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1 INTRODUCTION

1 INTRODUCTION

The S1C88349 microcomputer features the
S1C88 (Model 3) CMOS 8-bit core CPU along with
48K hytes of ROM, 2K bytes of RAM, three differ-
ent timers, a serial interface with optional
asynchronization or clock synchronization, and an

A/D converter.

The S1C88349 is fully operable over a wide range of
voltages, and can perform high speed operations

1.1 Features

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 this microcomputer to
control up to 512K x 4 bytes of memory, making
them ideal for high performance data bank sys-
tems.

Table 1.1.1 lists the features of the S1C88349.

Table 1.1.1 Main features

Core CPU

S1C88 (MODEL 3) CMOS 8-bit core CPU

OSC1 oscillation circuit

Crystal oscillation circuit/CR oscillation circuit/externa 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. instruction execution time|

0.244 psec/8.2 MHz (2 clock)

Internal ROM capacity

48K bytes

Internal RAM capacity

2K bytessRAM 3,216 bits/display memory

Busline

Addresshus: 19 bits (also usable as ageneral output port when not used as a bus)
Databus: 8hits  (also usable asageneral 1/0 port when not used as a bus)
CEsigna: 4 bits

WRsigna:  1hit } (also usable as a general output port when not used as a bus)
RDsignal: 1 hit

Input port 10 bits (2 bits can be set for event counter external clock input and bus request signal input terminal)
Output port 9 bits (6 bits can be set for buzzer output, LCD control, FOUT, TOUT and bus acknowledge signal output terminal)
1/0 port 8 hits (4 bits each can be set for seria interface input/output and analog comparator/AD input)
Seria interface 1ch (optional clock synchronous system or asynchronous system)
Timer Programmable timer (8 bits): 2ch(1ch can be set as aan event counter or 2ch as a 16 bits programmable timer for 1ch)

Clock timer (8 bits): Ich

Stopwatch timer (8 bits): 1ch
LCD driver Dot matrix type (supports5 x 8 or 5 x 5 fonts)

51 segments x 32 commons (1/5 bias)

67 segments x 16 or 8 commons (1/5 bias)

Built-in LCD power supply circuit (booster type, 5 potentials)
Sound generator Envelope function, equipped with volume control
Watchdog timer Built-in
Analog comparator 2ch built-in (not available if A/D converter is used)
A/D converter Resolution: 10 bits, input: 4ch, Maximum error: +5 LSB (not available if analog comparator is used)
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 interface interrupt 1system (3types)
A/D converter interrupt 1system (1type)

Supply voltage Normal mode: 24V-55V (Max. 42MHz) Vp1=22V

Low power mode: 1.8V-35V (Max.80kHz) Vpi=12V

Current consumption

High speed mode: 3.5V-55V (Max. 8.2MHz) Vp1=33V
SLEEP mode: 0.3 pA

HALT mode: 1.5 pA (Typ./normal mode)

Run (32 kHz): 9 YA (Typ./norma mode)

Run (4 MHz): 1.1 mA (Typ./norma mode)

Supply form

QFP18-176pin, QFP21-176pin or chip

* The number of bits cited for output ports and 1/0 ports does not include those shared with the bus.
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1 INTRODUCTION

1.2 Block Diagram

0SC1, 2
0SC3, 4

MCU/MPU
BREQ (K11)
BACK (R51)

RESET

TEST

EVIN (K10) [

Core CPU S1C88

Vosc
Vci-Ves
CA-CE
VREF
AVDD
AVss
AVREF

i [ o t
Oscillator [ [F—* Interrupt Controller
<)
System Controller [ J— Input Port
<K
Reset/Test [ ] 1/0 Port
<K
Watchdog Timer — F—][«—| Serial Interface [+
Programmable Timer < I Analog Comparator|, |
/Event Counter /AD Converter
<K g
Clock Timer —— — — External f—
Memory
Interface
- ]
Stopwatch Timer [ ]
‘ ‘ ‘ Sound Generator [ 7|
Output Port
Power Generator ‘ [
<
LCD Driver
[ 11
Supply Voltage Detector
K>
RAM ‘ ‘ ‘ ROM
2K byte 48K byte

— T

Fig. 1.2.1 S1C88349 block diagram

K00-K07
K10 (EVIN)
K11 (BREQ)

P10 (SIN)

P11 (SOUT)

P12 (SCLK)

P13 (SRDY)

P14 (CMPPO/AD4)

P15 (CMPMO/AD5)

P16 (CMPP1/AD6)

P17 (CMPM1/AD7)
P00-PO7 (DO-D7)
RO0-R07, R10-R17, R20-R22
(A0-A7, AB-A15, A16-A18)
R23, R24 (RD, WR)
R30-R33 (CEO-CE3)

R25, R26 (CL, FR)

R27 (TOUT)

R34 (FOUT)

R35-R37

R50 (BZ)

R51 (BACK)

SEGO0-SEG50
COM16-COM31 (SEG66-SEG51)
COMO0-COM15

EPSON
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1.3 Pin Layout Diagram

1 INTRODUCTION

QFP18-176pin

QFP21-176pin

132 89 132 89
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH\ 10000010001000010100010000000001000000000010
133 =88 133 =88
INDEX E = INDEX E
176 E 45 1765 E 45
L R L TIOOTTTTTTTOOTTT DU T TO0T O T T DU TUUu0u I
1 a4 1 44
Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 SEG2 45 SEG46 89 OSC1 133 R11/A9
2 SEG3 46 SEG47 90 0OsC2 134 R12/A10
3 SEG4 47 SEG48 91 TEST 135 R13/A11
4 SEG5 48 SEG49 92 RESET 136 R14/A12
5 SEG6 49 SEG50 93 MCU/MPU 137 R15/A13
6 SEG7 50 COM31/SEG51 94 K11/BREQ 138 R16/A14
7 SEG8 51 COMB30/SEG52 95 K10/EVIN 139 R17/A15
8 SEG9 52 COM29/SEG53 9% K07 140 R20/A16
9 SEG10 53 COM28/SEG54 97 K06 141 R21/A17
10 SEG11 54 COM27/SEG55 98 K05 142 R22/A18
11 SEG12 55 COM26/SEG56 99 K04 143 R23/RD
12 SEG13 56 COM25/SEG57 100 K03 144 R24/WR
13 SEG14 57 COM24/SEG58 101 K02 145 R25/CL
14 SEG15 58 COM23/SEG59 102 K01 146 R26/FR
15 SEG16 59 COM22/SEG60 103 K00 147 R27/TOUT
16 SEG17 60 COM21/SEG61 104 P17/CMPM1AD7 148 R30/CEQ
17 SEG18 61 COM20/SEG62 105 | P1I6/ICMPPL/AD6 | 149 R31/CE1
18 SEG19 62 COM19/SEG63 106 |P15/CMPMO/AD5| 150 R32/CE2
19 SEG20 63 COM18/SEG64 107 P14/CMPPO/AD4 151 R33/CE3
20 SEG21 64 COM17/SEG65 108 P13/SRDY 152 R34/FOUT
21 SEG22 65 COM 16/SEG66 109 P12/SCLK 153 R35
22 SEG23 66 N.C. 110 P11/SOUT 154 R36
23 SEG24 67 N.C. 111 P10/SIN 155 R37
24 SEG25 68 N.C. 112 AVDD 156 Vss
25 SEG26 69 N.C. 113 AVss 157 R50/BZ
26 SEG27 70 N.C. 114 AVREF 158 R51/BACK
27 SEG28 71 N.C. 115 VDD 159 COMO
28 SEG29 72 VREF 116 PO7/D7 160 COM1
29 SEG30 73 CE 117 P06/D6 161 COM2
30 SEG31 74 CD 118 PO5/D5 162 COM3
31 SEG32 75 CcC 119 P04/D4 163 COM4
32 SEG33 76 CB 120 P03/D3 164 COM5
33 SEG34 7 CA 121 P02/D2 165 COM6
34 SEG35 78 Vcs 122 PO1/D1 166 Ccom7
35 SEG36 79 Vca 123 PO0/DO 167 COM8
36 SEG37 80 Vcs 124 ROO/AQ 168 COM9
37 SEG38 81 Ve 125 ROL/A1 169 COM10
38 SEG39 82 \ell 126 RO2/A2 170 COM11
39 SEG40 83 0SsC3 127 RO3/A3 171 COM12
40 SEG41 84 osc4 128 R0O4/A4 172 COM13
41 SEG42 85 Vb1 129 RO5/A5 173 CoM14
42 SEG43 86 VDD 130 RO6/A6 174 COM15
43 SEG44 87 Vss 131 RO7/A7 175 SEGO
44 SEG45 88 Vosc 132 R10/A8 176 SEG1

Fig. 1.3.1 S1C88349 pin layout
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1 INTRODUCTION

1.4 Pin Description

Table 1.4.1 S1C88349 pin description

Pin name Pin No. In/Out Function
VDD 86, 115 - Power supply (+) terminal
Vss 87, 156 - Power supply (GND) terminal
Vb1 85 - Internal logic system voltage regulator output terminal
Vosc 88 - Oscillation system voltage regulator output terminal
Vci-Vcs 82-78 - LCD drive voltage output terminals
CA-—CE 77-73 - Booster capacitor connection terminals for LCD
VREF 72 - LCD system power testing terminal
0OSC1 89 | OSC1 oscillation input terminal
(select crystal oscillation/CR oscillation/external clock input by mask option)
osc2 90 (6] OSC1 oscillation output terminal
OSC3 83 | OSC3 oscillation input terminal
(select crystal/ceramic/CR oscillation/external clock input by mask option)
0SsCc4 84 [e] OSC3 oscillation output terminal
MCU/MPU 93 I Terminal for setting MCU or MPU modes
K00-KO07 10396 | Input terminals (KO0—K07)
K10/EVIN 95 | Input terminal (K10) or event counter external clock input termina (EVIN)
K1UBREQ 94 | Input terminal (K11) or bus request signal input terminal (BREQ)
ROO-RO7/A0-A7 124131 (6] Output terminals (RO0-R07) or address bus (A0-A7)
R10-R17/A8-A15 132139 (6] Output terminals (R10-R17) or address bus (A8-A15)
R20-R22/A16-A18 140-142 (0] Output terminals (R20-R22) or address bus (A16-A18)
R23/RD 143 (0] Output terminal (R23) or read signal output terminal (RD)
R24/WR 144 (6] Output terminal (R24) or write signal output termina (WR)
R25/CL 145 o Output terminal (R25) or LCD synchronous signal output terminal (CL)
R26/FR 146 (0] Output terminal (R26) or LCD frame signal output termina (FR)
R27/TOUT 147 (0] Output terminal (R27)
or programmabl e timer underflow signal output terminal (TOUT)
R30-R33/CE0-CE3| 148-151 O | Output terminals (R30-R33) or chip enable output terminals (CEO-CE3)
R34/FOUT 152 (0] Output terminal (R34) or clock output termina (FOUT)
R35-R37 153-155 O | Output terminals (R35-R37)
R50/BZ 157 (6] Output terminal (R50) or buzzer output terminal (BZ)
R51/BACK 158 o Output terminal (R51) or bus acknowledge signal output terminal (BACK)
POO-P07/D0-D7 123-116 1/0 | 1/O terminals (POO-P07) or data bus (D0-D7)
P10/SIN 111 1/0 | 1/O terminal (P10) or serial I/F datainput terminal (SIN)
P11/SOUT 110 1/0 | 1/Oterminal (P11) or serid |/F data output terminal (SOUT)
P12/SCLK 109 1/0 | 1/O terminal (P12) or seria I/F clock 1/0 terminal (SCLK)
P13/SRDY 108 1/0 | 1/O terminal (P13) or serid |/F ready signal output termina (SRDY)
P14/CMPPO/AD4 107 1/0 | 1/O terminal (P14), analog comparator 0 non-inverted input terminal
or A/D converter input terminal
P15/CMPMO/AD5 106 1/0 | 1/O terminal (P15), analog comparator O inverted input terminal
or A/D converter input terminal
P16/CMPPL/AD6 105 1/0 | 1/O terminal (P16), analog comparator 1 non-inverted input terminal
or A/D converter input terminal
P17/CMPM1/AD7 104 1/0 | 1/Oterminal (P17), analog comparator 1 inverted input terminal
or A/D converter input terminal
COMO0O-COM15 159-174 (0] L CD common output terminals
COM16-COM31 65-50 (0] LCD common output terminals (when 1/32 duty is selected)
/SEG66-SEG51 or LCD segment output terminal (when 1/16 duty is selected)
SEGO-SEG50 175-176,1-49| O LCD segment output terminals
RESET 92 | Initial reset input terminal
TEST 91 | Test input terminal
AVDD 112 - Analog system power supply (+) terminal
AVss 113 - Analog system power supply (-) terminal
AVREF 114 — Analog system reference voltage terminal
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1.5 Mask Option

Mask options shown below are provided for the
S$1C88349. Several hardware specifications are
prepared in each mask option, and one of them can
be selected according to the application. The function
option generator winfog, that has been prepared as
the development software tool of the S1C88349, is
used for this selection. Mask pattern of the IC is
finally generated based on the data created by the
winfog. Refer to the "S1C88 Family Development
Tool Manual" for details on the winfog.

PERIPHERAL CIRCUIT BOARD option list

1 INTRODUCTION

Option list

The following options can be set for the S1C88349
and ICE (S5U1C88000H5). Multiple specifications
are available in each option item as indicated in the
Option List. Select the specifications that meet the
target system and check the appropriate box.

The option selection is done interactively on the
screen during winfog execution, using this option
list as reference.

A OSC1 SYSTEM CLOCK

O 2. User Clock

B OSC3 SYSTEM CLOCK

O 2. User Clock

O 1. Internal Clock (32.768 kHz)

O 1. Internal Clock (4.9152 MHZz)

S1C88349 mask option list

1 OSC1 SYSTEM CLOCK

1. Crystal

2. External Clock
3.CR

Oooogd

2 OSC3 SYSTEM CLOCK
O 1. Crystal
O 2. Ceramic
o 3.CR
O 4. External Clock
3 MULTIPLE KEY ENTRY RESET
e Combination ...0 1. Not Use
O 2. Use K00, KO1
O 3. Use K00, K01, K02
O 4. Use K00, K01, K02, K03
4 MPU MODE INITIAL SET
O 1.512K (MAX)
O 2.512K (MIN)
0O 3.64K

5 SVD RESET
O 1. Not Use
O 2.Use

4. Crystal (with Gate Capacity)

S1C88349 TECHNICAL MANUAL
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6 INPUT PORT PULL UP RESISTOR

® KOO .cooeevveeene O 1. With Resistor O 2. Gate Direct
e KO1 .cooeviiee O 1. With Resistor O 2. Gate Direct
e KO2 .oveiiee O 1. With Resistor O 2. Gate Direct
e KO3 .o O 1. With Resistor O 2. Gate Direct
e KO ..o O 1. With Resistor O 2. Gate Direct
® KO5 oo O 1. With Resistor O 2. Gate Direct
® K06 ..oeevvveene O 1. With Resistor O 2. Gate Direct
® KO7 e O 1. With Resistor O 2. Gate Direct
e K10 .ooiiiieeeee O 1. With Resistor O 2. Gate Direct
e K1l .o, O 1. With Resistor O 2. Gate Direct
e MCU/MPU .....0 1. With Resistor O 2. Gate Direct
® RESET ............. O 1. With Resistor O 2. Gate Direct
7 1/0 PORT PULL UP RESISTOR
e P00 ...ccovvvee, O 1. With Resistor O 2. Gate Direct
ePOLl...ccoeiie O 1. With Resistor O 2. Gate Direct
e P02 ..ccoeiie O 1. With Resistor O 2. Gate Direct
e P03 ... O 1. With Resistor O 2. Gate Direct
e P04 ..o O 1. With Resistor O 2. Gate Direct
e P05 ..o O 1. With Resistor O 2. Gate Direct
® P06 ..o, O 1. With Resistor O 2. Gate Direct
®PO7 .o, O 1. With Resistor O 2. Gate Direct
e P10 ..o O 1. With Resistor O 2. Gate Direct
ePll ., O 1. With Resistor O 2. Gate Direct
®Pl12 ., O 1. With Resistor O 2. Gate Direct
e P13 ... O 1. With Resistor O 2. Gate Direct
ePld ..o, O 1. With Resistor O 2. Gate Direct
e P15 .. O 1. With Resistor O 2. Gate Direct
e P16 ..o, O 1. With Resistor O 2. Gate Direct
@ P17 i, O 1. With Resistor O 2. Gate Direct
8 OUTPUT PORT SPECIFICATION
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
1. Complementary O 2. Nch Open Drain
9 LCD POWER SUPPLY
O 1. Internal
O 2. External
6 EPSON S1C88349 TECHNICAL MANUAL



1 INTRODUCTION

Outline of mask options (7)1/O port pull-up resistors
(1) OSC1 oscillation circuit This mask option can select whether the pull-up

. . L resistor for the 1/0 port terminal (it works
The specification of the OSC1 oscillation circuit P (

be selected f four t Crystal during input mode) is used or not. It is possible
can be se ec ,(,e rom am.on‘% ,(,wr ypes. “Lrysta to select for each bit of the 1/0 ports. Refer to
oscillation”, "CR oscillation", "Crystal oscillation

' . Section 5.7, "I/0 Ports (P ports)", for details.
(gate capacitor built-in)" and "External clock : (P ports) !

input". Refer to Section 5.4.3, "OSC1 oscillation Since P10 to P13 are shared with the serial
circuit", for details. interface 170 terminals, the selected P10 and

(2) OSC3 oscillation circuit P12 terminal configuration is applied to the

S o o serial input (SIN) terminal and serial clock input
The specification of the OSC3 oscillation circuit terminal (SCLK in clock synchronous mode)
can be selected from among four types: "Crystal when the serial interface is used. Refer to
oscillation”, "Ceramic oscillation”, "CR oscilla- Section 5.8, "Serial Interface", for details.
tion" and "External clock input”. Refer to Section
5.4.4, "OSC3 oscillation circuit”, for details. (8) Output port specifications

. Eith I t tput or Nch
(3) Multiple key entry reset (KO0O—K03) IENEr CoMp eMEItary OutpL™ or e open

. : drain output can be selected as the output
This function resets the IC when several keys specification for the output ports ROO-R07 and

are pressed simultaneously. The mask option is R10-R17 in 1 bit units. Refer to Section 5.6.2,
used to select whether this function is used or “Mask option*, for details.

not. Further when the function is used, a

combination of the input ports (K00-K03), (9) LCD power supply

which are connected to the keys to be pressed Either the internal power supply (internal LCD
simultaneously, can be selected. Refer to Section system voltage regulator and voltage booster
4.1.2, "Simultaneous LOW level input at input that generate Vc1 to Vcs) or an external power
port terminals KO0-KO03", for details. supply can be selected as the LCD system

power source. Refer to Section 5.12.2, "Mask

(4) Initial bus mode for MPU mode option”, for details.

The bus mode that is initially set in MPU mode
can be selected from expanded 512K maximum
mode, expanded 512K minimum mode and
expanded 64K mode. Refer to Section 5.2,
"System controller and Bus Control", for details.

(5) Initial reset by SVD circuit
The SVD circuit has a function that generates an
initial reset signal when the supply voltage
drops to level 0 or less. The mask option is used
to select whether this function is used or not.
Refer to Section 5.16, "Supply Voltage Detection
(SVD) Circuit", for details.

(6) Input port, MCU/MPU and RESET
terminal pull-up resistors
This mask option can select whether the pull-up
resistor for the input (K) port terminal is used or
not. It is possible to select for each bit of the
input ports. Refer to Section 5.5, "Input Ports (K
ports)", for details.
Furthermore, a pull-up option is also provided
for the MCU/MPU and RESET terminals.

S1C88349 TECHNICAL MANUAL EPSON 7



2 POWER SUPPLY

2 POWER SUPPLY

In this section, we will explain the operating
voltage and the configuration of the internal power
supply circuit of the S1C88349.

2.1 Operating Voltage

The S1C88349 operating power voltage is as
follows:

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

2.2 Internal Power Supply Circuit

The S1C88349 incorporates 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 voltages needed for the internal circuit
are generated internally in the IC.

