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CMOS 8-bit Single Chip Microcomputer

S1C88348/317/316/308 Technical Manual

Introduction
This Manual contains separate descriptions of the hardware and software
of the S1C88348/317/316/308 CMOS 8-bit single chip microcomputers.

. S1C88348/317/316/308 Technical Hardware

This section of the Manual describes the functions, circuit configura-
tion and control system of the S1C88348/317/316/308.

I1.S1C88348/317/316/308 Technical Software

This section of the Manual describes the programming of the
51C88348/317/316/308.
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1 INTRODUCTION

The S1C88348, S1C88317, S1C88316 and
S$1C88308 microcomputers feature the S1C88
(Model 3) CMOS 8-bit core CPU along with ROM,
RAM, three different timers and a serial interface
with optional asynchronization or clock synchroni-
zation.

These devices are fully operable over a wide range
of voltages, and can perform high speed operations
even at low voltage. Like all the equipment in the
S1C Family, these microcomputers have low power
consumption.

A 19-bit external address bus and 4 bits chip enable
signals make it possible for these microcomputers
to control up to 512K x 4 bytes of memory, making
them ideal for high performance data bank sys-
tems.

Table1.1.1 Configuration

1 INTRODUCTION

1.1 Configuration

In this manual, the S1C883xx is associated with
S1C88348, S1C88317, S1C88316 and S1C88308. In
these four models, there are differences in built-in
ROM capacity, built-in RAM capacity, number of
input ports, number of output ports, number of
LCD drive segments and bus authority release
functions, but the other peripheral circuits are
made with the same configuration.

Model |Internal ROM|Internal RAM | Input port |Output port*1|LCD segment*2 |Bus authority release function
S1C88348 | 48K bytes 2K bytes 10 bits 9 bits 1,632 (Max.) Available
S1C88317 | 16K bytes 2K bytes 10 bits 9 bits 1,632 (Max.) Available
S1C88316 | 16K bytes 2K bytes 10 bits 9 bits 1,632 (Max.) Available
S1C88308 8K bytes 256 bytes 9 hits 5 bits 1,312 (Max.) Not available
*1 The terminals shared with the external bus are
not included.
*2 Maximum number of drive segment when the
32 commons is selected.
$1C88348/317/316/308 TECHNICAL HARDWARE EPSON I-1



1 INTRODUCTION

1.2 Features

Table 1.2.1 lists the features of the S1C883xx.

Table 1.2.1 Main features

Model

S1C88348 | S1C88317 | S1C88316 | S1C88308

Core CPU

S1C88 (MODEL 3) CMOS 8-bit core CPU

OSC1 Oscillation circuit

Crystal oscillation circuit/CR oscillation circuit/external clock input 32.768 kHz (Typ.)

OSC3 Oscillation circuit

Crystal oscillation circuit/ceramic oscillation circuit/CR oscillation circuit/external clock input 8.2 MHz (Max.)

Instruction set

608 types (Usable for multiplication and division instructions)

Min. ingtruction execution time| 0.244 psec/8.2 MHz (2 clock)
Internal ROM capacity |48K bytes | 16K bytes 8K bytes
Internal RAM capacity | 2K byte/RAM 256 bytessRAM
3,216 bitg/display memory 3,216 bits/display memory
Busline Addressbus: 19 bits (Also usable as a general output port when not used as a bus)
Data bus: 8bhits  (Also usable asageneral I/0 port when not used as a bus)
CEsigna: 4 bits
WRsignal: 1 bit J (Also usable as ageneral output port when not used as a bus)
RD signal: 1 hit
Input port 10 bits 9 bits
(2 bits can be set for event counter clock input (1 bit can be set for event
and bus request signal input terminal) counter clock input)
Output port 9 bits 5 bits
(6 bits can be set for buzzer output, LCD control, FOUT, (5 bits can be set for
TOUT and bus acknowledge signal output terminal) buzzer, LCD control,
FOUT and TOUT)
1/0 port 8 bits (4 bits each can be set for serial interface input/output and analog comparator input)
Serial interface 1ch (Optional clock synchronous system or asynchronous system)
Timer Programmable timer (8 bits): 2ch

(1ch can be set as a an event counter or 2ch as a 16 bits programmable timer for 1ch)
Clock timer (8 bits): 1ch
Stopwatch timer (8 bits): 1ch

Power supply circuit to
driveliquid crystals

Built-in (booster type, 5 potentials)

LCD driver

Dot matrix type

(5% 8or5x5fonts)
51 SEG x 32 COM
67 SEG x 16 COM
67 SEG x 8 COM

Dot matrix type

(5% 8or5x5fonts)
41 SEG x 32 COM
57 SEG x 16 COM
57 SEG x 8 COM

Expandable external LCD driver Expandable external
LCD driver
Sound generator Envelop function, equipped with volume control
Watchdog timer Built-in
Analog comparator 2ch built-in

Supply voltage detection | Can detect up to 16 different voltage levels
(SVD) circuit
Interrupt External interrupt: Input interrupt 2 systems (3 types)
Internal interrupt:  Timer interrupt 3 systems (9 types)
Serial interfaceinterrupt 1 system (3 types)
Supply voltage Normal mode: 24V-55V (Max. 4.2 MHz)
Low power mode: 1.8V-3.5V (Max. 50 kHz)
High speed mode: 3.5V-5.5V (Max. 8.2 MHz)
Current consumption SLEEP status: 300 nA (Typ./normal mode)

HALT status (32.768 kHz): 2 pA (Typ./normal mode)

RUN status (32.768 kHz): 14 pA (Typ./norma mode)

RUN status (4.9152 MHz): 2 mA (Typ./normal mode)

Supply form

QFP8-160 pin, QFP17-160pin or chip | QFP8-160 pin or chip

*  The number of bits cited for output ports and 170 ports does not include those shared with the bus.

-2
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1.3 Block Diagram

1 INTRODUCTION
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/Event Counter 1 Comparator P16, P17 (CMPPL, CMPM1)
[ [ ] [+ PO0-P07 (D0O-D7;
Clock Timer — External J— ( )
< IMemfory [ JR00-RO7, R10-R17, R20-R22 (A0-A7, AB-ALS, AL6-AL8)
nterface || []R23, R24 (RD, WR)
. > R30-R33 (CE0-CE3)
Stopwatch Timer — =
1 (]R25, R26 (CL, FR)
Sound Generator ’_“ L R27 (TOUT)
Voo [1] < []Rr34 (FOUT)
[T 1 R35-R37
Ve [R50 (B2)
w x? Power Generator :l—l:l:lj Output Port ™ Ret (BACK)
1-VC5 <
CA-CE [] 11 ]:
(] SEGO-SEG50
| LCD Driver COM16-COMB3L (SEG66-SEG51)
Supply Voltage Detector =f COMO_COM15
<
RAM ROM
2K byte 16K byte
G . .
U0 Fig. 1.3.2 S1C88317 block diagram
S1C88348/317/316/308 TECHNICAL HARDWARE EPSON -3



INTRODUCTION

S1C88316
Core CPU S1C88
f (| = 1
' Oscillator IZZ‘ Interrupt Controller ‘
0SC3, 4
MCU/MPU K L +— ] koo-K07
BREQ (K11) :‘ System Controller R Input Port ‘4— K10 (EVIN)
BACK (R51) l«—— ] K11 (BREQ)
_ |
RESET
Reset/Test 1/0 Port
TEST
1T P10 (SIN)
K P11 (SOUT)
atchdog Timer [«—{ Serial Interface
Watchdog Ti Serial Interf: P12 (SCLK)
(

A

}‘_. P13 (SRDY)

EVIN (K10) [ Programmable Timer < Analog P14, P15 (CMPPO, CMPMO)
/Event Counter Comparator P16, P17 (CMPP1, CMPM1)
K L | PO0-PO7 (DO-D7)
Clock Timer '5 External —/
Memory RO0-R07, R10-R17, R20-R22 (AO-A7, A8-A15, A16-A18)
Interface ™ == o
[ 1R23, R24 (RD, WR)
< R30-R33 (CEO-CE3)
Stopwatch Timer £S.
[ 1 R5, R26 (CL, FR)
Sound Generator LJ R27 (TOUT)
voo [ < [ 1rs4 (FouT)
[T 7] R35-R37
Ves [R50 (B2)
Vo1 Power Generator L 54)
Output Port R51 (BACK)
Vei-Ves C
CA-CE | ]:
[] sEGo-sEG50
< LCD Driver COM16-COM31 (SEG66-SEG51)
Supply Voltage Detector ] COMO_COM15
K>
RAM ROM
2K byte 16K byte
7 Fig. 1.3.3 S1C88316 block diagram
Core CPU S1C88 S1C88308

f

Oscillator

.t |

Interrupt Controller ’

K00-K07
Input Port
K10 (EVIN)
J—:Dj /O Port

osct, 2

;E

0SC3, 4

MCU/MPU System Controller

RESET
Reset/Test
TEST

[ I P10 (SIN)
< P11 (SOUT)
Watchdog Timer Serial Interface P12 (SCLK)
1T P13 (SRDY)
EVIN (K10) [ Programmable Timer < Analog P14, P15 (CMPPO, CMPMO)
/Event Counter Comparator P16, P17 (CMPP1, CMPM1)
< | PO0-PO7 (D0-D7)
Clock Timer '5 "a“e’"a' —/
emor:
Imerfacye RO0-R07, R10-R17, R20-R22 (A0-A7, A8-A15, A16-A18)
K R23, R24 (RD, WR)
Stopwatch Timer R30-R33 (CE0-CE3)
Sound Generator R25,R26 (CL, FR)
Voo [ K R27 (TOUT)
Vss ‘ ‘ ‘ ‘ R34 (FOUT)
Vb1 Power Generator :l—l:l:lj Output Port R50 (B2)
Vei-Ves C
CA-CE [} [ [T
SEG0-SEG40
< LCD Driver COM16-COM31 (SEG56-SEG41)
Supply Voltage Detector COMO-COM15

RAM
256 byte

ROM
8K byte

U Fig. 1.3.4 S1C88308 block diagram
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1.4 Pin Layout Diagram

1 INTRODUCTION

S1C88348
QFP8-160 pin QFP17-160 pin
120 81 120 81
QAR R AR AT (e rannreannIn
121 = =80
% INDEX % % INDEX %
= = w605 () =41
160 = =41
QR
1 40 1 40
Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 SEG18 41 COM24/SEG58 81 OSC1 121 R11/A9
2 SEG19 42 COM23/SEG59 82 0Ssc2 122 R12/A10
3 SEG20 43 COM22/SEG60 83 TEST 123 R13/A11
4 SEG21 44 COM21/SEG61 84 RESET 124 R14/A12
5 SEG22 45 COM20/SEG62 85 MCU/MPU 125 R15/A13
6 SEG23 46 COM19/SEG63 86 K11/BREQ 126 R16/A14
7 SEG24 47 COM18/SEG64 87 K10/EVIN 127 R17/A15
8 SEG25 48 COM17/SEG65 88 K07 128 R20/A16
9 SEG26 49 COM16/SEG66 89 K06 129 R21/A17
10 SEG27 50 COM15 90 K05 130 R22/A18
11 SEG28 51 COM14 91 K04 131 R23/RD
12 SEG29 52 COM13 92 K03 132 R24/WR
13 SEG30 53 COM12 93 K02 133 R25/CL
14 SEG31 54 COoM11 94 K01 134 R26/FR
15 SEG32 55 COM10 95 K00 135 R27/TOUT
16 SEG33 56 COM9 96 P17/CMPM1 136 R30/CEO
17 SEG34 57 com8 97 P16/CMPP1 137 R31/CE1
18 SEG35 58 COomM7 98 P15/CMPMO 138 R32/CE2
19 SEG36 59 COM6 99 P14/CMPPO 139 R33/CE3
20 SEG37 60 COM5 100 P13/SRDY 140 R34/FOUT
21 SEG38 61 COoM4 101 P12/SCLK 141 R50/BZ
22 SEG39 62 COM3 102 P11/SOUT 142 R51/BACK
23 SEG40 63 COM2 103 P10/SIN 143 SEGO
24 SEG41 64 COM1 104 PO7/D7 144 SEG1
25 SEG42 65 COMO 105 P06/D6 145 SEG2
26 SEG43 66 CE 106 PO5/D5 146 SEG3
27 SEG44 67 CD 107 P04/D4 147 SEG4
28 SEG45 68 CcC 108 PO3/D3 148 SEG5
29 SEG46 69 CB 109 P02/D2 149 SEG6
30 SEG47 70 CA 110 PO1/D1 150 SEG7
31 SEG48 71 Vcs 111 PO0/DO 151 SEG8
32 SEG49 72 Vca 112 ROO/AQ 152 SEG9
33 SEG50 73 Vs 113 ROVA1 153 SEG10
34 COM31/SEG51 74 Vc2 114 RO2/A2 154 SEG11
35 COM30/SEG52 75 Vel 115 RO3/A3 155 SEG12
36 COM29/SEG53 76 0OSC3 116 RO4/A4 156 SEG13
37 COMZ28/SEG54 77 0SC4 117 RO5/A5 157 SEG14
38 COM27/SEG55 78 Vb1 118 RO6/A6 158 SEG15
39 COM26/SEG56 79 VDD 119 RO7/A7 159 SEG16
40 COM25/SEG57 80 Vss 120 R10/A8 160 SEG17

Fig. 1.4.1 S1C88348 pin layout
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1 INTRODUCTION

Table 1.4.1 S1C88348 pin description

Pin name Pin No. In/out Function

VbD 79 - Power supply (+) terminal
Vss 80 - Power supply (GND) terminal
Vb1 78 - Regulated voltage output terminal for oscillators
Vci-Vces 75-71 (0] LCD drive voltage output terminals
CA-CE 70-66 - Booster capacitor connection terminals for LCD
OSC1 81 | OSC1 oscillation input terminal

(select crystal oscillation/CR oscillation/external clock input with mask option)
0sc2 82 (0] OSC1 oscillation output terminal
0OsCc3 76 | OSC3 oscillation input terminal

(select crystal/ceramic/CR oscillation/external clock input with mask option)
0sc4 7 (0] OSC3 oscillation output terminal
MCU/MPU 85 | Terminal for setting MCU or MPU modes
K00-K07 95-88 | Input terminals (KO0 07)
K10/EVIN 87 | Input terminal (K10) or event counter external clock input terminal (EVIN)
K11/BREQ 86 I Input terminal (K11) or bus request signal input terminal (BREQ)
ROO-R07/A0-A7 112-119 (0] Output terminals (RO0-R07) or address bus (A0-A7)
R10-R17/A8-A15 120127 O Output terminals (R10-R17) or address bus (A8-A15)
R20-R22/A16-A18 128-130 O Output terminals (R20-R22) or address bus (A16-A18)
R23/RD 131 O | Output terminal (R23) or read signal output terminal (RD)
R24/WR 132 O | Output terminal (R24) or write signal output terminal (WR)
R25/CL 133 O Output terminal (R25) or LCD synchronous signal output terminal (CL)
R26/FR 134 O Output terminal (R26) or LCD frame signa output terminal (FR)
R27/TOUT 135 o Output terminal (R27)

or programmable timer underflow signal output terminal (TOUT)
R30-R33/CE0-CE3 136-139 O | Output terminals (R30-R33) or chip enable output terminals (CEO-CE3)
R34/FOUT 140 O Output terminal (R34) or clock output terminal (FOUT)
R35-R37 *2 o Output terminals (R35-R37)
R50/BZ 141 O Output terminal (R50) or buzzer output terminal (BZ)
R51/BACK 142 O | Output terminal (R51) or bus acknowledge signal output terminal (BACK)
PO0-P0O7/D0O-D7 111104 1/0 | 1/O terminals (PO0—P07) or data bus (DO-D7)
P10/SIN 103 I/0 | 1/Oterminal (P10) or serid |/F datainput terminal (SIN)
P11/SOUT 102 1/0 | 1/Otermina (P11) or serial I/F data output terminal (SOUT)
P12/SCLK 101 I/0 | I/O terminal (P12) or serial I/F clock I/O terminal (SCLK)
P13/SRDY 100 I/0 | I/O terminal (P13) or serial I/F ready signal output terminal (SRDY)
P14/CMPPO 99 1/0 | 1/0Otermina (P14) or comparator O non-inverted input terminal
P15/CMPMO 98 1/0 | 1/Otermina (P15) or comparator O inverted input terminal
P16/CMPP1 97 I/0 | 1/Otermina (P16) or comparator 1 non-inverted input terminal
P17/CMPM1 96 1/0 | 1/Otermina (P17) or comparator 1 inverted input terminal
COM0O-COM15 65-50 (0] LCD common output terminals
COM16-COM31 49-34 O LCD common output terminals (when 1/32 duty is selected)
/SEG66—-SEG51 or LCD segment output terminal (when 1/16 or 1/8 duty is selected)
SEGO-SEG50 143-160, 1-33 (0] LCD segment output terminals
RESET 84 | Initial reset input terminal
TEST *1 83 | Test input terminal

*1 TEST is the terminal used for shipping inspection of the IC. For normal operation be sure it is connected to Vbp.

*2 R35-R37 terminals can be used only when chip is being shipped.
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1 INTRODUCTION

S1C88317
QFP8-160 pin QFP17-160 pin
120 81 120 81
JUREA AR R RN RRA R (e rannreannIn
121 =80
% INDEX % % INDEX %
= = 1605 =a
160 = =41
QR (T T T T O T T IO
1 40 1 40
Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 SEG18 41 COM24/SEG58 81 OSC1 121 R11/A9
2 SEG19 42 COM23/SEG59 82 0SsCc2 122 R12/A10
3 SEG20 COM22/SEG60 83 TEST 123 R13/A11
4 SEG21 44 COM21/SEG61 84 RESET 124 R14/A12
5 SEG22 COM20/SEG62 85 MCU/MPU 125 R15/A13
6 SEG23 46 COM19/SEG63 86 K11/BREQ 126 R16/A14
7 SEG24 47 COM18/SEG64 87 K10/EVIN 127 R17/A15
8 SEG25 48 COM17/SEG65 88 K07 128 R20/A16
9 SEG26 49 COM16/SEG66 89 K06 129 R21/A17
10 SEG27 50 COM15 90 K05 130 R22/A18
11 SEG28 51 COM14 91 K04 131 R23/RD
12 SEG29 52 COM13 92 K03 132 R24/WR
13 SEG30 53 COoM12 93 K02 133 R25/CL
14 SEG31 54 CcCOM11 94 K01 134 R26/FR
15 SEG32 55 COM10 95 K00 135 R27/TOUT
16 SEG33 56 COM9 96 P17/CMPM1 136 R30/CEO
17 SEG34 57 com8 97 P16/CMPP1 137 R31/CE1
18 SEG35 58 COoM7 98 P15/CMPMO 138 R32/CE2
19 SEG36 59 COM6 99 P14/CMPPO 139 R33/CE3
20 SEG37 60 COM5 100 P13/SRDY 140 R34/FOUT
21 SEG38 61 COM4 101 P12/SCLK 141 R50/BZ
22 SEG39 62 COM3 102 P11/SOUT 142 R51/BACK
23 SEG40 63 COM2 103 P10/SIN 143 SEGO
24 SEG41 64 COoM1 104 PO7/D7 144 SEG1
25 SEG42 65 COMO 105 P06/D6 145 SEG2
26 SEG43 66 CE 106 PO5/D5 146 SEG3
27 SEG44 67 CD 107 P04/D4 147 SEG4
28 SEG45 68 CcC 108 PO3/D3 148 SEG5
29 SEG46 69 CB 109 P02/D2 149 SEG6
30 SEG47 70 CA 110 PO1/D1 150 SEG7
31 SEG48 71 Vcs 111 PO0/DO 151 SEG8
32 SEG49 72 Vca 112 ROO/AQ 152 SEG9
33 SEG50 73 Vcs 113 ROVA1 153 SEG10
34 COM31/SEG51 74 V2 114 RO2/A2 154 SEG11
35 COM30/SEG52 75 \Yeit 115 RO3/A3 155 SEG12
36 COM29/SEG53 76 OSC3 116 RO4/A4 156 SEG13
37 COM28/SEG54 7 0OSCc4 117 RO5/A5 157 SEG14
38 COM27/SEG55 78 Vb1 118 RO6/A6 158 SEG15
39 COM26/SEG56 79 VbD 119 RO7/A7 159 SEG16
40 COM25/SEG57 80 Vss 120 R10/A8 160 SEG17

Fig. 1.4.2 S1C88317 pin layout
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1 INTRODUCTION

Table 1.4.2 S1C88317 pin description

Pin name Pin No. In/out Function

VDD 79 - Power supply (+) terminal
Vss 80 - Power supply (GND) terminal
Vb1 78 - Regulated voltage output terminal for oscillators
Vci-Vcs 75-71 (0] LCD drive voltage output terminals
CA-CE 70-66 - Booster capacitor connection terminals for LCD
0SC1 81 | OSC1 oscillation input terminal

(select crystal oscillation/CR oscillation/externa clock input with mask option)
0sc2 82 (0] OSC1 oscillation output terminal
0SC3 76 | OSC3 oscillation input terminal

(select crystal/ceramic/CR oscillation/external clock input with mask option)
0osc4 77 (0] OSC3 oscillation output terminal
MCU/MPU 85 | Terminal for setting MCU or MPU modes
K00-KO07 95-88 | Input terminals (KO0-K 07)
K10/EVIN 87 | Input terminal (K10) or event counter external clock input terminal (EVIN)
K11/BREQ 86 I Input terminal (K11) or bus request signal input terminal (BREQ)
ROO-R0O7/A0-A7 112119 (0] Output terminals (RO0-R07) or address bus (A0-A7)
R10-R17/A8-A15 120127 (0] Output terminals (R10-R17) or address bus (A8-A15)
R20-R22/A16-A18 128-130 (0] Output terminals (R20-R22) or address bus (A16-A18)
R23/RD 131 O | Output terminal (R23) or read signal output terminal (RD)
R24/WR 132 O | Output terminal (R24) or write signal output terminal (WR)
R25/CL 133 (0] Output terminal (R25) or LCD synchronous signa output terminal (CL)
R26/FR 134 (0] Output terminal (R26) or LCD frame signal output terminal (FR)
R27/TOUT 135 (0] Output terminal (R27)

or programmable timer underflow signal output terminal (TOUT)
R30-R33/CE0-CE3 136-139 O | Output terminals (R30-R33) or chip enable output terminals (CEO-CE3)
R34/FOUT 140 (0] Output terminal (R34) or clock output terminal (FOUT)
R35-R37 *2 (0] Output terminals (R35-R37)
R50/BZ 141 (0] Output terminal (R50) or buzzer output terminal (BZ)
R51/BACK 142 O | Output terminal (R51) or bus acknowledge signal output terminal (BACK)
PO0-PO7/D0O-D7 111-104 I1/0 | /O terminals (PO0-P0O7) or data bus (D0-D7)
P10/SIN 103 1/0 | 1/0Otermina (P10) or serial I/F datainput terminal (SIN)
P11/SOUT 102 1/0 | 1/0Otermina (P11) or serial I/F data output terminal (SOUT)
P12/SCLK 101 I/0 | /O terminal (P12) or serial I/F clock 1/O terminal (SCLK)
P13/SRDY 100 I/0 | /O terminal (P13) or serial I/F ready signal output terminal (SRDY)
P14/CMPPO 99 1/0 | 1/0termina (P14) or comparator 0 non-inverted input terminal
P15/CMPMO 98 1/0 | 1/0Otermina (P15) or comparator O inverted input terminal
P16/CMPP1 97 1/0 | 1/0termina (P16) or comparator 1 non-inverted input terminal
P17/CMPM1 96 1/0 | 1/Otermina (P17) or comparator 1 inverted input terminal
COMO0-COM15 65-50 (0] LCD common output terminals
COM16-COM31 49-34 (0] LCD common output terminals (when 1/32 duty is selected)
/SEG66-SEG51 or LCD segment output terminal (when 1/16 or 1/8 duty is selected)
SEGO-SEG50 143-160, 1-33 (0] LCD segment output terminals
RESET 84 I Initial reset input terminal
TEST *1 83 I Test input terminal

*1 TEST is the terminal used for shipping inspection of the IC. For normal operation be sure it is connected to Vbp.
*2 R35-R37 terminals can be used only when chip is being shipped.

EPSON S1C88348/317/316/308 TECHNICAL HARDWARE



1 INTRODUCTION

S1C88316
QFP8-160 pin
120 81
T RO AT RROOA AN RROOMM TR AAONMT,
121 = = 80
= INDEX =
160 = =41
QAR
1 40
Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 SEG18 41 COM24/SEG58 81 0SsC1 121 R11/A9
2 SEG19 42 COM23/SEG59 82 0SsC2 122 R12/A10
3 SEG20 43 COM22/SEG60 83 TEST 123 R13/A11
4 SEG21 44 COM21/SEG61 84 RESET 124 R14/A12
5 SEG22 45 COM20/SEG62 85 MCU/MPU 125 R15/A13
6 SEG23 46 COM19/SEG63 86 K11/BREQ 126 R16/A14
7 SEG24 47 COM18/SEG64 87 K10/EVIN 127 R17/A15
8 SEG25 48 COM17/SEG65 88 K07 128 R20/A16
9 SEG26 49 COM16/SEG66 89 K06 129 R21/A17
10 SEG27 50 COM15 90 K05 130 R22/A18
11 SEG28 51 COM14 91 K04 131 R23/RD
12 SEG29 52 COM13 92 K03 132 R24/WR
13 SEG30 53 COM12 93 K02 133 R25/CL
14 SEG31 54 COM11 94 K01 134 R26/FR
15 SEG32 55 COM10 95 K00 135 R27/TOUT
16 SEG33 56 COM9 96 P17/CMPM1 136 R30/CEO
17 SEG34 57 COM8 97 P16/CMPP1 137 R31/CE1
18 SEG35 58 COomM7 98 P15/CMPMO 138 R32/CE2
19 SEG36 59 COM6 99 P14/CMPPO 139 R33/CE3
20 SEG37 60 COM5 100 P13/SRDY 140 R34/FOUT
21 SEG38 61 COM4 101 P12/SCLK 141 R50/BZ
22 SEG39 62 COM3 102 P11/SOUT 142 R51/BACK
23 SEG40 63 COM2 103 P10/SIN 143 SEGO
24 SEG41 64 COM1 104 PO7/D7 144 SEG1
25 SEG42 65 COMO 105 PO6/D6 145 SEG2
26 SEG43 66 CE 106 PO5/D5 146 SEG3
27 SEG44 67 CD 107 P04/D4 147 SEG4
28 SEG45 68 CcC 108 PO3/D3 148 SEG5
29 SEG46 69 CB 109 P02/D2 149 SEG6
30 SEG47 70 CA 110 PO1/D1 150 SEG7
31 SEG48 71 Vcs 111 PO0/DO 151 SEG8
32 SEG49 72 Vca 112 ROO/AQ 152 SEG9
33 SEG50 73 Vcs 113 ROVA1 153 SEG10
34 COM3V/SEG51 74 Vcz 114 RO2/A2 154 SEG11
35 COM30/SEG52 75 Vci 115 RO3/A3 155 SEG12
36 COM29/SEG53 76 0OSC3 116 RO4/A4 156 SEG13
37 COM28/SEG54 7 0SsC4 117 RO5/A5 157 SEG14
38 COM27/SEG5E5 78 VD1 118 RO6/A6 158 SEG15
39 COM26/SEG56 79 VbD 119 RO7/A7 159 SEG16
40 COM25/SEG57 80 Vss 120 R10/A8 160 SEG17

Fig. 1.4.3 S1C88316 pin layout
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1 INTRODUCTION

Table 1.4.3 S1C88316 pin description

Pin name Pin No. In/out Function

VDD 79 - Power supply (+) terminal
Vss 80 - Power supply (GND) terminal
Vb1 78 - Regulated voltage output terminal for oscillators
Vci-Ves 75-71 O LCD drive voltage output terminals
CA-CE 70-66 - Booster capacitor connection terminals for LCD
0SC1 81 | OSC1 oscillation input terminal

(select crystal oscillation/CR oscillation/external clock input with mask option)
0sc2 82 O OSC1 oscillation output terminal
0SC3 76 | OSC3 oscillation input terminal

(select crystal/ceramic/CR oscillation/external clock input with mask option)
0osc4 7 O OSC3 oscillation output terminal
MCU/MPU 85 | Termina for setting MCU or MPU modes
K00-KO07 95-88 | Input terminals (KO0-K 07)
K10/EVIN 87 | Input terminal (K10) or event counter external clock input terminal (EVIN)
K11/BREQ 86 I Input terminal (K11) or bus request signal input terminal (BREQ)
ROO-R0O7/A0-A7 112-119 O Output terminals (RO0-R07) or address bus (A0-A7)
R10-R17/A8-A15 120127 O Output terminals (R10-R17) or address bus (A8-A15)
R20-R22/A16-A18 128-130 (¢} Output terminals (R20-R22) or address bus (A16-A18)
R23/RD 131 O | Output terminal (R23) or read signal output terminal (RD)
R24/WR 132 O | Output terminal (R24) or write signal output terminal (WR)
R25/CL 133 O Output terminal (R25) or LCD synchronous signal output terminal (CL)
R26/FR 134 O Output terminal (R26) or LCD frame signal output terminal (FR)
R27/TOUT 135 (e} Output terminal (R27)

or programmable timer underflow signal output terminal (TOUT)
R30-R33/CE0-CE3 136-139 O | Output terminals (R30-R33) or chip enable output terminals (CEO-CE3)
R34/FOUT 140 O Output terminal (R34) or clock output terminal (FOUT)
R35-R37 *2 O Output terminals (R35-R37)
R50/BZ 141 O Output terminal (R50) or buzzer output terminal (BZ)
R51/BACK 142 O | Output terminal (R51) or bus acknowledge signal output terminal (BACK)
POO-P0O7/D0O-D7 111-104 1/0 | 1/O terminals (PO0—P07) or data bus (DO-D7)
P10/SIN 103 1/0 | 1/Otermina (P10) or serial I/F datainput terminal (SIN)
P11/SOUT 102 1/0 | I/Oterminal (P11) or serial I/F data output terminal (SOUT)
P12/SCLK 101 I/0 | 1/O terminal (P12) or serial I/F clock 1/O terminal (SCLK)
P13/SRDY 100 I/0 | 1/O terminal (P13) or serial |/F ready signal output terminal (SRDY)
P14/CMPPO 99 1/0 | 1/Oterminal (P14) or comparator O non-inverted input terminal
P15/CMPMO 98 1/0 | 1/O terminal (P15) or comparator O inverted input terminal
P16/CMPP1 97 1/0 | 1/Oterminal (P16) or comparator 1 non-inverted input terminal
P17/CMPM1 96 I1/0 | 1/Oterminal (P17) or comparator 1 inverted input terminal
COMO0-COM15 65-50 O LCD common output terminals
COM16-COM31 49-34 O LCD common output terminals (when 1/32 duty is selected)
/SEG66-SEG51 or LCD segment output terminal (when 1/16 or 1/8 duty is selected)
SEGO-SEG50 143-160, 1-33 O LCD segment output terminals
RESET 84 | Initial reset input terminal
TEST *1 83 | Test input terminal

*1 TEST is the terminal used for shipping inspection of the IC. For normal operation be sure it is connected to Vbp.
*2 R35-R37 terminals can be used only when chip is being shipped.
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1 INTRODUCTION

S1C88308
QFP8-160 pin
120 81
TR TN RROA TN RO AT AROOMIT,
121 = = 80
= INDEX =
160 = = 41
QAR
1 40
Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 N.C. 41 N.C. 81 0OSsC1 121 N.C.
2 SEG13 42 COM22/SEG50 82 0SsCc2 122 RO6/A6
3 SEG14 43 COM21/SEG51 83 TEST 123 RO7/A7
4 SEG15 44 COM20/SEG52 84 RESET 124 R10/A8
5 SEG16 45 COM19/SEG53 85 MCU/MPU 125 R11/A9
6 SEG17 46 COM18/SEG54 86 N.C. 126 R12/A10
7 SEG18 47 COM17/SEG55 87 K10/EVIN 127 R13/A11
8 SEG19 48 COM16/SEG56 88 K07 128 R14/A12
9 SEG20 49 COM15 89 K06 129 R15/A13
10 SEG21 50 COM14 90 K05 130 R16/A14
11 SEG22 51 COM13 91 K04 131 R17/A15
12 SEG23 52 COoM12 92 K03 132 R20/A16
13 SEG24 53 COM11 93 K02 133 R21/A17
14 SEG25 54 COM10 94 K01 134 R22/A18
15 SEG26 55 COM9 95 K00 135 R23/RD
16 SEG27 56 coms8 96 P17/CMPM1 136 R24/WR
17 SEG28 57 ComM7 97 P16/CMPP1 137 R25/CL
18 SEG29 58 COM6 98 P15/CMPMO 138 R26/FR
19 SEG30 59 COM5 99 P14/CMPPO 139 R27/TOUT
20 SEG31 60 COoM4 100 P13/SRDY 140 R30/CEO
21 N.C. 61 N.C. 101 P12/SCLK 141 N.C.
22 SEG32 62 COM3 102 P11/SOUT 142 R31/CE1
23 SEG33 63 COM2 103 P10/SIN 143 R32/CE2
24 SEG34 64 COM1 104 PO7/D7 144 R33/CE3
25 SEG35 65 COMO 105 P06/D6 145 R34/FOUT
26 SEG36 66 CE 106 PO5/D5 146 R50/BZ
27 SEG37 67 CD 107 P04/D4 147 SEGO
28 SEG38 68 CcC 108 PO3/D3 148 SEG1
29 SEG39 69 CB 109 P02/D2 149 SEG2
30 SEG40 70 CA 110 PO1/D1 150 SEG3
31 COM31/SEG41 71 Vcs 111 PO0/DO 151 SEG4
32 COM30/SEG42 2 Vca 112 N.C. 152 SEG5
33 COM29/SEG43 73 Vs 113 N.C. 153 SEG6
34 COMZ28/SEG44 74 V2 114 ROO/AQ 154 SEG7
35 COM27/SEG45 75 Vci 115 ROVA1 155 SEG8
36 COM26/SEG46 76 0OSC3 116 RO2/A2 156 SEG9
37 COM25/SEG47 77 0SCc4 117 RO3/A3 157 SEG10
38 COM24/SEG48 78 Vb1 118 RO4/A4 158 SEG11
39 COM23/SEG49 79 VDD 119 RO5/A5 159 SEG12
40 N.C. 80 Vss 120 N.C. 160 N.C.

Fig. 1.4.4 S1C88308 pin layout
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1 INTRODUCTION

Table 1.4.4 S1C88308 pin description

Pin name Pin No. In/out Function

VDD 79 - Power supply (+) terminal
Vss 80 - Power supply (GND) terminal
Vb1 78 - Regulated voltage output terminal for oscillators
Vci-Ves 75-71 O LCD drive voltage output terminals
CA-CE 70-66 - Booster capacitor connection terminals for LCD
0SC1 81 | OSC1 oscillation input terminal

(select crystal oscillation/CR oscillation/external clock input with mask option)
0sc2 82 O OSC1 oscillation output terminal
0SC3 76 | OSC3 oscillation input terminal

(select crystal/ceramic/CR oscillation/external clock input with mask option)
0sc4 7 O OSC3 oscillation output terminal
MCU/MPU 85 | Termina for setting MCU or MPU modes
K00-KO07 88-95 | Input terminals (KO0-K 07)
K10/EVIN 87 | Input terminal (K10) or event counter external clock input terminal (EVIN)
ROO-R0O7/A0-A7 114-119,122,123| O Output terminals (RO0-R07) or address bus (A0-A7)
R10-R17/A8-A15 124131 O Output terminals (R10-R17) or address bus (A8-A15)
R20-R22/A16-A18 132-134 O Output terminals (R20-R22) or address bus (A16-A18)
R23/RD 135 O | Output terminal (R23) or read signal output terminal (RD)
R24/WR 136 O | Output terminal (R24) or write signal output terminal (WR)
R25/CL 137 O Output terminal (R25) or LCD synchronous signal output terminal (CL)
R26/FR 138 O Output terminal (R26) or LCD frame signal output terminal (FR)
R27/TOUT 139 (e} Output terminal (R27)

or programmable timer underflow signal output terminal (TOUT)
R30-R33/CEO-CE3 | 140, 142-144 O | Output terminals (R30-R33) or chip enable output terminals (CEO-CE3)
R34/FOUT 145 O Output terminal (R34) or clock output terminal (FOUT)
R50/BZ 146 O Output terminal (R50) or buzzer output terminal (BZ)
POO-P0O7/DO-D7 104111 1/0 | 1/O terminals (PO0—P07) or data bus (DO-D7)
P10/SIN 103 1/0 | 1/Oterminal (P10) or serial I/F datainput terminal (SIN)
P11/SOUT 102 1/0 | I/Oterminal (P11) or serial I/F data output terminal (SOUT)
P12/SCLK 101 I/0 | /O terminal (P12) or serial I/F clock 1/O terminal (SCLK)
P13/SRDY 100 I/0 | /O terminal (P13) or serial |/F ready signal output terminal (SRDY)
P14/CMPPO 99 1/0 | 1/Oterminal (P14) or comparator O non-inverted input terminal
P15/CMPMO 98 1/0 | 1/O terminal (P15) or comparator O inverted input terminal
P16/CMPP1 97 1/0 | 1/Oterminal (P16) or comparator 1 non-inverted input terminal
P17/CMPM1 96 1/0 | 1/Oterminal (P17) or comparator 1 inverted input terminal
COM0O-COM15 65-62, 6049 O LCD common output terminals
COM16-COM31 48-42, 39-31 O LCD common output terminals (when 1/32 duty is selected)
/SEG56-SEG41 or LCD segment output terminal (when 1/16 or 1/8 duty is selected)
SEGO-SEG40 147-159, O LCD segment output terminals

2-20, 22-30

RESET 84 | Initial reset input terminal
TEST * 83 | Test input terminal

*  TEST is the terminal used for shipping inspection of the IC. For normal operation be sure it is connected to Vbp.

1-12
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2 POWER SUPPLY

In this section, we will explain the operating
voltage and the configuration of the internal power
supply circuit of the S1C883xx.

2.1 Operating Voltage

The S1C883xx operating power voltage is as
follows:

Normal mode: 24Vto55V
Low power mode: 1.8Vto35V
High speed mode: 35Vto55V

If supply voltage drops below level 0 (see Chapter
7, "ELECTRICAL CHARACTERISTICS"), the
system is automatically reset by a supply voltage
detection (SVD) circuit described in the latter. This
function can be selected by mask option.

2.2 Internal Power Supply Circuit

The S1C883xx incorporate the power supply circuit
shown in Figure 2.2.1. When voltage within the
range described above is supplied to VDD (+) and
Vss (GND), all the voltage needed for the internal
circuit is generated internally in the IC.

Roughly speaking, the power supply circuit is
divided into two sections.

One section is the oscillation system voltage
regulator. The oscillation and internal circuits
operate on the voltage VD1, output by this circuit.
VD1 voltage can be selected from among three
types: 1.3 V (low-power mode), 2.2 V (normal
mode) and 3.3 V (high-speed mode).

2 POWER SUPPLY

It should be selected by a program to switch
according to the supply voltage and oscillation
frequency.

See Section 5.4, "Oscillation Circuits and Operating
Mode", for the switching of operating mode.

Note: Under no circumstances should Vb1 terminal
output be used to drive external circuit.

The second circuit section is the power supply
circuit for the LCD system which generates the
drive voltage for the LCD. Drive voltage has five
potentials VVci-Vcs for 1/5 bias: Vc1 and Vc2 are
generated by the LCD voltage regulator, and are
boosted to generate Vc3-Vcs. These five potentials
are output externally at each of the terminals and
can be used to supply an external expanded LCD
driver.

See Chapter 7, "ELECTRICAL CHARACTERIS-
TICS" for the voltage values.

In the S1C883xx, the LCD drive voltage is supplied
to the built-in LCD driver which drives the LCD
panel connected to the SEG and COM terminals.

Note: Do not use terminals Vci-Vcs except to
supply voltage to the expanded LCD driver.
A load resistance between terminals Vss—
Vci is needed when driving an LCD panel
that constitutes a heavy load.

DD Internal voltage
External setting circuit
power
supply Oscillation system S
voltage requlater Oscillation circuit 0SC1-0SC4
voltage regulater
S1C88348/317/316
LCD system - > ! COM0-COM15 i
voltage booster VesV LCD driver | COM16-COM31/SEG66-SEG51 |
G |SEGO-SEGS0 1
‘como-comis
| COM16-COM31/SEG56-SEG41
{SEGO-SEG40 . ‘
S1C88308
Fig. 221
Configuration of
power supply circuit
S1C88348/317/316/308 TECHNICAL HARDWARE EPSON 1-13



2 POWER SUPPLY

2.3 Heavy Load Protection Mode

The S1C883xx has a heavy load protection function
for stable operation even when the supply voltage
fluctuates by driving a heavy load. The heavy load
protection mode becomes valid when the periph-
eral circuits are in the following status:

(1) The OSC3 oscillation circuit is switched ON
(OSCC ="1"and not in SLEEP)

(2) The buzzer output is switched ON
(BZON ="1" or BZSHT ="1")

SLEEP status

Heavy load
protection mode

Fig. 2.3.1 Configuration of heavy load protection mode
control circuit

For details of the OSC3 oscillation circuit and
buzzer output, see "5.4 Oscillation Circuits and
Operating Mode" and "5.13 Sound Generator",
respectively.

1-14 EPSON
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3 CPU AND BUS CONFIGURATION

3 CPU AND BUS CONFIGURATION

In this section, we will explain the CPU, operating mode and bus configuration.

3.1 CPU

The S1C883xx utilize the S1C88 8-bit core CPU
whose resistor configuration, command set, etc. are
virtually identical to other units in the family of
processors incorporating the S1C88.

See the "S1C88 Core CPU Manual" for the S1C88.

Specifically, the S1C883xx employ the Model 3
S$1C88 CPU which has a maximum address space of
512K bytes x 4.

3.2 Internal Memory

The S1C883xx is equipped with internal ROM and
RAM as shown in Figure 3.2.1. Small scale applica-
tions can be handled by one chip. It is also possible
to utilize internal memory in combination with
external memory.

Furthermore, internal ROM can be disconnected
from the bus and the resulting space released for

3.2.1 ROM

The internal ROM capacity is shown in Table
3.2.1.1.

Table 3.2.1.1 Internal ROM capacity

Model ROM capacity Address
S1C88348 48K bytes 000000H—-00BFFFH
S1C88317 16K bytes 000000H—003FFFH
S1C88316 16K bytes 000000H—003FFFH
S1C88308 8K bytes 000000H—001FFFH

The ROM areas shown above can be released to
external memory depending on the setting of the
MCU/MPU terminal. (See "3.5 Chip Mode".)

3.2.2RAM

The internal RAM capacity is shown in Table
3.2.2.1.

Table 3.2.2.1 Internal RAM capacity

external applications. Model RAM capacity Address

S1C88348  S1C88317/316  S1C88308 S1C88348 2K bytes O0FO00H-00F7FFH
OOEFEEH S1C88317 2K bytes 00FO00H—00F7FFH
ooFFoon| /O memory || 1/O memory /O memory S1C88316 2K bytes 0OFO00H—00F7FFH
o a2 | Display memory | |Display memory | | Display memory S1C88308 256 bytes 0OFO00H—-00FOFFH
00F7FFH : ; .
ooroooH|PAM (2K bytes) | |RAM (2K bytes) | i1 Even when external memory which overlaps the
QOBFFFHY  ndefined - i 3 internal RAM area is expanded, the RAM area is
000000H: area not released to external memory. Access to this area
00BFFFH Undefined is via internal RAM.

aea P Undefined
= 3.2.31/0 memor
004000H & y
003FFFH ROM . :

(48K bytes) A memory mapped I/0 method is employed in the
002000H ROM S$1C883xx for interfacing with internal peripheral
001FFFH (16K bytes) ROM circuit. Peripheral circuit control bits and data

(8K bytes) register are arranged in data memory space.
000000H .
oororFn—!  Control and data exchange are conducted via

Fig. 3.2.1 Internal memory map

normal memory access. 1/0 memory is arranged in
page 0: 00FFOOH-00FFFFH area.

See Section 5.1, "1/0 Memory Map", for details of
the 170 memory.

Even when external memory which overlaps the /0
memory area is expanded, the /0 memory area is
not released to external memory. Access to this area
is via I/0 memory.

S1C88348/317/316/308 TECHNICAL HARDWARE
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3 CPU AND BUS CONFIGURATION

3.2.4 Display memory

The S1C883xx is equipped with an internal display
memory which stores a display data for LCD
driver.

Display memory is arranged in page 0: 00FX00H-
00Fx42H (x = 8-DH) in the data memory area. See
Section 5.12, "LCD Controller", for details of the
display memory. Like the 1/0 memory, display
memory cannot be released to external memory.

3.3 Exception Processing Vectors

000000H-000023H in the program area of the
S1C883xx is assigned as exception processing
vectors. Furthermore, from 000026H to 0000FFH,
software interrupt vectors are assignable to any two
bytes which begin with an even address.

Table 3.3.1 lists the vector addresses and the
exception processing factors to which they corre-
spond.

Table 3.3.1 Vector addresses and the corresponding
exception processing factors

Vector
address

000000H | Reset High
000002H | Zero division 1
000004H | Watchdog timer (NMI)
000006H | Programmable timer 1 interrupt

000008H | Programmable timer O interrupt
00000AH | K10, K11 input interrupt

00000CH | K04—K 07 input interrupt

0O0OO0O0EH | KOO-K 03 input interrupt
000010H | Serial I/F error interrupt

000012H | Serial I/F receiving complete interrupt

000014H | Serid I/F transmitting complete interrupt
000016H | Stopwatch timer 100 Hz interrupt

000018H | Stopwatch timer 10 Hz interrupt

00001AH | Stopwatch timer 1 Hz interrupt
00001CH | Clock timer 32 Hz interrupt

00001EH | Clock timer 8 Hz interrupt

000020H |Clock timer 2Hzinternpt | L
000022H | Clock timer 1 Hz interrupt Low
000024H | System reserved (cannot be used)

000026H

Exception processing factor Priority

No
priority
rating

Software interrupt

0000FEH

For each vector address and the address after it, the
start address of the exception processing routine is
written into the subordinate and super ordinate
sequence. When an exception processing factor is
generated, the exception processing routine is
executed starting from the recorded address.

When multiple exception processing factors are
generated at the same time, execution starts with
the highest priority item.

The priority sequence shown in Table 3.3.1 assumes
that the interrupt priority levels are all the same.
The interrupt priority levels can be set by software
in each system. (See Section 5.16 "Interrupt and
Standby Status".)

Note: For exception processing other than reset,
SC (system condition flag) and PC (program
counter) are evacuated to the stack and
branches to the exception processing
routines. Consequently, when returning to
the main routine from exception processing
routines, please use the RETE instruction.

See the "S1C88 Core CPU Manual" for information
on CPU operations when an exception processing
factor is generated.

3.4 CC (Customized Condition Flag)

The S1C883xx does not use the customized condi-
tion flag (CC) in the core CPU. Accordingly, it
cannot be used as a branching condition for the
conditional branching instruction (JRS, CARS).

1-16 EPSON
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3.5 Chip Mode

3.5.1 MCU mode and MPU mode

The chip operating mode can be set to one of two
settings using the MCU/MPU terminal.

m  MCU mode...Set the MCU/MPU terminal to HIGH
Switch to this setting when using internal ROM.
With respect to areas other than internal
memory, external memory can even be ex-
panded. See Section 3.5.2, "Bus mode", for the
memory map.

In the MCU mode, during initial reset, only
systems in internal memory are activated.
Internal ROM is normally fixed as the top
portion of the program memory common area
(logical space 0000H-7FFFH). Exception
processing vectors are assigned in internal
ROM. Furthermore, the application initializa-
tion routines that start with reset exception
processing must likewise be written to internal
ROM. Since bus and other settings which
correlate with external expanded memory can
be executed in software, this processing is
executed in the initialization routine written to
internal ROM. Once these bus mode settings are
made, external memory can be accessed.

When accessing internal memory in this mode,
the chip enable (CE) and read (RD)/write (WR)
signals are not output to external memory, and
the data bus (D0-D7) changed to high imped-
ance status (pull-up status when the "pull-up
resistors for P00-P07 enabled" have been
selected by the mask option).

Consequently, in cases where addresses overlap
in external and internal memory, the areas in
external memory will be unavailable.

m  MPU mode...Set the MCU/MPU terminal to LOW
Internal ROM area is released to an external
device source. Internal ROM then becomes
unusable and when this area is accessed, chip
enable (CE) and read (RD)/write (WR) signals
are output to external memory and the data bus
(D0-D7) become active. These signals are not
output to an external source when other areas of
internal memory are accessed.

In the MPU mode, the system is activated by
external memory.

3 CPU AND BUS CONFIGURATION

For this reason, in order to adjust bus settings to
conform to the configuration of external
memory during initial reset, the user can select
the applicable system configuration using the
mask option. (See "3.5.2 Bus mode")

When employing this mode, the exception
processing vectors and initialization routine
must be assigned within the common area
(0O00000H-007FFFH).

You can select whether to use the built-in pull-
up resistor of the MCU/MPU terminal by the
mask option.

Note: Setting of MCU/MPU terminal is latched at
the rising edge of a reset signal input from
the RESET terminal. Therefore, if the setting
is to be changed, the RESET terminal must
be set to LOW level once again.

3.5.2 Bus mode

In order to set bus specifications to match the
configuration of external expanded memory, four
different bus modes described below are selectable
in software.

m Single chip mode

S1C88348 S1C88317/316 S1C88308

-MCU mode- -MCU mode- -MCU mode-
O00FFFFH
OOFFOOH 1/0 memory 1/0 memory 1/0 memory
00FD42H| Display Display Display
00F800H| mMemory memory memory
00F7FFH | 1
OOFO00H Internal RAM | |Interna RAM e AN
00EFFFH! Undefined | ! | E
. ' area o L 1
00CO00H:! u . B 1
O0BFFFH i Undefined ; | !
! aizl 11 Undefined
L area 1
004000H ! B 1
003FFFH Internal ROM
002000H Internal ROM | :
001FFFH
Internal ROM
000000H

Fig. 3.5.2.1 Memory map for the single chip mode

The single chip mode setting applies when the
S1C883xx is used as a single chip microcom-
puter without external expanded memory.

Since this mode employs internal ROM, the
system can only be operated in the MCU mode
discussed in Section 3.5.1. In the MPU mode, the
system cannot be set to the single chip mode.

S1C88348/317/316/308 TECHNICAL HARDWARE
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3 CPU AND BUS CONFIGURATION

Since there is no need for an external bus line in
this mode, terminals normally set for bus use
can be used as general purpose output ports or
170 ports.

Accordingly, the output ports are in a 34-bit
configuration in the S1C88348/317/316 and 30-
bit in the S1C88308. The 1/0 ports are in a 16-bit
configuration in both the models.

CPU operation in this mode is equivalent to the
S$1C88 core CPU Model 3 minimum mode.
Addresses assigned to internal memory within
physical space 000000H to 00FFFFH are only
effective as a target for accessing.

External memory can be assigned to the area
from 004000H to 00EFFFH in the S1C88348/
317/316 and to the area from 002000H to
00EFFFH in the S1C88308.

Since the internal ROM area is released in the
MPU mode, external memory can be assigned
to the area from 000000H to O0EFFFH. The area
from O00FO00H to OOFFFFH is assigned to
internal memory (RAM, etc.) and cannot be
used to access an external device.

This mode setting is suitable for small- to mid-
scale systems. The address range of the chip
enable (CE) signal, adapted to memory chips
with a capacity of from 8 to 64K bytes, can be

= Expanded 64K mode ) _ selected in software to any one of four settings.
The expanded 64K mode setting applies when See Section 3.6.4, "Chip enable (CE) signal”, for
the S1C883xx is used with 64K bytes or less of the CE signal.
external expanded memory. In the S1C88316/ L . . .
308, this mode is usable regardless of the MCU/ CPU operation in this mode is equivalent to the
MPU mode setting. In the S1C88348/317, it can $1C88 core CPU Model 3 minimum mode. The
be used only in the MPU mode. area within physical space 000000H to 00FFFFH
) o ) is only effective as a target for accessing.
Because internal ROM is being used in the MCU
mode, external memory in that area is not
accessible.
S1C88316 S1C88308 S1C88348/317/
316/308
- MCU mode - - MCU mode - - MPU mode -
OOFFFFH; s ¥ ]
00r00oul Internal memory: : Internal memory: +Internal memory:
O0EFFFH
External
memory area
External
004000H MEMOY A& | terna
003FFFHE | memory area
002000H: |
001FFFH Internal memory: :
!t Internal memory !
000000H: ‘i
See Figure 3.2.1 for the internal memory
OThe S1C88348 and S1C88317 do not support the expanded 64K + MCU mode.
Fig. 3.56.2.2 Memory map for the expanded 64K mode
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m Expanded 512K minimum mode

The expanded 512K minimum mode setting
applies when the S1C883xx is used with over
64K bytes and less than 512K bytes x 4 of
external expanded memory. This mode is
usable regardless of the MCU/MPU mode

setting.

Because internal ROM is being used in the MCU
mode, external memory can be assigned to the

area from 080000H to 27FFFFH.

Since the internal ROM area is released in the
MPU mode, external memory can be assigned
to the area from 000000H to 1FFFFFH. How-
ever, the area from 00F000H to 00FFFFH is
assigned to internal memory and cannot be

used to access an external device.

3 CPU AND BUS CONFIGURATION

CPU operation in this mode is equivalent to the
S1C88 core CPU Model3 minimum mode. The
area within physical space 000000H to 1FFFFFH
in the MPU mode or physical space 080000H to
27FFFFH + internal memory in the MCU mode
is effective as a target for accessing.
Furthermore, since program memory expansion
is limited to less than 64K bytes configured with
the common area (000000H to 007FFFH) and
one optional bank area (internal ROM + 32K in
the MCU mode), this mode is suitable for small-
to mid-scale program memory and large-scale
data memory systems.

The address range of chip enable (CE) signals in
this mode is fixed at 512K bytes.

S1C88348 S1C88317/316 $1C88308
- MCU mode - - MCU mode - - MCU mode - - MPU mode -
27FFFFH 1FFFFFH—
External External External External
memory area memory area memory area memory area
080000H
07FFFFH
Unused area Unused area Unused area
010000H
ggigggg iInternal memoryi iInternal memoryi :Internal memory: /Internal memoryi
OOEFFFH
Unused area
00C000H Unused area
00BFFFH !
Unused area External
004000H ! memory area

002000H
O01FFFH !

003FFFH ! Internal memory :

000000H

Internal memory

'
'
'
'
'
'
=

________________

See Figure 3.2.1 for the internal memory

Fig. 3.5.2.3 Memory map for the expanded 512K minimum mode
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3 CPU AND BUS CONFIGURATION

m Expanded 512K maximum mode

The expanded 512K maximum mode setting
applies when the S1C883xx is used with over
64K bytes and less than 512K bytes x 4 of
external expanded memory. This mode is
usable regardless of the MCU/MPU mode
setting.

Because internal ROM is being used in the MCU
mode, external memory can be assigned to the
area from 080000H to 27FFFFH.

Since the internal ROM area is released in the
MPU mode, external memory can be assigned
to the area from 000000H to 1FFFFFH.

The area from 00FO00H to 00FFFFH is assigned
to internal memory and cannot be used to
access an external device.

CPU operation in this mode is equivalent to the
S1C88 core CPU Model 3 maximum mode, the
area within physical space 000000H to 1FFFFFH
in the MPU mode or physical space 080000H to
27FFFFH + internal memory in the MCU mode
is effective as a target for accessing. In the above
mentioned physical space, since program
memory and data memory can be secured with
an optional (maximum 512K bytes x 4 program
+ data) size, this mode is suitable for systems
with large-scale program and data capacity.

The address range of chip enable (CE) signals in
this mode is fixed at 512K bytes.

S1C88348 S1C88317/316 S1C88308

- MCU mode - - MCU mode - - MCU mode - - MPU mode -
27FFFFH 1FFFFFH——

External External External External

memory area memory area memory area memory area
080000H
07FFFFH

Unused area Unused area Unused area
010000H
88%553 ‘Internal memoryi ‘Internal memoryi iInternal memory : :Internal memoryi
00EFFFH

Unused area
00CO000H Unused area
00BFFFH

Unused area External

004000H memory area
003FFFH

Internal memory

002000H
001FFFH

000000H

See Figure 3.2.1 for the internal memory

Fig. 3.5.2.4 Memory map for the expanded 512K maximum mode

There is an explanation on how all these settings are actually made in "5.2 System Controller and Bus
Control" of this Manual.
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3.6 External Bus

The S1C883xx has bus terminals that can address a
maximum of 512K x 4 bytes and memory (and
other) devices can be externally expanded accord-
ing to the range of each bus mode described in the
previous section.

Address bus (A0-A18)
1 [ 1 [ 1 [ 1 !—>
Data bus (D0-D7)
S1C883xx O U O U O U
*
[« BREQ | External || || External || || External || || External
O [ BACK || device device device device

’l %l I I l‘

* There is no bus authority release function in the S1C88308.

Fig. 3.6.1 External buslines

Below is an explanation of external bus terminals.
For information on control methods, see Section 5.2,
"System Controller and Bus Control".

3.6.1 Data bus

The S1C883xx possess an 8-hit external data bus
(D0-D7). The terminals and 1/0 circuits of data bus
DO0-D7 are shared with 1/0 ports PO0-P07, switch-
ing between these functions being determined by
the bus mode setting.

In the single chip mode, the 8-bit terminals are all
set as 1/0 ports PO0-P07 and in the other expanded
modes, they are set as data bus (D0-D7).

When set as data bus, the data register and 170
control register of each 1/0 port are detached from
the 170 circuits and usable as a general purpose
data register with read/write capabilities.

110 Data
port bus
Busmode| [ P00 |« DO "] Bus mode

P01l |« D1 84K
P02 |« D2

Single P03 |-« D3 512K

chip P04 | <> D4 (min.)

P05 |« D5 512K
PO6 |«—>| D6 (max.)
P07 |« D7

Fig. 3.6.1.1 Correspondence between data bus
and /O ports

3 CPU AND BUS CONFIGURATION

With regard to the pull-up resistors that go ON
only in input mode, the mask option can be used to
select whether or not to use the pull-up resistor for
each data bus line. (The same holds true when the
terminals are used as 1/0 ports.)

3.6.2 Address bus

The S1C883xx possess a 19-bit external address bus
A0-A18. The terminals and output circuits of
address bus A0-A18 are shared with output ports
RO0-R07 (=A0-A7), R10-R17 (=A8-A15) and R20-
R22 (=A16-A18), switching between these functions
being determined by the bus mode setting.

In the single chip mode, the 19-bit terminals are all
set as output ports RO0-R07, R10-R17 and R20-R22.
In the expanded 64K mode, 16 of the 19-bit termi-
nals, AO-A15, are set as the address bus, while the
remaining 3 bits, A16-A18, are set as output ports
R20-R22.

In the expanded 512K minimum and maximum
modes, all of the 19-bit terminals are set as the
address bus (A0-A18).

When set as an address bus, the data register and
high impedance control register of each output port
are detached from the output circuit and used as a
general purpose data register with read/write
capabilities.

Output Address
port bus
i ROO |«»| A0 || ]
RO1 |« Al
R02 |« A2
RO3 |« A3
Bus mode R04 |« A4 Bus mode
RO5 |« A5
R06 |-« A6 512K
RO7 |<»| A7 (min.)
Single R10 |<«»| A8 64K
chip 512K
R11 |« A9 (max.)
R12 |« | A10
R13 |« | All
R14 |« | Al12
R15 |« | A13
R16 |<—»| Al4
R17 |« | A15
[ R20 |«»| A6 |
64K R21 |« | A17
R22 |« | A18

Fig. 3.6.2.1 Correspondence between address bus
and output ports
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3 CPU AND BUS CONFIGURATION

3.6.3 Read (RD)/write (WR) signals

The output terminals and output circuits for the
read (RD)/write (WR) signals directed to external
devices are shared respectively with output ports
R23 and R24, switching between these functions
being determined by the bus mode setting.

In the single chip mode, both of these terminals are
set as output port terminals and in the other
expanded modes, they are set as read (RD)/write
(WR) signal output terminals. When set as read
(RD)/write (WR) signal output terminal, the data
register and high impedance control register for
each output port (R23, R24) are detached from the
output circuit and is usable as a general purpose
data register with read/write capabilities.

These two signals are only output when the
memory area of the external device is being
accessed. They are not output when internal
memory is accessed.

See Section 3.6.5, "WAIT control”, for the output
timing of the signal.

Output RD/WR
Busmode | POrt signal Bus mode
_ 64K

R23 |«—» RD
Single 51_2K
chip (min.)
R24 |«»| WR 512K
(max.)

Fig. 3.6.3.1 Correspondence between read (RD)write
(WR) signal and output ports

3.6.4 Chip enable (CE) signal

The S1C883xx is equipped with address decoders
which can output four different chip enable (CE)
signals.

Consequently, four devices equipped with a chip
enable (CE) or chip select (CS) terminal can be
directly connected without setting the address
decoder to an external device.

The four chip enable (CEO-CE3) signal output
terminals and output circuits are shared with
output ports R30-R33 and in modes other than the
single chip mode, the selection of chip enable (CE)
or output port can be set in software for each of the
four bits. When set for chip enable (CE) output, the
data register and high impedance control register
for each output port are detached from the output
circuit and is usable as general purpose data
register with read/write capabilities.

In the single chip mode, these terminals are set as
output ports R30-R33.

Output CE
Bus mode| port signal | Bus mode
R30 |<«» CEO 64K
Single| | R31 |«»| CEL (Sn}an)
chi CE2 .
Pl Rs2 || CE2 512K
R33 |<»| CE3 | |(max)

Fig. 3.6.4.1 Correspondence between CE signals
and output ports

The address range assigned to the four chip enable
(CE) signals is determined by the bus mode setting.
In the expanded 64K mode, the four different
address ranges which match the amount of
memory in use can be selected in software.

Table 3.6.4.1 shows the address ranges which are
assigned to the chip enable (CE) signal in each
mode. When accessing the internal memory area,
the CE signal is not output. Care should be taken
here because the address range for these portions of
memory involves irregular settings.

The arrangement of memory space for external
devices does not necessarily have to be continuous
from a subordinate address and any of the chip
enable signals can be used to assign areas in
memory.
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Each of these signals is only output when the
memory area of the external device is being

accessed. They are not output when internal
memory is accessed.

3 CPU AND BUS CONFIGURATION

Table 3.6.4.1 CEO-CES address settings
(1) Expanded 64K mode + MCU mode (S1C88316)

See Section 3.6.5, "WAIT control", for the output
timing of signal.

CE signal Address range (selected in software)
8K bytes 16K bytes 32K hytes 64K bytes
CEO 008000H—-009FFFH — 004000H-007FFFH 004000H—-00EFFFH
CE1 00A 000OH—-00BFFFH 004000H-007FFFH 008000H-00EFFFH -
CE2 004000H—-005FFFH 008000H—-00BFFFH - -
CE3 006000H-007FFFH 00CO00OH—-O00EFFFH - -
(2) Expanded 64K mode + MCU mode (S1C88308)
— . Address range (selected in software)
CE signal
8K bytes 16K bytes 32K bytes 64K bytes
CEO 008000H—-009FFFH 002000H—-003FFFH 002000H-007FFFH 002000H—-00EFFFH
CEl 002000H—003FFFH 004000H—-007FFFH 008000H—-00EFFFH -
CE2 004000H-005FFFH 008000H-00BFFFH - -
CE3 006000H—007FFFH 00CO00H-00EFFFH - -
(3) Expanded 64K mode + MPU mode (S1C88348/317/316/308)
— . Address range (selected in software)
CE signal
8K bytes 16K bytes 32K bytes 64K bytes
CEO 000000H—-001FFFH 000000H—003FFFH 000000H—-007FFFH 000000H—-00EFFFH
CEl 002000H—003FFFH 004000H—-007FFFH 008000H—00EFFFH -
CE2 004000H-005FFFH 008000H-00BFFFH - -
CE3 006000H—007FFFH 00CO00H-00EFFFH - -
(4) Expanded 512K minimum/maximum modes (S1C88348/317/316/308)
. Address range
CE signal
MCU mode MPU mode
CEO 200000H—27FFFFH 000000H—00EFFFH, 010000H—07FFFFH
CEl 080000H-OFFFFFH 080000H—-OFFFFFH
CE2 100000H—-17FFFFH 100000H—-17FFFFH
CE3 180000H—1FFFFFH 180000H—-1FFFFFH
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3 CPU AND BUS CONFIGURATION

3.6.5 WAIT control The WAIT states set in software are inserted
between bus cycle states T3-T4.

Note, however, that WAIT states cannot be inserted
when an internal register and internal memory are
being accessed and when operating with the OSC1
oscillation circuit (see "5.4 Oscillation Circuits and
Operating Mode").

In order to insure accessing of external low speed
devices during high speed operations, the
S1C883xx is equipped with a WAIT function which
prolongs access time. (See the "S1C88 Core CPU
Manual" for details of the WAIT function.)

The WAIT state numbers to be inserted can be Consequently, WAIT state settings are meaningless
selected in software from a series of 8 as shown in in the single chip mode.
Table 3.6.5.1.

Figure 3.6.5.1 shows the memory read/write
Table 3.6.5.1 Selectable WAIT state numbers timing charts.

Selection No. 112 3|4|5|6|7]|S8
Insert states 0|2 4|6 |8|10|12|14

* One state is a 1/2 cycle of the clock in length.

'T1 T2 T3 T4 T1 T2 T3 T4

ck [\ L/ L L
8

A0-A18 :)( Address ) Address
ceo 1\ / |
ce1 a 7
wR I
R |

DO-D7

Read cycle Write cycle
(1) No WAIT
WAIT (4 states inserted) WAIT (4 states inserted)

CTL T2 T3 Twl Tw2 Twl Tw2 T4! T1 T2 T3 Twl Tw2 Twl Tw2 T4 !
ck L\ L L L L
AO-A18 :X Address :X Address ‘X:

ceo J |
e i\ I
wR — T

" -
DO-D7 E—( | Read data | )3—( | Write data | : I

34 Read cycle =E< Write cycle =3

(2) WAIT state insertion
Fig. 3.6.5.1 Memory read/write cycle
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3.6.6 Bus authority release state

The S1C88348/317/316 is equipped with a bus
authority release function on request from an
external device so that DMA (Direct Memory
Access) transfer can be conducted between external
devices. The internal memory cannot be accessed
by this function.

There are two terminals used for this function: the
bus authority release request signal (BREQ) input
terminal and the bus authority release acknowledge
signal (BACK) output terminal.

The BREQ input terminal is shared with input port
terminal K11 and the BACK output terminal with
output port terminal R51, use with setting to
BREQ/BACK terminals done in software. In the
single chip mode, or when using a system which
does not require bus authority release, set respec-
tive terminals as input and output ports.

Input —
BREQ

port | <«—>» .

K11 input

Output -

BACK

port | <«—>»

R51 output

Fig. 3.6.6.1 BREQ/BACK terminals

3 CPU AND BUS CONFIGURATION

When the bus authority release request (BREQ =
LOW) is received from an external device, the
$1C883xx switches the address bus, data bus, RD/
WR signal, and CE signal lines to a high impedance
state, outputs a LOW level from the BACK terminal
and releases bus authority.

As soon as a LOW level is output from the BACK
terminal, the external device can use the external
bus. When DMA is completed, the external device
returns the BREQ terminal to HIGH and releases
bus authority.

Figure 3.6.6.2 shows the bus authority release
sequence.

During bus authority release state, internal memory
cannot be accessed from the external device. In
cases where external memory has areas which
overlap areas in internal memory, the external
memory areas can be accessed accordance with the
CE signal output by the external device.

Note: Be careful with the system, such that an
external device does not become the bus
master, other than during the bus release
status.

After setting the BREQ terminal to LOW
level, hold the BREQ terminal at LOW level
until the BACK terminal becomes LOW level.
If the BREQ terminal is returned to HIGH
level, before the BACK terminal becomes
LOW level, the shift to the bus authorization
release status will become indefinite.

There is no bus authority release function in

the S1C88308.
Twe T4 TL T2 T3 Twl Tw2 T4 ' TA T2 TA T2 TA T2 TA T2 T T2 T3
aw VA L [\ J \; \
AO-A18 IX | AL ) ( Pc
1 | i |
po-D7  _ (X)  — (IX) ) —( ANy
WR | S N /
RD [ 0\ /.
BREQ ! \ L L L L [ H !
BACK ‘ ‘\ J ‘ Program
| ! exection
Program exection status i Bus authority release status . status
B LD [HL],[IX] "

Fig. 3.6.6.2 Busauthority release sequence
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4 INITIAL RESET

4 INITIAL RESET

Initial reset in the S1C883xx is required in order to initialize circuits. This section of the Manual
contains a description of initial reset factors and the initial settings for internal registers, etc.

4.1 Initial Reset Factors

There are three initial reset factors for the S1C883xx
as shown below.

(1) RESET terminal

(2) Simultaneous LOW level input at input port
terminals KOO—KO03.

(3) Supply voltage detection (SVD) circuit

Figure 4.1.1 shows the configuration of the initial
reset circuit.

K00 O Input port KOO
K01 Input port KO1 _8
Q
—a

The CPU and peripheral circuits are initialized by
means of initial reset factors. When the factor is
canceled, the CPU commences reset exception
processing. (See "S1C88 Core CPU Manual".)

When this occurs, reset exception processing
vectors, Bank 0, 000000H-000001H from program
memory are read out and the program (initializa-
tion routine) which begins at the readout address is
executed.

SLEEP status
Oscillation stability waiting signal

K02 Input port KO2
K03 O Input port KO3

Time authorize
circuit

A

Internal initial reset

3 VbD
esero- P

\ 4

VDDé I Y

‘ (SVD) circuit

Supply voltage detection

Fig. 4.1.1 Configuration of initial reset circuit
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4.1.1 RESET terminal

Initial reset can be done by executed externally
inputting a LOW level to the RESET terminal.

Be sure to maintain the RESET terminal at LOW
level for the regulation time after the power on to
assure the initial reset.

In addition, be sure to use the RESET terminal for
the first initial reset after the power is turned on.
The RESET terminal is equipped with a pull-up
resistor. You can select whether or not to use by
mask option.

4.1.2 Simultaneous LOW level input at
input port terminals KOO—K03

Another way of executing initial reset externally is to
input a LOW level simultaneously to the input ports
(K00-K03) selected by mask option.

Since there is a built-in time authorize circuit, be
sure to maintain the designated input port terminal
at LOW level for two seconds (when the oscillation
frequency is fosc1 = 32.768 kHz) or more to
perform the initial reset by means of this function.
However, the time authorize circuit is bypassed
during the SLEEP (standby) status and oscillation
stabilization waiting period, and initial reset is
executed immediately after the simultaneous LOW
level input to the designated input ports.

The combination of input ports (KO0-K03) that can
be selected by mask option are as follows:

(1) Not use

(2) KOO & K01

(3) KOO & K01 & K02

(4) KOO & K01 & K02 & K03

For instance, let's say that mask option (4) "K00 &
K01 & K02 & K03" is selected.

4 INITIAL RESET

When the input level at input ports KO0-KO03 is
simultaneously LOW, initial reset will take place.

When using this function, make sure that the
designated input ports do not simultaneously
switch to LOW level while the system is in normal
operation.

4.1.3 Supply voltage detection (SVD) circuit

When the SVD circuit detects that supply voltage
has dropped below level 0 four successive times
(see Chapter 7, "ELECTRICAL CHARACTERIS-
TICS"), it outputs an initial reset signal until the
supply voltage has been restored to level 2.

You can select whether or not to use the initial reset
according to the SVD circuit by mask option. If you
use it, the supply voltage must be at least level 2 for
the first sampling of the SVD circuit, when the
power is turned on. At this time, if the power
voltage level is less than level 2, the initial reset
status will not be canceled and instead the SVD
circuit will continue sampling until the supply
voltage reaches level 2 or more.

For more information, see "5.15 Supply Voltage
Detection (SVD) Circuit" in this Manual.

4.1.4 Initial reset sequence

After cancellation of the LOW level input to the
RESET terminal, when the power is turned on, the
start-up of the CPU is held back until the oscillation
stabilization waiting time (8,192/fosc1 sec.) has
elapsed. When the initial reset by the SVD circuit
has been used, an initial sampling time (248/fosc1
sec.) is added as additional waiting time.

Figure 4.1.4.1 shows the operating sequence
following initial reset release.

RESET

—

Internal initial reset

Internal address bus

Internal data bus

{ 00-0000 )

\PCXPCXPC

DummyHDummyH VECL )7

|
X
|
|

Internal read signal

8192/fosci [sec] |

' Oscillation stable waiting time ' First SVD sampling time * '

DA AY A A AY A A A YA AY YA
N AN N N N N N VN N N N N

248/fosci [sec] |

\th\F

Dummy cycle ' Reset exception processing

* When the initial reset by the SVD circuit with the mask option has been used, this cycle is inserted as the waiting time.

Fig. 4.1.4.1 Initial reset sequence
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4 INITIAL RESET

Also, when using the initial reset by simultaneous
LOW level input into the input port, you should be
careful of the following points.

)

@

During SLEEP status, since the time authoriza-
tion circuit is bypassed, an initial reset is
triggered immediately after a LOW level
simultaneous input value. In this case, the CPU
starts after waiting the oscillation stabilization
time and the SVD circuit initial sampling time
(when used with the mask option), following
cancellation of the LOW level simultaneous
input.

Other than during SLEEP status, an initial reset
will be triggered 1-2 seconds after a LOW level
simultaneous input. In this case, since a reset
differential pulse (64/fosci sec.) is generated
within the S1C883xx, the CPU will start even if
the LOW level simultaneous input status is not
canceled.

4.2 Initial Settings After Initial Reset

The CPU internal registers are initialized as follows
during initial reset.

Table 4.2.1 Initial settings

Register name Code|Bit length| Setting value
Dataregister A A 8 Undefined
Dataregister B B 8 Undefined
Index (data) register L L 8 Undefined
Index (data) register H H 8 Undefined
Index register IX IX 16 Undefined
Index register I'Y Y 16 Undefined
Program counter PC 16 Undefined*
Stack pointer SP 16 Undefined
Base register BR 8 Undefined
Zero flag z 1 0
Carry flag C 1 0
Overflow flag Vv 1 0
Negative flag N 1 0
Decimal flag D 1 0
Unpack flag ] 1 0
Interrupt flag 0 10 1 1
Interrupt flag 1 11 1 1
New code bank register NB 8 01H
Code bank register CB 8 Undefined*
Expand page register EP 8 00H
Expand page register for IX | XP 8 OOH
Expand page register for IY | YP 8 OOH

* Reset exception processing loads the preset
values stored in 0 bank, 0000H-0001H into the
PC. At the same time, 01H of the NB initial
value is loaded into CB.

Initialize the registers which are not initialized at
initial reset using software.

Since the internal RAM and display memory are
not initialized at initial reset, be sure to initialize
using software.

The respectively stipulated initializations are done
for internal peripheral circuits. If necessary, the
initialization should be done using software.

For initial value at initial reset, see the sections on
the 170 memory map and peripheral circuit
descriptions in the following chapter of this
Manual.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION

5 PERIPHERAL CIRCUITSAND
THEIR OPERATION

The peripheral circuits of the S1C883xx is interfaced with the CPU by means of the memory mapped
170 method. For this reason, just as with other memory access operations, peripheral circuits can be
controlled by manipulating 1/0 memory. Below is a description of the operation and control method for
each individual peripheral circuit.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

5.1 1/OMemory Map

Table5.1.1(a) /O Memory map (OOFFO0OH-00FF02H, MCU mode)

Address| Bit | Name Function 1 0 SR |R/W Comment
00FFO00 | D7 [BSMD1 |Bus mode (CPU mode) 0 |RW
(MCU) BSMD1 BSMDO Mode
L] 1 1 512K Maximum) | | |
D6 (BSMDO 1 0 512K (Minimum) 0 |[R'W
0 1 64K
0 0 Single chip
D5 [CEMD1 | Chip enable mode 1 |R/W |Only for 64K
CEMD1 CEMDO Mode bus mode
1 1 64K (CEO) .
I 1 0 3sx(eoceny || | 1
D4 [CEMDO 0 1 16K 1 |RIW

(CEO-CE3...51C88308)
(CE1-CE3...51C88316)
0 0 8K (CEO-CE3)

,,D,s, ,C,,E,S ,,,,, @(R33) CiE H al ] tE abldDSabI 7@7@9@?'?77@5‘1373?[677797773{\{\( IntheSinQIEChip
D2|cE2  |cE2(Rag) | J- 9 2P “HOE P e enale | C2aisale| 0 [ RIW | mode, thece seting
DL1|CEL |CEL(R3y |20 “EsSgnaoupu CElenable | CELdissble| 0 |R/W |arefixed & DC
il Py Disable: DC (R3x) output ~  [z——- -~~~ "f———-----"F---"[ -~~~

DO |CEO CEO (R30) CEO enable | CEOdisable| O | R/W |outpui.
00FF01 | D7 [SPP7 | Stack pointer page address MsB) | T ] 0o | 0 |RW
pejseP6 | S R 0 __|. 0 _|RW
|D5 [SPP5  |<SPpagedlocatableaddress> | O o | 0 |RW
| D4 [SPP4 |+ Singlechipmode: only Opage | T ] o | 0 |RW
| D3 |SPP3 __ |+ 64K mode: onlyOpage | G SR R 0 __|. 0 _|RW
|D2|SPP2 |+ 512K (min) mode: 0-27H page | [ o | 0 7R/7V7V
|D1|SPP1  |+512K (max) mode: 0-27H page | ! [ o | 0 7R/7V7V
DO |SPPO (LSB) 1 0 0 [RW
00FF02 o7 |EBR Busrelease enablefegister o 7Kfil_:l_””@””|pipgtigqrgi o |rwW *2
(K11 and R51 terminal specification) | R51 BACK Output port
Wiait control register Number
D6 (WT2 WT2 WT1 WTO of state
1 1 1 14
I 1 1 0 12
1 0 1
D5 |WT1 1 0 0 1; 0 |RW
I 0 1 1 6
0 1 0 4
D4 [WTO 0 0 1 2
0 0 0 No wait
D3 [CLKCHG| CPU operating clock switch 0SsC3 0sC1 0 |RW
D2 |OSCC |OSC3 oscillation On/Off control On Off 0 |RW
Operating mode selection
D1vDCl VDC1 VDCO Operating mode
R e 1 x High speed (VD1=3.3V) 0 |RW
0 1 Low power (VD1=1.3V)
D0 \VDCO 0 0 Normal (Vp1=2.2V)

*1 Thisisjust R/W register on S1C88348/317. *2 Thisisjust R/W register on S1C88308.

Note: All the interrupts including NMI are disabled, until you write the optional value into both the "00FFOOH" and
"00FFO01H" addresses.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(b) /O Memory map (0OFFOOH-00FF02H, MPU mode)

Address| Bit| Name Function 1 0 SR [R/IW Comment
00FFO00 | D7 |BSMD1 |Bus mode (CPU mode) * | R/W|* Initia setting can
(MPU) BSMD1 BSMDO Mode be selected among 3
L] 1 1 512K (Maximum) | | | | | types (64K, 512K
D6 |BSMDO 1 0 512K (Minimum) * | R/W | min and 512K max)
0 1 64K j by mask option
0 0 * Option selection setting.
D5 |CEMD1 |Chip enable mode 1 |R/W |Only for 64K
CEMD1 CEMDO Mode bus mode
] 1 1 e4K(@CEQ) | |
D4 |CEMDO 1 0 32K (CEQ, CE1) 1 |RW
0 1 16K (CEO-CEB)
0 0 8K (CEO-CE3)
D3|CE3 CE3(R33)]__ . ) CE3enable | CE3disable| 0 |R/W
D2|cE2  |CE2 (Rap) |CF 99 output EnableDiscble | o e | 2 disbie| 0 |RW
D1[CEL  |CEl(Ray) |EMPI® CESOmoupUt o e | CELdisble| 0 |RW
‘Do|cE0  |CEO (Rag) PSP PCRSoupt oy o e | CRodisbie] 1 |RW
00FFO01 | D7 |SPP7 | Stack pointer page address MSB) | 1 ] o | 0 |[RW
DelspP6 | ] T 0|0 |rW
|D5 |SPP5  |<SPpageadlocatable address> | | 1 ] o | 0 |RW
| D4 |SPP4 |- Singlechipmode: only Opage | 1 ] o | 0 |RW
| D3 |SPP3 |+ 64K mode: onlyOpage | 1 ] o | 0 |RW
|D2 |SPP2 |+ 512K (min) mode: 0-27H page | | 1 ] o | 0 |RW
|D1|SPP1  |+512K (max) mode:0-27H page | 1 ] o | 0 |RW
DO [SPPO (LSB) 1 0 0 |RW
00FF02 Bus release enabl e register 1 K11 | BREQ Input port *1
D7 [EBR . e el Rt 0 |RW
(K11 and R51 terminal specification) ! R51 BACK | Output port
Wait control register Number
D6 (WT2 WT2 WT1 WTO of state
1 1 1 14
I 1 1 0 12
D5 [WT1 ! 0 ! 10 0 |RW
1 0 0 8
I D 0 1 1 6
0 1 0 4
D4 |WTO 0 0 1 2
0 0 0 No wait
D3 |CLKCHG| CPU operating clock switch 0Ssc3 0OSC1 0 |RW
D2 |OSCC |OSC3 oscillation On/Off control On Off 0 |RIW
Operating mode selection
b1 |VDC1 VDC1 VDCO Operating mode
e TR 1 x High speed (VD1=3.3V) 0 |RW
0 1 Low power (VD1=1.3V)
DO \VDCO 0 0 Norma  (VD1=2.2V)

*1 Thisisjust R/W register on S1C88308.

Note: Al the interrupts including NMI are disabled, until you write the optional value into both the "00FFOOH" and
"00FFO1H" addresses.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table5.1.1(c) 1/O Memory map (0OFF10H-00FF13H)

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF10| D7 |- - - -
D6 I— ~ ~ ~ . Ct?nstantry "0" when
D5 - ~ ~ ~ being read
D4 [LCCLK |CL output control for expanded LCD driver On Off 0 |RW
D3 [LCFRM |FR output control for expanded LCD driver On Off 0 |RW
D2 [DTENT |LCD dot font selection 5x5dots | 5x8dots | O |R/W
D1 [LDUTY |LCD driveduty selection 116duty | 1/32duty 0 |[RIW|*1
DO [SGOUT |R/W register 1 0 0 |R/W |Reserved register
OO0FF11|D7 |- - - - - "0" when being read
D6 [DSPAR |LCD display memory area selection Display area1|Display aea0f 0 |[R/W
D5 [LCDC1 |LCD display control 0 |RW
LCDC1 LCDCO LCD display These bits are reset
L] 1 1 AllLCDslit | | | | to (0, 0) when
D4 [LCDCO 1 0 All LCDs out 0 |R/W/|SLPinstruction
0 1 Normal display is executed.
0 0 Drive off
D3 [LC3 LCD contrast adjustment 0 |RW
b2|lcz | e e e e SN N o [RW
D1|LC1 11 1 0 : 0 |RW
DO |LCO 0 0 0 o0 Light 0 |RW
O0FF12| D7 |- - - - - Constantry "0" when
D6 |- - - - - being read
D5 [SVDSP |SVD auto-sampling control On Off 0 |R/W|Theseregistersare
reset to "0" when
D4 [SVDON | SVD continuous sampling control/statusf R | Buy | Ready |1-0°2/R/W|SLPinstruction
1r W On Off 0 is executed.
|D3[SVD3  |SVD detectionleved | | | X | R |*3
D2|SvD2 | SD3 P2 SIpL SUDO Deefimee | || X | R
D1|SvD1 1 1 1 0 Level 14 X R
Dojsvbo | o o o o lewdo | | | X | R
00FF13|D7 |- - - - -
D6 |- - - - Constantly "0" when
D5 |- - - - being read
D4 |- - - -
D3 [CMP1ON|Comparator 1 On/Off control On Off 0 |RW
D2 [CMPOON| Comparator 0 On/Off control On Off 0 |RW
D1 [CMP1DT | Comparator 1 data +>- +<- 0 R
DO [CMPODT | Comparator O data +>- +<- 0 R

*1 When 1/8 duty has been selected by mask option, setting of this register becomes invalid.
*2 After initial reset, this statusis set "1" until conclusion of hardware first sampling.
*3 Initial values are set according to the supply voltage detected at first sampling by hardware.

