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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 0AO01 00

Packing specifications

00 : Besides tape & reel
OA:TCPBL 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 :TCPSL 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, B: BGA]

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 S1C63632 is a microcomputer which has a 4-bit CPU S1C63000 as the core CPU, ROM (31,744 words
x 13 bits), RAM (8,192 words x 4 bits), multiply-divide circuit, serial interface, watchdog timer, program-
mable timer, time base counters (2 systems), a dot matrix LCD driver that can drive a maximum 1,536
dots of LCD panel, and an R/f converter that can measure temperature and humidity using sensors such as
a thermistor. The S1C63632 features low current consumption, this makes it suitable for battery driven clocks
and watches with temperature and humidity measurement functions.

1.1 Features
OSC1 oscillation circuit ...................... 32.768 kHz (Typ.) crystal oscillation circuit
OSC3 oscillation circuit ..........cccceee.ne. 4.2 MHz (Max.) ceramic or 1.8 MHz (Typ.) CR oscillation circuit ([11)
Instruction set ...........cccceviiiiiiiinn, Basic instruction: 47 types (411 instructions with all)
Addressing mode: 8 types
Instruction execution time .................. During operation at 32.768 kHz: 61 usec 122 psec 183 psec
During operation at 4 MHz: 0.5 psec 1 psec 1.5 psec
ROM capacity .......ccoceveeeviiiireeeeeiiee. Code ROM: 31,744 words x 13 bits
Data ROM: 4,096 words x 4 bits
RAM Capacity.......cccoveeeeeviriereeeeeiien. Data memory: 8,192 words x 4 bits
Display memory: 2,048 bits
/O POIt e, 24 bits (pull-down resistors may be incorporated [l
Shared with 4 serial I/F1/0O pins, 4 R/f converter I/O pins,
and 6 special output pins [2)
Serial interface ..., 1 port (8-bit clock synchronous system)
LCD driVEr wevveeeieeeieeieeeeee e 48 segments x 32 commons, 56 segments X 24 commons, or
64 segments x 16 commons ([R)
Time base counter ...........cc.cceeeieies Clock timer
Stopwatch timer (1/1000 sec, with direct key input function)
Programmable timer ............c..ccccuvvee.. 16-bit timer X 4 ch. (each 16-bit timer is configurable to two 8-bit
timer channels [2)
Watchdog timer........cccccoevviveeeeeeicnnen, Built-in
Sound generator ............ccoceeeeiiicinne With envelope and 1-shot output functions
R/f converter .......cooovvevceeeeeiiieeeeeeiie 2 ch., CR oscillation type, 20-bit counter
Supports resistive humidity sensors
Multiply-divide circuit ...........c..ccoeuvne... 8-bit accumulator x 1 ch.
Multiplication: 8 bits x 8 bits - 16-bit product
Division: 16 bits + 8 bits - 8-bit quotient and 8-bit remainder
Supply voltage detection (SVD) circuit.. Programmable 16 detection voltage levels ([2)
External interrupt ..........cccccoceiiiinnn. Key input interrupt: 8 systems
Internal interrupt ..........ccceeviiiiiiinnen, Clock timer interrupt: 8 systems
Stopwatch timer interrupt: 4 systems
Programmable timer interrupt: 16 systems
Serial interface interrupt: 1 system
R/f converter interrupt: 3 systems
Power supply voltage ..............ccccuvee.. 16to55V
Operating temperature range ............. -40 to 85°C

Current consumption (Typ.) ........ During SLEEP (32 kHz) 0.08 pA
During HALT (32 kHz) 0.6 pA
During running (32 kHz) 2.5 pA
During running (4 MHz) 320 pA

Shipmentform ........ccccoevviiieiiiiieee QFP20-144pin, VFBGA10H-144 or die form
[1L: Can be selected with mask option [2: Can be selected with software

S1C63632 TECHNICAL MANUAL Seiko Epson Corporation 1



CHAPTER 1: OUTLINE

1.2 Block Diagram

Code ROM _ System Reset [‘]RESET
31,744 words x 13 bits Control s
N U |
Core CPU S1C63000
| T
Data ROM ] Interrupt
4,096 words x 4 bits K 5 Generator
RAM G ) B Watchdog
8,192 words x 4 bits Timer
OSC1 S i Iy
OSC2 [« R 11:9 C_IOCk
0sC3 OSC — Timer
OSC4 [+
COMO-15 [+ || l——| Stopwatch
(SEG48-63)COM16-31 [+ LCD Controller — Timer
SEGo_47 D« &Driver e—
— Programmable | TOUT_B-D(P31-33)
Vl’i‘i SR Timer L TOUT A(P13)
Vora Power o
VoSG Controller L Pl SIN(P22)
CA—CG S Serial > SOUT(P21)
Vss Interface [ SRDY/SS(P23)
[ o SCLK(P20)
SVD = Sound N BZ(P03)
Generator
I 1 SENO(P02), REFO(P01), RFOUT(P03)
N C— = RFINO(P00)
Integer Multiplier — —1—| RI/f Converter SENL, HUD, REF1
D RFIN1
L L P00-03, P10-13
TEST [} Test | —1 1/0 Port P20-23, P30-33
| P40-43, P50-53

Fig. 1.2.1 Block diagram
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1.3 Pin Layout Diagram

CHAPTER 1: OUTLINE

QFP20-144pin

—
-
[e]
N L
0ao %)
° ES <5 e 2 =99 295
222 2822z5%5_35 555 zzz
LWy L>52>000Zx 000 >>3> =
gy greWEOo0ny kb Wud W= 0
NS AN OPNOAdNMBOAdNNOIAABOAdAANTOANMDNGIGT0 20 =
N0 00 N0 dddddAANNNOTmMOMITTITODLOLLWEN=ESY=Y 00X
>SaAadAa>Aadonoanoao0oa0oa0onaondanoanododad¥-ZZZZZ>2Z>
O~NOUTONTAODON~NOUOTONAONDONOULTNHONNAODNDONNOLTM
OO O0OO0OO0OOOO0OOOOOO O OO OO 00O OOOO O 0 6 MSIPMNMNSNSDNSDNSDNS
A A A A A A A
RFIN1 — 109 72— 0SC2
REF1 110 71 —30scC1
SEN1 — 111 70— Vss
HUD 112 69— 0SC4
COMO /] 113 68— 0SC3
COM1 114 67 —3 Vbp
COM2 — 115 66— Vc1
COM3 ] 116 65— Ve
COM4 — 117 64— Vcs
COM5 ] 118 63— Vca
COM6 — 119 62— Vcs
COM7 /] 120 61 —3CA
COM8 — 121 60 ——=CB
COM9 122 59 —3cCC
COM10 — 123 58 —=aCD
COM11 — 124 57 —=2CE
COM12 — 125 56 ——CF
COM13 /126 55 —3CG
COM14 — 127 54 —— Vb2
COM15 — 128 53— Vss
SEGO0 — 129 52 — COM16/SEG63
SEG1 /] 130 51 —1COM17/SEG62
SEG2 —] 131 50 —— COM18/SEG61
SEG3 132 49 —1 COM19/SEG60
SEG4 — 133 48 —— COM20/SEG59
SEG5 134 47 —1 COM21/SEG58
SEG6 —] 135 46 —— COM22/SEG57
SEG7 ——] 136 45— COM23/SEG56
SEG8 —] 137 44— COM24/SEG55
SEG9 ——]138 43 —1 COM25/SEG54
SEG10 — 139 42— COM26/SEG53
SEG11 —] 140 41— COM27/SEG52
SEG12 — 141 40 —— COM28/SEG51
SEG13 ] 142 39 —1 COM29/SEG50
SEG14 — 143 38 —— COM30/SEG49
SEG15 144 37 —1 COM31/SEG48
O NMTULDON~NOVDDOANMNMITLLONODDO ANMT L O
ANMTOLOMNMNODAAAAAAAAATNNNNNNNNNNOOOOOHOO®N
AdAdANANANNNNNNNNOTOOOOOOmOoNmssss Q00409 <
QOOO0O0O0V0V0VV0OVOLLLLLOLLLLLLLLLLLOLOLOZz2OZz20=z200
L 0 W W W W W W W W W W W W W W W W W W W W W W W W W oo
NHNNDNDNDNDNDNDNDNDNDNNDNNNNN n o 0non
Fig. 1.3.1 Pinlayout diagram (QFP20-144pin)
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CHAPTER 1: OUTLINE

VFBGA10H-144

Al Corner ) ) Al Corner
Top View Bottom View
A [eJoXoXoJeoXoXoXooXOXOXOR N
B Klndex 000000000000 |8
C O0000000000O0|C
D O000000OO000O0OO|D
E [eJoXoXoJeoJoXoXeoXoXOXON I
F [eJoXoXoJeoJoXoXooXoXoXOR NS
G 0000000000006
H [eJoXoXoJeoXoXoXooXoXOXORN:|
J [eJoXoXoYoXoXoXoXoXOXOXOR IV
K O000000OO000O0OO0|K
L O000000O0000O|L
M [eJoXoXoJeoJoXoXeJoXoXoXoR !
123456789101112 1211109 8 76 543 2 1
1 2 3 4 5 6 7 8 9 10 11 12
SEG12 |SEG9 SEG5 SEG1 COM1l1 |COM6 [cOM2  |HUD SEN1 RFIN1
A A
N.C. N.C.
SEG15 |SEG14 [SEG11 |SEG6 SEG2 COM12 |COM7 [cOM3 |COM1  [REF1 P00 PO1
B RFINO REFO B
SEG16 |SEG13 [SEG10 |SEGS SEG4 CcCOoM13 |cOM8 [cOM4  |cOMO P02
C SENO C
SEG18 |SEG17 [SEG21 |SEG7 SEG3 COM14 [cOM9 [cOM5  |P12 P11 P10 P03
D EVINA  |RUN RUN RFOUT D
LAP LAP BZ
SEG20 |SEG19 [SEG22 |SEG26 |SEGO COM15 |cCOM10 |P13 P20 P21 P22 P23
E TOUT A [SCLK SouT SIN SRDY E
SS
FOUT
SEG23 |SEG24 |[SEG25 |SEG27 |[SEG30 |[SEG31 [P30 P31 P41 P40 P32 P33
F TOUT_B  [EVIN_B TOUT_C  [TOUT_D F
SEG28 |SEG29 |[SEG32 |SEG35 |[SEG36 [SEG39 \ES P52 P51 P42 P50 P43
G EVIN_C EVIN_D G
SEG33 |SEG34 |[SEG40 |SEG42 [COM20 [COM16 |CG Ve P53 RESET |TEST
H SEG59 SEG63 H
N.C.
SEG37 |SEG38 [SEG43 |COM28 |COM21 [COM17 |CF Vca
J SEGS51 SEG58 SEG62 3
N.C. N.C. N.C. N.C.
SEG41 |SEG44 |[SEG45 |COM27 |COM22 [COMI18 |CE Vs \) Vss Vosc
K SEG52 SEG57 SEG61 K
N.C.
SEG46 |SEG47 [COM29 |COM26 [COM24 [COM19 |CD CA \e 0sc4 |osc2  |voi
L SEG50 SEG53 SEGS55 SEG60 L
COM31 |COM30 [COM25 |COM23 (Vb2 cc cB VbD osc3  |osci
M SEG48 SEG49 SEGS54 SEG56 M
N.C. N.C.
1 2 3 4 5 6 7 8 9 10 11 12
Top View

Fig. 1.3.2 Pin layout diagram (VFBGA10H-144)
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1.4 Pin Description
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Table 1.4.1 Pin description

. Pin No. .
Pin name Die QFP VEBGA 110 Function
VoD 63, 94 67, 104 C12, M9 — | Power (+) supply pins
Vss 49, 66, 98 53, 70,108 | C10, G7,K10 — | Power (-) supply pins
Vb1 69 73 L12 — |Internal logic voltage regulator output pin
Vosc 70 75 K11 — | Crystal oscillation circuit operating voltage output pin
VD2 50 54 M6 — | Power supply voltage booster/halver output pin
Vci-Vcs 62-58 6662 L9, K9, H8, — | LCD drive voltage output pins
J8, K8
CA-CE 57-53 61-57 L8, M8, M7, — | LCD system voltage boost capacitor connecting pins
L7, K7
CF, CG 52,51 56, 55 J7, H7 — | Power supply voltage boost/halving capacitor connecting pins
0OSC1 67 71 M11 | Crystal oscillation input pin
0SC2 68 72 L11 O |Crystal oscillation output pin
0OSC3 64 68 M10 | Ceramic or CR oscillation input pin (mask option)
0OSC4 65 69 L10 O |Ceramic or CR oscillation output pin (mask option)
POO/RFINO 97 107 B11 | 1/0 port or R/f converter Ch.0 CR oscillation input pin (software switch)
PO1/REFO 96 106 B12 1/0 |1/O port or R/f converter Ch.0 reference oscillation output pin (software switch)
P0O2/SENO 95 105 Cl1 1/0 |1/O port or R/f converter Ch.0 CR oscillation output pin (software switch)
PO3/RFOUT/BZ 93 103 D12 1/0 |1/0 port, R/f converter oscillation frequency output pin, or sound output pin
(software switch)
P10/RUN/LAP 92 102 D11 1/0 |1/O port or stopwatch Run/Lap input pin (software switch)
P11/RUN/LAP 91 101 D10 1/0 |1/0 port or stopwatch Run/Lap input pin (software switch)
P12/EVIN_A 90 100 D9 1/0 |1/O port or event counter input pin (software switch)
P13/TOUT_A 89 99 E8 1/0 |1/0 port or programmable timer output pin (software switch)
P20/SCLK 88 98 E9 1/0|1/0 port or seria I/F clock 1/0 pin (software switch)
P21/SOUT 87 97 E10 1/0 |1/O port or serial I/F data output pin (software switch)
P22/SIN 86 96 E1l 1/0 |1/O port or serial I/F datainput pin (software switch)
P23/SRDY/SS 85 95 E12 1/0 |1/O port, serial I/F ready signal output, SSsignal input or FOUT clock output pin
/FOUT (software switch)
P30 84 94 F7 1/0 |1/O port pin
P31/TOUT_B 83 93 F8 1/0 |1/O port or programmable timer output pin (software switch)
P32/TOUT_C 82 92 F11 1/0 |1/O port or programmable timer output pin (software switch)
P33/TOUT_D 81 91 F12 1/0 |1/O port or programmable timer output pin (software switch)
P40 80 0 F10 1/0[1/O port pin
PA1/EVIN_B 79 89 F9 1/0 |1/O port or event counter input pin (software switch)
P42/EVIN_C 78 88 G10 1/0 |1/0 port or event counter input pin (software switch)
PA3/EVIN_D 77 87 G12 1/0 |1/O port or event counter input pin (software switch)
P50-P53 76-73 86-83 G11,G9,G8, | 1/0 |[I/O port pins
H10
COM0-COM15 103-118 113-128 o O |LCD common output pins
COM16-COM31 48-33 52-37 2 O |LCD common output or segment output pins (software switch)
/SEG63-SEG48
SEGO-SEG47 119-134, 1-32(129-144, 1-28, B O |LCD segment output pins
31,3335 36
RFIN1 99 109 All | R/f converter Ch.1 CR oscillation input pin
REF1L 100 110 B10 O | R/f converter Ch.1 reference oscillation output pin
SEN1 101 111 A10 O  |R/f converter Ch.1 CR oscillation output pin
HUD 102 112 A9 O | R/f converter AC-bias oscillation output pin for humidity sensor
RESET 72 82 H11l | Initial reset input pin
TEST 71 81 H12 | |Testinput pin
1 COM0O-COM15: C9, B9, A8, B8, C8, D8, A7,B7,C7,D7, E7, A6, B6, C6, D6, E6

(2 COM16/SEG63-COM31/SEG48: H6, J6, K6, L6, H5, J5, K5, M5, L5, M4, L4, K4, J4, L3, M3, M2
ES5, A5, B5, D5, C5, A4, B4, D4, C4, A3, C3, B3, A2, C2, B2, B1, C1, D2, D1, E2, E1, D3, E3, F1, F2, F3, E4,
F4, Gl1, G2, F5, F6, G3, H1, H2, G4, G5, J1, J2, G6, H3, K1, H4, J3, K2, K3, L1, L2

(B SEGO-SEGA4T:
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1.5 Mask Option

Mask options shown below are provided for the S1C63632. 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 S1C63632, 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.

<OQutline of the mask option>
(1) OSC1 oscillation circuit

The OSC1 oscillator type is fixed at crystal oscillation. Refer to Section 4.4.3, "OSC1 oscillation circuit",
for details.

(2) OSC3 oscillation circuit
The OSCS3 oscillator type can be selected from ceramic oscillation or CR oscillation (external R). Refer
to Section 4.4.4, "OSC3 oscillation circuit", for details.

(3) RESET terminal pull-down resistor
This option is used to select whether an internal pull-down resistor is incorporated into the RESET
input port. Refer to Section 2.2.1, "Reset terminal (RESET)", for details.

(4) 110 port pull-down resistor
This option is used to select whether an internal pull-down resistor that will be enabled in input mode
is incorporated into each I/O port (P00-P03, P10-P13, P20-P23, P30-P33, P40-P43, P50-P53). Refer to
Section 4.5.2, "Mask option", for details.

(5) Output specification of the I/O port
This option is used to select either complementary output or P-channel open drain output as the output
cell type of each I/O port (P00-P03, P10-P13, P20-P23, P30-P33, P40-P43, P50-P53). Refer to Section
4.5.2, "Mask option", for details.

(6) Multiple key entry reset function (by simultaneous high input to the P1x ports)
This option is used to select whether the function to reset the IC by pressing multiple keys simulta-
neously is implemented or not. A combination of the P1x ports (P10-P13) to be used for this function
can also be selected. Refer to Section 2.2.2, "Simultaneous high input to P1x ports (P10-P13)", for
details.

(7) Time authorize circuit for the multiple key entry reset function
When the multiple key entry reset option (option (6)) is selected, the time authorize circuit can also be
incorporated. The time authorize circuit measures the high pulse width of the simultaneous input
signals and asserts the reset signal if it is longer than the predetermined time. This option is not
available when the multiple key entry reset option is not selected. Refer to Section 2.2.2, "Simulta-
neous high input to P1x ports (P10-P13)", for details.

(8) LCD drive power supply
This option is used to select the LCD drive bias from 1/5 bias (with V2 reference voltage), 1/4 bias
(with V2 reference voltage) and 1/4 bias (with Vc1 reference voltage). Refer to Section 4.6.2, "Power
supply for LCD driving", for details.
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<Option List>

The following is the option list for the S1C63632.

Multiple selections are available in each option item as indicated in the option list. Select the specifica-
tions that meet the target system and check the appropriate box. Be sure to record the specifications for

unused functions too, according to the instructions provided.

1. OSC1 SYSTEM CLOCK
0 1. Crystal

2. OSC3 SYSTEM CLOCK
O 1. CR (external R)

0O 2. Ceramic (4.2 MHz)

3. RESET PORT PULL DOWN RESISTOR
e RESET 0O 1. Use

O 2. Not Use

4.1/0 PORT PULL DOWN RESISTOR

e P00 0 1. Use
e P01 O 1. Use
e P02 O 1. Use
e P03 0 1. Use
e P10 O 1. Use
e P11 O 1. Use
e P12 0 1. Use
e P13 O 1. Use
e P20 O 1. Use
e P21 0 1. Use
e P22 O 1. Use
e P23 O 1. Use
e P30 0 1. Use
e P31 O 1. Use
e P32 O 1. Use
e P33 0 1. Use
e P40 O 1. Use
e P41 O 1. Use
o P42 0 1. Use
e P43 O 1. Use
e P50 O 1. Use
e P51 0 1. Use
e P52 O 1. Use
e P53 O 1. Use
5.1/0 PORT OUTPUT SPECIFICATION
* P00 0 1. Complementary
e P01 0 1. Complementary
* P02 0 1. Complementary
e P03 0 1. Complementary
e P10 0 1. Complementary
* P11 0 1. Complementary
* P12 0 1. Complementary
* P13 0 1. Complementary
* P20 0 1. Complementary
o P21 0 1. Complementary
e P22 0 1. Complementary
* P23 0 1. Complementary
e P30 0 1. Complementary
e P31 0 1. Complementary
* P32 0 1. Complementary
* P33 0 1. Complementary

I e e o A o B A A A R

oooDoooDoooooooooao

NNRNRNNNNNNNNNNNNNNNNNNNNR

NNRNRNNNNNNNNNNNNN

Not Use

. Not Use

Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use
Not Use

. Not Use
. Not Use

. Pch Open Drain
. Pch Open Drain

Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain
Pch Open Drain

. Pch Open Drain
. Pch Open Drain
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* P40
e P41
® P42
° P43
e P50
e P51
e P52
e P53

oooDooood
U U W U

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

ODooooooo
NINDNNDNDNDNDND

. Pch Open Drain
. Pch Open Drain
. Pch Open Drain
. Pch Open Drain
. Pch Open Drain
. Pch Open Drain
. Pch Open Drain
. Pch Open Drain

6. MULTIPLE KEY ENTRY RESET COMBINATION

O 1. Not Use
O 2. Use <P10, P11>

0O 3. Use <P10, P11, P12>
O 4. Use <P10, P11, P12, P13>

7. MULTIPLE KEY ENTRY RESET TIME AUTHORIZE

O 1. Not Use
O 2. Use

8. LCD DRIVING POWER

O 1.1/5 Bias, VC2 Reference
O 2.1/4 Bias, VC2 Reference
O 3.1/4 Bias, Vc1 Reference

Seiko Epson Corporation
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 POWER SUPPLY AND INITIAL RESET

2.1 Power Supply

This section explains the operating voltage and the configuration of the internal power supply circuit of
the S1C63632.

2.1.1 Operating voltage
The S1C63632 operating power voltage is as follows:

16Vto55V

2.1.2 Internal power supply circuit

The S1C63632 incorporates the power supply circuit shown in Figure 2.1.2.1. When voltage within the
range described above is supplied to VDD (+) and Vss (GND), all the voltages needed for the internal
circuits are generated internally in the IC.

External
power —
supply

Power supply voltage [« DBON
booster/halver l&{ HLON |*4
VD2

Internal circuits

Vop *3

f?oé Voo

Oscillation system| | Internal voltage |Vb1 OSC3 OSC3

voltage regulator regulator oscillation circuit 0SsC4

[ vosc 0SC1 osc1
oscillation circuit

0osc2

So——bb-bb

LCD system LCD
voltzzllge Vci-Vcs driver COM0-COM31
i SEGO0-SEG63

regulator circuit

x1 Leave these terminals open when the power supply voltage booster/halver is not used.

%2 Connect when the 1/5 bias LCD drive power is used. (Leave the terminal open when the 1/4 bias LCD drive power is used.)

+3 Can be selected as the power source for the LCD system voltage regulator when the power supply voltage booster/halver
operates in boost mode.

*4 HLON is prohibited from use.

Fig. 2.1.2.1 Configuration of power supply circuit

The power supply circuit is broadly divided into four blocks.
Table2.1.2.1 Power supply circuit

Circuit Power supply circuit Output voltage
Internal and oscillation system voltage regulators | Power supply voltage (Vbb) —
Interna circuits and OSC3 oscillation circuit Internal voltage regulator VD1
OSC1 oscillation circuit Oscillation system voltage regul ator Vosc
L CD system voltage regulator Power supply voltage booster/halver (halving mode) VDD or VD2
LCD driver LCD system voltage regulator Vci—Vcs

Note: The supply voltage booster/halver circuit can perform either boosting or halving the supply voltage
at a time. The boosting and halving operations cannot be performed simultaneously.
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Power supply voltage booster/halver circuit
The S1C63632 supports a wide supply voltage (VDD) range that exceeds the operating voltage range of
the voltage regulator (LCD system voltage regulator). The power supply voltage booster /halver
circuit generates the VD2 voltage to drive the voltage regulators when the supply voltage VDD is out of
the operating voltage range of the voltage regulators.

Table 2.1.2.2 Relationship between supply voltage Vbb and voltage regulator operating voltage

Power supply Power source for
voltage Vbb LCD system voltage regulator
16t025V VD2 (= VDD X 2)
251055V VDD

When a V2 reference voltage option for the LCD drive power supply is selected, the LCD system
voltage regulator must be driven with a 2.5 V or more operating voltage. Therefore, the LCD system
voltage regulator can be driven with VDD if 2.5 V or more supply voltage VDD is used. When the
supply voltage VDD is less than 2.5V, drive the power supply voltage booster/halver in boost mode to
generate VD2 and use it to drive the LCD system voltage regulator. The VD2 voltage generated in boost
mode is about double the VDD voltage level.

The VD2 voltage is not required when the power supply voltage (VDD) is within the range from 2.5 V
t0 5.5V (1.6 V to 5.5 V when the Vc1 reference LCD drive power option is selected). In this case the
power supply voltage booster /halver can be turned off.

The S1C63632 allows software to control the power supply voltage booster/halver and to select the
power source of the voltage regulator. Refer to Section 4.2, "Power Control", for details.

Internal voltage regulator
The internal voltage regulator generates the operating voltage VD1 for driving the internal logic
circuits and the OSC3 oscillation circuit.

Oscillation system voltage regulator
The oscillation system voltage regulator generates the Vosc voltage for driving the OSC1 oscillation
circuit and is provided separately with the internal voltage regulator to stabilize the oscillation and to
reduce power consumption.

LCD system voltage regulator
The LCD system voltage regulator generates the LCD drive voltages V1 to Vcs. See Chapter 7,
"Electrical Characteristics" for the voltage values.
In the S1C63632, the LCD drive voltage is supplied to the built-in LCD driver which drives the LCD
panel connected to the SEG and COM terminals.

Notes: e Be sure not to use the Vb1, Vb2, Vosc and Vc1 to Vcs terminal output voltages to drive external
circuits.

e If VbD equal to or less than 2.5 V is used as the power source for the LCD system voltage
regulator, the Vci to Vcs voltages cannot be generated within specifications (when a Vcz refer-
ence voltage option is selected).

e HLON is prohibited from use. Always be sure to set to "0".
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 Initial Reset

The S1C63632 should be reset to initialize the internal circuits. There are two ways of doing this.

(1) External initial reset by the RESET terminal
(2) External initial reset by simultaneous high input to P10-P13 ports (mask option)

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

Figure 2.2.1 shows the configuration of the initial reset circuit.

1 kHz

1 osc1
osc1 O) oscillation — P Divider 16 Hz
0sc2 O circuit 1Hz

Mask option T

Time Mask option

authorize _——

circuit

Noise

P12 reject Internal
w : circuit initial
P13 O : R reset
! R o
RESET S

Fig. 2.2.1 Configuration of initial reset circuit

2.2.1 Reset terminal (RESET)

Initial reset can be executed externally by setting the reset terminal to a high level (VDD). After that the
initial reset is released by setting the reset terminal to a low level (Vss) and the CPU starts operating.
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 16,396/fosc1 seconds (500 msec when fosc1 = 32.768 kHz) is needed
until the internal initial reset is released after the reset terminal goes to low 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 high level as in the timing shown in Figure 2.2.1.1.

Note that a reset pulse shorter than 100 nsec is rejected as noise.

1.3V
VDD /

I = 0.9+VDD or more (high level)
0.5¢VDD

RESET

Power on - 2.0 msec or more

Fig. 2.2.1.1 Initial reset at power on

The reset terminal should be set to 0.9 VDD or more (high level) until the supply voltage becomes 1.3 V
or more.
After that, a level of 0.5¢VDD or more should be maintained more than 2.0 msec.

The reset terminal incorporates a pull-down resistor and a mask option is provided to select whether the
resistor is used or not.
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2.2.2 Simultaneous high input to P1x ports (P10-P13)

Another way of executing initial reset externally is to input high level signals simultaneously to the P1x
ports (P10-P13) selected by a mask option.

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

Table 2.2.2.1 shows the combinations of P1x ports (P10-P13) that can be selected by a mask option.

Table 2.2.2.1 Combinations of P1x ports
Not use

P10+P11
P10%P11+P12
P10+P11+P12:xP13

AIWIN|PF

When, for instance, mask option 4 (P10+P11+P12%P13) is selected, initial reset is executed when the
signals input to the four ports P10-P13 are all high at the same time. When 2 or 3 is selected, the initial
reset is done when a key entry including a combination of selected input ports is made.

Further, the time authorize circuit mask option is selected when this reset function is selected. The time
authorize circuit checks the input time of the simultaneous high input and performs initial reset if that
time is the defined time (1 to 2 sec) or more.

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

2.2.3 Internal register at initial resetting

Initial reset initializes the CPU as shown in Table 2.2.3.1.

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

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

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

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

Table 2.2.3.1 Initial values

CPU core Peripheral circuits

Name Symbol | Number of bits | Setting value Name Number of bits Setting value
Dataregister A A 4 Undefined RAM 4 Undefined
Dataregister B B 4 Undefined Display memory 4 Undefined
Extension register EXT EXT 8 Undefined Other periphera circuits - ®
Index register X X 16 Undefined # See Section 4.1, "Memory Map".
Index register Y Y 16 Undefined
Program counter PC 16 0110H
Stack pointer SP1 SP1 8 Undefined
Stack pointer SP2 SP2 8 Undefined
Zero flag z 1 Undefined
Carry flag C 1 Undefined
Interrupt flag | 1 0
Extension flag E 1 0
Queue register Q 16 Undefined
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2.2.4 Terminal settings at initial resetting

The I/O port (P) terminals are shared with special output terminals and input/output terminals of the
serial interface, R/f converter, stopwatch timer and programmable timer (event counter). These functions

CHAPTER 2: POWER SUPPLY AND INITIAL RESET

are selected by the software. At initial reset, these terminals are configured to the general purpose I/O

port terminals. Set them according to the system in the initial routine.
Table 2.2.4.1 shows the list of the shared terminal settings.

Table 2.2.4.1 List of shared terminal settings

. ) When special outputs/peripheral functions are used (selected by software)
Terminal Terminal status - -
o Special output Serial IIF Stopwatch Event
name at initial reset R/f converter| )
TOUT | FOUT BZ Master Slave direct input counter
POO | POO (Input & pulled down:) RFINO
P01 | PO1 (Input & pulled down) REFO
P02 | P02 (Input & pulled down) SENO
P03 |PO3 (Input & pulled down:) BZ RFOUT
P10  |P10 (Input & pulled down) RUN/LAP
P11  |P11 (Input & pulled down) RUN/LAP
P12 |P12 (Input & pulled downs) EVIN_A
P13 [P13 (Input & pulled down:) TOUT_A
P20 | P20 (Input & pulled down) SCLK(O) SCLK(I)
P21 |P21 (Input & pulled downs) SOUT(O) SOUT(O)
P22 | P22 (Input & pulled down) SIN(I) SIN(I)
P23 | P23 (Input & pulled down:) FOUT SRDY (0)/SS(1)
P30 [P30 (Input & pulled down:)
P31 | P31 (Input & pulled down:) TOUT_B
P32 | P32 (Input & pulled down) TOUT_C
P33 | P33 (Input & pulled down:) TOUT_D
P40 | P40 (Input & pulled downs)
P41 | P41 (Input & pulled down:) EVIN_B
P42 | P42 (Input & pulled down) EVIN_C
P43 | P43 (Input & pulled down) EVIN_D
P50-P53 | P50-P53 (Input & pulled down:)

= When "With Pull-Down" is selected by mask option (high impedance when "Gate Direct" is selected)

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

2.3 Test Terminal (TEST)

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

S1C63632 TECHNICAL MANUAL
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cHAPTER 3 CPU, ROM, RAM

31 CPU

The 51C63632 has a 4-bit core CPU S1C63000 built-in as its CPU part.
Refer to the "S1C63000 Core CPU Manual" for the S1C63000.

3.2 Code ROM

The built-in code ROM is a mask ROM for loading programs, and has a capacity of 31,744 steps x 13 bits.
The core CPU can linearly access the program space up to step FFFFH from step 0000H, however, the
program area of the S1C63632 is step 0000H to step 7BFFH. 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 0101H-010FH, respectively.

0000H Pl . 0000H
Program area B -
Code ROM $1C63632 . 0100H Watchdog timer
program area 0100H NMI vector 0101H R/f converter
0101H Hardware 0102H Programmable timer 0
7BFFH v interrupt vectors ‘ 0103H Programmable timer 1
7CO00H “0110H| Program start address || 0104H Programmable timer 2
i 0105H Programmable timer 3
L —— | |S1C63000 core GPU Program area

0106H Programmable timer 4
0107H Programmable timer 5
i 0108H Programmable timer 6
FFFFH Unused area A2 0109H Programmable timer 7
< 13 bits 010AH Serial interface

i 010BH Key input interrupt (P1)
010CH Key input interrupt (P4)
{ 010DH Stopwatch
| 010EH | Clock timer (128/64/32/16 Hz)
"010FH Clock timer (8/4/2/1 Hz)

 — program space

Fig. 3.2.1 Configuration of code ROM

3.3 RAM

The RAM is a data memory for storing various kinds of data, and has a capacity of 8,192 words x 4 bits.
The RAM area is assigned to addresses 0000H to 1FFFH 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 1FFFH 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 S1C63632 or it may be set to 00FFH or less. Memory
accesses except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.
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(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

2000H

8000H

9000H

FOOOH

FFOOH
FFFFH

RAM

Unused area

Data ROM

Unused area

Display memory area

Unused area

/O memory area

3.4 Data ROM

0000H

00FFH

4-bit access area
(SP2 stack area)

0100H

01FFH

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

0200H

“1FFFH

4-bit access area
(Data area)

4 bits

Fig. 3.3.1 Configuration of data RAM

A 4

The data ROM is a mask ROM for loading various static data such as a character generator, and has a
capacity of 4,096 words x 4 bits. The data ROM is assigned to addresses 8000H to SFFFH on the data
memory map, and the data can be read using the same data memory access instructions as the RAM.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

CHAPTER4 PERIPHERAL CiRcuUITS AND OPERATION

The peripheral circuits of S1C63632 (timer, I/O, etc.) are interfaced with the CPU in the memory mapped
I/0O method. Thus, all the peripheral circuits can be controlled by accessing the I/O memory on the
memory map using the memory operation instructions. The following sections explain the detailed
operation of each peripheral circuit.

4.1 Memory Map

The 51C63632 data memory consists of 8,192-word RAM, 4,096-word mask ROM, 2,048-bit display
memory and 178-word peripheral I/O memory. Figure 4.1.1 shows the overall memory map of the
51C63632, and Table 4.1.1 the peripheral circuits' (I/O space) memory maps.

0000H

2000H

8000H

9000H

FOOOH

FFOOH
FFFFH

RAM area
Unused area FOOOH"
.~~~ |Display memory area
F37FH |
Data ROM area
Unused area
Unused area
Display memory area| -~ _FFoOH
Unused area Peripheral 1/O area
I/O memory area FFFFH

Fig. 4.1.1 Memory map

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

Table4.1.1 (a) 1/0O memory map (FFOOH—FF16H)

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init (1L 1 0
CLKCHG| 0 0SC3 | 0SC1 [CPU clock switch
LKCH
FEOOH cLkeHa) osce 0 0 0scC 0 On Off | OSC3 oscillation On/Off
AW R 008 -2 Unused
008 -2 Unused
3 -2
0 o | woen |worst| ° Unused
FFO1H i Unused
R W W WDEN 1 Enable | Disable | Watchdog timer enable
WDRSTCB| Reset | Reset | Invalid | Watchdog timer reset (writing)
VDSEL 0 1 0 General-purpose register
VDSEL | VCSEL | HLON | DBON
FFO2H VCSEL 0 Vb2 Vop | Power source select for LCD system voltage regulator
AW HLON 0 On Off | Power voltage booster/halver halving mode On/Off
DBON 0 On Off | Power voltage booster/halver boost mode On/Off
VCHLMOD| 0 On Off | Heavy load protection mode On/Off for LCD system voltage regulator
HLMOD|VDHLMOD || LPWR
FEO3H CHLMO! 0D| Genera VDHLMOD| 0 On Off | Heavy load protection mode On/Off for internal voltage regulator
AW General 0 1 0 General-purpose register
LPWR 0 On Off | LCD system voltage regulator On/Off
SvDS3| o SVD criteria voltage setting
SVDS3 | SVDS2 | SVDS1 | SVDS0 SVDS? 0 [SVDS3-(0] 01 2 3 4 5 6 7
FFO4H Voltage (V) 16 18 19 20 21 22 23 24
AW Svbst| 0 [SVDS3-0] 8 9 10 11 12 13 14 15
SVDS0 0 Voltage (V) 25 26 27 28 29 30 31 32
3 -2
0 0 | svoDT |SvDoN gEB = 32”:
FFO5H - i
R AW SVDDT 0 Low | Normal | SVD evaluation data
SVDON 0 On Off | SVD circuit On/Off
FOUT3 0 7] FOUT frequency selection
FOUTS3 | FOUT2 | FOUT1 | FOUTO [FOUT3-0] 0 1 2 3 4 5
FOUT2 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 fosci/4
FF10H [FOUT3-0] 6 7 8 9 10
FOUT1| 0 Frequency fosci/2 fosci fosca/256 fosca/64 fosca/32
RIW [FOUT3-0] 11 12 13 14 15
FOUTO| 0 Frequency fosca/16 fosca/8 fosca/4 fosca2  foscs
NRSP11| 0 -1 Key input interrupt noise reject frequency selection
NRSP11|NRSP10{NRSP01|NRSP00 NRSP10 0 [NRSP11, 10] (P40-P43) 0 1 2 3
FF11H Frequency Off  fosc1/16 fosc1/64 fosc1/256
AW NRSPOT| 0 [NRSPOL, 00] (P10-P13) 0 1 2 3
NRSP0O| 0 _| Frequency Off  fosc1/16 fosci/64 fosci/256
FLCKS1| © Frame [FLCKSL 0] 0 1 2 3
o FLCKS1 |FLCKSO0|VCCKS1|VCCKS0 reksol o ] l;rdeggtllagﬁy Frequency 32Hz 24Hz 16Hz 8Hz
aw VCCKS1| 0 }’rgqﬁg?gy [VCCKSL 0] 0 1 2,3
VCCKSO[ 0 selection Frequency Off 2kHz Prohibited
03 -2 Unused
0  [SIFCKS2|SIFCKS1|SIFCKSO| _
SIFCKS2l 0 Sexial I/F [SIFCKS2-0] 0 1 2 3
FF14H ook { Frequency Off/External fosc1  foscy/2 fosci/4
IFCKS1 clock freguen
R RW SIFCKS 0 selecti;] Cy[SlFCKS2—O] 4 5 6 7
SIFCKS0] 0 | Frequency = PT1  foscs fosca/2 foscs/4
008 -2 Unused
0  |RFCKS2|RFCKS1|RFCKSO _
RFCKS2| 0 RIf converter [RFCKS2-0] O 1 2 3
FF15H ook f Frequency Off fosc1 foscy/2 foscu/4
clock frequen
R RW RFCKS1) 0 selectijr? Cy[RFCKSZ—O] 4 5 6 7
RFCKSO[ 0 | Frequency = PT1  foscs fosca/2 foscs/4
MDCKE| 0 Enable | Disable | Integer multiplier clock enable
MDCKE | SGCKE | SWCKE | RTCKE
FE16H SGCKE 0 Enable | Disable | Sound generator clock enable
AW SWCKE| 0 Enable | Disable | Stopwatch timer clock enable
RTCKE 0 Enable | Disable | Clock timer clock enable
Remarks
[l Initial value at initial reset
[2 Not set in the circuit
(B Constantly "0" when being read
S1C63632 TECHNICAL MANUAL Seiko Epson Corporation 17



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (b) 1/0 memory map (FF18H—FF20H)

Add Register Comment
ress D3 D2 D1 DO | Name | Init (1L 1 0
PTPS03 0 7] Programmable timer 0 count clock frequency selection
PTPS03| PTPS02 | PTPSO01|PTPS00 [PTPS03-00] 0 1 2 3 4 S
PTPS02| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF18H [PTPS03-00] 6 7 8 9 10
PTPSO1| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RW [PTPS03-00] 11 12 13 14 15
PTPS00| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
PTPS13 0 Programmable timer 1 count clock frequency selection
PTPS13|PTPS12|PTPS11|PTPS10 [PTPS13-10] 0 1 2 3 4 5
PTPS12| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF19H [PTPS13-10] 6 7 8 9 10
PTPS11| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RIW [PTPS13-10] 11 12 13 14 15
PTPS10| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
PTPS23 0 Programmable timer 2 count clock frequency selection
PTPS23|PTPS22 [PTPS21 PTPS20 [PTPS23-20] O 1 2 3 4 5
PTPS22| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF1AH [PTPS23-20] 6 7 8 9 10
PTPS21| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RW [PTPS23-20] 11 12 13 14 15
PTPS20| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
PTPS33 0 7] Programmable timer 3 count clock frequency selection
PTPS33| PTPS32 | PTPS31|PTPS30 [PTPS33-30] 0 1 2 3 4 S
PTPS32| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF1BH [PTPS33-30] 6 7 8 9 10
PTPS31| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RW [PTPS33-30] 11 12 13 14 15
PTPS30| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
PTPS43 0 Programmable timer 4 count clock frequency selection
PTPS43| PTPS42|PTPS41|PTPS40 [PTPA3-40] 0 1 2 3 4 5
PTPS42| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF1CH [PTP$43-40] 6 7 8 9 10
PTPS41| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RW [PTP4340] 11 12 13 14 15
PTPS40| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
PTPS53 0 Programmable timer 5 count clock frequency selection
PTPS53| PTPS52 | PTPS51|PTPS50 [PTPS53-50] 0 1 2 3 4 S
PTPS52| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF1DH [PTPSE3-50] 6 7 8 9 10
PTPS51| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RW [PTPS53-50] 11 12 13 14 15
PTPS50| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
PTPS63 0 7] Programmable timer 6 count clock frequency selection
PTPS63| PTPS62 | PTPS61|PTPS60 [PTPS63-60] 0 1 2 3 4 S
PTPS62| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF1EH [PTPS63-60] 6 7 8 9 10
PTPS61| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RW [PTPS63-60] 11 12 13 14 15
PTPS60| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
PTPS73 0 Programmable timer 7 count clock frequency selection
PTPS73|PTPS72|PTPS71|PTPS70 [PTPS73-70] O 1 2 3 4 5
PTPS72| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 fosci/4
FF1FH [PTPS73-70] 6 7 8 9 10
PTPS71| 0 Frequency fosc/2 fosci fosca/256 fosca/64 fosca/32
RW [PTPS73-70] 11 12 13 14 15
PTPS70| 0 _| Frequency foscs/16 foscs/8 foscal4  foscal2  foscs
P03 1 High Low | PO31/O port data
P03 P02 P01 P00 functions as a general-purpose register when R/f or BZ is used
(RFOUT/| (SENO) | (REFO) [(RFINO) | P02 1 High Low | P02 1/0O port data
FF20H BZ) functions as a general-purpose register when R/f is used
P01 1 High Low [PO11/O port data
AW functions as a general-purpose register when R/f is used
P00 1 High | Low |POOI/O port data
functions as a general-purpose register when R/f is used
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (c) 1/O memory map (FF21H—FF28H)

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init (1L 1 0
10C03 0 Output | Input | PO31/O control register
functions as a general -purpose register when R/f or BZ is used
10C03 | 10C02 | 10COT | 10C00 10C02 0 Output | Input |PO2 1/O control register
FE21H functions as a general -purpose register when R/f is used
10Co1 0 Output | Input | PO11/O control register
AW functions as a general -purpose register when R/f is used
10C00 0 Output | Input | POO I/O control register
functions as a general -purpose register when R/f is used
PULO3 1 On Off | PO3 pull-down control register
functions as a general-purpose register when R/f or BZ is used
PULO3 | PULOZ | PULOT | PULOD PUL02 1 On Off | P02 pull-down control register
FE22H functions as a general -purpose register when R/f is used
PULO1 1 On Off | PO1 pull-down control register
AW functions as a general -purpose register when R/f is used
PULOO 1 On Off | POO pull-down control register
functions as a general-purpose register when R/f is used
SMTO03 1 Schmitt | CMOS | PO3 input interface level select register
functions as a general -purpose register when R/f or BZ is used
SWITO3 | SWT02 | SMTOT | SMT00 SMT02 1 Schmitt | CMOS | P02 input interface level select register
FE23H functions as a general -purpose register when R/f is used
SMTO1 1 Schmitt | CMOS | PO1 input interface level select register
AW functions as a general-purpose register when R/f is used
SMTO00 1 Schmitt | CMOS | P00 input interface level select register
functions as a general -purpose register when R/f is used
P13 P13 1 High Low [P131/O port data
(TOUT_A) P12 P11 P10 functions as a general -purpose register when TOUT_A isused
FF24H P12 1 High Low [P121/O port data
RW P11 1 High Low [P111/O port data
P10 1 High Low |P101/O port data
I0C13 0 Output | Input |P131/O control register
I0C13 | 10C12 | I0C11 | 10C10 functions as a general-purpose register when TOUT_A is used
FF25H 10C12 0 Output | Input | P12 1/O control register
RW I0C11 0 Output | Input |P111/O control register
I0C10 0 Output | Input | P10 1/O control register
PUL13 1 On Off | P13 pull-down control register
PUL13 | PUL12 | PUL11 | PUL10 functions as a general -purpose register when TOUT_A isused
FF26H PUL12 1 On Off | P12 pull-down control register
RIW PUL11 1 On Off | P11 pull-down control register
PUL10 1 On Off | P10 pull-down control register
SMT13 1 Schmitt | CMOS | P13 input interface level select register
SMT13 | SMT12 | SMT11 | SMT10 functions as a general -purpose register when TOUT_A isused
FF27H SMT12 1 Schmitt | CMOS | P12 input interface level select register
RW SMT11 1 Schmitt | CMOS | P11 input interface level select register
SMT10 1 Schmitt | CMOS | P10 input interface level select register
P23 P23 1 High Low |P231/O port data
(SS/ P22 P21 P20 functions as a general-purpose register when SIF (slave, SRDY)
SRDY/ | (SIN) |(SOUT) | (SCLK) or FOUT isused
— FouT) P22 1 High | Low |P221/O port data
P21 1 High Low [P211/O port data
AW functions as a general-purpose register when SIF is used
P20 1 High Low |P20 1/O port data
functions as a general-purpose register when SIF (master) is used
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (d) 1/0 memory map (FF29H—FF2FH)

Register
Address - Comment
D3 D2 D1 DO | Name | Init (1 1 0
10C23 0 Output | Input | P23 1/O control register
functions as a general-purpose register when SIF or FOUT is used
10C23 | 10C22 | 10C21 | 10C20 |0C22 0 Output | Input | P22 1/O control register
FE29H functions as a general-purpose register when SIF is used
l0C21 0 Output | Input | P211/O control register
AW functions as a general-purpose register when SIF is used
10C20 0 Output | Input | P20 1/O control register
functions as a general-purpose register when SIF is used
PUL23 1 On Off | P23 pull-down control register
SS pull-down control register when SIF (dave, SS) isused
pPUL23 | PUL22 | PUL21 | PUL20 functions as a general-purpose register when SIF (slave, SRDY)
or FOUT isused
PUL22 1 On Off | P22 pull-down control register
FF2AH SIN pull-down control register when SIF is used
PUL21 1 On Off | P21 pull-down control register
functions as a general-purpose register when SIF (SOUT) is used
RW PUL20 | 1 On | Off |P20pull-down control register
SCLK (1) pull-down control register when SIF (slave) is used
functions as a general-purpose register when SIF (master) is used
SMT23 1 Schmitt | CMOS | P23 input interface level select register
SSinput I/F level sdlect register when SIF (save, SS) is used
SMT23 | SMT22 | SMT21 | SMT20 functions as a general-purpose register when SIF (slave, SRDY)
or FOUT isused
FE2BH SMT22 1 Schmitt | CMOS | P22 input interface level select register
SIN input interface level select register when SIF is used
SMT21 1 Schmitt | CMOS | P21 input interface level select register
RW functions as a general-purpose register when SIF (SOUT) is used
SMT20 1 Schmitt | CMOS | P20 input interface level select register
SCLK (1) input I/F level select register when SIF (slave) is used
functions as a general-purpose register when SIF (master) is used
P33 1 High Low [ P331/O port data
P33 P32 Pat P30 functions as a general-purpose register TOUT_D is used
(TOUT_D)(TOUT_C)(TOUT_B) P32 1 High | Low |P321/O port data
FF2CH functions as a general-purpose register TOUT_C is used
P31 1 High Low |P311/O port data
RW functions as a general-purpose register TOUT_B is used
P30 1 High Low [P301/O port data
10C33 0 Output | Input |P331/0O control register
10c33 | 10c32 | 10631 | 10630 functions as a general-purpose register TOUT_D is used
|0C32 0 Output | Input | P32 1/O control register
FF2DH functions as a general-purpose register TOUT_C isused
10C31 0 Output | Input |P311/O control register
RW functions as a general-purpose register TOUT_B is used
10C30 0 Output | Input | P30 I/O control register
PUL33 1 On Off | P33 pull-down control register
PUL33 | PUL32 | PUL3T | PUL30 functions as a general-purpose register TOUT_D is used
PUL32 1 On Off | P32 pull-down control register
FF2EH functions as a general-purpose register TOUT_C is used
PUL31 1 On Off | P31 pull-down control register
RW functions as a general-purpose register TOUT_B is used
PUL30 1 On Off | P30 pull-down control register
SMT33 1 Schmitt | CMOS | P33 input interface level select register
SMT33 | SMT32 | SMT31 | SMT30 functions as a general-purpose register TOUT_D is used
SMT32 1 Schmitt | CMOS | P32 input interface level select register
FF2FH functions as a general-purpose register TOUT_C is used
SMT31 1 Schmitt | CMOS | P31 input interface level select register
RW functions as a general-purpose register TOUT_B is used
SMT30 1 Schmitt | CMOS | P30 input interface level select register

20

Seiko Epson Corporation

S1C63632 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (e) 1/0 memory map (FF30H-FF41H)

Register
Address - Comment
D3 D2 D1 DO__| Name | Init (L 1 0
P43 | Pa2 | Pat | Pao E:g : ::g: tx
FF30H 9 P40-P43 1/O port data
W P41 1 High Low
P40 1 High Low |
10c43 | 10042 | 10C41 | 10C40 :ggﬁ g gﬂipﬂi ::pﬂi
FF31H o P40-P43 1/0 control register
RW 10C41 0 Output | Input
10C40 0 Output | Input ||
PUL43 | PUL42 | PUL41 | PUL40 gﬂtﬁ 1 8: 82
FF32H - i
. PULA1 1 on off P40-P43 pull-down control register
PUL40 1 On off |J
SMT43 | SMT42 | SMT41 | SMT40 zmig : zz:m gmg:
FF33H i i i
- SMT41 1 schmitt | cmos P40-P43 input interface level select register
SMT40 1 Schmitt | CMOS |
Ps3 | Ps2 | Pst | Pso i:i 1 ::QE m
FF34H 9 P50-P53 1/0 port data
RW P51 1 High Low
P50 1 High Low [
10c53 | 10052 | 10C51 | 10C50 :gggz g gﬂm ::’;E:
FF35H P50-P53 | trol regi
W 10C51 0 Output | Input PS31/O control register
10C50 0 Output | Input |
puLS3 | PULs2 | PULST | PuLso | POE8 | T On o Of
FF36H PULS2 ! On off P50-P53 pull-down control register
- PUSI| 1 | on | of P eg
PUL50 1 On off |
SWITs3 | sMTs2 | sTst | swmso | SMTO3 | 1 | Schmitt) CMOS
FF37H SMITS2 ! Schmitt | CMOS P50-P53 input interface level select register
- SMTs1| 1 | Schmitt| CMOS P &
SMT50 1 Schmitt | CMOS |
SIP03 | SIP02 | SIPO1 | SIPOO SIPO3 0 Enable D!sable
FF3CH SIP02 10 | Enable | Disable | | o) o3 verrupt select register
W SIPOt | 0 | Enable | Disable v -
SIP0O 0 Enable | Disable | ]
PCPO3 | PCPO2 | PCPO1 | PCPOO Egggg 1 % j:
FF3DH - PCPOT 1 1 I P10-P13 interrupt polarity select register
PCPOO | 1 v F Y
sP13 | siP12 | SIP11 | SIP10 2:22 g E:ZE:: g:zzs:z
FF3EH i i
3 - SIP11 0 Enable | Disable P40-P43 interrupt select register
SIP10 0 Enable | Disable | |
PCP13 | PCP12 | PCP11 | PCP10 Eg:g 1 j{ ?
FF3FH PA0-P43 int t polarit i
- PCP1 1 1 Is 0—P43 interrupt polarity select register
PCP10| 1 RE N
B| -@
0 o |vRst|mvRun| ° Unused
FE40H 008 -2 Unused
W AW TMRSTC8| Reset | Reset | Invalid | Clock timer reset (writing)
TMRUN 0 Run Stop | Clock timer Run/Stop
™S ™ ™ ™O ™3 0 Clock t! mer data (16 Hz)
FF41H ™2 0 Clock timer data (32 Hz)
R T™1 0 Clock timer data (64 Hz)
T™M0 0 Clock timer data (128 Hz)

S1C63632 TECHNICAL MANUAL

Seiko Epson Corporation

21



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (f) 1/O memory map (FF42H—FF51H)

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init [1 1 0
™7 ™6 ™5 ™4 ™7 0 Clock t! mer data (1 Hz)
FF42H T™6 0 Clock timer data (2 Hz)
R TM5 0 Clock timer data (4 Hz)
T™4 0 Clock timer data (8 Hz)
enrTM | ENRsT | Enon | B2ZE ENRTM 0 1sec |05 sgc Envelope releasi nq t.l me selection
FF44H ENRSTCB| Reset | Reset | Invalid | Envelope reset (writing)
ENON 0 On Off | Envelope On/Off
R w R
W W BZE 0 Enable | Disable | Buzzer output enable
0rs -2 Unused
0 | BZSTP | BZSHT |SHTPW |g7s7p8| 0 | Stop | Invalid | 1-shot buzzer stop (writing)
FF45H BZSHT 0 Trigger | Invalid | 1-shot buzzer trigger (writing)
R W RIW Busy | Ready |1-shot buzzer status (reading)
SHTPW| 0  [125 msec{31.25 msec| 1-shot buzzer pulse width setting
0rs -2 Unused
0 BZFQ2 | BZFQ1 | BZFQO BZFQ2 0 BUUZZBT [BZFQ2-0] 0 1 2 3
FF46H Frequency (Hz) 4096.0 3276.8 2730.7 2340.6
R W BZFQ1| © frequency  [|BZFQ2-0] 4 5 6 7
BZFQO| 0 selection  Frequency (Hz) 2048.0 1638.4 1365.3 1170.3
3 -2
0 |BDTY2|BDTY! |BDTYO BD'(I)'Y ol o Unused
FF47H BOTY1 0 J Buzzer signal duty ratio selection
R RW BDTY0 0 (refer to main manual)
008 -2 Unused
0 0 SWDIR | EDIR 03 _ Unused
FF48H SWDIR 0 Stopwatch direct input switch
R RIW 0: P10=Run/Stop, P11=Lap 1: P10=Lap, P11=Run/Stop
EDIR 0 Enable | Disable | Direct input enable
0rs -2 Unused
0 | DKwe | DKt | DKkMo | | n DKM20] 0 1 2 3
FF49H Key mask  Key mask None P12 P12-13 P12-1340
R AW DKMT | 0 ecion [DKM20] 4 5 6 7
DKMO 0 Key mask P40 P4041 P40-42 P40-43
LcURF | crnwe | swrun | swasT LCURF 0 Request| No |Lap datacarry-up request flag
FE4AH CRNWF 0 [Renewal| No |Capturerenewal flag
A AW W SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
SWRSTCB] Reset | Reset | Invalid | Stopwatch timer reset (writing)
SWD3 | SWD2 | SWD1 | SWD0 SWD3 0 .
SwWD2 0 Stopwatch timer data
FF4BH
R SWD1 0 BCD (1/1000 sec)
SWD0 0 B
SWD7 | SWD6 | SWD5 | SWD4 Swo7 0 )
FE4CH SWD6 0 Stopwatch timer data
R SWD5 0 BCD (1/100 sec)
SWD4 0 B
SWD11| SWD10 | SWD9 | SWD8 SWDT1 0 )
FE4DH SwD10| O Stopwatch timer data
R SWD9 0 BCD (1/10 sec)
SWD8 0 B
General 0 1 0 General-purpose register
General | LPAGE | DSPC1 | DSPCO | | paGE | 0 [F200-F37F[F000-F17F Display memory area (when 1/16 duty is selected)
FF50H functions as a general-purpose register when 1/24 or 1/32 is selected
RIW DSPCH 0 LCD display [DSPC1,0] 0 1 2 3
DSPCO 0 mode selection Display mode Normal Reverse  All lit  All off
General 0 1 0 General -purpose register
General |LDUTY2|LDUTY1|LDUTYO woutyel o b [LDUTY2-0] 0 1 2
FF51H drived Duty 1/32 (32Hz) Prohibited 1/24 (42 Hz)
rive
R/W LoUTY 0 selectiol:y [LDUTY2-0] 3 4 5-7
LDUTYO| 0 Duty 1/24 (21Hz) 1/16 (32 Hz) Prohibited
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (g) 1/0 memory map (FF52H—FF67H)

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
LC3 LC2 Lot LCo LC3 0 LCD contrast adjustment
FF52H LC2 0 [LC3-0] 0 - 15
AW LC1 0 Contrast Light - Dark
LCO 0
008 -2 Unused
0 |ESOUT|SCTRG| ESIF |EsoUT| 0 | Enable | Disable | SOUT enable
FF58H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF /0 [ Seria I/F enable (P2 port function selection)
SCPS1| 0 Serial I/F clock [SCPsLop 0 1 2 3
SOPS | SOPSO | SDP | SMOD | o lho < 1oL ' Selc o Polaity P P N N
FE59H 0 ormat selection phase R T
AW SDP 0  |MSBfirst| LSB first | Serial I/F datainput/output permutation
SMOD 0 Master | Slave | Serial I/F mode selection
008 -2 Unused
0 0  [ESREADY| ENCS 008 -2 Unused Save Master
ESREADY| 0 | SRDY | SS |P23port (SMOD=0) (SMOD=1)
FF5AH function selecti ESREADY ENCS P23 P23
unction selection X 0 /0 110
RW ENCS 0 SIF /0 | Serial I/F enable 0 1 35 110
(P23 function selection) 1 1 SRDY  Prohibited
_2 i T
sp3 | spbe | spi | sbo :gz 5 ::92 tzx MSB
FF5BH Ag Serial I/F transmit/receive data (low-order 4 bits)
AW SD1 -2 | High Low
SDo -2 | High Low LSB
) i T
so7 | sp6 | SDs | SD4 232 ol tgx M8
FF5CH 9 Serial I/F transmit/receive data (high-order 4 bits)
AW SD5 -2 | High Low
SD4 -2 | High Low [JLSB
RFCNT 0  |Continue| Normal | Continuous oscillation enable
FEG0H RFCNT| RFOUT| ERF1 | ERFO RFOUT 0 Enable | Disable | RFOUT enable
ERF1 0 conversion [ERFL, Q] 0 1 2 3
RW ERFO 0 sdlection  R/f conversion 1/0 Ch.0DC Ch.1AC Ch.1DC
ovic | owwe |rrrunalrrRUNS ovTC 0  [Overflow| Non-ov | Time base counter overflow flag
FE61H OovMC 0  |Overflow| Non-ov | Measurement counter overflow flag
AW RFRUNR| 0 Run Stop | Reference oscillation Run control/status
RFRUNS| 0 Run Stop | Sensor oscillation Run control/status
) T
MC3 | MC2 | MC1 MCO Mes
MC2 -2
FF62H e o Measurement counter MCO-MC3
W MCO -2 _ILSB
-2 .
MC7 | MC6 | MC5 | MC4 mg; o
FF63H MC5 o Measurement counter MC4-MC7
W MC4 -2 i
) T
MC11 | MC10 | MC9 | MC8 mg; o
FF64H MC9 o Measurement counter MC8-MC11
W MC8 - i
) T
MC15 | MC14 | MC13 | MC12 mg:i 2
FF65H MC13 o Measurement counter MC12-MC15
RW MC12 -2 i
-2 .
MC19 | MC18 | MC17 | MC16 mgz o MS8
FF6e6H MC17 o Measurement counter MC16-MC19
W MC16 - i
) T
TC3 TC2 TCH TCO igz o
FF67H T ) Time base counter TCO-TC3
W TCO - B
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (h) 1/0 memory map (FF68H—FF82H)

