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Chapter Section Page Item Contents
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The information of the product number change
Starting April 1, 2001, the product number has been changed as listed below. Please use the new
product number when you place an order. For further information, please contact Epson sales
representative.

Configuration of product number

Devices
S1 C 63158 F 0AO01 00

Packing specification

Specification

Package (D: die form; F: QFP)

Model number

Model name (C: microcomputer, digital products)
Product classification (S1: semiconductor)

Development tools
S5U1 C 63000 A1 1 OOL

Packing specification

Version (1: Version 1 [2)

Tool type (ALl: Assembler Package 1)
Corresponding model number

(63000: common to S1C63 Family)

Tool classification (C: microcomputer use)

Product classification

(S5U1: development tool for semiconductor products)

[: For details about tool types, see the tables below. (In some manuals, tool types are represented by one digit.)
[2: Actual versions are not written in the manuals.

Comparison table between new and previous number

S1C63 Family processors S1C63 Family peripheral products
Previous No. New No. Previous No. New No. Previous No. New No.
E0C63158 S1C63158 E0C63467 | S1C63467 EO0C5250 S1C05250
E0C63256 S1C63256 E0C63557 | S1C63557 E0C5251 S1C05251

E0C63358 | S1C63358 EO0C63558 | S1C63558
EOC63P366 | S1C6P366 EO0C63567 | S1C63567
E0C63404 | S1C63404 EOC63F567 | S1C6F567
E0C63406 | S1C63406 EO0C63658 | S1C63658
EO0C63408 | S1C63408 E0C63666 | S1C63666
EOC63F408 | S1C6F408 EOC63F666 | S1C6F666
E0C63454 | S1C63454 EOC63A08 | S1C63A08
EO0C63455 | S1C63455 EOC63B07 | S1C63B07
E0C63458 | S1C63458 EOC63B08 | S1C63B08
E0C63466 | S1C63466 EO0C63B58 | S1C63B58
EO0C63P466 | S1C6P466

Comparison table between new and previous number of development tools

Development tools for the S1C63 Family Development tools for the S1C63/88 Family
Previous No. New No. Previous No. New No.
ADP63366 | S5U1C63366X ADS00002 | S5U1C88000X1
ADP63466 | S5U1C63466X GWHO00002 | S5U1C88000W?2
ASM63 S5U1C63000A URMO00002 | S5U1C88000W1
GAM63001 | S5U1C63000G
ICE63 S5U1C63000H1

PRC63001 | S5U1C63001P
PRC63002 | S5U1C63002P
PRC63004 | S5U1C63004P
PRC63005 | S5U1C63005P
PRC63006 | S5U1C63006P
PRC63007 | S5U1C63007P
URS63366 | S5U1C63366Y
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CHAPTER 1: OUTLINE

cHAPTER 1 QOUTLINE

The S1C63454 is a microcomputer which has a high-performance 4-bit CPU S1C63000 as the core
CPU, ROM (4,096 words x 13 bits), RAM (1,024 words x 4 bits), serial interface, watchdog timer, program-
mable timer, time base counters (2 systems), a dot-matrix LCD driver that can drive a maximum 40
segments X 17 commons and sound generator built-in. The S1C63454 features high speed operation and
low current consumption in a wide operating voltage range (2.2 V to 6.4 V), this makes it suitable for
applications working with batteries. It is also suitable for portable MD players.

1.1 Features
OSCH1 oscillation circuit .........ccccceuveee. 32.768 kHz (Typ.) crystal or 60 kHz (Typ.) CR oscillation circuit (1)
OSC3 oscillation circuit ..........cccceeneeee. 1.8 MHz (Typ.) CR or 4 MHz (Max.) ceramic oscillation circuit (*1)
Instruction set ..........ccoeveveieiiiiennn, Basic instruction: 46 types (411 instructions with all)
Addressing mode: 8 types
Instruction execution time.................... During operation at 32.768 kHz: 61 psec 122 psec 183 nsec
During operation at 60 kHz: 33psec 67 psec 100 psec
During operation at 4 MHz: 0.5 psec 1psec 1.5 psec
ROM capacity .......ccccevveeeinieeeiiieene Code ROM: 4,096 words x 13 bits
Data ROM: 2,048 words x 4 bits (= 8K bits)
RAM capacity .......ccocevveeeiiieceiiiiee Data memory: 1,024 words X 4 bits
Display memory: 680 bits (160 words X 4 bits + 40 x 1 bit)
INPUL POt ... 4 bits (Pull-up resistors may be supplemented *1)
Output POrt ..o, 4 bits (It is possible to switch the 2 bits to special output *2)
/O POrt ..o 8 bits (It is possible to switch the 4 bits to serial I/F input/
output *2)
Serial interface ..........cccccooeiiiiiinns 1 port (8-bit clock synchronous system)
LCD driVer ... 40 segments x 8, 16 or 17 commons (*2)
Time base counter .........cccceeeeveeveenennne. 2 systems (Clock timer, stopwatch timer)
Programmable timer .......................... Built-in, 2 inputs x 8 bits
Watchdog timer.......ccocoeeevcieiiieeee, Built-in
Sound generator ...........cccceeveiiiinns With envelope and 1-shot output functions
External interrupt ... Input port interrupt: 1 system
Internal interrupt ..., Clock timer interrupt: 4 systems
Stopwatch timer interrupt: 2 systems
Programmable timer interrupt: 2 systems
Serial interface interrupt: 1 system
Power supply voltage ...........ccccceeenneee. 2.2V to 6.4V Min. 1.8 V when the OSC3 oscillation circuit is not used)
Operating temperature range ............. -20°C to 70°C
Current consumption (Typ.) ..cccoeeenen. Single clock (OSC1: Crystal oscillation):
During HALT (32 kHz)
3.0 V (LCD power OFF) 1pA
3.0 V (LCD power ON, Vc1 standard) 6 A
3.0 V (LCD power ON, Vc2 standard) 4 pA
During operation (32 kHz)
3.0 V (LCD power ON, Vc1 standard) 10 pA
Twin clock:
During operation (4 MHz)
3.0 V (LCD power ON, Vci1 standard) 1,000 pA
Package ......ccccoeeeiiiiie e QFP15-100pin (plastic) or chip

x1: Can be selected with mask option #2: Can be selected with software
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CHAPTER 1: OUTLINE

1.2 Block Diagram

OSCt
0SsC2
0OSC3
0OScC4

COMO0-16
SEG0-39

VbD
Vci-5
CA-CF
VD1
Vss
VREF

BZ

«—{ IRESET

:Elj K00-KO03
TEST

::% P00-P03
P10-P13

——>{ 1R00-R03

ROM System Reset
4,096 words x 13 bits Control
ALY, 1
Core CPU S1C63000
t
I Interrupt
0sC Generator
} — | Stopwatch
RAM _— Timer
1,024 words x 4 bits
—F ———— Qlock
Data ROM <5 Timer
2,048 words x 4 bits
E:: Progrgmmable
Timer
%: LCD Driver ——
40 SEG x 17 COM
 E—— Input Port
——1 | Serial Interface
Power T —
Controller Bl }
————— I/0 Port
Sound —
Generator Output Port
Fig. 1.2.1 Block diagram

EPSON
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1.3 Pin Layout Diagram

CHAPTER 1: OUTLINE

Tinnnnnnnnn0nrnnnnnanig
76 = — 50
= S1C63454 =
g INDEX E
100 = =26

IR

1 25
No. Name No. Name No. Name No. Name
1 | SEGY9 | 26 | Vop 51 Vel 76 | SEG34
2| seG8 | 27| NC |52 Ve 77 | SEG33
3| SEG7 | 28| NC 53 Ves 78 | SEG32
4 | SEG6 | 29 | RESET | 54 Vca 79 | SEG31
5 SEG5 30 TEST 55 Vcs 80 | SEG30
6 | SEG4 | 31| Vrer | 56 CF 81 | SEG29
7| sEG3 | *2 RO3 57 CE 82 | SEG28
8 | SEG2 | 33 RO2 58 cD 83 | SEG27
9 | SEGL | 34 RO1 59 cc 84 | SEG26
10| SEGO | 35 ROO 60 CB 85 | SEG25
11 | com7 | 36 P13 61 CA 86 | SEG24
12| come | 37 P12 62 | coms | 87 | SEG23
13| coms | 38 P11 63 | COM9 | 88 | SEG22
14 | coms4 | 39 P10 64 | COM10 | 89 | SEG21
15| com3 | 40 P03 65 | COM11 | 90 | SEG20
16| com2 | 4 PO2 66 | COM12 | 91 | SEG19
17 | com1i | 42 POL 67 | COM13 | 92 | SEG18
18| como | 43 P00 68 | COM14 | 93 | SEGL7
19 BZ 44 K03 69 | COM15 | 94 | SEG16
20 Vss 45 K02 70 | COM16 | 95 | SEG15
21| osci | 46 K01 71| SEG39 | 96 | SEG14
22| osc2 | 47 K00 72 | SEG38 | 97 | SEGI13
23 Vb1 48| NC 73 | SEG37 | 98 | SEGI12
24| 0sC3 | 49| NC. 74 | SEG36 | 99 | SEGI1
25| osc4 | 50| N.C 75 | SEG35 |100| SEGI0

Fig. 1.3.1 Pinlayout diagram

N.C. : No Connection

S1C63454 TECHNICAL MANUAL
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CHAPTER 1: OUTLINE

1.4 Pin Description

Table 1.4.1 Pin description

Pin name Pin No. In/Out Function
VDD 26 - Power (+) supply pin
Vss 20 - Power (-) supply pin
Vb1 23 - Oscillation/internal logic system regulated voltage output pin
Vci-Ves 51-55 - LCD system power supply pin
1/4 bias generated internally, 1/5 bias supplied externally
(selected by mask option)
VREF 31 O LCD system power supply testing pin
CA-CF 61-56 - LCD system boosting/reducing capacitor connecting pin
0OSC1 21 | Crystal or CR oscillation input pin
(selected by mask option)
0OsC2 22 O Crystal or CR oscillation output pin
(selected by mask option)
0OSC3 24 | Ceramic or CR oscillation input pin
(selected by mask option)
OSC4 25 O Ceramic or CR oscillation output pin
(selected by mask option)
K00—KO03 4744 | Input port
P0O0-PO3 4340 I1/0 | I/O port
P10-P13 39-36 I1/0 | I/O port
(switching to serial I/F input/output is possible by software)
ROO 35 O Output port
RO1 34 O Output port
R02 33 O Output port
(switching to TOUT signal output is possible by software)
RO3 32 O Output port
(switching to FOUT signal output is possible by software)
COM0O-COM16 | 18-11, 62-70 O LCD common output pin
(U8, 1/16, 1/17 duty can be selected by software)
SEGO-SEG39 10-1, 100-71 O LCD segment output pin
Bz 19 O Sound output pin
RESET 29 | Initial reset input pin
TEST 30 | Testing input pin

1.5 Mask Option

Mask options shown below are provided for the S1C63454. Several hardware specifications are prepared
in each mask option, and one of them can be selected according to the application. The function option
generator winfog, that has been prepared as the development software tool of S1C63454, is used for this
selection. Mask pattern of the IC is finally generated based on the data created by the winfog. Refer to the
"S5U1C63000A Manual" for the winfog.

<Functions selectable with S1C63454 mask options>

(1) External reset by simultaneous LOW input to the input port (KO0—K03)
This function resets the IC when several keys are pressed simultaneously. The mask option is used to
select whether this function is used or not. Further when the function is used, a combination of the
input ports (K00-K03), which are connected to the keys to be pressed simultaneously, can be selected.
Refer to Section 2.2.2, "Simultaneous low input to terminals KO0-K03", for details.

4 EPSON S1C63454 TECHNICAL MANUAL



CHAPTER 1: OUTLINE

(2) Time authorize circuit for the simultaneous LOW input reset function
When using the external reset function (shown in 1 above), using the time authorize circuit or not can
be selected by the mask option. The reset function works only when the input time of simultaneous
LOW is more than the rule time if the time authorize circuit is being used.
Refer to Section 2.2.2, "Simultaneous low input to terminals KO0-K03", for details.

(3) Input port pull-up resistor
The mask option is used to select whether the pull-up resistor is supplemented to the input ports or
not. It is possible to select for each bit of the input ports.
Refer to Section 4.4.3, "Mask option", for details.

(4) Output specification of the output port
Either complementary output or N-channel open drain output can be selected as the output specifica-
tion for the output ports RO0-R03. The selection is done in 1-bit units.
Refer to Section 4.5.2, "Mask option", for details.

(5) Input specification / output specification / pull-up resistor of the I/O ports
For the output specification when the I/O ports (P00-P03, P10-P13) are in the output mode, either
complementary output or N-channel open drain output can be selected.
Further, whether or not the pull-up resistors working in the input mode are supplemented can be
selected. The selection is done in 4-bit units (PO0-P03 and P10-P13).
When using the I/O port P10-P13 as the serial interface input/output terminals, the input specifica-
tion for the terminals that are used for the serial interface input can be selected from either "normal
input" or "with Schmitt trigger input". This option is applied to the serial interface input terminals,
and is fixed at "normal input" when the terminals are used for the I/O port P10-P13.
Refer to Section 4.6.2, "Mask option", for details.

(6) LCD drive bias
Either the internal power supply (1/4 bias) or an external power supply (1/5 bias) can be selected as
the LCD system power supply.
Refer to Section 4.7.3, "Mask option", for details.

(7) Synchronous clock polarity in the serial interface
The polarity of the synchronous clock SCLK and the SRDY signal in slave mode of the serial interface
is selected by the mask option. Either positive polarity or negative polarity can be selected.
Refer to Section 4.11.2, "Mask option", for details.

(8) Buzzer output specification of the sound generator
It is possible to select the polarity of the buzzer signal output from the BZ terminal. Select either
positive polarity or negative polarity according to the external drive transistor to be used.
Refer to Section 4.12.2, "Mask option", for details.

(9) OSC1 oscillation circuit
Either crystal oscillation circuit or CR oscillation circuit can be selected as the OSC1 oscillation circuit.
Refer to Section 4.3.2, "OSC1 oscillation circuit", for details.

(10)OSC3 oscillation circuit
Either CR oscillation circuit or ceramic oscillation circuit can be selected as the OSC3 oscillation circuit.
Refer to Section 4.3.3, "OSC3 oscillation circuit", for details.

S1C63454 TECHNICAL MANUAL EPSON 5



CHAPTER 1: OUTLINE

<Mask option list>

The following is the option list for the S1C63454. Multiple selections are available in each option item as
indicated in the option list. Refer to Chapter 4, "Peripheral Circuits and Operation", to select the specifica-
tions that meet the application system. Be sure to select the specifications for unused functions too,
according to the instruction provided. Use winfog in the SSU1C63000A package for this selection. Refer to

the "S5U1C63000A Manual" for details.

1. OSC1 SYSTEM CLOCK

[J 1. Crystal (32.768 kHz)
[12.CR (60 kHz)

2. OSC3 SYSTEM CLOCK

[J1. Use <Ceramic (4 MHz)>
[]2. Use <CR (1.8 MHz)>

3. MULTIPLE KEY ENTRY RESET COMBINATION
[J1. Not Use
[J 2. Use <K00, K01, K02, K03>
[ 3. Use <K00, K01, K02>
[ 4. Use <K00, KO1>

4. MULTIPLE KEY ENTRY RESET TIME AUTHORIZE

[J1. Not Use
[]2. Use
5. INPUT PORT PULL UP RESISTOR
e KOO ...... [ 1. With Resistor [1 2. Gate Direct
e K01 ...... [1 1. With Resistor [1 2. Gate Direct
e K02 ...... [ 1. With Resistor [J 2. Gate Direct
e KO3 ...... [ 1. With Resistor [1 2. Gate Direct
6. OUTPUT PORT OUTPUT SPECIFICATION
® ROO....... 01 1. Complementary [J 2. Nch-OpenDrain
e ROT....... [0 1. Complementary [J 2. Nch-OpenDrain
e RO2....... [0 1. Complementary [J 2. Nch-OpenDrain
* RO3....... 01 1. Complementary [J 2. Nch-OpenDrain
7.1/0 PORT OUTPUT SPECIFICATION
° POx....... [0 1. Complementary [J 2. Nch-OpenDrain
° Plx....... [0 1. Complementary [J 2. Nch-OpenDrain
8. 1/0 PORT PULL UP RESISTOR
e POx....... [ 1. With Resistor [] 2. Gate Direct
° Plx....... [ 1. With Resistor [ 2. Gate Direct

9. 1/0 PORT INPUT SPECIFICATION

[J 1. Normal CMOS Input
[J 2. Schmitt Trigger Input

10. LCD DRIVING POWER

[J1. Internal
[] 2. External

11. SERIAL PORT INTERFACE POLARITY

[] 1. Positive
[J 2. Negative

12. SOUND GENERATOR POLARITY FOR OUTPUT
[11. Positive
[J2. Negative

6 EPSON
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 PowER SUPPLY AND INITIAL RESET

2.1 Power Supply

The 51C63454 operating power voltage is as follows:

Table 2.1.1 Operating power voltage

OSC1 oscillation circuit OSCS3 oscillation circuit Operating power voltage
Crystal oscillation Not use 1.8V-64V
Crystal oscillation Use 22V-6.4V
CR oscillation - 22V-64V

The S1C63454 operates by applying a single power supply within the above range between VDD and Vss.
The S1C63454 itself generates the voltage necessary for all the internal circuits by the built-in power
supply circuits shown in Table 2.1.2.

Table 2.1.2 Power supply circuits

Circuit Power supply circuit Output voltage
Oscillation and internal circuits Oscillation system voltage regulator Vb1
LCD driver LCD system voltage circuit Vci-Ves

Note: e Do not drive external loads with the output voltage from the internal power supply circuits.

e V3 should be used only when the LCD drive voltage is supplied externally (1/5 bias); when
using the internal LCD system voltage circuit (1/4 bias), short between Vc3 and Vcz terminals.

e See Chapter 7, "Electrical Characteristics", for voltage values and drive capability.

External

power —

supply

VDDJ\ >

Oscillation system
voltage regulator

LCD system
voltage circuit

Internal
circuits
Vb1
Oscillation
hd circuit —CD 0OSC1-4
- COMO-16
Vo1=Vos yl | op griver |
SEGO0-39

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

2.1.1 Voltage <VD1> for oscillation circuit and internal circuits

VD1 is a voltage for the oscillation circuit and the internal logic circuits, and is generated by the oscillation
system voltage regulator for stabilizing the oscillation.

The 51C63454 is designed with twin clock specification; it has two types of oscillation circuits OSC1 and
OSC3 built-in. Use OSC1 clock for normal operation, and switch it to OSC3 by the software when high-
speed operation is necessary. When switching the clock, the operating voltage VD1 must be switched by
the software to stabilize the operation of the oscillation circuit and internal circuits.

The oscillation system voltage regulator can output the following two types of VD1 voltage. It should be
set at the value according to the oscillation circuit and oscillation frequency by the software.

Single clock operation (OSC1 crystal oscillation): Vb1 =1.3V
Single clock operation (OSC1 CR oscillation): Vb1 =22V
Twin clock operation (OSCS3, 4 MHz): Vb1 =22V

Refer to Section 4.3, "Oscillation Circuit", for the VD1 switching procedure.

However, since the VD1 voltage value is fixed at 2.2 V when the CR oscillation circuit has been selected as
the OSC1 oscillation circuit by mask option, it is not necessary to switch VD1 by software.

2.1.2 Voltage <Vci1-Vcs> for LCD driving

V€1-V¢s are the LCD drive voltages for which either the voltage generated by the LCD system voltage
circuit or voltage to be supplied from outside can be used. The built-in LCD system voltage circuit
generates four voltages (1/4 bias) Vc1, VC2, V¢4 and VG5 (excluding Ves). These four output voltages can
only be supplied to the externally expanded LCD driver.

When external voltages are supplied, 1/5 bias driving can be done by inputting drive voltage to the Vc1-
Vs terminals (including Ve3).

Either the internal generated voltages or external voltages used for the LCD drive voltage can be selected
by a mask option.

The LCD system voltage circuit generates VC1 or VC2 with the voltage regulator built-in, and generates
three other voltages by boosting or reducing the voltage of VC1 or V2. Table 2.1.2.1 shows the Vc1, Ve,
Vc4 and VG5 voltage values and boost/reduce status.

Table2.1.2.1 LCD drive voltage when generated internally

LCD drive voltage Vob=1.8-6.4V | Vbb=2.6-6.4V
Vc1(0.975-1.2 V) Vc1 (standard) 1/2xVc2
Vc2 (1.950-2.4 V) 2x\Vc1 V2 (standard)
Vc4 (2.925-3.6 V) 3xVci 3/2xVc2
Vs (3.9004.8 V) 4xVc1 2xVc2

Note: The LCD drive voltage can be adjusted by the software (see Section 4.7.6). Values in the above
table are typical values.

Either the VC1 or V2 used for the standard is selected according to the supply voltage by the software.
The Vc2 standard improves the display quality and reduces current consumption, however, the power
supply voltage VDD must be 2.6 V or more.

Refer to Section 4.7, "LCD Driver", for control of the LCD drive voltage.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 Initial Reset

To initialize the S1C63454 circuits, initial reset must be executed. There are two ways of doing this.

(1) External initial reset by the RESET terminal
(2) External initial reset by simultaneous low input to terminals KOO—K03 (mask option setting)

The circuits are initialized by either (1) or (2). When the power is turned on, be sure to initialize using the
reset function. It is not guaranteed that the circuits are initialized by only turning the power on.

Figure 2.2.1 shows the configuration of the initial reset circuit.

0sc1 O 0SCH1 B 1Hz
oscillation ¢ P Divider 12 Hz
0Ssc2 O circuit
A
Mask option

K00
KO1 Time | Mask optio ) /
authorizeﬁ: ‘ ;
K02 circuit | > l;le(;;scet Internal
1 1 circuit initial
K03 O ‘ EEEEEEES reset
R Q
RESET s

Fig. 2.2.1 Configuration of initial reset circuit

2.2.1 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 RS latch and becomes the internal initial reset signal. The RS
latch is designed to be released by a 2 Hz signal (high) that is divided by the OSC1 clock. Therefore in
normal operation, a maximum of 250 msec (when fosc1 = 32.768 kHz) is needed until the internal initial
reset is released after the reset terminal goes to high level. Be sure to maintain a reset input of 0.1 msec or
more.

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

shown in Figure 2.2.1.1.
18(2.2) V.
VoD /

>

2.0 msec or more

RESET 0.5°VDD

| 0.1¢VDD or less (low level)

I

Power on

Fig. 2.2.1.1 Initial reset at power on

The reset terminal should be set to 0.1¢ VDD or less (low level) until the supply voltage becomes 1.8 V or
more (until the supply voltage becomes 2.2 V or more when the CR oscillation circuit has been selected as
the OSC1 oscillation circuit by mask option).

After that, a level of 0.5¢VDD or less should be maintained more than 2.0 msec.

S1C63454 TECHNICAL MANUAL EPSON 9



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.2 Simultaneous low input to terminals KOO—KO03

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

Since this initial reset passes through the noise reject circuit, maintain the specified input port terminals at
low level for at least 1.5 msec (when the oscillation frequency fosc1 is 32.768 kHz) during normal opera-
tion. The noise reject circuit does not operate immediately after turning the power on until the oscillation
circuit starts oscillating. Therefore, maintain the specified input port terminals at low level for at least 1.5
msec (when the oscillation frequency fosc1 is 32.768 kHz) after oscillation starts.

Table 2.2.2.1 shows the combinations of input ports (K00-K03) that can be selected with the mask option.

Table2.2.2.1 Combinations of input ports
1 |Not use

2 |K00+K01+K02:+K03
3 |K00+K01+K02

4 |K00+K01

When, for instance, mask option 2 (K00+K01+K02+K03) is selected, initial reset is executed when the
signals input to the four ports KO0-KO03 are all low at the same time. When 3 or 4 is selected, the initial
reset is done when a key entry including a combination of selected input ports is made.

Further, the time authorize circuit can be selected with the mask option. The time authorize circuit checks
the input time of the simultaneous low input and performs initial reset if that time is the defined time (1
to 2 sec) or more.

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

2.2.3 Internal register at initial resetting
Initial reset initializes the CPU as shown in Table 2.2.3.1.

The registers and flags which are not initialized by initial reset should be initialized in the program if
necessary.

In particular, the stack pointers SP1 and SP2 must be set as a pair because all the interrupts including
NMI are masked after initial reset until both the SP1 and SP2 stack pointers are set with software.

When data is written to the EXT register, the E flag is set and the following instruction will be executed in
the extended addressing mode. If an instruction which does not permit extended operation is used as the
following instruction, the operation is not guaranteed. Therefore, do not write data to the EXT register for
initialization only.

Refer to the "S1C63000 Core CPU Manual" for extended addressing and usable instructions.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

Table 2.2.3.1 Initial values

CPU core
Name Symbol | Number of bits | Setting value
Dataregister A A 4 Undefined
Dataregister B B 4 Undefined
Extension register EXT EXT 8 Undefined
Index register X X 16 Undefined
Index register Y Y 16 Undefined
Program counter PC 16 0110H
Stack pointer SP1 SP1 8 Undefined
Stack pointer SP2 SP2 8 Undefined
Zeroflag 4 1 Undefined
Carry flag C 1 Undefined
Interrupt flag | 1 0
Extension flag E 1 0
Queue register Q 16 Undefined
Peripheral circuits
Name Number of bits Setting value

RAM 4 Undefined
Display memory 4 Undefined
Other pheripheral circuits *

* See Section 4.1, "Memory Map".

2.2.4 Terminal settingsat initial resetting

The output port (R) terminals and I/O port (P) terminals are shared with special output terminals and
input/output terminals of the serial interface. These functions are selected by the software. At initial
reset, these terminals are set to the general purpose output port terminals and I/O port terminals. Set
them according to the system in the initial routine. In addition, take care of the initial status of output
terminals when designing a system.

Table 2.2.4.1 shows the list of the shared terminal settings.

Table 2.2.4.1 List of shared terminal settings

Terminal Terminal status Special output Serial I/F
name at initial reset TOUT FOUT | Master | Slave

R0OO ROO (High output)
RO1 RO1 (High output)
R02 RO2 (High output) TOUT
R0O3 RO3 (High output) FOUT

POO-P0O3 | POO—PO3 (Input & Pull-up *)
P10  |P10 (Input & Pull-up *) SIN(I) | SIN()
P11  |P11(Input & Pull-up *) SOUT(0) | SOUT(O)
P12  |P12(Input & Pull-up *) SCLK(O) | SCLK(l)
P13 |P13 (Input & Pull-up *) SRDY(0)

= When "with pull-up" is selected by mask option (high impedance when "gate direct" is selected)

For setting procedure of the functions, see explanations for each of the peripheral circuits.

2.3 Test Terminal (TEST)

This is the terminal used for the factory inspection of the IC. During normal operation, connect the TEST
terminal to VDD.

S1C63454 TECHNICAL MANUAL EPSON 11
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cHAPTER 3 CPU, ROM, RAM

31 CPU

The 51C63454 has a 4-bit core CPU S1C63000 built-in as its CPU part.
Refer to the "S1C63000 Core CPU Manual" for the S1C63000.

Note: The SLP instruction cannot be used because the SLEEP operation is not assumed in the S1C63454.

3.2 Code ROM

The built-in code ROM is a mask ROM for loading programs, and has a capacity of 4,096 steps x 13 bits.
The core CPU can linearly access the program space up to step FFFFH from step 0000H, however, the
program area of the S1C63454 is step 0000H to step OFFFH. The program start address after initial reset is
assigned to step 0110H. The non-maskable interrupt (NMI) vector and hardware interrupt vectors are
allocated to step 0100H and steps 0104H-010EH, respectively.

0000H 11 . 0000OH
Program area
S1C63454

ROM program area 0100H NMI vector

OFFFH ' otoat
1000H Hardware

; interrupt vectors
010EH

] S1C63000 core CPU
[ T——— |program space

" 0110H Program start address

FFFFH Unused area Y Program area

13 bits
Fig. 3.2.1 Configuration of code ROM

3.3 RAM

The RAM is a data memory for storing various kinds of data, and has a capacity of 1,024 words x 4 bits.
The RAM area is assigned to addresses 0000H to 03FFH on the data memory map. Addresses 0100H to
01FFH are 4-bit/16-bit data accessible areas and in other areas it is only possible to access 4-bit data.
When programming, keep the following points in mind.

(1) Part of the RAM area is used as a stack area for subroutine call and register evacuation, so pay
attention not to overlap the data area and stack area.