Until conclusion of first sampling, SVD0-SV D3 data are undefined.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(d) 1/0 Memory map (00FF20H-00FF25H)

Address| Bit | Name Function 1 | 0 SR |R/IW Comment
00FF20 | D7 |PKO1 . . .
F-F-———-1 K00—KO7 interrupt priority register 0 |RIW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
N e, Serial interface interrupt priority register PSW1 PSWO Priority 0 |RIW
D4 |PSIFO PTM1 PTMO _ level
D3 |PSw1 11 leds
e Stopwatch timer interrupt priority register 1 0 Level2 0 |RW
D2 |PSWO0 0 1 Level 1
D1|PTM1 0 0 Lee©
el e Clock timer interrupt priority register 0 |RIW
DO [PTMO
00FF21|D7 |- - — _ —
D6 |— - - - - Constantly "0" when
D5 |- - - - - being read
D4 |- - - - -
D3 |PPT1 PPT1 PPTO Priority
F-F--——-—1 Programmable timer interrupt priority register PK11 PK10 _ level 0 |[RW
D2 [PPTO 1 1 Leve 3
D1 |PK11 1 0 Leve?2
F-- -1 K10 and K11 interrupt priority register 0 1 Level 0 |[RW
DO [PK10 0 0 Level O
00FF22 | D7 |- - - - - "0" when being read
| D6 | ESW100| Stopwatch timer 100 Hz interrupt enable register
| DS |ESW10 | Stopwatch timer 10 Hz interrupt enable register_
D4 |ESW1 |Stopwatch timer 1 Hz interrupt enable register
- - - Interrupt Interrupt
D3 |ETM32 |Clock timer 32 Hz interrupt enable register i 0 |RW
P f oo vt enable disable
D2 |ETM8 | Clock timer 8 Hz interrupt eneble register
| D1|ETM2__ |Clock timer 2 Hz interrupt encbleregister
DO |ETM1  |Clock timer 1 Hz interrupt enable register
00FF23 | D7 |EPT1 _ | Programmable timer 1 interrupt enable register _
D6 [EPTO Programmable timer O interrupt enable register
|DS|EK1 ___|K10andK1linterruptenableregister
D4 |EKOH | KO4-KO7 interrupt enableregister Interrupt | Interrupt |
D3 |EKOL K00-KO03 interrupt enable register enable disable
| D2 |ESERR | Seridl I/F (error) interrupt endble register
| D1 |ESREC | Serial I/F (receiving) interrupt enable register
DO |ESTRA | Serid I/F (transmitting) interrupt enable register
00FF24| D7 |- - - - - "0" when being read
| D6 | FSW100| Stopwatch timer 100 Hz interrupt factor flag | (R) ®)
| D5 |FSW10_ | Stopwatch timer 10 Hz interrupt factor flag | Interrupt | Nointerrupt
D4 |FSW1 |Stopwatch timer 1 Hz interrupt factor flag factor is factor is
| D3 |FTM32 | Clock timer 32 Hz interrupt factor flag | - generated | generated | O |R/W
D2 |FTM8 | Clock timer 8 Hzinterrupt factor flag W W
D1 |FTM2 |Clock timer 2 Hz interrupt factor flag W) W) )
iy iy R T TS T T T T T T oo T Reset Nooperatlon
DO |FTM1  |Clock timer 1 Hz interrupt factor flag
O0FF25| D7 |FPT1 Programmable timer 1 interrupt factor flag R) (R)
D6 |FPTO Programmable timer O interrupt factor flag Interrupt | No interrupt
D5 |FK1  |K10andKilinterruptfactorflag fagtoris | factoris
D4 |FKOH _ |KO4KO7interrupt factor flag | generated | generated | |\
D3 |FKOL K00-KO03 interrupt factor flag
| D2 |FSERR | Seridl I/F (error) interrupt factor flag w) w)
| D1 |FSREC | Seridl I/F (receiving) interrupt factor flag | Resst |No operation
DO |FSTRA |Serid I/F (transmitting) interrupt factor flag
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table5.1.1(¢) 1/0 Memory map (0OFF30H—-00FF33H)

Address| Bit | Name Function 1 0 SR [R/W Comment
O0FF30| D7 |- - - - - Constantry "0" when
D6 |- - - - - being read
D5 |- - - -
D4 |MODE16 | 8/16-bit mode selection 16-bitx1 | 8-bitx2 0 |RW
D3 |CHSEL |TOUT output channel selection Timer 1 Timer O 0 |RW
D2 |PTOUT |TOUT output control On Off 0 |RW
D1 |CKSELL1 | Prescaler 1 source clock selection fosca fosci 0 |RW
DO |CKSELO | Prescaler 0 source clock selection foscs fosct 0 |RW
00FF31| D7 |EVCNT |Timer O counter mode selection Event counter| ~ Timer 0 |RW
D6 |FCSEL |Timer O ‘ In timer mode Pulsewidth | Normal 0 |RW
function selection 3 77777777777777777777 measurement|  mode
lr In event counter mode With Without
3 noi se rejector|noise rejector
D5 [PLPOL |Timer O ‘ Down count timing Rising edge | Fallingedge| 0 |[R/W
pulse polarity : in event counter mode | of K10 input | of K10 input
selection Inpusewidth | Highlevel | Lowlevel
| measurement | measurement
, measurement mode  |for K10 input|for K10 input
D4 |PSCO01 |Timer O prescaler dividing ratio selection 0 |RW
PSC01 PSCO00 Prescaer dividing ratio
L] 1 1 Sourceclock/e4 | | | |
D3 |PSCO00 1 0 Source clock / 16 0 |RW
0 1 Source clock / 4
0 0 Sourceclock / 1
D2 |CONTO |Timer O continuous/one-shot mode selection | Continuous | One-shot 0 |RW
D1 |PSETO |Timer O preset Preset  |Nooperation| — | W |["0" when being read
DO |PRUNO |Timer O Run/Stop control Run Stop 0 |RW
00FF32| D7 |- - - - -
Constantry "0" when
D6 |- - - _ _ .
being read
D5 |- - - - -
D4 [PSC11 |Timer 1 prescaler dividing ratio selection 0 |RW
PSC11 PSC10 Prescaler dividing ratio
L] 1 1 Sourceclock/64 | | | |
D3 |PSC10 1 0 Source clock / 16 0 |RW
0 1 Source clock / 4
0 0 Sourceclock / 1
D2 |CONT1 |Timer 1 continuous/one-shot mode selection | Continuous | One-shot 0 |RW
D1 [PSET1 |Timer 1 preset Preset  |Nooperation| — | W |["0" when being read
DO |PRUN1 |Timer 1 Run/Stop control Run Stop 0 |RW

00FF33| D7 [RLDO7 | Timer O reload dataD7 (MSB)

el e Pttt High Low 1 |RIW

DO [RLDOO |Timer O reload data DO (LSB)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(f) 1/0 Memory map (00FF34H-00FF36H)

Address

Function

1

0

SR

R/IW

Comment

00FF34 |

Timer 1 reload data D7 (MSB)

Timer 1 reload data DO (L SB)

High

Low

00FF35 |

Timer O counter data D7 (MSB)

Timer O counter data DO (L SB)

High

Low

00FF36 |

Timer 1 counter dataD7 (MSB)

Timer 1 counter data DO (L SB)

High

Low

Table 5.1.1(g) /O Memory map (OOFF40H-00FF41H)

Address

Bit

Function

1

0

SR

RIW

Comment

00FF40

D7

"0" when being read

D6

FOUT frequency selection

FOUT2 FOUT1 FOUTO Frequency

0 0 0 fosci/ 1
fosc1/2
fosci/4
fosc1/8
fosca/ 1
fosca/ 2
fosca/ 4
fosca/ 8

PR RrREROOO
POORRO
RPORrROROR

1

R/W

FOUTON

FOUT output control

On

Off

WDRST

Watchdog timer reset

Reset

No operation

TMRST

Clock timer reset

Reset

No operation

Constantly "0" when
being read

TMRUN

Clock timer Run/Stop control

Run

Stop

00FF41

Clock timer data 1Hz

Clock timer data 128 Hz

High

Low
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(h) 1/0 Memory map (00FF42H—00FF45H)

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF42| D7 |- - _ _ —
D6 - - _ _ —
D5 |- - — _ —
Constantly "0" when
D4 |- - - - -
being read
D3 |- - — _ —
D2 |- - - _ —
D1 [SWRST | Stopwatch timer reset Reset  |Nooperation| — | W
DO [SWRUN | Stopwatch timer Run/Stop control Run Stop 0 |RW
00FF43 | D7 [SWD7 | Stopwatch timer data
D6 |SWDS |
D5|SWDS5 | BCD (1/10 sec)
Dajswoa | o | r
| D3 [SWD3 | Stopwatch timer data
| D2 [SWD2 |
| D1 |SWD1 |BCD (1/100 sec)
DO |SWDO
00FF44 | D7 |- - - - - Constantry "0" when
D6 [BZSTP |One-shot buzzer forcibly stop Forcibly stop|No operation| — | W |being read
D5 [BZSHT |One-shot buzzer trigger/status PR Buy | | Reedy | O |RW
W Trigger  [No operation
D4 [SHTPW | One-shot buzzer duration width selection 125msec | 31.25msec | O |R/W
D3 [ENRTM | Envelope attenuation time lsec 0.5sec 0 |RW
D2 [ENRST |Envelope reset Reset  |Nooperation| — | W ["0" when being read
D1 [ENON | Envelope On/Off control On Off 0 |RW|*1
DO [BZON | Buzzer output control On Off 0 |RW
00FF45 | D7 |- - - - - "0" when being read
D6 [DUTY2 |Buzzer signal duty ratio selection 0 |RW
DUTY2-1 Buzzer frequency (Hz)
2 1 0 40960 32768 2730.7 2340.6
L © 7 20480 16384 13653 11703 | | | |
D5 |DUTY1 0O 0O O 816 820 12/24 12/28 0 |rRW
0 0 1 7/16 7/20 11/24 11/28
0 1 0 6/16 6/20 10/24 10/28
L 0 1 1 516 520 924 928 | | | |
D4 |DUTYO 1 0 0 4/16 4/20 8/24 8/28 0 |rRW
1 0 1 316 320 7/24 7/28
1 1 0 216 220 6/24 6/28
1 1 1 116 120 5/24 5/28
D3 |- - - "0" when being read
D2 [BZFQ2 |Buzzer frequency selection 0 |RW
BZFQ2 BZFQl BZFQO Frequency (H2)
0 0 0 4096.0
D1 |BZFQ1L 0 0 1 3276.8 0 [RW
0 1 0 2730.7
0 1 1 2340.6
I 1 0 0 20480 ||l
DO |BZFQO 1 0 1 1638.4 0 |RW
1 1 0 1365.3
1 1 1 1170.3

*1 Reset to "0" during one-shot output.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(i) 1/0 Memory map (OOFF48H—-00FF4AH)

Address| Bit | Name Function 1 0 SR |R/W Comment
OOFF48 | D7 |- - - - - "0" when being read
D6 |EPR Parity enable register With parity | Nonparity | O |R/W |Only for
D5 |PMD Parity mode selection Odd Even 0 | R/W |asynchronous mode

D4 |SCS1 |Clock source selection 0 |R/W|Intheclock synchro-
SCS1 SCS0 Clock source nous slave mode,
L] 1 1 Programmable timer | | | | external clock is
D3 |SCS0 1 0 fosca/ 4 0 |R/W |selected.
0 1 fosca/ 8
0 0 fosca/ 16
D2 |SMD1 |Serial I/F mode selection 0 |RIW
SMD1 SMDO Mode
L] 1 1 Asynchronous8bit | | | |
D1 |smDo 1 0  Asynchronous 7-bit 0 [RW
0 1 Clock synchronous save
0 0 Clock synchronous master
DO [ESIF Seria |/F enable register Serial I/F 1/0 port 0 |RIW
OO0FF49 | D7 |- - - - - "0" when being read
D6 |FER Framing error flag 37 R| Eror | Noeror | O [R/W/Onlyfor
W | Reset(0) |Nooperation asynchronous mode
D5 |PER Pearity error flag 37 R| Emor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D4 |OER Overrun error flag 37 R| Emor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D3 |RXTRG |Receive trigger/status "R| Rm | sop | O [RW
3 W | Trigger |No operation
D2 |[RXEN |[Receive enable Enable Disable 0 |RW
D1 [TXTRG |Transmit trigger/status 'R| Rn | sop | 0 |RW
3 W | Trigger |No operation
DO |TXEN |Transmit enable Enable Disable 0 |RW
00FF4A| D7 [TRXD7 |Transmit/Receive dataD7 (MSB)
D6|TRXDG6 | TransmitiReceivedataD6
D5|TRXDS |Transmit/ReceivedataD5
D4 |TRXD4 |Transmit/ReceivedataD4 .
O R R TR High Low | X |RW
D3 |TRXD3_|TransmitReceivedataD3
D2 [TRXD2 |TransmivReceivedataD2
D1[TRXDL |TransmivReceivedataDl
DO |TRXDO |Transmit/Receive data DO (L SB)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table5.1.1(j) 1/0 Memory map (OOFF50H—-00FF55H)

Address| Bit | Name Function 1 0 SR |R/W Comment
O0FF50 | D7 |SIKO7 _ |KO7 interrupt selection register
D6 |SIKO6 _ | KOG interrupt selection register
D5 |SIKO5__ KOS interrupt selectionregister
D4 |SIK04__|KO4interrupt selectionregister Interupt | Interupt | |
D3 |SIK03__ |KO3interrupt selectionregister endble | disable
D2|SIK02 _|KO2interrupt selection register
D1 |SIKOL _|KOLinterrupt selectionregister
DO |SIKOO  |KOO interrupt selection register
O0FF51| D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1 |SIK11 _|K1linterruptselectionregister Inerupt | Interrupt | |14
DO |SIK10 [K10 interrupt selection register enable disable
00FF52 | D7 |[KCPO7_|KO7 interrupt comparison register
D6 [KCPO6_ | KOG interrupt comparison register
D5 [KCPOS5_ | KOS interrupt comparison register Interrupt | Interrupt
D4 |KCP04 | KO4 interrupt comparison register generated | generated | |
D3 [KCPO3_ | KO3 nterrupt comparison register afaling | atrising
D2 [KCP02_|KO2interrupt comparison register edge | edge
D1 |KCPO1_|KOLinterrupt comparison register
DO |[KCPOO |KOO interrupt comparison register
00FF53| D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1 |KCP11 |K1linterrupt comparisonregister Faling | Risng | | 1*2
DO |KCP10 |[K10 interrupt comparison register edge edge
00FF54|D7|KO7D _|KOZinputportdata
D6 |KO6D _|KOBinputportdeta
D5|KOSD _|KOSinputportdata
D4[KO04D |KO4inputportdata Highlevel | Lowlevel | |
D3|KO3D _|KO3inputportdata input | input
D2|K02D _|KO2inputportdeta
D1(KOID |KOLinputportdata
DO |KOOD K00 input port data
00FF55| D7 |- - - - -
D6 |- - - - -
D5 |- - - - _ Constantly "0" when
D4 |- - - - _ being read
D3 |- - - - _
D2 |- - - - _
D1(K11D |Kiliputpottdata Highlevel | Lowlevel | | |3
DO |K10D K10 input port data input input
*1 Set constantly "0" on S1C88308. *3 Constantly "1" when being read on S1C88308.

*2 Set constantly "1" on S1C88308.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table5.1.1(K) 1/0 Memory map (OOFF60H—-00FF63H)

'DO|P10D  |P101/0 port data

Address| Bit| Name Function 1 0 SR |[R/W Comment
00FF60| D7 |lOC07 _ |PO7 /O control register
D6 [I0C06 _|PO6 /O control register
D5 [I0C05 _|PO5 /O control register
D4 |I0C04 | P04 1/O control register
il Pt Ietviutiiet iy Rt Output Input 0 |[RW
D3|I0C03 _|PO31/O control register
D2(l0C02 |PO21/Ocontrol register
D1]10C01 |POLIO control register
DO [IOC00 | POO I/O control register
00FF61|D7[10C17 [P17V/Ocontrol register
D6[I0C16 |P161/O control register
D5|10C15 |P15l/Ocontrol register
D4 |I0C14 |P141/O control register
il P vttty Rt Output Input 0 |RW
D3|I0C13 _|P131/Ocontrol register
D2(l0C12 |P121/Ocontrol register
D1|I0C11 |P11l/Ocontrol register
DO [IOC10 |P10 I/O control register
00FF62|D7|PO7D  [PO7W/Oportdata
D6(POSD |POGI/Oportdata
D5|POSD  |POsW/Oportdata
D4 |P04D P04 1/0 port data .
i Pt Ietviotaitsiet i High Low 1 |R'W
D3|P03D |PO3I/Oportdata
D2|P02D |PO21/Oportdata
D1/POID |POLIOpottdata
DO [POOD POO I/O port data
00FF63|D7|P17D  [PA7W/Oportdata
D6|P16D |Pl6l/Oportdaa
D5|P15D |PlsW/Oportdata
D4 |P14D P14 1/0O port data )
i Pt ettt High Low 1 |R'W
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(1) 1/0 Memory map (00FF70H-00FF75H)

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF70|D7 [HZR51 [RSLhighimpedancecontrol Hion [ compie |l [
D6 |HZR50 [R50 high impedance control impedance | mentary
D5 [HZR4H |R/W register .
- -F----- - --—--= i 1 0 0 | R/W |Reserved register

D2 [HZRIL |RIO-R13highimpedancecontrol | Hign | Comple | |,
| D1 |HZROH |R04-RO7 high impedance control impedance | mentary

DO [HZROL |R00-R03 high impedance control
00FF71| D7 |HZR27 |R27 high impedance control

D4|HZR24 |Reahighimpedancecontrol | Hion | comple | |,
| D3 |HZR23 |R23 highimpedancecontrol impedance | mentary

DO |HZR20 |R20 high impedance control

00FF72| D7 |HZR37_|R37highimpedancecontrol These arejust
| D6 |HZR36_|R36highimpedancecontrol RIW registers
DS |HZR35_|R35 high impedancecontrol on $1C88308
D4 |HZR34_ |R34 high impedancecontrol High | Comple |
| D3 |HZR33_|R33highimpedancecontrol impedance | mentary

DO |HZR30 |R30 high impedance control
00FF73| D7 |RO7D RO7 output port data

e et i High Low 1 |RIW

' DO |ROOD ROO output port data
00FF74 | D7 |R17D R17 output port data

el e e High Low 1 |RIW

'DO|R10D  |R10 output port data
00FF75 | D7 |R27D R27 output port data

e e et High Low 1 |RIW

'DO|R20D  |R20 output port data
*1 Thisisjust R/W register on S1C88308.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table5.1.1(m) 1/O Memory map (00FF76H-O00FF78H)

Address| Bit | Name Function 1 0 SR |R/W Comment
O00FF76|D7|R37D _|R37outputportdata These arejust
|D6|R36D _|R36outputportdata RIW registers
|D5|R35D _|R3Soutputportdata on S1C88308
D4|R34D _|R34outputportdata i | tow | 1 |Rw
|D3|R33D _|R33outputportdata
|D2|R32D _|R32outputportdata
|D1|R31D _|R3loutputportdata
DO |R30D R30 output port data
00FF77[D7[R47D |RMWregister
D6|R46D |RWregister
D5|R4SD |RWregister
D4 Bfl{l’QHR’/W’r’eglfs’tq ””””””””””””” 1 0 1 |R/W |Reserved register
D3|R43D _|RWregister
D2|R42D |RWregister
D1[R41D |RWregister
|DO|R40D | RIW register
00FF78 | D7 |— - — — —
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - — being read
D3 |- - - - -
D2 |- - - - -
|D1|RS1D _|RSloutputportdata | High | | Low | 1 |RW|*1
DO |R50D R50 output port data High Low 0 |[RW

*1 Thisisjust R/W register on S1C88308.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

5.2 System Controller and Bus Control

The system controller is a management unit which
sets such items as the bus mode in accordance with
memory system configuration factors.

For the purposes of controlling the system, the
following settings can be performed in software:

(1) Bus mode (CPU mode) settings

(2) Chip enable (CE) signal output settings

(3) WAIT state settings for external memory

(4) Bus authority release request / acknowledge
signal (BREQ/BACK) settings

(5) Page address setting of the stack pointer

Note: There is no bus authority release function in
the S1C88308.

Below is a description of the how these settings are
to be made.

5.2.1 Bus mode settings

As explained in "3.5.2 Bus mode", the S1C883xx has
four bus modes. Settings for bus modes must be
made in software and must match the capacity of
the external memory.

As shown in Table 5.2.1.1, bus mode settings are
performed on the basis of the preset values for each
mode written to the registers BSMDO and BSMD1.

Table5.2.1.1 Bus mode settings

Setting value
BSMD1 | BSMDO

Bus mode

Configuration of external memory

1 1

Expanded 512K maximum mode

ROM+RAM>64K bytes (Program>64K bytes)

Expanded 512K minimum mode

ROM+RAM>64K bytes (Program<64K bytes)

ROM+RAM<64K bytes

1 0
0 1 Expanded 64K mode
0 0 Single chip mode (MCU)

modes (MPU)

Optiona setting of one of the expanded

* The single chip mode setting is only possible
when this IC is used in the MCU mode. The
single chip mode setting is incompatible with
the MPU mode, since this mode does not utilize
internal ROM.

When using in the MPU mode, it is necessary to
select the bus mode at the time of the initial
resetting and at the time of the <BSMD1 ="0"
and BSMDO = "0"> setting from among the three
types of expanded modes (expanded 64K mode,
expanded 512K minimum mode and expanded
512K maximum mode) by mask option.

Select the expanded 512K maximum mode for
this option, when the MPU mode is not used at
all.
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The function of 1/0 terminals is set as shown in Table 5.2.1.2 in accordance with mode selection.

Terminal . . Bus mode
Single chip Expanded 64K mode | Expanded 512K mode
ROO Output port ROO Address bus AO
RO1 Output port RO1 Addressbus Al
R02 Output port RO2 Addressbus A2
RO3 Output port RO3 Addressbus A3
RO4 Output port R0O4 Address bus A4
RO5 Output port RO5 Addressbus A5
R0O6 Output port RO6 Addressbus A6
RO7 Output port RO7 Addressbus A7
R10 Output port R10 Addressbus A8
R11 Output port R11 Addressbus A9
R12 Output port R12 Address bus A10
R13 Output port R13 Addressbus A11
R14 Output port R14 Address bus A12
R15 Output port R15 Addressbus A13
R16 Output port R16 Addressbus A14
R17 Output port R17 Address bus A15
R20 Output port R20 Addressbus A16
R21 Output port R21 Addressbus A17
R22 Output port R22 Address bus A18
R23 Output port R23 RD signal
R24 Output port R24 WR signal
P00 1/O port POO Data bus DO
PO1 1/0 port PO1 Databus D1
P02 1/O port PO2 Data bus D2
P03 1/O port PO3 Data bus D3
PO4 1/O port PO4 Data bus D4
P05 1/O port PO5 Data bus D5
P06 1/O port PO6 Data bus D6
PO7 1/0O port PO7 Data bus D7
At initial reset, the bus mode is set as explained
below.
e In MCU mode: e In MPU mode:

Table5.2.1.2 1/O terminal settings

5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

At initial reset, the S1C883xx is set in single chip

mode.

Accordingly, in MCU mode, even if a memory
has been externally expanded, the system is
activated by the program written to internal

ROM.

In systems with externally expanded memory,
perform the applicable bus mode settings
during the initialization routine originating in

internal ROM.

When the MPU mode is used, the expanded
mode (expanded 64K mode, expanded 512K

minimum mode or expanded 512K maximum

mode) set during initial reset must be pre-

selected by mask option.
You should set it to conform properly to system

configuration.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

5.2.2 Address decoder (CE output) settings

As explained in Section 3.6.4, the S1C883xx is
equipped with address decoders that can output a
maximum of four chip enable signals (CEO-CE3) to
external devices.

The output terminals and output circuits for CEO-
CES3 are shared with output ports R30-R33. At
initial reset, they are set as output port terminals.
For this reason, when operating in a mode other
than single chip mode, the ports to be used as CE
signal output terminals must be set as such.

This setting is performed through software which
writes "1" to registers CE0-CE3 corresponding the
CE signals to be used.

Table 5.2.2.1 shows the address range assigned to
the four chip enable (CE) signals.

The arrangement of memory space for external
devices does not necessarily have to be continuous
from a subordinate address and any of the chip
enable signals can be used to assign areas in
memory. However, in the MPU mode, program
memory must be assigned to CEO.

In the expanded 512K mode, the address range of
each of the CE signals is fixed. In the expanded 64K
mode, the four address ranges, which match the
amount of memory in use, are selected with
registers CEMDO and CEMD1.

These signals are only output when the appointed
external memory area is accessed and are not
output when internal memory is accessed.

Table5.2.2.1 Address settings of CEO-CE3

(1) Expanded 64K mode + MCU mode (S1C88316)

CEMD1|CEMDO| Chip size CEO CE1 CE2 CE3
1 1 64K bytes | 004000H-00EFFFH - - -
1 0 32K bytes | 004000H-007FFFH | 00B000H—00EFFFH - -
0 1 16K bytes - 004000H—007FFFH | 008000H-00BFFFH | 00CO00H—-O0EFFFH
0 0 8K bytes | 008000H—-009FFFH | 00A 000H-00BFFFH | 004000H-005FFFH | 006000H—007FFFH
(2) Expanded 64K mode + MCU mode (S1C88308)
CEMD1|CEMDO| Chip size CEO CE1 CE2 CE3
1 1 64K bytes | 002000H-00EFFFH - - -
1 0 32K bytes | 002000H-007FFFH | 008000H-O0EFFFH - -
0 1 16K bytes | 002000H-003FFFH | 004000H-007FFFH | 008000H-00BFFFH | 00COOOH—00EFFFH
0 0 8K bytes | 008000H-009FFFH | 002000H-003FFFH | 004000H—-005FFFH | 006000H-007FFFH
(3) Expanded 64K mode + MPU mode (S1C88348/317/316/308)
CEMD1|CEMDO| Chip size CEO CE1l CE2 CE3
1 1 64K bytes | 000000H-O0EFFFH - - -
1 0 32K bytes | 000000H-007FFFH | 008000H-00EFFFH - -
0 1 16K bytes | 000000H—003FFFH | 004000H-007FFFH | 008000H—00BFFFH | 00CO00H—00EFFFH
0 0 8K bytes | 000000H—001FFFH | 002000H—003FFFH | 004000H—005FFFH | 006000H—007FFFH
(4) Expanded 512K minimum/maximum modes (S1C88348/317/316/308)
— Address range
CE signal
MCU mode MPU mode
CEO 200000H-27FFFFH 000000H-00EFFFH, 010000H-07FFFFH
CE1 080000H-OFFFFFH 080000H-OFFFFFH
CE2 100000H-17FFFFH 100000H-17FFFFH
CE3 180000H—1FFFFFH 180000H—1FFFFFH
Notes: « "Expanded 64K mode + MCU mode" cannot be selected in the S1C88348/317.

The CE terminal status when the HALT or SLP instruction is executed in the external program

memory is different depending on the model as follows:

51C88348/317

The CE terminal goes HIGH when the CPU enters HALT or SLEEP status.

51C88316/308

The CE terminal does not change its status when the CPU enters HALT or SLEEP status, so
the external ROM access status will be maintained.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

5.2.3 WAIT state settings

In order to insure accessing of external low speed
devices during high speed operations, the
S1C883xx is equipped with a WAIT function which
prolongs access time.

The number of wait states inserted can be selected
from a choice of eight as shown in Table 5.2.3.1 by
means of registers WT0-WT2.

Table 5.2.3.1 Setting the number of WAIT states

WT2 WT1 WTO |Number of inserted states

1 1 1 14

1 1 0 12

1 0 1 10

1 0 0 8

0 1 1 6

0 1 0 4

0 0 1 2

0 0 0 No wait

* A state is 1/2 cycles of the clock in length.

WAIT states set in software are inserted between
bus cycle states T3-T4.

Note, however, that WAIT states cannot be inserted
when an internal register and internal memory are
being accessed and when operating with the OSC1
oscillation circuit (see "5.4 Oscillation Circuits and
Operating Mode").

Consequently, WAIT state settings in single chip
mode are meaningless.

With regard to WAIT insertion timing, see Section
3.6.5, "WAIT control".

5.2.4 Setting the bus authority release
request signal

With systems performing DMA transfer, the bus
authority release request signal (BREQ) input
terminal and acknowledge signal (BACK) output
terminal have to be set.

The BREQ input terminal is shared with input port
terminal K11 and the BACK output terminal with
output port terminal R51. At initial reset, these
terminal facilities are set as input port terminal and
output port terminal, respectively. The terminals
can be altered to function as BREQ/BACK termi-
nals by writing a "1" to register EBR.

Since there is no bus authority release function in
the S1C88308, register EBR in the S1C88308 is
usable as a general purpose register with read/
write capabilities.

For details on bus authority release, see "3.6.6 Bus
authority release state" and "S1C88 Core CPU
Manual".

5.2.5 Stack page setting

Although the stack area used to evacuate registers
during subroutine calls can be arbitrarily moved to
any area in data RAM using the stack pointer SP, its
page address is set in registers SPP0-SPP7 in 1/0
memory.

At initial reset, SPPO-SPP7 are set to "00H" (page 0).

Since the internal RAM is arranged on page 0
(51C88348/317/316: 00FO00H-00F7FFH, S1C88308:
00F000H-00FOFFH), the stack area in single chip
mode is inevitably located in page 0.

In expanded 64K mode where RAM is externally
expanded, stack page is likewise limited to page 0.
In order to place the stack area at the final address
in internal RAM, the stack pointer SP is placed at an
initial setting of "F800H" (S1C88348/317/316) or
"F100H" (S1C88308). (SP is pre-decremented.)

In the expanded 512K mode, to place the stack in
external expanded RAM, set a corresponding page
to SPPO-SPP7. The page addresses to which SPPO-
SPP7 can be set are 00H-27H and must be within a
RAM area.

* A page is each recurrent 64K division of data
memory beginning at address zero.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

5.2.6 Control of system controller

Table 5.2.6.1 shows the control bits for the system controller.

Table5.2.6.1(a) System controller control bits (MCU mode)

Address| Bit | Name Function 1 0 SR [R/W Comment
00FFO00 | D7 [BSMD1 |Bus mode (CPU mode) 0 |RIW
(MCU) BSMD1 BSMDO Mode
L] 1 1 512K (Maximum) | | | |
D6 [BSMDO 1 0 512K (Minimum) 0 |RIW
0 1 64K
0 0 Single chip
D5 [CEMD1 |Chip enable mode 1 |R/W |Only for 64K
CEMD1 CEMDO ___ Mode bus mode
1 1 64K (CEQ) 1
O 1 0 32K (CEO,CE1) | ________ |l Lo___
D4 |CEMDO 0 1 16K 1 [RIW
(CE0-CES...S1C88308)
(CE1-CE3...S1C88316)
0 0 8K (CEO-CE3)

D3 [CE3 CE3(R33)]__ . ] CE3enable | CE3disable| O |R/W/|Inthe Single chip
D2|cE2  |CE2 (Rap) | CF 99 output EnableDiscble o o e [ cE2disable| O | RIW | mode, these seting
D1|cEL  |CEl(Ray) |EMPI® CESOmloUpUt F o e [CELdissble| 0 | RIW|arefixeda DC
(bo|cE0  |CED (Rag) PSP PCR3Qoupt Ty ale | cEOdissble| 0 | RAW | output

00FF01 [ D7 [SPP7 | Stack pointer page address MSB) | N o | 0 |RW
DejspPe | R 0 | o |rRwW
| D5 [SPP5  |< SPpageallocatable address> | N o | 0 |RW
| D4 [SPP4 |- Singlechipmode: only Opage | N o | 0 |[RW
| D3 [SPP3 |+ 64K mode: onlyOpage | N o | 0 |RW
| D2 [SPP2 |+ 512K (min) mode: 0-27H page | N o | 0 |RW
D1 [SPP1 |+ 512K (max) mode:0-27H page | N o | 0 |[RW
DO |SPPO (LSB) 1 0 0 |RW
00FF02 Bus release enable register 'kK11 | BREQ | Inputport *2
D7 [EBR . S el Rt e 0 |RW
(K11 and R51 terminal specification) | R51 BACK | Output port
Wait control register Number
D6 |WT2 WT2 WT1 WTO of state
1 1 1 14
N 1 1 0 12
D5 |WT1 ! 0 ! 10 o [RwW
1 0 0 8
] 0 1 1 6
0 1 0 4
D4 |WTO 0 0 1 2
0 0 0 No wait
D3 [CLKCHG| CPU operating clock switch 0sc3 0OSC1 0 |RW
D2 [OSCC |OSC3 oscillation On/Off control On Off 0 |RW
Operating mode selection

D1vDC1 VDC1 VDCO Operating mode

R e 1 X High speed (VD1=3.3V) 0 |RIW
0 1 Low power (VD1=1.3V)
DO VDCO 0 0 Normal (Vb1=2.2V)

*1 Thisisjust R/W register on S1C88348/317.

Note:

*2 Thisisjust R/W register on S1C88308.

All the interrupts including NMI are disabled, until you write the optional value into both the "00FFOOH" and
"00FFO1H" addresses.
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Table 5.2.6.1(b) System controller control bits (MPU mode)

5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

Address| Bit| Name Function 1 0 SR |R/IW Comment
00FFO00 | D7 |BSMD1 |Bus mode (CPU mode) * | R/W|* Initia setting can
(MPU) BSMD1 BSMDO Mode be selected among 3
L 1 1 512K (Maximum) | | | | | types (64K, 512K
D6 |BSMDO 1 0 512K (Minimum) * | R/'W | min and 512K max)
0 1 64K j by mask option
0 0 * Option selection setting.
D5 |CEMD1 |Chip enable mode 1 |R/W |Only for 64K
CEMD1 CEMDO Mode bus mode
] 1 1 e4K(@CEQ) | |
D4 |CEMDO 1 0 32K (CEQ, CE1) 1 |RW
0 1 16K (CEO-CEB)
0 0 8K (CEO-CE3)
D3|CE3 CE3(R33)]__ . ) CE3enable | CE3disable| 0 |R/W
D2|CE2  |CE2 (Ray) | CF S9nd output EncbleDisablel o e [cE2disable| 0 |RIW
Di|cEl  |CEL(Ray MR CEsondoutput e e [CEldsble| 0 |RW
polcE0  |CEO(Rap) | D'SPI® PCRIGoupt Ty e [ cEvdisble] 1 |RW
00FFO01 [ D7 |SPP7 | Stack pointer page address MSB) | 1 ] o | 0 |RW
pejsppe | T 0|0 |rW
D5|SPP5 |<SPpageallocatable address> | 1 ] o | 0 |RW
D4|SPP4 |- Singlechipmode: only Opage | 1 ] o | 0 |RW
D3|SPP3 |+ 64K mode: onlyOpage | 1 ] o | 0 |RW
D2|SPP2 |+ 512K (min) mode: 0-27H page =~ | 1 ] o | 0 |RW
D1|SPP1 |+512K (max) mode:0-27H page | 1 ] o | 0 |RW
DO [SPPO (LSB) 1 0 0 |RW
00FF02 Bus release enabl e register 1 K11 | BREQ Input port *1
D7 [EBR . e el Rt 0 |RW
(K11 and R51 terminal specification) | R51 BACK | Output port
Wait control register Number
D6 (WT2 WT2 WT1 WTO of state
1 1 1 14
T 1 1 0 12
D5 [WT1 ! 0 ! 10 0 |RW
1 0 0 8
] 0 1 1 6
0 1 0 4
D4 [WTO 0 0 1 2
0 0 0 No wait
D3 |CLKCHG| CPU operating clock switch 0Ssc3 0OSC1 0 |[RW
D2 |OSCC |OSC3 oscillation On/Off control On Off 0 |RIW
Operating mode selection
b1 |VDC1 VDC1 VDCO Operating mode
e TR 1 x High speed (VD1=3.3V) 0 |RW
0 1 Low power (VD1=1.3V)
DO \VDCO 0 0 Norma  (VD1=2.2V)

*1 Thisisjust R/W register on S1C88308.

Note: All the interrupts including NMI are disabled, until you write the optional value into both the "00FFOOH" and
"00FFO1H" addresses.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

BSMDO, BSMD1: OOFF00H<D6, D7

CEO—CE3: 0OOFF00HD0-D3

Bus modes are set as shown in Table 5.2.6.2.
Table 5.2.6.2 Bus mode settings

Setting values
BSMD1 | BSMDO Bus mode

1 1 Expanded 512K maximum mode

1 0 Expanded 512K minimum mode

0 1 Expanded 64K mode

0 0 | Siglechipmode(MCU)
Optional setting of one of the
expanded modes (MPU)

The single chip mode setting is only possible when
this IC is used in the MCU mode. The single chip
mode setting is incompatible with the MPU mode,
since this mode does not utilize internal ROM.
When using in the MPU mode, it is necessary to
select the bus mode at the time of the initial reset-
ting and at the time of the <BSMD1 ="0" and
BSMDO0 = "0"> setting from among the three types
of expanded modes (expanded 64K mode, ex-
panded 512K minimum mode and expanded 512K
maximum mode) by mask option.

Select the expanded 512K maximum mode for this
option, when the MPU mode is not used at all.

At initial reset, in the MCU mode the unit is set to
single chip mode and in the MPU mode the mask
option is used to select the applicable mode.

CEMDO, CEMD1: 00FF00H<D4, D5

Sets the CE signal address range (valid only in the
expanded 64K mode).

Settings are made according to external memory
chip size as shown in Table 5.2.6.3.

Table5.2.6.3 CE signal settings

CEMD1|CEMDO|Address range Usable terminals
1 1 64K bytes | CEO
1 0 32K bytes | CEO, CE1
0 1 16K bytes | CEO-CE3
CE1-CE3..51C88316 *
0 0 8K bytes CEO0-CE3

* At the case of MPU mode, CEO-CE3.

These settings are invalid for any mode other than
expanded 64K mode.

At initial reset, each register is set to "1" (64K bytes).

Sets the CE output terminals being used.

When "1" is written: CE output enable
When "0" is written: CE output disable
Reading: Valid

CE output is enabled when a "1" is written to
registers CEO-CE3 which correspond to the CE
output being used. A "0" written to any of the
registers disables CE signal output from that
terminal and it reverts to its alternate function as an
output port terminal (R30-R33).

At initial reset, register CEQ is set to "0" in the MCU
mode and in the MPU mode, "1" is set in the
register. Registers CE1-CE3 are always set to "0"
regardless of the MCU/MPU mode setting.

Note: To avoid a malfunction from an interrupt
generated before the bus configuration is
initialized, all interrupts including NMI are
masked until you write an optional value into
address "O0OFFOOH".

SPPO-SPP7: 00FF01H

Sets the page address of stack area. In single chip
mode and expanded 64K mode, set page address to
"00H".

In expanded 512K mode, it can be set to any value
within the range "00H"-"27H".

Since a carry and borrow from/to the stack pointer
SP is not reflected in register SPP, the upper limit
on continuous use of the stack area is 64K bytes.

At initial reset, this register is set to "00H" (page 0).

Note: To avoid a malfunction from an interrupt
generated before the bus configuration is
initialized, all interrupts including NMI are
disabled, until you write an optional value
into "OOFFO1H" address. Furthermore, to
avoid generating an interrupt while the stack
area is being set, all interrupts including NMI
are disabled in one instruction execution
period after writing to address "00FFO1H".
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

WTO-WT2: 00OFF02H+D4-D6

How WAIT state settings are performed.
The number of WAIT states to be inserted based on
register settings is as shown in Table 5.2.6.4.

Table5.2.6.4 Setting WAIT states

WT2 WT1 WTO No. of inserted states
1 1 1 14
1 1 0 12
1 0 1 10
1 0 0 8
0 1 1 6
0 1 0 4
0 0 1 2
0 0 0 No wait

* A state is 1/2 cycles of the clock in length.
At initial reset, this register is set to "0" (no wait).

EBR: OOFF02H+D7

Sets the BREQ/BACK terminals function.

When "1" is written: BREQ/BACK enabled
When "0" is written: BREQ/BACK disabled
Reading: Valid

How BREQ and BACK terminal functions are set.
Writing "1" to EBR enables BREQ/BACK input/
output. Writing "0" sets the BREQ terminal as input
port terminal K11 and the BACK terminal as output
port terminal R51.

At initial reset, EBR is set to "0" (BREQ/BACK
disabled).

5.2.7 Programming notes

(1) All the interrupts including NMI are masked,
until you write the optional value into both the
"00FFOOH" and "00FFO1H" addresses. Conse-
quently, even if you do not change the content
of this address (You use the initial value, as is.),
you should still be sure to perform the writing
operation using the initialization routine.

(2) When setting stack fields, including page
addresses as well, you should write them in the
order of the register SPP ("00FFO1H") and the
stack pointer SP.

Example: When setting the "178000H" address
LD EP, #00H
LD HL, #OFFO01H
LD  [HL], #17H
LD  SP, #8000H

During this period the
interrupts (including
NMI) are masked.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Watchdog Timer)

5.3 Watchdog Timer

5.3.1 Configuration of watchdog timer

The S1C883xx is equipped with a watchdog timer
driven by OSC1 as source oscillation. The watchdog
timer must be reset periodically in software, and if
reset of more than 3-4 seconds (when fosc1 = 32.768
kHz) does not take place, a non-maskable interrupt

5.3.2 Interrupt function

In cases where the watchdog timer is not periodi-
cally reset in software, the watchdog timer outputs
an interrupt signal to the CPU's NMI (level 4) input.
Unmaskable and taking priority over other inter-
rupts, this interrupt triggers the generation of
exception processing. See the "S1C88 Core CPU
Manual" for more details on NMI exception
processing.

signal is generated and output to the CPU. This exception processing vector is set at 000004H.

Figure 5.3.1.1 is a block diagram of the watchdog

timer. 5.3.3 Control of watchdog timer
oscL fosca er IEH2[ ™ Watehdog Non-maskable 12PI€ 5.3.3.1 shows the control bits for the watch-
gscillation = DIVIGET =2 imer interrupt (\Mi) - dog timer.
WDRST: 00F F40H-D2
reset signal

Resets the watchdog timer.

Fig. 5.3.1.1 Block diagram of watchdog timer . . . .
When "1" is written: Watchdog timer is reset

When "0" is written: No operation
Reading: Constantly "0"

By writing "1" to WDRST, the watchdog timer is
reset, after which it is immediately restarted.
Writing "0" will mean no operation.

Since WDRST is for writing only, it is constantly set
to "0" during readout.

By running watchdog timer reset during the main
routine of the program, it is possible to detect
program runaway as if watchdog timer processing
had not been applied. Normally, this routine is
integrated at points that are regularly being
processed.

The watchdog timer continues to operate during
HALT and when a HALT state is continuous for
longer than 3-4 seconds, the CPU shifts to excep-
tion processing.

During SLEEP, the watchdog timer is stopped.

5.3.4 Programming notes

(1) The watchdog timer must reset within 3-second
cycles by software.

(2) Do not execute the SLP instruction for 2 msec
after a NMI interrupt has occurred (when fosci
is 32.768 kHz).

Table 5.3.3.1 Watchdog timer control bits

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF40 | D7 |- - - - - "0" when being read
D6 [FOUT2 |FOUT frequency selection 0 [RW
FOUT2 FOUT1 FOUTO Freguency
0 0 0 fosci/ 1
D5 [FOUT1 0 0 1 fosc1/2 0 [RW
0 1 0 fosci/ 4
0 1 1 fosc1/8
I 1 0 0 fosca’/l ||l
D4 |FOUTO 1 0 1 fosca/ 2 0 [R'W
1 1 0 fosca/ 4
1 1 1 fosca/ 8
D3 [FOUTON | FOUT output control On Off 0 |RW
D2 |[WDRST | Watchdog timer reset Reset No operation| — | W |[Constantly "0" when
D1 |TMRST |Clock timer reset Reset No operation| — | W |[being read
DO [TMRUN | Clock timer Run/Stop control Run Stop 0 |RW
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Oscillation Circuits and Operating Mode)

5.4 Oscillation Circuits and
Operating Mode

5.4.1 Configuration of oscillation circuits

The S1C883xx is twin clock system with two
internal oscillation circuits (OSC1 and OSC3).
OSC1 oscillation circuit generates the 32.768 kHz
(Typ.) main clock and OSC3 oscillation circuit the
sub-clock when the CPU and some peripheral
circuits (output port, serial interface and program-
mable timer) are in high speed operation.

Figure 5.4.1.1 shows the configuration of the
oscillation circuit.

OSC1 To peripheral

oscillation circuit T’ circuit (fosc1)
Clock

X —»To CPU (CLK
r switch (CLK)
A

0sc3
oscillation circuit

__To some peripheral
" circuit (foscs)

[
Oscillation circuit | CPU clock
SLEEP control signal selection signal
status | [ OSCC | [ CLKCHG |

Fig. 5.4.1.1 Configuration of oscillation circuits

At initial reset, OSC1 oscillation circuit is selected
for the CPU operating clock and OSC3 oscillation
circuit is in a stopped state. ON/OFF switching of
the OSC3 oscillation circuit and switching of the
system clock between OSC1 and OSC3 are control-
led in software. OSC3 circuit is utilized when high
speed operation of the CPU and some peripheral
circuits become necessary. Otherwise, OSC1 should
be used to generate the operating clock and OSC3
circuit placed in a stopped state in order to reduce
current consumption.

5.4.2 Mask option

OSC1 oscillation circuit
O Crystal oscillation circuit
O External clock input
O CR oscillation circuit
O Crystal oscillation circuit (gate capacitor built-in)

OSC3 oscillation circuit
O Crystal oscillation circuit
O Ceramic oscillation circuit
O CR oscillation circuit
O External clock input

In terms of the oscillation circuit types for OSC1,
either crystal oscillation, CR oscillation, crystal
oscillation (gate capacitor built-in) or external clock
input can be selected with the mask option.

In terms of oscillation circuit types for OSC3, either
crystal oscillation, ceramic oscillation, CR oscilla-
tion or external clock input can be selected with the
mask option, in the same way as OSCL1.

5.4.3 OSC1 oscillation circuit

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

This oscillation circuit stops when the SLP instruc-
tion is executed. However, in case the SVD circuit is
executing an SLP instruction, oscillation is stopped
in synchronization with the completion of sampling.
In terms of the oscillation circuit types, either
crystal oscillation, CR oscillation, crystal oscillation
(gate capacitor built-in) or external clock input can
be selected with the mask option.

Figure 5.4.3.1 shows the configuration of the OSC1
oscillation circuit.

SLEEP status

fosc1

= !
X'tall

osc2!
Vss ‘

SLEEP status

vee JUTL foset
ss T
External
clock !
N.C. O { i
‘ Vss

SLEEP status

fosci

(4) Crystal oscillation circuit (gate capacitor built-in)

Fig. 5.4.3.1 OSCL1 oscillation circuit
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Oscillation Circuits and Operating Mode)

When crystal oscillation is selected, a crystal
oscillation circuit can be easily formed by connect-
ing a crystal oscillator X'tall (Typ. 32.768 kHz)
between the OSC1 and OSC2 terminals along with
a trimmer capacitor Cc1 (5-25 pF) between the
OSC1 terminal and Vss.

In addition, the gate capacitor Cc1 (5 pF) can be
built into the circuit by the mask option.

When CR oscillation is selected, connect a resistor
(RcRr1) between the OSC1 and OSC2 terminals.
When external input is selected, release the OSC2
terminal and input the rectangular wave clock into
the OSC1 terminal.

5.4.4 OSC3 oscillation circuit

The OSC3 oscillation circuit generates the system
clock when the CPU and some peripheral circuits
(output port, serial interface and programmable
timer) are in high speed operation.
This oscillation circuit stops when the SLP instruc-
tion is executed, or the OSCC register is set to "0".
In terms of oscillation circuit types, any one of
crystal oscillation, ceramic oscillation, CR oscilla-
tion or external clock input can be selected with the
mask option.
Figure 5.4.4.1 shows the configuration of the OSC3
oscillation circuit.

Cez  osca!
foscs

Oscillation circuit
Co2 0SC4' control signal
Vss ! SLEEP status

foscs

Oscillation circuit
control signal

SLEEP status

foscs
clock

Oscillation circuit
control signal

SLEEP status

(3) External clock input
Fig. 5.4.4.1 OSC3 oscillation circuit

When crystal or ceramic oscillation circuit is
selected, the crystal or ceramic oscillation circuit are
formed by connecting either a crystal oscillator
(X'tal2) or a combination of ceramic oscillator
(Ceramic) and feedback resistor (Rf) between OSC3
and OSC4 terminals and connecting two capacitors
(Ca2, CD2) between the OSC3 terminal and Vss, and
between the OSC4 terminal and Vss, respectively.
When CR oscillation is selected, the CR oscillation
circuit is formed merely by connecting a resistor
(RcRr3) between OSC3 and OSC4 terminals.

When external input is selected, release the OSC4
terminal and input the rectangular wave clock into
the OSC3 terminal.

5.4.5 Operating mode

You can select three types of operating modes using
software, to obtain a stable operation and good
characteristics (operating frequency and current
consumption) over a broad operation voltage. Here
below are indicated the features of the respective
modes.

e Normal mode (Vbb =2.4 V-5.5V)
This mode is set following the initial reset. It
permits the OSC3 oscillation circuit (Max. 4.2
MHZz) to be used and also permits relative low
power operation.

e Low power mode (VbD = 1.8 V=-3.5V)
This is a lower power mode than the normal
mode. It makes ultra-low power consumption
possible by operation on the OSC1 oscillation
circuit, although the OSC3 circuit cannot be
used.

e High speed mode (VbD = 3.5 V-5.5V)
This mode permits higher speed operation than
the normal mode. Since the OSC3 oscillation
circuit (Max. 8.2 MHz) can be used, you should
use this mode, when you require operation at
4.2 MHz or more. However, the current con-
sumption will increase relative to the normal
mode.

Using software to switch over among the above
three modes to meet your actual usage circum-
stances will make possible a low power system. For
example, you will be able to reduce current con-
sumption by switching over to the normal mode
when using the OSC3 as the CPU clock and,
conversely, changing over to the low power mode
when using the OSC1 as the CPU clock (OSC3
oscillation circuit is OFF).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Oscillation Circuits and Operating Mode)

Note: Do not turn the OSC3 oscillation circuit ON
in the low power mode.
Do not switch over the operating mode
(normal mode - high speed mode) in the
OSC3 oscillation circuit ON status, as this
will cause faulty operation.
You can not use two modes, the low power
mode and the high speed mode on one
application, with respect to the operating
voltages.
When CR oscillation is selected for the
OSC1 oscillation circuit, the operating mode
is fixed in the normal mode to stabilize the
oscillation frequency. Consequently, settings
of the mode setting registers VDCO and
VDC1 become invalid.

5.4.6 Switching the CPU clocks

You can use either OSC1 or OSC3 as the system
clock for the CPU and you can switch over by
means of software.

You can save power by turning the OSC3 oscilla-
tion circuit off while the CPU is operating in OSCL1.

Program Execution Status

When you must operate on OSC3, you can change
to high speed operation by turning the OSC3
oscillation circuit ON and switching over the
system clock. In this case, since several msec to
several tens of msec are necessary for the oscillation
to stabilize after turning the OSC3 oscillation circuit
ON, you should switch over the clock after
stabilization time has elapsed. (The oscillation start
time will vary somewhat depending on the oscilla-
tor and on the externally attached parts. Refer to
the oscillation start time example indicated in
Chapter 7, "ELECTRICAL CHARACTERISTICS".)

When switching over from the OSC3 to the OSC1,
turn the OSC3 oscillation circuit OFF immediately
following the clock changeover. The basic clock
switching procedure is as described above, how-
ever, you must also combine it with the changeover
of the operating mode to permit low current
consumption and high speed operation.

Figure 5.4.6.1 indicates the status transition dia-
gram for the operation mode and clock changeover.

Note: When turning ON the OSC3 oscillation circuit
after switching the operating mode, you should
allow a minimum waiting time of 5 msec.

CPU clock 0OSC1

High speed mode | oscc=1 | High speed mode |CLKCHG=1| High speed mode
0SsC1 ON 0SsC1 ON “losc1 ON
0OSsC3 OFF |4 0OSC3 ON |4 0OSC3 ON
CPUclock OSC1| oscc=0 |CPUclock OSC1|CLKCHG=0|CPU clock OSC3

Y
VDCO=x VDCO0=0
VDC1=1 VDC1=0
RESET
Normal mode oscce=1 Normal mode CLKCHG=1 Normal mode
OsC1 ON 0SsC1 ON “lOSsC1 ON
0SsC3 OFF |4 0SC3 ON |4 0SC3 ON
CPUclock OSC1| oscc=0 |CPUclock OSC1|CLKCHG=0|CPU clock OSC3
Y
VDCO0=0 VDCO0=1
VDC1=0 \ VDC1=0

Low power mode
OsC1 ON
0SsC3 OFF

A

Interrupt* HALT instruction Interrupt*

(Input interrupt)

[y
SLP instruction

Y

Y

HALT status
0OscC1 ON
OSC3 ON or OFF
CPUclock STOP

SLEEP status
0SC1
OSC3
CPU clock STOP

OFF
OFF Fig. 5.4.6.1

Satustransition diagram

for the operation mode

Standby Status

and clock changeover

* The return destination from the standby status becomes the program execution status

prior to shifting to the standby status

S1C88348/317/316/308 TECHNICAL HARDWARE

EPSON



5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Oscillation Circuits and Operating Mode)

5.4.7 Control of oscillation circuit and operating mode
Table 5.4.7.1 shows the control bits for the oscillation circuits and operating modes.

Table 5.4.7.1 Oscillation circuit and operating mode control bits

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF02 o7 |EBR Busreleaseenableregister o LKgﬂﬁggqﬂﬁlpggtﬁqrtﬂ o |rw *1
(K11 and R51 terminal specification) | R51 BACK Output port
Wait control register Number
D6 |WT2 WT2 WT1 WTO of state
1 1 1 14
N 1 1 0 12
1 0 1
D5 |WT1 1 0 0 180 0 |RW
I 0 1 1 6
0 1 0 4
D4 WTO 0 0 1 2
0 0 0 No wait
D3 |CLKCHG|CPU operating clock switch 0sc3 0SC1 0 |RW
D2 |OSCC |OSC3 oscillation On/Off control On Off 0 |[RW
Operating mode selection
b1 \VDC1 VDC1 VDCO Operating mode
. 1 x High speed (Vb1=3.3V) 0 |RIW
0 1 Low power (VD1=1.3V)
DO VDCo 0 0 Normal (Vp1=2.2V)

*1 Thisisjust R/W register on S1C88308.

VDC1, VDCO: 00FF02H+D1, DO

OSCC: 00FF02H<D2

Selects the operating mode according to supply
voltage and operating frequency.

Table 5.4.7.2 shows the correspondence between
register preset values and operating modes.

Table 5.4.7.2 Correspondence between register
preset values and operating modes

Normal mode 0 0 [22V|24-55V|4.2MHz (Max.)
Low power modef O 1.3V|[1.8-35V|50kHz (Max.)
High speed mode] 1 3.3V|35-55V|8.2 MHz (Max.)

* The VD1 voltage is the value where Vss has been
made the standard (GND).

At initial reset, this register is set to "0" (normal
mode).

Controls the ON and OFF settings of the OSC3
oscillation circuit.

When "1" is written: OSC3 oscillation ON
When "0" is written: OSC3 oscillation OFF
Reading: Valid

When the CPU and some peripheral circuits
(output port, serial interface and programmable
timer) are to be operated at high speed, OSCC is to
be set to "1". At all other times, it should be set to
"0" in order to reduce current consumption.

At initial reset, OSCC is set to "0" (OSC3 oscillation
OFF).

CLKCHG: OOFF02H-D3
Selects the operating clock for the CPU.

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

When the operating clock for the CPU is switched
to OSC3, CLKCHG should be set to "1" and when
the clock is switched to OSC1, CLKCHG should be
set to "0".

At initial reset, CLKCHG is set to "0" (OSC1 clock).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Oscillation Circuits and Operating Mode)

5.4.8 Programming notes

(1) When the high speed CPU operation is not
necessary, you should operate the peripheral
circuits according to the setting outline indicate
below.

» CPU operating clock
0OsC1

» OSC3 oscillation circuit
OFF (When the OSC3 clock is not necessary
for some peripheral circuits.)

« Operating mode
Low power mode (When VDD-Vss is 3.5 V
or less)
or Normal mode (When VDD-Vss is 3.5V or
more)

(2) Do not turn the OSC3 oscillation circuit ON in
the low power mode.
Do not switch over the operating mode (normal
mode ~ high speed mode) in the OSC3 oscilla-
tion circuit ON status, as this will cause faulty
operation.

(3) When turning ON the OSC3 oscillation circuit
after switching the operating mode, you should
allow a minimum waiting time of 5 msec.

(4) Since several msec to several tens of msec are
necessary for the oscillation to stabilize after
turning the OSC3 oscillation circuit ON.
Consequently, you should switch the CPU
operating clock (OSC1 - OSC3) after allowing
for a sufficient waiting time once the OSC3
oscillation goes ON. (The oscillation start time
will vary somewhat depending on the oscillator
and on the externally attached parts. Refer to
the oscillation start time example indicated in
Chapter 7, "ELECTRICAL CHARACTERIS-
TICS".)

(5) When switching the clock from OSC3 to OSC1,
be sure to switch OSC3 oscillation OFF with
separate instructions. Using a single instruction
to process simultaneously can cause a malfunc-
tion of the CPU.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Input Ports)

5.5 Input Ports (K ports)

5.5.2 Mask option

5.5.1 Configuration of input ports

The S1C88348/317/316 is equipped with 10 input
port bits (K0O0-K07, K10 and K11) and the S1C88308
is equipped with 9 input port bits (KO0-K07, K10)
all of which are usable as general purpose input
port terminals with interrupt function.

K10 terminal doubles as the external clock (EVIN)
input terminal of the programmable timer (event
counter) with input port functions sharing the
input signal as is. (See "5.11 Programmable Timer")

Furthermore, it should be noted, however, that K11
terminal (K11 is not available in the S1C88308) is
shared with the bus authority release request signal
(BREQ) input terminal. Function assignment of this
terminal can be selected in software. When this
terminal is selected for BREQ signal, K11 cannot be
used as an input port. (See "5.2 System Controller
and Bus Control")

In the explanation below, it is assumed that K11 is
set as an input port.

Each input port is equipped with a pull-up resistor.
The mask option can be used to select either "With
resistor” or "Gate direct” for each input port.

Figure 5.5.1.1 shows the structure of the input port.

VbD

Input
interrupt
~ Mask circuit
roption
KxxD

Kxx

Data bus

Fig. 5.5.1.1 Structure of input port

Vss

Each input port terminal is directly connected via a
three-state buffer to the data bus. Furthermore, the
input signal state at the instant of input port
readout is read in that form as data.

Input port pull-up resistors

KOO0 .... O With resistor O Gate direct
KO1....O With resistor O Gate direct
K02 ....O With resistor O Gate direct
KO3 .... O With resistor 0O Gate direct
K04 .... 0 With resistor O Gate direct
KO5 .... 0 With resistor 0O Gate direct
K06 .... O With resistor 0O Gate direct
KO7 ....0 With resistor O Gate direct
K10....O With resistor 0 Gate direct
K11....0 With resistor 0O Gate direct

* K11 is not available in the S1C88308

Input ports KO0-K07, K10 and K11 (K11 is not
available in the S1C88308) are all equipped with
pull-up resistors. The mask option can be used to
select 'With resistor' or ‘Gate direct' for each port
(bit).

The 'With resistor’ option is rendered suitable for
purposes such as push switch or key matrix input.
When changing the input terminal from LOW level
to HIGH with the built-in pull-up resistor, a delay
in the waveform rise time will occur depending on
the time constant of the pull-up resistor and the
load capacitance of the terminal. It is necessary to
set an appropriate wait time for introduction of an
input port. In particular, special attention should be
paid to key scan for key matrix formation. Make
this wait time the amount of time or more calcu-
lated by the following expression.

Wait time = Rin x (CiN + load capacitance on the
board) x 1.6 [sec]
RiN: Pull up resistance Max. value
CiN: Terminal capacitance Max. value

When 'Gate direct' is selected, the pull-up resistor is
detached and the port is rendered suitable for
purposes such as slide switch input and interfacing
with other LSls.

In this case, take care that a floating state does not
occur in input.

For unused input ports, select the default setting of
"With resistor".
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Input Ports)

5.5.3 Interrupt function and input
comparison register
Input port KO0-K07, K10 and K11 (K11 is not
available in the S1C88308) are all equipped with an
interrupt function. These input ports are divided
into three groupings: KO0-K03 (KOL), K04-K07
(KOH) and K10-K11 (K1). Furthermore, the inter-
rupt generation condition for each series of termi-
nals can be set by software.
When the interrupt generation condition set for each
series of terminals is met, the interrupt factor flag
FKOL, FKOH or FK1 corresponding to the applicable
series is set at "1" and an interrupt is generated.

K00 O—‘

Input port
KOOD

Input comparsion
register KCPOO

Interrupt selection
register SIKOO

Interrupt factor
flag FKOL
Interrupt enable
register EKOL

Interrupt can be prohibited by setting the interrupt
enable registers EKOL, EKOH and EK1 for the
corresponding interrupt factor flags.

Furthermore, the priority level for input interrupt
can be set at the desired level (0-3) using the
interrupt priority registers PK00-PKO01 and PK10-
PK11 corresponding to each of two groups K0x
(K00-K07) and K1x (K10-K11).

For details on the interrupt control registers for the
above and on operations subsequent to interrupt
generation, see "5.16 Interrupt and Standby Status".

The exception processing vectors for each interrupt
factor are set as follows:

K10 and K11 input interrupt:  00000AH
K04-KO07 input interrupt: 00000CH
K00-KO03 input interrupt: 00000EH

Figure 5.5.3.1 shows the configuration of the input
interrupt circuit.

\ K01
oz (Rgies
ko3
- Interrupt L
- s Interrupt priority |
- priority || ; nterrupt
register Ievel(j:lith(j:%ietment request
K04 O—y PK0O, PKO1 i
i I ﬁ
~ K04D L
- > Input comparsion [
2 register KCP04
Qo
g
" | Interrupt selection m
h | register SIK04
| kos
| kos
Ko7
- S1C88308
K10 O—‘ i
_ Input port — !
- K10D |
S1C88348/317/316
< > Input comparsion I
register KCP10 ) ; Interrupt factor
,,,,,,,,,,, flag FK1
| Interrupt selection
‘ " | register SIK10
-_f Interrupt enable Interrupt priority Interrupt
register EK1 level judgement ™ 1oq o5t
circuit
\ K11
- Interrupt .
* priority Flg. 5531
il > register ] : H
PK10. PKLL Configuration of input

interrupt circuit
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Input Ports)

The interrupt selection registers SIKO0-SIKO03,
SIK04-SIK07 and SIK10-S1K11 and input compari-
son registers KCP00-KCP03, KCP04-KCP07 and
KCP10-KCP11 for each port are used to set the
interrupt generation condition described above.

Input port interrupt can be permitted or prohibited
by the setting of the interrupt selection register SIK.
In contrast to the interrupt enable register EK
which masks the interrupt factor for each series of
terminals, the interrupt selection register SIK is
masks the bit units.

The input comparison register KCP selects whether
the interrupt for each input port will be generated
on the rising edge or the falling edge of input.

When the data content of the input terminals in
which interrupt has been permitted by the interrupt
selection register SIK and the data content of the
input comparison register KCP change from a
conformity state to a non-conformity state, the
interrupt factor flag FK should be set to "1" and an
interrupt is generated.

Figure 5.5.3.2 shows an example of interrupt
generation in the series of terminals KOL (K00-KO03).

Because interrupt has been prohibited for KOO by
the interrupt selection register SIK0O, with the
settings as shown in (2), an interrupt will not be
generated.

Since K03 is "0" in the next settings (3) in the figure,
the non-conformity between the input terminal
data K01-K03 where interrupt is permitted and the
data from the input comparison registers KCP01-
KCPO03 generates an interrupt.

In line with the explanation above, since the change
in the contents of input data and input comparison
registers KCP from a conformity state to a non-
conformity state introduces an interrupt generation
condition, switching from one non-conformity state
to another, as is the case in (4) in the figure, will not
generate an interrupt. Consequently, in order to be
able to generate a second interrupt, either the input
terminal must be returned to a state where its
content is once again in conformity with that of the
input comparison register KCP, or the input
comparison register KCP must be reset.

Input terminals for which interrupt is prohibited
will not influence an interrupt generation condi-
tion.

Interrupt is generated in exactly the same way in
the other two series of terminals KOH (K04-K07)
and K1 (K10 and K11).

(Only K10 belongs to K1 series of the S1C88308)

Interrupt selection register  Input comparison register
SIK03|SIK02| SIK01 | SIK0O KCP03|KCP02|KCP0O1|KCP0O
1 1 1 0 1 0 1 0

With the settings shown above, interrupt of KOL (K00—K03) is generated under the condition shown below.

Input port
(1) | K03 | K02 | KO1 | KOO
1 0 1 0 (Initia values)
!
(2) | KO3 | K02 | K01 | KOO
1 0 1 1
!
(3) | KO3 | K02 | KO1 | KOO
0 0 1 1 - Interrupt generation
! Because interrupt has been prohibited for KOO, interrupt will be generated
(4) | KO3 | K02 | KO1 | KOO when non-conformity occurs between the contents of the three bits
0 1 1 1 K01-K 03 and the three bits input comparison register KCP01-K CP03.
Fig. 5.5.3.2 Interrupt generation example in KOL (KOO-K03)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Input Ports)

5.5.4 Control of input ports
Table 5.5.4.1 shows the input port control bits.

Table5.5.4.1(a) Input port control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF50[D7 [SIK07 _ [KO7 interrupt selection register
D6 |SIKO6 _ [KO6 interrupt selectionregister
D5 [SIKO5 |KO5 interrupt selection register
(D4 [SiK04 K04 inerupt sdection regiser | mapt | mernen | |
|D3SIK03 _ |KO3interrupt selectionregister enble | disble
|D2|SIK02 _ |KO2interrupt selectionregister
D1|SIKO1 _ [KOLinterrupt selectionregister
DO [SIKOO |KOO interrupt selection register
00FF51 | D7 |— - - - -
D6 - - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
[D1[SIK11 _|K1Linterrupt selection register Interpt | Interupt | 1o
DO [SIK10 |K10 interrupt selection register enable disable
O0FF52 | D7 |KCPO7_ KO interrupt comparison register
D6 |[KCPO0O6 |KO06 interrupt comparison register
05 [KCPOS K5 interupt comparison regiser | ierun |
D4 |KCPO4_ [KO4 interrupt comparison register generated | generated | |
D3 |KCPO3_ KO3 interrupt comparison register afaling | arising
D2 |KCPO2_ [KO2 interrupt comparison register edge edge
D1 |KCPO1 |KOL interrupt comparison register
DO [KCPOO |KOO interrupt comparison register
00FF53 | D7 |- - - - -
D6 - - - - -
D5 |- - - - - Constantly "0" when
D4 |— - - - - being read
D3 |- - - - -
D2 |- - - - -
D1 |KCP11 [K11interrupt comparison register Faling | Risng | | 1*2
DO [KCP10 |K10 interrupt comparison register edge edge
00FF54(D7[KO7D _[KO7inputportdata
D6 |K06D _ |KOBinputportdata
D5 |K0SD _ |KOSinputportdata
D4|K04D _ [KO4inputportdata Highlevel | Lowlevel | |
|D3|K03D _ |KO3inputportdeta input | input
D2|K02D _ |KO2inputportdata
D1]KO1D _ |KOLinputportdeta
DO |[KOOD KOO input port data
00FF55 | D7 |- - - - -
D6 |- - - - -
D5 |- — - - _ Constantly "0" when
D4 |- - - - _ being read
D3 |- - - - _
D2 |- - - - _
D1[KI1D _[Kilinputportdeta Hiohleve | Lowlevel | | |3
DO |K10D K10 input port data input input

*1 Set constantly "0" on S1C88308.

*2 Set constantly "1" on S1C88308.

*3 Constantly "1" when being read on S1C88308.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Input Ports)

Table 5.5.4.1(b) Input port control bits

Address| Bit | Name Function 1 | 0 SR |R/W Comment
00FF20 | D7 |PKO1 . - )
el sl K00-KO7 interrupt priority register 0 |RW
D6 |PK0OO PKO1 PKOO
D5 [PSIF1 PSIF1 PSIFO
] e Serial interface interrupt priority register PSW1 PSWO Priority 0 |RW
D4 |PSIFO PTM1 PTMO _ leve
D3 [PSW1 1 1 lees
F -1 Stopwatch timer interrupt priority register 1 0 Level2 0 |RW
D2 [PSWO 0 1  Levell
D1 |PTM1 0 0 lLevelo
il P Clock timer interrupt priority register 0 |RW
DO [PTMO
00FF21|D7 |- - - - _
D6 |- - - - — Constantly "0" when
D5 |- - - - — being read
D4 |- - - - -
D3 |PPT1 PPT1 PPTO Priority
el Pty Programmable timer interrupt priority register PK11 PK10 _ level 0 |RW
D2 |PPTO 1 1 Level 3
D1 |PK11 1 0 Level2
o b K10 and K11 interrupt priority register 0 1 Level 0 |RW
DO |PK10 0 0 Level O
00FF23 | D7 |EPT1 _ | Programmable timer 1 interrupt endble register _
D6 |[EPTO Programmable timer O interrupt enable register
D5 [EK1 __|K10andK1linterruptensbleregister
D4|EKOH _|KO4-KO7 interrupt encble register interupt | nterrupt ||
D3 |[EKOL KO00-K 03 interrupt enable register enable disable
D2 |ESERR | Serid I/F (error) interrupt encbleregister
D1 |ESREC | Seridl I/F (receiving) interrupt encble register
DO [ESTRA | Serial I/F (transmitting) interrupt enable register
00FF25| D7 |FPT1 _ | Programmable timer 1interrupt factor flag | (R) ®)
D6 |[FPTO Programmable timer O interrupt factor flag Interrupt | No interrupt
D5|FK1  [K10andK1linteruptfactorflag factoris | factoris
D4 |FKOH _ |KO4-KO7interrupt factorflag | generated | generated | | o\
D3 [FKOL K00-KO03 interrupt factor flag
D2 |FSERR | Seridl I/F (error) interrupt factor flag w) w)
D1|FSREC | Seridl I/F (receiving) interrupt factor flag | Resst | No operation
DO [FSTRA | Serid I/F (transmitting) interrupt factor flag

KOOD—KO07D: 00FF54H SIK00-SIKO7: 00FF50H

K10D, K11D: 00FF55H+D0, D1

SIK10, SIK11: 00FF51H<DO0, D1

Input data of input port terminal Kxx can be read out.

When "1" is read: HIGH level
When "0" is read: LOW level
Writing: Invalid

The terminal voltage of each of the input port KOO-
K07, K10 and K11 (K11 is not available in the
S$1C88308) can be directly read out as either a "1" for
HIGH (VDD) level or a "0" for LOW (Vss) level.

This bit is exclusively for readout and are not
usable for write operations.

In the S1C88308, "1" is constantly read out from
K11D (00FF55H=D1).

Sets the interrupt generation condition (interrupt
permission/prohibition) for input port terminals
K00-K07, K10 and K11.

When "1" is written: Interrupt permitted
When "0" is written: Interrupt prohibited
Reading: Valid

SIKxx is the interrupt selection register which
correspond to the input port Kxx. A "1" setting
permits interrupt in that input port and a "0"
prohibits it. Changes of state in an input terminal in
which interrupt is prohibited, will not influence
interrupt generation.

At initial reset, this register is set to "0" (interrupt
prohibited).

Set constantly "0" for SIK11 (00FF51H<D1) in the
$1C88308.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Input Ports)

KCPOO—KCPO7: OOFF52H
KCP10, KCP11: 00OFF53H-DO0, D1

Sets the interrupt generation condition (interrupt
generation timing) for input port terminals K00-
K07, K10 and K11.

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

KCPxx is the input comparison register which
correspond to the input port Kxx. Interrupt in those
ports which have been set to "1" is generated on the
falling edge of the input and in those set to "0" on
the rising edge.

At initial reset, this register is set to "1" (falling edge).
Set constantly "1" for KCP11 (00FF53H=D1) in the
S1C88308.

PKO00, PKO1: OOFF20H<D6, D7
PK10, PK11: OOFF21H<DO, D1

Sets the input interrupt priority level. The two bits
PKO00 and PKO1 are the interrupt priority registers
corresponding to the interrupts for KOO-K07 (KOL
and KOH). Corresponding to K10-K11 (K1), the two
bits PK10 and PK11 perform the same function.
Table 5.5.4.2 shows the interrupt priority level
which can be set by this register.

Table5.5.4.2 Interrupt priority level settings

PK11 PK10 o
Interrupt priority level
PKO1 PKO0O
1 1 Level 3 (IRQ3)
1 0 Level 2 (IRQ2)
0 1 Level 1 (IRQ1)
0 0 Level 0 (None)

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

EKOL, EKOH, EK1: 00FF23H+D3, D4, D5

How interrupt generation to the CPU is permitted
or prohibited.

When "1" is written: Interrupt permitted
When "0" is written: Interrupt prohibited
Reading: Valid

The interrupt enable register EKOL corresponds to
K00-K03, EKOH to K04-K07, and EK1 to K10-K11
(K11 is not available in the S1C88308).

Interrupt is permitted in those series of terminals
set to "1" and prohibited in those set to "0".

At initial reset, this register is set to "0" (interrupt
prohibited).

FKOL, FKOH, FK1: 00FF25HD3, D4, D5
Indicates the generation state for an input interrupt.

When "1" is read:
When "0" is read:

When "1" is written: Reset factor flag
When "0" is written: Invalid

Interrupt factor present
Interrupt factor not present

The interrupt factor flag FKOL corresponds to K00-
K03, FKOH to K04-K07, and FK1 to K10-K11 (K11 is
not available in the S1C88308) and they are set to
"1" by the occurrence of an interrupt generation
condition.

When set in this manner, if the corresponding
interrupt enable register is set to "1" and the
corresponding interrupt priority register is set to a
higher level than the setting of interrupt flags (10
and 11), an interrupt will be generated to the CPU.
Regardless of the interrupt enable register and
interrupt priority register settings, the interrupt
factor flag will be set to "1" by the occurrence of an
interrupt generation condition.

To accept the subsequent interrupt after interrupt
generation, re-setting of the interrupt flags (set
interrupt flag to lower level than the level indicated
by the interrupt priority registers, or execute the
RETE instruction) and interrupt factor flag reset are
necessary. The interrupt factor flag is reset to "0" by
writing "1".

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

5.5.5 Programming note

When changing the input terminal from LOW level
to HIGH with the built-in pull-up resistor, a delay
in the waveform rise time will occur depending on
the time constant of the pull-up resistor and the
load capacitance of the terminal. It is necessary to
set an appropriate wait time for introduction of an
input port. In particular, special attention should be
paid to key scan for key matrix formation. Make
this wait time the amount of time or more calcu-
lated by the following expression.

Wait time = Rin x (CiN + load capacitance on the
board) x 1.6 [sec]
RiN: Pull up resistance Max. value
CiN: Terminal capacitance Max. value
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Output Ports)

5.6 Output Ports (R ports)

5.6.1 Configuration of output ports

The S1C88348/317/316 is equipped with a 34-bit
output port (R00-R07, R10-R17, R20-R27, R30-R37,
R50, R51) and the S1C88308 is equipped with a 30-
bit output port (RO0-R07, R10-R17, R20-R27, R30-
R34, R50).

Depending on the bus mode setting, the configura-
tion of the output ports may vary as shown in the
table below.

Table5.6.1.1 Configuration of output ports
Bus mode
Expanded 64K |Expanded 512K
Address AO
AddressAl
Address A2
Address A3
Address A4
Address A5
Address A6
AddressA7
Address A8
Address A9
Address A10
Address A1l
Address A12
Address A13
AddressA14
Address A15
Address A16
Address A17
Address A18

Terminal - -
Single chip

R0OO | Output port ROO
RO1 |Output port RO1
R0O2 | Output port RO2
RO3 | Output port RO3
R04 | Output port RO4
RO5 | Output port RO5
R06 | Output port RO6
RO7 | Output port RO7
R10 |Output port R10
R11 |Output port R11
R12 | Output port R12
R13 |Output port R13
R14 | Output port R14
R15 |Output port R15
R16 |Output port R16
R17 | Output port R17
R20 Output port R20
R21 Output port R21
R22 Output port R22
R23 | Output port R23 RD signal

R24 | Output port R24 WR signa

R25 Output port R25

R26 Output port R26

R27 Output port R27

R30 |Output port R30| Output port R30/CEO signal
R31 |Output port R31| Output port R31/CEL signal
R32 | Output port R32| Output port R32/CE2 signal
R33 | Output port R33| Output port R33/CE3 signal
R34 Output port R34

R35" Output port R35
R36 " Output port R36
R37" Output port R37
R50 Output port R50

*

R51 " | Output port R51| Output port R51/BACK signal

* R35-R37 and R51 are not available in the
51C88308.

Only the configuration of the output ports in single
chip mode will be discussed here. With respect to
bus control, see "5.2 System Controller and Bus
Control".

Figure 5.6.1.1 shows the basic structure (excluding
special output circuits) of the output ports.

Voo
High impedance
™l control register H’# E ZX
" Mask
3 option
© > Data register O Rxx
©
o

E{ZX

Nch open drain can be set for RO0—R07 and R10-R17 by
the mask option.

*— VDD

High impec_iance JX
control register
r«—» Data register —O RXX
z

R20-R27, R30-R37, R50, R51

Data bus

L

Fig. 5.6.1.1 Structure of output ports

In modes other than single chip mode, the data
registers and high impedance control registers of
the output ports used for bus function can be used
as general purpose registers with read/write
capabilities. This will not in any way affect bus
signal output.

Note: When the 160-pin package is selected for a
shipping form of the S1C88348/317/316, the
output port terminals R35, R36 and R37 can
not be used because these are non-bonding
terminals. However, the data registers
(R35D-R37D) and high impedance control
registers (HZR35-HZR37) corresponding to
these output ports can be used as general
purpose registers with read/write capabilities.

The output specification of each output port is as
complementary output with high impedance
control in software possible.

Besides normal DC output, output ports R25-R27,
R34, and R50 have a special output function, which
can be selected by software.
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5.6.2 Mask option

Output ports RO0—R07 and R10-R17 output
specifications

ROO .....0 Complementary
RO1 ... O Complementary
RO2 ..... O Complementary
RO3 .....0 Complementary
RO4 .....0 Complementary
RO5 .....0 Complementary
RO6 .....0 Complementary
RO7 ..... O Complementary

Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain

R10 .....0 Complementary
R11 ... O Complementary
R12 ..... O Complementary
R13 ....0 Complementary
R14 ....0 Complementary
R15 .....0 Complementary
R16 .....0 Complementary
R17 ... O Complementary

Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain
Nch open drain

oooooooDb ooooooogaog

Output ports RO0-R07 and R10-R17 can be used to
select output specification for each port (1 bit) by
mask option.

The output specification can be selected for either
complementary output or Nch open drain output.

Nch open drain output is rendered suitable for
purposes as key matrix common output.

For unused input ports, select the default setting of
"Complementary".

Note: When Nch open drain has been selected,
voltage in excess of the supply voltage
range must not applied to the output port
terminal.

5.6.3 High impedance control

The output port can be high impedance controlled
in software.

This makes it possible to share output signal lines
with an other external device.

A high impedance control register is set for each
series of output port terminals as shown below.
Either complementary output and high impedance
state can be selected with this register.

Table 5.6.3.1 Correspondence between output ports and
high impedance control registers

Register Output port terminal
HZROL RO0-R03
HZROH R04-R07
HZR1L R10-R13
HZR1H R14-R17
HZR20 R20
HZR21 R21
HZR22 R22
HZR23 R23
HZR24 R24
HZR25 R25
HZR26 R26
HZR27 R27
HZR30 R30
HZR31 R31
HZR32 R32
HZR33 R33
HZR34 R34
HZR35 *1 R35
HZR36 *1 R36
HZR37 *1 R37
HZRA4L *2 -
HZR4H *2 -
HZR50 R50
HZR51 *1 R51

*1 In the S1C88308, this is general purpose register
with read/write capabilities.

*2 This is a 2-bit reserved register, it can be used as
a general purpose register with read/write
capabilities.

When a high impedance control register HZRxx is
set to "1", the corresponding output port terminal
becomes high impedance state and when set to "0",
it becomes complementary output.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Output Ports)

5.6.4 DC output

As Figure 5.6.1.1 shows, when "1" is written to the
output port data register, the output terminal
switches to HIGH (VDD) level and when "0" is
written it switches to LOW (Vss) level. When output
is in a high impedance state, the data written to the
data register is output from the terminal at the
instant when output is switched to complementary.

5.6.5 Special output

Besides normal DC output, output ports R25-R27,
R34 and R50 can also be assigned special output
functions in software as shown in Table 5.6.5.1.

Table 5.6.5.1 Special output ports

Output port Special output
R25 CL output
R26 FR output
R27 TOUT output
R34 FOUT output
R50 BZ output

m CL and FR output (R25 and R26)

In order for the S1C883xx to handle connection to
an externally expanded LCD driver, output ports
R25 and R26 can be used to output a CL signal
(LCD synchronous signal) and FR signal (LCD
frame signal), respectively.

The configuration of output ports R25 and R26 are
shown in Figure 5.6.5.1.

Register R25D

Register LCCLK R25 output
CL signal
R26 output

Register LCFRM

FR signal
Fig. 5.6.5.1 Configuration of R25 and R26

The output control for the CL signal is done by the
register LCCLK. When you set "1" for the LCCLK,
the CL signal is output from the output port
terminal R25, when "0" is set, the HIGH (VDD) level
is output. At this time, "1" must always be set for the
data register R25D.

The output control for the FR signal is done by the
register LCFRM. When you set "1" for the LCFRM,
the FR signal is output from the output port terminal
R26, when "0" is set, the HIGH (VDD) level is output.
At this time, "1" must always be set for the data
register R26D.

The frequencies of each signal are changed as shown
in Table 5.6.5.2 according to the drive duty selection.

Table 5.6.5.2 Frequencies of CL and FR signals

Drive duty CL signal (Hz) FR signal (Hz)
132 2,048 32
1/16 1,024 32
18 1,024 64

Since the signals are generated asynchronously
from the registers LCCLK and LCFRM, when the
signals are turned ON or OFF by the register
settings, a hazard of a 1/2 cycle or less is generated.
Figure 5.6.5.2 shows the output waveforms of the
CL and FR signals.

LCCLK/LCFRM 0| 1
CLoutput (R25)  {IULUIVIVUUI VTV VIV UL UL
FRoutput(R2¢) | [ | [~

Fig. 5.6.5.2 Output waveforms of CL and FR signals

m  TOUT output (R27)

In order for the S1C883xx to provide clock signal to
an external device, the output port terminal R27 can
be used to output a TOUT signal (clock output by
the programmable timer). The configuration of
output port R27 is shown in Figure 5.6.5.3.

Register R27D

R27 output

TOUT signal
Fig. 5.6.5.3 Configuration of R27

The output control for the TOUT signal is done by
the register PTOUT. When you set "1" for the
PTOUT, the TOUT signal is output from the output
port terminal R27, when "0" is set, the HIGH (VDD)
level is output. At this time, "1" must always be set
for the data register R27D.

The TOUT signal is the programmable timer
underflow divided by 1/2.

With respect to frequency control, see "5.11 Pro-
grammable Timer".

Since the TOUT signal is generated asynchronously
from the register PTOUT, when the signal is turned
ON or OFF by the register settings, a hazard of a 1/
2 cycle or less is generated.

Figure 5.6.5.4 shows the output waveform of the
TOUT signal.

PTOUT 0] 1
TOUT output (R27)

Fig. 5.6.5.4 Output waveform of TOUT signal
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m  FOUT output (R34)

In order for the S1C883xx to provide clock signal to
an external device, a FOUT signal (oscillation clock
fosc1 or foscs dividing clock) can be output from
the output port terminal R34.

Figure 5.6.5.5 shows the configuration of output

port R34.
Register R34D
Register FOUTON

FOUT signal
Fig. 5.6.5.5 Configuration of R34

The output control for the FOUT signal is done by
the register FOUTON. When you set "1" for the
FOUTON, the FOUT signal is output from the
output port terminal R34, when "0" is set, the HIGH
(VoD) level is output. At this time, "1" must always
be set for the data register R34D.

The frequency of the FOUT signal can be selected in
software by setting the registers FOUT0-FOUT?2.
The frequency is selected any one from among
eight settings as shown in Table 5.6.5.3.

Table 5.6.5.3 FOUT frequency setting

R34 output

FOUT2 FOUT1 FOUTO FOUT frequency
0 0 0 fosci/ 1
0 0 1 fosc1/2
0 1 0 fosci/ 4
0 1 1 fosc1/8
1 0 0 fosca/ 1
1 0 1 fosca/ 2
1 1 0 fosca/ 4
1 1 1 fosca/ 8

fosc1: OSC1 oscillation frequency
foscs: OSC3 oscillation frequency

When the FOUT frequency is made "fosc3/n", you
must turn on the OSC3 oscillation circuit before
outputting FOUT. A time interval of several msec to
several 10 msec, from the turning ON of the OSC3
oscillation circuit to until the oscillation stabilizes, is
necessary, due to the oscillation element that is used.
Consequently, if an abnormality occurs as the result
of an unstable FOUT signal being output externally,
you should allow an adequate waiting time after
turning ON of the OSC3 oscillation, before turning
outputting FOUT. (The oscillation start time will
vary somewhat depending on the oscillator and on
the externally attached parts. Refer to the oscillation
start time example indicated in Chapter 7, "ELEC-
TRICAL CHARACTERISTICS")

At initial reset, OSC3 oscillation circuit is set to OFF
state.

Since the FOUT signal is generated asynchronously
from the register FOUTON, when the signal is
turned ON or OFF by the register settings, a hazard
of a 1/2 cycle or less is generated.

Figure 5.6.5.6 shows the output waveform of the
FOUT signal.

FOUTON 0] 1
FOUT output (R34) |

Fig. 5.6.5.6 Output waveform of FOUT signal

m BZ output (R50)

In order for the S1C883xx to drive an external
buzzer, a BZ signal (sound generator output) can be
output from the output port terminal R50.

The configuration of the output port R50 is shown
in Figure 5.6.5.7.

Register R50D

BZ signal

Register BZSHT S Q
Register BZSTP

One-shot time up

Fig. 5.6.5.7 Configuration of R50

The output control for the BZ signal is done by the
registers BZON, BZSHT and BZSTP. When you set
"1" for the BZON or BZSHT, the BZ signal is output
from the output port terminal R50, when "0" is set
for the BZON or "1" is set for the BZSTP, the LOW
(Vss) level is output. At this time, "0" must always
be set for the data register R50D.

R50 output

The BZ signal which is output makes use of the
output of the sound generator. With respect to
control of frequency and envelope, see "5.13 Sound
Generator".

Since the BZ signal is generated asynchronously
from the registers BZON, BZSHT and BZSTP, when
the signal is turned ON or OFF by the register
settings, a hazard of a 1/2 cycle or less is generated.
Figure 5.6.5.8 shows the output waveform of the BZ
signal.

BZON/BZSHT 0| 1

| -
8z output ®50) [N

Fig. 5.6.5.8 Output waveform of BZ signal
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5.6.6 Control of output ports
Table 5.6.6.1 shows the output port control bits.
Table 5.6.6.1(a) Output port control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF70| D7 |HZRS1 [R51 highimpedancecontrol | High | Comple | | 1%
D6 [HZR50 |R50 high impedance control impedance | mentary
D5 |HZR4H |R/W register i
T i Mttty 1 0 0 | R/W |Reserved register

D4 |HZRAL |R/W register

[D2[HZRIL [R10-RI3highimpedancecontrol | High | Comple | I
D1 |HZROH R04-RO7 highimpedancecontrol | impedance | mentary

DO [HZROL |RO00-R03 high impedance control
00FF71 | D7 |[HZR27 |R27 high impedance control

D4 [HZR24 |R24 highimpedanceconrl | High | comple | o
D3 |HZR23 |R23highimpedancecontrol | impedance | mentary

Do |HZR20 |R20 high impedance control

00FF72| D7 [HZR37 |R37 high impedance control These arejust
D6 [HZR36 |R36highimpedancecontrol | RIW registers
D5 [HZR35 |R35highimpedancecontrol | on S1C88308
D4 [HZR34_|R34highimpedancecontrol | Hen | comple | |
| D3 |HZR33_|R33 highimpedancecontrol | impedance | - mentary

Do |HZR30 |R30 high impedance control
00FF73 [ D7 |RO7D RO7 output port data

T Tt Tty High Low 1 |RIW

Do |[ROOD ROO output port data
00FF74| D7 |R17D R17 output port data

o i HT ity High Low 1 |RIW

(D0 |R10D  |R10 output port data
00FF75| D7 |R27D R27 output port data

T i Mttty High Low 1 |RIW

7DO R20D R20 output port data
*1 Thisisjust R/W register on S1C88308.
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Table 5.6.6.1(b) Output port control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF76 | D7 |R37D R37 output port data These arejust
D6 |R36D  |R36outputportdata RIW registers
05|RasD [Resoupuportdaa on 1o
[D4|R34D  |R3souputportdata P N N
D3|R33D _ [R3Bouputportdeta
D2 |[R32D R32 output port data
D1|R31D |R31outputportdata
(DO |R30D  |R30outputportdata
OOFF77| D7 |R47D R/W register
D6 |R46D |RWregister
os|rasD [Rwregser
D4 R44D__ |R/W reg ng *************************** 1 0 1 |R/W |Reserved register
D3 |R43D R/W register
D2|R42D  |RWregister
D1|R4ID |RWregister
DO |R40D  |RWregister
O00OFF78 | D7 |- - - - -
D6 - - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1 |R51D R51 output port data High Low 1 |RIW|*1
DO|R5OD  |RSOoutputportdata | High | Low | 0 |RW
00FF10 | D7 |- - - -
D6 |- ~ ~ ~ ~ C(?nstantw "0" when
D5 |- ~ N - being read
D4 |LCCLK |CL output control for expanded LCD driver Oon Off 0 |RW
D3 [LCFRM |FR output control for expanded LCD driver On Off 0 |RIW
D2 IDTFNT |LCD dot font selection 5x5dots | 5x8dots | O |R/W
D1 [LDUTY [LCD drive duty selection 1/16 duty 1/32 duty 0 [R/W|*2
DO |[SGOUT |R/W register 1 0 0 |R/W |Reserved register
O0FF30| D7 |- - - - - Constantry "0" when
D6 |- — - - - being read
D5 |- - - - -
D4 |[MODE16 | 8/16-bit mode selection 16-bit x 1 8-bitx 2 0 |RIW
D3 |CHSEL |TOUT output channel selection Timer 1 Timer 0 0 |RW
D2 [PTOUT |TOUT output control On Off 0 |RIW
D1 |CKSEL1|Prescaer 1 source clock selection fosca fosct 0 |RW
DO |CKSELO | Prescaler 0 source clock selection foscs fosci 0 |RW
OOFF44 | D7 |- — - - - Constantry "0" when
D6 [BZSTP |One-shot buzzer forcibly stop Forcibly stop|No operation| — | W |being read
D5 [BZSHT |One-shot buzzer trigger/status ‘ R Busy Ready 0 |RIW
W | Trigger |Nooperation
D4 |SHTPW | One-shot buzzer duration width selection 125msec | 31.25msec | O [R/W
D3 |ENRTM |Envelope attenuation time lsec 0.5sec 0 |RW
D2 |[ENRST |Envelope reset Reset  |Nooperation| — | W ["0" when being read
D1 |[ENON |Envelope On/Off control Oon Off 0 [R/W|*3
DO [BZON  |Buzzer output control On Off 0 |RW

*1 Thisisjust R/W register on S1C88308.
*2 When 1/8 duty has been selected by mask option, setting of this register becomesinvalid.
*3 Reset to 0" during one-shot output.

S1C88348/317/316/308 TECHNICAL HARDWARE

EPSON



5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Output Ports)

Table 5.6.6.1(c) Output port control bits

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF40 | D7 |- - - - "0" when being read
D6 [FOUT2 |FOUT frequency selection 0 |RW
FOUT2 FOUT1 FOUTO Freguency
0 0 0 fosci/1
D5 [FOUT1 0 0 1 fosc1/2 0 [RW
0 1 0 fosci/ 4
0 1 1 fosc1/8
I 1 0 0 fosca/l |||
D4 |FOUTO 1 0 1 fosca/ 2 0 |[R'W
1 1 0 fosca/ 4
1 1 1 fosca/ 8
D3 [FOUTON|FOUT output control On Off 0 |RW
D2 [WDRST | Watchdog timer reset Reset No operation| — | W |[Constantly "0" when
D1 |TMRST |Clock timer reset Reset No operation W | being read
DO [TMRUN | Clock timer Run/Stop control Run Stop 0 |RW

m High impedance control

HZROL, HZROH: 00FF70H+DO, D1
HZRI1L, HZR1H: 00FF70HD2, D3
HZR20-HZR27: 00FF71H
HZR30-HZR37: O0OFF72H *1
HZR4L, HZR4H: 00FF70H<D4, D5 *2
HZR50, HZR51: 00OFF70HD6, D7 *1

m DC output control

ROOD-R07D: 00FF73H
R10D-R17D: O0FF74H
R20D-R27D: 00FF75H
R30D-R37D: 00FF76H *1
R40D—R47D: OOFF77H *2

R50D, R51D: 00FF78H<DO0, D1 *1

Sets the output terminals to a high impedance state.

When "1" is written: High impedance
When "0" is written: Complementary
Reading: Valid

HZRxx is the high impedance control register
which correspond as shown in Table 5.6.3.1 to the
various output port terminals.

When "1" is set to the HZRxx register, the corre-
sponding output port terminal becomes high
impedance state and when "0" is set, it becomes
complementary output.

At initial reset, this register is set to "0" (complimen-
tary).

*1 In the S1C88308, HZR35-HZR37 and HZR51 are
general purpose registers with read/write
capabilities.

*2 HZRA4L and HZR4H is 2-bit reserved register, it
can be used as a general purpose register with
read/write capabilities.

Sets the data output from the output port terminal Rxx.

When "1" is written: HIGH level output
When "0" is written: LOW level output
Reading: Valid

RxxD is the data register for each output port.
When "1" is set, the corresponding output port
terminal switches to HIGH (VDD) level, and when
"0" is set, it switches to LOW (Vss) level.

At initial reset, R50D is set to "0" (LOW level
output), all other registers are set to "1" (HIGH level
output).

The output data registers set for bus signal output
can be used as general purpose registers with read/
write capabilities which do not affect the output
terminals.

*1 In the S1C88308, R35D-R37D and R51D are
general purpose registers with read/write
capabilities.

*2 R40D-R47D is 8-bit reserved register, it can be
used as a general purpose register with read/
write capabilities.
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m  Special output control

LCCLK: OOFF10H+D4

Controls the CL (LCD synchronous) signal output.

When "1" is written: CL signal output
When "0" is written: HIGH level (DC) output
Reading: Valid

LCCLK is the output control register for CL signal.
When "1" is set, the CL signal is output from the
output port terminal R25 and when "0" is set, HIGH
(\VDD) level is output. At this time, "1" must always
be set for the data register R25D.

At initial reset, LCCLK is set to "0" (HIGH level
output).

LCFRM: O0OFF10H+D3

Controls the FR (LCD frame) signal output.

When "1" is written: FR signal output
When "0" is written: HIGH level (DC) output
Reading: Valid

LCFRM is the output control register for FR signal.
When "1" is set, the FR signal is output from the
output port terminal R26 and when "0" is set, HIGH
(VDD) level is output. At this time, "1" must always
be set for the data register R26D.

At initial reset, LCFRM is set to "0" (HIGH level
output).

PTOUT: O0FF30H<D2

Controls the TOUT (programmable timer output
clock) signal output.

When "1" is written: TOUT signal output
When "0" is written: HIGH level (DC) output
Reading: Valid

PTOUT is the output control register for TOUT
signal. When "1" is set, the TOUT signal is output
from the output port terminal R27 and when "0" is
set, HIGH (VDD) level is output. At this time, "1"
must always be set for the data register R27D.

At initial reset, PTOUT is set to "0" (HIGH level
output).

FOUTON: 00FF40H+D3

Controls the FOUT (fosc1/foscs dividing clock)
signal output.

When "1" is written: FOUT signal output
When "0" is written: HIGH level (DC) output
Reading: Valid

FOUTON is the output control register for FOUT
signal. When "1" is set, the FOUT signal is output
from the output port terminal R34 and when "0" is
set, HIGH (VDD) level is output. At this time, "1"
must always be set for the data register R34D.

At initial reset, FOUTON is set to "0" (HIGH level
output).

FOUTO, FOUT1, FOUT2: 00FF40H<D4, D5, D6

FOUT signal frequency is set as shown in Table
5.6.6.2.

Table5.6.6.2 FOUT frequency settings

FOUT2 FOUT1 FOUTO FOUT frequency
0 0 0 fosc1/ 1
0 0 1 fosc1/2
0 1 0 fosci/ 4
0 1 1 fosc1/8
1 0 0 fosca/ 1
1 0 1 fosca/ 2
1 1 0 fosca/ 4
1 1 1 fosca/ 8

fosc1: OSC1 oscillation frequency
foscs: OSC3 oscillation frequency

At initial reset, this register is set to "0" (fosc1/1).

BZON: 00FF44H<D0
Controls the BZ (buzzer) signal output.

When "1" is written: BZ signal output
When "0" is written: LOW level (DC) output
Reading: Valid

BZON is the output control register for BZ signal.
When "1" is set, the BZ signal is output from the
output port terminal R50 and when "0" is set, LOW
(Vss) level is output. At this time, "0" must always
be set for the data register R50D.

At initial reset, BZON is set to "0" (LOW level
output).
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BZSHT: OOFF45H<D5

Controls the one-shot buzzer output.

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

When "1" is read:
When "0" is read:

Busy
Ready

Writing "1" into BZSHT causes the one-shot output
circuit to operate and the BZ signal to be output.
The buzzer output is automatically turned OFF
after the time set by SHTPW has elapsed. At this
time, "0" must always be set for the data register
R50D.

The one-shot output is only valid when the normal
buzzer output is OFF (BZON = "0") state. The
trigger is invalid during ON (BZON = "1") state.
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)
The operation status of the one-shot output circuit
can be confirmed by reading BZSHT, when the one-
shot output is ON, BZSHT reads "1" and when the
output is OFF, it reads "0".

At initial reset, BZSHT is set to "0" (ready).

BZSTP: 00FF45H+D6
Forcibly stops the one-shot buzzer output.

