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Evaluation board/kit and Development tool important notice

1. This evaluation board/kit or development tool is designed for use for engineering evaluation, demonstration,
or development purposes only. Do not use it for other purpose. It is not intended to meet the requirement of
design for finished product.

2. This evaluation board/kit or development tool is intended for use by an electronics engineer, and it is not the
product for consumer. The user should use this goods properly and safely. Seiko Epson dose not assume any
responsibility and liability of any kind of damage and/or fire coursed by usage of it. User should cease to use
it when any abnormal issue occurs even during proper and safe use.

3. The part used for this evaluation board/kit or development tool is changed without any notice.

NOTICE

No part of this material may be reproduced or duplicated in any form or by any means without the written
permission of Seiko Epson. Seiko Epson reserves the right to make changes to this material without notice.
Seiko Epson does not assume any liability of any kind arising out of any inaccuracies contained in this material
or due to its application or use in any product or circuit and, further, there is no representation that this material is
applicable to products requiring high level reliability, such as, medical products. Moreover, no license to any
intellectual property rights is granted by implication or otherwise, and there is no representation or warranty that
anything made in accordance with this material will be free from any patent or copyright infringement of a third
party. When exporting the products or technology described in this material, you should comply with the
applicable export control laws and regulations and follow the procedures required by such laws and regulations.
You are requested not to use, to resell, to export and/or to otherwise dispose of the products (and any technical
information furnished, if any) for the development and/or manufacture of weapon of mass destruction or for other
military purposes.

All brands or product names mentioned herein are trademarks and/or registered trademarks of their respective
companies.

©SEIKO EPSON CORPORATION 2012, All rights reserved.



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 2 directions
0D : TCP BT 2 directions
OE:TCPBD 2 directions
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 4 directions
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 OUTLINE

The S1C63406/408 is a microcomputer which has a high-performance 4-bit CPU S1C63000 as the
core CPU, code ROM, RAM, data ROM, serial interface, watchdog timer, programmable timer, time base
counters (2 systems) and a dot-matrix LCD driver. Furthermore, the built-in reset circuit (with power-on
reset function) can detect the power supply voltage to reset the S1C63406/408 when the power is turned
on or an instantaneous power interruption occurs. The S1C63406/408 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 applica-
tions working with batteries, such as portable MD and CD player systems.

Table 1.1 lists the differences between the S1C63406 and S1C63408.

Table 1.1 Differences between the S1C63406 and S1C63408

Model S1C63406 S1C63408
Code ROM size 6,144 words x 13 bits 8,192 words x 13 bits
Data ROM size 3,072 words X 4 bits 4,096 words X 4 bits
RAM size 1,024 words x 4 bits 1,024 words x 4 bits
Display memory size 540 bits 1,020 bits
LCD driver 60 segments 60 segments
8 or 9 commons 8,9, 16 or 17 commons
1.1 Features
OSC1 oscillation circuit ..........cccceeneee. 32.768 kHz (Typ.) crystal or 60 kHz (Typ.) CR oscillation circuit (*1)
OSC3 oscillation circuit ..........cvee.... 4 MHz (Typ.) crystal, 3.58 MHz (Typ.) ceramic
or 2 MHz (Typ.) CR oscillation circuit (*1)
Instruction set .......cccceveeeviiienieci. Basic instruction: 47 types (411 instructions with all)
Addressing mode: 8 types
Instruction execution time.................... During operation at 32.768 kHz: 61 pusec 122 usec 183 psec
During operation at 60 kHz: 33 usec 67 psec 100 psec
During operation at 2 MHz: 1 psec 2 Jsec 3 psec
During operation at 3.58 MHz:0.56 pusec 1.12 pusec 1.68 pisec
During operation at 4 MHz: 0.5 psec 1psec 1.5 psec
ROM capacity .....ccceeeeeeneeiiieenieeiees Code ROM: 6,144 words x 13 bits (S1C63406)
8,192 words x 13 bits (51C63408)
Data ROM: 3,072 words x 4 bits (S1C63406)
4,096 words x 4 bits (S1C63408)
RAM capacity .......ccoceeveiiiiieeeeciiiee, Data memory: 1,024 words x 4 bits
Display memory: 540 bits (S1C63406)
(120 words x 4 bits + 60 x 1 bit)
1,020 bits (S1C63408)
(240 words x 4 bits + 60 x 1 bit)
INPUL POt ... 4 bits (Pull-up resistors may be supplemented *1)
Output Port....c.ooeveeeiieee e 4 bits (It is possible to switch the 2 bits to special outputs *2)
1/O POt ..ot 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 .........cccoooeevi e, 1 port (8-bit clock synchronous or asynchronous system #2)
LCD driVer ....cooiieeeiiiee e 60 segments x 8 or 9 commons (S1C63406 *2)
60 segments x 8, 9, 16 or 17 commons (S1C63408 *2)
Time base counter ........cccoeeeeevceeeennnee. 2 systems (Clock timer, stopwatch timer)
Programmable timer 8 bits x 2 ch. or 16 bits x 1 ch., with event counter function
Watchdog timer......cccooceeeeiieeeecieeee Built-in
Supply voltage detection (SVD) circuit... 16 values, programmable (1.30 V to 2.80 V)
Reset circuit ..., Built-in (1.8 V, 1.6 VV or 1.4 V 1), with power-on reset function
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CHAPTER 1: OUTLINE

External interrupt ........coooieiiiiiies Input port interrupt: 4 systems
Internal interrupt .......c.coooieniii Clock timer interrupt: 4 systems
Stopwatch timer interrupt: 2 systems
Programmable timer interrupt: 2 systems
Serial interface interrupt: 3 systems
Power supply voltage ..........cccccoecveeennne 13Vto36V

(Min. 1.4 VV 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 ............cccevveeenn. Low-power operation ([B):
During SLEEP 1.2 yA (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 uA (Typ.)

3.6 V (LCD ON, Vc2 standard) 2.5 UA (Typ.)
During operation (32 kHz cryctal oscillation)

3.6 V (LCD OFF) 3.0 pA (Typ.)
During HALT (60 kHz CR oscillation)
3.6 V (LCD OFF) 3.5 pA (Typ.)

3.6 V (LCD ON, Vc1 standard) 6.2 pA (Typ.)
3.6 V (LCD ON, Vc2 standard) 4.6 pA (Typ.)
During operation (60 kHz CR oscillation)
3.6 V (LCD OFF) 7.0 pA (Typ.)
High-speed operation:
During operation (500 kHz CR oscillation)

3.6 V (LCD OFF) 90 pA (Typ.)
During operation (1 MHz CR oscillation)

3.6 V (LCD OFF) 200 pA (Typ.)
During operation (2 MHz CR oscillation)

3.6 V (LCD OFF) 350 pA (Typ.)
During operation (3.58 MHz ceramic oscillation)

3.6 V (LCD OFF) 500 pA (Typ.)
During operation (4 MHz crystal oscillation)

3.6 V (LCD OFF) 550 pA (Typ.)

Package ......ccccoviieeiiiieeee e TQFP15-128pin (plastic) or chip (S1C63406)

QFP15-128pin (plastic) or chip  (S1C63408)

[1: Can be selected with mask option [2: 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.)
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CHAPTER 1: OUTLINE

1.2 Block Diagram

S1C63406
ROM ' System Reset 'IRESET
6,144 words x 13 bits Control
U !
Core CPU S1C63000
t
0SC1 ||
0SC2 0SC | énterru&ﬁ
0SC3 enerator
0SC4 [ J+——
} — ) Stopwatch
RAM < Timer
1,024 words x 4 bits
—F - Clock
Data ROM _— = Timer
3,072 words x 4 bits
E:: Progrgmmable
Timer
COMO0-8 %47 LCD Driver I—
SEGO0-59 [1+——| 60 SEG x 9 COM KOO—KO3
 E— Input Port
TEST
VDD
VD1 ——1——| OutputPort }——>[1R10-R13
Vei, Vee, Ves, Ves Power [T
Vosc Controller T
CA-CF
Vss  — — I/0 Port l«—[ 1P20-P23

T :

I Serial Interface

SVD
Circuit

Fig. 1.2.1 S1C63406 block diagram
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S1C63408
ROM System Reset "I RESET
8,192 words x 13 bits Control
U !
Core CPU S1C63000
t
oscH - Interrupt
0OSC2 1 1
0sc3 0sC Generator
0OSscC4
} E—— Stopwatch
RAM _— Timer
1,024 words x 4 bits
F — Clock
Data ROM <5 Timer
4,096 words x 4 bits
E:: Progrgmmable
Timer
COMO-16 LCD Driver I
SEGO0-59

60 SEG x 17 COMK—____ K00—K03
—— Input Port
TEST

VbD
VD1 ——1——| OutputPort |——{1R10-R13
Vc1, Vez, Ves, Ves Power —
Vosc Controller |
CA—CF
S — 1/0O Port l«—{ 1P20-P23
] :
S_VD, e \ Serial Interface
Circuit

Fig. 1.2.2 S1C63408 block diagram

h
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1.3 Pin Layout Diagram

CHAPTER 1: OUTLINE

S1C63406 (TQFP15-128pin)

T
97 - 64
= INDEX =
128 = — 33
R T N g
1 32
No. | Pin name | No. | Pin name | No. | Pin name | No. | Pin name
1 NC. | 33 CF 65 | N.C. | 97 | SEGI5
2 | SEG41 | 34 Ves 66 | NC. | 98| SEGI6
3 | SEG42 | 35 Veu 67| NC |9 | SEG17
4 | SEG43 | 36 Ve 68 | NC. |100| SEGIS
5 | SEG44 | 37 vei 69 | CcOMO |101| SEGI9
6 | SEG45 | 38 Koo | 70 | coMm1l |102| SEG20
7 | SEG46 | 39 KOl 71 | coM2 |103| SEG2I
8 | SEG47 |40 | kK02 | 72| com3 |104| SEG22
9 | SEG48 | 41 NC. | 73| com4 |105| SEG23
10| SEG49 | 42| NC. | 74| NcC |106] NC
11 N.C. 43 KO3 75 N.C. 107 N.C.
12| NC | 44 RI10 76 | NC. |108| NC.
13| NC |45 R11 77 | coms |109| NcC.
14 | SEGS0 | 46 RI2 78 | COM6 |110| SEG24
15 | SEGS1 | 47 R13 79 | com7 |111| SEG25
16 | SEG52 | 48 P20 80 | SEGO |112| SEG26
17 | SEGS3 | 49 P21 81 | SEGI |113| SEG27
18 | SEG54 | 50 P22 82 | SEG2 |114| SEG28
19 NC |51 P23 83 | SEG3 |115| SEG29
20| Nc |52] Nc |8 | Nc o |116]| SEG30
21 NC. |53] NC |8 | NcC |117]| SEG31
2 | SEG55 | 54| NC. |8 | SEG4 |118| SEG32
23 | SEG56 | 55 vop | 87 | SEGS |119| N.C.
24 | SEG57 | 56 Vb 88 | SEGe |120| N.C.
25 | SEG58 | 57| oOsca | 8 | SEG7 |121| SEG33
26| SEG59 | 58 | o0sc3 | 90| SEG8 |122| SEG34
27| coM8 | 59| Vosc | 91| SEGY |123| SEG35
28 CA 60 | OSC2 | 92 | SEGIO |124| SEG36
29 CB 61 | 0OSCl | 93| SEGI1 |125| SEG37
30 cC 62 Vss 94 | SEGI2 |126| SEG38
31 CD 63 | RESET | 95 | SEGI3 |127| SEG39
32 CE 64 | TEST | 96| SEGI4 |128| SEG40

N.C. : No Connection

Fig. 1.3.1 S1C63406 pin layout diagram
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S1C63408 (QFP15-128pin)

T
97 = = 64
= INDEX =
128 = =33
A A
1 32
No. | Pin name | No. | Pin name | No. | Pin name | No. | Pin name
1 N.C. 33 N.C. 65 N.C. 97 N.C.
2 N.C. 34 N.C. 66 N.C. 98 N.C.
3 N.C. 35 CE 67 | COMO | 99 | SEGI9
4 | SEG46 | 36 CF 68 | COMl |100| N.C.
5 | SEG47 | 37 A 69 | COM2 |101| SEG20
6 | SEG48 | 38 Vs 70 N.C. 102 | SEG21
7 | SEG49 | 39 Ve 71 | com3 |103| SEG22
8 | SEG50 | 40 vei 72 | COM4 |104| SEG23
9 | SEG51 | 41 K00 73 | COM5 |105| SEG24
10 | SEG52 | 42 KO1 74 | COM6 |106| SEG25
11 | SEG53 | 43 K02 75 | coM7 |107| SEG26
12 | SEG54 | 44 K03 76 | SEGO |108| SEG27
13 | SEG55 | 45 R10 77 | SEGL |109| SEG28
14 | SEGS6 | 46 RI1 78 | SEG2 |110| SEG29
15 | SEG57 | 47 RI12 79 | SEG3 |111| SEG30
16 | SEGs8 | 48 RI3 80 | SEG4 |112| SEG3I
17 | SEG59 | 49 P20 81 | SEG5 |113| SEG32
18 | coMs | 50 P21 82 | SEG6 |114| SEG33
19 | comM9 | 51 P22 83 | SEG7 |115| SEG34
20 | COMI0 | 52 P23 84 | SEGS |116| SEG35
21 | coMil | 53 VDD 85 | SEG9 | 117 | SEG36
22 | comi2 | 54 VI 86 | SEGI0 | 118| SEG37
23 | COMI3 | 55| 0SC4 | 87 | SEGII |119| SEG38
24 | COMI14 | 56 | 0OSC3 | 88 | SEGI2 |120| SEG39
25 | COMIS | 57 | Vosc | 89 | SEGI3 |121| SEG40
26 | COMI6 | 58 | 0OSC2 | 90 | SEGI4 |122| SEG4l
27 CA 59 | OSCl | 91| SEGI5 |123| SEG42
28 CB 60 Vss 92 | SEGI6 |124| SEG43
29 cC 61 | RESET | 93 | SEG17 |125| SEG44
30 CD 62 TEST 94 N.C. 126 | SEG45
31 N.C. 63 N.C. 95 | SEGIS |127| N.C.
32 N.C. 64 N.C. 96 N.C. 128 N.C

N.C. : No Connection
Fig. 1.3.2 S1C63408 pin layout diagram
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1.4 Pin Description

CHAPTER 1: OUTLINE

S1C63406
Table 1.4.1 S1C63406 pin description
Pin name Pin No. In/Out Function
VDD 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, Ve, Va4, Ves 37, 36, 35, 34 - LCD system power supply pins (1/4 bias)
CA-CF 28-33 - LCD system boosting/reducing capacitor connecting pins
OSC1 61 I 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 (6] Crystal, ceramic or CR oscillation output pin (selected by mask option)
KO00-K02 38-40 I Input port pins
KO3 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 I/0 | I/O port pins or serial I/F data input pin (selected by software)
P21 49 I/0 | 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 I/0 | I/O port pins or serial I/F ready signal output pin (selected by software)
COMO-COMS8 69-73, 77-79, 27 (0] LCD common output pin
SEGO0-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

S1C63406/408 TECHNICAL MANUAL
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S1C63408
Table 1.4.2 S1C63408 pin description
Pin name Pin No. In/Out Function
VDD 53 - Power (+) supply pin
Vss 60 - Power (-) supply pin
A\ 54 - Internal logic system regulated voltage output pin
Vosc 57 - Oscillation system regulated voltage output pin
Vci, Ve, Ves, Ves 40, 39, 38, 37 LCD system power supply pins (1/4 bias)
CA-CF 27-30, 35, 36 - LCD system boosting/reducing capacitor connecting pins
0OSC1 59 I Crystal or CR oscillation input pin (selected by mask option)
0SC2 58 (6] Crystal or CR oscillation output pin (selected by mask option)
0SC3 56 I Crystal, ceramic or CR oscillation input pin (selected by mask option)
0SC4 55 (6] Crystal, ceramic or CR oscillation output pin (selected by mask option)
KO00-K02 41-43 I Input port pins
KO3 44 I Input port pin or EVIN signal input pin (selected by software)
R10,R11 45, 46 (6] Output port pins
R12 47 (6] Output port pin or TOUT signal output pin (selected by software)
R13 48 (6] Output port pin or FOUT signal output pin (selected by software)
P20 49 I/0 | I/O port pins or serial I/F data input pin (selected by software)
P21 50 I/0 | I/O port pins or serial I/F data output pin (selected by software)
P22 51 I/0 | I/O port pins or serial I/F clock input/output pin (selected by software)
P23 52 I/0 | 1/O port pins or serial I/F ready signal output pin (selected by software)
COMO-COM16 67-69, 71-75, 18-26 (0] LCD common output pin
SEG0-SEG59 76-93, 95, 99, (0] LCD segment output pin
101-126, 4-17
RESET 61 I Initial reset input pin
TEST 62 I Testing input pin
8 EPSON S1C63406/408 TECHNICAL MANUAL
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1.5 Mask Option

Mask options shown below are provided for the S1C63406/408. 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 S1C63406/408, 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 S1C63406/408.

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

O 1. Crystal (32.768 kHz)
O 2. CR (60 kHz)

2. OSC3 SYSTEM CLOCK
o 1.CR
O 2. Ceramic (3.58 MHz)
O 3. Crystal (4 MHz)

3. RESET CIRCUIT
O 1. Use (1.8V)
0 2.Use (1.6 V)
0 3.Use (1.4V)
O 4. Not Use

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

5. MULTIPLE KEY ENTRY RESET TIME AUTHORIZE

O 1. Not Use
O 2. Use
6. INPUT PORT PULL UP RESISTOR
= K00 O 1. With Resistor O 2. Gate Direct
= K01 O 1. With Resistor O 2. Gate Direct
= K02 O 1. With Resistor O 2. Gate Direct
= K03 O 1. With Resistor O 2. Gate Direct
7. OUTPUT PORT OUTPUT SPECIFICATION
= R10 O 1. Complementary O 2. Nch-OpenDrain
* R11 O 1. Complementary O 2. Nch-OpenDrain
e R12 O 1. Complementary O 2. Nch-OpenDrain
= R13 O 1. Complementary O 2. Nch-OpenDrain

8.1/0 PORT OUTPUT SPECIFICATION

= P20 O 1. Complementary
- P21 O 1. Complementary
- P22 O 1. Complementary
- P23 O 1. Complementary

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

oooao
NN NN
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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.
Select item 3 when using a crystal oscillator or item 2 when using a ceramic oscillator. The frequencies
in parentheses are recommended typical values. 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 KO0-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 /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.

10 EPSON S1C63406/408 TECHNICAL MANUAL



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 POwWER SUPPLY AND INITIAL RESET

2.1 Power Supply

The S1C63406/408 operating power voltage is as follows:

Table 2.1.1 Operating power voltage

OSC1 clock OSCS3 clock Operating power voltage| CPU operating voltage (VD1)
Not use 1.3V-36V 1.1V
Max. 80 kHz Max. 700 kHz (CR) 14V-36V 11V/13V
(crystal or CR) Max. 2.2 MHz (CR) 1.6 V-3.6 V 1.1V/13V/15V
Max. 4.2 MHz (crystal, ceramic or CR) 1.8V-3.6V 1.1V/13V/15V/17V

(When Vc1 standard is selected)

The S1C63406/408 operates by applying a single power supply within the above range between Vbb and
Vss. The S1C63406/408 itself generates the voltage necessary for all the internal circuits by the built-in
power supply circuits shown in Table 2.1.2.

Table2.1.2 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 Vb1
LCD driver LCD system voltage circuit Vci, Ve, Ve4, Ves

Notes: 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.

Internal
circuits

Vb1

0OSC3

Internal logic system
oscillation circuitl (Y OSC3, 4

voltage regulator

Oscillation system
voltage regulator

OSCH1
oscillation circui (2 OSC1, 2

External
power — 1z
supply

LCD system Vei, Vez, Ve, Ves

voltage circuit

COMO-8 (S1C63406)
LCD driver j COMO-16 (S1C63408)

SEG0-59

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 S1C63406/408 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 Vb1 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, Ves, 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.

Table 2.1.3.1 LCD drive voltage when generated internally

LCD drive voltage Vob=1.3-36V | VbbD=25-3.6V
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) 4xVci 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 S1C63406/408 circuits, initial reset must be executed. There are three 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.

0501 1 kHz
0OSscC1
oscillation———»{ Divider [16HZ
0sc2 O circuit 1Hz
Mask optio T
ko0 O— ‘ L
KO1 Time | Mask optio \ 4
authorize ﬁ ‘ Noise
k02 O circuit | B reject Internal
circuit initial

Rt reset

RESET O

P : Reset

Reset signal| 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 1024/fosc1 seconds (32 msec when fosct is 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.
13V
VoD /

RESET

2.0 msec or more

| 0.1+VDD 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 fosci 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
selected, initial reset is executed when the signals input to the

1 |Not use

2 | K00+K01+K02+K03 four ports KOO—_K_O{% are all !ow at the same time. Whgn 3 or_4
3 |K00+KO1+K02 is select_ed, _the initial reset is dope when a key entry including
4 |K00*KoO1 a combination of selected 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 port terminals do not go low at the
same time during ordinary operation.

2.2.3 Internal reset circuit

The S1C63406/408 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 outputs a reset

1 Use 1.8V signal after turning the power on until the voltage level on the VbD
5 Use 1.6 V terminal reaches the reset-release level. It also outputs a reset signal
3 Use 14V when the power downs below the reset level. Refer to Chapter 7,

4 Not use "Electrical Characteristics", for detailed reset timing chart.

The reset 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
OSCl1 clock. Therefore in normal operation, a maximum of 1024/fosc1 seconds (32 msec when fosc1 =
32.768 kHz) is needed until the internal initial reset is released after the reset signal goes to high level.

Level A ; Level B
VDD Reset hold period |
> '
(several msec) !

Reset signal
Wait for 1024/fosci ‘

(Reset circuit output)

Internal initial
reset signal

Power on " CPUiis 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 a reset signal at power on and down.

Notes: e When using the reset circuit, be sure to connect a capacitor (0.01 uF is recommended) 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.

e When the internal reset circuit is used, it is not necessary to perform initial resetting using the
reset terminal.
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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 z 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 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 2.2.5.1 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)
R12 R12 (High level output) TOUT
R13 R13 (High level output) FOUT
P20 P20 (Input mode & Pulled-up) SIN() SIN() 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 mode & 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 S1C63406/408 has a 4-bit core CPU S1C63000 built-in as its CPU part.
Refer to the "S1C63000 Core CPU Manual” for the S1C63000.
The S1C63406/408 supports the SLEEP function.

3.2 Code ROM

The built-in code ROM is a mask ROM for loading programs. The S1C63406 has a built-in 6,144 steps x 13
bits of code ROM. The S1C63408 has a built-in 8,192 steps x 13 bits of code ROM.

The core CPU can linearly access the program space up to step FFFFH from step 0000H, however, the
program areas of the S1C63406 and S1C63408 are step 0000H to step 17FFH and step 0000H to step
1FFFH, respectively. 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.

S1C63406
0000H T 0000H
Program area
S1C63406
ROM
program area 0100H NMI vector
17FFH v 0102H
1800H Hardware
h interrupt vectors
010AH
] S$1C63000 core CPU
/\/ \‘\
program space "0110H| Program start address
FFFFH Unused area v Program area
13 bits
S1C63408
0000H T 0000H
Program area
S1C63408
ROM
program area 0100H NMI vector
1FFFH v 0102H
2000H Hardware
’ interrupt vectors
010AH
] S$1C63000 core CPU
/\/ \\\
program space "0110H| Program start address
FFFFH Unused area v Program area

13 bits
Fig. 3.2.1 Configuration of code ROM
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3.3 RAM

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

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

(2) The S1C63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
16-bit data are accessed in stack handling by SP1, therefore, this stack area should be allocated to the
area where 4-bit/16-bit access is possible (0100H to 01FFH). The stack pointers SP1 and SP2 change
cyclically within their respective range: the range of SP1 is 0000H to 03FFH and the range of SP2 is
0000H to O0FFH. Therefore, pay attention to the SP1 value because it may be set to 0200H or more
exceeding the 4-bit/16-bit accessible range in the S1C63406/408 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.

(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)
A4
0100H 4
4/16-bit access area
SP1 stack area
O1FFH i} )
0200H 1
———— | |4-bitaccess 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 the data
can be read using the same data memory access instructions as the RAM.

The S1C63406 has a built-in 3,072 words x 4 bits of data ROM and it is assigned to addresses 8000H to
8BFFH on the data memory map.

The S1C63408 has a built-in 4,096 words x 4 bits of data ROM and it is assigned to addresses 8000H to
8FFFH on the data memory map.
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CHAPTER4 PERIPHERAL CiRcuUITS AND OPERATION

The peripheral circuits of S1C63406/408 (timer, 170, 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 1/0 memory.

The S1C63408 data memory consists of 1,024-word RAM, 4,096-word data ROM, 1,020-bit display
memory and 50-word peripheral /0 memory.

Figure 4.1.1 shows the overall memory map of the S1C63406/408, and Tables 4.1.1(a)-(d) the peripheral
circuits' (1/0 space) memory maps.

S1C63406
0000H
RAM area
0400H —
Unused area " |Display memory area
8000H F177H
Data ROM area
8CO0H Unused area
Unused area
F000H FFOOH Peripheral I/O area
FF80H Unused area
FFOOH 1/0 memory area FFCOH Peripheral 1/0 area
FFFFH FFFFH
S1C63408
0000H
RAM area
0400H FOOOH"
Unused area Display memory area
8000H F277H
Data ROM area
9000H Unused area
Unused area
FoooH FFOOH Peripheral I/O area
FF80H Unused area
FFOOH 1/0 memory area FFCOH Peripheral 1/0 area
FFFFH 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 CI 1 0
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
CLKCHG| OSCC | VDC1 | VDCO 0scc 0 On Off | OSC3 oscillation On/Off
FFoOH R VDCH 0 ] CPU operating [yDCI, 0] 0 1 2 3
VDCO 0 voltage switch Vb1 (V) 1.1 13 1.5 1.7
SVDS3 | SVDS2 | SVDS1 | SVDS0 2x3:§ g ?SVVDDg;f(r)l]a \Syltagelsemngz 3 4 5 6 7
FFO4H Voltage(V) 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00
AW SVDs1| 0 [SVDS3-0] 8 9 10 11 12 13 14 15
SVDS0 0 Voltage(V) 2.10 2.20 2.30 240 2.50 2.60 2.70 2.80
0 0 |SvDDT |SVDON g g } ; Ezzzzg
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 FOFQ1 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  fosca/2 _ foscs
HLMOD 0 On Off | Heavy load protection
HLMOD 0 WDEN |WDRST 008 o Unused
FFo7H WDEN 1 Enable | Disable | Watchdog timer enable
RW R RW w WDRSTCB| Reset | Reset | Invalid | Watchdog timer reset (writing)
ks | ko2 | kot | koo | KO | TF| Hon | tow
FF42H K02 =t2 ) High | Low ||y K03 input port data
Ko1 -2 High Low
R Koo | - High | Low
008 -2 Unused
0 0 KONR1 | KONRO 08 o Unused
FFasH 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 [R13 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)
Fra6H Fix at "1" when TOUT is used (PTOUT=1)
RW R11 1 High Low |RI11 output port data
R10 1 High Low |R10 output port data
10C23 0 Output | Input | P23 I/O control register
10c2s | 10c22 | 10c21 | 10c20 General-purpose register when SIF (clock sync. slave) is selected
10C22 0 Output | Input |P22 I/O control register
FE48H General-purpose register when SIF (clock sync.) is selected
10C21 0 Output | Input |P21 I/O control register (ESIF=0)
RW 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
FFA9H SCLK (I) pull-up control registef
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 |P22I/O port data
FF4AH General-purpose register when SIF (clock sync.) is selected
P21 -2 | High Low [P21 I/O port data (ESIF=0)
RW 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

