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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.
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Packing specifications

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

99 : Specs not fixed

Specification

Package
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Model number
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[C: microcomputer, digital products ]

Product classification
[S1: semiconductor ]

Development tools
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L Packing specifications
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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 S1C63709 is a microcomputer which consists of a high-performance 4-bit CPU S1C63000 as the
core CPU, ROM (12,288 words x 13 bits), RAM (2,048 words x 4 bits), serial interface, 2-channel motor driver,
solar charging circuit, an LCD driver that can drive a maximum 64 segments X 8 commons, sound generator
and time base counters. The S1C63709 features low current consumption, this makes it suitable for solar-
powered radio-controlled watches.

1.1 Features
OSC1 oscillation circuit ...................... 32.768 kHz (Typ.) crystal oscillation circuit
OSC3 oscillation circuit ..........cccccvene 4 MHz (Typ.) ceramic, 1.1 MHz (Typ.) CR (external R)
or 200 kHz (Typ.) CR (built-in R) oscillation circuit (1)
Instruction set ........ccocoeeiiiiiiiiiieis Basic instruction: 47 types (411 instructions with all)
Addressing mode: 8 types
Instruction execution time .................. During operation at 32.768 kHz: 61 pusec 122 pusec 183 psec
During operation at 4 MHz: 0.5 psec 1 psec 1.5 psec
ROM capacity .......cccccueeveiineeeniiieenne, Code ROM: 12,288 words % 13 bits
Data ROM: 2,048 words x 4 bits
RAM capacity ........ccccevvvveiineeeiiieene Data memory: 2,048 words x 4 bits
Display memory: 160 words X 4 bits
INPUL POrt.....ocviiiiiiiii 4 bits for general-purpose input ports
4 bits for crown switches
5 bits for theoretical regulation
(pull-down resistors may be supplemented [1)
/O POIt ..o, 18 bits (usable as special output and serial I/F ports ()
Serial interface ..o, 1 port (8-bit clock synchronous system)

LCD driver.......c....... 64 segments x 4, 5 or 8 commons ([2)
Time base counter

Clock timer
Stopwatch timer (1/1000 sec, with direct key input function)

Programmable timer ............ccccveeeee. 8 bits x 3 ch. or 16 bits x 1 ch. + 8 bits x 1 ch. ([2)
Watchdog timer ........cooceeeiviiiencineee Built-in

Sound generator ..o, With envelope and 1-shot output functions
Motor driver 2 channels

Solar charge-control circuit Built in

Supply voltage detection (SVD) circuit.. 24 detection voltage values are configurable ([2)

External interrupt ..........c.ccccciiiiinnn. Input port interrupt: 2 systems
Internal interrupt ........ocooeeviveeiiieennn. Clock timer interrupt: 7 systems
Stopwatch timer interrupt: 4 systems
Programmable timer interrupt: 3 systems
Serial interface interrupt: 1 system
Motor driver interrupt: 2 systems
Solar interrupt: 1 system
Power supply voltage ............cccceeenee. 1.0t0 3.6 V (when CR (built-in R) oscillation circuit is selected)
2.1t03.6 V (when CR (external R) or ceramic oscillation circuit is
selected)
Operating temperature range ............. -20 to 70°C
Current consumption (Typ.) ..cccccoevveeene 32 kHz HALT state (3.0 V, LCD off)  0.15 pA
32 kHz run state (3.0 V, LCD on) 3.50 pA
Shipping form.......cccccovviieeieiienee QFP20-144pin (plastic) or chip

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

S1C63709 TECHNICAL MANUAL EPSON 1



CHAPTER 1: OUTLINE

1.2 Block Diagram

ROM _ System Reset I RESET
12,288 words x 13 bits Control
Core CPU S1C63000
0sC1 . i
osc2 Interrupt
OosC p—
OSsC3 Generator
0SC4 1 1 "
Theoretical — =t
Regulation — T _CI_:.|°Ck
Function Pl imer
RAM I — Stopwatch
2,048 words x 4 bits Timer
pa—
] i K00-K03
Data ROM K10-K13
s e Input Port
2,048 words x 4 bits P K20-K23
D K30
¥ v
Watchdog I Programmable
Timer Timer/Counter
P00-P03
VDD P10-P13
Vci-Ves 1/0 Port P20-P23
Vb1 Power i P30-P33
Vosc Generator . 7 P40—P41
CA-CB
Vss .
| r——71—} Serial Interface
SLRA ﬂ — |
SLRC Solar — s d
VTKP —— oun
Generator
1
Svb LCD Driver [—{1COM0-COM7
64 SEG x 8 COM SEGO-SEG63
001 | *’7
002 Motor ||
o011 Controller Test «—{ ] TEST
012

Fig. 1.2.1 Block diagram
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1.3 Pin Layout Diagram

CHAPTER 1: OUTLINE

QFP20-144pin

108 73
A
109 = =72
= INDEX =
144 = =37
R R AR TR
1 36
No. | Pinname | No.| Pinname | No.| Pinname [ No.| Pin name
1 N.C. 37 COMO 73 N.C. 109 N.C.
2 N.C. 38 comM1 74 N.C. 110 N.C.
3 SEGO 39 com2 75 SEG32 111 COM4
4 SEG1 40 CcomM3 76 SEG33 112 COM5
5 SEG2 41 CA 7 SEG34 113 COM6
6 SEG3 42 CB 78 SEG35 114 CcomM7
7 SEG4 43 Vci 79 SEG36 115 P4l
8 SEG5 44 Vc2 80 SEG37 116 P40
9 SEG6 45 (Y ex! 81 SEG38 117 P33
10 SEG7 46 VDD 82 SEG39 118 P32
11 SEG8 47 Vosc 83 SEG40 119 P31
12 SEG9 48 N.C. 84 SEG41 120 P30
13 SEG10 49 0OSC1 85 SEG42 121 P23
14 SEG11 50 0SC2 86 SEG43 122 P22
15 SEG12 51 N.C. 87 SEG44 123 P21
16 SEG13 52 Vb1 88 SEG45 124 P20
17 SEG14 53 0OSC3 89 SEG46 125 VDD
18 SEG15 54 0OSsC4 90 SEGA7 126 SLRA
19 SEG16 55 N.C. 91 SEG48 127 VTKP
20 SEG17 56 Vss 92 SEG49 128 SLRC
21 SEG18 57 TEST 93 SEG50 129 Vss
22 SEG19 58 RESET 94 SEG51 130 VDD
23 SEG20 59 K00 95 SEG52 131 001
24 SEG21 60 K01 96 SEG53 132 N.C.
25 SEG22 61 K02 97 SEG54 133 002
26 SEG23 62 K03 98 SEG55 134 011
27 SEG24 63 K10 99 SEG56 135 012
28 SEG25 64 K11 100 SEG57 136 Vss
29 SEG26 65 K12 101 SEG58 137 P13
30 SEG27 66 K13 102 SEG59 138 P12
31 SEG28 67 K20 103 SEG60 139 P11
32 SEG29 68 K21 104 SEG61 140 P10
33 SEG30 69 K22 105 SEG62 141 P03
34 SEG31 70 K23 106 SEG63 142 P02
35 N.C. 71 K30 107 N.C. 143 PO1
36 N.C. 72 N.C. 108 N.C. 144 P00

N.C. : No Connection
Fig. 1.3.1 Pinlayout diagram (QFP20-144pin)

S1C63709 TECHNICAL MANUAL
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CHAPTER 1: OUTLINE

1.4 Pin Description

Table 1.4.1 Pin description

Pin name Pin No. 1/O Function
VDD 46, 125, 130 — | Power (+) supply pin
Vss 56, 129, 136 - Power (-) supply pin
VD1 52 - Internal logic system regulated voltage output pin
Vosc 47 — | OSC1 oscillation system regulated voltage output pin
Vci-Ves 43-45 L CD system power supply pins
CA,CB 41, 42 - LCD system voltage boosting/halving capacitor connecting pins
OSC1 49 | Crystal oscillation input pin
0SC2 50 O |Crysta oscillation output pin
0OSC3 53 | Ceramic or CR oscillation input pin (sel ectable by mask option)
OSC4 54 O |Ceramic or CR oscillation output pin (selectable by mask option)
K00-K03 59-62 | Input port pins
K10-K13 63-66 | Input port pins
K20-K23 67-70 | Input port pins
K30 71 | Input port pin
PO0-P03 144-141 1/0 [1/O port pins
P10/SIN 140 1/0  [1/O port or seria |I/F datainput pin (selected by software)
P11/SOUT 139 1/0  [1/O port or serial |I/F data output pin (selected by software)
P12/SCLK 138 I/0 |1/O port or serial I/F clock /O pin (selected by software)
P13/SRDY 137 1/0  [1/O port or seria |/F ready signal output pin (selected by software)
P20/TOUT 124 1/0  [1/O port or TOUT clock output pin (selected by software)
P21/SVDDT 123 I/0 |1/O port or SYDDT signal monitor output pin (selected by software)
P22/\V CWON 122 I1/0  [1/O port or VCWON signal monitor output pin (selected by software)
P23/ISOR1 121 1/0  [1/O port or ISOR1 signal monitor output pin (selected by software)
P30/ISOR3 120 I/0 |1/O port or ISOR3 signal monitor output pin (selected by software)
P31/ISOR2 119 1/0  [1/O port or ISOR2 signal monitor output pin (selected by software)
P32/CLIM 118 1/0  [1/O port or CLIM signal monitor output pin (selected by software)
P33/F16HZ 117 1/0  [1/O port or 16 Hz clock output pin (selected by software)
P40/BZ 116 1/0  [1/O port or buzzer output pin (selected by software)
PA1/FOUT 115 1/0  [1/O port or FOUT clock output pin (selected by software)
COMO-COM7 37-40, 111-114 O |LCD common output pins (1/4, 1/5 or 1/8 duty is selectable by software)
SEGO-SEG63 3-34, 75-106 O LCD segment output pins
001, 002 131, 133 O |Maotor O drive pulse output pins
011, 012 134, 135 O [Motor 1 drive pulse output pins
SLRA 126 — | Solar cell anode connecting pin
SLRC 128 — | Solar cell cathode connecting pin
VTKP 127 —  |Solar voltage detection pin
RESET 58 | Initial reset input pin
TEST 57 | Testing input pin

EPSON
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CHAPTER 1: OUTLINE

1.5 Mask Option

Mask options shown below are provided for the S1C63709. Several hardware specifications are prepared
in each mask option, and one of them can be selected according to the application. The function option
generator winfog and segment option generator winsog, that have been prepared as the development
software tool of S1C63709, is used for this selection. Mask pattern of the IC is finally generated based on
the data created by winfog and winsog. Refer to the "S5U1C63000A Manual" for winfog and winsog.

<Outline of the mask option>

(1) OSC3 oscillation circuit
The OSCS3 oscillator type can be selected from ceramic oscillation, CR oscillation (external R), and CR
oscillation (built-in R). Refer to Section 4.3.3, "OSC3 oscillation circuit", for details.

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

(3) Reset port pull-down resistor
This mask option is used to select whether the pull-down resistor is supplemented to the reset port or
not.
Refer to Section 2.2.1, "Reset terminal (RESET)", for details.

(4) 1/0 port pull-down resistor
This mask option is used to select whether the pull-down resistor working in the input mode is
supplemented to the I/O ports or not. It is possible to select for each bit of the input ports.
Refer to Section 4.5.2, "Mask option", for details.

(5) Output specification of the I/0 port
For the output specification when the I/O ports are in the output mode, either complementary output
or P-channel open drain output can be selected in 1-bit units.
Refer to Section 4.5.2, "Mask option", for details.

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

(7) Synchronous clock polarity in the serial interface
The polarity of the synchronous clock SCLK and the SRDY signal in slave mode of the serial interface
is selected by mask option. Either positive polarity or negative polarity can be selected.
Refer to Section 4.10.2, "Mask option", for details.

(8) Motor control
Whether K13 input port is used for controlling motor 0 or not can be selected.
Refer to Section 4.12, "Motor Control Circuit", for details.

(9) Use or no use of solar
Whether the solar control functions are used or not can be selected.
Refer to Section 4.16, "Solar Function", for details.

(10) Input port noisereject circuit (K12 and K13)
Whether the K12 and K13 noise reject circuits are used or not can be selected individually.
Refer to Section 4.4.2, "Mask option", for details.
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(11) fosc1 regulation type
Either theoretical regulation or CG regulation can be selected to adjust the OSC1 oscillation frequency.
Refer to Section 4.3.2, "OSC1 oscillation circuit", for details.

(12) Limiter detection voltage
The limiter detection voltage can be selected from 9 values, 2.1 V or 2.5-3.2 V (0.1 V increments).
Refer to Section 4.16.2, "Mask option", for details.

(13) LCD drive power
Either the internal power supply or an external power supply can be selected for driving the LCD.
Furthermore, the voltage regulator output can be selected from Vc1 and Vc2 when using the internal

power supply.
Refer to Section 4.6.2, "Power supply for LCD driving", for details.

(14) LCD segment specification
The display memory can be allocated to the optional SEG terminal. It is also possible to set the

optional SEG terminal for DC output.
Refer to Section 4.6.5, "Segment option", for details.

<Option list>

The following is the option list for the S1IC63709.

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.

1. OSC3 SYSTEM CLOCK
O 1. CR (built-in R)
O 2. CR (external R)
O 3. Ceramic

2. INPUT PORT PULL DOWN RESISTOR

e K00 O 1. With Resistor O 2. Gate Direct
e KO1 O 1. With Resistor O 2. Gate Direct
e K02 O 1. With Resistor O 2. Gate Direct
* K03 O 1. With Resistor O 2. Gate Direct
e K10 O 1. With Resistor O 2. Gate Direct
° K11 O 1. With Resistor O 2. Gate Direct
° K12 O 1. With Resistor O 2. Gate Direct
e K13 O 1. With Resistor O 2. Gate Direct
° K20 O 1. With Resistor O 2. Gate Direct
e K21 O 1. With Resistor O 2. Gate Direct
o K22 O 1. With Resistor O 2. Gate Direct
e K23 O 1. With Resistor O 2. Gate Direct
* K30 O 1. With Resistor O 2. Gate Direct

3. RESET PORT PULL DOWN RESISTOR
e RESET 0 1. With Resistor

O 2. Gate Direct

EPSON
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4.1/0 PORT PULL DOWN RESISTOR

e POO
e P01
e P02
e P03
* P10
e P11
e P12
* P13
° P20
e P21
e P22
e P23
e P30
e P31
* P32
e P33
e P40
e P41

5.1/0 PORT OUTPUT SPECIFICATION

e POO
e P01
e P02
e P03
* P10
e P11
e P12
* P13
° P20
e P21
e P22
e P23
e P30
e P31
* P32
e P33
e P40
e P41

O

OoooDoooDoobDboobooogao

O

OoooDoooDoobDboobooogao

—_

=R e e R R e e e b e b R e e e e

—_

=R e e R R e e e b e b R e R e e

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

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

oooDoooDooboobgogoogogoao

oooDoooDooboobgogoogogoao

NN NN DNPNMNDNMDNNMDNMNDNDDNMDNDNDDNNNDDNODDND

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

. Pch-OpenDrain
Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain
Pch-OpenDrain
. Pch-OpenDrain
. Pch-OpenDrain

6. MULTIPLE KEY ENTRY RESET COMBINATION

O

Ooooooao

1.

Not Use

2. Use (K00, K01)
3. Use (K00, K02)
4. Use (K00, K03)

5. Use (K00, K01, K02)
6. Use (K00, K01, K03)
7. Use (K00, K01, K02, K03)

CHAPTER 1: OUTLINE
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7. SERIAL INTERFACE POLARITY
O 1. Negative
O 2. Positive

8. MOTOR PULSE OUTPUT SPECIFICATION
e K13 O 1. Use O 2. Not Use

9. SOLAR SPECIFICATION

O 1. Use
O 2. Not Use

10. CHATTERING PROTECT OF K12/K13 PORT

e K12 O 1. Use O 2. Not Use
e K13 O 1. Use O 2. Not Use

11. Fosc1 REGULATION TYPE

0 1. Theoretical Regulation
0 2. CG Regulation

12. CHARGE LIMIT DETECT VOLTAGE
21V
25V
26V
27V
28V
29V
3.0V
31V
32V

Ooo0OOo0O0OO0OO0o0Oao
VXN BN

13. LCD DRIVING POWER
0 1. Internal Power Supply with Vc1 Regulator (for 3.0 V Panel)
O 2. External Power Supply, 1/3 bias, VDD=VC2 (for 4.5 V Panel)
O 3. External Power Supply, 1/3 bias, VDD=VC3 (for 3.0 V Panel)
O 4. External Power Supply, 1/2 bias, VDD=V 3, VC1=VC2 (for 3.0 V Panel)
O 5. Internal Power Supply with Vc2 Regulator (for 3.0 V Panel)

8 EPSON S1C63709 TECHNICAL MANUAL



14. SEGMENT OPTION
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Pin Address (FOxx)
name COMO COoM1 Com2 COM3 COM4 COM5 COM6 cowm7 Output specification
HIL|D|H|L|D L HIL|D|H|L|D L/IDIH|L|D|H|L|D
SEGO SEGoutput O S
SEG1 DCoutput ©OC ON
SEG2 SEGoutput O S
SEG3 DCoutput OC ON
SEG4 SEGoutput O S
SEG5 DCoutput OC ON
SEG6 SEGoutput O S
SEG7 DCoutput OC ON
SEG8 SEGoutput O S
SEG9 DCoutput OC ON
SEG10 SEGoutput O S
SEGI11 DCoutput ©OC ON
SEG12 SEGoutput O S
SEG13 DCoutput o0 C ON
SEG14 SEGoutput O S
SEG15 DCoutput OC ON
SEG16 SEGoutput O S
SEG17 DCoutput OC ON
SEG18 SEGoutput O S
SEG19 DCoutput ©OC ON
SEG20 SEGoutput O S
SEG21 DCoutput OC ON
SEG22 SEGoutput O S
SEG23 DCoutput OC ON
SEG24 SEGoutput O S
SEG25 DCoutput OC ON
SEG26 SEGoutput O S
SEG27 DCoutput ©OC ON
SEG28 SEGoutput O S
SEG29 DCoutput ©OC ON
SEG30 SEGoutput O S
SEG31 DCoutput OC ON
SEG32 SEGoutput O S
SEG33 DCoutput OC ON
SEG34 SEGoutput O S
SEG35 DCoutput OC ON
SEG36 SEGoutput O S
SEG37 DCoutput ©OC ON
SEG38 SEGoutput O S
SEG39 DCoutput OC ON
SEG40 SEGoutput O S
SEG41 DCoutput OC ON
SEG42 SEGoutput O S
SEGA43 DCoutput OC ON
SEG44 SEGoutput O S
SEG45 DCoutput OC ON
SEG46 SEGoutput O S
SEG47 DCoutput ©OC ON
SEG48 SEGoutput O S
SEG49 DCoutput OC ON
SEG50 SEGoutput O S
SEG51 DCoutput OC ON
SEG52 SEGoutput O S
SEG53 DCoutput ©OC ON
SEG54 SEGoutput O S
SEG55 DCoutput ©OC ON
SEG56 SEGoutput O S
SEG57 DCoutput OC ON
SEG58 SEGoutput O S
SEG59 DCoutput OC ON
SEG60 SEGoutput O S
SEG61 DCoutput OC ON
SEG62 SEGoutput O S
SEG63 DCoutput OC ON
<address> H: RAM data high-order address (0-9) <Output specification> S: Segment output
L: RAM data low-order address (0—F) C: Complementary output
D: Databit (0-3) N: Nch open drain output

S1C63709 TECHNICAL MANUAL

EPSON



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 POWER SUPPLY AND INITIAL RESET

2.1 Power Supply System

The S1C63709 operating power voltage is as follows.

Table 2.1.1 Operating voltage

OSC1 oscillation circuit

OSC3 oscillation circuit

Operating voltage

Crystal

Not used 10Vto36V
CR (built-inR) 10Vto36V
Ceramic or CR (externa R) 21Vto36V

The S1C63709 operates by applying a single power supply within the above range between VDD and Vss.
The S1C63709 itself generates the voltage necessary for all the internal circuits by the built-in power
supply circuits shown in Table 2.1.2.

Table 2.1.2 Power supply circuits

Circuit Power supply Output voltage
OSC1 circuit Voltage regulator for OSC1 oscillation circuit Vosc
OSC3 and internal circuits | Voltage regulator for internal logic circuit Vb1
LCD driver LCD system voltage circuit Vci-Ves

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

e When the internal LCD power supply (Vcz regulator) is used, supply a power voltage within the
range from 2.1 V to 3.6 V.

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

External

power —

supply

Secondary |

cell

I

LCD system voltage circuit

LCD driver

0oscC1
oscillation circuit

0sC3
oscillation circuit

CPU

internal circuits

() indicates the voltage when reference voltage is Vca.

VoD LCD system
I voltage regulator
Ve (Vez) Vet (Vez) Vet (Ve
| 1 (Vez)
Ve (Vo) i s— /Y \'e})]
! Ves ‘ Voltage booster/halver ‘ Vea
|
— |
ca L ‘ ‘
.
- cs L
pirrd | Vosc i
Voltage regulator for
OSC1 oscillation circuit | Vosc
Voltage regulator for Vb1
internal logic circuits
Vb1
t— |
Vss $

(1) When solar cell is not used

LCD driver

OscC1
oscillation circuit
CPU,
internal circuits

VTKP . .
H in quick start mode
}— QTR20FF | L when quick start mode is canceled
LCD system voltage circuit
Voo LCD system
I voltage regulator
Vet (Vez) Vet (Vez) Vet (Ve
} (vea)
_Vea (Vei) —¥  iVec2(Vc1)
‘ Vcs Voltage booster/halver
| Vecs
— |
CA i |
I
prg - CB i ‘
Vosc
— |
Voltage regulator for
OSC1 oscillation circuit | Vosc
Voltage regulator for Vo1 OsC3
internal logic circuits oscillation circuit
Vb1
t— |
Vss £

() indicates the voltage when reference voltage is Vca.

(2) When solar cell is used
Fig. 2.1.1 Configuration of power supply system
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

The S51C63709 is capable of being operated with a 0.75 V power voltage for quick start mode when using
a solar cell and a secondary cell. (The solar function is selectable by mask option.)
When using a solar cell, connect a secondary cell between the VTKP and Vss terminals.

Notes: e The quick start mode prohibits the use of the OSC3 clock in the voltage range of 0.75 to 1.0 V.
e The quick start mode activation voltage may vary 0.75 + 0.20 V depending on the sample.

e When no solar power is used, be sure to supply a 1.0 V or more power source voltage.

2.1.1 Voltage regulator for OSC1 oscillation circuit

This voltage regulator generates the Vosc voltage for driving the OSC1 oscillation circuit and is provided
separately with the voltage regulator for the internal logic system to stabilize the oscillation.

The voltage regulator for the OSC1 oscillation circuit requires at least a 0.75 V power source voltage to
generates the VOSC voltage capable of driving the oscillation circuit. However, the oscillation circuit will
start oscillating if the power source voltage is less than 0.75 V to output a stable clock when the power
source voltage rises to 0.75 V or more. To start the oscillation, the voltage regulator for the OSC1 oscilla-
tion circuit attempts to stabilize the output voltage while the oscillation-detect circuit (described later)
does not detect oscillation. Current consumption increases during this operation.

2.1.2 Voltage regulator for the internal logic system

This voltage regulator generates the VD1 voltage for driving the OSC3 oscillation circuit and the internal
logic circuits.

2.1.3 LCD system voltage circuit

The LCD system voltage circuit generates the LCD drive voltage. This circuit allows the software to turn
on and off. Turn this circuit on before starting display on the LCD. The LCD system voltage circuit gener-
ates VC1 or VC2 with the voltage regulator built-in, and generates two other voltages by boosting /halving
Vci1 or Vea. The Vi or Vez voltage value can be adjusted using software in 16 steps.

The LCD system voltage regulator can be disabled by mask option. In this case, external elements can be
minimized because the external capacitors for the LCD system voltage regulator are not necessary.
However when the LCD system voltage regulator is not used, the display quality of the LCD panel, when
the supply voltage fluctuates (drops), is inferior to when the LCD system voltage regulator is used.
Figure 2.1.3.1 shows the external element configuration when the LCD system voltage regulator is not
used.

4.5V LCD panel
1/8, 1/5 or 1/4 duty, 1/3 bias

VDD
Vet —] }—02
Vez
Ves — }C—4<
CA+—— .
CB —C1 T 3.0V
Vss
3 V LCD panel 3 V LCD panel
1/8, 1/5 or 1/4 duty, 1/3 bias 1/8, 1/5 or 1/4 duty, 1/2 bias
VbD ’ VoD
ver 2 Vei j—{ }CLT
Ve —] Cs Vca
Vcs Vcs
CA+——_ 1 CAl——_ .
cB ——C1 3.0V cB —C1 3.0V
Vss Q Vss g

Fig. 2.1.3.1 External elements when LCD system voltage regulator is not used

Refer to Section 4.6, "LCD Driver", for control of the LCD drive voltage.
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2.1.4 Operating mode according to the power source voltage

The S1C63709 is able to operate with a minimum power source voltage of 0.75 V to support the quick
start function when using a solar cell and a secondary cell. However, it enters a special operating mode to
prevent erroneous operation since 0.75 V is out of the operating voltage range. The S1C63709 has three
operating modes, including this CPU erroneous-operation-prevent mode, according to the power source
voltage level. The hardware automatically switches the operating mode with no software control re-
quired. Figure 2.1.4.1 shows the relationship between the operating mode and the power source voltage.

Power source voltage 0.75V 1.0V

Operating mode
When solar function is used: | Reset mode | Quick start mode [ Normal mode |
When solar function is not used: | Reset mode | Normal mode |

Fig. 2.1.4.1 Operating mode

(1) Reset mode
The internal reset circuit includes an oscillation-detect circuit that outputs an internal reset signal
when oscillation cannot be detected. When the power-source voltage is less than 0.75 V, the S1C63709
is placed in reset state by this circuit as the OSC1 oscillation circuit cannot be operated normally. This
state is called reset mode.

(2) CPU erroneous-operation-prevent mode (quick start mode)
When the oscillation-detect circuit detects oscillation, it releases the CPU from reset mode and the
CPU starts executing. However, the oscillation-detect circuit may release reset mode due to an
unstable power source voltage less than 0.75 V, it may cause erroneous operation of the CPU. There-
fore this mode can reset the system in 16-second cycles to recover from a system error due to a
misdetection of the oscillation-detect circuit.
This mode is provided for quick starting when using a solar cell and a secondary cell (to start up the
system as soon as possible after the solar cell starts charging the empty battery), and is controlled by
the solar function (mask option). A status bit is available to check whether the system is placed in this
mode or not with software. Refer to Section 4.16, "Solar Function", for details.
Therefore, the system in which the solar function has been disabled does not have this mode. In this
case, be sure to operate the system with a 1.0 V or more power source voltage.

Notes: e The quick start mode prohibits the use of the OSC3 clock in the voltage range of 0.75 to 1.0 V.

e The quick start mode activation voltage may vary 0.75 + 0.20 V depending on the sample.

(3) Normal mode
In quick start mode, the solar control circuit samples the secondary cell voltage periodically, and
releases the system from quick start mode when the voltage rises to 1.0 V or more. At this time, the
cyclic reset function is disabled and the system enters normal mode.
The system in which the solar function has been disabled operates in normal mode froma 1.0 V
power source voltage.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 Initial Reset

To initialize the S1C63709 circuits, initial reset must be executed. There are five ways of doing this.

1

(1) External initial reset by the RESET terminal

(2) External initial reset by simultaneous high input to terminals KOO—K03 (mask option)
(3) Internal initial reset by the oscillation-detect circuit
(
(

—_ = — ~—

4) Software reset using the reset register (only for resetting the peripheral circuits)
5) Internal initial reset by the VTKP-detect circuit (quick start mode, mask option)

When the power is turned on, be sure to initialize using the reset function (1) or (2). 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.

VTKP voltage
osc1 O 0scCH
s Oscillation |Wh illation stops: HIGH Solar
circuit Scilation en oscillation stops:
0s8C2 O detect circuit control
circuit
K00 +
KO1 Time ' Initial reset
authorize Noise ) (core)
K02 circuit rejec
Ll Initial reset

(peripheral
circuits)

Reset
register

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). However, be
sure to observe the following precautions, because the reset signal passes through the noise reject circuit.
When the RESET terminal is used for initial resetting during operation, a pulse (high level) of 0.4 msec or
less is considered to be noise by the noise reject circuit. Maintain a high level of 1.5 msec (when fosc1 =
32.768 kHz) or more to securely perform the initial reset.

After that the initial reset is released by setting the reset terminal to a low level (Vss) and the CPU starts
operation.

Since the noise reject circuit does not operate when oscillation is stopped, it is necessary to maintain the
reset input at a high level until stabilizing oscillation after turning power on.

The reset terminal incorporates a pull-down resistor and a mask option is provided to select whether the
resistor is used or not.

2.2.2 Simultaneous high input to terminals KO0O—K03

Another way of executing initial reset externally is to input a high
signal simultaneously to the input ports (K00-K03) selected with  Taple 2.2.2.1 Combinations of input ports

the mask option. Since this initial reset passes through the noise 1 |Not used

reject circuit, maintain the specified input port terminals at high 2 |KoorKo1L

level for at least 1.5 msec (when fosc1 is 32.768 kHz) during 3 |KOOCKO02

normal operation. The noise reject circuit does not operate imme- 4 |KooK03

diately after turning the power on until the oscillation circuit 5 |KOOCKOLKO2
starts oscillating. Therefore, maintain the specified input port 6 |KOOCKO1KO3
terminals at high level for at least 1.5 msec after oscillation starts. 7 |K0OIK 01K 020K 03

Table 2.2.2.1 shows the combinations of input ports (K00-K03)
that can be selected with the mask option.
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When, for instance, mask option 7 (KOOCK01[K02KO03) is selected, initial reset is executed when the
signals input to the four ports KO0-K03 are all high at the same time. When other option 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 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 Oscillation-detect circuit

The oscillation-detect circuit outputs the initial reset signal at power-on until the OSC1 oscillation circuit
starts oscillating, or when the OSC1 oscillation circuit stops oscillating for some reason.

However, for the initial reset at power-on, use a simultaneous high input of the input ports (K00-K03) or
reset terminal, but do not execute it by this function alone.

2.2.4 Software reset for the peripheral circuits

The S1C63709 allows software to reset the peripheral circuits. Write "1" to the reset register (FFOOH ¢ DO0) to
reset.

Table 2.2.4.1 Reset register

Register
Address - Comment
D3 D2 D1 DO__ | Name | Init [L 1 0
wioonl o 0 SRPER HVLDON| © Enable | Disable | Heavy load protection mode enable
FFOOH o Unused
W R AW 008 -2 Unused
SRPER 0 Reset | Invalid | Software reset for peripheral circuits

*1 Initial value at initial reset  *2 Not setinthecircuit *3 Constantly "0" when being read

SRPER: Software reset for peripheral circuits (FFOOH+DO)
Resets the peripheral circuits.

When "1" is written: Reset
When "0" is written: No operation
Reading: Always "0"
When "1" is written to SRPER, the peripheral circuits are reset to the initial status.
Writing "0" to the reset register has no effect and the register is always "0" when it is read.
This function does not reset the core CPU.

Note: When the solar control circuit is enabled by mask option, do not perform the software reset for
peripheral circuits during quick start mode (when either ISOR2 or ISOR3 is set to "1").

2.2.5 Reset function in quick start mode

When the solar function is enabled by mask option, it resets the system periodically (in 16-second inter-
vals) while the system is in quick start mode (VTKP terminal voltage = 0.75 V to 1.0 V). Refer to Section
4.16, "Solar Function", for details.
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2.2.6 Internal register at initial resetting

Initial reset initializes the CPU as shown in Table 2.2.6.1.

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 2.2.6.1 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 Other peripheral circuits - 0
Extension register EXT EXT 8 Undefined [)See Section 4.1, “Memory Map".
Index register X X 16 Undefined
Index register Y Y 16 Undefined
Program counter PC 16 0110H
Stack pointer SP1 SP1 8 Undefined
Stack pointer SP2 SP2 8 Undefined
Zeroflag z 1 Undefined
Carry flag C 1 Undefined
Interrupt flag | 1 0
Extension flag E 1 0
Queue register Q 16 Undefined

2.2.7 Terminal settings at initial resetting

The I/0O port (P) terminals are shared with special output terminals and input/output terminals of the
serial interface. These functions are selected by the software. At initial reset, these terminals are set to the
general purpose I/O port terminals. Set them according to the system in the initial routine. In addition,
take care of the initial status of the terminals when designing a system.

Table 2.2.7.1 shows the list of the shared terminal settings.

Table2.2.7.1 List of shared terminal settings

Terminal Terminal status Special output Serial I/F
name at initial reset TOUT |SVDDT|VCWON| ISOR1 | ISOR2 | ISOR3 | CLIM |F16HZ| BZ | FOUT | Master Slave
PO0-P03 | PO0O—P03 (Input & pulled downD)
P10 P10 (Input & pulled downD) SIN(I) SIN(I)
P11 P11 (Input & pulled downD) SOUT(O) | SOUT(0)
P12 P12 (Input & pulled downD) SCLK(O) | SCLK(l)
P13 P13 (Input & pulled downl) SRDY (O)
P20 P20 (Input & pulled downD) TOUT
P21 P21 (Input & pulled downb) SvDDT
P22 P22 (Input & pulled downl) I\VCWON
P23 P23 (Input & pulled down) ISOR1
P30 P30 (Low output) ISOR3
P31 P31 (Low output) ISOR2
P32 P32 (Low output) CLIM
P33 P33 (Low output) F16HZ
P40 P40 (Low output) BZ
P41 P41 (Low output) FOUT

0 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.
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cHAPTER 3 CPU, ROM, RAM

31 CPU

The 51C63709 has a 4-bit core CPU S1C63000 built-in as its CPU part.
Refer to the "S1C63000 Core CPU Manual" for the S1C63000.

Note: The SLP instruction cannot be used because the SLEEP operation is not assumed in the S1C63709.

3.2 Code ROM

The built-in code ROM is a mask ROM for loading programs, and has a capacity of 12,288 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 S1C63709 is step 0000H to step 2FFFH. The program start address after initial reset is
assigned to step 0110H. The non-maskable interrupt (NMI) vector and hardware interrupt vectors are
allocated to step 0100H and steps 0102H-010EH, respectively.

0000H tr 0000H
Program area
S1C63709
ROM
program area 0100H NMI vector
0102H
2FFFH '
3000H Hardware
interrupt vectors
———— S1C63000 core CPU . o109
program space “0110H| Program start address
EEFEH Unused area v Program area
13 bits

Fig. 3.2.1 Configuration of code ROM

3.3 RAM

The RAM is a data memory for storing various kinds of data, and has a capacity of 2,048 words x 4 bits.
The RAM area is assigned to addresses 0000H to 07FFH on the data memory map. Addresses 0100H to
01FFH are 4-bit/16-bit data accessible areas and in other areas it is only possible to access 4-bit data.
When programming, keep the following points in mind.

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

(2) The S1C63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
16-bit data are accessed in stack handling by SP1, therefore, this stack area should be allocated to the
area where 4-bit/16-bit access is possible (0100H to 01FFH). The stack pointers SP1 and SP2 change
cyclically within their respective range: the range of SP1 is 0000H to 03FFH and the range of SP2 is
0000H to O0FFH. Therefore, pay attention to the SP1 value because it may be set to 0200H or more
exceeding the 4-bit/16-bit accessible range in the S1C63709 or it may be set to 00FFH or less. Memory
accesses except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.
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CHAPTER 3: CPU, ROM, RAM

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

0000H 1
4-bit access area
00FEH (SP2 stack area)
Y
0100H 1
4/16-bit access area
01FFH (SP1 stack area)
Y
0200H 1
.——— | |A-bitaccess area
T——— | (Dataarea)
07FFH Y
) 4 bits i

Fig. 3.3.1 Configuration of data RAM

3.4 Data ROM

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

CHAPTER4 PERIPHERAL CiRcuUITS AND OPERATION

The peripheral circuits of S1C63709 (timer, I/O, etc.) are interfaced with the CPU in the memory
mapped I/O method. Thus, all the peripheral circuits can be controlled by accessing the I/O memory on
the memory map using the memory operation instructions. The following sections explain the detailed
operation of each peripheral circuit.

4.1 Memory Map

The 51C63709 data memory consists of 2,048-word RAM, 2,048-word data ROM, 160-word display
memory and 117-word peripheral I/O memory. Figure 4.1.1 shows the overall memory map of the
51C63709, and Table 4.1.1 the peripheral circuits' (I/O space) memory maps.

0000H

0800H

8000H

8800H

FOOOH

FFOOH
FFFFH

RAM area
Unused area FOOO'H i
_~~ |Display memory area
_FOAOH
Data ROM area
Unused area
Unused area
__FFoOH
Peripheral I/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 created, 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—FF18H)

Register
Address - Comment
D3 D2 D1 DO | Name | Init L 1 0
moonl o 0 SRPER HVLDON| 0 Enable | Disable | Heavy load protection mode enable
FFOOH ors) - Unused
AW R AW 008 -2 Unused
SRPER 0 Reset | Invalid | Software reset for peripheral circuits
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
CLKCHG| 0SCC 0 0
FEO1H 0scc 0 On Off | OSC3 oscillation On/Off
08 -2 Unused
RIW R 08 -2 Unused
ISVDCHG| 0 30V | 1.5V [SVD voltage system selection
SVDCHG| SVDS2 | SVDS1 | SVDS0 SVD creia?eri%/voltage setting
FFO4H svbsz| 0 [SVDS20] 0 1 2 4 5 6 7
RW SVDS1 0 Level 0 1 2 3 4 5 6 7
SVDSO 0 (Use FF50H-FF55H to select voltage values) (highest)
SVDS3 0 1 0 General -purpose register
FEOSH SVDS3 |ESVDDT) SVDDT | SVDON ESVDDT| © Enable | Disable | SYDDT monitor output enable (P21)
AW R AW SVDDT 0 Low | Normal | SVD evaluation data
SVDON| 0 On Off | SVD circuit On/Off
FOUTE| 0 Enable | Disable | FOUT output enable (PA1)
FOUTE | SWDIR | FOFQ1 | FOFQO | gwpir | o Stopwatch direct input switch
FFO6H 0: KOO=Run/Stop, KO1=Lap 1: KOO=Lap, KO1=Run/Stop
AW FoFQT | 0 fomeney  [FOFQLO] 0 1 2 3
FOFQO 0 selection Frequency fosc1/64 fosci/8 fosci foscs
3 -2
0 o | woen worst| ° Unused
FFO7H 0B -2 Unused
R AW W WDEN 1 Enable | Disable | Watchdog timer enable
WDRSTLB| Reset | Reset | Invalid | Watchdog timer reset (writing)
ENISOR3[ 0 Enable | Disable | ISOR3 monitor output enable (P30)
ENISOR3|ENISOR2| E16HZ
FFO9H SORSIENISO 6 0 ENISOR2[ 0 Enable | Disable | ISOR2 monitor output enable (P31)
W R E16HZ 0 Enable | Disable | F1I6HZ clock output enable (P33)
08 -2 Unused
MOKRNM1| 0 Number of MO Kr [MOKRNM1,00 0 1 2 3
MOKRNM1|MOKRNM| *
FE10H 0 0 g 0 0 MOKRNMO| 0 pulses selection Count 4 6 8 10
AW R 008 -2 Unused
08 -2 Unused
MOK2LN3| 0 MO K2 pulse width selection
MOK2LN3[MOK2LN2|MOK2LN1MOK2LNO MOKSL [MOK2LN3-0] 0 1 2 3 4 5 6 7
EF11H o 0 Width (msec) 342 3.66 391 4.15 439 464 488 513
AW MOK2LN1| 0 [MOK2LN3-0) 8 9 10 11 12 13 14 15
MOK2LNO| 0 Width (msec) 5.37 5.62 5.86 6.10 6.35 6.84 7.32 7.81
mokroYl o 0 0 MOKRDY| 0 12 1/4 | MO Kr pulse duty cycle selection
FF12H 0B} - Unused
AW R 008 -2 Unused
008 -2 Unused
3 -2
0 0 | MoKz | o gm 5 3:“:3
FF14H . ;
R AW R MOK2 0 Output [Not output| MO fixed drive (K2) pulse output
008 2 Unused
3 -2
0 0  |MIPRDEL|VOPRDEL| 0 Unused
FF16H ot Unused
A AW M1PRDEL] 0 Pr=0 [MIPRNM| M1 forced O Pr pulse selection
MOPRDEL| 0 Pr=0 |[MOPRNM| MO forced O Pr pulse selection
3 -2
0 o |wictsHzlwoctsrz] ° Unused
FF17H 0t -2 Unused
R AW MICL8HZ| 0 8Hz | M1CLS | M1 8-Hz motor clock selection
MOCL8HZ| 0 8Hz | MOCLS | MO 8-Hz motor clock selection
MoPSELIMocLs2|MocLst MocLso MOPSEL| 0 Reverse | Normal | MO motor pulse normal/r_everse rotation select
FE18H MoCLS2| 1 MO motor clock selection
W MOCLS1| 1 [MOCLS2-0] 0 1 2 3 4 5 6 7
MOCLSO| 1 Clock(Hz) 16 256 32 427 512 64 853 128
Remarks
[l Initial value at initial reset
[2 Not set in the circuit
(B Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (b) 1/0 memory map (FF19H-FF2DH)

Register
Address - Comment
D3 D2 D1 DO | Name | Init L 1 0
MOP1LN3 0 MO P1 pulse width selection
MOP1LN3|MOP1LN2|MOP1LN1{MOP1LNO MOP1LN2 [MOPILN3-0] 0 1 2 3 4 5 6 7
FF19H 0 0 Width (msec) 2.93 3.17 342 3.66 30l 4.15 4.30 464
RIW MOPILN1| O [MOPILN30] 8 9 10 11 12 13 14 15
MOPILNO| 0 Width (msec) 4.88 5.13 537 562 586 6.10 6.35 6.59
MOPRNM1| 0 ] Number of MO Pr [MOPRNM1,0] O 1 2 3
MOPRNM1{MOPRNMO[MOPRDY|MOGRDY| :
FF1AH | MOPRNMo| 0 pulses selection Count 4 6 8 10
W MOPRDY| 0 1/2 1/4 | MO Pr pulse duty cycle selection
MOGRDY| 0 1/2 1/4 | MO Gr pulse duty cycle selection
MOGRNM| 0 8 4 Number of MO Gr pulses selection
. MOGRNM}%OGHNZ 0G1LN1M0G1LNOMOG1LN2 0 1 M0 G1 pulse width selection
AW MOGILN1l 0 [MOGILN2-0]0O 1 2 3 4 5 6 7
MOGILNOl 0 _|Width (msec) 0.73 0.98 1.22 146 1.71 1.95 220 0.49
MOG3LN| 0  |6.84 msec|4.88 msec| MO G3 pulses width selection
MOG3LN 2LN2MOG2LN1MOG2LN _
FF1CH 0G3 0G 0G 0G 0MOGZLNZ 0 MO G2 pulse width selection
AW MOG2LN1 0 [MOG2LN2-0] 0 1 2 3 4 5 6 7
MOG2LNO| 0 Width (msec) 1.71 1.95 2.20 2.44 2.69 293 3.17 342
MOPD3 | MOPD2 | MOPD1 | MOPDO mgggg g
FF1DH MO motor pulse register
W MOPD1 0
MOPDO 0 |
MOPC3 | MOPC2 | MOPC1 | MOPCO MOPC3 0
FF1EH MOPC2 0 MO motor pulse counter
. MOPC1| 0 P
MOPCO 0 _
MoPOL [MoPCCLIMoRUNM] Mognm| MOPOL| O | 002 1 001 1} MO output polarity
FE1EH MOPCCL| Clear | Clear | Invalid | MO motor pulse counter clear
R W R AW MORUNM| 0 Run Stop | MO motor drive status
MOENM 0 Run Stop | MO motor drive Run/Stop control
SIK03 | SIKo2 | Sikot | sikoo | SK08 | O | Enable | Disable
FF20H SIKo2 0 Enable | Disable K00-K 03 interrupt selection register
w SK01 | 0 | Enable | Disable P eg
SIK0o 0 Enable | Disable |
-2 it 7
Ko3 | ko2 | ko1 | Koo Egz 5 ::SE tzx
FF21H i
- Kot 2| High Low K00-K 03 input port data
K00 -2 | High Low |
KCPO3 | KCPO2 | KGPOT | KCPOO Egggg g % ?
FF22H i KCPOT 0 1 s K00—K 03 input comparison register
kcpoo| o | v+ | & |
SIK13 | SIK12 | SIK11 | SIK10 SIK13 0 Enable D!sable
FF24H SIK12 0 Enable | Disable K10-K 13 interrupt selection register
w SKi1| 0 |Enable |Disable P eg
SIK10 0 Enable | Disable |
-2 It 7
K13 | k2 | ki1 | Kio EE 5 ::gﬂ tzx
FF25H i
5 - K11 2| High Low K10-K 13 input port data
K10 -2 | High Low |.J
-2 It 7
kea | k22 | ket | keo | K% Hgh | - Low
FF29H Ka2 | =2 High | Low o K23 input port data
o ket | -r2| High | Low put po
K20 -2 | High Low [
TRIM23 | TRIM22 | TRIM21 | TRIM20 m:ng g 1 g
FF2AH K20-K 23 theoretical regulation input data register
R TRIM21 0 1 0
TRIM20 0 1 0 _J
ENISOR1| 0 Enable | Disable | ISOR1 monitor output enable (P23)
ENISOR1| ECLIM | CLIM K30
FE2DH ECLIM 0 Enable | Disable | CLIM monitor output enable (P32)
AW R CLIM 0 On Off | Limit level monitor
K30 -2 ] High Low [K30input port data
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (c) /O memory map (FF2EH-FF40H)

Register
Address - Comment
D3 D2 D1 DO [ Name | Init (1L 1 0
3
0 0 0 |TRIM30 g 5 g 32”3
FF2EH .
R (] 0 Unused
TRIM30| 0 1 0 K30 theoretical regulation input data register
043 | 10042 | 10c41 | 1ocao | 1O | ! 0 | General-purpose register
FE30H |0C42 1 1 0 General-purpose register
AW |0C41 1 Output | Input |PA411/O control register Fix at "1" when FOUT is used.
10C40 1 Output | Input | P40 I/O control register Fix at "1" when BZ is used.
PUL43 | PUL42 | PUL41 | PUL40 PUL43 0 ! 0| General-purpose reg!ster
FE31H PUL42 0 1 0 General-purpose register
AW PUL41 0 On Off | P41 pull-down control register Fix at"0" when FOUT is used.
PUL40 0 On Off | P40 pull-down control register Fix at "0" when BZ is used.
-2 i - i
P43 P2 pa1 P40 P43 H!gh Low | General-purpose reg!ster
FE32H P42 -[2| High Low | General-purpose register
AW P41 -2 | High Low |P411/O port data (FOUTE="0") Fix at "0" when FOUT is used.
P40 -2 | High Low [ P401/O port data (BZE="0") Fix at "0" when BZ is used.
K1SMP7|K1SMPG|K1SMP5|K1SMpal < oMF 7| O | 256tz | 32 Hz
FF33H KISwPe) 0 256Hz | 32 Hz K10-K 13 port sampling clock select register
- KISMPS| 0 | 256Hz | 32Hz port sampiing eg
K1SMP4 0 256 Hz | 32Hz [
K1SMP3|K1SMP2|K1SMP1|K1SMPO El:mzz ((: 22222 :: 82
FF34H i i
3 i kiswetl o lseserd o K 10K 13 port sampling control register
KISMPO| 0  [256/32Hz| Off |
wipseLImicLszlmicLstImicLso MIPSEL| 0  [Reverse| Normal Ml motor pulse normal/r'everse rotation select
FE38H M1CLS2 1 M1 motor clock selection
AW M1CLS1| 1 [MICLS20] 0 1 2 3 4 5 6 7
M1CLSO| 1 _|Clock (Hz) 16 25.6 32 427 512 64 853 128
MIPILN3| 0 1 M1 P1 pulse width selection
M1P1LN3{M1P1LN2|M1P1LN1|M1P1LNO wieinel o [MIPILN3OJ O 1 2 3 4 5 6 7
FF39H Width (msec) 2.93 3.17 342 3.66 3.91 4.15 4.39 4.64
AW MIPTLNT) 0 [MIPILN3-0] 8 9 10 11 12 13 14 15
M1PILNO| 0 _| Width (msec) 4.88 5.13 537 562 5.86 6.10 6.35 659
M1PRNM1| 0 Number of M1 Pr [MIPRNML,0O O 1 2 3
M1PRNM1|M1PRNMO|M1PRDY|M1GRDY]| ] ) *
FF3AH | MIPRNMO| 0 pulses selection Count 4 6 8 10
W M1PRDY| 0 12 1/4 | M1 Pr pulse duty cycle selection
M1GRDY| 0 1/2 1/4 | M1 Gr pulse duty cycle selection
M1GRNMM1G1LN2 1G1LN1M1G1LN0M1GF"\WI 0 8 4 l:lumber of MlGrpuIsasse|'ect|on
FE3BH M1GILN2 0 M1 G1 pulse width selection
AW MIGILNY 0 [MIGILN20JO 1 2 3 4 5 6 7
M1GILNOl 0 _| Width (msec) 0.73 0.98 1.22 146 1.71 1.95 2.20 0.49
M1 GILNM1G2LNZVH G2LNAM1G2LNd M1G3LN| 0  [6.84 msec|4.88 msec E/Il G3 pulsesmd_th selecho_n
FE3CH M1G2LN2| 0 M1 G2 pulse width selection
AW M1G2LN1| 0 [MIG2LN2-0J0 1 2 3 4 5 6 7
M1G2LNO| 0 Width (msec) 1.71 1.95 220 2.44 2.69 2.93 3.17 342
M1PD3 | M1PD2 | M1PD1 | M1PDO MIPD3| 0
MiPD2| 0 )
FF3DH M1PD1 0 M1 motor pulse register
W MiIPDO| 0 B
M1PC3 | M1PC2 | M1PC1 | M1PCO MIPCS| 0
FF3EH M1PC2 0 M1 motor pulse counter
o MiPC1| 0 P
MIPCO| 0 B
M1POL [M1PCCL|M1RUNM| M1ENM MiPOL| 0 o2 011. M1 output polarity
FE3EH M1PCCL| Clear | Clear | Invalid | M1 motor pulse counter clear
R W R W M1RUNM| 0 Run Stop | M1 motor drive status
MIENM| 0 Run Stop | M1 motor drive Run/Stop control
10co3 | 10c02 | 10cot | 10c00 :gggg g 83;"3: ::pEI
FF40H put e PO0-PO3 1/0 control register
AW 10Co1 0 Output | Input
10C00 0 Output | Input
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (d) 1/O memory map (FF41H-FF4EH)

