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CHAPTER 1: INTRODUCTION

CHAPTER 1 INTRODUCTION

The E0C6009 Series single-chip microcomputer features an E0C6200B CMOS 4-bit CPU as the core. It
contains a 1,536 (words) x 12 (bits) ROM, 144 (words) x 4 (bits) RAM, LCD driver, 4-bit input port (K00—
K03), 4-bit output port (R00-R03), 8-bit I/ O port (P00-P03, P10-P13) and timers.

The E0C6009 Series is configured as follows, depending on the supply voltage.

EO0C6009: 3.0V (2.6to3.6V)
EOC60L09: 1.5V (1.2to 1.8 V)

1.1 Features

Core CPU. ..o E0C6200B

Built-in oscillation circuit ............. Crystal 32.768 kHz (Typ.) or CR oscillation circuit 65 kHz (Typ.)
Instruction set .......c..ccccovvervveennnne. 100 instructions

ROM capacity......ccccocoevinnninnnnn 1,536 words x 12 bits

RAM capacity .......ccovvvnvinnncnnne. 144 words x 4 bits

Input port ......coceiviviiiiicccns 4 bits (pull-down resistors are available by mask option)
Output port .........ccccevicciniccns 4 bits (clock and buzzer outputs are selectable by mask option)
I/O POIt .o 8 bits

LCD driver 38 segments x 4, 3 or 2 commons
(1/4,1/3 or 1/2 duty are selectable by mask option)
Time base counter ...........cccccceuvenee. 2 systems (clock timer and stopwatch timer) built-in
Interrupt ..o External: Input port interrupt 1 system
Internal: Timer interrupt 2 systems
Supply voltage ..........cccoorrnrunnnnnn 1.5V (1.2t0 1.8 V) EOC60L09

3.0V (2.6 to 3.6 V) EOC6009

Current consumption (Typ.) ......... During HALT: 1.0 uA (32 kHz crystal oscillation)
During execution: 3.0 pA (32 kHz crystal oscillation)

Supply form ........cccoceviiiiiniiininnnns Die form only

EO0C6009 TECHNICAL MANUAL EPSON 1



CHAPTER 1: INTRODUCTION

1.2 Block Diagram

COMO-3
SEG0-37

VDD
Vi1-Vi3
CA,CB
Vs1

Vss

o]

|_
— N w
00 0
%) w
(oNe] 44
ROM System Reset
. 0OsC
1,536 words x 12 bits Control
U ' !
Core CPU E0C6200B
i
RAM | Interrupt
144 words x 4 bits Generator
KO00-K03
. E— — Input Port
LCD Driver — TEST
38 SEG x4 COM [
[ 1R00, RO3 (BZ, BZ)™
~ lc—7—] Output Port —[]JR01
—{ 1RO2 (FOUT)™
Power
Controller l«—{ 1P00-P03
S B s S— 1/0 Port . . P10-P13
Stopwatch L ‘ Clock
Timer : Timer

[1: Terminal specifications can be selected by mask option.
Fig. 1.2.1 EOC6009 block diagram

EPSON
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CHAPTER 1: INTRODUCTION

1.3 Pad Layout

1.3.1 Pad layout diagram

A
70
20
65[+]
Y
e
25 X E
0.0) 60 ] N
3
[x]30 B
55[+]
35 40 45 50
A
A 2.90mm
Fig. 1.3.1.1 Pad layout Chip thickness: 400 um

Pad opening: 95 um
1.3.2 Pad coordinates
Table 1.3.2.1 Pad coordinates (unit: pm)

No. |Pad name X Y No. |Pad name X Y No. |Pad name X Y
1 |SEG37 1,020 | 1,268 | 25 |VL2 -1,284 26 | 49 |SEG16 765 | -1,268
2 |K03 861 | 1,268 | 26 |VL1 -1,284 -104 | 50 |SEG17 895 | -1,268
3 |KO02 731 | 1,268 | 27 |CB -1,284 -234 | 51 |SEG18 1,025 | -1,268
4 |KO1 601 | 1,268 | 28 |CA -1,284 -364 | 52 |SEG19 1,284 | -1,196
5 |K0O 471 | 1,268 | 29 | COM3 -1,284 -494 | 53 |TEST 1,284 | -1,037
6 |P13 297 | 1,268 | 30 |[COM2 -1,284 -624 | 54 |SEG20 1,284 -879
7 |P12 167 | 1,268 | 31 |COM1 -1,284 -754 | 55 |SEG21 1,284 -749
8 |P11 37 | 1,268 | 32 |COMO -1,284 -884 | 56 |SEG22 1,284 -619
9 |P10 -93 | 1,268 | 33 |SEGO -1,284 | -1,014 | 57 |SEG23 1,284 -489
10 |PO3 -246 | 1,268 | 34 |SEG1 -1,237 | -1,268 | 58 |SEG24 1,284 -359
11 |PO2 -376 | 1,268 | 35 |SEG2 -1,107 | -1,268 | 59 |SEG25 1,284 -229
12 |PO1 -507 | 1,268 | 36 |SEG3 -977 | -1,268 | 60 |SEG26 1,284 -99
13 |POO -637 | 1,268 | 37 |SEG4 -795 | -1,268 | 61 |SEG27 1,284 32
14 |R02 -835 | 1,268 | 38 |SEGS -665 | -1,268 | 62 |SEG28 1,284 162
15 |RO1 -969 | 1,268 | 39 |SEG6 -535 | -1,268 | 63 |SEG29 1,284 292
16 |ROO -1,102 | 1,268 | 40 |SEG7 -405 | -1,268 | 64 |SEG30 1,284 422
17 |RO3 -1,236 | 1,268 | 41 |SEGS8 -275 | -1,268 | 65 |SEG31 1,284 552
18 |Vss -1,284 965 | 42 |SEG9 -145 | -1,268 | 66 |SEG32 1,284 682
19 |RESET -1,284 835 | 43 |SEGI10 -15 | -1,268 | 67 |SEG33 1,284 812
20 |Vs1 -1,284 705 | 44 |SEG11 115 | -1,268 | 68 |SEG34 1,284 942
21 |0sc2 -1,284 575 | 45 |SEGI12 245 | -1,268 | 69 |SEG35 1,284 | 1,072
22 |0SC1 -1,284 445 | 46 |SEG13 375 | -1,268 | 70 |SEG36 1,284 | 1,202
23 |VbD -1,284 286 | 47 |SEG14 505 | -1,268 | —
24 |VL3 -1,284 156 | 48 |SEG15 635 | -1,268 | —

EO0C6009 TECHNICAL MANUAL EPSON 3



CHAPTER 1: INTRODUCTION

1.4 Pad Description

Table 1.4.1 Pad description

Pad name Pad No. 1/0 Function

/DD 23 (I) [Power supply terminal (+)

Vss 18 (1) [Power supply terminal (-)

Vs1 20 — |Constant voltage output terminal

Vi3 2624 — |Power sourcefor LCD

CA,CB 28, 27 — |Booster capacitor connecting terminal

0OSC1 22 I |Crystal or CR oscillation input terminal *

0SsC2 21 O |Crystal or CR oscillation output terminal *
K00-03 5-2 | |Input port terminal

PO0-03 13-10 1/0 |I/O port terminal

P10-13 96 1/0 |I/O port terminal

R0OO 16 O |Output port terminal (BZ output is selectable *)
RO3 17 O |Output port terminal (BZ outpuit is selectable *)
RO1 15 O  |Output port terminal

R02 14 O |Output port terminal (FOUT output is selectable *)
SEGO0-37 33-52, 54-70, 1 O |LCD segment output (DC output is selectable *)
COMO0-3 32-29 O |LCD common output terminal (1/4, 1/3 or 1/2 duty are selectable *)
RESET 19 I |Initia reset input terminal
TEST 53 | |Testinput terminal

OCan be selected by mask option

4 EPSON EO0C6009 TECHNICAL MANUAL



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 PoweR SuPPLY AND INITIAL RESET
2.1 Power Supply

With a single external power supply (O supplied to VDD through Vss, the EOC6009 Series generates the
necessary internal voltages (<Vsi> for oscillator and internal circuits and <VL1-VL3> for driving LCD)
with the internal power supply circuit.

OSupply voltage: EOC6009 ... 3.0V EOC60L09 ... 1.5V

The internal power supply circuit is configured according to the LCD drive voltage specification selected
by mask option. Figure 2.1.1 shows the configuration of the power supply circuit.

E0C6009
4.5V LCD Panel 3V LCD Panel
1/4, 1/3 or 1/2 duty, 1/3 bias 1/4, 1/3 or 1/2 duty, 1/2 bias
VDD VDD VbD VDD
Volt C4 | 0.1pF Volt C3 | 0.1pF
Vs reguggt]sr Vst s Vs reguggtlsr Vst s
C2 | 0.1pF C2 , 0.1pF
VL1=1/2Vi2 +— = Vi — }7“ VL1=1/2VL3 +— — Vi1 j—{ }7“
Vi2=Vss — Vi — ViL2=1/2VL3 +—— — VL2
LCD C3 | 0.1yF LCD
Vi3=3/2VL2 voltage [~ Vi3 —F——¢ VL3=Vss voltage [~ VL3
circuit | ca circuit | ca
c1 - 3.0V c1 - 3.0V
- cB —Jo.apF - cB —Jo.apF
Vss Vss Vss Vss
Note: VL2 and Vss are shorted internally. Note: VL3 and Vss are shorted internally.
EOC60L09
4.5V LCD Panel 3V LCD Panel
1/4, 1/3 or 1/2 duty, 1/3 bias 1/4, 1/3 or 1/2 duty, 1/2 bias
VDD VDD VbD VDD
Voltage | C4 | O.1pF | Voltage | C3 | 0.1pF |
Vs regulator Vst Vs regulator Vs
VL1=Vss = Vi — ViL1=Vss = Vi ]
2 0.1pF
Vi2=2Vi1 v [C2 0F Vi2=Vss Vi
LCD C3 | 0.1pF LCD C2 | 0.1pF
Vi3=3VL1 voltage [~ VL3 e VL3=2VL1 voltage [~ VL3 o e
circuit | ca circuit | ca
c1 - 15V c1 - 15V
- cB —Jo.apF - cB —Jo.apF
Vss Vss Vss Vss
Note: VL1 and Vss are shorted internally. Note: VL1 and Vss are shorted internally.

Fig. 2.1.1 Power supply configuration and external elements

Notes: < External loads cannot be driven by the output voltage of the internal power supply circuit.

» See Chapter 6, "ELECTRICAL CHARACTERISTICS", for voltage values.

EO0C6009 TECHNICAL MANUAL EPSON



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 Initial Reset

To initialize the EOC6009 Series circuits, an initial reset must be executed. There are three ways of doing this.

(1) Initial reset by the power-on reset circuit
(2) External initial reset via the RESET terminal
(3) External initial reset by simultaneous high input to K00-K03 (depending on mask option)

Figure 2.2.1 shows the configuration of the initial reset circuit.

OSC1 ( ‘ — 0sc1
osc2 (O)— oscillation circuit

Power-on
reset circuit

Time _authorlze Np|se Initial
circuit rejector reset

K00 C
Ko1 C
K02 C

K03

- |
RESET? WVSS ‘D

Fig. 2.2.1 Configuration of initial reset circuit

2.2.1 Power-on reset circuit

The power-on reset circuit outputs the initial reset signal at power-on until the oscillation circuit starts
oscillating.

Note: The power-on reset circuit may not work properly due to unstable or lower voltage input. The
following two initial reset method are recommended to generate the initial reset signal.

2.2.2 Reset terminal (RESET)

An initial reset can be executed externally by setting the reset terminal to high level. This high level must
be maintained for at least 1 sec (when oscillating frequency fosc = 32 kHz), because the initial reset circuit
contains a noise rejector circuit. When the reset terminal goes low the CPU starts operating.

2.2.3 Simultaneous high input to input ports (KO0—KO03)

Another way of executing an initial reset externally is to input a high signal simultaneously to the input
ports (K00-K03) selected with the mask option. The specified input port terminals must be kept high for
at least 1 sec (when oscillating frequency fosc = 32 kHz), because of the noise rejection circuit. Table
2.2.3.1 shows the combinations of input ports (K00-K03) that can be selected with the mask option.