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

The internal logic voltage regulator generates the
operating voltage <Vb1> for driving the internal
logic circuits and the OSC3 oscillation circuit. The
VD1 voltage can be selected from the following
three types: 1.2 V for low-power mode, 2.2 V for
normal mode and 3.1V for high-speed mode.

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 oscillation system voltage regulator generates
the operating voltage <VVosc> for the OSC1 oscilla-
tion circuit.

The LCD system power supply circuit generates the
drive voltage for the LCD. Drive voltage has five
potentials VVci1-Vcs for 1/5 bias: Vc1 and ez are
generated by the LCD voltage regulator, and are
boosted to generate Vc3-Vcs. These voltages are
output from the terminals to drive an external LCD
driver (§1D15210 or equivalent).

See Chapter 8, "ELECTRICAL CHARACTERIS-
TICS" for the voltage values.

In the S1C88349, the LCD drive voltage is supplied
to the built-in LCD driver which drives the LCD
panel connected to the SEG and COM terminals.

Notes: « Do not use terminals \VVc1—Vcs except to
supply voltage to the expanded LCD
driver.

* Refer to the "S1D15000 Series Technical
Manual” for the S1D15210 externaly
expanded LCD driver.

Internal voltage
setting circuit

VDD
AVDD
External
power ——
supply

A
Intenal logic system| Vb1

OSC3, Osc4

| 0sC3
oscillation circuit

voltage regulater
Oscillation system | Vosc
voltage regulater

LCD system
voltage regulater

Vci,Vez

TITIIT T 1

» Internal circuit
0OscC1
oscillation circuit

0OSC1, 0sc2

LCD system

voltage booster |vc3-Vcs

> COMO0O-COM15
LCD driver COM16-COM31/SEG66-SEG51

SEGO-SEG50
A/D converter

Fig. 2.2.1 Configuration of power supply circuit

8 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.

31 CPU

The S1C88349 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 S1C88349 employ the Model 3
S$1C88 CPU which has a maximum address space of
512K hytes x 4.

3.2 Internal Memory

The S1C88349 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
external applications.

OOFFFFH
ooFFoon| /O memory
00FD42H| .
00Fg0oH|D1SPIay memory
00F7FFH
oorooon| AM (2K bytes)
OOEFFFH: -

: Undefined
00CO00H:! area l
00BFFFH

ROM
(48K bytes)

000000H

Fig. 3.2.1 Internal memory map

3.2.1 ROM

The S1C88349 has a built-in 48K-byte ROM. The
ROM is allocated to 000000H-00BFFFH.

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 2K bytes and is
allocated to 00FOOOH-00F7FFH.

Even when external memory which overlaps the
internal RAM area is expanded, the RAM area is
not released to external memory. Access to this area
is via internal RAM.

3.2.31/0 memory

A memory mapped I/0 method is employed in the
S$1C88349 for interfacing with internal peripheral
circuit. Peripheral circuit control bits and data
register are arranged in data memory space.
Control and data exchange are conducted via
normal memory access. I/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 1/0
memory area is expanded, the /0O memory area is
not released to external memory. Access to this area
is via I/0 memory.

3.2.4 Display memory

The S1C88349 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 I/0 memory, display
memory cannot be released to external memory.

3.3 Exception Processing Vectors

000000H-000025H in the program area of the
S1C88349 is assigned as exception processing
vectors. Furthermore, from 000028H 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.

S1C88349 TECHNICAL MANUAL
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3 CPU AND BUS CONFIGURATION

Table 3.3.1 Exception processing vector table

Vector £ ) ot oo
address xception processing factor riority
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 | 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 2 Hz interrupt

000022H |Clock timer 1 Hzinterrupt | 4
000024H |A/D converter interrupt Low
000026H | System reserved (cannot be used) No
000028H riori
: Software interrupt P ) v
rating
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 5.17 "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)

3.5 ChipMode

The S1C88349 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).

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 from the
common area (logical space 0000H-7FFFH).
Exception processing vectors are assigned in
internal ROM. Furthermore, the application
initialization 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) goes into high impedance
status (pull-up status when the "pull-up
resistors for PO0-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.

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.

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".)

10 EPSON
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3 CPU AND BUS CONFIGURATION

When employing this mode, the exception m Expanded 64K mode (MPU mode)
processing vectors and initialization routine The expanded 64K mode setting applies when
must be assigned within the common area the S1C88349 is used with 64K bytes or less of
(000000H-007FFFH). external expanded memory. This mode is only
You can select whether to use the built-in pull- usable on the MPU mode setting.
umisris(;s;?iggf the MCU/MPU terminal by the Since the internal ROM area is_relee_ised in the
' L MPU mode, external memory in this model can
Note: Setting of MCU/MPU terminal is latched at be assigned to the area from 000000H to
the rising edge of a reset signal input from 00EFFFH. The area from 00F000H to O0FFFFH is
the RESET terminal. Therefore, if the setting assigned to internal memory (RAM, etc.) and
is to be changed, the RESET terminal must cannot be used to access an external device.
be set to LOW level once again. This mode setting is suitable for small- to mid-
scale systems. The address range of the chip
3.5.2 Busmode enable (CE) signal, adapted to memory chips
In order to set bus specifications to match the with a capacity of from 8 to 64K bytes, can be
configuration of external expanded memory, four selected in software to any one of four settings.
different bus modes described below are selectable See Section 3.6.4, "Chip enable (CE) signal", for
in software. the CE signal.
= Single chip mode CPU operation in this mode_ is_ equivalent to the
S1C88 core CPU Model 3 minimum mode. The
- MCU mode - area within physical space 000000H to 00FFFFH
O0FFFFH is only effective as a target for accessing.
oorFoon| 'O memory Y 9 9
00FD42H| ~: - MPU mode -
T R T
0OFO00H Internal RAM 00F000H:! '
OOEFFFH
OOEFFFH! !
: i Undefined area
00C000H! !
00BFFFH
Internal ROM oo area
000000H
Fig. 3.5.2.1 Memory map for the single chip mode
. . . . 000000H
The smgle_chlp mode s_ettmg apphgs when the See Figure 3.2.1 for the internal memory
S$1C88349 is used as a single chip microcom- )
puter without external expanded memory. Fig. 3.5.2.2 Memory map for the expanded
Since this mode employs internal ROM, the 64K mode (MPU mode)
s;_/stem can only pe operated in the MCU mode Expanded 512K minimum mode
discussed in Section 3.5.1. In.the MPp mode, the The expanded 512K minimum mode setting
system cannot be set to the single chip mode. applies when the $1C88349 is used with over
SII:]CE there is no need for an external bus line in 64K bytes and less than 512K bytes x 4 of
this mode, terminals normally set for bus use external expanded memory. This mode is
can be used as general purpose output ports or usable regardless of the MCU/MPU mode
170 ports. setting.
Accordingly, the output ports are in a 34-bit
configuration in the $1C88349 and the 1/0 ports Because internal ROM is being used in the MCU
are in a 16-bit configuration. mode, external memory in this model can be
L . . . assigned to the area from 080000H to 27FFFFH.
CPU operation in this mode_ 1S equivalent to the Since the internal ROM area is released in the
S1C88 core CP.U Model_ 3 minimum mode._ . MPU mode, external memory in this model can be
Addr_esses assigned to internal memory within assigned to the area from 000000H to 1FFFFFH.
physical space 000000H to 00FFFFH are only
effective as a target for accessing.
$1C88349 TECHNICAL MANUAL EPSON 11



3 CPU AND BUS CONFIGURATION

However, the area from 00FO00H to O0FFFFH is
assigned to internal memory and cannot be
used to access an external device.

CPU operation in this mode is equivalent to the
S$1C88 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.

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

External External

memory area memory area
080000H
07FFFFH

Unused area
010000H
O0FFFFH | | !
00FO00H | Internal memory | :Internal memory |
00EFFFH

: Unused area

00C000H
00BFFFH; 1

' | External

'Internal memory  |memory area
000000H!

See Figure 3.2.1 for the internal memory

Fig. 3.5.2.3 Memory map for the expanded
512K minimum mode

Expanded 512K maximum mode

The expanded 512K maximum mode setting
applies when the S1C88349 is used with over
64K bytes and less than 512K bytes x 4 of
external expanded memory. This mode is

Because internal ROM is being used in the MCU
mode, external memory in this model can be
assigned to the area from 080000H to 27FFFFH.
Since the internal ROM area is released in the
MPU mode, external memory in this model can
be assigned to the area from 000000H to
1FFFFFH.

The area from 00F000H 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.

- MCU mode - - MPU mode -
27FFFFH LFFFFFH—

External External

memory area memory area
080000H
07FFFFH

Unused area
010000H
00FFFFH: o ;
OOFOOOH‘InternaI memory ; 'Internal memory |
00EFFFH

: Unused area

00CO00H
O0BFFFH: 1

: ' |External

rInternal memory : |memory area
000000H: |

See Figure 3.2.1 for the internal memory

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

usable regardless of the MCU/MPU mode
setting.

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

12
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3.6 External Bus

The S1C88349 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) F>
1 [ 1 [ 1 [ 1
Data bus (D0-D7)
S1C88349 O U O U O U
[ BREQ || External || || External || || External || || External
O > BACK || device device device device

’I ;%l I | l‘

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 S1C88349 possesses an 8-bit external data bus
(DO-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 I/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.

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.)

110 Data
port bus
Bus mode| POO |« DO Bus mode

P01 |-« D1 64K
P02 |4 D2

P03 |<»| D3 512K

chip P04 | <> Da (min.)

P05 | 4> D5 512K
P06 | «—» D6 (max.)
PO7 |4 D7

Fig. 3.6.1.1 Correspondence between data bus
and 1/O ports

3 CPU AND BUS CONFIGURATION

3.6.2 Address bus

The S1C88349 possesses a 19-bit external address
bus A0-A18. The terminals and output circuits of
address bus A0-A18 are shared with output ports
R00-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 R00-R07, R10-R17 and R20-R22.
In the expanded 64K mode, 16 of the 19-bit termi-
nals, A0-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

ROO |« A0
RO1 |« Al
RO2 |« A2
RO3 |« A3

Bus mode RO4 |« A4 Bus mode

RO5 |« A5

R06 |-<—» A6 512K

min.

_ RO7 |<—»| A7 T (min.)
Single R10 |<»| A8

chip 512K

R11 |« A9 (max.)

R12 |« | Al0
R13 |[=-—»| All
R14 |<—»| Al12
R15 |=—»| A13
R16 |« | Al4
R17 |« | Al5
R20 |=—»| Al6
64K R21 |« Al7
R22 |« AI18

Fig. 3.6.2.1 Correspondence between address bus
and output ports

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.

S1C88349 TECHNICAL MANUAL
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3 CPU AND BUS CONFIGURATION

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.

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

Output CE

Busmode| port signal
R30 |«—»| CEO

R3L |<»| CEL (S;If]")
chip R32 |<«»| CE2 >

Bus mode
| 64K

— —— — 512K
Output Rp/WR R33 |«—»| CE3 |(max.)
Bus mode | POrt signal | Bus mode ] —
ik Fig. 3.6.4.1 Correspondence between CE signals

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 S1C88349 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.

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.

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.

Note: The CE signals will be inactive status when
the chip enters the standby mode (HALT
mode or SLEEP mode).

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

Table 3.6.4.1 CEO-CE3 address settings

(1) Expanded 64K mode (MPU mode only)

CE signal Address range (selected in software)
8K bytes 16K bytes 32K bytes 64K bytes
CEO 000000H—001FFFH 000000H—003FFFH 000000H—-007FFFH 000000H—00EFFFH
CE1 002000H—003FFFH 004000H-007FFFH 008000H—00EFFFH -
CE2 004000H—005FFFH 008000H—-00BFFFH - -
CE3 006000H—007FFFH 00CO00H-00EFFFH - -
(2) Expanded 512K minimum/maximum modes
— 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
14 EPSON S1C88349 TECHNICAL MANUAL



3.6.5 WAIT control

In order to insure accessing of external low speed
devices during high speed operations, the S1C88349
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
selected in software from a series of 8 as shown in
Table 3.6.5.1.

Table 3.6.5.1 Sclectable WAIT state numbers

Selection No. 112 3|4|5|6|7]|8
Insert states 0|24 ,6|8|10|12|14

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

3 CPU AND BUS CONFIGURATION

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").

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

Figure 3.6.5.1 shows the memory read/write
timing charts.

'TL T2 T3 T4!TL T2 T3 T4
CLK _\ [ ] \ [ ] \_
AO-A18 :)( Address ‘)( Address ‘)(:
ceo / |
ceL a T
wR |

D0-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 !
ek L/ L L L L
A0-A18 :X Address :X Address ‘X:

ceo J
e i\ 7
wR — T

™ i
DO-D7 5—( | Read data | )3—( | Write data | : >

34 Read cycle >E< Write cycle %

(2) WAIT state insertion

Fig. 3.6.5.1 Memory read/write cycle
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3 CPU AND BUS CONFIGURATION

3.6.6 Bus authority release state

The S1C88349 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 |«

RE1 output

Fig. 3.6.6.1 BREQ/BACK terminals

When the bus authority release request (BREQ =
LOW) is received from an external device, the
$1C88349 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.

w2 T4 0TI T2 T3 Twl Tw2 T4 T T2 T T2 TA T2 T4 T2 0 TL T2 T3

ck [\ [\ \‘ [ / / S
‘ | |

A0-A18 IX X HL ) ( _ pPC
; \ ‘ :

DO-D7 (1X) H—( (1X) ‘) 3 { ANy
WR ‘ \ T ——
RD . ) )

\ ! ;
BREQ | \ L L L L [ H :
| | !

BACK | \ /| program

| ' exection
Program exection status L Bus authority release status ! status

A

LD [HL][X]

Fig. 3.6.6.2 Bus authority release sequence
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4 INITIAL RESET

4 INITIAL RESET

Initial reset in the S1C88349 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 S1C88349
as shown below.

(1) RESET terminal

(2) Simultaneous LOW level input at input port
terminals KOO-K03

(3) Supply voltage detection (SVD) circuit

Figure 4.1.1 shows the configuration of the initial
reset circuit.

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

KO1 Input port KO1

K02 Input port KO2

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

Time authorize
circuit

A

Internal initial reset

| VbD :
VoD Q »| Supply voltage detection
(SVD) circuit

Fig. 4.1.1 Configuration of initial reset circuit

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 (K0O0-K03) that can
be selected by mask option are as follows:

Multiple key entry reset
O Not use
0 K00 & K01
0 K00 & K01 & K02
0 K00 & K01 & K02 & K03

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

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.

S1C88349 TECHNICAL MANUAL
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4 INITIAL RESET

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 8, "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 this SVD initial
reset function by mask option.

For more information, see "5.16 Supply Voltage
Detection (SVD) Circuit" in this Manual.

Note: The supply voltage must be at least level 2
for the first sampling of the SVD circuit after
an initial reset regardless of the mask option
selected. At this time, if the power voltage
level is less than level 2, the SVD circuit will
continue sampling until the supply voltage
reaches level 2 or more.

fosci

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.) and the
SVD initial sampling time (248/fosc1 sec.) have
elapsed.

Figure 4.1.4.1 shows the operating sequence
following initial reset release.

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

(1) 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,
following cancellation of the LOW level
simultaneous input.

(2) 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/fosc1 sec.) is generated
within the S1C88349, the CPU will start even if
the LOW level simultaneous input status is not
canceled.

RESET [

W

Internal initial reset

Internal data bus

PC__ f 00-0000 )

\PCXPCjX

%%
Internal address bus %%
B
—

A A A A AV A A A YA AY YA

DummyHDummyH VECL )7

Internal read signal

8192/fosc [sec]

' Oscillation stable waiting time '

248/fosc1 [sec]

First SVD sampling time

\th\F

Dummy cycle ' Reset exception processing

Fig. 4.1.4.1 Initial reset sequence
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4.2 Initial Settings After Initial Reset

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

Table4.2.1 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 I1X 16 Undefined
Index register 1Y Y 16 Undefined
Program counter PC 16 Undefined*
Stack pointer SP 16 Undefined
Base register BR 8 Undefined
Zeroflag z 1 0
Carry flag C 1 0
Overflow flag \% 1 0
Negative flag N 1 0
Decimal flag D 1 0
Unpack flag U 1 0
Interrupt flag O 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 00H
Expand page register for IY | YP 8 00H

* 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 1/0 memory map and peripheral circuit
descriptions in the following chapter of this
Manual.

4 INITIAL RESET
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

5 PERIPHERAL CIRCUITSAND
THEIR OPERATION

The peripheral circuits of the S1C88349 is interfaced with the CPU by means of the memory mapped
1/0 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.

5.1 /O Memory Map

Table5.1.1(a) 1/0 Memory map (00FFOOH-00FF02H, MCU mode)

Address| Bit| Name Function 1 0 SR |R/W Comment
OOFFO00 | D7 [BSMD1 |Bus mode (CPU mode) 0 |RW
(MCU) BSMD1 BSMDO Mode
ol 1 1 512K (Maximum) | | | | Donot set
D6 |[BSMDO 1 0 512K (Minimum) 0 |R/W |BSMD1-0to 01B.
(6] 1 x
(0] 0 Single chip
D5 [CEMD1 |R/W register 1 |RW
D4 [CEMDO |RW register [ | | 1 |RW
D3 |CE3 CE3(R33) |__ . . CE3enable | CE3disable| O |R/W |Inthe Single chip
D2|cE2  |CE2 (Ra) |CF 9 output EnablelDissble oy 0| GE2 disble| 0 | RIW | mode, these setting
'D1|cE1  |CEl (Ray) |EMPI®  CEsignal output | CElenable | CELdissble| O |R/W |arefixedat DC
[Do|cE0 | GEO (Rag) | P'sP!® DC (R output | CEOenable | CEOdisable| 0 | RAW [output.
O00FFO01 | D7 |SPP7  |Stack pointer page address (MsB) | i1 | o0 | 0 |RW
DelsePe | 1 | o |o|rRw
| D5 [SPP5  |<SPpageallocatable address> | i1 | o0 | 0 |RW
| D4 |[SPP4 |+ Singlechip mode: only Opage | i1 | o0 | 0 |RW
| D3 [SPP3 |+ 64K mode: onlyOpage | i1 | 0 | 0 |RW
| D2 [SPP2 |+ 512K (min) mode: 0-27H page | i1 | o0 | 0 |RW
|D1|SPP1 |+512K (max) mode:0-27H page | i1 | o0 |0 |RW
DO |SPPO (LSB) 1 0 0 |RW
00FFO02 Bus rel ease enable register ' K11 | BREQ | Inputport
D7 |EBR ) TN Rt b EEEEE e Rt 0 |RW
(K11 and R51 terminal specification) ' R51 BACK Output port
Wait control register Number 0 |R'W
D6 |WT2 WT2 WT1 WTO of state
1 1 1 14
T 1 1 0 12 T ””””””b” hN\?
D5 |WT1 ! 0 ! 10
1 0 0 8
I 6] 1 1 e .01 o
(0] 1 0 4 0 |R'W
D4 [WTO 0 0 1 2
0 0 0 No wait
D3 |CLKCHG|CPU operating clock switch OsC3 osc1 0 |RW
D2 [OSCC |OSC3 oscillation On/Off control On Off 0 |[R/W
Operating mode selection 0 |[R/W
b1 |vbC1 VDC1 VDCO Operating mode
R 1 x High speed (VD1=3.3V) |---------1----——---—}--—-- -
0 1 Low power (Vp1=1.2V) 0 |RW
DO VDCO 0 0 Normal (Vbp1=2.2V)

