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CHAPTER 1: INTRODUCTION

CHAPTER 1 INTRODUCTION

Each member of the EOC623B Series of single chip microcomputer features a 4-bit EOC6200B core CPU,
1,536 words of ROM (12 bits per word), 96 words of RAM (4 bits per word), an LCD driver, 4-bit input
port (K00-KO03), 4-bit output port (R00-R03), 4-bit I/ O port (P00-P03), two timers (clock timer and
stopwatch timer) and serial interface. Because of their low voltage operation and low power consump-
tion, the EOC623B Series are ideal for a wide range of applications.

1.1 Configuration
The E0C623B Series is configured as follows, depending on the supply voltage and the oscillation circuit.

Table 1.1.1 Configuration of the EOC623B Series

Model [Supply voltage Oscillation circuit SLEEP
E0C623B 0.8-3.6V Crystal (32.768 kHz, Typ.) or CR (65 kHz, Typ.) Available only for CR oscillation
EOC62A3B 1.7-36V CR (250 kHz-500 kHz) or Ceramic (400 kHz—1 MHz) Available

1.2 Features

Oscillation circuit............... E0C623B: Crystal oscillation circuit 32.768 kHz (Typ.)
or CR oscillation circuit 65 kHz (Typ.)
EO0C62A3B: CR oscillation circuit 250 kHz to 500 kHz
or Ceramic oscillation circuit 400 kHz to 1 MHz
Instruction set ........ccuuueeuneee 100 instructions (Crystal oscillation)

101 instructions

(The SLP instruction is available with mask option except for crystal oscillation.)
Instruction execution time . With 32 kHz clock: 153 usec, 214 usec, 366 usec (E0C623B)

With 65 kHz clock: 77 usec, 108 usec, 185 usec (E0C623B)

With 500 kHz clock: 10 usec, 14 usec, 24 usec (E0C62A3B)

With 1 MHz clock: 5 usec, 7 usec, 12 usec (E0C62A3B)

ROM capacity ......cccoerveruncne 1,536 words x 12 bits
RAM capacity ....ccceeeennnene 96 words x 4 bits
Input port ........cueevincnnnene 4 bits (Pull-up resistors are available with mask option)
Output port. ... 4 bits (Piezo buzzer and programmable frequency output can be driven directly by
mask option)
1/O port 4 bits (Serial interface data input and data output are available with mask option)
LCD driver ......ccvevcurevcnnnnes 26 segments x 4, 3 or 2 common duty (QFP5-60pin or chip)
20 segments x 4, 3 or 2 common duty (QFP12-48pin)
Serial interface .........ccueuce.e. Clock synchronous system (Terminal pecificasion can be selected by mask option)
Time base counter .. 2 systems (Clock timer/stopwatch timer)
Interrupts ......couveereuenennnene. External interrupt: Input port interrupt 1 system
I/0O port interrupt 1 system
(Available when "input-only" is selected by mask option.)
Internal interrupt: ~ Clock timer interrupt 1 system

Stopwatch timer interrupt 1 system
Serial interface interrupt 1 system
Supply voltage .................... E0C623B: 0.8 to 3.6 V, Oscillation start voltage: 0.8 V
E0C62A3B: 1.7t03.6 V
Operating temperature...... -20°C to +70°C
Current consumption (Typ.) ..2.5 uA (E0C623B, 32.768 kHz, HALT mode)
3.0uA  (E0C623B, 32.768 kHz, RUN)
1.0uA  (E0C62A3B, SLEEP mode)
80 A (E0C62A3B, 1 MHz, HALT mode)
100 A (EOC62A3B, 1 MHz, RUN)
Supply form ......cvuvevcnnnee QFP12-48pin, QFP5-60pin (plastic) or chip
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1.3 Block Diagram

0SC1
osc2

COMO~3
SEG0~25(19)®

VbbD
Vb1
Vci~3
CA, CB
Vss

«—{RESET

ROM System Reset
1,536 words x 12 bits Control
N U !

Core CPU E0C6200B

\— i

ROO(FOUT, BUZZER)
RO1(BUZZER)™
RO2, R03

K00~K03

TEST

POO(SIN, SIN/SOUT)™
PO1(SOUT, MODE, I)
P02(SCLK)™
PO3(SRDY, I)L

OSC S B — Interrupt
- Generator
RAM ) ; Input Port
96 words x 4 bits
LCD Driver [
26 SEG x4 COM = 1/0 Port
$
Power L]
Controller pumm] Serial Interface
Clock jt
; pmm! Output Port
Timer P
jl: T
Stopwatch : FOUT
Timer - & Buzzer

[1: Terminal specifications can be selected by mask option.
[2: SEGO to 4, 6 and 8 to 19 are only available in the QFP12-48pin package.

Fig. 1.3.1 Block diagram
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1.4 Pin Layout Diagram

QFP12-48pin
% 25 No. |[Pin name| No. |Pin name| No. |Pin name| No. |Pin name
H H H H H H H H H H H H 1 | COM2 | 13 | SEG12 | 25 | POO | 37 | VoD
2 | COM3 | 14 | SEG13 | 26 | N.C. | 38 | osc1
37— 24 3 | SEGO | 15 | SEG14 | 27 | RESET | 39 | 0OSC2
—  —
— — 4 | SEG1 | 16 | SEG15 | 28 | KOO | 40 | Vb1
—  E—
—] — 5 | SEG2 | 17 | SEG16 | 29 | KO1 | 41 CA
— — 6 | SEG3 | 18 | SEG17 | 30 | K02 | 42 | CB
S = 7 | SEG4 | 19 | SEG18 | 31 | KO3 | 43 | N.C.
—  E—
—] INDEX — 8 | SEG6 | 20 | SEG19 | 32 | ROO | 44 | Va
—  E— r—p—
48 —— 9 | SEG8 | 21 | TEST | 33| ROL | 45 | Ve
10| SEGY9 | 22| PO3 | 34| RO2 | 46| Vc3
H H H H H H H H H H H H 11 | SEG10 | 23 | P02 | 35 | RO3 | 47 | COMO
1 12 12 | SEG11 | 24 | POl | 36 | Vss | 48 | coM1

N.C. : No Connection
Fig. 1.4.1 Pin assignment (QFP12-48pin)

QFP5-60pin

P4
o

. |Pin name| No. |Pin name| No. |Pin name| No. [Pin name
V2 16 | SEG9 | 31 | SEG24 | 46 K02
Vc3 17 | SEG10 | 32 | SEG25 | 47 K03

COMO | 18 | SEG11 | 33 | TEST | 48 ROO

COM1 | 19 | SEG12 | 34 P03 49 RO1

COM2 | 20 | SEG13 | 35 P02 50 RO2

COM3 | 21 | SEG14 | 36 PO1 51 RO3

SEGO | 22 | SEG15 | 37 POO 52 N.C.

——
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
 —]
| —]
O 0N gldjw|N|F

60— . SEG1 | 23 | SEG16 NC. |53 | Vss
1—1 P SEG2 | 24 | SEGL7 N.C. |54 | Vop

— INDEX — 10 | SEG3 | 25 | SEGIS8 N.C. | 55 | OsC1

— — 11 | SEG4 | 26 | SEGI9 N.C. | 56 | OSC2
——24 | 12 | SEG5 | 27 | SEG20 NC. | 57 | Vot

RESET | 58 CA
K00 59 CB
K01 60 Vci

N.C. : No Connection

SEG6 | 28 | SEG21
SEG7 | 29 | SEG22
SEG8 | 30 | SEG23

or—
——
—
——
—
—
——
—
—
——
—
—
——
—
—
——
—
—
NS

H5RIBKER|IE 8IS

[y
[62]

Fig. 1.4.2 Pin assignment (QFP5-60pin)
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1.5 Pin Description

Table 1.5.1 Pin description

. Pin No. )
Pin name 110 Function
QFP12-48 | QFP5-60
\V)) 37 54 (1) [Power supply pin (+)
Vss 36 53 (1)  {Power supply pin (-)
Vb1 40 57 — |Oscillation and internal logic system regulated voltage output pin
Ve 44 60 — |LCD system regulated voltage output pin (approx. 1.05 V)
Ve2 45 1 — |LCD system booster voltage output pin (Vc1x2)
Vc3 46 2 — |LCD system booster voltage output pin (Vc1x3)
CA,CB 41, 42 58, 59 — |Boost capacitor connecting pin
0OSC1 38 55 | |Oscillation input pin (crystal, CR or ceramic *)
0SsC2 39 56 O |Oscillation output pin (crystal, CR or ceramic *)
K00—-KO03 28-31 4447 | Input port pin
P00 25 37 1/0 |I/O port pin or seria I/F datainput/output pin *
PO1 24 36 1/0 |I/O port pin, seria 1/F data output pin or input-only pin *
P02 23 35 1/0 |I/O port pin or seria I/F clock output pin *
P03 22 34 1/0 |I/O port pin, serial I/F ready signal output pin or input-only pin *
R0OO 32 48 O |Output port pin, buzzer or FOUT output pin *
RO1 33 49 O |Output port pin or buzzer output pin *
R02, RO3 34,35 50, 51 O |Output port pin
SEG04 3-7 7-11 O |LCD segment output pin or DC output pin *
SEG5 - 12 O |LCD segment output pin or DC output pin * (QFP5-60pin only)
SEG6 8 13 O |LCD segment output pin or DC output pin *
SEG7 - 14 O |LCD segment output pin or DC output pin * (QFP5-60pin only)
SEG8-19 9~20 15-26 O |LCD segment output pin or DC output pin *
SEG20-25 - 27-32 O |LCD segment output pin or DC output pin * (QFP5-60pin only)
COMO0-3 (47,48,1,2 36 O |LCD common output pin
RESET 27 43 | |Initial reset input pin
TEST 21 33 | |Input pin for test
OSelected by mask option
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CHAPTER 2 PoweR SuPPLY AND INITIAL RESET

2.1 Power Supply

With a single external power supply (O supplied to VDD through Vss, the EOC623B Series generates the
necessary internal voltages with the regulated voltage circuit (<VD1> for oscillator and internal circuit,
<Vc1> for LCD) and the voltage booster circuit (<Vc2, Vcs> for LCD).

Figure 2.1.1 shows the power supply configuration.

OSupply voltage: 623B...0.8 t0 3.6 V, 62A3B...1.7t0 3.6 V

Note: < External loads cannot be driven by the output voltage of the regulated voltage circuit and voltage

booster circuit.
e See Chapter 6, "Electrical Characteristics", for voltage values.

VDD:‘ >
; Internal
circuit
3 Vb1
ﬂ@i Oscillation system Oscillation :‘
: voltage regulator circuit ; 0sC1, 2
External + }—Vmoi LCD system
power — zz T voltage regulator
supply ! y Ve Ver
Ve | \ 4 !
}—\é'c:Qi LCD system Vcz, Vcs LCD Q COM0-3
dn ‘
ﬁ voltage booster river —Q SEG0-25(19)
Vss C: > ‘

Fig. 2.1.1 Configuration of power supply (when internal voltage regulator is selected as LCD power by mask option)

Min. 5 msec
System reset XSR
input v
"SR" ON
\Yex]
Vc2
VDD / P Vb1 ((1.05 \)/)
Vop (0.8 V
Vb1 4 = ver
Vci, Ve, Ves
Booster ON HVLD ON Internal SR cancellation
Start Vc2, Vs (by hardware)  (by hardware)
output
. Y Vc2
CA terminal v
(for boosting) ' ¢l
3 Vss
Vsta<3sec (OSCL1: Crystal oscillation)

Power-on Vsta < 3 msec (OSC1: CR oscillation)
Fig. 2.1.2 Sequence after power on (E0C6231; ¥ 0.8 V)
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2.1.1 Voltage <¥W1> for oscillation circuit and internal circuits

VD1 is a voltage for the oscillation circuit and the internal logic circuits.

Vb1 is driven with the supply voltage VDD in the normal operating mode.

The E0C623B can be set in the heavy load protection mode to protect the IC operation from voltage
variation when heavy loads such as a buzzer is driven and to operate in a condition of VDD < 1.1V (see
Section 4.10 for detail). In the heavy protection mode, the EOC623B drives VD1 with the boosted voltage
Vc2 (explained in the next section) for stabilizing operation in low supply voltage.

The EOC62A3B always drives VD1 with the supply voltage VDD.

2.1.2 Voltage <\¢1—Vc3> for LCD driving

Vci1-Ves are the LCD drive voltages. They can be generated by the internal LCD system power supply
circuit or can be supplied from outside by selecting mask option.

The LCD system power supply circuit consists of two voltage circuits: a voltage regulator that generates
the Vc1 voltage and a voltage booster circuit that generates the Vc2 and Vcs voltages by doubling and
tripling the Vc1 (when the internal voltage regulator is selected as the LCD power source by mask
option).

The LCD system power supply circuit stops operating in the SLEEP mode (available for the CR oscilla-
tion model of the E0C623B and EOC62A3B). The voltages Vc1 to V3 go to Vss level when it stops. (The
SLEEP function cannot be used when an external LCD power supply is selected.)

In the heavy load protection mode in the EOC623B, the Vc2 is also used for driving the oscillation system
voltage regulator.

2.2 Initial Reset

To initialize the EOC623B Series circuits, an initial reset must be executed. There are three ways of doing
this.

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

Figure 2.2.1 shows the configuration of the initial reset circuit.

osc1 O osc1 Oscillation | Mask option
oscilation detection ——O 1 "L"when SLEEP function is selected
osc2 O circuit circuit | !

Mask option

K01 O Noise
reject
circuit

Internal
initial reset

WVDD
RESET #“ Latch

Fig. 2.2.1 Configuration of initial reset circuit

2.2.1 Simultaneous low input to input ports (KO0O—K03)

An initial reset can be performed by inputting low signals simultaneously to the input ports (K00-K03)
selected with the mask option. The specified input port terminals must be kept low for at least a time
shown in Table 2.2.1.1, because the signals pass through the noise rejection circuit. Table 2.2.1.2 shows the
combinations of the input ports (K00-K03) that can be selected with the mask option.

6
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Table 2.2.1.1 Simultaneous low input time

Model Oscillation frequency Simultaneous LOW set-up time (Min.)
E0C623B |32.768 kHz (crystal) 3sec
65 kHz (CR) 15sec
EOC62A3B [500 kHz (CR, dividing ratio: 1/6) 12sec
1 MHz (ceramic, dividing ratio: 1/12) 12 sec

Table 2.2.1.2 Input port combinations

Selection Combination
A Not used
B K00CK01
C K00CK01[K02
D KOOCK01[K02[K03

When, for instance, mask option D (KO0LK01[K02[K03) is selected, an initial reset is executed when the
signals input to the four ports K00-KO03 are all low at the same time. If you use this function, make sure
that the specified ports do not go low at the same time during normal operation.