Table 2.2.3.1 Input port combinations

A |Not used

B |KO0*KO1

C | KO00*K01*K02

D |KO0*K01*K02*K03

When, for instance, mask option D (K00*K01*K02*K03) is selected, an initial reset is executed when the
signals input to the four ports K00-KO03 are all high at the same time.

Further, the time authorize circuit can be selected with the mask option. The time authorize circuit
performs 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 3 sec).

When this function is used, make sure that the specified ports do not go high at the same time during
normal operation.

6 EPSON EO0C6009 TECHNICAL MANUAL



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.4 Internal register following initialization

An initial reset initializes the CPU as shown in the table below.

Table 2.2.4.1 Initial values

CPU Core
Name Symbol|Bit size| Initial value
Program counter step PCS 8 00H
Program counter page PCP 4 1H
New page pointer NPP 4 1H
Stack pointer SP 8 Undefined
Index register X X 8 Undefined
Index register Y Y 8 Undefined
Register pointer RP 4 Undefined
General-purpose register A A 4 Undefined
General-purpose register B B 4 Undefined
Interrupt flag | 1 0
Decimal flag D 1 0
Zeroflag z 1 Undefined
Carry flag C 1 Undefined
Peripheral Circuits
Name Bit size| Initial value

RAM 4 Undefined
Display memory 4 Undefined
Other periphera circuits 4 0

OSee Section 4.1, "Memory Map".

2.3 Test Terminal (TEST)

This terminal is used when IC is inspected for shipment. During normal operation connect it to Vss or
leave it open.

EO0C6009 TECHNICAL MANUAL EPSON 7



CHAPTER 3: CPU, ROM, RAM

cHAPTER3 CPU, ROM, RAM

3.1 CPU

The E0C6009 Series employs the EOC6200B core CPU, so that register configuration, instructions, and so
forth are virtually identical to those in other processors in the family using the E0C6200/6200A /6200B.
Refer to the "E0C6200/6200A Core CPU Manual" for details of the EOC6200B.

Note the following points with regard to the EOC6009 Series:
(1) Since the EOC6009 Series does not provide the SLEEP function, the SLP instruction can not be used.

(2) Because the ROM capacity is 1,536 words, 12 bits per word, bank bits are unnecessary, and PCB and
NBP are not used.

(3) The RAM page is set to 0 only, so the page part (XP, YP) of the index register that specifies addresses is
invalid.
PUSH XP POP XP LD XPr LD rXP
PUSH YP POP YP LD YPr LD rYP

3.2 ROM

The built-in ROM, a mask ROM for the program, has a capacity of 1,536 x 12-bit steps. The program area
is 6 pages (0-5), each consisting of 256 steps (0OH-FFH). After an initial reset, the program start address is
set to page 1, step 00H. The interrupt vectors are allocated to page 1, steps 01H-0FH.

Bank 0 e Step 00H Program start address

Step 01H
Interrupt vector area
Step OFH
Step 10H

g Program area

Step FFH

12 bits

Fig. 3.2.1 ROM configuration

3.3 RAM

The RAM, a data memory for storing a variety of data, has a capacity of 144 words, 4-bit words. When
programming, keep the following points in mind:

(1) Part of the data memory is used as stack area when saving subroutine return addresses and registers,
s0 be careful not to overlap the data area and stack area.

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

(3) Data memory 000H-00FH is the memory area pointed by the register pointer (RP).

8 EPSON EO0C6009 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

CHAPTER 4 PeRIPHERAL CiRcuITs AND OPERATION

Peripheral circuits (timer, I/ O, and so on) of the EOC6009 Series are memory mapped. Thus, all the
peripheral circuits can be controlled by using memory operations to access the I/ O memory. The follow-
ing sections describe how the peripheral circuits operate.

4.1 Memory Map

The data memory of the EOC6009 Series has an address space of 160 words, of which 48 words are
allocated to display memory and 16 words, to I/O memory. Figure 4.1.1 show the overall memory map
for the EOC6009 Series, and Table 4.1.1, the memory maps for the peripheral circuits (I/ O space).

Address Low
o|1,2,3|4|5,6,7|8|9 A/ B|C|D|E|F
Page | High
0 MO | M1 | M2 |M3|M4|M5|M6|M7|M8|M9|MA|MB|MC|MD|ME|MF
1
2
3 RAM area
4 112 words x 4 bits (R/W)
5
6
7 /O memory See Table 4.1.1
0 8 RAM area
9 32 words x 4 bits (R/W)
A
B
C Unused area
D
E
F /0 memory See Table 4.1.1
Fig. 4.1.1 Memory map
Address Low
o(12,2,3|4|5|6|7|8|9|A|B|C|D]J|E|F
Page | High
4orC Display memory 48 words x 4 bits
0 5o0rD 40H-6FH = R/IW
60rE COH-EFH =W only

Fig. 4.1.2 Display memory map

Notes: < The display memory area can be selected from between 40H-6FH and COH—EFH by mask
option.
When 40H-6FH is selected, the display memory is assigned in the RAM area. So read/write
operation is allowed.
When COH-EFH is selected, the display memory is assigned as a write-only memory.

« Memory is not mounted in unused area within the memory map and in memory area not indi-
cated in this chapter. For this reason, normal operation cannot be assured for programs that
have been prepared with access to these areas.

EO0C6009 TECHNICAL MANUAL EPSON



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 1/O memory map

Register
Address N Comment
D3 D2 D1 DO [ Name | Init L 1 0
™ i
™3 ™2 ™ T™O 3 0 Clock t! mer data (2 Hz)
070H T™2 0 Clock timer data (4 Hz)
R ™1 0 Clock timer data (8 Hz)
T™MO0 0 Clock timer data (16 Hz)
SWL3 | SWL2 | SWL1 | SWLO :ati 8 MSB
071H SWLL 0 Stopwatch timer 1/100 sec data (BCD)
R
SWLO 0 _JLSB
SWH3 | SWH2 [ SWH1 | SWHO gw:g 8 MS8
072H Stopwatch timer 1/10 sec data (BCD)
R SWH1 0
SWHO0 0 1 LSB
_@ i 7
ko3 | ko2 | kot | koo Egz o ::SE tzx
073H - I K00-K
. KoL _2| High Low nput port data (K00-K03)
K00 —[2| High Low |
EIKO03 0 Enabl Mask ||
EIK03 | EIK02 | EIKOL | EIK0O nave | Mas
075H EIKO2 | 0| Enable | Mask | || o rupt mask register (K0O-KO3)
o EIOL | 0 |Enable| Mask P eg
EIK0O 0 Enable | Mask |_J
HLMOD o |leswimileswiro HLMOD 0  |Heavyload| Normal | Heavy load protection mode register
076H 0B -2 - - Unused
RW R RIW EISWIT1] 0 Enable | Mask |Interrupt mask register (stopwatch 1 Hz)
EISWITO] 0 Enable | Mask | Interrupt mask register (stopwatch 10 Hz)
D ic |D ic| LCD dri itch
csoc | ET2 eTis | ETIs CSDC 0 Static |Dynamic| LCD drive switcl - .
078H ETI2 0 Enable | Mask |Interrupt mask register (clock timer 2 Hz)
RW ETI8 0 Enable | Mask |Interrupt mask register (clock timer 8 Hz)
ETI32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
[} -2 - _
0 TI2 TI8 TI32 0 Unused .
079H TI2 4 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R TIg 4 0 Yes No | Interrupt factor flag (clock timer 8 Hz)
TI32 4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)
5] -2 - _
o | ko |swm|swmo| ° Unused
07AH IKO C# 0 Yes No | Interrupt factor flag (KO0O—K03)
R SWITLH 0 Yes No [ Interrupt factor flag (stopwatch 1 Hz)
SWITOH 0 Yes No [ Interrupt factor flag (stopwatch 10 Hz)
RO3 RO2 ROL ROO R0O3 0 H?gh Low | Output port (R0O3, BZ)
07CH R02 0 High Low | Output port (RO2, FOUT)
RW RO1 0 High Low | Output port (RO1)
R0O 0 High Low | Output port (ROO, BZ)
_ i
po3 | poz | por | poo | PO High | - Low
07DH P02 -2 [ High Low 1/O port data (POO—P03)
RW P01 —[2| High Low Output latch isreset at initial reset
P00 —[2| High Low
TMRSTD3| Reset | Reset - Clock ti eset
TMRST [SWRUN| SWRST| 10C0 esel | nese ocklimer 1
07EH SWRUN 0 Run Stop | Stopwatch timer Run/Stop
SWRSTCB| Reset | Reset - Stopwatch timer reset
W RIW W RIW X
10C0 0 Output | Input | 1/O control register 0 (PO0—P03)
BZFO 0 0 0 BZFQ 0 2kHz | 4kHz |Buzzer frequency selection
OF6H 0B | -2 - - |Unused
RIW R 008 - - - Unused
08 -2 - - Unused
P13 | P12 | i1 | pao | P28 | ~TF| Hioh | Low
OFDH P12 —[2] High Low 1/O port data (P10—P13)
RW P11 —[2] High Low Output latch isreset at initial reset
P10 —[2] High Low
5] -2 - -
0 0 o |oct| ? Unused
OFEH 0B -2 - - Unused
R RW 08 - - - Unused
10C1 0 Output | Input | 1/O control register 1 (P10-P13)
08 -2 - - Unused
0 LCDON
OFFH 0 0 cpo 0 - - - Unused
R RIW 0 - - - Unused
LCDON 0 On Off | LCD display On/Off control

L Initia value at initial reset
2 Not set in the circuit

B Always"0" being read
4 Reset (0) immediately after being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.2 Oscillation Circuit

The E0C6009 Series has a built-in oscillation circuit that generates the operating clock of the CPU and the
peripheral circuit. Either crystal oscillation or CR oscillation can be selected for the oscillation circuit by
mask option.

4.2.1 Crystal oscillation circuit

The crystal oscillation circuit can be selected by mask option. The oscillation frequency (fosc) is 32.768
kHz (Typ.).
Figure 4.2.1.1 shows the configuration of the crystal oscillation circuit.

CPU
and peripheral circuits

}J VDD

Fig. 4.2.1.1 Configuration of crystal oscillation circuit

As Figure 4.2.1.1 indicates, the crystal oscillation circuit can be configured simply by connecting the
crystal oscillator X'tal (Typ. 32.768 kHz) between the OSC1 and OSC2 terminals and the trimmer capaci-
tor CG (5-25 pF) between the OSC1 and VDD terminals.

4.2.2 CR oscillation circuit

The CR oscillation circuit can also be selected by mask option. The oscillation frequency (fosc) is 65 kHz

(Typ.).
Figure 4.2.2.1 shows the configuration of the CR oscillation circuit.

——» CPU
and peripheral circuits

RcRr

Fig. 4.2.2.1 Configuration of CR oscillation circuit

As Figure 4.2.2.1 indicates, the CR oscillation circuit can be configured simply by connecting the resistor
RCR between terminals OSC1 and OSC2 since capacity (CCR) is built-in.
See Chapter 6, "Electrical Characteristics" for RCR value.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.3 Input Ports (KO0O—K03)

4.3.1 Configuration of input port

The E0C6009 Series has a 4-bit general-purpose input port. Each of the input port terminals (K00-K03)
has an internal pull-down resistor. The pull-down resistor can be selected for each bit with the mask
option.

Figure 4.3.1.1 shows the configuration of input port.

VDD

Interrupt
request

Kxx O

Data bus

Fig. 4.3.1.1 Configuration of input port

Selecting "pull-down resistor enabled” with the mask option allows input from a push button, key matrix,
and so forth. When "pull-down resistor disabled" is selected, the port can be used for slide switch input

and interfacing with other LSIs.

4.3.2 Interrupt function

All four input port bits (K00-K03) provide the interrupt function. The conditions for issuing an interrupt
can be set by the software for the four bits. Also, whether to mask the interrupt function can be selected
individually for all four bits by the software. Figure 4.3.2.1 shows the configuration of K00-K03.