Register
Address - Comment
D3 D2 D1 DO [ Name | Init [1 1 0
_2 7
TC7 TC6 TC5 TC4 ig; o
FF68H 1C5 " Time base counter TC4-TC7
R
W TC4 -2 a
_2 7
TC11 | TC10 | TC9 TC8 Igl:) 2
FF69H TCo ) Time base counter TC8-TC11
RIW TC8 -2 .
_ 7
TC15 | TC14 | TC13 | TC12 Tcts
TC14 -2 .
FF6AH TC13 2 Time base counter TC12-TC15
RW TC12 -2 B
_2 7
TC19 | TC18 | TC17 | TC16 Eg o MS8
FF6BH 1017 " Time base counter TC16-TC19
R
W TC16 -2 B
_2 7
SR3 SR2 SR1 SR0O :§2 o
FF70H SR ) Source register (low-order 4 bits)
RIW SR0 -2 JLSB
_ 7
SR7 SR6 SR5 SR4 :2; o MSB
FF71H SRS 2 Source register (high-order 4 bits)
RW SR4 -2 B
DRL3 -2 ]
FE72H DRL3 | DRL2 | DRL1 | DRLO DRL2 -2 Low-order 8-bit destination register
W DRLA1 -2 (low-order 4 bits)
DRLO -2 1 LSB
_2 7
DRL7 | DRL6 | DRL5 | DRL4 DRL7 MSB ! — ]
FE73H DRL6 -2 Low-order 8-bit destination register
W DRL5 -2 (high-order 4 bits)
DRL4 -2 B
DRH3 -2 ]
DRH3 | DRH2 | DRH1 | DRH
FE74H s 0 DRH2 -2 High-order 8-bit destination register
AW DRH1 -2 (low-order 4 bits)
DRHO -2 JLSB
_2 7
DRH7 | DRH6 | DRH5 | DRH4 DRH7 M_SB ! — ]
FF75H DRH6 -2 High-order 8-bit destination register
W DRH5 -2 (high-order 4 bits)
DRH4 -2 B
NF 0  [Negative| Positive | Negative flag
NF VF ZF |CALMD| vp 0 |Overflow| No |Overflow flag
FF76H ZF 0 Zero No |Zeroflag
R rw |CALMD 0 Run Stop | Operation status (reading)
Div. Mult. | Calculation mode selection (writing)
MOD16_A| 0 16 bits | 8bits | PTMO-1 16-bit mode selection
FF8OH MOD16_AEVCNT_AIFCSEL_A|PLPUL_A EVCNT Al 0 Eventct.| Timer | PTMO counter mode selection
W FCSEL_A| 0 |With NR| NoNR | PTMO function selection (for event counter mode)
PLPULA| 0 N 1 |PT™MO pulse polarity selection (for event counter mode)
PTSEL1 0 PWM | Normal | Programmable timer 1 PWM output selection
PTSEL1|PTSELO [CHSEL_A|PTOUT_A
FE81H - ~ |PTSELO| O PWM | Normal | Programmable timer 0 PWM output selection
W CHSEL_A| 0 Timer 1 | Timer 0 | PTMO-1 TOUT_A output selection
PTOUT Al 0 On Off | PTM0-1 TOUT_A output control
ad o - :
pTRsT [PTRUN [PTRSTOlPTRUNO PTRST1 Reset | Invalid Programmablet!mer 1 reset (reload)
FE82H PTRUN1 0 Run Stop | Programmable timer 1 Run/Stop
W W W AW PTRSTOB| -2 | Reset | Invalid | Programmable timer O reset (reload)
PTRUNO| 0 Run Stop | Programmable timer O Run/Stop
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (i) 1/O memory map (FF84H—FF91H)

Regist
Address g STer - Comment
D3 D2 D1 DO | Name | Init (L 1 0
RLDO3 | RLDO2 | RLDO1 | RLD0O g::ggg g MS8
FF84H ALDO1 0 Programmable timer O reload data (low-order 4 bits)
W RLD00 0 I LSB
RLDO7 | RLD06 | RLDO5 | RLD04 Etggé g MSB
FF85H ALDOS 0 Programmable timer O reload data (high-order 4 bits)
W RLD04 0 JLSB
RLD13 | RLD12 | RLD11 | RLD10 Etglg g MSB
FF86H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
W RLD10 0 JLSB
RLD17 | RLD16 | RLD15 | RLD14 2::31; g MS8
FF87H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
W RLD14 0 I LSB
PTDO3 | PTD02 | PTDO1 | PTDOO Eggz g MSB
FF88H PTDO1 0 Programmable timer O data (low-order 4 bits)
R PTD0O 0 I LSB
PTDO7 | PTDO06 | PTDO5 | PTD04 Egg; g MS8
FF89H BTDOS 0 Programmable timer O data (high-order 4 bits)
R PTD04 0 1LSB
PTD13 | PTD12 | PTD11 | PTD10 Eglg g MS8
FF8AH PTDI1 0 Programmable timer 1 data (low-order 4 bits)
R PTD10 0 I LSB
PTD17 | PTD16 | PTD15 | PTD14 Egl; g MSB
FF8BH PTDI5 0 Programmable timer 1 data (high-order 4 bits)
R PTD14 0 JLSB
CD03 | CD02 | CDo1 | CDO0O gggg g MSB
FF8CH Dot 0 Programmable timer O compare data (low-order 4 bits)
W CD00 0 JLSB
D07 ™M
CD07 | CD06 | CD05 | CD04 ng 6 g sB
FF8DH CDOS 0 Programmable timer O compare data (high-order 4 bits)
W CD04 0 I LSB
CD13 | CD12 | CD11 | CD10 gglz g MSB
FF8EH CD11 0 Programmable timer 1 compare data (low-order 4 bits)
W CD10 0 JLSB
CD17 | CD16 | CD15 | CD14 ggl; g MSB
FF8FH D15 0 Programmable timer 1 compare data (high-order 4 bits)
W CD14 0 JLSB
MOD16.B 0 16 bits | 8 bits | PTM2-3 16-bit mode selection
FE90H MOD16_BIEVCNT_BFCSEL_BIPLPUL B EVCNT Bl 0 Eventct.| Timer | PTM2 counter mode selection
AW FCSEL Bl 0 |WithNR| NoNR | PTM2 function selection (for event counter mode)
PLPULB| 0 f 4 |PTm2 pulse polarity selection (for event counter mode)
PTSEL3 | PTSEL2|CHSEL_BPTOUT B PTSEL3| 0 PWM | Normal Programmableq mer 3 PWM output sdect?on
FF91H PTSEL2 0 PWM | Normal | Programmable timer 2 PWM output selection
AW CHSEL B 0 Timer 3 | Timer 2 | PTM2-3 TOUT_B output selection
PTOUT Bl 0 On Off |PTM2-3 TOUT_B output control
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (j) /O memory map (FF92H—FFAOH)

Regist
Address cgister - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
PTRST38] —[2| Reset | Invalid | Programmable timer 3 reset (reload)
PTRST3|PTRUN3|PTRST2|PTRUN2
FF92H ST3 UN3 S v PTRUN3| 0 Run Stop | Programmable timer 3 Run/Stop
W W W AW PTRST2(8] - [2 | Reset | Invalid | Programmable timer 2 reset (reload)
PTRUN2| 0 Run Stop | Programmable timer 2 Run/Stop
RLD23 | RLD22 | RLD21 | RLD20 Stgig g MS8
FF94H ALD21 0 Programmable timer 2 reload data (low-order 4 bits)
RIW RLD20 0 JLSB
RLD27 | RLD26 | RLD25 | RLD24 Stggg g MS8
FF95H ALDZ5 0 Programmable timer 2 reload data (high-order 4 bits)
RIW RLD24 0 JLSB
RLD33 | RLD32 | RLD31 | RLD30 Etggg g MS8
FF96H ALD31 0 Programmable timer 3 reload data (low-order 4 bits)
RIW RLD30 0 JLSB
RLD37 | RLD36 | RLD35 | RLD34 Stgzé g MSB
FF97H ALD35 0 Programmable timer 3 reload data (high-order 4 bits)
RIW RLD34 0 JLSB
PTD23 | PTD22 | PTD21 | PTD20 Eggg g MSB
FF98H PTD21 0 Programmable timer 2 data (low-order 4 bits)
R PTD20 0 JLSB
PTD27 | PTD26 | PTD25 | PTD24 Eg;é g MS8
FF99H PTD2S 0 Programmable timer 2 data (high-order 4 bits)
R PTD24 0 1 LSB
PTD33 | PTD32 | PTD31 | PTD30 Egzg g MSB
FF9AH PTD31 0 Programmable timer 3 data (low-order 4 bits)
R PTD30 0 JLSB
PTD37 | PTD36 | PTD35 | PTD34 Egg; g MSB
FF9BH PTD35 0 Programmable timer 3 data (high-order 4 bits)
R PTD34 0 JLSB
CD23 | CD22 | CD21 | CD20 gggz g MS8
FFOCH - 0 Programmable timer 2 compare data (low-order 4 bits)
RIW CD20 0 JLSB
CD27 | CD26 | CD25 | CD24 ggg; g MSB
FFODH D25 0 Programmable timer 2 compare data (high-order 4 bits)
RW CD24 0 JLSB
CD33 | CD32 | CD31 | CD30 gggg g MSB
FFOEH D31 0 Programmable timer 3 compare data (low-order 4 bits)
RIW CD30 0 JLSB
D37 BRY
CD37 | CD36 | CD35 | CD34 ng 6 g B
FFOFH D35 0 Programmable timer 3 compare data (high-order 4 bits)
RIW CD34 0 JLSB
MOD16_CIEVONT ClFCSEL_C|PLPUL_C MOD16_C{ 0 16 bits B,blts PTM4-5 16-bit modeselec_uon
FEAOH EVCNT_C| 0 |[Eventct.| Timer | PTM4 counter mode selection
W FCSELC| © With NR| No NR | PTM4 function selection (for event counter mode)
PLPULC| O - 1| PTM4 pulse polarity selection (for event counter mode)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (k) 1/O memory map (FFA1IH—FFAFH)

Regist
Address cgister - Comment
D3 D2 D1 DO_ [ Name | Init (1L 1 0
PTSELS| 0 PWM | Normal | Programmable timer 5 PWM output selection
PTSELS5 | PTSEL4 |CHSEL_C[PTOUT.
FEATH SELS|PTS CHSEL GPTOUT.G PTSEL4| 0 PWM | Normal | Programmable timer 4 PWM output selection
AW CHSEL.C| 0 Timer 5 | Timer 4 | PTM4-5 TOUT_C output selection
PTOUT.C| 0 On Off | PTM4-5 TOUT_C output control
B -2 i i
PTRST5|PTRUNS|PTRS T4 |PTRUNA PTRSTS! Reset | Invalid Programmableq mer 5 reset (reload)
FEA2H PTRUN5| 0 Run Stop | Programmable timer 5 Run/Stop
o -2 i i
W AW W AW PTRST4 Reset | Invalid | Programmable t? mer 4 reset (reload)
PTRUN4| 0 Run Stop | Programmable timer 4 Run/Stop
RLD43 | RLD42 | RLD41 | RLD40 Etg:g g MSB
FFA4H ALD41 0 Programmable timer 4 reload data (low-order 4 bits)
RW RLD40 0 I LSB
RLD47 | RLD46 | RLD45 | RLD44 2::3:; g MS8
FFASH RLDA5 0 Programmable timer 4 reload data (high-order 4 bits)
W RLD44 0 I LSB
RLD53 | RLD52 | RLD51 | RLD50 Etggz g MSB
FFA6H ALD51 0 Programmable timer 5 reload data (low-order 4 bits)
W RLD50 0 I LSB
RLD57 | RLD56 | RLD55 | RLD54 Etgg; g MSB
FFA7H ALDS5 0 Programmable timer 5 reload data (high-order 4 bits)
RIW RLD54 0 I LSB
PTD43 | PTD42 | PTD41 | PTD40 Eg:g g MS8
FFA8H PTDA1 0 Programmable timer 4 data (low-order 4 bits)
R PTD40 0 I LSB
PTD47 | PTD46 | PTD45 | PTD44 EE:Z g MSB
FFA9H PTDA5 0 Programmable timer 4 data (high-order 4 bits)
R PTD44 0 I LSB
PTD53 | PTD52 | PTD51 | PTD50 Eggg g MSB
FFAAH BTDS51 0 Programmable timer 5 data (low-order 4 hits)
R PTD50 0 I LSB
PTD57 | PTD56 | PTD55 | PTD54 Egg; g MSB
FFABH PTDSS 0 Programmable timer 5 data (high-order 4 bits)
R PTD54 0 I LSB
CD43 | CD42 | CD41 | CD40 ggjz g MSB
FFACH cDat 0 Programmable timer 4 compare data (low-order 4 bits)
W CD40 0 I LSB
CD47 | CD46 | CD45 | CD44 ggg g MSB
FFADH D45 0 Programmable timer 4 compare data (high-order 4 bits)
RIW CD44 0 I LSB
D ™M
CD53 | CD52 | CD51 | CD50 gng g B
FFAEH P 0 Programmable timer 5 compare data (low-order 4 bits)
RIW CD50 0 I LSB
CD57 | CD56 | CD55 | CD54 ggzg g MSB
FFAFH D55 0 Programmable timer 5 compare data (high-order 4 bits)
R
W CD54 0 1 LSB
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (I) 1/0 memory map (FFBOH-FFBEH)

Regist
Address o9 %61 - Comment
D3 D2 D1 DO_ [ Name | Init [1 1 0
MOD16.D| 0 16 bits | 8bits | PTM6-7 16-bit mode selection
FEBOH 0D16_DEVCNT_DIFCSEL_DIPLPUL.D EVCNT_D| 0 Eventct.| Timer | PTM6 counter mode selection
AW FCSEL.D| 0 |With NR| NoNR | PTM6 function selection (for event counter mode)
PLPULD| O N 1 |PT™6 pulse polarity selection (for event counter mode)
PTSEL7|PTSELG [CHSEL_DIPTOUT D PTSEL7 0 PWM | Normal Programmablet! mer 7 PWM output select!on
FFB1H PTSEL6 0 PWM | Normal | Programmable timer 6 PWM output selection
W CHSEL.D| 0 Timer 7 | Timer 6 | PTM6-7 TOUT_D output selection
PTOUT Dl 0 On Off | PTM6-7 TOUT_D output control
PTRST7(8) - [2| Reset | Invalid | Programmable timer 7 reset (reload)
PTRST7|PTRUN7[PTRST6 |PTRUN6
FEBoH PTRUN7| 0 Run Stop | Programmable timer 7 Run/Stop
W W W AW PTRST68] -2 | Reset | Invalid | Programmable timer 6 reset (reload)
PTRUN6| 0O Run Stop | Programmabl e timer 6 Run/Stop
RLD63 | RLD62 | RLD61 | RLD60 Etggg g MS8
FFB4H ALDG 0 Programmable timer 6 reload data (low-order 4 bits)
RIW RLD60 0 1 LSB
RLD67 | RLD66 | RLD65 | RLD64 Etgg; g MS8
FFB5H ALDGS 0 Programmable timer 6 reload data (high-order 4 bits)
RIW RLD64 0 JLSB
RLD73 | RLD72 | RLD71 | RLD70 23;2 g MS8
FFB6H ALD71 0 Programmable timer 7 reload data (low-order 4 bits)
RIW RLD70 0 JLSB
RLD77 | RLD76 | RLD75 | RLD74 E::g;; g MS8
FFB7H RLDTS 0 Programmable timer 7 reload data (high-order 4 bits)
RIW RLD74 0 JLSB
PTD63 | PTD62 | PTD61 | PTD60 Eggg g MS8
FFB8H PTDG 0 Programmable timer 6 data (low-order 4 bits)
R PTD60 0 JLSB
PTD67 | PTD66 | PTD65 | PTD64 EBZ; g MS8
FFB9H PTD6S 0 Programmable timer 6 data (high-order 4 bits)
R PTD64 0 JLSB
PTD73 | PTD72 | PTD71 | PTD70 Egzg g MS8
FFBAH PTD7H 0 Programmable timer 7 data (low-order 4 bits)
R PTD70 0 JLSB
PTD77 | PTD76 | PTD75 | PTD74 EBZ g MS8
FFBBH PTD75 0 Programmable timer 7 data (high-order 4 bits)
R PTD74 0 JLSB
CD63 | CD62 | CD61 | CD60 gggg g MSB
FFBCH D61 0 Programmable timer 6 compare data (low-order 4 bits)
RW CD60 0 JLSB
D67 BRY
CD67 | CD66 | CD65 | CD64 ng 5 g =B
FFBDH CDES 0 Programmable timer 6 compare data (high-order 4 bits)
RIW CD64 0 JLSB
CD73 | CD72 | CD71 | CD70 gg;z g MS8
FFBEH co71 0 Programmable timer 7 compare data (low-order 4 bits)
RIW CD70 0 JLSB
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (m) 1/O memory map (FFBFH-FFEDH)

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init (1L 1 0
CD77 | CD76 | CD75 | CD74 gg;é g MS8
FFBFH D75 0 Programmable timer 7 compare data (high-order 4 bits)
RIW CD74 0 LSB
General 0 1 0 General-purpose register
G || EIRFE | EIRFR | EIRFS
FFE1H eneral EIRFE 0 Enable | Mask |Interrupt mask register (R/f converter error)
AW EIRFR 0 Enable | Mask |Interrupt mask register (R/f converter reference oscillate completion)
EIRFS 0 Enable | Mask | Interrupt mask register (R/f converter sensor oscillate completion)
General | General | EIPTO |EICTCO || © ! 0 | Generdl-purpose register
FEE2H General 0 1 0 General-purpose register
AW EIPTO 0 Enable | Mask |Interrupt mask register (Programmable timer O underflow)
EICTCO| O Enable | Mask | Interrupt mask register (Programmable timer O compare match)
General | General | EPT1 |EIcTC1| &M@ © ! 0| Generd-purpose register
FEESH General 0 1 0 General-purpose register
AW EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1 underflow)
EICTC1 0 Enable | Mask | Interrupt mask register (Programmable timer 1 compare match)
General | General | EIPT2 |EIcTC2 || © ! 0 | General-purpose register
FFE4H General 0 1 0 General-purpose register
AW EIPT2 0 Enable | Mask | Interrupt mask register (Programmable timer 2 underflow)
EICTC2 0 Enable | Mask |Interrupt mask register (Programmable timer 2 compare match)
General | General | EIPT3 |EICTO3 || O ! 0 | Generdl-purpose register
FFESH General 0 1 0 General-purpose register
AW EIPT3 0 Enable | Mask |Interrupt mask register (Programmable timer 3 underflow)
EICTC3| 0 Enable | Mask | Interrupt mask register (Programmable timer 3 compare match)
General | General | EIPT4 | EcTca| &M | © ! 0| Generd-purpose register
FEE6H General 0 1 0 General-purpose register
AW EIPT4 0 Enable | Mask |Interrupt mask register (Programmable timer 4 underflow)
EICTC4| © Enable | Mask | Interrupt mask register (Programmable timer 4 compare match)
General | General | EIPT5 | EICTC5 General 0 ! 0 General-purpose reg! ster
FFE7H General 0 1 0 General-purpose register
AW EIPT5 0 Enable | Mask |Interrupt mask register (Programmable timer 5 underflow)
EICTC5 0 Enable | Mask |Interrupt mask register (Programmable timer 5 compare match)
General | General | EIPTs |EICTCs | %S| © ! 0 | General-purpose register
FFESH General 0 1 0 General-purpose register
AW EIPT6 0 Enable | Mask |Interrupt mask register (Programmable timer 6 underflow)
EICTC6 0 Enable | Mask | Interrupt mask register (Programmable timer 6 compare match)
General | General | EPT7 |EIcTC7| Seme®| O ! 0 | Generd-purpose register
FEEOH General 0 1 0 General-purpose register
AW EIPT7 0 Enable [ Mask |Interrupt mask register (Programmable timer 7 underflow)
EICTC7| 0 Enable | Mask | Interrupt mask register (Programmable timer 7 compare match)
General | General | General | EISIF General 0 ! 0 General-purpose reg! ster
FFEAH General 0 1 0 General-purpose register
AW General 0 1 0 General-purpose register
EISIF 0 Enable | Mask |Interrupt mask register (Serial interface)
o3 | ewoz | Ewot | Emxoo EIKO03 0 Enable | Mask |Interrupt mask reg!ster (Key !nput !nterrupt 3<P13>)
FFEBH EIK02 0 Enable | Mask |Interrupt mask register (Key input interrupt 2 <P12>)
AW EIKO1 0 Enable | Mask |Interrupt mask register (Key input interrupt 1 <P11>)
EIK00 0 Enable | Mask | Interrupt mask register (Key input interrupt 0 <P10>)
13 | ekiz | et | ekio EIK13 0 Enable | Mask |Interrupt mask reg!ster (Key !nput !nterrupt 7 <P43>)
FFECH EIK12 0 Enable | Mask |Interrupt mask register (Key input interrupt 6 <P42>)
AW EIK11 0 Enable | Mask | Interrupt mask register (Key input interrupt 5 <P41>)
EIK10 0 Enable | Mask | Interrupt mask register (Key input interrupt 4 <P40>)
eiruN | Eiae | Eiswi [eiswio EIRUN 0 Enable | Mask |Interrupt mask reg!ster (Stopwatch d!rect RUN)
FFEDH EILAP 0 Enable | Mask |Interrupt mask register (Stopwatch direct LAP)
AW EISWA1 0 Enable | Mask |Interrupt mask register (Stopwatch timer 1 Hz)
EISW10 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (n) 1/O memory map (FFEEH-FFFCH)

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init [1 1 0
EIT3 Eimo EIT1 EiMo EIT3 0 Enable | Mask | Interrupt mask reg? ster (Clock t! mer 16 Hz)
FEEEH EIT2 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
AW EIT1 0 Enable | Mask | Interrupt mask register (Clock timer 64 Hz)
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 128 Hz)
EIT7 EIT6 EIT5 EiTa EIT7 0 Enable | Mask | Interrupt mask reg!ster (Clock t!mer 1Hz)
FFEFH EIT6 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
RW EITS 0 Enable | Mask | Interrupt mask register (Clock timer 4 Hz)
EIT4 0 Enable | Mask | Interrupt mask register (Clock timer 8 Hz)
eneral| 1RFE | 1mFm | 1RFs General 0 (R) (R) | General-purpose register
FEF1H IRFE 0 | Yes | No |[Interruptfactor flag (R/f converter error)
AW IRFR 0 (W) (W) | Interrupt factor flag (R/f converter reference oscillate completion)
IRFS 0 Reset | Invalid | Interrupt factor flag (R/f converter sensor oscillate completion)
| R R E i
General | General| 1PT0 | icTco | 8@ | O (R) ) () General-purpose register
FFF2H General 0 | _Yes | No _|General-purposeregister
AW IPTO 0 (W) (W) | Interrupt factor flag (Programmable timer O underflow)
ICTCO 0 Reset | Invalid | Interrupt factor flag (Programmable timer O compare match)
General | General | IPT1 | ICTCH Genera 0 R) (R) | General-purpose reg!ster
FEF3H General| 0 | Yes | No |General-purpose register
W IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1 underflow)
ICTCH 0 Reset | Invalid | Interrupt factor flag (Programmable timer 1 compare match)
General | General | IPT2 | ICTC2 General 0 R) (R) | Generdl-purpose reg!ster
FFF4H General| 0 | Yes | No |General-purpose register
AW IPT2 0 (W) (W) | Interrupt factor flag (Programmable timer 2 underflow)
ICTC2 0 Reset | Invalid | Interrupt factor flag (Programmable timer 2 compare match)
| R R E i
General | General| 1PT3 | icTca |8 | O (R) ) () General-purpose register
FFF5H General 0 | _Yes | No _|Genera-purpose register
AW IPT3 0 (W) (W) | Interrupt factor flag (Programmable timer 3 underflow)
ICTC3 0 Reset | Invalid | Interrupt factor flag (Programmable timer 3 compare match)
General | General | IPT4 | ICTC4 General 0 R) (R) | General-purpose reg!ster
FEF6H General 0 | _Yes | No |General-purpose register
W IPT4 0 (W) (W) [ Interrupt factor flag (Programmable timer 4 underflow)
ICTC4 0 Reset | Invalid | Interrupt factor flag (Programmable timer 4 compare match)
General | General | IPT5 | ICTC5 General 0 R) (R) | Generdl-purpose reg!ster
FFE7H General| 0 | Yes | No |General-purpose register
AW IPT5 0 (W) (W) | Interrupt factor flag (Programmable timer 5 underflow)
ICTC5 0 Reset | Invalid | Interrupt factor flag (Programmable timer 5 compare match)
| R R E i
General | General| 1PT6 | icTCs |87 | 0| (B () General-purpose register
FFF8H General 0 | _Yes | No _|Genera-purpose register
AW IPT6 0 (W) (W) [ Interrupt factor flag (Programmable timer 6 underflow)
ICTC6 0 Reset | Invalid | Interrupt factor flag (Programmable timer 6 compare match)
General | General | IPT7 | ICTC7 General 0 R) (R) | General-purpose reg!ster
FEF9H General 0 | _Yes | No |General-purpose register
W IPT7 0 (W) (W) [ Interrupt factor flag (Programmable timer 7 underflow)
ICTC7 0 Reset | Invalid | Interrupt factor flag (Programmable timer 7 compare match)
General | General | General |  ISIF Genera 0 R) (R) | Generdl-purpose reg!ster
FEFAH General| 0 | Yes | No |General-purpose register
AW General 0 (W) (W) | General-purpose register
ISIF 0 Reset | Invalid | Interrupt factor flag (Serial interface)
K03 K02 IKO1 K00 IK03 0 (R) (R) | Interrupt factor flag (Key !nput !nterrupt 3<P13>)
FEFBH IK02 0 | _Yes |_ No _|[Interrupt factor flag (Key input interrupt 2 <P12>)
AW IKO1 0 (W) (W) | Interrupt factor flag (Key input interrupt 1 <P11>)
IK00 0 Reset | Invalid | Interrupt factor flag (Key input interrupt 0 <P10>)
K13 K12 K11 K10 K13 0 (R) (R) | Interrupt factorfIag(Key!nput!nterrupt7<P43>)
FEFCH K12 0 | Yes | No |Interruptfactor flag (Key input interrupt 6 <P42>)
RW K11 0 (W) (W) | Interrupt factor flag (Key input interrupt 5 <P41>)
IK10 0 Reset | Invalid | Interrupt factor flag (Key input interrupt 4 <P40>)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (0) 1/O memory map (FFFDH-FFFFH)

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init (1L 1 0
moN | e | iswi | iswio IRUN 0 (R) (R) [ Interrupt factor flag (Stopwatch d? rect RUN)
FFEDH ILAP 0 | _Yes |_ No _|Interrupt factor flag (Stopwatch direct LAP)
AW ISW1 0 (W) (W) | Interrupt factor flag (Stopwatch timer 1 Hz)
ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)
T3 T2 T o IT3 0 (R) (R) [ Interrupt factor flag (Clock t! mer 16 Hz)
FEFEH IT2 0 | Yes | No |lInterruptfactor flag (Clock timer 32 Hz)
AW IT1 0 (W) (W) [ Interrupt factor flag (Clock timer 64 Hz)
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 128 Hz)
17 6 s 4 IT7 0 (R) (R) | Interrupt factor flag (Clock t! mer 1 Hz)
FEFEH IT6 0 | _Yes | No _[Interruptfactor flag (Clock timer 2 Hz)
AW IT5 0 (W) (W) | Interrupt factor flag (Clock timer 4 Hz)
IT4 0 Reset | Invalid | Interrupt factor flag (Clock timer 8 Hz)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Power Control)

4.2 Power Control

4.2.1 Configuration of power supply circuit

The S1C63632 has built-in power supply circuits shown in Figure 4.2.1.1 so the voltages to drive the CPU,
internal logic circuits, oscillation circuits and LCD driver can be generated on the chip.

External
power —
supply ;1= Power supply voltage «{ DBON
booster/halver |¢ HLON |*4
: 1
11 — | Vb2
— Vo1 Internal circuits
V(I;D 3
o VCSEL] y, [VDHLMOD
Oscillation system| | Internal voltage |Vp1 0OSC3 OSC3
voltage regulator regulator oscillation circuit OSC4
[Vosc 0SCi osCt
<] LPWR oscillation circuit 0SCc2
¢+ VCHLMOD
42!
LCD syst LCD
Volfgzeem Vci-Ves drver :((gcomo-comm
L SEGO-SEG63
regulator circuit

+1 Leave these terminals open when the power supply voltage booster/halver is not used.

%2 Connect when the 1/5 bias LCD drive power is used. (Leave the terminal open when the 1/4 bias LCD drive power is used.)

+3 Can be selected as the power source for the LCD system voltage regulator when the power supply voltage booster/halver
operates in boost mode.

#4 HLON is prohibited from use.

Fig. 4.2.1.1 Built-in power supply circuit

Power supply voltage booster/halver
The power supply voltage booster/halver generates the operating voltage VD2 for the voltage regula-
tor (LCD system voltage regulator). The S1C63632 allows software to control the power supply
voltage booster/halver and to select the power source of the voltage regulator.

Internal voltage regulator
This voltage regulator always operates to generate the VD1 operating voltage for the internal logic
circuits and OSC3 oscillation circuit.

Oscillation system voltage regulator
This voltage regulator always operates to generate the Vosc voltage for driving the OSC1 oscillation
circuit.

LCD system voltage regulator
The LCD system voltage regulator generates the LCD drive voltages VC1 to Vcs. See Chapter 7,
"Electrical Characteristics" for the voltage values. In the S1C63632, the LCD drive voltage is supplied
to the built-in LCD driver which drives the LCD panel connected to the SEG and COM terminals.

Note: Be sure not to use the Vp1,VbD2, Vosc and Vc1 to Vs terminal output voltages to drive external
circuits.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Power Control)

4.2.2 Controlling the power supply voltage booster/halver and voltage regulators

Controlling the power supply voltage booster/halver
The power supply voltage booster/halver generates the operating voltage VD2 for driving the voltage
regulator (LCD system voltage regulator) when the supply voltage VDD is out of their operating
voltage range.
The power supply voltage booster/halver has two operating modes, boost mode and halving mode,
that can be selected using the DBON and HLON registers according to the VDD value being supplied.
The power supply voltage booster/halver enters boost mode by setting DBON to "1" and boosts the
supply voltage VDD to generate VD2 (about double VDD). The power supply voltage booster/halver
should be placed in boost mode only when VD2 is required for driving the LCD system voltage
regulator (see "Controlling the LCD system voltage regulator” described below).
HLON is prohibited from use. Always be sure to set to "0".
Setting both DBON and HLON to "0" turns the power supply voltage booster/halver off. The VD2
voltage is not required when the supply voltage VDD is within the range from 2.5V to 5.5V (1.6 V to
5.5 V when the Vc1 reference LCD drive power option is selected). In this case the power supply
voltage booster /halver should be turned off to reduce current consumption.
At initial reset, DBON and HLON are both set to "0" and the power supply voltage booster /halver
does not activate.

Controlling the LCD system voltage regulator
When the V2 reference LCD drive power option is selected, the LCD system voltage regulator must
be driven with a 2.5 V or more power voltage. Therefore, they can be driven with VDD if the supply
voltage VDD is 2.5 V or more. When the supply voltage VDD less than 2.5 V is used, drive the power
supply voltage booster /halver in boost mode to generate VD2 and use it to drive the LCD system
voltage regulator.
Use VCSEL to select the power source voltage (VDD or VD2) for the LCD system voltage regulator. It is
driven with VDD by setting VCSEL to "0" or VD2 by setting VCSEL to "1".
At initial reset, VCSEL is set to "0" so that VDD is selected as the power source for the LCD system
voltage regulator.

To generate the LCD drive voltages by the LCD system voltage regulator (to start LCD display), turn
the LCD system voltage regulator on using the LPWR register. When "1" is written to LPWR, the LCD
system voltage regulator goes on and generates the LCD drive voltages. At initial reset, LPWR is set to
"0" (Off). When LCD display is not necessary, turn the LCD system voltage regulator off to reduce
power consumption.

Notes: e When driving the LCD system voltage regulator with Vb2, be sure to write "1" to DBON to place
the power supply voltage booster/halver in boost mode before setting VCSEL to "1". Further-
more, do not switch the power source to Vb2 for about 1 msec until the Vb2 voltage has stabilized
after the power supply voltage booster/halver is turned on.

e Do not set DBON to "1" (boost mode) and VCSEL to "1" (driving with Vb2) if the supply voltage
VDD exceeds 2.5V, as it may cause damage of the IC.

e If VDD less than 2.5 V is used as the power source for the LCD system voltage regulator, the Vc1
to Vcs voltages cannot be generated within specifications (when a Vcz reference voltage option
is selected).
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Power Control)

Table 4.2.2.1 lists settings of the above registers according to the supply voltage VDD.

Table 4.2.2.1 Power control register settings according to supply voltage Vbb
When Vc2 reference LCD drive power option is selected

Power supply DBON | HLON | vDsEL| vesEL _Povyer source for internal and Power source for LCD system
voltage VDD oscillation system voltage regulators| voltage regulator (Vc2 reference)
16t025V 1 0 0 1 VDD VD2 (= VDD X 2)
25t055V 0 0 0 0 VDD VDD

When Vc1 reference LCD drive power option is selected

Power supply DBON | HLON | vDSEL| vesEL Eovyer source for internal and Power source for LCD system
voltage VDD oscillation system voltage regulators| voltage regulator (Vc1 reference)
16to55V 0 0 0 0 VDD VDD

4.2.3 Heavy load protection function

In order to ensure a stable circuit behavior and LCD display quality even if the power supply voltage
fluctuates due to driving an external load, the internal operating voltage regulator and the LCD system
voltage regulator have a heavy load protection function.

The internal operating voltage regulator enters heavy load protection mode by writing "1" to the
VDHLMOD register and it ensures stable VD1 output. Use the heavy load protection function when a
heavy load such as a lamp or buzzer is driven with a port output.

The LCD system voltage regulator enters heavy load protection mode by writing "1" to the VCHLMOD
register and it ensures stable VC1-V¢5 outputs. Use the heavy load protection function when the LCD
display has inconsistencies in density.

Note: Current consumption increases in heavy load protection mode, therefore do not set heavy load
protection mode with software if unnecessary.

4.2.41/0 memory for power control
Table 4.2.4.1 shows the I/O address and the control bits for power control.
Table 4.2.4.1 Power control bits

Register
Address - Comment
D3 D2 D1 D0 __| Name | Init 1 1 0
VDSEL 0 1 0 General-purpose register
VDSEL | VCSEL | HLON | DBON
FEO2H VCSEL 0 Vo2 Voo | Power source select for LCD system voltage regul ator
AW HLON 0 On Off | Power voltage booster/halver halving mode On/Off
DBON 0 On Off | Power voltage booster/halver boost mode On/Off
CHLMOD| 0 On Off | Heavy load protection mode On/Off for LCD system voltage regulator|
'CHLMOD|VDHLMOD] Gi || LPWR
FEO3H enera DHLMOD| 0 On Off | Heavy load protection mode On/Off for internal voltage regulator
RW General 0 1 0 General-purpose register
LPWR 0 On Off | LCD system voltage regulator On/Off

*

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

3 Constantly "0" when being read

DBON: Power supply voltage booster/halver boost mode On/Off register (FFO2H+DO)
Activates the power supply voltage booster /halver in boost mode.

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

When "1" is written to DBON, the power supply voltage booster/halver activates in boost mode and
almost doubles the VDD voltage to generate the VD2 voltage. Turn the power supply voltage booster/
halver on when driving the LCD system voltage regulator with VD2 (V2 reference voltage, VDD = 1.6 to
2.5 V). When "0" is written to DBON, the voltage boost operation is deactivated. Be sure to set DBON to
"0" (Off) when driving the LCD system voltage regulator with VDD. Furthermore, do not set both DBON
and HLON to "1".

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

HLON: Power supply voltage booster/halver halving mode On/Off register (FFO2H<D1)
Activates the power supply voltage booster/halver in halving mode.

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

HLON is prohibited from use. Always be sure to set to "0".
At initial reset, this register is set to "0".

VCSEL: LCD system voltage regulator power source switch register (FFO2H+<D2)
Selects the power voltage for the LCD system voltage regulator.

When "1" is written: VD2
When "0" is written: VDD
Reading: Valid

When "1" is written to VCSEL, the LCD system voltage regulator is driven with VD2 generated by the
power supply voltage booster/halver. Before this setting is made, it is necessary to write "1" to DBON to
activate the power supply voltage booster (boost mode). Furthermore, do not switch the power voltage to
VD2 for at least 1 msec after the power supply voltage booster/halver is turned on to allow VD2 to
stabilize. When "0" is written to VCSEL, the LCD system voltage regulator is driven with VDD.

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

Note: Do not set DBON to "1" (boost mode) and VCSEL to "1" (driving with Vb2) if the supply voltage VbD
exceeds 2.5V, as it may cause damage of the IC.

LPWR: LCD system voltage regulator On/Off register (FFO3H+<D0)
Turns the LCD system voltage regulator on and off.

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

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

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

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

VDHLMOD: Internal operating voltage regulator heavy load protection On/Off register (FFO3H<D2)
Enables heavy load protection function for the internal operating voltage regulator.

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

By writing "1" to VDHLMOD, the internal operating voltage regulator enters heavy load protection mode
and it ensures stable VD1 output. The heavy load protection function is effective when the buzzer/FOUT
signal is being output. However, heavy load protection mode increases current consumption compared
with normal operation mode. Therefore, do not set heavy load protection mode unless it is necessary.

At initial reset, this register is set to "0".
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VCHLMOD: LCD system voltage regulator heavy load protection On/Off register (FFO3HD3)
Enables heavy load protection function for the LCD system voltage regulator.

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

By writing "1" to VCHLMOD, the LCD system voltage regulator enters heavy load protection mode to
minimize degradation in display quality when fluctuations in the supply voltage occurs due to driving a
heavy load. The heavy load protection function is effective when the OSC3 clock is used or the buzzer/
FOUT signal is being output. However, heavy load protection mode increases current consumption
compared with normal operation mode. Therefore, do not set heavy load protection mode unless it is
necessary.

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

4.2.5 Programming notes

(1) When the power supply voltage booster /halver is turned on, the VD2 output voltage requires about 1
msec to stabilize. Do not switch the power source for the voltage regulator (LCD system voltage
regulator) to VD2 until the stabilization time has elapsed.

(2) HLON is prohibited from use, as it may cause malfunctions. Always be sure to set to "0".

(3) Do not set DBON to "1" (boost mode) and VCSEL to "1" (driving with VD2) if the supply voltage VDD
exceeds 2.5V, as it may cause damage of the IC.

(4) Current consumption increases in heavy load protection mode, therefore do not set heavy load
protection mode with software if unnecessary.
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4.3 Watchdog Timer

4.3.1 Configuration of watchdog timer

The 51C63632 has a built-in watchdog timer that operates with a 256 Hz divided clock from the OSC1 as
the source clock. The watchdog timer starts operating after initial reset, however, it can be stopped by the
software. The watchdog timer must be reset cyclically by the software while it operates. If the watchdog
timer is not reset in at least 3—4 seconds, it generates a non-maskable interrupt (NMI) to the CPU.

Figure 4.3.1.1 is the block diagram of the watchdog timer.

Non-maskable

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

Watchdog timer enable signall >J

Watchdog timer reset signal
Fig. 4.3.1.1 Watchdog timer block diagram

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

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

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

4.3.2 Interrupt function

If the watchdog timer is not reset periodically, the non-maskable interrupt (NMI) is generated to the core
CPU. Since this interrupt cannot be masked, it is accepted even in the interrupt disable status (I flag =
"0"). However, it is not accepted when the CPU is in the interrupt mask state until SP1 and SP2 are set as a
pair, such as after initial reset or during re-setting the stack pointer. The interrupt vector of NMI is
assigned to 0100H in the program memory.
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4.3.3 1/0 memory of watchdog timer

Table 4.3.3.1 shows the I/O address and control bits for the watchdog timer.

Table 4.3.3.1 Control bits of watchdog timer

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
3 — 2
0 o | woen [worst| ° Unused
03 -2 Unused
FFO1H , .
R W W WDEN 1 Enable | Disable | Watchdog timer enable
WDRST=3| Reset | Reset | Invalid | Watchdog timer reset (writing)

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

WDRST: Watchdog timer reset (FFO1H<DO)

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.

WDEN: Watchdog timer enable register (FFO1H<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 (NMI).
At initial reset, this register is set to "1".

4.3.4 Programming notes

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

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

4.4 Oscillation Circuit

4.4.1 Configuration of oscillation circuit

The S1C63632 is configured as a twin clock system with two internal oscillation circuits (OSC1 and
OSC3). The OSC1 oscillation circuit generates the main-clock (Typ. 32.768 kHz) for low-power operation
and the OSC3 oscillation circuit generates the sub-clock (Max. 4.2 MHz) to run the CPU and some
peripheral circuits in high speed.

Figure 4.4.1.1 shows the configuration of the oscillation circuit.

_ O_SC1 - |(fosc) Prescaler|_p. 10 Peripheral

oscillation circuit circuits

Clock
switch —»To CPU

. 0SC3 4 . To some peripheral
oscillation circuit| (fosca) circuits
4
Oscillation circuit CPU clock

SLEEP control signal selection signal

status OSscCC CLKCHG

Fig. 4.4.1.1 Oscillation system block diagram

At initial reset, OSC1 oscillation circuit is selected as the CPU operating clock source. The S1C63632
allows the software to turn the OSC3 oscillation circuit on and off, and to switch the system clock be-
tween OSC3 and OSC1. The OSC3 oscillation circuit is used when the CPU and some peripheral circuits
need high speed operation. Otherwise, use the OSC1 oscillation circuit to generate the operating clock
and stop the OSC3 oscillation circuit to reduce current consumption.

Note: The S1C63632 supports the SLEEP function and both the OSC1 and OSC3 oscillation circuits
stop oscillating when the CPU enters SLEEP mode. To prevent the CPU from a malfunction when it
resumes operating from SLEEP mode, switch the CPU clock to OSC1 before placing the CPU into
SLEEP mode.

4.4.2 Mask option

The OSC1 oscillator type is fixed at crystal.
For the OSC3 oscillator type, either ceramic or CR (external R) can be selected.
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4.4.3 OSC1 oscillation circuit

The OSC1 oscillation circuit generates the 32.768 kHz (Typ.) system clock which is used during low speed
(low power) operation of the CPU and peripheral circuits. Furthermore, even when OSC3 is used as the
system clock, OSC1 continues to generate the source clock for the clock timer and stopwatch timer. This
oscillation circuit stops when the SLP instruction is executed.

Figure 4.4.3.1 shows the configuration of the OSC1 oscillation circuit.

SLEEP status

fosc1

Fig. 4.4.3.1 OSC1 oscillation circuit (crystal oscillation)

A crystal oscillation circuit can be configured simply by connecting a crystal oscillator X'tal (Typ. 32.768
kHz) between the OSC1 and OSC2 terminals along with a trimmer capacitor CG1 (0-25 pF) between the
OSC1 terminal and Vss.

4.4.4 OSC3 oscillation circuit

The OSCS3 oscillation circuit generates the system clock to run the CPU and some peripheral circuits at
high speed. This oscillation circuit stops when the SLP instruction is executed or the OSCC register is set
to "0".

The oscillator type can be selected from ceramic or CR by mask option.

Figure 4.4.4.1 shows the configuration of the OSC3 oscillation circuit.

Ca3 0OSC3!
foscs

Oscillation circuit
control signal

SLEEP status

foscs

Rcr

—‘ Oscillation circuit
0SC4. control signal
! SLEEP status

(2) CR oscillation circuit
Fig. 4.4.4.1 OSC3 oscillation circuit
When ceramic oscillation circuit (Max. 4.2 MHz) is selected, connect a ceramic oscillator (Ceramic)

between the OSC3 and OSC4 terminals and connecting two capacitors (CG3, CD3) between the OSC3
terminal and Vss, and between the OSC4 terminal and Vss, respectively.

When CR oscillation (Max. 2 MHz) is selected, connect a resistor (RCR) between the OSC3 and OSC4
terminals.
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4.4.5 Switching the CPU clock

Either the OSC1 clock or the OSC3 clock can be selected as the CPU system clock using the CLKCHG
register.

The OSC3 oscillation circuit can be turned off (OSCC = "0") to save power while the CPU is operating
with the OSC1 clock (CLKCHG ="0").

If the system needs high speed operation, turn the OSC3 oscillation circuit on (OSCC = "1") and switch
over the system clock to OSC3 (CLKCHG ="0" - "1").

In this case, since 1 msec to several tens of msec are necessary for the oscillation to stabilize after turning
the OSC3 oscillation circuit on, you should switch over the clock after the stabilization time has elapsed.
For the oscillation start time, refer to Chapter 8, "Electrical Characteristics".

After the clock is switched from OSC3 to OSC1, the OSC3 oscillation circuit can be turned off immedi-
ately.

When switching the clock from OSC3 to OSC1 (CLKCHG = "1" - "0"), be sure to switch OSC3 oscillation
off with separate instructions. Using a single instruction to process simultaneously can cause a malfunc-
tion of the CPU.

Figure 4.4.5.1 indicates the status transition diagram for the clock changeover.

Program Execution Status

[reser ] .

High speed operation |CLKCHG=0| Low speed operation| OSCC=0 Low speed and
OSC1 ON "1 OSC1 ON >l low power operation
0SC3 ON 0OSC3 ON 0OSCH1 ON
CPUclock OSC3 [CLKCHG=1| CPUclock 0OSC1 | oscc=1 | OSC3 OFF

CPU clock OSCH1

A A

Interrupt” HALT instruction Interrupt” SLP instruction
(Key input interrupt)
Y A
HALT status SLEEP status
0OSCH1 ON OSC1 OFF
0OSC3 ON or OFF 0OSC3 OFF
CPUclock STOP CPU clock STOP
Standby Status

* The return destination from the standby status becomes the program execution status prior to shifting to the standby status.

Fig. 4.4.5.1 Satustransition diagram for the clock changeover
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4.4.6 1/0 memory of oscillation circuit
Table 4.4.6.1 shows the I/O address and the control bits for the oscillation circuit.

Note: The control bits for the oscillation circuit described below are effective only when the OSC3
oscillation circuit is used. If the system uses the OSC1 oscillation circuit only, do not change the

default settings.
Table 4.4.6.1 Control bits of oscillation circuit
Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
FFOOH CLKCHG OSCC 0 0 0SCcC 0 On Off | OSC3 oscillation On/Off
W R 008 -2 Unused
0rs -2 Unused

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

OSCC: OSC3 oscillation control register (FFOOH+D2)
Turns the OSC3 oscillation circuit on and off.

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

(1) When the high speed CPU operation is not necessary, you should operate the peripheral circuits
according to the setting outline indicate below.
e CPU operating clock:  OSC1
* OSC3 oscillation circuit: Off
(When the OSC3 clock is not necessary for some peripheral circuits.)

(2) Since 1 msec to several tens of msec are necessary for the oscillation to stabilize after turning the OSC3
oscillation circuit on. Consequently, you should switch the CPU operating clock (OSC1 - OSC3) after
allowing for a sufficient waiting time once the OSC3 oscillation goes on. (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".)

(8) When switching the clock from OSC3 to OSC1, be sure to switch OSC3 oscillation off with separate
instructions. Using a single instruction to process simultaneously can cause a malfunction of the CPU.

(4) The S1C63632 supports the SLEEP function and both the OSC1 and OSC3 oscillation circuits stop oscillat-
ing when the CPU enters SLEEP mode. To prevent the CPU from a malfunction when it resumes operating
from SLEEP mode, switch the CPU clock to OSC1 before placing the CPU into SLEEP mode.
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4.5 1/0O Ports (PO0-P03, P10-P13, P20-P23, P30-P33, P40-P43 and P50-P53)

4.5.1 Configuration of 1/O ports

The S1C63632 is equipped with 24 bits of I/O ports (P00-P03, P10-P13, P20-P23, P30-P33, P40-P43, and
P50-P53) in which the input/output direction can be switched with software.
Figure 4.5.1.1 shows the structure of an 1/0 port.

VDD
_ | Pull-down control —
- register (PUL)
_ 1/0 control |
< register (I0C) :>o—{ E Zk
(2]
3
Data
T |—p -
© register (|| [ | | | L O Pxx
a i Mask
<_f E ~N  option
*1 Input
-
<_*g control
+1: During output mode
%2: During input mode Vss

Fig. 4.5.1.1 Sructure of 1/0O port

Note: If an output terminal (including a special output terminal) of this IC is used to drive an external
component that consumes a large amount of current such as a bipolar transistor, design the
pattern of traces on the printed circuit board so that the operation of the external component does
not affect the IC power supply. Refer to <Output Terminals> in Section 5.3, "Precautions on
Mounting", for more information.

Each I/0O port terminal provides an internal pull-down resistor. The mask option allows selection of the
pull-down resistor to be connected or disconnected in 1-bit units.

When "Use" is selected by mask option, the port suits input from the push switch, key matrix, and so
forth. When "Not use" is selected, the port can be used for slide switch input and interfacing with other
LSIs.

The P10 and P11 I/O ports can also be used as the Run/Stop and Lap direct inputs for the stopwatch
timer. The P12 and P41-P43 ports can also be used as the event counter inputs for the programmable
timer.

The I/O port terminals P00-P03, P13, P20-P23, P31-P33 are shared with the R/f converter input/output
terminals, serial interface input/output terminals and special output (BZ, FOUT, TOUT_A-TOUT_D)
terminals. The software can select the function to be used.

At initial reset, these terminals are all set to the I/O port.

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

. . When special outputs/peripheral functions are used (selected by software)
Terminal Terminal status - -
L Special output Serial I/IF Stopwatch Event
name at initial reset R/f converter| .
TOUT |FOUT | BZ Master Slave direct input counter
POO | POO (Input & pulled down:) RFINO
PO1 | PO1 (Input & pulled down) REFO
P02 | P02 (Input & pulled down:) SENO
P03 | PO3 (Input & pulled down:) BZ RFOUT
P10 | P10 (Input & pulled down) RUN/LAP
P11 |P11 (Input & pulled downs) RUN/LAP
P12 |P12 (Input & pulled down:) EVIN_A
P13 |P13 (Input & pulled down:) TOUT_A
P20 | P20 (Input & pulled downs) SCLK(O) SCLK(I)
P21 | P21 (Input & pulled downs) SOUT(O) SOUT(O)
P22 |P22 (Input & pulled down:) SIN(I) SIN(I)
P23 |P23 (Input & pulled down:) FOUT SRDY (0)/SS(1)
P30 | P30 (Input & pulled down:)
P31 |P31 (Input & pulled down:) TOUT_B
P32 | P32 (Input & pulled down:) TOUT_C
P33 | P33 (Input & pulled down:) TOUT_D
P40 | P40 (Input & pulled down:)
P41 | P41 (Input & pulled downs) EVIN_B
P42 | P42 (Input & pulled down:) EVIN_C
P43 | P43 (Input & pulled down) EVIN_D
P50-P53 | PS0—-P53 (Input & pulled down:)

= When "With Pull-Down" is selected by mask option (high impedance when "Gate Direct” is selected)

When these ports are used as I/O ports, the ports can be set to either input mode or output mode indi-
vidually (in 1-bit units). The mode can be set by writing data to the I/O control registers.

When the special output or peripheral function is used, the input/output direction of the port is auto-
matically configured by switching the terminal function. For controlling the serial interface, R/f con-
verter, BZ output, stopwatch timer, and event counter, refer to "4.10 Serial Interface", "4.13 R/f Con-
verter”, "4.11 Sound Generator", "4.8 Stopwatch Timer", and "4.9 Programmable Timer".

Note: Before the port function is configured, the circuit that uses the port (e.g. input interrupt, multiple
key entry reset, serial interface, event counter input, direct RUN/LAP input for stopwatch) must be
disabled.

4.5.2 Mask option

The output specification of each I/O port during output mode can be selected from either complemen-
tary output or P-channel open drain output by mask option. This selection can be done in 1-bit units.
When P-channel open drain output is selected, do not apply a voltage exceeding the power supply
voltage to the port.

The mask option also allows selection of whether the pull-down resistor is used or not during input
mode. This selection can be done in 1-bit units. When "Not use" is selected, take care that the floating
status does not occur during input mode.

The pull-down resistor for input mode and output specification (complementary output or P-channel
open drain output) selected by mask option are effective even when 1/O ports are used for input/output
of the serial interface and R/f converter.

S1C63632 TECHNICAL MANUAL Seiko Epson Corporation 45



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (I/O Ports)

4.5.31/0 control registers and input/output mode

The I/O ports can be placed into input or output mode by writing data to the corresponding I/O control
registers [IOCxx.

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

However, when the pull-down explained in Section 4.5.5 has been enabled by software, the input line is
pulled down only during this input mode.

To set a port to output mode, write "1" to the I/O control register. When an I/O port is set to output
mode, it works as an output port. The port outputs a high level (VDD) when the port output data is "1",
and a low level (Vss) when the port output data is "0". The I/O ports allow software to read data even in
output mode. In this case, the data register value is read out.

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

When the peripheral input/output or special output function is selected (see Table 4.5.1.1), the input/
output direction is controlled by the hardware. In this case, the I/O control register of the port can be
used as a general purpose register that does not affect the I/O control.

4.5.4 I nput interface level

The I/O ports allow software to select an input interface level. When the input interface level select
register SMTxx is set to "0", the corresponding port is configured with a CMOS level input interface.
When SMTxx is set to "1", the port is configured with a CMOS Schmitt level input interface. At initial
reset, all the ports are configured with a CMOS Schmitt level interface.

The input interface level select register of the port that is set for a peripheral output , R/f converter
input/output or special output (see Table 4.5.1.1) can be used as a general-purpose register.

The input interface level select register of the port that is set for a peripheral input (except for the R/f
converter) functions the same as the I/O port.

4.5.5 Pull-down during input mode

A pull-down resistor that activates during the input mode can be built into the I/O ports of the S1C63632.
The pull-down resistor becomes effective by writing "1" to the pull-down control register PULxx that
corresponds to each port, and the input line is pulled down during input mode. When "0" is written to
PULxx or in output mode, the port will not be pulled down.

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

The pull-down control registers of the ports in which the pull-down resistor is disconnected by mask
option can be used as general purpose registers.

Even if the pull-down resistor has been connected, the pull-down control register of the port that is set for
a peripheral output, R/f converter input/output or output special output (see Table 4.5.1.1) can be used
as a general purpose register that does not affect the pull-down control. The pull-down control register of
the port that is set for a peripheral input (except for the R/f converter) functions the same as the I/O port.
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4.5.6 Special output

Besides general purpose DC input/output, the I/O ports P03, P13, P23 and P31-P33 can also be assigned
special output functions in software as shown in Table 4.5.6.1.

Table 4.5.6.1 Special output ports

Port Special output |Special output control register
P03 BZ BZE, BZSHT

P13 TOUT_A PTOUT_A

P23 FOUT FOUTO-FOUT3

P31 TOUT_B PTOUT_B

P32 TOUT_C PTOUT_C

P33 TOUT_D PTOUT_D

When a special output function is enabled using the special output control register, the corresponding I/0O
port is automatically configured for output. The data register, I/O control register, pull-down control
register and input interface level select register of the special output port can be used as general-purpose
registers that do not affect the output status.

TOUT output (P13, P31-P33)

In order for the S1C63632 to provide clock signals to external devices, the P13 and P31-P33 terminals
can be used to output the TOUT_A-TOUT_D signals (clocks output by the programmable timer).

The TOUT_x signal (x = A-D) is enabled to output by the PTOUT _x register. When PTOUT_x is set to
"1", the TOUT _x signal is output from the corresponding port terminal. The I/O control register
(I0C13, I0C31, I0C32 or I0C33), pull-down control register (PUL13, PUL31, PUL32 or PUL33) and
data register (P13, P31, P32 or P33) settings are ineffective while the TOUT _x signal is being output.
When PTOUT _x is set to "0", the port is configured as a general-purpose DC input/output port.

The TOUT_x signal is generated from the underflow and compare-match signals of a programmable
timer. Refer to Section 4.9, "Programmable Timer", for controlling the clock output and frequency.
Since the TOUT_x signal is generated asynchronously from the PTOUT_x register, a hazard of a 1/2
cycle or less is generated when the signal is turned on or off by setting the register.

Figure 4.5.6.1 shows the output waveform of the TOUT _x signal.

PTOUT A(-D) 0] 1 -

TOUT_A(-D) output _| |

(P13/P31/P32/P33)
Fig. 4.5.6.1 Output waveform of TOUT_x signal

FOUT output (P23)

In order for the S1C63632 to provide a clock signal to an external device, the FOUT signal (fosc1, foscs
or a divided clock) can be output from the P23 port terminal.

The FOUT signal is enabled to output by the FOUT0-FOUTS3 registers. When the output clock fre-
quency is selected using FOUT0-FOUT3, the FOUT signal is output from the P23 port terminal. The
1/0 control register (I0C23), pull-down control register (PUL23) and data register (P23) settings are
ineffective while the FOUT signal is being output.

When FOUTO0-FOUTS are set to "0", the P23 port is configured as a general-purpose DC input/output
port.

