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CHAPTER 1: OUTLINE

CHAPTER 1 OUTLINE

The S1C63406 is a microcomputer which has a high-performance 4-bit CPU S1C63000 as the core
CPU, code ROM (6,144 words x 13 bits), RAM (1,024 words x 4 bits), data ROM (3,072 words x 4 bits),
serial interface, watchdog timer, programmable timer, time base counters (2 systems) and a dot-matrix
LCD driver that can drive a maximum 60 segments x 9 commons. Furthermore, the built-in reset circuit
(with power-on reset function) can detect the power supply voltage to reset the S1C63406 when the
power is turned on or an instantaneous power interruption occurs. The S1C63406 features high speed
operation with a low operating voltage (1.3 V to 3.6 V) and low current consumption, this makes it
suitable for applications working with batteries, such as portable MD and CD player systems.

1.1 Features
OSC1 oscillation circuit ..........ccceeueee. 32.768 kHz (Typ.) crystal or 60 kHz (Typ.) CR oscillation circuit (C1)
OSC3 oscillation circuit .........cccceeueee. 4 MHz (Typ.) crystal, 3.58 MHz (Typ.) ceramic
or 2 MHz (Typ.) CR oscillation circuit ([1)
Instruction set .......cccccoeeeiiieiicie Basic instruction: 47 types (411 instructions with all)
Addressing mode: 8 types
Instruction execution time.................... During operation at 32.768 kHz: 61 pusec 122 psec 183 psec
During operation at 60 kHz: 33 usec 67 pusec 100 psec
During operation at 2 MHz: 1 usec 2 usec 3 usec
During operation at 3.58 MHz:0.56 psec 1.12 psec 1.68 psec
During operation at 4 MHz: 0.5 psec 1usec 1.5 pusec
ROM capacity .....ccccevveeeriieeesiieene Code ROM: 6,144 words x 13 bits
Data ROM: 3,072 words x 4 bits
RAM capacity ........cocevvveeiineeieiieee Data memory: 1,024 words x 4 bits
Display memory: 540 bits (120 words x 4 bits + 60 x 1 bit)
INPUL POt ... 4 bits (Pull-up resistors may be supplemented [1)
Output port 4 bits (It is possible to switch the 2 bits to special outputs [2)
1/O POt oot 4 bits with Schmitt trigger input

(Built-in pull-up resistors may be disabled 2
It is possible to switch to serial I/F inputs/outputs [2)

Serial interface .......ccccoeeeevveeieeiiiienee. 1 port (8-bit clock synchronous or asynchronous system [2)
LCD driVer ... 60 segments x 8 or 9 commons ([2)
Time base counter .........ccccvveeeeeecnnneenn. 2 systems (Clock timer, stopwatch timer)
Programmable timer .........cccccocveeenen. 8 bits x 2 ch. or 16 bits x 1 ch., with event counter function
Watchdog timer.......ccoocveeeiiieiiciecnee Built-in
Supply voltage detection (SVD) circuit... 16 values, programmable (1.30 V to 2.80 V)
Reset Circuit ..., Built-in (1.8, 1.6 VV or 1.4 V [1), with power-on reset function
External interrupt ........ccccooieniiinnnnn. Input port interrupt: 4 systems
Internal interrupt ........ccoceeviieiiii. Clock timer interrupt: 4 systems
Stopwatch timer interrupt: 2 systems
Programmable timer interrupt: 2 systems
Serial interface interrupt: 3 systems
Power supply voltage ...........cccccoueneeee. 1.3Vto36V

(Min. 1.4 V when 700 kHz (Max.) OSC3 CR oscillator is used)
(Min. 1.6 V when 2.2 MHz (Max.) OSC3 CR oscillator is used)
(Min. 1.8 V when 4.2 MHz (Max.) OSC3 oscillator is used)

Operating temperature range -40°C to 85°C

Current consumption .........cccccceveeennnen. Low-power operation (CB):
During SLEEP 1.2 pA (Typ.)
During HALT (32 kHz cryctal oscillation)
3.6 V (LCD OFF) 1.3 pA (Typ.)

3.6 V (LCD ON, Vc1 standard) 3.0 A (Typ.)
3.6 V (LCD ON, Vc2 standard) 2.5 uA (Typ.)
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CHAPTER 1: OUTLINE

During operation (32 kHz cryctal oscillation)
3.6 V (LCD OFF)
During HALT (60 kHz CR oscillation)
3.6 V (LCD OFF)
3.6 V (LCD ON, Vc1 standard)
3.6 V (LCD ON, Vc2 standard)
During operation (60 kHz CR oscillation)
3.6 V (LCD OFF)
High-speed operation:
During operation (500 kHz CR oscillation)
3.6 V (LCD OFF)
During operation (1 MHz CR oscillation)
3.6 V (LCD OFF)
During operation (2 MHz CR oscillation)
3.6 V (LCD OFF)

During operation (3.58 MHz ceramic oscillation)

3.6 V (LCD OFF)
During operation (4 MHz crystal oscillation)
3.6 V (LCD OFF)
TQFP15-128pin (plastic) or chip

[l: Can be selected with mask option

Package

3.0 pA (Typ.)
3.5 pA (Typ.)
6.2 uA (Typ.)
4.6 pA (Typ.)

7.0 uA(Typ.)

130 pA (Typ.)
260 pA (Typ.)
520 pA (Typ.)
670 LA (Typ.)

780 PA (Typ.)

[D: Can be selected with software

[B: Current consumption when the reset circuit option is not selected (Reset
circuit current will be added when the reset circuit option is selected.)

1.2 Block Diagram

ROM System Reset
6,144 words x 13 bits Control
n U !