Kox O————————

Noise

Interrupt factor > Interrupt
rejector

flag (IKO) request

t Address

Data bus

<—>Ir1terruptmask ! | Mask option
register (EIK) [ i (K00-K03)

Fig. 4.3.2.1 Input interrupt circuit configuration (KO0O—K03)

The interrupt mask registers (EIK00-EIK03) enable the interrupt mask to be selected individually for
K00-K03. An interrupt occurs when the input value which are not masked change and the interrupt

factor flag (IK0) is set to "1".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

Input interrupt programming related precautions

Port K input
Active status

Mask register [ | [ 1 [
t t t

[0 Factor flag set Not set

When the content of the mask register is rewritten, while the port
K input is in the active status. The input interrupt factor flag is
set atll.

Fig. 4.3.2.2 Input interrupt timing

When using an input interrupt, if you rewrite the content of the mask register, when the value of the
input terminal which becomes the interrupt input is in the active status (input terminal = high status), the
factor flag for input interrupt may be set.

For example, a factor flag is set with the timing of 0 shown in Figure 4.3.2.2. However, when clearing the
content of the mask register with the input terminal kept in the high status and then setting it, the factor
flag of the input interrupt is again set at the timing that has been set.

Consequently, when the input terminal is in the active status (high status), do not rewrite the mask
register (clearing, then setting the mask register), so that a factor flag will only set at the rising edge in
this case. When clearing, then setting the mask register, set the mask register, when the input terminal is
not in the active status (low status).

4.3.3 Mask option
The contents that can be selected with the input port mask option are as follows:

(1) An internal pull-down resistor can be selected for each of the four bits of the input ports (K00-K03).
Having selected "pull-down resistor disabled”, take care that the input does not float. Select "pull-
down resistor enabled" for input ports that are not being used.

(2) The input interrupt circuit contains a noise rejection circuit to prevent interrupts form occurring
through noise. The mask option enables selection of the noise rejection circuit. When "use" is selected,
a maximum delay of 0.5 msec (fosc = 32 kHz) occurs from the time an interrupt condition is estab-
lished until the interrupt factor flag (IK0) is set to "1".

EO0C6009 TECHNICAL MANUAL EPSON 13



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.3.4 1/0 memory of input port
Table 4.3.4.1 list the input port control bits and their addresses.
Table 4.3.4.1 Input port control bits

Register

Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
_2 i 7
K03 K02 K01 ] K03 H!gh Low
073H KO2 ] =21 High | Low 1) o+ cort data (K00-K03)
R kot | -t High | Low Pt p
K00 -2 ] High Low |

EIK03 0 Enable | Mask
EIKO3 | EIKO2 | EIKO1 | EIKOO EIK02 0 Enable | Mask

075H i
EIKOL 0 Enable | Mask Interrupt mask register (K00-K03)

RW EIK00 0 Enable | Mask |
o | ko [swmi|swmo| %% “%| - - | Unusd
07AH IKO C# 0 Yes No | Interrupt factor flag (K0O0—K03)
R SWITLH| 0 Yes No | Interrupt factor flag (stopwatch 1 Hz)
SWITOH| 0 Yes No | Interrupt factor flag (stopwatch 10 Hz)
[ Initia value at initial reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

K00-KO03: Input port data (073H)
The input data of the input port terminals can be read with these registers.

When "1" is read: High level
When "0" is read: Low level
Writing: Invalid
The value read is "1" when the terminal voltage of the input port (K00-K03) goes high (VDD), and "0"
when the voltage goes low (Vss). These are read only bits, so writing cannot be done.

EIKOO-EIKO3: Interrupt mask registers (075H)
Masking the interrupt of the input port terminals can be done with these registers.

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

With these registers, masking of the input port bits can be done for each of the four bits.
After an initial reset, these registers are all set to "0".

IKO: Interrupt factor flag (07AH<D2)
This flag indicates the occurrence of an input interrupt.

When "1"is read: Interrupt has occurred
When "0" is read: Interrupt has not occurred
Writing: Invalid

The interrupt factor flag IKO is associated with K00-K03. From the status of this flag, the software can
decide whether an input interrupt has occurred.
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".

4.3.5 Programming note

When modifying the input port from high level to low level with pull-down resistor, a delay will occur at
the fall of the waveform due to time constant of the pull-down resistor and input gate capacities. Provide
appropriate waiting time in the program when performing input port reading.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

4.4 Output Ports (RO0-R03)

4.4.1 Configuration of output port

The E0C6009 Series has a 4-bit general output port (RO0-R03).

Output specification of the output port can be selected in a bit units with the mask option. Two kinds of
output specifications are available: complementary output and Pch open drain output. Also, the mask
option enables the output ports R00, R02 and R03 to be used as special output ports. Figure 4.4.1.1 shows
the configuration of the output port.

VDD

Register Rxx

Data bus

Complementary 4 iri
Pch open drain y !

Vss

| ' Mask option

Fig. 4.4.1.1 Configuration of output port

4.4.2 Mask option

The mask option enables the following output port selection.

(1) Output specification of output port
The output specifications for the output port (R00-R03) may be set to either complementary output or
Pch open drain output for each of the four bits. However, even when Pch open drain output is
selected, a voltage exceeding the source voltage must not be applied to the output port.

(2) Special output
In addition to the regular DC output, special output can be selected for output ports R00, R02 and
R03, as shown in Table 4.4.2.1. Figure 4.4.2.1 shows the structure of output ports RO0-R03.

Table 4.4.2.1 Special output

Output port Special output
ROO BZ output
RO3 BZ output
RO2 FOUT output

EO0C6009 TECHNICAL MANUAL EPSON 15



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

BZ—

J

|
Lo
|

A

vy
ps)
o
(=)

Register R00O

Register RO3 0 | > (] Ro3

J

A

vy

Data bus

A

vy

Register R01 D—D RO1

,

A
O

R02

Register R02

vy

Address O7CH|  ______

Fig. 4.4.2.1 Structure of output ports RO0—R03

BZ, BZ (R00, R03)

The output ports R00 and R03 may be set to BZ output and BZ output (BZ reverse output), respectively,
allowing for direct driving of the piezo-electric buzzer.

The BZ output is controlled by the R00 register. For the BZ output, the R00 register or the R03 register can
be selected as the control register by mask option. When the R00 register is selected, the BZ and BZ
outputs are controlled by the R00 register simultaneously.

The frequency of buzzer output may be selected by software to be either 2 kHz or 4 kHz.

Figure 4.4.2.2 shows the output waveform.

ROO(RO3) register "0" "1 "0"

BZ output (ROO terminal)
BZ output (RO3 terminal)

Fig. 4.4.2.2 Output waveform of BZ and BZ

Notes: « A hazard may occur when the buzzer signal is turned on or off.

« When the R0OO port is set for DC output, the RO3 port cannot be set for the BZ output.

FOUT (R02)

When the output port R02 is set as the FOUT output port, the R02 will output the fosc (CPU operating
clock frequency) clock or the clock that is generated by dividing the fosc clock. The clock frequency can
be selected from among 8 types by mask option.

The types of frequency which can be selected are shown in Table 4.4.2.2.

Table 4.4.2.2 FOUT clock frequency

Setting value |Clock frequency (Hz)
fosc/1 32,768
fosc/2 16,384
fosc/4 8,192
fosc/8 4,096
fosc/16 2,048
fosc/32 1,024
fosc/64 512
fosc/128 256
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

The FOUT output is controlled by the R02 register.
Figure 4.4.2.3 shows the output waveform.

RO2 register 0" e ngn

FOUT output (RO2 terminal)

Fig. 4.4.2.3 Output waveform of FOUT

Note: A hazard may occur when the FOUT signal is turned on or off.

4.4.3 1/0 memory of output port
Table 4.4.3.1 lists the output port control bits and their addresses.

Table 4.4.3.1 Control bits of output port

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [ 1 0
. - —
RO3 RO2 RoL ROO 03 0 H!gh Low | Output port (RO3, BZ)
07CH R02 0 High | Low |Output port (RO2, FOUT)
RIW RO1 0 High Low | Output port (RO1)
R00 0 High Low | Output port (ROO, BZ)
BZFQ 0 0 0 BZFQ 0 2kHz | 4kHz |Buzzer frequency selection
OF6H 0B -2} - - |Unused
RIW R 0B -2 - - Unused
008 -2 - - Unused
(1 Initia value at initia reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

R0O0-R03 (when DC output is selected): Output port data (07CH)
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 to the corresponding registers (R00-R03) without
changing it. When "1" is written to the register, the output port terminal goes high (VDD), and when "0" is
written, the output port terminal goes low (Vss).

After an initial reset, all the registers are set to "0".

R00, RO3 (when buzzer output is selected): Buzzer output control (07CH-DO0, D3)
Controls the buzzer output.

When "1" is written: Buzzer output
When "0" is written: Low level (DC) output
Reading: Valid

The BZ signal is output from the R00 terminal by writing "1" to the R00 register. When "0" is written, the
ROO terminal goes low.

For the BZ signal, either "R03 control" or "R0O0 control" can be selected by mask option.

When "R03 control" is selected, the BZ signal is output from the R03 terminal by writing "1" to the R03
register. When "0" is written to the R03 register, the R03 terminal goes low.

When "R00 control” is selected, the BZ and BZ signals are output simultaneously by writing "1" to the R00
register. When "0" is written to the R00 register, the R00 and R03 terminals go low.

After an initial reset, these registers are set to "0".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

BZFQ: Buzzer frequency selection (OF6H+D3)
Selects the frequency of the buzzer signal.

When "1" is written: 2 kHz
When "0" is written: 4 kHz
Reading: Valid

When R00 and R03 ports are set to buzzer output, the frequency of the buzzer signal can be selected
using this register.

When "1" is written to this register, the frequency is set to 2 kHz and when "0" is written, it is set to 4 kHz.
After an initial reset, this register is set to "0".

R0O2 (when FOUT is selected): FOUT output control (07CH+D2)
Controls the FOUT (fosc clock) output.

When "1" is written: Clock output
When "0" is written: Low level (DC) output
Reading: Valid

The FOUT signal is output from the R02 terminal by writing "1" to the R02 register. When "0" is written,
the R02 terminal goes low.
After an initial reset, this register is set to "0".

4.4.4 Programming note

The buzzer (BZ, BZ) or FOUT signal may produce hazards when it is turned on or off by the control
register.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (I/O Ports)

4.5 1/0 Ports (PO0-P03, P10-P13)

4.5.1 Configuration of I/O port

The E0C6009 Series has 8 bits of general-purpose I/O ports. Figure 4.5.1.1 shows the configuration of the
I/0 port. Each 4-bit I/O port (P00-P03 and P10-P13) can be set to either input mode or output mode by
writing data to the I/O control register.

3 | I

nput .
o]
< control («—
a

Register L O PxX
Address

1/0 control

register
) Vss

Fig. 4.5.1.1 Configuration of I/O port

4.5.2 1/0 control register and I/O mode

Input or output mode can be set for each 4-bit I/ O port (P00-P03, P10-P13) by writing data to the I/O
control register (I0C0, IOC1).

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, the input line is pulled down
when input data is read.

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

After an initial reset, the I/O control registers are set to "0", and the I/O ports enter the input mode.

4.5.3 Mask option

The output specification during output mode (IOCx ="1") of the I/ O port can be set with the mask option
for either complementary output or Pch open drain output. This setting can be performed for each bit of
the I/ O port. However, when Pch open drain output has been selected, voltage in excess of the supply
voltage must not be applied to the port.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (I/O Ports)

4.5.4 1/0 memory of I/O port
Table 4.5.4.1 lists the I/ O port control bits and their addresses.

