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PREFACE

This manual is individualy described about the hardware and the software of the
E0C6256.

I. E0C6256 Technical Hardware

This part explains the function of the EOC6256, the circuit configurations, and
details the controlling method.

II. E0C6256 Technical Software

This part explains the programming method of the principal functions of the
E0C6256.
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CHAPTER 1 QOVERVIEW

CHAPTER 1: OVERVIEW

The E0C6256 is a single-chip microcomputer made up of the 4-bit core CPU E0C6200A, ROM (6,144 words,
12 bits to a word), RAM (640 words, 4 bits to a word), A/D converter (R/f conversion type), SVD circuit,
LCD driver, serial interface, watchdog timer, programmable timer and time base counter.

It can realize system to measure temperature and humidity by the internal A/D converter and externally

attached parts.

Because of its low-voltage operation and low power consumption, this series is ideal for a wide range of
applications, and is especially suitable for battery-driven systems.

1.1 Features

OSC1 oscillation circuit ...... Crystal oscillation circuit: 32.768 kHz (Typ.)

OSC3 oscillation circuit ...... CR or ceramic oscillation circuit (*1): 1 MHz (Typ.)

Instruction set ..........ccceeee. 108 types

Instruction execution time .. During operation at 32 kHz: 153 psec, 214 psec, 366 psec

(differ depending on instruction)

During operation at 1 MHz: 5 psec, 7 psec, 12 psec

ROM capacity .......cccceerueenn. 6,144 words x 12 bits
RAM capacity .........cccccueenn. 640 words X 4 bits
Input port .......ccoveevveeiiieenne 8 bits (pull down resistors may be supplemented *1)
Output port .....coevveeeeiiieene 8 bits (BZ, FOUT and PTOVF outputs are possible *2)
/O POrt oo 8 bits (4 bits are shared with serial input/output port *2)
Serial interface ................... 1 port (8 bits serial, synchronous type clock)
A/D converter .........cccoeuueeen. R/f (resistance/frequency) conversion type, 2 channels
LCD driver ....uuueeeeeeeeeeeeeennnn. 60 segments X 5 /4 /3 /2 commons (*2)
LCD drive voltage: 1.05 to 1.40 V, programmable (0.05 V unit)
Time base counter ............. Clock timer: 1 system
1/1000 sec stopwatch timer: 1 system
Programmable timer........... Built-in, 1 input x 8 bits, with event counter function
Watchdog timer .................. Built-in (It is possible to exclude *1)
SVD circuit ......cooceeeeiieeenne 1.05/1.20/ 1.35 V, programmable (for 1.5 V system, *1)
(supply voltage detection) 2.30/2.45/2.60 V, programmable (for 3.0 V system, *1)
External interrupt ................ Input port interrupt: 2 systems
Internal interrupt ................. Timer interrupt: 3 systems
Serial interface interrupt: 1 system
A/D converter interrupt: 1 system
Supply voltage........cccceueee. 0.9-3.6 V (2.2-3.6 V when OSC3 is used, 1.3-3.6 V when A/D converter is used)
Current consumption........... During HALT: 1.2 pA (1.5 V, 32 kHz, normal mode)
(Typ.) 650nA (3 V, 32 kHz, halver mode)
During operation: 3.5 pA (1.5 V, 32 kHz, normal mode)
2.0 pA (3 V, 32 kHz, halver mode)
170 A (3 'V, 1 MHz ceramic oscillation)
220 pA (3 V, 1 MHz CR oscillation)
Package .........cccoeevveeinneenne QFP5-128pin / QFP5-100pin (plastic) or chip

*1 May be selected with mask option.
*2 May be selected with software.

E0C6256 TECHNICAL HARDWARE
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CHAPTER 1: OVERVIEW

1.2 Block Diagram

<t M AN E
OO0 OO0 7]
DD DD w
OO0 OO o
ROM System Reset
6,144 words x 12 bits OSC Control
Core CPU EO0C6200A
RAM 1 | Interrupt
640 words x 4 bits Generator
S B s s Input Port EOO_OS
COMos | TEST Port T|1z%_T13
~ El LCD Driver [——— ———
SEG0-59  —— R00-03
SR I I E— =
Output Port
utput For » 1 R10-13
VDD > —
vees — T )0 Port :@ ﬁ?g_?g
CA-CD Power Controller ——— v
Vsi1  ——
Vs2 ———"—"— Serial Interface
Vss
SVD ] Timer
CP | T T —
STO G Stopwatch [«
CMo
SNO
WET A/D Converter I —— Programmable
(2 ch) 1 Timer/Counter
STH >
CMA1 -
SN1 S E— Sound
ADOUT T [ Generator

Fig. 1.2.1 Block diagram
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CHAPTER 1: OVERVIEW

1.3 Pin Layout Diagram

QFP5-128pin (plastic)

Pin No. | Pinname| Pin No. | Pinname| Pin No. | Pin name | Pin No. | Pin name

1 N.C. 33 0SC4 65 SEG58 97 Vss

2 SEG27 34 Vsi1 66 SEG59 98 N.C.

3 SEG28 35 SEG30 67 N.C. 99 N.C.

4 SEG29 36 SEG31 68 N.C. 100 N.C.

5 COMO 37 SEG32 69 N.C. 101 SEGO
6 COM1 38 N.C. 70 VDD 102 SEGI
7 COoM2 39 N.C. 71 RESET 103 SEG2
8 COM3 40 SEG33 72 TEST 104 SEG3
9 COM4 41 SEG34 73 K00 105 SEG4
10 CB 42 SEG35 74 K01 106 SEGS
11 CA 43 SEG36 75 K02 107 SEG6
12 VL3 44 SEG37 76 K03 108 SEG7
13 VL2 45 SEG38 77 K10 109 SEG8
14 VLI 46 SEG39 78 K11 110 SEG9
15 cc 47 SEG40 79 K12 111 SEG10
16 CD 48 SEG41 80 K13 112 SEG11
17 Vs2 49 SEG42 81 ROO 113 SEGI12
18 Vss 50 SEG43 82 RO1 114 SEG13
19 ADOUT 51 SEG44 83 RO2 115 SEG14
20 SN1 52 SEG45 84 RO3 116 SEG15
21 WET 53 SEG46 85 R10 117 SEG16
22 ST1 54 SEG47 86 R11 118 SEG17
23 CM1 55 SEG48 87 R12 119 SEG18
24 SNO 56 SEG49 88 R13 120 SEG19
25 CMO 57 SEG50 89 P00 121 SEG20
26 STO 58 SEG51 90 P01 122 SEG21
27 CP 59 SEG52 91 P02 123 SEG22
28 VDD 60 SEG53 92 P03 124 SEG23
29 N.C. 61 SEG54 93 P10 125 SEG24
30 0OSC1 62 SEG55 94 P11 126 SEG25
31 0sC2 63 SEG56 95 P12 127 SEG26
32 0SsC3 64 SEG57 96 P13 128 N.C.

Fig. 1.3.1 Pin layout diagram (QFP5-128pin)

QFP5-100pin (plastic)

80 51 Pin No. | Pin name| Pin No. | Pinname | Pin No. | Pin name | Pin No. | Pin name
1 SEG29 26 | 0sC2 51 SEG59 76 | P11
2 COMO 27 0SC3 52 VDD 77 | P12
81 —— - 50 3 COMI1 28 0SC4 53 RESET 78 | P13
—_— == 4 COM2 29 | Vsi 54 TEST 79 | Vss
— —_— 5 COM3 30 | SEG30 55 K00 80 SEGO
—_— — 6 COM4 31 SEG31 56 KOl 81 SEGI
— — 7 CB 32 | SEG32 57 K02 82 SEG2
= = 8 CA 33 SEG34 58 K03 83 SEG4
— Index — 9 Vi3 34 | SEG36 59 K10 84 SEG6
—
— === 10 |vee 35 SEG38 60 Kll 85 SEG8
— = 11 [ vu 36 | SEG40 61 | K12 86 | SEGI0
— = 12 |cc 37 | SEG4l 62 | KI3 87 | SEGI2
100 —3 = 31 13 |CD 38 | SEG42 63 | ROO 88 | SEGI3
14 | Vs2 39 | SEG43 64 ROI 89 SEG14
T =< ==: == == ===:
16 | SNI 41 SEG45 66 RO3 91 SEG16
1 30 17 | WET 2 SEG46 67 RI10 92 SEG17
18 | STI 43 SEG47 68 R1l 93 SEGI8
19 |[cMlI 44 | SEG48 69 RI2 94 SEG19
20 | SNO 45 SEG49 70 RI3 95 SEG21
21 | CcMo 46 | SEG51 71 P00 96 SEG23
22 | STO 47 SEG53 72 POI 97 SEG25
23 |cp 48 SEG55 73 P02 98 SEG26
24 | vop 49 | SEG57 74 P03 99 SEG27
25 | oscl 50 | SEG58 75 P10 100 | SEG28

Fig. 1.3.2 Pin layout diagram (QFP5-100pin)
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CHAPTER 1: OVERVIEW

1.4 Pin Description

Table 1.4.1 Pin description

Pin name Pin No. In/ Function
QFP5-128pin | QFP5-100pin | Out
VDD 28,70 24,52 (I) [Power supply pin (+)
Vss 18,97 79 (I) |Power supply pin (-)
Vs1 34 29 O | Oscillation and internal logic system regulated voltage output pin
Vs2 17 14 O | Supply voltage doubler/halver output pin
VLI 14 11 O |LCD system regulated voltage output pin
Vi2 13 10 O |LCD system booster voltage output pin (VLI X 2)
VL3 12 9 O |LCD system booster voltage output pin (VLI X 3)
CA,CB 11, 10 8,7 — |LCD system voltage booster capacitor connecting pin
CC,CD 15, 16 12,13 — | Supply voltage doubler/halver capacitor connecting pin
OSC1 30 25 I | Crystal oscillation input pin
0SC2 31 26 O | Crystal oscillation output pin
0SC3 32 27 I | Ceramic or CR oscillation input pin (selected by mask option)
0SCc4 33 28 O |Ceramic or CR oscillation output pin (selected by mask option)
KO00-K03 73-76 55-58 I |Input port pin
K10-K13 77-80 59-62 I |Input port pin
PO0-P03 89-92 71-74 1/0 |1/O port pin
P10-P13 93-96 75-78 I/0 |1/O port pin (switching to SIN, SOUT, SCLK, SRDY pin is possible by software)
RO0-RO3 81-84 63-66 O | Output port pin
RI10-R13 85-88 67-70 O | Output port pin (switching to BZ, PTOVF, FOUT output is possible by software)
COMO-COM4 5-9 2-6 O |LCD common output pin (1/5, 1/4, 1/3, 1/2 duty, programmable)
SEGO-SEG59* | 101-127, 24 80-100 O |LCD segment output pin (DC output may be selected by mask option)
35-37, 40-66 1,30-51

CP 27 23 O | A/D converter test output pin
STO 26 22 O | A/D converter CHO CR oscillation output pin
CMO 25 21 O | A/D converter CHO CR oscillation output pin
SNO 24 20 I |A/D converter CHO CR oscillation input pin
WET 21 17 O | A/D converter CHI CR oscillation output pin
ST1 22 18 O | A/D converter CHI CR oscillation output pin
CM1 23 19 O |A/D converter CH1 CR oscillation output pin
SN1 20 16 I | A/D converter CHI CR oscillation input pin
ADOUT 19 15 O | A/D converter oscillation frequency output pin
RESET 71 53 I |Initial reset input pin
TEST 72 54 I | Testing input pin

* The following SEG pins are not included in the QFP5-100pin package, so they cannot be used.

SEGS3, SEG5, SEG7, SEG9, SEG11, SEG20, SEG22, SEG24, SEG33, SEG35, SEG37, SEG39,
SEG50, SEG52, SEG54, SEG56
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 POWER SuUPPLY AND INITIAL RESET

2.1 Power Supply
The E0C6256 operating power voltage is as follows:
09Vto36V

Note: « When using a supply voltage within the range of 0.9 to 1.4V, it is necessary to use software to
control it.

e When using the OSC3 oscillation circuit, a supply voltage within the range of 2.2t0 3.6 V is
required.

e When using the A/D converter, a supply voltage within the range of 1.3 to 3.6 V is required.
The E0C6256 operates when a single power supply within the above range is applied between VDD and

Vss. The IC itself can generate the voltage necessary for the internal circuits with the following built-in
power supply circuit.

Circuit Power supply circuit Output voltage
Oscillation and internal circuits Oscillation system regulated voltage circuit Vs1
LCD driver LCD system regulated voltage circuit VLI-VL3
Oscillation system regulated voltage circuit, |Supply voltage doubler/halver circuit Vs2
LCD system regulated voltage circuit

Note: e External loads cannot be driven by the regulated voltage, voltage booster and voltage doubler/
halver circuits' output voltages.

e See Chapter 7, "ELECTRICAL CHARACTERISTICS" for voltage values.

Voo Internal
; v circuit
Vsi Oscillation system st Oscillation
| —"0O—— regulated voltage ‘ sciation L ygc1-4
f circuit 1 circuit
Vi1 LCD system
——{——O—— regulated voltage :
: circuit Vit
””””””” Vi A
< Vi y
1 vci]f;gesﬁtgsr?er = LCD :g COMO0—4
circuit Via driver SEGO0-59
) Supply voltage
doubler/halver | Vs2 ({O
External + circuit O
power — 7
supply

Fig. 2.1.1 Configuration of power supply
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.1.1 Supply voltage doubler/halver and operating mode

The power supply circuit has the supply voltage doubler/halver built-in. The supply voltage doubler/
halver doubles or halves the voltage (Vss) supplied from outside, and generates the Vs2 voltage for the
internal power supply circuits (oscillation system regulated voltage circuit and LCD system regulated
voltage circuit). Anyone of the following three operating modes can be set according to the status of the
supply voltage doubler/halver, and switching between them is done by the software.

(1) Doubler mode
The E0C6256 operates with 0.9 to 3.6 V supply voltage. However, a minimum 1.4 V supply voltage is
needed for the internal powr supply circuit of oscillation and LCD systems. Therefore, when operating
with the supply voltage within the range of 0.9 to 1.4 V, it is necessary to double the supply voltage
using the supply voltage doubler/halver. Operating mode at this time is the doubler mode. The
internal power supply circuit operates by the Vs2 voltage (1.8 to 2.8 V) output from the supply voltage
doubler /halver.
When the supply voltage is more than 1.4 V, do not set in this mode because doubling voltage increases
current consumption.

Note: The OSC3 oscillation circuit cannot be used in this mode even when 2.2 V or more voltage is
generated by doubling. Turning the OSC3 oscillation circuit ON in this mode may cause malfunction.

(2) Normal mode
In this mode, the internal power supply circuit directly operates by the supply voltage Vss within the
range of 1.3 to 3.6 V without the supply voltage doubler/halver. The OSC3 oscillation circuit can be
used when a 2.2 V or more voltage is supplied. At initial reset, this mode is set.

(3) Halver mode
The halver mode can be set when a 2.55 to 3.6 V supply voltage is used to operate. This mode halves the
supply voltage using the supply voltage doubler/halver, and operates the internal power supply circuit using
its output voltage Vs2. Therefore, current consumption can be reduced to about half of the normal mode.

Note: The OSC3 oscillation circuit cannot be used in this mode even when 2.2 V or more voltage is
generated by halving. Turning the OSC3 oscillation circuit ON in this mode may cause malfunction.

See Section 4.2, "Power Supply and Operating Mode Settings", for the control of the operating mode.

2.1.2 Voltage <VSI> for oscillation circuit and internal circuits

Vsi is the voltage for the oscillation circuit and the internal circuits, and is generated by the oscillation
system regulated voltage circuit for stabilizing the oscillation.

Making VDD the standard (GND level), the oscillation system regulated voltage circuit generates Vs1 from
the supply voltage that is input from the VDD-VSss terminals. However, when the supply voltage doubler/
halver is used, Vs1 is generated from the voltage between the VDD and Vs2 terminals.

The E0C6256 is designed with twin clock specification; it has two types of oscillation circuits OSC1 and
OSC3 built-in. Use OSC1 clock for normal operation, and switch it to OSC3 by the software when high-
speed operation is necessary. When switching the clock, the operating voltage VSs1 must be switched by the
software to stabilize the operation of the oscillation circuit and internal circuits. The Vs1 voltage must be set
to -1.05 V when operating with the OSC1 clock or to -2.10 V when operating with the OSC3 clock.

See Section 4.4, "Oscillation Circuit", for the Vs1 switching procedure.

2.1.3 Voltage <VL1, VL2 and VL3> for LCD driving

VL1, VL2 and VL3 are the voltages for LCD drive, and are generated by the LCD system regulated voltage
circuit and the LCD system voltage booster circuit to stabilize the display quality.

VL1 is generated by the LCD system regulated voltage circuit with VDD as the standard from the supply
voltage input from the VDD-Vss terminals. However, when the supply voltage doubler/halver is used, VL1
is generated from the voltage between the VDD and Vs2 terminals.

The VL1 voltage can be adjusted within the range from -1.05 to -1.40 V in unit of 0.05 V to match the LCD
panel characteristics by the software. To generate VL1, Vss (Vs2 when the supply voltage doubler/halver is
used) voltage (VDD standard) must be lower than VL1-0.2 V.

Vss/Vs2 (absolute value) > VL1 (absolute value) + 0.2 V

See Section 4.2, "Power Supply and Operation Mode Settings", for the VL1 setting.
VL2 and VL3 are respectively double and triple obtained from the LCD system voltage booster circuit.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 [Initial Reset

To initialize the EOC6256 circuits, initial reset must be executed. There are four ways of doing this.

(1) External initial reset by the RESET terminal

(2) External initial reset by simultaneous high input to terminals KO0-K03 (mask option setting)
(3) Initial reset by the oscillation detection circuit

(4) Initial reset by the watchdog timer (mask option setting)

Be sure to use reset functions (1) or (2) when turning the power on and be sure to initialize securely. In
normal operation, the circuit may be initialized by any of the above four types.

Figure 2.2.1 shows the configuration of the initial reset circuit.

08C1 O— osct
oscillation Watchdog [ :
0OSC2 Oi circuit P timer S

When oscillation L ,,,,,,, 1
Oscillation stops: HIGH
g . Lves

detection circuit

KOO Ot Initial
g : ; D reset
Kot O 3

Time

' authorize — L
K02 : circuit e

| ﬂ ‘ Noise

e | | ot
. | I e

'Vss ‘ Vss

RESETC ‘“ T
: 11 Mask option
"ty Vss

Fig. 2.2.1 Configuration of the initial reset circuit

2.2.1 Reset terminal (RESET)

Initial reset can be executed externally by setting the reset terminal to a high level. However, be sure to
observe the following precautions, because the RESET signal passes through the noise reject circuit.

When the reset terminal is used for initial resetting during operation, a pulse (high level) of 0.4 msec or less
is considered to be noise by the noise reject circuit. Maintain a high level of 1.5 msec (when the oscillation
frequency fosc1 = 32 kHz) to securely perform the initial reset. When the reset terminal goes low, the CPU
begins to operate.

Since the noise reject circuit does not operate when oscillation is stopped, the noise reject circuit is bypassed
until it starts oscillation. For this reason, be sure to maintain a high level the reset input in the oscillation
stopped status, such as at power-on, until starting oscillation.

2.2.2 Simultaneous high input to terminals K00-K03

Another way of executing initial reset externally is to input a high signal simultaneously to the input ports
(K00-KO03) selected with the mask option.

Since this initial reset also passes through the same noise reject circuit as the reset terminal, you should
maintain the specified input port terminal at high level for 1.5 msec (when oscillation frequency fosc1 = 32
kHz) or more during operation and until it begins oscillation at times such as when turning the power on.
Table 2.2.2.1 shows the combinations of input ports (K00-K03) that can be selected with the mask option.

Table 2.2.2.1 Combinations of input ports

When, for instance, mask option 2 (K00*K01*K02*K03) is

1 | Notuse selected, initial reset is executed when the signals input to the

2 | KO0*KOI*K02*K03 four ports KO0-KO3 are all high at the same time. The initial

3 | K00*K01*K02 reset is done, even when a key entry including a combination of
4 | K00*K01 selected input ports is made.

Further, the time authorize circuit can be selected with the mask option. The time authorize circuit per-
forms initial reset, when the input time of the simultaneous high input is authorized and found to be the
same or more than the defined time (1 to 2 sec).

If you use this function, make sure that the specified ports do not go high at the same time during ordinary
operation.

E0C6256 TECHNICAL HARDWARE EPSON -7




CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.3 Oscillation detection circuit

The oscillation detection circuit outputs the initial reset signal at power-on until the oscillation circuit starts
oscillating, or when the oscillation circuit stops oscillating for some reason.

However, this circuit may not operate properly depending on the power-on procedure. Consequently, use
a simultaneous high input of the input ports (K00-K03) or reset terminal for the initial reset at power-on
and you should not execute it by this function alone.

2.2.4 Watchdog timer

If the CPU runs away for some reason, the watchdog timer will detect this situation and output an initial
reset signal. See Section 4.3, "Resetting Watchdog Timer", for details.
As with the oscillation detection circuit, you should not do an initial reset at power-on using this function.

2.2.5 Internal register at initial resetting

Initial reset initializes the CPU as shown in the table below.

Table 2.2.5.1 Initial values

2.3 Test Terminals (TEST, CP)

CPU core
Name Symbol | Number of bits | Setting value
Program counter step PCS 8 00H
Program counter page PCP 4 IH
Program counter bank PCB 1 0
New page pointer NPP 4 IH
New bank pointer NBP 1 0
Stack pointer SP 8 Undefined
Index register IX X 11 Undefined
Index register ['Y 1Y 11 Undefined
Register pointer RP 4 Undefined
General-purpose register A A 4 Undefined
General-purpose register B B 4 Undefined
Interrupt flag I 1 0
Decimal flag D 1 0
Zero flag Z 1 Undefined
Carry flag C 1 Undefined
Peripheral circuits
Name Number of bits | Setting value

RAM 4 Undefined
Display memory 4 Undefined
Other peripheral circuits — *

* See Section 4.1, "Memory Map".

These terminals are used at the time of the factory inspection of the IC. During normal operation, connect
the TEST to Vss, and do not connect anything to the CP terminal.

EPSON
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CHAPTER 3: CPU, ROM, RAM

CHAPTER 3 CPU, ROM, RAM

3.1 CPU

The E0C6256 employs the 4-bit core CPU E0C6200A for the CPU, so that register configuration, instructions
and so forth are virtually identical to those in other family processors using the EOC6200A.

Refer to "E0C6200/6200A Core CPU Manual" for details about the EOC6200A.

Note the following points with regard to the E0C6256:

(1) The SLEEP operation is not assumed, so the SLP instruction cannot be used.

(2) RAM is set up to five pages, so only the three low-order bits are valid for the page portion (XP, YP) of
the index register that specifies addresses. (The one high-order bit is ignored.)

3.2 ROM

The built-in ROM, a mask ROM for loading the program, has a capacity of 6,144 steps, 12 bits each. The
program area is divided into two banks. Bank 0 is configured of 16 pages (0-15) with 256 steps each (00H-
FFH), and bank 1 of 8 pages (0-7) with 256 steps each. After initial reset, the program beginning address is
bank 0, page 1, step 00H. The interrupt vector is allocated to each page 1, steps 01H-OFH.

Step 00H Program start address Step 00H
Step 01H Step 01H
S Interrupt S Interrupt
vector vector
area area
Step OFH Step OFH
Step 10H Step 10H
°|  Step FFH °|  Step FFH
12 bits 12 bits

Fig. 3.2.1 ROM configuration

3.3 RAM

The RAM, a data memory storing a variety of data, has a capacity of 640 words, each of four bits. When
programming, keep the following points in mind.

(1) Part of the data memory can be used as stack area when subroutine calls and saving registers, so be
careful not to overlap the data area and stack area.

(2) Subroutine calls and interrupts take up three words of the stack area.

(3) The data memory 000H-00FH is for the register pointers (RP), and is the addressable memory register
area.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

CHAPTER 4 PERIPHERAL CIRCUITS AND OPERATION

Peripheral circuits (timer, I/O, and so on) of the EOC6256 are memory mapped, and interfaced with the
CPU. Thus, all the peripheral circuits can be controlled by using the memory operation command to access
the I/O memory in the memory map.

The following sections describe how the peripheral circuits operation.

4.1 Memory Map

Data memory of the E0C6256 has an address space of 795 words (715 words when the display memory is
assigned in page 1), of which 80 words are allocated to display memory and 75 words to I/O memory.
Figures 4.1.1(a) and (b) present the overall memory maps of the E0C6256, and Tables 4.1.1(a)—(h) the
peripheral circuits' (I/O space) memory maps.

In the EOC6256 the same I/O memory has been laid out for each page 80H-FFH. As a result, the I/O
memory can be accessed without changing over the data memory page. The same result is obtained for I/O
memory changes and for readable/writable address references, no matter on what page it is done.

Note: e The display memory area can be assigned to 130H—-17FH or 530H-57FH by software.

When page 1 (180H-17FH) is selected: read/write is enabled.
When page 5 (630H-57FH) is selected: write only is enabled.

If page 1 is selected, RAM (80 words) is used as the display memory area.
e Memory is not mounted in unused area within the memory map and in memory area not indicated

in this chapter. For this reason, normal operation cannot be assured for programs that have been
prepared with access to these areas.

Address Low
Page

L
[
0,

MO | M1 |M2|M3|M4|M5| M6 | M7 | M8 | M9 |MA| MB | MC|MD|ME|MF

RAM (128 words x 4 bits)
R/W

\
]
I/O memory

L
(75 words x 4 bits) T :

RAM (48 words x 4 bits)
R/W

Unused area

RAM (80 words x 4 bits) R/W
or
Display memory (80 words x 4 bits) R/W

]

;‘

I/O memory

75 words x 4 bits

( ) — E—

[ ] Unused area

Unused area

MM OO WX © 0N~ WN = omMmOOm > oo N gNWN = o

Fig. 4.1.1(a) Memory map

I-10 EPSON E0C6256 TECHNICAL HARDWARE



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Address | ™ low| o | y | 5 | 3|4 |5 |6|7|8|9|A|B|c|D|E|F
Page | High

0
1
2
3 RAM (128 words x 4 bits)
4 R/W
5
6
7

2 8 ‘
9
A | Unused area
B
C
D 1/O memory
E 75 words x 4 bit :
= (75 words x 4 bits) —
0
1
2
3 RAM (128 words x 4 bits)
4 R/W
5
6
7

3 8 ‘
9
A | Unused area
B
C
D I/O memory
E 75 words x 4 bit :
= (75 words x 4 bits) —
0
1
2
3 RAM (128 words x 4 bits)
4 R/W
5
6
7

4 8 ‘
9
A | Unused area
B
C
D I/0O memory
E 75 words x 4 bit :
= (75 words x 4 bits) —
0
1 Unused area
2
3
g Display memory (80 words x 4 bits)
6 W only
7

5 8 ‘
9
A | | Unused area
B
C
D I/O memory
E 75 words x 4 bit :
= (75 words x 4 bits) T

[ ] Unused area
Fig. 4.1.1(b) Memory map
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(a) I/O memory map (80H-84H)

Address Register c
t
7 D3 D2 D1 DO Name Init *1 1 0 ommen
w5 - s
0 o |svosi|swso| ° Unused
80H 0 *5 - *2 Unused
R RW SVDS1 0 ] SVD criteria voltage setting (1.5 V/3.0 V)
SVDS0 0 0: 1.05/2.30, 1: 1.20/2.45,2 & 3: 1.35/2.60 (V)
0 o |svoor |svoon | © Unused
0 "5 - "2 Unused
81H .
R RW SVDDT 0 Low Normal | Supply voltage detection data
SVDON 0 On Off SVD circuit On/Off
*5 _
0 VSEL | HLON | pBoN | O g Unused ‘
82H VSEL 0 Vs2 Vss Voltage regulator power source selection
R RW HLON 0 On Off Halver On/Off
DBON 0 On Off Doubler On/Off
s - ‘
o |cikeHa| oscc | vscha | ° Unused _
83H CLKCHG 0 0SC3 0SC1 | CPU clock selection
R AW 0scC 0 On Off OSC3 oscillation On/Off
VSCHG 0 24V -1.05V | VSI output voltage change
0 |vicHe2 [vicHat [vicHeo| O Unused
84H VLCHG2 0 VLI output voltage change
R RW VLCHG1 0 0: 1.05, 1: 1.10, 2: 1.15, 3: 1.20,
VLCHGO 0 4:1.25,5: 1.30, 6: 1.35,7: 1.40 (V)
Table 4.1.1(b) I/O memory map (90H-96H)
Address Register c
t
7 D3 D2 D1 DO Name Init *1 1 0 ommen
SIK03 SIKo2 SIKO1 SIK0O SIK03 0 Enable D?Sable Interrupt select?on register (K03)
90H SIK02 0 Enable | Disable | Interrupt selection register (K02)
RW SIKO1 0 Enable | Disable | Interrupt selection register (KO1)
SIK00 0 Enable | Disable | Interrupt selection register (K00)
_ % i 7
Ko3 | ko2 | kot | Koo igg N :IEE tzw
- i w
I KO00-K
91H - Kot _ 2| Hgh Low nput port (KOO-K03)
K00 - *2| High Low |_J
KCP03 | KCP02 | KCPO1 | KCPOO Egzgz g % ?
92H . KCPO1 0 1 s Input comparison register (K00-K03)
KCPOO | © v 4
SIK13 SIK12 SIK11 SIK10 SIK13 0 Enable D!sable Interrupt select?on reg?ster (K13)
94H SIK12 0 Enable | Disable | Interrupt selection register (K12)
RW SIK11 0 Enable | Disable | Interrupt selection register (K11)
SIK10 0 Enable | Disable | Interrupt selection register (K10)
) 7
Kis | Ki2 | Kit | K0 Elg - :'9: t"‘”
- ig ow
H I K10-K13
95 o K11 — 2| Hgh | Low nput port (K10-K13)
K10 - *2/| High Low |_|
KCP13 | KCP12 | KCP11 | KCP10 KCP13 0 s +
96H KCP12 0 g + Input comparison register (K10-K13)
aw Keptt | o | b | f Pt COMPATISON TEr
KCP10 | 0 BN 4
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary
*4 Reset (0) immediately after being read
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Table 4.1.1(c) I/O memory map (AOH-A3H)

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Address Register Comment
7 D3 D2 D1 DO Name Init *1 1 0
*5 - *2 S
0 0 0 | RoHiz g . o 3"““3
- * nuse
AOH
R RW 0 *5 - "2 Unused
ROHIZ 0 High-Z | Output | RO output high-impedance control
R03 R02 RO1 R00 282 g :ISE tsw
i w
Output port (RO0-R03
A1H AW RO 0 High | Low utput port )
R00 0 High Low
*5 ) U d
0 0 0 | RtHZ g . o U“”S"d
_ nuse
A2H N «
R W 0 *5 - *2 Unused
R1HIZ 0 High-Z | Output | R1 output high-impedance control
R12 R11 R10 R13 0 High Low Output port (R13)
R13 b---oo bl R12 0 High Low Output port (R12)
Bz PTOVF | FOUT Bz 0 Off On Buzzer output
A3H R11 0 High Low | Output port (R11)
PTOVF 0 Off On PTOVF output
RW R10 0 High | Low | Output port (R10)
FOUT 0 Off On FOUToutput
Table 4.1.1(d) I/O memory map (BOH-B6H)
Address Register Comment
7 D3 D2 D1 DO Name Init "1 1 0
10C03 | 10C02 | 10C01 | 1000 :gggg g 8“:"“: ::p“I
BOH utpu pu 1/O control register (P00-P03)
RW 10C01 0 Output Input
10C00 0 Output Input | _|
PULO3 | PULO2 | PULOT | PULOO zﬂtgg 1 8: 82
B1H w PULOT 1 on off Pull down control register (POO—P03)
PULOO 1 On off |_|
— 2 i -]
P03 | Po2 | POt | POO ggg : :':: tgw
- * i w
B2H - Po1 _ 2| High Low 1/O port (PO0-P03)
P00 — *2/| High Low |_|
I0c13 | loct2 | 1oc11 | 1octo :gglg g guip”: ::p“I
10C11 0 Output Input 1/0O control register (P10-P13)
RW upu pu (ESIF = 0)
| ________]loCto | __o __|Output | mput | J T ___
B4H | When the serial I/F is used (ESIF = 1):| 10C13 0 Output Input | Master mode: P13 I/O control register
P10 = SIN (in), P11 = SOUT (out), 10C13 0 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), 10C12 0 1 0 B
P13 = SRDY (slave: out), 10C11 0 1 0 General-purpose register
P13 =1/O port (master: in/out) 10C10 0 1 0 ]
PUL13 | PUL12 | PULTT | PUL10 gﬂt}g 1 8: 82
Pull down control register (P10-P13)
RW PUL11 1 On Off (ESIF = 0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PULIO | 1 | On | of | T
B5H When the serial I/F is used (ESIF = 1):| PUL13 1 On Off Master mode: P13 pull down control register
P10 = SIN (in), P11 = SOUT (out), PUL13 1 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), PUL12 1 1 0 Master mode: General-purpose register
P13 = SRDY (slave: out), PUL12 1 On Off Slave mode: SCKL pull down control register
P13 =1/O port (master: in/out) PUL11 1 1 0 General-purpose register
PUL10 1 On Off SIN pull down control register
- 2| Hi N
Pia | Pz | P11 | Pl | % B e
P11 B - Hi:h sz /O port (P10-P13)
,,,,,,,,,,,,,, W e | ke | oow [ B
B6H | When the serial I/F is used (ESIF = 1):| P13 - *2/| High Low Master mode: 1/0 port P13
P10 = SIN (in), P11 = SOUT (out), P13 - *2 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), P12 - *2 1 0 7
P13 = SRDY (slave: out), P11 - *2 1 0 General-purpose register
P13 =1/0 port (master: in/out) P10 — *2 1 0 ]
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(e) I/O memory map (COH-CEH)

Address Register
C
7 D3 D2 D1 DO Name Init *1 1 0 emment
FOUTE 0 FoFai | FOFQo FOgTiE5 0 Y Enable | Disable EOUVTdoutput enable
CoH FOFQ1 0 n;;:UT fi lecti
RW R RW 0 ] requency selection
FOFQO 0 0: 512 Hz, 1: 4096 Hz, 2: fosc1, 3: fosc3
*5 - *2
0 0 0 | woRsT g v Yo 3“““3
CiH " - nuse
R W 0 **5 - *2 Unused
WDRST 3 Reset Reset - Wachdog timer reset
LDMS step | oty | LoTvo LDMS 0 1p(R/W) 5p(W). LCD data memory area selection
C2H STCD 0 Static | Dynamic | LCD drive switch
RW LDTY1 0 ] LCD drive duty selection
LDTYO 0 0:1/2,1:1/3,2: 1/4,3: 1/5
*5 - %2
0 0 LOFF | LPWR g v o E"“feg
CSH - nuse X
R RW LOFF 0 AllOff | Normal | LCD display control
LPWR 0 On Off LCD power supply On/Off
0 0 | TMRUN | TMRST g . . 3“““3
C4H 5 - nuse A
R AW W TMF{UILI5 0 Run Stop | Clock timer Run/Stop
TMRST Reset Reset - Clock timer reset
™3 ™2 ™ ™0 ™3 0 Clock t?mer data (16 Hz)
C5H ™2 0 Clock timer data (32 Hz)
R T™1 0 Clock timer data (64 Hz)
TMO 0 Clock timer data (128 Hz)
™7 ™G ™S ™A ™7 0 Clock tfmer data (1 Hz)
C6H TM6 0 Clock timer data (2 Hz)
R T™M5 0 Clock timer data (4 Hz)
T™4 0 Clock timer data (8 Hz)
*5 - *2
0 0 | PTPSt | PTPSO g . o 3“”5"‘2
C8H - nused -
R RW PTPS1 0 ] Prog. timer prescaler selection
PTPSO 0 0: 1/1, 1: 1/4, 2: 1/32, 3: 1/256
*5 - %2
0 0 | PPCt | PTPCO g . o Enuseg
CgH - nuse ) '
R RW PTPC1 0 ] Prog. timer prescaler clock source selection
PTPCO 0 0: OSCl, 1: OSC3, 2: K02, 3: KO2(NR)
pNRES | PTOE | PTRUN | PTRST PNRFS 0 1024Hz 2§6Hz Noise rejector clock frequency selection
CAH PTOE 0 Enable | Disable | PTOVF output enable
RW W PTRUN* 0 Run Stop | Programmable timer Run/Stop
PTRST " |Rst (reload) | Rst (reload) - Programmable timer reset (reload)
RD3 RD2 RD1 RDO RD3 0 MSB
CBH RD2 0 Programmable timer reload data
RW RD1 0 (low-order 4 bits)
RDO 0 _| LSB
Ro7 | Ro6 | Ros | mps | RD7 | 0 MSB ‘
CCH RD6 0 Programmable timer reload data
RIW RD5 0 (high-order 4 bits)
RD4 0 _| LSB
PT3 | PT2 | PTI | PTO Eg g 1}\)/1513 o
CDH rogrammal e' timer data
R PT1 0 (low-order 4 bits)
PTO 0 _| LSB
P7 | PTe | PT5 | PT4 | T 0 MSB
CEH PTé 0 Programmable timer data
R PT5 0 (high-order 4 bits)
PT4 0 _| LSB
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(f) I/0O memory map (DOH-DFH)

Register
Address gl - Comment
7 D3 D2 D1 DO | Name Init*1] 1 0
EDIR okM2 | DK DKMO EDIR 0 Enable | Disable | Enable direct input function
DOH DKM2 0 Direct key mask factor 0: Non, 1: K02,
AW DKM1 0 2: K02-03, 3: K02-03-10, 4: K10, 5: K10-11,
DKMO 0 6: K10-11-12, 7: K10-11-12-13
LcURF | canwE | swrun | swasT LCURF 0 Regest No Lap data carry-up request flag
D1H CRNWF 0 Renewal No Capture renewal flag
SWRUN 0 Run Stop | Stopwatch timer Run/Stop
R RW w 5 .
SWRST | Reset | Reset - Stopwatch timer reset
SWL3 | SwL2 | SWL1 SWLO zatg g MSB
D2H Stopwatch timer data 1/1000 sec (BCD)
R SWL1 0
SWLO 0 _| LSB
SWM3 | SWM2 | SWM1 | SWMO :xmz g MSB
D3H Stopwatch timer data 1/100 sec (BCD)
R SWM1 0
SWMo 0 _| LSB
SWH3 | SWH2 | SWH1 | SWHO zw:z g MSB
D4H Stopwatch timer data 1/10 sec (BCD)
R SWH1 0
SWHo 0 _| LSB
0 *5 - 2 Unused
0 0 SCTRG | ESIF 0 *5 _ % Unused
D8H SCTRG(W) - *2| Trigger - Serial interface clock trigger (writing)
R RW SCTRG(R) 0 Run Stop Serial interface clock status (reading)
ESIF 0 SIF port | 1/Oport | P1 port function selection
SDP scps | scst SCS0 SDP 0 LSB first | MSB first Ser?al .data input/output permutatl(.)n
D9H SCPS 0 f "V | Serial interface clock phase selection
RIW SCSH1 0 Serial interface clock mode selection
SCso 0 0: Slave, 1: PTOVF, 2: CLK/2, 3: CLK
s | sz | sot | s | O T MSB
DAH - Serial interface data (low-order 4 bits)
SD1 -3
RW
Sbo -3 _| LSB
so7 | spe | sps | sp4 232 T MSB
DBH T Serial interface data (high-order 4 bits)
SD5 - *3
RW
SD4 - *3 _| LSB
ENRTM | ENRST | ENON BZE ENRTI\g5 0 1sec 0.5sec | Envelope releasing time
DCH ENRST Reset | Reset - Envelope reset
RW W RW ENON 0 On 'Off Envelope On/Off
BZE 0 Enable | Disable | Buzzer output enable
0 *5 - %2 Unused
h
0 BZSTP | BZSHT | SHTPW | g7q7p™ - *2| Stop - 1-shot buzzer stop
DDH BZSHT(W) - *2| Trigger - 1-shot buzzer trigger (writing)
R w RIW BZSHT(R) 0 Busy Ready | 1-shot buzzer status (reading)
SHTPW 0 125msec [31.25mseq 1-shot buzzer pulse width setting
o |8z |BzFat |BzFao | 07 Unused
DEH BZFQ2 0 Buzzer frequency selection
R RW BZFQ1 0 0:4096.0, 1: 3276.8, 2: 2730.7, 3: 2340.6,
BZFQ0 0 4:2048.0, 5: 1638.4, 6: 1365.3,7: 1170.3 (Hz)
#5 _
0 | BDTY2 | BDTY1 | BDTYO BD?FYZ : Unused
DFH BDTY1 g B ignal d io selection *©
R AW uzzer signal duty ratio selection
BDTYO 0
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(g) 1/0 memory map (EOH-ECH)

Address Register c
omment
*7 D3 D2 D1 DO Name Init *! 1 0
*5 - *2
o | APwR |sENSEL [aDmoDE| O Unused i
EOH APWR 0 On Off A/D converter power supply On/Off
R RW SENSEL 0 Sensor |Reference| Sensor/reference resistance selection
ADMODE 0 Continuous | Normal | A/D converter operation mode selection
WRSEL 0 ADCLK{ | ADCLKO WRSEL 0 Humidity | Resistance| CH1 sensor selection (resistance/humidity)
E1H 0 *5 - %2 Unused
ADCLK1 0 0SC3 0SC1 | CHI clock selection
RW R RW
ADCLKO 0 0SC3 | OSC1 | CHO clock selection
0 0 0 | CHSEL g v o 3““”2
EoH - nuse
0 *5 - *2 Unused
R RW .
CHSEL 0 CH1 CHO Channel 1/0 selection
-3 7
T63 | TC2 | TC1 | ToO Igz .
E3H T Up/down counter data (TCO-TC3)
TCH - *3
RW
TCO -3 _| LSB
%) 7
Tc7 | tes | Tes | Tea | T
TC6 -3
E4H Up/down counter data (TC4-TC7)
TC5 -3
RW
TC4 -3 _
_ 3 7
TC11 TC10 TC9 TC8 Ten
TC10 - *3
E5H ’ Up/down counter data (TC8-TC11)
TC9 -3
RW
TC8 - "3 _
) !
TC15 TC14 TC13 TC12 igli 3 MSB
E6H T Up/down counter data (TC12-TC15)
TC13 -3
RW
TC12 - "3 _
_ 3 7
3 | c2 | ¢t | o | &
C2 -3
E7H o1 . Up-counter data (CO-C3)
RW T
C0 - *3 _| LSB
-3 7
v | ce | o5 | o | &
Cé - *3
E8H o5 . Up-counter data (C4-C7)
RW T
C4 - "3 _
%) 7
¢t | cto | co | cs | O
C10 - *3
E9H oo . Up-counter data (C8-C11)
RW -
C8 -3 _
— ¥ ]
C15 C14 C13 C12 C15 3
c14 -3
EAH 13 . Up-counter data (C12-C15)
RW T
C12 -3 _
%) 7
clo9 | ci8 | ci7 | cie | O1° MSB
C18 -3
EBH Up-counter data (C16-C19)
C17 -3
RW
C16 - *3 _
0 *5 - *2 Unused
0 OVF2 OVF1 | ADRUN [OVF2(R) 0 Yes No Up/down counter overflow flag
ECH OVF2(W) | Reset Reset - Up/down counter overflow flag reset
OVF1(R) 0 Yes No Up-counter overflow flag
R RW OVF1(W) | Reset Reset - Up-counter overflow flag reset
ADRUN 0 Start Stop | A/D conversion Start/Stop
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(h) 1/O memory map (FOH-FEH)

Address Register c
omment
7 D3 D2 D1 DO Name Init *1 1 0
*5 - *2
0 0 0 EIAD 8 v - 8"“553
FOH ) - nuse
R RW 075 - *2 Unused
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
0 0 0 EIK1 g v o 3“””3
F1H - nuse
R RW 0 *5 - %2 Unused
EIK1 0 Enable | Mask | Interrupt mask register (K10-K13)
*5 - *2
0 0 0 EIKO 8 - - Enusej
FoH . - nuse
R RW 0 *5 - *2 Unused
EIKO 0 Enable Mask | Interrupt mask register (KO0-K03)
*5 - *2
0 0 0 | EISF 8 v - 8"“553
F3H ) - nuse
R RW 075 - *2 Unused
EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
0 0 0 EIPT g v - 3“””3
F4H - nuse
R RW 0 *5 - *2 Unused
EIPT 0 Enable Mask | Interrupt mask register (Programmable timer)
ERUN | EILAP | EISW1 | EISwo EIRUN 0 Enable Mask | Interrupt mask reg¥ster (Stopwatch d¥rect RUN)
F5H EILAP 0 Enable Mask | Interrupt mask register (Stopwatch direct LAP)
AW EISW1 0 Enable Mask | Interrupt mask register (Stopwatch 1 Hz)
EISWO 0 Enable Mask | Interrupt mask register (Stopwatch 10 Hz)
ET3 EIT2 T EITo EIT3 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
F6H EIT2 0 Enable Mask | Interrupt mask register (Clock timer 8 Hz)
RW EIT1 0 Enable Mask | Interrupt mask register (Clock timer 16 Hz)
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
0 0 0 IAD g v o 3“””3
* = nuse
FaH R 0 *5 - %2 Unused
IAD *4 0 Yes No Interrupt factor flag (A/D converter)
*5 - *2
0 0 0 IK1 8 v - g“usej
- nuse
FOH
9 R 0 *5 - *2 Unused
1K1 *4 0 Yes No Interrupt factor flag (K10-K13)
*5 - *2
0 0 0 IKO 8 x5 ) gnuseg
* - nuse
FAH
R 075 - *2 Unused
IKO *4 0 Yes No Interrupt factor flag (KO0-K03)
0 0 0 ISIF g - - 3“””3
* = nuse
FBH R 0 *5 - *2 Unused
ISIF *4 0 Yes No Interrupt factor flag (Serial interface)
*#5 )
0 0 0 IPT 8 - - Enusej
- nuse
FCH
C R 0 *5 -*2 Unused
IPT *4 0 Yes No Interrupt factor flag (Programmable timer)
*4 3
IRUN ILAP ISWA 1SWO IRUN 0 Yes No Interrupt factor flag (Stopwatch direct RUN)
FDH ILAP *4 0 Yes No Interrupt factor flag (Stopwatch direct LAP)
R ISW1 *4 0 Yes No Interrupt factor flag (Stopwatch 1 Hz)
ISWO *4 0 Yes No Interrupt factor flag (Stopwatch 10 Hz)
#4 :
T3 T2 ™ o IT3 0 Yes No Interrupt ff\clor flag (Clock tfmer 2 Hz)
FEH IT2 *4 0 Yes No Interrupt factor flag (Clock timer 8 Hz)
R IT1 *4 0 Yes No Interrupt factor flag (Clock timer 16 Hz)
ITO *4 0 Yes No Interrupt factor flag (Clock timer 32 Hz)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Power Supply and Operating Mode Settings)

4.2 Power Supply and Operating Mode Settings

This section explains the control of the operating mode and the LCD drive voltage. See Section 2.1, "Power
Supply", for the configuration of the power supply circuit.