Core CPU S1C63000

- ’

«—LJRESET

OSC1
0SC2 Interrupt
0SC3 0oSsC Generator
OSC4
/T
} — ) Stopwatch
RAM . Timer
1,024 words x 4 bits |
F | I — C_IOCk
Data ROM K= Timer
3,072 words x4 bits ||
E:: Programmable
K= Timer
COMo-8 g‘i LCD Driver [———— [ —
SEGO0-59 [ +—— 60 SEG x9 COM K00-K03
 —— Input Port
TEST
VbD
Vb1 —T1 | OutputPot |——[1R10-R13
Ve, Vez, Vea, Ves Power — | 1
Vosc Controller 1 [T
CA-CF
Vss 1/0 Port «—{ 1 P20-P23
il :
CS.VD. — I Serial Interface
ircuit

Fig. 1.2.1 Block diagram

2 EPSON
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1.3 Pin Layout Diagram

CHAPTER 1: OUTLINE

TQFP15-128pin

R i
97 = = 64
= INDEX =
128 = =33
A R T X X AR p
1 32
No. | Pin name | No. | Pin name | No. | Pin name | No. | Pin name
1 N.C. 33 CF 65 N.C. 97 SEGI15
2 SEG41 34 Vs 66 N.C. 98 SEG16
3 | SEG42 | 35 Veu 67 | NC. |9 | SEGI7
4 SEG43 36 \%@) 68 N.C. 100 SEGI18
5 SEG44 37 Vci 69 COMO 101 SEG19
6 | SEG45 |38 | K00 |70 | cOMI |102| SEG20
7 SEG46 39 KO1 71 COM2 103 SEG21
8 SEG47 40 K02 72 COM3 104 SEG22
9 | SEG48 | 41| NC. | 73| comM4 |105| SEG23
10 SEG49 42 N.C. 74 N.C. 106 N.C.
11 N.C. 43 KO3 75 N.C. 107 N.C.
12 N.C. 44 R10 76 N.C. 108 N.C.
13 N.C. 45 R11 77 COMS5 109 N.C.
14 SEG50 46 R12 78 COM6 110 SEG24
15 SEG51 47 R13 79 COM7 111 SEG25
16 SEG52 48 P20 80 SEGO 112 SEG26
17 SEGS53 49 P21 81 SEGI1 113 SEG27
18 SEG54 50 P22 82 SEG2 114 SEG28
19 N.C. 51 P23 83 SEG3 115 SEG29
20 N.C. 52 N.C. 84 N.C. 116 SEG30
21 N.C. 53 N.C. 85 N.C. 117 SEG31
22 SEGS55 54 N.C. 86 SEG4 118 SEG32
23 SEG56 55 VbpD 87 SEG5 119 N.C.
24 SEG57 56 Vb1 88 SEG6 120 N.C.
25 SEG58 57 0OSC4 89 SEG7 121 SEG33
26 SEG59 58 0OSC3 90 SEG8 122 SEG34
27| comM8 | 59| vVosc |91 | SEGY |123| SEG35
28 CA 60 0OSC2 92 SEGI10 124 SEG36
29 CB 61 0OSCl1 93 SEG11 125 SEG37
30 CcC 62 Vss 94 SEG12 126 SEG38
31 CD 63 RESET 95 SEGI13 127 SEG39
32 CE 64 TEST 96 SEG14 128 SEG40

N.C. : No Connection
Fig. 1.3.1 Pinlayout diagram
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1.4 Pin Description

Table 1.4.1 Pin description

Pin name Pin No. In/Out Function
VbpD 55 - Power (+) supply pin
Vss 62 - Power (-) supply pin
Vb1 56 - Internal logic system regulated voltage output pin
Vosc 59 - Oscillation system regulated voltage output pin
Vci, Vez, Ves, Ves 37, 36, 35, 34 - LCD system power supply pins (1/4 bias)
CA-CF 28-33 - LCD system boosting/reducing capacitor connecting pins
0OSCl1 61 1 Crystal or CR oscillation input pin (selected by mask option)
0SC2 60 (6] Crystal or CR oscillation output pin (selected by mask option)
0SC3 58 I Crystal, ceramic or CR oscillation input pin (selected by mask option)
0Sc4 57 (0] Crystal, ceramic or CR oscillation output pin (selected by mask option)
KO00-K02 38-40 I Input port pins
K03 43 I Input port pin or EVIN signal input pin (selected by software)
R10,R11 44, 45 (6] Output port pins
R12 46 (6] Output port pin or TOUT signal output pin (selected by software)
R13 47 (6] Output port pin or FOUT signal output pin (selected by software)
P20 48 /O | I/O port pins or serial I/F data input pin (selected by software)
P21 49 /O | I/O port pins or serial I/F data output pin (selected by software)
P22 50 I/0 | I/O port pins or serial I/F clock input/output pin (selected by software)
P23 51 /0 | I/O port pins or serial I/F ready signal output pin (selected by software)
COMO-COMS8 69-73, 77-179, 27 (6] LCD common output pin
SEG0-SEG59 80-83, 86-105, (6] LCD segment output pin
110-118, 121-128,
2-10, 14-18, 22-26
RESET 63 I Initial reset input pin
TEST 64 I Testing input pin
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1.5 Mask Option

Mask options shown below are provided for the S1C63406. Several hardware specifications are prepared
in each mask option, and one of them can be selected according to the application. The function option
generator winfog, that has been prepared as the development software tool of S1C63406, is used for this
selection. Mask pattern of the IC is finally generated based on the data created by the winfog. Refer to the
"S5U1C63000A Manual” for the winfog.

<Mask Option List>

The following is the option list for the S1C63406.

Multiple selections are available in each option item as indicated in the option list. Using "4 Peripheral
Circuits and Operation" as reference, select the spcifications that meet the target system and check the
appropriate box. Be sure to record the spcifications for unused functions too, according to the
instructions provied.