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init (1L 1 0
PUL03 | PULG2 | PULOT | PULoo | TUR3 | T O Of
FF41H PUL02 ! on of PO0-P03 pull-down control register
AW PULO1 1 On Off
PUL00 1 On off |
P03 | P02 | PO1 | POO ggz ) Eﬁ ::gE tgx
FF42H ’ PO0-P03 I/0O port data
AW PO1 -2 High Low
P00 -2 ] High Low |
10C13 0 Output | Input |P131/O control register
functions as a general-purpose register when SIF (slave) is selected
10C13 | 10C12 | 10C11 | 10C10 10C12 0 Output | Input | P12 1/O control register (ESIF="0")
functions as a general-purpose register when SIF is selected
FFa4H 10C11 0 Output | Input | P11 1/O control register (ESIF="0")
functions as a general-purpose register when SIF is selected
RW 10C10 0 Output | Input | P10 1/O control register (ESIF="0")
functions as a general -purpose register when SIF is selected
PUL13 1 On Off | P13 pull-down control register
functions as a general -purpose register when SIF (slave) is selected
PUL13 | PUL12 | PULT1 | PUL10 | pUL12 | 1 On Off | P12 pull-down control register (ESIF="0")
functions as a general-purpose register when SIF (master) is selected
FF45H SCLK (1) pull-down control register when SIF (slave) is selected
PUL11 1 On Off | P11 pull-down control register (ESIF="0")
RW functions as a general-purpose register when SIF is selected
PUL10 1 On Off | P10 pull-down control register (ESIF="0")
SIN pull-down control register when SIF is selected
P13 -2 High Low [P131/O port data
P13 P12 P11 P10 functions as a general -purpose register when SIF (slave) is selected
(XSRDY)[(XSCLK)| (SOUT) | (SIN) P12 -2 | High Low |P121/O port data (ESIF="0")
functions as a general-purpose register when SIF is selected
FFa6H P11 -2 | High Low |[P111/O port data (ESIF="0")
functions as a general-purpose register when SIF is selected
AW P10 - | High | Low |P101/O port data(ESIF="0")
functions as a general-purpose register when SIF is selected
10c23 | 10022 | 10c21 | 10020 10C23 0 Output | Input |P231/O control register (F?x at "1" when ISOR1 is?utput.)
FE48H 10C22 0 Output | Input | P22 1/O control register (Fix at "1" when VCWON is output.)
AW 10C21 0 Output | Input | P21 1/O control register (Fix at “1" when SVDDT is output.)
10C20 0 Output | Input | P20 1/O control register (Fix at "1" when TOUT is output.)
puLzs | puiee | puiet | PuLso PUL23 1 On Off | P23 pull-down control regi ster (Eix at "0" when ISOR1 i; output.)
FE49H PUL22 1 On Off | P22 pull-down control register (Fix at "0" when VCWON is output.)
AW PUL21 1 On Off | P21 pull-down control register (Fix at "0" when SVDDT is output.)
PUL20 1 On Off [ P20 pull-down control register (Fix at "0" when TOUT is output.)
P23 pop Po1 P20 P23 -2 Hth Low [P231/O port data(Fix at "0" when ISOR1 isgutput.)
FEAAH p22 -2 | High Low | P221/O port data (Fix at "0" when VCWON is output.)
W P21 -2 | High Low |[P211/O port data (Fix at "0" when SVDDT is output.)
P20 -2 ] High Low [ P20 1/O port data (Fix at "0" when TOUT is output.)
10c33 | 10032 | 1ocst | 1030 10C33 1 Output | Input |P331/O control register (F?x at "1" when F16H; isoutput.)
FE4CH 10C32 1 Output | Input | P321/O control register (Fix at "1" when CLIM is output.)
AW 10C31 1 Output | Input | P31 1/O control register (Fix at "1" when ISOR2 is output.)
10C30 1 Output | Input | P30 1/O contral register (Fix at "1" when ISOR3 is output.)
puLss | puis2 | putst | PuLso PUL33 0 On Off | P33 pull-down control regi ster (Fix at "0" when F16HZ_ isoutput.)
FFADH PUL32 0 On Off | P32 pull-down control register (Fix at "0" when CLIM is output.)
AW PUL31 0 On Off | P31 pull-down control register (Fix at "0" when ISOR2 is output.)
PUL30 0 On Off | P30 pull-down control register (Fix at "0" when ISOR3 is output.)
P33 P P31 P30 P33 -2 H?gh Low [P331/0 port data(F?x at"0" when F16H; isoutput.)
FFAEH P32 -2 | High Low [P321/O port data (Fix at "0" when CLIM is output.)
AW P31 -2 | High Low |P311/O port data (Fix at "0" when ISOR2 is output.)
P30 -2 ] High Low [P30 /O port data (Fix at "0" when ISOR3 is output.)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (e) 1/0 memory map (FF50H—FF70H)

Register
Address - Comment
D3 D2 D1 DO_ [ Name | Init (1L 1 0
s15vi2 Is15vi1s| s1svi1 Is15vios S15V12 1 Enable Dfsable SVD 1.5-V system detection voltageselection 1.2V)
FE50H S15V115) 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.15 V)
AW S15V11 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.1 V)
S15V105[ 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.05 V)
S15v141515v135| S15v131S15v125 S15V14 1 Enable D?sable SVD 1.5-V system detection voltage selection (14V)
FE51H S15V135 0 Enable | Disable | SVD 1.5-V system detection voltage selection (1.35 V)
AW S15V13 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.3 V)
S15V125( 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.25 V)
S3v18 1 Enable | Disable | SVD 3.0-V system detection voltage selection (1.8 V)
FE52H S3V18 | S3V17 | S15V16 ) S15V15 S3V17 1 Enable | Disable | SVD 3.0-V system detection voltage selection (1.7 V)
AW S15V16| 0 Enable | Disable | SVD 1.5-V system detection voltage selection (1.6 V)
S15V15 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.5 V)
savez | savat | saveo | savie S3v22 0 Enable Dfsable SVD 3.0-V system detecti on voltage selectl on(22V)
FE53H S3vai 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.1 V)
AW S3V20 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.0 V)
S3V19 1 Enable | Disable | SVD 3.0-V system detection voltage selection (1.9 V)
savaa | savess | saves | saveos S3v24 0 Enable D?sable SVD 3.0-V system detecti on voltage selecti on(2.4V)
FE54H S3V235 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.35 V)
AW S3va3 1 Enable | Disable [ SVD 3.0-V system detection voltage selection (2.3 V)
S3V225 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.25 V)
S3va7 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.7 V)
FE55H S3var | S3V265) S3v26 | S3v2 S3V265 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.65 V)
AW S3V26 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.6 V)
S3v25 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.5 V)
LDUTY1 0 LCD drive duty LDUTY1, 0 0 1 2,3
LDUTY1|LDUTYO| STCD | LPWR wutvol o switch [Duty ] 14 5 18
FF60H ) ) ) .
AW STCD 0 Static |Dynamic| LCD drive switch
LPWR | © On off |LCD power On/Off
008 -2 Unused
FE61H 0 ALOFF | ALON [LCFCHG ALOFF 1 Al Off | Normal [ LCD all Off control
R AW ALON 0 AllOn | Normal [ LCD all On control
LCFCHG| 0 25.6 Hz | 32 Hz | Frame frequency selection (when 1/4 or 1/8 duty is selected)
LC3 0 LCD contrast adjustment
LC3 LC2 LC1 LCO
FF62H LC2 0 [LC3-0] 0 - 15
LC1 0 Contrast Light - Dark
RIW LCO 0
enmTv | enmsT | ENon | BzE ENRTM 0 1sec |05 sgc Envelope releasing' t'i me selection
FE6CH ENRSTEB| Reset | Reset | Invalid | Envelope reset (writing)
AW W AW ENON 0 On Off | Envelope On/Off
BZE 0 Enable | Disable | Buzzer output enable (P40)
EMPON 0 Enable | Disable | Buzzer output enable in motor pulse output period
EMPON | BZSTP | BZSHT | SHTPW |gzg7prs| Stop | Invalid | 1-shot buzzer stop (writing)
FF6DH BZSHT 0 Trigger | Invalid | 1-shot buzzer trigger (writing)
RW W RW Busy | Ready |1-shot buzzer status (reading)
SHTPW 0 125 msec |31.25 msec| 1-shot buzzer pulse width setting
0 |BZFQ2 | BZFQ1 | BZFQO 01| - Unused [BZFQ2,1,0] 0 1 2 3
FF6EH BZFQ2| 0 Buzzer Frequency (Hz) 40960 32768 27307 23406
R AW BZFQ1| © frequ&_%ncy [BZFQ2,1,0] 4 5 6 7
BZFQO 0 selection Frequency (Hz) 20480 16384 1365.3 1170.3
0B -2 Unused
0 BDTY2 | BDTY1 | BDTYO BDTY2 0 - . -
FF6FH BOTY1 0 J Buzzer sgn.al duty ratio selection
R RW BDTYO 0 (refer to main manual)
0B -2 Unused
0 |ESOUT|SCTRG| ESIF |ESOUT| 0 | Enable |Disable | SOUT encble
FF70H SCTRG| 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RIW Run Stop | Seria I/F clock status (reading)
ESIF 0 SIF /0 | Seria I/F enable (P1 port function selection)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (f) 1/O memory map (FF71H-FFC1H)

Register
Address - Comment
D3 D2 D1 DO | Name | Init L 1 0
SDP 0 | MSBfirst| LSB first | Serial 1/F data input/output permutation
SDP | SCPS | SCS1 | scso | SCPS 0 Serial I/F clock phase selection
v | §f | Negative polarity (mask option)
FF71H o . )
| v —Post.lve polarity (mask option) [Cslgtil q Slgve R w:rv ~
SCS0 0 clock mode selection Clock 0OSC1/2 0OsC1
spa | spe | spi | spo | S8 | E| Hon | low T MSB
FF72H :Bf - EZ ::SE tzx Serial I/F transmit/receive data (low-order 4 bits)
AW spo | -c2| High | Low |LsSB
so7 | spe | sps | spa | 7 | | Mo pLow |7 MSB
FF73H ggg - g ::g: tzz Serial I/F transmit/receive data (high-order 4 bits)
AW SD4 -2 | High Low |_|LSB
008 -2 Unused
0 0 |[TMRST [TMRUN 0B 2 Unused
FF74H TMRSTCB| Reset | Reset | Invalid | Clock timer reset (writing)
R W RW TMRUN 0 Run Stop | Clock timer Run/Stop
T™3 0 Clock timer data (16 Hz)
T™M3 | TM2 | TME | TMO |y, Clock timer data (32 Hz)
FF75H T™1 0 Clock timer data (64 Hz)
R ™ | 0 Clock timer data (128 Hz)
™7 0 Clock timer data (1 Hz)
T™M7 | TME | TMS | TMA |y | g Clock timer data (2 Hz)
FF76H ™ | o Clock timer data (4 Hz)
R TM4 0 Clock timer data (8 Hz)
eoir | okm2 | okmt | okvo I;EE’:AF; g Enable | Disable | Direct input enakflngMZ, T L ) s
FF78H Key mask  Key mask None K02 KO02-03 K02-03,10
AW DKM1 | 0 Jsdection [DKM2,1,00 4 5 6 7
DKMO 0 Key mask K10 K10-11 K10-12 K10-13
Lcurr |crnwel swaun | swast LCURF 0 |Request| No |Lap datacarry-up request flag
FF79H CRNWF| 0 |[Renewal| No |[Capturerenewal flag
R AW W SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
SWRSTLB| Reset | Reset | Invalid | Stopwatch timer reset (writing)
SWDS | SWD2 | SWDT | SWDO gwgz g Stopwatch timer data
FF7AH
R SWD1 0 BCD (1/1000 sec)
SWD0 0 B
SWD7 | SWD6 | SWD5 | SWD4 Swoy 0 )
FE7BH SWD6 0 Stopwatch timer data
R SWD5 | 0 BCD (1/100 sec)
SWD4 0 B
SWD11 | SWD10 | SWD9 | SWD8 Swott 0 .
FE7CH SWD10 0 Stopwatch timer data
R SWD9 0 BCD (1/10 sec)
SWD8 0 B
0 o [vowonvewon| 0| Unused
FF8gH o Unused
R AW EVCWON| 0 Enable | Disable | VCWON monitor output enable (P22)
VCWON 0 On Off | Theoretical regulation status/trigger (Writing "0" is ineffective.)
von1s | event | rese | pLroL MOD16 0 16 bits 8lbits 1§—bit mode selection .
FECOH EVCNT 0 |Eventct.| Timer |Timer O counter mode selection
AW FCSEL 0 |WithNR| NoNR | Timer O function selection (for event counter mode)
PLPOL 0 Bl 1 |Timero pulse polarity selection (for event counter mode)
008 -2 Unused
0 |CHSELT|CHSELO) PTOUT CHSEL1| 0 TOUT output [CHSEL1,0] 0 1 2
FFC1H CHSELO| o ] sdection Timer TimerO Timerl Timer2
R W PTOUT 0 On Off | TOUT output control (P20)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (g) 1/0 memory map (FFC2H-FFDOH)

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
008 -2 Unused
KSEL2|CKSEL1|CKSEL
FEC2H S CKS CKSELD CKSEL2| 0 0OSC3 | OSC1 | Prescaler 2 source clock selection
R AW CKSEL1 0 0OSC3 | OSC1 |Prescaler 1 source clock selection
CKSELO| 0 0OSC3 | OSC1 | Prescaler 0 source clock selection
PTPSO1 0 Prescaler O [PTPS01,00] O 1 2 3
o PTPS01|PTPS00|PTRSTO[PTRUNO prPsool 0 glelvgt?gnrano Divisonraio U1 14 132 1/256
PTRSTOCB| - [2 | Reset | Invalid | Timer O reset (reload)
RW W RW PTRUNO| 0 Run Stop | Timer O Run/Stop
PTPS11 0 Prescaler 1 [PTPS11,10] O 1 2 3
o PTPS11|PTPS10|PTRST1[PTRUN1 pPsiol o gévgt?gnrano Divisonraio U1 U4 132 1/256
PTRSTIC8 -2 | Reset | Invalid | Timer 1 reset (reload)
RW W RW PTRUN1| 0 Run Stop | Timer 1 Run/Stop
PTPS21| 0 Prescaler 2. [PTPS21,20] O 1 2 3
ot PTPS21|PTPS20|PTRST2 [PTRUN2 pTPS20| 0 gévgt iocr;nrano Divisonraio Ul U4 1/32 1258
W AW PTRST2L8{  —[2 | Reset | Invalid | Timer 2 reset (reload)
R w PTRUN2| 0 | Run | Stop |Timer2Run/Stop
RLDO3 | RLDO2 | RLDO1 | RLD0O E::ggz g MSB
FFC6H ALDO1 0 Programmable timer O reload data (low-order 4 bits)
W RLD00 0 1 LSB
RLDO7 | RLDO6 | RLDO5 | RLD04 Etgg; g MSB
FFC7H ALDOS 0 Programmable timer 0 reload data (high-order 4 bits)
W RLD04 0 I LSB
RLD13 | RLD12 | RLD11 | RLD10 gtglg g MS8
FFC8H ALD1 0 Programmable timer 1 reload data (low-order 4 bits)
W RLD10 0 I LSB
RLD17 | RLD16 | RLD15 | RLD14 2::31; g MS8
FFC9H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
W RLD14 0 I LSB
RLD23 | RLD22 | RLD21 | RLD20 Etgzz g MSB
FFCAH RLD2A 0 Programmable timer 2 reload data (low-order 4 bits)
W RLD20 0 I LSB
RLD27 | RLD26 | RLD25 | RLD24 Etgzg g MS8
FFCBH ALD25 0 Programmable timer 2 reload data (high-order 4 bits)
W RLD24 0 I LSB
PTDO3 | PTD02 | PTDO1 | PTD0O Eggz g MS8
FFCCH Programmable timer O data (low-order 4 hits)
R PTDO1 0
PTD00 0 I LSB
PTDO7 | PTDO6 | PTD05 | PTD04 Egg; g MSB
FFCDH PTDOS 0 Programmable timer O data (high-order 4 bits)
R PTD04 0 I LSB
PTD13 | PTD12 | PTD11 | PTD10 Eglz g MSB
FFCEH PTD1 0 Programmable timer 1 data (low-order 4 hits)
R PTD10 0 I LSB
PTD17 | PTD16 | PTD15 | PTD14 Eg}; g MS8
FFCFH Programmable timer 1 data (high-order 4 bits)
R PTD15 0
PTD14 0 I LSB
PTD23 | PTD22 | PTD21 | PTD20 Eg;z g MSB
FFDOH PTD21 0 Programmable timer 2 data (low-order 4 bits)
R
PTD20 0 I LSB
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table4.1.1 (h) 1/0 memory map (FFD1H-FFF5H)

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init (1L 1 0
PTD27 | PTD26 | PTD25 | PTD24 gg;é g MSB
FFD1H PTD25 0 Programmable timer 2 data (high-order 4 bits)
R PTD24 0 LSB
3 -2
0 EIPT2 | EIPT1 | EIPTO 0 Unused ) .
FFE1H EIPT2 0 Enable | Mask |Interrupt mask register (Programmable timer 2)
R AW EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
3 -2
0 0 o |esF| ° Unused
FFE2H 0rs) -t Unused
R AW 008 -2 Unused
EISIF 0 Enable | Mask | Interrupt mask register (Serid I/F)
3 -2
0 0 o |ewo| ° Unused
FFE3H ] Unused
R W 008 -2 Unused
EIKO 0 Enable | Mask | Interrupt mask register (K00—K03)
3 -2
0 0 0 | Ek g g 3”“3
FFE4H - nu
R W 008 -2 Unused
EIK1 0 Enable | Mask | Interrupt mask register (K10-K13)
EIT3 0 Enable | Mask |Interrupt mask register (Clock timer 1 Hz)
EIT3 | EIT2 | EIT EITO
FFE5H EIT2 0 Enable | Mask |Interrupt mask register (Clock timer 2 Hz)
AW EIT1 0 Enable | Mask |Interrupt mask register (Clock timer 8 Hz)
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
erun | Biae | Eiswt | Eiswio EIRUN 0 Enable | Mask |Interrupt mask reg!ster (Stopwatch d!rect RUN)
FFE6H EILAP 0 Enable | Mask |Interrupt mask register (Stopwatch direct LAP)
AW EISW1 0 Enable | Mask |Interrupt mask register (Stopwatch timer 1 Hz)
EISW10| 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
3 -2
0 o |eismit|eisvpo| © Unused
FFESH 08| - Unused
R AW EISMD1 0 Enable | Mask |Interrupt mask register (Motor driver 1)
EISMDO| 0 Enable | Mask | Interrupt mask register (Motor driver 0)
3 -2
0 EIT6 | EIT5 | EIT4 0 Unused ] .
FFE9H EIT6 0 Enable | Mask |Interrupt mask register (Clock timer 128 Hz)
R AW EITS 0 Enable | Mask |Interrupt mask register (Clock timer 64 Hz)
EIT4 0 Enable | Mask | Interrupt mask register (Clock timer 16 Hz)
EISOR3 | EISOR2 | EISOR1 | EISOR0 EISORS) 0 ! 0 | Generdl-purpose reg!ster
FFECH EISOR2 0 1 0 General-purpose register
AW EISOR1 0 1 0 General-purpose register
EISORO| 0 Enable | Mask | Interrupt mask register (Solar wakeup)
3 -2
o | wer2 | e | ero | 0 (R) | (R) Unused _
FEF1H IPT2 0 | Yes | No |Interruptfactor flag (Programmable timer 2)
R AW IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)
3 -2
0 0 o | IsF g g \((R) ﬂ:‘) 3””3
FFF2H T op-desop Mo gund
R W 008 -2 (W) (W) | Unused
ISIF 0 Reset | Invalid | Interrupt factor flag (Seria 1/F)
3 -2
0 0 0 Ko 0 (R) (R) | Unused
FFF3H 0% -2i Yes 1 MNo_fUnused
R W 08 -2 (W) (W) | Unused
IKO 0 Reset | Invalid | Interrupt factor flag (KO0—K03)
o] -2
0 0 0 1K1 g 5 5 \((R) (’\T) 3”“:3
FFF4H - Yes 1 To punu
R W 008 -2 (W) (W) | Unused
IK1 0 Reset | Invalid | Interrupt factor flag (K10-K13)
T3 T2 T o IT3 0 (R) (R) | Interrupt factor flag (Clock t! mer 1 Hz)
FEE5H IT2 0 | Yes | No |lInterruptfactor flag (Clock timer 2 Hz)
W IT1 0 (W) (W) | Interrupt factor flag (Clock timer 8 Hz)
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (i) 1/0 memory map (FFF6H-FFFCH)

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)
FEF6H 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)
3 -2
0 o |isvpt [ ismpo| ° R (®) | Unused
FFF8H 0181 ~f2L Yes | No_JUnused
R AW ISMD1 0 (W) (W) | Interrupt factor flag (Motor driver 1)
ISMDO 0 Reset | Invalid | Interrupt factor flag (Motor driver 0)
3 -2
0 me | ms | 4 0 (R) | (R) Unused ,
FEFOH IT6 0 | _Yes |_ No _|[Interrupt factor flag (Clock timer 128 Hz)
R AW IT5 0 (W) (W) [ Interrupt factor flag (Clock timer 64 Hz)
IT4 0 Reset | Invalid | Interrupt factor flag (Clock timer 16 Hz)
ISOR3 -2 [Pre Qstart| Normal | Quick start mode flag 1
ISOR3 | ISOR2 | ISOR1 | ISORO | |50R2 | -2 |Quick start] Normal | Quick start mode flag 2
FFFCH ISOR1 —[2 | Charge [Not charged| Recharging flag
R rw | ISORO 0 (R)Yes | (R)No |Interrupt factor flag (Solar wakeup)
(W)Reset |(W)Invalid
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Watchdog Timer)

4.2 Watchdog Timer

4.2.1 Configuration of watchdog timer

The S1C63709 has a built-in watchdog timer that operates with a 256 Hz divided clock from the OSC1 as
the source clock. The watchdog timer starts operating after initial reset, however, it can be stopped by the
software. The watchdog timer must be reset cyclically by the software while it operates. If the watchdog
timer is not reset in at least 3—4 seconds, it generates a non-maskable interrupt (NMI) to the CPU.

Figure 4.2.1.1 is the block diagram of the watchdog timer.

Non-maskable
interrupt (NMI)

0OSC1 dividing signal 256 Hz >—®{ Watchdog timer —»

Watchdog timer enable signal >J

Watchdog timer reset signal
Fig. 4.2.1.1 Watchdog timer block diagram

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

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

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

4.2.2 Interrupt function

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

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

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0

0+3 -2 Unused

0 0 WDEN |WDRST 03 o Unused
FFO7H i i
WDEN 1 Enable | Disable | Watchdog timer enable
R RW w 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

WDEN: Watchdog timer enable register (FFO7H<D1)
Selects whether the watchdog timer is used (enabled) or not (disabled).

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

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

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

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

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

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

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

4.3 Oscillation Circuit

4.3.1 Configuration of oscillation circuit

The S1C63709 has two oscillation circuits (OSC1 and OSC3). OSC1 is a crystal oscillation circuit that
supplies the operating clock to the CPU and peripheral circuits. OSC3 is either a CR or a ceramic oscilla-
tion circuit. When processing with the S1C63709 requires high-speed operation, the CPU operating clock
can be switched from OSC1 to OSC3 by the software.
Figure 4.3.1.1 is the block diagram of this oscillation system.

Note:

Voltage regulator for
OSCH1 oscillation circuit

Vosc

> OSC1 —
oscillation circuit
>

Voltage regulator for
internal logic circuit

el

VD1

Clock
switch

oscillation circuit

A

] To peripheral circuits

——» To CPU

L< CPU clock selection signal

Fig. 4.3.1.1 Oscillation system block diagram

Oscillation circuit control signal

The power supply voltage must be 2.1 V or more to use the OSC3 oscillation circuit.

4.3.2 OSC1 oscillation circuit

The OSC1 crystal oscillation circuit generates the main clock for the CPU and the peripheral circuits. The
oscillation frequency is 32.768 kHz (Typ.).
Figure 4.3.2.1 is the block diagram of the OSC1 oscillation circuit.

When the Ca

regulation mask
option is selected

> To CPU

Cox

T

(and peripheral circuits)

Fig. 4.3.2.1 OSC1 oscillat

ion circuit

As shown in Figure 4.3.2.1, the crystal oscillation circuit can be configured simply by connecting the
crystal resonator (X'tal) of 32.768 kHz (Typ.) between the OSC1 and OSC2 terminals.

The OSC1 oscillation circuit provides a mask option to select the oscillation frequency adjustment
method. Either theoretical regulation or CG regulation can be selected.
When CG regulation is selected by mask option, connect a 0 to 20 pF trimmer capacitor (CGx) between the
OSC1 and Vss terminals.

Note: When theoretical regulation is selected, do not connect a capacitor between the OSC1 and Vss

terminals.

Refer to Section 4.13, "Theoretical Regulation”, for details of theoretical regulation.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.3 OSC3 oscillation circuit

The 51C63709 has built-in the OSC3 oscillation circuit that generates the CPU's sub-clock (Max. 4.2 MHz)
for high speed operation and the source clock for peripheral circuits needing a high speed clock (pro-
grammable timer, serial interface, FOUT output). The mask option enables selection of the oscillator type
from CR (external R type), CR (built-in R type) and ceramic oscillation circuit. When CR oscillation
(external R type) is selected, only a resistance is required as an external element. When ceramic oscillation
is selected, a ceramic oscillator and two capacitors (gate and drain capacitance) are required. When CR
oscillation (built-in R type) is selected, no external element is required.

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

Ccr

[
l
To CPU
(and some peripheral circuits)

Oscillation circuit control signal

Rcr

(a) CR oscillation circuit (external R type)

N Ccr
: l
| To CPU
- (and some peripheral circuits)
)
i Oscillation circuit control signal
(b) CR oscillation circuit (built-in R type)
Cec . 0sc3

To CPU
(and some peripheral circuits)

% Oscillation circuit control signal
Coc

Vss (c) Ceramic oscillation circuit
Fig. 4.3.3.1 OSC3 oscillation circuit

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

When ceramic oscillation is selected, the ceramic oscillation circuit can be configured by connecting the
ceramic oscillator (Max. 4.2 MHz) between the OSC3 and OSC4 terminals, capacitor CGC between the
OSC3 and OSC4 terminals, and capacitor CDC between the OSC4 and Vss terminals. For both CGc and
CDC, connect capacitors that are about 30 pF. To reduce current consumption of the OSC3 oscillation
circuit, oscillation can be stopped by the software (OSCC register).

Table 4.3.3.1 OSC3 oscillation frequency

Oscillation circuit Oscillation frequency
Ceramic oscillation Max. 4.2 MHz
CR oscillation (built-in R type) Typ. 200 kHz £30%
CR oscillation (external R type) 200 kHz to 2.2 MHz

S1C63709 TECHNICAL MANUAL EPSON 31



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3.4 Switching of CPU clock

The system clock can be selected between OSC1 and OSC3 with software (using the CLKCHG register).
The CPU clock should be switched using the following procedure. Pay special attention to the stability
waiting time for oscillation.

0OSC1 —» OSC3
1. Set OSCC to "1". (OSC3 oscillation: off — on)

2. Wait 5 msec or more.
3. Set CLKCHG to "1". (CPU clock: OSC1 — OSC3)

Note: It takes at least 5 msec from the time the OSC3 oscillation circuit goes on until the oscillation
stabilizes. Consequently, when switching the CPU operation clock from OSC1 to OSC3, do this
after a minimum of 5 msec have elapsed since the OSC3 oscillation went on.

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

0SC3 —» 0SsC1
1. Set CLKCHG to "0". (CPU clock: OSC3 — OSC1)
2. Set OSCC to "0". (OSC3 oscillation: on — off)

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

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

Table 4.3.5.1 Clock frequency and instruction execution time

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

OSC1: 32.768 kHz 61 122 183
OSC3: 200 kHz 10 20 30
OSC3: 1.1 MHz 18 36 55
OSC3: 2 MHz 1 2 3

OSC3: 4 MHz 05 1 15
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

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

Table 4.3.6.1 Control bits of oscillation circuit

Register

Address - Comment
D3 D2 D1 DO | Name | Init 1 1 0
CLKCHG| 0 0SC3 | OSC1 | CPU clock switch
FFO1H CLKCHG) 0SCC 0 0 0SscC 0 On Off | OSC3 oscillation On/Off
03 -2 Unused
RIW R 0+3 —*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 (FFO1H*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 (FFO1H<D3)
The CPU's operation clock is selected with this register.

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

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

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

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

4.3.7 Programming notes

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

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

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

(8) The quick start mode prohibits the use of the OSC3 clock.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.4 Input Ports (KOO-KO03, K10-K13, K20-K23 and K30)

4.4.1 Configuration of input ports

The S1C63709 has 13 bits of general-purpose input ports. Four bits in these ports can be used as general-
purpose input ports and the other nine bits have a special circuit configuration for supporting watch
applications.
KO ports (K00-K03): General-purpose input ports (with programmable interrupt timings)
K1 ports (K10-K11): Input ports for crown switches (with a rising and falling edge trigger interrupt function)
(K12-K13): Input ports for noise rejection (with a rising and falling edge trigger interrupt function)

K2 ports (K20-K23): Input ports for theoretical regulation

(with no interrupt function, pulled-down while reading)
K3 port (K30): Input port for theoretical regulation

(with no interrupt function, pulled-down while reading)
Each input port terminal provides an internal pull-down resistor that can be enabled by mask option.
Figure 4.4.1.1 shows the configuration of input ports.

VbD Interrupt Vbbp
request Interrupt
€1 JX |_>request
(2]
A K10 3
é K11 O Latch —|>—> ©
KOx O o 7' a
8 1
A AN
I—— Sampling signal
Vss Vss
(a) KOx ports (b) K10 and K11 ports
Interrupt
JS VoD request JX Voo
K12 Noise ) K2x 2]
o et
k13O T VW e 2l ks WV a
fa - < P A ©
; i ' [m) : : o
ja ja -
Add
Sampling signal E
Vss Vss
¢) K12 and K13 ports d) K2x and K30 ports
() p p
"""" { Mask option

Fig. 4.4.1.1 Configuration of input ports L

The KO ports allow software to select either the rising edge or falling edge of input signals as the trigger
to generate an interrupt. The K00 and K01 input ports can also be used as the Run/Stop and Lap direct
inputs for the stopwatch timer.

The K1 ports are intended to be used for inputs of crown switches. These ports generate an interrupt at
both the rising and falling edges of the input signals. Furthermore, the K1 ports allow software to use an
input signal sampling circuit. When this circuit is enabled, the input signal is sampled with the specified
clock (32 Hz or 256 Hz selectable) and the sampling results can be read out as the port input data. The
pull-down resistor activates and an input interrupt occurs at the same time the signal is sampled.

The K12 and K13 ports can be used with a noise-reject circuit for eliminating chattering that can be
attached by mask option.

The five bits of K2 and K3 ports are intended to be used for inputting a theoretical regulation value, so
they do not have an interrupt function. Since these ports may not be used frequently, the pull-down
resistors, even if enabled by mask option, are turned on only when the input status is read. Refer to
Section 4.13, "Theoretical Regulation”.
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4.4.2 Mask option

Pull-down resistor
Internal pull-down resistor can be selected for each of the 13 bits of the input ports (K00-K03, K10-
K13, K20-K23 and K30) with the input port mask option.
Selection of "With pull-down resistor" with the mask option suits input from the push switch, key
matrix, and so forth. When "Gate direct" is selected, the port can be used for slide switch input and
interfacing with other LSIs.
When "Gate direct" is selected, take care that the floating status does not occur for the input. Select
"With pull-down resistor" for input ports that are not being used.

Noise-reject circuit for K12 and K13
The K12 and K13 ports provide a mask option to select whether a noise-reject circuit is attached or
not. When this circuit is attached, pulses within 6.84 msec to 14.65 msec are regarded as noise and are
not input. To input the signal reliably, the input signals must have an active level width of more than
14.65 msec.

4.4.3 Interrupt function
The KO0 (K00-K03) and K1 (K10-K13) input ports provide the interrupt function.

There is little difference in the interrupt functions between the KO ports and K1 ports, so the following
describes the interrupt functions separately.

(1) KO input interrupt
In the KO port, the conditions for issuing an interrupt can be set by the software. Further, whether to
mask the interrupt function can be selected by the software.
Figure 4.4.3.1 shows the configuration of the KO port interrupt circuit.

,,,,,

,,,,,
Input comparison

BN
Iil register (KCP0O) 44—%* Interrupt factor Interrupt
‘ ! :é: ! > flag (1K0) —
oo request

»
>
2
g | Interrupt selection o Interrupt mask
S g [
[a)] register (SIK00) A register (EIKO)
| SRR
tKO2.
VKO3
g
<

Fig. 4.4.3.1 KO input interrupt circuit configuration

The interrupt selection register (SIK) and input comparison register (KCP) are individually provided
for the input ports KO0-K03, and can specify the terminals for generating interrupt and interrupt
timing.

The interrupt selection registers (SIK00-SIK03) select what input of K00-KO03 to use for the interrupt.
Writing "1" into an interrupt selection register incorporates that input port into the interrupt genera-
tion conditions. The changing the input port where the interrupt selection register has been set to "0"
does not affect the generation of the interrupt.
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The input interrupt timing can select that the interrupt be generated at the rising edge of the input or
that it be generated at the falling edge according to the set value of the input comparison registers
(KCPOO-KCP03).

By setting these two conditions, the interrupt for KO0-KO03 is generated when input ports in which an
interrupt has been enabled by the input selection registers and the contents of the input comparison
registers have been changed from matching to no matching.

The interrupt mask register (EIK0) enables the interrupt mask to be selected for KO0-KO03.

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

Figure 4.4.3.2 shows an example of an interrupt for KO0-K03.

Interrupt selection register Input comparison register
SIKO03 | SIK02 | SIKO1 | SIKOO KCPO03 | KCP02 | KCPO1 |KCP0O
1 1 1 0 1 0 1 0

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

Input port
(1) | KO3 | K02 | KO1 | KOO
1 0 1 0 (Initial value)

() | Ko3 | Ko2 | ko1 | Koo

(3) | Ko3 | Ko2 | ko1 | Koo

0 0 1 1 —» Interrupt generation
+ Because KOO interrupt is set to disable, interrupt will be
generated when no matching occurs between the
4) K03 K02 Kot Koo contents of the 3 bits KO1-K03 and the 3 bits input
0 1 1 1 comparison register KCP0O1-KCP03.

Fig. 4.4.3.2 Example of interrupt of KOO—K03

KO0 interrupt is disabled by the interrupt selection register (SIK00), so that an interrupt does not occur
at (2). At (3), KO3 changes to "0"; the data of the terminals that are interrupt enabled no longer match
the data of the input comparison registers, so that interrupt occurs. As already explained, the condi-
tion for the interrupt to occur is the change in the port data and contents of the input comparison
registers from matching to no matching. Hence, in (4), when the no matching status changes to
another no matching status, an interrupt does not occur. Further, terminals that have been masked for
interrupt do not affect the conditions for interrupt generation.
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(2) K1 input interrupt
Each of these four ports (K10-K13) allows software to select whether its interrupt function is used or
not. Furthermore, interrupt requests to the CPU can be masked in software.
Figure 4.4.3.3 shows the configuration of the K1 port interrupt circuit.

.
Input b

256 Hz —Pp»{ sampling
32 Hz — P circuit Interrupt factor

3 Interrupt selection
g ; > P

Interrupt
request

flag (IK1)

register (SIK10)

3 : : Interrupt mask
! - register (EIK1)

Data bus

Input
256 Hz—P» sampling
32 Hz —P| circuit

Interrupt selection

<> register (SIK12)

Fig. 4.4.3.3 K1l input interrupt circuit configuration

The K10-K13 input ports have interrupt selection registers (SIK) used to specify the terminals for
generating interrupts, similar to the KO ports. Writing "1" to an interrupt selection register incorpo-
rates the corresponding input port into the interrupt generation conditions. Changing the input port

where the interrupt selection register has been set to "0" does not affect the generation of the interrupt.

Each K1 port has an embedded input sampling circuit. The input sampling circuit is enabled by

writing "1" to the K1x sampling control register provided individually for the K1x port. Furthermore,

a 32-Hz or 256-Hz sampling clock can be selected individually in each port.

The K10 and K11 ports are intended to be used for inputs of crown switches (can also be used as
general-purpose input ports). When the sampling function is enabled, an interrupt will occur at the
rising edge of the sampling clock immediately after the input signal to the port, which has been
enabled for an interrupt to occur, changes (rises or falls). This interrupt can be used to execute the

process when the crown of the watch is pulled out and pushed in. To check whether the interrupt has

occurred by the rising edge or falling edge, read the input port data. If the input sampling circuit is
disabled, the K10 and K11 input ports cannot generate an interrupt.

K10, K11 !
Sampling clock ‘
(82 Hz or 256 Hz) ‘ !

Interrupt request

A A

Fig. 4.4.3.4 K10 and K11 input interrupt timing
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The K12 and K13 ports can also generate interrupts at the rising edge and falling edge of the input
signal. However, to generate interrupts at both signal edges, two or more sampling clock cycles are
required. Therefore, maintain the signal level (high or low) after the signal rises or falls for 62.5 msec
or more when the 32 Hz clock is selected using the sampling clock select register, or 7.82 msec or more
when the 256 Hz clock is selected.

K12, K13

Sampling clock
(32 Hz or 256 Hz) !

Interrupt request

Fig. 4.4.3.5 K12 and K13 input interrupt timing (when input sampling circuit is on)

The K12 and K13 ports generate interrupts at only the rising edge of the input signal if the input
sampling circuit is off.

K12, K13 _

Interrupt request

A

Fig. 4.4.3.6 K12 and K13 input interrupt timing (when input sampling circuit is off)

The interrupt mask register (EIK1) enables or masks the K1 input interrupt requests to the CPU.
When an interrupt occurs, the interrupt factor flag (IK1) is set to "1".
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4.4.41/0 memory of input ports
Table 4.4.4.1 shows the I/O addresses and the control bits for the input ports.

CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

Table 4.4.4.1 Control bits of input ports

Register
Address - Comment
D3 D2 D1 DO | Name | Init 1 1 0
SIKO3 | SIK02 | SIKO1 | SIK0O SIK03 0 Enable D!sable
FF20H SIK02 |0} Enable | Disable | |\ o 03 interrupt selection register
AW SIKoi | 0 | Enable | Disable b
SIK00 0 Enable | Disable | ]
_=2 | Hi N
K03 K02 Ko1 Koo K0S ) H!gh Low
FF21H K02 —#2 | High | Low | 1y o 03 input port data
o Kot | -+2| Hgh | Low putp
K00 -*2 | High Low |
KCP03 | KCP02 | KCPOT | KCPOO Egggz g j{ ?
FF22H - KCPO1 0 1 s K00-K 03 input comparison register
KCPOO | 0 RN
SIK13 | SIK12 | SIK11 | SIK10 SIK13 0 Enable D!sable
FF24H SIK12 | 0 | Enable | Disable | |\ 1\ 13 nterrupt selection register
- SIKi1 | 0 |Enable | Disable pt &
SIK10 0 Enable | Disable |
_=2 | Hi N
K13 K12 K11 K10 K13 ) H!gh Low
FF25H K12 =72 ) High | Low | o 13 input port data
o Kit | -=2| Hgh | Low putp
K10 —-*2 | High Low |
— %2 i |
ke | k2 | ket | Keo Ezg " ::g: tx
FF29H - [
A Ko1 —2| High Low K20-K23 input port data
K20 —-*2| High Low [
ENISOR1| 0 Enable | Disable | ISOR1 monitor output enable (P23)
ENISOR1| ECLIM | CLIM K30
FF2DH ECLIM 0 Enable | Disable | CLIM monitor output enable (P32)
RW R CLIM 0 On Off | Limit level monitor
K30 -*2| High Low | K30 input port data
K1SMP7| 0 256 Hz | 32Hz ||
KISMP7|K1SMPS[KISMPS KisuPaf =il | 2 H; - Hz
FF33H K10-K13 port li lock select regist
W KISMPS| 0 | 256Hz | 32Hz port samping loc e
K1SMP4| 0 256 Hz | 32Hz [
K1SMP. 256/32 H ff| ]
K1SMP3|K1SMP2|K1SMP1|K1SMPO K1§MP2 g 22222 Hi gﬁ
FF34H K10-K13 port li trol regist
o KISMP1| 0  [256%2Hz Off port sampling control register
KISMPO| 0  [256/32Hz| Off |
#3 — %2
0 0 o | exo 33 - 3”“2
FFE3H n
R AW 03 -2 Unused
EIKO 0 Enable | Mask | Interrupt mask register (K00—K03)
3 — %2
o | o | o | e 3*3 ” 3:”‘:3
FFE4H u
R AW 0+3 -2 Unused
EIK1 0 Enable | Mask | Interrupt mask register (K10-K13)
3| -=2| R R
0 0 o | ko 0 R) | (® ) Unused
FFFaH 0v3) w24 Yes 4 Mo Unused
R AW 0+3| -+2| W) | W) |Unused
IKO 0 Reset | Invalid | Interrupt factor flag (K0O0—K03)
#3 — %2
0 0 o | K g ol o \((R) (NR) 3””:
FFF4H L-Yes i fo_fUnu
. AW 0+3| -+2| W) | W) |Unused
1K1 0 Reset | Invalid | Interrupt factor flag (K10-K13)
*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
S1C63709 TECHNICAL MANUAL EPSON 39



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

K00-KO03: KO port input port data (FF21H)

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

K20-K23: K2 port input port data (FF29H)

K30: K3 port input port data (FF2DH+DO)

Input data of the input port terminals can be read with these registers.

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

The reading is "1" when the terminal voltage of each input port goes high (VDD), and "0" when the voltage
goes low (Vss).
These bits are dedicated for reading, so writing cannot be done.

SIK00-SIK03: KO port interrupt selection register (FF20H)
SIK10-SIK13: K1 port interrupt selection register (FF24H)
Selects the ports to be used for the KO0-K03 and K10-K13 input interrupts.

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

Enables the interrupt for the input ports (K00-K03, K10-K13) for which "1" has been written into the
interrupt selection registers (SIK0O0-SIK03, SIK10-SIK13). The input port set for "0" does not affect the
interrupt generation condition.

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

KCPOO—KCPO03: KO port input comparison register (FF22H)
Interrupt conditions for terminals KO0-K03 can be set with these registers.

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

The interrupt conditions can be set for the rising or falling edge of input for each of the four bits (K00-
KO03), through the input comparison registers (KCP00-KCP03).

A comparison is done only with the ports that are enabled by the interrupt among K00-K03 by means of
the SIKO0-SIKO3 registers.

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

K1SMP0-K1SMP3: K1 port sampling control register (FF34H)
Selects whether the K1 port input sampling function is used or not.

When "1" is written: Use 256-Hz or 32-Hz sampling
When "0" is written: Not used (sampling circuit is disabled)
Reading: Valid

K1SMP0-K1SMP3 are the sampling control registers corresponding to the K10-K13 ports. When the
register is set to "1", the input signal of the corresponding port will be sampled with the 256-Hz or 32-Hz
clock.

In this setting, an K10 or K11 interrupt will occur at the rising edge of the sampling clock immediately
after the input signal to the port changes (rises or falls). When the register is set to "0", no interrupt will
occur from the corresponding input port.

The K12 or K13 interrupts will occur at the rising or falling edge of the input signal when the signal has
changed. When the input sampling circuit is off, interrupts will occur at only the rising edge of the input
signal.

At initial reset, these registers are set to "0".
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K1SMP4-K1SMP7: K1 port sampling clock select register (FF33H)
Selects the K1 port sampling clock frequency.

When "1" is written: 256 Hz
When "0" is written: 32 Hz
Reading: Valid

K1SMP4-K1SMP7 are the sampling clock select registers corresponding to the K10-K13 ports. The 256-Hz
sampling clock is selected when the register is set to "1" and the 32-Hz sampling clock is selected when
the register is set to "0". Use KISMP0-K1SMP3 to enable or disable the sampling function for each port.
At initial reset, these registers are set to "0".

EIKO: KO input interrupt mask register (FFE3H+DO)
EIK1: K1 input interrupt mask register (FFE4H+DO)
Masking the interrupt of the input port can be selected with these registers.

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

With these registers, masking of the input port interrupt can be selected for each of the two systems (K00-
K03, K10-K13).
At initial reset, these registers are set to "0".

IKO: KO input interrupt factor flag (FFF3H<DO)
IK1: K1 input interrupt factor flag (FFF4H<DO)
These flags indicate the occurrence of input interrupt.

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

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

The interrupt factor flags IKO and IK1 are associated with K00—-K03 and K10-K13, respectively. From the
status of these flags, the software can decide whether an input interrupt has occurred.

The interrupt factor flag is set to "1" when the interrupt condition is established regardless of the 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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4.4.5 Programming notes

(1) When input ports are changed from high to low by pull-down resistors, 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 ports, set an appropriate waiting time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xC xR
C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull-down resistance 300 kQ (Max.)

(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) Input interrupt programming related precautions

Port KO input

Active status Active status
Input comparison |
register Falling edge interrupt Rising edge interrupt
Interrupt selection
P eaister — || . . 1 .
gister ? ? ? ? ?
@ Factor flag set Not set @ Factor flag set

When the content of the interrupt selection register is rewritten while the port KO input is in the
active status, the input interrupt factor flags are set at ® and @, @ being the interrupt due to the
falling edge and @ the interrupt due to the rising edge.

Fig. 4.4.5.1 Input interrupt timing

When using an input interrupt, if you rewrite the content of the interrupt selection register, when the
value of the input terminal which becomes the interrupt input is in active status, the factor flag for
input interrupt may be set.
Therefore, when using the input interrupt, the active status of the input terminal implies

input terminal = low status, when the falling edge interrupt is effected and

input terminal = high status, when the rising edge interrupt is effected.
When an interrupt is triggered at the falling edge of an input terminal, a factor flag is set with the
timing of @ shown in Figure 4.4.5.1. However, when clearing the content of the interrupt selection
register with the input terminal kept in the low status and then setting it, the factor flag of the input
interrupt is again set at the timing that has been set.
Consequently, when the input terminal is in active status (low status), do not rewrite the interrupt
selection register (clearing, then setting the interrupt selection register), so that a factor flag will only
set at the falling edge in this case. When clearing, then setting the interrupt selection register, set the
interrupt selection register, when the input terminal is not in active status (high status).
When an interrupt is triggered at the rising edge of the input terminal, a factor flag will be set at the
timing of @ shown in Figure 4.4.5.1. In this case, when the interrupt selection registers cleared, then
set, you should set the interrupt selection register, when the input terminal is in low status.
In addition, when the interrupt selection register = "1" and the content of the input comparison
register is rewritten in input terminal active status, an input interrupt factor flag may be set. Thus,
you should rewrite the content of the input comparison register in the interrupt selection register = "0"
status.