4.2.1 Operating mode

As explained in Section 2.1, "Power Supply”, the supply voltage doubler/halver and the operating modes
are set in the E0OC6256 to deal with a wide supply voltage range (0.9 to 3.6 V).

Supply voltage O.SI) Vv 1 cla V1 .zll \Y 2.2I \ 2.5|5 Vv 3.f|s \Y
Low voltage operation

Low power operation | Halver mode |
Normal operation | Normal mode |
High speed operation | Normal mode (OSCS3 oscillation ON) |

Fig. 4.2.1.1 Corresponding between supply voltage and operating mode

The operating mode can be set by the registers VSEL, HLON and DBON.

Table 4.2.1.1 Operating mode setting

VSEL HLON DBON |Operating mode| Supply voltage
Normal mode 1.3Vto3.6V
Halver mode 255Vto3.6V
Doubler mode 09Vtol14V

Cannot be used

0 0
1 1
1 0
1 0
X 1

—_— o= O O

Cannot be used

The HLON register and the DBON registers are used to turn halving and doubling ON or OFF, respec-
tively. By turning either one ON, the supply voltage doubler/halver circuit generates Vs2.

The VSEL register is used to select the drive voltage for the internal power supply circuit (oscillation
system regulated voltage circuit, LCD system regulated voltage circuit). When it is set to "0", VSS is used as
the drive voltage, and when it is set to "1", VS2 output from the supply voltage doubler/halver circuit is
used.

After turning the supply voltage doubler/halver ON using the HLON or DBON, about 100 msec is neces-
sary until the Vs2 voltage stabilizes. Therefore, switching of the operating mode should be done in the
following sequence.

Normal mode — Halver/Doubler mode
1. Turn the supply voltage doubler/halver ON (Set HLON or DBON to "1")
2. Maintain 100 msec or more
3. Set VSEL to "1"

Halver/Doubler mode — Normal mode
1. Set VSEL to "0"
2. Turn the supply voltage doubler/halver OFF (Set HLON or DBON to "0")

Note: e When the supply voltage is out of the specified voltage range of an operating mode, do not switch
into the operating mode. It may cause malfunction or increase current consumption.
e Do not set HLON and DBON to "1" at the same time.

e When switching from the doubler/halver mode to the normal mode, use separate instructions to
switch the mode (VSEL = "0") and turn the supply voltage doubler/halver OFF (HLON = "0" or
DBON = "0"). Simultaneous processing with a single instruction may cause malfunction.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Power Supply and Operating Mode Settings)

4.2.2 LCD drive voltage

The LCD drive voltage VL1 is generated by the LCD system regulated voltage circuit, and VL2 and VL3 are
also internally generated by boosting the VL1 voltage.
The VL1 voltage can be adjusted to match the LCD panel characteristics using the registers VLCHGO0-
VLCHG?2. To generate VL1, Vss (Vs2 when the supply voltage doubler/halver is used) voltage (VDD
standard) must be lower than VL1-0.2 V.

Vss/Vs2 (absolute value) > VL1 (absolute value) + 0.2 V

Table 4.2.2.1 VLI setting

VLCHG2 | VLCHG1 | VLCHGO | VL1 voltage | Vss/Vs2 voltage range
0 0 0 -1.05V -1.25Vto-3.6 V
0 0 1 -1.10V -1.30Vto-3.6 V
0 1 0 -1L15V -1.35Vto-3.6V
0 1 1 -1.20V -140Vto-3.6 V
1 0 0 -1.25V -145Vto-3.6 V
1 0 1 -1.30V -1.50Vto-3.6 V
1 1 0 -1.35V -1.55Vto-3.6V
1 1 1 -140V -1.60Vto-3.6 V

(Voltage value: VDD reference)
4.2.3 Control of power supply and operating mode
Table 4.2.3.1 lists the power supply and the operating mode control bits and their addresses.
Table 4.2.3.1 Control bits of power supply and operating mode

Address Register Comment
*7 D3 D2 D1 DO Name Init *1 1 0
#5 -
0 VSEL | HLON | DBON 0 Unused _
82H VSEL 0 Vs2 Vss Voltage regulator power source selection
R RW HLON 0 On Off Halver On/Off
DBON 0 On Off Doubler On/Off
#5 Y]
0 |vicHea [vicHat [vicheo| O Unused
84H VLCHG2 0 VLI output voltage change
R RIW VLCHG1 0 0: 1.05, 1: 1.10, 2: 1.15, 3: 1.20,
VLCHGO 0 4:1.25,5:1.30, 6: 1.35,7: 1.40 (V)
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

DBON: Doubler ON/OFF (82H+D0)
Controls doubling ON/OFF for the supply voltage doubler/halver.

When "1" is written:  Doubler ON
When "0" is written: ~ Doubler OFF
Reading:  Valid

When supply voltage is in a range of 0.9 to 1.4 V, generate Vs2 by doubling the supply voltage to drive the
internal power supply circuit. When "1" is written to DBON, the supply voltage doubler/halver circuit
generates Vs2 doubling with supply voltage. When "0" is written, VS2 will be the same voltage as Vss.
When supply voltage is 1.4 V or more, do not double the supply voltage.

At initial reset, this register is set to "0".

HLON: Halver ON/OFF (82HD1)
Controls halves ON/OFF for the supply voltage doubler/halver.

When "1" is written: ~ Halver ON
When "0" is written: ~ Halver OFF
Reading:  Valid

When supply voltage is in a range of 2.55 to 3.6 V, the internal power supply circuit can be driven by the
halved voltage to reduce current consumption. When "1" is written to HLON, the supply voltage doubler/
halver circuit generates Vs2 halving with supply voltage. When "0" is written, Vs2 will be the same voltage
as Vss.

When supply voltage is 2.55 V or less, or when the OSC3 clock is used, do not halve the supply voltage.
At initial reset, this register is set to "0".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Power Supply and Operating Mode Settings)

VSEL: Voltage regulator power source selection (82H*D2)
Selects the power source for two internal power supply circuit (oscillation system regulated voltage circuit
and LCD system regulated voltage circuit).

When "1" is written:  Vs2
When "0" is written: ~ Vss
Reading:  Valid

When "1" is written to VSEL, the internal power supply circuit operates with Vs2 output from the supply
voltage doubler/halver circuit. It becomes the doubler mode or the halver mode according to the DBON
and HLON settings. When "0" is written to VSEL, the internal power supply circuit operates with Vss and it
becomes the normal mode.

When switching from the normal mode to the doubler/halver mode,VSEL should be set to "1" wait 100
msec or more for the Vs2 to stabilize after setting DBON or HLON to "1".

At initial reset, this register is set to "0".

VLCHGO0-VLCHGZ2: VL1 output voltage change (84HD0-D2)

The voltage value of the LCD drive voltage VL1 can be selected from among 8 types as shown in Table
4221.

At initial reset, these registers are set to "0".

4.2.4 Programming notes
(1) When the supply voltage is out of the specified voltage range of an operating mode, do not switch into
the operating mode. It may cause malfunction or increase current consumption.

(2) Do not set HLON (halving) and DBON (doubling) to "1" at the same time.

(8) When switching from the normal mode to the doubler/halver mode, VSEL should be set to "1" wait 100
msec or more for the Vs2 to stabilize after setting DBON or HLON to "1".

(4) When switching from the doubler/halver mode to the normal mode, use separate instructions to switch
the mode (VSEL = "0") and turn the supply voltage doubler/halver OFF (HLON = "0" or DBON = "0").
Simultaneous processing with a single instruction may cause malfunction.

1-20 EPSON E0C6256 TECHNICAL HARDWARE



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Resetting Watchdog Timer)

4.3 Resetting Watchdog Timer

4.3.1 Configuration of watchdog timer

The E0C6256 incorporates a watchdog timer as the source oscillator for OSC1 (dividing clock = 256 Hz).
The watchdog timer must be reset cyclically by the software. If reset is not executed in at least 3 or 4
seconds, the initial reset signal is output automatically for the CPU.

Figure 4.3.1.1 is the block diagram of the watchdog timer.

32 kHz 256 Hz Initial

0OSC1 :
> dividing circuit —» Watchdog timer —» reset

signal
Watchdog timer reset signal >J

Fig. 4.3.1.1 Watchdog timer block diagram

OSCH1
oscillation circuit

The watchdog timer, configured of a 10-bit binary counter, generates the initial reset signal internally by
overflow of the last stage (1/4 Hz).

Watchdog timer reset processing in the program's main routine enables detection of program overrun, such
as when the main routine's watchdog timer processing is bypassed. Ordinarily this routine is incorporated
where periodic processing takes place, just as for the timer interrupt routine.

The watchdog timer operates in the HALT mode. If the HALT status continues for 3 or 4 seconds, the initial
reset signal restarts operation.

4.3.2 Mask option

You can select whether or not to use the watchdog timer with the mask option. When "Not use" is selected,
there is no need to reset the watchdog timer.

4.3.3 Control of watchdog timer
Table 4.3.3.1 lists the watchdog timer's control bit and its address.

Table 4.3.3.1 Control bit of watchdog timer

Address Register Comment
7 D3 D2 D1 DO Name Init*1] 1 0
*5 _ ¥
0 0 0 | WoRsT g . o 3”““3
= - nuse
CiH R W 0 *5 ) Unused
.
WDRST > Reset Reset - Wachdog timer reset
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read
WDRST: Watchdog timer reset (C1HeDO0)
This is the bit for resetting the watchdog timer.

When "1" is written: =~ Watchdog timer is reset
When "0" is written: ~ No operation
Reading:  Always "0"

When "1" is written to WDRST, the watchdog timer is reset, and the operation restarts immediately after
this. When "0" is written to WDRST, no operation results.
This bit is dedicated for writing, and is always "0" for reading.

4.3.4 Programming note

When the watchdog timer is being used, the software must reset it within 3-second cycles.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.4 Oscillation Circuit

4.4.1 Configuration of oscillation circuit

The E0C6256 has two oscillation circuits (OSC1 and OSC3). OSC1 is a crystal oscillation circuit that supplies
the operating clock to the CPU and peripheral circuits. OSC3 is either a CR or ceramic oscillation circuit.
When processing with the EOC6256 requires high-speed operation, the CPU operating clock can be
switched from OSC1 to OSC3. When the OSC3 clock is used, to obtain stable operation, the operating
voltage Vst of the internal circuit is changed by the software.

Figure 4.4.1.1 is the block diagram of this oscillation system.

OSCH . -
oscillation circuit T P To peripheral circuits
OSC3 Clock —®» ToC
—_p  switch ToCPU
o> oscillation circuit (and serial interface)

4
CPU clock selection signal

Oscillation circuit control signal

Oscillation system

regulated voltage [<@———— < Operating voltage selection signal

circuit

Vs

Fig. 4.4.1.1 Oscillation system
Selection of either OSC1 or OSC3 for the CPU's operating clock can be made by the software.

4.4.2 OSC1 oscillation circuit

The E0C6256 has a built-in crystal oscillation circuit (OSC1 oscillation circuit). As an external element, the
OSC1 oscillation circuit generates the operating clock for the CPU and peripheral circuits by connecting the
crystal oscillator (Typ. 32.768 kHz) and trimmer capacitor (5-25 pF).

Figure 4.4.2.1 is the block diagram of the OSC1 oscillation circuit.

To CPU and
peripheral circuits

Fig. 4.4.2.1 OSClI oscillation circuit

As Figure 4.4.2.1 indicates, the crystal oscillation circuit can be configured simply by connecting the crystal
oscillator (X'tal) between terminals OSC1 and OSC2 to the trimmer capacitor (CGX) between terminals
OSC1 and VDD.

4.4.3 OSC3 oscillation circuit

The E0C6256 has twin clock specification. The mask option enables selection of either the CR or ceramic
oscillation circuit (OSC3 oscillation circuit) as the CPU's sub-clock. Because the oscillation circuit itself is
built-in, it provides the resistance as an external element when CR oscillation is selected, but when ceramic
oscillation is selected both the ceramic oscillator and two capacitors (gate and drain capacitance) are
required.

Figure 4.4.3.1 is the block diagram of the OSC3 oscillation circuit.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

To CPU
(and serial interface)

Oscillation circuit
control signal

Rcr

To CPU
’ (and serial interface)

< Oscillation circuit
control signal

(b) Ceramic oscillation circuit
Fig. 4.4.3.1 OSC3 oscillation circuit

As indicated in Figure 4.4.3.1, the CR oscillation circuit can be configured simply by connecting the resistor
(RCR) between terminals OSC3 and OSC4 when CR oscillation is selected. When 40 kQ is used for RCR, the
oscillation frequency is about 900 kHz. When ceramic oscillation is selected, the ceramic oscillation circuit
can be configured by connecting the ceramic oscillator (Typ. 1 MHz) between terminals OSC3 and OSC4 to
the two capacitors (CGC and CDC) located between terminals OSC3 and OSC4 and VDD. For both CGC and
CDC, connect capacitors that are about 100 pF. To lower current consumption of the OSC3 oscillation
circuit, stop the oscillation by the software when it is not used.

4.4.4 Operating voltage switching

When switching the CPU system clock between OSC1 and OSC3 by the software, the operating voltage Vs1
for the oscillation circuit must also be switched by the software to obtain stable operation.
System clock and the corresponding operating voltage Vs1 are shown in Table 4.4.4.1.

Table 4.4.4.1 System clock and operating voltage

System clock Operating voltage Vs1
OSC1 (32.768 kHz) -1.05 vV
OSC3 (1 MHz) 2.1V

(Operating voltage value: VDD reference)

When using OSC3 as the CPU system clock, it should be done using the software as in the following
procedure: first switch the operating voltage Vsi to -2.1 V, turn the OSC3 oscillation ON, then after waiting
5 msec or more switch the clock for oscillation stabilization. When switching from OSC3 to OSC1, turn the
OSC3 oscillation circuit OFF after switching the clock, then set the operating voltage Vsi to-1.05 V.

Note: Switching the operating voltage when the supply voltage is lower than 2.2 V (absolute value) may
cause a malfunction. Switch the operating voltage only after making sure that supply voltage is more
than 2.2 V (absolute value) using the SVD circuit.

Do not switch the operating voltage during operating in the doubler mode or the halver mode, even if
the Vs2 voltage is more than 2.2 V (absolute value). The OSC3 clock can be used only in the normal
mode.

4.4.5 Clock frequency and instruction execution time

Table 4.4.5.1 shows the instruction execution time according to each frequency of the system clock.

Table 4.4.5.1 Clock frequency and instruction execution time

Instruction execution time (usec)
5-clock instruction | 7-clock instruction | 12-clock instruction
OSC1: 32.768 kHz 152.6 213.6 366.2
OSC3: 1 MHz 5.0 7.0 12.0

Clock frequency
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.4.6 Control of oscillation circuit
Table 4.4.6.1 lists the control bits and their addresses for the oscillation circuit.

Table 4.4.6.1 Control bits of oscillation circuit

Address Register Comment
#7 D3 D2 D1 DO Name Init *1 1 0
0 *5 - 2 Unused
0 CLKCHG | OSCC | VSCHG
83H CLKCHG 0 0SC3 0SC1 | CPU clock selection
R RW 0scC 0 On Off 0OSC3 oscillation On/Off
VSCHG 0 2.1V -1.05V | VSI output voltage change

*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

VSCHG: Vs1 output voltage change (83HeD0)
Switches the operating voltage Vsi.

When "1" is written: -2.1V
When "0" is written:  -1.05V
Reading:  Valid

When switching the CPU system clock, the operating voltage Vs1 should also be switched according to the
clock.

When switching from OSC1 to OSC3, first set Vsi to -2.1 V (VSCHG = "1"), then turn the OSC3 oscillation
ON.

When switching from OSC3 to OSC1, set Vs1 to -1.05 V (VSCHG = "0") after switching to OSC1 and turning
the OSC3 oscillation OFF.

At initial reset, this register is set to "0".

OSCC: OSC3 oscillation ON/OFF (83HeD1)
Controls oscillation ON/OFF for the OSC3 oscillation circuit.

When "1" is written:  OSC3 oscillation ON
When "0" is written: ~ OSC3 oscillation OFF
Reading:  Valid

When it is necessary to operate the CPU at high speed, set OSCC to "1". At other times, set it to "0" to
resume current consumption. Furthermore, when performing this setting, it is necessary to switch the
operating voltage Vsi.

At initial reset, this register is set to "0".

CLKCHG: CPU clock switch (83HeD2)
The CPU's operation clock is selected with this register.

When "1" is written: ~ OSC3 clock is selected
When "0" is written: ~ OSC1 clock is selected
Reading:  Valid

When the CPU clock is to be OSC3, set CLKCHG to "1"; for OSC1, set CLKCHG to "0".
When switching the CPU operation clock from OSC1 to OSC3, do this after a minimum of 5 msec have
elapsed since the OSC3 oscillation went ON (OSCC = "1"). This time is necessary to stabilize the OSC3
oscillation.
At initial reset, this register is set to "0".
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4.4.7 Programming notes

(1) When switching the CPU system clock from OSC1 to OSC3, set Vs1 to -2.1 V (VSCHG = "1") before
turning the OSC3 oscillation ON.
When switching from OSC3 to OSC1, set Vs1 to -1.05 V (VSCHG = "0") after switching to OSC1 and
turning the OSC3 oscillation OFF.

(2) It takes at least 5 msec from the time the OSC3 oscillation circuit goes ON until the oscillation stabilizes.
Consequently, when switching the CPU operation clock from OSC1 to OSC3, do this after a minimum
of 5 msec have elapsed since the OSC3 oscillation went ON.

Further, the oscillation stabilization time varies depending on the external oscillator characteristics and
conditions of use, so allow ample margin when setting the wait time.

OSC1 — 0OSC3
1. Set VSCHG to "1" (-1.05V — -2.1V)
2. Set OSCC to "1" (OSC3 oscillation ON)
3. Maintain 5 msec or more
4. Set CLKCHG to "1" (OSC1 — OSC3)

0OSC3 — OSC1
1. Set CLKCHG to "0" (OSC3 — OSC1)
2. Set OSCC to "0" (OSC3 oscillation OFF)
3. Set VSCHG to "0" (2.1 V —-1.05V)

(8) When switching the clock form OSC3 to OSC1, use a separate instruction for turning the OSC3 oscilla-
tion OFF. An error in the CPU operation can result if this processing is performed at the same time by
the one instruction.

(4) Switching the operating voltage when the supply voltage is lower than 2.2 V (absolute value) may cause a
malfunction. Switch the operating voltage only after making sure that supply voltage is more than 2.2 V
(absolute value) using the SVD circuit.

Do not switch the operating voltage during operating in the doubler mode or the halver mode, even if
the Vs2 voltage is more than 2.2 V (absolute value). The OSC3 clock can be used only in the normal
mode.
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4.5 Input Ports (KO0O-K03, K10-K13)

4.5.1 Configuration of input ports

The E0C6256 has 8 bits (4-bit x 2) general-purpose input ports. Each of the input port terminals (K0O0-K03,
K10-K13) provides internal pull down resistor. Pull down resistor can be selected for each bit with the
mask option.

Figure 4.5.1.1 shows the configuration of input port.

® VoD

Interrupt
request

Kxx O

Data bus

i Mask option

Fig. 4.5.1.1 Configuration of input port
Selection of "With pull down resistor" with the mask option suits input from the push switch, key matrix,

and so forth. When "Gate direct" is selected, the port can be used for slide switch input and interfacing with
other LSIs.

4.5.2 Interrupt function
All 8 bits of the input ports (K00-K03, K10-K13) provide the interrupt function. The conditions for issuing
an interrupt can be set by the software. Further, whether to mask the interrupt function can be selected by

the software.
Figure 4.5.2.1 shows the configuration of K00-K03 (K10-K13) interrupt circuit.

Fig. 4.5.2.1 Input interrupt circuit configuration

-
| Input comparison
l I register (KCP0O, 10) Interrupt factor Interrunt
| flag (IKO, 1) errup
request
2
a
Interrupt selection Interrupt mask
O (P
-'c—“‘ register (SIK0O, 10) register (EIKO, 1)
a A
Kot oo
Ko2,12
KO3, 13
¢
¢
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

The interrupt selection register (SIK) and input comparison register (KCP) are individually set for the input
ports K00-K03 and K10-K13, and can specify the terminal for generating interrupt and interrupt timing.
The interrupt selection register (SIKO0-SIK03, SIK10-SIK13) select what input of K00-K03 and K10-K13 to
use for the interrupt. Writing "1" into an interrupt selection register incorporates that input port into the
interrupt generation conditions. The changing the input port where the interrupt selection register has been
set to "0" does not affect the generation of the interrupt.

The input interrupt timing can select that the interrupt be generated at the rising edge of the input or that it
be generated at the falling edge according to the set value of the input comparison register (KCP00-
KCP03).

By setting these two conditions, the interrupt for K00-K03 and K10-K13 (4 bits unit) are generated when an
input port in which an interrupt has been enabled by the input selection register and the content of the
input comparison register have been changed from matching to no matching.

The interrupt mask registers EIKO and EIK1 enable the interrupt mask to be selected for K00-K03 and K10-
K13, respectively.

When the interrupt is generated, the interrupt factor flag (IKO for K00-K03, IK1 for K10-K13) is set to "1".
Figure 4.5.2.2 shows an example of an interrupt for K00-K03.

Interrupt selection register Input comparison register
SIKO03 | SIK02 | STKO1 | STK0O KCP03|KCP02|KCP01|KCP0O
1 1 1 0 1 0 1 0

With the above setting, the interrupt of K0O0-KO3 is generated under the following condition:

Input port
(1) | KO3 | K02 | KOl | KOO
1 0 1 0 (Initial value)

(2) | KO3 | KO2 | KO1 | KOO

(3) | KO3 | KO2 | KO1 | KOO

0 0 1 1 — Interrupt generation
Because KOO interrupt is set to disable, interrupt will be generated
(4)| KO3 | KO2 | KO1 | KOO when no matching occurs between the contents of the 3 bits KO1-K03
0 1 1 1 and the 3 bits input comparison register KCPO1-KCPO03.

Fig. 4.5.2.2 Example of interrupt of KOO-K03

KO0 interrupt is disabled by the interrupt selection register (SIK00), so that an interrupt does not occur at
(2). At (3), K03 changes to "0"; the data of the terminal that is interrupt enabled no longer matches the data
of the input comparison register, so that interrupt occurs. As already explained, the condition for the
interrupt to occur is the change in the port data and contents of the input comparison register from match-
ing to no matching. Hence, in (4), when the no matching status changes to another no matching status, an
interrupt does not occur. Further, terminals that have been masked for interrupt do not affect the condi-
tions for interrupt generation.

4.5.3 Mask option

Internal pull down resistor can be selected for each of the 8 bits of the input ports (K00-K03, K10-K13) with
the input port mask option.

When you have selected "Gate direct", take care that the floating status does not occur for the input. Select
"With pull down resistor" for input ports that are not being used.
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4.5.4 Control of input ports

Table 4.5.4.1 lists the input ports control bits and their addresses.

Table 4.5.4.1 Input port control bits

Address Register . Comment
*7 D3 D2 D1 DO Name Init *1 1 0
siko3 | siko2 | siot SIK0O SIK03 0 Enable D!Sable Interrupt selectfon reg%ster (K03)
90H SIK02 0 Enable | Disable | Interrupt selection register (K02)
RW SIKO1 0 Enable | Disable | Interrupt selection register (KO1)
SIK00 0 Enable | Disable | Interrupt selection register (K00)
) i 7
Kos | ko2 | Kot | Koo Egg - ::gg tzx
N Input K00-K03
91H q Kot - 2| Hgh | Low nput port ( )
K00 - *2| High Low |_J
KCPO3 | KCPO2 | KCPO1 | KCPOO Egggg g % ?
92H - KCPO1 0 = i= Input comparison register (K00-K03)
KCPOO | 0 1 4|
sk13 | ski2 | siki1 SIK10 SIK13 0 Enable D!sable Interrupt select%on reg%ster (K13)
94H SIK12 0 Enable | Disable | Interrupt selection register (K12)
RW SIK11 0 Enable | Disable | Interrupt selection register (K11)
SIK10 0 Enable | Disable | Interrupt selection register (K10)
) 7
Kis | ki2 | Kit | Kio Elg " ::gE tzx
N I K10-K13
95H o K11 — 2| Hgh | Low nput port ( )
K10 ~%| Hgh | Low |
KoP13 | KePtz | koptt | kepro | KOP13 |0 b b
96H KCP12 0 * £ Input comparison register (K10-K13)
AW KCP11 0 E £ P P : :
KCP10 | 0 1 4|
0 0 0 EIK1 g . o 3““""3
5 - nuses
F1H . .
R RW 0 *5 - *2 Unused
EIK1 0 Enable Mask | Interrupt mask register (K10-K13)
0 0 0 EIKO g . o E“us"’j
- nuse:
F2H B N
R RW 0 *5 - "2 Unused
EIKO 0 Enable Mask | Interrupt mask register (KO0O-K03)
*5 _ %) <
0 0 0 1K1 g . o E"‘“eg
- nuse
FoH R 0 "5 - "2 Unused
IK1 *4 0 Yes No Interrupt factor flag (K10-K13)
0 0 0 KO g e o 3“““2
5 - nuses
FAH R 0 *5 - *2 Unused
IKO *4 0 Yes No Interrupt factor flag (K00-K03)

*] Initial value at the time of initial reset

*2 Not set in the circuit

*3 Undefined
*4 Reset (0) immediately after being read

*5 Constantly "0" when being read
*6 Refer to main manual
*7 Page switching in I/O memory is not necessary
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

K00-K03, K10-K13: Input port data (91H, 95H)
Input data of the input port terminals can be read with these registers.

When "1"isread:  High level
When "0"isread:  Low level
Writing:  Invalid

The reading is "1" when the terminal voltage of the 8 bits of the input ports (K00-K03, K10-K13) goes high
(VDD), and "0" when the voltage goes low (Vss).
These bits are dedicated for reading, so writing cannot be done.

KCP00-KCP03, KCP10—-KCP13: Input comparison registers (92H, 96H)
Interrupt conditions for terminals K00-K03 and K10-K13 can be set with these registers.

When "1"is written: ~ Falling edge
When "0" is written: ~ Rising edge
Reading:  Valid

The interrupt conditions can be set for the rising or falling edge of input for each of the eight bits (K00-K03
and K10-K13), through the input comparison registers (KCP00-KCP03 and KCP10-KCP13).

For KCP00-KCPO03, a comparison is done only with the ports that are enabled by the interrupt among K00-
K03 by means of the SIKO0-SIK03 registers. For KCP10-KCP13, a comparison is done only with the ports
that are enabled by the interrupt among K10-K13 by means of the SIK10-SIK13 registers.

At initial reset, these registers are set to "0".

SIK00-SIK03, SIK10-SIK13: Interrupt selection registers (90H, 94H)
Selects the port to be used for the KO0-K03 and K10-K13 input interrupt.

When "1" is written:  Enable
When "0" is written:  Disable
Reading:  Valid

Enables the interrupt for the input ports (K00-K03, K10-K13) for which "1" has been written into the
interrupt selection register (SIK00-SIK03, SIK10-SIK13). The input port set for "0" does not affect the
interrupt generation condition.

At initial reset, these registers are set to "0".

EIKO, EIK1: Interrupt mask registers (F2H*D0O, F1H*D0)
Masking the interrupt of the input port can be selected with these registers.

When "1" is written: ~ Enable
When "0" is written:  Mask
Reading:  Valid

With these registers, masking of the input port can be selected for each of the two systems (K00-K03, K10-K13).
At initial reset, these registers are all set to "0".

IKO, IK1: Interrupt factor flags (FAH*DO, FOH=DO0)
These flags indicate the occurrence of input interrupt.

When "1"isread:  Interrupt has occurred
When "0"isread:  Interrupt has not occurred
Writing:  Invalid

The interrupt factor flags IKO and IK1 are associated with K00-K03 and K10-K13, respectively. From the
status of these flags, the software can decide whether an input interrupt has occurred.

These flags are set to "1" by generating the corresponding interrupt factor regardless of the interrupt mask
register setting.

Reading of interrupt factor flags is available at EI, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will not
be generated.

These flags are reset when the software reads them.

At initial reset, these flags are set to "0".
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4.5.5 Programming notes

(1) When input ports are changed from high to low by pull down resistor, the fall of the waveform is
delayed on account of the time constant of the pull down resistor and input gate capacitance. Hence,
when fetching input ports, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration. Aim for a wait time of
about 1 msec.

(2) When the input comparison register (KCP00-KCP03, KCP10-KCP13) is set, the interrupt factor flag
(IKO, IK1) may be set to "1" depending on the status of the input port terminal. Consequently, when
setting this register, do it in the DI status (interrupt flag = "0") and then read the interrupt factor flag in
order to reset, or after setting the interrupt selection register (SIK00-SIK03, SIK10-SIK13) to the inter-
rupt disabled status.

(8) Reading of interrupt factor flags is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated.
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4.6 Output Ports (RO0-R03, R10-R13)

4.6.1 Configuration of output ports

The E0C6256 has 8 bits (4-bit x 2) general output ports.

Output specifications of the output ports can be selected individually with the mask option. Two kinds of
output specifications are available: complementary output and Pch open drain output.

Further, the output port R10-R12 to be used as special output ports by the software setting.

Figure 4.6.1.1 shows the configuration of the output port.

voo
High impedance

control register

Data register

0 Rxx

Data bus

Vss

Fig. 4.6.1.1 Configuration of output port

4.6.2 Mask option

Output specifications of the output ports can be selected with the mask option.

Output specifications for the output ports (R0O0-R03, R10-R13) enable selection of either complementary
output or Pch open drain output for each of the 8 bits.

However, even when Pch open drain output is selected, voltage exceeding source voltage must not be
applied to the output port.

4.6.3 High impedance control

The terminal output state of output ports RO0O-R03 and R10-R13 may be selected for high impedance state
by the software in 4-bit groups. Control is done with the high impedance control registers ROHIZ and
RIHIZ.

4.6.4 Special output

In addition to the regular DC output, special output can be selected for the output ports R10-R12 as shown
in Table 4.6.4.1 with the software. Figure 4.6.4.1 shows the configuration of the special output.

Table 4.6.4.1 Special output

Terminal | Special output Output enable register Register {>_D R13
RI10 FOUT FOUTE R13
R11 PTOVF PTOE
R12 BZ BZE
> ez
9 R12 (B2)
o PTOVF
[ -
:
a PTOE
: R11
(PTOVF)
FOUT
FOUTE
R10
Fig. 4.6.4.1
g (FOUT)

Configuration of special output
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At initial reset, the output terminals are set to low (Vss).
When an R10-R12 is used as the special output port, fix the output port register R10-R12 at "0" and turn the
signal ON or OFF using the special output enable register.

Note: Be sure that the output terminal is fixed at a high (VDD) level the same with the DC output if "1" is
written to the R10—R12 register when the special output has been selected.

* FOUT (R10)

FOUT signal can be output from the R10 terminal.

FOUT signal is a clock output from the oscillation circuit or a clock that the fosci (32.768 kHz) output from
the OSC1 oscillation circuit has divided in the internal circuit.

When R10 is used for FOUT output, keep R10 register set to "0". ON/OFF of the signal output can be
controlled using the FOUT output enable register FOUTE.

The frequency of clock output signal may be selected from among 4 types as Table 4.6.4.2 by setting of the
FOFQO and FOFQL1 registers. "fosc3" is the output clock of the OSC3 oscillation circuit.

Table 4.6.4.2 FOUT clock frequency

FOFQ1 FOFQO | Clock frequency (Hz)
0 0 512
0 1 4,096
1 0 fosci
1 1 foscs

Note: A hazard may occur when the FOUT signal is turned ON or OFF.
Figure 4.6.4.2 shows the output waveform of FOUT.

R10 register T Fixed at 0

FOUTE register 0 1 0
FOUT output

Fig. 4.6.4.2 Output waveform of FOUT

* PTOVF (R11)

PTOVEF signal can be output from the R11 terminal.

The PTOVF signal is the output clock of the programmable timer.

When R11 is used for PTOVF output, keep R11 register set to "0". ON/OFF of the signal output can be
controlled using the PTOE register. However, control of the programmable timer is necessary.

See Section 4.11, "Programmable Timer", for details of the programmable timer.

Note: A hazard may occur when the PTOVF signal is turned ON or OFF.
Figure 4.6.4.3 shows the output waveform of PTOVF.

R11 register T Fixed at 0

PTOE register 0 1 0
PTOVF output

Fig. 4.6.4.3 Output waveform of PTOVF

* BZ (R12)

BZ is the buzzer signal output for driving the piezo-electric buzzer, and it can be output from the R12
terminal.

When R12 is used for BZ output, keep R12 register set to "0". ON/OFF of the signal output can be control-
led by the BZE register.

The buzzer frequency and duty ratio may be selected by the software. Moreover, digital envelope may be
added to the buzzer signal.

See Section 4.13, "Sound Generator", for details of the buzzer output.
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4.6.5 Control of output ports
Table 4.6.5.1 lists the output ports' control bits and their addresses.

Table 4.6.5.1 Control bits of output ports

Address Register Comment
7 D3 D2 D1 DO Name Init *! 1 0
0 0 0 | RoHZ g v - E“”“j
S - nuses
AOH R RW 0 *5 - *2 Unused
ROHIZ 0 High-Z | Output | RO output high-impedance control
R3S | RO2 | ROt | Roo :gg g ::SE m
(0] t RO0-RO3
ATH o ROt | 0 | Hgh | Low utput port ( )
R00 0 High Low
* ) S
0 0 o [mmz| °7 Unused
A2H 075 - *2 Unused
R RW 0 *5 - %2 Unused
R1HIZ 0 High-Z | Output | R1 output high-impedance control
Ri2 R11 R10 R13 0 High Low | Output port (R13)
R13 |----ocb b R12 0 High Low Output port (R12)
BZ PTOVF | FOUT BZ 0 Off On Buzzer output
A3H R11 0 High Low | Output port (R11)
PTOVF 0 Off On PTOVF output
RW R10 0 High | Low | Outputport (R10)
FOUT 0 Off On FOUToutput
FOUTE 0 FoFat | FoFQo FOUTE 0 Enable | Disable | FOUT output enable
COH 0 *5 - *2 Unused
FOFQ1 0 FOUT frequency selection
RW R RW
FOFQO 0 0: 512 Hz, 1: 4096 Hz, 2: foscti, 3: fosc3
pners | pToE | pTRUN | PTRST PNRFS 0 1024Hz 2§6HZ Noise rejector clock frequency selection
CAH PTOE 0 Enable | Disable | PTOVF output enable
RW W PTRUN 0 Run Stop | Programmable timer Run/Stop
PTRST ~ |Rst (reload) |Rst (reload) - Programmable timer reset (reload)
. Envel leasi i
ENRTM | ENRST | ENON BZE ENRTI\QS 0 1sec 0.5sec nvelope releasing time
DCH ENRST Reset Reset - Envelope reset
RW W RW ENON 0 On Off Envelope On/Off
BZE 0 Enable | Disable | Buzzer output enable
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

ROHIZ, R1HIZ: High impedance control registers (AOH*D0, A2H*D0)
Controls high impedance loading to output ports R0O0-R03 and R10-R13 in units of 4 bits groups.

When "1"is written: ~ High impedance
When "0" is written: =~ Data output
Reading:  Valid

By writing "0" in the control registers (ROHIZ, R1HIZ) corresponding to the groups (R00-R03, R10-R13),
the output signal is generated in the terminal; writing "1" will generate high impedance state.
At initial reset, these registers are set to "0".

R00-R03, R10-R13: Output port data (A1H, A3H)
Sets the output data for the output ports.

When "1"is written: ~ High output
When "0" is written: ~ Low output
Reading:  Valid

The output port terminals output the data written in the corresponding registers (R00-R03, R10-R13)
without changing it. When "1" is written in the register, the output port terminal goes high (VDD), and
when "0" is written, the output port terminal goes low (Vss).

The registers R10-R12 that are used as special output should be fixed at "0".

At initial reset, these registers are set to "0".
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FOUTE: FOUT output enable register (COH*D3)
Controls the FOUT output ON or OFF.

When "1"is written: ~ FOUT output enable
When "0" is written: ~ FOUT output disable
Reading:  Valid
By writing "1" to FOUTE when "0" has been set to the R10 register, the FOUT signal is output from the R10
terminal. When "0" is written, the R10 terminal goes to a low (Vss) level.
When R10 is used for DC output, keep FOUTE register set to "0".
At initial reset, this register is set to "0".

FOFQO, FOFQ1: FOUT frequency selection register (COHDO, D1)
Selects the FOUT frequency.

Table 4.6.5.2 FOUT clock frequency

FOFQ1 FOFQO | Clock frequency (Hz)
0 0 512
0 1 4,096
1 0 fosci
1 1 foscs

At initial reset, these registers are set to "0".

PTOE: PTOVF output enable register (CAH*D2)
Controls the PTOVF output ON or OFF.

When "1"is written: =~ PTOVF output enable
When "0" is written: =~ PTOVF output disable
Reading:  Valid

By writing "1" to PTOE when "0" has been set to the R11 register, the PTOVF signal is output from the R11
terminal. When "0" is written, the R11 terminal goes to a low (Vss) level.

When R11 is used for DC output, keep PTOE register set to "0".

At initial reset, this register is set to "0".

See Section 4.11, "Programmable Timer" for the PTOVF signal.

BZE: BZ output enable register (DCH*DO0)
Controls the BZ output ON or OFF.

When "1"is written: ~ BZ output enable
When "0" is written: =~ BZ output disable
Reading:  Valid

By writing "1" to BZE when "0" has been set to the R12 register, the BZ signal is output from the R12
terminal. When "0" is written, the R12 terminal goes to a low (Vss) level.
When R12 is used for DC output, keep BZE register set to "0".
At initial reset, this register is set to "0".
See Section 4.13, "Sound Generator" for the buzzer signal.

4.6.6 Programming notes

(1) When R10-R12 are used for DC output, the special output enable registers FOUTE (COHeD3), PTOE
(CAHeD2) and BZE (DCH®D0) should be fixed at "0".

(2) When the special output is selected, the corresponding output port register (R10-R12) should be fixed
at "0". Be sure that the output terminal is fixed at a high (VDD) level the same with the DC output if "1"
is written to the R10-R12 register when the special output has been selected.

(38) When BZ, FOUT and PTOVF are selected, a hazard may be observed in the output waveform when the
data of the output register changes.

(4) When selecting fosc3 as the FOUT clock frequency, it is necessary to control the OSC3 oscillation circuit
and the oscillation system regulated voltage circuit.
See Section 4.4, "Oscillation Circuit" for details of the control.
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4.7 1/0 Ports (P00-P03, P10-P13)

4.7.1 Configuration of 1/0 ports

The E0C6256 has 8 bits (4-bit x 2) general-purpose I/O ports. Figure 4.7.1.1 shows the configuration of the
I/0 port.

The 8 bits of the I/O ports PO0-P03 and P10-P13 can be set to either input mode or output mode. Modes
can be set by writing data to the I/O control register.