The frequency of the FOUT signal can be selected from among 15 settings as shown in Table 4.5.6.2.
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Table 4.5.6.2 FOUT frequency selection

FOUT3 | FOUT2 | FOUTH1 FOUTO FOUT frequency
1 1 1 1 foscs
1 1 1 0 fosca/ 2
1 1 0 1 fosca/ 4
1 1 0 0 fosca/ 8
1 0 1 1 fosca/ 16
1 0 1 0 fosca/ 32
1 0 0 1 fosca/ 64
1 0 0 0 foscs / 256
0 1 1 1 fosci (32kH2)
0 1 1 0 fosc1/2 (16 kHz)
0 1 0 1 fosc1/4 (8kHz)
0 1 0 0 fosc1/16 (2kHz)
0 0 1 1 fosc1/32 (1kHz)
0 0 1 0 fosci/64 (512 Hz)
0 0 0 1 fosc1/ 256 (128 Hz)
0 0 0 0 Off

fosc1: OSC1 oscillation frequency. ( ) indicates the clock frequency when fosci = 32 kHz.
fosca: OSC3 oscillation frequency

When the FOUT frequency is set to "fosc3/n", the OSC3 oscillation circuit must be turned on before
outputting the FOUT signal. A time interval of several tens of psec to several tens of msec, from
turning the OSC3 oscillation circuit on until the oscillation stabilizes, is necessary, due to the oscilla-
tion element that is used. Consequently, if an abnormality occurs as the result of an unstable FOUT
signal being output externally, you should allow an adequate waiting time after turning the OSC3
oscillation on, before starting FOUT output. (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".)

Since the FOUT signal is generated asynchronously from the FOUT0-FOUTS3 registers, a hazard of a
1/2 cycle or less is generated when the signal is turned on or off by setting the registers.

Figure 4.5.6.2 shows the output waveform of the FOUT signal.

FOUTO-3 0 Other than 0 0
FOUT output (P23)[ ] .

Fig. 4.5.6.2 Output waveform of FOUT signal

Note: The P23 terminal used for FOUT output is also shared with the SRDY output or SS input for the
serial interface. When the P23 port is configured for the serial interface, the FOUTO-FOUT3
registers become ineffective.

BZ (P03)
The P03 terminal can output the BZ signal.
The BZ signal is the buzzer signal generated by the sound generator.
Use the BZE or BZSHT register for controlling (On/Off) the BZ signal output.
Refer to Section 4.11, "Sound Generator", for details of the buzzer signal and controlling method.

Note: The P03 terminal used for BZ output is also shared with the RFOUT output for the R/f converter.
Do not enable the RFOUT and BZ signals to output simultaneously.
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4.5.7 Key input interrupt function

Eight bits of the I/O ports (P10-P13, P40-P43) provide the interrupt function. The conditions for generat-
ing an interrupt can be set with software. Further, whether to mask the interrupt function can be selected
with software. Figure 4.5.7.1 shows the configuration of the key input interrupt circuit.

pPoO-———— —
. A0 =

,
——— [MUX Interrupt factor
. | | Interrupt polarity select || Noise flag (IK0O) iD

register (F‘EF’OO) rejeif o

Interrupt select
register (SIP0O)

 [sarss]

Interrupt mask
register (EIKOO)

*{adaress]

Sleep
cancellation

Yyvyyvyy

Interrupt
request

YYyVvVvy

iP11
iP12
iP13

Noise reject select
register (NRSPO1, 00)

* {adaress]

pPOO—"7n 07 0—m™
. A0 =

N

Interrupt polarity select
register (PCP10)

 [saross|

Interrupt select
register (SIP10)

# [saross]

Interrupt mask
register (EIK10)

*{adaress]

Data bus

Sleep
cancellation

Yyvyyvyy

- Interrupt factor
L[ Noise | MUX flag (IK10)

ojctr

< >

Interrupt
request

YYyVvVY

P41
{P42
{P43

Noise reject select
register (NRSP11, 10)

*{adaress]

Fig. 4.5.7.1 Key input interrupt circuit configuration
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The interrupt select registers (SIP00-SIP03, SIP10-SIP13) and interrupt polarity select registers (PCP00-
PCP03, PCP10-PCP13) are individually provided for the I/O ports P10-P13 and P40-P43.

The interrupt select registers (SIPxx) select the ports to be used for generating interrupts or canceling
SLEEP mode. Writing "1" to an interrupt select register incorporates that port into the interrupt genera-
tion conditions. Changing the port where the interrupt select register has been set to "0" does not affect
the generation of the interrupt.

The input interrupt timing can be selected using the interrupt polarity select registers (PCPxx) so that an
interrupt will be generated at the rising edge or falling edge of the input.

By setting these two conditions, an interrupt request signal and a SLEEP cancellation signal are generated
at the rising or falling edge (selected by PCPxx) of the signal input to the port (selected by SIPxx).

When an interrupt factor occurs, the interrupt factor flag (IK00-IK03, IK10-IK13) is set to "1". At the same
time, an interrupt request is generated to the CPU if the corresponding interrupt mask register (EIK00-
EIKO03, EIK10-EIK13) is set to "1".

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

The key 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 frequency from among three types
shown in Table 4.5.7.1. Use the NRSP01 and NRSPO0O registers for P10-P13 ports or NRSP11 and NRSP10
registers for P40-P43 ports to select a noise-reject frequency. If a pulse shorter than the selected width is
input to the port, an interrupt is not generated. When high speed response is required, turns the noise
rejecter off (bypassed).

Table 4.5.7.1 Setting up noise rejector

sggﬁ?} Eggg?g Noise reject frequency Reject pulse width
1 1 fosc1/256 (128 Hz) 7.8 msec
1 0 fosc1/64 (512 Hz) 2.0 msec
0 1 fosc1/16 (2kHz) 0.5 msec
0 0 OFF (bypassed) -

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

¢ Reactivating from SLEEP status can only be done by generation of a key input interrupt factor.
Therefore when using the SLEEP function, it is necessary to set the interrupt select register
(SIPxx = "1") of the port to be used for releasing SLEEP status before executing the SLP
instruction. Furthermore, enable the key input interrupt using the corresponding interrupt mask
register (EIKxx = "1") before executing the SLP instruction to run key input interrupt handler
routine after SLEEP status is released.
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4.5.8 1/0 memory of I/O ports
Table 4.5.8.1 shows the I/O addresses and the control bits for the I/O ports.

Table 4.5.8.1(a) Control bhits of 1/0 ports

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (I/O Ports)

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
FOUT3 0 7] FOUT frequency selection
FOUT3 | FOUT2 | FOUT1 | FOUTO [FOUT3-0] 0 1 2 3 4 5
FOUT2 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 fosci/4
FF10H [FOUT3-0] 6 7 8 9 10
FOUT1 0 Frequency fosci/2 fosci fosca/256 fosca/64 fosca/32
RIW [FOUT3-0] 11 12 13 14 15
FOUTO | © _| Frequency fosca/16 fosca/8 foscs/4  foscal2  foscs
NRSP11| 0 = Key input interrupt noise reject frequency selection
NRSP11|NRSP10{NRSP01[NRSP00 naspiol o [NRSP11, 10] (P40-P43) 0 1 2 3
FF11H Frequency Off  fosc1/16 fosc1/64 fosc1/256
W NRSPO1| 0 [NRSPO1, 00] (P10-P13) 0 1 2 3
NRSP0O| 0 _| Frequency Off  fosc1/16 fosc1/64 fosc1/256
P03 1 High Low |PO31/O port data
P03 P02 PO1 P00 functions as a general-purpose register when R/f or BZ is used
(RFOUT/| (SENO) | (REFO) | (RFINO)| P02 1 High Low | PO21/O port data
—— BZ) functions as a general-purpose register when R/f is used
P01 1 High Low [PO11/O port data
W functions as a general-purpose register when R/f is used
P00 1 High Low | POO I/O port data
functions as a general-purpose register when R/f is used
10C03 0 Output | Input | PO31/O control register
functions as a general-purpose register when R/f or BZ is used
10C03 | 10C02 | 10C01 | 10C00 10C02 0 Output | Input | P02 1/O control register
FE21H functions as a general-purpose register when R/f is used
10C01 0 Output | Input | PO1 I/O control register
W functions as a general-purpose register when R/f is used
10C00 0 Output | Input | POO 1/O control register
functions as a general -purpose register when R/f is used
PULO3 1 On Off | PO3 pull-down control register
functions as a general-purpose register when R/f or BZ is used
PULO3 | PULOZ | PULOT | PULOD PUL02 1 On Off | PO2 pull-down control register
FF2oH functions as a general-purpose register when R/f is used
PULO1 1 On Off | PO1 pull-down control register
AW functions as a general-purpose register when R/f is used
PULOO 1 On Off | POO pull-down control register
functions as a general-purpose register when R/f is used
SMT03 1 Schmitt | CMOS | PO3 input interface level select register
functions as a general-purpose register when R/f or BZ is used
SWITO3 | SWTO2 | SWTOT | SMT00 SMTO02 1 Schmitt | CMOS | PO2 input interface level select register
FE23H functions as a general-purpose register when R/f is used
SMTO1 1 Schmitt | CMOS | PO1 input interface level select register
W functions as a general-purpose register when R/f is used
SMT00 1 Schmitt | CMOS | POO input interface level select register
functions as a general-purpose register when R/f is used
P13 P13 1 High Low |P131/O port data
(TOUT_A) P12 P11 P10 functions as a general-purpose register when TOUT_A is used
FF24H P12 1 High Low |[P121/O port data
RW P11 1 High Low |P111/O port data
P10 1 High Low |P101/0O port data
10C13 0 Output | Input | P131/O control register
I0C13 | 10C12 | 10C11 | 10C10 functions as a general-purpose register when TOUT_A is used
FF25H 10C12 0 Output | Input | P12 1/O control register
RW 10C11 0 Output | Input | P11 1/O control register
10C10 0 Output | Input | P10 1/O control register

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
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Table 4.5.8.1(b) Control bits of 1/0 ports

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
PUL13 1 On Off | P13 pull-down control register
PUL13 | PUL12 | PUL11 | PUL10 functions as a general-purpose register when TOUT_A is used
FF26H PUL12 1 On Off | P12 pull-down control register
RW PUL11 1 On Off | P11 pull-down control register
PUL10 1 On Off | P10 pull-down control register
SMT13 1 Schmitt | CMOS | P13 input interface level select register
SMT13 | SMT12 | SMT11 | SMT10 functions as a general-purpose register when TOUT_A is used
FF27H SMT12 1 Schmitt | CMOS | P12 input interface level select register
RW SMT11 1 Schmitt | CMOS | P11 input interface level select register
SMT10 1 Schmitt | CMOS | P10 input interface level select register
P23 P23 1 High Low |P231/O port data
(SS/ | P22 P21 P20 functions as a general-purpose register when SIF (save, SRDY)
SRDY/ | (SIN) |(SOUT) | (SCLK) or FOUT is used
FrogH FouT) P22 1 High | Low |P221/O port data
P21 1 High Low |P211/0O port data
W functions as a general-purpose register when SIF is used
P20 1 High Low | P20 1/O port data
functions as a general-purpose register when SIF (master) is used
10C23 0 Output | Input | P23 1/O control register
functions as a general -purpose register when SIF or FOUT is used
10C23 | 10c22 | 10C21 | 10C20 10C22 0 Output | Input | P22 1/O control register
FE29H functions as a general-purpose register when SIF is used
10C21 0 Output | Input | P21 1/O control register
W functions as a general-purpose register when SIF is used
10C20 0 Output | Input | P20 1/O control register
functions as a general-purpose register when SIF is used
PUL23 1 On Off | P23 pull-down control register
SS pull-down control register when SIF (dave, SS) is used
pUL23 | PUL22 | PUL21 | PUL20 functions as a general-purpose register when SIF (save, SRDY)
or FOUT isused
PUL22 1 On Off | P22 pull-down control register
FF2AH SIN pull-down control register when SIF is used
PUL21 1 On Off | P21 pull-down control register
functions as a general-purpose register when SIF (SOUT) is used
RW PUL20 1 On Off | P20 pull-down control register
SCLK (1) pull-down control register when SIF (slave) is used
functions as a general-purpose register when SIF (master) is used
SMT23 1 Schmitt | CMOS | P23 input interface level select register
SSinput I/F level select register when SIF (save, SS) isused
SMT23 | SMT22 | SMT21 | SMT20 functions as a general-purpose register when SIF (lave, SRDY)
or FOUT is used
FE2BH SMT22 1 Schmitt | CMOS | P22 input interface level select register
SIN input interface level select register when SIF is used
SMT21 1 Schmitt | CMOS | P21 input interface level select register
RW functions as a general-purpose register when SIF (SOUT) is used
SMT20 1 Schmitt | CMOS | P20 input interface level select register
SCLK (1) input I/F level select register when SIF (slave) is used
functions as a general-purpose register when SIF (master) is used
P33 1 High Low |P331/O port data
P33 P32 P31 P30 functions as a general-purpose register TOUT_D is used
(TOUT_D)(TOUT_C)|(TOUT_B) P32 1 High | Low |P321/O port data
FF2CH functions as a general-purpose register TOUT_C is used
P31 1 High Low |P311/O port data
RW functions as a general-purpose register TOUT_B is used
P30 1 High Low |P301/O port data

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
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Table 4.5.8.1(c) Control bits of I/O ports

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
10C33 0 Output | Input | P331/O control register
10033 | 10c32 | 10031 | 10C30 functions as a general-purpose register TOUT_D is used
10C32 0 Output | Input | P32 1/O control register
FF2DH functions as a general-purpose register TOUT_C is used
10C31 0 Output | Input | P311/O control register
RW functions as a general-purpose register TOUT_B is used
10C30 0 Output | Input | P30 1/O control register
PUL33 1 On Off | P33 pull-down control register
PUL33 | PUL32 | PUL3T | PUL30 functions as a general-purpose register TOUT_D is used
PUL32 1 On Off | P32 pull-down control register
FF2EH functions as a general-purpose register TOUT_C is used
PUL31 1 On Off | P31 pull-down control register
RW functions as a general-purpose register TOUT_B is used
PUL30 1 On Off | P30 pull-down control register
SMT33 1 Schmitt | CMOS | P33 input interface level select register
SMT33 | SMT32 | SMT31 | SMT30 functions as a general-purpose register TOUT_D is used
SMT32 1 Schmitt | CMOS | P32 input interface level select register
FF2FH functions as a general-purpose register TOUT_C is used
SMT31 1 Schmitt | CMOS | P31 input interface level select register
RW functions as a general-purpose register TOUT_B is used
SMT30 1 Schmitt | CMOS | P30 input interface level select register
a3 | Pa2 | Pat | Pao iig 1 ::g: m
FF30H 9 P40-P43 1/ port data
W P41 1 High Low
P40 1 High Low [
I0C43 | 10C42 | 10c41 | 10C40 :ggiz g gﬂm ::’;3:
FF31H i
" 10CA1 0 Output | Input P40-P43 1/0 control register
10C40 0 Output | Input |
PUL43 | PUL42 | PUL4T | PULdo | PO |1 Onp Of
FF32H PUL42 ! On off P40-P43 pull-down control register
o PuLat| 1 | on | of P =
PUL40 1 On off |J
SWIT43 | sMT42 | SwTat | swrag | SMT48 | 1| Schmitt) CMOS
FF33H SwiTa2 ! Schmit | CMOS P40-P43 input interface level select register
- sMT4t | 1 | schmitt | cMOS P «
SMT40 1 Schmitt | CMOS |
P53 P52 P51 P50 Pss ! H!gh Low
P52 1 High Low
FF34H ' P50-P53 I/O port data
RW P51 1 High Low
P50 1 High Low |
I =
10C53 | 10052 | 10C51 | 10C50 lgggz g gﬂtpﬁt ::pﬂt
FF35H p P P50-P53 1/O control register
W 10C51 0 Output | Input
10C50 0 Output | Input |
PULS3 | PULS2 | PULST | PuLso | FU3 | 1 Onp Of
FF36H PULS2 ! On off P50-P53 pull-down control register
- PUST| 1 | on | of P &
PUL50 1 On off |J
SMT53 | SMT52 | SMT51 | SMT50 SwTSs ! Schm!tt evos
FF37H SMTS2 ! Schmit | CMOS P50-P53 input interface level select register
W SMTs1| 1 | Schmitt| CMOS P eg
SMT50 1 Schmitt | CMOS |_
siP03 | sipo2 | sipot | sipoo | SIPO3 | 0| Enable | Disable
FF3CH SIP02.| 0| Enable | Disable | | o)) o 3 nterrupt sefect register
- SIPO1 | 0 | Enable | Disable P eg
SIP00 0 Enable | Disable | ]

*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
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Table 4.5.8.1(d) Control bits of 1/0 ports

Register
Address - Comment
D3 D2 D1 DO __| Name | Init *1 1 0
PCPO3 | PCP02 | PCPO1 | PCP0O Egggg : % j;
FF3DH P10-P13i lari i
. PCPO1 1 1 s 0-P13 interrupt polarity select register
PCPOO | 1 I I
SIP13 | SIP12 | SIPTT | SIP10 ::EE g E::E:: B::E:Z
FF3EH PA0P43 i i
W SP11 | 0 | Enable | Disable | | PACTP43 Intermupt select register
SIP10 0 Enable | Disable | |
PCP13 | PCP12 | PCP11 | PCP10 Eg:z 1 % j:
FF3FH i i i
. PCP11 1 1 s PA0—P43 interrupt polarity select register
PCP10| 1 I
enam | enmst | enon | Bze ENRTM 0 1sec | 05 s?c Envelope releasi ng t.| me selection
FF44H ENRST+3| Reset | Reset | Invalid | Envelope reset (writing)
ENON 0 On Off | Envelope On/Off
R W R
W w BZE 0 Enable | Disable | Buzzer output enable
0*3 —*2 Unused
0 BZSTP [ BZSHT [SHTPW g7g7p-3| o Stop | Invalid | 1-shot buzzer stop (writing)
FF45H BZSHT 0 Trigger | Invalid |1-shot buzzer trigger (writing)
R w RW Busy | Ready |1-shot buzzer status (reading)
SHTPW 0 [125 msec|31.25 msec| 1-shot buzzer pulse width setting
0+3 —*2 Unused
0 0 SWDIR | EDIR 03 2 Unused
FF48H SWDIR 0 Stopwatch direct input switch
R RW 0: P10=Run/Stop, P11=Lap 1: P10=Lap, P11=Run/Stop
EDIR 0 Enable | Disable | Direct input enable
03 -2 Unused
0 |ESOUT|SCTRG| ESIF |ESOUT| 0 | Enable | Disable | SOUT enable
FF58H SCTRG 0 Trigger | Invalid |Serial I/F clock trigger (writing)
R RW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF I/0 | Serial I/F enable (P2 port function selection)
0+3 —*2 Unused
0 0  |[ESREADY| ENCS 03 -2 Unused Slave Master
ESREADY| 0 SRDY SS | P23 port (SMOD=0) (SMOD=1)
FF5AH function selecti ESREADY ENCS P23 P23
unction ion X 0 o) )
R RW ENCS 0 SIF /0 | Seridl I/F enable 0 1 S 110
(P23 function selection) 1 1 SRDY  Prohibited
RFCNT 0  |Continue| Normal | Continuous oscillation enable
RFCNT [ RFOUT | ERF1 | ERF
FF60H ¢ o 0 RFOUT 0 Enable | Disable | RFOUT enable
ERF1 | 0 mv asion [ERFLO] O 1 2 3
RW ERFO 0 sdection  R/f converson 1/0 Ch.0DC Ch.1AC Ch.1DC
MOD16_A] 0 16 bits | 8 bits [ PTMO-1 16-bit mode selection
MOD16_AJEVCNT_AJFCSEL_A[PLPUL_A -
FF8OH 0D16_AJEVCNT_AFCSEL. UL EVCNT_A| 0 |Eventct| Timer | PTMO counter mode selection
AW FCSELA| 0 With NR| No NR | PTMO function selection (for event counter mode)
PLPULA| 0 N 1 |PT™MO pulse polarity selection (for event counter mode)
PTSEL1 0 PWM | Normal | Programmable timer 1 PWM output selection
PTSEL1|PTSELO |CHSEL_A[PTOUT_A
FF81H S SELO CHSEL_APTOUT PTSELO 0 PWM | Normal | Programmable timer 0 PWM output selection
AW CHSEL_A| 0 Timer 1 | Timer 0 | PTMO-1 TOUT_A output selection
PTOUT. Al 0 On Off [PTMO-1 TOUT_A output control
MOD16.B| 0 16 bits | 8 bits | PTM2-3 16-bit mode selection
MOD16_BJEVCNT_B|FCSEL_B|PLPUL_B ©
FF90H 0D16_BIEVCNT_BIFCSEL UL EVCNT_B| 0 |Eventct| Timer | PTM2 counter mode selection
AW FCSEL.B| 0 With NR| No NR | PTM2 function selection (for event counter mode)
PLPULB| 0 N 1 |PTM2 pulse polarity selection (for event counter mode)
PTSEL3 0 PWM | Normal | Programmable timer 3 PWM output selection
PTSEL3|PTSEL2 |CHSEL_BJPTOUT_B|
FF91H SEL3|PTS CHSEL_BPTOUT.| PTSEL2 0 PWM | Normal | Programmable timer 2 PWM output selection
AW CHSEL.B| 0 Timer 3 | Timer 2 | PTM2-3 TOUT_B output selection
PTOUT Bl 0 On Off [PTM2-3 TOUT_B output control
MOD16._C| 0 16 bits | 8bits | PTM4-5 16-bit mode selection
FFAOH OD16_GEVCNT_QFCSEL CIPLPUL C EVCNT_C| 0 |Eventct.| Timer |PTM4 counter mode selection
AW FCSEL.C| © With NR| No NR | PTM4 function selection (for event counter mode)
PLPULC| © D 1 |PTM4 pulse polarity selection (for event counter mode)

*1 Initial value at initial reset *3 Constantly "0" when being read
*2 Not set in the circuit
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Table 4.5.8.1(e) Control bits of I/O ports

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
PTSEL5 0 PWM | Normal | Programmable timer 5 PWM output selection
PTSEL5| PTSEL4 |CHSEL_C|PTOUT_C{
FFATH ’ ~|PTSEL4| © PWM | Normal | Programmable timer 4 PWM output selection
AW CHSEL.C| 0 Timer 5 | Timer 4 | PTM4-5 TOUT_C output selection
PTOUT.C| 0 On Off | PTM4-5TOUT_C output control
MOD16_D| 0 16 bits | 8bits [ PTM6-7 16-bit mode selection
MOD16_D|EVCNT_D|FCSEL_D|PLPUL_D -
FEBOH 0D16_DIEVCNT_DIFCSEL UL EVCNT_D| 0 Eventct.| Timer | PTM6 counter mode selection
W FCSEL.D| 0 |WithNR| NoNR | PTM6 function selection (for event counter mode)
PLPULD| 0 R 1 |PT™e pulse polarity selection (for event counter mode)
PTSEL7| 0 PWM | Normal | Programmable timer 7 PWM output selection
PTSEL7 | PTSEL6 |CHSEL_D|PTOUT_D
FEB1H S SELB [CHSEL DPTOUT PTSEL6 0 PWM | Normal | Programmable timer 6 PWM output selection
W CHSEL D| 0 Timer 7 | Timer 6 | PTM6—7 TOUT_D output selection
PTOUT.D| 0 On Off | PTM6-7 TOUT_D output control
eikos | ekoz | Eot | koo EIK03 0 Enable | Mask | Interrupt mask reg!sler (Key !nput !nterrupt 3<P13>)
FFEBH EIK02 0 Enable | Mask | Interrupt mask register (Key input interrupt 2 <P12>)
RW EIKO1 0 Enable | Mask | Interrupt mask register (Key input interrupt 1 <P11>)
EIK00 0 Enable | Mask | Interrupt mask register (Key input interrupt 0 <P10>)
eis | ez | et | ekio EIK13 0 Enable | Mask | Interrupt mask reg!ster (Key !nput !nterrupt 7 <P43>)
FFECH EIK12 0 Enable | Mask | Interrupt mask register (Key input interrupt 6 <P42>)
AW EIK11 0 Enable | Mask | Interrupt mask register (Key input interrupt 5 <P41>)
EIK10 0 Enable | Mask | Interrupt mask register (Key input interrupt 4 <P40>)
K03 K02 IKO1 K00 IK03 0 (R) (R) | Interrupt factor flag (Key !nput !nterrupt 3<P13>)
FEFBH IK02 0 | _Yes |_ No _|[Interrupt factor flag (Key input interrupt 2 <P12>)
AW IKO1 0 (W) (W) | Interrupt factor flag (Key input interrupt 1 <P11>)
IK00 0 Reset | Invalid | Interrupt factor flag (Key input interrupt 0 <P10>)
K13 K12 K11 K10 K13 0 (R) (R) [ Interrupt factor flag (Key !nput !nterrupt7<P43>)
FFECH K12 0 | Yes | No [Interrupt factor flag (Key input interrupt 6 <P42>)
RW K11 0 (W) (W) | Interrupt factor flag (Key input interrupt 5 <P41>)
IK10 0 Reset | Invalid | Interrupt factor flag (Key input interrupt 4 <P40>)

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

(1) Selecting port functions

ESIF: Serial interface enable (P2 port function select) register (FF58H+D0)
Selects the function for P20-P23.

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

When using the serial interface, write "1" to this register and when P20-P23 are used as I/O ports, write
"0". The configuration of the terminals within P20-P23 that are used for the serial interface depends on
master or slave mode set by the SMOD register (see Section 4.10). In slave mode, all the P20-P23 ports are
set to the serial interface input/output port. In master mode, P20-P22 are set to the serial interface input/
output port and P23 can be used as an I/O port. Furthermore, when the SOUT terminal is disabled
(ESOUT = "0"), P21 can be used as an I/O port.

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

ENCS: Serial interface enable (P23 port function select) register (FF5AH<DO)
Selects the function for P23.

When "1" is written: Serial interface input/output port (SRDY or SS)
When "0" is written: 1/0 port
Reading: Valid

Set this register to "0" to use P23 as an I/O port if SRDY output or SS input is not used in slave mode.
At initial reset, this register is set to "0".
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ERF1, ERFO: R/f conversion select register (FF60H+D1, DO)

Selects the function for POO-P03.

When using the R/f converter, write "01B-11B" to this register and when P00-P03 are used as I/O ports,
write "00B". Furthermore, when the RFOUT terminal is disabled (RFOUT = "0"), P03 can be used as an I/O
port even if the R/f converter is used.

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

EDIR: Direct input function enable register (FF48H<DO0)
Enables the direct input (RUN/LAP) function.

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

The direct input function of the stopwatch timer is enabled by writing "1" to EDIR, and the P10 and P11
ports are set for the RUN/STOP and LAP key input ports. When "0" is written to EDIR, the direct input
function is disabled, and P10 and P11 can be used as I/O ports.

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

EVCNT_A: PTMO counter mode select register (FF80H=D2)
EVCNT_B: PTM2 counter mode select register (FF90H=D2)
EVCNT_C: PTM4 counter mode select register (FFAOH<D2)
EVCNT_D: PTM6 counter mode select register (FFBOH<D2)
Selects a counter mode for programmable timer 0/2/4/6.

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

When "1" is written to the EVCNT_A/B/C/D register, programmable timer 0/2/4/6 is placed into event
counter mode. In this mode, P12/P41/P42/P43 is used as an external clock input port for the event
counter. When "0" is written to EVCNT_A/B/C/D, P12/P41/P42 /P43 can be used as an I/O port.

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

(2) /0 port control

P00-P03: PO I/O port data register (FF20H)
P10-P13: P1 I/O port data register (FF24H)
P20-P23: P2 I/O port data register (FF28H)
P30-P33: P3 I/O port data register (FF2CH)
P40-P43: P4 1/O port data register (FF30H)
P50-P53: P5 I/O port data register (FF34H)
I/0O port data can be read and output data can be set through these registers.

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

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

Port data can be written also in the input mode.
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*When reading data
When "1" is read: High level
When "0" is read: Low level

When the I/O port is placed into input mode, the voltage level being input to the port terminal can be
read out. 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 read data is "0".

When the pull-down resistor option has been selected and the PULxx register is set to "1", the built-in
pull-down resistor goes on during input mode, so that the I/O port terminal is pulled down.

When the I/O port is placed into output mode, the register value is read. Therefore, when using the data
register of a port that is not used for signal input/output as a general-purpose register, set the port to
output mode.

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

The data register of the port, which is set for an input/output of the serial interface or R/f converter or a
special output, becomes a general-purpose register that does not affect the input/output status.

Note: When I/O ports set in input mode is changed from high to low by the pull-down resistor, the fall of
the waveform is delayed on account of the time constant of the pull-down resistor and input gate
capacitance. Hence, when fetching input data, 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-down resistance 375 kQ2 (Max.)

I0C00-10CO03: PO port I/O control register (FF21H)
I0OC10-10C13: P1 port I/O control register (FF25H)
I0C20-10C23: P2 port I/0 control register (FF29H)
I0C30-10C33: P3 port I/0 control register (FF2DH)
I0C40-10C43: P4 port I/0 control register (FF31H)
IOC50-10C53: P5 port I/0 control register (FF35H)
Sets the I/O ports to input or output mode.

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

The input/output mode of the I/O ports are set in 1-bit units.

Writing "1" to the I/O control register places the corresponding I/O port into output mode, and writing
"0" sets input mode.

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

The I/O control register of the port, which is set for an input/output of the serial interface or R/f con-
verter or a special output, becomes a general-purpose register that does not affect the input/output
status.

PULO0-PULO3: PO port pull-down control register (FF22H)
PUL10-PUL13: P1 port pull-down control register (FF26H)
PUL20-PUL23: P2 port pull-down control register (FF2AH)
PUL30-PUL33: P3 port pull-down control register (FF2EH)
PUL40-PUL43: P4 port pull-down control register (FF32H)
PUL50-PUL53: P5 port pull-down control register (FF36H)
Enables the pull-down during input mode.

When "1" is written: Pull-down On
When "0" is written: Pull-down Off
Reading: Valid
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These registers enable the built-in pull-down resistor to be effective during input mode in 1-bit units.
(The pull-down resistor is included into the ports selected by mask option.)

By writing "1" to the pull-down control register, the corresponding I/O ports are pulled down during
input mode, while writing "0" or output mode disables the pull-down function.

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

The pull-down control register of the port in which the pull-down resistor is not included becomes a
general-purpose register. The register of the port that is set as output for the serial interface, input/output
for the R/f converter or a special output can also be used as a general-purpose register that does not
affect the pull-down control.

The pull-down control register of the port that is set as input for the serial interface functions the same as
the I/O port.

SMT00-SMTO03: PO port input interface level select register (FF23H)
SMT10-SMT13: P1 port input interface level select register (FF27H)
SMT20-SMT23: P2 port input interface level select register (FF2BH)
SMT30-SMT33: P3 port input interface level select register (FF2FH)
SMT40-SMT43: P4 port input interface level select register (FF33H)
SMT50-SMT53: P5 port input interface level select register (FF37H)
Selects an input interface level.

When "1" is written: CMOS Schmitt level
When "0" is written: CMOS level
Reading: Valid

These registers select the input interface level of the I/O ports in 1-bit units.

When "1" is written to SMTxx, the corresponding I/O port Pxx is configured with a CMOS Schmitt level
input interface. When "0" is written, the port is configured with a CMOS level input interface.

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

SIPO0-SIP03: P1 port interrupt select register (FF3CH)
SIP10-SIP13: P4 port interrupt select register (FF3EH)
Selects the ports used for the key input interrupt from P10-P13 and P40-P43.

When "1" is written: Interrupt enable
When "0" is written: Interrupt disable
Reading: Valid

By writing "1" to an interrupt select register (SIP00-SIP03, SIP10-SIP13), the corresponding I/O port
(P10-P13, P40-P43) is enabled to generate interrupts. When "0" is written, the I/O port does not affect the
interrupt generation.

Reactivating from SLEEP status can only be done by generation of a key input interrupt factor. Therefore
when using the SLEEP function, it is necessary to set the interrupt select register (SIPxx = "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".

PCPO0O0-PCPO03: P1 port interrupt polarity select register (FF3DH)
PCP10-PCP13: P4 port interrupt polarity select register (FF3FH)
Sets the interrupt conditions.

When "1" is written: Falling edge
When "0" is written: Rising edge
Reading: Valid
When "1" is written to an interrupt polarity select register (PCP00-PCP03, PCP10-PCP13), the corre-
sponding I/O port (P10-P13, P40-P43) generates an interrupt at the falling edge of the input signal.

When "0" is written, the I/O port generates an interrupt at the rising edge of the input signal.
At initial reset, these registers are set to "1".
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NRSPO01, NRSPOO: Key input interrupt 0-3 noise reject frequency select register (FF11HD1, DO)
NRSP11, NRSP10: Key input interrupt 4—7 noise reject frequency select register (FF11HD3, D2)
Selects the noise reject frequency for the key input interrupts.

Table 4.5.8.2 Setting up noise rejector

ES?:P’?: Eggﬁ?g Noise reject frequency Reject pulse width
1 1 fosc1/256 (128 Hz) 7.8 msec
1 0 fosc1/64 (512 Hz) 2.0 msec
0 1 fosc1/16 (2kHz) 0.5 msec
0 0 OFF (bypassed) -

NRSPOx and NRSP1x are the noise reject frequency select registers that correspond to the key input
interrupts 0-3 (P10-P13) and the key input interrupts 4-7 (P40-P43), respectively.
At initial reset, these registers are set to "00B".

EIKOO-EIKO03: Key input interrupt 0-3 mask register (FFEBH)
EIK10-EIK13: Key input interrupt 4—-7 mask register (FFECH)
Enable/disable the key input interrupts.

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

EIKOx and EIK1x are the interrupt mask registers that correspond to the key input interrupts 0-3 (P10-
P13) and the key input interrupts 4-7 (P40-P43), respectively.

Setting EIKxx to "1" enables the interrupt and setting EIKxx to "0" disables the interrupt.

The SLEEP cancellation signal will be generated even if this register is set to "0". However, enable the key
input interrupt using the corresponding interrupt mask register before executing the SLP instruction to
execute the key input interrupt handler routine after SLEEP status is released.

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

IKOO—IK03: Key input interrupt 0-3 factor flag (FFFBH)
IK10-1K13: Key input interrupt 4-7 factor flag (FFFCH)
These flags indicate the occurrence of key input interrupts.

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 IKO0-IK03 and IK10-IK13 are associated with the key input interrupts 0-3 (P10-
P13) and the key input interrupts 4-7 (P40-P43), respectively. From the status of these flags, the software
can decide whether an key 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.
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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(3) Special output control

FOUTO-FOUT3: FOUT frequency select register (FF10H)
Selects the frequency of the FOUT signal and controls the FOUT output.

Table 4.5.8.3 FOUT clock frequency

FOUT3 | FOUT2 | FOUTH1 FOUTO FOUT frequency
1 1 1 1 foscs
1 1 1 0 fosca/ 2
1 1 0 1 fosca/ 4
1 1 0 0 fosca/ 8
1 0 1 1 fosca/ 16
1 0 1 0 fosca/ 32
1 0 0 1 fosca/ 64
1 0 0 0 foscs / 256
0 1 1 1 fosci (32kH2)
0 1 1 0 fosc1/2 (16 kHz)
0 1 0 1 fosci/4 (8kHz)
0 1 0 0 fosc1/16 (2kHz)
0 0 1 1 fosc1/32 (1kHz)
0 0 1 0 fosci/64 (512 Hz)
0 0 0 1 fosc1/ 256 (128 Hz)
0 0 0 0 Off

fosc1: OSC1 oscillation frequency. ( ) indicates the clock frequency when fosc1 = 32 kHz.
fosca: OSC3 oscillation frequency

Selecting an FOUT frequency (writing 1-15 to this register) outputs the FOUT signal from the P23
terminal. Set FOUT0-FOUTS3 to "0" to use P23 as a general-purpose DC input/output port.
At initial reset, these registers are set to "0".

BZE: Buzzer output control register (FF44H<DO)
Controls the buzzer signal output.

When "1" is written: Buzzer output On
When "0" is written: Buzzer output Off
Reading: Valid
When "1" is written to BZE, the BZ signal is output from the P03 terminal. When "0" is written, P03 is

used as a general-purpose DC input/output port.
At initial reset, this register is set to "0".

BZSHT: One-shot buzzer trigger/status (FF45H<D1)
Controls the one-shot buzzer output.

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

Writing "1" into BZSHT causes the one-short output circuit to operate and a buzzer signal to be output
from the P03 terminal. This output is automatically turned off after the time set by SHTPW has elapsed.
The one-shot output is only valid when the normal buzzer output is off (BZE = "0") and will be invalid
when the normal buzzer output is on (BZE = "1"). When a re-trigger is assigned during a one-shot output,
the one-shot output time set with SHTPW is measured again from that point (time extension).

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

During reading BZSHT shows the operation status of the one-shot output circuit. During one-shot
output, BZSHT becomes "1" and the output goes off, it shifts to "0".

At initial reset, this register is set to "0".
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PTOUT_A: TOUT_A output control register (FF81H<DO)
PTOUT_B: TOUT_B output control register (FF91H<DO)
PTOUT_C: TOUT_C output control register (FFA1H<DO)
PTOUT_D: TOUT_D output control register (FFB1H<DO)
Controls the TOUT_A-TOUT_D outputs.

When "1" is written: TOUT output On
When "0" is written: TOUT output Off
Reading: Valid
By writing "1" to the PTOUT_A/B/C/D register, the TOUT_A/B/C/D signal is output from the P13/
P31/P32/P33 terminal. When "0" is written, the corresponding terminal is used as a general-purpose DC
input/output port.
At initial reset, these registers are set to "0".

4.5.9 Programming notes

(1) When an I/O ports in input mode is changed from high to low by the pull-down resistor, the fall of
the waveform is delayed on account of the time constant of the pull-down resistor and input gate
capacitance. Hence, when fetching input data, 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-down resistance 375 kQ (Max.)

(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 a key input interrupt factor.
Therefore when using the SLEEP function, it is necessary to set the interrupt select register (SIPxx =
"1") of the port to be used for releasing SLEEP status before executing the SLP instruction. Further-
more, enable the key input interrupt using the corresponding interrupt mask register (EIKxx = "1")
before executing the SLP instruction to run key input interrupt handler routine after SLEEP status is
released.

(4) A hazard may occur when the TOUT_A-TOUT_D and FOUT signals are turned on and off.

(5) When foscs is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output. Refer to Section 4.4, "Oscillation Circuit", for the control and notes.

(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.

(7) Before the port function is configured, the circuit that uses the port (e.g. input interrupt, multiple key
entry reset, serial interface, event counter input, direct RUN/LAP input for stopwatch) must be
disabled.
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4.6 LCD Driver

4.6.1 Configuration of LCD driver

The S1C63632 has a built-in dot matrix LCD driver that can drive an LCD panel with a maximum of 1,536
dots (48 segments x 32 commons). Figures 4.6.1.1 to 4.6.1.3 show the configuration of the LCD driver and
the drive power supply.

0SCt .
Oscillation circuit VCCKSO0
Clock FLCKST
VD2 manager
I oF Power supply FLCKSO
voltage -
@: booster/halver DBEON

Vb2 VoD

LCD contrast

I - adjustment circuit

EXX!

LCD system < . DSPC1

voltage regulator DSPCO

Vei-Ves | LCD driver

:}% COMO-COM31(23)
SEGO0-SEG47(55)

Display memory

Fig. 4.6.1.1 Configuration of LCD driver and drive power supply (Vc2 reference, 1/5 bias)

0SC1 -

Oscillation circuit VCCKS0
Clock

VD2 manager [ FLOKS1 |
I Power supply
voltage
D ol
Vb2 VDD

A

LCD contrast
adjustment circuit

LC2
LC1
LCO

EEE,

LCD system |, | L DSPCH1
voltage regulator DSPCO

LDUTY2
LDUTY1
LDUTYO

Vor-Ves | LCD driver

il

4

COMo0-COM15
SEGO0-SEG63

$

Display memory LPAGE

i |

Fig. 4.6.1.2 Configuration of LCD driver and drive power supply (Vc2 reference, 1/4 bias)
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0SCt .
Oscillation circuit VCCKS0
Clock FLCKS1
VD2 manager
CF E Power supply FLCKSO
voltage -
ca booster/halver DBON
Vb2 VoD
I Vci
11 — LC3
Vce LCD contrast |« LC2
f B adjustment circuit |« LC1
Ves le— LCO
I Vca
1 LCD system < . DSPC1
voltage regulator
i Vcs g g DSPCO
Vei-Ves | LoD driver  [©LRUTY2
[4— LDUTY1
l4— LDUTYO
g oM ooms
SEGO0-SEG63
Display memory

Fig. 4.6.1.3 Configuration of LCD driver and drive power supply (Vci reference, 1/4 bias)

4.6.2 Power supply for LCD driving

(1) Mask option
The S51C63632 provides three options to configure the internal LCD power supply for generating the
LCD drive voltages Vci-Vcs.

TYPE1 Vc2reference, 1/5 bias
VDD = 1.6 to 2.5 V (power supply voltage booster /halver is used)
VDD = 2.5 to 5.5 V (power supply voltage booster /halver is not used)
TYPE 2 Vc2reference, 1/4 bias
VDD = 1.6 to 2.5 V (power supply voltage booster /halver is used)
VDD = 2.5 to 5.5 V (power supply voltage booster /halver is not used)
TYPE 3 Vci reference, 1/4 bias
VDD = 1.6 to 5.5 V (power supply voltage booster /halver is not used)

Select one from three types according to the supply voltage and the LCD panel characteristics.

The LCD drive voltages are generated by boosting /halving the V1 or Vc2 reference voltage output
from the voltage regulator.

Table 4.6.2.1 lists the Vc1, Vc2, Vs, Ve and Vs voltage values and boosting /halving status. Note
that the number of externally attached parts differs according to the selected bias (1/5 or 1/4). (See
Figures 4.6.1.1 to0 4.6.1.3.)

Table 4.6.2.1 LCD drive voltage

LCD drive voltage TYPE 1 [V] TYPE 2 [V] TYPE 3 [V]
Vel Vc2 x 0.5 1.10 Vc2x 0.5 1.13 |Vcu (reference) | 1.13
Vc2 Ve (reference) | 2.20 | V2 (reference) | 2.25 Ve x 2 2.25
Vcs Vca2x 1.5 3.30 =Vc2 2.25 =Vc2 2.25
Vca Vez x 2 4.40 Ve x 15 3.38 Vcix3 3.38
Vcs Vcax 25 5.50 Veax 2 4.50 Vcix4 4.50

Note: Each LCD drive voltage varies depending on the contrast adjustment register (LCx) setting.
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(2) Controlling the LCD system voltage regulator
To start LCD display, turn the LCD system voltage regulator on using the LPWR register. When "1" is
written to LPWR, the LCD system voltage regulator goes on and generates the LCD drive voltages
listed in Table 4.6.2.1. At initial reset, LPWR is set to "0" (Off).
When LCD display is not necessary, turn the LCD system voltage regulator off to reduce power
consumption.

To generate stable LCD drive voltages, the LCD system voltage regulator must be driven with a
source voltage higher than the reference voltage Vc2 or Vc1. When a V2 reference voltage option
(TYPE 1 or TYPE 2) is selected, the LCD system voltage regulator can be driven with the VD2 voltage
generated by the power supply voltage booster /halver (boost mode) if the supply voltage VDD is less
than 2.5 V. The VD2 voltage is generated by approximately doubling the VDD voltage. Use the VCSEL
register to select VDD or VD2 to drive the LCD system voltage regulator. VDD is selected when VCSEL
is "0" and VD2 is selected when VCSEL is "1". When using VD2, the power supply voltage booster/
halver must be turned on by writing "1" to the DBON register before switching to VD2.

When the Vc1 reference voltage option (TYPE 3) is selected, this control is not required. In this case,
VCSEL and DBON should be set to "0".

Furthermore, the LCD system voltage regulator uses the boost clock supplied from the clock manager
for boosting /halving the voltage. The clock supply is controlled by the VCCKS0-VCCKSI register. Set
VCCKS to "01B" before writing "1" to LPWR. When LCD display is not necessary, stop the clock
supply by setting VCCKS to "00B" to reduce power consumption.

Table 4.6.2.2 Controlling boost clock

VCCKSH1 VCCKSO0 Boost clock control
1 * Prohibited
0 1 On (2kHz)
0 0 Off

Note: The oscillation circuit stops oscillating in SLEEP mode set by the SLP instruction of the CPU.
Therefore, the power supply voltage booster/halver cannot generate Vb2 in SLEEP mode. Before
executing the SLP instruction, configure the LCD system voltage regulator (VCSEL="0",
DBON="0") so that it will be driven with Vpp.

(3) Heavy load protection mode for LCD system voltage regulator
The LCD system voltage regulator has a heavy load protection function that can be activated with
software to stabilize display on the LCD as much as possible (to minimize degradation in display
quality) even if fluctuations in the supply voltage occur due to driving an external load. By writing "1"
to the VCHLMOD register, the LCD system voltage regulator enters heavy load protection mode to
stabilize the V1 to Vs outputs. Use the heavy load protection function if the LCD display has
inconsistencies in density when a heavy load such as a lamp or buzzer is driven with a port output. At
initial reset, VCHLMOD is set to "0" (Off).

Note: The heavy load protection mode increases current consumption compared with normal operation
mode. Therefore, do not set heavy load protection mode unless it is necessary.
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4.6.3 Controlling LCD display

(1) Selecting display mode
In addition to the LPWR register for turning the display on and off, the DSPC0-DSPC1 register is
provided to select a display mode. There are four display modes available as shown in Table 4.6.3.1.

Table 4.6.3.1 Display mode

Normal mode:

Reverse mode:

All black mode:

All white mode:

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

DSPC1 DSPCO Display mode
1 1 All white mode
1 0 All black mode
0 1 Reverse mode
0 0 Normal mode

The screen image written in the display RAM is output without being processed.

(default)

The screen image written in the display RAM is output in reverse video. The
contents in the display RAM are not modified.
Turns all the LCD pixels on (black when normal white LCD is used) in static
drive. The contents in the display RAM are not modified.
Turns all the LCD pixels off (white when normal white LCD is used) in dynamic
drive. The contents in the display RAM are not modified.

(2) Drive duty and frame frequency
The S1C63632 supports three types of LCD drive duty settings, 1/32,1/24 and 1/16, and can be

switched using the LDUTY2-LDUTYO register as shown in Table 4.6.3.2. Select an appropriate drive

duty according to the LCD panel to be used.

The frame frequency is determined by the selected duty and the clock supplied from the clock man-
ager. The clock to be supplied (8 Hz to 32 Hz) can be selected using the FLCKSO-FLCKS1 register.
Selecting a low frame frequency can reduce current consumption.

Note: The frame frequency affects the display quality, therefore, it should be determined after the display
quality is evaluated using the actual LCD panel.

Table 4.6.3.2 Combination of frame frequency and duty

Frame frequency Drive bias
LDUTY2 | LDUTY1 | LDUTYO Duty FLCKS = 11B|FLCKS = 10B[FLCKS = 01B|FLCKS = 00B| (mask option)
1 1 1 Prohibited - - - - -
1 1 0 Prohibited - - - - -
1 0 1 Prohibited - - - - -
1 0 0 1/16 8Hz 16 Hz 21.333Hz 32Hz 1/4 bias
0 1 1 124 5.333 Hz 10.666 Hz 14.22 Hz 21.333 Hz 1/5 bias
0 1 0 1/24 10.666 Hz 21.333Hz 28.44 Hz 42.666 Hz 1/5 bias
0 0 1 Prohibited - - - - -
0 0 0 1/32 8Hz 16 Hz 21.333 Hz 32Hz 1/5 bias

Table 4.6.3.3 shows the relationship of the drive duty setting, available SEG/COM terminals and the

maximum number of pixels.

Table 4.6.3.3 Drive duty setting, SEG/COM terminals and the maximum number of pixels

Duty Terminall  SEGO-SEG47 | COM31-COM24 | COM23-COM16 | COM15-COMO N“F;’i‘xbe?; of
1/32 SEGO-SEG47 COM31-COM24 | COM23-COM16 COM15-COMO 1,536
1/24 SEGO-SEG47 SEG48-SEG55 COM23-COM 16 COM15-COMO 1,344
1/16 SEGO-SEG47 SEG48-SEG55 SEG56-SEG63 COM15-COMO 1,024
The respective drive waveforms are shown in Figures 4.6.3.1 to 4.6.3.3.
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le«————— 32Hz ———»]
lol1]2]3]- -[31/0]1]2|8]- —[31
FR

4ﬂ—|_ — Vc4
-1 4$ — Vet

—“ — Vca

— Ves3

COM1 Ve
—ﬁ — Vi

— Ves

I — Vveca

— Ves

com2 J ’f Voo
— Vet

— Vss

— VCs5

“ ~ vos

— Vc3

SEGO " Ve
— Vi

— Vss

— Ves

ﬂ rH s

— VC3

SEG1 _ vee
— Vet

— Vss

— Ves

— Vet
COMO-SEGO 5 — VSS(GND)

— -VCt

— -Ve2

— -ves

— VcCi1
COMO-SEGH1 — VsSs (GND)

— -VC1

— -VC2

— -VC3

— -VC4

— -VCs5

COMO

Fig. 4.6.3.1 Drive waveform for 1/32 duty (FLCKS= "00B")
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fe———42 (21) Hz—— ¥

lo[1]2]3]- —le30[1[2[3]- -3 |
FR — Vss

COMO
1 — VCs
2 ] — Vs
3 — Ve3
. COMO — vz
5 45 — Vit
6 —\— — Vss
7 — — Ves
— — Ves
— Vc3
8 CoM1 — vz
9 — Vc1
10 | i T
12 — VG5
13 i — Vca

T ! _

14— | ++_|_. COM2 VC3
15 — LI — Ve
— Vss

16

IS
19

-
.
St
L

I+

— VC5

— Vc4

— VC3

SEGO ‘ Ve
— Vi1

— Vss

— VC5

“ — V4

- m < — VC3
SEG1 _vee

— Vci1

— VSs

— VCs
— Vc4

— V3
— ve2
— Vet
COMO-SEGO l_L — Vss (GND)
— -Vci

4=

L]
.
I

SEGO

— -Vec2
— -Vc3
— -Vc4
— -VCs

— VG5

— Vc4

— Ve3

— Ve2

— Vet
COMO-SEG1 ﬂ—|\ — VsS(GND)

— Vet

— -VeC2
— -VC3
— -Vc4
— -VC5

Fig. 4.6.3.2 Drive waveform for 1/24 duty (FLCKS= "00B")
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SEG1
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— Vc4
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COMO-SEG1
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— Vcs
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— Vss

— Vcs
— Vca
— Vca=Vcs
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-Vcs
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Fig. 4.6.3.3 Drive waveform for 1/16 duty (FLCKS= "00B")
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4.6.4 Display memory

The display memory is allocated to FOOOH-F37FH in the data memory area and the addresses and the
data bits correspond to COM and SEG outputs as shown in Figures 4.6.4.1 to 4.6.4.3.

comMo
COM1
Ccom2
COM3
COM4
COM5
COM6
CcOom7

COmM8

COomM9

COM10
COM11
CcOoM12
COM13
COM14
COM15

COM16
COomM17
cOom18
COM19
COM20
COM21
com22
com23

com24
COM25
COM26
com27
com28
COM29
COM30
COM31

SEGO
Do
0 D1
b2
obDs
Do 7]
0 D1
b2
OoDs

Do 7
0 D1
OobD2
obDs
Do 7]
D1
b2
OoDs

Do 7
0 D1
Oob2
obDs
Do
0 D1
b2
obDs

Do
0 D1
ob2
obDs
Do
0 D1
b2
obDs

FOOOH

FOO1H

F100H

F101H

F200H

F201H

F300H

F301H

?

SEGH1
Do
0 D1
b2
obDs
Do 7]
0 D1
b2
ODs

Do 7
0 D1
0obD2
obDs
Do 7]
D1
b2
OoDs

Do 7
0 D1
ob2
obDs
Do
D1
b2
obDs

Do
0 D1
ob2
obDs
Do
0 D1
b2
obDs

Memory address
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FO02H

FOO3H

F102H

F103H

F202H

F203H

F302H

F303H

SEG2
Do
0 D1
b2
obDs
Do 7]
0 D1
b2
ODs

Do 7
0 D1
0obD2
obDs
Do 7]
D1
b2
OoDs

Do 7
0 D1
ob2
obDs
Do
D1
b2
obDs

Do
0 D1
ob2
obDs
Do
0 D1
b2
obDs

?

Data bit

F004H

FOO5H

F104H

F105H

F204H

F205H

F304H

F305H

SEG3
Do
0 D1
b2
obDs
Do 7
0 D1
b2
OoDs

Do 7
0 D1
OobD2
obDs
Do 7]
D1
b2
OoDs

Do 7
0 D1
0ob2
obDs
Do
D1
b2
obDs

Do
0 D1
ob2
obDs
Do
0 D1
b2
obDs

FOO7H

F106H

F107H

F206H

F207H

F306H

F307H

SEG47
Do
0 D1
b2
obDs
DO 7]
0Dt
b2
OoDs

Do 7
0 D1
OobD2
obDs
Do 7]
D1
b2
OoDs

Do 7
0 D1
ob2
obs
Do
D1
b2
obDs

Do 7
0 D1
0ob2
obDs
Do
0 D1
b2
obDs

FO5EH

FO5FH

F15EH

F15FH

F25EH

F25FH

F35EH

F35FH

Fig. 4.6.4.1 Correspondence between display memory and LCD dot matrix (1/32 duty)
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SEGO SEGH1 SEG2 SEG3 SEG55
COMO [IDO 7] DO ] DO ] Do ] Do ]
COM1 [ID1 D1 D1 D1 D1
COM2 [1D2 FOOOH D2 FO02H D2 F004H D2 FOOBH .. ... D2 FO6EH
COM3 [D3 OD3 OD3 OD3 0oD3
COM4 [IDO 7] D0 ] D0 ] D0 ] DO ]
COM5 [ID1 D1 D1 D1 D1
COM6 [1D2 FOO1H D2 FOO3H D2 FOO5H D2 FOO7H D2 FO6FH
CcomM7 [ID3 ODb3 ODb3 ODb3 0oDs
COM8 [IDO0 7] Do ] Do ] Do ] Do ]
comM9 [IDt D1 D1 D1 D1
COM10 [1D2 F100H D2 F102H D2 F104H D2 F106H D2 F16EH
COM11 D3 OD3 OD3 OD3 OoDs
COM12 [1DO0 7] DO 7] DO 7] DO 7] DO 7]
COM13 [ID1 D1 D1 D1 D1
COM14 [1D2 F101H D2 F103H D2 F105H D2 F107H D2 F16FH
COM15 [1D3 0obs 0obs 0obs D3 |
COM16 [IDO 7] Do ] Do ] Do ] Do ]
COM17 [OD1 D1 D1 D1 D1
COM18 [1D2 F200H D2 F202H D2 F204H D2 F206H D2 F26EH
COM19 [ID3 Oob3 Oob3 Oob3 0oDs
COM20 [IDO 7] DO ] DO ] Do ] Do ]
COM21 [ID1 D1 D1 D1 D1
COM22 [1D2 F201H D2 F203H D2 F205H D2 F207H D2 F26FH
COM23 [D3 | OD3 OD3 OD3 0oD3

Memory address Data bit

Fig. 4.6.4.2 Correspondence between display memory and LCD dot matrix (1/24 duty)
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SEGO SEGH1 SEG2 SEG3 SEG63
[ COMO [IDO 7] D0 ] D0 ] D0 ] Do ]
CoM1  [OD1 0OD1 O D1 O D1 O D1
COM2  [1D2 FOOOH D2 FOO2H D2 FOO04H D2 FOO6H .. ... D2 FO7EH
COM3 [D3 0b3 0b3 0ob3 0oDs
COM4 [DO 7] Do ] Do ] Do ] Do ]
COM5  [1D1 ] D1 ] D1 ] D1 ] D1
COM6 [1D2 FOO1H D2 FOO3H D2 FOO5H D2 FOO7H D2 FO7FH
LPAGE | COM7 [ID3 _l 0ob3 0ob3 0ob3 obs
=0 coms DO DO 7] DO 7] DO 7] DO 7]
COM9 [ID1 D1 D1 D1 D1
COM10 [1D2 F100H D2 F102H D2 F104H D2 F106H D2 F17EH
COM11 [OD3 Oobs Oobs Oobs 0oDb3 |
COM12 [JDO 7] Do ] D0 ] D0 ] Do ]
COM13 [1D1 0OD1 0OD1 O D1 O D1
COMi4 [1D2 F101H D2 F103H D2 F105H D2 F107H D2 F17FH
L COM15 D3 | ODs ODs 0ob3 0oDs
[ COMO [IDO 7] Do ] Do ] Do ] Do ]
COM1 [ID1 D1 D1 D1 D1
COM2 [1D2 F200H D2 F202H D2 F204H D2 F206H D2 F27EH
COM3 [D3 0ob3 0ob3 0ob3 OoDs
COM4 [JDO 7] DO 7] DO 7] DO 7] DO 7]
COM5 [ID1 D1 D1 D1 D1
COM6 [1D2 F201H D2 F203H D2 F205H D2 F207H D2 F27FH
LPAGE | COM7 [ID3 obs OD3 OD3 0ob3
= COM8 [IDO 7] Do ] Do ] Do ] Do ]
COM9 [ID1 (] D1 ] D1 ] D1 (] D1
COM10 [1D2 F300H D2 F302H D2 F304H D2 F306H D2 F37EH
COM11 D3 0ob3 0ob3 0ob3 oDbs
COM12 [JDO 7] JDO0 ] JDOo ] JDOo ] JDO0 ]
COM13 [ D1 D1 D1 D1 D1
COM14 [1D2 F301H D2 F303H D2 F305H D2 F307H D2 F37FH
L COM15 [ID3 | 0ob3 0ob3 0ob3 OoDs
Memory address Data bit

Fig. 4.6.4.3 Correspondence between display memory and LCD dot matrix (1/16 duty)

When a bit in the display memory is set to "1", the corresponding LCD pixel goes on, and when it is set to
"0", the pixel goes off.

When 1/16 duty is selected, the display memory area can be used for two screen images. Select either
FOOOH-F17FH or F200H-F37FH for the area to be displayed using the LPAGE register. This allows the
software to switch the screen in an instant.

At initial reset, the data memory contents become 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 implemented area (FO80H-FOFFH, F180H-F1FFH,
F280H-F2FFH, F380H-F3FFH) is made, the operation is not guaranteed.
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4.6.5 LCD contrast adjustment

The LCD driver allows the software to adjust the LCD contrast.
It is realized by controlling the voltages VC1-VC5 output from the LCD system voltage regulator. The
contrast can be adjusted to 16 levels using the LC3-LCO register.

Table 4.6.5.1 LCD contrast

No.| LC3 | LC2 | LC1 LCO Contrast
0 0 0 0 0 Light
1 0 0 0 1 ?
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0 ¢
15 1 1 1 1 Dark

At initial reset, the LC3-LC0 register is set to 0000B. The software should initialize the register to get the

desired contrast.
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4.6.6 1/0 memory of LCD driver

Table 4.6.6.1 shows the I/O addresses and the control bits for the LCD driver. Figure 4.6.6.1 shows the
display memory map.