2.2.2 Reset terminal (RESET)

Initial reset can be executed externally by setting the reset terminal to a low level (Vss). After that the
initial reset is released by setting the reset terminal to a high level (VDD) and the CPU starts operation.
The reset input signal is maintained by the latch and becomes the internal initial reset signal. The latch is
designed to be released by the signal that is divided by the oscillation clock. In normal operation, a reset
release time shown in Table 2.2.2.1 is needed until the internal initial reset is released after the reset
terminal goes to high level. Be sure to maintain the reset terminal at a low level for at least the reset input
time shown in Table 2.2.2.1.

However, when turning the power on, the reset terminal should be set at a low level as in the timing
shown in Figure 2.2.2.1.

Table 2.2.2.1 Reset time

o Reset input pulse Reset cancelation time by
Model Oscillation frequency ] . o
width (Min.) hardware inside of IC (Max.)
EOC623B | 32.768 kHz (crystal) 5 msec Reset terminal _f - 250 msec
65 kHz (CR) 5 msec Reset terminal _f - 125 msec
EOC62A3B |500 kHz (CR, division ratio: 1/6) 5 msec Reset terminal _§f - 98 msec
1 MHz (ceramic, division ratio: 1/12) 5 msec Reset terminal _§f - 98 msec

0.8 V (E0C623B)
VDD / 1.7 V (EOC62A3B)

5 msec or more

RESET 0.5+VDD

—] 0.1+VDD or less (LOW level)
Power-on

Fig. 2.2.2.1 Initial reset at power on

The reset terminal should be set to 0.12VDD or less (low level) until the supply voltage becomes 0.8 V
(E0C623B) or 1.7 V (EOC62A3B) or more. After that, a level of 0.5¢VDD or less should be maintained more
than 5 msec.
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2.2.3 Oscillation detection circuit

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

Note: < Use the reset terminal or KOO-KO03 simultaneous low input for power-on reset because the
circuit may not work due to chattering when the power is turned on.
e The oscillation detection function cannot be used when the mask option is selected as follows:
- When CR oscillation circuit and the SLEEP function are selected in the EOC623B.
- When the SLEEP function is selected in the EOC62A3B.

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 setting 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
Zero flag z 1 Undefined
Carry flag C 1 Undefined
Peripheral Circuits
Name Bit size| Initial value

RAM 96 x 4 Undefined
Display memory 26%x4 Undefined
Other peripheral circuits - O

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 VDD.
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cHAPTER3 CPU, ROM, RAM

3.1 CPU

The E0C623B 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 E0OC6200/6200A /6200B.
Refer to the "E0C6200/6200A Core CPU Manual" for details of the EOC6200B.

Note the following points with regard to the EOC623B Series:

(1) The crystal oscillator model of the EOC623B does not support the SLEEP function, therefore the SLP
instruction cannot be used.
The SLP instruction is only available for the EOC623B CR oscillation model and EOC62A3B which have
the SLEEP function selected by mask option.

(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-08H.

Bank 0 Step 00H Program start address

Step 01H
Interrupt vector area
Step 08H
Step 09H

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 96 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,
so 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 00H-0FH is the memory area pointed by the register pointer (RP).
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CHAPTER 4 PERIPHERAL CiRcuITs AND OPERATION

Peripheral circuits (timer, I/ O, and so on) of the EOC623B 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 EOC623B Series has an address space of 150 words, of which 32 words are
allocated to display memory and 22 words, to I/O memory. Figure 4.1.1 show the overall memory map
for the EOC623B Series, and Tables 4.1.1(a)-(b), the memory maps for the peripheral circuits (I/O space).

Address Low
0/1/2|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 (OOOH—OBFH)
P 96 words x 4 bits (R/W)
5
6
7

0
8
9 Display memory ares (090H—-0AFH)
A 32 words x 4 bits (W only)
B
C
D
E ‘ ‘ 1/0 memory See Tables 4.1.1(a), (b)
F | | | | |

|:| Unused area
Fig. 4.1.1 Memory map

Note: Memory is not mounted in unused area within the memory map and in memory area not indicated

in this chapter. For this reason, normal operation cannot be assured for programs that have been
prepared with access to these areas.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(a)

I/0 memory map (OEOH-OEFH)

Register
Address - Comment
D3 D2 D1 DO __| Name | Init (1L 1 0
_2 i 7
K03 K02 K01 K00 K03 H!gh Low
OEOH KO2 | (21 High | Low |y oot port data
R kot | -r2| High | Low PUt po
K00 -2 | High Low |
SWL3 | SWL2 | SWL1 | SWLO SWLS 0 MS8 .
OE2H SWL2 0 Stopwatch timer data
R SWL1 | 0 1/100sec (BCD)
SWLO 0 1 LSB
WH 0 ™M
SWH3 | SWH2 | SWH1 | SWHO SWH3 sB .
OE3H SWH2 0 Stopwatch timer data
. SWHL | © 1/10sec (BCD)
SWHO 0 1 LSB
™3 ™ ™I T™O TM3 0 Clock t!mer data (2 Hz)
OE4H ™2 0 Clock timer data (4 Hz)
R ™1 0 Clock timer data (8 Hz)
TMO 0 Clock timer data (16 Hz)
_2 i 7
sos | so2 | sot | spo | P2 High | Low .
OESH SD2 -2 | High Low Serial interface
RIW SD1 —[2| High Low dataregister (low-order 4 bits)
SDO -2 | High Low LSB
so7 | so6 | sos | spa | ST | - feh | Low |} MSB
OE6H SD6 -2 | High Low Serial interface
RIW SD5 -2 | High Low data register (high-order 4 bits)
SD4 -2 ] High Low |
SCTRG SCTRG - [2 | Trigger - Serial interface trigger (writing)
ééF;l]l;l SEN | SCS1 | SCSO0 |scrUN| -2 Run Stop | Serial interface status (reading)
OE7H SEN 0 “v_ | _f |Seria interface clock edge selection
| W RIW SCs1 0 Serial interface clock mode selection
R SCS0 0 0: Slave, 2: Master (CLK), 3: Master (CLK/2)
eos | exoz | ewor | eixoo EIK03 0 Enable | Mask | Interrupt mask reg!aer (K03)
OESH EIK02 0 Enable | Mask | Interrupt mask register (K02)
RIW EIKO1 0 Enable | Mask | Interrupt mask register (K01)
EIK00 0 Enable | Mask | Interrupt mask register (K00)
3 - - -
0 EIPO |SIOMODE| EISIO 0 Unused )
OE9H EIPO 0 Enable | Mask | Interrupt mask register (PO)
R RIW SIOMODE| 0 Output | Input | SIO terminal input/output control
EISIO 0 Enable | Mask | Interrupt mask register (seria interface)
3 _ - -
0 o |eswi|eswo| ° Unused
OEAH 03 -2 - - Unused
R RW EISW1 0 Enable | Mask | Interrupt mask register (stopwatch 1 Hz)
EISWO 0 Enable | Mask | Interrupt mask register (stopwatch 10 Hz)
3 - - —
0 EIT2 EIT8 | EIT32 0 Unused ) .
OEBH EIT2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
R RIW EIT8 0 Enable | Mask | Interrupt mask register (clock timer 8 Hz)
EIT32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
00 -2 - - |Unused
ISI
0 0 0 S0 (=] -2 - - |Unused
OECH
R (=] -2 - - |Unused
ISIO # 0 Yes No | Interrupt factor flag (serial interface)
0 o | om0 | ko | 22 2| - - | Unusd
3 - - -
OEDH 0 Unused
R PO # 0 Yes No | Interrupt factor flag (PO)
IKO [# 0 Yes No | Interrupt factor flag (KOO—K03)
[} - - —
0 o |sw|swo| ° Unused
OEEH 0B -2 - - | Unused
R Iswi -2 Yes No | Interrupt factor flag (stopwatch 1 Hz)
ISwo & 0 Yes No | Interrupt factor flag (stopwatch 10 Hz)
3 - - -
o | m | me | im0 Unused _
OEFH IT2 4 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R IT8 4 0 Yes No | Interrupt factor flag (clock timer 8 Hz)
IT32 4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)

[ Initial value at initial reset
[P Not set in the circuit

[B Always"0" being read

4 Reset (0) immediately after being read

11
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Table 4.1.1(b) 1/0O memory map (OF3H-OFDH)

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
RO1 R0O RO3 1 High Low | RO3 output port data
Ro3 | roz F-----1 FouT | RO2 1 High | Low |ROZ output port data
BUZZER ’B’U’Z’Zéé RO1 1 High Low | RO1 output port data
OF3H BUZZER| 1 Off On | Buzzer output On/Off control
R0O 1 High Low | ROO output port data
RIW FOUT 1 Off On |FOUT output On/Off control
BUZZER| 1 Off On_ | Buzzer inverted output On/Off control
_ i
Po3 | Po2 | Por | POO ggi 5 ::g: tx
OF6H N I
. poL —2| High Low PO I/O port data
P00 -2 | High Low
o] -2 - -
0 TMRST [SWRUN | SWRST 0 Unused_
OF9H TMRSTLB| Reset | Reset - Clock timer reset
R W RIW W SWRUN 0 Run Stop | Stopwatch ti mer Run/Stop
SWRSTEB| Reset | Reset - | Stopwatch timer reset
HLMOD 1 Heavy | Normal | Heavy load protection mode (EOC623B)
HLMOD| 0 0 0 |HmoD| o - - | Fixed a "0" in the EOC62A3B
OFAH 08 -2 - - Unused
RIW R 08 -2 - - Unused
0B _ - - Unused
csne |aLLoee! ALLon 0 CSbC 0 Static |Dynamic| LCD drive mode switch
OFBH ALLOFF 1 Al Off | Normal | LCD all-off control
RIW R ALLON 0 AllOn | Normal | LCD all-on control
08 -2 - - Unused
0 o |pon|oc | 0 " - | Unusd
OFCH 08 -2 - - Unused
R RIW PLON 0 On Off | 1/O port pull-up control
10C 0 Output | Input | I/O port 1/O control
XBZR o IxroutilxrouTo XBZR 0 fBzL fez4 | Buzzer frequency control (in 32 kHz: fezL=2 kHz, fBzH=4 kHz)
OFDH 08 -2 - - Unused
XFOUTL| O ] FOUT frequency control
RIW R RIW
XFOUTO 0 0:F1,1:F2,2.F3,3: F4

1 Initia value at initia reset
[2 Not set in the circuit

12

[B Always"0" being read
4 Reset (0) immediately after being read




CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.2 Oscillation Circuit

4.2.1 Oscillator type

The E0C623B Series has a built-in oscillation circuit that generates the operating clock of the CPU and the
peripheral circuit. The oscillator type can be selected by mask option. Table 4.2.1.1 shows the oscillator
type and oscillation frequency available for each model. See Chapter 6, "Electrical Characteristics" for the
oscillation start time and other characteristics.

Table 4.2.1.1 Oscillator type
Model Oscillation circuit (selected by mask option) Supply voltage

E0C623B Crystal (32.768 kHz, Typ.) or CR (65 kHz, Typ.) 0.8-3.6V
EOC62A3B | CR (250 kHz-500 kHz) or Ceramic (400 kHz—1 MHz) 1.7-36V

4.2.2 Mask option

(1) Oscillator type
The oscillator can be selected from the two types shown in Table 4.2.1.1 for each of the EOC623B and
the EOC62A3B models.

(2) Dividing ratio of the prescaler (EOC62A3B)
The high-speed CPU E0C62A3B has a built-in prescaler for making the source clock of the frequency
divider that generates the operating clocks of the peripheral circuits. The prescaler outputs fosc/12
clock when ceramic oscillation is selected and fosc/6 clock when CR oscillation is selected.
The E0C623B delivers the oscillation clock (32 kHz or 65 kHz) directly to the frequency divider for the
peripheral circuits.

4.2.3 Crystal oscillation circuit
The crystal oscillation circuit can be selected in the EOC623B by mask option. The oscillation frequency

(fosc) is 32.768 kHz (Typ.).
Figure 4.2.3.1 shows the configuration of the crystal oscillation circuit.

OSC1
\ : CPU
CGXL x x and peripheral circuits
 m— | 2 hd
X'tal C‘DX
\ }j

0scC2 Vss

VSS .

Fig. 4.2.3.1 Configuration of crystal oscillation circuit

As Figure 4.2.3.1 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 CGx (5-25pF) between the OSC1 and Vss terminals.

4.2.4 CR oscillation circuit

The CR oscillation circuit can be selected for all the EOC623B models by mask option. The oscillation
frequency (fosc) of the EOC623B is 65 kHz (Typ.) and the EOC62A3B is 250 kHz to 500 kHz.
Figure 4.2.4.1 shows the configuration of the CR oscillation circuit.

——» CPU
and peripheral circuits

Fig. 4.2.4.1 Configuration of CR oscillation circuit

13
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As Figure 4.2.4.1 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.

4.2.5 Ceramic oscillation circuit

The ceramic oscillation circuit can be selected in the EOC62A3B by mask option. The oscillation frequency
(fosc) is 400 kHz to 1IMHz.
Figure 4.2.5.1 shows the configuration of the ceramic oscillation circuit.

| osct
| O CPU
CGCL'E L o and peripheral circuits
A L o
& =« &
S [ 8
" osc2
Vss e

Fig. 4.2.5.1 Configuration of ceramic oscillation circuit

As Figure 4.2.5.1 indicates, the ceramic oscillation circuit can be configured by connecting the ceramic
oscillator (400 kHz-1 MHz) between the OSC1 and OSC2 terminals, the gate capacitor CGc between the
OSC1 and Vss terminals, and the drain capacitor CDC between the OSC2 and Vss terminals.

For both Ccc and Cbc, connect capacitors that are about 100 pF.

4.2.6 Frequency divider

The CPU operates by inputting the oscillation clock directly.
The operating clocks for the peripheral circuits are generated by the frequency divider at the post stage of
the oscillation circuit.

f
HO5C 16 CPU
Oscillation . o et
circuit DVIN Frequency | fovin/n I to periphera
=fosc divider circuit
E0C623B
f
— p tocPU
Oscillation

circuit ;
; fosc fovIN Frequency | fovin/n to peripheral
(ceramic) |—— ¥ V12 — divider [ ™ circuit

EO0C62A3B (when ceramic oscillation is selected)

fosc

N ——» to CPU
Oscillation
c(icr:cg)it [fosc | 1/ |foviN__ o [Frequency | fovin/n o to peripheral
=fosc/6 divider circuit

EOC62A3B (when CR oscillation is selected)
Fig. 4.2.6.1 Configuration of divider

In the E0C623B, the oscillation clock is directly input to the divider for the peripheral circuits.
Since the EOC62A3B is a high-speed model, the oscillation clock is divided by 12 (ceramic) or 6 (CR) with
the prescaler and then the divided clock is input to the divider for the peripheral circuits.