(2) The S1C63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
16-bit data are accessed in stack handling by SP1, therefore, this stack area should be allocated to the
area where 4-bit/16-bit access is possible (0100H to 01FFH). The stack pointers SP1 and SP2 change
cyclically within their respective range: the range of SP1 is 0000H to 03FFH and the range of SP2 is
0000H to O0FFH. Therefore, pay attention to the SP1 value because it may be set to 0200H or more
exceeding the 4-bit/16-bit accessible range in the S1C63454 or it may be set to 00FFH or less. Memory
accesses except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.
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CHAPTER 3: CPU, ROM, RAM

(3) Subroutine calls use 4 words (for PC evacuation) in the stack area for 16-bit data (SP1). Interrupts use
4 words (for PC evacuation) in the stack area for 16-bit data (SP1) and 1 word (for F register evacua-
tion) in the stack area for 4-bit data.

0000H 4
4-bit access area
00FFH (SP2 stack area)
A 4
0100H [

4/16-bit access area
(SP1 stack area)

01FFH v
0200H '
——— | |4-bitaccess area
—
(Data area)
03FFH v
) 4 bits

Fig. 3.3.1 Configuration of data RAM

3.4 Data ROM

The data ROM is a mask ROM for loading various static data such as a character generator, and has a
capacity of 2,048 words x 4 bits. The data ROM is assigned to addresses 8000H to 87FFH on the data
memory map, and the data can be read using the same data memory access instructions as the RAM.
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CHAPTER4 PERIPHERAL CiRcuITS AND OPERATION

The peripheral circuits of S1C63454 (timer, I/O, etc.) are interfaced with the CPU in the memory
mapped I/O method. Thus, all the peripheral circuits can be controlled by accessing the I/O memory on
the memory map using the memory operation instructions. The following sections explain the detailed

operation of each peripheral circuit.

4.1 Memory Map

The 51C63454 data memory consists of 1,024-word RAM, 2,048-word data ROM, 680-bit display memory
and 53-word peripheral I/O memory. Figure 4.1.1 shows the overall memory map of the S1C63454, and
Tables 4.1.1(a)—(d) the peripheral circuits' (I/O space) memory maps.

0000H

0400H

8000H

8800H

FOOOH

FFOOH
FFFFH

RAM area
Unused area FOOOH"
_~~|Display memory area
F24FH
Data ROM area
Unused area
Unused area
.FFOOH Peripheral I/0O area
FF80H Unused area
I/O memory area FFCOH Peripheral 1/0 area
FFFFH

Fig. 4.1.1 Memory map

Note: Memory is not implemented in unused areas within the memory map. Further, some non-imple-
mentation areas and unused (access prohibition) areas exist in the display memory area and the
peripheral I/O area. If the program that accesses these areas is generated, its operation cannot be
guaranteed. Refer to Section 4.7.5, "Display memory", for the display memory, and the I/O memory
maps shown in Tables 4.1.1 (a)—(d) for the peripheral I/O area.

14
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (a) 1/O memory map (FFOOH-FF44H)

A Register
ddress D3 D2 D1 DO__| Name | Init *1 1 0 Comment
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
CLKCHG OSCC | 0 | VDC | ogec | o | on | off |OSC3oscllation ONOFf
FFOOH 0+ % Unused
RW R RW ; : . .
VDC 0 22V | 1.3V [CPU operating voltage switch (1.3 V: OSC1, 2.2 V: OSC3)
FOUTE 0 Enable | Disable | FOUT output enable
oo FOUTE 0 FOFQ1 | FOFQO 03 a2 Unused
aw | R AW FOFQ1| 0 frgqlfency [FOFQL0] O 1 2 3
FOFQO| 0 selection Frequency fosc1/64 fosc1/8 fosci foscs
0+3 —#2 Unused
0 0 WDEN |WDRST 03 w2 Unused
FFO7H WDEN 1 Enable | Disable | Watchdog timer enable
R RW 1 W \DRST+| Reset | Reset | Invalid | Watchdog timer reset (writing)
SIK03 | SIK02 | SIKO1 | SIK0O SIKo3 0 Enable | Disable | ]
SIK02 0 Enable | Disable . . )
FF20H SIKo1 0 Enable | Disable K00—K 03 interrupt selection register
RW SIK00 0 Enable | Disable |_|
ks | ko2 | kot | koo | KO3 | 7| Hon | tow 4
FF21H K02 | =2 High 1 Low |1\ o0 08 input port data
Ko1 -+#2 | High Low
R K00 -*2| High | Low ||
KCP03 | KCPO2 | KCPO1 | KCP0OO Egigg 1 j{ ? _ _ _
FF22H KCPO1 1 1 Ia K00-K 03 input comparison register
RW KcPoo | 1 I
RO3HIZ 0 High-Z | Output | RO3 output high impedance control (FOUTE=0)
RO3HIZ | RO2HIZ | ROTHIZ | ROOHIZ FOUT output high impedance control (FOUTE=1)
RO2HIZ 0 High-Z | Output | RO2 output high impedance control (PTOUT=0)
FF30H TOUT output high impedance control (PTOUT=1)
R/W RO1HIZ 0 High-Z | Output | RO1 output high impedance control
ROOHIZ 0 High-Z | Output | ROO output high impedance control
RO3 1 High Low | RO3 output port data (FOUTE=0) Fix at "1" when FOUT is used
RO3 R02 Ro1 Roo R02 1 High Low | RO2 output port data (PTOUT=0) Fix at 1" when TOUT isused
FF31H Ro1 | 1 | High | Low |ROLoutputport data
RW R0O 1 High Low | ROO output port data
10C03 | 10C02 | 10C01 | 10C00 10003 0 Output | Input |7
10C02 0 Output | Input )
FF40H 10Co1 0 output | Input PO0-P03 1/O control register
RW 10C00 0 Output | Input |_|
PULO3 | PUL02 | PULO1 | PULOO PUL03 ! on o
FF41H zﬂtgf 1 8: 82 PO0-PO3 pull-up control register
AW puo| 1 | on | off ||
pos | Pz | pot | poo | P03 | | Hon | tow 1
P02 -2 | High Low
FF42H PO —+2| High Low PO0-P03 I/O port data
RW P00 -+#2 | High Low ||
10C13 0 Output | Input | P131/O control register
functions as a general-purpose register when SIF (slave) is selected
10C13 | 10C12 | 10C11 1 10C10 10C12 0 Output | Input | P12 1/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
FRaa 10C11 0 Output | Input | P111/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
RW 10C10 0 Output | Input | P10 1/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
Remarks
*1 Initial value at initial reset
%2 Not set in the circuit
#3 Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (b) /O memory map (FF45H-FF71H)

A Register
ddress D3 D2 D1 DO | Name | Init *1 1 0 Comment
PUL13 1 On Off | P13 pull-up control register
functions as a general -purpose register when SIF (slave) is selected
PUL13 | PUL12 | PULT1 | PUL10 | PUL12 | 1 On Off | P12 pull-up control register (ESIF=0)
functions as a general-purpose register when SIF (master) is selected
FF45H SCLK (1) pull-up control register when SIF (slave) is selected
PUL11 1 On Off | P11 pull-up control register (ESIF=0)
RW functions as a general-purpose register when SIF is selected
PUL10 1 On Off | P10 pull-up control register (ESIF=0)
SIN pull-up control register when SIF is selected
P13 -+2 | High Low [P131/O port data
functions as a general -purpose register when SIF (slave) is selected
PIS | P12 1 P P10 | by | 2| High | Low |PL21/O port data (ESIF=0)
functions as a general-purpose register when SIF is selected
FF46H P11 | -#2| High | Low |P111/0 port data(ESIF=0)
functions as a general-purpose register when SIF is selected
RW P10 -#2 | High Low |[P101/O port data (ESIF=0)
functions as a general-purpose register when SIF is selected
LDUTY1| © LCD drive duty [LDUTY1,0] O 1 2,3
LDUTY1|LDUTYO0|VCCHG | LPWR LouTYol o switch Duty 117 U6 U8
FF60H VCCHG| 0 | Ve | Vor |LCD regulated voltage switch
RW LPWR 0 On Off |LCD power On/Off
EXLCDC| 0 General-purpose register
EXLCDC| ALOFF | ALON | LPAGE | ALOFF | 1 | ANlOff | Normal | LCD &l OFF control
FF61H ALON 0 AllOn | Normal | LCD all ON control
RW LPAGE 0 [F100-F14F|F000-FO4F| Display memory area selection (when 1/8 duty is selected)
functions as a general-purpose register when 1/16, 1/17 duty is selected
LC3 -2 LCD contrast adjustment
LC3 LC2 LC1 LCO N
FF62H Lez | -2 [LC3-0] 0 - 15
LC1 -2 Contrast Light - Dark
W co | -
ENRTM 0 1sec | 0.5sec | Envelopereleasing time
ENRTM| ENRST | ENON | BZE ENRST#3| Reset | Reset | Invalid | Envelope reset (writing)
FFeCH ENON 0 On Off | Envelope On/Off
RW w RIW BZE 0 Enable | Disable | Buzzer output enable
0+3 -2 Unused
0 | BZSTP | BZSHT | SHTPW pzSTP+3| 0 Stop | Invalid | 1-shot buzzer stop (writing)
FF6DH BZSHT 0 Trigger | Invalid | 1-shot buzzer trigger (writing)
R W RW Busy | Ready | 1-shot buzzer status (reading)
SHTPW| 0 (125 msec|31.25 msec| 1-shot buzzer pulse width setting
0 BZFQ2 | BZFQ1 | BZFQO 0% - Unused [BZFQ2,1,00 O 1 2 3
FF6EH Bzr@2| 0 Buzzer Frequency (Hz) 40960 32768 27307 234056
R AW BZFQ1| 0 frequ?ncy [BZFQ2,1,0] 4 5 6 7
BZFQO 0 selection Frequency (Hz) 2048.0 16384 13653 1170.3
0+3 -2 Unused
0 BDTY2 | BDTY1 | BDTY0 BDTY2 0 _ _ _
FF6FH BDTY1 0 J Buzzer sgn:al duty ratio selection
R RW BDTYO 0 (refer to main manual)
03 -2 Unused
0 0 SCTRG| ESIF 03 ] Unused
FF70H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF I/0 | Serial I/F enable (P1 port function selection)
SDP 0 | MSBfirst| LSB first | Serial 1/F data input/output permutation
SDP | SCPS | SCS1 | Scso | SCPS 0 Serial I/F clock phase selection
v | § | Negative polarity (mask option)
FF71H . ) h
RS —Post_lve polarity (mask option) E:Slgcsljy q nge PlT
RW SCS1 0 ] Seridl I/F [Scst, 0] 2 3
SCS0 0 clock mode selection Clock 0OSC1/2 OSC1
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (¢) 1/0 memory map (FF72H-FFCG6H)

A Register
ddress D3 D2 D1 DO | Name | Init *1 1 0 Comment
sps | sp2 | spt | spo | SPB | 7| Mo | Low 1T MSB
FF72H :B? : : ::SE tzx Serial |/F transmit/receive data (low-order 4 bits)
RW SDO -#2 | High Llow | ]LSB
so7 | so6 | sps | spa | SD7 | 7E| M | Low 1T MSB
FF73H :gg i} *i ::g: tx Serial I/F transmit/receive data (high-order 4 bits)
RW SD4 -*2 | High low | ]LSB
0+3 —#2 Unused
0 0 | TMRST | TMRUN 03 w0 Unusad
FF78H TMRST#3| Reset | Reset | Invalid | Clock timer reset (writing)
R Wl W lrun| 0 | Run | Stop | Clock timer RunvStop
T™M3 0 Clock timer data (16 Hz)
™3 ™2 ™1 Mo ™2 0 Clock timer data (32 Hz)
FF79H ™ | o Clock timer data (64 Hz)
R TMO 0 Clock timer data (128 Hz)
™7 0 Clock timer data (1 Hz)
™7 ™6 ™5 ™4 TM6 0 Clock timer data (2 Hz)
FF7AH TM5 0 Clock timer data (4 Hz)
R T™4 0 Clock timer data (8 Hz)
0+3 —#2 Unused
0 0 | SWRST|SWRUN 03 w2 Unused
FF7CH SWRST=3 Reset | Reset | Invalid | Stopwatch timer reset (writing)
R w RW SWRUN 0 Run Stop | Stopwatch timer Run/Stop
SWD3 0 7
SWD3 | SWD2 | SWD1 | SWD0 SwD2 0 Stopwatch timer data
FF7DH SWD1 0 BCD (1/100 sec)
R SWD0 0 B
SWD7 0 7
SWD7 | SWD6 | SWD5 | SWD4 SWD6 0 Stopwatch timer data
FF7EH SWD5 0 BCD (1/10 sec)
R SWD4 0 B
0+3 —#2 Unused
0 EVCNT | FCSEL | PLPOL EVCNT 0 - Timer | Timer O counter mode selection (Fix at "0".)
FFCOH FCSEL 0 General-purpose register
R RW PLPOL 0 General-purpose register
CHSEL 0 Timer1 | Timer0 | TOUT output channel selection
CHSEL | PTOUT | CKSEL1| CKSELO PTOUT 0 On Off | TOUT output control
FFCTH CKSEL1 0 0SC3 | OSC1 | Prescaler 1 source clock selection
RW CKSELO| © 0SC3 | OSC1 | Prescaler 0 source clock selection
PTPSO1 0 Prescaler 0. [PTPS01,000 O 1 2 3
PTPSO01|PTPS00|PTRSTO|PTRUNO PTPS00| 0 csiév(lag?gnramo Divisonraio Ul U4 132 1256
FFC2H PTRST0*3)  —*2 | Reset | Invalid | Timer O reset (reload)
RW w RW PTRUNO| © Run Stop | Timer O Run/Stop
PTPS11 0 Prescaler 1. [PTPS11,10] O 1 2 3
FFC3H PTRST1%3)  —#2 | Reset | Invalid | Timer 1 reset (reload)
AW W | AW lotrunt| o | Run | Stop |Timer1Run/Stop
RLD03 0 1 MSB
RLDO3 | RLDO02 | RLDO1 | RLDOO RLDO2 0
FFC4H ALDOT 0 Programmable timer O reload data (low-order 4 bits)
RW RLD0O 0 | LSB
RLDO7 0 1 MSB
RLDO7 | RLDO06 | RLDO5 | RLDO04 RLDO0G 0
FFC5H RLDOS 0 Programmable timer O reload data (high-order 4 bits)
RW RLDO4 0 _LSB
RLD13 0 1 MSB
RLD13 | RLD12 | RLD11 | RLD10 RLD12 0
FFC6H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
RW RLD10| © Jiss
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (d) 1/0 memory map (FFC7H-FFF7H)

A Register
ddress D3 D2 D1 DO | Name | Init *1 1 0 Comment
RLD17 0 1 MSB
RLD17 | RLD16 | RLD15 | RLD14 RLD16 0
FFC7H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
AW RLD14 0 | LSB
PTDO3 0 1 MSB
PTDO3 | PTDO2 | PTDO1 | PTDOO PTDO2 0 _ _
FFC8H PTDOT 0 Programmable timer 0 data (low-order 4 bits)
R PTDOO 0 | LSB
PTD07 0 1 MSB
PTDO7 | PTDO6 | PTDO5 | PTD04 PTDOS 0 _ _ _
FFC9H PTDOS 0 Programmable timer 0 data (high-order 4 bits)
R PTDO4 | 0 JLss
PTD13 0 1 MSB
PTD13 | PTD12 | PTD11 | PTD10 PTD12 0
FFCAH Programmable timer 1 data (low-order 4 bits)
PTD11 0
R PTD10 0 | LSB
PTD17 0 1 MSB
PTD17 | PTD16 | PTD15 | PTD14 PTD16 0 _ _ _
FFCBH PTDI5 0 Programmable timer 1 data (high-order 4 bits)
R PTD14 0 | LSB
0+3 - *2 Unused
0 0 EIPT1 | EIPTO 0+3 w2 Unused
FFE2H EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
R RW EIPTO 0 Enable | Mask |Interrupt mask register (Programmable timer 0)
0+*3 -2 Unused
0 0 0 EISIF 03 a2 Unused
FFE3H 03 _% Unused
R RW EISIF 0 Enable | Mask |Interrupt mask register (Seria I/F)
0+3 - #2 Unused
0 0 0 EIKO 03 o Unused
FFE4H 03 w0 Unused
R RW EIKO 0 Enable | Mask |Interrupt mask register (K00—K03)
EIT3 0 Enable | Mask |Interrupt mask register (Clock timer 1 Hz)
EIT3 EIT2 BTt EITO EIT2 0 Enable | Mask |Interrupt mask register (Clock timer 2 Hz)
FFE6H EIT1 0 Enable | Mask |Interrupt mask register (Clock timer 8 Hz)
RW EITO 0 Enable | Mask |Interrupt mask register (Clock timer 32 Hz)
0+*3 —*2 Unused
0 0 EISW1 | EISW10 03 2 Unused
FFE7H EISW1 0 Enable | Mask | Interrupt mask register (Stopwatch timer 1 Hz)
R RW EISW10 0 Enable | Mask |Interrupt mask register (Stopwatch timer 10 Hz)
0+3 -*2| (R) (R) | Unused
0 0 IPT1 IPTO 03 2| Yes No |Unused
FFF2H IPT1 o | (Wf D iW} N Interrupt factor flag (Programmable timer 1)
R RW IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer O)
0+3 -*2| (R) (R) | Unused
0 0 0 ISIF 0+3 -*2| Yes No [ Unused
FFF3H osa| —2[ W) | W) |Unused
R RW 1 isiF | 0 | Reset | Invalid | Interrupt factor flag (Serial I/F)
0+*3 -*2 | (R) (R) | Unused
0 0 0 1Ko 0+3 -#2| Yes No [ Unused
FFFaH 0| —e2[ W) | W) |unused
R RW IKO 0 Reset | Invalid | Interrupt factor flag (KO0—K03)
IT3 0 (R) (R) | Interrupt factor flag (Clock timer 1 Hz)
I3 T2 It IT0 IT2 0 Yes No | Interrupt factor flag (Clock timer 2 Hz)
FFFeH IT1 o | (Wf T iW} o Interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
0+3 -*2| (R) (R) | Unused
0 0 ISW1 | ISW10 03 _+2| Yes No |Unussd
FFF7H ISW1 0o | (Wf D iW} N Interrupt factor flag (Stopwatch timer 1 Hz)
R RW ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Watchdog Timer)

4.2 Watchdog Timer

4.2.1 Configuration of watchdog timer

The 51C63454 has a built-in watchdog timer that operates with a 256 Hz divided clock from the OSC1 as
the source clock. The watchdog timer starts operating after initial reset, however, it can be stopped by the
software. The watchdog timer must be reset cyclically by the software while it operates. If the watchdog
timer is not reset in at least 3—4 seconds, it generates a non-maskable interrupt (NMI) to the CPU.

Figure 4.2.1.1 is the block diagram of the watchdog timer.

Non-maskable

OSC1 dividing signal 256 Hz >—®{ Watchdog timer —» interrupt (NMI)

Watchdog timer enable signal >J

Watchdog timer reset signal

Fig. 4.2.1.1 Watchdog timer block diagram

The watchdog timer contains a 10-bit binary counter, and generates the non-maskable interrupt when the
last stage of the counter (0.25 Hz) overflows.

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

The watchdog timer operates in the HALT mode. If a HALT status continues for 3—4 seconds, the non-
maskable interrupt releases the HALT status.

4.2.2 Interrupt function

If the watchdog timer is not reset periodically, the non-maskable interrupt (NMI) is generated to the core
CPU. Since this interrupt cannot be masked, it is accepted even in the interrupt disable status (I flag =
"0"). However, it is not accepted when the CPU is in the interrupt mask state until SP1 and SP2 are set as a
pair, such as after initial reset or during re-setting the stack pointer. The interrupt vector of NMI is
assigned to 0100H in the program memory.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Watchdog Timer)

4.2.3 1/0 memory of watchdog timer
Table 4.2.3.1 shows the I/O address and control bits for the watchdog timer.

Table 4.2.3.1 Control bits of watchdog timer

Address Register Comment
D3 D2 D1 DO__| Name | Init *1 1 0
0+3 - *2 Unused
0 0 WDEN |WDRST 03 a2 Unused
FFO7H . .
WDEN 1 Enable | Disable | Watchdog timer enable
R RW w DRST+3| Reset | Reset | Invalid | Watchdog timer reset (writing)

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

WDEN: Watchdog timer enable register (FFO7HD1)
Selects whether the watchdog timer is used (enabled) or not (disabled).

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

When "1" is written to the WDEN register, the watchdog timer starts count operation. When "0" is written,
the watchdog timer does not count and does not generate the interrupt (NMI).
At initial reset, this register is set to "1".

WDRST: Watchdog timer reset (FFO7H+<D0)
Resets the watchdog timer.

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

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

4.2.4 Programming notes
(1) When the watchdog timer is being used, the software must reset it within 3-second cycles.

(2) Because the watchdog timer is set in operation state by initial reset, set the watchdog timer to disabled
state (not used) before generating an interrupt (NMI) if it is not used.

20 EPSON S1C63454 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3 Oscillation Circuit

4.3.1 Configuration of oscillation circuit

The 51C63454 has two oscillation circuits (OSC1 and OSC3). OSC1 is either a crystal or a CR oscillation
circuit that supplies the operating clock to the CPU and peripheral circuits. OSC3 is either a CR or a
ceramic oscillation circuit. When processing with the S1C63454 requires high-speed operation, the CPU
operating clock can be switched from OSC1 to OSC3 by the software. To stabilize operation of the internal
circuits, the operating voltage VD1 must be switched according to the oscillation circuit to be used. Figure
4.3.1.1 is the block diagram of this oscillation system.

0OSCH1 - I
> oscillation circuit Divider ) o
p- | To peripheral circuits

N ~
0sc3 Clock | o +0cpu

switch

e—p oscillation circuit
T L( CPU clock selection signal

Oscillation circuit control signal

VD1 | Oscillation system<

voltage regulator Operating voltage selection signal

Fig. 4.3.1.1 Oscillation system block diagram
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.2 OSC1 oscillation circuit

The OSC1 oscillation circuit generates the main clock for the CPU and the peripheral circuits. Either the
crystal oscillation circuit or the CR oscillation circuit can be selected as the circuit type by mask option.
The oscillation frequency of the crystal oscillation circuit is 32.768 kHz (Typ.) and the CR oscillation
circuit is 60 kHz (Typ.).

Figure 4.3.2.1 is the block diagram of the OSC1 oscillation circuit.

Cax

To CPU
(and peripheral circuits)

To CPU
(and peripheral circuits)

Rcri

(b) CR oscillation circuit

Fig. 4.3.2.1 OSC1 oscillation circuit

As shown in Figure 4.3.2.1, the crystal oscillation circuit can be configured simply by connecting the
crystal oscillator (X'tal) of 32.768 kHz (Typ.) between the OSC1 and OSC2 terminals and the trimmer
capacitor (CGx) between the OSC1 and Vss terminals when crystal oscillation is selected.

The CR oscillation circuit can be configured simply by connecting the resistor RCR1 between the OSC1
and OSC2 terminals when CR oscillation is selected. See Chapter 7, "Electrical Characteristics" for resis-
tance value of RCR1.

Note: ¢ The current consumption of CR oscillation is larger than crystal oscillation.

e Be aware that the CR oscillation frequency changes slightly.
Pay special attention to the circuits that use fosc1 as the source clock, such as the timer (time
lag), the LCD frame frequency (display quality, flicker in low frequency) and the sound generator
(sound quality).
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.3 OSC3 oscillation circuit

The 51C63454 has built-in the OSC3 oscillation circuit that generates the CPU's sub-clock (Max. 4 MHz)
for high speed operation and the source clock for peripheral circuits needing a high speed clock (pro-
grammable timer, FOUT output). The mask option enables selection of either the CR or ceramic oscilla-
tion circuit. When CR oscillation is selected, only a resistance is required as an external element. When
ceramic oscillation is selected, a ceramic oscillator and two capacitors (gate and drain capacitance) are
required.

Figure 4.3.3.1 is the block diagram of the OSC3 oscillation circuit.

To CPU
(and some peripheral circuits)

Rcrz

Oscillation circuit control signal

Cac i
To CPU
» (and some peripheral circuits)

%Oscillation circuit control signal

\Y . e
ss (b) Ceramic oscillation circuit

Fig. 4.3.3.1 OSC3 oscillation circuit

As shown in Figure 4.3.3.1, the CR oscillation circuit can be configured simply by connecting the resistor
Rcr2 between the OSC3 and OSC4 terminals when CR oscillation is selected. See Chapter 7, "Electrical
Characteristics" for resistance value of RCR2.

When ceramic oscillation is selected, the ceramic oscillation circuit can be configured by connecting the
ceramic oscillator (Max. 4 MHz) between the OSC3 and OSC4 terminals, capacitor CGC between the OSC3
and OSC4 terminals, and capacitor CDC between the OSC4 and Vss terminals. For both CGc and CDc,
connect capacitors that are about 30 pF. To reduce current consumption of the OSC3 oscillation circuit,
oscillation can be stopped by the software (OSCC register).

S1C63454 TECHNICAL MANUAL EPSON 23



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.4 Switching of operating voltage

(1) When OSC1 crystal oscillation circuit is used

The CPU system clock is switched to OSC1 or OSC3 by the software (CLKCHG register). In this case,
to obtain stable operation, the operating voltage VD1 for the internal circuits must be switched by the
software (VDC register).

VD1 =13V
VD1 =22V

OSCH1 (crystal oscillation) operation:
OSC3 operation:

(VDC = "0")
(VDC = "1")

When OSC3 is to be used as the CPU system clock, it should be done as the following procedure using
the software: first switch the operating voltage VD1, turn the OSC3 oscillation ON after waiting 2.5
msec or more for the above operation to stabilize, switch the clock after waiting 5 msec or more for
oscillation stabilization.

When switching from OSC3 to OSC1, turn the OSC3 oscillation circuit OFF after switching the clock
then set the operating voltage VD1 to 1.3 V.

OSC1 - 0SC3

Set VDC to "1" (1.3 V - 2.2 V).
Maintain 2.5 msec or more.

Set OSCC to "1" (OSC3 oscillation ON).
Maintain 5 msec or more.

Set CLKCHG to "1" (OSC1 - OSC3).

OSC3 - 0OSC1

1. Set CLKCHG to "0" (OSC3 - OSC1).

2. Set OSCC to "0" (OSC3 oscillation OFF).
3. Set VDC to"0" 2.2V - 1.3 V).

SESRCINE .

(2) When OSC1 CR oscillation circuit is used

When the CR oscillation circuit has been selected as the OSC1 oscillation circuit by mask option, 2.2 V
of VD1 necessary to operate with OSC1 and OSC3.

VD1 =22V
VD1 =22V

OSC1 (CR oscillation) operation:
OSC3 operation:

Since the S1C63454 fixes the VD1 voltage value at 2.2 V when the CR oscillation circuit is selected as
the OSC1 oscillation circuit by mask option, it is not necessary to switch the operating voltage VD1 by
software (VDC register). However, software control to switch the CPU system clock using the
CLKCHG register is necessary.

When OSC3 is to be used as the CPU system clock, it should be done as the following procedure using
the software: turn the OSC3 oscillation ON, switch the clock after waiting 5 msec or more for oscilla-
tion stabilization.

When switching from OSC3 to OSC1, turn the OSC3 oscillation circuit OFF after switching the clock.

OSC1 - 0OSC3 OSC3 - 0OsC1

1. Set OSCC to "1" (OSC3 oscillation ON). 1. Set CLKCHG to "0" (OSC3 - OSC1).

2. Maintain 5 msec or more. 2. Set OSCC to "0" (OSC3 oscillation OFF).
3. Set CLKCHG to "1" (OSC1 - OSC3).

4.3.5 Clock frequency and instruction execution time

Table 4.3.5.1 shows the instruction execution time according to each frequency of the system clock.

Table 4.3.5.1 Clock frequency and instruction execution time

Instruction execution time (usec)

Clock frequency - - - - : -
1-cycle instruction | 2-cycle instruction | 3-cycle instruction
OSC1: 32.768 kHz 61 122 183
OSC1: 60 kHz 33 67 100
OSC3: 4 MHz 05 1 15
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.6 1/0 memory of oscillation circuit
Table 4.3.6.1 shows the I/O address and the control bits for the oscillation circuit.
Table 4.3.6.1 Control bits of oscillation circuit

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [ 1 0
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
0scc 0 On Off [ OSC3 oscillation On/Off
0rs -2 Unused

VDC 0 | 22V | 1.3V |CPU operating voltage switch (1.3 V: OSC1, 2.2 V: OSC3)

CLKCHG| 0SCC 0 VDC

FFOOH
RW R RW

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

VDC: CPU operating voltage switching register (FFOOH+<DO)
It is used to switch the operating voltage VD1, when the crystal oscillation circuit has been selected as the
OSC1 oscillation circuit by mask option.