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

Table 4.6.6.1 Control bits of LCD driver

Register
Address - Comment
D3 D2 D1 DO__ | Name | Init [L 1 0
VDSEL 0 1 0 General-purpose register
VDSEL | VCSEL | HLON | DBON
FFO2H VCSEL 0 Vb2 Vopo | Power source select for LCD system voltage regul ator
RW HLON 0 On Off | Power voltage booster/halver halving mode On/Off
DBON 0 On Off | Power voltage booster/halver boost mode On/Off
CHLMOD| 0 On Off | Heavy load protection mode On/Off for LCD system voltage regulator|
HLMOD]VDHLMOD| I| LPWR
FFO3H CHLMO 0D General DHLMOD| 0 On Off | Heavy load protection mode On/Off for internal voltage regulator
W General 0 1 0 General-purpose register
LPWR 0 On Off | LCD system voltage regulator On/Off
FLCKS1| 0 Frame [FLCKSL 0] O 1 2 3
_ FLCKS1|FLCKS0|VCCKS1|VCCKSO0 FLcksol o fsglegg[?gncy Frequency 32Hz 24Hz 16Hz 8HZ
AW VCCKSi| 0 }{gqﬂgggy [VCCKSL 0] 0 1 2.3
VCCKSO0[ 0 selection Frequency Off 2kHz Prohibited
General 0 1 0 General-purpose register
General ( LPAGE | DSPC1 | DSPCO | | pAGE | 0 [F200-F37FF000-F17F| Display memory area (when 1/16 duty is selected)
FF50H functions as a general-purpose register when 1/24 or 1/32 is selected
RW DSPCH1 0 LCD display [DSPC1,0] 0 1 2 3
DSPCO 0 mode selection Display mode Normal Reverse  All lit  All off
General 0 1 0 Genera -purpose register
General |LDUTY2(LDUTY1 |LDUTYO woutvel o 1L [LDUTY2—0] 0 1 2
FF51H ) Duty 1/32 (32 Hz) Prohibited 1/24 (42 Hz)
LDUTY1| 0 drive duty
R/W selection [LDUTY2—0] 3 4 5—7
LDUTYO| 0 B Duty 1/24 (21 Hz) 1/16 (32 Hz) Prohibited
LC3 LC2 Lot LCO LC3 0 LCD contrast adjustment
FF52H LC2 0 [LC3—0] 0 — 15
AW LC1 0 Contrast Light — Dak
LCO 0 B

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

FO5FH
FO60H
FOBFH
FO70H
FO7FH
FO8OH

FOFFH
F100H

F15FH
F160H
F16FH
F170H
F17FH
F180H

F1FFH
F200H

F25FH
F260H
F26FH
F270H
F27FH
F280H

F2FFH
F300H

F35FH
F360H
F36FH
F370H
F37FH
F380H

F3FFH

1/32 duty

1/24 duty

1/16 duty

Display data area
(COM0-COM?7)

Unused area

SEGO

SEG47

Display data area
(COM0-COM7)

Unused area

SEGO

SEG55

Display data area 0
(COM0-COM7)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Display data area
(COM8-COM15)

Unused area

SEGO

SEG47

Display data area
(COM8-COM15)

Unused area

SEGO

SEG55

Display data area 0
(COM8-COM15)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Display data area
(COM16-COM23)

Unused area

SEGO

SEG47

Display data area
(COM16-COM23)

Unused area

SEGO

SEG55

Display data area 1
(COM0-COM7)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Display data area
(COM24-COM31)

Unused area

SEGO

SEG47

Unused area

SEGO

SEG55

Display data area 1
(COM8-COM15)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Not implemented
(prohibition of read/write)

Fig. 4.6.6.1 Display memory map

SEGO

SEG63

SEGO

SEG63

SEGO

SEG63

SEGO

SEG63
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DBON: Power supply voltage booster/halver boost mode On/Off register (FFO2H+DO)
Activates the power supply voltage booster /halver in boost mode.

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

When "1" is written to DBON, the power supply voltage booster/halver activates in boost mode and
almost doubles the VDD voltage to generate the VD2 voltage. Turn the power supply voltage booster/
halver on when driving the LCD system voltage regulator with VD2 (V2 reference voltage, VDD = 1.6 to
2.5V). When "0" is written to DBON, the voltage boost operation is deactivated. Be sure to set DBON to
"0" (Off) when driving the LCD system voltage regulator with VDD. Furthermore, do not set both DBON
and HLON to "1".

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

VCSEL: LCD system voltage regulator power source switch register (FFO2H<D2)
Selects the power voltage for the LCD system voltage regulator.

When "1" is written: VD2
When "0" is written: VDD
Reading: Valid

When "1" is written to VCSEL, the LCD system voltage regulator is driven with VD2 generated by the
power supply voltage booster /halver. Before this setting is made, it is necessary to write "1" to DBON to
activate the power supply voltage booster (boost mode). Furthermore, do not switch the power voltage to
VD2 for at least 1 msec after the power supply voltage booster/halver is turned on to allow VD2 to
stabilize. When "0" is written to VCSEL, the LCD system voltage regulator is driven with VDD.

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

Note: Do not set DBON to "1" (boost mode) and VCSEL to "1" (driving with Vb2) if the supply voltage VbD
exceeds 2.5V, as it may cause damage of the IC.

LPWR: LCD system voltage regulator On/Off register (FFO3H+<D0)
Turns the LCD system voltage regulator on and off.

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

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

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

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

VCHLMOD: LCD system voltage regulator heavy load protection On/Off register (FFO3HD3)
Enables heavy load protection function for the LCD system voltage regulator.

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

By writing "1" to VCHLMOD, the LCD system voltage regulator enters heavy load protection mode to
minimize degradation in display quality when fluctuations in the supply voltage occurs due to driving a
heavy load. The heavy load protection function is effective when the OSC3 clock is used or the buzzer/
FOUT signal is being output. However, heavy load protection mode increases current consumption
compared with normal operation mode. Therefore, do not set heavy load protection mode unless it is
necessary.

At initial reset, this register is set to "0".
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VCCKSO0, VCCKS1: VC boost frequency select register (FF12H<DO, D1)
Controls the boost clock supply to the LCD system voltage regulator.

Table 4.6.6.2 Controlling boost clock

VCCKSH1 VCCKSO0 Boost clock control
1 * Prohibited
0 1 On (2kHz)
0 0 Off

The LCD system voltage regulator uses the boost clock supplied from the clock manager for boosting/
reducing the voltage. Use this register to control the clock supply. Set VCCKS to "01B" before writing "1"
to LPWR. When LCD display is not necessary, stop the clock supply by setting VCCKS to "00B" to reduce
power consumption.

At initial reset, this register is set to "00B".

FLCKSO0, FLCKS1: Frame frequency select register (FF12H<D2, D3)
Selects the frequency of the frame clock supplied from the clock manager.

Table 4.6.6.3 Selecting frame frequency

FLCKSH1 FLCKSO Frame frequency
1 1 8Hz
1 0 16 Hz
0 1 24 Hz
0 0 32 Hz

(When fosc1 = 32.768 Hz)

See Table 4.6.6.5 for the frame frequency when 1/24 duty is selected by the LDUTY0-LDUTY2 register.
At initial reset, this register is set to "00B".

DSPCO, DSPC1: Display mode select register (FF50H+DO, D1)

Sets the display mode.
Table 4.6.6.4 Display mode
DSPC1 DSPCO Display mode
1 1 All white mode
1 0 All black mode
0 1 Reverse mode
0 0 Normal mode

In normal mode, the screen image written in the display RAM is output without being processed.

In reverse mode, the screen image written in the display RAM is output in reverse video.

All black mode turns all the LCD pixels on (black when normal white LCD is used) in static drive.

All white mode turns all the LCD pixels off (white when normal white LCD is used) in dynamic drive.
The contents in the display RAM are not modified by setting this register.

At initial reset, this register is set to "00B".

LPAGE: LCD display memory area select register (FF50H*D2)
Selects the display memory area at 1/16 duty drive.

When "1" is written: F200H-F37FH
When "0" is written: FOOOH-F17FH
Reading: Valid

By writing "1" to the LPAGE register, the data set in F200H-F37FH (the second half of the display
memory) is displayed, and when "0" is written, the data set in FOOOH-F17FH (the first half of the display
memory) is displayed.

This function is valid only when 1/16 duty is selected, and when 1/24 or 1/32 duty is selected, this
register can be used as a general purpose register.

At initial reset, this register is set to "0".
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LDUTYO-LDUTY2: LCD drive duty switching register (FF51HsD0-D2)

Selects the LCD drive duty.

Table 4.6.6.5 Drive duty setting

Frame frequenc Drive bias
LDUTY2 | LDUTY1 | LDUTYO | DWY  |56¢s — 7BFLGKS = 10BIFLOKS < 0TBFLCKS 008 (mask option)
1 1 1 Prohibited - - — - -
1 1 0 Prohibited — — — — —
1 0 1 Prohibited - - - - -
1 0 0 1/16 8Hz 16 Hz 21.333 Hz 32 Hz 1/4 bias
0 1 1 1/24 5.333 Hz 10.666 Hz 14.22 Hz 21.333Hz 1/5 bias
0 1 0 1/24 10666 Hz | 21.333Hz 28.44 Hz 42.666 Hz 1/5 bias
0 0 1 Prohibited - - - - -
0 0 0 1/32 8Hz 16 Hz 21.333 Hz 32 Hz 1/5 bias
At initial reset, this register is set to "000B".
LC3-LCO: LCD contrast adjustment register (FF52H)
Adjusts the LCD contrast.
Table 4.6.6.6 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

Setting this register changes the Vc1-Vc5 LCD drive voltages.
At initial reset, this register is set to "0000B".
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4.6.7 Programming notes

(1) When a program that access no memory implemented area (FOS0H-FOFFH, F180H-F1FFH, F280H-
F2FFH, F380H-F3FFH) is made, the operation is not guaranteed.

(2) When driving the LCD system voltage regulator with VD2, wait at least 1 msec for stabilization of the
voltage before switching the power voltage for the LCD system voltage regulator to VD2 using VCSEL
after the power supply voltage booster /halver is turned on.
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4.7 Clock Timer

4.7.1 Configuration of clock timer

The S51C63632 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 4.7.1.1 is the block diagram for the clock timer.

< Data bus

T Clock timer T
OosC1 [ Tosci08 il s :

vl o Clock fosci/128 1 |
oscillation circuit —» P ’128 Hz-16 Hz‘—>’ 8 Hz—1 Hz ‘ '
(fOSC1) manager S !

f ’ ¢ 128 Hz, 64 Hz, 32 Hz, 16 Hz,

Clock enable signal 8 Hz, 4 Hz, 2 Hz, 1 Hz
Interrupt > Interrupt

control request

Clock timer reset signal
Clock timer RUN/STOP signal

Fig. 4.7.1.1 Block diagram for the clock timer

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

4.7.2 Controlling clock manager

The clock manager generates the clock timer operating clock by dividing the OSC1 clock by 128. Before
the clock timer can be run, write "1" to the RTCKE register to supply the operating clock to the clock
timer.

Table 4.7.2.1 Controlling clock timer operating clock
RTCKE Clock timer operating clock
1 fosc1/ 128 (256 Hz)

0 Off

If it is not necessary to run the clock timer, stop the clock supply by setting RTCKE to "0" to reduce
current consumption.

4.7.3 Data reading and hold function
The 8 bits timer data are allocated to the address FF41H and FF42H.

<FF41H> D0:TMO =128 Hz D1:TM1 =64 Hz D2: TM2 = 32 Hz D3: TM3 =16 Hz
<FF42H> D0: TM4 =8 Hz D1:TM5 =4 Hz D2:TM6 =2 Hz D3:TM7 =1 Hz

Since two addresses are allocated for the clock timer data, a carry is generated from the low-order data
(TMO-TM3: 128-16 Hz) to the high-order data (TM4-TM7: 8-1 Hz) during counting. If this carry is
generated between readings of the low-order data and the high-order data, the combined data does not
represent the correct value (if a carry occurs after the low-order data is read as FFH, the incremented (+1)
value is read as the high-order data). To avoid this problem, the clock timer is designed to latch the high-
order data at the time the low-order data is read. The latched high-order data will be maintained until the
next reading of the low-order data.

Note: The latched value, not the current value, is always read as the high-order data. Therefore, be sure
to read the low-order data first.
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4.7.4 Interrupt function

The clock timer can generate an interrupt at the falling edge of 128 Hz, 64 Hz, 32 Hz, 16 Hz, 8 Hz, 4 Hz, 2
Hz and 1 Hz signals. Software can enable or mask any of these frequencies to generate interrupts.
Figure 4.7.4.1 is the timing chart of the clock timer.

Address | Bit |Frequency | Clock timer timing chart \
DO 128 Hz
D1 64 Hz
FF41H
D2 32 Hz
ps | teHz | [ LU LU UL UL LU L L L
DO sHz | [ L [ L LI LI L LT LI LI 14
D1 4Hz | [ ] | I L[]
FF42H
D2 2Hz
D3 1 Hz \

128 Hz interrupt request |
64 Hz interrupt request| P EHRRERFAAARAR AR AR AR AR AR AR R 1 A14E
sovmompionues| F1EEEEEEEEEEREEEEEEEEEEERELIELELEHE
torzmomptroacs| £ £ £ £ £ £ EEEE L L L L L
8 Hz interrupt request f f ? f f ? f f ?

4 Hz interrupt request f f ?
?

2 Hz interrupt request

?
?
?

1 Hz interrupt request

Fig. 4.7.4.1 Timing chart of clock timer

As shown in Figure 4.7.4.1, an interrupt is generated at the falling edge of each frequency signal (128 Hz,
64 Hz, 32 Hz, 16 Hz, 8 Hz, 4 Hz, 2 Hz, 1 Hz). At this time, the corresponding interrupt factor flag (ITO,
IT1,IT2, IT3, IT4, IT5, IT6, IT7) is set to "1". The interrupt mask registers (EITO, EIT1, EIT2, EIT3, EIT4,
EIT5, EIT6, EIT7) are used to enable or mask each interrupt factor. 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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4.7.51/0 memory of clock timer
Table 4.7.5.1 shows the I/O addresses and the control bits for the clock timer.

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Clock Timer)

Table 4.7.5.1 Control bits of clock timer

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
MDCKE 0 Enable | Disable | Integer multiplier clock enable
MDCKE | SGCKE | SWCKE | RTCKE
FE16H SGCKE 0 Enable | Disable | Sound generator clock enable
RW SWCKE 0 Enable | Disable | Stopwatch timer clock enable
RTCKE 0 Enable | Disable | Clock timer clock enable
3 — 2
0 o |Tvrst|[mRUN]| °” ) Unused
FF40H 08| -2 Unused
R W AW TMRST*3| Reset | Reset | Invalid | Clock timer reset (writing)
TMRUN 0 Run Stop | Clock timer Run/Stop
™3 0 Clock timer data (16 Hz)
™ ™2 | T™M1 ™
FF41H s 0 ™2 0 Clock timer data (32 Hz)
R ™1 0 Clock timer data (64 Hz)
T™MO 0 Clock timer data (128 Hz)
T™M7 | TM6 | TM5 | TM4 m; g g: OCE :I mer g:a (; :Z)
FE42H oc !mer a (2 Hz)
R TM5 0 Clock timer data (4 Hz)
TM4 0 Clock timer data (8 Hz)
B3 ElTo EIT1 EImo EIT3 0 Enable | Mask | Interrupt mask reg!ster (Clock t!mer 16 Hz)
FEEEH EIT2 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
W EIT1 0 Enable | Mask | Interrupt mask register (Clock timer 64 Hz)
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 128 Hz)
7 EIT6 EITs EITa EIT7 0 Enable | Mask | Interrupt mask reg?ster (Clock t! mer 1 Hz)
FFEFH EIT6 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
W EITS 0 Enable | Mask | Interrupt mask register (Clock timer 4 Hz)
EIT4 0 Enable | Mask | Interrupt mask register (Clock timer 8 Hz)
3 2 1 o IT3 0 (R) (R) | Interrupt factor flag (Clock t! mer 16 Hz)
FEFEH IT2 0 | Yes | No |[Interrupt factor flag (Clock timer 32 Hz)
RW IT 0 (W) (W) | Interrupt factor flag (Clock timer 64 Hz)
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 128 Hz)
7 6 s T IT7 0 (R) (R) | Interrupt factor flag (Clock t! mer 1 Hz)
FFFEH IT6 0 [ _Yes | No _|Interrupt factor flag (Clock timer 2 Hz)
AW IT5 0 (W) (W) | Interrupt factor flag (Clock timer 4 Hz)
IT4 0 Reset | Invalid | Interrupt factor flag (Clock timer 8 Hz)

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

RTCKE: Clock timer clock enable register (FF16H+DO0)
Controls the operating clock supply to the clock timer.

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

When "1" is written to RTCKE, the clock timer operating clock is supplied from the clock manager. If it is

not necessary to run the clock timer, stop the clock supply by setting RTCKE to "0" to reduce current

consumption.

At initial reset, this register is set to "0".
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TMRUN: Clock timer Run/Stop control register (FF40H+D0)
Controls run/stop of the clock timer.

When "1" is written: Run
When "0" is written: Stop
Reading: Valid
The clock timer starts running when "1" is written to the TMRUN register, and stops when "0" is written.
In stop status, the timer data is maintained until the next run status or the timer is reset. Also, when stop
status changes to run status, the data that is maintained can be used for resuming the count.
At initial reset, this register is set to "0".

TMRST: Clock timer reset (FF40H<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 run status, counting
restarts immediately. Also, in 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.

TMO-TM7: Timer data (FF41H, FF42H)

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 (FF41H), the high-order data (FF42H) is latched. The latched value, not the
current value, is always read as the high-order data. Therefore, be sure to read the low-order data first.
At initial reset, the timer data is initialized to "0O0H".

EITO: 128 Hz interrupt mask register (FFEEH*DO)
EIT1: 64 Hz interrupt mask register (FFEEH*D1)
EIT2: 32 Hz interrupt mask register (FFEEH*D2)
EIT3: 16 Hz interrupt mask register (FFEEHD3)
EIT4: 8 Hzinterrupt mask register (FFEFH<DO)
EIT5: 4 Hz interrupt mask register (FFEFH<D1)
EIT6: 2 Hzinterrupt mask register (FFEFH*D2)
EIT7: 1 Hzinterrupt mask register (FFEFH*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, EIT4, EIT5, EIT6, EIT7) are used to select whether to
mask the interrupt to the separate frequencies (128 Hz, 64 Hz, 32 Hz, 16 Hz, 8 Hz, 4 Hz, 2 Hz, 1 Hz).
At initial reset, these registers are set to "0".
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ITO: 128 Hz interrupt factor flag (FFFEH<DO)
IT1: 64 Hzinterrupt factor flag (FFFEH<D1)
IT2: 32 Hz interrupt factor flag (FFFEHD2)
IT3: 16 Hz interrupt factor flag (FFFEHD3)
IT4: 8 Hzinterrupt factor flag (FFFFH+DO)
IT5: 4 Hzinterrupt factor flag (FFFFHeD1)
IT6: 2 Hzinterrupt factor flag (FFFFHD2)
IT7: 1 Hzinterrupt factor flag (FFFFH*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, IT4, IT5, IT6, IT7) correspond to the clock timer interrupts of
the respective frequencies (128 Hz, 64 Hz, 32 Hz, 16 Hz, 8 Hz, 4 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".

4.7.6 Programming notes

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

(2) The clock timer count clock does not synch with the CPU clock. Therefore, the correct value may not
be obtained depending on the count data read and count-up timings. To avoid this problem, the clock
timer count data should be read by one of the procedures shown below.

® Read the count data twice and verify if there is any difference between them.
¢ Temporarily stop the clock timer when the counter data is read to obtain proper data.

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

4.8.1 Configuration of stopwatch timer

The 51C63632 has a 1/1,000 sec stopwatch timer. The stopwatch timer is configured of a 3-stage, 4-bit
BCD counter serving as the input clock of a 1,000 Hz signal output from the prescaler. Data can be read
out four bits (1/1,000 sec, 1/100 sec and 1/10 sec) at a time by the software.

In addition it has a direct input function that controls the stopwatch timer RUN/STOP and LAP using the
input ports P10 and P11.

Figure 4.8.1.1 is the block diagram of the stopwatch timer.

[SWCKE] [SWRST] l l ¢
OsC! fosci/32 (1,000 Hz)
illati 0sC1 ) z
oscﬂlzlatlop$ Clock > 1,000/ 1,024 - 1/1,000 sec 1/100 sec 1/10 sec L e » 1 Hz interrupt request
circuit manager prescaler counter counter counter
(fosc1) T » 10 Hz interrupt request
_ ]
A4 Y A4
Capture »
P11—» Direct [™ ©control = Capture buffer
input circuit |«
P10— control ;
[SWRUN] | SWPO—3 kSWDl4—7 SWQS—H
reading reading reading
! ! v v v
P12, P13,
PAOP 437»{ [DKM2-0] |« [EDIR] H . >
< A
l [LCURF] l l [CRNWF] » Direct RUN interrupt request
» Direct LAP interrupt request

Fig. 4.8.1.1 Block diagram 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.

4.8.2 Controlling clock manager

The clock manager generates the stopwatch timer operating clock by dividing the OSC1 clock by 32.
Before the stopwatch timer can be run, write "1" to the SWCKE register to supply the operating clock to
the stopwatch timer.

Table 4.8.2.1 Controlling stopwatch timer operating clock

SWCKE Stopwatch timer clock
1 fosc1/ 32 (1 kHz)
0 Off

If it is not necessary to run the stopwatch timer, stop the clock supply by setting SWCKE to "0" to reduce
current consumption.
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4.8.3 Counter and prescaler

The stopwatch timer is configured of four-bit BCD counters SWD0-3, SWD4-7 and SWD8-11.

The counter SWDO0-3, at the stage preceding the stopwatch timer, has a 1,000 Hz signal generated by the
prescaler for the input clock. It counts up every 1/1,000 sec, and generates 100 Hz signal. The counter
SWD4-7 has a 100 Hz signal generated by the counter SWDO0-3 for the input clock. It count-up every
1/100 sec, and generated 10 Hz signal. The counter SWD8-11 has an approximated 10 Hz signal gener-
ated by the counter SWD4-7 for the input clock. It count-up every 1/10 sec, and generated 1 Hz signal.
The prescaler inputs a 1,024 Hz clock dividing fosc1 (output from the OSC1 oscillation circuit), and
outputs 1,000 Hz counting clock for SWDO0-3. To generate a 1,000 Hz clock from 1,024 Hz, 24 pulses from
1,024 pulses that are input to the prescaler every second are taken out.

When the counter becomes the value indicated below, one pulse (1,024 Hz) that is input immediately
after to the prescaler will be pulled out.

<Counter value (msec) in which the pulse correction is performed>
39,79,139,179, 219, 259, 299, 319, 359, 399, 439, 479, 539, 579, 619, 659, 699, 719, 759, 799, 839, 879, 939, 979

Figure 4.8.3.1 shows the operation of the prescaler.

START
Prescaler input clock (1,024 Hz)
Prescaler output clock
Counter data 000) 001)f002) |/ f037)038) 039 f040) 041

Fig. 4.8.3.1 Timing of the prescaler operation

For the above reason, the counting clock is 1,024 Hz (0.9765625 msec) except during pulse correction.
Consequently, frequency of the prescaler output clock (1,000 Hz), 100 Hz generated by SWD0-3 and 10
Hz generated by SWD4-7 are approximate values.

4.8.4 Capture buffer and hold function

The stopwatch data, 1/1,000 sec, 1/100 sec and 1/10 sec, can be read from SWD0-3 (FF4BH), SWD4-7
(FF4CH) and SWD8-11 (FF4DH), respectively. The counter data are latched in the capture buffer when
reading, and are held until reading of three words is completed. For this reason, correct data can be read
even when a carry from lower digits occurs during reading the three words. Further, three counter data
are latched in the capture buffer at the same time when SWDO0-3 (1/1,000 sec) is read. The data hold is
released when SWD8-11 (1/10 sec) reading is completed. Therefore, data should be read in order of
SWDO0-3 -~ SWD4-7 — SWD8-11. If SWD4-7 or SWD8-11 is first read when data have not been held, the
hold function does not work and data in the counter is directly read out. When data that has not been
held is read in the stopwatch timer RUN status, you cannot judge whether it is correct or not.

The stopwatch timer has a LAP function using an external key input (explained later). The capture buffer
is also used to hold LAP data. In this case, data is held until SWD8-11 is read. However, when a LAP
input is performed before completing the reading, the content of the capture buffer is renewed at that
point. Remaining data that have not been read become invalid by the renewal, and the hold status is not
released if SWD8-11 is read. When SWD8-11 is read after the capture buffer is updated, the capture
renewal flag CRNWF is set to "1" at that point. In this case, it is necessary to read from SWD0-3 again.
The capture renewal flag is renewed by reading SWD8-11.

Figure 4.8.4.1 shows the timing for data holding and reading.
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Direct LAP input (P11/P10)
Direct LAP internal signal

Capture renewal flag CRNWF
SWDO0-3 reading 1 M
SWD4-7 reading [ [ i
SWD8-11 reading
Data holding

Fig. 4.8.4.1 Timing for data holding and reading

4.8.5 Stopwatch timer RUN/STOP and reset
RUN/STOP control and reset of the stopwatch timer can be done by the software.

Stopwatch timer RUN/STOP

The stopwatch timer enters the RUN status when "1" is written to SWRUN, and the STOP status when
"0" is written. In the STOP status, the timer data is maintained until the next RUN status or resets
timer. Also, when the STOP status changes to the RUN status, the data that was maintained can be
used for resuming the count. The RUN/STOP operation of the stopwatch timer by writing to the
SWRUN register is performed in synchronization with the falling edge of the 1,024 Hz same as the
prescaler input clock. The SWRUN register can be read, and in this case it indicates the operating
status of the stopwatch timer.

Figure 4.8.5.1 shows the operating timing when controlling the SWRUN register.

fosc1/32 (1,024 Hz) [T LU UL
SWRUNwritng [ | [ L
SWRUN register _ L L
Count clock _JuUuL Ty

Fig. 4.8.5.1 Operating timing when controlling SWRUN

When the direct input function (explained in next section) is set, RUN/STOP control is done by an
external key input. In this case, SWRUN becomes read only register that indicates the operating status
of the stopwatch timer.

Stopwatch timer reset

The stopwatch timer is reset when "1" is written to SWRST. With this, the counter value is cleared to
"000". Since this resetting does not affect the capture buffer, data that has been held in the capture
buffer is not cleared and is maintained as is. When the stopwatch timer is reset in the RUN status,
counting restarts from count "000". Also, in the STOP status the reset data "000" is maintained until the
next RUN.
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4.8.6 Direct input function and key mask

The stopwatch timer has a direct input function that can control the RUN/STOP and LAP operation of
the stopwatch timer by external key input. This function is set by writing "1" to the EDIR register. When
EDIR is set to "0", only the software control is possible as explained in the previous section.

Input port configuration

In the direct input function, the input ports P10 and P11 are used as the RUN/STOP and LAP input
ports. The key assignment can be selected using the SWDIR register.

Table 4.8.6.1 RUN/STOP and LAP input ports

SWDIR P10 P11
0 RUN/STOP LAP
1 LAP RUN/STOP

Direct RUN
When the direct input function is selected, RUN/STOP operation of the stopwatch timer can be
controlled by using the key connected to the input port P10/P11 (selected by SWDIR). P10/P11 works
as a normal input port, but the input signal is sent to the stopwatch control circuit. The key input
signal from the P10/P11 port works as a toggle switch. When it is input in STOP status, the stopwatch
timer runs, and in RUN status, the stopwatch timer stops. RUN/STOP status of the stopwatch timer
can be checked by reading the SWRUN register. An interrupt is generated by direct RUN input.
The sampling for key input signal is performed at the falling edge of 1,024 Hz signal same as the
SWRUN control. The chattering judgment is performed at the point where the key turns off, and a
chattering less than 46.8-62.5 msec is removed. Therefore, more time is needed for an interval be-
tween RUN and STOP key inputs.
Figure 4.8.6.1 shows the operating timing for the direct RUN input.

fosc1/32 (1,024 Hz) RI R g
Direct RUN input (P10/P11) [ [ [ ]
Direct RUN internal signal Jﬂ
SWRUN register
Count clock _ gyt

Direct RUN interrupt 4 4

Fig. 4.8.6.1 Operating timing for direct RUN input

Direct LAP

Control for the LAP can also be done by key input same as the direct RUN. When the direct input
function is selected, the input port P11/P10 (selected by SWDIR) becomes the LAP key input port.
Sampling for the input signal and the chattering judgment are the same as a direct RUN.

By entering the LAP key, the counter data at that point is latched into the capture buffer and is held.
The counter continues counting operation. Furthermore, an interrupt occurs by direct LAP input.
As stated above, the capture buffer data is held until SWD8-11 is read. If the LAP key is input when
data has been already held, it renews the content of the capture buffer. When SWD8-11 is read after
renewing, the capture renewal flag is set to "1". In this case, the hold status is not released by reading
SWD8-11, and it continues. Normally the LAP data should be read after the interrupt is generated.
After that, be sure to check the capture renewal flag. When the capture renewal flag is set, renewed
data is held in the capture buffer. So it is necessary to read from SWDO0-3 again.
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The stopwatch timer sets the 1 Hz interrupt factor flag ISW1 to "1" when requiring a carry-up to 1-sec
digit by an SWD8-11 overflow. If the capture buffer shifts into hold status (when SWD0-3 is read or
when LAP is input) while the 1 Hz interrupt factor flag ISW1 is set to "1", the lap data carry-up
request flag LCURF is set to "1" to indicate that a carry-up to 1-sec digit is required for the processing
of LAP input. In normal software processing, LAP processing may take precedence over 1-sec or
higher digits processing by a 1 Hz interrupt, therefore carry-up processing using this flag should be
used for time display in the LAP processing to prevent the 1-sec digit data decreasing by 1 second.
This flag is renewed when the capture buffer shifts into hold status.

Figure 4.8.6.2 shows the operating timing for the direct LAP input, and Figure 4.8.6.3 shows the
timings for data holding and reading during a direct LAP input and reading.

fosc1/32 (1,024 Hz) UL
Direct LAP input (P11/P10) _ [T | [ L

Direct LAP internal signal |

Data holding I D I
4 swD8-11 reading
Direct LAP interrupt 4 4
Fig. 4.8.6.2 Operating timing for direct LAP input
Direct LAP input (P11/P10) I LT 1 [ 1
Capture renewal flag CRNWF
SWDO0-3 reading [ I i
SWD4-7 reading [ I M
SWD8-11 reading [ [1 1
Data holding ] L L L |
1 Hz interrupt factor flag ISW1
Lap data carry-up request flag LCURF |
Counterdata .. 999 00

Fig. 4.8.6.3 Timing for data holding and reading during direct LAP input

Key mask
In stopwatch applications, some functions may be controlled by a combination of keys including
direct RUN or direct LAP. For instance, the RUN key can be used for other functions, such as reset and
setting a watch, by pressing the RUN key with another key. In this case, the direct RUN function or
direct LAP function must be invalid so that it does not function. For this purpose, the key mask
function is set so that it judges concurrence of input keys and invalidates RUN and LAP functions. A
combination of the key inputs for this judgment can be selected using the DKM0-DKM?2 registers.

Table 4.8.6.2 Key mask selection
DKM2 DKM1 DKMO | Mask key combination
None (at initial reset)
P12
P12, P13
P12, P13, P40
P40
P40, P41
P40, P41, P42
P40, P41, P42, PA3

P kP OO OO

P P OO L OO
R O PFr O Fr OFr O
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RUN or LAP inputs become invalid in the following status.

1. The RUN or LAP key is pressed when one or more keys that are included in the selected combina-
tion (here in after referred to as mask) are held down.

2. The RUN or LAP key has been pressed when the mask is released.

fosc1/32 (1,024 Hz) U UL U UL UL
Direct RUN/LAP input __| [

Key mask S L
t t
valid T invalid T
invalid invalid

Fig. 4.8.6.4 Operation of key mask

RUN or LAP inputs become valid in the following status.
1. Either the RUN or LAP key is pressed independently if no other key is been held down.

2. Both the RUN and LAP keys are pressed at the same time if no other key is held down. (RUN and
LAP functions are effective.)

3. The RUN or LAP key is pressed if either is held down. (RUN and LAP functions are effective.)

4. Either the RUN or LAP key and the mask key are pressed at the same time if no other key is held
down.

5. Both the RUN and LAP keys and the mask key are pressed at the same time if no other key is held
down. (RUN and LAP functions are effective.)

*  Simultaneous key input is referred to as two or more key inputs are sampled at the same falling
edge of 1,024 Hz clock.
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4.8.7 Interrupt function

10 Hz and 1 Hz interrupts
The 10 Hz and 1 Hz interrupts can be generated through the overflow of stopwatch timers SWD4-7
and SWD8-11 respectively. Also, software can set whether to separately mask the frequencies de-
scribed earlier.
Figure 4.8.7.1 is the timing chart for the counters.

Address Register Stopwatch timer (SWDO0-3) timing chart

o UYWL L
ceaon | D g EE e B e B e
(1/1,000 sec BCD) 3 3

p2 | | [ } [ ]
D3 j j

Address Register Stopwatch timer (SWD4-7) timing chart

DO | |
o | DI e I e B e N
(1/100 sec BCD) 3 3

2 |1 1 ]
D3 j j

10 Hz interrupt request f f

Address Register Stopwatch timer (SWD8-11) timing chart

DO | |
. D1 e
(1/10 sec BCD) 3 3

0 I L W S e W S
D3 j j

1 Hz interrupt request 4 4

Fig. 4.8.7.1 Timing chart for counters

As shown in Figure 4.8.7.1, the interrupts are generated by the overflow of their respective counters ("9"
changing to "0"). Also, at this time the corresponding interrupt factor flag (ISW10, ISW1) is set to "1".
The respective interrupts can be masked separately through the interrupt mask registers (EISW10,
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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Direct RUN and direct LAP interrupts

When the direct input function is selected, the direct RUN and direct LAP interrupts can be generated.
The respective interrupts occur at the rising edge of the internal signal for direct RUN and direct LAP
after sampling the direct input signal in the falling edge of 1,024 Hz signal. Also, at this time the
corresponding interrupt factor flag (IRUN, ILAP) is set to "1".
The respective interrupts can be masked separately through the interrupt mask registers (EIRUN,
EILAP). However, regardless of the setting of the interrupt mask registers, the interrupt factor flags
are set to "1" by the inputs of the RUN and LAP.

The direct RUN and LAP functions use the P10 and P11 ports. Therefore, the direct input interrupt

and the P10-P13 inputs interrupt may generate at the same time depending on the interrupt condition
setting for the input port P10-P13. Consequently, when using the direct input interrupt, set the
interrupt select registers SIP10 and SIP11 to "0" so that the input interrupt does not generate by P10

and P11 inputs.

fosc1/32 (1,024 Hz)
SWRST writing

AL L

Uy

EDIR writing

]

EDIR register

Direct RUN input

SWRUN writing

|

f (’
—— +
| \

\

SWRUN register
Direct LAP input

|

|

Counter data

mm ) ) ) 2 )

L

o5 @ bssjoog 005

LT

L
L

S
S

Joos{_ 007

Capture buffer

L X o

005

001

006

SWDO0-3 reading

| I

SWD4-7 reading

I

I

SWD8-11 reading

CRNWF

\
|
l

| ” \\
= W

1 Hz interrupt factor flag ISW1

I I

LCURF

i i

Direct RUN interrupt
Direct LAP interrupt
10 Hz interrupt

1 Hz interrupt

Fig. 4.8.7.2 Timing chart for stopwatch timer
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4.8.8 1/0 memory of stopwatch timer
Table 4.8.8.1 shows the I/O addresses and the control bits for the stopwatch timer.

Table 4.8.8.1 Control bits of stopwatch timer

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init [1 1 0
MDCKE 0 Enable | Disable | Integer multiplier clock enable
MDCKE KE | SWCKE | RTCKE
FE16H CKE| SGCKE |SWC c SGCKE| 0 Enable | Disable | Sound generator clock enable
AW SWCKE| 0 Enable | Disable | Stopwatch timer clock enable
RTCKE 0 Enable | Disable | Clock timer clock enable
0rs -2 Unused
0 0 SWDIR | EDIR 003 e Unused
FF48H SWDIR 0 Stopwatch direct input switch
R RW 0: P10=Run/Stop, P11=Lap 1: P10=Lap, P11=Run/Stop
EDIR 0 Enable | Disable | Direct input enable
3 -2
0 DKM2 | DKM1 | DKMO DK(;\AQ 0 Unused [DKM2-0] 0 1 2 3
FF49H Key mask  Key mask None P12 P12-13 P12-13,40
R W DKM1 | 0 dection [DKM20] 4 5 6 7
DKMO 0 Key mask P40 P40-41 P40-42 P40-43
LcURF | crnwe | swrun | swrsT LCURF 0 |Request| No |Lap datacarry-up request flag
FFAAH CRNWF 0 |Renewal| No [Capturerenewal flag
R W W SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
SWRSTLB| Reset | Reset | Invalid | Stopwatch timer reset (writing)
SWD3 | SWD2 | SWD1 | SWD0 SWD3 0 .
SwD2 0 Stopwatch timer data
FF4BH
R SWD1 0 BCD (1/1000 sec)
SWD0 0 B
SWD7 | SWD6 | SWD5 | SWD4 SWo7 0 ’
FE4CH SWD6 0 Stopwatch timer data
R SWD5 0 BCD (1/100 sec)
SWD4 0 B
SWD11| SWD10 | SWD9 | SWD8 SWDT1 0 '
SWD10 0 Stopwatch timer data
FF4DH
R SWD9 0 BCD (1/10 sec)
SWD8 0 B
EIRUN 0 Enable | Mask | Interrupt mask register (Stopwatch direct RUN)
EIRUN | EILAP | EISW1 |EISW10
FFEDH EILAP 0 Enable | Mask |Interrupt mask register (Stopwatch direct LAP)
RW EISW1 0 Enable | Mask | Interrupt mask register (Stopwatch timer 1 Hz)
EISW10 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
mon | e | iswi | iswio IRUN 0 (R) (R) | Interrupt factor flag (Stopwatch d!rect RUN)
FEFDH ILAP 0 [ _Yes | No _|Interrupt factor flag (Stopwatch direct LAP)
AW ISW1 0 (W) (W) | Interrupt factor flag (Stopwatch timer 1 Hz)
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

SWCKE: Stopwatch timer clock enable register (FF16HsD1)
Controls the operating clock supply to the stopwatch timer.

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

When "1" is written to SWCKE, the stopwatch timer operating clock is supplied from the clock manager.
If it is not necessary to run the stopwatch timer, stop the clock supply by setting SWCKE to "0" to reduce
current consumption.

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

92 Seiko Epson Corporation S1C63632 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Stopwatch Timer)

EDIR: Direct input function enable register (FF48H+DO0)
Enables the direct input (RUN/LAP) function.

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

The direct input function is enabled by writing "1" to EDIR, and then RUN/STOP and LAP control can be
done by external key input. When "0" is written, the direct input function is disabled, and the stopwatch
timer is controlled by the software only.

Further the function switching is actually done by synchronizing with the falling edge of fosc1/32 (1,024
Hz) after the data is written to this register (after 977 psec maximum).

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

SWDIR: Direct input switch register (FF48H<D1)
Switches the direct-input key assignment for the P10 and P11 ports.

When "1" is written: P10 = LAP, P11 = RUN/STOP
When "0" is written: P10 = RUN/STOP, P11 = LAP
Reading: Valid

The direct-input key assignment is selected using this register. The P10 and P11 port statuses are input to
the stopwatch timer as the RUN/STOP and LAP inputs according to this selection.
At initial reset, this register is set to "0".

DKMO-DKM2: Direct key mask select register (FF49H+D0-D2)
Selects a combination of the key inputs for concurrence judgment with RUN and LAP inputs when the
direct input function is set.

Table 4.8.8.2 Key mask selection

DKM2 DKM1 DKMO | Mask key combination
0 0 0 None (at initial reset)
0 0 1 P12
0 1 0 P12, P13
0 1 1 P12, P13, P40
1 0 0 P40
1 0 1 P40, P41
1 1 0 P40, P41, P42
1 1 1 P40, P41, P42, PA3

When the concurrence is detected, RUN and LAP inputs cannot be accepted until the concurrence is
released.
At initial reset, this register is set to "0".

SWRST: Stopwatch timer reset (FF4AH=DO)
This bit resets the stopwatch timer.

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

The stopwatch timer is reset when "1" is written to SWRST. When the stopwatch timer is reset in the RUN
status, operation restarts immediately. Also, in the STOP status the reset data is maintained.

Since this reset does not affect the capture buffer, the capture buffer data in hold status is not cleared and
is maintained.

This bit is write-only, and is always "0" at reading.
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SWRUN: Stopwatch timer RUN/STOP (FF4AH<D1)
This register controls the RUN/STOP of the stopwatch timer, and the operating status can be monitored
by reading this register.

*When writing data
When "1" is written: RUN
When "0" is written: STOP

The stopwatch timer enters the RUN status when "1" is written to SWRUN, and the STOP status when "0"
is written. In the STOP status, the timer data is maintained until the next RUN status or resets timer. Also,
when the STOP status changes to the RUN status, the data that was maintained can be used for resuming
the count. RUN/STOP control with this register is valid only when the direct input function is set to
disable. When the direct input function is set, it becomes invalid.

* When reading data
When "1" is read: RUN
When "0" is read: STOP

Reading is always valid regardless of the direct input function setting. "1" is read when the stopwatch
timer is in the RUN status, and "0" is read in the STOP status.
At initial reset, this register is set to "0".

CRNWEF: Capture renewal flag (FF4AH<D2)
This flag indicates that the content of the capture buffer has been renewed.

When "1" is read: Renewed
When "0" is read: Not renewed
Writing: Invalid

The content of the capture buffer is renewed if the LAP key is input when the data held into the capture
buffer has not yet been read. Reading SWD8-11 in that status sets this flag to "1", and the hold status is
maintained. Consequently, when data that is held by a LAP input is read, read this flag after reading the
SWD8-11 and check whether the data has been renewed or not.

This flag is renewed when SWD8-11 is read.

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

LCURF: Lap data carry-up request flag (FF4AH*D3)
This flag indicates a carry that has been generated to 1 sec-digit when the data is held. Note that this flag
is invalid when the direct input function is disabled.

When "1"is read: Carry is required
When "0" is read: Carry is not required
Writing: Invalid

If the capture buffer shifts into hold status while the 1 Hz interrupt factor flag ISW1 is set to "1", LCURF is
set to "1" to indicate that a carry-up to 1-sec digit is required. When performing a processing such as a
LAP input preceding with 1 Hz interrupt processing, read this flag before processing and check whether
carry-up is needed or not.

This flag is renewed (set/reset) every time the capture buffer shifts into hold status.

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

SWDO0-SWD3: Stopwatch timer data 1/1,000 sec (FF4BH)

Data (BCD) of the 1/1,000 sec column of the capture buffer can be read out.
The hold function of the capture buffer works by reading this data.

These 4 bits are read-only, and cannot be used for writing operations.

At initial reset, the timer data is set to "0".
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SWD4-SWD7: Stopwatch timer data 1/100 sec (FF4CH)

Data (BCD) of the 1/100 sec column of the capture buffer can be read out. These 4 bits are read-only, and
cannot be used for writing operations.

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

SWD8-SWD11: Stopwatch timer data 1/10 sec (FF4DH)

Data (BCD) of the 1/10 sec column of the capture buffer can be read out. These 4 bits are read-only, and
cannot be used for writing operations.

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

Note: Be sure to data reading in the order of SWD0-3 . SWD4-7 - SWD8-11.

EIRUN, EILAP, EISW1, EISW10: Interrupt mask registers (FFEDH)
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 EIRUN, EILAP, EISW1 and EISW10 are used to separately select whether to
mask the direct RUN, direct LAP, 1 Hz and 10 Hz interrupts.
At initial reset, these registers are set to "0".

IRUN, ILAP, ISW1, ISW10: Interrupt factor flags (FFFDH)
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 IRUN, ILAP, ISW1 and ISW10 correspond to the direct RUN, direct LAP, 1 Hz
and 10 Hz 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" when the timing condi-
tion is established.

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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4.8.9 Programming notes
(1) The interrupt factor flag should be reset after resetting the stopwatch timer.
(2) Be sure to data reading in the order of SWD0-3 — SWD4-7 - SWD8-11.

(3) When data that is held by a LAP input is read, read the capture buffer renewal flag CRNWF after
reading the SWD8-11 and check whether the data has been renewed or not.

(4) When performing a processing such as a LAP input preceding with 1 Hz interrupt processing, read
the LAP data carry-up request flag LCURF before processing and check whether carry-up is needed or
not.

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

4.9.1 Configuration of programmable timer

The S1C63632 has built-in four (Ch.A—-Ch.D) units of 8 bits x 2-channel programmable timers. Each unit
may be configured to 8-bit timer x 2 channels or 16-bit timer x 1 channel with software.

Ch.A: Timer 0 and Timer 1 (8 bits x 2 channels) or Timer 0 + 1 (16 bits x 1 channel)

Ch.B: Timer 2 and Timer 3 (8 bits x 2 channels) or Timer 2 + 3 (16 bits x 1 channel)

Ch.C: Timer 4 and Timer 5 (8 bits x 2 channels) or Timer 4 + 5 (16 bits x 1 channel)

Ch.D: Timer 6 and Timer 7 (8 bits x 2 channels) or Timer 6 + 7 (16 bits x 1 channel)

Figures 4.9.1.1 to 4.9.1.4 show the configuration of the programmable timers.

Each timer has an 8-bit down counter and an 8-bit reload data register. The down counter counts the
internal clock of which the frequency can be selected with software. Furthermore, Timers 0, 2, 4, 6 also
have an event counter function to count the clock input from the P12, P41, P42 and P43 terminals. When
the down counter underflows during counting with the specified clock, the timer outputs the underflow
and interrupt signals and resets the counter to its initial value. The reload data register is used to set that
initial value.

The underflow signal of Timer 1 is used as the source clock of the R/f converter and serial interface, this
makes it possible to program a flexible R/f converter count clock and the transfer rate of the serial
interface.

Each timer has an 8-bit compare data register in addition to the above registers. This register is used to
store data to be compared with the contents of the down counter. When the timer is set to PWM mode,
the timer outputs the compare match signal if the contents between the down counter and the compare
data register are matched, and an interrupt occurs at the same time. Also the compare match signal is
used with the underflow signal to generate a PWM waveform.

The signal generated by the programmable timer can be output from the P13, P31, P32 or P33 port
terminal.

Timer 0 ) Reload data register :
P12+ P12port Timer 0 reset| PTRSTO RLDOO-RLDO7 :
Timer 0 : | Ay ;
Run/Stop F_,TRUNO 1 ) =[ 8-bit down counter .
Timer 0 > Timer l i
clock : »  control !
iTimer function setting| FCSEL_A -  circuit Data buffer H
PTPS00-PTPSO03 ! Pulse polarity setting[PLPUL_A | > % Comparator ’ PTD00-PTDO7 :>‘
Timer 0 clock selection ; Event counter [ EVCNT_A | :
fosct -] Tosci/16 (2,048 Hz) mode setting Compare data register :
Clock : Compare match signal CD00-CD07 ; C
manager ' :
foscs | ' PWM waveform BPTSELO
Timer 1 clock selection 3 generator PWM output selection
H PTPS10-PTPS13 ! Underflow signal a
e a
Timer 1 e IS
+ Timer 1 - L | ®
clock ' § Reload data register a
Timer 1 ' Timer 1 reset| PTRST1 +{ 5
Runtop _PTRUNT ; - RLD1 O{—}RLDW :
Timer :
Interrupt Interrupt | : _| control —ﬁ 8-bit down counter
<4 control : 16-bit mode circuit
request circuit : ‘ : selection MOD16_A [ {} Data bufier
' Compare match signal \ Comparator ’ PTD10-PTD17
TOUT_A P13 port < : [PWM waveform Compare data register
(P13) Selector l 3 |__generator CD10-CD17
Output control H::PTOUT,A D 3 i
Output selection CHSEL_A , PTSEL1 .
' PWM output selection
R/f converter < . Underflow signal

Serial interface T T

Fig. 4.9.1.1 Configuration of programmable timer Ch.A (Timers 0 and 1)
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: Timer 2 Reload data register :
' Timer 2 reset| PTRST2 RLD20-RLD27
Timer 2 : : 3
Run/Stop P_TRUN2 i ) =‘ 8-bit down counter ;
Timer 2 : > Timer ‘ '
clock T »  control Jr '
iTimer function setting|[ FCSEL_B 1  circuit Data buffer [
PTPS20-PTPS23 ! Pulse polarity setting[PLPUL_B || “ Comparator ‘ PTD20-PTD27 T
Timer 2 clock selection ! Event counter[EVCNT B> '
foso1 - Tosc1/16 (2,048 Hz) f mode setting - Compare data register 1 \
Clock H Compare match signal CD20-CD27 ;
manager T :
foscs —p| i PWM waveform PTSEL2 ;
Timer 3 clock selection i generator PWM output selection 3
l+{ PTPS30-PTPS33 ! Underflow signal | | | 4
! ' Qo
Timer 3 T - ! o}
&D + Timer 3 - D | ®
clock ' Reload data register NS
Timer 3 ! Timer 3 reset| PTRST3 ﬁ F>
Run/Stop L PTRUNS ; RLD30-RLD37 :
P : Timer ‘ 3
Interrupt Interrupt Dl ] control =‘ 8-bit down counter % :
<« control [ . 16-bit mode “|  circuit ;
request circuit < ‘ ' selection MOD16_B }—» ‘ . :
3 Compare match signal ‘ Comparator ‘ PTD30-PTD37 ):‘f
TOUT_B P31 port - [PWM waveform Compare data register :
(P31) Selector ‘ ' | generator CD30-CD37 ;J)
Output control|PTOUT_B * 3 i 3
Output selection| CHSEL_B (172} ! PTSELS ) i
' PWM output selection |
i Underflow signal 3

Selector

Output control [PTOUT_C D
Output selection| CHSEL_C

Fig. 4.9.1.3 Configuration of programmable timer Ch.C (Timers 4 and 5)

PWM output selection
Underflow signal

j Timer 4 ) Reload data register .
P42 O P42 port ! Timer 4 reset| PTRST4 RLD40-RLD47 5
Timer 4 I: : q 3
Run/Stop F_’TRUN[‘ : ) =‘ 8-bit down counter % '
Timer 4 : »  Timer | ;
clock : »  control 10 40 '
"Timer function setting[FCSEL_C#  circuit Data buffer :
__TF.’TPSf?_Fk’TPIS“f ! Pulse polarity setting [PLPUL_C |-»| % Comparator | | prp4g_pTD47 :
imer 4 clock selection : Event counter[EVCNT_C || Ay A 3
fosct -] fosci/16 (2,048 Hz) ' mode setting ${ Compare data register :
Clock : Compare match signal CD40-CD47 ;
manager ' :
foscs | : PWM waveform PTSELA ;
Timer 5 clock selection i generator PWM output selection 3
4—{ PTPS50-PTPS53 ' Underflow signal 3 g
: |2
Timer 5 I - ! o}
&D 1 Timer 5 - -
clock ' ) Reload data register N A
Timer 5 ' Timer 5 reset| PTRST5 +{ F:}
Run/Stop LPTRUNS ; RLD50-RLD57 :
W ' Timer ‘ {} 3
Interrupt Interrupt | ] control =‘ 8-bit down counter % i
< control : 16-bit mode 4 circuit 3
request crout [ ‘ : e leation MOD16_C}-»| | 10 - a{b}uffer ;
i Compare match signal | Comparator ‘ PTD50-PTD57 T
| 75 7 |
TOUT_C P32 port : [PWM waveform Compare data register :
: generator —
P32 12 ! t CD50-CD57

i
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Timer 6 Reload data register ;
P43 por | mr  rese [PTRSTE }— ‘
P43 : Timer 6 reset| PTRSTE ﬁ RLD60-RLD67 ﬁ:>
: R T :
Timer 6 : '
Run/Stop _I:;Z%Ne ! | Timer * 8-bit down counter F 1
clock : »  control 1r 40
ITimer function setting[FCSEL_D [ circuit Data buffer .
TETPSGG?_ZTPISG;_S | Pulse polarity setting | PLPUL_D (| % Comparator ’ PTD60-PTD67 [T T
imer 6 clock selection : Event counter| EVCNT_D - {} {} :
fosc1 —pf fosc1/16 (2,048 Hz) ' mode setting +{ Compare data register K: :
Clock Compare match signal CD60-CD67 :A‘/:
manager :
fosca | PWM waveform
) ! . generator PTSELG !
Timer 7 clock selection ' PWM output selection
H PTPS70-PTPS73 ! Underflow signal 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2
Timer 7 e e o}
IED  Timer 7 - ©
] clock ! ) Reload data register a
HI:]r/nSetL; PTRUN7 Timer 7 reset E_PTRSW +{ RLD70-RLD77
o : Timer [ U
Interrupt Interrupt | j control =| 8-bit down counter
<«{ control [ . 16-bit mode “|  circuit
request cirout [* ‘ 3 eloation MOD16_D}-»| : 10 -
T Comparator Y
' Compare match signal \ PTD70-PTD77
: kA £
TOUT_D P33 port ; [PWM waveformt ${ Compare data register
(P33) Selector l 3 | generator CD70-CD77
Output control H::PTOUT?D D ; ﬁ
Output selection CHSEL_D H PTSEL7 .
' PWM output selection
1 Underflow signal

Fig. 4.9.1.4 Configuration of programmable timer Ch.D (Timers 6 and 7)

Notes: e All four timer units (Ch.A—Ch.D) have the same functions and structure except the register

names, I/O ports used and their signal names. To simplify the explanations, the subsequent
sections are described using Ch.A (Timers 0 and 1). The register and signal names have a timer
number (0 to 7) or unit (Ch.) name (A to D). They are described using the names for Ch.A
(Timers 0 and 1) or "x" (= timer number 0 to 7) except when a specific description is required.
Description for Ch.A is applied to Ch.B to Ch.D.
Examples:

Ch.A - Can be replaced with Ch.B, Ch.C and Ch.D

EVCNT_A register — Can be replaced with EVCNT_B, EVCNT_C and EVCNT_D registers

TOUT_A - Can be replaced with TOUT_B, TOUT_C and TOUT_D
Descriptions for Timer 0, Timer 1, and Timer x are applied to other timers
Examples:

Timer 0 - Can be replaced with Timer 2, Timer 4 and Timer 6

Timer 1 - Can be replaced with Timer 3, Timer 5 and Timer 7

Timer x — Can be replaced with Timer 0 to Timer 7

PTRUNGX register — Can be replaced with PTRUNO to PTRUN? registers

If the TOUT_A-TOUT_D terminals are used to drive an external component that consumes a
large amount of current such as a bipolar transistor, design the pattern of traces on the printed
circuit board so that the operation of the external component does not affect the IC power supply.
Refer to <Output Terminals> in Section 5.3, "Precautions on Mounting", for more information.
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4.9.2 Controlling clock manager

The clock manager generates the down-count clock for each timer by dividing the OSC1 or OSC3 clock.
Table 4.9.2.1 lists the 15 count clocks that can be generated by the clock manager, and the clock to be used
for each timer can be selected using the count clock frequency select register PTPSx0-PTPSx3. At initial
reset, the PTPSx register is set to "0H" and the clock supply from the clock manager to the programmable
timer is disabled. Before the timer can be run, select a clock to enable the clock supply.

Table 4.9.2.1 Selecting count clock frequency

PTPSx3 | PTPSx2 | PTPSx1 | PTPSx0 Timer clock
1 1 1 1 foscs
1 1 1 0 fosca/ 2
1 1 0 1 fosca/ 4
1 1 0 0 fosca/ 8
1 0 1 1 fosca/ 16
1 0 1 0 fosca/ 32
1 0 0 1 fosca/ 64
1 0 0 0 fosca/ 256
0 1 1 1 foscy (32kH2)
0 1 1 0 fosc1/2 (16 kHz)
0 1 0 1 fosc1/4  (8kH2)
0 1 0 0 fosc1/16 (2 kHz2)
0 0 1 1 fosc1/32 (1kHz)
0 0 1 0 fosc1/64 (512 Hz)
0 0 0 1 fosc1/ 256 (128 Hz)
0 0 0 0 OFF

fosc1: OSC1 oscillation frequency. () indicates the frequency when fosci = 32 kHz.
fosca: OSC3 oscillation frequency

Stop the clock supply to the timers shown below by setting PTPSx to "0H" to reduce current consump-

tion.
e Unused timer

e Timer used as an event counter that inputs an external clock

e Upper 8-bit timer (Timer 1/3/5/7) when the timer unit is used as a 16-bit X 1 channel configuration.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

4.9.3 Basic count operation

This section explains the basic count operation when each timer is used as an individual 8-bit timer.

Each timer has an 8-bit down counter and an 8-bit reload data register.

The reload data register RLDx0-RLDx7 is used to set the initial value to the down counter.

By writing "1" to the timer reset bit PTRSTx, the down counter loads the initial value set in the reload
register. Therefore, down-counting is executed from the stored initial value by the input clock.

The PTRUNX register is provided to control the RUN/STOP for each timer. By writing "1" to this 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 buffer PTDx0-PTDx7 in optional timing. However, the counter
has the data hold function the same as the clock timer, that holds the high-order data (PTDx4-PTDx7)
when the low-order data (PTDx0-PTDx3) 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 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 and pulse
(TOUT_A signal) output. The underflow signal of Timer 1 (Ch.A) is also used to generate the clock to be
supplied to the serial interface and R/f converter.

PTRUNx | \\

PTRSTx [
RLDx0—x7

|
A6H |
Count clock

PTDx7 //

‘\ ) F3H

JUuuyuuL
PTDx6
PTDx5 |
PTDx4 | — 1
PTDx3 [ ] | I
PTDx2 [

-

PTDx1 U1 L

PTDx0

|

*

Preset * Reload &
underflow interrupt
Fig. 4.9.3.1 Basic operation timing of down counter

S1C63632 TECHNICAL MANUAL Seiko Epson Corporation 101



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

4.9.4 Event counter mode (Timers 0, 2, 4 and 6)

Timer 0 has an event counter function that counts an external clock input to an I/O port. Table 4.9.4.1 lists
the timers and their clock input ports.

Table 4.9.4.1 Event counter clock input port

Timer External clock name | Input terminal | Control register
Timer 0 (Ch.A) EVIN_A P12 EVCNT_A
Timer 2 (Ch.B) EVIN_B P41 EVCNT_B
Timer 4 (Ch.C) EVIN_C P42 EVCNT_C
Timer 6 (Ch.D) EVIN_D P43 EVCNT_D

This function is selected by writing "1" to the counter mode select register EVCNT_A. This sets the
corresponding I/O port to input mode and enables the port to send the input signal to Timer 0 as the
count clock. At initial reset, EVCNT_A is set to "0" and Timer 0 is configured as a normal timer that
counts the internal clock.