Table 4.5.4.1 1/O port control bits

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
P03 -2 High Low
P03 P02 PoO1 P00
07DH P02 -2 | High Low 1/0 port data (POO—P03)
RIW P01 -2 | High Low Output latch isreset at initial reset
P00 -2 | High Low
TMRSTCB| Reset | Reset - | Clock timer reset
TMRST [SWRUN [ SWRST| 10C0
O7EH SWRUN 0 Run Stop | Stopwatch timer Run/Stop
SWRSTLB| Reset | Reset - Stopwatch timer reset
w RIW W RIW )
10C0 0 Output | Input | I/O control register O (PO0-PO3)
P13 -2 | High Low
P13 P12 P11 P10 ’
OEDH P12 -2 | High Low 1/0 port data (P10-P13)
RIW P11 -[2| High Low Output latch isreset at initial reset
P10 -2 | High Low
3 _2 - -
0 0 o | 1oct g g E:ﬁz
OFEH
R RIW 008 -2 - - |Unused
10C1 0 Output | Input | I/O control register 1 (P10-P13)
(1 Initia value at initia reset [B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

P0O0-P03, P10—-P13: I/O port data registers (07DH, OFDH)
I/0 port data can be read and output data can be set through these registers.
Writing

When "1" is written: High level

When "0" is written: Low level

When an I/O port is set to the output mode, the written data is output 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 terminal
goes low (Vss). Data can also be written in the input mode.

Reading
When "1" is read: High level
When "0" is read: Low level

The terminal voltage level of the I/O port is read out. When the I/O port is in the input mode the voltage
level being input to the port can be read; in the output mode the output voltage level can be read. When
the terminal voltage is high (VDD), the port data read is "1", and when the terminal voltage is low (Vss)
the data read is "0". Also, the built-in pull-down resistor functions during reading, so the I/ O port
terminal is pulled down.

Note: When the I/O port is set to the input mode and a low-level voltage (Vss) is input, an erroneous
input results if the time constant of the capacitive load of the input line and the built-in pull-down
resistor load is greater than the read-out time. When the input data is being read, the time that the
input line is pulled down is equivalent to 0.5 cycles of the CPU system clock. Hence, the electric
potential of the terminals must settle within 0.5 cycles. If this condition cannot be met, some
measure must be devised, such as arranging a pull-down resistor externally, or performing multiple
read-outs.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (I/O Ports)

I0CO, IOC1: I/O control registers (07EH<DO0, OFEH+=DO)
The input or output mode of the I/O port can be set with these registers.

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

The input or output mode of the I/O port is set in units of four bits. For instance, IOCO sets the mode for
P00-P03 and IOC1 sets the mode for P10-P13.

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.

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

4.5.5 Programming notes

(1) When the I/O port is set to the output mode and a low-impedance load is connected to the port
terminal, the data written to the register may differ from the data read.

(2) When the I/O port is set to the input mode and a low-level voltage (Vss) is input, an erroneous input
results if the time constant of the capacitive load of the input line and the built-in pull-down resistor
load is greater than the read-out time. When the input data is being read, the time that the input line
is pulled down is equivalent to 0.5 cycles of the CPU system clock. Hence, the electric potential of the
terminals must settle within 0.5 cycles. If this condition cannot be met, some measure must be de-
vised, such as arranging a pull-down resistor externally, or performing multiple read-outs.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

4.6 LCD Driver (COM0O-COM3, SEG0-SEG37)

4.6.1 Configuration of LCD driver

The E0C6009 Series has four common terminals and 38 (SEG0-SEG37) segment terminals, so that an LCD
with a maximum of 152 (38 x 4) segments can be driven. The power for driving the LCD is generated by
the internal circuit, so there is no need to supply power externally.

The driving method is 1/4 duty (or 1/3, 1/2 duty is selectable by mask option) dynamic drive, adopting
the four types of potential (1/3 bias), VDD, VL1, VL2 and VL3. Moreover, the 1/2 bias dynamic drive that
uses three types of potential, VDD, VL1 = VL2 and VL3, can be selected by setting the mask option (drive
duty can also be selected from 1/4,1/3 or 1/2).

The LCD drive voltages VL1 to VL3 are generated by the internal power supply circuit as shown in Table
4.6.1.1.

Table 4.6.1.1 LCD drive voltage

Mask option Drive voltage
Model selection Vi1 VL2 VL3
E0C6009 45V LCD, /3bias | 1/2Vss Vss 3/2Vss
(Vss=3V) 3VLCD, 1/2bias| 12Vss 1/2Vss Vss
EO0C60L09 45V LCD, 1/3 bias Vss 2Vss 3Vss
(Vss=15V) | 3VLCD, 1/2bias Vss Vss 2Vss

When 1/2 bias drive option is selected, the VL1 terminal should be connected with the VL2 terminal
outside the IC. Refer to Section 2.1, "Power Supply", for details of the power supply circuit.

The frame frequency is 32 Hz for 1/4 duty and 1/2 duty, and 42.7 Hz for 1/3 duty (in the case of fosc = 32
kHz).
Figures 4.6.1.1 to 4.6.1.6 show the drive waveform for each duty and bias.

Note: "fosc” indicates the oscillation frequency of the oscillation circuit.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

~_Vop . LCD status
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Fig. 4.6.1.1 Drive waveform for 1/4 duty (1/3 bias)
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~_Vobp . LCD status
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Fig. 4.6.1.2 Drive waveform for 1/3 duty (1/3 bias)

__VbD : LCD status
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Fig. 4.6.1.3 Drive waveform for 1/2 duty (1/3 bias)
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Fig. 4.6.1.4 Drive waveform for 1/4 duty (1/2 bias)
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LCD lighting status
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Fig. 4.6.1.5 Drive waveform for 1/3 duty (1/2 bias)
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4.6.2 Switching between dynamic and static drive

The E0C6009 Series provides software setting of the LCD static drive.
This function enables easy adjustment (cadence adjustment) of the oscillation frequency of the oscillation
circuit (crystal oscillation circuit).

The procedure for executing static drive of the LCD is as follows:
(1) Write "1" to register CSDC at address 078HD3.

(2) Write the same value to all registers corresponding to COM0-COMS3 of the display memory.

Notes: « Even when 1/3 duty is selected, COMS3 is valid for static drive. However, the output frequency is
the same as for the frame frequency.

* For cadence adjustment, set the display data corresponding to COMO-COM3, so that all the
LCDs light.

Figure 4.6.2.1 shows the drive waveform for static drive.

LCD lighting status

——— -Vbb ! COMO ——¢

VL1 | COM1 —¢

COM Viz | com2 —¢

0-3 ! ! Vi3 | comM3 —¢

Frame frequency ! SEG0-37
. eOff ®On

-VDD | —®

Vi —®

-Viz —Q

L -V13 | —®
SEG |
0-37 !

VDD —s

I N B 1

-Viz ’

Vi —e

Fig. 4.6.2.1 LCD static drive waveform
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4.6.3 Mask option

(1) Segment allocation
As shown in Figure 4.1.1, display data is decided by the data written to the display memory at address

40H-6FH or COH-EFH.

The mask option enables the display memory to be allocated entirely to either 40H-6FH (R/W) or
COH-EFH (W only).

The address and bits of the display memory can be made to correspond to the segment terminals
(SEG0-SEG37) in any combination through mask option. This simplifies design by increasing the
degree of freedom with which the liquid crystal panel can be designed.

Figure 4.6.3.1 shows an example of the relationship between the LCD segments (on the panel) and the
display memory (when 40H-6FH is selected) in the case of 1/3 duty.

Data Common 0 | Common1 | Common 2
Address

D3 D2 D1 DO SEG10 6A, DO 6B, D1 6B, DO

06AH d c b a (a) (f) (e)
06BH p g f e » SEG11 6A, D1 6B, D2 6A, D3

06CH d' c' b' a (b) (9) (d)
06DH p' g f' e SEG12 6D, D1 6A, D2 6B, D3

(f") (c) (p)

Pin address allocation

Display data memory allocation

SEG10 SEG11 SEGI12

—/ 1 ..

Common 0 Common 1 Common 2

Fig. 4.6.3.1 Segment allocation

(2) Drive duty
According to the mask option, either 1/4, 1/3 or 1/2 duty can be selected as the LCD drive duty.

Table 4.6.3.1 shows the differences in the number of segments according to the selected duty.

Table 4.6.3.1 Differences according to selected duty

Duty| COM used Max. number of segments | Frame frequency *
1/4 | COM0-COM3 152 (38 x 4) fosc/1,024 (32 Hz)
1/3 | COM0O-COM2 114 (38 x 3) fosc/768 (42.7 Hz)
1/2 | COM0O-COM1 76 (38 % 2) fosc/1,024 (32 Hz)

OWhen fosc = 32 kHz
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(3) Output specification
¢ The segment terminals (SEG0-SEG37) are selected by mask option in pairs 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 by mask option.

Note: The terminal pairs are the combination of SEG (2Lh) and SEG (2Lh + 1) (where n is an integer from 0 to 18).

(4) Drive bias
For the drive bias, either 1/3 bias or 1/2 bias can be selected by the mask option.

4.6.4 1/0 memory of LCD driver

Table 4.6.4.1 shows the control bits of the LCD driver and their addresses. Figure 4.6.4.1 shows the
display memory map.

Table 4.6.4.1 Control bits of LCD driver

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init (1 1 0
csne | e ets | ETIa2 CSDC 0 Static |Dynamic| LCD drlvesthchl .
078H ETI2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
RIW ETI8 0 Enable | Mask | Interrupt mask register (clock timer 8 Hz)
ETI32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
3 _2 - -
0 0 0 [Lcoon g sl o 3232
OFFH - - N
R RIW 0B -2 - - |Unused
LCDON 0 On Off | LCD display On/Off control
[ Initial value at initial reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read
Address Low
) o|1,2|3|4|5|6|7|8|]9|A|B|C|DJE|F
Page | High
4orC Display memory 48 words x 4 bits
0 5o0rD 40H-6FH = R/W
60rE COH-EFH =W only

Fig. 4.6.4.1 Display memory map

LCDON: LCD display control (OFFH+DO)
Controls the LCD display.

When "1" is written: LCD displayed
When "0" is written: LCD is all off
Reading: Valid

By writing "0" to the LCDON register, all the LCD dots goes off, and when "1" is written, it returns to
normal display.

Writing "0" outputs an off waveform to the SEG terminals, and does not affect the content of the display
memory.

After an initial reset, this register is set to "0".

CSDC: LCD drive switch (078H+D3)
The LCD drive format can be selected with this switch.

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

After an initial reset, this register is set to "0".
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Display memory (40H—6FH or COH-EFH)
The LCD segments are turned on or off according to this data.

When "1" is written: On
When "0" is written: Off
Reading: Valid for 40H-6FH
Undefined COH-EFH

By writing data into the display memory allocated to the LCD segment (on the panel), the segment can be
turned on or off. After an initial reset, the contents of the display memory are undefined.

4.6.5 Programming notes

(1) When 40H-6FH is selected for the display memory, the memory data and the display will not match
until the area is initialized (through, for instance, memory clear processing by the CPU). Initialize the
display memory by executing initial processing.

(2) When COH-EFH is selected for the display memory, that area becomes write-only. Rewriting the
contents with a logical operation instruction (e.g., AND, OR, etc.) which come with read-out opera-
tions is not possible. To perform bit operations, a buffer to hold the display data is required on the
RAM.
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4.7 Clock Timer

4.7.1 Configuration of clock timer

The E0C6009 Series has a built-in clock timer that uses the oscillation circuit as the clock source. The clock
timer is configured as a 7-bit binary counter that counts with a 256 Hz source clock from the divider. The
high-order 4 bits of the counter (16 Hz-2 Hz) can be read by the software.

Figure 4.7.1.1 is the block diagram of the clock timer.

< Data bus >
A

" 26 H————— ——— ;

Oscillation| | iy iger | = ’128 Hz—32 Hz‘% 16 Hz—2 Hz‘ !

circuit ' :

JA 32Hz|8Hz [2Hz
Clock timer reset signal

Interrupt |, Interrupt
control request

Fig. 4.7.1.1 Block diagram of clock timer

Normally, this clock timer is used for all kinds of timing purpose, such as clocks.

4.7.2 Interrupt function

The clock timer can generate interrupts at the falling edge of the 32 Hz, 8 Hz, and 2 Hz signals. The
software can mask any of these interrupt signals.
Figure 4.7.2.1 is the timing chart of the clock timer.

