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Revisions and Additions for this manual

Chapter Section Page Iltem Contents
4 454 39 1/0 memory of input ports The sentence was revised.
KCPxx: Kx port input comparison register
483 54 Control of LCD display and drive waveform | A part of contents was del eted.
(1) Display ON/OFF control
4115 91 Programming notes (6) was added.
5 5.2 117 Summary of Notes by Function (5) was added.
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Configuration of product number

Devices
S1 C 63158 F 0A01 00

Packing specifications

00 : Besides tape & reel
OA: TCP BL 2 directions
0B : Tape & reel BACK
0C:TCPBR  2directions
OD:TCP BT 2 directions
OE:TCPBD  2directions
OF : Tape & reel FRONT
0G:TCP BT 4 directions
OH:TCPBD 4 directions
0J : TCP SL 2 directions
OK:TCP SR 2 directions
OL : Tape & reel LEFT
OM:TCP ST 2 directions
ON:TCP SD 2 directions
OP:TCP ST 4 directions
0Q:TCP SD  4directions
OR : Tape & reel RIGHT

99 : Specs not fixed

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 00

L Packing specifications
[00: standard packing]

Version
[1: Version 1]

Tool type

Hx : ICE

Ex : EVA board

Px : Peripheral board

Wx: Flash ROM writer for the microcomputer
Xx : ROM writer peripheral board

Cx : C compiler package
Ax : Assembler package
Dx : Utility tool by the model
Qx : Soft simulator

Corresponding model number
[63000: common to S1C63 Family ]

Tool classification
[ C: microcomputer use]

Product classification
[S5U1: development tool for semiconductor products]
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CHAPTER 1: OUTLINE

cHAPTER 1 QOUTLINE

The S1C63358 is a microcomputer which has a high-performance 4-bit CPU S1C63000 as the core
CPU, ROM (8,192 words x 13 bits), RAM (512 words x 4 bits), serial interface, watchdog timer, program-
mable timer, time base counter (1 system), SVD circuit, a segment type LCD driver that can drive a
maximum 32 segments x 4 commons, a 4-channel A/D converter and a special input port that can
implement key position discrimination function using with the A/D converter. The S1C63358 features
low voltage/high speed (4 MHz Max.) operation and low current consumption while the LCD is ON
(current consumption in HALT: 2.5 pA), this makes it suitable for battery driven portable equipment such
as a head phone stereo.

1.1 Features

OSC1 oscillation circuit ...........ccceeneeee. 32.768 kHz (Typ.) Crystal oscillation circuit or CR oscillation circuit ([1)
OSC3 oscillation circuit ..........cccceeneee.. 1.8 MHz (Typ.) CR or 4 MHz (Max.) Ceramic oscillation circuit (1)
Operatable in 2.3V
Instruction set ........cccceeeiiiiiii Basic instruction: 46 types (411 instructions with all)
Addressing mode: 8 types
Instruction execution time.................... During operation at 32.768 kHz: Min. 61 pusec
During operation at 4 MHz: Min. 0.5 psec
ROM capacity .......ccccovveeeiiieeeniieene Code ROM: 8,192 words x 13 bits
RAM capacity .......ccocoevvveeiiieciiieiee Data memory: 512 words x 4 bits

Display memory: 32 words x 4 bits

INPUL POt ... 9 bits 8 bits (Pull-up resistors may be supplemented [1)
1 bit (Inputinterrupt for key position sensing by A/D)

OUtpUL POIt .o 12 bits (It is possible to switch the 2 bits to special output [2)

I/O port 20 bits (It is possible to switch the 4 bits to serial input/output [2)
(It is possible to switch the 4 bits to A/D input [2)

Serial interface .........cccocoeviiiieicnnn, 1 port (8-bit clock synchronous system)

LCD driVer ...cceviiiiieiieieceee e 32 segments x 4, 3 or 2 commons ([2) 1/3 or 1/2 bias drive ([1)

Time base counter ........cccccvveeeeeecnnnenn. 1 system (Clock timer)

Built-in, 2 channels x 8 bits, with event counter function
or 1 channel x 16 bits ((2)

Watchdog timer.........cccoccoiiiinnnn Built-in

Programmable timer

A/D converter .......cooeeeeeeecccnnninrnreneees 8-bit resolution
Maximum error:
+3 LSB, A/D clock: OSC1, OSC3,2.7Vt03.6 V
+3 LSB, A/D clock: OSC1, OSC3<2.5MHz,23Vto 27V
+5 LSB, A/D clock: OSC1,1.6 Vto 23V
+5 LSB, A/D clock: OSC1,09Vto 16V

Buzzer output.......cccoeiiiiiiiiies Buzzer frequency: 2 kHz or 4 kHz ([2), 2 Hz interval ([2)
Supply voltage detection (SVD) circuit.. 16 values, programmable (1.05 V to 2.60 V)
External interrupt .......cccoooieiiiiniinnn. Input port interrupt: 2 systems
Key sensing interrupt: 1 system
Internal interrupt ........cccoooi Clock timer interrupt: 4 systems
Programmable timer interrupt: 2 systems
Serial interface interrupt: 1 system
A/D converter: 1 system
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CHAPTER 1: OUTLINE

Power supply voltage ...........ccccceeeneee. 0.9 V to 3.6 V (One battery or two batteries)
Operating temperature range ............. -20°C to 70°C

Current consumption (Typ.) ..c.coceeernee. Single clock:
During HALT (32 kHz)
1.5V (LCD power OFF) 2 uA
1.5V (LCD power ON) 2.5 uA
During operation (32 kHz)
1.5V (LCD power ON) 6 LA
Twin clock:
During operation (4 MHz)
3.0 V (LCD power ON) 900 pA

Package ......ccoeeveiiiiiiiie QFP15-100pin (plastic)

[l: Can be selected with mask option [2: Can be selected with software

1.2 Block Diagram

ROM System Reset "IRESET
8,192 words x 13 bits Control
U !
Core CPU S1C63000
t
0OSscCH1 ||
0sc2 e 0sC — C:\Interrupt
0sC3 enerator
OSC4 [J+— }
E— C_Iock
RAM K Timer
512 words x 4 bits
—F —— 1 Programmable
COMO0-3 %47 LCD Driver _— = Timer/Counter
SEGO0-31 [ J«— 32 SEG x 4 COM T
—F I N K00-K03
VbD K10-K13
Vei—s o N Input Port K20
CA-CB ower D TEST
Y Controller
D1
Vss < > AVDD
v A/D AVss
B AVREF
BZ [« O“?etr 1] i
utpu <[ 1P00-P03
F «——{1P10-P13
R0O0-R03 [+ —— /O Port  [«——[1P20-P23
R10-R13[}«—— Output Port T < «— [ 1P30—P33
R20-R23 [ }«— «—[ |P40—P43
I :
SVD pumi Serial Interface

Fig. 1.2.1 Block diagram
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1.3 Pin Layout Diagram

CHAPTER 1: OUTLINE

QFP15-100pin

Tinnnnnnnnn0nrnnnnnnnig
76 — = 50
= S1C63358 -
g INDEX E
100 = = 26
IR AN
1 25
No. Name No. Name No. Name No. Name
1 SEG7 | 26 N.C. 51 N.C. 76 R13
2 SEG8 | 27 N.C. 52 P43 77 R12
3 SEG9 | 28 | COMO | 53 P42 78 RI11
4 | SEGI0 | 29 | coM!l | 54 P41 79 R10
5 SEGI1 |30 | CcOM2 | 55 P40 80 RO3
6 | SEGI2 |31 | coM3 | 56 P33 81 RO2
7 | SEGI3 | 32 CB 57 P32 82 RO1
8 | SEGI4 | 33 CA 58 P31 83 ROO
9 | SEGI5 | 34 Va3 59 P30 84 BZ
10 | SEGl6 | 35 Ve 60 P23 85 K00
11 | SEG17 | 36 vei 61 P22 86 KO1
12 | SEGI8 | 37 Vss 62 P21 87 K02
13 | SEGI9 | 38 | OSCl 63 P20 88 K03
14 | SEG20 |39 | OSsC2 | 64 P13 89 K10
15 | SEG21 | 40 Vbi 65 P12 90 K11
16 | SEG22 | 41 0sc3 | 66 P11 91 K12
17 | SEG23 | 42| o0Sc4 | 67 P10 92 K13
18 | SEG24 | 43 VDD 68 P03 93 K20
19 | SEG25 | 44 | RESET | 69 P02 94 | SEGO
20 | SEG26 | 45 TEST 70 PO1 95 SEG1
21 | SEG27 | 46 | AVrer | 71 P00 96 | SEG2
22 | SEG28 | 47 | Avbp | 72 R23 97 | SEG3
23 | SEG29 | 48 | AVss 73 R22 98 | SEG4
24 | SEG30 | 49 N.C. 74 R21 99 | SEGS5
25 | SEG31 | 50 N.C. 75 R20 100 | SEG6

Fig. 1.3.1 Pinlayout diagram

N.C. : No Connection

S1C63358 TECHNICAL MANUAL
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1.4 Pin Description