1. OSC1 SYSTEM CLOCK

[J 1. Crystal (32.768 kHz)
[J2.CR (60 kHz)

2. OSC3 SYSTEM CLOCK

[11.CR
[J 2. Ceramic (3.58 MHz)
[J 3. Crystal (4 MHz)

3. RESET CIRCUIT

[J1 Use(1.8V)
[12. Use (1.6V)
[13.Use (1.4V)
[J 4. Not Use

4. MULTIPLE KEY ENTRY RESET COMBINATION
[1 1. Not Use
[J 2. Use (K00, K01, K02, K03)
[J 3. Use (K00, K01, K02)
[ 4. Use (K00, K01)

5. MULTIPLE KEY ENTRY RESET TIME AUTHORIZE

[J 1. Not Use
[]2.Use
6. INPUT PORT PULL UP RESISTOR
= K00 [J 1. With Resistor [J 2. Gate Direct
= K01 [J 1. With Resistor [J 2. Gate Direct
= K02 [J 1. With Resistor [ 2. Gate Direct
= K03 [J 1. With Resistor [ 2. Gate Direct
7. OUTPUT PORT OUTPUT SPECIFICATION
= R10 [J1. Complementary [J 2. Nch-OpenDrain
- RI11 [J1. Complementary [J 2. Nch-OpenDrain
e R12 [J 1. Complementary [J 2. Nch-OpenDrain
= R13 [J 1. Complementary [J 2. Nch-OpenDrain
8. 1/0 PORT OUTPUT SPECIFICATION
= P20 [J1. Complementary [J 2. Nch-OpenDrain
- P21 [J 1. Complementary [J 2. Nch-OpenDrain
* P22 [J 1. Complementary [J 2. Nch-OpenDrain
= P23 [J 1. Complementary [J 2. Nch-OpenDrain
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<OQutline of Mask Option>

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

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

(3) Internal reset circuit
This mask option selects whether the internal reset circuit is used or not. Select a minimum supply
voltage according to the oscillation frequency when this circuit is used.
Refer to Section 2.2.3, "Internal reset circuit”, for details.

(4) External reset by ssmultaneous LOW input to the 1/0 port (KO0O—KO03)
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 terminals (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 K00-K03", for details.

(5) Time authorize circuit for the simultaneous LOW input reset function
When using the external reset function (shown in 4 above), using the time authorize circuit or not can
be selected by mask option. The reset function works only when the input time of simultaneous LOW
is more than the rule time if the time authorize circuit is being used.
Refer to Section 2.2.2, "Simultaneous low input to terminals KO0-K03", for details.

(6) Input port pull-up resistor
The mask option is used to select whether the pull-up resistor is supplemented to the input ports or
not. It is possible to select for each bit of the input ports.
Refer to Section 4.4.2, "Mask option", for details.

(7) 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. The selection is done in 1-bit units.
Refer to Section 4.5.2, "Mask option", for details.

(8) Output specification of the 1/0 ports
For the output specification when the 1/0 ports are in the output mode, either complementary output
or N-channel open drain output can be selected in 1-bit units.
Refer to Section 4.6.2, "Mask option", for details.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 POwWER SUPPLY AND INITIAL RESET

2.1 Power Supply

The S1C63406 operating power voltage is as follows:

Table2.1.1 Operating power voltage

OSC1 clock OSC3 clock Operating power voltage
Not use 1.3V-36V
Max. 80 kHz Max. 700 kHz (CR) 14V-36V
(crystal or CR) Max. 2.2 MHz (CR) 1.6 V-3.6 V
Max. 4.2 MHz (crystal, ceramic or CR) 1.8V-3.6V

(When Vc1 standard is selected)

The S1C63406 operates by applying a single power supply within the above range between VbD and Vss.
The S1C63406 itself generates the voltage necessary for all the internal circuits by the built-in power
supply circuits shown in Table 2.1.2.

Table 2.1.2 Power supply circuits

Circuit Power supply circuit Output voltage
OSCT1 oscillation circuit Oscillation system voltage regulator Vosc
OSC3 oscillation and internal circuits | Internal logic system voltage regulator VDI
LCD driver LCD system voltage circuit Vci, Ve, Ve4, Ves

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.

B Internal
circuits
Vb1
Internal logic system 0SC3
voltage regulator oscillation circuitl < OSC3, 4
Oscillation system 0SsC1
voltage regulator oscillation circuil < OSC1, 2
External
power — ZZ
supply
LCD system Vci1, Vez, Ves, Ves ) COMO0-8
volta eycircuit LCD driver
9 :8 SEG0-59
L

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 internal circuits

VD1 is the voltage for the OSC3 oscillation circuit and the internal logic circuits, and is generated by the

internal logic system voltage regulator.

The S1C63406 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 internal logic system voltage regulator can output the following four types of VD1 voltage. It should
be set at the value according to the oscillation circuit and oscillation frequency by the software.

VD1 = 1.1V for low-power operation (when OSCS3 oscillation is OFF)

VD1 = 1.3 V for high-speed operation (when Max. 700 kHz OSC3 CR oscillation is ON)

VD1 = 1.5V for high-speed operation (when Max. 2.2 MHz OSC3 CR oscillation is ON)

VD1 = 1.7 V for high-speed operation (when Max. 4.2 MHz OSC3 crystal/ceramic/CR oscillation is ON)

Refer to Section 4.3, "Oscillation Circuit", for the Vb1 switching procedure.

2.1.2 Voltage <Vosc> for OSC1 oscillation circuit

Vosc is the voltage for the OSC1 oscillation circuit and is generated by the oscillation system voltage
regulator for stabilizing the oscillation.

2.1.3Voltage <Vc1, Vcz, Vs, Ves> for LCD driving

Vci, Vez, Ves and Ves are the LCD drive voltages generated by the LCD system voltage circuit. These
four output voltages can only be supplied to the externally expanded LCD driver.

The LCD system voltage circuit generates VVc1 or Vc2 with the voltage regulator built-in, and generates
three other voltages by boosting or reducing the voltage of VVc1 or VVc2. Table 2.1.3.1 shows the Vci, Ve,
Vca and Vs voltage values and boost/reduce status.

Table2.1.3.1 LCD drive voltage when generated internally

LCD drive voltage Vob=1.3-36V | VbbD=25-3.6 V
Vci(0.975-1.2 V) Vci (standard) 1/2x Vc2
V2 (1.950-2.4 V) 2xVci Vc2 (standard)
Vc4 (2.925-3.6 V) 3xVci 3/2xVc2
Vs (3.900-4.8 V) 4xVci1 2xVc2

Note: The LCD drive voltage can be adjusted by the software (see Section 4.7.5). Values in the above
table are typical values.