Moreover, pull down resistor which is turned ON during input mode can be controlled by the software.

()
-] Data ‘
o i ¢ OoP
Address register
E [Address|-#
©
a 1/0 control
w» register
Pull down
Address control register
’—}" g Vss

Fig. 4.7.1.1 Configuration of I/O port

The I/0 ports P10-P13 are common used with the input/output ports of the serial interface, and function
of these ports can be selected by the software.
See Section 4.12, "Serial Interface", for details of the serial interface.

4.7.2 I/0 control registers and input/output mode

Input or output mode can be set for the 8 bits of I/O ports PO0-P03 and P10-P13 by writing data into the
corresponding I/O control register IOC00-IOC03 and I0C10-I0C13.

To set the input mode, write "0" to the I/O control register. When an I/O port is set to input mode, it
becomes high impedance status and works as an input port.

However, when the pull down explained in the following section has been set by software, the input line is
pulled down only during this input mode.

The output mode is set when "1" is written to the I/O control register. When an I/O port set to output
mode works as an output port, it outputs a high level (VDD) when the port output data is "1", and a low
level (Vss) when the port output data is "0".

If perform the read out in each mode; when output mode, the register value is read out, and when input
mode, the port value is read out.

At initial reset, the I/O control registers are set to "0", and the I/O port enters the input mode.

4.7.3 Pull down during input mode

A pull down resistor that operates during the input mode is built into the I/O ports of the E0C6256.
Software can set the use or non-use of this pull down. The pull down resistor becomes effective by writing
"1" into the pull down control registers PULO0-PUL03 and PUL10-PUL13 that correspond to each of P00-
P03 and P10-P13, and the input line is pulled down during the input mode. When "0" has been written, no
pull down is done.

At initial reset, the pull down control registers are set to "1".

4.7.4 Mask option

Output specifications during the output mode (IOC = "1") can be selected with the mask option.
Output specifications for the I/O ports (P00-P03, P10-P13) enable selection of either complementary
output or Pch open drain output for each of the 8 bits.

However, even when Pch open drain output is selected, voltage exceeding source voltage must not be
applied to the output port.
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4.7.5 Control of 1/0 ports
Table 4.7.5.1 lists the I/O ports' control bits and their addresses.

Table 4.7.5.1 Control bits of I/0 ports

Address Register Comment
7 D3 D2 D1 DO Name Init *! 1 0
Ioco3 | 10ce2 | 10C01 | 10G00 :8222 g gﬂzzt ::gﬁ:
BOH 1/0 control register (PO0-P03)
RW 10Co1 0 Output Input
10C00 0 Output Input | _|
PULO3 | PULO2 | PULO1 | PULOO gﬂtgz 1 8: 82
B1H - PULOT 4 on off Pull down control register (PO0-P03)
PUL0O 1 On off |_|
P03 | Po2 | Pot | Poo ggz B *z ::g: tza
B2H - PO _ 2| High Low 1/0 port (PO0-P03)
P00 - *2| High Low |_J
0ct3 | toct2 | toctt | focto | 'OCT8 | O | Ouiput | input
:ggﬁ g gzig:t ::zﬂ: 1/0 control register (P10-P13)
RW (ESIF = 0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 10C10 | _0__| Output | Moput | J _ C .
B4H | When the serial I/F is used (ESIF = 1):| 10C13 0 Output Input | Master mode: P13 1/0 control register
P10 = SIN (in), P11 = SOUT (out), 10C13 0 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), 10C12 0 1 0 N
P13 = SRDY (slave: out), 10C11 0 1 0 General-purpose register
P13 = 1/O port (master: in/out) 10C10 0 1 0 |
puL13 | PuLt2 | PuLtt | puLto | PUHIS T on off
PUL12 1 On Off .
PULTT 1 on Off Pull down control register (P10-P13)
,,,,,,,,,,,,, o Jewo| 4 fon oo |1 ®FEO
‘When the serial I/F is used (ESIF = 1):| PUL13 1 On Off Master mode: P13 pull down control register
BSH P10 = SIN (in), P11 = SOUT (out), PUL13 1 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), PUL12 1 1 0 Master mode: General-purpose register
P13 = SRDY (slave: out), PUL12 1 On Off Slave mode: SCKL pull down control register
P13 =I/O port (master: in/out) PUL11 1 1 0 General-purpose register
PUL10 1 On Off SIN pull down control register
P13 | P12 | P11 | PO :z i é ::gE tzx
P11 _ 2| High Low 1/0 port (P10-P13)
RW ; (ESIF = 0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PlO | _—r2| HWgh | btow | T .
B6H | When the serial I/F is used (ESTF = 1):| P13 - *2| High Low | Master mode: I/O port P13
P10 = SIN (in), P11 = SOUT (out), P13 - *2 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), P12 - *2 1 0 N
P13 = SRDY (slave: out), P11 - %2 1 0 General-purpose register
P13 =1/0O port (master: in/out) P10 - *2 1 0 _

*] Initial value at the time of initial reset
*2 Not set in the circuit

*3 Undefined

*4 Reset (0) immediately after being read

*5 Constantly "0" when being read
*6 Refer to main manual
*7 Page switching in I/O memory is not necessary

P00-P03, P10-P13: I/O port data (B2H, B6H)
I/0 port data can be read and output data can be set through these ports.

® When writing data
When "1" is written:
When "0" is written:

High level
Low level

When an I/O port is set to the output mode, the written data is output unchanged from the I/O port
terminal. When "1" is written as the port data, the port terminal goes high (VDD), and when "0" is written,
the level goes low (Vss).

Port data can be written also in the input mode.
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® When reading data out
When "1"isread:  High level
When "0"isread:  Low level

When the I/O port is in the input mode the voltage level being input to the port terminal can be read out;
in the output mode the register value can be read. When the terminal voltage in the input mode is high
(VDD) the port data that can be read is "1", and when the terminal voltage is low (Vss) the data is "0".

When PUL register is set to "1", the built-in pull down resister goes ON during input mode, so that the I/O
port terminal is pulled down. The gate floating has not occur by the input control signal even if the PUL
register is set to "0" and no pull down register is set.

When the serial input/output function is selected for P10-P13 ports, the registers P10-P13 in the slave
mode and the registers P10-P12 in the master mode can be used as a general register having both read and
write functions, and data of these registers exert no affect on the input/output signal. In the master mode,
since P13 is not used for the serial interface and can be used as an I/O port, the P13 register becomes the I/
O port data register.

10C00-10C03, I0C10-10C13: I/O control registers (BOH, B4H)
The input and output modes of the I/O ports can be set with these registers.

When "1"is written: ~ Output mode
When "0" is written: ~ Input mode
Reading:  Valid

The input and output modes of the I/O ports are set in units of one bit. IOC00-IOC03 and IOC10-I0C13
set the mode for PO0-P03 and P10-P13, respectively.

Writing "1" to the I/O control register makes the corresponding I/O port enter the output mode, and
writing "0" induces the input mode.

At initial reset, these registers are set to "0", so the I/O ports are in the input mode.

When the serial input/output function is selected for P10-P13 ports, the registers IOC10-IOC13 in the slave
mode and the registers IOC10-I0C12 in the master mode can be used as a general register having both
read and write functions, and data of these registers exert no affect on the input/output signal. In the
master mode, since P13 is not used for the serial interface and can be used as an I/O port, the IOC13
register becomes the I/O control register.

PUL00-PULO03, PUL10-PUL13: Pull down control registers (B1H, B5H)
The pull down during the input mode can be set with these registers.

When "1" is written:  Pull down ON
When "0" is written: ~ Pull down OFF
Reading:  Valid

The built-in pull down resistor which is turned ON during input mode is set to enable in units of one bit.
PUL00-PULO03 and PUL10-PUL13 set the pull down for PO0-P03 and P10-P13, respectively.

By writing "1" to the pull down control register, the corresponding I/O ports are pulled down (during
input mode), while writing "0" turns the pull down function OFF.

At initial reset, these registers are set to "1", so the pull down function is set to ON.

When the serial input/output function is selected for P10-P13 ports, the PUL11 register, the PUL12 register
in the master mode and the PUL13 register in the slave mode can be used as general registers having both
read and write functions, and data of these registers exert no affect on the input/output signal. In the
master mode, since P13 is not used for the serial interface and can be used as an I/O port, the PUL13
register becomes the pull down control register.

4.7.6 Programming note

When the I/O ports are changed from high to low by pull down resistor during input mode, the fall of the
waveform is delayed on account of the time constant of the pull down resistor and input gate capacitance.
Hence, when fetching input data, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration. Aim for a wait time of
about 1 msec.
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4.8 LCD Driver (COM0-COMA4, SEG0-SEG59)

4.8.1 Configuration of LCD driver

The E0C6256 has 5 common terminals (COM0-COM4) and 60 segment terminals (SEGO-SEG59), so that it
can drive an LCD with a maximum of 300 (60 x 5) segments.

The power for driving the LCD is generated by the internal circuit so that there is no need to apply power
especially from outside.

The driving method is 1/2 duty dynamic drive depending on the four types of potential, VDD, VL1, VL2 and
VL3. In addition to the 1/2 duty, 1/3, 1/4 and 1/5 drive duty can be selected by the software. The frame
frequency is 25.6 Hz for 1/5 duty, 32 Hz for 1/4 and 1/2 duty, and 42.7 Hz for 1/3 duty (fosc1 = 32.768 kHz).
LCD display ON/OFF may be controlled by the software.

Note: "fosc1" indicates the oscillation frequency of the OSC1 oscillation circuit.

4.8.2 LCD drive voltage

The LCD drive voltage VL1 is generated by the LCD system regulated voltage circuit, and VL2 and VL3 are
generated by boosting the VL1 voltage with the LCD system voltage booster circuit.
The VL1 voltage can be adjusted to match the LCD panel characteristics using the registers VLCHGO0-
VLCHG?2. To generate VL1, Vss (Vs2 when the supply voltage doubler/halver is used) voltage (VDD
standard) must be lower than VL1-0.2 V.

Vss/Vs2 (absolute value) > VL1 (absolute value) + 0.2 V

Table 4.8.2.1 VLI setting

VLCHG2 | VLCHG1 | VLCHGO | Vi1 voltage |Vss/Vs2 voltage range
0 0 0 -1.05V -1.25Vto-3.6V
0 0 1 -1.10V -1.30 Vto-3.6 V
0 1 0 -1.15V -1.35Vto-3.6V
0 1 1 -1.20V -1.40Vto-3.6 V
1 0 0 -1.25V -1.45Vto-3.6V
1 0 1 -1.30V -1.50Vto-3.6 V
1 1 0 -1.35V -1.55Vto-3.6V
1 1 1 -140V -1.60Vto-3.6 V

(Voltage value: VDD reference)

The LCD system power circuit that generates VL1-VL3 is turned ON and OFF by the LCD power control
register LPWR and the A/D converter power control register APWR.

By setting LPWR or APWR to "1", the LCD system power circuit generates VL1-VL3. When LPWR and
APWR are both set to "0", VL1-VL3 becomes VDD level. In this case, all outputs from the COM terminals and
SEG terminals go to VDD level. When setting LPWR to "0" and APWR to "1", all outputs from the COM
terminals and SEG terminals go to VL1 level.

To display the LCD, the LCD drive power must be ON by previously setting LPWR to "1".

SEG output ports that are set for DC output by the mask option operate same as the output (R) port
regardless of the power ON/OFF control.

Note: The LCD driver cannot be used even if the power is on (when only the A/D converter power control
register APWR has been set to "1" ), unless the LCD power control register LPWR has been set to
ll1 II.
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4.8.3 LCD display ON/OFF control and duty switching

(1) Display ON/OFF control
In the E0C6256, ON/OFF of the LCD display can be controlled by the LOFF register.
At initial reset, LOFF is set to "0", and the LCD display is set to the ON status.
The LCD power is OFF at initial reset, so the display is actually performed when the LCD power is
turned ON (LPWR = "1").
To set all of the LCD display OFF, write "1" to LOFF. With this, the SEG terminals output an OFF
waveform.

(2) Switching of drive duty
By setting the registers LDTY0 and LDTY1, the LCD drive duty can be selected from among 4 types, 1/
5,1/4,1/3 and 1/2 duty. Table 4.8.3.1 shows the LCD drive duty setting.

Table 4.8.3.1 LCD drive duty setting

Terminals used | Maximum number
in common of segments

172 COMO, COM1 120 (60 x 2) fosc1/1,024 (32 Hz)
173 COMO-COM2 180 (60 x 3) fosc1/768 (42.7 Hz)
1/4 COMO-COM3 240 (60 x 4) fosci/1,024 (32 Hz)
1/5 COMO-COM4 300 (60 x 5) fosc1/1,280 (25.6 Hz)
* In case of fosc1 = 32.728 kHz

LDTYA1 LDTYO Duty Frame frequency *

[ =)
- o = O

Basically you should select the drive duty with the smallest drive segment number (for example, 1/3
duty for 160 segments and 1/2 duty for 100 segments) from among the drive duties permitting driving
of the segment number of the LCD panel.

Figures 4.8.3.1-4.8.3.4 show the dynamic drive waveform for 1/5 duty, 1/4 duty, 1/3 duty and 1/2
duty.
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Fig. 4.8.3.1 Drive waveform for 1/5 duty
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~_VbD LCD lighting status
COMO _l_\_,—’_l_\_,—’L - Vi1 COMO
— xti COM1
COM2
COM1 J_l_l_|_,_\_|_|_l_|_|_\_|_L COM3
COom2 4|_|_:—|_|—\_|_|_:—|_|—\_r SEG0-59
COMS3 M
Not lit
coM4 11— o lit
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— — Vi1
V2
Vi3
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—-SEG59
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‘ Frame frequency

Fig. 4.8.3.2 Drive waveform for 1/4 duty

E0C6256 TECHNICAL HARDWARE EPSON 1-41



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

~_ VoD LCD lighting status
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Fig. 4.8.3.3 Drive waveform for 1/3 duty
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Fig. 4.8.3.4 Drive waveform for 1/2 duty
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4.8.4 Switching between dynamic and static drive

The E0C6256 provides software setting of the LCD static drive.

The frame frequency during static driving is fixed at 32 Hz (when fosc1 = 32.768 kHz) regardless of the
drive duty selection.

This function enables easy adjustment (cadence adjustment) of the oscillation frequency of the OSC1
oscillation circuit (crystal oscillation circuit).

The procedure for executing static drive of the LCD is as follows:
@ Write "1" to register STCD at address C2HeD2.
@ Write the same value to all registers corresponding to COM0-COM4 of the display memory.

Note: ¢ When setting the static drive, all the COM outputs become effective regardless of the drive duty
selection. Hence, for static drive, set the same value to all display memory corresponding to
COMO-COM4 even when a drive duty other than 1/5 duty has been selected.

e For cadence adjustment, set the display data corresponding to COM0—-COM4, so that all the
LCDs light.

Figure 4.8.4.1 shows the drive waveform for static drive.
LCD lighting status

+ COMO
__ VoD | COM1
COMO j ’—‘ Z i1 | COM2
-COM4 Ve 1 COM3
Vs @ COM4
| SEG0-59
VDD

—Vu1 § —"g"
weo | L] L[t oo
_ -V !
SEG59 j B — Vs %(LOFF=“1..)

‘ Frame frequency ‘ | e Lit © Notlit

Fig. 4.8.4.1 LCD static drive waveform

4.8.5 Display memory area

The display memory is allocated in the data memory area, addresses 30H-7FH in page 1 or page 5. Either
of the areas used can be selected using the software (LDMS register).

By setting LDMS to "1", page 1 is selected and addresses 130H-17FH become the display memory. Since a
RAM has been allocated in this area, it can be used as the display memory for reading/writing. For this
reason, control in a bit unit can simply be done using an arithmetic instruction. However, this area should
not be used for general purpose RAM.

At initial reset, LDMS is set to "0" and page 5 (530H-57FH) becomes the display memory. When this area is
selected, all the internal RAM (0 to 4 page) can be used as general purpose RAM. However, since the
display memory is write only, data modification by arithmetic instructions cannot be done.
Correspondence between segment outputs and bits within the display memory can be optionally set by the
mask option explained in the next section.
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4.8.6 Mask option (segment allocation)

(1) Segment allocation
The LCD driver has a segment decoder built-in, and the data bit (D0-D3) of the optional address in the
display memory area (30H-7FH) can be allocated to the optional segment. This makes design easy by
increasing the degree of freedom with which the liquid crystal panel can be designed.
The allocated segment displays when the bit for the display memory is set to "1", and goes out when bit

is set to "0"

Figure 4.8.6.1 shows an example of the relationship between the LCD segments (on the panel) and the
display memory for the case of 1/3 duty.

Data Common 0 | Common 1 | Common 2
Address

D3 D2 D1 Do SEG10 T7A, DO 7B, D1 7B, DO

7AH d c b a (a) (f) (e)
SEG11 7A, D1 7B, D2 7A, D3

7BH P g e

: , : . (b) (2) (&)
7CH d c b a SEG12 7D, D1 7A, D2 7B, D3

7DH p' g' f e' (f") (c) (p)

Display memory allocation Pin address allocation

SEG12

SEG10 SEG11

|:| Common 0 :] Common 1 - Common 2

Fig. 4.8.6.1 Segment allocation

(2) Output specification

® The segment terminals (SEGO-SEG59) can be selected with the mask option par two terminals for
either segment signal output or DC output (VDD and Vss binary output).
When DC output is selected, the data corresponding to COMO of each segment terminal is output.

@ When DC output is selected, either complementary output or Pch open drain output can be selected
for each terminal with the mask option.
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4.8.7 Control of LCD driver

Table 4.8.7.1 shows the LCD driver's control bits and their addresses. Figure 4.8.7.1 shows the display
memory map.

Table 4.8.7.1 LCD driver control bits

Address Register Comment
#7 D3 D2 D1 DO Name Init *1 1 0
#5 -2
0 |vicHea [vicHat [vicHao| O Unused
84H VLCHG2 0 VLI output voltage change
R RW VLCHG1 0 0: 1.05, 1: 1.10, 2: 1.15, 3: 1.20,
VLCHGO 0 4:1.25,5: 1.30, 6: 1.35,7: 1.40 (V)
oms | step | Loyt | LoTvo LDMS 0 1p(R/W) 5p(W)' LCD da-ta men‘mry area selection
Co2H STCD 0 Static | Dynamic | LCD drive switch
AW LDTY1 0 ] LCD drive duty selection
LDTYO 0 0:1/2,1:1/3,2: 1/4,3: 1/5
0 0 LoFF | tPwR | ° Unused
C3H 0 *5 - "2 Unused
R RW LOFF 0 Al Off | Normal | LCD display control
LPWR 0 On Off LCD power supply On/Off
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

Address | >low| o | y | 5| 3|4 |5|6|7|8|9|A|B|C|D|E|F
Page | High
3
1 4 Display memory (80 words x 4 bits)
‘;’ 5 Page 1: R/W
(75 Page 5: W only

Fig. 4.8.7.1 Display memory map

VLCHGO0-VLCHG2: VL1 output voltage change (84HD0-D2)
The voltage value of the LCD drive voltage VL1 can be selected among 8 types as shown in Table 4.8.7.2.

Table 4.8.7.2 VLI setting

VLCHG2 | VLCHG1 | VLCHGO | VL1 voltage
0 0 0 -1.05 vV
0 0 1 -1.10V
0 1 0 -1.15V
0 1 1 -1.20V
1 0 0 -1.25V
1 0 1 -1.30V
1 1 0 -1.35V
1 1 1 -1.40V

(Voltage value: VDD reference)

At initial reset, these registers are set to "0".

LPWR: LCD power supply ON/OFF (C3H*DO0)
Controls the LCD power ON and OFF

When "1" is written:  Power ON
When "0" is written: =~ Power OFF
Reading:  Valid

By writing "1" to LPWR, the LCD power goes ON.

When "0" is written, the LCD power goes OFF and all terminals of the COM output and SEG output
become VDD level.

When the LCD power is set to OFF and the A/D converter power is set to ON (APWR = "1"), COM and
SEG terminals become VL1 level.

This control does not affect to SEG terminals that have been set for DC output.

At initial reset, this register is set to "0".
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LOFF: LCD display control (C3HeD1)
Controls the LCD display

When "1" is written: ~ Display all OFF
When "0" is written: =~ Display ON
Reading:  Valid

When "1" is written to LOFF, all LCD dots will fade out; writing "0" will set it back to normal.

All fading out of LCD at LOFF = "1" is due to light out signals and does not affect the content of the
segment data memory.

Flashing on the entire LCD panel is performed by this function.

At initial reset, this register is set to "0".

STCD: LCD drive switch (C2HD2)
Switches the LCD driving method.

When "1" is written:  Static drive
When "0" is written: ~ Dynamic drive
Reading:  Valid

By writing "1" to STCD, static drive is selected, and dynamic drive is selected when "0" is written.
At initial reset, this register is set to "0".

LDTY1, LDTYO: LCD drive duty selection (C2HD1, D0)
Sets the LCD drive duty as shown in Table 4.8.7.3.

Table 4.8.7.3 LCD drive duty setting

Terminals used | Maximum number
in common of segments

LDTY1 LDTYO Duty Frame frequency *

172 COMO, COM1 120 (60 x 2) fosc1/1,024 (32 Hz)
173 COMO0-COM2 180 (60 x 3) fosc1/768 (42.7 Hz)
1/4 COMO-COM3 240 (60 x 4) fosc1/1,024 (32 Hz)
1/5 COMO-COM4 300 (60 x 5) fosc1/1,280 (25.6 Hz)
* In case of fosci = 32.728 kHz

—_— O O
- o = O

At initial reset, these registers are set to "0".

LDMS: LCD display memory area selection (C2H*D3)
Selects the display memory area.

When "1"is written: ~ Page 1 (R/W)
When "0" is written: ~ Page 5 (W)
Reading:  Valid

By writing "1" to LDMS, page 1 is selected and addresses 130H-17FH become the display memory. Since a
RAM has been allocated in this area, it can be used as the display memory for reading/writing.

When LDMS is set to "0", page 5 (530H-57FH) becomes the display memory. This ares is write only.

At initial reset, this register is set to "0".

Display memory (30H-7FH)
The LCD segments are lit or turned off depending on this data.

When "1" is written:  Lit
When "0" is written: ~ Not lit
Reading:  Invalid

By writing data into the display memory allocated to the LCD segment (on the panel), the segment can be
lit or put out.
At initial reset, the contents of the display memory are undefined.
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4.8.8 Programming notes

(1) The contents of the display memory are undefined until the area is initialized (through, for instance,
memory clear processing by the CPU). Initialize the display memory by executing initial processing.

(2) When page 5 is selected for the display memory area, since the display memory area is write-only,
display data cannot be rewritten by arithmetic operations (such as AND, OR, ADD, SUB).

(3) 100 msec or more time is necessary for stabilizing the LCD drive voltages VL1, VL2 and VL3 after setting
the LCD power control register LPWR to "1". Be careful of the segment-on right after the power is
turned on.
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4.9 Clock Timer

4.9.1 Configuration of clock timer

The E0C6256 has a built-in clock timer with OSC1 divided clock as clock source. The clock timer is
configured of a 8-bit binary counter and the timer data (128-16 Hz and 8-1 Hz) can be read out by the
software.

Figure 4.9.1.1 is the block diagram for the clock timer.

< Data bus

)
- T c.ockﬁmerT ,,,,,, |

32 kHz 256 Hz |
0sct I~ p| OSCt —P>|128 Hz-16 Hz‘—»’ 8 Hz—1 Hz ‘

oscillation circuit dividing circuitf =~ L ——+«— " L———J ;
? #32 Hz, 16 Hz, 8 Hz, 2 Hz
Clock timer reset signal
Interrupt > Interrupt request
control

Fig. 4.9.1.1 Block diagram for the clock timer

Ordinarily, this clock timer is used for all types of timing functions such as clocks.

4.9.2 Data reading and hold function
The 8 bits timer data are allocated to the address C5H and C6H.

C5H DO0:TMO (128Hz) DI1:TM1 (64Hz) D2:TM2(32Hz)  D3: TM3 (16 Hz)
C6H DO: TM4 (8 Hz) D1: TM5 (4 Hz) D2: TM6 (2 Hz) D3: TM7 (1 Hz)

Since the clock timer data has been allocated to two addresses, a carry is generated from the low-order data
within the count (TM0-TM3: 128-16 Hz) to the high-order data (TM4-TM?7: 8-1 Hz). When this carry is
generated between the reading of the low-order data and the high-order data, a content combining the two
does not become the correct value (the low-order data is read as OFH and the high-order data becomes the
value that is counted up 1 from that point).

The high-order data hold function in the EOC6256 is designed to operate to avoid this. This function
temporarily stops the counting up of the high-order data (by carry from the low-order data) at the point
where the low-order data has been read and consequently the time during which the high-order data is
held is the shorter of the two indicated here following.

1. Period until it reads the high-order data.
2. 0.48-1.5 msec (varies due to the timing of the reading)

Note: When the high-order data has previously been read, since the low-order data is not held, you should
be sure to first read from the low-order data.

4.9.3 Interrupt function

The clock timer can cause interrupts at the falling edge of 32 Hz, 16 Hz, 8 Hz and 2 Hz signals. Software
can set whether to mask any of these frequencies.
Figure 4.9.3.1 is the timing chart of the clock timer.
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Address | Register| Frequency Clock timer timing chart

Do 128 Hz

C5H
D2 32 Hz
D3 16 Hz
DO 8 Hz N S s S N
D1 4 Hz

C6H
D2 2 Hz | \ | ||
D3 1 Hz | ||

32Hzinterruptrequest | t t t t t t t ¢ttt tttttttttt bttt ttttttttt

16 Hz interrupt request t t t t t t t t t t t t t t t t
8 Hz interrupt request t t t t t t t t
2 Hz interrupt request t t

(When fosct = 32.768 kHz)
Fig. 4.9.3.1 Timing chart of clock timer
As shown in Figure 4.9.3.1, interrupt is generated at the falling edge of the frequencies (32 Hz, 16 Hz, 8§ Hz,
2 Hz). At this time, the corresponding interrupt factor flag (ITO, IT1, IT2, IT3) is set to "1". Selection of
whether to mask the separate interrupts can be made with the interrupt mask registers (EITO, EIT1, EIT2,

EIT3). However, regardless of the interrupt mask register setting, the interrupt factor flag is set to "1" at the
falling edge of the corresponding signal.

4.9.4 Control of clock timer

Table 4.9.4.1 shows the clock timer control bits and their addresses.

Table 4.9.4.1 Control bits of clock timer

Address Register Comment
7 D3 D2 D1 DO Name Init *!1 1 0
*5 - *2
0 o |TvRuN | TMRST [ O Unused
C4H 0 *5 - *2 Unused
TMRUN 0 Run Stop | Clock timer Run/Stop
TMRST Reset | Reset - Clock timer reset
™3 ™2 ™1 ™O T™3 0 Clock t?mer data (16 Hz)
C5H ™2 0 Clock timer data (32 Hz)
R ™1 0 Clock timer data (64 Hz)
T™MO 0 Clock timer data (128 Hz)
™7 ™6 ™5 ™A ™7 0 Clock l%mer data (1 Hz)
C6H TM6 0 Clock timer data (2 Hz)
R T™M5 0 Clock timer data (4 Hz)
™4 0 Clock timer data (8 Hz)
ET3 EIT2 T EITo EIT3 0 Enable Mask | Interrupt mask regfster (Clock t?mer 2 Hz)
F6H EIT2 0 Enable Mask | Interrupt mask register (Clock timer 8 Hz)
RW EIT1 0 Enable Mask | Interrupt mask register (Clock timer 16 Hz)
EITO 0 Enable Mask | Interrupt mask register (Clock timer 32 Hz)
:k4 O 1
T3 T2 ™ o IT3 0 Yes No Interrupt ff\clor flag (Clock tfmer 2 Hz)
FEH IT2 *4 0 Yes No Interrupt factor flag (Clock timer 8 Hz)
IT1 *4 0 Yes No Interrupt factor flag (Clock timer 16 Hz)
R p g
ITO *4 0 Yes No Interrupt factor flag (Clock timer 32 Hz)
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read
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TMO-TM7: Timer data (C5H, C6H)

The 128 Hz-1 Hz timer data of the clock timer can be read out with these registers. These eight bits are read
only, and writing operations are invalid.

By reading the low-order data (C5H), the high-order data (C6H) is held while the shorter of the two
indicated here following.

1. Period until it reads the high-order data.
2. 0.48-1.5 msec (varies due to the timing of the reading)

At initial reset, the timer data is initialized to "00H".

TMRST: Clock timer reset (C4H+D0)
This bit resets the clock timer.

When "1" is written: ~ Clock timer reset
When "0" is written: ~ No operation
Reading:  Always "0"

The clock timer is reset by writing "1" to TMRST. When the clock timer is reset in the RUN status, operation
restarts immediately. Also, in the STOP status the reset data is maintained.
This bit is write-only, and so is always "0" at reading.

TMRUN: Clock timer RUN/STOP (C4HeD1)
This bit controls RUN/STOP of the clock timer.

When "1" is written: RUN
When "0" is written:  STOP
Reading:  Valid

The clock timer enters the RUN status when "1" is written to TMRUN, and the STOP status when "0" is
written.

In the STOP status, the timer data is maintained until the next RUN status or resets timer. Also, when the
STOP status changes to the RUN status, the data that was maintained can be used for resuming the count.
At initial reset, this register is set to "0".

EITO, EIT1, EIT2, EIT3: Interrupt mask registers (F6H)
These registers are used to select whether to mask the clock timer interrupt.

When "1" is written: ~ Enabled
When "0" is written:  Masked
Reading:  Valid

The interrupt mask registers (EITO, EIT1, EIT2, EIT3) are used to select whether to mask the interrupt to the
separate frequencies (32 Hz, 16 Hz, 8 Hz, 2 Hz).
At initial reset, these registers are all set to "0".

ITO, IT1, IT2, IT3: Interrupt factor flags (FEH)
These flags indicate the status of the clock timer interrupt.

When "1"isread:  Interrupt has occurred
When "0"isread:  Interrupt has not occurred
Writing:  Invalid

The interrupt factor flags (ITO, IT1, IT2, IT3) correspond to the clock timer interrupts of the respective
frequencies (32 Hz, 16 Hz, 8 Hz, 2 Hz). The software can judge from these flags whether there is a clock
timer interrupt. However, even if the interrupt is masked, the flags are set to "1" at the falling edge of the
signal.

These flags can be reset through being read out by the software.

Reading of interrupt factor flags is available at EI, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will not
be generated.

At initial reset, these flags are set to "0".
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4.9.5 Programming notes
(1) Be sure to data reading in the order of low-order data (TM0-TM3) then high-order data (TM4-TM?7).

(2) When the clock timer has been reset, the interrupt factor flag (IT) may sometimes be set to "1". Conse-
quently, perform flag reading (reset the flag) as necessary at reset.

(3) Reading of interrupt factor flags is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an

interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated.
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4.10 Stopwatch Timer

4.10.1 Configuration of stopwatch timer

The E0C6256 has a 1/1,000 sec stopwatch timer. The stopwatch timer is configured of a 3-stage, 4-bit BCD

counter serving as the input clock of a 1,000 Hz signal output from the prescaler. Data can be read out four
bits (1/1,000 sec, 1/100 sec and 1/10 sec) at a time by the software.

In addition it has a direct input function that controls the stopwatch timer RUN/STOP and LAP using the

input ports KOO and KO01.

Figure 4.10.1.1 is the block diagram of the stopwatch timer.

[SWRST] I I ¢

(1,000 Hz)
fosc1/32 1,000/ 1,024 /11/1,000 sec | 1/100 sec .| 1/10sec Le—» 1 Hz interrupt request
(1,024 Hz) prescaler counter counter I counter
% » 10 Hz interrupt request
CTTTTTTTTTTTTTIT I A A A
: Capture : >
KIIEAP control  {a—— Capture buffer
(K01) : circuit |

: L
IEEBJCI)\; -] [SWRUN] |- swrl; f— SW(li\{I sw(:-]

3 q 3 reading reading reading
KMSK —»| [DKM2-0] [« [EDIR] |- | \ ' ' Y

(K02-K13) ! 3 Data bus
. [ILcURFI | [ICRNWF] j«—¢ )

» Direct RUN interrupt request
» Direct LAP interrupt request

Fig. 4.10.1.1 Block diagram of stopwatch timer

The stopwatch timer can be used as a separate timer from the clock timer. In particular, digital watch
stopwatch functions can be realized easily with software.

4.10.2 Counter and prescaler

The stopwatch timer is configured of four-bit BCD counters SWL, SWM and SWH.

The counter SWL, at the stage preceding the stopwatch timer, has a 1,000 Hz signal generated by the
prescaler for the input clock. It counts up every 1/1,000 sec, and generates 100 Hz signal. The counter SWM
has a 100 Hz signal generated by the counter SWL for the input clock. It count-up every 1/100 sec, and
generated 10 Hz signal. The counter SWH has an approximated 10 Hz signal generated by the counter
SWM for the input clock. It count-up every 1/10 sec, and generated 1 Hz signal.

The prescaler inputs a 1,024 Hz clock dividing fosc1 (output from the OSC1 oscillation circuit), and outputs
1,000 Hz counting clock for SWL. To generate a 1,000 Hz clock from 1,024 Hz, 24 pulses from 1,024 pulses
that are input to the prescaler every second are taken out.

When the counter becomes the value indicated below, one pulse (1,024 Hz) that is input immediately after
to the prescaler will be pulled out.

<Counter value (msec) in which the pulse correction is performed>
39,79,139, 179, 219, 259, 299, 319, 359, 399, 439, 479, 539, 579, 619, 659, 699, 719, 759, 799, 839, 879, 939, 979

Figure 4.10.2.1 shows the operation of the prescaler.

START

Prescaler input clock (1,024 Hz)

Prescaler output clock

Counter data 000) 0ot 002 ]/ fos7fo3s) 039 |

Fig. 4.10.2.1 Timing of the prescaler operation

For the above reason, the counting clock is 1,024 Hz (0.9765625 msec) except during pulse correction.
Consequently, frequency of the prescaler output clock (1,000 Hz) , 100 Hz generated by SWL and 10 Hz
generated by SWM are approximate values.
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4.10.3 Capture buffer and hold function

The stopwatch data, 1/1,000 sec, 1/100 sec and 1/10 sec, can be read from SWL (D2H), SWM (D3H) and
SWH (D4H), respectively. The counter data are latched in the capture buffer when reading, and are held
until reading of three words is completed. For this reason, correct data can be read even when a carry from
lower digits occurs during reading the three words. Further, three counter data are latched in the capture
buffer at the same time when SWL (1/1,000 sec) is read. The data hold is released when SWH (1/10 sec)
reading is completed. Therefore, data should be read in order of SWL—-SWM—SWH. If SWM or SWH is
first read when data have not been held, the hold function does not work and data in the counter is directly
read out. When data that has not been held is read in the stopwatch timer RUN status, you cannot judge
whether it is correct or not.

The stopwatch timer has a LAP function using an external key input (explained later). The capture buffer is
also used to hold LAP data. In this case, data is held until SWH is read. However, when a LAP input is
performed before completing the reading, the content of the capture buffer is renewed at that point.
Remaining data that have not been read become invalid by the renewal, and the hold status is not released
if SWH is read. When SWH is read after the capture buffer is updated, the capture renewal flag is set to "1"
at that point. In this case, it is necessary to read from SWL again. The capture renewal flag is renewed by
reading SWH.

Figure 4.10.3.1 shows the timing for data holding and reading.

Direct LAP input (KO1)
Direct LAP internal signal [

Capture renewal flag CRNWF
SWL reading 1 [ I

SWM reading [ [ I
SWH reading I [ [

_ L
Fig. 4.10.3.1 Timing for data holding and reading

Data holding

4.10.4 Stopwatch timer RUN/STOP and reset
RUN/STOP control and reset of the stopwatch timer can be done by the software.

(1) Stopwatch timer RUN/STOP
The stopwatch timer enters the RUN status when "1" is written to SWRUN, and the STOP status when
"0" is written.
In the STOP status, the timer data is maintained until the next RUN status or resets timer. Also, when
the STOP status changes to the RUN status, the data that was maintained can be used for resuming the
count.
The RUN/STOP operation of the stopwatch timer by writing to the SWRUN register is performed in
synchronization with the falling edge of the 1,024 Hz same as the prescaler input clock.
The SWRUN register can be read, and in this case it indicates the operating status of the stopwatch
timer.
Figure 4.10.4.1 shows the operating timing when controlling the SWRUN register.

fosc1/32 (1,024 Hz) UL U U U UUUULT
SWRUN writing | L L
SWRUN register __| L L
Count clock 7MM

Fig. 4.10.4.1 Operating timing when controlling SWRUN

When the direct input function (explained in next section) is set, RUN/STOP control is done by an
external key input. In this case, SWRUN becomes read only register that indicates the operating status
of the stopwatch timer.
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(2) Stopwatch timer reset
The stopwatch timer is reset when "1" is written to SWRST. With this, the counter value is cleared to
"000".
Since this resetting does not affect the capture buffer, data that has been held in the capture buffer is
not cleared and is maintained as is.
When the stopwatch timer is reset in the RUN status, counting restarts from count "000". Also, in the
STOP status the reset data "000" is maintained until the next RUN.

4.10.5 Direct input function and key mask

The stopwatch timer has a direct input function that can control the RUN/STOP and LAP operation of the
stopwatch timer by external key input. This function is set by writing "1" to the EDIR register. When EDIR
is set to "0", only the software control is possible as explained in the previous section.

(1) Direct RUN
When the direct input function is selected, RUN/STOP operation of the stopwatch timer can be control-
led by using the key connected to the input port K00. KOO works as a normal input port, but the input
signal is sent to the stopwatch control circuit. The key input signal from the K00 port works as a toggle
switch. When it is input in STOP status, the stopwatch timer runs, and in RUN status, the stopwatch
timer stops. RUN/STOP status of the stopwatch timer can be checked by reading the SWRUN register.
An interrupt is generated by direct RUN input.
The sampling for key input signal is performed at the falling edge of 1,024 Hz signal same as the
SWRUN control. The chattering judgment is performed at the point where the key turns OFF, and a
chattering less than 46.8-62.5 msec is removed. Therefore, more time is needed for an interval between
RUN and STOP key inputs.
Figure 4.10.5.1 shows the operating timing for the direct RUN input.

fosc1/32 (1,024 Hz) UpyuuuUuruuypuuy
Direct RUNinput (k00) _ [ [ [T |
Direct RUN internal signal Jﬂ
SWRUN register _
Count clock N a i

Direct RUN interrupt 4 4

Fig. 4.10.5.1 Operating timing for direct RUN input

(2) Direct LAP
Control for the LAP can also be done by key input same as the direct RUN. When the direct input
function is selected, the input port KO1 becomes the LAP key input port. Sampling for the input signal
and the chattering judgment are the same as a direct RUN.
By entering the LAP key, the counter data at that point is latched into the capture buffer and is held.
The counter continues counting operation. Furthermore, an interrupt occurs by direct LAP input.
As stated above, the capture buffer data is held until SWH is read. If the LAP key is input when data
has been already held, it renews the content of the capture buffer. When SWH is read after renewing,
the capture renewal flag is set to "1". In this case, the hold status is not released by reading SWH, and it
continues. Normally the LAP data should be read after the interrupt is generated. After that, be sure to
check the capture renewal flag. When the capture renewal flag is set, renewed data is held in the
capture buffer. So it is necessary to read from SWL again.
The stopwatch timer sets the 1 Hz interrupt factor flag ISW1 to "1" when requiring a carry-up to 1-sec
digit by an SWH overflow. If the capture buffer shifts into hold status (when SWL is read or when LAP
is input) while the 1 Hz interrupt factor flag ISW1 is set to "1", the lap data carry-up request flag LCURF
is set to "1" to indicate that a carry-up to 1-sec digit is required for the processing of LAP input. In
normal software processing, LAP processing may take precedence over 1-sec or higher digits process-
ing by a 1 Hz interrupt, therefore carry-up processing using this flag should be used for time display in
the LAP processing to prevent the 1-sec digit data decreasing by 1 second. This flag is renewed when
the capture buffer shifts into hold status.

Figure 4.10.5.2 shows the operating timing for the direct LAP input, and Figure 4.10.5.3 shows the
timings for data holding and reading during a direct LAP input and reading.
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fosc1/32 (1,024 Hz) ‘
Direct LAP input (K01)
Direct LAP internal signal [

Data holding

4 SWH reading

Direct LAP interrupt 4 4
Fig. 4.10.5.2 Operating timing for direct LAP input

Direct LAP input (KO1) T T [
Capture renewal flag CRNWF
SWL reading _ [ [
SWM reading [ [ [
SWH reading I [ [
Data holding | L L [

1 Hz interrupt factor flag ISW1 j
Lap data carry-up request flag LCURF I

Counter data 999 000

Fig. 4.10.5.3 Timing for data holding and reading during direct LAP input

(3) Key mask

In stopwatch applications, some functions may be controlled by a combination of keys including direct
RUN or direct LAP. For instance, the RUN key can be used for other functions, such as reset and setting
a watch, by pressing the RUN key with another key. In this case, the direct RUN function or direct LAP
function must be invalid so that it does not function. For this purpose, the key mask function is set so
that it judges concurrence of input keys and invalidates RUN and LAP functions. A combination of the
key inputs for this judgment can be selected using the DKM0-DKM?2 registers.

Table 4.10.5.1 Key mask selection

DKM2 DKM1 DKMO | Mask key combination
0 0 0 None (at initial reset)
0 0 1 K02
0 1 0 K02, K03
0 1 1 K02, K03, K10
1 0 0 K10
1 0 1 K10, K11
1 1 0 K10, K11, K12
1 1 1 K10, K11, K12, K13

RUN or LAP inputs become invalid in the following status.

1. The RUN or LAP key is pressed when one or more keys that are included in the selected combina-
tion (here in after referred to as mask) are held down.

2. The RUN or LAP key has been pressed when the mask is released.

fosc1/32 (1,024 Hz) LU UL U UL UL
Direct RUN/LAP input __| L
] L]
v£id T invtllid T
invalid invalid

Fig. 4.10.5.4 Operation of key mask

Key mask
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RUN or LAP inputs become valid in the following status.

1.
2.

Either the RUN or LAP key is pressed independently if no other key is been held down.

Both the RUN and LAP keys are pressed at the same time if no other key is held down. (RUN and
LAP functions are effective.)

The RUN or LAP key is pressed if either is held down. (RUN and LAP functions are effective.)

Either the RUN or LAP key and the mask key are pressed at the same time if no other key is held
down.

Both the RUN and LAP keys and the mask key are pressed at the same time if no other key is held
down. (RUN and LAP functions are effective.)

Simultaneous key input is referred to as two or more key inputs are sampled at the same falling
edge of 1,024 Hz clock.

4.10.6 Interrupt function

(1) 10 Hz and 1 Hz interrupts
The 10 Hz and 1 Hz interrupts can be generated through the overflow of stopwatch timers SWM and
SWH respectively. Also, software can set whether to separately mask the frequencies described earlier.
Figure 4.10.6.1 is the timing chart for the counters.