When "1" is written: Forcibly stop
When "0" is written: No operation
Reading: Constantly "0"

By writing "1" into BZSTP, the one-shot buzzer
output can be stopped prior to the elapsing of the
time set with SHTPW.

Writing "0" is invalid and writing "1" except during
one-shot output is also invalid.

When "1" is written to BZSHT and BZSTP simulta-
neously, BZSTP takes precedence and one-shot
output becomes stop status.

Since BZSTP is for writing only, during readout it is
constantly set to "0".

5.6.7 Programming notes

(1) Since the special output signals (CL, FR, TOUT,
FOUT and BZ) are generated asynchronously
from the output control registers (LCCLK,
LCFRM, PTOUT, FOUTON, BZON, BZSHT and
BZSTP), when the signals is turned ON or OFF
by the output control register settings, a hazard
of a 1/2 cycle or less is generated.

(2) When the FOUT frequency is made "fosca/n",
you must turn on the OSC3 oscillation circuit
before outputting FOUT. A time interval of
several msec to several 10 msec, from the
turning ON of the OSC3 oscillation circuit to
until the oscillation stabilizes, is necessary, due
to the oscillation element that is used. Conse-
quently, if an abnormality occurs as the result of
an unstable FOUT signal being output exter-
nally, you should allow an adequate waiting
time after turning ON of the OSC3 oscillation,
before turning outputting FOUT. (The oscilla-
tion start time will vary somewhat depending
on the oscillator and on the externally attached
parts. Refer to the oscillation start time example
indicated in Chapter 7, "ELECTRICAL CHAR-
ACTERISTICS".)

At initial reset, OSC3 oscillation circuit is set to
OFF state.

(3) The SLP instruction has executed when the
special output signals (TOUT, FOUT and BZ)
are in the enable status, an unstable clock is
output for the special output at the time of
return from the SLEEP state. Consequently,
when shifting to the SLEEP state, you should set
the special output signal to the disable status
prior to executing the SLP instruction.

1-70 EPSON

S1C88348/317/316/308 TECHNICAL HARDWARE
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5.7 1/0O Ports (P ports)

5.7.1 Configuration of 1/O ports

The S1C883xx is equipped with 16 bits of 1/0 ports
(PO0-P0Q7, P10-P17). The configuration of these 1/0
ports will vary according to the bus mode as shown
below.

Table 5.7.1.1 Configuration of I/O ports

Terminal - - Bus mode
Single chip | Expanded 64K |Expanded 512K

POO 1/0 port POO Data bus DO
PO1 1/0 port PO1 DatabusD1
P02 1/0 port P02 Databus D2
PO3 1/0 port PO3 Databus D3
PO4 1/0 port P04 Databus D4
P05 1/0 port PO5 Data bus D5
P06 1/0 port P06 Data bus D6
P07 1/0 port PO7 DatabusD7
P10 1/0 port P10 (SIN)
P11 1/0 port P11 (SOUT)
P12 1/0 port P12 (SCLK)
P13 1/0 port P13 (SRDY)
P14 1/0 port P14 (CMPPO)
P15 1/0 port P15 (CMPMO)
P16 1/O port P16 (CMPP1)
P17 1/0 port P17 (CMPM1)

With respect to the data bus, see "5.2 System
Controller and Bus Control".
Figure 5.7.1.1 shows the structure of an 170 port.

Vbb
|
\
. |l/O control
" "register E AN ,,‘(’\)/Lati)kn
%] .| Data (/
% 7| register O Pxx
©
[a]
JAN
|
— Vss

*1: During output mode
*2: During input mode

Fig. 5.7.1.1 Sructure of I/O port

170 port can be set for input or output mode in one
bit unit. These settings are performed by writing
data to the 170 control registers.

170 port terminals P10-P13 and P14-P17 are shared
with serial interface input/output terminal and
analog comparator input terminals, respectively.
The function of each terminals is switchable in
software. With respect to serial interface and analog
comparator, see "5.8 Serial Interface” and "5.14
Analog Comparator”, respectively.

The data registers and 170 control registers of 1/0
ports set for data bus and serial interface output
terminals use are usable as general purpose
registers with read/write capabilities which do not
affect 170 activities of the terminal.

The same as above, the 1/0 control register of /0
port set for serial interface input terminal use is
usable as general purpose register.

5.7.2 Mask option

1/0O port pull-up resistors
P0OO O With resistor O Gate direct
PO1 ...0 With resistor O Gate direct
P02 ...0 With resistor O Gate direct
P03 ...0 With resistor O Gate direct
P04 ...0 With resistor O Gate direct
P05 ...0 With resistor O Gate direct
P06 ...0 With resistor O Gate direct
P07 O With resistor O Gate direct
P10 O With resistor O Gate direct
...0 With resistor O Gate direct
...0 With resistor O Gate direct
...0 With resistor O Gate direct
O With resistor O Gate direct
O With resistor O Gate direct
...0 With resistor O Gate direct
O With resistor O Gate direct

170 ports PO0-P07 and P10-P17 are equipped with
a pull-up resistor which goes ON in the input
mode. Whether this resistor is used or not can be
selected for each port (one bit unit).

In cases where the 'With resistor' option is selected,
the pull-up resistor goes ON when the port is in
input mode.

When changing the port terminal from LOW level
to HIGH with the built-in pull-up resistor, a delay
in the waveform rise time will occur depending on
the time constant of the pull-up resistor and the
load capacitance of the terminal. It is necessary to
set an appropriate wait time for introduction of an
170 port. Make this wait time the amount of time
or more calculated by the following expression.

Wait time = Rin x (CiN + load capacitance on the
board) x 1.6 [sec]
RiN: Pull up resistance Max. value
CiN: Terminal capacitance Max. value

When the analog comparator is used, select "Gate
direct” for 170 ports (P14-P15 or P16-P17, or both)
which then become input terminals.

For unused 170 ports, select the default setting of
"With resistor".
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5.7.31/0O control registers and I/0O mode

170 ports P0O0-P07 and P10-P17 are set either to
input or output modes by writing data to the 1/0
control registers IOC00-10C07 and I0C10-10C17
which correspond to each bit.

To set an 170 port to input mode, write "0" to the 1/0
control register.

An 170 port which is set to input mode will shift to a
high impedance state and functions as an input port.
Readout in input mode consists simply of a direct
readout of the input terminal state: the data being "1"
when the input terminal is at HIGH (\VVDD) level and
"0" when it is at LOW (Vss) level.

When the "With resistor" option is selected using
the mask option, the resistor is pulled up onto the
port terminal in input mode.

Even in input mode, data can be written to the data
registers without affecting the terminal state.

To set an 1/0 port to output mode, write "1" to the
170 control register. An 1/0 port which is set to
output mode functions as an output port.

When port output data is "1", a HIGH (VDD) level is
output and when it is "0", a LOW (Vss) level is
output. Readout in output mode consists of the
contents of the data register.

At initial reset, 1/0 control registers are set to "0"
(170 ports are set to input mode).

5.7.4 Control of I/0O ports
Table 5.7.4.1 shows the 170 port control bits.

Table5.7.4.1 1/O port control bits

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF60 | D7 [IOC07 _|PO7 l/O control register
D6 [l0C06 _[Pos /O control register
D5 |I0C05 _ [POS1/O control register
D4 |I0C04 |P04 I/O control register
T Pt ittt oo Output Input 0 |RW
D3 |I0C03 _ |PO31/O control register.
D2 110C02 _ |PO21/O control register
D1]10CO1 _|POLI/O control register
DO [IOC00 | P00 I/O control register
00FF61|D7 |IOC17 _|P171/O control register
D6 [10C16 _[P161/Ocontrol register
D5|I0C15 _[PI51/O control register
D4 |I0C14 |P141/O control register
i Pt ittt e Output Input 0 |RW
D3 |I0C13 _|P131/Ocontrol register.
D2|10C12 |P121/Ocontrol register
[D1]I0C11 _|P111/Ocontrol register
DO |IOC10 |P10 I/O control register
00FF62|D7|PO7D _|PO7WOportdata
D6 [PocD _[PoS/Oportdata
D5|POSD  [POSI/Oportdata
D4 [P04D P04 1/O port data )
Tl E i ittt High Low 1 |RIW
[D3|PO3D __|PO3I/Oportdata
D2|P02D _|PO2I/Oportdata
D1|PO1D __|POLI/Oportdata
DO [POOD POO I/O port data
00FF63[D7[P17D _ |P7WOportdaa
D6|P16D  |P6Oportdata
D5|P15D_ |PisyOportdata
D4 [P14D P14 1/O port data )
T i Pttt High Low 1 |RIW
D3|P13D __|P131/Oportdata
D2|P12D _|P12l/Oportdata
D1|P11D __|P1ll/Oportdata
DO [P10D P10 I/O port data
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (I/O Ports)

POOD—PO7D, P10D—P17D: 00FF62H, O0FF63H

How 1/0 port terminal Pxx data readout and
output data settings are performed.

When writing data:

When "1" is written: HIGH level
When "0" is written: LOW level

When the 1/0 port is set to output mode, the data
written is output as is to the 170 port terminal. In
terms of port data, when "1" is written, the port
terminal goes to HIGH (VDD) level and when "0" is
written to a LOW (Vss) level.

Even when the port is in input mode, data can still
be written in.

When reading out data:

When "1" is read: HIGH level ("1")
When "0" is read: LOW level ("0")

When an 1/0 port is in input mode, the voltage
level being input to the port terminal is read out.
When terminal voltage is HIGH (VDD), it is read as
a"1", and when it is LOW (Vss), itis read asa "0".
Furthermore, in output mode, the contents of the
data register are read out.

At initial reset, this register is set to "1" (HIGH
level).

Note: The data registers of I/O ports set for the
data bus and output terminal of serial
interface can be used as general purpose
registers with read/write capabilities which
do not affect I/O activities of the terminals.

| OC00-10CO07: 00FF60H
|OC10-10C17: 0OFF61H

Sets the 1/0 ports to input or output mode.

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

10Cxx is the 170 control register which correspond
to each 1/0 port in a bit unit.

Writing "1" to the 10OCxx register will switch the
corresponding 170 port Pxx to output mode, and
writing "0" will switch it to input mode.

When the analog comparator is used, "0" must
always be set for the 170 control registers (I0C14-
10C15 or IOC16-10C17, or both) of I/0 ports
which will become input terminals.

At initial reset, this register is set to "0" (input
mode).

Note: The data registers of I/O ports set for the
data bus and input terminal of serial inter-
face can be used as general purpose
registers with read/write capabilities which
do not affect I/O activities of the terminals.

5.7.5 Programming notes

(1) When changing the port terminal from LOW
level to HIGH with the built-in pull-up resistor,
a delay in the waveform rise time will occur
depending on the time constant of the pull-up
resistor and the load capacitance of the termi-
nal. It is necessary to set an appropriate wait
time for introduction of an 170 port. Make this
wait time the amount of time or more calculated
by the following expression.

Wait time = Rin x (CiN + load capacitance on the
board) x 1.6 [sec]
RiN: Pull up resistance Max. value
CiN: Terminal capacitance Max. value

(2) When the analog comparator is used, "0" must
always be set for the 1/0 control registers
(I0C14-10C15 or IOC16-10C17, or both) of 1/0
ports which will become input terminals.
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5.8 Serial Interface

5.8.1 Configuration of serial interface

The S1C883xx incorporates a full duplex serial
interface (when asynchronous system is selected)
that allows the user to select either clock synchro-
nous system or asynchronous system.

The data transfer method can be selected in soft-
ware.

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

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

Figure 5.8.1.1 shows the configuration of the serial
interface.

Serial interface input/output terminals, SIN, SOUT,
SCLK and SRDY are shared with 1/0 ports P10-P13.
In order to utilize these terminals for the serial
interface input/output terminals, proper settings
have to be made with registers ESIF, SMDO0 and
SMDL1. (At initial reset, these terminals are set as /0
port terminals.)

The direction of 1/0 port terminals set for serial
interface input/output terminals are determined by
the signal and transfer mode for each terminal.
Furthermore, the settings for the corresponding 170
control registers for the 1/0 ports become invalid.

Table5.8.1.1 Configuration of input/output terminals

Terminal When serial interface is selected
P10 SIN
P11 SOuUT
P12 SCLK
P13 SRDY

* The terminals used may vary depending on the transfer mode.

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

When asynchronous system is selected, since SCLK
and SRDY are superfluous, the 1/0 port terminals
P12 and P13 can be used as 1/0 ports.

In the same way, when clock synchronous master
mode is selected, since SRDY is superfluous, the /0
port terminal P13 can be used as 1/0 port.

Data bus
Serial I/0 control Received | |Error detection Interrupt Interrupt
& status register data buffer | [circuit "| control circuit request
A T A
v v
~ Serial input _ | Received data Transmitting data Serial output e
SIN(P10) control circuit "| shift register shift register ™| control circuit SOUT(P11)
. T
Start bit —® READY output pr—
detection circuit "] clock o control circuit |~ SRDY(P13)
orl K, control circuit 4@‘ OSC3 oscillation circuit]
SCLK(P12) O¢——> . A
-———Programmable timer 1 underflow signal

Fig. 5.8.1.1 Configuration of serial interface
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5.8.2 Mask option

Since serial interface input/output terminals are
shared with the 170 ports, serial interface terminal
specifications have necessarily been selected with
the mask option for 1/0 ports.

I/O port pull-up resistors
P10 (SIN) ........ O With resistor O Gate direct
P12 (SCLK) ....0 With resistor O Gate direct

Each 170 port terminal is equipped with a pull-up
resistor which goes ON in input mode. A selection
can be made for each port (one bit unit) as to
whether or not the resistor will be used.
Specifications (whether the pull-up will be used or
not) of P10 (SIN) and P12 (SCLK) which will become
input terminals when using the serial interface are
decided by settings the options for the 1/0 port.

When "Gate direct" is selected in the serial I/F
mode, be sure that the input terminals do not go
into a floating state.

5.8.3 Transfer modes

There are four transfer modes for the serial inter-
face and mode selection is made by setting the two
bits of the mode selection registers SMDO and
SMD1 as shown in the table below.

Table5.8.3.1 Transfer modes

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

Table 5.8.3.2 Terminal settings corresponding
to each transfer mode

Mode SIN | SOUT| SCLK | SRDY
Asynchronous 8-bit Input| Output| P12 P13
Asynchronous 7-bit Input| Output| P12 P13

Clock synchronousslave | Input| Output| Input | Output
Clock synchronous master | Input| Output| Output | P13

At initial reset, transfer mode is set to clock syn-
chronous master mode.

m Clock synchronous master mode

In this mode, the internal clock is utilized as a
synchronous clock for the built-in shift registers,
and clock synchronous 8-bit serial transfers can be
performed with this serial interface as the master.

The synchronous clock is also output from the
SCLK terminal which enables control of the
external (slave side) serial 1/0 device. Since the
SRDY terminal is not utilized in this mode, it can be
used as an 1/0 port.

Figure 5.8.3.1(a) shows the connection example of
input/output terminals in the clock synchronous
master mode.

m Clock synchronous slave mode

In this mode, a synchronous clock from the external
(master side) serial input/output device is utilized
and clock synchronous 8-bit serial transfers can be
performed with this serial interface as the slave.
The synchronous clock is input to the SCLK
terminal and is utilized by this interface as the
synchronous clock.

Furthermore, the SRDY signal indicating the
transmit-receive ready status is output from the
SRDY terminal in accordance with the serial
interface operating status.

In the slave mode, the settings for registers SCS0
and SCS1 used to select the clock source are invalid.
Figure 5.8.3.1(b) shows the connection example of
input/output terminals in the clock synchronous
slave mode.

m  Asynchronous 7-bit mode

In this mode, asynchronous 7-bit transfer can be
performed. Parity check during data reception and
addition of parity bit (odd/even/none) during
transmitting can be specified and data processed in
7 bits with or without parity. Since this mode
employs the internal clock, the SCLK terminal is
not used. Furthermore, since the SRDY terminal is
not utilized either, both of these terminals can be
used as 1/0 ports.

Figure 5.8.3.1(c) shows the connection example of
input/output terminals in the asynchronous mode.

m  Asynchronous 8-bit mode

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

Figure 5.8.3.1(c) shows the connection example of
input/output terminals in the asynchronous mode.
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Fig.5.8.3.1 Connection examplesof serial interface /O terminals

S1C883xx External

serial device

SIN(P10)
SOUT(P11)
SCLK(P12)

Data input
Data output

CLOCK input

Input port(Kxx) READY output

(a) Clock synchronous master mode

S1C883xx External

serial device

SIN(P10)
SOUT(P11)
SCLK(P12)
SRDY(P13)

Data input

Data output
CLOCK output
READY input

(b) Clock synchronous slave mode

S1C883xx External

serial device
SIN(P10)
SOUT(P11)

Data input

Data output

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

5.8.4 Clock source

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

Table5.8.4.1 Clock source

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

When the "programmable timer" is selected, the
programmable timer 1 underflow signal is divided
by 1/2 and this signal used as the clock source.
With respect to the transfer rate setting, see "5.11
Programmable Timer".

At initial reset, the synchronous clock is set to
"foscs/16".

Whichever clock is selected, the signal is further
divided by 1/16 and then used as the synchronous
clock.

Furthermore, external clock input is used as is for
SCLK in clock synchronous slave mode.

Table 5.8.4.2 shows an examples of transfer rates and
OSC3 oscillation frequencies when the clock source
is set to programmable timer.

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

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

Division of the synchronous clock

Programmable timer 1 2
underflow signal

SCS1 SCS0 Clock source in Chapter 7, "ELECTRICAL CHARACTERISTICS".)
1 1 Programmable timer At initial reset, the OSC3 oscillation circuit is set to
1 0 fosca/ 4 OFF status.
0 1 foscs/ 8
0 0 foscs/ 16
0sC3 |+ 14,
0sC3 -
gﬁgilljli?tion » Divider 1%.86 : Selector Selector > ﬁgﬂgiﬁzck
Fig.5.84.1

— (Clock synchronous slave mode)

Table 5.8.4.2
OSC3 oscillation frequencies
and transfer rates

SCLK
OSC3 oscillation frequency / Programmable timer settings
Transfer rate
(bps) foscs = 3.072 MHz | fosc3 = 4.608 MHz |foscs = 4.9152 MHz
PSC1X | RLD1X | PSC1X | RLD1X | PSC1X | RLD1X
9,600 0 (V1) 09H 0(1/1) OEH 0(1/1) OFH
4,800 0(1/1) 13H 0(1/1) 1DH 0(11) 1FH
2,400 0 (/1) 27H 0 (V1) 3BH 0 (V1) 3FH
1,200 0(1/1) 4FH 0(11) 7TH 0(11) 7FH
600 0 (/1) 9FH 0 (V1) EFH 0 (V1) FFH
300 1(V4) 4FH 1(V4) 7TH 1(V4) 7FH
150 1(1/4) 9FH 1(14) EFH 1(14) FFH
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5.8.5 Transmit-receive control

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

m  Shift register and received data buffer
Exclusive shift registers for transmitting and
receiving are installed in this serial interface.
Consequently, duplex communication simultane-
ous transmit and receive is possible when the
asynchronous system is selected.

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

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

Data being received are input to the SIN terminal
and is converted to parallel through the shift
register and written to the received data buffer.
Since the received data buffer can be read even
during serial input operation, the continuous data
is received efficiently.

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

m  Transmit enable register and transmit
control bit

For transmitting control, use the transmit enable

register TXEN and transmit control bit TXTRG.

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

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

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

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

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

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

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

m Receive enable register, receive control bit
For receiving control, use the receive enable register
RXEN and receive control bit RXTRG.

Receive enable register RXEN is used to set receiv-
ing enable/disable status. When "1" is written into
this register to set the receiving enable status, clock
input to the shift register is enabled and the system
is ready to receive data. In the clock synchronous
mode, synchronous clock input/output from the
SCLK terminal is also enabled.

With the above setting, receiving begins and serial
data input from the SIN terminal goes to the shift
register.

The operation of the receive control bit RXTRG is
slightly different depending on whether a clock
synchronous system or an asynchronous system is
being used.

In the clock synchronous system, the receive
control bit TXTRG is used as the trigger to start
receiving data.

When received data has been read and the prepara-
tion for next data receiving is completed, write "1"
into RXTRG to start receiving. (When "1" is written
to RXTRG in slave mode, SRDY switches to "0".)

In an asynchronous system, RXTRG is used to
prepare for next data receiving. After reading the
received data from the received data buffer, write
"1" into RXTRG to signify that the received data
buffer is empty. If "1" is not written into RXTRG,
the overrun error flag OER will be set to "1" when
the next receiving operation is completed. (An
overrun error will be generated when receiving is
completed between reading the received data and
the writing of "1" to RXTRG.)

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

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

When you do not receive, set RXEN to "0" to disable
receiving status.
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5.8.6 Operation of
clock synchronous transfer

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

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

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

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

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

SCLK
LSB

MSB
Data __ fD0fD1{D2)D3)D4)D5)D6)D7

Fig. 5.8.6.1 Transfer data configuration using
clock synchronous mode

Below is a description of initialization when
performing clock synchronous transfer, transmit-
receive control procedures and operations.

With respect to serial interface interrupt, see "5.8.8
Interrupt function”.

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

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

(2) Port selection
Because serial interface input/output ports SIN,
SOUT, SCLK and SRDY are set as 1/0 port
terminals P10-P13 at initial reset, "1" must be
written to the serial interface enable register
ESIF in order to set these terminals for serial
interface use.

(3) Setting of transfer mode
Select the clock synchronous mode by writing
the data as indicated below to the two bits of the
mode selection registers SMD0 and SMD1.

Master mode:  SMDO ="0", SMD1 ="0"
Slave mode: SMDO ="1", SMD1 ="0"

(4) Clock source selection
In the master mode, select the synchronous
clock source by writing data to the two bits of
the clock source selection registers SCS0 and
SCS1. (See Table 5.8.4.1.)
This selection is not necessary in the slave
mode.

Since all the registers mentioned in (2)-(4) are
assigned to the same address, it's possible to set
them all with one instruction. The parity enable
register EPR is also assigned to this address,
however, since parity is not necessary in the
clock synchronous mode, parity check will not
take place regardless of how they are set.

(5) Clock source control
When the master mode is selected and pro-
grammable timer for the clock source is se-
lected, set transfer rate on the programmable
timer side. (See "5.11 Programmable Timer".)
When the divided signal of OSC3 oscillation
circuit is selected for the clock source, be sure
that the OSC3 oscillation circuit is turned ON
prior to commencing data transfer. (See "5.4
Oscillation Circuit and Operating Mode".)
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m Data transmit procedure
The control procedure and operation during
transmitting is as follows.

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

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

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

(4) In case of the master mode, confirm the receive
ready status on the slave side (external serial
input/output device), if necessary. Wait until it
reaches the receive ready status.

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

In the master mode, this control causes the
synchronous clock to change to enable and to be
provided to the shift register for transmitting
and output from the SCLK terminal.

In the slave mode, it waits for the synchronous
clock to be input from the SCLK terminal.

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

The transmitting complete interrupt factor flag
FSTRA is set to "1" at the point where the data
transmitting of the shift register is completed.
When interrupt has been enabled, a transmit-
ting complete interrupt is generated at this
point.

Set the following transmitting data using this
interrupt.

6

~

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

< Data transmitting >

| TXEN « O, RXEN 0 |

\ TXEN < 1 |

 —

Set transmitting data
to TRXDO-TRXD7

=
n case of master mode

|
Yes

\ TXEN < 0 |

T

Fig. 5.8.6.2 Transmit procedurein clock synchronous mode
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Data receive procedure

The control procedure and operation during
receiving is as follows.

)

o)

@)

4)

®)

(6)

Write "0" in the receive enable register RXEN
and transmit enable register TXEN to reset the
serial interface.

Write "1" in the receive enable register RXEN to
set into the receiving enable status.

In case of the master mode, confirm the transmit
ready status on the slave side (external serial
input/output device), if necessary. Wait until it
reaches the transmit ready status.

Write "1" in the receive control bit RXTRG and
start receiving.

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

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

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

Read the received data from TRXDO-TRXD7
using receiving complete interrupt.

Repeat steps (3) to (5) for the number of bytes of
receiving data, and then set the receive disable
status by writing "0" to the receive enable
register RXEN, when the receiving is com-
pleted.

< Data receiving >

[ RXEN « 0, TXEN 0 |

\ RXEN < 1 |

Transmitter ready ? m
In case of master mode
Yes

RXTRG — 1 |

Received datareading
from TRXDO-TRXD7

Fig. 5.8.6.3 Receiving procedure in clock synchronous mode
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Serial Interface)

m  Transmit/receive ready (SRDY) signal
When this serial interface is used in the clock
synchronous slave mode (external clock input), an
SRDY signal is output to indicate whether or not
this serial interface can transmit/receive to the
master side (external serial input/output device).
This signal is output from the SRDY terminal and
when this interface enters the transmit or receive
enable (READY) status, it becomes "0" (LOW level)
and becomes "1" (HIGH level) when there is a
BUSY status, such as during transmit/receive
operation.

The SRDY signal changes the "1" to "0," immedi-
ately after writing "1" into the transmit control bit
TXTRG or the receive control bit RXTRG and
returns from "0" to "1", at the point where the first
synchronous clock has been input (falling edge).

TXEN ]

TXTRG (RD) | |

TXTRG (WR) [

SCLK LU

sout

Interrupt ‘ﬁ
(a) Transmit timing for master mode

TXEN ]

TXTRG (RD) | L

TXTRG (WR) [

souT

SRDY | ]

Interrupt +

(b) Transmit timing for slave mode

When you have set in the master mode, control the
transfer by inputting the same signal from the slave
side using the input port or 1/0 port. At this time,
since the SRDY terminal is not set and instead P13
functions as the 1/0 port, you can apply this port
for said control.

m Timing chart
The timing chart for the clock synchronous system
transmission is shown in Figure 5.8.6.4.

RXEN ]
RXTRG (RD) | \;
RXTRG (WR) [
SIN
TRXD 7F ><1$t data
Interrupt ‘f

(c) Receive timing for master mode
RXEN ]
RXTRG (RD) | ‘
RXTRG (WR) I n
SIN
TRXD 7F Y istdata Y 7F
SRDY L § L
Interrupt +

(d) Receive timing for slave mode

Fig. 5.8.6.4 Timing chart (clock synchronous system transmission)
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5.8.7 Operation of asynchronous transfer

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

This interface has separate transmit and receive
shift registers and is designed to permit full duplex
transmission to be done simultaneously for trans-
mitting and receiving.

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

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

The start bit and stop bit are respectively fixed at
one bit and data is transmitted and received by
placing the LSB (bit 0) at the front.

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

7bit data
+parity

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

8bit data
+parity

"~ |si[po]p1[D2[D3[D4[D5][D6 ] p |s2

~ |s1[po]p1]p2]p3[D4[D5][D6[D7] p |s2

sl: Start bit (Low level, 1 bit)
s2: Stop bit (High level, 1 bit)
p : Parity bit
Fig. 5.8.7.1 Transfer data configuration
for asynchronous system

Here following, we will explain the control se-
quence and operation for initialization and trans-
mitting /receiving in case of asynchronous data
transfer. See "5.8.8 Interrupt function" for the serial
interface interrupts.

m [nitialization of serial interface
The below initialization must be done in cases of
asynchronous system transfer.

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

(2) Port selection
Because serial interface input/output terminals
SIN and SOUT are set as 1/0 port terminals P10
and P11 at initial reset, "1" must be written to
the serial interface enable register ESIF in order
to set these terminals for serial interface use.
SCLK and SRDY terminals set in the clock
synchronous mode are not used in the asynchro-
nous mode. These terminals function as I/0
port terminals P12 and P13.

(3) Setting of transfer mode
Select the asynchronous mode by writing the
data as indicated below to the two bits of the
mode selection registers SMD0 and SMD1.

7-bit mode:  SMDO ="0", SMD1="1"
8-bit mode:  SMDO ="1", SMD1 ="1"

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

(5) Clock source selection
Select the clock source by writing data to the
two bits of the clock source selection registers
SCS0 and SCS1. (See Table 5.8.4.1)
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Since all the registers mentioned in (2)-(5) are
assigned to the same address, it's possible to set
them all with one instruction.

(6) Clock source control
When the programmable timer is selected for
the clock source, set transfer rate on the pro-
grammable timer side. (See "5.11 Programmable
Timer".)
When the divided signal of OSC3 oscillation
circuit is selected for the clock source, be sure
that the OSC3 oscillation circuit is turned ON
prior to commencing data transfer. (See "5.4
Oscillation Circuit and Operating Mode".)

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

(1) Write "0" in the transmit enable register TXEN
to reset the serial interface.

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

(3) Write the transmitting data into TRXDO-TRXD?7. | TXEN - 0 |
Also, when 7-bit data is selected, the TRXD7 ‘
data becomes invalid. \ TXEN « 1 |

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

start transmitting. Set transmitting data

This control causes the shift clock to change to to TRXDO-TRXD7
enable and a start bit (LOW) is output to the |

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

The transmitting complete interrupt factor flag

FSTRA is set to "1" at the point where the data | TXEN - 0 |
transmitting is completed. When interrupt has \
been enabled, a transmitting complete interrupt < End >

is generated at this point.
Set the following transmitting data using this

interrupt. Fig. 5.8.7.2 Transmit procedure in asynchronous mode

Repeat steps (3) to (4) for the number of bytes of
transmitting data, and then set the transmit
disable status by writing "0" to the transmit
enable register TXEN, when the transmitting is
completed.

G

~
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m Data receive procedure
The control procedure and operation during
receiving is as follows.

(1) Write "0" in the receive enable register RXEN to
set the receiving disable status and to reset the
respective PER, OER, FER flags that indicate
parity, overrun and framing errors.

(2) Write "1" in the receive enable register RXEN to
set into the receiving enable status.

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

After data bits have been incorporated, the stop bit
is checked and, if it is not HIGH, it becomes a
framing error and the error interrupt factor flag
FSERR is set to "1". When interrupt has been
enabled, an error interrupt is generated at this point.
When receiving is completed, data in the shift
register is transferred to the received data buffer
and the receiving complete interrupt flag FSREC
is set to "1". When interrupt has been enabled, a
receiving complete interrupt is generated at this
point. (When an overrun error is generated, the
interrupt factor flag FSREC is not set to "1" and a
receiving complete interrupt is not generated.)

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

(4) Read the received data from TRXDO-TRXD7
using receiving complete interrupt.

(5) Write "1" to the receive control bit RXTRG to
inform that the receive data has been read out.
When the following data is received prior to
writing "1" to RXTRG, it is recognized as an

overrun error and the error interrupt factor flag is

set to "1". When the interrupt has been enabled,
an error interrupt is generated at this point just as
in the framing error and parity error mentioned
above.

®

~

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

RXEN — 0
Resets error flags
PER, OER and FER

RXEN ~ 1

Error generated ? Yes

No
Receiving interrupt 2
Yes

Received data reading
from TRXDO-TRXD7

\ RXTRG <1 |

Receiving complete 2
Yes
\‘
\ RXEN < 0

|

Fig. 5.8.7.3 Receiving procedure in asynchronous mode

Error processing
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m  Receive error
During receiving the following three types of errors
can be detected by an interrupt.

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

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

Even when this error has been generated, the
received data corresponding to the error is
transferred in the received data buffer and the
receive operation also continues. However, even
when it does not become a framing error with
the following data receiving, such data cannot
be assured.

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

m Timing chart
Figure 5.8.7.4 show the asynchronous transfer

timing chart.
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TXEN ]

TXTRG(RD)

TXTRG(WR) N

T
[

Gkt UUUUUUUUUY U

clock !

SouT | [po]o1]p2[p3]p4|os|ps[o7] i |

(In 8-bit mode/Non parity) !

Interrupt ﬁ

(a) Transmit timing

RXEN J
RXTRG(RD) || | ]
RXTRG(WR) ! I }
Sumpling 1\ 111U LU LU LU UL UL UL
clock | |
SIN | [oo[ox]oz]oa[oalos[oslo7r] | | [poloioz]os[oalosloslor] | | [poloi]oz]os[oaos[os[o7]
(In 8-bit mode/Non parity) | |
TRXD X 1st data X 2st data )

OER control signal

[ N

OER !

Interrupt 4

—
} }

(b) Receive timing

Fig. 5.8.7.4 Timing chart (asynchronous transfer)

5.8.8 Interrupt function

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

» Transmitting complete interrupt

* Receiving complete interrupt

* Error interrupt

The interrupt factor flag FSxxx and the interrupt
enable register ESxxx for the respective interrupt
factors are provided and then the interrupt enable/
disable can be selected by the software. In addition,
a priority level of the serial interface interrupt for
the CPU can be optionally set at levels 0 to 3 by the
interrupt priority registers PSIFO and PSIF1.

For details on the above mentioned interrupt
control register and the operation following
generation of an interrupt, see "5.16 Interrupt and
Standby Status".

Figure 5.8.8.1 shows the configuration of the serial
interface interrupt circuit.

m  Transmitting complete interrupt

This interrupt factor is generated at the point where
the sending of the data written into the shift
register has been completed and sets the interrupt
factor flag FSTRA to "1". When set in this manner, if
the corresponding interrupt enable register ESTRA
is set to "1" and the corresponding interrupt priority
registers PSIF0 and PSIF1 are set to a higher level
than the setting of interrupt flags (10 and 11), an
interrupt will be generated to the CPU.

When "0" has been written into the interrupt enable
register ESTRA and interrupt has been disabled, an
interrupt is not generated to the CPU. Even in this
case, the interrupt factor flag FSTRA is set to "1".
The interrupt factor flag FSTRA is reset to "0" by
writing "1".

The following transmitting data can be set and the
transmitting start (writing "1" to TXTRG) can be
controlled by generation of this interrupt factor.
The exception processing vector address for this
interrupt factor is set at 000014H.
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Interrupt priority

A

!V

register PSIF0, PSIF1

Address
~ Error generation —: Interrupt factor
flag FSERR
- _ | Interrupt enable
register ESERR
(2]
a
% - Receive completion —: Interrupt factor
ol >
flag FSREC
P _ |Interrupt enable
register ESREC
B Transmit completion —: Interrupt factor
flag FSTRA
_ _ | Interrupt enable
register ESTRA

Y
Interrupt priority
level judgement —»
circuit

Interrupt
request

Fig. 5.8.8.1 Configuration of serial interface interrupt circuit

m Receiving complete interrupt

This interrupt factor is generated at the point where
receiving has been completed and the receive data
incorporated into the shift register has been trans-
ferred into the received data buffer and it sets the
interrupt factor flag FSREC to "1". When set in this
manner, if the corresponding interrupt enable
register ESREC is set to "1" and the corresponding
interrupt priority registers PSIFO and PSIF1 are set to
a higher level than the setting of interrupt flags (10
and 11), an interrupt will be generated to the CPU.
When "0" has been written into the interrupt enable
register ESREC and interrupt has been disabled, an
interrupt is not generated to the CPU. Even in this
case, the interrupt factor flag FSREC is set to "1".
The interrupt factor flag FSREC is reset to "0" by
writing "1".

The generation of this interrupt factor permits the
received data to be read.

Also, the interrupt factor flag is set to "1" when a
parity error or framing error is generated.

The exception processing vector address for this
interrupt factor is set at 000012H.

m  Error interrupt

This interrupt factor is generated at the point where
a parity error, framing error or overrun error is
detected during receiving and it sets the interrupt
factor flag FSERR to "1". When set in this manner, if
the corresponding interrupt enable register ESERR
is set to "1" and the corresponding interrupt priority
registers PSIF0 and PSIF1 are set to a higher level
than the setting of interrupt flags (10 and 11), an
interrupt will be generated to the CPU.

When "0" has been written in the interrupt enable
register ESERR and interrupt has been disabled, an
interrupt is not generated to the CPU. Even in this
case, the interrupt factor flag FSERR is set to "1".
The interrupt factor flag FSERR is reset to "0" by
writing "1".

Since all three types of errors result in the same
interrupt factor, you should identify the error that
has been generated by the error flags PER (parity
error), OER (overrun error) and FER (framing
error).

The exception processing vector address for this
interrupt factor is set at 000010H.
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5.8.9 Control of serial interface
Table 5.8.9.1 show the serial interface control bits.
Table5.8.9.1(a) Serial interface control bits

Address| Bit | Name Function 1 0 SR |R/IW Comment
00FF48 | D7 |- - - - "0" when being read
D6 |EPR Parity enable register With parity | Nonparity | O [R/W |Only for
D5 |PMD Parity mode selection Odd Even 0 | R/W |asynchronous mode
D4 |SCS1 |Clock source selection 0 | R/W |Intheclock synchro-

SCS1 SCSO Clock source nous slave mode,
] 1 1 Programmeble timer | | | | external clock is
D3 |SCS0 1 0 fosca/ 4 0 |R/W |selected.
0 1 fosca/ 8
0 0 fosca/ 16
D2 [SMD1 |Serial I/F mode selection 0 [RW
SMD1 SMDO Mode
] 1 1 Asynchronous8-bit | | | |
D1 |SMDO 1 0  Asynchronous 7-bit 0 |RW
0 1 Clock synchronous slave
0 0 Clock synchronous master
DO |ESIF Seria I/F enable register Serial I/F 1/0 port 0 |RW
O0FF49 | D7 |- - - - - "0" when being read
D6 |FER Framing error flag 3 R| FEror | Noeror | O |R/W/Onlyfor
3 W | Reset(0) |Nooperation asynchronous mode
D5 |PER Parity error flag 3B,,,,Err,o,r,,,,,[\‘f),ef[qr,, 0 |RW
3 W | Reset(0) |No operation
D4 |OER Overrun error flag 3 R| Emor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D3 |RXTRG |Receive trigger/status "R| Rm | sop | 0 [RW
3 W | Trigger |No operation
D2 |RXEN |Receive enable Enable Disable 0 |RIW
D1 [TXTRG |Transmit trigger/status "R| Rm | sop | 0 [RW
3 W | Trigger |No operation
DO |TXEN | Transmit enable Enable Disable 0 |RIW
00FF4A|[D7 [TRXD7_|Transmit/Receive detaD7 (MSB)
D6 |TRXDG [ Transmit/ReceivedataD6
D5 |TRXDS |Transmit/ReceivedataDs
D4 |TRXD4 |Transmit/Receive data D4 )
o e el T High Low X |RW
D3 |TRXD3 |Transmit/ReceivedataD3
D2 |TRXD? |Transmit/ReceivedataD2
D1 |TRXD1L |Transmit/ReceivedataDl
DO |[TRXDO |Transmit/Receive data DO (LSB)
00FF20 | D7 |[PKO1 . . )
el Puiioiil KO0—KO7 interrupt priority register 0 |RW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
T P Serial interface interrupt priority register PSW1 PSWO Priority 0 |RIW
D4 |PSIFO PTM1 PTMO _ level
D3 |PSW1 1 1 leds
P of-o=---- Stopwatch timer interrupt priority register 1 0 Levd?2 0 |RIW
D2 |PSWO 0 1 Level 1
| DLIPTML Clock timer interrupt priority register ° 0 tedo 0 |RIW
DO [PTMO
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Serial Interface)

Table5.8.9.1(b) Serial interface control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF23| D7 |EPT1 __ | Programmable timer 1 interrupt endble register _
D6 [EPTO Programmable timer O interrupt enable register
DS |EK1 _ |K10and K11 interrupt enableregister
D4 |EKOH __ |KO4-KO7 interrupt enable register Interrupt | interrupt | |
D3 |EKOL K00-K 03 interrupt enable register enable disable
| D2 |ESERR |Serid |/F (error) interrupt endbleregister.
| D1 |ESREC |Serid I/F (receiving) interrupt enable register
DO |ESTRA |Serid I/F (transmitting) interrupt enable register
00FF25| D7 |FPT1 __|Programmable timer 1 interrupt factor flag | (R) ®)
D6 |FPTO Programmable timer 0 interrupt factor flag Interrupt | No interrupt
DS |FKL __|K10andK1linterruptfactorflag factoris | factoris
D4 |FKOH _ [KO4KO7interruptfactorflag = | generated | generated | | o
D3 |FKOL KO00-K 03 interrupt factor flag
| D2 |FSERR | Serid I/F (erron) interrupt factor flag W) W)
| D1 |FSREC |Serid I/F (receiving) interrupt factor flag | Reset |Nooperation
DO |[FSTRA |Serial I/F (transmitting) interrupt factor flag

ESIF: OOFF48H+D0

SCS0, SCS1: 00FF48H+D3, D4

Sets the serial interface terminals (P10-P13).

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

The ESIF is the serial interface enable register and
P10-P13 terminals become serial input/output
terminals (SIN, SOUT, SCLK, SRDY) when "1" is
written, and they become 1/0 port terminals when
"0" is written.

Also, see Table 5.8.3.2 for the terminal settings
according to the transfer modes.

At initial reset, ESIF is set to "0" (I/0 port).

SMDO, SMD1: 00FF48H+D1, D2
Set the transfer modes according to Table 5.8.9.2.

Table 5.8.9.2 Transfer mode settings

SMD1 | SMDO Mode
1 1 Asynchronous system 8-bit
1 0 Asynchronous system 7-bit
0 1 Clock synchronous system slave
0 0 Clock synchronous system master

SMDO0 and SMD1 can also read out.
At initial reset, this register is set to "0" (clock
synchronous master mode).

Select the clock source according to Table 5.8.9.3.
Table 5.8.9.3 Clock source selection

SCS1 SCS0 Clock source
1 1 Programmable timer
1 0 fosca/ 4
0 1 fosca/ 8
0 0 fosca/ 16

SCS0 and SCS1 can also be read out.

In the clock synchronous slave mode, setting of this
register is invalid.

At initial reset, this register is set to "0" (fosc3/16).

EPR: OOFF48H+D6
Selects the parity function.

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

Selects whether or not to check parity of the
received data and to add a parity bit to the trans-
mitting data. When "1" is written to EPR, the most
significant bit of the received data is considered to
be the parity bit and a parity check is executed. A
parity bit is added to the transmitting data. When
"0" is written, neither checking is done nor is a
parity bit added.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Serial Interface)

Parity is valid only in asynchronous mode and the
EPR setting becomes invalid in the clock synchro-
nous mode.

At initial reset, EPR is set to "0" (non parity).

PMD: 00FF48H+D5

Selects odd parity/even parity.

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

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

At initial reset, PMD is set to "0" (even parity).

TXEN: 00FF49H+D0

Sets the serial interface to the transmitting enable
status.

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

When "1" is written to TXEN, the serial interface
shifts to the transmitting enable status and shifts to
the transmitting disable status when "0" is written.
Set TXEN to "0" when making the initial settings of
the serial interface and similar operations.

At initial reset, TXEN is set to "0" (transmitting
disable).

TXTRG: O0FF49H-D1

Functions as the transmitting start trigger and the
operation status indicator (transmitting/stop
status).

When "1" is read:
When "0" is read:

During transmitting
During stop

When "1" is written: Transmitting start
When "0" is written: Invalid

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

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

At initial reset, TXTRG is set to "0" (during stop).

RXEN: O0OFF49H<D2
Sets the serial interface to the receiving enable status.

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

When "1" is written to RXEN, the serial interface
shifts to the receiving enable status and shifts to the
receiving disable status when "0" is written.

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

At initial reset, RXEN is set to "0" (receiving disable).

RXTRG: 00FF49H+D3

Functions as the receiving start trigger or prepara-
tion for the following data receiving and the opera-
tion status indicator (during receiving/during stop).

When "1" is read:
When "0" is read:

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

During receiving
During stop

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

The RXTRG in the clock synchronous system, is
used as the trigger for the receiving start.

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

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

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

At initial reset, RXTRG is set to "0" (during stop).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Serial Interface)

TRXDO-TRXD7: 00FF4AH

PER: O0FF49H<D5

During transmitting
Write the transmitting data into the transmit shift
register.

When "1" is written: HIGH level
When "0" is written: LOW level

Write the transmitting data prior to starting
transmitting.

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

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

During receiving
Read the received data.

When "1" is read: HIGH level
When "0" is read: LOW level

The data from the received data buffer can be read out.
Since the sift register is provided separately from
this buffer, reading can be done during the receive
operation in the asynchronous mode. (The buffer
function is not used in the clock synchronous mode.)
Read the data after waiting for the receiving
complete interrupt.

When performing parity check in the asynchronous
7-bit mode, "0" is loaded into the 8th bit (TRXD7)
that corresponds to the parity bit.

The serial data input from the SIN terminal is level
converted, making the HIGH (VbD) level bit "1"
and the LOW (Vss) level bit "0" and is then loaded
into this buffer.

At initial reset, the buffer content is undefined.

OER: OOFF49H+D4

Indicates the generation of an overrun error.

When "1" is read:
When "0" is read:

When "1" is written: Reset to "0"
When "0" is written: Invalid

Error
No error

OER is an error flag that indicates the generation of
an overrun error and becomes "1" when an error
has been generated.

An overrun error is generated when the receiving
of data has been completed prior to the writing of
"1" to RXTRG in the asynchronous mode.

OER is reset to "0" by writing "1".

At initial reset and when RXEN is "0", OER is set to
"0" (no error).

Indicates the generation of a parity error.

When "1" is read:
When "0" is read:

When "1" is written: Reset to "0"
When "0" is written: Invalid

Error
No error

PER is an error flag that indicates the generation of
a parity error and becomes "1" when an error has
been generated.

When a parity check is performed in the asynchro-
nous mode, if data that does not match the parity is
received, a parity error is generated.

PER is reset to "0" by writing "1".

At initial reset and when RXEN is "0", PER is set to
"0" (no error).

FER: OOFF49H+D6

Indicates the generation of a framing error.

When "1" is read:
When "0" is read:

When "1" is written: Reset to "0"
When "0" is written: Invalid

Error
No error

FER is an error flag that indicates the generation of
a framing error and becomes "1" when an error has
been generated.

When the stop bit for the receiving of the asynchro-
nous mode has become "0", a framing error is
generated.

FER is reset to "0" by writing "1".

At initial reset and when RXEN is "0", FER is set to
"0" (no error).

PSIFO, PSIF1: 00FF20H<D4, D5

Sets the priority level of the serial interface interrupt.
The two bits PSIFO and PSIF1 are the interrupt
priority register corresponding to the serial inter-
face interrupt. Table 5.8.9.4 shows the interrupt
priority level which can be set by this register.

Table 5.8.9.4 Interrupt priority level settings

PSIF1 PSIFO Interrupt priority level
1 1 Level 3(IRQ3)
1 0 Level 2 (IRQ2)
0 1 Level 1 (IRQ1)
0 0 Level 0 (None)

At initial reset, this register is set to "0" (level 0).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Serial Interface)

ESTRA, ESREC, ESERR: 00FF23H+DO0, D1, D2

Enables or disables the generation of an interrupt
for the CPU.

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

ESTRA, ESREC and ESERR are interrupt enable
registers that respectively correspond to the inter-
rupt factors for transmitting complete, receiving
complete and receiving error. Interrupts set to "1"
are enabled and interrupts set to "0" are disabled.
At initial reset, this register is set to "0" (interrupt
disabled).

FSTRA, FSREC, FSERR: 00FF25H-D0, D1, D2

Indicates the serial interface interrupt generation status.

When "1" is read:
When "0" is read:

When "1" is written: Resets factor flag
When "0" is written: Invalid

FSTRA, FSREC and FSERR are interrupt factor flags
that respectively correspond to the interrupts for
transmitting complete, receiving complete and
receiving error and are set to "1" by generation of
each factor.

Transmitting complete interrupt factor is generated
at the point where the data transmitting of the shift
register has been completed.

Receiving complete interrupt factor is generated at
the point where the received data has been trans-
ferred into the received data buffer.

Receive error interrupt factor is generated when a
parity error, framing error or overrun error has been
detected during data receiving.

When set in this manner, if the corresponding
interrupt enable register is set to "1" and the corre-
sponding interrupt priority register is set to a higher
level than the setting of interrupt flags (10 and 11), an
interrupt will be generated to the CPU.

Regardless of the interrupt enable register and
interrupt priority register settings, the interrupt
factor flag will be set to "1" by the occurrence of an
interrupt generation condition.

To accept the subsequent interrupt after interrupt
generation, re-setting of the interrupt flags (set
interrupt flag to lower level than the level indicated
by the interrupt priority registers, or execute the
RETE instruction) and interrupt factor flag reset are
necessary. The interrupt factor flag is reset to "0" by
writing "1".

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

Interrupt factor present
Interrupt factor not present

5.8.10 Programming notes

(1) Be sure to initialize the serial interface mode in
the transmitting/receiving disable status (TXEN
=RXEN ="0").

(2) Do not perform double trigger (writing "1") to
TXTRG (RXTRG) when the serial interface is in the
transmitting (receiving) operation. Furthermore, do
not execute the SLP instruction. (When executing
the SLP instruction, set TXEN = RXEN ="0".)

In the clock synchronous mode, since one clock
line (SCLK) is shared for both transmitting and
receiving, transmitting and receiving cannot be
performed simultaneously. (Half duplex only is
possible in clock synchronous mode.)
Consequently, be sure not to write "1" to
RXTRG (TXTRG) when TXTRG (RXTRG) is "1".

(4) When a parity error or flaming error is generated
during receiving in the asynchronous mode, the
receiving error interrupt factor flag FSERR is set
to "1" prior to the receiving complete interrupt
factor flag FSREC for the time indicated in Table
5.8.10.1. Consequently, when an error is generated,
you should reset the receiving complete interrupt
factor flag FSREC to "0" by providing a wait time in
error processing routines and similar routines.
When an overrun error is generated, the receiving
complete interrupt factor flag FSREC is not set to "1"
and a receiving complete interrupt is not generated.

Table 5.8.10.1 Time difference between FSERR
and FSREC on error generation
Time difference
1/2 cyclesof fosca/ n
1 cycle of timer 1 underflow

@3

~

Clock source
fosca/n
Programmable timer

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

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

At initial reset, the OSC3 oscillation circuit is set to
OFF status.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Clock Timer)

5.9 Clock Timer

5.9.1 Configuration of clock timer

The S1C883xx has built in a clock timer that uses
the OSC1 oscillation circuit as clock source. The
clock timer is composed of an 8-bit binary counter
that uses the 256 Hz signal dividing fosci as its
input clock and can read the data of each bit (128-1
Hz) by software.

Normally, this clock timer is used for various
timing functions such as clocks.

The configuration of the clock timer is shown in
Figure 5.9.1.1.

5.9.2 Interrupt function

The clock timer can generate an interrupt by each of
the 32 Hz, 8 Hz, 2 Hz and 1 Hz signals.

The configuration of the clock timer interrupt
circuit is shown in Figure 5.9.2.1.

Interrupts are generated by respectively setting the
corresponding interrupt factor flags FTM32, FTM8,
FTM2 and FTML1 at the falling edge of the 32 Hz, 8
Hz, 2 Hz and 1 Hz signals to "1". Interrupt can be
prohibited by the setting the interrupt enable
registers ETM32, ETM8, ETM2 and ETM1 corre-
sponding to each interrupt factor flag.

In addition, a priority level of the clock timer
interrupt for the CPU can be optionally set at levels
0 to 3 by the interrupt priority registers PTMO0 and
PTM1.

For details on the above mentioned interrupt
control register and the operation following
generation of an interrupt, see "5.16 Interrupt and
Standby Status".

The exception processing vector addresses for each
interrupt factor are respectively set as shown
below.

32 Hz interrupt: 00001CH
8 Hz interrupt: 00001EH
2 Hz interrupt: 000020H
1 Hz interrupt: 000022H

Figure 5.9.2.2 shows the timing chart for the clock
timer.

Data bus

Clock timer 4} TMDO-TMD?

64
Hz

32
Hz

16| 8
Hz || Hz

4 (12| 1
Hz ||Hz ||Hz

OscC1 fosci 256 Hz| [1g
oscillation » Divider > Hz
circuit

A A

Clock timer reset

TMRST

TMRUN Clock timer Run/Stop

Y A Yy v

Interrupt

Interrupt control circuit
request

Fig. 5.9.1.1 Configuration of clock timer
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- > Interrupt priority
register PTMO, PTM1
- 32 Hz falling edge _: Interrupt factor
flag FTM32 }D7
- > Interrupt enable
register ETM32
- 8 Hz falling edge _: Interrupt factor
flag FTM8
[2]
'('z _ . |Interrupt enable b A
g - register ETM8 Interrupt priority Interrupt
Icei;/:l:ijtudgement request
- 2 Hz falling edge _: Interrupt factor
flag FTM2 }D>
- > Interrupt enable
register ETM2
< 1 Hz falling edge _: Interrupt factor
flag FTM1 :::D7
- - Interrupt enable
register ETM1
Fig. 5.9.2.1 Configuration of clock timer interrupt circuit
0OSC1/128 256 Hz
TMDO 128 Hz
TMD1 64 Hz
TMD2 32 Hz
T™MD3 16Hz _ [ L [ L[ L/ LI LI L /L L - e
TMD4 8 Hz [ \ [ \ [ \ [ \ \ [ \ \
TMD5 4Hz 7 1L
TMD6 2Hz \ \ [ [
TMD7 1Hz [ [
32Hzinterrupt A 4 A b A A AR A A AR A AR
8 Hz interrupt 4 4 4 4 4 4
2 Hz interrupt 4 4
1 Hz interrupt ¢

Fig. 5.9.2.2 Timing chart of clock timer
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Clock Timer)

5.9.3 Control of clock timer
Table 5.9.3.1 shows the clock timer control bits.
Table 5.9.3.1 Clock timer control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF40| D7 |- - - - - "0" when being read
D6 |[FOUT2 [FOUT frequency selection 0 |RIW
FOUT2 FOUT1 FOUTO Frequency
0 0 0 fosci/ 1
ps|Fout1 | O 0 1 fosc1/2 0 [RW
0 1 0 fosci/ 4
0 1 1 fosci/8
I 1 0 0 fosca/1 | ________|________|___|____
D4 |FOUTO 1 0 1 fosca/ 2 0 |RIW
1 1 0 foscs/ 4
1 1 1 fosca/ 8
D3 |[FOUTON |FOUT output control On Off 0 |RIW
D2 |WDRST |Watchdog timer reset Rest  |Nooperation| — | W [Constantly "0" when
D1 [TMRST |Clock timer reset Rest  |Nooperation| — | W |beingread
DO [TMRUN |Clock timer Run/Stop control Run Stop 0 |RW
OOFF41|D7|TMD7 _|Clocktimerdata 1Hz
D6 |TMD6__ |Clocktimerdata 2Hz
D5 |TMD5 _ |Clocktimerdata  4Hz .
D4 |TMD4 |Clock timer data 8 Hz .
il A i RO it High Low 0 R
D3 |TMD3 _ |Clocktimerdata 16Hz
|D2|TMD2 _ |Clocktimerdata 32Hz
D1 |TMDL _ |Clocktimerdata 64Hz
DO |[TMDO |Clock timer data 128 Hz
00FF20 | D7 |PKO1 ) - .
il Pl KOO0—KO7 interrupt priority register 0 |RW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
e e Serial interface interrupt priority register PSW1 PSWO Prioiity | O |R/W
D4 |PSIFO PTM1 PTMO _ level
D3 |PSW1 1 1 Lees
- -1 Stopwatch timer interrupt priority register 1 0 Leved2 0 |RW
D2 |PSWO0 - PP yred 0 1 Levdl
D1|PTM1 0 0 Lee©
-~ Clock timer interrupt priority register 0 |RW
DO [PTMO
00FF22 | D7 |- - - - - "0" when being read
| D6 |[ESW100| Stopwatch timer 100 Hz interrupt enable register
| D5 |[ESWI0 | Stopwaich timer 10 Hz interrupt enable register
D4 |ESW1 |Stopwatch timer 1 Hz interrupt enable register
- - - Interrupt Interrupt
D3 |ETM32 |Clock timer 32 Hz interrupt enable register ) 0 |RW
[ NS RVt enable disable
D2 |[ETM8 __ |Clock timer 8 Hz interrupt enableregister
D1 |ETM2__ Clock timer 2 Hz interrupt enableregister
DO |ETM1 |Clock timer 1 Hz interrupt enable register
O0FF24 | D7 |- - - - - "0" when being read
| D6 |FSW100| Stopwatch timer 100 Hz interrupt factor flag | (R) ®)
| D5 |[FSWI0_ | Stopwatch timer 10 Hz interrupt factor flag | Interrupt | No interrupt
D4 |FSW1 |Stopwatch timer 1 Hz interrupt factor flag factor is factor is
D3 |[FTM32 _ [Clock timer 32 Hz interrupt factor flag | generated | generated | 0 | RIW
D2 |FTM8 __ |Clock timer 8 Hz interrupt factor flag W W
D1 |FTM2 |Clock timer 2 Hz interrupt factor flag W) W) )
N P ST R Reset Nooperatlon
DO |[FTM1 |Clock timer 1 Hz interrupt factor flag
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Clock Timer)

TMDO-TMD7: OOFF41H

Table5.9.3.2 Interrupt priority level settings

The clock timer data can be read out.
Each bit of TMD0-TMD?7 and frequency corre-
spondence are as follows:

TMDO: 128Hz TMD4: 8Hz
TMD1: 64Hz TMD5: 4Hz
TMD2: 32Hz TMDG6: 2Hz
TMD3: 16Hz TMD7: 1Hz

Since the TMDO-TMD?7 is exclusively for reading,
the write operation is invalid.
At initial reset, the timer data is set to "00H".

TMRST: 00FF40H+D1

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 the
TMRST.

When the clock timer is reset in the RUN status, it
restarts immediately after resetting. In the case of

the STOP status, the reset data "00H" is maintained.

No operation results when "0" is written to the
TMRST.

Since the TMRST is exclusively for writing, it
always becomes "0" during reading.

TMRUN: 00FF40H+D0O

Controls RUN/STOP of the clock timer.

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

The clock timer starts up-counting by writing "1" to
the TMRUN and stops by writing "0".

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

At initial reset, the TMRUN is set to "0" (STOP).

PTMO, PTM1: 0OFF20H+DO, D1

Sets the priority level of the clock timer interrupt.
The two bits PTMO0 and PTML1 are the interrupt
priority register corresponding to the clock timer
interrupt. Table 5.9.3.2 shows the interrupt priority
level which can be set by this register.

PTM1 PTMO Interrupt priority level
1 1 Level 3 (IRQ3)
1 0 Level 2 (IRQ2)
0 1 Level 1 (IRQ1)
0 0 Level O (None)

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

ETM1, ETM2, ETM8, ETM32: 00FF22H+D0-D3

Enables or disables the generation of an interrupt
for the CPU.

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

The ETM1, ETM2, ETM8 and ETM32 are interrupt
enable registers that respectively correspond to the
interrupt factors for 1 Hz, 2 Hz, 8 Hz and 32 Hz.
Interrupts set to "1" are enabled and interrupts set
to "0" are disabled.

At initial reset, this register is set to "0" (interrupt
disabled).

FTM1, FTM2, FTM8, FTM32: 00FF24H<D0-D3
Indicates the clock timer interrupt generation status.

When "1" is read:
When "0" is read:

When "1" is written: Resets factor flag
When "0" is written: Invalid

The FTM1, FTM2, FTM8 and FTM32 are interrupt
factor flags that respectively correspond to the
interrupts for 1 Hz, 2 Hz, 8 Hz and 32 Hz and are
set to "1" at the falling edge of each signal.

When set in this manner, if the corresponding
interrupt enable register is set to "1" and the
corresponding interrupt priority register is set to a
higher level than the setting of interrupt flags (10
and 11), an interrupt will be generated to the CPU.
Regardless of the interrupt enable register and
interrupt priority register settings, the interrupt
factor flag will be set to "1" by the occurrence of an
interrupt generation condition.

To accept the subsequent interrupt after interrupt
generation, re-setting of the interrupt flags (set
interrupt flag to lower level than the level indicated
by the interrupt priority registers, or execute the
RETE instruction) and interrupt factor flag reset are
necessary. The interrupt factor flag is reset to "0" by
writing "1".

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

Interrupt factor present
Interrupt factor not present
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Clock Timer)

5.9.4 Programming notes

(1) The clock timer is actually made to RUN/STOP
in synchronization with the falling edge of the
256 Hz signal after writing to the TMRUN
register. Consequently, when "0" is written to
the TMRUN, the timer shifts to STOP status
when the counter is incremented "1". The
TMRUN maintains "1" for reading until the
timer actually shifts to STOP status.

Figure 5.9.4.1 shows the timing chart of the
RUN/STOP control.

256 Hz
TMRUN(RD) |

TMRUNWR) || I

TMDX 57H 5CH

Fig. 5.9.4.1 Timing chart of RUN/STOP control

(2) The SLP instruction is executed when the clock
timer is in the RUN status (TMRUN ="1"). The
clock timer operation will become unstable
when returning from SLEEP status. Therefore,
when shifting to SLEEP status, set the clock
timer to STOP status (TMRUN = "0") prior to
executing the SLP instruction.
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5.10 Stopwatch Timer

5.10.1 Configuration of stopwatch timer

The S1C883xx has a built-in 1/100 sec and 1/10 sec
stopwatch timer. The stopwatch timer is composed
of a 4-bit 2 stage BCD counter (1/100 sec units and
1/10 sec units) that makes the 256 Hz signal that
divides the fosci the input clock and it can read the
count data by software.

Figure 5.10.1.1 shows the configuration of the
stopwatch timer.

The stopwatch timer can be used as a timer differ-
ent from the clock timer and can easily realize
stopwatch and other such functions by software.

5.10.2 Count up pattern

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

Figure 5.10.2.1 shows the count up pattern of the
stopwatch timer.

The feedback dividing circuit generates an approxi-
mate 100 Hz signal at 2/256 sec and 3/256 sec
intervals from a 256 Hz signal divided from fosci.

The 1/100 sec counter (SWD0-SWD3) generates an
approximate 10 Hz signal at 25/256 sec and 26/256
sec intervals by counting the approximate 100 Hz
signal generated by the feedback dividing circuit in
2/256 sec and 3/256 sec intervals. The count-up is
made approximately 1/100 sec counting by the 2/
256 sec and 3/256 sec intervals.

The 1/10 sec counter (SWD4-SWD7) generates a 1
Hz signal by counting the approximate 10 Hz
signal generated by the 1/100 sec counter at 25/256
sec and 26/256 sec intervals in 4:6 ratios.

The count-up is made approximately 1/10 sec
counting by 25/256 sec and 26/256 sec intervals.

Data bus
Stopwatch timer SWDO0-SWD7
1 # i ‘ Fig.5.10.1.1
Oosi?ﬁaﬂon fose | ivider 1226121 [ Feedback 1100sec |,  1/10sec g.510.1.
circuit \ deviding circuit 4-bit BCD counter 4-bit BCD counter COanngratIOﬂ of
7y THz stopwatch timer
@ Stopwatch timer reset T
Approximate 10 Hz | Icrgstrrrglpt Interrupt
i i g request
@ Stopwatch timer Run/Stop Approximate 100 Hz__ | circuit q
26 25 4 _
256 6 256 x4 =1sec

1/10 sec counter count-up pattern
1 Hz signal

Count value

Count clock
(Approximate 10 Hz signal)

Count time
(sec)

1/100 sec counter count-up pattern 1
Approximate 10 Hz signal

Count value

Count clock
(256 Hz)

Count time
(sec)

1/100 sec counter count-up pattern 2
Approximate 10 Hz signal

1§

0O+ 1»2»3>4>5>6>7>8»9>0

| L]

25 | 25 | 26 | 26 | 25 | 25 | 26 | 26

256 | 256 256 256 256 256 256 256

26
256

26
256

0> 1»2 > 34 > 56 > 7-»8 - 90

256 256 256 256 256 256 256 256 256 256

25
256 S€€

L

Countvalue 0 —» 1 —» 2 —» 3—»4 —» 5—»6 —» 7-—»8 —» 90
Count clock ]
(256 Hz) -
: Count time 3 '3 "3 Tl g T 3 T 3
Fig. 5.10.2.1 (sec) 256 256 256 256 256 256 256 256 256 256
Count-up pattern of stopwatch timer 26 oo "
256
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Stopwatch Timer)

5.10.3 Interrupt function

The stopwatch timer can generate an interrupt by
each of the 100 Hz (approximately 100 Hz), 10 Hz
(approximately 10 Hz) and 1 Hz signals.

Figure 5.10.3.1 shows the configuration of the
stopwatch timer interrupt circuit

The corresponding factor flags FSW100, FSW10 and
FSW1 are respectively set to "1" at the falling edge
of the 100 Hz, 10Hz and 1Hz signal and an inter-
rupt is generated. Interrupt can be prohibited by
the setting of the interrupt enable registers ESW100,
ESW10 and ESW1 corresponding to each interrupt
factor flag.

Interrupt priority

In addition, a priority level of the stopwatch timer
interrupt for the CPU can be optionally set at levels
0 to 3 by the interrupt priority registers PSW0 and
PSW1.

For details on the above mentioned interrupt
control registers and the operation following
generation of an interrupt, see "5.16 Interrupt and
Standby Status".

The exception processing vector addresses of each
interrupt factor are respectively set as shown
below.

100 Hz interrupt: 000016H
10 Hz interrupt: 000018H
1 Hz interrupt: 00001AH

Figure 5.10.3.2 shows the timing chart for the
stopwatch timer.

* register PSW0, PSW1
- 100 Hz falling edge f Interrupt factor
flag FSW100
o _|Interrupt enable
N _|register ESW100
Address
.
o .
% - 10 Hz falling edge4:Interruptfact0r v
e flag FSwio Interrupt priority | oot
level judgement request
< _|Interrupt enable circuit
b register ESW10
- 1 Hz falling edge 4: Interrupt factor Fig. 5.10.3.1
flag FSW1 19. 2L ]
Configuration of the stopwatch timer
- . |Interrupt enable interrupt circuit
b register ESW1
01234567890123456789012334
1/100 sec SWDo
counter SWbil I -
BCD data Swb2 ‘
SWD3
100Hzinterrupt  # 4 4 b b A A A A A4 b A b E s
10 Hz interrupt 4 4
1/10 sec Swb4 :
counter SWD5 : : R -
BCD data | WP — — 0 LT LT Fig.51032
SWD7 ] Sopwatch timer
1 Hz interrupt 4 4 timing chart
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Stopwatch Timer)

5.10.4 Control of stopwatch timer
Table 5.10.4.1 shows the stopwatch timer control bits.

Table 5.10.4.1 Sopwatch timer control bits
Address| Bit | Name Function 1 0 SR |R/IW Comment
00FF42 | D7 |- - - - -
D6 |- - - - -
D5 |- - - - -
D4 |- - - - -
D3 |- - - - -
D2 |- - - - -
D1 [SWRST | Stopwatch timer reset Reset  |Nooperation| — | W
DO [SWRUN | Stopwatch timer Run/Stop control Run Stop 0 |[RW
00FF43| D7 [SWD7 | Stopwatch timer data
D6 |[SWD6
D5 [SWD5 |BCD (/10 sec)
Da|swo4 |
D3 [SWD3 | Stopwatch timer data 0 R
D2 [SWD2
D1 |[SWD1 |BCD (1/100 sec)
DO [SWDO
00FF20 | D7 |PKO1

F--f---—---1 K00—KO7 interrupt priority register 0 |RW
D6 [PKOO Pt priority reg PKO1 PKOO

D5 |PSIFL PSIFL PSIFO
O . Serial interface interrupt priority register PSW1 PSWO Priority | 0 |R/W
D4 |PSIFO PTM1 PTMO _ level

D3 [PSW1 rol Leas
O R Stopwatch timer interrupt priority register 1 0 Lee2 | 0 |RW
D2 [PSWO 0 1  Level

0o o0

DLIPTML ] Clock timer interrupt priority register Level 0 0
DO |PTMO pt priority reg RIW
00FF22| D7 - - - - "0" when being read

| D6 |ESW100] Stopwatch timer 100 Hz interrupt enable register

Constantly "0" when
being read

D4 [ESw1 Stopwatch timer 1 Hz interrupt enable register
- - - Interrupt Interrupt
D3 [ETM32 |Clock timer 32 Hz interrupt enable register 0 |[RW

02 [ETMB | Clock imer 8 Hz merupt enaberegiser | 7 | 0
| D1|ETM2__ |Clock timer 2 Hz interrupt encbleregister
DO [ETM1 |Clock timer 1 Hz interrupt enable register
O0FF24 | D7 |- - - - - "0" when being read
| D6 |FSW100) Stopwatch timer 100 Hzinterrupt factor flag | (R) ®)
| D5 |FSW10_ | Stopwatch timer 10 Hz interrupt factor flag | - Interrupt | Nointerrupt
D4 [FSW1 |Stopwatch timer 1 Hz interrupt factor flag factor is factor is
| D3 |FTM32 | Clock timer 32 Hz interrupt factor flag | generated | generated | 0 |R/W
D2 [FTM8 |Clock timer 8 Hz interrupt factor flag
P P o (W) W)

F - -~ " T T TS T T T T o o T Reset Nooperalion
DO [FTM1  |Clock timer 1 Hz interrupt factor flag
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Stopwatch Timer)

SWDO-SWD7: 00FF43H

Table 5.10.4.2 Interrupt priority level settings

The stopwatch timer data can be read out.
Higher and lower nibbles and BCD digit corre-
spondence are as follows:

SWD0-SWD3: BCD (1/100sec)
SWD4-SWD7: BCD (1/10sec)

Since SWDO0-SWD?7 are exclusively for reading, the
write operation is invalid.
At initial reset, the timer data is set to "00H".

SWRST: 00FF42H-D1

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 by writing "1" to the
SWRST. When the stopwatch timer is reset in the
RUN status, it restarts immediately after resetting.
In the case of the STOP status, the reset data "00H"
is maintained.

No operation results when "0" is written to the
SWRST.

Since the SWRST is exclusively for writing, it
always becomes "0" during reading.

SWRUN: 00FF42H+D0

Controls RUN/STOP of the stopwatch timer.

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

The stopwatch timer starts up-counting by writing
"1" to the SWRUN and stops by writing "0".

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

At initial reset, the SWRUN is set at "0" (STOP).

PSWO, PSW1: 00FF20H+D2, D3

Sets the priority level of the stopwatch timer
interrupt.

The two bits PSW0 and PSW1 are the interrupt
priority register corresponding to the stopwatch
timer interrupt. Table 5.10.4.2 shows the interrupt
priority level which can be set by this register.

PSW1 PSWO0 Interrupt priority level
1 1 Level 3 (IRQY)
1 0 Level 2 (IRQ2)
0 1 Level 1 (IRQ1)
0 0 Level O (None)

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

ESW1, ESW10, ESW100: 00FF22H<D4, D5, D6

Enables or disables the generation of an interrupt
for the CPU.

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

The ESW1, ESW10 and ESW100 are interrupt
enable registers that respectively correspond to the
interrupt factors for 1 Hz, 10 Hz and 100 Hz.
Interrupts set to "1" are enabled and interrupts set
to "0" are disabled.

At initial reset, this register is set to "0" (interrupt
disabled).

FSwW1, FSW10, FSW100: 00FF24H+D4, D5, D6

Indicates the stopwatch timer interrupt generation
status.

When "1" is read:
When "0" is read:

When "1" is written: Resets factor flag
When "0" is written: Invalid

The FSW1, FSW10 and FSW100 are interrupt factor
flags that respectively correspond to the interrupts
for 1 Hz, 10 Hz and 100 Hz and are set to "1" in
synchronization with the falling edge of each signal.
When set in this manner, if the corresponding
interrupt enable register is set to "1" and the
corresponding interrupt priority register is set to a
higher level than the setting of interrupt flags (10
and 11), an interrupt will be generated to the CPU.
Regardless of the interrupt enable register and
interrupt priority register settings, the interrupt
factor flag will be set to "1" by the occurrence of an
interrupt generation condition.

To accept the subsequent interrupt after interrupt
generation, re-setting of the interrupt flags (set
interrupt flag to lower level than the level indicated
by the interrupt priority registers, or execute the
RETE instruction) and interrupt factor flag reset are
necessary. The interrupt factor flag is reset to "0" by
writing "1".

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

Interrupt factor present
Interrupt factor not present
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Stopwatch Timer)

5.10.5 Programming notes

(1) The stopwatch timer is actually made to RUN/
STOP in synchronization with the falling edge
of the 256 Hz signal after writing to the SWRUN
register. Consequently, when "0" is written to
the SWRUN, the timer shifts to STOP status
when the counter is incremented "1". The
SWRUN maintains "1" for reading until the
timer actually shifts to STOP status.

Figure 5.10.5.1 shows the timing chart of the

RUN/STOP control.
256 Hz JUuuUuvvuuyrUrUuy
SWRUN(RD) _|
SWRUNWR) || I

SWDX 27 | 28 30 32
Fig. 5.10.5.1 Timing chart of RUN/STOP control

(2) The SLP instruction is executed when the
stopwatch timer is in the RUN status (SWRUN
="1"). The stopwatch timer operation will
become unstable when returning from SLEEP
status. Therefore, when shifting to SLEEP
status, set the clock timer to STOP status
(SWRUN ="0") prior to executing the SLP
instruction.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

5.11 Programmable Timer

5.11.1 Configuration of programmable timer

The S1C883xx has two built-in 8-bit programmable
timer systems (timer 0 and timer 1).

Timer 0 and timer 1 are composed of 8-bit
presettable down counters and they can be used as
8-bit x 2 channels or 16-bit x 1 channel programma-
ble timer. They also have an event counter function
and a pulse width measurement function using the
K10 input port terminal.

Figure 5.11.1.1 shows the configuration of the
programmable timer.

Programmable setting of the transfer rate is possi-
ble, due to the fact that the programmable timer
underflow signal can be used as a synchronous
clock for the serial interface.

The underflow divided by 1/2 signal can also be
output externally from the R27 output port terminal.

! Programmable timer O

EVIN (K10) O

Input port
K10

Timer 0 Run/Stop

5.11.2 Count operation and
setting basic mode

Here we will explain the basic operation and
setting of the programmable timer.

m Setting of initial value and counting down
The timers 0 and 1 each have a down counter and
reload data register.

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

By writing "1" to the preset control bit PSETO (timer
0) or PSET1 (timer 1), the down counter loads the
initial value set in the reload register RLD.
Therefore, down-counting is executed from the
stored initial value according to the input clock.

Reload

[@_» Reload
controller

Reload data register
RLDO0-RLDO7

PRUNO

osc1 fosc1 Clock Underflow
oscillation > Prescaler controller 8-bit down counter sional
i »j Selector ! g
circuit ! |
' Prescaler !
| setting YYYY :
CKSELO i I
- 2,048 Hz, Data buffer
'4.—” r ' )|
Timer 1 Run/Stop ! PTD00-PTDO7 ;
PRUN1 T i
i _Timer function setting "
osc3 - [FcsEL 2
oscillation ) 8
circuit foscs | LPLPOL f ‘ EVONT| S
CKSEL1 ! Pulse polarity setting Event counter mode setting
Interrupt ::rgr?trrrglpt -t
request circuit [ © Programmable timer 1
| PSET1 Reload
Reload
RLMD1 controller
Output port - >
( ) Ret =7 Clock . Underflow
8-bit down counter

controller signal

Prescaler

! Prescaler 1 !

| setting f |

| PSC11 |  gisbimode | PTD10-PTD17 [

3 setting |
sef@ . 4 ————
interface

Fig. 5.11.1.1 Configuration of programmable timer
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

PRUNO(1) ]

|

PSETO(1) I \
RLD00-07(10-17) A6H | I F3H
Input clock
PTDO7(17) |
PTDO6(16) / /
PTDO5(15) s / / |
PTDO4(14) ] / [N S
PTDO3(13) [ ] [
PTD02(12) :
PTDO1(11) R | B S N |
PTDO00(10)
+ Preset + Reload and

interrupt generation

Fig. 5.11.2.1 Basic operation timing of the counter

The registers PRUNO (timer 0) and PRUN1 (timer 1)

are provided to control the RUN/STOP for timers 0
and 1.

After the reload data has been preset into the
counter, down-counting is begun by writing "1" to
this register. When "0" is written, the clock input is
prohibited and the count stops.

The control of this RUN/STOP has no affect on the
counter data. The counter data is maintained even
during the stoppage of the counter and it can start
the count, continuing from that data.

The reading of the counter data can be done
through the data buffers PTD0O0-PTDO07 (timer 0)
and PTD10-PTD17 (timer 1) with optional timing.
When the down-counting has progressed and an
underflow is generated, the counter reloads the
initial value set in the reload data register.

This underflow signal controls an interrupt genera-
tion, pulse (TOUT signal) output and serial inter-
face clocking, in addition to reloading the counter.

Count
data | One-shot

m Continuous/one-shot mode setting

By writing "1" to the continuous/one-shot mode
selection registers CONTO (timer 0) and CONT1
(timer 1), the programmable timer is set to the
continuous mode. In the continuous mode, the
initial counter value is automatically loaded when
an underflow is generated, and counting is contin-
ued. This mode is suitable when programmable
intervals are necessary (such as an interrupt and a
synchronous clock for the serial interface).

On the other hand, when writing "0" to the registers
CONTO (timer 0) and CONT1 (timer 1), the pro-
grammable timer is set to the one-shot mode. The
counter loads an initial value and stops when an
underflow is generated. At this time, the RUN/
STOP control register PRUNO (timer 0) and PRUN1
(timer 1) are automatically reset to "0". After the
counter stops, a one-shot count can be performed
once again by writing "1" to registers PRUNO (timer
0) and PRUNL1 (timer 1). This mode is suitable for
single time measurement, for example.

Input clock % { { % % {

Continuous
mode

03H[02H J01H | 00H [ A6H)ASHA4H

03H ) 02H ) 01H [ 00H ] A6H

+ Underflow
When "A6H" is set into reload data register RLD.
Fig. 5.11.2.2 Continuous mode and one-shot mode

mode
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

m  8/16-bit mode setting

By writing "0" to the 8/16-bit mode selection
register MODE16, timer 0 and timer 1 are set as
independent timers in 8-bit x 2 channels. In this
mode, timer 0 and timer 1 can be controlled
individually and each of them operates independ-
ently.

On the other hand, when writing "1" to the register
MODEZ16, timer 0 and timer1 are set as 1 channel
16-bit timer. This is done by setting timer 0 to the
lower 8 bits, and timer 1 to the upper 8 bits. The
timer is controlled by timer 0's registers. In this
case, the control registers for timer 1 are invalid.
(PRUNL1 is fixed at "0".)

[8-bit mode] [16-bit mode]

8-bit data Low-order 8-bit data
Timer 0 Int " Timer 0
input s Timer 0 >0t input e Timer 0
clock a clock
Timer 1 Timer 0
: ) Interrupt . Interrupt
|r;pult( S Timer 1% o quest  underflow Timer 108 o oot
cloc signal

8-bit data High-order 8-bit data

Fig. 5.11.2.3 8/16-hit mode setting and counter configuration

5.11.3 Setting of input clock

Prescalers have been provided for timers 0 and 1.
The prescalers generate the input clock for each by
dividing the source clock signal from the OSC1 or
OSC3 oscillation circuit.

The source clock and the dividing ratio of the
prescaler can be selected individually for timer 0
and timer 1 in software.

The input clocks are set by the below sequence.

(1) Selection of source clock
Select the source clock (OSC1 or OSC3) for each
prescaler. This is done with the source clock
selection registers CKSELO (timer 0) and
CKSEL1 (timer 1): when "0" is written, OSC1 is
selected and when "1" is written, OSC3 is
selected. When the 16-bit mode is selected, the
source clock is selected by register CKSELO, and
the register CKSEL1 setting becomes invalid.
When the OSC3 oscillation circuit is made the
clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the programmable
timer.

From the time the OSC3 oscillation circuit is
turning ON until oscillation stabilizes, an
interval of several msec to several 10 msec is
necessary. Consequently, you should allow an
adequate waiting time after turning the OSC3
oscillation circuit ON before starting the count
of the programmable timer. (The oscillation
start time will vary somewhat depending on the
oscillator and on external parts. Refer to the
oscillation start time example indicated in
Chapter 7, "ELECTRICAL CHARACTERIS-
TICS")

At initial reset, OSC3 oscillation circuit is set to
OFF status.

(2) Selection of prescaler dividing ratio
Select the dividing ratio of each prescaler from
among 4 types. This selection is done by the
prescaler dividing ratio selection registers
PSC00/PSCO01 (timer 0) and PSC10/PSC11
(timer 1). Setting value and dividing ratio
correspondence are shown in Table 5.11.3.1.

Table5.11.3.1 Selection of prescaler dividing ratio

PSC11 PSC10 . .
Prescaler dividing ratio
PSC01 PSCO00
1 1 Source clock / 64
1 0 Source clock / 16
0 1 Source clock / 4
0 0 Source clock / 1

By writing "1" to the register PRUNO (timer 0)
and PRUNL1 (timer 1), the source clock is input
to the prescaler. Therefore, the clock with
selected dividing ratio is input to the timer and
the timer starts counting down.

When the 16-bit mode has been selected, the
dividing ratio for the source clock is selected by
register PSC00/PSCO01 and the setting of register
PSC10/PSC11 becomes invalid.

5.11.4 Timer mode

The timer mode counts down using the prescaler
output as an input clock. In this mode, the pro-
grammable timer operates as a timer that obtains
fixed cycles using the OSC1 or OSC3 oscillation
circuit as a clock source.

See "5.11.2 Count operation and basic mode setting"
for basic operation and control, and "5.11.3 Setting
input clock" for the clock source and setting of the
prescaler.

S1C88348/317/316/308 TECHNICAL HARDWARE

EPSON

1-105



5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

5.11.5 Event counter mode

Timer 0 includes an even counter function that
counts by inputting an external clock (EVIN) to
input port K10. This function is selected by writing
"1" to the timer 0 counter mode selection register
EVCNT.

When the event counter mode is selected, timer 0
operates as an event counter and timer 1 operates
as a normal timer in 8-bit mode. In the 16-bit mode,
timer 0 and timer 1 operate as 1 channel 16-bit
event counter. In the event counter mode, since the
timer 0 is clocked externally, the settings of regis-
ters PSC00/PSCO01 become invalid.

Count down timing can be controlled by either the
falling edge or rising edge selected by the timer 0
pulse polarity selection register PLPOL. When "0" is
written to the register PLPOL, the falling edge is
selected, and when "1" is written, the rising edge is
selected. The timing is shown in Figure 5.11.5.1.

EVCNT ] 1
PRUNO ] L]
PLPOL 0 1

EVINinput (K10) [ v [ 1 [ ¢ RERE
n n-6

Fig. 5.11.5.1 Timing chart for event counter mode

Count data

The event counter also includes a noise rejecter to
eliminate noise such as chattering for the external
clock (EVIN). This function is selected by writing
"1" to the timer 0 function selection register FCSEL.

For a reliable count when "with noise rejecter" is
selected, you must allow 0.98 msec or more pulse
width for both LOW and HIGH levels. (The noise
rejecter allows clocking counter at the second
falling edge of the internal 2,048 Hz signal after
changing the input level of the K10 input port
terminal. Consequently, the pulse width that can
reliably be rejected is 0.48 msec.)

Figure 5.11.5.2 shows the count down timing with
the noise rejecter selected.

20z LUV ULUUUUUUUULIUL
EVINinput(k20) | [ [ ¢+ L[ L L
Input clock m
to counter " ! '

Count data n_ | n-1 | _n2 Jn3

When "0" is set into register PLPOL.
Fig. 5.11.5.2 Count down timing with noise rejecter

The event counter mode is the same as the timer
mode except that the clock is external (EVIN).

See "5.11.2 Count operation and setting basic mode"
for the basic operation and control.

5.11.6 Pulse width measurement timer mode

Timer 0 includes a pulse width measurement function
that measures the width of the input signal to the K10
input port terminal. This function is selected by
writing "1" to the timer function selection register
FCSEL when in the timer mode (EVCNT ="0").

When the pulse width measurement mode is
selected, timer 0 operates as an pulse width measure-
ment and timer 1 operates as a normal timer in 8-bit
mode. In the 16-bit mode, timer 0 and timer 1 operate
as 1 channel 16-bit pulse width measurement.

The level of the input signal (EVIN) for measure-
ment can be changed either a LOW or HIGH level
by the timer 0 pulse polarity selection register
PLPOL. When "0" is written to register PLPOL, a
LOW level width is measured and when "1" is
written, a HIGH level width is measured. The
timing is shown in Figure 5.11.6.1.

FCSEL
PRUNO
Prescaler
output clock
PLPOL

L

S e e I O B O A

[

EVIN input (K10)

input clock RERERER REREEEEEN
to timer
Count data n n-4 n-8

Fig. 5.11.6.1 Timing chart for pulse width measurement timer mode
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

The pulse width measurement timer mode is the
same as the timer mode except that the input clock
is controlled by the level of the signal (EVIN) input
to the K10 input port terminal.

See "5.11.2 Count operation and setting basic mode"
for the basic operation and control.

5.11.7 Interrupt function

The programmable timer can generate an interrupt
due to an underflow signal of timer 0 and timer 1.
Figure 5.11.7.1 shows the configuration of the
programmable timer interrupt circuit.

The respectively corresponding interrupt factor
flags FPTO and FPT1 are set to "1" and an interrupt
is generated by an underflow signal of timers 1 and
0. Interrupt can also be prohibited by the setting of
the interrupt enable registers EPT0 and EPT1
corresponding to each interrupt flag.

In addition, a priority level of the programmable
timer interrupt for the CPU can be optionally set at
levels 0 to 3 by the interrupt priority registers PPTO
and PPT1.

For details on the above mentioned interrupt control
registers and the operation following generation of
an interrupt, see "5.16 Interrupt and Standby Status".

The exception processing vector addresses of each
interrupt factor are respectively set as shown below.

000006H
000008H

When the 16-bit mode is selected, the interrupt
factor flag FPTO is not set to "1" and a timer 0
interrupt cannot be generated. (In the 16-bit mode,
the interrupt factor flag FPT1 is set to "1" by an
underflow of the 16-bit counter.

Programmable timer 1 interrupt:
Programmable timer O interrupt:

Interrupt priority

5.11.8 Setting of TOUT output

The programmable timer can generate a TOUT
signal due to an underflow of timer 0 or timer 1. A
TOUT signal is the above mentioned underflow
divided by 1/2. The timer underflow which is to be
used can be selected by the TOUT output channel
selection register CHSEL. When writing "0" to
register CHSEL, timer 0 is selected and when "1" is
written, timer 1 is selected. However, in the 16-bit
mode, it is fixed in timer 1 (underflow of the 16-bit
timer) and the setting of register CHSEL becomes
invalid.

Figure 5.11.8.1 shows the TOUT signal waveform
when channel switching.

CHSEL 0 1
Timer 0 underflow

Timer 1 underflow
TOUT output (R27)

Fig. 5.11.8.1 TOUT signal waveform at channel change

The TOUT signal can be output from the R27
output port terminal and the programmable clock
can be supplied to an external device.

The configuration of the output port R27 is shown
in Figure 5.11.8.2.

Register R27D
Register PTOUT

TOUT signal
Fig. 5.11.8.2 Configuration of R27

R27 output

register PPTO, PPT1

!V

Address

Timer 1 underflow —» Interrupt factor

A
Y

flag FPT1
2]
a
T |g _ | Interrupt enable
8 register EPT1

Timer 0 underflow —» Interrupt factor

A
Y

flag FPTO
. _ | Interrupt enable
register EPTO

A4

Interrupt priority Interrupt
level judgement request
circuit

Fig.5.11.7.1

Configuration of programmable timer
interrupt circuit
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

The output control of the TOUT signal is done by
register PTOUT. When "1" is set to the PTOUT, the
TOUT signal is output from the R27 output port
and when "0" is set, HIGH (VDD) level is output. At
this time, "1" must always be set in the data register
R27D.

Since the TOUT signal is generated asynchronously
from the register PTOUT, when the signal is turned
ON or OFF by the register setting, a hazard of a 1/2
cycle or less is generated.

Figure 5.11.8.3 shows the output waveform of
TOUT signal.

PTOUT 0] 1 .

TOUT output (R27)

Fig. 5.11.8.3 Output waveform of the TOUT signal

5.11.9 Transmission rate setting of
serial interface

The underflow signal of the timer 1 can be used to
clock the serial interface.

The transmission rate setting in this case is made in
registers PSC1X and PLD1X, and is used to set the
count mode to the reload count mode (RLMD1 =
"1").

Since the underflow signal of the timer 1 is divided
by 1/32 in the serial interface, the value set in
register RLD1X which corresponds to the transmis-
sion rate is shown in the following expression:

RLD1X =fosc / (32*bps*4PSCiX) - 1
fosc: Oscillation frequency (OSC1/0SC3)
bps: Transmission rate
PSC1X: Setting value to the register PSC1X (0-3)

(00H can be set to RLD1X)

Table 5.11.9.1 shows an example of the transmis-
sion rate setting when the OSC3 oscillation circuit is
used as a clock source.

Table5.11.9.1 Example of transmission rate setting

OSC3 oscillation frequency / Programmable timer settings
Transfer rate
(bps) foscs = 3.072 MHz | foscs = 4.608 MHz |fosc3 = 4.9152 MHz
PSC1X | RLD1X | PSC1X | RLD1X | PSC1X | RLD1X
9,600 0(V1) 09H 0 (V1) OEH 0(V1) OFH
4,800 0 (V1) 13H 0(v1) | 1DH 0 (V1) 1FH
2,400 0 (V1) 27H 0(V1) | 3BH 0 (V1) 3FH
1,200 0 (V1) 4FH 0 (V1) 77H 0 (V1) 7FH
600 0(V1) 9FH 0(V1) EFH 0(V1) FFH
300 1(v4) 4FH 1(v4) 7TH 1(v4) 7FH
150 1(v4) 9FH 1(v4) EFH 1(V4) FFH
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

5.11.10 Control of programmable timer
Table 5.11.10.1 shows the programmable timer control bits.
Table5.11.10.1(a) Programmable timer control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
O0FF30| D7 |- — - - - Constantry "0" when
D6 |- - - - — being read
D5 |- - - -
D4 |MODE16 |8/16-bit mode selection 16-bitx 1 8-bit x 2 0 |RW
D3 |CHSEL |TOUT output channel selection Timer 1 Timer 0 0 |RW
D2 |PTOUT |TOUT output control On Off 0 |RW
D1 |CKSEL1|Prescaer 1 source clock selection foscs fosct 0 |RW
DO |CKSELO|Prescaler 0 source clock selection foscs fosc1 0 |RW
O0FF31| D7 |EVCNT |Timer O counter mode selection Event counter|  Timer 0 |RW
D6 |[FCSEL |Timer 0 " In timer mode Pulsewidth | Norma | O |[R/W
function selection : 77777777777777777777 measurement|  mode
In event counter mode With Without
3 Noi se rej ector|noise rejector|
D5 [PLPOL |Timer O ‘ Down count timing Rising edge | Fallingedge| 0 |R/W
pulsepolarity | in event counter mode |of K10input|of K10 input
selection In pulse width MHighievel | Lowlevel
| measurement mode  |for K10 input|for K10 input
D4 |PSCO1 |Timer O prescaler dividing ratio selection 0 |RIW
PSCO1 PSC00 Prescaler dividing ratio
L] 1 1 Sourceclock/64 | | | |
D3 |PSC00 1 0 Source clock / 16 0 |RIW
0 1 Sourceclock / 4
0 0 Sourceclock / 1
D2 |CONTO |Timer O continuous/one-shot mode selection | Continuous | One-shot 0 |RIW
D1 |PSETO |Timer O preset Presst  |Nooperation| — | W ["0" when being read
DO |PRUNO |Timer O Run/Stop control Run Stop 0 |RIW
00FF32| D7 |- - - - -
D6 |- - ~ ~ ~ Co'nstantry "0" when
being read
D5 |— - - - -
D4 |PSC11 |Timer 1 prescaler dividing ratio selection 0 |RIW
PSC11 PSC10 Prescaler dividing ratio
] 1 1 Sourceclock/64 | | |
D3 |PSC10 1 0 Source clock / 16 0 |RIW
0 1 Sourceclock / 4
0 0 Sourceclock / 1
D2 |CONT1 |Timer 1 continuous/one-shot mode selection | Continuous | One-shot 0 |RIW
D1 |PSET1 |Timer 1 preset Presst  |Nooperation| — | W ["0" when being read
DO |[PRUN1 |Timer 1 Run/Stop control Run Stop 0 |[R'W
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

Table 5.11.10.1(b) Programmable timer control bits
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF33 7D7 RLDO7 |Timer O reload data D7 (MSB)

e T et High Low 1 |RIW

DO |RLDOO |Timer O reload data DO (L SB)
00FF34| D7 |RLD17 |Timer 1 reload dataD7 (MSB)

e R Gt High Low 1 |RIW

DO [RLD10 |Timer 1 reload data DO (LSB)
O0FF35| D7 [PTDO7 |Timer O counter data D7 (MSB)

e i i ettt High Low 1 R

DO |PTDOO |Timer O counter data DO (LSB)
00FF36 | D7 [PTD17 |Timer 1 counter data D7 (MSB)

e i I et ettt High Low 1 R

DO |PTD10 |Timer 1 counter data DO (LSB)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

Table 5.11.10.1(c) Programmable timer control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF21| D7 |- - - - -
D6 |- - - - - Constantly "0" when
D5 |- - - - - being read
D4 |- - - - -
D3 |PPT1 PPT1 PPTO Priority
i I Programmable timer interrupt priority register PK11 PK10 _ level 0 |RW
D2 |PPTO 1 1 Levd3
D1 [PK11 1 0 Led2
el P K10 and K11 interrupt priority register 0 1  Level 0 |RW
DO |PK10 0 0 levdoO
00FF23(D7 |EPTL _|Programmable timer 1 interrupt encble register
D6 [EPTO Programmable timer O interrupt enable register
DS |EK1 __|K10andK11interuptenableregister
D4[EKOH _|KO4-KO7intermupt enableregister Interrupt | interrupt ||
D3 |EKOL KO00-K 03 interrupt enable register enable disable
D2 |ESERR | Serial I/F (error) interrupt encbleregister
| D1 |ESREC | Serial I/F (receiving) interrupt enable register
DO |[ESTRA |Serid I/F (transmitting) interrupt enable register
00FF25(D7 |FPT1 _ |Programmabletimer Linterrupt factorflag | () ®
D6 |[FPTO Programmable timer 0 interrupt factor flag Interrupt | No interrupt
D5[FKL _|K1OandK1linterrupt factorflag factoris | factoris
D4 |FKOH _ |KO4-KO7interupt factorflag. | generated | generated | | o\
D3 |FKOL K00-K 03 interrupt factor flag
D2 |FSERR |Serial I/F (error) interrupt fector flag w) w)
D1|FSREC | Serial I/F (receiving) interrupt factor flag | Resst | Nooperation
DO |[FSTRA |Serial I/F (transmitting) interrupt factor flag

MODE16: OOFF30H+D4

CKSELO, CKSEL1: 00FF30H+DO, D1

Selects the 8/16-bit mode.