[B 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 C1 1 0
SIKO3 | SIK02 | SIKO1 | SIK0O SIK03 0 Enable | Disable |
FF54H SIK02 0 Enable | Disable KO00-KO3 interrupt selection register
SIKO1 0 Enable | Disable
RwW SIK00 | 0 | Enable | Disable | |
KCP03 | KCP02 | KCPO1 | KCPOO Egggg : % § ' ' '
FF55H KCPO1 1 1 f KO00-KO03 input comparison register
RW KCPOO | 1 I
LDUTY1 0 LCD drive [LDUTYL,0] O 1 2% 3%
LDUTY1|LDUTYO|VCCHG | LPWR Loutvol o ] duty switch Duty 9 18 117 116
FFeoH VCCHG 0 Ve Vci | LCD regulated voltage switch (OS1C63408 only)
RW LPWR 0 On Off | LCD power On/Off
EXLCDC| 0 1 0 General-purpose register
EXLCDC| ALOFF | ALON | LPAGE | ALOFF 1 All Off | Normal | LCD all OFF control
ALON 0 AllOn | Normal | LCD all ON control
FF61H LPAGE 0  [F100-F177|F000-FO077| Display memory area (when 1/8 duty is selected in S1C63408)
RW General-purpose register for S1C63406 or when 1/17, 1/16 or
1/9 duty is selected in S1C63408
LC3 - LCD contrast adjustment
LC3 LC2 LC1 LCO
— R [LC3-0] 0 - 15
LC1 -2 Contrast Light - Dark
RIW co | -
- SMD1, 0 0 1
0 SMD1 | SMDO | ESIF SI\I?DE13 0 . Unsllzzjl IF l[Vlode ]Clk—sync. master Clk-sync. slave
FF70H ] . [SMD1, 0] 2 3
R RW SMDO 0 mode selection \fode Async. 7-bit Async. 8-bit
ESIF 0 SIF /0 | Serial I/F enable (P2x port function selection)
EPR svD | scst | scso EPR 0 Enable | Disable Paf?ty enable regislter
FE71H PMD 0 Odd Even | Parity mode selection
AW SCS1 0 ] Clock source  [SCS1,0] 0O 1 2 3
SCS0 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)
EE72H RXEN 0 Enable | Disable | Serial I/F receive enable
TXTRG 0 Run Stop | Serial I/F transmit status (reading)
RW Trigger - Serial I/F transmit trigger (writing)
TXEN 0 Enable | Disable | Serial I/F transmit enable
0B -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 tow
TRXD2 -2 | High Low . . . .
FF74H ) Serial I/F transmit/receive data (low-order 4 bits)
AW TRXD1 -[2| High Low
TRXDO -2 | High Low [JLSB
TRXD7 | TRXD6 | TRXD5 | TRXD4 TRXD7 - H!gh tow MSB
FF75H TRXDG -2 | High Low Serial I/F transmit/receive data (high-order 4 bits)
AW TRXD5 -2 | High Low
TRXD4 -2 | High Low |
008 -2 Unused
0 0 TMRST | TMRUN 0B 2 Unused
FF78H . . .
TMRSTCB[ Reset | Reset | Invalid | Clock timer reset (writing)
R W RW TMRUN 0 Run Stop | Clock timer Run/Stop
T™M3 0 Clock timer data (16 Hz)
M3 ™2 ™1 ™0 ™2 0 Clock timer data (32 Hz)
FF79H ™1 0 Clock timer data (64 Hz)
R T™MO0 0 Clock timer data (128 Hz)
™7 0 Clock timer data (1 Hz)
™7 M6 ™S T4 T™M6 0 Clock timer data (2 Hz)
FF7AH T™5 0 Clock timer data (4 Hz)
R T™4 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
008 - Unused
0 0 SWRST | SWRUN 0 2 Unused
FF7CH SWRSTCB| Reset | Reset | Invalid |Stopwatch timer reset (writing)
R W RW SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
SWD3 0 7
SWD3 | SWD2 | SWD1 | SWDO SWD2 0 Stopwatch timer data
FF7DH SWD1 0 BCD (1/100 sec)
R SWDO 0 B
SWD7 0 7
SWD7 | SWD6 | SWDS5 | SWD4 SWD6 0 Stopwatch timer data
FF7EH SWD5 | 0 BCD (1/10 sec)
R SWD4 0 B
wopets| event | FoseL | pLpoL MODE16| 0  [16-bit x 1 8-blit x2 8-bit x 2 or 16-bit x 1 timer rﬁode 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 . . . N
PLPOL 0 f 4 |Timer0 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
RW CKSELO| 0 0SC3 | OSC1 |Prescaler 0 source clock selection
PTPSO1 0 Prescaler 0 [PTPS01,00] O 1 2 3
PTPSO01|PTPS00 |PTRSTO(PTRUNO prPsool 0 ] ‘siei}/elzit(i)(lllnrmo Division ratio /L 1/4 1732 1/256
FFC2H PTRSTOCB{ -2 | Reset | Invalid | Timer O reset (reload)
RW W RW PTRUNO| 0 Run Stop | Timer O Run/Stop
PTPS11 0 Prescaler 1 [PTPS11,10] O 1 2 3
PTPS11|PTPS10|PTRST1|PTRUN1 pRsiol o ] gléxlgzit?gnratio Division ratio 1/1 /4 _1/32 1/256
FFC3H PTRST18] —-[2 | Reset | Invalid | Timer 1 reset (reload)
AW w AW 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)
RLD05 0
W RLDO4 | 0 Jiss
RLD13 0 ~1 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 RLD15 0 Programmable timer 1 reload data (high-order 4 bits)
RW RLD14 0 | LSB
PTDO3 0 "] MSB
PTDO3 | PTD02 | PTDO1 | PTDOO PTDO2 0 ‘ ‘
FFC8H PTDOT 0 Programmable timer O data (low-order 4 bits)
R PTDO0 | 0 Jiss
PTDO7 0 1 MSB
PTDO7 | PTDO06 | PTDO5 | PTDO4 PTDO6 0
FFC9H PTDO5 0 Programmable timer O data (high-order 4 bits)
R PTD04 0 _| LSB
PTD13 0 "] MSB
PTD13 | PTD12 | PTD11 | PTD10 PTD12 0 ‘ A
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 I 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 | EisTR | 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 EIKO3 | 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)
008 -2 (R) (R) | Unused
Cror 0 0 IPT1 IPTO 0B ~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)
B| -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)
IT 0 (W) (W) | Interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
008 -2| (R) (R) | Unused
_— 0 0 ISW1 | ISW10 003 ~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 (K0O3)
FEFBH K03 IKD2 IKo1 k00 K02 0 | Y§§ s 7[\!07 _ | Interrupt factor flag (K02)
R IKO1 0 (W) (W) | Interrupt factor flag (KO1)
w IK00 0 Reset | Invalid | Interrupt factor flag (K00)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Watchdog Timer)

4.2 Watchdog Timer

4.2.1 Configuration of watchdog timer

The S1C63406/408 has a built-in watchdog timer that operates with a 256 Hz divided clock from the
OSCl1 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| 0 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 (FFO7H<D1)
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 (NMlI).
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 S1C63406/408 has two oscillation circuits (OSC1 and OSC3). OSC1 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 S1C63406/408 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

N ~
0sCc3 Clock | o 1) cpu

switch

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 S1C63406/408 supports the SLEEP function. The OSCS3 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
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.

Notes: 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 S1C63406/408 has built-in the OSC3 oscillation circuit that generates the CPU's sub-clock (Max. 4.2
MHZz) 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 CR, crystal or ceramic oscilla-
tion 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 osdillation circuit

Fig. 4.3.3.1 OSC3 oscillation circuit

As shown in Figure 4.3.3.1, the CR oscillation circuit can be configured simply by connecting the resistor
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 Cpc. 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 the OSC3 oscillation circuit on in this mode. The CLKCHG register is
disabled by the hardware in this mode.

2. Vp1=1.3V (VDC1, VDCO = "1H")
Set this mode when using the OSC3 CR oscillation clock (700 kHz Max.). Do not set this mode if the
frequency is higher than 700 kHz or OSC3 is not CR oscillation circuit.

3. Vb1 =15V (VDC1, VDCO = "2H")
Set this mode when using the OSC3 CR oscillation clock (2.2 MHz Max.). Do not set this mode if OSC3
is not CR oscillation circuit or the OSC3 CR oscillation clock more than 2.2 MHz is used. This mode
can be set even if a 700 kHz or less OSC3 CR oscillation clock is used. However it is not recommended
for low-power operation.

4. Vp1=1.7V (VDC1, VDCO = "3H")
Set this mode when using the OSC3 crystal, ceramic or CR oscillation clock (4.2 MHz Max.). This
mode can be set even if the OSC3 CR oscillation clock less than 2.2 MHz is used. However it is not
recommended for low-power operation.

When OSC3 is to be used as the CPU system clock, it should be done as the following procedure using
the software: first switch the operating voltage Vb1, 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 Vb1 to 1.1 V.

0OSC1 - 0SC3

Set VDC (1 and 0) to "1", "2" or "3".
Maintain 2.5 msec or more.

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

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

OSC3 - 0OsC1

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

2. Set OSCC to "0" (OSC3 oscillation OFF).
3. SetVDC (1and0) to "0" (Vb1 =1.1V).

arwpdPRE

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

Table 4.3.5.1 Clock frequency and instruction execution time

Instruction execution time (psec)
Clock frequency - - - - : -
1-cycle instruction | 2-cycle instruction | 3-cycle instruction

OSCl1: 32.768 kHz 61 122 183
OSClI: 60 kHz 33 67 100
OSC3: 2 MHz 1 2 3

OSC3: 3.58 MHz 0.56 1.12 1.68
OSC3: 4 MHz 0.5 1 1.5
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

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

Table 4.3.6.1 Control bits of oscillation circuit

Register
Address - Comment
D3 D2 D1 DO [ Name | Init [ 1 0
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
FFooH CLKCHG| OSCC | VDG1 | VDCO 0scc 0 On Off [ OSC3 oscillation On/Off
R VDCH 0 ] CPU operating [yDCI, 0] 0 1 2 3
W VDCO 0 voltage switch Vb1 (V) 1.1 1.3 1.5 1.7

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

*3  Constantly "0" when being read

VDC1,VDCO: CPU operating voltage switching register (FFOOH+D1, DO)
Switchs the operating voltage VD1.

Table 4.3.6.2 CPU operating voltage and oscillation frequency

VDC1 VDCO VD1 Oscillation circuit (frequency)
1 1 1.7V |OSC3 CR, ceramic or crystal (4.2 MHz max.)
1 0 1.5V |OSC3 CR (2.2 MHz max.)
0 1 1.3V |OSC3 CR (700 kHz max.)
0 0 1.1 V. |OSClI Crystal or CR (80 kHz max.)

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

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

When switching from OSC3 to OSC1, turn the OSC3 oscillation OFF after switching to OSC1, and then set
VD1 to 1.1 V to reduce current consumption. When the VDC register is set to "0", do not turn the OSC3
oscillation ON.

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

OSCC: OSC3 oscillation control register (FFOOH<D2)
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, it is necessary to switch the operating voltage VD1 when
turning the OSC3 oscillation circuit ON and OFF.

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

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

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

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

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

When OSC3 oscillation is OFF (OSCC = "0"), setting of CLKCHG = "1" becomes invalid and switching to
OSC3 is not performed.

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

(1) When switching the CPU system clock from OSC1 to OSC3, first set VD1. After that maintain 2.5 msec
or more, and then turn the OSC3 oscillation ON.
When switching from OSC3 to OSC1, set VD1 after switching to OSC1 and turning the OSC3 oscilla-
tion OFF.

(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) The S1C63406/408 supports the SLEEP function. The OSC3 oscillation circuit stops in the SLEEP
mode. The OSC1 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 (Input Ports)

4.4 Input Ports (KO0O—KO03)

4.4.1 Configuration of input ports

The S1C63406/408 has four bits of general-purpose
input ports. Each of the input port terminals (KO0-K03) P ; Interrupt
provides internal pull-up resistor. Pull-up resistor can 1 : request
be selected for each bit with the mask option. KoxO
Figure 4.4.1.1 shows the configuration of input port.
Selection of "With pull-up resistor" with the mask

option suits input from the push switch, key matrix,
and so forth. When "Gate direct" is selected, the port

Data bus

can be used for slide switch input and interfacing with i Mask option
other LSlIs. Fig. 4.4.1.1 Configuration of input port
4.4.2 Mask option

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

When "Gate direct" is selected, take care that the floating status does not occur for the input. Select "With
pull-up resistor” for input ports that are not being used.

4.4.3 Interrupt function

All four bits of the input ports (K0O0-K03) provide the interrupt function. The conditions for issuing an
interrupt can be set by the software. Further, whether to mask the interrupt function can be selected by
the software.

Figure 4.4.3.1 shows the configuration of KO0-KO03 interrupt circuit.

ko O——orinn— ——  —

‘ ,,,,, » Sleep
< ‘ ———» cancelation
—
|
_ : MUX Interrupt factor
«—— Input comparison || Noise flag (IKOO) iD >
register (KCP0O0) rejector A - » Interrupt
A -Address > request

Interrupt selection
register (SIK00)

Interrupt mask
register (EIK0O0)

iK01

iK02
K03

Data bus

Noise reject selection
register (KONR1, 0)

Fig. 4.4.3.1 Input interrupt circuit configuration
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The interrupt selection registers (SIK00-SIK03) and input comparison registers (KCP00-KCPO03) are
individually provided for the input ports K00-K03.

The interrupt selection registers (SIKO0x) select the ports to be used for generating input interrupts or
canceling the SLEEP mode. Writing "1" into an interrupt selection register incorporates that port into the
interrupt generation conditions. The changing the 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 (KCPO0x).

By setting these two conditions, an interrupt request signal and a wake up signal are generated at the
rising or falling edge (selected by KCPOXx) of the signal input to the port (selected by SIKO0Xx).

When an interrupt factor is generated, the interrupt factor flag (IKO0-1K03) is set to "1". At the same time,
an interrupt rquest is generated to the CPU if the corresponding interrupt mask register (EIKO0-EIKO03) is
set to "1".

When the interrupt mask registers (EIKO0x) is set to "0", the interrupt request is masked and no interrupt is
generated to the CPU. However, the SLEEP mode can be cancelled regardless of the interrupt enable
register setting.

The input interrupt circuit has a noise rejector to avoid unnecessary interrupt generation due to noise or
chattering. This noise rejector allows selection of a noise-reject width from among three types shown in
Table 4.4.3.1. Use the KONR1 and KONRO registers to select a noise-reject width. If a pulse shorter than the
selected width is input to the port, an interrupt is not generated. When high speed response is required,
the noise rejecter can be disconnected from the input line.

Table 4.4.3.1 Setting up noise rejector

KONRH1 KONRO Noise-reject width
1 1 7.8 msec
1 0 2.0 msec
0 1 0.5 msec
0 0 OFF (bypassed)

(When fosc1 = 32.768 kHz)

Notes: e Be sure to turn the noise rejector OFF before executing the SLP instruction.

e Reactivating from SLEEP status can only be done by generation of an input interrupt factor.
Therefore when using the SLEEP function, it is necessary to set the interrupt selection register
(SIKOx = "1") of the port to be used for releasing SLEEP status before executing the SLP
instruction. Furthermore, enable the input port interrupt using the corresponding interrupt mask
register (EIKOx = "1") before executing the SLP instruction to run input interrupt handler routine
after SLEEP status is released.

e Each input port (KOO-K03) has a different interrupt factor, thus the input interrupt is controlled
individually. Be aware that this interrupt configuration is different from that of the previous
models.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.4.41/0 memory of input ports
Table 4.4.4.1 shows the 1/0 addresses and the control bits for the input ports.

Table 4.4.4.1 Control bits of input ports

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
ko | Koz | Kot | Koo | K| T7E) Heh ) Low
FF42H K02 =#2 | High | Low | 1y 103 input port data
Ko1 -2 | High Low
R K00 -*2| High Low
0+3 - *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
SIK03 | SIK02 | SIKO1 | SIK0O SIKo3 0 Enable | Disable | ]
FF54H SiKo2 0 Enable | Disable KO00-KO3 interrupt selection register
SIKO1 0 Enable | Disable
AW SIK00 0 Enable | Disable |_|
KCP03 | KCP02 | KCPO1 | KCPOO Egggz 1 % ? ' ' '
FF55H KCPO1 1 T Ia KO00-KO03 input comparison register
RW KCPOO | 1 b Y
EIKO3 0 Enable | Mask |Interrupt mask register (K03)
EIKO3 | EIKO2 | EIKOT | EIKOO EIK02 0 Enable | Mask |Interrupt mask register (K02)
FFEBH EIKO1 0 Enable | Mask |Interrupt mask register (KO1)
RW EIK0O 0 Enable | Mask |Interrupt mask register (K0O)
IK03 0 (R) (R) | Interrupt factor flag (K03)
K03 ko2 IKo1 100 IK02 0 Yes No | Interrupt factor flag (K02)
FFFBH IKO1 o [ (Wf D 1W5 N Interrupt factor flag (KO1)
RW IK0O 0 Reset | Invalid |Interrupt factor flag (K0O)

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

K00—KO03: KO port input port data (FF42H)
Input data of the input port terminals can be read with these registers.

When "1" is read: High level
When "0" is read: Low level
Writing: Invalid

The reading is "1" when the terminal voltage of the four bits of the input ports (K0O0-K03) goes high
(VpD), 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 (FF54H)
Selects the ports to be used for the KOO-KO03 input interrupts.

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

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

Reactivating from SLEEP status can only be done by generation of an input interrupt factor. Therefore
when using the SLEEP function, it is necessary to set the interrupt selection register (SIKOx = "1") of the
port to be used for releasing SLEEP status before executing the SLP instruction.

At initial reset, these registers are set to "0".
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KCP0O0-KCPO03: KO port input comparison register (FF55H)
Interrupt conditions for terminals KO0O-K03 can be set with these registers.

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

The interrupt conditions can be set for the rising or falling edge of input for each of the four bits (K00-
K03), through the input comparison registers (KCP00-KCP03).
A comparison is done only with the ports that are enabled by the interrupt among K00-K03 by means of
the SIK00-SIKO3 registers.
At initial reset, these registers are set to "1".

KONRO, KONR1: KO interrupt noise rejector selection register (FF43H<DO, D1)
Selects the noise-reject width.

Table 4.4.4.2 Setting up noise rejector

KONRH1 KONRO Noise-reject width
1 1 7.8 msec
1 0 2.0 msec
0 1 0.5 msec
0 0 OFF (bypassed)

(When fosci = 32.768 kHz)

Be sure to turn the noise rejector OFF before executing the SLP instruction.
At initial reset, these registers are set to "0".

EIKOO-EIKO3: KO input interrupt mask register (FFEBH)
Masks the input interrupt request to the CPU.

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

When "1" is written to the EIKOx register, the input interrupt request will be generated to the CPU. When
"0" is written, no input interrupt will be generated from the corresponding port.

The wake up signal to release the SLEEP mode will be generated even if this register is set to "0". How-
ever, enable the input port interrupt using the corresponding interrupt mask register before executing the
SLP instruction to run input interrupt handler routine after SLEEP status is released.

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

IKOO—IK03: KO input interrupt factor flag (FFFBH)
This flag indicates the occurrence of input interrupt.

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

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

IKOx is the interrupt factor flag corresponding to the KOx port. From the status of this flag, the software
can decide whether an input interrupt has occurred.

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

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

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

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

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

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-up resistance 300 kQ

(2) Be sure to turn the noise rejector OFF before executing the SLP instruction.

(3) Reactivating from SLEEP status can only be done by generation of an input interrupt factor. Therefore
when using the SLEEP function, it is necessary to set the interrupt selection register (SIKOx ="1") of
the port to be used for releasing SLEEP status before executing the SLP instruction. Furthermore,
enable the input port interrupt using the corresponding interrupt mask register (EIKOx = "1") before
executing the SLP instruction to run input interrupt handler routine after SLEEP status is released.

(4) Each input port (K0O0-KO03) has a different interrupt factor, thus the input interrupt is controlled
individually. Be aware that this interrupt configuration is different from that of the previous models.

(5) The K03 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 K03 terminal is
set to the clock input terminal for the programmable timer, take care of the interrupt setting.

(6) 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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4.5 Output Ports (R10-R13)

4.5.1 Configuration of output ports

The S1C63406/408 has 4 bits of general output ports.

Output specifications of the output ports can be selected individually with the mask option. Two kinds of
output specifications are available: complementary output and N-channel open drain output.

Figure 4.5.1.1 shows the configuration of the output port.

%

Data
™™ register > i | Rix
— El
+ Vss

Fig. 4.5.1.1 Configuration of output port

Data bus

The R12 and R13 output terminals are shared with special output terminals (TOUT, FOUT), and this
function is selected by the software.

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

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

Table4.5.1.1 Function setting of output terminals

Terminal Terminal status Special output
name at initial reset TOUT | FOUT
R10 R10 (High level output) | RI10 R10
R11 R11 (High level output) | RI11 R11
R12 R12 (High level output) | TOUT
R13 R13 (High level output) FOUT

When using the output port (R12, R13) as the special output port, the data register must be fixed at "1".

4.5.2 Mask option

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

The output specifications of the output ports R10-R13 can be selected from either complementary output
or N-channel open drain output individually (in 1-bit units).

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

The R10-R13 output ports can be used as general-purpose DC output ports.
When "1" is written to the R1x data register, the corresponding output port terminal goes high. When "0"
is written, the port terminal goes low.

4.5.4 Special output

In addition to the regular DC output, special output can be selected for the output ports R12 and R13 as
shown in Table 4.5.4.1 with the software.
Figure 4.5.4.1 shows the configuration of the R12 and R13 output ports.

Table 4.5.4.1 Special output
Terminal | Special output | Output control register
R13 FOUT FOUTE
R12 TOUT PTOUT

FOUT

Register
FOUTE

Register R13
R13 (FOUT)

TOUT

Data bus

Register
PTOUT

Register R12
R12 (TOUT)

Fig. 4.5.4.1 Configuration of R12 and R13 output ports

At initial reset, the output port data register is set to "1", so the output terminal goes high (\VVDD).
When using the output port (R12, R13) as the special output port, fix the data register (R12, R13) at "1"
and the respective signal should be turned ON and OFF using the special output control register.

Note: Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R12 and R13 registers when the special output has been selected.

« TOUT (R12)
The R12 terminal can output a TOUT signal.
The TOUT signal is the clock that is output from the programmable timer, and can be used to provide
a clock signal to an external device.
To output the TOUT signal, fix the R12 register at "1" and turn the signal ON and OFF using the
PTOUT register. It is, however, necessary to control the programmable timer.
Refer to Section 4.10, "Programmable Timer" for details of the programmable timer.

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

R12 register : Fix at "1"

PTOUT register "0" EE no

TOUT output ‘

Fig. 4.5.4.2 Output waveform of TOUT signal
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« FOUT (R13)

The R13 terminal can output a FOUT signal.

The FOUT signal is a clock that is output from the oscillation circuit or a clock that the fosc1 clock has
divided in the internal circuit, and can be used to provide a clock signal to an external device.

To output the FOUT signal, fix the R13 register at "1" and turn the signal ON and OFF using the
FOUTE register.

The frequency of the output clock may be selected from among 8 types shown in Table 4.5.4.2 by
setting the FOFQO-FOFQ?2 registers.

Table 4.5.4.2 FOUT clock frequency

FOFQ2 | FOFQ1 FOFQO | Clock frequency

1 1 1 foscs

1 1 0 fosca/2

1 0 1 fosci

1 0 0 fosci/4

0 1 1 fosc1/8

0 1 0 fosci/16

0 0 1 fosci/32

0 0 0 fosc1/64

fosci: Clock that is output from the OSC1 oscillation circuit
fosc3: Clock that is output from the OSC3 oscillation circuit

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

Note: A hazard may occur when the FOUT signal is turned ON and OFF.

Figure 4.5.4.3 shows the output waveform of the FOUT signal.

R13 register Fix at "1"

FOUTE register "0" " "0"

FOUT output ‘

Fig. 4.5.4.3 Output waveform of FOUT signal
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4.5.51/0 memory of output ports
Table 4.5.5.1 shows the 1/0 addresses and control bits for the output ports.
Table 4.5.5.1 Control bits of output ports

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 1 0
FOUTE 0 Enable | Disable | FOUT enable
FOUTE | FOFQ2 | FOFQ1 | FOFQO FOFQ2 0 FOUT [FOFQ2-0] 0 1 2 3
FFO6H Frequency fosci/64 fosci/32 fosci/16 fosci/8
A FOFQ1 0 frequency [FOFQ2-0] 4 5 6 7
FOFQO| 0 selection  Frequency fosci/4  fosci  fosc3/2  foscs
R13 1 High Low |R13 output port data (FOUTE=0)
R13 R12 R11 R10 Fix at "1" when FOUT is used (FOUTE=1)
FFa6H R12 1 High Low |RI12 output port data (PTOUT=0)
Fix at "1" when TOUT is used (PTOUT=1)
R/W R11 1 High Low |RII output port data
R10 1 High Low |R10 output port data
useL | prout lexseLt lokseL CHSEL 0 Timer1 | Timer0 | TOUT output channel selection
FFC1H CHS OUT | CKSELT | CKSELO PTOUT| © On Off | TOUT output control
W CKSELA1 0 0SC3 | OSC1 |Prescaler 1 source clock selection
R CKSELO| 0 0SC3 | OSC1 | Prescaler 0 source clock selection

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

R10-R13: R1 output port data register (FF46H)
Set the output data for the output ports.

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

The output port terminals output the data written in the corresponding data registers without changing
it. When "1" is written to the register, the output port terminal goes high (Vbb), and when "0" is written,
the output port terminal goes low (Vss).

When the output ports R12 and R13 are used for special output (TOUT, FOUT), fix the R12 register and

the R13 register at "1".

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

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

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

By writing "1" to the PTOUT register when the R12 register has been set to "1", the TOUT signal is output
from the R12 terminal. When "0" is written, the R12 terminal goes high (VbD).

When using the R12 output port for DC output, fix this register at "0".

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

FOUTE: FOUT output control register (FFO6HD3)
Controls the FOUT output.

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

By writing "1" to the FOUTE register when the R13 register has been set to "1", an FOUT signal is output
from the R13 terminal. When "0" is written, the R13 terminal goes high (VbD).

When using the R13 output port for DC output, fix this register at "0".

At initial reset, this register is set to "0".
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FOFQO-FOFQ2: FOUT frequency selection register (FFO6H*D0-D2)
Selects a frequency of the FOUT signal.
Table 4.5.5.2 FOUT clock frequency

FOFQ2 | FOFQ1 | FOFQO | Clock frequency
1 1 1 foscs

foscs/2
fosci
fosci/4
fosc1/8
fosci/16
fosci1/32

0 fosci/64
fosci: Clock that is output from the OSC1 oscillation circuit
fosc3: Clock that is output from the OSC3 oscillation circuit

1
1
1
0
0
0

S O = = O O =
S = O = O = O

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

4.5.6 Programming notes

(1) When using the output port (R12, R13) as the special output port, fix the data register (R12, R13) at
"1". Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R12 and R13 registers when the special output has been selected.

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

(3) When foscs is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output.
Refer to Section 4.3, "Oscillation Circuit", for the control and notes.
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4.6 1/0 Ports (P20-P23)

4.6.1 Configuration of 1/0O ports

The S1C63406/408 has four bits of general-purpose 1/0 ports.
Figure 4.6.1.1 shows the configuration of the 170 port.

[&———— Pull-up control
W—» register (PPL) b

N
————» Data ‘

W—» register LI ‘ +—0O P2x

[¢————» /O control

w—» register (I0C) |

Fig. 4.6.1.1 Configuration of 1/0 port

VDD

A

Data bus

The 1/0 port terminals P20-P23 are shared with the serial interface input/output terminals. The software
can select the function to be used.

At initial reset, these terminals are all set to the 1/0 port.

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

Table 4.6.1.1 Function setting of input/output terminals

) Terminal status Serial I/F
Terminal .
at initial reset Master | Slave | Async.
P20 P20 (Input & pull-up) SIN(I) SIN(I) SIN(I)
P21 P21 (Input & pull-up) SOUT(O) [SOUT(O) [SOUT(O)
P22 |P22 (Input & pull-up) SCLK(O) | SCLK(I) | P22
P23 P23 (Input & pull-up) P23 SRDY(O) P23

When these ports are used as 170 ports, the ports can be set to either input mode or output mode indi-
vidually (in 1-bit unit). Modes can be set by writing data to the 1/0 control registers.
Refer to Section 4.11, "Serial Interface", for control of the serial interface.
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4.6.2 Mask option

In the 170 ports, the output specification during output mode can be selected from either complementary
output or N-channel open drain output in 1-bit units.

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

The output specification selected by mask option are effective even when 1/0 ports are used as the serial
interface output port.

4.6.31/0 control registers and input/output mode

Input or output mode can be set for the I/0 ports by writing data into the corresponding 1/0 control
registers IOC2x.

To set the input mode, write "0" to the I/0 control register. When an 1/0 port is set to input mode, it
becomes high impedance status and works as an input port.

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

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

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

At initial reset, the 170 control registers are set to "0", and the 1/0 ports enter the input mode.

The 1/0 control registers of the ports that are set as input/output for the serial interface can be used as
general purpose registers that do not affect the 1/0 control. (See Table 4.6.1.1.)

4.6.4 Pull-up during input mode
A pul-up resistor that operates during the input mode is built into each 1/0 port of the S1C63406/408.

The pull-up resistor becomes effective by writing "1" to the pull-up control register PPL2x that corre-
sponds to each port, and the input line is pulled up during the input mode. When "0" has been written,
no pull-up is done.

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

The pull-up control registers of the ports, that are set as output for the serial interface, can be used as
general purpose registers that do not affect the pull-up control. (See Table 4.6.1.1.)

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

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
10C23 0 Output | Input | P23 I/O control register
10c23 | 10c22 | 10c21 | 10c20 General-purpose register when SIF (clock sync. slave) is selected
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)
RW 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
FFagH SCLK (I) pull-up control register
when SIF (clock sync. slave) is selected
PPL21 1 On Off | P21 pull-up control register (ESIF=0)
R/W 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 |P23 I/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 |P22I/O port data
EF4AH General-purpose register when SIF (clock sync.) is selected
P21 -#2 | High Low [P21 I/O port data (ESIF=0)
RW 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
# o S SMDI, 0 0 1
0 SMD1 | SMDO | ESIF SM0D13 0 ; Unsu(::ijl UF 1[\/lode ]Clk-sync. master Clk-sync. slave
FF70H ] ~ [SMD1,0] 2 3
R W SMDo | 0 mode selection Nfode Async. 7-bit  Async. 8-bit
ESIF 0 SIF I/0 | Serial I/F enable (P2x port function selection)

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

*3  Constantly "0" when being read

ESIF: Serial interface enable register (FF70H+D0)
Selects function for P20-P23.

When "1" is written: Serial interface input/output port
When "0" is written: 170 port
Reading: Valid

When using the serial interface, write "1" to this register and when P20-P23 are used as the 170 port,
write "0". The terminal configuration within P20-P23 that are used for the serial interface is decided by
the transfer mode (7-bit asynchronous, 8-bit asynchronous, clock synclonous slave, clock synchronous
master) selected with the SMD1 and SMDO registers.

In the clock synchronous slave mode, all the P20-P23 ports are set to the serial interface input/output
port. In the clock synchronous master mode, P20-P22 are set to the serial interface input/output port and
P23 can be used as the 1/0 port. In the 8/7-bit asynchronous mode, P20 and P21 are set to the serial
interface input/output port and P22 and P23 can be used as the 1/0 port.

At initial reset, this register is set to "0".
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P20—P23: P2 1/O port data register (FF4AH)
170 port data can be read and output data can be set through these registers.

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

When an 1/0 port is set to the output mode, the written data is output unchanged from the 170 port
terminal. When "1" is written as the port data, the port terminal goes high (Vbb), and when "0" is written,
the terminal goes low (Vss).

Port data can be written also in the input mode.

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

The terminal voltage level of the 170 port is read out. When the 1/0 port is in the input mode the voltage
level being input to the port terminal can be read out; in the output mode the register value can be read.
When the terminal voltage is high (VDD) the port data that can be read is "1", and when the terminal
voltage is low (Vss) the data is "0".