14



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

Table 4.2.6.1 shows the frequencies of the clocks/signals used in the peripheral circuits.

Table 4.2.6.1 Frequency of peripheral circuit clocks/signals

Clocks and signals

Frequency
E0C623B E0C623B EOC62A3B EOC62A3B
Crystal oscillation CR oscillation  |Ceramic oscillation| CR oscillation

(32.768 kHz) (65 kHz) (fovin=fosc/12) (fovin=fosc/6)
CPU operating clock fosc=32kHz fosc=65kHz fosc fosc
Input port noise rejection clock fosc/8=4kHz fosc/8=8kHz fosc/96 fosc/48
Buzzer signal (fezL) fosc/16=2kHz fosc/16=4kHz fosc/192 fosc/96
Buzzer signal (fBzH) fosc/8=4kHz fosc/8=8kHz fosc/96 fosc/48
FOUT signal (F1-1) fosc/128=256Hz  |fosc/128=512Hz  |fosc/1536 fosc/768
FOUT signal (F1-2,F2-1) fosc/64=512Hz fosc/64=1kHz fosc/768 fosc/384
FOUT signal (F1-3,F2-2,F3-1) fosc/32=1kHz fosc/32=2kHz fosc/384 fosc/192
FOUT signal (F1-4,F2-3,F3-2,F4-1) |fosc/16=2kHz fosc/16=4kHz fosc/192 fosc/96
FOUT signal (F1-5,F2-4,F3-3,F4-2) |fosc/8=4kHz fosc/8=8kHz fosc/96 fosc/48
FOUT signal (F2-5,F3-4,F4-3) fosc/4=8kHz fosc/4=16kHz fosc/48 fosc/24
FOUT signal (F3-5,F4-4) fosc/2=16kHz fosc/2=32kHz fosc/24 fosc/12
FOUT signal (F4-5) fosc/1=32kHz fosc/1=65kHz fosc/12 fosc/6
LCD FR signa (/4 duty) fosc/1024=32Hz fosc/1024=64Hz fosc/12288 fosc/6144
LCD FR signal (1/3 duty) fosc/768=42.7Hz  |fosc/768=85.3Hz |fosc/9216 fosc/4608
LCD FR signal (1/2 duty) fosc/1024=32Hz fosc/1024=64Hz fosc/12288 fosc/6144
Clock timer input clock fosc/128=256Hz fosc/128=512Hz fosc/1536 fosc/768
Clock timer data (D3) fosc/16384=2Hz  |fosc/16384=4Hz  |fosc/196608 fosc/98304
Clock timer data (D2) fosc/8192=4Hz fosc/8192=8Hz fosc/98304 fosc/49152
Clock timer data (D1) fosc/4096=8Hz fosc/4096=16Hz fosc/49152 fosc/24576
Clock timer data (DO) fosc/2048=16Hz  |fosc/2048=32Hz  |fosc/24576 fosc/12288
Clock timer interrupt (1T32) fosc/1024=32Hz fosc/1024=64Hz fosc/12288 fosc/6144
Clock timer interrupt (1T8) fosc/4096=8Hz fosc/4096=16Hz fosc/49152 fosc/24576
Clock timer interrupt (IT2) fosc/16384=2Hz fosc/16384=4Hz fosc/196608 fosc/196608
Stopwatch timer input clock fosc/128=256Hz fosc/128=512Hz fosc/1536 fosc/768
Seria I/F input clock (CLK) fosc=32kHz fosc=65kHz fosc fosc

Note: This manual describes frequencies and times when the crystal oscillation circuit (32.768 kHz) of
the EOC623B has been selected unless there has been a special description. Be aware that the
frequencies and times vary when the EOC623B CR oscillator model or the EOC62A3B is used.

4.2.7 Operation in SLEEP mode

The E0C623B CR oscillator model and the EOC62A3B can incorporate the SLEEP function that reduces

fosc: Oscillation frequency

fovin: Input clock frequency of divider for periphera circuits

current consumption in the standby mode with mask option selection.
The oscillation circuit stops oscillating when the SLEEP mode is set by the SLP instruction.

The oscillation circuit resumes oscillating when an input interrupt cancels the SLEEP mode, however

some startup time is required for stabilizing oscillation (See Chapter 6, "Electrical Characteristics").
Therefore be sure the interval is long enough before controlling the peripheral circuits that use the
oscillation clock as the source clock.
Note that the oscillation detection function cannot be used when the SLEEP function is selected by mask

option.
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4.3 Input Port (KOO—KO03)

4.3.1 Configuration of input port

The E0C623B Series has 4 bits of general-purpose input port. Each of the input port terminals (K00-K03)
has an internal pull-up resistor. The pull-up 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

Vss

Fig. 4.3.1.1 Configuration of input port

~
L
Data bus

Selecting "pull-up resistor enabled" with the mask option allows input from a push button, key matrix,
and so forth. When "pull-up 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.
Figure 4.3.2.1 shows the configuration of K00-K03.

flag (IKO)
‘ ' Interrupt mask
register (EIK)

| ‘
Mask option

Fig. 4.3.2.1 Input interrupt circuit configuration (KO0—K03)

o)
x
x

Interrupt factor > Interrupt
request

Data bus

The interrupt mask registers (EIK00-EIK03) enable the interrupt mask to be selected individually for
K00-K03. An interrupt occurs at the falling edge of the input signal which is not masked and the inter-

rupt factor flag (IKO) is set to "1".

16



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Port)

Input interrupt programming related precautions

K port input

Active status

Mask register [ | [ 1 [
t t t

a Factor flag  Not set
is 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(at
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 = low 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 low 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 (low status), do not rewrite the mask
register (clearing, then setting the mask register), so that a factor flag will only set at the falling 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 (high status).

4.3.3 Mask option

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

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

(2) Noise rejection circuit
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 for each terminals.
When the noise rejection circuit is used, pulses shorter than 0.5 cycles of the sampling clock are
rejected as noise. To be certain interrupts are generated the input signal must have at least 1.5 cycles of
low width. Be aware that pulses between 0.5 and 1.5 cycles may or may not be regarded as noise
depending on the input timing.

Sampling clock
Input signal |_|
Interrupt \ / T

Rejected as noise Interrupt occurs

Sampling clock frequency: EOC623B  fosc/8 4 kHz when fosc = 32 kHz
EOC62A3B fovin/8 fovin: fosc/12 (ceramic oscillation) or fosc/6 (CR oscillation)

Fig. 4.3.3.1 Noise rejection
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E0C623B TECHNICAL HARDWARE

4.3.4 Control of input ports
Table 4.3.4.1 shows the input port control bits and their addresses.
Table 4.3.4.1 1/O memory (Input port)

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
) i
Ko3 | ko2 | ko1 | Koo Egi 5 ::g: t‘;x
OEOH i
- Kol _2| High Low KO input port data
K00 -2 | High Low
EIK03 0 Enable | Mask | Interrupt mask register (K03)
EIKO3 | EIKO2 | EIKOL | EIK0OO
OESH EIK02 0 Enable | Mask | Interrupt mask register (K02)
RIW EIKO01 0 Enable | Mask | Interrupt mask register (KO1)
EIK00 0 Enable | Mask | Interrupt mask register (K00)
008 -2 - - Unused
oEDH 0 0 IPO IKO 0B o B B Unused
R IPO (# 0 Yes No | Interrupt factor flag (PO)
IKO 4 0 Yes No [ Interrupt factor flag (KO0—K03)
[ 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 (OEOH)

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 bits are reading, so writing cannot be done.

EIKOO—EIKO3: Interrupt mask registers (OE8H)

Masking the interrupt of the input port terminals can be done with these registers.

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

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

IKO: Interrupt factor flag (OEDH DO)

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

IKO is the interrupt factor flag corresponding to the input ports K00-K03 and is set to "1" at the falling
edge of the input signal. From the status of this flag, the software can decide whether an input interrupt
has occurred or not.

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

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

18



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Port)

4.3.5 Programming notes

(1) When modifying the input port from low level to high level with pull-up resistor, a delay will occur at
the rise of the waveform due to time constant of the pull-up resistor and input gate capacities. Provide
appropriate waiting time in the program when reading an input port.

(2) Reading of the 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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4.4 Output Port (RO0-R03)

4.4.1 Configuration of output port

The E0C623B Series has 4 bits of general output ports (RO0-R03).

Output specifications of the output ports can be selected individually with the mask option. Two kinds of
output specifications are available: complementary output and Nch open drain output. Also, the mask
option enables the output ports R00 and R01 to be used as special output ports. Figure 4.4.1.1 shows the
configuration of the output ports.

VbD

Mask option |

Data
register

Data bus

+—e— \/SS
Fig. 4.4.1.1 Configuration of output ports

In the DC output mode, the output terminal goes high (VDD) when "1" is written to the data register and
goes low (Vss) when "0" is written. At initial reset, the output terminal goes high.

4.4.2 Mask option
The mask option enables the following output port selection.

(1) Output specifications of output ports
The output specifications for the output ports (R00-R03) can be selected from complementary output
and Nch open drain output for each of the four bits. However, even when Nch open drain output is
selected, a voltage exceeding the power voltage must not be supplied to the output port.

(2) Special output
In addition to the regular DC output, special output can be selected for output ports R00 and R01, as
shown in Table 4.4.2.1.

Table 4.4.2.1 Special output

Output port Special output
ROO FOUT or BUZZER output
RO1 BUZZER output

(3) BUZZER signal polarity
When driving a buzzer using the BUZZER (R01) output terminal only, the polarity of the BUZZER
signal off status can be selected.

20



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Port)

4.4.3 Special output
Figure 4.4.3.1 shows the structure of output ports R0O0-R03.

As shown in the previous section, the R00 terminal and the R01 terminal can be used as special output

ports by selecting with mask option.

ko

] > Register R03 >—D RO3

N

1| Register R02 D—D RO2

12}
>
Qo
2 ]
g ?
- BUZZER—O _ ROL
[ Y

AddressOF3H| .. X
i | Mask option

Fig. 4.4.3.1 Structure of output port RO0O—R03

FOUT (R00)

When the output port R00 is set as the FOUT output port, the R00 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 individually for F1-F4, from among 5 types by mask option; one among F1-F4 is selected by

software (XFOUT register) and used.
The types of frequency which can be selected are shown in Table 4.4.3.1.

Table 4.4.3.1 FOUT clock frequency

. Clock frequency (Hz)
Setting value
F1 (XFOUT)=(0, 0)|F2 (XFOUT)=(0, 1)|F3 (XFOUT)=(1, 0)|F4 (XFOUT)=(1, 1)
1 /128 /64 132 f/16
2 fl64 /32 /16 f/8
3 /32 /16 /8 fl4
4 /16 f/8 fl4 fl2
5 f/8 fl4 fI2 /1

E0C623B: f=fosc 32 kHz or 65 kHz Typ.
EOC62A3B: f=fovin fovin=fosc/12 (ceramic oscillation) or fosc/6 (CR oscillation)

When "0" is written to the FOUT (R00) register, the FOUT (R00) terminal outputs the clock with the
specified frequency. When "1" is written, the FOUT terminal goes high.
Figure 4.4.3.2 shows the output waveform of the FOUT output.

ROO register 1 0 1
FOUT output waveform

Fig. 4.4.3.2 FOUT output waveform

Note: A hazard may occur when the FOUT signal is turned on or off.
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BUZZER, BUZZER (R01, R00)
The output ports R01 and R0O0 can be set to BUZZER output port and BUZZER output (BUZZER reverse
output) port, respectively.

Direct driving of piezo-electric buzzer

By setting the RO1 to the BUZZER output port and the R00 to the BUZZER output port, these two termi-
nals can directly drive a piezo-electric buzzer. The BUZZER output (R00) can only be set if the RO01 is set
to the BUZZER output.

The output signal polarity is a high level while the buzzer signal is off.

At initial reset, the output terminals go high.

When "0" is written to the BUZZER (R01)/BUZZER (R00) registers, the output terminals output the
buzzer signals. When "1" is written, the terminals go high.

Figure 4.4.3.3 shows the buzzer direct drive waveform.

R0O1(R0OO0) register 1 0 1
BUZZER output waveform
BUZZER output waveform

Fig. 4.4.3.3 BUZZER output waveform (direct driving)

Single terminal driving of piezo-electric buzzer

The piezo-electric buzzer can be driven with one terminal by setting the R01 to the BUZZER output
terminal. In this case, the polarity of the buzzer off signal can also be selected from high level and low
level by mask option.

At initial reset, the buzzer output goes off and the output terminal (R01) is set to the level that is selected
by mask option.

When "0" is written to the BUZZER (RO01) register, the output terminal outputs the buzzer signal.

Figure 4.4.3.4 shows the buzzer output waveform in single terminal driving.

RO1 register 1 0 1
BUZZER output waveform (OFF level = HIGH)
BUZZER output waveform (OFF level = LOW)

Fig. 4.4.3.4 BUZZER output waveform (single terminal driving)

BUZZER frequency
The buzzer signal frequency can be selected from 2 types (fBzL, {BzH) using the XBZR register. The
frequencies are set as in Table 4.4.3.2 according to the model.

Table 4.4.3.2 BUZZER frequency

Frequency
Buzzer frequency EOCGZ%%B ‘ EOC§23$ EO.CGZAC-%B - EOC62-A3-B
Crystal oscillation | CR oscillation |Ceramic oscillation| CR oscillation
(32.768 kHz) (65 kHz)
fBzL (XBZR="1") |fosc/16=2kHz fosc/16=4kHz fosc/192 fosc/96
fBzH (XBZR="0") |fosc/8=4kHz fosc/8=8kHz fosc/96 fosc/48
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4.4.4 Control of output ports
Table 4.4.4.1 shows the output port control bits and their addresses.
Table 4.4.4.1 1/O memory (Output port)

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
Ro1 | qu ) RO3 1 High Low | RO3 output port data
RO3 RO2 F----- Fout | RO2 1 High Low | RO2 output port data
BUZZER ’B’U’Z’Zéé RO1 1 High Low | RO1 output port data
OF3H BUZZER| 1 Off On | Buzzer output On/Off control
R0O 1 High Low | ROO output port data
RIW FOUT 1 off On | FOUT output On/Off control
BUZZER| 1 Off On | Buzzer inverted output On/Off control
XBZR o Ixroutilxrouto XBOZ; ? 5 fB_ZL fB_ZH E:iz;rdfrequency control (in 32 kHz: fezL=2 kHz, fsBzH=4 kHz)
OFDH XFOUTL| 0O FOUT frequency control
RW R RIW XFOUTO| 0 ] 0:F1,1:F2,2:F3,3: F4
[ Initia value at initia reset B Always"0" being read
[P Not set in the circuit 4 Reset (0) immediately after being read

RO0-R03: Output port data (OF3H)
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).

