request is left pending.

Roles of the interrupt priority register in CPU processing
The CPU compares the content of the interrupt priority register received from theinterrupt controller with the
interrupt level that isset intheIL of the PSR to determine whether or not to accept the interrupt request.

IE bit ="1" & IL <interrupt priority register: the interrupt request is accepted
IE bit ="1" & IL >interrupt priority register: the interrupt request isrejected

Before interrupts can be controlled by an interrupt level, theinterrupt disabling level must be written tothelL.
For example, if thevalue written totheIL is 3, only the interrupts whose interrupt levelswritten intheinterrupt
priority register are 4 or more will be accepted.

When an interrupt is accepted, the interrupt level that isset inits interrupt priority register iswritten tothe L.
Asaresult, theinterrupt requests below that interrupt level can no longer be accepted.

If theinterrupt priority register for an interrupt isset to " 0", the interrupt is disabled. However, invoking
IDMA by means of an interrupt factor worksfine.

Notes: ¢« As the EOC33000 Core CPU function, the IL allows interrupt levels to be set in the range of 0 to
15. However, since the interrupt priority register in the C33 Core Block consists of three bits,
interrupt levels in each interrupt system can only be set for up to 8.

« Multiple interrupts can also be handled by rewriting the interrupt level to the IL in the interrupt
processing routine. However, if the interrupt level of the IL is set below the current level and the
IE is set to enable interrupts before resetting the interrupt factor flag after an interrupt has
occurred, the same interrupt may occur again.
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IDMA Invocation

Theinterrupt factors for which IDMA channel numbers are written in Table 5.1 have the function to invoke the
intelligent DMA (IDMA).

IDMA request register
The IDMA request register is used to specify the interrupt factor that invoke an IDMA transfer. If an IDMA
request bit issetto "1, the IDMA request will be generated when the corresponding interrupt factor occurs.
When the IDMA request bit isset to 0", the corresponding interrupt factor does not invoke IDMA and a
normal interrupt processing will be performed. The IDMA request register isset to 0" by an initial reset.
The method by which thisregister is set can be selected from the software application using either of the two
methods described below. This selection isaccomplished using IDMAONLY (D1) / Flag set/reset method
select register (0x4029F).

»  Set-only method (default)
Thismethod isselected IDMAONLY ="1") when initialy reset.
With this method, an IDMA request bit is set by writing " 1". Although multiple IDMA request bits are
located in the IDMA request register, the IDMA request bits for which "0" has been written can be neither set
nor reset. Therefore, this method ensures that only a specific IDMA request bit is set.
However, when using read-modify-write instructions (e.g., bset, bclr, or bnot), note that an IDMA request bit
that hasbeen setto"1" isnot reset by writing.

* Read/write method
Thismethod is selected by writing "0" to IDMAONLY .
When this method is used, IDMA request bits can be read and written as for other registers. Therefore, the
IDMA request bit isreset by writing " 0" and set by writing "1". In this case, all IDMA request bits for which
"0" has been written are reset. Even in aread-modify-write operation, an IDMA request bit can be reset by the
hardware between the read and the write, so be careful when using this method.

IDMA enable register
To perform IDMA transfer using an interrupt factor, the corresponding bit of the IDMA enableregister must be
setto"1". If thishit isset to "0", theinterrupt factor cannot invoke the IDMA channel. The IDMA enable
register isset to "0" by an initial reset.
The IDMA enable register allows selection of aset method (set-only method or Read/write method) similar to
the IDMA request register. This selection is accomplished using DENONLY (D2) / Flag set/reset method
select register (0x4029F). See the above explanation for the set method.

Invoking IDMA
Before IDMA can be invoked by the occurrence of an interrupt factor, the corresponding bits of theIDMA
request and IDMA enable registers must be set to " 1". Then when an interrupt factor occurs, theinterrupt
reguest to the CPU is made pending and the corresponding IDMA channel isinvoked. The DMA transfer is
performed according to the control information of that IDMA channel. Theinterrupt level set by the interrupt
priority register of the | TC does not affect the IDMA invocation. The IDMA request can be accepted evenif the
interrupt level of the CPU is higher than the set value of theinterrupt priority register. However, when
generating the interrupt request to the CPU after the IDMA transfer is completed, the interrupt is controlled
using theinterrupt level set by the interrupt priority register.
An IDMA invocation request is accepted even when theinterrupt enable register and PSR of the CPU isset to
disable interrupts. It isalso necessary that the control information for the IDMA channel has been set.
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Interrupt after IDMA transfer

To generate an interrupt after completion of IDMA transfer:
Theinterrupt request that has been kept pending can be generated after completion of the DMA transfer.

In this case, the interrupt must be enabled by the IDMA control information (DINTEM ="1") in adition to the
interrupt controller and the PSR register settings.
However, if thetransfer counter set for the selected IDMA channel does not reach the terminal count of O after
the number of transfers set have been performed, the interrupt factor flag i s reset and no interrupt request is
generated. Thetransfer counter is decremented by 1 for each transfer performed.
If the transfer counter is decremented to 0 when DINTEN isset to "1", theinterrupt factor flag is not reset and
the IDMA request bit iscleared to "0". Aninterrupt request is generated if other interrupt conditions are met.
The IDMA request bit must be set up again in order for IDMA to be invoked when an interrupt factor occurs
next time as well. To ensure that no unwanted IDMA request occurs, this setup must be performed after
resetting the interrupt factor flag.
Figure 5.2 shows the hardware sequence when DINTEN issetto "1".
[ A

X1 X 0

IDMA trigger (interrupt factor flag)

Transfer counter 3

[ 1
Vot
X
\gb
Data transfer
\
|_|

Reset A signal

VRN
(reset interrupt factor flag) |_| &‘
Reset B signal

(reset IDMA request bit) El
L

IDMA request bit

Interrupt request T

Figure 5.2 Sequence when DINTEN = "1"

To disable an interrupt after completion of IDMA transfer:

If an interrupt has been disabled in the IDMA control information (DINTEN ="0"), theinterrupt is not
generated since the interrupt factor flag is reset when the transfer counter becomes 0.

In this case, the IDMA request bit remains set to "1" without being cleared. However, the IDMA enable bit is
cleared, so thefollowing IDMA request by the same interrupt factor will be disabled.

Figure 5.3 shows the hardware sequence when DINTEN issetto "0".

IDMA trigger (interrupt factor flag) \
1 1
Transfer counter 3 X |2 X 1 X | o
\
Data transfer
Reset A signal &l—l |—| R&H
(reset interrupt factor flag)
Reset B signal L \\
(reset IDMA request bit) "
Reset C signal |—|
(reset IDMA enable bit) (
IDMA request bit 1" \
IDMA enable bit

Figure 5.3 Sequence when DINTEN ="0"

For details on IDMA, refer to "IDMA (Intelligent DMA)".
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HSDMA Invocation

I CORE BLOCK:

ITC (Interrupt Controller)

Someinterrupt factors can invoke high-speed DMAs (HSDMA).

HSDMA trigger set-up register
The DMA block contains four channel of HSDMA circuit. Each channel allows selection of an interrupt factor
as thetrigger. The HSDMA trigger set-up registers are used for this selection.
HSDMA Ch.0: HSD0S[3:0] (D[3:0])/HSDMA Ch.0/1 trigger set-up register (0x40298)
HSDMA Ch.1: HSD15[3:0] (D[7:4])/HSDMA Ch.0/1 trigger set-up register (0x40298)
HSDMA Ch.2: HSD25[3:0] (D[3:0])/HSDMA Ch.2/3 trigger set-up register (0x40299)
HSDMA Ch.3: HSD35[3:0] (D[7:4])/HSDMA Ch.2/3 trigger set-up register (0x40299)

Table 5.2 shows the setting value and the corresponding trigger factor.

Table 5.2 HSDMA Trigger Factor

Value Ch.0 trigger factor Ch.1 trigger factor Ch.2 trigger factor Ch.3 trigger factor
0000 |Software trigger Software trigger Software trigger Software trigger

0001 |K50 port input (falling edge)  |K51 port input (falling edge) K53 port input (falling edge)  |K54 port input (falling edge)
0010 |K50 port input (rising edge) K51 port input (rising edge) K53 port input (rising edge) K54 port input (rising edge)
0011 |Port 0 input Port 1 input Port 2 input Port 3 input

0100 [Port 4 input Port 5 input Port 6 input Port 7 input

0101 |8-bit timer 0 underflow 8-bit timer 1 underflow 8-bit timer 2 underflow 8-bit timer 3 underflow
0110 |16-bit timer 0 compare B 16-bit timer 1 compare B 16-bit timer 2 compare B 16-bit timer 3 compare B
0111 |16-bittimer 0 compare A 16-bittimer 1 compare A 16-bit timer 2 compare A 16-bit timer 3 compare A
1000 |16-bittimer 4 compare B 16-bit timer 5 compare B 16-bit timer 4 compare B 16-bit timer 5 compare B
1001 |16-bittimer 4 compare A 16-bittimer 5 compare A 16-bit timer 4 compare A 16-bit timer 5 compare A
1010 |Serial I/F Ch.0 Rx buffer full |Serial I/F Ch.1 Rx buffer full | Serial I/F Ch.0 Rx buffer full |Serial I/F Ch.1 Rx buffer full
1011 |Serial I/F Ch.0 Tx buffer empty|Serial I/F Ch.1 Tx buffer empty|] Serial I/F Ch.0 Tx buffer empty|Serial I/F Ch.1 Tx buffer empty|
1100 |A/D conversion completion A/D conversion completion A/D conversion completion A/D conversion completion
Invoking HSDMA

By selecting an interrupt factor with the HSDMA trigger set-up register, the HSDMA channel isinvoked when
the selected interrupt factor occurs. Theinterrupt control bits (interrupt factor flag, interrupt enable register,
IDMA request register, interrupt priority register) do not affect thisinvocation.
Since HSDMA does not reset the interrupt factor flag, an interrupt will occur when the DMA transfer is
completed if theinterrupt isenabled by ITC.
BeforeHSDMA can beinvoked by the occurrence of aninterrupt factor, it is necessary that DMA beenabledon
the HSDMA side by setting the control register for HSDMA transfer.
For details about HSDMA, refer to "HSDMA (High-Speed DMA)".
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Il CORE BLOCK: ITC (Interrupt Controller)

I/O Memory of Interrupt Controller

Table 5.3 shows the control bits of theinterrupt controller.

Table 5.3 Control Bits of Interrupt Controller

[ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
Port input 0/1 | 0040260 | D7 |- reserved — — — |0 when being read.
interrupt B) D6 |PP1L2 Port input 1 interrupt level Oto7 X | RIW
priority register D5 |PP1L1 X

D4 |PP1LO X
D3 |- reserved — — — |0 when being read.
D2 |PPOL2 Port input 0 interrupt level Oto7 X | RIW
D1 |PPOL1 X
DO |PPOLO X
Port input 2/3 | 0040261 | D7 |- reserved — — — |0 when being read.
interrupt B) D6 |PP3L2 Port input 3 interrupt level Oto7 X | RIW
priority register D5 |PP3L1 X
D4 |PP3LO X
D3 |- reserved — — — |0 when being read.
D2 |PP2L2 Port input 2 interrupt level Oto7 X | RIW
D1 |PP2L1 X
D0 |PP2LO X
Key input 0040262 | D7 |- reserved — — — |0 when being read.
interrupt B) D6 |PK1L2 Key input 1 interrupt level Oto7 X | RIW
priority register D5 |PKiL1 X
D4 |PK1LO X
D3 |- reserved — — — |0 when being read.
D2 |PKOL2 Key input 0 interrupt level Oto7 X | RIW
D1 |PKOL1 X
DO |PKOLO X
High-speed 0040263 | D7 |- reserved — — — |0 when being read.
DMA Ch.0/1 B) D6 |PHSD1L2 [High-speed DMA Ch.1 Oto7 X |RW
interrupt D5 |PHSDI1L1 |interrupt level X
priority register D4 |PHSDILO X
D3 |- reserved — — — |0 when being read.
D2 |PHSDOL2 [High-speed DMA Ch.0 Oto7 X | RW
D1 |PHSDOL1 |interrupt level X
D0 |PHSDOLO X
High-speed 0040264 ( D7 |- reserved — — — |0 when being read.
DMA Ch.2/3 B) D6 |PHSD3L2 [High-speed DMA Ch.3 Oto7 X |RW
interrupt D5 |PHSD3L1 |interrupt level X
priority register D4 | PHSD3LO X
D3 |- reserved — — — |0 when being read.
D2 |PHSD2L2 [High-speed DMA Ch.2 Oto7 X | RW
D1 |PHSD2L1 |interrupt level X
D0 |PHSD2LO X
IDMA interrupt | 0040265 | D7-3 |- reserved — — — |0 when being read.
priority register B) D2 |PDM2 IDMA interrupt level Oto7 X | RW
D1 |PDM1 X
DO |PDMO X
16-bit timer 0/1| 0040266 | D7 |- reserved — — — |0 when being read.
interrupt B) D6 |P16T12 16-bit timer 1 interrupt level Oto7 X | RW
priority register D5 |P16T11 X
D4 |P16T10 X
D3 |- reserved — — — |0 when being read.
D2 |P16T02 16-bit timer O interrupt level Oto7 X | RIW
D1 |P16TO01 X
DO |P16T00 X
16-bit timer 2/3| 0040267 | D7 |- reserved — — — |0 when being read.
interrupt B) D6 |P16T32 16-bit timer 3 interrupt level Oto7 X | RW
priority register D5 |P16T31 X
D4 | P16T30 X
D3 |- reserved — — — |0 when being read.
D2 |P16T22 16-bit timer 2 interrupt level Oto7 X | RIW
D1 |P16T21 X
DO |P16T20 X
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I CORE BLOCK: ITC (Interrupt Controller)

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 4/5 | 0040268 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T52 16-bit timer 5 interrupt level Oto7 X | RIW
priority register D5 |P16T51 X
D4 |P16T50 X
D3 |- reserved — — — |0 when being read.
D2 |P16T42 16-bit timer 4 interrupt level Oto7 X | RIW
D1 |P16T41 X
DO (P16T40 X
8-bit timer, 0040269 | D7 |- reserved — — — |0 when being read.
serial I/lF Ch.0 (B) D6 |PSI002 Serial interface Ch.0 Oto7 X | RIW
interrupt D5 |PSI001 interrupt level X
priority register D4 |PSI000 X
D3 |- reserved — — — |0 when being read.
D2 |P8TM2 8-bit timer 0-3 interrupt level Oto7 X | RIW
D1 |P8TM1 X
DO [P8TMO X
Serial I/F Ch.1, | 004026A | D7 |- reserved — — — |0 when being read.
A/D interrupt (B) D6 |PAD2 A/D converter interrupt level Oto7 X | RIW
priority register D5 |PAD1 X
D4 |PADO X
D3 |- reserved — — — |0 when being read.
D2 |PsI012 Serial interface Ch.1 Oto7 X |RW
D1 |PSIO11 interrupt level X
DO ([PSIO10 X
Clock timer 004026B | D7-3 |- reserved — — — | Writing 1 not allowed.
interrupt (B) D2 |PCTM2 Clock timer interrupt level Oto7 X | RIW
priority register D1 |PCTM1 X
DO |PCTMO X
Portinput 4/5 |004026C| D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP5L2 Port input 5 interrupt level Oto7 X | RIW
priority register D5 |PP5L1 X
D4 |PP5LO X
D3 |- reserved — — — |0 when being read.
D2 |PP4L2 Port input 4 interrupt level Oto7 X | RIW
D1 |PP4L1 X
DO |PP4LO X
Port input 6/7 |004026D | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP7L2 Port input 7 interrupt level Oto7 X | RIW
priority register D5 |PP7L1 X
D4 |PP7LO X
D3 |- reserved — — — |0 when being read.
D2 |PP6L2 Port input 6 interrupt level Oto7 X | RIW
D1 |PP6L1 X
DO |PP6LO X
Key input, 0040270 | D7-6 |— reserved — — — |0 when being read.
port input 0-3 (B) D5 |EK1 Key input 1 Enabled 0 | Disabled 0 |RW
interrupt D4 |EKO Key input 0 0 |RW
enable register D3 |EP3 Port input 3 0 |RW
D2 |EP2 Port input 2 0 |RW
D1 |EP1 Port input 1 0 |RW
DO |EPO Port input 0 0 |RW
DMA interrupt [ 0040271 | D7-5 |- reserved — — — |0 when being read.
enable register B) D4 |EIDMA IDMA Enabled 0 [Disabled 0 |RW
D3 |EHDM3 High-speed DMA Ch.3 0 |RW
D2 |EHDM2 High-speed DMA Ch.2 0 |RW
D1 |EHDM1 High-speed DMA Ch.1 0 |RW
DO |EHDMO High-speed DMA Ch.0 0 |[RW
16-bit timer 0/1 | 0040272 | D7 |E16TC1 16-bit timer 1 comparison A Enabled 0 | Disabled 0 |R/W
interrupt B) D6 |E16TUL 16-bit timer 1 comparison B 0 |RW
enable register D5-4 |- reserved — — — |0 when being read.
D3 |E16TCO 16-bit timer O comparison A Enabled 0 [Disabled 0 |RW
D2 [E16TUO 16-bit timer 0 comparison B 0 |RW
D1-0 |- reserved - — — |0 when being read.
16-bit timer 2/3 | 0040273 (| D7 |E16TC3 16-bit timer 3 comparison A Enabled 0 | Disabled 0 |R/W
interrupt (B) D6 |E16TU3 16-bit timer 3 comparison B 0 |R/W
enable register D5-4 |- reserved — — — |0 when being read.
D3 |E16TC2 16-bit timer 2 comparison A Enabled 0 | Disabled 0 |R/W
D2 |E16TU2 16-bit timer 2 comparison B 0 |RW
D1-0 |- reserved — — — |0 when being read.
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Il CORE BLOCK: ITC (Interrupt Controller)

| Register name | Address | Bit Name Function Setting Init. | RIW Remarks

16-bit timer 4/5 | 0040274 | D7 |E16TC5 16-bit timer 5 comparison A 1 [Enabled 0 | Disabled 0 |[R/W
interrupt B) D6 |E16TUS 16-bit timer 5 comparison B 0 |RW

enable register D5-4 |- reserved — — — |0 when being read.
D3 |[E16TC4 16-bit timer 4 comparison A 1 |Enabled 0 | Disabled 0 [RW
D2 |[E16TU4 16-bit timer 4 comparison B 0 [RW

D1-0 |- reserved — - — |0 when being read.

8-bit timer 0040275 | D7-4 |- reserved — — — |0 when being read.
interrupt B) D3 |E8TU3 8-bit timer 3 underflow 1 |Enabled 0 [Disabled 0 |RW
enable register D2 |E8TU2 8-bit timer 2 underflow 0 [RW
D1 |E8TU1 8-bit timer 1 underflow 0 |RW
DO |E8TUO 8-bit timer 0 underflow 0 |RW

Serial I/F 0040276 | D7-6 |- reserved — — — |0 when being read.
interrupt B) D5 |ESTX1 SIF Ch.1 transmit buffer empty 1 |Enabled 0 [Disabled 0 |RW
enable register D4 |ESRX1 SIF Ch.1 receive buffer full 0 |[R/W
D3 |ESERR1 |SIF Ch.1 receive error 0 |RW
D2 |ESTX0 SIF Ch.0 transmit buffer empty 0 |[R/W
D1 |ESRX0 SIF Ch.0 receive buffer full 0 |RW
DO |ESERRO [SIF Ch.0 receive error 0 |RW

Port input 4-7, | 0040277 | D7-6 |— reserved — — — |0 when being read.
clock timer, (B) D5 |EP7 Port input 7 1 (Enabled 0 | Disabled 0 |RW
A/D interrupt D4 |EP6 Port input 6 0 |RW
enable register D3 |EP5 Port input 5 0 |RW
D2 |EP4 Port input 4 0 |RW
D1 |ECTM Clock timer 0 |RW
DO |EADE A/D converter 0 |RW

Key input, 0040280 | D7-6 |— reserved — — — |0 when being read.
port input 0-3 (B) D5 |FK1 Key input 1 1 [Factor is 0 |Nofactoris| X | R/W
interrupt factor D4 |FKO Key input 0 generated generated X | RIW
flag register D3 |FP3 Port input 3 X | RIW
D2 |FP2 Port input 2 X | RIW
D1 |FP1 Port input 1 X | RIW
DO |FPO Port input 0 X | RIW

DMA interrupt [ 0040281 | D7-5 |— reserved — — — |0 when being read.
factor flag B) D4 |FIDMA IDMA 1 | Factor is 0 [Nofactoris| X |[R/W
register D3 |FHDM3 High-speed DMA Ch.3 generated generated X |RW
D2 |FHDM2 High-speed DMA Ch.2 X |RW
D1 |FHDM1 High-speed DMA Ch.1 X |RW
DO |FHDMO High-speed DMA Ch.0 X |RW
16-bit timer 0/1 [ 0040282 | D7 |F16TC1 16-bit timer 1 comparison A 1 | Factor is 0 [Nofactoris| X |[R/W
interrupt factor B) D6 |F16TUl 16-bit timer 1 comparison B generated generated X | RIW

flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TCO 16-bit timer O comparison A 1 | Factor is 0 [Nofactoris| X |[R/W
D2 |F16TUO 16-bit timer O comparison B generated generated X |RW

D1-0 |- reserved — - — |0 when being read.
16-bit timer 2/3 | 0040283 | D7 |F16TC3 16-bit timer 3 comparison A 1 [Factor is 0 |Nofactoris| X | R/W
interrupt factor B) D6 |F16TU3 16-bit timer 3 comparison B generated generated X | RIW

flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC2 16-bit timer 2 comparison A 1 [Factor is 0 |Nofactoris| X | R/W
D2 |F16TU2 16-bit timer 2 comparison B generated generated X | RIW

D1-0 |- reserved — — — |0 when being read.
16-bit timer 4/5| 0040284 | D7 |F16TC5 16-bit timer 5 comparison A 1 [Factor is 0 |No factoris| X | R/W
interrupt factor (B) D6 |F16TU5 16-bit timer 5 comparison B generated generated X | RIW

flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC4 16-bit timer 4 comparison A 1 [Factor is 0 |Nofactoris| X | R/W
D2 |F16TU4 16-bit timer 4 comparison B generated generated X | RIW

D1-0 |- reserved — — — |0 when being read.

8-bit timer 0040285 | D7-4 |- reserved — — — |0 when being read.
interrupt factor (B) D3 |F8TU3 8-bit timer 3 underflow 1 [Factor is 0 |No factoris| X | R/W
flag register D2 |F8TU2 8-bit timer 2 underflow generated generated X | RIW
D1 |F8TU1 8-bit timer 1 underflow X | RIW
DO [F8TUO 8-bit timer 0 underflow X |RW

Serial I/F 0040286 | D7-6 |— reserved — — — |0 when being read.
interrupt factor (B) D5 |FSTX1 SIF Ch.1 transmit buffer empty 1 [Factor is 0 |Nofactoris| X | R/W
flag register D4 |FSRX1 SIF Ch.1 receive buffer full generated generated X | RIW
D3 |FSERR1 SIF Ch.1 receive error X |RW
D2 |FSTXO0 SIF Ch.0 transmit buffer empty X | RIW
D1 |FSRX0 SIF Ch.0 receive buffer full X |RW
DO |FSERRO [SIF Ch.0 receive error X |RW
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I CORE BLOCK: ITC (Interrupt Controller)

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Port input 4-7, | 0040287 | D7—6 |— reserved — — — |0 when being read.
clock timer, A/D (B) D5 |FP7 Port input 7 1 |Factor is 0 |Nofactoris| X |[R/W
interrupt factor D4 |FP6 Port input 6 generated generated X | RIW
flag register D3 |FP5 Port input 5 X | RIW
D2 |FP4 Port input 4 X | RIW
D1 |FCTM Clock timer X |RW
DO |FADE A/D converter X |RW
Port input 0-3, | 0040290 [ D7 |R16TCO 16-bit timer O comparison A 1 |IDMA 0 | Interrupt 0 |RW
high-speed B) D6 |R16TUO 16-bit timer O comparison B request request 0 |RW
DMA, 16-bit D5 |RHDM1 High-speed DMA Ch.1 0 |RW
timer 0 D4 |RHDMO High-speed DMA Ch.0 0 |RW
IDMA request D3 |RP3 Port input 3 0 |RW
register D2 |RP2 Port input 2 0 |RW
D1 |RP1 Port input 1 0 |RW
DO |RPO Port input 0 0 |R/W
16-bit timer 1-4| 0040291 | D7 |R16TC4 16-bit timer 4 comparison A 1 |IDMA 0 | Interrupt 0 |RW
IDMA request B) D6 |R16TU4 16-bit timer 4 comparison B request request 0 |RW
register D5 |R16TC3 16-bit timer 3 comparison A 0 |R/W
D4 |R16TU3 16-bit timer 3 comparison B 0 |RW
D3 |R16TC2 16-bit timer 2 comparison A 0 |RW
D2 |R16TU2 16-bit timer 2 comparison B 0 |RW
D1 |R16TC1 16-bit timer 1 comparison A 0 |RW
DO |R16TU1 16-bit timer 1 comparison B 0 |R/W
16-bit timer 5, | 0040292 [ D7 |[RSTXO0 SIF Ch.0 transmit buffer empty 1 |IDMA 0 | Interrupt 0 |RW
8-bit timer, B) D6 |RSRX0 SIF Ch.0 receive buffer full request request 0 |RW
serial I/F Ch.0 D5 |R8TU3 8-bit timer 3 underflow 0 |RW
IDMA request D4 |R8TU2 8-bit timer 2 underflow 0 |RW
register D3 |R8TU1 8-bit timer 1 underflow 0 |RW
D2 |R8TUO 8-bit timer 0 underflow 0 |R/W
D1 |R16TC5 16-bit timer 5 comparison A 0 |RW
DO |R16TUS 16-bit timer 5 comparison B 0 |R/W
Serial I/lF Ch.1, | 0040293 | D7 [RP7 Port input 7 1 |IDMA 0 | Interrupt 0 |RW
AID, (B) D6 |RP6 Port input 6 request request 0 |R/W
port input 4-7 D5 |RP5 Port input 5 0 |RW
IDMA request D4 |RP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |RADE A/D converter 1 |IDMA 0 | Interrupt 0 |RW
D1 |RSTX1 SIF Ch.1 transmit buffer empty request request 0 |R/W
DO |RSRX1 SIF Ch.1 receive buffer full 0 |R/W
Port input 0-3, | 0040294 [ D7 |DE16TCO [16-bittimer O comparison A 1 |IDMA 0 | IDMA 0 |RW
high-speed B) D6 |DE16TUO [16-bit timer O comparison B enabled disabled 0 |RW
DMA, 16-bit D5 |DEHDM1 [High-speed DMA Ch.1 0 |RW
timer 0 D4 |DEHDMO |High-speed DMA Ch.0 0 |RW
IDMA enable D3 |DEP3 Port input 3 0 |RW
register D2 |DEP2 Port input 2 0 |RW
D1 |DEP1 Port input 1 0 |RW
DO |DEPO Port input 0 0 |R/W
16-bit timer 1-4| 0040295 (| D7 |DE16TC4 [16-bittimer 4 comparison A 1 |IDMA 0 | IDMA 0 |RW
IDMA enable B) D6 |DE16TU4 [16-bit timer 4 comparison B enabled disabled 0 |RW
register D5 |DE16TC3 |16-bit timer 3 comparison A 0 |RW
D4 |DE16TU3 |16-bit timer 3 comparison B 0 |RW
D3 |DE16TC2 |16-bit timer 2 comparison A 0 |RW
D2 |DE16TU2 |16-bit timer 2 comparison B 0 |RW
D1 |DE16TC1 [16-bittimer 1 comparison A 0 |RW
DO |DE16TU1l |16-bittimer 1 comparison B 0 |R/W
16-bit timer 5, | 0040296 | D7 |DESTX0 SIF Ch.0 transmit buffer empty 1 |IDMA 0 | IDMA 0 |RW
8-bit timer, (B) D6 |DESRXO0 |SIF Ch.0 receive buffer full enabled disabled 0 |R/W
serial I/F Ch.0 D5 |DE8TU3 8-bit timer 3 underflow 0 |RW
IDMA enable D4 |DE8TU2 8-bit timer 2 underflow 0 |R/W
register D3 |DE8TU1l 8-bit timer 1 underflow 0 |RW
D2 |DE8TUO 8-bit timer 0 underflow 0 |R/W
D1 |DE16TC5 [16-bittimer 5 comparison A 0 |RW
DO |DE16TU5 |16-bit timer 5 comparison B 0 |R/W
Serial I/F Ch.1, [ 0040297 | D7 [DEP7 Port input 7 1|IDMA 0 | IDMA 0 |R/W
A/D, B) D6 |DEP6 Port input 6 enabled disabled 0 |RW
port input 4-7 D5 |DEP5 Port input 5 0 |RW
IDMA enable D4 |DEP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |DEADE A/D converter 1|IDMA 0 | IDMA 0 |R/W
D1 |DESTX1 [SIF Ch.1 transmit buffer empty enabled disabled 0 |RW
DO |DESRX1 [SIF Ch.1 receive buffer full 0 |R/W
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Il CORE BLOCK: ITC (Interrupt Controller)

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0040298 | D7 [HSD1S3 [High-speed DMA Ch.1
DMA Ch.0/1 (B) D6 |HSD1S2 |trigger set-up

trigger set-up D5 |HSD1S1
register D4 |HSD1S0

Software trigger 0 [RW
K51 input (falling edge)
K51 input (rising edge)

Port 1 input

Port 5 input

8-bit timer Ch.1 underflow
16-bit timer Ch.1 compare B
16-bit timer Ch.1 compare A
16-bit timer Ch.5 compare B
16-bit timer Ch.5 compare A
SI/F Ch.1 Rx buffer full

SI/F Ch.1 Tx buffer empty
A/D conversion completion
Software trigger

K50 input (falling edge)
K50 input (rising edge)

Port 0 input

Port 4 input

8-bit timer Ch.0 underflow
16-bit timer Ch.0 compare B
16-bit timer Ch.0 compare A
16-bit timer Ch.4 compare B
16-bit timer Ch.4 compare A
SI/F Ch.0 Rx buffer full

SI/F Ch.0 Tx buffer empty
A/D conversion completion

o O O

D3 [HSDO0S3 [High-speed DMA Ch.0
D2 |HSDO0S2 |trigger set-up

D1 |HSDOS1
DO [HSDOSO

R/W

o O O o

High-speed 0040299 ( D7 |HSD3S3 High-speed DMA Ch.3
DMA Ch.2/3 B) D6 |HSD3S2 |trigger set-up

trigger set-up D5 |HSD3s1
register D4 |HSD3S0

Software trigger R/W
K54 input (falling edge)
K54 input (rising edge)

Port 3 input

Port 7 input

8-bit timer Ch.3 underflow
16-bit timer Ch.3 compare B
16-bit timer Ch.3 compare A
16-bit timer Ch.5 compare B
16-bit timer Ch.5 compare A
SI/F Ch.1 Rx buffer full

SI/F Ch.1 Tx buffer empty
A/D conversion completion
Software trigger

K53 input (falling edge)
K53 input (rising edge)

Port 2 input

Port 6 input

8-bit timer Ch.2 underflow
16-bit timer Ch.2 compare B
16-bit timer Ch.2 compare A
16-bit timer Ch.4 compare B
16-bit timer Ch.4 compare A
SI/F Ch.0 Rx buffer full

SI/F Ch.0 Tx buffer empty
A/D conversion completion
Flag set/reset | 004029F | D7-3 |— reserved — — —
method select B) D2 |DENONLY |IDMA enable register set method | 1 | Set only 0 |RD/WR 1 |RW
register selection
D1 |IDMAONLY|IDMA request register set method| 1 | Set only 0 |RD/WR 1 |RW
selection
DO |RSTONLY |Interrupt factor flag reset method | 1 |Resetonly | 0 |RD/WR 1 |RW
selection

o O O o

D3 |HSD2S3 High-speed DMA Ch.2 R/W
D2 |HSD2S2 |trigger set-up
D1 [HSD2S1

DO |HSD2S0

OW>©O©O N WNRPOOT>»OONOAOEWNEOIOT» ©OOWMNOAOAWNEREOIOE»©0~NOO_WNLEREO
o oo o
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I CORE BLOCK: ITC (Interrupt Controller)

Register name | Address | Bit Name Function Setting Init. | RIW Remarks ]

TTBR write 004812D| D7 |TBRP7 TTBR register write protect Writing 01011001(0x59)
protect register (B) D6 |TBRP6 removes the TTBR (0x48134)
D5 |TBRP5 write protection.

D4 |TBRP4 Writing other data sets the

D3 |TBRP3 write protection.

D2 |TBRP2
D1 |TBRP1
DO [TBRPO

TTBR low- 0048134 | DF |TTBR15 Trap table base address [15:10]
order register (HW) DE |TTBR14
DD (TTBR13
DC (TTBR12
DB |TTBR11
DA |TTBR10O
D9 |TTBRO9 Trap table base address [9:0] Fixed at 0
D8 |TTBRO8
D7 [TTBRO7
D6 |[TTBRO6
D5 |TTBRO5
D4 |TTBRO4
D3 [TTBRO3
D2 [TTBRO2
D1 [TTBRO1
DO |TTBROO

TTBR high- 0048136 | DF |TTBR33 Trap table base address [31:28] Fixed at 0
order register (HW) DE |TTBR32
DD |TTBR31
DC |TTBR30
DB |TTBR2B |Trap table base address [27:16] |The initial value is set

DA [TTBR2A according to the BTA3 pin
D9 |TTBR29 status.

D8 |TTBR28 BTA3 ="1": 0x008

D7 [TTBR27 BTA3 ="0": 0x0CO

D6 |TTBR26
D5 |TTBR25
D4 |TTBR24
D3 |TTBR23
D2 |TTBR22
D1 |TTBR21
D0 |TTBR20

o
=

Undefined in read.

R/IW

0 when being read.
Writing 1 not allowed.

R |0 when being read.
Writing 1 not allowed.

O O O OO0 0O 000000000 00 OO0 OoO|looo oo oo
X

R/W

1

The following collectively explains the basic functions of each control register/bit. For details about individual
interrupt systems and the contents classified by an interrupt factor, refer to the descriptions of the peripheral circuits
in this manual.

Pxxx2—Pxxx0: Interrupt priority register

Set the priority levels of each interrupt systemintherangeof 0 to 7.
If thisregister is set below the IL value of the PSR, no interrupt is generated. The value of thisregisterwheninitialy
reset isindeterminate.

Exxx: Interrupt enable register

Enable or disable interrupt generation to the CPU.

Write"1": Interrupt enabled
Write"0": Interrupt disabled
Read: Valid

Interrupts are enabled when the corresponding bits of thisregister are setto"1" and are disabled when the bitsare
setto"0".

For theinterrupt factors used to request IDMA invocation or clear the standby mode, the corresponding interrupt
enable register bit must be set for interrupt enable.

When initially reset, thisregister isset to "0" (interrupt disabled).
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Fxxx: Interrupt factor flag

Indicate the status of interrupt factors generated.

When read
Read "1": Interrupt factor generated
Read "0": Nointerrupt factor generated

When written using thereset-only method (default)
Write"1": Factor flag isreset
Write"0": Invalid

When written using theread/write method
Write"1": Factor flagisset
Write "0": Factor flag isreset

Theinterrupt factor flag isset to " 1" when an interrupt factor occurs in each periphera circuit.

If the following conditions are met at thistime, an interrupt is generated to the CPU:

1. The corresponding bit of theinterrupt enable register issetto " 1".

2. No other interrupt request of higher priority has occurred.

3. ThelE bit of the PSRissetto"1" (interrupt enabled).

4. The corresponding interrupt priority register is set to alevel higher than the CPU's interrupt level (IL).

When using an interrupt factor to request IDMA, note that even when the above conditions are met, no interrupt
request to the CPU is generated for the interrupt factor that has occurred. If interrupts are enabled at the setting of
IDMA, an interrupt is generated under the above conditions after the datatransfer by IDMA is completed.
Theinterrupt factor flag isalways set to " 1" when an interrupt factor occurs no matter how the interrupt enable and
interrupt priority registers are set.

In order for the next interrupt to be accepted after interrupt generation, the interrupt factor flag must be reset and the
PSR must be set up again (by setting the IL below the level indicated by theinterrupt priority register and setting the
IE bit to"1" or executing thereti instruction).

Theinterrupt factor flag can only be reset by awrite instruction in the software application. If the PSR isagain set
up to accept interrupts (or thereti instruction is executed) without resetting the interrupt factor flag, the same
interrupt may occur again. Note also that the value to be written to reset the flag is" 1" when using the reset-only
method (RSTONLY ="1") and "0" when using the read/write method (RSTONLY ="0"). Be careful not toconfuse
these two conditions.

The interrupt factor flag becomes indeterminate when initially reset, so be sureto reset the flag in the software
application.

Rxxx: IDMA request register

Specify whether or not to invoke IDMA when an interrupt factor occurs.

When using the set-only method (default)
Write"1": IDMA request
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA request
Write"0": Interrupt request

Read: Valid

If abit of thisregisterissetto"1", IDMA isinvoked when the correspondinginterrupt factor occurs and the
programmed datatransfer is performed. If the register bit isset to"0", regular interrupt processing is performed,
without ever invoking IDMA.

For details about IDMA, refer to "IDMA (Intelligent DMA)".

If interrupts are enabled on the IDMA side and the transfer counter reaches the terminal count of 0 after completion
of DMA transfer, the IDMA request register isreset to "0" and an interrupt request for the interrupt factor that
enabled IDMA invoking is generated.

After an initial reset, thisregister isset to "0" (Interrupt is requested).
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DExxx: IDMA enable register

Enable or disable the IDMA request.

When using the set-only method (default)
Write"1": IDMA enabled
Write"0": Not changed

Read: Valid

When using theread/write method
Write"1": IDMA enabled
Write"0": IDMA disabled

Read: Valid

If abit of thisregisterissetto"1", the IDMA request by the interrupt factor is enabled. If the register bit is set to
"0", theIDMA request is disabled.
After aninitial reset, thisregister isset to "0" (IDMA isdisabled).

RSTONLY: Interrupt factor flag reset method selection
(DO0) / Flag set/reset method select register (0x4029F)

Select the method for resetting the interrupt factor flag.

Write"1": Reset-only method
Write"0": Read/write method
Read: Valid

With the reset-only method, the interrupt factor flag is reset by writing "1".

Theinterrupt factor flags for which " 0" has been written can neither be set nor reset. Therefore, this method ensures
that only a specific factor flag is reset. However, when using read-modify-write instructions (e.g., bset, bclr, or bnot),
note that an interrupt factor flag that has been setto " 1" isreset by writing. This method cannot be used to set any
interrupt factor flag in the software application.

The read/write method is selected by writing " 0" to RSTONLY . When this method is selected, interrupt factor flags
can be read and written as for other registers. Therefore, the flag is reset by writing " 0" and setbywriting"1".Inthis
case all factor flags for which "0" has been written are reset. Even in aread-modify-write operation, an interrupt
factor can occur between read and write instructions, so be careful when using this method.

After aninitial reset, RSTONLY issetto"1" (reset-only method).

IDMAONLY: IDMA request register set method selection
(D1) / Flag set/reset method select register (0x4029F)

Select the method for setting the IDMA request registers

Write"1": Set-only method
Write"0": Read/write method
Read: Valid

With the set-only method, IDMA request bits are set by writing "1".

The IDMA request bits for which"0" has been written can neither be set nor reset. Therefore, this method ensures
that only a specific IDMA request bit is set. However, when using read-modify-write instructions (e.g., bset, bclr, or
bnot), note that an IDMA request bit that has been set to"1" isnot reset by writing.

The read/write method is selected by writing "0" to IDMAONLY . When this method is selected, IDMA reguest bits
can be read and written as for other registers. Therefore, the IDMA request bit isreset by writing " 0" and set by
writing "1". In this case all IDMA request bits for which "0" has been written are reset. Even in aread-modify-write
operation, an IDMA request bit can be reset by the hardware between the read and the write, so be careful when
using this method.

After an initial reset, IDMAONLY issetto"1" (set-only method).
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DENONLY: IDMA enable register set method selection
(D2) / Flag set/reset method select register (0x4029F)

Select the method for setting the IDMA enable registers

Write "1":  Set-only method
Write "0": Read/write method
Read: Valid

With the set-only method, IDMA enable bits are set by writing " 1".

The IDMA enable bits for which " 0" has been written can neither be set nor reset. Therefore, this method ensures
that only a specific IDMA enable bit is set. However, when using read-modify-write instructions (e.g., bset, bclr, or
bnot), note that an IDMA enable bit that hasbeen set to " 1" isnot reset by writing.

The read/write method is selected by writing " 0" to DENONLY . When this method is selected, IDMA enable bits
can be read and written as for other registers. Therefore, the IDMA enable bit isreset by writing "0" and set by
writing"1". In thiscase all IDMA enable bits for which "0" has been written are reset. Even in aread-modify-write
operation, an interrupt enable bit can be reset by the hardware between the read and the write, so be careful when
using this method.

After aninitial reset, DENONLY issetto"1" (set-only method).

TBRP7-TBRPO: TTBR register write protection ([D[7:0]) / TTBR write-protect register (0x4812D)

Remove write protection for the TTBR register.

Write 0x59: Write protection is removed
Write not the above: No operation (write protected)
Read: Valid

Before writing to the TTBR register, set TBRP to "0x59" to remove the write protection. Then when datais written
to the most significant byte (0x48137) of the TTBR, the register once again becomes write-protected.
After an initial reset, TBRP isset to "0x0" (write protected).

TTBRO9-TTBROO: Trap table base address [9:0] (D[9:0]) / TTBR low-order register (0x48134[HW)])
TTBR15-TTBR10: Trap table base address [15:10] (D[F:A]) / TTBR low-order register (0x48134[HW])
TTBR2B-TTBR20: Trap table base address [27:16] (D[B:0]) / TTBR high-order register (0x48136[HW])
TTBR33-TTBR30: Trap table base address [31:28] (D[F:C])/ TTBR high-order register (0x48136[HW])

Set the starting address of the trap table.

TTBRO and TTBR3 areread-only registers and are fixed to "0". For this reason, the trap table starting address
always begins with a 1KB boundary address.

The TTBR registers normally are write-protected to prevent them from being inadvertently rewritten. To remove
thiswrite protect function, another register, TBRP (D[F:8]) / TTBR write-protect register (0x4812D), is provided.

A write to the TTBR register is enabled by writing "0x59" to TBRP and is disabled back again by awrite tothemost
significant byte of the TTBR register (0x48137). Consequently, writesto the TTBR register need to begin with the
low-order half-word first. However, since occurrences of NMI and the like between writes of the low-order and
high-order half-words cause malfunctions, it is recommended that the register be written in words.

After aninitial reset, the TTBR register is set to the boot address that is determined by the BTA3 pin status(BTA3=
high: 0x0080000; BTA3 = low: 0x0C00000).
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Programming Notes

)

@)

©)

(4)

©)

Incaseswhen aninterrupt factor that is used for restarting from the standby mode has been set to invokeIDMA,
IDMA is started up by theinterrupt at its occurrence. In SLEEP mode, the high-speed (OSC3) oscillation
circuit also starts operating. However, if an interrupt to be generated upon completion of IDMA isdisabled at
the setting of IDMA side, no interrupt request is signaled to the CPU. Therefore, the CPU remains idle until
the next interrupt request is generated.

Asthe EOC33000 Core CPU function, theIL allows interrupt levelsto be set in the range of 0 to 15. However,
since the interrupt priority register in the C33 Core Block consists of three bits, interrupt levelsin each
interrupt system can only be set for up to 8.

When the reset-only method is used to reset the interrupt factor flag (by writing " 1"), if aread-modify-write
instruction (e.g., bset, bclr, or bnot) is executed, the other interrupt factor flags at the same addressthat have
been set to "1" arereset by awrite. Thisrequires caution. In cases when the read/write method is used to reset
theinterrupt factor flag (by writing "0"), all factor flags for which "0" has been written are reset. When a
read-modify-write operation is performed, an interrupt factor may occur between reads and writes, so be
careful when using this method.

The same applies to the set-only method and read/write method for the IDMA request and IDMA enable
registers.

After an initial reset, the interrupt factor flags and interrupt priority registers all become indeterminate. To
prevent unwanted interrupts or IDMA requests from being generated inadvertently, be sureto reset these flags
and registers in the software application.

To prevent another interrupt from being generated for the same factor again after generation of an interrupt, be
sureto reset the interrupt factor flag before enabling interrupts and setting the PSR again or executing the reti
instruction.
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11-6 CLG (Clock Generator)

This section describes the method for controlling the system clock.

Configuration of Clock Generator

The C33 Core Block hasabuilt-in clock generator that consists of a high-speed oscillation circuit (OSC3) andaPLL.
The high-speed (OSC3) oscillation circuit generates the main clock for the CPU andinternal peripheral circuits(e.g.,
DMA, serial interface, programmable timer, and A/D converter).

Furthermore, the clock generator can input asub clock, such as low-speed (OSC1, 32.768 kHz, Typ.) clock
generated by the Peripheral Block, for the clock timer and for operating the CPU at alow clock speed in order to
reduce current consumption.

Note: When the Peripheral Block including the low-speed (OSC1) oscillation circuit is used, the source
clocks for the CPU and the peripheral circuits (e.g., DMA, serial interface, programmabletimer, and
A/D converter) can be selected between the OSC3 clock and the OSC1 clock independently. For
details, refer to "Setting and Switching Over the CPU Operating Clock" in this section and
"Prescaler" and "Low-Speed (OSC1) oscillation circuit" of the Peripheral Block.

Figure 6.1 shows the configuration of the clock generator.

! SOSC3 ST CLG |
! Oscillation ON/OFF [1:0] CLKCHG !

8222 (O { High-speed (OSC3) X |
O —S[EEp | oscillation circuit ivider N 1
| SLEEPT 1/1t0 1/8 Clock 1
: ¢ —» __ switch To CPU
O——
PLLC HALT, SLEEP
PLLSO O—— PLL
To BCU

PLLS1 O HALT2, SLEEP

3 4@—[‘!—» To peripheral circuits
! SLEEP 1

f LTD—V To peripheral circuits
T TTTTssssssssssssssosoooooooooooooooos E ””””””””””””””” " and clock timer
Peripheral Block

i Oscillation ON/OFF! !

0SC1 O———— Low-speed (OSC1) !
0SC2 O——— oscillation circuit |

Figure 6.1 Configuration of Clock Generator

After aninitial reset, the output (OSC3 clock) of the high-speed (OSC3) oscillation circuit is set for the CPU
operating clock.

When the low-speed (OSC1) oscillation circuit is used, the CPU operating clock can be switched to the output
(OSC1 clock) of the low-speed (OSC1) oscillation circuit in aprogram. Furthermore, each oscillation circuit can be
stopped in a program.

If the OSC3 clock is unnecessary such as when performing clock processing only, settheOSC1 clock for operationof
the CPU and turn off the high-speed (OSC3) oscillation circuit in order to reduce current consumption. In addition,
when SLEEP modeis set, the high-speed (OSC3) oscillation circuit isturned off, greatly reducing current
consumption (no internal units except for the clock timer need to be operated).
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I/0 Pins of Clock Generator
Table 6.1 lists the /O pins of the clock generator.

Table 6.1 1/0 Pins of Clock Generator

Pin name | I/O Function

0OSC3 I |High-speed (OSC3) oscillation input pin
Crystal/ceramic oscillation or external clock input

0OscC4 O |High-speed (OSC3) oscillation output pin
Crystal/ceramic oscillation (open when external clock is used)

PLLC — |Capasitor connecting pin for PLL
PLLS[1:0]| | |PLL set-up pins
PLLS1 PLLSO fin (fosca) fout (fPscin)

1 1 10-30MHz 20-60MHz m

10-25MHz 20-50MHz ®
0 1 10-15MHz 40-60MHz m

10-12.5MHz 40-50MHz 2
0 0 PLL is not used L 3

[: ROM-less model with 3.3V £0.3 V operating voltage
[2: ROM built-in model, or 3.0 V £ 0.3 V operating voltage
[B: When the PLL is not used, the OSC3 clock is used directly.

High-Speed (OSC3) Oscillation Circuit

The high-speed (OSC3) oscillation circuit generates the main clock for the CPU andinternal peripheral circuits(e.g.,
DMA, serial interface, programmable timer, and A/D converter).

Thiscircuit can be acrystal or aceramic oscillation circuit. Optionally an external clock source can be used.
Figure 6.2 shows the structure of the high-speed (OSC3) oscillation circuit.

fosca Vss T foscs

X'tal2 External
Ceramic clock
: Oscillation circuit Oscillation circuit
Co2 0SC4! control signal control signal
Vas ! SLEEP status SLEEP status
(1) Crystal/ceramic oscillation circuit (2) External clock input

Figure 6.2 High-Speed (OSC3) Oscillation Circuit

When using acrystal or aceramic oscillation for this circuit, connect acrystal (X'tal2) or ceramic (Ceramic)
resonator and feedback resistor (Rf) between the OSC3 and OSC4 pins, and two capacitors (CG2, Cb2) between the
OSC3 pin and Vss and the OSC4 pin and Vss, respectively.

When an external clock is used, leave the OSC4 pin open and input a square-wave clock to the OSC3 pin.
Therange of oscillation frequencies is 10 MHz to 33 MHz. This frequency range a so applieswhen an external clock
isused.

Note: When using the PLL, the oscillation frequency range changes according to the PLL setting. See
Table 6.2.

For details on oscillation characteristics and the external clock input characteristics, refer to "Electrical
Characteristics'.
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PLL

The PLL inputsthe OSC3 clock and multiply its frequency. The multiply mode should be set using the PLL §[1:0]
pins according to the OSC3 clock frequency.

Table 6.2 Setting the PLLS[1:0] Pins

PLLS1 PLLSO Mode fin (OSC3 clock) fout
1 1 X2 10 to 20 MHz 20 to 40 MHz
1 0 X2 20 to 25 MHz 40 to 50 MHz
0 1 x4 10to 12.5 MHz 40 to 50 MHz
0 0 PLL disabled - Unused

Figure 6.3 shows abasic external connection diagram for the PLL pins.

—e— VDD
1 © o OpLLsL
O |
O ]
—O— O PLLSO PLL
47kQ |
| 100 pF PLLC
| 10pF ;| | e
—e— V/ss

Figure 6.3 External Connection Diagram

Note: When the PLL is not used, the OSC3 oscillation output is used as the source clock. Inthis case, the
oscillation frequency range is 10 MHz to 33 MHz. Furthermore, leave the PLLC pin open.

Controlling Oscillation

The high-speed (OSC3) oscillation circuit can be turned on or off using SOSC3 (D1) / Power control register
(0x40180).

The oscillation circuit isturned off by writing "0" to SOSC3 and turned back on again by writing "1". SOSC3 is set
to"1" at initial reset, so the oscillation circuit isturned on.

Notes: » When the high-speed (OSC3) oscillation circuit is used as the clock source for the CPU
operating clock, it cannot be turned off. In this case, writing "0" to SOSC3 is ignored. Note also
that writing to SOSC3 is allowed only when the power-control register protection flag is set to
"0b10010110".

» Immediately after the oscillation circuit is turned on, a certain period of time is required for
oscillation to stabilize (for 3.3-V crystal resonator, this time is 10 ms max.). To prevent the device
from operating erratically, do not use the clock until its oscillation has stabilized.

The high-speed (OSC3) oscillation circuit turns off when the CPU is set in SLEEP mode.

Setting and Switching Over the CPU Operating Clock

Setting the CPU operating clock frequency
When operating the CPU with the high-speed (OSC3) clock, the operating frequency can be switched over in
four steps. Use CLKDT([1:0] (D[7:6]) / Power control register (0x40180) for this switchover.

Table 6.3 Setting of CPU Operating Clock

CLKDT1 CLKDTO Division ratio
1 1 fout/8
1 0 fout/4
0 1 fout/2
0 0 fout/1

fout: PLL output
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The clock thus set becomes the system clock, which isused as the CPU operating clock and the bus clock.
Atinitia reset, thedivisionratio is set to fout/1, so the CPU isoperated directly by the PLL output clock.
Since the device's current consumption can be decreased by reducing the CPU operating speed, switch overthe
operating frequency as necessary.

This setting is effective only for the high-speed (OSC3) clock, and has no effect when the low-speed (OSC1)
clock isused as the system clock.

Note: Writing to CLKDT[1:0] is effective only when the power-control register protection flag is set to
"0b10010110".

Switching over the CPU operating clock

Note: The CPU operating clock can be switched from OSC3 to OSC1 only when the low-speed (OSC1)
oscillation circuit in the Peripheral Block is used.

After aninitial reset, the CPU starts operating using the OSC3 clock. All internal peripheral circuits also
operate.

In casesin which some peripheral circuits (e.g., programmable timer, serial interface, and A/D converter) that
are clocked by the OSC3 clock do not need to be operate and the CPU can processits jobsat alow clock speed,
the CPU operating clock can be switched to the OSC1 clock, thereby reducing current consumption. Use
CLKCHG (D2) / Power control register (0x40180) to switch over the operating clock.

Procedure for switching over from the OSC3 clock to the OSC1 clock
1. Turn on the low-speed (OSC1) oscillation circuit (by writing "1" to SOSCL1).
2. Wait until the OSC1 oscillation stabilizes (three seconds or more).
3. Change the CPU operating clock (by writing"0" to CLKCHG).
4. Turn off the high-speed (OSC3) oscillation circuit (by writing "0" to SOSC3).
OSteps 1 and 2 are required only when the low-speed (OSC1) oscillation circuit isinactive.

Notes: « Use separate instructions to switch from OSC3 to OSC1 and turn the OSC3 oscillation off. If
these operations are processed simultaneously using one instruction, the CPU may operate
erratically.

« Make sure the operation of the peripheral circuits, such as the programmable timer, A/D
converter, and serial interface, which are clocked by the OSC3 oscillation circuit, is terminated
before the OSC3 oscillation is turned off in order to prevent them from operating erratically.

Procedure for switching over from the OSC1 clock to the OSC3 clock

1. Turn on the high-speed (OSC3) oscillation circuit (by writing "1" to SOSC3).

2. Wait until the OSC3 oscillation stabilizes (10 ms or more for a3.3-V crystal resonator).
3. Switch over the CPU operating clock (by writing "1" to CLKCHG).

Note: The operating clock switchover by CLKCHG is effective only when both oscillation circuits are on
and the power-control register protection flag is set to "0b10010110".

Power-Control Register Protection Flag

The power-control register at address 0x40180, which is used to control the oscillation circuits and the CPU
operating clock, isnormally disabled against writing in order to prevent it from malfunctioning due to unnecessary
writing.

To enable thisregister for writing, the power-control register protection flag CLGP[7:0] (D[7:0]) / Power-control
protection register (0x4019E) must be set to "0b10010110". Note that this setting allows for the power-control
register (0x40180) to bewritten to only once, so al bits of CLGP[7:0] are cleared to "0" when this addressiswritten
to. Therefore, CLGP[7:0] must be set to "0b10010110" each time the power-control register (0x40180) iswrittento.
The flag CLGP[7:0] does not affect the readout from the power-control register (0x40180).
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Operation in Standby Mode

In HALT mode, which is entered by executing the halt instruction, the high-speed (OSC3) and low-speed (OSC1)
oscillation circuits both retain their status before HALT mode is entered. Under normal conditions, therefore, thereis
no need to control the oscillation circuits before entering or after exiting HALT mode.

The high-speed (OSC3) oscillation circuit stops operating after SLEEP mode is entered, which is done by executing
the slp (sleep) instruction. If the high-speed (OSC3) oscillation circuit was operating before SLEEP mode was
entered, it automatically starts oscillating again after SLEEP modeis exited.

In addition, if the CPU was operating using the OSC3 clock before SLEEP mode was entered, the CPU starts
operating using the OSC3 clock again even after SLEEP mode is exited. The high-speed (OSC3) oscillation circuit
requires 10 ms max. (when using a3.3-V crystal resonator) for its oscillation to stabilize after oscillation starts. To
prevent the CPU from operating erratically upon restart during this period, the C33 Core Block is designed to allow
the OSC3 clock supply to the CPU to be disabled in the hardware after SLEEP modeis exited. Use 8T1ON (D2) /
Clock option register (0x40190) to select thisfunction. Use 8-bit programmable timer 1 to set the waitting time
before clock supply is started.

The processing procedure and the operations to be performed when thisfunction is used are as follows:

1. Disable the 8-bit programmable timer 1 interrupt.
2. Preset theinitial count to 8-bit programmable timer 1.
Set avalue that will provide an ample stabilization waiting time. It is also necessary to set the input clock for 8-
bit programmable timer 1 using the prescaler.
3. Enable theinterrupt used to exit SLEEP mode.
Before enabling the interrupt, be sureto reset the interrupt factor flag.
4. Write"0" to 8T1ON (turn on the function for waiting until the oscillation stabilizes after exiting SLEEP mode).
Activate 8-bit programmable timer 1 to start counting.
6. Enter SLEEP mode using the slp instruction.

o

SLEEP mode

7. Exit SLEEP mode using an NMI, input port, or timer interrupt.

8. The high-speed (OSC3) oscillation circuit starts oscillating when SLEEP mode is exited. 8-bit programmable
timer 1 also is made to start counting using the OSC3 clock.

9. 8-bit programmable timer 1 underflows.
The operating clock supply to the CPU is begun by the underflow signal, so that the CPU restarts.

For details on how to control the 8-bit programmable timer, prescaler, and interrupts, refer to the description of each
item inthismanual.

Note: The function for waiting until the high-speed (OSC3) oscillation is stabilized by 8T1ON is effective
only when SLEEP mode is exited.
Writing to 8T1ON is effective only when the power-control register protection flag is set to
"0b10010110".
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I/O Memory of Clock Generator

Table 6.4 lists the control bitsof clock generator.

Table 6.4 Control Bits of Clock Generator

[ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
Power control | 0040180 | D7 |CLKDT1 System clock division ratio CLKDT[1:0] | Division ratio 0 |[RW
register B) D6 |CLKDTO |selection 1 1 1/8 0
1 0 1/4
0 1 1/2
0 0 1/1
D5 |PSCON  [Prescaler On/Off control 1]on [o]off 1 [rw
D4-3 |- reserved — 0 — | Writing 1 not allowed.
D2 |CLKCHG |CPU operating clock switch 1[(0Ssc3 0|0SC1 1 |RW
D1 |SOSC3 High-speed (OSC3) oscillation On/Off| 1 | On 0 | Off 1 |RW
DO |SOSC1 Low-speed (OSC1) oscillation On/Off | 1 | On 0 | Off 1 |RW
Clock option 0040190 | D74 |- — — — — |0 when being read.
register (B) D3 |HLT20P HALT clock option 1(On 0 | Off 0 |RW
D2 |8T10ON OSC3-stabilize waiting function 1 |Off 0|On 1 |RW
D1 |- reserved — 0 — | Do not write 1.
DO [PF1ON  [OSC1 external output control 1]on [o]off o [rRw
Power control | 004019E | D7 |CLGP7 Power control register protect flag |Writing 10010110 (0x96) 0 |RW
protect register| (B) D6 |CLGP6 removes the write protection of 0
D5 |CLGP5 the power control register 0
D4 |CLGP4 (0x40180). 0
D3 |CLGP3 \Writing another value set the 0
D2 |CLGP2 write protection. 0
D1 |CLGP1 0
DO [CLGPO 0

SOSCL1: Low-speed (OSC1) oscillation control (DO) / Power control register (0x40180)
Turnsthe low-speed (OSC1) oscillation on or off.

Write"1": OSC1 oscillation turned on
Write "0": OSC1 oscillation turned off
Read: Valid

The oscillation of the low-speed (OSC1) oscillation circuit is stopped by writing "0" to SOSC1, and started again by
writing "1".

Since aduration of maximum three seconds is required for oscillation to stabilize after the oscillation has been
restarted, at least thislength of time must pass before the OSC1 clock can be used.

Writing to SOSC1 is allowed only when CLGP[7:0] is set to "0b10010110". Note also that if the CPU is operating
using the OSC1 clock, writing "0" to SOSC1 isignored and the oscillation is not turned off.

Atinitial reset, SOSClissetto"1" (OSC1 oscillation turned on).

Note: This control bit is effective only when the low-speed (OSC1) oscillation circuit in the Peripheral
Block is used.

SOSC3: High-speed (OSC3) oscillation control (D1) / Power control register (0x40180)

Turnsthe high-speed (OSC3) oscillation on or off.

Write "1": OSC3 oscillation turned on
Write "0": OSC3 oscillation turned of f
Read: Valid

The oscillation of the high-speed (OSC3) oscillation circuit is stopped by writing "0" to SOSC3, andstartedagain by
writing "1".

Since aduration of maximum 10 ms (for a3.3-V crystal resonator) isrequired for oscillation to stabilize after the
oscillation has been restarted, at least thislength of time must pass before the OSC3 clock can be used.

Writing to SOSC3 is allowed only when CLGP[7:0] is set to "0b10010110". Note also that if the CPU is operating
using the OSC3 clock, writing "0" to SOSC3 isignored and the oscillation is not turned off.

Atinitia reset, SOSC3isset to"1" (OSC3 oscillation turned on).

11-6-6 EPSON EOC33 FAMILY ASIC MACRO MANUAL



Il CORE BLOCK: CLG (Clock Generator)

CLKCHG: CPU operating clock switch (D2) / Power control register (0x40180)

Selects the CPU operating clock.

Write"1": OSC3 clock
Write"0": OSC1 clock
Read: Valid

The OSC3 clock is selected as the CPU operating clock by writing "1" to CLKCHG, and OSC1 is selected by
writing "0". The operating clock can be switched over in thisway only when both the high-speed (OSC3) and low-
speed (OSC1) oscillation circuits are on. In addition, writing to CLKCHG is effective only when CLGP[7:0] issetto
"0b10010110". Immediately after the oscillation circuit has started oscillating, wait for the oscillation to stabilize
before switching over the CPU operating clock.

Atinitial reset, CLKCHG isset to "1" (OSC3 clock).

Note: This control bit is effective only when the low-speed (OSC1) oscillation circuitin the Peripheral Block
is used.

CLKDT1-CLKDTO: CPU operating frequency selection (D[7:6]) / Power control register (0x40180)

Select the CPU operating clock frequency.
Table 6.5 Setting of CPU Operating Clock

CLKDT1 CLKDTO Division ratio
1 1 fout/8
1 0 fout/4
0 1 fout/2
0 0 fout/1

fout: PLL output

This setting is effective when the CPU is operated using the high-speed (OSC3) clock and has no effect on the low-
speed (OSCL1) clock. Writing to CLKDT[1:0] isalowed only when CLGP[7:0] is set to "0b10010110".
Atinitial reset, CLKDT issetto "0" (fout/1).

8T10N: High-speed (OSC3) oscillation waiting function (D2) / Clock option register (0x40190)

Sets the function for waiting until the high-speed (OSC3) oscillation stabilizes after SLEEP modeis exited.

Write"1": On
Write"0": Off
Read: Valid

After SLEEP modeis exited, the high-speed (OSC3) oscillation waiting function is effective by writing "1" to
8T1ON. For thisfunction to be used, the waiting time must be set in 8-bit programmable timer 1 to allow it to start
counting before entering SLEEP mode. After SLEEP modeis exited, the OSC3 clock is not supplied to the CPU
until 8-bit programmable timer 1 underflows. This function will not work when 8T1ON isset to"0".

The high-speed (OSC3) oscillation waiting function is effective only when SLEEP modeis exited.

Writing to 8T1ON is effective only when CLGP[7:0] isset to "0b10010110".

When writing to 8T10N, always be sure to write "0" to the reserved bits at address 0x40190.

Atinitial reset, 8T1ON issetto"0" (Off).

HLT20P: HALT clock option (D3) / Clock option register (0x40190)

Select aHALT condition (basic mode or HALT2 mode).

Write"1": HALT2 mode
Write "0": Basic mode
Read: Valid

When "1" iswritten to HLT20P, the CPU will enter HALT2 mode when the HALT instruction is executed. When
"0" iswritten, the CPU will enter basic mode.

Writing to HLT20P is allowed only when CLGP[7:0] is set to "0b10010110".

Atinitial reset, HLT20P isset to "0" (basic mode).
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The following shows the operating status in HALT mode (basic mode and HALT2 mode) and SLEEP mode.

Table 6.6 Operating Status in Standby Mode

Standby mode

Operating status

Reactivating factor

HALT mode

Basic mode

(1) The CPU clock is stopped. (CPU stop status)

(2) BCU clock is supplied. (BCU run status)

(3) Clocks for the peripheral circuits maintain the
status before entering HALT mode. (run or
stop)

(4) The high-speed oscillation circuit maintains
the status before entering HALT mode.

(5) The low-speed oscillation circuit maintains thej
status before entering HALT mode.

HALT2 mode

(1) The CPU clock is stopped. (CPU stop status)

(2) BCU clock is stopped. (BCU stop status)

(3) Clocks for the peripheral circuits maintain the
status before entering HALT mode. (run or
stop)

(4) The high-speed oscillation circuit maintains
the status before entering HALT mode.

(5) The low-speed oscillation circuit maintains thej
status before entering HALT mode.

(1) Reset, NMI
(2) Enabled (not masked) interrupt
factors

SLEEP mode

(1) The CPU clock is stopped. (CPU stop status)

(2) BCU clock is stopped. (BCU stop status)

(3) Clocks for the peripheral circuits are stopped.

(4) The high-speed oscillation circuit is stopped.

(5) The low-speed oscillation circuit maintains thej
status before entering SLEEP mode.

(1) Reset, NMI

(2) Enabled (not masked) input port
interrupt factors

(3) Clock timer interrupt when the
low-speed oscillation circuit is
being operated

CLGP7-CLGPO:Power-control register protection flag ([D[7:0]) / Power control protection register (0x4019E)

These bits remove the protection against writing to addresses 0x40180 and 0x40190.

Write "0b10010110": Write protection removed
Write other than the above: No operation (write-protected)
Read: Valid

Before writing to address 0x40180 or 0x40190, set CLGP[7:0] to "0b10010110" to remove the protection against
writing to that address. This clearing of write protection is effective for only onewriting, so the bits are cleared to
"0b00000000" by onewriting. Therefore, CLGP[7:0] must be set each time the protected addressiswritten to.

Atinitia reset, CLGPis set to "0b00000000" (write-protected).
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Programming Notes

)

@
®

4)

©)

Immediately after the high-speed (OSC3) oscillation circuit isturned on, acertain period of timeisrequiredfor
oscillation to stabilize (for a3.3-V crystal resonator, thistimeis 10 ms max.). To prevent the device from
operating erratically, do not use the clock until its oscillation has stabilized.

In particular, if the CPU issetin SLEEP mode during operation using the OSC3 clock, the high-speed (OSC3)
oscillation circuit isturned off during in SLEEP mode and starts oscillating again after SLEEP modeis exited.
To prevent the CPU from operating erratically at restart due to an unstable OSC3 clock, set a sufficient
stabilization waiting timein 8-bit programmable timer 1 to turn on the oscillation stabilization waiting
function after SLEEP mode is exited before entering SLEEP mode.

The oscillation circuit used for the CPU operating clock cannot be turned off.

The CPU operating clock can only be switched over when both the OSC3 and OSC1 oscillation circuitsareon.
Furthermore, when turning off an oscillation circuit that has become unnecessary as aresult of the CPU
operating clock switchover, be sureto use separate instructions for switchover and oscillation turnoff. If these
two operations are processed simultaneously using one instruction, the CPU may operate erratically.

If the high-speed (OSC3) oscillation circuit isturned off, all peripheral circuits operated using the OSC3 clock
will be inactive.

If the OSC3 clock isunnecessary, use the OSC1 clock to operate the CPU and turn the high-speed (OSC3)
oscillation circuit off. This helps reduce current consumption.
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11-7 DBG (Debug Unit)

Debug Circuit

The C33 Core Block has abuilt-in debug circuit.
Thisfunctional block is provided to simply realize an advanced software development environment.

Note: The debug circuit does not work during normal operation. To construct a software development
environment using the debug circuit, the ICD33 (In-Circuit Debugger for EOC33 Family) is
separately required.

I/0 Pins of Debug Circuit

Six pins used to exclusively connect the ICD33 (In-Circuit Debugger for EOC33 Family) arereserved for the debug
circuit. The /O voltage level of these pinsis3.3 V.
Table 7.1 lists the I/O pins of the debug circuit.

Table 7.1 1/0O Pins of Debug Circuit

Pin name| 1/O Pull-up | Initial status | Voltage level Function

DCLK (0] - 1 3.3V Clock output for debugging
DST2 (0] - 0 3.3V Status output 2 for debugging
DST1 (0] - 1 3.3V Status output 1 for debugging
DSTO O - 1 3.3V Status output O for debugging
DPCO O - 1 33V PC output for debugging
DSIO 1/0 |With pull-up 1 (Input) 3.3V Serial 1/0 for debugging

The DCLK, DST[2:0] and DPCO outputs are extended functions of the I/O port pins P14, P1[2:0] and P13,
respectively. Atinitial reset, these pins are set as debug signal outputs.

If the debug circuit is not used, these pins can be used for 1/O ports or the redefined peripheral circuitsbywriting"0"
to CFEX[1:0] (D[21:Q]) / Port function extension register (0x402DF). Refer to "1/O Ports (P Ports)" for the pin
functions.

Note: When these pins are set as debug signal outputs, only the ICD33 (In-Circuit Debugger for EOC33
Family) can be connected to these pins. Leave these pins open if the ICD33 is not connected. For
connecting the ICD33, refer to the "In-Circuit Debugger (ICD33) Manual".

Furthermore, the pin status is fixed as shown in the above table after a user reset.
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Il PERIPHERAL BLOCK: INTRODUCTION

[11-1 INTRODUCTION

The peripheral block consists of aprescaler, four channels of 8-bit programmable timer, six channels of 16-bit
programmabl e timer including watchdog timer function, two channels of serial interface, input and 1/0 ports, low-
speed (OSC1) oscillation circuit and aclock timer.

Internal RAM Internal ROM

! C33_DMA Do (Area 3) (Area 10) !

1 - A A 3

! | (IDMA,HSDMA) | | ! }

! Lo Internal RAM Internal ROM !

(Area 0) (Area 3) !

1 A L 4 4 3

3 777777777777 vy vy ;; 7777777 vy ;;777777777‘:

s ol

3 C33_CORE o !
—r—> w' 4—‘—»@ Pads

3 (CPU, BCU, ITC, CLG, DBG) x|

I O I

User Ligic !

< 3 > C33_SBUS 3

S | 1. c33Core Block

C33_ADC C33_PERI

(A/D converter) (Prescaler, 8-bit timer, 16-bit timer,

Clock timer, Serial interface, Ports)

PERI_PAD
T
@
o
(7]

Figure 1.1 Peripheral Block
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11-2 PRESCALER

Configuration of Prescaler

The prescaler dividesthe source clock (OSC3/PLL output clock or OSC1 clock) togeneratethe clocksfor theinternal
peripheral circuits. The prescaler division ratio can be selected for each peripheral circuitin aprogram. A clock
control circuit to control the clock supply to each peripheral circuit isalso included.

Thefollowing are the peripheral circuits that use the output clock:

« 16-hit programmable timers 5 to 0 (and watchdog timer)

« 8-hit programmable timers 3 to 0 (and serial interface)

* A/D converter

Figure 2.1 shows the configuration of the prescaler.
For details on control of each peripheral circuit, refer to each corresponding section in this manual.

PSCON

0SC3or >—¢
PLL output clock | sejector|- 8wl (171 |[ 172 || 1/a ][ w8 |[ 116 |[ 1/32 || w64 |[1/128][1/256 [ /512 ][u/1024[1/20a8] /2096
OSCl1 clock —»

YYYVVVYVY

|
| Division ratio
| |select register
|

— 16-bit programmable timer 5-0
| %» 8-bit programmable timer 3-0
I\ ——» A/D converter

Selector
' Prescaler

! Control register
' output control

Figure 2.1 Configuration of Prescaler and Clock Control Circuit

Source Clock

The source clock for the prescaler can be selected using PSCDTO (DO) / Prescaer clock select register (0x40181).
When PSCDTO ="0", the OSC3 clock (when the PLL isnot used) or the PLL output clock (when thePLL isused)is
selected.

When PSCDTO ="1", the OSC1 clock (typ. 32 kHz) is selected.

Atinitia reset, the OSC3/PLL output clock is selected.

Note: For the prescaler clock, the clock source same as the CPU operating clock must be selected.

For details on how to control the oscillation circuit and CPU operating clock, refer to "CLG (Clock Generator)".
Atinitia reset, the OSC3 clock is selected.

The source clock is supplied to the prescaler by writing "1" to PSCON (D5) / Power control register (0x40180). At
initial reset, PSCON issetto"1", so the prescaler isin an operating state. If all of said peripheral circuits can be
turned off, stop the prescaler by writing "0" to PSCON. This helpsto reduce current consumption.
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Selecting Division Ratio and Output Control for Prescaler

The prescaler hasregisters for selecting the division ratio and clock output control separately for each peripheral
circuit described above, allowing each peripheral circuit to be controlled.
The prescaler's division ratio can be selected from among eight ratios set for each peripheral circuit through the use
of thedivision ratio selection bits. The divided clock is output to the corresponding peripheral circuit by writing "1"

totheclock control hit.

Table 2.1 Control Bits of the Clock Control Registers

Peripheral circuit

Division ratio selection bit

Clock control bit

16-bit programmable timer O

P16TS0[2:0] (D[2:0)/0x40147) 1L

P16TONO (D3/0x40147)

16-bit programmable timer 1

P16TS1[2:0] (D[2:0/0x40148) (1L

P16TON1 (D3/0x40148)

16-bit programmable timer 2

P16TS2[2:0] (D[2:0)/0x40149) (1L

P16TON2 (D3/0x40149)

16-bit programmable timer 3

P16TS3[2:0] (D[2:0]/0x4014A)1L

P16TON3 (D3/0x4014A)

16-bit programmable timer 4

P16TS4[2:0] (D[2:0]/0x4014B)1L

P16TON4 (D3/0x4014B)

16-bit programmable timer 5

P16TS5[2:0] (D[2:0)/0x4014C)[L

P16TONS (D3/0x4014C)

8-bit programmable timer 0

P8TS0[2:0] (D[2:0)/0x4014D)[R

P8TONO (D3/0x4014D)

8-bit programmable timer 1

P8TS1[2:0] (D[6:4])/0x4014D)(B

PSTONA1 (D7/0x4014D)

8-bit programmable timer 2

P8TS2[2:0] (D[2:0]/0x4014E)#

PSTON2 (D3/0x4014E)

8-bit programmable timer 3

P8TS3[2:0] (D[6:4]/0x4014E)2

PSTON3 (D7/0x4014E)

A/D converter

PSAD[2:0] (D[2:0]/0x4014F)2

PSONAD (D3/0x4014F)

[ to [#4: See Table 2.2.

Table 2.2 Division Ratio

Bit setting 7 6 5 4 3 2 1 0
n 6/4096 6/1024 6/256 0/64 6/16 0/4 6/2 6/1
% 0/256 6/128 0/64 0/32 0/16 0/8 6/4 0/2
B 6/4096 6/2048 6/1024 6/512 0/256 6/128 6/64 0/32
4 6/4096 6/2048 0/64 0/32 6/16 6/8 0/4 6/2

(8 = Source clock selected by PSCDTO)

Current consumption can be reduced by turning off the clock output to the peripheral circuits that areunused among

those listed above.

Note: In the following cases, the prescaler output clock may contain a hazard:
« If, when a clock is output, its division ratio is changed
« When the clock output is switched between on and off
« When the oscillation circuit is turned off or the CPU operating clock is switched over
Before performing these operations, make sure the 16-bit and 8-bit programmable timers and the
A/D converter are turned off.

Source Clock Output to 8-Bit Programmable Timer

In addition to the divided clock, the prescaler can output the source clock directly to the 8-bit programmable timer.
Thisfunction can be selected for each 8-bit timer using PSTPCKXx bit.

8-bit timer 0: PBTPCKO (DO) / 8-bit timer clock select register (0x40146)
8-bit timer 1: PBTPCK1 (D1) / 8-bit timer clock select register (0x40146)
8-bit timer 2: PBTPCK 2 (D2) / 8-bit timer clock select register (0x40146)
8-bit timer 3: PBTPCK3 (D3) / 8-bit timer clock select register (0x40146)

When P8TPCKx isset to"1", the prescaler input clock (8/1) is selected for the 8-bit timer x operating clock.
The clock output is controlled by the PSTONX bit even if PBTPCKx isset to "1".

When P8TPCKx is"0", the divided clock that is selected by P8TSx[2:0] will be output to the 8-bit timer x.
Atinitial reset, PBTPCKx isset to "0" and P8T Sx[2:0] becomes effective.
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Table 2.3 shows the control bits of the prescaler.

Table 2.3 Control Bits of Prescaler

| Register name | Address | Bit | Name | Function | Setting | Init. | RIW| Remarks
8-bit timer 0040146 | D74 |- reserved — — — |0 when being read.
clock select (B) D3 |P8TPCK3 |8-bit timer 3 clock selection 1(6/1 0 |Divided clk.| 0 | R/W |6: selected by
register D2 |P8TPCK2 |8-bit timer 2 clock selection 1(6/1 0 |Divided clk.| 0 | R/W |Prescaler clock select]
D1 |P8TPCK1 |8-bittimer 1 clock selection 1(6/1 0 |Divided clk.| 0 | R/W |register (0x40181)
DO |P8TPCKO [8-bit timer O clock selection 1]6/1 0 [Divided clk.| 0 [R/W
16-bit timer 0 | 0040147 | D74 |- reserved — — — |0 when being read.
clock control (B) D3 |P16TONO |16-bit timer O clock control 1[on [o]off 0 [rRW
register D2 |P16TS02 |[16-bit timer O P16TS0[2:0]| Division ratio 0 | R/W |8: selected by
D1 |P16TS01 |clock division ratio selection 111(1 6/4096 0 Prescaler clock select]
DO |P16TS00 1(1(0 6/1024 0 register (0x40181)
1(10(1 6/256
1]10(0 6/64 16-bit timer O can be
o|1]1 0/16 used as a watchdog
of1]0 6/4 timer.
0|01 6/2
0j]0]oO 6/1
16-bit timer 1 | 0040148 | D74 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TON1 [16-bit timer 1 clock control 1 |On | 0 |Off 0 [RW
register D2 |P16TS12 |16-bittimer 1 P16TS1[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TS11 |clock division ratio selection 111(1 6/4096 0 Prescaler clock select]
DO |P16TS10 1110 6/1024 0 register (0x40181)
1(10(1 6/256
1(0(0 6/64
oO|1]1 6/16
o|1]0 6/4
0|01 6/2
0]0]0 6/1
16-bit timer 2 | 0040149 | D74 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TON2 |16-bit timer 2 clock control 1|on [o]off 0 |RwW
register D2 |P16TS22 |[16-bittimer 2 P16TS2[2:0]| Division ratio 0 | R/W |8: selected by
D1 |P16TS21 |clock division ratio selection 111(1 6/4096 0 Prescaler clock select]
DO |P16TS20 1(1(0 6/1024 0 register (0x40181)
1(10(1 6/256
1{0fo0 6/64
0|11 6/16
o|1]0 6/4
0|01 6/2
0j]0]oO 6/1
16-bit timer 3 | 004014A | D74 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TON3 [16-bit timer 3 clock control 1 |On | 0 |Off 0 [RW
register D2 |P16TS32 |16-bittimer 3 P16TS3[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TS31 |clock division ratio selection 111(1 6/4096 0 Prescaler clock select]
DO [P16TS30 1({1(o0 6/1024 0 register (0x40181)
1(10(1 6/256
1(0(0 6/64
oO|1]1 6/16
o|j1]0 6/4
0|01 6/2
0]0]0 6/1
16-bit timer 4 | 004014B | D74 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TON4 |16-bit timer 4 clock control 1|on [o]off 0 |RwW
register D2 |P16TS42 |16-bittimer 4 P16TS4[2:0]| Division ratio 0 | R/W |8: selected by
D1 |P16TS41 |clock division ratio selection 111(1 6/4096 0 Prescaler clock select]
DO |P16TS40 1(1(0 6/1024 0 register (0x40181)
1(0(1 6/256
1{0fo0 6/64
0|11 6/16
o|1]0 6/4
0|01 6/2
0j]0]oO 6/1
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer 5 [ 004014C | D7-4 |- reserved — — |0 when being read.
clock control (B) D3 |P16TON5 |16-bit timer 5 clock control 1[{On | 0 |Off 0 |RW
register D2 |P16TS52 [16-bittimer5 P16TS5[2:0]| Division ratio 0 [R/W |6: selected by
D1 |P16TS51 |clock division ratio selection 1(1(1 6/4096 0 Prescaler clock select
DO |P16TS50 111(0 6/1024 0 register (0x40181)
110(1 6/256
110fo0 6/64
of1]1 6/16
of1]0 0/4
001 0/2
0[0]O 0/1
8-bit timer 0/1 |004014D| D7 [P8TON1 [8-bit timer 1 clock control 1]on [o]off 0 [RW
clock control B) D6 |P8TS12 8-bit timer 1 P8TS1[2:0] Division ratio 0 [R/W |6: selected by
register D5 |P8TS11 clock division ratio selection 111(1 6/4096 0 Prescaler clock select
D4 |P8TS10 1(1(0 6/2048 0 register (0x40181)
1(0(1 6/1024
1]1]0(0 0/512 8-bit timer 1 can
o|1]1 0/256 generate the OSC3
of(1]0 6/128 oscillation-stabilize
0|01 0/64 waiting period.
0]0]0 6/32
D3 |P8TONO  [8-bit timer O clock control 1]on [o]off 0 [rRw
D2 |P8TS02 8-bit timer 0 P8TS0[2:0] Division ratio 0 [R/W |6: selected by
D1 |P8TSO01 clock division ratio selection 1]11(1 6/256 0 Prescaler clock select
DO |P8TS00 1(1(0 6/128 0 register (0x40181)
1(0(1 6/64
1]1]0f(0 6/32 8-bit timer 0 can
o(1]1 0/16 generate the DRAM
o(1]0 6/8 refresh clock.
0|01 6/4
0]0]0 6/2
8-bit timer 2/3 [ 004014E | D7 [P8TON3 _[8-bit timer 3 clock control 1]on [o]oft 0 [rRw
clock control (B) D6 |P8TS32 8-bit timer 3 P8TS3[2:0] Division ratio 0 [R/W |6: selected by
register D5 |P8TS31 clock division ratio selection 1(1(1 6/256 0 Prescaler clock select]
D4 |P8TS30 1(1(0 6/128 0 register (0x40181)
1({0f1 6/64
1]1]0(0 6/32 8-bit timer 3 can
o|1]1 0/16 generate the clock for|
o|1]0 0/8 the serial I/F Ch.1.
0|01 6/4
0|0]O 6/2
D3 |[P8TON2  [8-bit timer 2 clock control 1]on [o]off 0 [rRw
D2 |P8TS22 8-bit timer 2 P8TS2[2:0] Division ratio 0 [ R/W |6: selected by
D1 |P8TS21 clock division ratio selection 111 0/4096 0 Prescaler clock select
DO |P8TS20 1(1(0 6/2048 0 register (0x40181)
1({0f1 6/64
1]1]0/(0 6/32 8-bit timer 2 can
o|1]1 0/16 generate the clock for|
o(1]0 0/8 the serial I/F Ch.0.
0|01 6/4
0|0]O 0/2
A/D clock 004014F | D7-4 |- reserved — - — |0 when being read.
control register|  (B) D3 |PSONAD |A/D converter clock control 1 |On | 0 |Off 0 |RW
D2 |PSAD2 AID converter clock division ratio | P8TS0[2:0] Division ratio 0 [R/W |6: selected by
D1 |PSAD1 selection 1(1(1 6/256 0 Prescaler clock select
DO |PSADO 111/(0 0/128 0 register (0x40181)
110(1 6/64
1]10(0 6/32
o111 6/16
of1]0 6/8
001 6/4
0[o0]oO 6/2
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks ]
Power control [ 0040180 | D7 |[CLKDT1 |System clock division ratio CLKDT[1:0] | Division ratio 0 [RW
register (B) D6 |CLKDTO |selection 1 1 1/8 0
1 0 1/4
0 1 1/2
0 0 1/1
D5 |PSCON  [Prescaler On/Off control 1]on [o]off 1 |[rw
D4-3 |- reserved — 0 — | Writing 1 not allowed.
D2 |CLKCHG |CPU operating clock switch 1|0SC3 0|OSC1 1 |RW
D1 |SOSC3 High-speed (OSC3) oscillation On/Off| 1 |On 0 | Off 1 [RW
DO |SOSC1 Low-speed (OSC1) oscillation On/Off | 1 |On 0 [Off 1 |RW
Prescaler clock| 0040181 | D7-1 |- reserved - 0 - \
select register (B) DO |PSCDTO | Prescaler clock selection 1 |OSCl | 0 |OSC3/PLL 0 |RW |
Power control [004019E| D7 |CLGP7 Power control register protect flag|Writing 10010110 (0x96) 0 [RW
protect register (B) D6 |CLGP6 removes the write protection of 0
D5 |CLGP5 the power control register 0
D4 |CLGP4 (0x40180). 0
D3 |CLGP3 \Writing another value set the 0
D2 |CLGP2 write protection. 0
D1 |CLGP1 0
DO [CLGPO 0

PSCON: Prescaler on/off control (D5) / Power control register (0x40180)
Turnsthe prescaler on or off.

Write"1": On
Write"0": Off
Read: Valid

The source clock isinput to the prescaler by writing "1" to PSCON, thereby starting adividing operation.

The prescaler isturned off by writing "0". If the peripheral circuits do not need to be operated, write "0" to thishit to
reduce current consumption. Since PSCON is protected against writing the same as SOSC1, SOSC3, CLKCHGand
CLKDT[1:0], CLGP[7:0] must beset to "0b10010110" before PSCON can be changed.

Atinitial reset, PSCON issetto"1" (On).

CLGP7-CLGPO:Power-control register protection flag ([D[7:0]) / Power control protection register (0x4019E)
These bits remove the protection against writing to addresses 0x40180 and 0x40190.

Write "0b10010110": Write protection removed
Write other than the above: No operation (write-protected)
Read: Valid

Before writing to address 0x40180 or 0x40190, set CLGP[7:0] to "0b10010110" to remove the protection against
writing to that address. This clearing of write protection is effective for only one writing, so the bits are cleared to
"0b00000000" by onewriting. Therefore, CLGP[7:0] must be set each time the protected addressis written to.
Atinitial reset, CLGPis set to "0b00000000" (write-protected).

PSCDTO: Prescaler clock selection (DO) / Prescaler clock select register (0x40181)
Select the source clock for the prescaler.

Write"1": OSCL1 clock
Write"0": OSC3 clock/PLL output clock
Read: Valid

When "1" iswritten to PSCDTO, the OSC1 clock (typ. 32 kHz) is selected.

When "0" iswritten, the OSC3 clock (when the PLL isnot used) or the PLL output clock (when the PLL isused) is
selected.

For the prescaler clock, the clock source same as the CPU operating clock must be selected.

Atinitial reset, PSCDTO isset to "0" (OSC3 clock/PLL output clock).
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P16TS0[2:0]: 16-bit timer O clock division ratio (D[2:0]) / 16-bit timer O clock control register (0x40147)
P16TS1[2:0]: 16-bit timer 1 clock division ratio (D[2:0]) / 16-bit timer 1 clock control register (0x40148)
P16TS2[2:0]: 16-bit timer 2 clock division ratio (D[2:0]) / 16-bit timer 2 clock control register (0x40149)
P16TS3[2:0]: 16-bit timer 3 clock division ratio (D[2:0]) / 16-bit timer 3 clock control register (0x4014A)
P16TS4[2:0]: 16-bit timer 4 clock division ratio (D[2:0]) / 16-bit timer 4 clock control register (0x4014B)
P16TS5[2:0]: 16-bit timer 5 clock division ratio (D[2:0]) / 16-bit timer 5 clock control register (0x4014C)
P8TSO0[2:0]: 8-bit timer O clock division ratio (D[2:0]) / 8-bit timer 0/1 clock control register (0x4014D)
P8TS1[2:0]: 8-bit timer 1 clock division ratio (D[6:4]) / 8-bit timer 0/1 clock control register (0x4014D)
P8TS2[2:0]: 8-bit timer 2 clock division ratio (D[2:0]) / 8-bit timer 2/3 clock control register (0x4014E)
P8TS3[2:0]: 8-bit timer 3 clock division ratio (D[6:4]) / 8-bit timer 2/3 clock control register (0x4014E)
PSAD[2:0]: A/D converter clock division ratio (D[2:0]) / A/D clock control register (0x4014F)

Select aclock for each peripheral circuit.

Thedesired division ratio can be selected from among the eight ratios shown on the I/O map. Note that the division
ratio differs for each peripheral circuit.

These bits can also be read out.

Atinitia reset, al of these bitsare set to "0b000" (highest frequency available).

P16TONO: 16-bit timer O clock control (D3) / 16-bit timer O clock control register (0x40147)
P16TON1: 16-bit timer 1 clock control (D3) / 16-bit timer 1 clock control register (0x40148)
P16TON2: 16-bit timer 2 clock control (D3) / 16-bit timer 2 clock control register (0x40149)
P16TONS3: 16-bit timer 3 clock control (D3) / 16-bit timer 3 clock control register (0x4014A)
P16TON4: 16-bit timer 4 clock control (D3) / 16-bit timer 4 clock control register (0x4014B)
P16TONS: 16-bit timer 5 clock control (D3) / 16-bit timer 5 clock control register (0x4014C)
P8TONO: 8-bit timer 0 clock control (D3) / 8-bit timer 0/1 clock control register (0x4014D)
P8TONL1: 8-bit timer 1 clock control (D7) / 8-bit timer 0/1 clock control register (0x4014D)
P8TON2: 8-bit timer 2 clock control (D3) / 8-bit timer 2/3 clock control register (0x4014E)
P8TONS3: 8-bit timer 3 clock control (D7) / 8-bit timer 2/3 clock control register (0x4014E)
PSONAD: A/D converter clock control (D3) / A/D clock control register (0x4014F)

Control the clock supply to each peripheral circuit.

Write"1": On
Write"0": Off
Read: Valid

The clock selected using the division ratio setup bitsis output to the corresponding peripheral circuit by writing "1"
to these hits.

The clock isnot output by writing "0". If the periphera circuits do not need to be operated, write "0" to these bits.
This hel ps to reduce current consumption.

Atinitial reset, al of these bitsare set to "0" (Off).

P8TPCKO: 8-bit timer 0 clock selection (DO0) / 8-bit timer clock select register (0x40146)
P8TPCK1: 8-bit timer 1 clock selection (D1) / 8-bit timer clock select register (0x40146)
P8TPCK2: 8-bit timer 2 clock selection (D2) / 8-bit timer clock select register (0x40146)
P8TPCK3: 8-bit timer 3 clock selection (D3) / 8-bit timer clock select register (0x40146)

Select the operating clock for the 8-bit programmable timer.

Write "1": Prescaler input clock (6/1)
Write"0": Divided clock
Read: Valid

When "1" iswritten to PBTPCKYX, the prescaler input clock (6/1) is selected for the 8-bit timer x operating clock.
The clock output is controlled by the PSTONX bit even if PBTPCKx issetto"1".

When "0" iswritten, the divided clock that is selected by P8TSx[2:0] will be output to the 8-bit timer x.

Atinitial reset, PSTPCKx isset to "0" (divided clock).
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Programming Notes

(1) For theprescaler clock, the clock source same as the CPU operating clock must be selected.

(2) Inthefollowing cases, the prescaler output clock may contain a hazard:
« If, during outputting of aclock, its divisionratio is changed
» When the clock output is switched between on and off
» When the oscillation circuit isturned off or the CPU operating clock is switched over
Before performing these operations, make sure the 16-bit and 8-bit programmabletimersandtheA/D converter
areturned off.

(3) When the 16-bit and 8-bit programmable timers and the A/D converter do not need to be operated, turn off the
clock supply to those peripheral circuits. This helpsto reduce current consumption.
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11-3 8-BIT PROGRAMMABLE TIMERS

Configuration of 8-Bit Programmable Timer

The Peripheral Block contains four channels of 8-bit programmable timers (timers 0 to 3).
Figure 3.1 shows the structure of the 8-bit programmable timer.

Clock
generator

—» Prescaler

8-bit reload data register (RLDx)

[ < L

Reload

<

8-bit down counter

Clock output <€—— Underflow N

Underflow signal output <«——| Control circuit Data buffer (PTDx) L

Data bus

Underflow Interrupt
interrupt controller

| Control registers

Figure 3.1 Structure of 8-Bit Programmable Timer

Each timer consists of an 8-bit presentable counter and can output a clock generated by the counter's underflow
signa totheinternal peripheral circuits or external devices. The output clock cycle can be selectedfrom awiderange
of cycles by setting the preset datathat can be set in the software and the input clock in the prescaler.