When "1" is written: 16 bits x 1 channel
When "0" is written: 8 bits x 2 channels
Reading: Valid

Select whether timer 0 and timer 1 will be used as 2
channel independent 8-bit timers or as a 1 channel
combined 16-bit timer. When "0" is written to
MODE16, 8-bit x 2 channels is selected and when
"1" is written, 16-bit x 1 channel is selected.

At initial reset, MODEL16 is set to "0" (8-bit x 2
channels).

Select the source clock of the prescaler.

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

Select whether the source clock of prescaler 0 will
be set to OSC1 or OSC3. When "0" is written to
CKSELO, OSC1 is selected and when "1" is written,
OSC3 is selected.

In the same way, the source clock of prescaler 1 is
selected by CKSEL1.

When event counter mode has been selected, the
setting of the CKSELO becomes invalid. In the same
way, the CKSEL1 setting becomes invalid when 16-
bit mode has been selected.

At initial reset, this register is set to "0" (OSC1
clock).

S1C88348/317/316/308 TECHNICAL HARDWARE

EPSON 1-111



5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

PSCO00, PSCO1: 00FF31H-D3, D4
PSC10, PSC11: 00FF32H-D3, D4

Select the dividing ratio of the prescaler.

Two-bit PSC00 and PSCOL1 is the prescaler dividing
ratio selection registers for timer 0, and the two-bit
PSC10 and PSC11 correspond to timer 1. The
prescaler dividing ratios that can be set by these
registers are shown in Table 5.11.10.2.

Table5.11.10.2 Selection of prescaler dividing ratio

PSC11 PSC10 - .
Prescaler dividing ratio
PSCO01 PSCO00
1 1 Input clock / 64
1 0 Input clock / 16
0 1 Input clock / 4
0 0 Input clock / 1

When event counter mode has been selected, the
setting of the PSC00 and PSC01 becomes invalid. In
the same way, the PSC10 and PSC11 setting be-
comes invalid when 16-bit mode has been selected.
At initial reset, this register is set to "0" (input clock/1).

EVCNT: OOFF31H<D7

Selects the counter mode for the timer 0.

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

Select whether timer 0 will be used as an event
counter or a timer. When "1" is written to EVCNT,
the event counter mode is selected and when "0" is
written, the timer mode is selected.

At initial reset, EVCNT is set to "0" (timer mode).

FCSEL: 00FF31H<D6

Selects the function for each counter mode of timer 0.

e In timer mode
When "1" is written: Pulse width measurement

timer mode
When "0" is written: Normal mode
Reading: Valid

In the timer mode, select whether timer 0 will be
used as a pulse width measurement timer or a
normal timer. When "1" is written to FCSEL, the
pulse width measurement mode is selected and the
counting is done according to the level of the signal
(EVIN) input to the K10 input port terminal. When
"0" is written to FCSEL, the normal mode is selected
and the counting is not affected by the K10 input
port terminal.

* In event counter mode
When "1" is written: With noise rejecter
When "0" is written: Without noise rejecter
Reading: Valid

In the event counter mode, select whether the noise
rejecter for the K10 input port terminal will be
selected or not.

When "1" is written to FCSEL, the noise rejecter is
selected and counting is done by an external clock
(EVIN) with 0.98 msec or more pulse width. (The
noise rejecter allows clocking counter at the second
falling edge of the internal 2,048 Hz signal after
changing the input level of the K10 input port
terminal. Consequently, the pulse width that can
reliably be rejected is 0.48 msec.)

When "0" is written to FCSEL, the noise rejector is
not selected and the counting is done directly by an
external clock (EVIN) input to the K10 input port
terminal.

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

PLPOL: 00FF31H+<D5

Selects the pulse polarity for the K10 input port
terminal.

* In event counter mode
When "1" is written: Rising edge
When "0" is written: Falling edge
Reading: Valid

In the event counter mode, select whether the count
timing will be set at the falling edge of the external
clock (EVIN) input to the K10 input port terminal
or at the rising edge. When "0" is written to PLPOL,
the falling edge is selected and when "1" is written,
the rising edge is selected.

* In pulse width measurement mode
When "1" is written: HIGH level pulse width

measurement

When "0" is written: LOW level pulse width
measurement

Reading: Valid

In the pulse width measurement mode, select
whether the LOW level width of the signal (EVIN)
input to the K10 input port terminal will be meas-
ured or the HIGH level will be measured. When "0"
is written to PLPOL, the LOW level width measure-
ment is selected and when "1" is written, the HIGH
level width measurement is selected.

In the normal mode (EVCNT = FCSEL = "0"), the
setting of PLPOL becomes invalid.

At initial reset, PLPOL is set to "0".
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

CONTO, CONT1: OOFF31H<D2, 00FF32H<D2

Select the continuous/one-shot mode.

When "1" is written: Continuous mode
When "0" is written: One-shot mode
Reading: Valid

Select whether timer 0 will be used in the continu-
ous mode or in the one-shot mode.

By writing "1" to CONTO, the programmable timer is
set to the continuous mode. In the continuous mode,
the initial counter value is automatically loaded
when an underflow is generated, and counting is
continued. On the other hand, when writing "0" to
CONTO, the programmable timer is set to the one-
shot mode. The counter loads an initial value and
stops when an underflow is generated. At this time,
PRUNO is automatically reset to "0".

In the same way, the continuous/one-shot mode
for timer 1 is selected by CONT1. (In the one-shot
mode for timer 1, PRUNL1 is automatically reset to
"0" when the counter underflow is generated.)

At initial reset, this register is set to "0" (one-shot
mode).

RLDOO-RLDO7: OOFF33H
RLD10-RLD17: OOFF34H

Sets the initial value for the counter.

RLDO0-RLDO7:
RLD10-RLD17:

The reload data set in this register is loaded into the
respective counters and is counted down with that
as the initial value.

Reload data is loaded to the counter under two
conditions, when "1" is written to PSETO or PSET1
and when the counter underflow automatically
loads.

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

PTDOO-PTDO7: OOFF35H
PTD10-PTD17: OOFF36H

Reload data for Timer 0
Reload data for Timer 1

Data of the programmable timer can be read out.

PTD00-PTDOY:
PTD10-PTD17:

These bits act as a buffer to maintain the counter
data during readout, and the data can be read as
optional timing. However, in the 16-bit mode, to
avoid a read error, (data error when a borrow from
timer O to timer 1 is generated in the middle of
reading PTD00-PTDO07 and PTD10-PTD17),
PTD10-PTD17 latches the timer 1 counter data
according to the reading of PTD00-PTDO?7.

Timer 0 counter data
Timer 1 counter data

The latched status of PTD10-PTD17 is canceled
according to the readout of PTD10-PTD17 or when
0.73-1.22 msec (depends on the readout timing) has
elapsed. Therefore, in 16-bit mode, be sure to read
the counter data of PTD00-PTD07 and PTD10-
PTD17 in order.

Since these bits are exclusively for reading, the
write operation is invalid.

At initial reset, these bits are set to "FFH".

PSETO, PSET1: O0OFF31H<D1, 00FF32H-D1
Presets the reload data to the counter.

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

By writing "1" to PSETO, the reload data in PLD00-
PLDO7 is preset to the counter of timer 0. When the
counter of timer 0 is preset in the RUN status, it
restarts immediately after presetting.

In the case of STOP status, the reload data that has
been preset is maintained.

No operation results when "0" is written.

In the same way, the reload data in PLD10-PLD17
is preset to the counter of timer 1 by PSET1.

When the 16-bit mode is selected, writing "1" to
PSET1 is invalid.

This bit is exclusively for writing, it always be-
comes "0" during reading.

PRUNO, PRUN1: OOFF31H+D0, OOFF32H+D0
Controls the RUN/STOP of the counter.

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

The counter of timer 0 starts down-counting by
writing "1" to PRUNO and stops by writing "0".

In the STOP status, the counter data is maintained
until it is preset or set in the next RUN status. Also,
when the STOP status changes to the RUN status,
the data that was maintained can be used for
resuming the count.

In the same way, the RUN/STOP of the timer 1
counter is controlled by PRUN1.

When the 16-bit mode is selected, PRUNL1 is fixed at
"0".

At initial reset and when an underflow is generated
in the one-shot mode, this register is set to "0"
(STOP).
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CHSEL: 00FF30H+D3

EPTO, EPT1: 0OFF23H+D6, D7

Selects the channel of the TOUT signal.

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

Select whether the timer 0 underflow will be used
for the TOUT signal or the timer 1 underflow will
be used. When "0" is written to CHSEL, timer 0 is

selected and when "1" is written, timer 1 is selected.

When the 16-bit mode has been selected, it is fixed
to timer 1 (underflow of the 16-bit timer), and
setting of CHSEL becomes invalid.

At initial reset, CHSEL is set to "0" (timer 1
underflow).

PTOUT: O0FF30HD2

Enables or disables the generation of an interrupt
for the CPU.

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

The EPTO and EPT1 are interrupt enable registers
that respectively correspond to the interrupt factors
for timer 0 and timer 1. Interrupts set to "1" are
enabled and interrupts set to "0" are disabled.
When the 16-bit mode is selected, setting of EPTO
becomes invalid.

At initial reset, this register is set to "0" (interrupt
disabled).

FPTO, FPT1: 0OFF25H<D6, D7

Controls the TOUT signal output.

When "1" is written: TOUT signal output
When "0" is written: HIGH level (DC) output
Reading: Valid

PTOUT is the output control register for TOUT
signal. When "1" is set, the TOUT signal is output
from the output port terminal R27 and when "0" is
set, HIGH (VDD) level is output. At this time, "1"
must always be set for the data register R27D.

At initial reset, PTOUT is set to "0" (HIGH level
output).

PPTO, PPT1: OOFF21HD2, D3

Sets the priority level of the programmable timer
interrupt.

The two bits PPT0 and PPT1 are the interrupt
priority register corresponding to the programma-
ble timer interrupt. Table 5.11.10.3 shows the
interrupt priority level which can be set by this
register.

Table5.11.10.3 Interrupt priority level settings

PPT1 PPTO Interrupt priority level
1 1 Level 3 (IRQ3)
1 0 Level 2 (IRQ2)
0 1 Level 1 (IRQ1)
0 0 Level O (None)

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

Indicates the programmable timer interrupt
generation status.

When "1" is read:
When "0" is read:

When "1" is written: Resets factor flag
When "0" is written: Invalid

The FPTO0 and FPT1 are interrupt factor flags that
respectively correspond to the interrupts for timer 0
and timer 1 and are set to "1" in synchronization
with the underflow of each counter.

When set in this manner, if the corresponding
interrupt enable register is set to "1" and the
corresponding interrupt priority register is set to a
higher level than the setting of interrupt flags (10
and I11), an interrupt will be generated to the CPU.
Regardless of the interrupt enable register and
interrupt priority register settings, the interrupt
factor flag will be set to "1" by the occurrence of an
interrupt generation condition.

To accept the subsequent interrupt after interrupt
generation, re-setting of the interrupt flags (set
interrupt flag to lower level than the level indicated
by the interrupt priority registers, or execute the
RETE instruction) and interrupt factor flag reset are
necessary. The interrupt factor flag is reset to "0" by
writing "1".

When the 16-bit mode is selected, the interrupt
factor flag FPTO is not set to "1" and a timer 0
interrupt cannot be generated. (In the 16-bit mode,
the interrupt factor flag FPT1 is set to "1" by an
underflow of the 16-bit counter.)

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

Interrupt factor present
Interrupt factor not present
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

5.11.11 Programming notes

(1) The programmable timer is actually made to
RUN/STOP in synchronization with the falling
edge of the input clock after writing to the
PRUNO(1) register. Consequently, when "0" is
written to the PRUNO(1), the timer shifts to
STOP status when the counter is decremented
"1". The PRUNO(1) maintains "1" for reading
until the timer actually shifts to STOP status.
Figure 5.11.11.1 shows the timing chart of the
RUN/STOP control.

Uy uyuyyer
[

Input clock

PRUNO/PRUN1(RD) __|

PRUNO/PRUNL(WR) 1

azn 3H
Fig. 5.11.11.1 Timing chart of RUN/STOP control

PTDOX/PTD1X

The event counter mode is excluded from the
above note.

(2) The SLP instruction is executed when the
programmable timer is in the RUN status
(PRUNO(1) ="1"). The programmable timer
operation will become unstable when returning
from SLEEP status. Therefore, when shifting to
SLEEP status, set the clock timer to STOP status
(PRUNO(1) ="0") prior to executing the SLP
instruction.

In the same way, disable the TOUT signal
(PTOUT ="0") to avoid an unstable clock output
to the R27 output port terminal.

(3) Since the TOUT signal is generated asynchro-
nously from the register PTOUT, when the
signal is turned ON or OFF by the register
setting, a hazard of a 1/2 cycle or less is gener-
ated.

(4) When the OSC3 oscillation circuit is made the
clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the programmable
timer.

From the time the OSC3 oscillation circuit is
turning ON until oscillation stabilizes, an
interval of several msec to several 10 msec is
necessary. Consequently, you should allow an
adequate waiting time after turning the OSC3
oscillation circuit ON before starting the count
of the programmable timer. (The oscillation
start time will vary somewhat depending on the
oscillator and on external parts. Refer to the
oscillation start time example indicated in
Chapter 7, "ELECTRICAL CHARACTERIS-
TICS")

At initial reset, OSC3 oscillation circuit is set to
OFF status.

(5) When the 16-bit mode has been selected, be sure
to read the counter data in the order of PTD00-
PTDO07 and PTD10-PTD17. Moreover, the time
interval between reading PTD00-PTDO07 and
PTD10-PTD17 should be 0.73 msec or less.
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5.12 LCD Controller

5.12.1 Configuration of LCD controller

The S1C88xx has a built-in dot matrix LCD driver.
The S1C88348/317/316 allows an LCD panel with a
maximum of 1,632 dots (51 segments x 32 com-
mons). In the S1C88308 a maximum of 1,312 dots
(41 segments x 32 commons) are permitted. It also
has an LCD controller for an external LCD driver.
Figure 5.12.1.1 shows the configuration of the LCD
controller and the drive power supply.

5.12.2 Mask option

Selection of the drive duty for the built-in LCD
driver can be selected whether it will be 1/32 and
1/16 software-switched or fixed at 1/8 by the mask
option.

LCD drive duty
O 1/32 & 1/16 duty
O 1/8 duty

When "1/32 & 1/16 duty" is selected, the drive
duty can be selected by software. When "0" is
written to the drive duty selection register LDUTY,
1/32 duty is selected and when "1" is written, 1/16
duty is selected.

5.12.3 LCD power supply

For the LCD system drive voltages VVc1-Vcs, either
the internal power supply or external power supply
can be selected by the mask option.

When the internal power supply is selected, voltage
is generated by the internal voltage regulator and
voltage booster circuits. The internal power supply
can generate two types of reference voltage; TYPE
A (45V)and TYPE B (5.5 V), and either one can be
selected by the mask option.

When external power supply is selected, the
voltage should be supplied from outside of the IC.

LCD power supply
O Internal power supply
O Internal power supply
O External power supply

TYPE A (45 V)
TYPEB (55 V)

The internal power supply is designed for a small
scale LCD panel and is not suitable for driving a
panel that has large size pixels or for driving a large
capacity panel using an external expanded LCD
driver. In this case, select external power supply
and input the regulated voltage from outside of the
IC.

Figure 5.12.3.1 shows the circuit examples when
using an external power supply.

- ©OVIN o ——OVIN*

. . A ol 3
When "1/8 duty" is selected, the drive duty is fixed ves -3 F— Ves -3 —
at 1/8 and setting of LDUTY becomes invalid. 2 2
- . . Vca 1 }—< Vca | }—<
When the built-in LCD driver is not used, select the :
default setting of "1/32 & 1/16 duty". Ves—+—F— Ves—4—
Ve2 { }—< Vcz bt { }—<
3 2 * Vss level or high
Fig 51231 var—t 1 Ver—+—F—  impedance when
o 19.5.1z.5.1 o I LCD is not
Circuit examples when using EJ driven.
an external power supply Vss Vss
«CL le{LccLk
Output port L_CD synchronous
R25, R26 FR | signal generator “W
R |
[-— LC3
To expanded LCD system LCD contrast [ LC2
LCD driver voltage regulater adjustment circuit «— LC1
[— LCO
LCDC1
veul
LCD system Vvez. )
voltage booster M| Lepder | SICes3sEEIsIe
Note: A load reststaﬁce \Vca Ves | COMO-COM15 1
between terminals > E COM16-COM31/SEG66-SEG51 |
Vss—Vc1 is needed [SEGO-SEGS0
when drivinganrco | 'y — 1 L - 1 0 * ,,,,,,,,,,,,,,,,,
panel that constitutes ¥ vss t | COMO-COM15 3
& heavy load. F
S1C88308

Fig. 5.12.1.1 Configuration of LCD

controller and drive power supply
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

5.12.4 LCD driver

The maximum number of dots changes according
to the drive duty selection.

When 1/32 duty is selected, the combined com-
mon/segment output terminal is switched to the
common terminal. An LCD panel with 51 segments
x 32 commons (maximum 1,632 dots) in the
S$1C88348/317/316 and 41 segments x 32 commons
(maximum 1,312 dots) in the S1C88308 can be
driven.

When 1/16 duty is selected, the combined com-
mon/segment output terminal is switched to the
segment terminal. An LCD panel with 67 segments
x 16 commons (maximum 1,072 dots) in the
S$1C88348/317/316 and 57 segments x 16 commons
(maximum 912 dots) in the S1C88308 can be driven.

When 1/8 duty is selected, the combined common/
segment output terminal is switched to the segment
terminal as when 1/16 duty is selected. An LCD
panel with 67 segments x 8 commons (maximum
536 dots) in the S1C88348/317/316 and 57 seg-
ments x 8 commons (maximum 456 dots) in the
S$1C88308 can be driven. Furthermore, when 1/8
duty is selected, terminals COM8-COM15 become
invalid, in that they always output an OFF signal.
Table 5.12.4.1 shows the correspondence between
the drive duty and the maximum number of
displaying dots.

The drive bias is 1/5 (five potentials, Vci1-Vcs) for
any one of the 1/32, 1/16 and 1/8 duties. The
respective drive waveforms are shown in Figures
5.12.4.1-5.12.4.3.

Table5.12.4.1 Correspondence between drive duty and maximum number of displaying dots

Model Mask option LDUTY Duty Common Segment Maxm_wum number
name terminal terminal of display dots
S1C88348 0 1/32 COM0O-COM31| SEGO-SEG50 1,632 dots
1/32 & 1/16 duty
S1C88317 1 1/16 COM0O-COM15| SEGO-SEG66 1,072 dots
S1C88316 1/8 duty X 1/8 COMO-COM7 | SEGO-SEG66 536 dots
0 1/32 COM0O-COM31| SEGO-SEG40 1,312 dots
1/32 & 1/16 duty
S1C88308 1 1/16 COM0O-COM15| SEGO-SEG56 912 dots
1/8 duty x 1/8 COMO-COM7 | SEGO-SEG56 456 dots
S1C88348/317/316/308 TECHNICAL HARDWARE EPSON 1-117



5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

f 32 Hz >
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como ~ v

-1 i e

— Vvc2

— Vc1
COMO-SEGO ‘ — Vss (GND)
— -Vc1
-vVc2
-Vc3

COMO-SEG1 — Vss (GND)

Fig. 5.12.4.1 Drive waveform for 1/32 duty
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)
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Fig. 5.12.4.2 Drive waveformfor 1/16 duty
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FR
COoMo

COoMo

~NoUhA®WNE

coM1

com2

SEGO

SEG1

COMO-SEGO

Fig.5.12.4.3 COMO-SEG1

Drive waveformfor 1/8 duty

5.12.5 Display memory

The S1C883xx has a built-in 402-byte display
memory. The display memory is allocated to
address FX00H-Fx42H (x = 8-DH) and the corre-
spondence between the memory bits and common/
segment terminal is changed according to the
selection status of the following items.

(1) Drive duty (1/32, 1/16 or 1/8 duty)

(2) Dot font (5 x 8 or 5 x 5 dots)

When 1/16 or 1/8 duty is selected for drive duty,
two-screen memory can be secured, and the two
screens can be switched by the display memory
area selection register DSPAR. When "0" is written
to DSPAR, display area 0 is selected and when "1" is
written, display area 1 is selected.

Furthermore, memory allocation for 5 x 8 dots and 5
x 5 dots can be selected in order to easily display 5 x
5-dot font characters on the LCD panel. This selection
can be done by the dot font selection register DTFNT:
when "0" is written to DTFNT, 5 x 8 dots is selected
and when "1" is written, 5 x 5 dots is selected.

I
lo1]2|3]4]s]6|7]0l1|2]3]4]5]6]7]

%ﬁ;

I

64 Hz >

— VDD
— Vss

— Vcs
— Vca
— Vcs
— Vc2
— Vel
— Vss

— Vcs

— — Vc4
— Vvcs
— Vvc2
— Ve
— Vss

— Vcs
— — Vc4
— Vvcs
— Vve2
— Vci
— Vss

— Vcs
— Vc4a
— Vcs
— Vc2
— Vel
— Vss

— Vcs
— Vc4a
— Vvcs
— Vvc2
— Ve
— Vss

— VC5
— Vc4a
— ves
— Ve
— Vci
— Vss (GND)
-vVcl
-ve2

— Vci

— Vss (GND)
— -vc1

— -Vvc2
— -Vvc3
— -Vca
— Vs

The correspondence between the display memory
bits set according to the drive duty and font size,
and the common/segment terminals are shown in
Figures 5.12.5.1-5.12.5.6.

When "1" is written to the display memory bit
corresponding to the dot on the LCD panel, the dot
goes ON and when "0" is written, it goes OFF. Since
display memory is designed to permit reading/
writing, it can be controlled in bit units by logical
operation instructions and other means (read,
modify and write instruction)s.

The display area bits which have not been assigned
within the 402-byte display memory can be used as
general purpose RAM with read/write capabilities.
Even when external memory has expanded into the
display memory area, this area is not released to
external memory. Access to this area is always via
display memory.
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Fig. 5.12.5.1 1/32 duty and 5 x 8 dots display memory map

* In the S1C88308, an area of 00Fx29H-00Fx32H (x

8-BH) is secured as general purpose RAM with read/write

capabilities that does not affect the display.
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Fig. 5.12.5.2 1/32 duty and 5 x 5 dots display memory map

* In the S1C88308, an area of 00Fx29H-00Fx32H (x

8-DH) is secured as general purpose RAM with read/write

capabilities that does not affect the display.
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Fig. 5.12.5.3 1/16 duty and 5 x 8 dots display memory map

* In the S1C88308, an area of 00Fx39H-00Fx42H (x

8-BH) is secured as general purpose RAM with read/write

capabilities that does not affect the display.
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Fig. 5.12.5.4 1/16 duty and 5 x 5 dots display memory map

* In the S1C88308, an area of 00Fx39H-00Fx42H (x

8-DH) is secured as general purpose RAM with read/write

capabilities that does not affect the display.
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Fig. 5.12.5.5 1/8 duty and 5 x 8 dots display memory map

* In the S1C88308, an area of 00Fx39H-00Fx42H (x

8 and 0AH) is secured as general purpose RAM with read/write

capabilities that does not affect the display.
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Fig. 5.12.5.6 1/8 duty and 5 x 5 dots display memory map

* In the S1C88308, an area of 00Fx39H-00Fx42H (x

8, 9, BH and CH) is secured as general purpose RAM with read/

write capabilities that does not affect the display.

S1C88348/317/316/308 TECHNICAL HARDWARE

EPSON

1-126



5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

5.12.6 Display control

The display status of the built-in LCD driver and
the contrast adjustment can be controlled with the
built-in LCD controller. The LCD display status can
be selected by display control registers LCDCO and
LCDCL. Setting the value and display status are
shown in Table 5.12.6.1.

Table5.12.6.1 LCD display control

LCDC1 | LCDCO LCD display
1 1 All LCDslit (Static)
1 0 All LCDs out (Dynamic)
0 1 Normal display
0 0 Drive OFF

All the dots in the LCD display can be turned on or
off directly by the drive waveform output from the
LCD driver, and data in the display memory is not
changed. Also, since the common terminal at this
time is set to static drive when all the dots are on
and is set to dynamic drive when they are off, this
function can be used as follows:

(1) Since all dots on is binary output (Vcs and Vss)
with static drive, the common/segment termi-
nal can be used as a monitor terminal for the
OSC1 oscillation frequency adjustment.

(2) Since all dots off is dynamic drive, you can
brink the entire LCD display without changing
display memory data.

Selecting LCD drive OFF turns the LCD drive
power circuit OFF and all the Vci-Vcs terminals go
to Vss level. However, if external power supply has
been selected by the mask option, the Vci-Vcs shift
to floating status when drive is turned OFF.
Furthermore, when the SLP instruction is executed,
registers LCDCO and LCDCL1 are automatically
reset to "0" (set to drive off) by hardware.

The LCD contrast can be adjusted in 16 stages. This
adjustment is done by the contrast adjustment
register LCO-LC3, and the setting values corre-
spond to the contrast as shown in Table 5.12.6.2.
However, if external power supply has been
selected by the mask option, the contrast adjust-
ment register LCO-LC3 is ineffective and contrast
adjustment cannot be done.

Table 5.12.6.2 LCD contrast adjustment

LC3 | LC2 | LC1 | LCO Contrast
1 1 1 1 Dark
1 1 1 0 1
1 1 0 1
0 0 1 0
0 0 0 1 !
0 0 0 0 Light

5.12.7 CL and FR outputs

In order for the S1C883xx to handle connection to
an externally expanded LCD driver, output ports
R25 and R26 can be used to output a CL signal
(LCD synchronous signal) and FR signal (LCD
frame signal), respectively.

The configuration of output ports R25 and R26 are
shown in Figure 5.12.7.1.

Register R25D

R25 output

R26 output

FR signal
Fig. 5.12.7.1 Configuration of R25 and R26

The output control for the CL signal is done by the
register LCCLK. When you set "1" for the LCCLK,
the CL signal is output from the output port
terminal R25, when "0" is set, the HIGH (VDD) level
is output. At this time, "1" must always be set for
the data register R25D.

The output control for the FR signal is done by the
register LCFRM. When you set "1" for the LCFRM,
the FR signal is output from the output port
terminal R26, when "0" is set, the HIGH (VDD) level
is output. At this time, "1" must always be set for
the data register R26D.

The frequencies of each signal are changed as
shown in Table 5.12.7.1 according to the drive duty
selection.

Table5.12.7.1 Frequencies of CL and FR signals

Drive duty CL signal (Hz) | FR signal (Hz)
132 2,048 32
116 1,024 32
1/8 1,024 64

Since the signals are generated asynchronously
from the registers LCCLK and LCFRM, when the
signals are turned ON or OFF by the register

settings, a hazard of a 1/2 cycle or less is generated.
Figure 5.12.7.2 shows the output waveforms of the
CL and FR signals.

LCCLK/LCFRM 0] 1

CL output (R25) |
FR output (R26) |

Fig. 5.12.7.2 Output waveforms of CL and FR signals

(UL
EEE—

(when 1/16 duty is selected)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

5.12.8 Control of LCD controller
Table 5.12.8.1 shows the LCD controller control bits.
Table5.12.8.1 LCD controller control bits

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF10 | D7 |- - - _ -

D6 I ~ ~ ~ _ Constantry "0" when

being read

D5 |- - - -

D4 |LCCLK |CL output control for expanded LCD driver On Off 0 |RW

D3 |LCFRM |FR output control for expanded LCD driver On Off 0 |RW

D2 [DTFNT |LCD dot font selection 5x5dots | 5x8dots | O |R/W

D1 [LDUTY |LCD driveduty selection Vi6duty | 1/32duty 0 |R/W|*1

DO |SGOUT |R/W register 1 0 0 | R/W |Reserved register
00FF11 | D7 |- - - - "0" when being read

D6 [DSPAR |LCD display memory area selection Display area1|Display area0 R/W

D5 |LCDC1 |LCD display control 0 |RW

LCDC1 LCDCO LCD display These bits are reset
| ] 1 1 AllLCDslit | | | | to (0, 0) when
D4 |LCDCO 1 0 All LCDs out 0 |R/W/|SLPinstruction
0 1 Normal display is executed.
0 0 Drive off

D3 [LC3 LCD contrast adjustment 0 |RW

p2)lc2 | g lgp LpL LR s — | 0_|RW

D1|LC1 11 1 0 : 0 |RW

DO |LCO 0 0 0 0 Light 0 |RW

*1 When 1/8 duty has been selected by mask option, setting of this register becomesinvalid.

LDUTY: O0FF10H-D1

Selects the drive duty.

When "1" is written: 1/16 duty
When "0" is written: 1/32 duty
Reading: Valid

When "1/32 & 1/16 duty" is selected by the mask
option, select whether the drive duty will be 1/32
or 1/16.

When "0" is written to LDUTY, 1/32 duty is
selected and the combined common/segment
output terminal is switched to the common termi-
nal.

When "1" is written to LDUTY, 1/16 duty is selected
and the combined common/segment output
terminal is switched to the segment terminal.

When "1/8 duty" is selected by the mask option, the
combined common/segment terminals are fixed to
the segment terminals and the setting of LDUTY
becomes invalid.

The correspondence between the display memory
bits set according to the drive duty, and the
common/segment terminals are shown in Figures
5.12.5.1-5.12.5.6.

At initial reset, LDUTY is set to "0" (1/32 duty).

DTENT: OOFF10H<D2
Selects the dot font.

When "1" is written: 5 x5 dots
When "0" is written: 5 x 8 dots
Reading: Valid

Select 5 x 8 dots or 5 x 5 dots type for the display
memory area.

When "0" is written to DTFNT, 5 x 8 dots is selected
and when "1" is written, 5 x 5 dots is selected.

The correspondence between the display memory
bits set according to the dot font, and the common/
segment terminals are shown in Figures 5.12.5.1-
5.12.5.6.

At initial reset, DTFNT is set to "0" (5 x 8 dots).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

DSPAR: OOFF11H+D6

Selects the display area.

When "1" is written: Display area 1
When "0" is written: Display area 0
Reading: Valid

Selects which display area is secured for two
screens in the display memory, will be displayed
when 1716 or 1/8 duty is selected.

When "0" is written to DSPAR, display area 0 is
selected and when "1" is written, display area 1 is
selected.

When 1/32 duty is selected, since the display area
is only for one screen, the setting of DSPAR
becomes invalid.

The correspondence between the display memory
bits set according to the display area, and the
common/segment terminals are shown in Figures
5.12.5.1-5.12.5.6.

At initial reset, DSPAR is set to "0" (display area 0).

LCDCO, LCDC1: 00FF11H<D4, D5

Controls the LCD display.
Table5.12.8.2 LCD display control

LCDC1 | LCDCO LCD display
1 1 All LCDslit (Static)
1 0 All LCDs out (Dynamic)
0 1 Normal display
0 0 Drive OFF

The four settings mentioned above can be made
without changing the display memory data.

At initial reset and in the SLEEP status, this register
is set to "0" (drive off).

LCO-LC3: 00FF11H+D0-D3

Adjusts the LCD contrast.
Table 5.12.8.3 LCD contract adjustment

LC3 | LC2 | LC1 | LCO Contrast
1 1 1 1 Dark
1 1 1 0 1
1 1 0 1
1 1 0 0
1 0 1 1
1 0 1 0
1 0 0 1
1 0 0 0
0 1 1 1
0 1 1 0
0 1 0 1
0 1 0 0
0 0 1 1
0 0 1 0
0 0 0 1 !

0 0 0 0 Light

The contrast can be adjusted in 16 stages as men-
tioned above. This adjustment changes the drive
voltage on terminals Vci-Vcs.

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

Note: If external power supply has been selected
by the mask option, the contrast adjustment
register LCO-LC3 is ineffective.

LCCLK: OOFF10H-D4

Controls the CL signal output.

When "1" is written: CL signal output
When "0" is written: HIGH level (DC) output
Reading: Valid

LCCLK is the output control register for CL signal.
When "1" is set, the CL signal is output from the
output port terminal R25 and when "0" is set, HIGH
(VDD) level is output. At this time, "1" must always
be set for the data register R25D.

At initial reset, LCCLK is set to "0" (HIGH level
output).

LCFRM: OOFF10H-D3
Controls the FR signal output.

When "1" is written: FR signal output
When "0" is written: HIGH level (DC) output
Reading: Valid

LCFRM is the output control register for FR signal.
When "1" is set, the FR signal is output from the
output port terminal R26 and when "0" is set, HIGH
(VDD) level is output. At this time, "1" must always
be set for the data register R26D.

At initial reset, LCFRM is set to "0" (HIGH level
output).

5.12.9 Programming notes

(1) Since the CL and FR signals are generated
asynchronously from the output control
registers LCCLK and LCFRM, when the signals
is turned ON or OFF by setting of the registers
LCCLK and LCFRM, a hazard of a 1/2 cycle or
less is generated.

(2) When the SLP instruction is executed, display
control registers LCDCO and LCDC1 are
automatically reset to "0" by hardware.
Furthermore, in the SLEEP status, HIGH (VDD)
level is output for the CL and FR signals. (When
registers R25D and R26D are set to "1".)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Sound Generator)

5.13 Sound Generator

5.13.1 Configuration of sound generator

The S1C883xx has a built-in sound generator for
generating BZ (buzzer) signal.
BZ signals generated from the sound generator can
be output from the R50 output port terminal.
Aside permitting the respective setting of the
buzzer signal frequency and sound level (duty
adjustment) 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 5.13.1.1 shows the configuration of the
sound generator.

0SsC1
oscillation circuit

fosc1

| Programmable

Y

Dividing circuit

™| dividing circuit

256 Hz

Y

Envelope

"| addition circuit

Duty ratio

| control circuit

A 4

5.13.2 Control of buzzer output

BZ signal can be output from the R50 output port
terminal.

The configuration of the output port R50 is shown
in Figure 5.13.2.1.

The output control for the BZ signal generated by
the sound generator is done by the buzzer output
control register BZON, one-shot buzzer trigger bit
BZSHT and one-shot buzzer forced stop bit BZSTP.
When "1" is set to BZON or BZSHT, the BZ signal is
output from the R50 output port terminal and
when "0" is set to BZON or "1" is set to BZSTP, the
LOW (Vss) level is output. At this time, "0" must
always be set for the output data register R50D.
Figure 5.13.2.2 shows the output waveform of the
BZ signal.

Note: Since the BZ signal is generated asynchro-
nously from the registers BZON, BZSHT and
BZSTP, when the signal is turned ON or
OFF by the register settings, a hazard of a 1/
2 cycle or less is generated.

DUTYO0-DUTY2

One-shot buzzer

control circuit

> Buzzer o_utpL_Jt
control circuit

Output port

—O BZ (R50)

Y

R50

[ BzSTP | [ SHTPW |

[ BZON |

Fig. 5.13.1.1 Configuration of sound generator

Register BZSHT S Q
Register BZSTP

One-shot time up

Register BZON

Register R50D

BZ signal

R50 output

Fig. 5.13.2.1 Configuration of R50

BZON/BZSHT 0|
BZ output (R50)

Fig. 5.13.2.2 Output waveform of BZ signal
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Sound Generator)

5.13.3 Setting of buzzer frequency
and sound level

The BZ signal is a divided signal using the OSC1
oscillation circuit (32.768 kHz) as the clock source
and 8 frequencies can be selected. This selection is
done by the buzzer frequency selection register
BZFQO0-BZFQ2. The setting value and buzzer
frequency correspondence is shown in Table 5.13.3.1.
By selecting the duty ratio of the BZ signal from
among 8 types, the buzzer sound level can be adjusted.
This selection is made in the duty ratio selection
register DUTY0-DUTY2. The setting value and duty
ratio correspondence is shown in Table 5.13.3.2.

Table5.13.3.1 Buzzer signal frequency settings

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

Table 5.13.3.2 Duty ratio settings

Duty ratio by buzzer frequencies (Hz)
Level DUTY2 DUTY1 DUTYO 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 7/28
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (Min) 1 1 1 1/16 1/20 524 5/28

Duty ratio refers to the ratio of pulse width to the
pulse cycle; given that HIGH level output time is
TH, and low level output time is TL the BZ signal
becomes TH/(TH+TL).

When DUTY0-DUTY?2 have all been set to "0", the
duty ratio becomes maximum and the sound level
also becomes maximum. Conversely, when
DUTY0-DUTY?2 have all been set to "1", the duty
ratio becomes minimum and the sound level also
becomes minimum.

Note that the duty ratio setting differ depending on
frequency. See Table 5.13.3.2.

TL TH

tevelzuax) L[ L[ L[ L[
Level 2 ] |_| |_| |_| l_
Level 3 ] |_| |_| |_| l_
Level 4 ] |_| |_| |_| l_
Level 5 ] |_| |_| |_| |_
Level 6 | M [ [ [
Level 7 ] ﬂ ﬂ |_| |_
Level 8 (MIN) | | | | [

Fig. 5.13.3.1 Duty ratio of buzzer signal waveform

Note: When using the digital envelope, the
DUTYO0-DUTY?2 setting becomes invalid.

5.13.4 Digital envelope

A digital envelope with duty control can be added
to the BZ signal.

The envelope can be realized by staged changing of
the same duty ratio as detailed in Table 5.13.3.2 in
the preceding section from level 1 (maximum) to
level 8 (minimum).

The addition of an envelope to the buzzer signal
can be done by writing "1" to the envelope control
register ENON. When "0" is written, the duty ratio
is set at the level selected in DUTYO0-DUTY2.

By writing "1" to ENON to turn the buzzer output
ON (writing "1" to BZON), a BZ signal with a level
1 duty ratio is output, and then the duty ratio can
be attenuated in stages to level 8. The attenuated
envelope can be returned to level 1 by writing "1" to
the envelope reset bit ENRST. When attenuated to
level 8, the duty level remains at level 8 until the
buzzer output is turned OFF (writing "0" to BZON)
or writing "1" to ENRST.

The stage changing time for the envelope level can
be selected either 125 msec or 62.5 msec by the
envelope attenuation time selection register ENRTM.
Figure 5.13.4.1 shows the timing chart of the digital
envelope.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Sound Generator)

v No change of duty level

BZFQO0-2 / ) )(
ENON
ENRST 1
ENRTM |
BZON |
BZ signal level 1 (MAX) M
duty ratio Z tog tor —bw t11t -
d o 13
8 T t1a
2 tots H t15
8 (MIN) 7 te 17
+0 +0
tor =625-4msec tin  =125-4 msec

to2-07 = 62.5 msec

t12-17 = 125 msec

Fig. 5.13.4.1 Timing chart of digital envelope

5.13.5 One-shot output

The sound generator has a built-in 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 the
one-shot buzzer duration selection register SHTPW
for buzzer signal output time.

The output control of the one-shot buzzer is done
by writing "1" to the one-shot buzzer trigger
BZSHT, then the BZ signal is output in synchroni-
zation with the internal 256 Hz signal from the R50
output port terminal. Thereafter, when the set time
has elapsed, the BZ signal in synchronization with
the 256 Hz signal automatically goes OFF in the
same manner.

The BZSHT can be read to determine status. When
BZSHT is "1", it indicates a BUSY status (during
one-shot output) and when BZSHT is "0", it indi-
cates a READY status (during stop).

When you want to turn the BZ signal OFF prior to
the elapse of the set time, the BZ signal can be
immediately stopped (goes OFF in asynchonization
with 256 Hz signal) by writing "1" to the one-shot
forced stop bit BZSTP.

Since the one-shot output has a short duration, an
envelope cannot be added. (When "1" is written to
BZSHT, ENON is automatically reset to "0".)
Consequently, only the frequency and sound level
can be set for one-shot output.

The control for the one-shot output is invalid
during normal buzzer output.

Figure 5.13.5.1 shows the timing chart of the one-
shot output.

2sere U UUUUTUUUUUUUL
SHTPW ]

BZSHT(W) ] I

BZSHT(R) | I_l -
BZSTP |-

BZ output (R50) |

Fig. 5.13.5.1 Timing chart of one-shot output
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Sound Generator)

5.13.6 Control of sound generator
Table 5.13.6.1 shows the sound generator control bits.
Table 5.13.6.1 Sound generator control bits

Address| Bit | Name Function 1 0 SR [R/W Comment
O0FF44 | D7 |- - - - - Constantry "0" when
D6 [BZSTP |One-shot buzzer forcibly stop Forcibly stop|No operation| — | W |[being read
D5 [BZSHT |One-shot buzzer trigger/status PR Buy | | Redy | O |RW
W Trigger  [No operation
D4 [SHTPW | One-shot buzzer duration width selection 125msec | 31.25msec | O |R/W
D3 [ENRTM | Envelope attenuation time 1sec 0.5 sec R/W
D2 [ENRST |Envelope reset Reset No operation| — | W |["0" when being read
D1 [ENON | Envelope On/Off control On Off 0 |RW|*1
DO [BZON | Buzzer output control On Off 0 |RW
O0FF45| D7 |- - - - — "0" when being read
D6 [DUTY2 |Buzzer signal duty ratio selection 0 |RW
DUTY2-1 Buzzer frequency (Hz)
2 1 0 4096.0 3276.8 2730.7 2340.6
] ~ 7 7 20480 16384 13653 11703 | [ | [
D5 [DUTY1 0 0 O 816 820 12/24 12/28 0 |rRW
0 0 1 7/16 7/20 11/24 11/28
0 1 0 6/16 6/20 10/24 10/28
] 0 1 1 516 520 924 928 | | | |
D4 IDUTYO 1 0 0O 4/16 4/20 8/24 8/28 0 |RW
1 0 1 316 3/20 7/24 7/28
1 1 0 216 220 6/24 6/28
1 1 1 116 120 5/24 5/28
D3 |- - - "0" when being read
D2 [BZFQ2 |Buzzer frequency selection 0 |RW
BZFQ2 BZFQl BZFQO Frequency (Hz)
0 0 0 4096.0
D1 |BZFQ1L 0 0 1 3276.8 0 |RW
0 1 0 2730.7
0 1 1 2340.6
] 1 0 0 20480 |||
DO |BZFQO 1 o 1 1638.4 0 |RWwW
1 1 0 1365.3
1 1 1 1170.3

*1 Reset to "0" during one-shot output.

BZON: 00FF44H+D0

BZFQO-BZFQ2: 00FF45H+D0-D?2

Controls the BZ signal output.

When "1" is written: BZ signal output
When "0" is written: LOW level (DC) output

Reading: Valid

BZON is the output control register for BZ signal.
When "1" is set, the BZ signal is output from the

output port terminal R50 and when "0" is set, LOW
(Vss) level is output. At this time, "0" must always
be set for the data register R50D.

At initial reset, BZON is set to "0" (LOW level
output).

Selects the BZ signal frequency.
Table 5.13.6.2 Buzzer frequency settings

BZFQ2 | BZFQ1 | BZFQO Buzzer frequency (Hz)
0 0 0 4096.0
0 0 1 3276.8
0 1 0 2730.7
0 1 1 2340.6
1 0 0 2048.0
1 0 1 1638.4
1 1 0 1365.3
1 1 1 1170.3

The buzzer frequency can be selected from among
the above 8 types that have divided the OSC1 clock.
At initial reset, this register is set at "0" (4096.0 Hz).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Sound Generator)

DUTYO-DUTY2: 00FF45H+D4-D6

Selects the duty ratio of the BZ signal.

Table 5.13.6.3 Duty ratio settings

Duty ratio by buzzer frequencies (Hz)

Level DUTY2 DUTY1 DUTYO 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 1/16 1/20 5124 5/28

The buzzer sound level can be adjusted by selecting the duty ratio from among the
above 8 types. However, when the envelope has been set to ON (ENON = "1"), this

setting becomes invalid.
At initial reset, this register is set to "0" (level 1).

ENRST: 00FF44H<D2

ENRTM: O0FF44H+D3

Resets the envelope.

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

The envelope is reset by writing "1" to ENRST and
the duty ratio returns to level 1 (maximum).
Writing "0" to ENRST and writing "1" when an
envelope has not been added become invalid. Since
ENRST is exclusively for writing, it always becomes
"0" during reading.

ENON: 00FF44H-D1

Controls the addition of an envelope to the BZ
signal.

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

By writing "1" to ENON, an envelope can be added
to BZ signal output. When "0" is written, an
envelope is not added and the BZ signal is fixed at
the duty ratio selected in DUTY0-DUTY2.

At initial reset and when "1" is written to BZSHT,
ENON is set to "0" (OFF).

Selects the envelope attenuation time that is added
to the BZ 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)
Valid

The attenuation time of the digital envelope is
determined by the time for changing the duty ratio.
The duty ratio is changed in 125 msec (8 Hz) units
when "1" is written to ENRTM and in 62.5 msec (16
Hz) units, when "0" is written.

This setting becomes invalid when an envelope has
been set to OFF (ENON = "0").

At initial reset, ENRTM is set to "0" (0.5 sec).

SHTPW: 00F F44H+D4

Selects the output duration width of the one-shot
buzzer.

Reading:

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

The one-shot buzzer output duration width is set to
125 msec when "1" is written to SHTPW and 62.5
msec, when "0" is written.

At initial reset, SHTPW is set to "0" (31.25 msec).
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BZSHT: 00FF44H<D5
Controls the one-shot buzzer output.

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

When "1" is read:
When "0" is read:

Busy
Ready

Writing "1" into BZSHT causes the one-shot output
circuit to operate and the BZ signal to be output.
The buzzer output is automatically turned OFF
after the time set by SHTPW has elapsed. At this
time, "0" must always be set for the data register
R50D.

The one-shot output is only valid when the normal
buzzer output is OFF (BZON = "0") status. The
trigger is invalid during ON (BZON = "1") status.
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)
The operation status of the one-shot output circuit
can be confirmed by reading BZSHT, when the one-
shot output is ON (busy), BZSHT reads "1" and
when the output is OFF (ready), it reads "0".

At initial reset, BZSHT is set to "0" (ready).

BZSTP: 00FF44H+D6
Forcibly stops the one-shot buzzer output.

When "1" is written: Forcibly stop
When "0" is written: No operation
Reading: Constantly "0"

By writing "1" into BZSTP, the one-shot buzzer
output can be stopped prior to the elapsing of the
time set with SHTPW.

Writing "0" is invalid and writing "1" except during
one-shot output is also invalid.

When "1" is written to BZSHT and BZSTP simulta-
neously, BZSTP takes precedence and one-shot
output becomes stop status.

Since BZSTP is for writing only, during readout it is
constantly set to "0".

5.13.7 Programming notes

(1) Since the BZ signal is generated asynchronously
from the register BZON, when the signal is
turned ON or OFF by the register setting, a
hazard of a 1/2 cycle or less is generated.

(2) The SLP instruction has executed when the BZ
signal is in the enable status (BZON ="1" or
BZSHT = "1"), an unstable clock is output from
the R50 output port terminal at the time of
return from the SLEEP status. Consequently,
when shifting to the SLEEP status, you should
set the BZ signal to the disable status (BZON =
BZSHT ="0") prior to executing the SLP
instruction.

(3) The one-shot output is only valid when the
normal buzzer output is OFF (BZON = "0")
status. The trigger is invalid during ON (BZON
="1") status.

S1C88348/317/316/308 TECHNICAL HARDWARE

EPSON

1-135
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5.14 Analog Comparator

5.14.1 Configuration of analog comparator

The S1C883xx has an MOS input analog compara-
tor built into two channels. The respective analog
comparators have two differential input terminals
(inverted input terminal CMPMx and non-inverted
input terminal CMPPXx) that are available for
general purpose use.

Figure 5.14.1.1 shows the configuration of the
analog comparator.

CMPPO (P14)
CMPMO (P15)

Data bus

CMPP1 (P16)
CMPML1 (P17) O

Vss
Fig. 5.14.1.1 Configuration of analog comparator

Since the input terminals of the analog comparator
CMPPO, CMPMO0, CMPP1 and CMPM1 are com-
mon to 170 ports P14-P17, when using as the input
terminal for the analog comparator, "0" (input
mode) must be written to 170 control registers
I0C14-10C17.

Table5.14.1.1 Input terminal configuration

Terminal When analog comparator is used
P14 CMPPO
P15 CMPMO
P16 CMPP1
P17 CMPM1

5.14.2 Mask option

Since the input terminals of the analog comparator
are common to the 170 ports, the mask option for
the 170 port corresponding to the channel to be
used must be set to "Gate direct".

I/O ports pull-up resistor

P14 (CMPPO) ... O With resistor [0 Gate direct
P15 (CMPMO) .. O With resistor [o] Gate direct
P16 (CMPP1) ...O With resistor [o] Gate direct
P17 (CMPM1) .. O With resistor [o] Gate direct

* "g" above shows an example of both channels
being used.

5.14.3 Analog comparator operation

By writing "1" to the analog comparator control
register CMPxON, the analog comparator goes ON,
and the analog comparator starts comparing the
external voltages that have been input to the two
differential input terminals CMPPx and CMPMXx.
The result can be read from the comparator com-
parison result detection bit CMPxDT through the
latch and when CMPPx (+) > CMPMXx (-), itis "1"
and when CMPPx (+) < CMPMXx (-), it is "0". After
the analog comparator has been turned ON, a
maximum time of 3 msec is necessary until output
stabilizes. Consequently, you should allow an
adequate waiting time after turning the analog
comparator ON, before reading the comparison
result.

When the analog comparator is turned OFF, the
comparison result at that point will be latched and
the concerned data can be read thereafter, until the
analog comparator is turned ON.

You should turn the analog comparator OFF, when
it is not necessary, so as to reduce current consump-
tion.

See "7 ELECTRICAL CHARACTERISTICS" for the
input voltage range.

Note: Since the input terminals of the analog
comparator are common to the I/O ports, the
I/O control registers (I0C14—10C17) corre-
sponding to the channel to be used must be
set to the input mode.
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5.14.4 Control of analog comparator

Table 5.14.4.1 shows the analog comparator control bits.
Table5.14.4.1 Analog comparator control bits

Address| Bit | Name Function 1 0 SR |R/IW Comment
00FF13| D7 |- — - - -

D6 |- — - - - Constantly "0" when

D5 |- - - - — being read

D4 |- - - -

D3 |CMP1ON|Comparator 1 On/Off control On Off 0 |RW

D2 |CMPOON |Comparator 0 On/Off control On Off 0 |RIW

D1 |CMP1DT |Comparator 1 data +> +<- 0 R

DO |CMPODT |Comparator O data +> +<- 0 R

CMPOON, CMP1ON: 00FF13H<D2, D3

Controls the analog comparator ON/OFF.

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

The analog comparator 0 goes ON by writing "1" to
CMPOON and goes OFF, when "0" is written. The
analog comparator 1 can be controlled with
CMP1ON in the same way.

At initial reset, this register is set "0" (OFF).

CMPODT, CMP1DT: OOFF13H<DO, D1

The comparison result of the analog comparator
can be read out.

When "1" is read:
When "0" is read:
Writing:

CMPPXx (+) > CMPMX (-)
CMPPX (+) < CMPMX (-)
Invalid

The result of analog comparator 0 can be read from

CMPODT. When the status of external voltage input

to differential input terminals CMPP0 and CMPMO0
is CMPPO (+) > CMPMO (-), CMPODT becomes "1"
and when it is CMPPO (+) < CMPMO (-), CMPODT
becomes "0".

As the same way, the comparison result between
CMPP1 and CMPML1 can be read from CMP1DT.
When the analog comparator is turned OFF, the
latched result immediately prior to going OFF is
read out.

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

5.14.5 Programming notes

(1) To reduce current consumption, turn the analog
comparator OFF (CMPOON = CMP1ON = "0")
when it is not necessary.

(2) After the analog comparator has been turned
ON, a maximum time of 3 msec is necessary
until output stabilizes. Consequently, you
should allow an adequate waiting time after
turning the analog comparator ON, before
reading the comparison result.

(3) Since the input terminals of the analog compa-
rator are common to the 170 ports, the 170
control registers (I0C14-10C17) corresponding
to the channel to be used must be set to the
input mode.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (SVD Circuit)

5.15 Supply Voltage Detection
(SVvD) Circuit

5.15.1 Configuration of SVD circuit

The S1C883xx has a built-in supply voltage detec-
tion (SVD) circuit configured with a 4-bit successive
approximation A/D converter.

The SVD circuit has 16 sampling levels (level 0—
level 15) for supply voltage, and this can be control-
led by software.

In addition, an initial reset signal can be generated
when the supply voltage drops to level 0 or less.
This is selected by the mask option.

Figure 5.15.1.1 shows the configuration of the SVD
circuit.

5.15.2 Operation of SVD circuit

m  Sampling control of the SVD circuit

The SVD circuit has two operation modes: continu-
ous sampling and 1/4 Hz auto-sampling mode.
Operation mode selection is done by the SVD control
registers SVDON and SVDSP as shown in Table
5.15.2.1. When both bits of SYDON and SVDSP are
set to "1", continuous sampling is selected.

Table5.15.2.1 Correspondence between control register
and operation mode

SVDON | SVDSP Operating mode
0 0 SVD circuit OFF
0 1 1/4 Hz auto-sampling ON
1 X Continuous sampling ON

In both operation modes, reading SVDON can
confirm whether the SVD circuit is operating
(BUSY) or on standby (READY); "1" indicates BUSY
and "0" indicates READY.

When executing an SLP instruction while the SVD
circuit is operating, the stop operation of the OSC1
oscillation circuit is kept waiting until the sampling
is completed. The two bits of SVDON and SVDSP
are automatically reset to "0" by hardware while
waiting for completion of sampling.

To reduce current consumption, turn the SVD
circuit OFF when it is not necessary.

m  Detection result

The SVD circuit A/D converts the supply voltage
(VDD-Vss) by 4-bit resolution and sets the result
thereof into the SVD0-SVD3 register.

The data in SVD0-SVD3 correspond to the detec-
tion levels as shown in Table 5.15.2.2 and the
detection data is maintained until the next sam-
pling.

For the correspondence between the detection level
and the supply voltage, see "7 ELECTRICAL
CHARACTERISTICS".

An interval of 7.8 msec (fosc1 = 32.768 kHz) is
required from the start of supply voltage sampling
by the SVD circuit to completion by writing the
result into SVD0-SVD3. Therefore, when reading
SVDO0-SVD3 before sampling is finished, the
previous result will be read.

Initial

Other reset factor

reset
15 O P circuit

’_ﬂMask option

— Internal initial reset

VDD

» SVD3 >

4-bit A/ID » SVD2 >
Reference voltage converter » SVD1 > @
generation circuit » SVDO > 2
T T
a

2,048 Hz ;
e ~| circuit > S - < >
circuit 1/4 Hz circuit SVDSP

Fig.5.15.1.1 Configuration of SVD circuit
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (SVD Circuit)

Table 5.15.2.2 Supply voltage detection results

SVD3 | SVD2 | SVD1 | SVDO Detection level

Level 15
Level 14
Level 13
Level 12
Level 11
Level 10
Level 9
Level 8
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1
Level O

O 0O 000000 R ERPRRERRRERR
OO0 O0OO0OFrR PP RPFPROOOOLRLRERPER PR
oo rPOORFRPFPOORFRPPRFEP OOLPREPRE
OFrP OPrPOPFPOFRPROPFP OFPFP OFRFR OFPR

m Timing of sampling
Next, we will explain the timing for two operation
modes.

(1) Continuous sampling mode
This mode is selected when "1" is written to
SVDON and sampling of the supply voltage is
done continuously in 7.8 msec cycles.

2,048 Hz

SVDONW) ]|

The SVD circuit starts operation in synchroniza-
tion with the internal 2,048 Hz signal and
performs one sampling in 16 clock cycles.

The sampling is done continuously without
setting the standby time and the result is
latched to SVD0-SVD3 in every 16 clock cycles.
Cancellation of continuous sampling is done by
writing "0" to SVDON. The SVD circuit main-
tains ON status until completion of sampling
and then goes OFF.

After writing "0" to SVDON, SVDON reads "1"
until the SVD circuit actually goes OFF.

Figure 5.15.2.1 shows the timing chart of the
continuous sampling.

(2) 1/4 Hz auto-sampling mode
This mode is selected when "0" is written to
SVDON and "1" is written to SVDSP. In this
case, supply voltage sampling is done in every 4
seconds.
The sampling time is 7.8 msec as in continuous
sampling, and the result in SVD0-SVD3 is
updated every 4 seconds.
Cancellation of 1/4 Hz auto-sampling is done
by writing "0" to SVDSP. If the SVD circuit is
sampling, SVD circuit waits until completion
and then turns OFF. In addition, "1" is read from
SVDON while the SVD circuit is sampling.
Figure 5.15.2.2 shows the timing chart of the 1/4
Hz auto-sampling.

Uryuuryirrvirrviurvdurrdurrdurryu uy

ﬂ

)

SVDON(R) |

Latch |—|
SVDO-SVD3 ___ ) ‘ )(
«——— Sampling (7.8 msec) ———»

Fig. 5.15.2.1 Timing chart of continuous sampling

tHz L[ L]

SVD0-SVD3 )(

—» «— Sampling (7.8 msec)

|
1
B

-<————— Standby status ————»

i
4 sec >

Fig. 5.15.2.2 Timing chart of 1/4 Hz auto-sampling
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (SVD Circuit)

m Reset function at low voltage detection When the reset status is canceled by the restoration
To avoid CPU runaway due to a supply voltage of the supply voltage, the SVD circuit returns to its
drop, an initial reset function when the supply previous status. Continuous sampling status
voltage drops to level 0 or less can be selected by continues in case of the previous status was

the mask option. continuous sampling. Then CPU starts the reset
The SVD circuit shifts to continuous sampling exception processing.

status when it detects level 0 (SVD3-SVDO0 = 0000B)  Figure 5.15.2.3 shows the timing chart of the initial
four successive times. At this time, the internal reset signal generation. (Example when using 1/4
initial reset signal is generated. The reset status Hz auto-sampling.)

continues until the supply voltage returns to level 2
(SVD3-SVvDO0 = 0010B) or higher.

Level 2 - -

Supply voltage | qyejo ™=l _______|

Internal initial reset

SVDON(R)

SVD3 4 sec

SvD2

SvD1

SVDO L

<+——— Resetstatus ———»

Fig. 5.15.2.3 Timing chart of theinitial reset signal generation

5.15.3 Control of SVD circuit
Table 5.15.3.1 shows the SVD circuit control bits.
Table 5.15.3.1 SVD circuit control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF12 | D7 |- - - - - Constantry "0" when
D6 |- - - - - being read
D5 |SVDSP |SVD auto-sampling control On Off 0 |R/W |Theseregistersare
reset to "0" when
D4 |SVDON |SVD continuous sampling control/statusf R Busy Ready [1-0*1| R/W |SLPinstruction
‘w| on | of |o is executed.
| D3 |SVD3  |SVD detectionleved | | | X | R |*2
D2|svD2 | SYPS SYp2 SIpL S0 bestigyee | || X | R
D1|SvD1 1 1 1 0 Level 14 X R
pojsvoo | o 0 o o lweo | | | X | R

*1 After initial reset, this statusis set "1" until conclusion of hardware first sampling.
*2 Initial values are set according to the supply voltage detected at first sampling by hardware.
Until conclusion of first sampling, SVD0-SVD3 data are undefined.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (SVD Circuit)

SVDON: 00FF12H+D4

SVD0-SVD3: 00FF12H+D0-D3

Controls the turning ON/OFF of the continuous
sampling mode.

When "1" is written: Continuous sampling ON
When "0" is written: Continuous sampling OFF

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

The continuous sampling mode goes ON when "1"
is written to SVDON and goes OFF, when "0" is
written.

In the ON status, sampling of the supply voltage is
done continuously in 7.8 msec cycles and the
detection result is latched to SVD0-SVD3.

SVDON can be read, and "1" indicates SVD circuit
operation (BUSY) and "0" indicates standby
(READY).

At initial reset and in the SLEEP status, SVDON is
set to "0" (continuous sampling OFF/READY).

SVDSP: 00FF12H<D5

Controls the turning ON/OFF of the 1/4 Hz auto-
sampling mode.

When "1" is written: Auto-sampling ON
When "0" is written: Auto-sampling OFF
Reading: Valid

The 1/4 Hz auto-sampling mode goes ON when "1"
is written to SVDSP and goes OFF, when "0" is
written.

In the ON status, sampling is done in every 4
seconds and "1" is read from SVDON during the
actual sampling period (7.8 msec).

At initial reset and in the SLEEP status, SVDSP is
set to "0" (auto-sampling OFF).

The detection result of the SVD is set.

The reading data correspond to the detection levels
as shown in Table 5.15.3.2 and the data is main-
tained until the next sampling.

Table 5.15.3.2 Supply voltage detection results

SVD3 | SVD2 | SVD1 | SVDO Detection level
1 1 1 1 Level 15
1 1 1 0 Level 14
1 1 0 1 Level 13
1 1 0 0 Level 12
1 0 1 1 Level 11
1 0 1 0 Level 10
1 0 0 1 Level 9
1 0 0 0 Level 8
0 1 1 1 Level 7
0 1 1 0 Level 6
0 1 0 1 Level 5
0 1 0 0 Level 4
0 0 1 1 Level 3
0 0 1 0 Level 2
0 0 0 1 Level 1
0 0 0 0 Level O

For the correspondence between the detection level
and the supply voltage, see "7 ELECTRICAL
CHARACTERISTICS".

The initial value at initial reset is set according to
the supply voltage detected at first sampling by
hardware. Data of this bit is undefined until this
sampling is completed.

5.15.4 Programming notes

(1) To reduce current consumption, turn the SVD
circuit OFF (SVDON = SVDSP ="0") when it is
not necessary.

(2) When executing an SLP instruction while the
SVD circuit is operating, the stop operation of
the OSC1 oscillation circuit is kept waiting until
the sampling is completed. The two bits of
SVDON and SVDSP are automatically reset to
"0" by hardware while waiting for completion of
sampling.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Interrupt and Standby Status)

5.16 Interrupt and Standby Status

m Types of interrupts
Six systems and 15 types of interrupts have been
provided for the S1C883xx.

External interrupt
«K00-KO07 input interrupt (2 types)
«K10 and K11 input interrupt (1 type)

Internal interrupt
«Clock timer interrupt (4 types)
=Stopwatch interrupt (3 types)
<Programmable timer interrupt (2 types)
«Serial interface interrupt (3 types)

* K1l is not available in the S1C88308.

An interrupt factor flag that indicates the genera-
tion of an interrupt factor and an interrupt enable
register that sets enable/disable for interrupt
requests have been provided for each interrupt
and interrupt generation can be optionally set for
each factor.

In addition, an interrupt priority register has been
provided for each system of interrupts and the
priority of interrupt processing can be set to 3
levels in each system.

Figure 5.16.1 shows the configuration of the
interrupt circuit.

Refer to the explanations of the respective periph-
eral circuits for details on each interrupt.

Interrupt factor flag

Vector

Interrupt enable register

Interrupt vector | address

(%2}
. B . >
Interrupt priority register address generation ﬂ ﬁ
circuit 8
= 1 FPT1 :D T
Program- | limer EPTL1
mable
timer Timer O FPTO :D
EPTO PPTO
PPT1 |—
K10, K11 j:>
’ EK1
it por [0KoT| 0| ) s
nput por | EKOH
K00-K03 |k j:)
— EKOL PKOO —
PKO1 —
Error FSERR :D
°" [ESERR
Serial - FSREC :D — NMI
interface Receive ESREC ’—L/ | o
PSIFO +—— Interrupt priority —» IRQ3
Transmit FSTRA :D PSIF1 —] level judgement o
ESTRA circuit — IRQ2
FSW100 — IRQ1
100 Hz ESWlOO:D ‘
Stopwatch FSW10 :D \
timer 10Hz ESW10
e ) pswi |
Z [Eswi
2h FTM32 :D
? [ET™32
S, FTM8 j:>
] ETMS
Clock timer
o FTM2
z ETM2 PTMO +——
PTM1 |—|
Th, 1_FTML j:)
Z ETm1L

Fig. 5.16.1 Configuration of interrupt circuit
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Interrupt and Standby Status)

m HALT status

By executing the program's HALT instruction, the
S1C883xx shifts to the HALT status.

Since CPU operation stops in the HALT status,
power consumption can be reduced with only
peripheral circuit operation.

Cancellation of the HALT status is done by initial
reset or an optional interrupt request, and the CPU
restarts program execution from an exception
processing routine.

See the "S1C88 Core CPU Manual" for the HALT
status and reactivation sequence.

m SLEEP status

By executing the program's SLP instruction, the
S1C883xx shifts to the SLEEP status.

Since the operation of the CPU and peripheral circuits
stop completely in the SLEEP status, power consump-
tion can be reduced even more than in the HALT status.
Cancellation of the SLEEP status is done by initial
reset or an input interrupt from the input port. The
CPU reactivates after waiting 8,192/fosc1 seconds
of oscillation stabilization time. At this time, the
CPU restarts program execution from an exception
processing routine (input interrupt routine).

Notes: « Since oscillation is unstable for a short
time after reactivation from the SLEEP
status, the wait time is not always 250
msec even when using the 32.768 kHz
crystal oscillator for the OSC1 oscillation
circuit.

e The CE terminal status in HALT or SLEEP

mode is different depending on the model.
See Note in Section 5.2.2.

5.16.1 Interrupt generation conditions

The interrupt factor flags that indicate the generation
of their respective interrupt factors are provided for
the previously indicated 6 systems and 15 types of
interrupts and they will be set to "1" by the genera-
tion of a factor.

In addition, interrupt enable registers witha 1 to 1
correspondence to each of the interrupt factor flags
are provided. An interrupt is enabled when "1" is
written and interrupt is disabled when "0" is written.

The CPU manages the enable/disable of interrupt
requests at the interrupt priority level. An interrupt
priority register that sets the priority level is
provided for each of the interrupts of the 6 systems
and the CPU accepts only interrupts above the level
that has been indicated with the interrupt flags (10
and 11).

Consequently, the following three conditions are
necessary for the CPU to accept the interrupt.

(1) The interrupt factor flag has been set to "1" by
generation of an interrupt factor.

(2) The interrupt enable register corresponding to
the above has been set to "1".

(3) The interrupt priority register corresponding to
the above has been set to a priority level higher
than the interrupt flag (10 and 11) setting.

The CPU initially samples the interrupt for the first
op-code fetch cycle of each instruction. Thereupon,
the CPU shifts to the exception processing when the
above mentioned conditions have been established.
See the "S1C88 Core CPU Manual" for the exception
processing sequence.

5.16.2 Interrupt factor flag

Table 5.16.2.1 shows the correspondence between
the factors generating an interrupt and the inter-
rupt factor flags.

The corresponding interrupt factor flags are set to
"1" by generation of the respective interrupt factors.
The corresponding interrupt factor can be con-
firmed by reading the flags through software.

Table5.16.2.1 Interrupt factors

Interrupt factor Interrupt factor flag
Programmable timer 1 underflow FPT1 (00FF25 D7)
Programmable timer 0 underflow FPTO (OOFF25 D6)
Non matching of the K10 and K11 inputs and the input comparison registers KCP10 and KCP11| FK1 (OOFF25 D5)
Non matching of the KO4—-K 07 inputs and the input comparison registers KCP0O4-K CP07 FKOH (OOFF25 D4)
Non matching of the KOO—K 03 inputs and the input comparison registers KCPOO-K CP03 FKOL (OOFF25 D3)
Serial interface receiving error (in asynchronous mode) FSERR (OOFF25 D2)
Serial interface receiving completion FSREC (0O0FF25 D1)
Serial interface transmitting completion FSTRA (O0FF25 DO)
Falling edge of the stopwatch timer 100 Hz signal FSW100 (00FF24 D6)
Falling edge of the stopwatch timer 10 Hz signal FSW10 (OOFF24 D5)
Falling edge of the stopwatch timer 1 Hz signal FSw1 (OOFF24 D4)
Rising edge of the clock timer 32 Hz signal FTM32 (O0FF24 D3)
Rising edge of the clock timer 8 Hz signal FTM8 (OOFF24 D2)
Rising edge of the clock timer 2 Hz signal FTM2 (0O0FF24 D1)
Rising edge of the clock timer 1 Hz signal FTM1 (O0FF24 DO)
S1C88348/317/316/308 TECHNICAL HARDWARE EPSON 1-143
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Interrupt factor flag that has been set to "1" is reset
to "0" by writing "1".
At initial reset, the interrupt factor flags are reset to "0".

Note: When executing the RETE instruction
without resetting the interrupt factor flag after
an interrupt has been generated, the same
interrupt will be generated. Consequently,
the interrupt factor flag corresponding to that
routine must be reset (writing "1") in the

5.16.3 Interrupt enable register

interrupt processing routine.

The interrupt enable register has a 1 to 1 corre-
spondence with each interrupt factor flag and
enable/disable of interrupt requests can be set.

When "1" is written to the interrupt enable register,
an interrupt request is enabled, and is disabled
when "0" is written. This register also permits
reading, thus making it possible to confirm that a
status has been set.
At initial reset, the interrupt enable registers are set
to "0" and shifts to the interrupt disable status.
Table 5.16.3.1 shows the correspondence between the
interrupt enable registers and the interrupt factor flags.

5.16.4 Interrupt priority register and
interrupt priority level

The interrupt priority registers shown in Table
5.16.4.1 are set to each system of interrupts and the
interrupt priority levels for the CPU can be set to
the optional priority level (0-3). As a result, it is
possible to have multiple interrupts that match the
system's interrupt processing priority levels.

The interrupt priority level between each system
can optionally be set to three levels by the interrupt
priority register. However, when more than one
system is set to the same priority level, they are
processed according to the default priority level.

Table 5.16.4.2 Setting of interrupt priority level

p*1 P*0 Interrupt priority level
1 1 Levd 3 (IRQD)
1 0 Level 2 (IRQ2)
0 1 Levd1  (IRQI)
0 0 Level 0 (non)

Table5.16.3.1 Interrupt enable registers and interrupt factor flags

Interrupt Interrupt factor flag Interrupt enable register
Programmable timer 1 FPT1 (00FF25 D7) EPT1 (00FF23 D7)
Programmable timer O FPTO (0O0FF25 D6) EPTO (0O0FF23 D6)
K10 and K11 input FK1 (00FF25 D5) EK1 (00FF23 D5)
K04—KO07 input FKOH (00FF25 D4) EKOH (00FF23 D4)
K00—K 03 input FKOL (00FF25 D3) EKOL (00FF23 D3)
Serial interface receiving error FSERR (OOFF25 D2) ESERR (OOFF23 D2)
Serial interface receiving completion FSREC (OOFF25 D1) ESREC (OOFF23 D1)
Serial interface transmitting completion FSTRA (OOFF25 DO0) ESTRA (OOFF23 D0)
Stopwatch timer 100 Hz FSW100 (O0FF24 D6) ESW100 (00FF22 D6)
Stopwatch timer 10 Hz FSW10 (O0FF24 D5) ESW10 (O0FF22 D5)
Stopwatch timer 1 Hz FSw1 (00FF24 D4) ESW1 (00FF22 D4)
Clock timer 32 Hz FTM32 (00FF24 D3) ETM32 (00FF22 D3)
Clock timer 8 Hz FTM8 (00FF24 D2) ETM8 (00FF22 D2)
Clock timer 2 Hz FTM2 (00FF24 D1) ETM2 (00FF22 D1)
Clock timer 1 Hz FTM1 (00FF24 DO) ETM1 (00FF22 DO)
Table5.16.4.1 Interrupt priority register
Interrupt Interrupt priority register

Programmable timer interrupt PPTO, PPT1 (0OFF21 D2, D3)

K10 and K11 input interrupt PK10, PK11 (0OFF21 DO, D1)

K00-KO07 input interrupt PK00, PKO1 (OOFF20 D6, D7)

Seria interface interrupt PSIFO, PSIF1 (OOFF20 D4, D5)

Stopwatch timer interrupt PSWO, PSW1 (00OFF20 D2, D3)

Clock timer interrupt PTMO, PTM1 (0OFF20 DO, D1)
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At initial reset, the interrupt priority registers are
all set to "0" and each interrupt is set to level 0.
Furthermore, the priority levels in each system
have been previously decided and they cannot be
changed.

The CPU can mask each interrupt by setting the
interrupt flags (10 and 11). The relation between the
interrupt priority level of each system and interrupt
flags is shown in Table 5.16.4.3, and the CPU
accepts only interrupts above the level indicated by
the interrupt flags.

The NMI (watchdog timer) that has level 4 priority,
is always accepted regardless of the setting of the
interrupt flags.

Table 5.16.4.3 Interrupt mask setting of CPU

11 10 Acceptable interrupt

1 1 Level 4 (NMI)

1 0 Level 4, Level 3 (IRQ3)

0 1 Level 4, Leve 3, Level 2 (IRQ2)

0 0 Level 4, Level 3, Level 2, Level 1 (IRQL)

After an interrupt has been accepted, the interrupt
flags are written to the level of that interrupt.
However, interrupt flags after an NMI has been
accepted are written to level 3 (10 =11 ="1").

Table5.16.4.4 Interrupt flags after acceptance of interrupt

Accepted interrupt priority level 11 10
Level 4  (NMI) 1 1
Level3  (IRQJ) 1 1
Level 2  (IRQ2) 1 0
Level1  (IRQI) 0 1

The set interrupt flags are reset to their original
value on return from the interrupt processing
routine. Consequently, multiple interrupts up to 3
levels can be controlled by the initial settings of the
interrupt priority registers alone. Additional
multiplexing can be realized by rewriting the
interrupt flags and interrupt enable register in the
interrupt processing routine.

Note: Beware. If the interrupt flags have been
rewritten (set to lower priority) prior to
resetting an interrupt factor flag after an
interrupt has been generated, the same
interrupt will be generated again.

5.16.5 Exception processing vectors

When the CPU accepts an interrupt request, it starts
exception processing following completion of the
instruction being executed. In exception processing,
the following operations branch the program.

(1) In the minimum mode, the program counter
(PC) and system condition flag (SC) are moved
to stack and in the maximum mode, the code
bank register (CB), PC and SC are moved.

(2) The branch destination address is read from the
exception processing vector corresponding to
each exception processing (interrupt) factor and
is placed in the PC.

An exception vector is 2 bytes of data in which the
top address of each exception (interrupt) processing
routine has been stored and the vector addresses
correspond to the exception processing factors as
shown in Table 5.16.5.1.

Table 5.16.5.1 Vector address and exception
processing correspondence

Vector
address

000000H | Reset High
000002H |Zero division 1
000004H | Watchdog timer (NMI)
000006H | Programmable timer 1 interrupt

000008H | Programmable timer O interrupt
00000AH | K10, K11 input interrupt

00000CH [K04-K 07 input interrupt

00000EH |K00-K 03 input interrupt
000010H | Serial I/F error interrupt

000012H | Serial I/F receiving complete interrupt

000014H | Seria I/F transmitting complete interrupt
000016H | Stopwatch timer 100 Hz interrupt

000018H | Stopwatch timer 10 Hz interrupt

00001AH | Stopwatch timer 1 Hz interrupt
00001CH | Clock timer 32 Hz interrupt

00001EH |Clock timer 8 Hz interrupt

000020H |Clock timer 2 Hzinterrupt | {
000022H | Clock timer 1 Hz interrupt Low
000024H | System reserved (cannot be used)

000026H

Exception processing factor Priority

No
priority

Software interrupt .
rating

0000OFEH

Note: An exception processing vector is fixed at 2
bytes, so it cannot specify a branch destination
bank address. Consequently, to branch from
multiple banks to a common exception process-
ing routine, the top portion of an exception
processing routine must be described within the
common area (000000H-007FFFH).
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5.16.6 Control of interrupt
Table 5.16.6.1 shows the interrupt control bits.

Table5.16.6.1 Interrupt control bits
Address| Bit | Name Function 1 | 0 SR [R/W Comment
00FF20| D7 |PKO1

il Pttty KO0—KO07 interrupt priority register 0 |RW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
s et Serid interface interrupt priority register PSW1 PSWO Priority 0 |RIW
D4 |PSIFO PTM1 PTMO _ leve
D3 |PSW1 1 1 les
el T Stopwatch timer interrupt priority register 1 0 Level 2 0 |RIW
D2 |PSWO 0 1 Levell
D1|PTM1 0 0 LeveO
N Clock timer interrupt priority register 0 |RW
DO |PTMO
OOFF21| D7 |- - _ _ —
D6 |- - - - - Constantly "0" when
D5 [— - - - - being read
D4 - - - - -
D3 |PPT1 PPT1 PPTO Priority
el Pttty Programmable timer interrupt priority register PK11 PK10 _ level 0 |RIW
D2 [PPTO 1 1 Leve 3
D1 [PK11 1 0 Lee2
v i K10 and K11 interrupt priority register 0 1 Level 1 0 |RIW
DO [PK10 0 0 Level O
00FF22 | D7 |- - - - — "0" when being read
| D6 |ESW100] Stopwatch timer 100 Hz interrupt enable register
D5 [ESW10 | Stopwatch timer 10 Hz interrupt eneble register
D4 |[ESW1 |Stopwatch timer 1 Hz interrupt enable register
- - - Interrupt Interrupt
D3 |ETM32 |Clock timer 32 Hz interrupt enable register bl disehl 0 |RW
[l [ enable I e
D2 |ETM8__ | Clock timer 8 Hz interrupt enable register
D1 ETM2_ _ |Clock timer 2 Hz interrupt enableregister
DO [ETM1  |Clock timer 1 Hz interrupt enable register
O0FF23| D7 |[EPT1 _ |Programmable timer 1 interrupt enable register
D6 |[EPTO Programmable timer O interrupt enable register
DS |EK1 ___ |K10and K1linterruptenbleregister
D4 |EKOH _ |KO4—KO7 interrupt eneble register Interrupt | Interrupt ||
D3 |[EKOL K 00K 03 interrupt enable register enable disable
D2 |[ESERR | Seridl |/F (error) interrupt enableregister
D1 |ESREC |Seridl I/F (receiving) interrupt enable register
DO [ESTRA |Serid I/F (transmitting) interrupt enable register
O0FF24 | D7 |- - - - - "0" when being read
| D6 |FSW100| Stopwatch timer 100 Hz interrupt factor flag | (R) R)
| D5 [FSW10 | Stopwetch timer 10 Hz interrupt factor flag | Interrupt | No interrupt
D4 [FSW1 |Stopwatch timer 1 Hz interrupt factor flag factor is factor is
| D3 |FTM32_ |Clock timer 32 Hz interrupt factor flag. | generated | generated | O |R/IW
|D2|FTM8 _ |Clock timer 8 Hzinterrupt factor flag w) w)
D1 |FTM2 |Clock timer 2 Hz interrupt factor flag .
i P B T Reset No operation
DO [FTM1 |Clock timer 1 Hz interrupt factor flag
00FF25(D7 |[FPT1 _ |Programmable timer linterrupt factor flag | (R) ®)
D6 [FPTO Programmable timer O interrupt factor flag Interrupt | No interrupt
DS |FK1 ___ |K10andKllinterruptfactorflag fadoris | factoris
D4 |[FKOH  |K04-KO7 interrupt factor flag | generated | generated | |\
D3 |FKOL KO00-KO03 interrupt factor flag
D2 |[FSERR | Seridl I/F (error) interrupt factor flag w) w)
D1 |FSREC |Serial I/F (receiving) interrupt fagtor flag | Resst  |No operation
DO |FSTRA |Serial I/F (transmitting) interrupt factor flag

Refer to the explanations on the respective peripheral circuits for the setting content and control method for each bit.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Interrupt and Standby Status)

5.16.7 Programming notes

(1) When executing the RETE instruction without
resetting the interrupt factor flag after an
interrupt has been generated, the same
interrupt will be generated. Consequently, the
interrupt factor flag corresponding to that
routine must be reset (writing "1") in the
interrupt processing routine.

(2) Beware. If the interrupt flags (10 and 11) have
been rewritten (set to lower priority) prior to
resetting an interrupt factor flag after an
interrupt has been generated, the same
interrupt will be generated again.

(3) An exception processing vector is fixed at 2
bytes, so it cannot specify a branch destination
bank address. Consequently, to branch from
multiple banks to a common exception process-
ing routine, the front portion of an exception
processing routine must be described within the
common area (000000H-007FFFH).

(4) Do not execute the SLP instruction for 2 msec
after a NMI interrupt has occurred (when fosci
is 32.768 kHz).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Notes for Low Current Consumption)

5.17 Notes for Low Current

Consumption
The S1C883xx can turn circuits, which consume a Next, which circuit systems' operation can be
large amount of power, ON or OFF by control controlled and their control registers (instructions)
registers. are explained. You should refer to these when
You can reduce power consumption by creating a programming.
program that operates the minimum necessary See Chapter 7, "ELECTRICAL CHARACTERIS-

circuits using these control registers. TICS" for the current consumption.

Table5.17.1 Circuit systems and control registers

Circuit type Control register (Instruction) Status at time of initial resetting
CPU HALT and SLPinstructions | Operation status
Oscillation circuit CLKCHG, OscC OSC1 clock (CLKCHG ="0")

OSC3 oscillation OFF (OSCC ="0")

Operating mode VDCO, VDC1 Normal mode (VDCO=VDC1="0")
LCD controller LCDCO, LCDC1 Drive OFF (LCDCO =LCDC1="0")
SVD circuit SVDON, SVDSP OFF status (SYDON = SVDSP ="0")
Analog comparator CMPOON, CMP10ON OFF status (CMPOON = CMP1ON ="0")
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6 BASIC EXTERNAL WIRING DIAGRAM

6 BASIC EXTERNAL WIRING DIAGRAM

LCD panel 51(41) x 32

H

ﬁ

Vss

0OSC1

0OSsC2

0OSC3

Il osc4

I I Vb1

Vci

Vc2

\Y/ex

Vca

Vcs
CA

CB
cC
CD
CE

VDD

TEST

SEGO
* SEG50(40

COMO
I
COM31

S1C88348/317/316/308

[The potential of the substrate
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Symbol

Name

Recommended value

Symbol

Name

Recommended value

X'tall

Crystal oscillator

32.768 kHz
Cl (Max.) = 35kQ

C3

Capacitor between Vss and Vc2

0.1 pF

Ca

Capacitor between Vss and Vc3

0.1 pF

X'tal2

Crystal oscillator

4.9152 MHz

Cs

Capacitor between Vss and Vca

0.1pF

Rf

Feedback resistor

1MQ

Cs

Capacitor between Vssand Vcs

0.1 uF

Cae1

Trimmer capacitor

5-25 pF

Cr—Co

Booster capacitors

0.1 pF

Ca2

Gate capacitor

15 pF

Cp

Capacitor for power supply

3.3uF

Cp2

Drain capacitor

15 pF

Cres

Capacitor for RESET terminal

0.47 uF

C1

Capacitor between Vss and Vb1

0.1 pF

C2

Capacitor between Vss and Vci

0.1pF

R1

Load resistor between
Vssand Vci

100 kQ (1t is needed when
driving an LCD panel that
constitutes a heavy load.)
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7 ELECTRICAL CHARACTERISTICS

/ ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

(Vss=0V)
ltem Symbol Condition Rated value Unit [Note

Power voltage VDD -0.3t0+7.0 \%
Liquid crystal power voltage Vcs -0.3t0+7.0 \%
Input voltage Vi -0.3toVobp +0.3 \%
Output voltage Vo -0.3toVobp +0.3 \% 1
High level output current loH 1 terminal -5 mA

Total of all terminas -20 mA
Low level output current loL 1 terminal 5 mA

Total of al terminals 20 mA
Permitted loss Po 200 mw 2
Operating temperature Topr -40to +85 °C
Storage temperature Tstg -65to +150 °C

Note) 1 Casethat to Nch open drain output by the mask option isincluded.
2 In case of plastic package.
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7.2 Recommended Operating Conditions

7 ELECTRICAL CHARACTERISTICS

(Vss=0V, Ta=-401t0 85°C)

Item Symbol Condition Min. Typ. Max. Unit |Note
Operating power voltage (Normal mode)| VDD 24 55 \%
Operating power voltage (Low power mode)| VDD 18 35 \%
Operating power voltage (High speed mode) | VDD 35 55 \%
Operating frequency (Norma mode) fosc1 |Vbp=24t055V 30.000 | 32.768 | 50.000 | kHz 1
foscs 0.03 4.2 MHz | 1,5
Operating frequency (Low power mode) | fosc1 | Vbb =1.8t035V 30.000 | 32.768 | 50.000 | kHz 1
Operating frequency (High speed mode) | fosc1 | Vbbb =3.5t055V 30.000 | 32.768 | 50.000 | kHz 1
foscs 0.03 8.2 MHz | 1,6
Liquid crystal power voltage Vs Ves2Vesa2Vesz2Vee= Vel 2 Vss 6.0 \% 2
Capacitor between Vb1 and Vss C1 0.1 uF
Capacitor between Vc1 and Vss C2 0.1 uF 3
Capacitor between Vc2 and Vss C3 0.1 uF 3
Capacitor between Vc3 and Vss Cs 0.1 uF 3
Capacitor between Vc4 and Vss Cs 0.1 uF 3
Capacitor between Vcs and Vss Ce 0.1 uF 3
Capacitor between CA and CB C7 0.1 uF 3
Capacitor between CA and CC Cs 0.1 uF 3
Capacitor between CD and CE Co 0.1 uF 3
Resistor between Vc1 and Vss R1 100 kQ 4
Note) 1 When an external clock isinput from the OSC1 terminal by the mask option, do not connect anything to the OSC2 terminal,
and when an external clock isinput from the OSC3 terminal, do not connect to the OSC4 terminal.
2 When external power supply is selected by the mask option.
3 When LCD drive power is not used, the capacitor is not necessary.
In this case, do not connect anything to Vc1 to Vcs and CA to CE terminals.
4 |tisnecessary when the panel load is large and for 1/32 duty driving.
The resistance value should be decided by connecting it to the actual panel to be used.
5 When CR oscillation is selected to OSC3, the maximum frequency islimited to 3 MHz.
6 When CR oscillation is selected to OSC3, the maximum frequency is limited to 4 MHz.
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7 ELECTRICAL CHARACTERISTICS

7.3 DC Characteristics

Unless otherwise specified: Vbp =1.8t05.5V,Vss=0V, Ta=-40t0 85°C

Item Symbol Condition Min. Typ. Max. Unit [Note
High level input voltage (1) ViHL | KxX, Pxx, MCU/MPU 0.8VpDp VDD \%
Low level input voltage (1) ViLr | Kxx, Pxx, MCU/MPU 0 0.2Vbbp \%
High level input voltage (2) ViH2 | OSC1, OSC3 16 VDD \% 1
(Normal mode)
High level input voltage (2) ViH2 | OSCl 1.0 VDD \% 1
(Low power mode)
High level input voltage (2) ViH2 | OSC1, OSC3 24 VDD \% 1
(High speed mode)
Low level input voltage (2) ViLz | OSC1, OSC3 0 0.6 \% 1
(Normal mode)
Low level input voltage (2) ViLz | 0SC1 0 0.3 \% 1
(Low power mode)
Low level input voltage (2) ViLz | OSC1, OSC3 0 0.9 \% 1
(High speed mode)
High level schmitt input voltage VT1+ |RESET 0.5VDpD 0.9VpD Y,
Low level schmitt input voltage VT- RESET 0.1VoD 05Vop | V
High level output current loH Pxx, Rxx, VoH = 0.9 Vbp -05 mA
Low level output current loL Pxx, Rxx, VoL = 0.1 Vpb 0.5 mA
Input leak current ILI Kxx, Pxx, RESET, MCU/MPU -1 1 MA
Output leak current ILo Pxx, Rxx -1 1 HA
Input pull-up resistance RIN Kxx, Pxx, RESET, MCU/MPU 100 500 kQ 2
Input terminal capacitance CIN Kxx, Pxx 15 pF
VIN=0V,f=1MHz Ta=25°C
Segment/Common output current IseGH | SEGxx, COMxX, VSEGH = Vc5-0.1V -5 HA
IsecL | SEGxx, COMxx, VsecL = 0.1V 5 HA
Note) 1 When external clock is selected by mask option.
2 When addition of pull-up resistor is selected by mask option.
VDD <

s

5 Y A

S

0 0 VT- > VT+ VDD
VIN (V)
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7 ELECTRICAL CHARACTERISTICS

7.4 Analog Circuit Characteristics

m LCD drive circuit

The Typ. values of the LCD drive voltage shown in the following table shift in difference of panel load
(panel size, drive duty, display segment number). Therefore, these should be evaluated by connecting to
the actual panel to be used. Moreover, if the display is uneven with a large panel load, connect a resistor
(R1) between the Vss and Vc1 terminal. (It is necessary in 1/32 duty driving.)