At initial reset, these registers are all set to "1".

ROO (when FOUT is selected): Special output control (OF3H DO)
Controls the FOUT (clock) output.

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

When "0" is written to the FOUT (R00) register, the FOUT (R00) terminal outputs the FOUT signal.
At initial reset, this register is set to "1".
XFOUTO, XFOUT1: FOUT frequency control (OFDH DO and D1)
Selects the output frequency when the R00 port is set for FOUT output.
Table 4.4.4.2 FOUT frequency selection

XFOUT1 | XFOUTO | Frequency selected
0 0 F1
0 1 F2
1 0 F3
1 1 F4

At initial reset, these registers are set to "0".
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R0OO, RO1 (when buzzer output is selected): Special output port data (OF3H DO and D1)
Controls the buzzer output.
When "1" is written: OFF High level (DC) output (R00 can output High level only)
High level (DC) output (when "OFF level = High" is selected for R01)
Low level (DC) output (when "OFF level = Low" is selectedfot R01)

When "0" is written: ON Buzzer output
Reading: Valid

The BUZZER and BUZZER outputs can be controlled by writing data to the R00 and R01 registers.
At initial reset, these registers are set to "1".

XBZR: Buzzer frequency control (OFDH D3)
Selects the frequency of the buzzer signal.

When "1" is written: {BzL (2 kHz when the oscillation frequency is 32 kHz)
When "0" is written: {BzH (4 kHz when the oscillation frequency is 32 kHz)
Reading: Valid

When the R01 and /or R0O ports are set as the buzzer output port, the frequency of the buzzer signal can
be selected by this register.

When "1" is written to this register, the frequency is set to fBzL (E0C623B: fosc/16, EOC62A3B: fDVIN/16),
and fBzH (E0C623B: fosc/8, EOC62A3B: fDVIN/8) when "0" is written.

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

4.4.5 Programming note

The FOUT and buzzer output signals may produce hazards when the output ports R00 and R01 are
turned on or off.
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4.5 1/0 Port (PO0—P03)

4.5.1 Configuration of I/O port

The E0C623B Series has 4 bits of general-purpose I/O ports. Figure 4.5.1.1 shows the configuration of the
I/0 ports. The four bits of the I/O ports PO0-P03 can be set to either input mode or output mode by
writing data to the I/O control register (I0C).

Furthermore, the I/O port that is selected by mask option can generate input interrupts.

VDD

Pull-up control
’@—» register (PLON)

%)
>
=) Dgta ‘ LY :
’@—» register OP
< 1/0 control
’@—» register (IOC) " Mask option

Fig. 4.5.1.1 Configuration of I/O port

Note: The I/O port terminals (PO0—P03) are shared with the input/output terminals of the serial interface
and the terminals that are not used for the serial interface can only be used as general-purpose 1/0
ports or input-only ports. This section explains only the control of the I/O port and input-only port.

4.5.2 Mask option
The following specifications of the I/O port can be selected by mask option:

(1) Terminal configuration
The terminal functions can be selected. The terminal configuration varies according to the serial
interface setting.

Table 4.5.2.1 Terminal configuration of PO0O—P03

No. P00 POl P02 P03 No. P00 PO1 P02 P03
1 1/0 1/0 1/0 1/0 8 SIO | MODE | SCLK | SRDY
2 110 110 110 I 9 SI0O | MODE | SCLK 1/0
3 SIN SOUT | SCLK | SRDY 10 SI0O | MODE | SCLK I
4 SIN SOUT | SCLK 110 11 SO 110 SCLK | SRDY
5 SIN SOUT | SCLK I 12 STe) I SCLK | SRDY
6 SIN 110 SCLK 110 13 Sle) 110 SCLK 110
7 SIN 1/0 SCLK I 14 SO 110 SCLK I

I/O: 1/O port terminal (input interrupt is disabled)
I Input-only terminal (input interrupt is enabled)
SIN, SOUT, SIO, SCLK, SRDY, MODE: Terminal for serial interface

See Section 4.9, "Serial Interface", for the serial interface terminals.

(2) Output specifications
The output specification during output mode (IOC = "1") of the I/O port can be set with the mask
option for either complementary output or Nch open drain output. This setting can be performed for
each bit of the I/O port. However, when Nch open drain output has been selected, voltage in excess of
the supply voltage must not be applied to the port.
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(3) Pull-up resistor
Whether or not the I/ O port terminal will use built-in pull-up resistor which is turned on during
input mode can be selected.

(4) Interrupt port
When the P01 or the P03 is set as an input-only port, the port can generate an input interrupt. This
function cannot be selected for the I/O ports and the serial interface ports.

(5) Noise rejection circuit
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 for each terminals.
When the noise rejection circuit is used, pulses shorter than 0.5 cycles of the sampling clock are
rejected as noise. To be certain interrupts are generated the input signal must have at least 1.5 cycles of
low width. Be aware that pulses between 0.5 and 1.5 cycles may or may not be regarded as noise
depending on the input timing.

Sampling clock

Input signal 1|_|1 T

Interrupt \ / T

Rejected as noise Interrupt occurs

Sampling clock frequency: EOC623B  fosc/8 4 kHz when fosc = 32 kHz
EOC62A3B fpvin/8 fpvin: fosc/12 (ceramic oscillation) or fosc/6 (CR oscillation)

Fig. 4.5.2.1 Noise rejection

4.5.3 1/0O control register and I/O mode

Input or output mode can be set for the I/ O ports P00-P03 by writing data to the I/ O control register
10C.

To set the input mode, write "0" to the I/O control register (IOC). When the I/O ports are set to the input
mode, the terminals become high impedance and they work as input ports. However, when the pull-up
explained in the following section has been set by software, the input line is pulled up only during this
input mode.

The output mode is set when "1" is written to the I/ O control register (IOC). When the I/O ports are set
to the output mode, thet work as output ports and output a high signal (VDD) when the port output data
is "1", and a low signal (Vss) when the port output data is "0". If perform the read out in each mode; when
output mode, the register value is read out, and when input mode, the port value is read out.

At initial reset, the I/ O control register is set to "0", and the I/O ports enter the input mode.
The ports that are set for the serial interface or set as input only cannot be controlled by the IOC register.

4.5.4 Control of pull-up
Pull-up resistors can be added to the I/O port and input-only port by mask option.

The pull-up resistors of the I/O port turn on when "1" is written to the pull-up control register PLON and
the ports are pulled up. When "0" is written, the ports are not pulled-up. At initial reset, the pull-up
control register is set to "0". However, the ports will not be pulled up even if the PLON is set to "1" when
the I/O ports are set in the output mode.

The pull-up resistor of the input-only port is always turned on regardless of the PLON setting.
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4.5.5 Interrupt function

The I/O ports P01 or P03 can generate an input interrupt. To use this function set the P01 or P03 to input
only and select the interrupt function by mask option.
Figure 4.5.5.1 shows the configuration of the interrupt circuit.

fffffff

P03 O—o0 |
P01 O—:iO ] Noise reject S :
W . - M5 ‘
ask option circuit ! | Interrupt factor Interrupt
O ! flag (1P0) request

Interrupt mask

‘Mask option
"| register (EIPO)

Data bus

Fig. 4.5.5.1 Configuration of interrupt circuit

The input interrupt can be masked using the interrupt mask register EIP0. The input interrupt occurs at
the falling edge of the signal input to the selected port only when the interrupt has been enabled by the
interrupt mask register. When an input interrupt occurs, the interrupt factor flag IP0 is set to "1".

4.5.6 Control of I/O port
Table 4.5.6.1 shows the I/ O port control bits and their addresses.

Table 4.5.6.1 1/O memory (I/O port)

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
o | ero fsiovoog misi0 | °°| T - = | Unused .
OE9H EIPO 0 Enable | Mask | Interrupt mask register (PO)
R RIW SIOMODE| 0 Output | Input | SIO terminal input/output control
EISIO 0 Enable | Mask | Interrupt mask register (serial interface)
0 o [ weo | wo | O " - | Unusd
OEDH 08 -2 - - Unused
R IPO [# 0 Yes No | Interrupt factor flag (PO)
IKO 4 0 Yes No | Interrupt factor flag (KO0O—K03)
Po3 | Po2 | Por | POO Eg; i} g ::g: tza
OF6H " POl —2| High Low PO I/O port data
P00 -2 | High Low
08 -2 - - Unused
0 0 PLON | IOC
OFCH 08 -2 - - Unused
R RIW PLON 0 On Off | 1/0 port pull-up control
10C 0 Output | Input |[I/O port 1/0O control
[ Initial value at initial reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

P0O0-P03: I/O port data (OF6H)
I/0O port data can be read and output data can be written through these registers.
* Writing

When "1" is written: High level

When "0" is written: Low level

When the I/O port is set to the output mode, the written data is output from the I/ O port terminal
unchanged. When "1" is written as the port data, the port terminal goes high (VDD), and when "0" is
written, the level goes low (Vss). Port data can also be written in the input mode.
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* Reading
When "1"is read: High level
When "0" is read: Low level

The terminal voltage level of the I/O port is read. When the I/O port is in the input mode the voltage
level being input to the port terminal 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 is "0".

When "1" is written to the PLON register, the built-in pull-up resistors go on and the I/O port terminals
are pulled up.

Note: « 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.

e When the I/O port is set to the input mode and the input level changed from low (Vss) to high
(Vbp) through the built-in pull-up resistor, an erroneous input results if the time constant of the
capacitive load of the input line and the built-in pull-up resistor is greater than the read-out time.
When the input data is being read, the time that the input line is pulled up 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-up resistor externally, or performing multiple read-outs.

I0C: I/O control register (OFCH DO)

The input or output mode can be set with this register.

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

When "1" is written to the I/O control register, the I/ O ports enter the output mode, and when "0" is
written, the I/ O ports enter the input mode (except for the ports that are set as the serial interface ports or
input only).

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

PLON: Pull-up control register (OFCH D1)
Controls the pull-up on/off.

When "1" is written: Pull-up ON
When "0" is written: Pull-up OFF
Reading: Valid

Turns the pull-up resistors built into the I/O ports on and off. (The pull-up resistor is supplemented to
the ports selected by mask option.)

When "1" is written to the PLON register, the I/O ports are pulled up.

This control is invalid when the I/O ports are set in the output mode (IOC = "1"). In the output mode, the
pull-up resistor is turned off even if the PLON register is set to "1".

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

The pull-up resistor of the input-only port is always turned on regardless of the PLON setting.

EIPO: Interrupt mask register (OE9H D2)
Sets the mask for the input interrupt.

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

Enables or masks the input interrupt of the input-only port set by mask option.
At initial reset, this register is set to "0".
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IPO: Interrupt factor flag (OEDH D1)

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

IPO0 is the interrupt factor flag corresponding to the input-only port input interrupt, and is set to "1" at the
falling edge of the signal input to the port that has been selected by mask option.

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

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

4.5.7 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 the input level changed from low (Vss) to high (VDD)
through the built-in pull-up resistor, an erroneous input results if the time constant of the capacitive
load of the input line and the built-in pull-up resistor is greater than the read-out time. When the
input data is being read, the time that the input line is pulled up 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 condi-
tion cannot be met, some measure must be devised, such as arranging a pull-up resistor externally, or
performing multiple read-outs.

(3) 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.

29



E0C623B TECHNICAL HARDWARE

4.6 LCD Driver

4.6.1 Configuration of LCD driver

The E0C623B Series has four common terminals (COM0-COM3) and 26 segment terminals (SEG0-
SEG25), so that an LCD with a maximum of 104 (26 x 4) segments can be driven.

When using the QFP12-48pin package, only 18 segment terminals (SEG0-4, 6, 8-19) are available and up
to 72 (18 x 4) segments can be driven.

The driving method is 1/4 duty (1/3 or 1/2 duty can also be selected by mask option) dynamic drive,
adopting the four types of potential, Vss, Vc1, Vc2 and Vcs.

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

The LCD drive voltage can also be supplied from outside by selecting mask option (VDD = Vc1, VDD =
Vc2 or VDD = VC3).

When using the internal LCD drive voltage (Vc1 to Vc3), the LCD power supply circuit goes off in the
SLEEP mode (EOC62A3B and the CR oscillator model of the EOC623B) and Vc1 to Vc3 voltages go to Vss
level.

Note: When the LCD drive voltage is supplied externally, the SLEEP function cannot be used.
(1) When the internal voltage regulator is selected as the LCD power supply:

Vss

Vel —

Vez —

Ves —

CA ——
— ]

CB
VbD

(2) When an external LCD power supply is selected:

(2-1) Vpb=Vc1 (2-2) Vpb=Vc2 (2-3) Vpb=Vcs3

Vss Vss Vss

Vel Vel Vel

Vez — Ve Ve —

Ve — Ves — Vca

CA — CA — CA —

CB — CcB — cB —
VbD J VbD J VbD J

(Vcui is shorted with VDD
inside of the IC.)

(Vcz is shorted with VDD (Vcs is shorted with VDD
inside of the IC.) inside of the IC.)

Fig. 4.6.1.1 External connection diagram

The frame frequency is set as shown in Table 4.6.1.1 according to the oscillation frequency.

Table 4.6.1.1 Frame frequency

o FR frequency (Hz)
Model Oscillation frequency
1/4 duty 1/3 duty 1/2 duty
EOC623B | 32.768 kHz (crystal) fosc/1024=32 | fosc/768=42.7 | fosc/1024=32
65 kHz (CR) fosc/1024~64 fosc/768~85 fosc/1024~64
EOC62A3B | 250 kHz-500 kHz (CR) fosc/6144 fosc/4608 fosc/6144
400 kHz—-1 MHz (ceramic) fosc/12288 fosc/9216 fosc/12288

fosc: Oscillation frequency

Figures 4.6.1.2 to 4.6.1.4 show the drive waveform for 1/4 duty, 1/3 duty and 1/2 duty.
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Fig. 4.6.1.2 Drive waveform for 1/4 duty

LCD status
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COMO _I_\_,_’_I_L,_’_I_\_,J - vez
— Vci
Vss
com1 Wm
COoM2 w

COM3 I 1 I I B

SEGO
-SEG25
(19)

:

e
Frame frequency
Fig. 4.6.1.3 Drive waveform for 1/3 duty

~_Vcs

COMO _\_\_,_'_\_\_,_'_L - Ve
Vci
N

Vss
COMl___j__1__1__j__J__1__1__I__j_

com2 [ 7

comMs [ o 7
~_Vcs

- 1 1 — vez
——~Vc
iy

1 T o
SEGO |

sees  — L — L
(19)
‘ Frame frequency

Fig. 4.6.1.4 Drive waveform for 1/2 duty
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4.6.2 Switching between dynamic and static drive

The E0C623B Series allows software setting of the LCD static drive.
The procedure for executing of the LCD static drive is as follows:

O Write "1" to the CSDC register at address "0OFBH D3".