Either the VVc1 or VVc2 used for the standard is selected according to the supply voltage by the software.
The Vc2 standard improves the display quality and reduces current consumption, however, the power
supply voltage VDD must be 2.5 VV or more.

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

2.2 Initial Reset

To initialize the S1C63406 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)
(3) Internal initial reset by the reset circuit (mask option)

When the power is turned on, be sure to initialize using the reset function. Figure 2.2.1 shows the con-
figuration of the initial reset circuit.

55C1 1 kHz
OSCH1
oscillation——»{ Divider H8-Hz
0SC2 O Gircuit 1 Hz
Mask option T
Koo O— ‘ L
Ko1 Time | Mask optio \ 4
authorize —— Noise
ko2 OO circuit | B reject Internal
1 circuit initial
o reset
KO3 () ————
WVDD Q
RESET O %U
Mﬁ}%k}}pﬁ? Reset
circuit

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 16 Hz signal (high) that is divided by the OSC1 clock. Therefore in
normal operation, a maximum of 32 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.
1.3V
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 1.3 V or
more.
After that, a level of 0.5=VDD or less should be maintained more than 2.0 msec.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.2 Simultaneous low input to terminals KO0O—K03

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 terminals at low
level for at least 1.5 msec (when the oscillation frequency fosc1 is 32.768 kHz) during normal operation.
The noise reject circuit does not operate immediately after turning the power on until the oscillation
circuit starts oscillating. Therefore, maintain the specified input terminals at low level for at least 1.5 msec
(when the oscillation frequency fosct 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.

Table 2.2.2.1 Combinations of input ports ~ When, for instance, mask option 2 (K00+K01xK02:xK03) is

Not use selected, initial reset is executed when the signals input to the
K00+K01+K02+K03 four ports KOO-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 ports is made.

1
2
3 |K00+K01+K02
4 |K00+KO01

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 port terminals do not go low at the same time during
ordinary operation.

2.2.3 Internal reset circuit

The S1C63406 has a built-in reset circuit that can be configured by mask option. This reset circuit provides
a system reset function when the power is instantaneously interrupted or drops as well as a power-on
reset function that is useful when the power is turned on.

Table 2.2.3.1 Reset circuit options When "Use" is selected by mask option, the reset circuit
1 Use 1.8V outputs an initial reset signal to the CPU after turning the
5 Use 1.6 V power on until the voltage level on the VDD terminal reaches
3 Use 14V the reset-release level. It also outputs an initial reset signal
4 Not use when the power downs below the reset level.

Internal reset signal

Power on h CPU is in Run status
Fig. 2.2.3.1 Internal reset timing

A voltage level (1.8, 1.6 or 1.4 V) must be selected according to the minimum operating voltage (see Table
2.1.1) when this circuit is used. This selection presets the reset-release level (Level A) and reset level
(Level B) to the reset circuit. There is a 40 mV (Typ.) of hysteresis between Levels A and B. See Chapter 7,
"Electrical Characteristics", for the preset levels.

Note that the power-on reset circuit increases current consumption. In particular, current consumption in
reset status will be greatly increased. See Chapter 7, "Electrical Characteristics", for details.

When the "Not Use" option is selected, this circuit does not output an internal initial reset signal at power
on and down.

Note: When using the reset circuit, be sure to connect a capacitor to the reset terminal in order to
operate it properly. In this case, to avoid a large current flow in the circuit, do not fix the reset
terminal at high level.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.4 Internal register at initial resetting
Initial reset initializes the CPU as shown in Table 2.2.4.1.

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

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

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

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

Table 2.2.4.1 Initial values

CPU core Peripheral circuits

Name Symbol | Number of bits | Setting value Name Number of bits Setting value
Data register A A 4 Undefined RAM 4 Undefined
Data register B B 4 Undefined Display memory 4 Undefined
Extension register EXT EXT 8 Undefined Other pheripheral circuits - *
Index register X X 16 Undefined
Index register Y Y 16 Undefined * See Section 4.1, "Memory Map".
Program counter PC 16 0110H
Stack pointer SP1 SPI1 8 Undefined
Stack pointer SP2 Sp2 8 Undefined
Zero flag zZ 1 Undefined
Carry flag C 1 Undefined
Interrupt flag 1 1 0
Extension flag E 1 0
Queue register Q 16 Undefined

2.2.5 Terminal settings at initial resetting

The output port (R) terminals and 1/0 port (P) terminals are shared with special output terminals and
input/output terminals of the serial interface. These functions are selected by the software. At initial
reset, these terminals are set to the general purpose output port terminals and I/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 2.2.5.1 shows the list of the shared terminal settings.

Table2.2.5.1 List of shared terminal settings

Terminal Terminal status Special output Serial I/F
name at initial reset TOUT FOUT | Master | Slave | Async.
R10 R10 (High level output)
R11 R11 (High level output)
RI12 R12 (High level output) TOUT
R13 R13 (High level output) FOUT
P20 P20 (Input mode & Pulled-up) SIN() SIN(I) SIN()
P21 P21 (Input mode & Pulled-up) SOUT(O) |SOUT(0)|SOUT(O)
P22 | P22 (Input mode & Pulled-up) SCLK(O) | SCLK(I)
P23 |P23 (Input & Pulled-up) SRDY(O)

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.
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cHAPTER 3 CPU, ROM, RAM

31 CPU

The S1C63406 has a 4-bit core CPU S1C63000 built-in as its CPU part.
Refer to the "S1C63000 Core CPU Manual" for the S1C63000.
The S1C63406 supports the SLEEP function.

3.2 Code ROM

The built-in code ROM is a mask ROM for loading programs, and has a capacity of 6,144 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 S1C63406 is step 0000H to step 17FFH. 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-010AH, respectively.