When the PPL register is set to "1", the built-in pull-up resister goes ON during input mode, so that the
170 port terminal is pulled up.

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

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

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

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-up resistance 300 k2

I0C20-10C23: P2 port I/O control register (FF48H)
The input and output modes of the 1/0 ports are set with these registers.

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

The input and output modes of the I/0 ports are set in 1-bit unit.

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

At initial reset, these registers are all set to "0", so the 1/0 ports are in the input mode.

The 1/0 control registers of the port, which are set for the input/output of the serial interface, become
general-purpose registers that do not affect the input/output.
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PPL20-PPL23: P2 port pull-up control register (FF49H)
The pull-up during the input mode are set with these registers.

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

The built-in pull-up resistor which is turned ON during input mode is set to enable in 1-bit units.

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

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

The pull-up control registers of the ports that are set as output for the serial interface can be used as
general purpose registers that do not affect the pull-up control.

The pull-up control registers of the port that are set as input for the serial interface function the same as
the 170 port.

4.6.6 Programming note

When in the input mode, 170 ports are changed from low to high by pull-up resistor, the rise of the
waveform is delayed on account of the time constant of the pull-up resistor and input gate capacitance.
Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xCxR

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-up resistance 300 k€
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4.7 LCD Driver

4.7.1 Configuration of LCD driver

The S1C63406 has 9 common terminals (COMO0-COMS8) and 60 segment terminals (SEG0-SEG59), so that
it can drive a dot matrix type LCD with a maximum of 540 (60 x 9) dots.

The S1C63408 has 17 common terminals (COM0-COM16) and 60 segment terminals (SEG0-SEG59), so
that it can drive a dot matrix type LCD with a maximum of 1,020 (60 x 17) dots.

The driving method is 1/8 duty or 179 duty dynamic drive with four different voltages (174 bias), Vci,
Vc2, Vc4 and Ves. The S1C63408 supports 1/16 duty and 1/17 duty as well as 1/8 duty and 1/9 duty.
LCD display ON/OFF can be controlled by the software.

4.7.2 Power supply for LCD driving

Vci1-Vcs are driving voltages (174 bias) for the LCD that are generated by the LCD system voltage circuit.
Turning the LCD system voltage circuit ON or OFF is controlled with the LPWR register. When LPWR is
set to "1", the LCD system voltage circuit outputs the LCD drive voltages Vci-Vcs to the LCD driver.

The LCD system voltage circuit generates VVc1 or Vcz2 with the voltage regulator incorporated in itself,
and generates three other voltages by boosting or reducing the voltage Vc1 or Vc2. Table 4.7.2.1 shows the
Vci, V2, Vea and Ves voltage values and boost/reduce status.

Table 4.7.2.1 LCD drive voltage when generated internally

LCD drive voltage Vob=1.3-36V | VbbD=25-3.6V
Vi (0.975-1.2V) Vci (standard) 172 xVc2
Vc2 (1.950-2.4 V) 2 xVcl V2 (standard)
V4 (2.925-3.6 V) 3 xVci 3/2x V2
Vs (3.900-4.8 V) 4 xVci 2xVc2

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

Select either VVc1 standard or Vc2 standard using the VCCHG register.
When "1" is written to the VCCHG register, VVc2 standard is selected and when "0" is written, Vc1 stan-
dard is selected. At initial reset, Vc1 standard (VCCHG ="0") is set.

Note: Current consumption will be increased for a cycle of 1 kHz to stabilize the LCD power quickly after
setting LPWR on.

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

(1) Display ON/OFF control
The S1C63406/408 incorporates the ALON and ALOFF registers to blink display. When "1" is written
to ALON, all the dots go ON, and when "1" is written to ALOFF, all the dots go OFF. At such a time,
an ON waveform or an OFF waveform is output from SEG terminals. When "0" is written to these
registers, normal display is performed. Furthermore, when "1" is written to both of the ALON and
ALOFF, ALON (all ON) has priority over the ALOFF (all OFF).

(2) Switching of drive duty
In the S1C63406, the drive duty can be set to 1/8 or 1/9 by the software. In addition to them, 1/16 or

1/17 can be selected in the S1C63408. This setting is done using the LDUTYO0 and LDUTY1 registers as
shown in Table 4.7.3.1.
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Table 4.7.3.1 LCD drive duty setting

LDUTY1*| LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 1 1/16* COMO-COM15* 960 (60 x 16)*
1 0 1/17% COMO-COM16* 1,020 (60 x 17)*
0 1 1/8 COMO-COM7 480 (60 x 8)
0 0 1/9 COMO-COM8 540 (60 % 9)

0 The S1C63406 does not support 1/16 duty or 1/17 duty. LDUTY1 functions as a
general-purpose register that does not affect the drive duty.

Table 4.7.3.2 shows the frame frequencies corresponding to the OSC1 oscillation frequency and drive
duty.
Table 4.7.3.2 Frame frequency

OSC1 oscillation When 1/8 duty When 1/9 duty When 1/16 duty * When 1/17 duty *
frequency is selected is selected is selected is selected
32.768 kHz 32 Hz 284 Hz 32 Hz 30.12 Hz
60 kHz 58.6 Hz 52.0Hz 58.6 Hz 55.2Hz

[51C63408 only

Figure 4.7.3.1 shows the dynamic drive waveform for 1/4 bias.

Drive duty 1/8
1/9
116

0
0
0
117 0

- o a
ANCIEN \C I \C I V)

]
]
]
]

ANCIEN \C I \C I V)

15
16 ] S1C63408 only

Frame signal (
32Hz O I

OWhen fosc1 = 32.768 kHz

A
.

— Vcs
— Vc4

COMO — Ve2
— Vi

L — Vss
— Vs
{5 — Vca
COM1 — Ve2

— Vit
— Vss

— Ves
{§ — Vca
COM2 — Vez
— Vi
— Vss

— Vcs
— Vc4
— Vc2
— Vi
— Vss

SEGO

— Vcs
— Vc4
— Vc2
— Vet
— Vss

SEG1 )

Fig. 4.7.3.1 LCD drive waveform (1/4 bias)
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4.7.4 Display memory

S1C63406
The display memory of the S1C63406 is allocated to FOOOH-F176H in the data memory area and the
addresses and the data bits correspond to COM and SEG outputs as shown in Figure 4.7.4.1.

SEGO SEGH1 SEG2 SEG3 SEG59
T [ COMO (DO 0DO 0DO 0DO 0ODO ]
COoM1 D1 Foood 21 roo2n “ P lrooan P IrooeH . HD1 eh76n
CcoM2 [OD2 OD2 D2 D2 D2
>| >| COM3 D3| 0D3 0D3 0D3 OoD3
3| 8| COM4 [1DO | 0DO 0DO 0DO 0DO
(2] ©
=| = | COM5 DD FootH 21 Jroosn “ P lroosn P! lroo7H L HD1 e
COM6 D2 OD2 D2 D2 D2
| coM7 OD3 0D3 0D3 0D3 OoD3
L COM8 DO —F100H [ DO —F102H DO —F104H DO —F106H ..... O DO — F176H
Memory address Data bit

Fig. 4.7.4.1 Correspondence between display memory and LCD dot matrix (SLC63406)

When a bit in the display memory is set to "1", the corresponding LCD dot goes ON, and when it is set
to "0", the dot goes OFF.
At initial reset, the data memory content becomes undefined hence, there is need to initialize using

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

Note: When a program that access no memory mounted area (FO78H-FOFFH, F101H, F103H, - - -,
F177H) is made, the operation is not guaranteed.

S1C63408
The display memory of the S1C63408 is allocated to FOOOH-F276H in the data memory area and the
addresses and the data bits correspond to COM and SEG outputs as shown in Figure 4.7.4.2.

When a bit in the display memory is set to "1", the corresponding LCD dot goes ON, and when it is set
to "0", the dot goes OFF.

At 1/17 (1716, 1/9) duty drive, all data of COM0-COM16 (15, 8) is output.

At 1/8 duty drive, data only corresponding to COM0-COMY7 is output. However, since the display
memory has capacity for two screens, it is designed so that the memory for COM8-COM15 shown in
Figure 4.7.4.1 (a) can also be used as COM0-COMY?7. Select either FOOOH-F077H or F100H-F177H for
the area to be displayed (to be output from COM0-COM?7 terminals) using the LPAGE register. It can
switch the screen in an instant.

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

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

Notes: e When a program that access no memory mounted area (FO78H-FOFFH, F178H—-F1FFH,
F201H, F203H, - - -, F277H) is made, the operation is not guaranteed.

e The LPAGE register is effective only when 1/8 duty is selected in the S1C63408. When 1/9, 1/16
or 1/17 duty is selected, or in the S1C634086, this register can be used as a general purpose
register.
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SEGO SEG1 SEG2 SEG3
[ [ COMO [ODO 7] D0 7] D0 7] D0
CoM? -1 FOOOH b1 FOO02H -1 FO04H -1 FOO6H .....
COM2 [OD2 D2 D2 D2
.| COmM3 [OD3 ] D3 D3 J D3 |
3| COM4 DO ] D0 7] D0 7] D0
(2]
= | COM5  [ID1 FOO1H —p1 FOO3H -1 FOO5H -1 FOO7H .....
COM6 [OD2 D2 D2 D2
;:;T § COM7 [1D3 _ D3 D3 1D3
E g | COM8 [1DO0 7] D0 7] D0 7] D0
COM9 D1 F100H —b1 F102H -1 F104H —b1 F106H .....
COM10 OD2 D2 D2 D2
CcomMi11 OD3 D3 J D3 J D3
COM12 [ODO 7] D0 7] D0 7] D0 7
COM13 D1 F101H —p1 F103H b1 F105H -1 F107H ... ..
COM14 D2 D2 D2 D2
CcCOM15 D3 D3 D3 D3
L COM16 DO —F200H [ODO —F202H [1DO —F204H [DO —F206H .....
Memory address Data bit
(a) When 1/17, 1716 or 1/9 duty is selected
SEGO SEG1 SEG2 SEG3
[COMO [IDO 7] Do 7] D0 7] D0 ]
COM? 01 FOOOH 01 FOO2H 01 FO04H Cb1 FOO6H .....
COM2 [D2 D2 D2 D2
LPAGE | COM3 [D3 _| D3 D3 D3
=0| COM4 (DO 7] D0 7] Do 7] D0 ]
COMS D1 FOO1H 01 FOO3H b1 FOO5H Cb1 FOO7H .....
COM6 D2 D2 D2 D2
L COM7 [OD3 OD3 OD3 D3
[COMO [IDO 7] Do 7] Do 7] D0 ]
COM? b1 F100H b1 F102H b1 F104H b1 F106H .....
COM2 [D2 D2 D2 D2
LPAGE | COM3 [D3 _| OD3 OD3 0OD3
=1 | COM4 (DO 7] Do 7] D0 7] D0 ]
COMS D1 F101H b1 F103H 01 F105H b1 F107H .....
COM6 D2 D2 D2 D2
L COM7 [OD3 D3 D3 D3
Unused (DO —F200H DO —F202H DO —F204H [JDO —F206H .....

(b) When 1/8 duty is selected

SEG59

Do
U D1
b2
D3
Do
D1
b2
D3

Do
D1
b2
D3
Do
0D1
b2
D3

Do

SEG59
Do 7|
OD1
b2
OD3
0ODo ]
OD1
b2
OD3

0ODo ]
O D1
b2
OD3
0ODo ]
OD1
D2
OD3

0oDo —

Fig. 4.7.4.2 Correspondence between display memory and LCD dot matrix (SLC63408)

FO76H

FO77H

F176H

F177H

—F276H

FO76H

FO77H

F176H

F177H

F276H
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4.7.5 LCD contrast adjustment

In the S1C63406/408, the LCD contrast can be adjusted by the software.
It is realized by controlling the voltages Vci-Vcs output from the LCD system voltage circuit. The
contrast can be adjusted to 16 levels as shown in Table 4.7.5.1. When VCCHG = "0", Vc1 is changed within
the range from 0.975 V to 1.2 V, and other voltages change according to Vci. When VCCHG = "1", Vc2 is
changed within the range from 1.950 V to 2.4 V, and other voltages change according to Vca.

Table 4.7.5.1 LCD contrast

No. | LC3 LC2 LC1 LCO Contrast
0 0 0 0 0 light
1 0 0 0 1 4
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14| 1 1 1 0 v
15 1 1 1 1 dark

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

Since the contents of LCO-LC3 are undefined at initial reset, initialize it by the software.
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4.7.6 1/0 memory of LCD driver

Table 4.7.6.1 shows the 1/0 addresses and the control bits for the LCD driver. Figures 4.7.6.1and 4.7.6.2
show the display memory maps of the S1C63406 and S1C63408, respectively.

Table 4.7.6.1 LCD driver control bits

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

Register
Address - Comment
D3 D2 D1 DO | Name | Init CI 1 0
outyilioutvol veena | Lewa LDUTY1 0 ] LCD drive [LDUTY1,0] O 1 2% 3%
—— LDUTYO| © duty switch Duty e 18 117 116
AW VCCHG 0 Vez Vet | LCD regulated voltage switch (OS1C63408 only)
LPWR 0 On Off | LCD power On/Off
EXLCDC| 0 1 0 General-purpose register
EXLCDC| ALOFF | ALON | LPAGE | ALOFF 1 All Off | Normal | LCD all OFF control
FFe1H ALON 0 AllOn | Normal | LCD all ON control
LPAGE 0  [F100-F177|F000-F077| Display memory area (when 1/8 duty is selected in S1C63408)
RW General-purpose register for S1C63406 or when 1/17, 1/16 or
1/9 duty is selected in S1C63408
LC3 -2 LCD contrast adjustment
LC3 LC2 LC1 LCO LC2 )
FF62H - [LC3-0] 0 - 15
W LC1 -2 Contrast Light - Dark
R lco | -
*1 TInitial value at initial reset
#2  Not set in the circuit
*#3  Constantly "0" when being read
COM0—COM7 COM8
D3 D2 D1 DO D3 D2 D1 DO
FOOOH| COM3 | COM2 | COM1 | COMO | SEGO F100H 0 0 0 COM8 | SEGO
FOO1H| COM7 | COM6 | COM5 | COM4 | SEGO F101H
FO02H| COM3 | COM2 | COM1 | COMO | SEG1 F102H 0 0 0 COM8 | SEG1
FOO3H| COM7 | COM6 | COM5 | COM4 | SEG1 F103H
F004H| COM3 | COM2 | COM1 | COMO | SEG2 o D e
e = B s F174H 0 0 0 COM8 | SEG58
FO75H| COM7 | COM6 | COM5 | COM4 | SEG58 F175H
FO76H| COM3 | COM2 | COM1 | COMO | SEG59 F176H 0 0 0 COM8 | SEG59
FO77H| COM7 | COM6 | COM5 | COM4 | SEG59 F177H
FO78H
. [ —— | ot-
FOI;FH /_i—\\‘ implemented l:| Non-implementation area  Read/write disabled
|I| Unused area  Reading: Always "0"
Writing:  No Operation
Fig. 4.7.6.1 S1C63406 display memory map
COMO0-COM7 COM8-COM15 COM16
D3 D2 D1 DO D3 D2 D1 DO D3 D2 D1 DO
FOOOH | COM3 | COM2 | COM1 | COMO | SEGO F100H | COM11|COM10|COMO9 | COM8 | SEGO F200H| © 0 0 |COM16|SEGO
FOO1H| COM7 | COM6 | COM5 | COM4 | SEGO F101H|COM15|COM14|COM13 | COM12|SEGO F201H
FO02H| COM3 | COM2 | COM1 | COMO | SEG1 F102H|COM11|COM10|COMO09 | COM8 |SEG1 F202H 0 0 0 COM16 | SEG1
FOO3H| COM7 | COM6 | COM5 | COM4 | SEG1 F103H | COM15|COM14 | COM13 | COM12|SEG1 F203H
FO04H| COM3 | COM2 | COM1 | COMO | SEG2 F104H |COM11[COM10|COMO09 | COM8 |SEG2 L oo e
e D R s F274H 0 0 0 COM16 | SEG58
F075H| COM7 | COM6 | COM5 | COM4 | SEG58 F175H | COM15|COM14 | COM13 | COM12 | SEG58 F275H
F076H| COM3 | COM2 | COM1 | COMO | SEG59 F176H|COM11|COM10| COMO09 | COM8 | SEG59 F276H| 0 0 0 |COM16|SEG59
FO77H| COM7 | COM6 | COM5 | COM4 | SEG59 F177H|COM15|COM14 | COM13 | COM12 | SEG59 F277H
FO78H F178H
. [ ——— 1| ot- . [ ———— | ot-
For-LFH — 1 1 ted F1|;FH /—_\ﬁ—/implememed [ ] Non-implementation area  Read/write disabled

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

Fig. 4.7.6.2 S1C63408 display memory map
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LPWR: LCD power control (ON/OFF) register (FF60H=DO)
Turns the LCD system voltage circuit ON and OFF.

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

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

It takes about 100 msec for the LCD drive voltage to stabilize after starting up the LCD system voltage
circuit by writing "1" to the LPWR register.

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

VCCHG: LCD regulated voltage switching register (FF60HD1)
Selects the reference voltage for the LCD drive voltage.

When "1" is written: Vc2
When "0" is written: Vci1
Reading: Valid

When "1" is written to the VCCHG register, the LCD system voltage circuit generates the LCD drive
voltage as Vc2 standard. When "0" is written, it becomes Vc1 standard. Select VVc2 when power supply
voltage is 2.5 V or more, otherwise, select Vcu.

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

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

Table 4.7.6.2 Drive duty setting

LDUTY1#| LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 1 1/16* COMO-COM15%* 960 (60 x 16)*
1 0 1/17%* COMO-COM16* 1,020 (60 x 17)*
0 1 1/8 COMO-COM7 480 (60 x 8)
0 0 1/9 COMO-COMS8 540 (60 % 9)

[0 The S1C63406 does not support 1/16 duty or 1/17 duty. LDUTY1 functions as a
general-purpose register that does not affect the drive duty.

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

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

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

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

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

ALON has priority over ALOFF.

At initial reset, this register is set to "0".
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ALOFF: LCD all OFF control register (FF61HD2)
Fade outs the all LCD dots.

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

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

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

At initial reset, this register is set to "1".

LPAGE: LCD display memory selection register (FF61HD0)
Selects the display memory area at 1/8 duty drive. (S1C63408 only)

When "1" is written: F100H-F177H
When "0" is written: FOOOH-FO77H
Reading: Valid

By writing "1" to the LPAGE register, the data set in FLOOH-F177H (the second half of the display
memory) is displayed, and when "0" is written, the data set in FOOOH-F077H (the first half of the display
memory) is displayed.

This function is valid only when 1/8 duty is selected in the S1C63408, and when 1/9, 1/16 or 1/17 duty is
selected, or in the S1C63406, this register can be used as a general purpose register.

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

LC3-LCO: LCD contrast adjustment register (FF62H)
Adjusts the LCD contrast.
LC3-LCO0 =0000B light

LC3-LCO0 =1111B  dark

At room temperature, use setting number 7 or 8 as standard.
At initial reset, LCO-LC3 are undefined.

4.7.7 Programming notes

(1) Current consumption will be increased for a cycle of 1 kHz to stabilize the LCD power quickly after
setting LPWR on.

(2) When a program that access no memory mounted area shown below is made, the operation is not
guaranteed.
S$1C63406: FO78H-FOFFH, F101H, F103H, - - -, F177H
$1C63408: FO78H-FOFFH, F178H-F1FFH, F201H, F203H, - - -, F277H

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

4.8.1 Configuration of clock timer

The S1C63406/408 has a built-in clock timer that uses OSC1 (crystal oscillator) as the source oscillator.
The clock timer is configured of an 8-bit binary counter that serves as the input clock, fosc1 divided clock
output from the prescaler. Timer data (128-16 Hz and 8-1 Hz) can be read out by the software.

Figure 4.8.1.1 is the block diagram for the clock timer.

< Data bus >
Clock timer
0OsC1 256Hz ——— = —— 1
oscillation circuit —{ Divider |- [128 Hz-16 He| | 8 ttz-1 iz |
(fosc) U —— !
T #32 Hz, 8 Hz, 2 Hz, 1 Hz
Clock timer reset signal Interrupt p Interrupt
control request

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

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

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

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

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

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

The high-order data hold function in the S1C63406/408 is designed to operate to avoid this. This function
temporarily stops the counting up of the high-order data (by carry from the low-order data) at the point
where the low-order data has been read and consequently the time during which the high-order data is
held is the shorter of the two indicated here following.

1. Period until it reads the high-order data.
2. 0.48-1.5 msec (Varies due to the read timing.)

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

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

Address | Bit Frequency| Clock timer timing chart \
DO 128 Hz
D1 64 Hz
FF79H
p2 | sHz [JUUUUUUUUTUTUTUUTUTUUUU U UU U iu g
ps | teHz | [ LU LU LWL L L L L L L L
DO sHz | [ L [ L L LI L LI LI LI 14
D1 4 Hz | | | | | | [
FF7AH
D2 2Hz
D3 1Hz \ L

covemanmirea| 1 1EEEEEEERARELEEEARILERERALLELERELS
8 Hz interrupt request f f ? f ? ? ? ? ?

2 Hz interrupt request T T

1 Hz interrupt request T

Fig. 4.8.3.1 Timing chart of clock timer

As shown in Figure 4.8.3.1, interrupt is generated at the falling edge of the frequencies (32 Hz, 8 Hz, 2 Hz,
1 Hz). At this time, the corresponding interrupt factor flag (ITO, IT1, IT2, IT3) is set to "1". Selection of
whether to mask the separate interrupts can be made with the interrupt mask registers (EITO, EIT1, EIT2,
EIT3). However, regardless of the interrupt mask register setting, the interrupt factor flag is set to "1" at
the falling edge of the corresponding signal.
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4.8.4 1/0 memory of clock timer
Table 4.8.4.1 shows the 1/0 addresses and the control bits for the clock timer.

Table 4.8.4.1 Control bits of clock timer

Register
Address - Comment
D3 D2 D1 DO | Name | Init 1 1 0
0+3 -2 Unused
0 0 TMRST | TMRUN 03 w2 Unused
FF78H N ) . ..
W TMRST#3| Reset | Reset | Invalid | Clock timer reset (writing)
R Wl W lmvrun| 0 | Run | Stop | Clock timer Run/Stop
T™3 0 Clock timer data (16 Hz)
FF79H ™3 ™2 ™1 ™o ™2 0 Clock timer data (32 Hz)
R T™1 0 Clock timer data (64 Hz)
T™MO 0 Clock timer data (128 Hz)
™7 0 Clock timer data (1 Hz)
FF7AH ™7 M6 L 4 T™M6 0 Clock timer data (2 Hz)
TM5 0 Clock timer data (4 Hz)
R ™4 0 Clock timer data (8 Hz)
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)
IT3 0 (R) (R) | Interrupt factor flag (Clock timer 1 Hz)
IT3 IT2 IT1 ITO .
FFF6H IT2 0 | Y§§ s 7[\!07 _ | Interrupt factor flag (Clock timer 2 Hz)
R T 0 (W) (W) | Interrupt factor flag (Clock timer 8 Hz)
w ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)

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

*3  Constantly "0" when being read

TMO-TM7: Timer data (FF79H, FF7AH)
The 128-1 Hz timer data of the clock timer can be read out with these registers. These eight bits are read
only, and writing operations are invalid.
By reading the low-order data (FF79H), the high-order data (FF7AH) is held until reading or for 0.48-1.5

msec (one of shorter of them).

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

TMRST: Clock timer reset (FF78H<D1)

This bit resets the clock timer.

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

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

This bit is write-only, and so is always "0" at reading.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Clock Timer)

TMRUN: Clock timer RUN/STOP control register (FF78H+<D0)
Controls RUN/STOP of the clock timer.

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

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

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

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

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

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

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

ITO: 32 Hz interrupt factor flag (FFF6H<DO)
IT1: 8 Hz interrupt factor flag (FFF6H<D1)
IT2: 2 Hz interrupt factor flag (FFF6H<D2)
IT3: 1 Hzinterrupt factor flag (FFF6H*D3)
These flags indicate the status of the clock timer interrupt.

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

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

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

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

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the 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".
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4.8.5 Programming notes

(1) Be sure to read timer data in the order of low-order data (TM0-TM3) then high-order data (TM4—
TMY).

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

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

4.9.1 Configuration of stopwatch timer

The S1C63406/408 has 1/100 sec unit and 1/10 sec unit stopwatch timer built-in. The stopwatch timer is
configured with a 2 levels 4-bit BCD counter which has an input clock approximating 100 Hz signal
(signal divided from OSCL1 to the closest 100 Hz) and data can be read in units of 4 bits by software.
Figure 4.9.1.1 shows the configuration of the stopwatch timer.

< Data bus >

Stopwatch timer
OosC1 gy T

— 256 Hz | 10 Hz }
oscillation circuit:’ SWDO0-3 ‘%’ SWD4-7 ‘:

(foscty .

Stopwatch timer reset signal J Interrupt p- Interrupt

control request

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

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

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

4.9.2 Count-up pattern

The stopwatch timer is configured of 4-bit BCD counters SWD0-SWD3 and SWD4-SWD7.

The counter SWDO0-SWD3, at the stage preceding the stopwatch timer, has an approximated 100 Hz
signal for the input clock. It counts up every 1/100 sec, and generates an approximated 10 Hz signal. The
counter SWD4-SWD7 has an approximated 10 Hz signal generated by the counter SWD0-SWD3 for the
input clock. In count-up every 1710 sec, and generated 1 Hz signal.

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

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

Counting time (sec) 26126 | 25) 25126 | 26| 25 ) 25| 26 | 26 1'HZ
9 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal )
generation
26 25 -
556 X6+ 256 x4 =1 (sec)
SWDO0-3 count-up pattern 1 ‘  — -
SWDO0-3 count value 0 1 2 3 4 5 6 7 8 9 0 Approximate
Counting time (sec) i 2 i L i L i L 3 L 10 Hz
256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 | 256 signal

generation

SWDO0-3 count-up pattern 2 \‘\‘

SWDO0-3 count value 0 1 2 3 4 5 6 7 8 9 0 Approximate
3 3 3 2 3 2 3 2 3 2 10 Hz

Counting time (sec) 256 | 256 | 256| 256 | 256 | 256 | 256 | 256 | 256 | 256 | | signal
26 generation

256 (5€0)

Fig. 4.9.2.1 Count-up pattern of stopwatch timer
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SWDO0-SWD3 generates an approximated 10 Hz signal from the basic 256 Hz signal (fosc1 dividing
clock). The count-up intervals are 2/256 sec and 3/256 sec, so that finally two patterns are generated: 25/
256 sec and 26/256 sec intervals. Consequently, these patterns do not amount to an accurate 1/100 sec.
SWD4-SWD7 counts the approximated 10 Hz signals generated by the 25/256 sec and 26/256 sec inter-
vals in the ratio of 4 : 6, to generate a 1 Hz signal. The count-up intervals are 25/256 sec and 26/256 sec,
which do not amount to an accurate 1/10 sec.

4.9.3 Interrupt function

The stopwatch timers SWD0-SWD3 and SWD4-SWD7, through their respective overflows, can generate
10 Hz (approximate 10 Hz) and 1 Hz interrupts.
Figure 4.9.3.1 shows the timing chart for the stopwatch timer.

Address Bit Stopwatch timer (SWDO0-3) timing chart

o U U U U U U U UL UL
O Y I e e T e M e T e e B e
e | o2 ] B — .

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

i
FF7EH A0y [
‘sony | b2 ] 1 1

D3

1 Hz Interrupt request f ? ?

Fig. 4.9.3.1 Timing chart for stopwatch timer

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

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

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
0+3 —#2 Unused
0 0 |SWRST [SWRUN 03 w2 Unused
FF7CH ) ) . -
SWRST#3 Reset | Reset | Invalid | Stopwatch timer reset (writing)
R W AW SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
SWD3 0 7
SWD3 | SWD2 | SWD1 | SWDO SwD2 0 Stopwatch timer data
FF7DH SWD1 0 BCD (1/100 sec)
R swpo | 0 J
SWD7 0 7
SWD7 | SWD6 | SWD5 | SWD4 SWD6 0 Stopwatch timer data
FF7EH SwD5 | 0 BCD (1/10 sec)
R SWD4 0 B
GPR73 0 1 0 | General-purpose register
GPR73 | GPRY2 | EISWT | EISW10 GPR72 0 1 0 General-purpose register
FFE7H EISW1 0 Enable | Mask |Interrupt mask register (Stopwatch timer 1 Hz)
AW EISW10| 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
03 -*2| (R) (R) | Unused
0 0 ISW1 | ISW10 03 ~2| Yes | No |Unused
FFF7H ISW1 0 (W) (W) | Interrupt factor flag (Stopwatch timer 1 Hz)
R RW ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)

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

SWD0-SWD7: Stopwatch timer data (FF7DH, FF7EH)

The 1/100 sec and the 1/10 sec data (BCD) can be read from SWDO0-SWD3 and SWD4-SWD?7, respec-
tively. These eight bits are read only, and writing operations are invalid.

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

SWRST: Stopwatch timer reset (FF7CH<D1)

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

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

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

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

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

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

In the STOP status, the timer data is maintained until the next RUN status or the timer is reset. Also,
when the STOP status changes to the RUN status, the data that is maintained can be used for resuming
the count.
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When data of the counter is read at run mode, proper reading may not be obtained due to the carry from
low-order digits (SWDO0-SWD3) into high-order digits (SWD4-SWD?7) (i.e., in case SWD0-SWD3 and
SWD4-SWD7 reading span the timing of the carry). To avoid this occurrence, perform the reading after
suspending the counter once and then set the SWRUN to "1" again.

Moreover, it is required that the suspension period not exceed 976 psec (174 cycle of 256 Hz).

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

EISW10: 10Hz interrupt mask register (FFE7HD0)
EISW1: 1Hzinterrupt mask register (FFE7HsD1)
These registers are used to select whether to mask the stopwatch timer interrupt.