O Write the same value to the display memory corresponding to COM0-COM3.

Note: Even when I/3 duty is selected, the display data corresponding to COM3 is valid for static drive.
Hence, for static drive, set the same value to all display memory corresponding COMO-COM3.

Figure 4.6.2.1 shows the drive waveform for static drive.

LCD status
-Vc3 | COMO —e
-Vc2 . COM1 —o
oM —vc1 | COM2 —¢
0-3 ! _\Vss | COM3 —9
.-~ !
Frame frequency 1 SEG0-25(19)
~ -Ves | eOff ®On
-Vcz —P
Vet | —®
-Vss | %
SEG < ‘ —
0-25 !
(19) |
-Ves — 4
I—\I -Vc2 ! —e
- -Vel —e
-Vss ! —

Fig. 4.6.2.1 LCD static drive waveform

4.6.3 Display control

The ALLOFF register is provided to turn all the LCD dots off. At initial reset, the ALLOFF register is set
to "1" and the LCD display goes off because the contents of the display memory are undefined. To start
display, write "0" to the ALLOFF register after writing display data to the display memory. In the LCD all-
off status, the OFF waveform shown in Figure 4.6.2.1 is output.

Similarly, the ALLON register is also provided to turn all the LCD dots on. This register allows the
software to control blinking in the display. In the LCD all-on status, the ON waveform shown in Figure
4.6.2.1 is output.

These controls do not affect display memory data.
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4.6.4 Mask option

(1) Segment allocation

The segment data is decided by the display data written to the display memory at address "090H-

0AFH".

The addresses and bits of the display memory can be made to correspond to the segment terminals
(SEG0-SEG25/19) in any combination by mask option. This simplifies design by increasing the degree

of freedom with which the liquid crystal panel can be designed.

Figure 4.6.4.1 shows an example of the relationship between the LCD segments (on the panel) and the

display memory in the case of 1/3 duty.

(2) Drive duty

Display memory allocation

Data Common 0 | Common1 | Common 2
Address

D3 D2 D1 DO SEG10 9A, DO 9B, D1 9B, DO

09AH d c b a (a) (f) (e)
09BH p g f e » SEG11 9A, D1 9B, D2 9A, D3

09CH d’ c' b' a' (b) (9) (d)
09DH p' g f' e' SEG12 9D, D1 9A, D2 9B, D3

(f) (c) (p)

Pin address allocation

SEG10 SEG11 SEG12

[ ] commono
:] Common 1
- Common 2

Fig. 4.6.4.1 Segment allocation

Either 1/4, 1/3 or 1/2 duty can be selected as the LCD drive duty.

(3) Output specification

O The segment terminals (SEG0-SEG25/19) 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.

At initial reset, the display memory corresponding to the DC output terminals are set to "1" and the

display memory corresponding to the segment output terminals are undefined.

0O When DC output is selected, either complementary output or Nch open drain output can be selected
for each terminal by mask option.

Note: The terminal pairs are the combination of SEG (2[n) and SEG (2[h + 1) (where n is an integer

from O to 12).
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4.6.5 Control of LCD driver
Table 4.6.5.1 shows the control bits of the LCD driver and their addresses. Figure 4.6.5.1 shows the
display memory map.

Table 4.6.5.1 I/O memory (LCD driver)

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
CsbC 0 Static |Dynamic| LCD drive mode switch

ALLOFF 1 AllOff | Normal | LCD all-off control

CSDC |ALLOFF| ALLON 0

OFBH
RIW R ALLON 0 AllOn | Normal | LCD all-on control
08 -2 - - Unused
(1 Initia value at initia reset [B Always"0" being read
[P Not set in the circuit 4 Reset (0) immediately after being read

Address | 0 |1 | 2|3 |4 |5|6|7|8|9|A|B|C|D|E|F

090 Display memory (W only)
0AO 32 words x 4 bits

Fig. 4.6.5.1 Display memory map

CSDC: LCD drive switch (OFBH D3)
Selects the LCD drive method.
When "1" is written: Static drive

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

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

ALLOFF: LCD all OFF control register (OFBH D2)
Fade outs the all LCD segments.

When "1" is written: All LCD segments fade out
When "0" is written: Normal display
Reading: Valid
By writing "1" to the ALLOFF register, all the LCD segments goes off, and when "0" is written, it returns
to normal display. This function does not affect the contents of the display memory.
At initial reset, this register is set to "1".

ALLON: LCD all ON control register (OFBH D1)
Displays the all LCD segments on.

When "1" is written: All LCD segments displayed
When "0" is written: Normal display
Reading: Valid
By writing "1" to the ALLON register, all the LCD segments goes on, and when "0" is written, it returns to
normal display. This function does not affect the contents of the display memory.
At initial reset, this register is set to "0".
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Display memory (090H—-0AFH)
The LCD segments are turned on or off according to this data.

When "1" is written: On
When "0" is written: Off
Reading: Invalid

By writing data into the display memory allocated to the LCD segment (on the panel), the segment can be
turned on or off.

At initial reset, the contents of the display memory are undefined. The display memory corresponding to
the DC output terminals are set to "1".

4.6.6 Programming notes

(1) Because the display memory is for writing only, re-writing the contents with logical instructions (e.g.,
AND, OR, etc.) which come with read-out operations is not possible. To perform bit operations, a
buffer to hold the display data is required on the RAM.

(2) Even when 1/3 duty is selected, the display data corresponding to COMS3 is valid for static drive.
Hence, for static drive set the same value to all display memory corresponding COM0-COMS3.
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4.7 Clock Timer

4.7.1 Configuration of clock timer

The E0C623B 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 >
o Jasee ? ””” i
Osccilrléitilton — P 128 Hz-32 HZ“” 16 Hz-2 Hz ‘ !

¢ 32 Hz,8Hz, 2 Hz
Clock timer reset signal

Interrupt |y |nterrupt request
control

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.

Note: This manual describes frequencies and times when the crystal oscillation circuit (32.768 kHz) of
the EOC623B has been selected. Be aware that the frequencies and times vary when the
EO0C623B CR oscillator model or the EOC62A3B is used.

See Section 4.2.6, "Frequency divider", for the input clock.

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 | Register |Frequency) Clock timer timing chart
po |16Hz| [ L[ LI LT LTI L L
ot | sHz| | [ L L [ Lo [ [ L[]
OE4H
p2 | 4wzl [ [ L L[ L
D3 2 Hz | \ \ L

32 Hz interrupt request ttttttttttttttttttttttttttttttt?t

8 Hz interrupt request t t t t t t t t

2 Hz interrupt request t t

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 (IT32, IT8, IT2) is set to "1". The interrupts
can be masked individually with the interrupt mask register (EIT32, EITS8, EIT2). 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 Control of clock timer
Table 4.7.3.1 shows the clock timer control bits and their addresses.

Table 4.7.3.1 1/0 memory (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 TMO .
OE4H ™2 0 Clock timer data (4 Hz)
R ™1 0 Clock timer data (8 Hz)
TMO 0 Clock timer data (16 Hz)
3 -2 - -
0 EIT2 | EIT8 | EIT32 0 Unused ) .
OEBH EIT2 0 Enable | Mask | Interrupt mask register (clock timer 2 Hz)
R RIW EIT8 0 Enable | Mask | Interrupt mask register (clock timer 8 Hz)
EIT32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
3 _ - -
0 IT2 IT8 1T32 0 Unused .
OEFH T2 4 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R T8 4 0 Yes No | Interrupt factor flag (clock timer 8 Hz)
IT32 4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)
008 -2 - - Unused
0 TMRST | SWRUN | SWRST
OF9H TMRSTCB| Reset | Reset - | Clock timer reset
R W RIW w SWRUN| 0 Run Stop | Stopwatch tf mer Run/Stop
SWRSTLB| Reset | Reset - Stopwatch timer reset
(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-TM3: Timer data (OE4H)

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.

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

EIT32, EIT8, EIT2: Interrupt mask registers (OEBH 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 (EIT32, EIT8, EIT2) mask the corresponding interrupt frequencies (32 Hz, 8
Hz, 2 Hz).
At initial reset, these registers are all set to "0".

IT32, IT8, IT2: Interrupt factor flags (OEFH D0O-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 (IT32, IT8, IT2) 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 all set to "0".
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TMRST: Clock timer reset (OF9H D2)
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) 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 E0C623B Series has a built-in 1/100 sec and 1/10 sec stopwatch timer. The stopwatch timer is
configured 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.

Note: This manual describes frequencies and times when the crystal oscillation circuit (32.768 kHz) of
the EOC623B has been selected. Be aware that the frequencies and times vary when the
EO0C623B CR oscillator model or the EOC62A3B is used.

See Section 4.2.6, "Frequency divider", for the input clock.

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 0O 1 2 3 4 5 6 7 8 9 0
26 | 26| 25| 25 | 26 | 26 | 25 | 25 | 26 | 26 [1 Hz }

Counting time (S) | 556 | 256| 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal
generation

256 256
SWL count-up pattern 1 ‘ | E— -
SWL count value 0 1 2 3 4 5 6 7 8 9 0 A imat
Counting time (S) 3[2[3[2]3[2[3]2[sa]2][Hhme
256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal
25 eneration
256 (S) g '
SWL count-up pattern 2 \\‘
SWL count value 6o 1 2 3 4 5 6 7 8 9 0 .
Counting time (S 3 (3| 3| 2| 3| 2| 3| 2]|_3|_2 |[Approximate
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
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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.

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
oo | [ LTI L L i iy
oo D1 N R A [ O R SN B B
(1/100 sec BCD) : :
D3

10 Hz interrupt request

Adress Register Stopwatch timer (SWH) timing chart
DO
oo D1 N R A [ O R SN B B
(1/10 sec BCD) ! i
D2 : 1
D3

1 Hz interrupt request

T T

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 (ISW0, ISW1) are set to "1".
The respective interrupts can be masked separately with the interrupt mask registers (EISW0, EISW1).

Fig. 4.8.3.1 Timing chart for stopwatch timer

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 Control of stopwatch timer
Table 4.8.4.1 shows the stopwatch timer control bits and their addresses.
Table 4.8.4.1 1/O memory (Stopwatch timer)

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
SWL3 | SWL2 | SWL1 | SWLO SWL3 0 MSB .
OE2H SWL2 0 Stopwatch timer data
R SWL1 0 1/100sec (BCD)
SWLO 0 1 LSB
SWH3 | SWH2 | SWH1 | SWHO SWHS 0 MSB .
OE3H SWH2 0 Stopwatch timer data
. SWHL | © 1/10sec (BCD)
SWHO 0 JLSB
o] -2 - -
0 o |eswi|eswo| ° Unused
OEAH 008 -2 - - Unused
R RIW EISW1 0 Enable | Mask | Interrupt mask register (stopwatch 1 Hz)
EISWO 0 Enable | Mask | Interrupt mask register (stopwatch 10 Hz)
0 o isw|swo | 0 " - - | Unusd
OEEH 08 -2 - - Unused
R ISW1t#4|  —-[2| Yes No | Interrupt factor flag (stopwatch 1 Hz)
ISwo & 0 Yes No [ Interrupt factor flag (stopwatch 10 Hz)
0B _2 - - Unused
0 TMRST | SWRUN | SWRST
OF9H TMRSTLB| Reset | Reset - Clock timer reset
R W RIW W SWRUN 0 Run Stop | Stopwatch t? mer Run/Stop
SWRSTLB| Reset | Reset - Stopwatch timer reset
[ 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 (OE2H)

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

SWHO0-SWH3: 1/10 sec stopwatch timer (OE3H)

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

EISWO, EISW1: Interrupt mask registers (OEAH DO and D1)
These registers mask the stopwatch timer interrupt.
When "1" is written: Enabled

When "0" is written: Masked
Reading: Valid

The interrupt mask registers (EISWO0, EISW1) are used to mask the 10 Hz and 1 Hz interrupts, respec-
tively.
At initial reset, these registers are both set to "0".
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ISWO, ISW1: Interrupt factor flags (OEEH DO and 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 (ISW0, ISW1) 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.

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.

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

SWRST: Stopwatch timer reset (OF9H DO)

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 (OF9H D1)

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".
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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 Serial Interface

4.9.1 Configuration of serial interface

The E0C623B Series has a built-in 8-bit synchronous clock type serial interface.

The configuration of the serial interface is shown in Figure 4.9.1.1.

The serial input/output ports SIN, SOUT, SCLK and SRDY are common used with the I/O ports P00,
P01, P02 and P03. The port (terminal) configuration can be selected by mask option. The serial input and
output can also be shared using the P00 terminal as the SIO terminal.

The CPU, via the 8-bit shift register, can read the serial input data from the SIN/SIO terminal. Moreover,
via the same 8-bit shift register, it can convert parallel data into serial data and output it to the SOUT/SIO
terminal.

The synchronous clock for serial data input/output can be selected by software any one of 2 types of
master mode (internal clock mode: when the EOC623B Series is to be the master for serial input/output)
and a type of slave mode (external clock mode: when the EOC623B Series is to be the slave for serial
input/output).

SD0-SD7
SIN/SIO(P0O0) O——— >— Shift register (8 bits) ™ outout
[} 1 1 1 1 1 1 utpu
: 4‘ >—(O SOUT(P01)/SIO(P00
; t ! ! 3 3 1 5 latch f ( ) ( )
77777777777777777777777777777777777777777777777 :73 /0 control 3,::7” -
SCSO SCS1 SIOMODE --# "~ """+ -_MODE(P01)
S SN L SN
- - Serial interface
Serial clock i
esz‘;;tgrc > Si%ﬂn(ig(:k interrupt control —* ISIO
SCLK(P02) | cw;un
Serial clock | _!
generator | System clock EISIO
T : Serial interface

SCTRG ] Start-up circuit 4‘ >o—(O SRDY(P03)

Fig. 4.9.1.1 Configuration of serial interface
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4.9.2 Mask option
The following mask options are provided for the serial interface.
(1) Terminal configuration
The input/output terminals of the serial interface are shared with the I/O port terminals PO0-P03.

The terminal configuration can be selected from 14 types shown in Table 4.9.2.1 according to the serial
input/output specification.