When "1" is written: 2.2 V (for OSC3 operation)
When "0" is written: 1.3 V (for OSC1 operation)
Reading: Valid

When switching the CPU system clock, the operating voltage VD1 should also be switched according to
the clock.

When switching from OSC1 to OSC3, first set VD1 to 2.2 V. After that maintain 2.5 msec or more, and then
turn the OSC3 oscillation ON.

When switching from OSC3 to OSC1, set VD1 to 1.3 V after switching to OSC1 and turning the OSC3
oscillation OFF.

When the CR oscillation circuit has been selected as the OSC1 oscillation circuit by mask option, setting
of this register does not affect the operating voltage VD1, and the VD1 voltage is fixed at 2.2 V.

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

OSCC: OSC3 oscillation control register (FFOOHD2)
Controls oscillation ON/OFF for the OSC3 oscillation circuit.

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

When it is necessary to operate the CPU at high speed, set OSCC to "1". At other times, set it to "0" to
reduce current consumption. Furthermore, when the crystal oscillation circuit has been selected as the
OSC1 oscillation circuit by mask option, it is necessary to switch the operating voltage VD1 when turning
the OSC3 oscillation circuit ON and OFF

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

CLKCHG: CPU system clock switching register (FFOOH<D3)
The CPU's operation clock is selected with this register.

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

When the CPU clock is to be OSC3, set CLKCHG to "1"; for OSC1, set CLKCHG to "0".

After turning the OSC3 oscillation ON (OSCC = "1"), switching of the clock should be done after waiting
5 msec or more.

When VD11is 1.3 V (VDC = "0") and when OSC3 oscillation is OFF (OSCC = "0"), setting of CLKCHG = "1"
becomes invalid and switching to OSC3 is not performed. When the CR oscillation circuit has been
selected as the OSC1 oscillation circuit by mask option, setting VDC to "0" makes no difference.

At initial reset, this register is set to "0".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.7 Programming notes

(1) When switching the CPU system clock from OSC1 to OSC3, first set VD1. After that maintain 2.5 msec
or more, and then turn the OSC3 oscillation ON.
When switching from OSC3 to OSC1, set VD1 after switching to OSC1 and turning the OSC3 oscilla-
tion OFF. However, when the CR oscillation circuit has been selected as the OSC1 oscillation circuit, it
is not necessary to set VDI1.

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

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

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

(4) When the CR oscillation circuit has been selected as the OSC1 oscillation circuit by mask option, it is
not necessary to switch the operating voltage VD1 using the VDC register and the VD1 voltage is fixed
at 2.2 V. The VD1 level does not change even if any data is written to the VDC register.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.4 Input Ports (KOO-K03)

4.4.1 Configuration of input ports

The S1C63454 has four bits general-purpose input ports. Each of the input port terminals (K00-K03)
provides internal pull-up resistor. Pull-up resistor can be selected for each bit with the mask option.
Figure 4.4.1.1 shows the configuration of input port.

VoD

o R 3 Interrupt
| | request

Kxx O

Data bus

,,,,,,, . Mask option
Fig. 4.4.1.1 Configuration of input port

Selection of "With pull-up resistor" with the mask option suits input from the push switch, key matrix,
and so forth. When "Gate direct" is selected, the port can be used for slide switch input and interfacing

with other LSIs.

4.4.2 Interrupt function

All four bits of the input ports (KO0-K03) provide the interrupt function. The conditions for issuing an
interrupt can be set by the software. Further, whether to mask the interrupt function can be selected by

the software.
Figure 4.4.2.1 shows the configuration of KO0-K03 interrupt circuit.

,,,,,

| Input comparison 3 3
3 register (KCPOO) Interrupt factor Int t
flag (IKO) n e""“Ft’
reques
o q
p — o I K
Interrupt selection [ nterrupt mas|
-'g register (SIK0O) 1 i i i register (EIKO)
a R A
N
Kot o
okKO2
kKO3
g
<
Fig. 4.4.2.1 Input interrupt circuit configuration
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

The interrupt selection register (SIK) and input comparison register (KCP) are individually set for the
input ports K00-K03, and can specify the terminals for generating interrupt and interrupt timing.

The interrupt selection registers (SIKO0-SIK03) select what input of KO0-KO03 to use for the interrupt.
Writing "1" into an interrupt selection register incorporates that input port into the interrupt generation
conditions. The changing the input port where the interrupt selection register has been set to "0" does not
affect the generation of the interrupt.

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

By setting these two conditions, the interrupt for K0O0-KO03 is generated when input ports in which an
interrupt has been enabled by the input selection registers and the contents of the input comparison
registers have been changed from matching to no matching.

The interrupt mask registers (EIK0) enable the interrupt mask to be selected for K00-KO03.

When the interrupt is generated, the interrupt factor flag (IKO) is set to "1".

Figure 4.4.2.2 shows an example of an interrupt for KO0-K03.

Interrupt selection register Input comparison register
SIKO03 | SIK02 | SIKO1 | SIKOO KCP03 |KCP02 | KCP0O1 | KCPOO
1 1 1 0 1 0 1 0

With the above setting, the interrupt of KOO—KO03 is generated under the following condition:

Input port
(1) | K03 | K02 | Ko1 | KOO
1 0 1 0 (Initial value)

(2) | Ko3 | K02 | Ko1 | Koo

(3) | ko3 | Ko2 | Ko1 | koo

0 0 1 1 —» Interrupt generation
* Because KOO interrupt is set to disable, interrupt will be
generated when no matching occurs between the
(4) | KO3 | K02 | KO1 | KOO contents of the 3 bits KO1-K03 and the 3 bits input
0 1 1 1 comparison register KCP01-KCPO03.

Fig. 4.4.2.2 Example of interrupt of KOO—K03

KO0 interrupt is disabled by the interrupt selection register (SIK00), so that an interrupt does not occur at
(2). At (3), KO3 changes to "0"; the data of the terminals that are interrupt enabled no longer match the
data of the input comparison registers, so that interrupt occurs. As already explained, the condition for
the interrupt to occur is the change in the port data and contents of the input comparison registers from
matching to no matching. Hence, in (4), when the no matching status changes to another no matching
status, an interrupt does not occur. Further, terminals that have been masked for interrupt do not affect
the conditions for interrupt generation.

4.4.3 Mask option

Internal pull-up resistor can be selected for each of the four bits of the input ports (K00-K03) with the
input port mask option.

When "Gate direct" is selected, take care that the floating status does not occur for the input. Select "With
pull-up resistor” for input ports that are not being used.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.4.41/0 memory of input ports
Table 4.4.4.1 shows the I/O addresses and the control bits for the input ports.
Table 4.4.4.1 Control bits of input ports

Register
Address - Comment
D3 D2 D1 DO__ | Name | Init *1 1 0
SIK03 | SIK02 | SIKO1 | SIK0O Sikos 0 Enable. | Disable |
SIK02 0 Enable | Disable ) ) )
FF20H SIKO1 0 Enable | Disable K00-K 03 interrupt selection register
RW SIK00 0 Enable | Disable | |
ko | ko2 | kot | koo | KO3 | E| Hen ) tow 1
o
FF21H ng - 2 ::g: tx K00-K03 input port data
R K00 -*2| High Low |_|
KCPO03 | KCP02 | KCPO1 | KCPOO Eggg: 1 % ? . _ ‘
FF22H KCPO1 1 1 I K00—K 03 input comparison register
RW keeeo| 1| 3 | |
0+3 -2 Unused
0 0 0 EIKO 03 w2 Unused
FFE4H 0+3 _ Unused
R RW EIKO 0 Enable | Mask | Interrupt mask register (KO0—K03)
0+3 -*2| (R) (R) | Unused
0 0 0 K0 0+3 -*#2| Yes No | Unused
FFFaH o8| —2[ W) | W) |Unused
R RW IKO 0 Reset | Invalid | Interrupt factor flag (KOO—K03)

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

K00—-K03: KO port input port data (FF21H)
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 reading is "1" when the terminal voltage of the four bits of the input ports (K00-K03) goes high
(VDD), and "0" when the voltage goes low (VsS).
These bits are dedicated for reading, so writing cannot be done.

SIK00-SIKO03: KO port interrupt selection register (FF20H)
Selects the ports to be used for the K00-K03 input interrupts.

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

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

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

KCPO0O—KCPO03: KO port input comparison register (FF22H)
Interrupt conditions for terminals KOO-KO03 can be set with these registers.

When "1" is written: Falling edge
When "0" is written: Rising edge
Reading: Valid
The interrupt conditions can be set for the rising or falling edge of input for each of the four bits (K00-
KO03), through the input comparison registers (KCP00-KCP03).
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For KCPOO-KCPO03, a comparison is done only with the ports that are enabled by the interrupt among
K00-K03 by means of the SIKO0-SIK03 registers.
At initial reset, these registers are set to "0".

EIKO: KO input interrupt mask register (FFE4H+DO)
Masking the interrupt of the input port can be selected with this register.

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

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

IKO: KO input interrupt factor flag (FFF4H<DO)
This flag indicates the occurrence of input interrupt.

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

When "1" is written : Flag is reset
When "0" is written: Invalid

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

The interrupt factor flag is set to "1" when the interrupt condition is established regardless of the interrupt
mask register setting. However, the interrupt does not occur to the CPU when the interrupt is masked.
This flag is reset to "0" by writing "1".

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

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

4.4.5 Programming notes

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

Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xCxR

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-up resistance 330 kQ

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.
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4.5 Output Ports (RO0-R03)

4.5.1 Configuration of output ports
The 51C63454 has 4 bits of general output ports.

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

output specifications are available: complementary output and N-channel open drain output.
Figure 4.5.1.1 shows the configuration of the output port.

! Ve
High impedance

control register

%) s
a Mask option
£ l«»{ Data register Rxx
o

Vss

Fig. 4.5.1.1 Configuration of output port

The R02 and R03 output terminals are shared with special output terminals (TOUT, FOUT), and this
function is selected by the software.

At initial reset, these are all set to the general purpose output port.

Table 4.5.1.1 shows the setting of the output terminals by function selection.

Table 4.5.1.1 Function setting of output terminals

Terminal Terminal status Special output
name at initial reset TOUT | FOUT
ROO ROO (High output) ROO R0O
RO1  [RO1 (High output) RO1 RO1
RO2 RO2 (High output) TOUT
RO3 RO3 (High output) FOUT

When using the output port (R02, R03) as the special output port, the data register must be fixed at "1"
and the high impedance control register must be fixd at "0" (data output).

4.5.2 Mask option

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

The output specifications of the output ports RO0O-R03 can be selected from either complementary output

or N-channel open drain output individually (in 1-bit units).
However, when N-channel open drain output is selected, do not apply a voltage exceeding the power
supply voltage to the output port.
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4.5.3 High impedance control

The terminal output status of the output ports can be set to a high impedance status. This control is done
using the high impedance control registers.
The high impedance control registers are provided to correspond with the output ports as shown below.

High impedance control register Corresponding output port
ROOHIZ ROO (1-bit)
RO1HIZ RO1 (1-bit)
RO2HIZ RO2 (1-bit)
RO3HIZ RO3 (1-bit)

When "1" is written to the high impedance control register, the corresponding output port terminal goes
into high impedance status. When "0" is written, the port outputs a signal according to the data register.

4.5.4 Special output

In addition to the regular DC output, special output can be selected for the output ports R02 and R03 as
shown in Table 4.5.4.1 with the software.
Figure 4.5.4.1 shows the configuration of the R02 and R03 output ports.

Table 4.5.4.1 Special output
Terminal | Special output | Output control register
RO3 FOUT FOUTE
RO2 TOUT PTOUT

FOUT

Register
FOUTE

Register RO3
RO3 (FOUT)

Register
RO3HIZ

Data bus

TOUT

Register
PTOUT

Register R02
R02 (TOUuT)

Register

RO2HIZ

Fig. 4.5.4.1 Configuration of R02 and RO3 output ports

At initial reset, the output port data register is set to "1" and the high impedance control register is set to
"0". Consequently, the output terminal goes high (VDD).

When using the output port (R02, R03) as the special output port, fix the data register (R02, R03) at "1"
and the high impedance control register (R02HIZ, RO3HIZ) at "0" (data output). The respective signal
should be turned ON and OFF using the special output control register.

Note: ¢ Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R02 and RO3 registers when the special output has been selected.

e Be aware that the output terminal shifts into high impedance status when "1" is written to the
high impedance control register (RO2HIZ, RO3H|Z).
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* TOUT (R0O2)
The R02 terminal can output a TOUT signal.
The TOUT signal is the clock that is output from the programmable timer, and can be used to provide
a clock signal to an external device.
To output the TOUT signal, fix the R02 register at "1" and the RO2HIZ register at "0", and turn the
signal ON and OFF using the PTOUT register. It is, however, necessary to control the programmable
timer.
Refer to Section 4.10, "Programmable Timer" for details of the programmable timer.

Note: A hazard may occur when the TOUT signal is turned ON and OFF.
Figure 4.5.4.2 shows the output waveform of the TOUT signal.

RO2HIZ register | Fix at "0"
RO2 register i Fix at "1"
PTOUT register "0" TE g

TOUT output ‘

Fig. 4.5.4.2 Output waveform of TOUT signal

* FOUT (RO3)
The R03 terminal can output a FOUT signal.
The FOUT signal is a clock (fosc1 or fOsC3) that is output from the oscillation circuit or a clock that the
fosc1 clock has divided in the internal circuit, and can be used to provide a clock signal to an external
device.
To output the FOUT signal, fix the R03 register at "1" and the RO3HIZ register at "0", and turn the
signal ON and OFF using the FOUTE register.
The frequency of the output clock may be selected from among 4 types shown in Table 4.5.4.2 by
setting the FOFQO and FOFQL1 registers.

Table 4.5.4.2 FOUT clock frequency

FOFQ1 | FOFQO | Clock frequency
1 1 foscs
1 0 fosca
0 1 fosc1x 1/8
0 0 fosc1 x 1/64

fosci: Clock that is output from the OSC1 oscillation circuit
foscs: Clock that is output from the OSC3 oscillation circuit

When fOsc3 is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output.
Refer to Section 4.3, "Oscillation Circuit", for the control and notes.

Note: A hazard may occur when the FOUT signal is turned ON and OFF.
Figure 4.5.4.3 shows the output waveform of the FOUT signal.

RO3HIZ register | Fix at "0"
RO3 register Fix at "1"
FOUTE register "0" TE g

FOUT output ‘

Fig. 4.5.4.3 Output waveform of FOUT signal
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4.5.51/0 memory of output ports
Table 4.5.5.1 shows the I/O addresses and control bits for the output ports.
Table 4.5.5.1 Control bits of output ports

Register
Address - Comment
D3 D2 D1 DO [ Name [ Init *1 1 0
FOUTE 0 Enable | Disable | FOUT output enable
oo FOUTE 0 FOFQ1 | FOFQO 03 a2 Unused
aw | R AW FOFQ1| 0 frgqlfency [FOFQL0] 0 1 2 3
FOFQO| 0 selection Frequency fosc1/64 fosci/8 fosci foscs
RO3HIZ 0 High-Z | Output | RO3 output high impedance control (FOUTE=0)
RO3HIZ | RO2HIZ | ROTHIZ | ROOHIZ FOUT output high impedance control (FOUTE=1)
RO2HIZ 0 High-Z | Output | RO2 output high impedance control (PTOUT=0)
FF30H TOUT output high impedance control (PTOUT=1)
R/W RO1HIZ 0 High-Z | Output | RO1 output high impedance control
ROOHIZ 0 High-Z | Output | ROO output high impedance control
RO3 1 High Low | RO3 output port data (FOUTE=0) Fix at "1" when FOUT is used
RO3 | R02 | ROT | ROO | poy | 4 | High | Low |RO2output port data (PTOUT=0) Fix a "1" when TOUT isused
FF31H RO1 1 High Low | RO1 output port data
RW R00O 1 High Low | ROO output port data
CHSEL 0 Timer1 | Timer0 | TOUT output channel selection
CHSEL [ PTOUT |CKSEL1| CKSELO PTOUT 0 On Off | TOUT output control
FFCTH CKSEL1 0 0OSC3 | OSC1 | Prescaler 1 source clock selection
RW CKSELO| 0 0SC3 | OSC1 | Prescaler 0 source clock selection

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

ROOHIZ-RO0O3HIZ: RO port high impedance control register (FF30H)
Controls high impedance output of the output port.

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

By writing "0" to the high impedance control register, the corresponding output terminal outputs accord-
ing to the data register. When "1" is written, it shifts into high impedance status.

When the output ports R02 and R03 are used for special output (TOUT, FOUT), fix the RO2HIZ register
and the RO3HIZ register at "0" (data output).

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

RO0—-R03: RO output port data register (FF31H)
Set the output data for the output ports.

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

The output port terminals output the data written in the corresponding data registers 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).

When the output ports R02 and R03 are used for special output (TOUT, FOUT), fix the R0O2 register and

the RO3 register at "1".

At initial reset, these registers are all set to "1".
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FOUTE: FOUT output control register (FFO6H+D3)
Controls the FOUT output.

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

By writing "1" to the FOUTE register when the R03 register has been set to "1" and the RO3HIZ register
has been set to "0", an FOUT signal is output from the R03 terminal. When "0" is written, the R03 terminal
goes high (VDD).
When using the RO3 output port for DC output, fix this register at "0".
At initial reset, this register is set to "0".

FOFQO, FOFQ1: FOUT frequency selection register (FFO6H<DO, D1)
Selects a frequency of the FOUT signal.

Table 4.5.5.2 FOUT clock frequency

FOFQ1 | FOFQO | Clock frequency
1 1 foscs
1 0 fosci
0 1 fosc1 x 1/8
0 0 fosci x 1/64

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

PTOUT: TOUT output control register (FFC1H<D2)
Controls the TOUT output.

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

By writing "1" to the PTOUT register when the R02 register has been set to "1" and the RO2HIZ register
has been set to "0", the TOUT signal is output from the R02 terminal. When "0" is written, the R02 termi-
nal goes high (VDD).

When using the R02 output port for DC output, fix this register at "0".

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

4.5.6 Programming notes

(1) When using the output port (R02, R03) as the special output port, fix the data register (R02, R03) at "1"
and the high impedance control register (R02HIZ, RO3HIZ) at "0" (data output).
Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R02 and R03 registers when the special output has been selected.
Be aware that the output terminal shifts into high impedance status when "1" is written to the high
impedance control register (R02HIZ, RO3HIZ).

(2) Ahazard may occur when the FOUT signal and the TOUT signal are turned ON and OFF.

(8) When foscs is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output.
Refer to Section 4.3, "Oscillation Circuit", for the control and notes.
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4.6 1/0O Ports (PO0—P03 and P10—-P13)

4.6.1 Configuration of I/O ports
The 51C63454 has eight bits of general-purpose I/O ports. Figure 4.6.1.1 shows the configuration of the I/

O port.

|

Pull-up control
Address register (PUL)

Data bus

|

Address register

Data |

A

VDD

O PxX

Address

1/O control

register (I0C)

i | Mask option

Fig. 4.6.1.1 Configuration of 1/0 port

The I/O port terminals P10 to P13 are shared with the serial interface input/output terminals. The

software can select the function to be used.
When using the P10-P13 ports as the serial interface input/output terminals, the input specification of
the serial input terminals P10 and P12 (slave mode) can be selected from either "normal input" or "with

Schmitt trigger input" by mask option.

At initial reset, these terminals are

all set to the I/O port.

Table 4.6.1.1 shows the setting of the input/output terminals by function selection.

Table 4.6.1.1 Function setting of input/output terminals

Terminal

Terminal status
at initial reset

Serial I/F

Master

Slave

PO0-PO3

PO0-PO3 (Input & pull-up *)

PO0-PO3

PO0-PO3

P10

P10 (Input & pull-up *)

SIN(I)

SIN(I)

P11

P11 (Input & pull-up *)

SOUT(0)

SOUT(O)

P12

P12 (Input & pull-up *)

SCLK(O)

SCLK(1)

P13

P13 (Input & pull-up *)

P13

SRDY(O)

= When "with pull-up resistor" is selected by the mask option

(high impedance when "gate direct" is set)

When these ports are used as I/O ports, the ports can be set to either input mode or output mode indi-
vidually (in 1-bit unit). Modes can be set by writing data to the I/O control registers.
Refer to Section 4.11, "Serial Interface", for control of the serial interface.
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4.6.2 Mask option

In the I/O ports, the output specification during output mode can be selected from either complementary
output or N-channel open drain output by mask option.

When N-channel open drain output is selected, do not apply a voltage exceeding the power supply
voltage to the port.

When using the I/O port P10-P13 as the serial interface input/output terminals, the input specification
for the terminals that are used for the serial interface input can be selected from either "normal input" or
"with Schmitt trigger input". This option is applied to the serial interface input terminals, and is fixed at
"normal input" when the terminals are used for the I/O port P10-P13.

The mask option also permits selection of whether the pull-up resistor is used or not during input mode.
They are selected in 4-bit units (P00-P03 and P10-P13).

When "without pull-up" during the input mode is selected, take care that the floating status does not
occur.

The pull-up resistor for input mode and output specification (complementary output or N-channel open
drain output) selected by mask option are effective even when I/O ports are used for input/output of the
serial interface.

4.6.31/0 control registers and input/output mode

Input or output mode can be set for the I/O ports by writing data into the corresponding I/O control
registers JOCxx.

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

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

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

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

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

The I/O control registers of the ports that are set as input/output for the serial interface can be used as
general purpose registers that do not affect the I/O control. (See Table 4.6.1.1.)

4.6.4 Pull-up during input mode

A pull-up resistor that operates during the input mode is built into each I/O port of the S1C63454. Mask
option can set the use or non-use of this pull-up.

The pull-up resistor becomes effective by writing "1" to the pull-up control register PULxx that corre-
sponds to each port, and the input line is pulled up during the input mode. When "0" has been written,
no pull-up is done.

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

The pull-up control registers of the ports in which "without pull-up" have been selected can be used as
general purpose registers.

Even when "with pull-up" has been selected, the pull-up control registers of the ports, that are set as
output for the serial interface, can be used as general purpose registers that do not affect the pull-up
control. (See Table 4.6.1.1.)

The pull-up control registers of the port, that are set as input for the serial interface, function the same as
the I/O port.
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4.6.51/0 memory of 1/0 ports
Table 4.6.5.1 shows the I/O addresses and the control bits for the I/O ports.

Table 4.6.5.1 Control bits of 1/0O ports

Register
Address - Comment
D3 D2 D1 DO [ Name [ Init *1 1 0
10C03 | 10C02 | IOCO1 | 10C00 10003 0 Output | Input |7
10C02 0 Output | Input )
FF40H 10Co1 0 output | Input PO0-P03 1/O control register
RW 10C00 0 Output | Input |_|
PULO3 | PUL02 | PULO1 | PULOO PUL03 ! on o
FF41H zﬂtgf 1 8: 82 PO0-PO3 pull-up control register
RIW puo| 1 | on | off ||
pos | Pz | pot | poo | PO | | Hon | tow 1T
P02 -2 | High Low
FF42H PO —s2 | High Low PO0-P03 I/O port data
AW P00 -*2| High Low ||
10C13 0 Output | Input | P131/O control register
functions as a general-purpose register when SIF (slave) is selected
I0C13 | 10C12 1 10C11 1 10C10 | 545 | o | Output | Input | P12 1/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
FFa4H 10C11 0 Output | Input | P11 I/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
RW 10C10 0 Output | Input | P10 1/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
PUL13 1 On Off | P13 pull-up control register
functions as a general-purpose register when SIF (slave) is selected
PUL13 | PUL12 | PUL11 | PUL10 | PUL12 | 1 On Off | P12 pull-up control register (ESIF=0)
functions as a general-purpose register when SIF (master) is selected
FF45H SCLK (1) pull-up control register when SIF (slave) is selected
PUL11 1 On Off | P11 pull-up control register (ESIF=0)
RIW functions as a general-purpose register when SIF is selected
PUL10 1 On Off | P10 pull-up control register (ESIF=0)
SIN pull-up control register when SIF is selected
P13 -2 | High Low |P131/O port data
functions as a general-purpose register when SIF (slave) is selected
PIS | P12 1 P11 P10 | by | _s2| High | Low |P121/0 port data (ESIF=0)
functions as a general-purpose register when SIF is selected
FF46H P11 | -#2| High | Low |P1L1/0 port data (ESIF=0)
functions as a general-purpose register when SIF is selected
RW P10 -2 | High Low | P10 1/O port data (ESIF=0)
functions as a general-purpose register when SIF is selected
0+3 - *2 Unused
0 0 |SCTRG| ESIF 03 — 2 Unused
FF70H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RIW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF I/0 | Serial I/F enable (P1 port function selection)

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
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(1) Selection of port function

ESIF: Serial interface enable register (FF70HD0)
Selects function for P10-P13.

When "1" is written: Serial interface input/output port
When "0" is written: 1/0 port
Reading: Valid

When using the serial interface, write "1" to this register and when P10-P13 are used as the I/O port,
write "0". The configuration of the terminals within P10-P13 that are used for the serial interface is
decided by the mode selected with the SCS1 and SCSO0 registers (see Section 4.11).

In the slave mode, all the P10-P13 ports are set to the serial interface input/output port. In the master
mode, P10-P12 are set to the serial interface input/output port and P13 can be used as the I/O port.
At initial reset, this register is set to "0".

(2) 110 port control

P00-P03: PO I/O port data register (FF42H)
P10-P13: P1 I/O port data register (FF46H)
I/0O port data can be read and output data can be set through these registers.

* When writing data
When "1" is written: High level
When "0" is written: Low level

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

Port data can be written also in the input mode.

*When reading data
When "1"is read: High level
When "0" is read: Low level

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

When "with pull-up resistor" has been selected with the mask option and the PUL register is set to "1", the
built-in pull-up resister goes ON during input mode, so that the I/O port terminal is pulled up.

The data registers of the port, which are set for the input/output of the serial interface (P10-P12 or P10-
P13), become general-purpose registers that do not affect the input/output.

Note: When in the input mode, I/O ports are changed from low to high by pull-up resistor, the rise of the
waveform is delayed on account of the time constant of the pull-up resistor and input gate capaci-
tance. Hence, when fetching input ports, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xCxR

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-up resistance 330 k2
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I0OC00-10CO03: PO port I/0 control register (FF40H)
I0C10-10C13: P1 port I/O control register (FF44H)
The input and output modes of the 1/O ports are set with these registers.

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

The input and output modes of the I/O ports are set in 1-bit unit.

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

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

The I/O control registers of the port, which are set for the input/output of the serial interface (P10-P12 or
P10-P13), become general-purpose registers that do not affect the input/output.

PULOO-PULO3: PO port pull-up control register (FF41H)
PUL10-PUL13: P1 port pull-up control register (FF45H)
The pull-up during the input mode are set with these registers.

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

The built-in pull-up resistor which is turned ON during input mode is set to enable in 1-bit units. (The
pull-up resistor is included into the ports selected by the mask option.)

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

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

The pull-up control registers of the ports in which the pull-up resistor is not included become the general
purpose register. The registers of the ports that are set as output for the serial interface can also be used as
general purpose registers that do not affect the pull-up control.

The pull-up control registers of the port that are set as input for the serial interface function the same as
the I/O port.

4.6.6 Programming note

When in the input mode, I/O ports are changed from low to high by pull-up resistor, the rise of the
waveform is delayed on account of the time constant of the pull-up resistor and input gate capacitance.
Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xCxR

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-up resistance 330 kQ
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4.7 LCD Driver (COM0-COM16, SEGO-SEG39)

4.7.1 Configuration of LCD driver

The 51C63454 has 17 common terminals (COM0-COM16) and 40 segment terminals (SEGO-SEG39), so
that it can drive a dot matrix type LCD with a maximum of 680 (40 x 17) dots.

The driving method is 1/17 duty, 1/16 duty or 1/8 duty dynamic drive with four voltages (1/4 bias),
Vci1, Vez, Vea and Vs (1/5 bias driving can be set by impressing five voltages from outside).

LCD display ON/OFF can be controlled by the software.

4.7.2 Power supply for LCD driving

VC1-VGs are driving voltages for the LCD, and for which either the voltages generated by the LCD
system voltage circuit or voltages to be supplied from outside can be used. The built-in LCD system
voltage circuit generates four voltages (1/4 bias) V1, VC2, Vc4 and VC5 except for V3. These four output
voltages can be supplied to the outside only for driving the externally expanded LCD driver.

When external voltages are supplied, 1/5 bias driving can be made by inputting five voltages to the VC1—
Vs terminals (including Ves).

Either the internal generated voltages or external voltages used for the LCD drive voltage can be selected
by the mask option.