The same applies to the K12 and K13 ports when the input sampling circuit is off. When the input
terminal is in active status (high status), do not rewrite the interrupt selection register (clearing, then
setting the interrupt selection register).
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4.5 1/0 Ports (PO0—P03, P10-P13, P20-P23, P30-P33 and P40-P41)

4.5.1 Configuration of 1/0O ports

The S1C63709 has 18 bits of general-purpose I/O ports. Figure 4.5.1.1 shows the configuration of the I/O
port.

Pull-down control

m'_p register (PUL)

(]
>
o Data
©
g i O Pxx
o] Address register
° |—|_> g i Mask
I/O control - option
lm'—b register (I0C)
Vss

Fig. 4.5.1.1 Configuration of 1/0 port

The I/O port terminals P10 to P13 are shared with the serial interface input/output ports. Also the I/O
port terminals P20 to P23, P30 to P33, P40 and P41 are shared with the special output ports. 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.

Table 4.5.1.1 Function setting of input/output terminals

Terminal Terminal status Special output Serial I/lF
name at initial reset TOUT [SVDDT|VCWON| ISOR1 | ISOR2 | ISOR3| CLIM |F16HZ| BZ | FOUT | Master Slave
PO0—P03 |PO0—P03 (Input & pulled down:) [PO0—P0O3PO0—P03PO0—PO3|PO0—P03]PO0—P03/PO0—P03PO0—P03PO0—P03PO0—P03PO0—-P03 PO0-P03 | PO0—-P03
P10 P10 (Input & pulled down:) SIN(I) SIN(I)
P11 P11 (Input & pulled down) SOUT(O) | SOUT(O)
P12 P12 (Input & pulled down:) SCLK(O) | SCLK(l)
P13 P13 (Input & pulled downz) SRDY (O)

P20 P20 (Input & pulled down#) TOUT

P21 P21 (Input & pulled down=) SVDDT

P22 P22 (Input & pulled down:) IVCWON

P23 P23 (Input & pulled down=) ISOR1

P30 P30 (Low output) ISOR3

P31 P31 (Low output) ISOR2

P32 P32 (Low output) CLIM

P33 P33 (Low output) F16HZ

P40 P40 (Low output) BZ

P4l P41 (Low output) FOUT

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

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

Refer to Section 4.10, "Serial Interface", for controlling the serial interface. Refer to Section 4.11, "Sound
Generator", for controlling the BZ output.
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4.5.2 Mask option

Output specification
The output specification of each I/O port during output mode can be selected from either comple-
mentary 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.

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

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 I/O port terminals are used for the
serial interface and special outputs.

4.5.31/0 control registers and input/output mode

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

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

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

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

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

At initial reset, the IOC00-I0C03, IOC10-I0C13 and IOC20-10C23 registers are set to "0", so the PO, P1
and P2 I/O ports enter in input mode. The IOC30-I0C33 and I0C40-10C41 registers are set to "1" for
setting the P3 and P4 I/0O ports in output mode.

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

4.5.4 Pull-down during input mode

A pull-down resistor that operates during the input mode is built into each I/O port of the S1IC63709.
Mask option can set the use or non-use of this pull-down.

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 the input mode. When "0" has been
written, no pull-down is done.

At initial reset, the PULO0-PUL03, PUL10-PUL13 and PUL20-PUL23 registers are set to "1", so the PO, P1
and P2 port pull-down resistors are enabled. The PUL30-PUL33 and PUL40-PULA41 registers are set to "0"
for disabling the P3 and P4 port pull-down resistors.

The pull-down control registers of the ports in which "gate direct” has been selected can be used as
general purpose registers.

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

The pull-down control registers of the ports, that are set as input for the serial interface and special
outputs, function the same as the I/O port.
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4.5.5 Special output

In addition to the general-purpose I/O port function, a special signal output function can be selected for
the I/O ports P20 to P23, P30 to P33, P40 and P41 as shown in Table 4.5.5.1 with the software.

Table 4.5.5.1 Special output

Terminal | Special output | Output control register
P20 TOUT PTOUT
P21 SVDDT ESVDDT
P22 VCWON EVCWON
P23 ISOR1 ENISOR1
P30 ISOR3 ENISOR3
P31 ISOR2 ENISOR2
P32 CLIM ECLIM
P33 F16HZ E16HZ
P40 Bz BZE, BZSHT
P41 FOUT FOUTE

At initial reset, the P20 to P23 I/O control registers are set to "0" (input), the port data registers are set to
"0" and the pull-down control registers are set to "1" (pull-down enabled). Consequently, the terminals are
configured as input ports. The P30 to P33, P40 and P41 I/O control registers are set to "1" (output), the
port data registers are set to "0" and the pull-down control registers are set to "0" (pull-down disabled).
Consequently, the terminals are configured as output ports with low (Vss) level output.

When using the Pxx port as the special output port, fix the I/O control register (IOCxx) at "1" (output),
the data register (Pxx) at "0" and the pull-down control register (PULxx) at "0" (pull-down disabled). The
respective signal output should be turned on and off using the special output control register.

Note: The data register, I/O control register and pull-down control register are effective even if the Pxx is
used for special output. To prevent the occurrence of undesired terminal conditions, do not change
the register values after setting the data register (Pxx) to "0", the I/O control register (IOCxx) to "1°,
and the pull-down control register (PULxx) to "0".

SVDDT (P21), ISOR1-3 (P23, P31, P30), CLIM (P32)
The P21, P23 and P30 to P32 ports can be configured as the output ports for monitoring the internal
signals (control register values) shown below.

Table 4.5.5.2 Internal signals that can be output for monitoring

Terminal Int.ernal Description Output.control
signal register
P21 SVDDT [SVD detection data (SVDDT register value) ESVDDT
P23 ISOR1 |Recharging flag status (ISORL register value) ENISOR1
P30 ISOR3 |Quick start mode flag 1 status (ISOR3 register value) ENISOR3
P31 ISOR2 |Quick start mode flag 2 status (ISOR2 register value) ENISOR2
P32 CLIM |Solar recharging (limiter) status (CLIM register value) ECLIM

Use the special output control register corresponding to each signal to enable and disable monitor
output. Figure 4.5.5.1 shows the output waveform of the internal signal.

IOCxx register Fix at "1"
PULxx register Fix at "0"
Pxx register Fix at "0"

Signal to be output —| |—
(register value)
Special output
control register

Monitor output
(Pxx terminal) J

Fig. 45.5.1 Internal signal monitor output

ng r ng

Refer to the respective section of the peripheral circuit for details of the signal (register).
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TOUT (P20)

The P20 terminal can output the TOUT signal.

The TOUT signal is the clock that is output from the programmable timer, and can be used to provide
a clock signal to an external device.

To output the TOUT signal, fix the IOC20 register at "1", the P20 register at "0" and the PUL20 register
at "0", and turn the signal on and off using the PTOUT register. It is, however, necessary to control the
programmable timer.

Refer to Section 4.9, "Programmable Timer" for details of the programmable timer.

Note: A hazard may occur when the TOUT signal is turned on and off.

Figure 4.5.5.2 shows the output waveform of the TOUT signal.

10C20 register Fix at "1"
PUL20 register | Fix at "0"
P20 register Fix at "0"
TouT cock 1111 LMLUULLLLT
PTOUT register _"0"| " "Q"

TOUT output ‘

Fig. 4.5.5.2 Output waveform of TOUT signal

VCWON (P22)

The P22 terminal can output the VCWON write signal.

This allows monitoring of the theoretical regulation execution status.

To output the VCWON write signal, fix the IOC22 register at "1", the P22 register at "0" and the PUL22
register at "0", and turn the signal output on and off using the EVCWON register.

Refer to Section 4.13, "Theoretical Regulation", for more information on VCWON.

Figure 4.5.5.3 shows the output waveform of the VCWON write signal.

10C22 register Fix at "1"
PUL22 register | Fix at "0"
P22 register Fix at "0"
VCWON write M [
EVCWON register "0" 1" "0"
Monitor output (P22 terminal) |_|

Fig. 4.5.5.3 VCWON write signal output

F16HZ (P33)

The P33 terminal can output the F16HZ signal.
The F16HZ signal is a 16 Hz clock for an external device.
Use the E16HZ register to turn the clock output on and off.

Note: A hazard may occur when the F16HZ signal is turned on and off.

Figure 4.5.5.4 shows the output waveform of the F16HZ signal.
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IOC33 register Fix at "1"
PUL33 register | Fix at "0"

P33 register | Fix at "0"

t6Hzaock [T
E16HZ register ﬂ " "0"

F16HZ output ‘

Fig. 4.5.5.4 Output waveform of F16HZ signal

BZ (P40)
The P40 terminal can output a BZ signal.
The BZ signal is the buzzer signal that is output from 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.

FOUT (P41)
The P41 terminal can output the FOUT signal.
The FOUT signal is a clock (fosC1 or fOSC3) that is output from the oscillation circuit or a clock that the
fosci clock has divided in the internal circuit, and can be used to provide a clock signal to an external
device.
To output the FOUT signal, fix the IOC41 register at "1", the P41 register at "0" and the PUL41 register
at "0", and turn the signal on and off using the FOUTE register.
The frequency of the output clock may be selected from among 4 types shown in Table 4.5.5.3 by
setting the FOFQO and FOFQ1 registers.

Table 4.5.5.3 FOUT clock frequency

FOFQ1 FOFQO | Clock frequency
1 1 fosca
1 0 fosc
0 1 foscix 1/8
0 0 fosci x 1/64

fosci1: Clock that is output from the OSC1 oscillation circuit
fosca: Clock that is output from the OSC3 oscillation circuit

When fosc3 is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output. Refer to Section 4.3, "Oscillation Circuit", for the control and precautions.

Note: A hazard may occur when the FOUT signal is turned on and off.

Figure 4.5.5.5 shows the output waveform of the FOUT signal.

10C41 register : Fix at "1"
PUL41 register | Fix at "0"

P41 register | Fix at "0"

FouT dock [ [T
FOUTE register ﬂ " "0"

FOUT output ‘

Fig. 4.5.5.5 Output waveform of FOUT signal
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4.5.6 1/0 memory of I/0O ports
Table 4.5.6.1 shows the I/O addresses and the control bits for the I/O ports.

Table 4.5.6.1(a) Control hits of 1/0 ports

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
0c43 | 10042 | 10c41 | 10cdo | 09| ! ! 0 |General-purpose register
FE30H 10C42 1 1 0 General-purpose register
AW 10C41 1 Output | Input | P411/O control register Fix at 1" when FOUT is used.
10C40 1 Output | Input | P40 1/O control register Fix at "1" when BZ is used.
PUL43 | PUL42 | PUL41 | PUL40 PUL43 0 ! 0 | Generdl-purpose reg!ster
FE31H PUL42 0 1 0 General-purpose register
W PUL41 0 On Off | P41 pull-down control register Fix at "0" when FOUT is used.
PUL40 0 On Off | P40 pull-down control register Fix at 0" when BZ is used.
P43 P42 P41 P40 P43 -2 High Low | Genera-purpose reg?ster
FE32H P42 -2 | High Low | General-purpose register
AW P41 —-#2| High | Low |P411/O port data(FOUTE="0") Fix at"0" when FOUT is used.
P40 -2 | High Low | P40 1/O port data (BZE="0") Fix at"0" when BZ is used.
10003 | 10C02 | 10C01 | 10C00 :gggg g 83&: ::EEI
FF40H POO-P03 I/O control register
W 10C01 0 Output | Input
10C00 0 Output | Input |
PULO3 | PUL02 | PULO1 | PULOO PUL0S ! On off
FF41H PUL02 ! On of PO0-PO3 pull-down control register
W PULO1 1 On Off
PUL00O 1 On off |
pog | po2 | por | poo | FOB | 7% Hhion | Low
FF42H PO2 | =21 High | Low oo o8 110 port deta
W P01 -*2| High Low
P00 -2 | High Low |
10C13 0 Output | Input | P131/O control register
functions as a general-purpose register when SIF (slave) is selected
10C13 | 10G12 | 10C11 | 10C10 10C12 0 Output | Input | P12 1/O control register (ESIF="0")
functions as a general-purpose register when SIF is selected
FFa4H 10C11 0 Output | Input | P11 1/O control register (ESIF="0")
functions as a general-purpose register when SIF is selected
RW 10C10 0 Output | Input | P10 1/O control register (ESIF="0")
functions as a general-purpose register when SIF is selected
PUL13 1 On Off | P13 pull-down control register
functions as a general-purpose register when SIF (slave) is selected
PUL13 | PUL12 | PUL11 [ PUL10 | PUL12 | 1 On Off | P12 pull-down control register (ESIF="0")
functions as a general-purpose register when SIF (master) is selected
FF45H SCLK (1) pull-down control register when SIF (slave) is selected
PUL11 1 On Off | P11 pull-down control register (ESIF="0")
RW functions as a general-purpose register when SIF is selected
PUL10 1 On Off | P10 pull-down control register (ESIF="0")
SIN pull-down control register when SIF is selected
P13 -#2 | High Low | P131/O port data
P13 P12 P11 P10 functions as a general-purpose register when SIF (slave) is selected
(XSRDY)|(XSCLK)| (SOUT) | (SIN) | P12 -+*2 | High Low |[P121/O port data (ESIF="0")
functions as a general-purpose register when SIF is selected
Fra6H P11 -*2 | High Low |[P111/O port data (ESIF="0")
functions as a general-purpose register when SIF is selected
RW P10 -#2 | High Low | P10 1/O port data (ESIF="0")
functions as a general-purpose register when SIF is selected
10623 | 10022 | 10021 | 10020 10C23 0 Output | Input | P231/O control regis:er (Fix at "1" when ISOR1 isgutput.)
FE48H 10C22 0 Output | Input | P22 1/O control register (Fix at "1" when VCWON is output.)
RW 10C21 0 Output | Input | P211/O control register (Fix at "1" when SVDDT is output.)
10C20 0 Output | Input | P20 1/O control register (Fix at "1" when TOUT is output.)
puLzs | putez | puiat | PuL2o PUL23 1 On Off | P23 pull-down control reg?ster (FFx at "0" when ISOR1 i§ output.)
FF49H PUL22 1 On Off | P22 pull-down control register (Fix at "0" when VCWON is output.)
AW PUL21 1 On Off | P21 pull-down control register (Fix at "0" when SVDDT is output.)
PUL20 1 On Off | P20 pull-down control register (Fix at "0" when TOUT is output.)

*1 Initial value at initial reset

*2 Not set in the circuit

*3 Constantly "0" when being read

48

EPSON

S1C63709 TECHNICAL MANUAL



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

Table 4.5.6.1(b) Control bits of 1/0 ports

Register
Address - Comment
D3 D2 D1 DO _ [ Name | Init *1 1 0
— #2 i - nan .
P23 poo Po1 P20 P23 H!gh Low |P231/O port data(F!x at "0" when ISOR1 |sgutput.)
FE4AH P22 -2 | High Low |P221/O port data (Fix at "0" when VCWON is output.)
W P21 -2 | High Low |P211/O port data (Fix at "0" when SVDDT is output.)
P20 —-*2 | High Low | P20 I/O port data (Fix at "0" when TOUT is output.)
10033 | 10ca2 | 10c31 | 10c3o 10C33 1 Output | Input | P331/O control reg!ster (F?x at"1" when F16HZ_ isoutput.)
FE4CH 10C32 1 Output | Input | P32 1/O control register (Fix at “1" when CLIM is output.)
AW 10C31 1 Output | Input | P31 1/O control register (Fix at "1" when ISOR2 is output.)
10C30 1 Output | Input | P30 1/O control register (Fix at "1" when ISOR3 is output.)
PUL33 0 On Off | P33 pull-down control register (Fix at "0" when F16HZ is output.)
PUL33 | PUL32 | PUL31 | PUL30
FE4DH PUL32 0 On Off | P32 pull-down control register (Fix at "0" when CLIM is output.)
RW PUL31 0 On Off | P31 pull-down control register (Fix at "0" when ISOR2 is output.)
PUL30 0 On Off | P30 pull-down control register (Fix at "0" when ISOR3 is output.)
P33 P32 P31 P30 P33 H!gh Low |P331/0O port data(F!x at "0" when FlGHZ isoutput.)
FFAEH P32 -*2| High Low |P321/0O port data (Fix at "0" when CLIM is output.)
W P31 -2 | High Low |P311/O port data (Fix at "0" when ISOR2 is output.)
P30 -*2 | High Low | P30 I/O port data (Fix at "0" when ISOR3 is output.)
SVDS3 0 1 0 General-purpose register
VDS3 [ESVDDT| SVDDT | SVDON
FFOSH SVDS3 [ES S S ESVDDT| 0 Enable | Disable | SYDDT monitor output enable (P21)
AW R AW SVDDT 0 Low | Normal | SVD evaluation data
SVDON 0 On Off | SVD circuit On/Off
FOUTE| 0 | Enable | Disable | FOUT output enable (P41)
FOUTE | SWDIR | FOFQ1 | FOFQO | swpir 0 Stopwatch direct input switch
FFO6H 0: KOO=Run/Stop, KO1=Lap 1: KOO=Lap, KO1=Run/Stop
FOUT
RW FOFQ1 0 frequency [FOFQL1, 0] 0 1 2 3
FOFQO 0 selection Frequency fosc1/64 fosci/8 fosci foscs
ENISOR3[ 0 Enable | Disable | ISOR3 monitor output enable (P30)
ENISOR3|ENISOR2| E16HZ
FFO9H SORSIENISO 6 0 ENISOR2| 0 Enable | Disable [ ISOR2 monitor output enable (P31)
AW R E16HZ 0 Enable | Disable | F16HZ clock output enable (P33)
0+3 —*2 Unused
ENISOR1[ 0 Enable | Disable | ISOR1 monitor output enable (P23)
ENISOR1| ECLIM | CLIM | K30
FE2DH ECLIM 0 Enable | Disable [ CLIM monitor output enable (P32)
RW R CLIM 0 On Off | Limit level monitor
K30 -2 | High Low | K30 input port data
enat | enmsT | enon | Bze ENRTM 0 1sec |05 sgc Envelope releasi ng tll me selection
FE6CH 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 (P40)
EMPON 0 Enable | Disable | Buzzer output enable in motor pulse output period
EMPON | BZSTP | BZSHT | SHTPW |g7grp:3| ¢ Stop | Invalid | 1-shot buzzer stop (writing)
FF6DH BZSHT 0 Trigger | Invalid | 1-shot buzzer trigger (writing)
RW 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 |ESOUT|SCTRG| ESIF |ESOUT| 0 | Enable | Disable | SOUT enable
FF70H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF I/0 | Serial I/F enable (P1 port function selection)
3 — %2
0 o [evewon|vewon| ° Unused
FF88H 03| —*2 Unused
R RW EVCWON| 0 Enable | Disable | VCWON monitor output enable (P22)
VCWON| 0 On Off | Theoretical regulation status/trigger (Writing "0" isineffective.)
0+3 -2 Unused
HSEL1|CHSELO| PTOUT
c 0 |CHSELT|CHSELO] PTOU CHSEL1| 0 TOUT output [CHSEL1,0] 0 1 2
FFC1H CHSELo| o sdlection Timer TimerO Timer1l Timer2
R RW
PTOUT 0 On Off | TOUT output control (P20)
*1 Initial value at initial reset
*2 Not set in the circuit
*3 Constantly "0" when being read
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(1) Selection of port function

ESIF: Serial interface enable register (FF70H+D0)
Selects function for P10-P13.

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

When using the serial interface, write "1" to this register and when P10-P13 are used as the I/O port,
write "0". The configuration of the terminals within P10-P13 that are used for the serial interface is
decided by the mode selected with the SCS1 and SCSO0 registers (see Section 4.10).

In the slave mode, all the P10-P13 ports are set to the serial interface input/output port. In the master
mode, P10-P12 are set to the serial interface input/output port and P13 can be used as the I/O port.
Furthermore, when the SOUT terminal is disabled (ESOUT = "0"), P11 can be used as the I/O port.

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

(2) /10 port control

P00-P03: PO I/O port data register (FF42H)

P10-P13: P1 I/O port data register (FF46H)

P20-P23: P2 I/O port data register (FF4AH)

P30-P33: P3 1/O port data register (FF4EH)

P40-P41: P4 1/O port data register (FF32H+D0-D1)

I/0O port data can be read and output data can be set through these registers.

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

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

Port data can be written also in the input mode.

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

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

When "with pull-down resistor" has been selected with the mask option and the PUL 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.

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

Note: When in the input mode, I/O ports are changed from high to low by 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 ports, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10 xC xR C:terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-down resistance 300 k2 (Max.)
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IOCO00-10CO03: PO port I/0 control register (FF40H)

IOC10-I0C13: P1 port I/O control register (FF44H)

I0C20-10C23: P2 port I/0 control register (FF48H)

I0OC30-10C33: P3 port I/0 control register (FF4CH)

I0C40-10C41: P4 port I/0 control register (FF30HsD0-D1)

The input and output modes of the 1/0 ports are set with these registers.

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

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

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

At initial reset, the IOC00-10C03, IOC10-IOC13 and IOC20-I0OC23 registers are set to "0", so the PO, P1
and P2 I/O ports enter in input mode. The IOC30-I0C33 and IOC40-I0C41 registers are set to "1" for
setting the P3 and P4 I/0O ports in output mode.

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

PULOO-PULO3: PO port pull-down control register (FF41H)
PUL10-PUL13: P1 port pull-down control register (FF45H)
PUL20-PUL23: P2 port pull-down control register (FF49H)
PUL30-PUL33: P3 port pull-down control register (FF4DH)
PUL40-PUL41: P4 port pull-down control register (FF31HsD0-D1)
The pull-down during input mode are set with these registers.

When "1" is written: Pull-down On
When "0" is written: Pull-down Off
Reading: Valid

The built-in pull-down resistor which is turned on during input mode is set to enable 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" disables the pull-down function.

At initial reset, the PULO0-PUL03, PUL10-PUL13 and PUL20-PUL23 registers are set to "1", so the PO, P1
and P2 port pull-down resistors are enabled. The PUL30-PUL33 and PUL40-PUL41 registers are set to "0"
for disabling the P3 and P4 port pull-down resistors.

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

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

(3) Special output control

Note: When using the Pxx port as the special output port, fix the I/O control register (IOCxx) at "1" (out-
put), data register (Pxx) at "0" and the pull-down control register (PULxx) at "0" (pull-down disabled).

ESVDDT: SVDDT monitor output enable register (FFO5H*D2)
Controls the SVDDT output.

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

By writing "1" to the ESVDDT register, the SVDDT signal (supply voltage detection data) is output from
the P21 terminal. When "0" is written, the P21 terminal goes low (Vss).
At initial reset, this register is set to "0".
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E16HZ: F16HZ output enable register (FFO9H<D1)
Controls the F16HZ output.

When "1" is written: F16HZ output On
When "0" is written: F16HZ output Off
Reading: Valid

By writing "1" to the E16HZ register, the FI6HZ signal is output from the P33 terminal. When "0" is
written, the P33 terminal goes low (Vss).

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

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

ENISOR3: ISOR3 monitor output enable register (FFO9H+D3)
Controls the ISOR3 output.

When "1" is written: ISOR3 output On
When "0" is written: ISOR3 output Off
Reading: Valid

By writing "1" to the ENISOR3 register, the ISOR3 signal (quick start mode flag 1 status) is output from
the P30 terminal. When "0" is written, the P30 terminal goes low (Vss).
At initial reset, this register is set to "0".

ENISOR2: ISOR2 monitor output enable register (FFO9H*D2)
Controls the ISOR2 output.

When "1" is written: ISOR2 output On
When "0" is written: ISOR2 output Off
Reading: Valid

By writing "1" to the ENISOR? register, the ISOR2 signal (quick start mode flag 2 status) is output from
the P31 terminal. When "0" is written, the P31 terminal goes low (Vss).

ENISOR1: ISOR1 monitor output enable register (FF2DH+D3)
Controls the ISOR1 output.

When "1" is written: ISOR1 output On
When "0" is written: ISOR1 output Off
Reading: Valid

By writing "1" to the ENISOR1 register, the ISOR1 signal (recharging flag status) is output from the P23
terminal. When "0" is written, the P23 terminal goes low (VsS).
At initial reset, this register is set to "0".

ECLIM: CLIM monitor output enable register (FF2DH+D2)
Controls the CLIM output.

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

By writing "1" to the ECLIM register, the CLIM signal (solar recharging limiter status) is output from the
P32 terminal. When "0" is written, the P32 terminal goes low (VsS).
At initial reset, this register is set to "0".
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EVCWON: VCWON monitor output enable register (FF88H+D1)
Controls the VCWON write signal monitor output.

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

By writing "1" to the EVCWON register, the VCWON write signal is output from the P22 terminal. When
"0" is written, the P22 terminal goes low (VsS).
At initial reset, this register is set to "0".

BZE: Buzzer output control register (FF6CH+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 P40 terminal. When "0" is written, the P40
terminal goes to low (VsS).
At initial reset, this register is set to "0".

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

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

Writing "1" into BZSHT causes the one-short output circuit to operate and a buzzer signal to be output
from the P40 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 bit is set to "0".

FOUTE: FOUT output control register (FFO6H+D3)
Controls the FOUT output.

When "1" is written: FOUT output On
When "0" is written: FOUT output Off
Reading: Valid
By writing "1" to the FOUTE register, the FOUT signal is output from the P41 terminal. When "0" is
written, the P41 terminal goes low (Vss).
At initial reset, this register is set to "0".
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FOFQO, FOFQ1: FOUT frequency selection register (FFO6H<D0, D1)

Selects a frequency of the FOUT signal.

Table 4.5.6.2 FOUT clock frequency

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

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

PTOUT: TOUT output control register (FFC1H<DO)

Controls the TOUT output.

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

Reading: Valid

By writing "1" to the PTOUT register, the TOUT signal is output from the P20 terminal. When "0" is

written, the P20 terminal goes low (Vss).
At initial reset, this register is set to "0".

4.5.7 Programming notes

(1) When in the input mode, I/O ports are changed from high to low by pull-down resistor, the fall of the
waveform is delayed on account of the time constant of the pull-down resistor and input gate capaci-

tance. Hence, when fetching input ports, set an appropriate wait time.

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

10xCxR

C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-down resistance 300 kQ (Max.)

(2) The data register, I/O control register and pull-down control register are effective even if the Pxx is
used for special output. To prevent the occurrence of undesired terminal conditions, do not change
the register values after setting the data register (Pxx) to "0", the I/O control register (IOCxx) to "1",

and the pull-down control register (PULxx) to "0".

(3) Ahazard may occur when the FOUT, TOUT or F16HZ signal is turned on and off.

(4) When foscs is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation
circuit before output. Refer to Section 4.3, "Oscillation Circuit", for the control and notes.
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4.6 LCD Driver (COM0O-COM7, SEGO-SEG63)

4.6.1 Configuration of LCD driver

The S1C63709 has 8 common terminals (COM0-COM?7) and 64 segment terminals (SEGO-SEG63), so that
it can drive an LCD with a maximum of 512 (64 x 8) segments. The driving method is 1/4 duty, 1/5 duty
or 1/8 duty dynamic drive with three voltages (1/3 bias), VC1, VC2 and Vcs.

LCD display on/off can be controlled by the software.

4.6.2 Power supply for LCD driving

The power supply for driving LCD can be selected from the internal power supply and an external power
supply.

When the internal power supply is selected, the LCD drive voltages VC1-VC3 are generated by the built-in
LCD system voltage circuit. The LCD system voltage circuit is turned on and off using the LPWR register.
When LPWR is set to "1", the LCD system voltage circuit outputs the LCD drive voltages VC1-VC3 to the
LCD driver. The LCD system voltage circuit generates VC1 or VC2 with the voltage regulator built-in, and
generates two other voltages by boosting or halving Vc1 or Vc2. Table 4.6.2.1 shows the V1, Vc2 and V3
voltage boosting /halving status.

Table 4.6.2.1 LCD drive voltage when generated internally

LCD drive voltage Vc1 regulator Vcz regulator
Vel Vcz1 (constant voltage) 1/2xVc2
Ve2 2xVc1 Vc2 (constant voltage)
Vcs 3xVa 32xVcz

Note: The LCD drive voltage can be adjusted by the software (see Section 4.6.6).
When Vcz regulator is selected, the operating voltage range is changed to 2.1-3.6 V.

A mask option is provided to select either VC1 regulator or VC2 regulator.

When using an external power supply, select the voltage from the following 3 types and supply the LCD
drive voltage to the Vc1-VC3 terminals.

1) External power supply 1/3 bias (for 4.5 V panel) VDD = V2

2) External power supply 1/3 bias (for 3.0 V panel) VDD = V3

3) External power supply 1/2 bias (for 3.0 V panel) VDD = V3, VC1 = VC2 (static drive function is available)

Note that the power control using the LPWR register is necessary even if an external power supply is
used. SEG output ports that are set for DC output by the mask option operate same as the output (R) port
regardless of the power on/off control by the LPWR register.

4.6.3 Control of LCD display and drive waveform

(1) Display on/off control

The S1C63709 incorporates the ALON and ALOFF registers to blink display. When "1" is written to
ALON, all the segments go on, and when "1" is written to ALOFF, all the segments go off. At such a
time, an on waveform or an off waveform is output from SEG terminals. When "0" is written to these
registers, normal display is performed. Furthermore, when "1" is written to both of the ALON and
ALOFF, ALON (all on) has priority over the ALOFF (all off).

(2) Setting of drive duty

In the S1C63709, the drive duty can be set to 1/4,1/5 or 1/8 using the LDUTY1 and LDUTYO registers
as shown in Table 4.6.3.1.

Table 4.6.3.1 LCD drive duty setting

LDUTY1 | LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 O /8 COMO-COM7 512 (64 x 8)
0 1 1/5 COM0-COM4 320 (64 x 5)
0 0 14 COM0O-COM3 256 (64 x 4)
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The frame frequency can be set to 25.6 Hz or 32 Hz using the LCFCHG register as shown in Table
4.6.3.2. However, it is fixed at 25.6 Hz when 1/5 duty is selected.

Table 4.6.3.2 Frame frequency

LCFCHG 1/8 duty 1/5 duty 1/4 duty
1 25.6 Hz 25.6 Hz 25.6 Hz
0 32Hz 25.6 Hz 32Hz

Note: Be sure to turn the LCD power off before the frame frequency can be switched.

Figures 4.6.3.1 to 4.6.3.3 show the dynamic drive waveform according to the duty.
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Fig. 4.6.3.1 Dynamic drive waveform for 1/4 duty
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Fig. 4.6.3.2 Dynamic drive waveform for 1/5 duty
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Fig. 4.6.3.3 Dynamic drive waveform for 1/8 duty
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The S1C63709 provides software setting of the LCD static drive. However, this function is available
only when "External power supply 1/2 bias (for 3.0 V panel)" is selected by mask option.

To set in static drive, write "1" to the common output signal control register STCD. Then, by writing
"1" to any one of COMO to COMY (display memory) corresponding to the SEG terminal, the SEG
terminal outputs a static on waveform. When all the COMO to COM? bits are set to "0", the SEG
terminal outputs a dynamic off waveform.
Figure 4.6.3.4 shows the static drive waveform.

COM
0-7

i |
Frame frequency

]
-

SEG
0-63

Fig. 4.6.3.4 Satic drive waveform
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Note: To use the static drive function, select the "External power supply 1/2 bias (for 3.0 V panel)" mask
option. When an option for using the internal power supply or a 1/3 bias external power supply is

selected, static drive cannot be set using the STCD register.
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4.6.4 Display memory

The display memory is allocated to FOOOH-FO9FH in the data memory area and each data bit can be
allocated to an segment terminal (SEG0-SEG63) by mask option.

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

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

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

4.6.5 Segment option

Segment allocation
The LCD driver has a segment decoder built-in, and the data bit (D0-D3) of the optional address in
the display memory area (FOOOH-FO9FH) can be allocated to the optional segment. This makes design
easy by increasing the degree of freedom with which the liquid crystal panel can be designed.
Figure 4.6.5.1 shows an example of the relationship between the LCD segments (on the panel) and the
display memory for the case of 1/4 duty.

Common 0 | Common 1 Common 2 | Common 3
Address Deta SEG10 61, D1 61, DO 60, D2 60, D3
D3 D2 D1 DO ! ! ! ’
FOBOH | d c b a » ) G © (@
FOB1H D p P SEG11 60, DO 61, D2 60, D1 61, D3
(a) (9) (b) (p)
Display memory allocation Pin address allocation

Common 0

Common 1

Common 2

1L

1O

SEG10 SEG11

Common 3

Fig. 4.6.5.1 Segment allocation

Output specification

1. The segment terminals (SEGO-SEG63) can be selected with the mask option in pairsfor either
segment signal output or DC output (VDD and Vss binary output).
When DC output is selected, the data corresponding to COMO of each segment terminal is output.

2. When DC output is selected, either complementary output or N-channel open drain output can be
selected for each terminal with the mask option.

[0 The terminal pairs are combination of SEG2 x n and SEG2 x n + 1 (where n is an integer from 0 to 31).
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Segment option list

Pin Address (FOxx)

name COMO0 COMH1 com2 COM3 COM4 COM5 COM6 com7 Output specification

L/D|/H|[L|D L H/L/ID/H/ L|{D|H|/L|D|H|L|D|H|L|D
SEGO SEGoutput [1S
SEG1 DCoutput [1C [IN
SEG2 SEGoutput S
SEG3 DCoutput [1C [IN
SEG4 SEGoutput IS
SEG5 DCoutput [1C [IN
SEG6 SEGoutput [JS
SEG7 DCoutput [IC N
SEG8 SEGoutput [JS
SEG9 DCoutput [IC N
SEG10 SEGoutput 1S
SEG11 DCoutput [JC [IN
SEG12 SEGoutput S
SEG13 DCoutput [1C [IN
SEG14 SEGoutput [JS
SEG15 DCoutput [1C [IN
SEG16 SEGoutput [JS
SEG17 DCoutput [IC N
SEG18 SEGoutput [1S
SEG19 DCoutput [1C [IN
SEG20 SEGoutput S
SEG21 DCoutput [1C [IN
SEG22 SEGoutput S
SEG23 DCoutput [1C [IN
SEG24 SEGoutput [JS
SEG25 DCoutput [IC N
SEG26 SEGoutput [JS
SEG27 DCoutput [IC N
SEG28 SEGoutput S
SEG29 DCoutput [JC [IN
SEG30 SEGoutput S
SEG31 DCoutput [JC ON
SEG32 SEGoutput [JS
SEG33 DCoutput [1C [IN
SEG34 SEGoutput [JS
SEG35 DCoutput [IC N
SEG36 SEGoutput [1S
SEG37 DCoutput [1C [IN
SEG38 SEGoutput 1S
SEG39 DCoutput [JC [IN
SEG40 SEGoutput 'S
SEG41 DCoutput [1C [IN
SEG42 SEGoutput [JS
SEG43 DCoutput [IC N
SEG44 SEGoutput [JS
SEG45 DCoutput [IC N
SEG46 SEGoutput S
SEG47 DCoutput [JC [IN
SEG48 SEGoutput S
SEG49 DCoutput [JC [N
SEG50 SEGoutput [JS
SEG51 DCoutput [1C [IN
SEG52 SEGoutput [JS
SEG53 DCoutput [C N
SEG54 SEGoutput [1S
SEG55 DCoutput [1C [IN
SEG56 SEGoutput 1S
SEG57 DCoutput [JC [IN
SEG58 SEGoutput 'S
SEG59 DCoutput [1C [IN
SEG60 SEGoutput [JS
SEG61 DCoutput [IC N
SEG62 SEGoutput [JS
SEG63 DCoutput [1C [N

<address> H: RAM data high-order address (0-9) <Output specification> S: Segment output
L: RAM data low-order address (0—F) C: Complementary output
D: Databit (0-3) N: Nch open drain output
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4.6.6 LCD contrast adjustment

In the S1C63709, the LCD contrast can be adjusted by the software.

It is realized by controlling the voltages V1, V2 and VC3 output from the LCD system voltage circuit.
The contrast can be adjusted to 16 levels as shown in Table 4.6.6.1.

When V1 regulator is selected by mask option, the Vc1 value varies within the range from 1.07 V to 1.41
V according to the register setting. When Vc2 regulator is selected by mask option, the Vc2 value varies
within the range from 2.08 V to 2.84 V. For the voltage value, refer to Chapter 7, "Electrical Characteris-
tics".

Table 4.6.6.1 LCD contrast

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

At initial reset, the LC0-LC3 are set to 0000B. The software should initialize the register to get the desired
contrast.
When an external power supply is selected by mask option, the LCO-LC3 register becomes invalid.

Notes: e To attain correct contrast, supply the VD voltage higher than the Vc1 or Vcz value when the
LCO-LC3 register is set to 15 (Max.).

e Use a 3.0 V LCD panel when the internal LCD power supply is enabled by mask option. When
using an LCD panel with different specifications, perform a matching evaluation for the panel to
determine whether it can be used or not.
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4.6.7 1/0 memory of LCD driver

Table 4.6.7.1 shows the I/O addresses and the control bits for the LCD driver. Figure 4.6.7.1 shows the
display memory map.

Table 4.6.7.1 Control bits of LCD driver

Register
Address - Comment
D3 D2 D1 DO__ | Name | Init [L 1 0
LDUTY1| © LCD drive duty [LDUTYL,0] O 1 2,3
oo LDUTY1|LDUTYO| STCD | LPWR wutvol o switch Duty 14 175 78
AW STCD 0 Static |Dynamic| LCD drive switch
LPWR 0 On off |LCD power On/Off
0rs -2 Unused
FF61H 0 ALOFF | ALON [LCFCHG ALOFF 1 All Off | Normal | LCD all Off control
R W ALON 0 AllOn | Normal | LCD all On control
LCFCHG| 0 25.6 Hz | 32 Hz | Frame frequency selection (when 1/4 or 1/8 duty is selected)
LC3 0 LCD contrast adjustment
LC3 LC2 LC1 LCO
FF62H Lc2 0 [LC3-0] 0 - 15
RW LC1 0 Contrast Light - Dark
LCO 0

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

Address ._Low
Base

FOOOH
FO10H
FO20H
FO30H
F040H Display memory (160 words x 4 bits)
FO50H RIW

FO60H
FO70H
FO80H
FO90H

Fig. 4.6.7.1 Display memory map

LPWR: LCD power control (on/off) register (FF60H+DO0)
Turns the LCD system voltage circuit on and off.

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

When "1" is written to the LPWR register, the LCD system voltage circuit goes on and generates the LCD
drive voltage. When "0" is written, all the LCD drive voltages go to Vss level.
It takes about 100 msec for the LCD drive voltage to stabilize after starting up the LCD system voltage
circuit by writing "1" to the LPWR register.
This control does not affect to SEG terminals that have been set for DC output.
At initial reset, this register is set to "0".

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

Table 4.6.7.2 Drive duty setting

LDUTY1 | LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 O 1/8 COMO-COM7 512 (64 x 8)
0 1 15 COM0-COM4 320 (64 x 5)
0 0 V4 COM0-COM3 256 (64 x 4)

At initial reset, this register is set to "0".
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STCD: LCD drive switch register (FF60HD1)
Switches the LCD driving method.

When "1" is written: Static drive
When "0" is written: Dynamic drive
Reading: Valid
By writing "1" to STCD, static drive is selected, and dynamic drive is selected when "0" is written.
At initial reset, this register is set to "0".

LCFCHG: Frame frequency selection register (FF61HD0)
Selects the frame frequency (when 1/4 or 1/8 duty is selected).

When "1" is written: 25.6 Hz
When "0" is written: 32 Hz
Reading: Valid
By writing "1" to LCFCHG, the frame frequency is set to 25.6 Hz. When "0" is written, the frame frequency
is set to 32 Hz. However, it is fixed at 25.6 Hz regardless of the register value when 1/5 duty is selected.
At initial reset, this register is set to "0".

ALON: LCD all on control register (FF61H<D1)
Displays the all LCD segments on.

When "1" is written: All LCD segments displayed
When "0" is written: Normal display
Reading: Valid
By writing "1" to the ALON register, all the LCD segments go on, and when "0" is written, it returns to
normal display. This function outputs an on waveform to the SEG terminals, and segments not affect the
content of the display memory. ALON has priority over ALOFF.
At initial reset, this register is set to "0".

ALOFF: LCD all OFF control register (FF61H*D2)
Fade outs the all LCD segments.

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

By writing "1" to the ALOFF register, all the LCD segments go off, and when "0" is written, it returns to
normal display. This function outputs an off waveform to the SEG terminals, and does not affect the
content of the display memory.
ALON (FF61HeD1) has priority over ALOFF, so all the LCD segments go on when ALON and ALOFF are
set to "1" simultaneously.
At initial reset, this register is set to "1".

LC3-LCO: LCD contrast adjustment register (FF62H)
Adjusts the LCD contrast.

LC3-LCO0 =0000B light

LC3-LCO0=1111B  dark

When the LCD drive voltage is supplied from outside by mask option selection, this adjustment becomes
invalid.
At initial reset, LCO-LC3 is set to 0000B.

4.6.8 Programming note

Because at initial reset, the contents of display memory are undefined and LC3-LCO (LCD contrast) is set
to 0000B, there is need to initialize by the software. Furthermore, take care of the registers LPWR and
ALOFF because these are set so that the display goes off.
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4.7 Clock Timer

4.7.1 Configuration of clock timer

The 51C63709 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
OSC1 fatatuliuiuts iflietuteblll e feiebelebulhs ettty !

256 Hz | |
oscillation circuit — Divider ——»}|128 Hz-16 Hz|—>| 8 Hz—1 Hz |;

(foscty LT |
128 Hz, 64 Hz, 32 Hz,
16 Hz, 8 Hz, 2 Hz, 1 Hz
Clock timer reset signal Interrupt Interrupt
control request

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 Data reading and hold function
The 8 bits timer data are allocated to the address FF75H and FF76H.

<FF75H> DO:TMO =128 Hz D1:TM1 =64 Hz D2:TM2 = 32 Hz D3: TM3 =16 Hz
<FF76H> D0: TM4 = 8 Hz D1:TM5 =4 Hz D2:TM6 =2 Hz D3:TM7 =1 Hz

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

The high-order data hold function in the S1C63709 is designed to operate to avoid this. This function
temporarily stops the counting up of the high-order data (by carry from the low-order data) at the point
where the low-order data has been read and consequently the time during which the high-order data is
held is the shorter of the two indicated here following.

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

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

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

The clock timer can cause interrupts at the falling edge of 128 Hz, 64 Hz, 32 Hz, 16 Hz, 8 Hz, 2 Hz and 1
Hz signals. Software can set whether to mask any of these frequencies.
Figure 4.7.3.1 is the timing chart of the clock timer.

Address | Bit |Frequency | Clock timer timing chart ‘
DO 128 Hz
D1 64 Hz
FF75H
D2 32 Hz
D3 16 Hz
DO 8 Hz
D1 4 Hz \
FF76H
D2 2Hz
D3 1 Hz \

128 Hz interrupt request |

64 Ha interrupt request| HHHHHHFHHIHHH AR ERER AR AR R AR AP 1A

srzimempreqest 1111EEEAA4 4440 AEEEEEEEEEEIIEEIEAA4444
T et S A
8 Hz interrupt request f f f f f f f f f

2 Hz interrupt request f f
?

1 Hz interrupt request

Fig. 4.7.3.1 Timing chart of clock timer

As shown in Figure 4.7.3.1, interrupt is generated at the falling edge of the frequencies (32 Hz, 8 Hz, 2 Hz,
1 Hz, 16 Hz, 64 Hz, 128 Hz). At this time, the corresponding interrupt factor flag (ITO, IT1, IT2, IT3, IT4,
IT5, IT6) is set to "1". Selection of whether to mask the separate interrupts can be made with the interrupt
mask registers (EITO, EIT1, EIT2, EIT3, EIT4, EIT5, EIT6). 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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4.7.4 1/0 memory of clock timer
Table 4.7.4.1 shows the I/0O addresses and the control bits for the clock timer.
Table 4.7.4.1 Control bits of clock timer

Register
Address - Comment
D3 D2 D1 DO _ [ Name | Init *1 1 0
0+3 —#2 Unused
0 0 | TMRST | TMRUN 03 w2 Unused
FF74H TMRST#3| Reset | Reset | Invalid | Clock timer reset (writing)
R Wl W Trun| 0 | Run | Stop | Clock timer Run/Stop
T™M3 0 Clock timer data (16 Hz)
™3 ™2 ™1 T™O ™2 0 Clock timer data (32 Hz)
FF75H ™ | o Clock timer data (64 Hz)
R TMO 0 Clock timer data (128 Hz)
™7 0 Clock timer data (1 Hz)
TM7 | TMB | TMS | TMA | g | g Clock timer data (2 H2)
FF76H T™M5 0 Clock timer data (4 Hz)
R T™4 0 Clock timer data (8 Hz)
EIT3 0 Enable | Mask | Interrupt mask register (Clock timer 1 Hz)
BITS EIT2 BT EITO EIT2 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
FFESH EIT1 0 Enable | Mask | Interrupt mask register (Clock timer 8 Hz)
RW EITO 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
o |eme | ems |em| 2° o7 Unused . _
FFESH EIT6 0 Enable | Mask | Interrupt mask register (Clock timer 128 Hz)
R W EITS 0 Enable | Mask | Interrupt mask register (Clock timer 64 Hz)
EIT4 0 Enable | Mask | Interrupt mask register (Clock timer 16 Hz)
IT3 0 (R) (R) | Interrupt factor flag (Clock timer 1 Hz)
I3 T2 m IT0 IT2 0 Yes No | Interrupt factor flag (Clock timer 2 Hz)
FFFSH IT1 o | W | W [interrupt factor flag (Clock timer 8 Hz)
RW ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
0 IT6 5 T4 03 —21 () (R) | Unused .
FEF9H IT6 0 [ _Yes | No |[Interruptfactor flag (Clock timer 128 Hz)
R AW IT5 0 (W) (W) | Interrupt factor flag (Clock timer 64 Hz)
IT4 0 Reset | Invalid | Interrupt factor flag (Clock timer 16 Hz)

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

TMO-TM7: Timer data (FF75H, FF76H)

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 (FF75H), the high-order data (FF76H) is held until reading or for 0.48-1.5
msec (one of shorter of them).

At initial reset, the timer data is initialized to "O0H".

TMRST: Clock timer reset (FF74H<D1)
This bit resets the clock timer.

When "1" is written: Clock timer reset
When "0" is written: No operation
Reading: Always "0"
The clock timer is reset by writing "1" to TMRST. When the clock timer is reset in the RUN status, opera-
tion restarts immediately. Also, in the STOP status the reset data is maintained. No operation results
when "0" is written to TMRST.
This bit is write-only, and so is always "0" at reading.
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TMRUN: Clock timer RUN/STOP control register (FF74H+DO0)
Controls RUN/STOP of the clock timer.

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

The clock timer enters the RUN status when "1" is written to the TMRUN register, and the STOP status
when "0" is written. In the STOP status, the timer data is maintained until the next RUN status or the
timer is reset. Also, when the STOP status changes to the RUN status, the data that is maintained can be
used for resuming the count.

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

EITO: 32 Hz interrupt mask register (FFE5H*DO)

EIT1: 8 Hz interrupt mask register (FFE5H<D1)

EIT2: 2 Hz interrupt mask register (FFE5HD2)

EIT3: 1 Hz interrupt mask register (FFE5HD3)

EIT4: 16 Hz interrupt mask register (FFE9H+DO)

EIT5: 64 Hz interrupt mask register (FFE9H<D1)

EIT6: 128 Hz interrupt mask register (FFE9H<D2)

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) are used to select whether to mask
the interrupt to the separate frequencies (32 Hz, 8 Hz, 2 Hz, 1 Hz, 16 Hz, 64 Hz, 128 Hz).
At initial reset, these registers are set to "0".

ITO: 32 Hz interrupt factor flag (FFF5H<DO)

IT1: 8 Hz interrupt factor flag (FFF5H<D1)

IT2: 2 Hz interrupt factor flag (FFF5H<D2)

IT3: 1 Hz interrupt factor flag (FFF5H<D3)

IT4: 16 Hz interrupt factor flag (FFF9H<DO)

IT5: 64 Hz interrupt factor flag (FFF9H<D1)

IT6: 128 Hz interrupt factor flag (FFF9HD2)

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) correspond to the clock timer interrupts of the
respective frequencies (32 Hz, 8 Hz, 2 Hz, 1 Hz, 16 Hz, 64 Hz, 128 Hz). The software can judge from these
flags whether there is a clock timer interrupt. However, even if the interrupt is masked, the flags are set to
"1" at the falling edge of the signal.

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

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

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

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

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the 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 51C63709 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 KO0 and KO01.

Figure 4.8.1.1 is the block diagram of the stopwatch timer.

[SWRST] l L ¢

fosc1/32 1,000/1,024 | "% 12141 000 sec| | 1/100sec | , | 1/10sec |, 0 ntermuot request
(1,024 Hz) prescaler counter counter I counter ptreq
[SWDIR] f » 10 Hz interrupt request
B Y Y Y
Capture »
KO1——» Direct ™ control |« Capture buffer
input circuit e
KOO— control g
[SWRUN] i SWD0-3 ‘fa—SWD4-7 SWD8-11
? % reading reading reading
Y A 4
K02-K 13— [DKM2-0] [EDIR]
ﬂ M }_ < Data bus >
[ [LCURF] | [ [CRNWF] |«— i

» 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 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
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Figure 4.8.2.1 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. 4.8.2.1 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.