Note: All the interrupts including NMI are disabled, until you write the optional value into both the "OOFFOOH" and
"00FFO1H" 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
00FF00 | D7 |IBSMD1 |Bus mode (CPU mode) * | R/W |* Initial setting can
(MPU) BSMD1 BSMDO Mode be selected among 3
L 1 1 512K Maximum) | | | | | types (64K, 512K
D6 [BSMDO 1 0 512K (Minimum) * | RAW | 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 (CEO, CE1) 1 |RW
0 1 16K (CEO-CE3)
0 0 8K (CEO-CE3)
D3 |CE3 CE3(R33) ] __ . ) CE3enable | CE3disable| 0 |R/W
D2|CE2  |CE2(Rap) | S0 output EnableDisable o) e | ce2disie| 0 [RAW
D1|CEL  |CE(Ray |E0I® CEsgndouput - Fop el cELdisbie] 0 |RW
'Do|cE0  |CEO(Rag) |P'SPI® DERouput Fpr e | cEodisie] 1 |RAW
00FFO01 | D7 |SPP7 | Stack pointer page address MsB) | 1 0o 1 0 |RW
oeispPe | R 0 |0 |RW
| D5 [SPP5  |<SPpagealocatableaddress> | 1 0o 1 0 |RW
| D4 [SPP4 |+ Singlechipmode: only Opage | 1 0o 1 0 |RW
| D3 [SPP3 |+ 64K mode: onlyOpage | 1 o 1 0 |RW
|D2[SPP2  |+512K (min) mode: 0-27H page | N o | 0 |RW
|D1[SPP1 |+512K (max) mode:0-27H page | 1 0o | 0 |RW
DO [SPPO (LSB) 1 0 0 [RW
00FF02 Bus release enable register ' k11| BREQ | Input port
D7 |[EBR . e il Ry e 0 [RW
(K11 and R51 terminal specification) | R51 BACK | Output port
Wait control register Number 0 [RW
D6 (WT2 WT2 WT1 WTO of state
1 1 1 14
] 1 1 0 2 0 |RW
D5 |WT1 ! 0 L 10
1 0 0 8
A 0 1 1 6 L. 1 1 |l
0 1 0 4 0 [RW
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 0 |RW
b1 \VDC1 VDC1 VDCO Operating mode
e e 1 X High speed (VD1=3.3V) |---------}--------|F--—--|}----
0 1 Low power (VD1=1.2V) 0 |RW
DO \VDCO 0 0 Normal (Vbp1=2.2V)

Note:

All the interrupts including NMI are disabled, until you write the optional value into both the "O0FFOOH" and
"00FFO1H" addresses.
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PERIPHERAL CIRCUITS AND THEIR OPERATION (I/O Memory Map)

Table 5.1.1(c) 1/0 Memory map (00FFO9H-00FF13H)

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF09 | D7 |- - - - -
D6 |- - - - - Constantry "0" when
D5 |- - - - - being read
D4 |- - - -
D3 |VCCHG |Reserved 1 0 0 |RIW
D2 |LCDB |Reserved 1 0 0 |RW
D1 |LCDAJ |Power TYPEA (4.5V)/B (5.5V) switch TYPEA TYPEB 0 |RIW
DO |[DUTY8 |LCD drive duty switch 1/8 duty 16,132 | 0 [R/W|*1
00FF10| D7 |- - - -
D6 |- _ ~ ~ C?nstantry "0" when
D5 I _ ~ ~ being read
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 |RIW
D2 IDTFNT |LCD dot font selection 5x5dots | 5x8dots | O |R/W
D1 |[LDUTY |LCD driveduty selection 1/16duty | 1/32duty 0 |RIW|*1
DO |SGOUT |R/W register 1 0 0 |R/W |Reserved register
O0FF11| D7 |- - - - "0" when being read
D6 |DSPAR |LCD display memory area selection Display area 1| Display aea0f O |R/W
D5 |[LCDC1 |LCD display control 0 |[RW
LCDC1 LCDCO LCD display These bits are reset
] 1 1 AllLcostit | | | 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 |RIW
e e o AN S 0 _|RW
D1|LC1 11 1 0 : 0 |RW
DO |LCO 0 0 0 0 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|SLPinstructionis
1r w On Off 0 executed.
|D3|SVD3  |SVD detectionleved | | | X | R |*3
D2|SvDz | D3 P2 SIpL S0 el | | X | R
D1|SvD1 1 1 1 0 Level 14 X R
bojsvbo | 6 o o o lweo | | | 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 Writing "1" to DUTY 8 (FF09+DO0) disables 1/16 and 1/32 duty selection using LDUTY (FF10-D1).

*2 After initial reset, this statusisset "1" until conclusion of hardware first sampling.

*3 Initial valueis set according to the supply voltage detected at first hardware sampling after aninitial reset.

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/O Memory map (OOFF20H-00FF25H)

Address| Bit | Name Function 1 | 0 SR |R/W Comment
00FF20 | D7 |PKO1 . . )
el iyl K00-KO7 interrupt priority register 0 |RIW
D6 |PK0O PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
e T Serial interface interrupt priority register PSW1 PSWO Prioity | O |R/W
D4 |PSIFO PTM1 PTMO _ leve
D3 |PSW1 11 leves
e e Stopwatch timer interrupt priority register 1 0 lev2 | 0 [RW
D2 |PSWO 0 1 Level
D1 |PTM1 0 0 LedO
el 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
- -1 Programmable timer interrupt priority register PK11 PK10 _ level 0 |RW
D2 |PPTO 1 1 Level3
D1 [PK11 1 0 Lled2
el P 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
| 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 ) 0 |RW
RO  ERhEEEE PR NS RVt enable disable
D2 |ETM8 _ |Clock timer 8 Hz interrupt enable 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 endble register _
D6 [EPTO Programmable timer O interrupt enable register
DS |EK1 _ |K10and K11 interrupt enableregister
D4 |EKOH | KO4-KO7 interrupt enzbleregister Interupt | Interupt | |
D3 |EKOL KO00-K 03 interrupt enable register enable disable
| D2 |ESERR | Serid I/F (error) interrupt encbleregister
D1 |ESREC | Serial 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) ®)
| 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 | RIW
D2 |FTM8 | Clock timer 8 Hzinterrupt fector flag. w w
D1 |FTM2 |Clock timer 2 Hz interrupt factor flag )
F - ~"1 < " T T T T T oo T TTTo T Reset Nooperatlon
DO |[FTM1  |Clock timer 1 Hz interrupt factor flag
O00FF25)| D7 |FPT1 __|Programmable timer 1interrupt factor flag | (R) ®)
D6 |FPTO Programmable timer 0 interrupt factor flag Interrupt | No interrupt
|DS|FKL  |Kl0andKilinterruptfectorflag fectoris | factoris
| D4 |[FKOH _ |KO4KO7interupt factorflag. | generated | generated | | o\
D3 |FKOL K00-KO03 interrupt factor flag
| D2 |FSERR | Seridl 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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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(e) 1/0 Memory map (00FF28H-00FF31H)

Address| Bit | Name Function 1 | 0 SR |R/W Comment
00FF28 | D7 [PADC1 |A/D converter interrupt priority register PA'fﬂ PA'fCO Egggt% 0 |RW
il S 1 0 Level2 [----[----
D6 |PADCO 0 1 Level | O |RW
0 0 Level O
D5 |- Reserved Prohibited - 0 Do not write"1".
D4 |- Reserved Prohibited - 0
D3 |- - - - -
D2 |- - - - — Congtantly "0" when
D1 |- - - - — being read
DO |- - - - -
O00OFF2A | D7 |EAD A/D converter interrupt enable register Enable Disable 0 |RW
D6 |- Reserved - - 0 |RW
D5 |- - - - -
D4 |- - - - -
D3 |- - - - - Congtantly "0" when
D2 |- - - - - being read
D1 |- - - - -
DO |- - - - -
00FF2C| D7 |FAD A/D converter interrupt factor flag R)| Generated |Notgenerated| O |R/W
W) Reset No operation
D6 |- Reserved - - 0 |RW
D5 |- - - - -
D4 |- - - - -
D3 |- - - - - Congtantly "0" when
D2 |- - - - - being read
D1 |- - - - -
DO |- - - - -
00FF30| D7 |- - - - -
D6 I— ~ ~ ~ ~ Constantry "0" when
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|Prescaler 1 source clock selection foscs fosc1 0 |RW
DO [CKSELO| Prescaler 0 source clock selection foscs fosc1 0 |RW
00FF31| D7 [EVCNT |Timer O counter mode selection Event counter|  Timer 0 |RW
D6 |[FCSEL | Timer 0 " Intimer mode Pusewidth | Norma | O |R/MW
function selection 3 77777777777777777777 measurement|  mode
lr In event counter mode With Without
3 noise rejector noise rejector
D5 |PLPOL |[Timer O ‘ Down count timing Rising edge | Fallingedge| O |R/W
puisepolarity | in event counter mode | of K10 input | of K10input
selection :r In pulse width mi.&hrgznt m;g;"ﬂ':‘éim
| measurement mode  |for K10 input|for K10 input
D4 [PSCO01 |Timer O prescaler dividing ratio selection 0 |RW
PSC01 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 Source clock / 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
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(f) 1/0 Memory map (00FF32H-00FF36H)

Address| Bit| Name Function 1 0 SR |[R/W Comment
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 Source clock / 1
D2 [CONT1 [Timer 1 continuous/one-shot mode selection | Continuous | One-shot 0 |[RW
D1 |PSET1 |Timer 1 preset Presst  |Nooperation| — | W ["0" when being read
DO |PRUN1 |Timer 1 Run/Stop control Run Stop 0 |RW

O0FF33| D7 |RLDO7 | Timer O reload dataD7 (MSB)

el H T Pttt High Low 1 |RIW

DO |RLDOO |Timer O reload data DO (LSB)
00FF34 | D7 |RLD17 |Timer 1reload dataD7 (MSB)

el H T Pttt High Low 1 |RIW

DO |RLD10 |Timer 1 reload data DO (LSB)
00FF35| D7 [PTDO7 | Timer O counter data D7 (MSB)

el e ettt High Low 1 R

DO |[PTDOO |Timer O counter data DO (LSB)
00FF36 | D7 |PTD17 |Timer 1 counter dataD7 (MSB)

el e ettt ettt High Low 1 R

DO |PTD10 |Timer 1 counter data DO (LSB)
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PERIPHERAL CIRCUITS AND THEIR OPERATION (I/O Memory Map)

Table 5.1.1(g) /O Memory map (OOFF40H-00FF44H)

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 [FOouT? | 0 0 1 fosci/2 [T 0 |RW
0 1 0 fosci/ 4
0 1 1 fosc1/8
I 1 0 0 fosca/1 | ________|________|___|____
D4 |FOUTO 1 0 1 fosca/ 2 0 |RIW
1 1 0 fosca/ 4
1 1 1 fosca/ 8
D3 |FOUTON |FOUT output control On Off 0 |RIW
D2 |WDRST |Watchdog timer reset Reset  |Nooperation| — | W [Constantly "0" when
D1 [TMRST |Clock timer reset Reset  |Nooperation| — | W |beingread
DO [TMRUN |Clock timer Run/Stop control Run Stop 0 |RW
00FF41|D7[TMD7 _[Clocktimerdata 1Hz
D6|TMD6 _ |Clock timer data 2Hz
D5|TMD5 _ |Clock timer data 4Hz
D4 |TMD4 |Clock timer data 8Hz .
el Eiuvitain Dt R it High Low 0 R
D3|TMD3 _ |Clock timer data 16Hz
D2|TMD2 _ |Clock timer data 32Hz
D1|TMD1 _|Clock timerdata 64Hz
DO |TMDO |Clock timer data 128 Hz
00FF42 | D7 |- - _ _ _
D6 |- - _ _ _
D5 |- - _ _ _
D4 |- . ~ ~ ~ Cc?nstantly"O" when
D3 - . ~ ~ ~ being read
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 seq)
Dajswoa |
| D3 [SWD3 | Stopwatch timer data 0 R
D2|SWD2 |
|D1[SWD1 |BCD (1/100 sec)
DO [SWDO
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 3, Rl Buy | | Reedy | O |RW
3 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

*1 Reset to 0" during one-shot output.

26

EPSON

S1C88349 TECHNICAL MANUAL




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

Table 5.1.1(h) 1/O Memory map (OOFF45H-00FF49H)

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF45 | D7 |- - - - - "0" when being read
D6 |DUTY2 |Buzzer signa duty ratio selection 0 |RIW
DUTY2-1 Buzzer frequency (Hz)
2 1 0 4096.0 3276.8 2730.7 2340.6
I _—~ — _” 20480 16384 13653 11703 | (| |
D5 |DUTY1 0 O O 8/16 8/20 12/24 12/28 0 |rRW
0 0 1 7/216 7/20 1124 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 |RW
1 0 1 3/16 320 7/24 7/28
1 1 0 216 220 6/24 6/28
1 1 1 1216 V20 524 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 BZFQl 0 0 1 3268 | 0 |lrRwW
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
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 |RW
SCS1 SCS0 Clock source In the clock synchro-
L 1 1 Programmeble timer | | | | nous slave mode,
D3 |SCS0 1 0 fosca/ 4 0 |R/W |externa clock is
0 1 fosca/ 8 selected.
0 0 fosca/ 16
D2 |SMD1 |Serial I/F mode selection 0 |RW
SMD1 SMDO Mode
L 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| FEmor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D5 |PER Parity error flag 37 R| Emor | Noeror | O |R/W Onlyfor
3 W | Reset(0) |No operation asynchronous mode
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 |Receiveenable Enable Disable 0 |RW
D1 [TXTRG |Transmit trigger/status "R| Rm | sop | 0 [RW
3 W | Trigger |No operation
DO |[TXEN |Transmit enable Enable Disable 0 |RW
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(i) 1/0 Memory map (0OFF4AH-00FF54H)

Address| Bit | Name Function 1 0 SR |R/IW Comment
00FF4A| D7 [TRXD7 |Transmit/Receive dataD7 (MSB)
D6 |TRXD6_ |Transmit/ReceivedataD6
D5 |TRXDS |TransmitReceivedataDs
D4 |TRXD4 |Transmit/Receive data D4 .
el Attt el ST High Low X |RW
D3|TRXD3 |TransmitRecelvedataD3
D2|TRXD2 | Transmit/ReceivedataD2
D1|TRXDL |TransmitiReceivedataDl
DO |[TRXDO |Transmit/Receive data DO (LSB)
00FF50| D7 |SIKO7 _ |KO7 interrupt selectionregister
| D6 |SIK06 | KOG interrupt selectionregister
| DS |SIKOS _ |KOSinterrupt selectionregister
| D4 |SIK04_ | KO4interrupt selectionregister. Interrupt | Interrupt | o oy
| D3 |SIKO3__ |KO3interrupt selectionregister. enable disable
| D2|SIK02_ _ |KOZinterrupt selectionregister.
|D1]SIKO1 _|KOLinterrupt selectionregister
DO |SIKOO |KOO interrupt selection register
00FF51 | D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1|SIKI1 _|K1linterrupt selectionregister Interrupt | Interupt |
DO |SIK10 |K10 interrupt selection register enable disable
00FF52| D7 |KCPO7 |KO7 interrupt comparison register
D6 |KCPO6 | KOG interrupt comparison register
D5 |KCPOS | KOS interrupt comparison register Interrupt | - Interrupt
D4 |KCPO4 |KO4interrupt comparison register generated | generated | |
D3 |KCPO3_ |KO3interrupt comparison register afaling | arising
D2 |KCPO2_|KO2interrupt comparison register edge edge
D1 |KCPOL_|KOLinterrupt comparison register
DO [KCPOO |KO0O interrupt comparison register
00FF53 | D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1 |KCP11 |K1linterrupt comparison register Faling | Rising | |
DO [KCP10 |K10 interrupt comparison register edge edge
00FF54|D7 [KO7D _|KO7inputportdata
D6 |KOSD _|KOGinputportdata
D5|KOSD _|KO5inputportdata
D4|KOAD _|KO4inputportdata Highleve | Lowlevel ||
D3|KO3D _|KO3inputportdata imput | input
D2|KO2D _|KOinputportdata
D1|KOID _|KOLinputportdata
DO |[KOOD KOO input port data
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(j) 1/0 Memory map (00OFF55H-00FF70H)

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF55 | D7 |- - _ _ _

D6 - - _ _ _

D5 |- — - - - Constantly "0" when

D4 |- - - - - being read

D3 |- - _ _ _

D2 |- - - - -

|D1|K11D _ |Kilinputportdata Highlevel | Lowlevel | |

DO [K10D K10 input port data input input

00FF60 | D7 [I0OC07 | PO7 I/O control register

i ettt It Output Input 0 |[R'W

DO [IOCO00 | POO I/O contral register
00FF61 | D7 [IOC17 |P171/O control register

i it It Output Input 0 |[R'W

DO [IOC10 |P10 /O control register
00FF62 | D7 |PO7D | P07 1/O port data

i it ittt High Low 1 |RIW

DO [POOD P00 1/O port data
00FF63 | D7 |P17D P17 1/0O port data

i it i High Low 1 |RIW

DO [P10D P10 1/O port data

00FF70|D7 [HZR51 |RSLhighimpedancecontrol Hion | comple [ |
D6 |HZR50 |R50 high impedance control impedance | mentary
D5 [HZR4H |R/W register .
el Fiaial R it 1 0 0 | R/W |Reserved register

D2 |HZRIL |R10-R13 highimpedancecontrol High | comple | |
D1 |HZROH |R04-R07 high impedance control impedance | mentary

DO [HZROL |RO0-R03 high impedance control
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(k) 1/0 Memory map (00FF71H-00FF76H)
Address| Bit | Name Function 1 0 SR |R/W Comment
00FF71| D7 |HZR27 |R27 highimpedance control

D4 |HZR24 |R24 highimpedancecontrol High | comple | |
D3 |HZR23 |R23 high impedance control impedance | mentary

DO |HZR20 |R20 high impedance control
00FF72| D7 |HZR37 |R37 highimpedance control

D4 |HZR34 |R34 high impedance control High Comple-
D3 |HZR33 |R33 high impedance control impedance | mentary

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

i et It High Low 1 |RIW

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

i et I i High Low 1 |RIW

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

i it It High Low 1 |RIW

DO |R20D  |R20 output port data
00FF76 | D7 |R37D R37 output port data

i et It High Low 1 |RIW

DO |R30D  |R30 output port data
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(1) 1/0 Memory map (00FF77H-00FF82H)

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF77|D7|RA7D  [RMWregister
D6|RAGD |RMWregister
D5|RASD |RMWregister
D4 |R44D__|RIW reg I*S*tq ************************** 1 0 1 | R/W |Reserved register
D3|RASD |RMWregister
D2|RA2D  |RMWregister
D1|RAID |RMWregister
DO [R40D R/W register
O0OFF78| D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1|RSID |RSLoutputportdeta | | High | Low | 1 |[RW
DO [R50D R50 output port data High Low 0 |RW
00FF80 | D7 |- - - - -
D6 |- — - - - Constantly "0" when
D5 |- — - - - being read
D4 |- - - - -
D3 |PRAD | A/D converter clock control On Off 0 |RIW
D2 |PSAD2 | A/D converter division ratio 0 |RIW
PSAD2 PSAD1 PSADO Divisionratio
1 1 1 fosci/1
'D1lPsAD1 | 1 1 0 fosca/éd | 0 |rRW
1 0 1 fosca/ 32
1 0 0 foscs/ 16
I 0 1 1 fosca/8 |||
DO [PSADO 0 1 0 fosca/ 4 0 [RW
0 0 1 fosca/ 2
0 0 0 fosca/ 1
00FF81 | D7 |PAD7 P17 A/D converter input control AID 0 |RW
D6 |PAD6 P16 A/D converter input control 0 |RW
- converter | 1/O port
D5 |PAD5 P15 A/D converter input control input 0 |RW
D4 |PAD4 P14 A/D converter input control 0 |RW
D3 |- - - - -
D2 |- - - - - Constantly "0" when
D1 |- - - - - being read
DO |- - - - -
00FF82 | D7 |ADRUN | A/D conversion start control register Start Invalid 0| W
D6 |- - - - -
D5 |- — - - - Constantry "0" when
D4 |- — - - - being read
D3 |- - - - -
D2 |- - - - -
D1|CHS1 |Anaog input channel selection 0 |RW
CHS1 CHSO Input channel
] 1 1 AD7 |
DO [CHSO 1 0 AD6 0 [RW
0 1 AD5
0 0 AD4
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (/O Memory Map)

Table 5.1.1(m) 1/0 Memory map (00FF83H—00FF84H)

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF83 [ D7 [ADDRY [A/D conversion result DI (MSB)
D6|ADDRS |A/D coversionresutD8
D5|ADDR? |A/D coversionresutD7
D4|ADDRS |A/D coversionresutD6 |
D3 |ADDRS |A/D conversonresultD5
D2|ADDR4 | A/D coversion resutDa
D1|ADDR3 |A/D coversionresutD3
bd 7AI737DR2 A/D conversion result D2
O0FF84 | D7 |- - — - -
D6 |— - - - -
D5 |- - — - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - — - -
D1|ADDRI [AD comversonresutbl | s
DO |ADDRO | A/D conversion result DO (LSB)
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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

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 S1C88349 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 BSMDO0 and BSMDL1.