Table 1.4.1 Pin description

Pin name Pin No. In/Out Function
VbpD 43 - Power (+) supply pin
Vss 37 - Power (-) supply pin
Vb1 40 - Oscillation/internal logic system regulated voltage output pin
Vci-Ves 36-34 - LCD system power supply pin 1/3 or 1/2 bias (selected by mask option)
CA,CB 33,32 - LCD system boosting/reducing capacitor connecting pin
0OSCl1 38 I Crystal or CR oscillation input pin (selected by mask option)
0SC2 39 o Crystal or CR oscillation output pin (selected by mask option)
0SC3 41 I Ceramic or CR oscillation input pin (selected by mask option)
0Sc4 42 (0} Ceramic or CR oscillation output pin (selected by mask option)
KO00-K03 85-88 I Input port
K10-K13 89-92 I Input port
K20 93 I Input port with control
P00-PO3 71-68 /0 | I/O port
P10-P13 67-64 /0 | I/O port (switching to serial I/F input/output is possible by software)
P20-P23 63-60 /0 | I/O port
P30-P33 59-56 /0 | I/O port
P40-P43 55-52 I/0 | I/O port (can be used as A/D input)
ROO 83 o Output port
RO1 82 (¢} Output port
RO2 81 o Output port (switching to TOUT output is possible by software)
RO3 80 o Output port (switching to FOUT output is possible by software)
R10-R13 79-76 o Output port
R20-R23 75-72 (¢} Output port
COMO-COM3 28-31 o LCD common output pin (1/4, 1/3, 1/2 duty can be selected by software)
SEGO0-SEG31 94-100, 1-25 o LCD segment output pin
AVDD 47 - Power (+) supply pin for A/D converter
AVss 48 - Power (-) supply pin for A/D converter
AVREF 46 - Reference voltage for A/D converter
BZ 84 (¢} Buzzer output pin
RESET 44 I Initial reset input pin
TEST 45 I Testing input pin

EPSON
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1.5 Mask Option

Mask options shown below are provided for the S1C63358. 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 and the segment option generator winsog, that have been prepared as the development
software tool of S1C63358, are used for this selection. Mask pattern of the IC is finally generated based on
the data created by the winfog and the winsog. Refer to the "S5U1C63000A Manual” for the winfog and
the winsog.

<Functions selectable with S1C63358 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.

(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-KO03", 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 4.5.3, "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 R10-R13 and R20-R23. The selection is done in 4-bit units (R10-R13 and R20-
R23). The output ports R0O0-R03 can only be used as complementary output.
Refer to Section 4.6.2, "Mask option", for details.

(5) Output specification / pull-up resistor of the 1/O ports
Either complementary output or N-channel open drain output can be selected as the output specifica-
tion when the P10-P13, P20-P23, P30-P33 and P40-P43 are in the output mode. The selection is done
in 1-bit units or 4-bit units depending on the I/0 port.

1-bit unit: P20, P21, P22, P23, P30, P31, P32, P33, P40, P41, P42, P43
4-bit unit: P10-P13
Note that the PO0-PO03 can only be used as complementary output.

Further, whether or not the pull-up resistors working in the input mode are supplemented can be
selected. The selection is done in 1-bit units or 4-bit units depending on the 170 port.

1-bit unit: P20, P21, P22, P23, P30, P31, P32, P33, P40, P41, P42, P43
4-bit unit: P10-P13

Note that the PO0-P03 can only be used as pull-up resistor input.
Refer to Section 4.7.2, "Mask option", for details.

(6) LCD drive bias
The LCD drive method can be selected from a 1/3 bias drive or a 1/2 bias drive.
Refer to Section 4.8.4, "Mask option", for details.
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(7) LCD segment specification
The display memory can be allocated to the optional SEG terminal. It is also possible to set the
optional SEG terminal for DC output.
Refer to Section 4.8.4, "Mask option", for details.

(8) 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 4.12.2, "Mask option", for details.

(9) Polarity of the buzzer output signal
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 4.13.2, "Mask option”, for details.

(10)OSC1 oscillation frequency
Either crystal oscillation circuit or CR oscillation circuit can be selected as the OSC1 oscillation circuit.
Refer to Section 4.4.2, "OSC1 oscillation circuit", for details.

(11)OSC3 oscillation circuit
Either CR oscillation circuit or ceramic oscillation circuit can be selected as the OSC3 oscillation
circuit.
Refer to Section 4.4.3, "OSC3 oscillation circuit", for details.

<Mask option list>

The following is the option list for the S1C63358. 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

O 1. Crystal (32.768 KHz)
0 2. CR (50 KHz)

2. OSC3 SYSTEM CLOCK

O 1. Use <Ceramic (2 MHz)>
O 2. Use <CR (2 MHz)>

3. MULTIPLE KEY ENTRY RESET COMBINATION

O 1. Not Use

O 2. Use <KO00, K01, K02, K03>
O 3. Use <KO00, K01, K02>

O 4. Use <KO00, K01>

4. MULTIPLE KEY ENTRY RESET TIME AUTHORIZE

O 1. Not Use
O 2. Use

5. INPUT PORT PULL UP RESISTOR

« K00 O 1. With Resistor O 2. Gate Direct
e K01 O 1. With Resistor O 2. Gate Direct
e K02 O 1. With Resistor O 2. Gate Direct
K03 O 1. With Resistor O 2. Gate Direct
= K10 O 1. With Resistor O 2. Gate Direct
e K11 O 1. With Resistor O 2. Gate Direct
e K12 O 1. With Resistor O 2. Gate Direct
e K13 O 1. With Resistor O 2. Gate Direct
« K20 O 1. With Resistor O 2. Gate Direct
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6. OUTPUT PORT OUTPUT SPECIFICATION

* R1x O 1. Complementary
= R2x O 1. Complementary

7.1/0 PORT OUTPUT SPECIFICATION

. Complementary
. Complementary
. Complementary
. Complementary
. Complementary
. Complementary
. Complementary
. Complementary
. Complementary

e P1x
e P20
e P21
e P22
e P23
* P30
e P31
e P32
* P33
* P40
e P41
e P42
e P43

O

Ooooooooooooao
PRRPRPRPRPRPRP

8.1/0 PORT PULL UP RESISTOR

. With Resistor
. With Resistor
. With Resistor
. With Resistor
. With Resistor
. With Resistor

e P1x O
e P20
e P21
e P22
e P23
« P30
e P31
e P32
P33
* P40
e P41
e P42
e P43

oooDoooooooog

[y

[y

PRRPRPRPRPRPERP

Complementary

. Complementary
. Complementary
. Complementary

With Resistor
With Resistor

. With Resistor

With Resistor

. With Resistor
. With Resistor
. With Resistor

9. LCD DRIVING POWER

O

ooooo

1. Internal Power Voltage

O 2. Nch-OpenDrain
O 2. Nch-OpenDrain

oooDoooDoooogooao

oooDoooooooooao

2. External Power Voltage
3. External Power Voltage
4. External Power Voltage
5. External Power Voltage
6. External Power Voltage

NN NNDNDNDNDNNDNDDN

NN NDNPDNDNDNNNDN

. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain
. Nch-OpenDrain

. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct
. Gate Direct

3V (3.0V)

VbbD=Vc1 (4.5 V)
VDD=Vc2 (4.5V)
VDbDb=VCs (3.0 V)

Vbb=Vci=Vez (3.0 V)
VDD=Vc3, Vei=Vez (3.0 V)

10. SERIAL PORT INTERFACE POLARITY

O 1. Positive
O 2. Negative

11. SOUND GENERATOR POLARITY FOR OUTPUT

O 1. Positive
O 2. Negative

CHAPTER 1: OUTLINE
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 PoOwWER SUPPLY AND INITIAL RESET

2.1 Power Supply
The S1C63358 operating power voltage is as follows:
09Vto36V

Note: e When a voltage within 0.9 V to 1.4 V is used as the operating power voltage, software control is
necessary (see Section 4.2).

e When using the A/D converter with 0.9 V to 1.6 V power supply voltage, software control is
necessary.

The S1C63358 operates by applying a single power supply within the above range between Vbb/AVDD
and Vss/AVss. The S1C63358 itself generates the voltage necessary for all the internal circuits by the
built-in power supply circuits shown in Table 2.1.1.

Table 2.1.1 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
Oscillation system voltage regulator | Supply voltage (VDD) or VDD or Vc2

LCD system voltage circuit (Vc2)

A/D converter Analog supply voltage (AVDD) and AVDD and
supply voltage (VDD) or VDD or Vc2

LCD system voltage circuit (Vc2)

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

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

AVDDJ\
VDDX
A
‘ A/D
Vce O({O Vbb Vez ég{o Vbb converter
— > Internal
circuits
A 4 Vb1
Cz Vb1 Oscillation system Oscillation
External . } Q voltage regulator circuit —( 0sC1-4
power | Iz
Supply ° Cs L V1 ~
& C4 [ chX —— P SVD circuit
¢G5 | Vos LCD system
CA voltage circuit co
_ MO0-3
Ci cB Ver-Ves P LCD driver
SEGO0-31
Vss
AVSSX :

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

2.1.1 Voltage <Vp1> 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 S1C63358 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 =1.35V
Single clock operation (OSC1 CR oscillation): VD1 =225V
Twin clock operation (OSC3, 4 MHz): VD1 =225V

Refer to Section 4.4, "Oscillation Circuit", for the VD1 switching procedure.

However, since the VD1 voltage value is fixed at 2.25 V when the CR oscillation circuit has been selected
as the OSC1 oscillation circuit by mask option, it is not necessary to switch Vb1 by software.

2.1.2 Voltage <Vci1-Vc3> for LCD driving

Vc1 to Vs are the voltages for LCD drive, and are generated by the LCD system voltage circuit to
stabilize the display quality.

The LCD system voltage circuit generates \VVc1 with the voltage regulator built-in, and generates two
other voltages by boosting the voltage of VVc1 (Vc2 = 2¢Vc1, V3 = 3+VVc1). When 1/2 bias is selected by
mask option, Vc2 becomes the same level with VVci. (Vc2 = Vc1, Vs = 2+Vci).

1.4V or more voltage is needed to generate the voltage Vci.
Therefore, when operating with 0.9-1.4 V, the LCD display contrast will become worse.
Refer to Chapter 7, "Electrical Characteristics", for voltage values of Vc1 to Vcs.