Unless otherwise specified: Vbob = Vc2 (LCX =FH) +0.1t05.5V, Vss=0V, Ta= 25°C,
C1=C2=C3=C4=Cs5=C6=C7=C8=Co9=0.1pF

Item Symbol Condition Min. Typ. Max. Unit |Note

LCD drive voltage Vci *1 0.18Vcs 0.22Vcs| V
Vez *2 0.39Vcs 0.43Vcs \Y
Ves *3 0.59Vcs 0.63Vcs \Y
Vca *4 0.80Vcs 0.84Vcs \Y
Vcs *5 LCX =0H 3.89 \%
TYPEA LCX =1H 3.96 \%
(45V) LCX =2H 4.04 \Y
LCX =3H 411 \%

LCX =4H 4.18 \%

LCX =5H 4.26 \%

LCX =6H 4.34 \%

LCX =7H |[Typx0.94| 442 |Typx1l.06| V

LCX =8H 4.50 \%

LCX =9H 4.58 \%

LCX =AH 4.66 \%

LCX =BH 4.74 \%

LCX =CH 4.82 \%

LCX =DH 4.90 \%

LCX =EH 4.99 \%

LCX =FH 5.08 \%

Vcs *5 LCX =0H 4.73 \%
TYPEB LCX =1H 4.83 \%
(55V) LCX =2H 492 \Y
LCX =3H 5.02 \%

LCX =4H 511 \%

LCX =5H 521 \%

LCX =6H 5.30 \%

LCX =7H |[Typx0.94| 540 |Typx1l.06| V

LCX =8H 5.50 \%

LCX =9H 5.60 \%

LCX =AH 5.70 \%

LCX =BH 581 \%

LCX =CH 5.93 \%

LCX =DH 6.05 \%

LCX =EH 6.17 \%

LCX =FH 6.29 \%

*1 Connects 1 MQ load resistor between Vss and Vc1. (without panel |oad)
*2 Connects 1 MQ load resistor between Vss and Vc2. (without panel |oad)
*3 Connects 1 MQ load resistor between Vss and Vc3. (without panel |oad)
*4 Connects 1 MQ load resistor between Vss and Vc4. (without panel |oad)
*5 Connects 1 MQ load resistor between Vss and Vcs. (without panel |oad)
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7 ELECTRICAL CHARACTERISTICS

m SVD circuit
Unless otherwise specified: Vbp =1.8t05.5V,Vss=0V, Ta=25°C
Item Symbol Condition Min. Typ. Max. Unit |Note

SVD voltage VsvD |Levell - LevelO 1.82 \% 1
Level2 - Levell 2.00 \% 1
Level 3 - Level 2 218 \% 1
Level4 . Level 3 2.36 \% 2
Level 5 - Level4 Typx0.92| 254 |Typx1.08| V 2
Level 6 - Level5 2.72 \Y 2
Level 7 - Level 6 2.90 \% 3
Level 8 - Level 7 3.08 \% 3
Level9 - Level 8 3.26 \% 3
Level 10 - Level 9 3.45 \Y, 4
Level 11 - Level 10 3.65 \Y, 4
Level 12 — Level 11 Typx0.88 3.85 Typx1.12 \Y, 4
Level 13 - Level 12 4.05 \Y, 4
Level 14 - Level 13 4.25 \Y 4
Level 15 - Level 14 450 \Y, 4

VsvD (Level 0) < VSVD (Level 1) < VSVD (Level 2) < VSVD (Level 3) < VSVD (Level 4) < VSVD (Level 5) < VSVD (Level 6) < VSVD (Level 7)
< VsvD (Level 8) < VSVD (Level 9) < VSVD (Level 10) < VSVD (Level 11) < VSVD (Level 12) < VSVD (Level 13) < VSVD (Level 14) < VSVD (Level 15)
Note) 1 Low power operating mode only

2 Low power operating mode or Normal operating mode only

3 Normal operating mode only

4 Normal operating mode or High speed operating mode only

m Analog comparator circuit
Unless otherwise specified: Vbp =1.8t05.5V,Vss=0V, Ta=25°C

Item Symbol Condition Min. Typ. Max. Unit |Note

Analog comparator Vemip | Non-inverted input (CMPP) 0.7 Vobp-07| V 1

operating voltage input range VcMmim | Inverted input (CMPM) 0.7 Vobp-07| V 1

Analog comparator offset voltage Vemor | Vemip=0.7V toVop - 0.7 V 20 mvV 1
Vemiv=0.7V toVbp - 0.7V

Analog comparator stability time tempr 1 mS 2

Analog comparator response time temr2 | VemiP=0.7V toVop - 0.7V 2 mS 1
Vemim =0.7V toVop - 0.7V 3
Vemip=Vemim = 0.025V

Note) 1 When "without pull-up resistor" (comparator input terminal) is selected by mask option.
2 Stability timeisthe time from turning the circuit ON until the circuit is stabilized.
3 Responsetimeisthe time that the output result responds to the input signal.
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7 ELECTRICAL CHARACTERISTICS

7.5 Power Current Consumption

Unless otherwise specified: Vbp = Within the operating voltage in each operating mode, Vss=0V, Ta= 25°C,
OSC1 = 32.768 kHz crystal oscillation, C = 25pF, OSC3 = External clock input, Non heavy load protection mode,
C1=C2=C3=C4=C5=Cs=Cr7=Cs=C9=0.1uF, No panel load

Item Symbol Condition Min. Typ. Max. Unit [Note
Power current Ipbp1 | In SLEEP status *1 0.3 1 HA
(Normal mode) Ipp2 | INHALT status *2 2 5 HA
Iop3z | CPU isin operating (32.768 kHz) *3 14 18 HA
Ibp4 | CPU isin operating (1 MHz) *4 0.45 0.60 mA
Ipps | CPU isin operating (OSC3 =1 MHz, Crystal)  *5 0.55 1.0 mA
Ipbe | CPU isin operating (OSC3 = 1 MHz, Ceramic) *5 0.55 1.0 mA
Iop7 | CPU isin operating (OSC3=CR, R=100kQ) *5 11 17 mA
IHvL | In heavy load protection mode 25 50 HA 1
Power current Ibp1 | In SLEEP status *1 0.2 1 HA
(Low power mode) Ipp2 | INHALT status *2 1 5 HA
Iop3z | CPU isin operating (32.768 kHz) *3 8 12 pA
IHvL | In heavy load protection mode 15 30 HA 1
Power current Ibp1 | In SLEEP status *1 1 3 HA
(High speed mode) Ipp2 | INHALT status *2 5 10 HA
Iop3z | CPU isin operating (32.768 kHz) *3 24 30 HA
Ipp4 | CPU isin operating (1 MHz) *4 0.70 1.00 mA
Iops | CPU isin operating (OSC3 =1 MHz, Crystal)  *5 12 25 mA
Ipbe | CPU isin operating (OSC3 = 1 MHz, Ceramic) *5 12 25 mA
Iop7 | CPU isin operating (OSC3=CR, R=100kQ) *5 34 4.7 mA
IHvL | In heavy load protection mode 35 70 HA 1
LCD drive circuit ILcDN 25 5 HA
current ILcoH | In heavy load protection mode 15 30 HA 1
SVD circuit current IsvbN VDD =3.0V 30 60 HA
IsvDH | In heavy load protection mode 25 75 HA 1
Analog comparator lcmpt | CMPXDT ="1" 40 100 HA
circuit current lcmp2 | CMPXDT ="0" 4 10 HA
OSC1 CR oscillation | Icr1 20 50 HA 3
current
*1 OSCL: Stop, OSC3: Stop, CPU, ROM, RAM: SLEEP status, Clock timer: Stop, Others: Stop status
*2 OSCL: Oscillating, OSC3: Stop, CPU, ROM, RAM: HALT status, Clock timer: Operating, Others. Stop status
*3 OSCL: Oscillating, OSC3: Stop, CPU, ROM, RAM: Operating in 32.768 kHz, Clock timer: Operating, Others: Stop status

*4 OSCL: Oscillating, OSC3: External, CPU, ROM, RAM: Operating in 1 MHz, Clock timer: Operating, Others. Stop status
*5 SCI1: Oscillating, OSC3: Oscillating, CPU, ROM, RAM: Operating in 1 MHz, Clock timer: Operating, Others: Stop status
Note) 1 Itisthevaue of current which flowsin the heavy load protection circuit when in the heavy load protection mode
(OSC3 ON or buzzer ON).
2 Thevalueinx V can be found by the following expression: Isvbn (VDD = x V) = (x x 20) - 30 (Typ. value),
IsvDN (VDD =X V) = (x x 30) - 30 (Max. vaue)
3 When OSC1 CR oscillation circuit is selected by the mask option.
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7 ELECTRICAL CHARACTERISTICS

7.6 AC Characteristics

m External memory access

e Read cycle (Normal operating mode)

Condition: Vbbb =2.4t05.5V, Vss=0V, Ta=-40to0 85°C, ViH1=0.8VDD, VIL1=0.2VDD, VIH2=1.6 V, VIL2=0.6 V,
VoH = 0.8VDD, VoL = 0.2Vbp, CL = 100 pF (load capacitance)

Iltem Symbol Min. Typ. Max. Unit |Note
Address set-up time in read cycle tras | tc+tl-100+n-tc/2 nS 1
Address hold time in read cycle trah th-80 nS
Read signal pulse width trp {c-20+netc/2 nS 1
Datainput set-up timein read cycle trds 300 nS
Datainput hold timein read cycle trdh 0 nS
Note) 1 Substitute the number of states for wait insertionin n.
e Read cycle (High speed operating mode)
Condition: Vbb =3.5t05.5V, Vss=0V, Ta=-40t0 85°C, ViH1=0.8VDD, VIiL1=0.2VDD, VIH2=24V,VIL2=09V,
VoH = 0.8VpD, VoL = 0.2Vbp, CL = 100 pF (load capacitance)
Iltem Symbol Min. Typ. Max. Unit |Note
Address set-up time in read cycle tras | tc+tl-50+netc/2 nS 1
Address hold time in read cycle trah th-40 nS
Read signal pulse width trp fc-10+netc/2 nS 1
Datainput set-up timein read cycle trds 150 nS
Datainput hold timein read cycle trdh 0 nS
Note) 1 Substitute the number of states for wait insertionin n.
e Read cycle (Low power operating mode)
Condition: Vbp =1.8t03.5V, Vss=0V, Ta=-4010 85°C, ViH1 = 0.8VDD, VIiL1=0.2VDD, VIH2=1.0V, VIiL2=0.3 V,
VoH =0.8Vbp, VoL = 0.2Vop, CL = 100 pF (load capacitance)
Item Symbol Min. Typ. Max. Unit [Note
Address set-up timein read cycle tras 15 us
Address hold timein read cycle trah 5 us
Read signal pulse width trp 10 us
Datainput set-up timein read cycle trds 10 us
Datainput hold timein read cycle trdh 0 us
« Write cycle (Normal operating mode)
Condition: Vbb =2.4t05.5V, Vss=0V, Ta=-401t0 85°C, ViH1 = 0.8VDD, ViL1=0.2VDD, VIH2= 1.6V, VIL2=0.6 V,
VoH =0.8Vbp, VoL = 0.2Vop, CL = 100 pF (load capacitance)
Item Symbol Min. Typ. Max. Unit |Note
Address set-up time in write cycle twas 1c-180 nS
Address hold time in write cycle twah th-80 nS
Write signal pulse width twp 11-40+netc/2 nS 1
Data output set-up time in write cycle twds | tc-180+netc/2 nS 1
Data output hold time in write cycle twah th-80 th+80 nS
Note) 1 Substitute the number of states for wait insertionin n.
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* Write cycle (High speed operating mode)

7 ELECTRICAL CHARACTERISTICS

Condition: Vbp =3.5t05.5V, Vss=0V, Ta=-40to0 85°C, ViH1=0.8VDD, VIiL1=0.2VDD, VIH2=2.4V,VIL2=09 V,
VoH =0.8VbDp, VoL =0.2Vbb, CL = 100 pF (load capacitance)

Item Symbol Min. Typ. Max. Unit [Note
Address set-up time in write cycle twas 1c-90 nsS
Address hold time in write cycle twah th-40 nS
Write signal pulse width twp t1-20+nstc/2 nS 1
Data output set-up time in write cycle twds tc-90+netc/2 nS
Data output hold time in write cycle twdh th-40 th+40 nS
Note) 1 Substitute the number of states for wait insertion in n.
* Write cycle (Low power operating mode)
Condition: Vbp =1.8t03.5V,Vss=0V, Ta=-40t0 85°C, ViH1=0.8VDD, ViL1=0.2VDD, VIH2= 1.0V, VIiL2=0.3V,
VoH = 0.8VpD, VoL = 0.2Vbp, CL = 100 pF (load capacitance)
Iltem Symbol Min. Typ. Max. Unit |Note
Address set-up time in write cycle twas 10 us
Address hold timein write cycle twah 5 uSs
Write signal pulse width twp 5 us
Data output set-up timein write cycle twds 10 us
Data output hold time in write cycle twdh 5 20 us
- tc* -
VIH2
ICLK —\_ ViLs
Tt T T
AO0-A18 ~ Von *Xz
CE VoL —
b tras " Ttrah
BR VoH B
RD VoL—x—=
h tp > le»
trds trdh
VIH1
DIN ViL1 >_ %
AO00-A18  Von—\/— vl
CE VoL -/ A
) twas " “twah
V=) VoH
WR VoL
« b
v ~ twds | Ttwdh_
1H1 7
DOUT Vit | O>—

* Inthe case of crystal oscillation and ceramic oscillation: th = 0.5tc + 0.05tc, tI = tc - th (1/tc: oscillation frequency)
* Inthe case of CR oscillation: th = 0.5tc + 0.10tc, I = tc - th (I/tc: oscillation frequency)
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7 ELECTRICAL CHARACTERISTICS

m Serial interface

e Clock synchronous master mode (Normal operating mode)

Condition: Vbb =2.4t05.5V, Vss=0V, Ta=-40t0 85°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDbD

Item Symbol Min. Typ. Max. Unit [Note
Transmitting data output delay time tsmd 200 nS
Receiving datainput set-up time tsms 500 nS
Receiving datainput hold time tsmh 200 nS

e Clock synchronous master mode (High speed operating mode)

Condition: Vbb=3.5t05.5V, Vss=0V, Ta=-40to0 85°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDbD

Item Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tsmd 100 nS
Receiving datainput set-up time tsms 250 nS
Receiving data input hold time tsmh 100 nS

e Clock synchronous master mode (Low power operating mode)

Condition: Vop =1.8t03.5V, Vss=0V, Ta=-40t0 85°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDbD

Iltem Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tsmd 5 uSs
Receiving data input set-up time tsms 10 us
Receiving data input hold time tsmh 5 us
e Clock synchronous slave mode (Normal operating mode)
Condition: Vbb =2.4t05.5V, Vss=0V, Ta=-40to 85°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDbD
Iltem Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tsd 500 nS
Receiving data input set-up time tsss 200 nS
Receiving data input hold time tssh 200 nS
e Clock synchronous slave mode (High speed operating mode)
Condition: Vbp =3.5t05.5V, Vss=0V, Ta=-40t0 85°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDbD
Item Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tsd 250 nS
Receiving datainput set-up time tsss 100 nS
Receiving datainput hold time tssh 100 nS
e Clock synchronous slave mode (Low power operating mode)
Condition: Vbp =1.8t03.5V, Vss=0V, Ta=-40t0 85°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDbD
Item Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tssd 10 us
Receiving datainput set-up time tsss 5 us
Receiving datainput hold time tssh 5 us
EPSON S1C88348/317/316/308 TECHNICAL HARDWARE
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* Asynchronous system (All operating mode)
Condition: Vbp=1.8t05.5V, Vss=0V, Ta=-40t0 85°C

7 ELECTRICAL CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit |Note
Start bit detection error time tsa 0 t/16 S 1
Erroneous start bit detection range time ts2 ot/16 10t/16 S 2

Note) 1 Start bit detection error timeisalogical delay time from inputting the start bit until internal sampling begins operating.
(Timeasfar asAC isexcluded.)

2 Erroneous start bit detection range timeisalogical range to detect whether aLOW level (start bit) has been input again

after astart bit has been detected and the internal sampling clock has started.

When aHIGH level is detected, the start bit detection circuit is reset and goes into await status until the next start bit.
(Timeasfar asAC isexcluded.)

_— VoH
SCLKOUT .,
<>

—

tsmd
souT Vo
‘tsmg ) tsmh -
VIH1 N
SIN i 7
_ Vi
SCLKIN " —\—/7
]
tssd
souT vor X
Ttsss | tssh -
VIH1 B
SIN ViL1 7><
Start bit Stop bit
SIN /<—>< ><
lsai—»—=
Sampling
clock T - T ‘T
Erroneous
start bit
detection signal ™ ltsaz
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7 ELECTRICAL CHARACTERISTICS

m Input clock

e OSC1, OSC3 external clock (Normal operating mode)
Condition: Vbp =2.4t055V,Vss=0V, Ta=-40t085°C, ViH2=1.6 V, VIiL2=0.6 V

Iltem Symbol Min. Typ. Max. Unit |Note
OSC1 input clock time Cycletime toicy 20 32 us
"H" pulsewidth| toih 10 16 us
"L" pulsewidth | toal 10 16 us
OSC3 input clock time Cycletime toscy 250 32,000 nS
"H" pulsewidth| tosh 125 16,000 nS
"L" pulsewidth | toal 125 16,000 nS
Input clock rising time tosr 25 nS
Input clock falling time tosf 25 nS
e OSC1, OSC3 external clock (High speed operating mode)
Condition: Vbp=35t055V,Vss=0V, Ta=-40t085°C, ViH2=24V,ViL2=0.9V
Item Symbol Min. Typ. Max. Unit [Note
OSC1 input clock time Cycletime toicy 20 32 uSs
"H" pulsewidth| toih 10 16 us
"L" pulsewidth | toal 10 16 us
OSC3 input clock time Cycletime toscy 125 32,000 nS
"H" pulsewidth| tosh 62.5 16,000 nS
"L" pulsewidth | toal 62.5 16,000 nS
Input clock rising time tosr 25 nS
Input clock falling time tost 25 nS
e OSC1, OSC3 external clock (Low power operating mode)
Condition: Vbp=1.8t035V,Vss=0V, Ta=-40t085°C, ViH2=1.0V, ViL2=0.3V
Item Symbol Min. Typ. Max. Unit |Note
OSC1 input clock time Cycletime toicy 20 32 us
"H" pulsewidth| toih 10 16 us
"L" pulsewidth | foal 10 16 us
Input clock rising time tosr 25 nS
Input clock falling time tosf 25 nS
» foicy
tosf—w e »{e—tosr -
osct VN N/
" toul ' toth
» toscy
tosf—w e »te—tosr -
oscs VN N/
" tosl tosh
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7 ELECTRICAL CHARACTERISTICS

e SCLK, EVIN input clock (Normal operating mode)

Condition: Vbbb =2.4t05.5V, Vss=0V, Ta=-40t0 85°C, ViH1 = 0.8VDD, ViL1=0.2VDD

Item System Min. Typ. Max. Unit |Note
SCLK input clock time Cycletime tscoy 4 us
"H" pulsewidth| tsch 2 us
"L" pulsewidth | tscl 2 us
EVIN input clock time Cycletime tevey 64 / fosci S
(With noise rejector) "H" pulse width fevh 32/ fosci S
"L" pulsewidth | tevl 32/ fosc1 S
EVIN input clock time Cycletime tevey 4 us
(Without noise rejector) "H" pulsewidth| tevh 2 us
"L" pulsewidth | tevl 2 us
Input clock rising time tekr 25 nsS
Input clock falling time tokf 25 nsS
e SCLK, EVIN input clock (High speed operating mode)
Condition: Vbp =3.5t05.5V, Vss=0V, Ta=-40t0 85°C, ViH1=0.8VDD, ViL1 = 0.2VDD
Iltem System Min. Typ. Max. Unit |Note
SCLK input clock time Cycletime tscoy 2 us
"H" pulsewidth| tsch 1 us
"L" pulsewidth | tscl 1 us
EVIN input clock time Cycletime tevey 64 / fosci S
(With noise rejector) "H" pulse width tevh 32/ fosci S
"L" pulsewidth | tevl 32/fosc1 S
EVIN input clock time Cycletime tevey 2 us
(Without noise rejector) "H" pulsewidth| tevh 1 uSs
"L" pulsewidth | tevl 1 us
Input clock rising time tckr 25 nS
Input clock falling time tokf 25 nS
e SCLK, EVIN input clock (Low power operating mode)
Condition: Vbp=1.8t03.5V,Vss=0V, Ta=-40t0 85°C, ViH1=0.8VDD, ViL1 = 0.2VDD
Item System Min. Typ. Max. Unit |Note
SCLK input clock time Cycletime tsccy 100 us
"H" pulse width| tsch 50 uS
"L" pulse width | tscl 50 us
EVIN input clock time Cycletime tevey 64 / fosci S
(With noise rejector) "H" pulse width tevh 32/ fosci S
"L" pulsewidth | tevl 32/ fosc1 ]
EVIN input clock time Cycletime tevey 100 uSs
(Without noise rejector) "H" pulse width| tevh 50 uSs
"L" pulsewidth | tevl 50 uS
Input clock rising time tokr 25 nS
Input clock falling time tekf 25 nS
P tscey N
tekf—» ‘4 »—a—tckr :
SCLK v R /
A tscl A tsch
P tevey N
tekf—w |« »—a—tckr :
EVIN N : /- R I
T tevl " tevh
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7 ELECTRICAL CHARACTERISTICS

e RESET input clock (All operating mode)
Condition: Vbbb =1.8t05.5V, Vss=0V, Ta=-40to0 85°C, VIH = 0.5VDD, ViL =0.1VDD

Item Symbol Min. Typ. Max. Unit |Note
RESET input time tsr 100 us
P tsr =
sFeeT —7— VH
RESET ViL

m Power ON reset
Condition: Vss=0V, Ta=-40to 85°C

Item Symbol Min. Typ. Max. Unit |Note
Operating power voltage Vsr 24 \Y
RESET input time tpsr 10 mS

Vsr
VDD /
— > tpsr
RESET 0.5Voo
———0.1vop
Power ON
VDD
*2
*1
RESET
ﬁ Vss

*1 When the built-in pull up resistor is not used.
*2 Because the potential of the RESET terminal not reached Vop level or higher.

m Operating mode switching

Condition: Vbbb =1.8t05.5V, Vss=0V, Ta=-40t0 85°C
Item Symbol Min. Typ. Max. Unit |Note
Stabilization time tvde 5 mS | 1
Note) 1 Stabilization timeis the time from switching on the operating mode until operating mode is stabilized. For example,
when turning the OSC3 oscillation circuit on, stabilization time is needed after the operating mode is switched on.
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7.7 Oscillation Characteristics

7 ELECTRICAL CHARACTERISTICS

Oscillation characteristics change depending on conditions (board pattern, components used, etc.). Use the
following characteristics as reference values. In particular, when a ceramic oscillator is used for OSC3, use
the oscillator manufacturer’s recommended values for constants such as capacitance and resistance. The
oscillation start time is important because it becomes the wait time when OSC3 clock is used. (If OSC3 is
used as CPU clock before oscillation stabilizes, the CPU may malfunction.)

m OSC1 (Crystal)

Unless otherwise specified: Vbb = Within the operating voltage in each operating mode, Vss =0V, Ta=25°C,
Crystal oscillator = Q12C2*, Ca1 = 25 pF, Cp1 = Built-in

Iltem Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time tsta 3 S
External gate capacitance Ca1 Including board capacitance 5 25 pF 1
Built-in gate capacitance Ca1 In case of the chip 15 pF 2
Built-in drain capacitance Cb1 In case of the chip 15 pF
Frequency/IC deviation of/a1C | Vbp = constant -10 10 ppm
Frequency/power voltage deviation  |of/oV 1 ppm/V
Frequency adjustment range of/aCc | VoD = constant, C = 5 to 25pF 25 ppm
Frequency/operating mode devistion [9f/oMD| VDb = constant 20 ppm
*  Ql2C2 Made by Seiko Epson corporation
Note) 1 When crystal oscillation is selected by the mask option.
2 When crystal oscillation (gate capacitor built-in) is selected by the mask option.
m OSC1 (CR)
Unless otherwise specified: Vbp =2.4t05.5V, Vss=0V, Ta=-40t0 85°C
Item Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time tsta 3 mS
Frequency/IC deviation 0f/01C | Rcr = constant -25 25 %
m OSC3 (Crystal)
Unless otherwise specified: Vb = Within the operating voltage in each operating mode, Vss=0V, Ta=25°C,
Crystal oscillator = Q21CA301xxx*, RF = IMQ, Ce2 = Cp2 = 15pF
Item Symbol Condition Min. Typ. Max. Unit [Note
Oscillation start time (Normal mode) tsta 4.0 MHz crystal oscillator 20 mS 1
Oscillation start time (High speed mode)| tsta 8.0 MHz crystal oscillator 20 mS 1
*  Q21CA301xxx Made by Seiko Epson corporation
Note) 1 Thecrysta oscillation start time changes by the crystal oscillator to be used, Cc2 and Cpa2.
m OSC3 (Ceramic)
Unless otherwise specified: Vbb = Within the operating voltage in each operating mode, Vss =0V, Ta=25°C,
Ceramic oscillator = CSA4.00MG / CSA8.00MTZ*, RF = IMQ, Ca2 = Cp2 = 30pF
Item Symbol Condition Min. Typ. Max. Unit [Note
Oscillation start time (Normal mode) tsta 4.0 MHz ceramic oscillator 5 mS
Oscillation start time (High speed mode)| tsta 8.0 MHz ceramic oscillator 5 mS
* CSA4.00MG/CSA8.00MTZ Made by Murata Mfg. corporation
m OSC3 (CR)
Unless otherwise specified: Vbb = Within the operating voltage in each operating mode, Vss =0V, Ta=-40to 85°C
Iltem Symbol Condition Min. Typ. Max. Unit [Note
Oscillation start time (Normal mode) tsta 1 msS
Oscillation start time (High speed mode) | tsta 1 msS
Frequency/IC deviation (Norma mode) | 0f/0IC | Rcr = constant -25 25 %
Frequency/IC deviation (High speed mode) | 0f/0IC | RCr = constant -25 25 %
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7 ELECTRICAL CHARACTERISTICS

7.8 Characteristics Curves (reference value)

m High level output current-voltage characteristic

S1C88348/316/308
Ta = 85°C Max. value
VDD - VOH [V]
1.0 0.8 0.6 0.4 0.2 0 0
// }
VDD =18V — | /
-2 —
/ <
£
VDD = 2.4V — / .-
/ -
/ / 4
VDD = 3.5V
-5
S1C88317
Ta = 85°C Max. value
VDD - VOH [V]
1.0 0.8 0.6 0.4 0.2 0 0
7/ -1
VoD = 1.8V ——— -2
_3 '<—E'
£
V 2.4V 4 5
DD = 2. -4 O
/
/ ~ ®
/ g °
VDD = 3.5V
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7 ELECTRICAL CHARACTERISTICS

m Low level output current-voltage characteristic

S1C88348/316/308
5 Ta = 85°C Min. value
/ VDD = 3.5V
4 //
_ 3 /
< —
E / /— VDD = 2.4V
o 5 / /
/// L —— Vop=18V
1 //
0
0.2 0.4 0.6 0.8 1.0
VoL [V]
S1C88317
30 Ta = 85°C Min. value
25 / VDD = 3.5V
20 A
< /
E1s // VoD = 2.4V
e /
10 “ VDD = 1.8V
/ — |7
5 / /
0
0.2 0.4 0.6 0.8 1.0
VoL [V]
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7 ELECTRICAL CHARACTERISTICS

m LCD drive voltage-ambient temperature characteristic
$1C88348/316/308

Typ. val
1.05Vcs yp. T8

1.04Vcs \
AN

1.03Vcs \\

1.02Vcs

1.01Vcs AN

Vcs

0.99Vcs \
0.98Vcs \\
0.97Vcs

AN
0.96Vcs <

Vs [V]

-25 0 25 50 75 100
Ta[°C]

0.95Vcs
-50

S1C88317

Typ. val
1.05Vcs yp. Yoe

1.04vcs

1.03Vcs

1.02Vcs
N

1.01Vcs AN

Vcs

Vcs [V]

0.99Vcs
AN
0.98Vcs AN

0.97Vcs
0.96Vcs

0.95Vvcs
-50 -25 0 25 50 75 100

Ta[°C]
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7 ELECTRICAL CHARACTERISTICS

m LCDdrive voltage-supply voltage characteristic

S1C88348/316/308
Ta = 25°C, Typ. value

7.0 —O— TYPE B (LCX = FH)

~= O TYPE A (LCX = FH)
---0--- TYPE B (LCX = OH)
—~— TYPE A (LCX = OH)

6.5

6.0

|
i
55 i
oS
i .
%
2

Vcs [V]

4.5

4.0

3.5

3.0
0.0 2.0 2.5 3.0 35 40 45 5.0

VDD [V]

S1C88317
Ta = 25°C, Typ. value

7.0

—O— TYPE B (LCX = FH)
~= O TYPE A (LCX = FH)
-0~ TYPE B (LCX = OH)
—— TYPE A (LCX = OH)

6.5

6.0

Vcs [V]
o
ol
S N e i NI i NI i N i DN i D N e N N

5.0
4.5 J -
4.0 ’
/j \
3.5
of

3.0

0.0 2.0 2.5 3.0 3.5 4.0 45 5.0

VDD [V]

S1C88348/317/316/308 TECHNICAL HARDWARE EPSON 1-167



7 ELECTRICAL CHARACTERISTICS

m LCDdrive voltage-load characteristic

S1C88348/316/308

6.0
5.8
5.6
5.4
5.2
5.0

Vs [V]

4.8
4.6
4.4
4.2

4.0
0

S1C88317

6.0
5.8
5.6
5.4
5.2
5.0

Vs [V]

4.8
4.6
4.4
4.2

4.0
0

Ta = 25°C, Typ. value

4

-lves [pA]

6

10

Ta = 25°C, Typ. value

10

—O— TYPE A (LCX = 8H)
O TYPE B (LCX = 8H)

—O— TYPE A (LCX = 8H)
O TYPE B (LCX = 8H)
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7 ELECTRICAL CHARACTERISTICS

m SVD voltage-ambient temperature characteristic
51C88348/316/308

Typ. val
1.05VsvD yp. vere

1.04VsvD \
N

1.03VsvD \\

1.02VsvD

1.01VsvD AN

VsSvD

0.99VsvD \
0.98VsvD \\
0.97VsvD

AN
0.96VsvD N

VsvD [V]

0.95VsvD
-50 -25 0 25 50 75 100

Ta[°C]

S1C88317

Typ. val
1.05VsvD Y. vale

1.04VsvD

1.03VsvD AN
1.02VsvD \

1.01VsvD ™

VsvD \
0.99VsvD \
0.98VsvD ™
0.97VsvD \

0.96VsvD \

VsvD [V]

0.95VsvD
-50 -25 0 25 50 75 100

Ta[°C]
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7 ELECTRICAL CHARACTERISTICS

m Power current (During operation with OSC3) <Crystal oscillation>
$1C88348/316/308

S1C88317

IvDD4 [mA]

IvDD4 [mA]

3.0

N
o

n
o

=
o

=
o

o
&)

Ta=25°C

| High spe

ed operatin

yd

g mode (MAX) ¢

e

/ /
/ L~
/
d High speed operating mode (TYP)
s I
7 \ \
/ Normal mode (MAX)
// Normal mode (TYP)
/
1 2 3 4 5 6 7 8

foscs [MHz]

Ta=25°C

High speed operating mode (MAX) | _—

"
_— T
"
T 7 High speed operating mode (TYP)
7
Normal mode (MAX)
__——— Normal mode (TYP)
—T ]
1 2 3 4 5 6 7 8

foscs [MHZz]
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7 ELECTRICAL CHARACTERISTICS

m Power current (During operation with OSC3) <CR oscillation>
51C88348/316/308

Ta=25°C
6
5 ~
\\
\\\
4 s
< ™ g High speed operating mode (MAX)
E ST
3 3 AR
[a) ]
High speed operating mode (TYP)
2 ~_
[~ T T AL
1 T L Normal mode (MAX)
- N EEREY
Normal mode (TYP)
0 10 20 50 100 200 500 1,000 2,000
RCR [kQ]
S1C88317
Ta=25°C
6
5
4
<
£
2 3
[a)
2 S
— High speed operating mode (MAX)
Lrrrrrrrn
High speed operating mode (TYP)
2
1 T s
N EEEEsaaas RN R R R R Normal mode (MAX)
Normal mode (TYP)
[
0 [T
10 20 50 100 200 500 1,000 2,000
RCR [kQ]
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7 ELECTRICAL CHARACTERISTICS

m Power current (During operation with OSC3) <External clock>

S1C88348/316/308
Ta=25°C
8
7
6
. 5 | High speed operating mode (MAX) ,/
<
£ A
< 4
a /
S 2 // High speed operating mode (TYP)
P |
2 // Normal mode (MAX)
% Normal mode (TYP)
1
/
0
0 1 2 3 4 5 6 7 8
foscs [MHZz]
S1C88317
20 Ta=25°C
' T
High speed operating mode (MAX) |_—
— 15
< //
%- _—T~—"1 High speed operating mode (TYP)
3 1.0 |
§ /é/ Normal mode (MAX)
/ | | |
05 Normal mode (TYP) |
—
0

0 1 2 3 4 5 6 7 8
fosc3 [MHz]
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7 ELECTRICAL CHARACTERISTICS

m Power current-ambient temperature characteristic (In HALT status)

S1C88348/316/308
10 Typ. value
8
— 6 . :
<):5 // High speed operating mode
2
= 4
- Normal operating mode
/ \
2 Low power operating mode
/
0
-50 -25 25 50 75 100
Ta[°C]
S1C88317
50 Typ. value
4.5
4.0 High speed operating mode
— /
35
= 3.0
3
< 25
a
=20 .
L Nor‘mal operating mode
15 |
|_— Low power operating mode
1.0
0.5
0
-50 -25 25 50 75 100
Ta[°C]
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7 ELECTRICAL CHARACTERISTICS

m Power current-ambient temperature characteristic (CPU is under 32.768 kHz operation)

S1C88348/316/308
Typ. value
50
40
z % | .
= |~ High speed operating mode
[
[a)
£ 20
|_— Normal operating mode
|
10 Low power operating mode
0
-50 -25 0 25 50 75 100
Ta[°C]
S1C88317
o5 Typ. value
\\
20 High speed operating mode
Normal operating mode
T 15
=
9]
2
= 10
5 Low power operating mode
0
-50 -25 0 25 50 75 100
Ta[°C]
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7 ELECTRICAL CHARACTERISTICS

m Power current-ambient temperature characteristic (CPU is under 1 MHz operation)

S1C88348/316/308
Typ. value
1.0
0.8
High speed operating mode

T 0.6
E
) Normal operating mode
[a]
= 04

0.2

0
-50 -25 0 25 50 75 100
Ta [°C]
S1C88317

16 Typ. value

14

1.2

T High speed operating mode

1.0
g
5, 0.8
n
2

0.6

0.4 Normal operating mode

0.2

0
-50 -25 0 25 50 75 100
Ta [°C]
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7 ELECTRICAL CHARACTERISTICS

m CR oscillation frequency characteristic

Note: Oscillation frequency changes depending on the conditions (components used, board pattern,
etc.). In particular, the OSC3 oscillation frequency changes extensively depending on the
product form (chip, plastic package or ceramic package) and board capacitance. Therefore, use
the following charts for reference only and select the resistance value after evaluating the actual
product. (The resistance value should be set to Rcr = 15 kQ.)

e Oscillation frequency resistor characteristic
$1C88348/316/308

Ta = 25°C, Typ. value

100

50

fosci [kHz]

10500 1,000 2,000 5,000

RCR [kQ]

Rcr=1.8 MQ

100

a1
o

fosc [kHz]

N
o

10 50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100

Ta[°C]
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7 ELECTRICAL CHARACTERISTICS

Ta = 25°C, Typ. value

10,000
5,000
5 2,000
I o N
é N N
™ P T
Q ]
(%] N
o N .
1,000 High speed
operating mode
Normal
500 operating mode
200 49 15 20 50 100 200
RCR [kQ]
Rcr =20 kQ
10,000
5,000
N
z . .
= High speed operating mode
m [ ]
O t { .
4 Normal operating mode
2,000
1,000

50 -40 -30 -20 -0 O 10 20 30 40 50 60 70 80 90 100
Ta[°C]
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7 ELECTRICAL CHARACTERISTICS

S1C88317
Ta = 25°C, Typ. value

100

50

fosc [kHz]

10500 1,000 2,000 5,000

RCR [kQ]

Rcr = 1.8 MQ

100

a1
o

fosci [kHz]

N
o

10—50 -40 -30 -20 -10 O 10 20 30 40 50 60 70O 80 90 100

Ta[°C]
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7 ELECTRICAL CHARACTERISTICS

Ta = 25°C, Typ. value

10,000
5,000
< 2000 ol
I T B T~
= = T
™ I = T ]
? R ARan N =~—<-- High speed
£ 1000 el operating mode
Normal
operating mode
500
200 45 20 50 100 200
RcR [kQ]
Rcr =20 kQ
10,000
5,000
N
I
=
3 . .
§ ngh spged operating mode
2,000 Normal operating mode
1,000

50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100
Ta [°C]
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8 PACKAGE

8 PACKAGE

8.1 Plastic Package

QFP8-160pin
(Unit: mm)
31.2:04
280.1
120 81
SR
1215 =80
§ INDEX %
1605 =
HUUHHUUUUUU (ITO0TII0uTn UUUUUHHHUUUU!‘HO—,
S 0.65 0.3%01
&
X ™
£ é 0.15%0.05
£ 00
@ 10°
e 0.6%02
1.6

The dimensions are subject to change without notice.
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The dimensions are subject to change without notice.
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8 PACKAGE

8.2 Ceramic Package
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9 PAD LAYOUT

9 PAD LAYOUT

9.1 Diagram of Pad Layout
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Chip thickness: 0.4 mm
Pad opening: 95 um

m  Pads are used for the IC shipment test, so you should not bond them.
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9 PAD LAYOUT

S1C88317
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Chip thickness: 0.4 mm
Pad opening: 95 um
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9 PAD LAYOUT

S1C88316
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Chip thickness: 0.4 mm

Pad opening:

m  Pads are used for the IC shipment test, so you should not bond them.
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9 PAD LAYOUT

S1C88308
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Chip thickness: 0.4 mm
Pad opening: 95 um
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9 PAD LAYOUT

9.2 Pad Coordinates

Table 9.2.1 Pad coordinates (S1C88348) (Unit: mm)
No Name X Y |No. Name X Y [No. Name X Y | No. Name X Y
1 | COM24/SEG58 3.220| 3.345| 44 |Vss -3.360| 3.194| 87 |R13/A11 -2.777| -3.345| 130 | SEG20 3.360 | -2.783
2 | COM23/SEG59 3.005| 3.345| 45 |0SC1 -3.360| 2.950| 88 | R14/A12 -2.602 | -3.345|131 | SEG21 3.360 | -2.613
3 |COM22/SEG60 2.810| 3.345| 46 |0SC2 -3.360| 2.744] 89 |R15/A13 -2.442 | -3.345|132 | SEG22 3.360 | -2.453
4 |COM21/SEG61 2.635| 3.345| 47 |TEST -3.360| 2.542| 90 |R16/A14 -2.287| -3.345| 133 | SEG23 3.360 | -2.298
5 | COM20/SEG62 2.475| 3.345| 48 |RESET -3.360| 2.382| 91 |R17/A15 -2.132| -3.345|134 | SEG24 3.360| -2.143
6 | COM19/SEG63 2.320| 3.345| 49 |MCUMPU -3.360| 2.227| 92 | R20/A16 -1.977| -3.345| 135 | SEG25 3.360 | -1.988
7 | COM18/SEG64 2.165| 3.345| 50 Klllm} -3.360| 2.072| 93 |R21/A17 -1.827| -3.345] 136 | SEG26 3.360 | -1.838
8 |COM17/SEG65 2.010| 3.345| 51 |K10/EVIN -3.360| 1.917| 94 |R22/A18 -1.677| -3.345| 137 | SEG27 3.360 | -1.688
9 |COM16/SEG66 1.860| 3.345( 52 K07 -3.360 | 1.743| 95 | R23IRD -1.527| -3.345| 138 | SEG28 3.360 | -1.538
10 |COM15 1.710| 3.345( 53 |K06 -3.360| 1.567| 96 |R24/WR -1.382| -3.345| 139 | SEG29 3.360| -1.393
11 |COM14 1.560| 3.345( 54 |K05 -3.360| 1.394| 97 | R25/CL -1.237| -3.345| 140 | SEG30 3.360 | -1.248
12 |COM13 1.415| 3.345( 55 |K04 -3.360| 1.221| 98 | R26/FR -1.092| -3.345|141 | SEG31 3.360| -1.103
13 |COM12 1.270| 3.345( 56 |K03 -3.360| 1.043]| 99 | R27/TOUT -0.952 | -3.345|142 | SEG32 3.360 | -0.963
14 |COM11 1.125| 3.345| 57 K02 -3.360| 0.891]100 | R30/CEQ -0.812| -3.345|143 | SEG33 3.360 | -0.823
15 |COM10 0.985| 3.345| 58 |K01 -3.360| 0.737101|R31/CEL -0.672| -3.345| 144 | SEG34 3.360 | -0.683
16 |COM9 0.845| 3.345] 59 |KO00 -3.360 | 0.596102| R32/CE2 -0.537| -3.345| 145 | SEG35 3.360 | -0.548
17 |COM8 0.705| 3.345| 60 |P17/CMPM1 | -3.360| 0.459|103|R33/CE3 -0.402 | -3.345| 146 | SEG36 3.360| -0.413
18 |COM7 0.570| 3.345| 61 |P16/CMPP1 | -3.360| 0.317 (104 |R34/FOUT -0.267 | -3.345| 147 | SEG37 3.360| -0.278
19 |COM6 0.435| 3.345| 62 |P15/CMPMO | -3.360| 0.174|105|R35 -0.137| -3.345|148 |- * 3.350| -0.151
20 | COM5 0.300| 3.345| 63 |P14/CMPPO | -3.360| 0.022(106|R36 -0.007| -3.345[149 |- * 3.350| -0.021
21 |- * 0.170| 3.335| 64 |P13/SRDY | -3.360| -0.131|107 |R37 0.123| -3.345(150 | - * 3.350| 0.109
22 |- * 0.040| 3.335| 65 |P12/SCLK -3.360 | -0.299 | 108 | R50/BZ 0.253| -3.345]|151 | SEG38 3.360| 0.241
23 |- * -0.090| 3.335| 66 |P11/SOUT -3.360 | -0.434| 109 | R51/BACK 0.388| -3.345]152 | SEG39 3.360| 0.376
24 |- * -0.220| 3.335| 67 |P10/SIN -3.360 | -0.569|110| SEGO 0.523| -3.345] 153 | SEG40 3.360| 0.511
25 |COM4 -0.354| 3.345| 68 | P07/D7 -3.360| -0.704|111| SEG1 0.658| -3.345]| 154 | SEG41 3.360| 0.646
26 |COM3 -0.489| 3.345| 69 |P06/D6 -3.360 | -0.844|112| SEG2 0.798| -3.345] 155 | SEG42 3.360| 0.786
27 |COM2 -0.624| 3.345| 70 | P05/D5 -3.360 | -0.984|113| SEG3 0.938| -3.345] 156 | SEG43 3.360| 0.926
28 |COM1 -0.764| 3.345| 71 | P04/D4 -3.360 | -1.1241114 | SEG4 1.078| -3.345| 157 | SEG44 3.360 | 1.066
29 | COMO -0.904 | 3.345| 72 | P03/D3 -3.360 | -1.269|115| SEG5 1.223| -3.345( 158 | SEG45 3.360| 1.211
30 |CE -1.044| 3.345| 73 | P02/D2 -3.360 | -1.414|116| SEG6 1.368 | -3.345 (159 | SEG46 3.360| 1.356
31 |CD -1.189| 3.345| 74 |P01/D1 -3.360 | -1.559|117| SEG7 1.513| -3.345( 160 | SEG47 3.360| 1.501
32 |CC -1.334| 3.345| 75 | P00/DO -3.360 | -1.709|118| SEG8 1.663 | -3.345(161 | SEG48 3.360| 1.651
33 |CB -1.479| 3.345| 76 |RO0/A0 -3.360 | -1.859|119| SEG9 1.813 | -3.345( 162 | SEG49 3.360| 1.801
34 |CA -1.629| 3.345| 77 |RO1/AL -3.360 | -2.009|120| SEG10 1.963 | -3.345( 163 | SEG50 3.360| 1.951
35 | Ves -1.779| 3.345| 78 |R02/A2 -3.360 | -2.164 121 | SEG11 2.118| -3.345]|164 | COM31/SEG51 3.360| 2.106
36 |Vca -1.929| 3.345| 79 |R03/A3 -3.360 | -2.319 (122 | SEG12 2.273| -3.345] 165 | COM30/SEG52 3.360| 2.261
37 |Vcs3 -2.084| 3.345| 80 | R04/A4 -3.360 | -2.474]123| SEG13 2.428| -3.345]166 | COM29/SEG53 3.360| 2.416
38 |Vc2 -2.239| 3.345| 81 |R05/A5 -3.360 | -2.634|124 | SEG14 2.588| -3.345]167 | COM28/SEG54 3.360| 2.576
39 |Va -2.394| 3.345| 82 | R06/A6 -3.360 | -2.804|125| SEG15 2.763| -3.345]168 | COM27/SEG55 3.360| 2.746
40 | 0SC3 -2.554| 3.345| 83 |RO7/A7 -3.360 | -2.989|126 | SEG16 2.958 | -3.345]169 | COM26/SEG56 3.360| 2.931
41 |0SC4 -2.729| 3.345| 84 |R10/A8 -3.360 | -3.189 (127 | SEG17 3.173]| -3.345]|170 | COM25/SEG57 3.360| 3.131
42 Vo1 -2.984| 3.345| 85 |R11/A9 -3.187| -3.345]128 | SEG18 3.360 | -3.168
43 | Vop -3.209| 3.345| 86 |R12/A10 -2.972 | -3.345|129 | SEG19 3.360 | -2.968

*  Pads (No0.21-24 and 148-150) are used for the IC shipment test, so you should not bond them.
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9 PAD LAYOUT

Table 9.2.2 Pad coordinates (S1C88317) (Unit: mm)
No. Name X Y _[No. Name X Y _|No. Name X Y _|No. Name X Y
1 |COM25/SEG57 | 2.665 | 2.682 | 42 | OSC1 -2.729 | 2.657 | 83 |R12/A10 -2.600 | -2.682 | 124 | SEG17 2.729 | -2.543
2 | COM24/SEG58 | 2.535 | 2.682 | 43 | OSC2 -2.729 | 2.527 | 84 |R13/Al1 -2.470 | -2.682 | 125 | SEG18 2.729 | -2.413
3 | COM23/SEG59 | 2.405 | 2.682 | 44 |TEST -2.729 | 2.397 | 85 |R14/A12 -2.340 | -2.682 | 126 | SEG19 2.729 | -2.283
4 |COM22/SEG60 | 2.275 | 2.682 | 45 | RESET -2.729 | 2.267 | 86 |R15/A13 -2.210 | -2.682 | 127 | SEG20 2.729 | -2.153
5 |COM21/SEG6L | 2.145 | 2.682 | 46 | MCU/MPU -2.729 | 2.137 | 87 |R16/A14 -2.080 | -2.682 | 128 | SEG21 2.729 | -2.023
6 |COM20/SEG62 | 2.015 | 2.682 | 47 Kll/@) -2.729 | 2.007 | 88 |R17/A15 -1.950 | -2.682 | 129 | SEG22 2.729 |-1.893
7 |COM19/SEG63 | 1.885 | 2.682 | 48 | K10/EVIN -2.729 | 1.877 | 89 |R20/A16 -1.820 | -2.682 | 130 | SEG23 2.729 | -1.763
8 |COMI18/SEG64 | 1.755 | 2.682 | 49 | K07 -2.729 | 1.747 | 90 |R21/A17 -1.690 | -2.682 | 131 | SEG24 2.729 | -1.633
9 |COM17/SEG65 | 1.625 | 2.682 | 50 | K06 -2.729 | 1.617 | 91 |R22/A18 -1.560 |-2.682 [ 132 | SEG25 2.729 | -1.503
10 | COM16/SEG66 | 1.495 | 2.682 | 51 | K05 -2.729 | 1.487 | 92 |R23/RD -1.430 | -2.682 | 133 | SEG26 2.729 |-1.373
11 |COM15 1.365| 2.682 | 52 | K04 -2.729 | 1.357 | 93 |R24/MWR -1.300 | -2.682 | 134 | SEG27 2.729 | -1.243
12 |COM14 1.235| 2.682 | 53 | K03 -2.729 | 1.227 | 94 |R25/CL -1.170 | -2.682 [ 135 | SEG28 2.729 | -1.113
13 |COM13 1.105 | 2.682 | 54 | K02 -2.729 | 1.097 | 95 |R26/FR -1.040 | -2.682 | 136 | SEG29 2729 | -983
14 |COM12 975 | 2.682 | 55 | K01 -2.7129 967 | 96 |R27/TOUT -910 | -2.682 | 137 | SEG30 2729 | -853
15 |COM11 845 | 2.682 | 56 | K00 -2.729 837 | 97 |R30/CE0 -780 | -2.682 [ 138 | SEG31 2729 | -723
16 |COM10 715 | 2.682 | 57 |P17/CMPM1 -2.729 707 | 98 |R31/CEL -650 | -2.682 | 139 | SEG32 2729 | -593
17 |COM9 585 | 2.682 | 58 | P16/CMPP1 -2.729 577 | 99 |R32/CE2 -520 | -2.682 | 140 | SEG33 2729 | -463
18 | COM8 455 | 2.682 | 59 |P15/CMPMO -2.729 447 [ 100 | R33/CE3 -390 | -2.682 (141 |SEG34 2,729 | -333
19 |COM7 325 | 2.682 | 60 | P14/CMPPO -2.729 317 | 101 | R34/FOUT -260 | -2.682 | 142 | SEG35 2729 | -203
20 | COM6 195 | 2.682 | 61 | P13/SRDY -2.729 187 1102 |R35 -130 | -2.682 | 143 | SEG36 2.729 -73
21 |COM5 65| 2.682 | 62 | P12/SCLK -2.729 57 1103 |R36 0 |-2.682 (144 | SEG37 2.729 57
22 | COM4 -65 | 2.682 | 63 | P11/SOUT -2.729 -73 1104 |R37 130 | -2.682 | 145 | SEG38 2.729 187
23 | COM3 -195 | 2.682 | 64 | P10/SIN -2.729 | -203 | 105 | R50/BZ 260 |-2.682 | 146 | SEG39 2.729 317
24 | COM2 -325 | 2.682 | 65 | P07/D7 2729 | -333 106 | R51/BACK 390 |-2.682 | 147 | SEG40 2.729 447
25 | COM1 -455 | 2.682 | 66 | P06/D6 -2.729 | -463 1107 | SEGO 520 |-2.682 | 148 | SEG41 2.729 577
26 | COMO -585 | 2.682 | 67 | P05/D5 -2.729 | -593 1108 | SEG1 650 |-2.682 | 149 | SEG42 2.729 707
27 |CE -715 | 2.682 | 68 | P04/D4 -2.729 | -723 1109 | SEG2 780 |-2.682 | 150 | SEG43 2.729 837
28 |CD -845 | 2.682 | 69 | P03/D3 -2.729 | -853|110|SEG3 910 |-2.682 | 151 | SEG44 2.729 967
29 |CC -975 | 2.682 | 70 | P02/D2 -2.729 | -983 1111 |SEG4 1.040 | -2.682 | 152 | SEG45 2.729 | 1.097
30 |CB -1.105 | 2.682 | 71 |P01/D1 -2.729 | -1.113 | 112 | SEG5 1.170 | -2.682 | 153 | SEG46 2.729 | 1.227
31 |CA -1.234 | 2.682 | 72 |P00/DO -2.729 | -1.243 | 113 | SEG6 1.300 | -2.682 | 154 | SEG47 2.729 | 1.357
32 |Vcs -1.365 | 2.682 | 73 | ROO/AO -2.729 | -1.373 | 114 | SEG7 1.430 | -2.682 | 155 | SEG48 2.729 | 1.487
33 |Vca -1.495 | 2.682 | 74 |RO1/A1 -2.729 | -1.503 | 115 | SEG8 1.560 | -2.682 | 156 | SEG49 2.729 | 1.617
34 |Vc3 -1.625 | 2.682 | 75 |R02/A2 -2.729 | -1.633 | 116 | SEG9 1.690 | -2.682 | 157 | SEG50 2.729 | 1.747
35 |Vez -1.755 | 2.682 | 76 |R0O3/A3 -2.729 | -1.763 | 117 | SEG10 1.820 | -2.682 | 158 | COM31/SEG51 | 2.729 | 1.877
36 |Vc1 -1.885 | 2.682 | 77 | R04/A4 -2.729 | -1.893 | 118 | SEG11 1.950 | -2.682 | 159 | COM30/SEG52 | 2.729 | 2.007
37 | 0SC3 -2.015 | 2.682 | 78 | R05/A5 -2.729 | -2.023 | 119 | SEG12 2.080 | -2.682 [ 160 | COM29/SEG53 | 2.729 | 2.137
38 | 0SC4 -2.145 | 2.682 | 79 | R0O6/A6 -2.729 | -2.153 | 120 | SEG13 2.210 | -2.682 [ 161 | COM28/SEG54 | 2.729 | 2.267
39 | Vb1 -2.275 | 2.682 | 80 |RO7/A7 -2.729 | -2.283 | 121 | SEG14 2.340 |-2.682 | 162 | COM27/SEG55 | 2.729 | 2.397
40 | Vop -2.405 | 2.682 | 81 |R10/A8 -2.729 | -2.413 | 122 | SEG15 2.470 | -2.682 [ 163 | COM26/SEG56 | 2.729 | 2.527
41 |Vss -2.535 | 2.682 | 82 |R11/A9 -2.729 | -2.543 | 123 | SEG16 2.600 |-2.682
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9 PAD LAYOUT

Table 9.2.3 Pad coordinates (S1C88316) (Unit: mm)
No Name X Y [No. Name X Y | No. Name X Y [No. Name X Y
1 |COM24/SEG58 | 3.150 | 3.300 | 44 |VssS -3.300 | 3.150 | 87 |R11/A9 -3.150 | -3.300 | 130 | SEG18 3.300 | -3.150
2 | COM23/SEG59 | 2.950 | 3.300 | 45 |0SC1 -3.300 | 2.950 | 88 | R12/A10 -2.950 | -3.300 | 131 | SEG19 3.300 | -2.950
3 |COM22/SEG60 | 2.765 | 3.300 | 46 |OSC2 -3.300 | 2.765 | 89 |R13/A11 -2.765 | -3.300 | 132 | SEG20 3.300 | -2.765
4 | COM21/SEG61 | 2.595 | 3.300 | 47 |TEST -3.300 | 2.595 | 90 | R14/A12 -2.595 | -3.300 [ 133 | SEG21 3.300 | -2.595
5 |COM20/SEG62 | 2.435 | 3.300 | 48 |RESET -3.300 | 2.435] 91 |R15/A13 -2.435 | -3.300 | 134 | SEG22 3.300 | -2.435
6 |COMI19/SEG63 | 2.280 | 3.300 | 49 |MCU/MPU -3.300 | 2.280 | 92 |R16/A14 -2.280 | -3.300 | 135| SEG23 3.300 | -2.280
7 |COM18/SEG64 | 2.125 | 3.300 | 50 Kll/ﬁ) -3.300 | 2.125| 93 |R17/A15 -2.125 | -3.300 | 136 | SEG24 3.300 | -2.125
8 |COM17/SEG65 | 1.970 | 3.300 | 51 |K10/EVIN -3.300 | 1.970 | 94 | R20/A16 -1.970 | -3.300 | 137 | SEG25 3.300 | -1.970
9 |COM16/SEG66 | 1.820 | 3.300 | 52 | K07 -3.300 | 1.820 | 95 | R21/A17 -1.820 | -3.300 | 138 | SEG26 3.300 | -1.820
10 |COM15 1.670 | 3.300 | 53 |K06 -3.300 | 1.670 | 96 | R22/A18 -1.670 | -3.300 | 139 | SEG27 3.300 | -1.670
11 |COM14 1.520 | 3.300 | 54 |K05 -3.300 | 1.520 | 97 |R23/RD -1.520 | -3.300 | 140 | SEG28 3.300 | -1.520
12 |COM13 1.375| 3.300 | 55 |K04 -3.300 | 1.375 | 98 |R24/WR -1.375 | -3.300 | 141 | SEG29 3.300 | -1.375
13 |COM12 1.230 | 3.300 | 56 |K03 -3.300 | 1.230 | 99 | R25/CL -1.230 | -3.300 | 142 | SEG30 3.300 | -1.230
14 |COM11 1.085 | 3.300 | 57 |K02 -3.300 | 1.085|100|R26/FR -1.085 | -3.300 | 143 | SEG31 3.300 | -1.085
15 |COM10 0.945 | 3.300 | 58 | K01 -3.300 | 0.945]101|R27/TOUT -0.945 | -3.300 | 144 | SEG32 3.300 | -0.945
16 |COM9 0.805 | 3.300 | 59 |K00 -3.300 | 0.805 [ 102 | R30/CEQ -0.805 | -3.300 [ 145 | SEG33 3.300 | -0.805
17 |COM8 0.665 | 3.300 | 60 |P17/CMPM1 -3.300 | 0.665 | 103 | R31/CEL -0.665 | -3.300 | 146 | SEG34 3.300 | -0.665
18 |COM7 0.530 | 3.300 | 61 |P16/CMPP1 -3.300 | 0.530 |104|R32/CE2 -0.530 | -3.300 | 147 | SEG35 3.300 | -0.530
19 |COM6 0.395 | 3.300 | 62 |P15/CMPMO -3.300 | 0.395 | 105 | R33/CE3 -0.395 | -3.300 | 148 | SEG36 3.300 | -0.395
20 | COM5 0.260 | 3.300 | 63 | P14/CMPPO -3.300 | 0.260 | 106 | R34/FOUT -0.260 | -3.300 | 149 | SEG37 3.300 | -0.260
21 |- * 0.130 | 3.290 | 64 |P13/SRDY -3.300 | 0.130|107 |R35 -0.130 | -3.300 | 150 |— * 3.300 | -0.130
22 |- * 0.000 | 3.290 | 65 |— * 1-3.300 | 0.000 [108|R36 0.000 |-3.300 {151 |— * 3.300 | 0.000
23 |- * 1-0.130| 3.290 | 66 |— * 1-3.300 |-0.130 | 109 | R37 0.130 |-3.300 {152 |— * 3.300 | 0.130
24 |- * 10260 | 3.290 | 67 | P12/SCLK -3.300 | -0.260 | 110| R50/BZ 0.260 |-3.300 | 153 | SEG38 3.300 | 0.260
25 |COM4 -0.395 | 3.300 | 68 |P11/SOUT -3.300 | -0.395 | 111 | R51/BACK 0.395 |-3.300 [ 154 | SEG39 3.300 | 0.395
26 |COM3 -0.530 | 3.300 | 69 |P10/SIN -3.300 | -0.530 | 112 | SEGO 0.530 |-3.300 | 155 | SEG40 3.300 | 0.530
27 |COM2 -0.665 | 3.300 | 70 |P07/D7 -3.300 | -0.665 | 113 | SEG1 0.665 |-3.300 | 156 | SEG41 3.300 | 0.665
28 | COM1 -0.805 | 3.300 [ 71 |P06/D6 -3.300 | -0.805 | 114 | SEG2 0.805 | -3.300 | 157 | SEG42 3.300 | 0.805
29 | COMO -0.945 | 3.300 | 72 |P05/D5 -3.300 | -0.945 | 115 | SEG3 0.945 | -3.300 | 158 | SEG43 3.300 | 0.945
30 |CE -1.085 | 3.300 | 73 |P04/D4 -3.300 | -1.085 | 116 | SEG4 1.085 | -3.300 | 159 | SEG44 3.300 | 1.085
31 |CD -1.230 | 3.300 | 74 |P03/D3 -3.300 | -1.230 | 117 | SEG5 1.230 | -3.300 | 160 | SEG45 3.300 | 1.230
32 |CC -1.375 | 3.300 | 75 |P02/D2 -3.300 | -1.375 118 | SEG6 1.375|-3.300 | 161 | SEG46 3.300 | 1.375
33 |CB -1.520 | 3.300 | 76 |P01/D1 -3.300 | -1.520 | 119 | SEG7 1.520 | -3.300 | 162 | SEG47 3.300 | 1.520
34 |CA -1.670 | 3.300 | 77 |P00/DO -3.300 | -1.670 | 120 | SEG8 1.670 | -3.300 | 163 | SEG48 3.300 | 1.670
35 | VCs -1.820 | 3.300 | 78 |RO0O/AO0 -3.300 | -1.820 | 121 | SEG9 1.820 | -3.300 | 164 | SEG49 3.300 | 1.820
36 |Vc4 -1.970 | 3.300 | 79 |RO1/Al -3.300 | -1.970 | 122 | SEG10 1.970 | -3.300 | 165 | SEG50 3.300 | 1.970
37 |Vc3 -2.125 | 3.300 | 80 |R02/A2 -3.300 | -2.125 | 123 | SEG11 2.125 |-3.300 [ 166 | COM31/SEG51 | 3.300 | 2.125
38 |VC2 -2.280 | 3.300 | 81 |R0O3/A3 -3.300 | -2.280 | 124 | SEG12 2.280 |-3.300 | 167 | COM30/SEG52 | 3.300 | 2.280
39 |Vc1 -2.435 | 3.300 | 82 |R04/A4 -3.300 | -2.435 | 125 | SEG13 2.435 | -3.300 [ 168 | COM29/SEG53 | 3.300 | 2.435
40 |0SC3 -2.595 | 3.300 | 83 |RO5/A5 -3.300 | -2.595 | 126 | SEG14 2.595 | -3.300 [ 169 | COM28/SEG54 | 3.300 | 2.595
41 |0SC4 -2.765 | 3.300 | 84 |R06/A6 -3.300 | -2.765 | 127 | SEG15 2.765 | -3.300 [ 170 | COM27/SEG55 | 3.300 | 2.765
42 | VD1 -2.950 | 3.300 | 85 |RO7/A7 -3.300 | -2.950 | 128 | SEG16 2.950 | -3.300 (171 | COM26/SEG56 | 3.300 | 2.950
43 | VDD -3.150 | 3.300 | 86 |R10/A8 -3.300 | -3.150 | 129 | SEG17 3.150 | -3.300 {172 | COM25/SEG57 | 3.300 | 3.150

*  Pads (No0.21-24, 65-66 and 150-152) are used for the IC shipment test, so you should not bond them.
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9 PAD LAYOUT

Table 9.2.4 Pad coordinates (S1C88308) (Unit: mm)
No. Name X Y [No. Name X Y | No. Name X Y [No. Name X Y
1 |COM22/SEG50 | 2.595 | 2.850 | 38 |VsSS -2.850 | 2.695| 75 | R06/A6 -2.595 | -2.850 | 112 | SEG13 2.850 | -2.595
2 |COM21/SEG51 | 2.435| 2.850 | 39 |0SC1 -2.850 | 2.535| 76 | RO7/A7 -2.435 | -2.850 | 113 | SEG14 2.850 | -2.435
3 |COM20/SEG52 | 2.280 | 2.850 | 40 |0OSC2 -2.850 | 2.380 | 77 |R10/A8 -2.280 | -2.850 | 114 | SEG15 2.850 | -2.280
4 |COMI19/SEGS53 | 2.125 | 2.850 | 41 |TEST -2.850 | 2.225| 78 |R11/A9 -2.125 | -2.850 | 115 | SEG16 2.850 | -2.125
5 |COM18/SEG54 | 1.970 | 2.850 | 42 |RESET -2.850 | 2.070 | 79 |R12/A10 -1.970 | -2.850 | 116 | SEG17 2.850 | -1.970
6 |COM17/SEG55 | 1.820 | 2.850 | 43 |MCU/MPU -2.850 | 1.920 | 80 |R13/A11 -1.820 | -2.850 | 117 | SEG18 2.850 | -1.820
7 | COM16/SEG56 | 1.670 | 2.850 | 44 |K10/EVIN -2.850 | 1.770 | 81 |R14/A12 -1.670 | -2.850 | 118 | SEG19 2.850 | -1.670
8 |COM15 1.520 | 2.850 | 45 |KO7 -2.850 | 1.620 | 82 | R15/A13 -1.520 | -2.850 | 119 | SEG20 2.850 | -1.520
9 [COM14 1.375| 2.850 | 46 |KO06 -2.850 | 1.475| 83 |R16/A14 -1.375 | -2.850 | 120 | SEG21 2.850 | -1.375
10 |COM13 1.230 | 2.850 | 47 |KO05 -2.850 | 1.330 | 84 |R17/A15 -1.230 | -2.850 | 121 | SEG22 2.850 | -1.230
11 |COM12 1.085 | 2.850 | 48 | K04 -2.850 | 1.185| 85 |R20/A16 -1.085 | -2.850 [122 | SEG23 2.850 | -1.085
12 |COM11 0.945 | 2.850 | 49 | KO3 -2.850 | 1.045| 86 | R21/AL7 -0.945 | -2.850 | 123 | SEG24 2.850 | -0.945
13 |COM10 0.805 | 2.850 | 50 | K02 -2.850 | 0.905| 87 | R22/A18 -0.805 | -2.850 | 124 | SEG25 2.850 | -0.805
14 |COM9 0.665 | 2.850 | 51 | K01 -2.850 | 0.765 | 88 | R23/RD -0.665 | -2.850 | 125 | SEG26 2.850 | -0.665
15 |COM8 0.530 | 2.850 | 52 | K00 -2.850 | 0.630 | 89 | R24/WR -0.530 | -2.850 | 126 | SEG27 2.850 | -0.530
16 |COM7 0.395 | 2.850 | 53 |P17/CMPM1 | -2.850 | 0.495 [ 90 |R25/CL -0.395 | -2.850 (127 | SEG28 2.850 | -0.395
17 |COM6 0.260 | 2.850 | 54 |P16/CMPP1 -2.850 | 0.360 | 91 | R26/FR -0.260 | -2.850 | 128 | SEG29 2.850 | -0.260
18 |COM5 0.130 | 2.850 | 55 |P15/CMPMO -2.850 | 0.230 | 92 | R27/TOUT -0.130 | -2.850 | 129 | SEG30 2.850 | -0.130
19 |Com4 0.000 | 2.850 | 56 |P14/CMPPO -2.850 | 0.100 | 93 | R30/CEO 0.000 |-2.850 | 130 | SEG31 2.850 | 0.000
20 | COM3 -0.130 | 2.850 | 57 |P13/SRDY -2.850 | -0.030 | 94 | R31/CE1 0.130 |-2.850 | 131 | SEG32 2.850 | 0.130
21 |COM2 -0.281 | 2.850 | 58 |P12/SCLK -2.850 | -0.160 | 95 | R32/CE2 0.260 | -2.850 [ 132 | SEG33 2.850 | 0.260
22 |COM1 -0.416 | 2.850 | 59 |P11/SOUT -2.850 | -0.295 | 96 | R33/CE3 0.395 | -2.850 | 133 | SEG34 2.850 | 0.395
23 | COMO -0.551 | 2.850 | 60 |P10/SIN -2.850 | -0.430 | 97 | R34/FOUT 0.530 |-2.850 | 134 | SEG35 2.850 | 0.530
24 |CE -0.686 | 2.850 | 61 |P07/D7 -2.850 | -0.565 | 98 | R50/BZ 0.665 |-2.850 | 135| SEG36 2.850 | 0.665
25 |CD -0.826 | 2.850 | 62 |P06/D6 -2.850 | -0.705 | 99 [SEGO 0.805 |-2.850 | 136 | SEG37 2.850 | 0.805
26 |CC -0.966 | 2.850 | 63 |P05/D5 -2.850 | -0.845 | 100 | SEG1 0.945 | -2.850 | 137 | SEG38 2.850 | 0.945
27 |CB -1.106 | 2.850 | 64 |P04/D4 -2.850 | -0.985 | 101 | SEG2 1.085 | -2.850 | 138 | SEG39 2.850 | 1.085
28 |CA -1.251 | 2.850 | 65 |P03/D3 -2.850 | -1.130 | 102 | SEG3 1.230 | -2.850 [ 139 | SEG40 2.850 | 1.230
29 |VCs -1.396 | 2.850 | 66 |P02/D2 -2.850 | -1.275 | 103 | SEG4 1.375 | -2.850 | 140 | COM31/SEG41 | 2.850 | 1.375
30 |Vc4 -1.541 | 2.850 | 67 |P01/D1 -2.850 | -1.420 | 104 | SEG5 1.520 | -2.850 | 141 | COM30/SEG42 | 2.850 | 1.520
31 |Vc3 -1.691 | 2.850 | 68 |P00/DO -2.850 | -1.570 | 105 | SEG6 1.670 | -2.850 | 142 | COM29/SEG43 | 2.850 | 1.670
32 |Vc2 -1.841 | 2.850 | 69 | RO0/AO0 -2.850 | -1.720 | 106 | SEG7 1.820 | -2.850 | 143 | COM28/SEG44 | 2.850 | 1.820
33 |vcl -1.991 | 2.850 | 70 |RO1/ALl -2.850 | -1.870 | 107 | SEG8 1.970 | -2.850 | 144 | COM27/SEG45 | 2.850 | 1.970
34 | 0SC3 -2.146 | 2.850 | 71 |R02/A2 -2.850 | -2.025 | 108 | SEG9 2.125 | -2.850 [ 145 | COM26/SEG46 | 2.850 | 2.125
35 | 0SC4 -2.301 | 2.850 | 72 |RO3/A3 -2.850 | -2.180 | 109 | SEG10 2.280 | -2.850 [ 146 | COM25/SEG47 | 2.850 | 2.280
36 | VD1 -2.456 | 2.850 | 73 |R04/A4 -2.850 | -2.335 110 | SEG11 2.435 | -2.850 [ 147 | COM24/SEG48 | 2.850 | 2.435
37 | VDD -2.616 | 2.850 | 74 |RO5/A5 -2.850 | -2.495 | 111 | SEG12 2.595 | -2.850 [ 148 | COM23/SEG49 | 2.850 | 2.595
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10 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 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 possible at circum-
scription of the OSC1, OSC2, OSC3 and
OSC4 terminals and the components
connected to these terminals.

Furthermore, do not use this Vss pattern for
any purpose other than the oscillation
system.

Sample Vss pattern

OSC4

0OSC3
[:gss

(3) When supplying an external clock to the
OSC1 (0OSC3) terminal, the clock source
should be connected to the OSC1 (OSC3)
terminal in the shortest line.

Furthermore, do not connect anything else
to the OSC2 (OSC4) terminal.

In order to prevent unstable operation of the
oscillation circuit due to current leak between
OSC1 (0OSC3) and Vb, please keep enough
distance between OSC1 (OSC3) and VbD or
other signals on the board pattern.

<Reset Circuit>

e The power-on reset signal which is input to the
RESET terminal changes depending on condi-
tions (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 the built-in pull-up resistor is added to
the RESET terminal by mask option, take into
consideration dispersion of the resistance for
setting the constant.

e Inorder to prevent any occurrences of unneces-
sary resetting caused by noise during operating,
components such as capacitors and resistors
should be connected to the RESET terminal in
the shortest line.

<Power Supply Circuit>

e Sudden power supply variation due to noise
may cause malfunction. Consider the following
points to prevent this:

(1) The power supply should be connected to the
VoD and Vss terminals with patterns as short
and large as possible.

(2) When connecting between the Vbp and Vss
terminals with a bypass capacitor, the terminals
should be connected as short as possible.

Bypass capacitor connection example

VbD VDD

-

Vss Vss

(3) Components which are connected to the Vb,
Vci1-Vcs and CA-CE terminals, such as capaci-
tors, should be connected in the shortest line.
In particular, the Vci-Vcs voltages affect the
display quality.

e Do not connect anything to the Vci1-Vcs and
CA-CE terminals when the LCD driver is not
used.
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10 PRECAUTIONS ON MOUNTING

<Arrangement of Signal Lines>

In order to prevent generation of electromag-
netic induction noise caused by mutual induc-
tance, do not arrange a large current signal line
near the circuits that are sensitive to noise such
as the oscillation unit and analog 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 interfer-
ence between the signals and it may cause a
malfunction.

Do not arrange a high-speed signal line espe-
cially near circuits that are sensitive to noise
such as the oscillation unit and analog unit.

Prohibited pattern example

1
——|osc4
——|oscs
1
’—>

{|Vss

Large current signal line
High-speed signal line

<Precautions for Visible Radiation

(when bare chip is mounted)>

e Visible radiation causes semiconductor devices

to change the electrical characteristics. It may
cause this IC to malfunction. When developing
products which use this IC, consider the
following precautions 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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PREFACE

PREFACE

In this part, example of a control programs for each peripheral circuit are described. Basic initialization and
control routines are shown in the program examples use a relocatable method and are based on the
assumption that the cross assembler asm88 for the S1C88 Family is being used. When you create an
application program referring to these examples, use them after completion of the program by adding the

necessary functions.

Description

O]

Program examples are shown by each peripheral

circuit or function, according to the following items.

1/0 MAP
controls the peripheral circuit.

Indicates the 1/0 memory map that

Specification

Flowchart
Note

SourceList

See Part | in this manual, "S1C88348/
317/316/308 Technical Hardware",
for details of the control registers and
operation.

Indicates the purpose, function, etc.,
of the example routine.

Indicates a flowchart of the example.

Indicates matters that require
attention when using the example
routine and for programming of the
peripheral circuit.

A source code listing using the
relocatable method in assembly
language.

See the "S1C88 Core CPU Manual"
for details of the instructions and the
"S1C88 Family Structured Assembler
Manual" for the assembly language
and the format of the source list.

Notesfor Program Example Use

Take the following precautions when reading this
manual and using the described routines:

(1) Each program example has been modularized

as a low-level routine that controls hardware
directly, and examples such as a concrete
application have not been included. For a
routine to be added by the user, an external
declaration with a label such as "user_program"
should be made and the program will branch to
the label. Because the name "user_program" is
not very descriptive, you should modify the
label name to reflect its function.

©)

(4)

)

(6)

In the program examples, 8-bit absolute ad-
dressing has been used for /0 memory access.
Consequently, the program loads the upper 8
bits (OFFH) of the 170 memory base address
(O0FFOOH) into the BR register. This part in the
flowchart is described as (BR setting) and it is
set in each program example. If you use another
addressing mode, rewriting this part is neces-
sary.

These routines do not specify bank or page.
When using in the expanded mode, set the bank
and page if necessary.

Input, output and 170 port terminals of the
S$1C88316 are shared the a bus and special
output, and these functions are set by software.
Be aware that the port configuration will be
changed by these setting. Refer to the terminal
configuration tables according to the mode and
special output settings which have been
mentioned in the "Appendix".

Unary operators set in the asm88 cross assem-
bler have been used for the program examples.
These unary operators get the values below
from a constant or a label operand.

low ... Presents the lower 8 bits of the expression.
high .. Returns the upper 8 bits of a 16-bit expres-

sion.

boc ... Calculates a bank value from the physical
address.

loc .... Calculates alogical addressin abank from
the physical address.

pod .. Calculates a page value from the physical
address.

lod.... Calculates alogical addressin a page from

the physical address.

Seiko Epson assumes no responsibility for any
consequences arising from the use of the
programs described.

Note: The program examples are created for the

S1C88316. Since there are some differ-
ences in the built-in ROM/RAM capacity,
number of input ports, output ports and LCD
drive segments, and bus authority release
function of the S1C88348/317/308, it is
necessary to modify the settings according
to the model to be used.
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1 SYSTEM INITIALIZATION

1 SYSTEM INITIALIZATION

1/0 Map
‘ Refer to the peripheral circuit descriptions in this manual.

Model |Internal ROM|Internal RAM | Input port [Output port*1|LCD segment*2 |Bus authority release function
S1C88348 | 48K bytes 2K bytes 10 bits 9 hits 1,632 (Max.) Available
S1C88317 | 16K hytes 2K bytes 10 bits 9 hits 1,632 (Max.) Available
S1C88316 | 16K bytes 2K bytes 10 bits 9 bits 1,632 (Max.) Available
S1C88308 | 8K bytes 256 bytes 9 bits 5 bits 1,312 (Max.) Not available

*1 The terminals common to the external bus are excluded.
*2 Maximum number of drive segment when the 32 commons is selected.
Specification

Initialization for S1C88316 single chip mode

mainrt: Initialization for S1C88316 single chip mode

Settings of the base register, CPU mode, CE output, stack page, stack pointer, wait and bus authority
release signal and clearing of RAM (display memory included) are done sequentially.

Flowchart
Initialization for S1C88316 single chip mode

C mainrt )

‘ (BR sLtting) ‘ BR —~ OFFH (BR area = 00FFxxH) ‘Clears CPU internal registers‘ BA, HL, IX registers — O clear

‘ System cont‘roller settings ‘ Single chip mode, CE3-CEO disabled ‘ Clears int‘ernal RAM ‘ 00F000H-00F7FFH ~ O clear

‘ Stack pat‘:_]e setting ‘ SPP — Page 0 ‘ Clears disp‘lay memory ‘ 00F800H—00FD42H - O clear

‘ Stack poir‘lter setting ‘ SP ~ 00F800H (S1C88316) ‘ ‘ initir‘:xlize ‘ ‘ Initialization for peripheral circuits

‘ ‘ user_program ‘

Note: Internal RAM addresses and capacity of other models are as follows:
S51C88348/317: 00FO00H-00F7FFH (2K bytes)
51C88308: 00F000H—00FOFFH (256 bytes)

Notes

(1) Interrupts have been set to their initial status (all disabled) except for the watchdog timer (NMI)
interrupt which cannot be masked.

(2) Be sure to declare the watchdog timer (NMI) interrupt processing routine and the vector address,
regardless of whether or not the watchdog timer is used.

(3) For peripheral circuit initialization, you must create a separate routine according to the system
configuration to be used. (external call: initialize)

(4) For the interrupt flags (10 and 11), set them to adapt to the interrupt factor and priority level of the
peripheral 1/0 that will be enabled.

(5) When using the peripheral 170 interrupt, declare the front address of the peripheral 170 interrupt
processing routine in a vector address corresponding to the interrupt in the order of lower and upper.
(Vector address: 000006H-000023H)

(6) Vector addresses 000026H—-0000FFH can be set for software interrupts. In this case as well as the
above, declare the front address of the software interrupt processing routine in a vector address of the
software interrupt in the order of lower and upper.

(7) The vector addresses 000024H and 000025H cannot be used since this is a system reserved area.

(8) In this initialization routine example, the vector address setting and program have been allocated
from 000100H for the sake of convenience.
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1 SYSTEM INITIALIZATION

Initialization for S1C88316 single chip mode

ext er nal initialize,watchdog_reset
ext er nal user _program
public mai nrt

reset _vector
mai n

;
br_io
ncu

spp
node

sp_316
internal_raw

I cdram t op

| cdram end
code

intr_vectors
org
dw

or

equ 000000h
equ 000100h

equ offh

equ 00f f 00h
equ 00ff01lh
equ 00f f 02h
equ 00f 800h
equ 00f 000h

equ 00f 800h
equ 00f d43h

intr_vectors+reset_vector
mai nrt

intr_vectors+main

;reset vector address
;program start address of fset

;base reg. address (set i/o area)
;ncu node system control address
;stack pointer page address
;mpu/ / ncu node control address

;€0c88316 stack pointer top address
;e0c88316 internal ramtop address

;lcd ramtop address
:lcd ram end address

;initial reset program address

B R R R R R R R ]

-k

;* s1c88316 ntu single-chip node initialize *

*

*

B R R R R R R R ]
’

-k
mainrt:
| d br, #br _io
Id [br:1ow ntu], #00110000b
Id [br:1ow spp], #00h
Id sp, #l od sp_316
Id [br:1ow node], #00000000b
Id ba, #0000h
Id hl, #0000h
Id i X, #0000h
cinternal ram clear
carl watchdog_reset
| d iy,#l od internal _ram
mai nrt 00
Id [iy],a
inc iy
cp iy, #l od internal _ram-0800h
jrs nz, mai nrt 00
;lcd ramclear including ignore area
carl watchdog_reset
Id iy, #l od | cdramtop
mai nrt01:
ld  [iy],a
inc iy
cp iy, #l od | cdram end
jrs nz, mai nrt 01
carl initialize

jrl

user _program

ystart user program

end

;set br reg. address to Of f xxh
;single chip nbde, /ce3-/ce0 disable
;set stack pointer page to O

;satck pointer top address set

;set node reg

;internal reg. clear

;wat chdog tiner reset ***
;e0c88316 internal ramtop address

;clear data set
;poniter increnent
cinternal ramend ?

;wat chdog tiner reset ***
;lcd ramtop address

;clear data set
; poi nter increnent
:lcd rasmend ?

cinitialize i/o area ***
;junmp user program
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2 SYSTEM CONTROLLER AND BUS CONTROL

2 SYSTEM CONTROLLERAND BUSCONTROL

1/0 Map (MCU mode)

Address| Bit | Name Function 1 0 SR [R/W Comment
00FFO00 | D7 |BSMD1 |Bus mode (CPU mode) 0 |RIW
(MCU) BSMD1 BSMDO Mode
L] 1 1 512K Maximum) | | |
D6 |BSMDO 1 0 512K (Minimum) 0 |RIW
0 1 64K
0 0 Single chip
D5 [CEMD1 |Chip enable mode 1 |R/W |Only for 64K
CEMD1 CEMDO ___ Mode bus mode
1 1 64K (CED)
I 1 0 3kK(@EEOCEY) |l *1
D4 |CEMDO 0 1 16K 1 |rRW
(CEO-CE3...S1C88308)
(CE1-CE3...S1C88316)
0 0 8K (CEO-CE3)

D3 [CE3 CE3(R33) | __ . ) CE3enable | CE3disable| O |R/W/|IntheSingle chip
D2|cE2  |CE2 (Rap) | CF S9mdl output EnableDisable ) ) T oes disie| 0| RIW | mod, thesesting
D1|cEr  [cEL(Ray |ETPE CESmmouput o G dsble| 0 |RMW|arefivedatDC
Do[cEo |cEo (Ran) | P'SPIE PRI o bie | GEOdisble| 0 | RAW |ouput

O00FF01 [ D7 [SPP7 | Stack pointer page address (MsB) | T ] o | 0 |RW
peisep6_ | CN 0| 0 _[RW
D5 [SPP5 | < SPpageadlocatable address> | ! 1 ] o | 0 |RW
[ D4 |[SPP4 |- Singlechipmode: only Opage | 1 ] o | 0 |RW
| D3 [SPP3 |+ 64K mode: onlyOpage | 1 ] o | 0 |RW
[ D2 |[SPP2 |+ 512K (min) mode: 0-27H page | T ] o | 0 |RW
D1 |SPP1 | 512K (max) mode:0-27H page | 1 1 o | 0 |RW
DO |SPPO (LSB) 1 0 0 |RW
00FF02 Bus release enabl e register 1 K11 | BREQ Input port *2
D7 |EBR ) o i el h b S 0 |RIW
(K11 and R51 terminal specification) | R51 BACK Output port
Wait control register Number
D6 |WT2 WT2 WT1 WTO of state
1 1 1 14
T 1 1 0 12
D5 |WT1 ! 0 L 10 0o [RW
1 0 0 8
I 0 1 1 6
0 1 0 4
D4 |WTO 0 0 1 2
0 0 0 No wait
D3 [CLKCHG| CPU operating clock switch 0SC3 0OSC1 0 |RW
D2 [OSCC |OSC3 oscillation On/Off control On Off 0 |RW
Operating mode selection
D1vDC1 VDC1 VDCO Operating mode
e REEEEEEE 1 x High speed (VD1=3.3V) 0 |[RW
0 1 Low power (VD1=1.3V)
DO VDCO 0 0 Normal  (VD1=2.2V)

*1 Thisisjust R/W register on S1C88348/317.

*2 Thisisjust R/W register on S1C88308.

Note: All the interrupts including NMI are disabled, until you write the optional value into both the
"00FFOOH" and "00FFO1H" addresses.
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1/0 Map (MPU mode)

2 SYSTEM CONTROLLER AND BUS CONTROL

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF00 | D7 |[BSMD1 |Bus mode (CPU mode) * | R/W |* Initia setting can
(MPU) BSMD1 BSMDO Mode be selected among 3
1 1 512K Maximum) | | | | | types (64K, 512K
D6 lBsmDo | 1 0 512K (Minimum) * | RIW | min and 512K max)
0 1 64K j by mask option
0 0 * Option selection setting.
D5 |CEMD1 |Chip enable mode 1 |R/W |Only for 64K
CEMD1 CEMDO Mode bus mode
L 1 1 64K(CEQ) | | | |
D4 |CEMDO 1 0 32K (CEO, CEl) 1 |RW
0 1 16K (CEO-CE3)
0 0 8K (CEO-CE3)
D3|CE3 CE3(R33)]__ . ) CE3enable | CE3dissble| 0 |R/W
D2[CE2 |Cea (Rag) | CF 99 output EnableDisable| o) T e Givie] 0 [RAW
D1[cEL  |cEl (Rayy | TS CESOMoupt o e disble] 0 |RW
Do[cEo |0 rag | PSHIE PERMoup o e [CRodisble] 1 |RW
00FFO01 [ D7 |SPP7 | Stack pointer page address MsB) | N o | 0 |RW
peiseP6_ 1] 0__|. 0 _|RW
| D5 |SPP5  |<SPpageallocatable address> | N o | 0 |RW
| D4|SPP4 | Singlechipmode: only Opage | N o | 0 |RW
D3|SPP3 |+ 64K mode: onlyOpage | N o | 0 |RW
D2|SPP2 |+ 512K (min) mode: 0-27H page | 1 o | 0 [RW
D1[SPP1  |-512K (max) mode:0-27H page | 1 o | 0 [RW
Do [sPPO (LSB) 1 0 0 [rRW
00FF02 o7 [EBR Bus releaseenablel.'eg|ster o K11 | BREQ | Inputport o |rw *1
(K11 and R51 terminal specification) | R51 BACK Output port
Wait control register Number
D6 |WT2 WT2 WT1 WTO of state
1 1 1 14
N I 1 1 0 12
D5 |WT1 i 8 é 180 o [rRwW
I 0 1 1 6
0 1 0 4
D4 |WTO 0 0 1 2
0 0 0 No wait
D3 |CLKCHG|CPU operating clock switch 0osc3 osc1 0 |RIW
D2 |OSCC |OSC3 oscillation On/Off control On off 0 |RW
Operating mode selection
D1 \VDC1 VDC1 VDCO Operating mode
R 1 X High speed (VD1=3.3V) 0 |RIW
0 1 Low power (VD1=1.3V)
DO1VDCO 0 0 Normal (Vp1=2.2V)

*1 Thisisjust R/W register on S1C88308.

Note: All the interrupts including NMI are disabled, until you write the optional value into both the
"00FFOOH" and "00FFO1H" addresses.
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2 SYSTEM CONTROLLER AND BUS CONTROL

Specifications

System controll

(1) single_chip:
(2) mcu64k_308:
(3) mcu64k_316:
(4) mpu_64k:

er settings and bus control

S1C88316 Single chip mode

S1C88308 MCU Expanded 64K mode
S1C88316 MCU Expanded 64K mode
S51C88316 MPU Expanded 64K mode

(5) mpub512k_max:S1C88316 MPU Expanded 512K maximum mode
Each of the routines sets the system controller and bus as shown in the table below.

Table 2.1 Setting contents of each routine

Address Setting item (1) (2) 3) (4) (5)
OFFOOH | CPU mode Single chip 64K 64K 64K 512K
Chip enable mode No CE3-CEO | CE1-CEO| CEO | CE3-CEO
(16K) (32K) (64K) (128K)
CE signal output No CE3-CEO | CE1-CEO| CEO | CE3-CEO
OFFO1H | Stack page Page 0 - - - Page 27H
OFFO2H |Busrelease (Note) No - - - Use
Wait control No 2 4 8 0
CPU operating clock OscC1 - - - -
OSC3 oscillation circuit Off - - - -
Operating mode Normal mode - - - -

Flowchart

System controller settings and bus control (1), (2), (3), (4), (5)

(

Start ) single_chip / mcu64k_308 / mcu64k_316 / mpu64k / mpu512k_max

‘ (BR setting) ‘

| CPU mode and CE output settings| 00FFOOH

Note: « Memory map is different depending on

signal settings

‘ Stack pa‘ge setting ‘ O0FFO1H the model and bus mode to be used.
\ Stack pointer setting \ SP » The S1C88308 does not have a bus
\ authority release function, K11 terminal
Wait and bus authority release | 00FFO2H or R51 terminal.

v

user_program

11-6

EPSON S1C88348/317/316/308 TECHNICAL SOFTWARE



2 SYSTEM CONTROLLER AND BUS CONTROL

Notes

(1) Prior to any other processing, be sure to set the system controller and bus control in an initialization
routine executed immediately after an initial reset.

(2) When using the MPU mode, the output of CEO signal is set to valid at initial reset. Be sure not to set
the CEO output to invalid when setting the system controller.

(3) The CEO0-CE3 output terminals are shared with the R30-R33 terminals. Consequently, the terminals
which have been set for CE outputs cannot be used as a general purpose output port, including the
high impedance control. Moreover, since the output terminals shift to LOW if "0" is written to the
R30-R33 registers prior setting the CE outputs, be sure to avoid this.

(4) When using the bus release function, the K11 and R51 terminals function as the BREQ and BACK
terminals, respectively. Consequently, K11 and R51 cannot be used as an input port and a output
port.