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

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

ISW10: 10 Hz interrupt factor flag (FFF7H<DO)
ISW1: 1 Hzinterrupt factor flag (FFF7H-D1)
These flags indicate the status of the stopwatch timer interrupt.

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

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

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

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

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

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

4.9.5 Programming notes

(1) When data of the counter is read at run mode, perform the reading after suspending the counter once
and then set SWRUN to "1" again. Moreover, it is required that the suspension period not exceed 976
usec (174 cycle of 256 Hz).

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

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

4.10.1 Configuration of programmable timer

The S1C63406/408 has two 8-bit programmable timer systems (timer 0 and timer 1) built-in.

Timer 0 and timer 1 are composed of 8-bit presettable down counters and they can be used as 8-bit x 2
channel programmable timers or a 16-bit x 1 channel programmable timer by software setting. Timer 0
also has an event counter function using the K03 terminal.

Figure 4.10.1.1 shows the configuration of the programmable timer.

The programmable timer is designed to count down from the initial value set in the counter with soft-
ware. An underflow according to the initial value occurs by counting down and is used for the following
functions:

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

= Generating an interrupt

= Generating a TOUT signal output from the R12 terminal

= Generating the synchronous clock source for the serial interface (timer 1 underflow is used, and it is

possible to set the transfer rate)

K030 |HPEE)§°” | Programmable timer 0
PTRSTO
' Timer O reset
Timer 0 Run/Stop !
PTRUNO »  Clock
OSC1 | fosct i control Underflow
oscillation » Select : Prescaler ontre signal
circuit ’ elector e— circuit
2,048 1 Prescaler
— Hz | setting A A A A
CKSELO GRS \
| Timer 1 Run/Stop 3 PTPSO01 ;
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Fig. 4.10.1.1 Configuration of programmable timer
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4.10.2 Tow separate 8-bit timer (MODE16 =" Q") operation
4.10.2.1 Setting of initial value and counting down

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

The reload data registers RLD00-RLDO07 (timer 0) and RLD10-RLD17 (timer 1) are used to set the initial
value to the down counter.

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

The registers PTRUNO (timer 0) and PTRUNL1 (timer 1) are provided to control the RUN/STOP for timers
0 and 1. By writing "1" to the register after presetting the reload data to the down counter, the down
counter starts counting down. Writing "0" stops the input count clock and the down counter stops
counting. This control (RUN/STOP) does not affect the counter data. The counter maintains its data
while stopped, and can restart counting continuing from that data.

The counter data can be read via the data buffers PTDO0-PTDO7 (timer 0) and PTD10-PTD17 (timer 1) in
optional timing. However, the counter has the data hold function the same as the clock timer, that holds
the high-order data when the low-order data is read in order to prevent the borrowing operation between
low- and high-order reading, therefore be sure to read the low-order data first.

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

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

PTRUNO (1) ] \\

PTRSTO (1) M
]|
RLD00-07 (10-17) A6H | ) F3H

Input clock
PTDO7 (17)
PTDO6 (16)
PTDO5 (15)
PTDO4 (14)
PTDO3 (13)
(12)
()
(10)

PTDO2 (12
PTDO1 (11
PTDOO (10

Il

-

5

*

Fig. 4.10.2.1.1 Basic operation timing of down counter

Preset * Reload &
Interrupt generation

64 EPSON S1C63406/408 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmble Timer)

4.10.2.2 Counter mode

The programmable timer can operate in two counter modes, timer mode and event counter mode. It can
be selected by software.

(1) Timer mode
The timer mode counts down using the prescaler output as an input clock. In this mode, the program-
mable timer operates as a periodical timer using the OSC1 or OSC3 oscillation clock as a clock source.
Timer 0 can operate in both the timer mode and the event counter mode. The mode can be switched
using the timer 0 counter mode selection register EVCNT. When the EVCNT register is set to "0",
timer 0 operates in the timer mode.
Timer 1 operates only in the timer mode.
At initial reset, this mode is set.

Refer to Section 4.10.2.1, "Setting of initial value and counting down" for basic operation and control.

The input clock in the timer mode is generated by the prescaler built into the programmable timer.
The prescaler generates the input clock by dividing the OSC1 or OSC3 oscillation clock. Refer to the
next section for setting the input clock.

(2) Event counter mode
The timer 0 has an event counter function that counts an external clock input to the 1/0 port K03. This
function is selected by writing "1" to the timer 0 counter mode selection register EVCNT. The timer 1
operates only in the timer mode, and cannot be used as an event counter.

In the event counter mode, the clock is supplied to timer 0 from outside of the IC, therefore, the
settings of the timer 0 prescaler division ratio selection registers PTPS00 and PTPS01 and the settings
of the timer 0 source clock selection register CKSELO become invalid.

Count down timing can be selected from either the falling or rising edge of the input clock using the

timer 0 pulse polarity selection register PLPOL. When "0" is written to the PLPOL register, the falling
edge is selected, and when "1" is written, the rising edge is selected. The count down timing is shown
in Figure 4.10.2.2.1.

EVCNT i 1

PTRUNO ] L

PLPOL 0 | 1
kogimput ¢ [y [ [ LfLFLE
Count data n Jn1) n2) n3 [n4)n5)n6

Fig. 4.10.2.2.1 Timing chart in event counter mode

The event counter mode also includes a noise reject function to eliminate noise such as chattering on
the external clock (K03 input signal). This function is selected by writing "1" to the timer 0 function
selection register FCSEL.

When "with noise rejector" is selected, an input pulse width for both low and high levels must be 0.98
msec or more to count reliably. (The noise rejecter allows the counter to input the clock at the second
falling edge of the internal 2,048 Hz signal after changing the input level of the K03 terminal. Conse-
quently, the pulse width of noise that can reliably be rejected is 0.48 msec or less.)

Figure 4.10.2.2.2 shows the count down timing with noise rejecter.
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2,048 Hz

K03 input | | 1
Counter : | : :

input clock —+—, *—, +—
Counter data n_ | n-1 f n2 Y n3

When PLPOL register is set to "0"
Fig. 4.10.2.2.2 Count down timing with noise rejecter

The operation of the event counter mode is the same as the timer mode except it uses the K03 input as
the clock.
Refer to Section 4.10.2.1, "Setting of initial value and counting down" for basic operation and control.

4.10.2.3 Setting of input clock in timer mode

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

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

The set input clock is used for the count clock during operation in the timer mode. When the timer 0 is
used in the event counter mode, the following settings become invalid.

The input clock is set in the following sequence.

(1) Selection of source clock
Select the source clock input to each prescaler from either OSC1 or OSC3. This selection is done using
the source clock selection registers CKSELO (timer 0) and CKSELL1 (timer 1); when "0" is written to the
register, OSC1 is selected and when "1" is written, OSC3 is selected.
When the OSC3 oscillation clock is selected for the clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the programmable timer. However the OSC3 oscillation circuit requires
a time interval of several msec to several 10 msec from turning the circuit ON until the oscillation
stabilizes. Therefore, allow an adequate interval from turning the OSC3 oscillation circuit ON to
starting the programmable timer. Refer to Section 4.3, "Oscillation Circuit", for the control and notes of
the OSC3 oscillation circuit.
At initial reset, the OSC3 oscillation circuit is set in the OFF state.

(2) Selection of prescaler division ratio

Select the division ratio for each prescaler from among 4 types. This selection is done using the
prescaler division ratio selection registers PTPS00/PTPSO01 (timer 0) and PTPS10/PTPS11 (timer 1).
Table 4.10.2.3.1 shows the correspondence between the setting value and the division ratio.

Table 4.10.2.3.1 Selection of prescaler division ratio
PTPS11 | PTPS10
PTPS01 | PTPS00

Prescaler division ratio

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

0 0 Source clock / 1

By writing "1" to the register PTRUNO (timer 0) or PTRUNL1 (timer 1), the prescaler inputs the source
clock and outputs the clock divided by the selected division ratio. The counter starts counting down
by inputting the clock.
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4.10.2.4 Interrupt function

The programmable timer can generate an interrupt due to an underflow of the timer 0 and timer 1. See
Figure 4.10.2.1.1 for the interrupt timing.

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

4.10.2.5 Setting of TOUT output

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

Figure 4.10.2.5.1 shows the TOUT signal waveform when the channel is changed.

CHSEL 0 1
Timer 0 underflow
Timer 1 underflow

TOUT output (R12) | |

Fig. 4.10.2.5.1 TOUT signal waveform at channel change

The TOUT signal can be output from the R12 terminal. Programmable clocks can be supplied to external
devices.
Figure 4.10.2.5.2 shows the configuration of the R12 port.

TOUT
2| Register
-0 PTOUT
o]
©
= P Register R12
B R12 (TOUT)

Fig. 4.10.2.5.2 Configuration of R12

The output of the TOUT signal is controlled by the PTOUT register. When "1" is written to the PTOUT

register, the TOUT signal is output from the R12 terminal and when "0" is written, the terminal goes high

(VD) level. However, the data register R12 must always be "1".

Since the TOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2 cycle
generated when the signal is turned ON and OFF by setting the register.
Figure 4.10.2.5.3 shows the output waveform of the TOUT signal.

R12 register : Fix at "1"

PTOUT register "0" EE no

TOUT output ‘

Fig. 4.10.2.5.3 Output waveform of the TOUT signal
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4.10.2.6 Transfer rate setting for serial interface

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

The programmable timer outputs the clock to the serial interface by setting timer 1 into RUN state
(PTRUN1 ="1"). It is not necessary to control with the PTOUT register.

PTRUN1 _
Timer 1 underflow
Source clock for serial I/F

Fig. 4.10.2.6.1 Synchronous clock of serial interface

A setting value for the RLD1X register according to a transfer rate is calculated by the following expres-
sion:

RLD1X = fosc / (2 Obps Odivision ratio of the prescaler) - 1
fosc: Oscillation frequency (OSC1/0SC3)
bps: Transfer rate
(00H can be set to RLD1X)

4.10.3 One channel x 16-bit timer (MODE16 =" 1") operation

Timer 0 and timer 1 are chained together to form 16-bit down counter low byte in timer 0, high byte in
timer 1.

4.10.3.1 Setting of initial value and counting down

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

The reload data registers RLD00-RLDO07 (timer 0) and RLD10-RLD17 (timer 1) are used to set the initial
value to the down counter.

By writing "1" to the timer reset bit PTRSTO (timer 0) or PTRSTL1 (timer 1), the down counter loads the
initial value set in the reload register RLD. Therefore, down-counting is executed from the stored initial
value by the input clock.

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

The counter data can be read via the data buffers PTD0O0-PTDO7 (timer 0) and PTD10-PTD17 (timer 1) in
optional timing. However, the counter has the data hold function the same as the clock timer, that holds
the high-order data when the low-order data is read in order to prevent the borrowing operation between
low- and high-order reading, therefore be sure to read the low-order data first.

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

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

The programmable timer can operate in two counter modes, timer mode and event counter mode. It can
be selected by software.

(1) Timer mode
The timer mode counts down using the prescaler output as an input clock. In this mode, the program-
mable timer operates as a periodical timer using the OSC1 or OSC3 oscillation clock as a clock source.
The programmable timer can operate in both the timer mode and the event counter mode. The mode
can be switched using the timer 0 counter mode selection register EVCNT. When the EVCNT register
is set to "0", the programmable timer operates in the timer mode.
At initial reset, this mode is set.

Refer to Section 4.10.3.1, "Setting of initial value and counting down" for basic operation and control.

The input clock in the timer mode is generated by the prescaler built into the programmable timer.
The prescaler generates the input clock by dividing the OSC1 or OSC3 oscillation clock. Refer to the
next section for setting the input clock.

(2) Event counter mode
The programmable timer has an event counter function that counts an external clock input to the I/0
port KO03. This function is selected by writing "1" to the timer 0 counter mode selection register
EVCNT.

In the event counter mode, the clock is supplied to timer 0 from outside of the IC, therefore, the
settings of the timer 0 prescaler division ratio selection registers PTPS00 and PTPS01 and the settings
of the timer 0 source clock selection register CKSELO become invalid.

Count down timing can be selected from either the falling or rising edge of the input clock using the

timer 0 pulse polarity selection register PLPOL. When "0" is written to the PLPOL register, the falling
edge is selected, and when "1" is written, the rising edge is selected. The count down timing is shown
in Figure 4.10.3.2.1.

EVCNT i 1

PTRUNO ] L

PLPOL 0 | 1
kogimput ¢ [y [ [ LfLFLE
Count data n Jn1) n2) n3 [n4)n5)n6

Fig. 4.10.3.2.1 Timing chart in event counter mode

The event counter mode also includes a noise reject function to eliminate noise such as chattering on
the external clock (K03 input signal). This function is selected by writing "1" to the timer 0 function
selection register FCSEL.

When "with noise rejector" is selected, an input pulse width for both low and high levels must be 0.98
msec or more to count reliably. (The noise rejecter allows the counter to input the clock at the second
falling edge of the internal 2,048 Hz signal after changing the input level of the K03 terminal. Conse-
quently, the pulse width of noise that can reliably be rejected is 0.48 msec or less.)

Figure 4.10.3.2.2 shows the count down timing with noise rejecter.
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2,048 Hz

K03 input | | 1
Counter : | : :

input clock —+—, *—, +—
Counter data n_ | n-1  n2 Y n3

When PLPOL register is set to "0"
Fig. 4.10.3.2.2 Count down timing with noise rejecter

The operation of the event counter mode is the same as the timer mode except it uses the K03 input as
the clock.
Refer to Section 4.10.3.1, "Setting of initial value and counting down" for basic operation and control.

4.10.3.3 Setting of input clock in timer mode

The 16 bit programmable timer include a prescaler. The prescalers generate the input clock for this
programmable timer by dividing the source clock supplied from the OSC1 or OSC3 oscillation circuit.
The source clock (OSC1 or OSC3) and the division ratio of the prescaler can be selected with software.
The set input clock is used for the count clock during operation in the timer mode. When the 16 bit
programmable timer is used in the event counter mode, the following settings become invalid.

The input clock is set in the following sequence.

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

(2) Selection of prescaler division ratio
Select the division ratio for the prescaler from among 4 types. This selection is done using the
prescaler division ratio selection registers PTPS00/PTPS01 (timer 0). Table 4.10.3.3.1 shows the
correspondence between the setting value and the division ratio.

Table 4.10.3.3.1 Selection of prescaler division ratio

PTPS01 | PTPS00 | Prescaler division ratio
1 1 Source clock / 256
1 0 Source clock / 32
0 1 Source clock / 4
0 0 Source clock / 1

By writing "1" to the register PTRUNO (timer 0), the prescaler inputs the source clock and outputs the
clock divided by the selected division ratio. The counter starts counting down by inputting the clock.
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4.10.3.4 Interrupt function
The programmable timer can generate an interrupt due to an underflow.

An underflow of this 16 bit programmable timer sets the corresponding interrupt factor flag IPT1 (timer
1) to "1", and generates an interrupt. The interrupt can also be masked by setting the corresponding
interrupt mask register EIPT1 (timer 1). However, the interrupt factor flag is set to "1" by an underflow of
the corresponding timer regardless of the interrupt mask register setting.

4.10.3.5 Setting of TOUT output

The programmable timer can generate a TOUT signal due to an underflow of this 16 bit programmable
timer. The TOUT signal is generated by dividing the underflows in 1/2.

The TOUT signal can be output from the R12 terminal. Programmable clocks can be supplied to external
devices.
Figure 4.10.3.5.1 shows the configuration of the R12 port.

TOUT
2l Register
Q PTOUT
8
]
e _ | Register R12
i R12 (TOUT)

Fig. 4.10.3.5.1 Configuration of R12

The output of a TOUT signal is controlled by the PTOUT register. When "1" is written to the PTOUT
register, the TOUT signal is output from the R12 terminal and when "0" is written, the terminal goes high
(VoD) level. However, the data register R12 must always be "1".

Since the TOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2 cycle is
generated when the signal is turned ON and OFF by setting the register.
Figure 4.10.3.5.2 shows the output waveform of the TOUT signal.

R12 register Fix at "1"

PTOUT register "0" " "0"

TOUT output ‘

Fig. 4.10.3.5.2 Output waveform of the TOUT signal
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4.10.3.6 Transfer rate setting for serial interface

The signal that is made from underflows of the 16 bit programmable timer by dividing them in 1/2, can
be used as the clock source for the serial interface.

The programmable timer outputs the clock to the serial interface by setting this 16 bit programmable
timer into RUN state (PTRUNO = "1"). It is not necessary to control with the PTOUT register.

PTRUNO ]

16 bit programmable timer underfrow
Source clock for serial I/F

Fig. 4.10.3.6.1 Synchronous clock of serial interface

A setting value for the RLD1X register according to a transfer rate is calculated by the following expres-
sion:
RLD1X, RLDOX = fosc / (2 Obps [Odivision ratio of the prescaler) - 1

fosc: Oscillation frequency (OSC1/0SC3)

bps: Transfer rate
(00H can be set to RLD1X)
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4.10.4 1/0 memory of programmable timer
Table 4.10.4.1 shows the 1/0 addresses and the control bits for the programmable timer.

Table 4.10.4.1 Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO | Name | Init CI 1 0
o o oS o MODE16| 0  [16-bit x 1| 8-bit x 2| 8-bit x 2 or 16-bit x 1 timer mode selection
FFCOH MODE16| EVONT | FCSEL | PLPOL 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 i "} | Timer 0 pulse polarity selection (for event counter mode)
useL | prour |ckseLt lokseL CHSEL 0 Timer1 | Timer0 | TOUT output channel selection
FFC1H CHS OUT | CKSELT |CKSELO PTOUT| © On Off | TOUT output control
W CKSELA1 0 0SC3 | OSC1 |Prescaler 1 source clock selection
R CKSELO| 0 0SC3 | OSC1 | Prescaler 0 source clock selection
PTPSO1 0 Prescaler O [PTPS01,00] O 1 2 3
PTPSO01|PTPS00|PTRSTO[PTRUNO PTPS00 0 glgéilt(i)gnratlo Division ratio 1/l /4 _1/32 1/256
FFC2H PTRSTOL8] -2 | Reset | Invalid | Timer O reset (reload)
RW w R/W .
PTRUNO| 0 Run Stop | Timer 0 Run/Stop
PTPS11 0 Prescaler 1 | [PTPSI1,10] O 1 2 3
PTPS11|PTPS10|{PTRST1|PTRUN1 pPsiol o ] (sigelzlt(i)gnmuo Divisionratio /1 1/4 _1/32 1/256
FFC3H PTRSTIL8] -2 | Reset | Invalid | Timer 1 reset (reload)
RW w RW .
PTRUN1| 0 Run Stop | Timer 1 Run/Stop
RLDO3 0 1 MSB
RLDO3 | RLDO2 | RLDO1 | RLDOO RLDO2 0
FFC4H RLDO1 0 Programmable timer O reload data (low-order 4 bits)
RW RLDOO | 0 Jiss
RLDO7 0 1 MSB
RLDO7 | RLD06 | RLDO5 | RLD04 RLD06 0
FFC5H Programmable timer O reload data (high-order 4 bits)
RLDO05 0
RW RLDO04 0 | LSB
RLD13 0 1 MSB
RLD13 | RLD12 | RLD11 | RLD10 RLD12 0
FFC6H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
RW RLD10 0 _J LSB
RLD17 0 1 MSB
RLD17 | RLD16 | RLD15 | RLD14 RLD16 0
FFC7H RLD15 0 Programmable timer 1 reload data (high-order 4 bits)
RW RLD14| 0 Jiss
PTDO3 0 "1 MSB
PTDO3 | PTDO2 | PTDO1 | PTDOO PTDO2 0
FFC8H PTDO1 0 Programmable timer O data (low-order 4 bits)
R PTD0OO 0 _|LSB
PTDO7 0 1 MSB
PTDO7 | PTDO06 | PTDO5 | PTD04 PTDOG 0
FFC9H PTDOS 0 Programmable timer 0 data (high-order 4 bits)
R PTDO4 0 | LSB
PTD13 0 1 MSB
PTD13 | PTD12 | PTD11 | PTD10 PTD12 0
FFCAH PTD11 0 Programmable timer 1 data (low-order 4 bits)
R PTDI0| 0 Jiss
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
GPR23 0 1 0 General-purpose register
GPR23 | GPR22 | EIPT1 | EIPTO .
FEESH GPR22 0 1 0 | General-purpose register
EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
RW EIPTO 0 Enable | Mask |Interrupt mask register (Programmable timer 0)
008 -2 (R) (R) | Unused
Fror 0 0 IPT1 IPTO 0B ~2| Yes | No |Unused
W IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
R R IPTO 0 Reset | Invalid |Interrupt factor flag (Programmable timer 0)
*1 Initial value at initial reset *2  Not set in the circuit *3 Constantly "0" when being read
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CKSELO: Prescaler 0 source clock selection register (FFC1H<DO)
CKSEL1: Prescaler 1 source clock selection register (FFC1H<D1)
Selects the source clock of the prescaler.

When "1" is written: OSC3 clock
When "0" is written: OSCl1 clock
Reading: Valid

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

Same as above, the source clock for prescaler 1 is selected by the CKSEL1 register.

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

PTPS00, PTPSO01: Timer O prescaler division ratio selection register (FFC2H<D2, D3)

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

Selects the division ratio of the prescaler.

Two bits of PTPS00 and PTPSO01 are the prescaler division ratio selection register for timer 0, and two bits
of PTPS10 and PTPS11 are for timer 1. The prescaler division ratios that can be set by these registers are
shown in Table 4.10.4.2.

Table 4.10.4.2 Selection of prescaler division ratio
PTPS11 | PTPS10
PTPS01 | PTPS00

Prescaler division ratio

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

0 0 Source clock / 1

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

EVCNT: Timer O counter mode selection register (FFCOHD2)
Selects a counter mode for timer 0.

When "1" is written: Event counter mode
When "0" is written: Timer mode
Reading: Valid

The counter mode for timer 0 is selected from either the event counter mode or timer mode. When "1" is
written to the EVCNT register, the event counter mode is selected and when "0" is written, the timer
mode is selected.

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

MODEL16: 8-bit x 2 or 16-bit x 1 timer mode selection register (FFCOHD3)
Selects 8-bit x 2 channels mode (timer 0 and timer 1) or 16-bit x 1 channel mode.

When "1" is written: 16-bit x 1 channel
When "0" is written: 8-bit x 2 channels (timer 0 and timer 1)
Reading: Valid

When 8-bit x 2 channels is selected, timer 0 and timer 1 can be used independently.

When 16-bit x 1 channel is selected, timer 0 and timer 1 are chained together and are used as a 16-bit
programmable timer. The clock is input to timer 0 and interrupts will be generated from timer 1.

At initial reset, this register is set to "0".
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FCSEL: Timer O function selection register (FFCOH+D1)
Selects whether the noise rejector of the clock input circuit will be used or not in the event counter mode.

When "1" is written: With noise rejecter
When "0" is written: Without noise rejecter
Reading: Valid

When "1" is written to the FCSEL register, the noise rejecter is used and counting is done by an external
clock (K03) with 0.98 msec or more pulse width. (The noise rejecter allows the counter to input the clock
at the second falling edge of the internal 2,048 Hz signal after changing the input level of the K03 termi-
nal. Consequently, the pulse width of noise that can reliably be rejected is 0.48 msec or less.)

When "0" is written to the FCSEL register, the noise rejector is not used and the counting is done directly
by an external clock input to the KO3 terminal.

Setting of this register is effective only when timer 0 is used in the event counter mode.

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

PLPOL: Timer 0 pulse polarity selection register (FFCOH+DO)
Selects the count pulse polarity in the event counter mode.

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

The count timing in the event counter mode (timer 0) is selected from either the falling edge of the
external clock input to the K03 terminal or the rising edge. When "0" is written to the PLPOL register, the
falling edge is selected and when "1" is written, the rising edge is selected.

Setting of this register is effective only when timer 0 is used in the event counter mode.

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

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

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

Sets the initial value for the counter.

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

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

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

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

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

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

The low-order 4 bits of the count data in timer 0 can be read from PTD00-PTDO03, and the high-order data
can be read from PTD04-PTDO7. Similarly, for timer 1, the low-order 4 bits can be read from PTD10-
PTD13, and the high-order data can be read from PTD14-PTD17.

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

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

At initial reset, these counter data are set to "00H".
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PTRSTO: Timer O reset (reload) (FFC2H<D1)
PTRSTL1: Timer 1 reset (reload) (FFC3H<D1)
Resets the timer and presets reload data to the counter.

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

By writing "1" to PTRSTO, the reload data in the reload register RLD00-RLDO?7 is preset to the counter in
timer 0. Similarly, the reload data in RLD10-RLD17 is preset to the counter in timer 1 by PTRST1.

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

No operation results when "0" is written.

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

PTRUNO: Timer 0 RUN/STOP control register (FFC2H+<D0)
PTRUNL1: Timer 1 RUN/STOP control register (FFC3H+<DO)
Controls the RUN/STOP of the counter.

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

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

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

the count.

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

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

CHSEL: TOUT output channel selection register (FFC1H<D3)
Selects the channel used for TOUT signal output.

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

This register selects which timer's underflow (timer 0 or timer 1) is used to generate a TOUT signal. When
"0" is written to the CHSEL register, timer 0 is selected and when "1" is written, timer 1 is selected. In the
16-bit x 2 channels mode (MODE16 = "1"), timer 1 is always selected regardless of this register setting.

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

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

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

PTOUT is the output control register for the TOUT signal. When "1" is written to the register, the TOUT
signal is output from the R12 terminal and when "0" is written, the terminal goes high (VDD) level.
However, the data register R12 must always be "1".

At initial reset, this register is set to "0".
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EIPTO: Timer O interrupt mask register (FFE2H<DO)
EIPTL1: Timer 1 interrupt mask register (FFE2H<D1)
These registers are used to select whether to mask the programmable timer interrupt or not.

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

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

IPTO: Timer O interrupt factor flag (FFF2H<DO)
IPT1: Timer 1 interrupt factor flag (FFF2HeD1)
These flags indicate the status of the programmable timer interrupt.

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

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

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

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

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the 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".
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4.10.5 Programming notes

(1) When reading counter data, be sure to read the low-order 4 bits (PTD00-PTDO03, PTD10-PTD13) first.
Furthermore, the high-order 4 bits (PTD04-PTDO07, PTD14-PTD17) should be read within 0.73 msec of
reading the low-order 4 bits (PTD00-PTDO03, PTD10-PTD13).

For the 16 bit x 1 mode, be sure to read as following sequence:
(PTDO0-PTDO03) - (PTD04-PTDO07) —» (PTD10-PTD13) - (PTD14-PTD17)
The read sequence time should be within 1.46 msec.

(2) The programmable timer actually enters RUN/STOP status in synchronization with the falling edge
of the input clock after writing to the PTRUNO/PTRUN1 register. Consequently, when "0" is written to
the PTRUNO/PTRUNL1 register, the timer enters STOP status at the point where the counter is
decremented (-1). The PTRUNO/PTRUNL1 register maintains "1" for reading until the timer actually
stops.

Figure 4.10.5.1 shows the timing chart for the RUN/STOP control.

Input clock

PTRUNO/PTRUN1 (RD) |

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

Fig. 4.10.5.1 Timing chart for RUN/STOP control

It is the same even in the event counter mode. Therefore, be aware that the counter does not enter
RUN/STOP status if a clock is not input after setting the RUN/STOP control register (PTRUNO).

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

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

(5) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the 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.

(6) For the reason below, pay attention to the reload data write timing when changing the interval of the
programmable timer interrupts while the programmable timer is running.
The programmable timer counts down at the falling edge of the input clock and at the same time it
generates an interrupt if the counter underflows. Then it starts loading the reload data to the counter
and the counter data is determined at the next rising edge of the input clock (period shown in as [ in
the figure).
—» [ -

Input clock 1 1 1 1 1 1

Counter dat e
(c?)%%r?&ouie:node) 03H ) o2H )\ otH f ooH { JesH| 24H |  (Reload data = 25H)

Underflow (interrupt is generated) Counter data is determined by reloading.

Fig. 4.10.5.2 Reload timing for programmable timer

To avoid improper reloading, do not rewrite the reload data after an interrupt occurs until the counter
data is determined including the reloading period 0. Be especially careful when using the OSC1 (low-
speed clock) as the clock source of the programmable timer and the CPU is operating with OSC3
(high-speed clock).
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411 Serial Interface

4.11.1 Configuration of serial interface

The S1C63406/408 incorporates a full duplex serial interface (when asynchronous system is selected) that
allows the user to select either clock synchronous system or asynchronous system.

The data transfer method can be selected in software.

When the clock synchronous system is selected, 8-bit data transfer is possible.

When the asynchronous system is selected, either 7-bit or 8-bit data transfer is possible, and a parity
check of received data and the addition of a parity bit for transmitting data can automatically be done by
selecting in software.

Figure 4.11.1.1 shows the configuration of the serial interface.

Data bus
Serial I/0 control Received | |Error detection _ | Interrupt Interrupt
& status register data buffer| |circuit control circuit > request
A T A
.
v l v
0 Serial input _ | Received data Transmitting data Serial output 0
SIN(PZO) control circuit " shift register shift register control circuit SOUT(P21)
' T
Start bit > READY output ==y
detection circuit "] Clock ol control circuit | O SRDY(P23)
SCLK controlcireut
SCLK(P22) O—————————» 0OSC3 oscﬂlahop circuit _
|«——— Programmable timer 1 underflow signal

Fig. 4.11.1.1 Configuration of serial interface

Serial interface input/output terminals, SIN, SOUT, SCLK and SRDY are shared with the 170 ports P20—
P23. In order to utilize these terminals for the serial interface input/output terminals, proper settings have
to be made with registers ESIF, SMDO0 and SMD1. (At initial reset, these terminals are set as 1/0 port
terminals.)

The direction of 1/0 port terminals set for serial interface input/output terminals are determined by the
signal and transfer mode for each terminal. Furthermore, the settings for the corresponding 1/0 control
registers for the 1/0 ports become invalid.