Turning the LCD system voltage circuit ON or OFF is controlled with the LPWR register. This control is
also necessary when supplying the voltage from outside. When LPWR is set to "1", the LCD system
voltage circuit outputs the LCD drive voltages VC1-VC5 to the LCD driver.

When "internal voltage" is selected by the mask option, the LCD system voltage circuit generates VC1 or
V2 with the voltage regulator incorporated in itself, and generates three other voltages by boosting or
reducing the voltage VC1 or VC2. Table 4.7.2.1 shows the V1, VC2, VC4 and VG5 voltage values and boost/
reduce status.

Table4.7.2.1 LCD drive voltage when generated internally

LCD drive voltage Vop=1.8-6.4V | VbD=2.6-6.4V
Vi1 (0.975-1.2 V) Ve (standard) 1/2xVc2
Vcz2 (1.950-2.4 V) 2xVc1 V2 (standard)
Vc4 (2.925-3.6 V) 3xVci 32xVcz
Vs (3.9004.8V) 4xVc1 2xVc2

Note: The LCD drive voltage can be adjusted by the software (see Section 4.7.6). Values in the table are
typical values.

Select either VC1 standard or VC2 standard using the VCCHG register.
When "1" is written to the VCCHG register, VC2 standard is selected and when "0" is written, VC1 stan-
dard is selected. At initial reset, VC1 standard (VCCHG = "0") is set.
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4.7.3 Mask option

Disconnecting the internal power supply for LCD driving will enable voltages to be supplied externally.
In such case, the five voltages are entered in V1, VC2, V3, Vc4 and VC5 terminals and 1/5 bias driving
may then be set. Since 1/5 bias driving provides better display quality, when low power current con-
sumption is not required (i.e., when power is supplied from AC outlet), select external power mode.
However, note that in order to maintain a stable display, power source must be one which will remain
stable even when heavy load such as buzzer, etc. is driven.

Moreover, in the external power mode, the contrast adjustment function cannot be used. Accommodate
this limitation by utilizing the external circuit as necessary.

A sample circuit of external power for LCD driving when power is supplied externally is shown in Figure
4.73.1.

VoD &——— Vbbb (3V)
VbD'
Rxx <—— Power save circuit
Ves 5V
S1C63454 Vca 4V
Vcs 3V
) 2V
Va1 1V
Vss Vss (0V)

Fig. 4.7.3.1 Sample circuit of external power for LCD driving when power is supplied externally

4.7.4 LCD display control (ON/OFF) and switching of duty

(1) Display ON/OFF control

The S1C63454 incorporates the ALON and ALOFF registers to blink display. When "1" is written to
ALON, all the dots go ON, and when "1" is written to ALOFF, all the dots go OFF. At such a time, an
ON waveform or an OFF waveform is output from SEG terminals. When "0" is written to these
registers, normal display is performed. Furthermore, when "1" is written to both of the ALON and
ALOFF, ALON (all ON) has priority over the ALOFF (all OFF).

(2) Switching of drive duty

In the S1C63454, the drive duty can be set to 1/17,1/16 or 1/8 by the software. This setting is done
using the LDUTY1 and LDUTYO registers as shown in Table 4.7.4.1.

Table 4.7.4.1 LCD drive duty setting

LDUTY1 | LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 O /8 COMO-COM7 320 (40 x 8)
0 1 116 COM0O-COM15 640 (40 x 16)
0 0 vi7 COM0-COM16 680 (40 x 17)

Table 4.7.4.2 shows the frame frequencies corresponding to the OSC1 oscillation frequency and drive
duty.
Table 4.7.4.2 Frame frequency

OSC1 oscillation When 1/8 duty When 1/16 duty When 1/17 duty
frequency is selected is selected is selected
32.768 kHz 32 Hz 32 Hz 30.12Hz
60 kHz 58.6 Hz 58.6 Hz 55.2 Hz
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Figures 4.7.4.1 and 4.7.4.2 show the dynamic drive waveform for 1/4 bias and 1/5 bias.

Driveduty 18 0 1 2 3 - 7012 3 ~----- 7 «— (LPAGE =0)
1716 0 1 2 3 ----- 5012 3 - 15
1117 01 2 3 ---- 60123 - 16

Frame signal (
32Hz O )

OWhen fosc1 = 32.768 kHz

— Vcs
(
S Vca

CcOMOo — Vc2(Ves)
— Vi

L — Vss

— Vcs
— Vc4
COM1 — Vcz (Ves)
— Vet
— Vss

— Vcs
{ G — Vca
CcOomM2 — V2 (Ve3)
— Vit
— Vss

— Vcs
— Vc4
— Vca (Vey)
— Vci
— Vss

SEGO )

— Vcs
— Vc4
— Vca (Vey)
— Vi
— Vss

SEG1

Fig. 4.7.4.1 Drive waveform for 1/4 bias
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Drive duty

Frame signal

Ccomo

COoM1

COM2

SEGO

SEG1

18 0 1 2 3 ----- 70123 - 7 «— (LPAGE =0)
116 0 1 2 3 ----- 150 1 2 3 - 15
117 0 1 2 3 ----- 160 1 2 3 - - 16
()()
p 32HzO ) . OWhen fosct = 32.768 kHz

L

Fig. 4.7.4.2 Drive waveform for 1/5 bias

— Vcs
— Vc4
— Vcs
— Vc2
— Vet
— Vss

— Vcs
— Vc4
— Vcs
— Ve2
— Vet
— Vss

— Vcs
— Vc4
— Vcs
— Vc2
— Vet
— Vss

— Vcs
— Vc4
— Vcs
— Vc2
— Vet
— Vss

— Vcs
— Vc4
— Vcs
— Ve2
— Vet
— Vss
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4.7.5 Display memory

The display memory is allocated to FOOOH-F24EH in the data memory area and the addresses and the
data bits correspond to COM and SEG outputs as shown in Figure 4.7.5.1.

SEGO SEGH1 SEG2 SEG3 SEG39
[ [COMO DO 7] DO 7] DO 7] DO 7] Do ]
comt D1 FOOOH b FO02H b1 FO04H D1 FOOBH ..... b1 FO4EH
CoOM2 [D2 b2 b2 D2 b2
COM3 [DS3 0oDb3 D3 D3 obs
COM4 [IDO ] DO 7] DO 7] DO 7] Do ]
coms LD FOO1H b FOO3H b1 FOO5H b1 FOO7H ..... b1 FO4FH
COM6 [D2 b2 D2 D2 b2
> >
_‘g _‘g comM7 [OIDS3 b3 D3 D3 0oDbs
N~
= 3 COM8 [IDO ] 0ODOo ] DO ] DO 7] Do ]
COMS (D1 F100H D1 F102H /D1 F104H /b1 F106H ..... b1 F14EH
CcCoM10 D2 b2 D2 D2 b2
comM11 [ODS3 b3 D3 D3 0oDs
COM12 DO ] DO 7] DO 7] DO 7] Do ]
COMI8 LIDT Heyo1y 20T Teyoan 207 Tryosn 20T ryorm L VL
COM14 [D2 b2 D2 D2 b2
| COM15 D3 b3 D3 D3 obs
L COM16 [JDO —F200H [1DO0 —F202H (DO —F204H [JDO —F206H ..... DO —F24EH
Memory address Data bit

(a) When /17 or 1/16 duty is selected

SEGO SEG1 SEG2 SEG3 SEG39
[COMO [1DO ] 0ODO ] 0ODO ] ODOo ] 0ODo ]
COM1 [JDf FOOOH o FO02H — FO04H o FOOBH ..... S FO4EH
CcoM2 [D2 obD2 0oD2 obD2 b2
LPAGE | COM3 [OD3 | obs OD3s OD3s OD3
=0 | COM4 [JDO 7| 0ODO ] DO ] DO ] 0ODo ]
COMS (D1 FOO1H — FOO3H S FOO5H S FOO7H ..... o FO4FH
COM6 [1D2 b2 b2 D2 b2
L COM7 [JD3 gbs D3 D3 b3
[ COMO [JDO 7] DO ] DO ] DO ] Do ]
COM1 (Dt F100H o F102H o F104H o F106H ..... o F14EH
CcoM2 [ID2 b2 b2 D2 D2
LPAGE | COM3 [JD3 | gbs D3 D3 b3
=1 | COM4 [1DO ] Do ] Do ] Do ] Do ]
COMS LD F101H o F103H o F105H o F107H ..... . F14FH
COM6 [ID2 b2 b2 b2 b2
L COM7 [ID3 obs 0bs 0Dbs 0b3
Unused [JDO —F200H [JDO —F202H 0JDO —F204H [1DO —F206H ..... DO —F24EH

(b) When 1/8 duty is selected
Fig. 4.7.5.1 Correspondence between display memory and LCD dot matrix
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When a bit in the display memory is set to "1", the corresponding LCD dot goes ON, and when it is set to
"0", the dot goes OFF.

At 1/17 (1/16) duty drive, all data of COM0-COM16 (15) is output.

At 1/8 duty drive, data only corresponding to COM0-COM?Y is output. However, since the display
memory has capacity for two screens, it is designed so that the memory for COM8-COM15 shown in
Figure 4.7.5.1 (b) can also be used as COM0-COM?7. Select either FOOOH-F04FH or F100H-F14FH for the
area to be displayed (to be output from COMO0-COM? terminals) using the LPAGE register. It can switch
the screen in an instant.

At initial reset, the data memory content becomes undefined hence, there is need to initialize using the
software.

The display memory has read /write capability, and the addresses that have not been used for LCD
display can be used as general purpose registers.

Note: When a program that access no memory mounted area (FO50H-FOFFH, F150H-F1FFH, F201H,
F203H, - - -, F24FH) is made, the operation is not guaranteed.

4.7.6 LCD contrast adjustment

In the S1C63454, the LCD contrast can be adjusted by the software.

It is realized by controlling the voltages Vc1, Vc2, Vc4 and V5 output from the LCD system voltage
circuit. When these voltages are supplied to the externally expanded LCD driver, the expanded LCD
contrast is adjusted at the same time. However, when the LCD drive voltage is supplied from outside by
the mask option selection, this adjustment becomes invalid.

The contrast can be adjusted to 16 levels as shown in Table 4.7.6.1. When VCCHG = "0", VC1 is changed
within the range from 0.975 V to 1.2 V, and other voltages change according to V1. When VCCHG ="1",
Vcz2 is changed within the range from 1.950 V to 2.4 V, and other voltages change according to Vc2.

Table 4.7.6.1 LCD contrast

No. | LC3 LC2 LC1 LCO Contrast
0 0 0 0 0 light
1 0 0 0 1 4
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1

10 1 0 1 0

11 1 0 1 1

12 1 1 0 0

13 1 1 0 1

14| 1 1 1 0 ¢
15 1 1 1 1 dark

At room temperature, use setting number 7 or 8 as standard.
Since the contents of LCO-LC3 are undefined at initial reset, initialize it by the software.
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4.7.7 1/0 memory of LCD driver

Table 4.7.7.1 shows the I/O addresses and the control bits for the LCD driver. Figure 4.7.7.1 shows the
display memory map.

Table 4.7.7.1 LCD driver control bits

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
LDUTY1 0 LCD drive duty [LDUTY1,0] O 1 2,3
oo LDUTY1{LDUTYO|VCCHG | LPWR LouTYol o switch Duty 117 116 U8
VCCHG 0 Ve Vet | LCD regulated voltage switch
RW LPWR 0 On Off | LCD power On/Off
EXLCDC| 0 General-purpose register
EXLCDC| ALOFF | ALON | LPAGE [ ALOFF | 1 | AIOff | Normal | LCD all OFF control
FF61H ALON 0 AllOn | Normal | LCD all ON control
RW LPAGE 0  |F100-F14F|F000-FO4F| Display memory area selection (when 1/8 duty is selected)
functions as a general-purpose register when 1/16, 1/17 duty is selected
LC3 -2 LCD contrast adjustment
LC3 LC2 LC1 LCO
FFE62H ez | -2 [LC3-0] o - 15
R LC1 -2 Contrast Light - Dark
W o | -
*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
COMO0-COM7 COM8-COM15 COM16
D3 D2 D1 DO D3 D2 D1 DO D3 D2 D1 DO
FOOOH | COM3 | COM2 | COM1 | COMO | SEGO F100H | COM11|COM10|COMO09| COM8 |SEGO F200H| © 0 0 |COM16| SEGO
FOO1H| COM7 | COM6 | COM5 | COM4 | SEGO F101H|COM15|COM14 | COM13|COM12 |SEGO F201H
FO02H | COM3 | COM2 | COM1 | COMO | SEG1 F102H | COM11|COM10|COMO09| COM8 |SEGT F202H| © 0 0 |COM16| SEG1
FOO3H| COM7 | COM6 | COM5 | COM4 | SEG1 F103H | COM15|COM14 | COM13 | COM12 |SEG1 F203H
FO04H | COM3 | COM2 | COM1 | COMO | SEG2 F104H|COM11|COM10|COMO09| COM8 |SEG2 e e R
e s L o e F24CH| o0 0 0 |COM16|SEG38
FO4DH| COM7 | COM6 | COMS5 | COM4 | SEG38 F14DH|COM15|COM14 | COM13 | COM12|SEG38 F24DH
FO4EH| COM3 | COM2 | COM1 | COMO | SEG39 F14EH|COM11|COM10 |COMO09| COMS8 |SEG39 F24EH| 0 0 0 |COM16| SEG39
FO4FH| COM7 | COM6 | COM5 | COM4 | SEG39 F14FH|COM15|COM14 |COM13| COM12 | SEG39 F24FH
FO50H F150H
. I——1 [ INot . I————1 " [ INot . X L
FOFFH implemented F1EEH ted l:l Non-implementation area  Read/write disabled

0 Unused area  Reading: Always "0"
Writing:  No Operation

Fig. 4.7.7.1 Display memory map

LPWR: LCD power control (ON/OFF) register (FF60H=DO)
Turns the LCD system voltage circuit ON and OFF.

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

When "1" is written to the LPWR register, the LCD system voltage circuit goes ON and generates the LCD
drive voltage. When "0" is written, all the LCD drive voltages go to Vss level.

It takes about 100 msec for the LCD drive voltage to stabilize after starting up the LCD system voltage
circuit by writing "1" to the LPWR register.
At initial reset, this register is set to "0".
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VCCHG: LCD regulated voltage switching register (FF60HD1)
Selects the reference voltage for the LCD drive voltage.

When "1" is written: Vc2
When "0" is written: V(C1
Reading: Valid

When "1" is written to the VCCHG register, the LCD system voltage circuit generates the LCD drive
voltage as VC2 standard. When "0" is written, it becomes V1 standard. Select VC2 when power supply
voltage is 2.6 V or more, otherwise, select VC1.

When external power mode is selected by the mask option, this control is unnecessary.

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

LDUTYO, LDUTY1: LCD drive duty switching register (FF60H*D2, D3)
Selects the LCD drive duty.

Table 4.7.7.2 Drive duty setting

LDUTY1 | LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 O /8 COMO-COM7 320 (40 x 8)
0 1 /16 COM0-COM15 640 (40 x 16)
0 0 vi7 COM0O-COM16 680 (40 x 17)

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

ALON: LCD all ON control register (FF61H<D1)
Displays the all LCD dots ON.

When "1" is written: All LCD dots displayed
When "0" is written: Normal display
Reading: Valid

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

This function outputs an ON waveform to the SEG terminals, and does not affect the content of the
display memory.

ALON has priority over ALOFF.

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

ALOFF: LCD all OFF control register (FF61H<D2)
Fade outs the all LCD dots.

When "1" is written: All LCD dots fade out
When "0" is written: Normal display
Reading: Valid

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

This function outputs an OFF waveform to the SEG terminals, and does not affect the content of the
display memory.

At initial reset, this register is set to "1".
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LPAGE: LCD display memory selection register (FF61H+DO0)
Selects the display memory area at 1/8 duty drive.

When "1" is written: F100H-F14FH
When "0" is written: FOOOH-FO4FH
Reading: Valid

By writing "1" to the LPAGE register, the data set in FIO0H-F14FH (the second half of the display
memory) is displayed, and when "0" is written, the data set in FOOOH-FO4FH (the first half of the display
memory) is displayed.
This function is valid only when 1/8 duty is selected, and when 1/16 or 1/17 duty is selected, this
register can be used as a general purpose register.
At initial reset, this register is set to "0".

LC3-LCO: LCD contrast adjustment register (FF62H)
Adjusts the LCD contrast.
LC3-LCO =0000B  light

LC3-LCO0=1111B  dark

At room temperature, use setting number 7 or 8 as standard.

When the LCD drive voltage is supplied from outside by the mask option selection, this adjustment
becomes invalid.

At initial reset, LCO-LC3 are undefined.

4.7.8 Programming notes
(1) When a program that access no memory mounted area (FO50H-FOFFH, F150H-F1FFH, F201H, F203H,
- - -, F24FH) is made, the operation is not guaranteed.

(2) Because at initial reset, the contents of display memory and LC3-LCO (LCD contrast) are undefined,
there is need to initialize by the software. Furthermore, take care of the registers LPWR and ALOFF
because these are set so that the display goes OFF.
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4.8 Clock Timer

4.8.1 Configuration of clock timer

The 51C63454 has a built-in clock timer that uses OSC1 (crystal oscillator) as the source oscillator. The
clock timer is configured of an 8-bit binary counter that serves as the input clock, fosc1 divided clock
output from the prescaler. Timer data (128-16 Hz and 8-1 Hz) can be read out by the software.

Figure 4.8.1.1 is the block diagram for the clock timer.

< Data bus
Clock timer
OSCH — 256Hz ————— —————— }
oscillation circuit —{ Divider ——p» {128 Hz-16 Hz—Jpp| 8 Hz-1Hz |
(fosct) S |
‘32 Hz, 8 Hz, 2 Hz, 1 Hz
Clock timer reset signal Interrupt > Interrupt
control request

Clock timer RUN/STOP signal
Fig. 4.8.1.1 Block diagram for the clock timer

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

Note: When the CR oscillation circuit is selected as the OSC1 oscillation circuit by mask option, the
frequencies and times differ from the values described in this section because the oscillation
frequency will be 60 kHz (Typ.). Therefore, the clock timer can not be used for the clock function.

4.8.2 Data reading and hold function
The 8 bits timer data are allocated to the address FF79H and FF7AH.

<FF79H> DO: TMO =128 Hz D1:TM1 =64 Hz D2: TM2 = 32 Hz D3: TM3 =16 Hz
<FF7AH> D0: TM4 =8 Hz D1: TM5 =4 Hz D2: TM6 =2 Hz D3:TM7 =1 Hz

Since the clock timer data has been allocated to two addresses, a carry is generated from the low-order
data within the count (TM0-TM3: 128-16 Hz) to the high-order data (TM4-TM7: 8-1 Hz). When this carry
is generated between the reading of the low-order data and the high-order data, a content combining the
two does not become the correct value (the low-order data is read as FFH and the high-order data
becomes the value that is counted up 1 from that point).

The high-order data hold function in the S1C63454 is designed to operate to avoid this. This function
temporarily stops the counting up of the high-order data (by carry from the low-order data) at the point
where the low-order data has been read and consequently the time during which the high-order data is
held is the shorter of the two indicated here following.

1. Period until it reads the high-order data.

2. 0.48-1.5 msec (Varies due to the read timing.)

Note: Since the low-order data is not held when the high-order data has previously been read, the low-
order data should be read first.
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4.8.3 Interrupt function

The clock timer can cause interrupts at the falling edge of 32 Hz, 8 Hz, 2 Hz and 1 Hz signals. Software
can set whether to mask any of these frequencies.
Figure 4.8.3.1 is the timing chart of the clock timer.

Address | Bit Frequency| Clock timer timing chart \
DO 128 Hz
D1 64 Hz
FF79H
o2 | seHz |JUUUUUUUUUUUUUUUTUUTUUTUUTUUUUUUUuuuy,
ps | teHz | [T UL UUL L L LY
po | eHz | [ L [ L [ L J L | LI LI LT L[ [
D1 4Hz | | | | | | [
FF7AH
D2 2Hz
D3 1Hz | B

szt reaest| 111 EEEEEEEEEAEREEEEREEEEEEL IR AL EEA A
8 Hz interrupt request f f ? ? T ? ? ? ?

2 Hz interrupt request T T

1 Hz interrupt request f

Fig. 4.8.3.1 Timing chart of clock timer

As shown in Figure 4.8.3.1, interrupt is generated at the falling edge of the frequencies (32 Hz, 8 Hz, 2 Hz,
1 Hz). At this time, the corresponding interrupt factor flag (ITO, IT1, IT2, IT3) is set to "1". Selection of
whether to mask the separate interrupts can be made with the interrupt mask registers (EITO, EIT1, EIT2,
EIT3). However, regardless of the interrupt mask register setting, the interrupt factor flag is set to "1" at
the falling edge of the corresponding signal.
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4.8.41/0 memory of clock timer
Table 4.8.4.1 shows the I/O addresses and the control bits for the clock timer.
Table 4.8.4.1 Control bits of clock timer

A Register
ddress D3 D2 D1 DO__| Name | Init *1 1 0 Comment
0+3 - *2 Unused
0 0 | TMRST | TMRUN 03 a2 Unused
FF78H TMRST+3| Reset | Reset | Invalid | Clock timer reset (writing)
R W RW TMRUN 0 Run Stop | Clock timer Run/Stop
T™3 0 Clock timer data (16 Hz)
M3 | TM2TMT MOy, g Clock timer data (32 H2)
FF7oH T™1 0 Clock timer data (64 Hz)
R T™MO 0 Clock timer data (128 Hz)
™7 0 Clock timer data (1 Hz)
TM7 | TME | TMS | TMA | e g Clock timer data (2 Hz)
FF7AH T™M5 0 Clock timer data (4 Hz)
R ™ | 0 Clock timer data (8 Hz)
EIT3 0 Enable | Mask | Interrupt mask register (Clock timer 1 Hz)
EIT3 | EIT2 BT EIT0 EIT2 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
FFE6GH EIT1 0 Enable | Mask | Interrupt mask register (Clock timer 8 Hz)
RW EITO 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
IT3 0 (R) (R) | Interrupt factor flag (Clock timer 1 Hz)
I3 T2 m 10 IT2 0 Yes No | Interrupt factor flag (Clock timer 2 Hz)
FFFeH IT1 o | (Wf D in N Interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

TMO-TM7: Timer data (FF79H, FF7AH)

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

By reading the low-order data (FF79H), the high-order data (FF7AH) is held until reading or for 0.48-1.5
msec (one of shorter of them).

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

TMRST: Clock timer reset (FF78H<D1)
This bit resets the clock timer.

When "1" is written: Clock timer reset
When "0" is written: No operation
Reading: Always "0"
The clock timer is reset by writing "1" to TMRST. When the clock timer is reset in the RUN status, opera-
tion restarts immediately. Also, in the STOP status the reset data is maintained. No operation results

when "0" is written to TMRST.
This bit is write-only, and so is always "0" at reading.
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TMRUN: Clock timer RUN/STOP control register (FF78H+D0)
Controls RUN/STOP of the clock timer.

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

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

In the STOP status, the timer data is maintained until the next RUN status or the timer is reset. Also,
when the STOP status changes to the RUN status, the data that is maintained can be used for resuming
the count.

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

EITO: 32 Hz interrupt mask register (FFE6H*DO0)
EIT1: 8 Hzinterrupt mask register (FFE6H<D1)
EIT2: 2 Hzinterrupt mask register (FFE6H*D2)
EIT3: 1 Hzinterrupt mask register (FFE6H*D3)
These registers are used to select whether to mask the clock timer interrupt.

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

The interrupt mask registers (EITO, EIT1, EIT2, EIT3) are used to select whether to mask the interrupt to
the separate frequencies (32 Hz, 8 Hz, 2 Hz, 1 Hz).
At initial reset, these registers are set to "0".

ITO: 32 Hz interrupt factor flag (FFF6H<DO)
IT1: 8 Hzinterrupt factor flag (FFF6H<D1)
IT2: 2 Hz interrupt factor flag (FFF6H<D2)
IT3: 1 Hzinterrupt factor flag (FFF6H<D3)
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

When "1" is written: Flag is reset
When "0" is written: Invalid

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

These flags are reset to "0" by writing "1" to them.

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

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

(1) Be sure to read timer data in the order of low-order data (TM0-TM3) then high-order data (TM4-
T™M?).

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

(3) When the CR oscillation circuit is selected as the OSC1 oscillation circuit by mask option, the frequen-
cies and times differ from the values described in this section because the oscillation frequency will be
60 kHz (Typ.). Therefore, the clock timer can not be used for the clock function.
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4.9 Stopwatch Timer

4.9.1 Configuration of stopwatch timer

The S1C63454 has 1/100 sec unit and 1/10 sec unit stopwatch timer built-in. The stopwatch timer is
configured with a 2 levels 4-bit BCD counter which has an input clock approximating 100 Hz signal
(signal divided from OSC1 to the closest 100 Hz) and data can be read in units of 4 bits by software.
Figure 4.9.1.1 shows the configuration of the stopwatch timer.

< Data bus

T Stopwatch timerT
OSC1 256 Hz | —— g Hy

! 10 Hz !
oscillation circuit —B>| Divider [—— B SWD0-3 |—B> SwD4-7 |
(fosc) L. |

Stopwatch timer reset signal Interrupt Interrupt

request
Stopwatch timer RUN/STOP signal control q
Fig. 4.9.1.1 Configuration of stopwatch timer

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

Note: When the CR oscillation circuit is selected as the OSC1 oscillation circuit by mask option, the
frequencies and times differ from the values described in this section because the oscillation
frequency will be 60 kHz (Typ.). Therefore, this timer can not be used for the stopwatch function.

4.9.2 Count-up pattern

The stopwatch timer is configured of 4-bit BCD counters SWD0-SWD3 and SWD4-SWD?7.

The counter SWD0-SWD3, at the stage preceding the stopwatch timer, has an approximated 100 Hz
signal for the input clock. It counts up every 1/100 sec, and generates an approximated 10 Hz signal. The
counter SWD4-SWD7 has an approximated 10 Hz signal generated by the counter SWD0-SWD3 for the
input clock. In count-up every 1/10 sec, and generated 1 Hz signal.

Figure 4.9.2.1 shows the count-up pattern of the stopwatch timer.

SWD4-7 count-up pattern
SWD4-7 countvalue  Q 1 2 3 4 5 6 7 8 9 0

Counting time (sec) 26126 |\ 25) 25|26 | 26| 25 25 | 26 | 26 1'HZ
9 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal
generation
26 25 —
256 X6+ 556 x4 =1 (sec)
SWDO0-3 count-up pattern 1 [  — -
SWDO0-3 count value 0 1 2 3 4 5 6 7 8 9 0 Approximate
Counting time (sec) 3| 2|32 | 83| 2| 3| 2| 3| 2 |]|10Hz
256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal

25 generation
256 (s€c)
SWDO0-3 count-up pattern 2 \‘\‘
SWDO0-3 count value 0 1 2 3 4 5 6 7 8 9 0 Approximate
Counting time (sec) 313|131 2| 3| 23] 2 |3/ 2]|10Hz
9 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal
generation
256 (sec)

Fig. 4.9.2.1 Count-up pattern of stopwatch timer
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SWDO0-SWD3 generates an approximated 10 Hz signal from the basic 256 Hz signal (fosc1 dividing
clock). The count-up intervals are 2/256 sec and 3/256 sec, so that finally two patterns are generated: 25/
256 sec and 26/256 sec intervals. Consequently, these patterns do not amount to an accurate 1/100 sec.
SWD4-SWD7 counts the approximated 10 Hz signals generated by the 25/256 sec and 26/256 sec inter-
vals 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.

4.9.3 Interrupt function

The stopwatch timers SWD0-SWD3 and SWD4-SWD?, through their respective overflows, can generate
10 Hz (approximate 10 Hz) and 1 Hz interrupts.
Figure 4.9.3.1 shows the timing chart for the stopwatch timer.

Address Bit Stopwatch timer (SWDO0-3) timing chart

oo U U U U U U U U UL UL
SO VI I e T e T e Y e e B e B O e B
ees” | o2 1 B — . [

D3
10 Hz Interrupt request T T ?
Address Bit Stopwatch timer (SWD4-7) timing chart

oo | UL U U U U UUTL
e Y e I e N e I e O O e e B B e B
"sony | D2 1 ] 1

D3

1 Hz Interrupt request f ? ?

Fig. 4.9.3.1 Timing chart for stopwatch timer

The stopwatch interrupts are generated by the overflow of their respective counters SWD0-SWD3 and
SWD4-SWD7 (changing "9" to "0"). At this time, the corresponding interrupt factor flags (ISW10 and
ISW1) are set to "1".