Output Pins of 8-Bit Programmable Timers

Table 3.1 shows the pinsthat are used to output the underflow signals of the 8-bit programmable timers to externa
devices.

Table 3.1 Output Pins of 8-Bit Programmable Timers

Pin name /0 Function Function select bit
P10/EXCLO/ | I/O [I/O port / 16-bit timer O event counter CFP10(D0)/P1 function select register (0x402D4)
T8UFO input / 8-bit timer 0 output/ DSTO output |CFEX1(D1)/Port function extension register (0x402DF)
P11/EXCL1/ | /O |I/O port/ 16-bit timer 1 event counter CFP11(D1/P1 function select register (0x402D4)
T8UF1 input / 8-bit timer 1 output/DST1 output |CFEX1(D1)/Port function extension register (0x402DF)
P12/EXCL2/ | 1/O [I/O port / 16-bit timer 2 event counter CFP12(D2/P1 function select register (0x402D4)
T8UF2 input / 8-bit timer 2 output/ DST2 output |CFEX0(DO0)/Port function extension register (0x402DF)
P13/EXCL3/ | I/O [I/O port / 16-bit timer 3 event counter CFP13(D3/P1 function select register (0x402D4)
T8UF3 input / 8-bit timer 3 output/ DPCO output |CFEX1(D1)/Port function extension register (0x402DF)

TBUFx (output pin of the 8-bit programmable timer)
Thispin outputs aclock divided in each 8-bit programmable timer. The pulse width isequal to that of input
clock of the 8-bit programmable timer (prescaler output). Therefore, the pulse width varies according to the
prescaler setting.

How to set the output pins of the 8-bit programmable timer
All pinsused by the 8-bit programmabl e timers are shared with 1/0 ports, event counter inputs of the 16-bit
programmabl e timersand debug signal outputs. At cold start, all these pinsare set for the debug signal outputs
(function select bit CFP1[3:0] = "0", port extended function bit CFEX[1:0] ="1"). When using the clock output
function of the 8-bit programmable timer, write "0" to the port extended function bit CFEXx and write " 1" to
thefunction select bit CFP1x for the corresponding pin.
Then, after setting the above, write "1" to the I/O port's |/O control bit IOC1x (D[3:0]) / P11/Ocontrol register
(0x402D6) to set to output mode. In input mode, the pin functions as the 16-bit programmable timer's event
counter input and cannot be used to output aclock of the 8-bit programmable timer. At cold start, theregisteris
set to input mode. At hot start, theregister retains its status from prior to the reset.
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Uses of 8-Bit Programmable Timers

The down-counter of the 8-bit programmable timer cyclically outputs an underflow signal according to the preset
datathat is set in the software. Thisunderflow signal isused to generate an interrupt request to the CPU or tocontrol
theinternal peripheral circuits. In addition, thissignal can be output to external devices.

Furthermore, each 8-bit programmable timer generates a clock from the underflow signal by dividing it by 2, andthe
resulting clock is output to aspecific internal peripheral circuit.

CPU interrupt request/IDMA invocation request
Each timer's underflow condition can be used as an interrupt factor to output an interrupt request to the CPU.
Therefore, an interrupt can be generated at an interval that is set in the software.
Thisinterrupt factor also can be used to invoke IDMA or HSDMA.

Clock output to external devices
The underflow signal can be output from the chip to the outside. This output can be used to control external
devices. The output pins of each timer are described in the preceding section.

Control of and clock supply to internal peripheral circuits
Thefollowing describes the functions controlled by the underflow signal from the 8-bit programmable timer
and theinternal peripheral circuits that use the timer's output clock.

8-bit programmable timer 0
* DRAM refresh
When the BCU hasaDRAM directly connected to its external bus, the underflow signal from timer O can
be used as aDRAM refresh request signal. This enablestheintervals of therefresh cycleto be
programmed.
To usethisfunction, write " 1" to the BCU's control bit RPC (D9) / Bus control register (0x4812E) to
enable the DRAM refresh.

« A/D conversion start trigger
The A/D converter enables atrigger for starting the A/D conversion to be selected from among four
available types. One of these isthe underflow signal of the 8-bit programmable timer 0. This makesit
possible to perform the A/D conversion at programmable intervals.
To usethisfunction, write "10" to the A/D converter control bit TS[1:0] (D[4:3]) / A/D trigger register
(0x40242) to select the 8-hit programmable timer 0 as the trigger.

8-bit programmable timer 1
« Oscillation stabilization wait time of the high-speed (OSC3) oscillation circuit

When SLEEP modeis cleared by an external interrupt, the high-speed (OSC3) oscillation circuit starts
oscillating. To prevent the CPU from being operated erratically by an unstable clock before the oscillation
stabilizes, the C33 Core Block enables setting of the waiting time before the CPU starts operating after
SLEEP iscleared. Use the 8-bit programmable timer 1 to generate thiswaiting time. If the 8-bit
programmable timer 1 is set so that the timer is actuated when the high-speed (OSC3) oscillation circuit
starts oscillating the timer and, after the oscillation stabilization time elapses, an underflow signal is
generated, then the CPU can be started up by that underflow signal.
To usethisfunction, write "0" to the oscillation circuit control bit 8T1ON (D2) / Clock option register
(0x40190) to enable the oscillation stabilization waiting function.
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8-bit programmable timer 2
* Clock supply to the Ch.0 serial interface

When using the Ch.0 serial interface in the clock-synchronized master mode or theinternal clock-based
asynchronous mode, the output clock derived from the underflow signal of the 8-bit programmabletimer 2
by dividing it by 2 is supplied to the seria interface as its operating clock. This enablesthe transfer rate of
the serial interface to be programmed.
To usethisfunction, write "0" to the seria interface control bit SSCKO0 (D2) / Serial I/F Ch.0 control
register (0x401E3) to select theinternal clock.

8-bit programmable timer 3
* Clock supply to the Ch.1 serial interface

When using the Ch.1 serial interface in the clock-synchronized master mode or theinternal clock-based
asynchronous mode, the output clock derived from the underflow signal of the 8-bit programmabletimer 3
by dividing it by 2 is supplied to the serial interface as its operating clock. This enablesthetransfer rate of
the serial interface to be programmed.
To usethisfunction, write "0" to the serial interface control bit SSCK1 (D2) / Serial I/F Ch.1 control
register (Ox401ES8) to select theinternal clock.
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Control and Operation of 8-Bit Programmable Timer

With the 8-bit programmabletimer, the following settings must first be made before it starts counting:
1. Setting the output pin (only when necessary)

2. Setting the input clock

3. Setting the preset data (initial counter value)

4. Setting the interrupt/IDMA/HSDMA

Setting of an output pin is necessary only when the output clock of the 8-bit programmable timer is supplied to
external devices. For details on how to set the pin, refer to "Output Pins of 8-Bit Programmable Timers'.
For details on how to set interrupts and DMA, refer to "8-Bit Programmable Timer Interrupts and DMA".

Note: The 8-bit programmable timers 0 through 3 all operate in the same way during counting, and the
structure of their control registersis also the same. The control bit names are assigned the numerals
"0" through "3" to denote the timer numbers. Since all these timers have common functions, timer
numbers here are represented it is by "x" unless necessary to specify a timer number.

Setting the input clock
The 8-bit programmable timer is operated by the prescaler's output clock. The prescaler's division ratio can be
selected for each timer.
Divisionratio select bit Clock control bit Register

8-bit timer 0: P8TS0[2:0] (D2:0]) P8TONO(D3) 8-bit timer 0/1 clock control register (0x4014D)
8-bit timer 1: P8TS1[2:0] (D6:4]) P8TON1 (D7) 8-bit timer 0/1 clock control register (0x4014D)
8-bit timer 2: P8TS2[2:0] (D2:0]) P8TON2 (D3) 8-bit timer 2/3 clock control register (0x4014E)
8-bit timer 3: P8TS3[2:0] (D6:4]) P8TON3 (D7) 8-bit timer 2/3 clock control register (0x4014E)

Note that the division ratios differ for each timer (see Table 3.2).

Furthermore, the prescaler input clock can be directly supplied to the 8-bit timer by writing "1" to the
P8TCPKx hit in the 8-bit timer clock select register (0x40146).

Timer O clock selection: PBTCPKO (DO) / 8-bit timer clock select register (0x40146)

Timer 1 clock selection: PBSTCPK1 (D1) / 8-bit timer clock select register (0x40146)

Timer 2 clock selection: PBTCPK2 (D2) / 8-bit timer clock select register (0x40146)

Timer 3 clock selection: PBSTCPK3 (D3) / 8-bit timer clock select register (0x40146)

When using the divided clock selected by P8TSx, set PBSTCPKx to "0".

Table 3.2 Input Clock Selection

Timer P8TSx=7 | P8TSx=6 | P8TSx=5 | P8TSx=4 | P8TSx=3 | P8TSx=2| P8TSx=1| P8TSx =0 | PBTCPK =1
Timer 0 | fpscin/256 frscin/128 frscin/64 frscin/32 frscin/16 frscin/8 frscin/4 frscin/2 frscin/1
Timer 1 | fpscin/4096 | fpscin/2048 | frscin/1024 | fescin/512 | frscin/256 | fescin/128 frscin/64 frscin/32 frscin/1
Timer 2 | fpscin/4096 | fpscin/2048 frscin/64 frscin/32 frscin/16 frscin/8 frscin/4 frscin/2 frscin/1
Timer 3 | fpscin/256 frscin/128 frscin/64 frscin/32 frscin/16 frscin/8 frscin/4 frscin/2 frscin/1

frscin: Prescaler input clock frequency

The selected clock isoutput from the prescaler to the 8-bit programmable timer by writing " 1" to PBTONX.

Notes: « The 8-bit programmable timer operates only when the prescaler is operating. (Refer to
"Prescaler™.)

« Do not use a clock that is faster than the CPU operating clock as the 8-bit programmable timer.

« When setting an input clock, make sure the 8-bit programmable timer is turned off.
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Setting preset data (initial counter value)

Each timer has an 8-bit down-counter and areload dataregister. The reload dataregister RLDx isused to set
theinitial value of the down-counter of each timer.

Timer O reload data: RLDO[7:0] (D[7:0]) / 8-bit timer O reload dataregister (0x40161)

Timer 1 reload data: RLD1[7:0] (D[7:0]) / 8-bit timer 1 reload dataregister (0x40165)

Timer 2 reload data: RLD2[7:0] (D[7:0]) / 8-bit timer 2 reload dataregister (0x40169)

Timer 3 reload data: RLD3[7:0] (D[7:0]) / 8-bit timer 3 reload dataregister (0x4016D)

Thereload dataregisters can be read and written. At initial reset, the reload data registers are not initialized.

The datawritten to thisregister is preset in the down-counter, and the counter starts counting down from the
preset value.
Dataisthus preset in the down-counter in the following two cases:

1. Whenitispreset in the software
Presetting in the softwareis performed using the preset control bit PSETx. When thisbit issetto"1", the
content of the reload dataregister isloaded into the down-counter at that point.
Timer O preset: PSETO (D1) / 8-hit timer O control register (0x40160)
Timer 1 preset: PSET1 (D1) / 8-hit timer 1 control register (0x40164)
Timer 2 preset: PSET2 (D1) / 8-hit timer 2 control register (0x40168)
Timer 3 preset: PSET3 (D1) / 8-hit timer 3 control register (0x4016C)

2. When thedown-counter underflown during counting
Since thereload datais preset in the down-counter upon underflow, its underflow cycleis determined by the
value that isset inthereload dataregister. This underflow signal controls each function described inthe
preceding section.

Before starting the 8-bit programmable timer, set the initial value in the reload dataregister and use the PSETx
bit to preset the datain the down-counter.

The underflow cycleis determined by the prescaler setting and the reload data. The relationship between these
two parameters is expressed by the following equation:

Under flow cycle = _RLDX+ 1 (g
fPSCIN x dr
frsciN:  Prescaler input clock frequency [HZ]
dr: Prescaler division ratio set by P8TSx
RLDx: Set value of the RLDx register (0 to 255)

Timer RUN/STOP control
Each timer hasa PTRUNX bit to control RUN/STOP.
Timer 0 RUN/STOP control: PTRUNO (DO) / 8-bit timer O control register (0x40160)
Timer 1 RUN/STOP control: PTRUN1 (DO) / 8-bit timer 1 control register (0x40164)
Timer 2 RUN/STOP control: PTRUNZ2 (DO) / 8-bit timer 2 control register (0x40168)
Timer 3 RUN/STOP control: PTRUN3 (DO) / 8-hit timer 3 control register (0x4016C)

Thetimer isinitiated to start counting down by writing “1" to PTRUNXx. Writing "0" to PTRUNX disablesthe
clock input and causes the timer to stop counting.

This RUN/STOP control does not affect the counter data. Even when the timer has stopped counting, the
counter retainsits count so that it can start counting again from that point.

When the terminal count isreached and the counter underflows, the initial value is reloaded from the rel oad
dataregister into the counter.

When both the timer RUN/STOP control bit (PFTRUNX) and the timer preset bit (PSETx) aresetto "1" at the
same time, the timer starts counting after presetting the reload register value into the counter.
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PTRUNX |
PSETx || [ \\\
RLDx ox10 | 0XA6 | OxF3
Input clock m M
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PTDX5
PTDX4 | L
PTDx3 [ ] [
PTDx2 [
poxt [T L] L L
PTDXO L L L

+Timer + Preset Reload and

initial setup interrupt

Figure 3.2 Basic Operation Timing of Counter

Reading out counter data
The counter dataisread out viaa PTDx data buffer. The counter data can be read out at any time.
Timer O data: PTDO[7:0] (D[7:0]) / 8-bit timer O counter data register (0x40162)

Timer 1 data: PTD1[7:0] (D[7:0]) / 8-bit timer 1 counter data register (0x40166)
Timer 2 data: PTD2[7:0] (D[7:0]) / 8-bit timer 2 counter dataregister (0x4016A)
Timer 3 data: PTD3[7:0] (D[7:0]) / 8-bit timer 3 counter data register (0x4016E)

11-3-6

EPSON

EOC33 FAMILY ASIC MACRO MANUAL



I PERIPHERAL BLOCK: 8-BIT PROGRAMMABLE TIMERS

Control of Clock Output

When outputting an underflow signal of the 8-bit programmable timer to external devices, or when supplying aclock
generated by the underflow signal to the serial interface, it is necessary to control the clock output of thetimer.
Timer 0 clock output control: PTOUTO (D2) / 8-bit timer O control register (0x40160)

Timer 1 clock output control: PTOUT1 (D2) / 8-bit timer 1 control register (0x40164)

Timer 2 clock output control: PTOUT2 (D2) / 8-bit timer 2 control register (0x40168)

Timer 3 clock output control: PTOUT3 (D2) / 8-bit timer 3 control register (0x4016C)

To output the underflow signal/clock, write "1" to PTOUTX. If an output pin has been set, the underflow signal is
output from that pin.

The same applies when timer 2 or 3 has been set as theclock source of theserial interface. A clock generatedfromthe
underflow signal by dividing it by 2 isoutput to the serial interface through this control. The clock output isturned
off by writing "0" to PTOUTYX, and the external output isfixed at "0" and theinternal clock outputisfixed at "1".
Figure 3.3 shows the waveforms of the output signals.

Underflow signal _ﬂ H ﬂ ” ” ” ” ”_

Underflow signal/2 _| | | | | | | ,_
PTOUTxX
External output
T8UFX pin ” ” ” ” ” ”

Clock output _\_l |_| |_| |_,

Figure 3.3 8-Bit Programmable Timer Output Waveform

The underflow signal's pulse width (duration of the high period) isequal to that of the timer'sinput clock (prescaler's
output).

8-bit timer external output (P10-P13 ports)
1) After aninitial reset (cold start), the ports (P10-P13) are set to debug signal putput ports.
2) Theport (P10-P13) outputs "0" when it is set to the 8-bit timer output (timer output is off status).
3) Thetimer output isleft as"0" when the timer output is turned on after setting theinput clock and timer initial
value.
4) When an underflow occurs after starting the timer, the port outputs a pulse with the same width as the 8-bit
timer input clock pulse (prescaler's output).
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8-Bit Programmable Timer Interrupts and DMA

The 8-bit programmable timer has afunction to generate an interrupt based on the underflow state of each timer.

Thetiming at which an interrupt is generated is shown in Figure 3.2 in the preceding section.

Control registers of the interrupt controller
Table 3.3 shows theinterrupt controller's control register provided for each timer.

Table 3.3 Control Registers of Interrupt Controller

Timer Interrupt factor flag Interrupt enable register Interrupt priority register
Timer 0 |F8TUO(D0/0x40285) E8TUO(D0/0x40275) P8TM[2:0](D[2:0]/0x40269)
Timer 1 |F8TU1(D1/0x40285) E8TU1(D1/0x40275)

Timer 2 |F8TU2(D2/0x40285) E8TU2(D2/0x40275)
Timer 3 |F8TU3(D3/0x40285) E8TU3(D3/0x40275)

When thetimer underflows, the corresponding interrupt factor flagisset to"1". If the interrupt enable register
bit corresponding to that interrupt factor flag hasbeen setto " 1", an interrupt request is generated.
Aninterrupt caused by atimer can be disabled by leaving the interrupt enable register bit for that timer set to
"0". Theinterrupt factor flag isset to " 1" whenever the timer underflows, regardiess of how theinterrupt
enable register isset (even when itisset to"0").

Theinterrupt priority register sets an interrupt priority level (0 to 7) for the four timers as oneinterrupt source.
Within 8-bit programmabl e timers, timer 0 has the highest priority and timer 3 the lowest. Aninterrupt
request to the CPU is accepted on the condition that no other interrupt request of ahigher priority has been
generated.

It isonly when the PSR's|E bit ="1" (interrupts enabled) and the set value of theIL issmaller than the timer
interrupt level set by theinterrupt priority register, that atimer interrupt request is actually accepted by the
CPU.

For details on these interrupt control registers and device operation when an interrupt has occurred, refer to
"ITC (Interrupt Controller)".

Intelligent DMA

The underflow interrupt factor of each timer can invoke intelligent DMA (IDMA). This enables memory-to-
memory DMA transfersto be performed cyclically.
The following shows the IDMA channel numbers set to each timer:
IDMA channel

Timer 0: 0x13

Timer 1: 0x14

Timer 2. 0x15

Timer 3: 0x16

For IDMA to be invoked, the IDMA request and IDMA enable bits shown in Table 3.4 must be setto"1" in
advance. Transfer conditions, etc. must also be set on the IDMA side in advance.

Table 3.4 Control Bits for IDMA Transfer

Timer IDMA request bit IDMA enable bit
Timer 0 |R8TUO(D2/0x40292) DE8TUO(D2/0x40296)
Timer 1 |R8TU1(D3/0x40292) DE8TU1(D3/0x40296)
Timer 2 |R8TU2(D4/0x40292) DE8TU2(D4/0x40296)
Timer 3 |R8TU3(D5/0x40292) DE8TU3(D5/0x40296)

If the IDMA request and enable bitsareset to"1", IDMA isinvoked through generation of an interrupt factor.
No interrupt request is generated at that point. Aninterrupt request is generated after the DMA transfer is
completed. Theregisters can also be set so as not to generate an interrupt, withonly aDMA transfer performed.
For details on IDMA transfers and interrupt control upon completion of IDMA transfer, refer to "IDMA
(Intelligent DMA)".

High-speed DMA

The underflow interrupt factor of each timer can also invoke high-speed DMA (HSDMA).

11-3-8

EPSON EOC33 FAMILY ASIC MACRO MANUAL



I PERIPHERAL BLOCK: 8-BIT PROGRAMMABLE TIMERS

The following shows the HSDMA channel number and trigger set-up bit corresponding to each timer:

Table 3.5 HSDMA Trigger Set-up Bits

Timer |HSDMA channel Trigger set-up bits
Timer 0 0 HSDO0S[3:0] (D[3:0]) / HSDMA Ch.0/1 trigger set-up register (0x40298)
Timer 1 1 HSD1S[3:0] (D[7:4]) / HSDMA Ch.0/1 trigger set-up register (0x40298)
Timer 2 2 HSD2S[3:0] (D[3:0]) / HSDMA Ch.2/3 trigger set-up register (0x40299)
Timer 3 3 HSD3S[3:0] (D[7:4]) / HSDMA Ch.2/3 trigger set-up register (0x40299)

For HSDMA to be invoked, the trigger set-up bits should be set to "0101" in advance. Transfer conditions, etc.
must also be set onthe HSDMA side.

If the 8-bit timer is selected as the HSDMA trigger, the HSDMA channel isinvoked through generation of the
interrupt factor.

For details on HSDMA transfer, refer to "HSDMA (High-Speed DMA)".

Trap vectors
Thetrap vector addresses for individual underflow interrupt factors are set by default as shown below:
(BTA3 =high) (BTA3=low)
Timer O underflow interrupt: 0x00800D0  0xOCO0ODO
Timer 1 underflow interrupt: 0x00800D4  0xOC000D4
Timer 2 underflow interrupt: 0x00800D8  0xOC000D8
Timer 3 underflow interrupt: 0x00800DC  0x0CO0ODC

The base address of the trap table can be changed using the TTBR register (0x48134 to 0x48137).
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I/0 Memory of 8-Bit Programmable Timers

Table 3.6 shows the control bits of the 8-bit programmable timers.
For details on the I/O memory of the prescaler used to set aclock, refer to " Prescaler".

Table 3.6 Control Bits of 8-Bit Programmable Timer

[ Register name | Address | Bit | Name | Function | Setting | Init. | RIW| Remarks
8-bit timer 0 0040160 | D7-3 |— reserved — — — |0 when being read.
control register B) D2 |PTOUTO |8-bit timer O clock output control [ 1|On 0 | Off 0 |RW
D1 |PSETO 8-bit timer 0 preset 1 | Preset 0 [Invalid — W |0 when being read.
DO |PTRUNO |8-bit timer 0 Run/Stop control 1 [Run 0 | Stop 0 |RW
8-bit timer 0 0040161 | D7 (RLDO7 8-bit timer 0 reload data 0to 255 X | RW
reload data (B) D6 |RLDO6 RLDO7 = MSB X
register D5 |RLDO5 RLDOO = LSB X
D4 |RLDO4 X
D3 |RLDO3 X
D2 |RLDO2 X
D1 |RLDO1 X
DO |RLDOO X
8-bit timer 0 0040162 | D7 (PTDO7 8-bit timer 0 counter data 0to 255 X R
counter data (B) D6 |PTDO6 PTDO7 = MSB X
register D5 |PTDO5 PTDOO = LSB X
D4 |PTDO4 X
D3 |PTDO3 X
D2 |PTDO02 X
D1 |PTDO1 X
DO |PTDOO X
8-bit timer 1 0040164 | D7-3 |- reserved — — — |0 when being read.
control register (B) D2 |PTOUT1 |8-bittimer 1 clock output control [1|On 0 | Off 0 |RW
D1 |PSET1 8-bit timer 1 preset 1| Preset 0 [Invalid — W |0 when being read.
DO |PTRUN1 |8-bit timer 1 Run/Stop control 1 [Run 0 | Stop 0 |RW
8-bit timer 1 0040165 | D7 [RLD17 8-bit timer 1 reload data 0to 255 X | RW
reload data (B) D6 |RLD16 RLD17 = MSB X
register D5 |RLD15 RLD10 =LSB X
D4 |RLD14 X
D3 |RLD13 X
D2 |RLD12 X
D1 (RLD11 X
DO |RLD10 X
8-bit timer 1 0040166 | D7 (PTD17 8-bit timer 1 counter data 0to 255 X R
counter data (B) D6 |PTD16 PTD17 = MSB X
register D5 |PTD15 PTD10 =LSB X
D4 |PTD14 X
D3 |PTD13 X
D2 |PTD12 X
D1 (PTD11 X
DO |PTD10 X
8-bit timer 2 0040168 | D7-3 |- reserved - - — |0 when being read.
control register (B) D2 |PTOUT2 |8-bittimer 2 clock output control [ 1|On 0 | Off 0 |RW
D1 |PSET2 8-bit timer 2 preset 1 [Preset 0 |Invalid — W [0 when being read.
DO |PTRUN2 |8-bit timer 2 Run/Stop control 1|Run 0 [Stop 0 |RW
8-bit timer 2 0040169 | D7 [RLD27 8-bit timer 2 reload data 0to 255 X | RW
reload data (B) D6 |RLD26 RLD27 = MSB X
register D5 |RLD25 RLD20 = LSB X
D4 |RLD24 X
D3 |RLD23 X
D2 |RLD22 X
D1 |RLD21 X
DO |RLD20 X
8-bit timer 2 004016A | D7 |PTD27 8-bit timer 2 counter data 0to 255 X R
counter data (B) D6 |PTD26 PTD27 = MSB X
register D5 |PTD25 PTD20 = LSB X
D4 |PTD24 X
D3 |PTD23 X
D2 |PTD22 X
D1 |PTD21 X
DO |PTD20 X
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Register name [ Address | Bit Name Function Setting Init. | RIW Remarks ]
8-bit timer 3 004016C | D7-3 |- reserved — — |0 when being read.
control register (B) D2 |PTOUT3 |8-bit timer 3 clock output control |1 |On 0 | Off 0 [RW
D1 |[PSET3 8-bit timer 3 preset 1 [Preset 0 | Invalid — W |0 when being read.
DO |PTRUN3 |8-bit timer 3 Run/Stop control 1|Run 0 [Stop 0 |RW
8-bit timer 3 004016D | D7 |RLD37 8-bit timer 3 reload data 0to 255 X |RIW
reload data (B) D6 |[RLD36 RLD37 = MSB X
register D5 |RLD35 RLD30 =LSB X
D4 |RLD34 X
D3 [RLD33 X
D2 |RLD32 X
D1 [RLD31 X
DO |RLD30 X
8-bit timer 3 004016E ( D7 |PTD37 8-bit timer 3 counter data 0to 255 X R
counter data (B) D6 |PTD36 PTD37 = MSB X
register D5 |PTD35 PTD30 =LSB X
D4 (PTD34 X
D3 [PTD33 X
D2 |PTD32 X
D1 (PTD31 X
DO [PTD30 X
8-bit timer, 0040269 | D7 |- reserved — — — |0 when being read.
serial I/F Ch.0 (B) D6 |[PSIO02 Serial interface Ch.0 Oto7 X | RIW
interrupt D5 |PSIO01 interrupt level X
priority register D4 |PSIO00 X
D3 |- reserved — — — |0 when being read.
D2 (P8TM2 8-bit timer 0-3 interrupt level Oto7 X | RIW
D1 (P8TM1 X
DO [P8TMO X
8-bit timer 0040275 | D7-4 |- reserved — — — |0 when being read.
interrupt B) D3 |E8TU3 8-bit timer 3 underflow 1 |Enabled 0 [Disabled 0 |RW
enable register D2 |E8TU2 8-bit timer 2 underflow 0 [RW
D1 |E8TU1 8-bit timer 1 underflow 0 |RW
DO |E8TUO 8-bit timer 0 underflow 0 |RW
8-bit timer 0040285 | D7-4 |- reserved - - — |0 when being read.
interrupt factor (B) D3 |[F8TU3 8-bit timer 3 underflow 1 [Factor is 0 |No factoris| X |R/W
flag register D2 |[F8TU2 8-bit timer 2 underflow generated generated X | RIW
D1 |F8TUL 8-bit timer 1 underflow X | RIW
DO |F8TUO 8-bit timer 0 underflow X |RW
16-bit timer 5, | 0040292 | D7 |RSTX0 SIF Ch.0 transmit buffer empty 1 (IDMA 0 | Interrupt 0 [RW
8-bit timer, B) D6 |[RSRX0 SIF Ch.0 receive buffer full request request 0 [RW
serial I/F Ch.0 D5 |R8TU3 8-bit timer 3 underflow 0 |RW
IDMA request D4 |R8TU2 8-bit timer 2 underflow 0 |RW
register D3 [R8TU1l 8-bit timer 1 underflow 0 [RW
D2 |R8TUO 8-bit timer 0 underflow 0 |RW
D1 |[R16TC5 16-bit timer 5 comparison A 0 [RW
DO [R16TUS 16-bit timer 5 comparison B 0 [RW
16-bit timer 5, | 0040296 | D7 |DESTXO SIF Ch.0 transmit buffer empty 1 (IDMA 0 |IDMA 0 [RW
8-bit timer, B) D6 |[DESRXO0 |SIF Ch.0 receive buffer full enabled disabled 0 [RW
serial I/F Ch.0 D5 |DE8TU3 8-bit timer 3 underflow 0 |RW
IDMA enable D4 |DE8TU2 8-bit timer 2 underflow 0 [RW
register D3 |[DE8TU1l 8-bit timer 1 underflow 0 [RW
D2 |DE8TUO 8-bit timer 0 underflow 0 |RW
D1 |[DE16TC5 |16-bittimer 5 comparison A 0 [RW
DO [DE16TU5 |16-bittimer 5 comparison B 0 [RW
P1 function 00402D4| D7 |- reserved — — — |0 when being read.
select register (B) D6 |[CFP16 P16 function selection 1 [EXCL5 0|P16 0 [RW
#DMAEND1
D5 |CFP15 P15 function selection 1|EXCL4 0 (P15 0 |RW
#DMAENDO
D4 |CFP14 P14 function selection 1|FOSC1 0 (P14 0 | R/W |Extended functions
(0x402DF)
D3 |CFP13 P13 function selection 1|EXCL3 0 (P13 0 |RW
TBUF3
D2 |CFP12 P12 function selection 1|EXCL2 0 (P12 0 |RW
T8UF2
D1 |CFP11 P11 function selection 1|EXCL1 0 (P11 0 |RW
T8UF1
DO |CFP10 P10 function selection 1 |EXCLO 0 (P10 0 |RW
T8UFO
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[ Register name | Address | Bit Name Function Setting Init. | RIW Remarks
P11/O control |00402D6| D7 |- reserved — — — |0 when being read.
register (B) D6 |IOC16 P16 1/0 control 1 [Output 0 |Input 0 |RW

D5 |I0C15 P15 1/O control 0 |RW
D4 |10C14 P14 1/0 control 0 |RW
D3 [IOC13 P13 1/0 control 0 |R/W
D2 |I0C12 P12 1/O control 0 |RW
D1 |IOC11 P11 1/O control 0 |RW
DO |IOC10 P10 /O control 0 |R/W
Port function [ 00402DF | D7 |CFEX7 P07 port extended function 1| #MAEMD3 | O (P07, etc.| O |RIW
extension (B) D6 [CFEX6 P06 port extended function 1| #WAACK3 |0 (P06, etc.| O |RIW
register D5 |[CFEX5 P05 port extended function 1| #ZMAEM? | O (P05, etc.| O |RIW
D4 |CFEX4 P04 port extended function 1| #MWAACK2 |0 |PO4, etc.| O |RIW
D3 |CFEX3 P31 port extended function 1| #GARD 0|R37, etc.| 0 |RW
D2 |[CFEX2 P21 port extended function 1| #G4AS 0”21, etc.| 0 |RW
D1 |CFEX1 P10, P11, P13 port extended 1570 0(P,70, etc.| 1 |RW
function o571 P11, etc.
12524 P13, etc.
DO [CFEXO P12, P14 port extended function |1 |2572 0|P72 efc.| 1 [RW
OaK P4, etc.

CFP13-CFP10: P1[3:0] pin function selection (D[3:0]) / P1 function select register (0x402D4)

Selects the pin that isused to output atimer underflow signal to external devices.

Write"1": Underflow signal output pin
Write "0": 1/O port pin
Read: Valid

Select the pin used to output atimer underflow signal to external devices from among P10 through P13 by writing
"1" to the corresponding bit, CFP10 through CFP13. P10 through P13 correspond to timers0 through 3, respectively.
If "0" iswritten to CFP1X, the pin isset for an /O port.

At cold start, CFP1x issetto"0" (I/O port). At hot start, the bit retainsits state from prior to theinitial reset.

I0C13-10C10: P1[3:0] port I/O control (D[3:0]) / P1 I/O control register (0x402D6)

Setsinput or output mode for P10 through P13.

Write"1": Output mode
Write "0": Input mode
Read: Valid

If apin chosen from among P10 through P13 is used to output an underflow signal, write " 1" to the corresponding
1/0 control bit to set it to output mode. If the pin is set to input mode, even if its CFP1x issetto"1", it functions as
the event counter input pin of a16-bit programmable timer cannot be used to output atimer underflow signal.

At cold start, IOCLx isset to"0" (input mode). At hot start, the bit retainsits state from prior to theinitial reset.

CFEX1: P10, P11, P13 port extended function (D1) / Port function extension register (0x402DF)
CFEXO0: P12, P14 port extended function (DO) / Port function extension register (0x402DF)

Setswhether the function of an 1/0-port pin isto be extended.

Write "1": Function-extended pin
Write "0": 1/O-port/peripheral-circuit pin
Read: Valid

When CFEX][1:0] issetto"1", the P13—P10 ports function as debug signal output ports. When CFEX[1:0] ="0",the
CFP1[3:0] bit becomes effective, so the settings of these bits determine whether the P13—P10 ports function as |/O
port s or timer underflow signal output ports.

At cold start, CFEX[1:0] issetto"1" (function-extended pins). At hot start, CFEX[1:0] retainsits state from prior to
theinitial reset.
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RLDO7-RLDOO0: Timer O reload data (D[7:0]) / 8-bit timer O reload data register (0x40161)
RLD17-RLD10: Timer 1 reload data (D[7:0]) / 8-bit timer 1 reload data register (0x40165)
RLD27-RLD20: Timer 2 reload data (D[7:0]) / 8-bit timer 2 reload data register (0x40169)
RLD37-RLD30: Timer 3 reload data (D[7:0]) / 8-bit timer 3 reload data register (0x4016D)

Set theinitial counter value of each timer.

Thereload data set in thisregister isloaded into each counter, and the counter starts counting down beginning with
thisdata, which isused as theinitial count.

There aretwo casesin which thereload datais|oaded into the counter: when datais preset after "1" iswrittento
PSETX, or when datais automatically rel oaded upon counter underflow.

Atinitial reset, RLD isnot initialized.

PTDO7-PTDO0O0: Timer O counter data (D[7:0]) / 8-bit timer O counter data (0x40162)
PTD17-PTD10: Timer 1 counter data (D[7:0]) / 8-bit timer 1 counter data (0x40166)
PTD27-PTD20: Timer 2 counter data (D[7:0]) / 8-bit timer 2 counter data (0x4016A)
PTD37-PTD30: Timer 3 counter data (D[7:0]) / 8-bit timer 3 counter data (0x4016E)

The 8-bit programmable timer data can be read out from thesebits.
These bits function as buffers that retain the counter datawhen read out, enabling the datato be read out at any time.
Atinitial reset, PTD isnot initialized.

PSETO: Timer O preset (D1) / 8-bit timer 0 control register (0x40160)
PSET1: Timer 1 preset (D1) / 8-bit timer 1 control register (0x40164)
PSET2: Timer 2 preset (D1) / 8-bit timer 2 control register (0x40168)
PSET3: Timer 3 preset (D1) / 8-bit timer 3 control register (0x4016C)

Preset the reload datain the counter.
Write"1": Preset
Write"0": Invalid
Read: Always"0"
Thereload dataof RLDx ispreset in the counter of timer x by writing "1" to PSETX. If the counter is preset whenin
aRUN state, the counter starts counting immediately after thereload datais preset.
If the counter is preset when in a STOP state, thereload datathat has been preset isretained.

Writing "0" results in No Operation.
Since PSETx isawrite-only bit, its content when read isaways"0".

PTRUNO: Timer 0 RUN/STOP control (DO) / 8-bit timer O control register (0x40160)
PTRUNL1: Timer 1 RUN/STOP control (DO) / 8-bit timer 1 control register (0x40164)
PTRUN2: Timer 2 RUN/STOP control (DO) / 8-bit timer 2 control register (0x40168)
PTRUNS3: Timer 3 RUN/STOP control (DO) / 8-bit timer 3 control register (0x4016C)

Controlsthe counter's RUN/STOP states.

Write"1": RUN

Write"0": STOP

Read: Valid

The counter of each timer starts counting down when " 1" written to PTRUNX, and stops counting when "0" is
written.
Whilein aSTOP state, the counter retainsits count until it is preset with reload dataor placed inaRUN state. When
the state is changed from STOP to RUN, the counter can restart counting beginning with the retained count.
Atinitial reset, PTRUNx issetto "0" (STOP).
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PTOUTO: Timer 0 clock output control register (D2) / 8-bit timer O control register (0x40160)
PTOUTZ1: Timer 1 clock output control register (D2) / 8-bit timer 1 control register (0x40164)
PTOUT2: Timer 2 clock output control register (D2) / 8-bit timer 2 control register (0x40168)
PTOUT3: Timer 3 clock output control register (D2) / 8-bit timer 3 control register (0x4016C)

Controlsthe clock output of each timer.

Write"1": On
Write"0": Off
Read: Vadlid

The underflow signal of timer x isoutput from the external output pin set by CFP1x by writing " 1" to PTOUTX.
When using timer 2 or 3 as the clock source of the serial interface, aclock generated from the underflow signal by
dividing it by 2 isoutput to the corresponding channel of the serial interface.

The clock output isturned off by writing "0" to PTOUT, and the external output isfixed at "0" and theinternal clock
output isfixed at "1".

Atinitial reset, PTOUT issetto "0" (off).

P8TM2—-P8TMO: 8-bit timer interrupt level (D[2:0]) / 8-bit timer, serial I/F Ch.0 interrupt priority register (0x40269)

Set the priority level of the 8-bit programmabletimer interrupt intherangeof 0to 7.
At initia reset, the content of the PSTM register becomes indeterminate.

E8TUO: Timer O interrupt enable (DO) / 8-bit timer interrupt enable register (0x40275)
E8TUL: Timer 1 interrupt enable (D1) / 8-bit timer interrupt enable register (0x40275)
E8TU2: Timer 2 interrupt enable (D2) / 8-bit timer interrupt enable register (0x40275)
E8TUS: Timer 3 interrupt enable (D3) / 8-bit timer interrupt enable register (0x40275)

Enables or disables generation of an interrupt to the CPU.

Write "1": Interrupt enabled
Write "0": Interrupt disabled
Read: Valid

E8TUx istheinterrupt enable bit which controlsthe interrupt generated by each timer. Theinterrupt setto"1" by
thishit isenabled, and theinterrupt set to "0" by thishit isdisabled.
Atinitial reset, EBTUx isset to"0" (interrupt disabled).

F8TUO: Timer 0 interrupt factor flag (DO) / 8-bit timer interrupt factor flag register (0x40285)
F8TU1L: Timer 1 interrupt factor flag (D1) / 8-bit timer interrupt factor flag register (0x40285)
F8TU2: Timer 2 interrupt factor flag (D2) / 8-bit timer interrupt factor flag register (0x40285)
F8TU3: Timer 3 interrupt factor flag (D3) / 8-bit timer interrupt factor flag register (0x40285)

Indicates the interrupt generation status of the 8-bit programmable timer.

When read
Read "1": Interrupt factor has occurred
Read "0": Nointerrupt factor has occurred

When written using thereset-only method (default)
Write "1": Interrupt factor flag is reset
Write "0": Invalid

When written using theread/write method
Write"1": Interrupt flagisset
Write"0": Interrupt flag isreset

F8TUx isthe interrupt factor flag corresponding to each timer. It isset to " 1" when the counter underflows.

At thistime, if the following conditions are met, an interrupt to the CPU is generated:

1. The corresponding interrupt enable register bit issetto"1".

2. No other interrupt request of ahigher priority has been generated.

3. The|E bit of the PSR issetto"1" (interrupts enabled).

4. The value set in the corresponding interrupt priority register is higher than the interrupt level (IL) of the CPU.
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When using theinterrupt factor of the 8-bit programmable timer to request IDMA, note that even when the above
conditions are met, no interrupt request to the CPU is generated for the interrupt factor that has occurred. If
interrupts are enabled at the setting of IDMA, an interrupt is generated under the above conditions after the data
transfer by IDMA is completed.

Theinterrupt factor flag isset to " 1" whenever interrupt generation conditions are met, regardliess of how the
interrupt enable and interrupt priority registers are set.

If the next interrupt isto be accepted after an interrupt has occurred, it is necessary that the interrupt factor flag be
reset, and that the PSR be set again (by setting the |E bit to"1" after setting the IL to avalue lower than the level
indicated by theinterrupt priority register, or by executing the reti instruction).

Theinterrupt factor flag can be reset only by writing to it in the software. Note that if the PSR is set again to accept
interrupts generated (or if thereti instruction is executed) without resetting the interrupt factor flag, the same
interrupt occurs again. Note also that the value to be written to reset theflag is"1" when the reset-only method
(RSTONLY ="1") isused, and "0" when the read/write method (RSTONLY ="0") isused.

Atinitia reset, the content of F8TUx becomes indeterminate, so be sureto reset it in the software.

R8TUO: Timer 0 IDMA request (D2) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA request register (0x40292)
R8TUL: Timer 1 IDMA request (D3) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA request register (0x40292)
R8TU2: Timer 2 IDMA request (D4) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA request register (0x40292)
R8TU3: Timer 3 IDMA request (D5) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA request register (0x40292)

Specifieswhether IDMA isto be invoked at the occurrence of an interrupt factor.

When using the set-only method (default)
Write"1": IDMA request
Write"0": Not changed

Read: Valid

When using theread/write method
Write"1": IDMA request
Write"0": Interrupt request

Read: Valid

R8TUx isthe IDMA request bit for each timer. If thishit issetto"1", IDMA can beinvokedwhen aninterrupt factor
occurs, and thus programmed data transfers are performed. If the bit isset to "0", normal interrupt processing is
performed and IDMA isnot invoked.

For details on IDMA, refer to "IDMA (Intelligent DMA)".

Atinitial reset, R8TUx issetto " 0" (interrupt request).

DES8TUO: Timer 0 IDMA enable (D2) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA enable register (0x40296)
DE8TUL: Timer 1 IDMA enable (D3) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA enable register (0x40296)
DE8TU2: Timer 2 IDMA enable (D4) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA enable register (0x40296)
DES8TU3: Timer 3 IDMA enable (D5) / 16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA enable register (0x40296)

Enables IDMA transfer by means of an interrupt factor.

When using the set-only method (default)
Write"1": IDMA enabled
Write"0": Not changed

Read: Valid

When using theread/write method
Write"1": IDMA enabled
Write"0": IDMA disabled

Read: Valid

If DEBTUx issetto"1", the IDMA request by theinterrupt factor is enabled. If the register bit isset to"0", the
IDMA request is disabled.
After aninitial reset, DESTUx issetto "0" (IDMA disabled).
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Programming Notes

(1) The8-hit programmable timer operates only when the prescaler is operating.
(2) Do not useaclock that isfaster than the CPU operating clock for the 8-bit programmable timer.
(3) When setting an input clock, make sure the 8-bit programmable timer is turned off.

(4) Sincethe underflow interrupt condition and the timer output status are undefined after an initial reset, the
counter initial valueshould be set to the 8-bit timer before resetting the interrupt factor flag or turning the
timer output on.

(5) Afteraninitial reset, theinterrupt factor flag (F8TUx) becomes indeterminate. To prevent generation of an
unwanted interrupt or IDMA reques, be sureto reset thisflag in the software.

(6) To prevent ancther interrupt from being generated again by the same factor after an interrupt has occurred, be
sureto reset the interrupt factor flag (FBTUX) before setting the PSR again or executing the reti instruction.
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11-4 16-BIT PROGRAMMABLE TIMERS

Configuration of 16-Bit Programmable Timer

The Peripheral Block contains six systemsof 16-bit programmable timers (timers 0 to 5). They also have an event
counter function using an 1/O port pin.

Note: On the following pages, each timer is identified as timer x (x = 0 to 5). The functions and control
register structures of 16-bit programmable timers 0 to 5 are the same. Control bit names are
assigned numerals "0" to "5" denoting timer numbers. Since explanations are commonto alltimers,
timer numbers are represented by "X" unless it is necessary to specify a timer number.

Figure 4.1 shows the structure of one channel of the 16-bit programmable timer.

! Timer x !
Comparison register A buffer (CRBxA) ( i
ge?(i,):;or | Prescaler INCLx ‘ » Clock select circuit— 16-bit comparison data register A (CRxA) K 3
External clock EXCLXE
| < - Comparator !
' Comparison I
! match A /\ |
3 16-bit up counter (TCx) 9
| g j o
Clock output < TMXE v i %
< - Comparator e
Comparison
Control circuit match B /\
Comparison A Comparison A 16-bit comparison data register B (CRxB) K J
interrupt < Interrupt | - T
Comparison B ¢ | controller | Comparison B N :
interrupt : ] ] /—‘ﬂ
| Comparison register B buffer (CRBxB) ( )
Timer x control register K J

Figure 4.1 Structure of 16-Bit Programmable Timer

In each timer, a 16-bit up-counter (TCx), as well as two 16-bit comparison data registers (CRxA, CRxB) and their
buffers (CRBxA, CRBXxB), are provided.

The 16-bit counter can be reset to "0" by software and counts up using the prescal er output clock or an external signal
input from the 1/O port. The counter value can be read by software.

The comparison dataregisters A and B are used to store the data to be compared with the content of the up-counter.
Thisregister can be directly read and written. Furthermore, comparison data can be set viathe comparison register
buffer. In this case, the set value isloaded to the comparison data register when the counter isreset by the
comparison match B signal or software (by writing "1" to PRESETX hit). The software can select whether
comparison dataiswritten to the comparison dataregister or the buffer.

When the counter value matches to the content of each comparison data register, the comparator outputsasignal that
controlstheinterrupt and the output signal. Thusthe registers allow interrupt generating intervals and the timer's
output clock frequency and duty ratioto be programmed.
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I/0O Pins of 16-Bit Programmable Timers

Table 4.1 shows theinput/output pins used for the 16-bit programmable timers.

Table 4.1 1/O Pins of 16-Bit Programmable Timer

Pin name 1/0 Function Function select bit

P10/EXCLO/ 1/0 |I/O port / 16-bit timer O event counter input (1) / CFP10(D0)/P1 function select register(0x402D4)
T8UFO/DSTO 8-bit timer 0 output (O) / DSTO output (Ex) CFEX1(D1)/Port function extension register(0x402DF)
P11/EXCL1/ 1/0 |I/O port / 16-bittimer 1 event counter input (1) / CFP11(D1)/P1 function select register(0x402D4)
T8UF1/DST1 8-bit timer 1 output (O) / DST1 output (Ex) CFEX1(D1)/Port function extension register(0x402DF)
P12/EXCL2/ 1/0 |I/O port / 16-bit timer 2 event counter input (1) / CFP12(D2)/P1 function select register(0x402D4)
T8UF2/DST2 8-bit timer 2 output (O) / DST2 output (Ex) CFEXO0(DO)/Port function extension register(0x402DF)
P13/EXCL3/ 1/0 |1/O port / 16-bit timer 3 event counter input (1) / CFP13(D3)/P1 function select register(0x402D4)
T8UF3/DPCO 8-bit timer 3 output (O) / DPCO output (Ex) CFEX1(D1)/Port function extension register(0x402DF)
P15/EXCL4 1/0 |I/O port / 16-bit timer 4 event counter input (1) / CFP15(D5)/P1 function select register(0x402D4)
/#DMAENDO High-speed DMA Ch.0 end signal output (O)

P16/EXCL5 1/0 |1/O port / 16-bit timer 5 event counter input (1) / CFP16(D6)/P1 function select register(0x402D4)
/[#DMAEND1 High-speed DMA Ch.1 end signal output (O)

P22/TM0 1/0 |I/O port / 16-bit timer O output CFP22(D2)/P2 function select register(0x402D8)
P23/TM1 1/0 |1/O port / 16-bit timer 1 output CFP23(D3)/P2 function select register(0x402D8)
P24/TM2 1/0 |1/O port / 16-bit timer 2 output CFP24(D4)/P2 function select register(0x402D8)
P25/TM3 1/0 |I/O port / 16-bit timer 3 output CFP25(D5)/P2 function select register(0x402D8)
P26/TM4 1/0 |1/O port / 16-bit timer 4 output CFP26(D6)/P2 function select register(0x402D8)
P27/TM5 1/0 |I/O port / 16-bit timer 5 output CFP27(D7)/P2 function select register(0x402D8)

(I): Input mode, (O): Output mode, (Ex): Extended function

TMx (output pin of the 16-bit programmable timer)

This pin outputs a clock generated by the timer x.

EXCLx (event counter input pin)

When using thetimer x as an event counter, input count pulses from an external source to thispin.

How to set the input/output pins of 16-bit programmable timers

All clock output pins used by the 16-bit programmable timers are shared with 1/O ports. At cold start, all these
pins are set for the 1/0 port pins P2x (function select bit CFP2x ="0"), and go into high-impedance.

When using the clock output function of the 16-bit programmable timer, select the desired timer and write " 1"
to the function select bit CFP2x for the corresponding pin. At hot start, these pinsretaintheir statusbeforefrom
prior to the reset.

All event-counter input pinsare also shared with 1/O-ports. At cold start, the EXCL[3:0] pins are set for debug
signa output pins (function extension bit CFEX[1:0] ="1") and the EXCL[5:4] pins are set for 1/O-port pins
P1[5:4] (function select bit CFP1[5:4] ="0"). When using the event counter function, select the desired timer
and write "1" to the function select bit CFP1x and write "0" to the function select bit CFEXx for the
corresponding pin.

Notethat these pins are al so shared with output pinsfor the 8-bit programmer timers, etc. When the i nput/output
pinsare set in input mode, they function as event counter inputs. Therefore, it is necessary to set the I/O port's
1/0 control bit IOC1x to "0" in advance. At cold start, these pinsare set ininput mode. At hot start, they retain
their status from prior to the reset.
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Uses of 16-Bit Programmable Timers

The up-counters of the 16-bit programmable timer cyclically output a comparison-match signal in accordance with
the comparison datathat are set in the software. Thissignal i s used to generate an interrupt request to the CPU or
control theinternal peripheral circuits. A clock generated from the signal can also be output to external devices.

CPU interrupt request/IDMA invocation request
Each timer's comparison match (matching of counter and comparison data) can be used as aninterruptfactorto
generate an interrupt request to the CPU. Therefore, an interrupt can be generated at an interval that issetinthe
software.
Furthermore, thisinterrupt factor can also be used to invoke IDMA or HSDMA.

Clock output to external devices
A clock generated from the comparison-match signal can be output from the chip to the outside. The clock
cycleisdetermined by comparison data B, and the duty ratio is determined by comparison data A. This output
can be used to control external devices. The output pins of each timer are described in the preceding section.

A/D converter start trigger
The A/D converter allows atrigger to start the A/D conversion to be selected from among four availabletypes.
Oneisthe comparison-match B of the 16-bit programmable timer 0. This makesit possible to perform the
A/D conversion at programmable intervals.
To usethisfunction, write "01" to the A/D converter control TS[1:0] (D[4:3]) / A/D trigger register (0x40242)
to select the 16-bit programmable timer O as the trigger.

Watchdog timer
The 16-bit programmable timer O can be used as awatchdog timer to monitor CPU crash. In this case, the
comparison-match B of thistimer serves as an NMI request signal to the CPU.
To usethisfunction, write " 1" to the watchdog timer control bit EWD (D1) / Watchdog timer enable register
(0x40171) to enable the NMI. For details on how to control the watchdog timer, refer to "Watchdog Timer".
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Control and Operation of 16-Bit Programmable Timer

Thefollowing settings must first be made before the 16-bit programmable timer starts counting:
1. Setting pins for input/output (only when necessary)

2. Setting input clock

3. Selecting comparison data register/buffer

4. Setting clock output conditions (signal active level, fine mode)

5. Setting comparison data

6. Setting interrupt/IDMA

For details on how to set clock output conditions and interrupts and DMA, refer to "Controlling Clock Output" and
"16-Bit Programmable Timer Interruptsand DMA".

Setting pin for input/output
The pin must be set for output for the output clock of the 16-bit programmable timer to be fed to external
devices.
The pin for input must be set for the 16-bit programmable timer to be used as an event counter that counts
external clock pulses.
For details on how to set the pin, refer to "1/0 Pins of 16-Bit Programmable Timers'.

Setting the input clock

The count clock for each timer can be selected from between an internal clock and an external clock. Usethe
following control hits to select the input clock:

Timer O input clock selection: CKSLO (D3) / 16-bit timer O control register (0x48186)

Timer 1 input clock selection: CKSL1 (D3) / 16-hit timer 1 control register (0X4818E)

Timer 2 input clock selection: CKSL2 (D3) / 16-bit timer 2 control register (0x48196)

Timer 3 input clock selection: CKSL3 (D3) / 16-hit timer 3 control register (0x4819E)

Timer 4 input clock selection: CKSL4 (D3) / 16-bit timer 4 control register (0x481A6)

Timer 5 input clock selection: CKSL5 (D3) / 16-bit timer 5 control register (0x481AE)

An external clock isselected by writing " 1" to CKSLx, and theinternal clock is selected by writing"0".
Atinitial reset, CKSLx isset for theinternal clock.
An external clock can be used for the timer for which the pin is set for input.

« Internal clock
When theinternal clock isselected as atimer, the timer is operated by the prescaler output clock. Theprescaler
division ratio can be selected for each timer.

Table 4.2 Setting the Internal Clock

Timer Control register Division ratio select bit| Clock control bit
Timer 0 | 16-bit timer O clock control register (0x40147) P16TS0[2:0] (D2:0]) P16TONO (D3)
Timer 1] 16-bit timer 1 clock control register (0x40148) P16TS1[2:0] (D2:0]) P16TON1 (D3)
Timer 2 | 16-bit timer 2 clock control register (0x40149) P16TS2[2:0] (D2:0]) P16TON2 (D3)
Timer 3 | 16-bit timer 3 clock control register (0x4014A) P16TS3[2:0] (D2:0]) P16TON3 (D3)
Timer 4 | 16-bit timer 4 clock control register (0x4014B) P16TS4[2:0] (D2:0]) P16TON4 (D3)
Timer 5 | 16-bit timer 5 clock control register (0x4014C) P16TS5[2:0] (D2:0]) P16TONS5 (D3)

The division ratio can be selected from among eight types as shown in Table 4.3.

Table 4.3 Input Clock Selection
P16TS=7 P16TS=6 P16TS=5 P16TS=4 P16TS=3 P16TS =2 P16TS=1 P16TS=0
frscin/4096 | frscin/1024 | frscin/256 frscin/64 frscin/16 frscin/4g fPscin/2 fescin/1
fescin: Prescaler input clock frequency

The selected clock isoutput from the prescaler to the 16-bit programmable timer by writing " 1" to PL6TONX.

Notes: « When the internal clock is used, the 16-bit programmable timer operates only when the
prescaler is operating (refer to "Prescaler").
* When setting an input clock, make sure the 16-bit programmable timer is turned off.
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» External clock
When using the timer as an event counter by supplying clock pulses from an external source, make surethe
event cycleisat least the CPU operating clock period.

Selecting comparison data register/buffer
The comparison dataregisters A and B are used to store the data to be compared with the content of the up-
counter. Thisregister can be directly read and written. Furthermore, comparison data can be set viathe
comparison register buffer. In this case, the set value isloaded to the comparison data register when the
counter isreset by the comparison match B signal or software (by writing "1" to PRESETX bit).
Select whether comparison dataiswritten to the comparison dataregister or the buffer using the following
control bits:
Timer O comparison register buffer enable: SELCRBO (D5) / 16-bit timer O control register (0x48186)
Timer 1 comparison register buffer enable: SELCRB1 (D5) / 16-bit timer 1 control register (0x4818E)
Timer 2 comparison register buffer enable: SELCRB2 (D5) / 16-bit timer 2 control register (0x48196)
Timer 3 comparison register buffer enable: SELCRB3 (D5) / 16-bit timer 3 control register (0x4819E)
Timer 4 comparison register buffer enable: SELCRB4 (D5) / 16-bit timer 4 control register (0x481A6)
Timer 5 comparison register buffer enable: SELCRB5 (D5) / 16-bit timer 5 control register (0x481AE)

When "1" iswritten to SELCRBX, the comparison register buffer is selected and when "0" iswritten, the
comparison dataregister is selected.
Atinitial reset, the comparison data register is selected.

Setting comparison data
The programmable timer contains two data comparators that allows the count datato be compared with given
values. Thefollowing registers are used to set thesevalues.

Timer O comparison dataA:
Timer O comparison dataB:
: CR1A[15:0] (D[F:Q]) / 16-bit timer 1 comparison dataA set-up register (0x48188)
Timer 1 comparison dataB:
Timer 2 comparison dataA:
: CR2B[15:0] (D
Timer 3 comparison dataA:
Timer 3 comparison dataB:
: CR4A[15:0] (D[F:Q]) / 16-bit timer 4 comparison data A set-up register (0x481A0)
Timer 4 comparison dataB:
Timer 5 comparison dataA:
: CR5B[15:0] (D[F:0]) / 16-bit timer 5 comparison data B set-up register (0x481AA)

Timer 1 comparison dataA

Timer 2 comparison data B

Timer 4 comparison dataA

Timer 5 comparison data B

CROA[15:0] (D[F:Q]) / 16-bit timer O comparison data A set-up register (0x48180)
CROB[15:0] (D[F:Q]) / 16-bit timer O comparison data B set-up register (0x48182)

[

[

[

CR1B[15:0] (D[F:Q]) / 16-bit timer 1 comparison data B set-up register (0x4818A)

CR2A[15:0] (D[F:Q]) / 16-bit timer 2 comparison data A set-up register (0x48190)
[F:Q]) / 16-bit timer 2 comparison data B set-up register (0x48192)

CR3A[15:0] (D[F:Q]) / 16-bit timer 3 comparison dataA set-up register (0x48198)

CR3B[15:0] (D[F:Q]) / 16-bit timer 3 comparison data B set-up register (0x4819A)

[

[

[

[

CR4B[15:0] (D[F:Q]) / 16-bit timer 4 comparison data B set-up register (0x481A2)
CR5A[15:0] (D[F:Q]) / 16-bit timer 5 comparison data A set-up register (0x481A8)

When SELCRBXx isset to "0", these registers alow direct reading/writing from/to the comparisondataregister.
When SELCRBXx issetto "1", these registers are used to read/write from/to the comparison register buffer. The
content of the buffer isloaded to the comparison dataregister when the counter isreset.
Atinitial reset, the comparison data registergbuffers are not initialized.

The programmable timer compares the comparison data register and count data and, when the two values are
equal, generates acomparison match signal. This comparison match signal controlsthe clock output (TMx
signal) to external devices, in addition to generating an interrupt.
The comparison data B is also used to reset the counter.
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Resetting the counter

Each timer includes the PRESET x bit to reset the counter.

Timer O reset: PRESETO (D1) / 16-bit timer O control register (0x48186)
Timer 1 reset: PRESET1 (D1) / 16-bit timer 1 control register (0x4818E)
Timer 2 reset: PRESET2 (D1) / 16-bit timer 2 control register (0x48196)
Timer 3 reset: PRESET3 (D1) / 16-bit timer 3 control register (0x4819E)
Timer 4 reset: PRESET4 (D1) / 16-bit timer 4 control register (0x481A6)
Timer 5 reset: PRESETS (D1) / 16-bit timer 5 control register (0x481AE)

Normally, reset the counter before starting count-up by writing "1" to this control bit.
After the counter starts counting, it will be reset by comparison match B.

Timer RUN/STOP control

Each timer includes the PRUNX bit to control RUN/STOP.

Timer 0 RUN/STOP control: PRUNO (DO) / 16-bit timer O control register (0x48186)
Timer 1 RUN/STOP control: PRUN1 (DO) / 16-bit timer 1 control register (0x4818E)
Timer 2 RUN/STOP control: PRUN2 (DO) / 16-bit timer 2 control register (0x48196)
Timer 3 RUN/STOP control: PRUN3 (DO0) / 16-bit timer 3 control register (0x4819E)
Timer 4 RUN/STOP control: PRUN4 (DO) / 16-bit timer 4 control register (0x481A6)
Timer 5 RUN/STOP control: PRUNS (DO) / 16-bit timer 5 control register (Ox481AE)

Thetimer starts counting when " 1" iswritten to PRUNX. The clock input is disabled and the timer stops
counting when "0" iswritten to PRUNX.

ThisRUN/STOP control does not affect the counter data. Even when the timer has stopped counting, the
counter retainsits count so that the timer can start counting again from that point.

If the count of the counter matches the set value of the comparison dataregister during count-up, the timer
generates a comparison match interrupt.

When the counter matches comparison data B, an interrupt is generated and the counter is reset. At the same
time, the values set in the compare register buffer are |oaded to the compare dataregister if SELCRBX is set
to"1".

The counter continues counting up regardless of which interrupt has occurred. In the case of acomparison B
interrupt, the counter starts counting beginning with 0.

When both the timer RUN/STOP control bit (PRUNX) and the timer reset bit (PRESETX) aresetto 1" at the
same time, the timer starts counting after resetting the counter.

PRUNXx |
PRESETx ||
CRxA | 0x2
CRxB | 0x5

Input clock

TCx Y o Y1 2 3 a s o 1) 2 3 a) s o)1

Reset Comparison A Resetand  Comparison A Reset and
interrupt Comparison B interrupt Comparison B
interrupt interrupt

Figure 4.2 Basic Operation Timing of Counter

Reading counter data

The counter data can be read out from the following addresses shown below at any time:

Timer O counter data: TCO[15:0] (D[F:0]) / 16-bit timer O counter data register (0x48184)
Timer 1 counter data: TC1[15:0] (D[F:0]) / 16-bit timer 1 counter data register (0x4818C)
Timer 2 counter data: TC2[15:0] (D[F:Q]) / 16-bit timer O counter dataregister (0x48194)

Timer 3 counter data: TC3[15:0] (D[F:0]) / 16-bit timer 1 counter data register (0x4819C)
Timer 4 counter data: TC4[15:0] (D[F:0]) / 16-bit timer O counter data register (0x481A4)
Timer 5 counter data: TC5[15:0] (D[F:0]) / 16-bit timer 1 counter dataregister (0x481AC)
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I PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

Controlling Clock Output

Thetimers can generate aTMx signal using the comparison match signals from the counter.

Setting the signal active level
By default, an active high signal (normal low) is generated. Thislogic can be inverted usingtheOUTINVx bit.
When "1" iswritten to the OUTINVx bit, the timer generates an active low (normal high) signal.
Timer O clock output inversion: OUTINVO (D4) / 16-bit timer O control register (0x48186)
Timer 1 clock output inversion: OUTINV 1 (D4) / 16-bit timer 1 control register (0x4818E)
Timer 2 clock output inversion: OUTINV2 (D4) / 16-bit timer 2 control register (0x48196)
Timer 3 clock output inversion: OUTINV 3 (D4) / 16-bit timer 3 control register (0x4819E)
Timer 4 clock output inversion: OUTINV4 (D4) / 16-bit timer 4 control register (0x481A6)
Timer 5 clock output inversion: OUTINV5 (D4) / 16-bit timer 5 control register (0x481AE)

See Figure 4.3 for the waveforms.

Setting the output port
The TMx signal generated here can be output from the clock output pins (see Table 4.1), enabling a
programmabl e clock to be supplied to external devices.
After acold start, the output pins are set for the I/O ports and set in input mode. The pins go into high-
impedance status.
When the pin function is switched to the timer output, the pin goes low if OUTINVX isset to"0" or goeshighif
OUTINVxissetto"1".

Starting clock output
To output the TMx clock, write " 1" to the clock output control bit PTMx. Clock output is stopped by writing
"0" to PTMx and goes to the off level according to the OUTINVx setting (low when OUTINVx ="0" or high
when OUTINVx ="1").
Timer O clock output control: PTMO (D2) / 16-bit timer O control register (0x48186)
Timer 1 clock output control: PTM1 (D2) / 16-bit timer 1 control register (0x4818E)
Timer 2 clock output control: PTM2 (D2) / 16-bit timer 2 control register (0x48196)
Timer 3 clock output control: PTM3 (D2) / 16-bit timer 3 control register (0x4819E)
Timer 4 clock output control: PTM4 (D2) / 16-bit timer 4 control register (0x481A6)
Timer 5 clock output control: PTM5 (D2) / 16-bit timer 5 control register (Ox481AE)

Figure 4.3 shows the waveform of the output signal.

mputclock U U UUUUUUUUUUUUUYUUUL
PRUNx |

CRxA 3
CRxB

5
Counter value 0 5 m 3 5 m 3 5 m

Comparison match A signal ﬂ

Comparison match B signal 7 7 7

PTMx

TMx output (when OUTINVX = "0")
TMx output (when OUTINVx = "1")

Figure 4.3 Waveform of 16-Bit Programmable Timer Output

EOC33 FAMILY ASIC MACRO MANUAL EPSON 1-4-7
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When OUTINVx = "0" (active high):

The timer outputs alow level until the counter becomes equal to the comparison data A set in the CRxA
register. When the counter isincremented to the next value from the comparison data A, the output pin goes
high and a comparison A interrupt occurs. When the counter becomes equal to the comparison dataB set inthe
CRXB register, the counter is reset and the output pin goes low. At the same time acomparison B interrupt
ocCurs.

When OUTINVx = "1" (active low):

Thetimer outputs ahigh level until the counter becomes equal to the comparison data A set in the CRxA
register. When the counter isincremented to the next value from the comparison data A, the output pin goes
low and acomparison A interrupt occurs. When the counter becomes equal to the comparison dataB set in the
CRxB register, the counter isreset and the output pin goes high. At the same time a comparison B interrupt
occurs.

Setting clock output fine mode

By default (after an initial reset), the clock output signal changes at the rising edge of the input clock when
CRxA[15:0] becomes equal to TCx[15:0].

In fine mode, the output signal changes according to CRxA[0] when CRxA[15:1] becomesequal to TCx[14:0].
When CRxA[0] is"0", the output signal changesat therising edge of theinput clock.

When CRxA[0] is"1", the output signal changesat the falling edge of the input clock ahalf cycle from the
default setting.

Example) CRXA =3, CRxB =5

Input clock l l
Counter value m 2 5 m 2 5 m

Comparison match A signal [ [

Comparison match B signal 7 7
TMx output (when OUTINVx = "0")
TMx output (when OUTINVX = "1")

Figure 4.4 Clock Output in Fine Mode

Asshown in thefigure above, in fine mode the output clock duty ratio can be adjusted in the half cycle of the
input clock. However, when the CRxA vaueis"0", the timer outputs a pulse with a 1-cycle width as theinput
clock, the same as the defaullt setting.

In fine mode, the maximum value of CRxB is 2" - 1 = 32,767 and the range of CRXA that can be setis0to (2
x CRXB - 1).

Thefine modeis set by the following registers:

Timer 0 fine mode selection: SELFMO (D6) / 16-bit timer O control register (0x48186)

Timer 1 fine mode selection: SELFM1 (D6) / 16-bit timer 1 control register (0x4818E)

Timer 2 fine mode selection: SELFM2 (D6) / 16-bit timer 2 control register (0x48196)

Timer 3 fine mode selection: SELFM3 (D6) / 16-hit timer 3 control register (0x4819E)

Timer 4 fine mode selection: SELFM4 (D6) / 16-bit timer 4 control register (0x481A6)
Timer 5 fine mode selection: SELFM5 (D6) / 16-bit timer 5 control register (0x481AE)

When "1" iswritten to the SELFMx bit, fine mode is set. At initial reset, the fine mode is disabled.

Precautions

1) If asame valueisset to the comparison data A and B registers, ahazard may be generated in the output
signal. Therefore, do not set the comparison registers as A = B.
Thereisno problem when theinterrupt function only is used.

2) When using the output clock, set the comparison dataregisters as A = 0 and B = 1. The minimum settings
areA =0andB =1. In thiscase, the timer output clock cycleistheinput clock x 1/2.

3) When the comparison dataregisters are set as A > B, no comparison A signal is generated. In this case, the
output signal isfixed at the off level.

11-4-8
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I PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

16-Bit Programmable Timer Interrupts and DMA

The 16-bit programmabl e timer has afunction for generating an interrupt using the comparison match A and B
states.
Thetiming at which an interrupt is generated is shown in Figure 4.2 in the preceding section.

Control registers of the interrupt controller

Table 4.4 shows the control registers of the interrupt controller provided for each timer.

Table 4.4 Control Registers of Interrupt Controller

Interrupt factor

Interrupt factor flag

Interrupt enable register

Interrupt priority register

Timer 0 comparison A

F16TCO (D3/0x40282)

E16TCO (D3/0x40272)

P16T0[2:0] (D[2:0]/0x40266)

Timer O comparison B

F16TUO (D2/0x40282)

E16TUO (D2/0x40272)

Timer 1 comparison A

F16TC1 (D7/0x40282)

E16TC1 (D7/0x40272)

P16T1[2:0] (D[6:4]/0x40266)

Timer 1 comparison B

F16TU1 (D6/0x40282)

E16TU1 (D6/0x40272)

Timer 2 comparison A

F16TC2 (D3/0x40283)

E16TC2 (D3/0x40273)

P16T2[2:0] (D[2:0)/0x40267)

Timer 2 comparison B

F16TU2 (D2/0x40283)

E16TU2 (D2/0x40273)

Timer 3 comparison A

F16TC3 (D7/0x40283)

E16TC3 (D7/0x40273)

P16T3[2:0] (D[6:4)/0x40267)

Timer 3 comparison B

F16TU3 (D6/0x40283)

E16TU3 (D6/0x40273)

Timer 4 comparison A

F16TC4 (D3/0x40284)

E16TC4 (D3/0x40274)

P16T4[2:0] (D[2:0]/0x40268)

Timer 4 comparison B

F16TU4 (D2/0x40284)

E16TU4 (D2/0x40274)

Timer 5 comparison A

F16TC5 (D7/0x40284)

E16TC5 (D7/0x40274)

P16T5[2:0] (D[6:4)/0x40268)

Timer 5 comparison B

F16TUS (D6/0x40284)

E16TU5 (D6/0x40274)

When acomparison match state occurs in the timer, the corresponding interrupt factor flag issetto"1".

If theinterrupt enable register bit corresponding to that interrupt factor flag hasbeen setto " 1", an interrupt
request is generated.

Aninterrupt caused by atimer can be disabled by leaving the interrupt enable register bit for that timer set to
"0". Theinterrupt factor flag isalwaysset to " 1" by the timer's comparison match state, regardless of how the
interrupt enable register is set (even when setto"0").

Theinterrupt priority register sets an interrupt priority level (0 to 7) for eachtimer. Priorities within atimer
block are such that timers of smaller numbers have ahigher priority. Priorities between interrupt types aresuch
that the comparison B interrupt has priority over the comparison A interrupt. An interrupt request to the CPU
is accepted only when no other interrupt request of ahigher priority has been generated.

It isonly when the PSR'S|E bit ="1" (interrupts enabled) and the set value of the IL issmaller than the timer
interrupt level set by the interrupt priority register, that atimer interrupt request is actually accepted by the
CPU.

For details on these interrupt control registers, as well as the device operation when an interrupt has occurred,
refer to "1TC (Interrupt Controller)".

Intelligent DMA
Theinterrupt factor of each timer can also invoke intelligent DMA (IDMA). This alows memory-to-memory
DMA transfersto be performed cyclicaly.
Thefollowing shows the IDMA channel numbers set for each interrupt factor of timer:

IDMA Ch. IDMA Ch.
Timer 0 comparison B:  0x07 Timer 0 comparison A:  0x08
Timer 1 comparison B:  0x09 Timer 1 comparison A:  0xX0A
Timer 2 comparison B:  0x0B Timer 2 comparison A:  0x0C
Timer 3 comparison B:  0x0D Timer 3 comparison A:  OXOE
Timer 4 comparison B:  OxOF Timer 4 comparison A:  0x10
Timer 5 comparison B:  0x11 Timer 5 comparison A:  0x12
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For IDMA to be invoked, the IDMA request and IDMA enable bits shown in Table 45 must be setto"1" in

advance. Transfer conditions, etc. must also be set on the IDMA side in advance.

Table 4.5 Control Bits for IDMA Transfer

Interrupt factor IDMA request bit IDMA enable bit
Timer O comparison A |R16TC0(D7/0x40290) |DE16TC0(D7/0x40294)
Timer O comparison B |R16TUO(D6/0x40290) |[DE16TU0(D6/0x40294)
Timer 1 comparison A |R16TC1(D1/0x40291) |[DE16TC1(D1/0x40295)
Timer 1 comparison B |R16TU1(D0/0x40291) |DE16TU1(D0/0x40295)
Timer 2 comparison A |R16TC2(D3/0x40291) |DE16TC2(D3/0x40295)
Timer 2 comparison B [R16TU2(D2/0x40291) |DE16TU2(D2/0x40295)
Timer 3 comparison A |R16TC3(D5/0x40291) |DE16TC3(D5/0x40295)
Timer 3 comparison B |R16TU3(D4/0x40291) |[DE16TU3(D4/0x40295)
Timer 4 comparison A |R16TC4(D7/0x40291) |[DE16TC4(D7/0x40295)
Timer 4 comparison B | R16TU4(D6/0x40291) |DE16TU4(D6/0x40295)
Timer 5 comparison A |R16TC5(D1/0x40292) |DE16TC5(D1/0x40296)
Timer 5 comparison B |R16TU5(D0/0x40292) |DE16TU5(D0/0x40296)

If the IDMA request and enable bitsare set to 1", IDMA isinvoked through generation of an interrupt factor.
No interrupt request is generated at that point. An interrupt request is generated after the DMA transfer is
completed. The registers can also be set so as not to generate an interrupt, withonly aDMA transfer performed.

For details on IDMA transfers and interrupt control upon completion of IDMA transfer, refer to "IDMA
(Intelligent DMA)".

High-speed DMA

Theinterrupt factor of each timer can aso invoke high-speed DMA (HSDMA).
Thefollowing shows the HSDMA channel number and trigger set-up bit corresponding to each timer:

Table 4.6 HSDMA Trigger Set-up Bits

Interrupt factor

HSDMA Ch|

Trigger set-up bits

Timer 0 comparison A

0

HSDO0SJ[3:0] (D[3:0]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "0111"

Timer 0 comparison B]

HSDO0S[3:0] (D[3:0]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "0110"

Timer 1 comparison A

HSD1S[3:0] (D[7:4]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "0111"

Timer 1 comparison B]

HSD1S][3:0] (D[7:4]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "0110"

Timer 2 comparison A

HSD2S][3:0] (D[3:0]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "0111"

Timer 2 comparison B]

HSD2S[3:0] (D[3:0]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "0110"

Timer 3 comparison A

HSD3S[3:0] (D[7:4]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "0111"

Timer 3 comparison B]

HSD3S[3:0] (D[7:4]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "0110"

Timer 4 comparison A

HSDO0SJ[3:0] (D[3:0]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "1001"

HSD2S][3:0] (D[3:0]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "1001"

Timer 4 comparison B

HSDOSJ[3:0] (D[3:0]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "1000"

HSD2S[3:0] (D[3:0]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "1000"

Timer 5 comparison A

HSD1S[3:0] (D[7:4]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "1001"

HSD3S[3:0] (D[7:4]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "1001"

Timer 5 comparison B

HSD1S[3:0] (D[7:4]) / HSDMA Ch.0/1 trigger set-up register (0x40298) = "1000"

WP WIFLINOINIOIW|W|N|N |- |- |O

HSD3S][3:0] (D[7:4]) / HSDMA Ch.2/3 trigger set-up register (0x40299) = "1000"

For HSDMA to be invoked, a 16-bit timer interrupt factor should be selected using the trigger set-up bitsin
advance. Transfer conditions, etc. must also be set on the HSDMA side.
If a16-bit timer is selected as the HSDMA trigger, the HSDMA channel isinvoked through generation of the

interrupt factor.

For details on HSDMA transfer, refer to "HSDMA (High-Speed DMA)".
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Trap vectors
Thetrap vector addresses for each default interrupt factor are set as shown below:
(BTA3=high) (BTA3=low)

Timer O comparison B:  0x0080078 0x0C00078
Timer 0 comparison A:  0x008007C 0x0C0007C
Timer 1 comparison B:  0x0080088 0x0C00088
Timer 1 comparison A:  0x008008C 0x0C0008C
Timer 2 comparison B:  0x0080098 0x0C00098

Timer 2 comparison A:  0x008009C 0x0C0009C
Timer 3 comparison B:  0x00800A8 0xOCO00A8
Timer 3 comparison A:  0x00800AC 0xOCO00AC
Timer 4 comparison B:  0x00800B8 0x0C000B8
Timer 4 comparison A:  0x00800BC 0x0C000BC
Timer 5 comparison B:  0x00800C8 0x0C000C8
Timer 5 comparison A:  0x00800CC 0x0C000CC

The base address of the trap table can be changed using the TTBR register (0x48134 to 0x48137).
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I/0O Memory of 16-Bit Programmable Timers

Table 4.7 shows the control bits of the 16-bit programmable timers.

For details on the I/O memory of the prescaler used to set aclock, refer to " Prescaler”.

Table 4.7 Control Bits of 16-Bit Programmable Timer

[ Register name | Address | Bit | Name | Function | Setting | Init. | RIW| Remarks
16-bit timer 0/1| 0040266 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T12 16-bit timer 1 interrupt level Oto7 X | RIW
priority register D5 |P16T11 X

D4 |P16T10 X
D3 |- reserved — — — |0 when being read.
D2 |P16T02 16-bit timer O interrupt level 0to7 X | RIW
D1 |P16T01 X
DO |P16T00 X
16-bit timer 2/3| 0040267 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T32 16-bit timer 3 interrupt level Oto7 X | RIW
priority register D5 |P16T31 X
D4 |P16T30 X
D3 |- reserved — — — |0 when being read.
D2 |P16T22 16-bit timer 2 interrupt level 0to7 X | RIW
D1 |P16T21 X
DO |P16T20 X
16-bit timer 4/5| 0040268 | D7 |- reserved — — — |0 when being read.
interrupt B) D6 |P16T52 16-bit timer 5 interrupt level Oto7 X | RIW
priority register D5 |P16T51 X
D4 |P16T50 X
D3 |- reserved — — — |0 when being read.
D2 |P16T42 16-bit timer 4 interrupt level 0to7 X | RIW
D1 |P16T41 X
DO |P16T40 X
16-bit timer 0/1 | 0040272 | D7 |E16TC1l 16-bit timer 1 comparison A 1 [Enabled 0 | Disabled 0 |R/W
interrupt B) D6 |E16TU1 16-bit timer 1 comparison B 0 |RW
enable register D5-4 |- reserved — — — |0 when being read.
D3 |E16TCO 16-bit timer 0 comparison A 1 |Enabled 0 [Disabled 0 |RW
D2 |E16TUO 16-bit timer 0 comparison B 0 |RW
D1-0 |- reserved - - — |0 when being read.
16-bit timer 2/3 | 0040273 | D7 |E16TC3 16-bit timer 3 comparison A 1 [Enabled 0 | Disabled 0 |R/W
interrupt B) D6 |E16TU3 16-bit timer 3 comparison B 0 |RW
enable register D5-4 |- reserved — — — |0 when being read.
D3 |E16TC2 16-bit timer 2 comparison A 1 |Enabled 0 [Disabled 0 |RW
D2 |E16TU2 16-bit timer 2 comparison B 0 |RW
D1-0 |- reserved - - — |0 when being read.
16-bit timer 4/5 | 0040274 | D7 |E16TC5 16-bit timer 5 comparison A 1 [Enabled 0 | Disabled 0 |R/W
interrupt B) D6 |E16TU5 16-bit timer 5 comparison B 0 |RW
enable register D5-4 |- reserved — — — |0 when being read.
D3 |E16TC4 16-bit timer 4 comparison A 1 |Enabled 0 [Disabled 0 |RW
D2 |E16TU4 16-bit timer 4 comparison B 0 |RW
D10 |- reserved — — — |0 when being read.
16-bit timer 0/1| 0040282 | D7 |[F16TC1 16-bit timer 1 comparison A 1 | Factor is 0 [Nofactoris| X [R/W
interrupt factor B) D6 |F16TUl 16-bit timer 1 comparison B generated generated X | RIW
flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TCO 16-bit timer 0 comparison A 1 | Factor is 0 [Nofactoris| X [R/W
D2 |F16TUO 16-bit timer 0 comparison B generated generated X | RIW
D10 |- reserved — — — |0 when being read.
16-bit timer 2/3| 0040283 | D7 |[F16TC3 16-bit timer 3 comparison A 1 | Factor is 0 [Nofactoris| X [R/W
interrupt factor B) D6 |F16TU3 16-bit timer 3 comparison B generated generated X | RIW
flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC2 16-bit timer 2 comparison A 1 | Factor is 0 [Nofactoris| X [R/W
D2 |F16TU2 16-bit timer 2 comparison B generated generated X | RIW
D10 |- reserved — — — |0 when being read.
16-bit timer 4/5| 0040284 | D7 |F16TC5 16-bit timer 5 comparison A 1 [Factor is 0 |No factoris| X |R/W
interrupt factor B) D6 |F16TU5S 16-bit timer 5 comparison B generated generated X | RIW
flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC4 16-bit timer 4 comparison A 1 | Factor is 0 [Nofactoris| X |[R/W
D2 |F16TU4 16-bit timer 4 comparison B generated generated X | RIW
D10 |- reserved — — — |0 when being read.
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Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
Port input 0-3, | 0040290 | D7 |R16TCO 16-bit timer O comparison A 1 (IDMA 0 | Interrupt 0 [RW
high-speed (B) D6 |[R16TUO 16-bit timer O comparison B request request 0 [RW
DMA, 16-bit D5 |RHDM1 High-speed DMA Ch.1 0 R/W
timer 0 D4 |RHDMO High-speed DMA Ch.0 0 |RW
IDMA request D3 |RP3 Port input 3 0 [RW
register D2 |RP2 Port input 2 0 |RW
D1 |RP1 Port input 1 0 |RW
DO [RPO Port input 0 0 [RW
16-bit timer 1-4| 0040291 | D7 |R16TC4 16-bit timer 4 comparison A 1 (IDMA 0 | Interrupt 0 [RW
IDMA request (B) D6 |R16TU4 16-bit timer 4 comparison B request request 0 [RW
register D5 |R16TC3 16-bit timer 3 comparison A 0 |RW
D4 |R16TU3 16-bit timer 3 comparison B 0 [RW
D3 |R16TC2 16-bit timer 2 comparison A 0 [RW
D2 |R16TU2 16-bit timer 2 comparison B 0 |RW
D1 |R16TC1 16-bit timer 1 comparison A 0 |RW
DO [R16TUL 16-bit timer 1 comparison B 0 [RW
16-bit timer 5, | 0040292 | D7 |RSTXO0 SIF Ch.0 transmit buffer empty 1 (IDMA 0 | Interrupt 0 [RW
8-bit timer, (B) D6 |[RSRX0 SIF Ch.0 receive buffer full request request 0 [RW
serial I/F Ch.0 D5 |[R8TU3 8-bit timer 3 underflow 0 [RW
IDMA request D4 |R8TU2 8-bit timer 2 underflow 0 [RW
register D3 [R8TU1 8-bit timer 1 underflow 0 [R/W
D2 |R8TUO 8-bit timer 0 underflow 0 |RW
D1 |R16TC5 16-bit timer 5 comparison A 0 |RW
DO [R16TUS 16-bit timer 5 comparison B 0 [RW
Port input 0-3, | 0040294 | D7 |DE16TCO [16-bit timer O comparison A 1 (IDMA 0 | IDMA 0 [RW
high-speed (B) D6 |DE16TUO |16-bit timer O comparison B enabled disabled 0 |RW
DMA, 16-bit D5 |[DEHDM1 |High-speed DMA Ch.1 0 R/W
timer 0 D4 |DEHDMO |High-speed DMA Ch.0 0 |RW
IDMA enable D3 |DEP3 Port input 3 0 [RW
register D2 |DEP2 Port input 2 0 |RW
D1 |DEP1 Port input 1 0 |RW
DO |[DEPO Port input 0 0 [R/W
16-bit timer 1-4| 0040295 | D7 |DE16TC4 |16-bit timer 4 comparison A 1 (IDMA 0 | IDMA 0 [RW
IDMA enable (B) D6 |[DE16TU4 |16-bit timer 4 comparison B enabled disabled 0 [RW
register D5 |DE16TC3 |16-bit timer 3 comparison A 0 |RW
D4 |DE16TU3 |16-bit timer 3 comparison B 0 [RW
D3 |[DE16TC2 |16-bit timer 2 comparison A 0 [RW
D2 |DE16TU2 |16-bit timer 2 comparison B 0 |RW
D1 |DE16TC1 |16-bit timer 1 comparison A 0 |RW
DO |[DE16TU1 |16-bittimer 1 comparison B 0 [R/W
16-bit timer 5, | 0040296 | D7 [DESTXO [SIF Ch.0 transmit buffer empty 1|IDMA 0 [IDMA 0 |RW
8-bit timer, (B) D6 |[DESRXO0 |[SIF Ch.0 receive buffer full enabled disabled 0 [RW
serial I/F Ch.0 D5 |[DE8TU3 8-bit timer 3 underflow 0 [RW
IDMA enable D4 |DE8TU2 8-bit timer 2 underflow 0 |RW
register D3 |[DE8TUl 8-bit timer 1 underflow 0 [RW
D2 |DE8TUO 8-bit timer 0 underflow 0 |RW
D1 |[DE16TC5 |16-bittimer 5 comparison A 0 [RW
DO |[DE16TUS |16-bit timer 5 comparison B 0 [RW
P1 function 00402D4| D7 |- reserved — - — |0 when being read.
select register B) D6 |[CFP16 P16 function selection 1 [EXCL5 0|P16 0 [RW
#DMAEND1
D5 |[CFP15 P15 function selection 1 [EXCL4 0|P15 0 [RW
#DMAENDO
D4 |(CFP14 P14 function selection 1[FOSC1 0|P14 0 [ R/W |Extended functions
(0x402DF)
D3 [CFP13 P13 function selection 1 [EXCL3 0|P13 0 [RW
T8UF3
D2 |CFP12 P12 function selection 1|EXCL2 0 (P12 0 |RW
T8UF2
D1 |CFP11 P11 function selection 1|EXCL1 0 (P11 0 |RW
T8UF1
DO |CFP10 P10 function selection 1 |EXCLO 0 (P10 0 |RW
T8UFO
P2 function 00402D8 [ D7 |CFP27 P27 function selection 1|TM5 0| P27 0 [RW
select register (B) D6 |CFP26 P26 function selection 1|T™M4 0|P26 0 [RW
D5 |CFP25 P25 function selection 1[T™M3 0 |P25 0 |RW
D4 |CFP24 P24 function selection 1|T™M2 0 (P24 0 |RW
D3 |CFP23 P23 function selection 1|T™M1 0 [P23 0 |RW
D2 |[CFP22 P22 function selection 1[T™MO0 0 |P22 0 [RW
D1 [CFP21 P21 function selection 1 [#DWE 0|P21 0 | R/W |Ext. func.(0x402DF)
DO [CFP20 P20 function selection 1 [#DRD 0 |P20 0 [R/W
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Il PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

| Register name [ Address | Bit Name Function Setting Init. | RIW Remarks
Port function |00402DF| D7 |CFEX7 P07 port extended function 1 [#DMAEND3| 0 |P07, etc. 0 |RW
extension (B) D6 |CFEX6 P06 port extended function 1 [#DMAACK3| 0 |P06, etc. 0 |R/W
register D5 |CFEX5 P05 port extended function 1 [#DMAEND?2| 0 |POS5, etc. 0 |RW
D4 |CFEX4 P04 port extended function 1 [#DMAACK2| 0 |P04, etc. 0 R/W
D3 |CFEX3 P31 port extended function 1 [#GARD 0 |P31, etc. 0 |RW
D2 |[CFEX2 P21 port extended function 1 |#GAAS 0 P21, etc. 0 |RW
D1 [CFEX1 P10, P11, P13 port extended 1|DSTO 0 |P10, etc. 1 |RW
function DST1 P11, etc.
DPCO P13, etc.
DO (CFEXO P12, P14 port extended function |1 |DST2 0 |P12, etc. 1 R/W
DCLK P14, etc.
16-bit timer 0 | 0048180 | DF |CROA15 16-bit timer O comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CROA14 CROA15 = MSB X
data A set-up DD [CROA13 CROAO =LSB X
register DC |CROA12 X
DB |CROA1ll X
DA |CROA10 X
D9 [CROA9 X
D8 [CROAS8 X
D7 [CROA7 X
D6 |[CROA6 X
D5 [CROA5 X
D4 |CROA4 X
D3 [CROA3 X
D2 |CROA2 X
D1 [CROA1 X
DO [CROAO X
16-bit timer 0 | 0048182 | DF |CROB15 16-bit timer O comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CROB14 CROB15 = MSB X
data B set-up DD (CROB13 CROBO = LSB X
register DC |CROB12 X
DB |CROB11 X
DA |CROB10 X
D9 [CROB9 X
D8 [CROB8 X
D7 |CROB7 X
D6 |[CROB6 X
D5 |CROB5 X
D4 [CROB4 X
D3 [CROB3 X
D2 [CROB2 X
D1 [CROB1 X
DO [CROBO X
16-bit timer 0 | 0048184 | DF [TCO015 16-bit timer O counter data 0 to 65535 X R
counter data (HW) DE |TCO014 TCO015 = MSB X
register DD (TCO013 TCO00 =LSB X
DC ([TC012 X
DB |TCO11 X
DA |TCO010 X
D9 |TCO09 X
D8 |TCO8 X
D7 |TCO7 X
D6 |TCO06 X
D5 |TCO5 X
D4 |TCO4 X
D3 |TCO3 X
D2 |TCO02 X
D1 |TCO1 X
DO |TCOO0 X
16-bit timer 0 | 0048186 D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFMO |[16-bit timer O fine mode selection | 1 | Fine mode | 0 [Normal 0 |RW
D5 |SELCRBO [16-bit timer O comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINVO | 16-bit timer O output inversion 1 [Invert 0 [Normal 0 |RW
D3 |CKSLO 16-bit timer O input clock selection | 1 | External clock| O [Internal clock | 0 | R/W
D2 |PTMO 16-bit timer O clock output control | 1 [On 0 | Off 0 |RW
D1 |PRESETO [16-bittimer O reset 1 [Reset 0 |Invalid 0 W [0 when being read.
DO |PRUNO 16-bit timer 0 Run/Stop control 1 [Run 0 | Stop 0 |RW
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I PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 1 | 0048188 | DF |CR1A15 16-bit timer 1 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR1A14 CR1A15 = MSB X
data A set-up DD (CR1A13 CR1A0 =LSB X
register DC |CR1A12 X

DB |CR1A11 X

DA |CR1A10 X

D9 |CR1A9 X

D8 |CR1A8 X

D7 |CR1A7 X

D6 |CR1A6 X

D5 |[CR1A5 X

D4 |CR1A4 X

D3 [CR1A3 X

D2 |CR1A2 X

D1 |CR1A1 X

DO |CR1A0 X
16-bit timer 1 | 004818A | DF |CR1B15 16-bit timer 1 comparison data B 0 to 65535 X | RIW
comparison (HW) DE [CR1B14 CR1B15 = MSB X
data B set-up DD (CR1B13 CR1B0 = LSB X
register DC |CR1B12 X

DB |CR1B11 X

DA |CR1B10 X

D9 |CR1B9 X

D8 |[CR1B8 X

D7 |CR1B7 X

D6 |CR1B6 X

D5 |CR1B5 X

D4 |CR1B4 X

D3 |CR1B3 X

D2 |CR1B2 X

D1 |CR1B1 X

DO |CR1BO X
16-bit timer 1 | 004818C| DF |TC115 16-bit timer 1 counter data 0 to 65535 X R
counter data (HW) DE |TC114 TC115 = MSB X
register DD (TC113 TC10=LSB X

DC ([TC112 X

DB |TCi111 X

DA |TC110 X

D9 |TC19 X

D8 |TC18 X

D7 |TC17 X

D6 |TC16 X

D5 |TC15 X

D4 |TC14 X

D3 |TC13 X

D2 |TC12 X

D1 |TC11 X

DO [TC10 X
16-bit timer 1 | 004818E| D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |[SELFM1 |16-bit timer 1 fine mode selection | 1 |Fine mode |0 |Normal 0 [RW

D5 |SELCRB1 |16-bit timer 1 comparison buffer | 1 |Enabled 0 [Disabled 0 |RW

D4 |[OUTINV1 |16-bit timer 1 output inversion 1 [Invert 0 |Normal 0 [RW

D3 [CKSL1 16-bit timer 1 input clock selection | 1 | External clock| O |Internal clock| 0 [ R/W

D2 [PTM1 16-bit timer 1 clock output control | 1 |On 0 | Off 0 [RW

D1 |[PRESET1 |16-bittimer 1 reset 1 [Reset 0 |Invalid 0 W |0 when being read.