Table4.11.1.1 Configuration of input/output terminals

Terminal When serial interface is selected
P20 SIN
P21 SOUT
P22 SCLK
P23 SRDY

* The terminals used may change according to the transfer mode.

SIN and SOUT are serial data input and output terminals which function identically in clock synchronous
system and asynchronous system. SCLK is exclusively for use with clock synchronous system and func-
tions as a synchronous clock input/output terminal. SRDY is exclusively for use in clock synchronous
slave mode and functions as a send-receive ready signal output terminal.

When asynchronous system is selected, since SCLK and SRDY are superfluous, the /0 port terminals P22
and P23 can be used as 1/0 ports.

In the same way, when clock synchronous master mode is selected, since SRDY is superfluous, the 170 port
terminal P23 can be used as 170 port.
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4.11.2 Mask option

Since the input/output terminals of the serial interface is shared with the 1/0 ports (P20-P23), the mask
option that selects the output specification for the 1/0 port is also applied to the serial interface.

The output specification of the terminals SOUT, SCLK (for clock synchronous master mode) and SRDY
(for clock synchronous slave mode) that are used as output in the input/output port of the serial interface
is respectively selected by the mask options of P21, P22 and P23. Either complementary output or N-
channel open drain output can be selected as the output specification. However, when N-channel open
drain output is selected, do not apply a voltage exceeding the power supply voltage to the terminal.

4.11.3 Transfer modes

There are four transfer modes for the serial interface and mode selection is made by setting the two bits of
the mode selection registers SMDO0 and SMD1 as shown in the table below.
Table 4.11.3.1 Transfer modes

SMD1 SMDO Mode

8-bit asynchronous

7-bit asynchronous
Clock synchronous slave

S O = =
(==

Clock synchronous master

Table 4.11.3.2 Terminal settings corresponding to each transfer mode

Mode SIN [ SOUT | SCLK | SRDY
Asynchronous 8-bit Input| Output| P22 P23
Asynchronous 7-bit Input| Output| P22 P23

Clock synchronous slave | Input| Output| Input | Output

Clock synchronous master |Input| Output| Output| P23

At initial reset, transfer mode is set to clock synchronous master mode.

Clock synchronous master mode
In this mode, the internal clock is utilized as a synchronous clock for the built-in shift registers, and 8-
bit clock synchronous serial transfers can be performed with this serial interface as the master.
The synchronous clock is also output from the SCLK terminal which enables control of the external
(slave side) serial 1/0 device. Since the SRDY terminal is not utilized in this mode, it can be used as an
170 port.
Figure 4.11.3.1(a) shows the connection example of input/output terminals in the clock synchronous
master mode.

Clock synchronous slave mode
In this mode, a synchronous clock from the external (master side) serial input/output device is
utilized and 8-bit clock synchronous serial transfers can be performed with this serial interface as the
slave.
The synchronous clock is input to the SCLK terminal and is utilized by this interface as the synchro-
nous clock.
Furthermore, the SRDY signal indicating the transmit-receive ready status is output from the SRDY
terminal in accordance with the serial interface operating status.
In the slave mode, the settings for registers SCS0 and SCS1 used to select the clock source are invalid.
Figure 4.11.3.1(b) shows the connection example of input/output terminals in the clock synchronous
slave mode.
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7-bit asynchronous mode
In this mode, 7-bit asynchronous transfer can be performed. Parity check during data reception and
addition of parity bit (odd/even/none) during transmitting can be specified and data processed in 7
bits with or without parity. Since this mode employs the internal clock, the SCLK terminal is not used.
Furthermore, since the SRDY terminal is not utilized either, both of these terminals can be used as 1/0
ports.
Figure 4.11.3.1(c) shows the connection example of input/output terminals in the asynchronous mode.

8-bit asynchronous 8-bit mode
In this mode, 8-bit asynchronous transfer can be performed. Parity check during data reception and
addition of parity bit (odd/even/none) during transmitting can be specified and data processed in 8
bits with or without parity. Since this mode employs the internal clock, the SCLK terminal is not used.
Furthermore, since the SRDY terminal is not utilized either, both of these terminals can be used as 1/0
ports.
Figure 4.11.3.1(c) shows the connection example of input/output terminals in the asynchronous mode.

S1C63406/408 External
serial device
SIN(P20) Data input
SOUT(P21) Data output
SCLK(P22) CLOCK input

Input port READY output

(a) Clock synchronous master mode

S1C63406/408 External

serial device
SIN(P20) Data input
SOUT(P21) Data output
SCLK(P22) CLOCK output

SRDY(P23) READY input

(b) Clock synchronous slave mode

S1C63406/408 External
serial device
SIN(P20) Data input

SOUT(P21) Data output

(c) Asynchronous 7-hit/8-bit mode

Fig. 4.11.3.1 Connection examples of serial interface I/O terminals
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4.11.4 Clock source

There are four clock sources and selection is made by setting the two bits of the clock source selection
register SCS0 and SCS1 as shown in table below.

Table 4.11.4.1 Clock source

SCS1 SCS0 Clock source
1 1 Programmable timer
1 0 fosc3 /93
0 1 foscs /372
0 0 fosc3 /186

This register setting is invalid in clock synchronous slave mode and the external clock input from the
SCLK terminal is used.

When the "programmable timer" is selected, the programmable timer 1 underflow signal is divided by 2
and this signal used as the clock source. With respect to the transfer rate setting, see "4.10 Programmable
Timer". At initial reset, the synchronous clock is set to "fosca/186".

Whichever clock is selected, the signal is further divided by 1/16 and then used as the synchronous clock.
Furthermore, external clock input is used as is for SCLK in clock synchronous slave mode.

0503 ; 1/93
»o (fosca|  |y/372 = Synchro-
(cj)isrglljli?non » Divider 1186 ;Selector 116 Selector nous clock

Programmable timer 1 2
underflow signal

(Clock synchronous slave mode)

SCLK
Fig. 4.11.4.1 Division of the synchronous clock

Table 4.11.4.2 shows an examples of transfer rates and OSC3 oscillation frequencies when the clock source
is set to programmable timer.

Table 4.11.4.2 OSC3 oscillation frequencies and transfer rates

Transfer rate foscs = 3.580 MHz
(bps) PSC1X RLD1X

19,200 0 (1/1) 05H

9,600 0(1/1) OBH

4,800 0(1/1) 16H

2,400 0(1/1) 2EH

1,200 0 (1/1) 5CH

600 0(1/1) B9H

300 1(1/4) 5CH

150 1(1/4) B9H

When the demultiplied signal of the OSC3 oscillation circuit is made the clock source, it is necessary to
turn the OSC3 oscillation ON, prior to using the serial interface.

Atime interval of several msec to several 10 msec, from the turning ON of the OSC3 oscillation circuit to
until the oscillation stabilizes, is necessary, due to the oscillation element that is used. Consequently, you
should allow an adequate waiting time after turning ON of the OSC3 oscillation, before starting transmit-
ting/receiving of serial interface. (The oscillation start time will vary somewhat depending on the
oscillator and on the externally attached parts. Refer to the oscillation start time example indicated in
Chapter 7, "Electrical Characteristics".)

At initial reset, the OSC3 oscillation circuit is set to OFF status.
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4.11.5 Transmit-receive control

Below is a description of the registers which handle transmit-receive control. With respect to transmit-
receive control procedures and operations, please refer to the following sections in which these are
discussed on a mode by mode basis.

Shift register and receive data buffer
Exclusive shift registers for transmitting and receiving are installed in this serial interface. Conse-
quently, duplex communication simultaneous transmit and receive is possible when the asynchronous
system is selected.

Data being transmitted are written to TRXD0-TRXD7 and converted to serial through the shift
register and is output from the SOUT terminal.

In the reception section, a receive data buffer is installed separate from the shift register.

Data being received are input to the SIN terminal and is converted to parallel through the shift
register and written to the receive data buffer.

Since the receive data buffer can be read even during serial input operation, the continuous data is
received efficiently.

However, since buffer functions are not used in clock synchronous mode, be sure to read out data
before the next data reception begins.

Transmit enable register and transmit control bit
For transmit control, use the transmit enable register TXEN and transmit control bit TXTRG.

The transmit enable register TXEN is used to set the transmit enable/disable status. When "1" is
written to this register to set the transmitting enable status, clock input to the shift register is enabled
and the system is ready to transmit data. In the clock synchronous mode, synchronous clock input/
output from the SCLK terminal is also enabled.

The transmit control bit TXTRG is used as the trigger to start transmitting data.

Data to be transmitted is written to the transmit data shift register, and when transmitting prepara-
tions a recomplete, "1" is written to TXTRG whereupon data transmitting begins.

When interrupt has been enabled, an interrupt is generated when the transmission is completed. If
there is subsequent data to be transmitted it can be sent using this interrupt.

In addition, TXTRG can be read as a status bit. When set to "1", it indicates transmitting operation,

and "0" indicates transmitting stop.

For details on timing, see the timing chart which gives the timing for each mode.

When not transmitting, set TXEN to "0" to disable transmition.

Receive enable register, receive control bit
For receiving control, use the receive enable register RXEN and receive control bit RXTRG.
Receive enable register RXEN is used to set receiving enable/disable status. When "1" is written into
this register to set the receiving enable status, clock input to the shift register is enabled and the
system is ready to receive data. In the clock synchronous mode, synchronous clock input/output from
the SCLK terminal is also enabled.
With the above setting, receiving begins and serial data input from the SIN terminal goes to the shift
register.
The operation of the receive control bit RXTRG is slightly different depending on whether a clock
synchronous system or an asynchronous system is being used.
In the clock synchronous system, the receive control bit TXTRG is used as the trigger to start receiving
data.
When received data has been read and the preparation for next data receiving is completed, write "1"
into RXTRG to start receiving. (When "1" is written to RXTRG in slave mode, SRDY switches to "0".)
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In an asynchronous system, RXTRG is used to prepare for next data receiving. After reading the
received data from the receive data buffer, write "1" into RXTRG to signify that the receive data buffer
is empty. If "1" is not written into RXTRG, the overrun error flag OER will be set to "1" when the next
receiving operation is completed. (An overrun error will be generated when receiving is completed
between reading the received data and the writing of "1" to RXTRG.)

In addition, RXTRG can be read as a status bit. In either clock synchronous mode or asynchronous
mode, when RXTRG is set to "1", it indicates receiving operation and when set to "0", it indicates that
receiving has stopped.

For details on timing, see the timing chart which gives the timing for each mode.

When you do not receive, set RXEN to "0" to disable receiving.

4.11.6 Operation of clock synchronous transfer

Clock synchronous transfer involves the transfer of 8-bit data by synchronizing it to eight clocks. The
same synchronous clock is used by both the transmitting and receiving sides.

When the serial interface is used in the master mode, the clock signal selected using SCS0 and SCS1 is
further divided by 1/16 and employed as the synchronous clock. This signal is then sent via the SCLK
terminal to the slave side (external serial 1/0 device).

When used in the slave mode, the clock input to the SCLK terminal from the master side (external serial
input/output device) is used as the synchronous clock.

In the clock synchronous mode, since one clock line (SCLK) is shared for both transmitting and receiving,
transmitting and receiving cannot be performed simultaneously. (Half duplex only is possible in clock
synchronous mode.)

Transfer data is fixed at 8 bits and both transmitting and receiving are conducted with the LSB (bit 0)
coming first.

SCLK
LSB MSB
Data __fD0}D1)D2)D3)D4/D5)D6)D7

Fig. 4.11.6.1 Transfer data configuration using clock synchronous mode

Below is a description of initialization when performing clock synchronous transfer, transmit-receive
control procedures and operations.
With respect to serial interface interrupt, see "4.11.8 Interrupt function".

Initialization of serial interface
When performing clock synchronous transfer, the following initial settings must be made.

(1) Setting of transmitting/receiving disable
To set the serial interface into a status in which both transmitting and receiving are disabled, "0"
must be written to both the transmit enable register TXEN and the receive enable register RXEN.
Fix these two registers to a disable status until data transfer actually begins.

(2) Port selection
Because serial interface input/output ports SIN, SOUT, SCLK and SRDY are set as I/0 port
terminals P20-P23 at initial reset, "1" must be written to the serial interface enable register ESIF in
order to set these terminals for serial interface use.

(8) Setting of transfer mode
Select the clock synchronous mode by writing the data as indicated below to the two bits of the
mode selection registers SMDO0 and SMD1.

Master mode: SMDO = "0", SMD1 ="0"
Slave mode: SMDO ="1", SMD1 ="0"
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(4) Clock source selection

In the master mode, select the synchronous clock source by writing data to the two bits of the
clock source selection registers SCS0 and SCS1. (See Table 4.11.4.1.)
This selection is not necessary in the slave mode.

The parity enable register EPR is also assigned to this address, however, since parity is not neces-
sary in the clock synchronous mode, parity check will not take place regardless of how they are
set.

(5) Clock source control

When the master mode is selected and programmable timer for the clock source is selected, set
transfer rate on the programmable timer side. (See "4.10 Programmable Timer".)

When the divided signal of OSC3 oscillation circuit is selected for the clock source, be sure that the
OSC3 oscillation circuit is turned ON prior to commencing data transfer. (See "4.3 Oscillation
Circuit".)

Note that the frequency of the serial interface clock is limited to a maximum of 2 MHz.

Data transmit procedure
The control procedure and operation during transmitting is as follows.

(1) Write "0" in the transmit enable register TXEN and the receive enable register RXEN to reset the

serial interface.

(2) Write "1" in the transmit enable register TXEN to set into the transmitting enable status.

(3) Write the transmitting data into TRXDO-TRXD?7.

(4) In case of the master mode, confirm the receive

(5) Write "1" in the transmit control bit TXTRG and

6

~

. . Data transmittin )
ready status on the slave side (external serial input/ ( 9
output device), if necessary. Wait until it reaches the [

receive ready status.

[ TXEN « 0, RXEN 0 |

. ] TXEN « 1 \
start transmitting. >
In the master mode, this control causes the synchro- Set transmitting data
nous clock to change to enable and to be provided to TRXDO-TRXD7

to the shift register for transmitting and output
from the SCLK terminal.

Receiver ready ? m
In the slave mode, it waits for the synchronous n case of master mode

I
Yes

clock to be input from the SCLK terminal.

The transmitting data of the shift register shifts one
bit at a time at each falling edge of the synchronous
clock and is output from the SOUT terminal. When
the final bit (MSB) is output, the SOUT terminal is
maintained at that level, until the next transmitting
begins.

The transmitting complete interrupt factor flag ISTR
is set to "1" at the point where the data transmitting |
of the shift register is completed. When interrupt (

End )

] TXEN « 0 \

has been enabled, a transmitting complete interrupt
is generated at this point.

Set the following transmitting data using this
interrupt.

Fig. 4.11.6.2 Transmit procedure in clock
synchronous mode

Repeat steps (3) to (5) for the number of bytes of
transmitting data, and then set the transmit disable
status by writing "0" to the transmit enable register
TXEN, when the transmitting is completed.
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Data receive procedure

(1) Write "0" in the receive enable register RXEN and

transmit enable register TXEN to reset the serial
interface.

(2) Write "1" in the receive enable register RXEN to set

into the receiving enable status.

(3) In case of the master mode, confirm the transmit ready

status on the slave side (external serial input/output
device), if necessary. Wait until it reaches the transmit
ready status.

(4) Write "1" in the receive control bit RXTRG and start

receiving.

In the master mode, this control causes the synchro-
nous clock to change to enable and is provided to the
shift register for receiving and output from the SCLK
terminal.

In the slave mode, it waits for the synchronous clock
to be input from the SCLK terminal. The received data
input from the SIN terminal is successively incorpo-
rated into the shift register in synchronization with the
rising edge of the synchronous clock.

At the point where the data of the 8th bit has been
incorporated at the final (8th) rising edge of the
synchronous clock, the content of the shift register is
sent to the receive data buffer and the receiving
complete interrupt factor flag ISRC is set to "1". When
interrupt has been enabled, a receiving complete
interrupt is generated at this point.

(5) Read the received data from TRXD0-TRXD7 using

receiving complete interrupt.

(6) Repeat steps (3) to (5) for the number of bytes of

receiving data, and then set the receive disable status
by writing "0" to the receive enable register RXEN,
when the receiving is completed.

The control procedure and operation during receiving is as follows.

( Data receiving )
l

[ RXEN « 0, TXEN 0 |

] RXEN « 1 \

Transmitter ready ? m
In case of master mode
Yes

RXTRG 1 |

Received data reading
from TRXDO-TRXD7

] RXEN « 0 \

)

Fig. 4.11.6.3 Receiving procedure in clock
synchronous mode
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Transmit/receive ready (SRDY) signal
When this serial interface is used in the clock synchronous slave mode (external clock input), an SRDY
signal is output to indicate whether or not this serial interface can transmit/receive to the master side
(external serial input/output device). This signal is output from the SRDY terminal and when this
interface enters the transmit or receive enable (READY) status, it becomes "0" (Low level) and be-
comes "1" (High level) when there is a BUSY status, such as during transmit/receive operation.
The SRDY signal changes the "1" to "0," immediately after writing "1" into the transmit control bit
TXTRG or the receive control bit RXTRG and returns from "0" to "1", at the point where the first
synchronous clock has been input (falling edge).
When you have set in the master mode, control the transfer by inputting the same signal from the
slave side using the input port or 1/0 port. At this time, since the SRDY terminal is not set and instead
P23 functions as the 1/0 port, you can apply this port for said control.

Timing chart
The timing chart for the clock synchronous system transmission is shown in Figure 4.11.6.4.

TXEN ] RXEN ]

TXTRG (RD)_ | L RXTRG (RD)__ | !

TXTRG (WR) N RXTRG (WR) I

SCLK mjum sox UUUUUUuUU

souT SN

Interrupt A TRXD 7F (it data
Interrupt +

(a) Transmit timing for master mode (c) Receive timing for master mode

TXEN ] RXEN ]

TXTRG(RD) | | RXTRG (RD) |

TXTRG (WR) I RXTRG (WR) I -

SCLK ﬁ m m m ﬂ m m m [7 SCLK
1 B 1) 7 2 (2 5 G A—
sout /6T 6AGR T o A, A

r TRXD 7F ‘ 1st dat: 7F
SRDY : X st data )
‘ SRDY L] i
Interrupt A 1
Interrupt ﬁ
(b) Transmit timing for slave mode (d) Receive timing for slave mode

Fig. 4.11.6.4 Timing chart (clock synchronous system transmission)
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4.11.7 Operation of asynchronous transfer

Asynchronous transfer is a mode that transfers by adding a start bit and a stop bit to the front and the
back of each piece of serial converted data. In this mode, there is no need to use a clock that is fully
synchronized clock on the transmit side and the receive side, but rather transmission is done while
adopting the synchronization at the start/stop bits that have attached before and after each piece of data.
The RS-232C interface functions can be easily realized by selecting this transfer mode.

This interface has separate transmit and receive shift registers and is designed to permit full duplex

transmission to be done simultaneously for transmitting and receiving.

For transfer data in the 7-bit asynchronous mode, either 7 bits data (no parity) or 7 bits data + parity bit
can be selected. In the 8-bit asynchronous mode, either 8 bits data (no parity) or 8 bits data + parity bit

can be selected.

Parity can be even or odd, and parity checking of received data and adding a party bit to transmitting
data will be done automatically. Thereafter, it is not necessary to be conscious of parity itself in the

program.

The start bit and stop bit are respectively fixed at one bit and data is transmitted and received by placing

the LSB (bit 0) at the front.

7bitdata  |s1[D0[D1[D2]D3[D4 [D5[D6]s2

7bit data

~ |s1[po[D1]D2[D3][D4[D5[D6][ p [s2

+parity

gbitdata  |s1[D0[D1[D2[D3[D4[D5[D6[D7[s2

8bit data

~ |s1[po[p1]D2[D3[D4[D5][D6[D7] p |s2

+parity

s1: Start bit (Low level, 1 bit)
s2 : Stop bit (High level, 1 bit)
p : Parity bit

Fig. 4.11.7.1 Transfer data configuration for asynchronous system

Here following, we will explain the control sequence and operation for initialization and transmitting /
receiving in case of asynchronous data transfer. See "4.11.8 Interrupt function" for the serial interface

interrupts.

Initialization of serial interface

The below initialization must be done in cases of asynchronous system transfer.

(1) Setting of transmitting/receiving disable

To set the serial interface into a status in which both transmitting and receiving are disabled, "0"
must be written to both the transmit enable register TXEN and the receive enable register RXEN.
Fix these two registers to a disable status until data transfer actually begins.

(2) Port selection

Because serial interface input/output terminals SIN and SOUT are set as 1/0 port terminals P20
and P21 at initial reset, "1" must be written to the serial interface enable register ESIF in order to

set these terminals for serial interface use.

SCLK and SRDY terminals set in the clock synchronous mode are not used in the asynchronous

mode. These terminals function as 170 port terminals P22 and P23.

(3) Setting of transfer mode

Select the asynchronous mode by writing the data as indicated below to the two bits of the mode

selection registers SMDO0 and SMD1.

7-bit mode: SMDO0 ="0", SMD1 = "1"
8-bit mode: SMDO0 ="1", SMD1 = "1"
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(4) Parity bit selection
When checking and adding parity bits, write "1" into the parity enable register EPR to set to "with
parity check”. As a result of this setting, in the 7-bit asynchronous mode, it has a 7 bits data +
parity bit configuration and in the 8-bit asynchronous mode it has an 8 bits data + parity bit
configuration.In this case, parity checking for receiving and adding a party bit for transmitting is
done automatically in hardware. Moreover, when "with parity check" has been selected, "odd" or
"even" parity must be further selected in the parity mode selection register PMD.
When "0" is written to the PMD register to select "without parity check" in the 7-bit asynchronous
mode, data configuration is set to 7 bits data (no parity) and in the 8-bit asynchronous mode (no
parity) it is set to 8 bits data (no parity) and parity checking and parity bit adding will not be done.

(5) Clock source selection
Select the clock source by writing data to the two bits of the clock source selection registers SCS0
and SCS1. (See Table 4.11.4.1.)

(6) Clock source control
When the programmable timer is selected for the clock source, set transfer rate on the programma-
ble timer side. (See "4.10 Programmable Timer".)
When the divided signal of OSC3 oscillation circuit is selected for the clock source, be sure that the
OSC3 oscillation circuit is turned ON prior to commencing data transfer. (See "4.3 Oscillation
Circuit".)

Data transmit procedure
The control procedure and operation during transmitting is as follows.

(1) Write "0" in the transmit enable register TXEN to reset the .
L Data transmitting

serial interface. |

(2) Write "1" in the transmit enable register TXEN to set into ’ TXEN < 0 ‘
the transmitting enable status. ‘

(3) Write the transmitting data into TRXDO-TRXD?7. ] TXEN « 1 \
Also, when 7-bit data is selected, the TRXD7 data be- —
comes invalid. Set transmitting data

) ) ) ) to TRXDO-TRXD7
(4) Write "1" in the transmit control bit TXTRG and start [

transmitting. ’ TXTRG < 1 ‘
This control causes the shift clock to change to enable and
a start bit (LOW) is output to the SOUT terminal in
synchronize to its rising edge. The transmitting data set
to the shift register is shifted one bit at a time at each
rising edge of the clock thereafter and is output from the
SOUT terminal. After the data output, it outputs a stop
bit (HIGH) and HIGH level is maintained until the next

start bit is output. ’ TXEI{‘T <0 ‘
The transmitting complete interrupt factor flag ISTR is set End
to "1" at the point where the data transmitting is com- n

pleted. When interrupt has been enabled, a transmitting
complete interrupt is generated at this point.
Set the following transmitting data using this interrupt.

Fig. 4.11.7.2 Transmit procedurein
asynchronous mode

G

~

Repeat steps (3) to (4) for the number of bytes of trans-
mitting data, and then set the transmit disable status by
writing "0" to the transmit enable register TXEN, when
the transmitting is completed.
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Data receive procedure
The control procedure and operation during receiving is as follows.

(1) Write "0" in the receive enable register ( . )
Data receiving
l

RXEN to set the receiving disable status
and to reset the respective PER, OER,

FER flags that indicate parity, overrun RXEN « 0

and framing errors. Resets error flags
(2) Write "1" in the receive enable register PER, OER and FER

RXEN to set into the receiving enable [

status. RXEN « 1

(3) The shift clock will change to enable
from the point where the start bit
(LOW) has been input from the SIN
terminal and the receive data will be
synchronized to the rising edge follow-
ing the second clock, and will thus be
successively incorporated into the shift

register.
After data bits have been incorporated,
the stop bit is checked and, if it is not

Received data reading
from TRXDO-TRXD7

Error processing

HIGH, it becomes a framing error and the [

error interrupt factor flag ISER is set to RXTRG < |
"1". When interrupt has been enabled, an
error interrupt is generated at this point.
When receiving is completed, data in

Receiving complete ?

the shift register is transferred to the Yes

receive data buffer and the receiving «

complete interrupt flag ISRC is set to ] RXEN « 0 \
"1". When interrupt has been enabled, a [

receiving complete interrupt is gener- ( End )
ated at this point. (When an overrun

error is generated, the interrupt factor

flag ISRC is not set to "1" and a receiv- Fig. 4.11.7.3 Receiving procedure in asynchronous mode
ing complete interrupt is not gener-
ated.)

If "with parity check" has been selected, a parity check is executed when data is transferred into the
receive data buffer from the shift register and if a parity error is detected, the error interrupt factor
flag is set to "1". When the interrupt has been enabled, an error interrupt is generated at this point just
as in the framing error mentioned above.

(4) Read the received data from TRXDO-TRXD?7 using receiving complete interrupt.

(5) Write "1" to the receive control bit RXTRG to inform that the receive data has been read out.
When the following data is received prior to writing "1" to RXTRG, it is recognized as an overrun
error and the error interrupt factor flag is set to "1". When the interrupt has been enabled, an error
interrupt is generated at this point just as in the framing error and parity error mentioned above.

(6) Repeat steps (3) to (5) for the number of bytes of receiving data, and then set the receive disable status
by writing "0" to the receive enable register RXEN, when the receiving is completed.
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Receive error
During receiving the following three types of errors can be detected by an interrupt.

(1) Parity error
When writing "1" to the EPR register to select "with parity check", a parity check (vertical parity
check) is executed during receiving. After each data bit is sent a parity check bit is sent. The parity
check bit is a"0" or a "1". Even parity checking will cause the sum of the parity bit and the other
bits to be even. Odd parity causes the sum to be odd. This is checked on the receiving side.
The parity check is performed when data received in the shift register is transferred to the receive
data buffer. It checks whether the parity check bit is a "1" or a "0" (the sum of the bits including the
parity bit) and the parity set in the PMD register match. When it does not match, it is recognized
as an parity error and the parity error flag PER and the error interrupt factor flag ISER is set to "1".
When interrupt has been enabled, an error interrupt is generated at this point.
The PER flag is reset to "0" by writing "1".
Even when this error has been generated, the received data corresponding to the error is trans-
ferred in the receive data buffer and the receive operation also continues.
The received data at this point cannot assured because of the parity error.

(2) Framing error
In asynchronous transfer, synchronization is adopted for each character at the start bit ("0") and
the stop bit ("1"). When receiving has been done with the stop bit set at "0", the serial interface
judges the synchronization to be off and a framing error is generated. When this error is gener-
ated, the framing error flag FER and the error interrupt factor flag ISER are set to "1". When
interrupt has been enabled, an error interrupt is generated at this point.
The FER flag is reset to "0" by writing "1".
Even when this error has been generated, the received data for it is loaded into the receive data
buffer and the receive operation also continues. However, even when it does not become a framing
error with the following data receipt, such data cannot be assured.
Even when this error has been generated, the received data corresponding to the error is trans-
ferred in the receive data buffer and the receive operation also continues. However, even when it
does not become a framing error with the following data receiving, such data cannot be assured.

(8) Overrun error
When the next data is received before "1" is written to RXTRG, an overrun error will be generated,
because the previous receive data will be overwritten. When this error is generated, the overrun
error flag OER and the error interrupt factor flag ISER are set to "1". When interrupt has been
enabled, an error interrupt is generated at this point. The OER flag is reset to "0" by writing "1"
into it.
Even when this error has been generated, the received data corresponding to the error is trans-
ferred in the receive data buffer and the receive operation also continues.
Furthermore, when the timing for writing "1" to RXTRG and the timing for the received data
transfer to the receive data buffer overlap, it will be recognized as an overrun error.
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Timing chart
Figure 4.11.7.4 show the asynchronous transfer timing chart.

TXEN ]
TXTRG(RD)
TXTRGWR) | N

sumeling 1 MUY U
clock

SouT | [po]p1]p2|ps|p4]ps|ps|o7] : |

(In 8-bit mode/Non parity) !

Interrupt *

(a) Transmit timing

RXEN |
RXTRG(RD) || ||
RXTRG(WR) } I 3
g (LA ALLL AL UL WU
clock
SIN | [oo[o1]oz]os]oalos[oelo7] | | [po[o1]oz[oa]oelos[os[o7] | | [oo]o1]pz[s[oalos|oelo7]
(In 8-bit mode/Non parity) | |
TRXD { 1st data { 2st data )
OER control signal ‘
OER : :
Interrupt 4 4 4

(b) Receive timing

Fig. 4.11.7.4 Timing chart (asynchronous transfer)

4.11.8 Interrupt function
This serial interface includes a function that generates the below indicated three types of interrupts.

e Transmitting complete interrupt
* Receiving complete interrupt
e Error interrupt

The interrupt factor flag 1Sxx and the interrupt mask register EISxx for the respective interrupt factors are
provided and then the interrupt can be disabled/enabled by the software.
Figure 4.11.8.1 shows the configuration of the serial interface interrupt circuit.
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Error generation ! Interrupt factor

flag ISER

Address

Interrupt mask
register EISER

Address

!V !