Address | ReIST Ierequency Clock timer timing chart
DO 16 Hz
pr [ 8Hz | [ [ L | [ [ [ [ L | [ | LI L
070H
D2 4 Hz \—‘ L
D3 | 2Hz | | | L

Occurrence of

sotipimoruptrequest | 1Tt bt A At bbbttt bttt

Occurrence of
8 Hz interrupt request t t t t t t t t

Occurrence of N R
2 Hz interrupt request

Fig. 4.7.2.1 Timing chart of the clock timer

As shown in Figure 4.7.2.1, an interrupt is generated at the falling edge of the 32 Hz, 8 Hz, and 2 Hz
signals. At this point, the corresponding interrupt factor flag (TI32, TI8, T12) is set to "1". The interrupts
can be masked individually with the interrupt mask register (ETI32, ETI8, ETI2). However, regardless of
the interrupt mask register setting, the interrupt factor flags will be set to "1" at the falling edge of their
corresponding signal (e.g. the falling edge of the 2 Hz signal sets the 2 Hz interrupt factor flag to "1").
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4.7.3 1/0 memory of clock timer
Table 4.7.3.1 shows the clock timer control bits and their addresses.

Table 4.7.3.1 Control bits of clock timer

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
TM3 0 Clock timer data (2 Hz)
T™3 T™2 ™1 T™O .
070H ™2 0 Clock timer data (4 Hz)
R ™1 0 Clock timer data (8 Hz)
TMO 0 Clock timer data (16 Hz)
CSbC 0 Static |Dynamic| LCD drive switch
078H csbe | ETz ETI8 | ETIS2 ETI2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
RIW ETI8 0 Enable | Mask | Interrupt mask register (clock timer 8 Hz)
ETI32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
3 _ - -
0 TI2 TI8 TI32 0 Unused .
079H TI2 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R TIg 4 0 Yes No | Interrupt factor flag (clock timer 8 Hz)
TI32 4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)
o ~ -
vrsT lswrunlswrst ! 10c0 TMRSTLB| Reset | Reset Clock ti merlreset
O7EH SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
o B )
W RIW w RIW SWRSTCB| Reset | Reset Stopwatch ti mgr reset
10C0 0 Output | Input | I/O control register 0 (PO0-P03)
(1 Initia value at initia reset [B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

TMO-TMS3: Timer data (070H)

The 16 Hz to 2 Hz timer data of the clock timer can be read from this register. These four bits are read-
only, and write operations are invalid.

After an initial reset, the timer data is initialized to "OH".

ETI32, ETI8, ETI2: Interrupt mask registers (078H*D0-D2)
These registers are used to mask the clock timer interrupt.

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

The interrupt mask registers (ETI32, ETI8, ETI2) mask the corresponding interrupt frequencies (32 Hz, 8
Hz, 2 Hz).
At initial reset, these registers are all set to "0".

TI32, TI8, TI2: Interrupt factor flags (079H-D0-D2)
These flags indicate the status of the clock timer interrupt.

When "1" is read: Interrupt has occurred
When "0" is read: Interrupt has not occurred
Writing: Invalid

The interrupt factor flags (TI32, TI8, TI2) correspond to the clock timer interrupts (32 Hz, 8 Hz, 2 Hz). The
software can determine 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 when
the register is read 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 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. Be very careful when interrupt factor flags are in the same address.

At initial reset, these flags are set to "0".
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TMRST: Clock timer reset (07EH=D3)
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. The clock timer starts immediately after this. No
operation results when "0" is written to TMRST.
This bit is write-only, and so is always "0" when read.

4.7.4 Programming notes

(1) Note that the frequencies and times differ from the description in this section when the oscillation
frequency is not 32.768 kHz.

(2) When the clock timer has been reset, the interrupt factor flag (TI) may sometimes be set to "1". Conse-
quently, reset the flag by reading 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 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. Be very careful when interrupt factor flags are in the same address.
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4.8 Stopwatch Timer

4.8.1 Configuration of stopwatch timer

The E0C6009 Series has a built-in 1/100 sec and 1/10 sec stopwatch timer. The stopwatch timer is config-
ured as a two-stage, four-bit BCD timer serving as the clock source for an approximately 100 Hz signal
(obtained by approximately dividing the 256 Hz signal output from the divider). Data can be read out
four bits at a time by the software.

Figure 4.8.1.1 is the block diagram of the stopwatch timer.

< Data bus >
I 256 Hz [————d-TTtm o
Oscillation ; . 10hz .
circuit —’1 SWL timer ‘—P SWH timer ‘
T 10 Hz,1 Hz
Stopwatch timer reset signal Interrupt Interrupt
Stopwatch timer RUN/STOP signal control request

Fig. 4.8.1.1 Block diagram of stopwatch timer

The stopwatch timer can be used separately from the clock timer. In particular, digital stopwatch func-
tions can be easily realized by software.

4.8.2 Count-up pattern

The stopwatch timer is configured as two four-bit BCD timers, SWL and SWH. The SWL timer, at the
stage preceding the stopwatch timer, has an approximate 100 Hz signal as its input clock. It counts up
every 1/100 sec and generates an approximate 10 Hz signal. The SWH timer has an approximate 10 Hz
signal generated by the SWL timer for its input clock. It counts up every 1/10 sec and generates a 1 Hz
signal.

Figure 4.8.2.1 shows the count-up pattern of the stopwatch timer.

SWH count-up pattern
SWH countvalue O 1 2 3 4 5 6 7 8 9 0

Counting fime (S 26| 26| 25| 25| 26 | 26 | 25| 25 | 26 | 26 1Hz
ounting time (S) | 556 | 256| 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal
26 o5 generation
256 X6+ 25 X471
SWL count-up pattern 1 ‘ | —
SWL count value 0 1 2 3 4 5 6 7 8 9 0 A imat
Counting time (S) 2121381 2|31 213 )2 3) 2 lgﬂgXImae
256 | 256 | 256 | 256 | 256 | 256| 256 | 256 | 256| 256 | | gnal
25 eneration
256 (S g '
SWL count-up pattern 2 \\‘
SWL count value 0 1 2 3 4 5 6 7 8 9 0 _
Counting time (S 3| 3|3 2|3 2|3|2][3]|2|(Appoximate
ounting time (S) 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | | 10 Hz
26 signal
256 (S) generation

Fig. 4.8.2.1 Count-up pattern of stopwatch timer

SWL generates an approximate 10 Hz signal from the 256 Hz based signal. The count-up intervals are 2/
256 sec and 3/256 sec, so that two final patterns are generated: a 25/256 sec interval and a 26/256 sec
interval. Consequently, the count-up intervals are 2/256 sec and 3/256 sec, which do not amount to an
accurate 1/100 sec. SWH counts the approximate 10 Hz signals generated by the 25/256 sec and 26/256
sec intervals in the ratio of 4:6 to generate a 1 Hz signal. The count-up intervals are 25/256 sec and 26/256
sec, which do not amount to an accurate 1/10 sec.
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4.8.3 Interrupt function

The 10 Hz (approximate 10 Hz) and 1 Hz interrupts can be generated by the overflow of the SWL and
SWH stopwatch timers, respectively. Also, software can separately mask the frequencies as described
earlier.

Figure 4.8.3.1 is the timing chart for the stopwatch timer.

Address Register Stopwatch timer (SWL) timing chart

o | T T L LT

o | LT L L1
(W100secBeD) [ M
03 — —

10 Hz interrupt request T T
Address Register Stopwatch timer (SWH) timing chart

oo | LML LML LI

U S B e S s B e I
(1/10 sec BCD) D2 M
03 | |

1 Hz interrupt request T 1)

Fig. 4.8.3.1 Timing chart for stopwatch timer

As shown in Figure 4.8.3.1, the interrupts are generated by the overflow of the respective timers ("9"
changing to "0"). Also at this point, the corresponding interrupt factor flags (SWITO0, SWIT1) are set to "1".
The respective interrupts can be masked separately with the interrupt mask registers (EISWITO, EISWIT1).
However, regardless of the setting of the interrupt mask registers, the interrupt factor flags are set to "1"
by the overflow of the corresponding timers.
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4.8.4 1/0 memory of stopwatch timer
Table 4.8.4.1 shows the stopwatch timer control bits and their addresses.
Table 4.8.4.1 Control bits of stopwatch timer

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
SWL3 | SWL2 | SWL1 | SWLO ga:j g MSB
071H Stopwatch timer 1/100 sec data (BCD)
R SWL1 0
SWLO 0 1 LSB
SWH3 | SWH2 | SWH1 | SWHO zw:i g MS8
072H i
i SWHL 0 Stopwatch timer 1/10 sec data (BCD)
SWHO 0 JLSB
wmvonl o leswirileiswiro HLMOD| 0  |Heavyload| Normal | Heavy load protection mode register
076H 08 -2 - - Unused
RIW R RIW EISWIT1| 0 Enable | Mask | Interrupt mask register (stopwatch 1 Hz)
EISWITO] 0 Enable | Mask | Interrupt mask register (stopwatch 10 Hz)
0 ko |swrt|swro| °2 | %[ - - | Unusd
07AH IKO C# 0 Yes No | Interrupt factor flag (KOO 03)
R SWITLH| 0 Yes No | Interrupt factor flag (stopwatch 1 Hz)
SWITOX4 0 Yes No [ Interrupt factor flag (stopwatch 10 Hz)
- ~ -
vrsT lswrunlswrstl 10co TMRSTCB| Reset | Reset Clock ti merlrm
O7EH SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
- B .
W RAW W RIW SWRSTCB| Reset | Reset Stopwatch ti mgr reset
10C0 0 Output | Input | I/O control register 0 (PO0-P03)
[ Initia value at initia reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

SWLO-SWL3: 1/100 sec stopwatch timer (071H)

Data (BCD) of the 1/100 sec column of the stopwatch timer can be read. These four bits are read-only, and
cannot be written.

After an initial reset, the timer data is set to "0H".

SWHO0-SWH3: 1/10 sec stopwatch timer (072H)

Data (BCD) of the 1/10 sec column of the stopwatch timer can be read. These four bits are read-only, and
cannot be written.

After an initial reset, the timer data is set to "0H".

EISWITO, EISWITL: Interrupt mask registers (076H<D0, D1)
These registers mask the stopwatch timer interrupt.

When "1" is written: Enabled
When "0" is written: Masked
Reading: Valid
The interrupt mask registers (EISWITO, EISWIT1) are used to mask the 10 Hz and 1 Hz interrupts,

respectively.
After an initial reset, these registers are both set to "0".

SWITO, SWIT1: Interrupt factor flags (07AH<DO, D1)
These flags indicate the status of the stopwatch timer interrupt.

When "1" is read: Interrupt has occurred
When "0" is read: Interrupt has not occurred
Writing: Invalid
The interrupt factor flags (SWITO, SWIT1) correspond to the 10 Hz and 1 Hz interrupts, respectively. With
these flags, the software can determine whether a stopwatch timer interrupt has occurred. However,

regardless of the interrupt mask register setting, these flags are set to "1" by the timer overflow.
They are reset by reading with the software.
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Reading of interrupt factor flags are 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. Be very careful when interrupt factor flags are in the same address.

After an initial reset, these flags are set to "0".

SWRST: Stopwatch timer reset (07EH<D1)
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 while
running, operation restarts immediately. Also, while stopped, the reset data is maintained.
This bit is write-only, and is always "0" when read.

SWRUN: Stopwatch timer run/stop (07EH<D2)
This bit controls run/stop of the stopwatch timer.

When "1" is written: Run
When "0" is written: Stop
Reading: Valid

The stopwatch timer runs when "1" is written to SWRUN, and stops when "0" is written.

When stopped, the timer data is maintained until the timer next Run or is reset. Also, when the timer
runs after being stopped, the data that was maintained can be used to resume the count.

If the timer data is read while running, a correct read may be impossible because of the carry from the
low-order bit (SWL) to the high-order bit (SWH). This occurs if reading has extended over the SWL and
SWH bits when the carry occurs. To prevent this, read after stopping, and then continue running. Also,
the stopped duration must be within 976 usec (256 Hz, 1/4 cycle).