Table 5.2.1.1 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)
1 0 Expanded 512K minimum mode ROM+RAM>64K bytes (Program<64K bytes)
0 1 Expanded 64K mode ROM+RAM<64K bytes
0 0 | Singlechipmode(MCU) |1 Nore ]
Optional setting of one of the expanded | See above
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
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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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

The function of 1/0 terminals is set as shown in Table 5.2.1.2 in accordance with mode selection.
Table5.2.1.2 /O terminal settings

Terminal Bus mode
Single chip Expanded 64K mode | Expanded 512K mode
R0OO Qutput port ROO Address bus AO
RO1 Qutput port RO1 Addressbus Al
R02 Qutput port RO2 Addressbus A2
R0O3 Qutput port RO3 Addressbus A3
R04 Qutput port RO4 Address bus A4
R0O5 Qutput port RO5 Address bus A5
R06 Qutput port RO6 Address bus A6
RO7 Qutput port RO7 Addressbus A7
R10 Qutput port R10 Addressbus A8
R11 Qutput port R11 Address bus A9
R12 Qutput port R12 Address bus A10
R13 Qutput port R13 Addressbus A1l
R14 QOutput port R14 Address bus A12
R15 Qutput port R15 Address bus A13
R16 Qutput port R16 Addressbus Al14
R17 Qutput port R17 Address bus A15
R20 Qutput port R20 Addressbus A16
R21 QOutput port R21 Address bus A17
R22 QOutput port R22 Addressbus A18
R23 Output port R23 RD signal
R24 Output port R24 WR signal
POO 1/0 port POO Data bus DO
PO1 1/0 port PO1 DatabusD1
P02 1/0 port P02 Data bus D2
P03 1/0 port PO3 Databus D3
P04 1/0 port PO4 Data bus D4
PO5 1/0 port P05 Data bus D5
P06 1/0 port PO6 Data bus D6
P07 1/0 port PO7 Databus D7
At initial reset, the bus mode is set as explained
below.
e In MCU mode: In MPU mode:

At initial reset, the S1C88349 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 the system 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 S1C88349 is
equipped with address decoders that can output a
maximum of four chip enable signals (CE0-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 (MPU mode only)

CEMD1|CEMDO| Chip size CEO CE1 CE2 CE3
1 1 64K bytes | 000000H-OOEFFFH - - -
1 0 32K bytes | 000000H-007FFFH | 008000H—00EFFFH - -
0 1 16K bytes | 000000H—003FFFH | 004000H—007FFFH | 008000H—-00BFFFH | 00COOOH—OOEFFFH
0 0 8K bytes | 000000H-001FFFH | 002000H—003FFFH | 004000H—005FFFH | 006000H—007FFFH
(2) Expanded 512K minimum/maximum modes
— 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
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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 S1C88349
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.

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
(0O0OFO00H-00F7FFH), 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". (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 |IBSMD1 |Bus mode (CPU mode) 0 |RW
(MCU) BSMD1 BSMDO Mode
L 1 1 512K (Maximum) | | | | Do not set
D6 [BSMDO 1 0 512K (Minimum) 0 |R/W|BSMD1-0to01B.
0 1 X
0 0 Single chip
D5 |CEMD1 |R/W register 1 |RIW
(D4 [CEMDO |RMW register | | 1 |[rRW
[D3ICES (ZES (R33) CE signal output Enable/Disable *ZE?’@??'R ,Z@S’[?P[‘%,,Q,,B{W In the Single chip
[D2/CE2  |CE2(R®D) |\ C o oup | Ceble [CEZdisble| O |RIW | mack, thesesting
D1|CE1 CE1(R31) | _. CEl enable | CELdisable| O |R/W |arefixedat DC
(bo|cEo  |cEo (Rag) PSP PCR3Qoupt Ty ie [ cEOdisable| 0 | RAW | output,
00FF01 [ D7 |SPP7  |Stack pointer page address MsB) | N o | 0 |RW
oejspe | ] S . 0 [0 |RW
| D5 |SPP5 | < SPpageadllocatable 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 1 o | 0 7R/7V7V
D1 |SPP1  [+512K (mex) mode: 0-27H page | 1 1 o | 0 7R/7V7V
DO [SPPO (LSB) 1 0 0 [RW
00FF02 o7 [EBR Busrelease enable reglster o K11 | BREQ | Inputport o |rRw
(K11 and R51 terminal specification) | R51 BACK Output port
Wait control register Number 0 [RW
D6 (WT2 WT2 WT1 WTO of state
1 1 1 14
] 1 1 0 2 | 0 |rRW
D5 |WT1 ! 0 ! 10
1 0 0 8
] 0 1 1 6 L. 1 |l
0 1 0 4 0 [RW
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 |RW
Operating mode selection 0 |RW
D1 \VDC1 VDC1 VDCO Operating mode
EEREEEEEEEE 1 X High speed (VD1=3.3V) f---------fF--------b---f-——-
0 1 Low power (Vpi=12V) 0 |RW
D01VDCO 0 0 Normal (Vp1=2.2V)
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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Table 5.2.6.1(b) System controller control bits (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
] 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-CE3)
0 0 8K (CEO-CE3)
D3|CE3 CE3(R33)|__ . ) CE3enable | CE3disable| 0 |R/W
D2|cE2  |CE2 (Rap) |CF 99 output EnablelDiscble | o e [ C2disble| 0 |RW
D1|cEL  |CEl(Ray) |EMPI® CESOMoUpUt o e | CELdisble| 0 |RW
Do|cE0  |CEO (Rag) PSP PCRSoupt oy e | CEodisbie| 1 |RW
00FF01| D7 |SPP7 | Stack pointer page address MSB) | 1 o 1 0 |RW
Dsjspps | ] O 0 |0 |rRW
| D5 [SPP5  |< SPpagedlocatable address> | | 1 o 1 0 |RW
| D4 |SPP4 |- Singlechipmode: only Opage | 1 o 1 0 |RW
| D3 [SPP3 |+ 64K mode: onlyOpage | 1 o 1 0 |RW
[ D2 |SPP2 |+ 512K (min) mode: 0-27H page | 1 o | 0 |RW
[D1|SPP1 |+ 512K (max) mode:0-27H page | 1 o 1 0 |RW
DO [SPPO (LSB) 1 0 0 [RW
00FF02 Bus release enable register 1 K11 BREQ Input port
D7 |[EBR . L il By e 0 [RW
(K11 and R51 terminal specification) | R51 BACK | Output port
Wait control register Number 0 [RW
D6 (WT2 WT2 WT1 WTO of state
1 1 1 14
A I 1 1 0 -2 e I 0 |rRW
D5 [WT1 ! 0 ! 10
1 0 0 8
I D 0 1 1 6 L. |1 1 |l
0 1 0 4 0 [RW
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 |RIW
Operating mode selection 0 |RW
b1 VDCl VDC1 VDCO Operating mode
e REEEEEEE 1 x High speed (VD1=3.3V) |---------}--------foofp----
0 1 Low power (VD1=1.2V) 0 |RW
DO \VDCO 0 0 Normal (VDp1=2.2V)
Note:  All the interrupts including NMI are disabled, until you write the optional value into both the "00FFOOH" and

"0O0FFO01H" addresses.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (System Controller and Bus Control)

BSMDO, BSMD1: 0OFF00H<D6, D7

CEO—CE3: 0OFF00H-D0-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

Expanded 512K minimum mode

1 0
0 1 Expanded 64K mode
0 0 | Singlechipmode(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
BSMDO = "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 modeD).

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
0 0 8K bytes | 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).

0 Settings of these registers are valid only in the
MPU mode. CEMDO0 and CEMD1 can be used as
general purpose registers with read/write
capabilities in the MCU mode.

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 "00FFOOH".

SPPO-SPP7: O0FF01H

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.

Table 5.2.6.4 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: OOFF02HD7

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, #OFFO1H
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 S1C88349 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

signal is generated and output to the CPU.

Figure 5.3.1.1 is a block diagram of the watchdog

timer.
osc1 (fesci|  |\1Hz| \atchdog Non-maskable
oscillation » Divider - . int, © (NI
circuit timer interrupt (NMI)
WDRST Watchdog timer
reset signal

Fig. 5.3.1.1 Block diagram of watchdog timer

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.

5.3.2 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.

This exception processing vector is set at 000004H.

5.3.3 Control of watchdog timer
Table 5.3.3.1 shows the control bits for the watch-
dog timer.

WDRST: 00FF40H+D2
Resets the 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.

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/IW 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 0 [rRW
0 1 0 fosci/ 4
0 1 1 fosci1/8
I B 1 0 0 fosca/1 | ________|________|___|____
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  |Nooperation| — | W |Constantly "0" when
D1 [TMRST |Clock timer reset Reset  |Nooperation| — | 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 S1C88349 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 circuitﬁ> circuit (fosc1)
Clock

; »To CPU (CLK
r switch ° (CLK)
Iy

0SC3
oscillation circuit

. To some peripheral
circuit (foscs)

A
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 OSC1.

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

SLEEP status

fosci

External !
clock

N.C. C { }1
i Vss

fosc1

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.

Ce2  oscsl
foscs

Ceramic

Oscillation circuit
Cp2 0SC4! control signal
Vas } SLEEP status

foscs

Oscillation circuit
control signal

SLEEP status

VDD
Vss M T 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, Cb2) 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 (VbD = 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 (Vbbb = 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 (Vbb = 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.

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.
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.

Program Execution Status

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 oscillator and on the
externally attached parts. Refer to the oscillation
start time example indicated in Chapter 8,
"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.

CPUclock 0SC1

High speed mode | oscc=1 | High speed mode |CLKCHG=1| High speed mode
0SsC1 ON “10SsC1 ON "1 OSC1 ON
0SC3 OFF |4 0OSC3 ON |4 0OSC3 ON
CPUclock OSC1| oscc=0 |CPUclock OSC1|CLKCHG=0|CPU clock 0OSC3

Y
VDCO=x VDCO0=0
VDC1=1 VDC1=0
RESET
Normal mode oscc=1 Normal mode CLKCHG=1 Normal mode
0SC1 ON “10scC1 ON |l 0SsC1 ON
0OSC3 OFF |4 0OSC3 ON |4 0OSC3 ON
CPUclock OSC1| oscc=0 |CPUclock OSC1|CLKCHG=0|CPU clock 0OSC3
Y
VDCO0=0 VDCO0=1
VDC1=0 | VDC1=0

Low power mode
0SC1 ON
0OSC3 OFF

A

Interrupt* HALT instruction

Interrupt *
(Input interrupt)

A
SLP instruction

A

Y

HALT status
0SC1 ON
0OSC3 ON or OFF
CPU clock STOP

SLEEP status
0OSC1
0OSC3
CPU clock STOP

OFF
OFF Fig.5.4.6.1

Satustransition diagram

Standby Status

for the operation mode
and clock changeover

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

prior to shifting to the standby status
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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 Bus release enable register ‘ K11 BREQ Input port
D7 |EBR ) o I e e 0 |RIW
(K11 and R51 terminal specification) ' R51 BACK | Output port
Wait control register Number 0 |RIW
D6 |WT2 WT2 WT1 WTO of state
1 1 1 14
N 1 1 0 2 | 0 |lrRwW
D5 |WT1 ! 0 ! 10
1 0 0 8
I 0 1 1 6 ..l
0 1 0 4 0 |RIW
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 0 |RW
b1 \VDC1 VDC1 VDCO Operating mode
e REEEEEEE 1 x High speed (VD1=3.3V) |---------}--------f-ofp----
0 1 Low power (VD1=1.2V) 0 |RW
DO \VDCO 0 0 Normal (VD1=2.2V)

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

Thnode . |voCTVECO| Vor | GEC | ey

Normal mode 0 2.2V |24-55V|4.2 MHz (Max.)
Low power mode| 1 |12V |[1835V|50kHz (Max.)
Highspeed mode| 1 x |33V [3555V|82MHz 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: O0OFF02H-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
0SsC1

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

» Operating mode
Low power mode (When VDD-Vss is 3.5V
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 8, "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)

5.5.1 Configuration of input ports

The S1C88349 is equipped with 10 input port bits
(K00-KO07, K10 and K11) 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 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
) 7: option

Kxx - KxxD

Data bus

Vss
Fig. 5.5.1.1 Structure of input port

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.

5.5.2 Mask option

Input port pull-up resistors

K00 ....O With resistor 0 Gate direct
KO1....O With resistor 0 Gate direct
K02 ....0 With resistor 0 Gate direct
K03 ....O With resistor 0 Gate direct
K04 ....0 With resistor 0 Gate direct
KO05....0 With resistor 0 Gate direct
K06 .... 0 With resistor 0 Gate direct
K07 ....0 With resistor 0 Gate direct
K10 .... O With resistor 0O Gate direct
K11 ....O With resistor 0O Gate direct

Input ports KO0-K07, K10 and K11 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 K0O0-K07, K10 and K11 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
interrupt generation condition for each series of
terminals 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 SIK0O

M

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-KO07) and K1x (K10-K11).

For details on the interrupt control registers for the
above and on operations subsequent to interrupt
generation, see "5.17 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.

Interrupt factor
flag FKOL
Interrupt enable
register EKOL

[ ko1
Lz i)
[ os
- Interrupt L
< - Interrupt priority Interrupt
- > rrérgllci)sntteyr ™ level jgdggment reques‘:
K04 O——q PKO0O, PKO1 circuit
P Input port — ﬁ
« put I
'« 4| Input comparsion ]
é register KCP04
g Interrupt factor
o flag FKOH
" | Interrupt selection [
- "| register SIK04
Interrupt enable
‘ K05 register EKOH
| ko6
o7
K10 O——y
P Input port —
- K10D
< > Input comparsion
register KCP10 Interrupt factor
fl FK1
2
" | Interrupt selection
- "| register SIK10 _
-_f Interrupt enable Interrupt priority Interrupt
register EK1 level ]L_Jdgr_—.;ment request
circui
[ k11
= Interrupt
- | priority Fig.55.3.1
- > register X . .
PK10, PK11 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-SIK11 and input compari-
son registers KCPOO-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-K03).

Because interrupt has been prohibited for KOO by
the interrupt selection register SIK00, 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).

Interrupt selection register

Input comparison register

SIK03|SIK02 | SIKO1 | SIKOO KCPO3|KCP02|KCPO1

KCP0O

1 1 1 0 1 0 1

0

With the settings shown above, interrupt of KOL (K0O0—K03) is generated under the condition shown below.

Input port
(1) | KO3 | K02 | KO1 | KOO
1 0 1 0 (Initial 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-K03 and the three bits input comparison register KCPO1-K CP03.

Fig. 5.5.3.2 Interrupt generation example in KOL (KO0O—K03)

S1C88349 TECHNICAL MANUAL

EPSON

49



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[SIK06__|KOG interrupt selection register
D5 [SIK05__ KOS interrupt selection register
D4[SIK04__ [KO4 interrupt selectionregister Inerropt | merupt ||
D3 SIK03 _ |KO3interrupt selectionregister ecble | disble
D2|SIK02 _[KO2interrupt selection register
D1[SIKO1 _|KOL interrupt selection register
DO |SIKOO |KOO interrupt selection register
00FF51 | D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1[SIK11 |K1Linterrupt selectionregister Interupt | Interupt ||
DO |SIK10 |K10 interrupt selection register enable disable
00FF52 | D7 [KCPO7 _[KO7 interrupt comparisonregister
D6 [KCPO6_|KO6interrupt comparison register
D5 [KCPOS_|KOS interrupt comparison register Interrupt | - Interrupt
D4 [KCPO4_|KO4interrupt comparison register generated | generated | |
D3 [KCPO3_|KO3interrupt comparison register afdling | atrising
D2 [KCPO2_|KO2interrupt comparison register edge edge
D1 |KCPOL |KOLinterrupt comparison register
D0 |KCPOO |KO0O interrupt comparison register
00FF53 | D7 |- - - - -
D6 |— - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1 |KCP11 |K1linterrupt comparison register Faling | Risng | |
DO |KCP10 |K10 interrupt comparison register edge edge
00FF54|D7|KO7D _[KO7inputportdata
D6|K06D _|KOGinputportdata
D5|KOSD _|KOSinputportdata
D4|K04D _|KO4inputportdsta Highlevd | Lowlewdl | |
D3|K03D _|KO3inputportdata mput | input
D2|K02D _[KO2inputportdata
D1KO1D |KOLinputportdeta
DO |[KOOD KOO input port data
00FF55 | D7 |- - - - -
D6 |— - - - -
D5 |- - - - - Constantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1[KIID |Kilinputportdeta Highleve | Lowlevel ||
DO |K10D |K10input port data input input
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Table 5.5.4.1(b) Input port control bits

Address| Bit | Name Function 1 | 0 SR |R/W Comment

00FF20 | D7 |PKO1 . - )
e Pl K00-KO7 interrupt priority register 0 |RW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
T T, Serial interface interrupt priority register PSW1 PSWO Priority 0 |RW
D4 |PSIFO PTM1 PTMO _ level
D3|PSw1 I 1 lees
e Stopwatch timer interrupt priority register 1 0 Level2 0 [RW
D2 [PSWO 0 1  Levell
D1|PTM1 0 0 lLevelo
el e Clock timer interrupt priority register 0 |RW
DO |PTMO P prionity reg

00FF21|D7 |- - - _ _
D6 |— - - - — Constantly "0" when
D5 |- - - - - being read
D4 |- - - - -
D3|PPT1 PPT1 PPTO Priority
F-F--o—-—1 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 Levell 0 |RW
DO [PK10 0 0 Level O

00FF23 | D7 |EPT1 _ | Programmable timer 1 interrupt enble register _
D6 [EPTO Programmable timer O interrupt enable register
D5 |EK1 __|K10andK1linterruptenableregister
D4 |EKOH _|KO4-KO7 interrupt encbleregister interupt | nerrupt ||
D3 |EKOL K00-KO03 interrupt enable register enable disable
| D2 |ESERR | Seridl I/F (error) interrupt endbleregister
| D1 |ESREC | Serial 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  |K10andK1linteruptfactorflag factoris | factoris
D4 |FKOH  [K0A-KO7interrupt factor flag | 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—KO7D: 0O0FF54H SIKO0-SI KO7: 00F F50H
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

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

The terminal voltage of each of the input port KOO-
K07, K10 and K11 can be directly read out as either
a"1" for HIGH (VbD) level or a "0" for LOW (Vss)
level.

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

Valid

SIKxXx 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).

Reading:
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Input Ports)

KCPOO-KCPO7: 00OFF52H
KCP10, KCP11: 00OFF53H+DO0, D1

Sets the interrupt generation condition (interrupt
generation timing) for input port terminals KO0-
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).

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

Sets the input interrupt priority level. The two bits
PKO0O0 and PKO1 are the interrupt priority registers
corresponding to the interrupts for KO0-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.

Table 5.5.4.2 Interrupt priority level settings

PK11 PK10 .
Interrupt priority level
PKO1 PK0O
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.
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: OOFF25H<D3, D4, D5
Indicates the generation state for an input interrupt.

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

Interrupt factor present
Interrupt factor not present

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

The interrupt factor flag FKOL corresponds to KO0-
K03, FKOH to K04-K07, and FK1 to K10-K11 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 I1), 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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5.6 Output Ports (R ports)

5.6.1 Configuration of output ports

The S1C88349 is equipped with 34 bits of output
ports (R0O0-R07, R10-R17, R20-R27, R30-R37, R50,
R51).

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

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.