DO |PRUN1 16-bit timer 1 Run/Stop control 1[Run 0 [Stop 0 |RW
16-bit timer 2 | 0048190 | DF |CR2A15 16-bit timer 2 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR2A14 CR2A15 = MSB X
data A set-up DD [CR2A13 CR2A0 =LSB X
register DC |CR2A12 X

DB |CR2A11 X

DA |CR2A10 X

D9 |CR2A9 X

D8 |CR2A8 X

D7 |CR2A7 X

D6 |CR2A6 X

D5 |[CR2A5 X

D4 |CR2A4 X

D3 [CR2A3 X

D2 |CR2A2 X

D1 |CR2A1 X

DO |CR2A0 X
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Il PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
16-bit timer 2 | 0048192 | DF |CR2B15 16-bit timer 2 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR2B14 CR2B15 = MSB X
data B set-up DD (CR2B13 CR2B0 = LSB X
register DC |CR2B12 X
DB |CR2B11 X
DA |CR2B10 X
D9 [CR2B9 X
D8 [CR2B8 X
D7 |CR2B7 X
D6 |[CR2B6 X
D5 |CR2B5 X
D4 [CR2B4 X
D3 |CR2B3 X
D2 [CR2B2 X
D1 [CR2B1 X
DO [CR2BO X
16-bit timer 2 | 0048194 | DF |[TC215 16-bit timer 2 counter data 0 to 65535 X R
counter data (HW) DE |TC214 TC215=MSB X
register DD (TC213 TC20=LSB X
DC [TC212 X
DB |TC211 X
DA |TC210 X
D9 [TC29 X
D8 |TC28 X
D7 |TC27 X
D6 |TC26 X
D5 |TC25 X
D4 |TC24 X
D3 |TC23 X
D2 |TC22 X
D1 |TC21 X
DO |TC20 X
16-bit timer 2 | 0048196 | D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM2 |[16-bit timer 2 fine mode selection | 1 | Fine mode | 0 [Normal 0 |RW
D5 |SELCRB2 |16-bit timer 2 comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV2 [16-bit timer 2 output inversion 1 [Invert 0 |Normal 0 |R/W
D3 |CKSL2 16-bit timer 2 input clock selection | 1 | External clock| O [Internal clock | 0 | R/W
D2 |PTM2 16-bit timer 2 clock output control | 1 |On 0 | Off 0 |RW
D1 |PRESET2 |[16-bittimer 2 reset 1 [Reset 0 |Invalid 0 W [0 when being read.
DO |PRUN2 16-bit timer 2 Run/Stop control 1|Run 0 [Stop 0 |RW
16-bit timer 3 | 0048198 | DF |CR3A15 16-bit timer 3 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR3A14 CR3A15 = MSB X
data A set-up DD |CR3A13 CR3A0 =LSB X
register DC |CR3A12 X
DB |CR3All X
DA |CR3A10 X
D9 [CR3A9 X
D8 [CR3A8 X
D7 [CR3A7 X
D6 |[CR3A6 X
D5 [CR3A5 X
D4 [CR3A4 X
D3 [CR3A3 X
D2 [CR3A2 X
D1 [CR3A1 X
DO [CR3A0 X
16-bit timer 3 | 004819A | DF |CR3B15 16-bit timer 3 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR3B14 CR3B15 = MSB X
data B set-up DD (CR3B13 CR3B0 = LSB X
register DC |CR3B12 X
DB |CR3B11 X
DA |CR3B10 X
D9 [CR3B9 X
D8 [CR3B8 X
D7 |[CR3B7 X
D6 |[CR3B6 X
D5 |CR3B5 X
D4 [CR3B4 X
D3 [CR3B3 X
D2 [CR3B2 X
D1 [CR3B1 X
DO [CR3BO X
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I PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 3 | 004819C | DF |[TC315 16-bit timer 3 counter data 0 to 65535 X R
counter data (HW) DE |TC314 TC315 = MSB X
register DD (TC313 TC30=LSB X

DC ([TC312 X

DB |TC311 X

DA |TC310 X

D9 |TC39 X

D8 |TC38 X

D7 |TC37 X

D6 |TC36 X

D5 |[TC35 X

D4 |TC34 X

D3 |TC33 X

D2 |TC32 X

D1 |TC31 X

DO |TC30 X
16-bit timer 3 | 004819E| D7 |- reserved — 0 — |0 when being read.
control register B) D6 |[SELFM3 |16-bit timer 3 fine mode selection | 1 |Fine mode [0 |Normal 0 [RW

D5 |[SELCRB3 |16-bit timer 3 comparison buffer | 1 |Enabled 0 | Disabled 0 [RW

D4 |OUTINV3 |16-bit timer 3 output inversion 1 [Invert 0 |[Normal 0 [RW

D3 [CKSL3 16-bit timer 3 input clock selection | 1 | External clock| O |Internal clock | 0 | R/W

D2 [PTM3 16-bit timer 3 clock output control | 1 |On 0 | Off 0 [RW

D1 |[PRESET3 |16-bittimer 3 reset 1 [Reset 0 | Invalid 0 W |0 when being read.

DO |PRUN3 16-bit timer 3 Run/Stop control 1|Run 0 [Stop 0 |RW
16-bit timer 4 | 00481A0| DF |CR4A15 16-bit timer 4 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR4A14 CR4A15 = MSB X
data A set-up DD [CR4A13 CR4A0 = LSB X
register DC |CR4A12 X

DB |CR4A11 X

DA |CR4A10 X

D9 |CR4A9 X

D8 |[CR4A8 X

D7 |CR4A7 X

D6 |CR4A6 X

D5 |CR4A5 X

D4 |CR4A4 X

D3 |CR4A3 X

D2 |CR4A2 X

D1 |CR4A1 X

DO |CR4A0 X
16-bit timer 4 | 00481A2| DF |CR4B15 16-bit timer 4 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR4B14 CR4B15 = MSB X
data B set-up DD (CR4B13 CR4B0 = LSB X
register DC |CR4B12 X

DB |CR4B11 X

DA |CR4B10 X

D9 |CR4B9 X

D8 |CR4B8 X

D7 |CR4B7 X

D6 |CR4B6 X

D5 |CR4B5 X

D4 |CR4B4 X

D3 |CR4B3 X

D2 |CR4B2 X

D1 |CR4B1 X

DO [CR4BO X
16-bit timer 4 | 00481A4| DF |[TC415 16-bit timer 4 counter data 0 to 65535 X R
counter data (HW) DE |TC414 TC415 = MSB X
register DD (TC413 TC40=LSB X

DC ([TC412 X

DB |TC411 X

DA |TC410 X

D9 |TC49 X

D8 |TC48 X

D7 |TC47 X

D6 |TC46 X

D5 |[TC45 X

D4 |TC44 X

D3 [TC43 X

D2 |TC42 X

D1 |TC41 X

DO |TC40 X
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Il PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
16-bit timer 4 | 00481A6| D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM4 [16-bit timer 4 fine mode selection | 1 | Fine mode [ 0 [Normal 0 |RW
D5 |SELCRB4 |[16-bit timer 4 comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV4 [16-bit timer 4 output inversion 1 [Invert 0 |Normal 0 |RW
D3 |CKSL4 16-bit timer 4 input clock selection | 1 | External clock| O [Internal clock | 0 | R/W
D2 |PTM4 16-bit timer 4 clock output control | 1 |On 0 | Off 0 |RW
D1 |PRESET4 [16-bittimer 4 reset 1 [Reset 0 |Invalid 0 W [0 when being read.
DO |PRUN4 16-bit timer 4 Run/Stop control 1|Run 0 | Stop 0 |R/W
16-bit timer 5 | 00481A8 | DF |CR5A15 16-bit timer 5 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR5A14 CR5A15 = MSB X
data A set-up DD |[CR5A13 CR5A0 = LSB X
register DC |CR5A12 X
DB |CR5A11 X
DA |CR5A10 X
D9 [CR5A9 X
D8 [CR5A8 X
D7 |[CR5A7 X
D6 |[CR5A6 X
D5 |CR5A5 X
D4 [CR5A4 X
D3 |CR5A3 X
D2 [CR5A2 X
D1 [CR5A1 X
DO [CR5A0 X
16-bit timer 5 |00481AA| DF |CR5B15 16-bit timer 5 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR5B14 CR5B15 = MSB X
data B set-up DD [CR5B13 CR5B0 =LSB X
register DC |CR5B12 X
DB |CR5B11 X
DA |CR5B10 X
D9 [CR5B9 X
D8 |CR5B8 X
D7 |[CR5B7 X
D6 [CR5B6 X
D5 [CR5B5 X
D4 [CR5B4 X
D3 [CR5B3 X
D2 [CR5B2 X
D1 [CR5B1 X
DO [CR5BO X
16-bittimer 5 |00481AC| DF [TC515 16-bit timer 5 counter data 0 to 65535 X R
counter data (HW) DE |TC514 TC515 = MSB X
register DD (TC513 TC50=LSB X
DC ([TC512 X
DB |TC511 X
DA |TC510 X
D9 |TC59 X
D8 |TC58 X
D7 |TC57 X
D6 |TC56 X
D5 |TC55 X
D4 |TC54 X
D3 |TC53 X
D2 |TC52 X
D1 |TC51 X
DO [TC50 X
16-bit timer 5 |00481AE| D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM5 [16-bit timer 5 fine mode selection | 1 | Fine mode [ 0 [Normal 0 |RW
D5 |SELCRBS5 |[16-bit timer 5 comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV5 [16-bit timer 5 output inversion 1 [Invert 0 |Normal 0 |RW
D3 |CKSL5 16-bit timer 5 input clock selection | 1 | External clock| O [Internal clock | 0 | R/W
D2 |PTM5 16-bit timer 5 clock output control | 1 |On 0 | Off 0 |RW
D1 |PRESET5 [16-bittimer 5 reset 1 [Reset 0 |Invalid 0 W [0 when being read.
DO |PRUNS 16-bit timer 5 Run/Stop control 1[Run 0 [Stop 0 |RW
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I PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

CFP16-CFP10: P1[6:0] pin function selection (D[6:0]) / P1 function select register (0x402D4)

Selects the pin to be used for input of an external count clock to the timer.

Write "1": Clock input pin

Write "0": 1/O port pin

Read: Valid

Select clock input pins for the timers that are used asan event counter from among P10 through P16, by writing" 1" to
CFP10-CFP16. For therelationship between each pin and timer, refer to Table 4.1. The pin is set for an /O port by
writing "0" to CFP1x.
In addition to pin selection here, the pin to be used for clock input to the 16-bit programmable timer must be set to
input mode using the I/O control register.
At cold start, CFP1x isset to"0" (I/O port). At hot start, CFP1x retainsits status from prior to theinitial reset.

CFP27-CFP22: P2[7:2] pin function selection (D[7:2]) / P2 function select register (0x402D8)

Selects the pin used for clock output.

Write "1": Clock output pin

Write "0": 1/O port pin

Read: Valid

Select the pin to be used to output atimer-generated clock to external devicesfrom among P22 through P27, by
writing " 1" to CFP22—CFP27. For the relationship between each pin and timer, refer to Table 4.1. The pin is set for
an 1/O port by writing "0" to CFP2x.
At cold start, CFP2x isset to"0" (1/O port). At hot start, CFP2x retainsits status from prior to theinitial reset.

CFEX1: P10, P11, P13 port extended function (D1) / Port function extension register (0x402DF)
CFEXO0: P12, P14 port extended function (DO) / Port function extension register (0x402DF)

Sets whether the function of an 1/0O-port pin isto be extended.

Write"1": Function-extended pin
Write "0": 1/O-port/peripheral-circuit pin
Read: Valid

When CFEX[1:0] issetto"1", the P14—P10 ports function as debug signal output ports. When CFEX[1:0] ="0",the
CFP1[4:0] bit becomes effective, so the settings of these bits determine whether the P14—P10 ports function as I/O
port s or external clock input ports.

At cold start, CFEX[1:0] issetto"1" (function-extended pins). At hot start, CFEX[1:0] retainsits state from prior to
theinitial reset.

I0OC16—-10C10: P1[6:0] port I/O control (D[6:0]) / P1 1/O control register (0x402D6)

Directs P10 through P16 for input or output.

Write "1": Output mode
Write "0": Input mode
Read: Vadlid
For the pin selected from among P10 through P16 for use for external clock input, write" 0" tothecorresponding 1/0
control bit to set it to input mode . If the pin is set to output mode, even though its CFP1x may be setto 1", it
functions as the output pin of an 8-bit programmable timer and cannot be used to receive an external clock.
At cold start, all IOC1x issetto"0" (input mode). At hot start, IOC1x retains its state from prior to theinitial reset.
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Il PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

SELFMO: Timer O fine mode selection (D6) / 16-bit timer O control register (0x48186)
SELFM1: Timer 1 fine mode selection (D6) / 16-bit timer 1 control register (Ox4818E)
SELFM2: Timer 2 fine mode selection (D6) / 16-bit timer 2 control register (0x48196)
SELFM3: Timer 3 fine mode selection (D6) / 16-bit timer 3 control register (0x4819E)
SELFM4: Timer 4 fine mode selection (D6) / 16-bit timer 4 control register (0x481A6)
SELFMB5: Timer 5 fine mode selection (D6) / 16-bit timer 5 control register (Ox481AE)

Setsfinemodefor clock output.

Write"1": Finemode
Write"0": Normal output
Read: Valid

When SELFMx issetto 1", clock output is set in fine mode which allows adjustment of the output signal duty ratio
inunits of ahalf cyclefor theinput clock.

When SELFMx isset to 0", normal clock output will be performed.

Atinitial reset, SELCFMx isset to"0" (normal output).

SELCRBO: Timer 0 comparison register buffer enable (D5) / 16-bit timer O control register (0x48186)
SELCRB1: Timer 1 comparison register buffer enable (D5) / 16-bit timer 1 control register (Ox4818E)
SELCRB2: Timer 2 comparison register buffer enable (D5) / 16-bit timer 2 control register (0x48196)
SELCRB3: Timer 3 comparison register buffer enable (D5) / 16-bit timer 3 control register (0x4819E)
SELCRB4: Timer 4 comparison register buffer enable (D5) / 16-bit timer 4 control register (0x481A6)
SELCRBS5: Timer 5 comparison register buffer enable (D5) / 16-bit timer 5 control register (0x481AE)

Enables or disableswriting to the comparison register buffer.

Write"1": Enabled
Write "0": Disabled
Read: Valid

When SELCRBXx isset to"1", comparison datais read and written from/to the comparison register buffer. The
content of the buffer isloaded to the comparison data register when the counter is reset by the software or the
comparison B signal.
When SELCRBXx isset to "0", comparison datais read and written from/to the comparison dataregister.
Atinitial reset, SELCRBx isset to "0" (disabled).

OUTINVO: Timer 0 output inversion (D4) / 16-bit timer O control register (0x48186)
OUTINV1: Timer 1 output inversion (D4) / 16-bit timer 1 control register (0x4818E)
OUTINV2: Timer 2 output inversion (D4) / 16-bit timer 2 control register (0x48196)
OUTINV3: Timer 3 output inversion (D4) / 16-bit timer 3 control register (0x4819E)
OUTINV4: Timer 4 output inversion (D4) / 16-bit timer 4 control register (0x481A6)
OUTINVS: Timer 5 output inversion (D4) / 16-bit timer 5 control register (0x481AE)

Selects alogic of the output signal.

Write"1": Inverted (active low)
Write "0": Normal (active high)
Read: Valid

By writing "1" to OUTINVX, an active-low signal (off level = high) is generated for the TMx output. When
OUTINVXx issetto"0", an active-high signal (off level =low) isgenerated.
Atinitia reset, OUTINVx issetto"0" (normal).
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I PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

CKSLO: Timer O input clock selection (D3) / 16-bit timer O control register (0x48186)
CKSL1: Timer 1 input clock selection (D3) / 16-bit timer 1 control register (0x4818E)
CKSL2: Timer 2 input clock selection (D3) / 16-bit timer 2 control register (0x48196)
CKSL3: Timer 3 input clock selection (D3) / 16-bit timer 3 control register (0x4819E)
CKSL4: Timer 4 input clock selection (D3) / 16-bit timer 4 control register (0x481A6)
CKSL5: Timer 5 input clock selection (D3) / 16-bit timer 5 control register (0x481AE)

Selects the input clock of each timer.
Write"1": External clock

Write"0": Internal clock
Read: Valid

Theinternal clock (prescaler output) is selected for the input clock of each timer by writing "0" to CKSLx. An
external clock (onethat isfed from the clock input pin) is selected by writing 1", andthetimer functionsasan event
counter. In this case, the clock input pin must be set using CFP1x before an external clock is selected here.

Atinitial reset, CKSLx issetto"0" (internal clock).

PTMO: Timer 0 clock output control (D2) / 16-bit timer O control register (0x48186)
PTM1: Timer 1 clock output control (D2) / 16-bit timer 1 control register (0x4818E)
PTM2: Timer 2 clock output control (D2) / 16-bit timer 2 control register (0x48196)
PTM3: Timer 3 clock output control (D2) / 16-bit timer 3 control register (0x4819E)
PTM4: Timer 4 clock output control (D2) / 16-bit timer 4 control register (0x481A6)
PTM5: Timer 5 clock output control (D2) / 16-bit timer 5 control register (0x481AE)

Controlsthe output of the TMx signal (timer output clock).

Write"1": On
Write"0": Off
Read: Valid

The TMx signal is output from the clock output pin by writing"1" to PTMx. Clock output is stopped by writing " 0"
to PTMx and goes to the off level according to the OUTINVx setting (low when OUTINVx ="0" or high when
OUTINVx ="1"). In thiscase, the clock output pin must be set using CFP2x before outputting the TMx signal here.
Atinitial reset, PTMx issetto"0" (off).

PRESETO: Timer O reset (D1) / 16-bit timer 0 control register (0x48186)
PRESETL1: Timer 1 reset (D1) / 16-bit timer 1 control register (0x4818E)
PRESET2: Timer 2 reset (D1) / 16-bit timer 2 control register (0x48196)
PRESETS3: Timer 3 reset (D1) / 16-bit timer 3 control register (0x4819E)
PRESET4: Timer 4 reset (D1) / 16-bit timer 4 control register (0x481A6)
PRESETS: Timer 5 reset (D1) / 16-bit timer 5 control register (0x481AE)

Resets the counter.

Write"1": Reset
Write"0": Invalid
Read: Always"0"
The counter of timer X isreset by writing "1" to PRESETX.
Writing "0" results in No Operation.
Since PRESETXx isawrite-only bit, its content when read isaways"0".
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Il PERIPHERAL BLOCK: 16-BIT PROGRAMMABLE TIMERS

PRUNO: Timer 0 RUN/STOP control (DO) / 16-bit timer O control register (0x48186)
PRUNZ: Timer 1 RUN/STOP control (DO) / 16-bit timer 1 control register (0x4818E)
PRUN2: Timer 2 RUN/STOP control (DO) / 16-bit timer 2 control register (0x48196)
PRUN3: Timer 3 RUN/STOP control (DO) / 16-bit timer 3 control register (0x4819E)
PRUN4: Timer 4 RUN/STOP control (DO) / 16-bit timer 4 control register (0x481A6)
PRUNS: Timer 5 RUN/STOP control (DO) / 16-bit timer 5 control register (Ox481AE)

Controlsthe timer's RUN/STOP state.
Write"1": RUN
Write"0": STOP
Read: Valid
Each timer is made to start counting up by writing " 1" to PRUNXx and made to stop counting by writing "0".
In the STOP state, the counter datais retained until the timer isreset or placed inaRUN state. By changing states

from STOPto RUN, the timer can restart counting beginning at the retained count.
Atinitial reset, PRUNXx issetto "0" (STOP).

CROA15—-CROAQ: Timer 0 comparison data A (D[F:0]) / 16-bit timer 0 comparison data A set-up register (0x48180)
CR1A15-CR1AQ: Timer 1 comparison data A (D[F:0]) / 16-bit timer 1 comparison data A set-up register (0x48188)
CR2A15-CR2A0: Timer 2 comparison data A (D[F:0]) / 16-bit timer 2 comparison data A set-up register (0x48190)
CR3A15-CR3AOQ: Timer 3 comparison data A (D[F:0]) / 16-bit timer 3 comparison data A set-up register (0x48198)
CR4A15—-CR4AO0: Timer 4 comparison data A (D[F:0]) / 16-bit timer 4 comparison data A set-up register (0x481A0)
CR5A15—-CR5AQ0: Timer 5 comparison data A (D[F:0]) / 16-bit timer 5 comparison data A set-up register (0x481A8)

Setsthe comparison data A of each timer.

When SELCRBXx isset to 0", comparison datais directly read or writing from/to the comparison dataregister A.
When SELCRBXx isset to"1", comparison datais read or written from/to the comparison register buffer A. The
content of the buffer isloaded to the comparison dataregister A when the counter isreset.

The data set in thisregister is compared with each corresponding counter data. When the contents match, a
comparison A interrupt is generated and the output signal rises (OUTINVx ="0") or falls (OUTINVx ="1"). This
does not affect the counter value and count-up operation.

Atinitial reset, CRxA isnot initialized.

CROB15—-CROBO: Timer 0 comparison data B (D[F:0]) / 16-bit timer 0 comparison data B set-up register (0x48182)
CR1B15-CR1BO: Timer 1 comparison data B (D[F:0]) / 16-bit timer 1 comparison data B set-up register (0x4818A)
CR2B15-CR2BO0: Timer 2 comparison data B (D[F:0]) / 16-bit timer 2 comparison data B set-up register (0x48192)
CR3B15-CR3BO0: Timer 3 comparison data B (D[F:0]) / 16-bit timer 3 comparison data B set-up register (0x4819A)
CR4B15-CR4BO0: Timer 4 comparison data B (D[F:0]) / 16-bit timer 4 comparison data B set-up register (0x481A2)
CR5B15—-CR5BO: Timer 5 comparison data B (D[F:0]) / 16-bit timer 5 comparison data B set-up register (0x481AA)

Sets the comparison data B of each timer.

When SELCRBXx isset to"0", comparison datais directly read or writing from/to the comparison dataregister B.
When SELCRBXx isset to 1", comparison datais read or written from/to the comparison register buffer B. The
content of the buffer isloaded to the comparison data register B when the counter isreset.

The data set in thisregister is compared with each corresponding counter data. When the contents match, a
comparison B interrupt is generated and the output signal falls (OUTINVx ="0") or rises (OUTINVx ="1").
Furthermore, the counter isreset to "0".

Atinitial reset, CRxB isnot initialized.
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TCO015-TCO0O0: Timer 0 counter data (D[F:0]) / 16-bit timer O counter data register (0x48184)
TC115-TC10: Timer 1 counter data (D[F:0]) / 16-bit timer 1 counter data register (0x4818C)
TC215-TC20: Timer 2 counter data (D[F:0]) / 16-bit timer 2 counter data register (0x48194)
TC315-TC30: Timer 3 counter data (D[F:0]) / 16-bit timer 3 counter data register (0x4819C)
TC415-TC40: Timer 4 counter data (D[F:0]) / 16-bit timer 4 counter data register (0x481A4)
TC515-TC50: Timer 5 counter data (D[F:0]) / 16-bit timer 5 counter data register (0x481AC)

The counter data of each timer can be read from thisregister.

The datacan be read out at any time.

Since TCx isaread-only register, writing to thisregister isignored.
Atinitia reset, TCx isnot initialized.

P16T02-P16T0O0:

P16T12-P16T10

P16T42-P16T40

Timer O interrupt level (D[2:0]) / 16-bit timer O/1 interrupt priority register (0x40266)

: Timer 1 interrupt level (D[6:4]) / 16-bit timer 0/1 interrupt priority register (0x40266)
P16T22-P16T20:
P16T32-P16T30:

Timer 2 interrupt level (D[2:0]) / 16-bit timer 2/3 interrupt priority register (0x40267)
Timer 3 interrupt level (D[6:4]) / 16-bit timer 2/3 interrupt priority register (0x40267)

: Timer 4 interrupt level (D[2:0]) / 16-bit timer 4/5 interrupt priority register (0x40268)
P16T52-P16T50:

Timer 5 interrupt level (D[6:4]) / 16-bit timer 4/5 interrupt priority register (0x40268)

Setsthe priority levels of 16-bit programmable timer interrupts.
The priority level can be setintherangeof Oto 7.
Atinitial reset, P16Tx becomes indeterminate.

E16TUO, E16TCO: Timer O interrupt enable (D2, D3) / 16-bit timer 0/1 interrupt enable register (0x40272)
E16TU1, E16TCL1: Timer 1 interrupt enable (D6, D7) / 16-bit timer 0/1 interrupt enable register (0x40272)
E16TU2, E16TC2: Timer 2 interrupt enable (D2, D3) / 16-bit timer 2/3 interrupt enable register (0x40273)
E16TU3, E16TC3: Timer 3 interrupt enable (D6, D7) / 16-bit timer 2/3 interrupt enable register (0x40273)
E16TU4, E16TC4: Timer 4 interrupt enable (D2, D3) / 16-bit timer 4/5 interrupt enable register (0x40274)
E16TUS5, E16TC5: Timer 5 interrupt enable (D6, D7) / 16-bit timer 4/5 interrupt enable register (0x40274)

Enables or disablesthe generation of an interrupt to the CPU.

Write"1": Interrupt enabled
Write"0": Interrupt disabled
Read: Valid

The E16TUx and E16TCx are provided for the comparison B and comparison A interrupt factors, respectively. The

interrupt for whichthebit issetto"1" isenabled, and the interrupt for which the bit isset to " 0" is disabled.
Atinitial reset, thesebitsare set to " 0" (interrupt disabled).

F16TUO, F16TCO:
F16TU1, F16TC1:
F16TU2, F16TC2:
F16TU3, F16TC3:
F16TU4, F16TC4:
F16TU5, F16TC5:

Timer O interrupt factor flag (D2, D3) / 16-bit timer 0/1 interrupt factor flag register (0x40282)
Timer 1 interrupt factor flag (D6, D7) / 16-bit timer 0/1 interrupt factor flag register (0x40282)
Timer 2 interrupt factor flag (D2, D3) / 16-bit timer 2/3 interrupt factor flag register (0x40283)
Timer 3 interrupt factor flag (D6, D7) / 16-bit timer 2/3 interrupt factor flag register (0x40283)
Timer 4 interrupt factor flag (D2, D3) / 16-bit timer 4/5 interrupt factor flag register (0x40284)
Timer 5 interrupt factor flag (D6, D7) / 16-bit timer 4/5 interrupt factor flag register (0x40284)

Indicates the status of 16-bit programmabletimer interrupt generation.

When read

Read "1": Interrupt factor has occurred
Read "0": Nointerrupt factor has occurred

When written using thereset-only method (default)
Write"1": Interrupt factor flag isreset

Write "0":

Invalid

When written using theread/write method
Write"1": Interrupt flag isset
Write "0": Interrupt flag isreset
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F16TUx and F16TCx are theinterrupt factor flags corresponding to the comparison B and comparison A interrupts,
respectively. Theflagisset to"1" when each interrupt factor occurs.

At thistime, if the following conditions are met, an interrupt to the CPU is generated:

1. The corresponding interrupt enable register bit issetto"1".

2. No other interrupt request of ahigher priority has been generated.

3. ThePSR'sIE hitissetto"1" (interrupts enabled).

4. The value set in the corresponding interrupt priority register is higher than the CPU's interrupt level (IL).

When using the interrupt factor of the 16-bit programmable timer to request IDMA, note that even when the above
conditions are met, no interrupt request to the CPU is generated for the interrupt factor that has occurred. If
interrupts are enabled at the setting of IDMA, an interrupt is generated under the above conditions after the data
transfer by IDMA is completed.

Theinterrupt factor flag isset to " 1" whenever interrupt generation conditions are met, regardless of how the
interrupt enable and interrupt priority registers are set.

If the next interrupt isto be accepted after an interrupt has occurred, it is necessary that the interrupt factor flag be
reset, and that the PSR be set again (by setting the |E bit to"1" after setting the IL to avalue lower than thelevel
indicated by the interrupt priority register, or by executing thereti instruction).

Theinterrupt factor flag can be reset only by writing to it in the software. Note that if the PSR is set again to accept
interrupts generated (or if thereti instruction is executed) without resetting the interrupt factor flag, the same
interrupt occurs again. Note also that the value to be written to reset theflagis"1" when the reset-only method
(RSTONLY ="1") isused, and "0" when the read/write method (RSTONLY ="0") isused.

Atinitia reset, al these flags become indeterminate, so be sureto reset them in the software.

R16TUO, R16TCO: Timer 0 IDMA request (D6, D7) /

Port input 0—-3, HSDMA, 16-bit timer 0 IDMA request register (0x40290)
R16TU1, R16TC1: Timer 1 IDMA request (DO, D1) / 16-bit timer 1-4 IDMA request register (0x40291)
R16TU2, R16TC2: Timer 2 IDMA request (D2, D3) / 16-bit timer 1-4 IDMA request register (0x40291)
R16TU3, R16TC3: Timer 3 IDMA request (D4, D5) / 16-bit timer 1-4 IDMA request register (0x40291)
R16TU4, R16TC4: Timer 4 IDMA request (D6, D7) / 16-bit timer 1-4 IDMA request register (0x40291)
R16TU5, R16TC5: Timer 5 IDMA request (DO, D1) /

16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA request register (0x40292)

Specifies whether to invoke IDMA when an interrupt factor occurs.

When using the set-only method (default)
Write"1": IDMA request
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA request
Write"0": Interrupt request

Read: Valid

R16TUx and R16TCx are IDMA request bits corresponding to the comparison B and comparison A interrupt
factors, respectively. When the bit issetto 1", IDMA isinvoked when the interrupt factor occurs, thereby
performing programmed data transfers. When theregister isset to "0", normal interrupt processing isperformed and
IDMA isnot invoked. For details on IDMA, refer to "IDMA (Intelligent DMA)".

Atinitial reset, these bits are setto "0" (interrupt request).
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DE16TUO, DE16TCO: Timer O IDMA enable (D6, D7) /

Port input 0-3, HSDMA, 16-bit timer O IDMA enable register (0x40294)
DE16TU1, DE16TC1: Timer 1 IDMA enable (DO, D1) / 16-bit timer 1-4 IDMA enable register (0x40295)
DE16TU2, DE16TC2: Timer 2 IDMA enable (D2, D3) / 16-bit timer 1-4 IDMA enable register (0x40295)
DE16TU3, DE16TC3: Timer 3 IDMA enable (D4, D5) / 16-bit timer 1-4 IDMA enable register (0x40295)
DE16TU4, DE16TC4: Timer 4 IDMA enable (D6, D7) / 16-bit timer 1-4 IDMA enable register (0x40295)
DE16TUS5, DE16TC5: Timer 5 IDMA enable (DO, D1) /

16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA enable register (0x40296)

Enables IDMA transfer by means of an interrupt factor.

When using the set-only method (default)
Write"1": IDMA enabled
Write"0": Not changed

Read: Valid

When using theread/write method
Write"1": IDMA enabled
Write"0": IDMA disabled

Read: Valid

DE16TUx and DE16TCx are IDMA enablebits corresponding to the comparison B and comparison A interrupt
factors, respectively. If thebit issetto"1", the IDMA request by the interrupt factor is enabled. If the bit is set to
"0", theIDMA request is disabled.

After aninitial reset, these bitsare set to "0" (IDMA disabled).

Programming Notes

(1) The 16-hit programmable timers clocked by theinternal clock operate only when the prescaler is operating.

(2) When setting theinput clock or operation mode, make sure the 16-bit programmable timer is turned off.

(3) If asame valueisset to the comparison dataA and B registers, ahazard may be generated in the output signal.
Therefore, do not set the comparison registers as A = B.
Thereisno problem when theinterrupt function only is used.

(4 When using the output clock, set the comparison dataregisters as A = 0 and B = 1. The minimum settings are
A =0and B =1. In thiscase, the timer output clock cycleistheinput clock x 1/2.

(5) When the comparison dataregisters are set as A > B in normal mode, no comparison A interrupt is generated.
In this case, the output signal isfixed at the off level.
In fine mode, no comparison A interrupt is generated when the comparison dataregisters areset as A >2 xB+
1

(6) After aninitia reset, the interrupt factor flag becomes indeterminate. To prevent generation of an unwanted
interrupt or IDMA request, be sureto reset thisflag and register in the software.

(7) To prevent another interrupt from being generated by the same factor after an interrupt has occurred, be sure to
reset the interrupt factor flag before setting the PSR again or executing the reti instruction.

(8) Beaware that unnecessary pulse may be generated according to the control of the clock output and port
configuration when a 16-bit programmable timer is used to output the TMx clock.
For example, when TMx is set as inverted output (OUTINVx ="1"), the output waveform falls with the
comparison B signal and it rises with the comparison A signal. Furthermore, the output pin isfixed at high
level when PTMx isset to"0" to stop the clock output. When switching the output pin to the I/O port pin and
then setting the port to low after the TMx signal falls with the comparison A signal, ahigh level pulse will be
generated if "0" iswritten to PTMx before setting the port to low. It can be prevented by writing 0" to PTMx
after setting the port to low.
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[11-5 WATCHDOG TIMER

Configuration of Watchdog Timer

The Periheral Block incorporates awatchdog timer function to detect the CPU's crash.

Thisfunction isimplemented through the use of the 16-bit programmable timer 0. When thisfunction is enabled, an
NMI (nonmaskable interrupt) is generated by the comparison B signal from the 16-bit programmable timer O
(generating intervals can be set through the use of software). The 16-bit programmable timer 0 set in the software so
as not to generate the NMI, making it possible to detect a program crash that may not pass through this processing
routine.

Figure 5.1 shows the block diagram of the watchdog timer.

Watchdog timer
16-bit

Clock Generator —» Prescaler —» ) !
! programmable timer O EWD ‘ NMI

Figure 5.1 Watchdog Timer Block Diagram

Control of Watchdog Timer

Setting the operating clock and NMI generating interval
The watchdog timer is operated by the prescaler's output clock. Therefore, the watchdog timer function
cannot be used when the prescaler isinactive.
The NMI isgenerated every time the 16-bit programmable timer O is reset by the comparison B setting.
Therefore, thisinterval isdetermined by the prescaler's P16TS0[2:0] (D[2:0]) / 16-bit timer O clock control
register (0x40147), and the comparison data B set in CROB[15:0] (D[F:0]) / 16-bit timer O comparison
register B (0x48182).

The NMI generating interval is calculated using the following equation:

NMI generating interval = _CROB+1 [sec.]
frPscIN x dr
fpsciN: - Prescaler input clock frequency [Hz]
dr: Prescaler'sdivision ratio set by the P16TS0 register (1/4096, 1/1024, 1/256, 1/64, 1/16, 1/4, 1/2, 1/1)
CROB: Set value of the CROB register (0 to 65,535)

For details on how to control the prescaler and the 16-bit programmable timer O, refer to "Prescaler” and " 16-
Bit Programmable Timers'.

Setting the watchdog timer function
To use the watchdog timer function, enable the NMI that is generated by the comparison B signal from the
16-bit programmable timer 0. For this purpose, use EWD (D1) / Watchdog timer enable register (0x40171).
TheNMI isenabled by writing " 1" to EWD. At initial reset, EWD issetto"0", so generation of theNMI is
disabled.
To prevent an unwanted NMI from being generated by erroneous writing to EWD, thisregister isnormally
write-protected. To write-enable EWD, write "1" to WRWD (D7) / Watchdog timer write-protect register
(0x40170). Only one writing to EWD isenabled in thisway by the WRWD bit. When dataiswritten to EWD
after it iswrite-enabled, the WRWD hit isreset back to"0", thus making EWD write-protected again.

For the 16-bit programmable timer O, set an appropriate comparison B value to make it start operating.
If the watchdog timer function isnot to be used, set EWD to "0" and do not change it.
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Resetting the watchdog timer

When using the watchdog timer, prepare aroutine to reset the 16-bit programmable timer 0 before an NMI is
generated in alocation whereit will be periodically processed. Make surethisroutine is processed within the
NMI generation interval described above.

The 16-bit programmable timer 0 isreset by writing " 1" to PRESETO (D1) / 16-bit timer O control register
(0x48186). At this point, the timer counter is set to 0, and the timer starts counting the NMI generationinterval
over again from that point.

If the watchdog timer is not reset within the set interval for any reason, the CPU is made to enter trap
processing by an NMI and starts executing the processing routine indicated by the NMI vector.
The NMI trap vector addressis set by default as follows:

When BTA3 = high, 0x008001C

When BTA3 = low, 0x0C0001C

The trap table base address can be changed using the TTBR registers (0x48134 to 0x48137).

Operation in Standby Modes

During HALT mode

In HALT mode (basic mode or HALT2 mode), the prescaler and watchdog timer are operating. Consequently,
if HALT mode continues beyond the NMI generation interval, HALT modeis cleared by the NMI.

To disable the watchdog timer in HALT mode, set EWD to "0" before executing the halt instruction or turn off
the 16-bit programmable timer 0.

If the NMI isdisabled by EWD, the 16-bit programmable timer O continues counting evenin HALT mode. To
reenable the NMI after clearing HALT mode, reset the 16-bit programmable timer 0 in advance.

If HALT mode was entered after the 16-bit programmable timer O wasturned off, reset the timer before
restarting it.

During SLEEP mode

In SLEEP mode, the prescaler isturned off. Therefore, the watchdog timer also stops operating. To prevent
generation of an unwanted NMI after clearing SLEEP mode, reset the 16-bit programmable timer 0 before
executing the slp instruction. In addition, disable generation of the NMI by EWD as necessary.
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I/0 Memory of Watchdog Timer

Table 5.1 shows the control bits of the watchdog timer.

Table 5.1 Control Bits of Watchdog Timer

[ Register name | Address | Bit | Name | Function | Setting | Init. | RIW | Remarks
Watchdog 0040170 | D7 |WRWD EWD write protection 1 |Write enabled| 0 |Write-protect 0 [RW

timer write- (B) D6-0 |- - - - — |0 when being read.
protect register

Watchdog 0040171 | D7-2 |- — — — — |0 when being read.
timer enable (B) D1 |EWD Watchdog timer enable 1 |NMI enabled | 0 |NMI disabled) 0 |R/W

register DO |- - - - — |0 when being read.

WRWD: EWD write protection (D7) / Watchdog timer write-protect register (0x40170)
Enables writing to the EWD register.

Write "1": Writing enabled
Write "0": Write-protected
Read: Valid

The EWD bit iswrite-protected to prevent unwanted modifications. Writing to this bit is enabled for only one
writing by setting WRWD to"1". WRWD isreset back to "0" by writing to EWD, so EWD iswrite-protected again.
If WRWD isreset to"0" when EWD iswrite-enabled (WRWD ="1"), EWD becomes write-protected again.
Atinitial reset, WRWD issetto"0" (write-protected).

EWD: NMI enable (D1) / Watchdog timer enable register (0x40171)
Controlsthe generation of anonmaskable interrupt (NMI) by the watchdog timer.
Write"1": NMI isenabled
Write"0": NMI isdisabled
Read: Valid

The watchdog timer'sinterrupt signal is masked by writing "0" to EWD, so anonmaskable interrupt (NMI) to the
CPU isnot generated. If EWD issetto"1", an NMI isgenerated by the 16-bit programmable timer O comparison B
signal.

Writing to EWD isvalid only when WRWD ="1".

Even when EWD issetto "0", the 16-bit programmable timer O does not stop counting. Therefore, if the NMI has
been temporarily disabled, be sure to reset the 16-hit programmable timer 0 before setting the EWD register back to
"1,

Atinitial reset, EWD issetto"0" (NMI disabled).

Programming Notes

(1) If thewatchdog timer'sNMI is enabled, the watchdog timer must be reset in the software before the 16-bit
programmable timer O outputs the comparison B signal.

(2) Evenwhen EWD issetto"0", the 16-bit programmable timer O does not stop counting. Therefore, if the NMI
has been temporarily disabled, be sure to reset the 16-bit programmable timer O before setting EWD back to
"1,
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111-6 LOW-SPEED (OSC1) OSCILLATION CIRCUIT
Configuration of Low-Speed (OSC1) Oscillation Circuit

The Peripheral Block has abuilt-in low-speed (OSC1) oscillation circuit.

The low-speed (OSC1) oscillation circuit generates a 32.768-kHz (Typ.) subclock.

The OSC1 clock output by thiscircuit is delivered to the CLG (clock generator) in the Core Block and isused as the
source clock for theclock timer. It can al so be used asa sub-clock for the low-speed (Iow-power) operation of theCPU
and peripheral circuits (switchable in aprogram).

Figure 6.1 shows the configuration of the clock system.

Oscillation [ 5osc1 1 CLG CLKCHG
ON/OFF ' OSC3/PLL

clock Clock

[ switch and BCU

0SC1 O— Low-speed (OSC1)
0sc2 O— oscillation circuit

FOsC1 O— /O port
(P14)

Prescaler |— To peripheral
circuits

Clock timer

Figure 6.1 Configuration of Clock System

The CPU operating clock can be switched to the output (OSC1 clock) of the low-speed (OSC1) oscillation circuitin
aprogram. Furthermore, the oscillation circuit can be stopped in a program.

If the OSC3 clock is unnecessary such as when performing clock processing only, settheOSC1 clock for operation of
the CPU/peripheral circuits and turn off the high-speed (OSC3) oscillation circuit in order to reduce current
consumption.

The low-speed (OSC1) oscillation circuit does not stop in SLEEP mode.

For the control method when using the OSC1 clock for the operating clock of the peripheral circuits, refer to
"Prescaler".

I/0 Pins of Low-Speed (OSC1) Oscillation Circuit

Table 6.1 lists the I/O pins of the low-speed (OSC1) oscillation circuit.

Table 6.1 I/0 Pins of Low-Speed (OSC1) Oscillation Circuit

Pin name 1/10 Function
0sC1 I |Low-speed (OSC1) oscillation input pin
Crystal oscillation or external clock input
0sC2 O |Low-speed (OSC1) oscillation output pin
Crystal oscillation (open when external clock is used)
P14/FOSC1/DCLK | O |I/O port/Low-speed (OSC1) oscillation clock output / DCLK signal output

EOC33 FAMILY ASIC MACRO MANUAL EPSON 111-6-1



Il PERIPHERAL BLOCK: LOW-SPEED (OSC1) OSCILLATION CIRCUIT

Oscillator Types

Inthe low-speed (OSC1) oscillation circuit, either acrystal oscillation or an external clock input can beselected asthe
type of oscillation circuit.
Figure 6.2 shows the structure of the low-speed (OSC1) oscillation circuit.

| oscir T
T Y M ¢
fosc1 Vss ; fosc1
External !
clock !
0SC2’ Oscillation circuit N.C. O‘ Oscillation circuit
Co1 | < control signal 0SsCc2! < control signal
Vss | !
(1) Crystal oscillation circuit (2) External clock input
OSC1:
Low level
OSCZC‘ Oscillation circuit

< control signal

(3) When not used

Figure 6.2 Low-Speed (OSC1) Oscillation Circuit

When using acrystal oscillation for this circuit, connect acrystal resonator X'tal1 (32.768 kHz, Typ.) and feedback
resistor (Rf) between the OSC1 and OSC2 pins, and two capacitors (Cc1, Cb1) between the OSC1 pin and Vss and
the OSC2 pin and Vss, respectively.

When an external clock source isused, leave the OSC2 pin open and input asquare-wave clock to the OSC1 pin.
If the low-speed (OSC1) oscillation circuit is not used, connect the OSC1 pin to Vss and leave the OSC2 pin open.

The oscillation frequency is32.768 kHz (Typ.). Use acrystal resonator or external clock that oscillates at this
frequency. No other frequency can be used for clock applications.

For details on oscillation characteristics and the external clock input characteristics, refer to "Electrical
Characteristics”.
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Controlling Oscillation

The low-speed (OSC1) oscillation circuit can be turned on or off using SOSC1 (DO0) / Power control register
(0x40180).

The oscillation circuit isturned off by writing "0" to SOSC1 and turned back on again by writing"1". SOSC1 is set
to"1" at initial reset, so the oscillation circuit isturned on.

Notes: » When the low-speed (OSC1) oscillation circuit is used as the clock source for the CPU operating
clock, it cannot be turned off. In this case, writing "0" to SOSC1 is ignored. Note also that writing
to SOSCL1 is allowed only when the power-control register protection flag is set to "0b10010110".

» Immediately after the oscillation circuit is turned on, a certain period of time is required for
oscillation to stabilize (3 sec max.). To prevent the device from operating erratically, do not use
the clock until its oscillation has stabilized.

Thelow-speed (OSC1) oscillation circuit does not stop when the CPU is set in SLEEP mode.

Switching Over the CPU Operating Clock

After aninitial reset, the CPU starts operating using the OSC3 clock.

In casesin which some periphera circuits (e.g., programmable timer, serial interface, and A/D converter) that are
clocked by the OSC3 clock do not need to be operate and the CPU can processits jobs at alow clock speed, theCPU
operating clock can be switched to the OSC1 clock, thereby reducing current consumption. Use CLKCHG (D2) /
Power control register (0x40180) to switch over the operating clock.

Procedure for switching over from the OSC3 clock to the OSC1 clock
1. Turn on the low-speed (OSC1) oscillation circuit (by writing "1" to SOSC1).
2. Wait until the OSC1 oscillation stabilizes (three seconds or more).
3. Change the CPU operating clock (by writing "0" to CLKCHG).
4. Turn off the high-speed (OSC3) oscillation circuit (by writing "0" to SOSC3).
OSteps 1 and 2 are required only when the low-speed (OSC1) oscillation circuit isinactive.

Notes: « Use separate instructions to switch from OSC3 to OSC1 and turn the OSC3 oscillation off. If
these operations are processed simultaneously using one instruction, the CPU may operate
erratically.

» Make sure the operation of the peripheral circuits, such as the programmable timer, A/D
converter, and serial interface, which are clocked by the OSC3 oscillation circuit, is terminated
before the OSC3 oscillation is turned off in order to prevent them from operating erratically.

Procedure for switching over from the OSC1 clock to the OSC3 clock

1. Turn on the high-speed (OSC3) oscillation circuit (by writing "1" to SOSC3).

2. Wait until the OSC3 oscillation stabilizes (10 ms or more for a3.3-V crystal resonator).
3. Switch over the CPU operating clock (by writing "1" to CLKCHG).

Note: The operating clock switchover by CLKCHG is effective only when both oscillation circuits are on
and the power-control register protection flag is set to "0b10010110".

Power-Control Register Protection Flag

The power-control register (SOSC1, SOSC3, CLKCHG, CLKDT[1:0]) at address 0x40180, which is used tocontrol
the oscillation circuits and the CPU operating clock, isnormally disabled against writing in order to prevent it from
malfunctioning due to unnecessary writing.

To enable thisregister for writing, the power-control register protection flag CLGP[7:0] (D[7:0]) / Power-control
protection register (0x4019E) must be set to "0b10010110". Note that this setting allows for the power-control
register (0x40180) to be written to only once, so al bitsof CLGP[7:0] are cleared to "0" when this addressiswritten
to. Therefore, CLGP[7:0] must be set to "0b10010110" each time the power-control register (0x40180) iswrittento.
Theflag CLGP[7:0] does not affect the readout from the power-control register (0x40180).
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Il PERIPHERAL BLOCK: LOW-SPEED (OSC1) OSCILLATION CIRCUIT

Operation in Standby Mode

In HALT mode, which is entered by executing the halt instruction, the low-speed (OSC1) oscillation circuitsretains
its status before HALT modeis entered. Under normal conditions, therefore, thereis no need to control the
oscillation circuit before entering or after exiting HALT mode.

The low-speed (OSC1) oscillation circuit does not stop operating in SLEEP mode set by executing the slp (sleep)
instruction. Therefore, if the CPU was operating using the OSCL1 clock before SLEEP mode was entered, the CPU
keeps operating using the OSCL1 clock in SLEEP mode.

OSC1 Clock Output to External Devices
The low-speed (OSC1) oscillation clock can be output from the FOSC1 (P14) pin to external devices.

Table 6.2 OSC1 Clock Output Pin

Pin name | I/O Function Function select bit
P14/FOSC1/| O |[I/O port/Low-speed (OSC1) oscillation |CFP14(D4) / P1 function select register (0x402D4)
DCLK clock output / DCLK signal output CFEXO0 (D0) / Port function extension register (0x402DF)

Setting the clock output pin
The pin used to output the OSC1 clock to external devicesis shared with the P14 1/0 port and the debug clock
signal DCLK.
At cold start, itisset for the DCLK signal output (CFP14 ="0" and CFEXO0 ="1"). When using the clock
output function, write "1" to CFP14 and "0" to CFEXO (refer to "1/O Ports").
At hot start, the pin retains its pre-reset status.

Output control
To start clock output, write "1" to PFLION (DO0) / Clock option register (0x40190). The clock output is stopped
by writing "0".
Atinitial reset, PFION isset to"0" (output disabled).

PF1ON register 0 1 0
FOSC1(P14) pin output

Figure 6.3 OSC1 Clock Output
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I/0 Memory of Clock Generator

Table 6.3 lists the control bitsof clock generator.

Table 6.3 Control Bits of C

lock Generator

| Register name | Address | Bit | Name | Function | Setting | Init. | RIW | Remarks
Power control | 0040180 ( D7 |CLKDT1 |System clock division ratio CLKDT[1:0] | Division ratio 0 |RW
register (B) D6 |CLKDTO |selection 1 1 1/8 0
1 0 1/4
0 1 1/2
0 0 1/1
D5 |PSCON  [Prescaler On/Off control 1]on [o]off 1 |[rRw
D4-3 |- reserved — 0 — | Writing 1 not allowed.
D2 |CLKCHG [CPU operating clock switch 1[0OSc3 0 [0sC1 1 |RW
D1 |SOSC3 High-speed (OSC3) oscillation On/Off| 1 |On 0 | Off 1 |RW
D0 |SOSC1l Low-speed (OSC1) oscillation On/Off | 1 |On 0 | Off 1 |RW
Clock option 0040190 | D74 |- — — — — |0 when being read.
register (B) D3 |HLT20P |HALT clock option 1|0On 0 | Off 0 |RW
D2 |8T10N OSC3-stabilize waiting function 1 |Off 0|On 1 |RW
D1 |- reserved — 0 — | Do not write 1.
D0 _[PF1ON  [OSC1 external output control 1]on [o]oft 0 [Rw
Power control [004019E| D7 |CLGP7 Power control register protect flag|Writing 10010110 (0x96) 0 [RW
protect register (B) D6 |CLGP6 removes the write protection of 0
D5 |CLGP5 the power control register 0
D4 |CLGP4 (0x40180). 0
D3 |CLGP3 \Writing another value set the 0
D2 |CLGP2 write protection. 0
D1 |CLGP1 0
DO |CLGPO 0
P1 function 00402D4| D7 |- reserved — — — |0 when being read.
select register B) D6 |CFP16 P16 function selection 1 [EXCL5 0 (P16 0 [RW
#DMAEND1
D5 |CFP15 P15 function selection 1 [EXCL4 0 (P15 0 |RW
#DMAENDO
D4 |CFP14 P14 function selection 1 [FOSC1 0 (P14 0 [ R/W |Extended functions
(0x402DF)
D3 |CFP13 P13 function selection 1 [EXCL3 0 (P13 0 |RW
T8UF3
D2 |CFP12 P12 function selection 1 [EXCL2 0 (P12 0 [RW
T8UF2
D1 |CFP11 P11 function selection 1|EXCL1 0|P11 0 [RW
T8UF1
DO |CFP10 P10 function selection 1 [EXCLO 0 (P10 0 [RW
T8UFO
Port function |00402DF | D7 |CFEX7 P07 port extended function 1 |#DMAEND3| 0 |P07, etc. 0 [RW
extension (B) D6 [CFEX6 P06 port extended function 1 |#DMAACK3| 0 |PO06, etc. 0 [RW
register D5 |CFEX5 P05 port extended function 1 |#DMAEND2/| 0 [PO5, etc. 0 |R/W
D4 |CFEX4 P04 port extended function 1 [#DMAACK2 [ 0 |P04, etc. 0 |RW
D3 |CFEX3 P31 port extended function 1 [#GARD 0 [P31, etc. 0 |RW
D2 |CFEX2 P21 port extended function 1 |#GAAS 0 |P21, etc. 0 |R/W
D1 |CFEX1 P10, P11, P13 port extended 1|DSTO 0 |P10, etc. 1 [RW
function DST1 P11, etc.
DPCO P13, etc.
DO |CFEXO P12, P14 port extended function |1 |DST2 0 |P12, etc. 1 |RW
DCLK P14, etc.
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Il PERIPHERAL BLOCK: LOW-SPEED (OSC1) OSCILLATION CIRCUIT

SOSC1: Low-speed (OSC1) oscillation control (DO) / Power control register (0x40180)

Turnsthe low-speed (OSC1) oscillation on or off.

Write "1": OSC1 oscillation turned on
Write "0": OSC1 oscillation turned off
Read: Vadlid

The oscillation of the low-speed (OSC1) oscillation circuit is stopped by writing "0" to SOSC1, and started again by
writing "1".

Since aduration of maximum three seconds isrequired for oscillation to stabilize after the oscillation has been
restarted, at least this length of time must pass before the OSC1 clock can be used.

Writing to SOSC1 isallowed only when CLGP[7:0] isset to "0b10010110". Note aso that if the CPU isoperating
using the OSC1 clock, writing "0" to SOSC1 isignored and the oscillation is not turned off.

Atinitial reset, SOSClissetto"1" (OSC1 oscillation turned on).

CLKCHG: CPU operating clock switch (D2) / Power control register (0x40180)

Selects the CPU operating clock.

Write"1": OSC3 clock
Write "0": OSC1 clock
Read: Valid

The OSC3 clock is selected as the CPU operating clock by writing "1" to CLKCHG, and OSC1 is selected by
writing "0". The operating clock can be switched over in thisway only when both the high-speed (OSC3) and low-
speed (OSC1) oscillation circuits are on. In addition, writing to CLKCHG is effective only when CLGP[7:0] issetto
"0b10010110". Immediately after the oscillation circuit has started oscillating, wait for the oscillation to stabilize
before switching over the CPU operating clock.

Atinitia reset, CLKCHG issetto"1" (OSC3 clock).

For controlling the high-speed (OSC3) oscillation circuit, refer to "CLG (Clock Generator)" in the Core Block.

HLT20P: HALT clock option (D3) / Clock option register (0x40190)

Select aHALT condition (basic mode or HALT2 mode).

Write"1": HALT2 mode
Write"0": Basic mode
Read: Valid
When "1" iswritten to HLT20P, the CPU will enter HALT2 mode when the HALT instruction is executed. When
"0" iswritten, the CPU will enter basic mode.

Writing to HLT20P isallowed only when CLGP[7:0] isset to "0b10010110".
Atinitia reset, HLT20P isset to "0" (basic mode).
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Il PERIPHERAL BLOCK: LOW-SPEED (OSC1) OSCILLATION CIRCUIT

The following shows the operating status in HALT mode (basic mode and HALT2 mode) and SLEEP mode.

Table 6.4 Operating Status in Standby Mode

Standby mode Operating status Reactivating factor
HALT mode |Basic mode |(1) The CPU clock is stopped. (CPU stop status) | (1) Reset, NMI
(2) BCU clock is supplied. (BCU run status) (2) Enabled (not masked) interrupt
(3) Clocks for the peripheral circuits maintain the factors
status before entering HALT mode. (run or
stop)

(4) The high-speed oscillation circuit maintains
the status before entering HALT mode.

(5) The low-speed oscillation circuit maintains the
status before entering HALT mode.

HALT2 mode |(1) The CPU clock is stopped. (CPU stop status)

(2) BCU clock is stopped. (BCU stop status)

(3) Clocks for the peripheral circuits maintain the
status before entering HALT mode. (run or
stop)

(4) The high-speed oscillation circuit maintains
the status before entering HALT mode.

(5) The low-speed oscillation circuit maintains the
status before entering HALT mode.

SLEEP mode (1) The CPU clock is stopped. (CPU stop status) | (1) Reset, NMI

(2) BCU clock is stopped. (BCU stop status) (2) Enabled (not masked) input port

(3) Clocks for the peripheral circuits are stopped. interrupt factors

(4) The high-speed oscillation circuit is stopped. |(3) Clock timer interrupt when the

(5) The low-speed oscillation circuit maintains the low-speed oscillation circuit is
status before entering SLEEP mode. being operated

PF10ON: OSC1 external output control (DO) / Clock option register (0x40190)

Turns the low-speed (OSC1) clock output to external deviceson or off.

Write"1": On
Write "0": Off
Read: Valid

The low-speed (OSC1) clock isoutput from the FOSCL pin to an external device by writing "1" to PF1ON.
However, for this setting to be effective, the P14 pin must be set for the FOSCL1 pin by CFP14 and CFEXO.
The clock output is disabled by writing "0".

Writing to PF1ON isallowed only when CLGP[7:0] is set to "0b10010110".

Atinitial reset, PF1ON issetto"0" (Off).

CLGP7-CLGPO: Power-control register protection flag ([D[7:0]) / Power control protection register (0x4019E)

These bits remove the protection against writing to addresses 0x40180 and 0x40190.

Write "0b10010110": Write protection removed
Write other than the above: No operation (write-protected)
Read: Valid

Before writing to address 0x40180 or 0x40190, set CLGP[7:0] to "0b10010110" to remove the protection against
writing to that address. This clearing of write protection is effective for only one writing, so the bits are cleared to
"0b00000000" by onewriting. Therefore, CLGP[7:0] must be set each time the protected addressiswritten to.
Atinitial reset, CLGPis set to "0b00000000" (write-protected).
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CFP14: P14 function selection (D4) / P1 function select register (0x402D4)

Selects the pin function of the P14 /O port.
Write"1": OSC1 clock output pin
Write"0": /O port pin

Read: Invalid

The P14 pin isset for OSC1 clock output (FOSC1) by writing 1" to CFP14.
At cold start, CFP14 isset to "0" (I/O port pin). At hot start, CFP14 retainsits status from before theinitial reset.

CFEXO0: P12, P14 extended function (DO) / Port function extension register (0x402DF)

Sets whether the function of the P14 pin isto be extended.

Write "1": DCLK output pin
Write "0": P14/FOSC1 output pin
Read: Invalid

When CFEXOQ isset to"1", the P14 pin functions as adebug clock DCLK output pin. When CFEXO0 ="0", the

CFP14 register becomes effective, so the settings of thisregister determine whether the P14 pin functions as an P14

1/0 port or aFOUT1 output pin.
At cold start, CFEXO issetto "1" (DCLK output pin). At hot start, CFEXO retainsits state from prior to theinitial
reset.

Programming Notes

(1) Immediately after the low-speed (OSC1) oscillation circuit isturned on, acertain period of timeisreguired for
oscillation to stabilize (3 sec max.). To prevent the device from operating erratically, do not use the clock until

its oscillation has stabilized.
(2) Theoscillation circuit used for the CPU operating clock cannot be turned off.

(3) TheCPU operating clock can only be switched over when both the OSC3 and OSC1 oscillation circuitsareon.

Furthermore, when turning off an oscillation circuit that has become unnecessary as aresult of the CPU

operating clock switchover, be sure to use separate instructionsfor switchover and oscillation turnoff. If these

two operations are processed simultaneously using one instruction, the CPU may operate erratically.

(4) If thelow-speed (OSC1) oscillation circuit isturned off, all peripheral circuits operated using the OSC1 clock

will be inactive.

(5) Ifthe OSC3 clock isunnecessary, use the OSC1 clock to operate the CPU and turn the high-speed (OSC3)
oscillation circuit off. This helps reduce current consumption.
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[11-7 CLOCK TIMER

Configuration of Clock Timer

The clock timer consists of an 8-bit binary counter that is clocked by a 256-Hz signal derived from the low-speed
(OSC1) oscillation clock fosci, and second, minute, hour, and day counters, allowing all data (128 Hz to 1 Hz,
seconds, minutes, hours, and day) to be read out in a software. It can also generate an interrupt using a 32-Hz, 8-Hz,
2-Hz, or 1-Hz (1-second) signal or when a one-minute, one-hour, or one-day count is up, in additiontogeneratingan
alarm at a specified time (minute or hour) or day.

The low-speed (OSC1) oscillation circuit and the clock timer can be kept operating even when the CPU and other
internal peripheral circuits are placed in standby mode (HALT or SLEEP).

Normally, this clock timer should be used for aclock and various other clocking functions.

Figure 7.1 shows the structure of the clock timer.

Note: Since the clock timer is driven by a clock originating from the low-speed (OSC1) oscillation circuit,
this timer cannot be used unless the low-speed (OSC1) oscillation circuit (32.768 kHz, Typ.) is used.

Internal data bus

N O L O

OSC1 fosc1 256 Hz Gaealal6l s a2z 11 6-bit 6-bit 5-bit 16-bit
oscillation » Divider > ’HZ|HZ|HZ|HZ|HZ|HZ|HZ|HZ‘ ¥ seconds [ minutes [® hours [ day
circuit y y counter counter counter counter
32.768 kHz T A A A A
Clock timer Run/Stop v v v
Clock timer reset Interrupt generation <
control circuit <
Interrupt/alarm

Interrupt request <

Comparator || Comparator || Comparator
(to interrupt controller)

select circuit

%

Alarm generation
control circuit

W

6-bit minute || 5-bit hour 5-bit day
comparison || comparison || comparison
data data data

Figure 7.1 Structure of Clock Timer
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Control and Operation of the Clock Timer

Initial setting
Atinitial reset, the clock timer's counter data, setup contents of alarms, and control bitsincluding RUN/STOP,
arenot initialized. (This does not include the CPU core power on/off flag TCHV OF or OSC1 auto-off flag
TCAOFF.)
Therefore, when using the clock timer, initialize it as follows:
1. Before you start setting up, stop the clock timer and disable the clock timer interrupt.
2. Reset the counters.
3. Preset the minute, hour, and day data (only when necessary).
4. Select an interrupt factor.
5. Select theaarm function.
6. Enabletheinterrupt.
7. Start the clock timer.

The following shows how to set and control each of the above. For details on interrupt control, refer to
"Interrupt Function”.

Resetting the counters
Each counter of the clock timer can only be reset to "0" in the software. Note that they are not resetby aninitial
reset or the auto-off function.
To reset the clock timer, write "1" to TCRST (D1) / Clock timer Run/Stop register (0x40151). Note, however,
that this reset input is accepted only when the clock timer isinactive, and isignored when the timer is
operating.

Notes: « The clock timer reset bit TCRST and the clock timer RUN/STOP control bit TCRUN are located at
the same address (0x40151). However, the clock timer cannot be reset at the same timeitis set
to RUN by writing "1" to both. In this case, the reset input is ignored and the timer starts counting
up from the counter values then in effect. Always make sure TCRUN = "0" before resetting the
timer.

* When the counters are cleared as the clock timer is reset, an interrupt may be generated
depending on the timer settings. Therefore, first disable the clock timer interrupt before resetting
the clock timer, and after resetting the clock timer, reset the interrupt factor flag, interrupt factor
generation flag, and alarm factor generation flag.

Presetting minute, hour, and day data
The clock timer's minute, hour, and day counters have a data preset function, enabling the desired time and

day to be set.
Table 7.1 Presetting the Counters
Counter Data register Preset value
Minute counter |TCHDI5:0] (D[5:0]) / Clock timer minute register (0x40155) 0 to 59
Hour counter TCDDJ4:0] (D[4:0]) / Clock timer hour register (0x40156) 0to23
Day counter TCNDI[15:0](D[7:0]) / Clock timer day (high-order) register (0x40158)| 0 to 65535
(D[7:0]) / Clock timer day (low-order) register (0x40157)

When using the clock timer as an RTC, be sure to set these counter val ues before starting operating of theclock
timer. For the day counter, set anumber of days starting from the reference day (e.g., January 1, 1990).
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RUN/STOP the clock timer
The clock timer starts counting when "1" iswritten to TCRUN (DO) / Clock timer Run/Stopregister (0x40151)
and stops counting when "0" iswritten.
When the clock timer is made to RUN, the 256-Hz clock input is enabled at afalling edge of the low-speed
(OSC1) oscillation clock pulse, and the 8-bit binary counter counts up at each falling edgeof this256-Hzclock.
Figure 7.2 shows the operation of the 8-bit binary counter.

fosc1/128 256 Hz
TCDO 128 Hz
TCD1 64 Hz JUUUUUUUUUTUTTTTU Uiy n iy o
TCD2 32Hz Uy e L
TCD3 16Hz [ L[ L[ LT L0 L/ 0t - e
TCD4 8Hz [ \ [ \ [ \ [ \ [ \ [ \ [ \ [ \
cos 44z . 7L [ L

TCD6 2 Hz I \ [ L
TCD7 1Hz I L
32Hzinterrupt 4 4 4 A A A A A A A A A A A A A A bbbt A bbb by

8 Hz interrupt 4 4 4 4 4 4 4 4

2 Hz interrupt 4 4

1 Hz interrupt 4

Figure 7.2 Timing Chart of 8-Bit Binary Counter

The 8-bit binary counter outputs a1l-Hz signal initsfinal stage.

The second counter counts the 1-Hz signal thus output. When it counts 60 seconds, the counter outputs a 60-
second signal and isreset to 0 seconds.

Similarly, the minute and hour counters count 60 minutes and 24 hours, respectively, using the signal's output
by each preceding counter.

The day counter isa 16-bit binary counter and can count up to 65,536 days using the 24-hour signal output by
the hour counter.

One of the following signal's output by each counter can be selected to generate an interrupt:

32 Hz, 8 Hz, 2 Hz, 1 Hz (1 second), 1 minute, 1 hour, 1 day

If "0" iswritten to TCRUN, the clock timer is stopped at arising edge of the low-speed (OSC1) oscillation
clock to prevent device malfunction caused by the concurrent termination of counting (falling edge of the
256-Hz clock).

Even when the clock timer is stopped, each counter retains the data set at that point. When the timer is madeto
RUN again whilein that state, each counter restarts counting from the retained value.

Reading out counter data
The datain each counter can be read out in a software as binary data.

Table 7.2 Reading Out Counter Data
Counter Counter data

1 Hzto 128 Hz |TCD[7:0] (D[7:0]) / Clock timer divider register (0x40153)

Second counter [TCMD[5:0] (D[5:0]) / Clock timer second counter (0x40154)

Minute counter  |TCHDI5:0] (D[5:0]) / Clock timer minute counter (0x40155)

Hour counter TCDDI4:0] (D[4:0]) / Clock timer hour counter (0x40156)

Day counter TCNDI[15:0](D[7:0]) / Clock timer day (high-order) counter (0x40158)
(D[7:0]) / Clock timer day (low-order) counter (0x40157)

Dataisread directly from the counter during operation. For thisreason, acounter can overflow whilereading
datafrom each counter, so the data thus read may not be exact. For example, if the 8-bit binary counter isread
at OxFF and then overflows before reading the next seconds counter, the value of the seconds counter isits
count plus the one second that has elapsed since the 8-bit binary counter wasread. To prevent this problem,
try reading out each counter several times and make sure data has not been modified.
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Setting alarm function
The clock timer has an alarm function, enabling an interrupt to be generated at a specified time and day. This
specification can be made in minutes, hours, and days for each alarm or acombination of multiple alarms.
Use TCASE[2:0] (D[4:2) / Clock timer interrupt control register (0x40152) for this specification.

Table 7.3 Alarm Factor Selection

TCASE2 | TCASEL1 | TCASEO Alarm factor
X X 1 Minutes alarm
X 1 X Hours alarm
1 X X Day alarm
0 0 0 None

For example, if TCASE isset to "001", only aminutes alarm is enabled and an alarm is generated at aspecified
minute every hour. If TCASE issetto"111", an alarm is generated on each specified day ateach specified hour
and minute. If alarms are not to be used, set TCASE to "000".

Aninterrupt can be generated every minute, every hour, and every day through the use of the counter's
interrupt function instead of the alarm function.

To specify aday, hours, and minutes, use the registers shown below:

To specify minutes: TCCH[5:0] (D[5:0]) / Minute-comparison dataregister (90x40159) 0 to 59 minutes*

To specify hours: TCCD[4:0] (D[4:0]) / Hour-comparison data register (0x4015A) 0 to 23 hours*

To specify day: TCCN4[4:0] (D[4:0]) / Day-comparison data register 0x4015B) 0 to 31 days after

0 The minute-comparison dataregister (6 bits) and hour-comparison dataregister (5 bits) can be set for up to 63
minutes and 31 hours, respectively. Notethat even when the data set in these registersexceeds 59 minutesor 23
hours, the datais not considered invalid.

The values set in these registers are compared with those of each counter, and when they match, the alarm
factor generation flag TCAF (DO) / Clock timer interrupt control register (0x40152) isset to"1". If clock timer
interrupts have been enabled using the interrupt controller, an interrupt is generated when the flag is set.

The day-comparison dataregister is a5-bit register, and its value is compared with the five low-order bits of
the day counter. Therefore, an alarm can be generated for up to 31 days after theregister is set.

Interrupt Function

Clock timer interrupt factors
The clock timer can generate an interrupt using a32-Hz, 8-Hz, 2-Hz, 1-Hz (1-second), 1-minute, 1-hour, or 1-
day signal. Theinterrupt factor to be used from among these signals can be selected using the interrupt factor
selection bit TCISE[2:0] (D[7:5]) / Clock timer interrupt control register (0x40152).

Table 7.4 Selecting Interrupt Factor

TCISE2 | TCISE1 | TCISEO | Interrupt factor

1 1 None

1 1 0 1 day

1 0 1 1 hour

1 0 0 1 minute

0 1 1 1 Hz

0 1 0 2 Hz

0 0 1 8 Hz

0 0 0 32 Hz

Aninterrupt factor is generated at intervals of aselected signal (each falling edge of the signal).

If interrupts based on these signalsare not to be used, set TCISE to"111".

When a selected interrupt factor is generated, the interrupt factor generation flag TCIF (D1) / Clock timer
interrupt control register (0x40152) isset to"1". At the same time, the clock timer interrupt factor flag FCTM
(D1)/ Portinput 4—7, clock timer, A/D interrupt factor flag register (0x40287) also issetto "1". At thistime,
if theinterrupt conditionsset by the interrupt control registers are met, an interrupt to the CPU is generated.
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An interrupt can be generated on aspecified alarm day at a specified time asdescribed inthepreceding section.
Interrupts generated by asignal and those generated by an alarm can both be used. However, since the clock
timer has only one interrupt factor flag, it isthe same interrupt that is generated by the timer. Therefore, if both
types of interrupts are used, when an interrupt occurs, read the interrupt factor generation flag TCIF and alarm
factor generation flag TCAF to determine which factor has generated the interrupt.

Oncethe factor generation flag isset to "1", it remains set until it isreset by writing "1" in the software. After
confirming that the flag is set, write "1" to reset it.

The interrupt factor generation flag TCIF and alarm factor generation flag TCAF should be reset after at least 4
ms have passed from generation of an interrupt or an alarm.

Note: To prevent generation of an unwanted interrupt, disable the clock timer interrupt before selecting
the interrupt and alarm factors. Then, before reenabling the interrupt, reset each factor generation
flag and the interrupt factor flag.

Control registers of the interrupt controller
The following lists the clock timer interrupt control registers:
Interrupt factor flag: FCTM (D1) / Port input 4—7, clock timer, A/D interrupt factor flag register (0x40287)
Interrupt enable: ECTM (D1) / Port input 4-7, clock timer, A/D interrupt enable register (0x40277)
Interrupt level: PCTM[2:0] (D[2:0]) / Clock timer interrupt priority register (0x4026B)

When an interrupt factor occurs, the clock timer sets the interrupt actor flag to " 1" as described above. At this
time, if theinterrupt enable register bit issetto 1", an interrupt request is generated.

Interrupts can be disabled by leaving the interrupt enable register bit reset to "0". The interrupt factor flagis
aways set to "1" when an interrupt factor is generated, regardless of the setting of the interrupt enable register
(evenwhen itissetto"0").

Theinterrupt priority register sets the priority levels (0 to 7) of interrupts. Aninterrupt request to the CPU is
accepted on the condition that no other interrupt request has been generated that is of ahigher priority.

It isonly when the PSR's | E bit ="1" (interrupts enabled) and the set value of the IL issmaller than the clock
timer interrupt level set by theinterrupt priority register that aclock timer interrupt request is actually accepted
by the CPU.

For details on these interrupt control registers, as well as the device operation when an interrupt has occurred,
refer to "I TC (Interrupt Controller)".

Note that the clock timer interrupt factor does not have afunction to invoke an intelligent DMA.

Trap vectors
The trap vector addresses for the clock-timer interrupt by default are set as shown below:
When BTA3 = high, 0x0080104
When BTA3 =low, 0x0C00104

Thetrap table base address can be changed using the TTBR registers (0x48134 to 0x48137).
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Examples of Use of Clock Timer

The following shows examples of use of the clock timer and how to control the timer in each case.

To use the clock timer as atimer/counter
Examplein which whilethe CPU isinactive, the clock timer is kept operating in order to start again the CPU
after aspecified length of time has elapsed (e.g., three days):
1. Make surethe low-speed (OSC1) oscillation circuit is oscillating stably (SOSC1="1").
Wait for approximately three seconds after the oscillation startsfor its oscillation to stabilize.
2. Disable the clock timer interrupt using the interrupt controller (ECTM ="0").
3. Stop theclock timer and set "3 days' in the day-comparison register (TCRUN ="0", TCCN ="3").
4. Choose a"day-specified dlarm™ using the alarm-factor select bit and set "none" in the interrupt-factor
select bit (TCASE ="100", TCISE="111").
Reset theinterrupt factor and alarm factor generation flags (FCTM ="0", TCAF="0").
Reenable the clock timer interrupt using the interrupt controller (ECTM ="1").
Switch the CPU operating clock to the low-speed (OSC1) clock (CLKCHG ="0").
Turn off the high-speed (OSC3) oscillation circuit (SOSC3="0").
. Reset the clock timer (TCRST ="0").
10. Start the clock timer (TCRUN ="1").
11. Execute the halt instruction to stop the CPU.

©ooNo O

Wait until aninterrupt is generated by a day-specified alarm fromthe clock timer. When aninterrupt occurs,
the CPU starts up using the OSC1 clock.

12.1f necessary, turn on the high-speed (OSC3) oscillation circuit and change the CPU operating clock back
to the OSC3 clock.

In the above example, if the device isreset before athree-day period has elapsed, the device operates as
follows:

» The CPU starts up using the OSC3 clock.

 The clock timer counters are not reset. They remain in the RUN state.

The time during which the CPU has been idle can be checked by reading out the clock timer counters.

For using the clock timer as RTC
Example in which the clock timer iskept operating and an alarm is generated at 10:00 A.M. every day:

1. Disable theclock timer interrupt using theinterrupt controller (ECTM ="0").

2. Stop theclock timer (TCRUN ="0").

3. Resettheclock timer (TCRST ="1").

4. Set the current day and time in the minute (TCHD), hour (TCDD), and day (TCND) counters. For the day
counter, set anumber of days starting from the reference day (e.g., January 1, 1990). When the count is
read, it isconverted into the current date by the software.

5. Set "10:00" in the hour-compare register (TCCD ="0x0A").

6. Select an a"hour-specified alarm" using the alarm factor select bit, and set "none" in the interrupt factor
select bit (TCASE ="010", TCISE ="111").

7. Rest theinterrupt factor and alarm-factor generation flags (FCTM ="1", TCAF="0").

8. Reenable the clock timer interrupt using theinterrupt controller (ECTM ="1").

9. Start theclock timer (TCRUN ="1").

The clock timer ismade to generatean interrupt at 10:00 every day by an hour-specified alarm.

In the above example, if any interrupt factor other than an alarm isselected, an interruptisal so generated by that
interrupt factor. To determine which factor caused the interrupt generated, read the interrupt factor generation
flag TCIF and alarm factor generation flag TCAF. If TCAF isset to 1, the interrupt has been caused by an
alarm. If you select an interrupt factor (other than a1-day factor) along with the hour-specified alarm, the
selected interrupt factor occurs at the same time as the alarm factor.
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Table 7.5 shows the control bits of the clock timer.

Table 7.5 Control Bits of Clock Timer

[ Register name | Address | Bit | Name Function | Setting | Init. | RIW | Remarks
Clock timer 0040151 | D7-2 |- reserved — — — |0 when being read.
Run/Stop (B) D1 |TCRST Clock timer reset 1 |Reset 0 [ Invalid X W |0 when being read.
register DO [TCRUN Clock timer Run/Stop control 1 [Run 0 | Stop X | RIW
Clock timer 0040152 | D7 |[TCISE2 Clock timer interrupt factor TCISE[2:0] | Interrupt factor X |RIW
interrupt (B) D6 |[TCISEl selection 1111 None X
control register D5 |TCISEO 1({1]0 Day X

1101 Hour
1]10]0 Minute
011 1Hz
of1fo0 2 Hz
ofof1 8 Hz
ofofo 32 Hz
D4 |[TCASE2 |Clock timer alarm factor selection | TCASE[2:0]| Alarm factor X | RIW
D3 |TCASE1l 1| X|X Day X
D2 |TCASEO X|1]|X Hour X
X|IX]1 Minute
0O[O0|O None
D1 [TCIF Interrupt factor generation flag 1 [Generated | O [Notgenerated | X | R/W |Reset by writing 1.
DO |[TCAF Alarm factor generation flag 1 [Generated | O [Notgenerated | X | R/W |Reset by writing 1.
Clock timer 0040153 | D7 |TCD7 Clock timer data 1 Hz 1 [High 0 |Low X R
divider register B) D6 |TCD6 Clock timer data 2 Hz 1 [High 0 | Low X R
D5 |[TCD5 Clock timer data 4 Hz 1 [High 0 |Low X R
D4 |[TCD4 Clock timer data 8 Hz 1 [High 0 |Low X R
D3 |TCD3 Clock timer data 16 Hz 1 |High 0 [Low X R
D2 |TCD2 Clock timer data 32 Hz 1 [High 0 | Low X R
D1 |TCD1 Clock timer data 64 Hz 1 [High 0 |Low X R
DO (TCDO Clock timer data 128 Hz 1 [High 0 |Low X R
Clock timer 0040154 | D7-6 |— reserved — — — |0 when being read.

second B) D5 [TCMD5 Clock timer second counter data 0 to 59 seconds X R

register D4 |TCMD4 TCMD5 = MSB X

D3 |TCMD3 TCMDO =LSB X

D2 |TCMD2 X

D1 |TCMD1 X

DO |TCMDO X
Clock timer 0040155 | D7-6 |- reserved — — — |0 when being read.
minute register (B) D5 |[TCHD5 Clock timer minute counter data 0 to 59 minutes X | RIW

D4 |TCHD4 TCHD5 = MSB X

D3 |TCHD3 TCHDO = LSB X

D2 |TCHD2 X

D1 |TCHD1 X

DO |TCHDO X
Clock timer 0040156 | D7-5 |- reserved — — — |0 when being read.
hour register (B) D4 |TCDD4 Clock timer hour counter data 0 to 23 hours X | RIW

D3 |TCDD3 TCDD4 = MSB X

D2 |TCDD2 TCDDO = LSB X

D1 |TCDD1 X

DO |TCDDO X
Clock timer 0040157 [ D7 |TCND7 Clock timer day counter data 0 to 65535 days X | RIW
day (low-order) B) D6 |[TCND6 (low-order 8 bits) (low-order 8 bits) X
register D5 |TCND5 TCNDO = LSB X

D4 |TCND4 X

D3 [TCND3 X

D2 |TCND2 X

D1 |TCND1 X

DO |TCNDO X
Clock timer 0040158 | D7 |TCND15 Clock timer day counter data 0 to 65535 days X | RIW
day (high- B) D6 |[TCND14 (high-order 8 bits) (high-order 8 bits) X
order) register D5 [TCND13 |TCND15=MSB X

D4 |TCND12 X

D3 [TCND11 X

D2 |TCND10 X

D1 |TCND9 X

DO |TCND8 X
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[ Register name | Address | Bit Name Function Setting Init. | RIW Remarks
Clock timer 0040159 | D7-6 |— reserved - — — |0 when being read.
minute (B) D5 |TCCH5 Clock timer minute comparison 0 to 59 minutes X | RIW
comparison D4 |TCCH4 data (Note) Can be set within 0-63. | X
register D3 |TCCH3 TCCH5 = MSB X

D2 |TCCH2 TCCHO = LSB X

D1 |TCCH1 X

DO |TCCHO X
Clock timer 004015A | D7-5 |- reserved — — — |0 when being read.
hour (B) D4 |TCCD4 Clock timer hour comparison data 0 to 23 hours X | RIW
comparison D3 |TCCD3 TCCD4 = MSB (Note) Can be set within 0-31.| X
register D2 |TCCD2 TCCDO = LSB X

D1 |TCCD1 X

DO |TCCDO X
Clock timer 004015B | D7-5 |- reserved — — — |0 when being read.
day (B) D4 |TCCN4 Clock timer day comparison data 0 to 31 days X | RIW | Compared with
comparison D3 |TCCN3 TCCN4 = MSB X TCNDI[4:0].
register D2 |TCCN2 TCCNO = LSB X

D1 |TCCN1 X

DO |TCCNO X
Clock timer 004026B | D7-3 |- reserved — — — | Writing 1 not allowed.
interrupt (B) D2 |PCTM2 Clock timer interrupt level Oto7 X | RW
priority register D1 |PCTM1 X

DO |PCTMO X
Port input 4-7, | 0040277 | D76 |— reserved — — — |0 when being read.
clock timer, (B) D5 |EP7 Port input 7 1 |Enabled 0 | Disabled 0 |RW
A/D interrupt D4 |EP6 Port input 6 0 |RW
enable register D3 |EP5 Port input 5 0 |RW

D2 |EP4 Port input 4 0 |RW

D1 |ECTM Clock timer 0 |RW

DO |EADE A/D converter 0 |R/W
Port input 4-7, | 0040287 | D76 |— reserved — — — |0 when being read.
clock timer, A/ID (B) D5 |FP7 Port input 7 1 [Factor is 0 |Nofactoris| X |R/W
interrupt factor D4 |[FP6 Port input 6 generated generated X | RIW
flag register D3 |FP5 Port input 5 X | RIW

D2 |FP4 Port input 4 X | RIW

D1 |FCTM Clock timer X | RIW

DO |FADE A/D converter X | RIW

TCRST: Clock timer reset (D1) / Clock timer Run/Stop register (0x40151)

Resets the clock timer.

Write"1": Theclock timer isreset
Write"0": Invalid
Read: Always"0"

The clock timer isreset by writing "1" to TCRST when thetimer isinactive. All timer counters are cleared to "0".
The clock timer cannot be reset when inthe RUN state, nor can it be reset at the same timeitismadetoRUN through
the execution of one write to address 0x40151. (The clock timer is started, but not reset.) In this case, first reset the
clock timer and then use another instruction to RUN the clock timer. When the countersarecleared astheclock timer
isreset, an interrupt may be generated, depending on theregister settings. Therefore, before resettingtheclock timer,
first disable the clock timer interrupt, and after resetting the clock timer, reset the interrupt factor flag and the
interrupt factor and alarm factor generation flags.
Writing "0" to TCRST resultsin No Operation. Since this TCRST isawrite-only hit, its value when read isalways
"0".
The clock timer isnot reset by an initial reset.
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TCRUN: Clock timer RUN/STOP control (DO) / Clock timer Run/Stop register (0x40151)

Controlsthe RUN/STOP of the clock timer.

Write"1": RUN
Write"0": STOP
Read: Valid

The clock timer ismade to start counting by writing "1" to the TCRUN register and made to stop by writing "0".
Thetimer dataisretained even in the STOP state. The timer can also be made to start counting from theretained data
by changing its state from STOP to RUN.

The TCRUN register isnot initialized at initial reset.

TCD7-TCDO: 1-128 Hz counter data (D[7:0]) / Clock timer divider register (0x40153)
TCMD5-TCMDO: Second counter data (D[5:0]) / Clock timer second register (0x40154)
TCHD5-TCHDO: Minute counter data (D[5:0]) / Clock timer minute register (0x40155)
TCDD4-TCDDO: Hour counter data (D[4:0]) / Clock timer hour register (0x40156)
TCND15-TCNDO: Day counter data (D[7:0]) / Clock timer day (high-order) register (0x40158)
(D[7:0]) / Clock timer day (low-order) register (0x40157)

Data can be read out from each counter.

The minute, hour, and day counters allow datato be written to, in addition to being read out.

The 1-128 Hz counter and seconds counter are read-only, so writing to these registers isignored.

The unused high-order bits at each address of the second, minute, and hour counter data are always"0" when read
out.

The counter dataisnot initialized at initial reset.

TCCH5-TCCHO: Minute-comparison data (D[5:0]) / Clock timer minute-comparison register (0x40159)
TCCD4-TCCDO: Hour-comparison data (D[4:0]) / Clock timer hour-comparison register (0x4015A)
TCCN4-TCCNO: Day-comparison data (D[4:0]) / Clock timer day-comparison register (Ox4015B)

Set aday on which and atime at which an alarm isto be generated.

The comparison data register corresponding to the alarm factor selected using the TCASE register is compared with
the counter data, and when the data matches, an alarm interrupt request is generated.

The day-comparison datais compared with the 5 low-order bits of the day counter.

Each register can be read out.

These registers are not initialized at initial reset.

TCISE2-TCISEQ: Interrupt factor selection (D[7:5]) / Clock timer interrupt control register (0x40152)

Selects the factor for which the clock timer interrupt isto be generated.
Table 7.6 Selecting Interrupt Factor

TCISE2 | TCISE1 | TCISEO | Interrupt factor

1 1 1 None

1 1 0 1 day

1 0 1 1 hour

1 0 0 1 minute

0 1 1 1Hz

0 1 0 2 Hz

0 0 1 8 Hz

0 0 0 32 Hz

When the clock timer interrupt is enabled, an interrupt is generated cyclically at each falling edge of the selected
signal. If you theinterrupt caused by these factors isnot be used set TCISE to "111".
TCISE isnot initialized at initial reset.
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TCASE2-TCASEQO: Alarm factor select register (D[4:2]) / Clock timer interrupt control register (0x40152)

Selects the factor for which an alarm isto be generated.
Table 7.7 Selecting Alarm Factor

TCASE2 | TCASE1 | TCASEO Alarm factor
X X 1 Minute alarm
X 1 X Hour alarm
1 X X Day alarm
0 0 0 None

Usethe TCASE2, TCASEL, and TCASEO bitsto select aday, hour, and minute alarm, respectively. It istherefore
possible to select multiple alarm factors. When one of these bitsisset to 1", the contents of the comparison data
register that corresponds to the selected alarm factor is compared with the counter. If the comparison data of all
selected alarm factors matches the counter data, an alarm interrupt request is generated. Thecomparisondataregister
from which the alarm factor is unselected by writing "0" is not compared with the counter data.

TCASE isnot initialized at initial reset.

TCIF: Interrupt factor generation flag (D1) / Clock timer interrupt control register (0x40152)

Indicates whether an interrupt factor has occurred.

Read "1": Interrupt factor has occurred
Read "0": No interrupt factor has occurred
Write"1": Flagisreset
Write"0": Invalid
TCIF isset to"1" when an interrupt factor selected using TCISE occurs. Sincethereisonly one source for the clock
timer interrupt, use thisflag to differentiate it from interrupts caused by an alarm.
Oncesetto"1", TCIF remains set until it isreset by writing"1".
TCIF isnot initialized at initial reset.
Thisbit does not affect generation of an interrupt evenif itissetto"1" or "0".

TCAF: Alarm factor generation flag (DO) / Clock timer interrupt control register (0x40152)

Indicates whether an alarm factor has occurred.

Read "1": Alarm factor has occurred
Read "0": No alarm factor has occurred
Write"1": Flagisreset
Write "0": Invalid
TCAFissetto"1" when all alarm factors selected using the TCASE register occur. Since thereis only one source
for the clock timer interrupt, use this flag to differentiate it from interrupts due to other interrupt factors.
Oncesetto"1", TCAF remains set until it isreset by writing "1".
TCAFisnot initialized at initial reset.
Thisbit does not affect generation of an alarm evenif itissetto"1" or "0".

PCTM2-PCTMO: Clock timer interrupt level (D[2:0]) / Clock timer interrupt priority register (0x4026B)

Setsthe priority level of the clock timer interrupt between 0 and 7.
Atinitial reset, PCTM becomes indeterminate.

ECTM: Clock timer interrupt enable (D1) / Port input 47, clock timer, A/D interrupt enable register (0x40277)

Enables or disables generation of an interrupt to the CPU.

Write "1": Interrupt enabled
Write "0": Interrupt disabled
Read: Valid
Thishit controlsthe clock timer interrupt. The interrupt is enabled by setting ECTM to 1" and isdisabled by
setting it to " 0".
Atinitial reset, ECTM isset to"0" (interrupt disabled).
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FCTM: Clock timer interrupt factor flag (D1) / Port input 4-7, clock timer, A/D interrupt factor flag register (0x40287)
Indicates whether the clock timer interrupt factor has occurred.

When read
Read "1": Interrupt factor has occurred
Read "0": Nointerrupt factor has occurred

When written using thereset-only method (default)
Write"1": Interrupt factor flag isreset
Write"0": Invalid

When written using theread/write method
Write "1": Interrupt flag is set
Write "0": Interrupt flag isreset

FCTM isset to"1" when the selected interrupt factor or alarm factor occurs.

At thistime, if the following conditions are met, an interrupt to the CPU is generated:

1. The corresponding interrupt enable register bit issetto"1".

2. No other interrupt request of ahigher interrupt priority is generated.

3. TheIE bit of the PSR isset to "1" (interrupt enabled).

4. The corresponding interrupt priority register is set to avalue higher than the CPU interrupt level (IL).
Theinterrupt factor flag is always set to "1" when an interrupt factor occurs, no matter how the interrupt enable and
interrupt priority registers are set.

For the next interrupt to be accepted after an interrupt has occurred, it is necessary that the interrupt factor flag be
reset, and that the PSR be set again (by setting the | E bit to"1" after setting theIL to avalue lower than thelevel
indicated by theinterrupt priority register, or by executing the reti instruction).

Theinterrupt factor flag can be reset only by writing to it in the software. Note that if the PSR is set again to accept
generated interrupts (or if thereti instruction is executed) without the interrupt factor flag being reset, the same
interrupt occurs again. Note also that the value to be written to reset theflag is"1" when the reset-only method
(RSTONLY ="1") isused, and "0" when the read/write method (RSTONLY ="0") isused.

The FCTM flag becomes indeterminate at initial reset, so be sureto reset it in the software.
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Programming Notes
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The low-speed (OSC1) oscillation circuit, which isthe clock source for the clock timer, requires amuxmum of
three seconds for its oscillation to stabilize after it is started up. Therefore, immediately after power-on, wait
until the oscillation stabilizes before starting the clock timer.

Atinitial reset, the clock timer counter data, the setup contents of alarms, and control bits, including
RUN/STORP, arenot initialized. Therefore, alwaysinitialize the clock timer in the software following power-
on.

Theclock timer reset bit TCRST and the clock timer RUN/STOP control bit TCRUN are located at the same
address (0x40151). However, the clock timer cannot be reset at the same timeit is set to RUN by writing "1" to
both. In this case, the reset input isignored and the timer starts counting up from the counter valuesthen in
effect. When resetting the timer, always make sure TCRUN ="0" (timer stopped).

When the counters are cleared as the clock timer isreset, an interrupt may be generated depending on the
register settings. Therefore, before resetting the clock timer, first disable the clock timer interrupt and, after
resetting the clock timer, reset the interrupt factor flag and the interrupt factor generation and alarm factor
generation flags.

To prevent generation of an unwanted interrupt, disable the clock timer interrupt before selecting the interrupt
and alarm factors. Then, before reenabling the interrupt, reset each factor generation flag and the interrupt
factor flag.

Theinterrupt factor flag (FCTM) becomes indeterminate at initial reset. To prevent generation of an unwanted
interrupt, be sureto reset the flag in aprogram.