4.8.3 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 (FF7AH), SWD4-7
(FF7BH) and SWD8-11 (FF7CH), 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 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 4.8.3.1 shows the timing for data holding and reading.

Direct LAP input (KO1/K00)
Direct LAP internal signal

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

Fig. 4.8.3.1 Timing for data holding and reading
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4.8.4 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 4.8.4.1 shows the operating timing when controlling the SWRUN register.

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

Fig. 4.8.4.1 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.

4.8.5 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 KOO and K01 are used as the RUN/STOP and LAP input
ports. The key assignment can be selected using the SWDIR register.

Table 4.8.5.1 RUN/STOP and LAP input ports

SWDIR K00 KO1
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 K00/K01 (selected by SWDIR). K00/K01
works as a normal input port, but the input signal is sent to the stopwatch control circuit. The key
input signal from the KO0/KO01 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.
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Figure 4.8.5.1 shows the operating timing for the direct RUN input.

fosc1/32 (1,024 Hz) RI R g
Direct RUN input (KOO/K01) __[.

Direct RUN internal signal Jﬂ
SWRUN register
Count clock _ gyt

Direct RUN interrupt 4 4
Fig. 4.8.5.1 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 K01/K00 (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.

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 SWDO0-3 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 LCUREF 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 4.8.5.2 shows the operating timing for the direct LAP input, and Figure 4.8.5.3 shows the
timings for data holding and reading during a direct LAP input and reading.

fosc1/32 (1,024 Hz) UL
Direct LAP input (K01/K00) _ [T | [ L

Direct LAP internal signal |

Data holding I D I
4 swD8-11 reading
Direct LAP interrupt 4 4
Fig. 4.8.5.2 Operating timing for direct LAP input
Direct LAP input (KO1/K0O) I [T 1 [
Capture renewal flag CRNWF
SWDO0-3 reading [ [ [
SWD4-7 reading [ [ i
SWD8-11 reading ]
Data holding ] L L L |
1 Hz interrupt factor flag ISW1
Lap data carry-up request flag LCURF |
Counterdata 999 000

Fig. 4.8.5.3 Timing for data holding and reading during direct LAP input
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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 4.8.5.2 Key mask selection

DKM2 DKM1 DKMO | Mask key combination
0 0 0 None (at initial reset)
0 0 1 K02
0 1 0 K02, KO3
0 1 1 K02, K03, K10
1 0 0 K10
1 0 1 K10, K11
1 1 0 K10, K11, K12
1 1 1 K10, K11, K12, K13

RUN or LAP inputs become invalid in the following status.

1.

2.

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.

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

fosci/32 (1,024 Hz) L[] Uy uy
Direct RUN/LAP input __ || | I I |

Key mask ] L i
t t
valid T invalid T
invalid invalid

Fig. 4.8.5.4 Operation of key mask

RUN or LAP inputs become valid in the following status.

1.
2.

Either the RUN or LAP key is pressed independently if no other key is been held down.

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.)

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

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

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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4.8.6 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 4.8.6.1 is the timing chart for the counters.

Address Register Stopwatch timer (SWDO0-3) timing chart
EE7AH D1 N S A S S T
(1/1,000 sec BCD) | }

D2 : ‘ [ ]
D3 | |

Address Register Stopwatch timer (SWD4-7) timing chart

DO | |
ceran | DA e B e T
(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
o oS o B B o A
_— D1 [ e N O s Y e I S e
(1/10 sec BCD) | }

D2 | | [ ]
D3 | |

1 Hz interrupt request 4 4

Fig. 4.8.6.1 Timing chart for counters

As shown in Figure 4.8.6.1, 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 K00 and K01 ports. Therefore, the direct input interrupt
and the KO0O-KO03 inputs interrupt may generate at the same time depending on the interrupt condi-
tion setting for the input port K00-K03. Consequently, when using the direct input interrupt, set the
interrupt selection registers SIKO0 and SIKO01 to "0" so that the input interrupt does not generate by
K00 and K01 inputs.

fosc1/32 (1,024 Hz)
SWRST writing J ! I ! |

EDIR writing ” 1 [
EDIR register 1 [
Direct RUN input
SWRUN writing ] \ ‘ | ‘
SWRUN register ] T

Direct LAP input \\ : : [7 \
Counter data \X098X099X100X101X102X 000 Xoo1 foo2Joosoosfoosfoosfoo, o
Capture buffer X oo \\ Loos  \\ ) oss 1 oot o0
SWDO0-3 reading I \ n \\\ TR

SWD4-7 reading 1

SWD8-11 reading
CRNWF

1 Hz interrupt factor flag ISW1

LCURF i | | |
Direct RUN interrupt ‘ ? ! . 4
Direct LAP interrupt ! ? ?

10 Hz interrupt ? ?

1 Hz interrupt 1

Fig. 4.8.6.2 Timing chart for stopwatch timer
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4.8.7 1/0 memory of stopwatch timer
Table 4.8.7.1 shows the I/O addresses and the control bits for the stopwatch timer.

Table 4.8.7.1 Control bits of stopwatch timer

Register
Address - Comment
D3 D2 D1 DO_ | Name | Init [L 1 0
FOUTE| 0 Enable | Disable | FOUT output enable (P41)
FOUTE | SWDIR | FOFQ1 | FOFQO | swpir 0 Stopwatch direct input switch
FFO6H 0: KOO=Run/Stop, KO1=Lap 1: KOO=Lap, K01=Run/Stop
AW FOFQt | 0 fomeney  [FOFQLO] 0 12 3
FOFQO 0 selection Frequency fosc1/64 fosci/8 fosci foscs
EDIR Enable | Disable | Direct input enabl
EDIR | DKM2 | DKM | DKMO | g nable | Disable | Direct input en OKM2.1.0] 0 1 ) 3
FF78H Key mask  Key mask None K02 K02-03 K02-03,10
W DKM1 | 0 odection  [DKM2,1,0] 4 5 6 7
DKMO 0 Key mask K10 K10-11 K10-12 K10-13
LCURF | cRNwE | swaun| swrsT LCURF 0 Request| No |Lap datacarry-up request flag
FE79H CRNWF| 0 |Renewal| No |Capturerenewal flag
R W W SWRUN| 0 Run Stop | Stopwatch timer Run/Stop
SWRSTCB| Reset | Reset | Invalid | Stopwatch timer reset (writing)
SWD3 | SWD2 | SWD1 | SWD0 SWD3 0 )
FF7AH SwD2 0 Stopwatch timer data
R SWD1 0 BCD (1/1000 sec)
SWD0 0 B
SWD7 | SWD6 | SWD5 | SWD4 SWD7 0 !
SWD6 0 Stopwatch timer data
FF7BH
R SWD5 0 BCD (1/100 sec)
SWD4 0 B
SWD11| SWD10 | SWD9 | SWD8 :xa; g Stopwatch timer dat
FF7CH opwalch timer data
R SWD9 | 0 BCD (1/10 sec)
SWD8 0 B
erun | Eae | eiswi [eiswio EIRUN 0 Enable | Mask | Interrupt mask reg?ster (Stopwatch d?rect RUN)
FFE6H EILAP 0 Enable | Mask | Interrupt mask register (Stopwatch direct LAP)
W EISW1 0 Enable | Mask | Interrupt mask register (Stopwatch timer 1 Hz)
EISW10| 0 Enable | Mask | Interrupt mask register (Stopwatch timer 10 Hz)
BN | e | iswr | iswio IRUN 0 (R) (R) [ Interrupt factor flag (Stopwatch d!rect RUN)
FEF6H ILAP 0 | Yes | No |[Interrupt factor flag (Stopwatch direct LAP)
RW 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

SWDO0-SWD3: Stopwatch timer data 1/1,000 sec (FF7AH)

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".

SWD4-SWD7: Stopwatch timer data 1/100 sec (FF7BH)

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 (FF7CH)

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.
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EDIR: Direct input function enable register (FF78H+D3)
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 (FFO6HD2)
Switches the direct-input key assignment for the KO0 and K01 ports.

When "1" is written: K00 = LAP, K01 = RUN/STOP
When "0" is written: KO0 = RUN/STOP, K01 = LAP
Reading: Valid
The direct-input key assignment is selected using this register. The K00 and K01 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 selection registers (FF78HsD0-D2)
Selects a combination of the key inputs for concurrence judgment with RUN and LAP inputs when the
direct input function is set.

Table 4.8.7.2 Key mask selection

DKM2 DKM1 DKMO | Mask key combination
0 0 0 None (at initial reset)
0 0 1 K02
0 1 0 K02, KO3
0 1 1 K02, K03, K10
1 0 0 K10
1 0 1 K10, K11
1 1 0 K10, K11, K12
1 1 1 K10, K11, K12, K13

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

SWRST: Stopwatch timer reset (FF79H<D0)
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 (FF79H<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".

LCURF: Lap data carry-up request flag (FF79H<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".

CRNWEF: Capture renewal flag (FF79H<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".

EIRUN, EILAP, EISW1, EISW10: Interrupt mask registers (FFE6H)
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".
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IRUN, ILAP, ISW1, ISW10: Interrupt factor flags (FFF6H)
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".

4.8.8 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 51C63709 has three 8-bit programmable timer systems (timer 0, timer 1 and timer 2) built-in.

The timers are composed of 8-bit presettable down counters and they can be used as 8 bits x 3 channels or
16 bits x 1 channel + 8 bits x 1 channel of programmable timers. Timer 0 also has an event counter
function using the K11 input port terminal.

Figure 4.9.1.1 shows the configuration of the programmable timer.

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

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

functions:

* Presetting the initial value to the counter to generate the periodical underflow signal
* Generating an interrupt
* Generating a TOUT signal output from the P20 I/O port terminal
* Generating the synchronous clock source for the serial interface (timer 2 underflow is used, and it is

possible to set the transfer rate)

K11 K11 port | ! i |
© ! Reload data register
' " RLD00-RLDOQ7
) Timer O reset
Timer 0 Run/Stop M
PTRUNO ] Clock
OSC1 | fosc ; Co?:t:rol Under-
oscillation > Select T i flow
circuit ~_,l elector | circuit signal
3 i :
CKSELO !
— 2,048 Hz '
Timer 1 Run/Stop 3 :
PTRUN1 I EVCNT 1
; Timer function setting Event counter mode settin ;
I g I
osca »w . [FoseL |
O_SCIII_atlon o i PLPOL 16-bit mode selection 1
circuit ! - X !
Tosca CKSEL1 ; Pulse polarity setting MOD16 :
Timer2 Run/Stop | | TR
3 2
.| Reload data register ! P
_ [PTRST! "|__ RLD10-RLD17 ‘ ©
Timer 1 reset ! (=}
» Y i
conrel js | H 8-bit || Under-
elector ow
circuit down counter ‘ signal
Interrupt« Interrulpt p o
request. ] Contol 4
© Timer 2
N 3 Timer 2 reset
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(P20) < T Clock Under-
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PTOUT ; circuit signal
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interface B

Fig. 4.9.1.1

Configuration of programmable timer
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4.9.2 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 (x = timer number) 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, pulse (TOUT
signal) output and clock supplying to the serial interface.

PTRUNXx | \\

PTRSTx [
RLDx0—x7 F3H

input clock ﬂﬂﬂﬂﬂﬂﬂﬂmmmm) /mﬂﬂﬂﬂfmmrm
PTDx7

PTDx6
PTDx5

]
PTDx4 |
[
U
A

PTDx3
PTDx2
PTDx1
PTDx0

i %

[

-

|

Preset * Reload &
Interrupt generation
Fig. 4.9.2.1 Basic operation timing of down counter
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4.9.3 Setting the input clock

A prescaler is provided for each timer. The prescaler generates the input clock for the timer by dividing
the source clock supplied from the OSC1 or OSC3 oscillation circuit.

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

The input clock is set in the following sequence.

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

Selection of prescaler division ratio
Select the division ratio for each prescaler from among 4 types. This selection is done using the
prescaler division ratio selection register PTPSx0/PTPSx1. Table 4.9.3.1 shows the correspondence
between the setting value and the division ratio.

Table 4.9.3.1 Selection of prescaler division ratio

PTPSx1 | PTPSx0 | Prescaler division ratio
1 1 Source clock / 256
1 0 Source clock / 32
0 1 Source clock / 4
0 0 Source clock / 1

By writing "1" to the PTRUNX register, the prescaler inputs the source clock and outputs the clock
divided by the selected division ratio. The counter starts counting down by inputting the clock.

4.9.4 Event counter mode (timer 0)

Timer 0 has an event counter function that counts an external clock input to the input port K11. This
function is selected by writing "1" to timer 0 counter mode selection register EVCNT. At initial reset,
EVCNT 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 timer 0 prescaler division ratio selection register PTPSO0-PTPS01 and the settings of the timer 0
source clock selection register CKSELO become invalid.

Count down timing can be selected from either the falling or rising edge of the input clock using the
timer 0 pulse polarity selection register PLPOL. When "0" is written to the PLPOL register, the falling
edge is selected, and when "1" is written, the rising edge is selected. The count down timing is shown in
Figure 4.9.4.1.

EVCNT i 1

PTRUNO ] L

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

Fig. 4.9.4.1 Timing chart in event counter mode
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The event counter mode also allows use of a noise reject function to eliminate noise such as chattering on
the external clock (K11 input signal). This function is selected by writing "1" to the timer 0 function
selection register FCSEL.

When "with noise rejector" is selected, an input pulse width for both low and high levels must be 0.98
mseclor more to count reliably. 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 K11 input port terminal.
Consequently, the pulse width of noise that can reliably be rejected is 0.48 msec[or less.

(O fosc1 = 32.768 kHz)

Figure 4.9.4.2 shows the count down timing with noise rejector.

2,048 Hz [

EVIN input (K11) 1 | L

Counter :
mputclockz 2 I S

Counter data n_ n-1 [ n2 Y ns3
[ When fosc1 is 32.768 kHz
[2 When PLPOL 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 K11 input as
the clock. Refer to Section 4.9.2, "Basic count operation” for basic operation and control.

4.9.5 16-bit timer (timer O + timer 1)

Timers 0 and 1 can be used as a 16-bit timer.

To use the 16-bit timer, write "1" to the timer 0 16-bit mode selection register MOD16.

The 16-bit timer is configured with timer 0 for low-order byte and timer 1 for high-order byte as shown in
Figure 4.9.5.1.

! Timer 0 + Timer 1 Timer 0 Timer 1

K11 K11 port ! Low-order 8 bits High-order 8 bits i

P ‘ PTRSTO »| Reload data register | Reload data register .

' - RLD00-RLD07 RLD10-RLD17 ]

i Timer 0O reset !

Timer 0 Run/Stop ! * ﬂ f .

— fprrung : S 1L |

- 1 X fosc1 ' | 8-bit 8-bit i | Under-

oscillation > . 1 Prescaler contro —$ flow )
circuit ’ Selector ! circuit down counter down counter ' | signal 3
™ | Prescaler ! ©
! setting K] ! K

Timer function setting

0SCs CKSELO — I [PTPSO00 Data buffer Data buffer ‘ )
oscaton I fosca > Divider || | prpsor PTD00-PTDO7 PTD10-PTD17 ;

FCSEL EVCNT
-PLPOL Event counter mode setting
Pulse polarity setting
Interrupt _ e
TOUT

Fig. 4.9.5.1 Configuration of 16-hit timer

The registers for timer 0 are used to control the timer. Thus the event counter function can also be used.
Timer 1 operates with the timer 0 underflow signal as the count clock, so the clock and RUN/STOP
control registers for timer 1 become invalid.

The counter data in 16-bit mode must be read in the order below.

PTD00-PTD03 - PTD04-PDT07 — PTD10-PTD13 - PTD14-PTD17
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4.9.6 Interrupt function

The programmable timer can generate an interrupt due to an underflow of each timer. See Figure 4.9.2.1
for the interrupt timing.

An underflow of timer x sets the corresponding interrupt factor flag IPTx to "1", and generates an inter-
rupt. The interrupt can also be masked by setting the corresponding interrupt mask register EIPTx.
However, the interrupt factor flag is set to "1" by an underflow 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.

4.9.7 Control of TOUT output

The programmable timer can generate a TOUT signal due to an underflow of a timer. The TOUT signal is
generated by dividing the underflows in 1/2. It is possible to select which timer's underflow is to be used
by the TOUT output channel selection register CHSELO-CHSELLI.

Table4.9.7.1 Selecting a timer for TOUT output

CHSEL1 | CHSELO | TOUT output timer
1 O Timer 2
0 1 Timer 1
0 0 Timer O

Select timer 1 when generating the TOUT signal from the 16-bit timer output.

The TOUT signal can be output from the P20 I/O port terminal. Programmable clocks can be supplied to
external devices.

The output of a TOUT signal is controlled by the PTOUT register. When "1" is written to the PTOUT
register, the TOUT signal is output from the P20 port terminal and when "0" is written, the terminal goes
low (Vss). However, the I/O control register (I0OC20) must always be "1" (output), the data register (P20)
must always be "0" and the pull-down control register (PUL20) must always be "0" (pull-down disabled).

Since the TOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2 cycle is
generated when the signal is turned on and off by setting the register.
Figure 4.9.7.1 shows the output waveform of the TOUT signal.

10C20 register : Fix at "1"
PUL20 register | Fix at "0"
P20 register | Fix at "0"
cnrrcmnnnhhhhhhhhil
PTOUT register ﬂ " "0"

TOUT output ‘

Fig. 4.9.7.1 Output waveform of the TOUT signal
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4.9.8 Transfer rate setting for serial interface

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

The programmable timer outputs the clock to the serial interface by setting timer 2 into RUN state
(PTRUN2 = "1"). It is not necessary to control with the PTOUT register.

PTRUN2 ]
Timer 2 underflow ”_“_“_”_”_”_
Source clock for serial I/F

Fig. 4.9.8.1 Synchronous clock of serial interface

A setting value for the RLD2x register according to a transfer rate is calculated by the following expres-
sion:

RLD2x = fosc / (2 Obps Odivision ratio of the prescaler) - 1
fosc: Oscillation frequency (OSC1/0SC3)
bps: Transfer rate
(00H can be set to RLD2x)

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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4.9.9 1/0 memory of programmable timer
Table 4.9.9.1 shows the I/O addresses and the control bits for the programmable timer.

Table 4.9.9.1(a) Control hits of programmable timer

Register
Address - Comment
D3 D2 D1 DO__ | Name | Init [L 1 0
mobts | event | FeseL | pLpoL MOD16 0 16 bits 8'b|ts l§—b|t mode selection .
FECOH EVCNT 0 |Eventct.| Timer | Timer O counter mode selection
W FCSEL 0 [WithNR| NoNR | Timer O function selection (for event counter mode)
PLPOL 0 R 1+ |Timero pulse polarity selection (for event counter mode)
008 -2 Unused
HSEL1|CHSELO| PTOUT
c 0 |CHSELT|CHSELO] PTOU CHSEL1| 0 TOUT output [CHSEL1,0] 0 1 2
FFC1H CHSELo| o sdlection Timer TimerO Timerl Timer2
R RW
PTOUT 0 On Off | TOUT output control (P20)
08 -2 Unused
KSEL2|CKSEL1|CKSEL
FEC2H 0 |oks CKS CKSELO CKSEL2| 0 0SC3 | OSC1 | Prescaler 2 source clock selection
R W CKSEL1 0 0SC3 | OSC1 | Prescaler 1 source clock selection
CKSELO| 0 0OSC3 | OSC1 | Prescaler 0 source clock selection
PTPS01 0 Prescaler O [PTPS01,00] O 1 2 3
FFC3H PTRSTOB| -2 | Reset | Invalid | Timer O reset (reload)
RW W RW PTRUNO| © Run Stop | Timer O Run/Stop
PTPS11 0 Prescaler 1. [PTPS11,10] O 1 2 3
FFC4H PTRSTIC8] - [2| Reset | Invalid | Timer 1 reset (reload)
RW Wl RW dorpunt| 0 | Run | Stop |Timer 1 Run/Stop
PTPS21| 0 Prescaler 2. [PTPS21,200 0 1 2 3
PTPS21|PTPS20|PTRST2|PTRUN2 ptrs2o| 0 gévgt?gnrano Divisonraio U1 14 1/32 1/256
FFCSH PTRST208] —[2| Reset | Invalid | Timer 2 reset (reload)
RW W AW PTRUN2| 0 Run Stop | Timer 2 Run/Stop
RLDO3 | RLD02 | RLDO1 | RLDOO gtggg g MSB
FFC6H RLDOT 0 Programmable timer O reload data (low-order 4 bits)
RW RLD0O 0 JLSB
RLDO7 | RLDO6 | RLDO5 | RLD04 Etgg; g MSB
FFC7H ALDOS 0 Programmable timer O reload data (high-order 4 bits)
RW RLD04 0 JLSB
RLD13 | RLD12 | RLD11 | RLD10 g::glz g MS8
FFC8H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
RIW RLD10 0 1 LSB
RLD17 | RLD16 | RLD15 | RLD14 gtgl; g MSB
FFC9H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
RW RLD14 0 JLSB
RLD23 | RLD22 | RLD21 | RLD20 Etggg g MSB
FFCAH ALD21 0 Programmable timer 2 reload data (low-order 4 bits)
RW RLD20 0 JLSB
RLD27 | RLD26 | RLD25 | RLD24 g::gz; g MS8
FFCBH RLD2S 0 Programmable timer 2 reload data (high-order 4 bits)
RIW RLD24 0 1 LSB
PTDO3 | PTD02 | PTDO1 | PTDOO glggg g MSB
FFCCH PTDOT 0 Programmable timer O data (low-order 4 bits)
R PTD0O 0 JLSB
PTDO7 | PTDO6 | PTDO5 | PTD04 Egg; g MSB
FFCDH PTDOS 0 Programmable timer O data (high-order 4 bits)
R PTD04 0 JLSB
*1 Initial value at initial reset *3 Constantly "0" when being read

*2 Not set in the circuit
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Table 4.9.9.1(b) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO__| Name | Init [L 1 0
PTD13 | PTD12 | PTD11 | PTD10 Eglg g MSB
FFCEH PTD11 0 Programmable timer 1 data (low-order 4 bits)
R PTD10 0 JLSB
PTD17 | PTD16 | PTD15 | PTD14 Egz g MS8
FFCFH PTDI15 0 Programmable timer 1 data (high-order 4 bits)
R PTD14 0 I LSB
PTD23 | PTD22 | PTD21 | PTD20 EB;Z g MS8
FFDOH PTD2A 0 Programmable timer 2 data (low-order 4 bits)
R PTD20 0 JLSB
PTD27 | PTD26 | PTD25 | PTD24 EBZ g MS8
FFD1H PTD25 0 Programmable timer 2 data (high-order 4 bits)
R PTD24 0 I LSB
008 -2 Unused
0 EIPT2 | EIPT1 | EIPTO
FFE1H EIPT2 0 Enable | Mask | Interrupt mask register (Programmable timer 2)
R RW EIPT1 0 Enable | Mask | Interrupt mask register (Programmable timer 1)
EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
3 -
o | wr2 [ i | 0| ° (R) | (R) | Unused _
FFF1H IPT2 0 [ _Yes | No |Interrupt factor flag (Programmable timer 2)
A AW IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)

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

CKSELO: Prescaler 0 source clock selection register (FFC2H+DO)
CKSEL1: Prescaler 1 source clock selection register (FFC2H+D1)
CKSELZ2: Prescaler 2 source clock selection register (FFC2H+D2)
Selects the source clock of the prescaler.

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

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

When the event counter mode is selected for timer 0, the setting of CKSELO becomes invalid.

When timers 0 and 1 are used as a 16-bit timer, the setting of CKSEL1 becomes invalid.

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

PTPS00, PTPSO1: Timer O prescaler division ratio selection register (FFC3H+D2, D3)
PTPS10, PTPS11: Timer 1 prescaler division ratio selection register (FFC4H+D2, D3)
PTPS20, PTPS21: Timer 2 prescaler division ratio selection register (FFC5H+D2, D3)
Sets the division ratio of the prescaler as shown in Table 4.9.9.2.

Table 4.9.9.2 Selection of prescaler division ratio

PTPSx1 | PTPSx0 | Prescaler division ratio
1 1 Source clock / 256
1 0 Source clock / 32
0 1 Source clock / 4
0 0 Source clock / 1

When the event counter mode is selected to timer 0, the setting of PTPS00 and PTPS01 becomes invalid.
When timers 0 and 1 are used as a 16-bit timer, the setting of PTPS10 and PTPS11 becomes invalid.
At initial reset, these registers are set to "0".
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MOD16: 16-bit mode selection register (FFCOH<D3)
Selects whether timers 0 and 1 are used as a 16-bit timer or 2 channels of 8-bit timer.

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

When "1" is written to MOD16, a 16-bit timer is configured with timer 0 for low-order byte and timer 1 for
high-order byte. Use the timer 0 registers for control. When "0" is written to MOD16, timer 0 and timer 1
are used as independent 8-bit timers.

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

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

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

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

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

FCSEL: Timer O function selection register (FFCOH+D1)
Selects whether the noise rejector of the clock input circuit will be used or not in the event counter mode.

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

When "1" is written to the FCSEL register, the noise rejector is used and counting is done by an external
clock (K11) 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 K11 input
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 the FCSEL register, the noise rejector is not used and the counting is done directly
by an external clock input to the K11 input port terminal.

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

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

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

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

The count timing in the event counter mode (timer 0) is selected from either the falling edge of the
external clock input to the K11 input port terminal or the rising edge. When "0" is written to the PLPOL
register, the falling edge is selected and when "1" is written, the rising edge is selected.

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

At initial reset, this register is set to "0".
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RLDOO-RLDO7: Timer O reload data register (FFC6H, FFC7H)

RLD10-RLD17: Timer 1 reload data register (FFC8H, FFC9H)

RLD20-RLD27: Timer 2 reload data register (FFCAH, FFCBH)

Sets the initial value for the counter.

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

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

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

PTDO0O-PTDO7: Timer 0 counter data (FFCCH, FFCDH)

PTD10-PTD17: Timer 1 counter data (FFCEH, FFCFH)

PTD20-PTD27: Timer 2 counter data (FFDOH, FFD1H)

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.

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

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

PTRSTO: Timer O reset (reload) (FFC3H<D1)
PTRST1: Timer 1 reset (reload) (FFC4H<D1)
PTRST2: Timer 2 reset (reload) (FFC5H<D1)
Resets the timer and presets reload data to the counter.

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

By writing "1" to 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.

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

PTRUNO: Timer 0 RUN/STOP control register (FFC3H+<D0)
PTRUNL1: Timer 1 RUN/STOP control register (FFC4H+<D0)
PTRUN2: Timer 2 RUN/STOP control register (FFC5H+<D0)
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.

At initial reset, these registers are set to "0".
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CHSELO, CHSEL1: TOUT output channel selection register (FFC1H<D1, D2)
Selects the channel used for TOUT signal output.

Table 4.9.9.3 Selecting a timer for TOUT output

CHSEL1 | CHSELO | TOUT output timer
1 O Timer 2
0 1 Timer 1
0 0 Timer O

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

PTOUT: TOUT output control register (FFC1H<DO)
Turns TOUT signal output on and off.

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

PTOUT is the output control register for the TOUT signal. When "1" is written to the register, the TOUT
signal is output from the P20 port terminal and when "0" is written, the terminal goes low (Vss). However,
the I/O control register (I0OC20) must always be "1" (output), the data register (P20) must always be "0"
and the pull-down control register (PUL20) must always be "0" (pull-down disabled).

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

EIPTO: Timer O interrupt mask register (FFE1HDO0)
EIPT1: Timer 1 interrupt mask register (FFE1HD1)
EIPT2: Timer 2 interrupt mask register (FFE1HD2)
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

The timer x interrupt can be masked individually by the interrupt mask registers EIPTx.
At initial reset, these registers are set to "0".

IPTO: Timer 0 interrupt factor flag (FFF1H<DO)
IPT1: Timer 1 interrupt factor flag (FFF1H<D1)
IPT2: Timer 2 interrupt factor flag (FFF1H<D2)
These flags indicate the status of the programmable timer interrupt.

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

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

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

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

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

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

(1) When reading counter data, be sure to read the low-order 4 bits (PTDx0-PTDx3) first. Furthermore,
the high-order 4 bits (PTDx4-PTDx7) should be read within 0.73 msec (when fosc1 is 32.768 kHz) of
reading the low-order 4 bits (PTDx0-PTDx3).

(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.

Figure 4.9.10.1 shows the timing chart for the RUN/STOP control.

Input clock

PTRUNx (RD) __|

"1" (RUN) "0" (STOP)
PTRUNXx (WR) ¥ writing [V writing

PTDx0-PTDx7  42H f41H)40H)3FH)3EH) 3DH
Fig. 4.9.10.1 Timing chart for RUN/STOP control

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

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

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

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

(6) 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 O in
the figure).

—» [] -
Input clock l l l l l 1

Counter data

(continuous mode) 03 )02 |0t ) ooH [ JesH{"2aH J_ (Reload data = 25H)

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

Fig. 4.9.10.2 Reload timing for programmable timer

To avoid improper reloading, do not rewrite the reload data after an interrupt occurs until the counter
data is determined including the reloading period [. 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).
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4.10 Serial Interface (SIN, SOUT, SCLK, SRDY)

4.10.1 Configuration of serial interface

The 51C63709 has a synchronous clock type 8 bits serial interface built-in.

The configuration of the serial interface is shown in Figure 4.10.1.1.

The CPU, via the 8-bit shift register, can read the serial input data from the SIN terminal. Moreover, via
the same 8-bit shift register, it can convert parallel data to serial data and output it to the SOUT terminal.
The synchronous clock for serial data input/output may be set by selecting by software any one of three
types of master mode (internal clock mode: when the S1C63709 is to be the master for serial input/
output) and a type of slave mode (external clock mode: when the S1C63709 is to be the slave for serial
input/output).

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

SD(§D7
SIN Q—{>—{ Shift register (8 bits) P %—O SOUT
. . . . . . . QOutput
(P10 G S B S F Jlten "1
ESOUT
SCPS 7)) >
SCSO0 SCSt
S SN Yoo
Serial clock Serial clock Serial I/F interrupt Interrupt
SCLK selector counter control circuit request
or ;
SCLK Serial clock ‘—ffOSC‘
(P12) generator e Programmable
[ E— © timer 2 underflow
oo ---' signal
Serial I/F
L activating
circuit SRDY
P >0 o
SCTRG SRDY

(P13)
Fig. 4.10.1.1 Configuration of serial interface

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

Master mode Slave mode

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

The SOUT output using the P11 port is enabled when "1" is written to the ESOUT register. If ESOUT is
"0", P11 functions as a general-purpose 1/O port.

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

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

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

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

4.10.3 Master mode and slave mode of serial interface

The serial interface of the SIC63709 has two types of operation mode: master mode and slave mode.
The master mode uses an internal clock as the synchronous clock for the built-in shift register, and
outputs this internal clock from the SCLK (P12) terminal to control the external (slave side) serial device.
In the slave mode, the synchronous clock output from the external (master side) serial device is input
from the SCLK (P12) terminal and it is used as the synchronous clock for the built-in shift register.
The master mode and slave mode are selected by writing data to the SCS1 and SCSO0 registers.
When the master mode is selected, a synchronous clock may be selected from among 3 types as shown in
Table 4.10.3.1.

Table 4.10.3.1 Synchronous clock selection

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

* The maximum clock is limited to 1 MHz.

When the programmable timer is selected, the signal that is generated by dividing the underflow signal
of the programmable timer (timer 2) in 1/2 is used as the synchronous clock. In this case, the program-
mable timer must be controlled before operating the serial interface. Refer to Section 4.9, "Programmable
Timer" for the control of the programmable timer.

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

¢ In the master mode, after output of 8 clocks from the SCLK (P12) terminal, clock output is automati-
cally suspended and the SCLK (P12) terminal is fixed at low level (or high level when negative
polarity is selected by mask option).

¢ In the slave mode, after input of 8 clocks to the SCLK (P12) terminal, subsequent clock inputs are
masked.
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A sample basic serial input/output portion connection is shown in Figure 4.10.3.1.

S1C63709

SCLK

SOuUT

SIN

Input terminal

R

<

-«

External
serial device

CLK

SOuUT

SIN

READY

S1C63709

SCLK

SOuUT

SIN

SRDY

-«

<

N

(a) Master mode

(b) Slave mode

Fig. 4.10.3.1 Sample basic connection of serial input/output section

4.10.4 Data input/output and interrupt function

The serial interface of S1C63709 can input/output data via the internal 8-bit shift register. The shift
register operates by synchronizing with either the synchronous clock output from the SCLK (P12) termi-
nal (master mode), or the synchronous clock input to the SCLK (P12) terminal (slave mode).

The serial interface generates an interrupt on completion of the 8-bit serial data input/output. Detection
of serial data input/output is done by counting of the synchronous clock SCLK; the clock completes
input/output operation when 8 counts (equivalent to 8 cycles) have been made and then generates an

interrupt.

The serial data input/output procedure is explained below:

Serial data output procedure and interrupt
The S1C63709 serial interface is capable of outputting parallel data as serial data, in units of 8 bits.
By setting the parallel data to the data registers SD0-SD3 (FF72H) and SD4-SD7 (FF73H) and writing
"1" to SCTRG bit (FF70HeD1), it synchronizes with the synchronous clock and the serial data is output
to the SOUT (P11) terminal. The synchronous clock used here is as follows: in the master mode,
internal clock which is output to the SCLK (P12) terminal while in the slave mode, external clock
which is input from the SCLK (P12) terminal.
Shift timing of serial data is as follows:

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

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

External
serial device

CLK

SOuUT

SIN

Input terminal

When the output of the 8-bit data from SDO0 to SD7 is completed, the interrupt factor flag ISIF
(FFF2HeDO0) is set to "1" and an interrupt occurs. Moreover, the interrupt can be masked by the
interrupt mask register EISIF (FFE2H e DO0). However, regardless of the interrupt mask register setting,
the interrupt factor flag is set to "1" after output of the 8-bit data.
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Serial data input procedure and interrupt

The S1C63709 serial interface is capable of inputting serial data as parallel data, in units of 8 bits.
The serial data is input from the SIN (P10) terminal, synchronizes with the synchronous clock, and is
sequentially read in the 8-bit shift register. The synchronous clock used here is as follows: in the
master mode, internal clock which is output to the SCLK (P12) terminal while in the slave mode,
external clock which is input from the SCLK (P12) terminal.

Shift timing of serial data is as follows:

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

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

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

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

When 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.

Serial data input/output permutation

The S1C63709 allows the input/output permutation of serial data to be selected by the SDP register
(FF71HeD3) as to either LSB first or MSB first. The block diagram showing input/output permutation
in case of LSB first and MSB first is provided in Figure 4.10.4.1. The SDP register should be set before
setting data to SD0-SD7.

Address [FF73H]  Address [FF72H]

SIN Q—‘>—{ SD7 SD6 SD5 SD4HSD3 SD2 SD1 SDO H Output }—i>—© souT

(LSB first)

Address [FF72H]  Address [FF73H]

SIN O—‘>—{ SDO0 SD1 SD2 SDSH SD4 SD5 SD6 SD7 H Output }—i>—© souT

(MSB first)
Fig. 4.10.4.1 Serial data input/output permutation

SRDY signal

When the S1C63709 serial interface is used in the slave mode (external clock mode), SRDY signal is
used to indicate whether the internal serial interface is available to transmit or receive data for the
master side (external) serial device. SRDY signal is output from the SRDY (P13) terminal.

Output timing of SRDY signal is as follows:

When positive polarity is selected (mask option):

SRDY signal goes "1" (high) when the S1C63709 serial interface is available to transmit or receive data;
normally, it is at "0" (low).

SRDY signal changes from "0" to "1" immediately after "1" is written to SCTRG and returns from "1" to
"0" when "1" is input to the SCLK (P12) terminal (i.e., when the serial input/output begins transmit-
ting or receiving data). Moreover, when high-order data is read from or written to SD4-SD7, the SRDY
signal returns to "0".

When negative polarity is selected (mask option):

SRDY signal goes "0" (low) when the S1C63709 serial interface is available to transmit or receive data;
normally, it is at "1" (high).

SRDY signal changes from "1" to "0" immediately after "1" is written to SCTRG and returns from "0" to
"1" when "0" is input to the SCLK (P12) terminal (i.e., when the serial input/output begins transmit-
ting or receiving data). Moreover, when high-order data is read from or written to SD4-SD7, the SRDY
signal returns to "1".
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Timing chart
The S51C63709 serial interface timing charts are shown in Figures 4.10.4.2 and 4.10.4.3.

SCTRG (W) [1

SCTRG (R) _ [

SCLK [N D S

SIN

8-bit shift register

SouT

ISIF [

SRDY (Slave mode) ___ [ 1]
(a) When SCPS= "1"

SCTRG (W) [1

SCTRG (R) _ [
SCLK [N I
SIN X

8-bit shift register

SOouT

ISIF [

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

Fig. 4.10.4.2 Serial interface timing chart (when synchronous clock is positive polarity SCLK)

SCTRG (W) [1

SCTRG (R) _ [

SCLK [ O O O

SIN

8-bit shift register

souT

ISIF [

SRDY (Slave mode) ||
(a) When SCPS= "1"

SCTRG (W) [1

SCTRG (R) _ I
SCLK I I O I B N D
SIN X

8-bit shift register

SouT

ISIF [

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

Fig. 4.10.4.3 Serial interface timing chart (when synchronous clock is negative polarity SCLK)
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4.10.51/0 memory of serial interface

Table 4.10.5.1 shows the I/O addresses and the control bits for the serial interface.

Table 4.10.5.1 Control bits of serial interface

Register
Address - Comment
D3 D2 D1 DO [ Name [ Init *1 1 0
PUL13 1 On Off | P13 pull-down control register
functions as a general-purpose register when SIF (slave) is selected
PUL13 | PUL12 | PUL11T | PUL1O | PUL12 | 1 On Off | P12 pull-down control register (ESIF=0)
functions as a genera-purpose register when SIF (master) is selected
FF45H SCLK (1) pull-down control register when SIF (slave) is selected
PUL11 1 On Off | P11 pull-down control register (ESIF=0)
RW functions as a general-purpose register when SIF is selected
PUL10 1 On Off | P10 pull-down control register (ESIF=0)
SIN pull-down control register when SIF is selected
0+3 -2 Unused
0 [ESOUT|SCTRG| ESIF |ESOUT| 0 | Enable | Disable | SOUT enable
FF70H SCTRG 0 Trigger | Invalid | Serial I/F clock trigger (writing)
R RIW Run Stop | Serial I/F clock status (reading)
ESIF 0 SIF I/0 | Serial I/F enable (P1 port function selection)
SDP 0 MSB first | LSB first | Serial 1/F datainput/output permutation
SDP | SCPS | SCS1 | Scso | SCPS 0 Serial I/F clock phase selection
1 f | Negative polarity (mask option)
FF7iH | —Posit.ive polarity (mask option) [CSI((?S(L q Slgve P%I'
RW SCS1 0 ] Serid I/F [SCcsL, 0] 2 3
SCS0 0 clock mode selection Clock 0OSCl/2 OSC1
sps | so2 | spt | spo | SPB | 7| M | Low 1T MSB
FF72H :gf . : ::g: tx Serial I/F transmit/receive data (low-order 4 bits)
RW SDO -2 | High Low | JLSB
so7 | soe | sos | spa | S0P | B[ Man | tow 17 MSB
FF73H 282 . *2 ::g: tx Serial I/F transmit/receive data (high-order 4 bits)
RW sD4 | -+2| High | Low | LsB
o | o | o |&sF g B B 3:3:
FFE2H
R AW 03 -2 Unused
EISIF 0 Enable | Mask | Interrupt mask register (Serial I/F)
#3 — %2
o [ o | o [ F ] gl Tl ves | Mo |umem
FFF2H ——— 17—~ |  F-==-t1-----1
R W 0+3 -#2| (W) (W) | Unused
ISIF 0 Reset | Invalid | Interrupt factor flag (Serial 1/F)

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

ESIF: Serial interface enable register (P1 port function selection) (FF70H<D0)
Sets P10-P13 to the input/output port for the serial interface.

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

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

respectively.

In the slave mode, the P13 terminal functions as SRDY output terminal, while in the master mode, it

functions as the I/O port terminal.
At initial reset, this register is set to "0".
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ESOUT: SOUT enable register (FF70H*D2)
Enables serial data output from the P11 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 P11 as an I/O port. When
performing serial output, write "1" to ESOUT to set P11 as the SOUT output port.
At initial reset, this register is set to "0".

PUL10: SIN (P10) pull-down control register (FF45HDO0)
PUL12: SCLK (P12) pull-down control register (FF45H+D2)
Sets the pull-down of the SIN terminal and the SCLK terminals (in the slave mode).

When "1" is written: Pull-down On
When "0" is written: Pull-down Off
Reading: Valid

Enables or disables the pull-down resistor built into the SIN (P10) and SCLK (P12) terminals. (Pull-down
resistor is only built in the port selected by mask option.)

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

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

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

Table 4.10.5.2 Synchronous clock selection

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

# The maximum clock islimited to 1 MHz.

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

When the programmable timer is selected, the signal that is generated by dividing the underflow signal
of the programmable timer (timer 2) in 1/2 is used as the synchronous clock. In this case, the program-
mable timer must be controlled before operating the serial interface. Refer to Section 4.9, "Programmable
Timer" for the control of the programmable timer.

At initial reset, external clock is selected.

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

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

Select whether the fetching for the serial input data to registers (SD0-SD7) at the rising edge or falling
edge of the synchronous signal.
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Pay attention to the polarity of the synchronous clock selected by the mask option because the selection
content is different.

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

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

SDP: Data input/output permutation selection register (FF71H+D3)
Selects the serial data input/output permutation.

When "1" is written: MSB first
When "0" is written: LSB first
Reading: Valid

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

SCTRG: Clock trigger/status (FF70HsD1)
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".

SD0-SD3, SD4-SD7: Serial interface data register (FF72H, FF73H)
These registers are used for writing and reading serial data.

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

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

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

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

At initial reset, these registers are undefined.

EISIF: Interrupt mask register (FFE2H+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".

ISIF: Interrupt factor flag (FFF2H+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".

4.10.6 Programming notes

(1) Perform data writing/reading to the data registers SD0-SD7 only while the serial interface is not
running (i.e., the synchronous clock is neither being input or output).

(2) As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be
performed prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated
through data writing/reading on data registers SD0-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 SD0-SD?7.

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

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

4.11.1 Configuration of sound generator

The S1C63709 has a built-in sound generator for generating a buzzer signal.

Hence, the generated buzzer signal can be output from the P40 (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-BZFQ2 | | BDTY0-BDTY?2 |

Programmable Duty ratio Envelope ENRST

dividing circuit "] control circuit addition circuit ENRTM

fosc1 —»

—
One-shot buzzer _ | Buzzer output .
256 Hz control circuit > control circuit | P40 (BZ) terminal

A A
BZSHT

Fig. 4.11.1.1 Configuration of sound generator

BZE

4.11.2 Control of buzzer output

The BZ signal generated by the sound generator is output from the P40 (BZ) terminal by setting "1" for
the buzzer output enable register BZE. When "0" is set to BZE register, the P40 (BZ) terminal goes low
(Vss).

BZE register M BB Ii

BZ output (P40 terminal) ‘
Fig. 4.11.2.1 Buzzer signal output timing chart
Notes: e When using the P40 port as the BZ output port, fix the I/O control register (I0C40) at "1" (out-

put), data register (P40) at "0" and the pull-down control register (PUL40) at "0" (pull-down
disabled).

e 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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4.11.3 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 selection registers BZFQ0-BZFQ2 as shown in Table 4.11.3.1.

Table 4.11.3.1 Buzzer signal frequency setting

BZFQ2

BZFQ1 BZFQO

Buzzer frequency (Hz)

0

R Rk R P OOO

0

B Rk O OR RO

0

m OFRr OFRr O R

4096.0
3276.8
2730.7
2340.6
2048.0
1638.4
1365.3
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 4.11.3.2 according to the setting of
the buzzer duty selection registers BDTY0-BDTY2.

Table 4.11.3.2 Duty ratio setting

Duty ratio by buzzer frequency (Hz)
Level BDTY2|{BDTY1|BDTYO| 4096.0 3276.8 2730.7 2340.6
2048.0 1638.4 1365.3 1170.3
Level 1 (Max.) 0 0 0 8/16 8/20 12/24 12/28
Level 2 0 0 1 7116 7120 11/24 11/28
Level 3 0 1 0 6/16 6/20 10/24 10/28
Level 4 0 1 1 5/16 5/20 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 1 116 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 4.11.3.2.

TL TH

Level 1 (Max.) |_,

Level 2
Level 3
Level 4
Level 5
Level 6

Level 7

Level 8 (Min.) |

S N | —

1

Fig. 4.11.3.1 Duty ratio of the buzzer signal waveform

Note: When a digital envelope has been added to the buzzer signal, the BDTY0-BDTYZ2 settings will be
invalid due to the control of the duty ratio.
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4.11.4 Digital envelope

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

The envelope can be controlled by staged changing of the same duty envelope as detailed in Table 4.11.3.2
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 4.11.4.1 shows the timing chart of the digital envelope.

v No change of duty level
BZFQO-2 [ I I

ENON |—

ENRST Ml

ENRTM |

BZE ] L

BZ signal Level

1 (Max.) B
duty ratio 5 tog to1 —‘}_L g
1 02+ t12+] \—‘
i % f3g -
6 4
105 t1s
 in) fof‘o- »[L sty
+0 +0
tor  =62.5-4msec tin  =125-4 msec
to2-07 = 62.5 msec t12-17 = 125 msec

Fig. 4.11.4.1 Timing chart for digital envelope
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4.11.5 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 4.11.5.1 shows timing chart for one-shot output.

ase vz [ LU UUUUUTTUUUUYL

SHTPW |

BZSHT (W) I

BZSHT (R)

BZSTP 1§

BZ output [T

Fig. 4.11.5.1 Timing chart for one-shot output
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4.11.6 Buzzer output while the motor isdriving

The EMPON register is provided to select whether the buzzer signal will be able to output or not while
the motor drive pulses are outputting.

When EMPON is set to "0" (default), the buzzer signal is disabled to output only in the motor drive pulse
output period. The period that does not output the pulses in a motor drive step cycle enables output of
the buzzer signal.

When EMPON is set to "1", the buzzer output is always enabled regardless of the motor drive pulse
output status.

This selection is effective for all motors (motor 0 and motor 1) and drive pulse types (normal rotation and
reverse rotation).

Figure 4.11.6.1 shows an example of buzzer output while the normal rotation pulses are outputting to a
motor.

1 step

Motor clock ﬂ
P1 . Pr

Motor pulse (Ox1) output ]

Motor pulse (Ox2) output ]_

XMPON (internal signal)

BZ (P40) output (when EMPON = "0") AR

Fig. 4.11.6.1 Buzzer output during driving motor (when normal rotation pulse is output)

BZ (P40) output (when EMPON = "1")
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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
enaT | enmsT | enon | Bze ENRTM 0 1sec |05 st.ac Envelope relemnq t.lmeselectlon
FE6CH ENRST+#3| Reset | Reset | Invalid | Envelope reset (writing)
W W AW ENON 0 On Off | Envelope On/Off
BZE 0 Enable | Disable | Buzzer output enable (P40)
EMPON 0 Enable | Disable | Buzzer output enable in motor pulse output period
EMPON | BZSTP | BZSHT | SHTPW |g7grp:3| ¢ Stop | Invalid | 1-shot buzzer stop (writing)
FF6DH BZSHT 0 Trigger | Invalid | 1-shot buzzer trigger (writing)
RW w RIW Busy | Ready |1-shot buzzer status (reading)
SHTPW| 0  [125msec|31.25 msec| 1-shot buzzer pulse width setting
0 BZFQ2 | BZFQ1 | BZFQO 0% - Unused [BZFQ2,1,0] 0 1 2 3
FF6EH BzFQ2 | 0 Buzzer Frequency (Hz) 40960 32768 27307 23406
R AW BzFQ1| 0 frequency  [BzFQ2, 1,0 4 5 6 7
BZFQO| O selection  Frequency (Hz) 20480 16384 13653 1170.3
0+3 -2 Unused
0 BDTY2 | BDTY1 | BDTY0 BDTY2 0 . . ‘
FF6FH BDTY1 0 J 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

BZE: Buzzer output control register (FF6CH+<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 P40 (BZ) terminal.
When "0" is written, the P40 (BZ) terminal goes to low (Vss).
At initial reset, this register is set to "0".

Note: When using the P40 port as the BZ output port, fix the I/O control register (I0C40) at "1" (output),
data register (P40) at "0" and the pull-down control register (PUL40) at "0" (pull-down disabled).

BZFQO-BZFQ2: Buzzer frequency selection register (FF6EHsD0-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".
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BDTYO-BDTY2: Duty level selection register (FF6FHsD0-D2)
Selects the duty ratio of the buzzer signal as shown in Table 4.11.7.3.