2.1.3 Voltage source for oscillation system voltage regulator

(1) Booster mode (Vc2 mode)
The S1C63358 operates with 0.9-3.6 V supply voltage. However, a minimum 1.4 V supply voltage
during single clock operation (OSC1) or a minimum 2.3 V during twin clock operation (OSC3, 4 MHz)
is needed for the oscillation system voltage regulator. Therefore, when operating with the following
supply voltage (VDD), switch the power supply source to drive the oscillation system regulated
voltage circuit with the V2.

* During single clock operation (OSC1): Vbb =0.9-1.4V (Vc2 =1.8-2.1V)

When the supply voltage is more than needed for operation, do not set in this mode because the Vc2
power source will increases current consumption to the oscillation system voltage regulator.

Note: Set the booster mode when a supply voltage drop is detected by the SVD circuit, such as during
heavy load operation (driving buzzer or lamp) or by battery life. (0

(2) Normal mode
In this mode, the internal power circuit directly operates by the power supply voltage VDD within the
range of 1.4-3.6 V (2.3-3.6 V when the OSC3 clock is used) without changing the power source (VD1
regulator) to Vc2. At initial reset, this mode is set.
When the supply voltage VDD is within the range of 1.4-3.6 V, don't change the power source (VD1
regulator) to Vc2 (VDSEL ="1"), otherwise it will cause malfunction.

S1C63358 TECHNICAL MANUAL EPSON 9



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

Table 2.1.3.1 Correspondence between power supply voltage and operating mode (oscillation system voltage ragulator)

Power supply Operating Power supply voltage VbD (V)
circuit condition 0.9-1.4 1.4-2.3 | 2.3-3.6
Oscillation system [OSC1 Vc2 mode Normal mode [
voltage regulator  |OSC3, 4 MHz Cannot work | Normal mode

[JSee above Note.

Refer to Section 4.2, " Setting of Power Supply and Operating Mode", for setting procedure of the operat-

ing mode.

2.1.4 Voltage source for A/D converter

(1) Booster mode (Vc2 mode)

The A/D converter operates with 0.9-3.6 V supply voltage. However, a minimum 1.6 V supply
voltage is need for the A/D converter maximum error within £5 LSB. Therefore, when operating with
a 1.6 V or less of supply voltage (VDD), switch the power supply source to drive the A/D converter

circuit with the Vca.

(2) Normal mode

In this mode, the A/D converter circuit directly operates by the power supply voltage Vbb above 1.6

V without changing the power source to Vca.

Table 2.1.4.1 Correspondence between power supply voltage and operating mode (A/D converter)

Power supply voltage Vbp (V)

Circuit
0.9-1.6 1.6-3.6
A/D converter Vc2 mode Normal mode
10 EPSON S1C63358 TECHNICAL MANUAL



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 Initial Reset

To initialize the S1C63358 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.

osc1 O 0sCH B 1Hz
oscillation ‘ B> Divider |2 Hz
0SsC2 O circuit
A
Mask option

K01 Time | Mask optio A 4
authorize ‘7: ; Noise
K02 circuit P reject Internal
| circuit initial
] reset
K03 O ———
Q

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.
1.4V
VoD /

RESET

2.0 msec or more

| 0.1eVDD or less (low level)

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 1.4 V or

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

S1C63358 TECHNICAL MANUAL EPSON 11



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 fosczi 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 |KOOCKO01[K02[KO03
3 |KOOCKO01[K02

4 |KO00CXKO1

When, for instance, mask option 2 (KOOCK01[K02[KO03) 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.

Table 2.2.3.1 Initial values

CPU core
The registers and flags which are not Name Symbol | Number of bits | Setting value
T Lo Lo Data register A A 4 Undefined
initialized by initial reset should be initial- . i
ized in th if Data register B B 4 Undefined
1ze m_t e program nec_essary. Extension register EXT EXT 8 Undefined
In particular, the stack pointers SP1 and SP2 Index register X X 16 Undefined
must be set as a pair because all the inter- Index register Y Y 16 Undefined
rupts including NMI are masked after Program counter PC 16 0110H
initial reset until both the SP1 and SP2 stack Stack pointer SP1 SP1 8 Undefined
pointers are set with software. Stack pointer SP2 SP2 8 Undefined
i . i Zero flag zZ 1 Undefined
When data is written to the EXT register, Carry flag C 1 Undefined
the E flag is set and the following instruc- Interrupt flag I 1 0
tion will be executed in the extended Extension flag E 1 0
addressing mode. If an instruction which Queue register Q 16 Undefined
does not permit extended operation is used
L . . Peripheral circui

as the following instruction, the operation eripheral circuits :
is not guaranteed. Therefore, do not write Name Number of bits Setting value

g T A RAM 4 Undefined
data to the EXT register for initialization Display memory 4 Undefined
Only- Other pheripheral circuits - ]

Refer to the "S1C63000 Core CPU Manual"
for extended addressing and usable
instructions.

OSee Section 4.1, "Memory Map".
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.4 Terminal settings at initial resetting

The output port (R) terminals and 1/0 port (P) terminals are shared with special output terminals, input/

output terminals of the serial interface and input terminals of the A/D converter. These functions are
selected by the software. At initial reset, these terminals are set to the general purpose output port

terminals and 1/0 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 A/D
name at initial reset TOUT|FOUT| Master | Slave |converter

ROO ROO (High output)
RO1 RO1 (High output)
RO2 RO2 (High output) TOUT
RO3 RO3 (High output) FOUT

R10-R13 [R10-R13 (High output)

R20-R23 |R20-R23 (High output)

P00-P03 [P0O0-PO3 (Input & Pull-up)
P10 P10 (Input & Pull-up D SIN(I) SIN(D)
P11 P11 (Input & Pull-up D SOUT(0) |SOUT(0O)
P12 |P12 (Input & Pull-up D SCLK(O) | SCLK(I)
P13 |P13 (Input & Pull-up D SRDY(0O)

P20-P23 |P20-P23 (Input & Pull-up D)

P30-P33 |P30-P33 (Input & Pull-up D)
P40 P40 (Input & Pull-up D ADO(I)
P41 P41 (Input & Pull-up D ADI1(I)
P42 P42 (Input & Pull-up D AD2(I)
P43 P43 (Input & Pull-up D AD3(D)

OWhen "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.

S1C63358 TECHNICAL MANUAL

EPSON

13



CHAPTER 3: CPU, ROM, RAM

cHAPTER 3 CPU, ROM, RAM

31 CPU

The S1C63358 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 S1C63358.

3.2 Code ROM

The built-in code ROM is a mask ROM for loading programs, and has a capacity of 8,192 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 S1C63358 is step 0000H to step 1FFFH. 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 0102H-010EH, respectively.

0000H tr 0000H
Program area
ROM strlocgf:sf:re a 0100H NMI vector
0102H
1FFFH v Hardware
2000H interrupt vectors
010EH

] $1C63000 core CPU
T program space

“0110H Program start address

EEEFH Unused area 3 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 512 words x 4 bits.
The RAM area is assigned to addresses 0000H to 01FFH 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 01FFH 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 S1C63358 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
O0OFEH (SP2 stack area)
y
0100H 4
4/16-bit access area
SP1 stack area
01FFH ) ( )

4 bits
Fig. 3.3.1 Configuration of data RAM
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

CHAPTER4 PeERIPHERAL CircuITS AND OPERATION

The peripheral circuits of S1IC63358 (timer, A/D, 1/0, etc.) are interfaced with the CPU in the
memory mapped 1/0 method. Thus, all the peripheral circuits can be controlled by accessing the 1/0
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 S1C63358 data memory consists of 512-word RAM, 32-word display memory and 76-word peripheral
1/0 memory area. Figure 4.1.1 shows the overall memory map of the S1C63358, and Tables 4.1.1(a)—(f) the
peripheral circuits' (1/0 space) memory maps.

0000H
RAM area
0200H
FOOOH,
" |Display memory area
FO20H
Unused area
Unused area
FOOOH FFOOH
FFOOH S Peripheral I/O area
FFFFH =Ry 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 peripheral I/O area. If the
program that accesses these areas is generated, its operation cannot be guaranteed. Refer to the
1/O memory maps shown in Tables 4.1.1 (a)—(f) for the peripheral I/O area.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (a) 1/O memory map (FFOOH—FF28H)