Receive completion —» Interrupt factor

flag ISRC

Address

Interrupt
request

Data bus

!V ! y

Interrupt mask
register EISRC

Address

Transmit completion —» Interrupt factor

flag ISTR

Address

Interrupt mask
register EISTR

!V ! y

Address

Fig. 4.11.8.1 Configuration of serial interface interrupt circuit

Transmit completion interrupt
This interrupt factor is generated at the point where the sending of the data written into the shift
register has been completed and sets the interrupt factor flag ISTR to "1". When set in this manner, if
the corresponding interrupt mask register EISTR is set to "1" and the CPU is set to interrupt enabled
status (I flag = "1"), an interrupt will be generated to the CPU.
When the interrupt mask register EISTR has been set to "0" and interrupt has been disabled, no
interrupt is generated to the CPU. Even in this case, the interrupt factor flag ISTR is set to "1".
The interrupt factor flag ISTR is reset to "0" by writing "1".
The following transmitting data can be set and the transmitting can be started (writing "1" to TXTRG)
after this interrupt factor occurs.

Receive completion interrupt
This interrupt factor is generated at the point where receiving has been completed and the receive
data incorporated into the shift register has been transferred into the receive data buffer and it sets the
interrupt factor flag ISRC to "1". When set in this manner, if the corresponding interrupt mask register
EISRC is set to "1" and the CPU is set to interrupt enabled status (I flag ="1"), an interrupt will be
generated to the CPU.
When the interrupt mask register EISRC has been set to "0" and interrupt has been disabled, no
interrupt is generated to the CPU. Even in this case, the interrupt factor flag ISRC is set to "1".
The interrupt factor flag ISRC is reset to "0" by writing "1".
The generation of this interrupt factor allows reading of the received data.
Also, the interrupt factor flag ISRC is set to "1" when a parity error or framing error is generated.

Error interrupt
This interrupt factor is generated at the point where a parity error, framing error or overrun error is
detected during receiving and it sets the interrupt factor flag ISER to "1". When set in this manner, if
the corresponding interrupt mask register EISER is set to "1" and the CPU is set to interrupt enabled
status (I flag ="1"), an interrupt will be generated to the CPU.
When the interrupt mask register EISER has been set to "0" and interrupt has been disabled, an
interrupt is not generated to the CPU. Even in this case, the interrupt factor flag ISER is set to "1".
The interrupt factor flag ISER is reset to "0" by writing "1".
Since all three types of errors result in the same interrupt factor, you should identify the error that has
been generated by the error flags PER (parity error), OER (overrun error) and FER (framing error).
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4.11.91/0 memory of serial interface

Table 4.11.9.1 show the serial interface control bits and their addresses.

Table 4.11.9.1 Serial interface control bits

Register
Address - Comment
D3 D2 D1 DO [ Name | Init 1 1 0
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
FF49H SCLK (I) pull-up control reglste-r
when SIF (clock sync. slave) is selected
PPL21 1 On Off | P21 pull-up control register (ESIF=0)
R/W 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
03 _#2 Unused [SMD1, 0] 0 1
0 SMD1 | SMDO | ESIF SMD1 0 Serial /F Mode Clk-sync. master Clk-sync. slave
FF70H . [SMD1, 0] 2 3
R RW SMDO 0 mode selection nfoe Async. 7-bit Async. 8-bit
ESIF 0 SIF I/0 | Serial I/F enable (P2x port function selection)
EPR Enable | Disable | Pari 1 is
er | pvo | scst | scso 0 nable | Disable ar?ty enable regn.ter
FE71H PMD 0 Odd Even | Parity mode selection
W SCSHt 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)
_#2 i 7
TRXD3 | TRXD2 | TRXD1 | TRXDO TRXD3 H!gh Low
TRXD2 -*2| High Low . . . .
FF74H ) Serial I/F transmit/receive data (low-order 4 bits)
AW TRXD1 -*2 | High Low
TRXDO -*2| High Low LSB
TRXD7 -*2| High L "] MSB
TRXD7 | TRXD6 | TRXD5 | TRXD4 !g o s
TRXD6 -*2| High Low . . . . .
FF75H ) Serial I/F transmit/receive data (high-order 4 bits)
W TRXD5 -*2 | High Low
TRXD4 -*2| High Low [
GPR33 0 1 Gi I- ist
GPR33 | EISER | EISTR | EISRC 0 | General-purpose register
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)
*3 —#2
o |ser | stR | src | 0 () | (R) | Unused ‘
FFF3H ISER 0 | Yes | No [Interrupt factor flag (Serial I/F error)
A 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)
*1 Initial value at initial reset
*2 Not set in the circuit
*3  Constantly "0" when being read
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ESIF: Serial interface enable register (P2 port function selection) (FF70H<DO)
Sets P20-P23 to the input/output port for the serial interface.

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

The ESIF is the serial interface enable register and P20-P23 terminals become serial input/output termi-
nals (SIN, SOUT, SCLK, SRDY) when "1" is written, and they become 1/0 port terminals when "0" is
written.

Also, see Table 4.11.3.2 for the terminal settings according to the transfer modes.

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

PPL20: SIN pull-up control register (FF49H+DO0)
PPL22: SCLK pull-up control register (FF49H+D2)
Sets the pull-up of the SIN terminal and the SCLK terminals (in the slave mode).

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

Sets the pull-up resistor built into the SIN (P20) and SCLK (P22) terminals to ON or OFF.

SCLK pull-up is effective only in the slave mode. In the master mode, the PPL22 register can be used as a
general purpose register.

At initial reset, these registers are set to "1" and the lines are pulled up.

SMDO, SMD1: Serial interface mode selection register (FF70H+D1, D2)
Set the transfer modes as shown in Table 4.11.9.2.

Table 4.11.9.2 Transfer mode settings

SMD1 SMDO Mode
1 1 8-bit asynchronous
1 0 7-bit asynchronous
0 1 Clock synchronous slave
0 0 Clock synchronous master

SMDO0 and SMD1 can also read out.
At initial reset, this register is set to "0".

SCSO0, SCS1: Clock source selection register (FF71H<DO, D1)
Select the clock source as shown in Table 4.11.9.3.

Table 4.11.9.3 Clock source selection

SCS1 SCS0 Clock source
1 1 Programmable timer
1 0 fosc3 /93
0 1 foscs /372
0 0 fosc3 / 186

SCS0 and SCS1 can also be read out.
In the clock synchronous slave mode, setting of this register is invalid.
At initial reset, this register is set to "0".
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EPR: Parity enable register (FF71HD3)
Selects the parity function.

When "1" is written: With parity
When "0" is written: Non parity
Reading: Valid

Selects whether or not to check parity of the received data and to add a parity bit to the transmitting data.
When "1" is written to EPR, the most significant bit of the received data is considered to be the parity bit
and a parity check is executed. A parity bit is added to the transmitting data. When "0" is written, neither
checking is done nor is a parity bit added.

Parity is valid only in asynchronous mode and the EPR setting becomes invalid in the clock synchronous
mode.

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

PMD: Parity mode selection register (FF71H+D2)
Selects odd parity/even parity.

When "1" is written: Odd parity
When "0" is written: Even parity
Reading: Valid

When "1" is written to PMD, odd parity is selected and even parity is selected when "0" is written. The
parity check and addition of a parity bit is only valid when "1" has been written to EPR. When "0" has
been written to EPR, the parity setting by PMD becomes invalid.

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

TXEN: Transmit enable register (FF72HDO0)
Sets the serial interface to the transmit enabled status.

When "1" is written: Transmit enabled
When "0" is written: Transmit disabled
Reading: Valid

When "1" is written to TXEN, the serial interface shifts to the transmit enabled status and shifts to the
transmit disabled status when "0" is written.

Set TXEN to "0" when making the initial settings of the serial interface and similar operations.

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

TXTRG: Transmit trigger/status (FF72H<D1)
Functions as the transmit start trigger and the operation status indicator (transmitting/stop status).

When "1" is read: During transmitting
When "0" is read: During stop

When "1" is written: Start transmitting
When "0" is written: Invalid

Starts transmitting when "1" is written to TXTRG after writing the transmitting data.

TXTRG can be read as the status. When set to "1", it indicates transmitting operation, and "0" indicates
transmitting stop.

At initial reset, TXTRG is set to "0".
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RXEN: Receive enable register (FF72HD2)
Sets the serial interface to the receive enabled status.

When "1" is written: Receive enabled
When "0" is written: Receive disabled
Reading: Valid

When "1" is written to RXEN, the serial interface shifts to the receive enabled status and shifts to the
receive disabled status when "0" is written.

Set RXEN to "0" when making the initial settings of the serial interface and similar operations.

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

RXTRG: Receive trigger/status (FF72H+D3)
Functions as the receive start trigger or preparation for the following data receiving and the operation
status indicator (during receivingZduring stop).

When "1" is read: During receiving
When "0" is read: During stop

When "1" is written: Start receiving/following data receiving preparation
When "0" is written: Invalid

RXTRG has a slightly different operation in the clock synchronous system and the asynchronous system.

The RXTRG in the clock synchronous system is used as the trigger for starting receive operation.

Write "1" into RXTRG to start receiving at the point where the receive data has been read and the
following receive preparation has been done. (In the slave mode, SRDY becomes "0" at the point where
"1" has been written into into the RXTRG.)

In the asynchronous system, RXTRG is used for preparation of the following data receiving. Read the
received data located in the receive data buffer and write "1" into RXTRG to inform that the receive data
buffer has shifted to empty. When "1" has not been written to RXTRG, the overrun error flag OER is set to
"1" at the point where the following receiving has been completed. (When the receiving has been com-
pleted between the operation to read the received data and the operation to write "1" into RXTRG, an
overrun error occurs.)

In addition, RXTRG can be read as the status. In either clock synchronous mode or asynchronous mode,
when RXTRG is set to "1", it indicates receiving operation and when set to "0", it indicates that receiving
has stopped.

At initial reset, RXTRG is set to "0".

TRXDO-TRXD7: Transmit/receive data (FF74H, FF75H)

During transmitting
Transmitting data is set.

When "1" is written: High level
When "0" is written: Low level

Write the transmitting data prior to starting transmition.

In the case of continuous transmitting, wait for the transmit completion interrupt, then write the data.
The TRXD7 becomes invalid for the 7-bit asynchronous mode.

Converted serial data for which the bits set at "1" as High (VDD) level and for which the bits set at "0" as
Low (Vss) level are output from the SOUT terminal.

During receiving
The received data is stored.

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

The data from the receive data buffer can be read out.
Since the sift register is provided separately from this buffer, reading can be done during a receive opera-
tion in the asynchronous mode. (The buffer function is not used in the clock synchronous mode.)
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Read the data after waiting for a receive completion interrupt.

When performing parity check in the 7-bit asynchronous mode, "0" is loaded into the 8th bit (TRXD7) that
corresponds to the parity bit.

The serial data input from the SIN terminal is level converted, making the High (VbD) level bit "1" and
the Low (Vss) level bit "0" and is then loaded into this buffer.

At initial reset, the buffer content is undefined.

OER: Overrun error flag (FF73H<DO0)
Indicates the generation of an overrun error.

When "1" is read: Error
When "0" is read: No error

When "1" is written: Reset to "0"
When "0" is written: Invalid

OER is an error flag that indicates the generation of an overrun error and becomes "1" when an error has
been generated.

An overrun error is generated when a receiving of data has completed prior to writing "1" to RXTRG in
the asynchronous mode.

OER is reset to "0" by writing "1".

OER is set to "0" at initial reset or when RXEN is set to "0".

PER: Parity error flag (FF73HD1)
Indicates the generation of a parity error.

When "1" is read: Error
When "0" is read: No error

When "1" is written: Reset to "0"
When "0" is written: Invalid

PER is an error flag that indicates the generation of a parity error and becomes "1" when an error has been
generated.

When a parity check is performed in the asynchronous mode, a parity error will be generated if data that
does not match the parity is received.

PER is reset to "0" by writing "1".

PER is set to "0" at initial reset or when RXEN is set to "0".

FER: Framing error flag (FF73H<D2)
Indicates the generation of a framing error.

When "1" is read: Error
When "0" is read: No error

When "1" is written: Reset to "0"
When "0" is written: Invalid

FER is an error flag that indicates the generation of a framing error and becomes "1" when an error has
been generated.

When the stop bit for the receiving in the asynchronous mode has become "0", a framing error is gener-
ated.

FER is reset to "0" by writing "1".

FER is set to "0" at initial reset or when RXEN is set to "0".
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EISRC, EISTR, EISER: Interrupt mask registers (FFE3H<DO, D1, D2)
Enables or disables the generation of an interrupt for the CPU.

When "1" is written: Enabled
When "0" is written: Disabled
Reading: Valid
EISRC, EISTR and EISER are interrupt mask registers that respectively correspond to the interrupt factors
for receivie completion, transmit completion and receive error. Interrupts set to "1" are enabled and

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

ISRC, ISTR, ISER: Interrupt factor flags (FFF3H<DO, D1, D2)
Indicates the serial interface interrupt generation status.

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

ISRC, ISTR and ISER are interrupt factor flags that respectively correspond to the interrupts for receivie
completion, transmit completion and receive error, and are set to "1" by generation of each factor.

Transmit completion interrupt factor is generated at the point where the data transmition of the shift
register has been completed.

Receive completion interrupt factor is generated at the point where the received data has been transferred
into the receive data buffer.

Receive error interrupt factor is generated when a parity error, framing error or overrun error has been
detected during data receiving.

When set in this manner, if the corresponding interrupt enable mask is set to "1" and the CPU is set to
interrupt enabled status (I flag = "1"), an interrupt will be generated to the CPU.

Regardless of the interrupt mask register setting, the interrupt factor flag will be set to "1" by the occurrence
of an interrupt generation condition.

The interrupt factor flag is reset to "0" by writing "1".

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

At initial reset, these flags are set to "0".
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4.11.10 Programming notes
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Be sure to initialize the serial interface mode in the transmit/receive disabled status (TXEN = RXEN =
"0").

Do not perform double trigger (writing "1") to TXTRG (RXTRG) when the serial interface is in the
transmitting (receiving) operation.

In the clock synchronous mode, since one clock line (SCLK) is shared for both transmitting and
receiving, transmitting and receiving cannot be performed simultaneously. (Half duplex only is
possible in clock synchronous mode.)

Consequently, be sure not to write "1" to RXTRG (TXTRG) when TXTRG (RXTRG) is "1".

When a parity error or flaming error is generated during receiving in the asynchronous mode, the
receiving error interrupt factor flag ISER is set to "1" prior to the receive completion interrupt factor
flag ISRC for the time indicated in Table 4.11.10.1. Consequently, when an error is generated, you
should reset the receiving complete interrupt factor flag ISRC to "0" by providing a wait time in error
processing routines and similar routines.

When an overrun error is generated, the receiving complete interrupt factor flag ISRC is not set to "1"
and a receiving complete interrupt is not generated.

Table 4.11.10.1 Time difference between ISER and ISRC on error generation

Clock source Time difference
fosc3/n 1/2 cycles of fosc3 /n
Programmable timer 1 cycle of timer 1 underflow

When the demultiplied signal of the OSC3 oscillation circuit is made the clock source, it is necessary
to turn the OSC3 oscillation ON, prior to using the serial interface.

A time interval of 5 msec, from the turning ON of the OSC3 oscillation circuit to until the oscillation
stabilizes, is necessary, due to the oscillation element that is used. Consequently, you should allow an
adequate waiting time after turning ON of the OSC3 oscillation, before starting transmitting/receiv-
ing of serial interface. (The oscillation start time will vary somewhat depending on the oscillator and
on the externally attached parts. Refer to the oscillation start time example indicated in Chapter 7,
"Electrical Chracteristics".)

At initial reset, the OSC3 oscillation circuit is set to OFF status.

Be aware that the maximum clock frequency for the serial interface is limited to 2 MHz.

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

4.12.1 Configuration of SVD circuit

The S1C63406/408 has a built-in SVD (supply voltage detection) circuit, so that the software can find
when the source voltage lowers.

Turning the SVD circuit ON/OFF and the SVD criteria voltage setting can be done with software.
Figure 4.12.1.1 shows the configuration of the SVD circuit.

T VoD

SVD circuit Detection output » SVDDT

A

| SVDON &>

Data bus

Vss SVDS3

Criteria voltage |
setting circuit SVDSO

Fig. 4.12.1.1 Configuration of SVD circuit

4.12.2 SVD operation

The SVD circuit compares the criteria voltage set by software and the supply voltage (VDD terminal-Vss
terminal) and sets its results into the SVDDT latch. By reading the data of this SVDDT latch, it can be
determined by means of software whether the supply voltage is normal or has dropped.

The criteria voltage can be set for the 16 types shown in Table 4.12.2.1 by the SVDS3-SVDSO0 registers.
When "0" is written to the SVDS3-SVDS0 register, the supply voltage detection voltage is set to 1.30 V.
When "8" is written to the SVDS3-SVDSO register, it is set to 2.10 V.

Table 4.12.2.1 Criteria voltage setting

SVDS3|SvDs2|svDs1|svDso Volct’;';”"’(‘v) SVDS3|svDs2|svDs1 |svDso Voﬁgézr'?v)
0 1 1 1 2.00 1 1 1 1 2.80
0 1 1 0 1.90 1 1 1 0 2.70
0 1 0 1 1.80 1 1 0 1 2.60
0 1 0 0 1.70 1 1 0 0 2.50
0 0 1 1 1.60 1 0 1 1 2.40
0 0 1 0 1.50 1 0 1 0 2.30
0 0 0 1 1.40 1 0 0 1 2.20
0 0 0 0 1.30 1 0 0 0 2.10

When the SVDON register is set to "1", source voltage or external voltage detection by the SVD circuit is
executed. As soon as the SVDON register is reset to "0", the result is loaded to the SVDDT latch and the
SVD circuit goes OFF.

To obtain a stable detection result, the SVD circuit must be ON for at least 100 psec. So, to obtain the SVD
detection result, follow the programming sequence below.

1. Set SVDON to "1"

2. Maintain for 100 usec minimum
3. Set SVDON to “0"

4. Read SVDDT

When the SVD circuit is ON, the IC draws a large current, so keep the SVD circuit off unless it is.
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4.12.3 1/0 memory of SVD circuit
Table 4.12.3.1 shows the 1/0 addresses and the control bits for the SVD circuit.
Table 4.12.3.1 Control bits of SVD circuit

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 1 0
SVDS3 0 SVD criteria voltage settin;
SVDS3 | SVDS2 | SVDS1 | SVDS0 SVDS2 0 [SVDS3-0] 0 g1 gz 3 4 5 6 7
FFO4H Voltage(V) 1.30 140 1.50 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
#3 — 2
0 0 |svoor|svbon 3*3 *2 gn““j
FFO5H nused
R AW SVDDT 0 Low | Normal | SVD evaluation data
SVDON 0 On Off | SVD circuit On/Off

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

*3  Constantly "0" when being read

SVDS3-SVDSO0: SVD criteria voltage setting register (FFO4H)
Criteria voltage for SVD is set as shown in Table 4.12.2.1.
At initial reset, this register is set to "0".

SVDON: SVD control (ON/OFF) register (FFO5H<D0)
Turns the SVD circuit ON and OFF.

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

When the SVDON register is set to "1", a source voltage detection is executed by the SVD circuit. As soon
as SVDON is reset to "0", the result is loaded to the SVDDT latch. To obtain a stable detection result, the
SVD circuit must be ON for at least 100 psec.

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

SVDDT: SVD data (FFO5HsD1)
This is the result of supply voltage detection.

When "0" is read: Supply voltage (VDD-Vss) > Criteria voltage
When "1" is read: Supply voltage (VDD-Vss) < Criteria voltage
Writing: Invalid

The result of supply voltage detection at time of SVDON is set to "0" can be read from this latch.
At initial reset, SVDDT is set to "0".

4.12.4 Programming notes

(1) To obtain a stable detection result, the SVD circuit must be ON for at least 100 psec. So, to obtain the
SVD detection result, follow the programming sequence below.

1. Set SVDON to "1"

2. Maintain for 100 usec minimum
3. Set SVDON to “0"

4. Read SVDDT

(2) The SVD circuit should normally be turned OFF because SVD operation increase current consump-
tion.
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4.13 Heavy Load Protection Function

4.13.1 Qutline of heavy load protection function

The S1C63406/408 has a heavy load protection function for when the battery load becomes heavy, such as
when an external lamp is lit or the buzzer is on (piezoelectric buzzer is driven). In such case, the heavy
load protection function is suitable.

The normal mode (heavy load protection function is off) changes to the heavy load protection mode
(heavy load protection function is on) when the software changes the mode to the heavy load protection
mode (HLMOD ="1").

Note: In the heavy load protection mode, more current is consumed than in the normal mode. Unless
necessary, do not select the heavy load protection mode with the software.

4.13.2 1/0 memory of heavy load protection function
Table 4.13.2.1 shows the 1/0 address and the control bit for the heavy load protection function.

Table 4.13.2.1 Control bit of heavy load protection function

Register
Address - Comment
D3 D2 D1 DO __ [ Name | Init *1 1 0
HLMOD 0 On Off | Heavy load protection
HLMOD| 0 WDEN |WDRST .
0+3 -2 Unused

FFO7TH WDEN 1 Enable | Disable | Watchdog timer enable

DRST#3| Reset | Reset | Invalid | Watchdog timer reset (writing)

R/W R RW w

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

HLMOD: Heavy load protection (FFO7H+D3)

Heavy load protection On/Off is controlled with this register.

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

The device enters the heavy load protection mode by writing "1" to HLMOD, and returns to the normal
mode by writing "0".
At initial reset, this register is set to "0".

4.13.3 Programming note
Be aware that current consumption increases in the heavy load protection mode.
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4.14 Interrupt and HALT/SLEEP

<Interrupt types>
The S1C63406/408 provides the following interrupt functions.

External interrupt:  Input port interrupt (4 systems)
Internal interrupt: + Watchdog timer interrupt (NMI, 1 system)
* Programmable timer interrupt (2 systems)
« Serial interface interrupt (3 systems)
* Timer interrupt (4 systems)
 Stopwatch timer interrupt (2 systems)

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

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

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

Figure 4.14.1 shows the configuration of the interrupt circuit.

Note: After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SPZ2 in the initialize routine.
Further, when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of
them is set, all the interrupts including NMI are masked and interrupts cannot be accepted until the
other one is set.

<HALT/SLEEP>

The S1C63406/408 has HALT and SLEEP functions that considerably reduce current consumption when
it is not necessary.

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

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

When the CPU enters SLEEP status as the result of the SLP instruction, the CPU stops its operation, the
OSC3 oscillation circuit and supplying the OSC1 clock to the divider and peripheral circuits. However,
the OSC1 oscillation circuit does not stop its oscillation.

Reactivating from SLEEP status can only be done by generation of an input port interrupt factor. There-
fore, set the following flag and the registers for the KOx port to be used to cancel SLEEP status before
executing the SLP instruction.

= Interrupt flag (I flag) = "1" (interrupts are enabled)

= Interrupt selection register SIKOx = "1" (the KOx input port interrupt is selected)

= Interrupt mask register EIKOx = "1" (the KOx input port interrupt is enabled)

= Noise rejector selection register KONR1-KONRO = "00" (noise rejector is bypassed)

When SLEEP status is canceled by an input interrupt, wait for oscillation to stabilize, then restart the CPU
operation (input port interrupt processing).

Refer to the "S1C63000 Core CPU Manual" for transition to the HALT/SLEEP status and timing of its
cancellation.
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Fig. 4.14.1 Configuration of the interrupt circuit

Program
counter
(low-order 4 bits)

INT
Interrupt request

SLEEP
cancelation

IE] Interrupt factor flag
I:] Interrupt mask register

Input comparison register

Interrupt selection register

S1C63406/408 TECHNICAL MANUAL

EPSON

105
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4.14.1 Interrupt factor

Table 4.14.1.1 shows the factors for generating interrupt requests.

The interrupt flags are set to "1" depending on the corresponding interrupt factors.
The CPU operation is interrupted when an interrupt factor flag is set to "1" if the following conditions are
established.

= The corresponding mask register is "1" (enabled)
= The interrupt flag is "1" (El)

The interrupt factor flag is reset to "0" when "1" is written.
At initial reset, the interrupt factor flags are reset to "0".

0 Since the watchdog timer's interrupt is NMI, the interrupt is generated regardless of the setting above,
and no interrupt factor flag is provided.

Table4.14.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Programmable timer 1 (counter = 0) IPTI1 (FFF2H+D1)
Programmable timer O (counter = 0) IPTO (FFF2H+D0)
Serial interface (receive error) ISER (FFF3H*D2)
Serial interface (receive completion) ISRC (FFF3H+DO)
Serial interface (transmit completion) ISTR (FFF3HD1)
KO3 input (falling edge or rising edge) 1K03 (FFFBH*D3)
K02 input (falling edge or rising edge) 1K02 (FFFBH+D2)
KO1 input (falling edge or rising edge) 1KO1 (FFFBH*D1)
KO0 input (falling edge or rising edge) 1K00 (FFFBH*DO0)
Clock timer 1 Hz (falling edge) 1T3 (FFF6H+D3)
Clock timer 2 Hz (falling edge) T2 (FFF6HD2)
Clock timer 8 Hz (falling edge) IT1 (FFF6H-D1)
Clock timer 32 Hz (falling edge) 1TO (FFF6H+D0)
Stopwatch timer (1 Hz) ISW1 (FFF7H*D1)
Stopwatch timer (10 Hz) ISW10  (FFF7HD0)

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

The interrupt factor flags can be masked by the corresponding interrupt mask registers.

The interrupt mask registers are read/write registers. They are enabled (interrupt authorized) when "1" is
written to them, and masked (interrupt inhibited) when "0" is written to them.
At initial reset, the interrupt mask register is set to "0".

Table 4.14.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.14.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EIPT1 (FFE2H+D1) IPT1 (FFF2HD1)
EIPTO (FFE2H+D0) IPTO (FFF2H+D0)
EISER (FFE3H+D2) ISER (FFF3H+D2)
EISRC (FFE3H+DO0) ISRC (FFF3H+D0)
EISTR (FFE3H+D1) ISTR (FFF3H+D1)
EIK03 (FFEBH+D3) | IKO03 (FFFBH*D3)
EIK02 (FFEBH+D2) | 1K02 (FFFBH*D2)
EIKO1 (FFEBH-D1) | IKOI1 (FFFBH+D1)
EIK00 (FFEBH-DO0) | IK00 (FFFBH*DO0)
EIT3 (FFE6H-D3) T3 (FFF6H+D3)
EIT2 (FFE6H+D2) T2 (FFF6HD2)
EIT1 (FFE6H*D1) IT1 (FFF6HD1)
EITO (FFE6H-DO0) ITO (FFF6HD0)
EISW1 (FFE7H+D1) ISW1 (FFF7HD1)
EISW10 (FFE7H+D0) ISW10 (FFF7HD0)

4.14.3 Interrupt vector

When an interrupt request is input to the CPU, the CPU begins interrupt processing. After the program
being executed is terminated, the interrupt processing is executed in the following order.

1
2

Table 4.14.3.1 shows the correspondence of interrupt requests and interrupt vectors.

The four low-order bits of the program counter are indirectly addressed through the interrupt request.

The content of the flag register is evacuated, then the | flag is reset.

The address data (value of program counter) of the program to be executed next is saved in the stack

area (RAM).

The interrupt request causes the value of the interrupt vector (0100H-010AH) to be set in the program

counter.

The program at the specified address is executed (execution of interrupt processing routine by

software).

Table 4.14.3.1 Interrupt request and interrupt vectors

Interrupt vector Interrupt factor Priority
0100H Watchdog timer High
0102H Programmable timer ?
0104H Serial interface
0106H KO00-KO03 input
0108H Clock timer v
010AH Stopwatch timer Low
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4.14.41/0O memory of interrupt

Table 4.14.4.1 shows the 1/0 addresses and the control bits for controlling interrupts.

Table 4.14.4.1 Control bhits of interrupt

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init [l 1 0
SIK03 | SIK02 | SIKO1 | SIK0O SIKo3 0 Enable | Disable |
FF54H SIK02 0 Enable | Disable K00-KO3 interrupt selection register
SIK01 0 Enable | Disable
RW SIK00 0 Enable | Disable |_|
KCPO03 | KCP02 | KCPO1 | KCP0OO Egggz ?I j{ ? A A A
FF55H KCPO1 1 1 Ia K00-KO03 input comparison register
RIW KCPOO | 1 I
GPR23 0 1 0 General-purpose register
GPR23 | GPR22 | EIPT1 | EIPTO GPR22 0 1 0 General-purpose register
FFE2H EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
RIW EIPTO 0 Enable | Mask |Interrupt mask register (Programmable timer 0)
epras | miser | misTR | BISRG GPR33 0 1 0 | General-purpose refgister A
FFE3H EISER 0 Enable | Mask | Interrupt mask register (Serial I/F error)
RIW 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 BTt EITO EIT2 0 Enable | Mask |Interrupt mask register (Clock timer 2 Hz)
FFEGH EIT1 0 Enable | Mask |Interrupt mask register (Clock timer 8 Hz)
RW EITO 0 Enable | Mask |Interrupt mask register (Clock timer 32 Hz)
GPR73 0 1 0 General-purpose register
GPR73 | GPR72 | EISW1 | EISW10 GPR72 0 1 0 General-purpose register
FFETH EISW1 0 Enable | Mask |Interrupt mask register (Stopwatch timer 1 Hz)
RIW EISW10 0 Enable | Mask |Interrupt mask register (Stopwatch timer 10 Hz)
EIK03 0 Enable | Mask |Interrupt mask register (K03)
EIKO3 | EIKO2 | EIKO1 | EIKOO EIK02 0 Enable | Mask |Interrupt mask register (K02)
FFEBH EIKO1 0 Enable | Mask |Interrupt mask register (KO1)
RW EIK00 0 Enable | Mask |Interrupt mask register (K0O)
008 -2| (R) (R) | Unused
0 0 IPT1 IPTO 0B ~2| Yes | No |Unused
FFF2H IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
R RIW IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)
o |ser | st [ sre | 0P|~ R R fUnused ‘
FFF3H ISER 0 | _Yes | No |Interrupt factor flag (Serial I/F error)
R RIW 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)
I3 I2 It 10 IT2 0 Yes No | Interrupt factor flag (Clock timer 2 Hz)
FFFeH Im o [ iVKl)ﬁ D i\;VS N Interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
008 -2| (R) (R) | Unused
0 0 ISW1 | ISW10 008 ~2| Yes | MNo |Unused
FFF7H ISW1 0 (W) (W) | Interrupt factor flag (Stopwatch timer 1 Hz)
R RW ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)
K03 0 (R) (R) | Interrupt factor flag (K03)
K03 IKG2 KO K00 K02 0 | Ygg s 7!\!07 _ | Interrupt factor flag (K02)
FFFBH IK01 0 (W) (W) | Interrupt factor flag (KO1)
RIW 1K00 0 Reset | Invalid | Interrupt factor flag (K0O)

*1 TInitial 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 (Interrupt and HALT/SLEEP)

EIPT1, EIPTO:
IPT1, IPTO:

EISER, EISTR, EISRC:
ISER, ISTR, ISRC:

KCPO0O3-KCPOO:
SIK03-SIK00:
EIKO3-EIKOO:

IKO3-IK0O0:

EIT3-EITO:
IT3-ITO:

EISW1, EISW10:
ISW1, ISW10:

4.14.5 Programming notes

Interrupt mask registers (FFE2H<D1, DO)
Interrupt factor flags (FFF2H<D1, DO)
Refer to Section 4.10, "Programmable Timer".