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 7116 7120 11/24 11/28
Level 3 0 1 0 6/16 6/20 10/24 10/28
Level 4 0 1 1 5/16 5/20 9124 9/28
Level 5 1 0 0 4/16 4/20 8/24 8/28
Level 6 1 0 1 3/16 3/20 7124 7128
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (Min.) 1 1 1 116 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".

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

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

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

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

ENON: Envelope On/Off control register (FF6CH+D1)
Controls the addition of an envelope onto the buzzer signal.

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

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

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

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

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

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

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

108 EPSON S1C63709 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Sound Generator)

SHTPW: One-shot buzzer pulse width setting register (FF6DH<D0)
Selects the output time of the one-shot buzzer.

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

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

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

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

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

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

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

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

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

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

EMPON: Buzzer output enable in motor pulse output period (FF6DH+<D3)
Enables and disables buzzer output during the motor drive pulse output period.

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

When EMPON is set to "1", the buzzer output is always enabled regardless of the motor drive pulse
output status. When EMPON is set to "0", the buzzer signal is disabled to output only in the motor drive
pulse output period. The period that does not output the pulses in a motor drive step cycle enables
output of the buzzer signal.

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

(1) When using the P40 port as the BZ output port, fix the I/O control register (I0C40) at "1" (output),
data register (P40) at "0" and the pull-down control register (PUL40) at "0" (pull-down disabled).

(2) 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.

(3) 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 Motor Control Circuit

4.12.1 Configuration of motor control circuit

The S1C63709 contains 2-channel motor drivers capable of driving a stepping-motor for watches. Each
motor driver is functionally different. The following describes 2-channel motors as motors 0 (M0) and 1
(M1); the motor drivers are called motor drivers 0 and 1. For the contents common to all motors (includ-
ing control bit names), the motor numbers are denoted by 'x".

Table 4.12.1.1 lists the features of each motor driver. Figure 4.12.1.1 shows a block diagram of the motor
control circuit.

Table 4.12.1.1 Features of motor driversOand 1
Motor driver Drive method
Motor driver 0 | Two drive modes controllable by software
» Normal rotation drive by fixed pulse
« Fast-feed drive in normal/reverse directions by fixed pulse
» Fast-feed drive in normal/reverse directions by fixed pulse

Moator driver 1

Motor 1 fast-feed control circuit
| ! (O]
9clocks | i S
256 Hz Motor clock Ly Motor c_IocI§ Motor pglse_ Motor pulse | | Motor S
generator | g, ! select circuit control circuit generator | ! driver 1 =
16Hz | ! |
256Hz| T
32 Hz Motor 0 fast-feed control circuit !
427 Hz | | |
51.2Hz| & | Motor clock Motor pulse Motor pulse |
64 Hz I | select circuit | | control circuit generator | !
85.3Hz ! 001
128 Hz U I Motor =
ST o driver 0 =
! Motor 0 i !
| normal rotation | Fixed pulse
! control circuit | 9enerator |,

Fig. 4.12.1.1 Block diagram of motor control circuit
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The following describes the functionality of each block of the motor control circuit. Circuit blocks are
provided for each motor allowing control of the motors individually.

Motor clock generator circuit and motor clock select circuit
These two circuits select a motor clock with which to drive motors 0 and 1 for fast-feed drive. The
motor clock generator circuit divides the 256-Hz clock to generate 8-Hz, 16-Hz, 25.6-Hz, 32-Hz, 42.7-
Hz, 51.2-Hz, 64-Hz, 85.3-Hz, and 128-Hz clocks. The motor clock select circuit (provided separately
for each motor) outputs one of these clocks (selected by software as the motor clock) to the motor
pulse control circuit located in the next stage.

Motor pulse control circuit
This circuit controls the number of pulses (number of steps) to drive motors 0 and 1 for fast-feed
drive. Software can set the number of fast-feed drive pulses for each motor. The motor pulse control
circuit that counts the motor clock supplied by the motor clock select circuit outputs a given number
of clocks (as set by software) to the motor pulse generator circuit located in the next stage.

Motor pulse generator circuit
This circuit generates pulses to drive a motor for fast-feed drive in the normal or reverse direction
synchronously with the motor clock supplied by the motor pulse control circuit. Software selects the
direction of rotation (normal or reverse). The generated drive pulses are fed to the respective motor
drives.

Fixed pulse generator circuit
This circuit is provided for motor 0 for generating fixed pulses for normal rotation drive. These drive
pulses are output to the motor driver 0. Software can control the pulse generation timing.

Motor drivers

These units drive the respective motors using the motor drive pulses generated by the circuits above.
The following lists the output pins for each motor driver.

Motor driver 0 (for driving motor 0): O01 and O02 pins

Motor driver 1 (for driving motor 1): O11 and O12 pins

4.12.2 Mask option

Available mask options allow the fixed drive pulses output for motor 0 to be disabled while K13 input is
held high (e.g., when winding crown is positioned where the time of day changes). (See Section 4.12.4.)
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4.12.3 Fast-feed control (motors 0 and 1)

Motors 0 and 1 can be controlled independently of fast-feed operation for resetting the stopwatch func-

tion or second hand. A drive pulse generator circuit is provided for each motor, with the fast-feed speeds
of respective motors selectable from nine frequencies by software.

Fast-feed drive pulses

The motor control circuit described here is capable of fast-feed drive in both normal and reverse

rotation directions. Thus, the motor pulse generator circuit generates drive pulses for both normal and

reverse rotation.

(1) Fast-feed drive pulse waveform for normal rotation
Figure 4.12.3.1 shows the fast-feed drive pulse waveform for normal rotation.

1 step

Motor clock H

—— *

P1 Pr

—— %

Ox1
Hi| L

Ox2

- VbD

- Vss

Fig. 4.12.3.1 Fast-feed drive pulse waveform for normal rotation

- VDD

- Vss

As shown in Figure 4.12.3.1, the fast-feed drive pulse waveform for normal rotation per motor

rotation step consists of the P1 and Pr pulses. The drive pulses are output alternately from the Ox1

and Ox2 pins for each step (x = motor number) in synchronism with the motor clock.

The P1 pulse width, number of Pr pulses, and Pr pulse duty cycle can be set by using the control

registers based on the motor used and motor clock frequency, as shown in Tables 4.12.3.1 and 4.12.3.2.

Table 4.12.3.1(a) Settings of fast-feed drive pulse waveform for normal rotation (1)

Recommended settings for 128-Hz motor clock

Recommended settings for 85.3-Hz motor clock

Motor P1 pulse Number of |Pulse output Motor P1 pulse Number of |Pulse output
clock (Hz) |width (msec)| Prpulses |[time (msec) *| |clock (Hz)|width (msec)| Prpulses [time (msec) *
128 2.93 4o0r0 6.836 85.3 2.93 4o0r0 6.836
3.17 4o0r0 7.080 60r 0 8.789
342 40r0 7.324 8or 0 10.742
3.66 4o0r0 7.568 3.17 40r0 7.080
391 3 7.568 6o0r0 9.033
(Pr duty = 1/4) 8or0 10.986
35 342 40r0 7.324
(Pr duty = 1/2) 6o0r0 9.277
or0 8or 0 11.230
3.66 40r0 7.568
+ The pulse output time is 60r0 9521
P1 pulse width + 0.976 x number of Pr pulses].
EO.Q?G msec = Pr pulse period) P ] 391 40r0 7.813
6o0r 0 9.766
The number of Pr pulses can be set to 0 using the motor-x 415 Aor0 8.057
forced 0 Pr pulse select .register MxPRDEL, note, however, G6or0 10.010
that the pulse count set in the motor-x Pr pulses select
registers MxPRNM1-MxPRNMO must be substituted into 4.39 40r0 8.301
the "number of Pr pulses" in the above equation to 60r0 10.254
calculate the pulse output time. 4.64 40r0 8.545
60r 0 10.498
4.88 40r0 8.789
60r0 10.742
5.13 4o0r0 9.033
6o0r 0 10.986
5.37 40r0 9.277
6o0r0 11.230
5.62 40r0 9.521
5.86 40r0 9.766
6.1 40r0 10.010
6.35 4o0r0 10.254
6.59 40r0 10.498
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Table 4.12.3.1(b) Settings of fast-feed drive pulse waveform for normal rotation (2)

Recommended settings for 64-Hz motor clock

Motor P1 pulse Number of |Pulse output Motor P1 pulse Number of |Pulse output
clock (Hz) [ width (msec)| Prpulses [time (msec) * clock (Hz) |width (msec)| Prpulses [time (msec) *

64 293 4or0 6.836 (128) 2.93 4o0r0 6.836
6o0r0 8.789 (85.3) 60r0 8.789

8or0 10.742 (64) 8or0 10.742

10 0or O 12.695 51.2 100r 0 12.695

3.17 40r0 7.080 42.7 3.17 4o0r0 7.080

6o0r0 9.033 32 60r0 9.033

8or0 10.986 25.6 8or0 10.986

10 or O 12.939 16 100r 0 12.939

3.42 4o0r0 7.324 8 3.42 4o0r0 7.324

6o0r0 9.277 60r0 9.277

8or0 11.230 8or0 11.230

10 0or O 13.184 100r 0O 13.184

3.66 4or0 7.568 3.66 40r0 7.568

6or0 9.521 60r0 9.521

8or0 11.475 8or0 11.475

10 0or O 13.428 100r 0O 13.428

391 4or0 7.813 3.91 4o0r0 7.813

6o0r0 9.766 60r0 9.766

8or0 7.813 8or0 7.813

100r O 13.672 100r O 13.672

4.15 4o0r0 8.057 4.15 4o0r0 8.057

6o0r0 10.010 60r0 10.010

8or0 11.963 8or0 11.963

10 0or O 13.916 100r 0O 13.916

4.39 40r0 8.301 4.39 4o0r0 8.301

6or0 10.254 60r0 10.254

8or0 12.207 8or0 12.207

10 or O 14.160 100r 0 14.160

4.64 40r0 8.545 4.64 4or0 8.545

6o0r0 10.498 60r0 10.498

8or0 12.451 8or0 12.451
100r O 14.404 100r 0 14.404

4.88 4or0 8.789 4.88 4o0r0 8.789

6o0r0 10.742 60r0 10.742

8or0 12.695 8or0 12.695

10 0or O 14.648 100r 0 14.648

5.13 40r0 9.033 5.13 4or0 9.033

6o0r0 10.986 60r0 10.986

8or0 12.939 8or0 12.939

10 or O 14.893 100r 0 14.893

5.37 40r0 9.277 5.37 4o0r0 9.277

6o0r0 11.230 60r0 11.230
8or0 13.184 8or0 13.184

10 0or O 15.137 100r 0 15.137

5.62 4or0 9.521 5.62 40r0 9.521

6or0 11.475 60r0 11.475

8or0 13.428 8or0 13.428

5.86 40r0 9.766 100r 0 15.381

6o0r0 11.719 5.86 40r0 9.766

8or0 13.672 6o0r0 11.719

6.1 4or0 10.010 8or0 13.672

6or0 11.963 100r O 15.625

8or0 13.916 6.1 4o0r0 10.010

6.35 40r0 10.254 60r0 11.963

6o0r0 12.207 8or0 13.916

8or0 14.160 100r 0O 15.869
6.59 40r0 10.498 6.35 4or0 10.254

6or0 12.451 60r0 12.207

8or0 14.404 8or0 14.160

* The pulse output time is 100r0 16.113
[P1 pulse width + 0.976 x number of Pr pulses]. 6.59 40r0 10.498
(0.976 msec = Pr pulse period) 60r0 12.451
The number of Pr pulses can be set to 0 using the motor-x 8or0 14.404
forced 0 Pr pulse select register MxPRDEL, note, however, 100r0 16.357

that the pulse count set in the motor-x Pr pulses select
registers MxPRNM1-MxPRNMO must be substituted into
the "number of Pr pulses" in the above equation to
calculate the pulse output time.
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Table 4.12.3.2 Pr pulse duty cycle

Duty cycle High period (msec) Low period (msec)
12 0.488 0.488
1/4 0.732 0.244

(2) Fast-feed drive pulse waveform for reverse rotation
Figure 4.12.3.2 shows the fast-feed drive pulse waveform for reverse rotation.

1 step
Motor clock
G1 G3 Gr v
- VbD
Ox1
I—, - Vss
G2 Hanat
- VbD
Ox2
- Vss

Fig. 4.12.3.2 Fast-feed drive pulse waveform for reverse rotation

As shown in Figure 4.12.3.2, the fast-feed drive pulse waveform for reverse rotation per motor
rotation step consists of the G1, G2, G3 and Gr pulses.
The drive pulses are output alternately from the Ox1 and Ox2 pins for each step in synchronism with
the motor clock.
The G1, G2 and G3 pulse widths, number of Gr pulses, and Gr pulse duty cycle can be set by using

the control registers based on the motor used, as shown in Tables 4.12.3.3 and 4.12.3.4.

Table 4.12.3.3(a) Settings of fast-feed drive pulse waveform for reverse rotation (1)

G1 pulse G2 pulse G3 pulse Number of G1+ G2 G1 + G2 + G3 | Drive pulse output
width (msec) | width (msec) | width (msec) Gr pulses (msec) (msec) time (msec) *
0.49 171 4.88 4 (3.91 msec) 2.20 7.08 10.986

8 (7.81 msec) 2.20 7.08 14.893

6.84 4 (3.91 msec) 2.20 9.03 12.939

8 (7.81 msec) 2.20 9.03 16.846

1.95 4.88 4 (3.91 msec) 2.44 7.32 11.230
8 (7.81 msec) 244 7.32 15.137

6.84 4 (3.91 msec) 2.44 9.28 13.184

8 (7.81 msec) 244 9.28 17.090

2.20 4.88 4 (3.91 msec) 2.69 7.57 11.475
8 (7.81 msec) 2.69 7.57 15.381

6.84 4 (3.91 msec) 2.69 9.52 13.428

8 (7.81 msec) 2.69 9.52 17.334

244 4.88 4 (3.91 msec) 2.93 7.81 11.719
8 (7.81 msec) 2.93 7.81 15.625

6.84 4 (3.91 msec) 2.93 9.77 13.672

8 (7.81 msec) 2.93 9.77 17578

2.69 4.88 4 (3.91 msec) 3.17 8.06 11.963
8 (7.81 msec) 3.17 8.06 15.869

6.84 4 (3.91 msec) 3.17 10.01 13.916

8 (7.81 msec) 3.17 10.01 17.822

2.93 4.88 4 (3.91 msec) 3.42 8.30 12.207
8 (7.81 msec) 3.42 8.30 16.113

6.84 4 (3.91 msec) 3.42 10.25 14.160

8 (7.81 msec) 3.42 10.25 18.066

317 4.88 4 (3.91 msec) 3.66 8.54 12.451
8 (7.81 msec) 3.66 8.54 16.357

6.84 4 (3.91 msec) 3.66 10.50 14.404

8 (7.81 msec) 3.66 10.50 18.311

342 4.88 4 (3.91 msec) 3.91 8.79 12.695
8 (7.81 msec) 3.91 8.79 16.602

6.84 4 (3.91 msec) 3.91 10.74 14.648

8 (7.81 msec) 391 10.74 18.555
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Table 4.12.3.3(b) Settings of fast-feed drive pulse waveform for reverse rotation (2)

G1 pulse G2 pulse G3 pulse Number of G1+G2 G1 + G2 + G3 | Drive pulse output
width (msec) width (msec) width (msec) Gr pulses (msec) (msec) time (msec) *
0.73 171 4.88 4 (3.91 msec) 2.44 7.32 11.230
8 (7.81 msec) 2.44 7.32 15.137
6.84 4 (3.91 msec) 2.44 9.28 13.184
8 (7.81 msec) 2.44 9.28 17.090
1.95 4.88 4 (3.91 msec) 2.69 7.57 11.475
8 (7.81 msec) 2.69 7.57 15.381
6.84 4 (3.91 msec) 2.69 9.52 13.428
8 (7.81 msec) 2.69 9.52 17.334
2.20 4.88 4 (3.91 msec) 2.93 7.81 11.719
8 (7.81 msec) 2.93 7.81 15.625
6.84 4 (3.91 msec) 2.93 9.77 13.672
8 (7.81 msec) 2.93 9.77 17.578
2.44 4.88 4 (3.91 msec) 3.17 8.06 11.963
8 (7.81 msec) 3.17 8.06 15.869
6.84 4 (3.91 msec) 3.17 10.01 13.916
8 (7.81 msec) 3.17 10.01 17.822
2.69 4.88 4 (3.91 msec) 3.42 8.30 12.207
8 (7.81 msec) 3.42 8.30 16.113
6.84 4 (3.91 msec) 3.42 10.25 14.160
8 (7.81 msec) 3.42 10.25 18.066
2.93 4.88 4 (3.91 msec) 3.66 8.54 12.451
8 (7.81 msec) 3.66 8.54 16.357
6.84 4 (3.91 msec) 3.66 10.50 14.404
8 (7.81 msec) 3.66 10.50 18.311
3.17 4.88 4 (3.91 msec) 3.91 8.79 12.695
8 (7.81 msec) 391 8.79 16.602
6.84 4 (3.91 msec) 3.91 10.74 14.648
8 (7.81 msec) 3.91 10.74 18.555
3.42 4.88 4 (3.91 msec) 4.15 9.03 12.939
8 (7.81 msec) 4.15 9.03 16.846
6.84 4 (3.91 msec) 4.15 10.99 14.893
8 (7.81 msec) 4.15 10.99 18.799
0.98 1.71 4.88 4 (3.91 msec) 2.69 7.57 11.475
8 (7.81 msec) 2.69 7.57 15.381
6.84 4 (3.91 msec) 2.69 9.52 13.428
8 (7.81 msec) 2.69 9.52 17.334
1.95 4.88 4 (3.91 msec) 2.93 7.81 11.719
8 (7.81 msec) 2.93 7.81 15.625
6.84 4 (3.91 msec) 2.93 9.77 13.672
8 (7.81 msec) 2.93 9.77 17.578
2.20 4.88 4 (3.91 msec) 3.17 8.06 11.963
8 (7.81 msec) 3.17 8.06 15.869
6.84 4 (3.91 msec) 3.17 10.01 13.916
8 (7.81 msec) 3.17 10.01 17.822
2.44 4.88 4 (3.91 msec) 3.42 8.30 12.207
8 (7.81 msec) 3.42 8.30 16.113
6.84 4 (3.91 msec) 3.42 10.25 14.160
8 (7.81 msec) 3.42 10.25 18.066
2.69 4.88 4 (3.91 msec) 3.66 8.54 12.451
8 (7.81 msec) 3.66 8.54 16.357
6.84 4 (3.91 msec) 3.66 10.50 14.404
8 (7.81 msec) 3.66 10.50 18.311
2.93 4.88 4 (3.91 msec) 391 8.79 12.695
8 (7.81 msec) 3.91 8.79 16.602
6.84 4 (3.91 msec) 3.91 10.74 14.648
8 (7.81 msec) 3.91 10.74 18.555
3.17 4.88 4 (3.91 msec) 4.15 9.03 12.939
8 (7.81 msec) 4.15 9.03 16.846
6.84 4 (3.91 msec) 4.15 10.99 14.893
8 (7.81 msec) 4.15 10.99 18.799
3.42 4.88 4 (3.91 msec) 4.39 9.28 13.184
8 (7.81 msec) 4.39 9.28 17.090
6.84 4 (3.91 msec) 4.39 11.23 15.137
8 (7.81 msec) 4.39 11.23 19.043
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Table 4.12.3.3(c) Settings of fast-feed drive pul se waveform for reverse rotation (3)

G1 pulse G2 pulse G3 pulse Number of G1+G2 G1 + G2 + G3 | Drive pulse output
width (msec) width (msec) width (msec) Gr pulses (msec) (msec) time (msec) *
1.22 171 4.88 4 (3.91 msec) 2.93 7.81 11.719
8 (7.81 msec) 2.93 7.81 15.625
6.84 4 (3.91 msec) 2.93 9.77 13.672
8 (7.81 msec) 2.93 9.77 17578
1.95 4.88 4 (3.91 msec) 3.17 8.06 11.963
8 (7.81 msec) 3.17 8.06 15.869
6.84 4 (3.91 msec) 3.17 10.01 13.916
8 (7.81 msec) 3.17 10.01 17.822
2.20 4.88 4 (3.91 msec) 3.42 8.30 12.207
8 (7.81 msec) 3.42 8.30 16.113
6.84 4 (3.91 msec) 3.42 10.25 14.160
8 (7.81 msec) 3.42 10.25 18.066
2.44 4.88 4 (3.91 msec) 3.66 8.54 12.451
8 (7.81 msec) 3.66 8.54 16.357
6.84 4 (3.91 msec) 3.66 10.50 14.404
8 (7.81 msec) 3.66 10.50 18.311
2.69 4.88 4 (3.91 msec) 391 8.79 12.695
8 (7.81 msec) 3.91 8.79 16.602
6.84 4 (3.91 msec) 3.91 10.74 14.648
8 (7.81 msec) 3.91 10.74 18.555
2.93 4.88 4 (3.91 msec) 4.15 9.03 12.939
8 (7.81 msec) 4.15 9.03 16.846
6.84 4 (3.91 msec) 4.15 10.99 14.893
8 (7.81 msec) 4.15 10.99 18.799
3.17 4.88 4 (3.91 msec) 4.39 9.28 13.184
8 (7.81 msec) 4.39 9.28 17.090
6.84 4 (3.91 msec) 4.39 11.23 15.137
8 (7.81 msec) 4.39 11.23 19.043
3.42 4.88 4 (3.91 msec) 4.64 9.52 13.428
8 (7.81 msec) 4.64 9.52 17.334
6.84 4 (3.91 msec) 464 11.47 15.381
8 (7.81 msec) 4.64 11.47 19.287
1.46 171 4.88 4 (3.91 msec) 3.17 8.06 11.963
8 (7.81 msec) 3.17 8.06 15.869
6.84 4 (3.91 msec) 3.17 10.01 13.916
8 (7.81 msec) 3.17 10.01 17.822
1.95 4.88 4 (3.91 msec) 3.42 8.30 12.207
8 (7.81 msec) 3.42 8.30 16.113
6.84 4 (3.91 msec) 3.42 10.25 14.160
8 (7.81 msec) 3.42 10.25 18.066
2.20 4.88 4 (3.91 msec) 3.66 8.54 12.451
8 (7.81 msec) 3.66 8.54 16.357
6.84 4 (3.91 msec) 3.66 10.50 14.404
8 (7.81 msec) 3.66 10.50 18.311
2.44 4.88 4 (3.91 msec) 3.91 8.79 12.695
8 (7.81 msec) 3.91 8.79 16.602
6.84 4 (3.91 msec) 3.91 10.74 14.648
8 (7.81 msec) 3.91 10.74 18555
2.69 4.88 4 (3.91 msec) 4.15 9.03 12.939
8 (7.81 msec) 4.15 9.03 16.846
6.84 4 (3.91 msec) 4.15 10.99 14.893
8 (7.81 msec) 4.15 10.99 18.799
293 4.88 4 (3.91 msec) 4.39 9.28 13.184
8 (7.81 msec) 4.39 9.28 17.090
6.84 4 (3.91 msec) 439 11.23 15.137
8 (7.81 msec) 4.39 11.23 19.043
3.17 4.88 4 (3.91 msec) 4.64 9.52 13.428
8 (7.81 msec) 4.64 9.52 17.334
6.84 4 (3.91 msec) 4.64 11.47 15.381
8 (7.81 msec) 4.64 11.47 19.287
3.42 4.88 4 (3.91 msec) 4.88 9.77 13.672
8 (7.81 msec) 4.88 9.77 17,578
6.84 4 (3.91 msec) 4.88 11.72 15.625
8 (7.81 msec) 4.88 11.72 19.531
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Table 4.12.3.3(d) Settings of fast-feed drive pulse waveform for reverse rotation (4)

G1 pulse G2 pulse G3 pulse Number of G1+G2 G1 + G2 + G3 | Drive pulse output
width (msec) width (msec) width (msec) Gr pulses (msec) (msec) time (msec) *
171 171 4.88 4 (3.91 msec) 3.42 8.30 12.207
8 (7.81 msec) 3.42 8.30 16.113
6.84 4 (3.91 msec) 3.42 10.25 14.160
8 (7.81 msec) 3.42 10.25 18.066
1.95 4.88 4 (3.91 msec) 3.66 8.54 12.451
8 (7.81 msec) 3.66 8.54 16.357
6.84 4 (3.91 msec) 3.66 10.50 14.404
8 (7.81 msec) 3.66 10.50 18.311
2.20 4.88 4 (3.91 msec) 3.91 8.79 12.695
8 (7.81 msec) 391 8.79 16.602
6.84 4 (3.91 msec) 3.91 10.74 14.648
8 (7.81 msec) 3.91 10.74 18.555
2.44 4.88 4 (3.91 msec) 4.15 9.03 12.939
8 (7.81 msec) 4.15 9.03 16.846
6.84 4 (3.91 msec) 4.15 10.99 14.893
8 (7.81 msec) 4.15 10.99 18.799
2.69 4.88 4 (3.91 msec) 4.39 9.28 13.184
8 (7.81 msec) 4.39 9.28 17.090
6.84 4(3.91 msec) 4.39 11.23 15.137
8 (7.81 msec) 4.39 11.23 19.043
2.93 4.88 4 (3.91 msec) 4.64 9.52 13.428
8 (7.81 msec) 4.64 9.52 17.334
6.84 4 (3.91 msec) 4.64 11.47 15.381
8 (7.81 msec) 4.64 11.47 19.287
3.17 4.88 4 (3.91 msec) 4.88 9.77 13.672
8 (7.81 msec) 4.88 9.77 17.578
6.84 4 (3.91 msec) 4.88 11.72 15.625
8 (7.81 msec) 4.88 11.72 19.531
3.42 4.88 4 (3.91 msec) 5.13 10.01 13.916
8 (7.81 msec) 5.13 10.01 17.822
6.84 4 (3.91 msec) 5.13 11.96 15.869
8 (7.81 msec) 5.13 11.96 19.775
1.95 171 4.88 4 (3.91 msec) 3.66 8.54 12.451
8 (7.81 msec) 3.66 8.54 16.357
6.84 4 (3.91 msec) 3.66 10.50 14.404
8 (7.81 msec) 3.66 10.50 18.311
1.95 4.88 4 (3.91 msec) 3.91 8.79 12.695
8 (7.81 msec) 3.91 8.79 16.602
6.84 4 (3.91 msec) 3.91 10.74 14.648
8 (7.81 msec) 3.91 10.74 18.555
2.20 4.88 4 (3.91 msec) 4.15 9.03 12.939
8 (7.81 msec) 4.15 9.03 16.846
6.84 4 (3.91 msec) 4.15 10.99 14.893
8 (7.81 msec) 4.15 10.99 18.799
2.44 4.88 4 (3.91 msec) 4.39 9.28 13.184
8 (7.81 msec) 4.39 9.28 17.090
6.84 4 (3.91 msec) 4.39 11.23 15.137
8 (7.81 msec) 4.39 11.23 19.043
2.69 4.88 4 (3.91 msec) 4.64 9.52 13.428
8 (7.81 msec) 4.64 9.52 17.334
6.84 4(3.91 msec) 464 11.47 15.381
8 (7.81 msec) 4.64 11.47 19.287
2.93 4.88 4 (3.91 msec) 4.88 9.77 13.672
8 (7.81 msec) 4.88 9.77 17.578
6.84 4 (3.91 msec) 4.88 11.72 15.625
8 (7.81 msec) 4.88 11.72 19.531
3.17 4.88 4 (3.91 msec) 5.13 10.01 13.916
8 (7.81 msec) 5.13 10.01 17.822
6.84 4 (3.91 msec) 5.13 11.96 15.869
8 (7.81 msec) 5.13 11.96 19.775
3.42 4.88 4 (3.91 msec) 5.37 10.25 14.160
8 (7.81 msec) 5.37 10.25 18.066
6.84 4 (3.91 msec) 5.37 12.21 16.113
8 (7.81 msec) 5.37 12.21 20.020
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Table 4.12.3.3(e) Settings of fast-feed drive pul se waveform for reverse rotation (5)

G1 pulse G2 pulse G3 pulse Number of G1+ G2 G1 + G2 + G3 | Drive pulse output
width (msec) | width (msec) | width (msec) Gr pulses (msec) (msec) time (msec) *
2.20 171 4.88 4 (3.91 msec) 3.91 8.79 12.695
8 (7.81 msec) 3.91 8.79 16.602
6.84 4 (3.91 msec) 3.91 10.74 14.648
8 (7.81 msec) 391 10.74 18,555
1.95 4.88 4 (3.91 msec) 4.15 9.03 12.939
8 (7.81 msec) 4.15 9.03 16.846
6.84 4 (3.91 msec) 4.15 10.99 14.893
8 (7.81 msec) 4.15 10.99 18.799
2.20 4.88 4 (3.91 msec) 4.39 9.28 13.184
8 (7.81 msec) 4.39 9.28 17.090
6.84 4 (3.91 msec) 4.39 11.23 15.137
8 (7.81 msec) 4.39 11.23 19.043
244 4.88 4 (3.91 msec) 4.64 9.52 13.428
8 (7.81 msec) 4.64 9.52 17.334
6.84 4 (3.91 msec) 4.64 11.47 15.381
8 (7.81 msec) 4.64 11.47 19.287
2.69 4.88 4 (3.91 msec) 4.88 9.77 13.672
8 (7.81 msec) 4.88 9.77 17.578
6.84 4 (3.91 msec) 4.88 1172 15.625
8 (7.81 msec) 4.88 11.72 19.531
2.93 4.88 4 (3.91 msec) 513 10.01 13.916
8 (7.81 msec) 5.13 10.01 17.822
6.84 4 (3.91 msec) 5.13 11.96 15.869
8 (7.81 msec) 5.13 11.96 19.775
3.17 4.88 4 (3.91 msec) 5.37 10.25 14.160
8 (7.81 msec) 5.37 10.25 18.066
6.84 4 (3.91 msec) 5.37 12.21 16.113
8 (7.81 msec) 5.37 12.21 20.020
342 4.88 4 (3.91 msec) 5.62 10.50 14.404
8 (7.81 msec) 5.62 10.50 18.311
6.84 4 (3.91 msec) 5.62 12.45 16.357
8 (7.81 msec) 5.62 12.45 20.264

* The drive pulse output time is [G1 pulse width + G2 pulse width + G3 pulse width + 0.976 x
number of Gr pulses]. (0.976 msec = Gr pulse period)

Note: The control registers must be set so that the drive pulse output time is less than one cycle of the

motor clock.
Table 4.12.3.4 Gr pulse duty cycle
Duty cycle High period (msec) Low period (msec)
1/2 0.488 0.488
1/4 0.732 0.244
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Items to be set before fast-feed drive

@

The following describes the items that must be selected or set before executing fast-feed drive.

Selecting the motor clock

The fast-feed drive pulses are output synchronously with the motor clock, as shown in Figures
4.12.3.1 and 4.12.3.2. Consequently, the motor rotation speed is determined by the motor clock fre-
quency. This motor clock is one of eight clocks (16 Hz, 25.6 Hz, 32 Hz, 42.7 Hz, 51.2 Hz, 64 Hz, 85.3
Hz, or 128 Hz) output by the motor clock generator circuit as selected by software. The motor clock
select registers MxCLS2-MxCLS0 are used to select these clocks, as shown in Table 4.12.3.5.

Table 4.12.3.5 Selection of motor clock

MxCLS2 MxCLS1 MxCLSO0 Motor clock frequency
1 1 1 128 Hz
1 1 0 85.3Hz
1 0 1 64 Hz
1 0 0 51.2Hz
0 1 1 42.7Hz
0 1 0 32 Hz
0 0 1 25.6 Hz
0 0 0 16 Hz

At initial reset, the motor clock frequency is set to 128 Hz.

Furthermore, an 8-Hz motor clock can be selected by writing "1" to the 8-Hz motor clock select
register MxCL8HZ. In this case, the MxCLS register setting is ignored (the MxCLS register is effective
only when MxCL8HZ = "0").

The motor clocks are changed over in synchronism with the currently active motor clock. In other
words, when an MxCLS register is altered by software, the motor clocks are changed over at the end
of the motor clock cycle in which the register was altered. (See Figure 4.12.3.3.) Consequently, before
the motor clocks are actually changed over after a register is altered, there is a delay of up to one cycle
of the active clock before the changeover.

Motor clock

‘ 1/16 sec 1/16 sec v }“1/128 sec
Register write signal ﬂ
MxCLS register 0 | 7

Fig. 4.12.3.3 Timing of motor clock changeover
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(2) Setting drive pulse specifications
Set the specifications of fast-feed drive pulses for normal and reverse rotation exactly as described in
"Fast-feed drive pulses" above.

Fast-feed drive pulses for normal rotation

P1 pulse width
Use the motor-x P1 pulse width select registers MxP1LN3-MxP1LNO to select, as shown in Table

4.12.3.6.
Table 4.12.3.6 Selecting the P1 pulse width
MxP1LN3 MxP1LN2 MxP1LN1 MxP1LNO P1 pulse width
1 1 1 1 6.59 msec
1 1 1 0 6.35 msec
1 1 0 1 6.10 msec
1 1 0 0 5.86 msec
1 0 1 1 5.62 msec
1 0 1 0 5.37 msec
1 0 0 1 5.13 msec
1 0 0 0 4.88 msec
0 1 1 1 4.64 msec
0 1 1 0 4.39 msec
0 1 0 1 4.15 msec
0 1 0 0 3.91 msec
0 0 1 1 3.66 msec
0 0 1 0 3.42 msec
0 0 0 1 3.17 msec
0 0 0 0 2.93 msec

At initial reset, the P1 pulse width is set to 2.93 msec.

Number of Pr pulses
Use the motor-x Pr pulses select registers MXPRNM1-MxPRNMO to select, as shown in Table

4.12.3.7.
Table 4.12.3.7 Selecting the number of Pr pulses
MxPRNM1 | MxPRNMO Number of Pr pulses
1 1 10 pulses (Pr width = 9.77 msec)
1 0 8 pulses (Pr width = 7.81 msec)
0 1 6 pulses (Pr width = 5.86 msec)
0 0 4 pulses (Pr width = 3.91 msec)

At initial reset, the number of Pr pulses is set to 4.

Furthermore, the number of Pr pulses can forcibly be set to 0 by writing "1" to the motor-x forced 0
Pr pulse select register MxPRDEL. In this case, the MxPRNM register setting is ignored (the
MxPRNM register is effective only when MxPRDEL = "0"). However, the pulse output time
includes the time equivalent to the number of Pr pulses specified by MxPRNM (it is not reduced to
the P1 pulse width).

Pr pulse duty cycle
Use the motor-x Pr pulse duty cycle select register MxPRDY to select.
MxPRDY = "1":1/2 (high for 0.488 msec, low for 0.488 msec)
MxPRDY = "0": 1/4 (high for 0.732 msec, low for 0.244 msec)

At initial reset, the Pr pulse duty cycle is set to 1/4.
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Note: If the sum total of the P1 and Pr pulses exceeds the motor clock cycle, the Pr pulse output is
forcibly terminated before the next motor clock output is started. In this case, a hazard may occur
on the waveform at forced termination of the Pr pulse output. Therefore, always be sure that said
sum total is less than the motor clock cycle.

The table below shows the actual P1 and Pr output period (or the time from start of the pulse
output until the Pr pulse output is terminated) when the setting of the P1 and Pr pulses exceeds
the motor clock cycle.

Table 4.12.3.8 Drive pulse output period when Pr pulseis forcibly terminated

Motor clock | Forced terminating conditions | Drive pulse output period
128 Hz [P1+Pr] > 7.324 msec 7.568 msec
85.3 Hz [P1+Pr] > 11.230 msec 11.475 msec
64 Hz [P1+Pr] > 15.137 msec 15.381 msec

Fast-feed drive pulses for reverse rotation

G1 pulse width
Use the motor-x G1 pulse width select registers MxG1LN2-MxG1LNO to select, as shown in Table

4.12.3.9.
Table 4.12.3.9 Selecting the G1 pulse width
MxG1LN2 | MxG1LN1 MxG1LNO G1 pulse width
1 1 1 0.49 msec
1 1 0 2.20 msec
1 0 1 1.95 msec
1 0 0 1.71 msec
0 1 1 1.46 msec
0 1 0 1.22 msec
0 0 1 0.98 msec
0 0 0 0.73 msec

At initial reset, the G1 pulse width is set to 0.73 msec.

G2 pulse width
Use the motor-x G2 pulse width select registers MxG2LN2-MxG2LNO to select, as shown in Table

4.12.3.10.
Table 4.12.3.10 Selecting the G2 pulse width
MxG2LN2 | MxG2LN1 MxG2LNO G2 pulse width
1 1 1 3.42 msec
1 1 0 3.17 msec
1 0 1 2.93 msec
1 0 0 2.69 msec
0 1 1 2.44 msec
0 1 0 2.20 msec
0 0 1 1.95 msec
0 0 0 1.71 msec

At initial reset, the G2 pulse width is set to 1.71 msec.

G3 pulse width
Use the motor-x G3 pulse width select register MxG3LN to select.
MxG3LN = "1": 6.84 msec
MxG3LN = "0": 4.88 msec

At initial reset, the G3 pulse width is set to 4.88 msec.
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Number of Gr pulses
Use the motor-x Gr pulses select register MxGRNM to select.
MxGRNM = "1": 8 pulses (Gr width = 7.81 msec)
MxGRNM = "0": 4 pulses (Gr width = 3.91 msec)

At initial reset, the number of Gr pulses is set to 4.

Gr pulse duty cycle
Use the motor-x Gr pulse duty cycle select register MXGRDY to select.
MxGRDY = "1":1/2 (high for 0.488 msec, low for 0.488 msec)
MxGRDY = "0":1/4 (high for 0.732 msec, low for 0.244 msec)

At initial reset, the Gr pulse duty cycle is set to 1/4.

Note: If the sum total of the G1, G2, G3, and Gr pulses exceeds the motor clock cycle, the motor driver
will not operate normally. Always be sure that said sum total is less than the motor clock cycle.

(3) Selecting the direction of rotation (normal or reverse)
The direction of motor rotation can be selected individually for each motor by using the motor pulse
normal/reverse select register MxPSEL.
Writing "1" to MXPSEL selects reverse rotation, so that the fast-feed pulse for reverse rotation is output
from the motor driver during motor drive. Writing "0" to MxPSEL selects normal rotation, so that the
fast-feed pulse for normal rotation is output from the motor driver during motor drive.
At initial reset, normal rotation is selected.

(4) Setting the number of motor drive pulses

Software sets the number of motor drive pulses for each motor, and the motor pulse control circuit
controls this number. Figure 4.12.3.4 shows the configuration of the motor pulse control circuit.

[MXENM] [MxPCO-MxPC3]
Motor clock Motor drive Motor pulse counter To motor pulse
g ) >
generator control (4 bits) generator

A A A A

Motor pulse register
(4 bits)

1

[MxPDO-MxPD3]
Fig. 4.12.3.4 Configuration of motor pulse control circuit

The motor pulse control circuit has built-in motor pulse registers MxPD3-MxPDO to set the number of

motor drive pulses. Write the number of motor drive pulses to these registers.

The data set in the MxPD registers are loaded into the motor pulse counters MxPC3-MxPCO used to

count the motor clock. The following describes the timing at which data written to the MxPD registers

is loaded into the motor pulse counters.

1. When data is written to an MxPD register while the motor pulse counter = 0, the written data is
loaded from the register into the counter at the same time.

2. When the motor pulse counter reaches terminal count 0 during fast-feed drive, data written to an
MxPD register is loaded into the counter.
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Unless the motor pulse counter = 0 (regardless of whether the motor is idle or being driven), data
written to an MxPD register is retained there and not loaded into the counter until count 0 is reached.
The MxPD register is cleared to 0 when its stored data has been loaded into the motor pulse counter.
Software can read data from and write data to a motor pulse register MxPD. The value read from a
register is the data written to that register if accessed for read before being loaded into the counter,
and 0 if accessed for read after being loaded into the counter. The motor pulse counter MxPC can only
be read when accessed by software. At initial reset, the registers and counters are both set to 0.
Because each MxPD register is 4 bits wide, the number of pulses that can be set at one time is limited
to 15 steps of motor rotation. However, pulses can be output consecutively for more than 15 steps of
motor rotation by using a motor interrupt (described next) to repeatedly write additional steps.
Before starting fast-feed drive, make sure the appropriate value is written to an MxPD register. That
is, write a value that matches the number of motor rotation steps when the number of drive pulses is
less than 15 steps, or write 15 when the number of drive pulses is 15 steps or more. Although the
motor pulse counter may contain a remaining count due to fast-feed drive being stopped (described
later), the motor pulse counter is assumed to have been loaded with the value written to an MxPD
register for simplified explanatory purposes.
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Fast-feed control and motor interrupt
Before executing fast-feed drive, be sure to set each item described above (i.e., motor clock, drive
pulse specification, normal/reverse rotation, number of initial motor drive pulses) in software.

(1) Starting fast-feed drive
Before starting fast-feed drive, write "1" to the motor drive control register MXENM. After this write
operation, the drive pulse for the first step is output from one output pin (Ox1 or Ox2) synchronously
with the first rise of the motor clock. The motor pulse counter then counts down (i.e., decremented by
1). The drive pulse for the second step is output from the other output pin at the next rise of the motor
clock. Subsequent drive pulses are output the same way until the motor pulse counter reaches termi-
nal count 0.
When the motor must be turned 15 steps or more, make sure the remaining number of drive pulses is
written to an MxPD register before the motor pulse counter reaches 0 (or immediately after starting
fast-feed drive).
When data is written to the motor pulse register while MXENM = "1" and the motor pulse register and
motor pulse counter are both = 0, the motor driver starts outputting the drive pulse synchronously
with the first rise of the motor clock. Therefore, it normally does not matter whether MxENM remains
set to "1" when data is written to the motor pulse register.

(2) Checking driver status during drive
The remaining number of steps and motor driver status can be checked during fast-feed drive.

Motor RUN/STOP
The motor drive control register MXxENM is readable as well as writable, so that when accessed for
read after writing "1", MXENM reads "1" until value "0" is written to it. However, because the
register also reads "1" when the motor pulse counter = 0, this does not necessarily indicate that the
motor is turning. Therefore, another read-only bit MxRUNM is provided. MxRUNM is the bit used
to indicate that the motor is turning, so that when MxENM is "1" and the motor pulse counter is
not 0, MXRUNM = "1". (See Figures 4.12.3.5 and 4.12.3.6.)

Drive pulse output pins
The drive pulses are output alternately from the Ox1 and Ox2 pins for each step in synchronism
with the motor clock. By reading out the MxPOL bit, it is possible to determine from which pin the
next drive pulse will be output. When MxPOL = "0", the drive pulse is output from the Ox1 pin;
otherwise, it is output from the Ox2 pin.

Remaining number of steps
The number of drive steps that currently remain can be determined by adding the values together
that are read out from the motor pulse register MxPD and motor pulse counter MxPC.

(3) Motor interrupt and end of fast-feed drive
When the motor pulse counter reaches terminal count 0, the motor interrupt factor flag ISMDx is set
to "1", thereby generating a motor interrupt. Specifically, this interrupt is generated at the same time
the motor driver starts outputting the last drive pulse synchronously with the rising transition of the
motor clock, at which the motor pulse counter reaches 0. The interrupt mask register EISMDx can be
used to mask the interrupt factor. When EISMDx is set to "1", a motor interrupt is generated to the
CPU. When EISMDx is set to "0", no interrupts are generated to the CPU (although the interrupt factor
flag is set to "1"). Note that writing "1" resets the motor interrupt factor flag ISMDx.
When a motor interrupt occurs, the MxPD register data is loaded into the motor pulse counter at the
same time the interrupt is generated.
At this time, fast-feed drive terminates if the content of the MxPD register is 0. Thus, there is no need
to write "0" to the MXENM register to terminate fast-feed drive.
If the content of the MxPD register is not 0 (with data written to it before the interrupt occurred), the
data is loaded into the motor pulse counter and the motor driver continues outputting drive pulses
for a number of steps equal to the loaded data. In this way, it is possible to turn the motor more than
15 consecutive steps.
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Since the MxPD register is cleared to 0 when its data is loaded into the motor pulse counter, the next
data can be written to the register. If the motor must be turned another 15 steps or more, use this
interrupt function to write data to the MxPD register.

Figure 4.12.3.5 shows the timing chart for fast-feed drive. Note that 50 steps of fast-feed operation are
shown as an example.

Motor clock
MxENM register
MxRUNM register
Data write

Motor pulse register
Motor pulse counter
Motor pulse (Ox1)
Motor pulse (Ox2)

Motor interrupt

I

B

r |

15 15 5
I I
0 0 ][ o
o] TF J/F 5 0
o| F [e[p|c|B|a]9]8]7]6]5]4]3]2][1]F[E[D]//[2]1]F]E]|D]C[B]A]9]8]7]6]5]4]3]2]1]5]4]3]2]1]0
13 5 9 11 13 15 17| 2931 33 35 37 39 41 43 45 47 49
2 4 6 8 10 12 1416 |28 30 32 34 36 38 40 42 44 46 48 50

(4) Temporarily stopping and aborting drive
To temporarily stop motor rotation, write "0" to MxENM. If this write operation occurs while the
motor driver is outputting a drive pulse, the motor does not stop until after the motor driver outputs
the pulse. The motor pulse register and counter both retain the contents held at that time.

To restart drive, write "1" to MXENM. The motor driver will restart outputting drive pulses beginning
with the value retained in the counter.

Motor clock

MxENM register
MxRUNM register
Write to MxPCCL
Data write

Motor pulse register
Motor pulse counter
Motor pulse (Ox1)

Motor pulse (Ox2)

\

Note) The register and counter values are described in a hexadecimal number.

Fig. 4.12.3.5 Timing chart for fast-feed drive
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Note) The register and counter values are described in a hexadecimal number.

Fig. 4.12.3.6 Timing of temporary stop

To abort drive, first write "0" to MXENM to temporarily stop the motor. Then write "1" to the motor
pulse counter clear register MxPCCL. The motor pulse register and motor pulse counter both will be

cleared to 0.

Note: To abort drive, always be sure to temporarily stop the motor (MxENM = "0") before clearing the
motor pulse counter. Clearing the counter during drive may cause the motor driver to operate

erratically.
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4.12.4 K2 fixed drive control (motor 0)
Motor 0 is assumed to be used as the main motor, and therefore it can be driven in the direction of normal

rotation by applying a fixed drive pulse. Software controls each step of the drive pulse output timing.

Fixed drive pulse (K2 and Kr pulses) and demagnetization pulse (KE pulse)
Figure 4.12.4.1 shows the waveform of the fixed drive pulse.

K2 Kr

001 — - VbD
(or 0O02) —@ ” I.I ” ” I-I ” ” I-I ” - Vss
2
1 t3| t3 = 0.98 msec

Fig. 4.12.4.1 Fixed drive pulse

The fixed drive pulse consists of the K2 and Kr pulses.
Control registers can be used to set the specifications of the fixed drive pulse based on the motor used.

K2 pulse width (t1 in the diagram)
The K2 pulse width can be selected from the following 16 available choices:
1) 3.42msec 2)3.66 msec 3)3.91msec 4)4.15msec 5)4.39 msec 6)4.64 msec
7)4.88 msec 8)5.13msec 9)5.37 msec 10)5.62 msec 11)5.86 msec 12) 6.10 msec
13) 6.35 msec 14) 6.84 msec 15) 7.32 msec 16) 7.81 msec

Kr pulse duty cycle (t2/t3 in the diagram)
The Kr pulse duty cycle (t2/t3) can be selected from 1/4 (25%) or 1/2 (50%). Table 4.12.4.1 lists the
lengths of high and low periods of the Kr pulse at the selected duty cycle.

Table 4.12.4.1 Kr pulse duty cycle

Duty cycle (t2/t3) t2 (msec) t3 (msec)
12 0.488 0.977
1/4 0.244 0.977

Number of Kr pulses
The number of Kr pulses can be selected from the following four available choices:
1)4
2)6
3)8
4)10
Since the fixed drive pulse generates a stronger magnetic field, the motor driver outputs a demag-

netization pulse (KE pulse) from the other output pin after outputting the fixed drive pulse. Figure
4.12.4.2 shows the timing of demagnetization pulse output.

K2 Kr
ore T
(or O02) _\—
KE
002
(or O01)
23.93 msec 0.488 msec

Fig. 4.12.4.2 Timing of demagnetization pul se output

<Mask option: Motor pulse output disabled by K13 input>

By using the mask option, it is possible to disable fixed drive pulse output to motor 0 while K13 input
is held high. Setting this mask option inhibits the motor driver from outputting new drive pulses and
disables output control by software from the rise to the fall of K13 input. Should a drive pulse be
output when K13 input goes high, the entire pulse is output before new drive pulses are disabled.
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Fixed drive control

(1) Setting the drive pulses

Before outputting pulses, select specifications of the fixed drive pulse as described in "Fixed drive
pulse (K2 and Kr pulses) and demagnetization pulse (KE pulse)" above.