High impedance
control register X

VbD

Table5.6.1.1 Configuration of output ports

Terminal

Bus mode

Single chip

Expanded 64K |Expanded 512K

ROO
RO1
RO2
RO3
RO4
RO5
RO6
RO7

Output port ROO
Output port RO1
Output port RO2
Output port RO3
Output port RO4
Qutput port RO5
Output port RO6
Output port RO7

Address AO
AddressAl
Address A2
Address A3
Address A4
Address A5
Address A6
Address A7

R10
R11
R12
R13
R14
R15
R16
R17

Output port R10
Output port R11
Output port R12
Output port R13
Output port R14
Output port R15
Output port R16
Output port R17

Address A8
Address A9
Address A10
Address A1l
Address A12
AddressA13
AddressA14

Mask

> Data register

Data bus

option

Elz

L

Nch open drain can be set for ROO—R07 and R10-R17 by

the mask option.

R20-R27, R30-R37, R50, R51

*— VDD
High impquance
control register
2]
2
«© [+ Data register —O Rxx
8
AN
Vss

AddressA15

R20
R21
R22

Output port R20
Output port R21

Output

port R22

AddressA16
AddressA17
AddressA18

R23
R24

Output port R23
Output port R24

RD signal
WR signal

R25
R26
R27

Output port R25
Output port R26
Output port R27

R30
R31
R32
R33

Output port R30
Output port R31
Output port R32
Output port R33

Output port R30/CEO signal
Output port R31/CE1 signal
Output port R32/CE2 signal
Output port R33/CE3 signal

R34
R35
R36
R37

Output port R34
Output port R35
Output port R36
Output port R37

R50

Output port RS0

R51

Output port R51 | Output port R51/BACK signal

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.

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 .....0 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

oooooooo oDooooooao

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

R10 ... Complementary O Nch open drain Register Output port terminal
R11 ....0 Complementary Nch open dra!n HZROL ROO-RO03
R12 ..... O Complementary Nch open drain
R13 .....0 Complementary Nch open drain HZROH R04-R07
R14 ....0 Complementary Nch open drain HZRIL RIO-RI3
R15 .....0 Complementary Nch open drain HZR1H R14-R17
R16 ....O Complementary O Nch open drain HZR20 R20
R17 ... 0 Complementary Nch open drain HZR21 R21
HZR22 R22
Output ports ROO—.F\_’07 gnd R10-R17 can be ysed to HZR23 R23
select output specification for each port (1 bit) by HZR24 R24
mask option.
HZR25 R25
The output specification can be selected for either HZR26 R26
complementary output or Nch open drain output. HZR27 R27
Nch open drain output is rendered suitable for HZR30 R30
purposes as key matrix common output. HZR31 R31
For unused input ports, select the default setting of HZR32 R32
"Complementary". HZR33 R33
Note: When Nch open drain has been selected, HZR34 R34
voltage in excess of the supply voltage HZR35 R35
range must not applied to the output port HZR36 R36
terminal. HZR37 R37
HZR4L * —
HZR4H* -
HZR50 R50
HZR51 R51
*  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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5.6.4 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 (VbD) 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 S1C88349 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

R25 output

R26 output

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
/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 J

CL output (R25)
FR output (R26)

Fig. 5.6.5.2 Output waveforms of CL and FR sgnals

m TOUT output (R27)

In order for the S1C88349 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
Register PTOUT

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.

R27 output

PTOUT 0] 1

TOUT output (R27)

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

In order for the S1C88349 to provide clock signal to
an external device, a FOUT signal (oscillation clock
fosci 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
(VDD) 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 FOUTO-FOUT2.
The frequency is selected any one from among
eight settings as shown in Table 5.6.5.3.

Table5.6.5.3 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 8, "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 S1C88349 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
Register BZSTP

One-shot time up

Register BZON

Fig. 5.6.5.7 Configuration of R50

R50 output

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.

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

| -
ez ouput ®s0)_ [T

Fig. 5.6.5.8 Output waveform of BZ signal

56 EPSON

S1C88349 TECHNICAL MANUAL



5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Output Ports)

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

D6

R51 high impedance control

R50 high impedance control

High
impedance

Comple-
mentary

D5

D4

R/W register

1

0

RIW

Reserved register

RO0-R03 high impedance control

High
impedance

Comple-
mentary

00FF71

R27 high impedance control

R20 high impedance control

High
impedance

Comple-
mentary

00FF72|

R37 high impedance control

R30 high impedance control

High
impedance

Comple-
mentary

00FF73|

RO7 output port data

ROO output port data

High

Low

00FF74 |

R17 output port data

R10 output port data

High

Low

00FF75 |

R27 output port data

R20 output port data

High

Low
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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 _|RS7ouputportdata
|D6|R36D  |R3Gouputportdata
D5|R35D  |R3Souputportdata
D4|R34D  |R34ouputportdata i | tow | 1 |RwW
D3|R33D  |R33ouputportdata
D2|R32D  |R320uputportdata
D1{R31D _|R3Louputportdata
DO |R30D  |R30 output port data
00FF77|D7|R47D  |RMWregister
|D6|RA6D  |RWregister
D5|RASD  |RMWregister
D41R44D _ [R/W reg I*S*tq ************************** 1 0 1 |R/W |Reserved register
D3|R43D  |RWregister
D2|R42D  |RWregister
D1{R4ID |RWregister
DO |R40D |R/W register
OOFF78| D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Constantly "0" when
D4 |- - — - - being read
D3 |- - - - -
D2 |- - - - -
D1[RS51D |RSLowputportdata | | High | Low | 1 |RW
DO |R50D | R50 output port data High Low 0 |RIW
00FF10| D7 |- - _ _ _
D6 |- . ~ ~ Cc?nslantry "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 IDTENT |LCD dot font selection 5x5dots | 5x8dots | O |R/W
D1 |[LDUTY |LCD driveduty selection 1/16duty | 1/32duty 0 |RW|*1
DO |SGOUT |R/W register 1 0 0 |R/W |Reserved register
00FF30| D7 |- - - - Constantry "0" when
D6 |- - - - being read
D5 |- - - -
D4 |MODEL16 |8/16-bhit mode selection 16-bitx 1 | 8-bitx2 0 |RIW
D3 |CHSEL |TOUT output channel selection Timer 1 Timer 0 0 |RIW
D2 |PTOUT |TOUT output control On Off 0 |RIW
D1 |CKSEL1 |Prescaler 1 source clock selection foscs fosc1 0 |RIW
DO |CKSELO | Prescaler 0 source clock selection foscs fosci 0 |RIW
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 3, Rl Buy | | Ready | O |RW
3 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|*2
DO |[BZON  |Buzzer output control On Off 0 |RW

*1 Writing "1" to DUTY 8 (FF09-DO0) disables 1/16 and 1/32 duty selection using LDUTY (FF10-D1).
*2 Reset to "0" during one-shot output.
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Table 5.6.6.1(c) Output port control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
O0FF40| 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 0 [RW
0 1 0 fosci/ 4
0 1 1 fosci/8
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  [Nooperation| — | W [beingread
DO |[TMRUN | Clock timer Run/Stop control Run Stop 0 |RW

m High impedance control

HZROL, HZROH: 00FF70H+DO, D1
HZRI1L, HZR1H: O0FF70HD2, D3
HZR20-HZR27: OOFF71H
HZR30-HZR37: 00FF72H

HZR4L, HZR4H: 00FF70H<D4, D5 *1
HZR50, HZR51: 00FF70H+D6, D7

m  DC output control

ROOD-R07D: 00FF73H
R10D-R17D: 00FF 74H
R20D-R27D: 00FF75H
R30D-R37D: 00FF 76H
R40D-R47D: OOFF77H *1
R50D, R51D: 00FF78H+DO, D1

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 HZRAL 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 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: 00OFF10H+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: 00OFF40H+D3

Controls the FOUT (fosci/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.

Table 5.6.6.2 FOUT frequency settings

FOUT2 | FOUT1 | FOUTO FOUT frequency
0 0 0 fosci/1
0 0 1 fosci/ 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<DO0O
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:

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: O0FF45H+D6
Forcibly stops the one-shot buzzer output.

Busy
Ready

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 8, "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.
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5.7 1/0O Ports (P ports)

5.7.1 Configuration of 1/0 ports

The S1C88349 is equipped with 16 bits of 1/0 ports
(PO0-P0O7, P10-P17). The configuration of these 1/0
ports will vary according to the bus mode as shown
below.

Table5.7.1.1 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 Databus D1
P02 1/0 port P02 Databus D2
P03 1/0 port P03 Databus D3
PO4 1/0 port P04 Data bus D4
P05 1/0 port P05 Data bus D5
P06 1/0 port P06 Data bus D6
PO7 1/0 port PO7 Databus D7
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/AD4)
P15 1/O port P15 (CMPMO/ADS5)
P16 1/0 port P16 (CMPP1/AD6)
P17 1/0 port P17 (CMPM1/AD7)

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.

_|1/0 control
register

> Data
register

Data bus

control

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

Fig. 5.7.1.1 Sructure of 1/0 port

1/0 port can be set for input or output mode in one
bit unit. These settings are performed by writing
data to the 1/0 control registers.

170 port terminals P10-P13 are shared with serial
interface input/output terminal and P14-P17 are
shared with analog comparator and A/D converter
input terminals. The function of each terminals is
switchable in software.

With respect to serial interface, analog comparator
and A/D converter, see "5.8 Serial Interface”, "5.14
Analog Comparator" and "5.15 A/D converter",
respectively.

The data registers and 1/0 control registers of /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

I/O port pull-up resistors
P00 O With resistor O Gate direct
pPo1 ....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
Po7 O With resistor O Gate direct
With resistor O Gate direct
With resistor O Gate direct
With resistor O Gate direct
With resistor O Gate direct
With resistor O Gate direct
...0 With resistor O Gate direct
O With resistor O Gate direct
P17 . O With resistor O Gate direct

1/0 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 portisin
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 or A/D converter is
used, select "Gate direct” for 1/0 ports (P14-P17)

which then become input terminals.

For unused 170 ports, select the default setting of
"With resistor".
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5.7.31/0 control registers and 1/0 mode

170 ports PO0-P07 and P10-P17 are set either to
input or output modes by writing data to the 170
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 1/0 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 (VbD) level and
"0" when it is at LOW (Vss) level.

When the "With resistor" option is selected using

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
1/0 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 1/0 port control bits.

the mask option, the resistor is pulled up onto the
port terminal in input mode.

Table 5.7.4.1 1/O port control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
00FF60{D7[IOC07 [PO7 /O control register
D610C06 _|PO6 l/O control register
D510C05 _|POSl/O control register
D4 |IOC04 |PO4 1/O contral register
i Iitaia iiieiiet it Uit Output Input 0 |RW
D310C03 _|PO31/O control register
D210C02 _|PO21/O control register
D1/l0C0L _|POLl/Ocontrol register
DO [IOC00 | POO I/O contral register
O00FF61|D7|I0C17 _|P17I/Ocontrol register .
D6I0C16 _|P161/Ocontrol register
DS IOC15 _|P1SI/Ocontrol register
D4]l0C14 |PUIOControl register oupt | | 0 |RW
D3]I0C13 _|P131/Ocontrol register
D2]10C12 _|P121/Ocontrol register
D1]I0C11 _|P111/Ocontrol register
DO [IOC10 |P101/O contral register
00FF62|D7|PO7D _[PO7W/Oportdata
D6|POSD__|POGl/Oportdata
D5|P0SD__|POSI/Oportdata
D4|PO4D __|PO4l/Oportdata | tow | 1 |Rw
D3|P03D _|PO31/Oportdata
D2|P02D _|PO21/Oportdata
D1|POID  |POLlOpOrtdata
DO |POOD  |POO I/O port data
00FF63|D7|P17D _[P17W/Oportdata
D6|P16D _|PI61/Oportdata
D5|P15D__|PISVOportdata
D4|P14D__|P14l/Oportdata i | tow | 1 |Rw
D3|P13D _|PI31/Oportdata
D2|P12D  |PL2W/Oportdata
D1|P11D  |PLLW/Oportdata
DO [P10D P10 I/O port data
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (I/O Ports)

POOD—PO7D: 00FF62H
P10D—-P17D: OOFF63H

1OC00-10OCO7: 00FF60H
10C10-10C17: 00FF61H

How 170 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:
When "0" is read:

HIGH level ("1")
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"l", and when it is LOW (Vss), itis read as a "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.

Sets the 170 ports to input or output mode.

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

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

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

When the analog comparator or A/D converter is
used, "0" must always be set for the 1/0 control
registers (I0C14-10C17) of 1/0 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 I/0 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 or A/D converter
is used, "0" must always be set for the 1/0
control registers (I0C14-10C17) 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 S1C88349 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, SMDO and
SMD1. (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 I/0
control registers for the 1/0 ports become invalid.

Table 5.8.1.1 Configuration of input/output terminals

Terminal When serial interface is selected
P10 SIN
P11 SOUT
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 1/0
port terminal P13 can be used as 170 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
e Serial input Received data Transmitting data | Serial output ~
SIN(P10) control circuit "| shift register shift register | control circuit SOUT(P11)
I i
Start bit ™ READY output e
detection circuit "| clock o control circuit | > SRDY(P13)
ol W control circuit M OSC3 oscillation circuit]
SCLK(P12) O¢———> . .
4——— 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.

1/0O port pull-up resistors
P10 (SIN) ........ O With resistor O Gate direct
P12 (SCLK) ....00 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 I/0 ports.

Figure 5.8.3.1(c) shows the connection example of
input/output terminals in the asynchronous mode.
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S1C88349 External

serial device
SIN(P10) Data input
SOUT(P11)

SCLK(P12)

Data output

CLOCK input

Input port(Kxx) READY output

(a) Clock synchronous master mode

S1C88349 External

serial device

SIN(P10) Data input
SOUT(P11)

SCLK(P12)

Data output

CLOCK output

SRDY(P13) READY input

(b) Clock synchronous slave mode

S1C88349 External

serial device
SIN(P10)
SOUT(P11)

Data input

Data output

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

Fig.5.8.3.1 Connection examplesof serial interface /O terminals

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 SCS0 and SCS1 as shown in table below.

Table5.8.4.1 Clock source

SCS1 SCSO0 Clock source
1 1 Programmable timer
1 0 fosca/ 4
0 1 fosca/ 8
0 0 fosca/ 16

0Sc3
oscillation
circuit

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
"fosca/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
in Chapter 8, "ELECTRICAL CHARACTERISTICS".)
At initial reset, the OSC3 oscillation circuit is set to
OFF status.

Fig. 5.8.4.1 programmable timer 1 (177 |
Division of the synchronous clock underflow signal

1/4
fosca | 18 Synchro-
» Divider 1/16: Selector 1/16 Selectorf—» nous clock

— (Clock synchronous slave mode)

SCLK
R Table.5'8'4'2 OSC3 oscillation frequency / Programmable timer settings
OSC3 oscillation frequenciesand | Transfer rate
fosc3 = 3.072 MHz | foscs = 4.608 MHz |foscs = 4.9152 MHz
transfer rates (bps)
PSC1X | RLD1X | PSC1X | RLD1X | PSC1X | RLD1X
9,600 0 (1) 09H 0 (V1) OEH 0 (V1) OFH
4,800 0 (V1) 13H 0 (V1) 1DH 0 (1) 1FH
2,400 0 (V1) 27H 0 (V1) 3BH 0 (1) 3FH
1,200 0 (V1) 4FH 0 (V1) 7TH 0 (V1) TFH
600 0 (1) 9FH 0 (1) EFH 0 (1) FFH
300 1(v4) 4FH 1(v4) 7TH 1(v4) TFH
150 1(v4) 9FH 1(14) EFH 1(v4) 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 TRXD0O—
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 _ fD0/D1/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 SMDO0 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 Circuits 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-
TRXD7.

(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.

G

~

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 O |

\ TXEN - 1 \

-

Set transmitting data
to TRXDO-TRXD7

Receiver ready ? m
n case of master mode

|
Yes

\ TXEN < 0 \

)

Fig. 5.8.6.2 Transmit procedure in clock synchronous mode
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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

and transmit enable register TXEN to reset the
serial interface.

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

set into the receiving enable status.

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

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

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

G

(6

)

~

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 \

RXTRG - 1 |

Received data reading
from TRXDO-TRXD7

Transmitter ready ? m
In case of master mode
Yes

Fig. 5.8.6.3 Receiving procedure in clock synchronous mode
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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.

TXEN ]

TXTRG (RD) | |

TXTRG (WR) I

SCLK LU

sout

Interrupt +
(a) Transmit timing for master mode

TXEN ]

TXTRG (RD) | L

TXTRG (WR) [

sour

SRDY |

Interrupt +

(b) Transmit timing for slave mode

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).
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 170 port. At this time,
since the SRDY terminal is not set and instead P13
functions as the 170 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 ><13t data
Interrupt +

(c) Receive timing for master mode
RXEN ]
RXTRG (RD) | ‘
RXTRG (WR) I |-
SCLK it iR il

|
SIN (Do)D1)D2)D3)D4)D5)D6 D7
‘

TRXD F istdata \ 7F
|

SRDY !
|

Interrupt ﬁ

(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.

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

7bit data
+parity

8bitdata  |s1[D0[D1[D2][D3[D4 [D5]D6 [D7]s2

8bit data
+parity

~ |si[po]p1]p2]D3[D4[D5[D6] p |s2

~ |si[po]p1[p2[D3][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 Initialization of serial interface
The below initialization must be done in cases of
asynchronous system transfer.

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

(2) Port selection
Because serial interface input/output terminals
SIN and SOUT are set as 1/0 port terminals 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 SMDO0 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.)

Since all the registers mentioned in (2)-(5) are
assigned to the same address, it's possible to set
them all with one instruction.
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(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 Circuits 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
to set into the transmitting enable status.

(3) Write the transmitting data into TRXDO-TRXD?7.
Also, when 7-bit data is selected, the TRXD7
data becomes invalid.

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

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

Set the following transmitting data using this
interrupt.

(5) 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.

< Data transmitting >

\ TXEN < 0 \

\ TXEN < 1 \

>

Set transmitting data
to TRXDO-TRXD7

| TXTRG-1 |

\ TXEN < 0 \

Ce

Fig. 5.8.7.2 Transmit procedure in asynchronous mode
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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

(4)

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.

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

(5) Write "1" to the receive control bit RXTRG to

G

~

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 \

Received data reading
from TRXDO-TRXD7

Error processing

\ RXTRG - 1 |

Receiving complete ?
Yes
i
\ RXEN — 0

|

Fig. 5.8.7.3 Receiving procedure in asynchronous mode
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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) I |

Sumeling ——| [ UL

clock

SOuUT \ \Do\Dl\D2\D3\D4\D5\D6\D7\ i L

(In 8-bit mode/Non parity) !

Interrupt ﬁ

(a) Transmit timing

RXEN ]
RXTRG(RD) || | |
RXTRG(WR) } | 3
sumpling —— 1 1.1 1\ (LU LU LU UL UL
S | 3 nhim
SIN | [po|p1]p2]ps|pa]ps|ps[o7] : | |po|p1]p2]p3|pa|ps|ps[o7] : | |po[p1]p2[p3]p4]ps|ps[o7]
(In 8-bit mode/Non parity) | |
TRXD | 1st data | 2st data )
OER control signal |
OER i i
Interrupt * + +

(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 "5.17 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
register PSIFO, PSIF1

A

Address

!V

Error generation 4‘ Interrupt factor
flag FSERR

A

Address

Interrupt enable
register ESERR

A

!V !