Source List
System controller settings and bus control

ext er nal user _program
public si ngl e_chi p, nrcu64k_308, nctu64k_316, npu_64k, npu512k_max
br_i o] equ offh ;base reg. address (set i/o area)
ncu equ 00f f 00h ;mcu node system control address
npu equ 00f f 00h ;mpu node system control address
spp equ 00f f 01h ;stack pointer page address
node equ 00f f 02h ;meu/ / mpu node control address
’sp_308 equ 00f 100h ;€0c88308 stack pointer
sp_316 equ 00f 800h ;e0c88316 stack pointer
’ code
(1) S1C88316 Single chip mode
. :
P x single chip node with e0c88316 *
;************************************************************************
si ngl e_chi p:
| d br, #br _io ;set br reg. address to Of f xxh
Id [br:1ow ntu], #00110000b ;single chip node /ce3-/ce0 disable
Id [br:1ow spp], #00h ;set stack pointer page to 0 1)
Id sp, #l od sp_316 ;stack pointer set
Id [br:1 ow node], #00000000b ;set node reg. to initial value
jrl user _program ;junp user program

(2) S1C88308 MCU Expanded 64K mode

B R R R R
’

-k

D * nmcu 64k node with e0c88308

-k

ncu64k_308:

br, #br_io

[br:1ow ntu], #01011111b
[br:1ow spp], #00h
sp, #l od sp_308

[br:1 ow node], #00010000b
user _program

" oo0o0QQ

|
|
|
|
|
j

B R R R R R

*
*

*

;set br reg. address to Offxxh

;ntu 64k node /ce3 to /ce0(16kb) enable

;set stack pointer page to O 2
;stack pointer set

;set node reg. to 2 wait states

;junmp user program
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2 SYSTEM CONTROLLER AND BUS CONTROL

Source List

(3) S1C88316 MCU Expanded 64K mode

B R R R R R

* ncu 64k node with e0c88316 *
B3 *

’
’
’
B ]
’

ncu64k_316:

I d br, #br_io ;set br reg. address to Offxxh

Id [br:low ncu], #01100011b ;ncu 64k nobde /cel-/ce0(32kb) enable

Id [br:1ow spp], #00h ;set stack pointer page to O 3)
Id sp, #l od sp_316 ;stack pointer set

Id [br:1ow node], #00100000b ;set node reg. to 4 wait states

jrl user _program ;junmp user program

(4) S1C88316 MPU Expanded 64K mode

B R R ]
’

L npu 64k node with e0c88316 *

B R ]
’

nmpu_64k:
I d br, #br_io ;set br reg. address to Of f xxh
Id [br:low ncu], #01110001b ;mpu 64k nopde /ceO(64kb) enabl e
Id [br:1ow spp], #00h ;set stack pointer page to 0 (4)
Id sp, #l od sp_316 ;stack pointer set
Id [br:1ow node], #01000000b ;set node reg. to 8 wait states
jrl user _program ;junp user program

(5) S1C88316 MPU Expanded 512K maximum mode

R R R R R R
’

B3 *
D * npu 512k maxi mum node with e0c88316 *

B R R R R R R R
’

mpu512k_max:
I d br, #br_io ;set br reg. address to Of f xxh
Id [br:low ntu], #11111111b ;mpu 512k node /ce3-/ce0(128kb) enabl e
Id [br:low spp], #27h ;set stack pointer page 27h (5)
Id sp, #l od sp_316 ;stack pointer set
Id [br: 1 ow node], #10000000b ;set node reg. to 0 wait states
: ;and breq,/back enabl e
jrl user _program ;junmp user program
end

11-8 EPSON S1C88348/317/316/308 TECHNICAL SOFTWARE



3 WATCHDOG TIMER

3 WATCHDOG TIMER

1/0 Map
Address| Bit | Name Function 1 0 SR |RIW Comment
00FF40 | D7 |- - - - - "0" when being read
D6 [FOUT2 |FOUT frequency selection 0 |RW
FOUT2 FOUT1 FOUTO Frequency
0 0 0 fosci/1
D5 [FOUTL 0 0 1 fosc1/2 0 [RW
0 1 0 fosci/ 4
0 1 1 fosc1/8
I D 1 0 0 fosca/l || |l
D4 [FOUTO 1 0 1 fosca/ 2 0 |RW
1 1 0 fosca/ 4
1 1 1 fosca/ 8
D3 |FOUTON | FOUT output control On Off 0 |RW
D2 |WDRST |Watchdog timer reset Reset No operation| — | W |[Constantly "0" when
D1 [TMRST |Clock timer reset Reset No operation| — | W |beingread
DO [TMRUN |Clock timer Run/Stop control Run Stop 0 |RW

Specifications
Watchdog timer processing

Vector address setting for watchdog timer (NMI) interrupt
(1) watchdog_reset:Watchdog timer reset

(2) nmi_intr: Watchdog timer (NMI) interrupt processing
Flowchart
(1) Watchdog timer reset (2) Watchdog timer (NMI) interrupt processing
( watchdog_reset ) ( nmi_intr )
\

(BR setting) ‘ Register evacuation
\ \
‘ Resets watchdog timer ‘ Watchdog timer
[ interrupt processing
( ret ) [
‘ Register return ‘

C rete )

Notes

(1) Since the watchdog timer (NMI) interrupt cannot be masked, be sure to declare the watchdog timer
(NMI) interrupt processing routine and the vector address, regardless of whether or not the watch-
dog timer is used.

(2) In this program example for the watchdog timer, the vector address setting and program have been
allocated from 003000H for the sake of convenience.

(3) Do not execute the SLP instruction for 2 msec after a NMI interrupt has occurred (when fosci is
32.768 kHz).
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3 WATCHDOG TIMER

Source List

Watchdog timer processing
public wat chdog_reset, nm _intr

hm’ _vector equ 000004h ;wat chdog /nmi interrupt routine
wat chdog equ 003000h ;program start address of fset
br_io equ of fh ;base reg. address (set i/o area)
rt m node equ 00f f 40h ;timer node set address
’ code

Vector address setting for watchdog timer (NMI) interrupt

intr_vectors:

org intr_vectors+nni _vector
dw nm _intr

(1) Watchdog timer reset

org i ntr_vectors+wat chdog
IR S EEEE SRS EEEEE SR SR EEEEEEEEEEEEREEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEESES
- % *
;
D * wat chdog tiner reset *
-k *

B R R R
’

wat chdog_r eset :

I d br, #br_io ;set br reg. address to Of f xxh (1)
or [br:1ow rtmnode], #00000100b ;wat chdogti ner reset
ret

(2) Watchdog timer (NMI) interrupt processing

B R R R R R

s *
-k *

B R R

;* /nm (watchdog) interrupt routine *

nm _intr:

push ale
/nm (watchdog) interrupt routine 2
’ pop al e

rete

end
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4 OSCILLATION CIRCUIT

4 OSCILLATION CIRCUIT

1/0 Map
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF02 Bus release enabl e register 1 K11 BRE! Input port *1
D7 |EBR egser L RILLBREQ IRt | ey
(K11 and R51 terminal specification) | R51 BACK | Output port
Wait control register Number
D6 |WT2 WT2 WT1 WTO of state
1 1 1 14
I 1 1 0 12
1 0 1 10
D5 (WT1 1 0 0 8 0 |RW
] 0 1 1 6
0 1 0 4
D4 |WTO 0 0 1 2
0 0 0 No wait
D3 [CLKCHG| CPU operating clock switch 0sC3 0sC1 0 |RW
D2 [OSCC | OSC3 oscillation On/Off control On off 0 |RW
Operating mode selection
D1vDC1 VDC1 VDCO Operating mode
- 1 x High speed (VD1=3.3V) 0 |RW
0 1 Low power (VD1=1.3V)
D0 \VDCO 0 0 Normal (Vp1=2.2V)

*1 Thisisjust R/W register on S1C88308.

Specifications
CPU clock switching

(1) oscltoosc3: Switching from OSC1 to OSC3
Checks supply voltage and switches system clock from OSC1 (low power mode, Vb1 = 1.3 V) to
OSC3 (normal mode, Vb1 =2.2 V).

(2) osc3tooscl: Switching from OSC3to OSC1
Switches system clock from OSC3 (normal mode, Vb1 = 2.2 V) to OSC1 (low power mode, Vb1 =1.3 V).

Notes

(1) Delay routines for the OSC3 oscillation stabilization waiting time, VD1 voltage stabilization waiting
time (wait time until OSC3 turns on after operating mode switching, 5 msec or more), etc. are not
included in this program example, so it is necessary to create them separately using a hardware timer
or software timer. (external call: osc3_delay, vdl_delay)

(2) Switching operating modes when the supply voltage is lower than the VD1 setting may cause a
malfunction. Hence, perform operating mode switching only after making sure that the power
voltage of SVD is more than the VD1 setting voltage (absolute value). (external call: svd_auto)

The program example sets the NG flag (vdd_ngf) and terminates processing without switching the
system clock, when the supply voltage is lower than the VD1 setting.

(3) When switching from OSC3 to OSC1 (VD1 =22V - 1.3 V), the program example does not perform
special checking of the supply voltage of SVD if the supply voltage is already more than the VD1
setting.

(4) Pay special attention the delay routine setting since the OSC3 oscillation stabilization waiting time
varies somewhat depending on the oscillator and externally attached parts used.

(5) Because of operating voltage considerations, both modes (low power mode and high speed mode)
cannot be used in one application.
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4 OSCILLATION CIRCUIT

Flowchart

(1) Switching from OSC1 to OSC3

C

oscltoosc3

)

(BR setting)

Clears Vbp NG flag

svd_auto_read

‘ ‘ SVD data reading

Stores VbD data

VoD = Level 3 ?

Sets to normal mode
(Vp1=2.2V)

vdl_delay

‘ ‘ Waiting for Vb1 stability time

Sets Vbp NG flag

‘ ‘Turns OSC3 oscillation ON‘ Waiting for OSC3 oscillation stability time

osc3_delay

Switches system clock
to OSC3

J
"

ret

(2) Switching from OSC3 to OSC1

(

osc3tooscl

)

(BR setting)

Switches system clock
to OSC1

‘Tums OSC3 oscillation OFF‘

Sets to low power mode

(Vp1=1.3V)
\
‘ ‘ vdl_delay ‘ ‘ Waiting for Vb1 stability time
[
C ret )
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4 OSCILLATION CIRCUIT

Source List
CPU clock switching
ext ernal osc3_del ay, vd1l_del ay
ext er nal svd_aut o_r ead
public osclt oosc3, osc3t ooscl
public vdd_ngf, vdd_dat a
br_io equ offh ;base reg. address (set i/o area)
node equ 00f f 02h ;mecu/ / mpu node control address
’ data
vdd_ngf: db [1] ;vdd ng flag
vdd_dat a: db [1] ;vdd detection data
code

(1) Switching from OSC1 to OSC3

IR R EEEEEEEEEE SRR R RS EE R R RS EEREEEEEEREREEEEREEEREEEEEEEEEEEEEREEEEESEERESEEEEEEEESES
* *
;* change oscl(l ow power npbde [vdl=1.3v]) to osc3(nornmal node [vdl=2.2v]) *
.k *

B R R R R R

bscltoosc3
|

br, #br _io ;set br reg. address to Of f xxh
xor a, a
Id [lod vdd_ngf], a ;vdd ng flag clear
| d [l od vdd_data], a :vdd data store
carl svd_auto_read ;svd check ***
Id [lod vdd_data], a ;vdd store
cp a, #03h ;areg=svd data
jrs c, osclt oosc300 ;vdd >= level 3
and [br:1ow node], #11111100b ; change node to normal (vdl to 2.2v)
or [br:1 ow node], #00000100b ;0sc3 clock on
carl osc3_del ay ;osc3 start up delay ***
or [br:1ow node], #00001000b ; change systemcl ock to osc3

jrs osclt oosc301

6SC1tOOSC3OO

a, #0ffh
Id [lod vdd_ngf], a ;vdd ng flag set
osclt oosc301:
ret

(2) Switching from OSC3 to OSC1

B R R R R R R R R R R R R
* *
;* change osc3(normal npde [vdl=2.2v]) to oscl(low power node [vdl=1.3v]) *
-k *

B R R R

osc3tooscl
|

br, #br _io ;set br reg. address to Of f xxh
and [br:1ow node], #11110111b ; change systemclock to oscl
and [br:1ow node], #11111011b :0sc3 clock off
or [br:1ow node], #00000001b ;change node to | ow power (vdl to 1.3v)
carl vdl_del ay ;vdl delay ***
ret
end

@

@
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5 INPUT PORTS (K PORTS)

5 INPUT PORTS (K PORTYS)

I1/0O Map
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF50 (D7 [SIKO7 _ |KO7 interrupt selection register
D6 [SIK06 K06 interrupt selection register
D5 |SIKO5 |KO5 interrupt selection register
D4 [Sikos [Ko4 intermupt sdectionregister | mampt | o | |
D3 [SIKO3 |KO3interrupt selection register enable disable
D2 [SIK02  |KO2interrupt selection register
D1 [siko1 [KoLintemupt sdectionregister
DO [SIKOO |KOO interrupt selection register
OOFF51 | D7 |- - - _ —
D6 |— - — _ _
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
[D1|SIK11 [K11interrupt selection register interrupt | nterpt ||
DO |SIK10 |K10 interrupt selection register enable disable
OOFF52 D7 |KCPO7_ |KO7 interrupt comparisonregister
D6 |KCPO06 |KO6 interrupt comparison register
05 |KCPOS [KoS ntemupt comparisonregister | imarpt | s
D4 |KCPO4 | KO4 interrupt comparisonregister generated | generated | |
D3 |KCPO03 |KO03 interrupt comparison register at falling at rising
D2 |kCPo2 [Ko2 intemupt comparisonregister | e | e
D1 |KCPO1 |KOLinterrupt comparisonregister
DO |[KCPOO |KOO interrupt comparison register
O0FF53 | D7 |- - - - -
D6 - - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1|KCP11 |K1linterrupt comparisonregister Fdling | Rising | | |*2
DO [KCP10 |K10 interrupt comparison register edge edge
O0FF54 | D7 |KO7D KO7 input port data
06 |koeD  [Koinputportdaa
D5 |K0SD _ |KOSinputportdata
D4 |K04D _[KO4inputportdata Highlevel | Lowlevel | |
D3|K03D _ |KO3inputportdata input | input
D2 |K02D _[KO2inputportdata
D1 |K0O1D KOl input port data
(DO [KoOD  [KoOinputportdata
OOFF55 | D7 |— - - - -
D6 - - - - -
D5 |- - - - _ Constantly "0" when
D4 |- - - - _ being read
D3 |- - - - _
D2 |- - - - _
D1/K11D _ |Kilinputportdata Highlevel | Lowlevel || |3
DO |K10D K10 input port data input input

*1 Set constantly "0" on S1C88308.

*2 Set constantly "1" on S1C88308.

*3 Constantly "1" when being read on S1C88308.
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5 INPUT PORTS (K PORTS)

I1/O Map
Address| Bit | Name Function 1 0 SR |R/IW Comment
00FF20 | D7 |PKO1 ) o
i et KO0-KO7 interrupt priority register 0 |RIW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
T ey Serial interface interrupt priority register PSW1 PSWO Priority 0 |RW
D4 |PSIFO PTM1 PTMO _ level
D3 |PSW1 1 1 Levds
o b Stopwatch timer interrupt priority register 1 0 Levd?2 0 |RIW
D2 |PSWO P PP yreg 0 1 Level 1
D1|PTM1 0 0 LeeO
e A Clock timer interrupt priority register 0 |RIW
DO |PTMO
00FF21| D7 |- — — _ —
D6 |- — - - - Constantly "0" when
D5 |- — - - - being read
D4 |- - - - -
D3 |PPT1 PPT1 PPTO Priority
il e Programmable timer interrupt priority register PK11 PK10 _ level 0 |RIW
D2 [PPTO 1 1 Leve 3
D1 |PK11 1 0 Led2
T IR K10 and K11 interrupt priority register 0 1 Level 0 |RIW
DO [PK10 0 0 Level O
00FF23| D7 |[EPT1 _ |Programmable timer 1 interrupt encble register
D6 [EPTO Programmable timer O interrupt enable register
DS |EK1 __|K10end K1linterruptenbleregister
D4 |EKOH _ [KO4-KO7 interupt encbleregister Interupt. | Intermupt ||
D3 |EKOL K00-K 03 interrupt enable register enable disable
| D2 |ESERR | Seridl I/F (error) interrupt encbleregister
| D1 |ESREC | Serial I/F (receiving) interrupt enable register
DO |ESTRA |Serid I/F (transmitting) interrupt enable register
00FF25| D7 |FPT1 | Programmable timer 1interrupt factor flag | (R) ®)
D6 |FPTO Programmable timer O interrupt factor flag Interrupt | No interrupt
[DS|FK1 __|K10andK1linterruptfactorflag factoris | factor is
D4 |FKOH _ |KOA-KO7interrupt factor flag | generated | generated | |\
D3 |FKOL K00-K 03 interrupt factor flag
| D2 |FSERR | Seridl I/F (error) interrupt factor flag W) W)
D1 |FSREC |Sarial I/F (receiving) interrupt factor flag | Reset | No operation
DO |FSTRA |Serial I/F (transmitting) interrupt factor flag
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5 INPUT PORTS (K PORTS)

Specifications

Control of input port (K port)
Vector address setting for input port (K port) interrupt
(1) input_normal: Data reading from normal input port (K port)

(2) input_keyscan:Key scan for 8 x 2 key matrix
Assumes the key matrix has been configured with input and output as shown in Figure 5.1, and
specifies the key pressed and then stores the data into the RAM area named key_data.

<Conditions>
K07-KO00 ports: Input with pull-up resistor (mask option setting)
RO1, ROO ports: Nch open drain output (mask option setting)

+1

key_data: 1 word
7 6 5 4 3 2 1 0
key_data +0 |\ o7 | ko6 | K05 | K04 | K03 | K02 | KO1 | KOO | (ROO)
KO7 | K06 | K05 | K04 | K03 | K02 | K01 | KOO | (RO1)

AAAAAAAA
WP EV.rY.

Flg. 5.1 Key matrix

(3) input_keywait, input_keyintr: Interrupt condition setting and interrupt processing for input port (K port)
Generates an IRQ3 interrupt when changing the input port K10 and K11 from HIGH to LOW.

K11 v
K10 I

Interrupt Interrupt
(IRQ3) (IRQ3)
Fig. 5.2 Interrupt generation timing
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5 INPUT PORTS (K PORTS)

Flowchart
(1) Data reading from normal input port (K port) (2) Key scanning on 8 x 2 key matrix
(__input_normal ) (_ input_keyscan )
‘ (BR sLtting) ‘ ‘ (BR sLtting) ‘
‘ KOx port dgta reading ‘ ‘ Key scan output from R0O ‘
‘ K1x port d;ta reading ‘ ‘ KOx port data reading ‘
( r‘et ) ‘Stores data into [key_data + O]‘

Delay routine to absorb
waveform rising delay

‘ ‘ scan_delay ‘

| Key scan output from RO1 |

‘ KOx port data reading ‘

‘Stores data into [key_data + 1]‘
\

Delay routine to absorb
waveform rising delay

‘ ‘ scan_delay ‘

C ret )

(3) Interrupt condition setting and interrupt processing for input port (K port)

( input_keywait ) ( input_keyintr )
\ \
‘ (BR setting) ‘ ‘ Register evacuation ‘
\ \
Sets interrupt priority level K11 and K10 interrupt
to IRQ3 processing routine
\ \
Input comparison register setting| Sets to generate interrupt ‘ Clears K1x interrupt factor flag ‘
(K11, K10) ~ (1, 1) at falling edge of K11 and K10 inputs [
[ ‘ Register return |
Interrupt selection register setting| Enables K11 and K10 interrupts [
(K11, K10) « (1, 1) C rete )

‘ Enables K1x interrupt ‘

[
\ Clears 10 flag

\
Waiting K11 and K10

input interrupts

Enables IRQ3 interrupt

Note: The S1C88308 does not
have K11 terminal.
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5 INPUT PORTS (K PORTS)

Notes

(1) When the pull-up resistor option has been set to "with resistor”, a delay in the waveform rise time will
occur depending on the time constant of the input gate capacitance when changing the input terminal
from LOW to HIGH. For this reason, set an appropriate wait time (for reference, approximately 500
psec) for the introduction of the input port. In particular, special attention should be paid to key
scanning for key matrix formation.

(2) Note that the K11 terminal cannot be used as an input port when the K11 terminal has been set for
input of the bus release request (BREQ) signal.
See Part | in this manual, "S1C88348/317/316/308 Technical Hardware", for details of the bus release
sequence.

(3) The K10 terminal doubles as the input terminal of the programmable timer/event counter with input
port functions sharing the input signal as it is. For this reason, when the K10 terminal has been set to
the input terminal of the programmable timer/event counter, pay attention to interrupt setting.

See "12 PROGRAMMABLE TIMER", for the control of the programmable timer/event counter.

(4) To reset the interrupt factor flag, write "1" into the corresponding flags alone, using the AND or LD
instruction. When the OR logic operation instruction has been used, "1" is written for the interrupt
factor flags that have been set to "1" within the same address and those flags are then clear.

(5) The interrupt flags (11 and 10) have not been reset in the interrupt processing routine of this program
example, so an interrupt lower than IRQ3 level is disabled at the time of generation. When you wish
to accept the next interrupt after an interrupt has been generated, re-setting of the interrupt flags or
resetting the interrupt factor flag is necessary after due consideration for the nesting level.

(6) A noise reject circuit is not included in the input port (K port).
In particular, when input port data is read using an interrupt, the interrupt may generate one of the
another by key chattering. For this reason, some measure must be devised such as adding noise reject
processing in software or with an external.

(7) In this program example for input port (K port), the vector address setting and program have been
allocated from 003000H for the sake of convenience.

(8) The S1C88308 does not have K11 terminal.

Source List
Control of input port (K port )
ext ernal scan_del ay
public i nput _normal , i nput _keyscan, i nput _keywai t, i nput _keyintr
public key_data
k1x_vect or equ 00000ah ; klx interrupt vector address offset
keyi nput equ 003000h ;program start address of fset
br_io equ of fh ;base reg. address (set i/o area)
si kl equ 00f f 51h ;interrupt selection reg. for kix
kcpl equ 00f f 53h ;interrupt conparison reg. for kilx
kod equ 00f f 54h ;input port data from kOx
k1d equ 00f f 55h ;input port data from klx
rod equ 00f f 73h ; rOx out put data
intr_pri equ 00f f 21h ;interrupt priority reg. O
intr_enl equ 00f f 23h ;interrupt enable reg. 0
intr_facl equ 00f f 25h ;interrupt factor flag reg. O
data
key_dat a: dw [1]
code

11-18 EPSON S1C88348/317/316/308 TECHNICAL SOFTWARE



5 INPUT PORTS (K PORTS)

Source List

Vector address setting for input port (K port) interrupt

intr_vectors:

org intr_vectors+klx_vector
dw i nput _keyintr ; k1x interrupt processing routine

(1) Data reading from normal input port (K port)

org i ntr_vectors+keyi nput
IR R R SRR RS SRR S E SRS SRR S EREE SRR RS RE R EER RS EER R R RREEEEEEEEEEEEEEEEEEEESE]
;
*
* k(i nput) port read (normal) *
P x a <- kOx(conpl enent ary) *
0 * b <- klx(conplenentary) *
* *
Z************************************************************************
;

i nput _nor mal :

I d br, #br_io ;set br reg. address to Offxxh

Id a, [br:1ow kod] : k07-00 port read 1)
Id b, [ br: | ow ki1d] ; k11- 00 port read

ret

(2) Key scanning on 8 x 2 key matrix

B ]

k(i nput) port read (key scan)
k07 k06 k05 k04 k03 k02 k01 kOO(pul | up)
r00(n-ch. o.d)
rol(n-ch. o.d)

key data+0(r10) <- k07 k06 k05 k04 k03 k02 k01 k0O
key_data+1(r11) <- r07 k06 k05 k04 k03 k02 k01 k0O

* %k ok k% ok ok F

*
*
*
*
*
*
*
*
*

’
’
’
’
’
’
’
’
’
’
B R R R R
’

i nput _keyscan: N
| d br, #br _io ;set br reg. address to Of f xxh
and [br:l1ow ro0d], #11111110b ;100 key scan out put
Id a, [ br: 1 ow k0d] ; kOx port read
Id [l od key_data+0], a ; key_data save
carl scan_del ay ; key scan delay *** )
and [br:low ro0d], #11111101b ;r01 key scan out put
Id a, [ br: 1 ow k0d] ; kOx port read
Id [l od key_data+1l], a ; key_data save
carl  scan_del ay ; key scan delay ***
ret

(3) Interrupt condition setting and interrupt processing for input port (K port)

B R R R R R

B R R R R R

;* k(input) port read (interrupt) *
P x k11,10 <- /irqg3 falling edge ("h" - "I") interrupt *

i nput _keywai t:

| d br, #br _io ;set br reg. address to Of f xxh

or [br:low intr_pri1], #00000011b ;set pkll and 10 to /irq3

Id [br:1ow kepl], #00000011b :k11,10 falling edge (h -> 1) 3)
| d [br:low sikl], #00000011b ; k11,10 interrupt enable

or [br:1ow intr_enl], #00100000b ; ekl (k11,10) interrupt en.
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5 INPUT PORTS (K PORTS)

SourceList
Id [br:1ow rod], #00000000b ;waiting key on r0d scan | ow out put
I d a, sc
and a, #00111111b
or a, #10000000b
Id sc, a ;10 flag clear (en. /irgq3 intr.)

;waiting k11,10 interrupt

’
B R R R R R

- % *
-k *

* k1x interrupt processing routine *
Z~k~k‘)c:\'*~k~k3\'*~k~k>\'*~k~k**~k~k**~k~k*3\“):**3\“):**3\“):*":>\’~k~k‘)¢3\“):~k‘)c:\'*~k~k3\'*~k~k>\'*~k~k**~k~k**~k~k*s\ﬂk**s\ﬂk*
i nput _keyintr:
push ale
; k11l and 10 interrupt processing routine
and [br:low intr_facl], #00100000b ;clear fki1 (k11,10) flag
pop al e
rete

end

@)
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1/0O Map

6 OUTPUT PORTS (R PORTS)

6 OUTPUT PORTS (R PORTS)

Address

Bit

Function

SR

R/W

Comment

00FF70

D7

R51 high impedance control

R50 high impedance control

High
impedance

Comple-
mentary

R/W

*1

R/W register

R/W register

R/W

Reserved register

R14-R17 high impedance control

R0O0-R03 high impedance control

High
impedance

Comple-
mentary

R/W

00FF71 |

R27 high impedance control

R20 high impedance control

High
impedance

Comple-
mentary

R/W

00FF72 |

R37 high impedance control

R30 high impedance control

High
impedance

Comple-
mentary

R/W

These are just
R/W registers
on S1C88308

00FF73|

RO7 output port data

ROO0 output port data

High

Low

R/W

00FF74 |

R17 output port data

R10 output port data

High

Low

R/W

00FF75 |

R27 output port data

R20 output port data

High

Low

R/W

*1 Thisisjust R/W register on S1C88308.
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6 OUTPUT PORTS (R PORTS)

1/0 Map
Address| Bit | Name Function 1 0 SR [R/W Comment
00FF76 | D7 |[R37D | R37 output port data These arejust
R/W registers
on S1C88308
High Low 1 |RIW
00FF77 |
1 0 1 |R/W |Reserved register
(Do [R40D  |RW register
OOFF78 | D7 |— - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1[R51D [Rsloutputportdata | | High | Low | 1 [RW|-1
DO |R50D R50 output port data High Low 0 [RW
O0FF10 | D7 |— — - _ —_
D6 I— — N N ~ Constantry "0" when
being read
D5 |- - - - -
D4 [LCCLK |CL output control for expanded LCD driver On Off 0 |RW
D3 [LCFRM |FR output control for expanded LCD driver On Off 0 |RW
D2 [DTENT |LCD dot font selection 5x5dots | 5x8dots 0 |RW
D1 [LDUTY |LCD driveduty selection 1/16 duty 1/32 duty 0 |[R/W|[*2
DO [SGOUT |R/W register 1 0 0 | R/W |Reserved register
OOFF30 | D7 |- - - - - Constantry "0" when
D6 [— - - - - being read
D5 |- - - - -
D4 [MODEL16 | 8/16-bit mode selection 16-bit x 1 8-bit x 2 0 |RW
D3 [CHSEL |TOUT output channel selection Timer 1 Timer 0 0 |RW
D2 [PTOUT |TOUT output control On Off 0 |RW
D1 [CKSEL1|Prescaler 1 source clock selection foscs fosct 0 |RW
DO [CKSELO| Prescaler 0 source clock selection foscs fosct 0 |RW
O0FF44 | D7 |- - - - - Constantry "0" when
D6 [BZSTP |One-shot buzzer forcibly stop Forcibly stop|No operation| — W | being read
D5 [BZSHT |One-shot buzzer trigger/status i, R | Buy | Ready | O |RW
i w Trigger |No operation
D4 [SHTPW | One-shot buzzer duration width selection 125msec | 31.25msec | O |[R/W
D3 [ENRTM | Envelope attenuation time 1sec 0.5 sec 0 |RW
D2 [ENRST |Envelope reset Reset No operation| — W ["0" when being read
D1 [ENON |Envelope On/Off control On Off 0 |R/W|[*3
DO [BZON | Buzzer output control On Off 0 |RW

*1 Thisisjust R/W register on S1C88308.
*2 When 1/8 duty has been selected by mask option, setting of this register becomesinvalid.
*3 Reset to "0" during one-shot output.
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6 OUTPUT PORTS (R PORTS)

1/0 Map
Address| Bit | Name Function 1 0 SR |[R/W Comment
00FF40| D7 |- - - - - "0" when being read
D6 [FOUT2 |FOUT frequency selection 0 |RW
FOUT2 FOUT1 FOUTO Frequency
0 0 0 fosci/1
pslFout1 | 0 0 1 fosci/2 0 |RW
0 1 0 fosci/ 4
0 1 1 fosc1/8
I D 1 0 0 fosca/l .| | 1.
D4 |FOUTO 1 0 1 fosca/ 2 0 |RW
1 1 0 fosca/ 4
1 1 1 fosca/ 8
D3 |FOUTON|FOUT output control On Off 0 |RW
D2 |WDRST |Watchdog timer reset Reset No operation| — | W |Constantly "0" when
D1 |[TMRST |Clock timer reset Reset No operation| — | W [beingread
DO |[TMRUN | Clock timer Run/Stop control Run Stop 0 |RW

Specifications
Control of output port (R port)

(1) initoutput_normal, output_normal: Normal DC output
Sets the R3x port to complementary output and outputs HIGH and LOW to R35-R37.

(2) init_hiz, output_hiz: High impedance output control
First sets the R5x port to complementary output and then switches between high impedance output
and complementary output to operate the high impedance control register.

(3) fout _init, fout_control: FOUT output control
Controls the turning ON/OFF of the FOUT output.

Notes

(1) Besides normal DC output, output port terminals are Table 6.1 Special output
shared with the special output shown in Table 6.1, and Output port Special output
which is used can be selected in software. When using R25 CL output
speua: lc))utpu'zj it sho;JIdtbe n?ted so that the port R26 FR output
cannot be used as output port. R27 TOUT output
For control of special output except for FOUT output R34 FOUT output
(R34 terminal), see the following chapters: R50 BZ output
e TOUT output (R27) ...covcevvereireeievieiesienns "12 PROGRAMMABLE TIMER"
< CL output (R25), FR output (R26) .......... "13 LCD CONTROLLER"
e BZ output (R50) ....covvervireiciiiieeseieieiienas "14 SOUND GENERATOR"

(2) Please note that in accordance with the bus mode and system controller settings or when using bus

release for DMA transfer, the following output port terminals are used for the address bus, RD/WR
signals, CE3-CEO signals and BACK outputs and cannot be used as an output port.

(3) R35-R37 terminals can be used only when the S1C883xx chip is being shipped.
(4) The S1C88308 does not have R51 terminal.

S1C88348/317/316/308 TECHNICAL SOFTWARE EPSON 11-23



6 OUTPUT PORTS (R PORTS)

Notes
. Table_6.2 Output port Special output
Combined output terminal ROO_RO7 AOAT
R10-R17 A8-A15
R20-R22 A16-A18
R23 RD signal
R24 WR signal
R30-R33 CEO-CE3 signadls
R51 BACK signal
Flowchart

(1) Normal DC output

(_initoutput_normal )
[

(BR setting) ‘

‘Sets R3x to complementary output‘

C ret )

(2) High impedance output control

C init‘_hiz )

‘ (BR setting) ‘

[
R51, R50 ~ HIGH output

‘ Sets R5x to complementary output‘
[

C ret )

(3) FOUT output control

C

fout_init
\

(BR setting)

‘Sets R34 to complementary output‘

FOUT frequency setting ‘ 0OSC1*1/2
[

ret

C D)

Note: The S1C88308 does not have R51 terminal.

C D)

‘ (BR setting) ‘

output_normal

| R37 - LOWoutput |

[
| R37 < HIGH output |

R36 ~ HIGH output
R35 ~ LOW output
[

C ret )

(_ output_hiz )
[
‘ (BR setting)
I At this time, output
‘ Sets R5x to high impedance ‘ shifts from HIGH to
\ high impedance.
| R51,R50 — LOW output |
[ At this time, output
‘Sets R5x to complementary output‘ shifts from high
[ impedance to LOW.

C ret

)

C

fout_control

(BR setting)

[
| R34 — HIGH output

\
FOUT ON

‘ (Processing) ‘

\
FOUT OFF

ret

| FOUT enabled

)

C
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6 OUTPUT PORTS (R PORTS)

SourceList
Control of output port (R port)
public i ni t out put _nor mal , out put _nor mal
public i nit_hiz,output_hiz
public fout_init,fout_control
Br_i o] equ offh ;base reg. address (set i/o area)
hzr _ex equ 00f f 70h ; expand output control reg.
hzr3 equ 00f f 72h ; r3x output control reg.
r3d equ 00f f 76h ;r3x output data
r5d equ 00f f 78h ; r5x out put data
rt m node equ 00f f 40h ;timer node set reg.
code

(1) Normal DC output

B R R R

* r(output) port control (normal) *
P x r37 <- "I" then "h (conpl enent ary) *
* r36,35 <- "h","I" (conpl ement ary) *
*

;
;
;
;
;
- %
;
IR R EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEREEREEREEEEREERERERERESREEEEESEERESERESEESEEES]
;

*** initialize routine

i ni toutput_normal:

I d br, #br_io ;set br reg. address to Offxxh
Id [br:1ow hzr3], #00000000b ;set r3x conpl enentary out put
ret

B R R R R R
’

;***% control routine

out put _nor mal : 1)
I d br, #br_io ;set br reg. address to Offxxh
and [br:low r3d],#01111111b ;r37 <- "1" output
or [br:1ow r3d], #10000000b ;r37 <- "h" out put
Id a, [br:low r3d] ;r3x output port read
and a, #10011111b
or a, #01000000b
Id [br:lowr3d],a ;r36 <- "h" and r35 <- "I" output
ret -
(2) High impedance output control
IR R R SRR RS EE RS SRR SRR RS EREE SRR SRR R EER RS EERR R RREEEREEEEEEEEEEEEEEEES]
*
0 * r(output) port control (hi-z) *
P x r50,51 <- "h","h" (conplenentary at init.) *
* *
L* <- "hi-z" *
P * SO B (conpl enent ary) *
* *
;***initializerotine B
init_hiz:
Id br, #br_io ;set br reg. address to Of f xxh
or [br:1ow r5d], #00000011b ;r51,50 <- "h"
and [br:low hzr_ex], #00111111b ;r5x <- conpl enentary out put
ret
IR R R SRR RS EE RS R R RS EEE SRR E SRR R SRR R R RS EERR R RREEEEREEEEEEEEEEEEEEESESE] 2
;*** control routine ( )
out put _hi z:
I d br, #br_io ;set br reg. address to Offxxh
or [br:low hzr_ex], #11000000b ;r5x <- high inpedance ("hi-z")
and [br:1ow r5d], #11111100b ;r51,50 <- "I" output
and [br:1ow hzr_ex], #00111111b ;r5x <- conpl enentary out put
ret
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6 OUTPUT PORTS (R PORTS)

Source List

(3) FOUT output control

-k

* fout control
*

;*** initialize rotine
fout_init:
I d br, #br io

Id a, [br:low rtmnode]
and a, #00000111b

or a, #00010000b

Id [br:1ow rtmnode], a
ret

;*** control routine
fout_control:

and  [br:low hzr3],#11101111b

B R R R R R

B R R

;set br reg.

;set r34 conplenmentary out put

:set fout=foscl/2

B R R

*
*

*

address to Of f xxh

©)

or [br:1ow r3d], #00010000b ;r34="h" (fout enable)
or [br:1ow rtmnode], #00001000b ; fout on
ot her processing
’ and [br:1ow rtmnode], #11110111b ;fout off
ret ]
’ end
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7 1/0 PORTS (P PORTS)

7 1/0 PORTS (P PORTS)

I1/O Map
Address| Bit| Name Function 1 0 SR [R/W Comment
00FF60| D7 |lOC07 _[PO7 /O control register
D6 I0C06 _|PO6 /O control register
D5 [I0C05 _|PO5 /O control register
D4 |I0C04 | P04 1/O control register
e Pttt Ieviotiiet iy AUt Output Input 0 |RW
D3[I0C03 _|PO3 N0 control register
D2[I0C02 |P021/0 control register
D1/l0C01 _|POLVO control register
DO [IOC00 | POO I/O control register
00FF61[D7[10C17 |P171/O control register
D6 [I0C16 _|Pi61/Ocontrol register
D5]10C15 |P15I/Ocontrol register
D4 |I0C14 |P141/O control register
il Pttt vl St Output Input 0 |RW
D3[I0C13 _|P13VOcontrol register
D2[I0C12 _|P121/Ocontrol register
D1]I0C11 |PL11/Ocontrol register
DO [IOC10 |P10 I/O control register
00FF62(D7[PO7D _|PO7W/Oportdata
D6|PO6D _|PONOpottdata
D5|POSD _|POsW/Oportdata
D4 |P04D P04 1/0 port data .
i Pt Ieviotetsiet il High Low 1 |RIW
D3|P03D  |PO3lOportdata
D2]P02D  [PO2l/Oportdata
D1|PO1D __|PO1l/Oportdata
DO [POOD POO I/O port data
00FF63(D7[P17D  |PA7W/Oportdata
D6|P16D |Pl6W/Oportdata
D5|P15D  |Pis/Oportdata
D4 |P14D P14 1/0O port data )
Ui Pt Ittt High Low 1 |RIW
D3|P13D _|P3l/Oportdata
D2|P12D |P2\/Oportdata
D1|P11D  |P11l/Oportddta
DO |[P10D P10 I/O port data
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7 1/0 PORTS (P PORTS)

Specifications

Control of 1/0 port (P port)

(1) initio_normal, io_normal: Normal data input/output of I/O port
Sets POx port as input and P1x port as output, and then waits for a HIGH input to P07 port. When
P07 shifts to HIGH, reads POx input data and outputs 55H to P1x.

(2) init_switch, io_switch: Scan for 2 x 2 switch matrix
Assumes the switch matrix has been configured with input and output as shown in Figure 7.1, and
specifies the key pressed and then stores the data into the RAM area named switch_data.

<Conditions>

P10, P11 ports:  Input with pull-up resistor
R51, R50 ports:  Nch open drain output (software setting)

switch_data: 1 byte

7 6 5 4 3 2 1 0

switch_data P11 |P10 |P11 |P10
0 1 0| 0| 0 'z Rs1 Rsol Rs0

R51 R50
V&ive

P11

P10

Fig. 7.1 Switch matrix

Flowchart
(1) Normal data input/output of I/O port

(__initio_normal ) C io_normal )
\ \

‘ (BR setting) ‘ ‘ (BR setting) ‘
\

‘ Sets POx to input mode ‘

\ N
‘ HIGH output to all of P1x ‘

«—

[ Y

‘ Sets P1x to output mode ‘ ‘ POx reading ‘
\ \

( ret ) ‘ Outputs 55H to P1x ‘

C ret )
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Flowchart

7 1/0 PORTS (P PORTS)

(2) Scan for 2 x 2 switch matrix

( init_switch )
\
‘ (BR setting) ‘
[

‘ Sets P1x to input mode ‘

\
‘ Sets R5x to high impedance ‘

\
| R51,R50 — LOW output |

C ret )

( io_switch )
\

‘ (BR setting) ‘
\

‘ Clears A register ‘

‘Loop counter (twice) setting‘

‘ Clears switch_data ‘

[
‘ A register — 20H

‘ Scan output initial data

J

"

‘ Shifts A register to left

‘ EXSEEEEE

‘ Evacuates BA register ‘

‘ High impedance control ‘ Low output for scan — High impedance

‘ Returns BA register ‘

‘ Evacuates HL register ‘

‘ ‘ switch_delay

‘ Returns HL register ‘

‘ ‘ Delay routine to absorb waveform rising delay

Y (Switch off)

N (Switch on)
‘ Clears carry flag ‘ ‘

Sets carry flag ‘

L ‘
“

\
‘Rotates switch_data to Ieft‘ [ T 144+ }J

Y (Switch off)

N (Switch on)
‘ Clears carry flag ‘ ‘

Sets carry flag ‘

L ‘
“

‘Rotates switch_data to Ieft‘ ‘ ‘ ‘*F‘JF‘JF‘JF }J
\

‘ Loop counter - 1 ‘
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7 1/0 PORTS (P PORTS)

Notes

()

@

©)

In the input mode, when changing the port terminal from LOW to HIGH with a pull-up resistor, a
delay in the waveform rise time will occur depending on the time constant of the pull-up resistor and
input gate capacity. Hence, when reading data from the input port, set an appropriate wait time (for
reference, approximately 500 psec). Care is particularly required in key scanning for key matrix
configuration. (external call: switch_delay)

Besides normal DC output, |70 port terminals are shared with the special output shown in Table 7.1,
and which is used can be selected in software. When using special output, it should be noted so that
the port cannot be used as 170 port.

Table 7.1 Special input/output

1/O port Special output

P10 SIN

P11 SOUT

P12 SCLK
P13 SRDY
P14 CMPPO
P15 CMPMO
P16 CMPP1
P17 CMPM1

For details of each control procedure, see the following chapters:

- SIN (P10), SOUT (P11), SCLK (P12), SRDY (P13)
........... "8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS SYSTEM)"
........... "9 SERIAL INTERFACE 2 (ASYNCHRONOUS SYSTEM)"

= CMPPO (P14), CMPMO (P15), CMPP1 (P16), CMPML1 (P17)
........... "15 ANALOG COMPARATOR"

Please note that in accordance with the bus mode and system controller settings, POx terminals are
used for the data bus and cannot be used as an 170 port.

Table 7.2 Combined data bus terminal

1/O port Special output
PO0-P07 DO-D7
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Source List

7 1/0 PORTS (P PORTS)

Control of I/O port (P port)

ext ernal swi t ch_del ay
public initio_normal,io_nornal
public init_switch,io_swtch
public switch_data
br_io equ offh ;base reg. address (set i/o area)
iocO equ 00f f 60h ;pOx i/0 control reg.
iocl equ 00f f 61h ;plx i/0 control reg.
pod equ 00f f 62h ; pOx port data
pld equ 00f f 63h ;plx port data
hzr _ex equ 00f f 70h ; expand output control reg.
r5d equ 00f f 78h ;r5x output data
data
swi t ch_dat a: db [1]
code

(1) Normal data input/output of I/O port

B R R ]

;¥** initialize routine
initio_normal:

:* p(i/o) port control (normal) *
0 * pOx (input:gate direct) *
P * plx (output) <- pl7-10 (all "h") *
* *
0 * p07 (input) <- waits "I" to "h" then pOx data read *
P * pOx (input) <- pOx port data read *
.k *
z************************************************************************

| d br, #br _io ;set br reg. address to Of f xxh
Id [br:1ow ioc0], #00000000b ;set iocO (p07-00=i nput)

Id [br:low pld], #11111111b ; pl7-10(output) <- "h"

Id [br:lowiocl], #11111111b ;set iocl (pl7-10=out put)

ret

B R R ]
’

;***% control routine
io_nornal :

| d br, #br _io ;set br reg. address to Of f xxh

i o_normal 00:
bi t [br:1ow pOd], #10000000b ;p07 = "h" ?
jrs z, i o_normal 00

Id a, [br:low p0d] ; pOX i nput
Id [br:low pld], #01010101b ; plx out put
' ret

@
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7 1/0 PORTS (P PORTS)

Source List

(2) Scan for 2 x 2 switch matrix

R R R

* p(i/o) port control (internal pull up delay) *
* r51 r50(n-channel open drain) *
* pli(pull up) *
* pl0(pul I up) *
* 7 6 5 4 3 2 1 0 *
* switch data 0 O O O r51/pll r51/p10 r50/pll r50/p10 *

*

R R R R R R R

*** jnitialize routine
init_swtch:

I d br, #br_io ;set br reg. address to Of f xxh
Id [br:lowiocl], #00000000b ;set iocl (pl7-10=i nput)

or [br:1ow hzr_ex], #11000000b ;r5x <- high inpledance "hi-z"
and [br:low r5d], #11111100b rbx <= "I

ret

B R R R R
’

;*** control routine

io_swtch:
I d br, #br_io ;set br reg. address to Offxxh
xor a,a
I d b, #2 ;switch scan | oop counter
I d hl, #l od switch_data ;switch data buffer
I d [hI],#0 :clear switch data buffer
I d a, #00100000b ;scan init. data set
swi t ch00:
sl | a :scan data nove bitO to 7
push ba ;escape scan data
Id b, [br: 1 ow hzr_ex] ;r5x hi-z control ("hi-z" <->"I")
and b, #00111111b
or a, b
Id [br:1ow hzr_ex], a ;r5x scan data control with hi-z
pop ba
push hl 2)
carl switch_del ay ;switch scan delay ***
pop hi

bi t [br:low pld], #00000010b
jrs nz, swtch0l
;switch (pll) on "1™
and sc, #11111101b
jrs swi t ch02
;switch (pll) off "h"

;conpare pll port |evel

;clear carry flag

swi t ch01:
or sc, #00000010b ;set carry flag
swi t ch02:
rl [hl] ;set switch data buffer
bi t [br:1ow pld], #00000001b ;conpare pl0 port |evel
jrs nz, switch03
;switch (pl0) on "1™
and sc, #11111101b ;clear carry flag
jrs swi t ch04
;switch (pl0) off "h"
swi t ch03:
or sc, #00000010b ;set carry flag
swi t ch04:
rl [hl] ;set switch data buffer
djr nz, swi t ch00
ret
end
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

8 SERIAL INTERFACE 1
(CLOCK SYNCHRONOUS INTERFACE)

I1/O Map
Address| Bit | Name Function 1 0 SR |R/W Comment
OOFF48 | D7 |- - - - "0" when being read
D6 |[EPR Parity enable register With parity | Nonparity | O | R/W |Only for
D5 |PMD Parity mode selection Odd Even 0 | R/W |asynchronous mode
D4 [SCS1 |Clock source selection 0 | R/W |Intheclock synchro-
SCS1 SCSO Clock source nous slave mode,
] 1 1 Progranmabletimer | | | | external clock is
D3 |SCS0 1 0 fosca/ 4 0 |R/W |selected.
0 1 fosca/ 8
0 0 fosca/ 16
D2 |SMD1 |Serial I/F mode selection 0 |RIW
SMD1 SMDO Mode
] 1 1 Asynchronous8-bit | | | |
D1 |SMDO 1 0  Asynchronous 7-bit 0 |RW
0 1  Clock synchronous slave
0 0 Clock synchronous master
DO |ESIF Seria I/F enable register Serial I/F 1/0 port 0 |RW
OOFF49 | D7 |- - - - - "0" when being read
D6 |FER Framing error flag 37 R| Emor | Noerror | O |R/W Onlyfor
W | Reset(0) |Nooperation asynchronous mode
D5 |PER Parity error flag LR””!Eirrioir””i[\lioieir[qr” 0 |RW
3 W | Reset(0) |No operation
D4 |OER Overrun error flag 3, R| FEmor | Noeror | 0 |RW
i W | Reset(0) |No operation
D3 |RXTRG |Receive trigger/status "R| Ru | Sop | O |RW
3 W | Trigger |No operation
D2 |RXEN |Receiveenable Enable Disable 0 |RW
D1 |TXTRG |Transmit trigger/status ' R| Run | Stop | 0 |RIW
" W /| Trigger |No operation
DO |[TXEN |Transmit enable Enable Disable 0 |RW
00FF4A(D7 [TRXD7_TransmitReceive dataD7 (MSB)
D6 |TRXD6 |Transmit/ReceivedataDs
|D5|TRXD5 | Transmit/ReceivedataDs
D4 |TRXD4 |Transmit/Receive data D4 .
T G i S oooooooooooooooo- High Low X |RIW
D3 |TRXD3_|TransmivReceivedataD3 =
D2 |TRXD2 |TransmitReceivedataD2
D1 |TRXD1 |TransmivReceivedataDl
DO [TRXDO |Transmit/Receive data DO (LSB)
00FF20 | D7 |PKO1 . L .
el il K00—KO7 interrupt priority register 0 |RIW
D6 |PK0O PKO1 PKOO
D5 |PSIEL PSIF1 PSIFO
P Serial interface interrupt priority register PSW1 PSWO Priority 0 [RW
D4 |PSIFO PTM1 PTMO leve
D3 |PsSw1 1 1 Level 3
-1 Stopwatch timer interrupt priority register 1 0 Leve2 0 |RW
D2 |PSWO 0 1 Level
D1|PTM1 0 0 Level O
e Clock timer interrupt priority register 0 |RW
DO |PTMO
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

1/0 Map
Address| Bit | Name Function 1 0 SR |R/W Comment
O00FF23| D7 |[EPT1 | Programmable timer 1 interrupt enable register
D6 [EPTO Programmable timer O interrupt enable register
DS |EK1  |K10and K1linterruptenableregister
D4 [EKOH _ |KO4KO7 interrupt encbleregister interupt | nterrupt ||
D3 |EKOL K00-K 03 interrupt enable register enable disable
D2 |ESERR | Seridl I/F (error) interrupt encbleregister
D1 |ESREC | Seridl I/F (receiving) interrupt enable register
DO |ESTRA |Serial I/F (transmitting) interrupt enable register
O00FF25|D7 |[FPT1 | Programmabletimer 1 interrupt factor flag | (R) ®)
D6 |FPTO Programmable timer O interrupt factor flag Interrupt | No interrupt
D5 |FK1 _ [K10and Kilinteruptfactorflag == factoris | factoris
D4 |FKOH  |KO4KO7interrupt factor flag. | generated | generated | |\
D3 |FKOL K00-K03 interrupt factor flag
D2 |FSERR | Serial I/F (error) interrupt factor flag W) w)
D1 |FSREC | Seridl I/F (receiving) interrupt factor flag | Reset  |No operation
DO |FSTRA |Serial I/F (transmitting) interrupt factor flag

Specifications
Clock synchronous serial interface

<Conditions>

gﬂ gz)NUT EgStL;I)tl)Jt) Function and input/output direction of the 1/0 port are automatically
P12: SCLK (Output) decided when setting the serial mode.

P13: Slave READY (Input) Hand shake signal from slave side

Vector address setting for serial interface interrupt

(1) sio_init: Initialization for clock synchronous serial interface (master mode)
Sets the following in order to transmit/receive in a clock synchronous system:
= Serial interface function = Normal mode (OSC3 oscillation)
= Clock synchronous master mode = Transmitting/receiving interrupt enable (IRQ2)
= Synchronous clock OSC3 x 1/4

(2) siorv, siorv_intr: Receiving of clock synchronous serial interface (master mode)
Checks handshake signal (P13) and stores a total of 256 bytes of received data from the slave into a
built-in memory receive_buffer one byte at a time, using the receiving interrupt (IRQ2).

(3) siotr, siotr_intr: Transmitting of clock synchronous serial interface (master mode)
Checks handshake signal (P13) and outputs a total of 256 bytes of transmitted data from a built-in
memory trans_buffer to the slave one byte at a time, using the transmitting interrupt (IRQ2).
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

Notes
(1) External routines are called for switching to OSC3 and OSCL1. (external call: osc1toosc3, osc3tooscl)

(2) Switching the operating mode when the supply voltage is lower than the VD1 setting may cause a
malfunction. Hence, the example routine checks the supply voltage when switching to the normal
mode (OSC3) and terminates as a supply voltage error remains unprocessed if the supply voltage is
lower than the VD1 setting. For this determination, vdd_ngf flag is used. (See "4 OSCILLATION
CIRCUIT")

(3) When switching from OSC3 to OSC1 (Vb1 =2.2V - 1.3 V), the program example does not perform
special checking of the supply voltage of SVD if the supply voltage is already more than the Vb1
setting.

(4) To reset the interrupt factor flag, write "1" into the corresponding flags alone, using the AND or LD
instruction. When the OR logic operation instruction has been used, "1" is written for the interrupt
factor flags that have been set to "1" within the same address and those flags are then clear.

(5) The interrupt flags (11 and 10) have not been reset in the interrupt processing routine of this program
example, so an interrupt lower than IRQ2 level is disabled at the time of generation. When you wish
to accept the next interrupt after an interrupt has been generated, re-setting of the interrupt flags or
resetting the interrupt factor flag is necessary after due consideration for the nesting level.

(6) When you have written "1" for the transmitting/receiving trigger and begin transmitting/receiving,
first read the data and be sure to write "1" only on the necessary bits.
Another transmitting/receiving status (receiving status during transmitting, and transmitting status
during receiving) has been allocated for reading to the same address as the transmitting/receiving
triggers. For example, when directly writing to the transmitting trigger, using the OR instruction
during a receiving operation (receiving status = "1"), the receiving status is read once and it is then
written as the receiving trigger. It is the same as the current receiving trigger.

(7) In this program example for serial interface 1 (clock synchronous system), the vector address setting
and program have been allocated from 003000H for the sake of convenience.

Flowchart
(1) Initialization for clock synchronous serial interface (master mode)

C sio_init )
[
\ (BR setting) \
[
P12 (SCLK) — HIGH
P11 (SOUT) « HIGH

P10, P13 — Input mode
P12, P14-P17 ~ Output mode
[

RXEN ~ O (receiving disable)
TXEN < 0 (transmitting disable)

[ Clock = OSC3/4
Serial mode setting ‘ Clock synchronous master mode
Selects serial I/0

Sets interrupt priority
level to IRQ2
[
Enables receive and
transmit interrupts
[
‘ Clears 11 flag ‘ Enables IRQ2 interrupt

C ret )
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

Flowchart
(2) Receiving of clock synchronous serial interface (master mode)

C sic‘Jrv )

‘ (BR setting) ‘
\

‘ ‘ oscltoosc3 ‘ ‘ Switches to OSC3
Y (Has not clock been switched to OSC3 ?)
N
Sets receive_buffer
pointer (1Y)

[
‘ Loop counter setting ‘ (0 = 256 bytes)

\
‘ RXEN ~ 0 ‘ Receiving disabled

‘Clears receive interrupt ﬂag‘

‘ RXEN ~ 1 ‘ Receiving enabled
e
N C siorv_intr )
(Slave READY ?) [
Y ‘ Register evacuation ‘
‘ RXTRG ~ 1 ‘ Starts receiving [

‘ (BR setting) ‘
\

‘ Sets receive interrupt flag ‘

Receive interrupt |
Y Receive interrupt
‘Clears receive interrupt ﬂag‘ processing routine
[ [
‘ Received data reading ‘ Cleares receive interrupt
[ factor flag
Stores data into [
receive_buffer (pointer 1Y) ‘ Register return ‘
[ [
receive_buffer ( rete )
pointer + 1 (1Y)
-
H N
Y

Receive completion
Y
]

‘ RXEN ~ 0 ‘ Receiving disabled

[
‘ ‘ osc3tooscl ‘ ‘ Switches to OSC1

C ret )
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

(3) Transmitting of clock synchronous serial interface (master mode)

C siotr

)

‘ (BR setting)

‘ ‘ oscltoosc3

‘ ‘ Switches to OSC3

N

Sets trans_buffer
pointer (1Y)

‘ Loop counter setting

| (0=256 bytes)

‘ Clears transmit interrupt flag‘

\ TXEN « 1

‘ Transmitting disabled

‘

Reads data from
trans_buffer (pointer 1Y)

trans_buffer
pointer + 1 (1Y)

-

N
@ (Slave READY ?)

Y
‘ TXTRG ~ 1 ‘ Starts transmitting
-
Transmit interrupt
Y

‘ Clears transmit interrupt flag‘

‘ Transmitting disabled

‘ ‘ osc3tooscl

‘ ‘ Switches to OSC1

C ret

D)

Y (Has not clock been switched to OSC3 ?)

C siotr_intr )

‘ Register evacuation

‘ (BR setting)

‘ Sets transmit interrupt flag

Transmit interrupt
processing routine

Cleares transmit interrupt
factor flag

‘ Register return

< rete )
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

Source List

Clock synchronous serial interface

ext er nal osclt oosc3, osc3t ooscl

ext ernal vdd_ngf

public sio_init,siorv,siotr,siorv_intr,siotr_intr

public receive_buffer,trans_buffer,receive_flag,trans_flag
siorv_vector equ 000012h ;Sio receive interrupt vector offset
siotr_vector equ 000014h ;sio trans interrupt vector offset
sio equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
node equ 00f f 02h ;mode control reg.
iocl equ 00ff61h ;plx i/o control reg.
pld equ 00f f 63h ; plx port data
smd equ 00f f 48h ;serial interface node set reg.
ser equ 00f f 49h ;serial interface error and trriger reg
trxd equ 00f f 4ah ;trans/recive data reg.
intr_prO equ 00f f 20h ;interrupt priority reg. 0
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facl equ 00f f 25h ;interrupt factor reg. 1

dat a
recei ve_buffer: db [ 256] ;sio receive bufffer
trans_buffer: db [ 256] ;sio trans buffer
receive_flag: db [1] ;trans conplete flag
trans_flag: db [1] ;receive conplete flag

code

Vector address setting for serial interface interrupt

intr_vectors:

org intr_vectors+siorv_vector

dw siorv_intr ;sio receive interrupt
org intr_vectors+siotr_vector

dw siotr_intr ;sio trans interrupt

(1) Initialization for clock synchronous serial interface (master mode)

B R ]

org intr_vectors+sio
IR EEEEEEEEEEEEEEEEEEEEEEEEREEREEREREEEEEEEEEEEEEEEEEESESERESEERESERESEEEESES]
;
-k *
* sio nmaster node initialize (pl3=slave ready) *
- % *
;

*** initialize routine

sio_init:
; p17- 14=pr ogr ammebl e out put, p13=sl ave ready, p12-10=si o termni nal
I d br, #br_io ;set br reg. address to Of f xxh
I d [br:1ow pld], #11110110b ;/scl k="h", sout ="h"
Id [br:lowiocl],#11110110b
I d [br:low ser], #01110000b ;rxen=di s. t xen=di s.
;serial node:no-parity, clock=fosc3/4,sio master node and serial i/0 select
I d [br:low smd], #00010001b :set serial interface node
Id a,[br:lowintr_pr0] vinterrupt priority reg.
and a, #11001111b
or a, #00100000b (1)
Id [br:lowintr_pr0],a ;set psifl,0to /irg2
Id a,[br:lowintr_enl]
and a, #01111000b
or a, #00000011b
Id [br:lowintr_enl], a ;esrec and estra intr. en.
I d a, sc
and a, #00111111b
or a, #01000000b
Id sc, a ;i1 flag clear (en. /irq2 intr.)
ret -
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

(2) Receiving of clock synchronous serial interface (master mode)

B R R R

-k

-k

;* sio naster node receive (pl3=slave ready) *

*

*

B R R R R ]

;**% control

siorv:
Id
carl
Id
cp
jrl
Id
Id
Id
and
Id
xor
Id
Id
and
or
Id

routine

br, #br _io

osclt oosc3

a, [l od vdd_ngf]
a, #0f f h
z,siorv02

iy, #l od receive_buffer
b, #0

a, [br:low ser]

a, #00000001b

[br:low ser],a

a,a

[lod receive_flag],a
a, [br:low ser]

a, #00000001b

a, #00000100b

[br:low ser],a

;wait slave ready

si orv0O0:
bi t
jrs

Id
and
or
Id

[br:low pld], #00001000b
nz, si orvoo

a, [br:low ser]
a, #00000101b
a, #00001000b
[br:low ser],a

;wait sio receive interrupt

siorv0l:
Id

cp
jrs

si orv03:

’si orv02:

a, [l od receive_flag]
a, #0ffh
nz, si orvol

d receive_flag],a
br:low trxd]
].a

—p—w
<—ow

i
[br:1ow pld], #00001000b
z,siorv0o3

iy

nz, si orvo0

a, [br:low ser]
a, #00000001b
[br:low ser],a
osc3tooscl

;set br reg. address to Of f xxh
;change oscl to osc3 ***

;vdd ng flag

;vdd error

;recei ve data buffer

;set receive counter (00h=256)

;rxen=0 (dis.) sio reset

;sio receive interrupt flag clear

;rxen=1 (en.)

; pl3(sl ave ready)="1I

;rxtrg=set

;sio receive interrput flag

;clear sio receive interrupt flag

:receive data read
;set receive data buffer

;receive buffer + 1
;until buffer end (256 bytes)

;rxen=0 (dis.) sio reset
;change osc3 to oscl ***

O]
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Source List

-k

-k

;**% contro

siotr:
Id
carl
Id
cp
jrl
Id
Id
Id
and
Id
xor
Id
Id
and
or
Id

si ot r00
Id
Id
inc
siotr02:
bi t
jrs
Id
and

or
I d

siotr0Ol

I d

cp
jrs

si otr04

éiotros

wait slave rea

;* sio naster node trans (pl3=slave ready)

routine

br, #br_io
oscltoosc3

a, [l od vdd_ngf]
a, #0f f h
z,siotr03

iy, #l od trans_buffer
b, #0

a,[br:low ser]

a, #00000100b

[br:low ser],a
a, a

[l od trans_flag],a
a,[br:low ser]
a,#OOOOOlOOb

a, #00000001b
[br:low ser],a
dy

a, [iy]
[br:lowtrxd],a
iy

[br:1ow pld], #00001000b
nz, siotr02

a, [br:low ser]
a, #00000101b
a, #00000010b
[br:low ser],a

;wait sio trans interrupt

a,[lod trans_fl ag]
a, #0f f h
nz, siotr01

a, a
[lod trans_flag],a

[br:1ow pld], #00001000b
z,siotr04
nz, si otr00

a, [br:low ser]
a, #00000100b
[br:low ser],a
osc3tooscl

(3) Transmitting of clock synchronous serial interface (master mode)

B R R ]

*

*

*

B R R R R R R R

;set br reg. address to Of f xxh
;change oscl to osc3 ***
;vdd ng flag

;vdd error

:trans data buffer

;set trans counter (00h=256)
;txen=0 (dis.) sio reset

;sio trans interrupt flag clear

; txen=en

;load trans data buffer
:set trans data
trans buffer + 1

; pl3(sl ave ready) ="

;txtrg=set

;sio trans interrput flag

;clear sio trans interrupt flag

;until buffer end (256 bytes)

;txen=0 (dis.) sio reset
;change osc3 to oscl ***

©)
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8 SERIAL INTERFACE 1 (CLOCK SYNCHRONOUS INTERFACE)

Source List

(2) Receiveing interrupt

B ]

.k *
* si o naster node receive interrupt processing routine *
* *

B R ]

)
siorv_intr:

push ale
’ I d br, #br_io ;set br reg. address to Offxxh
' ld  a #0ffh

Id [l1od receive_flag],a ;set sio receive interrupt flag

si 0 receive interrupt processing routine

and [br:low intr_facl], #00000010b ;clear fsrec flag
pop ale
rete

(3) Transmitting interrupt

B R R R R R R

s *
-k *

;
P x sio naster trans interrupt processing routine *
;

B R R R R R R R R R R R R

siotr_intr:

push ale
’ I d br, #br_io ;set br reg. address to Offxxh
' Id  a #0ffh

Id [lod trans_flag], a ;set sio trans interrupt flag

sio trans interrupt processing routine

and [br:low intr_facl], #00000001b ;clear fstra flag
pop al e
rete

end

O]

©)
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O SERIAL INTERFACE 2 (ASYNCHRONOUS INTERFACE)

1/0 Map
Address| Bit | Name Function 1 0 SR |R/W Comment
OOFF48| D7 |— - - - - "0" when being read
D6 [EPR Parity enable register With parity | Nonparity | O | R/W |Only for
D5 |PMD Parity mode selection Odd Even 0 | R/W |asynchronous mode
D4 [SCS1 |Clock source selection 0 | R/W |Intheclock synchro-
SCS1 SCs0 Clock source nous slave mode,
] 1 1 Programmeble timer | | | | external clock is
D3 |SCS0 1 0 fosca/ 4 0 |R/W |selected.
0 1 fosca/ 8
0 0 fosca/ 16
D2 |SMD1 |Serial I/F mode selection 0 [RW
SMD1 SMDO Mode
] 1 1 Asynchronous8-bit | | | |
D1 |SMDO 1 0  Asynchronous 7-bit 0 |RW
0 1 Clock synchronous slave
0 0 Clock synchronous master
DO |ESIF Seria I/F enable register Serial I/F 1/0 port 0 |RW
O0FF49 | D7 |- - - - - "0" when being read
D6 |FER Framing error flag 37 R| Eror | Noeror | O |R/W Onlyfor
3 W | Reset(0) |Nooperation asynchronous mode
D5 |PER Parity error flag 37 R| FEmor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D4 |OER Overrun error flag 37 R| FEmor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D3 |RXTRG |Receive trigger/status "R| Rm | sop | 0 [RW
3 W | Trigger |No operation
D2 |RXEN |Receive enable Enable Disable 0 |RIW
D1 [TXTRG |Transmit trigger/status "R| Rm | sop | 0 [RW
3 W | Trigger |No operation
DO |TXEN | Transmit enable Enable Disable 0 |RIW

O0FF4A| D7 |TRXD7 |Transmit/Receive dataD7 (MSB)

(O TRt R e High Low | X |RW
D3 |TRXD3 |TransmitRecdivedataD3
D2|TRXD2 |TransmitRecdvedataD2
D1 |TRXD1L |Transmit/ReceivedataDl
DO [TRXDO |Transmit/Receive data DO (LSB)

00FF20 | D7 |PKO1 . . )
el Puiioiail KO0—KO7 interrupt priority register 0 |RW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
T PR Serial interface interrupt priority register PSW1 PSWO Priority 0 |RIW
D4 |PSIFO PTM1 PTMO _ level
D3 |PSW1 1 1 Leds
P of-o=---- Stopwatch timer interrupt priority register 1 0 Levd?2 0 |RIW
D2 |PSWO 0 1 Levell
D1|PTM1 0 0 LeeO
e A Clock timer interrupt priority register 0 |RIW
DO |PTMO
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1/0 Map
Address| Bit| Name Function 1 0 SR [R/W Comment
00FF23| D7 |[EPT1 _ | Programmable timer 1 interrupt endble register
D6 [EPTO Programmable timer O interrupt enable register
DS |EK1 ___[K10andKilinteruptendbleregister
D4 [EKOH _ |KOAKO7 interrupt encbleregister interupt | merpt ||
D3 |EKOL KO00-K 03 interrupt enable register enable disable
D2 |[ESERR | Seridl I/F (error) interrupt enableregister
D1 |ESREC [Seridl I/F (receiving) interrupt enable register
DO |ESTRA |Seria I/F (transmitting) interrupt enable register
00FF25|D7 |[FPT1 _ | Programmable timer 1interrupt factor flag | (R) ®)
D6 |[FPTO Programmable timer O interrupt factor flag Interrupt | No interrupt
D5 |FK1  |Kl0andKilinterruptfactorflag fagtoris | factoris
D4 |FKOH  |KO4KO7interrupt factor flag. | generated | generated | |\
D3 |FKOL K00-K 03 interrupt factor flag
D2 |FSERR | Serid I/F (error) interrupt factor flag W) W)
D1 |FSREC | Serid I/F (receiving) interrupt factor flag | Reset | No operation
DO |FSTRA |Serial I/F (transmitting) interrupt factor flag
Specifications

Asynchronous serial interface

<Conditions>

P10: SIN (Input) Function and input/output direction of the 1/0 port are automatically

P11: SOUT (Output) decided when setting the serial mode.

P12: Hand shake (Output) Unused

P13: Hand shake (Input) (In this program example, handshake signals during transmission are ignored.)

Vector address setting for serial interface interrupt

(1) async_init: Initialization for asynchronous serial interface (8-bit mode)
Sets the following in order to transmit/receive in an asynchronous system:
= Serial interface function = Normal mode (OSC3 oscillation)
= Asynchronous 8-bit mode, even parity = Transmitting/receiving interrupt enable (IRQ2)
= Synchronous clock = Programmable timer
Transmission baud rate clock has been set to 9,600 bps (when OSC3 = 4.9152 MHz) using program-
mable timer 1 (8 bits).

(2) asyncrv, asyncrv_intr, asyncerr_intr: Receiving of asynchronous serial interface (8-bit mode)
Performs switching to the OSC3 clock and starting the programmable timer, and stores a total of
256 bytes of received data into the built-in memory receive_buffer one byte at a time, using the
receiving interrupt (IRQ2). At this time, if a receiving error occurs, it suspends receiving processing
at that point.

(3) asynctr, async_intr: Transmitting of asynchronous serial interface (8-bit mode)
Performs switching to the OSC3 clock and starting the programmable timer, outputs a total of 256
bytes of transmitted data from a built-in memory trans_buffer one byte at a time, using the trans-
mitting interrupt (IRQ2).

S1C88348/317/316/308 TECHNICAL SOFTWARE EPSON 11-43



9 SERIAL INTERFACE 2 (ASYNCHRONOUS INTERFACE)

Notes

(1) External routines are called for switching to OSC3 and OSCL1. (external call: osc1toosc3, osc3tooscl)

(2) Switching the operating mode when the supply voltage is lower than the VD1 setting may cause a
malfunction. Hence, the example routine checks the supply voltage when switching to the normal
mode (OSC3) and terminates as a supply voltage error remains unprocessed if the supply voltage is
lower than the VD1 setting. For this determination, vdd_ngf flag is used. (See "4 OSCILLATION
CIRCUIT")

(3) When switching from OSC3 to OSC1 (Vb1 =2.2V - 1.3 V), the program example does not perform
special checking of the supply voltage of SVD if the supply voltage is already more than the Vb1
setting.

(4) The example routine does not check the handshake signal when transmitting/receiving. If this
routine is used for an actual program, pay attention to the timing of transmitting/receiving, or check
the timing using a handshake signal.

(5) The 9,600 bps baud rate has been set on the condition that the 4.9152 MHz OSC3 oscillation clock is
used.

(6) To reset the interrupt factor flag, write "1" into the corresponding flags alone, using the AND or LD
instruction. When the OR logic operation instruction has been used, "1" is written for the interrupt
factor flags that have been set to "1" within the same address and those flags are then clear.

(7) The interrupt flags (11 and 10) have not been reset in the interrupt processing routine of this program
example, so an interrupt lower thanIRQ2 level is disabled at the time of generation. When you wish
to accept the next interrupt after an interrupt has been generated, re-setting of the interrupt flags or
resetting the interrupt factor flag is necessary after due consideration for the nesting level.

(8) When you have written "1" for the transmitting/receiving trigger and begin transmitting/receiving,
first read the data and be sure to write "1" only on the necessary bits.
Also, when writing "1" to reset the receive error flag to "0", similar care is necessary.
Another transmitting/receiving status (receiving status during transmitting, transmitting status
during receiving, and receiving error flag) has been allocated for reading to the same address as the
transmitting/receiving triggers. For example, when directly writing to the transmitting trigger, using
the OR instruction during a receiving operation (receiving status = "1"), the receiving status is read
once and it is then written as the receiving trigger.
Also when the receiving error flag has been set to "1", the receiving error flag is written and reset by
an OR instruction. It is the same as setting the receiving trigger or resetting the receiving error flag.

(9) In this program example for serial interface 2 (asynchronous system), the vector address setting and
program have been allocated from 003000H for the sake of convenience.
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Flowchart
(1) Initialization for asynchronous serial interface (8-bit mode)

( async_init )
\
(BR setting)

P12 (output) — HIGH
P11 (SOUT) « HIGH
\
P10, P13 — Input mode
P12, P14-P17 — Output mode

RXEN « 0 (receiving disable)
TXEN - 0 (transmitting disable)
\

Serial mode setting
\

Programmable timer 1 _
baud rate data setting 9,600 bps (foscs = 4.9152 MHz)
\
Sets interrupt priority
level to IRQ2

Even parity, Clock = programmable timer
Asynchronous 8-bit mode, Selects serial I/0

Disables programmable
timer interrupt
[
Enables receive, transmit
and error interrupts

‘ Clears 11 flag ‘ Enables IRQ2 interrupt

C ret )
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Flowchart

(2) Receiving of asynchronous serial interface (8-bit mode)

C

asyncrv

D)

(BR setting)

oscltoosc3

Switches to OSC3

S

N

(Has not clock been switched to OSC3 ?)

Programmable timer 1
Timer start

Sets receive_buffer

9,600 bps

pointer (1Y)
\

Loop counter setting

|
\
RXEN « 0

[
‘Clears receive interrupt ﬂag‘

Clears receiving error

(0 = 256 bytes)

Receiving disabled

‘Clears receive interrupt flag‘

interrupt flag
\
‘ RXEN ~ 1 ‘ Receiving enabled
e
|
‘ RXTRG ~ 1 ‘ Starts receiving

N

Receiving error interrupt

Y

Received data reading

‘ Receiving error processing‘

Stores data into
receive_buffer (pointer IY)

Clears receiving error
interrupt flag

\
receive_buffer
pointer + 1 (1Y)

[

Loop counter - 1

RXEN ~ 0
\
Programmable timer 1
Timer stop

osc3tooscl

ret

[
D)

Receiving disabled

Switches to OSC1
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Flowchart

(3) Transmitting of asynchronous serial interface (8-bit mode)

C asynctr )

‘ (BR setting)

‘ ‘ oscltoosc3 ‘

‘ Switches to OSC3

L Voo

N

(Has not clock been switched to OSC3 ?)

Programmable timer 1
Timer start

9,600 bps

Sets trans_buffer
pointer (1Y)

‘ Loop counter setting

(0 = 256 bytes)

\ TXEN - 0

Transmitting disabled

‘ Clears transmit interrupt flag

\ TXEN < 1

Transmitting enabled

‘

Reads data from
trans_buffer (pointer 1Y)

trans_buffer
pointer + 1 (1Y)

\ TXTRG « 1

‘ Starts transmitting

Transmit interrupt

Y

-

‘ Clears transmit interrupt flag

‘ Loop counter - 1

Transmit completion

Y

»
g ‘

\ TXEN < 0

‘ Transmitting disabled

Programmable timer 1
Timer stop

osc3tooscl ‘

‘ Switches to OSC1

C ret )
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9 SERIAL INTERFACE 2 (ASYNCHRONOUS INTERFACE)

Flowchart
(1) (2) (3) Interrupts of asynchronous serial interface (8-bit mode)

Receiving error interrupt

C

asyncerr_intr

)

Register evacuation

‘ (BR setting) ‘

‘ Reads receiving error status ‘

‘ Resets receiving error status ‘

Sets receiving error
interrupt flag

Receiving error interrupt
processing routine

Cleares receiving error
interrupt factor flag

Register return ‘

C rete )

Receiving interrupt

(__ asynerv_intr )

‘ Register e‘zvacuation ‘

‘ (BR s‘etting) ‘

‘ Sets receive‘interrupt flag ‘
Receive‘interrupt
processing routine

Cleares recgive interrupt

factor flag
‘ Registe‘r return ‘

( rete )

Transmitting interrupt

(_ asynctr_intr )
|

‘ Register evacuation

‘ (BR setting)

‘ Sets transmit interrupt flag

Transmit interrupt
processing routine

Cleares transmit interrupt
factor flag

‘ Register return

( rete )
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9 SERIAL INTERFACE 2 (ASYNCHRONOUS INTERFACE)

Source List
Asynchronous serial interface
ext er nal osclt oosc3, osc3t ooscl
ext ernal vdd_ngf
public async_init,asyncrv, asynctr
public asyncerr_intr,asyncrv_intr,asynctr_intr
public receive_buffer,trans_buffer,receive_flag,trans_fl ag
public error_fl ag, bps_data
asyncerr_vect or equ 000010h ;async error interrupt vector offset
asyncrv_vector equ 000012h ;async receive interrupt vector offset
asynctr_vector equ 000014h ;async trans interrupt vector offset
async equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
node equ 00f f 02h ;mode control reg
iocl equ 00ff61h ;plx i/o control reg
pld equ 00f f 63h ;plx port data
smd equ 00f f 48h ;serial interface node set reg
ser equ 00f f 49h ;serial interface error and trriger reg
trxd equ 00f f 4ah ;trans/recive data reg
pt _node0 equ 00f f 30h ; programmabl e tinmer node set reg. 0
pt _node2 equ 00f f 32h ; programmabl e tinmer node set reg. 2
rldl equ 00f f 34h ;progranmabl e tinmer 1 reload data
intr_pr0 equ 00f f 20h ;interrupt priority reg. O
intr_pri equ 00f f 21h cinterrupt priority reg. 1
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facl equ 00f f 25h ;interrupt factor reg. 1
data
recei ve_buffer: db [ 256] ;async receive bufffer
trans_buffer: db [ 256] ;async trans buffer
error_flag: db [1] ;async error flag
receive_flag: db [1] ;trans conplete flag
trans_fl ag: db [1] ;receive conplete flag
code

Vector address setting for serial interface interrupt

intr_vectors

org intr_vectors+asyncerr_vector

dw asyncerr_intr ;async error interrupt
;

org intr_vectors+asyncrv_vector

dw asyncrv_intr ;async receive interrupt
;

org intr_vectors+asynctr_vector

dw asynctr_intr ;async trans interrupt

(1) Initialization for asynchronous serial interface (8-bit mode)

org i ntr_vectors+async
bps_dat a: db 0f h ; baud rate(osc3*1/1 9600bps: 4. 9152nhz)

IR R R SRR RS EE RS SRS SRR SRR E SRR RS R R R SRR S EERR R RREEEREEEEEEEEEEEEEEESES]
;
.k *
x async 8-bit nmpode initialize (pl3 and 12 = hand shake: not use) *
. % *
;

B R R ]

*** initialize routine

async_init
; p17- 14=pr ogr ammebl e out put, p13- 12=hand shake, p11- 10=async terni na
| d br, #br _io ;set br reg. address to Of f xxh
Id [br:1ow pld], #11110110b ;sout="h" and no hand shake
Id [br:lowiocl], #11110110b
| d [br:low ser], #01110000b ;rxen=di s. t xen=di s.
;serial node:even parity,clock=tinmer 1,async 8-bit node and serial i/0 select
| d [br:low smd], #01011111b :set serial interface node
;pt:timer 8bit*2, pul se output=timer 1,pulse output=dis.,clock (tiner0&Ll=fosc3) 1)
Id [br:1ow pt_npdeO], #00001011b
Id a, [l oc bps_dat a]
Id [br:lowrldl],a ;set reload data reg
Id a,[br:lowintr_pr0] ;interrupt priority reg
and a, #11001111b
or a, #00100000b
Id [br:lowintr_pr0],a ;set psif=/irq2
Id a,[br:lowintr_pri] cinterrupt priority reg
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9 SERIAL INTERFACE 2 (ASYNCHRONOUS INTERFACE)

Source List
and a, #11110011b
or a, #00001100b
Id [br:lowintr_pri],a
Id a,[low intr_eni]
and a, #01111000b ;eptl interrupt dis.(baud rate control)
or a, #00000111b o)
I d [br:lowintr_enl],a ;eserr esrec and estra intr. en
I d a, sc
and a, #00111111b
or a, #01000000b
Id sc, a ;i1 flag clear (en. /irq2 intr.)
ret
(2) Receiving of asynchronous serial interface (8-bit mode)
;* *
0 * async 8-bit node receive (pl13 and 12 = hand shake: not use) *
;************************************************************************
;*** control routine
asyncrv: -
I d br, #br_io ;set br reg. address to Offxxh
carl osclt oosc3 ;change oscl to osc3 ***
Id a, [l od vdd_ngf] ;vdd ng flag
cp a, #0ff h
jrl z,asyncrv03
;psc=1/1*f osc3(4.9152nmhz), ti nmer 1=rel oad node and rel oad data set to timer 1
Id [br:1ow pt_nbpde2], #00000110b
or [br:1ow pt_npde2], #00000001b ;timer 1 start (baud rate)
I d iy, #l od receive_buffer ;recei ve data buffer
I d b, #0 ;set receive counter (00h=256)
Id a, [br:low ser]
and a, #00000001b
Id [br:low ser],a ;rxen=0 (dis.) async reset
xor a,a
Id [lod receive_flag],a ;async receive interrpt flag clear
Id [lod error_flag],a ;async receive error flag clear
Id a, [br:low ser]
and a, #00000001b
or a, #00000100b
Id [br:low ser],a ;rxen=1 (en.)
:no hand shake
asyncrv00
Id a,[br:low ser]
and a, #00000101b
or a, #00001000b
Id [br:low ser],a ;rxtrg=set and error reset
;wait async receive interrupt 2
asyncrv01l
Id a, [l od receive_flag] ;async receive interrput flag
cp a, #0ff h
jrs z, asyncrv02
Id a,[lod error_flag] ;async error interrupt flag
cp a, #00h
jrs z,asyncrv01
receive error occurrs

async receive error processing

xor a,a
Id [lod error_flag],a
jrs asyncrv03

;receive no error

;clear error interrupt flag

asyncrv02

xor a, a
Id [lod receive_flag],a ;clear async receive interrupt flag
I d a, [br:low trxd] :recei ve data read
Id [iy]l,a ;set receive data buffer
inc iy ;receive buffer + 1
djr nz, asyncrv00 ;until buffer end (256 bytes)
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Source List
asyncrv03:
Id a,[br:low ser]
and a, #00000001b
Id [br:low ser],a ;rxen=0 (dis.) async reset )
and [br:1ow pt_npde2], #00011100b ;timer 1 stop (baud rate)
carl osc3t ooscl ;change osc3 to oscl ***
ret
(3) Transmitting of asynchronous serial interface (8-bit mode)
;************************************************************************
0 * async 8-bit mode trans (pl3 and 12 = hand shake: not use) *
- % *
;**% control routine
asynctr:
br, #br _io ;set br reg. address to Of f xxh
carl osclt oosc3 ;change oscl to osc3 ***
Id a, [l od vdd_ngf] ;vdd ng flag
cp a, #0f f h
jrl z,asynctr02 ;vdd error
; psc=1/1*f osc3(4. 9152mhz), ti mer1=rel oad node and rel oad data set to tiner 1
Id [br:1ow pt_npde2], #00000110b
or [br:1ow pt_npde2], #00000001b ;timer 1 start (baud rate)
I d iy,#l od trans_buffer ;trans data buffer
| d b, #0 ;set trans counter (00h=256)
Id a, [br:low ser]
and a, #00000100b
Id [br:low ser],a ;txen=0 (dis.) async reset
xor a, a
Id [lod trans_flag], a ;async trans interrupt flag clear
Id a, [br:low ser]
and a, #00000100b
or a, #00000001b
| d [br:low ser],a ;t xen=en.
:no hand shake
asynctr00:
Id a, [iyl] ;load trans data buffer ©)
| d [br:lowtrxd],a :set trans data
inc iy ;trans buffer + 1
Id a, [br:low ser]
and a, #00000101b
or a, #00000010b
Id [br:low ser],a ;txtrg=set
;wait async trans interrupt
asynctr01:
Id a,[lod trans_flag] ;async trans interrpu flag
cp a, #0f f h
jrs nz, asynctro0l
xor a, a
Id [lod trans_flag], a ;clear async trans interrupt flag
djr nz, asynctr00 ;until buffer end (256 bytes)
asynctr02:
Id a, [br:low ser]
and a, #00000100b
Id [br:low ser],a ;txen=0 (dis.) async reset
and [br:low pt_npde2], #00011100b ;timer 1 stop (baud rate)
carl osc3t ooscl ;change osc3 to oscl ***
ret
(2) Receiving error interrupt
;* *
P x async 8-bit node error interrupt processing routine *
;************************************************************************
asyncerr_intr:
push ale
I d br, #br_io ;set br reg. address to Offxxh (2)
Id a,[br:low ser]

and a, #01110101b
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Source List
I d [br:low ser],a ;receive error status reset
and a, #01110000b ;ignore bits clear
Id [lod error_flag],a ;set async error interrupt flag

async error interrupt processing routine

and [br:low intr_facl], #00000100b ;clear fserr flag
pop al e
rete

(2) Receiving interrupt

B R R

* *
* async 8-bit node receive interrupt processing routine * 2)
.k *

B R R R R R ]

)
asyncrv_intr:

push ale
’ I d br, #br_io ;set br reg. address to Offxxh
' ld  a, #0ffh
Id [l1od receive_flag],a ;set async receive interrupt flag

async receive interrupt processing routine

and [br:low intr_facl], #00000010b ;clear fsrec flag
pop al e
rete

(3) Transmitting interrupt

B R R R R R

.k *
* async 8-bit node trans interrupt processing routine *
- % *

B R ]

asynctr_intr:

push ale
’ I d br, #br_io ;set br reg. address to Offxxh
' ld  a #0ffh

Id [lod trans_flag], a ;set async trans interrupt flag

©)

async trans interrupt processing routine

and [br:low intr_facl], #00000001b ;clear fstra flag
pop al e

rete

end
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10 CLOCK TIMER

1/0 Map
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF40| D7 |- - - - - "0" when being read
D6 [FOUT2 |FOUT frequency selection 0 |RW
FOUT2 FOUT1 FOUTO Frequency
0 0 0 fosci/ 1
D5 |FOUT1 0 0 1 fosc1/2 0o [rRW
0 1 0 fosci/ 4
0 1 1 fosc1/8
I 1 0 0 fosca/1 | ________|________|___|____
D4 |FOUTO 1 0 1 fosca/ 2 0 |RW
1 1 0 fosca/ 4
1 1 1 fosca/ 8
D3 |FOUTON | FOUT output control On Off 0 |RW
D2 |WDRST |Watchdog timer reset Reset No operation| — | W |Constantly "0" when
D1 |[TMRST |Clock timer reset Reset No operation| — | W [beingread
DO |[TMRUN | Clock timer Run/Stop control Run Stop 0 |[RW
O00FF41]D7|TMD7 _|Clocktimerdata 1Hz
[D6|TMD6__[Clock timerdata  2Hz
[DS|TMDS__[Clocktimerdata  4Hz
D4 |TMD4 |Clock timerdata 8Hz )
e i Bt i High Low 0 R
[D3|TMD3__[Clocktimerdata 16Hz
[D2|TMD2__[Clock timerdata 32Hz
[D1|TMD1 _[Clocktimerdata 64Hz
DO |TMDO |Clock timer data 128 Hz
00FF20 | D7 |PKO1
F-F———-—1 K00—KO7 interrupt priority register 0 |RW
D6 |PKOO PKO1 PKOO
D5 [PSIF1 PSIF1 PSIFO
e e Serial interface interrupt priority register PSW1 PSWO Prioity | O |R/W
D4 |PSIFO PTM1 PTMO _ level
D3 |PSW1 11 lees
F-F---1 Stopwatch timer interrupt priority register 1 0 Leve2 0 |RW
D2 |PSWO0 0 1 Levell
D1 |PTM1 0 0 Lee©
i R, Clock timer interrupt priority register 0 |RW
DO |PTMO
00FF22 | D7 |- - - - — "0" when being read
| D6 |[ESW100| Stopwatch timer 100 Hz interrupt enable register
| DS [ESW10 | Stopwatch timer 10 Hz interrupt enable register
D4 |ESW1 |Stopwatch timer 1 Hz interrupt enable register
- : - Interrupt Interrupt
D3 |ETM32 |Clock timer 32 Hz interrupt enable register ol disgh 0 |RW
e enable | e
D2 |[ETM8__ [Clock timer 8 Hz interrupt enable register
D1 |ETM2__ [Clock timer 2 Hz interrupt enable register
DO |ETM1 |Clock timer 1 Hz interrupt enable register
00FF24 | D7 |- - - - - "0" when being read
| D6 |FSW100| Stopwatch timer 100 Hz interrupt factor flag | (R) ®
D5 |FSW10_ | Stopwatch timer 10 Hz interrupt factor flag | Interrupt | Nointerrupt
D4 |FSW1 | Stopwatch timer 1 Hz interrupt factor flag factor is factor is
| D3 |FTM32_ |Clock timer 32 Hz interrupt factor flag | _ generated | generated | O | R/W
D2|FTM8 | Clock timer 8 Hz interrupt factor flag w w
D1|FTM2 |Clock timer 2 Hz interrupt factor flag )
1o R Reset No operation
DO |FTM1 |Clock timer 1 Hz interrupt factor flag
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Specifications
Control of clock timer
Vector address setting for clock timer interrupt

(1) rtm_init: Initialization for clock timer
Enables the respective 32 Hz, 8 Hz, 2 Hz and 1 Hz interrupts of the clock timer, clears the timer

data and starts the clock timer. The interrupt level has been set at IRQ1.

(2) rtm32_intr, rtm8_intr, rtm2_intr, rtm1_intr:Clock timer interrupt processing

Flowchart
(1) Initialization for clock timer (2) 32 Hz clock timer interrupt processing

( rtm_init ) ( rtm32_intr )
\ \
(BR setting) Register evacuation

\
(BR setting)

Sets interrupt priority
level to IRQ1

[ ‘32 Hz interrupt processing routine‘

Enables clock timer 32 Hz,

8 Hz, 2 Hz and 1 Hz interrupts Clears 32 Hz interrupt
[ factor flag

Register return

‘ Starts clock timer ‘ [
C rete )

Resets clock timer

Clears I1 and 10 flags ‘ Enables IRQ1 interrupt

user_program

(2) 8 Hz clock timer (2) 2 Hz clock timer (2) 1 Hz clock timer
interrupt processing interrupt processing interrupt processing
( rtrms8_intr ) ( rrm2_intr ) ( rtmi_intr )
\

Register evacuation Register evacuation

Register evacuation

\
(BR setting)

(BR setting) (BR setting)
‘ 8 Hz interrupt processing routine‘ ‘ 2 Hz interrupt processing routine‘ ‘ 1 Hz interrupt processing routine‘
Clears 8 Hz interrupt Clears 2 Hz interrupt Clears 1 Hz interrupt
factor flag factor flag factor flag

Register return ‘

Register return

Register return

C re‘te ) C re‘te ) C re‘te )
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Notes

(1) To reset the interrupt factor flag, write "1" into the corresponding flags alone, using the AND or LD
instruction. When the OR logic operation instruction has been used, "1" is written for the interrupt
factor flags that have been set to "1" within the same address and those flags are then clear.

(2) The interrupt flags (11 and 10) have not been reset in the interrupt processing routine of this program
example, so an interrupt lower than IRQ1 level is disabled at the time of generation. When you wish
to accept the next interrupt after an interrupt has been generated, re-setting of the interrupt flags or
resetting the interrupt factor flag is necessary after due consideration for the nesting level.

(3) When stopping the clock timer by writing "0" into the RUN/STOP control register for the clock timer,
the clock timer count actually stops when it advances one count with the timing synchronized to the
256 Hz input clock. For this reason, when the clock timer stops, if the 32 Hz, 8 Hz, 2 Hz and 1 Hz
interrupt factors are generated, the respective interrupt factor flags are set and if interrupt is enabled,
an interrupt is generated. Thus, you should add an interrupt processing and interrupt factor flag
resetting, if necessary.

(4) In this program example for the clock timer, the vector address setting and program have been
allocated from 003000H for the sake of convenience.