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
CLKCHG| 0 0OSC3 | OSC1 | CPU clock switch
CLKCHG| 0SCC 0 vbe 0ScC 0 On Off | OSC3 oscillation On/Off
FFOOH 0#3 - *2 Unused
RW R RW VDC 0 225V | 1.35V | CPU operating voltage switch (1.35 V: OSCI, 2.25 V: OSC3)
VADSEL| 0 Ve Vop | Power source selection for A/D converter
VADSEL | VDSEL 0 0 VDSEL 0 Ve Voo | Power supply selection for oscillation system voltage regulator
FFO1H
03 -2 Unused
RW R 0*3 - *2 Unused
SVDS3 0 SVD criteria voltage setting
SVDS3 | SVDS2 | SVDS1 | SVDS0 SVDS2 0 [SVDS3-0] 0 1 2 3 4 5 6 7
FFO4H SVDS1 0 Voltage(V)1.05 1.10 1.15 1.20 1.25 1.30 140 1.60
RW [SVDS3-0] 8 9 10 11 12 13 14 15
SVDS0 0 Voltage(V)1.95 2.00 2.05 2.10 2.20 2.30 2.50 2.60
03 - *2 Unused
0 0 SVDDT | SVDON 03 w2 Unused
FFOSH SVDDT 0 Low | Normal | SVD evaluation data
R RW SVDON 0 On Off [ SVD circuit On/Off
FOUTE 0 Enable | Disable | FOUT output enable
Fosn FOUTE 0 FOFQ1 | FOFQO 03 2 Unused
aw | R RW FOFQt| 0 ] l;?c}gmy [FOFQ1,0] 0 1 2 3
FOFQO 0 selection Frequency fosc1/64 fosc1/8 fosci foscs
0#3 - *2 Unused
0 0 WDEN |WDRST 03 2 Unused
FFO7H WDEN 1 Enable | Disable | Watchdog timer enable
R RW W WDRST#3 Reset | Reset | Invalid | Watchdog timer reset (writing)
SIK03 | SIK02 | SIK01 | SIK0O SIkos 0 Enable | Disable | ]
FF20H SIK02 0 Enable. | Disable KO00-KO3 interrupt selection register
SIK01 0 Enable | Disable
W SIK0O | 0 | Enable | Disable | |
ks | ko2 | kot | koo | KO | ~E| Han | tow 1
FF21H KO2 | =2 High | LW |0 K03 input port data
K01 -+*2| High Low
R K00 -*2 | High Low | ]
KCPO03 | KCP02 | KCPO1 | KCPOO iggg; 1 % ? . ‘ ‘
FF22H KCPO1 1 1 I KO00-KO03 input comparison register
RW keoo| 1| L | £ |
SIK13 | SIK12 | SIK11 | SIK10 Slkis 0 Enable | Disable | ]
FF24H SIK12 0 Enable. | Disable K10-K13 interrupt selection register
SIK11 0 Enable | Disable
RW SIK10 0 Enable | Disable |_|
ki3 | k2 | ki | ko | K13 | Hen tow 4
FF25H Ki2 | =2 High LW |y K13 input port data
K11 -+*2| High Low
R K10 -*2 | High Low | ]
KCP13 | KCP12 | KCP11 | KCP10 ig:g 1 % ? . ‘ ‘
FF26H KCP11 1 1 I K10-K13 input comparison register
AW kepro| 1| 3| £ |
03 - *2 Unused
0 0 0 SIK20 03 w0 Unused
FF28H 0#3 #2 Unused
R RW SIK20 0 Enable | Disable | K20 interrupt selection register
Remarks
x1 Initial value at initial reset
%2 Not set in the circuit
*3 Constantly "0" when being read
S1C63358 TECHNICAL MANUAL EPSON 17



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (b) 1/O memory map (FF29H-FF44H)

Register
Address - Comment
D3 D2 D1 DO __ [ Name | Init *1 1 0
0+3 —*2 Unused
0 0 0 K20 0+3 —*2 Unused
FF2oH 0+3 -2 Unused
R K20 -*2 | High Low [K20 input port data
0+3 —*2 Unused
0 0 0 KCP20 03 2 Unused
FF2AH 0+3 —*2 Unused
R RW KCP20 1 e _§ | K20 input comparison register
0+3 -2 Unused
0 0 0 SENON 03 o Unused
FF2BH 0+3 —*2 Unused
R RW SENON 1 On Off | Key sense On/Off control
RO3HIZ 0 High-Z | Output | RO3 output high impedance control (FOUTE=0)
RO3HIZ [ RO2HIZ | RO1HIZ | 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)
RW RO1HIZ 0 High-Z | Output |RO1 output high impedance control
ROOHIZ 0 High-Z | Output | ROO output high impedance control
R03 1 High Low [RO3 output port data (FOUTE=0) Fix at "1" when FOUT is used
Ro3 Ro2 Rot Roo R02 1 High Low |RO2 output port data (PTOUT=0) Fix at "1" when TOUT is used
FF31H RoO1 1 High Low [ROI output port data
RW R00O 1 High Low |[ROO output port data
0+3 —*2 Unused
0 0 0 R1HIZ 03 2 Unused
FF32H 0+3 —*2 Unused
R RW R1HIZ 0 High-Z | Output |R1 output high impedance control
R13 R12 R11 R10 R13 ! High Low
FF33H Ri2 ! High Low R10-R13 output port data
R11 1 High Low
RW RIO | 1 | Hgh | Low
0+3 —*2 Unused
0 0 0 R2HIZ 03 w0 Unused
FF34H 0+3 -2 Unused
R AW R2HIZ 0 High-Z | Output | R2 output high impedance control
R23 R22 R21 R20 R2s ! Flgh Low ]
FF35H R22 ! High Low R20-R23 output port data
R21 1 High Low
RW R20 1 High Low |_]
10C03 | 10C02 | I0CO1 | I0C00 10003 0 Output | input |
FF40H 1oco2 0 Output | - Input P00-P03 1/0 control register
10C01 0 Output | Input
RW 10C00 0 Output | Input |_|]
PULO3 | PULO2 | PULO1 | PUL PuL03 ! on o]
FF41H i - ’ " PUL02 ! On off P00-PO3 pull-up control register
PULO1 1 On Off
RIW puoo| 1 | on | off ||
pos | Po2 | pot | poo | L0 | TE| Hom | Low 4
FF42H PO2 | =21 High | LoW 1 b 03 10 port data
P01 -*2 | High Low
RW P00 -*2| High Low |_]
10C13 0 Output | Input |P13 I/O control register
functions as a general-purpose register when SIF (slave) is selected
I0C13 | 10G12 | 10G11 | 10C10 10C12 0 Output | Input |P12 I/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
FRaan 10C11 0 Output [ Input P11 /O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
RW 10C10 0 Output | Input |P10 I/O control register (ESIF=0)
functions as a general-purpose register when SIF is selected
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Table 4.1.1 (c) 1/O memory map (FF45H—FF51H)

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 1 0
PUL13 1 On Off | P13 pull-up control register
functions as a general-purpose register when SIF (slave) is selected
PUL13 | PUL12 | PUL11 | PUL10 | pyL12 1 On Off | P12 pull-up control register (ESIF=0)
functions as a general-purpose register when SIF (master) is selected
FF45H SCLK (I) 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 |P13I/O port data
functions as a general-purpose register when SIF (slave) is selected
PIS | P12 1 PIT P10 by | 2| High | Low |PI2 /O port data (ESIF=0)
functions as a general-purpose register when SIF is selected
Fra6H P11 -*2 | High Low [PI1 I/O port data (ESIF=0)
functions as a general-purpose register when SIF is selected
AW P10 -+*2 | High Low | P10 I/O port data (ESIF=0)
functions as a general-purpose register when SIF is selected
10C23 | 10C22 | I0C21 | 10C20 10c23 0 Output | input |
FF48H 10C22: 10 | Output | Input | 1) 53 10 control register
10C21 0 Output | Input
RW 10C20 0 Output | Input |_|
PUL23 | PUL22 | PUL21 | PUL2 PuL23 ! on o]
FF49H ° ’ PuL22 ! On off P20-P23 pull-up control register
PUL21 1 On Off
RIW puo| 1 | on | of |]
pos | P2 | 2t | pao | P22 | ~E| Hon | Low
FF4AH P22 1 =72 | High | Low i 2310 port data
P21 -*2 | High Low
RW P20 -*2| High Low |_]
10C33 | 10C32 | I0C31 | 10C30 10033 0 Output | input |
FF4CH 10cs2 0 Output | - Input P30-P33 1I/O control register
10C31 0 Output | Input
RW 10C30 0 Output | Input |_|
PUL PUL32 | PUL31 | PUL: PuL33 ! on o]
FF4DH ® ’ ’ ” PULS2 ! On off P30-P33 pull-up control register
PUL31 1 On Off
RIW Puso| 1 | on | off ||
pag | pa2 | pat | pao | Lo | | Hoh | Low 4
FF4EH Po2 =72 | High | Low s b33 10 port data
P31 -+*2 | High Low
W P30 -*2| High Low |_J
10C43 0 Output | Input |P43 I/O control register (PAD3=0)
functions as a general-purpose register when A/D is enabled
10C43 | 10C42 | 10C41 | 10C40 10C42 0 Output | Input |P42 I/O control register (PAD2=0)
functions as a general-purpose register when A/D is enabled
FF50H 10C41 0 Output | Input |P41 I/O control register (PAD1=0)
functions as a general-purpose register when A/D is enabled
RW 10C40 0 Output | Input |P40 I/O control register (PAD0=0)
functions as a general-purpose register when A/D is enabled
PUL43 1 On Off | P43 pull-up control register (PAD3=0)
functions as a general-purpose register when A/D is enabled
PUL43 | PUL42 | PUL41 | PUL40 PUL42 1 On Off | P42 pull-up control register (PAD2=0)
functions as a general-purpose register when A/D is enabled
FFS1H PUL41 1 On Off | P41 pull-up control register (PAD1=0)
functions as a general-purpose register when A/D is enabled
RW PUL40 1 On Off | P40 pull-up control register (PAD0=0)
functions as a general-purpose register when A/D is enabled
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (d) /O memory map (FF52H—FFC1H)