In the event counter mode, the clock is supplied to Timer 0 from outside the IC, therefore, the settings of
the count clock frequency select register PTPSO becomes invalid.

Count down timing can be selected from either the falling or rising edge of the input clock using the
pulse polarity select register PLPUL_A. When "0" is written to the PLPUL_A register, the falling edge is
selected, and when "1" is written, the rising edge is selected. The count down timing is shown in Figure
494.1.

EVCNT_A | 1

PTRUNO ] L

PLPUL_A 0 | 1

EVIN AAinput ¢ [y [ ¢ [ LFLFLE
Count data n Jn1) n2) n3 [n4)n5])n6

Fig. 4.9.4.1 Timing chart in event counter mode

The event counter mode also allows use of a noise reject function to eliminate noise such as chattering on
the external clock (EVIN_A). This function is selected by writing "1" to the timer function select register
FCSEL_A.

When the noise rejector is enabled, an input pulse width for both low and high levels must be 0.98 msecl]
or more to count reliably. The noise rejector allows the counter to input the clock at the second falling
edge of the internal 2,048 HzOsignal after changing the input level of the EVIN_A input terminal. Conse-
quently, the pulse width of noise that can reliably be rejected is 0.48 mseclor less.

(O when fosc1 = 32.768 kHz)

Figure 4.9.4.2 shows the count down timing with noise rejector.

2,048 Hz L

EVIN_A input | 1 | 1 |
Counter | : | :

input clock (2 1’ +—, *—
Counter data n_ | n-1 [ n2 |n3

[l When fosct = 32.768 kHz
[2 When PLPUL_A register is set to "0"

Fig. 4.9.4.2 Count down timing with noise rejector

The operation of the event counter mode is the same as the normal timer except it uses the EVIN_A input
as the clock. Refer to Section 4.9.3, "Basic count operation" for basic operation and control.
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4.9.5 PWM mode (Timers 0-7)

Each timer can generate a PWM waveform. When using this function, write "1" to the PTSELx register to
set the timer to PWM mode.

The compare data register CDx0-CDx?7 is provided for each timer to control the PWM waveform. In
PWM mode, the timer compares data between the down counter and the compare data register and
outputs the compare match signal if their contents are matched. At the same time a compare match
interrupt occurs. Furthermore, the timer output signal rises with the underflow signal and falls with the
compare match signal. As shown in Figure 4.9.5.1, the cycle and duty ratio of the output signal can be
controlled using the reload data register and the compare data register, respectively, to generate a PWM
signal. Note, however, the following condition must be met: RLD (reload data) > CD (compare data) and
CD # 0. If RLD < CD, the output signal is fixed at "1" after the first underflow occurs and does not fall to
"0".

The generated PWM signal can be output from an I/O port (P13, P31, P32 or P33) terminal (see Section
4.9.8).

PWM mode
Countclock 1MLV LU UL U U UUUY
RLD register ‘ ‘ ‘ ‘ 7 ‘ ‘
CD register ‘ ‘ ‘ ‘ 6 ‘ ‘

Down-counter value

Compare match signal

Underflow signal

Timer output signal

Compare match interrupt 4 4 A
Underflow interrupt 4 4 A
=CD register value;
Normal mode =RLD register value + 1=
Compare match signal
Underflow signal | | ]

Timer output signal |

Underflow interrupt 4 A A
Fig. 4.9.5.1 Generating PWM waveform
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4.9.6 16-bit timer mode (Timer 0+ 1, Timer 2+ 3, Timer 4+ 5, Timer 6 + 7)

Timers 0 and 1, Timers 2 and 3, Timers 4 and 5, and Timers 6 and 7 combinations can be used as 16-bit
timers.

To use Timers 0 and 1 as a 16-bit timer, write "1" to the Timer 0 16-bit mode select register MOD16_A.
The 16-bit timer is configured with Timer 0 for low-order byte and Timer 1 for high-order byte as shown
in Figure 4.9.6.1.

¢ Timer 0 + 1 Timer 0 Timer 1
, Low-order 8 bits High-order 8 bits !
] f T 0 s [PTASTO | —o{ "o iea g | et i g |
P120- P12port : Timer 1 reset| PTRSTH | T ) T X !
H T '
Timer 0 i i ~Z {} :
PTRUNO > . . :
Run/Stop L— ) 8-bit down counter I 8-bit down counter %«
Timer 0 T > Timer
clock ‘ > contro || T 3
fosct — \Timer function setting| FCSEL_A |  circuit Data buffer Data buffer ‘N 8
Clock T?TP%O?*PKTPISO‘? ! Pulse polarity setting[PLPUL_A || ’ PTD00-PTDO7 l PTD10-PTD17 #:;: 2
fos6s -] manager imer 0 clock selection | Event counter[EVCNT_A[-»| 7 7 s
fosc1/16 (2,048Hz) : mode setting 1A
' Comparator i>
Interrupt Interrupt ‘4 ! Compare match signal Compare data register | Compare data register
up control circuit|« ‘ CD00-CD07 CD10-CD17
: PTSELT
TOUT_AO P13 port < : PWM waveform S . ;
Selector ' generator PWM output selection ) ;
Output control[PTOUT_A}»{ le{172]« 377777”7777”777”7777”7777”7777”777”7777”7777”777”7777”7777”7777””””L{n’(:l’eirfilc’)vi\/’sil?vailiﬁj

Fig. 4.9.6.1 Configuration of 16-bit timer (Timer 0 + 1)

In 16-bit timer mode, the Timer 0 register settings are effective for timer RUN/STOP control and count
clock frequency selection. The event counter function can also be used. Timer 1 uses the Timer 0 under-
flow signal as the count clock, therefore, the Timer 1 RUN/STOP control and count clock frequency select
registers become invalid. However, the PWM output function must be controlled using the Timer 1
control register. Timer 1 output signal is automatically selected for the TOUT_A output (the TOUT_A
output select register is ineffective). The reload data must be preset to Timer 0 and Timer 1 separately
using each PTRSTx register.

The counter data of a 16-bit timer must be read from the low-order 4 bits. In 16-bit timer mode, the high-
order data (PTD04-PTD17) is latched by reading the low-order 4 bits (PTD00-PTDO03). The counter keeps
counting. However, the latched high-order data is maintained until the next reading of low-order data.
Therefore, after the low-order 4-bit data (PTD00-PTDO3) is read, the high-order data (PTD04-PTD17) can
be read regardless of the order for reading. If data other than the low-order 4 bits (PTD00-PTDO03) is read
first, the hold function is not activated. In this case, the correct counter data cannot be read.

The description above is applied when Timers 2 and 3, Timers 4 and 5 or Timers 6 and 7 are used as a 16-
bit timer.
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4.9.7 Interrupt function

The programmable timer can generate interrupts from the underflow and compare match signals of each
timer. See Figures 4.9.3.1 and 4.9.5.1 for the interrupt timing.

Note: The compare match interrupt can be generated only when the timer is set to PWM mode.

The underflow and compare match signals set the corresponding interrupt factor flag IPTx and ICTCx to
"1", and an interrupt is generated. The interrupt can also be masked by setting the corresponding inter-
rupt mask registers EIPTx and ECTCx. However, the interrupt factor flag is set to "1" by an underflow/
compare match of the corresponding timer regardless of the interrupt mask register setting.

When Timers 0 and 1 are used as a 16-bit timer, an interrupt is generated by an underflow of Timer 1. In
this case, IPTO is not set to "1" by a Timer 0 underflow. The compare match interrupt uses ICTC1 of Timer
1. The same applies when other timers are used as a 16-bit timer.

4.9.8 Control of TOUT output

The programmable timer Ch.A (Timers 0 and 1) can generate the TOUT_A signal from the timer under-
flow and compare match signals. The TOUT_A signal is generated by dividing the underflow signal by 2
in normal mode. In PWM mode, the PWM signal generated as described above is output as the TOUT_A
signal.

Table 4.9.8.1 TOUT outputs and control registers

Output clock name| Output terminal |Output control register| Output select register | Output timer
TOUT_A P13 PTOUT_A CHSEL_A="0" Timer 0
CHSEL_A="1" Timer 1
TOUT_B P31 PTOUT_B CHSEL_B="0" Timer 2
CHSEL_B="1" Timer 3
TOUT_C P32 PTOUT_C CHSEL_C="0" Timer 4
CHSEL_C="1" Timer 5
TOUT_D P33 PTOUT_D CHSEL_D="0" Timer 6
CHSEL_D="1" Timer 7

It is possible to select either Timer 0 or Timer 1 output to be used by the TOUT output channel select
register CHSEL_A.

In 16-bit timer mode, Timer 1 is always selected for generating the TOUT_A signal regardless of how
CHSEL_A is set.

The TOUT signal generated by each timer can be output from the P13, P31, P32 or P33 I/O port terminal
to supply a clock to an external device.

The output of the TOUT_A signal is controlled by the PTOUT_A register. When "1" is written to the
PTOUT_A register, the TOUT_A signal is output from the corresponding I/O port terminal.

When TOUT output is enabled, the I/O port is automatically set to output mode and it outputs the
TOUT_A signal sent from the timer. The I/O control register (IOC13/10C31/I0C32/1I0C33) and the data
register (P13/P31/P32/P33) are ineffective. When PTOUT_A is set to "0", the I/O port control registers
become effective.

Since the TOUT_A signal is generated asynchronously from the PTOUT_A register, a hazard within 1/2
cycle is generated when the signal is turned on and off by setting the register.

Figure 4.9.8.1 shows the output waveform of the TOUT_A signal.

PTOUT_A 0] 1 |

TOUT_A output ‘

Fig. 4.9.8.1 Output waveform of the TOUT_A signal

The Ch.B to Ch.D can be controlled the same as above to output the TOUT signal.
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4.9.9 Clock output to serial interface and R/f converter

The signal that is made from underflows of Timer 1 by dividing them by 2, can be used as the clock
source for the serial interface and R/f converter.

Timer 1 always outputs the clock to the serial interface and R/f converter by setting Timer 1 into RUN
state (PTRUN1 = "1"). It is not necessary to control with the PTOUT_A register.

PTRUNT ]

Timer 1 underflow
Souroe dodk orseralVF LM LML L L UL
and R/f converter

Fig. 4.9.9.1 Clock output to serial interface and R/f converter

A setting value for the RLD1x register according to a transfer rate of the serial interface is calculated by
the following expression:
fCNT1

RLD1X=prS'1

fcnT1: Timer 1 count clock frequency set by the PTPS] register (See Table 4.9.2.1.)
bps: Transfer rate
(00H can be set to RLD1x)

Be aware that the maximum clock frequency for the serial interface is limited to 1 MHz when OSC3 is
used as the clock source.
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4.9.10 1/0O memory of programmable timer
Table 4.9.10.1 shows the I/O addresses and the control bits for the programmable timer.

Table 4.9.10.1(a) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO [ Name | Init [1 1 0
PTPS03 0 "] Programmable timer 0 count clock frequency selection
PTPS03| PTPS02 | PTPSO01|PTPS00 [PTPS03-00] 0 1 2 3 4 S
PTPS02| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 fosci/4
FF18H [PTPSO3-00] 6 7 8 9 10
PTPS01 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RIW [PTPSO3-00] 11 12 13 14 15
PTPS00| 0 _| Frequency fosca/16 fosca/8 foscal4  fosca/2  foscs
PTPS13 0 "] Programmable timer 1 count clock frequency selection
PTPS13|PTPS12|PTPS11|PTPS10 [PTPS13-10] 0 1 2 3 4 S
PTPS12| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF19H [PTPS13-10] 6 7 8 9 10
PTPS11 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RW [PTPS13-10] 11 12 13 14 15
PTPS10{ 0 _| Frequency fosca/16 fosca/8 foscal4  foscal2  foscs
PTPS23 0 "] Programmable timer 2 count clock frequency selection
PTPS23| PTPS22 | PTPS21|PTPS20 [PTPS23-20] 0 1 2 3 4 S
PTPS22| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF1AH [PTPS23-20] 6 7 8 9 10
PTPS21 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RW [PTPS23-20] 11 12 13 14 15
PTPS20| 0 _| Frequency fosca/16 fosca/8 foscal4 — foscal2  foscs
PTPS33 0 "] Programmable timer 3 count clock frequency selection
PTPS33| PTPS32 | PTPS31|PTPS30 [PTPS33-30] 0 1 2 3 4 S
PTPS32| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 foscy/4
FF1BH [PTPS33-30] 6 7 8 9 10
PTPS31 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RIW [PTPS33-30] 11 12 13 14 15
PTPS30| 0 _| Frequency fosca/16 fosca/8 foscal4  foscal2  foscs
PTPS43 0 | Programmable timer 4 count clock frequency selection
PTPS43| PTPS42| PTPS41|PTPS40 [PTPA3-40] 0 1 2 3 4 5
PTPS42| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosci/16 fosci/4
FF1CH [PTPSA340] 6 7 8 9 10
PTPS41 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RIW [PTP4340] 11 12 13 14 15
PTPS40( 0 _| Frequency fosca/16 fosca/8 foscald  fosca/2  foscs
PTPS53 0 "] Programmable timer 5 count clock frequency selection
PTPS53| PTPS52 | PTPS51|PTPS50 [PTPS53-50] 0 1 2 3 4 S
PTPS52| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 fosci/4
FF1DH [PTPS53-50] 6 7 8 9 10
PTPS51 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RIW [PTPS53-50] 11 12 13 14 15
PTPS50| 0 _| Frequency fosca/16 fosca/8 foscald4  fosca/2  foscs
PTPS63 0 "] Programmable timer 6 count clock frequency selection
PTPS63| PTPS62 | PTPS61|PTPS60 [PTPS63-60] 0 1 2 3 4 S
PTPS62| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 fosci/4
FF1EH [PTPS63-60] 6 7 8 9 10
PTPS61 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RIW [PTPS63-60] 11 12 13 14 15
PTPS60( 0 _| Frequency fosca/16 fosca/8 fosca/4  fosca/2  foscs
PTPS73 0 | Programmable timer 7 count clock frequency selection
PTPS73|PTPS72|PTPS71|PTPS70 [PTPS73-70] O 1 2 3 4 S
PTPS72| 0 Frequency Off fosc1/256 fosc1/64 fosc1/32 fosc1/16 fosci/4
FF1FH [PTPS73-70] 6 7 8 9 10
PTPS71 0 Frequency fosci/2 fosci fosca/256 fosca/64 foscs/32
RIW [PTPS73-70] 11 12 13 14 15
PTPS70{ 0 _| Frequency fosca/16 fosca/8 foscald  fosca/2  foscs
*1 Initial value at initial reset *3 Constantly "0" when being read

*2 Not set in the circuit
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

Table 4.9.10.1(b) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO [ Name | Init [1 1 0
MOD16_A| 0 16 bits | 8bits | PTMO-1 16-bit mode selection
FESOH MOD16_AEVCNT_AIFCSEL_AIPLPUL_A EVCNT_A| 0 |Eventct| Timer | PTMO counter mode selection
AW FCSELA| 0 With NR| No NR | PTMO function selection (for event counter mode)
PLPULA| 0 N 1 |PT™MO pulse polarity selection (for event counter mode)
PTSEL1 0 PWM | Normal | Programmable timer 1 PWM output selection
PTSEL1|PTSELO [CHSEL_A|PTOUT_A|
FE81H S SELO|CHSEL_APTOUT. PTSELO 0 PWM | Normal | Programmable timer 0 PWM output selection
AW CHSEL.A| 0 Timer 1 | Timer 0 | PTMO-1 TOUT_A output selection
PTOUT_A| 0 On Off | PTM0-1 TOUT_A output control
= - :
pTRST1 lPTRUNlPTRSTO lPTRUNO PTRST1 Reset | Invalid Programmablet! mer 1 reset (reload)
FF82H PTRUN1 0 Run Stop | Programmable timer 1 Run/Stop
W AW W AW PTRSTOL8] -2 | Reset | Invalid | Programmable timer O reset (reload)
PTRUNO| 0O Run Stop | Programmabl e timer O Run/Stop
RLDO3 | RLDO02 | RLDO1 | RLDOO Stggg g MS8
FF84H ALDOT 0 Programmable timer O reload data (low-order 4 bits)
R
W RLD0O 0 I LSB
RLDO7 | RLDO06 | RLDO5 | RLD04 gtggg g MSB
FF85H ALDOS 0 Programmable timer O reload data (high-order 4 bits)
RIW RLD04 0 JLsB
RLD13 | RLD12 | RLD11 | RLD10 Etgg g MSB
FF86H ALDI1 0 Programmable timer 1 reload data (low-order 4 bits)
RIW RLD10 0 _1LSB
RLD17 | RLD16 | RLD15 | RLD14 gtgg g MS8
FF87H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
R
W RLD14 0 I LSB
PTDO3 | PTD02 | PTDO1 | PTDOO Eggg g MSB
FF88H PTDOT 0 Programmable timer O data (low-order 4 bits)
R PTDO00 0 JLsB
PTDO7 | PTDO6 | PTDO5 | PTDO4 Eggz g MSB
FF89H Programmable timer 0 data (high-order 4 bits)
R PTDO05 0
PTD04 0 _1LSB
PTD13 | PTD12 | PTD11 | PTD10 Eglg g MS8
FF8AH PTD11 0 Programmable timer 1 data (low-order 4 bits)
R
PTD10 0 I LSB
PTD17 | PTD16 | PTD15 | PTD14 EB:; g MSB
FF8BH PTD15 0 Programmable timer 1 data (high-order 4 bits)
R PTD14 0 JLsB
CD03 | CD02 | CDO1 | CD0O gggz g MS8
FF8CH D1 0 Programmable timer O compare data (low-order 4 bits)
RW CD00 0 JLSB
CD07 | CDO6 | CD05 | CD04 ggg; g MS8
FF8DH CDO5 0 Programmable timer 0 compare data (high-order 4 bits)
RW CD04 0 I LSB
CD13 | CD12 | CD11 | CD10 ggl; g MSB
FF8EH T 0 Programmable timer 1 compare data (low-order 4 bits)
RW CD10 0 I LSB
CD17 | CD16 | CD15 | CD14 (0:81; g MS8
FF8FH D15 0 Programmable timer 1 compare data (high-order 4 bits)
RIW CD14 0 JLSB

*

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

3 Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

Table 4.9.10.1(c) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO _ [ Name | Init [1 1 0
MOD16 BIEVCNT BlFCSEL BlPLPUL B MOD16.B| 0 16 bits 8' bits | PTM2-3 16-bit mode selecj(l on
FE9OH EVCNT_B| 0 |Eventct| Timer | PTM2 counter mode selection
AW FCSEL.B| 0 With NR| No NR | PTM2 function selection (for event counter mode)
PLPULB| 0 £ | 1 |PTM2 pulse polarity selection (for event counter mode)
PTSEL3 0 PWM | Normal | Programmable timer 3 PWM output selection
PTSEL3|PTSEL2|CHSEL_B|PTOUT_B
FF91H SEL3|PTS CHSEL_BIPTOUT PTSEL2 0 PWM | Normal | Programmable timer 2 PWM output selection
AW CHSEL B| 0 Timer 3 | Timer 2 | PTM2-3 TOUT_B output selection
PTOUT B 0 On Off | PTM2-3 TOUT_B output control
PTRST38] —[2| Reset | Invalid | Programmable timer 3 reset (reload)
FF92H PTRSTS PTRUNS| PTRST2 PTRUN2 PTRUN3| 0 Run Stop | Programmable timer 3 Run/Stop
W AW W AW PTRST208] -2 | Reset | Invalid | Programmable timer 2 reset (reload)
PTRUN2| 0 Run Stop | Programmable timer 2 Run/Stop
RLD23 | RLD22 | RLD21 | RLD20 ﬁtg;g g MSB
FF94H ALD21 0 Programmable timer 2 reload data (low-order 4 bits)
RW RLD20 0 JLSB
RLD27 | RLD26 | RLD25 | RLD24 gtgi; g MSB
FF95H ALD25 0 Programmable timer 2 reload data (high-order 4 bits)
RIW RLD24 0 JLSB
RLD33 | RLD32 | RLD31 | RLD30 Stggg g MS8
FF96H ALD31 0 Programmable timer 3 reload data (low-order 4 bits)
R
W RLD30 0 JLSB
RLD37 | RLD36 | RLD35 | RLD34 232; g MSB
FFO7H ALD35 0 Programmable timer 3 reload data (high-order 4 bits)
RW RLD34 0 JLSB
PTD23 | PTD22 | PTD21 | PTD20 Egig g MSB
FF98H Programmable timer 2 data (low-order 4 bits)
R PTD21 0
PTD20 0 JLSB
PTD27 | PTD26 | PTD25 | PTD24 Egig g MS8
FF99H PTDZ5 0 Programmable timer 2 data (high-order 4 bits)
R
PTD24 0 JLSB
PTD33 | PTD32 | PTD31 | PTD30 Eggg g MSB
FF9AH PTD31 0 Programmable timer 3 data (low-order 4 bits)
R PTD30 0 JLSB
PTD37 | PTD36 | PTD35 | PTD34 Eggg g MS8
FF9BH Programmable timer 3 data (high-order 4 bits)
R PTD35 0
PTD34 0 JLSB
CD23 | CD22 | CD21 | CD20 ggiz g MS8
FFOCH cD21 0 Programmable timer 2 compare data (low-order 4 bits)
R
W CD20 0 JLSB
CD27 | CD26 | CD25 | CD24 ggig g MSB
FFODH CD25 0 Programmable timer 2 compare data (high-order 4 bits)
RIW CD24 0 JLSB
CD33 | CD32 | CD31 | CD30 gggz g MS8
FF9EH D31 0 Programmable timer 3 compare data (low-order 4 bits)
R
W CD30 0 JLSB
CD37 | CD36 | CD35 | CD34 ggi; g MS8
FFOFH CD35 0 Programmable timer 3 compare data (high-order 4 bits)
R
W CD34 0 JLSB

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

*

3 Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

Table 4.9.10.1(d) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO [ Name | Init [1 1 0
0D16_ CIEVONT ClFCSEL_ClPLPUL G OD16_C{ 0 16 bits 8, bits | PTM4-5 16-bit mode selec‘tl on
FEAOH EVCNT_C| 0 |Eventct.| Timer |PTM4 counter mode selection
AW FCSEL.C| © With NR| No NR | PTM4 function selection (for event counter mode)
PLPULC| 0 4+ | I |PTM4 pulse polarity selection (for event counter mode)
PTSEL5 0 PWM | Normal | Programmable timer 5 PWM output selection
PTSEL5 | PTSEL4 |CHSEL_C|PTOUT.
FFA1H SELS| PTSEL4 CHSEL_CPTOUT G PTSEL4 0 PWM | Normal | Programmable timer 4 PWM output selection
W CHSEL.C| 0 Timer 5 | Timer 4 | PTM4-5 TOUT_C output selection
PTOUT.C| 0 On Off | PTM4-5 TOUT_C output control
PTRSTSL8]  —[2 | Reset | Invalid | Programmable timer 5 reset (reload)
EFA2H PTRSTS |PTRUNS PTRST4 PTRUN4 PTRUN5| 0 Run Stop | Programmable timer 5 Run/Stop
W AW W AW PTRST4(8] -2 | Reset | Invalid | Programmable timer 4 reset (reload)
PTRUN4| 0 Run Stop | Programmable timer 4 Run/Stop
RLD43 | RLD42 | RLD41 | RLD40 Stgig g MSB
FFA4H ALD41 0 Programmable timer 4 reload data (low-order 4 bits)
RIW RLD40 0 1 LSB
RLD47 | RLD46 | RLD45 | RLD44 Etgg g MSB
FFA5H ALD45 0 Programmable timer 4 reload data (high-order 4 bits)
RW RLD44 0 _JLSB
RLD53 | RLD52 | RLD51 | RLD50 2::3:2 g MS8
FFA6H ALD51 0 Programmable timer 5 reload data (low-order 4 bits)
R
W RLD50 0 1 LSB
RLD57 | RLD56 | RLD55 | RLD54 Stg:g g MS8
FFA7H ALDS5 0 Programmable timer 5 reload data (high-order 4 bits)
RIW RLD54 0 1 LSB
PTD43 | PTD42 | PTD41 | PTD40 Egig g MSB
FFA8H Programmable timer 4 data (low-order 4 bits)
R PTD41 0
PTD40 0 _ILSB
PTD47 | PTD46 | PTD45 | PTD44 Egg g MS8
FFA9H PTD45 0 Programmable timer 4 data (high-order 4 bits)
R
PTD44 0 1 LSB
PTD53 | PTD52 | PTD51 | PTD50 glg:g g MSB
FFAAH PTD51 0 Programmable timer 5 data (low-order 4 bits)
R PTD50 0 1 LSB
PTD57 | PTD56 | PTD55 | PTD54 Egzz g MSB
FFABH Programmable timer 5 data (high-order 4 bits)
R PTD55 0
PTD54 0 _ILSB
CD43 | CD42 | CD41 | CD40 ggiz g MS8
FFACH CD41 0 Programmable timer 4 compare data (low-order 4 bits)
R
W CD40 0 1 LSB
CD47 | CD46 | CD45 | CD44 gg:é g MSB
FFADH CD45 0 Programmable timer 4 compare data (high-order 4 bits)
W CD44 0 1 LSB
CD53 | CD52 | CD51 | CD50 gggz g MS8
FFAEH D51 0 Programmable timer 5 compare data (low-order 4 bits)
R
W CD50 0 _1LSB
CD57 | CD56 | CD55 | CD54 ggg; g MS8
FFAFH CD55 0 Programmable timer 5 compare data (high-order 4 bits)
R
w CD54 0 1 LSB

*

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

3 Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

Table 4.9.10.1(e) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO _ [ Name | Init [1 1 0
0016 DIEVCNT DIFCSEL D|PLPUL D OD16_.D| 0 16 bits B'blts PTM6-7 16-bit modeﬂ@lon
FEBOH EVCNT_D| 0 |[Eventct.| Timer | PTM6 counter mode selection
AW FCSEL.D| 0 With NR| No NR | PTM6 function selection (for event counter mode)
PLPULD| © N 1 |PTM6 pulse polarity selection (for event counter mode)
PTSEL7 0 PWM | Normal | Programmable timer 7 PWM output selection
PTSEL7 | PTSEL6 |CHSEL_D|PTOUT_D
FFB1H S SEL6|CHSEL_DPTOUT. PTSEL6 0 PWM | Normal | Programmable timer 6 PWM output selection
W CHSEL.D| 0 Timer 7 | Timer 6 | PTM6—7 TOUT_D output selection
PTOUT.D| 0 On Off | PTM6-7 TOUT_D output control
PTRST7L8] - [2| Reset | Invalid | Programmable timer 7 reset (reload)
FFB2H PTRST?|PTRUN7|PTRST6 PTRUNG PTRUN7| 0 Run Stop | Programmable timer 7 Run/Stop
W AW W AW PTRST6L8] -2 | Reset | Invalid | Programmable timer 6 reset (reload)
PTRUN6| 0 Run Stop | Programmable timer 6 Run/Stop
RLD63 | RLD62 | RLD61 | RLD60 Stggg g MSB
FFB4H ALDG 0 Programmable timer 6 reload data (low-order 4 bits)
RW RLD60 0 JLSB
RLD67 | RLD66 | RLD65 | RLD64 gtgz; g MSB
FFB5H ALDG5 0 Programmable timer 6 reload data (high-order 4 bits)
RIW RLD64 0 JLSB
RLD73 | RLD72 | RLD71 | RLD70 2::3;2 g MS8
FFB6H ALD71 0 Programmable timer 7 reload data (low-order 4 bits)
R
W RLD70 0 JLSB
RLD77 | RLD76 | RLD75 | RLD74 gtgg g MSB
FFB7H RLD75 0 Programmable timer 7 reload data (high-order 4 bits)
RW RLD74 0 JLSB
PTD63 | PTD62 | PTD61 | PTD60 EBZZ g MSB
FFB8H Programmable timer 6 data (low-order 4 bits)
R PTD61 0
PTD60 0 JLSB
PTD67 | PTD66 | PTD65 | PTD64 EBZ; g MS8
FFB9H PTDGS 0 Programmable timer 6 data (high-order 4 bits)
R
PTD64 0 JLSB
PTD73 | PTD72 | PTD71 | PTD70 Egzg g MSB
FFBAH PTD71 0 Programmable timer 7 data (low-order 4 bits)
R PTD70 0 JLSB
PTD77 | PTD76 | PTD75 | PTD74 EBZZ g MSB
FFBBH Programmable timer 7 data (high-order 4 bits)
R PTD75 0
PTD74 0 JLSB
CD63 | CD62 | CD61 | CD60 gggz g MS8
FFBCH D61 0 Programmable timer 6 compare data (low-order 4 bits)
R
W CD60 0 JLSB
CD67 | CD66 | CD65 | CDe4 gggg g MSB
FFBDH CDB5 0 Programmable timer 6 compare data (high-order 4 bits)
RIW CD64 0 JLSB
CD73 | CD72 | CD71 | CD70 gg;z g MSB
FFBEH D71 0 Programmable timer 7 compare data (low-order 4 bits)
R
W CD70 0 JLSB
CD77 | CD76 | CD75 | CD74 gg;; g MS8
FFBFH CD75 0 Programmable timer 7 compare data (high-order 4 bits)
R
W CD74 0 JLSB

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

*

3 Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

Table 4.9.10.1(f) Control bits of programmabl e timer

Register
Address - Comment
D3 D2 D1 DO [ Name | Init [1 1 0
General | General | EIPTO | EICTC0 | &M | © ! 0| General-purpose register
FEE2H General 0 1 0 General-purpose register
AW EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer O underflow)
EICTCO| © Enable | Mask | Interrupt mask register (Programmable timer O compare match)
General | General | EIPTT | ElcTO1 [ SS7e@ | © ! 0| Generdl-purpose register
FFE3H General 0 1 0 General-purpose register
W EIPT1 0 Enable | Mask | Interrupt mask register (Programmable timer 1 underflow)
EICTC1 0 Enable | Mask | Interrupt mask register (Programmable timer 1 compare match)
General | General | EIPT2 | EIcTC2 | BS7e® | © ! 0| Generdl-purpose register
FEE4H General 0 1 0 General-purpose register
AW EIPT2 0 Enable | Mask | Interrupt mask register (Programmable timer 2 underflow)
EICTC2 0 Enable | Mask | Interrupt mask register (Programmable timer 2 compare match)
General | General | EIPT3 | EIcTC3 | S| © ! 0 | General-purpose register
FFESH General 0 1 0 General-purpose register
AW EIPT3 0 Enable | Mask | Interrupt mask register (Programmable timer 3 underflow)
EICTC3| 0 Enable | Mask | Interrupt mask register (Programmable timer 3 compare match)
General | General | EIPT4 | ElcTo 7@ | © ! 0| Generdl-purpose register
FFEGH General 0 1 0 General-purpose register
W EIPT4 0 Enable | Mask | Interrupt mask register (Programmable timer 4 underflow)
EICTC4 0 Enable | Mask | Interrupt mask register (Programmable timer 4 compare match)
General | General | EIPTS | ElcTOs [8e7e@ | © ! 0 | Generdl-purpose register
FEE7H General 0 1 0 General-purpose register
AW EIPT5 0 Enable | Mask | Interrupt mask register (Programmable timer 5 underflow)
EICTC5 0 Enable | Mask | Interrupt mask register (Programmable timer 5 compare match)
General | General | EIPTS | E1cTCs | S| © ! 0| General-purpose register
FFESH General 0 1 0 General-purpose register
W EIPT6 0 Enable | Mask | Interrupt mask register (Programmable timer 6 underflow)
EICTC6| 0 Enable | Mask | Interrupt mask register (Programmable timer 6 compare match)
General | General | EIPT7 |EICTC7 General 0 ! 0 General-purpose reg!ster
FFE9H General 0 1 0 General-purpose register
W EIPT7 0 Enable | Mask | Interrupt mask register (Programmable timer 7 underflow)
EICTC7 0 Enable | Mask | Interrupt mask register (Programmable timer 7 compare match)
3 -2
0 o | wro [iceo| °© R R Unused
FFF2H 018 -~z Yes | No_Unused
R AW IPTO 0 (W) (W) | Interrupt factor flag (Programmable timer O underflow)
ICTCO 0 Reset | Invalid | Interrupt factor flag (Programmable timer O compare match)
0 -2 (R (R) |Unused
Crran 0 0 IPT1 | ICTCH 003 ~2| Yes | No |Unused
A AW IPT1 0 (W) (W) [ Interrupt factor flag (Programmable timer 1 underflow)
ICTCH 0 Reset | Invalid | Interrupt factor flag (Programmable timer 1 compare match)
3 -2
0 o | w2 |icrc2| © R) | (R Unused
FFF4H o) - Yes | MNo_JUnused
R AW IPT2 0 (W) (W) [ Interrupt factor flag (Programmable timer 2 underflow)
ICTC2 0 Reset | Invalid | Interrupt factor flag (Programmable timer 2 compare match)
3 -2
0 o | s {ictes| © R R Unused
FFF5H 0181 -~z Yes | No_JUnused
R AW IPT3 0 (W) (W) | Interrupt factor flag (Programmable timer 3 underflow)
ICTC3 0 Reset | Invalid | Interrupt factor flag (Programmable timer 3 compare match)
0 -2 (R (R) |Unused
Crror 0 0 IPT4 | ICTC4 003 ~2| Yes | No |Unused
A AW IPT4 0 (W) (W) | Interrupt factor flag (Programmable timer 4 underflow)
ICTC4 0 Reset | Invalid | Interrupt factor flag (Programmable timer 4 compare match)
3 -2
0 o | wms |icres| © R) | (R Unused
FEF7H 008 -] Yes | No [Unused
R AW IPT5 0 (W) (W) [ Interrupt factor flag (Programmable timer 5 underflow)
ICTC5 0 Reset | Invalid | Interrupt factor flag (Programmable timer 5 compare match)

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

112 Seiko Epson Corporation S1C63632 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

Table 4.9.10.1(g) Control bits of programmable timer

Address Register - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
03| -2| (R (R) |Unused
_— 0 0 IPT6 | ICTC6 03| —t2| Yes | No |unused
R AW IPT6 0 (W) (W) [ Interrupt factor flag (Programmable timer 6 underflow)
ICTC6 0 Reset | Invalid | Interrupt factor flag (Programmable timer 6 compare match)
03| -2| (A (R) |Unused
o 0 0 IPT7 | ICTC7 03| 2| Yes | No |unused
R W IPT7 0 (W) (W) [ Interrupt factor flag (Programmable timer 7 underflow)
ICTC7 0 Reset | Invalid | Interrupt factor flag (Programmable timer 7 compare match)
*1 Initial value at initial reset *3 Constantly "0" when being read
*2 Not set in the circuit
PTPS00-PTPSO03: Timer 0 count clock frequency select register (FF18H)
PTPS10-PTPS13: Timer 1 count clock frequency select register (FF19H)
PTPS20-PTPS23: Timer 2 count clock frequency select register (FF1AH)
PTPS30-PTPS33: Timer 3 count clock frequency select register (FF1BH)
PTPS40-PTPS43: Timer 4 count clock frequency select register (FF1CH)
PTPS50-PTPS53: Timer 5 count clock frequency select register (FF1DH)
PTPS60-PTPS63: Timer 6 count clock frequency select register (FF1EH)
PTPS70-PTPS73: Timer 7 count clock frequency select register (FF1FH)
Selects the count clock frequency for each timer.
Table 4.9.10.2 Selecting count clock frequency
PTPSx3 | PTPSx2 | PTPSx1 | PTPSx0 Timer clock
1 1 1 1 foscs
1 1 1 0 fosca/ 2
1 1 0 1 fosca/ 4
1 1 0 0 fosca/ 8
1 0 1 1 fosca/ 16
1 0 1 0 fosca/ 32
1 0 0 1 fosca/ 64
1 0 0 0 fosca/ 256
0 1 1 1 fosci (32kHz)
0 1 1 0 fosc1/2 (16 kHz)
0 1 0 1 fosc1/4  (8kHz)
0 1 0 0 fosc1/16 (2kHz)
0 0 1 1 fosc1/32 (1kHz)
0 0 1 0 fosc1/64 (512 Hz)
0 0 0 1 fosc1/256 (128 Hz)
0 0 0 0 OFF

The clock manager generates the down-count clock for each timer by dividing the OSC1 or OSC3 clock.
Table 4.9.10.2 lists the 15 count clocks that can be generated by the clock manager, and the clock to be
used for each timer can be selected using PTPSx0-PTPSx3. At initial reset, the PTPSx register is set to
"0H" and the clock supply from the clock manager to the programmable timer is disabled. Before the
timer can be run, select a clock to enable the clock supply.

Stop the clock supply to the timers shown below by setting PTPSx to "0H" to reduce current consump-
tion.

¢ Unused timer

e Timer used as an event counter that inputs an external clock

e Upper 8-bit timer (Timer 1/3/5/7) when the timer unit is used as 16-bit x 1 channel configuration.

At initial reset, these registers are set to "0".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

PLPUL_A: Timer 0 pulse polarity select register (FF80H+DO0)
PLPUL_B: Timer 2 pulse polarity select register (FF90H+DO)
PLPUL_C: Timer 4 pulse polarity select register (FFAOH*DO)
PLPUL_D: Timer 6 pulse polarity select register (FFBOH<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 is selected from either the falling edge of the external clock
input to the P12, P41, P42 and P43 I/O port terminals or the rising edge. When "0" is written to these
registers, the falling edge is selected and when "1" is written, the rising edge is selected.

These registers are effective only when the timer is used in the event counter mode.

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

FCSEL_A: Timer O function select register (FF80H+D1)
FCSEL_B: Timer 2 function select register (FF90H+D1)
FCSEL_C: Timer 4 function select register (FFAOH+D1)
FCSEL_D: Timer 6 function select register (FFBOH*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 rejector
When "0" is written: Without noise rejector
Reading: Valid

When "1" is written to these registers, the noise rejector is used and counting is done by an external clock
(input from P12, P41, P42 or P43) with 0.98 msec* or more pulse width. The noise rejector 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 I/O port terminal. Consequently, the pulse width of noise that can reliably be rejected is
0.48 msec* or less.

(O fosc1 = 32.768 kHz)

When "0" is written to these registers, the noise rejector is not used and the counting is done directly by
an external clock input to the P12, P41, P42 or P43 I/O port terminal.

This registers are effective only when the timer is used in the event counter mode.

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

EVCNT_A: Timer O counter mode select register (FF80H+D2)
EVCNT_B: Timer 2 counter mode select register (FF90H+D2)
EVCNT_C: Timer 4 counter mode select register (FFAOH*D2)
EVCNT_D: Timer 6 counter mode select register (FFBOH*D2)
Selects the counter mode for each timer.

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

The counter modes for Timers 0, 2, 4 and 6 are selected from either the event counter mode or timer
mode.

When "1" is written to these registers, event counter mode is selected. In this mode, Timers 0, 2, 4 and 6
count the external clock input from the P12, P41, P42 and P43 I/O ports, respectively.

When "0" is written, timer mode is selected. In this mode, the timer count the internal clock selected by
the PTPS register.

This selection is effective even when these timer is used in 16-bit timer mode.

At initial reset, these registers are set to "0".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

MOD16_A: Timer 0-1 16-bit timer mode select register (FF80H+D3)
MOD16_B: Timer 2—-3 16-bit timer mode select register (FFOOH+D3)
MOD16_C: Timer 4-5 16-bit timer mode select register (FFAOH+D3)
MOD16_D: Timer 6—7 16-bit timer mode select register (FFBOH+D3)
Selects 8-bit or 16-bit timer mode.

When "1" is written: 16-bit timer mode
When "0" is written: 8-bit timer mode
Reading: Valid

These registers are used to select whether Timers 0 and 1, Timers 2 and 3, Timers 4 and 5, and Timers 6
and 7 are used as two channels of independent 8-bit timers or one channel of combined 16-bit timer.
When "0" is written to these registers, the timers are set to 8-bit timer mode. When "1" is written, the
timers are set to 16-bit timer mode.

For example, when Timers 0 and 1 are used in 16-bit timer mode, Timer 1 operates with the Timer 0
underflow signal as the count clock (both timer mode or event counter mode). In 16-bit timer mode, the
Timer 0 register settings are effective for timer RUN/STOP control and count clock frequency selection
(Timer 1 registers are ineffective). However, the PWM output function must be controlled using the Timer
1 control register. The reload data must be preset to Timer 0 and Timer 1 separately using each PTRSTx
register. These operations are the same when Timers 2 and 3, Timers 4 and 5 or Timers 6 and 7 are used as
a 16-bit timer.

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

PTOUT_A: TOUT_A output control register (FF81H<DO)
PTOUT_B: TOUT_B output control register (FF91H<DO)
PTOUT_C: TOUT_C output control register (FFA1H<DO)
PTOUT_D: TOUT_D output control register (FFB1H<DO)
Controls TOUT signal outputs.

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

When "1" is written to the register, the corresponding TOUT_A /TOUT_B/TOUT_C/TOUT_D signal is
output from the P13/P31/P32/P33 terminal. When TOUT output is enabled, the I/O port is automati-
cally set to output mode and it outputs the TOUT signal sent from the timer. The I/O control register
(IOC13/10C31/10C32/10C33) and the data register (P13/P31/P32/P33) are ineffective. When this
register is set to "0", the I/O port control registers become effective.

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

CHSEL_A: TOUT_A output select register (FF81H<D1)
CHSEL_B: TOUT_B output select register (FF91H<D1)
CHSEL_C: TOUT_C output select register (FFA1H<D1)
CHSEL_D: TOUT_D output select register (FFB1H<D1)
Selects the timer used for TOUT signal output.

When "1" is written: Low-order Timer (Timers 0/2/4/6)
When "0" is written: High-order Timer (Timers 1/3/5/7)
Reading: Valid

These registers are used to select whether the low-order timer (Timer 0/2/4/6) output is used as the
TOUT signal or the high-order timer (Timer 1/3/5/7) output is used. When "0" is written to the register,
the low-order timer output is selected. When "1" is written, the high-order timer output is selected.

In 16-bit timer mode, the high-order timer output is always selected regardless of how these registers are
set.

At initial reset, these registers are set to "0".
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PTSELO: Timer 0 PWM mode select register (FF81H+D2)
PTSEL1: Timer 1 PWM mode select register (FF81H+D3)
PTSEL2: Timer 2 PWM mode select register (FF91H+D2)
PTSEL3: Timer 3 PWM mode select register (FF91H+D3)
PTSEL4: Timer 4 PWM mode select register (FFA1H*D2)
PTSELS5: Timer 5 PWM mode select register (FFA1H<D3)
PTSELG6: Timer 6 PWM mode select register (FFB1H*D2)
PTSEL7: Timer 7 PWM mode select register (FFB1H*D3)
Sets Timer x for PWM output.

When "1" is written: PWM output
When "0" is written: Normal output
Reading: Valid

When "1" is written to the PTSELx, the compare data register becomes effective and PWM waveform is
generated using the underflow and compare match signals. When "0" is written, the timer outputs the
normal clock generated from the underflow signal.

In 16-bit timer mode, the PTSEL register for the low-order timer (Timer 0/2/4/6) is ineffective.

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

PTRUNO: Timer 0 RUN/STOP control register (FF82H=DO)
PTRUNL1: Timer 1 RUN/STOP control register (FF82H<D2)
PTRUN2: Timer 2 RUN/STOP control register (FF92H<DO)
PTRUNS3: Timer 3 RUN/STOP control register (FF92H<D2)
PTRUNA4: Timer 4 RUN/STOP control register (FFA2H<DO)
PTRUNS: Timer 5 RUN/STOP control register (FFA2H<D2)
PTRUNG: Timer 6 RUN/STOP control register (FFB2H+DO0)
PTRUN7Y: Timer 7 RUN/STOP control register (FFB2H+D2)
Controls the RUN/STOP of the counter.

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

The counter in Timer x starts counting down by writing "1" to the PTRUNX 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.

In 16-bit timer mode, the PTRUN register for the high-order timer (Timer 1/3/5/7) is ineffective.

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

PTRSTO: Timer O reset (reload) (FF82H+D1)
PTRSTL1: Timer 1 reset (reload) (FF82H+D3)
PTRST2: Timer 2 reset (reload) (FF92H+D1)
PTRST3: Timer 3 reset (reload) (FF92H+D3)
PTRST4: Timer 4 reset (reload) (FFA2H-D1)
PTRSTS5: Timer 5 reset (reload) (FFA2H+D3)
PTRSTG6: Timer 6 reset (reload) (FFB2H<D1)
PTRST7: Timer 7 reset (reload) (FFB2H<D3)
Resets the timer and preset reload data to the counter.

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

By writing "1" to PTRSTX, the reload data in the reload register RLDx0-RLDx7 is preset to the counter in
timer x. 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.
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The PTRSTx registers are all effective even in 16-bit timer mode, and reload data must be preset to both
the high-order timer (Timer 1/3/5/7) and the low-order timer (Timer 0/2/4/6) separately.
Since these bits are exclusively for writing, always set to "0" during reading.

RLDOO-RLDOQ7: Timer O reload data register (FF84H, FF85H)

RLD10-RLD17: Timer 1 reload data register (FF86H, FF87H)

RLD20-RLD27: Timer 2 reload data register (FF94H, FF95H)

RLD30-RLD37: Timer 3 reload data register (FF96H, FF97H)

RLD40-RLDA47: Timer 4 reload data register (FFA4H, FFA5H)

RLD50-RLD57: Timer 5 reload data register (FFA6H, FFA7H)

RLD60-RLD67: Timer 6 reload data register (FFB4H, FFB5H)

RLD70-RLD77: Timer 7 reload data register (FFB6H, FFB7H)

Sets the initial value for the counter.

The reload data written in these registers are 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 PTRSTx register, or
when counter underflow occurs.

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

PTDO0O-PTDO7: Timer O counter data (FF88H, FF89H)

PTD10-PTD17: Timer 1 counter data (FF8BAH, FF8BH)

PTD20-PTD27: Timer 2 counter data (FF98H, FF99H)

PTD30-PTD37: Timer 3 counter data (FF9AH, FFOBH)

PTD40-PTD47: Timer 4 counter data (FFA8H, FFA9H)

PTD50-PTD57: Timer 5 counter data (FFAAH, FFABH)

PTD60-PTD67: Timer 6 counter data (FFB8H, FFB9H)

PTD70-PTD77: Timer 7 counter data (FFBAH, FFBBH)

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

The low-order 4 bits of the count data in Timer x can be read from PTDx0-PTDx3, and the high-order
data can be read from PTDx4-PTDx7. 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. In 16-bit timer mode, the high-order 12 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 "O0H".

CDO00-CDO7: Timer 0 compare data register (FF8CH, FF8DH)

CD10-CD17: Timer 1 compare data register (FFSEH, FF8FH)

CD20-CD27: Timer 2 compare data register (FF9CH, FF9DH)

CD30-CD37: Timer 3 compare data register (FFOEH, FF9FH)

CD40-CDA47: Timer 4 compare data register (FFACH, FFADH)

CD50-CD57: Timer 5 compare data register (FFAEH, FFAFH)

CD60-CD67: Timer 6 compare data register (FFBCH, FFBDH)

CD70-CD77: Timer 7 compare data register (FFBEH, FFBFH)

Sets the compare data for PWM output.

When the timer is set to PWM mode, the compare data set in this register is compared with the counter
data and outputs the compare match signal if they are matched. The compare match signal is used for
generating an interrupt and controlling the duty ratio of the PWM waveform.

At initial reset, these registers are set to "00H".
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EIPTO, EICTCO: Timer O interrupt mask registers (FFE2H<D1, DO)
EIPT1, EICTC1: Timer 1 interrupt mask registers (FFE3H<D1, DO)
EIPT2, EICTC2: Timer 2 interrupt mask registers (FFE4H<D1, DO)
EIPT3, EICTC3: Timer 3 interrupt mask registers (FFE5H<D1, DO)
EIPT4, EICTC4: Timer 4 interrupt mask registers (FFE6H<D1, DO)
EIPT5, EICTCS: Timer 5 interrupt mask registers (FFE7H<D1, DO)
EIPT6, EICTC6: Timer 6 interrupt mask registers (FFE8H<D1, DO)
EIPT7, EICTCY: Timer 7 interrupt mask registers (FFE9H<D1, DO)
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

EIPTx and EICTCx are the interrupt mask registers that respectively correspond to the counter underflow
and compare match interrupt factors. Interrupts set to "1" are enabled and interrupts set to "0" are disa-
bled.

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

IPTO, ICTCO: Timer O interrupt factor flags (FFF2H<D1, DO)
IPT1, ICTCL1: Timer 1 interrupt factor flags (FFF3H<D1, DO)
IPT2, ICTC2: Timer 2 interrupt factor flags (FFF4H<D1, DO)
IPT3, ICTC3: Timer 3 interrupt factor flags (FFF5H<D1, DO)
IPT4, ICTC4: Timer 4 interrupt factor flags (FFF6H<D1, DO)
IPT5, ICTC5: Timer 5 interrupt factor flags (FFF7H<D1, DO)
IPT6, ICTC6: Timer 6 interrupt factor flags (FFF8H<D1, DO)
IPT7, ICTC7: Timer 7 interrupt factor flags (FFF9H<D1, DO)
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

IPTx and ICTCx are the interrupt factor flags that respectively correspond to the interrupts for counter
underflow and compare match, and are set to "1" by generation of each factor.

The underflow interrupt factor is generated at the point where the counter underflows.

The compare match interrupt factor is generated if the counter data and the compare data are matched
when the timer is set in the PWM mode.

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 an underflow and compare match of the correspond-
ing counter.

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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4.9.11 Programming notes

(1) When reading counter data, be sure to read the low-order 4 bits (PTDx0-PTDx3) first. The high-order
4 bits (PTDx4-PTDx7) are latched when the low-order 4 bits are read and they are held until the next
reading of the low-order 4 bits. In 16-bit timer mode, the high-order 12 bits are held by reading the
low-order 4 bits, be sure to read the low-order 4 bits first.

When the CPU is running with the OSC1 clock and the programmable timer is running with the OSC3
clock, stop the timer before reading the counter data to read the proper data.

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

Count clock

PTRUNx (RD) __|

"1" (RUN) "0" (STOP)
PTRUNXx (WR) ¥ writing [V writing

PTDx0-PTDx7  42H 41H)40H)3FH)3EH) 3DH
Fig. 4.9.11.1 Timing chart for RUN/STOP control (timer mode)

In event counter mode, the timer starts counting at the first event clock.

Count clock

PTRUNx (RD) __|

“1" (RUN) "0" (STOP)
PTRUNX (WR) ¥ writing [Y writing

PTDx0-PTDx7 42H {41H)40H) 3FH)3EH) 3DH
Fig. 4.9.11.2 Timing chart for RUN/STOP control (event counter mode)

(3) Since the TOUT_A-TOUT_D signals are generated asynchronously from the PTOUT_A-PTOUT_D
registers, 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 4.4, "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.
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(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).

— [] -

Count clock } } } l } }

Counter data

(continuous mode) 03 |02 [ o1H [ oo [ JesH 240 | (Reload data = 25H)

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

Fig. 4.9.11.3 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 the OSC3
(high-speed clock).

(7) The programmable timer count clock does not synch with the CPU clock. Therefore, the correct value

may not be obtained depending on the count data read and count-up timings. To avoid this problem,
the programmable timer count data should be read by one of the procedures shown below.

® Read the count data twice and verify if there is any difference between them.
¢ Temporarily stop the programmable timer when the counter data is read to obtain proper data.
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4.10 Serial Interface

4.10.1 Configuration of serial interface

The S1C63632 has a built-in 8-bit clock synchronous type serial interface.

The CPU, via the 8-bit shift register, can read the serial input data from the SIN terminal. Moreover, via
the same 8-bit shift register, it can convert parallel data to serial data and output it to the SOUT terminal.
The synchronous clock for serial data input/output may be set by selecting by software any one of seven
types of master mode (internal clock mode: when the S1C63632 is to be the master for serial input/
output) and a type of slave mode (external clock mode: when the S1C63632 is to be the slave for serial
input/output).

The configuration of the serial interface is shown in Figure 4.10.1.1.

Data bus
onO—— > R LR | >——Osour
(P22) ' * * ' (P21)
fosor » - 3 SDP ESOUT | |
foscs — : > Data I/O permutation SOUT enable
Programmable —p| Manager ; ESiE SIF enable (P2)
timer 1 [ : SCPS0-SCPS1_|-»|
SIFCKS0-SIFCKS2 3 Clock format selection SCTRG |SIF clock trigger

SIF clock selection

: Clock l«]  ENGS |SIF enable (P23) |
Interrupt request . Interrupt control control 44 ESREADY |P23 function selectioni
' 4 SMOD Mode selection !

Transfer
mode control

S
or
SRDY
(P23)

SCLK
(P20)

Serial interface |

Fig. 4.10.1.1 Configuration of serial interface

4.10.2 Serial interface terminals

The following shows the terminals used in the serial interface and their functions:

SCLK (P20)
Inputs or outputs the serial clock. By writing "1" to the ESIF register to enable the serial interface, the
P20 terminal is switched to the SCLK terminal. In master mode, the SCLK terminal is configured for
output and it outputs the synchronous clock generated in the IC during data transfer. In slave mode,
the SCLK terminal inputs the synchronous clock output by the external master device.

SIN (P22)
Inputs serial data. By writing "1" to the ESIF register to enable the serial interface, the P22 terminal is
switched to the SIN terminal.

SOUT (P21)
Outputs serial data. By default, the SOUT terminal is not enabled even if "1" is written to the ESIF
register. When using the SOUT output, write "1" to the ESOUT register.
If serial input only is required, the P21 terminal can be used as an I/O port terminal.

SRDY (P23)
In slave mode, this terminal outputs the SRDY signal to the master device to indicate that the serial
interface is ready to transfer. By default, the SRDY terminal is not enabled even if the serial interface is
set to slave mode. When using the SRDY output in slave mode, write "1" to the ENCS and ESREADY
registers.

SS (P23)
Inputs the SS (Slave Select) signal when the S1C63632 is used as an SPI slave device. When using the
SS input, write "1" to ENCS and write "0" to ESREADY.
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The serial interface input/output ports are shared with the I/O port (P20-P23), and they are configured
to the I/O port terminals at initial reset. When using these terminals for the serial interface, switch the
function with software as described above. At least ESIF must be set to 1.

The switch operation automatically sets the input/output direction of the terminals. It is not necessary to
set the I/O port control registers. The I/O control registers and data registers of the I/O ports can be used
as general-purpose registers that do not affect the terminal status. However, the pull-up control registers
and input interface select registers of the I/O ports are effective when they are used for the serial inputs.

4.10.3 Mask option

Since the input/output terminals of the serial interface are shared with the I/O ports (P20-P23), the mask
option that selects the terminal specification for the I/O port is also applied to the serial interface termi-
nals.

Output specification
The output specification of the SOUT, SCLK (in master mode) and SRDY (in slave mode) terminals
that are used as the serial interface outputs is respectively selected by the mask options for P21, P20
and P23. Either complementary output or P-channel open drain output can be selected as the output
specification. However, when P-channel open drain output is selected, do not apply voltage exceeding
the power supply voltage to the terminal.

Pull-down resistor
The pull-down resistor for the SIN, SCLK (in slave mode) and SS (in SPI slave mode) terminals that
are used as inputs can be incorporated by the mask options for P22, P20 and P23. When the pull-down
resistor is not used, take care that a floating status does not occur.
When a pull-down resistor is incorporated at the serial input terminal, the pull-down resistor should
be enabled/disabled using the pull-down control register of the I/O port.

SIN terminal: PUL22 register
SCLK terminal: PUL20 register
SS terminal: ~ PUL23 register

Refer to Section 4.5, "I/ O Ports", for controlling the pull-down resistors.
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4.10.4 Operating mode of serial interface

The serial interface supports three operating modes: master mode, slave mode and SPI slave mode.

Master mode

Master mode is provided to use the S1C63632 as the master device for serial transfer. In this mode, the
serial interface uses the internal clock supplied from the clock manager as the synchronous clock for
serial transfer. The synchronous clock is also output from the SCLK (P20) terminal to the slave device.
The ready signal sent from the slave device should be input through an I/O port (in input mode) and
it should be read with software to control data transfer.

The S1C63632 set to master mode is also used as an SPI master device. The SS (Slave Select) signal

should be output by controlling an I/O port (in output mode) with software.

Slave mode

Slave mode is provided to use the S1C63632 as a slave device for serial transfer. In this mode, the

serial interface inputs the synchronous clock that is sent by the external master device from the SCLK

terminal to perform serial transfer. For the master device to control data transfer, the serial interface

can output a ready signal indicating that it is ready to transfer from the SRDY terminal by hardware

control.

SPI slave mode

SPI slave mode is provided to use the S1C63632 as an SPI slave device. In this mode, the serial inter-
face inputs the synchronous clock that is sent by the external master device from the SCLK terminal to

perform serial transfer. The SPI master device outputs the SS (Slave Select) signal to select a slave
device. SPI slave mode supports the SS signal input.

Sample basic serial connection diagrams are shown in Figure 4.10.4.1.

S1C63632

SCLK
SOuUT
SIN

Pxx

(a

S1C63632

SCLK
SOuUT

SIN
SRDY

(b) Slave mode

»

SPI slave
device

>

<]

CLK
SDO
SDI

»
>

-1) Master mode

Master mode

<
<

<]

A 4

External S1C63632
slave device
CLK SCLK
SOUT SOuUT
SIN SIN
READY Pxx
(a-2)
External S1C63632
master device
CLK SCLK
SOUT SOuUT

SIN
READY input

SIN
Ss

SS
(SPJ)

SPI master

device
SCLK

<
<

<]

<

SDO
SDI
Ss

<

(c) SPI slave mode

Figure 4.10.4.1 Sample basic connection of serial input/output terminals

The SMOD, ENCS and ESREADY registers are used for setting the mode.