0000H S Y ‘ 8000
Program area
S1C63406
ROM program area 0100H NMI vector
17FFH ! 0102H
1800H Hardware
A interrupt vectors
010AH

] S$1C63000 core CPU
[ T——— |program space

0110H| Program start address

FFFFH Unused area v Program area

13 bits
Fig. 3.2.1 Configuration of code ROM

3.3 RAM

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

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

(2) The S1C63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
16-bit data are accessed in stack handling by SP1, therefore, this stack area should be allocated to the
area where 4-bit/16-bit access is possible (0100H to 01FFH). The stack pointers SP1 and SP2 change
cyclically within their respective range: the range of SP1 is 0000H to 03FFH and the range of SP2 is
0000H to 00FFH. 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 S1C63406 or it may be set to 00FFH or less. Memory
accesses except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.
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CHAPTER 3: CPU, ROM, RAM

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

0000H 4
4-bit access area
00FFH (SP2 stack area)
A 4
0100H 4
4/16-bit access area
SP1 stack area
01FFH I )
0200H 1
] 4-bit access area
T (Data area)
03FFH v

4 bits
Fig. 3.3.1 Configuration of data RAM

3.4 Data ROM

The data ROM is a mask ROM for loading various static data such as a character generator, and has a
capacity of 3,072 words x 4 bits. The data ROM is assigned to addresses 8000H to 8BFFH on the data
memory map, and the data can be read using the same data memory access instructions as the RAM.
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CHAPTER4 PERIPHERAL CiRcuUITS AND OPERATION

The peripheral circuits of S1C63406 (timer, 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 S1C63406 data memory consists of 1,024-word RAM, 3,072-word data ROM, 540-bit display memory
and 50-word peripheral /0 memory. Figure 4.1.1 shows the overall memory map of the S1C63406, and
Tables 4.1.1(a)—(d) the peripheral circuits' (/0 space) memory maps.

0000H

0400H

8000H

8CO0H

FOOOH

FFOOH
FFFFH

RAM area
Unused area FOOO,H' q
" |Display memory area
_F177H
Data ROM area
Unused area
Unused area
FFOOH Peripheral I/O area
FF80H Unused area
I/O memory area FFCOH Peripheral I/O area
FFFFH

Fig. 4.1.1 Memory map

Note: Memory is not implemented in unused areas within the memory map. Further, some non-imple-
mentation areas and unused (access prohibition) areas exist in the display memory area and the
peripheral I/O area. If the program that accesses these areas is generated, its operation cannot be
guaranteed. Refer to Section 4.7.4, "Display memory", for the display memory, and the I/O memory
maps shown in Tables 4.1.1 (a)—(d) for the peripheral I/O area.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (a) 1/O memory map (FFOOH-FF4AH)

Address Register Comment
D3 D2 D1 DO [ Name | Init *1 1 0
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
CLKCHG| OSCC | VDC1 | VDCO 0scc 0 On Off [ OSC3 oscillation On/Off
FFoOH RW VDC1 0 ] CPU operating [yDCI, 0] 0 1 2 3
VDCO 0 voltage switch Vb1 (V) 1.1 1.3 1.5 1.7
SVDS3 | svDs2 | svDst | svbso 3322 g ?g\?Dcsr;th]a iageseting . 5 & 7
FFO4H Voltage(V) 1.30 1.40 150 1.60 1.70 1.80 1.90 2.00
RW SVDSt| 0 [SVDS3-0] 8 9 10 11 12 13 14 15
SVDS0 0 Voltage(V) 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80
o | o |svoDT|svoon g B 323:23
FFO5H .
R AW SVDDT 0 Low | Normal | SVD evaluation data
SVDON 0 On Off [ SVD circuit On/Off
FOUTE 0 Enable | Disable | FOUT enable
FOUTE | FOFQ2 | FOFQ1 | FOFQO FOFQ2 0 FOUT [FOFQ2-0] 0 1 2 3
FFo6H FOFQI 0 J frequency Frequency fosci/64 fosci/32 fosci/16 fosci/8
RW - [FOFQ2-0] 4 5 6 7
FOFQO| 0 selection  Frequency fosci/4 _ fosci_ fosc3/2 _ foscs
HLMOD 0 On Off | Heavy load protection
HLMOD 0 WDEN |WDRST 03 2 Unused
FFO7H WDEN 1 Enable | Disable | Watchdog timer enable
RW R RW w WDRST+3| Reset | Reset | Invalid | Watchdog timer reset (writing)
ks | Koz | kot | koo | KO3 | E| Han | Low
FF42H KO2 ] =2 High | Low 1)) K03 input port data
Ko1 -2 | High Low
R Koo | -+2| High | Low
03 -2 Unused
0 0 KONR1 | KONRO 03 a2 Unused
FRasH R AW KONR1 0 ] KO interrupt [KONRI, 0] 0 1 2 3
KONRO 0 noise rejector  NR Off 0.5ms 2.0ms 7.8ms
R13 1 High Low |RI13 output port data (FOUTE=0)
R13 R12 R11 R10 Fix at "1" when FOUT is used (FOUTE=1)
R12 1 High Low |RI12 output port data (PTOUT=0)
FRagH Fix at "1" when TOUT is used (PTOUT=1)
R/W R11 1 High Low |RI1 output port data
R10 1 High Low |R10 output port data
10C23 0 Output | Input | P23 I/O control register
General-purpose register when SIF (clock sync. slave) is selected
10C23 | 10C22 | 10C21 | 10C20 10C22 0 Output | Input | P22 I/O control register
FF48H General-purpose register when SIF (clock sync.) is selected
10C21 0 Output | Input | P21 I/O control register (ESIF=0)
AW General-purpose register when SIF is selected
10C20 0 Output | Input | P20 I/O control register (ESIF=0)
General-purpose register when SIF is selected
PPL23 1 On Off | P23 pull-up control register
General-purpose register when SIF (clock sync. slave) is selected
PPL23 | PPL22 | PPL21 | PPL20 | PPL22 1 On Off | P22 pull-up control register
General-purpose register when SIF (clock sync. master) is selected
FE49H SCLK (I) pull-up control registe_r
when SIF (clock sync. slave) is selected
PPL21 1 On Off | P21 pull-up control register (ESIF=0)
RW General-purpose register when SIF is selected
PPL20 1 On Off | P20 pull-up control register (ESIF=0)
SIN pull-up control register when SIF is selected
P23 -2 | High Low |P231/O port data
P23 P22 P21 P20 General-purpose register when SIF (clock sync. slave) is selected
(XSRDY)((XSCLK)| (SOUT) | (SIN) | P22 -+2| High | Low |P22V/O portdata
FF4AH General-purpose register when SIF (clock sync.) is selected
P21 -2 | High Low | P21 I/O port data (ESIF=0)
AW General-purpose register when SIF is selected
P20 -2 | High Low |P20 I/O port data (ESIF=0)
General-purpose register when SIF is selected
Remarks