Address Register Stopwatch timer (SWL) timing chart

DO L L L L
LI e T e T e B e B
D2 | L B

D2H
(1/1,000 sec BCD)

D3
Address Register Stopwatch timer (SWM) timing chart

DO LI L
5L A s o N N s N e B

D3H
(1/100 sec BCD) : :
D2 | |
D3
10 Hz interrupt request f f
Address Register Stopwatch timer (SWH) timing chart

DO L L L L
S L A s N o HE N s N e B

| — SN S

D3 ] |

1 Hz interrupt request 4 4

(1/10 sec BCD)

Fig. 4.10.6.1 Timing chart for counters
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As shown in Figure 4.10.6.1, the interrupts are generated by the overflow of their respective counters (9"
changing to "0"). Also, at this time the corresponding interrupt factor flags (ISWO0, ISW1) are set to "1".

The respective interrupts can be masked separately through the interrupt mask registers (EISWO,
EISW1). However, regardless of the setting of the interrupt mask registers, the interrupt factor flags are
set to "1" by the overflow of their corresponding counters.

(2) Direct RUN and direct LAP interrupts
When the direct input function is selected, the direct RUN and direct LAP interrupts can be generated.
The respective interrupts occur at the rising edge of the internal signal for direct RUN and direct LAP
after sampling the direct input signal in the falling edge of 1,024 Hz signal. Also, at this time the
corresponding interrupt factor flags (IRUN, ILAP) are set to "1".
The respective interrupts can be masked separately through the interrupt mask registers (EIRUN,
EILAP). However, regardless of the setting of the interrupt mask registers, the interrupt factor flags are
set to "1" by the inputs of the RUN and LAP.

The direct RUN function uses the KOO port and the direct LAP function uses the K01 port. Therefore,
the direct input interrupt and the K00-KO03 inputs interrupt may generate at the same time depending
on the interrupt condition setting for the input port KO0-K03. Consequently, when using the direct
input interrupt, set the interrupt selection registers SIK00 and SIKO01 to "0" so that the input interrupt
does not generate by K00 and K01 inputs.

fosc1/32 (1,024 Hz)
SWRST writing 1 3 N 3 3
T T T i
[ |

EDIR writing
EDIR register
Direct RUN input

SWRUN writing |
SWRUN register ]
Direct LAP input

Counter data [ 000 Jootfoozfoosfooafoosfol
Capture buffer N oo

SWL reading M
SWM reading 1

I\
|
SWH reading ﬂ_‘ \
CRNWF }
I
/I

1 Hz interrupt factor flag ISW1

LCURF
Direct RUN interrupt
Direct LAP interrupt

10 Hz interrupt
1 Hz interrupt

Fig. 4.10.6.2 Timing chart for stopwatch timer
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4.10.7 Control of stopwatch timer
Table 4.10.7.1 lists the stopwatch timer control bits and their addresses.

Table 4.10.7.1 Control bits of stopwatch timer

Address Register Comment
7 D3 D2 D1 DO Name Init *1 1 0
EDIR okv2 | DK DKMO EDIR 0 Enable | Disable Enal?le direct input function
DOH DKM2 0 Direct key mask factor 0: Non, 1: K02,
RW DKM1 0 2: K02-03, 3: K02-03-10, 4: K10, 5: K10-11,
DKMO 0 6: K10-11-12, 7: K10-11-12-13
LcUrRF | canwE | swrun | swasT LCURF 0 Regest No Lap data carry-up request flag
D1H CRNWF 0 Renewal No Capture renewal flag
R AW W SWRUN 0 Run Stop | Stopwatch timer Run/Stop
2
SWRST > Reset Reset - Stopwatch timer reset
] MSB
SWL3 | SWL2 | SwLi | swio gmz g s
D2H Stopwatch timer data 1/1000 sec (BCD)
R SWL1 0
SWLO 0 _| LSB
SWM3 | SWM2 | SWM1 | SWMO :vamz g MSB
D3H SWMT 0 Stopwatch timer data 1/100 sec (BCD)
SWMo 0 _| LSB
SWH3 | SWH2 | SWH1 | SWHo 2w:2 g MSB
D4H Stopwatch timer data 1/10 sec (BCD)
R SWH1 0
SWHO 0 _| LSB
I sk regis h di RUN
EIRUN | EILAP | EISW1 | EIswo EIRUN 0 Enable Mask nterrupt masl reg?ster (Stopwatc d?rect UN)
F5H EILAP 0 Enable Mask | Interrupt mask register (Stopwatch direct LAP)
AW EISW1 0 Enable Mask | Interrupt mask register (Stopwatch 1 Hz)
EISWO 0 Enable Mask | Interrupt mask register (Stopwatch 10 Hz)
*4 P P M
IRUN ILAP ISW1 1SWO IRUN 0 Yes No Interrupt factor flag (Stopwatch dfrect RUN)
FDH ILAP *4 0 Yes No Interrupt factor flag (Stopwatch direct LAP)
ISW1 *4 0 Yes No Interrupt factor flag (Stopwatch 1 Hz)
ISWO *4 0 Yes No Interrupt factor flag (Stopwatch 10 Hz)

*] Initial value at the time of initial reset

*2 Not set in the circuit
*#3 Undefined

*4 Reset (0) immediately after being read

*5 Constantly "0" when being read
*6 Refer to main manual
*7 Page switching in I/O memory is not necessary

SWL0-SWL3: Stopwatch timer data 1/1,000 sec (D2H)
Data (BCD) of the 1/1,000 sec column of the capture buffer can be read out.
The hold function of the capture buffer works by reading this data.

These 4 bits are read-only, and cannot be used for writing operations.

At initial reset, the timer data is set to "0".

SWM0-SWM3: Stopwatch timer data 1/100 sec (D3H)
Data (BCD) of the 1/100 sec column of the capture buffer can be read out. These 4 bits are read-only, and
cannot be used for writing operations.
At initial reset, the timer data is set to "0".

SWHO0-SWHS3: Stopwatch timer data 1/10 sec (D4H)

Data (BCD) of the 1/10 sec column of the capture buffer can be read out. These 4 bits are read-only, and
cannot be used for writing operations.
At initial reset, the timer data is set to "0".

Note: Be sure to data reading in the order of SWL—-SWM—SWH.
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EDIR: Direct input function enable register (DOH*D3)
Set the direct input (RUN/LAP) function to enable or disable.

When "1" is written:  Enabled
When "0" is written: ~ Disabled
Reading:  Valid

The direct input function is set to enable by writing "1" to EDIR, and then RUN/STOP and LAP control can
be done by external key input. When "0" is written, the direct input function is invalid, and the stopwatch
timer is controlled by the software only.

Further the function switching is actually done by synchronizing with the falling edge of fosc1/32 (1,024
Hz) after the data is written to this register (after 977 psec maximum).

At initial reset, this register is set to "0".

DKM2, DKM1, DKMO: Direct key mask factor setting (DOH*D2, D1, D0)
Selects a combination of the key inputs for concurrence judgment with RUN and LAP inputs when the
direct input function is set.

Table 4.10.7.2 Key mask selection

DKM2 DKM1 DKMO | Mask key combination
0 0 0 None (at initial reset)
0 0 1 K02
0 1 0 K02, K03
0 1 1 K02, K03, K10
1 0 0 K10
1 0 1 K10, K11
1 1 0 K10, K11, K12
1 1 1 K10, K11, K12, K13

When the concurrence is detected, RUN and LAP inputs cannot be accepted until the concurrence is
released.
At initial reset, these registers are set to "0".

SWRST: Stopwatch timer reset (D1H*D0)
This bit resets the stopwatch timer.

When "1" is written: ~ Stopwatch timer reset
When "0" is written: ~ No operation
Reading:  Always "0"

The stopwatch timer is reset when "1" is written to SWRST. When the stopwatch timer is reset in the RUN
status, operation restarts immediately. Also, in the STOP status the reset data is maintained.

Since this reset does not affect the capture buffer, the capture buffer data in hold status is not cleared and is
maintained.

This bit is write-only, and is always "0" at reading.

SWRUN: Stopwatch timer RUN/STOP (D1HeD1)
This register controls the RUN/STOP of the stopwatch timer, and the operating status can be monitored by
reading this register.

® When writing data
When "1" is written:  RUN
When "0" is written: ~ STOP

The stopwatch timer enters the RUN status when "1" is written to SWRUN, and the STOP status when "0" is
written.

In the STOP status, the timer data is maintained until the next RUN status or resets timer. Also, when the
STOP status changes to the RUN status, the data that was maintained can be used for resuming the count.
RUN/STOP control with this register is valid only when the direct input function is set to disable. When
the direct input function is set, it becomes invalid.
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® When reading data
When "1"isread: = RUN
When "0"isread: STOP

Reading is always valid regardless of the direct input function setting. "1" is read when the stopwatch timer
is in the RUN status, and "0" is read in the STOP status.
At initial reset, this register is set to "0".

LCURF: Lap data carry-up request flag (D1H*D3)
This flag indicates a carry that has been generated to 1 sec-digit when the data is held.

When "1"isread:  Carry is required
When "0"isread:  Carry is not required
Writing:  Invalid

If the capture buffer shifts into hold status while the 1 Hz interrupt factor flag ISW1 is set to "1", LCURF is
set to "1" to indicate that a carry-up to 1-sec digit is required. When performing a processing such as a LAP
input preceding with 1 Hz interrupt processing, read this flag before processing and check whether carry-
up is needed or not.

This flag is renewed (set/reset) every time the capture buffer shifts into hold status.

At initial reset, this flag is set to "0".

CRNWEF: Capture renewal flag (D1HD2)
This flag indicates that the content of the capture buffer has been renewed.

When "1"isread: Renewed
When "0"isread:  Not renewed
Writing:  Invalid

The content of the capture buffer is renewed if the LAP key is input when the data held into the capture
buffer has not yet been read. Reading SWH in that status sets this flag to "1", and the hold status is main-
tained. Consequently, when data that is held by a LAP input is read, read this flag after reading the SWH
and check whether the data has been renewed or not.

This flag is renewed when SWH is read.

At initial reset, this flag is set to "0".

EIRUN, EILAP, EISW1, EISWO: Interrupt mask registers (F5H)
These registers are used to select whether to mask the stopwatch timer interrupt.

When "1" is written: ~ Enabled
When "0" is written: ~ Masked
Reading:  Valid

The interrupt mask registers EIRUN, EILAP, EISW1 and EISWO are used to separately select whether to
mask the direct RUN, direct LAP, 1 Hz and 10 Hz interrupts.
At initial reset, these registers are both set to "0".

IRUN, ILAP, ISW1, ISWO: Interrupt factor flags (FDH)
These flags indicate the status of the stopwatch timer interrupt.

When "1"isread:  Interrupt has occurred
When "0"isread:  Interrupt has not occurred
Writing:  Invalid

The interrupt factor flags IRUN, ILAP, ISW0 and ISW1 correspond to the direct RUN, direct LAP, 1 Hz and
10 Hz interrupts respectively. With these flags, the software can judge whether a stopwatch timer interrupt
has occurred. However, regardless of the interrupt mask register setting, these flags are set to "1" when the
timing condition is established.

These flags are reset when read out by the software.

Reading of interrupt factor flags is available at EI, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will not
be generated.

At initial reset, these flags are set to "0".
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4.10.8 Programming notes
(1) The interrupt factor flag should be reset after resetting the stopwatch timer.

(2) Be sure to data reading in the order of SWL—-SWM—SWH.

(38) When data that is held by a LAP input is read, read the capture buffer renewal flag CRNWF after
reading the SWH and check whether the data has been renewed or not.

(4) When performing a processing such as a LAP input preceding with 1 Hz interrupt processing, read the
LAP data carry-up request flag LCURF before processing and check whether carry-up is needed or not.

(5) When the interrupt factor flag ISW1 is set to "1", if reading it (reading FDH) before the capture buffer
shifts into hold status, the LAP data carry-up request flag is not set to "1". Pay attention to the interrupt
processing.

(6) Reading of interrupt factor flags is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will

not be generated.
Stopwatch
interrupt routine

Read capture:
SWL, SWM, SWH

Carry up 1 sec for
stopwatch data

Read interrupt factor flag:
IRUN, ILAP, ISW1, ISWO

‘ 10 Hz interrupt (application)‘

RETURN

0

i

Acquire for lap data

i

‘ Carry up 1 sec for lap data ‘

i

Control for RUN/STOP

Fig. 4.10.8.1 Flow chart of stopwatch timer interrupt processing
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4.11 Programmable Timer

4.11.1 Configuration of programmable timer

E0C6256 has a programmable timer which is configured with an 8 bits pre-settable down counter.

Aside from the count by the built-in clock (fosc1/fosc3), this programmable timer also possesses an event
counter function that performs counting by making the signal input from the input port K02 as the clock.
The initial value of count data can be set by software to the reload register; at the point where the down-
counter value is "0", the programmable timer reloads the initial value and continues to down-count.

In addition, the clock created by the underflow of the down counter can be output to the serial interface
and to the output port R11.

Figure 4.11.1.1 shows the configuration of the programmable timer.

256 Hz —P»
1,024 Hz —»|

Selector ¢

I

@ YVY
Data bus

0OSC3
oscillation circuit

reject —Pp
iroui —P Reload register
r circuit 1/256, 1/32, 9
K02 O ® > 1/4,11 @
Selector
OSC1 ) Prescaler P
oscillation circuit 8-bit down counter
_>

Interrupt —» Interrupt request
control
Programmable timer RUN/STOP signal
) . PTOVF ToR11
Programmable timer reset signal L generation —P and
citcuit serial interface

Fig. 4.11.1.1 Configuration of programmable timer

4.11.2 Input clock and prescaler

(1) Clock source selection
The counter clock source can be selected among four types shown in Table 4.11.2.1 by registers PTPCO
and PTPC1.

Table 4.11.2.1 Clock source selection

PTPC1 PTPCO Clock source
0 0 fosci (32 kHz)
0 1 fosc3 (1 MHz)
1 0 K02 input (direct)
1 1 K02 input (with noise reject circuit)

fosct and fosc3 are the respective output clocks of the OSC1 and OSC3 oscillation circuit.
When using f0sc3, you must turn ON the OSC3 oscillation circuit in advance. If the OSC3 oscillation
circuit is ON, counting can be done by fosc3, even when the CPU clock is fosc1.

The K02 input is an external input when used as an event counter and when K02 input (with noise
rejecter) has been selected it passes through the noise reject circuit. In case such as when counting by a
key input, this causes it to eliminate noise such as chattering.

This noise reject circuit can perform an input signal sampling using two types of frequencies 256 Hz or
1,024 Hz. Either frequency to be used can be selected by the register PNRFS. Further a signal less than 3
clocks of the selected frequency is regarded as noise, and it is not input as the count clock.
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Table 4.11.2.2 Noise reject clock selection
PNRFS |Frequency| Sampling time
0 256 Hz 12 msec
1 1,024 Hz 3 msec

Noise reject clock v 1Iv ] } v 1Iv ] }
Noise [ Input (K02) 1o
® '@ ©) !

reject @

circuit | Output

® High level is less than 3 clocks: the rising edge is not accepted
@ High level is 3 clocks or more: the rising edge is accepted
® Low level is less than 3 clocks: the falling edge is not accepted
@ Low level is 3 clocks or more: the falling edge is accepted

Fig. 4.11.2.1 Sampling timing of noise reject circuit
The K02 input (direct) is bypassed by this noise reject circuit. When it inputs a clock of 3 msec or less,

you should select direct.

(2) Clock dividing ratio selection
For the programmable timer, the prescaler is established after the selector for the above mentioned
clock source and the input clock dividing ratio can be selected from four types. As shown in Table
4.11.2.3, this selection can be done by registers PTPS0 and PTPSI.

Table 4.11.2.3 Clock dividing ratio selection

PTPS1 PTPSO Dividing ratio
0 0 171
0 1 1/4
1 0 1/32
1 1 1/256

4.11.3 Operation of programmable timer

(1) Down-count
The 8-bit down counter counts down the divided input clock explained in the foregoing clause as the
clock.
The down count timing becomes the falling edge of the clock.

K02 input
4 t t

fosct
S

foscs [ e R S S I
t t t t t

4 Down count

Fig. 4.11.3.1 Timing of down-counts

Run/Stop of the programmable timer can be controlled by register PTRUN.
When initiating programmable timer count, perform programming by the following steps:

1. Set the initial data to RDO-RD?.
2. Reset the programmable timer by writing "1" to PTRST.
3. Start the down-count by writing "1" to PTRUN.
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(2) Data reload
The reload register (8 bits) for the initial value setting of the down counter is built into the programma-
ble timer. The data set into the reload register is loaded into the down counter in the following instances
and the count down is done from that value.

1. When the programmable timer has been reset by software
2. When the count down advances and the down counter becomes 00H

(3) Data reading
The low-order 4 bits of the down counter data is allocated to the address CDH and the high-order 4 bits
are allocated to CEH and they can respectively be read.
At the time of this reading as well, the high-order data hold function operates the same as the clock
timer. Refer to Section 4.9, "Clock Timer" for details of the hold function.

(4) PTOVF signal
The programmable timer generates a PTOVF signal by inverting the level each time the down counter
becomes 00H.

Down counter = 00H

SR BRI S SR

PTOVF
Fig. 4.11.3.2 PTOVF signal

The cycles (frequency) for this signal can be set according to the input clock, the dividing ratio and
initial value that has been set for the reload register. The frequency of the output clock is indicated by
the following expression.

fout = fin x dv/ (RD x 2) fout: PTOVF frequency
fin:  Input clock frequency
dv:  Dividing ratio (1/256,1/32,1/4,1/1)
RD: Reload data (1-256(0))

This PTOVF signal is input into the serial interface and can be used as the transfer clock. In addition, it
can also be output externally through the output port R11.

4.11.4 Interrupt function

The programmable timer generates interrupt after the down-count from the initial setting is completed and
the content of the down-counter indicates 00H.
After interrupt generation, the programmable timer reloads the initial count value into the down-counter
and resumes counting.
Figure 4.11.4.1 shows the timing chart of the programmable timer.
PTRST I
PTRUN |
Counting clock | [LAMLATULA | | UL UL || PO LU LU || AL,

D3 [ [ —
Timer data D2
high-order
address (CEH) D1 B
L Do [
[ D3 Y | — —
fmerdata) pp  ——— || || |
low-order D1
address (CDH) 0 —7r |07y rr_r U —rr_r rr
L Do JENN s Y A I Ay I

PTOVF BN
Interrupt request Interrupt request Interrupt request

Note: * When "A6H" is set into the reload register
* The counting clock is output of the prescaler

Fig. 4.11.4.1 Timing chart of programmable timer

When the down-counter values PTO-PT7 have become 00H the interrupt factor flag IPT is set to "1" and an
interrupt is generated. The interrupt can be masked through the interrupt mask register EIPT. However,
regardless of the setting of the interrupt mask register, the interrupt factor flag is set to "1" when the down-
counter equals 00H.
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4.11.5 Control of programmable timer
Table 4.11.5.1 lists the programmable timer control bits and their addresses.

Table 4.11.5.1 Control bits of programmable timer

Address Register Comment
7 D3 D2 D1 DO Name Init *1 1 0
0 o | Pest | PTRPSO g v o En"sej
3 - nuse
C8H R RW PTPS1 0 ] Prog. timer prescaler selection
PTPSO 0 0: 1/1, 1: 1/4,2: 1/32, 3: 1/256
*5 _ %) S
0 o |erct |preco | © Unused
C9H 0 *5 - %2 Unused
R RW PTPC1 0 ] Prog. timer prescaler clock source selection
PTPCO 0 0: OSCI1, 1: OSC3, 2: K02, 3: KO2(NR)
PNRES | PTOE | PTRUN | PTRST PNRFS 0 1024Hz 2§6Hz Noise rejector clock frequency selection
CAH PTOE 0 Enable | Disable | PTOVF output enable
RW W PTRUl\i 0 Run Stop | Programmable timer Run/Stop
PTRST 5 Rt (reload) | Rst (reload) - Programmable timer reset (reload)
RDs | RD2 | RD1 | mDo | AD3 | O MSB ,
CBH RD2 0 Programmable timer reload data
RW RD1 0 (low-order 4 bits)
RDO 0 _I LSB
Ro7 | RDe | RDs | RD4 | "7 | O MSB ,
CCH RD6 0 Programmable timer reload data
RW RD5 0 (high-order 4 bits)
RD4 0 _| LSB
PT3 PT2 PT1 PTO PT3 0 MSB .
CDH PT2 0 Programmable timer data
R PT1 0 (low-order 4 bits)
PT0 0 _| LSB
pr7 | pte | P15 | pra | P17 [ O MSB ‘
CEH PT6 0 Programmable timer data
R PT5 0 (high-order 4 bits)
PT4 0 | LSB
*5 - *2 R
0 0 0 EIPT g v o 3"““’3
-7 nuse
FaH R RW 0 *5 - "2 Unused
EIPT 0 Enable Mask | Interrupt mask register (Programmable timer)
#5 _ %) s
0 0 0 IPT g . . 3“““‘33
5 - nuse
FCH R 0 *5 - *2 Unused
IPT *4 0 Yes No Interrupt factor flag (Programmable timer)
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

PTPCO, PTPC1: Prescaler clock source selection (C9HDO0, D1)
Selects the input clock for the prescaler.

Table 4.11.5.2 Clock source selection

PTPC1 PTPCO Clock source
0 0 fosci (32 kHz)
0 1 foscs (1 MHz)
1 0 K02 input (direct)
1 1 K02 input (with noise reject circuit)

At initial reset, these registers are set to "0".
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PNRFS: Noise reject clock frequency selection (CAH*D3)
Selects the noise reject frequency.

When "1" is written: 1,024 Hz
When "0" is written: 256 Hz
Reading:  Valid

When K02 (with resistor) is selected as clock source, the frequency of the noise reject clock is selected from
1,024 Hz or 256 Hz. By writing "1" to PNRFS, 1,024 Hz is selected and K02 input signal more than 3 msec
will be accepted. When "0" is written to PNRFS, 256 Hz is selected and K02 input signal more than 12 msec
will be accepted.

At initial reset, this register is set to "0".

PTPSO0, PTPS1: Prescaler dividing ratio selection (C8HDO0, D1)
Selects the dividing ratio for input clock.

Table 4.11.5.3 Clock dividing ratio selection

PTPSH PTPSO Dividing ratio
0 0 171
0 1 1/4
1 0 1/32
1 1 1/256

At initial reset, these registers are set to "0".

RDO0-RD3, RD4-RD7: Reload register (CBH, CCH)

These are reload registers for setting the initial value of the timer.

Sets the low-order 4 bits of the 8 bits timer data to RD0O-RD3, and the high-order 4 bits to RD4-RD?7.
The set timer data is loaded to the down-counter when the programmable timer is reset or when the
content of the down-counter is "00H".

When data of reload registers is set at "00H", the down-counter becomes a 256-value counter.

At initial reset, these registers are set to "0".

PTRST: Programmable timer reset (CAH*D0)
This bit resets the programmable timer.

When "1" is written: =~ Programmable timer reset
When "0" is written: ~ No operation
Reading:  Always "0"

By writing "1" on PTRST, the programmable timer is reset.

The contents set in RD0-RD7 are loaded into the down-counter.

When the programmable timer is reset in the RUN mode, it will re-start counting immediately after loading
and at STOP mode, the load data is maintained.

Because this bit is only for writing, it is always "0" during reading.

PTRUN: Programmable timer RUN/STOP (CAHeD1)
This register controls RUN/STOP of the programmable timer.

When "1" is written: RUN
When "0" is written:  STOP
Reading:  Valid

By writing "1" on PTRUN, the programmable timer performs counting operation. Writing "0" will make the
programmable timer stop counting.

Even if the programmable timer is stopped, the timer data at that point is kept.

At initial reset, PTRUN is set to "0".

PT0-PT3, PT4-PT7: Programmable timer data (CDH, CEH)

Will read the data from the down-counter of the programmable timer.

Will read the low-order 4 bits of the 8 bits counter data PTO-PT3, and the high-order 4 bits PT4-PT7.
Because these 8 bits are only for reading, writing operation is rendered invalid.

By reading the low-order 4 bits, hold function works for the high-order 4 bits.

At initial reset, these registers are set to "0".
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PTOE: PTOVF output enable (CAH*D2)
Controls the PTOVF output ON and OFF.

When "1"is written: =~ PTOVF output enable
When "0" is written: =~ PTOVF output disable (DC output)
Reading:  Valid

By writing "1" to PTOE when "0" has been set to the R11 register, the PTOVF signal is output from the R11
terminal. When "0" is written, the R11 terminal goes to a low (Vss) level.

When R11 is used for DC output, keep PTOE register set to "0".

At initial reset, this register is set to "0".

EIPT: Interrupt mask register (F4H*D0)
This register is used to select whether to mask the programmable timer interrupt.

When "1" is written: ~ Enabled
When "0" is written:  Masked
Reading:  Valid

With this register, masking of the programmable timer can be selected.
At initial reset, this register is set to "0".

IPT: Interrupt factor flag (FCH<DO)
This is the interrupt factor flag of the programmable timer.

When "1"isread:  Interrupt has occurred
When "0"isread:  Interrupt has not occurred
Writing:  Invalid

From the status of this flag, the software can decide whether the programmable timer interrupt. Note,
however, that even if the interrupt is masked, this flag will be set to "1" by the counter value will become
"00H".

This flag is reset when read out by the software.

Reading of interrupt factor flags is available at EI, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will not
be generated.

At initial reset, this flag is set to "0".

4.11.6 Programming notes
(1) Be sure to read the counter data in the order of low-order data (PT0-PT3) then high-order data (PT4-PT7).

(2) When data of reload registers is set at "00H", the down-counter becomes a 256-value counter.
(3) Set the Vsi1 voltage to -2.1 V (VSCHG = "1") when using the programmable timer as an event counter.

(4) Reading of interrupt factor flags is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated.
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4.12 Serial Interface (SIN, SOUT, SCLK, SRDY)

4.12.1 Configuration of serial interface

The E0C6256 has a synchronous clock type 8 bits serial interface built-in.

The configuration of the serial interface is shown in Figure 4.12.1.1.

The CPU, via the 8 bits shift register, can read the serial input data from the SIN terminal. Moreover, via
the same 8 bits shift register, it can convert parallel data to serial data and output it to the SOUT terminal.
The synchronous clock for serial data input/output may be set by selecting by software any one of 3 types
of master mode (internal clock mode: when the EOC6256 is to be the master for serial input/output) and a
type of slave mode (external clock mode: when the EOC6256 is to be the slave for serial input/output).
Also, when the serial interface is used at slave mode, SRDY signal which indicates whether or not the serial
interface is available to transmit or receive can be output to the SRDY terminal.

SD%—§D7

SIN Q—{>—{ Shift register (8-bit) }» «D—Q SouT
(P10) O B S e e Output (P11)

I I P | aten

SCPS j) >
SCSO0 SCSt
Serial clock Serialclock | , |  Serial interface L > ISIF
selector counter interrupt control circuit

T

Serial clock [+——— System clock EISIF

generator |« PTOVF

Serial interface

activating circuit
D—O SRDY
SCTRG (P13)

Fig. 4.12.1.1 Configuration of serial interface

The input/output ports of the serial interface are common used with the I/O ports P10-P13, and function
of these ports can be selected through the software.
P10-P13 terminals and serial input/output correspondence are as follows:

Master mode Slave mode
P10 = SIN (1) P10 = SIN (I)
P11 = SOUT (O) P11 =SOUT (0O)
P12 = SCLK (O) P12 = SCLK (1)
P13 = 1/O port (I/0O) P13 = SRDY (0)

Note: At initial reset, P10-P13 are set to I/O ports.
When using the serial interface, switch the function (ESIF = "1") in the initial routine.
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4.12.2 Master mode and slave mode of serial interface

The serial interface of the EOC6256 has two types of operation mode: master mode and slave mode.

In the master mode, it uses an internal clock as synchronous clock of the built-in shift register, generates
this internal clock at the SCLK (P12) terminal and controls the external (slave side) serial device.

In the slave mode, the synchronous clock output from the external (master side) serial device is input from
the SCLK (P12) terminal and uses it as the synchronous clock to the built-in shift register.

The master mode and slave mode are selected by writing data to registers SCS1 and SCSO.

When the master mode is selected, a synchronous clock may be selected from among 3 types as shown in
Table 4.12.2.1.

Table 4.12.2.1 Synchronous clock selection

SCSH1 SCS0 Mode Synchronous clock
0 0 Slave mode External clock
0 1 PTOVF
1 0 Master mode CLK/2
1 1 CLK

CLK:  CPU system clock
PTOVF: Programmable timer output clock (See Section 4.11.)
At initial reset, the slave mode (external clock mode) is selected.
Moreover, the synchronous clock, along with the input/output of the 8 bits serial data, is controlled as
follows:
¢ At master mode, after output of 8 clocks from the SCLK (P12) terminal, clock output is automatically
suspended and SCLK (P12) terminal is fixed at low level.
¢ Atslave mode, after input of 8 clocks to the SCLK (P12) terminal, subsequent clock inputs are masked.

Note: When using the serial interface in the master mode, CPU system clock is used as the synchronous
clock. Accordingly, when the serial interface is operating, system clock switching (fosc1 <> fosca)
should not be performed.

A sample basic serial input/output portion connection is shown in Figure 4.12.2.1.

E0C6256 External E0C6256 External
serial device serial device
SCLK —————®» CLK SCLK —— CLK
SOuUT SOouT SOUT SOouT
SIN X SIN SIN X SIN
Input terminal [ READY SRDY P Input terminal
(a) Master mode (b) Slave mode

Fig. 4.12.2.1 Sample basic connection of serial input/output section
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4.12.3 Data input/output and interrupt function

The serial interface of EOC6256 can input/output data via the internal 8 bits shift register. The shift register
operates by synchronizing with either the synchronous clock output from SCLK (P12) terminal (master
mode), or the synchronous clock input to SCLK (P12) terminal (slave mode).

The serial interface generates interrupt on completion of the 8 bits serial data input/output. Detection of
serial data input/output is done by the counting of the synchronous clock SCLK; the clock completes
input/output operation when 8 counts (equivalent to 8 cycles) have been made and then generates inter-
rupt.

The serial data input/output procedure data is explained below:

(1) Serial data output procedure and interrupt
The E0C6256 serial interface is capable of outputting parallel data as serial data, in units of 8 bits.
By setting the parallel data to 4 bits registers SD0-SD3 (DAH) and SD4-SD7 (DBH) individually and
writing "1" to SCTRG bit (D8HeD1), it synchronizes with the synchronous clock and serial data is
output at the SOUT (P11) terminal. The synchronous clock used here is as follows: in the master mode,
internal clock which is output to the SCLK (P12) terminal while in the slave mode, external clock which
is input from the SCLK (P12) terminal. The serial data to the built-in shift register is shifted with the
rising edge of the SCLK signal when SCSP register (D9H®D2) is "1" and is shifted with the falling edge
of the SCLK signal when SCSP register is "0".

When the output of the 8 bits data from SDO to SD7 is completed, the interrupt factor flag ISIF
(FBHeDO) is set to "1" and interrupt is generated. Moreover, the interrupt can be masked by the inter-
rupt mask register EISIF (F3HeDO0). Note, however, that regardless of the setting of the interrupt mask
register, the interrupt factor flag is set to "1" after output of the 8 bits data.

(2) Serial data input procedure and interrupt
The E0C6256 serial interface is capable of inputting serial data as parallel data, in units of 8 bits.
The serial data is input from the SIN (P10) terminal, synchronizes with the synchronous clock, and is
sequentially read in the 8 bits shift register. As in the above item (1), the synchronous clock used here is
as follows: in the master mode, internal clock which is output to the SCLK (P12) terminal while in the
slave mode, external clock which is input from the SCLK (P12) terminal.
The serial data to the built-in shift register is read with the rising edge of the SCLK signal when SCPS
register is "1" and is read with the falling edge of the SCLK signal when SCPS register is "0". Moreover,
the shift register is sequentially shifted as the data is fetched.

When the input of the 8 bits data from SDO to SD7 is completed, the interrupt factor flag ISIF is set to "1"
and interrupt is generated. Moreover, the interrupt can be masked by the interrupt mask register EISIF.
Note, however, that regardless of the setting of the interrupt mask register, the interrupt factor flag is
set to "1" after input of the 8 bits data.

The data input in the shift register can be read from data registers SD0-SD7 by software.
(3) Serial data input/output permutation
E0C6256 allows the input/output permutation of serial data to be selected by register SDP (D9HeD3) as

to either LSB first or MSB first. The block diagram showing input/output permutation in case of LSB
first and MSB first is provided in Figure 4.12.3.1.

Address [DBH] Address [DAH]

SIN Q—D—{ SD7 SD6 SD5 SD4 H SD3 SD2 SD1 SDO H Quitput }—D—Q SouT

(In case of LSB first)

Address [DAH] Address [DBH]
SIN O—D—{ SD0 SD1 SD2 SD3 H SD4 SD5 SD6 SD7 H Quiput }—D—O SouT

(In case of MSB first)

Fig. 4.12.3.1 Serial data input/output permutation
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(4) SRDY signal
When the E0C6256 serial interface is used in the slave mode (external clock mode), SRDY is used to
indicate whether the internal serial interface is available to transmit or receive data for the master side
(external) serial device. SRDY signal is output from SRDY (P13) terminal.
SRDY signal becomes "1" (high) when the E0C6256 serial interface becomes available to transmit or
receive data; normally, it is at "0" (low).
SRDY signal changes from "0" to "1" immediately after "1" is written to SCTRG and returns from "1" to
"0" when "1" is input to SCLK (P12) terminal (i.e., when the serial input/output begins transmitting or

receiving data). Moreover, when data is read from or written to SD4-SD7, the SRDY signal returns to
"o

(5) Timing chart
The E0C6256 serial interface timing chart is shown in Figure 4.12.3.2.

SCTRG(W) M

SCTRG(R) ] L

SCLK [N [ A O S

SIN

8-bit shift register

SOUT

ISIF [

SRDY(slave mode) _ [ ]
(a) When SCPS = "1"

SCTRG(W) M

SCTRG(R) ] L

SCLK [N [ A O S

SIN X

8-bit shift register

SOuUT

ISIF [

SRDY(slave mode) _ [ ]
(b) When SCPS ="0"

Fig. 4.12.3.2 Serial interface timing chart

4.12.4 Mask option

Since the input/output terminal of the serial interface is dual used with the I/O ports (P10-P13), the mask
option that selects the output specification for the I/O port is also applied to the serial interface.

The output specification of the terminals SOUT, SCLK (during the master mode) and SRDY (during the
slave mode) that is used as output in the input/output port of the serial interface is respectively selected by
the mask options of P11, P12 and P13.

Either complementary output or P channel (Pch) open drain as output specification may be selected.
However, even if Pch open drain has been selected, application on the terminal of voltage exceeding power
source voltage is not permitted.
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4.12.5 Control of serial interface
Table 4.12.5.1 list the serial interface control bits and their addresses.

Table 4.12.5.1 Control bits of serial interface

Address Register Comment
7 D3 D2 D1 DO Name Init *1 1 0
0 *5 - *2 Unused
0 0 SCTRG | ESIF 0 *5 _ % Unused
D8H SCTRG(W) - *2| Trigger - Serial interface clock trigger (writing)
R RW SCTRG(R) 0 Run Stop Serial interface clock status (reading)
ESIF 0 SIF port | I/Oport | P1 port function selection
SDP SCPS SCst SCS0 SDP 0 LSB first | MSB first Ser?al fiata input/output permutatif)n
SCPS 0 £ "+ | Serial interface clock phase selection
D9H Lo .
AW SCS1 0 Serial interface clock mode selection
SCSo 0 0: Slave, 1: PTOVF, 2: CLK/2, 3: CLK
_ 3 | MSB
sp3 | sp2 | spi | sDo :gg .
DAH D1 - . Serial interface data (low-order 4 bits)
AW SDo -3 _| LSB
- *3 ] MSB
so7 | spe | sps | sp4 23; . S
DBH oD5 - 9 Serial interface data (high-order 4 bits)
RW SD4 - *3 _| LSB
PUL13 1 On Off Master mode: P13 pull down control register
PUL13 | PUL12 | PUL11 | PUL10 | PUL13 1 1 0 Slave mode: General-purpose register
B5H PUL12 1 1 0 Master mode: General-purpose register
PUL12 1 On Off Slave mode: SCKL pull down control register
RW PUL11 1 1 0 General-purpose register
PUL10 1 On Off SIN pull down control register
*5 - *2
0 0 0 EISIF g . o 3“”5"‘3
- nuse
F3H
R W 0 *5 - 2 Unused
EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
*5 - *2
0 0 0 ISIF g . o Enuseg
-7 nuse
FBH R 0 "5 - "2 Unused
ISIF *4 0 Yes No Interrupt factor flag (Serial interface)
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

ESIF: P1 port function selection (D8H*D0)
Sets P10-P13 to the input/output port for the serial interface.

When "1" is written:  Serial interface
When "0" is written:  I/O port
Reading:  Valid

P10, P11, P12 and P13 will function as SIN, SOUT, SCLK, SRDY, respectively.

In the slave mode, the R13 terminal functions as SRDY output terminal, and in the master mode, it func-
tions as the I/O port terminal.

At initial reset, this register is set to "0".

PUL10, PUL12: Pull down control registers (B5H*D0, D2)
Sets the pull down of SIN terminal and SCLK terminal (in the slave mode).

When "1" is written: ~ Pull down ON
When "0" is written: ~ Pull down OFF
Reading:  Valid

Sets the pull down resistor built into the SIN (P10) and SCLK (P12) ports to ON or OFF. SCLK pull down is
effective during the slave mode.
At initial reset, these registers are set to "1" and pull down goes ON.
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SCS0, SCS1: Synchronous clock selection (D9H<D0, D1)
Selects the synchronous clock for the serial interface (SCLK).

Table 4.12.5.2 Synchronous clock selection

SCSH1 SCS0 Mode Synchronous clock
0 0 Slave mode External clock
0 1 PTOVF
1 0 Master mode CLK/2
1 1 CLK

CLK:  CPU system clock
PTOVF: Programmable timer output clock (See Section 4.11.)

Synchronous clock (SCLK) is selected from among the above 4 types: 3 types of internal clock and external
clock.

When using the serial interface in the master mode, CPU system clock is used as the synchronous clock.
Accordingly, when the serial interface is operating, system clock switching (fosc1 <> fosc3) should not be
performed.

Also, when PTOVF is used, it is necessary to generate a clock on the programmable timer side prior to
sending and receiving.

At initial reset, external clock is selected.

SCPS: Shift clock phase selection (D9H<D2)
Selects the timing for reading in the serial data input from SIN (P10) terminal.

When "1"is written: ~ Rising edge of SCLK
When "0" is written: ~ Falling edge of SCLK
Reading:  Valid

Selects whether the fetching for the serial input data to registers (SD0-SD7) at the rising edge (at "1"
writing) or falling edge (at "0" writing) of the SCLK signal.

The input data fetching timing may be selected but output timing for output data is fixed at SCLK rising
edge.

When the internal clock is selected as the synchronous clock (SCLK), a hazard occurs in the synchronous
clock (SCLK) when data is written to register SCPS.

At initial reset, this register is set to "0".

SDP: Data input/output permutation selection (D9H<D3)
Selects the serial data input/output permutation.

When "1" is written: ~ LSB first
When "0" is written: ~ MSB first
Reading:  Valid

Select whether the data input/output permutation will be MSB first or LSB first.
At initial reset, this register is set to "0".

SCTRG: Clock trigger/status (D8HeD1)
This is a trigger to start input/output of synchronous clock (SCLK).

® During writing operation
When "1"is written: ~ Trigger
When "0" is written: ~ No operation

When this trigger is supplied to the serial interface activating circuit, the synchronous clock (SCLK) input/
output is started.

As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be performed
prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through data writing/
reading on data registers SD0-SD7.)

Supply trigger only once every time the serial interface is placed in the RUN state. Refrain from performing
trigger input multiple times, as leads to malfunctioning.

Moreover, when the synchronous clock SCLK is external clock, start to input the external clock after the
trigger.
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® During reading operation
When "1"isread: = RUN status
When "0"isread:  STOP status
Writing:  Invalid

When read out this bit, it indicates the status of serial interface clock.

After "1" is written to SCTRG, this value is latched till serial interface clock stops (8 clock counts). There-
fore, if "1" is read, it indicates that the synchronous clock is in input/output operation.

When the synchronous clock input/output is completed, this latch is reset to "0".

At initial reset, this register is set to "0".

SD0-SD3, SD4-SD7: Serial interface data register (DAH, DBH)
These registers are used for writing and reading serial data.

® During writing operation
When "1"is written: ~ High level
When "0" is written:  Low level

Writes serial data will be output to SOUT (P11) terminal. From the SOUT (P11) terminal, the data converted
to serial data as high (VDD) level bit for bits set at "1" and as low (Vss) level bit for bits set at "0".

® During reading operation
When "1"isread:  High level
When "0"isread:  Low level

The serial data input from the SIN (P10) terminal can be read by this register.

The data converted to parallel data, as high (VDD) level bit "1" and as low (Vss) level bit "0" input from SIN
(P10) terminal. Perform data reading only while the serial interface is halted (i.e., the synchronous clock is
neither being input or output).

At initial reset, these registers will be undefined.

EISIF: Interrupt mask register (F3H*D0)
This is the interrupt mask register of the serial interface.

When "1" is written: ~ Enabled
When "0" is written: ~ Masked
Reading:  Valid

With this register, masking of the serial interface interrupt can be selected.
At initial reset, this register is set to "0".

ISIF: Interrupt factor flag (FBHDO0)
This is the interrupt factor flag of the serial interface.

When "1"isread:  Interrupt has occurred
When "0"isread:  Interrupt has not occurred
Writing:  Invalid

From the status of this flag, the software can decide whether the serial interface interrupt.

The interrupt factor flag is reset when it has been read out.

Note, however, that even if the interrupt is masked, this flag will be set to "1" after the 8 bits data input/
output.

Reading of interrupt factor flags is available at EI, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will not
be generated.

At initial reset, this flag is set to "0".
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4.12.6 Programming notes

(1) When using the serial interface in the master mode, the synchronous clock uses the CPU system clock.
Accordingly, do not change the system clock (fosc1 «» fosc3) while the serial interface is operating.

(2) Perform data writing/reading to data registers SD0-SD7 only while the serial interface is halted (i.e.,
the synchronous clock is neither being input or output).

(3) As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be per-
formed prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through
data writing/reading on data registers SD0-SD7.) Supply trigger only once every time the serial
interface is placed in the RUN state. Moreover, when the synchronous clock SCLK is external clock,
start to input the external clock after the trigger.

(4) Set the Vsi1 voltage to -2.1 V (VSCHG = "1") when using the serial interface in slave mode.

(5) Reading of interrupt factor flags is available at EI, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an

interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated.
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4.13 Sound Generator

4.13.1 Configuration of sound generator

The E0C6256 has a built-in sound generator for generating buzzer signals.