Table 4.9.2.1 Terminal configuration of serial interface

No. P00 PO1 P02 P03 No. P00 PO1 P02 P03
1 1/0 I/0 1/10 1/0 8 SI0O | MODE | SCLK | SRDY
2 1/0 I/0 1/0 I 9 SI0O | MODE | SCLK I/0
3 SIN | SOUT | SCLK | SRDY 10 SI0O | MODE | SCLK I
4 SIN | SOUT | SCLK 1/0 11 STe) 1/0 SCLK | SRDY
5 SIN | SOUT | SCLK I 12 STe) I SCLK | SRDY
6 SIN I/0 SCLK 1/0 13 STe) 1/0 SCLK I/0
7 SIN I/0 SCLK I 14 STe) 1/0 SCLK I
SIN: Serial data input terminal. The P00 terminal is set as the SIN terminal when the serial

interface is used.

SOUT: Serial data output terminal. The SOUT terminal can be omitted when only the serial input
function is used.

SIO: Serial data I/ O terminal. The P00 terminal can be set to this shared terminal.

SCLK: Synchronous clock I/O terminal. It functions as the internal clock output terminal in the
master mode and the input terminal of the clock from the external serial device in the slave
mode.

SRDY: Ready signal output terminal. This terminal outputs the signal indicating that the serial
interface is in ready status when used in the slave mode. It is not necessary to select the
SRDY terminal when using the serial interface in the master mode.

MODE: I/O status output terminal. It can be selected when using the P00 terminal as the SIO
terminal. When SIO is selected, the input/output direction is set by the SSIOMODE register.
The MODE terminal outputs the signal indicating the direction, thus the signal can be used
for direction control of the serial data line.

I/0: General-purpose I/ O port terminal. See Section 4.5, "I/ O port", for details.

I General-purpose input terminal. The input interrupt function is available by mask option.
See Section 4.5, "I/O port", for details.

(2) Pull-up resistor
The pull-up resistor can be added to the terminal used for input (SIN/SIO, SCLK in the slave mode).
When "pull-up disabled" is selected, take care that floating status does not occur. Normally select
"pull-up enabled".

(3) Output specifications
For the output terminals (SOUT/SIO, SCLK in the master mode, SRDY in the slave mode), either
complementary output or Nch open drain output can be selected as the output specification.
However, even when Nch open drain output is selected, a voltage exceeding the power voltage must
not be supplied to the terminal.

(4) Data input/output permutation
Either LSB first or MSB first can be selected as the input/output permutation of serial data.
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4.9.3 Master mode and slave mode

The serial interface of the EOC623B Series has two types of operation mode: master mode and slave mode.
In the master mode, it uses an internal clock as the synchronous clock of the built-in shift register and

outputs this internal clock to the SCLK terminal to control the external (slave side) serial interface.
In the slave mode, the synchronous clock output from the external (master side) serial device is input

from the SCLK terminal and is used as the synchronous clock to the built-in shift register. Furthermore

the SRDY signal that indicates whether the serial interface is in ready status or not is output from the
SRDY terminal (when the SRDY terminal is set).
The master mode or slave mode is selected using the SCS0 and SCS1 registers; when the master mode is

selected, a synchronous clock may be selected from among 2 types as shown in Table 4.9.3.1.

Table 4.9.3.1 Synchronous clock selection

SCS1 SCS0 Mode Synchronous clock
1 1 Master mode CLK/2
1 0 Master mode CLK
0 1 - -
0 0 Slave mode External clock

CLK: CPU system clock fosc
CLK/2: CLK divided by 2

At initial reset, the slave mode (external clock mode) is selected.
Moreover, the synchronous clock, along with the input/output of the 8 bits serial data, is controlled as
follows:

¢ In the master mode, after output of 8 clocks from the SCLK terminal, clock output is automatically
suspended.

¢ In the slave mode, after input of 8 clocks to the SCLK terminal, subsequent clock inputs are masked.
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4.9.4 Data input/output and interrupt function

The serial interface of the EOC623B Series can input/output data via the internal 8-bit shift register. The
shift register operates by synchronizing with either the synchronous clock output from SCLK terminal
(master mode), or the synchronous clock input to SCLK terminal (slave mode).

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

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

(1) Serial data output procedure
The E0C623B Series serial interface is capable of outputting parallel data as serial data, in units of 8
bits.
By setting the parallel data to data registers SD0-SD3 (0E5H) and SD4-SD7 (0E6H) individually and
writing "1" to SCTRG (0E7H D3), it synchronizes with the synchronous clock and serial data is output
at the SOUT/SIO terminal.
When the P00 terminal is used as SIO, it is necessary to set the serial interface to the output mode by
writing "1" to the SIOMODE register (0E9H D1) before transmitting. In the output mode, the MODE
terminal goes high level (when the MODE terminal has been set). This control is not necessary when
the P01 terminal is used as SOUT.
The synchronous clock used here is as follows: in the master mode, internal clock which is output to
the SCLK terminal while in the slave mode, external clock which is input from the SCLK terminal.
The serial data output from the SOUT/SIO terminal changes at the rising edge of the synchronous
clock.
When the output of the 8-bit data from SDO to SD7 is completed, the interrupt factor flag ISIO is set to
"1" and interrupt is generated. Moreover, the interrupt can be masked by the interrupt mask register
EISIO. Note, however, that regardless of the setting of the interrupt mask register, the interrupt factor
flag is set to "1" after output of the 8-bit data.

(2) Serial data input procedure
The E0C623B Series serial interface is capable of inputting serial data as parallel data, in units of 8 bits.
By writing "1" to SCTRG, the serial data is input from the SIN/SIO terminal, synchronizes with the
synchronous clock, and is sequentially read in the 8-bit shift register.
When the P00 terminal is used as SIO, it is necessary to set the serial interface to the input mode by
writing "0" to the SIOMODE register before receiving. In the output mode, the MODE terminal goes
low level (when the MODE terminal has been set). This control is not necessary when the P01 terminal
is used as SOUT.
As in the above item (1), the synchronous clock used here is as follows: in the master mode, internal
clock which is output to the SCLK terminal while in the slave mode, external clock which is input
from the SCLK terminal.
The serial data is read to the built-in shift register at the falling edge of the synchronous clock when
SEN bit is "1" and is read at the rising edge of the synchronous clock when SEN bit is "0". Moreover,
the shift register is sequentially shifted as the data is fetched.

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

The data in the shift register can be read from data registers SD0-SD7 by software.
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(3) Serial data input/output permutation
E0C623B Series allows the input/output permutation of serial data to be selected by mask option as to
either LSB first or MSB first. The block diagram showing input/output permutation in case of LSB
first and MSB first is provided in Figure 4.9.4.1.

Address [OE6H] Address [0E5H]

SIN/SIO (}D—{sm SD6 SD5 3D4Hsoa SD2 SD1 SDO H gﬁc‘ﬁ“}—w SOUT/SIO

(In case of LSB first)

Address [0E5H] Address [0E6H]

SIN/SIO Q—D—{ SDO SD1 SD2 SD3 H SD4 SD5 SD6 SD7 H output }—D—Q SOUT/SIO

(In case of MSB first)
Fig. 4.9.4.1 Serial data input/output permutation

(4) SRDY signal
When the serial interface is used in the slave mode (external clock mode), SRDY is used to indicate
whether the serial interface is available to transmit or receive data for the master side (external) serial
device. The SRDY signal is output from the SRDY terminal (when the SRDY terminal is selected by
mask option).
The SRDY signal goes to "0" (low) when the serial interface becomes available to transmit or receive
data; normally, it is at "1" (high).
The SRDY signal changes from "1" to "0" immediately after "1" is written to SCTRG and returns from
"0" to "1" when "0" is input to the SCLK terminal (i.e., when the serial input/output begins transmit-
ting or receiving data). Moreover, when data is read from or written to SD4-SD7, the SRDY signal
returns to "1".

(5) Timing chart

The serial interface timing chart is shown in Figure 4.9.4.2.

SCTRG(W) [
SCRUN(R) _ ] [
SCLK A e D O
SIN/SIO

8-bit shift register < (4 Q}W! LERCINECING)
SOUT/SIO < (¥ th\ (W X
ISIO [
SRDY(slave mode) ||

a. SEN="1"

SCTRG(W) [
SCRUN(R) _ ] L
SCLK
SIN/SIO
8-bit shift register 4« X4 1

SOUT/SIO R lXiX LS YEYE PR
ISIO ﬁ
SRDY(slave mode) ||

b. SEN="0"
Fig. 4.9.4.2 Serial interface timing chart
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4.9.5 Control of serial interface
Table 4.9.5.1 shows the serial interface control bits and their addresses.

Table 4.9.5.1 /O memory (Serial interface)

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
so3 | sp2 | son | spo | DS | -] Moh | Low .
OESH SD2 -2 | High Low Serial interface
RIW SD1 -2 | High Low data register (low-order 4 bits)
SDO -2 | High Low | LSB
Sb7 —-[2| High Low |[]MSB
OE6H Sb7 SD6 SbS Sb4 SD6 -[2| High Low Serial interface
RIW SD5 -2 | High Low dataregister (high-order 4 bits)
SD4 -2 | High Low |
SCTRG SCTRG —[2 | Trigger - | Serid interface trigger (writing)
SEI%L]I;I SEN | SCS1 | SCSO |scruN| -2| Run | Stop |Serid interface status (reading)
OE7H SEN 0 “v_ | _f |Serid interface clock edge selection
W RIW SCs1 0 Serial interface clock mode selection
R SCS0 0 0: Slave, 2: Master (CLK), 3: Master (CLK/2)
ors _2 - - Unused
OESH 0 EIPO SIOMODE| EISIO EIPO 0 Enable | Mask | Interrupt mask register (PO)
R RIW SIOMODE| 0 Output | Input | SIO terminal input/output control
EISIO 0 Enable | Mask | Interrupt mask register (serial interface)
08 -2 - - Unused
oECH 0 0 0 ISIO 008 o ~ — | Unused
. ors _2 - - Unused
ISIO &4 0 Yes No [ Interrupt factor flag (serid interface)
[ Initia value at initial reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

SD0-SD3, SD4-SD7: Serial interface data registers (OE5H, OE6H)
These are the data registers of the serial interface.
* Writing

When "1" is written: High level

When "0" is written: Low level

Write serial data will be output to SOUT/SIO terminal. From the SOUT/SIO terminal, the data converted
into serial data as high (VDD) level bit for bits set at "1" and as low (Vss) level bit for bits set at "0".
Perform data writing only while the serial interface is standby status (i.e., the synchronous clock is
neither being input or output).

At initial reset, these registers will be undefined.

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

The serial data input from the SOUT/SIO terminal can be read by this register.

The data converted into parallel data, as high (VDD) level bit "1" and as low (Vss) level bit "0" input from
SOUT/SIO terminal. Perform data reading only while the serial interface is standby status (i.e., the
synchronous clock is neither being input or output).

At initial reset, these registers will be undefined.
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SCS1, SCSO0: Synchronous clock selection (OE7H D1 and DO)
Selects the synchronous clock for the serial interface (SCLK).

Table 4.9.5.2 Synchronous clock selection

SCS1 SCSO0 Mode Synchronous clock
1 1 Master mode CLK/2
1 0 Master mode CLK
0 1 - -
0 0 Slave mode External clock

Synchronous clock (SCLK) is selected from among the above 3 types: 2 types of internal clock and an
external clock.
At initial reset, external clock is selected.

SEN: Clock edge selection (OE7H D2)

Selects the timing for reading in the serial data input.

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

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

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

At initial reset, rising edge of SCLK (SEN = "0") is selected.

SIOMODE: SIO terminal input/output control (OE9H D1)
Controls the I/O direction of the serial data line (P00).

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

The SIOMODE register is used to control the serial data direction when the P00 terminal is shared with
input and output as SIO. When "1" is written to the SIOMODE register, the serial interface is set to the
output mode and the SIO terminal becomes the serial data output terminal. When "0" is written, the serial
interface is set to the input mode and the SIO terminal becomes the serial data input terminal. The
content of the SIOMODE register is output to outside the IC via the MODE terminal (when the MODE
terminal has been set).

This control is not necessary when the SIN and SOUT terminals are provided separately.

At initial reset, input mode (SIOMODE = "0") is selected.

SCTRG, SCRUN: Clock trigger, Clock Run/Stop monitor (OE7H D3)
This is a trigger to start input/output of synchronous clock.

When "1" is written: Trigger
When "0" is written: No operation
Reading: Valid

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

As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be performed
prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through data writ-
ing/reading on data registers SD0-SD?7.)

Supply trigger only once every time the serial interface is placed in the RUN state.

Moreover, when the synchronous clock SCLK is external clock, start to input the external clock after the
trigger.
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When read out this bit, it indicates the status of serial interface clock.
After "1" is written in SCTRG, this value is latched till serial interface clock stops (8 clock counts). So
during this period, reading this bit SCRUN causes "1". Other time it is "0".

EISIO: Interrupt mask register (OE9H DO0)

This is the interrupt mask register of the serial interface.

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

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

ISIO: Interrupt factor flag (OECH DO)

This is the interrupt factor flag of the serial interface.

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

From the status of this flag, the software can decide whether the serial interface interrupt has been
occurred or not. Note, however, that even if the interrupt is masked, this flag will be set to "1" after the 8
bits data input/output.

This flag is reset by reading with software.

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.

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

4.9.6 Programming notes

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

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

serial interface is placed in the RUN state. Moreover, when the synchronous clock SCLK is external
clock, start to input the external clock after the trigger.

(3) 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.
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4.10 Heavy Load Protection Circuit (EOC623B)

4.10.1 Heavy load protection function

The E0C623B 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. Compared
with the normal operation mode, the IC can operate in low voltage.

The heavy load protection function allows the EOC623B to operate with 0.8 V supply voltage.

This function is not available in the EOC62A3B.

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 regulated voltage for the internal circuits is generated
from the LCD system booster voltage Vc2. 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.

At initial reset, the EOC623B is set in the heavy load protection mode to be certain oscillation starts.
Return to the normal mode by writing "0" to the HLMOD register after stabilizing oscillation.

4.10.2 Control of heavy load protection circuit
Table 4.10.2.1 shows the heavy load protection circuit control bit and the address.