To prevent regeneration of interrupts with the same factor after an interrupt has occurred, be sureto reset the
interrupt factor flag (FCTM) before setting the PSR again or executing the reti instruction.
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11-8 SERIAL INTERFACE

Configuration of Serial Interfaces

Features of Serial Interfaces
The Peripheral Block containstwo channels (Ch.0, Ch.1) of serial interfaces, the features of which are described
below. The functions of these two seria interfaces are the same.
* A clock-synchronized or asynchronous mode can be selected for the transfer method.
Clock-synchronized mode
Datalength: 8 bits, fixed (No start, stop, and parity bits)
Receive error: Anoverrun error can been detected.
Asynchronous mode
Datalength: 7 or 8 bits, selectable
Receive error: Overrun, framing, or parity errors can been detected.
Start bit: 1 bit, fixed
Stop bit: 1 or 2 bits, selectable
Parity bit: Even, odd, or none; selectable
Since the transmit and receive units are independent, full-duplex communication is possible.
» Baud-rate setting: Any desired baud rate can be set by selecting the prescaler's division ratio, setting the 8-bit
programmable timer, or using external clock input (asynchronous mode only).
 Thereceive and transmit units are constructed with a double-buffer structure, allowing for successive receive and
transmit operations.
* Datatransfersusing IDMA or HSDMA are possible.
» Threetypes of interrupts (transmit data empty, receive datafull, and receive error) can be generated.

Figure 8.1 shows the configuration of the seria interface (one channel).

Internal data bus

O U m O Transmit data buffer empty
>

Control registers Transmit unit Receive unit interrupt request
ﬁ | Interrupt Receive data buffer full
Data b;ffer Data b;ffer "1 control circuit interrupt request
Serial output an an )
souTx O« control circuit |+ shift register shift register L » Rfce'Vet error X
7y interrupt reques
< .| Ready signal
(O)—»| Serialinput T "] control circuit O #SRDYx
SINX control circuit L» T
Start bit Clock
detection circuit control circuit | 8-bit programmable timer output

#SCLKx O >

Figure 8.1 Configuration of Serial Interface

Note: Ch.0 and Ch.1 have the same configuration and the same function. The signal and control bit names
are suffixed by a 0 ora 1 to indicate the channel number, enabling discrimination between channels
0 and 1. In this manual, however, channel numbers 0 and 1 are replaced with "x" unless
discrimination is necessary, because explanations are common to both channels.
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I/O Pins of Serial Interface

Table 8.1lists the I/O pins used by the serial interface.

Table 8.1 Serial-Interface Pin Configuration

Pin name 1/0 Function Function select bit
POO/SINO I/O |I/O port / Serial IF Ch.0 data input CFPO00(D0)/PO function select register(0x402D0)
P01/SOUTO I/O |I/O port / Serial IF Ch.0 data output CFP01(D1)/P0 function select register(0x402D0)
PO2/#SCLKO | I/O |I/O port / Serial IF Ch.0 clock input/output | CFP02(D2)/P0 function select register(0x402D0)
PO3/#SRDYO0 | I/O [I/O port / Serial IF Ch.0 ready input/output | CFP03(D3)/P0 function select register(0x402D0)
PO4/SIN1/ I/O |I/O port / Serial IF Ch.1 data input CFP04(D4)/P0 function select register(0x402D0)
#DMAACK2 CFEX4(D4)/Port function extension register(Ox402DF)
PO5/SOUT1/ | 1/O |I/O port / Serial IF Ch.1 data output CFPO05(D5)/P0 function select register(0x402D0)
#DMAEND2 CFEX5(D5)/Port function extension register(0x402DF)
PO6/#SCLK1/ | I/O [I/O port / Serial IF Ch.1 clock input/output | CFP0O6(D6)/P0 function select register(0x402D0)
#DMAACK3 CFEX6(D6)/Port function extension register(Ox402DF)
PO7/#SRDY1/ | /O [I/O port / Serial IF Ch.1 ready input/output | CFP0O7(D7)/P0 function select register(0x402D0)
#DMAEND3 CFEX7(D7)/Port function extension register(0x402DF)

SINX (serial-data input pin)
Thispin isused toinput serial datato the device, regardless of the transfer mode.

SOUTXx (serial-data output pin)
Thispin isused to output serial datafrom the device, regardless of the transfer mode.

#SCLKX (clock input/output pin)
Thispin isused to input or output a clock.
In the clock-synchronized slave mode, it isused as aclock input pin; in the clock-synchronized master mode, it
isused as aclock output pin.
In the asynchronous mode, this pin is used as clock input when an external clock isused. Thispin isnot used
when theinternal clock isused, soit can be used as an 1/0 port.

#SRDYx (ready-signal input/output pin)
Thispin isused toinput or output the ready signal that isused in the clock-synchronized mode.
In the clock-synchronized slave mode, it isused as aready-signal output pin; in the clock-synchronized master
mode, it isused as aready-signal input pin.
Thispin isnot used in the asynchronous mode, so it can be used as an 1/O port.

Method for setting the serial-interface input/output pins
All of the pinsused in the serial interface are shared with I/O ports. At cold start, they are all set for 1/0 port
pins POx (function select bit CFPOx ="0"). When using the serial interface, write "1" to CFPOx for the pin to
be used in accordance with the channel and transfer mode used.
Furthermore, the P04—P07 ports that are used for channel 1 may beused for channels2 and 3 of HSDMA. When
using the serial interface Ch.1, fix CFEX[7:4] at "0" (default).
At hot start, the pinsretain their status from prior to the reset.

11-8-2

EPSON

EOC33 FAMILY ASIC MACRO MANUAL




Il PERIPHERAL BLOCK: SERIAL INTERFACE

Setting Transfer Mode

The transfer mode of the serial interface can be set using SMDx[1:0] individually for each channel asshowninTable
8.2 below.

Table 8.2 Transfer Mode

SMDx1 SMDx0 Transfer mode
1 1 8-bit asynchronous mode
1 0 7-bit asynchronous mode
0 1 Clock-synchronized slave mode
0 0 Clock-synchronized master mode

Atinitial reset, SMDx becomes indeterminate, so be suretoinitialize it in the software.

When using the IrDA interface, set thetransfer mode for the asynchronous 7-bit or asynchronous 8-bit mode.
Theinput/output pins are configured differently, depending on the transfer mode. The pin configuration in each
modeisshown in Table 8.3.

Table 8.3 Pin Configuration by Transfer Mode

Transfer mode SINX (P00/P04) SOUTXx (P01/P05) #SCLKx (P02/P06) #SRDYx (P03/P07)
8-bit asynchronous Data input Data output Clock input/P port P port
7-bit asynchronous Data input Data output Clock input/P port P port
Clock-synchronized slave Data input Data output Clock input Ready output
Clock-synchronized Data input Data output Clock output Ready input
master

All four pinsare used in the clock-synchronized mode.

In the asynchronous mode, since #SRDY x is unused, P03 (or PO7) can beused asan 1/O (P) port. In addition, whenan
external clock isnot used, PO2 (or PO6) can also be used as an |/0 port.

Thel/O control and dataregisters for the 1/0 ports used in the serial interface can be used as general-purpose
read/write registers.

Note: To enable the IrDA interface to be set, IRMDx[1:0] (D[1:0]) / Serial I/F Ch.0 IrDAregister (0Ox401E4)
or Serial I/F Ch.1 IrDA register (0x401E9) is provided. Since these bits become indeterminate at
initial reset, be sure to initialize them by writing "00" when using as the normal interface or "10"
when using as the IrDA interface.
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Clock-Synchronized Interface

Outline of Clock-Synchronized Interface

In the clock-synchronized transfer mode, 8 bits of data are synchronized to the common clock on both the transmit
and receive sides when the datais transferred. Since the transmit and receive units both have a double-buffer
structure, successive transmit and receive operations are possible. Since the clock line is shared betweenthetransmit
and receive units, the communication modeis half-duplex.

Master and slave modes

Either the clock-synchronized master mode or the clock-synchronized slave mode can be selected using
SMDx[1:0].

Clock-synchronized master mode (SMDx[1:0] = "00")

In this mode, clock-synchronized 8-bit serial transfers, in which the serial interface functions as themaster, can
be performed using theinternal clock to synchronize the operation of theinternal shift registers.

The synchronizing clock is output from the #SCLKXx pin, enabling an external (slave side) seria input/output
device to be controlled. The#SRDY x pin isalso used to input asignal that indicates whether theexternal serial
input/output device is ready to transmit or receive (when ready inalow level).

Clock-synchronized slave mode (SMDx[1:0] = "01")

In this mode, clock-synchronized 8-bit serial transfers, in which the serial interface functions as adave, canbe
performed using the synchronizing clock that is supplied by an external (master side) serial input/output device
The synchronizing clock isinput fromthe #SCLKXx pin for use asthe synchronizing clock of the serial interface.
In addition, a#SRDY x signal indicating whether the serial interface is ready to transmit or receive(when ready
in alow level) isoutput from the #SRDY x pin.

Figure 8.2 shows an example of how the input/output pins are connected in the clock-synchronized mode.

EOC33 External EOC33 External
serial device serial device
SINX Data input SINX Data input

SOUTx Data output SOUTx Data output

#SCLKX Clock input #SCLKXx Clock output

#SRDYx Ready input

Ready output #SRDYX

(1) Master mode (2) Slave mode

Figure 8.2 Example of Connection in Clock-Synchronized Mode

Clock-synchronized transfer data format

In clock-synchronized transfers, the dataformat isfixed as shown below.
Datalength: 8 bits
Start bit:  None
Stop bit:  None
Parity bit: None

#SCLKx

LSB

MSB
Data (D0} D1)D2)D3)D4)D5)D6) D7

Figure 8.3 Clock-Synchronized Transfer Data Format

Serial dataistransmitted and received starting with the LSB.
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Setting Clock-Synchronized Interface

When performing clock-synchronized transfers viathe serial interface, the following settings must be made before
datatransfer isactually begun:

1. Setting input/output pins

2. Setting the interface mode

3. Setting the transfer mode

4. Setting theinput clock

5. Setting interrupts and IDMA/HSDMA

Thefollowing explains the content of each setting. For details on interrupt/DMA settings, refer to " Serial Interface
Interruptsand DMA".

Note: Always make sure the serial interface isinactive (TXENx and RXENx ="0") before these settingsare
made. A change of settings during operation may cause a malfunction.

Setting input/output pins
All four pins—SINx, SOUTX, #SCLKX, and #SRDY x—are used in the clock-synchronized mode. Whenusing
Ch.0, set CFPQ[3:0] (D[3:0]) / PO function select register (0x402D0) to "1111" and when using Ch.1, set
CFPO[7:4] (D[7:4]) / PO function select register (0x402D0) to "1111". (It is possible to use both channels.)

Setting the interface mode
IRMDx[1:0] (D[2:0]) / Seria I/F Ch.O IrDA register (Ox401E4) or Serial I/F Ch.1 IrDA register (Ox401E9) is
used to set the interface mode (normal or IrDA interface). Write "00" to IRMDXx[1:0] to choose the ordinary
interface. Since IRMDx[1:0] becomes indeterminate at initial reset, it must be initialized.

Setting the transfer mode
Use SMDx to set the transfer mode of the serial interface as described earlier.When using theserial interfaceas
the master for clock-synchronized transfer, set SMDx[1:0] to "00"; when using the serial interface as aslave,
set SMDx[1:0] to "01".

Setting the input clock

» Clock-synchronized master mode
This mode operates using an internally derived clock. The clock source for each channel is as follows:
Ch.0: A clock output by 8-bit programmable timer 2
Ch.1: A clock output by 8-bit programmable timer 3

Therefore, in order for the seria interface to be used in the clock-synchronized master mode, the following
conditions must be met:

1. The prescaler isfeeding aclock to 8-bit programmable timer 2 (3).

2. The 8-hit programmable timer 2 (3) is generating aclock.

Any desired clock frequency can be selected by setting the division ratio of the prescaler and the rel oad dataof
the 8-bit programmable timer as necessary. The relationship between the contents of these settings and the
transfer rate is expressed by Eq. 1 below.

To ensure that the duty ratio of the clock to be fed to the serial interface is50%, the 8-bit programmable timer
further divides the underflow signal frequency by 2 internally. This 1/2 frequency division isfactored into Eq.
1

RLD = fPscIN x dr _ 1 (Eq 1)

2 x bps
RLD: Reload dataregister setup value of the 8-bit programmable timer
frscIN: Prescaler input clock frequency (Hz)

bps.  Transfer rate (bits/second)
dr: Division ratio of the prescaler
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Note: The division ratios selected by the prescaler differ between 8-bit programmable timers 2 and 3, so
be careful when setting the ratio.
8-bit programmable timer 2: 1/2, 1/4, 1/8, 1/32, 1/64, 1/2048, 1/4096
8-bit programmable timer 3: 1/2, 1/4, 1/8, 1/32, 1/64, 1/128, 1/256

For details on how to control the prescaler and 8-bit programmable timers, refer to "Prescaler”, and "8-Bit
Programmable Timers'.

The serial-interface control register contains an SSCKx it to select the clock source used for theasynchronous
mode. Although this bit does not affect the clock in the clock-synchronized mode, its content becomes
indeterminate at initial reset. Therefore, be sureto initialize thisbit by writing "0" (Internal clock), even when
using the seria interface in the clock-synchronized master mode.

e Clock-synchronized slave mode
This mode operates using the clock that is output by the external master. This clock isinput from the #SCLK
pin.
Therefore, thereis no need to control the prescaler or 8-bit programmable timer.

Initialize SSCKx by writing " 1" (#SCLKXx).
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Control and Operation of Clock-Synchronized Transfer

Transmit control

(1) Enabling transmit operation
Use the transmit-enable bit TXENXx for transmit control.
Ch.0 transmit-enable: TXENO (D7) / Serial 1/F Ch.0 control register (0x401E3)
Ch.1 transmit-enable: TXEN1 (D7) / Serial 1/F Ch.1 control register (0x401E8)
When transmit is enabled by writing "1" to this bit, the clock input to the shift register is enabled (ready for
input), thus allowing for datato be transmitted. The synchronizing clock input/output of the #SCLKXx pinis
also enabled (ready for input/output).
Transmit isdisabled by writing " 0" to TXENX.

After the PO function select register is set for the seria interface, the 1/0 direction of the #SRDY and #SCLK
pins are changed at follows:
#SRDY : When transmission is enabled in slave mode, P03 (P07) enters output mode.
Otherwise, P03 (P07) staysin input mode.
#SCLK: When transmission is enabled in master mode, PO2 (PO6) enters output mode.
Otherwise, P02 (P06) staysin input mode.

Note: In clock-synchronized transfers, the clock line is shared between the transmit and receive units, so
the communication mode is half-duplex. Therefore, TXENx and receive-enable bit RXENx cannotbe
enabled simultaneously. When transmitting data, fix RXENx at "0" and do not change it during a
transmit operation.

In addition, make sure TXENX is not set to "0" during a transmit operation.

(2) Transmit procedure
The seria interface contains atransmit shift register and atransmit dataregister (transmit data buffer), which
are provided independently of those used for areceive operation.
Ch.0 transmit data: TXDO[7:0] (D[7:0]) / Serial I/F Ch.0 transmit data register (0x401EQ)
Ch.1 transmit datac TXD1[7:0] (D[7:Q]) / Serid I/F Ch.1transmit dataregister (0x401E5)
The seria interface contains a status bit to indicate the status of the transmit dataregister.
Ch.0 transmit data buffer empty: TDBEO(D1) / Seria I/F Ch.0 status register (0x401E2)
Ch.1 transmit data buffer empty: TDBE1(D1) / Seria I/F Ch.1 status register (0x401E7)
Thisbit isreset to"0" by writing data to the transmit-data register, and set to " 1" again (buffer empty) when
the dataistransferred to the shift register.
The serid interface starts transmitting when datais written to the transmit dataregister.

Thetransfer status can be checked using the transmit-completion flag (TENDX).

Ch.0 transmit-completion flag: TENDO (D5) / Serial I/F Ch.0 status register (Ox401E2)

Ch.1 transmit-completion flag: TEND1 (D5) / Serial I/F Ch.1 status register (Ox401E7)

Thishit goes "1" when datais being transmitted and goes "0" when the transmission has completed.

When dataistransmitted successively in clock-synchronized master mode, TENDx maintains"1" until all data
istransmitted (Figure 8.4). In slave mode, TENDx goes "0" every time 1-byte dataistransmitted (Figure 8.5).

Following explains transmit operation in both the master and slave modes.

* Clock-synchronized master mode
Thetiming at which the device starts transmitting in the master mode is as follows:
When #SRDY ison alow level while TDBEx ="0" (the transmit-data register contains datawritten toit) or
when TDBEXx isset to " 0" (data has been written to the transmit-data register) while #SRDY ison alow level.
Figure 8.4 shows atransmit timing chart in the clock-synchronized master mode.
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#SCLKx mmm
| B
DOXDlXDZ/(&E D6 | D7

|

#SRDYx A B

SOUTX Do b1 ) p2) p3) pa) s D6 D7

L
TDBEXx % Cc 3 D

TENDXx
Transmit-buffer empty Transmit-buffer empty
interrupt request interrupt request

A Slave device receives the LSB. C First data is written.
B Slave device receives the MSB. D Next data is written.

Figure 8.4 Transmit Timing Chart in Clock-Synchronized Master Mode

1. If the#SRDYx signal from the slave ison ahigh level, the master waitsuntil itison alow level (ready to
receive).

2. If #SRDYx ison alow level, the synchronizing clock input to the serial interface begins. Thesynchronizing
clock isalso output from the #SCLKx pin to the dlave device.

3. The content of the data register istransferred to the shift register synchronously with the first falling edge of
the clock. At the same time, the LSB of the datatransferred to the shift register is output from the SOUTx
pin.

4. Thedatain the shift register is shifted 1 bit by the next falling edge of the clock, and the bit following the
LSB isoutput from SOUTX. This operation isrepeated until all 8 bits of data are transmitted.

The slave device must take in each bit synchronously with therising edges of the synchronizing clock.

¢ Clock-synchronized slave mode
Figure 8.5 shows atransmit timing chart in the clock-synchronized slave mode.

#SCLKx

SOUTX Do b1 ) p2) D3] pa) ps) b6 bp7) po)b1)b2 D6 | D7

#SRDYx | \\ |
TDBEx ¢A vB H
TENDx | ] / /
Transmit-buffer empty Transmit-buffer empty
interrupt request interrupt request

A First data is written.
B Next data is written.

Figure 8.5 Transmit Timing Chart in Clock-Synchronized Slave Mode

1. After setting the #SRDY x signal to alow level (ready to transmit), the slave waits for clock input from the
master.

2. When the synchronizing clock isinput from the #SCLKXx pin, the content of the dataregister istransferred
to the shift register synchronously with thefirst falling edge of the clock. At the same time, the LSB of the
datatransferred to the shift register is output from the SOUTX pin.

The#SRDY x signal isreturned to ahigh level at this point.

3. Thedatain the shift register is shifted 1 bit by the next falling edge of the clock, and the bit following the
LSB isoutput from SOUTX. This operation is repeated until all 8 bits of data are transmitted.

4. The#SRDYx signa isset to alow level when thelast bit (8th bit) is output from the SOUTX pin.

The master device must take in each bit synchronously with the rising edges of the synchronizing clock.
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» Successive transmit operations
When the dataiin the transmit dataregister istransferred to the shift register, TDBEx isreset to " 1" (buffer
empty). Once this occurs, the next transmit data can be written to the transmit data register, even during data
transmission.
Thisallows datato be transmitted successively. The transmit procedure is described above
When TDBEXx issetto"1", atransmit-data empty interrupt factor occurs. Since aninterruptcan begeneratedas
set by theinterrupt controller, the next piece of transmit data can be written using an interrupt processing
routine. In addition, since thisinterrupt factor can be used to invoke DMA, the data prepared inmemory can be
transmitted successively to the transmit-data register through DMA transfers.
For details on how to control interrupts and DMA requests, refer to " Serial Interface Interrupts and DMA".

Terminating transmit operation
Upon completion of data transmission, write "0" to the transmit-enable bit TXENX to disable transmit

operation.

Receive control

1)

Enabling receive operation

Use the receive-enable bit RXENX for receive control.

Ch.0 receive-enable: RXENO (D6) / Seria I/F Ch.0 receive-enable register (0x401E3)

Ch.1 receive-enable: RXEN1 (D6) / Seria I/F Ch.1 receive-enable register (0x401E8)

When receive operations are enabled by writing " 1" to thisbit, clock input to the shift register is enabled
(ready for input), thereby starting a data-receive operation. The synchronizing clock input/output on the
#SCLKx pin also isenabled (ready for input/output). Receive operations are disabled by writing "0" to
RXENX.

After the PO function select register is set for the seria interface, the 1/0 direction of the #SRDY and #SCLK
pinsare changed at follows:
#SRDY: When receive operation is enabled in slave mode, PO3 (PO7) enters output mode.
Otherwise, P03 (P07) staysin input mode.
#SCLK: When receive operation is enabled in master mode, P02 (P06) enters output mode.
Otherwise, P02 (P06) staysin input mode.

Note: In clock-synchronized transfers, the clock line is shared between the transmit and receive units, so

the communication mode is half-duplex. Therefore, RXENx and transmit-enable bit TXENx cannot
be enabled simultaneously. When receiving data, fix TXENx at "0" and do not change it during a
receive operation. In addition, make sure RXENX is not set to "0" during a receive operation.

(2) Receive procedure

Thisserial interface has areceive shift register and areceive dataregister (receive data buffer) that are
provided independently of those used for transmit operations.

Ch.0 receivedata: RXDO[7:0] (D[7:Q]) / Serial I/F Ch.0 receive dataregister (0x401E1)

Ch.1 receivedata: RXD1[7:0] (D[7:0]) / Serial I/F Ch.1 receive dataregister (0x401E6)

The receive data can be read out from thisregister.

A status bit isalso provided that indicatesthe status of the receive dataregister.

Ch.0 receive data buffer full: RDBFO (DO0) / Serial I/F Ch.0 statusregister (0x401E2)

Ch.1 receive data buffer full: RDBF1 (DO0) / Serial I/F Ch.1 statusregister (0x401E7)

Thishitissetto"1" (buffer full) when the MSB of serial dataisreceived and the datain the shift register is
transferred to the receive data register, indicating that the received data can be read out. When the datais read
out, thebit isresetto"0".

The following describes areceive operation in the master and slave modes.

EO
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¢ Clock-synchronized master mode
Figure 8.6 shows areceive timing chart in the clock-synchronized master mode.

#sclkx L[ L] L+ (UL - e
SINX (‘Do o1} -~ o6 S o7 f b0 f D1 - f'D6 [ D7 [ Do [ D1

RXDx 1st data 2nd data
RDBFx % A
#SRDYx [ [
Receive-buffer full Receive-buffer full
interrupt request interrupt request

A First data is read.
Figure 8.6 Receive Timing Chart in Clock-Synchronized Master Mode

1. If the#SRDYx signal from the slave ison ahigh level, the master waitsuntil it turnsto alow level (readyto
receive).

2. If #SRDYx ison alow level, synchronizing clock input to the serial interface begins. The synchronizing
clock isalso output from the #SCLKX pin to the slave device.

3. Thedave device outputs each bit of data synchronously with the falling edges of the clock. TheLSB is
output first.

4. Thisserial interface takes the SIN input into the shift register at the rising edges of the clock. Thedatainthe
shift register is sequentially shifted as bits are taken in. This operation is repeated until the MSB of datais
received.

5. When the MSB istaken in, the datain the shift register istransferred to the receive dataregister, enabling
the datato be read out.

¢ Clock-synchronized slave mode
Figure 8.7 shows areceive timing chart in the clock-synchronized slave mode.

=% N U B I e A O B O
SINX (‘Do J'o1) - I'oe o7 oo fp1) - Y6 D7 DofD1) - fDefoz

RXDx 1st data 2nd data 3rd data
RDBFx A 1B
_—D
#SRDYx | fc
Receive-buffer full Receive-buffer full Receive-buffer full
interrupt request interrupt request interrupt request

A First dataisread. C An overrun error occurs because the receive operation has completed when RDBFx = "1".
B 3rd dataisread. D Send the busy signal to the master device to stop the clock.

Figure 8.7 Receive Timing Chart in Clock-Synchronized Slave Mode

1. After setting the #SRDY x signal to alow level (ready to receive), the slave waitsfor clock input from the
master.

2. The master device outputs each hit of data synchronously with thefalling edges of theclock. TheLSB is
output first.

3. Thisseria interfacetakesthe SIN input into the shift register at the rising edgesof the clock that isinput from
#SCLKX. The datain the shift register is sequentially shifted as bits aretaken in. This operation is repeated
until the MSB of datais received.

4. When the MSB istaken in, the datain the shift register istransferred to the receive data register, enabling
the datato be read out.
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» Successive receive operations

When the datareceived in the shift register istransferred to the receive dataregister, RDBFx isset to " 1"
(buffer full), indicating that the received data can be read out.

Since the receive dataregister can be read out while receiving the next data, data can be received successively.
The procedure for receiving is described above.

When RDBFx issetto"1", areceive-datafull interrupt factor occurs. Since an interrupt can be generated as set
by theinterrupt controller, the received datacan be read by an interrupt processing routine. In addition, since
thisinterrupt factor can be used to invoke DMA, the received data can be received successively in locations
prepared in memory through DMA transfers.

For details on how to control interruptsDMA, refer to "Serial Interface Interruptsand DMA™.

Overrun error

If, during successive receive operation, areceive operation for the next datais completed before the receive
dataregister isread out, the receive dataregister is overwritten with the new data. Therefore, the receive data
register must always be read out before areceive operation for the next datais completed.

When the receive dataregister is overwritten, an overrun error is generated and the overrun error flag is set to
"1n.

Ch.0 overrun error flag: OERO (D2) / Serid I/F Ch.0 statusregister (Ox401E2)

Ch.1 overrun error flag: OER1 (D2) / Serid I/F Ch.1 statusregister (0x401E7)

Oncethe overrun error flagissetto " 1", it remains set until it isreset by writing "0" to it in the software.

The overrun error isone of the receive-error interrupt factors in the serial interface. Aninterrupt can be
generated for thiserror by setting the interrupt controller as necessary, so that the error can be processed by an
interrupt processing routine.

#SRDYx in slave mode

When receive operations are enabled by writing " 1" to RXENX, the #SRDY x signal isturned to alow level,
thereby indicating to the master device that the slave isready to receive. When the LSB of serial datais
received, #SRDY x isturned to ahigh level; when the M SB isreceived, #SRDY x isreturned to alow level, in
preparation for the next receive operation.

If an overrun error occurs, #SRDY x isturned to ahigh level (unableto receive) at that point, with receive
operations for the following data thus suspended. In this case, #SRDY x is returned to alow by reading out the
data overwritten in the receive dataregister, and if any receive datafollows, the slave restartsreceiving data.

Terminating receive operation
Upon completion of adatareceive operation, write " 0" to the receive-enable bit RXENX to disable receive
operations.
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Asynchronous Interface

Outline of Asynchronous Interface

Asynchronoustransfers are performed by adding a start bit and astop bit to the start and end points of each serial-
converted data. With this method, thereis no need to use aclock that isfully synchronized on the transmit and
receive sides; instead, transfer operations are timed by the start and stop bits added to the start and end pointsof each
data.

In the 8-bit asynchronous mode (SMDx[1:0] ="11"), 8 bits of datacan be transferred; in the 7-bit asynchronous
mode (SMDx[1:0] ="10"), 7 bits of data can be transferred.

In either mode, it is possible to select the stop-bit length, add a parity bit, and choose between even and odd parity.
Thestart bit isfixed at "1".

The operating clock can be selected between an internal clock generated by an 8-bit programmable timer or an
external clock that isinput from the #SCLKx pin.

Since the transmit and receive units are both constructed with a double-buffer structure, successive transmit and
receive operations are possible. Furthermore, since the transmit and receive units are independent, full-duplex
communication in which transmit and receive operations are performed simultaneously isalso possible.

Figure 8.8 shows an example of how input/output pins are connected for transfersin the asynchronous mode.

External EOC33 External
serial device serial device

Data input SINX Data input
Data output SOUTx Data output

External clock

EOC33

SINX

SOUTx

#SCLKx

(1) When external clock is used (2) When internal clock is used
Figure 8.8 Example of Connection in Asynchronous Mode

When the asynchronous mode is selected, it is possible to use the IrDA interface function.

Asynchronous-transfer data format
The dataformat for asynchronous transfer is shown below.
Datalength: 7 or 8 bits (determined by the selected transfer mode)
Startbit: 1 bit, fixed
Stop bit: 1 or 2 bits
Parity bit: Even or odd parity, or none

Sampling clock (for transmitting) | [ [ [ L[ LI LI LI LI LI LITLTLE L

7-bit asynchronous mode

(Stop bit: 1 bit, parity: none) \'s1 (Do) D1)D2) D3) D4)D5) D6 s2

(Stop bit: 1 bit, parity: used) \'s1 (Do D1} D2 D3 D4 D5) D6 p | 82

(Stop bit: 2 bits, parity: none) \ sl ,( DOX D1 X ZX D3X D4 X 5X D6y s2 s3

(Stop bit: 2 bits, parity: used) \'s1 (Do D1} D2 D3 D4 D5 D6) p | s2 3
fgﬂ;iﬁﬂ“fﬂff,’;ﬁ;?;ﬂﬁge \s1 (Do) D1)D2) D3] D4)D5)D6) D7) s2
(Stop bit: 1 bit, parity: used) \ sl ,( DOX D1 X ZX D3X D4 X 5X D6X D7X p )’ s2
(Stop bit: 2 bits, parity: non) \'s1 (Do) D1) D2 D3 D4 D5)D6) D7) s2 s3
(Stop bit: 2 bits, parity: used) \'s1 (Do D1} D2 D3 D4 D5 D6 D7) p Js2 s3

sl: start bit, s2 & s3: stop bit, p: parity bit
Figure 8.9 Data Format for Asynchronous Transfer

Serial dataistransmitted and received, starting with the LSB.
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Setting Asynchronous Interface

When performing asynchronous transfer viathe serial interface, the following must be done before data transfer can
be started:

1. Setting input/output pins

2. Setting the interface mode

3. Setting the transfer mode

4. Setting theinput clock

5. Setting the data format

6. Setting interrupt/IDMA/HSDMA

Thefollowing describeshow to set each of the above. For detailson interrupt/DMA settings, refer to " Serial Interface
Interruptsand DMA".

Note: Always make sure the serial interface is inactive (TXENx and RXENx = "0") before making these
settings. A change in settings during operation may result in a malfunction.

Setting input/output pins
In the asynchronous mode, two pins-SINx and SOUTx—are used. When external clock input is used, onemore
pin, #SCLKYX, isalso used.
Set CFPO[7:0] (D[7:0]) / PO function select register (0x402D0) according to the pins used. (Both channels can
be used, if necessary.) Sincethe#SRDY x pin isnot used, PO3 or P07 can be used as an /O port. During
operation using the internal clock, PO3 or P06 can also be used as an 1/0 port.

Setting the interface mode
IRMDx[1:0] (D[2:0]) / Seria I/F Ch.0 IrDA register (0x401E4) isused to set the IrDA interface. Since
IRMDx[1:0] becomes indeterminate at initial reset, initialize it by writing "00" when using the serial interface
as anormal interface, or "10" when using the seria interface as an IrDA interface. This setting must be made
before atransfer modeis set.

Setting the transfer mode
Use SMDx to set the transfer mode of the serial interface as described earlier. When using theserial interfacein
the 8-bit asynchronous mode, set SMDx[1:0] to " 11", when using the serial interface in the 7-bit asynchronous
mode, set SMDx[1:0] to "10".

Setting the input clock
In the asynchronous mode, the operating clock can be sel ected between theinternal clock andan external clock.
Ch.0 input clock selection: SSCKO (D2) / Seria I/F Ch.0 control register (0x401E3)
Ch.1 input clock selection: SSCK1 (D2) / Serial I/F Ch.1 control register (0x401E8)
The external clock is selected (input from the #SCLKx pin) by writing"1" to SSCKx, and an internal clock is
selected by writing "0".

Note: SSCKx becomes indeterminate at initial reset, so be sure to reset it in the software.

* Internal clock
When theinternal clock is selected, the serial interface is clocked by aclock generated using an 8-bit
programmable timer. The clock source for each channel isas follows:
Ch.0: Clock output by 8-bit programmable timer 2
Ch.1: Clock output by 8-bit programmable timer 3

Therefore, beforetheinternal clock can be used, the following conditions must be met:
1. The prescaler isoutputting aclock to the 8-bit programmabletimer 2 (or 3).
2. The 8-hit programmable timer 2 (or 3) isoutputting a clock.
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Any desired clock frequency can be obtained by setting the prescaler division ratio and the reload data of the
8-bit programmable timer as necessary. The relationship between the contents of these setting and the transfer
rate is expressed by Eq. 2.

The 8-bit programmabl e timer hasits underflow signal further divided by 2 internally, in order to ensure that
the duty ratio of the clock supplied to the serial interface i s 50%.

Furthermore, the clock output by the 8-bit programmable timer isdivided by 16 or 8 internally in the serial
interface, in order to create a sampling clock (refer to "Sampling clock™). Thisdivision ratio must also be
considered when setting the transfer rate.

These division ratios are taken into account in Eq. 2.

RLD = fPSCIN x pdr x sdr _4 (Eq. 2)
2 x bps
RLD: Set value of the 8-bit programmable timer'sreload dataregister
frsciN: Prescaler input clock frequency (HZ)
bps:  Transfer rate (bits/second)
pdr:  Divisionratio of the prescaler
sdr:  Interna division ratio of the seria interface (1/16 or 1/8)

Note: The division ratio selected using the prescaler differs between 8-bit programmable timers 2 and 3.
Take this into account when setting a division ratio.
8-bit programmable timer 2: 1/2, 1/4, 1/8, 1/32, 1/64, 1/2048, 1/4096
8-bit programmable timer 3: 1/2, 1/4, 1/8, 1/32, 1/64, 1/128, 1/256

Table 8.4 shows examples of prescaler division ratios and the reload datasettings of theprogrammabletimer,in
casesinwhich theinternal division ratio of the serial interface is set to 1/16.

Table 8.4 Example of Transfer Rate Settings

Transfer rate frscin = 20 MHz frscin = 25 MHz frscin = 33 MHz

(bps) RLD dr Error (%) RLD dr Error (%) RLD dr Error (%)

300 129 1/16 0.16025 162 1/16 | -0.14698 216 1/16 0.00640
1200 129 1/4 0.16025 162 1/4 -0.14698 216 1/4 0.00640
2400 129 1/2 0.16025 162 1/2 -0.14698 216 1/2 0.00640
4800 64 1/2 0.16025 80 1/2 -0.46939 108 1/2 -0.45234
9600 32 1/2 -1.35732 40 1/2 -0.75584 53 1/2 0.46939
14400 21 1/2 -1.35732 13 1/4 -3.11880 35 1/2 0.46939
28800 10 1/2 -1.35732 13 1/2 -3.11880 17 1/2 0.46939

Make surethe error iswithin 1%. Calculate the error using the following equation:

Error = { fPsciN x dr -1} x 100 [%]
(RLD + 1) x 32 x bps

For details on how to control the prescaler and 8-bit programmable timers, refer to "Prescaler” and "8-Bit
Programmable Timers'.

« External clock
When an external clock isselected, the seria interface is clocked by aclock input from the #SCLKXx pin.
Therefore, thereisno need to control the prescaler and 8-bit programmable timers.

Any desired clock frequency can be set. The clock input from the #SCLKx pin isinternally divided by 16 or 8
inthe serial interface, in order to create a sampling clock (refer to " Sampling clock™). Thisdivision ratio must
also be considered when setting the transfer rate.
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» Sampling clock
In the asynchronous mode, TCLK (the clock output by the 8-bit programmabletimer or input from the#SCL K x
pin) isinternally divided in the serial interface, in order to create a sampling clock.
A 1/16divisionratio is selected by writing " 1" to DIVMDx , and a 1/8 ratio is selected by writing "0".
Ch.0 clock division ratio selection: DIVMDO (D4) / Serial 1/F Ch.0 IrDA register (0x401E4)
Ch.1 clock divisionratio selection: DIVMD1 (D4) / Serial 1/F Ch.1 IrDA register (0x401E9)

Note: The DIVMDx bit becomes indeterminate at initial reset, so be sure to reset itinthe software. Settings
of this bit are valid only in the asynchronous mode (and when using the IrDA interface).

For receiving

SINX | Start bit i DO
e JUUUUUUUUUUUUUUUUU U UUL
1 2 8 16 1 2 8
Sampling clock for receiving ] [
6xTCLK 1 10xTCLK >
Sampling of start bit Sampling of DO bit

Figure 8.10 Sampling Clock for Asynchronous Receive Operation (when 1/16 division is selected)

Asshown in Figure 8.10, the sampling clock is created by dividing TCLK by 16 (or 8). Itsdutyratio(low: high
ratio) is6:10 (or 2:6 when divided by 8), and not 50%. Since the receive datais sampled in the middle point of
each bit, the sampling clock recognizes the start bit first, and then changesthe level from highto low at the
second falling edge of TCLK. And at the 8th (4th for 1/8) falling edge of TCLK, it changesthelevel fromlow
to high. Thischange in levelsisrepeated for the following bits of data:

Each bit of dataissampled at each rising edge of this sampling clock. When the stop bit is sampled, the
sampling clock isfixed at high level until the next start bit is sampled.

If the SINX pin isreturned to high level at the second falling edge of TCLK when it recognize the start bit, the
datais assumed to be noise, and generation of the sampling clock is stopped.

If the SINX pin isnot onalow level when the start bit is sampled at the 8th (4th for 1/8) clock, such aswhenthe
baud rate is not matched between the transmit and receive units, the serial interface stops sampling the
following data and returns to a start-bit detection mode. In this case, no error is generated.

For transmitting

TCLK
123 16
Sampling clock for transmitting | [
* exTCLK e 8XTCLK

Figure 8.11 Sampling Clock for Asynchronous Transmit Operation (when 1/16 division is selected)

When transmitting data, a sampling clock of a50% duty cycleis generated from TCLK by dividing it by 16 (or
8), and each bit of datais output synchronously with this clock.
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Setting the data format

In the asynchronous mode, the datalength is 7 or 8 bits as determined by the transfer mode set. The start bit is

fixed at 1.
The stop and parity bits can be set as shown in the Table 8.5 using the following control bits:
Stop-bit selection Ch.0: STPBO (D3)/ Serid I/F Ch.0 control register (Ox401E3)
Ch.1: STPB1(D3)/ Serid I/F Ch.1 control register (Ox401E8)
Parity enable Ch.0: EPRO (D5) / Serial I/F Ch.0 control register (Ox401E3)
Ch.1: EPR1 (D5)/ Seria I/F Ch.1 control register (Ox401E8)
Parity-mode selection  Ch.0: PMDO (D4) / Serial I/F Ch.0 control register (0x401E3)
Ch.1: PMD1 (D4)/ Seria I/F Ch.1 control register (0x401E8)

Table 8.5 Stop Bit and Parity Bit Settings

STPBx EPRx PMDx Stop bit Parity bit
1 1 1 2 hits QOdd
0 2 bits Even
0 g 2 bits None
0 1 1 1 bit Odd
0 1 bit Even
0 O 1 hit Non

[Setting PMDx is invalid when EPRx = "0".

Note: These bits become indeterminate at initial reset, so be sure to initialize them in the software.

Control and Operation of Asynchronous Transfer

Transmit control

(1) Enabling transmit operation
Use the transmit-enable bit TXENX for transmit control.
Ch.0 transmit-enable: TXENO (D7) / Serial I/F Ch.0 control register (0x401E3)
Ch.1 transmit-enable: TXEN1 (D7) / Serial I/F Ch.1 control register (0Ox401E8)
When transmit is enabled by writing " 1" to thisbit, the clock input to the shift register is enabled (ready for
input), thus allowing data to be transmitted.
Transmit isdisabled by writing "0" to TXENX.

Note: Do not set TXENXx to "0" during a transmit operation.

(2) Transmit procedure
The serial interface has atransmit shift register and atransmit dataregister (transmit data buffer) that are
provided independently of those used for receive operations.
Ch.0 transmit data: TXDOQ[7:0] (D[7:Q]) / Seriad I/F Ch.0 transmit dataregister (0x401EQ)
Ch.1 transmit data: TXD1[7:0] (D[7:Q]) / Serid I/F Ch.1transmit dataregister (0x401E5)

The serial interface starts atransmit operation by writing datato this register. In the 7-bit asynchronous mode,

bit 7 (MSB) in each register isignored.

The serial interface also contains a status bit to indicate the status of the transmit dataregister.
Ch.0 transmit data buffer empty: TDBEO (D1) / Seria I/F Ch.0 statusregister (0x401E2)
Ch.1 transmit data buffer empty: TDBEL (D1) / Serid I/F Ch.1 statusregister (0x401E7)

Thishit isresetto"0" by writing datato the transmit dataregister, and set back to " 1" (buffer empty) when the
dataistransferred to the shift register. The transfer begins when the serial interface starts sending the start hit.

The transfer status can be checked using the transmit-completion flag (TENDX).

Ch.0 transmit-completion flag: TENDO (D5) / Serial I/F Ch.0 status register (0x401E2)

Ch.1 transmit-completion flag: TEND1 (D5) / Serial I/F Ch.1 status register (Ox401E7)

Thishit goes "1" when datais being transmitted and goes "0" when the transmission has completed.
When dataistransmitted successively in asynchronous mode, TENDx maintains"1" until all datais
transmitted.

Figure 8.12 shows atransmit timing chart in the asynchronous mode.
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Example: Datalength 8 bits
Stop hit 1 bit
Parity bit  Included

Sampling clock |
SOUTx s1 /Do) b1 D2 D3 pa)p5)D6) D7) P )s2)s1/po P Js2
TDBEx (A B m
TENDX / ) |

Transmit-buffer empty Transmit-buffer empty
interrupt request interrupt request
S1 Start bit A First data is written.
S2 Stop bit B Next data is written.
P Parity bit

@)

Figure 8.12 Transmit Timing Chart in Asynchronous Mode

1. The contents of the dataregister are transferred to the shift register synchronously with the first falling edge
of the sampling clock. At the same time, the SOUTXx pin issetting to alow level to send the start bit.

2. Each bit of datain the shift register istransmitted beginning with the LSB at each falling edge of the
subsequent sampling clock. This operation isrepeated until al 8 (or 7) bits of data are transmitted.

3. After sending the M SB, the parity bit (if EPRx ="1") and the stop bit are transmitted insuccession.

Successive transmit operation

When the datain the transmit dataregister istransferred to the shift register, TDBEx isreset to " 1" (buffer
empty). Once this occurs, the next transmit data can be written to the transmit data register, even during data
transmission.

Thisallows datato be transmitted successively. The transmit procedure is described above

When TDBEXx issetto"1", atransmit-dataempty interrupt factor simultaneously occurs. Sincean interrupt can
be generated as set by the interrupt controller, the next transmit datacan bewritten using aninterrupt processing
routine. In addition, since thisinterrupt factor can be used to invoke IDMA, thedataprepared inmemory can be
transmitted successively to the transmit data register through DMA transfers.

For details on how to control interrupts and IDMA requests, refer to "Serial Interface Interruptsand DMA™.

Terminating transmit operations
When datatransmission is completed, write "0" to the transmit-enable bit TXENX to disable transmit
operations.

Receive control

1)

Enabling receive operations

Use the receive-enable bit RXENX for receive control.

Ch.0 receive-enable: RXENO (D6) / Serid I/F Ch.0 control register (Ox401E3)

Ch.1 receive-enable: RXEN1 (D6) / Serid I/F Ch.1 control register (0x401E8)

When receiving enabled by writing "1" to thisbit, clock input to the shift register is enabled (ready for input),
meaning that it isready to receive data.

Receive operations are disabled by writing "0" to RXENX.

Note: Do not set RXENXx to "0" during a receive operation.
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(2) Receive procedure
This serial interface has areceive shift register and areceive dataregister (receive data buffer) that are
provided independently of those used for transmit operations.
Ch.0 receive data: RXDO[7:0] (D[7:0]) / Seria I/F Ch.0 receive dataregister (0Ox401E1)
Ch.1 receivedata: RXD1[7:0] (D[7:0]) / Seria I/F Ch.1receive dataregister (0x401E6)
Receive data can be read out from thisregister.

A status bit isalso provided to indicate the status of thereceive dataregister.

Ch.0 receive data buffer full: RDBFO (DO0) / Serial I/F Ch.0 status register (0x401E2)

Ch.1 receive data buffer full: RDBFL1 (DO0) / Serial I/F Ch.1 status register (0x401E7)

Thishitissetto"1" (buffer full) when dataistransferred from the shift register to the receive data register
after the stop hit is sampled (the second hit if two stop bits are used), indicating that the received data can be
read out. When the dataisread out, thebit isresetto"0".

Figure 8.13 shows areceive timing chart in the asynchronous mode.
Example: Datalength 8 bits

Stop hit 1 bit

Parity bit  Included

sampingcock [ [ L U U U U U LU LU U U U U
SOUTX \él,(D0XDlXD2XD3XD4XD5XD6XD7X P )s2\s1/po)D1
RDBFx A

RXDx 1st data
S1 Start bit P Parity bit Receive-t)uffer full
S2 Stop bit A First data is read. interrupt request

Figure 8.13 Receive Timing Chart in Asynchronous Mode

1. Theseridl interface starts sampling when the start bit isinput (SINXx = low).

2. When the start bit issampled at the first rising edge of the sampling clock, each bit of receive dataistaken
into the shift register, beginning with the LSB at each rising edge of the subsequent clock. Thisoperationis
repeated until the MSB of dataisreceived.

. When the MSB istaken in, the parity bit that followsisalso taken in (if EPRx ="1").

4. When the stop bit is sampled, the datain the shift register istransferred to the receive dataregister,

enabling the datato be read out.
The parity is checked when datais transferred to the receive dataregister (if EPRx ="1").

w

Note: The receive operation is terminated when the first stop bit is sampled even if the stop bit is
configured with two bits.

« Successive receive operations
When the datareceived in the shift register istransferred to the receive dataregister, RDBFx issetto " 1"
(buffer full), indicating that the received data can be read out. Thereafter, data can be received successively
because the receive dataregister can be read out whilethe next datais received. The procedure for receivingis
described above.
When RDBFx issetto"1", areceive-datafull interrupt factor occurs. Since an interrupt can be generated as set
by the interrupt controller, the received data can be read using an interrupt processing routine. In addition, since
thisinterrupt factor can be used to invoke IDMA, the received data can be received successively in locations
prepared in memory through DMA transfers.
For details on how to control interrupts and IDMA requests, refer to " Seria Interface Interruptsand DMA".
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(3) Receive errors

(4)

Three types of receive errors can be detected when receiving datain the asynchronous mode.

Since an interrupt can be generated by setting the interrupt controller, the error can be processed using an
interrupt processing routine. For details on receive error interrupts, refer to "Serial Interface Interrupts and
DMA".

Parity error

If EPRxissetto"1" (parity added), the parity is checked when datais received.

This parity check is performed when the data received in the shift register istransferred to the receive data
register in order to check conformity with PMDx settings(odd or even parity). If any nonconformity isfound
in this check, aparity error isassumed and the parity error flagissetto"1".

Ch.0 parity error flag: PERO (D3) / Serial I/F Ch.0 status register (0x401E2)

Ch.1 parity error flag: PER1 (D3) / Seria I/F Ch.1 status register (0x401E7)

Even when thiserror occurs, the received daain error istransferred to the receive dataregister and the receive
operation is continued. However, the content of the received datafor which aparity error isflagged cannot be
guaranteed.

The PERX flagisreset to "0" by writing "0".

Framing error

If datawith astop bit ="0" isreceived, the serial interface assumes that the datais out of synchronization and
generates aframing error.

If two stop bitsare used, only thefirst stop bit is checked.

When thiserror occurs, the framing-error flagissetto"1".

Ch.0 framing-error flag: FERO (D4) / Serial I/F Ch.0 status register (0x401E2)

Ch.1 framing-error flag: FER1 (D4) / Serial I/F Ch.1 status register (0x401E7)

Even when thiserror occurs, the received datain error istransferred to the receive dataregister and the receive
operation is continued. However, the content of the received datafor which aframing error isflagged cannot be
guaranteed, even if no framing error isfound in the following data received.

The FERX flagisreset to "0" by writing "0".

Overrun error

If during successive receive operations, areceive operation for the next datais completed before thereceive
dataregister isread out, the receive dataregister is overwritten with the new data. Therefore, the receive data
register must always be read out before areceive operation for the next datais completed.

When the receive dataregister is overwritten, an overrun error is generated and the overrun-error flag is set to
"1,

Ch.0 overrun-error flag: OERO (D2) / Serial I/F Ch.0 status register (0x401E2)

Ch.1 overrun-error flag: OER1 (D2) / Seriad I/F Ch.1 status register (Ox401E7)

Even when thiserror occurs, the received datain error istransferred to the receive dataregister and the receive
operation is continued.

The OERX flagisreset to"0" by writing "0".

Terminating receive operation
When adatareceive operation is completed, write "0" to the receive-enable bit RXENX to disable receive
operations.
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IrDA Interface

Outline of IrDA Interface
Each channel of the serial interface contains a PPM modulator circuit, allowing an infrared-ray communication
circuit to be configured based on IrDA 1.0 simply by adding asimple external circuit.

Infrared communication module

EOC33 LED A /J\ 5'
SOUTX LED \/ 1 ;'
PPM O TXD
™ Modulator d
VPIN
Serial I/F LEDC
Photodiode ‘éf
SINX
PPM N RXD
«
Modulator 9
CX1

(Example: HP HSDL-1000)
Figure 8.14 Configuration Example of IrDA Interface

ThisIrDA interface function can be used only when the selected transfer mode is an asynchronous mode.

Since the contents of the asynchronous mode are applied directly for the serial-interface functions other than the
IrDA interface unit, refer to " Asynchronous Interface”, for details on how to set and control thedataformatsand data
transfers.

Setting IrDA Interface

When performing infrared-ray communication, the following settings must be made before communication can be
started:

1. Setting input/output pins

2. Selecting theinterface mode (IrDA interface function)

3. Setting the transfer mode

4. Setting the input clock

5. Setting the data format

6. Setting the interrupt/IDMA

7. Setting the input/output logic

The contents for items 1 through 5 have been explained in connection with the asynchronous interface. For details,
refer to "Asynchronous Interface”. For details onitem 6, refer to "Serial Interface Interruptsand DMA".

Note: Before making these settings, always make sure the serial interface isinactive (TXENx and RXENXx
are both set to "0"), as a change in settings during operation could cause a malfunction.
In addition, be sure to set the transfer mode in (3) and the following items before selecting the IrDA
interface function in (2).
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Selecting the IrDA interface function
To usethe IrDA interface function, select it using the control bits shown below and then set the 8-bit (or 7-bit)
asynchronous mode as the transfer mode.
Ch.0 IrDA interface-function selection: IRMDO[1:0] (D[1:0]) / Serial I/F Ch.0 IrDA register (Ox401E4)
Ch.1 IrDA interface-function selection: IRMD1[1:0] (D[1:0]) / Seria I/F Ch.1IrDA register (Ox401E9)

Table 8.6 Setting of IrDA Interface

IRMDx1 IRMDx0 Interface mode
1 1 Do not set. (reserved)
1 0 IrDA 1.0 interface
0 1 Do not set. (reserved)
0 0 Normal interface

Note: The IRMDx bit becomes indeterminate when initially reset, so be sure to initialize it in the software.

Setting the input/output logic

When using the IrDA interface, thelogic of the input/output signals of the PPM modulator circuit can be
changed in accordance with the infrared-ray communication module or the circuit connected externally to the
chip. Thelogic of theinternal seria interface is"active-low". If theinput/output signals are active-high, the
logic of these signals must be inverted before they can be used. Theinput SINx and output SOUTx logiccan be
set individually through the use of the IRRLx and IRTLXx bits, respectively.
IrDA input logicinversion Ch.0: IRRLO (D2)/ Seria I/F Ch.0 IrDA register (Ox401E4)

Ch.1: IRRL1(D2)/ Serid I/F Ch.1IrDA register (0Ox401E9)
IrDA output logicinversion Ch.0: IRTLO (D3)/ Seria I/F Ch.0 IrDA register (Ox401E4)

Ch.1: IRTL1 (D3)/ Serid I/F Ch.1IrDA register (Ox401E9)

Thelogic of theinput/output signal isinverted by writing " 1" to each corresponding bit. Logicisnot inverted if
thebitissetto"0".

When transmitting
(1) IRTLx = "0"

PPM modulator input (I/F output)
PPM modulator output (SOUTX) U U

(2) IRTLx = "1"

PPM modulator input (I/F output)
PPM modulator output (SOUTX) m m

When receiving
(1) IRRLx = "0"

PPM modulator input (SINX)

I
_

PPM modulator output (I/F input) e

(2) IRRLx = "1"

PPM modulator input (SINXx) I il [
PPM modulator output (I/F input) T

Figure 8.15 IRRLx and IRTLx Settings

Note: The IRRLx and IRTLx bits become indeterminate at initial reset, so be sure to initialize them in the
software.
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Control and Operation of IrDA Interface
The transmit/receive procedures have been explained in the section on the asynchronous interface, so refer to
"Control and Operation of Asynchronous Transfer".

The following describes the data modulation and demodul ation performed using the PPM modul ator circuit:

When transmitting
During datatransmission, the pulse width of the serial interface output signal isset to 3/16 beforethe signal is

output from the SOUTX pin.

TcLk | ] i
1 2 3 8 9 10i11 16

PPM modulator input (I/F output)

16xTCLK

A
v

PPM modulator output (SOUTX)

< »

3xTCLK

Figure 8.16 Data Modulation by PPM Circuit

When receiving
During data reception, the pulse width of theinput signal from SINXx is set to 16/3 beforethe signal is

transferred to the serial interface.

e JUUUHUUUUUUUUUUUTUuuyyt

1 23 4 16

PPM modulator input (SINXx)

3XTCLK

A
A,

PPM modulator output (I/F input)

v

A

16xTCLK

Figure 8.17 Demodulation by PPM Circuit

Note: When using the IrDA interface, set the internal division ratio of the serial interface 1/16 (DIVMDx =
"1"), rather than 1/8 (DIVMDx = "0").
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Serial Interface Interrupts and DMA

The serial interface can generate the following three types of interrupts in each channel:
* Transmit-buffer empty interrupt

* Receive-buffer full interrupt

* Receive-error interrupt

Transmit-buffer empty interrupt factor
Thisinterrupt factor occurs when the transmit data set in the transmit data register istransferred to the shift
register, in which case theinterrupt factor flag FSTXx isset to "1". At thistime, if the interrupt conditions set
using the interrupt control register are met, an interrupt to the CPU is generated.
Occurrence of thisinterrupt factor indicates that the next transmit data can be written to the transmit data
register.
Thisinterrupt factor can also be used to invoke IDMA, enabling transmit datato be written to the register by
means of aDMA transfer.

Receive-completion interrupt
Thisinterrupt factor occurs when areceive operation is completed and the receive data taken into the shift
register istransferred to the receive dataregister, in which case the interrupt factor flag FSRXx issetto " 1".
At thistime, if theinterrupt conditions set using the interrupt control register are met, an interrupttotheCPU is
generated. Occurrence of thisinterrupt factor indicates that the received data can be read out.
Thisinterrupt factor can also be used to invoke IDMA, enabling the received datato be written into specified
memory locations by means of aDMA transfer.

Receive-error interrupt
Thisinterrupt factor occurs when aparity, framing, or overrun error is detected during data reception, inwhich
case theinterrupt factor flag FSERRx isset to"1". At thistime, if the interrupt conditions set using the
interrupt control register are met, an interrupt to the CPU is generated.
Sinceall threetypes of errors generate the same interrupt factor, check the error flags PERX (parity error),
OERKX (overrun error), and FERXx (framing error) to identify the type of error that has occurred. In the clock-
synchronized mode, parity and framing errors do not occur.

Note: If a receive error (parity or framing error) occurs, the receive-error interrupt and receive-buffer full
interrupt factors occur simultaneously. However, since the receive-error interrupt has priority over
the receive-buffer full interrupt, the receive-error interrupt is processed first. It is therefore necessary
for the receive-buffer full interrupt factor flag be cleared through the use of the receive-error
interrupt processing routine.

Control registers of the interrupt controller
Table 8.7 shows the interrupt controller's control registers provided for each interrupt source (channel).

Table 8.7 Control Register of Interrupt Controller

Channel Interrupt factor Interrupt factor flag Interrupt enable register Interrupt priority register
Ch.0 Receive-error interrupt  |FSERR0(D0/0x40286) |ESERRO0(D0/0x40276) |PSIO0[2:0](D[6:4]/0x40269)
Receive-buffer full FSRX0(D1/0x40286) ESRX0(D1/0x40276)
Transmit-buffer empty  |[FSTX0(D2/0x40286) ESTX0(D2/0x40276)
Ch.1 Receive-error interrupt |FSERR1(D3/0x40286) |ESERR1(D3/0x40276) |PSIO1[2:0](D[2:0]/0x4026A)
Receive-buffer full FSRX1(D4/0x40286) ESRX1(D4/0x40276)
Transmit-buffer empty  |[FSTX1(D5/0x40286) ESTX1(D5/0x40276)

When theinterrupt factor described above occurs, the corresponding interrupt factor flagisset to"1". If the
interrupt enable register bit for that interrupt factor has been set to"1", an interrupt request is generated.
Interrupts caused by an interrupt factor can be disabled by leaving the interrupt enableregister bit for that factor
setto"0". Theinterrupt factor flagisset to " 1" whenever interrupt conditions are met, regardless of the setting
of theinterrupt enable register (evenif itissetto "0").
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Theinterrupt priority register sets the interrupt priority level of each interrupt source in arange between 0 and
7. Aninterrupt request to the CPU is accepted only when no other interrupt request of ahigher priority has
been generated.

In addition, only when the PSR's|E bit ="1" (interrupts enabled) and the set value of the IL issmaller thanthe
input interrupt level set by the interrupt priority register, will theinput interrupt request actually be accepted by
the CPU.

For details on these interrupt control registers, as well as the device operation when an interrupt has occurred,
refer to "1 TC (Interrupt Controller)".

Intelligent DMA
The receive-buffer full interrupt and transmit-buffer empty interrupt factors can be used to invoke intelligent
DMA (IDMA). This enables successive transmit/receive operations between memory and the
transmit/receive-buffer to be performed by means of aDAM transfer.
The following shows the IDMA channel numbers set for each interrupt factor:
IDMA Ch.

Ch.0receive-buffer full interrupt: 0x17

Ch.0 transmit-buffer empty interrupt: 0x18

Ch.1 receive-buffer full interrupt: 0x19

Ch.1 transmit-buffer empty interrupt: Ox1A

The IDMA request and enable bits shown in Table 8.8 must be set to " 1" for IDMA to be invoked. Transfer
conditions, etc. onthe IDMA side must also be set in advance.

Table 8.8 Control Bits for IDMA Transfer

Channel Interrupt factor IDMA request bit IDMA enable bit

Ch.0 Receive-buffer full RSRX0(D6/0x40292) DESRX0(D6/0x40296)
Transmit-buffer empty |RSTX0(D7/0x40292) DESTXO0(D7/0x40296)

Ch.1 Receive-buffer full RSRX1(D0/0x40293) DESRX1(D0/0x40297)
Transmit-buffer empty  |RSTX1(D1/0x40293) DESTX1(D1/0x40297)

If an interrupt factor occurs when the IDMA request and enablebitsare setto " 1", IDMA isinvoked. No
interrupt request is generated at that point. An interrupt request is generated upon completion of the DMA
transfer. The bits can also be set so as not to generate an interrupt, with only aDAM transfer performed.

For details on DMA transfer and how to control interrupts upon completion of DMA transfer, refer to "IDMA
(Intelligent DMA)".

High-speed DMA
The receive-buffer full interrupt and transmit-buffer empty interrupt factors can also invoke high-speed DMA
(HSDMA).
Thefollowing shows the HSDMA channel number and trigger set-up bit corresponding to each channel:

Table 8.9 HSDMA Trigger Set-up Bits

SIF Ch. HSDMA Ch. Trigger set-up bits
0 0 HSDOSJ3:0] (D[3:0]) / HSDMA Ch.0/1 trigger set-up register (0x40298)
1 1 HSD1S[3:0] (D[7:4]) / HSDMA Ch.0/1 trigger set-up register (0x40298)
0 2 HSD2S[3:0] (D[3:0]) / HSDMA Ch.2/3 trigger set-up register (0x40299)
1 3 HSD3S[3:0] (D[7:4]) / HSDMA Ch.2/3 trigger set-up register (0x40299)

For HSDMA to be invoked by the receive-buffer full interrupt factor, the trigger set-up bits should be set to
"1010". For HSDMA to be invoked by the transmit-buffer empty interrupt factor, the trigger set-up bits should
be set to "1011". Transfer conditions, etc. must also be set on the HSDMA side.

The HSDMA channel isinvoked through generation of the interrupt factor.

For details on HSDMA transfer, refer to "HSDMA (High-Speed DMA)".
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Trap vectors
Thetrap-vector address of each default interrupt factor is set as follows:

(BTA3=high) (BTA3=low)
Ch.0 receive-error interrupt: 0x00800EO0 0xOCO00EO
Ch.0receive-buffer full interrupt: 0x00800E4 0xOCO00E4
Ch.0 transmit-buffer empty interrupt: OxO0800ES8 0x0CO00E8
Ch.1 receive-error interrupt: 0x00800EC 0xOCOO0CEC
Ch.1receive-buffer full interrupt: 0x00800F0 0x0CO00FO0
Ch.1 transmit-buffer empty interrupt: Ox00800F4 0x0CO00F4

The base address of the trap table can be changed using the TTBR register (0x48134 to 0x48137).
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I/0 Memory of Serial Interface

Table 8.10 shows the control bits of the serial interface.
For details on the I/O memory of the prescaler that is used to set clocks, as well of that of 8-bit programmabletimers,
refer to "Prescaler” and "8-Bit Programmable Timers', respectively.

Table 8.10 Control Bits of Serial Interface

[ Register name | Address | Bit | Name | Function | Setting | Init. | RIW| Remarks
Serial I/F Ch.0 | 00401E0 | D7 |TXDO07 Serial I/F Ch.0 transmit data 0x0 to OXFF(0X7F) X | RIW | 7-bit asynchronous
transmit data (B) D6 |TXD06 TXDO07(06) = MSB X mode does not use
register D5 |TXDO05 TXDO00 = LSB X TXDO7.

D4 | TXD04 X
D3 |TXDO03 X
D2 |TXD02 X
D1 |TXDO1 X
DO | TXDO00 X
Serial I/F Ch.0 [ 00401E1| D7 |RXDO7 Serial I/F Ch.0 receive data 0x0 to OXFF(OX7F) X R | 7-bit asynchronous
receive data (B) D6 |RXDO06 RXDO07(06) = MSB X mode does not use
register D5 |RXDO05 RXDO00 = LSB X RXDO7 (fixed at 0).
D4 |RXD04 X
D3 |RXDO03 X
D2 |RXD02 X
D1 |RXDO1 X
DO |RXD00 X
Serial I/F Ch.0 | 00401E2 | D76 |— — — — — |0 when being read.
status register (B) D5 |TENDO Ch.0 transmit-completion flag 1 [ Transmitting | 0 | End 0 R
D4 |FERO Ch.0 flaming error flag 1| Error 0 [Normal 0 | R/W [Reset by writing 0.
D3 |PERO Ch.0 parity error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D2 |OERO Ch.0 overrun error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D1 |TDBEO Ch.0 transmit data buffer empty | 1 | Empty 0 | Buffer full 1 R
DO |RDBFO Ch.0 receive data buffer full 1 | Buffer full | 0 [Empty 0 R
Serial I/F Ch.0 | 00401E3| D7 [TXENO Ch.0 transmit enable 1 | Enabled 0 [Disabled 0 |RW
control register (B) D6 |RXENO Ch.0 receive enable 1 [Enabled 0 | Disabled 0 |RW
D5 |EPRO Ch.0 parity enable 1 [Wwith parity | 0 |No parity X | RIW |Valid only in
D4 |PMDO Ch.0 parity mode selection 1]0dd 0 [Even X | R/IW |asynchronous mode.
D3 |STPBO Ch.0 stop bit selection 1 |2 bits 0 |1 bit X | RIW
D2 |SSCKO Ch.0 input clock selection 1 |#SCLKO 0 [Internal clock [ X [ R/W
D1 |SMDO1 Ch.0 transfer mode selection SMDO[1:0] | Transfer mode X | RIW
DO |SMDO00 1 1 |8-bit asynchronous| X
1 0 |7-bit asynchronous
0 1 Clock sync. Slave
0 0 | Clock sync. Master
Serial I/F Ch.0 | 00401E4 | D7-5 |- — — — — |0 when being read.
IrDA register (B) D4 |DIVMDO Ch.0 async. clock division ratio 1]11/8 0(1/16 X | RIW
D3 |IRTLO Ch.0 IrDA I/F output logic inversion | 1 | Inverted 0 | Direct X | RIW |Valid only in
D2 |IRRLO Ch.0 IrDA I/F input logic inversion| 1 | Inverted 0 | Direct X | RIW |asynchronous mode.
D1 |IRMDO1 Ch.0 interface mode selection IRMDO[1:0] I/F mode X | RIW
DO |IRMDOO 1 1 reserved X
1 0 IrDA 1.0
0 1 reserved
0 0 General I/F
Serial I/F Ch.1 | 00401E5| D7 |TXD17 Serial I/F Ch.1 transmit data 0x0 to OXFF(OX7F) X | RIW [ 7-bit asynchronous
transmit data (B) D6 |TXD16 TXD17(16) = MSB X mode does not use
register D5 |TXD15 TXD10 = LSB X TXD17.
D4 |TXD14 X
D3 |TXD13 X
D2 |TXD12 X
D1 |TXD11 X
DO |TXD10 X
Serial I/F Ch.1 | 00401E6 | D7 |RXD17 Serial I/F Ch.1 receive data 0x0 to OXFF(0OX7F) X R | 7-bit asynchronous
receive data B) D6 |RXD16 RXD17(16) = MSB X mode does not use
register D5 |RXD15 RXD10 = LSB X RXD17 (fixed at 0).
D4 |RXD14 X
D3 |RXD13 X
D2 |RXD12 X
D1 [RXD11 X
DO |RXD10 X
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Register name [ Address | Bit Name Function Setting Init. | RIW Remarks ]
Serial I/F Ch.1 | 00401E7 | D7-6 |- - — - — |0 when being read.
status register (B) D5 |TEND1 Ch.1 transmit-completion flag 1 | Transmitting | O | End 0 R
D4 |FER1 Ch.1 flaming error flag 1 | Error 0 [Normal 0 | R/W [Reset by writing 0.
D3 |PER1 Ch.1 parity error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D2 |OER1 Ch.1 overrun error flag 1 | Error 0 [Normal 0 | R/W [Reset by writing 0.
D1 |TDBE1 Ch.1 transmit data buffer empty | 1 | Empty 0 | Buffer full 1 R
DO |RDBF1 Ch.1 receive data buffer full 1 |Buffer full | 0 |[Empty 0 R
Serial I/F Ch.1 | 00401E8 | D7 [TXEN1 Ch.1 transmit enable 1 |Enabled 0 [Disabled 0 |RW
control register| (B) D6 |[RXEN1 Ch.1 receive enable 1 [Enabled 0 | Disabled 0 [RW
D5 |EPR1 Ch.1 parity enable 1 | With parity | 0 | No parity X | R/W | Valid only in
D4 |PMD1 Ch.1 parity mode selection 1 [Odd 0 |Even X | RIW [asynchronous mode.
D3 |STPB1 Ch.1 stop bit selection 1|2 bits 0 [1 bit X |RIW
D2 |[SSCK1 Ch.1 input clock selection 1 [#SCLK1 0 |Internal clock | X | RIW
D1 [SmD11 Ch.1 transfer mode selection SMD1[1:0] [ Transfer mode X | RIW
DO [SMD10 1 1 |8-bit asynchronous| X
1 0 |7-bit asynchronous
0 1 | Clock sync. Slave
0 0 | Clock sync. Master
Serial I/F Ch.1 | 00401E9 | D7-5 |- - — - — |0 when being read.
IrDA register (B) D4 |DIVMD1 Ch.1 async. clock division ratio 1(1/8 0]1/16 X | RIW
D3 [IRTL1 Ch.1 IrDA I/F output logic inversion | 1 | Inverted 0 | Direct X | R/W |Valid only in
D2 |[IRRL1 Ch.1 IrDA I/F input logic inversion| 1 | Inverted 0 | Direct X | RIW [asynchronous mode.
D1 ([IRMD11 Ch.1 interface mode selection IRMD1[1:0] I/F mode X | RIW
DO |IRMD10 1 1 reserved X
1 0 IrDA 1.0
0 1 reserved
0 0 General I/F
8-bit timer, 0040269 | D7 |- reserved — — — |0 when being read.
serial I/F Ch.0 (B) D6 |[PSIO02 Serial interface Ch.0 Oto7 X | RIW
interrupt D5 |[PSIO01 interrupt level X
priority register D4 [PSIO00 X
D3 |- reserved — — — |0 when being read.
D2 |P8TM2 8-bit timer 0-3 interrupt level Oto7 X |RW
D1 |P8TM1 X
DO |P8TMO X
Serial I/F Ch.1, | 004026A | D7 |- reserved — — — |0 when being read.
A/D interrupt (B) D6 |[PAD2 AID converter interrupt level Oto7 X | RIW
priority register D5 |[PAD1 X
D4 |PADO X
D3 |- reserved — — — |0 when being read.
D2 [PSIO12 Serial interface Ch.1 Oto7 X | RIW
D1 ([PSIO11 interrupt level X
DO |PSIO10 X
Serial I/F 0040276 | D7-6 |- reserved — — — |0 when being read.
interrupt (B) D5 |[ESTX1 SIF Ch.1 transmit buffer empty 1 [Enabled 0 | Disabled 0 [RW
enable register D4 [ESRX1 SIF Ch.1 receive buffer full 0 [RW
D3 |ESERR1 |SIF Ch.1 receive error 0 |RW
D2 [ESTXO0 SIF Ch.0 transmit buffer empty 0 [RW
D1 |ESRX0 SIF Ch.0 receive buffer full 0 |RW
DO [ESERRO |[SIF Ch.O receive error 0 [RW
Serial I/F 0040286 | D7-6 |- reserved — — — |0 when being read.
interrupt factor (B) D5 |FSTX1 SIF Ch.1 transmit buffer empty 1 |Factor is 0 [Nofactoris| X |R/W
flag register D4 [FSRX1 SIF Ch.1 receive buffer full generated generated X | RIW
D3 |[FSERR1 SIF Ch.1 receive error X | RIW
D2 |[FSTX0 SIF Ch.0 transmit buffer empty X | RIW
D1 |FSRX0 SIF Ch.0 receive buffer full X |RW
DO |FSERRO |SIF Ch.0 receive error X |RW
16-bit timer 5, | 0040292 | D7 |RSTXO0 SIF Ch.0 transmit buffer empty 1 (IDMA 0 | Interrupt 0 [RW
8-bit timer, (B) D6 |[RSRX0 SIF Ch.0 receive buffer full request request 0 [RW
serial I/F Ch.0 D5 |R8TU3 8-bit timer 3 underflow 0 |RW
IDMA request D4 [R8TU2 8-bit timer 2 underflow 0 [RW
register D3 [R8TU1 8-bit timer 1 underflow 0 [RW
D2 [R8TUO 8-bit timer 0 underflow 0 [R/W
D1 |R16TC5 16-bit timer 5 comparison A 0 [RW
DO [R16TU5S 16-bit timer 5 comparison B 0 [RW
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| Register name [ Address | Bit Name Function Setting Init. | RIW Remarks
Serial I/F Ch.1, | 0040293 | D7 |RP7 Port input 7 1|IDMA 0 | Interrupt 0 |RW
AID, (B) D6 |RP6 Port input 6 request request 0 |RW
port input 4-7 D5 |RP5 Port input 5 0 |RW
IDMA request D4 |RP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |RADE A/D converter 1 (IDMA 0 |Interrupt 0 |RW
D1 |RSTX1 SIF Ch.1 transmit buffer empty request request 0 |RW
DO |RSRX1 SIF Ch.1 receive buffer full 0 |R/W
16-bit timer 5, | 0040296 | D7 |DESTXO SIF Ch.0 transmit buffer empty 1|IDMA 0 |IDMA 0 |RW
8-bit timer, (B) D6 |DESRXO0 [SIF Ch.0 receive buffer full enabled disabled 0 |RW
serial I/F Ch.0 D5 |DE8TU3 8-bit timer 3 underflow 0 |RW
IDMA enable D4 |DE8TU2 8-bit timer 2 underflow 0 |RW
register D3 |DE8TUL 8-bit timer 1 underflow 0 |R/W
D2 |DE8TUO 8-bit timer 0 underflow 0 |RW
D1 |DE16TC5 |[16-bittimer 5 comparison A 0 |RW
DO |DE16TU5 |16-bit timer 5 comparison B 0 |RW
Serial I/F Ch.1, | 0040297 | D7 |DEP7 Port input 7 1|IDMA 0 |IDMA 0 |RW
AID, (B) D6 |DEP6 Port input 6 enabled disabled 0 |RW
port input 4-7 D5 |DEP5 Port input 5 0 |RW
IDMA enable D4 |DEP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |DEADE A/D converter 1|IDMA 0 [IDMA 0 |RW
D1 |DESTX1 SIF Ch.1 transmit buffer empty enabled disabled 0 |RW
DO |DESRX1 [SIF Ch.1 receive buffer full 0 |R/W
PO function 00402D0| D7 |CFPO7 P07 function selection 1 |#SRDY1 0 [PO7 0 | R/W |Extended functions
select register B) D6 |CFP06 P06 function selection 1 [#SCLK1 0 | P06 0 | R/W |(0x402DF)
D5 |CFP05 P05 function selection 1|SOUT1 0 [PO5 0 |RW
D4 |CFPO4 P04 function selection 1|SIN1 0 [PO4 0 |RW
D3 |CFPO3 P03 function selection 1 |#SRDYO 0 [PO3 0 |RW
D2 |CFP02 P02 function selection 1 |#SCLKO 0 (P02 0 |RW
D1 |CFPO1 P01 function selection 1|SOUTO 0 [PO1 0 |RW
DO |CFP0OO POO function selection 1 [SINO 0 | P00 0 |R/W
Port function |00402DF| D7 |CFEX7 P07 port extended function 1 [#DMAEND3| 0 |P07, etc. 0 |RW
extension (B) D6 |CFEX6 P06 port extended function 1 [#DMAACK3| 0 |P06, etc. 0 |RW
register D5 |CFEX5 P05 port extended function 1 [#DMAEND?2| 0 |PO5, etc. 0 |RW
D4 |(CFEX4 P04 port extended function 1 |#DMAACK?2 | 0 |P04, etc. 0 |RW
D3 |CFEX3 P31 port extended function 1 [#GARD 0 |P31, etc. 0 |RW
D2 |CFEX2 P21 port extended function 1 |#GAAS 0 (P21, etc. 0 |RW
D1 |[CFEX1 P10, P11, P13 port extended 1|DSTO 0 |P10, etc. 1 |RW
function DST1 P11, etc.
DPCO P13, etc.
DO (CFEXO P12, P14 port extended function |1 |DST2 0 (P12, etc. 1 R/W
DCLK P14, etc.
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CFP0O7-CFPO0O0: PO[7:0] pin function selection (D[7:0]) / PO function select register (0x402D0)

Selects the pins used for the serial interface.

Write"1": Serial-interface input/output pin
Write"0": /O port pin
Read: Valid

Select the pinsused for the seria interface from among P00 through PO7 by writing " 1" to CFPOO through CFPO7.
PO0-PO3 (SINO, SOUTO, #SCLKO, #SRDY 0) are used for channel 0; PO4—P07 (SIN1, SOUT1, #SCLK 1, #SRDY 1)
are used for channel 1. If the bit for apinissetto"0", the pin functions as an 1/0 port.

The necessary input/output pins differ depending on the transfer mode set (see Table 8.3).

At cold start, CFPisset to"0" (1/O port). At hot start, CFP retainsits state from prior to theinitial reset.

CFEX7—CFEX4: P0O[7:4] pin function selection (D[7:4]) / Port function extension register (0x402DF)

Selects the extended function of pins PO7—P04.

Write "1":  Function-extended pin
Write "0": 1/O-port/serial 1/0 pin
Read: Valid

When CFEX[7:4] isset to"1", the PO7—P04 ports function as DMA signal output ports. When CFEX[7:4] ="0", the
CFPO[7:4] bit becomes effective, so the settings of these bits determine whether the PO7—P04 ports function as 1/0
port s or serial interface Ch.1 signal output ports.

At cold start, CFEX[7:4] issetto"0" (I/O-port/serial 1/O pin). At hot start, CFEX[7:4] retainsits state from prior to
theinitial reset.

TXDO7-TXDO00: Ch.0 transmit data (D[7:0]) / Serial I/F Ch.0 transmit data register (0x401EO)
TXD17-TXD10: Ch.1 transmit data (D[7:0]) / Serial I/F Ch.1 transmit data register (0x401E5)

Setstransmit data.

When dataiswritten to thisregister (transmit buffer) after "1" iswritten to TXENX, atransmit operation is begun.
TDBExissetto"1" (transmit-buffer empty) when the datais transferred to the shift register. A transmit-buffer
empty interrupt factor is simultaneously generated. The next transmit data can be written to the buffer at any time
thereafter, even when the seria interface is sending data.

In the 7-hit asynchronous mode, TXDx7 (MSB) isignored.

The serial-converted datais output from the SOUT pin beginning with the LSB, in which thebitssetto"1" are
output as high-level signals and those set to "0" output as low-level signals.

Thisregister can be read as well as written.

At initial reset, the content of TXDx becomes indeterminate.

RXD07-RXDO00: Ch.0 receive data (D[7:0]) / Serial I/F Ch.0 receive data register (0x401E1)
RXD17-RXD10: Ch.1 receive data (D[7:0]) / Serial I/F Ch.1 receive data register (0x401E6)

Stores received data.

When areceive operation is completed and the datareceived in the shift register istransferred to this register
(receive buffer), RDBFx isset to " 1" (receive buffer full). At the same time, areceive-buffer full interrupt factor is
generated. Thereafter, the data can be read out at any time before areceive operation for the next datais completed.
If the next datareceive operation is completed before thisregister isread out, the datain it is overwritten with the
newly received data, causing an overrun error to occur.

In the 7-hit asynchronous mode, "0" is stored in RXDx7.

The serial datainput from the SINX pin is converted into parallel data beginning with the LSB, with the high-level
signals changed to "1"s and the low-level signals changed to "0"s. The resulting data is stored in this buffer.
Thisregister isaread-only register, so no data can be written to it.

Atinitial reset, the content of RXDx becomes indeterminate.
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TENDO: Ch.0 transmit-completion flag (D5) / Serial I/F Ch.0 status register (Ox401E2)
TENDZ1: Ch.1 transmit-completion flag (D5) / Serial I/F Ch.1 status register (Ox401E7)

Indicates the transmission status.

Read "1": During transmitting
Read "0": End of transmission
Write: Invalid

TENDx goes "1" when datais being transmitted and goes "0" when the transmission has compl eted.

When datais transmitted successively in clock-synchronized master mode or asynchronous mode, TENDx maintains
"1" until all dataistransmitted (see Figure 8.4 and Figure 8.12). In clock-synchronized slave mode, TENDx goes"0"
every time 1-byte dataistransmitted (see Figure 8.5).

Atinitial reset, TENDx issetto "0" (End of transmission).

FERO: Ch.0 framing-error flag (D4) / Serial I/F Ch.0 status register (0x401E2)
FERL1: Ch.1 framing-error flag (D4) / Serial I/F Ch.1 status register (0x401E7)

Indicates whether aframing error occurred.

Read "1": Anerror occurred
Read "0": No error occurred
Write"1": Invalid
Write"0": Resetto"0"
The FERX flag isan error flag indicating whether aframing error occurred. When an error has occurred, it is set to
"1". A framing error occurs when datawith astop bit ="0" isreceived in the asynchronous mode.
The FERX flag isreset by writing " 0".
Atinitial reset, as well as when RXENx and TXENXx both are set to "0", the FERXx flag is set to "0" (no error).

PERO: Ch.0 parity-error flag (D3) / Serial I/F Ch.0 status register (Ox401E2)
PERL1: Ch.1 parity-error flag (D3) / Serial I/F Ch.1 status register (Ox401E7)

Indicates whether a parity error occurred.

Read "1": Anerror occurred
Read "0": No error occurred
Write"1": Invalid
Write"0": Resetto"0"
The PERX flag isan error flag indicating whether a parity error occurred. When an error has occurred, itissetto"1".
Parity checks are valid only in the asynchronous mode with EPRx set to " 1" (parity added). This check is performed
when thereceived dataistransferred from the shift register to the receive dataregister.
The PERX flag isreset by writing "0".
Atinitial reset, as well as when RXENx and TXENX both aresetto " 0", PERx isset to"0" (no error).

OERO: Ch.0 overrun-error flag (D2) / Serial I/F Ch.0 status register (Ox401E2)
OERL1: Ch.1 overrun-error flag (D2) / Serial I/F Ch.1 status register (Ox401E7)

Indicates whether an overrun error occurred.

Read "1": Anerror occurred
Read "0": No error occurred
Write"1": Invalid
Write"0": Resetto"0"
The OERX flag isan error flag indicating whether an overrun error occurred. When an error has occurred, it is set to
"1". An overrun error occurswhen the next receive operation is compl eted before the receive data register is read out,
resulting in the receive dataregister being overwritten.
The OERX flag is reset by writing " 0".
Atinitia reset, as well as when RXENx and TXENXx both are set to 0", OERXx issetto 0" (no error).
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TDBEQ: Ch.0 transmit data buffer empty (D1) / Serial I/F Ch.0 status register (0x401E2)
TDBEZ1L: Ch.1 transmit data buffer empty (D1) / Serial I/F Ch.1 status register (0x401E7)

Indicates the status of the transmit dataregister (buffer).

Read "1": Buffer empty
Read "0": Buffer full
Write: Invalid

TDBEXx isset to"0" when transmit dataiswritten to the transmit dataregister, andisset to "1" when thisdatais
transferred to the shift register (transmit operation started).

Transmit dataiswritten to the transmit dataregister when thisbit ="1".

Atinitial reset, TDBEx issetto"1" (buffer empty).

RDBFO: Ch.0 receive data buffer full (DO) / Serial I/F Ch.0 status register (0x401E2)
RDBF1: Ch.1 receive data buffer full (DO) / Serial I/F Ch.1 status register (0x401E7)

Indicates the status of the receive dataregister (buffer).

Read "1": Buffer full
Read "0": Buffer empty
Write: Invalid

RDBFx isset to"1" when the datareceived in the shift register istransferred to the receive dataregister (receive
operation completed), indicating that the received data can be read out. Thisbit isreset to "0" when the dataisread
out.

Atinitia reset, RDBFx issetto"0" (buffer empty).

TXENO: Ch.0 transmit enable (D7) / Serial I/F Ch.0 control register (Ox401E3)
TXEN1: Ch.1 transmit enable (D7) / Serial I/F Ch.1 control register (Ox401E8)

Enables each channel for transmit operations.

Write"1": Transmit enabled
Write"0": Transmit disabled
Read: Valid

When TXENX for achannel issetto"1", the channel is enabled for transmit operations. When TXENXx issetto"0",
the channel is disabled for transmit operations.

Always make surethe TXENX ="0" before setting the transfer mode and other conditions

Atinitial reset, TXENXx issetto"0" (transmit disabled).

RXENO: Ch.0 receive enable (D6) / Serial I/F Ch.0 control register (0x401E3)
RXENL1: Ch.1 receive enable (D6) / Serial I/F Ch.1 control register (0x401E8)

Enables each channel for receive operations.

Write"1": Receive enabled
Write "0": Receive disabled
Read: Valid

When RXENX for achannel issetto" 1", the channel is enabled for receive operations. When RXENXx issetto "0",
the channel is disabled for receive operations.

Always make surethe RXENx ="0" before setting the transfer mode and other conditions

Atinitial reset, RXENx isset to " 0" (receive disabled).
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EPRO: Ch.0 parity enable (D5) / Serial I/F Ch.0 control register (0x401E3)
EPR1: Ch.1 parity enable (D5) / Serial I/F Ch.1 control register (0x401E8)

Selects aparity function.

Write"1": Parity added
Write "0": No parity added
Read: Valid

EPRx isused to select whether receive data isto be checked for parity, and whether a parity bit isto be added to
transmit data. When EPRx issetto " 1", the receive datais checked for parity. A parity bit isautomatically added to
thetransmit data. When EPRx isset to 0", parity isnot checked and no parity bit is added.

The parity function is only valid in the asynchronous mode. Settings of EPRx have no effect in the clock-
synchronized mode.

Atinitial reset, EPRx becomes indeterminate.

PMDO: Ch.0 parity mode selection (D4) / Serial I/F Ch.0 control register (Ox401E3)
PMD1: Ch.1 parity mode selection (D4) / Serial I/F Ch.1 control register (Ox401E8)

Selects an odd or even parity.

Write "1": Odd parity
Write "0": Even parity
Read: Valid

Odd parity is selected by writing " 1" to PMDX, and even parity is selected by writing "0". Parity check and the
addition of aparity bit are only effective in asynchronous transfersin which EPRx isset to"1". If EPRx ="0",
settings of PMDx do not have any effect.

At initial reset, PMDx becomes indeterminate.

STPBO: Ch.0 stop bit selection (D3) / Serial I/F Ch.0 control register (Ox401E3)
STPB1: Ch.1 stop bit selection (D3) / Serial I/F Ch.1 control register (Ox401E8)

Selects astop-bit length during the performance of an asynchronous transfer.
Write"1": 2 bits
Write"0": 1 bit
Read: Valid
STPBx isonly valid in an asynchronous transfer. Two stop bits are selected by writing " 1" to STPBx , and one stop
bit is selected by writing "0". The start bit isfixed at 1 bit.

Settings of STPBx areignored during the performance of aclock-synchronized transfer.
Atinitial reset, STPBx becomes indeterminate.

SSCKO: Ch.0 input clock selection (D2) / Serial I/F Ch.0 control register (Ox401E3)
SSCK1: Ch.1 input clock selection (D2) / Serial I/F Ch.1 control register (Ox401E8)

Selects the clock source for an asynchronous transfer.

Write"1": #SCLK (external clock)
Write"0": Internal clock
Read: Valid

During operation in the asynchronous mode, this bit is used to select the clock source between an internal clock
(output by an 8-bit programmable timer) and an external clock (input from the #SCLKx pin). An external clock is
selected by writing " 1" to thisbit, and an internal clock is selected by writing "0".

Atinitial reset, SSCKx becomes indeterminate.
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SMD01-SMDO00: Ch.0 transfer mode selection (D[1:0]) / Serial I/F Ch.0 control register (0x401E3)
SMD11-SMD10: Ch.1 transfer mode selection (D[1:0]) / Serial I/F Ch.1 control register (0x401E8)

Setsthe transfer mode of the serial interface as shown in Table 8.11 below.

Table 8.11 Setting of Transfer Mode

SMDx1 SMDx0 Transfer mode
1 1 8-bit asynchronous mode
1 0 7-bit asynchronous mode
0 1 Clock-synchronized slave mode
0 0 Clock-synchronized master mode

The SMDx hit can be read as well as written.
When using the IrDA interface, always be sure to set an asynchronous mode for the transfer mode.
Atinitial reset, SMDx becomes indeterminate.

DIVMDO: Sampling clock division ratio (D4) / Serial I/F Ch.0 IrDA register (0x401E4)
DIVMD1: Sampling clock division ratio (D4) / Serial I/F Ch.1 IrDA register (0x401E9)

Selects the division ratio of the sampling clock.

Write"1": 1/8
Write"0": 1/16
Read: Valid

Select the division ratio necessary to generate the sampling clock for asynchronous transfers. When DIVMDx is set
to"1", the sampling clock is generated from theinput clock of the seria interface (output by an 8-bitprogrammable
timer or input from #SCLKXx) by dividing it by 8. When DIVMDx issetto"0", theinput clock isdivided by 16.
Atinitia reset, DIVMDx becomes indeterminate.

IRTLO: Ch.O IrDA output logic inversion (D3) / Serial I/F Ch.0 IrDA register (0x401E4)
IRTL1: Ch.1 IrDA output logic inversion (D3) / Serial I/F Ch.1 IrDA register (0x401E9)

Inverts thelogic of the IrDA output signal.
Write"1": Inverted

Write"0": Not inverted
Read: Valid

When using the IrDA interface, set the logic of the SOUTx output signal to suit the infrared-ray communication
circuit that is connected external to the chip. If IRTLx issetto"1", ahigh pulseis output when the output data="0"
(held low-level when the output data="1"). If IRTLX isset to"0", alow pulseis output when the output data="0"
(held high-level when the output data="1").

Atinitial reset, IRTLx becomes indeterminate.

IRRLO: Ch.0 IrDA input logic inversion (D2) / Serial I/F Ch.0 IrDA register (0x401E4)
IRRL1: Ch.1 IrDA input logic inversion (D2) / Serial I/F Ch.1 IrDA register (0x401E9)

Inverts thelogic of the IrDA input signal.

Write"1": Inverted
Write"0": Not inverted
Read: Valid

When using the IrDA interface, set thelogic of thesignal that isinput from an external infrared-ray communication
circuit to the chip to suit the serial interface. If IRRLx issetto 1", ahigh pulseisinput asalogic"0". If IRRLX is
setto"0", alow pulseisinput asalogic"0".

Atinitial reset, IRRLx becomes indeterminate.
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IRMDO1-IRMDQO0: Ch.0 IrDA interface mode selection (D[1:0]) / Serial I/F Ch.0 IrDA register (0x401E4)
IRMD11-IRMD10: Ch.1 IrDA interface mode selection (D[1:0]) / Serial I/F Ch.1 IrDA register (0x401E9)

Selects the IrDA interface function.

Table 8.12 IrDA Interface Setting

IRMDx1 IRMDx0 Interface mode
1 1 Do not set. (reserved)
1 0 IrDA 1.0 interface
0 1 Do not set. (reserved)
0 0 Normal interface

When using the IrDA interface function, write "10" to IRMDXx while setting to an asynchronous modefor thetransfer
mode. If the IrDA interface function is not to be used, write "00" to IRMDx.
Atinitia reset, IRMDx becomes indeterminate.

Note: This selection must always be performed before the transfer mode and other conditions are set.

PSIO02—-PSIO00: Ch.0 interrupt level (D[6:4]) / 8-bit timer, serial I/F Ch.0 interrupt priority register (0x40269)
PSIO12-PSIO10: Ch.1 interrupt level (D[2:0]) / Serial I/F Ch.1, A/D interrupt priority register (0x4026A)

Setsthe priority level of the seria-interface interrupt.
Theinterrupt priority level can be set for each channel intherangeof Oto 7.
Atinitial reset, PSIOx becomes indeterminate.

ESERRO, ESRX0, ESTXO0: Ch.0 interrupt enable (D0,D1,D2) / Serial I/F interrupt enable register (0x40276)
ESERR1, ESRX1, ESTX1: Ch.1 interrupt enable (D3,D4,D5) / Serial I/F interrupt enable register (0x40276)

Enable or disable interrupt generation to the CPU.

Write "1": Interrupt enabled
Write "0": Interrupt disabled
Read: Valid

The ESERRX, ESRXX, and ESTXx hits are interrupt enable bits corresponding to receive-error, receive-buffer full,
and transmit-buffer empty interrupt factors, respectively, in each channel. The interrupts for which thisbit isset to
"1" are enabled, and theinterrupts for which thisbit isset to " 0" are disabled.

Atinitial reset, all these bits are set to " 0" (interrupts disabled).

FSERRO, FSRXO0, FSTXO0: Ch.0 interrupt factor flags (D0,D1,D2) / Serial I/F interrupt factor flag register (0x40286)
FSERR1, FSRX1, FSTX1: Ch.1 interrupt factor flags (D3,D4,D5) / Serial I/F interrupt factor flag register (0x40286)

Indicate the status of serial-interface interrupt generation.

When read
Read "1": Aninterrupt factor occurred
Read "0": No interrupt factor occurred

When written using thereset-only method (default)
Write"1": Flagisreset
Write"0": Invalid

When written using theread/write method
Write"1": Flagisset
Write"0": Flagisreset

The FSERRX, FSRXx, and FSTXXx flags areinterrupt factor flags corresponding toreceive-error, receive-buffer full,
and transmit-buffer empty interrupts, respectively, in each channel. Theflagissetto"1" when each interrupt factor

occurs.

A transmit-buffer empty interrupt factor occurs when transmit datais transferredfrom thetransmit dataregister tothe
shift register.