%1 Initial value at initial reset

%2 Not set in the circuit

*3 Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (b) 1/O memory map (FF54H-FF7AH)

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init *1 1 0
SIK03 | SIK02 | SIKO1 | SIK0O Sikos 0 Enable | Disable | ]
FF54H SIK02 0 Enable | Disable K00-KO3 interrupt selection register
SIKO1 0 Enable | Disable
RIW SIkoo | 0 | Enable | Disable | |
KCPO03 | KCP02 | KCPO1 | KCPOO Eggg: : % § A A A
FF55H KCPO1 1 1 Ia K00-KO03 input comparison register
RW KCPoO | 1 IR
LDUTY1 0 1 0 | General-purpose register
LDUTY?|LDUTYO| VCCHG | LPWR LDUTYO| O 1/8 1/9 | LCD drive duty switch
FFeoH VCCHG 0 Ve Ve1 | LCD regulated voltage switch
RW LPWR| o | on | Of |LCDpowerOnOft
EXLCDC| © 1 0 General-purpose register
EXLCDC) ALOFF | ALON | LPAGE ALOFF 1 Al Off | Normal | LCD all OFF control
FF61H ALON | 0 | AIOn | Normal |LCD all ON control
RW LPAGE 0 1 0 General-purpose register
LC3 -2 LCD contrast adjustment
LC3 LC2 LC1 LCO LC2 2
FF62H [LC3-0] 0 - 15
LC1 —*2 Contrast Light - Dark
RIW co | -
#3 — %2 SMD1, 0 0 1
0 SMD1 | SMDO | ESIF SM0D1 0 Unsu::iil UF I[V[ode ]Clk—sync. master CIk-sync. slave
FF70H ~ [SMDL, 0] 2 3
R RIW SMDO 0 mode selection  \foqe Async. 7-bit Async. 8-bit
ESIF 0 SIF I/0 | Serial I/F enable (P2x port function selection)
err | pvp | scst | scso EPR 0 Enable | Disable Par?ty enable regis.ter
FE71H PMD 0 Odd Even | Parity mode selection
W SCSH1 0 ] Clock source  [SCS1,0] 0 1 2 3
SCSo 0 selection Mode  1200bps 600bps 2400bps PT
RXTRG 0 Run Stop | Serial I/F receive status (reading)
RXTRG | RXEN | TXTRG | TXEN Trigger — | Serial I/F receive trigger (writing)
FE72H RXEN 0 Enable | Disable | Serial I/F receive enable
TXTRG 0 Run Stop | Serial I/F transmit status (reading)
R/W Trigger — | Serial I/F transmit trigger (writing)
TXEN 0 Enable | Disable | Serial I/F transmit enable
0+3 - *2 Unused
0 FER PER | OER FER 0 Error | No error | Framing error flag status (reading)
Reset - Framing error flag reset (writing)
FF73H PER 0 Error | No error | Parity error flag status (reading)
Reset - Parity error flag reset (writing)
R RW OER 0 Error | No error| Overrun error flag status (reading)
Reset - Overrun error flag reset (writing)
TRXD3 | TRXD2 | TRXD1 | TRXDO TRXDS - H!gh Low
TRXD2 *2 | High Low . . . .
FF74H ) Serial I/F transmit/receive data (low-order 4 bits)
W TRXD1 -*2| High Low
TRXDO -*#2| High Low LSB
TRXD7 | TRXD6 | TRXD5 | TRXD4 TRXD7 - H!gh Low MSB
TRXD6 -*2 | High Low . . . . .
FF75H ) Serial I/F transmit/receive data (high-order 4 bits)
RW TRXD5 -2 | High Low
TRXD4 -*2| High Low [
0+3 -2 Unused
0 0 |TMRST | TMRUN 03 a2 Unused
FF78H TMRST*3| Reset | Reset | Invalid | Clock timer reset (writing)
R w RW TMRUN 0 Run Stop | Clock timer Run/Stop
T™3 0 Clock timer data (16 Hz)
™3 ™2 ™ MO ™2 0 Clock timer data (32 Hz)
FF79H ™1 0 Clock timer data (64 Hz)
R T™O 0 Clock timer data (128 Hz)
™7 0 Clock timer data (1 Hz)
™7 L ™5 ™4 TM6 0 Clock timer data (2 Hz)
FF7AH TM5 0 Clock timer data (4 Hz)
R T™M4 0 Clock timer data (8 Hz)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (c) 1/0 memory map (FF7CH—FFCBH)