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
P43 -*2| High Low | P43 1/O port data (PAD3=0)
functions as a general-purpose register when A/D is enabled
P43 | P42 | P41 PAO | b | w2 High | Low |P42 /O port data (PAD2=0)
functions as a general-purpose register when A/D is enabled
FF52H P41 -2 | High Low | P41 I/O port data (PAD1=0)
functions as a general-purpose register when A/D is enabled
RW P40 -*2| High Low | P40 I/O port data (PAD0=0)
functions as a general-purpose register when A/D is enabled
LouTY1| 0 LCD drive duty [LDUTYL 0] 0 1 23
LDUTY1|LDUTYO|VCCHG | LPWR woutyol o ] switch Duty /4 13 12
FFeoH VCCHG 0 General-purpose register (reserved register)
RW LPWR| 0 | On | Off [LCD powerOn/Oft
0+3 —*2 Unused
0 ALOFF | ALON | STCD ALOFF 1 Al Off | Normal | LCD all OFF control
FF61H ALON 0 AllOn | Normal | LCD all ON control
R RW STCD 0 Static |Dynamic| Common output signal control
0+3 - *2 Unused
0 ENON | BZFQ | BZON ENON 0 On Off |2 Hz intervai On/Off
FFean BZFQ 0 2kHz | 4kHz |Buzzer frequency selection
R RW BZON 0 On Off | Buzzer output On/Off
03 -2 Unused
0 ESOUT | SCTRG | ESIF | ESoUT 0 Enable | Disable | SOUT enable/disable control
FF70H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF /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
FE71H 1 § | -Negative polarity (mask option)
7 f BN —Posit_ive polarity (mask option) [Cslgcskl -0l Slgve PlT
RW SCS1 0 ] Serial I/F [SCS1, 0] 2 3
SCSo 0 clock mode selection Clock 0OSC1/2 0OSCl
sps | so2 | spt | spo | SDE | 7| Mo | Low |7 MSB
FF72H Sp2 =2 Hign Low Serial I/F transmit/receive data (low-order 4 bits)
SD1 -*2| High Low
RW SDO -2 | High Low LSB
o7 sD SD SD4 Sb7 -*2 | High Low |77 MSB
FF73H ° ° SD6 "2 | High Low Serial I/F transmit/receive data (high-order 4 bits)
SD5 -2 | High Low
RW sp4 | -+2| High | Low | LSB
0+3 —*2 Unused
0 0 |TMRST | TMRUN 03 e Unused
FF78H i ; iti
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)
T3 ™2 Ll TMO T™2 0 Clock timer data (32 Hz)
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)
™7 ™6 ™5 Thi4 T™6 0 Clock timer data (2 Hz)
FF7AH TM5 0 Clock timer data (4 Hz)
R T™4 0 Clock timer data (8 Hz)
MODEL16[ 0 |16 bit x 1|8 bit x 2| 8 bit X 2 or 16 bit X 1 timer mode selection
MODE16) EVCNT | FCSEL | PLPOL EVCNT 0 |Eventct.| Timer | Timer O counter mode selection
FFCOH FCSEL 0 With NR| No NR | Timer O function selection (for event counter mode)
R RW PLPOL 0 B “}_ | Timer 0 pulse polarity selection (for event counter mode)
CHSEL 0 Timer1 | Timer0 | TOUT output channel selection
CHSEL | PTOUT |CKSEL1) CKSELO PTOUT 0 On Off | TOUT output control
FFC1H CKSEL1 0 0SC3 | OSC1 | Prescaler 1 source clock selection
AW CKSELO| © 0SC3 | OSC1 |Prescaler 0 source clock selection
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (¢) 1/0 memory map (FFC2H—FFD3H)

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 1 0
PTPSO1 0 Prescaler 0 [PTPSO1, 00] 0 1 2 3
PTPSO01|PTPS00 |PTRSTO(PTRUNO ptPsool o ] ggeigit?gnratio Division ratio I/1 /4 1/32 1/256
FFG2H PTRST0#3]  —+*2 | Reset | Invalid | Timer O reset (reload)
AW w RW PTRUNO| 0 Run Stop | Timer 0 Run/Stop
PTPS11 0 Prescaler 1 [PTPS11,10] O 1 2 3
PTPS11|PTPS10|PTRST |PTRUNT | opoiol ] division ratio Division ratio /1 __1/4 _1/32 17256
FFC3H PTRST1#3]  —+2 | Reset | Invalid | Timer 1 reset (reload)
RW W RW PTRUN1| 0 Run Stop | Timer 1 Run/Stop
RLDO03 0 -] MSB
RLDO3 | RLDO2 | RLDO1 | RLD0O RLDO2 0
FFC4H RLDOT 0 Programmable timer O reload data (low-order 4 bits)
RW RLDO0O 0 _|LSB
RLD07 0 ~1 MSB
RLDO7 | RLDO6 | RLDO5 | RLD04 RLDO6 0
FFC5H Programmable timer O reload data (high-order 4 bits)
RLDO05 0
RW RLD04 0 _| LSB
RLD13 0 -] MSB
RLD13 | RLD12 | RLD11 | RLD10 RLD12 0
FFC6H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
RW RLD10 0 | LSB
RLD17 0 -] MSB
RLD17 | RLD16 | RLD15 | RLD14 RLD16 0
FFC7H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
RW RLD14 0 _|LSB
PTD03 0 ~1 MSB
PTDO03 | PTDO2 | PTDO1 | PTD0O PTDO2 0
FFC8H PTDOT 0 Programmable timer O data (low-order 4 bits)
R PTD0OO 0 _| LSB
PTDO7 0 -] MSB
PTDO7 | PTDO06 | PTDO5 | PTD04 PTDOS 0 ' ‘ '
FFC9H PTDOS 0 Programmable timer O data (high-order 4 bits)
R PTDO4 0 | LSB
PTD13 0 -] MSB
PTD13 | PTD12 | PTD11 | PTD10 PTD12 0 ' '
FFCAH PTD11 0 Programmable timer 1 data (low-order 4 bits)
R PTD10| 0 JisB
PTD17 0 ~1 MSB
PTD17 | PTD16 | PTD15 | PTD14 PTD16 0
FFCBH PTD15 0 Programmable timer 1 data (high-order 4 bits)
R PTD14 0 _| LSB
ADRUN 0 Start | Invalid | A/D Run/Off control
ADRUN| ADCLK| CHST | CHSO ADCLK 0 0SC3 | OSC1 | A/D input clock selection
FFDOH CHs1 | 0 A/D input [CHS1, 0] 0o 1 2 3
w RW chso | o ] channel Input channel P40 P41 P42 P43
PAD3 0 Enable | Disable | P43 input channel enable/disable control
PAD3 | PAD2 | PADT | PADO PAD2 0 Enable | Disable | P42 input channel enable/disable control
FFDTH PAD1 0 Enable | Disable | P41 input channel enable/disable control
RW PADO 0 Enable | Disable | P40 input channel enable/disable control
ADDR3 | ADDR2 | ADDR1 | ADDRI ADDRS - ]
FFD2H : " |noore | -2 A/D converted data (D0-D3)
ADDR1 -2
R ADDRO -2 B
ADDR8 | ADDR6 | ADDR5 | ADDR4 ADDRY - ]
FFD3H ADDR6 - A/D converted data (D4-D7)
ADDR5 -2
R ADDR4 -2 B
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (f) 1/O memory map (FFE2H-FFF7H)

Register
Address - Comment
D3 D2 D1 DO __ [ Name | Init *1 1 0
0+3 —*2 Unused
0 0 EIPT1 | EIPTO 03 e Unused
FFE2H EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
R AW EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
0+3 - *2 Unused
0 0 0 EISIF 03 a2 Unused
FFESH 0+3 —*2 Unused
R RW EISIF 0 Enable | Mask | Interrupt mask register (Serial I/F)
0+3 -2 Unused
0 0 0 EIKO 03 2 Unused
FFE4H 0+3 -2 Unused
R RW EIKO 0 Enable | Mask |Interrupt mask register (KO0O-K03)
0+3 —*2 Unused
0 0 EIK2 | EIK1 03 2 Unused
FFESH EIK2 0 Enable | Mask |Interrupt mask register (K20)
R AW EIK1 0 Enable | Mask |Interrupt mask register (K10-K13)
EIT3 0 Enable | Mask |Interrupt mask register (Clock timer 1 Hz)
EIT3 EIT2 EImt 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 16 Hz)
0+3 -2 Unused
0 0 0 EIAD 03 2 Unused
FFE7H 0+3 -2 Unused
R RW EIAD 0 Enable | Mask |Interrupt mask register (A/D converter)
0+3 -*2| (R) (R) | Unused
0 0 IPT IPTO 0+3 -#2| Yes No | Unused
FFF2H IPT1 o | in T 7(\}\/5 o Interrupt factor flag (Programmable timer 1)
R AW IPTO 0 Reset | Invalid |Interrupt factor flag (Programmable timer 0)
03 -#2| (R) (R) | Unused
0 0 0 ISIF 0+3 -#2| Yes No | Unused
FFFaH 05| —2[ W) | W |Unused
R RW ISIF 0 Reset | Invalid | Interrupt factor flag (Serial I/F)
03 -#21 (R) (R) | Unused
0 0 0 Ko 0+3 -*2| Yes No | Unused
FFFar 05| —2[ W) | W |Unused
R RW IKO 0 Reset | Invalid | Interrupt factor flag (KOO-K03)
0+3 -*2| (R) (R) | Unused
0 0 k2 K 0+3 -#2| Yes No | Unused
FFFSH IK2 o | in T 7(\}\/5 o Interrupt factor flag (K20)
R AW IK1 0 Reset | Invalid |Interrupt factor flag (K10-K13)
IT3 0 (R) (R) | Interrupt factor flag (Clock timer 1 Hz)
I3 T2 I 1o IT2 0 Yes No | Interrupt factor flag (Clock timer 2 Hz)
FFFeH IT o | M/f T 7(\}\/5 o Interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 16 Hz)
03 -#2 (R) (R) | Unused
0 0 0 1AD 0+3 -*2| Yes No [ Unused
FFFTH 05| —2[ W) | W |Unused
R RW IAD 0 Reset | Invalid | Interrupt factor flag (A/D converter)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Setting of Power Supply and Operating Mode)

4.2 Setting of Power Supply and Operating Mode

This section explains how to control the operating mode according to the supply voltage. Refer to Section
2.1, "Power Supply" for the configuration of the power supply circuit.