Source List
Control of clock timer
ext er nal user _program
public clock_init,clock32_intr,clock8_intr,clock2_intr,clockl intr
cl ock32_vector equ 00001ch ;clock32hz interrupt vector offset
cl ock8_vector equ 00001eh ;clock8hz interrupt vector offset
cl ock2_vector equ 000020h ;clock2hz interrupt vector offset

cl ockl_vector equ 000022h ;clocklhz interrupt vector offset

cl ock equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
cl ock_node equ 00f f 40h ;tinmer node set reg.
cl ockd equ 00f f 41h ;timer data
intr_prO equ 00f f 20h ;interrupt priority reg. O
intr_en0 equ 00f f 22h ;interrupt enable reg. 0
intr_facO equ 00f f 24h ;interrupt factor flag reg.

code

Vector address setting for clock timer interrupt

intr_vectors:

org intr_vectors+cl ock32_vect or

dw clock32_intr ;clock 32hz interrupt
org intr_vectors+cl ock8_vect or

dw clock8_intr ;clock 8hz interrupt
org intr_vectors+cl ock2_vector

dw clock2_intr ;clock 2hz interrupt
org intr_vectors+cl ockl_vector

dw clockl_intr ;clock 1hz interrupt
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10 CLOCK TIMER

Source List
(1) Initialization for clock timer

org intr_vectors+cl ock
IR EEEEE SRS EEEEE SR SRR RS EEEEEEEEEREEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEES
- % *
D * clock timer initialize (32,8,2 and 1hz interrupt enable) *
.k *

B R R R R

*** initialize routine

clock_init:
I d br, #br_io ;set br reg. address to Offxxh
Id a,[br:lowintr_pr0] ;interrupt priority reg.
and a, #11111100b
or a, #00000001b
Id [br:lowintr_pr0],a ;set ptme/irgl
;etnmB2,etnB,etn2 and etnll (en. /irqgl) intr.
or [br:1ow intr_en0], #00001111b
or [br:1ow cl ock_npde], #00000010b :clock timer counter reset (1)
or [br:1ow cl ock_npde], #00000001b ;clock tinmer start
and sc, #00111111b ;il and i0 flag clear
;*** start clock timer interrupt
jrl user _program

(2) 32 Hz clock timer interrupt processing

B R R R R R R

-k *
- % *

;
;
* clock tinmer 32hz interrupt processing routine *
Z************************************************************************
;

clock32_intr:
push ale

I d br, #br_io ;set br reg. address to Of fxxh

clock tiner 32hz processing routine

and [br:low intr_fac0], #00001000b ;clear etnB2 flag
pop al e
rete

(2) 8 Hz clock timer interrupt processing

B R R R R R R

Z* *

; 2
0 * clock tinmer 8hz interrupt processing routine * @)
- % *

B R ]

clock8_intr:
push ale

I d br, #br_io ;set br reg. address to Of fxxh

clock tinmer 8hz processing routine

and [br:low intr_fac0], #00000100b ;clear etnB flag
pop al e
rete
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10 CLOCK TIMER

Source List

(2) 2 Hz clock timer interrupt processing

B ]

- % *
s *

P x clock tinmer 2hz interrupt processing routine *

B R ]

clock2_intr:
push ale

I d br, #br_io ;set br reg. address to Offxxh

clock timer 2hz processing routine

and [br:lowintr_fac0O], #00000010b ;clear etn2 flag
pop ale
rete

(2) 1 Hz clock timer interrupt processing

B R R R ]

-k *
-k *

P x clock timer 1hz interrupt processing routine *

B R R R R R

clockl_ intr:
push ale

I d br, #br_io ;set br reg. address to Offxxh

clock timer 1hz processing routine

@

and [br:lowintr_fac0O], #00000001b ;clear etnl flag
pop al e
rete
end
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11 STOPWATCH TIMER

11 STOPWATCH TIMER

/O Map
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF42 | D7 |- - _ _ _
D6 |- - - - -
D5 |- - - - -
Constantly "0" when
D4 |- - - - -
being read
D3 |- - - - -
D2 |- - - - -
D1 |SWRST |Stopwatch timer reset Reset  |Nooperation| — | W
DO |[SWRUN | Stopwatch timer Run/Stop control Run Stop 0 |RW
00FF43| D7 |[SWD7 |Stopwatch timer data
D6 |[SWD6
D5 [SWD5 |BCD (1/10 sec)
Dajswoa | o | r
D3 |SWD3 |Stopwatch timer data
D2 [SWD2
D1 |SWD1 |BCD (1/100 sec)
DO [SWDO
00FF20 | D7 [PKO1 . . .
el Puiiviaiil KO0—KO7 interrupt priority register 0 |RIW
D6 |PKOO PKO1 PKOO
D5 |PSIF1L PSIF1 PSIFO
T e Serial interface interrupt priority register PSW1 PSWO Priority 0 |RIW
D4 |PSIFO PTM1 PTMO _ level
D3 |PSW1 11 leds
O R Stopwatch timer interrupt priority register 1 0 Leve?2 0 |RIW
D2 [PSWO 0 1  Level
D1|PTM1 0 0 Lee©
e A Clock timer interrupt priority register 0 |RIW
DO [PTMO
00FF22| D7 |- - - - - "0" when being read
D6 |ESW100) Stopweatch timer 100 Hz interrupt enable register
D5 [ESW10 | Stopwetch timer 10 Hz interrupt enable register
D4 |ESW1 |Stopwatch timer 1 Hz interrupt enable register
- - - Interrupt Interrupt
D3 |ETM32 |Clock timer 32 Hz interrupt enable register i 0 |RW
RO ERhEEEE Behi s vt enable disable
| D2|ETM8__ |Clock timer 8 Hz interrupt encble register
|D1|ETM2__ [Clock timer 2Hz interrupt encbleregister
DO |ETM1 |Clock timer 1 Hz interrupt enable register
00FF24 | D7 |- - - - - "0" when being read
D6 |FSW100) Stopwetch timer 100 Hz interrupt factor flag | (R) ®
| D5 |FSW10 | Stopwetch timer 10 Hz interrupt factor flag | - Interrupt | Nointerrupt
D4 |FSW1 |Stopwatch timer 1 Hz interrupt factor flag factor is factor is
| D3 [FTM32_ | Clock timer 32 Hz interrupt factor flag | generated | generated | 0 | RIW
D2|FTM8 _ |Clock timer 8 Hzinterrupt fector flag. W W
D1 |FTM2 |Clock timer 2 Hz interrupt factor flag W) ¢ )_
F -~ "1 < - T T Reset Nooperatlon
DO |[FTM1 |Clock timer 1 Hz interrupt factor flag
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Specifications

11 STOPWATCH TIMER

Control of stopwatch timer
Vector address setting for stopwatch timer interrupt
(1) sw_init: Initialization for stopwatch timer

Enables the respective 100 Hz, 10 Hz and 1 Hz interrupts of the stopwatch timer, clears the timer
data and starts the stopwatch timer. The interrupt level has been set at IRQ1.

(2) sw100 intr, sw10_intr, swl_intr: Stopwatch timer interrupt processing

Flowchart

(1) Initialization for stopwatch timer
( sw_init )
\

\ (BR setting) |

‘ ‘ oscltoosc3 ‘ ‘ Switches to OSC3

N
Sets interrupt priority
level to IRQ1
[

Enables stopwatch timer
100 Hz, 10 Hz and 1 Hz interrupts

‘ Resets stopwatch timer ‘

‘ Starts stopwatch timer ‘

‘ Clears 11 and 10 flags ‘ Enables IRQ1 interrupt

‘ (stopwatch processing) ‘

‘ Stops stopwatch timer ‘

Y (Has not clock been switched to OSC3 ?)

N
‘ ‘ osc3tooscl ‘ ‘ Switches to OSC1
[
¢ ret )
(2) 100 Hz stopwatch timer (2) 10 Hz stopwatch timer
interrupt processing interrupt processing
C sw100_intr ) C swl10_intr )
\
‘ Register evacuation ‘ ‘ Register evacuation ‘
\ \
‘ (BR setting) ‘ ‘ (BR setting) ‘
\ \
100 Hz interrupt 10 Hz interrupt
processing routine processing routine
\
Clears 100 Hz interrupt Clears 10 Hz interrupt
factor flag factor flag

Register return Register return

( rete ) ( rete

(2) 1 Hz stopwatch timer

interrupt processing

C swl_intr )
\

Register evacuation ‘

(BR setting) ‘
[

1 Hz interrupt
processing routine

Clears 1 Hz interrupt
factor flag

Register return

( rete )
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11 STOPWATCH TIMER

Notes

(1) External routines are called for switching to OSC3 and OSCL1. (external call: osc1toosc3, osc3tooscl)

(2) Switching the operating mode when the supply voltage is lower than the VD1 setting may cause a
malfunction. Hence, the example routine checks the supply voltage when switching to the normal
mode (OSC3) and terminates as a supply voltage error remains unprocessed if the supply voltage is
lower than the VD1 setting. For this determination, vdd_ngf flag is used. (See "4 OSCILLATION
CIRCUIT")

(3) When switching from OSC3 to OSC1 (Vb1 =2.2V - 1.3 V), the program example does not perform
special checking of the supply voltage of SVD if the supply voltage is already more than the Vb1
setting.

(4) To reset the interrupt factor flag, write "1" into the corresponding flags alone, using the AND or LD
instruction. When the OR logic operation instruction has been used, "1" is written for the interrupt
factor flags that have been set to "1" within the same address and those flags are then clear.

(5) The interrupt flags (11 and 10) have not been reset in the interrupt processing routine of this program
example, so an interrupt lower than IRQ1 level is disabled at the time of generation. When you wish
to accept the next interrupt after an interrupt has been generated, re-setting of the interrupt flags or
resetting the interrupt factor flag is necessary after due consideration for the nesting level.

(6) When stopping the stopwatch timer by writing "0" into the RUN/STOP control register for the
stopwatch timer, the stopwatch timer count actually stops when it advances one count with the
timing synchronized to the 256 Hz input clock.

For this reason, when the stopwatch timer stops, if the 100 Hz, 10 Hz, and 1 Hz interrupt factors are
generated, the respective interrupt factor flags are set and if interrupt is enabled, an interrupt is
generated. Thus, you should add an interrupt processing and interrupt factor flag resetting, if
necessary.

(7) In this program example for the stopwatch timer, the vector address setting and program have been
allocated from 003000H for the sake of convenience.

Source List

Control of stopwatch timer

ext er nal osclt oosc3, osc3t ooscl

ext ernal vdd_ngf

public sw_init,swl00_intr,swlO_intr,swl_intr
’szOO_vect or equ 000016h ; sSWl00hz interrupt vector offset
swl0_vect or equ 000018h ; SWlOhz interrupt vector offset
swl_vect or equ 00001ah ;swlhz interrupt vector offset
sw equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
sw_node equ 00f f 42h ; stopwat ch nbde set reg.
swd equ 00f f 43h ; stopwat ch data
intr_prO equ 00f f 20h ;interrupt priority reg. O
intr_en0 equ 00f f 22h ;interrupt enable reg. 0
intr_facO equ 00f f 24h ;interrupt factor flag reg.
’ code
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11 STOPWATCH TIMER

Source List

Vector address setting for stopwatch timer interrupt

intr_vectors:

org intr_vectors+swl00_vect or

dw sw100_intr ; sw 100hz interrupt
’ org intr_vectors+swl0_vect or

dw swi0_intr ; sw 10hz interrupt
’ org intr_vectors+swl_vector

dw swl_intr ;sw 1hz interrupt

(1) Initialization for stopwatch timer

org intr_vectors+sw
IR R R SRR RS SRR S E SRS SRR S EREE SRR RS R EER R RS EERE R R EEEEEEEEEEEESEEEESESE]
Z* *
P x stopwatch initialize (100,10 and 1hz interrupt enable) *
- % *
;

B R ]

*** initialize routine

SwW_init:
| d br, #br _io ;set br reg. address to Of fxxh
carl osclt oosc3 ;change oscl to osc3 ***
Id a, [l od vdd_ngf] ;vdd ng flag
cp a, #0f f h
jrl z, sW_i nit00
’ Id a,[br:lowintr_pr0] ;interrupt priority reg.
and a, #11110011b
or a, #00000100b
Id [br:lowintr_pr0],a ;set sw=/irql
; swl00, swi0 and swl (en. /irqgl) intr.
or [br:lowintr_en0], #01110000b @
or [br:1ow sw_npde], #00000010b ; stopwat ch counter reset
or [br:1ow sw_node], #00000001b ;stopwat ch start
and sc, #00111111b ;il and 10 flag clear
IR R R SRR RS EE RS R R RS SRR SRR E SRR RS R R EER SRR SRR R R RREEREEEEEEEEEEEEEEEEESEE]
;¥** start stopwatch interrupt
; (user progran
Z************************************************************************
;*** end processing
and [br:1ow sw node], #11111110b ; stopwat ch stop
SW_i ni t 00:
carl osc3t ooscl ; change osc3 to oscl ***
ret
(2) 100 Hz stopwatch timer interrupt processing
;* stopwat ch 100hz interrupt processing routine *
’SV\ﬂ.OO_i ntr:
push ale
’ I d br, #br_io ;set br reg. address to Offxxh
; , _ (2
; st opwat ch 100hz processing routine
’ and [br:l1ow intr_fac0], #01000000b ;clear swl00 flag
pop al e
rete
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11 STOPWATCH TIMER

Source List

(2) 10 Hz stopwatch timer interrupt processing

B R R R R R

* *
* stopwat ch 10hz interrupt processing routine *
* *

;
;
;
;
IR R EEEEEEEEEEEEEEEEEEEEEEEREEREEREREREEEEEEEEREREREEREREEEEESEEEEESEREESSEEEESES]
;
swlO_intr:
push ale

I d br, #br_io ;set br reg. address to Of fxxh

st opwat ch 10hz processing routine

and [br:l1ow intr_fac0], #00100000b ;clear swl0 flag
pop al e
rete
(2) 1 Hz stopwatch timer interrupt processing 2
IR R EEEEEEEEEEEEEEEEEEEEEEEEREEREREREREEEEEEEEEEEEREEEERSEEEEESEEEERESEEREESESEEEESES]
.k *
* stopwatch 1hz interrupt processing routine *
- % *

push ale

I d br, #br_io ;set br reg. address to Of fxxh

st opwat ch 1hz processing routine

and [br:low intr_fac0], #00010000b ;clear swl flag
pop al e
rete

’ end
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12 PROGRAMMABLE TIMER

12 PROGRAMMABLE TIMER

I1/0 Map
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF30 | D7 |- - - - — Congtantry "0" when
D6 |- - - - being read
D5 |- - - -
D4 |MODE16 | 8/16-bit mode selection 16-bitx1 | 8-bitx2 0 |RW
D3 |CHSEL |TOUT output channel selection Timer 1 Timer 0 0 |RW
D2 |PTOUT |TOUT output control On Off 0 |RW
D1 |CKSEL1|Prescaler 1 source clock selection foscs fosci 0 |RW
DO |CKSELO| Prescaler 0 source clock selection foscs fosc1 0 |RW
O0FF31 | D7 |EVCNT |Timer 0 counter mode selection Event counter|  Timer 0 |RW
D6 |FCSEL |Timer 0 " Intimer mode Pulsewidth | Norma | 0 [RW
function selection 3 77777777777777777777 measurement|  mode
. In event counter mode With Without
3 noise rejector [noise rejector
D5 |PLPOL |Timer0 ' Down count timing | Rising edge | Fallingedge| 0 |RIW
pulsepolaity | in event counter mode | of K10input of K10input
selection In pulse width Highlevel | Lowlevel
| measurement mode  |for K10 input|for K10 input
D4 |PSCO01 |Timer O prescaler dividing ratio selection 0 |RW
PSCO01 PSC00 Prescaler dividing ratio
L 1 1 Sourceclock/64 | | | |
D3 |PSCO00 1 0 Source clock / 16 0 |RW
0 1 Source clock / 4
0 0 Sourceclock / 1
D2 |CONTO |Timer O continuous/one-shot mode selection | Continuous | One-shot 0 |RW
D1 |PSETO |Timer O preset Presst  |Nooperation| — | W ["0" when being read
DO |PRUNO |Timer O Run/Stop control Run Stop 0 |RW
O0FF32| D7 |- - - - —
D6 |- ~ ~ ~ ~ C?naantry "0" when
being read
D5 |- - - _ _
D4 |PSC11 |Timer 1 prescaler dividing ratio selection 0 |RW
PSC11  PSC10 Prescaer dividing ratio
] 1 1 Sourceclock/64 | | | |
D3 |PSC10 1 0 Source clock / 16 0 |RW
0 1 Source clock / 4
0 0 Sourceclock / 1
D2 |CONT1 |Timer 1 continuous/one-shot mode selection | Continuous | One-shot 0 |RW
D1 |PSET1 |Timer 1 preset Preset  |Nooperation| — | W ["0" when being read
DO |PRUNL1 |Timer 1 Run/Stop control Run Stop 0 |[RW
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12 PROGRAMMABLE TIMER

1/0 Map
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF33 | D7 |RLDO7 |Timer Oreload data D7 (MSB)

e e I el High Low 1 |RIW

DO |RLDOO |Timer O reload data DO (LSB)
00FF34 | D7 |RLD17 |Timer 1reload dataD7 (MSB)

e i I el High Low 1 |RIW

DO |RLD10 |Timer 1 reload data DO (LSB)
O0FF35| D7 [PTDO7 |Timer O counter data D7 (M SB)

el i It el High Low 1 R

DO |[PTDOO |Timer O counter data DO (LSB)
00FF36 | D7 [PTD17 |Timer 1 counter data D7 (MSB)

e i I et i ittt High Low 1 R

DO |PTD10 |Timer 1 counter data DO (LSB)
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12 PROGRAMMABLE TIMER

I/O Map
Address| Bit | Name Function 1 0 SR |R/IW Comment
00FF21 | D7 |- - - - -
D6 |- - - - - Constantly "0" when
D5 |- - - - - being read
D4 |- - - - -
D3 |PPT1 PPT1 PPTO Priority
RN Programmable timer interrupt priority register PK1l PK10 _ level 0 |RW
D2 |PPTO 1 1 Level 3
D1 [PK11 1 0 Level 2
e i K10 and K11 interrupt priority register 0 1 Level 0 |RIW
DO [PK10 0 0 Level O
00FF23| D7 |EPT1 | Programmable timer 1 interrupt enable register
D6 [EPTO Programmable timer O interrupt enable register
|DS|EK1  |K10andK1linterruptencbleregister
D4[EKOH _|KO4KO7 interrupt encbleregister Interupt. | Intemupt ||
D3 |[EKOL K00-K 03 interrupt enable register enable disable
| D2 |ESERR | Seridl I/F (error) interrupt encbleregister
| D1 |ESREC | Seridl I/F (receiving) interrupt enable register _
DO |ESTRA |Serid I/F (transmitting) interrupt enable register
00FF25|D7 |FPT1 _ |Programmable timer 1interrupt factor flag | (R) ®)
D6 |[FPTO Programmable timer O interrupt factor flag Interrupt | No interrupt
|D5|FK1 ___ |K10andK1linterruptfactorflag factoris | factor is
D4 [FKOH _ |KO4KO7interupt factorflag. | generated | generated | |\
D3 |FKOL K00-K 03 interrupt factor flag
| D2 |FSERR | Serial I/F (error) interrupt factor flag W) W)
| D1 |FSREC |Seridl I/F (receiving) interrupt factor flag | Reset |Nooperation
DO |FSTRA |Serial I/F (transmitting) interrupt factor flag

Specifications

Control of programmable timer

Vector address setting for programmable timer interrupt
(1) timer2ch_init, ptl_intr, pt0_intr: Initialization and interrupt processing for 8-bit reload timer
(two channels)
This is an example of using the programmable timer as an 8-bit x 2 system and performs the
following settings:

= Count mode 8-bitx 2

« Pulse output channel Timer 0 -

= Pulse external (TOUT) output  OFF ] (Invalid)
<Timer 0>

= Timer mode Programmable timer (reload mode)

= Count clock fosc3 x 1/16

< Reload data 200 (= 800 psec, when foscs is 4 MHz)
<Timer 1>

« Timer mode Programmable timer (reload mode)

= Count clock fosc3x 1/64

= Reload data 250 (= 1 msec, when foscs is 4 MHZz)

After setting the above, it enables the timer 1 and timer 0 interrupts, and starts each timer. The
interrupt level has been set at IRQ3 and the respective interrupts are generated in the cycles
according to the reload data.
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12 PROGRAMMABLE TIMER

Specifications

Vector address setting for programmable timer interrupt
(2) timerlch_init, pt0O_intr: Initialization and interrupt processing for 16-bit one-shot timer
(one channel)
This is an example of using the programmable timer as a 16-bit x 1 system one-shot timer and
performs the following settings:

= Count mode 16-bitx 1

= Pulse output channel Timer 0 ] (Invalid)

= Pulse external (TOUT) output  OFF
<Timer 0>

= Timer mode Programmable timer (one-shot mode)

= Count clock foscax 1/4

= Reload data 33,200 (= 33.2 msec, when foscs is 4 MHz)
<Timer 1> Cannot be used

After setting the above, it enables the timer 1 interrupt, and starts the timer.
The interrupt level has been set at IRQ3 and an interrupt is generated 33.2 msec after starting.

Vector address setting for programmable timer interrupt
(3) event_init, ptl_intr, event_intr: Initialization and interrupt processing for 8-bit event counter
This is an example of using the programmable timer as an 8-bit event counter and 8-bit reload
timer, and performs the following settings:

= Count mode 8-bit x 2

= Pulse output channel Timer 0 ] (Invalid)

= Pulse external (TOUT) output  OFF
<Timer 0>

= Timer mode Event counter (reload mode)

= Input clock K10 with noise rejector

= Count timing Falling edge

= Reload data OFFH (Event counter initial value)
<Timer 1>

= Timer mode Programmable timer (reload mode)

= Count clock fosca x 1/64

< Reload data 250 (= 4 msec, when foscs is 4 MHz)
After setting the above, it enables the the event counter and timer 1 interrupts, and starts each

timer.

The interrupt level has been set at IRQ3 and an interrupt is generated by the overflow of the event
counter or timer 1.

Timer 1 is programmed to generate an interrupt in 4 msec cycles. This example reads the event
counter data in the interrupt processing routine and calculates the difference between it and
previous count value. This difference is made to the number of clocks that had been input in the 4

msec period.
v Start
K10 input vl YTy T¥ Il 4
Event counter FFH |FEH|FDH]FCH|FBH]|FAH] FOH
Timer 1 interrupt I I

< »

4 msec

v v

FFH-FCH=3 FCH-F9H=3
Fig. 12.1 Event counter processing
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12 PROGRAMMABLE TIMER

Specifications

Vector address setting for programmable timer interrupt
(4) measure_init, measure_intr, k1x_intr: Initialization and interrupt processing for 16-bit pulse
width measurement timer
This is an example of using the programmable timer as a 16-bit pulse width measurement timer
and performs the following settings:

= Count mode 16-bitx 1

= Pulse output channel Timer 0 ] (Invalid)

= Pulse external (TOUT) output  OFF
<Timer 0>

= Timer mode Pulse width measurement timer (reload mode)

« Measurement period During LOW input

= Count clock foscax 1/1

= Reload data OFFFFH (Pulse width measurement timer initial value)
<Timer 1> Cannot be used

After setting the above, it enables the timer 1 and K10 input interrupts, and starts the timer. The
interrupt level has been set at IRQ3 and an interrupt is generated by the overflow of the timer or
K10 input.

Since the fall (count start) and rise (count completion) timings of the K10 input cannot be evaluated
by programmable timer control only, a K10 input interrupt is used. Furthermore, in order to be able
to generate an interrupt at both falling and rising timings, input interrupt timing is reversed by
each interrupt generation in the K1x interrupt processing routine.

K10 input ] [
KCP10 register [

Count clock
v v

K10 interrupt K10 interrupt

Fig. 12.2 Timing of K10 input interrupt generation

Vector address setting for programmable timer interrupt
(5) pulsout_init: 16-bit reload timer pulse output
Outputs TOUT signal from the R27 terminal using the programmable timer as 16-bit reload timer.

= Count mode 16-bitx 1

« Pulse output channel Timer 0 ] (Valid)

= Pulse external (TOUT) output  ON
<Timer 0>

« Timer mode Programmable timer (reload mode)

= Count clock foscax 1/4

= Reload data 33,200 (= 33.2 msec, when foscs is 4 MHz)
<Timer 1> Cannot be used

According to the above setting, the clock cycle of the TOUT signal is set at 66.4 msec (approxi-
mately 15 Hz).
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12 PROGRAMMABLE TIMER

Flowchart

( timer2ch_init )

‘ (BR setting)

‘ ‘ oscltoosc3

L

N

Programmable timer
mode setting

‘ Sets timer O reload data

‘ Sets timer 1 reload data

‘ Timer 0 mode setting

‘ Timer 1 mode setting

Sets interrupt priority
level to IRQ3

‘ Enables timer 1 and timer 0 interrupts‘

‘ Starts timer 0

‘ Starts timer 1

‘ Cleares 10 flag

‘ (Timer processing)

‘ Stops timer 0

‘ Stops timer 1

‘

‘ ‘ osc3tooscl

¢ ret )

C ptl_intr )
\

‘ Register evacuation

\ (BR setting)

Programmable timer 1
interrupt processing routine

Clears timer 1 interrupt
factor flag

‘ Register return

( rete )

(1) Initialization for 8-bit reload timer (two channels)

Switches to OSC3

(Has not clock been switched to OSC3 ?)

8-bit count x 2
Pulse output off
Prescaler input clock = foscs (timer 1 & 0)

200 = 800 psec (foscs = 4 MHz, x1/16)

250 = 1 msec (fosc3 = 4 MHz, x1/64)

Normal timer, Reload mode

Clock = foscs x 1/16, Presets reload data
Reload mode

Clock = fosc3 x 1/64, Presets reload data

Enables IRQ3 interrupt

Switches to OSC1

(1) Interrupt processing for 8-bit reload timer (two channels)

C pto_intr )
\
‘ Register evacuation ‘
\

‘ (BR setting) ‘
[
Programmable timer O
interrupt processing routine
\

Clears timer 0 interrupt
factor flag
[

‘ Register return ‘

( rete )
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12 PROGRAMMABLE TIMER

Flowchart
(2) Initialization for 16-bit one-shot timer (one channel)

( timerlch_init )
[
\ (BR setting) \
[

‘ ‘ oscltoosc3 ‘ ‘ Switches to OSC3
Y (Has not clock been switched to OSC3 ?)
N

- 16-bit count
Programmable timer
) Pulse output off
mode setting

‘ Prescaler input clock = foscs

33200 = 33.2 msec (fosc3 = 4 MHz, x1/4)

‘ Sets 16 bits reload data
[

‘ Timer 0 mode setting Normal timer, One-shot mode
‘ Clock = fosc3 x 1/4, Presets reload data

Sets interrupt priority
level to IRQ3
[
‘ Enables timer 1 interrupt ‘

‘ Starts timer 0 ‘

[
‘ Cleares 10 flag ‘ Enables IRQ3 interrupt

‘ Clears time up flag ‘

‘ ‘ osc3tooscl ‘ ‘ Switches to OSC1
[

C ret )

(2) Interrupt processing for 16-bit one-shot timer (one channel)

C pto_intr )
Register e‘vacuation ‘
‘ (BR s‘etting) ‘
‘ Sets timL up flag ‘
Programm‘able timer
interrupt processing routine
Clears time‘r 1 interrupt
factor flag
‘ Registe‘r return ‘

C rete )
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Flowchart
(3) Initialization for 8-bit event counter

( evcnt_init )
[
‘ (BR setting) ‘

[
‘ ‘ oscltoosc3 ‘ ‘ Switches to OSC3

Y (Has not clock been switched to OSC3 ?)

N
Programmable timer 8-bit count x 2
9 Pulse output off

mode setting Timer 1 prescaler input clock = foscs

‘ Sets timer O‘ reload data

‘ pre_coun‘t ~ OFFH

‘ Sets timer 1‘ reload data
Event counte‘r mode setting

[

‘ Timer 1 mode setting
[

Sets interrupt priority

level to IRQ3

[

Enables timer 1 and

event counter interrupts

[

‘ Starts event counter ‘

‘ Starts timer 1 ‘

[
‘ Cleares 10 flag ‘ Enables IRQ3 interrupt

(Starts timer processing)
|« (loop)

Event counter initial value (OFFH)

Initialization for previous (4 msec before) counter value

250 = 4 msec (fosc3 = 4 MHz, x1/64)

Timer 0 — event counter, Input = with noise rejector
Polarity = falling edge, Reload mode, Presets reload data
Reload mode

Clock = foscs x 1/64, Presets reload data

Counter overflow Y Because _this programldoes not
| perform timer processing
Processing for and completion judgement,
‘ (Normal processing) ‘ event counter overflow add the necessary processing
} . \ functions.

(Timer processing completion)
\
‘ Stops event counter ‘
[
‘ Stops timer 1 ‘

N
"

‘ ‘ osc3tooscl ‘ ‘ Switches to OSC1
[

C ret )
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(3) Interrupt processing for 8-bit event counter

( ptl_intr )
\

‘ Register evecuation

‘ (BR setting)

‘ Reads event counter data

‘ Stops event counter

‘ A register — pre_count - count

Programmable timer 1
interrupt processing routine

pre_count — count

Clears timer 1 interrupt
factor flag

‘ Register return

C rete )

( event_intr )
| Register (lvecuation |
\ (BR sLtting) \
| Sets counter‘overﬂow flag |

[
‘ Stops event counter ‘
\

Event counter
interrupt processing routine
\

Clears timer O interrupt
factor flag
\

‘ Register return ‘
[

( rete )

‘ Sets initial value for event counter‘

count « reading data

Presets OFFH

Calculates the difference between current
count data and data 4 msec before.

Previous counter — current counter
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)

measure_init

C \

(4) Initialization for 16-bit pulse width measurement timer

‘ (BR setting)

oscltoosc3 ‘

| Switches to 0SC3

Sl

N

(Has not clock been switched to OSC3 ?)

Programmable timer
mode setting

16-bit count
Pulse output off
Prescaler input clock = fosca

Sets reload data

Counter initial value (OFFFFH)

Pulse width measurement
mode setting

Timer 0 ~ pulse width measurement mode, Polarity = LOW period measurement
Clock = foscs x 1/1, Reload mode, Presets reload data

K10 input interrupt condition setting

K10 falling edge, Enables K10 interrupt

Sets interrupt priority
level to IRQ3

Enables timer 1 and
K1x input interrupts

‘ Starts timer 0

Cleares 10 flag

‘ Enables IRQ3 interrupt

(Starts timer processing)

<

(loop)
Because this program does not

perform timer processing
and completion judgement,

‘ (Normal processing)

‘ ‘ Processing for counter overflow ‘ add the necessary processing

functions.

“

(Timer processing completion)

‘ Stops timer 0

»
g ‘

osc3tooscl ‘

‘ Switches to OSC1

ret
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Flowchart
(4) Interrupt processing for 16-bit pulse width measurement timer

(_ measure_intr )
‘ Register e‘vecuation ‘
‘ (BR sLtting) ‘
‘ Sets counter‘ overflow flag ‘
‘ Stops ‘timer 0 ‘
Timer O ‘interrupt
processing routine
Clears time‘r 1 interrupt
factor flag
‘ Registe‘r return ‘

( rete )

( K1x_intr )
|

‘ Register evecuation ‘

\
‘ (BR setting) ‘

\ KCP10 - falling edge | KCP10 - rising edge
\

‘ count — reading count data ‘

‘ Presets counter initial value (OFFFFH)‘

<
<

Clears K1x interrupt
factor flag
\
‘ Register return ‘

( rete )
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Flowchart

(5) 16-bit reload timer pulse output

( pulsout_init )
\

‘ (BR setting) ‘
\

‘ ‘ oscltoosc3 ‘ ‘ Switches to OSC3
Y (Has not clock been switched to OSC3 ?)
N
\ R27 — HIGH setting | TOUT output enabled

‘ Sets R27 to complementary output ‘

Programmable timer 16-bit count, Pulse output on (timer 0)
mode setting Prescaler input clock = foscs
\
‘ Sets 16 bits reload data

‘ Timer 0 mode settin Normal timer, Reload mode
| 9 Clock = foscs x 1/4, Presets reload data

33200 = 33.2 msec (foscs = 4 MHz, x1/4)

‘ Starts timer O ‘

\
‘ Turns TOUT output on ‘

‘ (Time adgustment processing) ‘

\
‘ Turns TOUT output off ‘

‘ Stops timer 0 ‘

»
>

‘ ‘ osc3tooscl ‘ ‘ Switches to OSC1

C ret )

Notes

@

@

©)

4)

®)

External routines are called for switching to OSC3 and OSC1. (external call: osc1toosc3, osc3tooscl)

Switching the operating mode when the supply voltage is lower than the VD1 setting may cause a
malfunction. Hence, the example routine checks the supply voltage when switching to the normal
mode (OSC3) and terminates as a supply voltage error remains unprocessed if the supply voltage is
lower than the VD1 setting. For this determination, vdd_ngf flag is used. (See "4 OSCILLATION
CIRCUIT")

When switching from OSC3 to OSC1 (Vb1 =2.2V - 1.3 V), the program example does not perform
special checking of the supply voltage of SVD if the supply voltage is already more than the Vb1
setting.

To reset the interrupt factor flag, write "1" into the corresponding flags alone, using the AND or LD
instruction. When the OR logic operation instruction has been used, "1" is written for the interrupt
factor flags that have been set to "1" within the same address and those flags are then clear.

The interrupt flags (11 and 10) have not been reset in the interrupt processing routine of this
program example, so an interrupt lower than IRQ3 level is disabled at the time of generation. When
you wish to accept the next interrupt after an interrupt has been generated, re-setting of the
interrupt flags or resetting the interrupt factor flag is necessary after due consideration for the
nesting level.
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Notes

(6) The R27 terminal is the common terminal for the normal DC output port and the TOUT output.
When TOUT is being output, set R27 register to "1" and control the signal ON/OFF using the TOUT
register.

(7)  When the pulse output control is set to off ("0"), the setting of the pulse output channel selection
becomes invalid.

(8) When programmable timer 1 is selected as the clock source for the serial interface, pay attention to
the setting value for timer 1, the mode selection for timer 1 and the interrupt setting. Be advised
that in this case, it is impossible to use it as a 16-bit timer coupling both timer 0 and timer 1.

(9) When coupling programmable timers 0 and 1 for use as a 16-bit timer, the setting of timer 0
becomes valid for timer operation and the setting of timer 1 becomes invalid. However, since an
interrupt is generated by the underflow of timer 1, set the interrupt related routine with timer 1.

(10) When stopping the programmable timer by writing "0" into the RUN/STOP control register for the
programmable timer 0 and 1, the programmable timer count actually stops when it advances one
count with the timing synchronized to the input clock selected with the prescaler dividing clock.
For this reason, when the programmable timer stops, if the respective interrupt factors are gener-
ated, the respective interrupt factor flags are set and if interrupt is enabled, an interrupt is gener-
ated. Thus, you should add an interrupt processing and interrupt factor flag resetting, if necessary.

(11) A noise reject circuit is not included in the input port (K port). For this reason, when the program-
mable timer is used for event counter in the program example (3) or for pulse width measurement
in the example (4), the following operation will occur if there is chattering in the K10 input, so,
input waveform shaping or adding external noise reject processing with an external circuit and
software is necessary. In case of the event counter in the program example (3), if there is chattering
in the K10 input, the chattering may be counted. In the case of pulse width measurement in the
program example (4), if there is chattering in the K10 input, successive interrupts may be generated
in the measurement start trigger timing of the rising or falling K10 input.

(12) When a down-counter underflow occurs, the one-shot timer mode sets the reload register value to
the counter data register, to stop the count. For this reason, when you want to continue the count at
the same count number, you should restart to timer. If you want to newly set a different count
number, set the new value in the reload register, then set it to the count data register, and then start
the timer.

(13) In the examples of programmable timer control programs which use an interrupt, the vector
address setting and program have been allocated from 003000H for the sake of convenience. For an
example which does not use an interrupt, a specific address has not been allocated as in the exam-
ples in other chapters.
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SourceList

Control of programmable timer 1

ext er nal osclt oosc3, osc3t ooscl

ext ernal vdd_ngf

public tiner2ch_init,ptl_intr,ptO_intr
bt 1 _vector equ 000006h ;timer O interrupt vector offset
pt 0_vect or equ 000008h ;timer 1 interrupt vector offset
pt equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
pt _node0 equ 00f f 30h ;programmabl e timer node set reg. O
pt _nodel equ 00f f 31h ;programmabl e tinmer node set reg. 1
pt _node2 equ 00f f 32h ;programmabl e timer node set reg. 2
rldo equ 00f f 33h ;programmabl e tinmer O rel oad data
ridl equ 00f f 34h ;programmabl e tinmer 1 reload data
intr_prl equ 00f f 21h interrupt priority reg. 1
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facl equ 00f f 25h ;interrupt factor flag reg. 1
’ code

Vector address setting for programmable timer interrupt

intr_vectors:

org intr_vectors+ptl_vector
dw ptl_intr ;programmable tiner 1 interrupt
org intr_vectors+pt0_vector
dw ptO_intr ;programmabl e tiner O interrupt

(1) Initialization for 8-bit reload timer (two systems)

B R R R R R

org intr_vectors+pt
tinerdata8_0: db 200 ;timer O reload data (800us at 4mhz/ 16)
tinerdata8_1: db 250 ;timer 1 reload data ( 1ns at 4nmhz/ 64)
z~k~k‘)c:\'*~k~k3\'*~k~k>\'*~k~k**~k~k**~k~k*s\ﬂk**s\ﬂk**3\“):*":>\’~k~k"c3\“):~k‘)c:\'*~k~k3\'*~k~k>\'*~k~k**~k~k*3\“):**s\ﬂk**s\ﬂk*
-k *
D * 8-bit * 2-channel reload tiner *
- % *

;*** initialize routine
tinmer2ch_init:

I d br, #br_io ;set br reg. address to Offxxh
carl osclt oosc3 ; change oscl to osc3 ***

Id a, [l od vdd_ngf] ;vdd ng flag

cp a, #0ff h

jrl z,timer2ch_init00

nodel6=8bi t *2, chsel =ti ner 0, pt out =of f, cksel 1&0=f osc3

Id [br:1ow pt_npde0O], #00000011b

Id a,[loc tinmerdata8_0]

Id [br:low rldo0], a ;set reload data (tiner 0)
Id a,[loc tinerdata8_1]

Id [br:lowrldl], a ;set reload data (tiner 1)

; pt0: event =tiner, fcsel =normal timer, pl pol =don't care, psc=fosc3/ 16, rl ndO=r el oad
; pset O=pr eset

Id [br:1ow pt_nbpdel], #00010110b
; pt 1: psc=f osc3/ 64, rl ndl=r el oad, pset 1=pr eset

Id [br:low pt_npde2], #00011110b

or [br:low intr_pri], #00001100b ;set pt=/irqg3

or [br:low intr_enl], #11000000b ;ept1&0 intr. en.
or [br:1ow pt_npdel], #00000001b ;start timer O

or [br:1ow pt_nbpde2], #00000001b ;start tiner 1

I d a, sc

and a, #00111111b
or a, #10000000b
Id sc, a ;10 flag clear (en. /irg3 intr.)

11-76 EPSON S1C88348/317/316/308 TECHNICAL SOFTWARE



12 PROGRAMMABLE TIMER
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B R R R R

;*** start programmable tiner 0 & 1 interrupt
(user program

’
’
’
)
B R R R R R
’
’

;*** end processing

and [br:low pt_npdel], #11111110b ;stop timer O

and [br:1ow pt_nbpde2], #11111110b ;stop timer 1
tinmer2ch_init00

carl osc3tooscl ; change osc3 to oscl ***

ret

(1) Interrupt processing for 8-bit reload timer (two systems)

B R ]

.k *
P x programmable tinmer 1 interrupt processing routine (reload node) *
.k *
z************************************************************************
ptl_intr

push ale

I d br, #br_io ;set br reg. address to Offxxh

progranmmebl e timer 1 processing

and [br:low intr_facl], #10000000b ;clear fptl interrupt flag

pop al e

rete
IR EEEEEEEEEEEEEEEEE R EEEEEEEREEREEREEEEEEEREEREERERERERSEEEEESEEREESEEEESEEEEESSE]
Z* *
0 * programmabl e tinmer O interrupt processing routine (reload node) *
-k *
’************************************************************************
ptO_intr

push ale

| d br, #br _io ;set br reg. address to Of fxxh

progranmmabl e tinmer 0 processing

and [br:lowintr_facl], #01000000b ;clear fptO interrupt flag
pop al e

rete

end
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SourceList
Control of programmable timer 2
ext er nal osclt oosc3, osc3t ooscl
ext er nal vdd_ngf
public timerlch_init,ptO_intr
public tineup
bt 1_vector equ 000006h ;timer 1 interrupt vector offset
pt equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
pt _node0 equ 00f f 30h ;programmabl e tinmer node set reg. 0
pt _nodel equ 00f f 31h ;programmabl e timer node set reg. 1
rldo equ 00f f 33h ;programmabl e tinmer O reload data
ridl equ 00f f 34h ;programmabl e tinmer 1 reload data
intr_prl equ 00f f 21h interrupt priority reg. 1
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facl equ 00f f 25h ;interrupt factor flag reg. 1
’ dat a
ti meup: db [1] ;timeup flag
’ code

Vector address setting for programmable timer interrupt

intr_vectors:
org intr_vectors+ptl_vector
dw ptl_intr ;programmabl e tinmer O interrupt

(2) Initialization for 16-bit one-shot timer (one system)

org intr_vectors+pt
ti merdat al6: dw 33200 ;timerl6 reload data (33.2nms at 4nhz/ 4)
IR R R EEEEEEE RS R RS SRR R SRR S EER R SRR R EER SRR SRR R EEEERREEEEEEEEEEEEEEEEEEEES]
.k *
* 16-bit * 1-channel one shot tiner *

’
’
’
-k *
’
B R R R
’

’

;*** initialize routine
tinmerlch_init:

I d br, #br_io ;set br reg. address to Of fxxh
carl osclt oosc3 ;change oscl to osc3 ***

Id a, [l od vdd_ngf] ;vdd ng flag

cp a, #0ff h

jrl z,timerlch_init00

; model6=16-bi t, chsel =ti ner 0, pt out =of f, cksel 1=dont't care, ckse0=fosc3
Id [br:1ow pt_nbpde0], #00010001b
Id ba, [l oc tinerdatal6] ;set 16-bit reload data (tinmer 0 & 1)
Id [lod rld0], ba

; pt0: event =tiner, fcsel =normal ti ner, pl pol =don't care, psc=f osc3/ 4, rl nd0=oneshot

; pset O=pr eset

Id [br:low pt_npdel], #00001010b

or [br:low intr_pri], #00001100b ;set pt=/irqg3

or [br:l1ow intr_enl], #10000000b ;eptl intr. en.

or [br:1ow pt_npdel], #00000001b ;start timer O

I d a, sc

and a, #00111111b

or a, #10000000b

Id sc, a ;10 flag clear (en. /irg3 intr.)
xor a,a

Id [lod timeup],a

B R R R R R R

;*** start programmable tinmer 0 (16-bit) interrupt
timerlch_init01:
Id a,[lod timeup]
cp a, #0ff h
jrs nz,timerlch_init0l
;************************************************************************
;*** end processing
timerlch_init0O0:
carl osc3t ooscl ;change osc3 to oscl ***
ret
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(2) Interrupt processing for 16-bit one-shot timer (one system)

IR EEEEE SR SRR SRS EESEE RS EEEEEEEEEREEEEREEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEESEES
z* *
P x programmebl e tinmer 1 interrupt processing routine (one-shot node) *
.k *

B R R R R R ]

push ale

’ I d br, #br_io ;set br reg. address to Offxxh
Id a, #0ffh
Id [lod timeup],a ;timeup flag set

progranmmabl e tinmer 0 processing

and [br:lowintr_facl], #10000000b ;clear fptl interrupt flag
pop al e

rete

end
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Source List

Control of programmable timer 3

ext er nal osclt oosc3, osc3t ooscl

ext ernal vdd_ngf

public evcent _init,event_intr,ptl_intr

public pre_count, count, ovf_fl ag
bt 1 _vector equ 000006h ;timer 1 interrupt vector offset
evcnt _vector equ 000008h ;event counter interrupt vector offset
evcnt equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
pt _node0 equ 00f f 30h ;event counter timer node set reg. O
pt _nodel equ 00f f 31h ;event counter node set reg. 1
pt _node2 equ 00f f 32h ;programmabl e timer node set reg. 2
rl do equ 00f f 33h ;event counter reload data
ridl equ 00f f 34h ;programmabl e tinmer 1 reload data
pt dO equ 00f f 35h ;event counter counting data
ptdl equ 00f f 36h ;programmabl e tinmer 1 counter data
intr_prl equ 00f f 21h ;interrupt priority reg. 1
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facl equ 00f f 25h ;interrupt factor flag reg. 1
’ dat a

pre_count: db [1] ;previous event counter data

count : db [1] ;present event counter data

ovf_flag: db [1] ;event counter overflow flag
code

Vector address setting for 8-bit event counter interrupt

intr_vectors:
org intr_vectors+ptl_vector
dw ptl_intr

org i ntr_vectors+evcnt _vector
dw event _intr ;event counter overflow interrupt

(3) Initialization for 8-bit event counter

org i ntr_vectors+evcnt
tinerdata8_2: db 250 ;timer 1 reload data (4nsec at 4nmhz/ 64)

IR SRS S SRR SRS EE SRS SRR SR RS EEEEEEREEEREEEEEEEEEEEEEEREEEEEEEREEEEREEEEEEEEESEEESES
-k *
;* 8-bit event counter (timer 0) counting between 4nsec (reload tinmer 1) *
* *

B R e R Y

*** initialize routine
evcent _init:
I d br, #br_io ;set br reg. address to Of fxxh
carl osclt oosc3 ;change oscl to osc3 ***
Id a, [l od vdd_ngf]
cp a, #0ff h
jrl z,evcnt _init0l

nodel6=8-bit, chsel =ti mer 0, pul se out put =of f, cksel 1=f osc3, cksel 0=don't care

Id [br:1ow pt_nbpde0], #00000011b

I d a, #0f f h

Id [br:lowrld0],a ;set event counter init data (nex.)
Id [lod pre_count], a ;pre event counter data set

Id a, [l oc tinerdata8_2]

Id [br:lowrldl],a ;set reload data (timer 1)

; pt 0: event =event counter, fcsel =wi th noi se rejector, pl pol =falling edge
; pscl&0=don't care, rl ndO=rel oad, pset O=pr eset, prrun0=st op

Id [br:low pt_npdel], #11000110b
; pt 1: psc=f osc3/ 64, rl ndl=r el oad, pset 1=pr eset

Id [br:1ow pt_npde2], #00011110b

or [br:lowintr_pri1], #00001100b ;set pt=/irqg3

or [br:low intr_enl], #11000000b ;eptl1& intr. en.

or [br:1ow pt_npdel], #00000001b ;start event counter
or [br:1ow pt_npde2], #00000001b ;start tiner 1
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Id a, sc
and a, #00111111b
or a, #10000000b
Id sc, a ;i0 flag clear (en. /irg3 intr.)
xor a, a
Id [lod ovf_flag],a ;overflow flag clear

B L R Rt R R ]

;*** start event counter (timer 0) and programmeble tinmer 1 interrupt
; (user program

oop:
Id a, [l od ovf_flag]
cp a, #0f f h ;event counter overflow ?
jrs nz, evcnt _i ni t 00 ;--> normal

B R R R R R

;
;*** event counter overflow processing
; (user program
;

jrs event _i nit02
IR EEEEEEEEEEEEEEEEEEEEEEEEEEREREEREEEEEEEREEREREEEEEEREEEEESEREESEEEESESEEEESSE]
;
;*** normal processing
evcnt _ini t00:
; (user program

event _init02:

jrs | oop p-->
IR R R SRR RS RS SRR SRR SRR E SRR RS ER R EER RS EERE R RREEEEEEEEEEEEEEESEEEESESE]
;

;*** end processing

and [br:1ow pt_nbdel], #11111110b ;stop event counter
and [br:1ow pt_nbpde2], #11111110b ;stop timer 1
evcnt _init01:
carl osc3t ooscl ;change osc3 to oscl ***
ret

(3) Interrupt processing for 8-bit event counter

B R R R ]

- *
0 * programrabl e tiner 1 interrupt processing routine (reload node) *
.k *
z************************************************************************
ptl_intr
push ale
| d br, #br _io ;set br reg. address to Of fxxh
Id a, [br:low ptdO] ;read event counter counting data
Id [lod count], a ;set present event counter data
and [br:low pt_nopdel], #11111110b ;event counter stop
or [br:1ow pt_nbpdel], #00000010b ;set event counter next data (mex.)
Id a,[lod pre_count]
sub a, [l od count] ;a-reg. = input count nunber (4 nsec)

; programmabl e tinmer 1 processing (based on event counter counting data)

Id a, [l od count]

Id [lod pre_count], a ;move event counter data p(i-1) <- p(i)
and [br:low intr_facl], #10000000b ;clear fptl interrupt flag

pop al e

rete
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IR SRS S SRR S SRS SRR RS R E R R RS R EREEEEREEEREEEEREEEEEEEEEEEEEESEEREEEEEESEEEEEESEEEEEEESESES
* *
* event counter (tinmer O0) interrupt processing routine (counter overflow) *
* *

B R R R R R R

evcnt _intr:

push ale

’ I d br, #br_io ;set br reg. address to Offxxh

' Id  a #0ffh
Id [lod ovf_flag],a ;event counter overflow flag set
and [br:low pt_nopdel], #11111110b ;event counter stop

event counter overflow processing

and [br:lowintr_facl], #01000000b ;clear fptO interrupt flag
pop al e

rete

end
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Control of programmable timer 4

ext er nal osclt oosc3, osc3t ooscl

ext ernal vdd_ngf

public neasure_init, nmeasure_intr

public count, ovf _flag, k1x_intr
nmeasur e_vector equ 000006h ;measure interrupt vector offset
k1x_vect or equ 00000ah ; k1x interrupt vector offset
pm equ 003000h ;program start address of fset
br_io equ offh ;base reg. address (set i/o area)
pt _node0 equ 00f f 30h ;pul se wi dth neasure node set reg. 0O
pt _nodel equ 00f f 31h ;pul se wi dth neasure node set reg. 1
rldo equ 00f f 33h ;pul se width measure (low) reload data
ridl equ 00f f 34h ;pul se wi dth neasure (high) reload data
pt do equ 00f f 35h ;pul se wi dth neasure (low) count data
ptdl equ 00f f 36h ;pul se width measure (high) count data
si k1 equ 00f f 51h ;interrupt selection reg. for kix
kepl equ 00f f 53h ;interrupt conparison reg. for kix
k1d equ 00f f 55h ;input data from klx
intr_pri equ 00f f 21h ;interrupt priority reg. 1
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facl equ 00f f 25h ;interrupt factor flag reg. 1

data
count : dw [1] ;pul se wi dth neasured data
ovf_flag: db [1] ;event counter overflow flag

code

Vector address setting for 16-bit pulse width measurement timer interrupt

intr_vectors:

org i ntr_vectors+measure_vector

dw neasure_intr ;pul se width nmeasure overflow interrupt
org intr_vectors+klx_vector

dw kix_intr ; k1x interrupt processing routine

(4) Initialization for 16-bit pulse width measurement timer

org intr_vectors+pm
IR SRS SRR SRR EE SRR EEEE SRR RS EREEEEREEEREEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEESEEESS
.k *
input term*

-k *

B R R Y

;* 16-bit pul se width measurenent (tiner 0) between k10 "I ow"

*** initialize routine
measure_init:

carl
Id
cp
jrl
Id

I d
I d

Id
Id
or
or
or
Id
and
or
Id
xor
Id

br, #br _io
oscltoosc3

a, [l od vdd_ngf]
a, #0f f h

z, measure_init0l

[br:1ow pt_npde0O], #00011001b
ba, #0ffffh
[lod rldo], ba

;pt0: event=tiner, fcsel =pul se wi dt h neasur ement, pl pol =l ow | evel
; psc=fosc3/ 1, rl mlO=r el oad, pset O=pr eset, prrun0O=st op
I d

[br:1ow pt_npdel], #01000110b

[br:1ow kcpl], #00000001b
[br:1ow sikl], #00000001b
[br:lowintr_pri1],#00001111b
[br:lowintr_enl], #10100000b
[br:1ow pt_nbpdel], #00000001b
a, sc

a, #00111111b

a, #10000000b

sc, a

a, a

[lod ovf_flag],a

;set br reg. address to Of fxxh
;change oscl to osc3 ***
;vdd ng flag

; model6=16-bi t, chsel =ti ner O, pul se out put =of f, cksel 1=don't care, cksel 0=f osc3

;set measure counter init data (mex.)
measur enent

; k10 falling edge ("h" -> "I")
; k10 interrupt enable

;set pt & pkl=/irqg3

;eptl & ekl intr. en.

;start pul se neasur enent

;i0 flag clear (en. /irg3 intr.)

;overflow flag clear
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Source List

B R R R R R R R Y

;*** start neasure counter (16-bit tiner 0)
; (user program

wai t_| oop:
Id a, [l od ovf_flag]
cp a, #0ff h ;measure counter overflow ?
jrs nz, measure_i ni t 00 ;--> normal

B R R R R R R R

;
;*** measure counter overflow processing
; (user program
;

jrs measure_init02
;*** normal processing
measure_i ni t00:
; (user programn

;
measure_i nit02:

jrs wai t _| oop p-->
IR EEEEEEEEEEEEEEEEEEEEEEEEREEREEREREREEEEEEEEEEEEEEEERESEEEEEESEERESERESSEEEESES]
;

;*** end processing

and [br:low pt_npdel], #11111110b ; stop nmeasure counter
measure_ini t01:

carl osc3t ooscl ;change osc3 to oscl ***

ret

(4) Interrupt processing for 16-bit pulse width measurement timer

ISR EE SR EEEEEEEEEEEEEEEEEEEEEREEEEEEREEREREEEEEEEEEEEESEEEERESEERESERESERESEEEERSES]
;
-k *
;* measure counter (16-bit timer 0) interrupt processing routine (overflow) *
- % *
;

B R R ]
’

measure_intr:

push ale

’ I d br, #br_io ;set br reg. address to Of fxxh

' ld  a #0ffh
Id [lod ovf_flag],a ;event counter overflow flag set
and [br:1ow pt_nbpdel], #11111110b ; measure counter stop

nmeasure counter overflow processing

and [br:low intr_facl], #10000000b ;clear fptl interrupt flag
pop al e
rete
IR EEEEEEEEEEEE SRR SR EEEEEEEEEREEREEEEEEEEEREEEREREREERERESESEERESERESEEESEESS]
;* *
* k1x interrupt processing routine *
-k *
;

B R R

kix_intr:

push ale
’ I d br, #br_io ;set br reg. address to Of fxxh
’ bi t [br:1ow kcpl], #00000001b ; kep setting ?

jrs z, klx_intr01

;falling edge -> rising edge
and [br:low kcpl], #11111110b ;set rising edge
jrs k1x_intr00

;rising edge -> falling edge

kix_intro01:

or [br:1ow kcpl], #00000001b ;set falling edge

I d ba, [l od ptdO]

I d [lod count], ba :read neasure count data

or [br:1ow pt_npdel], #00000010b ;set measure counter init data (mex.)
k1x_i ntr00:

and [br:lowintr_facl], #00100000b ;clear fk1 interrupt flag

pop al e

rete

end
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Source List

Control of programmable timer 5

ext er nal osclt oosc3, osc3t ooscl

ext ernal vdd_ngf

public pul sout _init
br_i o] equ offh ;base reg. address (set i/o area)
pt _node0 equ 00f f 30h ;programmabl e timer node set reg. O
pt _nodel equ 00f f 31h ;programmabl e tinmer node set reg. 1
rldo equ 00f f 33h ;programmabl e tinmer O rel oad data
rldl equ 00f f 34h ;programmable tinmer 1 reload data
hzr 2 equ 00f f 71h ;r2x output control reg.
r2d equ 00f f 75h ;r2x output data
i’ntr_prl equ 00f f 21h ;interrupt priority reg. 1
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facl equ 00f f 25h ;interrupt factor flag reg. 1
’ code

(5) 16-bit reload timer pulse output

; pul se out put =66. 4ns( approx. 15hz)
timerdat al6: dw 33200 ;timerl6 reload data (33.2ns at 4nhz/ 4)

B R R R R R

* *
* pul se out (16-bit) control *
* *

B R R R R R

*** initialize routine
pul sout _init:
Id

br, #br_io ;set br reg. address to Offxxh
carl osclt oosc3 ; change oscl to osc3 ***
Id a, [l od vdd_ngf] ;vdd ng flag
cp a, #0ff h
jrl z, pul sout _i ni t 00
or [br:1ow r2d], #10000000b ;r27="h" (enabl e ptout)
and [br:low hzr2],#01111111b ;r27=conpl enent ary out put

; nbdel6=16-bi t, chsel =ti ner 0, pt out =of f, cksel 1=don't care, cksel 0=fosc3
Id [br:1ow pt_npde0], #00011001b
Id ba, [l oc timerdatal6] ;set 16-bit counter data (tiner 0 & 1)
Id [lod rldO], ba
;pt0: event=tiner, fcsel =normal timer, pl pol =don't care, psc=fosc3/ 4, rl ndO=r el oad
; pset O=pr eset
Id [br:1ow pt_nopdel], #00001110b
or [br:1ow pt_npdel], #00000001b ;start tiner O
or [br:1ow pt_npde0O], #00000100b ;start ptout
IR R R SRR RS EE RS R R RS SRR SRR E SRR RS R R EER SRR SRR R R R EREEEEEEEEEEEEEESEESE]

;*** start pul se out (16-bit)
; (user progran

’
’
’
’
B R R R R R
’
’

;*** end processing

and [br:1ow pt_nopdeO], #11111011b ; stop ptout
and [br:1ow pt_nopdel], #11111110b ;stop timer O
pul sout _i ni t 00:
carl osc3t ooscl ;change osc3 to oscl ***
ret
end
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13LCD CONTROLLER

I1/0O Map

Address| Bit | Name Function 1 0 SR [R/W Comment
OO0FF10| D7 |- - - _ -

D6 I ~ ~ ~ Constantry "0" when

being read

D5 |- - - -

D4 |LCCLK |CL output control for expanded LCD driver On Off 0 |RIW

D3 |LCFRM |FR output control for expanded LCD driver On Off 0 |RW

D2 [DTFNT |LCD dot font selection 5x5dots | 5x8dots | O |R/W

D1 [LDUTY |LCD driveduty selection Vi6duty | 1/32duty 0 |RW|*1

DO |SGOUT |R/W register 1 0 0 | R/W |Reserved register
OOFF11|D7 |- - - - "0" when being read

D6 [DSPAR |LCD display memory area selection Display area1|Display aea0| 0 |[R/W

D5 |LCDC1 |LCD display control 0 |RW

LCDC1 LCDCO LCD display These bits are reset
] 1 1 AllLCDslit (| | | to (0, 0) when
D4 |LcDCO 1 0 All LCDs out 0 |R/W/|SLPinstruction
0 1 Normal display is executed.
0 0 Drive off
D3 [LC3 LCD contrast adjustment 0 |RW
p2)lc2 | g lgp LEL LR O — | 0_|RW
D1|LC1 11 1 0 : 0 |RW
DO |LCO 0 0 0 0 Light 0 |RW

*1 When 1/8 duty has been selected by mask option, setting of this register becomesinvalid.
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13 LCD CONTROLLER

Specifications

Control of LCD controller

(1) Ied_init: Initialization for LCD controller
Sets the LCD controller as follows:
= LCD dot matrix type 5x8

« LCD drive duty 1732

= LCD display control Normal display
= Contrast Middle (87/16)
= CL output ON

= FR output ON

(2) control_example, display_frame, display_1ch: Display control
By specifying the front address of the string stored in memory and the display memory address
(display position), data in the character generator table are written to display memory and are
shown on the LCD panel.
The message to be displayed is an ASCII code string and "00H" should be added to the end of the
string as an end mark.
Display example: "e""0""c""8""8""3""1""6" 00H

5 x 8-dot character data are stored in the character generator ascii_table in ASCII code order. A
character is configured with 5 bytes of data. Consequently, data for the character code "n" should
be stored in 5 bytes from ascii_table + (n x 5) address.

30H 31H 32H
OmEERQd oomOog OmERQd
ECOO0. OmmOd ECOO00.

[ Jmfmy |} | oomoo oooom
ECOECE oomoO ooomo
[ ] Infm) | oomoO oomo0
| Imimim) | oomoo omOooo
ml 1 1 In| ml 1 | In| EEEEN
ooooo ooooo ooooo
ITTITTI IITITII ITTITIXI
W o ww ONLWOoOo N~ =0 ©O
MmO ITm oS N~N<TO <O <
Fig. 13.1 Configuration of character data

Notes

(1) R26 and R25 terminals are common to the normal DC output port and CL output, and FR output.
When performing CL and FR output to expand the LCD driver externally, set the R26 and R25
registers at "1" and control the signal ON/OFF using the LCCLK and LCFRM registers.

(2) Maximum drive dot number of the S1C88348/317/316 is 1,632 dots (51 segments x 32 commons).
(3) Maximum drive dot number of the S1C88308 is 1,312 dots (41 segments x 32 commons).
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Flowchart
(1) Initialization for LCD controller

C led_init )
\
‘ (BR setting) ‘
[
| R26,R25 - HIGHoutput |
\
Sets complementary output
for R26 and R25
I CL and FR output
\ LCD mode setting | Matrix type = 5 x 8, Duty = 1/32
I Normal display, Contrast = middle

C ret

(2) Display control

(__control_example )

‘ IX — display message front address‘ IX = ASCII string ("e0c88316") pointer
[

‘ IY « display position ‘ Y = display memory address (1 character = 5 bytes)
[
‘ ‘ display_frame ‘ ‘ String display
Next processing ( display_frame )

‘

Reads 1 character (ASCII code)
indicated by character pointer (IX)

Y 00H = end mark

N

‘ ‘ display_1ch ‘ ‘ 1 character display

[
‘ Character pointer (IX) + 1 ‘

‘ Display memory address (IY) + 5‘ Next display position
display_1ch
(_display 1ch ) ¢ = )
‘ Register evacuation ‘ IX, 1Y, HL, BA
[
Character generator table A register = character code
address calculation Offset in table = (A register) x 5

‘ Loop counter (5 times) setting ‘

-

‘ Display memory (IY) — character data (IX)‘

[
‘ Display memory address (1Y) + 1 ‘

[
Character generator table
address (IX) + 1

1 character = 5 bytes

‘ Register return ‘ BA, HL, IY, IX
[

( ret )
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13 LCD CONTROLLER

Source List
Control of LCD controller
public lcd_init,display_frame, display_1ich
’offset equ 30h*5 ;ascii code table address of fset
br_io equ offh ; base reg. address (set i/0 area)
| cd_npde0 equ 00f f 10h ;lcd controller node set reg. O
| cd_nodel equ 00f f11h ;1cd controller node set reg. 1
hzr 2 equ 00f f 71h ;r2x output control data
r2d equ 00f f 75h ;r2x output data
i cd_ranD equ 00f 800h ;lcd ramline O top address
I cd_ramt equ 00f 900h ;lcd ramline 1 top address
I cd_rang equ 00f a00h ;lcd ramline 2 top address
I cd_ran8 equ 00f bOOh ;lcd ramline 3 top address
’ code

(1) Initialization for LCD controller

B R R R ]

- % *
P x I cd display control *

’
’
’
-k *
’
’
’

lcd_init
I d br, #br_io ;set br reg. address to Offxxh
or [br:1ow r2d], #01100000b ;r26,r25="h" (fr,cr enable)
and [br:low hzr2],#1001111b ; 126, r 25=conpl enent ary out put
;lcel k, I cfrneon, dttyp=5*8, | dut y=1/ 32 (1)
Id [br:1ow | cd_npde0], #00011000b

;srsel =don't care (when 1/32), | cdc=nornal, | c=ni ddl e contrast
Id [br:1ow | cd_npdel], #00011000b
ret

(2) Display control

B R R R
’

;*** control program exanple routine
cont rol _exanpl e: n

Id i X, #l oc frane00 ;di spl ay nessage
Id iy, #l od | cd_ranD+1*5 ;di spl ay address
carl display_frane ;display frame ***

(user program

B R R R R R R ]

di spaly frame *

*

iy : display top address *

.k *
IR EEEEE SRS EEE SRR SRR RS EEEEEEEEEREEEEREEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEESESEES

*
0 * ix : nmessage top address
*

;*** control routine (2)
di spl ay_frane:
I d

a, [ix]
cp a, #00h ;end mark ?
jrs z, di spl ay_frame00 ;exit
’ cars display_lch ;display 1 character ***
inc i X
add iy, #5 ;display address + 5 (5*8 dots)
jrs di splay_frame ;up end nark detect

di spl ay_frane00:
ret
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Source List

B R R R R R R

. %
0 * display 1 character (fromascii code to 5*8 dots dot matrix) *
* iXx : nmessage pointer index *
0 * iy : store pointer index *
.k *
;************************************************************************
di splay_1ch

push ix

push iy

push hl

push ba

I d |, #5

mt ;hl <- a-reg*5

add hl, #l oc ascii_table ;hl <- hl + ascii_table top addres

I d i x, hl

I d b, #5 ;5 bytes data

di spl ay_1char 00
Id [iyl.[ix]

inc i X

inc iy

djr nz, di spl ay_1char 00
’ pop ba

pop  hi

pop Iy

pop i x

ret

;*** messeage franme exanple
frame00
ascii "e0c88316"
db 00h

B R R ]

;*** ascii character table (exanple)
ascii _table:
; character code 00h to 2fh have not been
org ascii _tabl e+of f set
db 3eh, 51h, 49h, 45h, 3eh
db 00h, 42h, 7f h, 40h, 00h
db 42h, 61h, 51h, 49h, 46h
; (user defined)
; character generator table (5*8 dots)
; (user defined)
end

B R ]

@

;end mark

used in this exanple

;" 0", 30h
;"1", 31h
;"2",32h
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14 SOUND GENERATOR

1/0 Map
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF44 | D7 |- - - - - Constantry "0" when
D6 |BZSTP |One-shot buzzer forcibly stop Forcibly stop|No operation| — | W |being read
D5 |BZSHT |One-shot buzzer trigger/status PR Buy | Ready | O |R/W
W Trigger  [No operation
D4 |SHTPW |One-shot buzzer duration width selection 125msec [ 3125msec | O [R/W
D3 |ENRTM |Envelope attenuation time 1sec 0.5 sec 0 |RIW
D2 |[ENRST |Envelope reset Reset  |Nooperation| — | W |["0" when being read
D1 |ENON |Envelope On/Off control On Off 0 |RIW|*1
DO |BZON  |Buzzer output control On Off 0 |RIW
00FF45 | D7 |- — - - — "0" when being read
D6 |DUTY2 |Buzzer signa duty ratio selection 0 |RIW
DUTY2-1 Buzzer frequency (Hz)
2 1 (o 4090 3276.8 2730.7 2340.6
] _— © _~ 20480 16384 13653 11703 | [ 1
D5 |DUTY1 0 0O O 8/16 820 12/24 12/28 0 |RW
0 0 1 7/216 7/20 1124 11/28
0 1 0 6/16 6/20 10/24 10/28
] 0 1 1 516 520 924 928 | | | |
DalDUTYO | 1 O O 416 420 824 828 o |rwW
1 0 1 3/16 3/20 7/24 7/28
1 1 0 216 220 6/24 6/28
1 1 1 1216 V20 5/24 5/28
D3 |- — — "0" when being read
D2 |BZFQ2 |Buzzer frequency selection 0 |RW
BZFQ2 BZFQl BZFQO Frequency (Hz)
0 0 0 4096.0
D1|BzFQL | O 0 L 32768 0 [RW
0 1 0 2730.7
0 1 1 2340.6
o] 1 0 0 20480 || Lo
DO |BZFQO 1 0 1 1638.4 0 |RW
1 1 0 1365.3
1 1 1 1170.3

*1 Reset to "0" during one-shot output.
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Specifications

Control of sound generator

(1) sound_init: Initialization for sound generator
Enables the buzzer output from R50 terminal.

(2) normal_init, normal_on, normal_off: Normal buzzer output
The normal_init routine sets the duty ratio of the buzzer signal to maximum and the frequency to
4,096 Hz. There is buzzer output when normal_on has been called until normal_off is called.

(3) envelope_init, envelope_on, envelope_reset, envelope_off: Buzzer output with digital envelope
The envelope_init routine sets the buzzer signal frequency to 4,096 Hz and the envelope attenua-
tion time to 1 sec and then turns the envelope ON.

There is buzzer output when envelope_on has been called until envelope_off is called.

The envelope_reset routine re-sets the buzzer signal frequency to 2,048 Hz and the envelope
attenuation time to 0.5 sec and then resets the envelope. The envelope is reset by calling
envelope_reset during output period of a buzzer with envelope.

(4) oneshot_ready, oneshot_on, oneshot_off: One-shot buzzer output
The oneshot_ready routine sets the one-shot buzzer pulse width to 125 msec and waits until the
one-shot buzzer output has shifted to READY status. One-shot buzzer output is done by calling
oneshot_on. Buzzer output is 125 msec when called by oneshot_on, but even in that time, the one-
shot buzzer output can be forcibly terminated by calling oneshot_off.

Flowchart
(1) Initialization for sound generator

( sound_init )
\

‘ (BR setting) ‘

‘ R50 ~ HIGH output ‘ Enables buzzer output

‘ Sets R50 to complementary output‘
[
C ret )

(2) Normal buzzer output

( normal_init )
\

Buzzer signal duty ratio Duty ratio = maximum
and frequency settings Frequency = 4,096 Hz
[
C ret )
( normal_on ) ( normal_off )
[ \
‘ BZON « 1 ‘ Turns buzzer output on ‘ BZON ~ 0 ‘ Turns buzzer output off

C ret ) C ret )
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14 SOUND GENERATOR

(3) Buzzer output with digital envelope

(__ envelope_init )

‘ Buzzer frequency setting ‘ 4,096 Hz
\

Envelope ON
Attenuation time setting

C ret )

1 sec

( envelope_on )

‘ BZON < 1 ‘ Tu‘rns buzzer output on
[ (with envelope)

C ret )
(4) One-shot buzzer output
( oneshot_ready )

»
>

One-shot buzzer
pulse width setting

One-shot READY

Y

125 msec

(_ envelope_reset )

‘ Buzzer frequency setting ‘

Envelope attenuation
time setting

Envelope reset

ret

N
NN

envelope_off

[
BZON ~ 0

C ret )

( oneshot_on )

\
BZSHT « 1 |

ret

M M
NN

oneshot_off

BZSTP - 1
\

C ret )

2,048 Hz

0.5 sec

Turns buzzer output off
(with envelope)

Turns one-shot buzzer on

One-shot buzzer
forcibly stop

Note

using the BZON register.

The R50 terminal is common to the normal DC output port and the buzzer output. When a buzzer circuit
has been configured with the R50 terminal, set the R50 register to "1" and control the signal ON/OFF
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Source List

Control of sound generator

public sound_i ni t

public nor mal _i ni t, normal _on, nor mal _of f

public envel ope_i ni t, envel ope_on, envel ope_r eset, envel ope_of f

public oneshot _r eady, oneshot _on. oneshot _of f
br_i o] equ offh ;base reg. address (set i/o area)
sound_node0 equ 00f f 44h ; sound generator node set reg. O
sound_nodel equ 00f f 45h ; sound generator node set reg. 1
hzr_ex equ 00f f 70h ; expand out put control reg.
r5d equ 00f f 78h ;r5x output data

code

(1) Initialization for sound generator

B R R R R R R

* *
* sound genertator control *
- % *

B R R R R R

sound_init:

I d br, #br_io ;set br reg. address to Offxxh

and [br:1ow r5d],#11111110b ;r50="1" (bzon enabl e) (1)
and [br:low hzr_ex], #10111111b ; r50=conpl enent ary out put

ret

(2) Normal buzzer output

B R R R R ]
’

;**% sound nor nal

nornal _init:
Id [br:1ow sound_npdel], #00000000b ; dut y=max. , bzf q=4096hz
ret

Ckkk
’

nor mal _on:
or [br:1ow sound_node0], #00000001b
ret

; bzon=enabl e (2)

sk k ok
normal _off:

and [br:1ow sound_npdeO], #11111110b
ret

: bzon=di sabl e

(3) Buzzer output with digital envelope
DR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEREESEEEEEEEEEEEEEEEEEES

;*** sound envel ope

envel ope_init:
Id [br:1ow sound_npdel], #00000000b
or [br:1ow sound_node0], #00001010b
ret

;duty=don't care, bzf qg=4096hz
;enrtmelsec, enon=on

énvel ope_on:
or [br:1ow sound_nopde0], #00000001b
ret

; bzon=enabl e (w th envel ope)

Ckkk
’

;envel ope reset then on(change envel ope rel ease time & buzzer frequency)

envel ope_reset: (3)
Id [br:1ow sound_nodel], #00000100b ;duty=don't care, bzf q=2048hz
Id a, [br: I ow sound_node0]
and a, #00000011b ;enrt ne0. 5sec
or a, #00000100b ;envel ope reset
Id [br:1ow sound_node0], a
ret

Ckkk
’

envel ope_of f:
and [br:1ow sound_npde0], #11111110b : bzon=di sabl e
ret
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Source List
(4) One-shot buzzer output

B ]
’

;*** sound_oneshot
oneshot _ready: -
or [br:1ow sound_npde0], #00010000b :one shot wi dth=125ns
bi t [br:1ow sound_npde0], #00100000b ;one shot ready ?
jrs nz, oneshot _r eady

ret

Ckk ok
’

oneshot _on:
| a, [ br: | ow sound_node0]

and a, #00011111b (4)
or a, #00100000b

| d [br:1ow sound_npde0], a ;one shot buzzer on

ret

Ckkk

oneshot _off:

a, [br: I ow sound_node0]
and a, #00011111b
a
[

or , #01000000b

Id br: 1 ow sound_node0], a ;no status read stop

ret ]
’ end
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15 ANALOG COMPARATOR

I1/O Map
Address| Bit | Name Function 1 0 SR [R/W Comment
00FF13| D7 |- — - - —
D6 |- - - - — Congtantly "0" when
D5 |- - - - — being read
D4 |- — - - —
D3 |CMP1ON|Comparator 1 On/Off control On Off 0 |RW
D2 |CMPOON| Comparator 0 On/Off control On Off 0 |RW
D1 |CMP1DT | Comparator 1 data +>- +<- 0 R
DO [CMPODT | Comparator O data +>- +<- 0 R

Specifications
Control of analog comparator

(1) comp_init: Initialization for analog comparator
Sets I/0 port P17-P14 to the input mode in order to prevent a malfunction.

(2) comp_control: Data reading for analog comparator
Sets the analog comparator to ON and reads the comparator data after calling a delay routine.
Executes subsequent processing according to the results of the read.

Flowchart
(1) Initialization for analog comparator

C comp_init )
\

‘ (BR setting) ‘

| P17-P14 — HIGH setting |

[
‘ P17-P14  Input mode setting‘

C rLt )

(2) Data reading for analog comparator

(_ comp_control )

‘ Turns comparator 0 and 1 on ‘

‘ ‘ comp_delay ‘ ‘ Waiting for stability time

CMPODT r<
+>-
Comparator 0 data processing (+>-)

‘ Comparator 0 data processing (+<-)

< ‘
<

CMP1DT -
+>-
‘Comparator 1 data processing (+>—)‘ ‘Comparator 1 data processing (+<—)‘

‘4

C ret )
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Notes

(1) A delay routine for the operation stabilization waiting time (3 msec, maximum) of the analog compa-
rator is not included in this program example, so it is necessary to create it using a hardware timer or
software timer. (external call: comp_delay)

(2) P17-P14 terminals are common to the analog comparator inputs (CMPMO0, CMPP0, CMPML1 and
CMPP1) and the 1/0 port, and these are switched to 1/0 port terminals when the analog comparator
is turned OFF. Consequently, for an 1/0 port which is used for an analog comparator, be sure to set
in input mode.

Source List
Control of analog comparator
ext ernal conp_del ay
public conp_init, conp_control
br_i o] equ 0ffh ;base reg. address (set i/o area)
conp_node equ 00f f 13h ;anal og conparator node set reg.
iocl equ 00ff61h ;plx i/o control reg.
pld equ 00f f 63h ;plx port data
code

(1) Initialization for analog comparator

B R R R R R ]

* *
* conpar at or control *
* *

B R R R R

;
;
! . . . . .
;REE !n!tlallze routine
conp_init:

I d br, #br_io ;set br reg. address to Offxxh

or [br:low pld], #11110000b ;set pl7-14="h" 1)
and [br:lowiocl], #00001111b ;set pl7-14=i nput node

ret

(2) Data reading for analog comparator

B L kR R R R R ]
’

;***% control routine
conp_control :

or [br:1ow conp_node], #00001100b ;conparator 0&L on
carl  conp_del ay ;conparator stable delay ***
bi t [br:1ow conp_nbde], #00000001b ;conmparator 0 on ?

jrs z, conp_control 00
; comparator O : + > -
’ jrs conp_control 01
; comparator 0 : + < -
conp_control 00:

conp_control 01: )
bi t [br:1 ow conp_nbde], #00000010b ;conmparator 1 on ?
jrs z, conp_control 02

; conparator 1 : + > -
jrs conp_control 03

; conparator 1 : + < -

conp_control 02:

; conparator processing end

conp_control 03:
and [br:1ow conp_node], #00001100b
ret

end
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16 SVD (SUPPLY VOLTAGE DETECTION) CIRCUIT

16 SVD (suPpLY VOLTAGE DETECTION) CI RCUI'T

1/0 Map
Address| Bit | Name Function 1 0 SR [R/W Comment
00FF12 | D7 |- - - - - Constantry "0" when
D6 |- - - - - being read
D5 |SVDSP |SVD auto-sampling control On Off 0 |R/W|Theseregistersare
reset to "0" when
D4 [SVDON | SVD continuous sampling control/statusf R Busy Ready |1-0*1) R/W |SLPinstruction
‘w| o | of | 0 is executed.
| D3 [SVD3  |SVD detectionleved | | | X | R [*2
D2|SvD2 | SUPS SYP2 SIpL S0 beefigvee | | | X | R
D1|SsvD1 1 1 1 0 Level 14 X R
Dojsvbo | o o o o leweo | | | X | R

*1 After initial reset, this statusis set "1" until conclusion of hardware first sampling.
*2 Initia values are set according to the supply voltage detected at first sampling by hardware.
Until conclusion of first sampling, SVD0-SV D3 data are undefined.
Specifications
Control of SVD circuit

(1) svd_auto: Supply voltage detection in 1/4 Hz auto sampling mode
After setting the 1/4 Hz auto-sampling mode to turn the SVD circuit ON, reads out SVD detection
data into the A register.

(2) svd_continue: Supply voltage detection in continuously sampling mode
Sets the continuous sampling mode (cancels the 1/4 Hz auto-sampling mode) to turn the SVD
circuit ON, and reads out SVD detection data into A register after calling a delay routine.

Flowchart
(1) Supply voltage detection (2) Supply voltage detection
in 1/4 Hz auto sampling mode in continuously sampling mode
(_ svd_auto_init ) (_ svd_continue )
\ \
1/4 Hz auto-sampling on 1/4 Hz auto-sampling off
SVD on SVD on
\
C ret D) ‘ ‘ svd_delay ‘ ‘
[
| ReadsSVDdataFF12H |
[
‘ A register — data (lower 4 bits) ‘ Masks except for detection data
( svd_auto_read ) ‘ SVd‘—Oﬁ ‘
[
| Reads SVDdataFF12H | C ret )

‘ A register — data (lower 4 bits) ‘ Masks except for detection data

C r‘et )
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Notes

16 SVD (SUPPLY VOLTAGE DETECTION) CIRCUIT

(1) A delay routine that waits data decision time (approximately 7.8 msec or more) for the SVD circuit
has not been included in this program example, so it is necessary to create a separate routine using a
hardware timer or software timer. (external call: svd_delay)

(2) In the continuous sampling mode, when reading the detection data without waiting the data decision
time (approximately 7.8 msec or more), previous data that has not been updated will be read.

SourceList
Control of SVD circuit
ext ernal svd_del ay
public svd_auto_init,svd_auto_read, svd_contine
br_i o] equ offh ;base reg. address (set i/o area)
svd_node equ 00f f 12h ;supply vol tage detector npde set reg.
code

(1) Supply voltage detection in 1/4 Hz auto sampling mode

B R R R R R

-k

* svd control
*

B R R R R ]

;*** auto sanpling node
svd_auto_init:

*
*

*

or [br:1ow svd_npde], #00100000b ;auto sanpling
ret
: 1
| d a, [ br: Il ow svd_node] :read svd data
and a, #0f h
ret
(2) Supply voltage detection in continuously sampling mode
“*** continuos nmode
svd_conti nue: ]
Id a, [ br: Il ow svd_node]
and a, #00011111b ;auto sanpling of f
or a, #00010000b ;svd on
Id [br:low svd_node], a
' 2
carl svd_del ay ;svd stabl e del ay @
’ Id a, [br:low svd_node] ;read svd data
and a, #0f h
and [br:1ow svd_npde], #00001111b :svd of f
ret n
’ end
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17 INTERRUPT (EXCEPTION) PROCESSING

1/0 Map
Address| Bit | Name Function 1 | 0 SR |R/W Comment
O0FF20| D7 [PKO1 . L .
N K00-K 07 interrupt priority register 0 |RW
D6 |PK0O PKO1 PKOO
D5 |PSIFL PSIF1 PSIFO
B Serial interface interrupt priority register PSW1 PSWO Priority | O |R/W
D4 |PSIFO PTM1 PTMO  level
D3 |PSW1 11 Leds
e e Stopwatch timer interrupt priority register 1 0 Levd2 | O |RW
D2 |PSWO 0 1 Level 1
D1|PTM1 0 0 ledo
EU SRR, Clock timer interrupt priority register 0 |RW
DO |PTMO
O0FF21| D7 |- - — _ —
D6 |— - - - - Constantly "0" when
D5 |- - - - - being read
D4 |- - - - -
D3 PPTL PPT1 PPTO Priority
A U Programmable timer interrupt priority register PK11 PK10 _ level 0 |RW
D2 |PPTO 1 1 Level 3
D1 |PK11 10 lLee?2
e K10 and K11 interrupt priority register 0 1 ledl | O |RW
DO |PK10 0 0 Level O
O0FF22 | D7 |- - - - - "0" when being read

| D6 | ESW100| Stopwatch timer 100 Hz interrupt enable register

D4 |[Esw1 Stopwatch timer 1 Hz interrupt enable register
- - - Interrupt Interrupt
D3 |ETM32 |Clock timer 32 Hz interrupt enable register 0 |RW

D2|ETMS | Clock fimes 8 Hz interrupt encbleregister encble | dise
D1|ETM2  [Clock timer 2 Hz interrupt enableregister |
DO [ETM1 | Clock timer 1 Hz interrupt enable register
00FF23| D7 |[EPT1 Programmable timer 1 interrupt enable register
D6 [EPTO | Programmabletimer O interrupt enable register |
D5 |EK1 K10 and K11 interrupt enable register
D4 K0 [KOKO7 inemptenleregser | imense | st | |
D3 |[EKOL K00-K 03 interrupt enable register enable disable
D2 |ESERR |Serid I/F (error) interrupt enable register
| D1 [ESREC |Serial I/F (receiving) interrupt enable register
DO [ESTRA [Serial I/F (trangmitting) interrupt enable register
00FF24 | D7 |- - - - - "0" when being read
D6 |FSW100| Stopwatch timer 100 Hz interrupt factor flag (R) (R)
D5 [FSW10 [Stopwatch timer 10 Hz interrupt factor flag | Interrupt | Nointerrupt
D4 [FSw1  [Stopwatch timer 1 Hz interrupt factor flag | factoris | factoris
D3 |FTM32 |Clock timer 32 Hz interrupt factor flag generated | generated | 0 |R/W
(D2|FTM8  |Clock timer 8Hzinterrupt factorflag | |
P =y ISt w) w)

[ Pty i T Reset  No operation
DO |[FTM1  |Clock timer 1 Hz interrupt factor flag

00FF25| D7 |FPT1 Programmable timer 1 interrupt factor flag (R) (R)
D6 [FPTO [ Programmable timer 0 interrupt factor flag | Interrupt | Nointerrupt
DS |FK1 _ |K10andKilinteruptfactorflag | factoris | factoris
D4 (FKOH _ |KO4KO7interrupt factorflag | « generated | generated | |
D3 |FKOL K00-K 03 interrupt factor flag
D2 |FSERR | Serial I/F (error) interrupt factor flag | W) W)
| D1 |FSREC |[Serial I/F (receiving) interrupt factor flag Reset  |No operation

DO |[FSTRA |Serial I/F (transmitting) interrupt factor flag
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Specifications
Interrupt (exception) processing

Setting of interrupt vector address

(1) main: Interrupt level setting and enables interrupt
Sets an interrupt level (IRQ3-IRQ1) as the below for all interrupts and enables interrupts in the
initialization routine (example for 88316 single chip mode) which is executed by reset exception

processing.

= Programmable timer interrupt  IRQ3
= Input port interrupt 1RQ3
= Serial interface interrupt IRQ2
= Stopwatch timer interrupt IRQ1
= Clock timer interrupt IRQ1

(2) zero_div: Zero division exception processing
(3) watchdog: Watchdog timer (NMI) interrupt processing
(4) xxx_intr:  Interrupt processing for peripheral circuit

Notes
(1) Theinterrupt level (IRQ3-IRQ1) can be set to adapt to the system.

(2) Besureto initialize peripheral circuits which use an interrupt and set interrupt generation condi-
tions beforehand to enable each interrupt.

(3) Interrupt processing for a peripheral circuit enables all interrupts, and exception processing with
an interrupt vectors is a precondition. Since an interrupt flag is set by the generation of an interrupt
regardless of the interrupt enable register and interrupt flags (11 and 10), a procedure for polling
interrupt factor flags by software can also be used.

(4) Since the watchdog timer (NMI) interrupt cannot be masked, be sure to declare the watchdog timer
(NMI) interrupt processing routine and the vector address, regardless of whether or not the
watchdog timer is used.

(5) To reset the interrupt factor flag, write "1" into the corresponding flags alone, using the AND or LD
instruction. When the OR logic operation instruction has been used, "1" is written for the interrupt
factor flags that have been set to "1" within the same address and those flags are then clear.

(6) The interrupt flags (11 and 10) have not been reset in the interrupt processing routine of this
program example, so an interrupt lower than the set level is disabled at the time of generation.
When you wish to accept the next interrupt after an interrupt has been generated, re-setting of the
interrupt flags or resetting the interrupt factor flag is necessary after due consideration for the
nesting level.

(7)  When permitting interrupt nesting, be careful of the stack size.

(8) Vector addresses for software interrupts can be set up to 109 and to optional address (two bytes
which begin with an even address) from 000026H to 0000FEH.

(9) The vector addresses 000024H and 000025H cannot be used since this is a system reserved area.

(10) In this program example for interrupt (exception) processing, the vector address setting and
program have been allocated from 000100H for the sake of convenience.

(11) Do not execute the SLP instruction for 2 msec after a NMI interrupt has occurred (when fosci is
32.768 kHz).
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17 INTERRUPT (EXCEPTION) PROCESSING

Flowchart

(1) Interrupt level setting and enables interrupt

( main )

‘ (BR sLtting)

‘ System cont‘roller setting ‘ Single chip mode, CE3-CEQ disabled

‘ Stack pa‘ge setting ‘ SPP —~ page 0

‘ Operating n‘node setting

‘ Stack poir‘nter setting

Crears int‘ernal RAM

Crears display memory

Initializes peripheral circuit

— IRQ3: programmable timer, Kxx input
In::\rlt:pster:trilsrlty IRQ2: serial interface
‘ 9 IRQ1: stopwatch timer, clock timer

BR — OFFH (BR area = OFFxxH)

Sets normal mode (OSC3 oscillation off)

SP — OF800H (S1C88316)

‘ Enables all interrupts ‘

[
‘ Crears 11 and 10 flags

i

\ user_program \

Enables IRQ1-IRQ3 interrupts

Note: -« Internal RAM addresses and capacity of the
51C88308 are as follows:

(2) Zero division exception processing
51C88308: 00FO00H-00FOFFH (256 bytes)

( zero_div ) Zero division

« Memory map is different depending on the
C rete ) model and bus mode to be used.

e The S1C88308 does not have a bus authority

(3) Watchdog timer (IWI) interrupt processing release function, K11 terminal or R51 terminal.