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

4.8.5 Programming notes

(1) Note that the frequencies and times differ from the description in this section when the oscillation
frequency is not 32.768 kHz.

(2) If the timer data is read while running, a correct read may be impossible because of the carry from the
low-order bit (SWL) to the high-order bit (SWH). This occurs if reading has extended over the SWL
and SWH bits when the carry occurs. To prevent this, read after stopping, and then continue running.
Also, the stopped duration must be within 976 usec (256 Hz, 1/4 cycle).

(3) Reading of interrupt factor flags are 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. Be very careful when interrupt factor flags are in the same address.
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4.9 Heavy Load Protection Circuit

4.9.1 Heavy load protection function

The E0C6009 Series has a heavy load protection function for when the battery load becomes heavy and
the source voltage changes, such as when an external buzzer sounds or an external lamp lights. The state
where the heavy load protection function is in effect is called the heavy load protection mode.

The normal mode changes to the heavy load protection mode in the following case:

¢ When the software changes the mode to the heavy load protection mode (HLMOD = "1")

In the heavy load protection mode, the internal voltage regulator is switched to the high-stability mode
from the low current consumption mode. Consequently, more current is consumed in the heavy load
protection mode than in the normal mode. Unless it is necessary, be careful not to set the heavy load
protection mode with the software.

4.9.2 1/0 memory of heavy load protection circuit
Table 4.9.2.1 shows the heavy load protection circuit control bit and the address.

Table 4.9.2.1 Control bit of heavy load protection circuit

Register
Address 9 | Comment

D3 D2 D1 DO__ [ Name | Init (1 1 0
HLMOD| 0  |Heavyload| Normal | Heavy load protection mode register
008 -2 - - Unused

HLMOD| 0  [EISWITL|EISWITO

o76H RAW R RIW EISWIT1| 0 Enable | Mask [ Interrupt mask register (stopwatch 1 Hz)
EISWITO] 0 Enable | Mask | Interrupt mask register (stopwatch 10 Hz)
[ Initia value at initia reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

HLMOD: Heavy load protection mode control (076HD3)
Controls the heavy load protection mode.

When "1" is written: Heavy load protection mode on
When "0" is written: Heavy load protection mode off
Reading: Valid

When HLMOD is set to "1", the IC enters the heavy load protection mode.

In the heavy load protection mode, the consumed current becomes larger. Unless necessary, do not select
the heavy load protection mode with the software.

After an initial reset, this register is set to "0".

4.9.3 Programming note

In the heavy load protection mode, the consumed current becomes larger. Unless necessary, do not select
the heavy load protection mode with the software.
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4.10 Interrupt and HALT

The E0C6009 Series provides the following interrupt settings, each of which is maskable.

External interrupt: Input port interrupt (one)
Internal interrupt: ~ Timer interrupt (three)
Stopwatch interrupt (two)

To enable interrupts, 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 4.10.1 shows the configuration of the interrupt circuit.

SWITO

EISWITO

Interrupt vector

(MSB)

[ swiT1 |
EISWIT1

~\, Program counter
—/ (low-order 4 bits)
LTI
ETI2

(LSB)

TI8
ETI8

INT
(Interrupt request)

L/

AR

| TI32
ETI32

KOO0
Cewos |
K01

K02

@ Interrupt factor flag
KO3
?D |:| Interrupt mask register

Fig. 4.10.1 Configuration of interrupt circuit

Interrupt flag

HALT mode

When the HALT instruction is executed, the CPU stops operating and enters the HALT mode. The
oscillation circuit and the peripheral circuits operate in the HALT mode. By an interrupt, the CPU exits
the HALT mode and resumes operating.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Interrupt and HALT)

4.10.1 Interrupt factors
Table 4.10.1.1 shows the factors that generate interrupt requests.

The interrupt factor flags are set to "1" depending on the corresponding interrupt factors.
The CPU is interrupted when the following two conditions occur and an interrupt factor flag is set to "1".

¢ The corresponding mask register is "1" (enabled)
e 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.
At initial reset, the interrupt factor flags are reset to "0".

Note: 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. Be very careful when interrupt factor flags are in the same address.

Table 4.10.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Clock timer 2 Hz falling edge TI2 (079H+D2)
Clock timer 8 Hz falling edge TI8 (079H+D1)
Clock timer 32 Hz falling edge TI32  (079H+DO)

Stopwatch timer 1 Hz falling edge
Stopwatch timer 10 Hz falling edge
Input (KO0-K03) port falling edge IKO

SWITL (07AHeD1)
SWITO (07AH<DO)
(07AH+D2)

4.10.2 Specific masks for interrupt

The interrupt factor flags can be masked by the corresponding interrupt mask registers. The interrupt
mask registers are read / write registers. The interrupts are enabled when "1" is written to them, and
masked (interrupt disabled) when "0" is written to them.

At initial reset, the interrupt mask register is set to "0".

Table 4.10.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.10.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register

Interrupt factor flag

ETI2 (078H+D2)

T2 (079H+D2)

ETIS (078H+D1)

TI8  (079H+D1)

ETI32 (078H-D0)

TI32  (079H-DO)

EISWIT1 (076H<D1)

SWITL (07AHeD1)

EISWITO (076H-D0)

SWITO (07AH+DO)

EIKO3*  (075H+D3)
EIK02*  (075H-D2)
EIKOL*  (075H-D1)
EIKOO*  (075H-DO)

IKO  (07TAHD2)

OThere is an interrupt mask register for each input port terminal.

EPSON
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Interrupt and HALT)

4.10.3 Interrupt vectors

When an interrupt request is input to the CPU, the CPU starts interrupt processing. After the program
being executed is suspended, interrupt processing is executed in the following order:

(1) The address data (value of the program counter) of the program step to be executed next is saved on
the stack (RAM).

(2) The interrupt request causes the value of the interrupt vector (page 1, 02H-0FH) to be loaded into the
program counter.

(3) The program at the specified address is executed (execution of interrupt processing routine).
Note: The processing in steps (1) and (2), above, takes 12 cycles of the CPU system clock.

Table 4.10.3.1 Interrupt vector addresses

Page | Step Interrupt vector
1 02H |Input (KOO—KO03) interrupt
04H | Clock timer interrupt
06H |Clock timer + Input interrupt
08H | Stopwatch timer interrupt
0AH | Stopwatch timer + Input interrupt
OCH |Stopwatch timer + Clock timer interrupt
OEH |Stopwatch timer + Clock timer + Input interrupt

4.10.4 1/0 memory of interrupt
Table 4.10.4.1 shows the interrupt control bits and their addresses.
Table 4.10.4.1 Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO __ [ Name | Init (1 1 0
EIK03 | EIK02 | EIKOL | EIKOO E:Egi g E::E:Z m:t
075H Interrupt mask register (K00-K03)
RIW EIK01 0 Enable | Mask
EIK0O 0 Enable | Mask
HLMOD o leswrileswmo HLMOD 0  |Heavyload| Normal | Heavy load protection mode register
0764 0B -2 - - |Unused
RIW R RIW EISWITL| O Enable | Mask | Interrupt mask register (stopwatch 1 Hz)
EISWITO| 0 Enable | Mask | Interrupt mask register (stopwatch 10 Hz)
csoc | eme eris | ETisz CsbC 0 Static |Dynamic| LCD drive switch . ‘
078H ETI2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
RIW ETI8 0 Enable | Mask | Interrupt mask register (clock timer 8 Hz)
ETI32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
o] -2 - -
0 TI2 TI8 TI32 0 Unused .
079H TI2 4 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R TIg T4 0 Yes No | Interrupt factor flag (clock timer 8 Hz)
TI32 &4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)
3 _2 - -
o | wo |swm|swm| ° Unused
07AH IKO [# 0 Yes No | Interrupt factor flag (KO0—K03)
R SWITLTH 0 Yes No | Interrupt factor flag (stopwatch 1 Hz)
SWITOH4 0 Yes No | Interrupt factor flag (stopwatch 10 Hz)
[ Initial value at initial reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

ETI32, ETI8, ETI2: Interrupt mask registers (078H+D0-D2)
TI32, TI8, TI2: Interrupt factor flags (079H<D0-D2) ...See Section 4.7, "Clock Timer".

EISWITO, EISWIT1: Interrupt mask registers (076H+DO0, D1)
SWITO, SWIT1: Interrupt factor flags (07AH<DO, D1) ...See Section 4.8, "Stopwatch Timer".

EIKOO-EIKO3: Interrupt mask registers (075H)
IKO: Interrupt factor flag (07AH<D2) ...See Section 4.3, "Input Port".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Interrupt and HALT)

4.10.5 Programming notes

(1) Restart from the HALT mode is performed by an interrupt. The return address after completion of the
interrupt processing will be the address following the HALT instruction.

(2) When an interrupt occurs, the interrupt flag will be reset by the hardware and it will become DI
status. After completion of the interrupt processing, set to the EI status through the software as
needed.

Moreover, the nesting level may be set to be programmable by setting to the EI state at the beginning
of the interrupt processing routine.

(3) The interrupt factor flags must always be reset before setting the EI status. When the interrupt mask
register has been set to "1", the same interrupt will occur again if the EI status is set unless of resetting
the interrupt factor flag.

(4) The interrupt factor flag will be reset by reading through the software. Because of this, when multiple
interrupt factor flags are to be assigned to the same address, perform the flag check after the contents
of the address has been stored in the RAM. Direct checking with the FAN instruction will cause all the
interrupt factor flag to be reset.

(5) 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. Be very careful when interrupt factor flags are in the same address.
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CHAPTER 5: BASIC EXTERNAL WIRING DIAGRAM

cHAPTER S Basic ExTERNAL WIRING DIAGRAM

Piezo Buzzer Single Terminal Driving

LCD panel
6 =g g C1
w— OO0 0o CcB —
» Yo O
CAr———_
KOO Vi1 1 1.C2 Connection depends on
|I> K01 H | power supply and LCD
K02 Vi2 | panel specification.
K03 Cs | | Please refer to Figure 2.1.1.
Vi3 N ¥
P00 ‘
PO1 vop Cex
P02 EO0C6009 osc1 TVP«
Pos EOC60L09 T
P10
P11 0sC2
P12 Vs1 | Csa —
P13 L
RESET O—1
@ R02 (FOUT) _—
RO3 (BZ) _ +
g TEST
g ZZfZCP
g 8 Vss
x [d
Lamp Piezo
X'tal | Crystal oscillator 32.768 kHz, Ci =35 kQ
Cax | Trimmer capacitor |5-25 pF
C1 |Capacitor 0.1 pF
C2 | Capacitor 0.1pF
C3 | Capacitor 0.1pF
Cs4 | Capacitor 0.1 pF
Cp | Capacitor 3.3uF

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

Piezo Buzzer Direct Driving

E0C6009/60L09 When C'II'IVIIlg the 'buzzer, set the IC into the heavy load
9 9 protection mode since the supply voltage changes
L) | Q according to the buzzer frequency.
s 3
@ x

Ra1 i ERAz
[

Piezo

RA1 |Protectionresistor |[100Q
RA2 |Protectionresistor |100 Q
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CHAPTER 6: ELECTRICAL CHARACTERISTICS

CHAPTER 6 ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Rating

E0C6009 (Vop=oV)
Item Symbol Rated value Unit
Supply voltage Vss -551t00.5 \
Input voltage (1) Vi Vss-0.3t00.5 \
Input voltage (2) Viosc Vs1-0.3t00.5 Vv
Operating temperature Topr -20to 70 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
EOC60L09 (Vop=ov)
Item Symbol Rated value Unit
Supply voltage Vss -2.0t00.5 \
Input voltage (1) Vi Vss-0.3t00.5 \
Input voltage (2) Viosc Vs1-0.3t00.5 Vv
Operating temperature Topr -20to 70 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -

6.2 Recommended Operating Conditions

EOC6009 (Ta=-20t0 70°C)
Item Symbol Condition Min. Typ. Max. | Unit
Supply voltage Vss Vbp=0V -3.6 -3.0 -2.6 \
Oscillation frequency fosc Crystal oscillation 32.768 kHz
CR oscillation, RcrR=475kQ 65 80 kHz
Booster capacitor C1 0.1 uF
Capacitor between Vop and Vs1 |C3or Ca*1 0.1 uF

[ Depends on the LCD specification. Please refer to Figure 2.1.1.