4.2.1 Control of supply voltage

When the voltage value necessary to drive the oscillation system voltage regulator is not provided from
the power supply voltage supplied externally, the S1IC63358 drives the power supply circuit using the
voltage Vc2 generated by the LCD booster circuit. The supply voltage Vcz is controlled using the register
LPWR.

= For normal operation: Set LPWR ="0" or LPWR ="1", if LCD is used
= To use Vc2 supply voltage:  Set LPWR ="1"

The supply voltage Vc2 is common to the oscillation system voltage regulator and the A/D converter
voltage circuit. Therefore when using the VVc2 voltage for either of these circuits, turn on the LCD booster
circuit. The Vc2 voltage is output from the LCD booster circuit.

The oscillation system voltage regulator and the A/D converter voltage circuit can independently select
the drive voltage among VoD and Vc2. This operation mode is controlled using the register VDSEL for
the oscillation system voltage regulator and the register VADSEL for the A/D converter voltage circuit.
By writing "1" to the register, Vc2 is selected as the drive voltage and writing "0" selects VDD. Approxi-
mately 100 msec is necessary until the Vc2 voltage stables after turning the LCD booster ON by the
LPWR. Therefore, the operating mode should be switched as in the following sequence.

Normal mode - Vc2 mode

1. Turn the LCD booster ON (set LPWR ="1").

2. Maintain 100 msec or more.

3. Set"1"in the VDSEL (for the oscillation system voltage regulator) or VADSEL (for the A/D converter
voltage circuit).

Vc2 mode — Normal mode
1. Set"0"in the VDSEL or VADSEL.
2. Turn the LCD booster OFF (set LPWR ="0", if LCD is unused).

Note: e If the power supply voltage is out of the specified voltage range for an operating mode, do not
switch into the operating mode. It may cause malfunction or increase current consumption.

e When operating the S1C63358 with a 0.9—1.4 V power supply voltage, software control is
necessary. Set the oscillation system voltage regulator into the Vc2 mode. When 1.4 V or more
power supply voltage is used, don't set the oscillation system voltage regulator into the Vc2
mode. At initial reset the normal mode is set.

e When using the A/D converter circuit with a 0.9—1.6 V power supply voltage, software control is
necessary. Set the A/D converter circuit into the Vc2 mode. When 1.6 V or more power supply
voltage is used, don't set the A/D converter circuit into the Vc2 mode. At initial reset the normal
mode is set.

4.2.2 Operating mode for the oscillation system voltage regulator
and the internal operating voltage

The oscillation system voltage regulator generates the operating voltage VD1 for the oscillation circuit and
internal logic circuits. This VD1 voltage must be switched according to the oscillation circuit to be used.
Further the operating mode for the oscillation system voltage regulator must be switched depending on
the power supply voltage.

Control of VD1 and the oscillation circuit will be explained in Section 4.4, "Oscillation Circuit". This
section explains the operating mode for the oscillation system voltage regulator that must be set before
controlling them. The following shows the setting contents according to the power supply voltage and
the oscillation circuit.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Setting of Power Supply and Operating Mode)

Table 4.2.2.1 Power supply voltage and operating mode

Power supply Operating Operating Power supply voltage Vbb (V)
circuit condition | voltage Vb1 0.9-1.4 1.4-2.3 | 2.3-3.6
Oscillation system |[OSC1 135V Vc2 mode Normal mode [J
voltage regulator 0OSC3, 4 MHz 225V Cannot work | Normal mode

* Set the Vc2 mode when a supply voltage drop is detected by the SVD circuit, such as during a
heavy load operation (driving buzzer or lamp) or by battery deletion.

(1) Power supply voltageVbb =0.9Vto 1.4V

When the power supply voltage is in this range, the oscillation system voltage regulator can operate
only in the Vc2 mode.
Set the Vc2 mode with software, and do not change it to another mode during operation.

(2) Power supply voltageVbb =1.4V to 2.3V

When the CPU operates with the OSC1 clock (OSC3 oscillation circuit is OFF), the oscillation system
voltage regulator can operate in the normal mode. Be sure not to set in the VVc2 mode.

(3) Power supply voltageVbb =2.3V to 3.6V

When the power supply voltage is in this range, the oscillation system voltage regulator can always
operate in the normal mode regardless of the oscillation circuit setting. Be sure not to set in the VVc2
mode.

The OSC3 oscillation circuit can be used in this voltage range.

4.2.3 Operating mode for LCD system voltage circuit

The LCD system voltage circuit generates the voltage Vczi, Vc2 and V3 for driving the LCD. The LCD
system voltage circuit generates \VVc1 by the regulator, and boosts it to generate the other 2 voltages.
Turning the LCD power supply circuit ON/OFF can be controlled using the register LPWR. The LCD
drive voltage is output to the LCD driver only when the circuit is ON (LPWR ="1").

(1) Power supply voltageVbb =0.9Vto 1.4V

When the power supply voltage is in this range, the Vc1 voltage will follow the VDD voltage, so the
LCD display contrast will become worse.

(2) Power supply voltage Vbb = 1.4V to 3.6 V
When the power supply voltage is in this range, the Vc1 voltage will keep 1.05 V, so the LCD display
will keep the same contrast.

4.2.4 Operating mode for A/D converter voltage circuit

The A/D converter uses AVDD and VDD or VVc2 as the power source for internal control circuit.

Table 4.2.4.1 Power supply voltage and operating mode

Power supply voltage VbD (V

Circuit wer supply voltage Voo (V)
0.9-1.6 1.6-3.6

A/D converter Vc2 mode Normal mode

(1) Power supply voltageVbb =1.6Vto 3.6V
When the power supply voltage is in this range, it is possible to operate in the normal mode. Be sure
not set in the VVc2 mode.

(2) Power supply voltageVbb =0.9Vto 1.6V

When the power supply voltage is in this range, VADSEL should be set to "1", to choose Vc2 as the
A/D converter power.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Setting of Power Supply and Operating Mode)

4.2.51/0 memory of power supply and operating mode
Table 4.2.5.1 shows the I/0 addresses and control bits for the power supply and the operation mode.

Table 4.2.5.1 Control bits of power supply and operating mode

A Register
ddress D3 D2 D1 DO | Name | Init CI 1 0 Comment
VADSEL| 0 Ve Vob | Power source selection for A/D converter
VADSEL| VDSEL 0 0 VDSEL 0 Ve Vob | Power supply selection for oscillation system voltage regulator
FFO1H
0 -2 Unused
AW R 008 -2 Unused
LDUTY1| 0 LCD drive duty [LDUTYL 0] 0 1 2,3
LDUTY1|LDUTYO|VCCHG | LPWR LouTYo| o ] switch Duty /4 3 12
FFe0H VCCHG 0 General-purpose register (reserved register)
RW LPWR 0 On Off | LCD power On/Off

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

LPWR: Booster control (ON/OFF) register (FF60H+DO)
Controls booster ON/OFF for the voltage booster (LCD power booster).

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

When the power supply voltage is in a range of 0.9 to 1.4 V, generate VVc2 by LCD booster to drive the
internal power supply circuit. When "1" is written to the LPWR register, the voltage booster generates
Vc2. When "0" is written, boostering is not performed. When the power supply voltage is 1.4 V or more,
do not use the voltage Vc2 for oscillation system voltage regulator. However, this does not apply when
the battery voltage falls by heavy load such as driving a buzzer and turning a lamp on.

When the power supply voltage is 1.6 VV or more, do not use the voltage VVc2 for the A/D converter.

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

VDSEL: Power supply selection register for oscillation system voltage regulator (FFO1H<D2)
Selects the power supply for the oscillation system voltage regulator.

When "1" is written: Vc2
When "0" is written: VDD
Reading: Valid

When "1" is written to the VDSEL register, the oscillation system voltage regulator enters the Vc2 mode
and operates with VVc2 output from the LCD booster. When "0" is written to the VDSEL register, the
oscillation system voltage regulator operates with VDD and the operating mode becomes the normal
mode.

When switching from the normal mode to the VVc2 mode, the VDSEL register should be set to "1" after
taking a 100 msec or longer interval for the \VVc2 to stabilize from setting the LPWR register to "1".

At initial reset, this register is set to "0".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Setting of Power Supply and Operating Mode)

VADSEL: Power supply selection register for A/D converter voltage circuit (FFO1H*D3)
Selects the power supply for the A/D converter voltage circuit.

When "1" is written: Vc2
When "0" is written: VDD
Reading: Valid

When "1" is written to the VADSEL register, the A/D converter voltage circuit enters the Vc2 mode and
operates with VVc2 output from the LCD booster. When "0" is written to the VADSEL register, the A/D
converter voltage circuit operates with VDD and the operating mode becomes the normal mode.

When switching from the normal mode to the VVc2 mode, the VADSEL register should be set to "1" after
taking a 100 msec or longer interval for the VVc2 to stabilize from setting the LPWR register to "1".

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

When using the A/D converter with a 1.6 V or less power supply voltage, set the Vc2 mode.

4.2.6 Programming notes

(1) When operating the S1C63358 with a 0.9-1.4 V power supply voltage, software control is necessary.
Set the oscillation system voltage regulator to the Vc2 mode. When 1.4 VV or more power supply
voltage is used, don't set the oscillation system voltage regulator into the VVc2 mode.

(2) When using the A/D converter with a 0.9-1.6 V power supply voltage, software control is necessary.
Set the A/D converter voltage circuit to the Vc2 mode. When 1.6 V or more power supply voltage is
used, don't set the A/D converter circuit into the Vc2 mode.

(3) If the power supply voltage is out of the specified voltage range for an operating mode, do not switch
to the operating mode. It may cause malfunction or increase current consumption.