A receive-buffer full interrupt factor occurs when receive datais transferred from the shift register tothereceivedata
register.
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A receive-error interrupt factor occurs when aparity, framing, or overrun error is detected during reception of data.
At thistime, if thefollowing conditions are met, an interrupt to the CPU is generated:

1. The corresponding interrupt enable register bit issetto"1".

2. No other interrupt request of ahigher priority has been generated.

3. The PSR'SIE bit isset to"1" (interrupts enabled).

4. The set value of the corresponding interrupt priority register is higher than the CPU interrupt level (IL).

When using the receive-buffer full or transmit-buffer empty interrupt factor as an IDMA request, the fact that the
above conditions are met does not necessarily mean that an interrupt request to the CPU has been output
simultaneously when an interrupt factor occurs. Aninterrupt is generated under the above conditions upon
completion of the datatransfer by IDMA, provided that interrupts are enabled by settings on the IDMA side.
Theinterrupt factor flag isset to " 1" whenever an interrupt factor occurs, regardless of the settings of the interrupt-
enable and interrupt priority registers.

If the next interrupt isto be accepted following the occurrence of an interrupt, it is necessary that the interrupt factor
flag be reset, and that the PSR be set up again (by setting the |E bit to " 1" after setting thelL toavaluelower thanthe
level indicated by the interrupt priority register, or by executing the reti instruction).

Theinterrupt factor flag can only be reset by writing to it in the software. Note that if the PSR is set up again to
accept interrupts generated (or if the reti instruction is executed) without resetting the interrupt factor flag, the same
interrupt occurs again. Note also that the value to be written to reset theflag is"1" when the reset-only method
(RSTONLY ="1") isused, and "0" when the read/write method (RSTONLY ="0") is used.

Atinitia reset, al of these flags become indeterminate, so be sureto reset them in the software.

RSRX0, RSTX0: Ch.0 IDMA request (D6, D7) /
16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA request register (0x40292)
RSRX1, RSTX1: Ch.1 IDMA request (DO, D1) / Serial I/F Ch.1, A/D IDMA request register (0x40293)

Specifies whether to invoke IDMA when an interrupt factor occurs.

When using the set-only method (default)
Write"1": IDMA request
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA request
Write "0": Interrupt request

Read: Valid

The RSRXx and RSTXx hits are IDMA request bits corresponding to receive-buffer full and transmit-buffer empty
interrupt factors, respectively. If the bit issetto "1", IDMA isinvoked when an interrupt factor occurs, thus
performing aprogrammed datatransfer. If thisbit isset to " 0", normal interrupt processing is performed, without
invoking IDMA.

For details on IDMA, refer to "IDMA (Intelligent DMA)".

Atinitial reset, these bits are set to "0" (interrupt request).
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DESRXO0, DESTX0: Ch.0 IDMA enable (D6, D7) /
16-bit timer 5, 8-bit timer, serial I/F Ch.0 IDMA enable register (0x40296)
DESRX1, DESTX1: Ch.1 IDMA enable (DO, D1) / Serial I/F Ch.1, A/D IDMA enable register (0x40297)

Enables IDMA transfer by means of an interrupt factor.

When using the set-only method (default)
Write"1": IDMA enabled
Write"0": Not changed

Read: Valid

When using theread/write method
Write"1": IDMA enabled
Write"0": IDMA disabled

Read: Valid

The DESRXx and DESTXx bits are IDMA enablebits corresponding to receive-buffer full and transmit-buffer
empty interrupt factors, respectively. If thebit issetto " 1", the IDMA request by the interrupt factor is enabled. If
thebit issetto"0", the IDMA request is disabled.

Atinitial reset, these bits are set to "0" (IDMA disabled).
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Programming Notes

)
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Before setting various serial-interface parameters, make sure the transmit and receive operations are disabled
(TXENx = RXENx ="0").

When the serial interface istransmitting or receiving data, do not set TXENx or RXENx to"0", and do not
execute the slp instruction.

In clock-synchronized transfers, the mode of communication is half-duplex, in which the clock line is shared
between the transmit and receive units. Therefore, RXENx and TXENXx cannot be enabled simultaneously.

After an initial reset, the interrupt factor flag becomes indeterminate. To prevent generation of an unwanted
interrupt or IDMA request, reset thisflag in the program.

If areceive error occurs, the receive-error interrupt and receive-buffer full interrupt factors occur
simultaneously. However, since the receive-error interrupt has priority over the receive-buffer full interrupt,
thereceive-error interrupt is processed first. Therefore, it isnecessary to reset the receive-buffer full interrupt
factor flag through the use of the receive-error interrupt processing routine

To prevent the regeneration of interrupts due to the same factor following the occurrence of an interrupt,
aways be sureto reset the interrupt factor flag before setting the PSR again or executing thereti instruction.

Follow the procedure described below toinitialize the seria interface.

| Set IRMDx[1:0] | "00"(normal I/F) or "10"(IrDA I/F)

Set SMDx[1:0] | Transfer mode setting

| Data format and clock selection
| Other settings Internal division ratio, IrDA 1/O logic
| and other settings

| Enable transmitting/receiving | Enable transmitting, receiving or both

Figure 8.18 Serial Interface Initialize Procedure

When transmitting datain the clock-synchronized master mode, transmit datais written to the transmit data
register after theinitial setting is performed following the flow initem (7). However, the clock generated by
the 8-bit timer must be supplied to the serial interface (at least one underflow has had to have occurred in the
8-bit tier) before thiswriting. Otherwise, OxFF will be transmitted prior to the written data.

The maximum transfer rate of the seria interface islimited to 1 Mbps.
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1[11-9 INPUT/OUTPUT PORTS

The Peripheral Block hasatotal of 42 input/output ports. Although each pin isused for input/output from/to the
internal peripheral circuits, some pins can be used as general-purpose input/output ports unless they are used for the
peripheral circuits.

Input Ports (K Ports)

Structure of Input Port
The Peripheral Block contains 13 bits of input ports (K50 to K54, K60 to K67).
Figure 9.1 shows the structure of atypical input port.

VbDE [

Input interrupt
circuit

Kxx

Internal data bus

Vss

[ AVop for K50 and K60-K67
[P Available only for K50-K54

Figure 9.1 Structure of Input Port

Each input-port pin is connected directly to theinternal data bus viaathree-state buffer. The state of theinput signal
when read at an input port isdirectly taken into theinternal circuit as data.

Input-Port Pins

Theinput pins concurrently serve as theinput pinsfor periphera circuits, as shown in Table 9.1. Whether they are
used as input ports or for peripheral circuits can be set bit-for-bit using afunctionselect register. All pinsnot used for
peripheral circuits can be used as general-purpose input portsthat have an interrupt function.

Table 9.1 Input Pins

Pin name 1/0 | Pull-up Function Function select bit
K50/#DMAREQO | | | Available |Input port / High-speed DMA request 0 CFK50(D0)/K5 function select register(0x402C0)
K51/#DMAREQL | | | Available |Input port / High-speed DMA request 1 CFK51(D1)/K5 function select register(0x402C0)
K52/#ADTRG | | Available |Input port / AD converter trigger CFK52(D2)/K5 function select register(0x402C0)
K53/#DMAREQ2 | | | Available |Input port / High-speed DMA request 2 CFK53(D3)/K5 function select register(0x402C0)
K54/#DMAREQ3 | | | Available |Input port / High-speed DMA request 3 CFK54(D4)/K5 function select register(0x402C0)
K60/AD0O | - Input port / AD converter input O CFK60(D0)/K6 function select register(0x402C3)
K61/AD1 | - Input port / AD converter input 1 CFK61(D1)/K6 function select register(0x402C3)
K62/AD2 | - Input port / AD converter input 2 CFK62(D2)/K6 function select register(0x402C3)
K63/AD3 | - Input port / AD converter input 3 CFK63(D3)/K6 function select register(0x402C3)
K64/AD4 | - Input port / AD converter input 4 CFK64(D4)/K6 function select register(0x402C3)
K65/AD5 | - Input port / AD converter input 5 CFK65(D5)/K6 function select register(0x402C3)
K66/AD6 | - Input port / AD converter input 6 CFK66(D6)/K6 function select register(0x402C3)
K67/AD7 | - Input port / AD converter input 7 CFK67(D7)/K6 function select register(0x402C3)

At cold start, all pinsare set for input ports Kxx (function select register CFKxx ="0"). When these pinsareused for
theinternal peripheral circuits, write "1" to CFKxx. For details on pin functions in this case, refer to the description
of each peripheral circuit inthis manual.

At hot start, the pinsretain their state from prior to the reset.

When the ports set for A/D converter input are read, the value obtained isalways"0".
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Notes on Use
Theinput buffersof the K50 and K60to K67 ports use AV DD (power voltagefor A/D converter) astheir power source.
Furthermore, the K50 pull-up resistor is connected to AVDD. Therefore, the following precautions must be taken.

1) When using K50 and K60-K 67 as general-purpose input ports, the voltage input to the port must behighlevel =
AVDD and low level =Vss.

2) When using VDDE ashigh level similar to other ports, VDDE must be the same voltage level asAVDD. If theinput
VDDE level islower than the AVDD level, current flowsin theinput buffer, or if theinput VDDE level ishigher
than the AVDD level, current flowsfrom the VDDE power supply to the AVDD power supply.

3) Tofixtheinput level externaly when the port isnot used, the input pin should be connected to Vss or AVDD.
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I/O Memory of Input Ports
Table 9.2 shows the control bits of theinput ports.

Table 9.2 Control Bits of Input Ports

[Register name | Address | Bit Name Function Setting Init. | RIW Remarks
K5 function 00402C0 | D7-5 |- reserved — — — |0 when being read.
select register B) D4 |CFK54 K54 function selection 1 [#DMAREQ3 | 0 [K54 0 [RW

D3 [CFK53 K53 function selection 1 [#DMAREQ?2 | 0 [K53 0 [RW

D2 |[CFK52 K52 function selection 1 [#ADTRG 0 | K52 0 [R/W

D1 |CFK51 K51 function selection 1 [#DMAREQ1 | 0 | K51 0 [RW

DO |CFK50 K50 function selection 1 |#DMAREQO | 0 | K50 0 |RW
K5 input port | 00402C1 | D7-5 |- reserved — — — |0 when being read.
data register (B) D4 |K54D K54 input port data 1 |High 0 Low — R

D3 |K53D K53 input port data — R

D2 |K52D K52 input port data — R

D1 |K51D K51 input port data R

DO |K50D K50 input port data - R
K6 function 00402C3| D7 |[CFK67 K67 function selection 1 [AD7 0 | K67 0 [RW
select register (B) D6 |CFK66 K66 function selection 1 (AD6 0 | K66 0 [RW

D5 |CFK65 K65 function selection 1|AD5 0 [K65 0 |RW

D4 |CFK64 K64 function selection 1 [AD4 0 | K64 0 [RW

D3 |CFK63 K63 function selection 1|AD3 0 [K63 0 |RW

D2 |[CFK62 K62 function selection 1 [AD2 0 | K62 0 [R/W

D1 |CFK61 K61 function selection 1|AD1 0 [K61 0 |RW

DO |CFK60 K60 function selection 1|ADO 0 [K60 0 |RW
K6 input port | 00402C4| D7 |K67D K67 input port data 1 [High 0 |Low — R
data register (B) D6 |[K66D K66 input port data - R

D5 |[K65D K65 input port data — R

D4 |K64D K64 input port data — R

D3 |[K63D K63 input port data — R

D2 |[K62D K62 input port data - R

D1 |[K61D K61 input port data — R

DO [K60D K60 input port data — R

CFK54-CFK50: K5[4:0] function selection (D[4:0]) / K5 function select register (0x402C0)
CFK67-CFK®60: K6[7:0] function selection (D[7:0]) / K6 function select register (0x402C3)

Selects the function of each input-port pin.

Write"1": Used for peripheral circuit
Write "0": Input port pin
Read: Invalid
When ahit of the CFK register isset to"1", the corresponding pin is set for use with the peripheral circuit(see Table

9.1). The pinsfor which register bitsare set to "0" can be used as general-purpose input ports.
At cold start, CFK issetto"0" (input port). At hot start, CFK retainsits state fromprior to theinitial reset.

K54D-K50D: K5[4:0] input port data (D[4:0]) / K5 input port data register (0x402C1)
K67D-K60D: K6[7:0] input port data (D[7:0]) / K6 input port data register (0x402C4)

Theinput data on each input port pin can be read from thisregister.

Read "1": Highlevel
Read "0": Low level
Write: Invalid

The pin voltage of each input port can be read out "1" directly whenthevoltageishigh(Vbb) or "0" when thevoltage
islow (Vss) respectively.

Sincethisregister isaread-only register, writing to the register isignored.

When the ports set for A/D converter input are read, the value obtained isaways"0".
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I/O Ports (P Ports)

Structure of I/0O Port
The Peripheral Block contains 29 bits of 1/0 ports (P00 to P07, P10 to P16, P20 to P27, P30 to P35) that can be
directed for input or output through the use of aprogram.
Figure 9.2 shows the structure of atypical 1/0 port.

I/O Port Pins

Internal data bus

output

VDDE
| 1/O control
7| register -
S Function
select register

> Data O Pxx

register

Peripheral circuit j—{

Vss

. Tt

Peripheral circuit

input

Figure 9.2 Structure of I1/O Port

The 1/O ports concurrently serve as theinput/output pinsfor peripheral circuits, as shown inTable9.3. Whether they
are used as I/0 ports or for peripheral circuits can be set bit-for-hit using afunction select register. All pins not used
for peripheral circuits can be used as general-purpose |/O ports.

Table 9.3 1/0 Pins

Pin name 1/0 | Pull-up Function Function select bit

P0O0/SINO 1/0 - 1/0 port / Serial IF Ch.0 data input CFP00(D0)/PO0 function select register(0x402D0)
P01/SOUTO 110 - 1/0 port / Serial IF Ch.0 data output CFP01(D1)/PO0 function select register(0x402D0)
PO2/#SCLKO 110 - 1/0 port / Serial IF Ch.0 clock input/output CFP02(D2)/PO0 function select register(0x402D0)
PO3/#SRDYO0 1/0 - 1/0 port / Serial IF Ch.0 ready input/output CFP03(D3)/P0 function select register(0x402D0)
PO4/SIN1/ 110 - 1/0 port / Serial IF Ch.1 data input / CFP04(D4)/PO0 function select register(0x402D0)
#DMAACK?2 #DMAACK?2 output (Ex) CFEX4(D4)/Port function extension register(0x402DF)
PO5/SOUT1/ 110 - 1/0 port / Serial IF Ch.1 data output/ CFPO05(D5)/PO0 function select register(0x402D0)
#DMAEND2 #DMAEND?2 output (Ex) CFEX5(D5)/Port function extension register(0x402DF)
PO6/#SCLK1/ 110 - I/0 port / Serial IF Ch.1 clock input/output /  |CFP06(D6)/PO0 function select register(0x402D0)
#DMAACK3 #DMAACKS3 output (Ex) CFEX6(D6)/Port function extension register(0x402DF)
PO7/#SRDY1/ 110 - 1/0 port / Serial IF Ch.1 ready input/output / |CFP07(D7)/PO function select register(0x402D0)
#DMAEND3 #DMAEND3 output (Ex) CFEX7(D7)/Port function extension register(0x402DF)
P10/EXCLO/ 110 - I/0 port / 16-bit timer 0 event counter input(l) /|CFP10(D0)/P1 function select register(0x402D4)
T8UFO/DSTO [J 8-bit timer O output (O) / DSTO output (EX) CFEX1(D1)/Port function extension register(0x402DF)
P11/EXCL1/ 110 - 1/0 port / 16-bit timer 1 event counter input(l) /|CFP11(D1)/P1 function select register(0x402D4)
T8UF1/DST1 [J 8-bit timer 1 output (O) / DST1 output (EX) CFEX1(D1)/Port function extension register(0x402DF)
P12/EXCL2/ 110 - 1/0 port / 16-bit timer 2 event counter input(l) /|CFP12(D2)/P1 function select register(0x402D4)
T8UF2/DST2 [J 8-bit timer 2 output (O) / DST2 output (EX) CFEXO0(DO0)/Port function extension register(0x402DF)
P13/EXCL3/ 110 - 1/0 port / 16-bit timer 3 event counter input(l) /|CFP13(D3)/P1 function select register(0x402D4)
T8UF3/DPCO [J 8-bit timer 3 output (O) / DPCO output (Ex) |CFEX1(D1)/Port function extension register(0x402DF)
P14/FOSC1/ 110 - 1/0 port / Low-speed (OSC1) clock output/ |CFP14(D4)/P1 function select register(0x402D4)
DCLK 0 DCLK output (Ex) CFEXO0(DO0)/Port function extension register(0x402DF)
P15/EXCLA4/ 110 - 1/0 port / 16-bit timer 4 event counterinput(l) /|CFP15(D5)/P1 function select register(0x402D4)
#DMAENDO #DMAENDO output (O)

P16/EXCL5/ 110 - 1/0 port / 16-bit timer 5 event counter input(l) /|CFP16(D6)/P1 function select register(0x402D4)
#DMAEND1 #DMAEND1 output (O)

(1): Input mode, (O): Output mode, (Ex): Extended function
1 A 3-V system I/O voltage can only be used for the P10-P14 pins.
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Pin name 1/0 | Pull-up Function Function select bit
P20/#DRD 1/0 — 1/0 port / #DRD output CFP20(D0)/P2 function select register(0x402D8)
P21/#DWE/#GA | 1/0 - 1/0 port / #DWE output / CFP21(D1)/P2 function select register(0x402D8)
AS GA address strobe output (Ex) CFEX2(D2)/Port function extension register(0x402DF)
P22/TM0 /10 - 1/0 port / 16-bit timer O output CFP22(D2)/P2 function select register(0x402D8)
P23/TM1 /10 - 1/0 port / 16-bit timer 1 output CFP23(D3)/P2 function select register(0x402D8)
P24/TM2 1/10 — 1/0 port / 16-bit timer 2 output CFP24(D4)/P2 function select register(0x402D8)
P25/TM3 /0 - 1/0 port / 16-bit timer 3 output CFP25(D5)/P2 function select register(0x402D8)
P26/TM4 1/0 - 1/0 port / 16-bit timer 4 output CFP26(D6)/P2 function select register(0x402D8)
P27/TM5 1/0 - 1/0 port / 16-bit timer 5 output CFP27(D7)/P2 function select register(0x402D8)
P30/#WAIT/ 110 - 1/0 port / #WAIT input (1) / #CE4&5 output (O)| CFP30(D0)/P3 function select register(0x402DC)
#CE4&5
P31/#BUSGET/ | /O - 1/0 port / #BUSGET output/ CFP31(D1)/P3 function select register(0x402DC)
#GARD GA read signal output (Ex) CFEX3(D3)/Port function extension register(0x402DF)
P32/#DMAACKO] 110 - 1/0 port / #DMAACKO output CFP32(D2)/P3 function select register(0x402DC)
P33/#DMAACK1] I/0 - 1/0 port / #DMAACK1 output CFP33(D3)/P3 function select register(0x402DC)
P34/#BUSREQ/ | 1/0 - 1/0 port / #BUSREQ input (1) /#CE6output(O)|CFP34(D4)/P3 function select register(0x402DC)
#CE6
P35/#BUSACK | I/O - 1/0 port / #BUSACK output CFP35(D5)/P3 function select register(0x402DC)

(I): Input mode, (O): Output mode, (Ex): Extended function

At cold start, all pinsareset for 1/0O ports Pxx (function select register CFPxx ="0"). When these pins are used for
theinternal peripheral circuits, write "1" to CFPxx. For details on pin functions in thiscase, refer tothedescriptionof
each peripheral circuit inthismanual.

At hot start, the pinsretain their state from prior to the reset.

In addition to being an I/O port, the P10—P13, P15-P16, P30 and P34 pins are shared with two types (three typesfor
P10-P13) of peripheral circuits. The type of peripheral circuit for which these pinsare used is determined by the
direction (input or output) in which the pin isset using an /O control register, as will be described later.

The P04-P07, P10-P14, P21 and P31 ports have extended functions indicated with (Ex) in the table. They can be
selected by writing "1" to CFEXx / Port function extension register (0x402DF).

The setting of CFEXX has priority over the CFPxx.

At cold start, CFEX1 and CFEXO are setto"1", so the P10-P14 pins are set for debug signal outputs.

I/O Control Register and I/O Modes

Thel/O portsare directed for input or output modes by writing datato an 1/O control register corresponding to each
port bit.

PO7—P00 1/O control: 10CO[7:0] (D[7:0]) / PO I/O control register (0x402D2)

P16-P10 /O control: 10C1[6:0] (D[6:0]) / P1 1/O control register (0x402D6)

P27—-P20 /O control: 10C2[7:0] (D[7:0]) / P2 1/O control register (0x402DA)

P35-P30 /0O control: 10C3[5:0] (D[5:0]) / P3 I/O control register (0x402DE)

To set an 1/O port for input, write "0" to the I/O control bit. 1/O ports set for input mode are placed in the high-
impedance state, and thus function as input ports.

In theinput mode, the state of theinput pin isread directly, so thedatais”1" when the pin state ishigh (VDD level)
or "0" when the pin state islow (Vsslevel).

Even in theinput mode, data can be written to the data register without affecting the pin state.

Toset an 1/0 port for output, write "1" to the 1/O control bit. I/O port setfor output functionas output ports.When the
port output datais"1", the port outputs ahigh level (VDD level); when the datais"0", the port outputs alow level
(Vssleve).

At cold start, the I/O control register isset to "0" (input mode).
At hot start, the pinsretain their state from prior to the reset.

Note: If pins P10-P13, P15-P16, P30 and P34 are set for use with peripheral circuits, their pin functions
vary depending on the input/output direction control by the IOC1x register.
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I/0 Memory of I/0O Ports
Table 9.4 shows the control bits of the /O ports.

Table 9.4 Control Bits of 1/0 Ports

| Register name | Address | Bit | Name | Function | Setting | Init. | RIW| Remarks
PO function 00402D0| D7 [CFPO7 P07 function selection 1 [#SRDY1 0 | P07 0 | R/W [Extended functions
select register (B) D6 |CFP06 P06 function selection 1 [#SCLK1 0 | P06 0 | R/W |(0x402DF)
D5 |CFPO05 P05 function selection 1|SOUT1 0 [PO5 0 |RW
D4 |CFP04 P04 function selection 1 [SIN1 0 | P04 0 |RW
D3 |CFP0O3 P03 function selection 1 |#SRDYO 0 [PO3 0 |RW
D2 |CFP02 P02 function selection 1 [#SCLKO 0 |P02 0 |RW
D1 |CFPO1 P01 function selection 1|SOUTO 0 [PO1 0 |RW
DO |CFPO0 P00 function selection 1|SINO 0 [POO 0 |RW
PO I/O port data] 00402D1| D7 |PO7D P07 /O port data 1 [High 0 |Low 0 |R/W
register (B) D6 |P06D P06 /O port data 0 |RW
D5 |P05D P05 1/0 port data 0 |RW
D4 |P04D P04 1/0 port data 0 |RW
D3 |P03D P03 1/O port data 0 |RW
D2 |P02D P02 1/O port data 0 |RW
D1 |P01D P01 1/0 port data 0 |RW
DO |P0OOD P00 I/O port data 0 |RW
PO I/O control | 00402D2| D7 [lIOCO07 P07 1/O control 1 | Output 0 [Input 0 |RW
register (B) D6 |IOC06 P06 1/0 control 0 |RW
D5 |10C05 P05 1/O control 0 |RW
D4 |10C04 P04 1/0 control 0 |R/W
D3 |10C03 P03 1/0 control 0 |RW
D2 |10C02 P02 /0 control 0 |RW
D1 |I0C01 P01 1/0 control 0 |RW
DO |10C00 P00 1/O control 0 |RW
P1 function 00402D4| D7 |- reserved — — — |0 when being read.
select register (B) D6 |[CFP16 P16 function selection 1|EXCL5 0|P16 0 [RW
#DMAEND1
D5 |CFP15 P15 function selection 1|EXCL4 0 (P15 0 |RW
#DMAENDO
D4 |CFP14 P14 function selection 1|FOSC1 0 (P14 0 | R/W |Extended functions
(0x402DF)
D3 |CFP13 P13 function selection 1|EXCL3 0 (P13 0 |RW
T8UF3
D2 |CFP12 P12 function selection 1|EXCL2 0 (P12 0 |RW
T8UF2
D1 |CFP11 P11 function selection 1 [EXCL1 0|P11 0 [RW
T8UF1
DO |CFP10 P10 function selection 1 [EXCLO 0 |P10 0 [RW
T8UFO
P11/0 port data| 00402D5| D7 |- reserved — — — |0 when being read.
register B) D6 |P16D P16 /O port data 1 [High 0 |Low 0 |R/W
D5 |P15D P15 1/O port data 0 |RW
D4 |P14D P14 1/0 port data 0 |RW
D3 |P13D P13 1/0 port data 0 |RW
D2 |P12D P12 1/0 port data 0 |RW
D1 |P11D P11 1/O port data 0 |RW
DO |P10D P10 I/O port data 0 |RW
P11/O control |00402D6| D7 |- reserved — — — |0 when being read.
register B) D6 |IOC16 P16 1/0 control 1 [Output 0 |Input 0 |R/W
D5 |I0C15 P15 1/O control 0 |RW
D4 |10C14 P14 1/0 control 0 |R/W
D3 |10C13 P13 1/0 control 0 |RW
D2 |I0C12 P12 1/O control 0 |RW
D1 |IOC11 P11 1/O control 0 |RW
DO |I0C10 P10 1/O control 0 |RW
P2 function 00402D8| D7 |CFP27 P27 function selection 1|TM5 0|P27 0 [RW
select register (B) D6 |CFP26 P26 function selection 1|T™M4 0 [P26 0 |RW
D5 [CFP25 P25 function selection 1|{TM3 0|P25 0 [RW
D4 |CFP24 P24 function selection 1[(T™M2 0 |P24 0 |RW
D3 |CFP23 P23 function selection 1|TM1 0 (P23 0 |RW
D2 |CFP22 P22 function selection 1|TMO 0 [P22 0 |RW
D1 |CFP21 P21 function selection 1 [#DWE 0|P21 0 | R/W |Ext. func.(0x402DF)
DO |CFP20 P20 function selection 1 |#DRD 0 [P20 0 |RW
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Register name [ Address | Bit Name Function Setting Init. | RIW Remarks ]
P2 1/0 port data] 00402D9 | D7 |[P27D P27 1/0 port data 1 |High 0 |Low 0 |RW
register (B) D6 |P26D P26 1/0 port data 0 |RW
D5 |P25D P25 1/0 port data 0 |RW
D4 |P24D P24 1/0 port data 0 |RW
D3 |P23D P23 1/0 port data 0 |RW
D2 |P22D P22 1/0 port data 0 |RW
D1 |P21D P21 1/0 port data 0 |RW
DO |P20D P20 1/0 port data 0 |RW
P2 1/0 control |00402DA| D7 |lOC27 P27 1/0 control 1 [Output 0 | Input 0 |RW
register (B) D6 |I0C26 P26 1/0 control 0 |RW
D5 |10C25 P25 1/0 control 0 |RW
D4 |10C24 P24 1/0 control 0 |RW
D3 |10C23 P23 1/0 control 0 |RW
D2 |10C22 P22 1/0 control 0 |RW
D1 |IOC21 P21 1/0 control 0 |RW
DO |10C20 P20 1/0 control 0 |RW
P3 function 00402DC| D76 |- reserved — — — |0 when being read.
select register (B) D5 |CFP35 P35 function selection 1 [#BUSACK | 0 [P35 0 |RW
D4 |CFP34 P34 function selection 1 |#BUSREQ | 0 |P34 0 [RW
#CE6
D3 |CFP33 P33 function selection 1 |#DMAACK1| 0 | P33 0 |RW
D2 |CFP32 P32 function selection 1 |#DMAACKO| 0 | P32 0 |RW
D1 |CFP31 P31 function selection 1 |#BUSGET |0 |P31 0 | R/W [Ext. func.(0x402DF)
DO |CFP30 P30 function selection 1 |#WAIT 0 (P30 0 [RW
#CEA4/#CE5
P3 1/O port data|00402DD | D7-6 |- reserved — — — |0 when being read.
register (B) D5 |P35D P35 1/0 port data 1 [High 0 |Low 0 |RW
D4 |P34D P34 1/0 port data 0 |RW
D3 |P33D P33 1/0 port data 0 |RW
D2 |P32D P32 1/0 port data 0 |RW
D1 |P31D P31 1/0 port data 0 |RW
DO |P30D P30 /0 port data 0 |R/W
P31/0 control |00402DE| D7-6 |- reserved = — — |0 when being read.
register (B) D5 [I0OC35 P35 I/0 control 1 |Output 0 | Input 0 |RW
D4 |10C34 P34 1/0 control 0 |R/W
D3 [IOC33 P33 1/0 control 0 |RW
D2 |I0C32 P32 1/0 control 0 |RW
D1 |IOC31 P31 1/0 control 0 |RW
DO |I0OC30 P30 I/0 control 0 |RW
Port function | 00402DF | D7 |CFEX7 P07 port extended function 1 |#DMAEND3)| 0 |P07, etc. 0 |RW
extension (B) D6 |CFEX6 P06 port extended function 1 |#DMAACK3| 0 |P06, etc. 0 |RW
register D5 [CFEX5 P05 port extended function 1 |#DMAEND2| 0 |PO5, etc. 0 |RW
D4 |CFEX4 P04 port extended function 1 [#DMAACK2| 0 (P04, etc. 0 |RW
D3 |CFEX3 P31 port extended function 1 |#GARD 0 [P31, etc. 0 |RW
D2 |CFEX2 P21 port extended function 1 [#GAAS 0 |P21, etc. 0 |RW
D1 [CFEX1 P10, P11, P13 port extended 1|DSTO 0 |P10, etc. 1 |RW
function DST1 P11, etc.
DPCO P13, etc.
DO |CFEXO0 P12, P14 port extended function |1 |DST2 0 |P12, etc. 1 [RW
DCLK P14, etc.

CFP07-CFPO0O0: PO[7:0] function selection (D[7:0]) / PO function select register (0x402D0)
CFP16-CFP10: P1[6:0] function selection (D[6:0]) / P1 function select register (0x402D4)
CFP27-CFP20: P2[7:0] function selection (D[7:0]) / P2 function select register (0x402D8)
CFP35-CFP30: P3[5:0] function selection (D[5:0]) / P3 function select register (0x402DC)

Selects the function of each 1/0 port pin.

Write"1": Used for peripheral circuit
Write"0": /O port pin
Read: Valid
When abit of the CFP register isset to "1", the corresponding pin is set for use with peripheral circuits (see Table

9.3). The pinsfor which register bitsare set to "0" can be used as general-purpose 1/0 ports.
At cold start, CFPisset to "0" (1/0 port). At hot start, CFP retains its state from prior to theinitial reset.
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P0O7D-P00D: PO[7:0] I/O port data (D[7:0]) / PO I/O port data register (0x402D1)
P16D-P10D: P1[6:0] I/O port data (D[6:0]) / P1 I/O port data register (0x402D5)
P27D-P20D: P2[7:0] I/O port data (D[7:0]) / P2 1/O port data register (0x402D9)
P35D-P30D: P3[5:0] I/O port data (D[5:0]) / P3 1/O port data register (0x402DD)

Thisregister reads datafrom |/O-port pins or sets output data.

When writing data
Write "1": Highlevel
Write"0": Low level

When an /O port isset for output, the datawritten to it isdirectly output to the 1/O port pin. If the datawrittentothe
port is"1", the port pin isset high (VDD level); if thedatais"0", the port pin isset low (Vss level).
Even in the input mode, data can be written to the port data register.

When reading data
Read "1": Highlevel
Read "0": Low level

The voltage level on the port pin isread out regardless of whether an 1/O port isset for input or output mode. If the
pin voltage ishigh (VoD level), "1" isread out as input data; if the pin voltage islow (Vss level), "0" isread out as
input data.

At cold start, all databitsare set to "0". At hot start, they retain their state from prior to theinitial reset.

I0C07-10CO00: PO[7:0] port I/O control (D[7:0]) / PO port I/O control register (0x402D2)
10C16-10C10: P1[6:0] port I/O control (D[6:0]) / P1 port I/O control register (0x402D6)
10C27-10C20: P2[7:0] port I/O control (D[7:0]) / P2 port I/O control register (0x402DA)
I0C35-10C30: P3[5:0] port I/0 control (D[5:0]) / P3 port I/O control register (0x402DE)

Directsan 1/O port for input or output.

Write"1": Output mode
Write "0": Input mode
Read: Valid

This /O control register corresponds bit-for-bit to each 1/0 port. When an 1OC hit issetto"1",thecorresponding I/O
port isdirected for output; if itissetto"0", the 1/O port isdirected for input.

At cold start, all IOC hitsaresetto "0" (input). At hot start, IOC retainsits state from prior to theinitial reset.

If pins P10—P13, P15-P16, P30 and P34 are set for use with peripheral circuits,their pinfunctionsvary depending on
theinput/output direction control by the |OC1x register.

CFEXO0: P12, P14 function extension (DO) / Port function extension register (0x402DF)
CFEX1: P10, P11, P13 function extension (D1) / Port function extension register (0x402DF)
CFEX2: P21 function extension (D2) / Port function extension register (0x402DF)

CFEX3: P31 function extension (D3) / Port function extension register (0x402DF)

CFEX4: P04 function extension (D4) / Port function extension register (0x402DF)

CFEXS5: P05 function extension (D5) / Port function extension register (0x402DF)

CFEX®6: P06 function extension (D6) / Port function extension register (0x402DF)

CFEX7: P07 function extension (D7) / Port function extension register (0x402DF)

Sets whether the function of an I/O-port pin isto be extended.

Write"1": Function-extended pin
Write"0": |/O-port/peripheral-circuit pin
Read: Valid

When CFEXx issetto"1", the corresponding pin is set to the extended function input/output pin. When CFEXx =
"(0", the corresponding CFP bit becomes effective.

At cold start, CFEX0 and CFEX1 are set to "1" (function-extended pin) and other bitsare set to 0" (I/O-
port/peripheral-circuit pin). At hot start, CFEX retainsits state from prior to theinitial reset.
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Interrupt

Theinput ports and the |/O ports support eight system of port input interrupts and two systems of key input

interrupts.

Port Input Interrupt
The port input interrupt circuit has eight interrupt systems (FPT7—FPTO0) and a port can be selected for generating
each interrupt factor.

Theinterrupt condition can a so be selected from between input signal edge and input signal level.

Figure 9.3 shows the configuration of the port input interrupt circuit.

K67

P33

P07 Interrupt signal
P27 generation

4

Input port selection
o SPT7

A

.| Input polarity
selection SPPT7

Edgel/level
selection SEPT7

FPT7

A

.

A

Internal data bus

Interrupt
request

> FPT7

> FPT6

| FPT6

| FPT5

| FPT4

| FPT3

| FPT2

| FPT1

| FPTO

Figure 9.3 Configuration of Port Input Interrupt Circuit

Selecting input pins

The interrupt factors alows selection of an input pin from the four predefined pinsindependently.
Table 9.5 shows the control bits and the selectable pinsfor each factor.

Table 9.5 Selecting Pins for Port Input Interrupts

> FPT5
»FPT4
»FPT3
»FPT2
> FPT1
—» FPTO

Interrupt Control bit SPT settings

factor 11 10 01 00

FPT7 |SPT7[1:0] (D[7:6])/Port input interrupt select register 2 (0x402C7) P27 P07 P33 K67
FPT6 |SPT6[1:0] (D[5:4])/Port input interrupt select register 2 (0x402C7) P26 P06 P32 K66
FPT5 |SPT5[1:0] (D[3:2])/Port input interrupt select register 2 (0x402C7) P25 P05 P31 K65
FPT4 |SPT4[1:0] (D[1:0])/Port input interrupt select register 2 (0x402C7) P24 P04 K54 K64
FPT3 |SPT3[1:0] (D[7:6])/Port input interrupt select register 1 (0x402C6) P23 P03 K53 K63
FPT2 |SPT2[1:0] (D[5:4])/Port input interrupt select register 1 (0x402C6) P22 P02 K52 K62
FPT1 |SPT1[1:0] (D[3:2])/Port input interrupt select register 1 (0x402C6) P21 P01 K51 K61
FPTO |SPTO[1:0] (D[1:0])/Port input interrupt select register 1 (0x402C6) P20 P00 K50 K60
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Conditions for port input-interrupt generation
Each port input interrupt can be generated by the edge or level of theinput signal. The SEPTx bit of the
edge/level select register (0x402C9) isused for this selection. When SEPTx isset to "1", the FPTx interrupt
will be generated at the signal edge. When SEPTx issetto "0", the FPTx interrupt will be generated by the
input signal level.
Furthermore, the signal polarity can be selected using the SPPTx bit of the input porarity select register
(0x402C8).
With these registers, the port input interrupt condition is decided as shown in Table 9.6.

Table 9.6 Port Input Interrupt Condition

SEPTX SPPTx FPTx interrupt condition
1 1 Rising edge
1 0 Falling edge
0 1 High level
0 0 Low level

When theinput signal goes to the selected status, the interrupt factor flag FPisset to "1" and, if other interrupt
conditions set by the interrupt controller are met, an interrupt is generated.
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Key Input Interrupt

Thekey input interrupt circuit hastwo interrupt systems (FPK1 and FPK0) and a port group can be selected for
generating each interrupt factor.

Theinterrupt condition can aso be set by software.

Figure 9.4 shows the configuration of the port input interrupt circuit.
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Figure 9.4 Configuration of Key Input Interrupt Circuit
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Selecting input pins
For the FPK 1 interrupt system, afour-bit input pin group can be selected from the four predefined groups. For
the FPK O system, afive-bit input pin group can be selected.

Table 9.7 shows the control bits and the selectable groups for each factor.

Table 9.7 Selecting Pins for Key Input Interrupts

Interrupt
factor

Control bit

SPPK settings
11 10 01 00

FPK1 |SPPK1[1:0] (D[3:2])/Key input interrupt select register (0x402CA) P2[7:4] | PO[7:4] | K6[7:4] | K6[3:0]

FPKO |SPPKO[1:0] (D[1:0])/Key input interrupt select register (0x402CA) P2[4:0] | PO[4:0] | K6[4:0] | K5[4:0]

Conditions for key input-interrupt generation
Thekey input interrupt circuit has two input mask registers (SMPK0[4:0] for FPK0 and SMPK1[3:0] for
FPK 1) and two input comparison registers (SCPK0[4:0] for FPK0 and SCPK1[3:0] for FPK 1) to set input-
interrupt conditions.
Theinput mask register SMPK isused to mask theinput pin that isnot used for an interrupt. Thisregister

masks each input pin, whereas the interrupt enable register of the interrupt controller masks theinterrupt factor
for each interrupt group.

Theinput comparison register SCPK isused to select whether an interrupt for each input port istobegenerated
at therising or falling edge of the input.

A change in state occurs so that the input pin enabled for interrupt by the interrupt mask register SMPK andthe

content of the input comparison register SCPK become unmatched after being matched, the interrupt factor
flag FK issetto"1" and, if other interrupt conditions are met, an interrupt is generated.

Figure 9.5 shows casesin which a FPK 0 interrupt is generated. Here, it is assumed that the K5[4:0] pinsare
selected for theinput-pin group and the control register of theinterrupt controller is set so as to enable
generation of a FPKOQ interrupt.

Intput mask register SMPKO

SMPKO04

SMPKO03

SMPKO02

SMPKO1

SMPKO00

1

1

1

1

0

Input comparison register SCPKO

SCPKO04

SCPKO3

SCPKO02

SCPKO1

SCPKO0

1

1

0

1

0

With the settings sh

own above, FPKO interrupt is generated under the condition shown below.

Input port K5

Q) K54 K53 K52 K51 K50

1 1 0 1 0 (Initial value)
) K54 K53 K52 K51 K50

1 1 0 1 1
?3) K54 K53 K52 K51 K50

1 0 0 1 0 —» Interrupt generation

+ Because interrupt has been disabled for
K50, interrupt will be generated when non-

(4) K54 K53 K52 K51 K50 conformity occurs between the contents of

1 0 1 1 0 the four bits K51-K54 and the four bits

input comparison register SCPK0[4:1].

Figure 9.5 FPKO Interrupt Generation Example (when K5[4:0] is selected by SPPK[1:0])
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Since K50 ismasked from interrupt by SMPK 00, no interrupt occurs at that point (2) above.

Next, because K53 becomes "0" at (3), an interrupt is generated due to the lack of amatch between the data of
theinput pin K5[4:1] that isenabled for interrupt and that of theinput comparison register SCPK0[4:1].

Since only achange in statesin which the input dataand the content of the input comparison register SCPK
become unmatched after being matched constitutes an interrupt generation condition as described above, no
interrupt is generated when a change in states from one unmatched state to ancther, as in (4), occurs.
Consequently, if another interrupt isto be generated again following the occurrence of an interrupt, thestate of
theinput pin must be temporarily restored to the same content as that of the input comparison register SCPK,
or theinput comparison register SCPK must be set again. Note that the input pinsmasked from interrupt by the
SMPK register do not affect interrupt generation conditions.

Aninterrupt is generated for FPK 1 in the same way as described above.

Control Registers of the Interrupt Controller
Table 9.8 showsthe control registersof theinterrupt controller that are provided for each input-interrupt system.

Table 9.8 Control Registers of Interrupt Controller

System | Interrupt factor flag | Interrupt enable register Interrupt priority register

FPT7 |FP7(D5/0x40287) EP7(D5/0x40277) PP7L[2:0])(D[6:4]/0x4026D)
FPT6 |FP6(D4/0x40287) EP6(D4/0x40277) PP6L[2:0](D[2:0]/0x4026D)
FPT5 |FP5(D3/0x40287) EP5(D3/0x40277) PP5L[2:0](D[6:4]/0x4026C)
FPT4 |FP4(D2/0x40287) EP4(D2/0x40277) PP4L[2:0](D[2:0]/0x4026C)
FPT3 |FP3(D3/0x40280) EP3(D3/0x40270) PP3L[2:0](D[6:4]/0x40261)
FPT2 |FP2(D2/0x40280) EP2(D2/0x40270) PP2L[2:0](D[2:0])/0x40261)
FPT1 |FP1(D1/0x40280) EP1(D1/0x40270) PP1L[2:0](D[6:4]/0x40260)
FPTO |FPO(D0/0x40280) EPO(D0/0x40270) PPOL[2:0](D[2:0]/0x40260)
FPK1 |FK1(D5/0x40280) EK1(D5/0x40270) PK1L[2:0](D[6:4]/0x40262)
FPKO |FKO(D4/0x40280) EKO(D4/0x40270) PKOL[2:0](D[2:0]/0x40262)

When theinterrupt generation condition described above is met, the corresponding interrupt factor flagissetto
"1". If theinterrupt enable register bit for that interrupt factor has been setto "1", an interrupt request is
generated.

Interrupts due to an interrupt factor can be disabled by leaving the interrupt enable register bit for that factor set
to"0". Theinterrupt factor flag is set to "1" whenever interrupt generation conditions are met, regardless of
the setting of the interrupt enable register.

The interrupt priority register sets the interrupt priority level (0 to 7) for each interrupt system. An interrupt
request to the CPU is accepted only when no other interrupt request of ahigher priority has been generated.

In addition, only when the PSR's|E bit =" 1" (interrupts enabled) and the set value of the IL issmaller thanthe
input interrupt level set using theinterrupt priority register will the input interrupt request actually be accepted
by the CPU.

For details on these interrupt control registers, aswell as the device operation when an interrupt has occurred,
refer to "I TC (Interrupt Controller)".

Intelligent DMA
The port input interrupt system can invoke an intelligent DMA (IDMA) through the use of its interrupt factor.
This enablesthe port inputs to be used as atrigger to perform DMA transfer.
The following shows the IDMA channel numbers assigned to each interrupt factor:
IDMA Ch. IDMA Ch.
FPTOinput interrupt: 1 FPT4input interrupt: 28
FPTLlinput interrupt: 2 FPT5input interrupt: 29
FPT2input interrupt: 3 FPT6input interrupt: 30
FPT3input interrupt: 4 FPT7 input interrupt: 31

For IDMA to be invoked, the IDMA request and IDMA enable bits shownin Table 9.9 must be setto "1" in
advance. Transfer conditions, etc. must aso be sa& onthe IDMA side in advance.
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Table 9.9 Control Bits for IDMA Transfer

System IDMA request bit IDMA enable bit
FPT7 RP7(D7/0x40293) DEP7(D7/0x40297)
FPT6 RP6(D6/0x40293) DEP6(D6/0x40297)
FPT5 RP5(D5/0x40293) DEP5(D5/0x40297)
FPT4 RP4(D4/0x40293) DEP4(D4/0x40297)
FPT3 RP3(D3/0x40290) DEP3(D3/0x40294)
FPT2 RP2(D2/0x40290) DEP2(D2/0x40294)
FPT1 RP1(D1/0x40290) DEP1(D1/0x40294)
FPTO RP0O(D0/0x40290) DEPOQ(D0/0x40294)

If the IDMA request and enable hitsaresetto 1", IDMA isinvoked through generation of an interrupt factor.
No interrupt request is generated at that point. Aninterrupt request is generated after the DMA transfer is
completed. Theregisters can also be set so as not to generate an interrupt, withonly DMA transfers performed.
For details on IDMA transfers and interrupt control upon completion of IDMA transfer, refer to "IDMA
(Intelligent DMA)".

Trap vectors
Thetrap-vector address of each input default interrupt factor is set as follows:
(BTA3 =high) (BTA3=Ilow)
FPTOinput interrupt: ~ 0x0080040 0x0C00040
FPT1input interrupt:  0x0080044 0x0C00044
FPT2input interrupt: ~ 0x0080048 0x0C00048
FPT3input interrupt:  0x008004C 0x0C0004C
FPKOinput interrupt:  0x0080050 0x0C00050
FPKZ1input interrupt:  0x0080054 0x0C00054
FPT4input interrupt:  0x0080110 0x0C00110
FPTS5input interrupt: ~ 0x0080114 0x0C00114
FPT6input interrupt: ~ 0x0080118 0x0C00118
FPT7 input interrupt: ~ 0x008011C 0x0C0011C

The base address of the trap table can be changed using the TTBR register (0x48134 to 0x48137).
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I/O Memory for Input Interrupts
Table 9.10 shows the control bitsfor the port input and key input interrupts

Table 9.10 Control Bits for Input Interrupts

[ Register name | Address | Bit | Name | Function | Setting | Init. | RIW | Remarks
Port input 0/1 | 0040260 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |[PP1L2 Port input 1 interrupt level Oto7 X | RIW
priority register D5 |[PPiL1 X

D4 |PP1LO X
D3 |- reserved — — — |0 when being read.
D2 |PPOL2 Port input 0 interrupt level Oto7 X |RW
D1 |PPOL1 X
DO |PPOLO X
Port input 2/3 | 0040261 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |[PP3L2 Port input 3 interrupt level Oto7 X | RIW
priority register D5 |[PP3L1 X
D4 |PP3LO X
D3 |- reserved — — — |0 when being read.
D2 |PP2L2 Port input 2 interrupt level Oto7 X |RW
D1 |PP2L1 X
DO |PP2LO X
Key input 0040262 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |[PK1L2 Key input 1 interrupt level Oto7 X | RIW
priority register D5 |[PK1L1 X
D4 |PK1LO X
D3 |- reserved — — — |0 when being read.
D2 |PKOL2 Key input 0 interrupt level Oto7 X |RW
D1 |PKOL1 X
DO |PKOLO X
Key input, 0040270 | D7-6 |- reserved — — — |0 when being read.
port input 0-3 (B) D5 |[EK1 Key input 1 1 [Enabled 0 | Disabled 0 [RW
interrupt D4 |EKO Key input 0 0 |RW
enable register D3 |[EP3 Port input 3 0 [RW
D2 |[EP2 Port input 2 0 [RW
D1 |[EP1 Port input 1 0 [RW
DO |EPO Port input 0 0 |RW
Port input 4-7, | 0040277 | D7-6 |— reserved — — — |0 when being read.
clock timer, B) D5 |[EP7 Port input 7 1 [Enabled 0 | Disabled 0 [RW

A/D interrupt D4 |EP6 Port input 6 0 [RW

enable register D3 |EP5 Port input 5 0 |RW
D2 |EP4 Port input 4 0 [RW
D1 |ECTM Clock timer 0 |RW
DO |EADE A/D converter 0 |RW
Key input, 0040280 | D7-6 |- reserved — — — |0 when being read.
port input 0-3 (B) D5 |[FK1 Key input 1 1 [Factor is 0 |No factoris| X |R/W
interrupt factor D4 |FKO Key input 0 generated generated X |RIW
flag register D3 |[FP3 Port input 3 X | RIW
D2 |FP2 Port input 2 X | RIW
D1 |[FP1 Port input 1 X | RIW
DO |FPO Port input 0 X | RIW
Port input 4-7, | 0040287 | D7-6 |— reserved — — — |0 when being read.
clock timer, A/ID B) D5 |[FP7 Port input 7 1 [Factor is 0 |No factoris| X |R/W
interrupt factor D4 |FP6 Port input 6 generated generated X | RIW
flag register D3 |FP5 Port input 5 X |RIW
D2 |FP4 Port input 4 X | RIW
D1 |FCTM Clock timer X |RW
DO |FADE A/D converter X |RW
Port input 0-3, | 0040290 | D7 |R16TCO 16-bit timer 0 comparison A 1 (IDMA 0 | Interrupt 0 [RW
high-speed (B) D6 |R16TUO 16-bit timer O comparison B request request 0 [RW
DMA, 16-bit D5 |RHDM1 High-speed DMA Ch.1 0 |RW

timer 0 D4 |RHDMO High-speed DMA Ch.0 0 [RW
IDMA request D3 |[RP3 Port input 3 0 [RW
register D2 |[RP2 Port input 2 0 [R/W

D1 [RP1 Port input 1 0 [RW
DO [RPO Port input 0 0 [RW
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| Register name [ Address | Bit Name Function Setting Init. | RIW Remarks
Serial I/F Ch.1, | 0040293 | D7 [RP7 Port input 7 1 (IDMA 0 | Interrupt 0 |RW
A/D, (B) D6 |RP6 Port input 6 request request 0 |RW
port input 4-7 D5 |RP5 Port input 5 0 |RW
IDMA request D4 |RP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |RADE A/D converter 1 (IDMA 0 |Interrupt 0 |RW
D1 |RSTX1 SIF Ch.1 transmit buffer empty request request 0 |RW
DO |RSRX1 SIF Ch.1 receive buffer full 0 |[R/W
Port input 0-3, | 0040294 | D7 |DE16TCO |16-bittimer O comparison A 1 (IDMA 0 |IDMA 0 |RW
high-speed (B) D6 |DE16TUO |16-bit timer 0 comparison B enabled disabled 0 |RW
DMA, 16-bit D5 |DEHDM1 [High-speed DMA Ch.1 0 R/W
timer 0 D4 |DEHDMO |High-speed DMA Ch.0 0 |RW
IDMA enable D3 |DEP3 Port input 3 0 |R/W
register D2 |DEP2 Port input 2 0 |RW
D1 |DEP1 Port input 1 0 |RW
DO |DEPO Port input O 0 |[R/W
Serial I/F Ch.1, | 0040297 | D7 |DEP7 Port input 7 1(IDMA 0 |IDMA 0 |RW
A/D, (B) D6 |DEP6 Port input 6 enabled disabled 0 |RW
port input 4-7 D5 |DEP5 Port input 5 0 |RW
IDMA enable D4 |DEP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |DEADE AID converter 1|IDMA 0 [IDMA 0 |RW
D1 |DESTX1 SIF Ch.1 transmit buffer empty enabled disabled 0 |RW
DO |DESRX1 SIF Ch.1 receive buffer full 0 |[R/W
Port input 00402C6| D7 |[SPT31 FPT3 interrupt input port selection | 11 10 01 00 0 |RW
interrupt select (B) D6 |SPT30 P23 | P03 K53 K63 0
register 1 D5 |SPT21 FPT2 interrupt input port selection | 11 10 01 00 0 |[RW
D4 |SPT20 P22 P02 K52 K62 0
D3 |SPT11 FPT1 interrupt input port selection | 11 10 01 00 0 |RW
D2 |SPT10 P21 PO1 K51 K61 0
D1 |SPTO1 FPTO interrupt input port selection | 11 10 01 00 0 [RW
DO |SPTOO P20 P00 K50 K60 0
Port input 00402C7| D7 |[SPT71 FPT7 interrupt input port selection | 11 10 01 00 0 |RW
interrupt select (B) D6 |SPT70 P27 P07 P33 K67 0
register 2 D5 |SPT61 FPT6 interrupt input port selection | 11 10 01 00 0 |[RW
D4 |SPT60 P26 P06 P32 K66 0
D3 |SPT51 FPTS5 interrupt input port selection | 11 10 01 00 0 |RW
D2 |SPT50 P25 P05 P31 K65 0
D1 |SPT41 FPT4 interrupt input port selection | 11 10 01 00 0 [RW
DO |SPT40 P24 P04 K54 K64 0
Port input 00402C8| D7 [SPPT7 FPT7 input polarity selection 1| Highlevel |0| Low level 1 |RW
interrupt (B) D6 |SPPT6 FPT6 input polarity selection or or 1 |RW
input polarity D5 |SPPT5 FPTS5 input polarity selection Rising edge| Falling 1 |RW
select register D4 |SPPT4 FPT4 input polarity selection edge 1 |RW
D3 [SPPT3 FPT3 input polarity selection 1 |RW
D2 |SPPT2 FPT2 input polarity selection 1 |RW
D1 |SPPT1 FPT1 input polarity selection 1 |RW
DO |SPPTO FPTO input polarity selection 1 |RW
Port input 00402C9| D7 |SEPT7 FPT7 edge/level selection 1|Edge 0 |Level 1 |RW
interrupt (B) D6 |SEPT6 FPT6 edge/level selection 1 |RW
edge/level D5 |SEPT5 FPT5 edge/level selection 1 |RW
select register D4 |SEPT4 FPT4 edge/level selection 1 |RW
D3 |SEPT3 FPT3 edge/level selection 1 |RW
D2 |SEPT2 FPT2 edge/level selection 1 |RW
D1 |SEPT1 FPT1 edge/level selection 1 |RW
DO |SEPTO FPTO edge/level selection 1 |RW
Key input 00402CA| D74 |- reserved — — — |0 when being read.
interrupt select (B) D3 |SPPK11 FPK1 interrupt input port selection| 11 10 01 00 0 |RW
register D2 |SPPK10 P2[7:4]|P0O[7:4]|K6[7:4]|K6[3:0]| O
D1 |SPPKO1 FPKO interrupt input port selection| 11 10 01 00 0 |RW
DO |SPPK0O P2[4:0]|PO[4:0]|K6[4:0][K5[4:0]| 0
Key input 00402CC| D75 |— reserved — — — |0 when being read.
interrupt B) D4 |SCPKO04 FPKO04 input comparison 1 [High 0 |Low 0 |RW
(FPKO) input D3 |SCPKO03 FPKO3 input comparison 0 |RW
comparison D2 |[SCPKO02 FPKO02 input comparison 0 |RW
register D1 |SCPKO1 FPKO1 input comparison 0 |RW
DO |[SCPKO0O FPKOO input comparison 0 |RW
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[ Register name | Address | Bit Name Function Setting Init. | RIW Remarks ]
Key input 00402CD | D7-4 |- reserved — — — |0 when being read.
interrupt (B) D3 |SCPK13 [FPK13 input comparison 1 |High 0 [Low 0 [RIW
(FPK1) input D2 |[SCPK12 FPK12 input comparison 0 [RW
comparison D1 [SCPK11 FPK11 input comparison 0 [RW
register DO [SCPK10 FPK10 input comparison 0 [RW
Key input 00402CE | D7-5 |- reserved — — — |0 when being read.
interrupt (B) D4 [SMPK04 |FPKO4 input mask 1 [Interrupt 0 | Interrupt 0 [RW
(FPKO) input D3 |SMPKO03 FPKO3 input mask enabled disabled 0 |RIW
mask register D2 |SMPKO02 FPKO2 input mask 0 [RW

D1 [SMPKO1 FPKO1 input mask 0 |RW
DO [SMPKOO FPKOO input mask 0 [RW
Key input 00402CF | D7-4 |- reserved — - — |0 when being read.
interrupt (B) D3 [SMPK13 |[FPK13 input mask 1 [Interrupt 0 | Interrupt 0 [RW
(FPK1) input D2 [SMPK12 |FPK12 input mask enabled disabled 0 [RW
mask register D1 [SMPK11 |FPK11 input mask 0 [RW
DO [SMPK10 [FPK10 input mask 0 [RW

SPT71-SPT70: FPT7 interrupt input port selection (D[7:6]) / Port input interrupt select register 2 (0x402C7)
SPT61-SPT60: FPT6 interrupt input port selection (D[5:4]) / Port input interrupt select register 2 (0x402C7)
SPT51-SPT50: FPTS5 interrupt input port selection (D[3:2]) / Port input interrupt select register 2 (0x402C7)
SPT41-SPT40: FPT4 interrupt input port selection (D[1:0]) / Port input interrupt select register 2 (0x402C7)
SPT31-SPT30: FPT3 interrupt input port selection (D[7:6]) / Port input interrupt select register 1 (0x402C6)
SPT21-SPT20: FPT2 interrupt input port selection (D[5:4]) / Port input interrupt select register 1 (0x402C6)
SPT11-SPT10: FPT1 interrupt input port selection (D[3:2]) / Port input interrupt select register 1 (0x402C6)
SPT01-SPTO0O0: FPTO interrupt input port selection (D[1:0]) / Port input interrupt select register 1 (0x402C6)

Select an input pin for portinterrupt generation.

Table 9.11 Selecting Pins for Port Input Interrupts

Interrupt SPT settings

system 11 10 01 00
FPT7 P27 PO7 P33 K67
FPT6 P26 P06 P32 K66
FPT5 P25 P05 P31 K65
FPT4 P24 P04 K54 K64
FPT3 P23 P03 K53 K63
FPT2 P22 P02 K52 K62
FPT1 P21 P01 K51 K61
FPTO P20 P00 K50 K60

At cold start, SPT isset to "00". At hot start, SPT retainsits state from prior to theinitial reset.

SPPT7-SPPTO: Input polarity selection (D[7:0]) / Port interrupt input polarity select register (0x402C8)

Selects input signal porarity for port interrupt generation.

Write"1": High level or Rising edge
Write"0": Low level or Falling edge
Read: Valid

SPPTx istheinput polarity select bit corresponding to the FPTx interrupt. When SPPTx isset to "1", the FPTx
interrupt will be generated by ahigh level input or at therising edge. When SPPTx isset to "0", the interrupt will be
generated by alow level input or at thefalling edge. An edge or alevel interrupt is sdected by the SEPTx hit.

At cold start, SPPT issetto "0" (low level). At hot start, SPPT retainsits state from prior to theinitial reset.
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SEPT7-SEPTO: Edgel/level selection (D[7:0]) / Port interrupt edge/level select register (0x402C9)

Selects an edgetrigger or alevel trigger for port interrupt generation.

Write"1": Edge
Write "0": Level
Read: Valid

SEPTx isthe edge/level select bit corresponding to the FPTx interrupt. When SEPTx issetto 1", the FPTx
interrupt will be generated at the signal edge. Either falling edge or rising edge can be selected by the SPPTx bit.
When SEPTx isset to 0", theinterrupt will be generated by the level (high or low) specified with the SPPTXx bit.
At cold start, SEPT isset to "0" (level). At hot start, SEPT retainsits state from prior to theinitial reset.

SPPK11-SPPK10: FPK1 interrupt input port selection (D[3:2]) / Key input interrupt select register (0x402CA)
SPPK01-SPPKO0O: FPKO interrupt input port selection (D[1:0]) / Key input interrupt select register (0x402CA)

Select an input-pin group for key interrupt generation.

Table 9.12 Selecting Pins for Key Input Interrupts

Interrupt SPPK settings

system 11 10 01 00
FPK1 | P2[7:4] | PO[7:4] | K6[7:4] | K6[3:0]
FPKO | P2[4:0] | PO[4:0] | K6[4:0] | K5[4:0]

At cold start, SPPK isset to"00". At hot start, SPPK retainsits state from prior to the initial reset.

SCPK13-SCPK10: FPK1 input comparison (D[3:0]) / FPK1 input comparison register (0x402CD)
SCPK04-SCPKO00: FPKO input comparison (D[4:0]) / FPKO input comparison register (0x402CC)

Sets the conditions for key-input interrupt generation (timing of interrupt generation).

Write"1": Generated at falling edge
Write "0": Generated at rising edge
Read: Valid

SCPK0[4:0] iscompared with the input state of five bits of the FPKO input ports, and SCPK1[3:0] is compared with
theinput state of four bits of the FPK 1 input ports, and when a change in states from amatched toan unmatched state
occurs in either, an interrupt is generated (except for theinputs disabled from interrupt by the SMPK register).

At cold start, SCPK issetto"0" (rising edge). At hot start, SCPK retainsits state from prior to theinitial reset.

SMPK13-SMPK10: FPK1 input mask (D[3:0]) / FPK1 input mask register (0x402CF)
SMPK04-SMPKO00: FPKO input mask (D[4:0]) / FPKO input mask register (0x402CE)

Sets conditions for key-input interrupt generation (interrupt enabled/disabled).

Write "1": Interrupt enabled
Write "0": Interrupt disabled
Read: Valid

SMPK isan input mask register for each key-input interrupt system. Interruptsfor bits set to "1" are enabled, and
interrupts for bitsset to "0" aredisabled. A change in the state of an input pin that is disabledfrominterrupt doesnot
affect interrupt generation.

At cold start, SMPK issetto"0" (interrupt disabled). At hot start, SMPK retainsits state from prior to theinitial
reset.
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PPOL2-PPOLO: Port input O interrupt level (D[2:0]) / Port input 0/1 interrupt priority register (0x40260)
PP1L2-PP1LO0: Port input 1 interrupt level (D[6:4]) / Port input 0/1 interrupt priority register (0x40260)
PP2L2-PP2L0: Port input 2 interrupt level (D[2:0]) / Port input 2/3 interrupt priority register (0x40261)
PP3L2-PP3LO0: Port input 3 interrupt level (D[6:4]) / Port input 2/3 interrupt priority register (0x40261)
PP4L2-PP4LO0: Port input 4 interrupt level (D[2:0]) / Port input 4/5 interrupt priority register (0x4026C)
PP5L2-PP5L0: Port input 5 interrupt level (D[6:4]) / Port input 4/5 interrupt priority register (0x4026C)
PP6L2-PP6LO: Port input 6 interrupt level (D[2:0]) / Port input 6/7 interrupt priority register (0x4026D)
PP7L2-PP7LO0: Port input 7 interrupt level (D[6:4]) / Port input 6/7 interrupt priority register (0x4026D)

PKOL2-PKOLO: Key input 0 interrupt level (D[2:0]) / Key input interrupt priority register (0x40262)
PK1L2-PK1LO: Key input 1 interrupt level (D[6:4]) / Key input interrupt priority register (0x40262)

Setsthe priority level of theinput interrupt.

PPxL and PKxL areinterrupt priority regigers corresponding to each port-input interrupt and key-input interrupt,

respectively.
The priority level can be set for each interrupt group intherangeof Oto 7.
Atinitial reset, these registers becomes indeterminate.

EP3-EPO: Port input 3-0 interrupt enable (D[3:0]) /

Key input, port input 0-3 interrupt enable register (0x40270)
EP7-EP4: Port input 7—4 interrupt enable (D[5:2]) /

Port input 4—7, clock timer, A/D interrupt enable register (0x40277)
EK1, EKO: Key input 1, O interrupt enable (D[5:4]) /

Key input, port input 0-3 interrupt enable register (0x40270)

Enables or disablesthe generation of an interrupt to the CPU.

Write"1": Interrupt enabled
Write"0": Interrupt disabled
Read: Valid

EP and EK are interrupt enable bits corresponding to the port-input interrupt and the key-input interrupt,

respectively. Interruptsfor input systems set to 1" are enabled, and interrupts for input systems set to "0" are

disabled.
Atinitial reset, these bitsare set to "0" (interrupt disabled).

FP3—FPO: Port input 3—-0 interrupt factor flag (D[3:0]) /

Key input, port input 0-3 interrupt factor flag register (0x40280)
FP7—FP4: Port input 7—4 interrupt factor flag (D[5:2]) /

Port input 4-7, clock timer, A/D interrupt factor flag register (0x40287)
FK1, FKO: Key input 1, 0 interrupt factor flag (D[5:4]) /

Key input, port input 0-3 interrupt factor flag register (0x40280)

Indicates the status of an input interrupt factor generated.

When read
Read "1": Interrupt factor has occurred
Read "0": Nointerrupt factor has occurred

When written using thereset-only method (default)
Write"1": Interrupt factor flag isreset
Write"0": Invalid

When written using theread/write method
Write"1": Interrupt flag isset
Write "0": Interrupt flag isreset

FPand FK are an interrupt factor flags corresponding to the port-input interrupt and the key-input interrupt,
respectively. Theflagisset to"1" when interrupt generation conditions are met.
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At thistime, if the following conditions are met, an interrupt to the CPU is generated:

1. The corresponding interrupt enable register bit issetto"1".

2. No other interrupt request of ahigher priority has been generated.

3. ThelE bit of the PSRisset to"1" (interrupts enabled).

4. The value set in the corresponding interrupt priority register is higher than the interrupt level (IL) of the CPU.
When using the interrupt factor of the port-input to request IDMA, note that even when theabove conditionsaremet,
no interrupt request to the CPU is generated for the interrupt factor that has occurred. If interrupts are enabled at the
setting of IDMA, an interrupt is generated under the above conditions after the data transfer by IDMA is compl eted.

Theinterrupt factor flag isset to " 1" whenever interrupt generation conditions are met, regardless of how the
interrupt enable and interrupt priority registers are set.

If the next interrupt isto be accepted after an interrupt has occurred, it is necessary that theinterrupt factor flag be
reset, and that the PSR be set again (by setting the |E bit to"1" after setting the IL to avalue lower than thelevel
indicated by the interrupt priority register, or by executing thereti instruction).

Theinterrupt factor flag can be reset only by writing to it in the software. Note that if the PSR is set again to accept
interrupts generated (or if thereti instruction is executed) without resetting the interrupt factor flag, the same
interrupt occurs again. Note also that the value to be written to reset theflagis"1" when the reset-only method
(RSTONLY ="1") isused, and "0" when the read/write method (RSTONLY ="0") isused.

Atinitia reset, al the flags become indeterminate, so be sure to reset them in the software.

RP3-RPO: Port input 3-0 IDMA request (D[3:0]) /

Port input 0-3, high-speed DMA, 16-bit timer 0 IDMA request register (0x40290)
RP7—RP4: Port input 7-4 IDMA request (D[7:4]) /

Serial I'/F Ch.1, A/D, Port input 4—7 IDMA request register (0x40293)

Specifies whether to invoke IDMA when an interrupt factor occurs.

When using the set-only method (default)
Write"1": IDMA request
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA request
Write"0": Interrupt request

Read: Valid

RP7 to RPO are IDMA request bits corresponding to the port-input 7 to O interrupts, respectively. If the bit isset to
"1", IDMA isinvoked when an interrupt factor occurs, thereby performing a programmed data transfer. If the bit is
set to"0", normal interrupt processing is performed, without invoking IDMA.

For details on IDMA, refer to "IDMA (Intelligent DMA)".

Atinitial reset, RPsetto"0" (interrupt request).
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DEP3-DEPO: Port input 3-0 IDMA enable (D[3:0]) /

Port input 0-3, high-speed DMA, 16-bit timer 0 IDMA enable register (0x40294)
DEP7-DEP4: Port input 7-4 IDMA enable (D[7:4]) /

Serial I/F Ch.1, A/D, Port input 4—7 IDMA enable register (0x40297)

Enables IDMA transfer by means of an interrupt factor.

When using the set-only method (default)
Write"1": IDMA enabled
Write"0": Not changed

Read: Valid

When using theread/write method
Write"1": IDMA enabled
Write"0": IDMA disabled

Read: Valid

If DEPissetto"1", the IDMA request by theinterrupt factor is enabled. If theregister bit isset to "0", theIDMA
request is disabled.
After aninitial reset, DEPisset to"0" (IDMA disabled).

Programming Notes
(1) Afteraninitia reset, theinterrupt factor flags become indeterminate. To prevent generation of an unwanted
interrupt or IDMA request, be sure to reset the flags in aprogram.

(2) To prevent regeneration of interrupts due to the same factor following the occurrence of an interrupt, alwaysbe
sure to reset the interrupt factor flag before resetting the PSR or executing the reti instruction.
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IV ANALOG BLOCK: INTRODUCTION

V-1 INTRODUCTION

The analog block consists of an A/D converter with 8 input channels.
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Figure 1.1 Analog Block
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IV ANALOG BLOCK: A/D CONVERTER

V-2 A/D CONVERTER

Features and Structure of A/D Converter

The Analog Block containsan A/D converter with the following features:
 Conversion method:  Successive comparison

* Resolution: 10 hits
* Input channels: Maximum of 8
 Conversion time: Maximum of 10 ps (when a2-MHz input clock is selected)

« Conversion range: Between AVRL and AVDD (AVRL = Vsswhen the A/D converter is used)
» Two conversion modes can be selected:
Norma mode: Conversion iscompleted in one operation.
Continuous mode: Conversion is continuous and terminated through software control.
Continuous conversion of multiple channels can be performed in each mode.
* Four types of A/D-conversion start triggers can be selected:
Triggered by the external pin (#ADTRG)
Triggered by the compare match B of the 16-bit programmable timer O
Triggered by the underflow of the 8-bit programmable timer O
Triggered by the software
» A/D conversion results can be read out from a 10-bit dataregister.
« Aninterrupt is generated upon completion of A/D conversion.

Figure 2.1 shows the structure of the A/D converter.

Avop O—» i
AVRL O——> i
ADO | ,— Control |~
C ; N1 registers [
AD1 O—»| L) |
AD2 O——» |
' | Analog Successive J 1
AD3 O—>» 7 Analog > | Data [~|@
1 input ¥ —»{approximation > X 3
AD4 O—» block register —
i | decoder block Control circuit D
AD5 O—» S
AD6 O—> s
AD7 O—» | g
#ADTRG O ; Interrupt |
8-bit timer 0 " —»{ control !
16-bit timer 0 ] circuit |
Clock o Prescaler Interrupt request
generator

Figure 2.1 Structure of A/D Converter
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IV ANALOG BLOCK: A/D CONVERTER

I/O Pins of A/D Converter

Table 2.1 shows the pins used by the A/D converter.

Table 2.1 1/0 Pins of A/D Converter

Pin name 1/10 Function Function select bit

K52/#ADTRG | | |Input port / AD trigger CFK52(D2)/K5 function select register(0x402C0)
K60/ADO | |Input port / AD converter input 0 CFK60(D0)/K6 function select register(0x402C3)
K61/AD1 | |Input port / AD converter input 1 CFK61(D1)/K6 function select register(0x402C3)
K62/AD2 | |Input port / AD converter input 2 CFK62(D2)/K6 function select register(0x402C3)
K63/AD3 | |Input port / AD converter input 3 CFK63(D3)/K6 function select register(0x402C3)
K64/AD4 | |Ilnput port / AD converter input 4 CFK64(D4)/K6 function select register(0x402C3)
K65/AD5 | |Input port / AD converter input 5 CFK65(D5)/K6 function select register(0x402C3)
K66/AD6 | |Input port / AD converter input 6 CFK66(D6)/K6 function select register(0x402C3)
K67/AD7 | |Input port / AD converter input 7 CFK67(D7)/K6 function select register(0x402C3)
AVDD — |Power supply for analog system (+) -

AVRL — |Analog reference voltage (-) -

AVpb (analog power-supply pin)
AVDD isthe power-supply pin for the analog circuit. The voltage level supplied to thispin must be AVDD =
VDDE.

AVRL (reference-voltage input pin)
AVRL isthe reference-voltage input pin for the A/D converter. Theinput voltage range of the A/D converteris
determined by the reference voltage of thispin (AVRL to AVDD). The voltage input to thispinmust be AVRL =
Vss.

Note: These pins should be set as AVRL = AVDD if the A/D converter is not used.

AD[7:0] (analog-signal input pins)
Theanalog input pins AD7 (Ch.7) through ADO (Ch.0) are shared with input port pins K67 through K60.
Therefore, when these pins are used for analog input, they must be set for use with the A/D converter in the
software. This setting can be made individually for each pin. At cold start, all these pinsare set for input ports.
The analog input voltage AVIN can be input in therange of AVRL < AVIN< AVRH.

#ADTRG (external-trigger input pin)
Thispinisused toinput atrigger signal to start A/D conversion from an external source. Sincethispin is
shared with input port K52, it must be set for use with the A/D converter in the software before an external
trigger can be applied to the pin. At cold start, thispin isset for an input port.

Method for setting A/D-converter input pins
At cold start, the #ADTRG and AD[7:0] pinsall are set for input ports Kxx (function select bit CFKxx ="0").
When using these pinsfor the A/D converter, write "1" to the function select bit CFKxx.
At hot start, these pinsretain their state from prior to the reset.
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Setting A/D Converter

When the A/D converter is used, the following settings must be made before an A/D conversion can be performed:
1. Setting analog input pins

2. Setting the input clock

3. Selecting the analog-conversion start and end channels

4. Setting the A/D conversion mode

5. Selecting atrigger

6. Setting the sampling time

7. Setting interrupt/IDMA/HSDMA

The following describes how to set each item. For details on how to set the analog input pins, refer to the preceding
section. For details on how to set interrupt/DMA, refer to "A/D Converter Interrupt and DMA™.

Note: Before making these settings, make sure the A/D converter is disabled (ADE (D2) / A/D enable
register (0x40244) = "0"). Changing the settings while the A/D converter is enabled could cause a
malfunction.

Setting the input clock
Asexplained in "Prescaler”, the A/D conversion clock can be selected from among the eight types shown in
Table 2.2 below. Use PSAD[2:0] (D[2:0]) / A/D clock control register (0x4014F) for this selection.

Table 2.2 Input Clock Selection

PSAD2 PSAD1 PSADO Division ratio
1 1 1 fPscIN/256
1 1 0 frscin/128
1 0 1 fPscin/64
1 0 0 frscin/32
0 1 1 frscin/16
0 1 0 fPscIN/8
0 0 1 fPsciN/4
0 0 0 fPscIN/2

frsciN: Prescaler input clock frequency

The selected clock is output from the prescaler to the A/D converter by writing "1" to PSONAD (D3) / A/D
clock control register (0x4014F).

Notes: » The A/D converter operates only when the prescaler is operating.
» The recommended input clock frequency is a maximum of 2 MHz.

» Do not start an A/D conversion when the clock output from the prescaler to the A/D converter is
turned off, and do not turn off the prescaler's clock output when an A/D conversion is underway.
This could cause the A/D converter to operate erratically.

Selecting analog-conversion start and end channels
Select the channel in which the A/D conversion isto be performed from among the pins (channels) that have
been set for analog input. To enable A/D conversionsin multiple channels to be performed successively
through one convert operation, specify the conversion start and conversion end channels.
Conversion start channel: C§[2:0] (D[2:0]) / A/D channel register (0x40243)
Conversion end channel: CE[2:0] (D[5:3]) / A/D channel register (0x40243)
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Table 2.3 Relationship between CS/CE and Input Channel

CS2/CE2 | CS1/CE1l CSO/CEO Channel selected
1 1 1 AD7
1 1 0 AD6
1 0 1 AD5
1 0 0 AD4
0 1 1 AD3
0 1 0 AD2
0 0 1 AD1
0 0 0 ADO

Example: Operation of one A/D conversion

CS[2:0] ="0", CE[2:0] ="0": Converted only in ADO

CS[2:0] ="0", CE[2:0] ="3": Converted in thefollowing order: ADO- AD1- AD2- AD3
CS[2:0] ="5", CE[2:0] ="1": Converted in thefollowing order: AD5- AD6-AD7-AD0-AD1

Note: Only conversion-channel input pins that have been set for use with the A/D converter can be set
using the CS and CE bits.

Setting the A/D conversion mode
The A/D converter can operate in one of the following two modes. This operation mode is selected using MS
(D5) I AID trigger register (0x40242).
1. Normal mode (MS = "0")
All inputsin the range of channels set using the CS and CE bitsare A/D converted once and then stopped.
2. Continuous mode (MS = "1")
A/D conversionsin therange of channels set using the CS and CE bits are executed successively until
stopped by the software.

Atinitial reset, the normal modeis selected.

Selecting a trigger
Use TS[1:0] (D[4:3]) / A/D trigger register (0x40242) to select atrigger to start A/D conversion from among the
four types shown in Table 2.4.

Table 2.4 Trigger Selection
TS1 | TSO Trigger
External trigger (K52/#ADTRG)
8-bit programmable timer 0
16-bit programmable timer 0
Software

OO | |k
O |- O |

1. External trigger
Thesignal input to the #ADTRG pin isused as atrigger.
When thistrigger is used, the K52 pin must be set for #ADTRG in advance by writing "1" to CFK52 (D2)
/ K5 function select register (0x402C0).
A/D conversion is started at afalling edge of the #ADTRG signal.

2. Programmable timer
The underflow signal of 8-bit programmable timer 0 or the comarison match B signal of the 16-bit
programmable timer O isused as atrigger. Since the cycle can be programmed using each timer, this
trigger is effective when cyclic A/D conversions are required.
For details on how to set atimer, refer to the explanation of each programmable timer in this manual.

3. Software trigger
Writing "1" to ADST (D1) / A/D enable register (0x40244) in the software serves as atrigger to start A/D
conversion.

IV-2-4 EPSON EOC33 FAMILY ASIC MACRO MANUAL



IV ANALOG BLOCK: A/D CONVERTER

Setting the sampling time
The A/D converter contains ST[1:0] (D[1:0]) / A/D sampling register (0x40245) that allows the anal og-signal
input sampling timeto be set in four steps (3, 5, 7, or 9 times the input clock period).
However, this register should be used as set by default (ST ="11"; x9 clock periods).

Control and Operation of A/D Conversion

Figure 2.2 shows the operation of the A/D converter.

ADE | [
Trigger ﬂ
ADST (When ADO to AD2 are converted)
Sampling Conversion Sampling Conversion Sampling Conversion
AID operation ADO [ AD0 X AD1 | AD1 X AD2 | AD2
ADD X ADO converted data XADl converted data X AD2 converted data
ADD is overwritten
ADF |
Conversion-result read ﬂ
OWE
Interrupt request T T T
(1) Normal mode
ADE _|
Trigger ﬂ
ADST __ | (When only ADO is converted) |+ Reset in software
Sampling Conversion Sampling Conversion Sampling Conversion
A/D operation ADO-1 | ADO-1 X ADO-2 | AD0-2 X ADO-3 [invalid
ADD X ADO-1 converted dataX ADO-2 converted data
ADF
Conversion-result read ﬂ ﬂ
OWE
Interrupt request T T

(2) Continuous mode
Figure 2.2 Operation of A/D Converter

Starting up the A/D converter circuit
After the settings specified in the preceding section have been made, write "1" to ADE (D2) / A/D enable
register (0x40244) to enable the A/D converter. The A/D converter isthereby readied to accept atriggerto start
A/D conversion. To set the A/D converter again, or if itisnot be used, set ADE to"0".

Starting A/D conversion
When atrigger isinput while ADE ="1", A/D conversion is started. If a software trigger has been selected,
A/D conversion isstarted by writing"1" to ADST (D1) / A/D enable register (0x40244).
Only thetrigger selected using TS[1:0] (D[4:3]) / A/D trigger register (0x40242) are valid; no other trigger is
accepted.
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When atrigger isinput, the A/D converter samples and A/D-converts the analog input signal, beginning with
the conversion start channel selected by CS[2:0].

Upon completion of the A/D conversion in that channel, the A/D converter stores the conversion result, in 10-
bit dataregisters ADD[9:0] (ADD[9:8] = D[1:0]/0x40241, ADDJ[7:0] = D[7:0]/0x40240), and sets the
conversion-complete flag ADF (D3) / A/D enable register (0x40244) and interrupt factor flag FADE (DO) /
Port input 4-7, clock timer and A/D interrupt factor flag register (0x40287). If multiple channels are specified
using CY[2:0] and CE[2:0], A/D conversionsin the subsequent channels are performed in succession.

The ADST used for the software trigger isset to "1" during A/D conversion, even when it is started by some
other trigger, so it can be used as an A/D-conversion status hit.

The channel in which conversion isunderway can be identified by reading CH[2:0] (D[2:0]) / A/D trigger
register (0x40242).

Reading out A/D conversion results
Asexplained earlier, theresults of A/D conversion are stored in the ADD[9:0] register each timeconversionin
one channel is completed. Since an interrupt can be generated simultaneously, thisinterrupt isnormally used to
read out the converted data. In addition, be sure to reset the interrupt factor flag (by writing "0") to prepare the
A/D converter for the next operation.
Since theinterrupt factor of the A/D converter can also be used to invoke DMA, the conversion results can
automatically be transferred to a specified memory location.

If multiple A/D conversion channels are specified, the conversion results in one channel must be read out prior
to completion of conversion inthe next channel. If the A/D conversion currently under way iscompleted before
the previous conversion results are read out, the ADD[9:0] register is overwritten with the new conversion
results.

If ADD[9:0] isupdated when the conversion-complete flag ADF ="1" (before the converted dataisread out),
the overwrite-error flag OWE (DO0) / A/D enable register (0x40244) isset to "1". Theconversion-completeflag
ADFisreset to"0" when the converted dataisread out. If ADD[9:0] is updated when ADF="0", OWE
remains at "0", indicating that the operation has been completed normally. When reading out data, also read the
OWE flag also to make sure the dataisvalid. Once OWE isset, it remains set until itisreset to "0" inthe
software. Note also that if OWE isset, ADF aso is set. In this case, read out the converted data andreset ADF.

Terminating A/D conversion

¢ For normal mode (MS ="1")
In the normal mode, A/D conversion is performed successively from the conversion start channel specified
using CS[2:0] to the conversion end channel specified using CE[2:0], and is completed after these conversions
are executed in one operation. ADST isreset to "0" upon completion of the conversion.

¢ For continuous mode (MS ="0")
In the continuous mode, A/D conversion from the conversion-start to the conversion-end channels is executed
repeatedly, without being stopped in the hardware. To terminate conversion, therefore, ADST must be reset to
"0" in the software. The A/D conversion being executed when ADST isreset to 0" isforcibly stopped.
Therefore, the results of this conversion cannot be obtained.

* Forced termination
In either normal or continuous mode, A/D conversion isimmediately terminated by writing "0" to ADST. The
results of the conversion then under-way cannot be obtained.
In addition, ADST isreset to "0" by writing "0" to ADE, so the conversion under-way is terminated.
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A/D Converter Interrupt and DMA

Upon completion of A/D conversion in each channel, the A/D converter generates an interrupt andinvokestheDMA
if necessary.

Control registers of the interrupt controller
Thefollowing shows theinterrupt control registers available for the A/D converter:
Interrupt factor flag: FADE (DO) / Port input 4—7, clock timer, A/D interrupt factor flag register (0x40287)
Interrupt enable: EADE (DO) / Port input 4—7, clock timer, A/D interrupt enable register (0x40277)
Interrupt level: PAD[2:0] (D[6:4]) / Serial I/F Ch.1, A/D interrupt priority register (0x4026A)

The A/D converter sets the interrupt factor flagto "1" when A/D conversion in one channel is completed, and
the conversion results are stored inthe ADD register. At thistime, if the interrupt enable register bit has been
setto"1", an interrupt request is generated.

Interrupts can be disabled by leaving the interrupt enable register bit set to "0". The interrupt factor flag is set
to"1" upon completion of A/D conversion in each channel, regardless of the setting of the interrupt enable
register (evenwhen itissetto"0").

Theinterrupt priority register sets the priority level (0 to 7) of an interrupt. Aninterrupt request to the CPU is
accepted no other interrupt request of ahigher priority has been generated.

In addition, it is only when the PSR's | E bit ="1" (interrupts enabled) and the set value of the IL issmaller than
the A/D-converter interrupt level set by theinterrupt priority register, that the A/D converter'sinterrupt request
isactually accepted by the CPU.

For details on these interrupt control registers, as well as the device operation when an interrupt has occurred,
refer to "I TC (Interrupt Controller)".

Intelligent DMA
The A/D converter can invoke theintelligent DMA (IDMA) through the use of its interrupt factor. Thisallows
the conversion results to be transferred to a specified memory location with no need to execute an interrupt
processing routine.
TheDMA channel number assigned to the A/D converter is 0x1B.

Before IDMA can be invoked, the IDMA request and IDMA enable bits must be set to "1". Transfer conditions
onthe IDMA side must also be set in advance.

IDMA request: RADE (D2)/ Serial I/F Ch.1, A/D, Port input 4—7 IDMA request register (0x40293)

IDMA enable: DEADE (D2)/ Serial I/F Ch.1, A/D, Portinput 4—7 IDMA enable register (0x40297)

If an interrupt factor occurs when the IDMA request and IDMA enable bitsare set to "1", IDMA isinvoked.
No interrupt request is generated at that point. An interrupt request is generated upon completion of the DMA
transfer. Otherwise, the bit can be set so as not to generate an interrupt, with only aDMA transfer performed.
For details on DMA transfers and how to control interrupts upon completion of aDMA transfer, refer to
"IDMA (Intelligent DMA)".

High-speed DMA
The A/D interrupt factor can also invoke high-speed DMA (HSDMA).
Thefollowing shows the HSDMA channel number and trigger set-up bit:

Table 2.5 HSDMA Trigger Set-up Bits
HSDMA channel Trigger set-up bits
HSDOS[3:0] (D[3:0]) / HSDMA Ch.0/1 trigger set-up register (0x40298)
HSD1SJ[3:0] (D[7:4]) / HSDMA Ch.0/1 trigger set-up register (0x40298)
HSD2S[3:0] (D[3:0]) / HSDMA Ch.2/3 trigger set-up register (0x40299)
HSD3S[3:0] (D[7:4]) / HSDMA Ch.2/3 trigger set-up register (0x40299)

w (N [k O

For HSDMA to be invoked, the trigger set-up bits should be set to "1100" in advance. Transfer conditions, etc.
must also be set onthe HSDMA side.

If the A/D interrupt factor is selected as the HSDMA trigger, the HSDMA channel isinvoked through
generation of theinterrupt factor.

For details on HSDMA transfer, refer to "HSDMA (High-Speed DMA)".
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Trap vector
The A/D converter'sinterrupt trap-vector default addressis set as follows:
When BTAS3 = high: 0x0080100
When BTA3 =low: 0x0C00100

The base address of the trap table can be changed using the TTBR register (0x48134 to 0x48137).
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I/0 Memory of A/D Converter

Table 2.6 shows the control bits of the A/D converter.

For details on the I/O memory of the prescaler used to set clocks, refer to "Prescaler”. For details on the I/Omemory
of the programmable timers used for atrigger, refer to "8-Bit Programmable Timers' or "16-Bit Programmable
Timers'.

Table 2.6 Control Bits of A/D Converter

[ Register name | Address | Bit | Name | Function | Setting | Init. | RIW | Remarks
AID conversion| 0040240 | D7 |ADD7 A/D converted data 0x0 to Ox3FF 0 R
result (low- B) D6 |[ADD6 (low-order 8 bits) (low-order 8 bits) 0
order) register D5 |[ADD5 ADDO = LSB 0
D4 |ADD4 0
D3 |ADD3 0
D2 |ADD2 0
D1 |ADD1 0
DO |ADDO 0
A/D conversion| 0040241 | D7-2 |- — — — — |0 when being read.
result (high- (B) D1 |ADD9 A/D converted data 0x0 to Ox3FF 0 R
order) register DO |ADD8 (high-order 2 bits) ADD9 = MSB (high-order 2 bits) 0
AID trigger 0040242 | D7-6 |- — — — — |0 when being read.
register (B) D5 |MS A/D conversion mode selection | 1 |Continuous | 0 |Normal 0 [RW
D4 |Ts1 AJ/D conversion trigger selection TS[1:0] Trigger 0 |RW
D3 |TSO 1 1 #ADTRG pin 0
1 0 8-bit timer 0
0 1 16-bit timer O
0 0 Software
D2 |[CH2 AID conversion channel status CH[2:0] Channel 0 R
D1 |CH1 1111 AD7 0
DO |CHO 1({1]0 AD6 0
1({0]1 AD5
1{o0]o0 AD4
o|1(1 AD3
o|1(o0 AD2
0|]0(1 AD1
0|0|O0 ADO
A/D channel 0040243 | D7-6 |— — — — — |0 when being read.
register B) D5 [CE2 A/D converter CE[2:0] End channel 0 [RW
D4 |CE1l end channel selection 1(1]1 AD7 0
D3 |CEO 1({1]0 AD6 0
1({0]1 AD5
1{0]o0 AD4
o|1(1 AD3
o|1(o0 AD2
0|]0(1 AD1
0|0|O0 ADO
D2 ([Cs2 AID converter CS[2:0] Start channel 0 [RW
D1 |Cs1 start channel selection 1(1]1 AD7 0
DO |CSO 1110 AD6 0
1({0]|1 AD5
1]10]0 AD4
0o|1(1 AD3
o|1(0 AD2
0|]0(1 AD1
0|0|O0 ADO
A/D enable 0040244 | D7-4 |- - - - — |0 when being read.
register (B) D3 |ADF Conversion-complete flag 1 [Completed | O [Run/Standby| O R |Reset when ADD is read.
D2 |ADE A/D enable 1 |Enabled 0 [Disabled 0 |RW
D1 |ADST AID conversion control/status 1 [Start/Run | O [Stop 0 [RW
DO [OWE Overwrite error flag 1 |Error 0 |Normal 0 [ R/W |Reset by writing 0.
A/D sampling | 0040245 | D7-2 |- — — — — |0 when being read.
register (B) D1 (ST1 Input signal sampling time setup ST[1:0] Sampring time 1 | R/W [Use with 9 clocks.
DO |STO 1 1 9 clocks 1
1 0 7 clocks
0 1 5 clocks
0 0 3 clocks
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IV ANALOG BLOCK: A/D CONVERTER

[ Register name | Address | Bit Name Function Setting Init. | RIW Remarks
Serial I/F Ch.1, | 004026A | D7 |- reserved — — — |0 when being read.
A/D interrupt (B) D6 |PAD2 A/D converter interrupt level 0to7 X | RIW
priority register D5 |PAD1 X
D4 |PADO X
D3 |- reserved — — — |0 when being read.
D2 |PSIO12 Serial interface Ch.1 Oto7 X | RW
D1 |PSIO11 interrupt level X
DO ([PSIO10 X
Port input 4-7, | 0040277 | D76 |— reserved - — — |0 when being read.
clock timer, (B) D5 |EP7 Port input 7 1 [Enabled 0 | Disabled 0 |RW
A/D interrupt D4 |EP6 Port input 6 0 |RW
enable register D3 |EP5 Port input 5 0 |RW
D2 |EP4 Port input 4 0 |RW
D1 |ECTM Clock timer 0 |R/W
D0 |EADE A/D converter 0 |RW
Port input 4-7, | 0040287 | D7—6 |— reserved — — — |0 when being read.
clock timer, A/ID (B) D5 |FP7 Port input 7 1 [Factor is 0 |Nofactoris| X |R/W
interrupt factor D4 |FP6 Port input 6 generated generated X | RIW
flag register D3 |FP5 Port input 5 X | RIW
D2 |FP4 Port input 4 X | RIW
D1 |FCTM Clock timer X | RIW
DO |FADE A/D converter X | RIW
Serial I/F Ch.1, | 0040293 | D7 |RP7 Port input 7 1|IDMA 0 | Interrupt 0 |RW
A/D, (B) D6 |RP6 Port input 6 request request 0 |RW
port input 4-7 D5 |RP5 Port input 5 0 |RW
IDMA request D4 |RP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |RADE A/D converter 1 (IDMA 0 | Interrupt 0 |RW
D1 |RSTX1 SIF Ch.1 transmit buffer empty request request 0 |RW
DO |RSRX1 SIF Ch.1 receive buffer full 0 |R/W
Serial I/F Ch.1, | 0040297 | D7 |DEP7 Port input 7 1|IDMA 0 |IDMA 0 |RW
A/D, (B) D6 |DEP6 Port input 6 enabled disabled 0 |RW
port input 4-7 D5 |DEP5 Port input 5 0 |RW
IDMA enable D4 |DEP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |DEADE AID converter 1|IDMA 0 (IDMA 0 |RW
D1 |DESTX1 SIF Ch.1 transmit buffer empty enabled disabled 0 |RW
DO |DESRX1 SIF Ch.1 receive buffer full 0 |R/W
K5 function 00402CO0 | D7-5 |- reserved — — — |0 when being read.
select register (B) D4 |CFK54 K54 function selection 1 |#DMAREQ3 | 0 [K54 0 |RW
D3 |CFK53 K53 function selection 1 |#DMAREQ?2 | 0 [K53 0 |RW
D2 |CFK52 K52 function selection 1 |#ADTRG 0 [K52 0 |RW
D1 |CFK51 K51 function selection 1 |#DMAREQ1 | 0 [K51 0 |RW
DO |CFK50 K50 function selection 1 [#DMAREQO | 0 K50 0 |RW
K6 function 00402C3| D7 |CFK67 K67 function selection 1|AD7 0 [K67 0 |RW
select register (B) D6 |CFK66 K66 function selection 1 [AD6 0 |K66 0 |RW
D5 |CFK65 K65 function selection 1|AD5 0 [K65 0 |RW
D4 |CFK64 K64 function selection 1|AD4 0 [K64 0 |RW
D3 |CFK63 K63 function selection 1 |[AD3 0 |K63 0 |R/W
D2 |CFK62 K62 function selection 1|AD2 0 [K62 0 |RW
D1 |CFK61 K61 function selection 1|AD1 0 [K61 0 |RW
DO |CFK60 K60 function selection 1 [ADO 0 |K60 0 |R/W

CFK52: K52 pin function selection (D2) / K5 function select register (0x402C0)
CFK67-CFK60: K6[7:0] pin function selection (D[7:0]) / K6 function select register (0x402C3)

Selects the pins used by the A/D converter.