Master mode:
Slave mode:

SMOD = "1", ENCS = "0", ESREADY ="0"
SMOD ="0", ENCS ="1", ESREADY ="1"
SPI slave mode: SMOD = "0", ENCS = "1", ESREADY ="0"

Table 4.10.4.1 lists the combination of mode settings and used terminal configurations.
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Table 4.10.4.1 Mode settings and configurations of serial interface terminals

ESIF SMOD ENCS |[ESREADY| ESOUT Mode P20 terminal [ P21 terminal | P22 terminal [ P23 terminal

1 1 1 1 * Master mode Prohibited

1 1 * 0 1 SCLK (O) | SOuUT (0) SIN (1) P23 (1/0)
1 1 0 1 1 SCLK (O) | SouT (0) SIN (1) P23 (1/0)
1 1 * 0 0 SCLK (O) | P21(1/0) SIN (1) P23 (1/0)
1 1 0 1 0 SCLK (O) P21 (1/0) SIN (1) P23 (1/0)
1 0 1 1 1 Slave mode SCLK (1) SOUT (O) SIN (1) SRDY (O)
1 0 1 1 0 SCLK (1) P21 (1/0) SIN (1) SRDY (O)
1 0 0 * 1 SCLK (1) SOUT (O) SIN (1) P23 (1/0)
1 0 0 * 0 SCLK (1) P21 (1/0) SIN (1) P23 (1/0)
1 0 1 0 1 SPI slave mode SCLK (1) SOUT (O) SIN (1) EX0)

1 0 1 0 0 SCLK (1) P21 (1/0) SIN (1) SS(h)

0 * * * * Serial I/F not used P20 (1/0) P21 (1/0) P22 (1/0) P23 (1/0)

4.10.5 Setting synchronous clock

Controlling clock manager
When the serial interface is used in master mode, it uses the internal clock supplied from the clock
manager as the synchronous clock for serial transfer. The clock manager generates six serial interface
clocks by dividing the OSC1 or OSC3 clock. The synchronous clock used in master mode can be
selected from seven types (the above six clocks and the programmable timer 1 output clock). Use the
SIFCKSO0-SIFCKS?2 register to select one of them as shown in Table 4.10.5.1.

Table 4.10.5.1 Serial interface clock frequencies

SIFCKS2 | SIFCKS1 | SIFCKS0 | SIF clock (master mode)
1 1 1 fosca/ 4*
1 1 0 fosca/2*
1 0 1 fosca/ 1*
1 0 0 Programmable timer 1 *
0 1 1 fosci/ 4 (8 kHz)
0 1 0 fosc1/ 2 (16 kHz)
0 0 1 fosci/1(32kHz)
0 0 0 Off (slave mode) *

fosc1: OSC1 oscillation frequency. () indicates the frequency when fosci = 32 kHz.

fosca: OSC3 oscillation frequency

OThe maximum clock frequency is limited to 1 MHz.
When programmable timer 1 is selected, the programmable timer 1 underflow signal is divided by 2
before it is used as the synchronous clock. In this case, the programmable timer must be controlled
before operating the serial interface. Refer to Section 4.9, "Programmable Timer" for controlling the
programmable timer.

Fix SIFCKS0-SIFCKS2 at "000B" in slave mode.

At initial reset, "internal clock Off (slave mode)" is selected.

Selecting the synchronous clock format

The format (polarity and phase) of the synchronous clock for the serial interface can be configured
using the SCPSO0-SCPSI register.

Table 4.10.5.2 Configuration of synchronous clock format

SCPSH SCPS0 Polarity Phase
1 1 Negative (SCLK)| Rising edge (_f")
1 0 Negative (SCLK)| Falling edge (1)
0 1 Positive (SCLK) | Falling edge (1)
0 0 Positive (SCLK) | Rising edge (_f")

At initial reset, the clock polarity is set to positive and the phase is set to the rising edge.
See Figure 4.10.6.2 for the data transfer timings by the synchronous clock format selected.
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4.10.6 Data input/output and interrupt function

The serial interface of S1C63632 can input/output data via the internal 8-bit shift register. The shift
register operates by synchronizing with either the synchronous clock output from the SCLK (P20) termi-
nal (master mode), or the synchronous clock input to the SCLK (P20) terminal (slave mode).

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

The serial data input/output procedure is explained below:

Serial data output procedure and interrupt
The S1C63632 serial interface is capable of outputting parallel data as serial data, in units of 8 bits.
By setting the parallel data to the data registers SD0-SD3 and SD4-SD7 and writing "1" to SCTRG bit,
it synchronizes with the synchronous clock and the serial data is output to the SOUT (P21) terminal.
The synchronous clock used here is as follows: in master mode, internal clock which is output to the
SCLK (P20) terminal while in slave mode, external clock which is input from the SCLK (P20) terminal.
Shift timing of serial data is as follows:

» When positive polarity (SCPS1 =" 0") is selected for the synchronous clock:
The serial data output to the SOUT (P21) terminal changes at the rising edge of the clock input or
output from/to the SCLK (P20) terminal. The data in the shift register is shifted at the rising edge of
the SCLK signal when the SCPS0 register is "0" or at the falling edge of the SCLK signal when the
SCPSO0 register is "1".

» When negative polarity (SCPS1 =" 1") is selected for the synchronous clock:
The serial data output to the SOUT (P21) terminal changes at the falling edge of the clock input or
output from/to the SCLK (P20) terminal. The data in the shift register is shifted at the falling edge of
the SCLK signal when the SCPS0 register is "0" or at the rising edge of the SCLK signal when the
SCPS0 register is "1".

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

Serial data input procedure and interrupt

The S1C63632 serial interface is capable of inputting serial data as parallel data, in units of 8 bits.
The serial data is input from the SIN (P22) terminal, synchronizes with the synchronous clock, and is
sequentially read in the 8-bit shift register. The synchronous clock used here is the internal clock in
master mode or the external clock in slave mode.
Shift timing of serial data is as follows:

* When positive polarity (SCPS1 =" 0") is selected for the synchronous clock:
The serial data is read into the built-in shift register at the rising edge of the SCLK signal when the
SCPSO0 register is "0" or at the falling edge of the SCLK signal when the SCPS0 register is "1". The shift
register is sequentially shifted as the data is fetched.

* When negative polarity (SCPS1 ="1") is selected for the synchronous clock:
The serial data is read into the built-in shift register at the falling edge of the SCLK signal when the
SCPSO0 register is "0" or at the rising edge of the SCLK signal when the SCPSO0 register is "1". The shift
register is sequentially shifted as the data is fetched.

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

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

The 51C63632 allows the input/output permutation of serial data to be selected by the SDP register as
to either LSB first or MSB first. The block diagram showing input/output permutation in case of LSB
first and MSB first is provided in Figure 4.10.6.1. The SDP register should be set before setting data to
SD0-SD7.

Addr‘ess‘[FF5‘CH] Addr‘ess‘[FFSBH]

SIN Q—‘>—{ SD7 SD6 SD5 SD4HSD3 SD2 SD1 SDO H Output }—i>—© souT

(LSB first)

Address [FF5BH]  Address [FF5CH]

SIN O—‘>—{ SDO0 SD1 SD2 SDSH SD4 SD5 SD6 SD7 H Output }—i>—© souT

(MSB first)
Fig. 4.10.6.1 Serial data input/output permutation

SRDY signal

When the S1C63632 serial interface is used in the slave mode, the SRDY signal is used to indicate
whether the internal serial interface is ready to transmit or receive data for the master side (external)
serial device. The SRDY signal is output from the SRDY (P23) terminal. When using the SRDY output
in slave mode, write "1" to the ENCS and ESREADY registers (this signal cannot be used in SPI slave
mode).

Output timing of SRDY signal is as follows:

When positive polarity (SCPS1 ="0") is selected for the synchronous clock:

The SRDY signal goes "1" (high) when the S1C63632 serial interface is ready to transmit or receive
data; normally, it is at "0" (low).

The SRDY signal changes from "0" to "1" immediately after "1" is written to SCTRG and returns from
"1" to "0" when "1" is input to the SCLK (P20) terminal (i.e., when the serial input/output begins
transmitting or receiving data). Moreover, when high-order data is read from or written to SD4-SD7,
the SRDY signal returns to "0".

When negative polarity (SCPS1 =" 1") is selected for the synchronous clock:

The SRDY signal goes "0" (low) when the S1C63632 serial interface is ready to transmit or receive data;
normally, it is at "1" (high).

The SRDY signal changes from "1" to "0" immediately after "1" is written to SCTRG and returns from
"0" to "1" when "0" is input to the SCLK (P20) terminal (i.e., when the serial input/output begins
transmitting or receiving data). Moreover, when high-order data is read from or written to SD4-SD7,
the SRDY signal returns to "1".
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Timing chart
The S1C63632 serial interface timing charts are shown in Figures 4.10.6.2 .

SCTRG (W) [
SCTRG (R) _ L
SCLK SRR [ I )
SIN
8-bit shift register
SOUT
ISIF —
SRDY (Slave mode) 1
(a) When SCPS1 ="0" and SCPS0="0"

SCTRG (W) [
SCTRG (R) | L
SCLK SRR [ I )
SIN
8-bit shift register
SOUT
ISIF [
SRDY (Slave mode) [ 1

(b) When SCPS1 ="0", SCPS0 = "1"
SCTRG (W) [
SCTRG (R) _ L
SCLK S I O
SIN
8-bit shift register
SOUT
ISIF [
SRDY (Slave mode)

(c) When SCPS1 ="1", SCPS0 = "0"
SCTRG (W) [
SCTRG (R) _ L
SCLK S I O
SIN
8-bit shift register
SOUT
ISIF [
SRDY (Slave mode)

(d) When SCPS1 ="1", SCPS0 = "1"
Fig. 4.10.6.2 Serial interface timing chart
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4.10.7 Data transfer in SPI mode

The serial interface supports serial data transfer in SPI mode.

This mode has the same serial master and slave functions and control method except that the SRDY
output cannot be used when P23 is configured to the SS terminal. Refer to Section 4.10.4, "Operating
mode of serial interface", and Section 4.10.6, "Data input/output and interrupt function”, for these
common descriptions.

SPI slave device
When using the S1C63632 as an SPI slave device, set the serial interface to SPI slave mode.

ESIF ="1", SMOD = "0", ENCS = "1", ESREADY = "0", ESOUT = "1" (when SOUT is used)

The P23 terminal functions as the SS (Slave Select) signal input terminal.

To perform data transfer in this mode, write "1" to SCTRG to enable the serial interface to transmit/
receive data the same as the slave mode described above. The serial interface starts data transfer when
the external master device outputs the synchronous clock to the SCLK terminal after it asserts the
slave select signal (set to low) input to the SS (P23) terminal. The external device must hold the SS
signal (P23 terminal) active while data is being transferred. When the SS signal is inactive, the serial
interface does not start data transfer even if the synchronous clock is input to the SCLK terminal.

SPI master device
When using the S1C63632 as an SPI master device, set the serial interface to master mode.

ESIF ="1", SMOD = "1", ENCS = "0", ESREADY = "0", ESOUT = "1" (when SOUT is used)

The SS signal output terminal is not available in master mode, set an 1/O port to output mode and use
it as the SS signal output terminal. The SS signal must be set to low before writing "1" to SCTRG and
hold that active level while data is being transferred. After 8-bit data is transmitted /received, set the
SS signal to high.

Timing chart
The data transfer timing chart in SPI mode is shown in Figures 4.10.7.1 .

SCTRG (W) [

SCTRG (R) _ L
SCLK SRR I I A
SIN

8-bit shift register
SOuUT

ISIF

SSinput (Slave mode) ~ |
SS output (Master mode) ~ |

Figure 4.10.7.1 Timing chart in SPI mode (when SCPSL = SCPS0 = "0")

17 |

Notes: e The S1C63632 serial interface does not have a transmit buffer and a receive buffer, therefore,
data transfer must be processed in every one-byte transfer. The interrupt factor flag is set after a
transfer for one byte has been completed. A start of data transfer from/to the SPI device cannot
be used as a trigger to start the interrupt handler.

e If the SS signal becomes inactive during data transfer in SPI slave mode or if the master device
outputs the SCLK signal before it asserts the SS signal, the serial interface cannot transmit/
receive data normally.
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4.10.8 1/0 memory of serial interface

Table 4.10.8.1 shows the I/O addresses and the control bits for the serial interface.

Table 4.10.8.1 Control bits of serial interface

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init (1L 1 0
(=] -2 Unused
0  [SIFCKS2[SIFCKS1[SIFCKSO] sircks2l o Serial IE [SIFCKS2-0] 0 1 2 3
FF14H Frequency Off/External fosc1 fosc/2 fosci/4
SIFCKS1| 0 clock frequency
R RW slection [SIFCKS2-0] 4 5 6 7
SIFCKSO| 0 Frequency PT1  fosca fosca/2 fosca/d
PUL23 1 On Off | P23 pull-down control register
SS pull-down control register when SIF (save, SS) is used
puL23 | puL22 | PuL21 | PUL20 functions as a general-purpose register when SIF (save, SRDY)
or FOUT is used
PUL22 1 On Off | P22 pull-down control register
FF2AH SIN pull-down control register when SIF is used
PUL21 1 On Off | P21 pull-down control register
functions as a general-purpose register when SIF (SOUT) is used
RW PUL20 1 On Off | P20 pull-down control register
SCLK (1) pull-down control register when SIF (slave) is used
functions as a general-purpose register when SIF (master) is used
SMT23 1 Schmitt | CMOS | P23 input interface level select register
SSinput I/F level sdlect register when SIF (save, SS) is used
SMT23 | SMT22 | SMT21 [ SMT20 functions as a general-purpose register when SIF (slave, SRDY)
or FOUT isused
FF2BH SMT22 1 Schmitt | CMOS | P22 input interface level select register
SIN input interface level select register when SIF is used
SMT21 1 Schmitt | CMOS | P21 input interface level select register
RW functions as a general-purpose register when SIF (SOUT) is used
SMT20 1 Schmitt | CMOS | P20 input interface level select register
SCLK (1) input I/F level select register when SIF (slave) is used
functions as a general-purpose register when SIF (master) is used
0B - Unused
0 |ESOUT|SCTRG| ESIF |EsouT| 0 | Enable | Disable | SOUT enable
FF58H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF I/0 | Serial I/F enable (P2 port function selection)
SCPS1 | SCPSO | SDP | SMOD ggigg g 1| F :rlr?lat”sl;celc(t)ic:n R N T
FF59H phase A
AW SDP 0 MSB first | LSB first | Serial 1/F data input/output permutation
SMOD 0 Master | Slave | Serial I/F mode selection
0B -2 Unused
0 0 [ESREADY| ENCS 08 -2 Unused Slave Master
ESREADY| 0 | SRDY | SS |P23port (SMOD=0) (SMOD=1)
FF5AH function selection ESREADY ENCS P23 P23
X 0 110 110
R RW ENCS 0 SIF I/0 | Seria I/F enable 0 1 S 110
(P23 function selection) 1 1 SRDY  Prohibited
sp3 | spb2 | spi | spo ggg - ; ::g: tzx MSB
FF5BH ) Serial I/F transmit/receive data (low-order 4 bits)
AW SD1 -2 | High Low
Sbo -2 | High Low | JLSB
sp7 | spe | sps | spa gg; - g ::gﬁ tzx MSB
FF5CH ) Serial I/F transmit/receive data (high-order 4 bits)
AW SD5 -2 High Low
SD4 -2 | High Low | 1LSB
General | General | General | EISIF General 0 ! 0 General-purpose reg!ster
FFEAH General 0 1 0 General-purpose register
AW General 0 1 0 General-purpose register
EISIF 0 Enable | Mask | Interrupt mask register (Seria interface)
General | General | General | ISIF General 0 R) (R) | Generdl-purpose register
FFEAH General 0 | Yes | No |General-purpose register
AW General 0 (W) (W) | General-purpose register
ISIF 0 Reset | Invalid | Interrupt factor flag (Serial interface)

*1 Initial value at initial reset

*2 Not set in the circuit

*3 Constantly "0" when being read
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SIFCKSO0-SIFCKS2: Serial interface clock frequency select register (FF14H*D0-D2)
Selects the synchronous clock frequency in master mode.

Table 4.10.8.2 Serial interface clock frequencies

SIFCKS2 | SIFCKS1 | SIFCKS0 | SIF clock (master mode)
1 1 1 fosca/ 4*
1 1 0 fosca/2*
1 0 1 fosca/ 1*
1 0 0 Programmable timer 1 *
0 1 1 fosc1/ 4 (8 kHz)
0 1 0 fosc1/ 2 (16 kHz)
0 0 1 fosci/1(32kHz)
0 0 0 Off (slave mode) *

fosc1: OSC1 oscillation frequency. () indicates the frequency when fosci = 32 kHz.
fosca: OSC3 oscillation frequency
OThe maximum clock frequency is limited to 1 MHz.

When programmable timer 1 is selected, the programmable timer 1 underflow signal is divided by 2
before it is used as the synchronous clock. In this case, the programmable timer must be controlled before
operating the serial interface. Refer to Section 4.9, "Programmable Timer" for controlling the program-
mable timer.

Fix at "000B" in slave mode.

At initial reset, this register is set to "000B".

PUL20: SCLK (P20) pull-down control register (FF2AH+DO)

PUL22: SIN( P22) pull-down control register (FF2AH+D2)

PUL23: SS (P23) pull-down control register (FF2AHD3)

Enables the pull-down of the SIN, SCLK (in slave mode) and SS (in SPI slave mode) terminals.

When "1" is written: Pull-down On
When "0" is written: Pull-down Off
Reading: Valid

Enables or disables the pull-down resistors built into the SIN (P22), SCLK (P20) and SS (P23) terminals.
(Pull-down resistor is only built in the port selected by mask option.)

The SCLK and SS pull-down resistors are effective only in slave mode or SPI slave mode. In master mode,
the PUL20 and PUL23 registers can be used as general purpose registers.

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

SMT20: SCLK (P20) input interface level select register (FF2BH<DO)

SMT22: SIN (P22) input interface level select register (FF2BH*D2)

SMT23: SS (P23) input interface level select register (FF2BH=D3)

Selects the input interface level of the SIN, SCLK (in slave mode) and SS (in SPI slave mode) terminals.

When "1" is written: CMOS Schmitt level
When "0" is written: CMOS level
Reading: Valid

Sets the input interface level of the SIN (P22), SCLK (P20) and SS (P23) terminals.

The SCLK and SS input interface level settings are effective only in slave mode or SPI slave mode. In
master mode, the SMT20 and SMT23 registers can be used as general purpose registers.

At initial reset, these registers are set to "1" and the ports are configured with a CMOS Schmitt level input
interface.
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ESIF: Serial interface enable register (P2 port function selection) (FF58H+<D0)
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

When "1" is written to the ESIF register, P20, P21, P22 and P23 function as SIN, SOUT, SCLK and SRDY or
SS, respectively.

In slave mode, the P23 terminal functions as SRDY output or SS input terminal, while in master mode, it
functions as the I/O port terminal.

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

SCTRG: Clock trigger/status (FF58H<D1)
This is a trigger to start input/output of synchronous clock (SCLK).

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

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

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

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

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

* When reading
When "1"is read: RUN (during input/output the synchronous clock)
When "0" is read: STOP (the synchronous clock stops)

When this bit is read, it indicates the status of serial interface clock.

After "1" is written to SCTRG, this value is latched till serial interface clock stops (8 clock counts). There-
fore, if "1" is read, it indicates that the synchronous clock is in input/output operation.

When the synchronous clock input/output is completed, this latch is reset to "0".

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

ESOUT: SOUT enable register (FF58H=D2)
Enables serial data output from the P21 port.

When "1" is written: Enabled (SOUT)
When "0" is written: Disabled (I/O port)
Reading: Valid
When serial data output is not used, the SOUT output can be disabled to use P21 as an I/O port. When

performing serial output, write "1" to ESOUT to set P21 as the SOUT output port.
At initial reset, this register is set to "0".

SMOD: Operating mode select register (FF59H<DO0)
Selects the serial interface operating mode from master mode and slave mode.

When "1" is written: Master mode
When "0" is written: Slave mode
Reading: Valid
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In master mode, the serial interface uses the internal clock (selected in the clock manager) as the synchro-
nous clock for serial transfer. The synchronous clock is also output from the SCLK (P20) terminal to
control the external serial interface (slave device). In slave mode, the serial interface inputs the synchro-
nous clock that is sent by the external serial interface (master device) from the SCLK terminal to perform
serial transfer. Master mode is selected by writing "1" to SMOD, and slave mode is selected by writing "0".
At initial reset, this register is set to "0".

SDP: Data input/output permutation select register (FF59HD1)
Selects the serial data input/output permutation.

When "1" is written: MSB first
When "0" is written: LSB first
Reading: Valid

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

SCPSO0, SCPS1: Clock format select register (FF59H<D2, D3)
Selects the timing for reading in the serial data input from the SIN (P22) terminal.

Table 4.10.8.3 Configuration of synchronous clock format

SCPSH1 SCPS0 Polarity Phase
1 1 Negative (SCLK)| Rising edge (_f")
1 0 Negative (SCLK)| Falling edge (+_)
0 1 Positive (SCLK) | Falling edge (1)
0 0 Positive (SCLK) | Rising edge (_7)

» When positive polarity (SCPS1 =" 0") is selected for the synchronous clock:
During receiving, the serial data is read into the built-in shift register at the rising edge of the SCLK
signal when the SCPSO0 register is "0" or at the falling edge of the SCLK signal when the SCPS0 register
is "1". The shift register is sequentially shifted as the data is fetched.

During transmitting, the serial data output to the SOUT (P21) terminal changes at the rising edge of
the clock input or output from/to the SCLK (P20) terminal. The data in the shift register is shifted at
the rising edge of the SCLK signal when the SCPS0 register is "0" or at the falling edge of the SCLK
signal when the SCPS0 register is "1".

* When negative polarity (SCPS1 =" 1") is selected for the synchronous clock:
During receiving, the serial data is read into the built-in shift register at the falling edge of the SCLK
signal when the SCPSO0 register is "0" or at the rising edge of the SCLK signal when the SCPSO register
is "1". The shift register is sequentially shifted as the data is fetched.

During transmitting, the serial data output to the SOUT (P21) terminal changes at the falling edge of
the clock input or output from/to the SCLK (P20) terminal. The data in the shift register is shifted at
the falling edge of the SCLK signal when the SCPSO0 register is "0" or at the rising edge of the SCLK
signal when the SCPS0 register is "1".

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

ENCS: Serial interface enable register (P23 port function selection) (FF5AH=DO)
Enables the serial input/output function of P23. Use this register with ESREADY.

When "1" is written: Enabled (Serial interface)
When "0" is written: Disabled (I/O port)
Reading: Valid

When ENCS is enabled, the P23 terminal can be used as SRDY output or SS input terminal in slave mode
(SMOD = "0").
At initial reset, this register is set to "0".
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ESREADY: P23 port function select register (FF5AH<D1)
Selects the P23 port function when ENCS = "1".

When "1" is written: SRDY output
When "0" is written: SS input
Reading: Valid
The P23 port function can be selected from SRDY output and SS input in slave mode (SMOD = "0").
At initial reset, this register is set to "0".

Table 4.10.8.4 Selecting P23 port function

Slave mode: SMOD = "0" Master mode: SMOD = "1"
ESREADY ENCS P23 terminal ESREADY ENCS P23 terminal
* 0 P23 (1/0) * 0 P23 (1/0)
0 1 Ss() 0 1 P23 (1/0)
1 1 SRDY (O) 1 1 Prohibited

SD0-SD3, SD4-SD7: Serial interface data register (FF5BH, FF5CH)
These registers are used for writing and reading serial data.

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

Write data to be output in these registers. The register data is converted into serial data and output from
the SOUT (P21) terminal; data bits set at "1" are output as high (VDD) level and data bits set at "0" are
output as low (Vss) level.

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

The serial data input from the SIN (P22) terminal can be read from these registers.

The serial data input from the SIN (P22) terminal is converted into parallel data, as a high (VDD) level bit
into "1" and as a low (Vss) level bit into "0", and is loaded to these registers. Perform data reading only
while the serial interface is not running (i.e., the synchronous clock is neither being input or output).

At initial reset, these registers are undefined.

EISIF: Interrupt mask register (FFEAH<DO)
Masking the interrupt of the serial interface can be selected with this register.

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

With this register, it is possible to select whether the serial interface interrupt is to be masked or not.
At initial reset, this register is set to "0".
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ISIF: Interrupt factor flag (FFFAH<DO)
This flag indicates the occurrence of serial interface interrupt.

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

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

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

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

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

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

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

4.10.9 Programming notes

(1) Perform data writing/reading to the data registers SD0-SD7 only while the serial interface is not
running (i.e., the synchronous clock is neither being input or output).

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

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

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

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

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

4.11.1 Configuration of sound generator

The S1C63632 has a built-in sound generator for generating a buzzer signal.

Hence, the generated buzzer signal can be output from the BZ terminal.

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

Figure 4.11.1.1 shows the configuration of the sound generator.

BZFQO;BZFQZ BDTYOlBDTYZ \ EN¢ON \

fosci Programmable _| Duty ratio Envelope ENRST
" dividing circuit | | control circuit addition circuit ENRTM
Clock ¢
manager

Yy

fosc1/128 | One-shot buzzer Buzzer output
control circuit control circuit

A A
BZSHT

Fig. 4.11.1.1 Configuration of sound generator

—O P03(BZ) terminal

Note: If the BZ terminal is used to drive an external component that consumes a large amount of current
such as a bipolar transistor, design the pattern of traces on the printed circuit board so that the
operation of the external component does not affect the IC power supply. Refer to <Output Termi-
nals> in Section 5.3, "Precautions on Mounting", for more information.

4.11.2 Controlling clock manager

To generate the buzzer signal, the clock for the sound generator must be supplied from the clock manager
by writing "1" to the SGCKE register in advance.

Table 4.11.2.1 Controlling sound generator clock

SGCKE Sound generator clock
1 Programmable dividing circuit input clock: fosci (32 kHz)
One-shot buzzer control circuit input clock: fosci/ 128 (256 Hz)
0 Off

If it is not necessary to run the sound generator, stop the clock supply by setting SGCKE to "0" to reduce
current consumption.

4.11.3 Control of buzzer output

The BZ signal generated by the sound generator is output from the P03 (BZ) terminal by setting "1" for
the buzzer output enable register BZE. The I/O control register IOC03 and data register P03 settings are
ineffective while the BZ signal is being output.

When BZE is set to "0", the P03 port is configured as a general-purpose DC input/output port.

BZE register "0" L Q"

BZ output (P03 terminal) ‘

Fig. 4.11.3.1 Buzzer signal output timing chart

Note: Since it generates the buzzer signal that is out of synchronization with the BZE register, hazards
may at times be produced when the signal goes on/off due to the setting of the BZE register.
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4.11.4 Setting of buzzer frequency and sound level

The divided signal of the OSC1 oscillation clock (32.768 kHz) is used for the buzzer signal and it is set up
such that 8 types of frequencies can be selected by changing this division ratio. Frequency selection is
done by setting the buzzer frequency select register BZFQ0-BZFQ?2 as shown in Table 4.11.4.1.

Table 4.11.4.1 Buzzer signal frequency setting

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

The buzzer sound level is changed by controlling the duty ratio of the buzzer signal.
The duty ratio can be selected from among the 8 types shown in Table 4.11.4.2 according to the setting of
the buzzer duty select register BDTY0-BDTY2.

Table 4.11.4.2 Duty ratio setting

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

When the high level output time has been made TH and when the low level output time has been made TL
due to the ratio of the pulse width to the pulse synchronization, the duty ratio becomes TH/(TH+TL).
When BDTY0-BDTY2 have all been set to "0", the duty ratio becomes maximum and the sound level also
becomes maximum. Conversely, when BDTY0-BDTY2 have all been set to "1", the duty ratio becomes
minimum and the sound level also becomes minimum.

The duty ratio that can be set is different depending on the frequency that has been set, so see Table 4.11.4.2.

TL TH
LeveltMax) | [ | [ [ L[
Level 2 ] |_| |_| |_| I_
Level 3 L rerrr
Level 4 ] |_| |_| |_| I_
Level 5 e rr re.r
Level 6 ] |_| |_| |_| |_
Level 7 ] ﬂ ﬂ ﬂ |_
Level 8 (Min.) ] ” ” ” [

Fig. 4.11.4.1 Duty ratio of the buzzer signal waveform

Note: When a digital envelope has been added to the buzzer signal, the BDTY0-BDTY?2 settings will be
invalid due to the control of the duty ratio.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Sound Generator)

A digital envelope for duty control can be added to the buzzer signal.
The envelope can be controlled by staged changing of the same duty envelope as detailed in Table 4.11.4.2
in the preceding item from level 1 (maximum) to level 8 (minimum).
The addition of an envelope to the buzzer signal can be done by writing "1" into ENON, but when "0" has

been written it is not added.
When a buzzer signal output is begun (writing "1" into BZE) after setting ENON, the duty ratio shifts to

level 1 (maximum) and changes in stages to level 8.
When attenuated down to level 8 (minimum), it is retained at that level. The duty ratio can be returned to

maximum, by writing "1" into register ENRST during output of a envelope attached buzzer signal.
The envelope attenuation time (time for changing of the duty ratio) can be selected by the register

ENRTM. The time for a 1 stage level change is 62.5 msec (16 Hz), when "0" has been written into ENRTM

and 125 msec (8 Hz), when to "1" has been written. However, there is also a max. 4 msec error from

envelope ON, up to the first change.
Figure 4.11.5.1 shows the timing chart of the digital envelope.

BZFQ0-2
ENON
ENRST
ENRTM

BZE

BZ signal Level
duty ratio

1
2
3
4
5
6
7
8

v No change of duty level

X X

(Max.)

(Min.)

]

toil to1 —L_LL‘J_LLL‘ t11
o2+ t12+]
Ot t
105
|
gl

+0

tor  =625-4msec t11

to2-07 = 62.5 msec

13 L_“—‘

114
t1s

116+
117

+0
=125-4 msec

t12-17 = 125 msec

Fig. 4.11.5.1 Timing chart for digital envelope
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4.11.6 One-shot output

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

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

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

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

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

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

Figure 4.11.6.1 shows timing chart for one-shot output.

ase vz [ TULUUUUUUUUUUUYL

SHTPW |

BZSHT (W) I

BZSHT (R)

BZSTP 1§

BZ output [T TR

Fig. 4.11.6.1 Timing chart for one-shot output
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4.11.7 1/0 memory of sound generator
Table 4.11.7.1 shows the I/O addresses and the control bits for the sound generator.

Table 4.11.7.1 Control bits of sound generator

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
MDCKE 0 Enable | Disable | Integer multiplier clock enable
MDCKE | SGCKE | SWCKE | RTCKE
FF16H SGCKE 0 Enable | Disable | Sound generator clock enable
RW SWCKE| 0 Enable | Disable | Stopwatch timer clock enable
RTCKE 0 Enable | Disable | Clock timer clock enable
enat | enmsT | enon | Bze ENRTM 0 1sec |05 sgc Envelope releasng tllmeselectlon
FE44H ENRST#3| Reset | Reset | Invalid | Envelope reset (writing)
AW W AW ENON 0 On Off | Envelope On/Off
BZE 0 Enable | Disable | Buzzer output enable
0+3 - *2 Unused
0 BZSTP | BZSHT | SHTPW [g7g7p=3| o Stop | Invalid | 1-shot buzzer stop (writing)
FF45H BZSHT 0 Trigger | Invalid | 1-shot buzzer trigger (writing)
R w RW Busy | Ready |1-shot buzzer status (reading)
SHTPW 0 125 msec|31.25 msec| 1-shot buzzer pulse width setting
0+3 -2 Unused
o |szraz |zFat |BzFao | oo | n;uzzer (BZFQ2-0] o 1 2 3
FF46H Frequency (Hz) 4096.0 3276.8 2730.7 2340.6
A W BZFQ1| © frequency  |BZFQ2-0] 4 5 6 7
BZFQO| O selection  Frequency (Hz) 2048.0 1638.4 1365.3 1170.3
#3 — %2
0 BDTY2 | BDTY1 | BDTY0 0 Unused
BDTY2 0 . ) .
FF47H BDTY1 0 Buzzer signal duty ratio selection
R RW BDTYO 0 (refer to main manual)

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

SGCKE: Sound generator clock enable register (FF16HD2)
Controls the clock supply to the sound generator.

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

When "1" is written to SGCKE, the sound generator operating clock is supplied from the clock manager. If

it is not necessary to run the sound generator, stop the clock supply by setting SGCKE to "0" to reduce

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

BZE: Buzzer output enable register (FF44H<D0)

Controls the buzzer signal output.

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

When "1" is written to BZE, the BZ signal is output from the P03 (BZ) terminal. The I/O control register

IOCO03 and data register P03 settings are ineffective while the BZ signal is being output.
When BZE is set to "0", the P03 port is configured as a general-purpose DC input/output port.

At initial reset, this register is set to "0".
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ENON: Envelope On/Off control register (FF44H<D1)
Controls the addition of an envelope onto the buzzer signal.

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

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

ENRST: Envelope reset (FF44HD2)
Resets the envelope.

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

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

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

ENRTM: Envelope releasing time select register (FF44H+D3)
Selects the envelope releasing time that is added to the buzzer signal.

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

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

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

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

SHTPW: One-shot buzzer pulse width setting register (FF45H+DO0)
Selects the output time of the one-shot buzzer.

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

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

BZSHT: One-shot buzzer trigger/status (FF45H<D1)
Controls the one-shot buzzer output.

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

Writing "1" to BZSHT causes the one-short output circuit to operate and a buzzer signal to be output.

This output is automatically turned off after the time set by SHTPW has elapsed. The one-shot output is
only valid when the normal buzzer output is off (BZE = "0") and will be invalid when the normal buzzer
output is on (BZE = "1"). When a re-trigger is assigned during a one-shot output, the one-shot output time
set with SHTPW is measured again from that point (time extension).
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*When reading
When "1" is read: BUSY
When "0" is read: READY

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

BZSTP: One-shot buzzer stop (FF45H<D2)
Stops the one-shot buzzer output.

When "1" is written: Stop
When "0" is written: No operation
Reading: Always "0"
Writing "1" to BZSTP permits the one-shot buzzer output to be turned off prior to the elapsing of the time

set by SHTPW. Writing "0" is invalid and writing "1" is also invalid except during one-shot output.
This bit is dedicated for writing, and is always "0" for reading.

BZFQO-BZFQ2: Buzzer frequency select register (FF46H*D0-D2)
Selects the buzzer signal frequency.

Table 4.11.7.2 Buzzer signal frequency setting

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

Select the buzzer frequency from among the above 8 types that have divided the oscillation clock.
At initial reset, this register is set to "0".

BDTYO-BDTY2: Duty level select register (FF47H+D0-D2)
Selects the duty ratio of the buzzer signal as shown in Table 4.11.7.3.

Table 4.11.7.3 Duty ratio setting

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

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

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

(2) The one-shot output is only valid when the normal buzzer output is off (BZE = "0") and will be invalid
when the normal buzzer output is on (BZE = "1").
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4.12 Integer Multiplier

4.12.1 Configuration of integer multiplier

The S1C63632 has a built-in unsigned-integer multiplier. This multiplier performs 8 bits x 8 bits of
multiplication or 16 bits + 8 bits of division and returns the results and three flag states.
Figure 4.12.1.1 shows the configuration of the integer multiplier.

Data bus
Q Q O b
Clock Destination register Source register
manager High-order byte (DRH) \ Low-order byte (DRL) (SR)
System clock
) Temporary Temporary
register A register B
4
Operation
Adder 44— control
(CALMD)
Flag
(NF/VF/ZF)
\

Fig. 4.12.1.1 Configuration of the integer multiplier

4.12.2 Controlling clock manager

The integer multiplier operates with the clock supplied by the clock manager (CPU operating clock
selected by OSCC and CLKCHG). Before the integer multiplier can be run, write "1" to the MDCKE
register to supply the operating clock to the integer multiplier.

Table 4.12.2.1 Controlling integer multiplier clock

MDCKE Integer multiplier clock
1 When CLKCHG ="0": fosci (32 kHz)
When OSCC = 1", CLKCHG ="1": fosc3
0 Off

If it is not necessary to run the integer multiplier, stop the clock supply by setting MDCKE to "0" to
reduce current consumption.

4.12.3 Multiplication mode

To perform a multiplication, set the multiplier to the source register (SR) and the multiplicand to the low-
order 8 bits (DRL) of the destination register, then write "0" to the calculation mode select register
(CALMD). The multiplication takes 10 CPU clock cycles from writing "0" to CALMD until the 16-bit
product is loaded into the destination register (DRH and DRL). At the same time the result is loaded, the
operation flags (NF, VF and ZF) are updated.

The following shows the conditions that change the operation flag states and examples of multiplication.

N flag: Set when the MSB of DRH is "1" and reset when it is "0".
V flag: Always reset after a multiplication.
Z flag: Set when the 16-bit value in DRH/DRL is 0000H and reset when it is not 0000H.

<Examples of multiplication>

DRL (multiplicand) SR (multiplier) DRH/DRL (product) NF VF ZF
00H 64H 0000H 0 0 1
64H 58H 2260H 0 0 0
C8H 58H 44COH 0 0 0
C8H ASH S80ESH 1 0 0
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4.12.4 Division mode

To perform a division, set the divisor to the source register (SR) and the dividend to the destination
register (DRH and DRL), then write "1" to the calculation mode select register (CALMD). The division
takes 10 CPU clock cycles from writing "1" to CALMD until the quotient is loaded into the low-order 8
bits (DRL) of the destination register and the remainder is loaded into the high-order 8 bits (DRH) of the
destination register. At the same time the result is loaded, the operation flags (NF, VF and ZF) are up-
dated.

However, when an overflow results (if the quotient exceeds the 8-bit range), the destination register
(DRH and DRL) does not change its contents as it maintains the dividend.

The following shows the conditions that change the operation flag states and examples of division.

N flag: Set when the MSB of DRL is "1" and reset when it is "0".
V flag: Set when the quotient exceeds the 8-bit range and reset when it is within the 8-bit range.
Z flag: Set when the 8-bit value in DRL is 00H and reset when it is not 00H.

<Examples of division>

DRH/DRL (dividend) SR (divisor) DRL (quotient) DRH (remainder) NF VF ZF
1A16H 64H 42H 4EH 0 0 0
332CH 64H 83H 00H 1 0 0
0000H 58H 00H 00H 0 0 1
2468H 13H 68H 24H 1 1 0

In the example of "2468H" + "13H" shown above, DRH/DRL maintains the dividend because the quotient
overflows the 8-bit. To get the correct results when an overflow has occurred, perform the division with
two steps as shown below.

1. Divide the high-order 8 bits of the dividend (24H) by the divisor (13H) and then store the quotient
(01H) to memory.

DRH/DRL (dividend) SR (divisor) DRL (quotient) DRH (remainder) NF VF ZF
0024H 13H 01H 11H 0 0 0

2. Keep the remainder (11H) in DRH and load the low-order 8 bits of the dividend (68H) to DRL, then
perform division again.

DRH/DRL (dividend) SR (divisor) DRL (quotient) DRH (remainder) NF VF ZF

1168H 13H EAH 0AH T F 0

i

The correct result is obtained as the quotient = 01EAH (the first and second results of DRL are merged)
and the remainder = 0AH. However, since the operation flags (NF/VF/ZF) are changed in each step, they
cannot indicate the states according to the final operation results.

Note: Make sure that the division results are correct using software as the hardware does not check.
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4.12.5 Execution cycle

Both the multiplication and division take 10 CPU cycles for an operation. Therefore, before the results can
be read from the destination register DRH/DRL, wait at least 5 bus cycles after writing to CALMD. The
same applies to reading the operation flags NF/VF/ZF.

The following shows a sample program.

Il db %ext, src_data@

ldb 9%l, src_data@ ; Set RAM address for operand

ldb %ext, au@

ldb %l, au@ ; Set multiplier 1/O menory address

ldb  9%a, [%]+

ldb [%]+, %ba ; Set data to SR

ldb  9%a, [%]+

ldb [%]+, %ba ; Set data to DRL

ldb  9%a, [W]+

ldb [%]+, %ba ; Set data to DRH

I d [%], 0b0001 ; Start operation (select calculation npde)
ldb %ext, rslt_data@

ldb %I, rslt_data@ ; Set result store address

nop

nop

nop ; Dumy instructions to wait end of operation

bit [%], 0b0100

jrnz overflow ; Junp to error routine if VF = "1"
add %, -4 ; Set DRL again

' ldb  %a, [%]+
ldb [%]+, %ba ; Store result (quotient) into RAM
ldb  9%a, [%]+
ldb [%]+, %ba ; Store result (remminder) into RAM
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4.12.6 1/0 memory of integer multiplier
Table 4.12.6.1 shows the I/O addresses and the control bits for the integer multiplier.
Table 4.12.6.1 Control bits of integer multiplier

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
MDCKE 0 Enable | Disable | Integer multiplier clock enable
MDCKE | SGCKE | SWCKE | RTCKE
FE16H SGCKE 0 Enable | Disable | Sound generator clock enable
RW SWCKE| 0 Enable | Disable | Stopwatch timer clock enable
RTCKE 0 Enable | Disable | Clock timer clock enable
- 7
SR3 SR2 SR1 SRO :22 o
FF70H SAT 2 Source register (low-order 4 bits)
RW SR0 -2 JLSB
-2 7
SR7 | SR6 | SRs | Smd :EZ - Mse
FF71H SRs N Source register (high-order 4 bits)
RIW SR4 -2 B
DRL3 -2 ]
DRL3 | DRL2 | DRL1 | DRLO
FE72H DRL2 -2 Low-order 8-bit destination register
AW DRL1 -2 (low-order 4 bits)
DRLO -2 JLSB
) 7
DRL7 | DRL6 | DRL5 | DRL4 DRL7 MS8 ) _— ;
FE73H DRL6 -2 Low-order 8-bit destination register
W DRL5 -2 (high-order 4 bits)
DRL4 -2 B
DRH3 -2 B
DRH3 | DRH2 | DRH1 | DRHO
FF74H s DRH2 -2 High-order 8-bit destination register
AW DRH1 -2 (low-order 4 bits)
DRHO -2 I LSB
_2 7
DRH7 | DRH6 | DRH5 | DRH4 DRH7 M‘SB ] I ]
FE75H DRH6 -2 High-order 8-bit destination register
W DRH5 -2 (high-order 4 bits)
DRH4 -2 B
NF 0  [Negative| Positive | Negative flag
NF | VF | ZF |CALMD| yr 0 |Oveflow| No |Overflow flag
FF76H ZF 0 Zero No |Zeroflag
R Rw |CALMD 0 Run Stop | Operation status (reading)
Div. Mult. | Calculation mode selection (writing)

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

MDCKE: Integer multiplier clock enable register (FF16HD3)
Controls the operating clock supply to the integer multiplier.

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

When "1" is written to MDCKE, the integer multiplier operating clock (CPU operating clock selected by
OSCC and CLKCHG) is supplied from the clock manager. If it is not necessary to run the integer multi-
plier, stop the clock supply by setting MDCKE to "0" to reduce current consumption.

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

SRO-SR7: Source register (FF70H, FF71H)

Used to set multipliers and divisors.

Set the low-order 4 bits of data to SRO-SR3 and the high-order 4 bits to SR4-SR7.

This register maintains the latest set value until the next writing, so it is not necessary to set data for each
operation if the same multiplier and divisor is used in a series of operations.

At initial reset, this register is undefined.
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DRLO-DRL7: Destination register low-order 8 bits (FF72H, FF73H)

Used to set multiplicands and low-order 8 bits of dividends.

Set the low-order 4 bits of data to DRLO-DRL3 and the high-order 4 bits to DRL4-DRL?.

Data written to this register is loaded to the arithmetic circuit when an operation starts (by writing to
FF76HeDO0), and then a multiplication or a division is performed in 10 CPU clock cycles (5 bus cycles).
After the operation has finished, the low-order 8 bits of the product or the quotient are loaded to this
register.

However, if an overflow occurs in a division process, the quotient is not loaded and the low-order 8 bits
of the dividend remains.

At initial reset, this register is undefined.

DRHO-DRH7: Destination register high-order 8 bits (FF74H, FF75H)

Used to set high-order 8 bits of dividends.

Set the low-order 4 bits of data to DRHO-DRH3 and the high-order 4 bits to DRH4-DRH?.

At the start of a multiplication (by writing "0" to FF76HeDO0), the contents in this register are ignored.
After 10 CPU cycles (5 bus cycles) of multiplication process has finished, the high-order 8 bits of the
product are loaded in this register.

In a division process, data written to this register is loaded to the arithmetic circuit when an operation
starts (by writing "1" to FF76HeDO0), and then a division is performed in 10 CPU clock cycles (5 bus
cycles). After the operation has finished, the remainder is loaded to this register. However, if an overflow
occurs in a division process, the remainder is not loaded and the high-order 8 bits of the dividend remains.
At initial reset, this register is undefined.

CALMD: Calculation mode select register/operation status (FF76H<DO0)
Selects multiplication or division mode and starts operation.

When "1" is written: Selects/starts division
When "0" is written: Selects/starts multiplication
When "1" is read: Under operating
When "0" is read: Operation has finished

Writing to this register starts the specified operation. After that, this register is set to "1" and returns to "0"
when the multiplication or division process has finished.
At initial reset, this register is reset to "0".

ZF: Zero flag (FF76H<D1)
Indicates whether the operation result is zero or not.

When "1" is read: Zero
When "0" is read: Not zero
Writing: Invalid

ZF is a read-only bit, so writing operation is invalid.
At initial reset, this flag is set to "0".

VF: Overflow flag (FF76HD2)
Indicates whether an overflow has occurred or not in a division process.

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

When a multiplication process has finished, this flag is always set to "0".
VF is a read-only bit, so writing operation is invalid.
At initial reset, this flag is set to "0".
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NF: Negative flag (FF76H*D3)
Indicates whether the operation result is a positive value or a negative value.

When "1" is read: Negative value (MSB of the results is "1")
When "0" is read: Positive value (MSB of the results is "0")
Writing: Invalid

NF is a read-only bit, so writing operation is invalid.
At initial reset, this flag is set to "0".

4.12.7 Programming note

An operation process takes 10 CPU clock cycles (5 bus cycles) after writing to the calculation mode select
register CALMD until the operation result is set to the destination register DRH/DRL and the operation
flags. While this operation is in process, do not read /write from/to the destination register DRH/DRL
and do not read NF/VF/ZF.
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4.13 R/f Converter

4.13.1 Configuration of R/f converter

The S1C63632 has a built-in CR oscillation type R/f converter that can be used as an A/D converter.
Two systems (channel 0 and channel 1) of CR oscillation circuits are built into the R/f converter, so it is
possible to compose two types of R/f conversion circuits by connecting different sensors to each CR
oscillation circuit.

Channel 0 can be used as an R/f (Resistor/frequency) conversion circuit using a DC bias resistive sensor
such as a thermistor, and channel 1 can be used as an R/f conversion circuit the same as channel 0, or for
an AC bias resistive sensor such as a humidity sensor.

The channel to be used and sensor type for channel 1 are selected with software.

Resistance value (relative value to external reference resistance) of the resistive sensor that has been
connected to the sensor input terminal is converted into frequency by the CR oscillation circuit and the
number of clocks is counted in the built-in measurement counter. By reading the value of the measure-
ment counter, it can obtain the data after digitally-converting the value detected by the sensor.

Various sensor circuits such as temperature/humidity measurement circuits can be easily realized using
this R/f converter.

The configuration of the R/f converter is shown in Figure 4.13.1.1.

RFCKS0-RFCKS2
R/f converter Time base counter

Srsco.l gggi(';'f;m“* Clogk|01ogk (o) I 100 | TCo4 [TCO8 [TC12 |TC16 > nterrupt | Intermupt
Ircul

v manager -TCO03 |-TCO07 |-TC11 |-TC15|-TC19 OVTC control | ™ request
OSC3 oscillation—»| PN AN AN ONVaN i
circuit (fosca) A N N~ N . Time base

) Data bus counter

Programmable timer 1 M control

underflow signal easurement @ @ @ @ @ Y
counter

RFRUNF”—> Measurement |clock (fucclk) | MC00 |MC04 |MCO08 |MC12 |MC16

RFRUNS

-

— counter control | -Mc03|-MC07|-MC11|-MC15|-MC19 > OVMC
A A f Measurement counter
Ch. 0 oscillation control circuit |« Chanqel . » Ch. 1 oscillation control circuit
control circuit

QX =g Vbbb

Vss Vss
O

RFOUT RFINO SENO  REFO RFIN1 HUD SEN1 REF1
(PO3) (P00) (P0O2) (PO1)

=
rm

Fig. 4.13.1.1 Configuration of R/f converter
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4.13.2 Controlling clock manager

The R/f converter uses the clock supplied from the clock manager as its operating clock and the count
clock for the time base counter. The clock manager generates six R/f converter clocks by dividing the
OSC1 and OSC3 clocks. The R/f converter clock can be selected from seven types (the above six clocks
and the programmable timer 1 output clock). Use the RFECKSO-RFCKS?2 register to select one of them as
shown in Table 4.13.2.1.

Table 4.13.2.1 R/f converter clock frequencies

RFCKS2 | RFCKS1 | RFCKS0 R/f converter clock
1 1 1 fosca/ 4
1 1 0 fosca/ 2
1 0 1 fosca/ 1
1 0 0 Programmable timer 1
0 1 1 fosc1/ 4 (8 kHz)
0 1 0 fosc1/ 2 (16 kHz)
0 0 1 fosci/1(32kHz)
0 0 0 Off

fosci: OSC1 oscillation frequency. ( ) indicates the frequency when fosc1 = 32 kHz.
fosca: OSC3 oscillation frequency

When programmable timer 1 is selected, the programmable timer 1 underflow signal is divided by 2
before it is used as the R/f converter clock. In this case, the programmable timer must be controlled
before operating the serial interface. Refer to Section 4.9, "Programmable Timer" for controlling the
programmable timer.

If it is not necessary to run the R/f converter, stop the clock supply by setting RFCKSO-RFCKS2 to "000B"
to reduce current consumption.

4.13.3 Connection terminals and CR oscillation circuit

The R/f converter channel 0 input/output terminals and the RFOUT output terminal are shared with the
1/0 port (P00-P03), and the terminal functions must be switched with software when using these termi-
nals for the R/f converter.

By setting the ERFO-ERF1 register to other than "00B", P00, P01 and P02 are configured as the RFINO,
REF0 and SENO terminals, respectively.

The RFOUT output through the P03 port is effective when "1" is written to the RFOUT register. When the
RFOUT register is "0", P03 is used as an I/O port.

The table below lists the correspondence between the P00 to P03 terminals and the R/f converter input/
output.

Table 4.13.3.1 Setting input/output terminal functions

Terminal name | R/f converter input/output
POO RFINO
PO1 REFO
P02 SENO
P03 RFOUT

Note: At initial reset, POO to PO3 are configured as the I/O ports.
When using the R/f converter channel 0, switch the terminal functions (ERFO-ERF1 = "01B",
RFOUT = "1") in the initialize routine.
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Two systems of CR oscillation circuits, channel 0 and channel 1, are built into the R/f converter and
perform CR oscillation with the external resistor and capacitor.

The counter that is used to obtain R/f converted values is shared with channel 0 and channel 1. There-
fore, operation for two channels is realized by switching the CR oscillation circuit that performs R/f
conversion. The channel to perform R/f conversion and the sensor type should be selected using the
ERFO-ERF1 register in advance.

Table 4.13.3.2 Selecting channel and sensor type

ERF1 ERFO Channel and sensor type
1 1 Ch.1DC
1 0 Ch.1AC
0 1 Ch.oDC
0 0 1/10

DC: R/f conversion using a DC bias resistive sensor such as a thermistor
AC: R/f conversion using an AC bias resistive sensor such as a humidity sensor

(1) R/f conversion using a DC bias resistive sensor such as a thermistor
Channel 0 supports this conversion method only, and channel 1 is selected into this method by setting
ERFx to "11B". This method should be selected for R/f conversion using a normal resistive sensor (DC
bias), such as temperature measurement using a thermistor. At initial reset, channel 1 is set into this
conversion method.
Figure 4.13.3.1 shows the connection diagram of external elements.

HUD ;) Open
SENO SEN1
(P02) RsEN RsEN
REFO REF1
PO1
( ) RREF RREF
RFINO RFIN1
(P0O0) -l—CF*FC -l—CRFC RSEN: Resistive sensor (e.g. thermistor)
RREeF: Reference resistor
_ Channel 0 | Vss _ Channel1 | Vss Crrc: Oscillating capacitor

Fig. 4.13.3.1 Connection diagramin case of R/f conversion

CR oscillation waveforms are shaped by the schmitt trigger and sent to the measurement counter. The
clock sent to the measurement counter is also output from the RFOUT terminal while the sensor is
oscillating. As a result, the oscillation frequency can be measured by an oscilloscope or other equip-
ment. Since this monitor has no effect on oscillation frequency, it can be used to adjust R/f conversion
accuracy.

Oscillation waveforms and waveforms output from the RFOUT terminal are shown in Figure 4.13.3.2.

-VbD
RFINO/1 terminal AV VAV

-Vss
RFOUT output - Vo
(Measurement counter clock) |_| |_| |_| |_| |_| -Vss

Fig. 4.13.3.2 Oscillation waveform
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(2) R/f conversion using an AC bias resistive sensor such as a humidity sensor

This conversion is possible only in channel 1, and this method is selected by setting ERFx to "10B".
This is basically the same as the R/f conversion described above (1), but the AC bias circuit works for
a sensor (e.g. humidity sensor) to which DC bias cannot be applied for a long time. The oscillating
operation by reference resistance is the same as the R/f conversion described above (1).

Figure 4.13.3.3 shows the connection diagram of external devices.

HUD
RsEN
SENA1
REF1
RREF
RFIN1
CRFC  Rsen: Resistive sensor (e.g. humidity sensor)
Channel 1 T RREer: Reference resistor
_ Vss Crrc: Oscillating capacitor

Fig. 4.13.3.3 Connection diagram of resistive humidity sensor

The oscillation waveform is the same as Figure 4.13.3.2.

4.13.4 Operation of R/f conversion

Counter

The R/f converter incorporates two types of counters: measurement counter MCxx and time base
counter TCxx. The measurement counter is a 20-bit up counter that counts the CR oscillation clock
with the reference resistance or sensor selected by software. The R/f conversion results can be ob-
tained by reading this counter. The time base counter is a 20-bit up/down counter to equal both
oscillation times for the reference resistance and the sensor. The time base counter uses the R/f
converter clock selected by the RFCKSx register (OSC1 or OSC3). Each counter permits reading and
writing on a 4-bit basis.

First start an R/f conversion for the reference resistance. The measurement counter starts counting up
and the time base counter starts counting down. The counters stop counting when the measurement
counter overflows (counter = "00000H"). By resetting the time base counter to "00000H" before starting
an R/f conversion for the reference resistance, the reference oscillation time will be obtained from the
time base counter.

Then start an R/f conversion for the sensor, the measurement counter starts counting up from
"00000H" and the time base counter starts counting up from the counted value. The counters stop
counting when the time base counter overflows (counter = "00000H"). The oscillation time in this
phase is the same as that of the reference resistance.

Therefore, by converting a appropriate initial value for counting of the oscillation of the reference
resistance into a complement (value subtracted from "00000H") and setting it into the measurement
counter before starting to count, the number of counts for the sensor oscillation is obtained by reading
the measurement counter after the R/f conversion. In other words, the difference between the refer-
ence resistance and sensor oscillation frequencies can be found easily. For instance, if resistance values
of the reference resistance and the sensor are equivalent, the same value as the initial value before
converting into a complement will be obtained as the result.

The time base counter allows reading of the counter value and presetting of data. By saving the
counter value after the reference oscillation has completed into the RAM, the subsequent reference
oscillation phase can be omitted. The sensor oscillation can be started after setting the saved value to
the time base counter and "00000H" to the measurement counter.

Note: When setting the measurement counter, always write 5 words of data continuously in order from

the lower address (FF62H — FF63H - FF64H - FF65H — FF66H). Furthermore, an LD instruc-
tion should be used for writing data to the measurement counter and a read-modify-write instruc-
tion (AND, OR, ADD, SUB, etc.) cannot be used.
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R/f conversion sequence
An R/f conversion for the reference resistance starts by writing "1" to the RFRUNR register.
However, an initial value must be set to the measurement counter and the time base counter must be
cleared to "00000H" before starting the R/f conversion.
When R/f conversion is initiated by the RFRUNR register, oscillation by the reference resistance
begins, and the measurement counter starts counting up from the initial value by the oscillation clock.
The time base counter also starts counting down by the OSC1 clock.
If the measurement counter becomes "00000H" due to overflow, the oscillation is terminated. At the
same time an interrupt occurs and the RFRUNR register is set to "0", and the R/f converter circuit
stops operation completely.
The time base counter value should be saved into the RAM for R/f conversion of the sensor.
Figure 4.13.4.1 shows a timing chart for the reference oscillation.

R/f converter clock \\

RFRUNR register
RFINO/1 1
Time base counter clock 1 Cl
. —» Time base counter starts counting (count-down)
Time base counter o000oH|FrrrFHFFFrEHFFFFOHFFFFCHFFFFBH] ) s [ 2 Jxet J x
Measurement counter clock | m B \ B B

(RFOUT OUtPUt) —» Measurement counter starts counting

Measurement counter D T T i FFFFFH_ ) 00000H
}» Starts measurement of reference resistance

. . . . flmerrupt is generated
: Initial setting value (complement) for counting of reference resistance

Fig. 4.13.4.1 Reference oscillation timing chart

An R/f conversion for the sensor starts by writing "1" to the RFRUNS register. When performing this
sensor oscillation after an reference oscillation has completed, it is not necessary to set initial values to
the counters. If converting the sensor resistance independently, the measurement counter must be set
to "00000H" and the time base counter must be set to the value measured at the time of a reference
oscillation. When R/f conversion is initiated by the RFRUNS register, oscillation by the sensor begins,
and the measurement counter starts counting up from "00000H" by the oscillation clock. The time base
counter also starts counting up by the input clock. If the time base counter becomes "00000H", the
oscillation is terminated. At the same time an interrupt occurs and the RFRUNS register is set to "0",
and the R/f converter circuit stops operation completely.

Figure 4.13.4.2 shows a timing chart for the sensor oscillation.

R/f converter clock

RFRUNS register
RFINO/1
Time base counter clock

Time base counter
Measurement counter clock

(RFOUT output) —» Measurement counter starts countin
Measurement counter OOOOOHX 00001H X 00002H
H Starts measurement of sensor

Time u Interrupt is generated
*: Number of counts during sensor oscillation P ? ? ptisg

Fig. 4.13.4.2 Sensor oscillation timing chart

By the above operation, the sensor is oscillated for the same period of time as the reference resistance
is oscillated. Therefore, the difference in oscillation frequency can be measured from the values
counted by the measurement counter.
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Since the reference resistance is oscillated until the measurement counter overflows, an appropriate
initial value needs to be set before R/f conversion is started. If a smaller initial value is set, a longer
counting period is possible, thereby ensuring more accurate detection. Convert the initial value into a
complement (value subtracted from "00000H") before setting it on the measurement counter. Since the
data output from the measurement counter after R/f conversion matches data detected by the sensor,
process the difference between that value and the initial value before it is converted into a comple-
ment according to the program and calculate the target value.

The above operations are shown in Figure 4.13.4.3.

Setting by software Measurement counter Time base counter
Reference oscillation (MC) (TC) Set the complement of the initial
(1) Set theinitial value  00000H-n —» |(00000H-n)| 00000H —»| 00000H value n on the measurement counter.
_ Set "00000H" on the time base counter.

(2) Start reference oscillation
v v

(Set RFRUNR to "1") Oscillation by

:] reference resistance
v v
The CR oscillation stops when
I] I] the measurement counter overflows

¢ ¢ and an interrupt occurs. Save the TC value
into the memory.