(4) When switching from the normal mode to the VVc2 mode, the VDSEL and/or VADSEL registers should
be set to "1" after taking a 100 msec or longer interval for the VVc2 to stabilize from switching the
LPWR register to "1".

(5) When switching from the VVc2 mode to the normal mode, use separate instructions to switch the mode
(VDSEL ="0" or VADSEL = "0") and turn the LCD booster OFF (LPWR ="0", if LCD is unused).
Simultaneous processing with a single instruction may cause malfunction.

(6) The OSC3 oscillation circuit can operate only in the normal mode with a power supply voltage from
23Vto3.6 V.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Watchdog Timer)

4.3 Watchdog Timer

4.3.1 Configuration of watchdog timer

The S1C63358 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 4.3.1.1 is the block diagram of the watchdog timer.

Non-maskable
interrupt (NMI)

OSC1 dividing signal 256 Hz >—®{ Watchdog timer —»

Watchdog timer enable signal >J

Watchdog timer reset signal

Fig. 4.3.1.1 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.

4.3.2 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 NMlI is
assigned to 0100H in the program memory.
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4.3.31/0 memory of watchdog timer
Table 4.3.3.1 shows the I/0 address and control bits for the watchdog timer.

Table 4.3.3.1 Control bits of watchdog timer

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
0+3 - *2 Unused
crorm 0 0 WDEN |WDRST 03 e Unused
R R W WDEN 1 Enable | Disable | Watchdog timer enable
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.

4.3.4 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.
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4.4 Oscillation Circuit

4.4.1 Configuration of oscillation circuit

The S1C63358 has two oscillation circuits (OSC1 and OSC3). OSCL1 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 S1C63358 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
4.4.1.1 is the block diagram of this oscillation system.

Oscillation system <

voltage regulator

OSC1 -
p| Oscillation circuit Divider i o
p | To peripheral circuits
L -
Clock
0sC3 oo, [ ToCPU
e—p| oscillation circuit
T L< CPU clock selection signal
Oscillation circuit control signal
VD1

Operating voltage selection signal

Fig. 4.4.1.1 Oscillation system block diagram

S1C63358 TECHNICAL MANUAL

EPSON

29



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.4.2 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 4.4.2.1 is the block diagram of the OSC1 oscillation circuit.

Cax

To CPU
(and peripheral circuits)

To CPU
(and peripheral circuits)

Rcr1

Ccr

(b) CR oscillation circuit

Fig. 4.4.2.1 OSC1 oscillation circuit

As shown in Figure 4.4.2.1, 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 (Ccx) 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 RcRu.

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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4.4.3 OSC3 oscillation circuit

The S1C63358 has built-in the OSC3 oscillation circuit that generates the CPU's sub-clock (Typ. 1.8 MHz
CR oscillation or Max. 4 MHz ceramic oscillation) for high speed operation and the source clock for
peripheral circuits needing a high speed clock (programmable timer, FOUT output). The mask option
enables selection of either the CR or ceramic oscillation 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 4.4.3.1 is the block diagram of the OSC3 oscillation circuit.

To CPU
(and some peripheral circuits)

Rcr2

Oscillation circuit control signal

Cac 3
0SC3 To CPU

> (and some peripheral circuits)

%Oscillation circuit control signal

Ves (b) Ceramic oscillation circuit

Fig. 4.4.3.1 OSC3 oscillation circuit

As shown in Figure 4.4.3.1, the CR oscillation circuit can be configured simply by connecting the resistor
RcRr2 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 Ccc between the OSC3
and OSC4 terminals, and capacitor Cbc between the OSC4 and Vss terminals. For both Ccc and Cbc,
connect capacitors that are about 100 pF. To reduce current consumption of the OSC3 oscillation circuit,
oscillation can be stopped by the software (OSCC register).

S1C63358 TECHNICAL MANUAL EPSON 31



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.4.4 Switching of operating voltage

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 Vb1 for the internal circuits must be switched by the
software (VDC register). As described in Section 4.2, "Setting of Power Supply and Operating Mode", the
oscillation system voltage regulator that generates Vb1 must be set in an appropriate operating mode
according to the supply voltage.

Table 4.4.4.1 shows the correspondence of the system clock, operating voltage VD1 and operating mode
for the oscillation system voltage regulator.

Table 4.4.4.1 System clock and operating voltage

Operating Operating Power supply voltage Vop (V)

condition | voltage VD1 0.9-1.4 1.4-2.3 | 2.3-3.6
0OSC1 135V Vc2 mode Normal mode *
OSC3,4 MHz 225V Cannot work | Normal mode

* Set the Vc2 mode when a power supply voltage drop is detected by the SVD circuit, such as
during a heavy load operation (driving buzzer or lamp) or by battery deletion.

When switching the operating voltage and the system clock, properly set the operating mode for the
oscillation system voltage regulator before and after. (See Section 4.2, "Setting of Power Supply and
Operation Mode".)

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 mode (if necessary) and 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 1.35 V. After that, switch the operating mode if necessary.

OSC1 — OSC3 0OSC3 — OSC1

1. Set operation mode for OSC3. * 1. Set CLKCHG to "0" (OSC3 — OSC1).

2. SetVDCto"1"(1.35V — 2.25V). 2. Set OSCC to "0" (OSC3 oscillation OFF).
3. Maintain 2.5 msec or more. 3. SetVDCto"0"(2.25V — 1.35V).

4. Set OSCC to "1" (OSC3 oscillation ON). 4. Set operation mode for OSCL1. =

5. Maintain 5 msec or more.

6. Set CLKCHG to "1" (OSC1 — OSC3). (*: Should be done only when necessary.)

The following shows the operating mode settings for the oscillation system voltage regulator depending
on the power supply voltage.

(1) Power supply voltageVbb =0.9V to 1.4V

When the power supply voltage is in this range, the oscillation system voltage regulator can be
operated only in the VVc2 mode.

(2) Power supply voltageVbb =1.4V to 2.3V
When the system clock is OSC1, operate the oscillation system voltage regulator in the normal mode.

(3) Power supply voltage Vbb =2.3V to 3.6 V
When the power supply voltage is in this range, the oscillation system voltage regulator can always
be operated in the normal mode regardless of the system clock selection. Therefore, it is nor necessary
to switch the operating mode before and after switching the system clock.
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4.4.5 Clock frequency and instruction execution time

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

Table 4.4.5.1 Clock frequency and instruction execution time

Instruction execution time (usec)

Clock frequency - - - - - :
1-cycle instruction | 2-cycle instruction | 3-cycle instruction
OSC1: 32.768 kHz 61 122 183
OSC1: 60 kHz 33 66 100
0OSC3: 4 MHz 0.5 1 1.5

4.4.6 1/0 memory of oscillation circuit

Table 4.4.6.1 shows the 1/0 address and the control bits for the oscillation circuit.

Table 4.4.6.1 Control bits of oscillation circuit

Register
D3 D2 D1 DO __ [ Name | Init *1 1 0
CLKCHG| © 0SC3 | OSC1 | CPU clock switch
0scc 0 On Off | OSC3 oscillation On/Off
03 -2 Unused
VDC 0 225V | 1.35V [ CPU operating voltage switch (1.35 V: OSCl1, 2.25 V: OSC3)

Address Comment

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: 2.25 V (for OSC3 operation)
When "0" is written: 1.35 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 2.25 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 1.35 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 2.25 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 Vb1 when turning
the OSC3 oscillation circuit ON and OFF

At initial reset, this register is set to "0".
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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 Vb1 is 1.35 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".

4.4.7 Programming notes

(1) When switching the CPU system clock from OSC1 to OSC3, first set VVD1. 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 VD1.

(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 Vb1 using the VDC register and the VD1 voltage is fixed
at 2.25 V. The Vb1 level does not change even if any data is written to the VDC register.
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4.5 Input Ports (KO0O—KO03, K10-K13 and K20)

4.5.1 Configuration of input ports

The S1C63358 has nine bits general-purpose input ports. Each of the input port terminals (K0O0-K03, K10-
K13, K20) provides internal pull-up resistor. Pull-up resistor can be selected for each bit with the mask
option.

Figure 4.5.1.1 shows the configuration of input port (K00-K03, K10-K13).

Figure 4.5.1.2 shows the configuration of input port (K20).

Vbbp

L 3 Interrupt
‘ ‘ request

Kxx O

Data bus

————————

,,,,,,, : Mask option
Fig. 4.5.1.1 Configuration of input port (KOO—K03, K10-K13)

Key sense

ON/OFF control
2]
=}
Ko}

Interrupt £

request o

K20

————————

i Mask option
Fig. 4.5.1.2 Configuration of input port (K20)

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 LSls.
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4.5.2 Interrupt function

All nine bits of the input ports (K00-K03, K10-K13, K20) 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. The input interrupts are divided into three systems: KO (K00-K03), K1 (K10-

K13) and K20 systems.

Figure 4.5.2.1 shows the configuration of K0O0-K03 (K10-K13) interrupt circuit.
Figure 4.5.2.2 shows the configuration of K20 interrupt circuit.

1 Input comparison P
4= register (KCPOO, 10) — Interrupt factor Interruot
1 flag (IKO, 1) n efrUFtJ
reques
0 9
>
< —p I I K
nterrupt selection nterrupt mas!
-'g register (SIK0O, 10) register (EIKO, 1)
m) A
KOt
. k02,12
i KO3 13
g
<t
Fig. 4.5.2.1 Input interrupt circuit configuration (KO0-K03, K10-K13)
3 Input comparison
P . Interrupt factor
| register (KCP20) flag (IK2) Interrupt
%) ‘ request
3
% 1 nt ¢ selecti Interrupt mask
| nterrupt selection ist EIK2!
o ¢ : L register (SIK20) register ( )
|
1
g
<t
Fig. 4.5.2.2 Input interrupt circuit configuration (K20)
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The interrupt selection register (SIK) and input comparison register (KCP) are individually set for the
input ports KO0-K03, K10-K13 and K20, and can specify the terminals for generating interrupt and
interrupt timing.