Hence, generated buzzer signals (BZ) can be output from the R12 terminal.

Aside permitting the respective setting of the buzzer signal frequency and sound level to 8 stages, it
permits the adding of a digital envelope by means of duty ratio control. It also has a one-shot output
function for outputting key operated sounds.

Figure 4.13.1.1 shows the configuration of the sound generator.

|BZFQO-BZFQ2| [BDTYO-BDTY2 | ENON |

Programmable Duty ratio Envelope ENRST
dividing circuit | | control circuit| |addition circuit ENRTM

A4

fosc1 —»»|

Ol hot b B tput
ne-shot buzzer _ | Buzzer outpu N
256 Hz control circuit | control circuit R12 output circuit

A A
BZSHT

oz

Fig. 4.13.1.1 Configuration of sound generator

4.13.2 Control of buzzer output

A buzzer (BZ) signal can be output from the output port terminal R12.
The configuration of the buzzer output port is shown in Figure 4.13.2.1.

Buzzer signal

Register

BZE 4‘>—D R12

(82

Register
R12

Fig. 4.13.2.1 Configuration of buzzer output port

The BZ signal generated by the sound generator is output from the R12 terminal by setting "1" for the
buzzer output enable register BZE when the output port register R12 is set to"0". When "0" is set to BZE, the
R12 terminal shifts to the low (Vss) level.

R12 register j Fixed at 0
BZE register 0 1 Lo

BZ output (R12)

Fig. 4.13.2.2 Buzzer signal output timing chart

Note: e Pay attention to the output because it is fixed at HIGH level when the R12 register is set to "1".

» Since it generates a BZ signal that is out of synchronization with the BZE register, hazards may at
times be produced when the signal goes ON/OFF due to the setting of the register.
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4.13.3 Setting of buzzer frequency and sound level

The divide signal of the OSC1 clock (32.768 kHz) is used for the buzzer (BZ) signal and it is set up such that
8 types of frequencies can be selected by changing this dividing ratio. Frequency selection is done by
setting the buzzer frequency selection registers BZFQ0-BZFQ?2 as shown in Table 4.13.3.1.

Table 4.13.3.1 Buzzer signal frequency setting

BZFQ2 | BZFQ1 BZFQO |Buzzer frequency (Hz)
0 0 0 4096.0
0 0 1 3276.8
0 1 0 2730.7
0 1 1 2340.6
1 0 0 2048.0
1 0 1 1638.4
1 1 0 1365.3
1 1 1 1170.3

The buzzer sound level is changed by controlling the duty ratio of the buzzer signal.
The duty ratio can be selected from among the 8 types shown in Table 4.13.3.2 according to the setting of
the buzzer duty selection registers BDTY0-BDTY2.

Table 4.13.3.2 Duty ratio setting

Duty ratio by buzzer frequency (Hz)
Level BDTY2 | BDTY1 BDTYO 4096.0 3276.8 2730.7 2340.6
2048.0 1638.4 1365.3 1170.3
Level 1 (maximum) 0 0 0 8/16 8/20 12/24 12/28
Level 2 0 0 1 716 7120 1124 11/28
Level 3 0 1 0 6/16 6/20 1024 10/28
Level 4 0 1 1 5/16 520 924 9/28
Level 5 1 0 0 4/16 4/20 8/24 8/28
Level 6 1 0 1 3/16 3/20 724 7/28
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (minimum) 1 1 1 1/16 120 524 5/28

When the HIGH level output time has been made TH and when the LOW level output time has been made
TL due to the ratio of the pulse width to the pulse synchronization, the duty ratio becomes TH/(TH+TL).
When BDTY0-BDTY2 have all been set to "0", the duty ratio becomes maximum and the sound level also
becomes maximum. Conversely, when BDTY0-BDTY2 have all been set to "1", the duty ratio becomes
minimum and the sound level also becomes minimum.

The duty ratio that can be set is different depending on the frequency that has been set, so see Table
4.13.3.2.

TL TH
Level 1 (maximum)u—\_,—\_,T
Level 2 | T O I O
Level 3 W ’—‘ ’—‘ ’—‘ ’7
Level 4 | O I A I
Level 5 W H H H r
Level 6 ] [ [ [ [
Level 7 W H H H F
Level 8 (minimum) | | | ] [

Fig. 4.13.3.1 Duty ratio of the buzzer signal waveform

Note: When a digital envelope has been added to the buzzer signal, the BDTY0-BDTYZ2 settings will be
invalid due to the control of the duty ratio.
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4.13.4 Digital envelope

A digital envelope for duty control can be added to the buzzer signal.
The envelope can be controlled by staged changing of the same duty envelope as detailed in Table 4.13.3.2
in the preceding item from level 1 (maximum) to level 8 (minimum).
The addition of an envelope to the buzzer signal can be done by writing "1" into ENON, but when "0" has
been written it is not added.
When a buzzer signal output is begun (writing "1" into BZE) after setting ENON, the duty ratio shifts to
level 1 (maximum) and changes in stages to level 8.
When attenuated down to level 8 (minimum), it is retained at that level. The duty ratio can be returned to
maximum, by writing "1" into register ENRST during output of a envelope attached buzzer signal.
The envelope attenuation time (time for changing of the duty ratio) can be selected by the register ENRTM.
The time for a 1 stage level change is 62.5 msec (16 Hz), when "0" has been written into ENRTM and 125
msec (8 Hz), when to "1" has been written. However, there is also a max. 4 msec error from envelope ON,
up to the first change.
Figure 4.13.4.1 Shows the timing chart of the digital envelope.

v No change of duty level

BZFQ0-2 / I I
ENON
ENRST N1
ENRTM \
BZE
BZ signal Level 1 (MAX)
. 2
duty ratio 3
5
6
7
8 (MIN)
+0 +0
o1 =62.5 4 msec tir =125 -4 msec
t02-07 = 62.5 msec t12-17 = 125 msec
Fig. 4.13.4.1 Timing chart for digital envelope
4.13.5 One-shot output

The sound generator has a one-shot output function for outputting a short duration buzzer signal for key
operation sounds and similar effects. Either 125 msec or 31.25 msec can be selected by register SHTPW for
buzzer signal output time.

The output of the one-shot buzzer is controlled by writing "1" into the one-shot buzzer trigger BZSHT.
When this trigger has been assigned, a buzzer signal in synchronization with the internal 256 Hz signal is
output from the BZ (R12) terminal. Thereafter, when the set time has elapsed, a buzzer signal in synchroni-
zation with the 256 Hz signal goes off in the same manner as for the start of output.

The BZSHT also permits reading. When BZSHT is "1", the one-shot output circuit is in operation (during
one-shot output) and when it is "0", it shows that the circuit is in the ready (outputtable) status.

In addition, it can also terminate one-shot output prior to the elapsing of the set time. This is done by
writing a "1" into the one-shot buzzer stop BZSTP. In this case as well, the buzzer signal goes OFF in
synchronization with the 256 Hz signal.

The one-shot output cannot add an envelope for short durations. However, the sound level can be set by
selecting the duty ratio, and the frequency can also be set.
One-shot output is invalid during normal buzzer output.

Figure 4.13.5.1 shows timing chart for one-shot output.
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sz JUUUUUUUUUUUUUULL
SHOTPW |

BZSHTW) || I

BZSHT(R) |
BZSTP |5
BZ output [T

Fig. 4.13.5.1 Timing chart for one-shot output

4.13.6 Control of sound generator
Table 4.13.6.1 lists the control bits and their addresses for the sound generator.

Table 4.13.6.1 Control bits of sound generator

Address Register Comment
7 D3 D2 D1 DO Name Init *1 1 0
ENRTM | ENRST | ENON RZE ENRTMS 0 1sec 0.5sec | Envelope releasing time
ENRST Reset Reset - Envelope reset
DCH RW W AW ENON 0 On Off Envelope On/Off
BZE 0 Enable | Disable | Buzzer output enable
0 *5 - %2 Unused
0 BZSTP | BZSHT | SHTPW BZSTP*5 - *2| Stop - 1-shot buzzer stop
DDH BZSHT(W)| - *2 | Trigger - 1-shot buzzer trigger (writing)
R w RW BZSHT(R) 0 Busy Ready | I-shot buzzer status (reading)
SHTPW 0 125msec [31.26mseq 1-shot buzzer pulse width setting
0 |BzFa2 | BzFat [BzF@0 | 07| 77 Unused ‘
BZFQ2 0 Buzzer frequency selection
DEH R RW BZFQ1 0 ] 0:4096.0, 1: 3276.8, 2: 2730.7, 3: 2340.6,
BZFQ0 0 4:2048.0, 5: 1638.4, 6: 1365.3, 7: 1170.3 (Hz)
0 | BDTY2 | BOTY1 | BDTYO BD?W;S . " Unused
DFH BDTY1 0 ] Buzzer signal duty ratio selection 6
R RW
BDTY0 0
Ri2 R11 R10 R13 0 High Low Output port (R13)
R b R12 0 High Low Output port (R12)
BZ PTOVF | FOUT BZ 0 Off On Buzzer output
A3H R11 0 High Low Output port (R11)
PTOVF 0 off On PTOVF output
RW R10 0 High | Low | Outputport R10)
FOUT 0 Off On FOUToutput
*] Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

R12: Output port data register (A3H*D2)
Fix it at "0" when performing the buzzer signal (BZ) output.
At initial reset, this register is set to "0".

BZE: BZ output enable register (DCHeDO0)
Controls the buzzer (BZ) signal output.

When "1" is written: =~ BZ signal output enable
When "0" is written: ~ BZ signal output disable
Reading:  Valid

By writing "1" to BZE when the R12 register is set to "0", the BZ signal is output from the R12 terminal.
When "0" is written, R12 terminal becomes the LOW (Vss) level.

When the R12 port is used as the DC output, fix this register at "0".

At initial reset, this register is set to "0".
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BZFQO0-BZFQ2: Buzzer frequency selection (DEH*D0-D2)
Selects the buzzer signal frequency.

Table 4.13.6.2 Buzzer signal frequency setting

BZFQ2 | BZFQ1 BZFQO |Buzzer frequency (Hz)
0 0 0 4096.0
0 0 1 3276.8
0 1 0 2730.7
0 1 1 2340.6
1 0 0 2048.0
1 0 1 1638.4
1 1 0 1365.3
1 1 1 1170.3

Select the buzzer frequency from among the above 8 types that have divided the OSC1 clock.
At initial reset, these registers are set to "0".

BDTY0-BDTY2: Duty level selection (DFH*D0-D2)
Selects the duty ratio of the buzzer signal as shown in Table 4.13.6.3.

Table 4.13.6.3 Duty ratio setting

Duty ratio by buzzer frequency (Hz)
Level BDTY2 BDTYA1 BDTYO 4096.0 3276.8 2730.7 2340.6
2048.0 1638.4 1365.3 1170.3
Level 1 (maximum) 0 0 0 8/16 8/20 12/24 12/28
Level 2 0 0 1 7116 720 1124 11/28
Level 3 0 1 0 6/16 6/20 1024 10/28
Level 4 0 1 1 5/16 5120 924 9/28
Level 5 1 0 0 4/16 4/20 8/24 8/28
Level 6 1 0 1 3/16 3/20 724 7128
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (minimum) 1 1 1 1/16 120 5124 5/28

The sound level of this buzzer can be set by selecting this duty ratio.
However, when the envelope has been set to ON (ENON = "1"), this setting becomes invalid.
At initial reset, these registers are set to "0".

ENRST: Envelope reset (DCH*D2)
Resets the envelope.

When "1" is written: ~ Reset
When "0" is written: ~ No operation
Reading:  Always "0"
Writing "1" into ENRST resets envelope and the duty ratio becomes maximum. If an envelope has not been
added (ENON = "0") and if no buzzer signal is being output, the reset becomes invalid. Writing "0" is also

invalid.
This bit is dedicated for writing, and is always "0" for reading.

ENON: Envelope ON/OFF (DCHeD1)
Controls the addition of an envelope onto the buzzer signal.

When "1" is written:  ON
When "0" is written:  OFF
Reading:  Valid

Writing "1" into the ENON causes an envelope to be added during buzzer signal output. When a "0" has
been written, an envelope is not added.
At initial reset, this register is set to "0".
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ENRTM: Envelope releasing time selection (DCHeD3)
Selects the envelope releasing time that is added to the buzzer signal.

When "1" is written: 1.0 sec (125 msec x 7 = 875 msec)
When "0" is written: 0.5 sec (62.5 msec x 7 = 437.5 msec)
Reading:  Valid

The releasing time of the digital envelope is determined by the time for converting the duty ratio.

When "1" has been written in ENRTM, it becomes 125 msec (8 Hz) units and when "0" has been written, it
becomes 62.5 msec (16 Hz) units.

At initial reset, this register is set to "0".

SHTPW: One-shot buzzer pulse width setting (DDHDO0)
Selects the output time of the one-shot buzzer.

When "1" is written: 125 msec
When "0" is written: ~ 31.25 msec
Reading:  Valid

Writing "1" into SHTPW causes the one-short output time to be set at 125 msec, and writing "0" causes it to
be set to 31.25 msec. It does not affect normal buzzer output.
At initial reset, this register is set to "0".

BZSHT: One-shot buzzer trigger/status (DDHeD1)
Controls the one-shot buzzer output.

® During writing operation
When "1" is written: ~ Trigger
When "0" is written: ~ No operation

Writing "1" into BZSHT causes the one-short output circuit to operate and a buzzer signal to be output.
This output is automatically turned OFF after the time set by SHTPW has elapsed. At this time, the R12
register has to be set to "0".

The one-shot output is only valid when the normal buzzer output is OFF (BZE = "0") and will be invalid
when the normal buzzer output is ON (BZE = "1"). When a re-trigger is assigned during a one-shot output,
the one-shot output time set with SHTPW is measured again from that point (time extension).

® During reading operation
When "1"isread:  BUSY
When "0"isread: = READY

During reading BZSHT shows the operation status of the one-shot output circuit. During one-shot output,
BZSHT becomes "1" and the output goes OFF, it shifts to "0".
At initial reset, this bit is set to "0".

BZSTP: One-shot buzzer stop (DDHeD2)
Stop the one-shot buzzer output.

When "1" is written: ~ Stop
When "0" is written: ~ No operation
Reading:  Always "0"

Writing "1" into BZSTP permits the one-shot buzzer output to be turned OFF prior to the elapsing of the
time set by SHTPW. Writing "0" is invalid and writing "1" is also invalid except during one-shot output.
This bit is dedicated for writing, and is always "0" for reading.

4.13.7 Programming notes
(1) Pay attention to the output because it is fixed at HIGH level when the R12 register is set to "1".

(2) Since it generates a BZ signal that is out of synchronization with the BZE register, hazards may at times
be produced when the signal goes ON/OFF due to the setting of the register.

(3) The one-shot output is only valid when the normal buzzer output is OFF (BZE = "0") and will be invalid
when the normal buzzer output is ON (BZE = "1").
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4.14 A/D Converter

4.14.1 Configuration of A/D converter

The E0C6256 has CR oscillation type A/D converter.

Two systems (channel 0 and channel 1) of CR oscillation circuit are built into this A/D converter, so it is
possible to compose two types of A/D conversion circuits by connecting different sensors to each CR
oscillation circuit.

Channel 0 can be used as an R/f (resistor/frequency) conversion circuit using a resistive sensor such as a
thermistor, and channel 1 can be used as an R/f conversion circuit same as channel 0, or an R/f conversion
circuit for humidity conversion using a resistive humidity sensor.

The channel to be used and sensor type for channel 1 are selected using software.

The built-in up counter counts data that is converted into frequency by the CR oscillation circuit. By
reading the counted value, digital converted data can be obtained.

Various sensor circuits such as temperature/humidity measurement circuits can be easily realized using
this A/D converter.

The configuration of the A/D converter is shown in Figure 4.14.1.1.

Up/down counter for time measurement

U

OSC1 —» Clock > Counter 9 TCO | TC4 |TC8 |TCi12 Interrupt Interrupt
0SC3 —»{ selection |«—{A/D conversion|—m{ control M»c -TC3| -TC7 |-TC11|-TC15 _>control circuit request
ADGLKO A Start/Stop D AEIAD
ADCLK1y ADRUNY 4 | ‘

Data bus
A [
CHSEL 8&;
WRSEL
ADMODE ™| Counter |Up d ¢o C4 | C8 C12 | C16 —»| Overflow
SENSEL control -C3 | -C7 | C11 | -C15| —C19 » flag
r Up-counter for R/f conversion
\ 4 Oscillation/count -
Oscillation system » control circuit <
control circuit ‘ ’ [ > O ADOUT
> Cho oscillation » Ch1 oscillation
» control circuit control circuit
%ﬁ VoD » \/DD

Eas

O
WET ST1

Vss Vss

SNO CMO STO

SN1
Fig. 4.14.1.1 Configuration of A/D converter

CM1

4.14.2 CR oscillation circuit

Two systems of CR oscillation circuit, channel 0 and channel 1, are built into the A/D converter and
perform CR oscillation with external resistor and capacitor.

The counter that is used to obtain an A/D converted value is shared with channel 0 and channel 1. There-
fore, operation for two systems is realized by switching the CR oscillation circuit that performs A/D
conversion. The channel selection is done using the register CHSEL. When CHSEL is set to "0", channel 0 is
selected and when "1" is set, channel 1 is selected.

The sensor type to be A/D converted in the channel 1 can also be selected by the software, and it should be
previously set using the register WRSEL.

CHSEL ="0": Channel 0

CHSEL ="1": Channel 1

WRSEL = "0": R/f conversion using a resistive sensor such as thermistor

WRSEL = "1": R/f conversion using a resistive humidity sensor *

* The operation of the oscillation circuit differs from the normal resistive sensor. (Refer to the following.)

Channel selection

Sensor selection for channel 1
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(1) R/f conversion using a resistive sensor such as thermistor

Channel 0 is set only for this conversion method, and channel 1 is selected into this method by setting
WRSEL (channel 1) to "0". This method should be selected for A/D conversion using a normal resistive
sensor (DC bias), such as temperature measurement using thermistor. At initial reset, channel 1 is set
into this conversion method.

Figure 4.14.2.1 shows the connection diagram of external elements.

WET <L
STO STH
R1 R1
CMO CM1
R2 R2
SNO SNA1
TC TC R1: Thermistor
R2: Reference resistance
_ Channel 0 | Vss _ Channel 1 _| Vss C: Capacitor

Fig. 4.14.2.1 Connection diagram in case of R/f conversion

Connect a resistive sensor (such as a thermistor) between the STO (5T1) and SNO (SN1) terminals.
Next, set the reference value of the item to be measured (e.g. reference temperature in the case of
temperature measurement) and connect the reference resistance equivalent to the sensor resistance
value at the above reference value between the CM0 (CM1) and SNO (SN1) terminals. An element that
does not change due to temperature or other environmental conditions must be used as the reference
resistance.

Connect an oscillating capacitor that is used for CR oscillation of both the reference resistance and the
sensor between the SNO (SN1) and Vss terminals.

The WET terminal should be opened because it is not used in this method.

The A/D converter performs CR oscillation using each of the two resistances (sensor and reference
resistance) in the same period, and counts the CR oscillation clock. Difference in counted oscillation
frequency can be evaluated in terms of the difference between the respective resistance values. Meas-
urement results can be obtained from the changes in resistance values after correcting the difference
according to the program.

The CR oscillation circuit is designed so that either the reference resistance side or the sensor side can
be operated independently by the oscillation control circuit.
Each circuit performs the same oscillating operation as follows:

VDD
A

LA sTo(1
Oscillation ! M
control Tr
circuit \—{ E CMO(1)
Count SNO(1)
clock . <ﬁ

LT m@
T

Vss Vss

™S
L

O
ADOUT
Fig. 4.14.2.2 CR oscillation circuit in case of R/f conversion

The Tr1 (Tr2) turns on first, and the capacitor connected between the CM (ST) and Vss terminals is
charged through the reference resistance (sensor). If the voltage level of the SN terminal decreases, the
Trl (Tr2) turns off and the Tr3 turns on. As a result, the capacitor becomes discharged, and oscillation is
performed according to CR time constant. The time constant changes as the sensor resistance value
fluctuates, producing a difference from the oscillation frequency of the reference resistance.
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Oscillation waveforms are shaped by the schmitt trigger and transmitted to counter. The clock transmit-
ted to the counter is also output from the ADOUT terminal. As a result, oscillation frequency can be
identified by the frequency counter. Since this monitor has no effect on oscillation frequency, it can be
used to adjust CR oscillation frequency.

Oscillation waveforms and waveforms output from the ADOUT terminal are shown in Figure 4.14.2.3.

SNO/SN1 terminal /\/\/\/\/\/\
— Vss
it — Vop
ADOUT output U U U U U U
— Vss

Fig. 4.14.2.3 Oscillation waveform

— VbD

(2) R/f conversion using a resistive humidity sensor
This conversion is possible only in channel 1, and this method is selected by setting the register WRSEL
to "1". This is basically the same as the R/f conversion described above (1), but the AC bias circuit
works for the humidity sensor.
Figure 4.14.2.4 shows the connection diagram of external devices.

WET
R1
ST
CM1
R2
SN1
c R1: Resistive humidity sensor
Channel 1 T R2: Reference resistance
_— Vss C: Capasitor

Fig. 4.14.2.4 Connection diagram of resistive humidity sensor

Connect a humidity sensor between the WET and ST1 terminals, and connect a reference resistance
between the CM1 and SN1 terminals.
Connect an oscillating capacitor that is used for CR oscillation of both the reference resistance and the
sensor between the SN1 and Vss terminals.
The oscillating operation by reference resistance is the same as the R/f conversion described above (1).
The humidity sensor cannot be DC biased for a long time, therefore this method powers the WET and
ST1 terminals alternately.

VoD

Oscillation
control
circuit

@ Trl =ON, SI =ON

@ Tr2 =0N, S2=0ON
Count

clock

Fig. 4.14.2.5 CR oscillation circuit for resistive humidity sensor

The oscillation waveform is the same as Figure 4.14.2.3.
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4.14.3 Operation of A/D conversion
(1) Power supply

In the A/D converter, it is necessary to control the power on/off, and it is done by using the register
APWR. When APWR is set to "1", the power turns on and when set to "0", it turns off. Further, set to "1"
for the LPWR register, because the A /D converter uses the LCD power supply.

To reduce current consumption, turn the power off if not in use.

(2) Counter
The A/D converter incorporates two types of counters. One is the 20-bit up-counter C0-C19 that counts
the aforementioned oscillation clock, and the other is 16-bit up/down counter TCO-TC15 that counts
the internal clock for reference counting. Each counter permits reading and writing on a 4-bit basis.

The up-counter C0-C19 is used to count the CR oscillation clock by the reference resistance and sensor,
and the results of A/D conversion can be obtained by reading this counter.

This counter is designed so that it counts serially in order of the reference resistance and the sensor.
Also it switches the CR oscillation from reference resistance to sensor at the point an overflow occurs
during counting of the reference resistance oscillation. Furthermore, both of the oscillation times of the
reference resistance and sensor are designed to be the same by the up/down counter described later.
Therefore, by converting a proper initial value for counting of the oscillation of the reference resistance
into a complement (value subtracted from 0000H) and setting it into the counter before starting to
count, the number of counts for the sensor oscillation is obtained by reading this counter after the A/D
conversion. In other words, the difference between the reference resistance and sensor oscillation
frequencies can be found easily. For instance, if resistance values of the reference resistance and the
sensor are equivalent, the same value as the initial value before converting into a complement will be
obtained as the result. So this means that the difference between oscillation frequencies is Zero.

The up/down counter TCO-TC15 is a counter to equal both oscillation times for the reference resistance
and the sensor. For the input clock, either OSC1 clock (Typ. 32.768 kHz) or OSC3 clock (Typ. 1 MHz)
can be selected using the software. This selection can be done for each channel; the register ADCLKO is
used for channel 0 and the register ADCLK1 for channel 1. When "1" is set to the register, OSC3 clock is
selected and when "0" is set, OSC1 clock is selected.

This counter must be set to "0000H" before starting the A /D conversion. This is due to the following
reasons. This counter starts counting-up at the same time the up-counter C0—C19 starts counting for
oscillation by reference resistance. After that, when the oscillation switches to the sensor side, this
counter also switches to counting-down mode and counts down oppositely from the value that is
counted during oscillation of the reference resistance. The counting-down continues until the counter
value is "0000H". When the counter becomes "0000H", the counter stops and the sensor oscillation also
stops. In other words, the oscillation times of reference resistance and sensor can be made the same by
setting "0000H" previously to the conversion.

(3) A/D conversion sequence
A/D conversion starts by writing "1" to the register ADRUN.
Further the following settings must be done before starting the A/D conversion.

Sensor selection (WRSEL) ...When the channel 1 is used.
Channel selection (CHSEL)

Turning the A/D converter power on (APWR)

Clearing the up/down counter TCO-TC15

Initial value setting to the up-counter C0-C19

S

When A /D conversion is initiated by the ADRUN register, oscillation by the reference resistance begins
first, and the up-counter C0—C19 starts counting up according to the oscillation clock. The up/down
counter TCO-TC15 also starts counting up by the internal clock.

Timing in starting oscillation and starting counting up are shown in Figure 4.14.3.1.

The up-counter C0-C19 is enabled at the falling edge of the first clock after CR oscillation is initiated
and starts counting up from the falling edge of the next clock.

The up/down counter TCO-TC15 becomes enable at the falling edge of the internal clock which is input
immediately after starting the A/D conversion. Then, it starts counting up from the falling edge of the
next internal clock.
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ADRUN register
SNO/SN1 terminal AN NN N NN N
ADOUT output 25 I T A I N B A I I R

Up-counter enable
-~ Starts counting

Up-counter (C0) \ | \ \ \ [
Clock (up/down counter) Uy u

Up/down counter enable

—® Starts counting

Up/down counter (TCO) T I T

Fig. 4.14.3.1 Counting up start timing

If the up-counter C0-C19 becomes "00000H" due to overflow, the oscillation is switched from the
reference resistance side to the sensor side, and the up-counter starts counting up according to the
oscillation clock on the sensor side.

The up/down counter TCO-TC15 shifts to the counting-down mode at this point and starts counting
down from the value that has been counted while the reference resistance was oscillating.

Timing in starting counting when oscillation is switched, is same as Figure 4.14.3.1.

When the up/down counter TCO-TC15 has counted down to "0000H", the counting operation of both
counters and CR oscillation stops, and an interrupt occurs. At the same time, the ADRUN register is set
to "0", and the A/D converter circuit stops operation completely.

Since the reference resistance is oscillated until the up-counter C0-C19 overflows, an appropriate initial
value needs to be set before A/D conversion is started. If a smaller initial value is set, a longer counting
period is possible, thereby ensuring more accurate detection. However, the up/down counter TCO-
TC15 may overflow while counting the oscillation frequency of the reference resistance.

If an overflow occurs, CR oscillation and A/D conversion is terminated immediately. Also in such
cases, interrupt occurs. Moreover, the up-counter may overflow while counting the sensor oscillation
depending on initial value setting. If the up-counter overflows, CR oscillation and A /D conversion is
terminated at that point and an interrupt occurs.

When these overflows occur, the correct value cannot be read. Therefore, the overflow flags are pro-
vided to judge whether the read data is correct or an overflow occurs. There are two overflow flags;
OVF]1 that indicates an up-counter overflow and OVF2 that indicates an up/down counter overflow.
These flags are set to "1" if respective counter overflows. When the interrupt occurs, be sure to read the
overflow flags and check overflow.

The initial value to be set depends on the measurable range by the sensor or where to set the reference
resistance value within that range.

The initial value must be set taking the above into consideration.

Convert the initial value into a complement (value subtracted from 00000H) before setting it on the up-
counter C0-C19. Since the data output from the up-counter C0-C19 after A/D conversion matches data
detected by the sensor, process the difference between that value and the initial value before it is
converted into a complement according to the program and calculate the target value.

The above operations are shown in Figure 4.14.3.2.
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Setting by software Up-counter Up/down counter
(Co-C19) (TCO-TC15) Set the complement of the initial
(1) Set the initial value (00000H-n) — |(00000H-n)| 0000H —»| 0000H value n on the up-counter.
Set "0000H" on the up/down
counter.

(2) Start A/D conversion Count up
(Set ADRUN to "1")

Count up

Oscillation by

FFFFFH reference resistance

Switch CR oscillation when
the up-counter overflows and
shift the up/down counter to
the counting-down mode.

Count up Countd

Q
=
3

Oscillation by

0001H sensor

el

I¢I<7

0000H When the value of the up/down
counter reaches "0000H",
oscillation and counting stop,
(3) Read the up-counter and process the m - n value by the program and an interrupt occurs.

Fig. 4.14.3.2 Sequence of A/D conversion

Note: ¢ Set the initial value of the up-counter CO-C19 taking into account the measurable range and the
overflow of counters.

e When the up/down counter TCO-TC15 is read after A/D conversion, it may not indicate "0000H".
This is not due to incorrect timing in terminating A/D conversion but because the counting down
clock is input after the control signal is output to the up-counter to terminate counting.

(4) Operation mode
Thus far we explained the A /D converter to be operated in the normal mode.
The continuous mode is set as an operating mode for the A/D converter in addition to the normal
mode, and can be set by writing "1" to the register ADMODE. To return to the normal mode, write "0" to
the ADMODE.
The continuous mode is provided for hardware/software debugging. It functions to continuously
oscillate only the reference resistance side or sensor side. The oscillating operation starts by writing "1"
to the ADRUN and is continued until "0" is written to the ADRUN.
Whether to oscillate the reference resistance or sensor is selected using the register SENSEL.
Settings of the registers WRSEL and CHSEL are valid even in the continuous mode. They should be set
according to the content of debugging.
Further both the up-counter and the up/down counter do not operate for counting in this mode, and an
interrupt does not occur.
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4.14.4 Interrupt function

The A/D converter has a function which allows interrupt to occur after A/D conversion.

When the up/down counter TC0-TC15 is counted down to "0000H", both counters stop counting. The
interrupt factor flag IAD is set to "1" at the rising edge of the next clock.

If the up/down counter TCO-TC15 overflows during counting of the reference resistance oscillation, or the
up-counter C0-C19 overflows during counting of the sensor oscillation, the interrupt factor flag IAD is also
set to "1".

This interrupt factor allows masking by the interrupt mask register EIAD. When the EIAD has been set at
"1", an interrupt occurs in the CPU. When the EIAD is set at "0", no interrupt will occur in the CPU even if
the interrupt factor flag is set to "1".

The interrupt factor flag is reset to "0" by reading.

Timing of interrupt by the A/D converter is shown in Figure 4.14.4.1.

ADRUN register
ADOUT output
Up-counter data

Up/down counter clock

Up/down counter data

Interrupt

Oscillation with reference resistance <+ Oscillation with sensor

]

ADRUN register

ADOUT output
Up-counter data

Up/down counter clock

Up/down counter data

Interrupt (up-counter overflow)

Oscillation with reference resistance «—— Oscillation with sensor

ADRUN register

ADOUT output

Up-counter data

Up/down counter clock

Up/down counter data

*

Interrupt (up/down counter overflow)

Oscillation with reference resistance

Fig. 4.14.4.1 Timing of A/D converter interrupt

Note: When an interrupt occurs by the counter overflow, the same interrupt will occur if the overflow flag
(OVF1 or OVF2) is not reset. Be sure to check and reset the overflow flag when the A/D converter
interrupt occurs.
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4.14.5 Control of A/D converter
Tables 4.14.5.1(a) and (b) list the control bits and their addresses for the A/D converter.

Table 4.14.5.1(a) Control bits of A/D converter

Address Register Comment
7 D3 D2 D1 DO Name Init *! 1 0
*5 - *2
o | apwr |sEnsEL [aomoDE[ O Unused .
EOH APWR 0 On Off A/D converter power supply On/Off
R RW SENSEL 0 Sensor |Reference| Sensor/reference resistance selection
ADMODE 0 Continuous | Normal | A/D converter operation mode selection
idi i H1 lecti i humidi
WRSEL 0 ADCLK{ | ADCLKO WRSEL 0 Humidity | Resistance| CH1 sensor selection (resistance/humidity)
E1H 0 *5 - *2 Unused
RW R AW ADCLK1 0 0SC3 OSC1 | CHI clock selection
ADCLKO 0 0SC3 | 0SC1 | CHO clock selection
*5 - *2 S
0 0 0 | CHSEL 8 . o 3“"“3
* - nuse
E2H R RW 0 *5 - *2 Unused
CHSEL 0 CH1 CHO Channel 1/0 selection
%) 7
163 | TC2 | TC1 | Too Igg .
E3H 01 N *3 Up/down counter data (TCO-TC3)
R -
W TCO - *3 _| LSB
_ 3 7
107 | Tee | Tes | Tca Ig; .
E4H TC5 _ 3 Up/down counter data (TC4-TC7)
RW -
TC4 -3 J
- #3 7
TC1 TC10 TC9 TC8 Ten
TC10 -3
E5H 9 “ Up/down counter data (TC8-TC11)
RW T
TC8 - *3 J
%) 7
TC15 TC14 TC13 TC12 Igli . MSB
E6H To13 N *3 Up/down counter data (TC12-TC15)
RW -
TC12 -3 J
_ 3 7
s | c2 | ¢t | o |
C2 - *3
E7H o1 o Up-counter data (CO-C3)
RW
Co - *3 _| LSB
_#3 7
7 | c6 | o5 | o | &
C6 -3
E8H cs . Up-counter data (C4-C7)
RW )
C4 -3 J
%) 7
et | oo | co | cs | O
C10 - *3
E9H oo o Up-counter data (C8-C11)
RW N
C8 -3 J
P ]
C15 Ci4 C13 C12 €15 X
C14 - *3
EAH 13 “ Up-counter data (C12-C15)
RW T
C12 - "3 J
%) 7
clo9 | c18 | ci7 | cie g:g . MSB
EBH 17 Ca Up-counter data (C16-C19)
RW h
C16 -3 J
0 *5 - *2 Unused
0 OVF2 OVF1 | ADRUN | OVF2(R) 0 Yes No Up/down counter overflow flag
ECH OVF2(W) | Reset Reset - Up/down counter overflow flag reset
OVF1(R) 0 Yes No Up-counter overflow flag
R RW OVF1(W) | Reset Reset - Up-counter overflow flag reset
ADRUN 0 Start Stop | A/D conversion Start/Stop
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary
*4 Reset (0) immediately after being read
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Table 4.14.5.1(b) Control bits of A/D converter

Address Register Comment
7 D3 D2 D1 DO Name Init *!1 1 0
*5 - *2 S
0 0 0 EIAD g - o gm’qej
- nuse
FOH . ;
R RW 0 *5 - *2 Unused
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
“5 - *2 S
0 0 0 IAD 8 » - Enu‘ej
* - nuse
F8H R 0 *5 - 2 Unused
IAD *4 0 Yes No Interrupt factor flag (A/D converter)
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

APWR: A/D converter power ON/OFF (EOHeD2)
Controls the A/D converter power ON and OFF.

When "1" is written:  Power ON
When "0" is written:  Power OFF
Reading:  Valid

When "1" is written to APWR, the A/D converter power goes ON, and when "0" is written, it goes OFF. To
reduce current consumption, turn the power OFF when it is not necessary.
At initial reset, this register is set to "0"

SENSEL: Sensor/reference resistance selection (EOHeD1)
Selects an element to be oscillated during the continuous mode.

When "1" is written:  Sensor
When "0" is written:  reference resistance
Reading:  Valid

When "1" is written to SENSEL, sensor is selected, and when "0" is written, reference resistance is selected.
This selection is valid only in the continuous mode.
At initial reset, this register is set to "0".

ADMODE: Operating mode selection (EOH*D0)
Selects the operating mode of the A/D converter.

When "1" is written:  Continuous mode
When "0" is written:  Normal mode
Reading:  Valid

When "1" is written to ADMODE, the continuous mode is selected, and when "0" is written, the normal
mode is selected. When the continuous mode is set, the oscillating operation of the element side selected by
the SENSEL register can be done continuously.

At initial reset, this register is set to "0".

ADCLKO, ADCLK1: Input clock selection (E1H*DO0, D1)
Select an input clock of the up/down counter TCO-TC15.

When "1" is written:  OSC3
When "0" is written:  OSC1
Reading:  Valid

Select a clock for the counting operation of the up/down counter TCO-TC15. ADCLKO is used for channel
0, and ADCLK1 is for channel 1. Each channel can use a separate clock.

When "1" is written to ADCLKO(1), the OSC3 clock (Typ. 1 MHz) is selected. When "0" is written, the OSC1
clock (Typ. 32 kHz) is selected.

When the OSC1 clock (32 kHz) is used, up to 2 sec oscillation can be made. When the OSC3 (1 MHz) clock
is used, up to 66.5 msec oscillation can be made.

The initial value must be set on the up-counter C0-C19 so that the up/down counter TC0-TC15 will not
overflow while CR oscillation is being counted.

At initial reset, these registers are set to "0".
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WRSEL.: Sensor selection for channel 1 (E1H*D3)
Selects a sensor type to be used for channel 1.

When "1"is written: =~ Resistive humidity sensor
When "0" is written: ~ Resistive sensor
Reading:  Valid

When "1" is written to WRSEL, a resistive humidity sensor is selected as the sensor for channel 1. When "0"
is written, a normal resistive sensor is selected.
At initial reset, this register is set to "0".

CHSEL: Channel selection (E2H*D0)
Selects a channel to be A /D converted.

When "1" is written: = Channel 1
When "0" is written: ~ Channel 0
Reading:  Valid

When "1" is written to CHSEL, the channel 1 is selected, and when "0" is written, the channel 0 is selected.
At initial reset, this register is set to "0".

TCO-TC15: Up/down counter (E3H-E6H)

Writing and reading is possible on a 4-bit basis by the up/down counter that is used to adjust the CR
oscillation time between the reference resistance and the sensor.

The up/down counter counts up during oscillation of the reference resistance and counts down from the
value it reached when counting up to "0000H" during oscillation of the sensor.

"0000H" needs to be entered in the counter prior to A/D conversion in order to adjust the CR oscillating
time (number of clocks) of both counts.

After an initial reset, data in this counter become indefinite.

C0-C19: Up-counter (E7H-EBH)

This counter counts up according to the CR oscillation clock. It permits writing and reading on a 4-bit basis.
The complement of the number of clocks to be counted by the oscillation of the reference resistance, must
be entered in this counter prior to A/D conversion.

If A/D conversion is initiated, the counter counts up from the set initial value, first according to the
oscillation clock of the reference resistance. When the counter reaches "00000H" due to overflow, the
oscillation of the reference resistance stops, and the sensor starts oscillating. The counter continues count-
ing according to the sensor oscillation clock. Counting time during the CR oscillation of the reference
resistance is calculated by the up/down counter TC0-TC15. Up-counter C0-C19 stops counting when the
same period of time elapses. Number of clocks counted by the sensor oscillation can be evaluated from the
value indicated by the counter when it stops. Calculate the target value by processing the above counted
number according to the program.

Measurable range and the overflow of the counter must be taken into account when setting an initial value
to be entered prior to A/D conversion.

After an initial reset, data in this counter become indefinite.

ADRUN: A/D conversion START/STOP (ECH<D0)
Starts A/D conversion.

When "1" is written: ~ A/D conversion starts
When "0" is written: ~ A/D conversion stops
Reading:  Valid

When "1" is written to ADRUN, A/D conversion starts. The register remains at "1" during A /D conversion
and is set to "0" when A /D conversion is terminated.

When "0" is written to ADRUN during A /D conversion, A/D conversion is paused.

This register is set to "0" at initial reset, when the up/down counter or up-counter overflows, or when
measurement is finished.
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OVF1: Up-counter overflow flag (ECHeD1)
Indicates whether the up-counter has overflown.

When "1"isread:  Overflow has occurred
When "0"isread:  Overflow has not occurred

When "1" is written: ~ Flag reset
When "0" is written: ~ No operation

If an overflow occurs while counting the oscillation of the sensor, OVF1 is set to "1" and the interrupt
occurs at the same time.

Since this flag is not reset by reading, write "1" to reset by the software. Further it is reset when "1" is
written to ADRUN.

OVF2: Up/down counter overflow flag (ECHD2)
Indicates whether the up/down counter has overflown.

When "1"isread:  Overflow has occurred
When "0"isread:  Overflow has not occurred

When "1"is written: ~ Flag reset
When "0" is written: ~ No operation

If an overflow occurs while counting the oscillation of the reference resistance, OVF2 is set to "1" and the
interrupt occurs at the same time.

Since this flag is not reset by reading, write "1" to reset by the software. Further it is reset when "1" is
written to ADRUN.

EIAD: Interrupt mask register (FOH*DO0)
Select whether to mask interrupt with the A/D converter.

When "1" is written: ~ Enable
When "0" is written:  Mask
Reading:  Valid

The A/D converter interrupt is permitted when "1" is written to EIAD. When "0" is written, interrupt is
masked.
At initial reset, this register is set to "0".

IAD: Interrupt factor flag (F8H*DO)
This flag indicates the status of the A/D converter interrupt.

When "1"isread:  Interrupt has occurred
When "0"isread:  Interrupt has not occurred
Writing:  Invalid

IAD is set to "1" when A/D conversion is terminated (when the up/down counter counted up or down to
"0000H"), when the up/down counter TC0-TC15 overflows while counting the oscillation of the reference
resistance, or the up-counter C0-C19 overflows while counting the oscillation of the sensor.

From the status of this flag, the software can decide whether an A /D converter interrupt has occurred.
Further this flag is set in the above timing regardless of the interrupt mask register setting.

This flag is reset when the software has read it.

Reading of interrupt factor flag is available at EI, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to "1", an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will not be
generated.

After an initial reset, this flag is set to "0".
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4.14.6 Programming notes

(1) Depending on the initial value of the up-counter C0—C19, the up-counter or the up/down counter may
overflow while the CR oscillation clock is being counted. When setting the initial value, pay attention to
CR oscillation frequency, its fluctuation range and the input clock frequency of the up/down counter. If
an overflow occurs, A/D conversion is terminated immediately. When the A /D conversion result (up-
counter value) is read, check the overflow flag.

(2) When the up/down counter TCO-TC15 is read after A/D conversion, it may not indicate "0000H". This
is not due to incorrect timing in terminating A /D conversion but because the counting down clock is
input after the control signal is output to the up-counter to terminate counting.

(8) When an interrupt occurs by the counter overflow, the same interrupt will occur if the overflow flag
(OVF1 or OVE2) is not reset. Be sure to check and reset the overflow flag when the A/D converter
interrupt occurs.

(4) When reading the up-counter data (TCO-TC15), be sure to read from the low-order address first.

(5) Pay attention when using the OSC3 oscillation clock as the input clock for the up/down counter. It is
necessary to switch the Vs1 output voltage, control the OSC3 oscillation circuit and switch the CPU
clock.

(6) The A/D converter uses the LCD power supply as its power source. If starting A/D conversion when
the LPWR register (C3H) has been set to "0" and the LCD power is OFF, the LCD power supply circuit
activates at the time of the APWR register is set to "1". In such a case, be sure to secure 100 msec or more
time to stabilize the power. (The LCD power supply is also turned ON by setting the APWR register to
"1")

Setting of the APWR register (EOH) is necessary even if the LPWR register (C3H) has been set to "1" and
the LCD power has already been turned ON. Be sure to set "1" prior to A/D conversion.