Write"1": A/D converter
Write "0": Input port
Read: Valid

When an external trigger isused, write"1" to CFK52 to set the K52 pin for external trigger input #ADTRG. Select
the pin used for analog input from among K60 (ADO) through K67 (AD7) by writing "1" to CFK 60 through CFK 67.
If the function select bit for apinissetto"0", thepin isset for an input port.

At cold start, CFK issetto"0" (input port). At hot start, CFK retainsits state from prior to theinitial reset.
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IV ANALOG BLOCK: A/D CONVERTER

ADD9-ADDO: A/D converted data (D[1:0]) / A/D conversion result (high-order) register (0x40241)
(D[7:0]) / AID conversion result (low-order) register (0x40240)

Stores theresults of A/D conversion.

TheLSB isstoredin ADDO, and the MSB is stored in ADD9. ADDO and ADD1 are mapped to bits DO and D1 at
the address 0x40241, but bits D2 through D7 are always 0 when read.

Thisis aread-only register, so writing to thisregister isignored.

Atinitial reset, thedatain thisregister iscleared to "0".

MS: A/D conversion mode selection (D5) / A/D trigger register (0x40242)
Selects an A/D conversion mode.

Write"1": Continuous mode
Write"0": Norma mode
Read: Valid

The A/D converter isset for the continuous mode by writing "1" to MS. In thismode, A/D conversionsin the range
of the channels selected using CS and CE are executed continuously until stopped in the software.

When MS="0", the A/D converter operatesin the norma mode. In thismode, A/D conversion iscompleted after all
inputsin therange of the channels selected by CS and CE are converted in one operation.

Atinitial reset, MSisset to"0" (norma mode).

TS1-TSO0: Trigger selection (D[4:3]) / AID trigger register (0X40242)
Selects atrigger to start A/D conversion.

Table 2.7 Trigger Selection
TS1 | TSO Trigger
External trigger (K52/#ADTRG)
8-bit programmable timer 0
16-bit programmable timer 0
Software

OO |k |-
O | |O|F

When an external trigger is used, use the CFK52 bit to set the K52 pin for #ADTRG.

When aprogrammable timer is used, since its underflow signal (8-bit timer) or comarison match B signal (16-bit
timer) serves as atrigger, set the cycle and other parameters for the programmable timer.

Atinitial reset, TSissetto "0" (softwaretrigger).

CH2—-CHO: Conversion channel status (D[2:0]) / A/D trigger register (0X40242)

Indicates the channel number (0 to 7) currently being A/D-converted.

When A/D conversion is performed in multiple channels, read this bit to identify the channel in which conversion is
underway.

Atinitial reset, CH issetto "0" (ADO).

CE2—CEQ: Conversion end-channel setup (D[5:3]) / A/D channel register (0x40243)

Sets the conversion end channel by selecting a channel number from 0 to 7.

Analog inputs can be A/D-converted successively from the channel set using CSto the channel set using thisbit in
one operation. If only one channel isto be A/D converted, set the same channel number in both the CS and CE bits.
Atinitial reset, CE isset to"0" (ADO).

CS2-CS0: Conversion start-channel setup (D[2:0]) / A/D channel register (0x40243)

Setsthe conversion start channel by sdecting a channel number from 0 to 7.

Analog inputs can be A/D-converted successively from the channel set using thisbit to the channel set using CE in
one operation. If only one channel isto be A/D converted, set the same channel number in both the CS and CE bits.
Atinitial reset, CSissetto"0" (ADO).
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IV ANALOG BLOCK: A/D CONVERTER

ADF: Conversion-complete flag (D3) / A/D enable register (0x40244)

Indicates that A/D conversion has been completed.

Read "1": Conversion completed
Read "0": Being converted or standing by
Write: Invalid

Thisflagissetto"1" when A/D conversion iscompleted, and the converted datais stored in the dataregister and is
reset to "0" when the converted dataisread out. When A/D conversion is performed in multiple channels, if thenext
A/D conversion iscompleted while ADF ="1" (before the converted dataisread out), the dataregister is
overwritten with the new conversion results, causing an overrun error to occur. Therefore, ADF must be reset by
reading out the converted data before the next A/D conversion is completed.

Atinitia reset, ADFissetto"0" (being converted or standing by).

ADE: A/D enable (D2) / A/D enable register (0x40244)

Enables the A/D converter (readied for conversion).

Write"1": Enabled
Write"0": Disabled
Read: Valid

When ADE issetto"1", the A/D converter is enabled, meaning it isready to start A/D conversion (i.e., ready to
accept atrigger). When ADE ="0", the A/D converter isdisabled, meaning it is unable to accept atrigger.
Before setting the conversion mode, start/end channels, etc. for the A/D converter, be sureto reset ADE to "0". This
hel psto prevent the A/D converter from operating erratically.
Atinitial reset, ADE isset to "0" (disabled).

ADST: A/D conversion control/status (D1) / A/D enable register (0x40244)

Controls A/D conversion.

Write "1": Software trigger
Write "0": A/D conversion is stopped
Read: Valid

If A/D conversion isto be started by a software trigger, set ADST to"1". If any other trigger isused, ADST is
automatically setto"1" by the hardware.

ADST remains set while A/D conversion isunderway.

In normal mode, upon completion of A/D conversion in selected channels, ADST isreset to "0" and the A/D
conversion circuit isturned off. To stop A/D conversion during operation in continuous mode or forcibly terminate
A/D conversion, reset ADST by writing "0".

When ADE ="0" (A/D conversion disabled), ADST isfixed to"0", with no trigger accepted. In addition, ADST is
reset to "0" when ADE isreset by writing "0" during A/D conversion.

Atinitia reset, ADST issetto"0" (A/D conversion stopped).

OWE: Overwrite-error flag (DO) / A/D enable register (0x40244)

Indicates that the converted data has been overwritten.

Read "1": Overwritten

Read "0": Normal

Write"1": Invalid

Write"0": Flagisset
During A/D conversion in multiple channels, if the conversion results for the next channel are written to the
converted-data register (overwritten) before the converted dataisread out to reset the conversion-complete flag
ADF that has been set through conversion of the preceding channel, OWE isset to "1". When ADF is reset, because
this meansthat the converted data has been read out, OWE isnot set.
Once OWE issetto"1", it remains set until it isreset by writing "0" in the software.
Atinitia reset, OWE isset to"0" (normal).
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ST1-STO: Sampling-time setup (D[1:0]) / A/D sampling register (0x40245)

Setsthe analog input sampling time.

Table 2.8 Sampling Time

ST1 STO Sampling Time
1 1 9-clock period
1 0 7-clock period
0 1 5-clock period
0 0 3-clock period

The A/D converter input clock is used for counting.

Atinitial reset, ST issetto "11" (9-clock period).
To maintain the conversion accuracy, use ST as set by default (9-clock period).

PAD2-PADO: A/D converter interrupt level (D[6:4]) / Serial I/F Ch.1, A/D interrupt priority register (0x4026A)

Setsthe priority level of the A/D-converter interrupt intherangeof 0to 7.
Atinitia reset, PAD becomes indeterminate.

EADE: A/D converter interrupt enable (D0) / Port input 4-7, clock timer, A/D interrupt enable register (0x40277)
Enables or disables an interrupt to the CPU generated by the A/D converter.

Write "1": Interrupt enabled
Write "0": Interrupt disabled
Read: Valid

EADE isan interrupt enable bit to control the A/D converter interrupt.

When EADE issetto"1", the A/D converter interrupt is enabled. When EADE isset to "0", the A/D-converter
interrupt is disabled.

Atinitia reset, EADE isset to"0" (interrupt disabled).

FADE: A/D converter interrupt factor flag (DO) / Port input 4-7, clock timer, A/D interrupt factor flag register (0x40287)
Indicates the status of an A/D-converter interrupt factor generated.
When read

Read "1": Interrupt factor has occurred
Read "0": Nointerrupt factor has occurred

When written using thereset-only method (default)
Write"1": Interrupt factor flag isreset
Write"0": Invalid

When written using theread/write method
Write"1": Interrupt flagis set
Write"0": Interrupt flagisreset

FADE istheinterrupt factor flag of the A/D converter. It isset to " 1" upon completion of A/D conversion in one
channdl (i.e., when the conversion results are written into the ADD register).

At thistime, if thefollowing conditions are met, an interrupt to the CPU is generated:

1. The corresponding interrupt enable register bit issetto"1".

2. No other interrupt request of ahigher priority has been generated.

3. ThelE bit of thePSRissetto "1" (interrupts enabled).

4. Thevalue set in the corresponding interrupt priority register is higher than theinterrupt level (IL) of the CPU.
When using the interrupt factor of the A/D converter to request IDMA, note that even when theabove conditionsare
met, no interrupt request to the CPU is generated for the interrupt factor that has occurred. If interrupts are enabled
at the setting of IDMA, an interrupt is generated under the above conditions after the datatransfer by IDMA is
completed.

Theinterrupt factor flag isset to " 1" whenever interrupt generation conditions are met, regardless of how the
interrupt enable and interrupt priority registers are set.

EOC33 FAMILY ASIC MACRO MANUAL EPSON IV-2-13



IV ANALOG BLOCK: A/D CONVERTER

If the next interrupt is to be accepted after an interrupt has occurred, it is necessary that theinterrupt factor flag be
reset, and that the PSR be set again (by setting the |E bit to"1" after setting the IL to avalue lower than thelevel
indicated by the interrupt priority register, or by executing the reti instruction).

Theinterrupt factor flag can be reset only by writing to it in the software. Note that if the PSR is set again to accept
interrupts generated (or if thereti instruction is executed) without resetting the interrupt factor flag, the same
interrupt occurs again. Note also that the value to be written to reset theflag is"1" when the reset-only method
(RSTONLY ="1") isused, and "0" when the read/write method (RSTONLY ="0") isused.

At initial reset, the content of FADE becomes indeterminate, so be sureto reset it in the software.

RADE: A/D converter IDMA request (D2) / Serial I/F Ch.1, A/D, port input 4-7 IDMA request register (0x40293)

Specifies whether to invoke IDMA when an interrupt factor occurs.

When using the set-only method (default)
Write"1": IDMA request
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA request
Write"0": Interrupt request

Read: Valid

When RADE issetto"1", IDMA isinvoked when an interrupt factor occurs, thereby performing aprogrammeddata
transfer. If RADE isset to "0", normal interrupt processing is performed, without invoking IDMA.

For details on IDMA, refer to"IDMA (Intelligent DMA)".

Atinitia reset, RADEisset to"0" (interrupt request).

DEADE: A/D converter IDMA enable (D2) / Serial I/F Ch.1, A/D, port input 4-7 IDMA enable register (0x40297)
Enables IDMA transfer by means of an interrupt factor.

When using the set-only method (default)
Write"1": IDMA enabled
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA enabled
Write"0": IDMA disabled

Read: Valid

If DEADEissetto"1", the IDMA request by the interrupt factor isenabled. If thishit issetto "0", theIDMA
request isdisabled.
After aninitial reset, DEADEissetto"0" (IDMA disabled).
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Programming Notes

(1) Before setting the conversion mode, start/end channels, etc. for the A/D converter, be sureto disable the A/D
converter (ADE (D2) / A/D enable register (0x40244) ="0"). A change in settings whilethe A/D converter is
enabled could causeit to operate erratically.

(2) TheA/D converter operates only when the prescaler is operating.
When the A/D converter registers are set up, the prescaler must be operating. Therefore, start theprescaler first
and make sure the A/D converter is supplied with its operating clock before setting up the A/D converter
registers.
In consideration of the conversion accuracy, we recommend that the A/D converter operating clock be 2 MHz
(max.).

(3) Do not start an A/D conversion when the clock supplied from the prescaler to the A/D converter isturned off,
and do not turn off the prescaler's clock output when an A/D conversion isunderway, as doing so could cause
the A/D converter to operate erratically.

(4) After aninitial reset, theinterrupt factor flag (FADE) becomes indeterminate. To prevent generation of an
unwanted interrupt or IDMA request, be sureto reset this flag and register in a program.

(5) To prevent the regeneration of interrupts due to the same factor following the occurrence an interrupt, aways
be sure to reset the interrupt factor flag before setting the PSR again or executing thereti instruction.
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V DMA BLOCK: INTRODUCTION

V-1 INTRODUCTION

The DMA block is configured with two types of DMA controllers: HSDMA (High-Speed DMA) that has on-
chip registers for controlling DMA command information and IDMA (Intelligent DMA) that usesamemory areafor
storing DMA command information.

C33 DMA Block ! C33 Internal Memory Block !
Internal RAM Internal ROM
: C33_DMA v (Area 3) (Area 10) 1
: : 1 A A 3
i | (DMA,HSDMA) | @ ! }
H N Internal RAM Internal ROM !
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Lo El ——»(_) Pads
| (A/D converter) ! (Prescaler, 8-bit timer, 16-bit timer, w !
! Clock timer, Serial interface, Ports) e
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Figure 1.1 DMA Block
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V DMA BLOCK: HSDMA (High-Speed DMA)

V-2 HSDMA (High-Speed DM A)
Functional Outline of HSDMA

The DMA Block contains four channels of HSDMA (High-Speed DMA) circuits that support dual -address transfer
and single-address transfer methods.

Since the control registers required for the DMA function are built into the chip, DMA requests for datatransfer can
be responded to instantaneously.

Dual-address transfer
In this method, a source address and adestination address for DMA transfer can be specified andaDMA
transfer is performed in two phases. Thefirst phase reads data at the source address into the on-chip temporary
register. The second phase writes the temporary register data to the destination address.
Unlike IDMA (Intelligent DMA), which hastransfer information in memory, this DMA method doesnot
support aDMA link function but allows high-speed data transfers because it is not necessary to read transfer
information from amemory.

Address bus
[ ] [ 1

BCU Data bus
e e T e |
ﬂ Data transfer ! ﬂ
oy @ 4 W)
High-speed Memory, I/O Memory, I/O
DMA
Destination Source

#DMAREQX — DMA request
#DMAENDX —» End of DMA

Figure 2.1 Dual-Address Transfer Method

Single-address transfer
In thismethod, datatransfersthat are normally accomplished by executing dataread and write operations
back-to-back are executed on the external bus collectively at one time, thus further speeding up the transfer
operation. The#DMAACKx and #DMAENDX signals are used to control datatransfer.
Unlike dual-address transfer, this method does not alow memory to memory déata transfer but data transfers
can be performed in minimum cycles.

Bus control signals
Memor
BCU Address bus 7o y
Data bus
P T T >
T i i Data transfer
v
High-speed
DMA External I/O Note:
#RD/#WR‘ Single-address mode
#DMAREQX DMA re uest does not allow data transfer
#DMAACKx | DMA reception between memory devices.
#DMAENDX End of DMA

Figure 2.2 Single-Address Transfet Method

Note: Channels 0 to 3 are configured in the same way and have the same functionality. Signal and control
bit names are assigned channel numbers 0 to 3 to distinguish them from other channels. In this
manual, however, channel numbers 0 to 3 are designated with an "x" except where they must be
distinguished, as the explanation is the same for all channels.
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I/O Pins of HSDMA

Table 2.1 lists the |/O pinsused for HSDMA.

Table 2.1 1/0 Pins of HSDMA

Pin name 1/0 Function Function select bit
K50/#DMAREQO I |Input port / High-speed DMA request 0 CFK50(D0)/K5 function select register(0x402C0)
K51/#DMAREQ1 | |Input port / High-speed DMA request 1 CFK51(D1)/K5 function select register(0x402C0)
K53/#DMAREQ2 | |Input port / High-speed DMA request 2 CFK53(D3)/K5 function select register(0x402C0)
K54/#DMAREQ3 I |Input port / High-speed DMA request 3 CFK54(D4)/K5 function select register(0x402C0)
PO4/SIN1/ 1/0 |1/O port / Serial IF Ch.1 data input / CFEX4(D4)/Port function extension register(0x402DF)
#DMAACK?2 #DMAACK?2 output (Ex)

PO5/SOUT1/ 1/0 |1/O port / Serial IF Ch.1 data output/ CFEX5(D5)/Port function extension register(0x402DF)
#DMAEND2 #DMAEND?2 output (Ex)

PO6/#SCLK1/ 1/0 |1/O port / Serial IF Ch.1 clock input/output / CFEX6(D6)/Port function extension register(0x402DF)
#DMAACK3 #DMAACKS3 output (Ex)

PO7/#SRDY1/ 1/0 |1/O port / Serial IF Ch.1 ready input/output / CFEX7(D7)/Port function extension register(0x402DF)
#DMAEND3 #DMAENDS3 output (Ex)

P15/EXCL4/ 1/0 |1/O port / 16-bit timer 4 event counter input (1) / CFP15(D5)/P1 function select register(0x402D4)
#DMAENDO High-speed DMA Ch.0 end signal output (O)

P16/EXCL5/ 1/0 |1/O port / 16-bit timer 5 event counter input (1) / CFP16(D6)/P1 function select register(0x402D4)
#DMAEND1 High-speed DMA Ch.1 end signal output (O)

P32/#DMAACKO | I/O |I/O port / #DMAACKO output CFP32(D2)/P3 function select register(0x402DC)
P33/#DMAACK1 | I/O |I/O port / #DMAACK1 output CFP33(D3)/P3 function select register(0x402DC)

(I): Input mode, (O): Output mode, (Ex): Extended function

#DMAREQXx (DMA request input pin)
Thispin isused toinput aDMA request signal from an external peripheral circuit. One datatransfer operation
is performed by thistrigger (either therising edge or thefalling edge of the signal can be selected). The
#DMAREQO to #DMAREQ3 pins correspond to channel 0 to channel 3, respectively.

In addition to this external input, software trigger or an interrupt factor can be selected for the HSDMA trigger
factor using the register in the interrupt controller.

#DMAACKXx (DMA acknowledge signal output pin for single-address mode)
Thissignal isoutput to indicate that a DMA reguest has been acknowledged by the DMA controller.
In single-address mode, the I/O device that isthe source or destination of transfer outputs datato the external
bus or takes in datafrom the external data synchronously with thissignal.
The #DMAACKO0 to #DMAACKS pins correspond to channel 0 to channel 3, respectively.
Thissignal isnot output in dual-address mode.

#DMAENDx (End-of-transfer signal output pin)
Thissignal isoutput to indicate that the number of datatransfer operations that issetinthecontrol register have
been completed. The #DMAENDO to #DMAEND3 pins correspond to channel 0 to channel 3, respectively.

Method for setting HSDMA 1/O pins

Asshown in Table 2.1, the pins used for HSDMA are shared with input portsand I/O ports. At cold start, all of
these are set as input and /O port pins (function select register ="0"). According to the signals to be used, set
the corresponding pin function select bit by writing"1". At hot start, the register retains the previous status
before areset.

The#DMAEND3, #DMAACK3, #DMAEND2 and #DMAACK 2 outputs are the extended functions of the
P04 to PO7 ports. When usi ng these signals, the extended function bit (CFEX[7:4]) must be setto"1".

In addition, setup of the #DMAENDO pin or #DMAEND1 pin further requires setting the 1/O port's1/O control
bit IOC15 (D5) or I0OC16 (D6) / P1 1/O control register (0x402D6) by writing "1" in order to direct the pin for
output. If thispin isdirected for input, it functions as a 16-bit programmable timer's event counter input and
cannot be used to output the #{DMAENDX signal. At cold start, thispin isset for input. At hot start, it retains
the previous status.

V-2-2
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Programming Control Information

The HSDMA operates according to the control information set in the registers
Note that some control bits change their functions according to the address mode.

The following explains how to set the contents of control information. Before using HSDMA, make each thesettings
described below.

Setting the Registers in Dual-Address Mode
Make surethat the HSDMA channel isdisabled (HSx_EN ="0") before setting the control information.

Address mode
The address mode select bit DUALMx should be set to "1" (dual-address mode). Thisbit isset to "0" (single-
address mode) at initial reset.
DUALMO: Ch. 0 address mode selection (DF) / HSDMA Ch. 0 control register (0x48222)
DUALMZ1: Ch. 1 address mode selection (DF) / HSDMA Ch. 1 control register (0x48232)
DUALM2: Ch. 2 address mode selection (DF) / HSDMA Ch. 2 control register (0x48242)
DUALM3: Ch. 3 address mode selection (DF) / HSDMA Ch. 3 control register (0x48252)

Transfer mode
A transfer mode should be set using the DxMODJ[1:0] bits.
DOMOD[1:0]: Ch. 0 transfer mode (D[F:E]) / HSDMA Ch. 0 high-order destination address set-up register (0x4822A)
D1MOD[1:0]: Ch. 1 transfer mode (D[F:E]) / HSDMA Ch. 1 high-order destination address set-up register (0x4823A)
D2MOD[1:0]: Ch. 2 transfer mode (D[F:E]) / HSDMA Ch. 2 high-order destination address set-up register (0x4824A)
D3MOD[1:0]: Ch. 3 transfer mode (D[F:E]) / HSDMA Ch. 3 high-order destination address set-up register (0x4825A)

Thefollowing three transfer modes are available

Single transfer mode (DxMOD ="00", default)

In this mode, atransfer operation invoked by onetrigger is completed after transferring one unit of data of the
size set by DATSIZEX. If datatransfer need to be performed anumber of times as set by the transfer counter,
an equal number of triggers are required.

Successive transfer mode (DxMOD = "01")
In this mode, datatransfer operations are performed by one trigger anumber of times as set by the transfer
counter. The transfer counter is decremented to O each time datais transferred.

Block transfer mode (DxMOD = "10")

In thismode, atransfer operation invoked by onetrigger is completed after transferring one block of dataof the
size set by BLKLENX. If ablock transfer need to be performed anumber of times asset by thetransfer counter,
an equal number of triggers are required.

Transfer data size
The DATSIZEX hit isused to set the unit size of datato be transferred.
A half-word size (16 bits) isassumed if thishit is"1" and abyte size (8 bits) isassumed if thisbit is"0"
(default).
DATSIZEQ: Ch. 0 transfer datasize (DE) / HSDMA Ch. 0 high-order source address set-up register (0x48226)
DATSIZEL: Ch. 1 transfer datasize (DE) / HSDMA Ch. 1 high-order source address set-up register (0x48236)
DATSIZEZ2: Ch. 2 transfer datasize (DE) / HSDMA Ch. 2 high-order source address set-up register (0x48246)
DATSIZES: Ch. 3transfer datasize (DE) / HSDMA Ch. 3 high-order source address set-up register (0x48256)
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Block length
When using block transfer mode (DxMOD ="10"), the data block length (in units of DATSIZEx) should be
set using the BLKLENX[7:0] bits.
BLKLENO[7:0]: Ch. 0 block length (D[7:0]) / HSDMA Ch. 0 transfer counter register (0x48220)
BLKLENZ1[7:0]: Ch. 1 block length (D[7:0]) / HSDMA Ch. 1 transfer counter register (0x48230)
BLKLENZ2[7:0]: Ch. 2 block length (D[7:0]) / HSDMA Ch. 2 transfer counter register (0x48240)
BLKLENS3[7:0]: Ch. 3 block length (D[7:0]) / HSDMA Ch. 3 transfer counter register (0x48250)

Note: The block size thus set is decremented according to the transfers performed. If the block size is set
to 0, it is decremented to all Fs by the first transfer performed. This means that you have set the
maximum value that is determined by the number of bits available.

In single transfer and successive transfer modes, these bits are used as the bits7—0 of the transfer counter.

Transfer counter

Block transfer mode

In block transfer mode, up to 16 bits of transfer count can be specified.

TCO_L[7:0]: Ch. O transfer counter [7:0] (D[F:8]) / HSDMA Ch. 0 transfer counter register (0x48220)
TC1_L[7:0]: Ch. 1 transfer counter [7:0] (D[F:8]) / HSDMA Ch. 1 transfer counter register (0x48230)
TC2_L[7:0]: Ch. 2 transfer counter [7:0] (D[F:8]) / HSDMA Ch. 2 transfer counter register (0x48240)
TC3_L[7:0]: Ch. 3 transfer counter [7:0] (D[F:8]) / HSDMA Ch. 3 transfer counter register (0x48250)
TCO_H[7:0]: Ch. 0 transfer counter [15:8] (D[7:0]) / HSDMA Ch. 0 control register (0x48222)
TC1_H[7:0]: Ch. 1 transfer counter [15:8] (D[7:0]) / HSDMA Ch. 1 control register (0x48232)
TC2_H[7:0]: Ch. 2 transfer counter [15:8] (D[7:0]) / HSDMA Ch. 2 control register (0x48242)
TC3_H[7:0]: Ch. 3 transfer counter [15:8] (D[7:0]) / HSDMA Ch. 3 control register (0x48252)

Single transfer and successive transfer modes

In single transfer and successive transfer modes, up to 24 bits of transfer count can be specified.
BLKLENO[7:0]: Ch. O transfer counter [7:0] (D[7:0]) / HSDMA Ch.0 transfer counter register (0x48220).
BLKLEN1[7:0]: Ch. 1 transfer counter [7:0] (D[7:0]) / HSDMA Ch.1 transfer counter register (0x48230).
BLKLENZ2[7:0]: Ch. 2 transfer counter [7:0] (D[7:0]) / HSDMA Ch.2 transfer counter register (0x48240).
BLKLENS3[7:0]: Ch. 3 transfer counter [7:0] (D[7:0]) / HSDMA Ch.3 transfer counter register (0x48250).
TCO_L[7:0]: Ch. O transfer counter [15:8] (D[F:8]) / HSDMA Ch. 0 transfer counter register (0x48220)
TC1 _L[7:0]: Ch. 1 transfer counter [15:8] (D[F:8]) / HSDMA Ch. 1 transfer counter register (0x48230)
TC2_L[7:0]: Ch. 2 transfer counter [15:8] (D[F:8]) / HSDMA Ch. 2 transfer counter register (0x48240)
TC3_L[7:0]: Ch. 3 transfer counter [15:8] (D[F:8]) / HSDMA Ch. 3 transfer counter register (0x48250)
TCO_H[7:0]: Ch. 0 transfer counter [23:16] (D[7:0]) / HSDMA Ch. 0 control register (0x48222)

TC1 H[7:0]: Ch. 1 transfer counter [23:16] (D[7:0]) / HSDMA Ch. 1 control register (0x48232)
TC2_H[7:0]: Ch. 2 transfer counter [23:16] (D[7:0]) / HSDMA Ch. 2 control register (0x48242)
TC3_HJ[7:0]: Ch. 3 transfer counter [23:16] (D[7:0]) / HSDMA Ch. 3 control register (0x48252)

Note: The transfer count thus set is decremented according to the transfers performed. If the transfer
count is set to 0, it is decremented to all Fs by the first transfer performed. Thismeans that you have
set the maximum value that is determined by the number of bits available.

Source and destination addresses

In dual-address mode, a source address and a destination addressfor DMA transfer can be specified.
SOADRL[15:0]: Ch. 0 source address[15:0] (D[F:0]) / Ch. O low-order source address set-up register (0x48224)
SI1IADRL[15:0]: Ch. 1 source address[15:0] (D[F:0]) / Ch. 1 low-order source address set-up register (0x48234)
S2ADRL[15:0]: Ch. 2 source address[15:0] (D[F:0]) / Ch. 2 low-order source address set-up register (0x48244)
S3ADRL[15:0]: Ch. 3 source address[15:0] (D[F:0]) / Ch. 3 low-order source address set-up register (0x48254)
SOADRH[11:0]: Ch. 0 source address [27:16] (D[B:0]) / Ch. 0 high-order source address set-up register (0x48226)
SI1IADRH[11:0]: Ch. 1 source address[27:16] (D[B:0]) / Ch. 1 high-order source address set-up register (0x48236)
S2ADRH[11:0]: Ch. 2 source address [27:16] (D[B:0]) / Ch. 2 high-order source address set-up register (0x48246)
S3ADRH[11:0]: Ch. 3 source address [27:16] (D[B:0]) / Ch. 3 high-order source address set-up register (0x48256)
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DOADRL[15:0]: Ch. 0 destination address [15:0] (D[F:0])/ Ch. Olow-order destination address set-up register (0x48228)
D1ADRL[15:0]: Ch. 1 destination address [15:0] (D[F:0])/ Ch. 1low-order destination address set-up register (0x48238)
D2ADRL[15:0]: Ch. 2 destination address [15:0] (D[F:0])/ Ch. 2 low-order destination address set-up register (0x48248)
D3ADRL[15:0]: cCh. 3destination address [15:0] (D[F:0])/ Ch. 3low-order destination address set-up register (0x48258)
DOADRHI[11:0]: ch. 0 destination address [27:16] (D[B:0]) / Ch. 0 high-order destination address set-up register (0x4822A)
D1ADRH[11:0]: ch. 1 destination address [27:16] (D[B:0]) / Ch. 1 high-order destination address set-up register (0x4823A)
D2ADRH[11:0]: ch. 2 destination address [27:16] (D[B:0]) / Ch. 2 high-order destination address set-up register (0x4824A)
D3ADRH[11:0]: ch. 3destination address [27:16] (D[B:0]) / Ch. 3 high-order destination address set-up register (0x4825A)

Address increment/decrement control
The source and/or destination addresses can beincremented or decremented when one data transfer is compl eted.
The SxIN[1:0] bits (for source address) and DxIN[1:0] bits (for destination address) are used to set this
function.
SOIN[1:0]: Ch. 0 source address control (D[D:C]) / Ch. 0 high-order source address set-up register (0x48226)
S1IN[1:0]: Ch. 1 source address control (D[D:C]) / Ch. 1 high-order source address set-up register (0x48236)
S2IN[1:0]: Ch. 2 source address control (D[D:C]) / Ch. 2 high-order source address set-up register (0x48246)
S3IN[1:0]: Ch. 3 source address control (D[D:C]) / Ch. 3 high-order source address set-up register (0x48256)

DOIN[1:0]: Ch. O destination address control (D[D:C]) / Ch. O high-order destination address set-up register (0x4822A)
D1IN[1:0]: Ch. 1 destination address control (D[D:C]) / Ch. 1 high-order destination address set-up register (0x4823A)
D2IN[1:0]: Ch. 2 destination address control (D[D:C]) / Ch. 2 high-order destination address set-up register (0x4824A)
D3IN[1:0]: Ch. 3 destination address control (D[D:C]) / Ch. 3 high-order destination address set-up register (0x4825A)

SxIN/DxIN ="00": address fixed (default)
The addressis not changed by a datatransfer performed. Even when transferring multiple data, the transfer
datais aways read/write from/to the same address.

SXIN/DxIN = "01": address decremented without initialization
The address is decremented by an amount equal to the data size set by DATSIZEx when one datatransfer is
completed. The addressthat has been decremented during transfer does not return to theinitial value.

SxIN/DxIN ="10": address incremented with initialization

If thisfunction is selected in single and successive transfer modes, the addressisincremented by an amount
equal to the datasize set by DATSIZEx when one datatransfer is completed. The addressthat has been
incremented during transfer does not return to theinitid value.

In block transfer mode too, the address isincremented when one data unit istransferred. However, the address
that has been incremented during ablock transfer recycles returnsto theinitial value when the blocktransfer is
compl eted.

SXIN/DxIN ="11": address incremented without initialization
The addressisincremented by an amount equal to the data size set by DATSIZEx when one datatransfer is
completed. The addressthat has been incremented during transfer does not return to theinitial value.
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Setting the Registers in Single-Address Mode
Make surethat the HSDMA channel isdisabled (HSx_EN ="0") before seffing the control information.

Address mode
The address mode select bit DUALMx should be set to "0" (single-address mode). Thisbit isset to "0" at
initial reset.

Transfer mode
A transfer mode should be set using the DxMODJ[1:0] hits.
* Single transfer mode (DxMOD ="00", default)
* Successive transfer mode (DxMOD ="01")
« Block transfer mode (DxMOD ="10")

Refer to the explanation in " Setting the Registers in Dual-Address Mode".

Direction of transfer
The direction of datatransfer should be set using DxDIR.
DODIR: Ch. 0 transfer direction control (DE) / HSDMA Ch. O control register (0x48222)
D1DIR: Ch. 1 transfer direction control (DE) / HSDMA Ch. 1 control register (0x48232)
D2DIR: Ch. 2 transfer direction control (DE) / HSDMA Ch. 2 control register (0x48242)
D3DIR: Ch. 3 transfer direction control (DE) / HSDMA Ch. 3 control register (0x48252)

Memory write operations (datatransfer from I/O device to memory) are specified by writing " 1" and memory
read operations (data transfer from memory to I/O device) are specified by writing "0".

Transfer data size
The DATSIZEX bit isused to set the unit size of datato betransferred.
A half-word size (16 hits) isassumed if thishit is"1" and abyte size (8 bits) isassumed if thishit is"0"
(default).

Block length
When using block transfer mode (DxMOD = "10"), the data block length (in units of DATSIZEX) should be
set using the BLKLENX[7:0] bits.
In single transfer and successive transfer modes, BLKLENX[7:0] isused as the bits7—0 of the transfer counter.

Transfer counter

Block transfer mode
In block transfer mode, up to 16 bits of transfer count can be specifiedusing TCx_L[7:0] and TCx_H[7:0].

Single transfer and successive transfer modes
In single transfer and successive transfer modes, up to 24 hits of transfer count can be specified using
BLKLENX[7:0], TCx_L[7:0] and TCx_H[7:0].

Memory address

In single-address mode, SXADRL[15:0] and SXADRH[11:0] are used to specify amemory address.
SOADRL[15:0]: Ch. 0 memory address[15:0] (D[F:0]) / Ch. O low-order source address set-up register (0x48224)
SOADRH[11:0]: Ch. 0 memory address[27:16] (D[B:0]) / Ch. 0 high-order source address set-up register (0x48226)
SIADRL[15:0]: Ch.1 memory address[15:0] (D[F:0]) / Ch. 1 low-order source address set-up register (0x48234)
SI1IADRH[11:0]: Ch.1memory address[27:16] (D[B:0]) / Ch. 1 high-order source address set-up register (0x48236)
S2ADRL[15:0]: Ch. 2 memory address[15:0] (D[F:0]) / Ch. 2 low-order source address set-up register (0x48244)
S2ADRH[11:0]: Ch.2 memory address[27:16] (D[B:0]) / Ch. 2 high-order source address set-up register (0x48246)
S3ADRL[15:0]: Ch. 3 memory address[15:0] (D[F:0]) / Ch. 3 low-order source address set-up register (0x48254)
S3ADRH[11:0]: Ch. 3 memory address[27:16] (D[B:0]) / Ch. 3 high-order source address set-up register (0x48256)

In single-address mode, datatransfer is performed between the memory connected to the system interface and
an external 1/0 device. Thel/O deviceis accessed directly by the #DMAACKX signal, so it is unnecessary to
specify an address. DxADRL[15:0] and DxADRH[11:0] are not used in single-address mode.
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Address increment/decrement control
The memory addresses can be incremented or decremented when one datatransfer is completed. SxIN[1:0] is
used to set thisfunction.
SOIN[1:0]: Ch. 0 memory address control (D[D:C]) / Ch. 0 high-order source address set-up register (0x48226)
S1IN[1:0]: Ch. 1 memory address control (D[D:C]) / Ch. 1 high-order source address set-up register (0x48236)
S2IN[1:0]: Ch. 2 memory address control (D[D:C]) / Ch. 2 high-order source address set-up register (0x48246)
S3IN[1:0]: Ch. 3 memory address control (D[D:C]) / Ch. 3 high-order source address set-up register (0x48256)

SXIN ="00": addressfixed (default)

SXIN ="01": address decremented without initialization
SxIN ="10": addressincremented with initialization
SxIN ="00": address incremented without initialization

Refer to the explanation in " Setting the Registers in Dual-Address Mode".
DOIN[1:0] isnot used in single-address mode.

Enabling/Disabling DMA Transfer

The HSDMA transfer is enabled by writing " 1" to the enable bit HSx_EN.
HSO_EN: Ch. 0 enable (D0) / Ch. 0 enable register (0x4822C)
HS1_EN: Ch. 1 enable (D0) / Ch. 1 enable register (0x4823C)
HS2_EN: Ch. 2 enable (DO) / Ch. 2 enable register (0x4824C)
HS3_EN: Ch. 3 enable (DO) / Ch. 3 enable register (0x4825C)

However, the control information must always be set correctly before enabling aDMA transfer.

Note that the control information cannot be set when HSx_EN ="1".

When HSx_ENissetto"0", HSDMA requests are ho longer accepted.

When aDMA transfer iscompleted (transfer counter = 0), HSx_EN isreset to "0" to disable the following trigger
inputs.
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Trigger Factor

A HSDMA tigger factor can be selected from among 13 types using the HSDMA trigger set-up register for each

channel. Thisfunction is supported by the interrupt controller.

HSDO0S[3:0]: Ch. 0 trigger set-up (D[3:0]) / HSDMA Ch. 0/1 trigger set-up register (0x40298)
HSD15[3:0]: Ch. 1 trigger set-up (D[7:4]) / HSDMA Ch. 0/1 trigger set-up register (0x40298)
HSD2S5[3:0]: Ch. 2 trigger set-up (D[3:0]) / HSDMA Ch. 2/3 trigger set-up register (0x40299)
HSD3S[3:0]: Ch. 3 trigger set-up (D[7:4]) / HSDMA Ch. 2/3 trigger set-up register (0x40299)

Table 2.2 shows the setting value and the corresponding trigger factor.

Table 2.2 HSDMA Trigger Factor

Value

Ch.0 trigger factor

Ch.1 trigger factor

Ch.2 trigger factor

Ch.3 trigger factor

0000

Software trigger

Software trigger

Software trigger

Software trigger

0001

K50 port input (falling edge)

K51 port input (falling edge)

K53 port input (falling edge)

K54 port input (falling edge)

0010

K50 port input (rising edge)

K51 port input (rising edge)

K53 port input (rising edge)

K54 port input (rising edge)

0011 |Port 0 input Port 1 input Port 2 input Port 3 input

0100 |Port 4 input Port 5 input Port 6 input Port 7 input

0101 |8-bit timer O underflow 8-bit timer 1 underflow 8-bit timer 2 underflow 8-bit timer 3 underflow
0110 |16-bit timer 0 compare B 16-bit timer 1 compare B 16-bit timer 2 compare B 16-bit timer 3 compare B
0111 |16-bittimer O compare A 16-bit timer 1 compare A 16-bit timer 2 compare A 16-bit timer 3 compare A
1000 |16-bit timer 4 compare B 16-bit timer 5 compare B 16-bit timer 4 compare B 16-bit timer 5 compare B
1001 |16-bit timer 4 compare A 16-bit timer 5 compare A 16-bit timer 4 compare A 16-bit timer 5 compare A

1010

Serial I/F Ch.0 Rx buffer full

Serial I/F Ch.1 Rx buffer full

Serial I/F Ch.0 Rx buffer full

Serial I/F Ch.1 Rx buffer full

1011

Serial I/F Ch.0 Tx buffer empty

Serial I/F Ch.1 Tx buffer empt

Serial I/F Ch.0 Tx buffer empt

Serial I/F Ch.1 Tx buffer empt

1100

A/D conversion completion

A/D conversion completion

A/D conversion completion

A/D conversion completion

By selecting an interrupt factor with the HSDMA trigger set-up register, the HSDMA channel isinvoked when the
selected interrupt factor occurs. Theinterrupt control bits (interrupt factor flag, interrupt enable register, IDMA
request register, interrupt priority register) do not affect thisinvocation. Theinterrupt factor that invokesHSDMA
sets theinterrupt factor flag. and HSDMA does not reset the flag. Consequently, when the DMA transfer is
completed (evenif thetransfer counter isnot 0), an interrupt request to the CPU will be generatedif theinterrupt has
been enabled. To generate an interrupt only when the transfer counter reaches 0, disable the interrupt by theinterrupt
factor that invokes HSDMA and usethe HSDMA transfer completion interrupt .

When software trigger is selected, the HSDMA channel can be invoked by writing "1" to the HSTx bit.
HSTO: Ch. 0 softwaretrigger (D0) / HSDMA software trigger register (0x4029F)
HST1: Ch. 1 softwaretrigger (D1) / HSDMA software trigger register (0x4029F)
HST2: Ch. 2 softwaretrigger (D2) / HSDMA software trigger register (0x4029F)
HST3: Ch. 3 softwaretrigger (D3) / HSDMA software trigger register (0x4029F)

When the selected trigger factor occurs, thetrigger flag isset to "1" to invoke the HSDMA channel.

The HSDMA startsa DMA transfer if it has been enabled and the trigger flag is cleared by the hardware at the same
time. Thismakesit possible to queue the HSDMA triggers that have been generated.
Thetrigger flag can be read and cleared using the HSx_TF hit.

HSO_TF: Ch. 0 trigger flag status/clear (DO) / Ch. O trigger flag register (0x4822E)
HS1 TF: Ch. 1 trigger flag status/clear (DO) / Ch. 1 trigger flag register (0x4823E)
HS2 TF: Ch. 2 trigger flag status/clear (DO) / Ch. 2 trigger flag register (0x4824E)
HS3_TF: Ch. 3 trigger flag status/clear (DO) / Ch. 3 trigger flag register (0x4825E)

By writing "1" to this bit, the set trigger flag can be cleared if the DMA transfer has not been started.
When thishit isread, "1" indicatesthat theflag isset and "0" indicates that theflag is cleared.
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Operation of HSDMA

AnHSDMA channdl starts datatransfer by the selected trigger factor.
Make surethat transfer conditions and atrigger factor are set and the HSDMA channel is enabled before starting a

DMA transfer.

Operation in Dual-Address Mode

In dual-address mode, both the source and destination addresses are accessed according to the bus condition set by
the BCU.

HSDMA hasthree transfer modes, in each of which datatransfer operates differently. The following describes the
operation of HSDMA in each transfer mode.

Single transfer mode
The channel for which DxMOD in control information is set to "00" operates in single transfer mode. In this
mode, atransfer operation invoked by onetrigger is completed after transferring one data unit of the sizesetby
DATSIZEx. If adatatransfer needs to be performed anumber of times as set by the transfer counter, an equal
number of triggers arerequired.
The operation of HSDMA in single transfer mode is shown by the flow chart in Figure 2.3.

( START )

Clear trigger flag HSx_TF
to accept next trigger
Data read from source
(1 byte or 1 half word)

Data write to destination
(1 byte or 1 half word)
Increment/decrement O according to SxXIN/DXIN

address [J settings

Transfer counter - 1

Transfer
counter =0

Clear HSDMA enable bit
HSx_EN
\
Set interrupt factor flag
FHDMXx

<

( END )

Figure 2.3 Operation Flow in Single Transfer Mode

(1) When atrigger is accepted, the trigger flag HSx_TF is cleared and then data of the size set in the control
information isread from the source address.

(2) Theread dataiswritten to the destination address.

(3) Theaddresses areincremented or decremented according to the SxIN/DxIN settings.

(4) The transfer counter is decremented.

(5) TheHSDMA enable bit HSx_EN iscleared and HSDMA interrupt factor flag in ITC is set when the
transfer counter reaches O (when DINTENx ="1").
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Successive transfer mode

The channel for which DxMOD in control information is set to "01" operates in successive transfer mode. In
thismode, adatatransfer is performed by one trigger anumber of times as set by the transfer counter. The
transfer counter is decremented to "0" by one transfer executed.

The operation of HSDMA in successive transfer mode is shown by the flow chart in Figure 2.4.

( START D

Clear trigger flag HSx_TF
to accept next trigger

N

>

Data read from source

(1 byte or 1 half word)

Data write to destination
(1 byte or 1 half word)

Increments/decrements | (@ according to SxIN/DxIN
address [ settings

Transfer counter - 1

Transfer
counter =0

Clear HSDMA enable bit
HSx_EN
\
Set interrupt factor flag
FHDMx
\
C END )

Figure 2.4 Operation Flow in Successive Transfer Mode

(1) When atrigger is accepted, thetrigger flag HSx_TF is cleared and then data of the size set in the control

information isread from the source address.

(2) Theread dataiswritten to the destination address.

(3) Theaddresses areincremented or decremented according to the SxIN/DxIN settings.

(4) The transfer counter is decremented.

(5) Steps(1)to (4) arerepeated until the transfer counter reaches 0.

(6) TheHSDMA enable bit HSx_EN iscleared and HSDMA interrupt factor flag in ITC is set when the

transfer counter reaches 0 (when DINTENx ="1").
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Block transfer mode
The channel for which DxMOD in control information is set to " 10" operates in block transfer mode. In this
mode, atransfer operation invoked by onetrigger is completed after transferring one block of data of the size
set by BLKLENX. If ablock transfer needs to be performed anumber of times as set by the transfer counter,an
equal number of triggers are required.
The operation of HSDMA in block transfer mode is shown by the flow chart in Figure 2.5.

@

)
@)
(4)
(%)
(6)
(@)

C START D
\
Clear trigger flag HSx_TF

to accept next trigger
\

N
>
Data read from source
(1 byte or 1 half word)
Data write to destination
(1 byte or 1 half word)
Increments/decrements | O according to SxXIN/DxIN
address [J settings

Block size - 1

1-block transfer

|
Restores initial values to | 0 according to SxIN/DxIN
block size and address [ settings

Transfer counter - 1

Transfer
counter =0

Clear HSDMA enable bit
HSx_EN
\
Set interrupt factor flag
FHDMx

( END )

Figure 2.5 Operation Flow in Block Transfer Mode

When atrigger is accepted, the trigger flag HSx_TF is cleared and then data of the size set in the control
information isread from the source address.

Theread dataiswritten to the destination address.

The addressisincremented or decremented and BLKLENX is decremented.

Steps (1) to (3) arerepeated until BLKLEN reaches 0.

If SXIN or DxIN is"10", the addressisrecycled to theinitia value.

Thetransfer counter is decremented.

The HSDMA enable bit HSx_EN iscleared and HSDMA interrupt factor flagin ITC is set when the
transfer counter reaches O (when DINTENx ="1").
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V DMA BLOCK: HSDMA (High-Speed DMA)

Operation in Single-Address Mode

The operation of each transfer modeisamost the same as that of dual-address mode (see the previous section).
However, data read/write operation is performed simultaneously in single-address mode.

Thefollowing explains the data transfer operation different from dual-address mode.

#DMAACKX signal output and bus operation
When the HSDMA circuit accepts the DMA request, it outputs alow-level pulse from the ZDMAACKX pin
and starts bus operation for the memory at the same time.
The contents of this bus operation are as follows:

Data transfer from 1/0O device to memory

The address that has been set in the memory address register is output to the address bus.

A write operation is performed under the interface conditions set on the areato which the memory at the
destination of transfer belongs. The data bus is |eft floating.

The external 1/0 device outputs the transfer data onto the data bus using the #DMAACKXx signa as the read
signal. The memory takes in this datausing the write signal.

Data transfer from memory to an 1/O device

The addressthat has been set in the memory address register is output to the address bus.

A read operation is performed under the interface conditions set on the area to which the memory at the
source of transfer belongs.

The memory outputs the transfer data onto the data bus using theread signal.
The external 1/0 device takes in the data from the data bus using the #DMAACKx signal asthewritesignal.

If thetransfer datasizeis 16 bitsand the I/O device isan 8-bit device, two bus operations are performed.
Otherwise, transfer is completed in one bus operation.

#DMAENDX signal output
When thetransfer counter reaches 0, the end-of-transfer signal is output from the #DMAENDX pin indicating
that a specified number of transfers has been completed. At the same time, the interrupt factor for the
completion of HSDMA is generated.

V-2-12
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V DMA BLOCK: HSDMA (High-Speed DMA)

Timing Chart

Dual-address mode

(1) SRAM
Example: When 2 (RD)/1 (WR) wait cycles areinserted
» Read cycle e Write cycle .
BCLK _/ N N I
A[23:0] X source address X destination address X
#CE(src) |
#CE(dst)
#RD
H#WRHHWRL 7
#DMAEND |
Figure 2.6 #DMAEND Signal Output Timing (SRAM)
(2) DRAM
Example: Page mode, RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle
. Read cycle e Write cycle .
=IO O A T I N I S I S B S B S B N I S I S B S B B B B
Al11:00 JRow {  coL#1 [ coL#2 Y ROW Y coL#l Y coL# Y/
#RASX \ / \ [
HCAS) \ I / \ I /
#RD \ /
#WR \ [
#DMAEND |\ / \ /

Figure 2.7 #DMAEND Signal Output Timing (DRAM)
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V DMA BLOCK: HSDMA (High-Speed DMA)

Single-address mode

(1) SRAM

Example: When 2 (RD)/1 (WR) wait cycles areinserted

(2) Burst ROM

BCLK
A[23:0]
#CEXx

#RD

#WRH/H#WRL

#DMAACK

#DMAEND

addr

Figure 2.8 #DMAACK/#DMAEND Signal Output Timing (SRAM)

Example: When 4-consecutive-burst and 2-wait cycles are set during the first access

BCLK
Al23:2]
A[L:0]

#CE10(9)

addr[23:2]

U

00"

Y(_or

X

5'10" 3 >< ll

D[15:0]

#RD

#DMAACK

#DMAEND

(3) DRAM

Figure 2.9 #DMAACK/#DMAEND Signal Output Timing (Burst ROM)

Example: Page mode, RAS: 1 cycle; CAS: 2 cycles; Precharge: 1 cycle

_/

BCLK

Al11:0] X

X

COL#1

X

COL #2 X

#RASX

#CAS

#RD

#WR

#DMAACK

#DMAEND

Figure 2.10 #DMAACK/#DMAEND Signal Output Timing (DRAM)
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V DMA BLOCK: HSDMA (High-Speed DMA)

Interrupt Function of HSDMA

The DMA controller can generate an interrupt when the transfer counter in each HSDMA channel reaches 0.

Furthermore, channels 0 and 1 can invoke IDMA using their interrupt factor.

Interrupt enable bit in the HSDMA circuit
The DINTENX hit in each channel allows selection whether to set the HSDMA interrupt factor flag in the
interrupt controller or not. If DINTENX ="1", the HSDMA interrupt factor flag isset to " 1" when the transfer
counter reaches 0. If DINTENx ="0", the HSDMA interrupt factor flag is not set and an interrupt does not

occur.

DINTENO: Ch. 0 interrupt enable (DF) / HSDMA Ch. 0 high-order source address set-up register (0x48226)
DINTENL: Ch. 1 interrupt enable (DF) / HSDMA Ch. 1 high-order source address set-up register (0x48236)
DINTEN2: Ch. 2 interrupt enable (DF) / HSDMA Ch. 2 high-order source address set-up register (0x48246)
DINTENS: Ch. 3 interrupt enable (DF) / HSDMA Ch. 3 high-order source address set-up register (0x48256)

Control registers of the interrupt controller

Table 2.3 shows the control registers of theinterrupt controller that are provided for each channel.

Table 2.3 Control Registers of Interrupt Controller

Channel Interrupt factor flag Interrupt enable register Interrupt priority register

Ch.0 FHDMO(D0/0x40281) EHDMO(D0/0x40271) PHSDOL[2:0](D[2:0]/0x40263)
Ch.1 FHDM1(D1/0x40281) EHDM1(D1/0x40271) PHSD1L[2:0](D[6:4]/0x40263)
Ch. 2 FHDM2(D2/0x40281) EHDM2(D2/0x40271) PHSD2L[2:0](D[2:0]/0x40264)
Ch. 3 FHDM3(D3/0x40281) EHDM3(D3/0x40271) PHSD3L[2:0](D[6:4]/0x40264)

If DINTENX ="1", the HSDMA controller sets the HSDMA interrupt factor flag to " 1" when the transfer
counter reaches 0 after completing aseries of HSDMA transfers. If the corresponding bit of theinterrupt
enable register issetto"1" at thistime, an interrupt request is generated. Interrupts can be disabled by leaving
the interrupt enable register bit set to "0". The HSDMA interrupt factor flag isalways set to " 1" when the data
transfer in each channel is completed no matter what value the interrupt enable register bit isset to. (Thisis
trueevenwhen itissetto"0".)

Theinterrupt priority register sets an interrupt priority level (0 to 7). Aninterrupt request to the CPU is

accepted only when thereis no other interrupt request of higher priority. Furthermore, it isonly when the
PSR's|E hit ="1" (interrupt enable) and the set value of IL issmaller than the HSDM A interruptlevel whichis
set in the interrupt priority register that the CPU actually accepts aHSDMA interrupt. For details about the

interrupt control register and for the device operation when an interrupt occurs, refer to "I TC (Interrupt

Controller)".
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V DMA BLOCK: HSDMA (High-Speed DMA)

Intelligent DMA
Intelligent DMA (IDMA) can be invoked by the end-of-transfer interrupt factor of channels 0 and 1 of
HSDMA. The following shows the IDMA channels setin HSDMA:
IDMA channel
Channel 0 end-of-transfer interrupt: 0x05
Channel 1 end-of-transfer interrupt: 0x06

Before IDMA can be invoked, the corresponding bits of the IDMA request and IDMA enable registersmust be
setto"1". Settings of transfer conditions onthe IDMA side are also required.

Table 2.4 Control Bits for IDMA Transfer
Channel IDMA request bit IDMA enable bit
Ch. 0 RHDMO0(D4/0x40290) |DEHDMO0(D4/0x40294)
Ch.1 RHDM1(D5/0x40290) |DEHDM1(D5/0x40294)

If the IDMA request and enable hitsareset to 1", IDMA isinvoked through generation of aninterrupt factor.
No interrupt request is generated at that point. Aninterrupt request is generated after the DMA transfer is
completed. Theregisters can also be set so as not to generate an interrupt,withonlyaDMA transfer performed.
For details on IDMA transfers and interrupt control upon completion of IDMA transfer, refer to "IDMA
(Intelligent DMA)".

Trap vector
Thetrap vector addresses for interrupt factors in each channel are set by default as follows:
(BTA3=High) (BTA3=Low)

Channel 0 end-of-transfer interrupt: 0x0080058 0x0C00058
Channel 1 end-of-transfer interrupt: 0x008005C 0x0C0005C
Channel 2 end-of-transfer interrupt: 0x0080060 0x0C00060
Channel 3 end-of-transfer interrupt: 0x0080064 0x0C00064

Note that the trap table base address can be modified using the TTBR registers (0x48134 to 0x48137).
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I/0 Memory of HSDMA

V DMA BLOCK: HSDMA (High-Speed DMA)

Table 2.5 shows the control bits of HSDMA.

Table 2.5 Control Bits of HSDMA

[ Register name | Address | Bit | Name | Function | Setting | Init. | RIW | Remarks
High-speed 0040263 ( D7 |- reserved — — — |0 when being read.
DMA Ch.0/1 (B) D6 |PHSD1L2 |High-speed DMA Ch.1 Oto7 X | RW
interrupt D5 |[PHSDI1L1 [interrupt level X
priority register D4 [PHSDILO X

D3 |- reserved — — — |0 when being read.
D2 |PHSDOL2 |High-speed DMA Ch.0 Oto7 X | RIW
D1 [PHSDOL1 |interrupt level X
DO |PHSDOLO X
High-speed 0040264 ( D7 |- reserved — — — |0 when being read.
DMA Ch.2/3 (B) D6 |PHSD3L2 |High-speed DMA Ch.3 Oto7 X | RW
interrupt D5 |[PHSD3L1 |interrupt level X
priority register D4 |PHSD3LO X
D3 |- reserved — — — |0 when being read.
D2 |PHSD2L2 |High-speed DMA Ch.2 Oto7 X | RIW
D1 [PHSD2L1 [interrupt level X
DO |PHSD2LO X
DMA interrupt | 0040271 | D7-5 |— reserved — — — |0 when being read.
enable register B) D4 |EIDMA IDMA 1 |Enabled 0 [Disabled 0 |RW
D3 |EHDM3 High-speed DMA Ch.3 0 |RW
D2 |[EHDM2 High-speed DMA Ch.2 0 [R/W
D1 |EHDM1 High-speed DMA Ch.1 0 |RW
DO |EHDMO High-speed DMA Ch.0 0 |RW
DMA interrupt | 0040281 | D7-5 |- reserved — — — |0 when being read.
factor flag (B) D4 [FIDMA IDMA 1 [Factor is 0 |No factoris| X |R/W
register D3 |[FHDM3 High-speed DMA Ch.3 generated generated X | RIW
D2 |FHDM2 High-speed DMA Ch.2 X |RIW
D1 |FHDM1 High-speed DMA Ch.1 X |RIW
DO |FHDMO High-speed DMA Ch.0 X |RW
Port input 0-3, | 0040290 | D7 |R16TCO 16-bit timer O comparison A 1 (IDMA 0 | Interrupt 0 [RW
high-speed B) D6 |[R16TUO 16-bit timer 0 comparison B request request 0 [RW
DMA, 16-bit D5 |RHDM1 High-speed DMA Ch.1 0 |RW

timer 0 D4 |RHDMO High-speed DMA Ch.0 0 |RW
IDMA request D3 |[RP3 Port input 3 0 [RW
register D2 |[RP2 Port input 2 0 [RW

D1 [RP1 Port input 1 0 [RW
DO [RPO Port input 0 0 [RW
Port input 0-3, | 0040294 | D7 |DE16TCO [16-bittimer O comparison A 1 (IDMA 0 |IDMA 0 [RW
high-speed B) D6 |[DE16TUO |16-bit timer O comparison B enabled disabled 0 [RW
DMA, 16-bit D5 |DEHDM1 |High-speed DMA Ch.1 0 |RW

timer 0 D4 |DEHDMO |High-speed DMA Ch.0 0 |RW
IDMA enable D3 |DEP3 Port input 3 0 [RW
register D2 |DEP2 Port input 2 0 [RW

D1 |DEP1 Port input 1 0 |RW
DO |DEPO Port input 0 0 [RW
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V DMA BLOCK: HSDMA (High-Speed DMA)

| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
High-speed 0040298 | D7 |HSD1S3 High-speed DMA Ch.1 0 | Software trigger 0 |RW
DMA Ch.0/1 (B) D6 |HSD1S2 trigger set-up 1 (K51 input (falling edge) 0
trigger set-up D5 |HSD1S1 2 [K51 input (rising edge) 0
register D4 |HSD1SO 3 [Port 1 input 0
4 | Port 5 input
5 | 8-bit timer Ch.1 underflow
6 [ 16-bit timer Ch.1 compare B
7 [16-bit timer Ch.1 compare A
8 [ 16-bit timer Ch.5 compare B
9 | 16-bit timer Ch.5 compare A
A|SI/F Ch.1 Rx buffer full
B | SI/F Ch.1 Tx buffer empty
C | A/D conversion completion
D3 |HSDO0S3 High-speed DMA Ch.0 0 | Software trigger 0 |[RW
D2 |HSDO0S2 trigger set-up 1 (K50 input (falling edge) 0
D1 |HSDOS1 2 [K50 input (rising edge) 0
DO |HSDO0SO 3 [Port 0 input 0
4 | Port 4 input
5 | 8-bit timer Ch.0 underflow
6 [ 16-bit timer Ch.0 compare B
7 [ 16-bit timer Ch.0 compare A
8 | 16-bit timer Ch.4 compare B
9 [16-bit timer Ch.4 compare A
A [SI/F Ch.0 Rx buffer full
B | SI/F Ch.0 Tx buffer empty
C | A/D conversion completion
High-speed 0040299 | D7 |HSD3S3 High-speed DMA Ch.3 0 | Software trigger 0 [RW
DMA Ch.2/3 (B) D6 |HSD3S2 trigger set-up 1 (K54 input (falling edge) 0
trigger set-up D5 |HSD3S1 2 [K54 input (rising edge) 0
register D4 |HSD3S0 3 [Port 3 input 0
4 | Port 7 input
5 [8-bit timer Ch.3 underflow
6 [ 16-bit timer Ch.3 compare B
7 [16-bit timer Ch.3 compare A
8 [ 16-bit timer Ch.5 compare B
9 [16-bit timer Ch.5 compare A
A [SI/F Ch.1 Rx buffer full
B | SI/F Ch.1 Tx buffer empty
C | A/ID conversion completion
D3 |HSD2S3 High-speed DMA Ch.2 0 | Software trigger 0 |[RW
D2 |HSD2S2 trigger set-up 1 [K53 input (falling edge) 0
D1 |HSD2S1 2 [K53 input (rising edge) 0
DO |HSD2S0 3| Port 2 input 0
4 Port 6 input
5 | 8-bit timer Ch.2 underflow
6 | 16-bit timer Ch.2 compare B
7 [ 16-bit timer Ch.2 compare A
8 [ 16-bit timer Ch.4 compare B
9 [16-bit timer Ch.4 compare A
A|SI/F Ch.0 Rx buffer full
B | SI/F Ch.0 Tx buffer empty
C | A/D conversion completion
High-speed 004029A | D7-4 |- reserved - — — |0 when being read.
DMA software (B) D3 |HST3 HSDMA Ch.3 software trigger 1 |Trigger 0 |Invalid 0 w
trigger register D2 |HST2 HSDMA Ch.2 software trigger 0 W
D1 |HST1 HSDMA Ch.1 software trigger 0 %
DO |HSTO HSDMA Ch.0 software trigger 0 Y
K5 function 00402C0 | D7-5 |- reserved — — — |0 when being read.
select register (B) D4 |CFK54 K54 function selection 1 |#DMAREQ3 | 0 [K54 0 |RW
D3 |CFK53 K53 function selection 1 [#DMAREQ?2 | 0 |K53 0 |RW
D2 |CFK52 K52 function selection 1 [#ADTRG 0 |K52 0 |R/W
D1 [CFK51 K51 function selection 1 |#DMAREQ1 | 0 |K51 0 |RW
DO |CFK50 K50 function selection 1 [#DMAREQO | 0 K50 0 |RW

V-2-18 EPSON EOC33 FAMILY ASIC MACRO MANUAL



V DMA BLOCK: HSDMA (High-Speed DMA)

Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
P1 function 00402D4| D7 |- reserved — — — |0 when being read.
select register (B) D6 |CFP16 P16 function selection 1 [EXCL5 0|P16 0 |RW
#DMAEND1
D5 |CFP15 P15 function selection 1 [EXCL4 0|P15 0 |RW
#DMAENDO
D4 |CFP14 P14 function selection 1 [FOSC1 0|P14 0 | R/W |Extended functions
(0x402DF)
D3 |CFP13 P13 function selection 1 [EXCL3 0|P13 0 |RW
T8UF3
D2 |CFP12 P12 function selection 1 |EXCL2 0|P12 0 (RW
T8UF2
D1 |CFP11 P11 function selection 1|EXCL1 0 (P11 0 [RW
T8UF1
DO |CFP10 P10 function selection 1 |EXCLO 0 (P10 0 [RW
T8UFO
P11/O control |00402D6| D7 |- reserved — — — |0 when being read.
register (B) D6 |IOC16 P16 1/0 control 1 [Output 0 | Input 0 |RW
D5 [IOC15 P15 1/O control 0 |RW
D4 |[I0OC14 P14 1/0 control 0 |RW
D3 [IOC13 P13 1/0 control 0 |RW
D2 |I0C12 P12 1/0 control 0 |RW
D1 |[IOC11 P11 1/O control 0 |RW
DO |IOC10 P10 1/O control 0 |RW
P3 function 00402DC| D7-6 |- reserved — — — |0 when being read.
select register (B) D5 |CFP35 P35 function selection 1 [#BUSACK |0 [P35 0 |RW
D4 |CFP34 P34 function selection 1 [#BUSREQ | 0 P34 0 |RW
#CE6
D3 |CFP33 P33 function selection 1 |#DMAACK1| 0 | P33 0 |RW
D2 |CFP32 P32 function selection 1 |#DMAACKO| 0 | P32 0 |RW
D1 |CFP31 P31 function selection 1 [#BUSGET |0 [P31 0 | R/W |Ext. func.(0x402DF)
DO |CFP30 P30 function selection 1 [#WAIT 0|P30 0 |RW
#CE4/#CES5,
Port function |00402DF| D7 |CFEX7 PO7 port extended function 1 [#DMAEND3| 0 [P0O7, etc. 0 |RW
extension (B) D6 |CFEX6 P06 port extended function 1 |#DMAACK3| 0 |PO0B6, etc. 0 [R/W
register D5 |CFEX5 P05 port extended function 1 [#DMAEND2| 0 [PO5, etc. 0 |RW
D4 |[CFEX4 P04 port extended function 1 |#DMAACK2| 0 |P04, etc. 0 [R/W
D3 |CFEX3 P31 port extended function 1 [#GARD 0 |P31, etc. 0 |R/W
D2 |CFEX2 P21 port extended function 1 [#GAAS 0 |P21, etc. 0 |RW
D1 [CFEX1 P10, P11, P13 port extended 1|DSTO 0 |P10, etc. 1 |[RW
function DST1 P11, etc.
DPCO P13, etc.
DO |CFEXO0 P12, P14 port extended function |1 |DST2 0 |P12, etc. 1 [RW
DCLK P14, etc.
High-speed 0048220 | DF |TCO_L7 Ch.0 transfer counter[7:0] X | RIW
DMA Ch.0 (HW) DE |TCO_L6 (block transfer mode) X
transfer DD (TCO_L5 X
counter DC |TCO_L4 Ch.0 transfer counter[15:8] X
register DB |TCO_L3 (single/successive transfer mode) X
DA |TCO_L2 X
D9 |[TCO_L1 X
D8 |[TCO_LO X
D7 |BLKLENO7|Ch.0 block length X |RW
D6 |BLKLENO6 |(block transfer mode) X
D5 |(BLKLENOS X
D4 |BLKLENO4|Ch.0 transfer counter[7:0] X
D3 |BLKLENO3|(single/successive transfer mode) X
D2 |[BLKLENO2 X
D1 |[BLKLENO1 X
DO [BLKLENOO X
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V DMA BLOCK: HSDMA (High-Speed DMA)

| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
High-speed 0048222 | DF |DUALMO |Ch.0 address mode selection 1 |Dua| addr | 0 |Single addr( 0 [RW
DMA Ch.0 (HW) DE |DODIR D) Invalid - - | -
control register S) Ch.0 transfer direction control |1 |Memory WR| 0 |Mem0ry RD| 0 |RW
DD-8 |- reserved — — — |Undefined in read.
Note: D7 |TCO_H7 |Ch.0 transfer counter[15:8] X |RW
D) Dual address D6 |TCO_H6 |(block transfer mode) X
9 g’lﬂgfe D5 |Tco_Hs X
address D4 |TCO_H4 Ch.0 transfer counter[23:16] X
mode D3 |TCO_H3 (single/successive transfer mode) X
D2 |TCO_H2 X
D1 |TCO_H1 X
DO |TCO_HO X
High-speed 0048224 | DF |SOADRL15|D) Ch.0 source address[15:0] X | RIW
DMA Ch.0 (HW) DE |SOADRL14|S) Ch.0 memory address[15:0] X
low-order DD |SOADRL13 X
source address DC |SOADRL12 X
set-up register DB |[SOADRL11 X
DA |SOADRL10 X
Note: D9 |SOADRL9Y X
D) %"Z‘Eddfess A8 |SO0ADRLS X
S) single D7 |SOADRL7 X
address D6 |SOADRL6 X
mode D5 |SOADRL5 X
D4 |SOADRL4 X
D3 |SOADRL3 X
D2 |SOADRL2 X
D1 |SOADRL1 X
DO |SOADRLO X
High-speed 0048226 | DF |DINTENO |Ch.0 interrupt enable 1 [Enabled 0 | Disabled 0 |RW
DMA Ch.0 (HW) DE |DATSIZEO |Ch.0 transfer data size 1 [Half word | O |Byte 0 |RW
high-order DD ([SOIN1 D) Ch.0 source address control SOIN[1:0] Inc/dec 0 [RW
source address DC [SOINO S) Ch.0 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |SOADRHLL|D) Ch.0 source address[27:16] X | RIW
s gﬁgfe DA |SOADRH10|S) Ch.0 memory address[27:16] X
address D9 |SOADRH9 X
mode A8 |SOADRHS8 X
D7 |SOADRH7 X
D6 |SOADRH6 X
D5 |SOADRH5 X
D4 |SOADRH4 X
D3 [SOADRH3 X
D2 |SOADRH2 X
D1 |[SOADRH1 X
DO |SOADRHO X
High-speed 0048228 | DF |DOADRL15|D) Ch.0 destination address[15:0] X | RIW
DMA Ch.0 (HW) DE [DOADRL14(S) Invalid X
low-order DD |DOADRL13 X
destination DC |DOADRL12 X
address set-up DB |DOADRL11 X
register DA |DOADRL10 X
D9 |DOADRLY X
Note: A8 |DOADRLS X
D) Dual address D7 |DOADRL7 X
9 gﬂgfe D6 |DOADRL6 X
address D5 |DOADRL5 X
mode D4 |DOADRL4 X
D3 |DOADRL3 X
D2 |DOADRL2 X
D1 |DOADRL1 X
DO |[DOADRLO X
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V DMA BLOCK: HSDMA (High-Speed DMA)

Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 004822A | DF [DOMOD1 [Ch.0 transfer mode DOMOD[1:0] Mode 0 [RW
DMA Ch.0 (HW) DE |DOMODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |DOIN1 D) Ch.0 destination address DOIN[1:0] Inc/dec 0 [RW
DC (DOINO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) zizleaddress 0 1 Dec.(no init)
S) single _ 0 0 Fixed
address DB |DOADRH11|D) Ch.0 destination X |[Rw
mode DA |DOADRH10| address[27:16] X
D9 [DOADRH9 |(S) Invalid X
A8 |DOADRH8 X
D7 |DOADRH7 X
D6 |DOADRH6 X
D5 |DOADRH5 X
D4 |DOADRH4 X
D3 |DOADRH3 X
D2 |DOADRH2 X
D1 |DOADRH1 X
DO |DOADRHO X
High-speed 004822C | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.0 (HW)
enable register DO _[HSO_EN _[Ch.0 enable 1[Enable  Jo[Disable o [rRw
High-speed 004822E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.0 (HW)
trigger flag DO |HSO_TF Ch.0 trigger flag clear (writing) 1 |Clear 0 [No operation| 0 | R/W
register Ch.0 trigger flag status (reading) |1 |Set 0 [Cleared
High-speed 0048230 | DF (TC1_L7 Ch.1 transfer counter[7:0] X |RIW
DMA Ch.1 (HW) DE |TC1_L6 (block transfer mode) X
transfer DD |TC1_L5 X
counter DC [TC1_L4 Ch.1 transfer counter[15:8] X
register DB |TC1_L3 (single/successive transfer mode) X
DA |TC1_L2 X
D9 |TC1_L1 X
D8 |TC1 LO X
D7 [BLKLEN17|Ch.1 block length X | RIW
D6 |[BLKLEN16 | (block transfer mode) X
D5 |BLKLEN15 X
D4 [BLKLEN14|Ch.1 transfer counter[7:0] X
D3 [BLKLEN13|(single/successive transfer mode) X
D2 |BLKLEN12 X
D1 |BLKLEN11 X
DO |BLKLEN10 X
High-speed 0048232 | DF |DUALM1 |Ch.1 address mode selection 1 |Dua| addr | 0 |Single addr(| 0 |R/W
DMA Ch.1 (HW) DE |DiDIR D) Invalid - - | -
control register S) Ch.1 transfer direction control | 1 |Memory WR| 0 |Memory RD| 0 |RW
DD-8 |- reserved — — — |Undefined in read.
Note: D7 |[TC1_H7 Ch.1 transfer counter[15:8] X | RIW
D) Dual address D6 |TC1_H6 |(block transfer mode) X
9 g“iﬂgfe D5 |TC1 Hs X
address D4 |[TC1_H4 Ch.1 transfer counter[23:16] X
mode D3 [TC1_H3 (single/successive transfer mode) X
D2 |TC1_H2 X
D1 |TC1_H1 X
DO |TC1_HO X
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High-speed 0048234 | DF |S1ADRL15|D) Ch.1 source address[15:0] X | RIW
DMA Ch.1 (HW) DE |S1ADRL14(S) Ch.1 memory address[15:0] X
low-order DD |S1ADRL13 X
source address DC |S1ADRL12 X
set-up register DB |S1ADRL11 X
DA |S1ADRL10 X
Note: D9 |S1ADRLY X
D) Dual address A8 |S1ADRLS X
9 gﬂgfe D7 [S1ADRL? X
address D6 |S1ADRL6 X
mode D5 |S1ADRL5 X
D4 |S1ADRL4 X
D3 |S1ADRL3 X
D2 |[S1ADRL2 X
D1 |S1ADRL1 X
DO |[S1ADRLO X
High-speed 0048236 | DF |DINTEN1 |Ch.1 interrupt enable 1 [Enabled 0 | Disabled 0 |RW
DMA Ch.1 (HW) DE |DATSIZE1 |Ch.1 transfer data size 1 |Halfword | O [Byte 0 |RW
high-order DD ([S1IN1 D) Ch.1 source address control S1IN[1:0] Inc/dec 0 [RW
source address DC ([S1INO S) Ch.1 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |SLADRHLL|D) Ch.1 source address[27:16] X | RIW
9 gﬁgfe DA |S1ADRH10|S) Ch.1 memory address[27:16] X
address D9 |S1ADRH9 X
mode A8 |S1ADRHS8 X
D7 |[S1ADRH7 X
D6 |[S1ADRH6 X
D5 |[S1ADRH5 X
D4 |[S1ADRH4 X
D3 [S1ADRH3 X
D2 |[S1ADRH2 X
D1 [S1ADRH1 X
DO [S1ADRHO X
High-speed 0048238 | DF |D1ADRL15|D) Ch.1 destination address[15:0] X | RIW
DMA Ch.1 (HW) DE [D1ADRL14(S) Invalid X
low-order DD |D1ADRL13 X
destination DC |D1ADRL12 X
address set-up DB |D1ADRL11 X
register DA [D1ADRL10 X
D9 |[D1ADRL9 X
Note: A8 |D1ADRLS X
D) Dual address D7 |D1ADRL7 X
9 gﬂgfe D6 |D1ADRL6 X
address D5 |D1ADRL5 X
mode D4 |D1ADRL4 X
D3 |[D1ADRL3 X
D2 |D1ADRL2 X
D1 |[D1ADRL1 X
DO [D1ADRLO X
High-speed 004823A| DF [D1IMOD1 |Ch.1 transfer mode D1MOD[1:0] Mode 0 [RW
DMA Ch.1 (HW) DE |D1MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D1IN1 D) Ch.1 destination address D1IN[1:0] Inc/dec 0 |RW
DC |D1INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
mode N
S) Single _ 0 0 Fixed
address DB [D1ADRH11|D) Ch.1 destination X | RW
mode DA |D1ADRH10] address[27:16] X
D9 |D1ADRH9 |[S) Invalid X
A8 |D1ADRHS8 X
D7 |D1ADRH7 X
D6 [D1ADRH6 X
D5 |[D1ADRH5 X
D4 (D1ADRH4 X
D3 [D1ADRH3 X
D2 [D1ADRH2 X
D1 [D1ADRH1 X
DO [D1ADRHO X
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Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 004823C | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.1 (HW)
enable register DO [HS1_EN Ch.1 enable 1 |Enable | 0 |Disab|e 0 |RW
High-speed 004823E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.1 (HW)
trigger flag DO [HS1_TF Ch.1 trigger flag clear (writing) 1 [Clear 0 |No operation| 0 | R/W
register Ch.1 trigger flag status (reading) |1 |Set 0 [Cleared
High-speed 0048240 | DF |TC2_L7 Ch.2 transfer counter{7:0] X | RIW
DMA Ch.2 (HW) DE [TC2_L6 (block transfer mode) X
transfer DD |TC2_L5 X
counter DC [TC2_L4 Ch.2 transfer counter[15:8] X
register DB |TC2_L3 (single/successive transfer mode) X
DA |TC2_L2 X
D9 |TC2_ L1 X
D8 |TC2_LO X
D7 [BLKLEN27|Ch.2 block length X | RIW
D6 |[BLKLEN26 | (block transfer mode) X
D5 |BLKLEN25 X
D4 |BLKLEN24|Ch.2 transfer counter[7:0] X
D3 [BLKLEN23|(single/successive transfer mode) X
D2 |BLKLEN22 X
D1 |BLKLEN21 X
DO |BLKLEN20 X
High-speed 0048242 | DF |DUALM2 |Ch.2 address mode selection 1 |Dua| addr | 0 |Sing|e addr( 0 |R/W
DMA Ch.2 (HW) DE |D2DIR D) Invalid — - -
control register S) Ch.2 transfer direction control | 1 |Memory WR| 0 |Memory RD| 0 |R/W
DD-8 |- reserved — — |Undefined in read.
Note: D7 |TC2_H7 Ch.2 transfer counter[15:8] X |RW
D) Dual address D6 |TC2_H6 |(block transfer mode) X
9 gi?f;?e D5 |TCc2_Hs X
address D4 |TC2_H4 Ch.2 transfer counter[23:16] X
mode D3 [TC2_H3 (single/successive transfer mode) X
D2 |TC2_H2 X
D1 |TC2_H1 X
DO |TC2_HO X
High-speed 0048244 ( DF |S2ADRL15|D) Ch.2 source address[15:0] X | RIW
DMA Ch.2 (HW) DE |S2ADRL14|S) Ch.2 memory address[15:0] X
low-order DD ([S2ADRL13 X
source address DC |S2ADRL12 X
set-up register DB |S2ADRL11 X
DA |S2ADRL10 X
Note: D9 |S2ADRL9 X
D) zg:'eaddress A8 |s2ADRLS X
S) single D7 |S2ADRL7 X
address D6 |S2ADRL6 X
mode D5 |S2ADRL5 X
D4 |S2ADRL4 X
D3 |S2ADRL3 X
D2 |S2ADRL2 X
D1 |S2ADRL1 X
DO [S2ADRLO X
High-speed 0048246 | DF |DINTEN2 [Ch.2 interrupt enable 1 [Enabled 0 | Disabled 0 [RW
DMA Ch.2 (HW) DE |DATSIZE2 |Ch.2 transfer data size 1 [Half word | O |Byte 0 [RW
high-order DD ([S2IN1 D) Ch.2 source address control S2IN[1:0] Inc/dec 0 [RW
source address DC [S2INO S) Ch.2 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |S2ADRH11|D) Ch.2 source address[27:16] X | RwW
. gﬁgﬁe DA |S2ADRH10|S) Ch.2 memory address[27:16] X
address D9 |S2ADRH9 X
mode A8 |[S2ADRHS8 X
D7 |S2ADRH7 X
D6 |S2ADRH6 X
D5 |S2ADRH5 X
D4 |S2ADRH4 X
D3 |S2ADRH3 X
D2 |S2ADRH2 X
D1 |S2ADRH1 X
DO |S2ADRHO X
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| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
High-speed 0048248 | DF |D2ADRL15|D) Ch.2 destination address[15:0] X | RIW
DMA Ch.2 (HW) DE |D2ADRL14|S) Invalid X
low-order DD |D2ADRL13 X
destination DC |D2ADRL12 X
address set-up DB |D2ADRL11 X
register DA |D2ADRL10 X
D9 |[D2ADRLY9 X
Note: A8 [D2ADRLS X
D) Duzl address D7 |D2ADRL7 X
mode
S) Single D6 |D2ADRL6 X
address D5 |D2ADRL5 X
mode D4 [(D2ADRL4 X
D3 |[D2ADRL3 X
D2 |D2ADRL2 X
D1 |[(D2ADRL1 X
DO |[D2ADRLO X
High-speed 004824A | DF [D2MOD1 |Ch.2 transfer mode D2MOD[1:0] Mode 0 |[RW
DMA Ch.2 (HW) DE |D2MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D2IN1 D) Ch.2 destination address D2IN[1:0] Inc/dec 0 |[RW
DC ([D2INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) ztézleaddress 0 1 Dec.(no init)
S) single _ 0 0 Fixed
address DB |D2ADRH11|D) Ch.2 destination X | RIW
mode DA |D2ADRH10 address[27:16] X
D9 |D2ADRH9 |[S) Invalid X
A8 |D2ADRH8 X
D7 [(D2ADRH7 X
D6 |[D2ADRH6 X
D5 |[D2ADRH5 X
D4 |[D2ADRH4 X
D3 [D2ADRH3 X
D2 (D2ADRH2 X
D1 [D2ADRH1 X
DO [D2ADRHO X
High-speed 004824C | DF-1 |- reserved - - — | Undefined in read.
DMA Ch.2 (HW)
enable register DO |HS2_EN Ch.2 enable 1 |Enab|e | 0 |Disable 0 |RW
High-speed 004824E | DF-1 |- reserved - - — | Undefined in read.
DMA Ch.2 (HW)
trigger flag DO |HS2_TF Ch.2 trigger flag clear (writing) 1 [Clear 0 |No operation]| 0 [R/W
register Ch.2 trigger flag status (reading) |1 |Set 0 [Cleared
High-speed 0048250 | DF |TC3_L7 Ch.3 transfer counter[7:0] X | RIW
DMA Ch.3 (HW) DE |TC3_L6 (block transfer mode) X
transfer DD |[TC3_L5 X
counter DC |[TC3_L4 Ch.3 transfer counter[15:8] X
register DB |TC3_L3 (single/successive transfer mode) X
DA |TC3_L2 X
D9 |TC3_L1 X
D8 |[TC3_LO X
D7 |BLKLEN37|Ch.3 block length X | RIW
D6 |BLKLEN36|(block transfer mode) X
D5 |[BLKLEN35 X
D4 |BLKLENB34|Ch.3 transfer counter[7:0] X
D3 |BLKLEN33|(single/successive transfer mode) X
D2 |[BLKLEN32 X
D1 |[BLKLEN31 X
DO [BLKLEN30 X
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Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048252 | DF |DUALM3 | Ch.3 address mode selection 1 |Dual addr | 0 |Single addr| 0 |R/W
DMA Ch.3 (HW) DE |D3DIR D) Invalid - - | -
control register S) Ch.3 transfer direction control |1 |Memory WR| 0 |Memory RD| 0 |RW
DD-8 |- reserved — — — |Undefined in read.
Note: D7 [TC3_H7 |Ch.3 transfer counter[15:8] X | RW
D) Dual address D6 |TC3_H6 |(block transfer mode) X
9 gﬂgﬁe D5 |TC3_Hs X
address D4 |[TC3_H4 Ch.3 transfer counter[23:16] X
mode D3 |TC3_H3 (single/successive transfer mode) X
D2 [TC3_H2 X
D1 [TC3_H1 X
DO [TC3_HO X
High-speed 0048254 ( DF |S3ADRL15|D) Ch.3 source address[15:0] X | RIW
DMA Ch.3 (HW) DE |S3ADRL14|S) Ch.3 memory address[15:0] X
low-order DD |S3ADRL13 X
source address DC |S3ADRL12 X
set-up register DB |S3ADRL11 X
DA |S3ADRL10 X
Note: D9 |S3ADRL9 X
D) a‘;‘;'eaddress A8 |S3ADRLS X
S) single D7 |[S3ADRL7 X
address D6 [S3ADRL6 X
mode D5 |[S3ADRL5 X
D4 [S3ADRL4 X
D3 |S3ADRL3 X
D2 [S3ADRL2 X
D1 |S3ADRL1 X
D0 [S3ADRLO X
High-speed 0048256 | DF |DINTEN3 [Ch.3 interrupt enable 1 [Enabled 0 | Disabled 0 [RW
DMA Ch.3 (HW) DE |DATSIZE3 |Ch.3 transfer data size 1 [Half word | O |Byte 0 [RW
high-order DD ([S3IN1 D) Ch.3 source address control S3IN[1:0] Inc/dec 0 [RW
source address DC [S3INO S) Ch.3 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |S3ADRHLL|D) Ch.3 source address[27:16] X | RIW
9 Qiﬂffe DA |S3ADRH10|S) Ch.3 memory address[27:16] X
address D9 [S3ADRH9 X
mode A8 |S3ADRH8 X
D7 [S3ADRH7 X
D6 |[S3ADRH6 X
D5 |[S3ADRHS5 X
D4 |[S3ADRH4 X
D3 [S3ADRH3 X
D2 [S3ADRH2 X
D1 |S3ADRH1 X
D0 [S3ADRHO X
High-speed 0048258 | DF |D3ADRL15(|D) Ch.3 destination address[15:0] X | RIW
DMA Ch.3 (HW) DE [D3ADRL14|S) Invalid X
low-order DD |D3ADRL13 X
destination DC |D3ADRL12 X
address set-up DB |D3ADRL11 X
register DA |D3ADRL10 X
D9 [D3ADRLY X
Note: A8 |D3ADRLS X
D) Dual address D7 |D3ADRL7 X
9 g‘;gﬁe D6 |D3ADRL6 X
address D5 [D3ADRL5 X
mode D4 |D3ADRL4 X
D3 [D3ADRL3 X
D2 |D3ADRL2 X
D1 |[D3ADRL1 X
DO |D3ADRLO X
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[ Register name | Address | Bit Name Function Setting Init. | RIW Remarks
High-speed 004825A | DF [D3MOD1 |Ch.3 transfer mode D3MOD[1:0] Mode 0 |[RW
DMA Ch.3 (HW) DE |D3MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D3IN1 D) Ch.3 destination address D3IN[1:0] Inc/dec 0 |[RW
DC (D3INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) z‘l‘)z'eaddress 0 | 1 | Dec.(noinit
S) Single _ 0 0 Fixed
address DB |D3ADRH11{D) Ch.3 destination X | rRw
mode DA |D3ADRH10 address[27:16] X
D9 |D3ADRH9 |S) Invalid X
A8 |D3ADRH8 X
D7 |D3ADRH7 X
D6 |[D3ADRH6 X
D5 |D3ADRH5 X
D4 |D3ADRH4 X
D3 [D3ADRH3 X
D2 |D3ADRH2 X
D1 |[D3ADRH1 X
DO |D3ADRHO X
High-speed 004825C | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.3 (HW)
enable register D0 [HS3 EN [ch.3enable 1[Enable [ o [Disable 0 [rRw
High-speed 004825E | DF-1 |- reserved - - — | Undefined in read.
DMA Ch.3 (HW)
trigger flag DO |HS3_TF Ch.3 trigger flag clear (writing) 1 [Clear 0 |No operation]| 0 |[R/W
register Ch.3 trigger flag status (reading) | 1 | Set 0 |Cleared

CFK51-CFK50: K5[1:0] pin function selection (D[1:0]) / K5 function select register (0x402C0)
CFK54-CFK53: K5[4:3] pin function selection (D[4:3]) / K5 function select register (0x402C0)

Set the #DMAREQX pin of HSDMA.

Write"1": #DMAREQX input
Write "0": Input port
Read: Valid

CFK50, CFK51, CFK53 and CFK 54 are the function select bitsfor K50 (#{DMAREQO), K51 (#{DMAREQL), K53
(#DMAREQ?2) and K54 (#{DMAREQ3), respectively. When using the f5DMAREQx signal, write"1" to CFK5x to
set the K5x port for inputting the signal.

If thisbit isset to"0", the pin isset for an input port.

At cold start, CFK5x issetto"0" (input port). At hot start, CFK5x retains the previous status before an initial reset.

CFP16-CFP15: P1[6:5] pin function selection (D[6:5]) / P1 function select register (0x402D4)

Set the #HDMAENDX pin of HSDMA.

Write"1": #DMAENDX output
Write "0": 1/O port
Read: Valid

When using the #DMAENDO signal, set the P15 pin for the #DMAENDO output pin by writing " 1" to CFP15.
Similarly, when using the #DMAEND signal, set the P16 pin for the #DMAEND output pin by writing " 1" to
CFP16. Furthermore, direct these pinsfor output by writing " 1" to the corresponding 1/0 control register.

If CFP1x issetto " 0", the pin isset for an 1/O port.

At cold start, CFP1x issetto"0" (1/O port). At hot start, CFP1x retains the previous status before an initial reset.
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I0C16-10C15: P1[6:5] port I/O control (D[6:5]) / P1 I/O control register (0x402D6)

Direct the /O port for input or output.

Write "1": Output mode
Write "0": Input mode
Read: Valid

To usethe #£DMAENDO pin (channel 0), direct the pin for output by writing " 1" to IOC15; to usethe #DMAEND1
pin (channel 1), direct the pin for output by writing " 1" to IOC16. If these pins are set for input, the P15 and P16
pins do not function as the #DMAENDX output pins even when CFP15 and CFP16 aresetto "1".

At cold start, IOC1x isset to"0" (input mode). At hot start, IOC1x retains the previous state before an initial reset.

CFP33-CFP32: P3[3:2] pin function selection (D[3:2]) / P3 function select register (0x402DC)

Set the #DMAACKX pin of HSDMA.

Write "1": #DMAACKX output
Write "0": 1/0 port
Read: Valid

When using the #£DMAACKO signd, set the P32 pin for the #DMAACKO output pin by writing "1" to CFP32.
Similarly, when using the #DMAACK 1 signal, set the P33 pin for the #£DMAACK 1 output pin by writing " 1" to
CFP33.

If CFP3x issetto"0", thepinisset for an 1/0O port.

At cold start, CFP3x isset to "0" (1/O port). At hot start, CFP3x retains the previous status before an initial reset.

CFEX7—CFEX4: PO[7:4] function extension (D[7:4]) / Port function extension register (0x402DF)

Set the #DMAACKXx and #DMAENDX pins of HSDMA.

Write"1": HSDMA output pin
Write "0": |/O-port/seria interface 1/0 pin
Read: Valid

CFEX4, CFEX5, CFEX6 and CFEX7 are the function extention bitsfor PO4 (#{DMAACK?2), P05 (#{DMAEND?2),
P06 (#{DMAACK3) and P07 (#{DMAEND3), respectively. When using the HSDMA signal, write"1" to CFEXx to
set the POx port for outputting the signal.

When CFEXx isset to"0", the corresponding CFP bit becomes effective.

At cold start, these bitsare set to "0" (I/O-port/serial interface 1/O pin). At hot start, these bitsretain the previous
status before an initial reset.
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HSD0S3-HSDO0SO0: Ch. 0 trigger set-up (D[3:0]) / HSDMA Ch. 0/1 trigger set-up register (0x40298)
HSD1S3-HSD1S0: Ch. 1 trigger set-up (D[7:4]) / HSDMA Ch. 0/1 trigger set-up register (0x40298)
HSD2S3-HSD2S0: Ch. 2 trigger set-up (D[3:0]) / HSDMA Ch. 2/3 trigger set-up register (0x40299)
HSD3S3-HSD3S0: Ch. 3 trigger set-up (D[7:4]) / HSDMA Ch. 2/3 trigger set-up register (0x40299)

Select atrigger factor for each HSDMA channel.

Table 2.6 HSDMA Trigger Factor

Value

Ch.0 trigger factor

Ch.1 trigger factor

Ch.2 trigger factor

Ch.3 trigger factor

0000

Software trigger

Software trigger

Software trigger

Software trigger

0001

K50 port input (falling edge)

K51 port input (falling edge)

K53 port input (falling edge)

K54 port input (falling edge)

0010

K50 port input (rising edge)

K51 port input (rising edge)

K53 port input (rising edge)

K54 port input (rising edge)

0011 |Port 0 input Port 1 input Port 2 input Port 3 input
0100 |Port 4 input Port 5 input Port 6 input Port 7 input
0101 |8-bit timer 0 underflow 8-bit timer 1 underflow 8-bit timer 2 underflow 8-bit timer 3 underflow

0110

16-bit timer 0 compare B

16-bittimer 1 compare B

16-bit timer 2 compare B

16-bit timer 3 compare B

0111

16-bit timer 0 compare A

16-bit timer 1 compare A

16-bit timer 2 compare A

16-bit timer 3 compare A

1000

16-bit timer 4 compare B

16-bit timer 5 compare B

16-bit timer 4 compare B

16-bit timer 5 compare B

1001

16-bit timer 4 compare A

16-bit timer 5 compare A

16-bit timer 4 compare A

16-bit timer 5 compare A

1010

Serial I/F Ch.0 Rx buffer full

Serial I/F Ch.1 Rx buffer full

Serial I/F Ch.0 Rx buffer full

Serial I/F Ch.1 Rx buffer full

1011

Serial I/F Ch.0 Tx buffer empty

Serial I/F Ch.1 Tx buffer empt

Serial I/F Ch.0 Tx buffer empt

Serial I/F Ch.1 Tx buffer empt

1100

A/D conversion completion

A/D conversion completion

A/D conversion completion

A/D conversion completion

Atinitia reset, HSDxS is set to "0000" (software trigger).