K2 pulse width
Use the motor 0 K2 pulse width select registers MOK2LN3-MOK2LNO to select the K2 pulse width
from the 16 choices listed in Table 4.12.4.2.

Table 4.12.4.2 K2 pulse width

MOK2LN3 MOK2LN2 MOK2LN1 MOK2LNO K2 pulse width
1 1 1 1 7.81 msec
1 1 1 0 7.32 msec
1 1 0 1 6.84 msec
1 1 0 0 6.35 msec
1 0 1 1 6.10 msec
1 0 1 0 5.86 msec
1 0 0 1 5.62 msec
1 0 0 0 5.37 msec
0 1 1 1 5.13 msec
0 1 1 0 4.88 msec
0 1 0 1 4.64 msec
0 1 0 0 4,39 msec
0 0 1 1 4.15 msec
0 0 1 0 3.91 msec
0 0 0 1 3.66 msec
0 0 0 0 3.42 msec

At initial reset, the K2 pulse width is set to 3.42 msec.

Kr pulse duty cycle
Use the motor 0 Kr pulse duty cycle select register MOKRDY to select the Kr pulse duty cycle.
MOKRDY = "1":1/2 (high for 0.488 msec, low for 0.488 msec)
MOKRDY = "0": 1/4 (high for 0.732 msec, low for 0.244 msec)

At initial reset, the Kr pulse duty cycle is set to 1/4.

Number of Kr pulses
Use the motor 0 Kr pulses select registers MOKRNM1-MOKRNMO to select, as shown in Table

4.12.4.3.
Table 4.12.4.3 Selecting the number of Kr pulses
MOKRNM1 | MOKRNMO Number of Kr pulses
1 1 10 pulses
1 0 8 pulses
0 1 6 pulses
0 0 4 pulses

At initial reset, the number of Kr pulses is set to 4.
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(2) K2 pulse output control
To start K2 fixed drive, write "1" to the motor 0 fixed drive K2 pulse output register MOK2. After this
write operation, K2 fixed drive pulses will be output synchronously with the 256-Hz clock supplied
from the divider circuit.
Note that before the motor driver starts outputting drive pulses after a write to the register, there is a
finite delay time depending on the K2 pulse width selected, as shown below.

Table 4.12.4.4 K2 pulse output delay time

MOK2LN3-0 K2 pulse width Maximum delay time
0 3.42 msec 16.11 msec
1 3.66 msec 15.87 msec
2 3.91 msec 15.63 msec
3 4.15 msec 15.38 msec
4 4.39 msec 15.14 msec
5 4.64 msec 14.89 msec
6 4.88 msec 14.65 msec
7 5.13 msec 14.40 msec
8 5.37 msec 14.16 msec
9 5.62 msec 13.92 msec
A 5.86 msec 13.67 msec
B 6.10 msec 13.43 msec
C 6.35 msec 13.18 msec
D 6.84 msec 12.70 msec
E 7.32 msec 12.21 msec
F 7.81 msec 11.72 msec

MOK?2 retains value "1" until after all drive pulses for one step of motor rotation are output. Therefore,
by reading this register value, it is possible to determine whether motor driver 0 is operating. When
the motor driver completes drive pulse output, MOK2 is automatically reset to "0".

Writing "0" to MOK2 has no effect, thus the drive pulse being output cannot be aborted.

Figure 4.12.4.3 shows the timing chart for K2 fixed drive pulse output.

6 Hz AU UL UL UL UL

MOK2 register (W) "

MOPOL

oo N
002 R LI

11.72-16.11 msec

Fig. 4.12.4.3 Timing chart for K2 fixed drive pulse output

(3) Status confirmation during drive
During K2 fixed drive, the motor driver status can be inspected.

Motor RUN/STOP
The motor 0 fixed drive pulse output register MOK2 is readable as well as writable, so that when
accessed for read after writing "1", MOK2 reads "1" until all drive pulses for one step of motor
rotation are output.

Drive pulse output pins
The drive pulses are output alternately from the O01 and O02 pins for each step. By reading out
the MOPOL register, it is possible to determine from which pin the next drive pulse will be output.
When MOPOL = "0", the drive pulse is output from the O01 pin; otherwise, output is from the O02
pin. MOPOL changes its state at the time the motor driver starts KE pulse output. (See the timing
chart in Figure 4.12.4.3.)
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4.12.51/0 memory of motor control circuit
Table 4.12.5.1 shows the /O addresses and the control bits for the motor control circuit.

Table 4.12.5.1(a) Control bits of motor control circuit

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
MOKRNM1| 0 ] Number of MO Kr [MOKRNMZ, 0] O 1 2 3
MOKRNM1[MOKRNMO| 0 0
FF10H MOKRNMO| 0 pulses selection Count 4 6 8 10
AW R 0+3 —#2 Unused
03 — %2 Unused
MOK2LN3| 0 MO K2 pulse width selection
MOK2LN3|MOK2LN2 [MOK2LN1|MOK2LNO MOK2LN2 [MOK2LN3-0] 0 1 2 3 4 5 6 7
FF11H 0 0 Width (msec) 342 3.66 3.91 4.15 439 464 488 513
AW MOK2LN1 0 [MOK2LN3-0] 8 9 10 11 12 13 14 15
MOK2LNO| 0 Width (msec) 5.37 5.62 586 6.10 6.35 6.84 7.32 7.81
vokroyl o 0 0 MOK:E; ? . 12 1/4 m:u:erdpulseduty cycle selection
FF12H 043 w0 Unused
g - nu
RW R 0+3 2 Unused
#3 — %2
0 0o |moke| o 8*3 - Enug
FF14H nus .
R RW R MOK2 0 Output |Not outputl MO fixed drive (K2) pulse output
03 — %2 Unused
3 %2
0 o weroeLorroe] 0 ) Unused
FF16H L Unused
R W M1PRDEL| 0O Pr=0 [M1PRNM| M1 forced O Pr pulse selection
MOPRDEL| 0 Pr=0 [MOPRNM| MO forced O Pr pulse selection
*3 — %2
0 o |wicenzlwocterz] ° Unused
FF17H 0+3]  -*2 Unused
R AW MiCL8HZ| 0 8Hz | M1CLS | M1 8-Hz motor clock selection
MOCL8HZ| 0 8Hz | MOCLS | MO 8-Hz motor clock selection
MopSELIMocLs2 IMocLst IMocLso MOPSEL| 0 Reverse | Normal | MO motor pulse normal/r-everse rotation select
FE18H MoCLS2| 1 MO motor clock selection
RW MOCLS1 1 [MOCLS2-0] O 1 2 3 4 5 6 7
MOCLS0 1 Clock (Hz) 16 256 32 427 512 64 853 128
MOPILN3| 0 MO P1 pulse width selection
MOP1LN3|MOP1LN2(MOP1LN1|MOP1LNO MOPTLNZ [MOP1ILN3-0] O 1 2 3 4 5 6 7
FF19H 0 0 Width (msec) 2.93 3.17 3.42 3.66 391 4.15 439 4.64
RW MOP1LN1 0 [MOP1LN3-0] 8 9 10 11 12 13 14 15
MOP1LNO| 0 Width (msec) 4.88 5.13 537 5.62 586 6.10 6.35 6.59
MOPRNM1| 0 ] Number of MOPr ~ [MOPRNM1,0] 0 1 2 3
MOPRNM1{MOPRNMO[MOPRDY|MOGRD :
S | PPRNMOMOPRDYMOGRD Y orng) o pulsessdection  Count 4 6 8 10
W MOPRDY| 0 12 1/4 | MO Pr pulse duty cycle selection
MOGRD 0 1/2 1/4 | MO Gr pulse duty cycle selection
MOGRNM| 0 8 4 Number of MO Gr pulses selection
MOGRNMMOG 1LN2MOG1LN1MOG1LNOQ -
FF1BH | 0GILNZ 0 MO G1 pulse width selection
RW 0GILNY| 0 [MOGILN2-0]0 1 2 3 4 5 6 7
MOGILNO 0 _IWidth (msec) 0.73 0.98 1.22 146 1.71 1.95 220 0.49
MOG3LN| 0  |6.84 msec|4.88 msec| MO G3 pulses width selection
MOG3LN|MOG2LN2MOG2LN1 2LN -
FF1CH 0G3 | 0G 0G 0G2LNG 0G2LNZ| 0 MO G2 pulse width selection
AW MOG2LNY O [MOG2LN2-0]0 1 2 3 4 5 6 7
0G2LNO 0 Width (msec) 1.71 1.95 220 2.44 2.69 293 3.17 3.42
MOPD3 | MOPD2 | MOPD1 | MOPDO mgggz g
FF1DH MO motor pulse register
W MOPD1 0
MOPDO 0 B
MOPC3 | MOPC2 | MOPC1 | MOPCO MOPC3 0
FF1EH MoPC2 0 MO motor pulse counter
o MOPCT | 0 P
MOPCO 0 B
MoPOL |MoPCLiMoruNM| ognm | MOPOH | O oo OO‘. MO output polarity
FE1EH MOPCCL| Clear | Clear | Invalid | MO motor pulse counter clear
A W R AW MORUNM| 0 Run Stop | MO motor drive status
MOENM 0 Run Stop | MO motor drive Run/Stop control

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

*3 Constantly "0" when being read
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Table 4.12.5.1(b) Control bits of motor control circuit

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
mipseLImicLszlmicLst ImicLso MIPSEL| 0 Reverse | Normal | M1 motor pulse normal/r_everse rotation select
FE38H M1CLS2| 1 M1 motor clock selection
W MICLS1| 1 [MICLS2-0] 0 1 2 3 4 5 6 7
M1CLSO| 1 Clock(Hz) 16 256 32 427 51.2 64 853 128
MIPILN3| 0 M1 P1 pulse width selection
M1P1LN3[M1P1LN2|M1P1LN1{M1P1LNO wieinel o [M1P1LN3-0] O 1 2 3 4 5 6 7
FF39H Width (msec) 293 317 342 3.66 391 4.15 439 4.64
AW MIPILNT| 0 [MIPILN3-0] 8 9 10 11 12 13 14 15
M1P1LNO 0 Width (msec) 4.88 5.13 5.37 5.62 5.86 6.10 6.35 6.59
M1PRNM1| 0 Number of M1 Pr [MIPRNM1,00 0 1 2 3
M1PRNM1|M1PRNMO|M1PRDYM1GRD :
FF3AH . ¢ MPRNMO| 0 pulses selection Count 4 6 8 10
W M1PRDY| 0 12 1/4 | M1 Pr pulse duty cycle selection
M1GRD 0 12 1/4 | M1 Gr pulse duty cycle selection
M1GRNM|M1G1LN2M1G1LN1 1g1ngT1CRNM 0 8 4 | Number of M1 Gr pulses sdlection
FE3BH 1GILN2 0 M1 G1 pulse width selection
W 1GILNY 0 [MIGILN2-0J0 1 2 3 4 5 6 7
1GILNO 0 _IWidth (msec) 0.73 0.98 1.22 146 1.71 195 2.20 0.49
M1G3LN| 0 [6.84 4.88 M1 G3 pul idth selecti
M1G3LN|M1GZLN2M1GZLN1 1G2LNQ meeqtemseq I puiseswi A ecpn
FF3CH 1G2LN2 0 M1 G2 pulse width selection
RW 1G2LNT 0 [MIG2LN2-0]0 1 2 3 4 5 6 7
1G2LNG 0 Width (msec) 1.71 1.95 2.20 244 2.69 293 3.17 342
M1PD3 | M1PD2 | M1PD1 | M1PDO M1PD3 0
M1PD2 0 )
FF3DH M1 motor pulse register
W M1PD1 0
M1PDO 0 B
M1PC3 [ M1PC2 | M1PC1 | M1PCO M1PCS 0
FF3EH M1Pc2 0 M1 motor pulse counter
o MIPC1| 0 P
M1PCO 0 B
M1POL |M1PCCL|M1RUNM| M1ENM MIPOL| 0 o2 011 M1 output polarity
FE3FH M1PCCL| Clear | Clear | Invalid | M1 motor pulse counter clear
R W R RW M1RUNM| 0 Run Stop | M1 motor drive status
M1ENM 0 Run Stop | M1 motor drive Run/Stop control
3 —#2
0 o |eiswoi|eismoo| O Unused
FEESH 0+3 —*2 Unused
R W EISMD1 0 Enable | Mask | Interrupt mask register (Motor driver 1)
EISMDO| 0 Enable | Mask | Interrupt mask register (Motor driver 0)
#3 — %2
0 o |isvpt |isvoo| O R @ Unused
FFF8H 0%3) ~r2l.Yes 1 Mo jUnused
R RW ISMD1 0 (W) (W) | Interrupt factor flag (Motor driver 1)
ISMDO 0 Reset | Invalid | Interrupt factor flag (Motor driver 0)
*1 Initial value at initial reset *3 Constantly "0" when being read
*2 Not set in the circuit
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Note: The designations "M0" and "M1" prefixed to control bit names denote the corresponding motors
(motors 0 and 1).

MOKRNMO, MOKRNM1: Number of MO Kr pulses select register (FF10H*D2, D3)
This register selects the number of Kr pulses that comprise the fixed drive waveform.

Table 4.12.5.2 Selecting the number of Kr pulses

MOKRNM1 | MOKRNMO Number of Kr pulses
1 1 10 pulses
1 0 8 pulses
0 1 6 pulses
0 0 4 pulses

Make sure the motor is idle when writing to the MOKRNM register to select the number of Kr pulses.
At initial reset, this register is set to "00B".

MOK2LNO-MOK2LN3: MO K2 pulse width select register (FF11H)
This register selects the K2 pulse width of the fixed drive waveform.

Table 4.12.5.3 Selecting the K2 pulse width

MOK2LN3 MOK2LN2 MOK2LN1 MOK2LNO K2 pulse width
1 1 1 1 7.81 msec
1 1 1 0 7.32 msec
1 1 0 1 6.84 msec
1 1 0 0 6.35 msec
1 0 1 1 6.10 msec
1 0 1 0 5.86 msec
1 0 0 1 5.62 msec
1 0 0 0 5.37 msec
0 1 1 1 5.13 msec
0 1 1 0 4.88 msec
0 1 0 1 4.64 msec
0 1 0 0 4.39 msec
0 0 1 1 4.15 msec
0 0 1 0 3.91 msec
0 0 0 1 3.66 msec
0 0 0 0 3.42 msec

Make sure the motor is idle when writing to MOK2LN to select the K2 pulse width.
At initial reset, this register is set to "0000B".

MOKRDY: MO Kr pulse duty cycle select register (FF12H<D3)
This register selects the Kr pulse duty cycle used for fixed drive.

When "1" is written: 1/2 (50%)
When "0" is written: 1/4 (25%)
Reading: Valid

This duty cycle represents the low period per cycle of the Kr pulse.

Writing "1" to the MOKRDY register selects a 1/2 duty cycle; writing "0" selects a 1/4 duty cycle.
Make sure the motor is idle when writing to MOKRDY to select the Kr pulse duty cycle.

At initial reset, this register is set to "0".
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MOK2: Motor O fixed drive K2 pulse output register (FF14H+D1)
This register is used to output fixed drive K2 pulses to motor 0.
*When writing

When "1" is written: Pulse output

When "0" is written: No operation

Writing "1" to the MOK2 register causes the motor driver to output K2 drive pulses for one step of normal
motor rotation. These pulses are output synchronously with the 256-Hz clock supplied from the divider
circuit. Writing "0" to the MOK2 register performs no operation.

* When reading

When "1" is read: Pulse output in progress
When "0" is read: No pulse output

The value read from the MOK2 register indicates the output status of K2 drive pulses for normal rotation.
When the read value is "1", drive pulses are being output. The MOK2 register is reset to "0" when the
motor driver completes all drive pulse output for one step of motor rotation.

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

MOCLSO0-MOCLS2: MO motor clock select register (FF18HsD0-D2)
M1CLSO0-M1CLS2: M1 motor clock select register (FF38H-D0-D2)
These registers select the motor clock that determines the fast-feed rate.

Table 4.12.5.4 Selection of the motor clock

MxCLS2 MxCLS1 MxCLSO Motor clock frequency
1 1 1 128 Hz
1 1 0 85.3Hz
1 0 1 64 Hz
1 0 0 51.2Hz
0 1 1 42.7Hz
0 1 0 32Hz
0 0 1 25.6 Hz
0 0 0 16 Hz

However, when MxCL8HZ = "1", an 8-Hz motor clock is used and the MxCLS register setting is ignored.
When a MxCLS register is altered, the motor clocks are changed over at the end of the motor clock cycle
in which the register was altered. Consequently, before the motor clocks are actually changed over after

the register is altered, there is a delay of up to one cycle of the active clock before the changeover.

At initial reset, these registers are set to "111B".

MOCL8HZ: M0 8-Hz motor clock select register (FF17H<DO0)
M1CL8HZ: M1 8-Hz motor clock select register (FF17H<D1)
Selects an 8-Hz motor clock.

When "1" is written: 8 Hz clock
When "0" is written: Clock selected by MxCLS2-MxCLS0
Reading: Valid

When "1" is written to MxCL8HZ, an 8-Hz motor clock is selected. In this case, the MxCLS register setting
is ignored. The MxCLS register is effective when MxCL8HZ is set to "0".
At initial reset, this register is set to "0".
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MOPSEL: MO motor pulse normal/reverse rotation select register (FF18H+D3)
M1PSEL: M1 motor pulse normal/reverse rotation select register (FF38H+D3)
These registers select the direction of motor rotation in fast-feed drive.

When "1" is written: Reverse rotation
When "0" is written: Normal rotation
Reading: Valid
Writing "1" to a MxPSEL register selects reverse rotation in the fast-feed direction. Writing "0" to a
MXxPSEL register selects normal rotation in the fast-feed direction.

Make sure the motor is idle when writing to a MxPSEL register to select the direction of rotation.
At initial reset, these registers are set to "0".

MOP1LNO-MOP1LN3: MO P1 pulse width select registers (FF19H)
M1P1LNO-M1P1LN3: M1 P1 pulse width select registers (FF39H)
These registers select the P1 pulse width of the fast-feed drive waveform for normal rotation.

Table 4.12.5.5 Selection of the P1 pulse width

MxP1LN3 MxP1LN2 MxP1LN1 MxP1LNO P1 pulse width
1 1 1 1 6.59 msec
1 1 1 0 6.35 msec
1 1 0 1 6.10 msec
1 1 0 0 5.86 msec
1 0 1 1 5.62 msec
1 0 1 0 5.37 msec
1 0 0 1 5.13 msec
1 0 0 0 4.88 msec
0 1 1 1 4,64 msec
0 1 1 0 4,39 msec
0 1 0 1 4.15 msec
0 1 0 0 3.91 msec
0 0 1 1 3.66 msec
0 0 1 0 3.42 msec
0 0 0 1 3.17 msec
0 0 0 0 2.93 msec

Make sure the motor is idle when writing to a MxP1LN register to select the P1 pulse width.
At initial reset, these registers are set to "0000B".

MOGRDY: MO Gr pulse duty cycle select register (FF1AH<DO0)
M1GRDY: M1 Gr pulse duty cycle select register (FF3AH+DO)
These registers select the duty cycle of the Gr pulse used for fast-feed drive at reverse rotation.

When "1" is written: 1/2 (50%)
When "0" is written: 1/4 (25%)
Reading: Valid

This duty cycle represents the low period per cycle of the Gr pulse.

Writing "1" to a MxGRDY register selects a 1/2 duty cycle; writing "0" selects a 1/4 duty cycle.
Make sure the motor is idle when writing to a MxGRDY register to select the Gr pulse duty cycle.
At initial reset, these registers are set to "0".
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MOPRDY: MO Pr pulse duty cycle select register (FF1AHD1)
M1PRDY: M1 Pr pulse duty cycle select register (FF3AHD1)
These registers select the duty cycle of the Pr pulse used for fast-feed drive at normal rotation.

When "1" is written: 1/2 (50%)
When "0" is written: 1/4 (25%)
Reading: Valid

This duty cycle represents the low period per cycle of the Pr pulse.

Writing "1" to a MxPRDY register selects a 1/2 duty cycle; writing "0" selects a 1/4 duty cycle.
Make sure the motor is idle when writing to a MxPRDY register to select the Pr pulse duty cycle.
At initial reset, these registers are set to "0".

MOPRNMO, MOPRNM1: Number of MO Pr pulses select register (FF1AH<D2, D3)

M1PRNMO, M1PRNM1: Number of M1 Pr pulses select register (FF3AH<D2, D3)

These registers select the number of Pr pulses that comprise the fast-feed drive waveform for normal
rotation.

Table 4.12.5.6 Selecting the number of Pr pulses

MxPRNM1 | MxPRNMO Number of Pr pulses
1 1 10 pulses (Pr width = 9.77 msec)
1 0 8 pulses (Pr width = 7.81 msec)
0 1 6 pulses (Pr width = 5.86 msec)
0 0 4 pulses (Pr width = 3.91 msec)

However, when MxPRDEL = "1", the number of Pr pulses is forcibly set to 0 and the MxPRNM register
setting is ignored.

Make sure the motor is idle when writing to a MxPRNM register to select the number of Pr pulses.

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

MOPRDEL: MO forced 0 Pr pulse select register (FF16H+DO0)
M1PRDEL: M1 forced O Pr pulse select register (FF16H+D1)
Sets the number of Pr pulses to 0.

When "1" is written: 0 pulses
When "0" is written: Number of pulses set by MxPRNM1-MxPRNMO
Reading: Valid
When "1" is written to MXxPRDEL, the number of Pr pulses is forcibly set to 0. In this case, the MxPRNM
register setting is ignored. The MXxPRNM register is effective when MxPRDEL is set to "0".
At initial reset, this register is set to "0".

MOG1LNO-MOG1LN2: MO G1 pulse width select register (FF1BHsD0-D2)
M1G1LNO-M1G1LN2: M1 G1 pulse width select register (FF3BH+D0-D2)
These registers select the G1 pulse width of the fast-feed drive waveform for reverse rotation.

Table 4.12.5.7 Selection of the G1 pulse width

MxG1LN2 | MxG1LN1 MxG1LNO G1 pulse width
1 1 1 0.49 msec
1 1 0 2.20 msec
1 0 1 1.95 msec
1 0 0 1.71 msec
0 1 1 1.46 msec
0 1 0 1.22 msec
0 0 1 0.98 msec
0 0 0 0.73 msec

Make sure the motor is idle when writing to a MxGI1LN register to select the G1 pulse width.
At initial reset, these registers are set to "000B".
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MOGRNM: Number of MO Gr pulses select register (FF1BH+D3)

M1GRNM: Number of M1 Gr pulses select register (FF3BH+<D3)

These registers select the number of Gr pulses that comprise the fast-feed drive waveform for reverse
rotation.

When "1" is written: 8 pulses
When "0" is written: 4 pulses
Reading: Valid

Writing "1" to a MxGRNM register selects 8 Gr pulses; writing "0" selects 4 Gr pulses.
Make sure the motor is idle when writing to a MXxGRNM register to select the number of Gr pulses.
At initial reset, these registers are set to "0".

MOG2LNO-MOG2LN2: MO G2 pulse width select registers (FF1CH+D0-D2)
M1G2LNO-M1G2LN2: M1 G2 pulse width select registers (FF3CH+D0-D2)
These registers select the G2 pulse width of the fast-feed drive waveform for reverse rotation.

Table 4.12.5.8 Selection of the G2 pulse width

MxG2LN2 MxG2LN1 MxG2LNO G2 pulse width
1 1 1 3.42 msec
1 1 0 3.17 msec
1 0 1 2.93 msec
1 0 0 2.69 msec
0 1 1 2.44 msec
0 1 0 2.20 msec
0 0 1 1.95 msec
0 0 0 1.71 msec

Make sure the motor is idle when writing to a MxG2LN register to select the G2 pulse width.
At initial reset, these registers are set to "000B".

MOG3LN: MO G3 pulse width select register (FF1CH<D3)
M1G3LN: M1 G3 pulse width select register (FF3CH+D3)
These registers select the G3 pulse width of the fast-feed drive waveform for reverse rotation.

When "1" is written: 6.84 msec
When "0" is written: 4.88 msec
Reading: Valid

Writing "1" to a MxG3LN register sets the G3 pulse width to 6.84 msec; writing "0" sets it to 4.88 msec.
Make sure the motor is idle when writing to a MxG3LN register to select the G3 pulse width.
At initial reset, these registers are set to "0".

MOPDO-MOPD3: MO motor pulse registers (FF1DH)

M1PD0O-M1PD3: M1 motor pulse registers (FF3DH)

These registers set the number of fast-feed steps. The register data can also be read out.

The data set in these registers is loaded into the motor pulse counters to control the number of fast-feed
drive pulses. The register data is loaded into a motor pulse counter at the following timing;:

1. When data is written to the register while the motor pulse counter is 0

2. When the motor pulse counter reaches terminal count 0 during fast-feed drive

The motor pulse register is cleared to 0 when written data is loaded into the motor pulse counter.
At initial reset, these registers are set to "0000B".
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MOPCO-MOPC3: MO motor pulse counters (FF1EH)

M1PCO0-M1PC3: M1 motor pulse counters (FF3EH)

The data written to the motor pulse registers is loaded into these counters to control the number of
output pulses for fast-feed drive. The data is loaded from the registers into these counters at the timing
described above.

These counters are also readable. Writing data to a counter in software has no effect.

At initial reset, these counters are set to "0000B".

MOENM: MO motor drive Run/Stop control register (FF1FH<DO)
M1ENM: M1 motor drive Run/Stop control register (FF3FH<DO)
These registers control Run/Stop of fast-feed drive.

When "1" is written: Run
When "0" is written: Stop
Reading: Valid

Writing "1" to a MxENM register causes the motor driver to start fast-feed drive for the number of steps
set on the motor pulse counter. The drive pulses are output synchronously with the motor clock selected.
If fast-feed drive is started by writing "1" to a MxENM register while the motor pulse counter = 0, no
drive pulses will be output until after data is loaded into said motor pulse counter.

Writing "0" to a MxENM register causes the motor driver to temporarily stop fast-feed drive. When
stopping fast-feed drive by writing "0" to the register during drive pulse output by the motor driver, the
motor will not stop until the motor driver outputs that pulse. The motor pulse counter retains the value
held when stopped, so that when starting fast-feed drive by writing "1" to the MxENM register, counting
and drive pulse output resume beginning with that value.

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

MORUNM: MO motor drive status (FF1FH<D1)
M1RUNM: M1 motor drive status (FF3FH<D1)
These registers indicate whether fast-feed drive pulses are turning the motor, thus moving the needle.

When "1" is read: Run
When "0" is read: Stop
Writing: Invalid

After fast-feed drive is started by writing "1" to a MXENM register, MxRUNM remains set to "1" until fast-
feed drive is stopped or the last drive pulse output (to set the motor pulse counter = 0). By reading
MxRUNM, it is possible to determine that drive pulses are turning the motor, thus moving the needle.
MxRUNM is reset to "0" when MxENM = "0" or the motor pulse counter = 0 (upon completion of drive
pulse output).

MxRUNM is a read-only register, so that writing to it has no effect.

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

MOPCCL: MO motor pulse counter clear (FF1FH<D2)
M1PCCL: M1 motor pulse counter clear (FF3FH<D2)
These registers clear the respective motor pulse counters and motor pulse registers.

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

Writing "1" to MxPCCL clears the motor pulse counter and motor pulse register for motor driver 'x' to 0.
Because clearing said counter and register during fast-feed drive causes the motor driver to operate
erratically, always be sure to temporarily stop the motor driver (by writing "0" to MXENM) before clear-
ing. Writing "0" to MxPCCL performs no operation.

MxPCCL is a write-only bit, so that when accessed for read, it always reads "0".
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MOPOL: MO motor output polarity register (FF1FH*D3)
M1POL: M1 motor output polarity register (FF3FH*D3)
The read values of these registers indicate the pin from which to output the next drive pulse.

When "1"is read: Ox2 pin
When "0" is read: Ox1 pin
Writing: Invalid

Reading a MxPOL register helps to determine the output pin from which to output the next drive pulse.
(Drive pulses are alternately output from two output pins.) The MxPOL register is set to "1" when the Ox1
pin is to output the next drive pulse, and to "0" when the Ox2 pin is to output the next drive pulse. The
content of MxPOL is effective for any drive method.

These bits are read-only, so that writing to these bits has no effect.

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

EISMDO: Motor driver 0 interrupt mask register (FFE8H+DO0)
EISMD1: Motor driver 1 interrupt mask register (FFE8H+D1)
These registers are used to select whether to mask the motor driver interrupt.

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

The interrupt mask register EISMDx is used to select whether to mask the motor driver-x interrupt or not.
At initial reset, these registers are set to "0".

ISMDO: Motor driver 0 interrupt factor flag (FFF8H+DO)
ISMD1: Motor driver 1 interrupt factor flag (FFF8HD1)
These flags indicate the status of the motor driver 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

When the motor pulse counter reaches terminal count 0, the corresponding motor interrupt factor flag
ISMDx is set to "1", thereby generating a motor interrupt. Even if the interrupt is masked, the flags are set
to "1" when the motor pulse counter reaches terminal count 0.

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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4.12.6 Programming notes

(1) Motor driver 0 supports two drive methods (fast-feed drive for normal/reverse rotation and fixed
drive), with different control registers used for the respective drive methods. Please exercise caution
regarding control to prevent the output of different drive waveforms at the same time.

(2) To abort fast-feed drive, be sure to temporarily stop it (by setting MXENM = "0") before clearing the
motor pulse counter. Clearing this counter during drive may cause the motor driver to operate
erratically.

(3) If the sum total of fast-feed drive pulses (P1 + Pr, G1 + G2 + G3 + Gr) exceeds the motor clock period,
the motor driver will not operate normally. Always make sure the said sum total is less than the motor
clock period.

(4) If the sum total of the P1 and Pr pulses exceeds the motor clock cycle, the Pr pulse output is forcibly
terminated before the next motor clock output is started. In this case, a hazard may occur on the
waveform at forced termination of the Pr pulse output. Therefore, always be sure that said sum total
is less than the motor clock cycle.

The table below shows the actual P1 and Pr output period (or the time from start of the pulse output
until the Pr pulse output is terminated) when the setting of the P1 and Pr pulses exceeds the motor
clock cycle.

Table 4.12.6.1 Drive pulse output period when Pr pulseis forcibly terminated

Motor clock | Forced terminating conditions | Drive pulse output period
128 Hz [P1+Pr] > 7.324 msec 7.568 msec
85.3Hz [P1+Pr] > 11.230 msec 11.475 msec
64 Hz [P1+Pr] > 15.137 msec 15.381 msec

(5) It is prohibited to use the 128-Hz motor clock for fast-feed drive at reverse rotation. Even if fast-feed
drive at reverse rotation is attempted with the 128-Hz motor clock selected, the motor driver will be
unable to perform fast-feed drive normally.

(6) Do not change the pulse width, number of pulses, or duty cycle when the motor driver is outputting
drive pulses. Changing these parameters during pulse output may cause the motor driver to operate
erratically.

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

4.13.1 Theoretical regulation function

The S1C63709 has a function known as "theoretical regulation” that theoretically corrects time clock errors
due to deviation in oscillation frequencies. Software can execute theoretical regulation at any time, thus
allowing time clock errors to be adjusted within -15/32768 to +16/32768 seconds at a time.

Data bus
A
K2, K3 Theoretical regulation Theoret.lcal
> . —» regulation
Input ports data registers o
control circuit
Oscillation

Divider  —» Divided clock
(to peripheral circuits)

A

circuit fosc1

Fig. 4.13.1.1 Configuration of theoretical regulation circuit

Writing "1" to VCWON starts theoretical regulation. The clock adjustment is performed in the system
clock (32.768 kHz) divider circuit. VCWON is the theoretical regulation execution register and theoretical
regulation is performed only once by writing "1" to the register. Writing "0" is ineffective.

When "1" is written to VCWON, the divider circuit extends or reduces its output signal as below accord-
ing to the read results from the K30 and K20-K23 ports.

When K30 = "1", the output clock signal is reduced for the number of system clock cycles (-15 to 0 cycles)
specified with the K2 port inputs.

When K30 = "0", the output clock signal is extended for the number of system clock cycles (+1 to +16
cycles) specified with the K2 port inputs.

This operation is performed synchronously with the first falling edge of the 512XM (512 Hz) signal after
the 64-Hz signal goes low. Therefore, there is a delay of up to 16.6 msec before theoretical regulation
actually starts after writing to VCWON. Writing "1" to VCWON in this period is ineffective, so to write
"1" to VCWON successively, an interval at least 16.6 msec is necessary between writings.

The timer and other peripheral circuits are supplied with clocks that have been corrected for lead or lag
by theoretical regulation.

"1" is read from VCWON in this period. |

<+—»1/256 x 1/4 = 0.98 msec

) :1
256M signal : | [ | [ L] |
siaxmsignal [ L[ L [ L[ L L LIl LI L

64 Hz

VCWON write I :
VCW [
FVCW I

f

Executes theoretical regulation
for 1/32K x 1/2-sec period.

Fig. 4.13.1.2 Timing of theoretical regulation
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4.13.2 K2 and K3 inputs for specifying the amount of correction

It is necessary to set an amount of correction for theoretical regulation according to the deviation in
oscillation frequencies. The K20-K23 and K30 input ports can be used for setting the amount of correc-
tion. (Refer to Section 4.4, "Input Ports", for the input port functions".)

These 5 bits in which the K30 port input used as the sign bit allows specification of a correction value
from -15 to +16 steps. To set the amount of correction for theoretical regulation, read the K20-K23 and
K30 input status that specifies the correction value from the K20-K23 and K30 theoretical regulation input
data registers (TRIM20-TRIM23, TRIM30). Use the timer or other interrupt handler routine for writing to
VCWON.

The table below shows theoretical regulation execution examples. The values in the table are the correc-
tion results when theoretical regulation is executed in 10-second cycles using the read data from the input
ports above as the amount of correction.

Table 4.13.2.1 <Execution example> Rates when theoretical regulation is executed in 10-second cycles

TRIM registers Amount of correction/ Rate TRIM registers Amount of correction/ Rate
30|23|22|21|20| one adjustment (n/32K) |(Sec/Day)|30|23 |22 |21 |20 | one adjustment (n/32K) |(Sec/Day)
o|(o|0j0]|oO +1 -0264 |1|0(0|0(O0 -15 +3.955
oj(o|l0|O|1 +2 -0527 |1|0|0|0f1 -14 +3.691
ofofof1|o0 +3 -0.791 110|010 -13 +3.428 | A
ojofo|1f1 +4 -1.055 110011 -12 +3.164
ofof1({o0|o0 +5 -1.318 110]1|0]|0 -11 +2.900
o|(0f1(0(1 +6 -1.582 10101 -10 +2.637
ofof1(1|o0 +7 -1.846 110]1|1]|0 -9 +2.373

glojol1|1]1 +8 2109 [1]of1]1]12 8 +2100 | §
ofi1(o0f0|o0 +9 -2.373 111]0|0]|0 -7 +1.846 |~
o|l1{o0o|0f1 +10 -2.637 1|11(0[(0(1 -6 +1.582
of1f(of1|o0 +11 -2.900 111|010 -5 +1.318
of1(o0f1|1 +12 -3.164 111|011 -4 +1.055

v of1(1({0|0 +13 -3.428 111]1|0]|0 -3 +0.791
ol1({1(0(1 +14 -3.691 111]1|]0]|1 -2 +0.527
of1(1(1|0 +15 -3.955 1|11]1]1]|0 -1 +0.264

of1(1(1(1 +16 -4.219 111]1]1]|1 0 0

Notes: e Make sure that the CPU is operating with the OSC1 clock before reading the amount of correc-
tion from the K20—K23 and K30 ports.

e The F16HZ (P33) special output signal can be used to verify the amount of correction by execut-
ing theoretical regulations.

4.13.3VCWON monitor output

The VCWON write signal can be output to outside the IC from the P22 terminal.

Before the VCWON write signal can be output, fix the I/O control register (I0C22) at "1" (output), the
data register (P22) at "0" and the pull-down control register (PUL22) at "0" (pull-down disabled). Use the
EVCWON register to enable/disable signal output. When EVCWON is set to "1", the VCWON write
signal is output from the P22 terminal and when it is set to "0", the P22 terminal goes low (Vss) level.

10C22 register Fix at "1"
PUL22 register | Fix at "0"
P22 register Fix at "0"
VCWON write [ [
EVCWON register "0" 1" "0"
Monitor output (P22 terminal) |_|

Fig. 4.13.3.1 VCWON write signal output
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4.13.4 1/0 memory of theoretical regulation
Table 4.13.4.1 shows the I/O addresses and the control bits of theoretical regulation.
Table 4.13.4.1 Control bits of theoretical regulation

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
— %2 i 7
kea | Kke2 | k21 | Keo Eig - ::g: ::zx
FF29H K20-K23i
R Ko1 —+2| High Low 0-K 23 input port data
K20 -*2 | High Low [
TRIM23 | TRIM22 | TRIM21 | TRIM20 TRIM23) 0 ! 0
TRIM22| 0 1 0 ) L }
FF2AH K20-K 23 theoretical regulation input data register
R TRIM21 0 1 0
TRIM20| 0 1 0o |
enisortl gcum | cum K30 ENISOR1| 0 Enable D!sable ISOR1 mor_utor output enable (P23)
FE2DH ECLIM 0 Enable | Disable | CLIM monitor output enable (P32)
W R CLIM 0 On Off | Limit level monitor
K30 —*2 | High Low [K30input port data
3
0 0 0 [TRiM30 8*3 g 3"”2
FF2EH nu
R 0+3 0 Unused
TRIM30 0 1 0 K30 theoretical regulation input data register
3 — 2
0 o [evowonjvowon| ) Unused
FF8gH N Unused
A AW EVCWON| 0 Enable | Disable | VCWON monitor output enable (P22)
VCWON| 0 On Off | Theoretical regulation status/trigger (Writing "0" isineffective.)

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

VCWON: Theoretical regulation execution register (FF88H+<D0)
Executes theoretical regulation.

When "1" is written: Execute theoretical regulation
When "0" is written: No operation

When "1" is read: Theoretical regulation in progress
When "0" is read: Theoretical regulation stopped

Writing "1" to VCWON executes one session of theoretical regulation.

When "1" is written to VCWON, the theoretical regulation starts synchronously with the first falling edge
of the 512XM signal after the 64-Hz signal goes low. Therefore, there is a delay of up to 16.6 msec before
theoretical regulation actually starts. Writing "1" to VCWON in this period is ineffective, so to write "1" to
VCWON successively, an interval at least 16.6 msec is necessary between writings.

No operation results when "0" is written to VCWON.

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

K20-K23: K2 port input port data (FF29H)
K30: K3 port input port data (FF2DH+D0)
Input data of the K20-K23 and K30 input port terminals can be read with these registers.

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

The reading is "1" when the terminal voltage of each input port goes high (VDD), and "0" when the voltage
goes low (Vss).
These registers are read only, so a writing operation is ineffective.
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TRIM20-TRIM23: K2 theoretical regulation input data register (FF2AH)

TRIM30: K3 theoretical regulation input data register (FF2EH<DO)

The correction value that has been specified with the K2 and K3 inputs can be read through these regis-
ters.

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

By reading the K20-K23 and K30 input port data registers (FF29H, FF2DH ¢ D0), the amount of correction
for theoretical regulation is set to the TRIM20-TRIM23 and TRIM30 registers (FF2AH, FF2EH ¢DO0). After
the correction value has been set to the TRIM20-TRIM23 and TRIM30 registers, the set value can be read
from these registers. See Table 4.13.2.1 for the relationship between port input values and amounts of
correction.

These registers are read only, so a writing operation is ineffective.

EVCWON: VCWON monitor output enable register (FF88H+D1)
Controls the VCWON write signal output.

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

Before the VCWON write signal can be output, fix the I/O control register (I0C22) at "1" (output), the
data register (P22) at "0" and the pull-down control register (PUL22) at "0" (pull-down disabled). When
EVCWON is set to "1" under the conditions above, the VCWON write signal is output from the P22
terminal and when it is set to "0", the P22 terminal goes low (Vss) level.

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

4.13.5 Programming notes

(1) Caution is required since executing theoretical regulation during drive pulse output by the motor
driver may change the pulse width.

(2) When "1" is written to VCWON, the theoretical regulation starts synchronously with the first falling
edge of the 512XM signal after the 64-Hz signal goes low. Therefore, there is a delay of up to 16.6 msec
before theoretical regulation actually starts. Writing "1" to VCWON in this period is ineffective, so to
write "1" to VCWON successively, an interval at least 16.6 msec is necessary between writings.

(38) Make sure that the CPU is operating with the OSC1 clock before reading an amount of correction from
the K20-K23 and K30 ports.

S1C63709 TECHNICAL MANUAL EPSON 143



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (SVD Circuit)

4.14 SVD (Supply Voltage Detection) Circuit

4.14.1 Configuration of SVD circuit

The S1C63709 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 }
| SVDON |e—»
Vss SVDS2-0 [a—¥

Criteria voltage
setting circuit

*

< |
< |

Detection r€— S15Vxx €4
< |

Data bus

SVDCHG <—»

voltage
select circuit

S3Vxx (€—»

Fig. 4.14.1.1 Configuration of SVD circuit
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4.14.2 Setting a criteria voltage

Eight voltage values for comparing with supply voltage can be configured for each of the 3.0 Vand 1.5V
power supply voltage systems and one of the voltage values can be selected using the SVDCHG and

SVDS2-SVDSO0 registers as a criteria voltage for supply voltage detection.

Table 4.14.2.1 Selecting a criteria voltage

for 1.5 V supply voltage (SVDCHG = "0")

for 3.0 V supply voltage (SVDCHG = "1")

SVDS2|SVDS1[SVDS0 Criteria voltage SVDS2|SVDS1|SVDS0 Criteria voltage
1 1 1 |15V systemlevel 7(15V) 1 1 1 |30V systemlevel 7(2.7V)
1 1 0 |15V systemlevel 6 (1.4V) 1 1 0 [3.0V systemlevel 6(2.6V)
1 0 1 15V systemlevel 5(1.3V) 1 0 1 3.0V systemlevel 5(2.3V)
1 0 0 [15V systemlevel 4(1.25V) 1 0 0 [3.0V systemlevel 4(2.1V)
0 1 1 |15V systemlevel 3(1.2V) 0 1 1 [3.0V systemlevel 3(2.0V)
0 1 0 |[15V systemlevel 2(1.15V) 0 1 0 |[3.0V systemlevel 2 (1.9V)
0 0 1 |15V systemlevel 1(1.1V) 0 0 1 |30V systemlevel 1(1.8V)
0 0 0 |15V systemlevel 0(1.05V) 0 0 0 [3.0V systemlevel 0(L7V)

() indicates the initially set criteria voltages.

The eight voltage values for level 0 (lowest) to level 7 (highest) can also be selected from 10 values for 1.5
V system and 14 values for 3.0 V system.

Table 4.14.2.2 List of detection voltages for 1.5V system

Address | Register | Register initial value | Detection voltage | Initial criteria voltage level
FF52HeD1| S15V16 0 16V —
FF52H+D0| S15V15 1 15V Level 7(SVDS=7)
FF51HeD3| S15V14 1 14V Level 6 (SVDS=6)
FF51H+D2| S15V135 0 1.35V —
FF51H.D1| S15V13 1 13V Level 5(SVDS=5)
FF51HeD0O| S15V125 1 125V Level 4 (SVDS=4)
FF50H.D3| S15V12 1 1.2V Level 3(SVDS=3)
FF50H+D2| S15V115 1 115V Level 2 (SVDS=2)
FF50HeD1| S15V11 1 11V Level 1(SVDS=1)
FF50H+D0| S15V105 1 1.05V Level 0 (SVDS=0)

Table 4.14.2.3 List of detection voltages for 3.0 V system

Address | Register | Register initial value | Detection voltage Initial criteria voltage level
FF55H<D3| S3v27 1 2.7V Level 7(SVDS=7)
FF55H+D2| S3V265 0 265V —
FF55HeD1| S3V26 1 26V Level 6 (SVDS=6)
FF55HD0| S3v25 0 25V —
FF54HeD3| S3v24 0 24V -
FF54H.D2| S3V235 0 235V -
FF54HD1| S3v23 1 2.3V Level 5(SVDS=5)
FF54H.D0| S3V225 0 225V -
FF53HD3| S3v22 0 22V -
FF53HD2| S3v21 1 21V Level 4 (SVDS=4)
FF53HD1| S3V20 1 20V Level 3(SVDS=3)
FF53HD0O| S3V19 1 19V Level 2 (SVDS=2)
FF52HD3| S3Vv18 1 18V Level 1(SVDS=1)
FF52HeD2| S3V17 1 1.7V Level 0 (SVDS=0)

Set the registers for the detection voltages to be used to "1" and set the registers for unused voltages to
"0". The voltages selected by writing "1" to the registers are assigned to the criteria voltage levels 7 to 0 in
order from highest value to lowest value.

Note: Eight detection voltages must be selected from addresses FF50H-FF55H for each of the 1.5V
and 3.0 V systems. The SVD circuit may not work normally if eight voltages are not selected (e.g.,
seven or ten voltages are selected).

S1C63709 TECHNICAL MANUAL EPSON 145



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (SVD Circuit)

4.14.3 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.

When the SVDON register is set to "1", source voltage or external voltage detection by the SVD circuit is
executed. As soon as the SVDON register is reset to "0", the result is loaded to the SVDDT latch and the
SVD circuit goes off.

To obtain a stable detection result, the SVD circuit must be on for at least 1 msec. So, to obtain the SVD
detection result, follow the programming sequence below.

1. Set SVDON to "1"

2. Maintain for 1 msec 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.

4.14.4 SVDDT monitor output

The SVDDT signal (SVDDT register value) can be output to outside the IC from the P21 terminal. This
allows external hardware to monitor the supply voltage detection results.

Before the SVDDT signal can be output, fix the I/O control register (IOC21) at "1" (output), the data
register (P21) at "0" and the pull-down control register (PUL21) at "0" (pull-down disabled). Use the
ESVDDT register to enable/disable signal output. When ESVDDT is set to "1", the SVDDT signal is
output from the P21 terminal and when it is set to "0", the P21 terminal goes low (Vss) level.

I0C21 register Fix at "1"
PUL21 register | Fix at "0"
P21 register | Fix at "0"
SVDDT signal (register value)
ESVDDT register "0" " "0"

Monitor output (P21 terminal)

Fig. 4.14.4.1 SVDDT signal output
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4.14.51/0 memory of SVD circuit
Table 4.14.5.1 shows the I/O addresses and the control bits for the SVD circuit.
Table 4.14.5.1 Control bits of SVD circuit

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
SVDCHG| 0 30V | 1.5V |SVD voltage system selection
ISVDCHG| SVDS2 | SVDS1 | SVDS0 SVD cﬁ?erisgvoltage setting
FFO4H svbs2| 0 [SVDS2-0] 0 1 2 3 4 5 6 7
AW SVDS1 0 Level 0 1 2 3 4 5 6 7
SVDS0 0 (Use FF50H—FF55H to select voltage values) (highest)
SVDS3 0 1 0 General-purpose register
VDS3 |[ESVDDT| SVDDT | SVDON
FEO5H SVDS3 [ES S SVDO ESVDDT| 0 Enable | Disable | SYDDT monitor output enable (P21)
W R AW SVDDT 0 Low | Normal | SVD evaluation data
SVDON 0 On Off | SVD circuit On/Off
s15v12 |s15v115| s1sv11 ls1svios S15V12 1 Enable D!sable SVD 1.5-V system detect!on voltageselect!on 1.2Vv)
FE50H S15V115] 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.15 V)
W S15V11 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.1 V)
S15V105] 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.05 V)
S15V14 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.4 V)
S15V14 [S15V135( S15V13 [S15V125
FE51H S15V135 0 Enable | Disable | SVD 1.5-V system detection voltage selection (1.35 V)
RW S15V13 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.3 V)
S15V125) 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.25 V)
savis | savi7 | stsvie | s1svis S3v18 1 Enable D!sable SVD 3.0-V system daect!on voltageselect!on (1.8V)
FF52H S3v17 1 Enable | Disable | SVD 3.0-V system detection voltage selection (1.7 V)
W S15V16 0 Enable | Disable | SVD 1.5-V system detection voltage selection (1.6 V)
S15V15 1 Enable | Disable | SVD 1.5-V system detection voltage selection (1.5 V)
save | savat | saveo | savio S3v22 0 Enable D!sable SVD 3.0-V system detect!on voltageselect!on 22V)
FE53H S3v21 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.1 V)
W S3v20 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.0 V)
S3v19 1 Enable | Disable | SVD 3.0-V system detection voltage selection (1.9 V)
S3v24 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.4 V)
S3V24 | S3V235| S3V23 | S3va25
FE54H S3V235 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.35 V)
RW S3v23 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.3 V)
S3Vv225 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.25 V)
S3va7 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.7 V)
S3V27 [ S3V265| S3V26 | S3V25
FE55H S3v265| 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.65 V)
W S3v26 1 Enable | Disable | SVD 3.0-V system detection voltage selection (2.6 V)
S3v25 0 Enable | Disable | SVD 3.0-V system detection voltage selection (2.5 V)

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

SVDCHG: SVD voltage system select register (FFO4H+D3)
Selects a power supply voltage system.