Address
[%2] . .
3| Receive completion —» Interrupt factor
< [ >
8 flag FSREC
P _ | Interrupt enable
register ESREC

Interrupt factor
flag FSTRA

Transmit completion

¢

v

Address

_ | Interrupt enable
_ |register ESTRA

A

Address

A
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  Errorinterrupt

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 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 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

Address| Bit | Name Function 1 0 SR |R/W Comment
O0FF48 | 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 |RIW
SCS1 SCS0 Clock source In the clock synchro-
] 1 1 Programmeble timer | | | | nous slave mode,
D3 [scso 1 0 fosca/ 4 0 |R/W |externa clock is
0 1 fosca/ 8 selected.
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 |RIW
0 1 Clock synchronous slave
0 0 Clock synchronous master
DO [ESIF Seria I/F enable register Seria I/F 1/0 port 0 |[RIW
O0FF49 | D7 |- - - - - "0" when being read
D6 |FER Framing error flag 37 R| Emor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D5 |PER Parity error flag 37 R| Emor | Noeror | O |R/W Onlyfor
W | Reset(0) |Nooperation asynchronous mode
D4 |OER Overrun error flag 37 R| Emor | Noeror | 0 |RW
3 W | Reset(0) |No operation
D3 |RXTRG |Receive trigger/status R| R | Sop | 0 |RIW
3 W | Trigger |No operation
D2 |RXEN |Receive enable Enable Disable 0 |RIW
D1 [TXTRG [Transmit trigger/status 'R| Rm | s | 0 [RW
3 W | Trigger |No operation
DO |TXEN |Transmit enable Enable Disable 0 |RIW
O0FF4A[D7 | TRXD7_|TransmitReceivedataD7 (MSB)
D6 |[TRXD6_|TransmitReceivedataD6
D5|TRXD5 |Transmit/ReceivedataD5
D4 |[TRXD4 |Transmit/Receive dataDa .
O R R TG High Low | X |RW
D3|TRXD3 |TransmitReceivedataD3
D2 [TRXD2 |TransmivReceivedataD2
D1[TRXDL |TransmivReceivedataDl
DO |TRXDO |Transmit/Receive data DO (L SB)
00FF20 D7|PKOL K00-KO7 interrupt priority register 0 |RIW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
RN . Serial interface interrupt priority register PSW1 PSWO Priority 0 [RW
D4 |PSIFO PTM1 PTMO _level
| D3|PSW1 | Stopwatch timer interrupt priority register i é t:g g 0 |RIW
D2 [PSWO 0 1 Level 1
D1 |PTM1 0 0 LedO
el P Clock timer interrupt priority register 0 |RW
DO [PTMO
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Table 5.8.9.1(b) Serial interface control bits

Address| Bit | Name Function 1 0 SR |R/IW Comment
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 enable register Interrupt | interrupt | |
D3 |EKOL K00-K 03 interrupt enable register enable disable
| D2 |ESERR |Seridl |/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 _ [KO4XKO7interruptfactorflag = | 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 170 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" (170 port).

SMDO, SMD1: 00FF48H+D1, D2

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: O0FF48H+<D6

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).

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.

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).
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PMD: O0FF48H+D5

RXEN: O0OFF49HD2

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: 00FF49H-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).

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: O0FF49H+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:

During receiving
During stop

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

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

The RXTRG in the clock synchronous system, is
used as the trigger for 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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TRXDO-TRXD7: O0OFF4AH

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 (VDD) 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 (VDD) 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 PSIF0 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.

Table5.8.9.4 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-DO0, 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".)

(3) In the clock synchronous mode, since one clock
line (SCLK) is shared for both transmitting and
receiving, transmitting and receiving cannot be
performed simultaneously. (Half duplex only is
possible in clock synchronous mode.)
Consequently, be sure not to write "1" to
RXTRG (TXTRG) when TXTRG (RXTRG) is "1".

(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

Clock source

Time difference
1/2 cyclesof fosca/ n

fosca/n

Programmable timer 1 cycle of timer 1 underflow

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

A time interval of 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
8, "ELECTRICAL CHARACTERISTICS".)

At initial reset, the OSC3 oscillation circuit is set to
OFF status.
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5.9 Clock Timer

5.9.1 Configuration of clock timer

The S1C88349 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 foscz1 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 FTM1 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 ETML 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
PTML1.

For details on the above mentioned interrupt
control register and the operation following
generation of an interrupt, see "5.17 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 ﬁ TMDO-TMD7

OsC1 fosc1 256 Hz| [10g
oscillation » Divider > Hz
circuit

64
Hz

A A

Clock timer reset
TMRST

TMRUN Clock timer Run/Stop

32|16 8 || 4 || 2 1
Hz ||Hz ||Hz || Hz || Hz || Hz
Y A4

Y Y

Interrupt

Interrupt control circuit request

Fig. 5.9.1.1 Configuration of clock timer
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Clock Timer)

A

!V

Address

Interrupt priority

register PTMO, PTM1

32 Hz falling edge

Y

-
g

Address

Interrupt factor
flag FTM32

!V !

Address

Interrupt enable
register ETM32

< 8 Hz falling edge t Interrupt factor
flag FTM8
2]
'?U P . | Interrupt enable ¥
§ - register ETM8 ||nter|r-u%t priority Interrupt
| Cei;/ceUthu gement request
- 2 Hz falling edge t Interrupt factor
flag FTM2 D
- »|Interrupt enable
register ETM2
- 1 Hz falling edge t Interrupt factor
flag FTM1 }E}
- > 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[ L[ LT oI L7 L o/t e
TMD4 8 Hz [ \ [ \ [ \ [ \ \ \ [ \ [ \
TMD5 44z . 7 7 L
TMD6 2Hz [ \ [ [
TMD7 1Hz [
32Hzinterrupt 4+ 4t A H A A A b A E A AR AR
8 Hz interrupt 4 4 4 4 4 4 4 4
2 Hz interrupt 4 4
1 Hz interrupt 4
Fig. 5.9.2.2 Timing chart of clock timer
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5.9.3 Control of clock timer
Table 5.9.3.1 shows the clock timer control bits.
Table5.9.3.1 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
D5 |[FOUT1 0 0 1 fosc1/2 0 [rRW
0 1 0 fosci/ 4
0 1 1 fosc1/8
I 1 0 0 fosca/1 || |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 |RIW
D2 |WDRST |Watchdog timer reset Reset  |Nooperation| — | W |Constantly "0" when
D1 |TMRST |Clock timer reset Reset |Nooperation| — | W |beingread
DO |TMRUN | Clock timer Run/Stop control Run Stop 0 |RIW
OOFF41|D7|TMD7 _[Clocktimerdata 1Hz
D6 |TMD6__ |Clock timerdata  2Hz
DS |TMDS _ |Clocktimerdata _4Hz
D4 |TMD4 |Clock timer data 8Hz .
el P It S oooooooooooooooooo High Low 0 R
[D3|TMD3__ |Clock timerdata 16Hz
[D2|TMD2__|Clock timerdata 32Hz
[D1|TMD1 _ |Clocktimerdata 64Hz
DO |TMDO |Clock timer data 128 Hz
00FF20 | D7 |PKO1 . L .
el Puiivieil KO0—KO07 interrupt priority register 0 |RIW
D6 |PK0O PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
e e Serial interface interrupt priority register PSW1 PSWO Priority 0 |RIW
D4 |PSIFO PTM1 PTMO _ leve
D3 |PSW1 11 leds
P ---- Stopwatch timer interrupt priority register 1 0 Levd?2 0 |RIW
p2[pswo o P Pl prioniy Teg 0 1 Ledl
D1|PTM1 0 0 lLedO
i 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 |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 " disahl 0 |RW
R [ enaole I e
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
00FF24 | D7 |- - - - — "0" when being read
| D6 |FSW100 Stopwatch timer 100 Hz interrupt factor flag | (R) ®
| DS |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/IW
D2 |FTM8 | Clock timer 8 Hzinterrupt factor flag. W W
D1|FTM2 |Clock timer 2 Hz interrupt factor flag W) ( )‘
il aiainiuiaits et TTTTTT AR R Reset No operation
DO |[FTM1 |Clock timer 1 Hz interrupt factor flag
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Clock Timer)

TMDO-TMD7: OOFF41H

ETM1, ETM2, ETM8, ETM32: 00FF22H+D0-D3

The clock timer data can be read out.
Each bit of TMD0-TMD7 and frequency corre-
spondence are as follows:

TMDO: 128 Hz TMD4: 8 Hz
TMD1:. 64 Hz TMD5: 4 Hz
TMD2: 32 Hz TMD6: 2 Hz
TMD3: 16 Hz TMD7: 1Hz

Since the TMDO-TMDY 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+DO

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: OOFF20H-DO, D1

Sets the priority level of the clock timer interrupt.
The two bits PTMO0 and PTM1 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.

Table 5.9.3.2 Interrupt priority level settings

PTM1 PTMO 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).

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:

Interrupt factor present
Interrupt factor not present

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".
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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.
aseHz [ [ L] L LI LT LD LT
TMRUN(RD) |
TMRUN(WR) ] [

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 PERIPHERAL CIRCUITS AND THEIR OPERATION (Stopwatch Timer)

5.10 StOpW&tCh Timer Figure 5.10.2.1 shows the count up pattern of the
stopwatch timer.

. . . The feedback dividing circuit generates an approxi-
5.10.1 Conﬂguratlon of stopwatch timer mate 100 Hz signal at 2/256 sec and 3/256 sec

The S1C88349 has a built-in 1/100 sec and 1/10 sec intervals from a 256 Hz signal divided from fosci.

stopwatch timer. The stopwatch timer is composed
of a 4-bit 2 stage BCD counter (1/100 sec units and The 1/%00 Sec counte_r (SWDO-SWD3) generates an
. ] approximate 10 Hz signal at 25/256 sec and 26/256
1/10 sec units) that makes the 256 Hz signal that . : -
L . - sec intervals by counting the approximate 100 Hz
divides the fosci the input clock and it can read the . S ST
signal generated by the feedback dividing circuit in
count data by software. . .
Fiaure 5.10.1.1 shows the configuration of the 2/256 sec and 3/256 sec intervals. The count-up is
9 o 9 made approximately 1/100 sec counting by the 2/

stopwatch timer. -
The stopwatch timer can be used as a timer differ- 256 sec and 3/256 sec intervals.

ent from the clock timer and can easily realize The 1710 sec counter (SWD4-SWD7) generates a 1
stopwatch and other such functions by software. Hz signal by counting the approximate 10 Hz

signal generated by the 1/100 sec counter at 25/256
5.10.2 Count up pattern sec and 26/256 sec intervals in 4:6 ratios.

The stopwatch timer is respectively composed of the ~ The count-up is made approximately 1/10 sec
4-bit BCD counters SWD0-SWD3 and SWD4-SWD?7. counting by 25/256 sec and 26/256 sec intervals.

Data bus
Stopwatch timer SWD0-SWD7
- vy ¢ | -
oossc(iflation fosm= Oivider 256Hz| [ Feedback 1/100 sec s  1/10sec Fig. ',5'10'1,'1
circuit | deviding circuit 4-bit BCD counter 4-bit BCD counter Configuration of
7y THz stopwatch timer
@ Stopwatch timer reset T
Approximate 10 Hz | Icnotr?trrrglpt Interrupt
@ Stopwatch timer Run/Stop Approximate 100 Hz__| circuit request
26 25 4=
256X6+256X4 1sec X
1/10 sec counter count-up pattern |
1 Hz signal
Countvalue O-—#»1-—»2-—»3»4-»5»6»7»8»9»0
Count clock |
(Approximate 10 Hz signal) JJ
Counttime | 26 | 26 | 25 | 25 ' 26 ' 26 ' 25 | 25 | 26 | 26 |
(sec) 256 | 256 | 256 | 256 256 256 256 256 256 256
1/100 sec counter count-up pattern 1 B
Approximate 10 Hz signal
Count value 0O 1%»2 » 334 » 5»6 » 7»8 » 9»0
Count clock ]
(256 Hz) -
Count time 3 T2 3 T2 3 T g T3 s
(sec) 256 256 256 256 256 256 256 256 256 256
25
S5g S€€
1/100 sec counter count-up pattern 2 _|
Approximate 10 Hz signal
Countvalue 0 —» 1 —» 2 —» 3-—»4 » 5-»6 » 7-»8 » 9-»0
Count clock |
(256 Hz) L
) Count time 3 3 "3 T g Tl g Tl 3T
Fig. 5.10.2.1 (sec) 256 256 256 256 256 256 256 256 256 256
Count-up pattern of stopwatch timer 26 o0

256
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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 ESW!1 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 "5.17 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

!V

Address

!

100 Hz falling edge

- .

Address

Interrupt factor
flag FSW100

Interrupt enable
register ESW100

Address

!V !

!

10 Hz falling edge Interrupt factor

.

Data bus

A

Address

Iy

!V !

Address register ESW10

!

1 Hz falling edge Interrupt factor

flag FSW1

.

Address

A

Interrupt enable
register ESW1

Iy

!V !

Address

flag FSW10 Interrupt priority
level judgement —»
Interrupt enable circuit

Y

Interrupt
request

Fig. 5.10.3.1
Configuration of the stopwatch timer
interrupt circuit

0123456789012345678901234

SWDO
SWD1

1/100 sec

[ SO S R

counter

BCD data | SWP2 :

SWD3 ]

1

100 Hzinterrupt 4 4 4 % % 2 ¢ ¢4 ¢ 4
10 Hz interrupt 4

SwWD4
SWD5

1/10 sec 1
|

FEA ALy

R
*

I SO S R

counter

BCD data
SWD7

SWD6 N ] —

f Fig. 5.10.3.2
Stopwatch 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/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 | &
| D3 |[SWD3 | Stopwatch timer data
D2|swp2 |
[D1|SWD1 |BCD (1/100 sec)
DO [SWDO
00FF20 | D7 |PKO1 . . .
F-F———-—1 K00—KO7 interrupt priority register 0 |RW
D6 |PK0OO PKOL 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 lLees
i Stopwatch timer interrupt priority register 1 0 Leve2 0 |RW
D2 [PSWO 0 1 Levell
D1 |PTM1 0 0 Lee©
ol P 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 bl disgh 0 |RW
P [ I enaple | e
D2 |ETM8__ | Clock timer 8 Hz interrupt encbleregister
D1|ETM2 | Clock timer 2 Hz interrupt eneble 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 | (%) ®)
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 Hzinterrupt factor flag | generated | generated | 0 | RIW
D2 |FTM8 | Clock timer 8 Hzinterrupt factor flag.
D1|FTM2 |Clock timer 2 Hz interrupt factor flag W) W) )
R EEa T Reset  [No operation
DO |FTM1 |Clock timer 1 Hz interrupt factor flag
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Stopwatch Timer)

SWDO-SWD7: 00FF43H

ESW1, ESW10, ESW100: 00FF22H+D4, D5, D6

The stopwatch timer data can be read out.
Higher and lower nibbles and BCD digit corre-
spondence are as follows:

SWD0-SWD3: BCD (1/100 sec)
SWD4-SWD7: BCD (1/10 sec)

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: 00F F20H+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.

Table 5.10.4.2 Interrupt priority level settings

PSW1 PSWO Interrupt priority level
1 1 Level 3(IRQ?3)
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).

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: O0FF24H<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
SWRUN(RD) _|

SWRUN(WR) || 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 S1C88349 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

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.

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 0

Input port Reload

EVIN (K10 PSETO

KOO w Reload Reload data register
RLMDO controller RLDO0-RLDO7

Timer 0 Run/Stop

PRUNO - >
0OSC1 fosct :} Clock
oscillation > . " controller
circuit _,’ Selector |
' Prescaler
i ! setting Y YY)
-CKSELO i
- 2,048 Hz)
Timer 1 Run/Stop !
PRUN1 f

Underflow
signal

—

Data buffer
PTD00-PTDO7

! Timer function setting 1)
0sc3 * . - [FcseL |—— é
gﬁgﬂ'ﬁ‘“on foscs ! [PLPOL EVCNT 5
CKSELL 3 Pulse polarity setting Event counter mode setting
Interrupt Icrgﬁ{rrglpt N
request circuit | Programmable timer 1
! PSET1 Reload
Reload
RLMD1 controller

-t
Selector

Output port
(R27) R27 Clock
; Prescaler controller
PTOUT CHSEL |

8-bit down counter
| Prescaler
| setting
! MODE16
8/16-bit mode

Data buffer
PTD10-PTD17
setting

Underflow
signal

.

‘ Yy

Serial
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)

Input clock

PTDO7(17)
PTDO6(16)

A6H 1111 ){ F3H
S // |
| |—

PTDO5(15)

PTDO04(14)

;

PTDO3(13)
PTD02(12)

I

PTDO1(11)
PTDO00(10)

S | B B

* Preset

+ Reload and
interrupt generation

Fig. 5.11.2.1 Basic operation timing of the counter

The registers PRUNO (timer 0) and PRUNL1 (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 PTDO0-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 ) 01H [ 00H | A6H)A5H | A4H

03H[02H J(01H J 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 MODEL1S6, 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
MODEL16, 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 Interrupt Timer 0
input — Timer 0 input ~ —» Timer 0
clock request clock
Timer 1 Timer 0
: ) Interrupt ) Interrupt
NpUt =~ Timer 1 request underflow = Timer 100 op
clock {} 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 8, "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
PSCO00/PSCO1 (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
PSCO01 PSCO00
1 1 Source clock / 64
1 0 Source clock / 16
0 1 Source clock / 4
0 0 Sourceclock / 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.
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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 i 1
PRUNO ] L]
PLPOL 0 1

EVIN input (K10) { { { f f f
n {n1{n2) n3 [ n4a)n5)n6

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.

20w LU ALLALLUL
EVIN input (K10) | | |

Input clock | : Lm
to counter +—J ‘ ‘

Count data n n-1 I 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

gy ryguryuyuru e

[

EVIN input (K10)

odmer EEREEEE NSRS
to timer
Count data n s 8

Fig. 5.11.6.1 Timing chart for pulse width measurement timer mode
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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 EPTO 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 "5.17 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 0 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 o 1
Timer 0 underflow
Timer 1 underflow | |
TouTouputR27) | | [ 1 [ 1 [ |
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
flag FPT1

Y
A4

Interrupt enable
register EPT1

Data bus
A

!V

Address

Timer 0 underflow —» Interrupt factor

flag FPTO
- _ | Interrupt enable
register EPTO

Y
Interrupt priority

L Interrupt
level judgement request
circuit

Fig.5.11.7.1

Configuration of programmable timer
interrupt circuit
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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) fosc3 = 3.072 MHz | fosc3 = 4.608 MHz |foscs = 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 (1/2) 27H 0(1/2) 3BH 0 (1/2) 3FH
1,200 0 (/1) 4FH 0 (/1) 7TH 0 (/1) 7FH
600 0 (1) 9FH 0 (1) EFH 0 (1) FFH
300 1(1/4) 4FH 1(1/4) 7TH 1(14) 7FH
150 1(1/4) 9FH 1(1/4) EFH 1(1/4) FFH
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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
00FF30| D7 |- - _ _ _
D6 |- - - - - C?namtw "0" when
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 fosct 0 |RW
DO |CKSELO|Prescaler 0 source clock selection foscs fosc1 0 |RW
00FF31| D7 |EVCNT |Timer O counter mode selection Event counter| ~ Timer 0 |RIW
D6 [FCSEL |Timer 0 " Intimer mode Pulsewidth | Norma | 0 |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
pulse polarity in event counter mode | of K10 input | of K10 input
selection CInpulsewidth | ! Highlevel | Lowlevel
| measurement | measurement
| measurement mode  |for K10 input|for K10 input
D4 |PSCO1 |Timer O prescaler dividing ratio selection 0 |RIW
PSC01 PSC00 Prescaler dividing ratio
] 1 1 Sourceclock/64 | | |
D3 |PSC00 1 0 Source clock / 16 0 [RW
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 |RW
00FF32| D7 |- — - - -
D6 |- ~ ~ ~ ~ Co.nstantw "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 |[RIW
00FF33|D7 [RLDO7 |[Timer Oreload dataD7(MSB)
D6|RLDO6 | Timer OreloaddataD6
D5|RLDOS | Timer OreloaddataD5
D4|RLDO4 |Timer Oreloaddatab4 b | w | 1 |Rw
D3|RLDO3 [Timer OreloaddataD3
D2|RLD02 |Timer OreloaddataD2
D1|RLDOL |TimerOreloaddataDl
DO |RLDOO |Timer O reload data DO (LSB)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

Table 5.11.10.1(b) Programmable timer control bits

Address

Function

1

0

SR

RIW

Comment

00FF34|

Timer 1 reload data D7 (MSB)

Timer 1 reload data DO (LSB)

High

Low

00FF35 |

Timer 0 counter data D7 (MSB)

Timer 0 counter data DO (LSB)

High

Low

00FF36 |

Timer 1 counter data D7 (MSB)

Timer 1 counter data DO (LSB)

High

Low

O00FF21

Constantly "0" when

being read

Programmable timer interrupt priority register

K10 and K11 interrupt priority register

PPT1 PPTO Priority
PK11 PK10 level

1

O ORr P

0
1
0

Level 3
Level 2
Level 1
Level O

R/W

00FF23|

Programmable timer 1 interrupt enable register

Programmable timer O interrupt enable register

K10 and K11 interrupt enable register

K00-K 03 interrupt enable register

Seria I/F (error) interrupt enable register

Seria I/F (transmitting) interrupt enable register

Interrupt
enable

Interrupt
disable

RIW

00FF25 |

Programmable timer 1 interrupt factor flag

Programmable timer 0 interrupt factor flag

K10 and K11 interrupt factor flag

K00-K 03 interrupt factor flag

Seria I/F (error) interrupt factor flag

Seria I/F (transmitting) interrupt factor flag

(R)
Interrupt
factor is

R
No interrupt
factor is

w)
No operation

R/W
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

MODE16: OOFF30H+D4

EVCNT: OOFF31HD7

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
MODEL1S6, 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).