(7) Reading of interrupt factor flag is available at EL but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to "1", an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will
not be generated.
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4.15 SVD (Supply Voltage Detection) Circuit

4.15.1 Configuration of SVD circuit

The E0C6256 has a built-in SVD (supply voltage detection) circuit, so that the software can find when the
source voltage lowers. Turning the SVD circuit ON/OFF and the SVD criteria voltage setting can be
controlled by the software.

Figure 4.15.1.1 shows the configuration of the SVD circuit.

_e_ VDD
SVD circuit Detection output » SVDDT
A )
‘ SVDON <—» 3
8
&
Vss Criteria voItage‘ SVDST 4
setting circuit | 4 SVDSO |«

Fig. 4.15.1.1 Configuration of SVD circuit

4.15.2 Mask option

For the criteria voltage setting, either 1.5 V system or 3.0 V system can be selected by the mask option.
Select it to match the specifications, such as batteries, to be used.

4.15.3 SVD operation
The SVD circuit compares the criteria voltage set by the software and the supply voltage (VDD-Vss) and
sets its results into the SVDDT latch. By reading the data of this SVDDT latch, it can be determined by

means of software whether the supply voltage is normal or has dropped.
The criteria voltage can be set for the three types shown in Table 4.15.3.1 by SVDS0 and SCDS1.

Table 4.15.3.1 Criteria voltage setting
Criteria voltage

(1.5 V system/ 3.0 V system)*

0 1.05Vv/230V

1 120V /245V

0

1

SVDS1 | SVDSO

1.35V/260V
1.35V/260V
* Selected by mask option

When SVDON is set to "1", source voltage detection by the SVD circuit is executed. As soon as SVDON is
reset to "0", the result is loaded to in the SVDDT latch and SVD circuit goes OFF.

To obtain a stable SVD detection result, the SVD circuit must be on for at least 100 psec. So, to obtain the
SVD detection result, follow the programming sequence below.

® Set SVDON to "1"

@ Maintain for 100 psec minimum
® Set SVDON to "0"

@ Read SVDDT

However, when fosc1 is selected for CPU system clock, the instruction cycles are long enough, so there is
no need to worry about maintaining 100 psec for SVDON = "1" in the software.
When SVD is on, the IC draws a large current, so keep SVD off unless it is.

—_ —_ O o
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4.15.4 Control of SVD circuit
Table 4.15.4.1 shows the control bits and their addresses for the SVD circuit.

Table 4.15.4.1 Control bits for SVD circuit

Address Register Comment
7 D3 D2 D1 DO Name Init *!1 1 0
#5 _ %) S
0 o |svost |swsof © Unused
80H 0 *5 - *2 Unused
R RW SVDS1 0 ] SVD criteria voltage setting (1.5 V/3.0 V)
SVDS0 0 0: 1.05/2.30, 1: 1.20/2.45, 2 & 3: 1.35/2.60 (V)
*5 _ %) S
0 o |svoor|svoon| °© Unused
81H 0 *5 -2 Unused
R RW SVDDT 0 Low Normal | Supply voltage detection data
SVDON 0 On Off SVD circuit On/Off
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

SVDSO0, SVDS1: SVD criteria voltage setting (80H*DO, D1)
Criteria voltage for SVD is set as shown in Table 4.15.4.2.

Table 4.15.4.2 Criteria voltage setting
Criteria voltage

(1.5 V system/ 3.0 V system)*
1.05V/230V
1.20V/245V
1.35V/2.60 V
135V /2.60 V

* Selected by mask option

SvDS1 | SVDSO

—_ —_- 0 o

0
1
0
1

At initial reset, these registers are set to "0".

Note: 1.05V or 1.20 V of the 1.5 V system criteria voltage must be used in the doubler mode, so the
doubler mode has to be set when using these criteria voltages. Using the normal mode may cause a
malfunction or will be unable to detect the supply voltage correctly. See Section 4.2, "Power Supply
and Operating Mode Settings" for the operating mode switching.

SVDON: SVD ON/OFF (81HeD0)
Turns the SVD circuit ON and OFF.

When "1" is written: ~ SVD circuit ON
When "0" is written: ~ SVD circuit OFF
Reading:  Valid
When SVDON is set to "1", source voltage detection by the SVD circuit is executed. As soon as SVDON is
reset to "0", the result is loaded to in the SVDDT latch. To obtain a stable SVD detection result, the SVD

circuit must be on for at least 100 psec.
At initial reset, this register is set to "0".

SVDDT: SVD data (81HeD1)
This is the result of supply voltage detection.

When "0"isread:  Supply voltage (VDD-Vss) > Criteria voltage
When "1"isread:  Supply voltage (VDD-Vss) < Criteria voltage
Writing:  Invalid

The result of supply voltage detection at time of SVDON is set to "0" can be read from this latch.
At initial reset, SVDDT is set to "0".
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4.15.5 Programming notes

(1) To obtain a stable SVD detection result, the SVD circuit must be on for at least 100 psec. So, to obtain the
SVD detection result, follow the programming sequence below.

@ Set SVDON to "1"

@ Maintain for 100 psec minimum
® Set SVDON to "0"

@ Read SVDDT

However, when fOsc1 is selected for CPU system clock, the instruction cycles are long enough, so there
is no need to worry about maintaining 100 psec for SVDON = "1" in the software.

(2) The SVD circuit should normally be turned OFF as the consumption current of the IC becomes large
when it is ON.

(3) 1.05 V or 1.20 V of the 1.5 V system criteria voltage must be used in the doubler mode, so the doubler
mode has to be set when using these criteria voltages. Using the normal mode may cause a malfunction
or will be unable to detect the supply voltage correctly. See Section 4.2, "Power Supply and Operating
Mode Settings" for the operating mode switching.
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4.16 Interrupt and HALT

<Interrupt types>
The E0C6256 provides the following interrupt settings, each of which is maskable.

External interrupt:  eInput port interrupt (2 systems)

Internal interrupt: *Clock timer interrupt (4 systems)
eStopwatch timer interrupt (4 systems)
eProgrammable timer interrupt (1 system)
eSerial interface interrupt (1 system)
*A/D converter interrupt (1 system)

To authorize interrupt, the interrupt flag must be set to "1" (EI) and the necessary related interrupt mask
registers must be set to "1" (enable).

When an interrupt occurs the interrupt flag is automatically reset to "0" (DI), and interrupts after that are
inhibited.

Figure 4.16.1 shows the configuration of the interrupt circuit.

<HALT>

The E0C6256 has HALT function that considerably reduce the current consumption when it is not neces-
sary.

The CPU enters the HALT status when the HALT instruction is executed.

In the HALT status, the operation of the CPU is stopped. However, the oscillation circuit operates. Reacti-
vating the CPU from the HALT status is done by generating an interrupt request. When it does not reacti-
vate upon an interrupt request, the watchdog timer will cause it to restart from the initial reset status.
(When "Use" is selected in the mask option of the watchdog timer.)
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IAD

EIAD

ISIF

1K1

EIK1

KO

EIKO

—]
™
| Interrupt
| vector Program counter
_| generation (low-order 4 bits)
; circuit
0;]

» INT

(interrupt request)

EISIF

IPT

EIPT

IRUN

EIRUN

ILAP

EILAP

Interrupt flag

@ Interrupt factor flag

ISW1

EISW1

ISW0
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Fig. 4.16.1 Configuration of the interrupt circuit

Interrupt mask register

Input comparison register

Interrupt selection register
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4.16.1 Interrupt factor

Table 4.16.1.1 shows the factors for generating interrupt requests.

The interrupt flags are set to "1" depending on the corresponding interrupt factors.
The CPU operation is interrupted when any of the conditions below set an interrupt factor flag to "1".

¢ The corresponding mask register is "1" (enabled)
¢ The interrupt flag is "1" (EI)

The interrupt factor flag is a read-only register, but can be reset to "0" when the register data is read out.
At initial reset, the interrupt factor flags are reset to "0".

Table 4.16.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Clock timer 2 Hz (falling edge) 1T3 (FEH<D3)
Clock timer 8 Hz (falling edge) 1T2 (FEH*D2)
Clock timer 16 Hz (falling edge) IT1 (FEH<D1)
Clock timer 32 Hz (falling edge) 1TO (FEH*DO)
Stopwatch timer direct RUN (input) IRUN (FDH<D3)
Stopwatch timer direct LAP (input) ILAP (FDH<D2)
Stopwatch timer 1 Hz (falling edge) ISW1 (FDH<D1)
Stopwatch timer 10 Hz (falling edge) ISWO (FDH<DO0)
Programmable timer (counter = 0) IPT (FCH+DO0)
Serial interface (8-bit data input/output has completed) | ISIF  (FBH+DO0)
KO00-KO03 input (falling or rising edge) 1KO (FAHDO0)
K10-K13 input (falling or rising edge) IK1 (FOH-DO0)
A/D converter (A/D conversion has completed) IAD (F8H*DO0)

Note: Reading of interrupt factor flags is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1,
an interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request
will not be generated.

4.16.2 Interrupt mask

The interrupt factor flags can be masked by the corresponding interrupt mask registers.

The interrupt mask registers are read /write registers. They are enabled (interrupt authorized) when "1" is
written to them, and masked (interrupt inhibited) when "0" is written to them.

At initial reset, the interrupt mask register is set to "0".

Table 4.16.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.16.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EIT3 (F6HD3) T3 (FEH+D3)
EIT2 (F6HD2) T2 (FEHD2)
EIT1 (F6HeD1) IT1 (FEH-D1)
EITO (F6HDO) ITO (FEHDO0)
EIRUN (F5HeD3) IRUN (FDH<D3)
EILAP (F5HeD2) ILAP (FDH<D2)
EISW1 (F5H<D1) ISW1 (FDH<D1)
EISWO0 (F5H+DO0) ISWO0 (FDH<D0)
EIPT (F4H+D0) IPT (FCH<DO0)
EISIF (F3H-DO0) ISIF (FBH*DO0)
EIKO (F2H+DO0) IKO (FAH+DO0)
EIK1 (F1H+DO) IK1 (F9H+DO)
EIAD (FOH+DO) IAD (F8H+D0)
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4.16.3 Interrupt vector

When an interrupt request is input to the CPU, the CPU begins interrupt processing. After the program
being executed is terminated, the interrupt processing is executed in the following order.

® The address data (value of program counter) of the program to be executed next is saved in the stack
area (RAM).

@ The interrupt request causes the value of the interrupt vector (page 1, 02H-0EH) to be set in the pro-

gram counter.

® The program at the specified address is executed (execution of interrupt processing routine by soft-

ware).

Table 4.16.3.1 shows the correspondence of interrupt requests and interrupt vectors.

Note: The processing in ® and @ above take 12 cycles of the CPU system clock.

Table 4.16.3.1 Interrupt request and interrupt vectors

Interrupt vector Interrupt request Priority
102H A/D converter High
104H K10-K13 input T
106H K00-KO03 input
108H Serial interface
10AH Programmable timer
10CH Stopwatch timer N
10EH Clock timer Low

The four low-order bits of the program counter are indirectly addressed through the interrupt request.

4.16.4 Control of interrupt
Tables 4.16.4.1(a) and (b) show the interrupt control bits and their addresses.

Table 4.16.4.1(a) Control bits of interrupt (1)

Address Register Comment
7 D3 D2 D1 DO Name Init *! 1 0
sko3 | sko2 | siot SIK00 SIK03 0 Enable D!Sable Interrupt select%on reg%ster (K03)
90H SIK02 0 Enable | Disable | Interrupt selection register (K02)
RW SIK01 0 Enable | Disable | Interrupt selection register (KO1)
SIK00 0 Enable | Disable | Interrupt selection register (K00)
KCP03 | KCP02 | KCPO1 | KCP0O Egggg g % ?
92H - KCPO1 0 1 s Input comparison register (K00-K03)
KCPOO | 0 R £
SIK13 SIK12 SIK11 SIK10 SIK13 0 Enable Dfsable Interrupt selectfon reg?ster (K13)
94H SIK12 0 Enable | Disable | Interrupt selection register (K12)
AW SIK11 0 Enable | Disable | Interrupt selection register (K11)
SIK10 0 Enable | Disable | Interrupt selection register (K10)
KCP13 | KCP12 | KCP11 | KCP10 KCP13 0 s 4
96H KCP12 0 s + Input comparison register (K10-K13)
AW KCP11 | 0 S 4 P ; ¢
KcP10 | 0 RN il
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary
*4 Reset (0) immediately after being read
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Table 4.16.4.1(b) Control bits of interrupt (2)

Address Register — Comment
7 D3 D2 D1 DO | Name Init*1] 1 0
#5 _ #)
0 0 0 EIAD 8 v - Em‘“j
*S - nuse
FOH R RW 0 *5 - *2 Unused
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
0 0 0 EIK1 0 Unused
F1H 0 *5 - *2 Unused
R RW 075 - *2 Unused
EIK1 0 Enable Mask | Interrupt mask register (K10-K13)
*5 - *2 S
0 0 0 EIKO 0- Unused
FoH 075 - *2 Unused
R RW 0 *5 - %2 Unused
EIKO 0 Enable | Mask | Interrupt mask register (K00-K03)
*5 - *2
0 0 o | esrF 8 v - 3“”“3
*S - nuse
F3H R RW 0 *5 - *2 Unused
EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
*5 — *2
0 0 0 EIPT 0 Unused
FAH 0 *5 - %2 Unused
R RW 075 - *2 Unused
EIPT 0 Enable Mask | Interrupt mask register (Programmable timer)
ERUN | EILAP | EIswi | EISwo EIRUN 0 Enable | Mask | Interrupt mask regfster (Stopwatch d?rect RUN)
E5H EILAP 0 Enable Mask | Interrupt mask register (Stopwatch direct LAP)
RW EISW1 0 Enable Mask | Interrupt mask register (Stopwatch 1 Hz)
EISW0 0 Enable | Mask | Interrupt mask register (Stopwatch 10 Hz)
ET3 ET2 BT EITo EIT3 0 Enable Mask | Interrupt mask reg¥ster (Clock t?mer 2 Hz)
F6H EIT2 0 Enable Mask | Interrupt mask register (Clock timer 8 Hz)
AW EIT1 0 Enable Mask | Interrupt mask register (Clock timer 16 Hz)
EITO 0 Enable Mask | Interrupt mask register (Clock timer 32 Hz)
0 0 0 IAD 8 v - Snuseg
- nuse
FeH R 075 - *2 Unused
IAD *4 0 Yes No Interrupt factor flag (A/D converter)
*5 - *2 S
0 0 0 IK1 8 . o E“““ez
* - nuse
FOH R 0 *5 - *2 Unused
IK1 *4 0 Yes No Interrupt factor flag (K10-K13)
*5 - *2
0 0 0 K0 8 v - 3“”“3
S - nuse
FAH R 0 *5 - *2 Unused
IKO *4 0 Yes No Interrupt factor flag (KO0O-K03)
*5 )
0 0 0 ISIF 8 v - Snuseg
-7 nuse
FBH R 075 - *2 Unused
ISIF *4 0 Yes No Interrupt factor flag (Serial interface)
*5 - *2 S
0 0 0 IPT 8 . o E“““ez
* - nuse
FCH R 0 *5 - *2 Unused
IPT *4 0 Yes No Interrupt factor flag (Programmable timer)
:k4 1
IRUN ILAP ISWA 1SWo IRUN 0 Yes No Interrupt ff\clor flag (Stopwatch dfrecl RUN)
FDH ILAP *4 0 Yes No Interrupt factor flag (Stopwatch direct LAP)
ISW1 *4 0 es o Interrupt factor flag (Stopwatch 1 Hz)
R Y N pt f: flag (Stopwatch
ISWQ *4 0 Yes No Interrupt factor flag (Stopwatch 10 Hz)
#4 .
M T2 e ITo IT3 0 Yes No Interrupt factor flag (Clock tl'mer 2 Hz)
FEH T2 *4 0 Yes No Interrupt factor flag (Clock timer 8 Hz)
R IT1 *4 0 Yes No Interrupt factor flag (Clock timer 16 Hz)
ITO *4 0 Yes No Interrupt factor flag (Clock timer 32 Hz)
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read
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EIT3, EIT2, EIT1, EITO: Interrupt mask registers (F6H)
IT3, IT2, IT1, ITO: Interrupt factor flags (FEH)
....................... See Section 4.9, "Clock Timer".

EIRUN, EILAP, EISW1, EISWO: Interrupt mask registers (F5H)
IRUN, ILAP, ISW1, ISWO: Interrupt factor flags (FDH)
....................... See Section 4.10, "Stopwatch Timer".

EIPT: Interrupt mask register (F4H*D0)
IPT: Interrupt factor flag (FCH<DO)
....................... See Section 4.11, "Programmable Timer".

EISIF: Interrupt mask register (F3H*D0)
ISIF: Interrupt factor flag (FBHDO0)
....................... See Section 4.12, "Serial Interface".

KCP03-KCPO0O0: Input comparison registers (92H)
SIK03-SIKO00: Interrupt selection registers (90H)
EIKO: Interrupt mask register (F2HeDO0)
IKO: Interrupt factor flag (FAHDO0)
....................... See Section 4.5, "Input Ports".

KCP13-KCP10: Input comparison registers (96H)
SIK13-SIK10: Interrupt selection registers (94H)
EIK1: Interrupt mask register (F1H*D0)
IK1: Interrupt factor flag (F9H*DO)
....................... See Section 4.5, "Input Ports".

EIAD: Interrupt mask register (FOH*DO0)
IAD: Interrupt factor flag (F8H*DO)
....................... See Section 4.14, "A /D Converter".

4.16.5 Programming notes

(1) The interrupt factor flags are set when the timing condition is established, even if the interrupt mask
registers are set to "0".

(2) Reading of interrupt factor flags is available at EL but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated.
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CHAPTER 5 SumMARY oF NOTES

5.1 Notes for Low Current Consumption

The E0C6256 contains control registers for each of the circuits so that current consumption can be lowered.

These control registers lower the current consumption through programs that operate the circuits at the

minimum levels.

The following text explains the circuits that can control operation and their control registers. Refer to these

when putting programs together.

Table 5.1.1 Circuits and control registers

Circuit (and Item)

Control register

CPU HALT instruction
CPU operating frequency CLKCHG, OSCC
Oscillation system regulated voltage circuit VSCHG

LCD system regulated voltage circuit LPWR, APWR
Voltage doubler/halver DBON, HLON, VSEL
A/D converter APWR

SVD circuit SVDON

See Chapter 7, "ELECTRICAL CHARACTERISTICS", for order of current consumption.

Below are the circuit statuses at initial reset.

CPU: Operating status

Low speed side (CLKCHG = "0"),
OSC3 oscillation circuit OFF status (OSCC = "0")

Oscillation system regulated voltage circuit: Low speed side, -1.05 V (VSCHG = "0")
LCD system regulated voltage circuit: OFF status (LPWR ="0", APWR ="0")

CPU operating frequency:

Voltage doubler/halver circuit:

Regulated circuit is driven by Vss,
Normal mode (DBON = "0", HLON = "0", VSEL = "0")

A/D converter: OFF status (APWR ="0")
SVD circuit: OFF status (SVDON = "0")

Also, be careful about panel selection because the current consumption can differ by the order of several

HA on account of the LCD panel characteristics.

E0C6256 TECHNICAL HARDWARE

EPSON

1-103



CHAPTER 5: SUMMARY OF NOTES

5.2 Summary of Notes by Function

Here, the cautionary notes are summed up by function category. Keep these notes well in mind when
programming.

Memory

Memory is not mounted in unused area within the memory map and in memory area not indicated in this
manual. For this reason, normal operation cannot be assured for programs that have been prepared with
access to these areas.

Operating mode and power supply control

(1) When the supply voltage is out of the specified voltage range of an operating mode, do not switch into
the operating mode. It may cause malfunction or increase current consumption.

(2) Do not set HLON (halving) and DBON (doubling) to "1" at the same time.

(8) When switching from the normal mode to the doubler/halver mode, VSEL should be set to "1" wait 100
msec or more for the Vs2 to stabilize after setting DBON or HLON to "1".

(4) When switching from the doubler/halver mode to the normal mode, use separate instructions to switch
the mode (VSEL = "0") and turn the supply voltage doubler/halver OFF (HLON = "0" or DBON = "0").
Simultaneous processing with a single instruction may cause malfunction.

Watchdog timer

When the watchdog timer is being used, the software must reset it within 3-second cycles.

Oscillation circuit

(1) When switching the CPU system clock from OSC1 to OSC3, set Vsi1 to -2.1 V (VSCHG = "1") before
turning the OSC3 oscillation ON.
When switching from OSC3 to OSC1, set Vs1 to -1.05 V (VSCHG = "0") after switching to OSC1 and
turning the OSC3 oscillation OFF.

(2) It takes at least 5 msec from the time the OSC3 oscillation circuit goes ON until the oscillation stabilizes.
Consequently, when switching the CPU operation clock from OSC1 to OSC3, do this after a minimum
of 5 msec have elapsed since the OSC3 oscillation went ON.

Further, the oscillation stabilization time varies depending on the external oscillator characteristics and
conditions of use, so allow ample margin when setting the wait time.

OSC1 — 0OSC3
1. Set VSCHG to "1" (-1.05V — -2.1V)
2. Set OSCC to "1" (OSC3 oscillation ON)
3. Maintain 5 msec or more
4. Set CLKCHG to "1" (OSC1 — OSC3)

0SC3 — 0OSCH
1. Set CLKCHG to "0" (OSC3 — OSC1)
2. Set OSCC to "0" (OSC3 oscillation OFF)
3. Set VSCHG to "0" (-2.1 V — -1.05 V)

(8) When switching the clock form OSC3 to OSC1, use a separate instruction for turning the OSC3 oscilla-
tion OFF. An error in the CPU operation can result if this processing is performed at the same time by
the one instruction.

(4) Switching the operating voltage when the supply voltage is lower than 2.2 V (absolute value) may cause
a malfunction. Switch the operating voltage only after making sure that supply voltage is more than 2.2
V (absolute value) using the SVD circuit.
Do not switch the operating voltage during operating in the doubler mode or the halver mode, even if
the Vs2 voltage is more than 2.2 V (absolute value). The OSC3 clock can be used only in the normal
mode.
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Input ports

(1) When input ports are changed from high to low by pull down resistor, the fall of the waveform is
delayed on account of the time constant of the pull down resistor and input gate capacitance. Hence,
when fetching input ports, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration. Aim for a wait time of
about 1 msec.

(2) When the input comparison register (KCP00-KCP03, KCP10-KCP13) is set, the interrupt factor flag
(IKO, IK1) may be set to "1" depending on the status of the input port terminal. Consequently, when
setting this register, do it in the DI status (interrupt flag = "0") and then read the interrupt factor flag in
order to reset, or after setting the interrupt selection register (SIK00-SIK03, SIK10-SIK13) to the inter-
rupt disabled status.

Output ports

(1) When R10-R12 are used for DC output, the special output enable registers FOUTE (COH*D3), PTOE
(CAHeD2) and BZE (DCH®D0) should be fixed at "0".

(2) When the special output is selected, the corresponding output port register (R10-R12) should be fixed
at "0". Be sure that the output terminal is fixed at a high (VDD) level the same with the DC output if "1"
is written to the R10-R12 register when the special output has been selected.

(3) When BZ, FOUT and PTOVF are selected, a hazard may be observed in the output waveform when the
data of the output register changes.

(4) When selecting fosc3 as the FOUT clock frequency, it is necessary to control the OSC3 oscillation circuit
and the oscillation system regulated voltage circuit.
See Section 4.4, "Oscillation Circuit" for details of the control.

I/O ports

When the I/O ports are changed from high to low by pull down resistor during input mode, the fall of the
waveform is delayed on account of the time constant of the pull down resistor and input gate capacitance.
Hence, when fetching input data, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration. Aim for a wait time of
about 1 msec.

LCD driver

(1) The contents of the display memory are undefined until the area is initialized (through, for instance,
memory clear processing by the CPU). Initialize the display memory by executing initial processing.

(2) When page 5 is selected for the display memory area, since the display memory area is write-only,
display data cannot be rewritten by arithmetic operations (such as AND, OR, ADD, SUB).

(3) 100 msec or more time is necessary for stabilizing the LCD drive voltages VL1, VL2 and VL3 after setting
the LCD power control register LPWR to "1". Be careful of the segment-on right after the power is
turned on.

Clock timer

(1) Be sure to data reading in the order of low-order data (TM0-TM3) then high-order data (TM4-TM?7).

(2) When the clock timer has been reset, the interrupt factor flag (IT) may sometimes be set to "1". Conse-
quently, perform flag reading (reset the flag) as necessary at reset.

Stopwatch timer

(1) The interrupt factor flag should be reset after resetting the stopwatch timer.

(2) Be sure to data reading in the order of SWL—-SWM—SWH.

(3) When data that is held by a LAP input is read, read the capture buffer renewal flag CRNWF after
reading the SWH and check whether the data has been renewed or not.
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(4) When performing a processing such as a LAP input preceding with 1 Hz interrupt processing, read the
LAP data carry-up request flag LCURF before processing and check whether carry-up is needed or not.

(5) When the interrupt factor flag ISW1 is set to "1", if reading it (reading FDH) before the capture buffer
shifts into hold status, the LAP data carry-up request flag is not set to "1". Pay attention to the interrupt

processing.
Stopwatch
interrupt routine

Read capture:
SWL, SWM, SWH

Carry up 1 sec for
stopwatch data

Read interrupt factor flag:
IRUN, ILAP, ISW1, ISWO0

‘ 10 Hz interrupt (application)‘

RETURN

0

i

Acquire for lap data

i

‘ Carry up 1 sec for lap data ‘

i

Control for RUN/STOP

Fig. 5.2.1 Flow chart of stopwatch timer interrupt processing

Programmable timer
(1) Be sure to read the counter data in the order of low-order data (PT0-PT3) then high-order data (PT4-PT7).
(2) When data of reload registers is set at "00H", the down-counter becomes a 256-value counter.

(3) Set the Vsi1 voltage to -2.1 V (VSCHG = "1") when using the programmable timer as an event counter.

Serial interface

(1) When using the serial interface in the master mode, the synchronous clock uses the CPU system clock.
Accordingly, do not change the system clock (foSC1 <> fOsc3) while the serial interface is operating.

(2) Perform data writing/reading to data registers SD0-SD7 only while the serial interface is halted (i.e.,
the synchronous clock is neither being input or output).

(8) As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be per-
formed prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through
data writing/reading on data registers SD0-SD7.) Supply trigger only once every time the serial
interface is placed in the RUN state. Moreover, when the synchronous clock SCLK is external clock,
start to input the external clock after the trigger.

(4) Set the Vsi1 voltage to -2.1 V (VSCHG = "1") when using the serial interface in slave mode.
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Sound generator
(1) Pay attention to the output because it is fixed at HIGH level when the R12 register is set to "1".

(2) Since it generates a BZ signal that is out of synchronization with the BZE register, hazards may at times
be produced when the signal goes ON/OFF due to the setting of the register.

(3) The one-shot output is only valid when the normal buzzer output is OFF (BZE = "0") and will be invalid
when the normal buzzer output is ON (BZE = "1").

A/D converter

(1) Depending on the initial value of the up-counter C0—C19, the up-counter or the up/down counter may
overflow while the CR oscillation clock is being counted. When setting the initial value, pay attention to
CR oscillation frequency, its fluctuation range and the input clock frequency of the up/down counter. If
an overflow occurs, A/D conversion is terminated immediately. When the A /D conversion result (up-
counter value) is read, check the overflow flag.

(2) When the up/down counter TC0-TC15 is read after A/D conversion, it may not indicate "0000H". This
is not due to incorrect timing in terminating A /D conversion but because the counting down clock is
input after the control signal is output to the up-counter to terminate counting.

(8) When an interrupt occurs by the counter overflow, the same interrupt will occur if the overflow flag
(OVF1 or OVE2) is not reset. Be sure to check and reset the overflow flag when the A/D converter
interrupt occurs.

(4) When reading the up-counter data (TC0-TC15), be sure to read from the low-order address first.

(5) Pay attention when using the OSC3 oscillation clock as the input clock for the up/down counter. It is
necessary to switch the VS1 output voltage, control the OSC3 oscillation circuit and switch the CPU clock.

(6) The A/D converter uses the LCD power supply as its power source. If starting A /D conversion when the
LPWR register (C3H) has been set to "0" and the LCD power is OFF, the LCD power supply circuit activates
at the time of the APWR register is set to "1". In such a case, be sure to secure 100 msec or more time to
stabilize the power. (The LCD power supply is also turned ON by setting the APWR register to "1".)

Setting of the APWR register (EOH) is necessary even if the LPWR register (C3H) has been set to "1" and
the LCD power has already been turned ON. Be sure to set "1" prior to A/D conversion.

SVD circuit

(1) To obtain a stable SVD detection result, the SVD circuit must be on for at least 100 psec. So, to obtain the
SVD detection result, follow the programming sequence below.

@ Set SVDON to "1"

@ Maintain for 100 psec minimum
® Set SVDON to "0"

@ Read SVDDT

However, when f0sc1 is selected for CPU system clock, the instruction cycles are long enough, so there
is no need to worry about maintaining 100 psec for SVDON = "1" in the software.

(2) The SVD circuit should normally be turned OFF as the consumption current of the IC becomes large
when it is ON.

(3) 1.05V or 1.20 V of the 1.5 V system criteria voltage must be used in the doubler mode, so the doubler
mode has to be set when using these criteria voltages. Using the normal mode may cause a malfunction
or will be unable to detect the supply voltage correctly. See Section 4.2, "Power Supply and Operating
Mode Settings" for the operating mode switching.

Interrupt and HALT

(1) The interrupt factor flags are set when the timing condition is established, even if the interrupt mask
registers are set to "0".

(2) Reading of interrupt factor flags is available at EL but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated.
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CHAPTER 6 DiIAGRAM oF Basic EXTERNAL

CONNECTIONS

* For temperature measurement using thermistor (CHO)
and humidity measurement using resistive humidity sensor (CH1)

LCD panel
K00 g 3 g 2 D =,
| -3 878 cc b—
:> Kos ? CBI—=
K10 CA ———T
| VDD
K13 Vit | }03
Vi e
P00 Vi3 e
| Vst {18
P03 Vs2 | KL
)| Prosmy E0C6256 .
P11 (SOUT) oscH X 15V
P12 (SCLK) oscz2 —[ - or
P13 (SRDY) Xtal | 30V
0563 1 —feet |2 |
R0O | =2CR | &l
| osc4 H——jCey |5
<: RO3 #] *)
R10 (FOUT) RESET O—1
R11 (PTOVF) —,
R13 e} 090 Fo=r- TEST zZz
W cP
= R12B2 &2 535 2535 Vss
(L (L #1: Ceramic oscillation
o | #2: CR oscillation
Z ITelet & |-
z
ETs e & T‘%

X'tal Crystal oscillator 32.768 kHz , CI (MAX) = 35 kQ
Cax Trimmer capacitor 5-25 pF

CR Ceramic oscillator 1 MHz

Cac Gate capacitor 100 pF

Cbc Drain capacitor 100 pF

Rcr Resistor for CR oscillation 40 kQ (foscs = 900 kHz)

TH Thermistor Ishizuka Electronics Corp. 503-AT
RREF0 Reference resistance for A/D conversion (CHO) 10 kQ

Cabo Capacitor for A/D conversion (CHO) 2,200 pF

RweT Resistive humidity sensor

RREF1 Reference resistance for A/D conversion (CH1) 10 kQ

CAD1 Capacitor for A/D conversion (CH1) 2,200 pF

C1-C7 * | Capacitors 0.1 uF

CP Capacitor 3.3 uF

* When the operating mode is only used at normal mode, the capacitors C1 and C7 are not necessary.

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

* In order to prevent unstable operation of the OSCT1 oscillation circuit due to current leak between
OSC1 and Vss, please keep enough distance between Vss and other signals on the board pattern.
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CHAPTER 7 ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

(Vbp=0V)

Item Symbol Rated value Unit
Power voltage Vss -7.0to0 0.5 A%
Input voltage (1) Vi Vss-0.3t00.5 A%
Input voltage (2) Viosc Vs1-0.3100.5 A%
Permissible total output current *1 | XIvss 10 mA
Operating temperature Topr -20 to 70 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
Permissible dissipation *2 Pp 250 mW

*1 The permissible total output current is the sum total of the current (average current) that simultaneously flows from the
output pins (or is drawn in).

*2 1In case of plastic package (QFP5-100pin, QFP5-128pin).

7.2 Recommended Operating Conditions

ltem Symbol Condition Min. Typ. Max. Unit
Power voltage Vss Vbop=0V | Normal mode (OSC3: OFF) -3.6 -3.0/-1.5 -1.3 A%
Normal mode (OSC3: ON ) -3.6 -3.0 2.2 \"
Halver mode -3.6 -3.0 -2.55 v
Doubler mode -1.4 -1.1 -0.9 v
Oscillation frequency (1) fosci - 32.768 - kHz
Oscillation frequency (2) fosc3 | Duty 50£5% 300 1,000 1,200 kHz
E0C6256 TECHNICAL HARDWARE EPSON
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7.3 DC Characteristics

Unless otherwise specified:
Vop =0V, Vss =-3.0V, fosct = 32.768 kHz, Ta = 25°C, Vs1/VL1/VL2/VL3 are internal voltage, C1-C7 = 0.1 uF

Iltem Symbol Condition Min. Typ. Max. Unit
High level input voltage (1) VIHI K00-K03, K10-K13 0.2-Vss 0 \4
PO0-PO3, P10-P13
High level input voltage (2) ViH2 RESET, TEST 0.1-Vss 0 \4
Low level input voltage (1) VILI K00-K03, K10-K13 Vss 0.8-Vss \4
PO0-PO3, P10-P13
Low level input voltage (2) ViL2 RESET, TEST Vss 0.9-Vss \4
High level input current (1) TH1 Vi1 =0V K00-K03, K10-K13 0 0.5 UA
Without pull down resistor | POO-P03, P10-P13
RESET, TEST
High level input current (2) T2 ViH2=0V K00-K03, K10-K13 4 16 HA
With pull down resistor | PO0-P03, P10-P13
RESET, TEST
Low level input current jus VIL = Vss K00-K03, K10-K13 -0.5 0 HA
PO0O-PO3, P10-P13
RESET, TEST
High level output current ToH1 VoH1 =0.1-Vss P00-P03, P10-P13 -0.9 mA
RO0O-R0O3, R10-R13
Low level output current ToL1 VoLi =0.9-Vss P00-PO3, P10-P13 1.8 mA
RO0-RO3, R10-R13
Common output current Tom2 Von2 =-0.05V COMO-COM4 -3 UA
IoL2 VorL2=VL3+0.05V 3 HA
Segment output current IoH3 VoHn3 =-0.05V SEG0-SEG59 -3 HA
(during LCD output) IoLs VoL3 = VL3 +0.05 V 3 HA
Segment output current IoH4 VoH4 =0.1-Vss SEG0-SEG59 -200 HA
(during DC output) ToL4 Vor4 = 0.9-Vss 200 HA

Unless otherwise specified:
VoD =0V, Vss =-1.5V, fosct = 32.768 kHz, Ta = 25°C, Vs1/VL1/VL2/VL3 are internal voltage, C1-C7 = 0.1 uF

Iltem Symbol Condition Min. Typ. Max. Unit
High level input voltage (1) VIH1 K00-KO03, K10-K13 | 0.2-Vss 0 v
PO0O-PO3, P10-P13
High level input voltage (2) VIiH2 RESET, TEST 0.1-Vss 0 v
Low level input voltage (1) VIL1 K00-K03, K10-K13 Vss 0.8-Vss v
PO0-PO3, P10-P13
Low level input voltage (2) ViL2 RESET, TEST Vss 0.9-Vss v
High level input current (1) TiH1 ViHI =0V K00-KO03, K10-K13 0 0.5 HA
Without pull down resistor | POO-P03, P10-P13
RESET, TEST
High level input current (2) TiH2 ViH2 =0V K00-K03, K10-K13 2 10 HA
With pull down resistor | PO0-P03, P10-P13
RESET, TEST
Low level input current I VIL = Vss K00-K03, K10-K13 -0.5 0 HA
PO0O-PO3, P10-P13
RESET, TEST
High level output current IoH1 VoH! =0.1-Vss P00-P03, P10-P13 -150 HA
RO0O-RO3, R10-R13
Low level output current IoL1 VoL1 =0.9-Vss P00-P03, P10-P13 400 HA
RO0O-RO3, R10-R13
Common output current Ion2 Von2 =-0.05 V COMO-COM4 -3 HA
IoL2 VoL2 =VL3 +0.05 V 3 HA
Segment output current IoH3 VoH3 =-0.05V SEGO0-SEG59 -3 HA
(during LCD output) IoL3 Vo3 =VL3+0.05V 3 HA
Segment output current ToH4 VoH4 =0.1-Vss SEGO0-SEG59 -100 HA
(during DC output) ToL4 Vor4 =0.9-Vss 100 HA
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7.4 Analog Characteristics and Consumed Current

Unless otherwise specified: Vbb =0V, Vss=-1.5V /-3.0 V, fosc1 = 32.768 kHz, CG = 25 pF, Ta = 25°C, Vs1/VL1/VL2/VL3
are internal voltage, C1-C7 = 0.1 uF, (During A/D operation: C = 2,200 pF, Reference resistance = 10 kQ, Sensor = 10 k)

Item Symbol Condition Min. Typ. Max. Unit
LCD drive voltage *6 VLI Connect IMQ load VLCHG2-VLCHGO = "0" -1.15 -1.05 -0.95 \'%
resistor between VLCHG2-VLCHGO ="1" -1.20 -1.10 -1.00 v
VDD and VLI VLCHG2-VLCHGO = "2" -1.25 -1.15 -1.05 \'%
(Without panel load) |VLCHG2-VLCHGO = "3" -1.30 -1.20 -1.10 \'%
VLCHG2-VLCHGO = "4" -1.35 -1.25 -1.15 \'%
VLCHG2-VLCHGO = "5" -1.40 -1.30 -1.20 \'%
VLCHG2-VLCHGO = "6" -1.45 -1.35 -1.25 \'%
VLCHG2-VLCHGO ="7" -1.50 -1.40 -1.30 \'%
VL2 Connect IMQ load resistor between VDD and VL2 | 2-VL1 2-VL1 \Y%
(Without panel load) -0.1 x 0.9
VL3 Connect IMQ load resistor between VDD and VL3 | 3-VL1 3-VL1 \Y%
(Without panel load) -0.1 x 0.9
SVD voltage (1) VsvD1 | 1.5V system SVDS1="0",SVDSO="0"| -1.10 -1.05 -1.00 \'%
SVDS1="0",SVDSO="1"| -1.25 -1.20 -1.15 \'%
SVDS1="1",SVDS0="0"| -1.40 -1.35 -1.30 \'%
SVDS1="1",SVDSO="1"| -1.40 -1.35 -1.30 \"
SVD voltage (2) VsvD2 | 3.0V system SVDS1="0",SVDSO="0"| -2.35 -2.30 -2.25 \"
SVDS1="0",SVDSO="1"| -2.50 -2.45 -2.40 \"
SVDS1="1",SVDSO="0"| -2.65 -2.60 -2.55 \"
SVDS1="1",SVDSO="1"| -2.65 -2.60 -2.55 \"
SVD circuit response time tsvb 100 Usec
Power current consumption *1 | Iop During HALT (32 kHz) Normal mode 1.2 2.5 UA
Without panel load, OSCC = "0" |Halver mode 650 1200 nA
VSCHG ="0" Doubler mode 2.5 5.0 UA
During execution (32 kHz) *2 Normal mode 3.5 6.0 UA
Without panel load, OSCC = "0" |Halver mode 2.0 4.0 UA
VSCHG ="0" Doubler mode 7.5 15.0 UA
During A/D operation (32 kHz, VSS =-1.5 V) #3 100 150 UA
Without panel load, OSCC ="0", VSCHG = "0",
Normal mode
During A/D operation (32 kHz, VSS = -3.0 V) *3 200 300 UA
Without panel load, OSCC ="0", VSCHG = "0",
Normal mode
During SVD operation (32 kHz) *4 10 20 UA
Without panel load, OSCC ="0", VSCHG = "0",
Normal mode
During execution (1 MHz, ceramic oscillation) *2 170 300 UA
Without panel load
During execution (1 MHz, CR oscillation) *2 220 350 UA
Without panel load *5

*1 LPWR ="1", VLCHG2-VLCHGO = "0", within the operating voltage in each operating mode.

*2 The A/D converter and SVD circuit are OFF status.

*3 The SVD circuit is OFF status. Current consumed during HALT (32 kHz, Normal mode) + A/D operating current
*4 The A/D converter is OFF status. Current consumed during HALT (32 kHz, Normal mode) + SVD operating current
*5 The value in X MHz can be found by the following expression: Iop (fosc3 =X MHz) = Iop (fosc3 = 1 MHz) x X

*6 Vss/Vs2<VL1-02V
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7.5 Oscillation Characteristics

The oscillation characteristics change depending on the conditions (components used, board pattern, etc.).
Use the following characteristics as reference values.

OSC1 crystal oscillation circuit
Unless otherwise specified:
VoD =0V, Vss =-1.5 V/-3.0 V, Crystal: C-002R (CI = 35 kQ), CG = 25 pF, Cb = built-in, Ta = 25°C

ltem Symbol Condition Min. Typ. Max. Unit
Oscillation start voltage Vsta [tsta< 5 sec (Vss) -1.35 \'
Oscillation stop voltage Vstp  [tstp < 10 sec (Vss) -1.35 v
(-0.9) *1
Built-in capacitance (drain) Cp Including incidental capacitance inside IC 20 pF
Frequency/voltage deviation of/oV | Vss =-0.9 to -3.6 V |without VSCHG switching 5 ppm
with VSCHG switching 10 ppm
Frequency/IC deviation of/oIC -10 10 ppm
Frequency adjustment range 0f/0CG |CG =5 to 25 pF 35 45 ppm
Harmonic oscillation start voltage| Vhho  [CG =5 pF (Vss) -3.5 v
Permitted leak resistance Rieak [Between OSC1 and VDD 200 MQ

*1 Parentheses indicate value for operation in the doubler mode.

OSC3 CR oscillation circuit
Unless otherwise specified:
Vpp =0V, Vss =-3.0 V, Rcr =40 kQ, Ta =25°C

Item Symbol Condition Min. Typ. Max. Unit
Oscillation frequency dispersion| fosc3 -30 900 kHz 30 %
Oscillation start voltage Vsta (Vss) 2.2 A%
Oscillation start time tsta Vss=-22t0-3.6 V 3 msec
Oscillation stop voltage Vstp (Vss) 2.2 A%

OSC3 ceramic oscillation circuit
Unless otherwise specified:

VoD =0V, Vss =-3.0 V, Ceramic oscillator: 1 MHz, CGc = Cbc = 100 pF, Ta = 25°C

ltem Symbol Condition Min. Typ. Max. Unit
Oscillation start voltage Vsta (Vss) -2.2 \'
Oscillation start time tsta Vss=-22t0-3.6 V 3 msec
Oscillation stop voltage Vstp (Vss) 2.2 v
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7.6 Characteristics Curves

(1) CR oscillation frequency characteristic
The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Use the following characteristics as reference values and evaluate the characteristics on the actual
product.