HSTO: Ch. 0 software trigger (DO) / HSDMA software trigger register (0x4029A)
HST1: Ch. 1 software trigger (D1) / HSDMA software trigger register (0x4029A)
HST2: Ch. 2 software trigger (D2) / HSDMA software trigger register (0x4029A)
HST3: Ch. 3 software trigger (D3) / HSDMA software trigger register (0x4029A)

Start aDMA transfer.
Write"1": Trigger
Write"0": Invalid
Read: Invaid
Writing "1" to HSTx generates atrigger pulsethat startsaDMA trander.
HSTx iseffective only when software trigger is selected as the trigger factor of the HSDMA channel by the HSDxS

bits.
Atinitial reset, HSTxissetto"0".

HSO_TF: Ch. 0 trigger flag clear/status (D0O) / HSDMA Ch. 0 trigger flag register (0x4022E)
HS1 TF: Ch. 1 trigger flag clear/status (DO) / HSDMA Ch. 1 trigger flag register (0x4023E)
HS2_TF: Ch. 2 trigger flag clear/status (DO) / HSDMA Ch. 2 trigger flag register (0x4024E)
HS3_TF: Ch. 3 trigger flag clear/status (DO) / HSDMA Ch. 3 trigger flag register (0x4025E)

These bitsare used to check and clear the trigger flag status

Write "1": Trigger flag clear
Write"0": Invalid

Read"1": Trigger flag has been set
Read"0": Trigger flag has been cleared

Thetrigger flag is set when the trigger factor isinput to the HSDMA channel and is cleared when the HSDMA
channel starts adatatransfer. By reading HSx_TF, the flag status can be checked. Writing "1" to HSx_TF clearsthe
trigger flag if the DMA transfer has not been started.

Atinitial reset, HSx_TFissetto"0".
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HSO_EN: Ch. 0 enable (DO) / HSDMA Ch. 0 enable register (0x4822C)
HS1_EN: Ch. 1 enable (D1) / HSDMA Ch. 1 enable register (0x4823C)
HS2_EN: Ch. 2 enable (D2) / HSDMA Ch. 2 enable register (0x4824C)
HS3_EN: Ch. 3 enable (D3) / HSDMA Ch. 3 enable register (0x4825C)

Enable aDMA transfer.

Write"1": Enabled
Write"0": Disabled
Read: Valid

DMA transfer isenabled by writing " 1" to thishbit.
HSDMA isplaced in astate ready to accept aDMA request from the #DMAREQX pin or by the selected trigger
factor.
DMA transfer isdisabled by writing "0" to this bit.
When DMA transfers are completed (transfer counter = 0), HSx_EN is cleared by the hardware.
Be sureto disable DMA transfers (HSx_EN ="0") before setting the transfer condition.
Atinitial reset, HSx_ENissetto"0" (disabled).

DUALMO: Ch. 0 address mode selection (DF) / HSDMA Ch. 0 control register (0x48222)
DUALML1: Ch. 1 address mode selection (DF)/ HSDMA Ch. 1 control register (0x48232)
DUALM2: Ch. 2 address mode selection (DF)/ HSDMA Ch. 2 control register (0x48242)
DUALMS3: Ch. 3 address mode selection (DF) / HSDMA Ch. 3 control register (0x48252)

Select an address mode.

Write"1": Dual-address mode
Write "0": Single-address mode
Read: Valid

When "1" iswritten to DUALMXx, the HSDMA channel enters dual-address mode that all ows specificationof source
and destination addresses. When "0" iswritten, the HSDMA channel enters single-address modefor high-speed data
transfer between the external memory and an 1/0 device.

Atinitial reset, DUALMxissetto"0" (single-address mode).

DODIR: Ch. 0 transfer direction control (DE) / HSDMA Ch.0 control register (0x48222)
D1DIR: Ch. 1 transfer direction control (DE) / HSDMA Ch.1 control register (0x48232)
D2DIR: Ch. 2 transfer direction control (DE) / HSDMA Ch.2 control register (0x48242)
D3DIR: Ch. 3 transfer direction control (DE) / HSDMA Ch.3 control register (0x48252)

Control the direction of datatransfer in single-address mode.

Write"1": Memory write (I/0to memory)
Write "0": Memory read (memory to |/O)
Read: Valid

Datatransfer from an external 1/0 device to external memory is performed by writing " 1" to DxDIR. Data transfer
from external memory to an external 1/O is performed by writing "0".
Atinitial reset, DxDIR issetto "0" (memory to 1/O).

Thisbit is effective only in single-address mode.
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DOMOD1-DOMODOQ: Ch. 0transfer mode (D[F:E]) / Ch. 0 high-order destination address set-up register (0x4822A)
D1IMOD1-D1MODQ: Ch. 1transfer mode (D[F:E]) / Ch. 1 high-order destination address set-up register (0x4823A)
D2MOD1-D2MODQ: Ch. 2 transfer mode (D[F:E]) / Ch. 2 high-order destination address set-up register (0x4824A)
D3MOD1-D3MODQ: Ch. 3transfer mode (D[F:E]) / Ch. 3 high-order destination address set-up register (0x4825A)

Select atransfer mode.

Table 2.7 Transfer Mode

DxMOD1 | DxMODO Mode
1 1 Invalid
1 0 Block transfer mode
0 1 Successive transfer mode
0 0 Single transfer mode

In singletransfer mode, atransfer operation invoked by onetrigger is completed after transferring one unit of dataof
the size set by DATSIZEX.

In successive transfer mode, data transfer operations are performed by one trigger anumber of times as set by the
transfer counter.

In block transfer mode, atransfer operation invoked by onetrigger is completed after transferring one block of data
of the size set by BLKLENX.

Atinitia reset, DxMOD isset to " 00" (single transfer mode).

DATSIZEO: Ch. 0 transfer data size (DE) / Ch. 0 high-order source address register (0x48226)
DATSIZEZL: Ch. 1 transfer data size (DE) / Ch. 1 high-order source address register (0x48236)
DATSIZEZ2: Ch. 2 transfer data size (DE) / Ch. 2 high-order source address register (0x48246)
DATSIZES: Ch. 3 transfer data size (DE) / Ch. 3 high-order source address register (0x48256)

Select the data size to be transferred.
Write"1": Haf-word (16 bits)
Write "0": Byte (8 bits)
Read: Valid
Thetransfer datasizeis set to 16 bitsby writing "1" to DATSIZEx and set to 8 bits by writing "0".
Atinitial reset, DATSIZEx isset to"0" (8 bits).

SOIN1-SOINO: Ch. 0 source address control (D[D:C]) / Ch. 0 high-order source address set-up register (0x48226)
S1IN1-S1INO: Ch. 1 source address control (D[D:C]) / Ch. 1 high-order source address set-up register (0x48236)
S2IN1-S2INO: Ch. 2 source address control (D[D:C]) / Ch. 2 high-order source address set-up register (0x48246)
S3IN1-S3INO: Ch. 3 source address control (D[D:C]) / Ch. 3 high-order source address set-up register (0x48256)

Control theincrementing or decrementing of the memory address.

Table 2.8 Address Control

SxIN1 SxINO Address control
1 1 Increment without initialization
1 0 Increment with initialization
0 1 Decrement without initialization
0 0 Fixed

In dual-address mode, this setting applies to the source address. In single-address mode, this setting applies to the
external memory address.

When "address fixed" (00) is selected, the source addressis not changed by adatatransfer performed. Even when
transferring multiple data, the transfer datais always read from the same address.

When "address increment” (11 or 10) is selected in single and successive transfer modes, the source addressis
incremented by an amount equal to the data size set by DATSIZEx when one data transfer is completed.

When "address decrement” (01) is selected, the source addressis decremented in the same way.

In block transfer mode too, the source addressisincremented or decremented when one data unit is transferred.
However, if SXIN isset to "10", the source addressthat has been incremented during ablock transfer recycles back
totheinitial value when the block transfer is completed.

Atinitial reset, SxIN isset to "00" (Fixed).
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DOIN1—-DOINO: ch. 0 destination address control (D[D:C]) / Ch. 0 high-order destination address set-up register (0x4822A)
D1IN1-D1INO: ch. 1 destination address control (D[D:C]) / Ch. 1 high-order destination address set-up register (0x4823A)
D2IN1-D2INO: ch. 2 destination address control (D[D:C]) / Ch. 2 high-order destination address set-up register (0x4824A)
D3IN1-D3INO: ch. 3 destination address control (D[D:C]) / Ch. 3 high-order destination address set-up register (0x4825A)

Control theincrementing or decrementing of the memory address.

Table 2.9 Address Control

DxIN1 DxINO Address control
1 1 Increment without initialization
1 0 Increment with initialization
0 1 Decrement without initialization
0 0 Fixed

In dual-address mode, this setting applies to the destination address. In single-address mode, these bits are not used.
When "address fixed" (00) is selected, the destination addressis not changed by a datatransfer performed. Even
when transferring multiple data, the transfer dataiis always written to the same address.

When"address increment” (11 or 10) is selected in single and successive transfer modes, the destination addressis
incremented by an amount equal to the data size set by DATSIZEx when one data transfer is completed.

When "address decrement” (01) is selected, the destination address is decremented in the same way.

In block transfer mode too, the destination addressisincremented or decremented when one data unit is transferred.
However, if DxIN isset to "10", the destination address that has been incremented during ablock transfer recycles
back to theinitial value when the block transfer is completed.

Atinitia reset, DxINisset to"00" (Fixed).

BLKLENQ7-BLKLENOQ: ch. 0 block length/transfer counter[7:0] (D[7:0]) / Ch. 0 transfer counter register (0x48220)
BLKLEN17-BLKLENZ1O: ch. 1 block length/transfer counter[7:0] (D[7:0]) / Ch. 1 transfer counter register (0x48230)
BLKLEN27-BLKLENZ20: ch. 2 block length/transfer counter{7:0] (D[7:0]) / Ch. 2 transfer counter register (0x48240)
BLKLEN37-BLKLENSO: ch. 3 block length/transfer counter[7:0] (D[7:0]) / Ch. 3 transfer counter register (0x48250)

In block transfer mode, these bits are used to specify atransfer block size. A transfer operation invoked by one
trigger is completed after transferring one block of data of the size set by BLKLENX.

In single or successive transfer mode, these bits are used to specifythe 8 low-order bits of the transfer counter.
Atinitial reset, these bits are not initialized.

TCO_L7-TCO_LO: Ch. 0 transfer counter[7:0]/[15:8] (D[F:8]) / Ch. O transfer counter register (0x48220)
TCO_H7-TCO_HO: Ch. 0 transfer counter[15:8]/[23:16] (D[F:8]) / Ch. 0 control register (0x48222)
TC1_L7-TC1_LO: Ch. 1 transfer counter[7:0]/[15:8] (D[F:8]) / Ch. 1 transfer counter register (0x48230)
TC1_H7-TC1_HO: Ch. 1 transfer counter[15:8]/[23:16] (D[F:8]) / Ch. 1 control register (0x48232)
TC2_L7-TC2_L0: Ch. 2 transfer counter[7:0]/[15:8] (D[F:8]) / Ch. 2 transfer counter register (0x48240)
TC2_H7-TC2_HO0: Ch. 2 transfer counter[15:8]/[23:16] (D[F:8]) / Ch. 2 control register (0x48242)
TC3_L7-TC3_LO0: Ch. 3 transfer counter[7:0]/[15:8] (D[F:8]) / Ch. 3 transfer counter register (0x48250)
TC3_H7-TC3_HO0: Ch. 3 transfer counter[15:8]/[23:16] (D[F:8]) / Ch. 3 control register (0x48252)

Set the data transfer count.

In block transfer mode, TCx_L[7:0] ishitg[7:0] of thetransfer counter, and TCx_H[7:0] isbitg[15:8] of the transfer
counter.

In single or successive transfer mode, TCx_L[7:0] isbitg[15:8] of thetransfer counter,and TCx_H[7:0] isbitg[23:16]
of thetransfer counter. The 8 low-order bits are specified by BLKLENX[7:0].

This counter is decremented each timeaDMA transfer in the corresponding channel is performed. When the
counter reaches 0, an interrupt factor is generated. In single-address mode, the end-of-transfer signal is output from
the #DMAENDX pin at the same time.

Even when the counter is0, aDMA request is accepted and the counter is decremented to "OxFFFF" (or
"OXFFFFFF").

Be sureto disable DMA transfers (HSx_EN ="0") before writing and reading to and from the counter.

Atinitial reset, these bits are not initialized.
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SOADRL15-SOADRLO:

SOADRH11-SOADRHO:

S1ADRL15-S1ADRLO:

S1ADRH11-S1ADRHO:

S2ADRL15-S2ADRLO:

S2ADRH11-S2ADRHO:

S3ADRL15-S3ADRLO:

S3ADRH11-S3ADRHO:

Ch. 0 source address[15:0]

(D[F:0]) / Ch. 0 low-order source address set-up register (0x48224)

Ch. 0 source address[27:16]

(D[B:0])/ Ch. 0 high-order source address set-up register (0x48226)
Ch. 1 source address[15:0]

(D[F:0]) / Ch. 1 low-order source address set-up register (0x48234)

Ch. 1 source address[27:16]

(D[B:0])/ Ch. 1 high-order source address set-up register (0x48236)
Ch. 2 source address[15:0]

(D[F:0]) / Ch. 2 low-order source address set-up register (0x48244)

Ch. 2 source address[27:16]

(D[B:0])/ Ch. 2 high-order source address set-up register (0x48246)
Ch. 3 source address[15:0]

(D[F:0]) / Ch. 3 low-order source address set-up register (0x48254)

Ch. 3 source address[27:16]

(D[B:0]) / Ch. 3 high-order source address set-up register (0x48256)

In dual-address mode, these bits are used to specify a source address. In single-address mode, an externa memory
address at the destination or source of transfer is specified.

Use SXADRL to set the 16 low-order bits of the address and SXADRH to set the 12 high-order bits.

Be sureto disable DMA transfers (HSx_EN ="0") before writing or reading to and from these registers.

The addressisincremented or decremented (as set by SxIN) according to the transfer data size each timeaDMA
transfer in the corresponding channel is performed.

Atinitial reset, these bits are not initialized.

DOADRL15-DOADRLO:

DOADRH11-DOADRHO:

D1ADRL15-D1ADRLO:

D1ADRH11-D1ADRHO:

D2ADRL15-D2ADRLO:

D2ADRH11-D2ADRHO:

D3ADRL15-D3ADRLO:

D3ADRH11-D3ADRHO:

Ch. 0 destination address[15:0]

(D[F:0]) / Ch. 0 low-order destination address set-up register (0x48228)
Ch. 0 destination address[27:16]

(D[B:0]) / Ch. 0 high-order destination address set-up register (0x4822A)
Ch. 1 destination address[15:0]

(D[F:0]) / Ch. 1 low-order destination address set-up register (0x48238)
Ch. 1 destination address[27:16]

(D[B:0])/ Ch. 1 high-order destination address set-up register (0x4823A)
Ch. 2 destination address[15:0]

(D[F:0]) / Ch. 2 low-order destination address set-up register (0x48248)
Ch. 2 destination address[27:16]

(D[B:0])/ Ch. 2 high-order destination address set-up register (0x4824A)
Ch. 3 destination address[15:0]

(D[F:0]) / Ch. 3 low-order destination address set-up register (0x48258)
Ch. 3 destination address[27:16]

(D[B:0])/ Ch. 3 high-order destination address set-up register (0x4825A)

In dual-address mode, these bits are used to specify a destination address. In single-address mode, these bits are not

used

Be sureto disable DMA transfers (HSx_EN ="0") before writing or reading to and from these registers.

The addressisincremented or decremented (as set by DxIN) according to the transfer data size each timeaDMA
transfer in the corresponding channd is performed.

Atinitial reset, these bits are not initialized.
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DINTENO: Ch. 0 interrupt enable (DF)/ Ch. 0 high-order source address register (0x48226)
DINTEN1: Ch. 1 interrupt enable (DF)/ Ch. 1 high-order source address register (0x48236)
DINTENZ2: Ch. 2 interrupt enable (DF)/ Ch. 2 high-order source address register (0x48246)
DINTENS3: Ch. 3 interrupt enable (DF)/ Ch. 3 high-order source address register (0x48256)

Enable to set the interrupt factor flag for each channel.

Write"1": Enabled
Write"0": Disabled
Read: Valid
If DINTENx ="1", the HSDMA interrupt factor flag isset to"1" when the transfer counter reaches 0. If DINTENX
="0", the HSDMA interrupt factor flag isnot set and an interrupt does not occur.
Atinitial reset, DINTENX isset to "0" (Disabled).

PHSDOL2-PHSDOLO: Ch. O interrupt level (D[2:0])/ HSDMA Ch. 0/1 interrupt priority register (0x40263)
PHSD1L2-PHSD1LO: Ch. 1 interrupt level (D[6:4]) / HSDMA Ch. 0/1 interrupt priority register (0x40263)
PHSD2L2-PHSD2LO0: Ch. 2 interrupt level (D[2:0]) / HSDMA Ch. 2/3 interrupt priority register (0x40264)
PHSD3L2-PHSD3LO0: Ch. 3 interrupt level (D[6:4]) / HSDMA Ch. 2/3 interrupt priority register (0x40264)

Set the priority level of an end-of-DMA interrupt in therangeof 0to 7.
At initial reset, theseregisters become indeterminate.

EHDMO: Ch. 0 interrupt enable (D0O) / DMA interrupt enable register (0x40271)
EHDM1: Ch. 1 interrupt enable (D1) / DMA interrupt enable register (0x40271)
EHDM2: Ch. 2 interrupt enable (D2) / DMA interrupt enable register (0x40271)
EHDMS3: Ch. 3 interrupt enable (D3) / DMA interrupt enable register (0x40271)

Enable or disable interrupt generation to the CPU.

Write"1": Interrupt enabled
Write "0": Interrupt disabled
Read: Valid

EHDMx istheinterrupt enable bit for HSDMA channel x. Theinterruptis enabled when EHDMXx issetto"1" and
disabled when EHDMXx issetto"0".
Atinitial reset, EHDMx isset to "0" (interrupt disabled).

FHDMO: Ch. 0 interrupt factor flag (DO) / DMA interrupt factor flag register (0x40281)
FHDM1: Ch. 1 interrupt factor flag (D1) / DMA interrupt factor flag register (0x40281)
FHDMZ2: Ch. 2 interrupt factor flag (D2) / DMA interrupt factor flag register (0x40281)
FHDM3: Ch. 3 interrupt factor flag (D3) / DMA interrupt factor flag register (0x40281)

Indicate the occurrence status of HSDMA interrupt factor.

When read
Read "1": Interrupt factor generated
Read "0": Nointerrupt factor generated

When written using thereset-only method (default)
Write"1": Factor flagisreset
Write"0": Invalid
When written using theread/write method
Write "1": Factor flagis set
Write "0": Factor flag isreset

FHDMXx istheinterrupt factor flag for HSDMA channel x. These flags are set to " 1" when the transfer counter
reaches 0. An interrupt to the CPU is generated if the following conditions are met at thistime:

1. The corresponding interrupt enable register isset to " 1".

2. No other interrupt request of higher priority is generated.

3. ThelE bit of the PSR issetto"1" (interrupt enable).

4. The corresponding interrupt priority register is set to alevel higher than the CPU's interrupt level (IL).
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When using an interrupt factor to request IDMA, note that even when the above conditions are met, no interrupt
request to the CPU isgenerated for theinterrupt factor that has occurred. If interrupts are enabled at thesetting of the
IDMA side, an interrupt is generated under the above conditions after the datatransfer by IDMA is compl eted.
Theinterrupt factor flag isalwaysset to " 1" when an interrupt factor occurs no matter how the interrupt enable and
interrupt priority registers are set.

In order for the next interrupt to be accepted after interrupt generation, the interrupt factor flag must be reset and the
PSR must be set up again (by setting the IL below thelevel indicated by the interrupt priority register and setting the
IE bit to"1" or executing thereti instruction).

Theinterrupt factor flag can only be reset by awrite instruction in the software application. If the PSR isagain set
up to accept interrupts (or thereti instruction is executed) without resetting the interrupt factor flag, the same
interrupt may occur again. Note also that the value to be written to reset theflagis" 1" when using the reset-only
method (RSTONLY ="1") and "0" when using the read/write method (RSTONLY ="0"). Be careful not toconfuse
these two cases.

The FHDMXx flag becomes indeterminate when initially reset, so be sureto reset the flag in the software application.

RHDMO: Ch.0 IDMA request (D4) / Port input 0-3, HSDMA, 16-bit timer 0 IDMA request register (0x40290)
RHDMZ1: Ch.1 IDMA request (D5) / Port input 0-3, HSDMA, 16-bit timer 0 IDMA request register (0x40290)

Specify whether IDMA need to be invoked when an interrupt factor occurs.

When using the set-only method (default)
Write"1": IDMA request
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA request
Write"0": Interrupt request

Read: Valid

RHDMO and RHDM1 arethe IDMA reques bits for HSDMA channels 0 and 1, respectively. If thebit issetto " 1",
IDMA isinvoked when an interrupt factor occurs, thus performing a programmed datatransfer. If theregister is set
to"0", regular interrupt processing is performed without ever invoking IDMA.

For details on IDMA, refer to "IDMA (Intelligent DMA)".

Atinitia reset, RHDMx issetto"0" (interrupt request).

DEHDMO: Ch.0 IDMA enable (D4) / Port input 0-3, HSDMA, 16-bit timer 0 IDMA enable register (0x40294)
DEHDMZ1.: Ch.1 IDMA enable (D5) / Port input 0-3, HSDMA, 16-bit timer 0 IDMA enable register (0x40294)

Enables IDMA transfer by means of an interrupt factor.

When using the set-only method (default)
Write"1": IDMA enabled
Write "0": Not changed
Read: Valid

When using theread/write method
Write"1": IDMA enabled
Write"0": IDMA disabled

Read: Valid

DEHDMO and DEHDM1 arethe IDMA enablebits for HSDMA channels 0 and 1, respectively. If DEHDMx is set
to"1", the IDMA request by theinterrupt factor isenabled. If thebit isset to "0", the IDMA request is disabled.
At initial reset, DEHDMxissetto"0" (IDMA disabled).
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Programming Notes

(1) When setting thetransfer conditions, always make sure the DMA controller isinactive (HSx_EN ="0").

(2) Afteraninitia reset, the interrupt factor flag (FHDMXx) becomes indeterminate. Always be sureto reset the
flag to prevent interrupts or IDMA requests from being generated inadvertently.

(3) Toprevent an interrupt from being generated repeatedly for the same factor, be sure to resettheinterrupt factor
flag before setting up the PSR again or executing thereti instruction.

(4) HSDMA isgiven higher priority over IDMA (intelligent DMA) and the CPU. However, since HSDMA and
IDMA share the same circuit, HSDMA cannot gain the bus ownership while an IDMA transfer isunder way.
Requests for HSDMA invocation that have occurred during an IDMA transfer arekept pendinguntil theIDMA
transfer is completed.

A request for IDMA invocation or an interrupt request that has occurred during aHSDMA transfer areaccepted
after completion of the HSDMA transfer.
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V-3 IDMA (Intelligent DMA)
Functional Outline of IDMA

The DMA Block containsan intelligent DMA (IDMA), afunction that allows control information tobe programmed
in RAM. Up to 128 channels can be programmed, including 31 channels that areinvoked by an interrupt factor that
occurs in someinternal peripheral circuit.

Although an additional overhead for loading and storing control informationin RAM may be incurred, this
intelligent DMA supports such functions as successive transfers, block transfers, and linking to another IDMA.

IDMA isinvoked by an interrupt factor that occurs in someinternal peripheral circuit or asoftware trigger, thereby
performing adatatransfer according to the control information in RAM. When the transfer is completed, IDMA can
generate an interrupt or invoke another IDMA according to link settings.

Programming Control Information

Theintelligent DMA operates according to the control information preparedinRAM. Thecontrol information can be
stored in either internal RAM or external RAM should the necessary areabe allocated.

The control information is 3 words (12 bytes) per channel in size, and must be located at contiguous addresses
beginning with the base address that is set in the software application as the starting address of channel 0.
Consequently, an area of 384 words (1,536 bytes) in RAM isrequired in order for al of 128 channels to be used.

Thefollowing explains how to set the base address and the contents of control information. Before using IDMA,
make each the settings described below.

Setting the base address
Set the starting address of control information (starting address of channel 0) in the IDMA base address
register.
16 low-order bits: DBASEL[15:0](D[15:0]) / IDMA base address low-order register (0x48200)
12 high-order bits: DBASEH[11:0](D[11:0]) / IDMA base address high-order register (0x48202)

When initially reset, the base addressis set to 0OXOCO03AO.

Notes: « The address you set in the IDMA base address register must always be a word (32-bit) boundary
address.

* Be sure to disable DMA transfers (IDMAEN = "0") before setting the base address. Writing to the
IDMA base address register is ignored when the DMA transfer is enabled (IDMAEN="1"). When
the register is read, the read data is indeterminate.

Control information
Write the control information for the IDMA channels used to RAM.
The addresses at which the control information of each channel is placed are determined by the base address
and achannel number.

Starting address of channel = base address + (channel number x 12 [bytes])

Note: The control information must be written only when the channel to be set does not start a DMA
transfer. If a DMA transfer starts when the control information is being written to the RAM, proper
transfer cannot performed. Reading the control information can always be done.
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The contents of control information (3 words) in

each channel are shown in the table below.

Table 3.1 IDMA Control Information
Word Bit Name Function
1st D31 LNKEN IDMA link enable "1" = Enabled, "0" = Disabled
D30-24 [LNKCHN][6:0] |IDMA link field
D238 |TC[15:0] Transfer counter (block transfer mode)
Transfer counter - high-order 16 bits (single or successive transfer mode)
D7-0 BLKLEN][7:0] [Block size (block transfer mode)
Transfer counter - low-order 8 bits (single or successive transfer mode)
2nd D31 DINTEN End-of-transfer interrupt enable "1" = Enabled, "0" = Disabled
D30 DATSIZ Data size control "1" = Half-word, "0" = Byte
D29-28 |SRINC[1:0] |Source address control
SRINC1 SRINCO Setting contents
1 1 Address incremented
(In block transfer mode, the transfer address is
updated without reset using the initial value.)
1 0 Address incremented
(In block transfer mode, the transfer address is
updated with the initial value.)
0 1 Address decremented
(In block transfer mode, the transfer address is
updated without reset using the initial value.)
0 0 Address fixed
D27-0 |SRADRJ27:0] |Source address
3rd D31-30 |DMODI[1:0] |Transfer mode (Do not set to "11".)
DMOD1 DMODO Setting contents
1 0 Block transfer mode
0 1 Successive transfer mode
0 0 Single transfer mode
D29-28 |DSINC[1:0] |Destination address control
DSINC1 DSINCO Setting contents
1 1 Address incremented
(In block transfer mode, the transfer address is
updated without reset using the initial value.)
1 0 Address incremented
(In block transfer mode, the transfer address is
updated with the initial value.)
0 1 Address decremented
(In block transfer mode, the transfer address is
updated without reset using the initial value.)
0 0 Address fixed
D27-0 |DSADR[27:0] |Destination address

LNKEN: IDMA link enable (D31/1st Word)

If thisbit remains set (="1"), the IDMA channel that isset inthe IDMA link fidd isinvoked after the
completion of aDMA transfer in this channel. DMA transfersin multiple channels can be performed
successively by merely triggering the first channel to be executed. Thereisno limit to the number of channels
linked. Set thislink in order of the IDMA channels you want to be executed.

If thisbit is"0", IDMA iscompleted by merely executing aDMA transfer in this channel.

LNKCHNI6:0]: IDMA link field (D[30:24]/1st Word)
If you want IDMA to be linked, set the channel numbers (0 to 127) to be executed next.
Thedatainthisfield isvalid only when LINKEN ="1".

TC[15:0]: Transfer counter (D[23:8]/1st Word)

In block transfer mode, atransfer count can be specified using up to 16 bits. Set thisvalue here. In single
transfer and successive transfer modes, atransfer count can be specified using up to 24 bits. Set a 16-bit high-
order value here.

EPSON EOC33 FAMILY ASIC MACRO MANUAL



V DMA BLOCK: IDMA (Intelligent DMA)

BLKLENJ[7:0]: Block size/transfer counter (D[7:0]/1st Word)
In block transfer mode, set the size of ablock that istransferred in one operation (in units of DATSIZ). In
single transfer and successive transfer modes, set an 8-bit low-order value for thetransfer count here.

Note: The transfer count and block size thus set are decremented according to the transfers performed. If
the transfer count or block size is set to 0, it is decremented to all Fs by the first transfer performed.
This means that you have set the maximum value that is determined by the number of bitsavailable.

DINTEN: End-of-transfer interrupt enable (D31/2nd Word)

If thishit isleft set (="1"), when the transfer counter reaches 0, an interrupt request to the CPU is generated
based on theinterrupt factor flag by which IDMA has been invoked.

If thisbit is"0", nointerrupt request to the CPU is generated even when the transfer counter has reached 0.

DATSIZ: Data size control (D30/2nd Word)
Set the unit size of datato be transferred.
A half-word size (16 hits) isassumed if thishit is"1" and abyte size (8 bits) isassumed if thishitis"0".

SRINC[1:0]: Source address control (D[29:28]/2nd Word)

Set the source address updating format.

If theformat is set for "address fixed" (00), the source addressis not changed by adatatransfer performed.
Even when transferring multiple data, the transfer datais always read from the same address.

If theformat is set for "address increment” (11 or 10) in single and successive transfer modes, the source
addressisincremented by an amount equal to the data size set by DATSIZ when one data transfer is compl eted.
If theformat is set for "address decrement” (01), the source addressis decremented in the same way.

In block transfer mode too, the source addressisincremented or decremented when one dataunitistransferred.
However, if the set format is" 10", the source address that has been incremented during a block transfer
recycles back to theinitial value when the block transfer is completed.

SRADR[27:0]: Source address (D[27:0]/2nd Word)
Usethese bitsto set the starting address at the source of transfer. The content set here is updated according to
the setting of SRINC.

DMOD[1:0]: Transfer mode (D[31:30]/3rd Word)
Use these bitsto set the desired transfer mode.
Thetransfer modes are outlined below (to be detailed later):

« Single transfer mode (00)
In thismode, atransfer operation invoked by onetrigger is completed after transferring one unit of data of
thesizeset by DATSIZ. If datatransfer need to be performed anumber of timesas set by the transfer counter,
an equal number of triggers are required.

» Successive transfer mode (01)
In thismode, datatransfer operations are performed by one trigger anumber of times as set by the transfer
counter. Thetransfer counter is decremented to 0 each time dataistransferred.

« Block transfer mode (10)
In thismode, atransfer operation invoked by one trigger is completed after transferring one block of data of
the size set by BLKLEN. If ablock transfer need to be performed anumber of times as set by the transfer
counter, an equal number of triggers are required.
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DSINC[1:0]: Destination address control (D[29:28]/3rd Word)

Set the destination address update format.

If theformat is set for "address fixed" (00), the destination addressis not changed by the performance of adata
transfer operation. Even when transferring multiple data, the transfer datais alwayswritten tothesame address.
If theformat is set for "address increment” (11 or 10) in single and successive transfer modes, the destination
addressisincremented by an amount equal to the data size set by DATSIZ when one data transfer is compl eted.
If theformat is set for "address decrement” (01), the destination address is decremented in the same way.

In block transfer mode as well, the destination address isincremented or decremented when one data unit is
transferred. However, if the set format is" 10", the destination address that has been incremented during ablock
transfer recycles back to theinitial value when the block transfer is completed.

DSADR[27:0]: Destination address (D[27:0]/3rd Word)
Use these bitsto set the starting address at the destination of transfer. The content set here isupdated according
to the setting of DSINC.

Since the control information isplaced in RAM, it can be rewritten. However, before rewriting the content of
thisinformation, make surethat no DMA transfer is generated in the channel whose information you aregoing
to rewrite.

V-3-4
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V DMA BLOCK: IDMA (Intelligent DMA)

Thetriggers by which IDMA isinvoked have the following three causes:
1. Interrupt factor in an internal peripheral circuit
2. Trigger in the software application

3. Link setting

Enabling/disabling DMA transfer
TheDMA controller isenabled by writing "1" to the IDMA enable bit IDMAEN (DO) / IDMA enable
register (0x48205), and isready to accept the triggers described above. However, before enablingaDMA
transfer, be sure to set the base address and the control information for the channel to be invoked correctly. If
IDMAEN issetto"0", no IDMA invocation request is accepted.

IDMA invocation by an interrupt factor in internal peripheral circuits
Some internal peripheral circuits that have an interrupt generating function can invoke IDMA by an interrupt
factor inthat circuit. The IDMA channel numbers corresponding to such IDMA invocation are predetermined.
The relationship between the interrupt factorsthat have this function and the IDMA channelsisshown in

Table 3.2.

Table 3.2 Interrupt Factors Used to Invoke IDMA

Peripheral circuit Interrupt factor IDMA Ch. IDMA request bit IDMA enable bit
Ports Port input 0 1 RPO (D0/0x40290) DEPO (D0/0x40294)
Port input 1 2 RP1 (D1/0x40290) DEP1 (D1/0x40294)
Port input 2 3 RP2 (D2/0x40290) DEP2 (D2/0x40294)
Port input 3 4 RP3 (D3/0x40290) DEP3 (D3/0x40294)
High-speed DMA Ch.0, end of transfer 5 RHDMO (D4/0x40290) |DEHDMO (D4/0x40294)
Ch.1, end of transfer 6 RHDM1 (D5/0x40290) | DEHDM1 (D5/0x40294)
16-bit programmable | Timer O comparison B 7 R16TUO (D6/0x40290) |DE16TUO (D6/0x40294)
timer Timer 0 comparison A 8 R16TCO (D7/0x40290) |DE16TCO (D7/0x40294)
Timer 1 comparison B 9 R16TU1 (D0/0x40291) |DE16TU1 (D0/0x40295)
Timer 1 comparison A 10 R16TC1 (D1/0x40291) |DE16TC1 (D1/0x40295)
Timer 2 comparison B 11 R16TU2 (D2/0x40291) |DE16TU2 (D2/0x40295)
Timer 2 comparison A 12 R16TC2 (D3/0x40291) |DE16TC2 (D3/0x40295)
Timer 3 comparison B 13 R16TU3 (D4/0x40291) |DE16TU3 (D4/0x40295)
Timer 3 comparison A 14 R16TC3 (D5/0x40291) |DE16TC3 (D5/0x40295)
Timer 4 comparison B 15 R16TU4 (D6/0x40291) |DE16TU4 (D6/0x40295)
Timer 4 comparison A 16 R16TC4 (D7/0x40291) |DE16TC4 (D7/0x40295)
Timer 5 comparison B 17 R16TUS5 (D0/0x40292) |DE16TUS (D0/0x40296)
Timer 5 comparison A 18 R16TC5 (D1/0x40292) |DE16TCS5 (D1/0x40296)
8-bit programmable | Timer 0 underflow 19 R8TUO (D2/0x40292) DE8TUO (D2/0x40296)
timer Timer 1 underflow 20 R8TU1 (D3/0x40292) |DE8TU1 (D3/0x40296)
Timer 2 underflow 21 R8TU2 (D4/0x40292) |DE8TU2 (D4/0x40296)
Timer 3 underflow 22 R8TU3 (D5/0x40292) |DE8TU3 (D5/0x40296)
Serial interface Ch.0 receive buffer full 23 RSRXO0 (D6/0x40292) | DESRXO0 (D6/0x40296)
Ch.0 transmit buffer empty 24 RSTXO0 (D7/0x40292) | DESTXO0 (D7/0x40296)
Ch.1 receive buffer full 25 RSRX1 (D0/0x40293) | DESRX1 (D0/0x40297)
Ch.1 transmit buffer empty 26 RSTX1 (D1/0x40293) |DESTX1 (D1/0x40297)
A/D converter End of A/D conversion 27 RADE (D2/0x40293) DEADE (D2/0x40297)
Ports Port input 4 28 RP4 (D4/0x40293) DEP4 (D4/0x40297)
Port input 5 29 RP5 (D5/0x40293) DEP5 (D5/0x40297)
Port input 6 30 RP4 (D6/0x40293) DEP4 (D6/0x40297)
Port input 7 31 RP7 (D7/0x40293) DEP7 (D7/0x40297)
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These interrupt factorsare used in common for interrupt requests and IDMA invocation requests.

Toinvokel DMA upon the occurrence of aninterrupt factor, set the corresponding bits of the IDMA request and
IDMA enable registers shown in the table by writing "1". Then when an interrupt factor occurs, an interrupt
request to the CPU iskept pending and the corresponding IDMA channel isinvoked.

Theinterrupt factor flag that hasbeen setto " 1" remains set until the DMA transfer invoked by it iscompleted.
If the following two conditions are met when one DMA transfer is completed, an interrupt request isgenerated
without resetting the interrupt factor flag.

* Thetransfer counter has reached 0.

* DINTEN in control information issetto"1" (interrupt enabled).

In this case, the IDMA request register iscleared to "0". Therefore, if IDMA needs to be invoked when an
interrupt factor occurs next time, this register must be set up again. To prevent unwanted IDMA requests from
being generated, this setting must be performed before enabling interrupts and after resetting theinterrupt
factor flag. The IDMA enable bit isnot cleared and remains set to "1".

If thetransfer counter isnot 0, theinterrupt factor flag is reset when the DMA transfer is completed, so that no
interrupt is generated. In this case, the IDMA request bit and IDMA enable bit are not cleared and remain set
to"1".

When DINTEN in control information has been set to 0", the interrupt factor flag isreset even if the transfer
counter reaches 0, so that no interrupt is generated. In this case, the IDMA request bit isnot cleared but the
IDMA enable bit is cleared.

If the IDMA request register bit isleft reset to " 0", the relevant interrupt factor generates an interrupt request
and not a|DMA request.

The control registers (interrupt enable register and interrupt priority register) corresponding to the interrupt
factor do not affect IDMA invocation. IDMA can be invoked even if the interrupt enable bit in ITC issetto"0"
(interrupt disabled). However, these register must be set to enable the interrupt when generating the interrupt
after completing the DMA transfer.

IDMA invocation by atrigger in the software application

All IDMA channels for which control information is set, including those corresponding to interrupt factors
described above, can be invoked by atrigger in the software application.

Thefollowing bitsare used for this control:

IDMA channel number set-up: DCHN[6:0] (D[6:0]) / IDMA start register (0x48204)

IDMA start control: DSTART (D7) / IDMA start register (0x48204)

When the IDMA channel number to be invoked (0 to 127) iswritten to DCHN and DSTART issetto"1", the
specified IDMA channel startsaDMA transfer.

DSTART remains set (="1") during aDMA transfer and isreset to " 0" in hardware when one DMA transfer
operation is completed.

Do not modify these bits during aDMA transfer.

If DINTEN issetto"1" (interrupt enabled), an interrupt factor for the completion of IDMA transfer is
generated when one DMA transfer is completed.

IDMA invocation by link setting

If LNKEN inthe control information issetto"1" (link enabled), the IDMA channel that is set inthe IDMA
link field "LNKCHN" isinvoked successively after aDMA transfer in the link-enabled channel is completed.
Theinterrupt request by thefirst channel is generated after transfersin all linked channels are completedif the
interrupt conditions are met.

To generate an interrupt at the end of an IDMA transfer, the DINTEN (end-of-transfer interrupt enable) bitsin
theIDMA control information for thefirst IDMA channel to be invoked and all the channels to be linked must
be set to"1".

V-3-6
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IDMA invocation request during a DMA transfer
An IDMA invocation request to another channel that is generated during a DMA transfer is kept pending until
the DMA transfer that was being executed at the time is completed. Since an invocation request is not cleared,
new requests will be accepted when the DMA transfer under execution is compl eted.
An IDMA invocation request to the same channel canot be accepted while the channel is executingaDMA
transfer because the same interrupt factor is used. Therefore, an interval longer than the DMA transfer periodis
required when invoking the same channel.

IDMA invocation request when DMA transfer is disabled
An IDMA invocation request generated when IDMAEN is"0" (DMA transfer disabled) iskept pending until
IDMAEN issetto"1". Since an invocation request is not cleared, it is accepted when DMA transfer isenabled.

Simultaneous generation of a software trigger and a hardware trigger
When a software trigger and the hardware trigger for the same channel are generated simultaneously, the
software trigger starts IDMA transfer. The IDMA transfer by the hardware trigger is not executed since the
interrupt factor isreset when the DMA transfer is completed. However, an operation like this cannot be
recommended.
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Operation of IDMA

IDMA hasthree transfer modes, in each of which datatransfer operates differently. Furthermore, an interrupt factor
is processed differently depending on the type of trigger. The following describes the operation of IDMA in each
transfer mode and how an interrupt factor is processed for each type of trigger.

Single transfer mode
The channels for which DMOD in control information is set to "00" operate in single transfer mode. In this
mode, atransfer operation invoked by onetrigger is completed after transferring one data unit of the size setby
DATSIZ. If adatatransfer needs to be performed anumber of times as set by the transfer counter, an equal
number of triggers are required.
The operation of IDMA in single transfer mode is shown by the flow chart in Figure 3.1.

( START D

Calculates address of A
control information Base address + (Channel number x 12)

Loads channel
control information

Transfers one unit of data

Transfer counter - 1 E

Saves channel
control information

B (3 words)

C (Data read from source of transfer)
D (Data write to destination of transfer)

F (3 words)

Transfer
counter =0

IDMA interrupt processing
(if interrupt is enabled)

P

( END )

Trigger

JL XaX  XenxB2xBsxX € XD X(EXFLXF2XESX

Figure 3.1 Operation Flow in Single Transfer Mode

(1) When atrigger is accepted, the addressfor control information is calculated from the base address and
channel number.

(2) Control information isread from the calculated addressinto the internal temporary register.

(3) Dataof thesize setinthe control information isread from the source address.

(4) Theread dataiswritten to the destination address.

(5) Theaddressisincremented or decremented and the transfer counter is decremented.

(6) Themodified control information iswritten to RAM.

(7) Inthecase of ahardware trigger, the interrupt control bits are processed before completing IDMA.

Condition Interrupt factor flag IDMA request bit IDMA enable bit
Transfer counter #"0": Reset ("0") Not changed ("1")  Not changed ("1")
Transfer counter = "0", DINTEN = "1": Not changed ("1") Reset ("0") Not changed ("1")
Transfer counter = "0", DINTEN = "0": Reset ("0") Not changed ("1") Reset ("0")
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Successive transfer mode
The channels for which DMOD in control information is set to "01" operateinsuccessivetransfer mode.Inthis
mode, adatatransfer is performed by one trigger anumber of times as set by thetransfer counter. The transfer
counter is decremented to "0" by one transfer executed.
The operation of IDMA in successive transfer mode is shown by the flow chart in Figure 3.2.

( START D

Calculates address of A
control information Base address + (Channel number x 12)
Loads channel
control information

N
|

B (3 words)

C (Data read from source of transfer)
D (Data write to destination of transfer)

Transfers one unit of data

Transfer counter - 1 E

Transfer
counter =0

Saves channel
control information
IDMA interrupt processing
(if interrupt is enabled)

F (3 words)

( END )

Trigger

JL XaX  XerXe2xBsxXCiiXELX ------

Figure 3.2 Operation Flow in Successive Transfer Mode

(1) When atrigger is accepted, the address for control information is calculated from the base address and
channel number.

(2) Control information isread from the calculated addressinto theinternal temporary register.

(3) Dataof thesize setinthe control information isread from the source address.

(4) Theread dataiswritten to the destination address.

(5) Theaddressisincremented or decremented and the transfer counter is decremented.

(6) Steps (3) to (5) arerepeated until the transfer counter reaches 0.

(7) Themodified control information iswritten to RAM.

(8) Inthecase of ahardware trigger, the interrupt control bits are processed before completing IDMA.

Condition Interrupt factor flag IDMA request bit IDMA enable bit
Transfer counter #"0": Reset ("0") Not changed ("1")  Not changed ("1")
Transfer counter = "0", DINTEN = "1": Not changed ("1") Reset ("0") Not changed ("1")
Transfer counter = "0", DINTEN = "0": Reset ("0") Not changed ("1") Reset ("0")
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Block transfer mode
The channels for which DMOD in control information is set to " 10" operate in block transfer mode. In this
mode, atransfer operation invoked by onetrigger is completed after transferring one block of dataof thesize
set by BLKLEN. If ablock transfer needs to be performed anumber of times as set by the transfer counter, an
equal number of triggers are required.
The operation of IDMA in block transfer modeis shown by the flow chart in Figure 3.3.

START

Calculates address of A
control information Base address + (Channel number x 12)

Loads channel

control information B (3 words)
T

C (Data read from source of transfer)
D (Data write to destination of transfer)

Transfers one unit of data

Block size - 1 E

1-block transfer

[
Restores initial values to O according to SRINC/DSINC

block size and address O settings
Transfer counter - 1 G

Saves channel
control information

H (3 words)

Transfer
counter =0

IDMA interrupt processing
(if interrupt is enabled)

Trigger @@
JL XAX  XB1)XB2XB3XCIXDIEL ------ {CnXDnXEnXHLXH2XH3)

Figure 3.3 Operation Flow in Block Transfer Mode

(1) When atrigger is accepted, the address for control information is calculated from the base address and
channel number.

(2) Control information isread from the calculated addressinto theinternal temporary register.

(3) Dataof thesize set in the control information is read from the source address.

(4) Theread dataiswritten to the destination address.

(5) Theaddressisincremented or decremented and BLKLEN is decremented.

(6) Steps(3) to (5) arerepeated until BLKLEN reachesO.

(7) 1f SRINC and DSINC are" 10", the addressisrecycled to theinitia value.

(8) Thetransfer counter is decremented.

(9) Themodified control information iswritten to RAM.

(10) In the case of ahardware trigger, the interrupt control bits are processed before completing IDMA.

Condition Interrupt factor flag IDMA request bit IDMA enable bit
Transfer counter #"0": Reset ("0") Not changed ("1")  Not changed ("1")
Transfer counter = "0", DINTEN = "1": Not changed ("1") Reset ("0") Not changed ("1")
Transfer counter = "0", DINTEN = "0": Reset ("0") Not changed ("1") Reset ("0")
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Processing of interrupt factors by type of trigger

*When invoked by an interrupt factor
Theinterrupt factor flag by which IDMA has been invoked remains set even during aDMA transfer.
If the transfer counter is decremented to 0 and DINTEN ="1" (interrupt enabled) when one DMA transfer is
completed, the interrupt factor that hasinvoked IDMA isnot reset and an interrupt request is generated. At the
same time, the IDMA request register iscleared to "0". The IDMA enable bit isnot cleared and remains set to
"1,
If the transfer counter isnot O, the interrupt factor flag isreset when the DMA transfer is completed, so that no
interrupt is generated. In this case, the IDMA request bit and IDMA enable bit are not cleared and remain set
to"1".
When DINTEN has been set to "0" (interrupt disabled), the interrupt factor flag isreset even if the transfer

counter reaches 0, so that no interrupt is generated. In this case, the IDMA request bit isnot cleared but the
IDMA enable bit iscleared.

Trigger by interrupt factor ﬂ |_| [ |—|
Datatransfer < »— ) / ’/ )
Transfer counter 2 X 1 X 0 \ 1 N0

IDMA enable bit

|
|
DINTEN
IDMA request bit

Interrupt factor flag | / L

Interrupt request T

Figure 3.4 Operation when Invoked by Interrupt Factor

When IDMA isinvoked by the softwaretrigger, the IDMA interrupt factor flag FIDMA (D4)/DMA interrupt
factor flag register (0x40281) will not beset.

«When invoked by a software trigger
If thetransfer counter isdecremented to 0 and DINTEN ="1" (interrupt enabled) when one DMA transfer is
completed, the IDMA interrupt factor flag FIDMA (D4)/DMA interrupt factor flag register (0x40281) is set,
thereby generating an interrupt request.

If thetransfer counter isnot 0 or DINTEN ="0" (interrupt disabled), the FIDMA flag isnot set.

If theinterrupt factor flag for the same channel is set during a software-triggered transfer, the IDMA
invocation request by that interrupt factor flag is kept pending. However, theinterrupt factor flag will be reset
when the current execution is completed, so there will be no DMA transfer by the interrupt factor flag.

Software trigger | | [

[
Data transfer — ( ( F:f

Transfer counter 2 X 1 X 0 \\ 1 X 0

DINTEN

FIDMA (D4/0x40281)

Interrupt request

Figure 3.5 Operation when Invoked by Software Trigger
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Linking
If the IDMA channel number to be executed next issetinthe IDMA link field "LNKCHN" of control information

and LNKEN issetto"1" (link enabled), DMA successive transfer in that IDMA channel can be performed.
An example of link setting isshown in Figure 3.6.

Trigger —» Ch.3 Ch.5 Ch.7
LNKEN =1 LNKEN =1 LNKEN =0
LNKCHN =5 LNKCHN =7 LNKCHN =9

DMOD =01 DMOD =00 DMOD =10

DINTEN =1 DINTEN =1 DINTEN =1

TC =1024 TC=8 TC=1
After transfer TC=0 TC=7 TC=0

Figure 3.6 Example of Link Setting

For the above example, IDMA operates asdescribed below.

e For trigger in hardware

(1) ThelDMA channel 3 isinvoked by an interrupt factor and the DMA transfer that is set is performed.
Since the IDMA is operating in successive transfer mode and the transfer counter is decremented to O and
DINTEN issetto"1", theinterrupt factor flag by which the channel 3 has been invoked remains set.

(2) Next, aDMA transfer isperformed viathelinked IDMA channel 5. Channel 5 is set for single transfer mode
and the transfer counter in thistransfer is decremented by 1.

(3) Findly, aDMA transfer in IDMA channel 7 is performed. Although the channel 7 is set for block transfer
mode, the transfer counter is decremented to 0 when the transfer is completed because the number of transfers
to be performed is 1.

(4) Sincetheinterrupt factor flag that hasinvoked IDMA channel 3 in (1) remains set, an interrupt is generated
when the IDMA transfer (channel 7) in (3) iscompleted. The transfer result doesnot affect theinterrupt factor
flag of channel 3.
To generate an interrupt at the end of an IDMA transfer, the DINTEN (end-of-transfer interrupt enable) bitsin
the IDMA control information for thefirst IDMA channel to be invoked and all the channels to be linked must
be setto"1".

 For trigger in the software application

(1) ThelDMA channel 3 isinvoked by atrigger in the software application and the DMA transfer that isset is
performed.
Sincethe IDMA is operating in successive transfer mode and the transfer counter is decremented to 0 and
DINTEN issetto"1", the IDMA interrupt factor flag FIDMA (D4)/DMA interrupt factor flag register
(0x40281) is set when the transfer is completed.

(2) Next, aDMA transfer isperformed inthelinked IDMA channel 5. The channel 5 is set for the single transfer
mode and the transfer counter in thistransfer is decremented by 1.

(3) Finaly, aDMA transfer in IDMA channel 7 is performed. Although channel 7 is set for the block transfer
mode, the transfer counter is decremented to O when the transfer is completed because the number of transfers
to be performed is 1. The completion of thistransfer also causes the FIDMA flag to be set to"1".However,the
FIDMA flag has already been set when the transfer iscompleted in (1) above.

(4) Sincethe FIDMA flagisset, an interrupt request is generated here. In caseswhen IDMA has been invoked by
atrigger in the software application, if the transfer counter in any one of the linked channels is decremented to
0 and DINTEN for that channel issetto"1", an interrupt request for the completion of IDMA transfer is
generated when atransfer operation in each of the linked channels is completed. The channel in which an
interrupt request has been generated can be verified by reading out the transfer counter.

Transfer operations in each channel are performed as described earlier.
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Interrupt Function of Intelligent DMA

IDMA can generateaninterrupt that causesinvocation of IDMA and aninterrupt for the completion of IDMA transfer
itself.

Interrupt when invoked by an interrupt factor
If the corresponding bits of the IDMA request and interrupt enable registers areleft set (=" 1"), assertion of an
interrupt request is kept pending even when the enabled interrupt factor has occurred and the IDMA channel
assigned to that interrupt factor isinvoked.

If the transfer counter isdecremented to 0 and DINTEN ="1" (interrupt enabled) when one DMA transfer is
completed, the interrupt factor that hasinvoked IDMA isnot reset and an interrupt request is generated. At the
same time, the IDMA request register isclearedto "0". The IDMA enable bit isnot cleared and remains set to
"y

If the transfer counter isnot O, the interrupt factor flag is reset when the DMA transfer is completed, so that no
interrupt is generated. In this case, the IDMA request bit and IDMA enable bit are not cleared and remain set
to"1".

When DINTEN hasbeen set to 0" (interrupt disabled), the interrupt factor flag is reset even if the transfer
counter reaches 0, so that no interrupt is generated. In this case, the IDMA request bit isnot cleared but the
IDMA enable bit iscleared.

When IDMA isinvoked by the software trigger, the IDMA interrupt factor flag FIDMA (D4)/DMA interrupt
factor flag register (0x40281) will not be set.

For details about the interrupt factors that can be used to invoke IDMA and theinterrupt control registers, refer
to the descriptions of the peripheral circuits in this manual.

Note that the priority levels of interrupt factors are set by theinterrupt priority register. Refer to"ITC
(Interrupt Controller)". However, when compared between IDMA and interrupt requests, IDMA isgiven
higher priority over the other. Consequently, even when an interrupt factor occurring during an IDMA transfer
has higher priority than the interrupt factor that invoked the IDMA transfer, an interrupt request for it or anew
IDMA invocation request is not accepted until after the current IDMA transfer is completed.

Software-triggered interrupts
If the transfer counter is decremented to 0 and DINTEN ="1" (interrupt enabled) when one DMA transfer
operation is completed, the IDMA interrupt factor flag FIDMA (D4)/DMA interrupt factor flag register
(0x40281) is set, thereby generating an interrupt request. If the transfer counter isnot O or DINTEN ="0"
(interrupt disabled), the FIDMA flag is not set.

IDMA interrupt control register in the interrupt controller
Thefollowing registers are used to control an interrupt for the completion of IDMA transfer:
Interrupt factor flag: FIDMA (D4) / DMA interrupt factor flag register (0x40281)
Interrupt enable: EIDMA (D4) / DMA interrupt enable register (0x40271)
Interrupt level: PDM[2:0](D[2:0]) / IDMA interrupt priority register (0x40265)

When aDMA transfer in the IDMA channel invoked by atrigger in the software application or subsequent
link is completed and the transfer counter is decremented to O, the interrupt factor flag for the completion of
IDMA transfer isset to "1". However, thisrequires as a precondition that interrupt be enabled(DINTEN ="1")
inthe control information for that channel. If the interrupt enable register bit remains set (="1") when theflag
is set, an interrupt request is generated. Interrupts can be disabled by leaving the interrupt enable register bit
cleared (="0"). Usetheinterrupt priority register to set interrupt priority levels (0 to 7). Aninterrupt request

to the CPU isaccepted on condition that no other interrupt request of higher priority is generated.
Furthermore, it isonly when the PSR's|E bit ="1" (interrupt enabled) and the set valueof IL issmaller thanthe
IDMA interrupt level whichisset by theinterrupt priority register that the CPU actually accepts an IDMA
interrupt request.

For details about these interrupt control registers, and for information on device operation when an interrupt
occurs, refer to "I TC (Interrupt Controller)”.
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Trap vector
Thetrap vector addressfor an interrupt upon completion of IDMA transfer by default is set as follows:
When BTA3 =H (high), 0x0080068; when BTA3 =L (low), 0x0C00068

The trap table base address can be changed using the TTBR registers (0x48134 to 0x48137).

I/O Memory of Intelligent DMA

Table 3.3 shows the control bitsof IDMA.

Table 3.3 Control Bits of IDMA

[Remswrname|Addmss| Bit | Name | Function | Setting |mnA|RAN| Remarks
IDMA interrupt | 0040265 | D7-3 |— reserved — — — |0 when being read.
priority register B) D2 |PDM2 IDMA interrupt level 0to7 X | RIW

D1 (PDM1 X

DO |PDMO X
DMA interrupt | 0040271 | D7-5 |- reserved — — — |0 when being read.
enable register (B) D4 |EIDMA IDMA 1 |Enabled 0 | Disabled 0 |RW

D3 |EHDM3 High-speed DMA Ch.3 0 |RW

D2 |EHDM2 High-speed DMA Ch.2 0 |RW

D1 |EHDM1 High-speed DMA Ch.1 0 |RW

DO |EHDMO High-speed DMA Ch.0 0 |RW
DMA interrupt | 0040281 | D7-5 |— reserved — — — |0 when being read.
factor flag (B) D4 |FIDMA IDMA 1 |Factor is 0 |Nofactoris| X [R/W
register D3 |FHDM3 High-speed DMA Ch.3 generated generated X | RIW

D2 |FHDM2 High-speed DMA Ch.2 X | RIW

D1 |FHDM1 High-speed DMA Ch.1 X | RIW

DO |FHDMO High-speed DMA Ch.0 X | RW
IDMA base 0048200 | DF (DBASEL15|IDMA base address 0 |RW
address low- (HW) DE [DBASEL14|low-order 16 bits 0
order register DD |DBASELZ13|(Initial value: 0XOCO03A0) 0

DC |[DBASEL12 0

DB |DBASEL11 0

DA |DBASEL10 0

D9 |DBASEL9 1

D8 |DBASEL8 1

D7 |DBASEL7 1

D6 |DBASEL6 0

D5 |DBASEL5 1

D4 |DBASEL4 0

D3 |DBASEL3 0

D2 |DBASEL2 0

D1 |DBASEL1 0

DO |DBASELO 0
IDMA base 0048202 | DF-C |- reserved — — — |Undefined in read.
address (HW) DB |DBASEH11|IDMA base address 0 |[RW
high-order DA |DBASEH10| high-order 12 bits 0
register D9 |DBASEH9 |(Initial value: 0xXOC0O03A0) 0

D8 |DBASEH8 0

D7 |DBASEH7 1

D6 |DBASEH6 1

D5 |DBASEH5 0

D4 |DBASEH4 0

D3 |DBASEH3 0

D2 |DBASEH2 0

D1 |DBASEH1 0

DO |DBASEHO 0
IDMA start 0048204 | D7 [DSTART [IDMA start 1 [IDMA start [0 [Stop 0 [rRW |
register (B) D6-0 |DCHN IDMA channel number 0to 127 0 |RW ‘
IDMA enable 0048205 | D7-1 |- reserved — — — \
register (B) DO [IDMAEN [IDMA enable 1[Enabled [0 [Disabled 0 [rRw |
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V DMA BLOCK: IDMA (Intelligent DMA)

DBASEL[15:0]: IDMA base address [15:0] (D[F:0]) / IDMA base address low-order register (0x48200)
DDBASEH[11:0]: IDMA base address [27:16] (D[B:0]) / IDMA base address high-order register (0x48202)

Specify the starting address of the control information to be placed in RAM.

Use DBASEL to set the 16 low-order bits of the address and DBASEH to set the 12 high-order bits.

The addressto be set in these registers must always be aword (32-bit) boundary address.

These registers cannot be read or written in bytes. The registers must be accessed in words for read/write operations
to address 0x48200, and in half-words for read/write operations to addresses 0x48200 and 0x48202. Write
operationsin half-words must be performedin order of 0x48200 and 0x48202. Read operationsin half-words maybe
performed in any order.

Write operations to the IDMA base address registers during aDMA transfer areignored. When the register isread
during aDMA transfer, theread dataisindeterminate.

Atinitial reset, the base addressis set to 0xCO03AO0.

IDMAEN: DMA enable (DO) / DMA enable register (0x48205)

Enable aDMA transfer.

Write"1": Enabled
Write"0": Disabled
Read: Valid
A datatransfer operation by intelligent DMA and high-speed DMA isenabled by writing"1" to IDMAEN.
DMA transfer isdisabled by writing "0" to IDMAEN.
Be sureto disable DMA transfers (IDMAEN ="0") before you set the base address and transfer conditions.
Atinitial reset, IDMAEN issetto"0" (disabled).

DCHN][6:0]: IDMA channel number (D[6:0]) / IDMA start register (0x48204)

Set the channel numbers (0 to 127) to be invoked by atrigger in the software application.
Atinitia reset, DCHNissetto"0".

DSTART: IDMA start (D7) / IDMA start register (0x48204)

Usethisregister for atrigger in the software application and for monitoring the operation of IDMA.

When written
Write"1": IDMA started
Write"0": Invalid
When read

Read "1": IDMA operating (only when invoked by software trigger)
Read "0": IDMA inactive

When DSTART issetto"1", it functions as atrigger in the software application, invoking the IDMA channel that is
setinthe DCHN register.
Atinitial reset, DSTART issetto"0".

PDM2-PDMO: DMA interrupt level (D[2:0]) / IDMA interrupt priority register (0x40265)

Set the priority level of theinterrupt upon completion of IDMA transfer intherangeof 0to 7.
Atinitial reset, the contents of thisregister are indeterminate.

EIDMA: IDMA interrupt enable (D2) / DMA interrupt enable register (0x40271)

Enable or disable occurrence of an interrupt to the CPU.

Write"1": Interrupt enabled
Write "0": Interrupt disabled
Read: Valid
Thisbit controlsthe interrupt generated upon completion of IDMA transfer. Theinterrupt is enabled by setting this
bit to"1" and disabled by setting thisbit to "0".
Atinitial reset, EIDMA issetto"0" (interrupt disable).
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V DMA BLOCK: IDMA (Intelligent DMA)

FIDMA: IDMA interrupt factor flag (D2) / DMA interrupt factor flag register (0x40281)
Indicate the occurrence status of an IDMA interrupt request.

When read
Read "1": Interrupt factor occurred
Read "0": Nointerrupt factor occurred

When written using reset-only method (default)
Write "1": Interrupt factor flag is reset
Write"0": Invalid

When written using theread/write method
Write "1": Interrupt factor flagis set
Write "0": Interrupt factor flag is reset

Thisflagissetto"1" when one DMA transfer initiated by a software trigger or subsequent link is completed andthe
transfer counter is decremented to 0. However, thisrequires as aprecondition that interrupts be enabled in control
information (DINTEN ="1").
At thistime, an interrupt to the CPU isgenerated if the following conditions are met:

1. The corresponding interrupt enable register bit issetto"1".

2. No interrupt request of higher priority is generated.

3. ThelE hit of the PSR isset to "1" (interrupt enable).

4. The corresponding interrupt priority register is set to alevel higher than the CPU's interrupt level (IL).

In order for the next interrupt to be accepted after interrupt generation, the interrupt factor flag must be reset and the
PSR must be set up again (by setting the IL below the level indicated by theinterrupt priority register and setting the
IE bit to"1" or executing areti instruction).

Theinterrupt factor flag can only be reset by awrite instruction in the software application. If the PSR is set up
again to accept interrupts (or thereti instruction is executed) without resetting the interrupt factor flag, the same
interrupt may occur again. Note also that the value to be written to reset the flag is" 1" when using the reset-only
method (RSTONLY ="1") and "0" when using the read/write method (RSTONLY ="0"). Be careful not toconfuse
these two cases.

Thisflag becomes indeterminate when initialy reset, so be sureto reset it in the software application.
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V DMA BLOCK: IDMA (Intelligent DMA)

Programming Notes

)

@)
©)

(4)

(5)

(6)

Before setting the IDMA base address, be sureto disable DMA transfers IDMAEN ="0"). Writing to the
IDMA base address register isignored when the DMA transfer isenabled IDMAEN ="1"). Also, when the
register isread during aDMA transfer, the dataisindeterminate. When setting or rewritingcontrol information
for each channel, make surethat DMA transferswill not occur in any channel.

The addressthat is set inthe IDMA base address register must always be aword (32-bit) boundary address.

After an initid reset, the interrupt factor flag (FIDMA) becomes indeterminate. To prevent unwanted
interrupts from occurring, be sureto reset the flag in aprogram.

Once an interrupt occurs, be sureto reset the interrupt factor flag (FIDMA) before setting up the PSR again or
executing thereti instruction. Thisensuresthat an interrupt will not be generated for the same factor.

If all thefollowing conditions are met, thetransfer counte valuebecomesinvalid during IDMA transfer

so datacannot betransferred propery.

1. ThelDMA contral information (source/destination addresses, transfer counte, etc.) is placedin the
external EDO DRAM.

2. The DRAM accesstimingcondition is set to EDO mode by the BCU register.

3. Thebusclockis set to x2 speed mode (#X2SFD pin ="0").

When placing the control information in the EDO DRAM in x2 speed mode, the DRAM accesstiming
condition must be set to high-speed page mode.

Or placethe control information in theinternal RAM. Using theinternal RAM increases the performance
because the overhead during IDMA transfer is decreased to 6 cycles on both |oad/store operations.

Thecurrent version of the DMA contrdler (C33 macroModel 2 rev. 2.2) does not set the IDMA interrupt
factor flag FIDMA (D4)/DMA interrupt factor flag register (0x40281) even when an IDMA transfer that was
started with a software trigger has completed (transfer counter = 0). Therefore, atransfer completion interrupt
cannot be used in software trigger mode.
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THISPAGE ISBLANK.
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APPENDIX: /O MAP

Register name [ Address | Bit Name Function Setting Init. | RIW Remarks |
8-bit timer 0040146 | D74 |- reserved — — — |0 when being read.
clock select (B) D3 [P8TPCK3 |8-bit timer 3 clock selection 1]6/1 0 | Divided clk.| 0 | R/W [6: selected by
register D2 |P8TPCK2 [8-bittimer 2 clock selection 1(6/1 0 |Divided clk.| 0 | R/W |Prescaler clock select]
D1 |P8TPCK1 [8-bittimer 1 clock selection 1(e/1 0 |Divided clk.| 0 | R/W |register (0x40181)
DO |P8TPCKO |8-hit timer O clock selection 1]6e1 0 [Dividedclk.| 0 [R/W
16-bit timer 0 | 0040147 | D7-4 |— reserved — — — |0 when being read.
clock control (B) D3 [P16TONO |16-bit timer O clock control 1|On | 0 |Off 0 [RW
register D2 |P16TS02 |16-bit timer O P16TS0[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TSO1 |clock division ratio selection 1(1(1 6/4096 0 Prescaler clock select]
DO |P16TS00 1)11(0 6/1024 0 register (0x40181)
1]10(1 6/256
1({0fo0 6/64 16-bit timer O can be
o111 0/16 used as a watchdog
of1]0 0/4 timer.
o0 ] 1 6/2
0[0]oO 6/1
16-bit timer 1 | 0040148 | D7-4 |— reserved — - — |0 when being read.
clock control (B) D3 [P16TON1 |16-bit timer 1 clock control 1 |On | 0 |Off 0 [RW
register D2 |P16TS12 [16-bittimer1 P16TS1[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TS11 |clock division ratio selection 1(1(1 6/4096 0 Prescaler clock select]
DO |P16TS10 111(0 6/1024 0 register (0x40181)
110(1 6/256
1]1]0(0 6/64
of1]1 0/16
of1]0 6/4
o(0]|1 0/2
0[0]0O 6/1
16-bit timer 2 | 0040149 | D7-4 |— reserved — — — |0 when being read.
clock control (B) D3 [P16TON2 |16-bit timer 2 clock control 1 |On | 0 |Off 0 [RW
register D2 |P16TS22 |16-bittimer 2 P16TS2[2:0]| Division ratio 0 | R/W [6: selected by
D1 |P16TS21 |clock division ratio selection 1(1(1 6/4096 0 Prescaler clock select]
DO |P16TS20 1|10 6/1024 0 register (0x40181)
1)10(1 6/256
1]1]0(0 0/64
o111 6/16
of1]0 6/4
O[O0 ] 1 6/2
0[0]O0 6/1
16-bit timer 3 | 004014A | D7-4 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TON3 |16-bit timer 3 clock control 1|{On | 0 |Off 0 [RW
register D2 |P16TS32 [16-bittimer 3 P16TS3[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TS31 |clock division ratio selection 1(1(1 6/4096 0 Prescaler clock select]
DO |P16TS30 1]11(0 6/1024 0 register (0x40181)
1]10(1 6/256
1(0(0 0/64
of(1]1 6/16
of1]0 6/4
o0 ] 1 6/2
0[0]oO 6/1
16-bit timer 4 | 004014B | D7-4 |- reserved — - — |0 when being read.
clock control (B) D3 [P16TON4 |16-bit timer 4 clock control 1 |On | 0 |Off 0 [RW
register D2 |P16TS42 |16-bittimer 4 P16TS4[2:0]| Division ratio 0 [ R/W |6: selected by
D1 |P16TS41 |clock division ratio selection 1(1(1 6/4096 0 Prescaler clock select]
DO |P16TS40 111/(0 6/1024 0 register (0x40181)
1101 6/256
1]1]0(0 6/64
of1]1 0/16
of1]0 6/4
O[O0 1 0/2
0[0]O 6/1

(B) in [Address] indicates an 8-bit register and (HW) indicates a 16-bit register.

The meaning of the symbols described in [Init.] are listed below:
Initial values that are set at initial reset.
(However, the registers for the bus and input/output ports are not initialized at hot start.)

0, 1:

X: Not initialized at initial reset.
— Not set in the circuit.
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APPENDIX: /O MAP

| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer 5 | 004014C | D7-4 |- reserved — — — |0 when being read.
clock control (B) D3 [P16TONS |16-bit timer 5 clock control 1|On | 0 |Off 0 |RW
register D2 |P16TS52 [16-bittimer5 P16TS5[2:0]| Division ratio 0 | R/W |6: selected by
D1 |P16TS51 |clock division ratio selection 111])1 0/4096 0 Prescaler clock select]
DO |P16TS50 1 0 0/1024 0 register (0x40181)
1({0]1 6/256
110]0 0/64
of1(1 0/16
of1(0 0/4
ofO0(1 0/2
0Ol0fO 0/1
8-bit timer 0/1 |004014D| D7 [PS8TON1 [8-bit timer 1 clock control 1]on [o]off 0 [rRW
clock control B) D6 |P8TS12 8-bit timer 1 P8TS1[2:0] Division ratio 0 | R/W |6: selected by
register D5 |P8TS11 clock division ratio selection 111)1 0/4096 0 Prescaler clock select]
D4 |P8TS10 1]11)0 0/2048 0 register (0x40181)
1101 0/1024
1({0]o0 6/512 8-bit timer 1 can
of1(1 0/256 generate the OSC3
o|1/(0 0/128 oscillation-stabilize
0|]0|1 0/64 waiting period.
0O[O0|O 0/32
D3 [P8TONO  [8-bit timer O clock control 1]on [o]off 0 [rRw
D2 |P8TS02 8-bit timer 0 P8TS0[2:0] Division ratio 0 | R/W |6: selected by
D1 |P8TS01 clock division ratio selection 1(1]1 6/256 0 Prescaler clock select]
DO |P8TS00 111]0 6/128 0 register (0x40181)
110])1 6/64
1{0]0 6/32 8-bit timer 0 can
of1(1 0/16 generate the DRAM
o|1(0 6/8 refresh clock.
o(of1 6/4
0O[O0|O 6/2
8-bit timer 2/3 | 004014E [ D7 |[P8TON3 8-bit timer 3 clock control 1 |On | 0 |Off 0 |RW
clock control (B) D6 |P8TS32 8-bit timer 3 P8TS3[2:0] Division ratio 0 | R/W |6: selected by
register D5 |P8TS31 clock division ratio selection 111])1 6/256 0 Prescaler clock select]
D4 [P8TS30 1110 6/128 0 register (0x40181)
1101 6/64
1({0]o0 6/32 8-bit timer 3 can
of1(1 0/16 generate the clock for|
o|1(o0 0/8 the serial I/F Ch.1.
o001 6/4
0[O0 6/2
D3 [P8TON2 _|[8-bit timer 2 clock control 1]on [o]off 0 [rRw
D2 |P8TS22 8-bit timer 2 P8TS2[2:0] Division ratio 0 | R/W |6: selected by
D1 |P8TS21 clock division ratio selection 1(1]1 0/4096 0 Prescaler clock select]
DO |P8TS20 1]11)0 0/2048 0 register (0x40181)
1101 6/64
1({0]0 0/32 8-bit timer 2 can
of1(1 0/16 generate the clock for|
o|1(0 0/8 the serial I/F Ch.0.
o011 0/4
0O[0|O0O 0/2
A/D clock 004014F | D74 |- reserved — — — |0 when being read.
control register (B) D3 [PSONAD |A/D converter clock control 1 |On | 0 |Off 0 [RW
D2 |PSAD2 AID converter clock division ratio | P8TS0[2:0] Division ratio 0 [ R/W |6: selected by
D1 |PSAD1 selection 111(1 6/256 0 Prescaler clock select]
DO |PSADO 1(1(0 6/128 0 register (0x40181)
1(0(1 6/64
110(0 0/32
o|1]1 6/16
0|10 6/8
0|01 6/4
0]0]0 6/2
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Clock timer 0040151 | D7-2 |- reserved — — — |0 when being read.
Run/Stop B) D1 |TCRST Clock timer reset 1 [Reset 0 | Invalid X W |0 when being read.
register DO |TCRUN Clock timer Run/Stop control 1 [Run 0 [Stop X | RIW
Clock timer 0040152 | D7 |TCISE2 Clock timer interrupt factor TCISE[2:0] | Interrupt factor X | RIW
interrupt (B) D6 |TCISE1l selection 111(1 None X
control register D5 |TCISEO 1 0 Day X
1)10(1 Hour
1({o0fo0 Minute
o|]1]1 1Hz
oj1]0 2Hz
oO(0]|1 8 Hz
0|00 32 Hz
D4 |TCASE2 |Clock timer alarm factor selection | TCASE[2:0]| Alarm factor X | RIW
D3 |[TCASE1l 1 (X[ X Day X
D2 |TCASEO X|11]|X Hour X
X[ X|[1 Minute
0[0]0 None
D1 |TCIF Interrupt factor generation flag 1 |Generated | O [Notgenerated| X | R/W |Reset by writing 1.
DO |TCAF Alarm factor generation flag 1 |Generated | O [Notgenerated | X | R/W |Reset by writing 1.
Clock timer 0040153 | D7 |TCD7 Clock timer data 1 Hz 1 [High 0 |Low X R
divider register (B) D6 |TCD6 Clock timer data 2 Hz 1 [High 0 |Low X R
D5 |TCD5 Clock timer data 4 Hz 1 [High 0 |Low X R
D4 |TCD4 Clock timer data 8 Hz 1 [High 0 [Low X R
D3 |TCD3 Clock timer data 16 Hz 1 |High 0 |Low X R
D2 |TCD2 Clock timer data 32 Hz 1 [High 0 |Low X R
D1 |TCD1 Clock timer data 64 Hz 1 |High 0 |Low X R
DO |TCDO Clock timer data 128 Hz 1 |High 0 |Low X R
Clock timer 0040154 | D7-6 |— reserved — — — |0 when being read.
second (B) D5 |TCMD5 Clock timer second counter data 0 to 59 seconds X R
register D4 |[TCMD4 TCMD5 = MSB X
D3 [TCMD3 TCMDO = LSB X
D2 [TCMD2 X
D1 |[TCMD1 X
DO |[TCMDO X
Clock timer 0040155 | D76 |— reserved — — — |0 when being read.
minute register (B) D5 |TCHD5 Clock timer minute counter data 0 to 59 minutes X | RIW
D4 |TCHD4 TCHD5 = MSB X
D3 |TCHD3 TCHDO =LSB X
D2 |TCHD2 X
D1 |TCHD1 X
DO |TCHDO X
Clock timer 0040156 | D7-5 |- reserved — — — |0 when being read.
hour register B) D4 |TCDD4 Clock timer hour counter data 0 to 23 hours X |RW
D3 |TCDD3 TCDD4 = MSB X
D2 |TCDD2 TCDDO =LSB X
D1 |TCDD1 X
DO |TCDDO X
Clock timer 0040157 [ D7 |TCND7 Clock timer day counter data 0 to 65535 days X | RIW
day (low-order) (B) D6 |TCND6 (low-order 8 bits) (low-order 8 bits) X
register D5 |TCND5 TCNDO = LSB X
D4 |TCND4 X
D3 |TCND3 X
D2 |TCND2 X
D1 |TCND1 X
DO |TCNDO X
Clock timer 0040158 | D7 |TCND15 Clock timer day counter data 0 to 65535 days X | RIW
day (high- (B) D6 |TCND14 (high-order 8 bits) (high-order 8 bits) X
order) register D5 |TCND13 TCND15 = MSB X
D4 |TCND12 X
D3 [(TCND11 X
D2 |TCND10 X
D1 |TCND9 X
DO |TCND8 X
Clock timer 0040159 | D76 |- reserved — — — |0 when being read.
minute (B) D5 |TCCH5 Clock timer minute comparison 0 to 59 minutes X | RIW
comparison D4 |TCCH4 data (Note) Can be set within 0-63. | X
register D3 |TCCH3 TCCH5 = MSB X
D2 [TCCH2 TCCHO = LSB X
D1 |TCCH1 X
DO |TCCHO X
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[ Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Clock timer 004015A | D7-5 |- reserved — — — |0 when being read.
hour B) D4 | TCCD4 Clock timer hour comparison data 0 to 23 hours X | RW
comparison D3 |TCCD3 TCCD4 = MSB (Note) Can be set within 0-31.| X
register D2 |TCCD2 TCCDO =LSB X

D1 |TCCD1 X
DO |TCCDO X

Clock timer 004015B | D7-5 |- reserved — — — |0 when being read.
day B) D4 |TCCN4 Clock timer day comparison data 0 to 31 days X | RIW [Compared with
comparison D3 |TCCN3 TCCN4 = MSB X TCND[4:0].
register D2 |TCCN2 TCCNO =LSB X

D1 |TCCN1 X
DO |TCCNO X
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks ]
8-bit timer 0 0040160 | D7-3 |- reserved — — — |0 when being read.
control register (B) D2 |PTOUTO |8-bit timer O clock output control |1 |On 0 | Off 0 |RW
D1 |PSETO 8-bit timer 0 preset 1 |Preset 0 | Invalid — W |0 when being read.
DO |PTRUNO |8-bit timer O Run/Stop control 1 |Run 0 | Stop 0 |R/W
8-bit timer 0 0040161 | D7 |RLDO7 8-bit timer O reload data 0to 255 X | RIW
reload data B) D6 |RLDO6 RLDO7 = MSB X
register D5 [RLDOS RLDOO = LSB X
D4 |RLDO4 X
D3 |RLDO3 X
D2 |RLDO02 X
D1 |RLDO1 X
DO |RLDOO X
8-bit timer 0 0040162 | D7 |PTDO7 8-bit timer 0 counter data 0to 255 X R
counter data (B) D6 |PTDO06 PTDO7 = MSB X
register D5 |PTDO5 PTDOO = LSB X
D4 |PTDO4 X
D3 |PTDO3 X
D2 |PTDO2 X
D1 |PTDO1 X
DO |PTD0OO X
8-bit timer 1 0040164 | D7-3 |- reserved — — — |0 when being read.
control register (B) D2 |PTOUT1 |8-bit timer 1 clock output control |1 |On 0 | Off 0 |RW
D1 |PSET1 8-bit timer 1 preset 1 |Preset 0 | Invalid — W |0 when being read.
DO |PTRUN1 |8-bit timer 1 Run/Stop control 1 |Run 0 | Stop 0 |RW
8-bit timer 1 0040165 | D7 |RLD17 8-bit timer 1 reload data 0to 255 X | RIW
reload data B) D6 |RLD16 RLD17 = MSB X
register D5 |RLD15 RLD10 =LSB X
D4 |(RLD14 X
D3 |RLD13 X
D2 |RLD12 X
D1 |RLD11 X
DO |RLD10 X
8-bit timer 1 0040166 | D7 |PTD17 8-bit timer 1 counter data 0 to 255 X R
counter data (B) D6 |PTD16 PTD17 = MSB X
register D5 |PTD15 PTD10 =LSB X
D4 (PTD14 X
D3 |PTD13 X
D2 |PTD12 X
D1 |PTD11 X
D0 |PTD10 X
8-bit timer 2 0040168 | D7-3 |— reserved — — — |0 when being read.
control register B) D2 |PTOUT2 |[8-bit timer 2 clock output control |1 [On 0 [ Off 0 |RW
D1 |PSET2 8-bit timer 2 preset 1 |Preset 0 | Invalid — W |0 when being read.
DO |PTRUN2 |8-bit timer 2 Run/Stop control 1 |Run 0 | Stop 0 |RW
8-bit timer 2 0040169 | D7 |RLD27 8-bit timer 2 reload data 0 to 255 X |RW
reload data (B) D6 |RLD26 RLD27 = MSB X
register D5 |RLD25 RLD20 = LSB X
D4 |RLD24 X
D3 |RLD23 X
D2 |RLD22 X
D1 |RLD21 X
DO |RLD20 X
8-bit timer 2 004016A | D7 (PTD27 8-bit timer 2 counter data 0 to 255 X R
counter data (B) D6 |PTD26 PTD27 = MSB X
register D5 |PTD25 PTD20 = LSB X
D4 |PTD24 X
D3 |PTD23 X
D2 |PTD22 X
D1 |PTD21 X
D0 |PTD20 X
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[ Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
8-bit timer 3 004016C | D7-3 |- reserved — — — |0 when being read.
control register (B) D2 |PTOUT3 |8-bittimer 3 clock output control |1 |On 0 | Off 0 |RW

D1 |PSET3 8-bit timer 3 preset 1 [Preset 0 |Invalid — W |0 when being read.