Register
Address - Comment
D3 D2 D1 DO | Name | Init 1 1 0
03 - *2 Unused
0 0 SWRST | SWRUN 0+3 o Unused
FF7CH . . ..
SWRST+3 Reset | Reset | Invalid |Stopwatch timer reset (writing)
R w RW SWRUN 0 Run Stop | Stopwatch timer Run/Stop
S S S S SWD3 0 7
FF7DH WD3 | SWD2 | SWD1 WDO SWD2 0 Stopwatch timer data
SWD1 0 BCD (1/100 sec)
R SWDO0 0 B
SWD7 0 7
— SWD7 | SWD6 | SWDS5 | SWD4 SWD6 0 Stopwatch timer data
SWD5 0 BCD (1/10 sec)
R swps | 0 J
wopets| event | FeseL | pLroL MODE16[ 0  [16bitx 1 Bb.lt x2|8 -b|ts x 2 or 16 bits x 1 timer mf)de selection
FFCOH EVCNT 0 Eventct.[ Timer | Timer O counter mode selection
FCSEL 0 With NR| No NR [ Timer O function selection (for event counter mode)
RW . . .
PLPOL 0 f 4 |Timer0 pulse polarity selection (for event counter mode)
oHs out lcks KS CHSEL 0 Timer1 | Timer0 | TOUT output channel selection
FFC1H HSEL | PTOUT | CKSEL1] CKSELO PTOUT 0 On Off | TOUT output control
CKSEL1 0 OSC3 | OSC1 |Prescaler 1 source clock selection
RW CKSELO| 0 0OSC3 | OSC1 |Prescaler 0 source clock selection
PTPSO1| 0 Prescaler 0 [PTPSO1,00] O 1 2 3
PTPSO01|PTPS00 |PTRSTO(PTRUNO pTPsool 0 ] ‘sié}/elzlt(i)(?nmno Division ratio 1/l 1/4 1732 1/256
FFC2H PTRST0*3  —+*2 | Reset | Invalid | Timer O reset (reload)
R/W w RW .
PTRUNO| 0 Run Stop | Timer O Run/Stop
PTPS11 0 Prescaler 1 | [PTPS11, 10] 0 1 2 3
PTPS11|PTPS10|{PTRST1|PTRUN1 ptPstol o ] gé‘l/elzlt?élnrano Division ratio 1/1 __ 1/4 __1/32 1/256
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 | RLD02 | RLDO1 | RLD0O RLDO2 0
FFC4H RLDO1 0 Programmable timer O reload data (low-order 4 bits)
RW RLDO0O 0 | LSB
RLDO7 0 7] MSB
RLDO7 | RLDO06 | RLDO5 | RLD04 RLDO6 0
FFC5H Programmable timer O reload data (high-order 4 bits)
RLDO05 0
AW RLDO4 | 0 Jiss
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 RLD{5 0 Programmable timer 1 reload data (high-order 4 bits)
RW RLD14 0 | LSB
PTDO3 0 7] MSB
PTDO3 | PTD02 | PTDO1 | PTDOO PTDO2 0
FFC8H PTDOT 0 Programmable timer O data (low-order 4 bits)
R PTDO0 | 0 Jiss
PTDO7 0 ] MSB
PTDO7 | PTDO06 | PTDO5 | PTD04 PTDO6 0
FFC9H PTDO5 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 | LSB
PTD17 0 7] MSB
PTD17 | PTD16 | PTD15 | PTD14 PTD16 0
FFCBH PTD15 0 Programmable timer 1 data (high-order 4 bits)
R PTD14| 0 Jiss
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (d) 1/0 memory map (FFE2H-FFFBH)

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init *1 1 0
GPR23 0 1 0 | General-purpose register
GPR23 | GPR22 | EIPT1 | EIPTO .
FEEH GPR22 0 1 0 General-purpose register
EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
AW EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
PR 1 General- S is
6PR33 | E1SER | E1sTR | BISRC GPR33 0 0 eneral-purpose re':glster '
FFE3H EISER 0 Enable | Mask | Interrupt mask register (Serial I/F error)
RW EISTR 0 Enable | Mask |Interrupt mask register (Serial I/F transmit completion)
EISRC 0 Enable | Mask | Interrupt mask register (Serial I/F receive completion)
EIT3 0 Enable | Mask |Interrupt mask register (Clock timer 1 Hz)
EIT3 | EIT2 | EIT1 EITO . .
FFEGH EIT2 0 Enable | Mask |Interrupt mask register (Clock timer 2 Hz)
W EIT1 0 Enable | Mask |Interrupt mask register (Clock timer 8 Hz)
R EITO 0 Enable | Mask |Interrupt mask register (Clock timer 32 Hz)
GPR73 0 1 0 | General-purpose register
GPR73 | GPR72 | EISW1 |EISW10 .
FEE7H GPR72 0 1 0 General-purpose register
R EISW1 0 Enable | Mask |Interrupt mask register (Stopwatch timer 1 Hz)
w EISW10 0 Enable | Mask |Interrupt mask register (Stopwatch timer 10 Hz)
EIK03 0 Enable | Mask |Interrupt mask register (K03)
FFEBH EIK03 | EIKO2 | EIKO1 | EIKOO EIK02 0 Enable [ Mask |Interrupt mask register (K02)
EIKO1 0 Enable | Mask |Interrupt mask register (KO1)
RW EIK0O 0 Enable | Mask |Interrupt mask register (K0O)
0*3 -#2| (R) (R) | Unused
Cror 0 0 IPT1 IPTO 03 ~2| Yes | No |Unused
W IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
R IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)
*3 —*2 R R sed
o |er | st |isrc | ° ()| () Unuse ‘
FEF3H ISER 0 | _Yes | No |Interrupt factor flag (Serial I/F error)
R AW ISTR 0 (W) (W) | Interrupt factor flag (Serial I/F transmit completion)
ISRC 0 Reset | Invalid | Interrupt factor flag (Serial I/F receive completion)
IT3 0 (R) (R) | Interrupt factor flag (Clock timer 1 Hz)
IT3 IT2 IT ITO .
FEFGH IT2 0 | Yes | No |Interrupt factor flag (Clock timer 2 Hz)
T 0 (W) (W) | Interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
swi | isw 0+3 -*2| (R) (R) | Unused
_— 0 0 SW1 | ISW10 0+3 ~2| Yes | No |Unused
W ISW1 0 (W) (W) | Interrupt factor flag (Stopwatch timer 1 Hz)
R ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)
K03 0 (R) (R) | Interrupt factor flag (K03)
FEFBH K03 K02 IKo1 k00 K02 0 | Y§§ s 7Nq _ | Interrupt factor flag (K02)
R IKO1 0 (W) (W) | Interrupt factor flag (KO1)
w IK0O 0 Reset | Invalid | Interrupt factor flag (K0O)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Watchdog Timer)

4.2 Watchdog Timer

4.2.1 Configuration of watchdog timer

The S1C63406 has a built-in watchdog timer that operates with a 256 Hz divided clock from the OSC1 as
the source clock. The watchdog timer starts operating after initial reset, however, it can be stopped by the
software. The watchdog timer must be reset cyclically by the software while it operates. If the watchdog
timer is not reset in at least 3—4 seconds, it generates a non-maskable interrupt (NMI) to the CPU.