Interrupt mask registers (FFE3H*D2-D0)
Interrupt factor flags (FFF3H+sD2-DO0)
Refer to Section 4.11, "Serial Interface".

Input comparison registers (FF55H)
Interrupt selection registers (FF54H)
Interrupt mask registers (FFEBH)
Interrupt factor flags (FFFBH)

Refer to Section 4.4, "Input Ports".

Interrupt mask registers (FFE6H)
Interrupt factor flags (FFF6H)
Refer to Section 4.8, "Clock Timer".

Interrupt mask registers (FFE7HD1, DO)
Interrupt factor flags (FFF7H<D1, DO)
Refer to Section 4.9, "Stopwatch Timer".

(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt

mask registers are set to "0".

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

interrupt enabled state.

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

(4) Reactivating from SLEEP status can only be done by generation of an input port interrupt factor.
Therefore, set the following flag and the registers for the KOx port to be used to cancel SLEEP status
before executing the SLP instruction.
= Interrupt flag (I flag) = "1" (interrupts are enabled)
= Interrupt selection register SIKOx = "1" (the KOx input port interrupt is selected)
= Interrupt mask register EIKOx = "1" (the KOx input port interrupt is enabled)
= Noise rejector selection register KONR1-KONRO = "00" (noise rejector is bypassed)
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CHAPTER S5 SumMMARY oF NOTES

5.1 Notesfor Low Current Consumption

The S1C63406/408 contains control registers for each of the circuits so that current consumption can be
reduced.

These control registers reduce the current consumption through programs that operate the circuits at the
minimum levels.

The following lists the circuits that can control operation and their control registers. Refer to these when
programming.

Table5.1.1 Circuits and control registers

Circuit (and item) Control register
CPU HALT instruction
CPU operating frequency CLKCHG, OSCC
Internal logic system voltage regulator VDC1, VDCO
LCD system voltage circuit LPWR, VCCHG
SVD circuit SVDON
Heavy load protection HLMOD

Refer to Chapter 7, "Electrical Characteristics" for current consumption.

Below are the circuit statuses at initial reset.
CPU: Operating status

CPU operating frequency: Low speed side (CLKCHG ="0")
OSC3 oscillation circuit is in OFF status (OSCC = "0")

Internal logic system voltage regulator: Low speed side 1.1 V (VDC1-VDCO0 = "0H")

LCD system voltage circuit: OFF status (LPWR ="0")
Vs2 standard (VCCHG = "1") when VbD is 2.5 V or more

SVD circuit: OFF status (SVDON = "0")
Heavy load protection: OFF status (HLMOD = "0")

The reset circuit increases current consumption. In particular, current consumption in reset status will be
greatly increased. See Chapter 7, "Electrical Characteristics”, for details. Also, be careful about panel
selection because the current consumption can differ by the order of several pA on account of the LCD
panel characteristics.
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5.2 Summary of Notes by Function

Here, the cautionary notes are summed up by function category. Keep these notes well in mind when
programming.

Memory and stack

(1) Memory is not implemented in unused areas within the memory map. Further, some non-implemen-
tation areas and unused (access prohibition) areas exist in the display memory area and the peripheral
170 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 1/0 memory maps shown
in Tables 4.1.1 (a)—(d) for the peripheral 1/0 area.

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

(3) The S1C63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
16-bit data are accessed in stack handling by SP1, therefore, this stack area should be allocated to the
area where 4-bit/16-bit access is possible (0100H to 01FFH). The stack pointers SP1 and SP2 change
cyclically within their respective range: the range of SP1 is 0000H to 03FFH and the range of SP2 is
0000H to O0FFH. Therefore, pay attention to the SP1 value because it may be set to 0200H or more
exceeding the 4-bit/16-bit accessible range in the S1C63406/408 or it may be set to 00FFH or less.
Memory accesses except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.

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

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

Oscillation circuit
(1) When switching the CPU system clock from OSC1 to OSC3, first set VD1. After that maintain 2.5 msec
or more, and then turn the OSC3 oscillation ON.

When switching from OSC3 to OSC1, set VD1 after switching to OSC1 and turning the OSC3 oscilla-
tion OFF.

(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) The S1C63406/408 supports the SLEEP function. The OSC3 oscillation circuit stops in the SLEEP
mode. The OSC1 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.

Input port
(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.
10xC xR
C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull-up resistance 300 kQ
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(2) Be sure to turn the noise rejector OFF before executing the SLP instruction.

(3) Reactivating from SLEEP status can only be done by generation of an input interrupt factor. Therefore
when using the SLEEP function, it is necessary to set the interrupt selection register (SIKOx ="1") of
the port to be used for releasing SLEEP status before executing the SLP instruction. Furthermore,
enable the input port interrupt using the corresponding interrupt mask register (EIKOx = "1") before
executing the SLP instruction to run input interrupt handler routine after SLEEP status is released.

(4) Each input port (K00-KO03) has a different interrupt factor, thus the input interrupt is controlled
individually. Be aware that this interrupt configuration is different from that of the previous models.

(5) The K03 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 K03 terminal is
set to the clock input terminal for the programmable timer, take care of the interrupt setting.

Output port
(1) When using the output port (R12, R13) as the special output port, fix the data register (R12, R13) at

"1". Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R12 and R13 registers when the special output has been selected.

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

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

I/O port
When I/0 ports are changed from low to high by pull-up resistor in the input mode, the rise of the
waveform is delayed on account of the time constant of the pull-up resistor and input gate capaci-
tance. Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xC xR
C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull-up resistance 300 kQ

LCD driver

(1) Current consumption will be increased for a cycle of 1 kHz to stabilize the LCD power quickly after
setting LPWR on.

(2) When a program that access no memory mounted area shown below is made, the operation is not
guaranteed.
S1C63406: FO78H-FOFFH, F101H, F103H, - - -, F177H
S1C63408: FO78H-FOFFH, F178H-F1FFH, F201H, F203H, - - -, F277H

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

Clock timer

(1) Be sure to read timer data in the order of low-order data (TM0-TM3) then high-order data (TM4-TM7).

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

Stopwatch timer

(1) When data of the counter is read at run mode, perform the reading after suspending the counter once
and then set SWRUN to "1" again. Moreover, it is required that the suspension period not exceed 976
usec (174 cycle of 256 Hz).

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

(1) When reading counter data, be sure to read the low-order 4 bits (PTD00-PTDO03, PTD10-PTD13) first.
Furthermore, the high-order 4 bits (PTD04-PTDO07, PTD14-PTD17) should be read within 0.73 msec
(when fosc1 is 32.768 kHz) of reading the low-order 4 bits (PTD00-PTDO03, PTD10-PTD13).

(2) The programmable timer actually enters RUN/STOP status in synchronization with the falling edge of
the input clock after writing to the PTRUNO/PTRUNL1 register. Consequently, when "0" is written to the
PTRUNO/PTRUNL1 register, the timer enters STOP status at the point where the counter is decremented
(-1). The PTRUNO/PTRUNL1 register maintains "1" for reading until the timer actually stops.

Figure 5.2.1 shows the timing chart for the RUN/STOP control.

Input clock

PTRUNO/PTRUN1 (RD) __|
"1" (RUN) "0" (STOP)
PTRUNO/PTRUN1 (WR)__ [} writing [Y writing

PTDOX/PTD1X 42H  J41H)40H)3FH)3EH) 3DH
Fig. 5.2.1 Timing chart for RUN/STOP control

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

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

(5) For the reason below, pay attention to the reload data write timing when changing the interval of the
programmable timer interrupts while the programmable timer is running.
The programmable timer counts down at the falling edge of the input clock and at the same time it
generates an interrupt if the counter underflows. Then it starts loading the reload data to the counter
and the counter data is determined at the next rising edge of the input clock (period shown in as [ in
the figure).
— 0

Input clock } 1 } 1 } 1

Counter data g
(continuous mode) 931 J o2t Y\ otH J ooH [ YesH{ 24H Y (Reload data = 25H)

Underflow (interrupt is generated) Counter data is determined by reloading.

Fig. 5.2.2 Reload timing for programmable timer

To avoid improper reloading, do not rewrite the reload data after an interrupt occurs until the counter
data is determined including the reloading period 0. Be especially careful when using the OSC1 (low-
speed clock) as the clock source of the programmable timer and the CPU is operating with OSC3
(high-speed clock).

Serial interface

(1) Be sure to initialize the serial interface mode in the transmit/receive disabled status (TXEN = RXEN =
"0").

(2) Do not perform double trigger (writing "1") to TXTRG (RXTRG) when the serial interface is in the
transmitting (receiving) operation.

(3) In the clock synchronous mode, since one clock line (SCLK) is shared for both transmitting and
receiving, transmitting and receiving cannot be performed simultaneously. (Half duplex only is
possible in clock synchronous mode.)

Consequently, be sure not to write "1" to RXTRG (TXTRG) when TXTRG (RXTRG) is "1".
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(4) When a parity error or flaming error is generated during receiving in the asynchronous mode, the
receiving error interrupt factor flag ISER is set to "1" prior to the receive completion interrupt factor
flag ISRC for the time indicated in Table 5.2.1. Consequently, when an error is generated, you should
reset the receiving complete interrupt factor flag ISRC to "0" by providing a wait time in error process-
ing routines and similar routines.

When an overrun error is generated, the receiving complete interrupt factor flag ISRC is not set to "1"
and a receiving complete interrupt is not generated.

Table 5.2.1 Time difference between I SER and ISRC on error generation

Clock source Time difference
fosc3/n 1/2 cycles of fosc3 / n
Programmable timer 1 cycle of timer 1 underflow

(5) When the demultiplied signal of the OSC3 oscillation circuit is made the clock source, it is necessary
to turn the OSC3 oscillation ON, prior to using the serial interface.
A time interval of 5 msec, from the turning ON of the OSC3 oscillation circuit to until the oscillation
stabilizes, is necessary, due to the oscillation element that is used. Consequently, you should allow an
adequate waiting time after turning ON of the OSC3 oscillation, before starting transmitting/receiv-
ing of serial interface. (The oscillation start time will vary somewhat depending on the oscillator and
on the externally attached parts. Refer to the oscillation start time example indicated in Chapter 7,
"Electrical Chracteristics".)
At initial reset, the OSC3 oscillation circuit is set to OFF status.

(6) Be aware that the maximum clock frequency for the serial interface is limited to 2 MHz.

SVD circuit
(1) To obtain a stable detection result, the SVD circuit must be ON for at least 100 psec. So, to obtain the
SVD detection result, follow the programming sequence below.
1. Set SVDON to "1"
2. Maintain for 100 psec minimum
3. Set SVDON to "0"
4. Read SVDDT

(2) The SVD circuit should normally be turned OFF because SVD operation increase current consump-
tion.

Heavy load protection function
Be aware that current consumption increases in the heavy load protection mode.

Interrupt

(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt
mask registers are set to "0".

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

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

(4) When using the SLEEP function, set the following flag and the registers for the KOx port to be used to
cancel SLEEP status before executing the SLP instruction.
= Interrupt flag (I flag) = "1" (interrupts are enabled)
= Interrupt selection register SIKOx = "1" (the KOx input port interrupt is selected)
= Interrupt mask register EIKOx = "1" (the KOx input port interrupt is enabled)
= Noise rejector selection register KONR1-KONRO = "00" (noise rejector is bypassed)
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5.3 Noteson Mounting

<Oscillation Circuit>

e Oscillation characteristics change depending on conditions (board pattern, components used, etc.).
In particular, when a ceramic oscillator or crystal oscillator is used, use the oscillator manufacturer's
recommended values for constants such as capacitance and resistance.

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

(1) Components which are connected to the OSC1, OSC2, OSC3 and Sample Vss pattern (OSC3)
OSC4 terminals, such as oscillators, resistors and capacitors, should
be connected in the shortest line.

(2) As shown in the right hand figure, make a Vss pattern as large as 0SC4
possible at circumscription of the OSC1, OSC2, OSC3 and OSC4 T 05C3
terminals and the components connected to these terminals.

Furthermore, do not use this Vss pattern for any purpose other than :gss

the oscillation system.

e Inorder to prevent unstable operation of the oscillation circuit due to current leak between OSC1/
OSC3 and Vb, please keep enough distance between OSC1/0SC3 and Vbp or other signals on the
board pattern.

<Reset Circuit>

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

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

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

(1) The power supply should be connected to the Vbp and Vss terminal with patterns as short and
large as possible.

(2) When connecting between the Vbb and Vss terminals with a bypass capacitor, the terminals
should be connected as short as possible.

Bypass capacitor connection example

VDD VDD

-
Vss Vss

(3) Components which are connected to the Vb1 and Vci-Vcs terminals, such as capacitors and
resistors, should be connected in the shortest line.
In particular, the Vci-Vcs voltages affect the display quality.

e Do not connect anything to the Vci-Vcs terminals when the LCD driver is not used.
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<Arrangement of Signal Lines>

e Inorder to prevent generation of electromagnetic induction noise
caused by mutual inductance, do not arrange a large current signal line
near the circuits that are sensitive to noise such as the oscillation unit.

e When asignal line is parallel with a high-speed line in long distance or
intersects a high-speed line, noise may generated by mutual interfer-
ence between the signals and it may cause a malfunction.

Do not arrange a high-speed signal line especially near circuits that are
sensitive to noise such as the oscillation unit.

Prohibited pattern example

—(—|OSC4
—{—]OSC3

{{Vss

IHWDTH

Large current signal line
High-speed signal line

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

e Visible radiation causes semiconductor devices to change the electrical characteristics. It may cause
this IC to malfunction. When developing products which use this IC, consider the following precau-

tions to prevent malfunctions caused by visible radiations.

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

in actual use.

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

radiation.

(3) As well as the face of the IC, shield the back and side too.
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cHAPTER 6 Basic ExTERNAL WIRING Di1AGRAM

LCD panel 60 x9 (S1C63406)
60 x 17 (S1C63408)
3 3 2 22
w—0O —0 =
»n uw 8 8 @) CA———mm
@) O C1
—_ cB —
© ©
g cC———
o) L e
Input Koo 9 9 CE
(2N | =Cs
|:> KO1 -~ = CF
K02 TEST
KO3 (EVIN) VDD N
S1C63406/408 T
. 4
output | [ R10 [The potential of the substrate Vbt
<:| R11 (back of the chip) is Vss.] Vosc —ON.C
R12 (TOUT)
R13 (FOUT) OSC1
1.3V
/O P20 (SIN) 0SC2 - |
<:> p2t1(¢ouny 2 36V
P22 (SCLK) 0OSC3 W W‘i %!
P23 (SRDY) =1 | é‘
0sC4 77)(7ta7|27 7(}'DC 'L,fl
*3 *,
RESET O—s
CRES]
6838 Vss
>>>>
l l l #]: OSCI crystal oscillation
1 #2: OSC1 CR oscillation
ol o o o #3: OSC3 ceramic or crystal oscillation
o JJJ #4: OSC3 CR oscillation
X'tall  [Crystal oscillator 32.768 kHz, C1 (Max.) = 34 kQ
Cax Trimmer capacitor 5-25 pF
RCR1 Resistor for OSC1 CR oscillation |680 k€ (60 kHz)
CR Ceramic oscillator 3.58 MHz
X'tal2 |Crystal oscillator 4 MHz
Cac Gate capacitor 30 pF (ceramic), 15 pF (cryctal)
Cbc Drain capacitor 30 pF (ceramic), 15 pF (cryctal)
RcRr2  |Resistor for OSC3 CR oscillation |820 Q (2 MHz, VD1 = 1.5 V)
C1-Cs |Capacitor 0.1 uF
Ccp Capacitor 33 uF
CRes |RESET terminal capacitor 0.47 uF (0.01 uF when the internal reset circuit is used)
Note: The above table is simply an example, and is not guaranteed to work.
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CHAPTER / ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

(Vss=0V)
Item Symbol Rated value Unit
Supply voltage VDD -0.5t04.7 v
Input voltage (1) VI -0.5 to VbD + 0.3 \Y
Input voltage (2) Viosc -0.5to Vb1 + 0.3 \4
Permissible total output current *1|XIvDD 10 mA
Operating temperature Topr -40 to 85 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
Permissible dissipation *2 Pp 250 mW

*] The permissible total output current is the sum total of the current (average current) that simultaneously flows from the
output pin (or is drawn in).
#2 In case of plastic package.

7.2 Recommended Operating Conditions

(Ta=-40 to 85°C)

Item Symbol Condition Min. Typ. | Max. |Unit
Supply voltage VbpD Vss=0V, OSC3=0FF, OSC1=80kHz Max. 1.3 3.6 v
Vss=0V, OSC3=700kHz Max. 14 3.6 \4
Vss=0V, OSC3=2.2MHz Max. 1.6 3.6 v
Vss=0V, OSC3=4.2MHz Max. 1.8 3.6 \4
Oscillation frequency fosci  |Crystal oscillation 30 32.768 80 kHz
CR oscillation 30 60 80 kHz
foscs Vbp=1.4-3.6V, CR oscillation 30 500 700 | kHz
VbpDp=1.6-3.6V, CR oscillation 0.03 1 2.2 |MHz
Vpp=1.8-3.6V, CR oscillation 0.03 2 4.2 |MHz
VbpD=1.8-3.6V, Ceramic oscillation 0.03 3.58 4.2 |MHz
VbpD=1.8-3.6V, Crystal oscillation 0.03 4 4.2 |MHz
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7.3 DC Characteristics

Unless otherwise specified: VDp=3.6V, Vss=0V, Ta=25°C, Vb1/Vosc/Vc1/Vc2/Vca/Vcs are internal voltage, C1—Cs=0.1uF

Item Symbol Condition Min. Typ. | Max. | Unit
High level input voltage VIH KOx 0.8-VpD VbpD )\
Low level input voltage ViL KOx 0 0.2-Vpp| V
High level schmitt input voltage | VT+ P2x, RESET, TEST 0.5-VDD 0.9-Vpp| V
Low level schmitt input voltage |VT- P2x, RESET, TEST 0.1-VpD 0.5-Vpbp| V
Input leak current ILH KOx, P2x, RESET, TEST| -1.0 1.0 A
I KOx, P2x -1.0 1.0 UA
Input pull-up resistance RIN KOx, P2x, RESET, TEST| 100 300 500 | kQ
Input terminal capacitance CIN VIN=0V, {=32kHz KOx, P2x 15 pF
High level output current *1 Ton VoH1=0.9-Vpp, VbD=1.3V|R1x, P2x -0.3 | mA
Low level output current *1 ToL VoL1=0.1-Vpp, Vbp=1.3V |R1x, P2x 0.3 mA
Output leak current ILoH R1x, P2x -1.0 1.0 HA
IroL R1x, P2x -1.0 1.0 UA
Common output current IcoMH | VoH2=V5-0.05V COMx -25 UA
IcoML | VoL2=Vss+0.05V 25 UA
Segment output current ISEGH | VoH3=V(5-0.05V SEGxx -10 HA
ISEGL | VoL3=Vss+0.05V 10 UA

*] See the characteristic curve as reference for the actual output current value.

VDD <
=)
5 Y A
@)
>
0 VT- - VT+ VDD
VIN [V]

High-level output current characteristic (reference value) Low-level output current characteristic (reference value)

VoD - VoH [V]
1.0 0.8 0.6 0.4 02 0.0 20 Ta = 25°C, Typ. value
Vob=1.3V 0 18 Vop=3.6V
-2
16 Vbop=25V
“ 14
< <12
£ £
6 = =10
Vbp=25V 3 3 g /
8 6 /
v
10 4 //
Vob=3.6V 2 Vob =13V
-12 0

0.0 0.2 0.4 0.6 0.8 1.0

Ta = 25°C, Typ. value
P VoL [V]

Note: Make sure that the output current does not exceed the maximum rating permissible of total output
current.
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7.4 Analog Circuit Characteristics and Power Current Consumption

LCD driver
Unless otherwise specified:
VbpD=3.6V, Vss=0V, fosc1=32.768kHz, CG=5pF, Ta=25°C, VD1/Vosc/Vc1/Vc2/Vca/Vcs are internal voltage, C1—Cs=0.1uF

Item Symbol Condition Min. Typ. | Max. |Unit

LCD drive voltage Vci Connect 1 MQ load resistor LC0-3="0" 0.98 v
(when Vci1 standard is selected) between Vss and Vci1 LC0-3="1" 0.99
(without panel load) LC0-3="2" 1.01
LC0-3="3" 1.02
LC0-3="4" 1.04
LC0-3="5" 1.05
LC0-3="6" 1.07

LC0-3="7" | Typ. | 108 | Typ.
LC0-3="8" | x0.88 | 1.10 | xI.12

LC0-3="9" 1.11
LC0-3="10" 1.13
LC0O-3="11" 1.14
LC0-3="12" 1.16
LC0-3="13" 1.17
LC0-3="14" 1.19
LC0-3="15" 1.20
Vc2 Connect 1 MQ load resistor between Vss and Vc2 2-Vci 2-Vci | V
(without panel load) x0.9
Vca Connect 1 MQ load resistor between Vss and Vc4 3-Vci 3-Vci \%
(without panel load) x0.9
Vs Connect 1 MQ load resistor between Vss and Vcs 4-Vci 4-Vc1 | V
(without panel load) x0.9
LCD drive voltage Vci Connect 1 MQ load resistor between Vss and Vci 1/2-Vc2 1/2-Ve2| V
(when V2 standard is selected) (without panel load) x0.95 +0.1
Vc2 Connect 1 MQ load resistor LC0-3="0" 1.95 \%
between Vss and Vc2 LC0-3="1" 1.98
(without panel load) LC0O-3="2" 2.01
LC0-3="3" 2.04
LC0-3="4" 2.07
LC0-3="5" 2.10
LC0-3="6" 2.13

LC0-3="7" | Typ. | 2.16 | Typ.
LC0-3="8" | x0.88 | 2.19 | x1.12

LC0-3="9" 2.22
LC0-3="10" 2.25
LC0O-3="11" 2.28
LC0-3="12" 2.31
LC0-3="13" 2.34
LC0-3="14" 2.37
LC0-3="15" 2.40
Vc4 Connect 1 MQ load resistor between Vss and Vc4 3/2-Vc2 3/2-Ve2| 'V
(without panel load) x0.95
Vs Connect 1 MQ load resistor between Vss and Vcs 2-Vc2 2Ve2 | 'V
(without panel load) x0.95
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SVD circuit
Unless otherwise specified: Vss=0V, Ta=25°C
Item Symbol Condition Min. Typ. | Max. |Unit

SVD voltage Vsvb |SVDS0-3="0" 1.30 \Y
SVDS0-3="1" 1.40
SVDS(0-3="2" 1.50
SVDS(0-3="3" 1.60
SVDS(0-3="4" 1.70
SVDS(0-3="5" 1.80
SVDS0-3="6" 1.90
SVDS0-3="7" Typ. | 200 | Typ.
SVDS(0-3="8" x0.93 2.10 x1.07
SVDS0-3="9" 2.20
SVDS0-3="10" 2.30
SVDS0-3="11" 2.40
SVDS0-3="12" 2.50
SVDS0-3="13" 2.60
SVDS0-3="14" 2.70
SVDS0-3="15" 2.80

SVD circuit response time tsvb 100 us

Reset circuit
Unless otherwise specified: Vbp=3.6V, Vss=0V, Cres=0.01uF, Ta=25°C

ltem Symbol Condition Min. Typ. | Max. | Unit
Rreset detection voltage VRsT+ [VDD=L to H When 1.8V option is selected T 1.72 T v
When 1.6V option is selected XOyg") 1.52 leg'l \Y%
When 1.4V option is selected ) 1.32 ) \Y
VRST- |VDD=HtoL ‘When 1.8V option is selected T 1.68 T \
When 1.6V option is selected XOyg") 1.48 % lyg'l \
When 1.4V option is selected ) 1.28 ) \%
Hysteresis voltage AVRST |VDD=LtoHtoL 30 40 50 mV
Detection voltage VRST/AT|Ta=-40 to +85°C -0.06 %I°C
temperature coefficient
Reset circuit response time | tRST+ (VRST-[Typ.]-0.2V) | When 1.8V option is selected 30 Us
—(VRsT+[Typ.]+0.2V)| When 1.6V option is selected 30 Us
When 1.4V option is selected 30 us
RST- (VRST-[Typ.]4+0.2V) | When 1.8V option is selected 20 Us
—(VRsT+[Typ.]-0.2V) | When 1.6V option is selected 20 Us
When 1.4V option is selected 20 us
Limit operation voltage VRSTOP 0.65 0.95 \
%
>
<
Ve VRST+ VRsT LA VRsT+ Vast.
Power voltage / b x
Vss > tRsT+ T tRsT+ N
tRST- —»—|= tRST-

Reset signal
(Reset circuit output) VestOP \S VRsTOP

\ .
P /*1 1
Internal |_n|t|al > e D > %2
reset signal

‘CPU is in Run statu; (EPU is in Run statu;

*1 Uncertain reset period
*2 Reset hold period — 1024/fosc1 [s] + 3 ms when a recommended Cres is used (max.)
Note that the reset hold period varies according to the Cres value.
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Current consumption

Unless otherwise specified: Vbp=3.6V, Vss=0V, Ta=25°C, Vp1/Vosc/Vc1/Vc2/Vea/Vcs are internal voltage, C1-Cs=0.1uF,

No panel load, Not in heavy load protection mode

Iltem Symbol Condition Min. Typ. | Max. |Unit
Current consumption | IsLp OSC1=32kHz crystal LCD off #] 1.2 2.5 UA
during SLEEP
Current consumption |IHALTI |OSC1=32kHz crystal LCD off #2 1.3 2.6 UA
during HALT LCD on (Vci std.) *2 3.0 6 LA
LCD on (Vc2 std.) *2 2.5 5 UA
IHALT2 |OSC1=60kHz CR LCD off #2 3.5 7 UA
LCD on (Vci std.) *2 6.2 13 LA
LCD on (Vc2 std.) *2 4.6 10 UA
IHALT3 |OSC1=32kHz crystal Reset circuit (1.8V option) *3 32 7 UA
LCD off Reset circuit (1.6V option) *3 3.5 7.5 UA
Reset circuit (1.4V option) *3 3.8 8 UA
Current consumption  |IEXE OSC1=32kHz crystal LCD off #2 3.0 5 UA
during execution OSC1=60kHz CR LCD off #2 7.0 10 UA
(software duty = 100%) 0SC3=500kHz CR LCD off #4 90 200 UA
0SC3=1MHz CR LCD off *4 200 400 | pA
0OSC3=2MHz CR LCD off *4 350 700 | pA
OSC3=3.58MHz ceramic |LCD off #4 500 1000 | uA
0OSC3=4MHz crystal LCD off *4 550 1200 | pA
Heavy load protection |IHVLD |OSC1=32kHz crystal, LCD off, HLMOD register="1" 2 30 45 UA
current
Current consumption |IRSTON |OSC1=32kHz crystal, VDD=1.29V, #5 17 25 UA
in reset status when reset circuit option is selected
LCD circuit current ILcp1 | VDD=3.6V, Vci1 standard, fosc1=32.768kHz *6 1.7 4 UA
ILcp2 [ VDD=3.6V, Vc2 standard, fosc1=32.768kHz *6 1.2 3 UA
SVD circuit curent IsvD VbpD=1.3 to 3.6V, during supply voltage detection 5.5 7 UA
Reset circuit current  [IRST Vbp=3.6V *7 2.5 4 UA

#] OSCI1=ON (clock is not supplied to the divider and peripheral circuit), OSC3=0OFF, CPU clock=0SC1, SVD=OFF,
reset circuit is not selected

#2 OSC1=0N, OSC3=0FF, CPU clock=0OSC1, SVD=O0FF, reset circuit is not selected

#3 OSC1=0N, OSC3=0FF, CPU clock=0OSC1, SVD=OFF, reset circuit is selected

#4 OSC1=0N, OSC3=0N, CPU clock=0SC3, SVD=O0FF, reset circuit is not selected

#5 Reset status due to supply voltage detection by the reset circuit, OSC1=0ON, OSC3=0N, CPU clock=0SC3, SVD=OFF,

reset circuit is selected, LCD OFF, higher VDD increases current consumption.
#6 When LPWR ="1", current consumption is increased for a cycle of 2 kHz, then it is decreased and stabilized. Also current
consumption of the LCD circuit varies according to the OSCI clock frequency.

*7 Current consumption of the reset circuit varies slightly depending on the option selected. The table lists the values when

1.4 V option is selected (1.4 V option has the largest current consumption under the same VDD conditions).
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7.5 Oscillation Characteristics

The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Use the following characteristics as reference values.