M T T T T T T T T
IR
N Vbb=0V
{ Vss = 2.210-3.6 V
o 12M ffob NG A-FFH A Ta=25°C TR 8
I M AN Typ. value g
[22) N
? S
o kS|
> EonmeeenhammmRReSenes T
S o
3 8
B 500k | NG s g
E . 5
c
i) AN €
— NC [e]
5 g
T 300k fofobordmbd b L bbb NG Y
)
o
S
200k A
100k
10k 20k 30k 40k 50k 100k 200k

External resistance RCR [Q]

Fig. 7.6.1 CR oscillation characteristic
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(2) A/D converter Sensor resistance-Oscillation frequency ratio characteristic
Figure 7.6.2 shows the oscillation frequency ratio (ratio of oscillation frequency by the reference resist-
ance to oscillation frequency by the sensor resistance) when the following elements are connected.
(Typ-)
Reference resistance 10 kQ
Sensor resistance ......... .. 10 kQ to 20 MQ
Oscillating capacitor 2,200 pF

Note: If the R/f conversion uses a resistive sensor for channel 0 and channel 1, and the R/f conversion
uses a resistive humidity sensor for channel 1, both characteristics will be the same.

1.0 N
AN
AN
\\ Vbb=0V T T
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\\ Ta =-20to 70°C
N
N
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0.1
N
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E AN
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N
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N
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N
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1k 10k 100k 1M 10M

Sensor resistance [Q]

Fig. 7.6.2 Sensor resistance-oscillation frequency ratio curve
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

(3) A/D converter Resistance-Oscillation frequency characteristic
CR oscillation frequency of the A/D converter disperses in each sampling. Therefore, the count number
of the up-counter should be decided after considering the fluctuation margin of the CR oscillation
frequency by the reference resistance and sensor resistance to be used for the measurement. Figure 7.6.3
shows the resistance-oscillation frequency curve.

Note: e The following curves are characteristic when the oscillating capacitor is 2,200 pF.
e Typical oscillation frequency is characteristic when Vss = -3.0 V.
e The resistance value applies to both reference resistance and sensor resistance.

e |[f the R/f conversion uses a resistive sensor for channel 0 and channel 1, and the R/f conversion
uses a resistive humidity sensor for channel 1, both characteristics will be the same.

MAX
I
e
MIN NN VDD =0V
\, Vss=-1.3t0-3.6 V
b J Ta = -20 to 70°C
Oscillating capacitor: 2,200 pF
\\
10
N
N,
N N\,
N\
N N
I N
x N
)
5 AN
c‘ \
@ 10
= \‘\
S N
kS \
8 N
N
(@)
\\
0.1
\‘\
N\ AN
N\
N
N
N
0.01
1k 10k 100k M 10M

Resistance [Q]

Fig. 7.6.3 Resistance-oscillation frequency curve
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CHAPTER 8 PACKAGE

8.1 Plastic Package

QFP5-128pin

| |
BN 1100
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CHAPTER 8: PACKAGE

8.2 Ceramic Package for Test Samples

(Unit: mm)

23.9010.30
20.00%0.18

R

103 = ‘ =64
i N\l -
= Y 1 7 =
— | — <o
—— = | = — 53
= = R == 85
— = | — = =
— ‘ —
|

0.5 0.2
| © | © | ®©
Z2|ele
=Rk
R R 3 T CERAMIC
A Ol O ©
| | | ; | |
// b ‘\ I : 2
L ! ] o
GLASS o
~ 0.80 +0.20
o
(3]
S

Note: The ceramic package is fixed in this form regardless selecting of the plastic package form.
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CHAPTER 9 PAbp LAyour

9.1 Diagram of Pad Layout

A

]
O 30 25 20 15 10 5 1
]
123 [1]
135
120
]
[+]40
115 7]
Y
[+45
110 | €
=
(0,0) S
©
[+]50
105 [7]
(4155
100 @
_
S
[+160 L
&) 95 [+]
]
L 65 70 75 80 85 )
O

< 5.80 mm R

Chip thickness: 400 pm
Pad opening;: 100 pm
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9.2 Pad Coordinates

(Unit: pm)

Pad Coordinate Pad Coordinate Pad Coordinate

No. Name X Y No. Name X Y No. Name X Y
1 SEG30 2486 2830 42 K11 -2732 858 83 SEG18 639 -2830
2 SEG31 2236 2830 43 K12 -2732 698 84 SEG19 800 | -2830
3 SEG32 2076 2830 44 K13 -2732 537 85 SEG20 960 | -2830
4 SEG33 1915 2830 45 ROO -2732 366 86 SEG21 1120 | -2830
5 SEG34 1755 2830 46 RO1 -2732 206 87 SEG22 1280 -2830
6 SEG35 1594 2830 47 RO2 -2732 45 88 SEG23 1441 -2830
7 SEG36 1434 2830 48 RO3 -2732 -115 89 SEG24 1601 -2830
8 SEG37 1274 2830 49 R10 -2732 -276 90 SEG25 1762 -2830
9 SEG38 1114 2830 50 R11 -2732 -436 91 SEG26 1922 -2830
10 SEG39 953 2830 51 R12 -2732 -597 92 SEG27 2083 -2830
11 SEG40 793 2830 52 R13 -2732 =757 93 SEG28 2307 -2830
12 SEG41 632 2830 53 P00 -2732 -936 94 SEG29 2468 -2830
13 SEG42 472 2830 54 PO1 -2732 -1096 95 COMO 2732 -2218
14 SEG43 311 2830 55 P02 -2732 | -1257 96 COM1 2732 | -2058
15 SEG44 151 2830 56 P03 -2732 | -1417 97 COM2 2732 | -1898
16 SEG45 -10 2830 57 P10 -2732 | -1578 98 COM3 2732 | -1737
17 SEG46 -170 2830 58 P11 -2732 | -1738 99 COM4 2732 | -1577
18 SEG47 -330 2830 59 P12 -2732 | -1898 100 |CB 2732 | -1416
19 SEG48 -490 2830 60 P13 -2732 | -2058 101 CA 2732 | -1256
20 SEG49 -651 2830 61 Vss -2732 | -2264 102 | VL3 2732 | -1095
21 SEGS50 -811 2830 62 —* -2742 | -2434 103 | VL2 2732 -935
22 SEGS51 -972 2830 63 —* -2742 | -2648 104 | VL1 2732 -774
23 SEG52 | -1132 2830 64 —* -2742 | -2801 105 |CC 2732 -614
24 SEG53 | -1293 2830 65 SEGO -2385 -2830 106 |CD 2732 -454
25 SEG54 | -1453 2830 66 SEG1 -2224 -2830 107 | Vs2 2732 -293
26 SEGS55 | -1614 2830 67 SEG2 -2064 -2830 108 | Vss 2732 -133
27 SEG56 | -1774 2830 68 SEG3 -1866 -2830 109 | ADOUT | 2732 28
28 SEGS57 | -2021 2830 69 SEG4 -1706 -2830 110 | SNI1 2732 188
29 SEG58 | -2230 2830 70 SEGS5 -1492 -2830 111 WET 2732 348
30 SEG59 | -2391 2830 71 SEG6 -1332 -2830 112 | ST1 2732 509
31 —* -2742 2801 72 SEG7 -1125 -2830 113 CM1 2732 669
32 —* -2742 2648 73 SEG8 -965 -2830 114 | SNO 2732 830
33 —* -2742 2434 74 SEGY9 -804 | -2830 115 |CMO 2732 990
34 VDD -2732 2273 75 SEG10 -644 | -2830 116 |STO 2732 1150
35 RESET | -2732 2104 76 SEGI11 -484 -2830 117 CP 2732 1311
36 TEST -2732 1943 77 SEGI12 -324 -2830 118 VDD 2732 1471
37 K00 -2732 1704 78 SEG13 -163 -2830 119 | 0OSClI 2732 1638
38 K01 -2732 1544 79 SEG14 -3 -2830 120 | OSC2 2732 1798
39 K02 -2732 1339 80 SEG15 158 -2830 121 0SC3 2732 1959
40 KO3 -2732 1178 81 SEG16 318 -2830 122 | OSC4 2732 2119
41 K10 -2732 1018 82 SEG17 479 -2830 123 | Vs1 2732 2298

* Do not bond No. 31-33 and 62-64 pads because they are used only for factory testing.
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CHAPTER 1: INITIAL RESET

CHAPTER 1 INITIAL RESET

1.1 Internal Register Status on Initial Reset

Following an initial reset, the internal registers and internal data memory area are initialized to the values
shown in Tables 1.1.1 and 1.1.2.

Table 1.1.1 Initial values of internal registers

CPU core
Name Symbol | Number of bits | Setting value

Program counter step PCS 8 00H
Program counter page PCP 4 1H
Program counter bank PCB 1 0
New page pointer NPP 4 1H
New bank pointer NBP 1 0
Stack pointer Sp 8 Undefined
Index register IX X 11 Undefined
Index register IY 1Y 11 Undefined
Register pointer RP 4 Undefined
General-purpose register A A 4 Undefined
General-purpose register B B 4 Undefined
Interrupt flag 1 1 0
Decimal flag D 1 0
Zero flag Z 1 Undefined
Carry flag C 1 Undefined

Table 1.1.2 Initial values of internal data memory area

Peripheral circuits

Name Number of bits | Setting value
RAM 4 Undefined
Display memory 4 Undefined

Other peripheral circuits

*

* See Tables 1.1.3(a)—(h)
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CHAPTER 1: INITIAL RESET

Table 1.1.3(a) I/O memory map (80H-84H)

Address Register c
7 D3 D2 D1 DO Name Init *!1 1 0 omment
*5 - *2 <
0 o |svpsi|swso| ° Unused
80H 0 *5 - %2 Unused
R RW SVDS1 0 ] SVD criteria voltage setting (1.5 V/3.0 V)
SVDSO0 0 0: 1.05/2.30, 1: 1.20/2.45,2 & 3: 1.35/2.60 (V)
0 o | svoor |svoon | O Unused
81H 0% - %2 Unused
R RW SVDDT 0 Low Normal | Supply voltage detection data
SVDON 0 On Off SVD circuit On/Off
* _
0 VSEL | HLON | pBonN | 07 . Unused A
82H VSEL 0 Vs2 Vss Voltage regulator power source selection
R RW HLON 0 On Off Halver On/Off
DBON 0 On Off Doubler On/Off
*5 _ %)
0 |ctkeHa| oscc | vscHa | © Unused _
83H CLKCHG 0 0SC3 0SC1 | CPU clock selection
R RW 0scC 0 On Off OSC3 oscillation On/Off
VSCHG 0 21V -1.05V | VS1 output voltage change
5 _ ;
0 |vicHea |vicHat [vicHeo| O " Unused
84H VLCHG2 0 VLI output voltage change
R RW VLCHG1 0 0: 1.05, 1: 1.10, 2: 1.15, 3: 1.20,
VLCHGO 0 4:1.25,5:1.30, 6: 1.35,7: 1.40 (V)
Table 1.1.3(b) I/O memory map (90H-96H)
Address Register c
7 D3 D2 D1 DO Name Init *1 1 0 omment
SIK03 SIKo2 SIKO1 SIKOO SIK03 0 Enable Dfsable Interrupt selection register (K03)
90H SIK02 0 Enable | Disable | Interrupt selection register (K02)
AW SIKO1 0 Enable | Disable | Interrupt selection register (KO1)
SIK00 0 Enable | Disable | Interrupt selection register (K00)
o - —
ko3 | ko2 | Kot | Koo Egg N :Ig: tow
- i ow
I K00-K
91H - Kot _ 2| High Low nput port (KO0-K03)
K00 - *2| High Low |_J
KCP03 | KCP02 | KCPO1 | KCPOO Egggg g j{ ?
92H - KCPO1 0 1 s Input comparison register (K00-K03)
KCPOO | 0 RN £
SIK13 SIK12 SIK11 SIK10 SIK13 0 Enable Dfsable Interrupt selectfon register (K13)
94H SIK12 0 Enable | Disable | Interrupt selection register (K12)
AW SIK11 0 Enable | Disable | Interrupt selection register (K11)
SIK10 0 Enable | Disable | Interrupt selection register (K10)
_ 7
Ki3 | k12 | ki1 | K10 EE ” :'92 t"‘”
- ig ow
H Input K10-K13
9 o K11 2| Hgh | Low nput port (K10-K13)
K10 - *2/| High Low |_J
KCP13 | KCP12 | KCP11 | KCP10 Egg;g g j{ ?
96H KCP11 0 1 r Input comparison register (K10-K13)
RW
KCP10 | 0 R £
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary
*4 Reset (0) immediately after being read
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CHAPTER 1: INITIAL RESET

Table 1.1.3(c) I/O memory map (AOH-A3H)

Address Register Comment
7 D3 D2 D1 DO Name Init *1 1 0
#5 _ %) S
0 0 0 | RoHIZ 8 s - g"“”j
* - nuse
AOH . N
R AW 0 *5 - *2 Unused
ROHIZ 0 High-Z | Output | RO output high-impedance control
RO3 | Ro2 | Rot | ROO zgg g ::g: tza
A1H < Output port (R00-R03)
RW RO1 0 High Low
R00 0 High Low
*5 — *2 S
0 0 0 | RiHzZ 8 . . S"“gej
g - nuse
A2H " M
R AW 0 *5 - *2 Unused
R1HIZ 0 High-Z | Output | R1 output high-impedance control
R12 R11 R10 R13 0 High Low Output port (R13)
(=0T T RS S R12 0 High Low | Output port (R12)
Bz PTOVF | FOUT Bz 0 Off On Buzzer output
A3H R11 0 High Low | Output port (R11)
PTOVF 0 Off On PTOVF output
RW R10 0 High | Low | Output port (R10)
FOUT 0 Off On FOUToutput
Table 1.1.3(d) 1/0 memory map (BOH-B6H)
Address Register Comment
7 D3 D2 D1 DO Name Init *1 1 0
I0C03 | 10C02 | 10C01 | 10C00 :gggg g gﬁ:gﬂ: ::zl‘ﬁ
1/0 trol register (PO0—PO3
BOH - 10001 0 Output Input control register ( )
10C00 0 Output Input | _|
PULO3 | PULO2 | PULO1 | PULOD Eﬂtgg 1 8: 8::
B1H . PULOT 1 on Off Pull down control register (PO0-P03)
PUL0OO 1 On off |_|
— *2 I -]
PO3 | Po2 | Po1 | POO Egz - ::g: '[Za
- 1/O port (POO-P03
B2H PO1 %2 Hgh | Low port( )
RW .
P00 - *2| High Low |_J
l0c13 | 1oct2 | 1octt | 10cto :gglg g gz:"a: ::pl‘ﬁ
10C11 0 0 tp i Inp i 1/0O control register (P10-P13)
RW upu pu (ESIF = 0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I0C10_|__0__ [ Output | Input || __ — T .
B4H When the serial I/F is used (ESIF = 1):| 10C13 0 Output Input Master mode: P13 I/O control register
P10 = SIN (in), P11 = SOUT (out), 10C13 0 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), 10C12 0 1 0 N
P13 = SRDY (slave: out), 10C11 0 1 0 General-purpose register
P13 = I/O port (master: in/out) 10C10 0 1 0 _
PUL13 | PUL12 | PUL11 | PUL10 | PULS | 1 on of
PUL12 1 On Off .
PUL1T 1 on off Pull down control register (P10-P13)
RW ESIF =0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Pocto | 1 | oo oo | EEY
B5H ‘When the serial I/F is used (ESIF = 1):| PUL13 1 On Off Master mode: P13 pull down control register
P10 = SIN (in), P11 = SOUT (out), PUL13 1 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), PUL12 1 1 0 Master mode: General-purpose register
P13 = SRDY (slave: out), PUL12 1 On Off Slave mode: SCKL pull down control register
P13 =1/0 port (master: in/out) PUL11 1 1 0 General-purpose register
PUL10 1 On Off SIN pull down control register
T - —
P13 P12 P11 P10 P13 H!gh Low
P12 - *2/| High Low
P11 % High Low 1/0 port (P10-P13)
R ESIF =0
SRR PO | 2| Hon | Low | TR
B6H | When the serial I/F is used (ESIF = 1):| P13 — *2| High Low | Master mode: 1/O port P13
P10 = SIN (in), P11 = SOUT (out), P13 - *2 1 0 Slave mode: General-purpose register
P12 = SCLK (master: out, slave: in), P12 - *2 1 0 ]
P13 = SRDY (slave: out), P11 - %2 1 0 General-purpose register
P13 =1/0 port (master: in/out) P10 - *2 1 0 _|
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Table 1.1.3(e) I/O memory map (COH-CEH)

Address Register
7 D3 D2 D1 DO Name Init *1 1 0 Comment
FOUTE 0 FoFa1 | FoFQo FO:JJT:E5 0 Y Enable | Disable ]l:JOI,TTdoutput enable
CoH FOFQ1 0 nI:(S)i,TT fi lecti
RW R RW 0 ] requency selection
FOFQo 0 0: 512 Hz, 1: 4096 Hz, 2: fosc1, 3: fosc3
0 0 0 | woRsT g . . 3““”:
C1H - nuse
R W 0 *5 - %2 Unused
WDRST 5 Reset Reset - Wachdog timer reset
LDMS step | Tyt | LoTvo LDMS 0 1p(H/W) 5p(W). LCD data memory area selection
C2H STCD 0 Static | Dynamic | LCD drive switch
RW LDTY1 0 ] LCD drive duty selection
LDTYO | © 0: 172, 1: 1/3, 2: 1/4,3: 15
*5 )
0 0 LOFF | LPWR g v o E"ufeg
03H - nuse X
R RW LOFF 0 AllOff | Normal | LCD display control
LPWR 0 On Off LCD power supply On/Off
0 0 | TMRUN | TMRST g . . 3““”;1
C4H - nuse A
R RW W TMRUI:ES 0 Run Stop | Clock timer Run/Stop
TMRST “| Reset Reset - Clock timer reset
™3 ™2 ™1 ™O T™M3 0 Clock t?mer data (16 Hz)
C5H T™2 0 Clock timer data (32 Hz)
R T™1 0 Clock timer data (64 Hz)
T™MO 0 Clock timer data (128 Hz)
™7 ™6 ™5 ™4 ™7 0 Clock t?mer data (1 Hz)
C6H T™M6 0 Clock timer data (2 Hz)
R T™M5 0 Clock timer data (4 Hz)
TM4 0 Clock timer data (8 Hz)
*5 - *2
0 0 | PTPS1 | PTPSO g v o E““S"‘j
C8H : - nused -
R RW PTPS1 0 ] Prog. timer prescaler selection
PTPSO 0 0: 1/1, 1: 1/4, 2: 1/32, 3: 1/256
*5 )
0 o |pmwct|preco| O Unused
CoH 0 *5 - %2 Unused
R RW PTPC1 0 ] Prog. timer prescaler clock source selection
PTPCO 0 0: OSCl, 1: OSC3, 2: K02, 3: KO2(NR)
pNRES | PTOE | PTRUN | PTRST PNRFS 0 1024Hz 2§6Hz Noise rejector clock frequency selection
CAH PTOE 0 Enable | Disable | PTOVF output enable
RW W PTRUN 0 Run Stop | Programmable timer Run/Stop
PTRST ~ |Rst (reload) | Rst (reload) - Programmable timer reset (reload)
RD3 | RD2 | RD1 | mDo | RD3 | O MSB _
CBH RD2 0 Programmable timer reload data
RW RD1 0 (low-order 4 bits)
RDO 0 _| LSB
RD7 | RD6 | RDs | mDa | RO7 | O MSB ‘
CCH RD6 0 Programmable timer reload data
RW RD5 0 (high-order 4 bits)
RD4 0 _| LSB
PT3 | P2 | PT1 | PTO gg g :ISB o
CDH rogrammal e' timer data
R PT1 0 (low-order 4 bits)
PTO 0 _| LSB
p7 | PTe | P15 | PT4 | T/ 0 MSB
CEH PT6 0 Programmable timer data
R PT5 0 (high-order 4 bits)
PT4 0 _| LSB
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Table 1.1.3(f) I/O memory map (DOH-DFH)

Address Register
C t
7 D3 D2 D1 DO Name Init *!1 1 0 emmen
EDR DKM2 | DKM DKMO EDIR 0 Enable | Disable | Enable direct input function
DOH DKM2 0 Direct key mask factor 0: Non, 1: K02,
RW DKM1 0 2: K02-03, 3: K02-03-10, 4: K10, 5: K10-11,
DKMO 0 6: K10-11-12, 7: K10-11-12-13
LcUrF | cRNWF | swRuN | swRrsT LCURF 0 Regest No Lap data carry-up request flag
D1H CRNWF 0 Renewal No Capture renewal flag
R RW W SWRUI;I 0 Run Stop | Stopwatch timer Run/Stop
SWRST > Reset Reset - Stopwatch timer reset
SWL3 | SwL2 | SWL1 SWLO zmj g MSB
D2H Stopwatch timer data 1/1000 sec (BCD)
R SWL1 0
SWLO 0 _| LSB
SWM3 | SWM2 | SwWMm1 | SWMO Eamg g MSB
D3H . SWMI 0 Stopwatch timer data 1/100 sec (BCD)
SWMo 0 _| LSB
SWH3 | SWH2 | SWHT | SWHo Zx:g g MSB
D4H Stopwatch timer data 1/10 sec (BCD)
R SWH1 0
SWHO 0 _| LSB
0 *5 - *2 Unused
0 0 SCTRG | ESIF 0 *5 _ Unused
D8H SCTRG(W) - *2| Trigger - Serial interface clock trigger (writing)
R RW SCTRG(R) 0 Run Stop | Serial interface clock status (reading)
ESIF 0 SIF port | 1/0 port | P1 port function selection
SDP SCPS SCSH SCS0 SDP 0 LSB first | MSB first Ser?al flala input/output permutau?m
D9H SCPS 0 -t "} | Serial interface clock phase selection
RW SCSt 0 ] Serial interface clock mode selection
SCS0 0 0: Slave, 1: PTOVF, 2: CLK/2, 3: CLK
_ 3 7
sb3 | sp2 | spi | Spo :gg . MSB
DAH N Serial interface data (low-order 4 bits)
SD1 - *3
RW
SDo -3 _| LSB
_*3 7
so7 | spe | sps | sp4 zgg . MSB
DBH - Serial interface data (high-order 4 bits)
SD5 -3
RW
Sb4 - *3 _| LSB
ENRTM | ENRST | ENON BZE ENF%TI\S{I5 0 1sec 0.5sec | Envelope releasing time
DCH ENRST Reset Reset - Envelope reset
RW W RW ENON 0 On .Off Envelope On/Off
BZE 0 Enable | Disable | Buzzer output enable
0 *5 - *2 Unused
0 BZSTP | BZSHT | SHTPW | g7q1p™ - *2 Stop - 1-shot buzzer stop
DDH BZSHT(W) - *2 | Trigger - 1-shot buzzer trigger (writing)
R w RW BZSHT(R) 0 Busy Ready | 1-shot buzzer status (reading)
SHTPW 0 125msec [31.25msed 1-shot buzzer pulse width setting
*5 - *¥2
0 | BzFaz | BzFat | BzFeo | ° Unused }
DEH BZFQ2 0 Buzzer frequency selection
R RW BZFQ1 0 0:4096.0, 1: 3276.8, 2: 2730.7, 3: 2340.6,
BZFQO 0 4:2048.0, 5: 1638.4, 6: 1365.3, 7: 1170.3 (Hz)
0 | BDTY2 | BDTY1 | BDTYO BD‘;YZ Unused
DFH BDTY1 g B ignal d io selection *
R RW uzzer signal duty ratio selection
BDTYO 0
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Table 1.1.3(g) 1/O memory map (EOH-ECH)

Address Register c
t
7 D3 D2 D1 DO Name Init *1 1 0 ommen
w5 - ‘
o | aPwr |senseL [aDmoDE| ° Unused
EOH APWR 0 On Off A/D converter power supply On/Off
R AW SENSEL 0 Sensor |Reference| Sensor/reference resistance selection
ADMODE 0 Continuous | Normal | A/D converter operation mode selection
WRSEL 0 ADCLK1 | ADCLKO WRSEL 0 Humidity | Resistance| CHI sensor selection (resistance/humidity)
E1H 0 "5 -2 Unused
ADCLK1 0 0SC3 0SC1 | CHI clock selection
RW R RW
ADCLKO 0 0SC3 0SC1 | CHO clock selection
*5 - *2
0 0 0 | oHsEL g . . E“"“‘j
EoH - nuse
0 *5 - *2 Unused
R RW
CHSEL 0 CH1 CHO | Channel 1/0 selection
— * ]
163 | Te2 | TC1 | Too lgz .
E3H - Up/down counter data (TCO-TC3)
TCH -3
RW
TCO - 3 _| LSB
_ 3 7
Tc7 | T06 | TCs | Toa g .
E4H - Up/down counter data (TC4-TC7)
TC5 -3
RW
TC4 -3 _
) 7
TC11 TC10 TC9 TC8 Ig:; 9
E5H - Up/down counter data (TC8-TC11)
TC9 - *3
RW
TC8 - *3 _
_ 3 !
TC15 TC14 TC13 TC12 Igli s MSB
E6H - Up/down counter data (TC12-TC15)
TC13 -3
RW
TC12 -3 _
_ 3 7
s | 2 | ot | o | @
C2 -3
E7H o1 “ Up-counter data (CO-C3)
RW T
Co -3 _| LSB
-3 7
7 | o | o5 | o | ¥
C6 -3
E8H o5 9 Up-counter data (C4-C7)
RW -
C4 -3 _
— %k ]
ct | co | co | o8 81:} .
E9H co - “ Up-counter data (C8-C11)
RW N
C8 -3 _
_ 3 7
C15 Cl4 C13 Ci2 c15
C14 -3
EAH Up-counter data (C12-C15)
C13 -3
RW
C12 -3 _
_ 3 7
clo | ct8 | c17 | ci6 812 . MSB
EBH B Up-counter data (C16-C19)
C17 - *3
RW
C16 -3 _
0 *5 — %2 Unused
0 OVF2 OVF1 | ADRUN [OVF2(R) 0 Yes No Up/down counter overflow flag
ECH OVF2(W)| Reset Reset - Up/down counter overflow flag reset
OVF1(R) 0 Yes No Up-counter overflow flag
R RW OVF1(W)| Reset | Reset - Up-counter overflow flag reset
ADRUN 0 Start Stop | A/D conversion Start/Stop
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Table 1.1.3(h) 1/O memory map (FOH-FEH)

Address Register c
omment
7 D3 D2 D1 DO Name Init *1 1 0
*5 - *2
0 0 0 EIAD 8 v - 8"“553
FOH ) - nuse
R RW 075 - *2 Unused
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
0 0 0 EIK1 g v o 3“””3
F1H - nuse
R RW 0 *5 - %2 Unused
EIK1 0 Enable | Mask | Interrupt mask register (K10-K13)
*5 - *2
0 0 0 EIKO 8 - - Enusej
FoH . - nuse
R RW 0 *5 - *2 Unused
EIKO 0 Enable Mask | Interrupt mask register (KO0-K03)
*5 - *2
0 0 0 | EISF 8 v - 8"“553
F3H ) - nuse
R RW 075 - *2 Unused
EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
0 0 0 EIPT g v - 3“””3
F4H - nuse
R RW 0 *5 - *2 Unused
EIPT 0 Enable Mask | Interrupt mask register (Programmable timer)
ERUN | EILAP | EISW1 | EISwo EIRUN 0 Enable Mask | Interrupt mask reg¥ster (Stopwatch d¥rect RUN)
F5H EILAP 0 Enable Mask | Interrupt mask register (Stopwatch direct LAP)
AW EISW1 0 Enable Mask | Interrupt mask register (Stopwatch 1 Hz)
EISWO 0 Enable Mask | Interrupt mask register (Stopwatch 10 Hz)
ET3 EIT2 T EITo EIT3 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
F6H EIT2 0 Enable Mask | Interrupt mask register (Clock timer 8 Hz)
RW EIT1 0 Enable Mask | Interrupt mask register (Clock timer 16 Hz)
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
0 0 0 IAD g v o 3“””3
* = nuse
FaH R 0 *5 - %2 Unused
IAD *4 0 Yes No Interrupt factor flag (A/D converter)
*5 - *2
0 0 0 IK1 8 v - g“usej
- nuse
FOH
9 R 0 *5 - *2 Unused
1K1 *4 0 Yes No Interrupt factor flag (K10-K13)
*5 - *2
0 0 0 IKO 8 x5 ) gnuseg
* - nuse
FAH
R 075 - *2 Unused
IKO *4 0 Yes No Interrupt factor flag (KO0-K03)
0 0 0 ISIF g - - 3“””3
* = nuse
FBH R 0 *5 - *2 Unused
ISIF *4 0 Yes No Interrupt factor flag (Serial interface)
*#5 )
0 0 0 IPT 8 - - Enusej
- nuse
FCH
C R 0 *5 -*2 Unused
IPT *4 0 Yes No Interrupt factor flag (Programmable timer)
*4 3
IRUN ILAP ISWA 1SWO IRUN 0 Yes No Interrupt factor flag (Stopwatch direct RUN)
FDH ILAP *4 0 Yes No Interrupt factor flag (Stopwatch direct LAP)
R ISW1 *4 0 Yes No Interrupt factor flag (Stopwatch 1 Hz)
ISWO *4 0 Yes No Interrupt factor flag (Stopwatch 10 Hz)
#4 :
T3 T2 ™ o IT3 0 Yes No Interrupt ff\clor flag (Clock tfmer 2 Hz)
FEH IT2 *4 0 Yes No Interrupt factor flag (Clock timer 8 Hz)
R IT1 *4 0 Yes No Interrupt factor flag (Clock timer 16 Hz)
ITO *4 0 Yes No Interrupt factor flag (Clock timer 32 Hz)
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1.2 Initialize Program Example

The following shows a program example and the flow chart (Figure 1.2.1) for initialization after an initial

reset.
(__Initialization ) (P

\ Set stacl‘< pointer \ \ Wait 100 msec \
\ Clear ‘RAM \ \ Reset cl(‘)ck timer \
[ Select LCD‘ drive duty | [ Reset stop\‘vatch timer |
| Select displ‘ay memory | \ Clear up‘-counter \
\ Clear displLy memory | [ Clear up/do‘wn counter |
\ Turn LCD‘power ON \ | Enable A/D cor‘lverter interrupt |
[ Turn AD C(‘)nverter ON | \ Start A/D Lonversion \

(5 \ EI (enable‘interrupts) \

To next processing
Fig. 1.2.1 Flow chart

Program example

Label Mnemonic/operand Comment
INIT: 1D A,0 ;Sets page 0 with X and Y registers

LD XP,A

LD YP,A

LD A,08H ;Sets stack pointer

1D SPH,A

LD A,0

1D SPL,A

LD X,00H ;Clears RAM page 0, OOH-7FH
CLRAMO: LBPX MX, 0

cp XH, 8

Jp NZ, CLRAMO

LD A,l

LD XP,A

LD X,00H ;Clears RAM page 1, O00H-2FH
CLRAM1: LBPX MX, 0

cp XH, 3

Jp NZ, CLRAM1

LD A,2

LD XP,A

LD X,00H ;Clears RAM page 2, O00H-7FH
CLRAM2: LBPX MX, 0

cp XH, 8

Jp NZ, CLRAM2

LD A,3

LD XP,A

LD X,00H ;Clears RAM page 3, O00H-7FH
CLRAM3: LBPX MX, 0

cp XH, 8

Jp NZ, CLRAM3

LD A,4
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LD XP,A

LD X,00H ;Clears RAM page 4, OOH-7FH
CLRAM4: LBPX MX, 0

CP XH, 8

JPp Nz, CLRAM4

LD A,0

LD XP,A

LD X, 0C2H ;Sets LCD duty to 1/4

LD MX,1010B ;Sets LCD display memory in page 1

LD Al

LD XP,A

LD X,30H ;Turns all LCD dots OFF
CLLCD: LBPX MX, 0

CP XH, 8

JPp Nz, CLLCD

LD A,0

LD XP,A

LD X,0C3H ;Turns LCD power ON

OR MX,0010B

LD X, 0EOH ;Turns A/D converter ON

OR MX,0100B

LD X, 0D1H ;Waits 100 mS

LD MX,0001B

OR MX, 0010B
WAIT100:LD X, OFDH ;Have 100 mS passed ?

FAN MX,0010B

JP Z,WAIT100 ; NO

LD A,MX

LD X,0C4H ;Resets clock timer

LD MX,0001B

LD X,0D1H ;Resets stopwatch timer

LD MX, 0001B

LD X,0E3H ;Sets up-counter to 0

LBPX MX, 00H ;Sets up/down counter to 0

LBPX MX, 00H

LBPX MX, 00H

LBPX MX, 00H

LD MX, 0

LD X,0E7H ;Sets up-counter to 10000D

LBPX MX, OFOH

LBPX MX, OD8H

LD MX, 0

1D X,0F4H ;Enables A/D interrupt

OR MX, 0001B

LD X, 0EQOH ;Turns A/D converter to RUN status

OR MX,0001B

ET

The above program is a basic initialization program for the E0C6256. When using this program, add setting
items necessary for each specific application.
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CHAPTER 2 OsciLiaATioN CIRcCUITS

2.1 Control Registers for Oscillation Circuit

Table 2.1.1 shows the control registers for the oscillation circuit.

Table 2.1.1 I/0 memory map (oscillation circuit)

Address Register Comment
7 D3 D2 D1 DO | Name Init*1{ 1 0
5 ) s
0 |ckera| oscc | vscha | ° Unused ,
83H CLKCHG 0 0SC3 0SC1 | CPU clock selection
R RW 0scC 0 On Off OSC3 oscillation On/Off
VSCHG 0 24V -1.05V | VSI output voltage change

*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

2.2 Program Example

The CPU system clock should be switched by software between OSC1 and OSC3 depending on which one
is used. The following shows a program example and the flow chart (Figure 2.2.1) for the switching.

* Switching from OSC1 to OSC3 * Switching from OSC3 to OSC1
\ Set Vsito 2.1V | Set VSCHG (83H+DO0) to "1" [ Switch from OSC3 to OSC1__| Set CLKCHG (83H+D2) to "0"
\ Turn o‘sc3 ON | Set OSCC (83H+D1) to "1" \ Turn os‘c3 OFF | Set OSCC (83H+D1) to "0"
\ Wait 5‘ msec 1t takes at least 5 msec until \ Set Vsi tL .05V | Set VSCHG (83H+D0) to "0"

‘ the oscillation stabilizes

‘ Switch from OSCI to OSC3 ‘ Set CLKCHG (83HeD2) to "1"

To next processing

To next processing

Fig. 2.2.1 Flow chart

Note: Switching the operating voltage when the supply voltage is lower than 2.2 V (absolute value) may
cause a malfunction. Switch the operating voltage only after making sure that supply voltage is more
than 2.2 V (absolute value) using the SVD circuit.

Furthermore, do not switch the operating voltage during operating in the doubler mode or the halver
mode. The OSC3 clock can be used only in the normal mode.

Program example

e Switching from OSC1 to OSC3

Label Mnemonic/operand Comment
OSC30ON:

LD X, 80H ;SVD check

LD MX, 0

LD X,81H

OR MX,0001B

NOP5 ;100 pS delay

AND MX,1110B

FAN MX, 0010B
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JP NZ,OSC30NE

LD X,83H ;Sets VSCHG to 1
OR MX,0001B

OR MX,0010B ;Sets OSCC to 1
CALL DLY5MS ;jWaits 5 mS

LD X,83H ;Sets CLKCHG to 1
OR MX,0100B

7

OSC30ONE:RET

DLYSMS: . ;5 mS delay subroutine

RET

* Switching from OSC3 to OSC1

Label Mnemonic/operand Comment
OSC30FF:
LD X, 80H ;SVD check
LD MX, 0
LD X,81H
OR MX,0001B
CALL DLY100U ;100 pS delay
AND MX,1110B
FAN MX,0010B
Jp NZ,OSC30FE
LD X,83H ;Sets CLKCHG to 0
AND MX,1011B
LD X,83H ;Sets OSCC to O
AND MX,1101B
LD X,83H ;Sets VSCHG to 0
AND MX,1110B

OSC30FE:RET

7

DLY100U: . ;100 pS delay subroutine

RET
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CHAPTER 3 A/D CONVERTER

3.1 Control Registers for A/D Converter

Tables 3.1.1(a) and (b) show the control registers for the A/D converter.
Table 3.1.1(a) 1/O memory map (A/D converter)

Address Register c
t
7 D3 D2 D1 DO Name Init *1 1 0 ommen
*5 - *¥2
o | APwR |senseL [apmopE| © Unused
EOH APWR 0 On Off A/D converter power supply On/Off
R RW SENSEL 0 Sensor |Reference| Sensor/reference resistance selection
ADMODE 0 Continuous | Normal | A/D converter operation mode selection
WRSEL 0 ADCLK1 | ADGLKO WRSEL 0 Humidity | Resistance| CH1 sensor selection (resistance/humidity)
E1H 0 %5 - 2 Unused
ADCLK1 0 0SC3 0SC1 | CHI clock selection
RW R RW
ADCLKO 0 0SC3 0SC1 | CHO clock selection
*5 - *2
0 0 0 | cHseL g v - E“useg
E2H 3 - nuse
0 *5 - %2 Unused
R RW
CHSEL 0 CH1 CHO | Channel 1/0 selection
3 7
T63 | TC2 | TC1 | ToO Igg .
E3H - Up/down counter data (TCO-TC3)
TC1 -3
RW
TCO -3 | LSB
_ 3 7
7 | te6 | Tes | Tea | 1Y
TC6 -3
E4H Up/down counter data (TC4-TC7)
TC5 - "3
RW
TC4 -3 _
3 7
TC11 TC10 TC9 TC8 151(1) .
E5H T Up/down counter data (TC8-TC11)
TC9 -3
RW
TC8 -3 _
_ 3 7
TC15 TC14 TC13 TC12 181‘5‘ . MSB
E6H - Up/down counter data (TC12-TC15)
TC13 -3
RW
TC12 - "3 _
-3 7
3 | c2 | ¢t | o | &
C2 -3
E7H o1 . Up-counter data (CO-C3)
RW -
C0 - "3 _| LSB
%) 7
v | e | o5 | o | &
C6 -3
E8H 5 “ Up-counter data (C4-C7)
RW B
C4 -3 _
-3 7
cii | oo | co | o8 81; .
E9H 9 - . Up-counter data (C8-C11)
RIW T
C8 -3 _
-3 7
cis | cta | ci3 | crw gli .
EAH N Up-counter data (C12-C15)
C13 -3
RW
C12 -3 _
P ]
clo9 | c18 | c17 | ci 82 . MSB
EBH ci7 - *3 Up-counter data (C16-C19)
RW B
C16 - "3 _
0 *5 - %2 Unused
0 OVF2 | OVF1 | ADRUN |OVF2(R) 0 Yes No Up/down counter overflow flag
ECH OVF2(W)| Reset | Reset - Up/down counter overflow flag reset
OVF1(R) 0 Yes No Up-counter overflow flag
R RW OVF1(W)| Reset | Reset - Up-counter overflow flag reset
ADRUN 0 Start Stop | A/D conversion Start/Stop
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Table 3.1.1(b) 1/O memory map (A/D converter)

Address Register Comment
#7 D3 D2 D1 DO Name Init *1 1 0
#5 _ %)
0 0 0 EIAD g . o Em‘sez
- nuse:
FOH R RW 0 *5 - %2 Unused
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
*5 - *2
0 0 0 IAD g . o Enuseg
g -7 nuse
FéH R 0 *5 - *2 Unused
IAD *4 0 Yes No Interrupt factor flag (A/D converter)
*1 Initial value at the time of initial reset *5 Constantly "0" when being read
*2 Not set in the circuit *6 Refer to main manual
*3 Undefined *7 Page switching in I/O memory is not necessary

*4 Reset (0) immediately after being read

3.2 Control of A/D Converter

The E0C6256 has CR oscillation type A/D converter.

Two systems (channel 0 and channel 1) of CR oscillation circuit are built into this A/D converter, so it is
possible to compose two types of A/D conversion circuit by connecting different sensors to each CR
oscillation circuit.

The A/D converter incorporates two types of counters. One is the 16-bit up/down counter TCO-TC15 that
counts the internal clock for reference counting, and the other is 20-bit up-counter C0-C19 that counts the
external resistance oscillation clock. Each counter permits reading and writing on a 4-bit basis.

Figure 3.2.1 shows the control and operation flow of the A/D converter, and Figure 3.2.2 shows the timing
chart of the operation.

Clear the up/down counter
Clear two counter TCO-TC15 (OE3H-0E6H)
memories

and the up-counter C0-C19 Up/down counter TC
[ (OETH-OEBH) to "0". counts down

‘ Reset I (interrupt) flag | [

‘ Up-counter C counts up ‘

YES
[ Both counter finish counting |

‘ Interrupt factor flag IAD ‘

A/D interrupt necessary ?

‘ Set interrupt mask register

to ENABLE ‘ Set EIAD (OFOH+DO) to "1".

issetto"l"

— Set an initial value (complement)
Set initial value .
in the up-counter C in the up-counter CO-C19
P | (OETH-OEBH).

\ Start A/D conversion | Set ADRUN (OECH*DO) to "1".

A/D interrupt : ENABLE

Read the up-counter
‘ Up-counter C counts up ‘ ‘ Interrupt processing ‘ C0-C19 (OE7H-0EBH)
and process the measurement

[ SN

[ Up/down counter TC counts up | results.
YES

Fig. 3.2.1 Flow chart for controlling A/D converter
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ADRUN register
ADOUT output
Up-counter data

Up/down counter clock

Up/down counter data

Interrupt

Oscillation with reference resistance «+—— Oscillation with sensor

Fig. 3.2.2 Timing chart of A/D converter operation

Basic control and operation of the A/D converter are described in the flowchart in Figure 3.2.2. In order to
prepare a program, add items required according to application.

After A/D conversion, the value counted during oscillation of the sensor is set on the up-counter C0-C9.
This value is the sensor oscillation clock number during a time period equal to that during which the
reference resistance is oscillated according to the initial value set on the up-counter. The difference between
the reference resistance and the sensor resistance value can be obtained indirectly from the initial value and
results.

Correct it according to the characteristics of the connected elements and calculate the target measurement
results.

Note: When the up/down counter TCO-TC15 is read after A/D conversion, it may not indicate "0000H".
This is not due to incorrect timing in terminating A/D conversion but because the counting down
clock is input after the control signal is output to the up-counter to terminate counting.

Since interruption is possible after A/D conversion, reading of the up-counter and data processing are
basically performed using the interrupt function.