The respective interrupts can be masked separately using the interrupt mask registers (EISW10 and
EISW1). However, regardless of the setting of the interrupt mask registers, the interrupt factor flags are
set to "1" by the overflow of their corresponding counters.
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4.9.4 1/0 memory of stopwatch timer
Table 4.9.4.1 shows the I/O addresses and the control bits for the stopwatch timer.
Table 4.9.4.1 Control bits of stopwatch timer

A Register
ddress D3 D2 D1 DO__| Name | Init *1 1 0 Comment
0+3 - *2 Unused
0 0 | SWRST|SWRUN 03 e Unused
FF7CH SWRST+3 Reset | Reset | Invalid | Stopwatch timer reset (writing)
R W RW SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
SWD3 0 7
SWD3 | SWD2 | SWDT | SWDO SWD2 0 Stopwatch timer data
FF7DH SWD1 0 BCD (1/100 sec)
R SWDO 0 B
SWD7 0 7
SWD7 | SWD6 | SWD5 | SWD4 | qpypg | Stopwatch timer data
FF7EH swos | o BCD (1/10 sec)
R swpa | 0 ]
0+3 2 Unused
0 0 EISW1 [EISW10 03 e Unused
FFE7H EISW1 0 Enable | Mask | Interrupt mask register (Stopwatch timer 1 Hz)
R RW EISW10 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
0+3 -#2| (R) (R) | Unused
0 0 ISW1 | ISW10 03 2| Yes No |Unused
FFF7H ISW1 o | (Wf D in N Interrupt factor flag (Stopwatch timer 1 Hz)
R RW ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

SWDO0-SWD7: Stopwatch timer data (FF7DH, FF7EH)

The 1/100 sec and the 1/10 sec data (BCD) can be read from SWD0-SWD3 and SWD4-SWD?7, respec-
tively. These eight bits are read only, and writing operations are invalid.

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

SWRST: Stopwatch timer reset (FF7CH<D1)

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

The stopwatch timer is reset by writing "1" to SWRST. All timer data is set to "0". When the stopwatch
timer is reset in the RUN status, operation restarts immediately. Also, in the STOP status the reset data is
maintained. No operation results when "0" is written to SWRST.

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

SWRUN: Stopwatch timer RUN/STOP control register (FF7CH+DO0)
Controls RUN/STOP of the stopwatch timer.

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

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

In the STOP status, the timer data is maintained until the next RUN status or the timer is reset. Also,
when the STOP status changes to the RUN status, the data that is maintained can be used for resuming
the count.
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When data of the counter is read at run mode, proper reading may not be obtained due to the carry from
low-order digits (SWD0-SWD3) into high-order digits (SWD4-SWD?) (i.e., in case SWD0-SWD3 and
SWD4-SWD7 reading span the timing of the carry). To avoid this occurrence, perform the reading after
suspending the counter once and then set the SWRUN to "1" again.

Moreover, it is required that the suspension period not exceed 976 psec (1/4 cycle of 256 Hz).

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

EISW10: 10Hz interrupt mask register (FFE7H+<D0)
EISW1: 1Hzinterrupt mask register (FFE7H<D1)
These registers are used to select whether to mask the stopwatch timer interrupt.

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

The interrupt mask registers (EISW10, EISW1) are used to select whether to mask the interrupt to the
separate frequencies (10 Hz, 1 Hz).
At initial reset, these registers are set to "0".

ISW10: 10 Hz interrupt factor flag (FFF7H<DO)
ISW1: 1 Hzinterrupt factor flag (FFF7HD1)
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

When "1" is written: Flag is reset
When "0" is written: Invalid

The interrupt factor flags ISW10 and ISW1 correspond to 10 Hz and 1 Hz stopwatch timer interrupts,
respectively. The software can judge from these flags whether there is a stopwatch timer interrupt.
However, even if the interrupt is masked, the flags are set to "1" by the overflow of the corresponding
counters.

These flags are reset to "0" by writing "1" to them.

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

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

4.9.5 Programming notes

(1) When data of the counter is read at run mode, perform the reading after suspending the counter once
and then set SWRUN to "1" again. Moreover, it is required that the suspension period not exceed 976
psec (1/4 cycle of 256 Hz).

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

(8) When the CR oscillation circuit is selected as the OSC1 oscillation circuit by mask option, the frequen-
cies and times differ from the values described in this section because the oscillation frequency will be
60 kHz (Typ.). Therefore, this timer can not be used for the stopwatch function.
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4.10 Programmable Timer

4.10.1 Configuration of programmable timer

The 51C63454 has two 8-bit programmable timer systems (timer 0 and timer 1) built-in.
Timer 0 and timer 1 are composed of 8-bit presettable down counters and they can be used as 8-bit x 2

channel programmable timers.

Figure 4.10.1.1 shows the configuration of the programmable timer.

The programmable timer is designed to count down from the initial value set in the counter with soft-

ware. An underflow according to the initial value occurs by counting down and is used for the following

functions:

® Presetting the initial value to the counter to generate the periodical underflow signal

¢ Generating an interrupt

® Generating a TOUT signal output from the R02 output port terminal
® Generating the synchronous clock source for the serial interface (timer 1 underflow is used, and it is

possible to set the transfer rate)

Timer 0 Run/Stop

Timer 0O reset

Timer 1 Run/Stop

|

Data bus

0SC1 [PTRUNO)} Clock
oo | fosct : control
oscillation > T Prescaler i
P Selector ' circuit
circuit [l !
2,048 1 Prescaler

setting 3 3

PTPS00
PTPSO01

1N

Underflow
'signal

PTRUN1 :
 Timer function setting !
L] i '
oscillation ! ;
circuit | f0s¢3 + [PreoL}— |
CKSEL1 ! Pulse polarity setting !
Interrupt¢ Intetrrulpt -
contro P )
request circuit - ' Programmable timer 1 i
! Timer 1 reset
TOUT (Ro2) O—CutRutPortly T/ Selector ] > Clock
R02 control Underflow]
f circuit [ signal
PTOUT ' Prescaler 1
CHSEL } setting !
i PTPS10 :
| pTPSI1 —
Serial interface W: 77777777777777777777777777777777777777777777777777777777
L]

Fig. 4.10.1.1 Configuration of programmable timer
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4.10.2 Setting of initial value and counting down

Timers 0 and 1 each have a down counter and reload data register.

The reload data registers RLDOO-RLDO07 (timer 0) and RLD10-RLD17 (timer 1) are used to set the initial
value to the down counter.

By writing "1" to the timer reset bit PTRSTO (timer 0) or PTRST1 (timer 1), the down counter loads the
initial value set in the reload register RLD. Therefore, down-counting is executed from the stored initial
value by the input clock.

The registers PTRUNO (timer 0) and PTRUNT1 (timer 1) are provided to control the RUN/STOP for timers
0 and 1. By writing "1" to the register after presetting the reload data to the down counter, the down
counter starts counting down. Writing "0" stops the input count clock and the down counter stops
counting. This control (RUN/STOP) does not affect the counter data. The counter maintains its data
while stopped, and can restart counting continuing from that data.

The counter data can be read via the data buffers PTD00-PTDO07 (timer 0) and PTD10-PTD17 (timer 1) in
optional timing. However, the counter has the data hold function the same as the clock timer, that holds
the high-order data when the low-order data is read in order to prevent the borrowing operation between
low- and high-order reading, therefore be sure to read the low-order data first.

The counter reloads the initial value set in the reload data register RLD when an underflow occurs
through the count down. It continues counting down from the initial value after reloading.

In addition to reloading the counter, this underflow signal controls the interrupt generation, pulse (TOUT
signal) output and clock supplying to the serial interface.

PTRUNO (1) ] \\

PTRSTO (1) M
RLD00-07 (10-17) A6H ‘1 l\ | F3H
Input clock
PTDO7 (17)
PTDO6 (16)
PTDO5 (15)
PTDO4 (14)
PTDO3 (13)
(12)
(11)
(10)

ll

PTDO2 (12
PTDO1 (11
PTDOO (10

-

|

* Preset * Reload &
Interrupt generation

Fig. 4.10.2.1 Basic operation timing of down counter

Note: The counter mode selection register EVCNT should be set to "0" when timer 0 is used as a down
counter. Otherwise it will cause malfunction.
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4.10.3 Setting of input clock in timer mode

Timer 0 and timer 1 each include a prescaler. The prescalers generate the input clock for each timer by
dividing the source clock supplied from the OSC1 or OSC3 oscillation circuit.

The source clock (OSC1 or OSC3) and the division ratio of the prescaler can be selected with software for
timer 0 and timer 1 individually.

The input clock is set in the following sequence.

(1) Selection of source clock
Select the source clock input to each prescaler from either OSC1 or OSC3. This selection is done using
the source clock selection registers CKSELO (timer 0) and CKSELL1 (timer 1); when "0" is written to the
register, OSC1 is selected and when "1" is written, OSC3 is selected.
When the OSC3 oscillation clock is selected for the clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the programmable timer. However the OSC3 oscillation circuit requires
a time at least 5 msec from turning the circuit ON until the oscillation stabilizes. Therefore, allow an
adequate interval from turning the OSC3 oscillation circuit ON to starting the programmable timer.
Refer to Section 4.3, "Oscillation Circuit", for the control and notes of the OSC3 oscillation circuit.
At initial reset, the OSC3 oscillation circuit is set in the OFF state.

(2) Selection of prescaler division ratio

Select the division ratio for each prescaler from among 4 types. This selection is done using the
prescaler division ratio selection registers PTPS00/PTPS01 (timer 0) and PTPS10/PTPS11 (timer 1).
Table 4.10.3.1 shows the correspondence between the setting value and the division ratio.

Table 4.10.3.1 Selection of prescaler division ratio
PTPS11 | PTPS10
PTPS01 | PTPS00

Prescaler division ratio

1 1 Source clock / 256
1 0 Source clock / 32
0 1 Source clock / 4

0 0 Sourceclock / 1

By writing "1" to the register PTRUNO (timer 0) or PTRUNI (timer 1), the prescaler inputs the source
clock and outputs the clock divided by the selected division ratio. The counter starts counting down
by inputting the clock.

4.10.4 Interrupt function

The programmable timer can generate an interrupt due to an underflow of the timer 0 and timer 1. See
Figure 4.10.2.1 for the interrupt timing.

An underflow of timer 0 and timer 1 sets the corresponding interrupt factor flag IPTO (timer 0) or IPT1
(timer 1) to "1", and generates an interrupt. The interrupt can also be masked by setting the correspond-
ing interrupt mask register EIPTO (timer 0) or EIPT1 (timer 1). However, the interrupt factor flag is set to
"1" by an underflow of the corresponding timer regardless of the interrupt mask register setting.
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4.10.5 Setting of TOUT output

The programmable timer can generate a TOUT signal due to an underflow of timer 0 or timer 1. The
TOUT signal is generated by dividing the underflows in 1/2. It is possible to select which timer's under-
flow is to be used by the TOUT output channel selection register CHSEL. When "0" is written to the
CHSEL register, timer 0 is selected and when "1" is written, timer 1 is selected.

Figure 4.10.5.1 shows the TOUT signal waveform when the channel is changed.

CHSEL 0 1
Timer 0 underflow
Timer 1 underflow |

TOUT output (R02) | |

Fig. 4.10.5.1 TOUT signal waveform at channel change

The TOUT signal can be output from the R02 output port terminal. Programmable clocks can be supplied
to external devices.
Figure 4.10.5.2 shows the configuration of the output port R02.

TOUT

Register
PTOUT

A
Y

Register R0O2
R02 (TOUuT)

A
Y

Data bus

Register
RO2HIZ

A
Y

Fig. 4.10.5.2 Configuration of R02

The output of a TOUT signal is controlled by the PTOUT register. When "1" is written to the PTOUT
register, the TOUT signal is output from the R02 output port terminal and when "0" is written, the
terminal goes to a high (VDD) level. However, the data register R02 must always be "1" and the high
impedance control register RO2HIZ must always be "0" (data output state).

Since the TOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2 cycle is
generated when the signal is turned ON and OFF by setting the register.
Figure 4.10.5.3 shows the output waveform of the TOUT signal.

RO2HIZ register | Fix at "0"
RO2 register Fix at "1"
PTOUT register "0" EE o

TOUT output ‘

Fig. 4.10.5.3 Output waveform of the TOUT signal
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4.10.6 Transfer rate setting for serial interface

The signal that is made from underflows of timer 1 by dividing them in 1/2, can be used as the clock
source for the serial interface.

The programmable timer outputs the clock to the serial interface by setting timer 1 into RUN state
(PTRUN = "1"). It is not necessary to control with the PTOUT register.

PTRUNA ]

Timer 1 underflow
Source clock for serial I/F

Fig. 4.10.6.1 Synchronous clock of serial interface

A setting value for the RLD1X register according to a transfer rate is calculated by the following expres-
sion:
RLD1X = fosc / (2 * bps * division ratio of the prescaler) - 1

fosc: Oscillation frequency (OSC1/0SC3)

bps: Transfer rate
(0O0H can be set to RLD1X)

Be aware that the maximum clock frequency for the serial interface is limited to 1 MHz when OSC3 is
used as the clock source.
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4.10.7 1/0 memory of programmable timer
Table 4.10.7.1 shows the I/O addresses and the control bits for the programmable timer.

Table 4.10.7.1 Control bits of programmable timer

Address Register Comment
D3 D2 D1 DO | Name | Init*1| 1 0
03 -2 Unused
0 EVCNT | FCSEL | PLPOL EVCNT 0 - Timer | Timer O counter mode selection (Fix at "0".)
FFCOH FCSEL 0 General-purpose register
R RW PLPOL 0 General-purpose register
CHSEL 0 Timer1 | Timer0 | TOUT output channel selection
CHSEL | PTOUT | CKSELT|CKSELO PTOUT 0 On Off | TOUT output control
FFCIH CKSEL1 0 0OSC3 | OSC1 | Prescaler 1 source clock selection
AW CKSELO| 0 0SC3 | OSC1 | Prescaler O source clock selection
PTPSO1| 0 Prescaler 0. [PTPSO1,000 0 1 2 3
PTPSO01| PTPS00|PTRSTO|PTRUNO| brpson| o (Siélvgtiognrallo Divisonraio U1 14 132 1256
FFC2H PTRSTOXY -2 | Reset | Invalid | Timer O reset (reload)
A Wl AW lorrune| 0 | Run | Stop |Timer 0 RunStop
PTPS11| 0 Prescaler 1. [PTPS11,10] 0 1 2 3
FFC3H PTRST1#3]  —+2 | Reset | Invalid | Timer 1 reset (reload)
RW W RW PTRUN1 0 Run Stop | Timer 1 Run/Stop
RLD03 0 1 MSB
RLDO3 | RLDO02 | RLDO1 | RLDOO RLDO2 0
FFC4H RLDO1 0 Programmable timer O reload data (low-order 4 bits)
AW RLDOO | 0 JLse
RLD07 0 1 MSB
RLDO7 | RLDO6 | RLDO05 | RLD04 RLDO6 0
FFC5H RLDOS 0 Programmable timer O reload data (high-order 4 bits)
AW RLDO4 | © Jiss
RLD13 0 1 MSB
RLD13 | RLD12 | RLD11 | RLD10 RLD12 0
FFC6H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
AW RLD10| 0 Jiss
RLD17 0 1 MSB
RLD17 | RLD16 | RLD15 | RLD14 RLD16 0
FFC7H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
AW RLD14| 0 Jise
PTD03 0 1 MSB
PTDO3 | PTD02 | PTDO1 | PTDOO PTDO2 0 ) )
FFC8H PTDO 0 Programmable timer O data (low-order 4 bits)
R PTDOO | © Jise
PTDO7 0 1 MSB
PTDO7 | PTDO6 | PTDO5 | PTD04 PTDO6 0 ) ) .
FFC9H PTDOS 0 Programmable timer O data (high-order 4 bits)
R PTDO4 | 0 Jiss
PTD13 0 1 MSB
PTD13 | PTD12 | PTD11 | PTD10 PTD12 0
FFCAH PTD11 0 Programmable timer 1 data (low-order 4 bits)
R PTD10 0 | LSB
PTD17 0 1 MSB
PTD17 | PTD16 | PTD15 | PTD14 PTD16 0 ) ) .
FFCBH PTD15 0 Programmable timer 1 data (high-order 4 bits)
R PTDI4| 0 JLse
0*3 —*2 Unused
0 0 EIPT1 | EIPTO 0+3 0 Unused
FFE2H EIPT1 0 Enable | Mask | Interrupt mask register (Programmable timer 1)
R RW EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
0+3 -#2| (R) (R) | Unused
0 0 IPT1 IPTO 03 _s2| Yes No | Unused
FFF2H IPT1 o [ ZW; e 7(\7V7) N Interrupt factor flag (Programmable timer 1)
R RW IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)
*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
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CKSELO: Prescaler 0 source clock selection register (FFC1H*DO)
CKSEL1: Prescaler 1 source clock selection register (FFC1H<D1)
Selects the source clock of the prescaler.

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

The source clock for the prescaler is selected from OSC1 or OSC3. When "0" is written to the CKSELO
register, the OSC1 clock is selected as the input clock for the prescaler 0 (for timer 0) and when "1" is
written, the OSC3 clock is selected.

Same as above, the source clock for prescaler 1 is selected by the CKSELL1 register.

When the event counter mode is selected to timer 0, the setting of the CKSELO register becomes invalid.
At initial reset, these registers are set to "0".

PTPS00, PTPSO1: Timer O prescaler division ratio selection register (FFC2H+D2, D3)

PTPS10, PTPS11: Timer 1 prescaler division ratio selection register (FFC3H<D2, D3)

Selects the division ratio of the prescaler.

Two bits of PTPS00 and PTPS01 are the prescaler division ratio selection register for timer 0, and two bits
of PTPS10 and PTPS11 are for timer 1. The prescaler division ratios that can be set by these registers are
shown in Table 4.10.7.2.

Table 4.10.7.2 Selection of prescaler division ratio
PTPS11 | PTPS10
PTPSO01 | PTPS00

Prescaler division ratio

1 1 Source clock / 256
1 0 Source clock / 32
0 1 Source clock / 4

0 0 Source clock / 1

When the event counter mode is selected to timer 0, the setting of the PTPS00 and PTPS01 becomes
invalid.
At initial reset, these registers are set to "0".

EVCNT: Timer O counter mode selection register (FFCOH<D2)
Selects a counter mode for timer 0.

When "1" is written: No function (reserved)
When "0" is written: Timer mode
Reading: Valid

The counter mode for timer 0 is selected from either no function or timer mode. When "1" is written to the
EVCNT register, no function is selected and when "0" is written, the timer mode is selected.
At initial reset, this register is set to "0".

Note: The counter mode selection register EVCNT should be set to "0" when timer 0 is used as a down
counter. Otherwise it will cause malfunction.

S1C63454 TECHNICAL MANUAL EPSON 65



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

RLDOO-RLDO7: Timer O reload data register (FFC4H, FFC5H)

RLD10-RLD17: Timer 1 reload data register (FFC6H, FFC7H)

Sets the initial value for the counter.

The reload data written in this register is loaded to the respective counters. The counter counts down
using the data as the initial value for counting.

Reload data is loaded to the counter when the counter is reset by writing "1" to the PTRSTO or PTRST1
register, or when counter underflow occurs.

At initial reset, these registers are set to "00H".

PTDO0O-PTDO7: Timer O counter data (FFC8H, FFC9H)

PTD10-PTD17: Timer 1 counter data (FFCAH, FFCBH)

Count data in the programmable timer can be read from these latches.

The low-order 4 bits of the count data in timer 0 can be read from PTD00-PTDO03, and the high-order data
can be read from PTD04-PTDO07. Similarly, for timer 1, the low-order 4 bits can be read from PTD10-
PTD13, and the high-order data can be read from PTD14-PTD17.

Since the high-order 4 bits are held by reading the low-order 4 bits, be sure to read the low-order 4 bits
first.

Since these latches are exclusively for reading, the writing operation is invalid.

At initial reset, these counter data are set to "00H".

PTRSTO: Timer O reset (reload) (FFC2H<D1)
PTRST1: Timer 1 reset (reload) (FFC3HD1)
Resets the timer and presets reload data to the counter.

When "1" is written: Reset
When "0" is written: No operation
Reading: Always "0"

By writing "1" to PTRSTO, the reload data in the reload register PLD00-PLDO7 is preset to the counter in
timer 0. Similarly, the reload data in PLD10-PLD17 is preset to the counter in timer 1 by PTRST1.

When the counter is preset in the RUN status, the counter restarts immediately after presetting. In the
case of STOP status, the reload data is preset to the counter and is maintained.

No operation results when "0" is written.

Since these bits are exclusively for writing, always set to "0" during reading.

PTRUNO: Timer 0 RUN/STOP control register (FFC2H<DO)
PTRUNL1: Timer 1 RUN/STOP control register (FFC3H<DO)
Controls the RUN/STOP of the counter.

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

The counter in timer 0 starts counting down by writing "1" to the PTRUNO register and stops by writing
"0".

In STOP status, the counter data is maintained until the counter is reset or is set in the next RUN status.
When STOP status changes to RUN status, the data that has been maintained can be used for resuming

the count.

Same as above, the timer 1 counter is controlled by the PTRUNT1 register.

At initial reset, these registers are set to "0".
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CHSEL: TOUT output channel selection register (FFC1H<D3)
Selects the channel used for TOUT signal output.

When "1" is written: Timer 1
When "0" is written: Timer 0
Reading: Valid

This register selects which timer's underflow (timer 0 or timer 1) is used to generate a TOUT signal. When
"0" is written to the CHSEL register, timer 0 is selected and when "1" is written, timer 1 is selected.
At initial reset, this register is set to "0".

PTOUT: TOUT output control register (FFC1H<D2)
Turns TOUT signal output ON and OFF.

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

PTOUT is the output control register for the TOUT signal. When "1" is written to the register, the TOUT
signal is output from the output port terminal R02 and when "0" is written, the terminal goes to a high
(VDD) level. However, the data register RO2 must always be "1" and the high impedance control register
RO2HIZ must always be "0" (data output state).

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

EIPTO: Timer O interrupt mask register (FFE2H<DO)
EIPTL1: Timer 1 interrupt mask register (FFE2H<D1)
These registers are used to select whether to mask the programmable timer interrupt or not.

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

Timer 0 and timer 1 interrupts can be masked individually by the interrupt mask registers EIPTO (timer 0)
and EIPT1 (timer 1).
At initial reset, these registers are set to "0".

IPTO: Timer O interrupt factor flag (FFF2H+DO)
IPT1: Timer 1 interrupt factor flag (FFF2H<D1)
These flags indicate the status of the programmable timer interrupt.

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

When "1" is written: Flag is reset
When "0" is written: Invalid

The interrupt factor flags IPTO and IPT1 correspond to timer 0 and timer 1 interrupts, respectively. The
software can judge from these flags whether there is a programmable timer interrupt. However, even if
the interrupt is masked, the flags are set to "1" by the underflows of the corresponding counters.

These flags are reset to "0" by writing "1" to them.

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

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

(1) When reading counter data, be sure to read the low-order 4 bits (PTD00-PTDO03, PTD10-PTD13) first.
Furthermore, the high-order 4 bits (PTD04-PTD07, PTD14-PTD17) should be read within 0.73 msec
(when fosc1 is 32.768 kHz) of reading the low-order 4 bits (PTD00-PTD03, PTD10-PTD13).

(2) The programmable timer actually enters RUN/STOP status in synchronization with the falling edge
of the input clock after writing to the PTRUNO/PTRUNT1 register. Consequently, when "0" is written to
the PTRUNO/PTRUNT1 register, the timer enters STOP status at the point where the counter is
decremented (-1). The PTRUNO/PTRUNI1 register maintains "1" for reading until the timer actually
stops.

Figure 4.10.8.1 shows the timing chart for the RUN/STOP control.

Input clock

PTRUNO/PTRUN1 (RD) |

"1" (RUN) "0" (STOP)
PTRUNO/PTRUN1 (WR) [ writing [Y writing
PTDOX/PTD1X 42H Y 41H)40H) 3FH)3EH) 3DH

Fig. 4.10.8.1 Timing chart for RUN/STOP control

(3) Since the TOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2
cycle is generated when the signal is turned ON and OFF by setting the register.

(4) When the OSC3 oscillation clock is selected for the clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the programmable timer. However the OSC3 oscillation circuit requires
a time at least 5 msec from turning the circuit ON until the oscillation stabilizes. Therefore, allow an
adequate interval from turning the OSC3 oscillation circuit ON to starting the programmable timer.
Refer to Section 4.3, "Oscillation Circuit", for the control and notes of the OSC3 oscillation circuit.
At initial reset, the OSC3 oscillation circuit is set in the OFF state.

(5) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

(6) The counter mode selection register EVCNT should be set to "0" when timer 0 is used as a down
counter. Otherwise it will cause malfunction.
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4.11 Serial Interface (SIN, SOUT, SCLK, SRDY)

4.11.1 Configuration of serial interface

The 51C63454 has a synchronous clock type 8 bits serial interface built-in.

The configuration of the serial interface is shown in Figure 4.11.1.1.

The CPU, via the 8-bit shift register, can read the serial input data from the SIN terminal. Moreover, via
the same 8-bit shift register, it can convert parallel data to serial data and output it to the SOUT terminal.
The synchronous clock for serial data input/output may be set by selecting by software any one of three
types of master mode (internal clock mode: when the S1C63454 is to be the master for serial input/
output) and a type of slave mode (external clock mode: when the S1C63454 is to be the slave for serial
input/output).

Also, when the serial interface is used at slave mode, SRDY signal which indicates whether or not the
serial interface is available to transmit or receive can be output to the SRDY terminal.

SD0-SD7

SIN Q—% Shift register (8 bits) e «D—Q SouT
‘ ‘ ‘ ‘ Output (P11)

(P10 S S N N . g
—
SCPS 7)) >
SCS0 SCSHt 7
SN Y
Serial clock Serial clock Serial I/F interrupt Interrupt
SCLK selector counter control circuit request
or ‘
SCLK Serial clock <—%fosc1
(P12) 1 generator <« Programmable
I E— ! timer 1 underflow
B ki ---' signal
Serial I/F
activating
circuit SRDY
t | {>—© or
SCTRG SRDY
Fig. 4.11.1.1 Configuration of serial interface (P13)

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

Master mode Slave mode

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

Note: At initial reset, P10-P13 are set to I/O ports.
When using the serial interface, switch the function (ESIF = "1") in the initial routine.
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4.11.2 Mask option

(1) Terminal specification
Since the input/output terminals of the serial interface is shared with the I/O ports (P10-P13), the
mask option that selects the output specification for the I/O port is also applied to the serial interface.
The output specification of the terminals SOUT, SCLK (during the master mode) and SRDY (during
the slave mode) that are used as output in the input/output port of the serial interface is respectively
selected by the mask options of P11, P12 and P13. Either complementary output or N-channel open
drain output can be selected as the output specification. However, when N-channel open drain output
is selected, do not apply a voltage exceeding the power supply voltage to the terminal.

Furthermore, the pull-up resistor and input specification for the SIN terminal and the SCLK terminal
(during slave mode) that are used as input terminals can be selected by mask option. The pull-up
register can be added by the mask options of P10 and P12. When "without pull-up" is selected, take
care that the floating status does not occur. For the input specification, either "normal input" or "with
Schmitt trigger input" can be selected.

(2) Polarity of synchronous clock and ready signal
Polarity of the synchronous clock and the ready signal that is output in the slave mode can be selected
from either positive polarity (high active, SCLK & SRDY) or negative polarity (low active, SCLK &
SRDY).
When operating the serial interface in the slave mode, the synchronous clock is input from a external
device. Be aware that the terminal specification is pull-up only and a pull-down resistor cannot be
built in if positive polarity is selected.
In the following explanation, it is assumed that negative polarity (SCLK, SRDY) has been selected.

4.11.3 Master mode and slave mode of serial interface

The serial interface of the S1C63454 has two types of operation mode: master mode and slave mode.

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

The master mode and slave mode are selected by writing data to the SCS1 and SCSO0 registers.

When the master mode is selected, a synchronous clock may be selected from among 3 types as shown in
Table 4.11.3.1.

Table 4.11.3.1 Synchronous clock selection

SCSH1 SCS0 Mode Synchronous clock
1 1 0OSC1
1 0 Master mode 0OSC1/2
0 1 Programmable timer *
0 0 Slave mode External clock *

# The maximum clock is limited to 1 MHz.

When the programmable timer is selected, the signal that is generated by dividing the underflow signal
of the programmable timer (timer 1) in 1/2 is used as the synchronous clock. In this case, the program-
mable timer must be controlled before operating the serial interface. Refer to Section 4.10, "Programmable
Timer" for the control of the programmable timer.

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

¢ In the master mode, after output of 8 clocks from the SCLK (P12) terminal, clock output is automati-
cally suspended and the SCLK (P12) terminal is fixed at high level.