Sensor oscillation

S Set "00000H" on the measurement counter.
(1) Set thenitial value  (00000H) [ 0 | x) > (sa  on thetime base counter)

(2) Start sensor oscillation
v v

(Set RFRUNSt0 "1") Oscillation by
] Gl
When the value of the time base
00000H counter reaches "00000H",
oscillation and counting stop,
(3) Read the measurement counter and process the m - n value by the program and an interrupt occurs.

Fig. 4.13.4.3 Sequence of R/f conversion

Note: Set the initial value of the measurement counter taking into account the measurable range and the
overflow of counters.

4.13.5 Interrupt function

The R/f converter has a function which allows interrupt to occur when an R/f conversion has completed
or an error has occurred.

When the measurement counter reaches "00000H" during counting of the reference oscillation, both counters
stop counting and RFRUNR is set to "0". At the same time, the interrupt factor flag IRFR is set to "1".

When the time base counter reaches "00000H" during counting of the sensor oscillation, both counters
stop counting and RFRUNS is set to "0". At the same time, the interrupt factor flag IRFS is set to "1".

If the measurement counter overflows during counting of the sensor oscillation, both counters stop
counting and RFRUNS is set to "0". In this case, the interrupt factor flag IRFE is set to "1". At the same time,
the OVMC flag is also set to 1.

If the time base counter overflows during counting of the reference oscillation, both counters stop
counting and RFRUNR is set to "0". In this case, the interrupt factor flag IRFE is set to "1". At the same
time, the OVTC flag is also set to 1.

These interrupt factors allow masking by the interrupt mask registers EIRFR, EIRFS and EIRFE, and an
interrupt is generated to the CPU when these registers are set to "1". When the mask register is set to "0",
an interrupt is not generated to the CPU even if the interrupt factor flag is set to "1". The interrupt factor
flag is reset to "0" by writing "1".

Timing of interrupt by the R/f converter is shown in Figures 4.13.5.1 to 4.13.5.4.
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R/f converter clock

RFRUNR register

Count-down

Time base counter

Measurement counter clock

Measurement counter

Oscillation by reference resistance

IRFR

Interrupt request 4
Fig. 4.13.5.1 Reference oscillate completion interrupt

R/f converter clock

RFRUNS register
Count-up
Time base counter

Measurement counter clock

Measurement counter

Oscillation by sensor resistance

IRFS

Interrupt request 4
Fig. 4.13.5.2 Sensor oscillate completion interrupt

R/f converter clock \\

RFRUNS register

Count-up

Time base counter

Measurement counter clock

Overflow
\ FrrFOH) FFFFEHFFFFFH) 0

Measurement counter

Oscillation by sensor resistance

IRFE, OVMC

Interrupt request 4
Fig. 4.13.5.3 Error interrupt due to measurement counter overflow

R/f converter clock

RFRUNR register

Overflow

Time base counter

Measurement counter clock

Measurement counter BEERETRET [\ | [ m2 Y m1 ) mzo) ) undefined
Oscillation by reference resistance

IRFE, OVTC

Interrupt request 4

Fig. 4.13.5.4 Error interrupt due to time base counter overflow

Note: When an error interrupt occurs, reset the overflow flag (OVMC or OVTC) by writing "1". The same
error interrupt will occur again if the overflow flag is not reset.
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4.13.6 Continuous oscillation function

By setting the RFCNT register to "1", the reference oscillation or sensor oscillation can be continued even
if the stop condition has been met. This function with RFOUT enabled allows easy measurement of the

CR oscillation frequency.

Note: An interrupt will occur when an interrupt condition has been met even if RFCNT is set to "1".

4.13.7 1/0 memory of R/f converter
Table 4.13.7.1 shows the /O addresses and the control bits for the R/f converter.

Table 4.13.7.1(a) Control bits of R/f converter

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
General 0 1 0 General-purpose register
General |RFCKS2|RFCKS1[RFCKSO
RFCKS2 0 RIf converter [RFCKS2-0] O 1 2 3
FF15H ook { Frequency Off  fosci foscy2 fosci/4
RFCKS1 clock frequen
RIW CKS 0 selecti(f: Cy[RFCKSZ—O] 4 5 6 7
RFCKSO| 0 Freguency PT1  foscs fosca/2 foscald
RFCNT 0  [Continue| Normal | Continuous oscillation enable
RFCNT| RFOUT| ERF | ERFO RFOUT| 0 Enable | Disable | RFOUT enable
FF60H
ERF1 0 conversion [ERF1, Q] 0 1 2 3
RW erio | o oo™ Rif converson 1/0° ChODC Ch.IAC Ch1DC
ovc | ovme lsrrunalRFRUNS OVTC 0  |Overflow| Non-ov | Time base counter overflow flag
FE61H OVMC 0  [Overflow| Non-ov | Measurement counter overflow flag
W RFRUNR| 0 Run Stop | Reference oscillation Run control/status
RFRUNS| 0 Run Stop | Sensor oscillation Run control/status
.y 7
MC3 | MC2 | MC1 MCo mgg )
FF62H MG 2 Measurement counter MCO-MC3
RIW MCO -2 JLSB
MC7 -2 ]
MC7 | MC6 | MC5 | MC4 Mg " o
FF63H MC5 @ Measurement counter MC4-MC7
RIW MC4 -2 a
_2 7
MC11 | MC10 | MC9 | MC8 mg; I
FF64H MC9 o Measurement counter MC8-MC11
RW MC8 -2 B
.y 7
MC15 | MC14 | MC13 | MC12 mgli 2
FF65H MC13 o Measurement counter MC12-MC15
RIW MC12 -2 B
MC1 -2 ™
MC19 | MC18 | MC17 | MC16 M&Z o B
FF66H MC17 o Measurement counter MC16-MC19
RIW MC16 -2 B
_r2 7
TC3 TC2 TCH TCO Igg @
FF67H 1 2 Time base counter TCO-TC3
RIW TCO -2 B
.y 7
TC7 TC6 TC5 TC4 Ig; 2
FF68H 1C5 o Time base counter TC4-TC7
RIW TC4 -2 B
.y 7
TC11 | TC10 | TC9 TC8 121(1) o
FF69H 09 o Time base counter TC8-TC11
RIW TC8 -2 J

*1 Initial value at initial reset

*2 Not set in the circuit
*3 Constantly "0" when being read
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Table 4.13.7.1(b) Control bits of R/f converter

Register
Address - Comment
D3 D2 D1 DO | Name | Init (1 1 0
_2 7
TC15 | TC14 | TC13 | TC12 Ig:i o
FF6AH TC13 o Time base counter TC12-TC15
RIW TC12 -2 B
) 7
TC19 | TC18 | TC17 | TC16 Teis MSB
TC18 -2 ]
FF6BH TC17 o Time base counter TC16-TC19
RIW TC16 -2 B
General 0 1 0 Genera -purpose register

|| EIRFE | EIRFR | EIRF
Genera S EIRFE 0 Enable | Mask | Interrupt mask register (R/f converter error)

FFE1H
AW EIRFR 0 Enable | Mask | Interrupt mask register (R/f converter reference oscillate completion)
EIRFS 0 Enable | Mask | Interrupt mask register (R/f converter sensor oscillate completion)
] -2 R R Unused
o | mee| mer | mes | © R) | R U
FEF1H IRFE 0 | Yes | No |[Interruptfactor flag (R/f converter error)
R W IRFR 0 (W) (W) | Interrupt factor flag (R/f converter reference oscillate completion)
IRFS 0 Reset | Invalid | Interrupt factor flag (R/f converter sensor oscillate compl etion)
*1 Initial value at initial reset *3 Constantly "0" when being read

*2 Not set in the circuit

RFCKS0-RFCKS2: R/f converter clock frequency select register (FF15H-D0-D2)
Selects the R/f converter clock frequency.

Table 4.13.7.2 R/f converter clock frequencies

RFCKS2 | RFCKS1 | RFCKSO R/f converter clock
1 1 1 fosca/ 4
1 1 0 fosca/ 2
1 0 1 fosca/ 1
1 0 0 Programmable timer 1
0 1 1 fosc1/ 4 (8 kHz)
0 1 0 fosci/ 2 (16 kHz)
0 0 1 fosc1/1 (32 kHz)
0 0 0 Off

fosc1: OSC1 oscillation frequency. ( ) indicates the frequency when fosci = 32 kHz.
fosca: OSC3 oscillation frequency

When programmable timer 1 is selected, the programmable timer 1 underflow signal is divided by 2
before it is used as the R/f converter clock. In this case, the programmable timer must be controlled
before operating the serial interface. Refer to Section 4.8, "Programmable Timer" for controlling the
programmable timer.

If it is not necessary to run the R/f converter, stop the clock supply by setting this register to "000B" to
reduce current consumption.

At initial reset, this register is set to "000B".

ERFO, ERF1: R/f conversion select register (FF60H*D0-D1)
Selects the channel and sensor type to perform R/f conversion.

Table 4.13.7.3 Selecting channel and sensor type

ERF1 ERFO Channel and sensor type
1 1 Ch.1DC
1 0 Ch.1AC
0 1 Ch.oDC
0 0 1/10

DC: R/f conversion using a DC bias resistive sensor such as a thermistor

AC: R/f conversion using an AC bias resistive sensor such as a humidity sensor

The R/f converter channel 0 input/output terminals are shared with the I/O port (P00-P02). By setting
this register to other than "00B", P00, P01 and P02 are configured as the RFINO, REF0O and SENO terminals,
respectively.

At initial reset, this register is set to "00B".
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RFOUT: RFOUT enable register (FF60H+D2)
Enables RFOUT output from the P03 port.

When "1" is written: Enabled (RFOUT)
When "0" is written: Disabled (I/O port)
Reading: Valid

When using the RFOUT output, write "1" to RFOUT to set P03 as the RFOUT output port.
At initial reset, this register is set to "0".

RFCNT: Continuous oscillation enable register (FF60HD3)
Enables the R/f converter to oscillate continuously.

When "1" is written: Continuous oscillation
When "0" is written: Normal oscillation
Reading: Valid

By writing "1" to RFECNT, the reference oscillation or sensor oscillation can be continued even if the stop
condition has been met. This function with RFOUT enabled allows easy measurement of the CR oscilla-
tion frequency.

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

RFRUNS: Sensor oscillation RUN control/status (FF61H<D0)
Starts R/f conversion for the sensor and indicates the operating (RUN/STOP) status.

When "1" is written: R/f conversion starts
When "0" is written: No operation

When "1" is read: RUN status
When "0" is read: STOP status

Writing "1" to RFRUNS starts an R/f conversion for the sensor. The register is held at "1" while the R/f
conversion is being processed and is set to "0" when the R/f conversion has completed. Writing "0"
during an R/f conversion stops the CR oscillation.

When the channel 1 sensor type (AC bias and DC bias) is changed by ERFO-ERF1 during sensor oscilla-
tion, RFRUNS is not reset. In this case, reset RFRUNS by writing "0".

If RFRUNS and RFRUNR are set to "1" simultaneously, RFRUNR is effective.

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

RFRUNR: Reference oscillation RUN control/status (FF61HD1)
Starts R/f conversion for the reference resistance and indicates the operating (RUN/STOP) status.

When "1" is written: R/f conversion starts
When "0" is written: No operation

When "1" is read: RUN status
When "0" is read: STOP status

Writing "1" to RFRUNR starts an R/f conversion for the reference resistance. The register is held at "1"
while the R/f conversion is being processed and is set to "0" when the R/f conversion has completed.
Writing "0" during an R/f conversion stops the CR oscillation.

When the channel 1 sensor type (AC bias and DC bias) is changed by ERFO-ERF1 during reference
oscillation, RFRUNR is not reset. In this case, reset RFRUNR by writing "0". RFRUNR is reset when the
channel for R/f conversion is changed.

If RFRUNS and RFRUNR are set to "1" simultaneously, RFRUNR is effective.

At initial reset, this register is set to "0".
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OVMC: Measurement counter overflow flag (FF61HD2)
Indicates whether the measurement counter has overflown.

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

When "1" is written: Flag reset
When "0" is written: No operation

If an overflow occurs while counting the oscillation of the sensor, OVMC is set to "1" and an error inter-
rupt occurs at the same time.

This flag is reset by writing "1" or starting R/f conversion.

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

OVTC: Time base counter overflow flag (FF61H*D3)
Indicates whether the time base counter has overflown.

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

When "1" is written: Flag reset
When "0" is written: No operation

If an overflow occurs while counting the oscillation of the reference resistance, OVTC is set to "1" and an
error interrupt occurs at the same time.

This flag is reset by writing "1" or starting R/f conversion.

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

MCO0-MC19: Measurement counter (FF62H-FF66H)

The measurement counter counts up according to the CR oscillation clock. It permits writing and reading
on a 4-bit basis.

The complement of the number of clocks to be counted by the oscillation of the reference resistance must
be entered in this counter prior to reference oscillation. When the counter reaches "00000H" due to
overflow, the oscillation of the reference resistance stops. When converting a sensor oscillation, "00000H"
must be set in this register (it is unnecessary when it is done immediately after a reference oscillation has
completed). The sensor oscillation and measurement counter stop when the time base counter overflows.
Number of clocks counted by the sensor oscillation can be evaluated from the value indicated by the
counter when it stops. Calculate the target value by processing the above counted number according to
the program. Measurable range and the overflow of the counter must be taken into account when setting
an initial value to be entered prior to R/f conversion.

At initial reset, this counter is undefined.

TCO-TC19: Time base counter (FF67H-FF6BH)

Writing and reading is possible on a 4-bit basis by the time base counter that is used to adjust the CR
oscillation time between the reference resistance and the sensor.

The time base counter counts down during oscillation of the reference resistance and counts up to
"00000H" during oscillation of the sensor.

"00000H" needs to be entered in the counter prior to a reference oscillation in order to adjust the CR
oscillating time (number of clocks) of both counts. The counter value after a reference oscillation has
completed should be read from this register and save it in the memory. The saved value should be set in
this counter before starting a sensor oscillation.

At initial reset, this counter is undefined.

Note: When setting the measurement counter or time base counter, always write 5 words of data con-
tinuously in order from the lower address (FF62H - FF63H - FF64H - FF65H - FF66H, FF67H
- FF68H - FF69H - FF6AH — FF6BH). Furthermore, an LD instruction should be used for
writing data to the measurement counter and a read-modify-write instruction (AND, OR, ADD,
SUB, etc.) cannot be used. If data other than low-order 4 bits is written, the counter cannot be set
to the desired value.
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EIRFS, EIRFR, EIRFE: Interrupt mask registers (FFE1HsD0-D2)
Selects whether to mask interrupt with the R/f converter.

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

EIRFS, EIRFR and EIRFE are the interrupt mask registers for the sensor oscillate completion interrupt,
reference oscillate completion interrupt and error interrupt. The R/f converter interrupt is permitted
when "1" is written to the interrupt mask register. When "0" is written, interrupt is masked.

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

IRFS, IRFR, IRFE: Interrupt factor flags (FFF1H*D0-D2)
These flags indicate the status of the R/f converter 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

IRFR is set to "1" when an R/f conversion for the reference resistor is completed.

IRFS is set to "1" when an R/f conversion for the sensor is completed.

IRFE is set to "1" when the time base counter overflows during reference oscillation or when the measure-
ment counter overflows during sensor oscillation.

From the status of these flags, the software can decide whether an R/f converter interrupt has occurred.
Further this flag is set in the above timing regardless of the interrupt mask register setting (except for
debug mode). These flags are 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.

After an initial reset, these flags are set to "0".

4.13.8 Programming notes

(1) When an error interrupt occurs, reset the overflow flag (OVMC or OVTC) by writing "1". The same
error interrupt will occur again if the overflow flag is not reset.

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

(3) When setting the measurement counter or time base counter, always write 5 words of data continu-
ously in order from the lower address (FF62H - FF63H - FF64H - FF65H - FF66H, FF67H —
FF68H — FF69H — FF6AH - FF6BH). Furthermore, an LD instruction should be used for writing
data to the measurement counter and a read-modify-write instruction (AND, OR, ADD, SUB, etc.)
cannot be used. If data other than low-order 4 bits is written, the counter cannot be set to the desired
value.
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4.14 SVD (Supply Voltage Detection) Circuit

4.14.1 Configuration of SVD circuit

The S1C63632 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 4.14.1.1 shows the configuration of the SVD circuit.

f VoD

SVD circuit Detection output | SVDDT
‘ | 3
0
\ SVDON <«—» o
©
(@)
Vss | criteria voltage SV?S2
setting circuit SVDSO

Fig. 4.14.1.1 Configuration of SVD circuit

4.14.2 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 selected from 16 types shown in Table 4.14.2.1 using the SVDS3-SVDS0
register.

Table 4.14.2.1 Criteria voltage

SVDS3|SVDS2|SVDS1|SVDSO0|Criteria voltage (V)
1 1 1 1 3.2
1 1 1 0 31
1 1 0 1 3.0
1 1 0 0 29
1 0 1 1 2.8
1 0 1 0 2.7
1 0 0 1 2.6
1 0 0 0 25
0 1 1 1 24
0 1 1 0 23
0 1 0 1 22
0 1 0 0 21
0 0 1 1 20
0 0 1 0 19
0 0 0 1 18
0 0 0 0 1.6

When the SVDON register is set to "1", supply 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 500 psec. So, to obtain the SVD
detection result, follow the programming sequence below.

1. Set SVDON to "1"

2. Maintain for 500 psec 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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4.14.3 1/0 memory of SVD circuit
Table 4.14.3.1 shows the I/O addresses and the control bits for the SVD circuit.
Table 4.14.3.1 Control bits of SVD circuit

Register
Address - Comment
D3 D2 D1 DO | Name | Init 1 1 0
svDs3| o SVD criteria voltage setting
SVDS3 | SVDS2 | SVDS1 | SVDS0 SVDS? 0 [SVDS3-0] 0 1 2 3 4 5 6 7
FFO4H Voltage (V) 16 18 19 20 21 22 23 24
RW SvDSt| 0 [SVDS3-0] 8 9 10 11 12 13 14 15
SVDS0 0 Voltage (V) 25 26 27 28 29 30 31 32
3 %2
0 o |svoor|svoon| 07 ) Unused
FFOSH e Unused
R AW SVDDT 0 Low | Normal | SVD evauation 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 4.14.2.1.
At initial reset, this register is set to "0".

SVDON: SVD circuit 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 SVDON 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 500 psec.
At initial reset, this register is set to "0".

SVDDT: SVD evaluation data (FFO5HD1)
This is the result of supply voltage detection.

When "0" is read: Supply voltage (VDD-VSsS) > Criteria voltage
When "1"is read: Supply voltage (VDD-VSsS) < 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".

4.14.4 Programming notes

(1) To obtain a stable detection result, the SVD circuit must be on for at least 500 psec. So, to obtain the
SVD detection result, follow the programming sequence below.

1. Set SVDON to "1"

2. Maintain for 500 psec minimum
3. Set SVDON to "0"

4. Read SVDDT

(2) The SVD circuit should normally be turned off because SVD operation increase current consumption.
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4.15 Interrupt and HALT/SLEEP

<Interrupt types>
The S1C63632 provides the following interrupt functions.

External interrupt: « Key input interrupt (8 systems)
Internal interrupt: « Watchdog timer interrupt (NMI, 1 system)
* Programmable timer interrupt (16 systems)
« Serial interface interrupt (1 system)
« Clock timer interrupt (8 systems)
 Stopwatch timer interrupt (4 systems)
 R/f converter interrupt (3 systems)

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

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

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

Figure 4.15.1 shows the configuration of the interrupt circuit.

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

<HALT/SLEEP>

The S1C63632 has the 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 NML

When the CPU enters SLEEP status as the result of the SLP instruction, the CPU stops its operation and
the OSC1 and OSCS3 oscillation circuits are also stop.

Reactivating from SLEEP status can only be done by generation of a key input interrupt request from a
P1x or P4x port. Therefore, set the following flag and the registers for the I/O port to be used to cancel

SLEEP status before executing the SLP instruction.

e Interrupt flag (I flag) = "1" (interrupts are enabled)

¢ Interrupt select register SIPxx = "1" (the Pxx I/O port interrupt is selected)

¢ Interrupt mask register EIKxx = "1" (the Pxx I/O port interrupt is enabled)

* Noise rejector select register NRSPxx = "00" (noise rejector is bypassed)

When SLEEP status is canceled by an I/O port 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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Watchdog timer NMI request

Interrupt Program
vector counter
generation (low-order 4 bits)
circuit
INT

.

Interrupt request

Interrupt flag

D SLEEP cancellation

@ Interrupt factor flag
[ interrupt mask register

nterrupt select register

Fig. 4.15.1 Configuration of the interrupt circuit
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4.15.1 Interrupt factor

Table 4.15.1.1 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" (EI)

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.

Table4.15.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
R/f converter (error) IRFE (FFF1HeD2)
R/f converter (end of reference conversion) IRFR (FFF1H-D1)
R/f converter (end of sensor conversion) IRFS (FFF1H<DO)
Programmable timer O (underflow) IPTO (FFF2H<D1)
Programmable timer 0 (compare match) ICTCO (FFF2H+DO0)
Programmable timer 1 (underflow) IPT1 (FFF3H<D1)
Programmable timer 1 (compare match) ICTC1 (FFF3H+DO)
Programmable timer 2 (underflow) IPT2 (FFF4H-D1)
Programmable timer 2 (compare match) ICTC2 (FFF4H+DO)
Programmable timer 3 (underflow) IPT3 (FFF5H<D1)
Programmable timer 3 (compare match) ICTC3 (FFF5H+DO0)
Programmable timer 4 (underflow) IPT4 (FFF6H<D1)
Programmable timer 4 (compare match) ICTC4 (FFF6H+DO0)
Programmable timer 5 (underflow) IPT5 (FFF7H-D1)
Programmable timer 5 (compare match) ICTC5 (FFF7H+DO)
Programmable timer 6 (underflow) IPT6 (FFF8H<D1)
Programmable timer 6 (compare match) ICTC6 (FFF8H+DO0)
Programmable timer 7 (underflow) IPT7 (FFF9H<D1)
Programmable timer 7 (compare match) ICTC7 (FFF9H+DO)
Serial interface (8-bit data input/output completion) ISIF (FFFAH<DO0)
Key input interrupt <P13> IKO3 (FFFBH-D3)
Key input interrupt <P12> IKO2 (FFFBH<D2)
Key input interrupt <P11> IKO1 (FFFBH-D1)
Key input interrupt <P10> IK0O (FFFBH-DO)
Key input interrupt <P43> IK13 (FFFCH-D3)
Key input interrupt <P42> IK12 (FFFCH-D2)
Key input interrupt <P41> IK11 (FFFCH-D1)
Key input interrupt <P40> IK10 (FFFCH-DO0)
Stopwatch timer (Direct RUN) IRUN (FFFDH<D3)
Stopwatch timer (Direct LAP) ILAP (FFFDH<D2)
Stopwatch timer (1 Hz) ISW1 (FFFDH<D1)
Stopwatch timer (10 Hz) ISW10 (FFFDH<DO0)
Clock timer 16 Hz (falling edge) IT3 (FFFEH<D3)
Clock timer 32 Hz (falling edge) IT2 (FFFEH<D2)
Clock timer 64 Hz (falling edge) IT1 (FFFEH-D1)
Clock timer 128 Hz (falling edge) ITO (FFFEH<DO)
Clock timer 1 Hz (falling edge) IT7 (FFFFH<D3)
Clock timer 2 Hz (falling edge) IT6 (FFFFH<D2)
Clock timer 4 Hz (falling edge) IT5 (FFFFHD1)
Clock timer 8 Hz (falling edge) T4 (FFFFH<DO)

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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4.15.2 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 reset to "0".
Table 4.15.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.15.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EIRFE (FFE1H-D2) [IRFE (FFF1H<D2)
EIRFR (FFE1H-D1) [IRFR (FFF1H<D1)
EIRFS (FFE1H<DO) |IRFS (FFF1H<DO)
EIPTO (FFE2H-D1) [IPTO (FFF2H<D1)
EICTCO (FFE2H-D0O) [ICTCO (FFF2H<D0)
EIPT1 (FFE3HeD1) |IPT1 (FFF3H<D1)
EICTC1 (FFE3H-D0) |[ICTC1 (FFF3H+DO0)
EIPT2 (FFE4H-D1) [IPT2 (FFF4H<D1)
EICTC2 (FFE4H<DO) |ICTC2 (FFF4H<DO)
EIPT3 (FFE5HeD1) [IPT3 (FFF5H<D1)
EICTC3 (FFE5H-D0O) [ICTC3 (FFF5H<DO0)
EIPT4 (FFE6GH.D1) |IPT4 (FFF6H<D1)
EICTC4 (FFE6H-D0O) |[ICTC4 (FFF6H<DO0)
EIPT5 (FFE7THeD1) [IPT5 (FFF7H<D1)
EICTC5 (FFE7H<DO) |ICTC5 (FFF7H<DO)
EIPT6 (FFE8H-D1) [IPT6 (FFF8H<D1)
EICTC6 (FFE8H-D0O) |[ICTC6 (FFF8H<DO0)
EIPT7 (FFESHD1) |IPT7 (FFF9H<D1)
EICTC7 (FFESQH-D0O) |ICTC7 (FFF9H+DO0)
EISEIF (FFEAH-DO) [ISIF (FFFAH-DO0)
EIKO3 (FFEBH<D3) |[IKO03 (FFFBH+D3)
EIK02 (FFEBH<D2) |[IKO02 (FFFBH+D2)
EIKO1 (FFEBH<D1) [IKO1 (FFFBH+D1)
EIKO0O (FFEBH<D0) |IKO0O (FFFBH+DO)
EIK13 (FFECH<D3) [IK13 (FFFCH+D3)
EIK12 (FFECH<D2) [IK12 (FFFCH+D2)
EIK11 (FFECH-D1) |IK11 (FFFCH<D1)
EIK10 (FFECH<D0O) |[IK10 (FFFCH+DO0)
EIRUN (FFEDH<D3) |[IRUN (FFFDH+D3)
EILAP (FFEDH<D2) [ILAP (FFFDH<D2)
EISW1 (FFEDHeD1) |[ISW1 (FFFDH+D1)
EISW10 (FFEDH+DO) [ISW10 (FFFDH+DO0)
EIT3 (FFEEH-D3) [IT3 (FFFEH<D3)
EIT2 (FFEEHeD2) (IT2 (FFFEH<D2)
EIT1 (FFEEH-D1) (IT1 (FFFEH<D1)
EITO (FFEEH-DO) |ITO (FFFEH<DO)
EIT7 (FFEFHD3) (IT7 (FFFFH<D3)
EIT6 (FFEFHD2) |[IT6 (FFFFH-D2)
EIT5 (FFEFHeD1) [IT5 (FFFFH<D1)
EIT4 (FFEFHDO) [IT4 (FFFFH-DO)
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4.15.3 I nterrupt vector

When an interrupt request is input to the CPU, the CPU begins interrupt processing. After the program
being executed is terminated, the interrupt processing is executed in the following order.

1 The content of the flag register is evacuated, then the I flag is reset.
2 The address data (value of program counter) of the program to be executed next is saved in the stack

area (RAM).

3 The interrupt request causes the value of the interrupt vector (0100H-010FH) to be set in the program

counter.

4 The program at the specified address is executed (execution of interrupt handler routine by software).

Table 4.15.3.1 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.

Note: The interrupt handler routine must be located within the range from "Interrupt vector address

Table 4.15.3.1 Interrupt request and interrupt vectors

Interrupt vector Interrupt factor Priority
0100H Watchdog timer High
0101H R/f converter ?
0102H Programmable timer O
0103H Programmable timer 1
0104H Programmable timer 2
0105H Programmable timer 3
0106H Programmable timer 4
0107H Programmable timer 5
0108H Programmable timer 6
0109H Programmable timer 7
010AH Serial interface
010BH Key input interrupt <P1>
010CH Key input interrupt <P4>
010DH Stopwatch timer
010EH Clock timer (128 Hz, 64 Hz, 32 Hz, 16 Hz) ¢
010FH Clock timer (8 Hz, 4 Hz, 2 Hz, 1 Hz) Low

(100H-10FH)" -7FH to +80H. If it is difficult, make a relay point within that range as the destination

of the vector jump and branch the program to the interrupt handler from there.

Example:

chkkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkhkhkhkhhkhkhkkhkkhkhkkhkhkhkkhkhkkhkkhkkhkhkkhkhkhkkhkkhkkkhkkkkkkkkkkkkkkkkkkkkkkk*x*%x
’

;** interrupt vector area **

chkkkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkkhhkhkhkhkhkkhkhkkhkhkkhkkhkhkhkkhkkhkkhkhkhkkhkkhkkhkkkhkkhkkhkhkhkhkkhkkhkkkkkkkkkkkkkk*x*%x
’

.org
JR
JR
JR
JR
JR
JR
JR
JR
JR
JR
JR
JR
JR
JR
JR
JR

0x0100

I NT_DUMWY  ; WATCH DOG TI MER | NTERRUPT VECTOR(0x100)

| NT_RFC

| NT_DUMVY
| NT_DUMVY
| NT_DUMVY
| NT_DUMWY
| NT_DUMWY
| NT_DUMVY
| NT_DUMVY
| NT_DUMVY
| NT_DUMVY
| NT_DUMVY
| NT_DUMVY
| NT_DUMVY
| NT_DUMWY
| NT_DUMWY

; RFC | NTERRUPT VECTOR( 0x101)

; PTI MERO | NTERRUPT
; PTI MERL | NTERRUPT
; PTI MER2 | NTERRUPT
; PTI MER3 | NTERRUPT
; PTI MER4 | NTERRUPT
; PTI MERS | NTERRUPT
; PTI MERG6 | NTERRUPT
; PTI MER7 | NTERRUPT

VECTOR( 0x102)
VECTOR( 0x103)
VECTOR( 0x104)
VECTOR( 0x105)
VECTOR( 0x106)
VECTOR( 0x107)
VECTOR( 0x108)
VECTOR( 0x109)

; SIO | NTERRUPT VECTOR(0x10A)

; P1x PORT | NTERRUPT VECTOR(0x10B)
; PAx PORT | NTERRUPT VECTOR(0x10C)
; STOPWATCH | NTERRUPT VECTOR( 0x10D)

; CLOCK TI MERL | NTERRUPT VECTOR( 0x10E)
; CLOCK TI MER2 | NTERRUPT VECTOR( 0x10F)
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B R R R R R R R R R R R R R

;**  subinterrupt vector area **
B R R R R R R R
.org 0x120
I NT_RFC:
CALR | NTRFC ;call Interrupt RFC
RETI
| NT_DUMMY:
RETI

EE R Sk Sk Sk S Sk S Sk Sk Sk Sk Sk kS S S S kS kS Sk Sk Sk S Sk Sk Sk Sk S kS S kS S S S kS S S
’

;** Interrupt RFC **
:******************************************************************************
.org 0x800
I NTRFC:
LDB %l , P5CTLO@
LDB %l , | TC_RFC1L@
LD [ %], [ %] ; Port Qut put
RET
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4.15.4 1/0 memory of interrupt
Tables 4.15.4.1 shows the I/O addresses and the control bits for controlling interrupts.

Table 4.15.4.1(a) Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
SIPO3 | SIP02 | SIPOL | SIPOO SIPO3 0 Enable D!sable
FF3CH SIP02 | 0| Enable | Disable | | o)) o 3 verrupt select register
RIW SIPO1 0 Enable | Disable P &
SIP00 0 Enable | Disable | |
PCP03 | PCPO2 | PCPOL | PCPOO ggggz 1 % ?
FF3DH i~ PCPOL 1 1 s P10-P13 interrupt polarity select register
pcroo| 1 | ¥ | f |]
IP1. Enable | Disable | |
SIP13 | SIP12 | SIP11 | SIP10 ;Plg g E:ZEIE DEZ&E
FF3EH i i
- P11 | 0 | Enable | Disable | | T OPA3InterTupt select register
SIP10 0 Enable | Disable ||
PCP13 | PCP12 | PCP11 | PCP10 iggi 1 % j:
FF3FH PA0-P43i lari i
" PCPI1 1 1 s 0—P43 interrupt polarity select register
PCP10| 1 L
ceneral| eree | erer | EIRES General 0 1 0 General-purpose rt?glster
FEELH EIRFE 0 Enable | Mask | Interrupt mask register (R/f converter error)
RIW EIRFR 0 Enable | Mask | Interrupt mask register (R/f converter reference oscillate completion)
EIRFS 0 Enable | Mask | Interrupt mask register (R/f converter sensor oscillate completion)
General | General| EIPTO |EICTCO General 0 ! 0 General-purpose reg!ster
FFE2H General 0 1 0 General-purpose register
RIW EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer O underflow)
EICTCO 0 Enable | Mask | Interrupt mask register (Programmable timer O compare match)
General | General | EIPT1 |EICTC1 General 0 ! 0 General-purpose reg!ster
FFE3H General 0 1 0 General-purpose register
RIW EIPT1 0 Enable | Mask | Interrupt mask register (Programmable timer 1 underflow)
EICTC1 0 Enable | Mask | Interrupt mask register (Programmable timer 1 compare match)
General | General | EIPT2 |EICTC2 S| O ! 0 | General-purpose register
FEE4H General 0 1 0 General-purpose register
RIW EIPT2 0 Enable | Mask | Interrupt mask register (Programmable timer 2 underflow)
EICTC2 0 Enable | Mask | Interrupt mask register (Programmable timer 2 compare match)
General | General| EIPT3 |EICTC3 General 0 ! 0 General-purpose reg!ster
FEESH General 0 1 0 General-purpose register
RIW EIPT3 0 Enable | Mask | Interrupt mask register (Programmable timer 3 underflow)
EICTC3 0 Enable | Mask | Interrupt mask register (Programmable timer 3 compare match)
General | General | EIPT4 |EICTC4 General 0 ! 0 General-purpose reg!ster
FFEGH General 0 1 0 General-purpose register
RIW EIPT4 0 Enable | Mask | Interrupt mask register (Programmable timer 4 underflow)
EICTC4 0 Enable | Mask | Interrupt mask register (Programmable timer 4 compare match)
General | General | EIPTS |EIcTCS |87 | O ! 0| Generdl-purpose register
FEE7H General 0 1 0 General-purpose register
RIW EIPTS 0 Enable | Mask | Interrupt mask register (Programmable timer 5 underflow)
EICTC5 0 Enable | Mask | Interrupt mask register (Programmable timer 5 compare match)
General | General| EIPT6 |EICTC6 General 0 ! 0 General-purpose reg!ster
FEESH General 0 1 0 General-purpose register
RIW EIPT6 0 Enable | Mask | Interrupt mask register (Programmable timer 6 underflow)
EICTC6 0 Enable | Mask | Interrupt mask register (Programmable timer 6 compare match)
G | 0 1 0 | General- j st
General | General | EIPT7 |EICTC7 enera enera-purposs reg! o
FFESH General 0 1 0 General-purpose register
RIW EIPT7 0 Enable | Mask | Interrupt mask register (Programmable timer 7 underflow)
EICTC7 0 Enable | Mask | Interrupt mask register (Programmable timer 7 compare match)
General | General | General | EISIF General 0 ! 0 General-purpose reg!ster
FEEAH General 0 1 0 General-purpose register
RIW General 0 1 0 General-purpose register
EISIF 0 Enable | Mask | Interrupt mask register (Serial interface)

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

*

3 Constantly "0" when being read
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Table 4.15.4.1(b) Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO _ [ Name | Init [1 1 0
ewos | eoz | ot | eikoo EIK03 0 Enable | Mask | Interrupt mask reg? ster (Key ?nput !nterrupt 3<P13>)
FEEBH EIK02 0 Enable | Mask | Interrupt mask register (Key input interrupt 2 <P12>)
RIW EIKO1 0 Enable | Mask | Interrupt mask register (Key input interrupt 1 <P11>)
EIK00 0 Enable | Mask | Interrupt mask register (Key input interrupt 0 <P10>)
ewas | ewaz | et | eao EIK13 0 Enable | Mask | Interrupt mask reg? ster (Key ?nput ?nterrupt 7 <P43>)
FFECH EIK12 0 Enable | Mask | Interrupt mask register (Key input interrupt 6 <P42>)
RIW EIK11 0 Enable | Mask | Interrupt mask register (Key input interrupt 5 <P41>)
EIK10 0 Enable | Mask | Interrupt mask register (Key input interrupt 4 <P40>)
eron | eae | mswi [eswio EIRUN 0 Enable | Mask | Interrupt mask reg!ster (Stopwatch d!rect RUN)
FEEDH EILAP 0 Enable | Mask | Interrupt mask register (Stopwatch direct LAP)
RIW EISW1 0 Enable | Mask | Interrupt mask register (Stopwatch timer 1 Hz)
EISW10| 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
B3 - Em1 EITo EIT3 0 Enable | Mask | Interrupt mask reg? ster (Clock t! mer 16 Hz)
FEEEH EIT2 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
RIW EIT1 0 Enable | Mask | Interrupt mask register (Clock timer 64 Hz)
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 128 Hz)
EIT7 0 Enable | Mask | Interrupt mask register (Clock timer 1 Hz)
EIT7 EIT6 EIT5 EIT4 ; .
FFEFH EIT6 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
RIW EIT5 0 Enable | Mask | Interrupt mask register (Clock timer 4 Hz)
EIT4 0 Enable | Mask | Interrupt mask register (Clock timer 8 Hz)
o | wee | rer | Res | 0P| -] ® | R jUnusd
FEF1H IRFE 0 | Yes | No |[Interruptfactor flag (R/f converter error)
R RIW IRFR 0 (W) (W) | Interrupt factor flag (R/f converter reference oscillate completion)
IRFS 0 Reset | Invalid | Interrupt factor flag (R/f converter sensor oscillate compl etion)
0 -2 (R) (R) |Unused
_— 0 0 IPTO | ICTCO 008 ~2| Yes | No |Unused
R RAW IPTO 0 (W) (W) | Interrupt factor flag (Programmable timer O underflow)
ICTCO 0 Reset | Invalid | Interrupt factor flag (Programmable timer O compare match)
0 o |wen et | 02| "B ® | ® jUnusd
FFF3H 088 ~f2} Yes | No_JUnused
R RIW IPT1 0 (W) (W) [ Interrupt factor flag (Programmable timer 1 underflow)
ICTC1 0 Reset | Invalid | Interrupt factor flag (Programmable timer 1 compare match)
0 o |er2 |cte2| 0% "F| ® | ® jUnusd
FFF4H 03] ~f2f Yes | No_JUnused
R RIW IPT2 0 (W) (W) | Interrupt factor flag (Programmable timer 2 underflow)
ICTC2 0 Reset | Invalid | Interrupt factor flag (Programmable timer 2 compare match)
0 -2 (R) (R) |Unused
Cerer 0 0 IPT3 | ICTC3 008 ~2| Yes | No |Unused
R RAW IPT3 0 (W) (W) | Interrupt factor flag (Programmable timer 3 underflow)
ICTC3 0 Reset | Invalid | Interrupt factor flag (Programmable timer 3 compare match)
0 o |wema |icrea| 02| "B ® | ® jUnused
FFF6H 0881 ~f2| Yes | No_JUnused
R RIW IPT4 0 (W) (W) | Interrupt factor flag (Programmable timer 4 underflow)
ICTC4 0 Reset | Invalid | Interrupt factor flag (Programmable timer 4 compare match)
0 o | e |ctes| 02| | ® | ® jUnusd
FFF7H 0f8] —f2f Yes | No_JUnused
R RIW IPT5 0 (W) (W) | Interrupt factor flag (Programmable timer 5 underflow)
ICTC5 0 Reset | Invalid | Interrupt factor flag (Programmable timer 5 compare match)
0 -2 (R) (R) |Unused
. 0 0 PT6 | 1CTo8 [ ol | ves | o |unused
R RAW IPT6 0 (W) (W) | Interrupt factor flag (Programmable timer 6 underflow)
ICTC6 0 Reset | Invalid | Interrupt factor flag (Programmable timer 6 compare match)
0 o | |crer| 02 "B ® | ® jUnusd
FFFOH 088 ~f2f Yes | No_Unused
R RIW IPT7 0 (W) (W) | Interrupt factor flag (Programmable timer 7 underflow)
ICTC7 0 Reset | Invalid | Interrupt factor flag (Programmable timer 7 compare match)

*1 Initial value at initial reset *3 Constantly "0" when being read
*2 Not set in the circuit
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Table 4.15.4.1(c) Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
3 -2
o | o] 0 ] on| Zo|ves | no|umees
FFFAH ——————————F—— " | 7 -2
R RIW 008 -2 (W) (W) | Unused
ISIF 0 Reset | Invalid | Interrupt factor flag (Serid interface)
KO3 K02 KoL K00 IK03 0 (R) (R) | Interrupt factor flag (Key !nput !nterrupt 3<P13>)
FEFBH IK02 0 [ _Yes | No _|Interruptfactor flag (Key input interrupt 2 <P12>)
RIW K01 0 (W) (W) | Interrupt factor flag (Key input interrupt 1 <P11>)
IK00 0 Reset | Invalid | Interrupt factor flag (Key input interrupt 0 <P10>)
K13 K12 K11 K10 IK13 0 (R) (R) | Interrupt factor flag (Key !nput !nterrupt 7 <P43>)
FEECH K12 0 | _Yes | No |lInterruptfactor flag (Key input interrupt 6 <P42>)
RIW K11 0 (W) (W) | Interrupt factor flag (Key input interrupt 5 <P41>)
IK10 0 Reset | Invalid | Interrupt factor flag (Key input interrupt 4 <P40>)
ron | | iswr | iswio IRUN 0 R) (R) | Interrupt factor flag (Stopwatch d! rect RUN)
FEFDH ILAP 0 | _Yes | No |lInterruptfactor flag (Stopwatch direct LAP)
RIW ISw1 0 (w) (W) | Interrupt factor flag (Stopwatch timer 1 Hz)
ISW10 0 Reset | Invalid | Interrupt factor flag (Stopwatch timer 10 Hz)
3 2 1 o IT3 0 (R) (R) | Interrupt factor flag (Clock t! mer 16 Hz)
FEFEH IT2 0 | Yes | No |[Interrupt factor flag (Clock timer 32 Hz)
RIW IT1 0 (W) (W) | Interrupt factor flag (Clock timer 64 Hz)
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 128 Hz)
7 6 5 T IT7 0 (R) (R) | Interrupt factor flag (Clock t! mer 1 Hz)
FEFFEH IT6 0 | Yes | No |[Interrupt factor flag (Clock timer 2 Hz)
RIW ITS 0 (W) (W) | Interrupt factor flag (Clock timer 4 Hz)
IT4 0 Reset | Invalid | Interrupt factor flag (Clock timer 8 Hz)

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

SIP03-SIP00, SIP13-SIP10:
PCP03-PCP00, PCP13-PCP10:
EIKO3-EIK00, EIK13-EIK10:
IK03-IK00, IK13-I1K10:

EIRFE, EIRFR, EIRFS:
IRFE, IRFR, IRFS:

EIPTO, EICTCO:
EIPT1, EICTC1:
EIPT2, EICTC2:
EIPT3, EICTCS:
EIPT4, EICTCA4:
EIPTS, EICTCS:
EIPT6, EICTCSG:
EIPT7, EICTCT:
IPTO, ICTCO:
IPT1, ICTC1:
IPT2, ICTC2:
IPT3, ICTCS:
IPT4, ICTC4:
IPTS, ICTCS:
IPT6, ICTCG:
IPT7,ICTC7:

*

3 Constantly "0" when being read

Interrupt select registers (FF3CH, FF3EH)

Interrupt polarity select registers (FF3DH, FF3FH)

Interrupt mask registers (FFEBH, FFECH)
Interrupt factor flags (FFFBH, FFFCH)
Refer to Section 4.5, "I/O Ports".

Interrupt mask registers (FFE1H<D2, D1, DO)
Interrupt factor flags (FFF1H<D2, D1, DO)
Refer to Section 4.13, "R/f Converter".

Interrupt mask registers (FFE2H<D1, DO)
Interrupt mask registers (FFE3H<D1, DO)
Interrupt mask registers (FFE4H<D1, DO)
Interrupt mask registers (FFE5H<D1, DO)
Interrupt mask registers (FFE6H<D1, DO)
Interrupt mask registers (FFE7H<D1, DO)
Interrupt mask registers (FFE8H+<D1, DO)
Interrupt mask registers (FFE9H<D1, DO)
Interrupt factor flags (FFF2H<D1, DO)
Interrupt factor flags (FFF3H<D1, DO)
Interrupt factor flags (FFF4H<D1, DO)
Interrupt factor flags (FFF5H<D1, DO)
Interrupt factor flags (FFF6H<D1, DO)
Interrupt factor flags (FFF7H<D1, DO)
Interrupt factor flags (FFF8H<D1, DO)
Interrupt factor flags (FFF9H<D1, DO)
Refer to Section 4.9, "Programmable Timer".
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EISIF: Interrupt mask register (FFEAH+DO)
ISIF: Interrupt factor flag (FFFAH+DO)
Refer to Section 4.10, "Serial Interface".

EIRUN, EILAP, EISW1, EISW10: Interrupt mask registers (FFEDH)
IRUN, ILAP, ISW1, ISW10: Interrupt factor flags (FFFDH)
Refer to Section 4.8, "Stopwatch Timer".

EIT3-EITO, EIT7-EIT4: Interrupt mask registers (FFEEH, FFEFH)
IT3-ITO, IT7-IT4: Interrupt factor flags (FFFEH, FFFFH)
Refer to Section 4.7, "Clock Timer".

4.15.5 Programming notes

(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt
mask registers are set to "0".

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

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

(4) When using the SLEEP function, set the interrupt flag and the registers for the I/O port to be used to
cancel SLEEP status as below before executing the SLP instruction.
e Interrupt flag (I flag) = "1" (interrupts are enabled)
¢ Interrupt select register SIPxx = "1" (the Pxx I/O port interrupt is selected)
¢ Interrupt mask register EIKxx = "1" (the Pxx I/O port interrupt is enabled)
* Noise rejector select register NRSPxx = "00" (noise rejector is bypassed)

(5) The interrupt handler routine must be located within the range from "Interrupt vector address (100H-
10FH)" -7FH to +80H. If it is difficult, make a relay point within that range as the destination of the
vector jump and branch the program to the interrupt handler from there.
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CHAPTER S SUMMARY OF NOTES

5.1 Notesfor Low Current Consumption

The S1C63632 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 and SLP instructions
CPU operating frequency CLKCHG, OscC
Power supply voltage booster/halver | DBON, HLON
LCD system voltage regulator LPWR
SVD circuit SVDON

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")

Power supply voltage booster/halver: Off status (DBON ="0", HLON = "0")
LCD system voltage regulator: Off status (LPWR ="0")
SVD circuit: Off status (SVDON = "0")

Also, be careful about panel selection because the current consumption can differ by the order of several
pA on account of the LCD panel characteristics.
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5.2 Summary of Notes by Function

Here, the cautionary notes are summed up by function category. Keep these notes well in mind when
programming.

Memory and stack

(1) Memory is not implemented in unused areas within the memory map. Further, some non-implemen-
tation areas and unused (access prohibition) areas exist in the peripheral I/O area. If the program that
accesses these areas is generated, its operation cannot be guaranteed. Refer to the I/O memory maps
shown in Table 4.1.1 for the peripheral I/O area.

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

(8) 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 1FFFH 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 S1C63632 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.

Power control

(1) When the power supply voltage booster/halver is turned on, the VD2 output voltage requires about 1
msec to stabilize. Do not switch the power source for the voltage regulator (LCD system voltage
regulator) to VD2 until the stabilization time has elapsed.

(2) HLON is prohibited from use, as it may cause malfunctions. Always be sure to set to "0".

(3) Do not set DBON to "1" (boost mode) and VCSEL to "1" (driving with VD2) if the supply voltage VDD
exceeds 2.5V, as it may cause damage of the IC.

(4) Current consumption increases in heavy load protection mode, therefore do not set heavy load
protection mode with software if unnecessary.

Watchdog timer
When the watchdog timer is being used, the software must reset it within 3-second cycles. 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 the high speed CPU operation is not necessary, you should operate the peripheral circuits
according to the setting outline indicate below.
e CPU operating clock:  OSC1
® OSC3 oscillation circuit: Off
(When the OSC3 clock is not necessary for some peripheral circuits.)

(2) Since 1 msec to several tens of msec are necessary for the oscillation to stabilize after turning the OSC3
oscillation circuit on. Consequently, you should switch the CPU operating clock (OSC1 - OSC3) after
allowing for a sufficient waiting time once the OSC3 oscillation goes on. (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".)

(8) When switching the clock from OSC3 to OSC1, be sure to switch OSC3 oscillation off with separate
instructions. Using a single instruction to process simultaneously can cause a malfunction of the CPU.
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(4) The S1C63632 supports the SLEEP function and both the OSC1 and OSC3 oscillation circuits stop oscillat-
ing when the CPU enters SLEEP mode. To prevent the CPU from a malfunction when it resumes operating
from SLEEP mode, switch the CPU clock to OSC1 before placing the CPU into SLEEP mode.

I/0 port
(1) When an I/O ports in input mode is changed from high to low by the pull-down resistor, the fall of
the waveform is delayed on account of the time constant of the pull-down resistor and input gate
capacitance. Hence, when fetching input data, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10 xC xR
C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull-down resistance 375 kQ (Max.)

(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 a key input interrupt factor.
Therefore when using the SLEEP function, it is necessary to set the interrupt select register (SIPxx =
"1") of the port to be used for releasing SLEEP status before executing the SLP instruction. Further-
more, enable the key input interrupt using the corresponding interrupt mask register (EIKxx = "1")
before executing the SLP instruction to run key input interrupt handler routine after SLEEP status is
released.

(4) Ahazard may occur when the TOUT_A-TOUT_D and FOUT signals are turned on and off.

(5) When foscs is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output. Refer to Section 4.4, "Oscillation Circuit", for the control and notes.

(6) Before the port function is configured, the circuit that uses the port (e.g. input interrupt, multiple key
entry reset, serial interface, event counter input, direct RUN/LAP input for stopwatch) must be
disabled.

LCD driver
(1) When a program that access no memory implemented area (FOSOH-FOFFH, F180H-F1FFH, F280H-
F2FFH, F380H-F3FFH) is made, the operation is not guaranteed.

(2) When driving the LCD system voltage regulator with VD2, wait at least 1 msec for stabilization of the
voltage before switching the power voltage for the LCD system voltage regulator to VD2 using VCSEL
after the power supply voltage booster/halver is turned on.

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

(2) The clock timer count clock does not synch with the CPU clock. Therefore, the correct value may not
be obtained depending on the count data read and count-up timings. To avoid this problem, the clock
timer count data should be read by one of the procedures shown below.

¢ Read the count data twice and verify if there is any difference between them.

e Temporarily stop the clock timer when the counter data is read to obtain proper data.
Stopwatch timer
(1) The interrupt factor flag should be reset after resetting the stopwatch timer.

(2) Be sure to data reading in the order of SWD0-3 — SWD4-7 —. SWD8-11.

(3) When data that is held by a LAP input is read, read the capture buffer renewal flag CRNWF after
reading the SWD8-11 and check whether the data has been renewed or not.

(4) When performing a processing such as a LAP input preceding with 1 Hz interrupt processing, read the
LAP data carry-up request flag LCURF before processing and check whether carry-up is needed or not.
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Programmable timer
(1) When reading counter data, be sure to read the low-order 4 bits (PTDx0-PTDx3) first. The high-order

@)

®)

4)

©)

4 bits (PTDx4-PTDx7) are latched when the low-order 4 bits are read and they are held until the next
reading of the low-order 4 bits. In 16-bit timer mode, the high-order 12 bits are held by reading the
low-order 4 bits, be sure to read the low-order 4 bits first.

When the CPU is running with the OSC1 clock and the programmable timer is running with the OSC3
clock, stop the timer before reading the counter data to read the proper data.

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

Count clock

PTRUNx (RD) __|

"1" (RUN) "0" (STOP)
PTRUNXx (WR) ¥ writing [V writing

PTDx0-PTDx7  42H f41H)40H)3FH)3EH) 3DH
Fig. 5.2.1 Timing chart for RUN/STOP control (timer mode)

In event counter mode, the timer starts counting at the first event clock.

Count clock

PTRUNx (RD) __|

“1" (RUN) "0" (STOP)
PTRUNX (WR) ¥ writing [Y writing

PTDx0-PTDx7 42H {41H)40H) 3FH)3EH) 3DH
Fig. 5.2.2 Timing chart for RUN/STOP control (event counter mode)

Since the TOUT_A-TOUT_D signals are generated asynchronously from the PTOUT_A-PTOUT_D
registers, a hazard within 1/2 cycle is generated when the signal is turned on and off by setting the
register.

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 4.4, "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.

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).

—» [] -

Count clock } } } l } }

Counter data

(continuous mode) 03 _|_02H__o1H ) _ooH [ JesH 24n | (Reload data = 25H)

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

Fig. 5.2.3 Reload timing for programmable timer
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To avoid improper reloading, do not rewrite the reload data after an interrupt occurs until the counter
data is determined including the reloading period [. Be especially careful when using the OSC1 (low-
speed clock) as the clock source of the programmable timer and the CPU is operating with the OSC3
(high-speed clock).

(6) The programmable timer count clock does not synch with the CPU clock. Therefore, the correct value
may not be obtained depending on the count data read and count-up timings. To avoid this problem,
the programmable timer count data should be read by one of the procedures shown below.

¢ Read the count data twice and verify if there is any difference between them.
e Temporarily stop the programmable timer when the counter data is read to obtain proper data.

Serial interface

(1) Perform data writing/reading to the data registers SD0-SD7 only while the serial interface is not
running (i.e., the synchronous clock is neither being input or output).

(2) As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be
performed prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated
through data writing/reading on data registers SD0-SD?7.) In addition, be sure to enable the serial
interface with the ESIF register before setting the trigger.

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

(3) Setting of the input/output permutation (MSB first/LSB first) with the SDP register should be done
before setting data to SDO-SD?7.

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

Sound generator

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

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

Integer multiplier
An operation process takes 10 CPU clock cycles (5 bus cycles) after writing to the calculation mode
select register CALMD until the operation result is set to the destination register DRH/DRL and the
operation flags. While this operation process, do not read/write from/to the destination register
DRH/DRL and do not read NF/VF/ZF.

R/f converter

(1) When an error interrupt occurs, reset the overflow flag (OVMC or OVTC) by writing "1". The same
error interrupt will occur again if the overflow flag is not reset.

(2) When setting the measurement counter or time base counter, always write 5 words of data continu-
ously in order from the lower address (FF62H - FF63H - FF64H - FF65H - FF66H, FF67H -
FF68H — FF69H — FF6AH - FF6BH). Furthermore, an LD instruction should be used for writing
data to the measurement counter and a read-modify-write instruction (AND, OR, ADD, SUB, etc.)
cannot be used. If data other than low-order 4 bits is written, the counter cannot be set to the desired
value.

S1C63632 TECHNICAL MANUAL Seiko Epson Corporation 177



CHAPTER 5: SUMMARY OF NOTES

SVD circuit

(1) To obtain a stable detection result, the SVD circuit must be on for at least 500 psec. So, to obtain the
SVD detection result, follow the programming sequence below.

1. Set SVDON to "1"

2. Maintain for 500 psec minimum
3. Set SVDON to "0"

4. Read SVDDT

(2) The SVD circuit should normally be turned off because SVD operation increase current consumption.

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 RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

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

(4) When using the SLEEP function, set the interrupt flag and the registers for the I/O port to be used to
cancel SLEEP status as below before executing the SLP instruction.
e Interrupt flag (I flag) = "1" (interrupts are enabled)
¢ Interrupt select register SIPxx = "1" (the Pxx I/O port interrupt is selected)
¢ Interrupt mask register EIKxx = "1" (the Pxx I/O port interrupt is enabled)
* Noise rejector select register NRSPxx = "00" (noise rejector is bypassed)

(5) The interrupt handler routine must be located within the range from "Interrupt vector address (100H-
10FH)" -7FH to +80H. If it is difficult, make a relay point within that range as the destination of the
vector jump and branch the program to the interrupt handler from there.
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5.3 Precautions on 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 0sCa
terminals and the components connected to these terminals.

Furthermore, do not use this Vss pattern for any purpose other [:gss

than the oscillation system.

e In order to prevent unstable operation of the oscillation circuit due to current leak between OSC1/
OSC3 and VDD, please keep enough distance between OSC1/0OSC3 and VDD or other signals on the
board pattern.

<Reset Circuit>

e The power-on reset signal which is input to the RESET terminal changes depending on conditions
(power rise time, components used, board pattern, etc.).
Decide the time constant of the capacitor and resistor after enough tests have been completed with the
application product. When using the built-in pull-down resistor of the RESET terminal, 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 VDD and Vss terminals with patterns as short and
large as possible.

(2) When connecting between the VDD and Vss terminals with a bypass capacitor, the terminals
should be connected as short as possible.

Bypass capacitor connection example

VDD VDD

-
Vss Vss

(8) Components which are connected to the VD1, VD2, Vosc and Vc1-V¢5 terminals, such as capacitors,
should be connected in the shortest line.
In particular, the VC1-VCs voltages affect the display quality.

e Do not connect anything to the Vc1-V¢5 terminals when the LCD driver is not used.
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<Arrangement of Signal Lines>

e In order to prevent generation of electromagnetic induction noise 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 and analog input unit.

e When a signal line is parallel with a high-speed line in long distance
or intersects a high-speed line, noise may generated by mutual
interference 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 and analog input unit.

<Output Terminals>

Prohibited pattern example

——
—{—]

—

—

IHWDT%

Large current signal line
High-speed signal line

0SC4

0OSC3

Vss

e When an output terminal is used to drive an external
component that consumes a large amount of current, the

Example: Buzzer output circuit

operation of the external component affects the built-in
power supply circuit of this IC and the output voltage may
vary. When driving a bipolar transistor by a periodic signal

such as the BZ or timer output in particular, it may cause

Bz

variations in the voltage output from the LCD system
voltage circuit that affects the contrast of the LCD display.
To prevent this, separate the traces on the printed circuit
board. Put one between the power supply and the IC's VDD
and Vss terminals, and another between the power supply

Piezo

and the external component that consumes the large
amount of current. Furthermore, use an external compo-
nent with as low a current consumption as possible.

<Precautions for Visible Radiation (when bare chip is mounted)>

e Visible radiation causes semiconductor devices to change electrical characteristics. It may cause the IC
to malfunction or the nonvolatile memory data to be erased. When developing products, consider the

following precautions to prevent malfunctions caused by visible radiation.

(1) Design the product and bond 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) Shield not only the face of the IC but the back and side as well.

(4) After the shielded package has been opened, the IC chip should be bonded on the board within
one week. If the IC chip must be stored after the package has been opened, be sure to shield the IC

from visible radiation.