If interrupt is not used, A/D converter operation can be checked by reading the ADRUN register. After "1"
is written to this register to start A/D conversion, the register remains at "1" during A /D conversion and is
reset to "0" when the A /D conversion is finished.

3.3 Software Specification

When programming for A/D conversion, be sure to set the initial value of the up-counter after due consid-
eration.
Figure 3.3.1 shows the relationship between the up-counter and the up/down counter.

00000H foRr1 ® FFFFFH fosc: Internal clock frequency
Up-counter 1 K’M | fcri: CR oscillation frequency on reference side
% tA %ps I fcra: Oscillation frequency on sensor side
L'@ Cupl Cupr: Count value of CR oscillation on reference side
(complement)
0000H i FFFFH Cups:  Count value of oscillation on sensor side
Up/down counter }/' —— { FFFFFH: Max. up-counter value
FFFFH: Max. up/down counter value

F&SE@ ®f9§‘ tA Count time

Fig. 3.3.1 Relationship between up-counter and up/down counter

The following conditions should be satisfied during counting-up (®) and counting-down (®):

Condition (A): The up/down counter should not overflow during counting-up at @.
Condition (B): The up-counter should not overflow during counting-down at @.

If the above conditions are not satisfied, A/D conversion is terminated at that point and the correct result
cannot be obtained.

When programming, a proper initial value should be set to the up-counter according to these conditions.
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3.4 Program Example for Controlling A/D Converter

This section explains a temperature measurement program for a usage example of the A/D converter.

The temperature measurement is performed using a thermistor. After comparing the oscillation frequencies
of the thermistor and the reference resistance, the difference is corrected by linear approximation method
and the temperature is found.

The following shows the linear approximation equation to derive the temperature.

Temperature (°C) = ( ® Up-counter value after A/D conversion
- @ Count value for minimum temperature within the range )
x®@ Linear approximation coefficient
+@ Minimum temperature within the range

<® Up-counter value after A/D conversion>

This is the value counted in the up-counter when an A/D conversion is completed.

<@ Count value for minimum temperature within the range> and <@ Minimum temperature within the range>

To derive the temperature by the linear approximation, the temperature range must be determined for the
linear approximation. For example, in case of the range of entire measured temperature is -30 to 70°C and
the temperature range is set for every 10°C, the temperature ranges are -30 to -20°C, -20 to -10°C - - - and 60
to 70°C. The smallest value of each temperature range segment is the minimum temperature within the
range (®).

The count value for minimum temperature within range (@) is expressed by the following equation:

fcr2

A/D converter count value = X up-counter initial value fcr1:  Reference oscillation frequency

feri fcr2:  Sensor oscillation frequency
K K: Oscillation coefficient
CR2 o C: Capacitance
= K X up-counter initial value R1: Reference resistance value
Cﬁ R2: Resistance value of thermistor
Up-counter initial value:
R1 . Value of which the CR oscillation by the
= X up-counter initial value reference resistance has been counted.

By substituting R2 (resistance value of thermistor at minimum temperature within the range), R2 (reference
resistance value), and the up-counter initial value into the equation, the count value for the minimum
temperature within the range is obtained.

<® Linear approximation coefficient>

The linear approximation coefficient is the value that shows how many degrees (centigrade) there are for
one count in the temperature range.
The linear approximation coefficient is expressed by the following equation:

Absolute value of the temperature range
Count value for maximum Count value for minimum
temperature within the range temperature within the range

Linear approximation coefficient =

As you can see, the temperature range is smaller, the precision is higher.

* However, in the high temperature part, the ON-resistance of the IC's transistor affects the measurement
results because the sensor resistance decreases and chances of error increase. Therefore, correct it using
software if necessary.

These values used in the program example are shown in Table 3.4.1.
In the example, 10 kQ of the external reference resistance and 22,000 pF of capacitor are used, and the initial
value of the up-counter is set to 10,000.
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Table 3.4.1 Temperature characteristics of thermistor used in example

Linear approximation
Temperature Thermistor L PP Up-counter
. coefficiant in the measurement
(°C) resistance (kQ) count value (DEC)
temperature range

-30 111.3 898
0.0173

-20 67.74 1476
0.0114

-10 42.45 2355
0.00763

0 27.28 3665
0.00526

10 17.96 5567
0.00370

20 12.09 8271
0.00266

30 8.313 12029
0.00195

40 5.828 17158
0.00145

50 4.161 24032
0.00110

60 3.021 33101
0.000850

70 2.229 44863

The following shows a program example that is created using the values from the above table, and the flow
chart (Figure 3.4.1).

Initial processing ‘

‘ Enable A/D interrupt |
Calculate the product of the

‘ Clear up/down counter ‘ preprocessed difference and

the linear approximation
[ Setinitial value in up-counter | coefficient
‘ Start A/D conversion | Convert the hexadecimal

number of preprocessing
‘ Set to EI (enable interrupts) ‘ result to the decimal number
‘ HALT ‘ The minimum NO

temperature of the range
is minus
YES

A/D interrupt occurs

After adjusting the position of After adjusting the position of
the decimal point, subtract the the decimal point, add the
Find the temperature range that product calculated from the product calculated to the
includes the up-counter value absolute value of the minimum minimum temperature to
temperature to calculate the calculate the desired temperature
Calculate the difference between desired temperature

the up-counter value and
the minimum count number
within the range ‘ Display processing

®

Fig. 3.4.1 Flow chart

<
<€
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Label

Mnemonic/operand

CHAPTER 3: A/D CONVERTER

Comment

,-*****************************************************************************

TEMPERATURE MEASUREMENT SOFTWARE *

;*****************************************************************************

P * E0C6256

HEXDEC: MACRO
LOCAL

7

ARG1,ARG2,ARG3
HXDC1, HXDC2

;****************************************************************************

i * HEC-->DEC

.k
7

1--13DIGIT *

*

;****************************************************************************

RST
LD
ADD

; *%x%x%x%* ARG2
; *%x%x%x%* ARG2

LD
LD
LD
CP
Jp
ADD
INC
LDPY
JP
INC
LDPY
ADD
JP
LD
CP
JP

HXDC1l: PUSH

; *%k%x*x%x ARG2
LD
LD
LD
RCF
SDF
ACPY
PUSH
ADD
JP
POP
JP
POP
ADD
JP

; *kkkkk ARG
RST
ADC
ADC
LD
LD

’

RG3

’

>
R >

’

ZERO CLEAR ****x*
DATA

X,ARG1+ARG3-1
Y,ARG2
MY, MX
MY, OAH
C,$+5
MY, 6

Y

MY, 1

S+3

Y

MY, O

A, OFH
NZ,$-2
B,ARG3-1
B,0

Z ,HXDC2
B

DATA <--

ARG2 DATA * 16D

;Resets D, Z, C flags

;Digit « Digit + 1

<--ARG1l TOP DATA *****

;ARG2 data ¢« ARGl data

;Jump if ARG2 data < 0AH
;ARG2 data < ARG2 data + 6
;Increments ARG2 address (+1)
;Increments ARG2 data (+1)

;Zero clear

;Decrements digit counter
;Jump if digit 0

;B register « Digit - 1

(-1)

;Jump if digit =1

* % Kk x k

;Loop counter setting

;A register « Digit + 2
;Resets C flag

;Resets D flag

;ARG2 data ¢« 2 * ARG2 data
;Decrements A register (-1)
;Jump if A register 0

B,9 ;Decrements loop counter (-1)
NZ,$-12 ;Jump if loop counter 0
DATA <-- ARG DATA + ARGl 1 DIGIT DATA *x***x*
F,8 ;Resets D, Z, C flags

XL, OFH

XH, OFH ;Decrements ARGl address (-1)
Y, ARG2

B,ARG3+1 ;Digit counter setting
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* %k % k%

INIT:

CP
Jp
ADD
SDF
RCF
ACPY
ADC
Jp
RCF
SDF
ACPY
ADC
INC
PUSH
ADD
JP
POP
JP
POP

DIGIT

POP
ADD
JP

RDF

ENDM

PAGE

ORG

JP

JP
JP
Jp
JP
JP
Jp
JP
JP
Jp
JP
JP
Jp
JP
JP
Jp

LD
LD
LD

LD
LD
LD
LD

LD

MX, OAH
C,$+7 ;Jump if ARGl data (1 digit) < OAH
MX, 6 ;ARG1 data (1 digit) + 6

;Sets D flag

;Resets C flag
MY, MX
MY, 1 ;ARG2 data ¢« ARGl data (1 digit)
S$+5

;Resets C flag

;Sets D flag
MY, MX ;ARG2 data ¢« ARGl data (1 digit)
MY, 0 ;Increments if carry is generated (+1)

;Decrements digit counter (-1)
;Jump if digit counter 0

o N W
no S
(&)} “r O
+
w

DECREMENT *** %%

B

B,9 ;Decrements digit number (-1)

NZ, HXDC1 ;Jump if digit counter 0
;Resets D flag

100H
INIT ;Starts program

INT ; Interrupt vectors
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT

A,0 ;Sets page 0 with X and Y registers
XP,A
YP,A

A,08H ;Sets stack pointer
SPH,A

A,0

SPL,A

X,0C2H ;Sets LCD duty to 1/4

1-18
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LD

LD
OR

LD
OR

LD
CLRAM: LBPX

CP

JP

LD
LD
OR

WAIT100:LD
FAN
Jp

LD

LD
LD

LD
CLLCD: LBPX

CP

JP

LD
LD

LD
LD

LD
LD

LD
OR

MAIN:
LD
LBPX
LBPX
LBPX
LBPX
LD

LD
LBPX
LBPX
LD

LD
OR

EI
HALT
JP

MX,1010B

X,0C3H
MX,0010B

X,0EOH
MX,0100B

X,0
MX, 0
XH, 8
NZ, CLRAM

X, 0D1H
MX, 0001B
MX, 0010B

X, OFDH
MX, 0010B
Z,WAIT100

A,MX

Al
XP,A

X,30H
MX, 0
XH, 8

NZ, CLLCD

A,0
XP,A

X,0C4H
MX,0001B

X, 0D1H
MX, 0001B

X, 0FOH
MX, 0001B

X,0E3H
MX, 00H
MX, 00H
MX, 00H
MX, 00H
MX, 0

X,0E7H
MX, OFOH
MX, OD8H
MX, OFH

X, OECH
MX, 0001B

MAIN

CHAPTER 3: A/D CONVERTER

;Sets LCD display memory in page 1

;Turns LCD power ON

;Turns A/D converter ON

;Clears RAM page 0, OOH-7FH

;Waits 100 mS

;Have 100 mS passed ?

;NO

;Turns all LCD dots OFF

;Resets clock timer

;Resets stopwatch timer

;Enables A/D interrupt

;Sets up-counter to 0
;Sets up/down counter to 0

;Sets up-counter to 10000D

;Turns A/D converter to RUN status
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CHAPTER 3: A/D CONVERTER

’
INT:

AD3:

7

SETTEMP :

READKN :

READEND:

COMP :

NEXTRD:

MULTI:

LD
LD
FAN
JP
CALL

RET

PAGE

RST
LD
LD

CALL
JP
RET
LD
PSET
JPBA

PUSH
LD
LD
LD

CP
JP
JP
JP
RCF
ADC
RCF
ADC
ADD
JP
POP
JP

POP
ADD
ADC
JP

POP
RCF
SBC
SBC
CALL
JP
LD
PSET
JPBA
LD
LD
LD
LDPX
INC
ADD

X,0F8H
A,MX
A,0001B
Z,AD3
SETTEMP

N

Z,8+2
NC, NEXTRD

XL, 15

YL, 15
B, 15
NZ, COMP
B

MULTI

A,7 ;Sets address of following setting value

B,0
READKN

B

A,7
B,0
S+2
S+4
X,10H
3

X, 0E7H
Y, 40H
B,5
MY, MX
Y

B, 15
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CHAPTER 3: A/D CONVERTER

JP NZ, $-3
RCF

LD X, 10H
LD Y, 40H
SCPY MY, MX
INC X
SCPY MY, MX
INC X
SCPY MY, MX
INC X
SCPY MY, MX
INC X
SCPY MY, MX

khkkkkhkkkhkhkkkkk INITIALIZE WORK MEMORY khkkkkkkkkkk*x

LD X, 25H

LD B,5
WMCLR :

LBPX MX, 00

ADD B, 15

JP NZ, WMCLR

khkkkkhkkkhkhkkkkk CALCULATE An X K khkkkkkkhkkkhkkhkkkk*

LD X,40H

LD Y, 0AH

LD B,5

LDPX MY, MX

INC Y

ADD B, 15

JP NZ, $-3

LD MY, 0

LD B, 1
MULTIOO:

LD Y, 15H
MULTIOL:

FAN MY, B

LD X, 40H

PUSH YL

JP Z,MULTIO02

LD X, 0AH

LD A,2

LD YH, A

CALL SUBADD

LD Al

LD YH, A
MULTIO2:

POP YL

INC Y

CP YL, 9

JP NZ,MULTIO1

RCF

RLC B

JP C, SUBTRA

*khkkkkhkkhkkhkhkkkkk WORK MEMORY X 2 khkkkkkkkkk*x

LD X, 0AH
RCF

ACPX MX, MX
ACPX MX, MX
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CHAPTER 3: A/D CONVERTER

ACPX MX, MX

ACPX MX, MX

ACPX MX, MX

ACPX MX, MX

JPp MULTIOO
:- *khkkkhkkhkkkkkkkk ADD Bn *hkkkhkkhkkkhkhkkkkx
SUBTRA:

HEXDEC 25H,30H, 11 ;8-digit HEX — DEC

LD X,18H ;Substitutes decimal point position

LD A, MX

SDF

LD X,1CH

CP MX, 1

JPp Z ,MINUS
PLUS:

RCF

LD X,19H

LD Y, 30H
PLUS3:

LD YL,A

ACPY MY, MX

INC X

PUSH F

CP XL, 0BH

JP Z,5+4

POP F

ADD Al ;OM

Jp PLUS3

POP F

RDF

JPp ENDPROG+1
MINUS:

RCF

LD X,19H

LD Y, 30H
MINUS1:

PUSH F

LD B,YL

cp B,A

Jp Z ,MINUS2

LD B,0

POP F

SBC B, MY

LD MY, B

INC Y

Jp MINUS1
MINUS2:

POP F

SBC MX, MY

LD MY, MX

INC X

INC Y

PUSH F

CP XL, O0BH

Jp Z,5+2

JPp MINUS2

POP F

RDF
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CHAPTER 3: A/D CONVERTER

JP ENDPROG+1
:~ *khkkkkkkkkkk 16_BIT ADDITION *kkkkkkkk*k
SUBADD :
RCF
ACPY MY, MX
INC X
ACPY MY, MX
INC X
ACPY MY, MX
INC X
ACPY MY, MX
INC X
ACPY MY, MX
INC X
ACPY MY, MX
ENDPROG :
RET
RET
PAGE 3
ORG 300H
;-30°C TO -20°C
LBPX MX, 82H ;K1 = 382 (898)
LBPX MX, 03H
LDPX MX, 0
LBPX MX, 0ADH ;Al = 40AD (0,0173)
LBPX MX, 40H
LBPX MX, 30H ;Bl = 1030 (-30°C)
RETD 10H
;-20°C TO -10°C
LBPX MX, 0C4H ;K1 = 5C4 (1476)
LBPX MX, 05H
LDPX MX, 0
LBPX MX, 72H ;Al = 4072 (0,0114)
LBPX MX, 40H
LBPX MX, 20H ;Bl = 1020 (-20°C)
RETD 10H
;-10°C TO 0°C
LBPX MX, 33H ;K1 = 933 (2355)
LBPX MX, 09H
LDPX MX, 0
LBPX MX, OFBH ;Al = 52FB (0,00763)
LBPX MX, 52H
LBPX MX, 10H ;Bl = 1010 (-10°C)
RETD 10H
; 0°C TO 10°C
LBPX MX, 51H ;K1 = E51 (3665)
LBPX MX, OEH
LDPX MX, 0
LBPX MX, OEH ;Al = 520E (0,00526)
LBPX MX, 52H
LBPX MX, 00H ;Bl = 0000 (0°C)
RETD 00H
; 10°C TO 20°C
LBPX MX, OBFH ;K1 = 15BF (5567)
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LBPX MX, 15H
LDPX MX, 0

LBPX MX, 72H ;A1 = 5172 (0,00370)
LBPX MX, 51H
LBPX MX, 10H ;Bl = 0010 (10°C)
RETD 00H

; 20°C TO 30°C
LBPX MX, 4FH ;K1 = 204F (8271)
LBPX MX, 20H
LDPX MX, 0
LBPX MX, OAH ;Al = 510A (0,00266)
LBPX MX, 51H
LBPX MX, 20H ;Bl = 0020 (20°C)
RETD 00H

; 30°C TO 40°C
LBPX MX, OFDH ;K1 = 2EFD (12029)
LBPX MX, 2EH
LDPX MX, 0
LBPX MX, 0C3H ;Al = 50C3 (0,00195)
LBPX MX, 50H
LBPX MX, 30H ;Bl = 0030 (30°C)
RETD 00H

; 40°C TO 50°C
LBPX MX, 06H ;K1 = 430 6(17158)
LBPX MX, 43H
LDPX MX, 0
LBPX MX, 91H ;Al = 5091 (0,00145)
LBPX MX, 50H
LBPX MX, 40H ;Bl = 0040 (40°C)
RETD 00H

; 50°C TO 60°C
LBPX MX, OEOH ;K1 = S5DEO0 (24032)
LBPX MX, 5DH
LDPX MX, 0
LBPX MX, 6EH ;Al = 506E (0,00110)
LBPX MX, 50H
LBPX MX, 50H ;Bl = 0050 (50°C)
RETD 00H

; 60°C TO 70°C
LBPX MX, 4DH ;K1 = 814D (33101)
LBPX MX, 81H
LDPX MX, 0
LBPX MX, 52H ;Al = 6352 (0,000850)
LBPX MX, 63H
LBPX MX, 60H ;Bl = 0060 (60°C)
RETD 00H

; 70°C
LBPX MX, 3FH ;K1 = AF3F (44863)
LBPX MX, OAFH
LDPX MX, 0
RET
ORG 34DH
RETS
END
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APPENDIX A. E0C6256 RAM Mar

RAM map - 1 (000H-07FH)

as1

aSsn
JANVN

as7

asin
JNVN

as1

asin
JNVN

as7

asin
JNVN

as1

aSsn
JANVN

as7

asin
JNVYN

as7

asin
JANVN

as7

asin
JNVN

0

0

3

H

d

‘ANVN NVHO04dd
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APPENDIX A: E0C6256 RAM MAP

RAM map - 2 (100H-17FH)

as1

asin
JANVN

as7

asin
JNVN

as7

asin
JANVN

as7

asin
JNVN

as1

asin
JNVN

as7

asn
JNVN

as1

asin
JANVN

as7

asin
JNVN

0

I

3

H

d

‘ANVN NvHO04dd
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APPENDIX A: E0C6256 RAM MAP

RAM map - 3 (200H-27FH)

as1

aSsn
JANVN

as7

asin
JNVN

as1

asin
JNVN

as7

asin
JNVN

as1

aSsn
JANVN

as7

asin
JNVYN

as7

asin
JANVN

as7

asin
JNVN

0

4

3

H

d

‘ANVN NVHO04dd
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APPENDIX A: E0C6256 RAM MAP

RAM map - 4 (300H-37FH)

as7

asin
JNVN

a8

asn
JNVN

a8

asin
JANVN

as87

asin
JNVN

as7

aSsn
JNVN

a8

asin
JNVN

as7

asin
JAVN

as87

asin
JNVN

0

€

3

H

d

‘JNVN NVHOO0Hd
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RAM map - 5 (400H—47FH)

as71

asn
JNVN

a8

asn
JNVN

as71

asin
JNVN

as87

asin
JNVN

as71

asn
JNVN

a8

asn
JNVYN

a8

asin
JANVN

as87

asin
JNVN

0

14

3

H

d

‘ANVN NVHOO0Hd
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APPENDIX A: E0C6256 RAM MAP

Display memory map (530H-57FH, W only)

as7

asin

Invn L

a8

asn

anwn 9

a8

asin

anwN 9

as87

asin

InvN P

a8

asin

anvN €

S

3

H

d

‘JNVN NVHOO0Hd
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APPENDIX A: E0C6256 RAM MAP

I/0 memory map (80H-FEH)

oLl | OMSI | Ldi i8I ol B[ avi 0L | OMSIE | 1diF | 41513 | 03 | b3 | avid | as1
T T EMST | o | o | 0 | o | o | 3 | IMSIE| 0 |« o | o | 0 | 0 |
R AT avir | o | o | 0o | o | o | | ew3 |dvia| o | o | 0 [ o | o |
““““““ el | Nl [ o | o | o | o | o | [ eu3 |Nnm=| 0 | 0 | o0 0 0 |asw
.................................................................................................................. Inyn d
NNEav| 90 | 2iD 80 %) 00 | 2tOL | 8OL | ¥OL | 00l | 13SHD |0x10Qv| 3OWav| a5
“““““““““““““ IAANO | 210 | €10 | 60 | SO | 1O | €10l | 60L | S0L | 1oL | 0 [10av|713SN3S|
R 24NO | 810 | ¥ID | « 010 | ¢ 90 | 20 | vOL | 0OL | 901 | 2oL | o | 0 | HMdV |
““““““““““““““ 0 | 610 | SO | 1O | 20 | €0 | SKOL | k0L | 0L | €0L | O [713sHm| 0 | asw
....................................................................................................................... INyN 3
0ALQd | 00479 | MdLHS| 374 | vds | 0dS | 0S0S | disd OHMS | ONMS | 0TMS | LSHMS | 0AMd | 851
| LALAG | 104Z9 | LHSZG | NONI | SaS | +AS | 1SS0S |®H10S| | || FHMS | HAMS | 1TMS |NNHMS| HAMA |
| 2ALA8 | 204z9 | 1Sz [1SHUN3| 9as | 2as | sdos| o | | | ZHMS | 2AMS | 2IMS |dMNED| 2IAMA |
o0 | o | 0 |WNLEUN3| 208 | €dS | das | o | [ | | EHMS | EAMS | €IMS | 9HNDT | HId3 | asi
....................................................................................................................... anwn d
vld | 0ld | vad | 0Qd | 1Sdld | 00dld | 0Sdid YINL | ONL | ISHWL | HMd1 | OALQ]1 | LSHAM | 00404 | 951
| s1d | lld | 6dd | a4 | NNYld| 10dld | ISdld | | GAL | AL |NNHWL| 4407 | FAL@1| 0 | 10404 |
| oid | 2ld | oad | ead | 3oLd | o | o | [ aonNL | ewr | 0 | 0 | aols| o | "« 0 |
| 1d | €ld | 2a4d | €ad |SduUNd| o | o | [ znL |} ewL |0 | 0 | sAa@1 | o0 [3Lnod|asw
....................................................................................................................... anvN O
0ld | 0FINd | 0100l 00d | 007Nd | 00001 |as1
“““““““““““““““““““““““““““““““““““ bid | HINd | K001 | | tod | 0Ind | 02Ol |
“““““““““““““““““““““““““““““““““““ Zikd | 2kind | 2001 | | 2od | 2o1nd | 2000 |
“““““““““““““““““““““““““““““““““““ €id | €kINd | €001 | | €0d | €01nd | €000l | as
....................................................................................................................... 3nvn 9
0td | ziHvg | 00d | ZiHoY |@si
R D L e ) e R (AT o | oy |« 0 |
[ e I ) ) N -7 FE R A 0o | 2od |« 0 |
[ ew |0 | eod | 0 |aswW v
JNVN
eale pasnun 0rdOM | O | OMiIS 00dOM | 00M | 00MIS | @S
[ ) Y R I FEAOM | B [ IS | ] 1odOM | FOM | FOMIS |
Ty edo | e | ewis | | 20dOM | 20M | 2oMIS |
T edo | et | emis || €0dOM | €0M | €0MIS | asin
....................................................................................................................... anvN 6
0DHOIA| DHOSA | NOGd | NOGAS | 0SAAS | gs1
Ty T T oHOIA | 09SO | NOTH | LadAaS | ESAAS |
[ R R I COHOIADHOMTO| 713SA | 0 |« 0 |
“““““““““““““““““““““““““““““““““““““““““““ o | o | o | 0o [ 0o |asw
....................................................................................................................... anvN 8
4 3 a 0 a v 6 8 L 9 g b e z | 0o |[9—H

OO m NN O T WO

‘ANVN NVHO04dd
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APPENDIX B: E0C6256 INSTRUCTION SET

APPENDIX B. E0C6256 INSTRUCTION SET

Mne- Operation Code Flag
Classification | )i | Operand Clock Operation
B A9B8|7 65 4(3210[IDZC
Branch PSET | p 1 11 0[0 1 O p4|p3p2plp0 5 | NBP «p4, NPP < p3~p0
instructions | JP S 0 0 0 0|s7 s6 s5 s4|s3 s2 sl sO 5 | PCB<«NBP, PCP <« NPP, PCS «s7~s0
C,s 0 0 1 0]s7 s6 s5 s4|s3 s2 sl sO 5 PCB <~ NBP, PCP < NPP, PCS «s7~s0 if C=1
NC,s [0 O 1 1]s7 s6 s5 s4{s3 s2 sl sO 5 | PCB«NBP, PCP« NPP, PCS «s7~s0 if C=0
Z,s 0 1 1 0]s7 s6 s5 s4|s3 s2 sl sO 5 PCB < NBP, PCP «—NPP, PCS «s7~s0 if Z=1
NZ,s |0 1 1 1(s7 s6 s5 s4|s3 s2 sl s0 5 | PCB«NBP, PCP« NPP, PCS «s7~s0 if Z=0
JPBA 111111101 0O0O0 5 | PCB«NBP, PCP«NPP, PCSH B, PCSL <A
CALL | s 0 1 0 0]s7 s6 s5 s4[s3 s2 sl sO 7 | M(SP-1) «PCP, M(SP-2) «<—PCSH, M(SP-3) <~ PCSL+1
SP« SP-3, PCP «—NPP, PCS «57~s0
CALZ | s 0 1 0 1|s7 s6 s5 s4{s3 s2 sl sO 7 | M(SP-1) «PCP, M(SP-2) < PCSH, M(SP-3)« PCSL+1
SP« SP-3, PCP -0, PCS «-s7~s0
RET 1 11 11 10 1|1 111 7 | PCSL«M(SP), PCSH <~ M(SP+1), PCP <~ M(SP+2)
SP «SP+3
RETS 1 1111 101[1 110 12 | PCSL« M(SP), PCSH <~ M(SP+1), PCP« M(SP+2)
SP« SP+3, PC« PC+1
RETD | I 00 0 1({/7161514(13121110 12 | PCSL «<—M(SP), PCSH <~ M(SP+1), PCP < M(SP+2)
SP« SP+3, M(X) <~ [3~10, M(X+1) ¢~ [ 7~14, X —X+2
System NOP5 1111111 1/1 011 5 | No operation (5 clock cycles)
control NOP7 1 11 1{1 11 1|1 111 7 | No operation (7 clock cycles)
instructions | HALT 111111111 00O 5 | Halt (stop clock)
Index INC | X 11101 110(0O0O0O0 5 | XeX+1
operation Y 1 110/1 1110000 5| YeY+I1
instructions | LD X,x |1 0 1 1[x7x6x5x4|[x3 x2 x1 x0 5 | XH¢ x7~x4, XL < x3~x0
Y,y [1 0 0 O0|y7y6y5y4y3y2yly0 5 | YH«y7~y4, YL<y3~y0
XP,r{1 1 1 0{1 00 0[O0 Orlit0 5 | XPer
XH,r{1 1 1 0{1 0 0 0[O0 1 rl 10 5 | XHéer
XL,r{1 1 1 0{1 00 O|1 Orlit0 5 | XLer
YPr |1 1 1 01 OO0 1/0 O rlr0 5| YPer
YH,r(1 1 1 01 00 1/0 1 rl 10 5 | YHer
YL,r |1 1 1 Of1 OO0 1|1 O rlr0 5 | YLer
r,XP {1 1 1 0{1 01 0[O0 O rl 10 5 | r<XP
rrXH{1 1 1 0{1 01 0[O0 1 rl 10 5 | r«<XH
r, XL {1 1 1 0{1 01 O0[1 O0rlit0 5 | r<XL
rrYP |1 1 1 0{1 01 1{0 O0rlr0 5 | r<YP
rrYH|{1 1 1 O0f1 01 1|0 1110 5 | r<YH
rrYL |1 I 1 0{1 01 1|1 O0rlt0 5 | r«<YL
ADC |XH,i |1 0 1 0{0 O O 0[i3 i2 il i0 T 7| 7 | XHeXH+i3~i0+C
XL,i{1l 01 0[{0 0 0 1]i3i2 il i0 T T 7 | XLeXL+i3~i0+C
YH,i|1 0 1 0[0 0 1 0]i3 i2 il i0 T T 7 | YHeYH+3~i0+C
YL,i |1 O 1 00 O I 1(i3i2 il i0 T3] 7| YL YL+3~i0+C
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Mne- Operation Code Flag
Classification | i | Operand Clock Operation
BAO9GS8|7654/3210(IDZC
Index CP |[XH,i|[l1 01 0[0 1 0 0[i3i2il i0 T T 7| XH-3~i0
operation XL,i {1 0 1 0[0 1 0 1{i3i2 il i0 TT 7| XLi3~i0
instructions YH,i |1 0 1 0[0 1 1 0]i3i2 il i0 T T 7| YH-3~i0
YLi[1 0 1 0[0 1 1 1[i3i2il i0 TT 7| YLi3~i0
Data LD |ri 1 11 0[0 0 rlr0i3i2il i0 5 | rei3~io
transfer r,q 1 1.1 0{1 1 0 Ofrl r0ql q0 5 | req
instructions A,Mn{1 1 1 1{1 0 1 0|n3n2nln0 5 | A«<M(n3~n0)
B,Mn[1 1 1 1|1 0 1 1{n3n2nln0 5 | B« M(n3~n0)
Mn,A{1 1 1 1[1 0 0 0[n3n2nln0 5 | M(n3~n0)« A
Mn,B{1 1 1 1|1 0 0 1{n3n2nln0 5 | M(n3~n0)«B
LDPX|MX,i|1 1 1 0|0 1 1 0}i3 i2 il i0 5 | M(X)«i3~i0, X< X+1
r,q 1 1 10[1 11 0frl r0qlq0 5 | rq X<X+1
LDPY | MY,i|1 1 1 0|0 1 1 1{i3 i2 il i0 5 | M(Y)<«i3~i0, Y < Y+1
r,q 1 1 10[1 11 1|rlr0qlq0 5| 1¢qYeY+1
LBPX | MX,/ |1 0 0 1|I7161514[I13121110 5 | M(X)<13~10, M(X+1) ¢ [7~14, X <~ X+2
Flag SET |F,i |1 1 1 1/01 0 0fi3i2i1i0[T T 7T T 7 | F<FVi3~i0
operation |RST |[F,i [1 1 1 1[0 1 0 1]i3i2i1i0|d d L 1| 7 | FeFAi3~i0
instructions | SCF 111 1/0100[0O00O0°1 T 7| Ce1
RCF 111 1[010 1|1 110 I 7| Ce0
SZF 1 111/0100/00T10 T 7| Ze1
RZF 111 1/010 1|1 101 I | 7] z«0
SDF 1 111/0100/0100 T 7 | Dé1 (Decimal Adjuster ON)
RDF 11 11/0101f1011| { 7 | D0 (Decimal Adjuster OFF)
EI 1 111/0100f100O0|T 7 | 1«1 (Enables Interrupt)
DI 1 111/0101/011 1| 7 | 1«0 (Disables Interrupt)
Stack INC |SP 111 1)1 1011011 5 | SP« SP+l
operation | DEC | SP 1 11 1/1 1001 011 5 | SP«SP-1
instructions | PUSH | r 1 11 1/1100/00Tl0 5 | SP<SP-1, M(SP)<—r
XP [1 1 1 1[1 10 0[0°1 0 5 | SP« SP-1, M(SP)« XP
XH [1 111110 0[01 1 5 | SP« SP-1, M(SP)« XH
XL (1 1 111 100[0110 5 | SP« SP-1, M(SP)« XL
YP [1 1 1 1{1 1000111 5 | SP« SP-1, M(SP)« YP
YH |1 11 1|/1 1001 000 5 | SP« SP-1, M(SP)«< YH
YL [1 1 1 1{1100[100°1 5 | SP« SP-1, M(SP)« YL
F 111 1|/1 1001 010 5 | SP«SP-1, M(SP)«F
POP |r 111 1/1101/00Trlr0 5 | reM(SP), SP« SP+1
XP [1 1 1 1[1 10 1[0°1 0 5 | XP<« M(SP), SP< SP+1
XH [1 11 11 10 1[0 1 1 5 | XHée M(SP), SP« SP+1
XL (11 1 1[1101[0110 5 | XL« M(SP), SP< SP+1
YP [1 1 1 1{110T1{011°1 5 | YP« M(SP), SP< SP+1
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Mne- Operation Code Flag
Classification monic Operand Clock Operation
A9 8765 4(3210[(IDZC
Stack POP |[YH |1 1 1 1|1 10 1|1 00 0 5 | YHe M(SP), SP«SP+1
operation YL (111 1|1 1011001 5 | YL« M(SP), SP« SP+1
instructions F 11111 101[10710|{TTTT 5| FMESP),SP«SP+]
LD |[SPH,rf{1 1 1 1|1 1 1 0[0 0 rl 0 5 | SPH¢r
SPL,r[1 1 1 1|1 1 1 1[0 0 rl 10 5| SPL«r
r,SPH(1 1 1 1|1 1 1 0|0 1 rl10 5 | reSPH
LSPL{1 1 1 1[1 1 1 1[0 11110 5 | r<SPL
Arithmetic | ADD | r, i 1 100/00rlr0fi3i2ilio] *T T| 7| rer+id~io
instructions g [1 01 0[1 00 0[r1r0qlqo *T T 7| rerq
ADC |r,i 11000 1r1r0[i3i2ili0] *T T| 7| rer+i3~i0+C
g |1 01 0[/1 00 1|r10qlq *xT T| 7 | rersqeC
SUB |r,g |1 01 0[1 01 0[r1r0qlqo] *T T| 7| rerq
SBC |r,i 110 1|0 1r110]i3i2i1i0 *T 3| 7| reriz~io-C
g [1 01 0[1 01 1{r1r0qlq0 *xT T 7| rergC
AND | r,i 110 0|1 0 rlr0]i3i2il i0 T | 7] rerniz-io
g |10 1 0/1 1 0 0|rl 10qlqO T | 7] rerng
OR |ri 110 0|1 1 rl10]i3i2il i0 T | 7] rerviz-io
g |10 1 0/1 1 0 1|rl 10qlqO T | 7] rervg
XOR |r,i 110 1|0 0rlr0]i3i2 il i0 T | 7| rerviz-io
g [1 01 0[1 1 1 0[rl r0qlqo0 0 7 | rervq
CP |r1i 1 10 1|1 1 rlr0fi3i2il i0 TT 7| r-i3~i0
g |1 1 1 1|0 0 0 0[rl 10 ql q0 T3 7| rq
FAN |ri 1 10 1|1 0rlr0fi3i2il i0 T | 7 rAiz~i0
q |1 1 1 1[0 0 0 I|rl 10qlqo0 T | 7] aq
RLC |r 10101 11 1|r1r0rl10 T 1| 7| d3¢d2,d2«dl,dl «do,d0 «C, Ced3
RRC |r 111010001 171110 T 71| 5| d3¢C,d2¢d3,dld2,d0«dl, Cedo
INC |[Mn |1 1 1 1[0 1 1 0O|n3n2nl n0 T Tl 7 | M(n3~n0) «M(n3~n0)+1
DEC [Mn |1 1 1 1|0 1 1 1|n3n2nln0 T3 7 | M®n3~n0)«<M(n3~n0)-1
ACPX|MX,r{1 1 1 1|0 0 1 0|1 0r1r0] *T JT| 7 | MX)MX)+r+C, X X+1
ACPY|MY,r|1 1 1 1|0 0 1 0|1 1110 *T L] 7 | MY)=M(Y)+r+C, Y < Y+1
SCPX |[MX,r|1 1 1 1|0 0 1 1|1 010 *T 3| 7 | MX)eMX)r-C, X X+1
SCPY |MY,r{1 1 1 1|0 0 1 1|1 110 *T 3| 7 | MY)eMY)r-C, Y Y+1
NOT |r 110 1[00rlOf1 1 11 T | 7] rex
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Abbreviations used in the explanations have the following meanings.

Symbols associated with registers and memory

Symbols associated with program counter

A
B
X
Y
XH
XL
YH
YL
XP
YP
SP

SPH
SPL

A register

B register

XHL register

(low order eight bits of index register IX)
YHL register

(low order eight bits of index register I'Y)
XH register

(high order four bits of XHL register)
XL register

(low order four bits of XHL register)

YH register

(high order four bits of YHL register)
YL register

(low order four bits of YHL register)

XP register

(high order four bits of index register IX)
YP register

(high order four bits of index register IY)
Stack pointer SP

High-order four bits of stack pointer SP
Low-order four bits of stack pointer SP

MX, M(X) Data memory whose address is specified

with index register IX

MY, M(Y) Data memory whose address is specified

Mn, M(n)

M(SP)

r,q

with index register IY

Data memory address 000H-O0FH
(address specified with immediate data n of
00H-OFH)

Data memory whose address is specified
with stack pointer SP

Two-bit register code

I, q is two-bit immediate data; according to
the contents of these bits, they indicate
registers A, B, and MX and MY (data
memory whose addresses are specified with
index registers IX and IY)

r q Register
r1 r0 ql q0 | specified
0 0 0 0 A
0 1 0 1 B
1 0 1 0 MX
1 1 1 1 MY

NBP New bank pointer
NPP New page pointer
PCB Program counter bank
PCP Program counter page
PCS Program counter step

PCSH Four high order bits of PCS
PCSL Four low order bits of PCS

Symbols associated with flags
Flag register (I, D, Z, C)
Carry flag

Zero flag

Decimal flag

Interrupt flag

Flag reset

Flag set

Flag set or reset

o oe=gNAaE

Associated with immediate data

P Five-bit immediate data or label 00H-1FH

S Eight-bit immediate data or label 00H-OFFH
1 Eight-bit immediate data 00H-OFFH

i Four-bit immediate data 00H-OFH

Associated with arithmetic and other operations

+ Add

- Subtract

Logical AND

Logical OR

Exclusive-OR

Add-subtract instruction for decimal
operation when the D flag is set

» <C < >
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APPENDIX C. PSEUDO-INSTRUCTION TABLE
OF THE CROSS ASSEMBLER

Item No. | Pseudo-instruction Meaning Example of use
1 EQU To allocate data to label ABC EQU 9
(Equation) BCD EQU ABC+1
2 ORG To define location counter ORG 100H
(Origin) ORG 256
3 SET To allocate data to label ABC SET 0001H
(Set) (data can be changed) ABC SET 00028
4 DW To define ROM data ABC DW 'AB!'
(Define Word) BCD bW OFFBH
5 BANK To define boundary of bank BANK 0
(Bank) BANK 1H
6 PAGE To define boundary of page PAGE 1H
(Page) PAGE 4
7 SECTION To define boundary of section SECTION
(Section)
8 END To terminate assembly END
(End)
9 MACRO To define macro
(Macro)
CHECK MACRO DATA
10 LOCAL To make local specification of label LOCAL LOOP
(Local) during macro definition LOOP CP MX, DATA
JpP NZ,LOOP
11 ENDM To end macro definition ENDM
(End Macro)
CHECK 1
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APPENDIX D. ComMMAND TABLE oF ICE6200

Item No. Function Command Format Outline of Operation
1 Assemble #A,a Assemble command mnemonic code and store at address "a"
2 Disassemble | #L,al,a2 Contents of addresses al to a2 are disassembled and displayed
3 Dump #DP,al,a2 Contents of program area al to a2 are displayed
#DD,al,a2 Content of data area al to a2 are displayed
4 Fill #FP,al,a2,d Data d is set in addresses al to a2 (program area)
#FD,al,a2,d Data d is set in addresses al to a2 (data area)
5 Set #G,ad) Program is executed from the "a" address
Run Mode #TIM Execution time and step counter selection
#OTF[J) On-the-fly display selection
6 Trace #T,a,n Executes program while displaying results of step instruction
from "a" address
#U,a,n Displays only the final step of #T,a,n
7 Break #BA,a Sets Break at program address "a"
#BAR,a Breakpoint is canceled
#BD Break condition is set for data RAM
#BDR Breakpoint is canceled
#BR Break condition is set for EVA6256 CPU internal registers
#BRR Breakpoint is canceled
#BM Combined break conditions set for program data RAM address
and registers
#BMR Cancel combined break conditions for program data ROM
address and registers
#BRES All break conditions canceled
#BC Break condition displayed
#BE Enter break enable mode
#BSYN Enter break disable mode
#BT Set break stop/trace modes
#BRKSEL,REM Set BA condition clear/remain modes
8 Move #MP,al,a2,a3 Contents of program area addresses al to a2 are moved to
addresses a3 and after
#MD,al,a2,a3 Contents of data area addresses al to a2 are moved to addresses
a3 and after
9 Data Set #SP,a Data from program area address "a" are written to memory
#SD,a(d] Data from data area address "a" are written to memory
10 | Change CPU |#DR[J) Display EVA6256 CPU internal registers
Internal #SR Set EVA6256 CPU internal registers
Registers #1 Reset EVA6256 CPU
#DXY [J) Display X, Y, MX and MY
#SXY[J) Set data for X and Y display and MX, MY
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Item No. Function Command Format Outline of Operation
11 | History #H,p1,p2 Display history data for pointer 1 and pointer 2
#HB Display upstream history data
#HG[J) Display 21 line history data
#HP Display history pointer
#HPS,a Set history pointer
#HC,S/C/E[J] Sets up the history information acquisition before (S),
before/after (C) and after (E)
#HA,al,a2 Sets up the history information acquisition from program area
al to a2
#HAR,al,a2 Sets up the prohibition of the history information acquisition
from program area al to a2
#HAD Indicates history acquisition program area
#HS,a Retrieves and indicates the history information which executed
a program address "a"
#HSW.a Retrieves and indicates the history information which wrote or
#HSR,a read the data area address "a"
12 | File #RF file Move program file to memory
#RFD. file Move data file to memory
#VF file Compare program file and contents of memory
#VFD file Compare data file and contents of memory
#WE file[d Save contents of memory to program file
#WFD,file Save contents of memory to data file
#CL file Load ICE6200 set condition from file
#CS file Save ICE6200 set condition to file
#OPTLD, 1 file[d] Load function option data from file
#OPTLD,?2 file[d] Load segment option data from file
13 | Coverage #CVD Indicates coverage information
#CVR Clears coverage information
14 | ROM Access | #RP Move contents of ROM to program memory
#VP Compare contents of ROM with contents of program memory
#ROM Set ROM type
15 | Terminate #Q Terminate ICE and return to operating system control
ICE
16 | Command #HELP Display ICE6200 instruction
Display
17 | Self #CHK Report results of ICE6200 self diagnostic test
Diagnosis

means press the RETURN key.
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