The interrupt selection registers (SIK0O0-SIK03, SIK10-SIK13, SIK20) select what input of KO0-K03, K10-
K13 and K20 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, KCP10-KCP13, KCP20).

By setting these two conditions, the interrupt for KO0-K03, K10-K13 or K20 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 (EIKO, EIK1, EIK2) enable the interrupt mask to be selected for K0O0-K03,
K10-K13 and K20.

When the interrupt is generated, the interrupt factor flag (IKO, IK1, IK2) is set to "1".

Figure 4.5.2.3 shows an example of an interrupt for KO0-KO03.

Interrupt selection register Input comparison register
SIK03 | SIK02 | SIKO1 | SIKOO KCP03 | KCP02 | KCPO1 |KCP0O
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) | Ko3 | K02 | KOo1 | KOO
1 0 1 0 (Initial value)

@) | ko3 | ko2 | Kot | Koo

(3) | k03 | 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 Ko2 KO1 K00 contents of the 3 bits KO1-KO03 and the 3 bits input
0 1 1 1 comparison register KCP01-KCPO03.

Fig. 4.5.2.3 Example of interrupt of KOO—K03

KO0 interrupt is disabled by the interrupt selection register (SIK00), so that an interrupt does not occur at
(2). At (3), K03 changes to "0"; the data of the 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.

4.5.3 Mask option

Internal pull-up resistor can be selected for each of the nine bits of the input ports (KO0-K03, K10-K13,
K20) 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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4.5.41/0 memory of input ports
Table 4.5.4.1 shows the I/0 addresses and the control bits for the input ports.

Table 4.5.4.1 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
FF20H SIKo2 0 Enable | Disable KO00-KO3 interrupt selection register
SIKO1 0 Enable | Disable
RIW SIK00 | 0 | Enable | Disable
ko3 | ko2 | kot | koo | KO | 7| Hem | tow
FF21H K2 72| Hoh | Low 0 ko3 input port data
Ko1 -#2 | High Low
R Ko | -+2| High | Low
KCPO03 | KCP02 | KCPO1 | KCPOO Egggg 1 % j: A - A
FF22H KCPoT 1 1 Ia K00-KO03 input comparison register
RW kepoo| 1 | 3| F
SIK13 | SIK12 | SIK11 | SIK10 Sikis 0 Enable | Disable
FF24H SIK12 0 Enable | Disable K10-K13 interrupt selection register
SIK11 0 Enable | Disable
RIW SK10 | 0 | Enable | Disable
kis | Kkiz | ki | ko | K[ 77| Hen o tow
FF25H K12 UL Hoh | Low T ka3 input port data
K11 #2 | High Low
R K10 -*2| High Low
KCP13 | KCP12 | KCP11 | KCP10 Eg:g 1 % j: A - A
FF26H KCP11 1 1 I K10-K13 input comparison register
RW KCP10 | 1 | f
03 -2 Unused
0 0 0 SIK20 03 w2 Unused
FFgH 03 -2 Unused
R RW SIK20 0 Enable | Disable | K20 interrupt selection register
0+3 - *2 Unused
0 0 0 K20 03 -2 Unused
FF2oH 03 -2 Unused
R K20 -*2| High Low |K20 input port data
03 -2 Unused
0 0 0 KCP20 03 2 Unused
FF2AH 0+3 - *2 Unused
R RW KCP20 1 S f | K20 input comparison register
03 2 Unused
0 0 0 |SENON 03 w2 Unused
FF2BH 03 -2 Unused
R AW SENON 1 On Off | Key sense On/Off control
03 - *2 Unused
0 0 0 EIKO 03 e Unused
FFE4H 03 -2 Unused
R AW EIKO 0 Enable | Mask |Interrupt mask register (KO0—K03)
03 -2 Unused
0 0 EIK2 | EIK1 03 ¥ Unused
FFESH EIK2 0 Enable | Mask |Interrupt mask register (K20)
R RW EIK1 0 Enable | Mask |Interrupt mask register (K10-K13)
0*3 -#2| (R) (R) | Unused
0 0 0 K0 0+3 -*2 | Yes No | Unused
FRFar 05| —2[ W) | W |Unused
R RW IKO 0 Reset | Invalid |Interrupt factor flag (KOO-K03)
0+3 -*2| (R) (R) | Unused
0 0 k2 K1 03 -#2 | Yes No | Unused
FFFSH K2 0 | W | W |mterrupt factor flag (K20)
R RW IK1 0 Reset | Invalid |Interrupt factor flag (K10-K13)
*1 Initial value at initial reset *#2  Not set in the circuit *3  Constantly "0" when being read
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K00-K03: KO port input port data (FF21H)

K10-K13: K1 port input port data (FF25H)

K20: K20 port input port data (FF29H+DO)

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 nine bits of the input ports (K00-K03, K10-K13, K20)
goes high (Vbb), and "0" when the voltage goes low (Vss).
These bits are dedicated for reading, so writing cannot be done.

SIK00-SIK03: KO port interrupt selection register (FF20H)

SIK10-SIK13: K1 port interrupt selection register (FF24H)

SIK20: K20 port interrupt selection register (FF28H+DO0)

Selects the ports to be used for the K0O0-K03, K10-K13 and K20 input interrupts.

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

Enables the interrupt for the input ports (K00-K03, K10-K13, K20) for which "1" has been written into the
interrupt selection registers (SIKO0-SIK03, SIK10-SIK13, SIK20). The input port set for "0" does not affect
the interrupt generation condition.

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

KCPOO—KCPO03: KO port input comparison register (FF22H)

KCP10-KCP13: K1 port input comparison register (FF26H)

KCP20: K20 port input comparison register (FF2AH+DO)

Interrupt conditions for terminals KO0-K03, K10-K13 and K20 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 nine bits (K00-
K03, K10-K13, K20), through the input comparison registers (KCP00-KCP03, KCP10-KCP13, KCP20).
For KCP00-KCPO03, a comparison is done only with the ports that are enabled by the interrupt among
K00-K03 by means of the SIK00-SIKO03 registers. For KCP10-KCP13, a comparison is done only with the
ports that are enabled by the interrupt among K10-K13 by means of the SIK10-SIK13 registers. For
KCP20, a comparison is done only when the K20 port has been enabled by means of the SIK20 register.
At initial reset, these registers are set to "1".

EIKO: KO input interrupt mask register (FFE4H+DO)

EIK1: K1 input interrupt mask register (FFE5H<DO)

EIK2: K20 input interrupt mask register (FFE5HD1)

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

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

With these registers, masking of the input port interrupt can be selected for each of the three systems
(K00-K03, K10-K13, K20).
At initial reset, these registers are set to "0".
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IKO: KO input interrupt factor flag (FFF4H<DO)

IK1: K1 input interrupt factor flag (FFF5H<DO)

IK2: K20 input interrupt factor flag (FFF5H<D1)
These flags indicate 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 flags IK0, IK1 and IK2 are associated with K0O0-K03, K10-K13 and K20, respectively.
From the status of these flags, 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 inter-
rupt mask register setting. However, the interrupt does not occur to the CPU when the interrupt is
masked.

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".

SENON: K20 port key sense ON/OFF control (FF2BH+=DO)
Controls the key sense function.

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

When using K20 as a general purpose input port, fix this register at "1" (On).

When K20 is used for the key sense function, set SENON on during the key sense stage. If any key is
pressed (see Figure 4.5.4.1), the K20 port generates an interrupt to the CPU. Then set SENON to off (K20
port key sense OFF), turn the outside N-P-N transistor on using an output port and start the A/D con-
verter. The A/D converter converts the input voltage that varies according to the pressed key into a
digital value. The software can discriminates which key was pressed from the conversion result. After
that, turn SENON off to reduce current consumption.

" an interrupt

Vbp |
| MCU

i I

— I Output SENON

| register
|

R I K20 _ Generate

|
|

[ e ] I

I l l A/D IN

Fig. 4.5.4.1 Key position sensing circuit
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This chart is an example of the circuit that discriminates the pressed key with only two wires connected

between the MCU chip and the key set. It is useful to reduce the connection wires when the key set
location is far from the MCU chip.

Operation: The keys are connected to the ground via a resistor that is different from other keys. So each
key will generate a different voltage for inputting to the A/D converter.
Pressing a key generates an interrupt to the MCU. The interrupt turns the transistor on using
the output port and starts A/D conversion. The MCU can discriminate the pressed key using
the digital value converted by the A/D converter.

4.5.5 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 300 kQ

(2) The K13 terminal functions as the clock input terminal for the programmable timer, and the input
signal is shared with the input port and the programmable timer. Therefore, when the K13 terminal is
set to the clock input terminal for the programmable timer, take care of the interrupt setting.

(3) 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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4.6 Output Ports (RO0—R03, R10-R13 and R20-R23)

4.6.1 Configuration of output ports

The S1C63358 has 12 bits 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 4.6.1.1 shows the configuration of the output port.

! Ve
High impedance

control register

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

Vss

(RO0—RO03 are fixed at complementary output.)
Fig. 4.6.1.1 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 4.6.1.1 shows the setting of the output terminals by function selection.

Table4.6.1.1 Function setting of output terminals

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

RO2 RO2 (High output) TOUT

RO3 RO3 (High output) FOUT
R10-R13 [R10-R13 (High output) |[R10-R13|R10-R13
R20-R23 [R20-R23 (High output) |[R20-R2