Table 4.10.2.1 1/O memory (Heavy load protection circuit)

Register
Address - Comment
D3 D2 D1 DO__| Name | Init CL 1 0
HLMOD 1 Heavy | Normal | Heavy load protection mode (EOC623B)
HLMOD[ 0 0 0 |HmoD| o - - | Fixed a "0" in the EOC62A3B
OFAH 08 -2 - - Unused
RIW R o3| -y - - |Unused
08 -2 - - Unused
[ Initial value at initial reset B Always"0" being read
[2 Not set in the circuit 4 Reset (0) immediately after being read

HLMOD: Heavy load protection mode on/off (OFAH D3)
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 EOC623B 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.
The heavy load protection function is not available in the EOC62A3B.
At initial reset, this register is set to "1" (heavy load protection mode) in the EOC623B, and "0" in the
E0C62A3B.

4.10.3 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.

53



E0C623B TECHNICAL HARDWARE

4.11 Interrupt and HALT/SLEEP

The E0C623B Series provides the following interrupt settings, each of which is maskable.

External interrupt: Input port interrupt (one)

I/O port interrupt (one) - available when "input-only" is selected by mask option
Internal interrupt: ~ Timer interrupt (three)

Stopwatch interrupt (two)

Serial interface interrupt (one)

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 4.11.1 shows the configuration of the interrupt circuit.

Interrupt vector

e D =
EISIO
Koo - . ] —\ Program counter
EIKOO — . —/ (low-order 4 bits)
K01
—> (LSB)
N
j> INT
: SLEEP (Interrupt request)
(Mask option) cancelation

PO1 or PO3
IPO
EIPO

e D
o

Interrupt flag

[ 1swi |
EISW1

| m2 |
EIT2 @ Interrupt factor flag
Interrupt mask register

5
[oc]

35
w
N

Fig. 4.11.1 Configuration of interrupt circuit

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.

SLEEP mode (E0OC623B CR oscillator model, EOC62A3B)

The SLEEP function can be selected in the EOC623B CR oscillator model and the EOC62A3B by mask
option. When the SLEEP function has been selected, executing the SLP instruction sets the IC in the
SLEEP mode and stops operation of the CPU, oscillation circuit and LCD power supply circuit. The
SLEEP mode will be canceled by an input interrupt request from the input port or the I/ O port selected
by mask option.
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4.11.1 Interrupt factors
Table 4.11.1.1 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 4.11.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Clock timer 2 Hz falling edge 1T2 (OEFH D2)
Clock timer 8 Hz falling edge T8 (OEFH D1)
Clock timer 32 Hz falling edge IT32  (OEFH DO)

Stopwatch timer 1 Hz falling edge ISW1 (OEEH D1)
Stopwatch timer 10 Hz falling edge | ISW0 (OEEH DO)
1/O (P) port falling edge PO (OEDH D1)
Input (K) port falling edge IKO (OEDH DO0)
Serial |/F datatransfer completion ISSO  (OECH DO0)

4.11.2 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 4.11.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.11.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EIT2 (OEBH D2) IT2  (OEFH D2)
EIT8 (OEBH D1) IT8  (OEFH D1)
EIT32 (OEBH DO) IT32  (OEFH DO)
EISW1 (OEAH D1) ISW1 (OEEH D1)
EISWO (OEAH DO) ISWO (OEEH DO0)
EIPO (OE9H D2) 1PO (OEDH D1)
EIK03* (OE8H D3)
EIK02*  (OE8H D2)
EIK0O1* (OE8H D1)
EIKOO*  (OE8H DO)
ISIO (OE9H DO) ISSO  (OECH DO0)

IKO  (OEDH DO)

OThere is an interrupt mask register for each input port terminal.
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4.11.3 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:

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

O The interrupt request causes the value of the interrupt vector (page 1, 01H-08H) to be loaded into the
program counter.

O 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 4.11.3.1 Interrupt vector addresses

Page | Step Interrupt vector
1 00H |Initial reset
01H |Clock timer interrupt
02H | Stopwatch timer interrupt
03H |Clock timer + Stopwatch timer interrupt
04H |Input (KOO-K 03, POn) interrupt
05H |Input + Clock timer interrupt
06H |Input + Stopwatch timer interrupt
07H |Input + Clock timer + Stopwatch timer interrupt
08H |Seria interface interrupt

4.11.4 Control of interrupt
Tables 4.11.4.1 show the interrupt control bits and their addresses.

Table 4.11.4.1 1/O memory (Interrupt)

Register
Address - Comment
D3 D2 D1 DO Name | Init [ 1 0
EIKO3 0 Enable | Mask | Interrupt mask register (K0O3)
EIKO3 | EIKO2 | EIKO1 | EIKOO
OESH EIK02 0 Enable | Mask | Interrupt mask register (K02)
RIW EIKO1 0 Enable | Mask [ Interrupt mask register (KO1)
EIK0O 0 Enable | Mask | Interrupt mask register (K0OO)
ocs -2 - - Unused
0 EIPO [SIOMODE| EISIO
OE9H EIPO 0 Enable | Mask | Interrupt mask register (PO)
R RIW SIOMODE] 0 Output | Input | SIO terminal input/output control
EISIO 0 Enable | Mask | Interrupt mask register (serial interface)
[:} _2 - -
0 o |esw|eswo| ° Unused
OEAH (o= -2 - - Unused
R RIW EISW1 0 Enable | Mask [ Interrupt mask register (stopwatch 1 Hz)
EISWO0 0 Enable | Mask | Interrupt mask register (stopwatch 10 Hz)
0cs -2 - - Unused
OEBH 0 B2 EITe | Ems2 EIT2 0 Enable [ Mask | Interrupt mask register (clock timer 2 Hz)
R RIW EIT8 0 Enable | Mask [ Interrupt mask register (clock timer 8 Hz)
EIT32 0 Enable | Mask | Interrupt mask register (clock timer 32 Hz)
[:} _2 - -
0 0 o |so | ° Unused
0B -2 - - Unused
OECH
R ocs -2 - - Unused
ISIO [# 0 Yes No | Interrupt factor flag (serial interface)
[:} _2 - -
0 0 po | ko | ° Unused
OEDH 0B -2 - - Unused
R PO 0 Yes No | Interrupt factor flag (PO)
IKO ¢ 0 Yes No | Interrupt factor flag (KO0O—K03)
[:} _2 - -
0 o |iswi|iswo | ° Unused
OEEH 0B -2 - - Unused
R ISw1 & -2 Yes No | Interrupt factor flag (stopwatch 1 Hz)
ISWo & 0 Yes No | Interrupt factor flag (stopwatch 10 Hz)
[:} _2 - -
0 m2 | e | w2 | 0 Unused .
OEFH IT2 4 0 Yes No | Interrupt factor flag (clock timer 2 Hz)
R IT8 4 0 Yes No Interrupt factor flag (clock timer 8 Hz)
1IT32 4 0 Yes No | Interrupt factor flag (clock timer 32 Hz)
[ Initial value at initial reset [B Always"0" being read
2 Not set in the circuit 4 Reset (0) immediately after being read
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EIKOO—EIKO3: Interrupt mask registers (OE8H)
IKO: Interrupt factor flag (OEDH DO)
...5ee Section 4.3.4, "Control of input ports".

EIPO: Interrupt mask register (OE9H D2)
IPO: Interrupt factor flag (OEDH D1)
...See Section 4.5.6, "Control of I/O port".

EISIO: Interrupt mask register (OE9H DO0)
ISIO: Interrupt factor flag (OECH DO)

...See Section 4.9.5, "Control of serial interface".

EISWO, EISW1: Interrupt mask registers (OEAH DO and D1)
ISWO, ISW1: Interrupt factor flags (OEEH DO and D1)

...See Section 4.8.4, "Control of stopwatch timer".

EIT32, EIT8, EIT2: Interrupt mask registers (OEBH D0-D2)
IT32, IT8, IT2: Interrupt factor flags (OEFH D0O-D2)

...See Section 4.7.3, "Control of clock timer".

4.11.5 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) Restart from the SLEEP mode is performed by an input interrupt from the input port (K00-K03) or the
input-only port (P01 or P03 selected by mask option). The return address after completion of the
interrupt processing will be the address following the SLP instruction.

The SLEEP function can only be selected in the EOC623B CR oscillator model and the EOC62A3B by
mask option. It is not available in the EOC623B crystal oscillator model.

(3) 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.

(4) 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 the inter-
rupt factor flag has been reset.

(5) 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.

(6) 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 S Basic ExTERNAL WIRING DIAGRAM

(1) Piezo Buzzer Single Terminal Driving
(when "Buzzer OFF level = High" and "LCD internal voltage regurator" are selected)

LCD PANEL
o o= o (a2}
K00 9] S8 = = CA
Ny E™E 2™E e
I a
K03 VDD
szmzt
C2
VD1 (———+
Cs3
Ve cal 1.5V (E0C623B)
P00 EOC623B Ve2 ——e | &=
Cs 3.0 V (EOC62A3B)
/O 2 2 EOC62A3B Ves Sy | | SOV (E0CO2AID)
P03 OSC1 - I‘MCGX : ; :T{ ﬁ“
[The potential of the substrate } Sxtal ! }RCR ' SCcR
(back of the chip) is Vss.] 0sC2 JDl | @i .Coc 4 3!
_— 1
RESET o—¢ [ Crystal oscillation (EOC623B)
ROO —e [2 CR oscillation (EOC623B/62A3B)
O <: RO2 Vss B Ceramic oscillation (EOC62A3B)
—
RO3 &’ TEST

Piezo
Buzzer
0

Call

Examples of pattern and oscillator layout

Xtal |Crystal oscilator  |32.768 kHz, Crystal oscillator Ceramic oscillator
Ci (Max.)=35 kQ
Ccx | Trimmer capacitor | 5~25pF
Rcr  |Resistor See Section 6.6. - e — e
for CR oscillation K I
CR  |Ceramic oscillator |1 MHz %TOSCl i]os(n
Ccc  |Capacitor 100 pF (= %
Cpc | Capacitor 100 pF —] osc2 Josc2
C1—Cs | Capacitor 0.1 yF E
Cp Capacitor 3.3 uF (In case of QFP12-48pin)

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

e When using the crystal oscillation circuit and ceramic oscillation circuit, make a board pattern
with noise measure as shown above.

e In order to prevent unstable operation of the oscillation circuit due to current leak between OSC1
and Vbp, please keep enough distance between Vbp and other signals on the board pattern.

 Precautions for Visible Radiation

Visible radiation causes semiconductor devices to change the electrical characteristics. It may

cause this IC to malfunction. When developing products which use this IC, consider the following

precautions 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 in actual use.

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

(3) As well as the face of the IC, shield the back and side too.
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(2) Piezo Buzzer Direct Driving
(when "LCD internal voltage regurator" is selected)

|/o<j> P%s

Note:

LCD PANEL

CHAPTER 5: BASIC EXTERNAL WIRING DIAGRAM

K03

P00

EO0C623B
EOC62A3B

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

CA
CB (—

VDD

VD1 [———¢
Vel ———
Vec2 ———¢
Ves —A—e

0scC1 W 3
1xal |1
0sc2 JDL !

R .
RESET o—4

1.5V (E0C623B)
=N
3.0V (EOC62A3B)

1 Crystal oscillation (EOC623B)
[2 CR oscillation (EOC623B/62A3B)

o [ RO2 —
B Ceramic oscillation (EOC62A3B
RO3 Vss ( )
g 3 TEST
& & TEST
Piezo
Buzzer
Examples of pattern and oscillator layout
Xtal |Crystal oscilator |32.768 kHz, Crystal oscillator Ceramic oscillator
Ci (Max.)=35 kQ
Ccx | Trimmer capacitor | 5~25pF
Rcr |Resistor See Section 6.6. - Ve - Vss
for CR oscillation I E*
CR Ceramic oscillator |1 MHz %10501 ]OSCl
Cec | Capacitor 100 pF (= =
Cpc  |Capacitor 100 pF —{] osc2 Josc2
C1-Cs | Capacitor 0.1 pF E
Cp Capacitor 3.3 uF (In case of QFP12-48pin)

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

When using the crystal oscillation circuit and ceramic oscillation circuit, make a board pattern

with noise measure as shown above.

In order to prevent unstable operation of the oscillation circuit due to current leak between OSC1

and Vbbb, please keep enough distance between Vbp and other signals on the board pattern.

Precautions for Visible Radiation
Visible radiation causes semiconductor devices to change the electrical characteristics. It may

cause this IC to malfunction. When developing products which use this IC, consider the following
precautions 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 in actual use.
(2) The inspection process of the product needs an environment that shields the IC from visible
radiation.

(3) As well as the face of the IC, shield the back and side too.
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E0C623B TECHNICAL HARDWARE

CHAPTER 6 ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Rating

(Vss=0V)
Item Symbol Rated value Unit
Supply voltage VbD -0.5t07.0 \Y
Input voltage (1) Vi -0.5to VoD + 0.3 \
Input voltage (2) Viosc -0.5to Vb1 + 0.3 \
Permissible total output current (11| ZIvbD 10 mA
Operating temperature Topr -20to 70 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
Permissible dissipation [2 Pp 250 mw

[ The permissible total output current is the sum total of the current (average current) that simultaneously flows from the
output pin (or isdrawn in).
[P In case of plastic package (QFP12-48pin).