DO |PTRUN3 [8-bit timer 3 Run/Stop control 1|Run 0 [Stop 0 |RW
8-bit timer 3 004016D| D7 [RLD37 8-bit timer 3 reload data 0to 255 X |RW
reload data (B) D6 |RLD36 RLD37 = MSB X
register D5 [RLD35 RLD30 =LSB X

D4 |RLD34 X

D3 [RLD33 X

D2 |RLD32 X

D1 |RLD31 X

DO |RLD30 X
8-bit timer 3 004016E | D7 |PTD37 8-bit timer 3 counter data 0to 255 X R
counter data (B) D6 |PTD36 PTD37 = MSB X
register D5 |[PTD35 PTD30 =LSB X

D4 |PTD34 X

D3 |[PTD33 X

D2 |PTD32 X

D1 |PTD31 X

DO |PTD30 X
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks ]

Watchdog 0040170 | D7 |WRWD EWD write protection 1 | Write enabled| 0 |Write-protect 0 |R/W

timer write- (B) D6-0 |- - - - — |0 when being read.

protect register

Watchdog 0040171 | D7-2 |- — — — — |0 when being read.

timer enable (B) D1 |EWD Watchdog timer enable 1 |NMI enabled| 0 |NMI disabled| 0 |[R/W

register DO |- — — — |0 when being read.
EOC33 FAMILY ASIC MACRO MANUAL EPSON
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Power control | 0040180 [ D7 |CLKDT1 |System clock division ratio CLKDT[1:0] | Division ratio 0 |RW
register (B) D6 |CLKDTO |selection 1 1 1/8 0
1 0 1/4
0 1 1/2
0 0 1/1
D5 |PSCON  [Prescaler On/Off control 1]on [o]off 1 [rw
D4-3 |- reserved — 0 — | Writing 1 not allowed.
D2 |CLKCHG [CPU operating clock switch 1]|0SC3 0 [OSC1 1 [RW
D1 [SOSC3 High-speed (OSC3) oscillation On/Off| 1 [ On 0 | Off 1 |RW
DO |SOSC1 Low-speed (OSC1) oscillation On/Off | 1 |On 0 [Off 1 |[RW
Prescaler clock| 0040181 | D7-1 |— reserved — 0 - \
select register (B) DO |PSCDTO | Prescaler clock selection 1[0scC1 | 0 |OSC3/PLL 0 |RW |
Clock option 0040190 | D74 |- — — — — |0 when being read.
register B) D3 |HLT20P [HALT clock option 1]|0n 0 |Off 0 |RW
D2 |8T1ON OSC3-stabilize waiting function | 1 | Off 0 [On 1 |RW
D1 |- reserved — 0 — | Do not write 1.
DO [PFION  [OSC1 external output control 1]on [o]off o [rRw
Power control | 004019E| D7 |CLGP7 Power control register protect flag [Writing 10010110 (0x96) 0 |[RW
protect register| B) D6 |CLGP6 removes the write protection of 0
D5 |CLGP5 the power control register 0
D4 |CLGP4 (0x40180). 0
D3 |CLGP3 \Writing another value set the 0
D2 |CLGP2 write protection. 0
D1 |CLGP1 0
DO |CLGPO 0
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Serial I/[F Ch.0 | 00401E0 | D7 |TXDO7 Serial I/F Ch.0 transmit data 0x0 to OXFF(0OX7F) X | RIW |7-bit asynchronous
transmit data (B) D6 |TXD06 TXDO07(06) = MSB X mode does not use
register D5 |TXDO05 TXDO0O = LSB X TXDO7.
D4 |TXDO04 X
D3 |TXDO03 X
D2 |TXD02 X
D1 |TXDO1 X
DO |TXDOO X
Serial I/F Ch.0 | 00401E1| D7 [RXDO7 Serial I/F Ch.0 receive data 0x0 to OXFF(0X7F) X R | 7-bit asynchronous
receive data (B) D6 |RXDO06 RXDO07(06) = MSB X mode does not use
register D5 |RXDO05 RXDO00 = LSB X RXDO7 (fixed at 0).
D4 [RXD04 X
D3 [RXDO3 X
D2 [RXD02 X
D1 [RXDO1 X
DO [RXDOO X
Serial I/F Ch.0 [ 00401E2 | D76 |— — — — — |0 when being read.
status register (B) D5 |TENDO Ch.0 transmit-completion flag 1 | Transmitting | 0 | End 0 R
D4 |FERO Ch.0 flaming error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D3 |PERO Ch.0 parity error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D2 |OERO Ch.0 overrun error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
D1 |TDBEO Ch.0 transmit data buffer empty | 1 | Empty 0 | Buffer full 1 R
DO |RDBFO Ch.0 receive data buffer full 1 |Buffer full | 0 [Empty 0 R
Serial I/F Ch.0 [00401E3| D7 |TXENO Ch.0 transmit enable 1 [Enabled 0 [Disabled 0 |RIW
control register (B) D6 |RXENO Ch.0 receive enable 1 |Enabled 0 | Disabled 0 |R/W
D5 |EPRO Ch.0 parity enable 1 | With parity | O [No parity X | R/W |Valid only in
D4 |PMDO Ch.0 parity mode selection 1|Odd 0 |Even X | RIW |[asynchronous mode.
D3 |STPBO Ch.0 stop bit selection 1|2 bits 0|1 bit X | RIW
D2 |SSCKO Ch.0 input clock selection 1 [#SCLKO 0 [Internal clock | X | R/W
D1 |SMDO1 Ch.0 transfer mode selection SMDO[1:0] | Transfer mode X | RIW
DO |SMDO00 1 1 |8-bit asynchronous| X
1 0 |7-bit asynchronous|
0 1 Clock sync. Slave
0 0 | Clock sync. Master
Serial I/F Ch.0 | 00401E4 | D7-5 |- — — — — |0 when being read.
IrDA register (B) D4 |DIVMDO Ch.0 async. clock division ratio 1|18 0|1/16 X | RIW
D3 |IRTLO Ch.0 IrDA I/F output logic inversion | 1 |Inverted 0 | Direct X | R/W |Valid only in
D2 |IRRLO Ch.0 IrDA I/F input logic inversion| 1 | Inverted 0 [ Direct X | RIW |asynchronous mode.
D1 |IRMDO1 Ch.0 interface mode selection IRMDO[1:0] I/F mode X | RIW
DO |IRMDOO 1 1 reserved X
1 0 IrDA 1.0
0 1 reserved
0 0 General I/F
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|Remsmrname Address | Bit Name Function Setting Init. [ RIW Remarks
Serial I/F Ch.1 [ 00401E5| D7 |TXD17 Serial I/F Ch.1 transmit data 0x0 to OXFF(0X7F) X | R/W | 7-bit asynchronous
transmit data (B) D6 |TXD16 TXD17(16) = MSB X mode does not use
register D5 |TXD15 TXD10 =LSB X TXD17.
D4 |TXD14 X
D3 [TXD13 X
D2 |[TXD12 X
D1 |TXD1l1 X
DO |[TXD10 X
Serial I/lF Ch.1 | 00401E6 | D7 [RXD17 Serial I/F Ch.1 receive data 0x0 to OXFF(OX7F) X R | 7-bit asynchronous
receive data (B) D6 |RXD16 RXD17(16) = MSB X mode does not use
register D5 [RXD15 RXD10 = LSB X RXD17 (fixed at 0).
D4 [RXD14 X
D3 [RXD13 X
D2 [RXD12 X
D1 [RXD1l1 X
DO [RXD10 X
Serial I/lF Ch.1 | 00401E7 | D7-6 |- — — — |0 when being read.
status register B) D5 |TEND1 Ch.1 transmit-completion flag 1 [ Transmitting [ 0 | End 0 R
D4 |FER1 Ch.1 flaming error flag 1 [Error 0 |Normal 0 | R/W |Reset by writing 0.
D3 |PERL Ch.1 parity error flag 1 [Error 0 |[Normal 0 | R/W |Reset by writing 0.
D2 |OER1L Ch.1 overrun error flag 1 [Error 0 |[Normal 0 | R/W |Reset by writing 0.
D1 |TDBE1 Ch.1 transmit data buffer empty | 1 |Empty 0 | Buffer full 1 R
DO |RDBF1 Ch.1 receive data buffer full 1 |Buffer full | 0 [Empty 0 R
Serial I/F Ch.1 [ 00401E8| D7 |TXEN1 Ch.1 transmit enable 1 |Enabled 0 [Disabled 0 |RW
control register (B) D6 |RXEN1 Ch.1 receive enable 1 [Enabled 0 | Disabled 0 |R/W
D5 |EPR1 Ch.1 parity enable 1 [Wwith parity | 0 [No parity X | R/W | Valid only in
D4 |PMD1 Ch.1 parity mode selection 1 (Odd 0 |Even X | R/W |asynchronous mode.
D3 |STPB1 Ch.1 stop bit selection 1|2 bits 0 [1 bit X |RW
D2 |SSCK1 Ch.1 input clock selection 1 |#SCLK1 0 [Internal clock | X | R/W
D1 |SMD11 Ch.1 transfer mode selection SMD1[1:0] | Transfer mode X | RIW
DO |SMD10 1 1 |8-bit asynchronous| X
1 0 |7-bit asynchronous
0 1 Clock sync. Slave
0 0 | Clock sync. Master
Serial I/lF Ch.1 | 00401E9 | D7-5 |- — — — — |0 when being read.
IrDA register (B) D4 |DIVMD1 Ch.1 async. clock division ratio 1(1/8 0]|1/16 X | RIW
D3 |IRTL1 Ch.1 IrDA I/F output logic inversion | 1 | Inverted 0 | Direct X | R/W | Valid only in
D2 |IRRL1 Ch.1 IrDA I/F input logic inversion | 1 | Inverted 0 [Direct X | R/W |asynchronous mode.
D1 |IRMD11 Ch.1 interface mode selection IRMD1[1:0] I/F mode X | RIW
DO |IRMD10 1 1 reserved X
1 0 IrDA 1.0
0 1 reserved
0 0 General I/F
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|Register name | Address [ Bit Name Function Setting Init. | RIW Remarks |
A/D conversion| 0040240 | D7 |ADD7 A/D converted data 0x0 to Ox3FF 0 R
result (low- (B) D6 |ADD6 (low-order 8 bits) (low-order 8 bits) 0
order) register D5 [ADD5 ADDO = LSB 0
D4 |ADD4 0
D3 |ADD3 0
D2 |ADD2 0
D1 |ADD1 0
DO |(ADDO 0
A/D conversion| 0040241 | D7-2 |- — - — |0 when being read.
result (high- (B) D1 |ADD9 A/D converted data 0x0 to Ox3FF 0 R
order) register DO |ADDS8 (high-order 2 bits) ADD9 = MSB (high-order 2 bits) 0
A/D trigger 0040242 | D7-6 |— — — — — |0 when being read.
register (B) D5 [MS A/D conversion mode selection 1|Continuous|O|NormaI 0 [RW
D4 |TS1 A/D conversion trigger selection TS[1:0] Trigger 0 [RW
D3 |TSO 1 1 #ADTRG pin 0
1 0 8-bit timer 0
0 1 16-bit timer O
0 0 Software
D2 |CH2 A/D conversion channel status CH[2:0] Channel 0 R
D1 |CH1 111(1 AD7 0
DO |CHO 111(0 AD6 0
1)10(1 AD5
1({0fo0 AD4
o111 AD3
of1]0 AD2
oO(0]1 AD1
0[0]0O ADO
A/D channel 0040243 | D76 |— — — — — |0 when being read.
register (B) D5 |CE2 A/D converter CE[2:0] End channel 0 |RW
D4 |CEl end channel selection 1(1(1 AD7 0
D3 |CEO 111/(0 AD6 0
1)10(1 ADS5
1)1]0/(0 AD4
o111 AD3
of1]0 AD2
0o(0]|1 AD1
0[0]O0 ADO
D2 |CS2 A/D converter CS[2:0] Start channel 0 |RW
D1 |Cs1 start channel selection 1(1(1 AD7 0
DO |CSO 111(0 AD6 0
1({0f1 AD5
1]1]0/(0 AD4
o111 AD3
of1]0 AD2
o(0 |1 AD1
0[0]0O ADO
A/D enable 0040244 | D7-4 |- — — — — |0 when being read.
register (B) D3 |ADF Conversion-complete flag 1 |Completed | O [Run/Standby| O R | Reset when ADD is read.
D2 |ADE A/D enable 1 [Enabled 0 [ Disabled 0 |R/W
D1 |ADST A/D conversion control/status 1 |Start/Run | 0 | Stop 0 |RW
DO |OWE Overwrite error flag 1 |Error 0 |Normal 0 | R/W |Reset by writing 0.
A/D sampling | 0040245 | D7-2 |- — — — |0 when being read.
register (B) D1 |ST1 Input signal sampling time setup ST[1:0] Sampring time 1 | R/W |Use with 9 clocks.
DO |STO 1 1 9 clocks 1
1 0 7 clocks
0 1 5 clocks
0 0 3 clocks
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Port input 0/1 | 0040260 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP1L2 Port input 1 interrupt level Oto7 X | RIW
priority register D5 |PP1L1 X
D4 |PP1LO X
D3 |- reserved — — — |0 when being read.
D2 |PPOL2 Port input 0 interrupt level Oto7 X | RIW
D1 |PPOL1 X
DO |PPOLO X
Port input 2/3 | 0040261 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP3L2 Port input 3 interrupt level Oto7 X | RIW
priority register D5 |PP3L1 X
D4 |PP3LO X
D3 |- reserved — — — |0 when being read.
D2 |PP2L2 Port input 2 interrupt level Oto7 X | RIW
D1 |PP2L1 X
DO |PP2LO X
Key input 0040262 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PK1L2 Key input 1 interrupt level Oto7 X | RIW
priority register D5 |PK1L1 X
D4 |PK1LO X
D3 |- reserved — — — |0 when being read.
D2 |PKOL2 Key input 0 interrupt level Oto7 X | RIW
D1 |PKOL1 X
DO |[PKOLO X
High-speed 0040263 D7 |- reserved — — — |0 when being read.
DMA Ch.0/1 B) D6 |PHSD1L2 [High-speed DMA Ch.1 Oto7 X |RW
interrupt D5 |PHSDIL1 |[interrupt level X
priority register D4 |PHSDI1LO X
D3 |- reserved — — — |0 when being read.
D2 |PHSDOL2 [High-speed DMA Ch.0 Oto7 X |RW
D1 |PHSDOL1 |interrupt level X
DO |PHSDOLO X
High-speed 0040264 | D7 |- reserved — — — |0 when being read.
DMA Ch.2/3 B) D6 |PHSD3L2 [High-speed DMA Ch.3 Oto7 X |RW
interrupt D5 |PHSD3L1 |[interrupt level X
priority register D4 |PHSD3LO X
D3 |- reserved — — — |0 when being read.
D2 |PHSD2L2 [High-speed DMA Ch.2 Oto7 X |RW
D1 |PHSD2L1 |interrupt level X
DO |PHSD2LO X
IDMA interrupt | 0040265 | D7-3 |— reserved — — — |0 when being read.
priority register (B) D2 |PDM2 IDMA interrupt level Oto7 X | RIW
D1 |PDM1 X
DO |PDMO X
16-bit timer 0/1| 0040266 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T12 16-bit timer 1 interrupt level Oto7 X | RIW
priority register D5 |P16T11 X
D4 |P16T10 X
D3 |- reserved — — — |0 when being read.
D2 |P16T02 16-bit timer O interrupt level Oto7 X | RIW
D1 |P16TO01 X
DO |P16T00 X
16-bit timer 2/3| 0040267 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T32 16-bit timer 3 interrupt level Oto7 X | RIW
priority register D5 |P16T31 X
D4 |P16T30 X
D3 |- reserved — — — |0 when being read.
D2 |P16T22 16-bit timer 2 interrupt level Oto7 X | RIW
D1 |P16T21 X
DO |P16T20 X
16-bit timer 4/5| 0040268 | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |P16T52 16-bit timer 5 interrupt level Oto7 X | RIW
priority register D5 |P16T51 X
D4 |P16T50 X
D3 |- reserved — — — |0 when being read.
D2 |P16T42 16-bit timer 4 interrupt level Oto7 X | RIW
D1 |P16T41 X
DO |P16T40 X
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
8-bit timer, 0040269 | D7 |- reserved — — — |0 when being read.
serial I/lF Ch.0 (B) D6 |PSIO02 Serial interface Ch.0 Oto7 X | RIW
interrupt D5 |PSIO01 interrupt level X
priority register D4 |PSIO00 X
D3 |- reserved — — — |0 when being read.
D2 |P8TM2 8-bit timer 0-3 interrupt level Oto7 X | RIW
D1 |P8TM1 X
DO [P8TMO X
Serial I/F Ch.1, | 004026A | D7 |- reserved — — — |0 when being read.
A/D interrupt (B) D6 |PAD2 A/D converter interrupt level Oto7 X | RIW
priority register D5 |PAD1 X
D4 |PADO X
D3 |- reserved — — — |0 when being read.
D2 |PSIO12 Serial interface Ch.1 Oto7 X |RW
D1 |PSIO11 interrupt level X
DO ([PSIO10 X
Clock timer 004026B | D7-3 |- reserved — — — | Writing 1 not allowed.
interrupt (B) D2 |PCTM2 Clock timer interrupt level Oto7 X | RIW
priority register D1 |PCTM1 X
DO |PCTMO X
Portinput 4/5 |004026C| D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP5L2 Port input 5 interrupt level Oto7 X | RIW
priority register D5 |PP5L1 X
D4 |PP5LO X
D3 |- reserved — — — |0 when being read.
D2 |PP4L2 Port input 4 interrupt level Oto7 X | RIW
D1 |PPAL1 X
DO |PP4LO X
Port input 6/7 |004026D | D7 |- reserved — — — |0 when being read.
interrupt (B) D6 |PP7L2 Port input 7 interrupt level Oto7 X | RIW
priority register D5 |PP7L1 X
D4 |PP7LO X
D3 |- reserved — — — |0 when being read.
D2 |PP6L2 Port input 6 interrupt level Oto7 X | RIW
D1 |PP6L1 X
DO |PP6LO X
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Key input, 0040270 | D7-6 |- reserved — — — |0 when being read.
port input 0-3 B) D5 |EK1 Key input 1 1 [Enabled 0 | Disabled 0 |[R/W
interrupt D4 |EKO Key input 0 0 |[R/W
enable register D3 |EP3 Port input 3 0 |[R/W
D2 |EP2 Port input 2 0 |R/W
D1 |EP1 Port input 1 0 |RW
DO |EPO Port input 0 0 |RW
DMA interrupt | 0040271 | D7-5 |- reserved — = — |0 when being read.
enable register (B) D4 |EIDMA IDMA 1 (Enabled 0 | Disabled 0 |RW
D3 |EHDM3 High-speed DMA Ch.3 0 |RW
D2 |EHDM2 High-speed DMA Ch.2 0 |RW
D1 |EHDM1 High-speed DMA Ch.1 0 |RW
DO |EHDMO High-speed DMA Ch.0 0 |RW
16-bit timer 0/1 [ 0040272 | D7 |E16TC1 16-bit timer 1 comparison A 1 |Enabled 0 | Disabled 0 [RW
interrupt (B) D6 |E16TUL 16-bit timer 1 comparison B 0 [RW
enable register D5-4 |- reserved — - — |0 when being read.
D3 |E16TCO 16-bit timer O comparison A 1 |Enabled 0 [Disabled 0 |RW
D2 |E16TUO 16-bit timer O comparison B 0 |RW
D1-0 |- reserved — - — |0 when being read.
16-bit timer 2/3 | 0040273 | D7 |E16TC3 16-bit timer 3 comparison A 1 [Enabled 0 | Disabled 0 |[R/W
interrupt B) D6 |E16TU3 16-bit timer 3 comparison B 0 |RW
enable register D5-4 |- reserved — — — |0 when being read.
D3 |[E16TC2 16-bit timer 2 comparison A 1 |Enabled 0 | Disabled 0 [RW
D2 |[E16TU2 16-bit timer 2 comparison B 0 [RW
D1-0 |- reserved - - — |0 when being read.
16-bit timer 4/5 | 0040274 | D7 |E16TC5 16-bit timer 5 comparison A 1 [Enabled 0 | Disabled 0 |[R/W
interrupt B) D6 |E16TUS 16-bit timer 5 comparison B 0 |[R/W
enable register D5-4 |- reserved — — — |0 when being read.
D3 |E16TC4 16-bit timer 4 comparison A 1 [Enabled 0 | Disabled 0 |[|R/W
D2 |E16TU4 16-bit timer 4 comparison B 0 |[R/W
D1-0 |- reserved — = — |0 when being read.
8-bit timer 0040275 | D7-4 |- reserved — — — |0 when being read.
interrupt B) D3 |E8TU3 8-bit timer 3 underflow 1 [Enabled 0 | Disabled 0 |R/W
enable register D2 |E8TU2 8-bit timer 2 underflow 0 |R/W
D1 |E8TUl1 8-bit timer 1 underflow 0 [RW
DO |E8TUO 8-bit timer 0 underflow 0 |RW
Serial I/F 0040276 | D7-6 |— reserved — — — |0 when being read.
interrupt B) D5 |ESTX1 SIF Ch.1 transmit buffer empty 1 (Enabled 0 | Disabled 0 |[R/W
enable register D4 |ESRX1 SIF Ch.1 receive buffer full 0 |[R/W
D3 |ESERR1 [SIF Ch.1 receive error 0 |RW
D2 |ESTX0 SIF Ch.0 transmit buffer empty 0 |R/W
D1 |ESRXO0 SIF Ch.0 receive buffer full 0 |RW
DO |ESERRO [SIF Ch.0 receive error 0 |RW
Port input 4-7, | 0040277 | D7-6 |- reserved — - — |0 when being read.
clock timer, B) D5 |EP7 Port input 7 1|Enabled 0 | Disabled 0 [RW
A/D interrupt D4 |EP6 Port input 6 0 [RW
enable register D3 |EP5 Port input 5 0 |RW
D2 |[EP4 Port input 4 0 [RW
D1 |ECTM Clock timer 0 [RW
DO |EADE A/D converter 0 |RW
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Key input, 0040280 | D76 |— reserved — — — |0 when being read.
port input 0-3 (B) D5 |FK1 Key input 1 1 |Factor is 0 |Nofactoris| X |[R/W
interrupt factor D4 |FKO Key input 0 generated generated X | RIW
flag register D3 |FP3 Port input 3 X | RIW
D2 |FP2 Port input 2 X | RIW
D1 |FP1 Port input 1 X |RW
DO |FPO Port input 0 X |RW
DMA interrupt | 0040281 | D7-5 |- reserved - - — |0 when being read.
factor flag (B) D4 |FIDMA IDMA 1 |Factor is 0 |No factoris| X |[R/W
register D3 |FHDM3 High-speed DMA Ch.3 generated generated X | RIW
D2 |FHDM2 High-speed DMA Ch.2 X |RW
D1 |FHDM1 High-speed DMA Ch.1 X |RW
DO |FHDMO High-speed DMA Ch.0 X |RIW
16-bit timer 0/1 | 0040282 | D7 |F16TC1 16-bit timer 1 comparison A 1 |Factor is 0 |Nofactoris| X |R/W
interrupt factor (B) D6 |F16TU1l 16-bit timer 1 comparison B generated generated X | RW
flag register D5-4 |- reserved - — — |0 when being read.
D3 |F16TCO 16-bit timer O comparison A 1 [Factor is 0 [Nofactoris| X |R/W
D2 |F16TUO 16-bit timer O comparison B generated generated X |RIW
D1-0 |- reserved - — — |0 when being read.
16-bit timer 2/3 | 0040283 [ D7 |F16TC3 16-bit timer 3 comparison A 1 |Factor is 0 |Nofactoris| X |[R/W
interrupt factor B) D6 |F16TU3 16-bit timer 3 comparison B generated generated X |RIW
flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC2 16-bit timer 2 comparison A 1 [Factor is 0 [Nofactoris| X |R/W
D2 |F16TU2 16-bit timer 2 comparison B generated generated X |RW
D1-0 |- reserved - - — |0 when being read.
16-bit timer 4/5| 0040284 | D7 |F16TC5 16-bit timer 5 comparison A 1 |Factor is 0 |Nofactoris| X [R/W
interrupt factor (B) D6 |F16TUS 16-bit timer 5 comparison B generated generated X | RIW
flag register D5-4 |- reserved — — — |0 when being read.
D3 |F16TC4 16-bit timer 4 comparison A 1 |Factor is 0 |No factoris| X |[R/W
D2 |F16TU4 16-bit timer 4 comparison B generated generated X | RIW
D1-0 |- reserved — — — |0 when being read.
8-bit timer 0040285 | D74 |— reserved — — — |0 when being read.
interrupt factor (B) D3 |F8TU3 8-bit timer 3 underflow 1 |Factor is 0 |Nofactoris| X [R/W
flag register D2 |F8TU2 8-bit timer 2 underflow generated generated X |RIW
D1 |F8TUL 8-bit timer 1 underflow X |RW
DO |F8TUO 8-bit timer 0 underflow X | RIW
Serial IIF 0040286 | D76 |— reserved — — — |0 when being read.
interrupt factor (B) D5 |FSTX1 SIF Ch.1 transmit buffer empty 1 |Factor is 0 |Nofactoris| X |[R/W
flag register D4 |FSRX1 SIF Ch.1 receive buffer full generated generated X | RIW
D3 |FSERR1 [SIF Ch.1 receive error X |RIW
D2 |FSTX0 SIF Ch.0 transmit buffer empty X | RIW
D1 |FSRXO0 SIF Ch.0 receive buffer full X |RW
DO |FSERRO [SIF Ch.0 receive error X |RW
Port input 4-7, | 0040287 | D7-6 |- reserved - — — |0 when being read.
clock timer, A/D (B) D5 |FP7 Port input 7 1 |Factor is 0|Nofactoris| X |R/W
interrupt factor D4 |[FP6 Port input 6 generated generated X | RW
flag register D3 |FP5 Port input 5 X | RIW
D2 |FP4 Port input 4 X | RW
D1 |FCTM Clock timer X |RW
DO |FADE A/D converter X | RIW
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| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
Port input 0-3, | 0040290 | D7 |R16TCO 16-bit timer O comparison A 1 (IDMA 0 | Interrupt 0 |RW
high-speed (B) D6 |R16TUO 16-bit timer O comparison B request request 0 |R/W
DMA, 16-bit D5 |RHDM1 High-speed DMA Ch.1 0 R/W
timer 0 D4 |RHDMO High-speed DMA Ch.0 0 |RW
IDMA request D3 |RP3 Port input 3 0 |R/W
register D2 |RP2 Port input 2 0 |RW
D1 |RP1 Port input 1 0 |RW
DO |RPO Port input 0 0 |R/W
16-bit timer 1-4| 0040291 | D7 |R16TC4 16-bit timer 4 comparison A 1 (IDMA 0 | Interrupt 0 |RW
IDMA request (B) D6 |R16TU4 16-bit timer 4 comparison B request request 0 |R/W
register D5 |R16TC3 16-bit timer 3 comparison A 0 |RW
D4 |R16TU3 16-bit timer 3 comparison B 0 |RW
D3 |R16TC2 16-bit timer 2 comparison A 0 |R/W
D2 |R16TU2 16-bit timer 2 comparison B 0 |RW
D1 |R16TC1 16-bit timer 1 comparison A 0 |RW
DO |R16TU1 16-bit timer 1 comparison B 0 |R/W
16-bit timer 5, | 0040292 | D7 |RSTXO SIF Ch.0 transmit buffer empty 1 (IDMA 0 | Interrupt 0 |RW
8-bit timer, (B) D6 |RSRX0 SIF Ch.0 receive buffer full request request 0 |R/W
serial I/F Ch.0 D5 |R8TU3 8-bit timer 3 underflow 0 |RW
IDMA request D4 |R8TU2 8-bit timer 2 underflow 0 |RW
register D3 |R8TU1 8-bit timer 1 underflow 0 |R/W
D2 |R8TUO 8-bit timer 0 underflow 0 |RW
D1 |R16TC5 16-bit timer 5 comparison A 0 |RW
DO |R16TU5S 16-bit timer 5 comparison B 0 |R/W
Serial I/F Ch.1, | 0040293 | D7 [RP7 Port input 7 1|IDMA 0 | Interrupt 0 |RW
A/D, (B) D6 |RP6 Port input 6 request request 0 |R/W
port input 4-7 D5 |RP5 Port input 5 0 |R/W
IDMA request D4 |RP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |RADE A/D converter 1 (IDMA 0 | Interrupt 0 |RW
D1 |RSTX1 SIF Ch.1 transmit buffer empty request request 0 |R/W
DO |RSRX1 SIF Ch.1 receive buffer full 0 |R/W
Port input 0-3, | 0040294 | D7 |DE16TCO |16-bittimer O comparison A 1 (IDMA 0 |IDMA 0 |RW
high-speed B) D6 |DE16TUO [16-bit timer 0 comparison B enabled disabled 0 |RW
DMA, 16-bit D5 |DEHDM1 |High-speed DMA Ch.1 0 R/W
timer 0 D4 |DEHDMO [High-speed DMA Ch.0 0 |RW
IDMA enable D3 |DEP3 Port input 3 0 R/W
register D2 |DEP2 Port input 2 0 |RW
D1 |DEP1 Port input 1 0 |RW
DO |DEPO Port input 0 0 |R/W
16-bit timer 1-4| 0040295 | D7 |DE16TC4 |16-bittimer 4 comparison A 1 (IDMA 0 |IDMA 0 |RW
IDMA enable (B) D6 |DE16TU4 |16-bit timer 4 comparison B enabled disabled 0 |R/W
register D5 |DE16TC3 [16-bit timer 3 comparison A 0 |RW
D4 |DE16TU3 |16-bit timer 3 comparison B 0 |RW
D3 |DE16TC2 |16-bit timer 2 comparison A 0 |R/W
D2 |DE16TU2 |[16-bit timer 2 comparison B 0 |RW
D1 |DE16TC1 [16-bit timer 1 comparison A 0 |RW
DO |DE16TU1 |16-bit timer 1 comparison B 0 |R/W
16-bit timer 5, | 0040296 | D7 |DESTX0 SIF Ch.0 transmit buffer empty 1|IDMA 0 |IDMA 0 |RW
8-bit timer, (B) D6 |DESRX0 |SIF Ch.0 receive buffer full enabled disabled 0 |R/W
serial I/F Ch.0 D5 |DE8TU3 8-bit timer 3 underflow 0 |RW
IDMA enable D4 |DE8TU2 8-bit timer 2 underflow 0 |RW
register D3 |DE8TUl 8-bit timer 1 underflow 0 |R/W
D2 |DE8STUO 8-bit timer 0 underflow 0 |RW
D1 |DE16TC5 [16-bittimer 5 comparison A 0 |RW
DO |DE16TU5 |16-bit timer 5 comparison B 0 |R/W
Serial I/F Ch.1, | 0040297 | D7 |DEP7 Port input 7 1|IDMA 0 |IDMA 0 |RW
A/D, (B) D6 |DEP6 Port input 6 enabled disabled 0 |R/W
port input 4-7 D5 |DEP5 Port input 5 0 |R/W
IDMA enable D4 |DEP4 Port input 4 0 |RW
register D3 |- reserved — — — |0 when being read.
D2 |[DEADE A/D converter 1|IDMA 0 |IDMA 0 |RW
D1 |DESTX1 SIF Ch.1 transmit buffer empty enabled disabled 0 |R/W
DO |DESRX1 |SIF Ch.1 receive buffer full 0 |R/W
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0040298 | D7 |HSD1S3 |High-speed DMA Ch.1 0 [Software trigger 0 [RW
DMA Ch.0/1 (B) D6 |HSD1S2 trigger set-up 1 |K51 input (falling edge) 0
trigger set-up D5 |HSD1S1 2 |K51 input (rising edge) 0
register D4 |HSD1S0 3 |Port 1 input 0
4 |Port 5 input
5 [8-bit timer Ch.1 underflow
6 | 16-bit timer Ch.1 compare B
7 | 16-bit timer Ch.1 compare A
8 [16-bit timer Ch.5 compare B
9 | 16-bit timer Ch.5 compare A
A |SI/F Ch.1 Rx buffer full
B [SI/F Ch.1 Tx buffer empty
C [A/D conversion completion
D3 |HSDO0S3 High-speed DMA Ch.0 0 | Software trigger 0 |RW
D2 |HSD0S2 trigger set-up 1 |K50 input (falling edge) 0
D1 |HSDOS1 2 | K50 input (rising edge) 0
DO |HSDO0SO 3 |Port 0 input 0
4 |Port 4 input
5 [8-bit timer Ch.0 underflow
6 [16-bit timer Ch.0 compare B
7 | 16-bit timer Ch.0 compare A
8 | 16-bit timer Ch.4 compare B
9 [16-bit timer Ch.4 compare A
A [SI/F Ch.0 Rx buffer full
B | SI/F Ch.0 Tx buffer empty
C | A/ID conversion completion
High-speed 0040299 | D7 |HSD3S3 High-speed DMA Ch.3 0 | Software trigger 0 |RW
DMA Ch.2/3 (B) D6 |HSD3S2 trigger set-up 1 |K54 input (falling edge) 0
trigger set-up D5 |HSD3S1 2 [K54 input (rising edge) 0
register D4 |HSD3S0 3 |Port 3 input 0
4 |Port 7 input
5 [8-bit timer Ch.3 underflow
6 [16-bit timer Ch.3 compare B
7 | 16-bit timer Ch.3 compare A
8 | 16-bit timer Ch.5 compare B
9 [16-bit timer Ch.5 compare A
A [SI/F Ch.1 Rx buffer full
B | SI/F Ch.1 Tx buffer empty
C [A/D conversion completion
D3 |HSD2S3 [High-speed DMA Ch.2 0 [Software trigger 0 [RW
D2 |HSD2S2 trigger set-up 1 |K53 input (falling edge) 0
D1 |HSD2S1 2 |K53 input (rising edge) 0
DO |HSD2S0 3 |Port 2 input 0
4 |Port 6 input
5 [8-bit timer Ch.2 underflow
6 | 16-bit timer Ch.2 compare B
7 | 16-bit timer Ch.2 compare A
8 [16-bit timer Ch.4 compare B
9 | 16-bit timer Ch.4 compare A
A [SI/F Ch.0 Rx buffer full
B | SI/F Ch.0 Tx buffer empty
C | A/ID conversion completion
High-speed 004029A | D7-4 |- reserved — — — |0 when being read.
DMA software B) D3 |HST3 HSDMA Ch.3 software trigger 1 [Trigger 0 [ Invalid 0 W
trigger register D2 |HST2 HSDMA Ch.2 software trigger 0 W%
D1 |HST1 HSDMA Ch.1 software trigger 0 W
DO |HSTO HSDMA Ch.0 software trigger 0 W
Flag set/reset | 004029F | D7-3 |- reserved - -
method select B) D2 |DENONLY [IDMA enable register set method | 1 [Set only 0 [RD/WR 1 |RW
register selection
D1 [IDMAONLY|IDMA request register set method| 1 [Set only 0 |RD/WR 1 [RW
selection
DO |RSTONLY |[Interrupt factor flag reset method | 1 [Reset only |0 |RD/WR 1 |RW
selection
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|Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
K5 function 00402C0 | D7-5 |- reserved — — — |0 when being read.
select register B) D4 |CFK54 K54 function selection 1 [#DMAREQ3 | 0 [K54 0 |[R/W

D3 [CFK53 K53 function selection 1 |#DMAREQ?2 | 0 |K53 0 |RW

D2 |CFK52 K52 function selection 1 [#ADTRG 0 | K52 0 |RW

D1 [CFK51 K51 function selection 1 |#DMAREQ1 | 0 |K51 0 |RW

DO [CFK50 K50 function selection 1 [#DMAREQO | 0 | K50 0 |RW
K5 input port | 00402C1| D7-5 |— reserved — — — |0 when being read.
data register B) D4 |K54D K54 input port data 1 [High 0 |Low — R

D3 |K53D K53 input port data — R

D2 |K52D K52 input port data — R

D1 |K51D K51 input port data — R

DO |K50D K50 input port data - R
K6 function 00402C3| D7 |CFK67 K67 function selection 1 [AD7 0 |K67 0 |R/W
select register (B) D6 |CFK66 K66 function selection 1 |(AD6 0 | K66 0 |RW

D5 |CFK65 K65 function selection 1|AD5 0 [K65 0 |RW

D4 |CFK64 K64 function selection 1 |[AD4 0 | K64 0 |R/W

D3 |CFK63 K63 function selection 1|AD3 0 [K63 0 |RW

D2 |CFK62 K62 function selection 1 [AD2 0 | K62 0 |R/W

D1 |CFK61 K61 function selection 1|AD1 0 [K61 0 |RW

D0 |CFK60 K60 function selection 1|ADO 0 [K60 0 |RW
K6 input port | 00402C4| D7 |K67D K67 input port data 1 [High 0 |Low — R
data register (B) D6 |K66D K66 input port data — R

D5 |K65D K65 input port data — R

D4 |K64D K64 input port data — R

D3 |K63D K63 input port data — R

D2 |K62D K62 input port data - R

D1 |K61D K61 input port data — R

DO |K60D K60 input port data — R
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Port input 00402C6| D7 |SPT31 FPT3 interrupt input port selection | 11 10 01 00 0 |RW
interrupt select (B) D6 |SPT30 P23 P03 K53 K63 0
register 1 D5 |SPT21 FPT2 interrupt input port selection | 11 10 01 00 0 [RW
D4 |SPT20 P22 P02 K52 K62 0
D3 |SPT11 FPT1 interrupt input port selection | 11 10 01 00 0 |RW
D2 |SPT10 P21 PO1 K51 K61 0
D1 |SPTO1 FPTO interrupt input port selection | 11 10 01 00 0 |RW
DO |SPTOO P20 P00 K50 K60 0
Port input 00402C7| D7 |SPT71 FPT7 interrupt input port selection | 11 10 01 00 0 |RW
interrupt select (B) D6 |SPT70 P27 P07 P33 K67 0
register 2 D5 |SPT61 FPT6 interrupt input port selection | 11 10 01 00 0 |RW
D4 |SPT60 P26 P06 P32 K66 0
D3 |SPT51 FPTS5 interrupt input port selection | 11 10 01 00 0 |RW
D2 |SPT50 P25 P05 P31 K65 0
D1 |SPT41 FPT4 interrupt input port selection | 11 10 01 00 0 |RW
D0 |SPT40 P24 P04 K54 K64 0
Port input 00402C8| D7 |SPPT7 FPT7 input polarity selection 1| Highlevel [0 Low level 1 |[RW
interrupt (B) D6 |SPPT6 FPT6 input polarity selection or or 1 |RW
input polarity D5 |SPPT5 FPT5 input polarity selection Rising edge| Falling 1 [RW
select register D4 |SPPT4 FPT4 input polarity selection edge 1 |[RW
D3 |SPPT3 FPT3 input polarity selection 1 |RW
D2 |SPPT2 FPT2 input polarity selection 1 [RW
D1 |SPPT1 FPT1 input polarity selection 1 |[|RW
DO |SPPTO FPTO input polarity selection 1 |[RW
Port input 00402C9| D7 |SEPT7 FPT7 edge/level selection 1 |Edge 0 |Level 1 |[RW
interrupt (B) D6 |SEPT6 FPT6 edge/level selection 1 |RW
edge/level D5 |SEPT5 FPT5 edge/level selection 1 [RW
select register D4 |SEPT4 FPT4 edge/level selection 1 |[RW
D3 |SEPT3 FPT3 edge/level selection 1 |[RW
D2 |SEPT2 FPT2 edge/level selection 1 [RW
D1 |SEPT1 FPT1 edge/level selection 1 |RW
DO |SEPTO FPTO edge/level selection 1 |[RW
Key input 00402CA | D74 |- reserved — — — |0 when being read.
interrupt select (B) D3 |SPPK11 FPK1 interrupt input port selection| 11 10 01 00 0 |RW
register D2 |SPPK10 P2[7:4]|P0O[7:4]|K6[7:4]|K6[3:0]] O
D1 |SPPKO1 FPKO interrupt input port selection| 11 10 01 00 0 |RW
D0 |SPPKO0 P2[4:0]|PO[4:0]|K6[4:0]|K5[4:0]] O
Key input 00402CC| D7-5 |- reserved - - — |0 when being read.
interrupt (B) D4 |SCPKO04 FPKO04 input comparison 1 |High 0 |Low 0 |RW
(FPKO) input D3 |SCPKO03 FPKO03 input comparison 0 |RW
comparison D2 |SCPK02 FPKO02 input comparison 0 |R/W
register D1 |SCPKO1 FPKO1 input comparison 0 |RW
DO |SCPKOO FPKO0O0 input comparison 0 |RW
Key input 00402CD | D7-4 |- reserved - — — |0 when being read.
interrupt (B) D3 |SCPK13 FPK13 input comparison 1 |High 0 |Low 0 |RW
(FPK1) input D2 |SCPK12 FPK12 input comparison 0 |RW
comparison D1 |SCPK11l FPK11 input comparison 0 |RW
register DO |SCPK10 FPK10 input comparison 0 |RW
Key input 00402CE | D7-5 |- reserved - - — |0 when being read.
interrupt (B) D4 |SMPKO04 |FPKO4 input mask 1 |Interrupt 0 | Interrupt 0 |RW
(FPKO) input D3 |SMPKO03 |FPKO3 input mask enabled disabled 0 |RW
mask register D2 |SMPKO02 |FPKO2 input mask 0 |RW
D1 |SMPKO1 FPKO1 input mask 0 |R/W
D0 |SMPKO0O FPKOO input mask 0 |RW
Key input 00402CF | D7-4 |- reserved — — — |0 when being read.
interrupt (B) D3 |SMPK13 |FPK13 input mask 1 |Interrupt 0 | Interrupt 0 |RW
(FPK1) input D2 |SMPK12 |FPK12 input mask enabled disabled 0 |RW
mask register D1 |SMPK11l |FPK11 input mask 0 |RW
DO |SMPK10 |FPK10 input mask 0 |R/W
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| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
PO function 00402D0| D7 |[CFPO7 P07 function selection 1 |#SRDY1 0 [PO7 0 | R/W |Extended functions
select register (B) D6 |CFP06 P06 function selection 1 [#SCLK1 0 | P06 0 | R/W |(0x402DF)
D5 |CFPO5 P05 function selection 1|SOUT1 0 [PO5 0 |RW
D4 |CFP04 P04 function selection 1|SIN1 0 [P0O4 0 |RW
D3 |CFP03 P03 function selection 1|#SRDYO 0 [PO3 0 |RW
D2 |CFP02 P02 function selection 1 |#SCLKO 0 [PO2 0 |RW
D1 |CFPO1 P01 function selection 1|SOUTO 0 [PO1 0 |RW
DO |CFP0OO POO function selection 1 [SINO 0 |POO 0 |R/W
PO I/O port datal 00402D1| D7 |PO7D P07 1/O port data 1 [High 0 |Low 0 |RW
register (B) D6 |PO6D P06 1/0 port data 0 |R/W
D5 |PO5D P05 1/0 port data 0 |R/W
D4 |P04D P04 1/0 port data 0 |RW
D3 [PO3D P03 1/O port data 0 |R/W
D2 |P02D P02 1/0 port data 0 |RW
D1 |PO1D P01 I/O port data 0 |RW
DO |POOD P00 /O port data 0 |R/W
PO I/O control | 00402D2| D7 |l1OCO07 P07 1/O control 1 [Output 0 |Input 0 |RW
register (B) D6 |10C06 P06 1/0 control 0 |R/W
D5 |10C05 P05 1/0 control 0 |RW
D4 |10C04 P04 1/0 control 0 |RW
D3 |10C03 P03 1/0 control 0 |R/W
D2 |10C02 P02 1/0 control 0 |RW
D1 |10C01 P01 I/O control 0 |RW
DO |10C00 P00 1/O control 0 |R/W
P1 function 00402D4| D7 |- reserved — — — |0 when being read.
select register (B) D6 |CFP16 P16 function selection 1 [EXCL5 0 |P16 0 |RW
#DMAEND1
D5 |CFP15 P15 function selection 1 [EXCL4 0|P15 0 [R/W
#DMAENDO
D4 |CFP14 P14 function selection 1|FOSC1 0 (P14 0 | R/W |Extended functions
(0x402DF)
D3 |CFP13 P13 function selection 1 [EXCL3 0|P13 0 [RW
T8UF3
D2 |CFP12 P12 function selection 1|EXCL2 0 (P12 0 |RW
T8UF2
D1 |CFP11 P11 function selection 1 [EXCL1 0|P11 0 [RW
T8UF1
DO |CFP10 P10 function selection 1|EXCLO 0 (P10 0 |RW
T8UFO
P11/O port data| 00402D5| D7 |- reserved — — — |0 when being read.
register (B) D6 |P16D P16 1/0 port data 1 [High 0 |Low 0 |RW
D5 |P15D P15 1/O port data 0 |RW
D4 |P14D P14 1/0 port data 0 |R/W
D3 |P13D P13 1/0 port data 0 |RW
D2 |P12D P12 1/0 port data 0 |R/W
D1 |P11D P11 1/0 port data 0 |RW
DO |P10D P10 I/O port data 0 |RW
P11/O control | 00402D6| D7 |- reserved — — — |0 when being read.
register (B) D6 |lI0C16 P16 1/0 control 1 [Output 0 |Input 0 |RW
D5 |10C15 P15 1/O control 0 |RW
D4 |10C14 P14 1/0 control 0 |R/W
D3 |10C13 P13 1/0 control 0 |RW
D2 |10C12 P12 1/0 control 0 |R/W
D1 |10C11 P11 1/O control 0 |RW
DO |10C10 P10 I/0 control 0 |RW
P2 function 00402D8| D7 |CFP27 P27 function selection 1|[TM5 0| P27 0 |R/W
select register (B) D6 |CFP26 P26 function selection 1|(T™M4 0 |P26 0 |RW
D5 |CFP25 P25 function selection 1|TM3 0 [P25 0 |RW
D4 |CFP24 P24 function selection 1[T™M2 0|P24 0 |[|R/W
D3 |CFP23 P23 function selection 1|TM1 0 [P23 0 |RW
D2 |CFP22 P22 function selection 1[T™MO 0 |P22 0 |R/W
D1 |CFP21 P21 function selection 1 [#DWE 0|P21 0 | R/W |Ext. func.(0x402DF)
D0 |CFP20 P20 function selection 1|#DRD 0 [P20 0 |RW
P2 1/0 port data] 00402D9 [ D7 |P27D P27 1/0 port data 1 |High 0 Low 0 |RW
register (B) D6 |P26D P26 1/0 port data 0 |RW
D5 |P25D P25 1/0 port data 0 |RW
D4 |P24D P24 1/0 port data 0 |[|R/W
D3 |P23D P23 1/0 port data 0 |RW
D2 |P22D P22 1/0 port data 0 |RW
D1 |P21D P21 1/0 port data 0 |RW
DO |P20D P20 1/0 port data 0 |RW
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
P21/0 control |00402DA| D7 [lOC27 P27 1/0 control 1 | Output 0 | Input 0 |RW
register (B) D6 |I0C26 P26 1/0 control 0 |RW
D5 |10C25 P25 1/0 control 0 |RW
D4 |10C24 P24 1/O control 0 |R/W
D3 |10C23 P23 1/0 control 0 |R/W
D2 |lI0C22 P22 1/O control 0 |RW
D1 |IOC21 P21 1/O control 0 |R/W
DO |10C20 P20 I/0 control 0 |RW
P3 function 00402DC | D7-6 |- reserved — — — |0 when being read.
select register (B) D5 |CFP35 P35 function selection 1 |#BUSACK |0 [P35 0 |RW
D4 |CFP34 P34 function selection 1 |#BUSREQ | 0 |P34 0 [R/W
#CE6
D3 |CFP33 P33 function selection 1 [#DMAACK1| 0 |P33 0 |RW
D2 |CFP32 P32 function selection 1 [#DMAACKO| 0 | P32 0 |R/W
D1 |CFP31 P31 function selection 1 [#BUSGET [0 |P31 0 | R/W |Ext. func.(0x402DF)
DO |CFP30 P30 function selection 1 [#WAIT 0 (P30 0 [RW
#CEA/#CE5
P3 1/0O port data|00402DD | D7-6 |— reserved — — — |0 when being read.
register (B) D5 |P35D P35 1/O port data 1 |High 0 |Low 0 |R/W
D4 |P34D P34 1/0 port data 0 |RW
D3 |P33D P33 1/0 port data 0 |RW
D2 |P32D P32 1/0 port data 0 |RW
D1 |P31D P31 I/0 port data 0 |R/W
DO [P30D P30 I/O port data 0 |RW
P31/0 control [00402DE | D76 |— reserved — — — |0 when being read.
register (B) D5 |IOC35 P35 1/0 control 1 | Output 0 | Input 0 |RW
D4 |10C34 P34 1/0 control 0 |R/W
D3 |I0C33 P33 I/0 control 0 |R/W
D2 |10C32 P32 1/0 control 0 |R/W
D1 |IOC31 P31 I/O control 0 |RW
DO |IOC30 P30 I/O control 0 |RW
Port function |00402DF | D7 |CFEX7 P07 port extended function 1 |#DMAEND3| 0 |P07, etc. 0 [RW
extension (B) D6 |[CFEX6 P06 port extended function 1 |#DMAACK3| 0 |PO06, etc. 0 [RW
register D5 [CFEX5 P05 port extended function 1 |#DMAEND2| 0 |PO05, etc. 0 [RW
D4 |CFEX4 P04 port extended function 1 |#DMAACK2 | 0 [PO4, etc. 0 |R/W
D3 |CFEX3 P31 port extended function 1 |#GARD 0 |P31, etc. 0 |RW
D2 |CFEX2 P21 port extended function 1 [#GAAS 0 [P21, etc. 0 |RW
D1 |CFEX1 P10, P11, P13 port extended 1|DSTO 0 |P10, etc. 1 |RW
function DST1 P11, etc.
DPCO P13, etc.
DO |CFEXO P12, P14 port extended function |1 |DST2 0 |P12, etc. 1 |RW
DCLK P14, etc.
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Areas 18-15 0048120 ( DF |- reserved — — — |0 when being read.
set-up register [ (HW) DE |A18Sz Areas 18-17 device size selection| 1 |8 bits | 0 |16 bits 0 |RW
DD |A18DF1 Areas 18-17 A18DF[1:0] |Number of cycles| 1 |R/W
DC |A18DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
DB |- reserved — — — |0 when being read.
DA |A18WT2 [Areas 18-17 wait control A18WT[2:0] Wait cycles 1 |RW
D9 |A18WT1 1111 7 1
D8 |A18WTO 1110 6 1
1(0(1 5
1(0(0 4
of1(1 3
of1(0 2
o011 1
0O[O0|O 0
D7 |- reserved — — — |0 when being read.
D6 [A16SZ Areas 16-15 device size selection| 1 |8 bits | 0 |16 bits 0 [RW
D5 |Al6DF1 Areas 16-15 A16DF[1:0] |Number of cycles| 1 |R/W
D4 |A16DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A16WT2 |Areas 16-15 wait control AL6WT([2:0] Wait cycles 1 |RW
D1 |Al6WT1 1111 7 1
DO |A16WTO 1(1(0 6 1
1]10(1 5
1{0fo0 4
of1(1 3
of1(0 2
o011 1
ofofo 0
Areas 14-13 0048122 | DF-9 |- reserved — — — |0 when being read.
set-up register | (HW) D8 |A14DRA |Area 14 DRAM selection 1 [Used 0 |Not used 0 |R/W
D7 |A13DRA |Area 13 DRAM selection 1 |Used 0 [Not used 0 |RW
D6 |Al14SZ Areas 14-13 device size selection| 1 |8 bits 0 |16 bits 0 |RW
D5 |Al1l4DF1 Areas 14-13 A14DF[1:0] |Number of cycles| 1 |R/W
D4 |Al1l4DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A14WT2 Areas 14-13 wait control A14WT([2:0] Wait cycles 1 |RW
D1 |A14WT1 1(11(1 7 1
DO |A14WTO 1(1(0 6 1
1(0(1 5
1100 4
of1(1 3
of1(0 2
o001 1
0Ol0|O 0
Areas 12-11 0048124 | DF-7 |- reserved — — — |0 when being read.
set-up register [ (HW) D6 |Al2SZ Areas 12—11 device size selection| 1 |8 bits | 0 |16 bits 0 |R/W
D5 |Al12DF1 Areas 12-11 A18DF[1:0] |Number of cycles| 1 |R/W
D4 |A12DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A12WT2 |Areas 12-11 wait control A18WT([2:0] Wait cycles 1 |RW
D1 |A12WT1 1(1(1 7 1
DO |A12WTO 1110 6 1
1(0(1 5
1(0(0 4
o011 3
of1(0 2
o011 1
0O[O0|O 0

APPENDIX-22 EPSON EOC33 FAMILY ASIC MACRO MANUAL



APPENDIX: /O MAP

Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
Areas 10-9 0048126 | DF |- reserved — — — |0 when being read.
set-up register | (HW) DE |[A10IR2 Area 10 internal ROM wait control| A10IR[2:0] ROM size 1 |RW
DD |A10IR1 Area 10 internal ROM size 1(1(1 2MB 1
DC |A10IRO selection 1({1(o0 1MB 1
1({0f1 512KB
1]1]0/(0 256KB
o111 128KB
of1]0 64KB
o001 32KB
0[0]O 16KB
DB |- reserved - — — |0 when being read.
DA |[A10BW1 |Areas 10-9 A10BW[1:0] Wait cycles 0 |RW
D9 |A10BWO |burst ROM 1 1 3 0
burst read cycle wait control 1 0 2
0 1 1
0 0 0
D8 |A10DRA |Area 10 burst ROM selection 1 [Used 0 [Not used 0 |RIW
D7 |A9DRA Area 9 burst ROM selection 1 [Used 0 [Not used 0 | RIW
D6 |A10SZ Areas 10-9 device size selection | 1 |8 bits 0 |16 bits 0 | RIW
D5 |A10DF1 Areas 10-9 A10DF[1:0] [Number of cycles| 1 |R/W
D4 |A10DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A10WT2 |Areas 10-9 wait control ALOWT([2:0] Wait cycles 1 |RW
D1 |A10WT1 111(1 7 1
DO |A10WTO 1]11/(0 6 1
1({0(1 5
1|10fo0 4
o111 3
of1]0 2
0O(0 |1 1
0[o0]oO 0
Areas 8-7 0048128 | DF-9 |- reserved — — — |0 when being read.
set-up register | (HW) D8 |A8DRA Area 8 DRAM selection 1 |Used 0 | Not used 0 |R/W
D7 |A7DRA Area 7 DRAM selection 1 [Used 0 [Not used 0 |RW
D6 |A8SZ Areas 8-7 device size selection | 1 |8 bits 0 |16 bits 0 |R/W
D5 |A8DF1 Areas 8-7 A8DF[1:0] [Number of cycles| 1 |R/W
D4 |A8DFO output disable delay time 1 1 35 1
1 0 25
0 1 1.5
0 0 0.5
D3 |- reserved — — — |0 when being read.
D2 |A8WT2 Areas 8-7 wait control ABWT[2:0] Wait cycles 1 [RW
D1 |A8WT1 111(1 7 1
DO |ABWTO 1]11/(0 6 1
110(1 5
1)1]0/(0 4
o111 3
of1]0 2
0o(0 |1 1
0[0]O 0
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
Areas 6-4 004812A | DF-E |- reserved — — — |0 when being read.
set-up register [ (HW) DD |A6DF1 Area 6 A6DF[1:0] [Number of cycles| 1 |[R/W
DC |A6DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
DB |- reserved — — — |0 when being read.
DA |ABWT2 Area 6 wait control ABWT[2:0] Wait cycles 1 |RW
D9 |A6WT1 1111 7 1
D8 |ABWTO 1110 6 1
1]1]0(1 5
1]1]0(0 4
o|]1(1 3
of1(0 2
oj]0|1 1
0O|0fO 0
D7 |- reserved — — — |0 when being read.
D6 |A55Z Areas 5-4 device size selection | 1]8 bits [0]16 bits 0 [rRw
D5 |A5DF1 Areas 5-4 A5DF[1:0] |Number of cycles| 1 | R/W
D4 |A5DFO output disable delay time 1 1 35 1
1 0 25
0 1 15
0 0 0.5
D3 |- reserved — — |0 when being read.
D2 |A5WT2 Areas 5-4 wait control A5WT[2:0] Wait cycles 1 |RW
D1 [A5WT1 1111 7 1
DO |A5WTO 1 0 6 1
1]1]0(1 5
1]1]0(0 4
o|]1(1 3
of1(0 2
o|]0|1 1
oj|O0foO 0
TTBR write 004812D| D7 |TBRP7 TTBR register write protect Writing 01011001(0x59) 0 W |Undefined in read.
protect register B) D6 |TBRP6 removes the TTBR (0x48134) 0
D5 |TBRP5 write protection. 0
D4 |TBRP4 \Writing other data sets the 0
D3 |TBRP3 write protection. 0
D2 [TBRP2 0
D1 (TBRP1 0
DO [TBRPO 0
Bus control 004812E| DF |RBCLK BCLK output control 1 [Fixed atH | 0 |Enabled 0 |RW
register (HW) DE |- reserved — 0 — | Writing 1 not allowed.
DD |RBST8 Burst ROM burst mode selection | 1 |8-successive| 0 |4-successive| 0 | R/IW
DC |REDO DRAM page mode selection 1 [EDO 0 | Fast page 0 |R/W
DB |RCA1 Column address size selection RCA[1:0] Size 0 [RW
DA |RCAO 1 1 11 0
1 0 10
0 1 9
0 0 8
D9 |RPC2 Refresh enable 1 |Enabled 0 [Disabled 0 |RW
D8 |RPC1 Refresh method selection 1 | Self-refresh| 0 |CBR-refresh| 0 | R/W
D7 |RPCO Refresh RPC delay setup 1(2.0 0[1.0 0 |R/W
D6 |RRAL Refresh RAS pulse width RRA[1:0] [Number of cycles| 0 [R/W
D5 |RRAO selection 1 1 5 0
1 0 4
0 1 3
0 0 2
D4 |- reserved — 0 — | Writing 1 not allowed.
D3 |SBUSST [External interface method selection| 1 [#BSL 0 [AO 0 |RW
D2 |SEMAS External bus master setup 1 [ Existing 0 |Nonexistent| 0 | R/W
D1 |SEPD External power-down control 1 [Enabled 0 | Disabled 0 |RW
DO |SWAITE [#WAIT enable 1| Enabled 0 [Disabled 0 |RW
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
DRAM timing | 0048130 | DF-C |- reserved — — — |0 when being read.
set-up register | (HW) DB |A3EEN Area 3 emulation 1 |Interna| ROM| 0 |Emu|ation 1 |RW
DA [CEFUNC1 |#CE pin function selection CFFUNCI[1:0] #CE output 0 |RW
D9 [CEFUNCO 1 x |#CE7/8.#CE17/18| O
0 1 #CEG6. #CE17
0 0 #CE4. #CE10
D8 [CRAS Successive RAS mode setup 1 [Successive [ 0 [Normal 0 |[rRwW
D7 |RPRC1 DRAM RPRC[1:0] |Number of cycles| 0 [R/W
D6 |RPRCO RAS precharge cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
D5 |- reserved — — — |0 when being read.
D4 |CASC1 DRAM CASCJ[1:0] |Number of cycles| 0 |[R/W
D3 |CASCO CAS cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
D2 |- reserved — — — |0 when being read.
D1 |RASC1 DRAM RASC[1:0] [Number of cycles| 0 |R/W
DO |RASCO RAS cycles selection 1 1 4 0
1 0 3
0 1 2
0 0 1
Access control| 0048132 | DF |A18I0 Area 18, 17 internal/external access| 1 | Internal 0 External 0 | RIW
register (HW) DE |[A1610 Area 16, 15 internal/external access| |access access 0 |RW
DD |[A14l10 Area 14, 13 internal/external access| 0 |RW
DC |A1210 Area 12, 11 internal/external access| 0 |RW
DB |- reserved — 0 — |0 when being read.
DA |A8IO Area 8, 7 internal/external access | 1 |Internal 0 External 0 | RIW
D9 |A6I0 Area 6 internal/external access access access 0 |RIW
D8 |AS5IO Area 5, 4 internal/external access 0 |RW
D7 |A18EC Area 18, 17 endian control 1 |Big endian | O [Little endian| 0 | R/W
D6 |A16EC Area 16, 15 endian control 0 | RIW
D5 |Al4EC Area 14, 13 endian control 0 | RIW
D4 |A12EC Area 12, 11 endian control 0 |R/W
D3 |A10EC Area 10, 9 endian control 0 |RW
D2 |A8EC Area 8, 7 endian control 0 |RIW
D1 |A6EC Area 6 endian control 0 | RIW
DO |ASEC Area 5, 4 endian control 0 |RW
TTBR low- 0048134 | DF |[TTBR15 Trap table base address [15:10] 0 [R/W
order register (HW) DE |TTBR14 0
DD |[TTBR13 0
DC (TTBR12 0
DB (TTBR11 0
DA |TTBR10O 0
D9 [TTBRO9 Trap table base address [9:0] Fixed at 0 0 R [0 when being read.
D8 |TTBRO8 0 Writing 1 not allowed.
D7 |TTBRO7 0
D6 |TTBRO6 0
D5 |TTBRO5 0
D4 |TTBRO4 0
D3 [TTBRO3 0
D2 [TTBRO2 0
D1 (TTBRO1 0
DO |TTBROO 0
TTBR high- 0048136 | DF [TTBR33 Trap table base address [31:28] Fixed at 0 0 R [0 when being read.
order register (HW) DE |TTBR32 0 Writing 1 not allowed.
DD |TTBR31 0
DC |[TTBR30 0
DB |TTBR2B Trap table base address [27:16] |[The initial value is set ~ |RIW
DA [TTBR2A according to the BTA3 pin
D9 (TTBR29 status.
D8 |(TTBR28 BTA3 ="1": 0x008
D7 |[TTBR27 BTA3 ="0": 0x0CO
D6 |[TTBR26
D5 |[TTBR25
D4 |(TTBR24
D3 |TTBR23
D2 [TTBR22
D1 (TTBR21
DO (TTBR20
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| Register name | Address | Bit Name Function Setting Init. | RIW Remarks
G/A read signal| 0048138 [ DF |[A18AS Area 18, 17 address strobe signal| 1 | Enabled 0 | Disabled 0 |[R/W
control register| (HW) DE |A16AS Area 16, 15 address strobe signal 0 |RW
DD |[A14AS Area 14, 13 address strobe signal 0 |R/W
DC |[A12AS Area 12, 11 address strobe signal 0 |R/W
DB |- reserved — 0 — |0 when being read.
DA |[ABAS Area 8, 7 address strobe signal | 1 |Enabled 0 [Disabled 0 |RW
D9 |A6AS Area 6 address strobe signal 0 |RW
D8 |A5AS Area 5, 4 address strobe signal 0 |R/W
D7 |A18RD Area 18, 17 read signal 1 [Enabled 0 | Disabled 0 |[R/W
D6 |A16RD Area 16, 15 read signal 0 |RW
D5 |Al4RD Area 14, 13 read signal 0 |RW
D4 |A12RD Area 12, 11 read signal 0 |RW
D3 |- reserved — 0 — |0 when being read.
D2 |A8RD Area 8, 7 read signal 1 |Enabled 0 [Disabled 0 |RW
D1 |A6RD Area 6 read signal 0 [RW
DO |A5RD Area 5, 4 read signal 0 |RW
BCLK select 004813A | D7-4 |- reserved — 0 — |0 when being read.
register B) D3 |A1XIMD |Area 1 access-speed 1 |2 cycles | 0 |4 cycles 0 | R/W |x2 speed mode only
D2 |- reserved — 0 — |0 when being read.
D1 |BCLKSEL1|BCLK output clock selection BCLKSEL[1:0] BCLK 0 |[RW
DO |BCLKSELO 1 1 PLL_CLK 0
1 0 OSC3_CLK
0 1 BCU_CLK
0 0 CPU_CLK
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 0 | 0048180 | DF [CROA15 16-bit timer O comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CROA14 CROA15 = MSB X
register A DD |CROA13 CROAO = LSB X

DC |CROA12 X

DB |CROA11l X

DA |CROA10 X

D9 |CROA9 X

D8 |CROA8 X

D7 |CROA7 X

D6 [CROA6 X

D5 |CROA5 X

D4 |CROA4 X

D3 |CROA3 X

D2 |CROA2 X

D1 |CROA1 X

DO |CROAO X
16-bit timer 0 [ 0048182 | DF [CROB15 16-bit timer O comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CROB14 CROB15 = MSB X
register B DD |CROB13 CROBO =LSB X

DC |CROB12 X

DB |CROB11 X

DA |CROB10 X

D9 |CROB9 X

D8 |CROB8 X

D7 |CROB7 X

D6 |CROB6 X

D5 |CROB5 X

D4 |CROB4 X

D3 [CROB3 X

D2 |CROB2 X

D1 |CROB1 X

DO |CROBO X
16-bit timer 0 [ 0048184 | DF [TCO15 16-bit timer O counter data 0 to 65535 X R
counter data (HW) DE ([TCO014 TCO015 = MSB X
register DD ([TCO013 TCO0 = LSB X

DC ([TCo012 X

DB [TCO11 X

DA [TCO10 X

D9 |TCO9 X

D8 (TC08 X

D7 |TCO7 X

D6 |TCO06 X

D5 |TCO5 X

D4 |TCO04 X

D3 [TCO03 X

D2 |TCO02 X

D1 |TCO1 X

DO |TCO0 X
16-bit timer 0 | 0048186 | D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFMO |16-bit timer O fine mode selection | 1 | Fine mode | O [Normal 0 |R/W

D5 |SELCRBO |16-bit timer O comparison buffer |1 |Enabled 0 | Disabled 0 |RW

D4 |OUTINVO [16-bit timer O output inversion 1 |Invert 0 [Normal 0 |RW

D3 |CKSLO 16-bit timer 0 input clock selection | 1 |External clock| O |Internal clock | 0 [ R/W

D2 |PTMO 16-bit timer O clock output control | 1 |On 0 | Off 0 |RW

D1 |PRESETO |16-bittimer O reset 1 |Reset 0 | Invalid 0 W |0 when being read.

DO |PRUNO 16-bit timer 0 Run/Stop control 1 |Run 0 | Stop 0 |RW
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer 1 | 0048188 | DF |CR1A15 16-bit timer 1 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR1A14 CR1A15 = MSB X
register A DD |[CR1A13 CR1A0 =LSB X
DC |CR1A12 X
DB |CR1A11 X
DA |CR1A10 X
D9 |CR1A9 X
D8 |CRI1AS8 X
D7 |CR1A7 X
D6 |CR1A6 X
D5 |CR1AS5 X
D4 |CR1A4 X
D3 |CR1A3 X
D2 [CR1A2 X
D1 |CR1A1 X
DO |CR1AO0 X
16-bit timer 1 | 004818A | DF |CR1B15 16-bit timer 1 comparison data B 0 to 65535 X |RW
comparison (HW) DE |CR1B14 CR1B15 = MSB X
register B DD [CR1B13 CR1B0 =LSB X
DC |CR1B12 X
DB |CR1B11 X
DA |CR1B10 X
D9 |CR1B9 X
D8 |CR1B8 X
D7 [CR1B7 X
D6 |CR1B6 X
D5 |CR1B5 X
D4 |CR1B4 X
D3 |CR1B3 X
D2 |CR1B2 X
D1 |CR1B1 X
DO |CR1BO X
16-bit timer 1 | 004818C| DF |TC115 16-bit timer 1 counter data 0 to 65535 X R
counter data (HW) DE |TCl14 TC115 = MSB X
register DD [TC113 TC10=LSB X
DC [TC112 X
DB |TC111 X
DA |TC110 X
D9 |TC19 X
D8 |TC18 X
D7 |TC17 X
D6 |TCl6 X
D5 |TC15 X
D4 |TC14 X
D3 |TC13 X
D2 |TC12 X
D1 |TC11 X
DO |TC10 X
16-bit timer 1 | 004818E| D7 |- reserved — 0 — |0 when being read.
control register B) D6 |SELFM1 16-bit timer 1 fine mode selection | 1 | Fine mode | 0 [Normal 0 |R/W
D5 |SELCRB1 |16-bit timer 1 comparison buffer |1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV1 [16-bit timer 1 output inversion 1 |Invert 0 [Normal 0 |RW
D3 |CKSL1 16-bit timer 1 input clock selection | 1 | External clock| O |Internal clock | 0 | R/W
D2 |PTM1 16-bit timer 1 clock output control | 1 |On 0 | Off 0 |R/W
D1 |PRESET1 |16-bittimer 1 reset 1 [Reset 0 | Invalid 0 W |0 when being read.
DO |PRUN1 16-bit timer 1 Run/Stop control 1 [Run 0 | Stop 0 |R/W
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 2 | 0048190 | DF [CR2A15 16-bit timer 2 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR2A14 CR2A15 = MSB X
register A DD |CR2A13 CR2A0 =LSB X

DC |CR2A12 X

DB [CR2A11 X

DA |CR2A10 X

D9 |CR2A9 X

D8 |CR2A8 X

D7 |CR2A7 X

D6 |CR2A6 X

D5 |CR2A5 X

D4 |CR2A4 X

D3 |CR2A3 X

D2 |CR2A2 X

D1 |CR2A1 X

DO |CR2A0 X
16-bit timer 2 [ 0048192 | DF [CR2B15 16-bit timer 2 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR2B14 CR2B15 = MSB X
register B DD |CR2B13 CR2B0 =LSB X

DC |CR2B12 X

DB |CR2B11 X

DA |CR2B10 X

D9 |CR2B9 X

D8 |CR2B8 X

D7 |CR2B7 X

D6 |CR2B6 X

D5 |CR2B5 X

D4 |CR2B4 X

D3 [CR2B3 X

D2 |CR2B2 X

D1 |CR2B1 X

DO |CR2BO X
16-bit timer 2 [ 0048194 | DF |[TC215 16-bit timer 2 counter data 0 to 65535 X R
counter data (HW) DE ([TC214 TC215 = MSB X
register DD ([TC213 TC20 =LSB X

DC [TC212 X

DB [TC211 X

DA [TC210 X

D9 |TC29 X

D8 |TC28 X

D7 |TC27 X

D6 |TC26 X

D5 |TC25 X

D4 |TC24 X

D3 |TC23 X

D2 |TC22 X

D1 |TC21 X

DO |TC20 X
16-bit timer 2 [ 0048196 | D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM2 |16-bit timer 2 fine mode selection | 1 | Fine mode | O [ Normal 0 |R/W

D5 |SELCRB2 |16-bit timer 2 comparison buffer | 1 |Enabled 0 | Disabled 0 |RW

D4 |OUTINV2 [16-bit timer 2 output inversion 1 |Invert 0 [Normal 0 |RW

D3 |CKSL2 16-bit timer 2 input clock selection | 1 |External clock| O |Internal clock | 0 | R/W

D2 |PTM2 16-bit timer 2 clock output control | 1 |On 0 | Off 0 |RW

D1 |PRESET2 |16-bittimer 2 reset 1 |Reset 0 | Invalid 0 W |0 when being read.

DO |PRUN2 16-bit timer 2 Run/Stop control 1 |Run 0 | Stop 0 |RW
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer 3 | 0048198 | DF |CR3A15 16-bit timer 3 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR3A14 CR3A15 = MSB X
register A DD |[CR3A13 CR3A0 =LSB X
DC |CR3A12 X
DB |CR3A1l1 X
DA |CR3A10 X
D9 |CR3A9 X
D8 |CR3A8 X
D7 |CR3A7 X
D6 |[CR3A6 X
D5 |CR3A5 X
D4 |CR3A4 X
D3 |CR3A3 X
D2 |CR3A2 X
D1 |CR3A1 X
DO |CR3A0 X
16-bit timer 3 | 004819A ( DF |CR3B15 16-bit timer 3 comparison data B 0 to 65535 X |RW
comparison (HW) DE |CR3B14 CR3B15 = MSB X
register B DD [CR3B13 CR3B0 =LSB X
DC |CR3B12 X
DB |CR3B11 X
DA |CR3B10 X
D9 |CR3B9 X
D8 |CR3B8 X
D7 |CR3B7 X
D6 |CR3B6 X
D5 |CR3B5 X
D4 |CR3B4 X
D3 [CR3B3 X
D2 |CR3B2 X
D1 |CR3B1 X
DO |CR3BO X
16-bit timer 3 | 004819C | DF |TC315 16-bit timer 3 counter data 0 to 65535 X R
counter data (HW) DE |TC314 TC315 = MSB X
register DD [TC313 TC30=LSB X
DC [TC312 X
DB |TC311 X
DA |TC310 X
D9 |TC39 X
D8 ([TC38 X
D7 |TC37 X
D6 |TC36 X
D5 |TC35 X
D4 |TC34 X
D3 [TC33 X
D2 |TC32 X
D1 |TC31 X
DO |TC30 X
16-bit timer 3 | 004819E| D7 |- reserved — 0 — |0 when being read.
control register B) D6 |SELFM3 16-bit timer 3 fine mode selection | 1 | Fine mode | 0 [Normal 0 |R/W
D5 |SELCRB3 |16-bit timer 3 comparison buffer | 1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV3 [16-bit timer 3 output inversion 1 [Invert 0 [Normal 0 |RW
D3 |CKSL3 16-bit timer 3 input clock selection | 1 | External clock| O |Internal clock | 0 | R/W
D2 |PTM3 16-bit timer 3 clock output control | 1 |On 0 | Off 0 |R/W
D1 |PRESET3 |16-bit timer 3 reset 1 [Reset 0 | Invalid 0 W |0 when being read.
DO |PRUN3 16-bit timer 3 Run/Stop control 1 [Run 0 | Stop 0 |R/W
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
16-bit timer 4 | 00481A0 | DF [CR4A15 16-bit timer 4 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR4A14 CR4A15 = MSB X
register A DD |CR4A13 CR4A0 = LSB X

DC |CR4A12 X

DB [CR4A11 X

DA |CR4A10 X

D9 |CR4A9 X

D8 |CR4A8 X

D7 |CR4A7 X

D6 |CR4A6 X

D5 |CR4A5 X

D4 |CR4A4 X

D3 |CR4A3 X

D2 [CR4A2 X

D1 |CR4A1 X

DO |CR4A0 X
16-bit timer 4 [00481A2| DF |[CR4B15 16-bit timer 4 comparison data B 0 to 65535 X | RIW
comparison (HW) DE |CR4B14 CR4B15 = MSB X
register B DD |CR4B13 CR4B0 =LSB X

DC |CR4B12 X

DB |CR4B11 X

DA |CR4B10 X

D9 |CR4B9 X

D8 |CR4B8 X

D7 |[CR4B7 X

D6 |CR4B6 X

D5 |CR4B5 X

D4 |CR4B4 X

D3 |CR4B3 X

D2 |CR4B2 X

D1 |CR4B1 X

DO |CR4BO X
16-bit timer 4 [00481A4| DF |[TC415 16-bit timer 4 counter data 0 to 65535 X R
counter data (HW) DE ([TC414 TC415 = MSB X
register DD ([TC413 TC40 = LSB X

DC [TC412 X

DB [TC411 X

DA [TC410 X

D9 |TC49 X

D8 |TC48 X

D7 |TC47 X

D6 |TC46 X

D5 |TC45 X

D4 |TC44 X

D3 |TC43 X

D2 |TC42 X

D1 |TC41 X

D0 |TC40 X
16-bit timer 4 |00481A6 | D7 |- reserved — 0 — |0 when being read.
control register (B) D6 |SELFM4 |16-bit timer 4 fine mode selection | 1 | Fine mode | O [Normal 0 |R/W

D5 |SELCRB4 |16-bit timer 4 comparison buffer | 1 |Enabled 0 | Disabled 0 |RW

D4 |OUTINV4 |[16-bit timer 4 output inversion 1 |Invert 0 [Normal 0 |RW

D3 |CKSL4 16-bit timer 4 input clock selection | 1 |External clock| O |Internal clock | 0 [ R/W

D2 |PTM4 16-bit timer 4 clock output control | 1 |On 0 | Off 0 |RW

D1 |PRESET4 |16-bittimer 4 reset 1 |Reset 0 | Invalid 0 W |0 when being read.

DO |PRUN4 16-bit timer 4 Run/Stop control 1 |Run 0 | Stop 0 |RW
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
16-bit timer 5 | 00481A8| DF |CR5A15 16-bit timer 5 comparison data A 0 to 65535 X | RIW
comparison (HW) DE |CR5A14 CR5A15 = MSB X
register A DD |[CR5A13 CR5A0 =LSB X
DC |CR5A12 X
DB |CR5A11 X
DA |CR5A10 X
D9 |CR5A9 X
D8 |CR5A8 X
D7 |CR5A7 X
D6 |CR5A6 X
D5 |CR5A5 X
D4 |CR5A4 X
D3 |CR5A3 X
D2 |CR5A2 X
D1 |CR5A1 X
DO |CR5A0 X
16-bit timer 5 |00481AA| DF |CR5B15 16-bit timer 5 comparison data B 0 to 65535 X |RW
comparison (HW) DE |CR5B14 CR5B15 = MSB X
register B DD |[CR5B13 CR5B0 =LSB X
DC |CR5B12 X
DB |CR5B11 X
DA |CR5B10 X
D9 |CR5B9 X
D8 |CR5B8 X
D7 |CR5B7 X
D6 |CR5B6 X
D5 |CR5B5 X
D4 |CR5B4 X
D3 |CR5B3 X
D2 |CR5B2 X
D1 |CR5B1 X
DO |CR5BO X
16-bit timer 5 |00481AC| DF |TC515 16-bit timer 5 counter data 0 to 65535 X R
counter data (HW) DE |TC514 TC515 = MSB X
register DD [TC513 TC50 = LSB X
DC [TC512 X
DB |TC511 X
DA |TC510 X
D9 |TC59 X
D8 |[TC58 X
D7 |TC57 X
D6 |TC56 X
D5 |TC55 X
D4 |TC54 X
D3 [TC53 X
D2 |TC52 X
D1 |TC51 X
DO |TC50 X
16-bit timer 5 |00481AE| D7 |- reserved — 0 — |0 when being read.
control register B) D6 |SELFM5 |16-bit timer 5 fine mode selection | 1 | Fine mode | O |[Normal 0 |R/W
D5 |SELCRB5 |16-bit timer 5 comparison buffer | 1 |Enabled 0 | Disabled 0 |RW
D4 |OUTINV5 [16-bit timer 5 output inversion 1 [Invert 0 [Normal 0 |RW
D3 |CKSL5 16-bit timer 5 input clock selection | 1 | External clock| O |Internal clock | 0 | R/W
D2 |PTM5 16-bit timer 5 clock output control | 1 |On 0 | Off 0 |R/W
D1 |PRESET5 |16-bit timer 5 reset 1 [Reset 0 | Invalid 0 W |0 when being read.
DO |PRUN5S 16-bit timer 5 Run/Stop control 1 [Run 0 | Stop 0 |R/W
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Register name | Address | Bit Name Function Setting | Init. | RIW Remarks ]
IDMA base 0048200 [ DF [DBASEL15(IDMA base address 0 |RW
address low- (HW) DE |DBASEL14|low-order 16 bits 0
order register DD |[DBASEL13|(Initial value: 0XOCO03A0) 0

DC |[DBASEL12 0

DB [DBASEL11 0

DA [DBASEL10 0

D9 |DBASEL9 1

D8 |DBASELS 1

D7 |DBASEL7 1

D6 |DBASEL6 0

D5 |DBASELS 1

D4 |DBASEL4 0

D3 |DBASEL3 0

D2 |DBASEL2 0

D1 |DBASEL1 0

DO |DBASELO 0
IDMA base 0048202 | DF-C |— reserved - - — |Undefined in read.
address (HW) DB |DBASEH11|IDMA base address 0 |RW
high-order DA |DBASEH10|high-order 12 bits 0
register D9 |DBASEH9 |(Initial value: 0XOCO03A0) 0

D8 |DBASEH8 0

D7 |DBASEH7 1

D6 |DBASEH6 1

D5 |DBASEH5 0

D4 |DBASEH4 0

D3 |DBASEH3 0

D2 |DBASEH2 0

D1 |DBASEH1 0

DO |DBASEHO 0
IDMA start 0048204 | D7 [DSTART [IDMA start 1 [IDMA start [0 [stop 0 [rRw |
register (B) D6-0 [DCHN IDMA channel number 0to 127 0 |R/W |
IDMA enable 0048205 | D7-1 |— reserved — — — \
register (B) D0 [IDMAEN [IDMA enable 1 [Enabled [0 [Disabled 0 [rRw |
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048220 | DF |TCO_L7 Ch.0 transfer counter[7:0] X |RW
DMA Ch.0 (HW) DE |TCO_L6 (block transfer mode) X
transfer DD ([TCO_L5 X
counter DC (TCO_L4 Ch.0 transfer counter[15:8] X
register DB |TCO_L3 (single/successive transfer mode) X
DA |TCO_L2 X
D9 |TCO_L1 X
D8 |TCO_LO X
D7 |BLKLENO7|Ch.0 block length X | RIW
D6 |BLKLENOG | (block transfer mode) X
D5 |BLKLENO5 X
D4 |BLKLENO4|Ch.0 transfer counter[7:0] X
D3 |BLKLENO3|(single/successive transfer mode) X
D2 [BLKLENO02 X
D1 |BLKLENO1 X
DO |BLKLENOO X
High-speed 0048222 | DF [DUALMO [Ch.0 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.0 (HW) DE |DODIR D) Invalid - - | -
control register S) Ch.0 transfer direction control | 1 |Memory WR| 0 |Memory RD| 0 |RW
DD-8 |- reserved — = — |Undefined in read.
Note: D7 |TCO_H7 Ch.0 transfer counter[15:8] X |RW
D) Dual address D6 |TCO_H6 | (block transfer mode) X
9 gﬁglee D5 |TCO_H5 X
address D4 |TCO_H4 Ch.0 transfer counter[23:16] X
mode D3 |TCO_H3 (single/successive transfer mode) X
D2 |TCO_H2 X
D1 |TCO_H1 X
DO |TCO_HO X
High-speed 0048224 | DF |SOADRL15|D) Ch.0 source address[15:0] X |RW
DMA Ch.0 (HW) DE |SOADRL14(S) Ch.0 memory address[15:0] X
low-order DD |SOADRL13 X
source address DC |[SOADRL12 X
set-up register DB |SOADRL11 X
DA |SOADRL10 X
Note: D9 [SOADRL9 X
D) Dual address A8 |SOADRLS X
s) ';?]gfe D7 |SOADRL? X
address D6 |SOADRL6 X
mode D5 |SOADRL5 X
D4 |SOADRL4 X
D3 |SOADRL3 X
D2 |SOADRL2 X
D1 |SOADRL1 X
DO |SOADRLO X
High-speed 0048226 | DF |DINTENO |Ch.0 interrupt enable 1 [Enabled 0 | Disabled 0 |RW
DMA Ch.0 (HW) DE |DATSIZEO [Ch.0 transfer data size 1 [Half word | O |Byte 0 |R/W
high-order DD ([SOIN1 D) Ch.0 source address control SOIN[1:0] Inc/dec 0 |RW
source address DC |SOINO S) Ch.0 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |SOADRHLL|D) Ch.0 source address[27:16] X | RW
9 gi?]glee DA |SOADRH10|S) Ch.0 memory address[27:16] X
address D9 |SOADRH9 X
mode A8 |SOADRH8 X
D7 |[SOADRH7 X
D6 |SOADRH6 X
D5 |SOADRH5 X
D4 [SOADRH4 X
D3 |SOADRH3 X
D2 |SOADRH2 X
D1 [SOADRH1 X
DO |SOADRHO X
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048228 | DF |DOADRL15|D) Ch.0 destination address[15:0] X | RIW
DMA Ch.0 (HW) DE |DOADRL14|S) Invalid X
low-order DD |DOADRL13 X
destination DC |DOADRL12 X
address set-up DB [DOADRL11 X
register DA |DOADRL10 X
D9 |[DOADRL9 X
Note: A8 |DOADRLS X
D) Dual address D7 |DOADRL? X
9 g‘r"gfe D6 |DOADRL6 X
address D5 |DOADRL5 X
mode D4 |DOADRL4 X
D3 [DOADRL3 X
D2 |[DOADRL2 X
D1 |[DOADRL1 X
DO |[DOADRLO X
High-speed 004822A | DF [(DOMOD1 |Ch.0 transfer mode DOMOD[1:0] Mode 0 |RW
DMA Ch.0 (HW) DE |(DOMODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |DOIN1 D) Ch.0 destination address DOIN[1:0] Inc/dec 0 |RW
DC |DOINO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 g}zg’fe 0]o Fixed
address DB |DOADRH11|D) Ch.0 destination X | RwW
mode DA [(DOADRH10 address[27:16] X
D9 |DOADRH9 |S) Invalid X
A8 |DOADRHS8 X
D7 |DOADRH7 X
D6 |DOADRH6 X
D5 |[DOADRH5 X
D4 |DOADRH4 X
D3 |DOADRH3 X
D2 |DOADRH2 X
D1 |[DOADRH1 X
DO [DOADRHO X
High-speed 004822C | DF-1 |— reserved - - — |Undefined in read.
DMA Ch.0 (HW)
enable register DO |HSO_EN Ch.0 enable 1 |Enab|e | 0 |Disable 0 |R/W
High-speed 004822E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.0 (HW)
trigger flag DO |HSO_TF Ch.0 trigger flag clear (writing) 1 |Clear 0 |No operation| 0 [R/W
register Ch.0 trigger flag status (reading) | 1 |Set 0 | Cleared
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048230 ( DF |TC1_L7 Ch.1 transfer counter([7:0] X | RIW
DMA Ch.1 (HW) DE |TC1_L6 (block transfer mode) X
transfer DD (TC1_L5 X
counter DC (TC1_L4 Ch.1 transfer counter[15:8] X
register DB |TC1_L3 (single/successive transfer mode) X
DA |TC1_L2 X
D9 |TC1_L1 X
D8 |TC1 LO X
D7 |BLKLEN17|Ch.1 block length X | RW
D6 |BLKLEN16|(block transfer mode) X
D5 |BLKLEN15 X
D4 |BLKLEN14|Ch.1 transfer counter[7:0] X
D3 |BLKLEN13|(single/successive transfer mode) X
D2 [BLKLEN12 X
D1 |BLKLEN11 X
DO |BLKLEN10 X
High-speed 0048232 | DF [DUALM1 [Ch.1 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.1 (HW) DE |D1DIR D) Invalid - - | -
control register S) Ch.1 transfer direction control | 1 |Memory WR| 0 |Memory RD| 0 |RW
DD-8 |- reserved — = — |Undefined in read.
Note: D7 |TC1_H7 Ch.1 transfer counter[15:8] X |RW
D) Dual address D6 |TC1_H6 |(block transfer mode) X
9 gﬁglee D5 |TC1 H5 X
address D4 |TC1_H4 Ch.1 transfer counter[23:16] X
mode D3 |TC1_H3 (single/successive transfer mode) X
D2 |TC1_H2 X
D1 |TC1 H1 X
DO |TC1_HO X
High-speed 0048234 | DF |S1ADRL15|D) Ch.1 source address[15:0] X |RW
DMA Ch.1 (HW) DE |S1ADRL14(S) Ch.1 memory address[15:0] X
low-order DD |S1ADRL13 X
source address DC |[S1ADRL12 X
set-up register DB |S1ADRL11 X
DA |S1ADRL10 X
Note: D9 [S1ADRL9 X
D) Dual address A8 |S1ADRLS X
s) ';?]gfe D7 |S1ADRL7 X
address D6 |S1ADRL6 X
mode D5 |S1ADRL5 X
D4 |S1ADRL4 X
D3 |S1ADRL3 X
D2 |S1ADRL2 X
D1 |S1ADRL1 X
DO |S1ADRLO X
High-speed 0048236 | DF |DINTEN1 |Ch.1 interrupt enable 1 [Enabled 0 | Disabled 0 |RW
DMA Ch.1 (HW) DE |DATSIZE1 [Ch.1 transfer data size 1 [Half word | O |Byte 0 |R/W
high-order DD ([S1IN1 D) Ch.1 source address control S1IN[1:0] Inc/dec 0 |RW
source address DC |[S1INO S) Ch.1 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |SIADRHL1L|D) Ch.1 source address[27:16] X | RW
9 gi?mg?e DA |S1ADRH10|S) Ch.1 memory address[27:16] X
address D9 [S1ADRH9 X
mode A8 |S1ADRH8 X
D7 |[S1ADRH7 X
D6 |S1ADRH6 X
D5 |S1ADRH5 X
D4 |[S1ADRH4 X
D3 |S1ADRH3 X
D2 |S1ADRH2 X
D1 [S1ADRH1 X
DO |S1ADRHO X
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048238 | DF |D1ADRL15|D) Ch.1 destination address[15:0] X | RIW
DMA Ch.1 (HW) DE |D1ADRL14(S) Invalid X
low-order DD |D1ADRL13 X
destination DC |D1ADRL12 X
address set-up DB [D1ADRL11 X
register DA |D1ADRL10 X
D9 |D1ADRL9 X
Note: A8 |D1ADRLS X
D) Dual address D7 |D1ADRL7 X
9 gzgfe D6 |D1ADRL6 X
address D5 |D1ADRL5 X
mode D4 |D1ADRL4 X
D3 |D1ADRL3 X
D2 |[D1ADRL2 X
D1 |D1ADRL1 X
DO |D1ADRLO X
High-speed 004823A | DF [D1IMOD1 |Ch.1 transfer mode D1MOD[1:0] Mode 0 |RW
DMA Ch.1 (HW) DE |[D1MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D1IN1 D) Ch.1 destination address D1IN[1:0] Inc/dec 0 |RW
DC |D1INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 g}zg’fe 0]o Fixed
address DB |D1ADRH11|D) Ch.1 destination X | RwW
mode DA |[D1ADRH10 address[27:16] X
D9 |D1ADRH9 [S) Invalid X
A8 |D1ADRH8 X
D7 |D1ADRH7 X
D6 |D1ADRH6 X
D5 |D1ADRHS5 X
D4 |D1ADRH4 X
D3 |D1ADRH3 X
D2 |D1ADRH2 X
D1 |D1ADRH1 X
DO |D1ADRHO X
High-speed 004823C | DF-1 |— reserved - - — |Undefined in read.
DMA Ch.1 (HW)
enable register DO |HS1_EN Ch.1 enable 1 |Enab|e | 0 |Disable 0 |R/W
High-speed 004823E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.1 (HW)
trigger flag DO |HS1_TF Ch.1 trigger flag clear (writing) 1 |Clear 0 |No operation| 0 [R/W
register Ch.1 trigger flag status (reading) | 1 |Set 0 | Cleared
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048240 ( DF |TC2_L7 Ch.2 transfer counter([7:0] X | RIW
DMA Ch.2 (HW) DE |TC2_L6 (block transfer mode) X
transfer DD (TC2_L5 X
counter DC (TC2_L4 Ch.2 transfer counter[15:8] X
register DB |TC2_L3 (single/successive transfer mode) X
DA |TC2_L2 X
D9 |TC2_L1 X
D8 |TC2_LO X
D7 |BLKLEN27|Ch.2 block length X | RIW
D6 |BLKLEN26 | (block transfer mode) X
D5 |BLKLEN25 X
D4 |BLKLEN24|Ch.2 transfer counter[7:0] X
D3 |BLKLEN23|(single/successive transfer mode) X
D2 [BLKLEN22 X
D1 |BLKLEN21 X
DO |BLKLEN20 X
High-speed 0048242 | DF [DUALM2 [Ch.2 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.2 (HW) DE |D2DIR D) Invalid - - | -
control register S) Ch.2 transfer direction control | 1 |Memory WR| 0 |Memory RD| 0 |RW
DD-8 |- reserved — = — |Undefined in read.
Note: D7 |TC2_H7 Ch.2 transfer counter[15:8] X |RW
D) Dual address D6 |TC2_H6 |(block transfer mode) X
9 gﬁglee D5 |TC2 H5 X
address D4 |TC2_H4 Ch.2 transfer counter[23:16] X
mode D3 |TC2_H3 (single/successive transfer mode) X
D2 |TC2_H2 X
D1 |TC2_H1 X
DO |TC2_HO X
High-speed 0048244 | DF |S2ADRL15|D) Ch.2 source address[15:0] X |RW
DMA Ch.2 (HW) DE |S2ADRL14(S) Ch.2 memory address[15:0] X
low-order DD |S2ADRL13 X
source address DC |[S2ADRL12 X
set-up register DB |S2ADRL11 X
DA |S2ADRL10 X
Note: D9 [S2ADRL9 X
D) Dual address A8 |S2ADRLS X
s) ';?]gfe D7 |S2ADRL7 X
address D6 |S2ADRL6 X
mode D5 |S2ADRL5 X
D4 |S2ADRL4 X
D3 |S2ADRL3 X
D2 |S2ADRL2 X
D1 |S2ADRL1 X
DO |S2ADRLO X
High-speed 0048246 | DF |DINTEN2 |Ch.2 interrupt enable 1 [Enabled 0 | Disabled 0 |RW
DMA Ch.2 (HW) DE |DATSIZE2 |Ch.2 transfer data size 1 [Half word | O |Byte 0 |R/W
high-order DD ([S2IN1 D) Ch.2 source address control S2IN[1:0] Inc/dec 0 |RW
source address DC |[S2INO S) Ch.2 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |S2ADRHLL|D) Ch.2 source address[27:16] X | RW
9 gi?mg?e DA |S2ADRH10|S) Ch.2 memory address[27:16] X
address D9 [S2ADRH9 X
mode A8 |S2ADRH8 X
D7 |[S2ADRH7 X
D6 |S2ADRH6 X
D5 |S2ADRH5 X
D4 |[S2ADRH4 X
D3 |S2ADRH3 X
D2 |S2ADRH2 X
D1 [S2ADRH1 X
DO |S2ADRHO X
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048248 | DF |D2ADRL15|D) Ch.2 destination address[15:0] X | RIW
DMA Ch.2 (HW) DE |D2ADRL14(S) Invalid X
low-order DD |D2ADRL13 X
destination DC |D2ADRL12 X
address set-up DB [D2ADRL11 X
register DA |D2ADRL10 X
D9 |D2ADRL9 X
Note: A8 |D2ADRLS X
D) Dual address D7 |D2ADRL7 X
9 g‘r"gfe D6 |D2ADRL6 X
address D5 |D2ADRL5 X
mode D4 |D2ADRL4 X
D3 |D2ADRL3 X
D2 |[D2ADRL2 X
D1 |D2ADRL1 X
DO |D2ADRLO X
High-speed 004824A | DF [D2MOD1 |Ch.2 transfer mode D2MOD[1:0] Mode 0 |RW
DMA Ch.2 (HW) DE |[D2MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D2IN1 D) Ch.2 destination address D2IN[1:0] Inc/dec 0 |RW
DC |D2INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 g}zg’fe 0]o Fixed
address DB |D2ADRH11|D) Ch.2 destination X | RwW
mode DA [D2ADRH10 address[27:16] X
D9 |D2ADRH9 |[S) Invalid X
A8 |D2ADRH8 X
D7 |D2ADRH7 X
D6 |D2ADRH6 X
D5 |D2ADRHS5 X
D4 |D2ADRH4 X
D3 |D2ADRH3 X
D2 |D2ADRH2 X
D1 |D2ADRH1 X
DO |D2ADRHO X
High-speed 004824C | DF-1 |— reserved - - — |Undefined in read.
DMA Ch.2 (HW)
enable register DO |HS2_EN Ch.2 enable 1 |Enab|e | 0 |Disable 0 |R/W
High-speed 004824E | DF-1 (- reserved - - — |Undefined in read.
DMA Ch.2 (HW)
trigger flag DO |HS2_TF Ch.2 trigger flag clear (writing) 1 |Clear 0 |No operation| 0 [R/W
register Ch.2 trigger flag status (reading) | 1 |Set 0 | Cleared
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| Register name | Address | Bit Name Function Setting Init. [ RIW Remarks
High-speed 0048250 ( DF |TC3_L7 Ch.3 transfer counter([7:0] X | RIW
DMA Ch.3 (HW) DE |TC3_L6 (block transfer mode) X
transfer DD [TC3_L5 X
counter DC (TC3_ L4 Ch.3 transfer counter[15:8] X
register DB |TC3_L3 (single/successive transfer mode) X
DA |TC3_L2 X
D9 |TC3_L1 X
D8 |[TC3_LO X
D7 |BLKLEN37|Ch.3 block length X | RIW
D6 |BLKLENS36 | (block transfer mode) X
D5 [BLKLEN35 X
D4 |BLKLEN34|Ch.3 transfer counter[7:0] X
D3 |BLKLEN33|(single/successive transfer mode) X
D2 [BLKLEN32 X
D1 [BLKLEN31 X
DO [BLKLEN30 X
High-speed 0048252 | DF [DUALMS3 [Ch.3 address mode selection 1 |Dua| addr | 0 |Single addr| 0 |RW
DMA Ch.3 (HW) DE |D3DIR D) Invalid - - | -
control register S) Ch.3 transfer direction control | 1 |Memory WR| 0 |Memory RD| 0 |RW
DD-8 |- reserved — = — |Undefined in read.
Note: D7 |TC3_H7 Ch.3 transfer counter[15:8] X |RW
D) Dual address D6 |TC3_H6 | (block transfer mode) X
9 gﬁglee D5 |TC3 H5 X
address D4 |TC3_H4 Ch.3 transfer counter[23:16] X
mode D3 |TC3_H3 (single/successive transfer mode) X
D2 [TC3_H2 X
D1 [TC3_H1 X
DO [TC3_HO X
High-speed 0048254 | DF |S3ADRL15|D) Ch.3 source address[15:0] X |RW
DMA Ch.3 (HW) DE |S3ADRL14(S) Ch.3 memory address[15:0] X
low-order DD |S3ADRL13 X
source address DC |[S3ADRL12 X
set-up register DB |S3ADRL11 X
DA |S3ADRL10 X
Note: D9 [S3ADRL9 X
D) Dual address A8 |S3ADRLS X
s) ';?]gfe D7 |S3ADRL? X
address D6 |S3ADRL6 X
mode D5 |[S3ADRL5 X
D4 |[S3ADRL4 X
D3 |S3ADRL3 X
D2 |S3ADRL2 X
D1 |[S3ADRL1 X
DO |[S3ADRLO X
High-speed 0048256 | DF |DINTEN3 |Ch.3 interrupt enable 1 [Enabled 0 | Disabled 0 |RW
DMA Ch.3 (HW) DE |DATSIZE3 |Ch.3 transfer data size 1 [Half word | O |Byte 0 |R/W
high-order DD ([S3IN1 D) Ch.3 source address control S3IN[1:0] Inc/dec 0 |RW
source address DC |[S3INO S) Ch.3 memory address control 1 1 Inc.(no init) 0
set-up register 1 0 Inc.(init)
0 1 Dec.(no init)
Note: 0 0 Fixed
D) Dual address DB |S3ADRHLL|D) Ch.3 source address[27:16] X | RW
s) gi?]glee DA |S3ADRH10|S) Ch.3 memory address[27:16] X
address D9 [S3ADRH9 X
mode A8 |S3ADRHS8 X
D7 |[S3ADRH7 X
D6 |[S3ADRH6 X
D5 |[S3ADRH5 X
D4 |[S3ADRH4 X
D3 [S3ADRH3 X
D2 [S3ADRH2 X
D1 |[S3ADRH1 X
DO [S3ADRHO X
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Register name | Address | Bit Name Function Setting Init. | RIW Remarks |
High-speed 0048258 | DF |D3ADRL15|D) Ch.3 destination address[15:0] X | RIW
DMA Ch.3 (HW) DE |D3ADRL14|S) Invalid X
low-order DD |D3ADRL13 X
destination DC |D3ADRL12 X
address set-up DB [D3ADRL11 X
register DA |D3ADRL10 X
D9 |[D3ADRL9 X
Note: A8 |D3ADRLS X
D) Dual address D7 |D3ADRL? X
9 g‘r"gfe D6 |D3ADRL6 X
address D5 |D3ADRL5 X
mode D4 |D3ADRL4 X
D3 [D3ADRL3 X
D2 |[D3ADRL2 X
D1 |[D3ADRL1 X
DO |[D3ADRLO X
High-speed 004825A | DF [D3MOD1 |Ch.3 transfer mode D3MOD[1:0] Mode 0 |RW
DMA Ch.3 (HW) DE (D3MODO 1 1 Invalid 0
high-order 1 0 Block
destination 0 1 Successive
address set-up 0 0 Single
register DD |D3IN1 D) Ch.3 destination address D3IN[1:0] Inc/dec 0 |RW
DC |D3INO control 1 1 Inc.(no init) 0
Note: S) Invalid 1 0 Inc.(init)
D) Duzl address 0 1 Dec.(no init)
9 g}zg’fe 0]o Fixed
address DB |D3ADRH11|D) Ch.3 destination X | RwW
mode DA |[D3ADRH10 address[27:16] X
D9 |D3ADRH9 |S) Invalid X
A8 |D3ADRHS8 X
D7 |D3ADRH7 X
D6 |D3ADRH6 X
D5 |[D3ADRH5 X
D4 |D3ADRH4 X
D3 |D3ADRH3 X
D2 |D3ADRH2 X
D1 |[D3ADRH1 X
DO [D3ADRHO X
High-speed 004825C | DF-1 |— reserved - - — |Undefined in read.
DMA Ch.3 (HW)
enable register DO |HS3_EN Ch.3 enable 1 |Enab|e | 0 |Disable 0 |R/W
High-speed 004825E | DF-1 |- reserved - - — |Undefined in read.
DMA Ch.3 (HW)
trigger flag DO |HS3_TF Ch.3 trigger flag clear (writing) 1 |Clear 0 |No operation| 0 [R/W
register Ch.3 trigger flag status (reading) | 1 |Set 0 | Cleared
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EPSON

International Sales Operations

AMERICA ASIA
EPSON ELECTRONICS AMERICA, INC. - CHINA -
- HEADQUARTERS - EPSON (CH|NA) CO,, LTD.

1960 E. Grand Avenue
El Segundo, CA 90245, U.S.A.
Phone: +1-310-955-5300 Fax: +1-310-955-5400

- SALES OFFICES -

West

150 River Oaks Parkway

San Jose, CA 95134, U.S.A.

Phone: +1-408-922-0200 Fax: +1-408-922-0238

Central

101 Virginia Street, Suite 290

Crystal Lake, IL 60014, U.S.A.

Phone: +1-815-455-7630 Fax: +1-815-455-7633

Northeast

301 Edgewater Place, Suite 120

Wakefield, MA 01880, U.S.A.

Phone: +1-781-246-3600 Fax: +1-781-246-5443

Southeast

3010 Royal Blvd. South, Suite 170

Alpharetta, GA 30005, U.S.A.

Phone: +1-877-EEA-0020 Fax: +1-770-777-2637

EUROPE

EPSON EUROPE ELECTRONICS GmbH

- HEADQUARTERS -
Riesstrasse 15

80992 Muenchen, GERMANY
Phone: +49-(0)89-14005-0 Fax: +49-(0)89-14005-110
- GERMANY -

SALES OFFICE

Altstadtstrasse 176

51379 Leverkusen, GERMANY

Phone: +49-(0)217-15045-0 Fax: +49-(0)217-15045-10

- UNITED KINGDOM -

UK BRANCH OFFICE

2.4 Doncastle House, Doncastle Road

Bracknell, Berkshire RG12 8PE, ENGLAND

Phone: +44-(0)1344-381700 Fax: +44-(0)1344-381701

- FRANCE -
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