Figure 4.2.1.1 is the block diagram of the watchdog timer.

Non-maskable

0OSC1 dividing signal 256 Hz >—®{ Watchdog timer —» interrupt (NMI)

Watchdog timer enable signal >J

Watchdog timer reset signal

Fig. 4.2.1.1 Watchdog timer block diagram

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

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

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

4.2.2 Interrupt function

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

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

Register
D3 D2 D1 DO [ Name | Init *! 1 0
HLMOD| o0 On Off | Heavy load protection
0+3 —*2 Unused
WDEN 1 Enable | Disable | Watchdog timer enable
WDRST#3| Reset | Reset | Invalid | Watchdog timer reset (writing)

Address Comment

HLMOD| 0 WDEN |WDRST

FFO7H
RW | R | RW | W

*1 TInitial value at initial reset
#2  Not set in the circuit

*3  Constantly "0" when being read

WDEN: Watchdog timer enable register (FFO7HsD1)
Selects whether the watchdog timer is used (enabled) or not (disabled).

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

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

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

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

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

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

(2) Because the watchdog timer is set in operation state by initial reset, set the watchdog timer to disabled
state (not used) before generating an interrupt (NMI) if it is not used.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3 Oscillation Circuit

4.3.1 Configuration of oscillation circuit

The S1C63406 has two oscillation circuits (OSC1 and OSC3). OSCL1 is either a crystal or CR oscillation
circuit that supplies the operating clock to the CPU and peripheral circuits. OSC3 is a CR, crystal or
ceramic oscillation circuit. When processing with the S1C63406 requires high-speed operation, the CPU
operating clock can be switched from OSC1 to OSC3 by the software. To stabilize operation of the internal
circuits, the operating voltage VD1 must be switched according to the oscillation circuit to be used. Figure
4.3.1.1 is the block diagram of this oscillation system.

OSCH Divider
> oscillation circuit . o
p | To peripheral circuits

|—> ~
Clock
OSQS . o l > switch —» To CPU
oscillation circuit
T L< CPU clock selection signal

Oscillation circuit control signal

VD1
Oscillation system

VOSC |voltage regulator

Operating voltage selection signal

Fig. 4.3.1.1 Oscillation system block diagram

Note: The S1C63406 supports the SLEEP function. The OSC3 oscillation circuit stops in the SLEEP
mode. The OSCT1 oscillation circuit stops clock supply to the divider and peripheral circuits,
however, the oscillation continues. To prevent improper operation after the CPU wakes up, be sure
to run the CPU with the OSC1 clock before setting the CPU in the SLEEP mode.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.2 OSC1 oscillation circuit

The OSC1 oscillation circuit generates the main clock for the CPU and the peripheral circuits. Either
crystal or CR can be selected for the oscillator 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.).

This circuit operates with the Vosc (1.3 V Typ.) voltage output from the oscillation system voltage
regulator.

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

Cex

To CPU
(and peripheral circuits)

Cbx

To CPU

RcR1
@)
O
sl

(b) CRoscillation circuit
Fig. 4.3.2.1 OSC1 oscillation circuit

As shown in Figure 4.3.2.1, the crystal oscillation circuit can be configured simply by connecting the
crystal oscillator (X'tall) 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 RcR1.

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

» 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) and the LCD frame frequency (display quality, flicker in low frequency).
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.3 OSC3 oscillation circuit

The S1C63406 has built-in the OSC3 oscillation circuit that generates the CPU's sub-clock (Max. 4.2 MHz)
for high speed operation and the source clock for peripheral circuits needing a high speed clock (pro-
grammable timer, FOUT output). The mask option enables selection of CR, crystal or ceramic oscillation
circuit.

This circuit operates with the VD1 voltage and the voltage level must be switched when the OSC3 oscilla-
tion is turned ON and OFF (see the next section for details).

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

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| | CCR
1 0OSC3 i
To CPU
& ! (and some peripheral circuits)
O |
o i Oscillation circuit control signal
r OSC4
(a) CRoscillation circuit
To CPU
' > (and some peripheral circuits)
% Oscillation circuit control signal
Vss (b Ceramidoryctal osdillationcireuit

Fig. 4.3.3.1 OSC3 oscillation circuit

As shown in Figure 4.3.3.1, the CR oscillation circuit can be configured simply by connecting the resistor
RcRr2 between the OSC3 and OSC4 terminals when CR oscillation is selected. See Chapter 7, "Electrical
Characteristics", for resistance value of Rcr2.

When crystal or ceramic oscillation is selected, the crystal or ceramic oscillation circuit can be configured
by connecting a crystal or ceramic oscillator (Max. 4.2 MHz) between the OSC3 and OSC4 terminals,
capacitor Ccc between the OSC3 and OSC4 terminals, and capacitor Cbc between the OSC4 and Vss
terminals. See Chapter 7, "Electrical Characteristics", for capacitor values of Ccc and Cpbc. To reduce
current consumption of the OSC3 oscillation circuit, oscillation can be stopped by the software (OSCC
register).
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.4 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 VD1 for the internal circuits must be switched by the
software (VDC1 and VDCO registers). The power supply circuit supports the following four voltage
levels. When switching the VD1 level, select one according to the oscillation frequency.

1. Vb1 =1.1V (VDC1, VDCO = "OH")
This mode is provided for low-power operation. Set this mode when the system runs with the OSC1
clock (80 kHz Max.). Do not turn t