6.2 Recommended Operating Conditions

(Ta=-20to 70°C)

Item Symbol Condition Min. | Typ. | Max. |Unit
Supply voltage VDD E0C623B  (Crystal oscillation) 11 3.6 \
EOC623B  (Crystal oscillation + HVLD™) 0.8 3.6 \Y
E0C623B  (CR oscillation) 11 3.6 \
EOC623B  (CR oscillation + HVLDCL) 0.8 36 \Y
EOC62A3B (CR oscillation) 17 3.6 Vv
EOC62A3B (Ceramic oscillation) 17 3.6 \
Oscillation frequency fosc E0C623B  (Crystal oscillation) - 32.768 - kHz
EOC623B  (CR oscillation) 30 80 |[kHz
EOC62A3B (CR oscillation) 500 |kHz
EOC62A3B  (Ceramic oscillation) M Hz

[ HVLD = Heavy load protection mode
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6.3 DC Characteristics

CHAPTER 6: ELECTRICAL CHARACTERISTICS

Unless otherwise specified:

Vbp=1.5V, Vss=0V, fosc=32.768kHz, Ta=25°C, Vp1/Vc1/Vca/Ves areinternal voltage, C1—Cs=0.1uF

Item Symbol Condition Min. Typ. Max. | Unit
High level input voltage (1)  |ViH1 K00-03, PO0-03 0.8-VpD Vop | V
High level input voltage (2) | VIH2 RESET, TEST 0.9-Vpp Vop | V
Low level input voltage (1) | ViL1 K00-03, PO0-03 0 0.1Vop| V
Low level input voltage (2) | ViL2 RESET, TEST 0 0.1Vop| V
High level input current IiH VIH=1.5V K00-03, PO0-03, RESET, TEST 0 05 | pA
Low level input current (1) |l ViL1=Vss K00-03, PO0-03 -0.5 0 HA
No Pull-up RESET, TEST
Low level input current (2) | liL2 ViL2=Vss K00-03, PO0-03 -16 -10 -6 HA
With Pull-up RESET, TEST
High level output current (1) |loH1 VoH1=0.9:-Vpp  |R00-03, PO0-03 -0.3 | mA
High level output current (2) |loH2 VoH2=0.9:-VDD BZ, BZ, FOUT -0.3 | mA
Low level output current (1) |loL1 VoL1=0.1.Vpbp R00-03, PO0-03 0.7 mA
Low level output current (2) |loL2 VoL2=0.1-Vpp BZ, BZ, FOUT 0.7 mA
Common output current 10H3 VoH3=Vc3-0.05V | COM0-3 -10 | pA
loLs VoL3=Vss+0.05V 10 HA
Segment output current |oH4 VoH4=V3-0.05V | SEG0-25 -10 | pA
(during LCD output) loLa VoL4=Vss+0.05V 10 pA
Segment output current loH5 VoH5=0.9-VDD SEG0-25 -100 | pA
(during DC output) loLs VoL5=0.1-VpD 100 pA
Unless otherwise specified:
Vbp=3.0V, Vss=0V, fosc=32.768kHz, Ta=25°C, Vp1/Vc1/Vca/Ves areinternal voltage, C1—Cs=0.1uF
Item Symbol Condition Min. Typ. Max. | Unit
High level input voltage (1)  |ViH1 K00-03, PO0-03 0.8-VpD Vop | V
High level input voltage (2) | VIH2 RESET, TEST 0.9-Vpb Vob | V
Low level input voltage (1) | ViL1 K00-03, PO0-03 0 0.1Vop| V
Low level input voltage (2) [ ViL2 RESET, TEST 0 0.1Vop| V
High level input current IiH VIH=3.0V K00-03, PO0-03, RESET, TEST 0 05 | pA
Low level input current (1) | liL1 ViL1=Vss K00-03, PO0-03 -0.5 0 HA
No Pull-up RESET, TEST
Low level input current (2) | liL2 ViL2=Vss K00-03, PO0-03 -32 -20 -12 HA
With Pull-up RESET, TEST
High level output current (1) |loH1 VoH1=0.9:-Vpp  |R00-03, PO0-03 -15 | mA
High level output current (2) |loH2 VoH2=0.9:-VDbD BZ, BZ, FOUT -15 | mA
Low level output current (1) |loL1 VoL1=0.1.Vbbp R00-03, PO0-03 6 mA
Low level output current (2) |loL2 VoL2=0.1-VpD BZ, BZ, FOUT 6 mA
Common output current 10H3 VoH3=Vc3-0.05V |COM0-3 -10 HA
loLs VoL3=Vss+0.05V 10 HA
Segment output current |0H4 VoH4=V3-0.05V | SEG0-25 -10 HA
(during LCD output) loLa VoL4=Vss+0.05V 10 pA
Segment output current |oH5 VoHs5=0.9:-Vpp | SEG0-25 -300 | pA
(during DC output) loLs VoL5=0.1:VbD 300 pA
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E0C623B TECHNICAL HARDWARE

6.4 Analog Circuit Characteristics and Power Current Consumption

LCD drive voltage
Unless otherwise specified:

Vbbp=3.0V, Vss=0V, fosc=32.768kHz, Ta=25°C, Vp1/Vc1/Vc2/Vc3 areinternal voltage, C1—Cs=0.1pF

ltem Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vci Connect 1 MQ load resistor between Vss and Vc1 0.95 1.05 115 \%
(no panel load)
Ve2 Connect 1 MQ load resistor between Vss and Vc2 2Vc1 2VcL | V
(no panel load) x0.9 +0.1
Vc3 Connect 1 MQ load resistor between Vss and Vc3 3Vci 3Ver | V
(no panel |oad) x0.9 +0.1
Current consumption
Unless otherwise specified:
Vbp=3.0V, Vss=0V, Ta=25°C, Vp1/Vc1/Vca/Vcs areinternal voltage, C1—Cs=0.1uF, No panel load
Item Symbol Condition Min. | Typ. | Max. |Unit
Current consumption lop HALT |623B Crystd oscillation (32.768kHz) - 25 5.0 A
mode |623B Crystal oscillation (32.768kHz)+HVLDL| — 6.5 9.0 HA
623B CR oscillation (40kHz) - 3.0 6.0 pA
623B CR oscillation (40kHz)+HVLDL - 7.0 100 | pA
62A3B CR oscillation (250kHz) - 55 110 | pA
62A3B Ceramic oscillation (IMHz) - 80 200 | pA
RUN |623B Crystd oscillation (32.768kHz) - 3.0 6.0 A
mode |623B Crystal oscillation (32.768kHz)+HVLDL| — 7.0 10.0 | pA
623B CR oscillation (40kHz) - 35 7.0 pA
623B CR oscillation (40kHz)+HVLDL - 75 110 | pA
62A3B CR oscillation (250kHz) - 60 120 | pA
62A3B Ceramic oscillation (IMHz) - 100 200 | pA
SLEEP|623B CR oscillation - - 1.0 pA
mode |62A3B CR oscillation - - 1.0 UA
62A 3B Ceramic oscillation - - 1.0 pA

[ HVLD = Heavy load protection mode
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6.5 AC Characteristics

CHAPTER 6: ELECTRICAL CHARACTERISTICS

6.5.1 Serial interface

Master mode 1

Condition: Vbp=1.5V, Vss=0V, fosc=32.768kHz, VIH1=0.8VDD, VIL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD, Ta=-20 to 70°C

Item Symbol Min. Typ. Max. Unit
Transmit data output delay time tsmd - - 5 us
Receive data input set-up time tsms 10 - - us
Receive data input hold time tsmh 5 - - us
Master mode 2
Condition: Vbp=3.0V, Vss=0V, fosc=1MHz, VIH1=0.8VDD, VIL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD, Ta=-20 to 70°C
Item Symbol Min. Typ. Max. Unit
Transmit data output delay time tsmd - - 300 nS
Receive data input set-up time tsms 200 - - nS
Receive data input hold time tsmh 200 - - nS

_— VoH
SCLK OUT VoL \
-

tsmh

tsmd
souT VoRTXC
Tsms
SIN v X

Slave mode 1

Condition: Vpbb=1.5V, Vss=0V, fosc=32.768kHz, V1H1=0.8VDD, ViL1=0.2VDD, VoH=0.8VDD, V0oL=0.2VDD, Ta=-20 to 70°C

Iltem Symbol Min. Typ. Max. Unit
Transmit data output delay time {ssd - - 5 us
Receive data input set-up time tsss 10 - - us
Receive datainput hold time tssh 5 - - us
Slave mode 2
Condition: Vbp=3.0V, Vss=0V, fosc=1MHz, VIH1=0.8VDD, VIL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD, Ta=-20 to 70°C
Iltem Symbol Min. Typ. Max. Unit
Transmit data output delay time tssd - - 300 nS
Receive data input set-up time sss 200 - - nS
Receive data input hold time tssh 200 - - nS
—_— VIH1
SCLKIN ViLL \ /
-« >
tssd
VOH ™/
SouT von X
fsss | tssh i
VIHL =/ I
SIN ViL1 /A~ —
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E0C623B TECHNICAL HARDWARE

6.5.2 RESET input

Condition: Vbp=1.5V/3.0V, Vss=0V, VIH=0.5V DD, VIL=0.1VDD, Ta=-20 to 70°C

Item Symbol Min. Typ. Max. Unit
RESET input time tsr 5.0 mS
_ tsr =
= —— VH
RESET viL N
6.5.3 Power-on reset
Condition: Vpbp=1.5V/3.0V, Vss=0V, Ta=-20to 70°C
Iltem Symbol Min. Typ. Max. Unit
Operating supply voltage Vsr 0.8:'VbD \Y
RESET input time tpsr 5.0 mS

Vsr
VoD /

> tpsr
RESET 0.5vop
—0.1vop
Power-on
VDD
*2
*1
RESET

ﬁ Vss

*1 When the built-in pull-up resistor is not used.
*2 Because the potential of the RESET terminal not reached VVbp level or higher.
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CHAPTER 6: ELECTRICAL CHARACTERISTICS

6.6 Oscillation Characteristics

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

Crystal oscillation
Unless otherwise specified:

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

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation start voltage Vsta  |tsta<3sec (Heavy load protection mode ON) 0.8 vV
tsta<3sec (Heavy load protection mode OFF) 11 \Y
Oscillation stop voltage Vstp  |tstp<10sec (Heavy load protection mode ON) 0.8 \Y
tstp<10sec (Heavy load protection mode OFF) 1.1 \Y;
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the I C (in chip) 14 pF
Frequency/voltage deviation |0f/dV |Vpp=0.8to 3.6V (Heavy load protection mode ON) 5 ppm
Vpp=1.1to 3.6V (Heavy load protection mode OFF) 5 |[ppm
Frequency/IC deviation of/oIC -10 10 |[ppm
Freguency adjustment range |9f/0Cc |Cc=5 to 25pF 30 40 ppm
Harmonic oscillation start voltage | Vhho | Ce=5pF (VD) 3.6 \Y
Permitted lesk resistance Rieak Between OSC1 and VDD, Vss 200 MQ
CR oscillation
Unless otherwise specified:
Vbp=3.0V, Vss=0V, Rcr=1IMQ, Ta=25°C
Item Symbol Condition Min. Typ. Max. | Unit
Oscillation frequency dispersion |dfosccr|623B (Heavy load protection ON, Vbp=0.8 to 3.6V) -20 [ 40kHz | +20 | %
623B (Heavy load protection OFF, Vbp=1.1t03.6V) | -20 |[40kHz | +20 | %
62A3B (VDD=1.7 t0 3.6V) -30 |500kHz| +30 | %
Oscillation start voltage Vsta |623B 0.8 \
62A3B 17 \Y
Oscillation start time tsta 3 mS
Oscillation stop voltage Vstp  |623B 0.8 \
62A3B 17 \Y
Ceramic oscillation
Unless otherwise specified:
Vbp=3.0V, Vss=0V, Ceramic oscillator: CSA1.0MG, Ccc=Cpc=100pF, Ta=25°C
Item Symbol Condition Min. Typ. Max. | Unit
Oscillation start voltage Vsta 17 \
Oscillation start time tsta 20 | mS
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CR oscillation frequency characteristic (reference value)

EO0C623B

CR oscillation frequency fosc [Hz]

EOC62A3B
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CHAPTER 7: PACKAGE

CHAPTER / PACKAGE

7.1 Plastic Package

QFP12-48 pin
(Unit: mm)
‘ 9104
7101
36 25
N AR TR
37: 224
% INDEX % 1
18— O — s
TP |
05 |.0.18%%s
0.5:02
1)
QFP5-60 pin
(Unit: mm)
25,6204
20801
54 36
L
SSI: :IBS
GOE jESO 3
15 INDEX EZQ - 2
= U —
24
IO
1 0.35
HE [ 0.15:025
N W
] L 12
S 15
2.8
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7.2 Ceramic Package for Test Samples

QFP5-60 pin
(Unit: mm)
26.80.15
2(0.18
5H4HHHHHHHHHHHHHHHHH%
55 N 35
60 —/——— 30 I g
L))
11— ——29 : g
50— INDEX —
A Y
6 I 23
1£0.05 0.350.05 8| q
Rk
Cover o LIE_
| I e
| | B
_ O s
(o)}
o

0.15
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CHAPTER 8 Pabp Lavout

8.1 Diagram of Pad Layout

CHAPTER 8: PAD LAYOUT

-]

HHHHHHEHEM M E]
10 5 1

[+] 15
(4]
54
(4]
(4]
(4]
(4]
20
o (]
50 [+]
(4]
(4]
(4]
4] £
X €
[-] 25 (©,0) N
(] o
45
(4]
4] ]
30
(-]
(4]
35 40
HEHHNEEBHEE
4 Chip thickness: 400 (um)
B R Pad opening: 90 (um)
= 2.8 mm
8.2 Pad Coordinates
Unit: mm
No. |Pad name X Y No. |Pad name X Y No. |Pad name X Y
1 COM3 0.838 | 1.468 | 19 | SEG17 -1.235 | 0.727 | 37 | KO3 0.261 | -1.468
2 SEGO 0.704 | 1.468 | 20 | SEG18 -1.235 | 0596 | 38 | ROO 0.410 | -1.468
3 | SEG1 0574 | 1.468 | 21 | SEG19 -1.235 | 0467 | 39 | RO1 0.541 | -1.468
4 | SEG2 0.444 | 1.468 | 22 | SEG20 -1.235 | 0.336 | 40 | R0O2 0.671 | -1.468
5 | SEG3 0.314 | 1.468 | 23 | SEG21 -1.235 | 0.207 | 41 | RO3 0.801 | -1.468
6 | SEG4 0.184 | 1.468 | 24 | SEG22 -1.235 | 0.076 | 42 | Vss 1.235 | -0.696
7 SEG5 0.054 | 1.468 | 25 | SEG23 -1.235 | -0.053 | 43 | VpD 1.235 | -0.565
8 | SEG6 -0.075 | 1468 | 26 | SEG24 -1.235 | -0.183 | 44 | OSC1 1.235 | -0.425
9 SEG7 -0.205 | 1.468 | 27 | SEG25 -1.235 | -0.313 | 45 | OSC2 1.235 | -0.253
10 | SEGS8 -0.335 | 1468 | 28 | TEST -1.235 | -0.443 | 46 | Vb1 1.235 | -0.123
11 | SEG9 -0.465 | 1.468 | 29 | PO3 -1.235 | -0.604 | 47 | CA 1.235 | 0.022
12 | SEG10 -0.595 | 1.468 | 30 | P02 -1.235 | -0.734 | 48 | CB 1.235 | 0.152
13 | SEG11 -0.725 | 1468 | 31 | PO1 -1.235 | -0864 | 49 | Va1 1.235 | 0.282
14 | SEG12 -1.235 | 1453 | 32 | POO -1.235 | -0.995 | 50 | Vc2 1.235 | 0.412
15 | SEG13 -1.235 | 1.252 | 33 | RESET -0.279 | -1.468 | 51 | Vc3 1.235 | 0544
16 | SEG14 -1.235 | 1116 | 34 | KOO -0.130 | -1.468 | 52 | COMO 1.235 | 0.674
17 | SEG15 -1.235 | 0987 | 35 | KO1 0| -1468 | 53 | COM1 1.235 | 0.805
18 | SEG16 -1.235 | 0856 | 36 | K02 0.130 | -1.468 | 54 | COM2 1.235 | 0934
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