When "1" is written: 3.0 V system
When "0" is written: 1.5 V system
Reading: Valid
When SVDCHG is set to "1", the 8-level criteria voltage set is configured for a 3.0 V supply voltage and

when it is set to "0", voltages are configured for a 1.5 V supply voltage.
At initial reset, this register is set to "0".

SVDS2-SVDSO0: SVD criteria voltage setting register (FFO4HsD2-D0)
Selects an SVD criteria voltage from 8 levels (level 7 to level 0) as shown in Table 4.14.2.1.
At initial reset, this register is set to "0".
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SVDON: SVD control (on/off) register (FFO5H+DO)
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 1 msec.

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

SVDDT: SVD 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".

ESVDDT: SVDDT monitor output enable register (FFO5H*D2)
Controls the SVDDT signal output.

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

Before the SVDDT signal can be output, fix the I/O control register (IOC21) at "1" (output), the data
register (P21) at "0" and the pull-down control register (PUL21) at "0" (pull-down disabled). When
ESVDDT is set to "1" under the conditions above, the SVDDT signal is output from the P21 terminal and
when it is set to "0", the P21 terminal goes low (Vss) level.

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

S15Vxx: 1.5V system detection voltage select registers (FF50H, FF51H, FF52H<DO0, D1)

S3Vxx: 3.0V system detection voltage select registers (FF52H<D2, D3, FF53H, FF54H, FF55H)
These registers are used to configure the 1.5-V and 3.0-V system criteria voltage levels 7 to 0 that can be
selected using SVDS2-SVDS0.

Set the registers for the detection voltages to be used to "1" and set the registers for unused voltages to
"0". The voltages selected by writing "1" to the registers are assigned to the criteria voltage levels 7 to 0 in
order from highest value to lowest value.

Eight detection voltages must be selected from addresses FF50H-FF55H for each of 1.5 V and 3.0 V systems.
At initial reset, the voltage values listed in Table 4.14.2.1 are selected.

4.14.6 Programming notes

(1) To obtain a stable detection result, the SVD circuit must be on for at least 1 msec. So, to obtain the SVD
detection result, follow the programming sequence below.

1. Set SVDON to "1"

2. Maintain for 1 msec minimum
3. Set SVDON to "0"

4. Read SVDDT

(2) The SVD circuit should normally be turned off because SVD operation increase current consumption.

(3) Eight detection voltages must be selected from addresses FFS0H-FF55H for each of the 1.5 V and 3.0
V systems. The SVD circuit may not work normally if eight voltages are not selected (e.g., seven or ten
voltages are selected).
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4.15 Heavy Load Protection Function

4.15.1 Qutline of heavy load protection function

The 51C63709 has a heavy load protection function for when the battery load becomes heavy, such as
when an external lamp is lit or the buzzer is on (piezoelectric buzzer is driven). In such case, the heavy
load protection function is suitable.

The normal mode (heavy load protection function is off) changes to the heavy load protection mode
(heavy load protection function is on) when the software sets HVLDON to "1".

Note: In the heavy load protection mode, more current is consumed than in the normal mode. Unless
necessary, do not select the heavy load protection mode with the software.

4.15.2 1/0 memory of heavy load protection function
Table 4.15.2.1 shows the I/O address and the control bit for the heavy load protection function.

Table 4.15.2.1 Control bit of heavy load protection function

Register

Address - Comment

D3 D2 D1 DO__| Name | Init *1 1 0

wioonl o 0 SRPER HVLDON| 0 Enable | Disable | Heavy load protection mode enable
03 -2 Unused

FFOOH 03 2 Unused

RIW R RIW ) ) -

SRPER 0 Reset | Invalid | Software reset for peripheral circuits

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

HVLDON: Heavy load protection mode enable (FFOOH<D3)
Enables/disables heavy load protection mode.

When "1" is written: Heavy load protection enabled
When "0" is written: Heavy load protection disabled
Reading: Valid

The device enters the heavy load protection mode by writing "1" to HVLDON, and returns to the normal
mode by writing "0".
At initial reset, this register is set to "0".

4.15.3 Programming note

In the heavy load protection mode, more current is consumed than in the normal mode. Unless necessary,
do not select the heavy load protection mode with the software.
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4.16 Solar Function

4.16.1 Configuration of solar control circuit

The S1C63709 contains a solar control circuit to support the solar watch. The solar control circuit detects
whether the secondary battery is being recharged or not using the recharging detection circuit, and it controls
the recharging path from the solar cell to the secondary battery according to the detection results. This circuit
also detects the secondary battery voltage (VIKP), based on which controls the quick start function and
overcharge prevention.

The solar control circuit consists of the following circuits built around the recharging control circuit:

e Recharging detection circuit

¢ Recharging voltage (VTKP) detection circuit

¢ Limiter circuit

e Quick start circuit

ISORO
Voo O Recharging » ISOR1 |—

SLRA O—»

SLRCC detection circuit |« ENISOR1 D_Q

Interrupt request

P23

- L » CLIM |—
Limiter circuit | y
ECLIM

A 4

A
,_

_ Recharging
Recharging control circuit
VTKP O »| voltage (VTKP) [« >

detectici[l circuit ENISOR2 . Op
31
[ Quick start ISOR2

circuit [1SOR3 |
. OP30
ENISOR3

» [nitial reset
(Core)
Fig. 4.16.1.1 Configuration of solar control circuit

4.16.2 Mask option

Use or no use of the solar control circuit
The mask option enables the selection of solar function use or nonuse.

Limiter detection voltage

This mask option is used to select a VTKP voltage value to activate the limiter for preventing over-
charging of the secondary battery. Table 4.16.2.1 lists the voltage values that can be selected.

Table 4.16.2.1 Limiter on voltage
No. Limiter ON voltage
21V
25V
26V
27V
2.8V
29V
3.0V
31V
32V

=

©oOoO~NO O~ WN
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4.16.3 Circuit description

Recharging detection circuit

The recharging detection circuit compares the SLRA pin voltage with the VDD voltage to detect
whether the secondary battery is being recharged.

¢ SLRA pin voltage > VDD: Recharging status

¢ SLRA pin voltage < VDD: Discharging status

The detection results can be checked by reading the recharging flag ISOR1.

Recharging voltage (VTKP) detection circuit

The recharging voltage (VTKP) detection circuit detects the quick start negation voltage and limiter
ON voltage synchronously with the two sampling signals sent from the recharging control circuit
every two seconds. The respective voltage values are given below.

Quick start negation voltage: 1.0 + 0.08 V

Limiter ON voltage: See Table 4.16.2.1.

When the quick start negation voltage is detected twice in succession, the solar function exits quick
start mode and enters normal operation mode. If the VTKP voltage drops below the quick start
negation voltage after the solar function enters normal operation mode, the quick start negation
voltage is not sampled until the oscillation detect circuit detects oscillation stoppage. The quick start
flags ISOR2 and ISOR3 remain set to "1" in quick start mode, and are reset to "0" upon entry into
normal operation mode.

Quick start circuit

The quick start function allows the IC start to operating before the secondary battery is sufficiently
recharged during recharging. When powered on, the IC starts operating in quick start mode and
continues in this mode until the power supply voltage (VTKP) being recharged reaches 1.0 £ 0.08 V or
more. During this period, device operation is unstable due to low-voltage drive, so that the IC is
periodically reset internally to prevent erratic operation.

Once the power supply voltage (VIKP) reaches 1.0 + 0.08 V or more, normal operation is possible
with quick start mode consequently deactivated. The quick start circuit is provided for this internal
reset processing in quick start mode, and for deactivating quick start mode.

Activating quick start mode

When the OSC1 oscillation circuit starts oscillating after power-on, the IC starts operating in quick start
mode. The quick start mode flags ISOR2 and ISOR3 remain set in quick start mode, so that it is possible
to determine whether the IC is operating in quick start mode by reading the flag in software.

Resetting during quick start mode
Because VTKP is at a low voltage in quick start mode, the CPU is likely to operate erratically. Therefore,
the quick start circuit asserts an internal reset signal every 16 seconds to reset the IC. However, when
the oscillation detection circuit detects oscillation, the IC is reset one second after that point.

Note: The contents of timer processing and other control by software in quick start mode are forcibly
initialized in hardware every 16 seconds. Therefore, precise time management cannot be sus-
tained in quick start mode.

Deactivating quick start mode
If the recharging voltage (VIKP) detection circuit detects a VTKP value equal to or greater than
the quick start negation voltage (1.0 + 0.08 V) once, ISOR3 (quick start mode flag 1) is reset to "0".
When this condition is detected once again (twice in succession), quick start mode is deactivated
with ISOR2 (quick start mode flag 2) reset to "0".
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Oscillation stop detection signal

F1D2 (1/2 Hz)

VTKP detection |detected |not detected |detected |detected
ISOR3
ISOR2

Fig. 4.16.3.1 Quick start mode flag reset condition

Notes: e A status in which ISOR3 (quick start flag1) = "0" and ISORZ2 (quick start flag 2) = "1" does not
indicate that quick start mode is deactivated.

e Do not perform the software reset for peripheral circuits (FFOOH*DO0) during quick start mode
(when either ISOR2 or ISOR3 is set to "1").

If the recharging voltage (VIKP) detection circuit detects a VTKP value equal to or greater than
the quick start negation voltage (1.0 + 0.08 V) twice in succession, quick start mode is deactivated
(and normal operation mode entered).

When quick start mode is deactivated, the quick start circuit stops generating a periodic reset signal.
Once quick start mode is deactivated (even if the power supply voltage drops below 1.0 + 0.08 V),
quick start mode is not entered again unless the IC is reset due to stopped oscillation or multiple-
key entry or an NMI occurs. The recharging voltage (VTKP) detection circuit also has a function to
simultaneously detect the quick start negation voltage disabled when quick start mode is deacti-
vated. This function is not reenabled until quick start mode is entered after the IC is reset due to
stopped oscillation or multiple-key entry or an NMI occurs.

Note: The IC does not enter quick start mode by initial reset using the RESET pin.

Limiter circuit
The limiter circuit prevents overcharging of the secondary battery. If the recharging voltage (VTKP)
detection circuit detects a VIKP value equal to or greater than the limiter ON voltage (see Table
4.16.2.1), the limiter circuit is turned on, thus preventing recharging current from flowing into the
secondary battery. Thereafter, when the recharging voltage (VITKP) detection circuit detects a drop in
VTKP below the limiter ON voltage, the limiter circuit is turned off, allowing recharging to restart.
The CLIM flag (FF2DHeD1) is provided to indicates the limiter circuit operating status.
e CLIM flag = "1" when the recharging voltage (VIKP) 2 limiter ON voltage
e CLIM flag = "0" when the recharging voltage (VIKP) < limiter ON voltage

4.16.4 Recharging flag and wakeup interrupt function

The solar control circuit has a recharging flag (to indicate secondary battery recharging) and a wakeup
interrupt function. When the recharging detection circuit detects a recharging state, the recharging flag
ISOR1 is set to "1", with the wakeup interrupt flag ISORO set to "1" 0.75 to 1 second later. The interrupt
mask register EISOR0 can mask the interrupt factor. Setting the mask bit for this interrupt to "1" generates
a wakeup interrupt to the CPU; setting the mask bit to "0" generates no interrupts to the CPU (although
the interrupt factor flag is set to "1"). The wakeup interrupt factor flag ISORO is reset to "0" by writing "1".
Figure 4.16.4.1 shows the timing of a wakeup interrupt.
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Recharging detection output
v Set at the falling edge of the F512 (512 Hz) signal

Recharging flag

F4 (4 Hz) 1 1 I
M7 I I 7 LI LI
B S A

Wakeup interrupt timings 1 | 1]
Fig. 4.16.4.1 Timing of wakeup interrupt

Once initially generated, a wakeup interrupt is generated again at 2-second intervals as long as the
recharging flag remains set.

4.16.5 I SOR flag monitor outputs

The ISOR1 to ISORS3 flag values (signals) can be output to outside the IC from the I/O port terminals
shown in Table 4.16.5.1. This allows external hardware to monitor the quick start mode and recharging
statuses.

Table 4.16.5.1 1SOR signal output ports and monitor output enable registers

Terminal I_:Iag Description Monitor ou_t put
signal enable register
P23 ISOR1 |Recharging flag status ENISOR1
P31 ISOR2 |Quick start mode flag 2 status ENISOR2
P30 ISOR3 |Quick start mode flag 1 status ENISOR3

Before the signal can be output, fix the I/O control register (IOCxx) at "1" (output), the data register (Pxx)
at "0" and the pull-down control register (PULxx) at "0" (pull-down disabled). Use the monitor output

enable register to enable/disable signal output. When the monitor output enable register is set to "1", the
flag signal is output from the Pxx terminal and when it is set to "0", the Pxx terminal goes low (Vss) level.

IOCxx register : Fix at "1"

PULxx register | Fix at "0"

Pxx register Fix at "0"
Flag signal —| |_

Monitor output
(Pxx terminal) J

Fig. 4.16.5.1 ISOR signal output
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4.16.6 1/0 memory of solar function
Table 4.16.6.1 shows the /O addresses and the control bits of solar function.

Table 4.16.6.1 Control bits of solar function

Register
Address - Comment
D3 D2 D1 DO [ Name | Init [1 1 0
ENISOR3[ 0 Enable | Disable | ISOR3 monitor output enable (P30)
FEOSH ENISORSENISORZ E16HZ 0 ENISOR2| 0 Enable | Disable | ISOR2 monitor output enable (P31)
AW R E16HZ 0 Enable | Disable | F16HZ clock output enable (P33)
008 -2 Unused
ENISOR1| 0 Enable | Disable | ISOR1 monitor output enable (P23)
FF2DH ENISORT| ECLIM | CLIM K30 ECLIM 0 Enable | Disable | CLIM monitor output enable (P32)
RW R CLIM 0 On Off | Limit level monitor
K30 -2] High Low | K30 input port data
EI50R3| EIS0R2 | EISOR1 | E1soRo | ESOR3| O ! 0| Generdl-purpose register
FFECH EISOR2 0 1 0 General-purpose register
W EISOR1 0 1 0 General-purpose register
EISORO| 0 Enable | Mask | Interrupt mask register (Solar wakeup)
ISOR3 —[2 |Pre Qstartf Normal | Quick start mode flag 1
ISOR3 | ISOR2 | ISOR1 | ISORO | |50R2 — 2 |Quick start| Normal | Quick start mode flag 2
FFFCH ISOR1 —[2 | Charge |Not charged| Recharging flag
R rw | ISORO 0 (R)Yes | (R)No | Interrupt factor flag (Solar wakeup)
(W)Reset |(W)Invalid

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

EISORO: Interrupt mask register (FFECH<DO)
This register selects whether to mask the solar interrupt.

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

EISORO is the mask register for wakeup interrupts of the solar function. Writing "1" to this register
enables an interrupt; writing "0" masks the interrupt.
At initial reset, this register is set to "0".

ISORO: Interrupt factor flag (FFFCH<DO)
This flag indicates the solar interrupt status.

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

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

ISORO is set to "1" 0.75 to 1 seconds after the recharging flag ISOR1 is set to "1". Once initially generated, a
wakeup interrupt is generated again at 2-second intervals as long as the recharging flag remains set. Note
that this flag is set to "1" under the said condition, regardless of how the interrupt mask register is set.
This flag is reset to "0" by writing "1".

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

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

154 EPSON S1C63709 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Solar Function)

ISOR1: Recharging flag (FFFCH<D1)
This flag indicates whether the secondary battery is being recharged.

When "1" is read: Being recharged
When "0" is read: Not being recharged
Writing: Invalid

When the recharging detection circuit detects recharging of the secondary battery, this flag is set to "1"
and retains value "1" during recharging. This flag is reset to "0" when no recharging operation is detected
(as upon completion of recharging).

This flag is read-only, so that writing to this flag has no effect.

At initial reset, this flag is indeterminate.

ISOR2: Quick start mode flag 2 (FFFCH+D2)
This flag indicates whether the IC is operating in quick start mode.

When "1" is read: Quick start mode
When "0" is read: Normal mode
Writing: Invalid

When the IC exits the reset state (power supply voltage = 0.75 V) where it was placed due to stopped
oscillation, it starts operating in quick start mode and simultaneously sets this flag to "1". This flag
remains set in quick start mode, and is reset to "0" when the recharging voltage (VTKP) detection circuit
detects a VTKP value equal to or greater than the quick start negation voltage (1.0 + 0.08 V) twice in
succession. When this flag = "0", the IC is operating in normal mode.

This flag is read-only, so that writing to this flag has no effect.

At initial reset, this flag is indeterminate.

ISOR3: Quick start mode flag 1 (FFFCH<D3)
This flag indicates whether the IC is operating in quick start mode.

When "1" is read: Quick start mode
When "0" is read: Normal mode
or when the quick start negation voltage is detected in quick start mode
Writing: Invalid

When the IC exits the reset state (power supply voltage = 0.75 V) where it was placed due to stopped
oscillation, it starts operating in quick start mode and simultaneously sets this flag to "1". This flag
remains set in quick start mode, and is reset to "0" when the recharging voltage (VTKP) detection circuit
detects a VTKP value equal to or greater than the quick start negation voltage (1.0 + 0.08 V) once.

This flag is read-only, so writing to this flag has no effect.

At initial reset, this flag is indeterminate.

ENISOR1: ISOR1 monitor output enable register (FF2DH+D3)
ENISOR2: ISOR2 monitor output enable register (FFO9H+D2)
ENISOR3: ISOR3 monitor output enable register (FFO9H+D3)
Control the ISOR1 to ISOR3 signal outputs.

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

The ISOR1, ISOR2 and ISORS3 flag signals can be output to outside the IC from the P23, P31 and P30
ports, respectively. Before the signal can be output, fix the I/O control register (IOCxx) at "1" (output), the
data register (Pxx) at "0" and the pull-down control register (PULxx) at "0" (pull-down disabled). When
ENISORX is set to "1" under the conditions above, the ISORx signal is output from the Pxx terminal and
when it is set to "0", the Pxx terminal goes low (Vss) level.

At initial reset, these registers are set to "0".
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CLIM: Overcharge status register (FF2DH+D1)
Indicates recharging status in the solar recharging control circuit.

When "1" is read: Overcharged (limiter ON)
When "0" is read: Not overcharged (limiter OFF)
Writing: Invalid
This register allows monitoring of overcharging status in the solar recharging control circuit.
At initial reset, this register is set to "0".

ECLIM: CLIM monitor output enable register (FF2DH+D2)
Controls the CLIM signal output.

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

Before the CLIM signal can be output, fix the I/O control register (IOC32) at "1" (output), the data register
(P32) at "0" and the pull-down control register (PUL32) at "0" (pull-down disabled). When ECLIM is set to
"1" under the conditions above, the CLIM signal is output from the P32 terminal and when it is set to "0",
the P32 terminal goes low (Vss) level.

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

4.16.7 Programming notes

(1) The contents of timer processing and other control by software in quick start mode are forcibly
initialized in hardware every 16 seconds. Therefore, precise time management cannot be sustained in
quick start mode.

(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) Do not perform the software reset for peripheral circuits (FFOOH®DO0) during quick start mode (when
either ISOR2 or ISOR3 is set to "1").
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4.17 Interrupt and HALT

<Interrupt types>
The 51C63709 provides the following interrupt functions.

External interrupt: « Input interrupt (2 systems)
Internal interrupt: « Watchdog timer interrupt (NMI, 1 system)
« Solar interrupt (1 system)
« Programmable timer interrupt (3 systems)
« Serial interface interrupt (1 system)
» Motor interrupt (2 systems)
« Clock timer interrupt (7 systems)
 Stopwatch timer interrupt (4 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 4.17.1 shows the configuration of the interrupt circuit.

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

<HALT>

The S1C63709 has HALT functions that considerably reduce the current consumption when it is not
necessary.

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

In HALT status, the operation of the CPU is stopped and the clock supply to the CPU is stopped. How-
ever, timers continue counting since the oscillation circuit operates. Reactivating the CPU from HALT
status is done by generating a hardware interrupt request including NML
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Fig. 4.17.1 Configuration of the interrupt circuit
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4.17.1 Interrupt factor
Table 4.17.1.1 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.

Table4.17.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Solar (wakeup) ISORO  (FFFCHsDO)
Programmable timer 2 (counter = 0) IPT2 (FFF1H+D2)
Programmable timer 1 (counter = 0) IPT1 (FFF1H-D1)
Programmable timer O (counter = 0) IPTO (FFF1H-DO)
Serial interface (8-bit datainput/output completion) | ISIF (FFF2H+DO0)
K00-K 03 input (falling edge or rising edge) IKO (FFF3H+DO)
K10-K 13 input (falling edge or rising edge) IK1 (FFF4H-DO0)
Motor 1 (motor pulse counter = 0) ISMD1  (FFF8H+D1)
Motor 0 (motor pulse counter = 0) ISMDO  (FFF8H+DO0)
Clock timer 128 Hz (falling edge) IT6 (FFFOH+D2)
Clock timer 64 Hz (falling edge) ITS (FFFOH-D1)
Clock timer 16 Hz (falling edge) IT4 (FFF9H+DO)
Clock timer 1 Hz (falling edge) IT3 (FFF5H-D3)
Clock timer 2 Hz (falling edge) IT2 (FFF5H+D2)
Clock timer 8 Hz (falling edge) IT1 (FFF5H-D1)
Clock timer 32 Hz (falling edge) ITO (FFF5H+DO)
Stopwatch timer (direct RUN) IRUN  (FFF6H-D3)
Stopwatch timer (direct LAP) ILAP  (FFF6HsD2)
Stopwatch timer (1 Hz) ISW1  (FFF6H-D1)
Stopwatch timer (10 Hz) ISW10  (FFF6HsD0)

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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4.17.2 Interrupt mask

The interrupt factor flags can be masked by the corresponding interrupt mask registers.

The interrupt mask registers are read /write registers. They are enabled (interrupt authorized) when "1" is
written to them, and masked (interrupt inhibited) when "0" is written to them.

At initial reset, the interrupt mask register is reset to "0".

Table 4.17.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.17.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EISORO (FFECH-DO) | ISORO (FFFCH+DO0)
EIPT2 (FFE1H+D2) IPT2 (FFF1H<D2)
EIPT1 (FFE1H-D1) IPT1 (FFF1H-D1)
EIPTO (FFE1H+DO) IPTO (FFF1HDO)
EISIF (FFE2H-DO0) ISIF (FFF2HDO0)
EIKO (FFE3H+DO0) 1KO (FFF3H+DO)
EIK1 (FFE4HDO0) 1K1 (FFF4HDO)
EISMD1 (FFE8H+D1) ISMD1 (FFF8H+D1)
EISMDO (FFE8H+DO0) ISMDO (FFF8HDO)
EIT6 (FFE9QH-D2) IT6 (FFF9HD2)
EIT5 (FFE9H+D1) IT5 (FFF9HD1)
EIT4 (FFE9H-DO0) IT4 (FFF9H+DO)
EIT3 (FFE5H+D3) IT3 (FFF5HD3)
EIT2 (FFE5H+D2) T2 (FFF5HD2)
EIT1 (FFE5H+D1) IT1 (FFF5HD1)
EITO (FFE5H+DO0) ITO (FFF5H+DO)
EIRUN (FFE6H+D3) IRUN (FFF6HD3)
EILAP (FFE6H+D2) ILAP (FFF6HD2)
EISW1 (FFE6HD1) 1SwW1 (FFF6H+D1)
EISW10 (FFE6H+DO0) ISW10W10 (FFF6H+DO)

4.17.3 Interrupt vector

When an interrupt request is input to the CPU, the CPU begins interrupt processing. After the program
being executed is terminated, the interrupt processing is executed in the following order.

1 The content of the flag register is evacuated, then the I flag is reset.

2 The address data (value of program counter) of the program to be executed next is saved in the stack
area (RAM).

3 The interrupt request causes the value of the interrupt vector (0100H-010EH) to be set in the program
counter.

4 The program at the specified address is executed (execution of interrupt processing routine by
software).

Table 4.17.3.1 shows the correspondence of interrupt requests and interrupt vectors.

Table 4.17.3.1 Interrupt request and interrupt vectors

Interrupt vector Interrupt factor Priority
0100H Watchdog timer High
0102H  [Solar 4
0104H Programmable timer
0106H Serial interface
0108H KO, K1 inputs
010AH Motor
010CH Clock timer v
010EH Stopwatch timer Low

The four low-order bits of the program counter are indirectly addressed through the interrupt request.
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4.17.41/0 memory of interrupt
Tables 4.17.4.1 shows the I/O addresses and the control bits for controlling interrupts.
Table 4.17.4.1(a) Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO | Name | Init (L 1 0
SIK03 | SIK02 | SIKO1 | SIK0O SIK03 0 Enable D!sable
FF20H SIK02 |0} Enable | Disable | |\ o 03 nterrupt selection register
RIW SIK01 0 Enable | Disable P &
SIK00 0 Enable | Disable | |
KCP03 | KCPO2 | KCPO1 | KCPOO Egggg 2 % ?
FF22H i~ KCPOL 0 1 s K00—K 03 input comparison register
kepoo| o | b | F |
SIK13 | SIK12 | SIK11 | SIK10 SIK13 0 Enable D?sable
FF24H SIKL2 |0 Enable | Disable | |\ ), 13 nterrupt selection register
- SKIL | 0 | Enable | Disable P «
SIK10 0 Enable | Disable ||
0 EIPT2 | EIPT1 | EIPTO 0rs - Unused
FFE1H EIPT2 0 Enable | Mask | Interrupt mask register (Programmable timer 2)
R RIW EIPT1 0 Enable | Mask | Interrupt mask register (Programmable timer 1)
EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
3 -2
0 0 o |ese| ? Unused
008 _2 Unused
FFE2H
R RIW 008 -2 Unused
EISIF 0 Enable | Mask | Interrupt mask register (Seria I/F)
5] - n
0 0 o | exo g Y - ﬂnzz
FFE3H
R RIW 008 -2 Unused
EIKO 0 Enable | Mask | Interrupt mask register (K00—K03)
3 -2
0 0 o | Ext g g - 3:32
FFE4H
R RIW 008 -2 Unused
EIK1 0 Enable | Mask | Interrupt mask register (K10-K13)
ETs Em2 M1 EImo EIT3 0 Enable | Mask | Interrupt mask reg!ster (Clock t!mer 1Hz)
FEESH EIT2 0 Enable | Mask | Interrupt mask register (Clock timer 2 Hz)
RIW EIT1 0 Enable | Mask | Interrupt mask register (Clock timer 8 Hz)
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 32 Hz)
erun | e | Eiswr leiswio EIRUN 0 Enable | Mask | Interrupt mask regfster (Stopwatch df rect RUN)
FEE6H 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)
3 -2
0 o |esmoz|esvoo| ° Unused
FFESH 008 -2 Unused
R RIW EISMD1 0 Enable | Mask | Interrupt mask register (Motor driver 1)
EISMDO 0 Enable | Mask | Interrupt mask register (Motor driver 0)
3 -
0 EIT6 EIT5 EIT4 0 Unused ) .
FEEOH EIT6 0 Enable | Mask | Interrupt mask register (Clock timer 128 Hz)
R RIW EITS 0 Enable | Mask | Interrupt mask register (Clock timer 64 Hz)
EIT4 0 Enable | Mask | Interrupt mask register (Clock timer 16 Hz)
El - i
EISOR3 [ EISOR2 | EISOR1 | EISORO SOR3 0 ! 0 General-purpose reg!ster
FEECH EISOR2 0 1 0 General-purpose register
RIW EISOR1| 0 1 0 General-purpose register
EISORO| 0 Enable | Mask | Interrupt mask register (Solar wakeup)
3 -2
o |wer2 | wre | w0 | ° ® | ®) Unusd _
FEFLH IPT2 0 | Yes | No |[Interrupt factor flag (Programmable timer 2)
R RIW IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)
3 -
0 0 o s ] R | R) | Unused
FFF2H 0f8] ~f2} Yes | No_JUnused
R RIW 008 -2 (W) (W) | Unused
ISIF 0 Reset | Invalid | Interrupt factor flag (Serial I/F)

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

*3 Constantly "0" when being read
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Table 4.17.4.1(b) Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO |Name | Init | 1 0
3 -2
o Lol o %) on| Zo|ves | no|umees
FFF3H —— 1 | ol [ o]
R RIW 008 -2 (W) (W) | Unused
IKO 0 Reset | Invalid | Interrupt factor flag (KOO-K03)
0 0 0 KL 008 -2 (R) (R) | Unused
FFF4H 0f8] ~f2f Yes | No_JUnused
R RAW 008 -2 (W) (W) | Unused
1K1 0 Reset | Invalid | Interrupt factor flag (K10-K13)
3 2 m o IT3 0 (R) (R) | Interrupt factor flag (Clock t! mer 1 Hz)
FEF5H IT2 0 [ _Yes | No |lInterruptfactor flag (Clock timer 2 Hz)
RIW IT1 0 (W) (W) | Interrupt factor flag (Clock timer 8 Hz)
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 32 Hz)
run | e | iswr | iswio IRUN 0 (R) (R) | Interrupt factor flag (Stopwatch d! rect RUN)
FEFGH ILAP 0 | Yes | No |[Interrupt factor 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)
008 -2 (R) (R) | Unused
. 0 0 [ismpLjismoo| o | Yes | No |unused
R RIW ISMD1 0 (W) (W) | Interrupt factor flag (Motor driver 1)
ISMDO 0 Reset | Invalid | Interrupt factor flag (Motor driver 0)
0 me | ms | T4 0 -1 ® | R Unused _
FEF9H IT6 0 [ _Yes | No |lInterruptfactor flag (Clock timer 128 Hz)
R RIW IT5 0 (W) (W) | Interrupt factor flag (Clock timer 64 Hz)
IT4 0 Reset | Invalid | Interrupt factor flag (Clock timer 16 Hz)
ISOR3 - [2 |Pre Q start| Normal | Quick start mode flag 1
ISOR3 | ISOR2 | ISOR1 [ ISORO | |50R2 — [2 |Quick start| Normal | Quick start mode flag 2
FFFCH ISOR1 - [2 | Charge |Not charged| Recharging flag
R rRw | ISORO 0 (R)Yes | (R)No | Interrupt factor flag (Solar wakeup)
(W)Reset |(W)Invalid

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

EISORO: Interrupt mask register (FFECH<DO)
ISORO: Interrupt factor flag (FFFCH<DO)
Refer to Section 4.16, "Solar Function".

EIPT2, EIPT1, EIPTO: Interrupt mask registers (FFE1H-D2, D1, DO)
IPT2, IPT1, IPTO: Interrupt factor flags (FFF1H<D2, D1, DO)
Refer to Section 4.9, "Programmable Timer".

EISIF: Interrupt mask register (FFE2H+DO)
ISIF: Interrupt factor flag (FFF2H+DO)
Refer to Section 4.10, "Serial Interface".

KCP03-KCPO0O: Input comparison registers (FF22H)
SIK03-SIK00, SIK13-SIK10: Interrupt selection registers (FF20H, FF24H)
EIKO, EIK1: Interrupt mask registers (FFE3H<DO, FFE4H+=D0)
IKO, IK1: Interrupt factor flags (FFF3H+DO, FFF4H<DO)
Refer to Section 4.4, "Input Ports".

EISMD1, EISMDO: Interrupt mask registers (FFE8H+D1, DO0)
ISMD1, ISMDO: Interrupt factor flags (FFF8H<D1, DO0)
Refer to Section 4.12, "Motor Control Circuit".

EIT6-EIT4, EIT3-EITO: Interrupt mask registers (FFE9H*D2-DO0, FFE5H)
IT6-IT4, IT3-ITO: Interrupt factor flags (FFF9HD2-DO, FFF5H)
Refer to Section 4.7, "Clock Timer".

EIRUN, EILAP, EISW1, EISW10: Interrupt mask registers (FFE6H)
IRUN, ILAP, ISW1, ISW10: Interrupt factor flags (FFF6H)
Refer to Section 4.8, "Stopwatch Timer".
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4.17.5 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 RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

(3) After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SP2 in the initialize routine. Further,
when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of them is set, all
the interrupts including NMI are masked and interrupts cannot be accepted until the other one is set.
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CHAPTER S5 SUMMARY OF NOTES

5.1 Notesfor Low Current Consumption

The S1C63709 contains control registers for each of the circuits so that current consumption can be

reduced.

These control registers reduce the current consumption through programs that operate the circuits at the

minimum levels.

The following lists the circuits that can control operation and their control registers. Refer to these when

programming.

Table5.1.1 Circuits and control registers

Circuit (and item)

Control register

CPU HALT instruction
CPU operating frequency CLKCHG, OscC
LCD system voltage circuit LPWR

SVD circuit SVDON

Heavy load protection HVLDON

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")

LCD system voltage circuit: Off status (LPWR ="0")
SVD circuit: Off status (SVDON = "0")
Heavy load protection: Off status (HVLDON = "0")
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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
03FFH and the range of SP2 is 0000H to 00FFH. Therefore, pay attention to the SP1 value because it
may be set to 0200H or more exceeding the 4-bit/16-bit accessible range in the S1C63709 or it may be
set to 00OFFH 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 includ-
ing NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must be
done as a pair.

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

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

Oscillation circuit

(1) It takes at least 5 msec from the time the OSC3 oscillation circuit goes on until the oscillation stabi-
lizes. Consequently, when switching the CPU operation clock from OSC1 to OSC3, do this after a
minimum of 5 msec have elapsed since the OSC3 oscillation went on.
Further, the oscillation stabilization time varies depending on the external oscillator characteristics
and conditions of use, so allow ample margin when setting the wait time.

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

(8) The quick start mode prohibits the use of the OSC3 clock.

Input port

(1) When input ports are changed from high to low by pull-down resistors, 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 ports, set an appropriate waiting time. Particular care needs to be taken of the
key scan during key matrix configuration. Make this waiting time the amount of time or more calcu-
lated by the following expression.
10xC xR C: terminal capacitance 5 pF + parasitic capacitance ? pF

R: pull-down resistance 300 kQ (Max.)

(2) Input interrupt programming related precautions
When using an input interrupt, if you rewrite the content of the interrupt selection register, when the
value of the input terminal which becomes the interrupt input is in active status, the factor flag for
input interrupt may be set.
Therefore, when using the input interrupt, the active status of the input terminal implies
input terminal = low status, when the falling edge interrupt is effected and
input terminal = high status, when the rising edge interrupt is effected.
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Port KO input

Active status Active status
Input comparison |
register Falling edge interrupt Rising edge interrupt
Interrupt selection
P eaister — | . . 1 .
gister ? ? ? ? ?
@® Factor flag set Not set @ Factor flag set

When the content of the interrupt selection register is rewritten while the port KO input is in the
active status, the input interrupt factor flags are set at ® and @, @ being the interrupt due to the
falling edge and @ the interrupt due to the rising edge.

Fig. 5.2.1 Input interrupt timing

When an interrupt is triggered at the falling edge of an input terminal, a factor flag is set with the
timing of @ shown in Figure 5.2.1. However, when clearing the content of the interrupt selection
register with the input terminal kept in the low status and then setting it, the factor flag of the input
interrupt is again set at the timing that has been set.

Consequently, when the input terminal is in active status (low status), do not rewrite the interrupt
selection register (clearing, then setting the interrupt selection register), so that a factor flag will only
set at the falling edge in this case. When clearing, then setting the interrupt selection register, set the
interrupt selection register, when the input terminal is not in active status (high status).

When an interrupt is triggered at the rising edge of the input terminal, a factor flag will be set at the
timing of @ shown in Figure 5.2.1. In this case, when the interrupt selection registers cleared, then set,
you should set the interrupt selection register, when the input terminal is in low status.

In addition, when the interrupt selection register = "1" and the content of the input comparison
register is rewritten in input terminal active status, an input interrupt factor flag may be set. Thus,
you should rewrite the content of the input comparison register in the interrupt selection register = "0"
status.

The same applies to the K12 and K13 ports when the input sampling circuit is off. When the input
terminal is in active status (high status), do not rewrite the interrupt selection register (clearing, then
setting the interrupt selection register).

1/0 port

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

10xC xR C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull-down resistance 300 kQ (Max.)

(2) The data register, I/O control register and pull-down control register are effective even if the Pxx is
used for special output. To prevent the occurrence of undesired terminal conditions, do not change
the register values after setting the data register (Pxx) to "0", the I/O control register IOCxx) to "1",
and the pull-down control register (PULxx) to "0".

(3) Ahazard may occur when the FOUT, TOUT or F16HZ signal is turned on and off.
(4) When foscs is selected for the FOUT signal frequency, it is necessary to control the OSC3 oscillation

circuit before output. Refer to Section 4.3, "Oscillation Circuit", for the control and notes.

LCD driver
Because at initial reset, the contents of display memory are undefined and LC3-LCO (LCD contrast) is
set to 0000B, there is need to initialize by the software. Furthermore, take care of the registers LPWR
and ALOFF because these are set so that the display goes off.
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Clock timer
Be sure to read timer data in the order of low-order data (TM0-TM3) then high-order data (TM4-
T™M?).

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.

Programmable timer

(1) When reading counter data, be sure to read the low-order 4 bits (PTDx0-PTDx3) first. Furthermore,
the high-order 4 bits (PTDx4-PTDx7) should be read within 0.73 msec (when fosc1 is 32.768 kHz) of
reading the low-order 4 bits (PTDx0-PTDx3).

(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.

Figure 5.2.2 shows the timing chart for the RUN/STOP control.

Input clock

PTRUNx (RD) __|

"1" (RUN) "0" (STOP)
PTRUNX (WR) ¥ writing [V writing

PTDx0-PTDx7 __ 42H  J41HJ40H)3FH)3EH) 3DH
Fig. 5.2.2 Timing chart for RUN/STOP control

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

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

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

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

—» D) -

Input clock } } } l } I

Counter data —
(Col;ﬁnuousmode) 03H J o2H [ otH ) ooH 24H | (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).

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-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 OSC3 is
used as the clock source of the programmable timer or in the slave mode.

Sound generator

(1) When using the P40 port as the BZ output port, fix the I/O control register (I0C40) at "1" (output),
data register (P40) at "0" and the pull-down control register (PUL40) at "0" (pull-down disabled).

(2) 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.

(3) 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").

Motor control circuit

(1) Motor driver 0 supports two drive methods (fast-feed drive for normal/reverse rotation and fixed
drive), with different control registers used for the respective drive methods. Please exercise caution
regarding control to prevent the output of different drive waveforms at the same time.

(2) To abort fast-feed drive, be sure to temporarily stop it (by setting MXENM = "0") before clearing the
motor pulse counter. Clearing this counter during drive may cause the motor driver to operate
erratically.

(3) If the sum total of fast-feed drive pulses (P1 + Pr, G1 + G2 + G3 + Gr) exceeds the motor clock period,
the motor driver will not operate normally. Always make sure the said sum total is less than the motor
clock period.

(4) If the sum total of the P1 and Pr pulses exceeds the motor clock cycle, the Pr pulse output is forcibly
terminated before the next motor clock output is started. In this case, a hazard may occur on the
waveform at forced termination of the Pr pulse output. Therefore, always be sure that said sum total
is less than the motor clock cycle.

The table below shows the actual P1 and Pr output period (or the time from start of the pulse output
until the Pr pulse output is terminated) when the setting of the P1 and Pr pulses exceeds the motor
clock cycle.

Table 5.2.1 Drive pulse output period when Pr pulseis forcibly terminated

Motor clock | Forced terminating conditions | Drive pulse output period
128 Hz [P1+Pr] > 7.324 msec 7.568 msec
85.3 Hz [P1+Pr] > 11.230 msec 11.475 msec
64 Hz [P1+Pr] > 15.137 msec 15.381 msec
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(5) It is prohibited to use the 128-Hz motor clock for fast-feed drive at reverse rotation. Even if fast-feed
drive at reverse rotation is attempted with the 128-Hz motor clock selected, the motor driver will be
unable to perform fast-feed drive normally.

(6) Do not change the pulse width, number of pulses, or duty cycle when the motor driver is outputting
drive pulses. Changing these parameters during pulse output may cause the motor driver to operate
erratically.

Theoretical regulation function
(1) Caution is required since executing theoretical regulation during drive pulse output by the motor
driver may change the pulse width.

(2) When "1" is written to VCWON, the theoretical regulation starts synchronously with the first falling
edge of the 512XM signal after the 64-Hz signal goes low. Therefore, there is a delay of up to 16.6 msec
before theoretical regulation actually starts. Writing "1" to VCWON in this period is ineffective, so to
write "1" to VCWON successively, an interval at least 16.6 msec is necessary between writings.

(38) Make sure that the CPU is operating with the OSC1 clock before reading an amount of correction from
the K20-K23 and K30 ports.

SVD circuit
(1) To obtain a stable detection result, the SVD circuit must be on for at least 1 msec. So, to obtain the SVD
detection result, follow the programming sequence below.
1. Set SVDON to "1"
2. Maintain for 1 msec minimum
3. Set SVDON to "0"
4. Read SVDDT

(2) The SVD circuit should normally be turned off because SVD operation increase current consumption.

(3) Eight detection voltages must be selected from addresses FF50H-FF55H for each of the 1.5 V and 3.0
V systems. The SVD circuit may not work normally if eight voltages are not selected (e.g., seven or ten
voltages are selected).

Heavy load protection mode
In the heavy load protection mode, more current is consumed than in the normal mode. Unless
necessary, do not select the heavy load protection mode with the software.

Solar function

(1) The contents of timer processing and other control by software in quick start mode are forcibly
initialized in hardware every 16 seconds. Therefore, precise time management cannot be sustained in
quick start mode.

(2) Do not perform the software reset for peripheral circuits (FFOOH®DO0) during quick start mode (when
either ISOR2 or ISOR3 is set to "1").

Interrupt
(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt
mask registers are set to "0".

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

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

<Oscillation Circuit>

Oscillation characteristics change depending on conditions (board pattern, components used, etc.).
In particular, when a ceramic oscillator or crystal oscillator is used, use the oscillator manufacturer's
recommended values for constants such as capacitance and resistance.

Disturbances of the oscillation clock due to noise may cause a malfunction. Consider the following
points to prevent this:

(1) Components which are connected to the OSC1, OSC2, OSC3 and Sample Vss pattern (OSC3)
OSC4 terminals, such as oscillators, resistors and capacitors, should
be connected in the shortest line.

(2) As shown in the right hand figure, make a Vss pattern as large as osc4
possible at circumscription of the OSC1, OSC2, OSC3 and OSC4 < 0SC3
terminals and the components connected to these terminals.

Furthermore, do not use this Vss pattern for any purpose other than [:gss

the oscillation system.

In order to prevent unstable operation of the oscillation circuit due to current leak between OSC1/
OSC3 and VDD, please keep enough distance between OSC1/0OSC3 and VDD or other signals on the
board pattern.

<Reset Circuit>

The power-on reset signal which is input to the RESET terminal changes depending on conditions
(power rise time, components used, board pattern, etc.).

Decide the time constant of the capacitor and resistor after enough tests have been completed with the
application product. When using the built-in pull-down resistor of the RESET terminal, take into
consideration dispersion of the resistance for setting the constant.

In order to prevent any occurrences of unnecessary resetting caused by noise during operating,
components such as capacitors and resistors should be connected to the RESET terminal in the
shortest line.

<Power Supply Circuit>

Sudden power supply variation due to noise may cause malfunction. Consider the following points to
prevent this:

(1) The power supply should be connected to the VDD and Vss 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, VOsc and Vc1-Vc3 terminals, such as capacitors,
should be connected in the shortest line.
In particular, the VC1-V3 voltages affect the display quality.

Do not connect anything to the Vc1-Vc3 terminals when the LCD driver is not used.
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<Arrangement of Signal Lines>
@ 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.

® 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.

Prohibited pattern example

T4
e

T -

{Vss

0SC4

0OSC3

Large current signal line
High-speed signal line

<Precautions for Visible Radiation (when bare chip is mounted)>

@ Visible radiation causes semiconductor devices to change the electrical characteristics. It may cause
this IC to malfunction. When developing products which use this IC, consider the following precau-
tions to prevent malfunctions caused by visible radiations.

(1) Design the product and implement the IC on the board so that it is shielded from visible radiation
in actual use.

(2) The inspection process of the product needs an environment that shields the IC from visible
radiation.

(3) As well as the face of the IC, shield the back and side too.
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CHAPTER 6: BASIC EXTERNAL WIRING DIAGRAM

CcHAPTER 6 Basic ExTERNAL WIRING DI1AGRAM

(1) When a primary cell is used

Input

I/10

LCD panel 64 x8

K00-K03
K10-K13
K20-K23
K30

P00-P03
P10 (SIN)
P11 (SOUT)
P12 (SCLK)
P13 (SRDY)
P20 (TOUT)
P21 (SVDDT)
P22 (VCWON)
P23 (ISOR1)
P30 (ISOR3)
P31 (ISOR2)
P32 (CLIM)
P33 (F16HZ)
P41 (FOUT)

P40 (BZ)

SLRA
SLRC

VTKP

VDD

RESET

CA
CB
VD1
Vosc
Vi1
Vca
\ex}
OSCH1

S1C63709

[The potential of the substrate
(back of the chip) is Vss.]

0SsC2
0OSC3
0SC4

TEST
Vss

001
002
o11
012

L
Cp

5 21v*4

3.6V

) ()
() ()

X'tal Crystal oscillator 32.768 kHz, Ci(Max.) = 35 kQ, CL(Typ.) = 6 pF | *L: Ceramic oscillation

cax Trimmer capacitor 0-20 pF *2: CR oscillation (externd R)
- - *3: Ca regulation

CR Ceramic oscillator 4MHz (3.0V) +4: 1,036V when OSC3

Cac Gate capacitor 30 pF isnot used or OSC3 CR

Cbc Drain capacitor 30 pF oscillation (built-in R)

RcRr Resistor for OSC3 CR oscillation | 75kQ (1.1 MHZ) is used

C1—Cs | Capacitor 0.2 pF

Ccp Capacitor 3.3uF

CREs |RESET terminal capacitor 0.1uF

Note: The above table is simply an example, and is not guaranteed to work.
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(2) When a solar cell is used

Input

1/0

CHAPTER 6: BASIC EXTERNAL WIRING DIAGRAM

LCD panel 64x8

K00-K03
K10-K13
K20-K23
K30

P00-P03
P10 (SIN)
P11 (SOUT)
P12 (SCLK)
P13 (SRDY)
P20 (TOUT)
P21 (SVDDT)
P22 (VCWON)
P23 (ISOR1)
P30 (ISOR3)
P31 (ISOR2)
P32 (CLIM)
P33 (F16HZ)
P41 (FOUT)

P40 (BZ)

S1C63709

[The potential of the substrate
(back of the chip) is Vss.]

001
002
O11
012

SLRA
SLRC

VTKP

VDD

RESET

CA
CB
VD1
Vosc
Vi
Vca
\ex}
0OSC1

0Ssc2

0OSC3

0Sc4

TEST
Vss

[©)
? Solar cell
©

74
Cp

T cell

) ()
() ()

«1: Ceramic oscillation

x2: CR oscillation (external R)

*3: CG regulation

X'tal Crystal oscillator 32.768 kHz, Ci(Max.) = 35 kQ, CL(Typ.) =6 pF
Cax Trimmer capacitor 0-20 pF

CR Ceramic oscillator 4MHz (3.0V)

Cae Gate capacitor 30 pF

Cbc Drain capacitor 30 pF

RcRr Resistor for OSC3 CR oscillation |75 kQ (1.1 MH2z)

C1—Ce |Capacitor 0.2 uF

cp Capacitor 4.7 uF

CREs |RESET terminal capacitor 0.1uF

Note: The above table is simply an example, and is not guaranteed to work.

_| Secondary
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

CcHAPTER / ELEcCTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

(Vss=0V)
ltem Symbol Rated value Unit
Supply voltage VDD -0.5t04.5 \
Input voltage (1) Vi -0.5to VoD + 0.3 \
Input voltage (2) Viosc -0.5to Vb1 + 0.3 \
Permissible total output current *1 | Zlvpbp 10 mA
Operating temperature Topr -20to 70 °C
Storage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
Permissible dissipation *2 Pp 250 mwW

*1 The permissible total output current isthe sum total of the current (average current) that simultaneously flows from the

output pin (or isdrawn in).

*2 |n case of plastic package (QFP20-144pin).