CKSELO, CKSEL1: 00FF30H+DO, D1

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
CKSELDO, 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).

PSCO00, PSCO1: 00FF31H<D3, D4
PSC10, PSC11: 00FF32H+D3, D4

Select the dividing ratio of the prescaler.

Two-bit PSC00 and PSCO01 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).

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: OOFF31H<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.

e 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".
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

PLPOL: O0FF31H<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".

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-RLDO07:
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

Data of the programmable timer can be read out.

PTDO0-PTDO7:
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 0 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-PTDO7.

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: OOFF31H.D1, 00FF32HD1
Presets the reload data to the counter.

Reload data for Timer 0
Reload data for Timer 1

Timer 0 counter data
Timer 1 counter data

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.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Programmable Timer)

PRUNO, PRUN1: O0OFF31H+DO0, 00FF32H+D0

Table 5.11.10.3 Interrupt priority level settings

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 PRUNL1.

When the 16-bit mode is selected, PRUNL 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).

CHSEL: OOFF30H+D3

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: O0FF30H<D2

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.

PPT1 PPTO 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).

EPTO, EPT1: 00OFF23H+D6, D7

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: 00OFF25H<D6, D7

Indicates the programmable timer interrupt
generation status.

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

Interrupt factor present
Interrupt factor not present

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

The FPTO 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 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".

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".
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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.

Input clock EEEREREREREEE RN
PRUNO/PRUN1(RD) |

PRUNO/PRUNL(WR) ] N
PTDOX/PTD1X 42H__ [41H]40H)3FH)3EH) 3DH

Fig. 5.11.11.1 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
generated.

(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 8, "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-
PTDO0O7 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 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

5.12 LCD Controller

5.12.1 Configuration of LCD controller

The S1C88349 has a built-in dot matrix LCD driver.
The S1C88349 allows an LCD panel with a maxi-
mum of 1,632 dots (51 segments x 32 commons). It
also has an LCD controller for an external LCD
driver (§1D15210 or equivalent).

Figure 5.12.1.1 shows the configuration of the LCD
controller and the drive power supply.

Note: Refer to the "S1D15000 Series Technical
Manual” for the S1D15210 externaly
expanded LCD driver.

5.12.2 Mask option

The mask option allows selection of the power
source that supplies the LCD drive voltages VD1 to
Vps. Either the internal power supply configured
with a voltage regulator and a voltage booster or an
external power supply can be selected.

LCD power source
O Internal power supply
O External power supply

5.12.3 Switching drive duty

The S1C88349 supports three types of LCD drive
duty settings, 1/8, 1/16 and 1/32, and it can be
switched using the LDUTY and DUTY8 registers.
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.

When "1" is written to DUTYS, the drive duty is
fixed at 1/8 and setting of LDUTY becomes invalid.

CL (R25) _ CL
Outputport | LCD synchronous <{Lecik]
FR (R26) R25, R26 <« FR signal generator m
4
To expanded B < _LC3
LCD driver LCD system LCD contrast [« LC2
(S1D15210 or voltage regulator | adjustment circuit | LC1
equivalent) l«— LCO
LCDAJ
[-— LCDC1
L -4— LCDCO
ver,
L|CD Sftem - -Vci LCD driver
voltage booster
Vca-Ves
- COMO0-COM15
COM16-COM31/SEG66—-SEG51
SEG0-SEG50
Display memory
Fig. 5.12.1.1 Configuration of LCD controller and drive power supply
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5.12.4 LCD power supply

The LCD drive voltages Vci-Vcs can be generated
by the internal voltage regulator and voltage
booster circuits or can be supplied from an external
power supply. The power source is selected by
mask option.

The internal power supply generates two types of
reference voltage, TYPE A (4.5 V) and TYPEB (5.5
V), and either one can be selected according to the
panel characteristics using the LCDAJ register.

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 5.12.4.1 shows the circuit examples when
using an external power supply.

(ro VIN (ro VIN *

Vcs /: | — Vcs /: | —

Vca f: I I— Vca f: I I—

\Yex] :: I I— \Y/ex] :: I I—

Vo) j: | Vo) j: |

Vel j | Vel j |

Rxx H é‘: i

Vss Vss

* Vss level or high impedance when LCD is not driven.

Fig. 5.12.4.1 Circuit examples when using
an external power supply

5.125LCD 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) can be driven
in the S1C88349. When 1/16 duty is selected, the
combined common/segment output terminal is
switched to the segment terminal. An LCD panel
with 67 segments x 16 commons (maximum 1,072
dots) in the S1C88349 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 S1C88349 can be driven. Furthermore, when 1/
8 duty is selected, terminals COM8-COM15
become invalid, in that they always output an OFF
signal.

Table 5.12.5.1 shows the correspondence between
the drive duty and the maximum number of
displaying dots. The drive bias is 1/5 (five poten-
tials, Vci1-Vcs) for any one of the 1/32, 1/16 and 1/
8 duties. The respective drive waveforms are
shown in Figures 5.12.5.1-5.12.5.3.

Table 5.12.5.1 Correspondence between drive duty and maximum number of displaying dots

ourve oty | ouy | | el | ordlay o
0 0 132 COM0-COM31| SEGO-SEG50 1,632 dots
0 1 /16 COM0-COM15| SEGO-SEG66 1,072 dots
1 X 1/8 COM0O-COM7 | SEGO-SEG66 536 dots
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lo1]2]3]- ~[300[1]2|3]- I3 VDD
FR — Vss
— Vcs
4ﬂ—‘7 — Vc4
— Vcs
COMO — Vo2
— — vei
1 — Vss

55 — vca

— vcs

comL e
e — vei

— Ves

f— — Vvca

— vcs

com2 VS
L — vel

— Ves

— Vc4

— vc3

SEGO Ve
— vei

— Vss

— VC5
— Vca
— Vc3
SEG1 e
— Vc1
— Vss
— Vc1
COMO-SEGO ‘ — Vss (GND)
— -Vc1
— -Vc2
— -VCs3

-Vca
-Vcs

— Vcs

— Vc4

— Vecs3

— Vec2

— Vci
COMO-SEG1 — Vss (GND)

— -VC1

— -Vc2

— -Vc3

— -Vc4

— -VC5

Fig. 5.12.5.1 Drive waveformfor 1/32 duty
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l«—— 32Hz ————»f
[o]1]2|3|- -h5l0f1]2]3]- -[15]
FR — Vss

4“4‘7 — vca

Como e

-vez
-vcs

— Vcs

— Vc4a

— Vcs3

— Vec2

— Ve
COMO-SEG1 — Vss (GND)

— -Vc1

— VcCs3
— Vc2
— Vc1
COMO-SEGO — Vss (GND)
-Vci

Fig. 5.12.5.2 Drive waveformfor 1/16 duty
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FR
como —_}

COMO0

N U WN P

o comi

Ccom2

SEGO

SEG1

COMO-SEGO

Fig. 5.12.5.3 COMO-SEG1

Drive waveformfor 1/8 duty

5.12.6 Display memory

The S1C88349 has a built-in 402-byte display
memory. The display memory is allocated to
address FXO0H-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 1716 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
|o|1]2|3]4]5|6|7|0l1]2[3]4]5[6]7]

%ﬁ;

R

64 Hz >

— VDD
— Vss

— Vcs
— Vc4
—Vvcs
— Ve
— Vel
— Vss

— Vcs

— — Vc4
—Vvcs
— V2
— Vel
— Vss

— Vcs
— — Vc4
— Ves
— Ve
— Vel
— Vss

— VC5
— Vc4
—Vvcs
— Vc2
— Vel
— Vss

— Vcs
— Vc4
—Vvcs
— Vc2
— V1
— Vss

— VC5
— Ve
— ves
— Vvec2
— Vc1
— Vss (GND)
-vVci
-vcz
-vc3
-vea
-ves

— Vcs
— Vca
— vcs
— ve2
— Vc1
— Vss (GND)
— -Vc1
— -Vc2
— -Vc3
— -Vca
— -vcs

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 5.12.6.1-5.12.6.6.

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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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

5.12.7 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 5.12.7.1.

Table5.12.7.1 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 Vc1-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 LCDC1 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 5.12.7.2.
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.

Table5.12.7.2 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

5.12.8 CL and FR outputs

In order for the S1C88349 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 5.12.8.1.

Register R25D

R25 output

R26 output

FR signal
Fig. 5.12.8.1 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 5.12.8.1 according to the drive duty
selection.

Table5.12.8.1 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 5.12.8.2 shows the output waveforms of the

CL and FR signals.

LCCLK/LCFRM J

CL output (R25)
FR output (R26)

UUUWHMHMHMHM
I—

Fig. 5.12.8. 2 Output waveforms of CL and FR signals
(when 1/16 duty is selected)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

5.12.9 Control of LCD controller
Table 5.12.9.1 shows the LCD controller control bits.
Table5.12.9.1 LCD controller control bits

Address| Bit | Name Function 1 0 SR [R/W Comment
00FF09 | D7 |- - - - -
D6 |- - - - - Constantry "0" when
D5 |- - - - - being read
D4 |- - - - -
D3 |VCCHG |Reserved 1 0 0 |RW
D2 |LCDB |Reserved 1 0 0 |RIW
D1 [LCDAJ |Power TYPE A (4.5V)/B (5.5V) switch TYPEA | TYPEB | 0 |RW
DO |DUTY8 |LCD driveduty switch U8duty | 116,132 | 0 |R/W|*1
OO0FF10| D7 |- - - - -
Constantry "0" when
D6 |- - - _ _ ‘
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 |RIW
D2 [DTENT |LCD dot font selection 5x5dots | 5x8dots | O |R/W
D1 |LDUTY |LCD driveduty selection Vl6duty | U32duty | O |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 areal|Display aea0| O |R/W
D5 [LCDC1 |LCD display control 0 |[RW
LCDC1 LCDCO LCD display These bits are reset
| ] 1 1 AllLcbslit (| | | 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
R B R B e NN N S A
D1|LC1 11 1 0 : 0 |RW
DO |LCO 0 0 0 0 Light 0 |RW

*1 Writing "1" to DUTY 8 (FF09-DO0) disables 1/16 and 1/32 duty selection using LDUTY (FF10-D1).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

LCDAJ: 00FF09H-D1

DTENT: OOFF10HD2

Switches the internal power supply.

When "1" is written: TYPE A
When "0" is written: TYPE B
Reading: Valid

LCDAJ is the LCD power switching register. When
"1" is written, the LCD power supply is set for
TYPE A (4.5 V) and when "0" is written the LCD
power supply is set for TYPE B (5.5 V).

At initial reset, LCDAJ is set to "0" (TYPE B).

DUTY8: 00FF09H <D0

Switches the drive duty.

When "1" is written: 1/8 duty
When "0" is written: 1/16 or 1/32 duty
Reading: Valid

DUTYS8 is the drive duty switching register. When
"1" is written, 1/8 duty is selected and when "0" is
written, 1716 or 1/32 duty is selected.

When "1" is written to DUTYS8, switching between
1/16 duty and 1/32 duty using LDUTY becomes
invalid.

At initial reset, DUTY8 is set to "0" (1/16 or 1/32
duty).

LDUTY: OOFF10H-D1

Selects the drive duty.

When "1" is written: 1/16 duty
When "0" is written: 1/32 duty
Reading: Valid

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" is written to DUTY8, 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 com-
mon/segment terminals are shown in Figures
5.12.6.1-5.12.6.6.

At initial reset, LDUTY is set to "0" (1/32 duty).

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 5.12.6.1—
5.12.6.6.

Atinitial reset, DTFNT is set to "0" (5 x 8 dots).

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 1/16 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
5.12.6.1-5.12.6.6.

At initial reset, DSPAR is set to "0" (display area 0).

LCDCO, LCDC1: 00FF11H<D4, D5
Controls the LCD display.
Table5.12.9.2 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).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (LCD Controller)

LCO-LC3: 00FF11H<D0-D3 5.12.10 Programming notes
Adjusts the LCD contrast. (1) Since the CL and FR signals are generated
Table5.12.9.3 LCD contract adjustment aSYFChVOEg‘JC;SI[)I’(frorg E@F‘;‘J’\tﬂpmﬁont{:' o
registers an , when the signals

LC3 | 1C2 | LC1 | LCO Contrast is g[]urned ON or OFF by setting of the regisgters
L 1 1 L Dark LCCLK and LCFRM, a hazard of a 1/2 cycle or
1 1 1 0 f less is generated.
1 1 0 1 . L .
1 1 0 0 (2) When the $LP instruction is executed, display
1 0 1 1 control r_eglsters LCDCO0 and LCDC1 are

automatically reset to "0" by hardware.

1 0 1 0 Furthermore, in the SLEEP status, HIGH (VDD)
1 0 0 1 level is output for the CL and FR signals. (When
1 0 0 0 registers R25D and R26D are set to "1".)
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 Vci1-Vcs.

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

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).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Sound Generator)

5.13 Sound Generator

5.13.1 Configuration of sound generator

The S1C88349 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.
BZFQO-BZFQ2

f°501= Programmable
dividing circuit

Y Y

0SsC1
oscillation circuit

256 Hz | Envelope _| Duty ratio
addition circuit control circuit

Dividing circuit

Y

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 _| Buzzer output
control circuit control circuit

_| Output port

RS0 —QO BZ (R50)

[ BzsTP | [SHTPW | [ BzON |

Fig. 5.13.1.1 Configuration of sound generator

Register BZSHT
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| 1

| -

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.

Table 5.13.3.1 Buzzer signal frequency settings

BZFQ2 | BZFQ1 | BZFQO Buzzer frequency (Hz)
0 0 0 4096.0
0 0 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 7128
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (Min) 1 1 1 116 1/20 5/24 5/28

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-DUTY2 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
teelzvaxy) [ L[ L[ L
Level 2 ] |_| |_| |_| l_
Level 3 | EE [ I N I O
Level 4 ] |_| |_| |_| l_
Level 5 | I T I I R I O
Level 6 ] |_| |_| |_| |_
Level 7 ] |_| ﬂ ﬂ |_
Level 8 (MIN) | | I | [

Fig. 5.13.3.1 Duty ratio of buzzer signal waveform

Note: When using the digital envelope, the
DUTYO-DUTYZ2 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 DUTY0-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 M
ENRTM |
BZON L
BZ signal level 1 (MAX) 1
duty ratio § toflog to1 WH \_‘
g o% 113 Tl \—‘
7 tots 5 115
8 (MIN) 0%0_ i t16E17
+0 +0
tor  =625-4msec tiz  =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.

256 Hz

SHTPW T

BZSHT(W) : ‘ I
BZSHTR) | I_I -
BZSTP | [

BZ output (R50) L

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 Busy | | Ready | O [R/W
W Trigger  [No operation
D4 |SHTPW | One-shot buzzer duration width selection 125msec | 3125msec | O |RIW
D3 |ENRTM |Envelope attenuation time 1sec 0.5 sec R/IW
D2 |ENRST |Envelope reset Reset  [Nooperation| — | W |["0" when being read
D1 |ENON |Envelope On/Off control On Off 0 |R/W|*1
DO |BZON  |Buzzer output control On Off 0 |RIW
OO0FF45| D7 |- — - - - "0" when being read
D6 |DUTY2 |Buzzer signal duty ratio selection 0 |RIW
DUTY2-1 Buzzer frequency (Hz)
> 1 (o 4090 32768 2730.7 23406
| ¢ = 7 20480 16384 13653 11703 | | | |
D5 |[DUTY1 0O 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 | | | |
DalpuTyo | 1 0 0 416 420 824 828 o [rwW
1 0 1 316 3/20 7/24 7/28
1 1 0 216 220 6/24 6/28
1 1 1 116 220 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
pijpzFQ1 | O O 1 32768 0 |RW
0 1 0 2730.7
0 1 1 2340.6
[ 1 0 0 20480 |l o).
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.

BZON: O0FF44H+D0

BZFQO-BZFQ2: 00FF45H<D0-D2

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 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 9/24 9/28
Level 5 1 0 0 4/16 4/20 8/24 8/28
Level 6 1 0 1 3/16 3/20 7124 7128
Level 7 1 1 0 2/16 2/20 6/24 6/28
Level 8 (Min) 1 1 1 1/16 1/20 5/24 5/28

The 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: O0FF44H+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: 00FF44H+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 31.25
msec, when "0" is written.

At initial reset, SHTPW is set to "0" (31.25 msec).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Sound Generator)

BZSHT: OOFF44H-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:

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: O0FF44H+D6

Busy
Ready

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.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Analog Comparator)

5.14 Analog Compar ator

5.14.1 Configuration of analog comparator

The S1C88349 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.

Voo <Channe 0>

CMPPO (P14)
CMPMO (P15)

Data bus

CMPP1 (P16)
CMPML1 (P17)

Vss

Fig. 5.14.1.1 Configuration of analog comparator

Since the input terminals of the analog comparator
CMPP0O, 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
10C14-10C17.

Table5.14.1.1 Input terminal configuration

Terminal When analog comparator is used
P14 CMPPO
P15 CMPMO
P16 CMPP1
P17 CMPM1

Note: The P14-P17 terminals are shared with the
A/D converter input ports. Therefore, do not
run the A/D converter when the analog
comparator is used.

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".

1/0 ports pull-up resistor

P14 (CMPPO) ... O With resistor O Gate direct
P15 (CMPMO) .. O With resistor O Gate direct
P16 (CMPP1) ...O With resistor O Gate direct
P17 (CMPML1) .. 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 CMPMx.
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 (-), itis "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 Chapter 8, "ELECTRICAL CHARACTERISTICS"
for the input voltage range.

Note: Since the input terminals of the analog
comparator are shared with the I/O ports,
the I/O 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 (Analog Comparator)

5.14.4 Control of analog comparator

Table 5.14.4.1 shows the analog comparator control bits.

Table 5.14.4.1 Analog comparator control bits

Address| Bit | Name Function 1 0 SR |R/IW Comment
O00OFF13| D7 |- — - _ —

D6 |- — - - - Constantly "0" when

D5 |- — - - being read

D4 |- — - - -

D3 |CMP1ON|Comparator 1 On/Off control On Off 0 |RIW

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:

CMPPX (+) > 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 CMPPO and CMPMO
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 = CMP10ON = "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 com-
parator are common to the 1/0 ports, the 1/0
control registers (I0C14-10C17) corresponding
to the channel to be used must be set to the
input mode.

(4) The P14-P17 terminals are shared with the A/D
converter input ports. Therefore, do not run the
A/D converter when the analog comparator is
used.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (A/D Converter)

5.15 A/D Converter

5.15.1 Characteristicsand
configuration of A/D converter

The S1C88349 has a built-in A/D converter with the
following characteristics.

= Conversion formula: Successive-approximation
type

« Resolution:
= Input channel:
e Conversion time:

10 bits
Maximum 4 channels
Minimum 11 psec

(in 2 MHz operation)

= Setting of analog conversion voltage range is
possible with reference voltage terminal (AVREF)

= A/D conversion result is possible to read from
10-bit data register

= Sample & hold circuit built-in

= A/D conversion completion generates an inter-
rupt

Figure 5.15.1.1 shows the configuration of the A/D
converter.