E0C60L.09 (Ta=-20to 70°C)
Item Symbol Condition Min. | Typ. | Max. |Unit

Supply voltage Vss Vop=0V -1.8 -15 -1.2 \
Oscillation frequency fosc Crystal oscillation 32.768 kHz
CR oscillation, RcrR=475kQ 65 80 kHz

Booster capacitor C1 0.1 pF
Capacitor between Vop and Vst |C3or Ca*1 0.1 uF

[ Depends on the LCD specification. Please refer to Figure 2.1.1.
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6.3 DC Characteristics

CHAPTER 6: ELECTRICAL CHARACTERISTICS

EO0C6009

Unless otherwise specified:

Vbp=0V, Vss=-3.0V, fosc=32.768kHz, Ta=25°C, Vsi/VL1-VL3 are internal voltage, C1—C4=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
High level input voltage (1)  |ViH1 K00-03, PO0-03, P10-13| 0.2-Vss 0 \
High level input voltage (2)  |ViH2 RESET, TEST 0.1Vss 0 \
Low level input voltage (1) | ViL1 K00-03, P00-03, P10-13| Vss 0.8Vss| V
Low level input voltage (2)  |ViL2 RESET, TEST Vss 09Vss| V
High level input current (1) | liH1 ViH1=0V, No pull-down | K00-03, PO0-03, P10-13 0 0.5 HA
High level input current (2) | liH2 ViH2=0V, Pull-down K00-03 4 40 A
High level input current (3) | 11H3 VIH3=0V, Pull-down P0O0-03, P10-13 50 200 | pA
RESET, TEST
Low level input current I ViL=Vss K00-03, P00-03, P10-13| -0.5 0 HA
RESET, TEST
High level output current (1) |loH1 VoH1=0.1-Vss R00, RO3 -1.8 | mA
High level output current (2) |loH2 VoH2=0.1-Vss RO01, R02, -09 | mA
PO0-03, P10-13
Low level output current (1) |loL1 VoL1=0.9-Vss R00, RO3 4.0 mA
Low level output current (2) |loL2 VoL2=0.9-Vss RO01, R02, 3.0 mA
PO0-03, P10-13
Common output current IoH3 VoH3=-0.05V COMO0-3 -3 HA
loLs VoL3=VL3+0.05V 3 A
Segment output current 10H4 VoH4=-0.05V SEG0-37 -3 HA
(during LCD output) loLa VoL4=V1L3+0.05V 3 A
Segment output current |oH5 VoHs5=0.1-Vss SEGO0-37 -200 | pA
(during DC output) loLs VoL5=0.9-Vss 200 PA
EOC60L09
Unless otherwise specified:
Vbb=0V, Vss=-1.5V, fosc=32.768kHz, Ta=25°C, Vsi/VL1-VL3 areinternal voltage, C1—C4=0.1uF
Item Symbol Condition Min. Typ. | Max. |Unit
High level input voltage (1)  |ViH1 K00-03, PO0-03, P10-13| 0.2-Vss 0 \
High level input voltage (2) | ViH2 RESET, TEST 0.1Vss 0 \
Low level input voltage (1)  |ViL1 K00-03, PO0-03, P10-13| Vss 0.8Vss| V
Low level input voltage (2) | ViL2 RESET, TEST Vss 09Vss| V
High level input current (1) | liH1 ViH1=0V, No pull-down | K00-03, P00-03, P10-13 0 0.5 A
High level input current (2) | liH2 ViH2=0V, Pull-down K00-03 2 16 pA
High level input current (3) | lIH3 ViH3=0V, Pull-down P00-03, P10-13 25 100 | pA
RESET, TEST
Low level input current I ViL=Vss K00-03, PO0-03, P10-13| -0.5 0 pA
RESET, TEST
High level output current (1) |loH1 VoH1=0.1-Vss R00, RO3 -300 | pA
High level output current (2) |loH2 VoH2=0.1-Vss R0O1, R02, -150 | pA
PO0-03, P10-13
Low level output current (1) |loL1 VoL1=0.9-Vss R00, RO3 1400 A
Low level output current (2) |loL2 VoL2=0.9:Vss RO1, R02, 700 pA
PO0-03, P10-13
Common output current 10H3 VoH3=-0.05V COMO0-3 -3 HA
loLs VoL3=VL3+0.05V 3 A
Segment output current |0H4 VoH4=-0.05V SEG0-37 -3 HA
(during LCD output) loLa VoL4=V1L3+0.05V 3 A
Segment output current |oH5 VoHs5=0.1-Vss SEG0-37 -100 | pA
(during DC output) loLs VoL5=0.9-Vss 100 PA
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CHAPTER 6: ELECTRICAL CHARACTERISTICS

6.4 Analog Circuit Characteristics and Current Consumption

EO0C6009 (Crystal oscillation)
* 4.5V LCD panel, 1/4, 1/3, 1/2 duty, 1/3 bias (VL2 is shorted to Vss inside the IC)

Normal mode
Unless otherwise specified:

Vbp=0V, Vss=-3.0V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vs1/VL1-VL3 are internal voltage, C1—C4=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vpp and VL1 1/2:VL2 1/2Vi2| V
(without panel load) -01 x0.9
Viz Connect 1 MQ load resistor between Vpp and VL2 Vss \%
(without panel load)
Vi3 Connect 1 MQ load resistor between Vpp and VL3 3/2:-VL2 32VLz2| V
(without panel 1oad) -01 x0.9
Current consumption lop During HALT Without 1.0 25 pA
During execution panel load 25 5.0 PA
Heavy load protection mode
Unless otherwise specified:
Vbp=0V, Vss=-3.0V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vs1/VL1-VL3 are internal voltage, C1—C4=0.1uF
Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vpp and VL1 1/2:VL2 1/2VL2| V
(without panel load) -01 x0.85
Viz Connect 1 MQ load resistor between Vop and VL2 Vss \%
(without panel load)
Vi3 Connect 1 MQ load resistor between Vpp and VL3 3/2:VL2 3/2:VLz2| V
(without panel 1oad) -01 x0.85
Current consumption lop During HALT Without 2.0 5.5 pA
During execution panel load 55 100 | pA

« 3V LCD panel, 1/4, 1/3, 1/2 duty, 1/2 bias (VL3 is shorted to Vss inside the IC and VL1 is shorted

to VL2 outside the IC)

Normal mode
Unless otherwise specified:

Vbp=0V, Vss=-3.0V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vsi/VL1-VL3 are internal voltage, C1—C3=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vpp and VL1 1/2:VL3 1/2Vi3| V
(without panel load) -01 x0.9
Viz Connect 1 MQ load resistor between Vbb and VL2 12Vi3 2Vi3| V
(without panel load) -01 x0.9
Vi3 Connect 1 MQ load resistor between Vpp and VL3 Vss \%
(without panel 1oad)
Current consumption lop During HALT Without 1.0 25 pA
During execution panel load 25 5.0 PA
Heavy load protection mode
Unless otherwise specified:
Vbp=0V, Vss=-3.0V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vs1/VL1-VL3 are internal voltage, C1—C3=0.1uF
Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vbb and VL1 12Vi3 23| V
(without panel 1oad) -01 x0.85
Viz Connect 1 MQ load resistor between Vpp and VL2 1/2:-VL3 1/2Vi3| V
(without panel load) -01 x0.85
Vi3 Connect 1 MQ load resistor between Vbbp and VL3 Vss \%
(without panel load)
Current consumption lop During HALT Without 2.0 55 HA
During execution panel load 55 100 | pA
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EOC60L09 (Crystal oscillation)

CHAPTER 6: ELECTRICAL CHARACTERISTICS

* 4.5V LCD panel, 1/4, 1/3, 1/2 duty, 1/3 bias (VL1 is shorted to Vss inside the IC)

Normal mode
Unless otherwise specified:

Vbb=0V, Vss=-1.5V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vs1/VL1-VL3 are internal voltage, C1—C4=0.1uF

Item Symbol Condition Min. Typ. | Max. |Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbb and VL1 Vss \%
(without panel 1oad)
Vi2 Connect 1 MQ load resistor between Vpp and VL2 2V 2V | V
(without panel load) -01 x0.9
Vi3 Connect 1 MQ load resistor between Vbb and VL3 3Vi1 3V | V
(without panel load) -0.1 x0.9
Current consumption lop During HALT Without 1.0 25 HA
During execution panel load 25 5.0 A
Heavy load protection mode
Unless otherwise specified:
Vbb=0V, Vss=-1.5V, fosc=32.768kHz, Ta=25°C, Ce=25pF, Vs1/VL1-VL3 are internal voltage, C1—C4=0.1uF
Item Symbol Condition Min. Typ. | Max. |Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbb and VL1 Vss \%
(without panel 1oad)
Vi2 Connect 1 MQ load resistor between Vpp and VL2 2V 2V | V
(without panel load) -01 x0.85
Vi3 Connect 1 MQ load resistor between Vbb and VL3 3Vi1 3V | V
(without panel load) -0.1 x0.85
Current consumption lop During HALT Without 2.0 55 HA
During execution panel load 55 100 | pA

*« 3V LCD panel, 1/4, 1/3, 1/2 duty, 1/2 bias (Vi1 is shorted to Vss inside the IC and VL1 is shorted

to VL2 outside the IC)

Normal mode
Unless otherwise specified:

Vbp=0V, Vss=-1.5V, fosc=32.768kHz, Ta=25°C, Cc=25pF, Vsi/VL1-VL3 are internal voltage, C1—C3=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vit Connect 1 MQ load resistor between Vbp and VL1 Vss \%
(without panel 1oad)
Viz Connect 1 MQ load resistor between Vbb and VL2 Vss \%
(without panel |oad)
Vi3 Connect 1 MQ load resistor between Vpbp and VL3 2:Vi1 2V | V
(without panel 1oad) -01 x0.9
Current consumption loP During HALT Without 1.0 25 pA
During execution panel load 25 5.0 PA
Heavy load protection mode
Unless otherwise specified:
Vbb=0V, Vss=-1.5V, fosc=32.768kHz, Ta=25°C, Ce=25pF, Vs1/VL1-VL3 are internal voltage, C1—C3=0.1uF
Item Symbol Condition Min. Typ. | Max. |Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbb and VL1 Vss \%
(without panel 1oad)
Vi2 Connect 1 MQ load resistor between Vpp and VL2 Vss \%
(without panel 1oad)
Vi3 Connect 1 MQ load resistor between Vbb and VL3 2VL1 2V | V
(without panel load) -0.1 x0.85
Current consumption lop During HALT Without 2.0 55 HA
During execution panel load 55 100 | pA
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EOC6009 (CR oscillation)
*« 4.5V LCD panel, 1/4, 1/3, 1/2 duty, 1/3 bias (VL2 is shorted to Vss inside the IC)

Normal mode
Unless otherwise specified:

Vbb=0V, Vss=-3.0V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 are internal voltage, C1—C4=0.1uF, Rcr=475kQ

Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vbb and VL1 2Vi2 v2Viz| V
(without panel 1oad) -01 x0.9
Viz Connect 1 MQ load resistor between Vpp and VL2 Vss \Y
(without panel 1oad)
Vi3 Connect 1 MQ load resistor between Vbbp and VL3 3/2VL2 32VL2| V
(without panel load) -0.1 x0.9
Current consumption lop During HALT Without 8.0 150 | pA
During execution panel load 15.0 20.0 | pA
Heavy load protection mode
Unless otherwise specified:
Vbb=0V, Vss=-3.0V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 are internal voltage, C1—C4=0.1uF, Rcr=475kQ
Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vbb and VL1 2Vi2 v2Viz| V
(without panel 1oad) -01 x0.85
Viz Connect 1 MQ load resistor between Vpp and VL2 Vss \Y
(without panel 1oad)
Vi3 Connect 1 MQ load resistor between Vbbp and VL3 3/2VL2 32VL2| V
(without panel load) -0.1 x0.85
Current consumption lop During HALT Without 16.0 300 | pA
During execution panel load 30.0 400 | pA