OSC1 crystal oscillation circuit
Unless otherwise specified: Vbp=1.3 to 3.6V, Vss=0V, fosci=32.768kHz, CG=25pF, Cb=built-in, Ta=-40 to 85°C

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation start time tsta 3 s
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the IC (in chip) 14 pF
Frequency/voltage deviation |[Af/AV | VDD=1.3 to 3.6V 5 ppm
Frequency/IC deviation Af/AIC -10 10 | ppm
Frequency adjustment range | Af/ACG |CG=5 to 25pF 10 20 ppm
Harmonic oscillation start voltage [ Vhho | CG=5pF (VDD) 3.6 \Y
Permitted leak resistance Rleak Between OSC1 and Vss 200 MQ

OSC1 CR oscillation circuit
Unless otherwise specified: Vbp=1.3 to 3.6V, Vss=0V, Rcr1=680k(2, Ta=-40 to 85°C

Item Symbol Condition Min. | Typ. | Max. |Unit
Oscillation frequency dispersion |fosci  |RCRI1=constant -25 25 %
Oscillation start time tsta 100 Us

OSC3 ceramic oscillation circuit
Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ceramic oscillator: 3.58MHz, Ccc=Cbc=30pF, Ta=-40 to 85°C

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation start time tsta 5 ms

OSCa3 crystal oscillation circuit
Unless otherwise specified: Vpbp=1.8 to 3.6V, Vss=0V, Crystal oscillator: 4MHz, Ccc=Cbc=15pF, Ta=-40 to 85°C

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation start time tsta 10 ms

OSC3 CR oscillation circuit
Unless otherwise specified: Vpbp=1.4 to 3.6V, Vss=0V, Rcr2=100k€2, Ta=-40 to 85°C

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation frequency dispersion [fosc3 | Vbb=1.8 to 3.6V (VDC=3), RCrR2=constant -25 25 %
Vbpp=1.6 to 3.6V (VDC=2), RCR2=constant -25 25 %
VbD=1.4 to 3.6V (VDC=1), RCR2=constant -25 25 %
Oscillation start time tsta 100 us
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OSC1 CR oscillation frequency-resistance characteristic
The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Use the following characteristics as reference values and evaluate the characteristics on the actual

product.
100k
90k
N
L. gok
%)
@
Re}
> 70k
(8]
C
(0]
o>
5 60k
c
Ke]
E 50k
S
3
40k
o
(@)
30k

20k
400k 500k

Vbb=1.3t03.6V

\

Vss=0V N
Ta=25°C
Typ. value

AN

600k

700k 800k 900k 1000k 1100k 1200k

Resistor value for CR oscillation Rcri1 [Q]

OSC3 CR oscillation frequency-resistance characteristic

The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Furthermore, oscillation may become unstable depending on the conditions when a 10 kQ or less of
RcRr2 is used. Use the following characteristics as reference values and be sure to evaluate the characteris-

tics on the actual product.
4.5M

4.0M

3.5M

3.0M

2.5M

2.0M

1.5M

CR oscillation frequency foscs [Hz]

1.0M

0.5M

[ [ I [ I
Vbpb =1.8103.6 V (VDC = 3)
\ Vss=0V
Ta=25°C T
Typ. value
\\\\
\\
\

5k 10k
Resistor value for CR oscillation Rcra2 [Q]

15k

20k 25k 30k 35k 40k 45k 50k
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2.5M | | | | |
\ Vbbb =1.6103.6 V (VDC = 2)
2.3M Vss=0V —]
\ Ta =25°C
Typ. value |

2.1M \
1.9M
1.7M \

1.5M \\
1.3M N
AN

™S

0.9M

CR oscillation frequency foscs [Hz]

\\

0.7M

0.5M
5k 10k 15k 20k 25k 30k 35k 40k 45k 50k 55k

Resistor value for CR oscillation Rcrz [Q]

1000k | | | |
Vbb=1.4103.6V (VDC=1)
Vss=0V
900k Ta=25°C 7]
~ Typ. value
L. o0k
[+
(&)
n
RS) \
(>>' 700k AV
C
(0]
= AN
g 600k
= RN
o
= 500K
3 T
é 400k T~
O —
300k
200k

40k 50k 60k 70k 80k 90k 100k 110k 120k
Resistor value for CR oscillation Rcrz [Q]
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7.6 Serial Interface AC Characteristics

Clock synchronous master mode

* During 32 kHz operation

Condition: Vpp=3.0V, Vss=0V, Ta=-40 to 85°C, ViH1=0.8VDD, VIiL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD

Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tsmd 5 Us
Receiving data input set-up time tsms 10 us
Receiving data input hold time tsmh 5 Us
During 1 MHz operation
Condition: Vpp=3.0V, Vss=0V, Ta=-40 to 85°C, ViH1=0.8VDD, VIiL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD
Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tsmd 200 ns
Receiving data input set-up time tsms 400 ns
Receiving data input hold time tsmh 200 ns
Note that the maximum clock frequency is limited to 2 MHz.
Clock synchronous slave mode
* During 32 kHz operation
Condition: Vbp=3.0V, Vss=0V, Ta=-40 to 85°C, ViH1=0.8VDD, VIL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD
ltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tssd 10 Us
Receiving data input set-up time Lsss 10 Us
Receiving data input hold time tssh 5 us
During 1 MHz operation
Condition: Vbp=3.0V, Vss=0V, Ta=-40 to 85°C, ViH1=0.8VDD, ViL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD
Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tssd 500 ns
Receiving data input set-up time Lsss 400 ns
Receiving data input hold time tssh 200 ns

Note that the maximum clock frequency is limited to 2 MHz.

<Master mode>

— VOH
SCLKOUT ,,, \
=

—

tsmd
VOH—\/—
SOuT Vo™X X
tsms tsmh "
VIH1 — —
SIN ViL1 — —
<Slave mode>
_— VIH1
SCLK IN ViLe \ /
-
tssd
VOH
souT vorX X
sss | tssh "
VIH1 — —
SIN ViL1 — —
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Asynchronous system
Condition: Vbp=1.4 to 3.6V, Vss=0V, Ta=-40 to 85°C

ltem Symbol Min. Typ. Max. Unit
Start bit detection error time *1 tsal 0 t/16 s
Erroneous start bit detection range time *2 tsa2 /16 10t/16 s

#] Start bit detection error time is a logical delay time from inputting the start bit until internal sampling begins operating.
(Time as far as AC is excluded.)

+2 Erroneous start bit detection range time is a logical range to detect whether a LOW level (start bit) has been input again
after a start bit has been detected and the internal sampling clock has started. When a HIGH level is detected, the start bit
detection circuit is reset and goes into a wait status until the next start bit. (Time as far as AC is excluded.)

Start bit Stop bit
SIN /<—>< ><
tsa1—»—«
Sampling
clock T T T I_T \j
-« t Ll
Erroneous
start bit
detection signal ™ tsas

7.7 Timing Chart

System clock switching

# 1 instruction execution time or longer

(o — .
VDC1, 0 )
<> 25 msec min. .
0SCC "
. i 5msec min.
- ((
CLKCHG )
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CHAPTER 8 PACKAGE

8.1 Plastic Package

TQFP15-128pin (S1C63406)

‘ 16104

Jam01 (Unit: mm)
9 65
[N AR
97 = =64
% INDEX %
128§ E33
1HHHHHHHHHH TIToum HHHHHHHHHHSHZ—,
0.4 0.16°0:83
5 - T 0.1253);025
= 10°
|.0.5:02
1
QFP15-128pin (S1C63408)
16t04 (Unit: mm)
142041
96 65
[Ty
97: 264
% INDEX %
128§ §33
1HHHHHHHHHH HHHHHHHHHHNHHHHHHHH?’HZ‘—
- 0.4 .0.16°865
B 0.125%88s
EI ,T(ZWWWWWWWWWWW 0°
g 10°
0.5:02

The dimensions are subject to change without notice.
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8.2 Ceramic Package for Test Samples

QFP8-128pin
30104 i
(Unit: mm)
28+0.28
96 65
\
97— =1
( M)
S
- J
128 \h'NDEX 233
! 0.8 035 2
% w
© I ] -
5
™ Y *
(<] 0.8402
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CHAPTER 9 PaD LAyouTt

9.1 Diagram of Pad Layout

S1C63406

I O W
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Chip thickness: 400 um
Pad opening: 100 um
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9.2 Pad Coordinates

S1C63406 Unit: um
No. |Pad name| X Y No. |Pad name| X Y No. |Pad name| X Y
1 CF 1,536 | 1,674 | 37 COM7 -1,595 158 | 73 SEG35 932 | -1,674
2 Vcs 1,394 | 1,674 | 38 SEGO -1,595 28 | 74 SEG36 1,048 | -1,674
3 Vca 1,279 | 1,674 | 39 SEG1 -1,595 -88 | 75 SEG37 1,163 | -1,674
4 Ve 1,163 | 1,674 | 40 SEG2 -1,595 -203 | 76 SEG38 1,279 | -1,674
5 Vci 1,048 | 1,674 | 41 SEG3 -1,595 =319 | 77 SEG39 1,394 | -1,674
6 K00 932 | 1,674 | 42 SEG4 -1,595 -434 | 78 SEG40 1,563 | -1,674
7 KO1 817 | 1,674 | 43 SEG5 -1,595 -550 | 79 SEG41 1,595 | -1,340
8 K02 701 1,674 | 44 SEG6 -1,595 -665 | 80 SEG42 1,595 | -1,224
9 KO3 586 | 1,674 | 45 SEG7 -1,595 -781 | 81 SEG43 1,595 | -1,109
10 R10 470 | 1,674 | 46 SEGS8 -1,595 -896 | 82 SEG44 1,595 -993
11 R11 355 | 1,674 | 47 SEG9 -1,595 | -1,012 | 83 SEG45 1,595 -878
12 R12 239 | 1,674 | 48 SEG10 | -1,595 | -1,127 | 84 SEG46 1,595 -762
13 R13 124 | 1,674 | 49 SEG11 -1,595 | -1,243 | 85 SEG47 1,595 -647
14 P20 8| 1,674 | 50 SEG12 | -1,595 | -1,358 | 86 SEG48 1,595 -531
15 P21 -107 | 1,674 | 51 SEG13 | -1,595 | -1,474 | 87 SEG49 1,595 -416
16 P22 -223 | 1,674 | 52 SEG14 | -1,595 | -1,616 | 88 SEGS50 1,595 -300
17 P23 -338 | 1,674 | 53 SEG15 | -1,378 | -1,674 | 89 SEGS51 1,595 -185
18 VDD -454 | 1,674 | 54 SEG16 | -1,262 | -1,674 | 90 SEGS52 1,595 -69
19 Vb1 -569 | 1,674 | 55 SEG17 | -1,147 | -1,674 | 91 SEGS53 1,595 46
20 0OSC4 -685 | 1,674 | 56 SEG18 | -1,031 | -1,674 | 92 SEG54 1,595 162
21 0OSC3 -800 | 1,674 | 57 SEG19 916 | -1,674 | 93 SEGS55 1,595 277
22 Vosc 916 | 1,674 | 58 SEG20 -800 | -1,674 | 94 SEG56 1,595 393
23 0OSC2 -1,031 1,674 | 59 SEG21 -685 | -1,674 | 95 SEGS57 1,595 508
24 OSC1 -1,147 | 1,674 | 60 SEG22 -569 | -1,674 | 96 SEGS58 1,595 624
25 Vss -1,262 | 1,674 | 61 SEG23 -454 | -1,674 | 97 SEG59 1,595 739
26 RESET | -1,390 | 1,674 | 62 SEG24 -338 | -1,674 | 98 COMS 1,595 870
27 TEST -1,506 | 1,674 | 63 SEG25 =223 | -1,674 | 99 CA 1,595 985
28 N.C. -1,595 | 1,278 | 64 SEG26 -107 | -1,674 | 100 CB 1,595 | 1,101
29 N.C. -1,595 | 1,107 | 65 SEG27 8 | -1,674 | 101 CC 1,595 | 1,216
30 COMO -1,595 967 | 66 SEG28 124 | -1,674 | 102 CD 1,595 | 1,332
31 COM1 -1,595 851 | 67 SEG29 239 | -1,674 | 103 CE 1,595 | 1,447
32 COM2 -1,595 736 | 68 SEG30 355 | -1,674 | 104 N.C. -1,256 | 1,448
33 COM3 -1,595 620 | 69 SEG31 470 | -1,674 | 105 N.C. -1,256 | 1,277
34 COM4 -1,595 505 | 70 SEG32 586 | -1,674 | 106 N.C. -1,256 | 1,106
35 COM5 -1,595 389 | 71 SEG33 701 | -1,674 | -
36 COM6 -1,595 274 | 72 SEG34 817 | -1,674 | -
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S1C63408 Unit: pm
No. |Pad name| X Y No. |Pad name| X Y No. |Pad name| X Y
1 CE 1,611 1,818 | 39 SEG2 -1,642 328 | 77 SEG40 911 | -1,818
2 CF 1,460 | 1,818 | 40 SEG3 -1,642 213 | 78 SEG41 1,027 | -1,818
3 Vs 1,344 | 1,818 | 41 SEG4 -1,642 97 | 79 SEG42 1,142 | -1,818
4 Vca 1,229 | 1,818 | 42 SEGS5 -1,642 -19 | 80 SEG43 1,258 | -1,818
5 Ve 1,113 | 1,818 | 43 SEG6 -1,642 -134 | 81 SEG44 1,373 | -1,818
6 Vci 998 | 1,818 | 44 SEG7 -1,642 -250 | 82 SEG45 1,612 | -1,818
7 K00 882 | 1,818 | 45 SEG8 -1,642 -393 | 83 SEG46 1,642 | -1,466
8 KO1 767 | 1,818 | 46 SEG9 -1,642 -509 | 84 SEG47 1,642 | -1,350
9 K02 651 1,818 | 47 SEG10 | -1,642 -624 | 85 SEG48 1,642 | -1,235
10 K03 536 | 1,818 | 48 SEG11 -1,642 -740 | 86 SEG49 1,642 | -1,119
11 R10 420 | 1,818 | 49 SEG12 | -1,642 -855 | 87 SEGS50 1,642 | -1,004
12 R11 305 | 1,818 | 50 SEG13 | -1,642 -971 | 88 SEGS51 1,642 -888
13 R12 189 | 1,818 | 51 SEG14 | -1,642 | -1,086 | 89 SEGS52 1,642 =773
14 R13 74 | 1,818 | 52 SEG15 | -1,642 | -1,215 | 90 SEGS53 1,642 -657
15 P20 -42 | 1,818 | 53 SEG16 | -1,642 | -1,331 | 91 SEG54 1,642 -542
16 P21 -158 | 1,818 | 54 SEG17 | -1,642 | -1,446 | 92 SEGS55 1,642 -426
17 P22 =273 | 1,818 | 55 SEG18 | -1,642 | -1,601 | 93 SEG56 1,642 2311
18 P23 -389 | 1,818 | 56 SEG19 | -1,610 | -1,818 | 94 SEGS57 1,642 -195
19 VDD -504 | 1,818 | 57 SEG20 | -1,399 | -1,818 | 95 SEGS58 1,642 -80
20 Vb1 -620 | 1,818 | 58 SEG21 -1,283 | -1,818 | 96 SEG59 1,642 36
21 0SC4 =735 | 1,818 | 59 SEG22 | -1,168 | -1,818 | 97 COMS 1,642 181
22 0SC3 -851 1,818 | 60 SEG23 | -1,052 | -1,818 | 98 COM9 1,642 297
23 Vosc -966 | 1,818 | 61 SEG24 -937 | -1,818 | 99 | COMI10 1,642 412
24 0sC2 -1,082 | 1,818 | 62 SEG25 -821 | -1,818 | 100 | COM11 1,642 528
25 0OSC1 -1,197 | 1,818 | 63 SEG26 -706 | -1,818 | 101 | COM12 1,642 643
26 Vss -1,313 | 1,818 | 64 SEG27 -590 | -1,818 | 102 | COM13 1,642 759
27 RESET | -1,428 | 1,818 | 65 SEG28 -475 | -1,818 | 103 | COM14 1,642 874
28 TEST -1,610 | 1,818 | 66 SEG29 -359 | -1,818 | 104 | COM15 1,642 990
29 COMO | -1,642 | 1,508 | 67 SEG30 -244 | -1,818 | 105 | COM16 1,642 | 1,105
30 COM1 -1,642 | 1,393 | 68 SEG31 -128 | -1,818 | 106 CA 1,642 | 1,221
31 COM2 | -1,642 | 1,277 | 69 SEG32 -13 | -1,818 | 107 CB 1,642 | 1,336
32 COM3 -1,642 | 1,162 | 70 SEG33 103 | -1,818 | 108 CC 1,642 | 1,452
33 COM4 | -1,642 | 1,046 | 71 SEG34 218 | -1,818 | 109 CD 1,642 | 1,567
34 COM5 -1,642 931 | 72 SEG35 334 | -1,818 | 110 N.C. -1,290 | -1,273
35 COM6 | -1,642 815 | 73 SEG36 449 | -1,818 | 111 N.C. -1,119 | -1,273
36 COM7 -1,642 700 | 74 SEG37 565 | -1,818 | 112 N.C. -948 | -1,273
37 SEGO -1,642 559 | 75 SEG38 680 | -1,818 | 113 N.C. -1,301 -73
38 SEG1 -1,642 444 | 76 SEG39 796 | -1,818 | 114 N.C. -1,301 -244
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APPENDIX SBU1C63000P MANUAL
(PeriPHERAL CircuiT BoarD FOR S1C63406/408)

This manual describes how to use the Peripheral Circuit Board for the S1C63406/408 (S5U1C63000P),
which provides emulation functions when mounted on the debugging tool for the S1C63 Family of 4-bit
single-chip microcomputers, the ICE (S5U1C63000H1/S5U1C63000H2).

This description of the S1C63 Family Peripheral Circuit Board (SSU1C63000P) provided in this document
assumes that circuit data for the S1C63406/408 has already been downloaded to the board. For informa-
tion on downloading various circuit data and on common board specifications, please see the
S5U1C63000P Manual (S1C63 Family Peripheral Circuit Board) included with the product. Please refer to
the user’s manual provided with your ICE for detailed information on its functions and method of use.

A.1 Namesand Functions of Each Part
The following explains the names and functions of each part of the board (S5U1C63000P).
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CNB3 connector (not used) v CN2 connector (not used) v CN1 connector

(1) vLCD
Unused.

(2) VSVD
This control allows you to vary the power supply voltage artificially in order to verify the operation of
the power supply voltage detect function (SVD). Keep in mind that a single control position indicates
two voltage values.
SVD levels 0 1 2 3 4 5 6 7
8 9 10 11 12 13 14 15
(For example, SVD levels 0 and 8 are at the same control position.)

(3) Register monitor LEDs
These LEDs correspond one-to-one to the registers listed below. The LED lights when the data is logic
"1" and goes out when the data is logic "0".
VDCO0-1, OSCC, CLKCHG, SVDON, SVDDT, HLMOD, LPWR, VCCHG
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(4) Register monitor pins
These pins correspond one-to-one to the registers listed below. The pin outputs a high for logic "1"
and a low for logic "0".

Monitor LED @
Pin No. Name LED No. Name —
1 @
1 DONE * 1 DONE * 21
2 VDCO 2 VDCO 3 @ @
3 VDCl1 3 VDCl1 4] @
4 0SCC 4 0scC 15 @
6
5 |CLKCHG 5  |CLKCHG = @
6 SVDON 6 SVDON 5]
7 |SvDDT 7 |SvDDT 9] @
8 HLMOD 8 HLMOD 10] @
9 LPWR 9 LPWR 111} @
10 |VCCHG 10 |VCCHG 12 ®
11 11 18]
12 |- 12 |- 15 \
13 - 13 - 16
14 |- 14 |- »\ LED
15 |- 15 |- Monitor of
16 ~ 16 ~ onitor pin

* DONE: The monitor pin outputs a high while the LED lights when
initialization of this board completes without problems.

(5) CR oscillation frequency adjusting control
When OSC1 and/or OSC3 are set for a CR oscillation circuit by a mask option, this control allows you
to adjust the oscillation frequency. The oscillation frequency can be adjusted in the range of approx. 20
kHz to 500 kHz for OSC1 and approx. 100 kHz to 8 MHz for OSC3. Note that the actual IC does not
operate with all of these frequencies; refer to Section 4.3, "Oscillation Circuit", to select the appropriate
operating frequency.

<+—0S8C1 rough adjustment

<+— OSC1 fine adjustment

<«— OSC3 rough adjustment

o of O O

<+— OSC3 fine adjustment

(6) CR oscillation frequency monitor pins
These pins allow you to monitor the clock waveform from the CR oscillation circuit with an oscillo-
scope. Note that these pins always output a signal waveform whether or not the oscillation circuit is
operating.

O
RESET 00
?—OSCS monitor pin (red)
OSC1 monitor pin (red)
GND pin (black)

(7) RESET switch
This switch initializes the internal circuits of this board and feeds a reset signal to the ICE.
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(8) Monitor pins and external part connecting socket
These parts are currently unused.

(9) CLK and PRG switch
If power to the ICE is shut down before circuit data downloading is complete, the circuit configura-
tion in this board will remain incomplete, and the debugger may not be able to start when you power
on the ICE once again. In this case, temporarily power off the ICE and set CLK to the 32K position and
the PRG switch to the Prog position, then switch on power for the ICE once again. This should allow
the debugger to start up, allowing you to download circuit data. After downloading the circuit data,
temporarily power off the ICE and reset CLK and PRG to the LCLK and the Norm position, respec-
tively. Then power on the ICE once again.

(10) IOSEL2
When downloading circuit data, set IOSEL2 to the "E" position. Otherwise, set to the "D" position.

(11) vC5
This control allows fine adjustment of the LCD drive voltage. Note, however, that only the LCD
contrast register can adjust the LCD drive voltage in the actual IC.
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A.2 Connecting to the Target System

This section explains how to connect the SSU1C63000P to the target system.

To connect this board (S5U1C63000P) to the target system, use the 1/0 connecting cables supplied with
the board (80-pin/40-pin x 2, flat type). Take care when handling the connectors, since they conduct
electrical power (VDD = +3.3 V).

1/0 connection cable

To target board
Fig. A.2.1 Connecting the SSU1C63000P to the target system
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Table A.2.1 1/O connector pin assignment

40-pin CN1-1 connector

40-pin CN1-2 connector

No. Pin name No. Pin name
1 VoD (=3.3V) 1 VoD (=3.3 V)
2 VoD (=3.3V) 2 VoD (=3.3 V)
3 K00 3 R10
4 KO1 4 R11
5 K02 5 R12
6 K03 6 R13
7 Cannot be connected 7 Cannot be connected
8 Cannot be connected 8 Cannot be connected
9 Cannot be connected 9 Cannot be connected
10 [Cannot be connected 10 | Cannot be connected
11 Vss 11 Vss
12 |Vss 12 |Vss
13 |{P20 13 |Cannot be connected
14 |P21 14 [Cannot be connected
15 [P22 15 |Cannot be connected
16 (P23 16  |Cannot be connected
17  |[Cannot be connected 17 | Cannot be connected
18  [Cannot be connected 18  |Cannot be connected
19  [Cannot be connected 19 | Cannot be connected
20 |[Cannot be connected 20 | Cannot be connected
21 |Vbp(=3.3V) 21 |[VDD(=3.3V)
22 |Vpbp(=3.3V) 22 |VDpD (=3.3V)
23 |Cannot be connected 23 | Cannot be connected
24 |Cannot be connected 24 | Cannot be connected
25 |Cannot be connected 25 | Cannot be connected
26  |Cannot be connected 26 | Cannot be connected
27  |Cannot be connected 27 | Cannot be connected
28 |Cannot be connected 28 | Cannot be connected
29 [Cannot be connected 29 | Cannot be connected
30 |Cannot be connected 30 |ECLK3 *
31 Vss 31 Vss
32 | Vss 32 |Vss
33 | Cannot be connected 33 |Cannot be connected
34 [Cannot be connected 34 | Cannot be connected
35 |Cannot be connected 35 |Cannot be connected
36 |Cannot be connected 36 |Cannot be connected
37 | Cannot be connected 37 |Cannot be connected
38 |Cannot be connected 38 |RESET
39 | Vss 39  |Vss
40 | Vss 40 | Vss

*: The ECLKS pin is only provided for this board to input

the OSCS3 external clock. This allows you to configure
the OSCS3 clock with the desired oscillation frequency.
However, the OSC3 external clock input to this pin is
enabled only when external input is selected by the

function option generator.
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A.3 Usage Precautions

To ensure correct use of this board (S5U1C63000P), please observe the following precautions.

A.3.1 Operational precautions
(1) Before inserting or removing cables, turn off power to all pieces of connected equipment.

(2) Do not turn on power or load mask option data if all of the input ports (K00-K03) are held low. Doing
so may activate the multiple key entry reset function.

(3) Before debugging, always be sure to load mask option data.

A.3.2 Differences with the actual 1C

(1) Differences in 1/0O
<Interface power supply>
This board and target system interface voltage is set to +3.3 V. To obtain the same interface voltage as
in the actual IC, attach a level shifter circuit, etc. on the target system side to accommodate the
required interface voltage.

<Each output port’s drive capability>

The drive capability of each output port on this board is higher than that of the actual IC. When
designing application system and software, refer to Chapter 7, "Electrical Characteristics", to confirm
each output port’s drive capability.

<Each port’s protective diode>

All 170 ports incorporate a protective diode for VDD and Vss, and the interface signals between this
board and the target system are set to +3.3 V. Therefore, this board and the target system cannot be
interfaced with voltages exceeding VDD by setting the output ports for open-drain mode.

<Pull-up resistance value>

The pull-up resistance values on this board are set to 220 kQ which differ from those for the actual IC.
For the resistance values on the actual IC, refer to Chapter 7, "Electrical Characteristics".

Note that when using pull-up resistors to pull the input pins high, the input pins may require a
certain period to reach a valid high level. Exercise caution if a key matrix circuit is configured using a
combination of output and input ports, since rise delay times on these input ports differ from those of
the actual IC.

(2) Differences in current consumption
The amount of current consumed by this board differs significantly from that of the actual IC. Inspect-
ing the LEDs on this board may help you keep track of approximate current consumption. The
following factors/components greatly affect device current consumption:

<Those which can be verified by LEDs and monitor pins>

a) Run and Halt execution ratio (verified by LEDs and monitor pins on the ICE)
b) CPU operating voltage change (VDCO0, VDC1)

c) OSC3 oscillation on/off (OSCC)

d) CPU clock change (CLKCHG)

e) SVD circuit on/off (SVDON)

f) Heavy load protection mode (HLMOD)

g) LCD power supply on/off (LPWR)

h) LCD constant-voltage change (VCCHG)

<Those that can only be counteracted by system or software>
i) Current consumed by the internal pull-up resistors
j) Input ports in a floating state
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(3) Functional precautions

<LCD power supply circuit>

There is a finite delay time from the point at which the LCD power supply circuit (LPWR) turns on
until an LCD drive waveform is output. On this board, this delay is set to approx. 125 msec, which
differs from that of the actual IC.

<SVD circuit>

- Although the S1C63406/408 has a function for detecting externally sourced voltages, this board is
unable to detect externally sourced voltages. The SVD function is realized by artificially varying the
power supply voltage using the VSVD control on this board.

- There is a finite delay time from when the power to the SVD circuit turns on until actual detection of
the voltage. On this board, this delay is set to 61-92 psec, which differs from that of the actual IC.
Refer to Section 4.12, "SVD Circuit", when setting the appropriate wait time for the actual IC.

<Oscillation circuit>

- Await time is required before oscillation stabilizes after the OSC3 oscillation control circuit (OSCC)
is turned on. On this board, even when OSC3 oscillation is changed (CLKCHG) without a wait time,
OSC3 will function normally. Refer to Section 4.3, "Oscillation Circuit", when setting the appropriate
wait time for the actual IC.

- Use separate instructions to switch the clock from OSC3 to OSC1 and to turn off the OSC3 oscillation
circuit. If executed simultaneously with a single instruction, these operations, although good with
this board, may not function properly well with the actual IC.

- Because the logic level of the oscillation circuit is high, the timing at which the oscillation starts on
this board differs from that of the actual IC.

- This board contains oscillation circuits for OSC1 and OSC3. Keep in mind that even though the
actual IC may not have a resonator connected to its OSC3, its emulator can operate with the OSC3
circuit.

- It is necessary to select the appropriate operating voltage for the internal circuits before the OSC3
oscillation circuit can be turned on in the actual IC. Be aware that this board can operate normally
even if an illegal voltage is selected.

- When using an external clock for OSC3, adjust the amplitude of the clock to 3.3 V + 5% and the duty
ratio to 50% + 10%, and input it to the ECLK3 pin with Vss as the ground.

<Access to undefined address space>

If any undefined space in the S1C63406/408's internal ROM/RAM or 1/0 is accessed for data read or
write operations, the read/written value is indeterminate. Additionally, it is important to remain
aware that indeterminate state differs between this board and the actual IC. Note that the ICE
(S5U1C63000H1/S5U1C63000H2) incorporates the program break function caused by accessing to an
undefined address space.

<Reset circuit>

Keep in mind that the operation sequence from when the ICE and this board are powered on until the
time at which the program starts running differs from the sequence from when the actual IC is
powered on till the program starts running. This is because this board becomes capable of operating
as a debugging system after the user program and optional data are downloaded. When operating the
ICE after placing it in free-running mode, always apply a system reset. A system reset can be per-
formed by pressing the reset switch on this board, by a reset pin input, or by holding the input ports
low simultaneously.
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<Internal power supply circuit>

- Although this board contains the VDCO0-1, HLMOD and VCCHG registers, it does not actually
exercise power supply control by these register. Refer to respective peripheral sections to set the
correct voltage. Also, when switching the control voltages, consult the technical manual to determine
the appropriate wait time to be inserted.

- The LCD drive voltage on this board is not identical to that on the actual IC.

- Since the usable operating frequency range depends on the device's internal operating voltage, refer
to Section 4.3, "Oscillation Circuit", to ensure that the device will not be operated with an inappropri-
ate combination of the operating frequency and the internal power supply.

- This board has a control (VC5) for fine adjustment of the LCD drive voltage. Note, however, that the
actual IC only allows LCD contrast adjustment by software.
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