(5) If there is a possibility that heat stress exceeding the reflow soldering condition is applied to the IC
in the bonding process, perform enough evaluation of data stored in the nonvolatile memory

before the product is shipped.
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CHAPTER 6: BASIC EXTERNAL WIRING DIAGRAM

cHAPTER 6 Basic ExTERNAL WIRING DI1AGRAM

LCD panel
48 x 32,56 x 24, or 64 x 16
8 § &€ &5 CA
w—6 3—= CB [1C7
® & © 8 /1C8
o CC 1l
CD c
P10-P13 CE ——F*
/o P20-P23 CF o
@ P30-P33 cG E
P40-P43 ha
P50-P53 VDD
RESET ﬂ O—
Cres [
55V
+ -
O—1 RFOUT/P03 Cpzz - |
RT™P SENO/P02 o, 116V
RRer1 REF0/P01 S1C63632 Ve I
. I
RFINO/PO0  [The potential of the substrate vez i
(back of the chip) is Vss.] ves irs
RHUD @ HUD Ve P
SEN1 Vs i,
RREF2 REF1 VD1 } }C
1. C10
RFIN1 Vb2 11
I C12
Vosc 11
TEST
Vss
C
0sC1 Y
osc2 —[]
. .Ces | ___ .
0sC3 +—— }i E}
| =3 Ceramic I E\
0sc4 [—+—1—l> ")
Cb3 Mask
option
Recommended values for external parts
Symbol Name Recommended value Symbol Name Recommended value
X'tall Crystal oscillator 32.768 kHz Cs3 Capacitor between Vss and Vc2  |0.1 uF
Ca1 Trimmer capacitor 0-25 pF C4 Capacitor between Vss and Vca  |0.1 pF
Ceramic |Ceramic oscillator 0.3—4.2 MHz Cs Capacitor between Vss and Vc4  |0.1 uF
Cas Gate capacitor 15 pF (Crystal oscillation) | |Ce Capacitor between Vss and Vcs  |0.1 uF
30 pF (Ceramic oscillation) | |C7~Co Booster capacitors 0.1 uF
Cob3 Drain capacitor 15 pF (Crystal oscillation) C10 Capacitor between Vss and Vb2  |0.1 uF
30 pF (Ceramic oscillation) | |C11 Booster capacitor 0.1 uF
Rcr Resistor for CR oscillation 30 kQ C12 Capacitor between Vss and Vosc |0.1 uF
C1 Capacitor between Vss and Vb1 |0.1 uF Cp Capacitor for power supply 3.3 uF
C2 Capacitor between Vss and Vc1 |0.1 uF Cres Capacitor for RESET terminal 0.47 pF

Note: C4, C10 and C11 are not necessary depending on the selected option for the LCD drive power.
Refer to Section 4.6.1, "Configuration of LCD driver", for details.
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

CcHAPTER / ELEcCTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

(Vss=0V)

ltem Symbol Condition Rated value Unit
Power supply voltage VDD -0.3t0 +6.0 \
LCD power supply voltage Vcs -0.3t0 +6.0 V
Input voltage Vi -0.3to Vop + 0.3 \%
Output voltage Vo -0.3to Vop + 0.3 \%
High level output current loH 1 terminal -5 mA
Total of al terminals -20 mA

Low level output current loL 1 terminal 5 mA
Tota of all terminals 20 mA

Permissible dissipation #1 Po 200 mw
Operating temperature Ta -45to +85 °C
Storage temperature Tstg -65 to +150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -

*1 In case of plastic package (QFP20-144pin).

7.2 Recommended Operating Conditions

(Ta=-45 to 85°C)

ltem Symbol Condition Min. | Typ. | Max. |Unit

Power supply voltage VDD Vss=0V 16 — 5.5 \Y
Operating frequency fosci | Crystal oscillation — 32.768 — kHz
foscs | CR oscillation (external R) 30 - 2,200 | kHz
Ceramic oscillation 30 - 4,200 | kHz

Capacitor between Vb1 and Vss C1 — 0.1 — uF
Capacitor between Vc1 and Vss C2 *1 - 0.1 - uF
Capacitor between Vcz and Vss C3 *1 - 0.1 - uF
Capacitor between Vc3 and Vss Cs4 w1, %2 — 0.1 — uF
Capacitor between Vca and Vss Cs *1 - 0.1 - uF
Capacitor between Vcs and Vss Cs *1 - 0.1 - uF
Capacitor between CA and CB Cr7 w1 — 0.1 — uF
Capacitor between CA and CC Cs w1 — 0.1 — uF
Capacitor between CD and CE Co *1 - 0.1 - uF
Capacitor between Vb2 and Vss C10 w1 — 0.1 — uF
Capacitor between CF and CG Cu w1 — 0.1 — uF
Capacitor between Vosc and Vss | C12 - 0.1 - uF

1 When LCD drive power is not used, the capacitor is not necessary. In this case, leave the Vc1 to Vcs and CA to CG terminals

open.

%2 When 1/4 biasis selected, C4 is not necessary. In this case, leave the VVc3 terminal open.
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7.3 DC Characteristics

CHAPTER 7: ELECTRICAL CHARACTERISTICS

Unless otherwise specified:

Vbpbp=1.6t0 5.5V, Vss=0V, Ta=-45to 85°C

ltem Symbol Condition Min. Typ. | Max. |Unit
High level input voltage VIH Pxx 0.8VpD - Vop | V
Low level input voltage ViL Pxx 0 - 0.2Vpbp| V
High level Schmitt input voltage (1) [VT1+ RESET 0.5VpDp - 0.9vVbp| V
Low level Schmitt input voltage (1) |VT1- RESET 0.1VbD - 05Vop| V
High level Schmitt input voltage (2) |V T2+ Pxx x1 0.5VbD - 09vop| V
Low level Schmitt input voltage (2) | VT2 Pxx #1 0.1Vobp - 0.5Vop| V
High level output current loH Vor=0.9VpD Pxx, REF1, SEN1, HUD - - -05 | mA
Low level output current loL VoL=0.1VpD Pxx, REF1, SEN1, HUD 0.5 - - mA
Input leak current ILI Pxx, RESET, RFIN1 -1 - 1 A
Output leak current ILo Pxx, REF1, SEN1, HUD -1 - 1 UA
Input pull-down resistance RiN Pxx, RESET 100 - 500 | kQ
Input terminal capacitance CiN VIN=0V, Ta=25°C [Pxx, RESET, RFIN1 - - 15 pF
Segment/Common output current  |IseGH | VsEGH=Vc5-0.1V | SEGxx, COMxx - - -5 UA
IseL  |VsEGL=Vss+0.1V | SEGxx, COMXx 5 - - A
*1 When CMOS Schmitt level is selected. (PO0-P13)
VDD <
S
5 4 A
o
>
0 >
0 VT- VT+ VDD
VIN (V)
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7.4 Analog Circuit Characteristics and Current Consumption

LCD drive voltage (1/5 bias, Vc2 reference)

Unless otherwise specified:

Vbbp=1.6t0 5.5V, Vss=0V, Ta=25°C, C2-C11=0.1uF, When a checker pattern is displayed, No panel load
A 1 MQ load resistor is connected between Vss-Vc1, Vss-Vc2, Vss-Ves, Vss—Vc4, and Vss-Ves.

The voltage booster is used when Vpbp=1.6-2.5V

ltem Symbol Condition Min. Typ. Max. | Unit
LCD drivevoltage Ve 0.192Vcs - 0.217Vcs| V
Vcz 0.376Vcs — 0.424Vcs| V
\ex] 0.573Vcs - 0.646Vcs| V
Vca 0.752Vcs - 0.848Vcs| V
Vcs LCO-3="0H" 4.20 \Y
LCO-3="1H" 4.30
LCO-3="2H" 4.40
LCO-3="3H" 4.50
LCO-3="4H" 4.60
LCO-3="5H" 4.70
LCO-3="6H" 4.80
LCO-3="7H" Typ. 4.90 Typ.
LCO-3="8H" % 0.94 5.00 x 1.06
LCO-3="9H" 5.10
LCO-3="AH" 5.20
LCO-3="BH" 5.30
LCO-3="CH" 5.40
LCO-3="DH" 5.50
LCO-3="EH" 5.60
LCO-3="FH" 5.70

LCD drive voltage (1/4 bias, Vc2 reference)

Unless otherwise specified:

Vbp=1.6t0 5.5V, Vss=0V, Ta=25°C, C2-C11=0.1uF, When a checker pattern is displayed, No panel load
A 1 MQ load resistor is connected between Vss-Vci, Vss—Vc2, Vss-Vc4, and Vss-Vcs.

The voltage booster is used when Vbp=1.6-2.5V

ltem Symbol Condition Min. Typ. Max. | Unit
LCD drive voltage Vci 0.235Vcs - 0.265Vcs| V
V2 0.472V cs — 0.532Vcs| V
Vca 0.705Vcs - 0.795Vcs| V
Vcs LCO-3="0H" 3.60 \Y
LC0O-3="1H" 3.68
LC0O-3="2H" 3.76
LC0O-3="3H" 3.84
LC0-3="4H" 3.92
LC0O-3="5H" 4.00
LCO-3="6H" 4.08
LCO-3="7H" Typ. 4.16 Typ.
LC0-3="8H" x 0.94 4.24 % 1.06
LCO-3="9H" 4.32
LCO-3="AH" 4.40
LCO-3="BH" 4.48
LCO-3="CH" 4.56
LC0-3="DH" 4.64
LCO-3="EH" 4.72
LCO-3="FH" 4.80
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LCD drive voltage (1/4 bias, Vc1 reference)

Unless otherwise specified:

CHAPTER 7: ELECTRICAL CHARACTERISTICS

Vbbp=1.6t0 5.5V, Vss=0V, Ta=25°C, C2-C11=0.1uF, When a checker pattern is displayed, No panel load
A 1 MQ load resistor is connected between Vss-Vc1, Vss-Vcz, Vss—Vcs, and Vss-Vs.

ltem Symbol Condition Min. Typ. Max. | Unit
LCD drivevoltage Vci 0.244V cs — 0.276Vcs| V
Ve 0.476Vcs - 0.536Vcs| V
Vca 0.720Vcs - 0.812Vcs| V
Vcs LCO-3="0H" 3.60 \%
LCO-3="1H" 3.68
LCO-3="2H" 3.76
LC0O-3="3H" 3.84
LC0O-3="4H" 3.92
LC0O-3="5H" 4.00
LC0O-3="6H" 4.08
LCO-3="7H" Typ. 4.16 Typ.
LCO-3="8H" x 0.94 4.24 % 1.06
LC0-3="9H" 4.32
LCO-3="AH" 4.40
LCO-3="BH" 4.48
LCO-3="CH" 4.56
LCO-3="DH" 4.64
LCO-3="EH" 472
LCO-3="FH" 4.80
SVD circuit
Unless otherwise specified:
VbD=1.6t0 5.5V, Vss=0V, Ta=25°C
ltem Symbol Condition Min. Typ. Max. | Unit
SVD voltage VsvD |SVDS0-3="0H" 1.6 \%
SVDS0-3="1H" 1.8
SVDS0-3="2H" 19
SVDS0-3="3H" 2.0
SVDS0-3="4H" 2.1
SVDS0-3="5H" 2.2
SVDS0-3="6H" 2.3
SVDS0-3="7H" Typ. 2.4 Typ.
SVDS0-3="8H" x 0.97 25 % 1.03
SVDS0-3="9H" 2.6
SVDS0-3="AH" 2.7
SVDS0-3="BH" 2.8
SVDS0-3="CH" 29
SVDS0-3="DH" 3.0
SVDS0-3="EH" 31
SVDS0-3="FH" 32
SVD circuit response time tsvb - - 500 us
R/F converter circuit
Unless otherwise specified:
VbD=1.6t0 5.5V, Vss=0V, Ta=25°C
ltem Symbol Condition Min. Typ Max. | Unit
Reference/sensor oscillation frequencies *1 fRFCLK Ta=-40t0 85°C 1 — 2000 |kHz
Reference/sensor oscillation frequency/IC deviation *2 | AfRFCLK/AIC -40 — 40 %
Reference/sensor resistance *3 RREF/RSEN 10 — - kQ
Reference capacitor and capacitive sensor capacitance *3| CRFc/CSEN 100 — 2000 pF
Time base counter clock frequency frceLk — — 4200 | kHz

*1 The oscillation frequency/IC deviation characteristic value may increase due to variations in oscillation frequency caused by
leakage current if the oscillation frequency is 1 kHz or lower.

*2 In these characteristics, unevenness between production lots, and variations in board, resistances and capacitances used in the
measurement environment are taken into account (variations in temperature are not included).

*3 The CR oscillation can be performed if the resistance or capacitance is out of the range shown in the table (see characteristic
curves), note, however, that the oscillation frequency/IC deviation characteristic value may increase due to parasitic elements

on the board and those in the IC.
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Current consumption

Unless otherwise specified:
Vbp=1.6t0 5.5V, Vss=0V, DBON=HL ON=0(Vp2=0OFF), FL CK Sx=0H(32Hz), Ta=25°C, No panel load

ltem Symbol Condition Min. | Typ. | Max. |Unit
Current consumption in SLEEP |IsLp When SLPis executed: OSC1=0ON, OSC3=0OFF - 0.08 050 | uA
Current consumptionin HALT [IHALT1 |OSC1=32kHz Crystal, OSC3=0OFF - 0.60 200 | uA
mode IHALT2 |OSC1=32kHz Crystal, OSC3=4MHz Ceramic - 70 150 | pA
IHALT3 |OSC1=32kHz Crystal, OSC3=2MHz CR - 120 240 | pA
Current consumption IExer  |OSC1=32kHz Crystal, OSC3=0FF, - 25 4.0 A
during execution CPUclk=0SC1
leExe2 |OSC1=32kHz Crystal, OSC3=4MHz Ceramic, - 320 600 | pHA
CPUclk=0SC3
IExes  |OSC1=32kHz Crystal, OSC3=2MHz CR, - 250 500 | pA
CPUclk=0SC3
Current consumption during IExEIH |OSC1=32kHz Crystal, OSC3=0FF, - 13 30 A
execution in heavy load CPUclk=0SC1, HLMOD=1
protection mode
LCD circuit current ILcp1r  [LCDCx=AIl on, LCx=FH, fosc1=32.768kHz, - 18 3.0 A
(1/5 bias, Vc2 reference) Vpp=2.5t05.5V *1
LCD circuit current ILcp11iH [LCDCx=AIl on, LCx=FH, fosc1=32.768kHz, - 14 20 UA
in heavy load protection mode Vpp=2.5t0 5.5V, HLMOD=1 *2
(/5 bias, Vc2 reference)
LCD circuit current when the ILcp1z  |[LCDCx=AIll on, LCx=FH, fosc1=32.768kHz, - 35 6.0 UA
power voltage booster is active DBON=1, Vbp=1.6to 2.5V *3
(/5 bias, Vc2 reference)
LCD circuit current in heavy ILcpizH | LCDCx=AIll on, LCx=FH, fosc1=32.768kHz, - 26 50 A
load protection mode when the DBON=1, Vbp=1.6 to 2.5V, HLMOD=1 *4

power voltage booster is active
(15 bias, Vc2 reference)

LCD circuit current ILcp2r  |[LCDCx=AIl on, LCx=FH, fosc1=32.768kHz, - 0.9 15 A
(1/4 bias, Vc2 reference) Vpp=2.5t05.5V *1

LCD circuit current ILcp21H [LCDCx=All on, LCx=FH, fosc1=32.768kHz, - 9 18 A
in heavy load protection mode Vpp=2.5t0 5.5V, HLMOD=1 *2

(/4 bias, Vc2 reference)

LCD circuit current when the ILcpzz  |[LCDCx=AIll on, LCx=FH, fosc1=32.768kHz, - 17 3.0 UA
power voltage booster is active DBON=1, Vbp=1.6to 2.5V *3

(/4 bias, Vc2 reference)

LCD circuit current in heavy ILcp2zH | LCDCx=AIll on, LCx=FH, fosc1=32.768kHz, - 18 36 UA
load protection mode when the DBON=1, Vbp=1.6 to 2.5V, HLMOD=1 *4

power voltage booster is active
(14 bias, Vc2 reference)

LCD circuit current ILcp3r  |[LCDCx=AIl on, LCx=FH, fosc1=32.768kHz, - 12 25 LA
(1/4 bias, Vc1 reference) Vpp=1.6t05.5V *1

LCD circuit current ILcp3iH [LCDCx=All on, LCx=FH, fosc1=32.768kHz, - 55 11.0 | pA
in heavy load protection mode Vpp=1.6to 5.5V, HLMOD=1 *2

(1/4 bias, Vc1 reference)

SVD circuit current Isvb  |VDD=3.6V *5 - 9 15 HA
R/f converter circuit current IRF Vbp=5.5V, CREF=CseEN=1000pF, - 300 400 | WA

RREF=RSEN=10kQ *6

x1 Thisvaueisadded to the current consumption in HALT mode or current consumption during execution when the LCD
circuit is active. Current consumption increases according to the display contents and panel load.

*2 Thisvalueis added to the current consumption during execution in heavy load protection mode when the LCD circuit is
active. Current consumption increases according to the display contents and panel load.

*3 Thisvaueisadded to the current consumption in HALT mode or current consumption during execution when the power
voltage booster/halver and the LCD circuit are active. Current consumption increases according to the display contents and
panel load.

*4 Thisvaueis added to the current consumption during execution in heavy load protection mode when the power voltage
booster/halver and the LCD circuit are active. Current consumption increases according to the display contents and panel
load.

*5 Thisvaueisadded to the current consumption during execution or current consumption during execution in heavy load
protection mode when the SVD circuit is active.

*6 Thisvalueisadded to the current consumption during execution when the R/f converter circuit is active.
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7.5 Oscillation Characteristics
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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:

VbD=1.610 5.5V, Vss=0V, Crystal oscillator=C-002RX (R1=30kQ(Typ.), CL=12.5pF), Ta=25°C

ltem Symbol Condition Min. Typ. | Max. |Unit
Oscillation start time tsta - - 3 s
External gate capacitance Cal Including the board capacitance 0 - 25 pF
Built-in drain capacitance Cp1 Chip - 14 - pF
Freguency/IC deviation Af/AIC | Vpp=constant -10 - 10 |ppm
Frequency/voltage deviation |Af/AV — — 1  ppm/V|
Frequency adjustment range | Af/ACG | Vbb=constant, Ce=0 to 25pF 25 — — ppm
OSC3 ceramic oscillation circuit
Unless otherwise specified:
Vbp=1.61t0 5.5V, Vss=0V, Ta=25°C
Item Symbol Condition Min. | Typ. | Max. |Unit
Oscillation start time tsta - - 1 ms
OSC3 CR oscillation circuit (external R type)
Unless otherwise specified:
Vpp=1.61t05.5V, Vss=0V, Ta=25°C
Item Symbol Condition Min. | Typ. | Max. |Unit
Oscillation start time tsta - - 1 ms
Frequency/IC deviation AfIAIC | Rcr=constant -25 - 25 | ppm
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7.6 Serial Interface AC Characteristics

Master mode

Condition: Vbp=3.0V, Vss=0V, Ta=-45 to 85°C, VIH1=0.8VDD, VIL1=0.2V DD, VoH=0.8VDD, VoL=0.2V DD

Item Symbol Min. Typ. Max. Unit
Transmitting data output delay time tsmd - - 200 ns
Receiving data input set-up time tsms 400 - - ns
Receiving datainput hold time tsmh 200 - — ns
Note that the maximum clock frequency islimited to 1 MHz.
Slave mode
Condition: Vpbp=3.0V, Vss=0V, Ta=-45 to 85°C, VI1H1=0.8VbD, V1L1=0.2VDD, VoH=0.8VDD, VoL=0.2V DD
Item Symbol Min. Typ. Max. Unit
Transmitting data output delay time tssd - - 500 ns
Receiving data input set-up time sss 400 - - ns
Receiving datainput hold time tssh 200 - - ns
Note that the maximum clock frequency islimited to 1 MHz.
<Master mode>
VoH
SCLK OUT / VoL
>
tsmd
VOH N/
souT Vo X X
tsms' tsmh -
VIH1 =\ — I
SIN ViL1 — =

<Slave mode>

SCLKIN M7
|

Vi1 / \

A

tssh

tssd
souT verTXC
<tSSSV
N T
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.7 Timing Chart

System clock switching

(
)

0ScC

10 msec min.
(

CLKCHG )

* 1 instruction execution time or longer

-3
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7.8 Characteristics Curves (reference value)

High level output current-voltage characteristic
Ta = 85°C, Max. value

VDD-VOH [V]
0.0 0.1 0.2 0.3 0.4 0.5 0.6
0 =
N
X\ ...........
2 \\* ‘‘‘‘‘ ===t
~< |  [TTTrttmeeeedlll Vob=1.6V
~ | T L YPD= OV
S~

<
E ) =~
5 -8 =~
= - ™~~~
\ \\\~
-10 \\ Vop=3.0V
-12 <

%S.SV
14

Low level output current-voltage characteristic

Ta = 85°C, Min. value

14
iy Vob=5.5V
10
< 8
E .///
g6 . __—"" Vob=3.0V
-
-
-
4 /-/
-
P S D—
? /// P Vob=1.6V
//T ______________
0 ="
" > 02 03 0.4 0.5 0.6
VoL [V]
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LCD drive voltage - supply voltage characteristic
(1/5 bias, Vc2 reference, power supply voltage booster/halver not used)
Ta = 25°C, Typ. value

7.0
6.0
A LCx = FH
5.0
> /]
o LCx = OH
4.0 |- -
3.0 ,/
2.0

1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 5.5 6.0
VoD [V]

LCD drive voltage - supply voltage characteristic
(1/5 bias, Vc2 reference, power supply voltage booster/halver used)

Ta = 25°C, Typ. value
7.0

6.0

LCx = FH

5.0

LCx =0H

Ves [V]

4.0

3.0

2.0
1.5 1.8 21 2.4 2.7 3.0
VoD [V]
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LCD drive voltage - supply voltage characteristic
(1/4 bias, Vc2 reference, power supply voltage booster/halver not used)
Ta = 25°C, Typ. value

6.0
5.0
LCx = FH
o 4.0
O Pl
> J/
LCx = OH
3.0 /
2.0

1.5 2.0 25 3.0 35 4.0 4.5 5.0 5.5 6.0
Vop [V]

LCD drive voltage - supply voltage characteristic
(1/4 bias, Vcz reference, power supply voltage booster/halver used)

Ta = 25°C, Typ. value
7.0

6.0

5.0

LCx=FH

Ves [V]

4.0

LCx = OH

3.0

2.0

1.5 1.8 2.1 2.4 2.7 3.0
Vop [V]
LCD drive voltage - supply voltage characteristic
(1/4 bias, Vc1 reference, power supply voltage booster/halver not used)
Ta = 25°C, Typ. value

6.0
5.0
LCx = FH
=
o 4.0
(&}
>
LCx = OH
3.0
2.0

1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Vob [V]
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LCD drive voltage - ambient temperature characteristic
(1/5 bias, Vc2 reference, power supply voltage booster/halver not used)

Vop = 3.0V, Typ. value
1.05Vcs

1.04Vcs
1.03Vcs
1.02Vces
1.01Ves
1.00Ves
0.99Vcs
0.98Vcs
0.97Vcs
0.96Vcs
0.95Vcs

0.94Vcs
-50 -25 0 25 50 75 100

Ta [°C]

=
o}
(&}
>

LCD drive voltage - ambient temperature characteristic
(1/4 bias, Vc2 reference, power supply voltage booster/halver not used)
Vop = 3.0V, Typ. value

1.05Vcs
1.04Vcs
1.03Vcs
1.02Vcs
1.01Ves
>'1.00Vcs
S 0.99Ves
0.98Vcs
0.97Vcs
0.96Vcs
0.95Vcs

0.94Vcs
-50 -25 0 25 50 75 100
Ta [°C]

LCD drive voltage - ambient temperature characteristic
(1/4 bias, Vc1 reference, power supply voltage booster/halver not used)

VoD = 3.0V, Typ. value
1.06Vcs
1.05Vces
1.04Ves
1.03Ves
1.02Ves
1.01Ves

E 1.00Vcs
B 0.99Vcs
> 0.98Vcs
0.97Vcs
0.96Vcs
0.95Vcs
0.94Vcs
0.93Vcs

0.92Ves
-50 -25 0 25 50 75 100
Ta [°C]
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LCD drive voltage - load characteristic
(1/5 bias, Vc2 reference, power supply voltage booster/halver not used)

When a load is connected to Vcs terminal only LCx = FH, Ta = 25°C, Typ. value
5.80

5.75

5.70

5.65

5.60

Ves [V]

5.55

5.50

5.45

5.40

0 4 8 12 16 20
-Ives [uA]

LCD drive voltage - load characteristic
(1/4 bias, Vc2 reference, power supply voltage booster/halver not used)

When a load is connected to Vcs terminal only LCx = FH, Ta = 25°C, Typ. value
5.00

4.90

4.80

4.70

Ves [V]

4.60

4.50

4.40

0 4 8 12 16 20
-lves [uA]

LCD drive voltage - load characteristic
(1/4 bias, Vc1 reference, power supply voltage booster/halver not used)

When a load is connected to Vcs terminal only LCx = FH, Ta = 25°C, Typ. value
5.00

4.90

4.80

4.70

Ves [V]

4.60

4.50

4.40

0 4 8 12 16 20
-lves [uA]
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SVD voltage - ambient temperature characteristic
SVDSx = FH, Typ. value

1.05VsvD
1.04VsvD
1.03VsvD
1.02VsvD

—1.01VsvD

=

% 1.00VsvD

> 0.99VsvD
0.98VsvD
0.97VsvD
0.96VsvD

0.95VsvD
-50 -25 0 25 50 75 100

Ta [°C]
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HALT state current consumption - temperature characteristic
(During operation with OSC1) <Crystal oscillation, fosc1 = 32.768 kHz>
Vop = 5.5V, OSC3 = OFF, Clock manager = OFF, Typ. value

5

4
< 3
e
g
-

1 —_

/
0
-50 -25 0 25 50 75 100
Ta [°C]

RUN state current consumption - temperature characteristic
(During operation with OSC1) <Crystal oscillation, fosc1 = 32.768 kHz>
Vbop = 5.5V, OSC3 = OFF, Clock manager = OFF, Typ. value

5
4
=< 3 1
=
]
52
w 2
1
0
-50 -25 0 25 50 75 100

Ta [°C]
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RUN state current consumption - frequency characteristic
(During operation with OSC3) <Ceramic oscillation>
Vbob = 5.5V, Ta = 25°C, Typ. value

500
400
—= 300
el _—
4 200 /
100
0
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
OSC83 frequency [MHZz]

RUN state current consumption - resistor characteristic
(During operation with OSC3) <CR oscillation>

Vobp = 5.5V, Ta = 25°C, Typ. value
800

700

600

500

400

300 \

200

IEXES [HA]

100

0
10 100 1000
RcR3 [kQ]
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Oscillation frequency - resistor characteristic (OSC3) <CR oscillation>
Vop = 5.5V, Ta = 25°C, Typ. value

10000
—
\\
1000 ~
~
T
=
3 ™~
g ~
100
10
10 100 1000
RcR3 [kQ]

Oscillation frequency - temperature characteristic (OSC3) <CR oscillation>
RcRra = 30 kQ, Typ. value

10000

1000

foscs [kHz]

100
-50 -25 0 25 50 75 100

Ta [°C]
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RFC reference/sensor oscillation frequency - resistance characteristic

(DC oscillation mode)

CseN = 1000 pF, Ta = 25°C, Typ. value

10,000
1,000 i

_ < |C deviation

L 100 S

=3

x in Nigg2

£ 10 N>

&
1 ~{F VoD = 1.6 V]

VDD =5.5 V
0 [ L] |
0 1 10 100 1,000

RREF/RSEN [k€2]

RFC reference/sensor oscillation frequency - resistance characteristic

(AC oscillation mode)

10,000

CseN = 1000 pF, Ta = 25°C, Typ. value

10,000
1,000 b
— H<2IC deviation
N 100 >
=
x T
0 NP~
£ 10
N~ VoD = 1.6 V]|
1 >y
Vbbb =5.5 \/
0 NI
0 1 10 100 1,000

RREF/RSEN [KQ]

10,000
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

RFC reference/sensor oscillation frequency - capacitance characteristic

(DC/AC oscillation mode)

RseN = 100 kQ, Ta = 25°C, Typ. value

1,000
100
= IC deviation
N L T~<=1o
E. L]
< 10 Y = = VDD = 1.6 V3
o :
£ =1
; Vob=5.5V| [N
0
10 100

CRFC [pF]

1,000 10,000

RFC reference/sensor oscillation frequency - current consumption characteristic

(DC/AC oscillation mode)

CRFC = 1000 pF, Ta = 25°C, Typ. value

10,000 T
VbD = 5.5 V-
| I I A I
A [T
] Vbb=1.6V
1,000 = =2
< .
= -
o 100
= =
10
1
0 10 100 1,000 10,000
frRFC [kHZ]
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CHAPTER 8

PACKAGE

8.1 Plastic Package

CHAPTER 8: PACKAGE

QFP20-144pin

(Unit: mm)
22+0.4
200.1
108 73
AR A RRTRT AT
109 = =72
% % | <
- = 1%
= = SR
= INDEX =
1445 =37
I R X
1 +0.1 36
0.5 0.2-005
%
g =i , 0.125-85%5
.\_i /a1 1 a0 130 0 i o 0°
— — o
1 10
e 0.5%0.2
1
The dimensions are subject to change without notice.
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VFBGA10H-144

Top View

Al Corner

\_ Index

|

*:JUUUUU‘UUUUUU <
[[y]S] 3
<C
Bottom View
S
] Sp 3
Revd - . —
‘ Dimension in Millimeters
o Symbol -
M 000000000000 < Min Nom Max
L 000000000000 D - 10 -
K 00000000000 O E _ 10 _
J 000000000000 | w4 A _ _ 12
H coooooloooocoo| © ™ - 03 -
G 000000000000t a - 08 -
F 000000000000
E |ooooooloooooo [] b 0.38 - 048
D O000000D0O0O0O0O0 - - 0.08
o 000000000000 - - 0.1
B 000000000000 Sp - 0.4 -
A 000000000000 SE - 0.4 -
Al Corner

123456 7 8 9101112
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8.2 Ceramic Package for Test Samples

CHAPTER 8: PACKAGE

QFP17-144pin

22.00+0.25

19.2040.19

73
I

108
L [0
109

N
.
Z
Z

NN

7/

IR AR

72

19.20+40.19
22.000.25

37

144:\QHHH

TTTTOT; IO HHHHHHHHHHH?,HG—,

L 0.50 0.20

%.80 Max

0
b
Ol

?
0.50+40.20

(Unit: mm)
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CHAPTER 9: PAD LAYOUT

CHAPTER 9 PaD LAyouTt

9.1 Diagram of Pad Layout

4
~ peno] IIDDDDID0000O000 0000000000000
] 95 90 85 80 75 70 _
1100 ]
— 65
1105 N
[] 60
1110 C
= Y =
1115 H c
m X so] | |E
[ ] (0,0) ] Q
1120 n P
[] 45
1125 u
(] 40
1130 u
[] 350
1 5 10 15 20 25 30
U134 OO OO0 38U ]
B 3.645 mm g

Chip thickness: 400 pm
Pad opening: 77 x 85 um
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9.2 Pad Coordinates

CHAPTER 9: PAD LAYOUT

Unit: mm

No. Pad name X Y No. Pad name X Y No. Pad name X Y
1 | SEG16 -1.395| -1.737| 46 | COM18/SEG61 1.709| -0.390( 91 | PL/RUN/LAP | -0.602| 1.737
2 | SEG17 -1.305| -1.737| 47 | COM17/SEG62 1.709| -0.300( 92 | PIO/RUN/LAP | -0.692( 1.737
3 | SEG18 -1.215| -1.737| 48 | COM16/SEG63 1.709| -0.210| 93 | PO3/RFOUT/BZ| -0.782| 1.737
4 | SEG19 -1.125| -1.737| 49 | Vss 1.709| -0.120( 94 | Vbp -0.872| 1.737
5 | SEG20 -1.035| -1.737| 50 | Vb2 1.709| -0.030| 95 | PO2/SENO -0.962| 1.737
6 | SEG21 -0.945| -1.737| 51 | CG 1709 0.060| 96 | POL/REFO -1.052| 1.737
7 | SEG22 -0.855| -1.737| 52 | CF 1.709| 0.150| 97 | POO/RFINO -1.142| 1.737
8 | SEG23 -0.765| -1.737| 53 | CE 1709 0.240( 98 | Vss -1.232| 1.737
9 | SEG24 -0.675| -1.737| 54 | CD 1.709( 0.330( 99 | RFIN1 -1.709| 1.643
10 | SEG25 -0.585| -1.737| 55 | CC 1.709| 0.420( 100 | REF1 -1.709| 1.553
11 | SEG26 -0.495| -1.737| 56 | CB 1.709| 0.510( 101 | SEN1 -1.709| 1.463
12 | SEG27 -0.405( -1.737| 57 | CA 1.709| 0.600| 102 | HUD -1.709( 1.373
13 | SEG28 -0.315| -1.737| 58 | Vcs 1.709| 0.690| 103 | COMO -1.709| 1.230
14 | SEG29 -0.225| -1.737| 59 | Vca 1.709| 0.780| 104 | COM1 -1.709| 1.140
15 | SEG30 -0.135| -1.737| 60 | Vc3 1.709| 0.870| 105 | COM2 -1.709| 1.050
16 | SEG31 -0.045| -1.737| 61 | Vc2 1.709| 0.960 | 106 | COM3 -1.709| 0.960
17 | SEG32 0.045| -1.737| 62 | Vcu1 1.709| 1.050| 107 | COM4 -1.709| 0.870
18 | SEG33 0.135| -1.737| 63 | Vbp 1.709( 1.140( 108 | COM5 -1.709| 0.780
19 | SEG34 0.225| -1.737| 64 | OSC3 1709 1.230| 109 | COM6 -1.709| 0.690
20 | SEG35 0.315| -1.737| 65 | OSC4 1709 1.320( 110 | COM7 -1.709| 0.600
21 | SEG36 0.405| -1.737| 66 | Vss 1.709| 1.410| 111 | COM8 -1.709| 0.510
22 | SEG37 0.495| -1.737| 67 | OSC1 1.709( 1.500( 112 | COM9 -1.709| 0.420
23 | SEG38 0.585| -1.737| 68 | OSC2 1709 1.590( 113 | COM10 -1.709| 0.330
24 | SEG39 0.675| -1.737| 69 | Vb1 1378 1.737| 114 | COM11 -1.709| 0.240
25 | SEG40 0.765| -1.737| 70 | Vosc 1.288| 1.737| 115 | COM12 -1.709| 0.150
26 | SEG41 0.855| -1.737| 71 | TEST 1198 1.737| 116 | COM13 -1.709| 0.060
27 | SEG42 0.945| -1.737| 72 | RESET 1108 1.737| 117 | COM14 -1.709| -0.030
28 | SEG43 1.035| -1.737| 73 | P53 1.018| 1.737| 118 | COM15 -1.709| -0.120
29 | SEG44 1125 -1.737| 74 | P52 0.928| 1.737| 119 | SEGO -1.709| -0.210
30 | SEG45 1.215| -1.737| 75 | P51 0.838| 1.737| 120 | SEG1 -1.709| -0.300
31 | SEG46 1.305| -1.737| 76 | P50 0.748| 1.737| 121 | SEG2 -1.709| -0.390
32 | SEG47 1.395| -1.737| 77 | PA3/EVIN_D 0.658| 1.737| 122 | SEG3 -1.709 | -0.480
33 | COM3VSEG48 | 1.709| -1.697 | 78 | PA2/EVIN_C 0.568| 1.737| 123 | SEG4 -1.709| -0.570
34 | COM30/SEG49 | 1.709| -1.470| 79 | PAL/EVIN_B 0.478| 1.737| 124 | SEG5 -1.709 | -0.660
35 | COM29/SEG50 | 1.709| -1.380| 80 | P40 0.388| 1.737| 125 | SEG6 -1.709| -0.750
36 | COM28/SEG51 | 1.709| -1.290| 81 | P33/TOUT_D 0.298| 1.737| 126 | SEG7 -1.709| -0.840
37 | COM27/SEG52 | 1.709| -1.200( 82 | P32/TOUT_C 0.208| 1.737| 127 | SEG8 -1.709| -0.930
38 | COM26/SEG53 | 1.709| -1.110| 83 | P3UTOUT_B 0.118| 1.737| 128 | SEG9 -1.709| -1.020
39 | COM25/SEG54 | 1.709| -1.020( 84 | P30 0.028| 1.737| 129 | SEG10 -1.709| -1.110
40 | COM24/SEG55 | 1.709| -0.930| 85 | P23/SRDY/SSFOUT| -0.062| 1.737| 130 | SEG11 -1.709| -1.200
41 | COM23/SEG56 | 1.709( -0.840| 86 | P22/SIN -0.152| 1.737| 131 | SEG12 -1.709| -1.290
42 | COM22/SEG57 | 1.709( -0.750| 87 | P21/SOUT -0.242| 1.737| 132 | SEG13 -1.709| -1.380
43 | COM21/SEG58 | 1.709( -0.660| 88 | P20/SCLK -0.332| 1.737| 133 | SEG14 -1.709| -1.470
44 | COM20/SEG59 | 1.709| -0.570| 89 | P13/TOUT_A -0.422| 1.737| 134 | SEG15 -1.709 | -1.697

45 | COM19/SEG6E0 | 1.709( -0.480| 90 | P12/EVIN_A -0512| 1.737| - - - -
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APPENDIX A PeRIPHERAL CircuIT BoaRDs FOR S1C63632

This section describes how to use the Peripheral Circuit Boards for the S1C63632 (S5U1C63000P6 and
S5U1C63632P2), which provide emulation functions when mounted on the debugging tool for the S1C63
Family of 4-bit single-chip microcomputers, the ICE (S5U1C63000H2/S5U1C63000HS6).

This description of the S1C63 Family Peripheral Circuit Board (S5U1C63000P6) provided in this docu-
ment assumes that circuit data for the S1C63632 has already been downloaded to the board. For informa-
tion on downloading various circuit data, please see Section A.3. Please refer to the manual provided
with your ICE for detailed information on its functions and method of use.

Note: The S5U1C63000P1 cannot be used for developing the S1C63632 applications.

A.1 Names and Functions of Each Part

A.1.1 S5U1C63000P6

The S5U1C63000P6 board provides peripheral circuit functions of S1C63 Family microcomputers other
than the core CPU. The following explains the names and functions of each part of the S5U1C63000P6
board.

t I t I
T T e T T e
(8) 9) (10) (11) @ @
| : | ot
N |Y—j| VLCD(VZ/VSV)
@) SgElnEm @'
\ S5U1C63000P6 =
mcag_os<:3CR
BESEN . eoe © %smcw
I@cmmﬂ
‘a\ % \(6)
E .
(5)
9)
n (00l 0 = A 20t = =y sy ﬂ
CN3 (not used) |, CN2 (notused) CN1 v
(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).

(3) Register monitor LEDs
These LEDs correspond one-to-one to the registers and motor driver outputs listed below. The LED

lights when the data is logic "1" and goes out when the data is logic "0".
OSCC, CLKCHG, DBON, HLON, VCSEL, VDSEL, VCHLMOD, VDHLMOD, SVDON, SVDS0-SVDS3
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(4) Register monitor pins
These pins correspond one-to-one to the registers and motor driver outputs 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 DONE *1 1 DONE *1 % @ @
2 oscc 2 oscc EX @ @
3 CLKCHG 3 CLKCHG 4] @
4 VDSEL 4 VDSEL % @
5 VCSEL 5 VCSEL 12
6 HLON 6 HLON s @
-
7  |DBON 7  |DBON 9 @
8 VCHLMOD 8 VCHLMOD 110 @
9 VDHLMOD 9 VDHLMOD 111] @
10 |SvDON 10 |SvVDON 12] @
11 SVDS0 11 SVDS0 %
12 |svDs1 12 |svDsi 15 \
13 SVDS2 13 SVDS2 16)
14  |svDs3 14  |svDS3 \ LED
i: : 1(53 : Monitor pin

*1 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
This control allows you to adjust the OSC3 oscillation frequency. This function is effective when
ceramic oscillation is selected for the OSC3 oscillation circuit by mask option as well as when CR
oscillation is selected. The oscillation frequency can be adjusted in the range of approx. 100 kHz to 8
MHz. Note that the actual IC does not operate with all of these frequencies; refer to Chapter 7,
"Electrical Characteristics", to select the appropriate operating frequency.

®  |<—Not used

° <— Not used

<«— OSC3 rough adjustment
<«— OSCa3 fine adjustment

L)

C

(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.

[ e ©
RESET ]©[ © e e

T—OSCS monitor pin (red)
Not used

GND pin (black)
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(7) RESET switch

This switch initializes the internal circuits of this board and feeds a reset signal to the ICE.

(8) External part connecting socket
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

Unused
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A.1.2 S5U1C63632P2

The S5U1C63632P2 board provides the R/f converter function that supports resistive sensors such as a
thermistor and resistive humidity sensors and the LCD driver function.
The following explains the names and functions of each part of the SSU1C63632P2 board.

o rt
e T S
S1C63632 ADD ON BOARD
SEIKO EPSON CORP.
] ]
SO
i
@
L J
(4) 3
/ \ ois
15 B o = =0 =
© n [©
[—l

(1) R/f converter monitor pins and external part connecting socket (Channel 0)
These monitor pins are used to check the operation of R/f converter channel 0. The socket is used to
connect external resistors and a capacitor for R/f conversion.
Mount resistors and a capacitor on the platform attached with the SSU1C63632P2 and then connect it
to the onboard socket.

RFOUT 1[AAMAE] 16 «—Sensor (resistor)
[2) — =
| 5* u 1451
0| g (———= 4] 13
=]l 2;J\/\/\r; ﬁ«Reference resistor
_CHO_ 79— ] 10 < Capacitor
8 9

Connecting a DC-bias
resistive sensor (e.g. thermistor)

(2) R/f converter monitor pins and external part connecting socket (Channel 1)
These monitor pins are used to check the operation of R/f converter channel 1. The socket is used to
connect external resistors and a capacitor for R/f conversion.
Mount resistors and a capacitor on the platform attached with the SSU1C63632P2 and then connect it
to the onboard socket.

_ T u ig %;J\/\/\r; ig < Sensor (resistor)
gHS iEJ\/\/\rZ 14 < Sensor (resistor) i: H 1‘31
ofls T smwadEefgEe SRl R
Gl ;;—| ll S1)0 «—Capacitor ;;—| ll éo «—Capacitor
Connecting a AC-bias Connecting a DC-bias
resistive humidity sensor resistive sensor (e.g. thermistor)

The sensor connect position changes according to the sensor type to be used.
Do not mount an AC bias sensor and a DC bias sensor at the same time as it causes a malfunction.
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(3) CN3 (PO I/O connector)
This is a user connector to input/output the P00 to P03 port signals. The P00 to P03 terminals of the
actual IC are shared with the terminals for R/f converter channel 0. The S5U1C63632P2 board pro-
vides this connector separated with the R/f converter socket and monitor pins shown in (1) above.
Therefore, be sure to leave this connector open when R/f converter channel 0 is used.

(4) CN4 (LCD connector)
This is a user connector to output the COM and SEG signals of the LCD driver. There are two connec-
tors provided: one is for 1/5 bias and another is for 1/4 bias. Be sure to use one of them according to
the specification of the target system. Use of the both connectors at the same time may cause a mal-
function.
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A.2 Connecting to the Target System

This section explains how to connect the target system.

First insert the S5U1C63000P6 board into the second upper slot of the ICE and the S5U1C63632P2 board
into the top slot.

Download the circuit data to the S5SU1C63000P6 board before installing the SSU1C63632P2 board if the
S5U1C63000P6 board does not include the correct circuit data. See Section A.3 for downloading circuit
data.

Fig. A.2.1 Installing the peripheral circuit boardsto the ICE

e Installing the S5U1C63000P6/63632P2 hoard
Set the jig included with the ICE into position as
shown in Figure A.2.2. Using this jig as a lever,
push it toward the inside of the board evenly on
the left and right sides. After confirming that the © Board ©
board has been firmly fitted into the internal slot
of the ICE, remove the jig.

Fig. A2.2
Installing the board

» Dismounting the S5U1C63000P6/63632P2 board
Set the jig included with the ICE into position as
shown in Figure A.2.3. Using this jig as a lever,
push it toward the outside of the board evenly
on the left and right sides. After confirming that

the board has been dismounted from the © Board o
backboard connector, pull the board out of the
ICE.
Fig. A2.3
Dismounting the board o o
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To connect the S5U1C63000P6 and S5U1C63632P2 to the target system, use the I/O connecting cables

supplied with these boards. Take care when handling the connectors, since they conduct electrical power
(VDD = +3.3 V).

1/5 bias 1/4 bias
? = V N

‘?0@\%\
#9 Kvwﬁ — l | joooHs _epson

SSU1C63632P2 CN4 SSUlCGSOOOPG CN1 S5U1C63632P2 CN3

(80 pins) (80 pins) (10 pins)
—
| —
CN4-2 CN4-1 CN1-1 CN1-2 CN3
(40 pins) (40 pins) (40 pins) (40 pins) (10 pins)
— O — C— —
CN4-2 CN4-1 CN1-1 CN1-2 CN3

Target board
Fig. A.2.4 Connecting the S5U1C63000P6 and SSU1C63632P2 to the target system
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APPENDIX A PERIPHERAL CIRCUIT BOARDS FOR S1C63632

40-pin CN1-1 connector

40-pin CN1-2 connector

No. Pin name No. Pin name

1 Vop (=3.3V) 1 Vbop (=3.3V)

2 Vop (=3.3V) 2 Vbop (=3.3V)

3 Cannot be connected 3 Cannot be connected

4 Cannot be connected 4 Cannot be connected

5 Cannot be connected 5 Cannot be connected

6 Cannot be connected 6 Cannot be connected

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 |P10 13 | Cannot be connected
14 (P11 14 | Cannot be connected
15 |P12 15 |Cannot be connected
16 |P13 16 |Cannot be connected
17 |P20 17 | Cannot be connected
18 |P21 18 |Cannot be connected
19 |P22 19 |Cannot be connected
20 |P23 20 |Cannot be connected
21 |Vbb (=3.3V) 21 |Vbb(=3.3V)

22 |Vbb (=3.3V) 22 |Vob(=3.3V)

23 |[P30 23 | Cannot be connected
24  |P31 24 | Cannot be connected
25 |P32 25 | Cannot be connected
26 [P33 26 | Cannot be connected
27 |P40 27 | Cannot be connected
28 |P41 28 | Cannot be connected
29 |P42 29 [Cannot be connected
30 (P43 30 |Cannot be connected
31 |Vss 31 |Vss

32 |Vss 32 |Vss

33 |P50 33 | Cannot be connected
34 (P51 34 | Cannot be connected
35 [P52 35 | Cannot be connected
36 |[P53 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
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Table A.2.2 SHU1C63632P2 1/0O connector pin assignment

10-pin CN3 connector 40-pin CN4-1 connector 40-pin CN4-2 connector

No. Pin name No. Pin name No. Pin name
1 |Vbbp(=33V) 1 |como 1 |SEG24
2 |Vbb(=33V) 2 |com1 2 |SEG25
3 POO 3 |COM2 3 |SEG26
4 PO1 4 COM3 4 SEG27
5 P02 5 |COM4 5 |SEG28
6 PO3 6 |COM5 6 |SEG29
7 Cannot be connected 7 COM6 7 SEG30
8 Cannot be connected 8 COM7 8 SEG31
9 |Vss 9 |COMS8 9 |SEG32
10 |Vss 10 |COM9 10 |SEG33
11 |COM10 11 [SEG34
12 |COM11 12 [SEG35
13 |COM12 13 |SEG36
14 |COM13 14 |SEG37
15 |COM14 15 |SEG38
16 |COM15 16 |SEG39
17 |SEGO 17 |SEG40
18 |SEG1 18 |SEG41
19 |SEG2 19 |SEG42
20 |SEG3 20 |[SEG43
21 |SEG4 21 |SEG44
22 |SEG5 22 |SEG45
23 |SEG6 23 | SEG46
24 |SEG7 24 | SEG4A7

25 |SEG8 25 |COM3VSEG48

26 |SEG9 26 |COM30/SEG49

27 |SEG10 27 |COM29/SEG50

28 |SEG11 28 |COM28/SEG51

29 |SEG12 29 |COMZ27/SEG52

30 |SEG13 30 |[COM26/SEG53

31 |SEG14 31 |COM25/SEG54

32 |SEG15 32 |COM24/SEG55

33 |SEG16 33 |COM23/SEG56

34 |SEG17 34 |COM22/SEG57

35 |SEG18 35 |COM21/SEG58

36 |SEG19 36 |COM20/SEG59

37 |SEG20 37 |COM19/SEG60

38 |SEG21 38 |COM18/SEG61

39 |SEG22 39 [COM17/SEG62

40 |SEG23 40 |COM16/SEG63
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A.3 Downloading to S5U1C63000P6

Note: The S1C63632 circuit data is available only for the S5U1C63000P6, and it cannot be downloaded
to the previous S5U1C63000P1 board.

A.3.1 Downloading Circuit Data 1
—when new | CE (S5U1C63000H 2/S5U1C63000H6) is used

The S5U1C63000P6 board comes with the FPGA that contains factory inspection data, therefore the circuit
data for the model to be used should be downloaded. The following explains the downloading proce-
dure.

1) Remove the ICE (S5U1C63000H2/S5U1C63000H6) top cover and then set the DIP switch "IOSEL2" on
the S5U1C63000P6 board to the "E" position.
2) Connect the ICE to the host PC. Then turn the host PC and ICE on.

3) Invoke the debugger included in the assembler package (ver. 5 or later for the SSU1C63000H2, ver. 9
or later for the SSU1C63000HS6). For how to use the ICE and debugger, refer to the manuals supplied
with the ICE and assembler package.

4) Download the circuit data file (.mot) corresponding to the model by entering the following commands
in the command window.

>XFER (erase all)
>XFWR <file name> (download the specified file)*
>XFCP <file name> (compare the specified file and downloaded data)

* The downloading takes about 15 minutes in the S5U1C63000H2 or about 3 minutes in the
S5U1C63000HS6.

5) Terminate the debugger and then turn the ICE off.
6) Set the DIP switch "IOSEL2" on the S5U1C63000P6 board to the "D" position.
7) Turn the ICE on and invoke the debugger again. Debugging can be started here.
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A.3.2 Downloading Circuit Data 2 —when previous | CE (S5U1C63000H1) isused

The standard ICE (S5U1C63000H1, previous model) did not support the circuit data download function
for the S5U1C63000P6 board. To use the download function, update the ICE firmware according to the
following procedure.

1) Set the baud rate of the ICE to 9600 bps. Refer to the manual supplied with the ICE for setting the DIP
switch.

2) Connect the ICE to the host PC and then start up the host PC in DOS. When Windows is running,
restart in DOS mode.

Note: Do not use the DOS prompt of Windows.

3) Turn the ICE on.

4) Configure the RS232C parameters for the host PC as follows:
C.\>MODE COML: 9600, n, 8, 1,p (9600 bps, 8-bit data, 1 stop bit, no parity)

5) Copy the following files included in the assembler package (ver. 5 or later) to a directory on the hard disk.
tn63. exe, ice63.com i63como, i63par

6) Move to the directory in Step 5, run the TM63. TM63 enters command ready status after invocation,
enter a command as follows:

C:\>tn63 xat [
TM63 start on | BM PC
TM63 start V01.01

>dl f ice63.comi63como i63par Ob

>q
7) Enter "q" to terminate TM63 after the prompt mark is displayed.

8) The ICE firmware is now updated. Turn the ICE off and then download the circuit data by the proce-
dure described in Section A.3.1.
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A.4 Usage Precautions

To ensure correct use of the peripheral circuit board, please observe the following precautions.

A.4.1 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 I/O ports (P10-P13) 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.4.2 Differences with the actual IC

(1) Differences in 1/0O

<Interface power supply>

S5U1C63000P6 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 SS5U1C63000P6 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'1/0O ports incorporate a protective diode for VDD and Vss, and the interface signals between
S5U1C63000P6 and the target system are set to +3.3 V. Therefore, SSU1C63000P6 and the target system
cannot be interfaced with voltages exceeding VDD by setting the output ports for open-drain mode.

<Pull-down resistance value>

The pull-down resistance values on S5U1C63000P6 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-down resistors to pull the input pins low, the input pins may require a
certain period to reach a valid low level. Exercise caution if a key matrix circuit is configured using a
combination of output and input ports, since fall delay times on these input ports differ from those of
the actual IC.

<Schmitt input>
The I/0 ports of the actual IC allow use of Schmitt input interface. The S5U1C63000P6 supports
CMOS level interface only and does not supports Schmitt inputs.

(2) Differences in current consumption
The amount of current consumed by the peripheral circuit boards differ significantly from that of the
actual IC. Inspecting the LEDs on S5U1C63000P6 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) OSC3 oscillation on/ off circuit (OSCC)

c¢) CPU clock select circuit (CLKCHG)

d) SVD circuit on/off circuit (SVDON)

<Those that can only be counteracted by system or software>
e) Current consumed by the internal pull-down resistors
f) Input ports in a floating state
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(3) Functional precautions
<LCD driver>
The S1C63632 chips included in the S5U1C63632P2 board generate the LCD drive waveform. The
S5U1C63632P2 has two on-board S1C63632 chips and one of them is used for 1/4 bias drive and
another is used for 1/5 bias drive. Note that both the CN4 connector for 1/4 bias and CN4 connector
for 1/5 bias on the S5U1C63632P2 board output the LCD drive waveforms regardless of which option
is selected. The target board must be connected to the connector for the drive bias used in the applica-
tion.

<SVD circuit>

- The SVD function is realized by artificially varying the power supply voltage using the VSVD
control on S5U1C63000P6. However, the S5U1C63000P6 supports detection of eight levels (0000B to
0111B) only and the SVD3 register value is ignored (e.g. the same detection results are obtained
when SVDS = 1111B and when SVDS = 0111B). The SVDS3 value should be checked with the monitor
LED.

- There is a finite delay time from when the power to the SVD circuit turns on until actual detection of
the voltage. On S5U1C63000P6, there is no delay, which differs from that of the actual IC. Refer to
Chapter 7, "Electrical Characteristics", when setting the appropriate wait time for the actual IC.

<Oscillation circuit>

- A wait time is required before oscillation stabilizes after the OSC3 oscillation control circuit (OSCC)
is turned on. On S5U1C63000P6, even when OSC3 oscillation is changed (CLKCHG) without a wait
time, OSC3 will function normally. Refer to Chapter 7, "Electrical Characteristics", 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
S5U1C63000P6, 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
S5U1C63000P6 differs from that of the actual IC.

- S5U1C63000P6 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.

- S5U1C63000P6 generates the OSC3 clock using the onboard CR oscillation circuit even if ceramic
oscillation is selected for the OSC3 oscillation circuit by mask option.

<Access to undefined address space>

If any undefined space in the S1C63632's internal ROM/RAM or I/O 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 S5U1C63000P6 and the actual IC. Note that the ICE
(S5U1C63000H2/S5U1C63000H6) 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 the peripheral circuit boards
(S5U1C63000P6 and S5U1C63632P2) 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 SS5U1C63000P6 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 performed by pressing the reset
switch on S5U1C63000P6, by a reset pin input, or by holding the input ports high simultaneously.

(* Free running mode: supported by S5U1C63000H1 /2 only)
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<|/O ports>
- Do not set the P1x ports used for multiple key entry reset to output mode as the S5U1C63000P6 and
S5U1C63632P2 may be reset.

- Do not enable the input interrupt or peripheral input function of the I/O port that has been set to
output mode. An interrupt processing may start in the S5SU1C63000P6 and S5U1C63632P2.

<R/f converter>
- The R/f converter function is implemented using the S1C63632 chip included in the S5U1C63632P2
board.

- If the debugger makes program execution to break while the R/f converter is counting the oscilla-
tion, the R/f converter does not stop counting. Note that the R/f converter will not able to load a
proper result if program execution is resumed from that point.

- The following shows the oscillation characteristics (reference value) of the R/f converter on the
S5U1C63632P2:

R/f converter oscillation frequency - capacitance characteristic (reference value)

1,000,000 R =50k

100,000

10,000

1,000

=
o
o

Oscillation frequency [Hz]
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470 1,000 2,200 4,700
Capacitance [pF]

R/f converter oscillation frequency - resistance characteristic (reference value)

1,000,000 C = 1000 pF

T~

100,000

10,000 ™

1,000

100
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1 10 100 1,000
Resistance [kQ]
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A.5 Product Specifications

A.5.1 Specifications of SSU1C63000P6
S5U1C63000P6

Dimension: 254 mm (wide) x 144.8 mm (depth) x 16 mm (height) (including screws)
Weight: Approx.250 g
Power supply: DC5V £5%,less than1 A (supplied from ICE main unit)

I/O connection cable (80-pin)
S5U1C63000P6 connector: KEL8830E-080-170L-F
Cable connector (80-pin): KEL8822E-080-171-F
Cable connector (40-pin):  3M7940-6500SC

Cable: 40-conductor flat cable
Interface: CMOS interface (3.3 V)
Length: Approx. 40 cm

I/O connection cable (100-pin)
S5U1C63000P6 connector: KEL8830E-100-170L-F
Cable connector (100-pin): KEL8822E-100-171-F
Cable connector (50-pin):  3M7950-6500SC

Cable: 50-conductor flat cable
Interface: CMOS interface (3.3 V)
Length: Approx. 40 cm

Accessories
40-pin connector for connecting to target system:
3M3432-6002LCPL
50-pin connector for connecting to target system:
3M3433-6002LCPL

1 pair
1 pair

1 pair
1 pair

X2

x 2
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A.5.2 Specifications of SBU1C63632P2

S5U1C63632P2
Dimension: 254 mm (width) x 144.8 mm (depth) x 13 mm (height) (including screws)
Weight: Approx. 170 g
Power supply: DC 5V + 5%, less than 50 mA
(supplied from ICE main unit and converted into 3.3 V by the onboard
regulator)

I/O connection cable (80-pin)
S5U1C63632P2 connector: KEL8830E-080-170L-F
Cable connector (80-pin): KEL8822E-080-171-F

Cable connector (40-pin):  3M7940-65005C 1 pair
Cable: 40-conductor flat cable 1 pair
Interface: CMOS interface (3.3 V)

Length: Approx. 40 cm

I/O connection cable (10-pin)
S5U1C63632P2 connector:  3M3654-5002-PL
Cable connector (10-pin):  3M7910-6500SC

Cable: 10-conductor flat cable
Interface: CMOS interface (3.3 V)
Length: Approx. 40 cm

Accessories
40-pin connector for connecting to target system:

3M3432-6002LCPL x2

10-pin connector for connecting to target system:
3M3662-6002LCPL x1

Discreet platform (for mounting external resistors and capacitors of the R/f converter):
DIS12-016-403 (KEL) x2
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