7.2 Recommended Operating Conditions

(Ta=-20to 70°C)

Item Symbol Condition Min. Typ. | Max. |Unit
Supply voltage VDpD Vss=0V |when OSC3 isnot used 1.0+ 3.6 \
when OSC3 is used, 260kHz (Max.) 1.0*1 3.6 \
when OSC3 is used, 4.2MHz (Max.) 21 3.6 \Y
Oscillation frequency fosc1 | Crystal oscillation - 32.768 - kHz
fosca |CR oscillation (built-in R), Vbp=1.0to 3.6V 140 200 260 | kHz
CR oscillation (externa R), Vbp=2.11t0 3.6V 200 | 1,200 | 2,200 | kHz
Ceramic oscillation, Vpbp=2.1to 3.6V 4,200 | kHz
*1 2.1V when internal power supply (Vc2 regulator) is selected as the power supply for driving the LCD.
7.3 DC Characteristics
Unless otherwise specified:
Vbp=3.0V, Vss=0V, fosc1=32.768kHz, Ta=25°C, Vp1/Vci1-Vcs are internal voltage, C1—Ce=0.2uF
Item Symbol Condition Min. | Typ. | Max. |Unit
High level input voltage (1) ViH1 Kxx, Pxx 0.8-VbD Vop | V
High level input voltage (2) ViH2 RESET, TEST 0.9-VbD Vop | V
Low level input voltage (1) ViLl Kxx, Pxx 0 0.2Vop| V
Low level input voltage (2) ViL2 RESET, TEST 0 0.1Vobp| V
High level input current (1) l1H1 VIH1=3.0V Kxx, Pxx, RESET, TEST 0 05 | pA
No pull down
High level input current (2) liH2 ViH2=3.0V Kxx, Pxx, RESET, TEST 8 12 20 A
With pull down
Low level input current (1) liLt ViL1=Vss Kxx, Pxx, RESET, TEST -0.5 0 HA
No pull down
Low level input current (2) liL2 ViL2=Vss Kxx, Pxx, RESET, TEST -0.5 0 HA
With pull down
High level output current (1) loH1 VoH1=0.9:-VDbD Pxx -05 | mA
High level output current (2) loH2 VoH2=VpDp-0.05V | 001, 002, 011, 012 -0.8 | mA
Low level output current (1) loL1 VoL1=0.1-VpD Pxx 0.5 mA
Low level output current (2) loL2 VoL2=Vss+0.05V | 001, 002, O11, 012 0.8 mA
Common output current |0H3 VoH3=Vc3-0.05V | COM0O-7 -10 | pA
loLs VoL3=Vss+0.05V 10 A
Segment output current 10H4 VoH4=V3-0.05V | SEG0-63 -10 UA
(during LCD output) loL4 VoL4=Vss+0.05V 10 UA
Segment output current |0H5 VoH5=0.9-VDD SEG0-63 -150 | uA
(during DC output) loLs VoL5=0.1.VbD 150 A
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.4 Analog Circuit Characteristics and Power Current Consumption

Unless otherwise specified:
Vbb=3.0V, Vss=0V, fosc1=32.768kHz, Ta=25°C, Vb1/Vci—Vc3 are internal voltage, C1—Ce=0.2uF

Iltem Symbol Condition Min. Typ. Max. [ Unit

LCD drive voltage Vci Connect IMQ load resistor LC0-3="0" 1.07 \Y%
(when V1 regulator is between Vss and Vc1 LC0O-3="1" 1.10
sel ected) (without panel load) LCO-3="2" 1.13

LCO-3="3" 1.16

LCO-3="4" 1.19

LCO-3="5" 121

LCO-3="6" 1.23

LCO-3="7" Typ. 1.25 Typ.
LC0-3="8" |-100m 1.27 |+100mV

LC0-3="9" 1.29
LC0-3="10" 1.31
LCO-3="11" 1.33
LCO-3="12" 1.35
LC0-3="13" 137
LC0-3="14" 1.39
LC0O-3="15" 1.41
Vcz Connect 1M load resistor between Vss and Vcz 2:\Vci 2Vc1 | V
(without panel load) x0.9
Vc3 Connect IMQ load resistor between Vss and VVc3 3Vci 3Vci | V
(without panel 1oad) x0.9
LCD drive voltage Vci Connect IMQ load resistor between Vss and Vc1 1/2-Vc2 1/2NVc2| V
(when Vc2 regulator is (without panel 1oad) x0.95
sel ected) Vc2 Connect IMQ load resistor LC0O-3="0" 2.08 \Y
between Vss and Vc2 LCO-3="1" 2.14
(without panel 1oad) LC0-3="2" 2.20
LC0O-3="3" 2.26
LC0-3="4" 2.32
LCO-3="5" 2.38
LC0O-3="6" 2.44

LCO-3="7" | Typ. | 250 | Typ.
LC0-3="8" |-100mV| 256 |+100mV

LC0O-3="9" 2.60
LC0-3="10" 2.64
LC0-3="11" 2.68
LC0-3="12" 2.72
LC0O-3="13" 2.76
LC0-3="14" 2.80
LC0-3="15" 2.84
Vc3 Connect IMQ load resistor between Vss and Vc3 3/2:Vc2 3/2Vc2| V
(without panel |oad) x0.95
SVD voltage for 1.5V system|Vsvpis |S15V16="1" 1.60 \Y%
(SVDCHG ="0") %1 S15V15="1" (default) 1.50
S15V14="1" (default) 1.40
S15v135="1" 1.35
SI5V13="1" (default) Typ. | 130 | Typ.
S15V125="1" (default) -100mvV| 1.25 [+100mV
S15V12="1" (default) 1.20
S15V115="1" (default) 1.15
S15V11="1" (default) 1.10
S15V105="1" (default) 1.05
SVD voltage for 3.0 V system|Vsvpao [S3V27="1" (defauilt) 2.70 \%
(SVDCHG ="1") %1 S3v265="1" Typ. 2.65 Typ.
S3V26="1" (default) -100mVv| 2.60 |+100mV
S3va25="1" 2.50
S3vz4="1" 2.40
S3v235="1" Typ 2.35 Typ
S3v23="1" (default; . 2.30 |
33v225="1"( ) -60mV: 5 55 | Teomv
S3v22="1" 2.20
S3Vv21="1" (default) 2.10
S3V20="1" (default) 2.00
S3VIo="1" (defaull) Typ =790 | VP
SBVIs="T" (default) -100mV 55— +100mV
S3V17="1" (default) 1.70
SVD circuit response time tsvp 1 ms

#1 8 values only can be used for voltage detection.
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Unless otherwise specified:

Vbp=3.0V, Vss=0V, fosc1=32.768kHz, Ta=25°C, VVp1/Vci1-Vc3 are internal voltage, C1—Ce=0.2uF

Item Symbol Condition Min. Typ. | Max. |Unit

Current consumption IHALT1 [32kHz crystal, LCD OFF *1. %2 0.15 030 | uA
in HALT mode 32kHz crystal, LCD ON (Vc1 regulator) 1.2 1.10 140 | pA
(when theoretical regulationig 32kHz crystal, LCD ON (Vc2 regulator) *1. *2 0.90 1.20 | pA
selected) 32kHz crystal, LCD OFF *1.*3 025 | 070 | uA
32kHz crystal, LCD ON (Vc1 regulator) 1. *3 1.25 160 | uA

32kHz crystal, LCD ON (Vc2 regulator) *1.*3 1.05 135 | pA

Current consumption IHALT2 [32kHz crystal, LCD OFF *1. %2 0.25 0.45 | uA
in HALT mode 32kHz crystal, LCD ON (Vc1 regulator) 1.2 1.20 155 | uA
(when CG regulation is 32kHz crystal, LCD ON (Vc2 regulator) 1. *2 1.00 135 | pA
selected) 32kHz crystal, LCD OFF *1.*3 035 | 085 |uA
32kHz crystal, LCD ON (Vc1 regulator) 1. *3 1.35 175 | uA

32kHz crystal, LCD ON (Vcz regulator) *1. 3 115 | 150 | pA

Current consumption IExe  [32kHz crystal, LCD OFF *1. %2 2.3 26 | uA
in Run state 32kHz crystal, LCD ON *1.#2,#4 35 40 | uA
32kHz crystal, LCD OFF *1,#3 55 6.5 LA

32kHz crystal, LCD ON *1.#3,#4 6.7 8.0 UA

200kHz CR, LCD ON *1.%2 25 40 LA

1.1MHz CR, LCD ON #1,#3 600 750 | pA

2MHz ceramic, LCD ON *1.#3 650 900 | puA

4MHz ceramic, LCD ON *1.*3 950 1200 | uA

SVD circuit current IsvD During voltage detection, Vbp=1.0 to 3.6V 2.0 3.0 A

+1 No panel load. When the SVD circuit and motor driver are OFF

2 When CR (built-in R type) is selected for the OSC3 oscillation circuit by mask option
*3 When CR (external R type) is selected for the OSC3 oscillation circuit by mask option
x4 \When theoretical regulation and Vcz1 regulator are selected by mask option
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.5 Oscillation Characteristics

The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Use the following characteristics as reference values.

OSC1 crystal oscillation circuit (when theoretical regulation is selected)

Unless otherwise specified:
Vbobp=1.0t0 3.6V, Vss=0V, fosc1=32.768kHz, Cc=Cp=built-in, Ta=-20 to 70°C

Item Symbol Condition Min. | Typ. | Max. |Unit
Oscillation start voltage Vsta  |tsta<3sec (Vbp) 1.0 Vv
Oscillation stop voltage Vstp  |tstp<10sec (Vob) 1.0 \Y
Built-in capacitance (gate) Cc Including the parasitic capacitance inside the IC (in chip) 12 pF
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the IC (in chip) 8 pF
Freguency/voltage deviation |df/dV  |Vpp=1.0to 3.6V 5 ppm
Frequency/IC deviation of/0IC -10 10 |ppm
Harmonic oscillation start voltage | Vhho 3.6 \
Permitted leak resistance Riezk | Between OSC1 and Vss 200 MQ

OSC1 crystal oscillation circuit (when Cac regulation is selected)

Unless otherwise specified:
Vobp=1.0t0 3.6V, Vss=0V, fosc1=32.768kHz, Cc=Cp=built-in, Ta=-20 to 70°C

Item Symbol Condition Min. | Typ. | Max. |Unit
Oscillation start voltage Vsta  |tsta<3sec (Vbp) 1.0 Vv
Oscillation stop voltage Vstp  |tstp<10sec (Vob) 1.0 \Y
Built-in capacitance (drain) |Cp Including the parasitic capacitance inside the IC (in chip) 8 pF
Frequency/voltage deviation |df/0V  |Vpp=1.0to 3.6V 5 ppm
Freguency/IC deviation Jf/oIC -10 10 |ppm
Frequency adjustment range |df/dCc |Cc=0 to 20pF 10 20 ppm
Harmonic oscillation start voltage | Vhho 3.6 \
Permitted leak resistance Rieak Between OSC1 and Vss 200 MQ

OSC3 ceramic oscillation circuit

Unless otherwise specified:
Vpp=2.110 3.6V, Vss=0V, Ceramic oscillator: 4MHz, Ccc=Cpc=30pF, Ta=-20 to 70°C

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation start voltage Vsta |[(VDD) 21 \
Oscillation start time tsta Vpp=2.1t0 3.6V 5 ms
Oscillation stop voltage Vstp (VoD) 2.1 \

OSC3 CR oscillation circuit (built-in R type)

Unless otherwise specified:
Vbp=1.0t0 3.6V, Vss=0V, Rcr=Built in, Ta=-20 to 70°C

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation frequency dispersion |foscs -30 | 200kHz | 30 %
Oscillation start voltage Vsta |(VDD) 1.0 \
Oscillation start time tsta Vop=1.0to 3.6V 3 ms
Oscillation stop voltage Vstp (VDD) 1.0 V

OSC3 CR oscillation circuit (external R type)

Unless otherwise specified:
Vbp=2.11t0 3.6V, Vss=0V, Rcr=75kQ (1.1MHz), Ta=-20to 70°C

Item Symbol Condition Min. Typ. | Max. |Unit
Oscillation frequency dispersion |foscs -30 30 %
Oscillation start voltage Vsta |(VDD) 2.1 V
Oscillation start time tsta Vpp=2.1t0 3.6V 3 ms
Oscillation stop voltage Vstp (VDD) 2.1 V
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OSC3 CR oscillation frequency-resistance characteristic (external R type)

The oscillation characteristics change depending on the conditions (components used, board pattern,
etc.). Use the following characteristics as reference values and evaluate the characteristics on the actual
product.

10000
— Vbbb =2.1-3.6V |
E Ta = 2500 -
= T [
- yp. value
(6]
n
ke]
>
[$)
c
5 \
g 1000 N
=
S
k5]
S
7]
[}
o
(@)
100
0 100 200 300 400 500

Resistor value for CR oscillation Rcr [k<2]
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7.6 Solar Control Circuit Characteristics

CHAPTER 7: ELECTRICAL CHARACTERISTICS

Unless otherwise specified:

Vbp=3.0V, Vss=0V, fosc1=32.768kHz, Ta=25°C, Vp1/Vci1-Vc3 are internal voltage, C1—Ce=0.2uF

Item Symbol Condition Min. Typ. | Max. |Unit
Quick start negation voltage |Von VTKP voltage Typ. 10 Typ. | V
-80mV +80mV
Limiter ON voltage Vum  |VTKPvoltage 2.1 \%
(selected by mask option) 25
2.6
Typ. 27 Typ.
-80mv | 2.8 [+80mV
2.9
3.0
31
32
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7.7 Serial Interface AC Characteristics

Clock synchronous master mode
* During 32 kHz operation
Condition: Vpbp=1.0to 3.6V, Vss=0V, Ta=-20 to 70°C, VIH1=0.8V DD, VIL1=0.2V DD, VoH=0.8VDD, VoL=0.2VDD

ltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tsmd 5 us
Receiving data input set-up time tsms 10 us
Receiving datainput hold time tsmh 5 us

During 1 MHz operation
Condition: Vpbp=2.1to 3.6V, Vss=0V, Ta=25°C, V1H1=0.8VDD, VIL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD

Item Symbol Min. Typ. Max. Unit
Transmitting data output delay time tsmd 200 ns
Receiving data input set-up time tsms 400 ns
Receiving data input hold time tsmh 200 ns

Note that the maximum clock frequency islimited to 1 MHz.

Clock synchronous slave mode
* During 32 kHz operation
Condition: Vpbp=1.0to 3.6V, Vss=0V, Ta=-20 to 70°C, VIH1=0.8V DD, ViL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD

Item Symbol Min. Typ. Max. Unit
Transmitting data output delay time tssd 10 us
Receiving data input set-up time sss 10 us
Receiving data input hold time tssh 5 us

During 1 MHz operation
Condition: Vpbp=2.1to 3.6V, Vss=0V, Ta=25°C, VI1H1=0.8VDD, VIL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD

Iltem Symbol Min. Typ. Max. Unit
Transmitting data output delay time tssd 500 ns
Receiving data input set-up time Isss 400 ns
Receiving datainput hold time tssh 200 ns

Note that the maximum clock frequency is limited to 1 MHz.

<Master mode>
Vi
scLKoUuT "/ VoL
[
tsmd
VOH—/—
Sout VoL X— ><
Tsmsr tsmh "
VIH1 — —
SIN ViL1 — —

<Slave mode>

VIH1
SCLK IN / ViL1 / \
-

tssd
souT Vor X X
‘tss: b tssh g
SN W ]

180 EPSON S1C63709 TECHNICAL MANUAL



CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.8 Characteristics Curves (reference value)

LCD drive voltage - power supply voltage characteristic (Vci1 regulator)

Ta =25°C, Typ. value

5.0
4.5
LC3-0=FH
4.0 //
3.5
> / LC3-0=0H
= ya
§ 3.0

Oy /
2.5

2.0

1.5

1.0
1.0 1.5 2.0 2.5 3.0 3.5 4.0

VoD [V]

LCD drive voltage - power supply voltage characteristic (Vcz regulator)

50 Ta = 25°C, Typ. value

4.5

LC3-0=FH

4.0

\

3.5

e LC3-0 =0H

3.0

Ves [V]

\

25

2.0

1.5

1.0
20 22 24 26 28 30 32 34 36 38 40

VoD [V]
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CHAPTER 8 PACKAGE

8.1 Plastic Package

QFP20-144pin

1.7max

(Unit: mm)
2010.4
2010.1
108 73
MDA nnnnaanpnnnnnpnonrananarr
109 72
= E
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g INDEX %
1445 =37
1HHHHHHHHHHHH ToooromoooT HHHHHHHH%HG—,
05 0.2%8s
g
= , 0.125%06%
awmlilililllillilllalalatalallil . 0°
p 10°
e 0.50.2

1

The dimensions are subject to change without notice.
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8.2 Ceramic Package for Test Samples

QFP17-144pin
(Unit: mm)
22.00£0.25

19.20+0.19
108 73
[
109

19.20+0.19
22.00£0.25
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CHAPTER 9 PaD LAyouTt

9.1 Diagram of Pad Layout
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5.64 mm

Chip thickness: 400 pm
Pad opening: 90 pm
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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 No. |Pad name| X Y
1 | COMO 2.009 | 2568 | 33 | SEG32 -2.688 | 1.790 | 65 | COM4 -1.570 | -2.568 | 98 | SEGO 2.688 | -1.790
2 | CcOM1 1.899 | 2568 | 34 | SEG33 -2.688 | 1.675 | 66 | COM5 -1.460 | -2.568 | 99 | SEG1 2.688 | -1.675
3 | COM2 1.788 | 2.568 | 35 | SEG34 -2688 | 1559 | 67 | COM6 -1.349 | -2.568 | 100 | SEG2 2.688 | -1.559
4 | COM3 1.678 | 2568 | 36 | SEG35 -2.688 | 1.444 | 68 | COM7 -1.239 | -2.568 | 101 | SEG3 2.688 | -1.444
5 |CA 1568 | 2.568 | 37 | SEG36 -2688 | 1.328 | 69 | P41 -1.129 | -2.568 | 102 | SEG4 2.688 | -1.328
6 |CB 1.458 | 2.568 | 38 | SEG37 -2.688 | 1.213 | 70 | P40 -1.019 | -2.568 | 103 | SEG5 2.688 | -1.213
7 | Va 1.347 | 2568 | 39 | SEG38 -2.688 | 1.097 | 71 | P33 -0.908 | -2.568 | 104 | SEG6 2.688 | -1.097
8 | Ve2 1.237 | 2568 | 40 | SEG39 -2688 | 0982 | 72 | P32 -0.798 | -2.568 | 105 | SEG7 2.688 | -0.982
9 | Vc3 1.127 | 2568 | 41 | SEG40 -2.688 | 0.866 | 73 | P31 -0.688 | -2.568 | 106 | SEG8 2.688 | -0.866
10 | Vobp 1.017 | 2568 | 42 | SEG41 -2688 | 0.751 | 74 | P30 -0.578 | -2.568 | 107 | SEG9 2.688 | -0.751
11 | Vosc 0.906 | 2568 | 43 | SEG42 -2688 | 0635 | 75 | P23 -0.467 | -2.568 | 108 | SEG10 2.688 | -0.635
12 | OsC1 0.796 | 2568 | 44 | SEG43 -2.688 | 0520 | 76 | P22 -0.357 | -2.568 | 109 | SEG11 2.688 | -0.520
13 | Osc2 0.686 | 2568 | 45 | SEG44 -2.688 | 0404 | 77 | P21 -0.247 | -2.568 | 110 | SEG12 2.688 | -0.404
14 | Vb1 0.576 | 2568 | 46 | SEG45 -2.688 | 0.289 | 78 | P20 -0.137 | -2.568 | 111 | SEG13 2.688 | -0.289
15 | OSC3 0.465 | 2.568 | 47 | SEG46 -2688 | 0.173 | 79 | VpD -0.026 | -2.568 | 112 | SEG14 2.688 | -0.173
16 | OSc4 0.355 | 2.568 | 48 | SEG47 -2.688 | 0.058 | 80 | SLRA 0.084 | -2.568 | 113 | SEG15 2.688 | -0.058
17 | Vss 0.245 | 2568 | 49 | SEG48 -2.688 | -0.058 | 81 | VTKP 0.194 | -2.568 | 114 | SEG16 2.688 | 0.058
18 | TEST 0.135 | 2568 | 50 | SEG49 -2.688 | -0.173 | 82 | SLRC 0.305 | -2.568 | 115 | SEG17 2.688 | 0.173
19 | RESET 0.024 | 2568 | 51 | SEG50 -2.688 | -0.289 | 83 | Vss 0.415 | -2.568 | 116 | SEG18 2.688 | 0.289
20 | KOO -0.086 | 2568 | 52 | SEG51 -2.688 | -0.404 | 84 | VpD 0.525 | -2.568 | 117 | SEG19 2.688 | 0.404
21 | K01 -0.196 | 2.568 | 53 | SEG52 -2.688 | -0.520 | 85 | O01 0.635 | -2.568 | 118 | SEG20 2.688 | 0.520
22 | K02 -0.306 | 2.568 | 54 | SEG53 -2.688 | -0.635 | 86 | 002 0.746 | -2.568 | 119 | SEG21 2.688 | 0.635
23 | KO3 -0.417 | 2568 | 55 | SEG54 -2.688 | -0.751 | 87 | O11 0.856 | -2.568 | 120 | SEG22 2.688 | 0.751
24 | K10 -0.527 | 2568 | 56 | SEG55 -2.688 | -0.866 | 88 | 012 0.966 | -2.568 | 121 | SEG23 2.688 | 0.866
25 | K11 -0.637 | 2568 | 57 | SEG56 -2.688 | -0.982 | 89 | Vss 1.076 | -2.568 | 122 | SEG24 2.688 | 0.982
26 | K12 -0.747 | 2568 | 58 | SEG57 -2.688 | -1.097 | 90 | P13 1.187 | -2.568 | 123 | SEG25 2.688 | 1.097
27 | K13 -0.858 | 2.568 | 59 | SEG58 -2.688 | -1.213 | 91 | P12 1.297 | -2.568 | 124 | SEG26 2,688 | 1.213
28 | K20 -0.968 | 2568 | 60 | SEG59 -2.688 | -1.328 | 92 | P11 1.407 | -2.568 | 125 | SEG27 2.688 | 1.328
29 | K21 -1.078 | 2.568 | 61 | SEG60 -2.688 | -1.444 | 93 | P10 1517 | -2.568 | 126 | SEG28 2,688 | 1.444
30 | K22 -1.188 | 2568 | 62 | SEG61 -2.688 | -1.559 | 94 | PO3 1.628 | -2.568 | 127 | SEG29 2.688 | 1.559
31 | K23 -1.299 | 2568 | 63 | SEG62 -2.688 | -1.675 | 95 | P02 1.738 | -2.568 | 128 | SEG30 2.688 | 1.675
32 | K30 -1.409 | 2568 | 64 | SEG63 -2.688 | -1.790 | 96 | PO1 1.848 | -2.568 | 129 | SEG31 2.688 | 1.790
- - - - - - - - 97 | POO 1.958 | -2.568 | — - - -
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APPENDIX PERIPHERAL CirculT BoarDs FOrR S1C63709

This section describes how to use the Peripheral Circuit Boards for the S1C63709 (S5U1C63000P1
and S5U1C63709P2), which provide emulation functions when mounted on the debugging tool for the
51C63 Family of 4-bit single-chip microcomputers, the ICE (S5U1C63000H1/S5U1C63000H2).

This description of the S1C63 Family Peripheral Circuit Board (S5U1C63000P1) provided in this docu-
ment assumes that circuit data for the S1C63709 has already been downloaded to the board. For informa-
tion on downloading various circuit data, please see Section A.3. Please refer to the user’s manual
provided with your ICE for detailed information on its functions and method of use.

A.1 Names and Functions of Each Part

A.1.1 S5U1C63000P1

The S5U1C63000P1 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 S5U1C63000P1
board. Switches, sockets and other parts on the board are not used for development of an S1C63709
system if they are not explained below.
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(1) VLCD
When external LCD power supply has been selected by mask option, you can turn this control to
adjust the LCD drive power supply voltage.

(2) Register monitor LEDs
These LEDs correspond one-to-one to the registers, functions and signals listed below. The LED lights
or goes out according to their statuses.
e OSCC, CLKCHG, LPWR, SVDS0-SVDS2, SVDCHG, SVDON, HVLDON, and VCWON (register status)
Lit: register = "1", Not lit: register ="0"
* HVLD (heavy load protection function status)
Lit: heavy load protection on, Not lit: heavy load protection off
* SLRCPUPOFF (electricity generation signal status)
Lit: generated, Not lit: not generated (unused)
* PGDCGATE (recharging detection output signal status)
Lit: output, Not lit: not output
e TRIM (regulation repeat counts setting register TRIMO status)
Lit: register = "1", Not lit: register ="0"
* QUIRE (solar circuit's "reset in quick start mode" signal status)
Lit: output, Not lit: not output
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(3) Register monitor pins
These pins correspond one-to-one to the registers listed below. The pin outputs a high for logic "1"
and a low for logic "0".

Monitor LED @

Pin No. Name LED No. Name —

1 DONE * 1 DONE * % @ @
2 SVDSO 2 SVDSO 3 @ @
3 SvDSL 3 SvDSL 4] @

4 |svDs2 4 |svDs2 15 | @
5 |SVDCHG 5 |SvDCHG % ®
6 SVDON 6 SVDON 5

7 [LPWR 7 |LPWR 9] @
8 HVLDON 8 HVLDON 10| @

9 HVLD 9 HVLD 111 @
10  |[VCWON 10 |VCwON 112] @
11  [SLRCPUPOFF| 11  |SLRCPUPOFF %

12 |PGDCGATE 12 |PGDCGATE 15| ‘\
13 |TRIM 13 |TRIM 16]

14  |QUIRE 14  |QUIRE \ LED
15 |oscc 15 |oscc o

16 |CLKCHG 16 |CLKCHG Monitor pin

* DONE: The monitor pin outputs a high while the
LED lights when initialization of this board
completes without problems.

(4) 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.

(5) IOSEL2
When downloading circuit data, set IOSEL2 to the "E" position. Otherwise, set to the "D" position.

(6) 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 © <—Not used

the OSC3 oscillation circuit by mask option as well as when CR © <— Not used

oscillation is selected. The oscillation frequency can be adjusted in ~ [© <—0SC3 rough adjustment

the range of approx. 100 kHz to 8 MHz. Note that the actual IC ©  |«<—0SC3 fine adjustment

does not operate with all of these frequencies; refer to Chapter 7,

"Electrical Characteristics", to select the appropriate operating

frequency:.

Adjust the frequency before inserting the SSU1C63709P2 board.
(7) CR oscillation frequency monitor pins

These pins allow you to monitor the clock

waveform from the CR oscillation circuit with

an oscilloscope. Note that these pins always 0

output a signal waveform whether or not the RESET 000

oscillation circuit is operating. { 3 0SC3 monitor pin (red)
(8) RESET switch Not used

This switch initializes the internal circuits of GND pin (black)

this board and feeds a reset signal to the ICE.
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A.1.2 S5U1C63709P2

The S5U1C63709P2 board provides the functions of the S1C63709 motor and solar control circuits.
The following explains the names and functions of each part of the S5SU1C63709P2 board.

EllI'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'IIEI EllI'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'IIEI
(1) (2
Nmem
TP1 TP2
R [DETECTION EVDWAX]
‘ SW5
=) = @LED1
(5) 4)
! ! (6)
J0000000) |Booooo @
sSw2
® S R nE S0 e = e ®
CNB3 connector v CN1 connector v CN2 connector

v

(1) Power supply voltage select switch (SW1)

This switch is used to select 1.5 V or 3.3 V for the motor and solar power supply voltage. Note that the
power supply voltage of other internal circuits and the port interface voltage are fixed at 3.3 V.

Note: Be sure to turn all the connected equipment off before switching the power supply voltage using

Swi.

(2) 1.5V power supply voltage adjustment control (VR1)

This control is used to adjust the 1.5 V power supply voltage. Do not set
1.5V for this power supply voltage.

(3) 1.5V power supply voltage monitor pins (TP1,TP2)

any voltage level other than

TP1 and TP2 are the 1.5 V monitor pin and GND pin, respectively. Use these pins when adjusting the

1.5 V power supply voltage using the VR1 control.

(4) VTKP voltage detection select switch (SW2)

This jumper switch selects a signal used as the VTKP pin voltage detection results (VTKPDT). The
signal for which a jumper is installed is selected. Be sure to select one signal, and do not install two or
more jumpers. Table A.1.2.1 shows the relationship between the jumper switch and the signal.

Table A.1.2.1 SW2 setting

Jumper pin No. Signal used as VTKPDT
1-12 QUISMP  (quick start negation)
2-11 QLSMP (quick start negation + limiter ON)
3-10 LIMSMP  (limiter ON)
4-9 EXVTKPDT (externa input)
58 Fixed at HIGH
67 Fixed at LOW

This tool cannot generate the VIKP detection result signal (VTKPDT) used in the actual IC. Therefore,
the detection result judgment timing signals, QUISMP (quick start negation voltage detection timing),
QLSMP (quick start negation and limiter ON voltage detection timing), and LIMSMP (limiter ON
voltage detection timing), can be used as a substitute for the actual VTKPDT signal.
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In the actual IC, the VTKPDT signal goes high while the judgment timing signal is high when a
predefined or higher voltage is detected, or the VTKPDT signal goes low when less than the pre-
defined voltage is detected. In other words, selecting "QUISMP" or "Fixed at HIGH" makes a condi-
tion in which the quick start negation voltage or more has been detected from the VIKP pin. The
QLSMP and LIMSMP signals can also be used like this. Furthermore, this tool allows input of an
external signal equivalent to the VTKPDT to simulate the detection results. Select "EXVTKPDT
(external input)" when using this function. In this case, generate a detection result signal using the
QUISMP, QLSMP and LIMSMP signals above that are output from Pins 25 to 27 in the CN1-1 connec-
tor, and input it to Pin 24 in the CN1-1 connector (see Table A.2.1).

(5) KO port pull-down resistor select switch (SW3)
This jumper switch is used to select whether a pull-down resistor is attached to the KO0-KO03 ports
individually or not. When a jumper is installed, a pull-down resistor is attached to the corresponding
port; when the jumper is removed, no pull-down resistor is attached to the corresponding port. Table
A.1.2.2 shows the relationship between the jumper pin and the input port.

Table A.1.2.2 SW3 setting

Jumper pin No. Input port
1-16 K00
2-15 K01
314 K02
4-13 K03
5-12 —(On)
6-11 —(On)
7-10 —(On)
8-9 —(On)

Note: When using the S5U1C63709P2, setting of this switch is effective to select KOO-K03 port pull-
down resistors and the mask option data for this selection is ignored.
Although the K20-K23 names are printed on the board, the switches are not used. The K20-K23
port pull-down resistors are configured with the mask option data.

(6) Power supply voltage level select switch for SVD (SW4, SW5)
These switches are used to select a power supply voltage level for evaluating the SVD function. Table
A.1.2.3 shows the relationship between the switch position and the SVD control registers. Note that these
switches do not change the actual power supply voltage. The switches are intended to be used only for
changing the detection results to debug whether the SVD routine works normally or not.

Table A.1.2.3 Relationship between SWA/SW5 set position and SVD control registers

Sv\i“”'mh positor Setting SVDCHG
0 DETECTION Voltage level < (SVDS = 0) 0
1 DETECTION | (SVDS=0) < Voltage level < (SVDS= 1) 0
2 DETECTION | (SVDS=1) < Voltagelevel < (SVDS=2) 0
3 DETECTION | (SVDS=2) < Voltagelevel < (SVDS= 3) 0
4 DETECTION | (SVDS=3) < Voltagelevel < (SVDS= 4) 0
5 DETECTION | (SVDS=4) < Voltagelevel < (SVDS=5) 0
6 DETECTION | (SVDS=5) < Voltagelevel < (SVDS = 6) 0
7 DETECTION | (SVDS=6) < Voltage level < (SVDS=7) 0
8 DETECTION Voltage level < (SVDS = 0) 1
9 DETECTION | (SVDS=0) < Voltage level < (SVDS= 1) 1
A DETECTION | (SVDS=1) < Voltagelevel < (SVDS=2) 1
B DETECTION | (SVDS= 2) < Voltage level < (SVDS= 3) 1
C DETECTION | (SVDS=3) < Voltagelevel < (SVDS= 4) 1
D DETECTION (SVDS=4) < Voltage level < (SVDS=5) 1
E DETECTION | (SVDS=5) < Voltagelevel < (SVDS= 6) 1
F DETECTION | (SVDS=6) < Voltagelevel <(SVDS=7) 1
X SVDMAX (SVDS=x) < Voltage level X

Setting SW5 to the "SVDMAX" position emulates the maximum voltage level. The SVD results
(SVDDT) is always set to "0" no matter how SW4 is set.
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(7) SVD result LED (LED1)
This LED indicates the SVD results according to the SW4 settings. The LED lights when the voltage
level set using SW4 is lower than the level set using the SVDS register (SVDDT = "1").
The set value of SW4 is always compared with the SVDS register value regardless of the SVDON
register setting. Therefore, this LED lights/goes off according to the set status of SW4 and the SVDS
register even if SVDON is set to "0". Read the SVDDT register to obtain the actual SVDDT value.
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A.2 Connecting to the Target System

This section explains how to connect the SSU1C63000P1 to the target system.

First insert the S5U1C63000P1 board into the second upper slot of the ICE and the S5U1C63709P2 board
into the top slot.

Download the circuit data to the SSU1C63000P1 board before installing the SSU1C63709P2 board if the
S5U1C63000P1 board does not include the correct circuit data. See Section A.3 for downloading circuit
data.

Fig. A.2.1 Installing the peripheral circuit boards to the ICE

e Installing the S5U1C63000P1/63709P2 board

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 19 Board ©
board has been firmly fitted into the internal slot
of the ICE, remove the jig.

Fig. A2.2

Installing the board 5 o
(€]
®)

e Dismounting the S5U1C63000P1/63709P2 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 5 Board
the board has been dismounted from the
backboard connector, pull the board out of the
ICE.

Fig. A.2.3

O

Dismounting the board
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Connect the S5U1C63000P1, S5U1C63709P2 and target board as follows:

(1) Connecting between S5U1C63709P2's CN3 and S5U1C63000P1's CN3
Connect these connectors using the I/O cable (80-pin to 80-pin) supplied with the S5U1C63709P2.

(2) Connecting between S5U1C63709P2's CN2 and S5U1C63000P1's CN1
Connect these connectors using the I/O cable (80-pin to 80-pin) supplied with the S5U1C63709P2.

(3) Connecting between S5U1C63709P2's CN1 and target board
Connect the S5SU1C63709P2 and the target board using the 1/O cable (80-pin x 1 to 40-pin X 2) sup-
plied with the S5SU1C63709P2. Take care when handling the connectors, since they have power supply
pins (3.3 Vand 1.5 V).

(4) Connecting between S5U1C63000P1's CN2 and target board
Connect the S5SU1C63000P1 and the target board using the I/O cable (100-pin x 1 to 50-pin X 2)
supplied with the S5U1C63000P1. The CN2 connector is used when the SEG pins are set for DC
output by mask option. Take care when handling the connectors, since they have power supply pins
(3.3 V).

Connect between
S5U1C63709P2 CN2
and S5U1C63000P1 CN1

F"T@m

CN1-2
(40-pin)
CN2-1

st :
/ (50-pin)
TEAELy)
Ny TR CN2-2
A A7 -
111":::‘!:“111 .
133
PTEERELS (50-pin)
A e

T
)
. > 4
To target board

Connect between S5U1C63709P2 CN3
and S5U1C63000P1 CN3

From S5U1C63000P1 CN2

Fig. A.2.4 Connecting to the target system
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Table A.2.1 1/O connector (CN1) pin assignment

40-pin CN1-1 connector 40-pin CN1-2 connector
No. Pin name No. Pin name
1 |KO0O (IN) 1 |POO (1/0)
2 |Ko1 (IN) 2 |Po1 (1/0)
3 |Ko2 (IN) 3 |Po2 (1/0)
4 |KO3 (IN) 4 P03 (1/0)
5 |K10 (IN) 5 |P10 (1/0)
6 |K11 (IN) 6 |P11 (1/0)
7 |K12 (IN) 7 |P12 (1/0)
8 |K13 (IN) 8 |P13 (1/10)
9 Vss Vss

5

<

7
HH

o

<

7

11 | Cannot be connected 11 |P20 (1/0)
12 | Cannot be connected 12 |P21 (1/0)
13 | Cannot be connected 13 |P22 (1/10)
14 | Cannot be connected 14 |P23 (1/0)
15 |K20 (IN) 15 |P30 (1/0)
16 |K21 (IN) 16 |P31 (1/0)
17 |K22 (IN) 17 |P32 (1/0)
18 [K23 (IN) 18 |P33 (1/0)
19 |K30 (IN) 19 |P40 (1/0)
20 |Cannot be connected 20 |P41 (1/0)
Pl \/ss Vss

P Vs Vss

23 |OsD 1 (IN) 23 |001 (OUT)
24 |EXVTKPDT #2 (IN) 24 002 (OUT)

25 |QLSMP*3  (OUT) 25  |Cannot be connected
26 |QUISMP*3  (OUT) 26 | Cannot be connected

27 |LIMSMP*3  (OUT) 27 |0O11 (OUT)
28 |TEST (IN) 28 |012 (OUT)
29 |RESET (IN) 29 [Cannot be connected
30 |Cannot be connected 30 |Cannot be connected
Sl Vs Vss

R Vs Vss

33 | Cannot be connected 33 |[SLRA (IN)
34 | Cannot be connected 34 |SLRC (IN)
35 | Cannot be connected 35 |Cannot be connected
36 | Cannot be connected 36 |Cannot be connected
37 [33V 37 |15V

38 [33V 38 |15V

39 [33V 39 |15V

40 |33V 40 [15V

[33V signals | [15V signals |

#1: The OSD pin (Pin 23 in CN1-1) is used for evaluating the oscillation stoppage detection function. By
setting this pin to "1" (high), the oscillation stoppage detection signal is asserted to activate the
internal reset function.

#2: The EXVTKPDT pin (Pin 24 in CN1-1) is used to input a VTKP sampling signal when "EXVTKPDT
(external input)" is selected using SW2. (See description for SW2.)

#3: The QLSMP, QUISMP and LIMSMP pins (Pins 25-27 in CN1-1) are used to monitor the internal
signals for VTKP sampling that can be selected using SW2. (See description for SW2.)

Note: The motor and solar interface voltage is set to 1.5 V at shipment of the S5U1C63709P2 (for 1.5V
signals in the table). This voltage level can be changed to 3.3 V using SW1.
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Table A.2.2 1/O connector (CN2) pin assignment

50-pin CN2-1 connector 50-pin CN2-2 connector
No. Pin name No. Pin name
1 VoD (=3.3V) 1 VoD (=3.3V)
2 |Vpbp (=3.3V) 2 |VbDp (=3.3V)
3 |SEGO (DC) 3 [SEG40(DC)
4 |SEG1(DC) 4 |SEG41(DC)
5 |SEG2(DC) 5 |[SEG42 (DC)
6 |SEG3(DC) 6 [SEG43(DC)
7 |SEG4(DC) 7 |SEG44 (DC)
8 |SEG5(DC) 8 |[SEG45(DC)
9 |SEG6 (DC) 9 [SEG46 (DC)
10 |SEG7(DC) 10 |SEG47(DC)
11 |Vss 11 |Vss
12 |Vss 12 |Vss
13 |SEG8(DC) 13 |SEG48(DC)
14 |SEG9 (DC) 14 |SEG49 (DC)
15 |SEG10(DC) 15 |[SEG50 (DC)
16 |[SEG11(DC) 16 |SEG51 (DC)
17 |SEG12(DC) 17 |SEG52 (DC)
18 |SEG13(DC) 18 |[SEG53(DC)
19 |SEG14(DC) 19 |[SEG54 (DC)
20 |SEG15(DC) 20 |SEG55(DC)
21 |VbD (=3.3V) 21 |VpD (=3.3V)
22 |Vop (=3.3V) 22 |VpD (=3.3V)
23 |SEG16 (DC) 23 |SEG56 (DC)
24 |SEG17 (DC) 24 |SEG57 (DC)
25 |SEG18(DC) 25 |SEG58(DC)
26 |SEG19(DC) 26 |SEG59 (DC)
27 |SEG20(DC) 27 |SEG60 (DC)
28 |SEG21(DC) 28 |SEG61 (DC)
29 |SEG22(DC) 29 |SEG62 (DC)
30 |[SEG23(DC) 30 |SEG63(DC)
31 |Vss 31 |Vss
32 |Vss 32 |Vss
33 |[SEG24 (DC) 33 | Cannot be connected
34 |SEG25(DC) 34 | Cannot be connected
35 |[SEG26(DC) 35 | Cannot be connected
36 |SEG27(DC) 36 | Cannot be connected
37 |[SEG28(DC) 37 | Cannot be connected
38 |SEG29(DC) 38 | Cannot be connected
39 |[SEG30(DC) 39 | Cannot be connected
40 |SEG31(DC) 40 | Cannot be connected
41 |Vop (=3.3V) 41 |Vop (=3.3V)
42 |Vop (=3.3V) 42 |Vop (=3.3V)
43 |SEG32 (DC) 43 | Cannot be connected
44 | SEGS33(DC) 44 | Cannot be connected
45 |SEG34 (DC) 45 | Cannot be connected
46 |SEG35(DC) 46 | Cannot be connected
47 |SEG36 (DC) 47 | Cannot be connected
48 |SEG37(DC) 48 | Cannot be connected
49 |SEG38(DC) 49 | Cannot be connected
50 |SEG39(DC) 50 |Cannot be connected

OConnectors CN2-1 and CN2-2 are used when the SEG pins are set for DC output by mask option.
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A.3 Downloading to S5U1C63000P1

A.3.1 Downloading Circuit Data 1 —when new | CE (S5U1C63000H2) isused

The S5U1C63000P1 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)

2)
3)

4)

Remove the ICE top cover and then set the jumper switches on the SSU1C63000P1 board as follows:
CLK: "32K" position

PRG:  "Prog" position

IOSEL2: "E" position

Connect the ICE to the host PC. Then turn the host PC and ICE on.

Invoke the debugger included in the assembler package (ver. 5 or later). For how to use the ICE and
debugger, refer to the manuals supplied with the ICE and assembler package.

Download the circuit data file (.mot) corresponding to the model by entering the following commands
in the command window.

>XFER (erase all main-FPGA)

>XFWR  <file name 1> (download the main-FPGA file)*

>XFCP <file name 1> (compare the main-FPGA file and downloaded data)
>XFERS (erase all sub-FPGA)

>XFWRS <file name 2> (download the sub-FPGA file)*

>XFCPS <file name 2> (compare the sub-FPGA file and downloaded data)

# The downloading takes about 15 minutes.

Note: The files must be downloaded from the main-FPGA file first then the sub-FPGA file.

5)
6)

7)

Terminate the debugger and then turn the ICE off.

Set the jumper switches on the S5U1C63000P1 board as follows:
CLK: "LCLK" position

PRG:  "Norm" position

IOSEL2: "D" position

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 this 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 input ports (K0O0-K03) are held low. Doing
so may activate the multiple key entry reset function.

(3) Before debugging, always be sure to load mask option data.

A.4.2 Differences with the actual IC

(1) Differences in 1/0O
<Interface power supply>
- S5U1C63709P2 and target system interface voltage (except for motor and solar) 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.

- The motor and solar interface voltage is set to +1.5 V at shipment of the SSU1C63709P2. This voltage
level can be changed to +3.3 V using SW1.

<Each output port’s drive capability>
The drive capability of each output port on SSU1C63000P1 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
S5U1C63000P1 and the target system are set to +3.3 V. Therefore, SSU1C63000P1 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 S5U1C63000P1 and S5U1C63709P2 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.

(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 S5U1C63000P1 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)

e) LCD power supply on/off circuit (LPWR)

f) Heavy load protection circuit on/off status (HVLDON, HVLD)

<Those that can only be counteracted by system or software>
g) Current consumed by the internal pull-down resistors
h) Input ports in a floating state
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(3) Functional precautions
<LCD power supply circuit>
There is a finite delay time from the point at which the LCD power supply circuit (LPWR) turns on

until an LCD drive waveform is output. On this board, this delay is set to approx. 125 msec, which
differs from that of the actual IC. Refer to Section 4.6, "LCD Driver (COM0-COM?7, SEG0O-SEG63)".

<Differencesin LCD drive waveform>
This board is capable of static waveform output even if the internal LCD power supply is used. However,
select 1/2-bias external power supply by mask option when driving the LCD with the static waveform.

<SVD circuit>

- The SVD function is realized by artificially varying the power supply voltage level using the SW4
switch on the S5U1C63709P2.

- There is a finite delay time from when the power to the SVD circuit turns on until actual detection of
the voltage. On S5U1C63000P1, this delay time is 1.007 msec to 1.038 msec, 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 S5U1C63000P1, 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
S5U1C63000P1, 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
S5U1C63000P1 differs from that of the actual IC.

- S5U1C63000P1 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.

- S5U1C63000P1 generates the OSC3 clock using the onboard CR oscillation circuit even if ceramic
oscillation is selected for the OSC3 oscillation circuit by mask option.

<Solar pins (SLRA, SLRC)>

The SLRA and SLRC pins in the I/O connector that are used to connect the solar panel in the actual IC
are used to simulate recharging status by applying a voltage in the S5U1C63709P2 board. Furthermore,
the actual IC uses voltage levels on these pins to activate the quick start function and the limiter
function. The S5U1C63709P2 board simulates these functions using the signal selected by the VTKP
voltage detection select switch (SW2). (See description for SW2.)

Recharging detection
To simulate the status in which the secondary cell is being recharged, set the SLRC pin to Vss and
the SLRA pin to VDD + 0.5 V. This sets the recharging flag (ISOR1) to "1". Furthermore, a solar
wakeup interrupt is generated.
To simulate the status in which the secondary cell is not being recharged, set both the SLRC and
SLRA pins to VDD. This resets the recharging flag (ISOR1) to "0". In this case, a solar wakeup
interrupt is not generated.
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Controlling detection of limiter ON voltage
The S5U1C63709P2 board allows start/stop sampling for limiter ON voltage detection by setting
the SLRC pin voltage level.
To start sampling for limiter ON voltage detection, set the SLRC pin to Vss. The sampling function
is controlled by the SLRC pin voltage only, the SLRA pin can be set to either VDD or Vss levels.
This setting outputs the LIMSMP signal (the signal is enabled during sampling). Furthermore, the
QLSMP signal will be asserted during the sampling period by the LIMSMP signal as well as the
sampling period by the QUISMP signal.
To stop sampling for limiter ON voltage detection, set the SLRC pin to VDD. The LIMSMP signal is
disabled (fixed at low). The QLSMP signal is asserted only during the sampling period by the
QUISMP signal.

The VDD level described above is the motor - solar interface voltage value in the I/O connector (Pins
37 to 40 in CN1-2).

<Motor connection pins>
The O01 to O12 pins in the I/O connector are used to connect motors.
These pins are used for magnetic field detection and rotation detection the same as the actual IC.

<Access to undefined address space>

If any undefined space in the S1C63709's internal ROM/RAM or I/0O 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 S5U1C63000P1 and the actual IC. Note that the ICE
(S5U1C63000H1/S5U1C63000H2) incorporates the program break function caused by accessing to an
undefined address space.

<Resget circuit>

Keep in mind that the operation sequence from when the ICE and the peripheral circuit boards 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 S5U1C63000P1 becomes
capable of operating as a debugging system after the user program and optional data are down-
loaded. 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 S5U1C63000P1, by a reset pin input, or
by holding the input ports high simultaneously.
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A.5 Product Specifications

A.5.1 Specifications of SSU1C63000P1
S5U1C63000P1

Dimension: 254 mm (wide) x 144.8 mm (depth) x 13 mm (height) (including screws)
Weight: Approx. 300 g
Power supply: DC5V £5%,less than1 A (supplied from ICE main unit)

I/O connection cable (80-pin)
S5U1C63000P1 connector: KEL8830E-080-170L
Cable connector (80-pin): KEL8822E-080-171

Cable connector (40-pin):  3M7940-6500SC 1 pair
Cable: 40-pin flat cable 1 pair
Interface: CMOS interface (3.3 V)
Length: Approx. 40 cm
I/O connection cable (100-pin)
S5U1C63000P1 connector: KEL8830E-100-170L
Cable connector (100-pin): KEL8822E-100-171
Cable connector (50-pin):  3M7950-6500SC 1 pair
Cable: 50-pin flat cable 1 pair
Interface: CMOS interface (3.3 V)
Length: Approx. 40 cm
Accessaories
40-pin connector for connecting to target system:
3M3432-6002LCSC x 2
50-pin connector for connecting to target system:
3M3433-6002LCSC x 2
A.5.2 Specifications of SSU1C63709P2
S5U1C63709P2
Dimension: 254 mm (width) x 144.8 mm (depth) x 13 mm (height) (including screws)
Weight: Approx. 130 g
Power supply: DC 5V + 5%, less than 15 mA

(supplied from ICE main unit and converted into 3.3 V by the onboard

regulator)

Target connection cable (80-pin)

Connector (80-pin): KELB8822E-080-171-F
Connector (40-pin): 3M7940-6500SC
Cable: 40-pin flat cable
Length: Approx. 20 cm
S5U1C63000P1 connection cable (80-pin)

Connector (80-pin): KELB8822E-080-171-F
Cable: 80-pin flat cable
Length: Approx. 10 cm

Accessories

40-pin connector for connecting to target system:
3M3432-6002LCPL x 2

1 pair
1 pair
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