¢ In the slave mode, after input of 8 clocks to the SCLK (P12) terminal, subsequent clock inputs are
masked.
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A sample basic serial input/output portion connection is shown in Figure 4.11.3.1.

S1C63454 External S1C63454 External
serial device serial device
SCLK —— P CLK SCLK €4¢————— CLK
SOuUT SOUT SOouT SOuUT
SIN X SIN SIN }C SIN
Input terminal @——— READY SRDY [ Inputterminal
(a) Master mode (b) Slave mode

Fig. 4.11.3.1 Sample basic connection of serial input/output section

4.11.4 Data input/output and interrupt function

The serial interface of S1C63454 can input/output data via the internal 8-bit shift register. The shift
register operates by synchronizing with either the synchronous clock output from the SCLK (P12)
terminal (master mode), or the synchronous clock input to the SCLK (P12) terminal (slave mode).

The serial interface generates an interrupt on completion of the 8-bit serial data input/output. Detection
of serial data input/output is done by 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 an

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

(1) Serial data output procedure and interrupt
The S1C63454 serial interface is capable of outputting parallel data as serial data, in units of 8 bits.
By setting the parallel data to the data registers SD0-SD3 (FF72H) and SD4-SD7 (FF73H) and writing
"1" to SCTRG bit (FF70HeD1), it synchronizes with the synchronous clock and the serial data is output
to the SOUT (P11) terminal. The synchronous clock used here is as follows: in the master mode,
internal clock which is output to the SCLK (P12) terminal while in the slave mode, external clock
which is input from the SCLK (P12) terminal.
Shift timing of serial data is as follows:

» When negative polarity is selected for the synchronous clock (mask option):
The serial data output to the SOUT (P11) terminal changes at the falling edge of the clock input or
output from/to the SCLK (P12) terminal. The data in the shift register is shifted at the falling edge of
the SCLK signal when the SCPS register (FF71HeD2) is "1" and is shifted at the rising edge of the
SCLK signal when the SCPS register is "0".

» When positive polarity is selected for the synchronous clock (mask option):
The serial data output to the SOUT (P11) terminal changes at the rising edge of the clock input or
output from/to the SCLK (P12) terminal. The data in the shift register is shifted at the rising edge of
the SCLK signal when the SCPS register is "1" and is shifted at the falling edge of the SCLK signal
when the SCPS register is "0".

When the output of the 8-bit data from SDO to SD7 is completed, the interrupt factor flag ISIF
(FFF3HeDO) is set to "1" and an interrupt occurs. Moreover, the interrupt can be masked by the
interrupt mask register EISIF (FFE3H eDO0). However, regardless of the interrupt mask register setting,
the interrupt factor flag is set to "1" after output of the 8-bit data.
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(2) Serial data input procedure and interrupt

The 51C63454 serial interface is capable of inputting serial data as parallel data, in units of 8 bits.

The serial data is input from the SIN (P10) terminal, synchronizes with the synchronous clock, and is
sequentially read in the 8-bit shift register. As in the above item (1), the synchronous clock used here is
as follows: in the master mode, internal clock which is output to the SCLK (P12) terminal while in the
slave mode, external clock which is input from the SCLK (P12) terminal.

Shift timing of serial data is as follows:

When negative polarity is selected for the synchronous clock (mask option):

The serial data is read into the built-in shift register at the falling edge of the SCLK signal when the
SCPS register is "1" and is read at the rising edge of the SCLK signal when the SCPS register is "0". The
shift register is sequentially shifted as the data is fetched.

When positive polarity is selected for the synchronous clock (mask option):

The serial data is read into the built-in shift register at the rising edge of the SCLK signal when the
SCPS register is "1" and is read at the falling edge of the SCLK signal when the SCPS register is "0".
The shift register is sequentially shifted as the data is fetched.

When the input of the 8-bit data from SDO0 to SD7 is completed, the interrupt factor flag ISIF is set to
"1" and an interrupt is generated. Moreover, the interrupt can be masked by the interrupt mask
register EISIF. However, regardless of the interrupt mask register setting, the interrupt factor flag is
set to "1" after input of the 8-bit data.

The data input in the shift register can be read from data registers SD0-SD7 by software.

(3) Serial data input/output permutation

The S51C63454 allows the input/output permutation of serial data to be selected by the SDP register
(FF71HeD3) 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 4.11.4.1. The SDP register should be set before
setting data to SD0-SD7.

Addfess‘[FF7‘3H] Addl"ess‘[FF‘72H]

SIN Q—D—{sm SD6 SD5 SD4HSD3 SD2 SD1 SDOH Output }—D—O souT

(LSB first)

Address [FF72H]  Address [FF73H]

SIN Q—D—{SDO SD1SD2 SDSH SD4 SD5 SD6 smH Output }—D—O souT

(MSB first)
Fig. 4.11.4.1 Serial data input/output permutation

(4) SRDY signal

When the S1C63454 serial interface is used in the slave mode (external clock mode), SRDY signal is
used to indicate whether the internal serial interface is available to transmit or receive data for the
master side (external) serial device. SRDY signal is output from the SRDY (P13) terminal.

Output timing of SRDY signal is as follows:

When negative polarity is selected (mask option):

SRDY signal goes "0" (low) when the S1C63454 serial interface is available to transmit or receive data;
normally, it is at "1" (high).

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 (P12) terminal (i.e., when the serial input/output begins transmit-
ting or receiving data). Moreover, when high-order data is read from or written to SD4-SD7, the SRDY
signal returns to "1".

When positive polarity is selected (mask option):

SRDY signal goes "1" (high) when the S1C63454 serial interface is available to transmit or receive data;
normally, it is at "0" (low).

SRDY signal changes from "0" to "1" immediately after "1" is written to SCTRG and returns from "1" to
"0" when "1" is input to the SCLK (P12) terminal (i.e., when the serial input/output begins transmit-
ting or receiving data). Moreover, when high-order data is read from or written to SD4-SD7, the SRDY
signal returns to "0".
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(5) Timing chart
The 51C63454 serial interface timing charts are shown in Figures 4.11.4.2 and 4.11.4.3.

SCTRG (W) 1
SCTRG (R) ] L
SCLK
SIN
8-bit shift register « (X
SouUT (Y
ISIF T
SRDY (Slave mode) ||
(a) When SCPS= "1"

SCTRG (W) [
SCTRG (R) ]
SCLK

SIN X
8-bit shift register 4 (X C O X XN
XX 1

XX

SOuUT LD ER) 4
ISIF [
SRDY (Slave mode) | |
(b) When SCPS= "0

:

Fig. 4.11.4.2 Serial interface timing chart (when synchronous clock is negative polarity SCLK)

SCTRG (W) [
SCTRG (R) _ [
SCLK SN [ O A
SIN

8-bit shift register

SOUT

ISIF [
SRDY (Slave mode) [ |

(a) When SCPS= "1"

SCTRG (W) [

SCTRG (R) _ I

SCLK s

SIN

8-bit shift register

SouT

ISIF [

SRDY (Slave mode) [ |
(b) When SCPS= "0"

Fig. 4.11.4.3 Serial interface timing chart (when synchronous clock is positive polarity SCLK)
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4.11.51/0 memory of serial interface
Table 4.11.5.1 shows the I/O addresses and the control bits for the serial interface.

Table 4.11.5.1 Control bits of serial interface

A Register
ddress D3 D2 D1 DO__| Name | Init *1 1 0 Comment
PUL13 1 On Off | P13 pull-up control register
functions as a general-purpose register when SIF (slave) is selected
PUL13 | PUL12 | PUL11 [ PUL10 [ PUL12 | 1 On Off | P12 pull-up control register (ESIF=0)
functions as a general-purpose register when SIF (master) is selected
FF45H SCLK (1) pull-up control register when SIF (slave) is selected
PUL11 1 On Off | P11 pull-up control register (ESIF=0)
RIW functions as a general-purpose register when SIF is selected

PUL10 1 On Off | P10 pull-up control register (ESIF=0)
SIN pull-up control register when SIF is selected

0+3 - *2 Unused

0 0 |SCTRG| ESIF 0+3 %2 Unused
FF70H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RW Run Stop | Serial I/F clock status (reading)

ESIF 0 SIF I/0 | Serial I/F enable (P1 port function selection)
SDP 0 MSB first | LSB first | Serial I/F data input/output permutation
SDP | SCPS | SCS1 | Scso | SCPS 0 Serial I/F clock phase selection

1| _f | Negative polarity (mask option)

FF71H " . .
| v —Post_lve polarity (mask option) ggg}’ q Slgve PlT
RW scst| o ] Serid I/F scsLo] 2 3
SCS0 0 clock mode selection Clock 0OSC1/2 OSC1
sp3 | sp2 | spi | spo | D3| 7| Hon | Low [ MSB
FF72H ggf : : ::g: tzx Serial |/F transmit/receive data (low-order 4 bits)
RW soo | -=2| Hgh | Low |lLsB
so7 | so6 | sos | spa | S| 7| Mon | Low M
FF73H :gg o ::g: m Serial I/F transmit/receive data (high-order 4 bits)
RW SD4 -2 | High Low | JLSB
03 -2 Unused
0 0 0 EISIF 03 a2 Unused
FFE3H 03 w2 Unusad
R AW 1 EisiF | o | Enable | Mask | Interrupt mask register (Serial I/F)
04| -2 R | (R) |Unused
0 0 0 ISIF 0+3 -#2| Yes No | Unused
FFFSH 03| -=2[ W [ W |Uunused
R RW ISIF 0 Reset | Invalid | Interrupt factor flag (Serial I/F)

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

ESIF: Serial interface enable register (P1 port function selection) (FF70H<DO)
Sets P10-P13 to the input/output port for the serial interface.

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

When "1" is written to the ESIF register, P10, P11, P12 and P13 function as SIN, SOUT, SCLK, SRDY,
respectively.

In the slave mode, the P13 terminal functions as SRDY output terminal, while in the master mode, it
functions as the I/O port terminal.

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

Note: After setting ESIF to "1", wait at least 10 usec before starting actual data transfer since a hazard
may be generated from the P12 (SCLK) terminal when ESIF is set to "1".
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PUL10: SIN (P10) pull-up control register (FF45H+DO0)
PUL12: SCLK (P12) pull-up control register (FF45H+D2)
Sets the pull-up of the SIN terminal and the SCLK terminals (in the slave mode).

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

Sets the pull-up resistor built into the SIN (P10) and SCLK (P12) terminals to ON or OFF. (Pull-up resistor
is only built in the port selected by mask option.)

SCLK pull-up is effective only in the slave mode. In the master mode, the PUL12 register can be used as a
general purpose register.

At initial reset, these registers are set to "1" and pull-up goes ON.

SCS1, SCSO0: Clock mode selection register (FF71H<DO0, D1)
Selects the synchronous clock (SCLK) for the serial interface.

Table 4.11.5.2 Synchronous clock selection

SCS1 SCS0 Mode Synchronous clock
1 1 0OsC1
1 0 Master mode OSC1/2
0 1 Programmabl e timer
0 0 Slave mode External clock =

* The maximum clock is limited to 1 MHz.

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

When the programmable timer is selected, the signal that is generated by dividing the underflow signal
of the programmable timer (timer 1) in 1/2 is used as the synchronous clock. In this case, the program-
mable timer must be controlled before operating the serial interface. Refer to Section 4.10, "Programmable
Timer" for the control of the programmable timer.

At initial reset, external clock is selected.

SCPS: Clock phase selection register (FF71H<D2)
Selects the timing for reading in the serial data input from the SIN (P10) terminal.

* When negative polarity is selected:
When "1" is written: Falling edge of SCLK
When "0" is written: Rising edge of SCLK
Reading: Valid
* When positive polarity is selected:
When "1" is written: Rising edge of SCLK

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

Select whether the fetching for the serial input data to registers (SD0-SD?) at the rising edge or falling
edge of the synchronous signal.

Pay attention to the polarity of the synchronous clock selected by the mask option because the selection
content is different.

The input data fetch timing may be selected but output timing for output data is fixed at the falling edge
of SCLK (when negative polarity is selected) or at the rising edge of SCLK (when positive polarity is
selected).

At initial reset, this register is set to "0".
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SDP: Data input/output permutation selection register (FF71H<D3)
Selects the serial data input/output permutation.

When "1" is written: MSB first
When "0" is written: LSB first
Reading: Valid
Select whether the data input/output permutation will be MSB first or LSB first.
At initial reset, this register is set to "0".

SCTRG: Clock trigger/status (FF70H+D1)
This is a trigger to start input/output of synchronous clock (SCLK).

* When writing
When "1" is written: Trigger
When "0" is written: No operation

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

As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be performed
prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through data writ-
ing/reading on data registers SD0-SD7.) In addition, be sure to enable the serial interface with the ESIF
register before setting the trigger.

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

Moreover, when the synchronous clock SCLK is external clock, start to input the external clock after the
trigger.

* When reading

When "1" is read: RUN (during input/output the synchronous clock)

When "0" is read: STOP (the synchronous clock stops)

Writing: Invalid

When this bit is read, it indicates the status of serial interface clock.
After "1" is written to SCTRG, this value is latched till serial interface clock stops (8 clock counts). There-
fore, if "1" is read, it indicates that the synchronous clock is in input/output operation.
When the synchronous clock input/output is completed, this latch is reset to "0".
At initial reset, this bit is set to "0".

SDO0-SD3, SD4-SD7: Serial interface data register (FF72H, FF73H)
These registers are used for writing and reading serial data.
* When writing

When "1" is written: High level

When "0" is written: Low level

Write data to be output in these registers. The register data is converted into serial data and output from
the SOUT (P11) terminal; data bits set at "1" are output as high (VDD) level and data bits set at "0" are
output as low (Vss) level.

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

The serial data input from the SIN (P10) terminal can be read from these registers.

The serial data input from the SIN (P10) terminal is converted into parallel data, as a high (VDD) level bit
into "1" and as a low (Vss) level bit into "0", and is loaded to these registers. Perform data reading only
while the serial interface is not running (i.e., the synchronous clock is neither being input or output).

At initial reset, these registers are undefined.
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EISIF: Interrupt mask register (FFE3H+DO0)
Masking the interrupt of the serial interface can be selected with this register.

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

With this register, it is possible to select whether the serial interface interrupt is to be masked or not.
At initial reset, this register is set to "0".

ISIF: Interrupt factor flag (FFF3H<DO)
This flag indicates the occurrence of serial interface interrupt.

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

When "1" is written: Flag is reset
When "0" is written: Invalid

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

This flag is set to "1" after an 8-bit data input/output even if the interrupt is masked.

This flag is reset to "0" by writing "1" to it.

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

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

4.11.6 Programming notes

(1) Perform data writing/reading to the data registers SD0-SD7 only while the serial interface is not
running (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-SD?7.) In addition, be sure to enable the serial
interface with the ESIF register before setting the trigger.

Supply trigger only once every time the serial interface is placed in the RUN state. Refrain from
performing trigger input multiple times, as leads to malfunctioning. Moreover, when the synchronous
clock SCLK is external clock, start to input the external clock after the trigger.

(3) Setting of the input/output permutation (MSB first/LSB first) with the SDP register should be done
before setting data to SDO-SD7.

(4) Be aware that the maximum clock frequency for the serial interface is limited to 1 MHz when OSC3 is
used as the clock source of the programmable timer or in the slave mode.

(5) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.
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4.12 Sound Generator

4.12.1 Configuration of sound generator

The 51C63454 has a built-in sound generator for generating buzzer signals.

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

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

Figure 4.12.1.1 shows the configuration of the sound generator.

| BZFQO-BZFQ2 | [ BDTY0-BDTY2 | | ENON |

Programmable | | Duty ratio Envelope ENRST

dividing circuit "| control circuit |~ | addition circuit ENRTM

One-shot buzzer Buzzer output BZ
control circuit control circuit output circuit

A A

Fig. 4.12.1.1 Configuration of sound generator

fosct —»

Yy

256 Hz —»

BZE

Note: The buzzer signal is generated by dividing the OSC1 oscillation clock. Since the frequencies and
times that are described in this section are the values in the case of crystal oscillation (32.768 kHz,
Typ.), they differ when CR oscillation (60 kHz, Typ.) is selected.

4.12.2 Mask option

Polarity of the BZ signal output from the BZ terminal can be selected as either positive polarity or
negative polarity by mask option. Figure 4.12.2.1 shows each output circuit configuration and the output
waveform.

When positive polarity is selected, the BZ terminal goes to a low (Vss) level when the BZ signal is OFF.
Select positive polarity when driving a piezo buzzer by externally connecting an NPN transistor.

When negative polarity is selected, the BZ terminal goes to a high (VDD) level when the BZ signal is OFF.
Select negative polarity when driving a piezo buzzer by externally connecting a PNP transistor.

BZ signal )—[>_|:: j@ BZ terminal BZ signal BZ terminal

(a) When positive polarity is selected (b) When negative polarity is selected
Fig. 4.12.2.1 Configuration of output circuit
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4.12.3 Control of buzzer output

The BZ signal generated by the sound generator is output from the BZ terminal by setting "1" for the
buzzer output enable register BZE. When "0" is set to BZE register, the output terminal shifts to the low
(Vss) level (negative polarity) or high (VDD) level (positive polarity).

BZE register "0" H o

Bz outputiBZ terminal =1 1 0 M M MU
(Negative polarity)

B O atins oty — LU LI
(Positive polarity) — \—
Fig. 4.12.3.1 Buzzer signal output timing chart

Note: Since it generates a BZ signal that is out of synchronization with the BZE register, hazards may at
times be produced when the signal goes ON/OFF due to the setting of the BZE register.

4.12.4 Setting of buzzer frequency and sound level

The divided signal of the OSC1 oscillation clock (32.768 kHz) is used for the buzzer (BZ) signal and it is
set up such that 8 types of frequencies can be selected by changing this division ratio. Frequency selection
is done by setting the buzzer frequency selection registers BZFQ0-BZFQ2 as shown in Table 4.12.4.1.

Table 4.12.4.1 Buzzer signal frequency setting

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

The buzzer sound level is changed by controlling the duty ratio of the buzzer signal.
The duty ratio can be selected from among the 8 types shown in Table 4.12.4.2 according to the setting of
the buzzer duty selection registers BDTYO-BDTY?2.

Table 4.12.4.2 Duty ratio setting

Duty ratio by buzzer frequency (Hz)
Level BDTY2|BDTY1|BDTYO| 4096.0 3276.8 2730.7 2340.6
2048.0 1638.4 1365.3 1170.3
Level 1 (Max.) 0 0 0 8/16 8/20 12/24 12/28
Level 2 0 0 1 7116 7120 11/24 11/28
Level 3 0 1 0 6/16 6/20 10/24 10/28
Level 4 0 1 1 5/16 5/20 9124 9/28
Level 5 1 0 0 4/16 4/20 8/24 8/28
Level 6 1 0 1 3/16 3/20 7124 7128
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (Min.) 1 1 1 1/16 1/20 5124 5/28

When the HIGH level output time has been made TH and when the LOW level output time has been made
TL due to the ratio of the pulse width to the pulse synchronization, the duty ratio becomes TL/(TH+TL)
for negative polarity or TH/(TH+TL) for positive polarity.

When BDTY0-BDTY2 have all been set to "0", the duty ratio becomes maximum and the sound level also
becomes maximum. Conversely, when BDTY0-BDTY2 have all been set to "1", the duty ratio becomes
minimum and the sound level also becomes minimum.

The duty ratio that can be set is different depending on the frequency that has been set, so see Table 4.12.4.2.
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TH TL TL TH

teveltvax) [ L[ L[ LI 1 teeltma)l [ [ [ LT LT
Level 2 L L L 1L tewel2 | Y I A
Level 3 J |_| |_| |_| |_ Level 3 ] |_| |_| |_| l_
Level 4 J |_| |_| |_| |_ Level 4 ] |_| |_| |_| l_
Level 5 J |_| |_| |_| |_ Level 5 ] |_| |_| |_| |_
Level 6 J |_| |_| |_| |_ Level 6 ] |_| |_| |_| |_
Level 7 J |_| |_| |_| |_ Level 7 ] ﬂ ﬂ ﬂ |_
Level 8 (Min.) | I I I | Level8 (Min) | N N N [

(a) Negative polarity (b) Positive polarity

Fig. 4.12.4.1 Duty ratio of the buzzer signal waveform

Note: When a digital envelope has been added to the buzzer signal, the BDTY0-BDTY?2 settings will be
invalid due to the control of the duty ratio.

4.12.5 Digital envelope

A digital envelope for duty control can be added to the buzzer signal.

The envelope can be controlled by staged changing of the same duty envelope as detailed in Table
4.12.4.2 in the preceding item from level 1 (maximum) to level 8 (minimum).

The addition of an envelope to the buzzer signal can be done by writing "1" into ENON, but when "0" has
been written it is not added.

When a buzzer signal output is begun (writing "1" into BZE) after setting ENON, the duty ratio shifts to
level 1 (maximum) and changes in stages to level 8.

When attenuated down to level 8 (minimum), it is retained at that level. The duty ratio can be returned to
maximum, by writing "1" into register ENRST during output of a envelope attached buzzer signal.

The envelope attenuation time (time for changing of the duty ratio) can be selected by the register
ENRTM. The time for a 1 stage level change is 62.5 msec (16 Hz), when "0" has been written into ENRTM
and 125 msec (8 Hz), when to "1" has been written. However, there is also a max. 4 msec error from
envelope ON, up to the first change.

Figure 4.12.5.1 shows the timing chart of the digital envelope.

v No change of duty level
BZFQ0-2 / X X

ENON

ENRST I

ENRTM |

BZE ] L

BZ signal Level

1 (Max.) M

. 2

duty ratio 3 tO%O’ to1pH ‘|_IJ_LL|Jtlltlz,
¢ fo3 t13
i

6
7
8

s T
(Min.) fOEb‘»EL tioel
+0 +0
tor  =62.5-4msec tin =125-4 msec
to2-07 = 62.5 msec t12-17 = 125 msec

Fig. 4.12.5.1 Timing chart for digital envelope
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4.12.6 One-shot output

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

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

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

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

When "1" is written to BZSHT again during a one-shot output, a new one-shot output for 125 msec or
31.25 msec starts from that point (in synchronization with the 256 Hz signal).

The one-shot output cannot add an envelope for short durations. However, the sound level can be set by
selecting the duty ratio, and the frequency can also be set.
One-shot output is invalid during normal buzzer output (during BZE = "1").

Figure 4.12.6.1 shows timing chart for one-shot output.

sseHz JUULUUUUULUUUULTUUULL

SHTPW |

BZSHT (W) I

BZSHT (R)

BZSTP 1§
BZ output (Negative polarity) (UMMM TICAELAELA
(TTTTTATTTATTATTTI. T

Fig. 4.12.6.1 Timing chart for one-shot output

BZ output (Positive polarity)
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4.12.7 1/0 memory of sound generator
Table 4.12.7.1 shows the I/O addresses and the control bits for the sound generator.

Table 4.12.7.1 Control bits of sound generator

Register
Address - Comment
D3 D2 D1 DO__ | Name | Init *1 1 0
ENRTM 0 1sec | 0.5sec | Envelopereleasing time
ENRTM| ENRST | ENON | BZE ENRST+3| Reset | Reset | Invalid | Envelope reset (writing)
FF6CH ENON 0 On Off | Envelope On/Off
RW W RW BZE 0 Enable | Disable | Buzzer output enable
0+3 —#2 Unused
0 | BZSTP | BZSHT | SHTPW [BzSTP+3| 0 Stop | Invalid | 1-shot buzzer stop (writing)
FF6DH BZSHT 0 Trigger | Invalid | 1-shot buzzer trigger (writing)
R W RW Busy | Ready |1-shot buzzer status (reading)
SHTPW 0  [125 msec(31.25 msec| 1-shot buzzer pulse width setting
0 BZFQ2 | BZFQ1 | BZFQO 0% - Unused [BZFQ2,1,0] 0 1 2 3
FFGEH BzFG2| 0 Buzzer Frequency (Hz) 40960 32768 2730.7 234056
R AW BZFQ1| 0 frequency  [BzFQ2,1,0] 4 5 6 7
BZFQO 0 selection Frequency (Hz) 20480 16384 13653 1170.3
0+3 -2 Unused
0 BDTY2 | BDTY1 | BDTY0 BDTY2 0 . _ _
FF6FH BDTY 0 J Buzzer sgn.al duty ratio selection
R RW BDTYO 0 (refer to main manual)

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read

BZE: BZ output control register (FF6CH+<DO)
Controls the buzzer (BZ) signal output.

When "1" is written: BZ output ON
When "0" is written: BZ output OFF
Reading: Valid
When "1" is written to BZE, the BZ signal is output from the BZ terminal.
When "0" is written, the BZ terminal goes to a high (VDD) level.
At initial reset, this register is set to "0".

BZFQO-BZFQ2: Buzzer frequency selection register (FF6EH*D0-D2)
Selects the buzzer signal frequency.

Table 4.12.7.2 Buzzer signal frequency setting

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

Select the buzzer frequency from among the above 8 types that have divided the oscillation clock.
At initial reset, this register is set to "0".
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BDTYO-BDTY2: Duty level selection register (FF6FHsD0-D2)
Selects the duty ratio of the buzzer signal as shown in Table 4.12.7.3.

Table 4.12.7.3 Duty ratio setting

Duty ratio by buzzer frequency (Hz)
Level BDTY2|BDTY1|BDTYO| 4096.0 3276.8 2730.7 2340.6
2048.0 1638.4 1365.3 1170.3
Level 1 (Max.) 0 0 0 8/16 8/20 12/24 12/28
Level 2 0 0 1 7116 7120 11/24 11/28
Level 3 0 1 0 6/16 6/20 10/24 10/28
Level 4 0 1 1 5/16 5/20 9/24 9/28
Level 5 1 0 0 4/16 4/20 8/24 8/28
Level 6 1 0 1 3/16 3/20 7124 7128
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (Min.) 1 1 1 1/16 1/20 5124 5/28

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

ENRST: Envelope reset (FF6CH+D2)
Resets the envelope.

When "1" is written: Reset
When "0" is written: No operation
Reading: Always "0"

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

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

ENON: Envelope ON/OFF control register (FF6CH<D1)
Controls the addition of an envelope onto the buzzer signal.

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

Writing "1" into the ENON causes an envelope to be added during buzzer signal output. When a "0" has
been written, an envelope is not added.
At initial reset, this register is set to "0".

ENRTM: Envelope releasing time selection register (FF6CH+D3)
Selects the envelope releasing time that is added to the buzzer signal.

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

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

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

At initial reset, this register is set to "0".
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SHTPW: One-shot buzzer pulse width setting register (FF6DH<D0)
Selects the output time of the one-shot buzzer.

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

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

BZSHT: One-shot buzzer trigger/status (FF6DH+<D1)
Controls the one-shot buzzer output.

* When writing
When "1" is written: Trigger
When "0" is written: No operation

Writing "1" into BZSHT causes the one-short output circuit to operate and a buzzer signal to be output.
This output is automatically turned OFF after the time set by SHTPW has elapsed. The one-shot output is
only valid when the normal buzzer output is OFF (BZE = "0") and will be invalid when the normal buzzer
output is ON (BZE = "1"). When a re-trigger is assigned during a one-shot output, the one-shot output
time set with SHTPW is measured again from that point (time extension).

* When reading
When "1" is read: BUSY
When "0" is read: READY

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

BZSTP: One-shot buzzer stop (FF6DH=D2)
Stops the one-shot buzzer output.

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

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

4.12.8 Programming notes

(1) Since it generates a BZ signal that is out of synchronization with the BZE register, hazards may at
times be produced when the signal goes ON/OFF due to the setting of the BZE register.

(2) The one-shot output is only valid when the normal buzzer output is OFF (BZE = "0") and will be
invalid when the normal buzzer output is ON (BZE = "1").

(3) The buzzer signal is generated by dividing the OSC1 oscillation clock. Since the frequencies and times
that are described in this section are the values in the case of crystal oscillation (32.768 kHz, Typ.),
they differ when CR oscillation (60 kHz, Typ.) is selected.
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4.13 Interrupt and HALT

<Interrupt types>
The 51C63454 provides the following interrupt functions.

External interrupt: e Input interrupt (1 system)
Internal interrupt: e Watchdog timer interrupt (NMI, 1 system)
* Programmable timer interrupt (2 systems)
* Serial interface interrupt (1 system)
e Timer interrupt (4 systems)
* Stopwatch timer interrupt (2 systems)

To authorize interrupt, the interrupt flag must be set to "1" (EI) and the necessary related interrupt mask
registers must be set to "1" (enable).

When an interrupt occurs the interrupt flag is automatically reset to "0" (DI), and interrupts after that are
inhibited.