*« 3V LCD panel, 1/4, 1/3, 1/2 duty, 1/2 bias (VL3 is shorted to Vss inside the IC and VL1 is shorted

to VL2 outside the IC)

Normal mode
Unless otherwise specified:

Vbb=0V, Vss=-3.0V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 areinternal voltage, C1—C3=0.1uF, Rcr=475kQ

Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vpp and VL1 1/2:VL3 1/2Vi3| V
(without panel load) -01 x0.9
Viz Connect 1 MQ load resistor between Vbbp and VL2 12Vi3 2Vi3| V
(without panel load) -01 x0.9
Vi3 Connect 1 MQ load resistor between Vpp and VL3 Vss \%
(without panel 1oad)
Current consumption lop During HALT Without 8.0 15.0 | pA
During execution panel load 15.0 20.0 | pA
Heavy load protection mode
Unless otherwise specified:
Vbb=0V, Vss=-3.0V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 are internal voltage, C1—C3=0.1uF, Rcr=475kQ
Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vi Connect 1 MQ load resistor between Vbb and VL1 12Vi3 23| V
(without panel 1oad) -01 x0.85
Viz Connect 1 MQ load resistor between Vpp and VL2 1/2:-VL3 1/2Vi3| V
(without panel load) -01 x0.85
Vi3 Connect 1 MQ load resistor between Vbbp and VL3 Vss \%
(without panel load)
Current consumption lop During HALT Without 16.0 300 | pA
During execution panel load 30.0 400 | pA
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EOC60L09 (CR oscillation)
* 4.5V LCD panel, 1/4, 1/3, 1/2 duty, 1/3 bias (VL1 is shorted to Vss inside the IC)

Normal mode
Unless otherwise specified:

Vbb=0V, Vss=-1.5V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 areinternal voltage, C1—C4=0.1uF, Rcr=475kQ

CHAPTER 6: ELECTRICAL CHARACTERISTICS

Item Symbol Condition Min. Typ. | Max. |Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbb and VL1 Vss \%
(without panel 1oad)
Vi2 Connect 1 MQ load resistor between Vpp and VL2 2V 2V | V
(without panel load) -01 x0.9
Vi3 Connect 1 MQ load resistor between Vbb and VL3 3Vi1 3V | V
(without panel load) -0.1 x0.9
Current consumption lop During HALT Without 8.0 150 | pA
During execution panel load 15.0 200 | pA
Heavy load protection mode
Unless otherwise specified:
Vbb=0V, Vss=-1.5V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 areinternal voltage, C1—C4=0.1uF, Rcr=475kQ
Item Symbol Condition Min. Typ. | Max. |Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbb and VL1 Vss \%
(without panel 1oad)
Vi2 Connect 1 MQ load resistor between Vpp and VL2 2V 2V | V
(without panel load) -01 x0.85
Vi3 Connect 1 MQ load resistor between Vbb and VL3 3Vi1 3V | V
(without panel load) -0.1 x0.85
Current consumption lop During HALT Without 16.0 300 | pA
During execution panel load 30.0 40.0 | pA

*« 3V LCD panel, 1/4, 1/3, 1/2 duty, 1/2 bias (Vi1 is shorted to Vss inside the IC and VL1 is shorted

to VL2 outside the IC)

Normal mode
Unless otherwise specified:

Vbb=0V, Vss=-1.5V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 areinternal voltage, C1—C3=0.1puF, Rcr=475kQ

Item Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vit Connect 1 MQ load resistor between Vbp and VL1 Vss \%
(without panel 1oad)
Viz Connect 1 MQ load resistor between Vbb and VL2 Vss \%
(without panel |oad)
Vi3 Connect 1 MQ load resistor between Vpbp and VL3 2:ViL1 2V | V
(without panel 1oad) -01 x0.9
Current consumption loP During HALT Without 8.0 15.0 | pA
During execution panel load 15.0 20.0 | pA
Heavy load protection mode
Unless otherwise specified:
Vbb=0V, Vss=-1.5V, fosc=65kHz, Ta=25°C, Vs1/VL1-VL3 areinternal voltage, C1—C3=0.1uF, Rcr=475kQ
Item Symbol Condition Min. Typ. | Max. |Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbb and VL1 Vss \%
(without panel 1oad)
Vi2 Connect 1 MQ load resistor between Vpp and VL2 Vss \%
(without panel 1oad)
Vi3 Connect 1 MQ load resistor between Vbb and VL3 2VL1 2V | V
(without panel load) -0.1 x0.85
Current consumption lop During HALT Without 16.0 300 | pA
During execution panel load 30.0 40.0 | pA
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6.5 Oscillation Characteristics

Oscillation characteristics will vary according to different conditions (elements used, board pattern). Use
the following characteristics are as reference values.

EOC6009 Crystal Oscillation

Unless otherwise specified:

Vbb=0V, Vss=-3.0V, fosc=32.768kHz, Crystal: C-002R (Ci=35kQ), Cc=25pF, Cp=built-in, Ta=25°C

Item Symbol Condition Min. Typ. Max. | Unit
Oscillation start voltage Vsta |tsta<5sec (Vss) -2.6 vV
Oscillation stop voltage Vstp | tstp<10sec (Vss) -2.6 \Y
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the chip 20 pF
Frequency/voltage deviation |9f/0V |Vss=-2.6t0-3.6V 5 ppm
Frequency/IC deviation of/gIC -10 10 |[ppm
Freguency adjustment range |9f/0Cc |Cc=5 to 25pF 35 45 ppm
Harmonic oscillation start voltage | Vhno | (Vss) 36 | V
Permitted leak resistance Riesk Between OSC1 and Vpb, Vss 200 MQ
EOC60L09 Crystal Oscillation
Unless otherwise specified:
Vbb=0V, Vss=-1.5V, fosc=32.768kHz, Crystal: C-002R (Ci=35kQ), Cc=25pF, Cp=built-in, Ta=25°C
Item Symbol Condition Min. Typ. Max. | Unit
Oscillation start voltage Vsta |tsta<5sec (Vss) -1.2 \Y
Oscillation stop voltage Vsatp | tstp<10sec (Vss) -1.2 \Y
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the chip 20 pF
Freguency/voltage deviation |df/0V  |Vss=-1.2t0-1.8V 5 ppm
Frequency/IC deviation of/gIC -10 10 |[ppm
Frequency adjustment range |9f/0Cc |Cc=5 to 25pF 35 45 ppm
Harmonic oscillation start voltage | Vhno | (Vss) -1.8 | V
Permitted leak resistance Rieak Between OSC1 and Vob, Vss 200 MQ
EOC6009 CR Oscillation
Unless otherwise specified:
Vbb=0V, Vss=-3.0V, Rcr=475kQ, Ta=25°C
Item Symbol Condition Min. Typ. Max. | Unit
Oscillation frequency dispersion|fosc 455 65 845 | kHz
Oscillation start time tsta Vss=-2.6t0 -3.6V 3 mS
EOC60L09 CR Oscillation
Unless otherwise specified:
Vbb=0V, Vss=-1.5V, Rcr=475kQ, Ta=25°C
Item Symbol Condition Min. Typ. Max. | Unit
Oscillation frequency dispersion|fosc 455 65 845 | kHz
Oscillation start time tsta Vss=-1.2t0-1.8V 3 mS
50 EPSON E0C6009 TECHNICAL MANUAL
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CHAPTER / CeramIC PACKAGE FOR TEST SAMPLES

26.8 £0.15

20.0 £0.18

14.0 £0.14

20.9 £0.15

(Unit: mm)

g @ a2
S | S &
e yj\ i ; 4 g
Yy | N v
- T
‘ Grass
No. Name No. Name No. Name No. Name
1 SEG35 21 R0O3 41 N.C. 61 N.C.
2 N.C. 22 N.C. 42 N.C. 62 N.C.
3 N.C. 23 N.C. 43 SEG1 63 N.C.
4 SEG36 24 N.C. 44 SEG2 64 SEG19
5 SEG37 25 Vss 45 SEG3 65 TEST
6 K03 26 RESET 46 SEG4 66 SEG20
7 K02 27 Vst a7 SEG5 67 SEG21
8 K01 28 0sc2 48 SEG6 68 SEG22
9 K00 29 0OSC1 49 SEG7 69 SEG23
10 P13 30 VbD 50 SEG8 70 SEG24
11 P12 31 Vi3 51 SEG9 71 SEG25
12 P11 32 Vi2 52 SEG10 72 SEG26
13 P10 33 Vi1 53 SEG11 73 SEG27
14 P03 34 CB 54 SEG12 74 SEG28
15 P02 35 CA 55 SEG13 75 SEG29
16 PO1 36 COM3 56 SEG14 76 SEG30
17 P00 37 COM2 57 SEG15 7 SEG31
18 R0O2 38 COM1 58 SEG16 78 SEG32
19 RO1 39 COMO 59 SEG17 79 SEG33
20 R0OO 40 SEGO 60 SEG18 80 SEG34
N.C. : No Connection
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CHAPTER 8 PRECAUTIONS ON MOUNTING

<Oscillation Circuit>

e Oscillation characteristics change depending on conditions (board pattern, components used, etc.).
Inparticular, whenusingacrystal oscillator, use the oscillatormanufacturer'srecommended values
forconstantssuchascapacitanceandresistance.

o Disturbances of the oscillation clock due to noise may cause a malfunction. Consider the following
points to prevent this:

(1) Componentswhich are connected to the OSC1 and OSC2 terminals, such as oscillators, resistors

and capacitors, should be connected in the shortest line.
Sample VDD pattern

(2) Asshownin the right hand figure, make a VDD pattern as large as
possible at circumscription of the OSC1 and OSC2 terminals and the 0SC2
components connected to these terminals.

Furthermore, donot use this V DD pattern for any purpose other than AEE—
theoscillationsystem. CQDD

OSC1

e Inorderto preventunstable operation of the oscillation circuit due to
current leak between OSC1 and V ss, please keep enough distance between OSC1 and Vss or other
signals on the board pattern.

<Reset Circuit>

o The power-on reset signal which is input to the RESET terminal changes depending on conditions
(power rise time, components used, board pattern, etc.).
Decide the time constant of the capacitor and resistor after enough tests have been completed with the
applicationproduct.
When the built-in pull-down resistor is added to the RESET terminal by mask option, take into
consideration dispersion of the resistance for setting the constant.

e Inorder to prevent any occurrences of unnecessary resetting caused by noise during operating,
components such as capacitors and resistors should be connected to the RESET terminal in the
shortestline.

<Power Supply Circuit>
e Sudden power supply variation due to noise may cause malfunction. Consider the following points to
preventthis:

(1) The power supply should be connected to the V. DD and s terminal with patterns as short and
largeaspossible.

(2) When connecting between the BD and s terminals with a bypass capacitor, the terminals
should be connected as shortas possible.

Bypass capacitor connection example

»

(3) Components which are connected to the Vs1, M1, .2, M3 terminals, such as a capacitor, should
be connected in the shortest line.
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<Arrangement of Signal Lines>
e Inorder to prevent generation of electromagnetic induction noise caused by mutual inductance, do

notarrangealarge currentsignallinenear the circuits thatare sensitive tonoise such as the oscilla-
tion unit.

e When asignalline is parallel with a high-speed line in long distance or intersects a high-speed line,
noise may generated by mutual interference between the signals and it may cause a malfunction.
Donotarrange ahigh-speed signal line especially near circuits that are sensitive tonoise such as the
oscillationunit.

Prohibited pattern

] —{_]OSsc2
=

[josc1
~

AN

{|Vbp

—
Large current signal line
High-speed signal line

<Precautions for Visible Radiation (when bare chip is mounted)>

e Visibleradiation causes semiconductor devicesto change theelectrical characteristics. Itmay cause
this IC to malfunction. When developing products which use this IC, consider the following precau-
tions to prevent malfunctions caused by visible radiations.

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

(2) The inspection process of the product needs an environment that shields the IC from visible
radiation.

(3) Aswell as the face of the IC, shield the back and side too.
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