C watchdog ) NMi
\

‘ Register evacuation ‘
[
Watchdog timer
interrupt processing
[
‘ Register return ‘
[

rete

(4) Interrupt processing for peripheral circuit

( XXX_intr ) XXX _|ntr Interrupt factor flag
T ptl_intr FPT1 Programmable timer 0
‘ Register evacuation ‘ ptO_lntr FPTO Programmablt_s timer 1
I k1x_intr FK1 K10 and K11 input port
kOh_intr FKOH KO07-K04 input port
kOl_intr FKOL KO03-KO00 input port
Interrupt processing routine serrTlntr FSERR Ser!al !nterface errorl .
srv_intr FSREC Serial interface receiving
str_intr FSTRA Serial interface transmitting

‘ sw100_intr FSW100 Stopwatch timer 100 Hz
sw10_intr FSW10 Stopwatch timer 10 Hz

‘ Clears interrupt factor flag ‘

I swl_intr FSW1  Stopwatch timer 1 Hz
‘ Register return ‘ rtm32._|ntr FTM32  Clock t!mer 32 Hz
I rtm8_intr FTM8 Clock timer 8 Hz
( rete ) rtm2_intr FTM2 Clock timer 2 Hz
rtm1_intr FTM1 Clock timer 1 Hz
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Source List
Interrupt (exception) processing
ext er nal user _program
public mai n, zer o_di v, wat ch_dog
public ptl_intr,ptO_intr
public kix_intr,kOh_intr, kOl _intr
public serr_intr,srv_intr,str_intr
public sw100_intr,swlO_intr,swl_intr
public clock32_intr,clock8_intr,clock2_intr,clockl intr
br_io equ offh ;base reg. address (set i/o area)
ncu equ 00f f 00h ;mcu node system control reg.
spp equ 00ff01lh ;stack pointer page address
node equ 00f f 02h ;ncu/ / mpu node control address
sp_316 equ 00f 800h ;e0c88316 stack top address
intr_prO equ 00f f 20h ;interrupt priority reg. O
intr_prl equ 00f f 21h ;interrupt priority reg. 1
intr_en0 equ 00f f 22h ;interrupt enable reg. 0
intr_enl equ 00f f 23h ;interrupt enable reg. 1
intr_facO equ 00f f 24h ;interrupt factor reg. 0
intr_facl equ 00f f 25h ;interrupt factor reg. 1
reserve equ 000024h ;e0c88316 systemreserve
soft _intr ewu 000026h ;software interrupt vector
of f set equ 000100h ;program start address of fset
code
Setting of interrupt vector address
intr_vectors:
;systeminterrupt vectors
dw mai n ;reset vector
dw zero_div ;zero divide
dw wat chdog ;wat chdog tiner(/nm)
;e0c88316 peripheral interrupt vectors (irqg levels can set by software)
dw ptl_intr ;programmable timer 1(/irg3)
dw ptO_intr ;programmable tinmer 0(/irq3)
dw kix_intr ; k1x input port (/irq3)
dw kOh_intr ; k07-04 input port (/irq3)
dw kOl _intr ; k03-00 i nput port (/irq3)
dw serr_intr ;serial error (/irq2)
dw srv_intr ;serial receive (lirq2)
dw str_intr ;serial transmission (/irq2)
dw sw100_intr ; stopwat ch 100hz (/irql)
dw swl0_intr ; stopwat ch 10hz (/irql)
dw swl_intr ; stopwat ch 1hz (/irql)
dw clock32_intr ;clock timer 32hz (/irql)
dw clock8_intr ;clock tiner 8hz (/irql)
dw clock2_intr ;clock timer 2hz (/irql)
dw clockl_intr ;clock timer lhz (/irql)
;e0c88316 system reserve
org intr_vectors+reserve
;software intrrupt vectors (i.e bios handler and/or general purpose routine(s))
org intr_vectors+soft_intr
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Source List
(1) Interrupt level setting and enables interrupt
org intr_vectors+of f set
IR EEEEE SRS EEEEE SR SRR RS EEEEEEEEEREEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEES
- % *
0 * main routine (ntu single chip node) *
.k *

IR EEEEEEEEEEEEEEEEEEEEEEEEREEREEREREEEEEEEEEREEEEEEERESEEEEEEEEEESERESEEEESES]
nai n:
' Id  br,#br io
;nmcu & spp wite icludes systeminterrupt flag reset
Id [br:1ow ncu], #00110000b
Id [br:1ow spp], #0h
Id [br:1ow node], #00000000b
Id sp, #sp_316

ramlcd ramclear and i/o initialize

5 )
;pkO(/irg3),psif(/irg2), psw(/irql), ptn(/irql)
Id [br:low intr_pr0], #11100101b
;ppt(/irg3), pkl(/irg3)
Id [br:lowintr_pri1], #00000101b
; eswl00, 10, 1(en), et nB2, 8, 2, 1(en.)
Id [br:lowintr_en0],#01111111b
;ept(en.), ekl(en.)ekOb(en.), ekOa(en.),eserr(en.),esrec(en.),estra(en.)
Id [br:low intr_enl], #11111111b
;en. /nm,/irq3,/irg2,/irql

and sc, #00111111b ;i1 &i0 flag clear
;wait for interrupt
jrl user _program B

(2) Zero division exception processing

B R R R R R

.k *
* zero divide *
B3 *

B R R R R R R R R

’zero div:
B rete ] (2

(3) Watchdog timer (NMI) interrupt processing

B R R

- *
* wat chdog tiner (/nm) *

B R R R R R R
’

wat chdog:

push ale

I d br, #br_io ;set br reg. address to Of fxxh
;watchdog timer (/nm) interrupt processing ©)
’ pop al e

rete
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Source List

(4) Interrupt processing for peripheral circuit

B ]

-k *
s *

;
* programmeble tinmer 1 (/irqg3) *
:************************************************************************
;
ptl_intr:

push ale
; programmaeble tinmer 1 interrupt processing

and [br:low intr_facl], #10000000b ;clear fptl interrupt flag

B R R R R R

pop al e

rete
IR EEEEEEEEEEEEEEEEEEREEEEEREEREREREEEEEEEREEREREEESEERSEEEEESEEREESEEEESEEEEESSE]
Z* *
;
i programraeble tiner 0 (/irqg3) *
- % *
;
;

push ale
; programmabl e tinmer O interrupt processing

and [br:low intr_facl], #01000000b ;clear fptO interrupt flag

pop al e

rete
IR EEEEEEEEEEEEEEEEE R EEEEEEEREREEREEEEEEEREEREREREREREEEEESEEREESEEEESEEEEESSE]
Z * *
;
P x k1x input port (/irq3) *
- % *
;
;

B R R R R R R ]

push ale
; k1lx input port interrupt processing

and [br:lowintr_facl], #00100000b ;clear fkl interrupt flag

pop al e

rete
EEEEE R RS SRR EEESEEEEEEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES]
* *
* kOh input port (/irq3) *
* *

R R R R R

Oh_intr:
push ale

P ST

; kOh input port interrupt processing

and [br:low intr_facl], #00010000b ;clear fkOb interrupt flag

pop al e

rete
IR EEEEEEEEEEEEEEEEEEEEEEEEEEREEREEREREEEEEEREERERERERERSEEEEESEERERSEEEESESEEEESSE]
;
- % *
;
0 kOl i nput port O (/irq3) *
- % *
;
;

B R R R R

kOl _intr:
push ale

; kOl input port interrupt processing

and [br:l1ow intr_facl], #00001000b ;clear fkOa interrupt flag

pop al e

rete
IR EEEEEEEEEEEE SRR RS R EEEEEEEEEREEREEREEEREEEREEERESREREEERESERESREEERESESRESRSESS]
* *
* serial error (/irq2) *
* *

;
)
)
IR EEEEE SRS EEE SRR ESEE RS EEEEEEEEREEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEESEES
serr_intr:

push ale
; serial error interrupt processing

and [br:lowintr_facl], #00000100b ;clear fserr interrupt flag

(4)

(4)

(4)
(4)

(4)

|
|
|
|
|

pop al e
rete
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Source List

B R R R R R

Z* *
;

0 serial receive (/irq2) *
- % *

’
B R R R R
’

srv_intr:
push ale

; serial receive interrupt processing 4)
and [br:low intr_facl], #00000010b ;clear fsrec interrupt flag
pop al e
rete

EEEE SR E RS SRR EEEEEEEEEEREEEEEEEREEEEEEEEREEREEREEREEEEEERERERERERESEEEREESERESER]

* *
* serial transm ssion (/irqg2) *
- % *

’
B ]
’

str_intr:
push ale

; serial transm ssion interrupt processing %)
and [br:lowintr_facl], #00000001b ;clear fstra interrupt flag

pop al e

rete

IR SRS S EEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEEREEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEE S
* *
- % H *
; st opwat ch 100hz (/irql)

.k *
;

IR SR EEEEEEE RS SRR SRR SRR E SRR RS R R EER SRR SRR R SRR R RREEEEEEEEEEEEEEEEEESEES]

’SV\ﬂ.OO_i ntr:

push ale

st opwat ch 100hz interrupt processing )
and [br:low intr_fac0],#01000000b ;clear fswl00 interrupt flag

pop al e

rete
B R R R R R

* *
0 * stopwat ch 10hz (/irql) *
- % *
Z************************************************************************
;

swi0_intr:

push ale

; stopwat ch 10hz interrupt processing %)
and [br:low intr_fac0], #00100000b ;clear fswlO interrupt flag
pop al e
rete

IR EEEEEEEEEEEEEEEEE SR EEEEEREEREREEREREEEEEEEEREEEREERERERERESESEERSEEERESEEESEESES]

* *
* stopwat ch 1hz (/irql) *
- % *
Z************************************************************************
swl_intr:

push ale

; st opwat ch 1hz interrupt processing %)
and [br:lowintr_facO],#00010000b ;clear fswl interrupt flag

pop al e

rete

R R R

* *
;* clock tinmer 32hz (/irql) *

;
IR R R EEE RS RS E SRS SRR SRR E SRR RS R RS ERER SRR SRR R R RREREEEEEEEEEEEEEEEEESEES]
;

clock32_intr:

push ale
clock tinmer 32hz interrupt processing (4)
’ and [br:low intr_fac0], #00001000b ;clear ftnB2 interrupt flag

pop al e

rete
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17 INTERRUPT (EXCEPTION) PROCESSING

L
D clock tinmer 8hz (/irql)

-k

clock8_intr
push ale

: clock tinmer 8hz interrupt

pop al e
rete
.k

;* clock tinmer 2hz (/irql)

-k

clock2_intr
push ale

pop al e
rete
.k

-k

;* clock tinmer 1hz (/irql)

clockl_ intr:
push ale

pop al e
rete

end

and [br:1ow intr_fac0], #00000100b

and [br:lowintr_facO], #00000010b

and [br:l1ow intr_fac0], #00000001b

B R R R R

B R R R

processi ng

B R R R R

B R ]

; clock timer 2hz interrupt processing

B R R R R R R R

B R R R R

; clock timer 1hz interrupt processing

;clear ftnB interrupt flag

;clear ftn2 interrupt flag

;clear ftml interrupt flag

*
*
*

(4)

*
*
*

(4)

*
*
*

(4)
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18 EXPANDED MODE

Specifications
Memory access in expanded mode

(1) common, common_sub, ex_sub: Access for program memory outside logical space
Branches to a bank outside logical space by setting NB register.

(2) ex_ram, move_data: Data block transfer between pages
By setting expand page register, copies data (64K bytes) in page 1 to page 2. (Register indirect
addressing)

(3) ex_access: Access for data outside page
Accesses a data memory area outside of the current page using expand page register.

Flowchart
(1) Access for program memory outside logical space

Common bank

This area is set in bank area
according to branch

» ( ex_sub )

C common )

‘ NB  branch distination bank‘
[

‘ ‘ ex_sub ‘ ‘ ‘
I 4—:7
i v ! ‘ ‘ common_sub ‘ ‘
i : [ T
3 e ret D
( common_sub ) o«
: | o 1
- ‘ A 1
- C ) 1
(2) Data block transfer between pages (3) Access for data outside page
C ex_ram ) (_ ex_access )
‘ XP ~ copy source page ‘ Page 1 ‘ EP ~ Reading page ‘ Page 3
‘ IX ~ copy source logical address‘ 0000H ‘ HL - reading logical address ‘ 0000H
[
‘ YP — copy distination page ‘ Page 2 ‘ BA — reading data ‘
[
‘ IY « copy distination logical address‘ 0000H ‘ EP ~ Wri‘ting page ‘
‘ Loop counter (HL) setting ‘ 0 = 65,536 (64K bytes) ‘ work ‘H BA ‘
[
‘ move_data ‘ ( ret )
[
C ret D
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18 EXPANDED MODE

Flowchart
(3) Access for data outside page

(_ move data )

‘

Logical Data memory
‘ [1Y] < [IX] ‘ address
I (1X)
\ IY-1 \ (XP) page
[ (IX)+(HL)
\ IX-1 \ (HL) bytes
I (1Y)
‘ Loop counter (HL) - 1 ‘ (YP) page
(IY)+(HL)
N
—
Y 65,536 bytes when HL = 0

C ret

Notes

(1) "boc" is the unary operator which calculates a bank value from the physical address.
"loc" is the unary operator which calculates a logical address in bank from the physical address.

(2) "pod" is the unary operator which calculates a page value from the physical address.
"lod" is the unary operator which calculates a logical address in page from the physical address.

Source List
public conmon, conmon_sub
public ex_sub
(1) Access for program memory outside logical space
code

B R R ]

* common area (bankO = 000000h -> 007fffh) exanple *

,
y
y
,
y
Ckkkkk kA kA kA kA kA hkhkhkhkhkhkkkhkhkhkhkhkhkkkhkhkhkhkhkhkhkhkkkkkkkkkkkk k%
)
comon:

| d nb, #boc ex_sub ;set new bank (external area)
carl ex_sub ;external bank sub routine call ***
IR EEEEE SRS EEE SRR RS E RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESESEES
* *
* common sub-routine *
.k *

B R R R R R

)
;
common_sub:

: 1)
ret
IR SRS SRR SRR SRS RS EE RS EEEEEEEEEREEEEREEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEESEES
* *
* external area (bankl -> 15 = 008000h -> Q07ffffh) exanple *
* *

;
;

;

;

IR EEEEE SRS EEE SRR SRR RS EEEEEEEEEREEEEREEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEESEES
;

ex_sub:

;

carl conmmon_sub ;common bank sub routine call ***

ret

end
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18 EXPANDED MODE

SourceList
érc_data equ 10000h ;source data (pagel=010000h -> 01ffffh)
dst _data equ 20000h ;destination data (page2=020000h -> 02ffffh)
éx_mork equ 30000h ;external work area
wor k: dw  [1]
code

(2) Data block transfer between pages

B R R R R ]

* *
* external ram page control *
* *

B R R R R R R

)
;
ex_ram

Id xp, #pod src_data ;source data page address

Id i X,#l od src_data ;source data | ogical top address

Id yp, #pod dst _data ;destination data page address

Id iy, #l od dst_data ;destination data | ogical top address

I d hl, #0 ;0 = 65,536 (64k byte)

carl nove_dat a

ret
;************************************************************************
-k *
¥ nove bl ock data * @
- % *

IR EEEEE SRS EEEEEEEEEREE RS EEEEEEEEEREEEEREEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEESES
;
nove_dat a

Id [iyl. [ix]

inc iy
inc i X
dec hi

jrs nz, nove_dat a

ret

(3) Access for data outside page

B R R R

* *
* external page data read and wite *
* *

;
;
z************************************************************************
;
ex_access
Id ep, #pod ex_wor k
I d hl, # od ex_work
I d ba, [hl] 3)
Id ep, #pod wor k
Id [1od work], ba
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APPENDIX A TABLE OF INPUT/OUTPUT PORT TERMINALS

Appendix A Table of Input/Output Port Terminals

z4d

indino zg

1Nnod

indino 1 nO4

1NOL]|

ndino 1NOL

=]

ndino ¥4

10

ndino 10

TNdINO

Tdd O

T Jorrdwo)

0NdINO

0ddNO

0 Jorredwo)

AQHS|

A0S

1Nos

NIS

%6yl BLOS

osesplsng

€30

ndino €30

ndino z30

ndino 130

030

ndino 030

L1d

9Td

STd

¥1d

€1d

¢ld

Tld

0Td

9

05y

LE~GEd

ed

£ed

ced

0ed

Led

9cd

Ged

8T~9Tv

L0~00X

(indino fetoeds ON)

(XVIN 2 NIW)
MZTS popuedx3

z4d

!

!

indino zg

1

1nod

!

indino 1no4

1NOL]|

ndino 1NOL

=]

ndino 44

10

ndino 10

TNdINO

Tdd O

T Jorrdwo)

0NdINO

0ddNO

0 Jorredwo)

AQHS|

A0S

1Nos

NIS

%Il LOS

osesplsng

ndino €30

ndino z30

ndino 730

030

ndino 030

L1d

9Td

STd

¥1d

€1d

¢ld

Tld

0Td

9

0y

ed

£ed

0ed

Led

9cd

Ged

L0~00X

(indino fe1oeds ON)

M9 papuedx3

z4d

indino zg

1Nnod

indino 1 no4

1NOL]|

ndino 1NOL

=]

ndino 44

10

ndino 10

TNdINO

Tdd WO

T Jorrdwo)

0NdINO

0adNO

0 Joreredwo)

AQHS|

A0S

1Nos

NIS

%Rl LOS

MOvd

asesplsng

pieAur) ncino €30

1

1

1

1

1

(
(p1leaur) ndino 730
(p1feaur) ncino 730

1

1

1

1

1

1

1

1

(p1paul) 1ndino 030

LTd

9Td

STd

¥Td

€Td

[4%]

TTd

0Td

£0~00d

19

054

1E~GEd

4]

Ted

0ed

Lcd

9cd

ved

€cd

¢¢~0cd

L1~0Td

10~00d

TN

OTM

10~00X

(Bunses enu)

diyoajfuis

NOW

L1d

9Td

S1d

¥1d

€ld

¢ld

T1d

01d

L0~00d

154

054

1E~GeYd

[4%:]

Ted

0gd

Lcd

9cd

ved

4]

¢¢~0cd

LT~0Td

L0~00d

T

(%]

L0~00

sleujwiay Mod O/

sfeu

IwJa) Hod ind

sleul

wiis) U

od ndu|

ndino [enads

apow sng

apowl
Nndd

1

i

1

1

1

i

i

1

80€882TS

TddINO)|

ONNO

0ddINO|

AQYS|

A0S

1NOS

1e~5¢€d

[eERE]

L1~0Td

NIAZ

L0~00X

0T

91¢88JTS
L1€88JTS

8v€88JTS

lapow uo Buipuadap
uoneInByuod [eulwis |
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APPENDIX A TABLE OF INPUT/OUTPUT PORT TERMINALS

‘paddiys Buteq s1 diyd 9TE// TE/BYESITS B3 Uaym AJUO Pasn 8q Ued S[euIlUB) 4G
"JBs Usag) 10U 8/eY S[eUIUIB] /EX-GEY 0S|V 1S 87 JOUURD U0IIUNJ 8588 9] SN 8} PUe S IWLLB] TGY PUe TT Y ou 8k akey) ‘g0e880TS Ut u|
*MOJ BWes sy} Ul sBumes ndino erads Joyio 01 Buipiodde popioep aq [|IMSW)l yue|g « 910N

Zd

ndino zg

1no4

indino 1 NO4

1N0U]|

ndino LNOL

== ]

ndino ¥4

10

indino 10

TNdINO

TadNO

T Jorredwod

0NdINO

0ddINO!

0 Jorredwo)

AQYS|

A0S

1N0s

NIS

2R LRI LS

MOve

aseaplsng

indino €30

indino z30

i
i
o

indino T30

1

indino 030

L1d

9Td

STd

¥1d

€1ld

¢ld

Tld

0Td

/~00

194

054

ed

€ed

ced

Ted

Lcd

9cd

Sed

1~0V

T

20~00X

(ndino feroeds oN)

(XVIN B NIW)
MZTS popuedxg

Zd

i

indino zg

1no4

indino 1 NO4

1N0J]|

ndino LNOL

== ]

ndino ¥4

10

indino 10

TNdINO

TadNO

T Jorredwod

0NdINO

0ddINO!

0 Jorredwo)

AQYS|

A0S

1Nos

NIS

a%e oWl B1BS

MOvd

aseafplsng

indino €30

indino z30

i

1

indino T30

1

1

1

indino 030

L1d

9Td

STd

¥1d

€1ld

¢ld

Tld

0Td

/~0d

054

1E~5ed

ed

€

4]

030

/cd

9cd

ad

¢¢~0cd

ST-8Y

1~0V

T

0T

20~00X

(ndino feroeds oN)

M9 papuedx3 | NdIN

L1d

91d

Sld

¥id

€ld

¢ld

T1d

01d

10~00d

054

1€~5ed

ved

£ed

ced

oed

Led

9¢d

€cd

¢¢c~0cd

L1~0Td

10~00d

T

(0%]

20~00%

sfeuiwsa) Hod o/

sfeu

Iwla) yod ind

sfeul

W) U

od ndu|

ndino [e1ads

apow
Nndd

apow sng

1

1

1

1

l

1

1

1

1

80€88JTS

TddiNO!

ONINO

S1d

0ddIO|

AQYS

H10S

1N0S

L0~00d

LE~5€d

8T~9TV

¢c~0cd

L1~0Td

L0~00d

NIAZ

(0%]

L0~00X

91€88J1S
L1€88J1S

8v€88JTS

|apouw uo Buipuadap
uoiyenByuod euiwia L
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APPENDIX B INSTRUCTION LIST

Appendix B Instruction List
8-bit Trnsfer Instructions (1/3)
Mnemonic Machine Code Operation Cycle| Byte SC Comment
1I110U DNVCZ

LD AA 40 A-A 1 1 |- - - - — - - _
AB 41 A-B 1 1 |- - - - — — - —
AL 42 AL 1 1 |- - - - — - - _
AH 43 A-H 1 1 |- = - = — — — —
A,BR CE,C0 A -BR 2 2 |- - - - - - - _
A,SC CEC1 A-~SC 2 2 |- = = = — — - —
A#nn BO,nn A—nn 2 2 |- — — — — — - _—
A,[BR:II] 441 A ~[BR:I] 3 2 |- - - - - - - -
A,[hhll] CE,DO,ll,hh A ~[hhll] 5 4 |- — — — — — — —
A,[HL] 45 A ~[HL] 2 1 |- - - - - - - =
A[IX] 46 A ~[IX] 2 1 ]/- - - - - - - -
AllY] 47 A —[lY] 2 1 |- - - - - - - =
A,[IX+dd] | CE40,dd A ~[IX+dd] 4 3 |- - - — — — - —
A,[lY+dd] | CE4l,dd A <[l1Y+dd] 4 3 |- - - - - - =
A,[IX+L] CE,42 A < [IX+L] 4 2 |- = == - - - - -
A[IY+L] CE43 A <[IY+L] 4 2 |- = = = - - - =
A,NB CE,C8 A ~NB 2 2 |- - - - - - - _
AEP CE,C9 A ~EP 2 2 |- =-=-=- = - - - MODEL2/3
AXP CE,CA A -XP 2 2 |l---=-- - - - only
AYP CE,CB A-YP 2 2 |- - = = = - - =

LD B,A 48 B-A 1 1 |- - — — — - - _
B,B 49 B-B 1 1 |- = = = — — — —
B,L 4A B-L 1 1 |- - - - — - - _
B,H 4B B~H 1 1 |- = = = — — — —
B,#nn B1,nn B —nn 2 2 |- — — — — — - _—
B,[BR:ll] 4C, Il B ~[BR:ll] 3 2 |- = = = — — - —
B,[hhll] CE,D1,ll,hh B —[hhll] 5 4 |- — — — — — — —
B,[HL] 4D B —[HL] 2|1 ]---- - - - -
B,[IX] 4E B~ [IX] 2 1 |- - - - - - - -
B.[IY] 4F B-[lY] 21 ]- - - - - - - -
B,[IX+dd] | CE,48,dd B — [IX+dd] 4 3 |- - - - — — - —
B,[IY+dd] | CE,49,dd B —[1Y+dd] 4 3 |- - = — — — - —
B,[IX+L] CE4A B~ [IX+L] 4 2 |- = = - - - - -
B,[IY+L] CE,4B B —[lIY+L] 4|l 2(----- - - -

LD LA 50 LA 1 1 |- - — — — — - —
LB 51 L-B 1 1 |- - — - — - - _
L,L 52 L—L 1 1 |- - - - — - - —
L,H 53 LH 1 1 |- - — — — — - —
L,#nn B2,nn L —nn 2 2 |- — — — — — - _—
L,[BR:lI] 54,11 L «[BR:II] 3 2 |- - — - - - - _—
L,[hhll] CE,D2,ll,hh L —[hhll] 5 4 |- — — — — — — —
L,[HL] 55 L —[HL] 2|1 l--------
L,[IX] 56 L —[IX] 2 1 |- - - - - - - -
L,[IY] 57 L<[1Y] 2 |1 - - - - - - - _
L,[IX+dd] | CE,50,dd L — [IX+dd] 4 3 |- - — — — - - —
L,[IY+dd] | CE,51,dd L «[I'Y+dd] 4 3 |- - = — — — - —
L,[IX+L] CE,52 L —[IX+L] 4 2 |- = = - - - - -
L,[IY+L] CE,53 L —[IY+L] 4 2 |- = = = — - - -

*

New code bank register NB and expand page registers EP/XP/Y P are set only for MODEL 2/3. In MODEL0/1, instructions
that access these registers cannot be used.
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APPENDIX B INSTRUCTION LIST

8-bit Trnsfer Instructions (2/3)

Mnemonic Machine Code Operation Cycle| Byte SC Comment

1I110UDNVC Z

LD H,A 58 H-A 1 1 |- = = — — — — —
H,B 59 H-B 1 1 |- - == - - - =

H,L 5A HeL 1 1 |- - - - — - - =

H,H 5B H<H 1 1 |- - - - — - - =

H,#nn B3,nn H<nn 2 2 |- — — - — - - _—
H,[BR:II] 5C,II H~[BR:lI] 3 2 |- - - - - - - -

H,[hhll] CE,D3,lI,hh H ~[hhil] 5 4 |- — — — - - - _

H,[HL] 5D H ~[HL] 2 1 |- - - — — - - —

H,[1X] 5E H[IX] 2|1 ]- - - - - - - =

H,[IY] 5F H[1Y] 21 ]----=----
H,[IX+dd] | CE,58,dd H « [IX+dd] 4 3 l--=-=-=- - - -
H,[I'Y+dd] | CE,59,dd H < [1Y+dd] 4 3 |l--=-=-=- - - -
H,[IX+L] | CE5A H < [IX+L] 4l 2]--- - - - - -
H,[IY+L] CE,5B H[l1Y+L] 4 2 |- - - - - - - -

LD BR,A CE,C2 BR-A 2 2 |- - - - - - - -
BR,#hh B4,hh BR—hh 2 2 |- - - - - - - -

LD SC,A CE,C3 SC-A 3 2 1ttt ottt
SC,#nn 9F,nn SC—nn 3 2 |t ¢ttt 0ttt

LD [BR:II],A 78,1 [BR:II] - A 3 2 |- - - - - - - _
[BR:I],B 79,11 [BRiII] -B 3 2 |- - — - - - - _
[BR:II],L 7A [BR:] ~L 3 2 |- - - — - - - —
[BR:II],H 78,11 [BR:ll] «H 3 2 |- - — — — - - —
[BR:1],#nn | DD,ll,nn [BR:I] —nn 4 3 |- - - — - - - —
[BR:I],[HL] | 7D,lI [BR:I] «[HL] 4 2 |l- - - - - - - -
[BR:U],[IX] | 7EI [BR:] ~[1X] 4 2 |- = = — — — - -
[BR:I,[IY] | 7F,1I [BR:] < [1Y] 4 2 |- = = — — — - =

LD [hhll],A CE,DA4,ll,hh [hhIl] <A 5 4 |- — — — — — — —
[hhil],B CE,D5,Il,hh [hhil] < B 5 4 |- — — — — — — —

[hhil,L CE,D6,ll,hh [hhIl] L 5 4 |- — — — — — — —

[hhil],H CE,D7,ll,hh [hhIl] «H 5 4 |- — — — — — - —

LD [HL],A 68 [HL] <A 2 1 |- - - - - - - =
[HL],B 69 [HL]-B 2 1 |- - - - - - - =

[HL],L 6A [HL] ~L 2 1 |- - - - - - - -

[HL],H 6B [HL] ~H 2|l 1|-- - - - - -
[HL],#nn B5,nn [HL] < nn 3 2 |- - - — - — - _—
[HL],[BR:II] | 6C,lI [HL] < [BR:II] 4 2 |- - - - _ _ _ _
[HL],[HL] | 6D [HL] < [HL] 3| 11— - - - - - __
[HLLIIX] | 6E [HL] <[1X] 3 | 1| - - - - - __
[HLL[IY] | 6F [HL] <[1Y] 3 |1 - - - - - __
[HL],[IX+dd] | CE,60,dd [HL] < [IX+dd] 5 3 |- - - - - - - _
[HL],[IY+dd] | CE,61,dd [HL] < [1Y+dd] 5 3 |- - - - - - - _
[HL],[IX+L] | CE,62 [HL] < [IX+L] 5 2 |- - - - - - - _
[HL],[IY+L] | CE,63 [HL] <[1Y+L] 5 2 |- - - - - - - -

LD [IX],A 60 [IX]-A 2 1 |- - - - - — - =
[1X],B 61 [IX]-B 2 1 |- - - - - - - =

[1X],L 62 [IX] L 21 ]--- - - - - -

[IX],H 63 [IX] ~H 21 ]-- - - - - - -

[IX]#nn B6,nn [IX] <nn 3 2 |- - — — — - - —
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8-bit Trnsfer Instructions (3/3)

APPENDIX B INSTRUCTION LIST

Mnemonic Machine Code Operation Cycle| Byte S¢ Comment
110U DNVC Z
LD [IX],[BR:11] | 64,11 [IX] < [BR:I] 4 2 |- - — — — - - —
[IX].[HL] | 65 [I1X] ~[HL] 3 | 11— - - - - - __
[IX1,01X] 66 [1X] < [1X] 3|l 1|--- - - - -
[1X],[1Y] 67 [IX] <[IY] 3 1 |- - - - - - - =
[1X],[IX+dd]| CE,68,dd [IX] < [IX+dd] 5 3 |- - - - - - - _
[IX],[I'Y+dd]| CE,69,dd [IX] <[1'Y+dd] 5 3 |- - - - - - - -
[IX],[IX+L] | CE,6A [1X] < [IX+L] 5| 2|----- - - -
[IX],[IY+L] | CE,6B [IX] <[1Y+L] 5 2 |- - - - - = - -
LD [YL,A 70 Y] <A 2 |1 ]- - - - - - - C
[y1.B 71 [IY]-B 2|1 ]- - - - - - - C
[IY],L 72 [1IY]~L 2 1 |- — — — — — - —
[IY],H 73 [IY]<H 2|1 ]-- - - - - - C
[IY],#nn B7,nn [IY] <nn 3 2 |- — - - - - - _—
[IY][BR:1] | 74,11 [IY] < [BR:I] 4 2 |- - - - - — - _
[YLHL] |75 [1Y] <[HL] 3| 112 - - - - - __
[IYL.IIX] 76 [1Y]<[1X] 3|l1]---- - - - -
[IYLY] 77 [IY1<[1Y] 3|1]----- - - —
[1Y],[IX+dd]| CE,78,dd [1Y] < [IX+dd] 5 3 |- - - - - - - _
[IY].[IY+dd]| CE,79,dd [IY] <[1Y+dd] 5 3 |- - === - - =
[IY],[IX+L] | CE,7A [1Y] < [IX+L] 5 2 |- = = — = — - =
[IYL.[IY+L] | CE,7B [IY] <[1Y+L] 5 2 |- - - -— = = - -
LD [IX+dd],A | CE,44,dd [IX+dd] - A 4 3 |- - — — - - - —
[IX+dd],B | CE,AC,dd [IX+dd] - B 4 3 |- - - — - - - =
[IX+dd],L | CE54,dd [IX+dd] — L 4|1 3]----- - - -
[IX+dd],H | CE,5C,dd [IX+dd] - H 4 3 |- - - - - - - =
LD [IY+dd],A | CE,45,dd [IY+dd] -« A 4 3 |- - — — — — - —
[IY+dd],B | CE,4D,dd [IY+dd] - B 4 3 |- - — — - - - —
[IY+dd],L CE,55,dd [1'Y+dd] — L 4 3 |- - - - - - - -
[IY+dd],H | CE,5D,dd [1Y+dd] - H 4 3 |- - - - - - - =
LD [IX+L],A CE,46 [IX+L] <A 4 2 |- = = = = = - =
[IX+L],B | CE4E [IX+L] ~B 4| 2]-- - - - - - _
[IX+L],L | CES56 [IX+L] L 4l 2---- - - - -
[IX+L],H | CESE [IX+L] «H 4|l 2-- - - - - - _
LD [IY+L],A CE 47 [IY+L] <A 4 2 |- = = — - - - -
[IlY+L],B | CE4F [IY+L] ~B 4|l 2]--- - - - - =
[IlY+L],L | CES57 [IY+L] L 4l 2]---- - - - -
[IlY+L]lH | CESF [IY+L] ~H 4| 2]-- - - - - - _
LD NB,A CE,CC NB ~ A 3 2 |- = = - - - - -
NB,#bb CE,C4,bb NB — bb 4 3 |- - === = - =
LD EP.A CE,CD EP—A 2 2 |- = = — — — — —
EP.#pp CE.C5,pp EP—pp 3|13 |------- - MODEL2/3
LD XP,A CE,CE XP—A 212 |-=--=---- - only
XP,#pp CE,C6,pp XP~pp 3 3 |- - =- - - - - -
LD YP,A CE,CF YP-A 2 2 |- = — — — — — —
YP,#pp CE,C7,pp YP—pp 3 3 |- — — — - - - —
EX AB cC A~B 2 1 |- — — — — — - —
A,[HL] CD A o [HL] 3 1 |- = = = = — — —
SWAP [ A F6 AH) - AL) 2 1]/---=-- - - -
[HL] F7 [HL](H) o [HL]@w) 3|1 - - - - - - -

*  New code bank register NB and expand page registers EP/XP/Y P are set only for MODEL 2/3. In MODEL0/1, instructions
that access these registers cannot be used.
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16-bit Trnsfer Instructions (1/2)

Mnemonic Machine Code Operation Cycle| Byte SC Comment

1110 UDNVC Z

LD BA,BA CF,EO BA «BA 2 2 |- = = — — - - -
BA,HL CF,E1 BA —~HL 2 2 |- = = = = — - -
BA,IX CF,E2 BA ~1IX 2 2 |- = — — - - - —
BA,IY CF,E3 BA ~1Y 2 2 |l- = = — - - - -
BA,SP CF,F8 BA - SP 2 2 |- - - - - - - _
BA,PC CF,F9 BA —~ PC+2 2 2 |- = = =- - - - -

BA #mmnn| C4,nn,mm BA — mmnn 3 3 |- — = = — — - -
BA,[hhll] | B8,Il,hh A < [hhll], B < [hhll+1] 5| 3 |- - - - - - - —
BA,HL] |CF.CO A [HL], B [HL+]] 5| 2-- - - - - - _
BA,[IX] CF,DO A< [IX], B <[IX+]] 5 | 21— - - - - - - _
BA,[IY] CF,D8 A—[IY], B<[IY+]] 5 | 2]- - - - - - - _
BA,[SP+dd]| CF,70,dd A ~[SP+dd], B — [SP+dd+1] 6 3 |- - === ===

LD HL,BA CF,E4 HL -« BA 2 2 |- = — — - - - —
HL,HL CF,E5 HL -« HL 2 2 |l- = = = — - - —
HL,IX CF,E6 HL ~1X 2 2 |- - — - - - - _
HL,IY CF,E7 HL 1Y 2 2 |- = = — — - - —
HL,SP CF,F4 HL - SP 2 2 |- = = = — — - -
HL,PC CF,F5 HL — PC+2 2 2 |- = = - - - - -
HL,#mmnn | C5,nn,mm HL —« mmnn 3 3 |- - - - - - - —
HL,[hhll] B9,II,hh L —[hhll], H < [hhll+1] 5| 3 |- - - - - - - —
HL[HL] [crc1 L [HL], H[HL+1] 5(2]------- -
HL,[IX] CF,D1 L —[IX], H=[IX+1] 5 | 2|-- - - - - - =
HL,[1Y] CF,D9 L <[IY],H[IY+]] 5 | 21— - - - - - - _
HL,[SP+dd]| CF,71,dd L — [SP+dd], H « [SP+dd+1] 6|3 |----- - - -

LD IX,BA CF,E8 IX <BA 2 2 |- - - - - - -
IX,HL CF,E9 IX <HL 2 2 |- = = — — - - -
IX,1X CF,EA IX<IX 2 2 |- = = = — — - -

IX, 1Y CF,EB IX<1Y 2 2
IX,SP CF,FA IX ~SP 2 2 |l- = = — — - - -
IX,;#mmnn | C6,nn,mm IX « mmnn 3 3 |- - - - - - - -
IX,[hhl] BA ll,hh IX(L) — [hhll], IX(H) < [hhll+1] 513 |--- - - - - -
IX,[HL] CF,C2 IX (L)« [HL], IX(H) — [HL+1] 5| 2]-- - - - - -
IX,[1X] CF,D2 IX(L) < [IX], IX(H) < [IX+1] 5| 2|--- - - - - _
IX,[1Y] CF,DA IX(L)[1Y], IX(H) 1Y +1] 5| 2]- - - - - - - _
IX,[SP+dd] | CF,72,dd IX(L) < [SP+dd], IX(H) - [SP+dd+1] | 6 3l---=-=-=- - -

LD 1Y,BA CF,EC 1Y « BA 2 2 |- = — — - - - -
IY,HL CF,ED Y « HL 2 2 |- = = = — — - -
1Y,IX CF,EE 1Y <1X 2 2

Y, 1Y CF,EF 1Y 1Y 2 2 |l- = = = — - - —
1Y,SP CF,FE 1Y - SP 2 2 |- - - - - - - =

IY #mmnn | C7,nn,mm 1Y « mmnn 3 3 |- - - - - - -
1Y,[hhlI] BB,Il,hh 1Y (L) — [hhll], 1Y (H) < [hhll+1] 5| 3 |- - - - - - - —
IY,[HL] CF,C3 1Y L) —[HL], 1Y (H) = [HL+1] 5 | 21— - - - - - - _
1Y,[IX] CF,D3 1Y (L)« [IX], 1Y (H) < [IX+1] 5 2 |l- - === - - =
1Y,[1Y] CF,DB 1YW <[IY], IY(H) < [IY+1] 5| 2|--- - - - - _
IY,[SP+dd] | CF,73,dd 1Y (L)< [SP+dd], IYH) < [SP+dd+1] | 6 | 3 |- — = = = — — —
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16-bit Trnsfer Instructions (2/2)

APPENDIX B INSTRUCTION LIST

Mnemonic Machine Code Operation Cycle| Byte SC Comment

110U DNVCZ

LD SP,BA CF,FO SP-BA 2 2 |- - == - - - -
SP,[hhll] CF,78,l1,hh SP() ~[hhll], SPH) — [hhll+1] 6 4 |- - - - = = = =

SP,HL CFF1 SP—HL 2 2 |- - - - - - - -

SP,IX CF,F2 SP—IX 2 2 |- - — = — — - -

SP.IY CF.F3 SP-1Y 2 2 |- - - - — - - _
SP.#mmnn| CF,6E,nn,mm | SP—mmnn 4 4 |- — — — — — — —

LD [hhil],BA | BC,ll,hh [hhil] <A, [hhll+1] - B 5 3 |l----=-=-- -
[hhll],HL BD,lI,hh [hhll] <L, [hhil+1] ~H 5 3 |l----=- - - =
[hhII],1X BE,ll,hh [hhll] < IX(), [hhll+1] < IX(H) 5 3 |- =-- - - - - -
[hhll],1Y BF,Il,hh [hhll] < 1Y), [hhll+1] 1Y #H) 5 3 |l---=-- - - -
[hhll],SP | CF,7C,ll,hh [hhil] = SPw), [hhil+1] < SPH) | 6 4 |- - - - — — - —

LD [HL],BA CF.C4 [HL] <A, [HL+1] B 5 2 |- - - - — - - _
[HL],HL CF,C5 [HL] <L, [HL+1] «H 5 2 |l- = = - - - - -

[HL],IX CF,C6 [HL] < IX(), [HL+1] < IXH) 5 2 |- - === - - =

[HLLIY CF,C7 [HL] < 1Y), [HL+1] < 1Y H) 512 [|-- - - - - - -

LD [IX],BA CF,D4 [IX]<A, [IX+1] -B 5 2 |- - - - - - - _
[IX],HL CF.D5 [IX]<L, [IX+1] «H 5 2 |- - - - — - - _

[IX],1X CF,D6 [I1X] < IX(), [IX+1] —IXH) 5 2 |- - - - - - - -

[IX],1Y CF,D7 [IX]<1Y @), [IX+1] 1Y H) 5 2 |- - - - - - - -

LD [IY],BA CF,DC [IY] <A, [IY+1] B 5| 2[-- - - - - - =
[IY]HL CF,DD [IY]<L, [IY+1] «H 5 2 |- - - - - - - _

[IY],IX CF.DE [1Y] < IX@w), [1Y+1] ~IXH) 5 2 |- - - - - - - -

[IY1,1y CF,DF [IY]T<1Y@), [IY+1] 1Y H) 5 2 |- - === - - =

LD [SP+dd],BA| CF,74,dd [SP+dd] - A, [SP+dd+1] B 6 3 |l----=-=-- -
[SP+dd],HL | CF,75,dd [SP+dd] —L, [SP+dd+1] —H 6 3 |l----=-=-=--
[SP+dd],IX | CF,76,dd [SP+dd]  IX(), [SP+dd+1] ~IXH)| 6 3 |l----=-=-- -
[SP+dd],lY | CF,77,dd [SP+dd] < 1Y (L), [SP+dd+1] ~IYH)| 6 3 l-----=---

EX BA,HL C8 BA o~ HL 3 1 |- - - == —- - =
BA,IX C9 BA < IX 3 1 |- - - - - - - -

BA,IY CA BA &Y 3 1 |- - - - — — — =

BA,SP CB BA - SP 3 1 |- - - - - - - -
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APPENDIX B INSTRUCTION LIST

8-bit Arithmetic and Logic Operation Instructions (1/4)

Mnemonic Machine Code Operation Cycle| Byte SC Comment

1110 U D N C Z

ADD |AA 00 A A+A 2 1 |--00 1 Tt
AB 01 A -~A+B 2 1 |- -00 1 Tt
A#nn 02,nn A < A+nn 2 2 |- -001 Tt
A,[BR:ll] 04,1 A - A+[BR:ll] 3 2 |- -001 Tt
A,[hhll] 05,11,hh A < A+[hhll] 4 3 |--00 ¢t Tt
A,[HL] 03 A < A+[HL] 2 1 |--00 1 ot
AJIX] 06 A < A+[IX] 2|1 1|--00 1 T 1
AIY] 07 A —A+1Y] 2|1 1|--00 1 T 1
A,[IX+dd] | CE,00,dd A — A+[IX+dd] 4 3 |--00 1 Tt
A,[lY+dd] | CE,01,dd A« A+[1Y+dd] 4 3 |--001: Tt
A,[IX+L] CE,02 A« A+[IX+L] 4 2 |- -00 1 Tt
AlY+L] |CE03 A < AHIY+L] 412 |--00 T o1
[HL],A CE,04 [HL] < [HL]+A 412 |--00 s T 1
[HL],#nn CE,05,nn [HL] < [HL]+nn 5 3 |--001t Tt
[HLL[IX] | CE06 [HL] < [HL]+[IX] 5|12 |--001 T
[HLLIY] | CEO7 [HL] < [HL]+[1Y] 5|12 |--00 1 T
ADC |AA 08 A - A+A+C 2 1 |1--00 1 Tt
AB 09 A -A+B+C 2 1 |--00 1 Tt
A#nn 0A,nn A < A+nn+C 2 2 |- -00 1t T 1
A,[BR:lI] 0oC,II A - A+[BRiII]+C 3 2 |1--00 1 Tt
A,[hhll] 0D,ll,hh A < A+[hhll]+C 4 3 |--00 ¢t Tt
A,[HL] 0B A < A+[HL]+C 2|1 1|--00 1 T
AlIX] OE A — A+[IX]+C 2|11 |--00 1 T
AlIY] OF A~ A+[lY]+C 2 1|--001 Tt
A,[IX+dd] | CE,08,dd A « A+[IX+dd]+C 4|1 3|--00 T 1
A,[lY+dd] | CE,09,dd A < A+[lIY+dd]+C 4 3 |--00 1 Tt
A,[IX+L] CE,0A A — A+[IX+L]+C 4 2 |1--00 1 Tt
Ally+L] |cCEoB A A+[IY+L]+C 412 |--00 T 1
[HLLA CE,0C [HL] < [HL]+A+C 412 |--00 T
[HL],#nn CE,0D,nn [HL] < [HL]+nn+C 5 3 |--00 ¢ T
[HLL[IX] | CE,0E [HL] < [HL]+[IX]+C 5|12 |--001 T 1
[HLL[IY] | CE,OF [HL] —[HL]+[1Y]+C 5|12 |--001 Tl
SuUB AA 10 A-A-A 2 1 |- -00 1 Tt
AB 11 A-A-B 2 1 |1--00 1 Tt
A#nn 12,nn A —~A-nn 2 2 |- -001 Tt
A[BR:I] | 1411 A < A-[BRiI] 3|2 |--00 1 T
A,[hhll] 15,I1,hh A —A-[hhll] 4 3 |--00 ¢ Tt
A,[HL] 13 A —A-[HL] 2|1 1|--00 1 T 1
AIX] 16 A < AIX] 2|1 1|--00 1 T
AlY] 17 A AIY] 2|1 1|--00 1 Tl
A,[IX+dd] | CE,10,dd A — A-[IX+dd] 4 3 |--00 ¢t Tt
A,[lY+dd] | CE,11,dd A < A-[IY+dd] 4 3 |--00 ¢t Tt
AlIX+] |CE12 A < A-[IX+L] 412 |--00 T
A[IY+L] CE,13 A —A-[IY+L] 4 2 |--00 1 Tt
[HL],A CE,14 [HL] —[HL]-A 412 |--00 T 1
[HL],#nn CE,15,nn [HL] < [HL]-nn 5 3 |--00 ¢ Tt
[HLL,IX] | CE16 [HL] < [HL]-[IX] 5|12 |--001 T
[HLL[IY] | CEa7 [HL] < [HL]-[IY] 5|12 |--001 Tl
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APPENDIX B INSTRUCTION LIST

8-bit Arithmetic and Logic Operation Instructions (2/4)

Mnemonic Machine Code Operation Cycle| Byte SC Comment
1110 U D N C Z
SBC |AA 18 A ~A-A-C 2 1|--001 Tt
AB 19 A ~A-B-C 2 1 |1--00 1 Tt
A#nn 1A,nn A <A-nn-C 2 2 |- -00 ¢ Tt
A,[BR:lI] 1cll A < A-[BRiII]-C 3 2 |1--00 ¢t Tt
A,[hhll] 1D,l1,hh A <~ A-[hhll]-C 4 3 |--00 ¢t Tt
A,[HL] 1B A —A-[HL]-C 2 1|--001 Tt
A,[IX] 1E A ~A-[IX]-C 2 1 |1--00 1 Tt
AllY] 1F A A-[IY]-C 2 1|--001 Tt
A,[IX+dd] | CE,18,dd A < A-[IX+dd]-C 4 3 |--001 Tt
A,[IY+dd] | CE,19,dd A —A-[IY+dd]-C 4 3 |--001: Tt
A,[IX+L] CE,1A A < A-[IX+L]-C 4 2 |--00 ¢t Tt
AIY+L] CE,1B A < A-[IY+L]-C 4 2 |--00 ¢t Tt
[HL],A CE,1C [HL] < [HL]-A-C 4 2 |--00 1t Tt
[HL],#nn CE,1D,nn [HL] —[HL]-nn-C 5 3 |--00:1 Tt
[HL],[1X] CE,1E [HL] < [HL]-[IX]-C 5 2 |--00 ¢t Tt
[HL],[1Y] CE,1F [HL] < [HL]-[1Y]-C 5 2 |- -00 1 Tt
AND |AA 20 A-ACA 2 1 |1----1 -1
AB 21 A ~AB 2 1|1----1 -1
A#nn 22,nn A <~ AlNn 2 2 |- -- =1 -1
A,[BR:ll] 2411 A ~AOBR:I] 3 2 |- -- -1 -
A,[hhll] 25,11,hh A < AhhIl] 4 3 |----1 -
A,[HL] 23 A« ACHL] 2 1|1----1 -1
A,[IX] 26 A <~ AIX] 2 1 |1----1 -
AlIY] 27 A —ALY] 2 1 |1----1 -
A,[IX+dd] | CE,20,dd A < AIX+dd] 4 3 /----1 -1
A[ly+dd] | CE21,dd A < ALY +dd] 4 3 |---=-1 -t
A,[IX+L] CE,22 A AIX+L] 4 2 |- -- -1 -1
AIY+L] CE,23 A ALY +L] 4 2 1--- -1 -
B,#nn CE,BO,nn B ~ Blnn 3 3 |--- -1 -1
L,#nn CE,B1,nn L —LOnn 3 3 |--- -1 -1
H.,#nn CE,B2,nn H ~HONn 3 3 |--- -1 -t
SC.#nn 9C,nn SC — SCOnn 3210 L1 11l L
[BR:lI],#nn | D8,II,nn [BR:11] < [BR:I]Onn 5 3 |--- -1 -1
[HL],A CE,24 [HL] ~[HL]CA 4 2 |- -- -1 -1
[HL],#nn CE,25,nn [HL] —[HL]Onhn 5 3 /----1 -1
[HL],[1X] CE,26 [HL] « [HL]OIX] 5 2 |- -- -1 -
[HL],[IY] CE,27 [HL] —[HL]OIY] 5 2 |- -- =1 -1
OR AA 28 A-ACA 2 1 |1----1 -
AB 29 A ~AB 2 1|1----1 -1
A #nn 2A,nn A ~AlNn 2 2 |- -- =1 -1
A,[BR:ll] 2C,ll A -« ABR:] 3 2 |1--- -1 -
A,[hhll] 2D,l1,hh A ~ AhhIl] 4 3 |----1 -1
A,[HL] 2B A < AHL] 2 1 |1----1 -
A,[IX] 2E A < AIX] 2 1 |1----1 -1
AllY] 2F A < AlY] 2 1|1----1 -
A,[IX+dd] | CE,28,dd A < ATIX+dd] 4 3 /---=-1 -t
A[lY+dd] | CE,29,dd A <« ALY +dd] 4 3 /---=-1 -t
A,[IX+L] CE,2A A < AIX+L] 4 2 1----1 -
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APPENDIX B INSTRUCTION LIST

8-bit Arithmetic and Logic Operation Instructions (3/4)

Mnemonic Machine Code Operation Cycle| Byte SC Comment

I110UDNVCZ

OR A[IY+L] CE,2B A <AIY+L] 4 2 |1----1 - -1
B.,#nn CE,B4,nn B ~BlOhn 3 3|---=-1 - =1
L #nn CE,B5,nn L —LOn 3 3 |--=--1 - -1
H.#nn CE,B6,nn H ~HOnn 3 3 |l--=-=-1 - =1
SC.#nn 9D,nn SC — SCnn 3|2t
[BR:lI],#nn | D9,lI,nn [BR:I] < [BR:I]ONN 5 3 |----1 - -1
[HL],A CE,2C [HL] < [HL]CA 4 2 |1-=-=-=-1 - =1
[HL],#nn CE,2D,nn [HL] < [HL]Onn 5 3 /l----1 - -1
[HL],[1X] CE,2E [HL] < [HL]OIX] 5 2 |1--=-=-1 - -1
[HL],[1Y] CE,2F [HL] < [HLIO1Y] 5 2 |1--=-=-1 - =1
XOR |AA 38 A-ALCA 2 1|l--=-=-1 - -1
AB 39 A ~AOB 2 1 |1--=-=-1 ==
A #nn 3A,nn A ~AOnNn 2 2 l----=-1 - =1
A,[BR:ll] 3CI A -~ AO[BR:] 3 2 |--=-=-1 - -1
A,[hhll] 3D,ll,hh A « AO[hhll] 4 3 |l---=-1 ==
A,[HL] 3B A« AO[HL] 2 1|l--=-=-1-=1
A,[IX] 3E A~ AL[IX] 2 1 |1----1 ==
AlY] 3F A <AO[lY] 2 1|l--=-=-1-=-1
A,[IX+dd] | CE,38,dd A~ AQ[IX+dd] 4 3 l--=-=-1 - -1
A,[IY+dd] | CE,39,dd A~ AO[IY+dd] 4 3 l--=-=-1 - -1
A, [IX+L] CE,3A A < AO[IX+L] 4 2 |1----1 - -1
A IY+L] CE,3B A AO[IY+L] 4 2 |1----1 - -1
B.#nn CE,B8,nn B ~BOnn 3 3|l---=-1 - =1
L #nn CE,B9,nn L ~LOnn 3 3 |--=--1 - =1
H.,#nn CE,BA,nn H ~HONn 3 3 |l--=-=-1 - =1
SC,#nn 9E,nn SC ~ SCOnn 3 A O
[BR:II,#nn | DA, Il,nn [BR:I] < [BR:II]ONN 5 3 l--=-=-1 - -1
[HL],A CE,3C [HL] < [HL]OA 4 2 |--=-=-1 - -1
[HL],#nn CE,3D,nn [HL] < [HL]OnN 5 3 |l--=--1 - -1
[HL],[1X] CE,3E [HL] < [HL]O[1X] 5 2 |1---=-1 - -1
[HL],[1Y] CE,3F [HL] < [HL]O[1Y] 5 2 |--=-=-1 - -1
CP AA 30 A-A 2 1 |1----11 11
AB 31 A-B 2 1 |1--=-=-11 11
A#nn 32,nn A-nn 2 2 |---=1 1t 1 3
A,[BR:ll] 34,1 A-[BR:ll] 3 2 |1---—-11 1t 1
A,[hhll] 35,11,hh A-[hhll] 4 3 |--=-=1 1t 1
A,[HL] 33 A-[HL] 2 1]/---=1 1t 1t 1
A[IX] 36 A-[IX] 2 1|--=-=-11 1t 1
AlY] 37 A-[1Y] 2 1 |1----11 11
A,[IX+dd] | CE,30,dd A-[IX+dd] 4 3 l--=-=1 1 t 3
A,[IY+dd] | CE,31,dd A-[1Y+dd] 4 3 |l--=-=-1t 111
A, [IX+L] CE,32 A-[IX+L] 4 2 |1---—-11 1t 3
AJIY+L] CE,33 A-[1Y+L] 4 2 |1--=-=-11 1t 1
B,#nn CE,BC,nn B-nn 3 3 |--=--1 1t 1t 1
L,#nn CE,BD,nn L-nn 3 3 |--=-=-1 1t 1t 1
H.,#nn CE,BE,nn H-nn 3 3 |----1 1t 1t 1
BR,#hh CE,BF,hh BR-hh 3 3 |--=-=1 1t 1t 1
[BR:II,#nn | DB,Il,nn [BR:I]-nn 4 3 |l----1 1t 3
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APPENDIX B INSTRUCTION LIST

8-bit Arithmetic and Logic Operation Instructions (4/4)

Mnemonic Machine Code Operation Cycle| Byte SC Comment
I110UDNVC Z
CP [HL],A CE34 [HL]-A 3 2 |--==11 1t 1
[HL],#nn CE,35,nn [HL]-nn 4 3 |----1 1t t 3
[HL],[1X] CE,36 [HL]-[1X] 4 2 |-=-=-=11 1t 1
[HL],[IY] CE37 [HL]-[1'Y] 4 2 |--=-=-1 1 t 1
BIT A,B 94 AB 2 1 |--=-=-1--=1
A#nn 96,nn Alnn 2 2 |1----1 - -1
B,#nn 97,nn BOnn 2 2 |1---=-1 - -1
[BR:I],#nn | DC,II,nn [BR:II]Cnn 4 3l----1 - -1
[HL],#nn 95,nn [HL]Onn 3 2 |1----1 - -1
INC A 80 A A+l 2 1/l---=---- 0
B 81 B-B+1 2 1|]---=---- 0
L 82 LL+1 2 1/l---=-=--- !
H 83 H-H+1 2 1]--=-=---- 0
BR 84 BR~BR+1 2 1/--=---- - :
[BR:II] 85,1 [BRi] < [BR:I]+1 4 2 |--=-=--- - 0
[HL] 86 [HL] —[HL]+1 3 | 1| - - - - __ A
DEC |A 88 A-A-1 2 1]--=--=--= !
B 89 B-B-1 2 1/l------- !
L 8A LelL-1 2 1]--=--=-- = 0
H 8B H<H-1 2 1]--=--=--= 0
BR 8C BR-BR-1 2 1 |--=--=-- = !
[BR:II] 8Dl [BR:] < [BR:II]-1 4 2 |- - =- - - - - ?
[HL] 8E [HL] < [HL]-1 3 1/l---=-=--- 0
CPL |A CE,A0 AcA 3 2 |--=-=-1 - -1
B CEA1l B-B 3l 2|---=-1t-=-1
[BR:II] CEA2/I [BR:I] < [BR:I] 5 3 |l---=-1 - -1
[HL] CEA3 [HL] < [HL] 412 ---=-1 - -1
NEG |A CEA4 A-0-A 3 2 |--00 1 1t ¢t 1
B CE,A5 B-0B 3 2 |--00 1t ¢t 1t
[BR:II] CE,AG,lI [BR:II] < O-[BR:IN] 5 3|--00 1t 1 t 1
[HL] CEA7 [HL] < O-[HL] 4 2 |--00 ¢t ¢ ¢ 3
MLT CE,D8 HL «L*A 2|2|----1 0 0 t|MODELY3
DIV CE,D9 L « HL/A, H - Remainder Bl 2|--==1 1t 0 t]ony

*  Multiplication and division instructions are set only for MODEL 1/3. In MODEL0/2,

these instructions cannot be used.
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APPENDIX B INSTRUCTION LIST

16-bit Arithmetic Operation Instructions (1/2)

Mnemonic Machine Code Operation Cycle| Byte SC Comment

I110UDNVCZ

ADD |BA,BA CF,00 BA -« BA+BA 4 2 |1---—-11 1t 1
BA,HL CF,01 BA - BA+HL 4 2 |1--=-=-11 1t 1
BA,IX CF,02 BA « BA+IX 4 2 |1---=-1 1 1t 3
BA,IY CF,03 BA -« BA+IY 4 2 |1----11 1t 3
BA,#mmnn| CO,nn,mm BA - BA+mmnn 3 3 |l---=-1 1t 1t 1
HL,BA CF,20 HL -« HL+BA 4 2 |--=-=-11 1t 1
HL,HL CF,21 HL « HL+HL 4 2 l---=1 1t 1 1
HL,IX CF,22 HL « HL+IX 4 2 |1---—-11 1t 1
HL,IY CF,23 HL « HL+IY 4 2 |--=-=11 1t 1
HL,#mmnn| C1,nn,mm HL « HL+mmnn 3 3 |--=--1 1t 1t 1
IX,BA CF,40 IX « IX+BA 4 2 |1---—-11 1t 1
IX,HL CF41 IX « IX+HL 4 2 |1--=-=-11 1t 1
IX,;#mmnn | C2,nn,mm IX — IX+mmnn 3 3|l---=-1 1t 1t 1
1Y,BA CF,42 1Y < 1Y+BA 4 2 l--=-=1 1t 1 13
1Y,HL CF43 1Y < 1Y+HL 4 2 |1----=-11 1t 1
IY #mmnn | C3,nn,mm 1Y 1Y +mmnn 3 3 /--=-=1 1t 1t 1
SP,BA CF44 SP— SP+BA 4 2 |1---=11 1t 1
SP,HL CF,45 SP .~ SP+HL 4 2 |1---—-11 1t 3
SP.#mmnn| CF,68,nn,mm SP — SP+mmnn 4 4 |- - — = ¢t t 1t 1
ADC |BABA CF,04 BA -« BA+BA+C 4 2 |1--=-=11 1t 3
BA,HL CF,05 BA -« BA+HL+C 4 2 |1----11 1t 3
BA,IX CF,06 BA - BA+IX+C 4 2 |1---=-11 1t 1
BA,lY CF,07 BA - BA+lIY+C 4 2 l--=-=1 1t 1t 1
BA#mmnn| CF,60,nn,mm BA - BA+mmnn+C 4 4 |- — = — 1t ¢ t 1
HL,BA CF,24 HL -« HL+BA+C 4 2 |1---—-11 1t 1
HL,HL CF,25 HL « HL+HL+C 4 2 |1--=-=-11 1t 1
HL,IX CF,26 HL « HL+IX+C 4 2 |1---=11 1t 3
HL,IY CF,27 HL « HL+IY+C 4 2 |1---—-11 1t 1
HL,#mmnn| CF,61,nn,mm HL « HL+mmnn+C 4 4 |- — — -t ¢t t 1t
SUB |BABA CF,08 BA - BA-BA 4 2 |--=-=-11 1t 1
BA,HL CF,09 BA - BA-HL 4 2 |1--=-=11 1t 13
BA,IX CF,0A BA - BA-IX 4 2 |1---=-11 1t 1
BA,IY CF,0B BA - BA-lY 4 2 |--=-=11 1t 1
BA#mmnn| DO,nn,mm BA — BA-mmnn 3 3 |--=--1 1t 1t 1
HL,BA CF,28 HL - HL-BA 4 2 |1---—-11 1t 1
HL,HL CF,29 HL « HL-HL 4 2 |1--=-=11 1t 1
HL,IX CF,2A HL —« HL-IX 4 2 |1--=-=-11 1t 1
HL,IY CF,2B HL — HL-1Y 4 2 |1----11 1t 3
HL,#mmnn| D1,nn,mm HL —« HL-mmnn 3 3 |l---=-1t 1t 1t 1
IX,BA CF,48 IX «IX-BA 4 2 |1--=-=-11 1t 1
IX,HL CF,49 IX — IX-HL 4 2 |---=1 1t 1 1
IX,;#mmnn | D2,nn,mm IX < IX-mmnn 3 3 |--=-=-1 1t 1t 1
1Y,BA CF4A 1Y «1Y-BA 4 2 |1--=-=-11 1t 1
IY,HL CF,4B 1Y < 1Y-HL 4 2 |1--=-=11 1t 3
Y, #mmnn | D3,nn,mm 1Y < 1Y-mmnn 3 3 |--=-=-1 1t 1t 1
SP,BA CF4C SP . SP-BA 4 2 |1--=-=-11 1t 1
SP,HL CF,4D SP. SP-HL 4 2 |--=-=11 1t 3
SP,#mmnn| CF,6A,nn,mm | SP— SP-mmnn 4 4 |- - - -t t t 1t
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16-bit Arithmetic Operation Instructions (2/2)

APPENDIX B INSTRUCTION LIST

Mnemonic Machine Code Operation Cycle| Byte SC Comment
I110UDNVCZ
SBC BA,BA CF,0C BA - BA-BA-C 4 2 l--=-=1 1t 1 1
BA,HL CF,0D BA -« BA-HL-C 4 2 |--=-=-1 1 t 1
BA,IX CF,0E BA - BA-IX-C 4 2 |l--=-=1 1t 1t 1
BA,IY CF,0F BA - BA-1Y-C 4 2 |--=-=11 1t 1
BA#mmnn| CF,62,nn,mm | BA - BA-mmnn-C 4 4 |- - — -1t t 3
HL,BA CF,2C HL -« HL-BA-C 4 2 |--==11 1t 1
HL,HL CF,2D HL - HL-HL-C 4 2 |1---=-11 1t 3
HL,IX CF,2E HL « HL-IX-C 4 2 l--=-=11t 1 1
HL,IY CF.2F HL - HL-1Y-C 4 2 |--=-=-1 1 t 1
HL,#mmnn| CF,63,nn,mm HL « HL-mmnn-C 4 4 |- - - = ¢t ¢ 1 3
CP BA,BA CF,18 BA-BA 4 2 |--=-=1 1 t 1
BA,HL CF,19 BA-HL 4 2 |1--=-=-11 1t 3
BA,IX CF,1A BA-IX 4 2 |-=-=-=11 1t 1
BA,IY CF,1B BA-IY 4 2 |--=--=-1 1t 1
BA,#mmnn| D4,nn,mm BA-mmnn 3 3 |l--=-=-1 1t
HL,BA CF,38 HL-BA 4 2 |--=-=-1 1 t 1
HL,HL CF,39 HL-HL 4 2 l--=-=11t 1 1
HL,IX CF,3A HL-1X 4 2 |--=-=1 1t 1
HL,IY CF,3B HL-1Y 4 2 |--=-=1 1 1t 1
HL,#mmnn| D5,nn,mm HL-mmnn 3 3 l----1 1t 3
IX,;#mmnn | D6,nn,mm IX-mmnn 3 3 |----1 1t 1t 1
IY #mmnn | D7,nn,mm 1Y -mmnn 3 3 |--=-=-1 1t 1
SP,BA CF,5C SP-BA 4 2 |--=-=-1 1t 1
SP,HL CF,5D SP-HL 4 2 |l--=-=11 11
SP,#mmnn| CF,6C,nn,mm | SP-mmnn 4 4 |- - - — 1t t t 3
INC BA 0 BA -« BA+1 2 1 |--=-=--- - :
HL 91 HL « HL+1 2 1/l---=---- ?
IX 92 IX —IX+1 2 1 |1--=--=-=-= !
Y 93 1Y «1Y+1 2 1/l---=---- !
SP 87 SP~ SP+1 2 1/l--=-=---- $
DEC |BA 98 BA - BA-1 2 1|1----=-== D
HL 99 HL - HL-1 2 1]--=-=---- ?
IX 9A IX<1X-1 2 1|/--=---- - :
Y 9B 1Y <1Y-1 2 1/l--=-=---- ?
SP 8F SP~SP-1 2 1 |1----=-=-= 0
Auxiliary Operation Instructions
Mnemonic Machine Code Operation Cycle| Byte SC Comment
I110UDNVCZ
PACK DE B A A 2 1 |- = = — - - - —
(*Im[*[n]—> [m[n]
UPCK DF A B A 2 1|l---=-=--- -
m[n]—»[0/m]|0]n]
SEP CE,A8 B A B A 3 2 |--=-=-=-- - -
‘ ‘0*******‘$‘00000000‘0*******‘
[ Jrrxreses|p (1111111 [1Fr 2 res]
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APPENDIX B INSTRUCTION LIST

Rotate/Shift Instructions (1/2)

Mnemonic Machine Code Operation Cycle| Byte SC Comment

I11I0UDNVCZ

RL A CE,90 L«‘J 3 2 |l-=-=-=1 =11
A

B CE,91 L«‘J 3 2 |l-=-=--=-1 -1t 1
B

[BR:II] CE,92,l| L#A 5 3 |----1 -1 1

[BR:II

[HL] CE,93 L«‘J 4 2 |---=1 =11
[HL]

RLC A CE, 94 ‘L‘J 3 2 l--=-=1 -1 1
A

B CE,95 Enm 3 2 |l-=-=-=1 =11
B

[BR:IN CE,96,l| ‘L‘J 5 3 |----1 -1

[BR:II

[HL] CE, 97 ‘L‘J 4 2 l--=-=1 -1 1

[HL]

RR A CE,98 \_>$J 3 2 |l-=-=-=1 =11
A

B CE,929 L>+J 3 2 l--=--=-1 -1 1t
B

[BR:II CE,9A Il L’+J 5 3 |l----1 -1 1

[BR:IN

[HL] CE,9B \_>$J 4 2 |-=-=-=-1t =11
[HL]

RRC |A CE,oC L’j* 3 2 |l-=-=-=1 =11
A

B CE,9D \_»j_» 3 2 |-=-=-=1 -1t 1
B

[BR:II] CE,9E|ll L>L> 5 3 |----1 -1 1

[BR:II

[HL] CE,9F L’j* 4 2 |1----1 -1t 1
[HL]

SLA A CE,80 €¢0 3 2 l--=-=1 1t 1t 1
A

B CE81 ¢¢0 3 2 |l-=-=-=1 1t 1 3
B

[BR:II] CE,82,l1 «¢0 5 3 |--=-=13 1t 1t 3

[BR:II]
[HL] CE,83 ¢¢0 4l 2--==1 1 1t 1
SLL A CE,84 «¢0 3 2 |1----1 -1t 1
B CE,85 €¢0 3 2 |1----1 =13
[BR:II CE, 86, «¢0 5 3 |--=-=-1 -1 1

[HL] CE,87 «¢0 4 2 |l-=-=-=1 =11

[HL]
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Rotate/Shift Instructions (2/2)

APPENDIX B INSTRUCTION LIST

Mnemonic Machine Code Operation Cycle| Byte SC Comment
11710UDNVC Z
SRA |A CE,88 L$ 3 2 l--=--=10 1t 1t
A
B CE,89 L$3 2 |l---=-=1 01t 1
B
[BR:II] CE8All D+ 5(3|----101 1
[BR:II]
[HL] CE,8B L+ 4 2 |l----—1 01t ¢
[HL]
SRL |A CE,8C o-»[7]6]5]4]3[2]1[o}»[c] | 3 | 2 |- - - -0 - 1 1
A
B CE,8D o»[76l5/a32[1l0)»[c]| 3| 2 [--- -0 -+ 1
B
[BR:II] CE,8E,ll o0-»[7]6]5]4]3]2][1[0]-»[C] 5 3|----0-1 1
[BR:II]
[HL] CE,8F 0-»[7]6]5]4]3]2]1[0]-»[C] 4 2l--=-=-=0-1 1
[HL]
Stack Control Instructions
Mnemonic Machine Code Operation Cycle| Byte SC Comment
1110U DNV C Z
PUSH | A CF,BO [SP-1] — A, SP SP-1 3|l 2|---=-----
B CF,B1 [SP-1] - B, SP—SP-1 3|l 2|---=---- -
L CF,B2 [SP-1] L, SP—SP-1 3l 2|---=---- -
H CF,B3 [SP-1] — H, SP SP-1 3|l 2|---=-----
BR A4 [SP-1] - BR, SP SP-1 3|1 |l---=-----
SC A7 [SP-1] - SC, SP~SP-1 3 1|--=-=-- - - -
BA A0 [SP-1]<B,[SP-2] A, SPSP2| 4 | 1 |- -= = = — — — —
HL Al [SP-1] < H, [SP-2] L, SPSP2| 4 | 1 |- = = = — — — —
IX A2 [SP-1] - IX(H), [SP-2] < IX@W), SPSP2] 4 | 1 |- = = = = — — —
Iy A3 [SP-1] - IYH), [SP-2] - IY@),SPSP2] 4 | 1 |- = = = — — — —
EP A5 [SP-1] - EP, SP SP-1 3|1 |---=-----
P A6 [SP-1] XP,[SP2]<YP,SPSP2 | 4 | 1 |- = = = — — — —
PUSH | ALL CF,B8 PUSH BA, HL, IX, Y, BR 22|---- - - - -
ALE CF,B9 PUSH BA,HL,IX,IY,BREPIP| 15| 2 |- - = — — — — — MODEL2/3 only
POP |A CF,B4 A —[SP], SP—SP+1 3| 2|------- -
B CF,B5 B [SP], SP— SP+1 3|l 2|---=---- -
L CF,B6 L —[SP], SP-SP+1 3 2 |l---=-=- - - -
H CF,B7 H[SP], SP—SP+1 3 2 |l---=-- - - -
BR AC BR<[SP], SP—SP+1 2 1]/---=-- - - -
SC AF SC~[SP], SP-SP+1 2 R T T T
BA A8 A —[SP],B-~[SP+1],SP-SP+2 | 3 1]l---=-- - - -
HL A9 L [SP],H[SP+1],SP-SP+2 | 3 1]l---=-- - - -
IX AA IX(L) < [SP], IX(H) < [SP+1], SP~SP+2 | 3 1 |--=-=-=--= - -
Y AB IY(L)«[SP], IY(H) ~[SP+1], SP~SP+2 | 3 1 |--=-=-=--= - -
EP AD EP~[SP], SP~SP+1 2 1]/---=-- - - -
IP AE YP<[SP], XP~[SP+1], SP-SP+2| 3 1]/---=-- - - -
POP ALL CF,BC POP BR, 1Y, IX, HL, BA 11 2 |- - =-=- === -
ALE CF,BD POP IP,EP,BR, IY,IX,HL,BA | 14 2 |- - =-=- === - MODEL2/3 only

*  Expand page registers EP/XP/YP are set only for MODEL2/3. In MODELO0/1, instructions that access these registers cannot

be used.
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APPENDIX B INSTRUCTION LIST

Branch Instructions (1/4)

Mnemonic Machine Condition Operation Cycle| Byte SC
Code I1I0UDNVC Z
JRS rr F1,rr Unconditionable| MODELO/1 2 2 l--=-=-=- - = -
PC — PC+rr+1
MODEL2/3
PC ~ PC+rr+1, CB - NB
JRS C,ir E4,rr Cc=1 ~] MODELO/1 2 2 |--=-=-=-=- - -
If Conditionistrue,
NC,rr E5,rr C=0 then PC — PC+rr+1
dsePC.PC+2
Z,rr E6,rr Z=1 MODEL2/3
If Conditionistrue,
NZ,rr E7,rr Z=0 then PC — PC+rr+1, CB - NB
| dsePC_PCt2,NB-CB
JRS LT,rr CE,EOrr |[NOV]=1 7 3 3 |l--=-=-=-=-- -
LE,rr CE,E1,rr [ZONOV]=1
GT,rr CE,E2,rr |ZONOV]=0 MODELO/1
GE,Ir CE,E3,rr |[NOV]=0 If Condition istrue,
V,rr CE,E4,r |V=1 then PC — PC+rr+2
NV, rr CEE5r [v=0 dsePC_PC3
P,rr CE,E6,ir |N=0
M,rr CEE7,rr |N=1
FO,rr CE,E8,rr |FO=1
F1,rr CE,E9,ir |F1-1
F2,rr CE,EA,ir |F2=1 MODEL2/3
F3,rr CE,EB,rr |F3=1 If Conditionistrue,
NFO,rr CE,EC,rr |FO=0 then PC — PC+rr+2, CB - NB
NFL,r CEED,r [F1=0 dsePC_PC+3,NB-CB
NF2,rr CE,EE,ir |F2=0
NF3,rr CE,EF,Ir |F3=0 B
JRL qqrr F3,rr,qq |Unconditionable] MODELO/1 3 3 l--=--=-- - -
PC - PC+qqrr+2
MODEL2/3
PC - PC+qqrr+2, CB - NB
JRL C,qqrr EC,rrqq |[C=1 ~] MODELO/1 3 3 |l--=-=-=-=- - -
If Conditionistrue,
NC,qqrr ED,rr,qq |C=0 then PC — PC+qqrr+2
dePC.PCY3
Z,qqrr EE,rqq |Z=1 MODEL2/3
If Conditionistrue,
Nz,qqrr EF,raq |Z=0 then PC — PC+qgrr+2, CB - NB
| esPCoPCt3NB-CB
DJR NZ,rr F5,rr B=0 MODELO0/1 4 2 |1-=-=-=- === P
B~ B-1, If B=0,
then PC — PC+rr+1
dsePC.PCY2
MODEL2/3
B~ B-1, If B=0,
then PC — PC+rr+1, CB - NB
dsePC_PC+2,NB-CB
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Branch Instructions (2/4)

APPENDIX B INSTRUCTION LIST

Mnemonic Machine Condition Operation Cycle| Byte SC
Code 110 UDNVCZ
JP HL F4 Unconditionable |MODEL0/L PC — HL 2 1|1---=--=- -
MODEL2/3 PC~HL, CB~NB
[kK] FD,kk Unconditionable | MODEL0O/1 PC(L) — [00kK], 4 2 l--=--=- - = -
PC(H) — [00kk+1]
MODEL2/3 PC(L) — [00kK]
PC(H) — [00kk+1], CB - NB
CARS |rr FO,rr Unconditionable | MODEL0/1 4 2 |l--=-=- === =
[SP-1] — PC(H), [SP-2] — PC(),
SP~ SP-2, PC - PC+rr+1
MODEL2/3 (Minimum mode)
[SP-1] — PC(H), [SP-2] — PC(L),
SP.SP-2, PC - PC+rr+1, CB - NB
MODEL2/3 (Maximum mode) 5
[SP-1] ~ CB, [SP-2] — PC(H),
[SP-3] — PC(L), SP— SP-3,
PC — PC+rr+1, CB - NB
CARS [ C,rr EO,rr Cc=1 ~] MODELO/1 2 |- —= — — — — - —
If Condition istrue
then [SP-1] — PC(H), [SP-2] - PC(L),| 4
SPSP-2, PC — PC+rr+1
NC, T ELr  |c=0 dlsePC—PCH2 2
MODEL2/3 (Minimum mode)
If Condition istrue
then [SP-1] — PC(H), [SP-2] - PC(L),| 4
SP . SP-2, PC — PC+rr+1,
Z,r E2,rr Z=1 CB_NB
dsePC-PC+2,NB-CB | 2 |
MODEL2/3 (Maximum mode)
If Condition istrue
NZ,rr E3rr Z=0 then [SP-1] — CB, [SP-2] - PCH), | 5
[SP-3] — PC(L), SP~ SP-3,
PC — PC+rr+1, CB - NB
| esepcopcro,NBoCB | 2 |
CARS | LT,rr CE,FO,rr  [[NOV]=1 ~] MODELO/1 3 |- - - — — — — —
LE,rr CE,FLrr |ZONOV]=1 If Condition istrue
GT,mr CE,F2,rr [zOINOV]=0 then [SP-1] - PC(H), [SP-2] - PC(L),| 5
GE,r CEF3m [INOV]=0 _ SPeSP2PCoPCHTE2 ||
vrr CEF4rr |v=1 elsePC . PC+3 £
NV.1r CEF5mr |v=0 MODEL2/3 (Minimum mode)
P.rr CEF6rr |N=0 If Condition istrue
then [SP-1] — PC(H), [SP-2] - PC(L),| 5
M,rr CE,F7,;r |N=1
SP~ SP-2, PC — PC+r1+2,
FO,rr CE,F8,rr |FO=1 CBNB
F1,rr CE,F9,rr |F1=1 e]ée E’b: 7P7Ci+737, NB :éé ””””” 3 7
F2,r CEFAr |F2=1 MODEL2/3 (Maximum mode)
F3,rr CEFB,r |F3=1 If Condition is true
NFO,rr CE,FC,rr |FO=0 then [SP-1] — CB, [SP-2] — PC(H), 6
NF1,rr CE,FD,rr |F1=0 [SP-3] — PC(L), SP SP-3,
NF2,rr CE,FE,rr |F2=0 PC — PC+rr+2, CB -« NB
NF3,rr CEFFim |F3=0 | dsePC-PC+3NB-CB | 3
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APPENDIX B INSTRUCTION LIST

Branch Instructions (3/4)

Mnemonic Machine Condition Operation Cycle| Byte SC
Code I110UDNVCZ
CARL | qqrr F2,rr,qq  |Unconditionable| MODELO/1 5 3l ---=-----

[SP-1] - PC(H), [SP-2] - PC(L),
SP— SP-2, PC ~ PC+qgrr+2
MODEL2/3 (Minimum mode)
[SP-1] — PC), [SP-2] — PCL),
SP~SP-2, PC- PC+qqrr+2, CB - NB
MODEL2/3 (Maximum mode) 6
[SP-1] - CB, [SP-2] — PC(H),
[SP-3] « PC(L), SP SP-3,
PC — PC+qqrr+2, CB - NB
CARL | C,qqrr E8,rr,qq =1 MODEL0/1 3 |- - - - - - - =
If Condition istrue
then [SP-1] - PC(H), [SP-2] - PC(L),| 5
SP~ SP-2, PC — PC+qqrr+2

NC,qqrr E9,rr,qq =0

MODEL2/3 (Minimum mode)

If Conditionistrue
then [SP-1] - PC(H), [SP-2] - PC(L),| 5
SP~ SP-2, PC ~ PC+qqrr+2,

Z,qqrr EAmraq |Z=1

else PC~PC+3,NB - CB 3

MODEL2/3 (Maximum mode)
If Condition istrue

NZ,qqrr | EB,rraq [Z2=0 then [SP-1] — CB, [SP-2] - PC(H), | 6

[SP-3] ~ PC(L), SP SP-3,
PC - PC+qqrr+2, CB - NB

dsePC_PC+3NB-CB | 3

CALL | [hhll] FB,II,hh  |Unconditionable] MODELO0/1 7 3 /l--=-=-=-=-=- -
[SP-1] - PC(H), [SP-2] — PC),
SP SP-2, PC() - [hhll],
PC(H) — [hhll+1]

MODEL2/3 (Minimum mode)
[SP-1] - PC(H), [SP-2] ~ PC(L),
SP~SP-2, PC(L) — [hhll],
PC(H) ~ [hhll+1], CB - NB

MODEL2/3 (Maximum mode) 8
[SP-1] - CB, [SP-2] — PC(H),
[SP-3] ~ PCL), SP SP-3,
PC() ~ [hhll], PC(H) ~ [hhll+1],
CB-~NB
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Branch Instructions (4/4)

APPENDIX B INSTRUCTION LIST

Mnemonic

Machine Code

Operation

Cycle

Byte

SC

110U DNVCZ

Comment

INT | [kk]

FC.kk

MODELO/1
[SP-1] - PCH), [SP-2] — PC),
[SP-3] - SC, SP--SP-3,
PC(L) — [00kK], PC(H)  [0Okk+1]

MODEL2/3 (Minimum mode)
[SP-1] - PC), [SP-2] — PC),
[SP-3] — SC, SP~ SP-3,
PC(L) — [00kK], PC(H) — [0Okk+1],
CB~NB

MODEL2/3 (Maximum mode)
[SP-1] — CB, [SP-2] ~ PC(H),
[SP-3] - PC(L), [SP-4] - SC,
SP SP-4, PC(L)  [00KK],
PC(H) — [00kk+1], CB — NB

RET

F8

MODEL0/1, MODEL2/3 (Minimum mode)
PC(L) — [SP], PC(H) — [SP+1],
SP SP+2

MODEL2/3 (Maximum mode)
PCw) [SP], PCH) ~ [SP+1],
CB ~[SP+2], NB - CB, SP- SP+3

RETE

F9

MODEL0/1, MODEL2/3 (Minimum mode)
SC[SP], PC(L) < [SP+1],
PC(H)  [SP+2], SP— SP+3

MODEL2/3 (Maximum mode)
SC~[SP], PCu) ~[SP+1],
PCH) — [SP+2], CB ~ [SP+3],
NB ~CB, SP- SP+4

RETS

FA

MODEL0/1, MODEL2/3 (Minimum mode)
PC() — [SP], PCH) — [SP+1],
SP SP+2, PC— PC+2

MODEL2/3 (Maximum mode)
PC(L) — [SP], PC(H) — [SP+1],
CB ~[SP+2], NB - CB, SP SP+3|

PC - PC+2

System Control Instructions

Mnemonic

Machine Code

Operation

Cycle

Byte

SC

I110UDNVCZ

Comment

NOP

FF

No Operation

HALT

CEAE

HALT

w

SLP

CEAF

SLEEP
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APPENDIX C PROGRAMMING NOTES

Appendix C  Programming Notes

System Controller and Bus Control

(1) All the interrupts including NMI are masked,
until you write the optional value into both the
"00FFOOH" and "00FFO1H" addresses. Conse-
quently, even if you do not change the content
of this address (You use the initial value, as is.),
you should still be sure to perform the writing
operation using the initialization routine.

(2) When setting stack fields, including page
addresses as well, you should write them in the
order of the register SPP ("00FF01H") and the
stack pointer SP.

Example: When setting the "178000H" address
LD EP, #00H
LD HL, #OFFO1H
LD [HL], #17H
LD SP, #8000H

During this period the
interrupts (including
NMI) are masked.

Watchdog Timer

(1) The watchdog timer must reset within 3-second
cycles by software.

(2) Do not execute the SLP instruction for 2 msec
after a NMI interrupt has occurred (when fosci
is 32.768 kHz).

Oscillation Circuit and Operating Mode

(1) When the high speed CPU operation is not
necessary, you should operate the peripheral
circuits according to the setting outline indicate
below.

» CPU operating clock
0sC1

» OSC3 oscillation circuit
OFF  (When the OSC3 clock is not necessary
for some peripheral circuits.)

« Operating mode
Low power mode
(When VDbD-Vssis3.5V or less)
or Normal mode
(When Vbb-Vssis 3.5V or more)

(2) Do not turn the OSC3 oscillation circuit ON in
the low power mode.
Do not switch over the operating mode (normal
mode ~ high speed mode) in the OSC3 oscilla-
tion circuit ON status, as this will cause faulty
operation.

(3) When turning ON the OSC3 oscillation circuit
after switching the operating mode, you should
allow a minimum waiting time of 5 msec.

(4) Since several msec to several tens of msec are
necessary for the oscillation to stabilize after
turning the OSC3 oscillation circuit ON.
Consequently, you should switch the CPU
operating clock (OSC1 - OSC3) after allowing
for a sufficient waiting time once the OSC3
oscillation goes ON. (The oscillation start time
will vary somewhat depending on the oscillator
and on the externally attached parts. Refer to
the oscillation start time example indicated in
Chapter 7/Technical Hardware, "ELECTRICAL
CHARACTERISTICS".)

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

Input Port (K Port)

When changing the input terminal from LOW level
to HIGH with the built-in pull-up resistor, a delay
in the waveform rise time will occur depending on
the time constant of the pull-up resistor and the
load capacitance of the terminal. It is necessary to
set an appropriate wait time for introduction of an
input port. In particular, special attention should be
paid to key scan for key matrix formation. Make
this wait time the amount of time or more calcu-
lated by the following expression.

Wait time = RIN x (CIN + load capacitance on the
board) x 1.6 [sec]
RIN: Pull up resistance Max. value
CIN: Terminal capacitance Max. value

Output Port (R port)

(1) Since the special output signals (CL, FR, TOUT,
FOUT and BZ) are generated asynchronously
from the output control registers (LCCLK,
LCFRM, PTOUT, FOUTON, BZON, BZSHT and
BZSTP), when the signals is turned ON or OFF
by the output control register settings, a hazard
of a 1/2 cycle or less is generated.
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(2) When the FOUT frequency is made "fosc3/n",

you must turn on the OSC3 oscillation circuit
before outputting FOUT. A time interval of
several msec to several 10 msec, from the
turning ON of the OSC3 oscillation circuit to
until the oscillation stabilizes, is necessary, due
to the oscillation element that is used. Conse-
quently, if an abnormality occurs as the result of
an unstable FOUT signal being output exter-
nally, you should allow an adequate waiting
time after turning ON of the OSC3 oscillation,
before turning outputting FOUT. (The oscilla-
tion start time will vary somewhat depending
on the oscillator and on the externally attached
parts. Refer to the oscillation start time example
indicated in Chapter 7/Technical Hardware,
"ELECTRICAL CHARACTERISTICS".)

At initial reset, OSC3 oscillation circuit is set to
OFF state.

(3) The SLP instruction has executed when the

special output signals (TOUT, FOUT and BZ)
are in the enable status, an unstable clock is
output for the special output at the time of
return from the SLEEP state. Consequently,
when shifting to the SLEEP state, you should set
the special output signal to the disable status
prior to executing the SLP instruction.

[/O Port (P Port)
(1) When changing the port terminal from LOW

level to HIGH with the built-in pull-up resistor,
a delay in the waveform rise time will occur
depending on the time constant of the pull-up
resistor and the load capacitance of the termi-
nal. It is necessary to set an appropriate wait
time for introduction of an 170 port. Make this
wait time the amount of time or more calculated
by the following expression.

Wait time = RIN X (CIN + load capacitance on the
board) x 1.6 [sec]
RiN: Pull up resistance Max. value
CIN: Terminal capacitance Max. value

(2) When the analog comparator is used, "0" must

always be set for the 1/0 control registers
(10C14-10C15 or IOC16-10C17, or both) of I/0
ports which will become input terminals.

Serial Interface

(1) Be sure to initialize the serial interface mode in

the transmitting/receiving disable status (TXEN
=RXEN ="0").

O]

@)

(4)

®)

APPENDIX C PROGRAMMING NOTES

Do not perform double trigger (writing "1") to
TXTRG (RXTRG) when the serial interface is in
the transmitting (receiving) operation. Further-
more, do not execute the SLP instruction. (When
executing the SLP instruction, set TXEN =
RXEN ="0")

In the clock synchronous mode, since one clock
line (SCLK) is shared for both transmitting and
receiving, transmitting and receiving cannot be
performed simultaneously. (Half duplex only is
possible in clock synchronous mode.)
Consequently, be sure not to write "1" to
RXTRG (TXTRG) when TXTRG (RXTRG) is "1".

When a parity error or flaming error is gener-
ated during receiving in the asynchronous
mode, the receiving error interrupt factor flag
FSERR is set to "1" prior to the receiving
complete interrupt factor flag FSREC for the
time indicated in Table C.1. Consequently,
when an error is generated, you should reset the
receiving complete interrupt factor flag FSREC
to "0" by providing a wait time in error process-
ing routines and similar routines.

When an overrun error is generated, the
receiving complete interrupt factor flag FSREC
is not set to "1" and a receiving complete
interrupt is not generated.

Table C.1 Time difference between FSERR
and FSREC on error generation
Clock source
fosca/n
Programmable timer

Time difference
1/2 cycles of fosca/ n
1 cycle of timer 1 underflow

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

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

At initial reset, the OSC3 oscillation circuit is set
to OFF status.
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APPENDIX C PROGRAMMING NOTES

Clock Timer Programmable Timer
(1) The clock timer is actually made to RUN/STOP (1) The programmable timer is actually made to

in synchronization with the falling edge of the
256 Hz signal after writing to the TMRUN
register. Consequently, when "0" is written to
the TMRUN, the timer shifts to STOP status
when the counter is incremented "1". The
TMRUN maintains "1" for reading until the
timer actually shifts to STOP status.

Figure C.1 shows the timing chart of the RUN/
STOP control.

2561z [ L LT LT L L L)L
TMRUN(RD) |

TMRUN(WR) ] [

TMDX

Fig. C.1 Timing chart of RUN/STOP control

(2) The SLP instruction is executed when the clock

timer is in the RUN status (TMRUN ="1"). The
clock timer operation will become unstable
when returning from SLEEP status. Therefore,
when shifting to SLEEP status, set the clock
timer to STOP status (TMRUN = "0") prior to
executing the SLP instruction.

Stopwatch Timer

(1) The stopwatch timer is actually made to RUN/

STOP in synchronization with the falling edge
of the 256 Hz signal after writing to the SWRUN
register. Consequently, when "0" is written to
the SWRUN, the timer shifts to STOP status
when the counter is incremented "1". The
SWRUN maintains "1" for reading until the
timer actually shifts to STOP status.

Figure C.2 shows the timing chart of the RUN/
STOP control.

256 Hz
SWRUN(RD) _ |
SWRUNWR) || I

SWDX 27 | 28 30 32
Fig. C.2 Timing chart of RUN/STOP control

(2) The SLP instruction is executed when the

stopwatch timer is in the RUN status (SWRUN
="1"). The stopwatch timer operation will
become unstable when returning from SLEEP
status. Therefore, when shifting to SLEEP
status, set the clock timer to STOP status
(SWRUN ="0") prior to executing the SLP
instruction.

RUN/STOP in synchronization with the falling
edge of the input clock after writing to the
PRUNO(1) register. Consequently, when "0" is
written to the PRUNO(1), the timer shifts to
STOP status when the counter is decremented
"1". The PRUNO(1) maintains "1" for reading
until the timer actually shifts to STOP status.
Figure C.3 shows the timing chart of the RUN/
STOP control.

Input clock SRR EE R

PRUNO/PRUN1(RD) |

PRUNO/PRUN1(WR) ] [

PTDOX/PTD1X
Fig. C.3 Timing chart of RUN/STOP control

The event counter mode is excluded from the
above note.

(2) The SLP instruction is executed when the
programmable timer is in the RUN status
(PRUNO(1) ="1"). The programmable timer
operation will become unstable when returning
from SLEEP status. Therefore, when shifting to
SLEEP status, set the clock timer to STOP status
(PRUNO(1) = "0") prior to executing the SLP
instruction.

In the same way, disable the TOUT signal
(PTOUT ="0") to avoid an unstable clock output
to the R27 output port terminal.

(3) Since the TOUT signal is generated asynchro-
nously from the register PTOUT, when the
signal is turned ON or OFF by the register
setting, a hazard of a 1/2 cycle or less is gener-
ated.

(4) When the OSC3 oscillation circuit is made the
clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the programmable
timer.

From the time the OSC3 oscillation circuit is
turning ON until oscillation stabilizes, an
interval of several msec to several 10 msec is
necessary. Consequently, you should allow an
adequate waiting time after turning the OSC3
oscillation circuit ON before starting the count
of the programmable timer. (The oscillation
start time will vary somewhat depending on the
oscillator and on external parts. Refer to the
oscillation start time example indicated in
Chapter 7/Technical Hardware, "ELECTRICAL
CHARACTERISTICS")

At initial reset, OSC3 oscillation circuit is set to
OFF status.
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(5) When the 16-bit mode has been selected, be sure

to read the counter data in the order of PTD00-
PTDO07 and PTD10-PTD17. Moreover, the time

APPENDIX C PROGRAMMING NOTES

SVD (Supply Voltage Detection) Circuit

(1) To reduce current consumption, turn the SVD

interval between reading PTD00-PTDO07 and
PTD10-PTD17 should be 0.73 msec or less.

LCD Controller

(1) Since the CL and FR signals are generated
asynchronously from the output control

registers LCCLK and LCFRM, when the signals

is turned ON or OFF by setting of the registers
LCCLK and LCFRM, a hazard of a 1/2 cycle or
less is generated.

(2) When the SLP instruction is executed, display
control registers LCDCO and LCDC1 are
automatically reset to "0" by hardware.
Furthermore, in the SLEEP status, HIGH (VDD)

level is output for the CL and FR signals. (When

registers R25D and R26D are set to "1".)

Sound Generator

(1) Since the BZ signal is generated asynchronously

from the register BZON, when the signal is
turned ON or OFF by the register setting, a
hazard of a 1/2 cycle or less is generated.

(2) The SLP instruction has executed when the BZ
signal is in the enable status (BZON ="1" or
BZSHT = "1"), an unstable clock is output from
the R50 output port terminal at the time of
return from the SLEEP status. Consequently,
when shifting to the SLEEP status, you should
set the BZ signal to the disable status (BZON =
BZSHT ="0") prior to executing the SLP
instruction.

(3) The one-shot output is only valid when the
normal buzzer output is OFF (BZON = "0")

status. The trigger is invalid during ON (BZON

="1") status.

Analog Comparator

(1) To reduce current consumption, turn the analog

comparator OFF (CMPOON = CMP1ON ="0")
when it is not necessary.

(2) After the analog comparator has been turned
ON, a maximum time of 3 msec is necessary
until output stabilizes. Consequently, you
should allow an adequate waiting time after
turning the analog comparator ON, before
reading the comparison result.

(3) Since the input terminals of the analog compa-
rator are common to the 170 ports, the 170
control registers (I0C14-10C17) corresponding
to the channel to be used must be set to the
input mode.

O]

circuit OFF (SVDON = SVDSP ="0") when it is
not necessary.

When executing an SLP instruction while the
SVD circuit is operating, the stop operation of
the OSC1 oscillation circuit is kept waiting until
the sampling is completed. The two bits of
SVDON and SVDSP are automatically reset to
"0" by hardware while waiting for completion of
sampling.

I nterrupt (Exception) Processing

@

)

@)

When executing the RETE instruction without
resetting the interrupt factor flag after an
interrupt has been generated, the same
interrupt will be generated. Consequently, the
interrupt factor flag corresponding to that
routine must be reset (writing "1") in the
interrupt processing routine.

Beware. If the interrupt flags (10 and 11) have
been rewritten (set to lower priority) prior to
resetting an interrupt factor flag after an
interrupt has been generated, the same
interrupt will be generated again.

An exception processing vector is fixed at 2
bytes, so it cannot specify a branch destination
bank address. Consequently, to branch from
multiple banks to a common exception process-
ing routine, the front portion of an exception
processing routine must be described within the
common area (000000H-007FFFH).
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