The watchdog timer interrupt is an NMI (non-maskable interrupt), therefore, the interrupt is generated
regardless of the interrupt flag setting. Also the interrupt mask register is not provided. However, it is
possible to not generate NMI since software can stop the watchdog timer operation.

Figure 4.13.1 shows the configuration of the interrupt circuit.

Note: After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SP2 in the initialize routine.
Further, when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of
them is set, all the interrupts including NMI are masked and interrupts cannot be accepted until the
other one is set.

<HALT>

The S1C63454 has HALT functions that considerably reduce the current consumption when it is not
necessary.

The CPU enters HALT status when the HALT instruction is executed.

In HALT status, the operation of the CPU is stopped. However, timers continue counting since the
oscillation circuit operates. Reactivating the CPU from HALT status is done by generating a hardware
interrupt request including NMI.
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IPTO

| Watchdog timer  |———» NMI
EIPTO interrupt request
EIPT1

o~ : Interrupt
EISIF | vector Program counter
_| generation (low-order 4 bits)
| circuit
!
L —» INT
interrupt request

IKO j D
EIKO

Interrupt flag

IT3
EIT3

T2
EIT2

Interrupt factor flag

Interrupt mask register

ITO Input comparison register

EITO

Interrupt selection register

ISW1
EISW1

SW10
EISW10

D
SO

Fig. 4.13.1 Configuration of the interrupt circuit
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4.13.1 Interrupt factor

Table 4.13.1.1 shows the factors for generating interrupt requests.

The interrupt flags are set to "1" depending on the corresponding interrupt factors.

The CPU operation is interrupted when an interrupt factor flag is set to "1" if the following conditions are

established.

¢ The corresponding mask register is "1" (enabled)

e The interrupt flag is "1" (EI)

The interrupt factor flag is reset to "0" when "1" is written.

At initial reset, the interrupt factor flags are reset to "0".

# Since the watchdog timer's interrupt is NMI, the interrupt is generated regardless of the setting above,
and no interrupt factor flag is provided.

Table 4.13.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Programmable timer 1 (counter = 0) IPT1 (FFF2H-D1)
Programmable timer O (counter = 0) IPTO (FFF2H+DO0)
Serial interface (8-bit data input/output completion) ISIF (FFF3H+DO0)
K00-K 03 input (falling edge or rising edge) IKO (FFF4H-DO0)
Clock timer 1 Hz (falling edge) IT3 (FFF6H+D3)
Clock timer 2 Hz (falling edge) IT2 (FFF6H+D2)
Clock timer 8 Hz (falling edge) IT1 (FFF6H+D1)
Clock timer 32 Hz (falling edge) ITO (FFF6HDO0)
Stopwatch timer (1 Hz) ISW1  (FFF7HeD1)
Stopwatch timer (10 Hz) ISW10  (FFF7H+DO0)

Note: After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be
sure to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to
the interrupt enabled state.
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4.13.2 Interrupt mask

The interrupt factor flags can be masked by the corresponding interrupt mask registers.

The interrupt mask registers are read /write registers. They are enabled (interrupt authorized) when "1" is
written to them, and masked (interrupt inhibited) when "0" is written to them.

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

Table 4.13.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.13.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EIPT1 (FFE2H+D1) IPT1 (FFF2H-D1)
EIPTO (FFE2H<DO0) IPTO (FFF2H+DO)
EISIF (FFE3H+DO0) ISIF (FFF3H+DO)
EIKO (FFE4H<DO0) IKO (FFF4H+DO)
EIT3 (FFE6H+D3) | IT3 (FFF6H+D3)
EIT2 (FFE6H<D2) IT2 (FFF6H+D2)
EIT1 (FFEB6H<D1) IT1 (FFF6H+D1)
EITO (FFE6H<DO0) ITO (FFF6H+DO)
EISW1 (FFE7H<D1) ISw1 (FFF7H+D1)
EISW10 (FFE7H<DO0) ISW10 (FFF7H+DO)

4.13.3 I nterrupt vector

When an interrupt request is input to the CPU, the CPU begins interrupt processing. After the program
being executed is terminated, the interrupt processing is executed in the following order.

1 The content of the flag register is evacuated, then the I flag is reset.

2 The address data (value of program counter) of the program to be executed next is saved in the stack
area (RAM).

3 The interrupt request causes the value of the interrupt vector (0100H-010EH) to be set in the program
counter.

4 The program at the specified address is executed (execution of interrupt processing routine by
software).

Table 4.13.3.1 shows the correspondence of interrupt requests and interrupt vectors.

Table 4.13.3.1 Interrupt request and interrupt vectors

Interrupt vector Interrupt factor Priority
0100H Watchdog timer High
0104H Programmable timer
0106H Serial interface
0108H K00—K 03 input
010CH Clock timer ¢
010EH Stopwatch timer Low

The four low-order bits of the program counter are indirectly addressed through the interrupt request.
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4.13.41/0O memory of interrupt

Table 4.13.4.1 shows the I/O addresses and the control bits for controlling interrupts.

Table 4.13.4.1 Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO__ | Name | Init *1 1 0
SIK03 | SIK02 | SIK01 | SIK0O SIKo3 0 Enable | Disable | ]
FF20H ::ng g E::E:Z g:z:E:z K00—KO03 interrupt selection register
RW SIK00 0 Enable | Disable |_|
KCP03 | KCP02 | KCPO1 | KCPOO Egggg 1 % ? _ _ _
FF22H KCPO1 1 1 In K00-K 03 input comparison register
AW keroo| 1| 3| £ L
0+3 - *2 Unused
0 0 EIPT1 | EIPTO 03 a2 Unused
FFE2H EIPT1 0 Enable | Mask | Interrupt mask register (Programmable timer 1)
R RW EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer O)
0+3 - *2 Unused
0 0 0 EISIF 03 o Unused
FFE3H 03 w0 Unused
R RW EISIF 0 Enable | Mask | Interrupt mask register (Serial I/F)
0+3 —#2 Unused
0 0 0 EIKO 03 w2 Unused
FFE4H 03 w2 Unused
R RW | Elo | o | Enable| Mask |interrupt mask register (K0OO—K03)
EIT3 0 Enable | Mask | Interrupt mask register (Clock timer 1 Hz)
EIT3 | EIT2 BTt EITO EIT2 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
FFE6H EIT1 0 Enable | Mask | Interrupt mask register (Clock timer 8 Hz)
RIW EITO 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
0+3 - *2 Unused
0 0 EISW1 [EISW10 03 o Unused
FFETH EISW1 0 Enable | Mask | Interrupt mask register (Stopwatch timer 1 Hz)
R RW EISW10| 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
0+3 -*2| (R) (R) | Unused
0 0 IPT1 IPTO 03 2| Yes No |Unussd
FFF2H IPT1 o | (Wf T iW} o Interrupt factor flag (Programmable timer 1)
R RW IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer O)
03 -*2| (R) (R) | Unused
0 0 0 ISIF 0+3 -#2| Yes No | Unused
FFFSH 0%a| =2 (W) | W) |Unused
R RW ISIF 0 Reset | Invalid | Interrupt factor flag (Serial I/F)
0+3 -#2| (R) (R) | Unused
0 0 0 K0 0+3 -#2| Yes No [ Unused
FFFaH s —2[ W) | W) |Unused
R RW IKO 0 Reset | Invalid | Interrupt factor flag (K0O0—K03)
IT3 0 (R) (R) | Interrupt factor flag (Clock timer 1 Hz)
I3 IT2 It IT0 IT2 0 Yes No | Interrupt factor flag (Clock timer 2 Hz)
FFFeH IT1 o | (Wf T iW} o Interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
0+3 -*2| (R) (R) | Unused
0 0 ISW1 | ISW10 03 2| Yes No |Unused
FFF7H ISW1 o | (Wf T in o Interrupt factor flag (Stopwatch timer 1 Hz)
R RW ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)
*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
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EIPT1, EIPTO:
IPT1, IPTO:

EISIF:
ISIF:

KCP03-KCPO0O:
SIK03-SIK00:
EIKO:

IKO:

EIT3-EITO:
IT3—ITO:

EISW1, EISW10:
ISW1, ISW10:

4.13.5 Programming notes

Interrupt mask registers (FFE2H<D1, DO)
Interrupt factor flags (FFF2H<D1, DO)
Refer to Section 4.10, "Programmable Timer".

Interrupt mask register (FFE3H<DO)
Interrupt factor flag (FFF3H<DO)
Refer to Section 4.11, "Serial Interface".

Input comparison registers (FF22H)
Interrupt selection registers (FF20H)
Interrupt mask register (FFE4H<DO)
Interrupt factor flag (FFF4H<DO)
Refer to Section 4.4, "Input Ports".

Interrupt mask registers (FFE6H)
Interrupt factor flags (FFF6H)
Refer to Section 4.8, "Clock Timer".

Interrupt mask registers (FFE7H<D1, DO)
Interrupt factor flags (FFF7H<D1, DO)
Refer to Section 4.9, "Stopwatch Timer".

(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt

mask registers are set to "0".

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the

interrupt enabled state.

(3) After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SP2 in the initialize routine.
Further, when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of them is
set, all the interrupts including NMI are masked and interrupts cannot be accepted until the other one

is set.
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CHAPTER S5 SumMARY oF NOTES

5.1 Notesfor Low Current Consumption

The 51C63454 contains control registers for each of the circuits so that current consumption can be
reduced.

These control registers reduce the current consumption through programs that operate the circuits at the
minimum levels.

The following lists the circuits that can control operation and their control registers. Refer to these when
programming.

Table5.1.1 Circuitsand control registers

Circuit (and item) Control register
CPU HALT instruction
CPU operating frequency CLKCHG, OscC
Oscillation system voltage regulator | VDC
LCD system voltage circuit LPWR

Refer to Chapter 7, "Electrical Characteristics" for current consumption.

Below are the circuit statuses at initial reset.
CPU: Operating status

CPU operating frequency: Low speed side (CLKCHG = "0")
OSC3 oscillation circuit is in OFF status (OSCC = "0")

Oscillation system voltage regulator: Low speed side 1.3 V (VDC = "0")
However, it is fixed at 2.2 V when the CR oscillation circuit has
been selected as the OSC1 oscillation circuit. Whether the VDC
register value is "0" or "1" does not matter.

LCD system voltage circuit: OFF status (LPWR ="0")

Also, be careful about panel selection because the current consumption can differ by the order of several
pA on account of the LCD panel characteristics.
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5.2 Summary of Notes by Function

Here, the cautionary notes are summed up by function category. Keep these notes well in mind when

programming.

Memory and stack

(1) Memory is not implemented in unused areas within the memory map. Further, some non-implemen-
tation areas and unused (access prohibition) areas exist in the display memory area and the peripheral
I/0 area. If the program that accesses these areas is generated, its operation cannot be guaranteed.
Refer to Section 4.7.5, "Display memory", for the display memory, and the I/O memory maps shown
in Tables 4.1.1 (a)—(d) for the peripheral I/O area.

(2) Part of the RAM area is used as a stack area for subroutine call and register evacuation, so pay
attention not to overlap the data area and stack area.

(3) The S1C63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
16-bit data are accessed in stack handling by SP1, therefore, this stack area should be allocated to the
area where 4-bit/16-bit access is possible (0100H to 01FFH). The stack pointers SP1 and SP2 change
cyclically within their respective range: the range of SP1 is 0000H to 03FFH and the range of SP2 is
0000H to O0FFH. Therefore, pay attention to the SP1 value because it may be set to 0200H or more
exceeding the 4-bit/16-bit accessible range in the S1C63454 or it may be set to 00FFH or less. Memory
accesses except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.

Watchdog timer
(1) When the watchdog timer is being used, the software must reset it within 3-second cycles.

(2) Because the watchdog timer is set in operation state by initial reset, set the watchdog timer to disabled
state (not used) before generating an interrupt (NMI) if it is not used.

Oscillation circuit

(1) When switching the CPU system clock from OSC1 to OSC3, first set VD1. After that maintain 2.5 msec
or more, and then turn the OSC3 oscillation ON.
When switching from OSC3 to OSC1, set VD1 after switching to OSC1 and turning the OSC3 oscilla-
tion OFF. However, when the CR oscillation circuit has been selected as the OSC1 oscillation circuit, it
is not necessary to set VDI1.

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

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

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

(4) When the CR oscillation circuit has been selected as the OSC1 oscillation circuit by mask option, it is
not necessary to switch the operating voltage VD1 using the VDC register and the VD1 voltage is fixed
at 2.2 V. The VD1 level does not change even if any data is written to the VDC register.
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Input port
When input ports are changed from low to high by pull-up resistors, the rise of the waveform is
delayed on account of the time constant of the pull-up resistor and input gate capacitance. Hence,
when fetching input ports, set an appropriate waiting time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10 xC xR
C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull-up resistance 330 kQ

Output port

(1) When using the output port (R02, R03) as the special output port, fix the data register (R02, R03) at "1"
and the high impedance control register (R02HIZ, RO3HIZ) at "0" (data output).
Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R02 and R03 registers when the special output has been selected.
Be aware that the output terminal shifts into high impedance status when "1" is written to the high
impedance control register (R02HIZ, RO3HIZ).

(2) Ahazard may occur when the FOUT signal and the TOUT signal are turned ON and OFF.

(3) When foscs is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output.
Refer to Section 4.3, "Oscillation Circuit", for the control and notes.

I/0 port

When in the input mode, I/O ports are changed from low to high by pull-up resistor, the rise of the
waveform is delayed on account of the time constant of the pull-up resistor and input gate capaci-
tance. Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10 xC xR

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-up resistance 330 kQ

LCD driver

(1) When a program that access no memory mounted area (FOS0H-FOFFH, F150H-F1FFH, F201H, F203H,
- - -, F24FH) is made, the operation is not guaranteed.

(2) Because at initial reset, the contents of display memory and LC3-LCO (LCD contrast) are undefined,
there is need to initialize by the software. Furthermore, take care of the registers LPWR and ALOFF
because these are set so that the display goes OFFE.

Clock timer
(1) Be sure to read timer data in the order of low-order data (TM0-TM3) then high-order data (TM4-TM7).

(2) When the CR oscillation circuit is selected as the OSC1 oscillation circuit by mask option, the frequen-
cies and times differ from the values described in this section because the oscillation frequency will be
60 kHz (Typ.). Therefore, the clock timer can not be used for the clock function.

Stopwatch timer

(1) When data of the counter is read at run mode, perform the reading after suspending the counter once
and then set SWRUN to "1" again. Moreover, it is required that the suspension period not exceed 976
psec (1/4 cycle of 256 Hz).

(2) When the CR oscillation circuit is selected as the OSC1 oscillation circuit by mask option, the frequen-
cies and times differ from the values described in this section because the oscillation frequency will be
60 kHz (Typ.). Therefore, this timer can not be used for the stopwatch function.
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Programmable timer

(1) When reading counter data, be sure to read the low-order 4 bits (PTD00-PTDO03, PTD10-PTD13) first.
Furthermore, the high-order 4 bits (PTD04-PTDO07, PTD14-PTD17) should be read within 0.73 msec
(when fosc1 is 32.768 kHz) of reading the low-order 4 bits (PTD00-PTD03, PTD10-PTD13).

(2) The programmable timer actually enters RUN/STOP status in synchronization with the falling edge of
the input clock after writing to the PTRUNO/PTRUNT1 register. Consequently, when "0" is written to the
PTRUNO/PTRUNI register, the timer enters STOP status at the point where the counter is decremented
(-1). The PTRUNO/PTRUNT1 register maintains "1" for reading until the timer actually stops.

Figure 5.2.1 shows the timing chart for the RUN/STOP control.

Input clock

PTRUNO/PTRUNL (RD) |

"1" (RUN) "0" (STOP)
PTRUNO/PTRUN1 (WR)__ [Y writing [Y writing
PTDOX/PTD1X 42H  Y41H)40H) 3FH)3EH) 3DH

Fig. 5.2.1 Timing chart for RUN/STOP control

(3) Since the TOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2
cycle is generated when the signal is turned ON and OFF by setting the register.

(4) When the OSC3 oscillation clock is selected for the clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the programmable timer. However the OSC3 oscillation circuit requires
a time at least 5 msec from turning the circuit ON until the oscillation stabilizes. Therefore, allow an
adequate interval from turning the OSC3 oscillation circuit ON to starting the programmable timer.
Refer to Section 4.3, "Oscillation Circuit", for the control and notes of the OSC3 oscillation circuit.
At initial reset, the OSC3 oscillation circuit is set in the OFF state.

(5) The counter mode selection register EVCINT should be set to "0" when timer 0 is used as a down
counter. Otherwise it will cause malfunction.

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

(2) Asa 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.) In addition, be sure to enable the serial
interface with the ESIF register before the trigger.

Supply trigger only once every time the serial interface is placed in the RUN state. Refrain from
performing trigger input multiple times, as leads to malfunctioning. Moreover, when the synchronous
clock SCLK is external clock, start to input the external clock after the trigger.

(3) Setting of the input/output permutation (MSB first/LSB first) with the SDP register should be done
before setting data to SDO-SD7.

(4) Be aware that the maximum clock frequency for the serial interface is limited to 1 MHz when OSC3 is
used as the clock source of the programmable timer or in the slave mode.

Sound generator
(1) Since it generates a BZ signal that is out of synchronization with the BZE register, hazards may at
times be produced when the signal goes ON/OFF due to the setting of the BZE register.

(2) The one-shot output is only valid when the normal buzzer output is OFF (BZE = "0") and will be
invalid when the normal buzzer output is ON (BZE = "1").

(8) The buzzer signal is generated by dividing the OSC1 oscillation clock. Since the frequencies and times
that are described in this section are the values in the case of crystal oscillation (32.768 kHz, Typ.),
they differ when CR oscillation (60 kHz, Typ.) is selected.
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Interrupt
(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt
mask registers are set to "0".

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

(3) After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SP2 in the initialize routine.
Further, when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of them is
set, all the interrupts including NMI are masked and interrupts cannot be accepted until the other one
is set.
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5.3 Noteson Mounting

<Oscillation Circuit>

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

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

(1) Components which are connected to the OSC1, OSC2, OSC3 and Sample Vss pattern (OSC3)
OSC4 terminals, such as oscillators, resistors and capacitors, should
be connected in the shortest line.

(2) As shown in the right hand figure, make a Vss pattern as large as osc4
possible at circumscription of the OSC1, OSC2, OSC3 and OSC4 T 0sC3
terminals and the components connected to these terminals.

Furthermore, do not use this Vss pattern for any purpose other than [:Qgs

the oscillation system.

In order to prevent unstable operation of the oscillation circuit due to current leak between OSC1/
OSC3 and VDD, please keep enough distance between OSC1/0OSC3 and VDD or other signals on the
board pattern.

<Reset Circuit>

The power-on reset signal which is input to the RESET terminal changes depending on conditions
(power rise time, components used, board pattern, etc.).

Decide the time constant of the capacitor and resistor after enough tests have been completed with the
application product.

When the built-in pull-up resistor is added to the RESET terminal by mask option, take into consider-
ation dispersion of the resistance for setting the constant.

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

<Power Supply Circuit>

Sudden power supply variation due to noise may cause malfunction. Consider the following points to
prevent this:

(1) The power supply should be connected to the VDD and Vss terminal with patterns as short and
large as possible.
Furthermore, similar consideration is necessary when the LCD drive voltage is supplied from
outside the IC.

(2) When connecting between the VDD and Vss terminals with a bypass capacitor, the terminals
should be connected as short as possible.

Bypass capacitor connection example

VDD VDD

-

Vss Vss

(38) Components which are connected to the VD1 and Vc1-Vs terminals, such as capacitors and
resistors, should be connected in the shortest line.
In particular, the Vc1-Vcs voltage affects the display quality.

Do not connect anything to the VC1-Vcs terminals when the LCD driver is not used.
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<Arrangement of Signal Lines>

e In order to prevent generation of electromagnetic induction noise

Prohibited pattern example

caused by mutual inductance, do not arrange a large current signal line T
near the circuits that are sensitive to noise such as the oscillation unit.
} ——{osc4
e When a signal line is parallel with a high-speed line in long distance or =
intersects a high-speed line, noise may generated by mutual interfer- E{ 0sC3
ence between the signals and it may cause a malfunction. T —vss
Do not arrange a high-speed signal line especially near circuits that are "

sensitive to noise such as the oscillation unit. Large current signal line
High-speed signal line

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

e 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 precau-
tions to prevent malfunctions caused by visible radiations.

(1) Design the product and implement the IC on the board so that it is shielded from visible radiation
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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cHAPTER 6 Basic ExTErRNAL WIRING Di1AGRAM

* When negative polarity is selected for buzzer output (mask option selection)

Input

1/0

Output

LCD panel 40 x 17

CA——= C1
cB
K00-K03 CC ——
C2
CcD ———
CE——= Cs
CF —
P00-P03 TEST
P10 (SIN) VDD
P11 (SOUT) =z
P12 (SCLK) VD1 1Cay ©°
P13 (SRDY) S1C63454 VRer 10—
[The potential of the substrate < Caxllr—-
(back of the chip) is Vss.] 0SC1 N i |
| Xtal \ ‘éé\
RO osc2 -] =
RO1 oy
RO2 (TOUT) 0SC3 %ﬁ‘h o
RO3 (FOUT) | E3CR [ &'%\
osc4 ———F ooty 5
*3 *
RESET O—s
N 538838 Vss
o >=>>=>> x1: Crystal oscillation
lf #2: CR oscillation
1 1 *3: Ceramic oscillation
Piezo (L_‘):( ‘;( S S
] M
Coil
X'tal Crystal oscillator 32.768 kHz, Ci (Max.) = 34 kQ
CaGx Trimmer capacitor 5-25 pF
Rcr1  |Resistor for OSC1 CR oscillation |520 kQ (60 kHz)
CR Ceramic oscillator 4 MHz (3.0V)
CGe Gate capacitor 30 pF
Cbc Drain capacitor 30 pF
Rcr2  |Resistor for OSC3 CR oscillation |34 kQ (1.8 MHZz)
C1-Cs |Capacitor 0.2 uF
Co Capacitor 0.1uF
Ccp Capacitor 3.3uF
CRes |RESET terminal capacitor 0.1uF

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

(1.8V)
22V

6.4V
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cHAPTER / ELEcCTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

(Vss=0V)
Iltem Symbol Rated value Unit
Supply voltage VDD -05t07.0 \
Input voltage (1) Vi -0.5to Vop + 0.3 \
Input voltage (2) Viosc -0.5toVp1+0.3 Vv
Permissible total output current *1|XIvbb 10 mA
Operating temperature Topr -20t0 70 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
Permissible dissipation *2 Pp 250 mw

x1 The permissible total output current isthe sum total of the current (average current) that simultaneously flows from the
output pin (or isdrawn in).
*2 In case of plastic package.

7.2 Recommended Operating Conditions

(Ta=-20to 70°C)

Item Symbol Condition Min. Typ. Max. | Unit
Supply voltage VDD Vss=0V OSC3 oscillation OFF 18 3.0 6.4 \
OSCL1 CR oscillation 2.2 3.0 6.4 \
OSC3 oscillation ON 2.2 3.0 6.4 \
Oscillation frequency fosc1 | Crystal oscillation - 32.768 - kHz
CR oscillation 40 60 80 |[kHz
fosca |CR oscillation 1,800 kHz
Ceramic oscillation 4,100 | kHz
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7.3 DC Characteristics

Unless otherwise specified:

Vpbp=3.0V, Vss=0V, fosc1=32.768kHz, Ta=25°C, Vp1/Vc1/Vca/VcalVcs are interna voltage, C1—Cs=0.2uF

Iltem Symbol Condition Min. Typ. Max. | Unit
High level input voltage (1) |ViH1 K00-03, P00-03, P10-13 0.8'VDbD VDD V
High level input voltage (2) | ViH2 RESET, TEST, P10-13 0.9-Vpp Vop | V
Low level input voltage (1)  |ViL1 K00-03, P00-03, P10-13 0 0.2"Vob| V
Low level input voltage (2) | ViL2 RESET, TEST, P10-13 0 0.1-Vop| V
High level input current IH VIH=3.0V K00-03, P00-03, P10-13 0 0.5 HA
RESET, TEST
Low level input current (1) | liL1 ViL1=Vss K00-03, P00-03, P10-13 -0.5 0 LA
No Pull-up RESET, TEST
Low level input current (2) | liL2 ViL2=Vss K00-03, P00-03, P10-13 -12 -7 -5 UA
With Pull-up RESET, TEST
High level output current (1) |loH1 VoH1=0.9-Vpp  |R00-03, POO-03, P10-13 -2 mA
High level output current (2) |loH2 VoH2=0.9:-Vpp |BZ -2 mA
Low level output current (1) |loL1 VoL1=0.1-VpD R00-03, POO-03, P10-13 3 mA
Low level output current (2) |loL2 VoL2=0.1-VbD BZ 3 mA
Common output current 10H3 VoH3=Vcs-0.05V |COM0-16 -25 | pA
loLs VoL3=Vss+0.05V 25 UA
Segment output current loH4 VoH4=Vcs5-0.05V | SEG0-39 -10 UA
loLs VoL4=Vss+0.05V 10 UA
Unless otherwise specified:
Vpp=5.0V, Vss=0V, fosc1=32.768kHz, Ta=25°C, Vp1/Vcy/Vca/VcalVcs are interna voltage, C1—Cs=0.2uF
Iltem Symbol Condition Min. Typ. Max. | Unit
High level input voltage (1) |ViH1 K00-03, P00-03, P10-13 0.8'VbD VDD V
High level input voltage (2) | ViH2 RESET, TEST, P10-13 0.9-Vpp Vop | V
Low level input voltage (1) | ViL1 K00-03, P00-03, P10-13 0 0.2"Vob| V
Low level input voltage (2) | ViL2 RESET, TEST, P10-13 0 0.1-Vop| V
High level input current IH VIH=5.0V K00-03, P00-03, P10-13 0 0.5 HA
RESET, TEST
Low level input current (1) | liLe ViL1=Vss K00-03, P00-03, P10-13 -0.5 0 LA
No Pull-up RESET, TEST
Low level input current (2) | liL2 ViL2=Vss K00-03, P00-03, P10-13 -20 -12 -9 UA
With Pull-up RESET, TEST
High level output current (1) |loH1 VoH1=0.9-Vpp  |R00-03, POO-03, P10-13 -5 mA
High level output current (2) |loH2 VoH2=0.9:-Vbp |BZ -5 mA
Low level output current (1) |loL1 VoL1=0.1-VpD R00-03, PO0-03, P10-13 75 mA
Low level output current (2) |loL2 VoL2=0.1-Vbp BZ 75 mA
Common output current 10H3 VoH3=Vcs-0.05V |COM0-16 -25 | pA
loLs VoL3=Vss+0.05V 25 UA
Segment output current loH4 VoH4=Vcs-0.05V | SEG0-39 -10 UA
loLs VoL4=Vss+0.05V 10 LA
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7.4 Analog Circuit Characteristics and Power Current Consumption

Unless otherwise specified:
Vbp=3.0V, Vss=0V, fosc1=32.768kHz, Cc=25pF, Ta=25°C, VDp1/Vc1/Vc2/Vca/Vcs areinternal voltage, C1—Cs=0.2uF

Iltem Symbol Condition Min. Typ. Max. | Unit

LCD drive voltage Ve Connect 1 MQ load resistor LC0-3="0" 0.975 \%
(when Vc1 standard is selected) between Vss and Vci1 LCO-3="1" 0.990
(without panel load) LC0O-3="2" 1.005
LCO-3="3" 1.020
LCO-3="4" 1.035
LCO-3="5" 1.050
LCO-3="6" 1.065

LCO-3="7" | Typ. | 1.080 | Typ.
LCO-3="8" | x0.88 | 1.095 | x1.12

LC0-3="9" 1.110
LC0-3="10" 1.125
LC0-3="11" 1.140
LC0-3="12" 1.155
LC0-3="13" 1.170
LC0-3="14" 1.185
LC0-3="15" 1.200
Vcz Connect 1 MQ load resistor between Vss and Vc2 2:\Vc1 2Vc1 | V
(without panel load) x0.9
Vca Connect 1 MQ load resistor between Vss and Vca 3Vci 3Vcel | V
(without panel load) x0.9
Vcs Connect 1 MQ load resistor between Vss and Vcs 4.\ c1 4Nc1 | V
(without panel load) x0.9
LCD drive voltage Vci Connect 1 MQ load resistor between Vss and Vc1 1/2Vc2 12Ve2| V
(when V2 standard is selected) (without panel load) x0.95 +0.1
Vec2 Connect 1 MQ load resistor LC0-3="0" 1.95 \%
between Vssand Vc2 LC0-3="1" 1.98
(without panel load) LC0O-3="2" 2.01
LC0-3="3" 2.04
LC0-3="4" 2.07
LC0-3="5" 2.10
LC0-3="6" 2.13

LCO3="7" | Typ. | 216 | Typ.
LCO-3="8" | x0.88 | 219 | x1.12

LC0-3="9" 2.22
LC0-3="10" 2.25
LC0-3="11" 2.28
LC0-3="12" 2.31
LC0-3="13" 2.34
LC0-3="14" 2.37
LC0-3="15" 2.40
Vca Connect 1 MQ load resistor between Vss and Vca 3/2-Vc2 3/2Vc2| V
(without panel load) x0.95
Vs Connect 1 MQ load resistor between Vss and Vcs 2Vc2 2Vec2 | V
(without panel load) x0.95
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Unless otherwise specified:
Vpb=3.0V, Vss=0V, fosc1=32.768kHz, Cc=25pF, Rcr1i=600kQ, Rcr2=47k<2, Ta=25°C, Vp1/Vc1/Vc2/Vca/V cs are interna voltage,

C1—Cs=0.2uF
Iltem Symbol Condition Min. Typ. Max. | Unit

Current consumption lop During HALT (32 kHz crystal oscillation), 1 2 HA
LCD power OFF w1, %2
During HALT (32 kHz crystal oscillation), 6 12 JIVAN
LCD power ON (Vct standard) #1, %2
During HALT (32 kHz crystal oscillation), 4 8 LA
LCD power ON (Vcz standard) w1, %2
During HALT (60 kHz CR oscillation), 23 45 HA
LCD power OFF *2
During HALT (60 kHz CR oscillation), 30 60 JIVAN
LCD power ON (Vct standard) *2
During HALT (60 kHz CR oscillation), 26 50 UA
LCD power ON (Vcz standard) %2
During execution (32 kHz crystal oscillation), 10 19 HA
L CD power ON (Vc1 standard) ®], %2
During execution (60 kHz CR oscillation), 45 80 JIVAN
LCD power ON (Vct standard) *2
During execution (2 MHz ceramic oscillation), 500 700 | pA
LCD power ON (Vct standard)
During execution (4 MHz ceramic oscillation), 1,000 | 1,200 | uA
L CD power ON (Vc1 standard)
During execution (1,800 kHz CR oscillation), 700 1,000 | pA
LCD power ON (Vct standard)

x1 VDC="0"

*2 OSCC="0"
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7.5 Oscillation Characteristics

The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Use the following characteristics as reference values.

OSC1 crystal oscillation circuit

Unless otherwise specified:
Vpp=3.0V, Vss=0V, fosc1=32.768kHz, Cc=25pF, Cp=built-in, Ta=-20 to 70°C

Iltem Symbol Condition Min. Typ. Max. | Unit
Oscillation start voltage Vsta  |tsta<3sec (Vbp) 1.8 Vv
Oscillation stop voltage Vstp  |tstp<10sec (Vo) 1.8 \Y
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the IC (in chip) 14 pF
Frequency/voltage deviation |df/ldV |VDD=2.2t0 6.4V without VDC switching 5 ppm
with VDC switching 10 |[ppm
Freguency/IC deviation JfldIC -10 10 | ppm
Freguency adjustment range |df/dCc |Ce=5 to 25pF 10 20 ppm
Harmonic oscillation start voltage | Vhho | Ce=5pF (VDD) 6.4 \Y
Permitted leak resistance Rieak Between OSC1 and Vss 200 MQ

OSC1 CR oscillation circuit

Unless otherwise specified:
Vbp=3.0V, Vss=0V, Rcr1=520k<2, Ta=-20 to 70°C

Iltem Symbol Condition Min. Typ. Max. | Unit
Oscillation frequency dispersion |fosci -30 | 60kHz 30 %
Oscillation start voltage Vsta |(VDD) 2.2 \
Oscillation start time tsta VDD=2.2t0 6.4V 3 ms
Oscillation stop voltage Vstp  |(VDD) 2.2 \

OSC3 ceramic oscillation circuit

Unless otherwise specified:
Vbp=3.0V, Vss=0V, Ceramic oscillator: 4MHz, Ccc=Cpc=30pF, Ta=-20 to 70°C

Item Symbol Condition Min. Typ. | Max. | Unit
Oscillation start voltage Vsta |(VDD) 2.2 \
Oscillation start time tsta VDD=2.2 10 6.4V 5 ms
Oscillation stop voltage Vstp (VDD) 2.2 V

OSC3 CR oscillation circuit

Unless otherwise specified:
VbDp=3.0V, Vss=0V, Rcr2=34k2, Ta=-20 to 70°C

Iltem Symbol Condition Min. Typ. Max. | Unit
Oscillation frequency dispersion |foscs -25 |1,800kHz| 25 %
Oscillation start voltage Vsta |(VDD) 2.2 \
Oscillation start time tsta VDD=2.2t0 6.4V 3 ms
Oscillation stop voltage Vstp  |(VDD) 2.2 \
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OSC1 CR oscillation frequency-resistance characteristic

The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Use the following characteristics as reference values and evaluate the characteristics on the actual

product.

CR oscillation frequency fosc1 [Hz]

120k ‘ ‘ ‘ ‘
110k VDD =2.2t06.4V
Vss=0V
100k Ta=25°C
\ Typ. value
90k
80k \
70k \ \
60k
50k ~_
\
40k
—~
~__|
30k
0k
300k 400k 500k 600k 700k 800k 900k M

Resistor value for CR oscillation Rcr1 [Q]

OSC3 CR oscillation frequency-resistance characteristic
The oscillation characteristics change depending on the conditions (components used, board pattern,

etc.). Use the following characteristics as reference values and evaluate the characteristics on the actual

product.

CR oscillation frequency foscs [Hz]

2.2M

2.1M

\

P T T T

2.0M

Vss=0V
Ta=25°C

1.9M

Typ. value

VbD=2.21t06.4V

X

1.7M

1.6M

1.4M

1.3M

1.1M

1.0M

I~

0.9M

20k

30k

40k

50k 60k 70k 80k 90k 100k
Resistor value for CR oscillation Rcrz [Q2]

110k 120k
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Clock synchronous master mode
* During 32 kHz operation

Condition: Vbb=3.0V, Vss=0V, Ta=25°C, V1H1=0.8VDpD, VIL1=0.2VDD, VoH=0.8VDD, V0oL=0.2VDD

Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tsmd 5 us
Receiving datainput set-up time tsms 10 us
Receiving datainput hold time tsmh 5 us

* During 1 MHz operation
Condition: Vpbp=3.0V, Vss=0V, Ta=25°C, ViH1=0.8VbD, VIL1=0.2VDpD, VoH=0.8VDD, VoL=0.2VDbD
Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tsmd 200 ns
Receiving data input set-up time tsms 400 ns
Receiving datainput hold time tsmh 200 ns
Note that the maximum clock frequency islimited to 1 MHz.
Clock synchronous slave mode
* During 32 kHz operation
Condition: Vpbp=3.0V, Vss=0V, Ta=25°C, ViH1=0.8VbD, VIL1=0.2VDbD, VoH=0.8VDD, VoL=0.2VDbD
Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tssd 10 us
Receiving datainput set-up time tsss 10 us
Receiving data input hold time tssh 5 us
* During 1 MHz operation
Condition: Vpbp=3.0V, Vss=0V, Ta=25°C, ViH1=0.8VbD, VIL1=0.2VDpD, VoH=0.8VDD, VoL=0.2VDbD
Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tssd 500 ns
Receiving data input set-up time tsss 400 ns
Receiving datainput hold time tssh 200 ns
Note that the maximum clock frequency islimited to 1 MHz.

<Master mode>

_— VoH
SCLK OUT VoL \
-

—

tsmd
VoH —
souT Vo X X
tsms' tsmh 2
SIN VIH1 — ]
ViLi — —
<Slave mode>
—_— VIH1
SCLK IN ViLL \ /
-«
tssd
VoH
souT vor X
tsss | | tssh 3
VIH1
SIN Vil
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7.7 Timing Chart

System clock switching

# 1 instruction execution time or longer

(( — .k
VDC V)
<«» 2.5 msecmin. — -
oscc )
. .5 msecmin.
> ((
CLKCHG )

Note: When the OSC1 oscillation circuit has been selected as the CR oscillation circuit, it is not neces-
sary to set the VDC register. Whether the VDC register value is "1" or "0" does not matter.
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PACKAGE

8.1 Plastic Package

CHAPTER 8: PACKAGE

QFP15-100pin

10.1

1604

1420.1

(Unit: mm)

76

50

14201

0.5 0.18%0ds

16:0.4

+0.05
0.125-0:025

fFﬂHHHHHHHHHHHHHMHHHHHHHHHH

1.2max

0.1

OO
10°

0.5%02

1

f—n|

The dimensions are subject to change without notice.
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8.2 Ceramic Package for Test Samples

QFP15-100pin
(Unit: mm)

17.00:40:30

12.00Typ. |

AR AL

76

—
—]
————

.
"= @ S @ ="
= | —
= | =
= = | -2 E s
= | E =5
= = | = = °
= =2 | S =
— } —
25— & Wﬁnmm Q —
- J
JUTOUURDO0RTnnmyoovoony
26 | 50
0.50 0.20
SRR
Al o| of © &
[ 1 X [ 1 5
JL - - ,,,,,,,,,,J,,i,f\\_ 2
GLASS CERAMIC Jﬁ 0.82%0.30
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9.1 Diagram of Pad Layout

CHAPTER 9: PAD LAYOUT

o o o o o A
15 10 5 1
950
O
020 O
O
0 0
% 900
O
025 v =
% O
O
O e
030 85% &
O O <
O (0,0) 0| ©
O O ™
O 8001
035 O
O O
O O
O O
O 750
040 O
O O
O O
O O
700
45 50 55 60 65 Die No.
o e v
4,19 mm
< >

Chip thickness: 400 pm
Pad opening: 85 um
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9.2 Pad Coordinates

Unit: um
No. |Pad name X Y No. |Pad name| X Y No. |Pad name| X Y No. |Pad name| X Y

1 | RESET | 1,178 | 1,845 | 20 Vel -1971 | 1,276 | 44 | SEG35 |-1,468 | -1,845 | 70 | SEG9 1,971 | -1,521
2 TEST 1,063 | 1,845 | 21 Vcz -1,971 | 1,151 | 45 SEG34 | -1,343 | -1,845 | 71 SEG8 1,971 | -1,406
3 VREF 944 | 1,845 | 22 Vcs -1,971 | 1,036 | 46 SEG33 | -1,228 | -1,845 | 72 SEG7 1,971 | -1,291
4 R0O3 825 | 1,845 | 23 Vca -1,971 921 | 47 SEG32 | -1,113 | -1,845 | 73 SEG6 1,971 | -1,176
5 R02 710 | 1,845 | 24 Vcs -1,971 806 | 48 SEG31 -998 | -1,845 | 74 SEG5 1,971 | -1,061
6 RO1 595 | 1,845 | 25 CF -1,971 691 | 49 SEG30 -883 | -1,845 | 75 SEG4 1,971 -946
7 R0OO 480 | 1,845 | 26 CE -1,971 576 | 50 SEG29 -768 | -1,845 | 76 SEG3 1,971 -831
8 P13 352 | 1,845 | 27 CD -1,971 461 | 51 SEG28 -653 | -1,845 | 77 SEG2 1,971 -716
9 P12 237 | 1,845 | 28 CcC -1,971 346 | 52 SEG27 -538 | -1,845 | 78 SEG1 1,971 -601
10 P11 122 | 1,845 | 29 CcB -1,971 231 | 53 SEG26 -423 | -1,845 | 79 SEGO 1,971 -486
11 P10 7] 1845 | 30 CA -1,971 116 | 54 SEG25 -308 | -1,845 | 80 COomM7 1,971 -369
12 P03 -110 | 1,845 | 31 COM8 | -1,971 -24 | 55 SEG24 -193 | -1,845 | 81 COM6 1,971 -254
13 P02 -225 | 1,845 | 32 COM9 | -1971 -139 | 56 SEG23 -78 | -1,845 | 82 COM5 1,971 -139
14 PO1 -340 | 1,845 | 33 | COM10 | -1,971 -254 | 57 SEG22 37 | -1,845 | 83 COM4 1,971 -24
15 POO -455 | 1,845 | 34 | COM11 | -1,971 -369 | 58 SEG21 152 | -1,845 | 84 COM3 1,971 91
16 K03 -578 | 1,845 | 35 | COM12 | -1,971 -484 | 59 SEG20 267 | -1,845 | 85 COM2 1,971 206
17 K02 -693 | 1,845 | 36 | COM13 | -1,971 -599 | 60 SEG19 382 | -1,845 | 86 COM1 1,971 321
18 K01 -808 | 1,845 | 37 | COM14 | -1,971 -714 | 61 SEG18 497 | -1,845 | 87 COMO 1,971 436
19 K00 -923 | 1,845 | 38 | COM15 | -1,971 -829 | 62 SEG17 612 | -1,845 | 88 BZ 1,971 639
39 | COM16 | -1,971 -944 | 63 SEG16 727 | -1,845 | 89 Vss 1,971 758

40 SEG39 | -1,971 | -1,061 | 64 SEG15 842 | -1,845 | 90 OSC1 1,971 877

41 SEG38 | -1,971 | -1,176 | 65 SEG14 957 | -1,845 | 91 0OSsC2 1,971 992

42 SEG37 | -1,971 | -1,291 | 66 SEG13 1,072 | -1,845 | 92 Vb1 1,971 | 1,111

43 SEG36 | -1,971 | -1,406 | 67 SEG12 1,187 | -1,845 | 93 0OSC3 1,971 | 1,270

68 SEG11 1,302 | -1,845 | 94 OSC4 1,971 | 1,385

69 SEG10 1,417 | -1,845 | 95 VbD 1,971 | 1514
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APPENDIX S5U1C63000P MANUAL (PERIPHERAL CIRCUIT BOARD FOR S1C63404/454/455/458/466/P466)

AprPENDIX  SHU1C63000P MANUAL

(PeriPHERAL CirculT BoarD FOR S1C63404/454/455/458/466/PA466)

This manual describes how to use the Peripheral Circuit Board for the S1C63404 /454 /455 /458 /466 / P466
(S5U1C63000P), which provides emulation functions when mounted on the debugging tool for the S1C63
Family of 4-bit single-chip microcomputers, the ICE (S5U1C63000H1/S5U1C63000H2).

This description of the S1C63 Family Peripheral Circuit Board (S5U1C63000P) provided in this document
assumes that circuit data for the S1C63404 /454 /455/458 /466 /P466 has already been downloaded to the
board. For information on downloading various circuit data and on common board specifications, please
see the S5U1C63000P Manual (51C63 Family Peripheral Circuit Board) included with the product. Please
refer to the user’s manual provided with your ICE for detailed information on its functions and method
of use.

A.1 Namesand Functions of Each Part
The following explains the names and functions of each part of the board (S5U1C63000P).

©

(10) 5 (1)
/ L
(8) ok = VLCD VSVD
DE
| - ®®
(oo}
%) ﬁ el
\ 5 oo
o o| @@
P s| @ @~—(3)
E‘ o S s g©
000 X s ®
RESET \ £ o = Y
: , @
6
/ (6) (10)
(5) 4)
00 o = T T <t o bl

CN3 connector (Unused) v CN2 connector (Unused) v CN1 connector

(1) VLCD
Unused.

(2) VSVD
This control allows you to vary the power supply voltage artificially in order to verify the operation of
the power supply voltage detect function (SVD). Keep in mind that a single control position indicates
two voltage values.
SVD levels 0 1 2 3 4 5 6 7
8 9 10 11 12 13 14 15
(For example, SVD levels 0 and 8 are at the same control position.)

(3) Register monitor LEDs
These LEDs correspond one-to-one to the registers listed below. The LED lights when the data is logic
"1" and goes out when the data is logic "0".
VDC, OSCC, CLKCHG, SVDS0-3L SVDONU LPWR, VCCHG

OSVDS0-3, SVDON: Used for the S1C63404 /458 /466 /P466
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(4) Register monitor pins
These pins correspond one-to-one to the registers listed below. The pin outputs a high for logic "1"
and a low for logic "0".

Monitor LED @
Pin No. Name LED No. Name —
! ! 7 @
1 DONE *1 1 DONE *1 51
- " 5 Qe
3 |vDC 3 |vDC 4] @
4 |oscc 4 |oscc 5] @
6
5  |CLKCHG 5  |CLKCHG o @
S 6 |- o
7 - 7 - 9] @
8 |- 8 |- 0
9o |- o |- HIRCR®
10 |svDs0*2 10 |svDs0*2 % ®)
11 |svDsi*2 11 |svDs1*2 12
12 SVDS2*2 12 SVDS2*2 15| ‘\
13 |svDs3*2 13 |svDs3*2 16
14  |SvDON*2 14  |SVDON *2 »\ LED
15 [LPWR 15 [LPWR o
16 |VCCHG 16 |VCCHG Monitor pin

1 DONE: The monitor pin outputs a high while the LED lights when
initialization of this board completes without problems.

2 SVDS0-3, SVDON:
Used for the S1C404/458/466/P466.

(5) CR oscillation frequency adjusting control
When OSC1 and OSC3 respectively are set for a CR oscillation circuit and a CR/ceramic oscillation
circuit by a mask option, this control allows you to adjust the oscillation frequency. The oscillation
frequency can be adjusted in the range of approx. 20 kHz to 500 kHz for OSC1 and approx. 100 kHz to
8 MHz for OSC3. Note that the actual IC does not operate with all of these frequencies; consult the
technical manual for the S1C63404/454/455/458/466/P466 to select the appropriate operating
frequency.

<+— OSC1 rough adjustment

<— OSC1 fine adjustment

<+— OSC3 rough adjustment

o of of ©

<«— OSCS3 fine adjustment

(6) CR oscillation frequency monitor pins
These pins allow you to monitor the clock waveform from the CR oscillation circuit with an oscillo-
scope. Note that these pins always output a signal waveform whether or not the oscillation circuit is
operating.

O
RESET ONOX@)
?—OSCS monitor pin (red)
OSC1 monitor pin (red)

GND pin (black)
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(7) RESET switch
This switch initializes the internal circuits of this board and feeds a reset signal to the ICE.

(8) Monitor pins and external part connecting socket
These parts are currently unused.

(9) IOSEL2
When downloading circuit data, set IOSEL2 to the "E" position. Otherwise, set to the "D" position.

(10) CLK and PRG switch

If power to the ICE is shut down before circuit data downloading is complete, the circuit configura-
tion in this board will remain incomplete, and the debugger may not be able to start when you power
on the ICE once again. In this case, temporarily power off the ICE and set CLK to the 32K position and
the PRG switch to the Prog position, then switch on power for the ICE once again. This should allow
the debugger to start up, allowing you to download circuit data. After downloading the circuit data,
temporarily power off the ICE and reset CLK and PRG to the LCLK and the Norm position, respec-
tively. Then power on the ICE once again.

(11) vC5
This control allows fine adjustment of the LCD drive voltage when the internal LCD power supply is

selected by mask option. Note, however, that only the LCD contrast register can adjust the LCD drive
voltage in the actual IC.

S1C63454 TECHNICAL MANUAL EPSON 113



APPENDIX S5U1C63000P MANUAL (PERIPHERAL CIRCUIT BOARD FOR S1C63404/454/455/458/466/P466)

A.2 Connecting to the Target System

This section explains how to connect the S5U1C63000P to the target system.

To connect this board (S5U1C63000P) to the target system, use the I/O connecting cables supplied with
the board (80-pin/40-pin % 2, flat type). Take care when handling the connectors, since they conduct
electrical power (VDD = +3.3 V).

1/0O connection cable

= 1111::}.1
= 1112
3
=] | At

CN1-2
(40-pin)

To target board
Fig. A.2.1 Connecting the SSU1C63000P to the target system
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Table A.2.1 1/O connector pin assignment

40-pin CN1-1 connector

40-pin CN1-2 connector

No. Pin name No. Pin name

1 |Vbp(=3.3V) 1 |VbDp(=33V)

2 |Vop (=3.3V) 2 |Vbp (=3.3V)

3  |KOO 3 |R0OO

4 K01 4 RO1

5 |K02 5 |R0O2

6 |KO3 6 |RO3

7 K10 *1 7 R10*1

8 K11*1 8 R11*1

9 |K12™1 9 |R1271

10 [K13*1 10 |R13*1

11 |Vss 11 |Vss

12 |Vss 12 |Vss

13 |P0OO 13 |R201

14 |PO1 14 |R21*1

15 |PO2 15 |R22*1

16 |P0O3 16 |R23"1

17 [P10 17 | Cannot be connected
18 (P11 18 |Cannot be connected
19 (P12 19 |Cannot be connected
20 |P13 20 |Cannot be connected
21 |Vpop (=3.3V) 21 |VpD (=3.3V)

22 |Vpp (=3.3V) 22 |VpD (=3.3V)

23 |P20*1 23 | Cannot be connected
24 |pP21*1 24 | Cannot be connected
25 |pP22*1 25 | Cannot be connected
26 |P23*1 26 | Cannot be connected
27 | Cannot be connected 27 | Cannot be connected
28 | Cannot be connected 28 | Cannot be connected
29 | Cannot be connected 29  [Cannot be connected
30 |Cannot be connected 30 |Cannot be connected
31 [Vss 31 |Vss

32 |[Vss 32 |Vss

33 |Cannot be connected 33 |Vci*2

34 |Cannot be connected 34 |Vc2*2

35 |Cannot be connected 35 |Vc3*2

36 |Cannot be connected 36 |Vca*2

37 | Cannot be connected 37 |Vcs*2

38 |Bz 38 |RESET

39 [Vss 39 |Vss

40 |Vss 40 [Vss

[1: Can be used only for the S1C63404/458/466/P466

[P: Can be used only for the S1C63404/454/458/466/P466
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APPENDIX S5U1C63000P MANUAL (PERIPHERAL CIRCUIT BOARD FOR S1C63404/454/455/458/466/P466)

A.3 Usage Precautions

To ensure correct use of this board (S5U1C63000P), please observe the following precautions.

A.3.1 Operational precautions
(1) Before inserting or removing cables, turn off power to all pieces of connected equipment.

(2) Do not turn on power or load mask option data if all of the input ports (K00-K03) are held low. Doing
so may activate the multiple key entry reset function.

(3) Before debugging, always be sure to load mask option data.

A.3.2 Differences with the actual 1C

(1) Differences in 1/0O
<Interface power supply>
This board and target system interface voltage is set to +3.3 V. To obtain the same interface voltage as
in the actual IC, attach a level shifter circuit, etc. on the target system side to accommodate the
required interface voltage.

<Each output port’s drive capability>

The drive capability of each output port on this board is higher than that of the actual IC. When
designing application system and software, refer to the technical manual for the S1C63404 /454 /455/
458/466/P466 to confirm each output port’s drive capability.

<Each port’s protective diode>

All'T/0O ports incorporate a protective diode for VDD and Vss, and the interface signals between this
board and the target system are set to +3.3 V. Therefore, this board and the target system cannot be
interfaced with voltages exceeding VDD by setting the output ports for open-drain mode.

<Pull-up resistance value>

The pull-up resistance values on this board are set to 220 kQ which differ from those for the actual IC.
For the resistance values on the actual IC, refer to the technical manual for the S1C63404 /454 /455/
458/466/P466.

Note that when using pull-up resistors to pull the input pins high, the input pins may require a
certain period to reach a valid high level. Exercise caution if a key matrix circuit is configured using a
combination of output and input ports, since rise delay times on these input ports differ from those of
the actual IC.

(2) Differences in current consumption
The amount of current consumed by this board differs significantly from that of the actual IC. Inspect-
ing the LEDs on this board may help you keep track of approximate current consumption. The
following factors/components greatly affect device current consumption:

<Those which can be verified by LEDs and monitor pins>

a) Run and Halt execution ratio (verified by LEDs and monitor pins on the ICE)

b) CPU operating voltage select circuit (VDC)

¢) OSC3 oscillation on/off circuit (OSCC)

d) CPU clock change circuit (CLKCHG)

e) SVD circuit on/off circuit (SVDON) UAvailable only for the S1C63404 /458 /466 /P466.
f) LCD power supply on/off circuit (LPWR)

g) LCD constant-voltage change circuit (VCCHG)

<Those that can only be counteracted by system or software>
h) Current consumed by the internal pull-up resistors
i) Input ports in a floating state
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(3) Functional precautions
<L CD power supply circuit>
- There is a finite delay time from the point at which the LCD power supply circuit (LPWR) turns on
until an LCD drive waveform is output. On this board, this delay is set to approx. 125 msec, which
differs from that of the actual IC. Refer to the technical manual for the S1C63404 /454 /455/458 /466/
P466.

- When the LCD driver is turned OFF in external power supply mode using the LPWR register, the
SEG and COM terminals go to the Vss level. In this board with the LCD board, the SEG terminals go
to the Vss level and the COM terminals go to the VC1 level.

<Oscillation circuit>

- A wait time is required before oscillation stabilizes after the OSC3 oscillation control circuit (OSCC)
is turned on. On this board, even when OSC3 oscillation is changed (CLKCHG) without a wait time,
OSC3 will function normally. Refer to the technical manual for the S1C63404 /454 /455/458/466/
P466 when setting the appropriate wait time for the actual IC.

- Use separate instructions to switch the clock from OSC3 to OSC1 and to turn off the OSC3 oscillation
circuit. If executed simultaneously with a single instruction, these operations, although good with
this board, may not function properly well with the actual IC.

- Because the logic level of the oscillation circuit is high, the timing at which the oscillation starts on
this board differs from that of the actual IC.

- This board contains oscillation circuits for OSC1 and OSC3. Keep in mind that even though the
actual IC may not have a resonator connected to its OSC3, its emulator can operate with the OSC3
circuit.

- Do not turn on the OSC3 oscillation circuit when the voltage-regulating circuit for high-speed
operation remains idle.

<Access to undefined address space>

If any undefined space in the S1C63404 /454 /455/458 /466 /P466's internal ROM/RAM or I/0 is
accessed for data read or write operations, the read/written value is indeterminate. Additionally, it is
important to remain aware that indeterminate state differs between this board and the actual IC. Note
that the ICE (S5U1C63000H1/S5U1C63000H2) incorporates the program break function caused by
accessing to an undefined address space.

<Reset circuit>

Keep in mind that the operation sequence from when the ICE and this board are powered on until the
time at which the program starts running differs from the sequence from when the actual IC is
powered on till the program starts running. This is because this board becomes capable of operating
as a debugging system after the user program and optional data are downloaded. When operating the
ICE after placing it in free-running mode, always apply a system reset. A system reset can be per-
formed by pressing the reset switch on this board, by a reset pin input, or by holding the input ports
low simultaneously.

<Internal power supply circuit>

- Although this board contains VDC register, it does not actually exercise power supply control by this
register. Be sure to refer to the technical manual for the S1C63404 /454 /455/458 /466 /P466 when
setting the correct voltage. Also, when switching the control voltages, consult the technical manual
to determine the appropriate wait time to be inserted.

- Note that the LCD drive voltage on this board may not be identical to that on the actual IC.

- Since the usable operating frequency range depends on the device's internal operating voltage,
consult the technical manual for the S1C63404 /454 /455/458/466/P466 to ensure that the device will
not be operated with an inappropriate combination of the operating frequency and the internal
power supply.
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<SVD circuit>1

When this tool is used for the S1C63404 /458 /466 /P466:

- Although the S1C63404/458/466/P466 has a function for detecting externally sourced voltages, this
board is unable to detect externally sourced voltages. The SVD function is realized by artificially
varying the power supply voltage using the VSVD control on this board.

- There is a finite delay time from when the power to the SVD circuit turns on until actual detection of
the voltage. On this board, this delay is set to 61-92 psec, which differs from that of the actual IC.
Refer to the technical manual for the S1C63404 /458 /466 /P466 when setting the appropriate wait
time for the actual IC.

<I/O port input circuit>2

When this tool is used for the S1C63454 /455:
This board does not support Schmitt trigger input for the I/O port that is available by mask option
in the actual IC. If the target system needs Schmitt trigger input ports, it should be configured with
an external circuit.

<LCD drivecircuit>(B

When this tool is used for the S1C63455:

- Be sure to set the LDUTYO0 and LDUTY1 bits (FF60He D2, D3) as LDUTY0 = 0 and LDUTY1 =1 or
LDUTYO0 =1 and LDUTY1 = 1, and maintain this status during debugging. This board is configured
as a 1/17 duty LCD driver after an initial reset.

- Do not change the value of the LPAGE bit (FF61HDO0) initialized to 0 as rewriting cause a malfunc-
tion.

[1: Applied when this board is used for the S1C63404 /458 /466 /P466
[2: Applied when this board is used for the S1C63454 /455
[B: Applied when this board is used for the S1C63455
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