5.15.2 Terminal configuration
of A/D converter

The terminals used with the A/D converter are as
follows:

m AVDD, AVss (power supply input terminal)
The AVDpD and AVss terminals are power supply
terminals for the A/D converter. The voltage
should be input as AVbp < Vbb and AVss = Vss.

m AVREF (reference voltage input terminal)

The AVREer terminal is the reference voltage
terminal of the analog block. Input voltage range of
the A/D conversion is decided by this input. The
voltage should be input as AVREF < AVDD.

m AD4-AD7 (analog input terminal)

The analog input terminals AD4-AD?7 are shared
with the 170 port terminals P14-P17. Therefore, it
is necessary to set them for the A/D converter by
software when using them as analog input termi-
nals. This setting can be done for each terminal.
(Refer to Section 5.15.4 for setting.)

At initial reset, all the terminals are set in the 170
port terminal.

Analog voltage value AVIN that can be inputis in
the range of AVss < AVIN < AVREF.

Note: Since the P14-P17 terminals are shared with
the analog comparator, the A/D converter and
the analog comparator cannot be used
simultaneously. When using the A/D
converter, do not run the analog comparator.

5.15.3 Mask option

1/0 ports pull-up resistors

P14 (AD4)......... O With resistor
P15 (ADS)......... O With resistor
P16 (ADS)......... O With resistor
P17 (AD7)......... O With resistor

O Gate direct
O Gate direct
O Gate direct
O Gate direct

* "g" above shows an example of both channels
being used.

The input terminals of the A/D converter are
shared with the 170 port terminals P14-P17.
Therefore, the terminal specification of the A/D
converter is decided by setting the 170 port mask
option. Select "Gate direct" for the port correspond-
ing to the channel to be used to obtain the conver-
sion precision.

Avop O— . Successive Converted data
10-bit conversion ADDR
AVrRer. O—>1 p/a converter register ( )
AvVss O— Y
Comparator
3 2
AD4 (P14) O—> Analog ! ! Control circuit 2
AD5 (P15) O—f ; ! I;Sample/hold Interrupt 5
multiplexer ! ' circuit = [a}
AD6 (P16) O—» = | circuit
AD7 (P17) O— f
‘ fosca/1-fosca/64, fosci/l
0SC3 foscs
. N > Prescaler
oscillation circuit
Fig. 5.15.1.1 Configuration of A/D converter
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (A/D Converter)

5.15.4 A/D conversion

m Setting the A/D input terminal

When using the A/D converter, it is necessary to
set up the terminals used for analog input from the
P14-P17 initialized as the 1/0 port terminals. Four
terminals can all be used as analog input terminals.

The PAD (PAD4-PAD?7) register is used to set
analog input terminals. When the PAD register bits
are set to "1", the corresponding terminals function
as the analog input terminals.

Table5.15.4.1 Correspondence between A/D input
terminal and PAD register

Terminal |A/D input control register
P14 (AD4) PAD4
P15 (AD5) PAD5
P16 (AD6) PAD6
P17 (AD7) PAD7

m Setting the input clock

The A/D conversion clock can be selected from
eight types shown in Table 5.15.4.2. The selection is
done using the PSAD register.

Table 5.15.4.2 Input clock selection

Selection register Division | Output
PSAD2|PSAD1|PSADO| ratio control

1 1 1 fosc1/1 PRAD

1 1 0 fosca/64 | register

1 0 1 fosca/32

1 0 0 fosca/16 | "1": ON

0 1 1 fosca/8 "0": OFF

0 1 0 fosca/4

0 0 1 fosca/2

0 0 0 fosca/l

The selected clock is input to the A/D converter by
writing "1" to the PRAD register.

e When the OSC3 oscillation circuit is made
the clock source, it is necessary to turn the
OSC3 oscillation ON, prior to using the
A/D converter.

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 8, "ELECTRICAL CHARAC-
TERISTICS".)

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

Note:

e The clock division ratio (see Table
5.15.4.2) must be set so that the A/D
conversion clock frequency is 1 MHz or
less. Furthermore, the A/D conversion
clock frequency should be changed
according to the voltage to be used. Refer
to Chapter 8, "ELECTRICAL CHARAC-
TERISTICS".

The input clock should be set when the
A/D converter stops. Changing in the A/D
converter operation may cause a malfunc-
tion.

« To prevent malfunction, do not start A/D
conversion (writing to the CHS register)
when the A/D conversion clock is not
being output from the prescaler, and do
not turn the prescaler output clock off
during A/D conversion.

m Selecting the input signal

The analog signals from the AD4 (P14)-AD7 (P17)
terminals are input to the multiplexer, and the
analog input channel for A/D conversion is
selected by software. This selection can be done
using the CHS register as shown in Table 5.15.4.3.

Table 5.15.4.3 Selection of analog input channel

CHS1 CHSO Input channel
1 1 AD7
1 0 AD6
0 1 AD5
0 0 AD4

m A/D conversion operation

An A/D conversion starts by writing data to the
ADRUN register. For example, when performing
A/D conversion using AD7 as the analog input,
write "1" (1, 1) to the CHS register (CHS1, CHS0)
and then write "1" to the ADRUN register. The A/D
input channel is selected and the A/D conversion
starts. However, it is necessary that the P17 termi-
nal has been set as an analog input terminal.

The built-in sample & hold circuit starts sampling
of the analog input specified from tap after writing.
When the sampling is completed, the held analog
input voltage is converted into a 10-bit digital value
in successive-approximation architecture.

The conversion result is loaded into the ADDR
(ADDRO-ADDRY) register. ADDRO is the LSB and
ADDRY is the MSB.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (A/D Converter)

Note: If the CHS register selects an input channel 5.15.5 Interrupt function
which is not included in the analog input
terminals set by the PAD register (the PAD
register can select several terminals simulta-
neously), the A/D conversion does not result
in a correct converted value.

The A/D converter can generate an interrupt when
an A/D conversion has completed.

Figure 5.15.5.1 shows the configuration of the A/D
converter interrupt circuit.

The A/D converter sets the interrupt factor flag

Example) o ; ;
Terminal setting: FAD _to _1 w_hen |t_ stores the conversion. .
PAD5 = 1, PAD7 = PAD6 = PAD4 = 0 :'A\Ethls time, if the interrupt enab_le register EAD is
(ADS5 terminal is used) 1" and the interrupt priority register PADC (2 bits)

is set to a higher level than the setting of the

Selection of input channel:
P interrupt flags (10 and 11), an interrupt is generated

CHS1=0, CHSO=0

(AD4 is selected) to the C.:PU' . . :
o ' . By setting the EAD register to "0", the interrupt to
In a setting like this, the A/D conversion the CPU can also be disabled. However, the
result will be invalid because the contents of  interrupt factor flag is set to "1" when an A/D
the settings are not matched. conversion has completed regardless of the inter-
rupt enable register and interrupt priority register
Setting of analog input terminals settings.
(PAD) The interrupt factor flag set in "1" is reset to "0" by
v writing "1".
Setting of input clock (PSAD) Refer to Section 5.17, "Interrupt and Standby
Turning clock output ON (PRAD) Status", for details of the interrupt control registers
and operations subsequent to interrupt generation.
Writing to CHS register The exception processing vector address for the
=selection of analog input channel A/D conversion completion interrupt has been set
Writing to ADRUN register in 000024H.
=starting A/D conversion
Fig. 5.15.4.1 Flowchart for starting A/D conversion
An A/D conversion is completed when the conver-
sion result is loaded into the ADDR register. At that
point, the A/D converter generates an interrupt
(explained in the next section).
Figure 5.15.4.2 shows the timing chart of A/D
conversion.
Writing to ADRUN register |
Input sampling i | ‘
Successive conversion ‘
ADDR register ‘ ‘ | Conversion result
Interrupt request i i i
Lot

i Sampling time 8tcLk

tao: 0 to ltck
tewk: Input clock cycle

A/D conversion time 21tcik+tap

?

Fig. 5.15.4.2 Timing chart of A/D conversion

A/D conversion

completion ] Interrupt factor flag
FAD Interrupt priority Interrupt
o level j_udgment request
ﬂ B .| Interrupt enable C'rf”'t
g register EAD

_ | Interrupt priority register

PADCO, PADC1

Fig. 5.15.5.1 Configuration of A/D converter interrupt circuit
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (A/D Converter)

5.15.6 Control of A/D converter
Table 5.15.6.1 shows the A/D converter control bits.
Table 5.15.6.1(a) A/D converter control bits

Address| Bit | Name Function 1 0 SR |R/W Comment
O0OFF80| D7 |- - - - -
D6 |- - - - - Congtantly "0" when
D5 |- - - - - being read
D4 |- - - - -
D3 [PRAD | A/D converter clock control On off 0 |RW
D2 [PSAD2 | A/D converter division ratio 0 |RW
PSAD2 PSAD1 PSADO Divisionratio
1 1 1 fosci/ 1
pilpsapt | 1 10 fosalsd o |Rw
1 0 1 fosc3/ 32
1 0 0 fosc3/ 16
] 0 1 1 fosca/8 | I B
DO |PSADO 0 1 0 fosca/ 4 0 |RW
0 0 1 fosca/ 2
0 0 0 fosca/ 1
O00FF81 | D7 |PAD7 P17 A/D converter input control AID 0 |RW
D6 |PAD6 P16 A/D converter input control 0 |RW
- converter | 1/O port
D5 [PAD5S P15 A/D converter input control input 0 |RW
D4 |PAD4 P14 A/D converter input control 0 |RW
D3 |- - - - -
D2 |- - - — — Congtantly "0" when
D1 |- - - — — being read
DO |- - - - -
00FF82 | D7 |ADRUN | A/D conversion start control register Start Invalid 0| WwW
D6 |- - - - -
D5 |- - - - — Constantry "0" when
D4 |- - - - — being read
D3 |- - - - -
D2 |- - - - -
D1 |[CHS1 | Anaog input channel selection 0 |RW
CHS1 CHSO Input channel
1 1 AD7
[Do|cHsO | 1 0 AD6 | | 0 |[RW
0 1 AD5
0 0 AD4
O0FF83| D7 |ADDR9 | A/D conversion result D9 (MSB)
D6 |ADDRS | A/D conversionresultd8 |
D5 |ADDR7 [A/D coversonresultD7 |
D4 |ADDRG |AID conversonresitDs e
D3 |[ADDR5 | A/D conversion result D5
D2 |ADDR4 [A/D conversonresultb4 |
D1|ADDR3 [A/D coversonresultb3 |
DO |ADDR2 | A/D conversionresultb2 |
OOFF84 | D7 |- - - - -
D6 |- - - - -
D5 |- - - - - Congtantly "0" when
D4 |- - - - - being read
D3 |- - - - -
D2 |- - - - -
D1|ADDR1 | A/D coversonresultbl | s
DO |[ADDRO | A/D conversion result DO (LSB)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (A/D Converter)

Table 5.15.6.1(b) A/D converter control bits

Address| Bit| Name Function

1 | o [sr[rw

Comment

O00FF28| D7 |PADC1 |A/D converter interrupt priority register

D6 [PADCO

PADC1 PADCO Priority R/W
1 1 Level 3 0
1 Level 2 [~~~
0 Level 1 0 |RW
0 Level 0

or o

D5 |- Reserved

Prohibited - 0

D4 |- Reserved

Prohibited - 0

Do not write"1".

D3 |- -

D2 |- -

D1|- -

DO |- -

Constantly "0" when
being read

00FF2A| D7 |[EAD A/D converter interrupt enable register

D6 |— Reserved

oo

D5 |- -

D4 |- -

D3 |- -

D2 |- -

D1|- -

DO |- -

Constantly "0" when
being read

00FF2C| D7 |FAD A/D converter interrupt factor flag

R)| Generated [Notgenerated] 0 |R/W

W) Reset No operation

D6 |- Reserved

- - 0 |RW

D5 |- -

D4 |- -

D3 |- -

D2 |- -

D1|- -

DO |- -

Constantly "0" when
being read

PAD4-PAD7: 00FF81H<D4-D7

PSADO-PSAD2: 00F F80H*D0-D2

Sets the P14-P17 terminals as the analog input
terminals for the A/D converter.

When "1" is written: A/D converter input
When "0" is written: 1/0 port
Reading: Valid

When "1" is written to PADN, the P1n terminal is set
to the analog input terminal ADn. (n=4-7)

When "0" is written, the terminal is used with the 1/
O port.

At initial reset, this register is set to "0" (170 port).

Selects the clock for the A/D converter.
Table 5.15.6.2 Input clock selection

Selection register Division | Output
PSAD2|PSAD1|PSADO| ratio control

1 1 1 foscy/1 PRAD

1 1 0 fosca/64 | register

1 0 1 fosca/32

1 0 0 fosca/16 | "1": ON

0 1 1 fosca/8 "0": OFF

0 1 0 fosca/4

0 0 1 fosca/2

0 0 0 fosca/l

This setting controls the division ratio of the

prescaler.

At initial reset, this register is set to "0" (fosca/1).
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (A/D Converter)

PRAD: O0OFF80H+D3

EAD: 00FF2AH<D7

Controls the clock supply to the A/D converter.

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

By writing "1" to the PRAD register, the clock
selected with the PSAD register is input to the A/D
converter.

When "0" is written, the clock is not input to the
A/D converter.

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

ADRUN: 00FF82H<D7

Starts A/D conversion.

When "1" is written: Start A/D conversion
When "0" is written: Invalid
Reading: Always "0"

By writing "1" to this register, the A/D converter
starts A/D conversion of the channel selected by
the CHS register, and stores the conversion result to
the ADDR register.

CHS0, CHS1: 00FF82H-DO0, D1

Selects an analog input channel.
Table 5.15.6.3 Selection of analog input channel

CHS1 CHSO Input channel
1 1 AD7
1 0 AD6
0 1 AD5
0 0 AD4

At initial reset, this register is set to "0" (AD4).

ADDRO-ADDR9: 00FF84H+D0, D1, OOFF83H

A/D conversion result is stored.

ADDRO is the LSB and ADDR9 is the MSB.
ADDRO and ADDR1 are assigned in D0 bit and D1
bit of the address 00FF84H. D2-D7 bits in this
address are always "0" when being read.

At initial reset, data is undefined.

PADCO, PADCL: 00FF28H+D6, D7

Sets the priority level of the A/D conversion
completion interrupt.

Table 5.15.6.4 shows the interrupt priority level
which can be set by the PADC register.

Table 5.15.6.4 Interrupt priority level settings

PADC1 PADCO Interrupt priority level
1 1 Levd 3 (IRQ3)
1 0 Level 2 (IRQ2)
0 1 Leved 1 (IRQ1)
0 0 Level 0 (None)

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

Enables or disables the A/D conversion completion
interrupt generation to the CPU.

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

The EAD register is the interrupt enable register
corresponding to the A/D conversion completion
interrupt factor. When this register is set to "1", the
interrupt is enabled, and when it is set to "0", the
interrupt is disabled.

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

FAD: 0OFF2CH<D7

Indicates the generation of A/D conversion
completion interrupt factor.

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

Int. factor has generated
Int. factor has not generated

When "1" is written: Factor flag is reset
When "0" is written: Invalid

FAD is the interrupt factor flag corresponding to
the A/D conversion completion interrupt. It is set
to "1" when an A/D conversion is completed.

At this point, 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 the interrupt flags (10 and 11), an interrupt
is generated to the CPU.

Regardless of the interrupt enable register and
interrupt priority register settings, the interrupt
factor flag is set to "1" when the interrupt genera-
tion condition is met.

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

At initial reset, the FAD flag is reset to "0".
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (A/D Converter)

When the OSC3 oscillation circuit is made the
clock source, it is necessary to turn the OSC3
oscillation ON, prior to using the A/D con-
verter.

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 8, "ELECTRICAL CHARACTERIS-
TICS")

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

When SLEEP mode is set during A/D conver-
sion, correct A/D conversion result cannot be
obtained because the OSC3 oscillation circuit

stops. Do not set in SLEEP mode during A/D
conversion.

The input clock and analog input terminals
should be set when the A/D converter stops.
Changing in the A/D converter operation may
cause a malfunction.

The clock division ratio (see Table 5.15.4.2) must
be set so that the A/D conversion clock fre-
quency is 1 MHz or less. Furthermore, the A/D
conversion clock frequency should be changed
according to the voltage to be used. Refer to
Chapter 8, "ELECTRICAL CHARACTERIS-
TICS".

To prevent malfunction, do not start A/D
conversion (writing to the CHS register) when
the A/D conversion clock is not being output
from the prescaler, and do not turn the prescaler
output clock off during A/D conversion.

If the CHS register selects an input channel
which is not included in the analog input
terminals set by the PAD register (the PAD
register can select several terminals simulta-
neously), the A/D conversion does not result in
a correct converted value.

During A/D conversion, do not operate the P1n
terminals which are not used for analog inputs
of the A/D converter (for input/output of
digital signal). It affects the A/D conversion
precision.

(8) Since the P14-P17 terminals are shared with the

analog comparator, the A/D converter and the
analog comparator cannot be used simulta-
neously. When using the A/D converter, do not
run the analog comparator.

(9) Note that writing "1" to the A/D converter

control bits (FF28H=D5, D4) may cause a mal-
function.
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (SVD Circuit)

5.16 Supply Vol tage Detection Table5.16.3.1 Correspondence between control register
! N and operation mode
(SVD) CI rcuit SVDON | SVDSP Operating mode
0 0 SVD circuit OFF
5.16.1 Configuration of SVD circuit 0 1 /4 Hz auto-sampling ON
The S1C88349 has a built-in supply voltage detec- 1 X Continuous sampling ON

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 5.16.1.1 shows the configuration of the SVD
circuit.

5.16.2 Mask option

Initial reset by SVD circuit
O Not Use
O Use

When the SVD circuit detects that supply voltage
has dropped below level 0 four successive times
(see Chapter 8, "ELECTRICAL CHARACTERIS-
TICS"), it outputs an initial reset signal until the
supply voltage has been restored to level 2.

You can select whether this function is used or not
by mask option.

5.16.3 Operation of SVD circuit

m  Sampling control of the SVD circuit

The SVD circuit has two operation modes: continu-
ous sampling and 174 Hz auto-sampling mode.
Operation mode selection is done by the SVD control
registers SVDON and SVDSP as shown in Table
5.16.3.1. When both bits of SYDON and SVDSP are
set to "1", continuous sampling is selected.

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 5.16.3.2 and the
detection data is maintained until the next sam-
pling.

For the correspondence between the detection level
and the supply voltage, see Chapter 8,
"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 ¥ Internal initial reset

15 O P circuit

’_CMask option

VDD

» SVD3 »>

4-bit A/ID » SVD2 >
Reference voltage _| converter » SVD1 > @
generation circuit o » SVDO > 2
T T
a

2,048 Hz ;
e ~| circuit > S - < >
circuit 1/4 Hz circuit SVDSP

Fig. 5.16.1.1 Configuration of SVD circuit
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (SVD Circuit)

Table 5.16.3.2 Supply voltage detection results

SVD3 | SvD2 | SVvD1 | 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 o oo r P PP OOOOPFRLPRFRPRFPFr

oo r P OO FrRr PR OoOOoORFr PP OOoOLPR PP

oOroOPrOoOPr oropr or o OoOPr

OO0 O0OO0O0O0OORRRRELRRLREREERLBR

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

SVDONMW) ||

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 5.16.3.1 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 5.16.3.2 shows the timing chart of the 1/4
Hz auto-sampling.

Uryurryivrvirrvivrvdurrdurrdurryu iy

)

SVDON(R) |

3 L
Latch |_|
SVDO0-SVD3 ) )(
~——— Sampling (7.8 msec) ——— ;

Fig. 5.16.3.1 Timing chart of continuous sampling

tHz L[ L]

svbsp(w) |

SVDON(R)

SVDO-SVD3 )(

— «— Sampling (7.8 msec)

I
1
; I

«——— Standby status ———

i
4 sec >

Fig. 5.16.3.2 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 5.16.3.3 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.

Supply voltage

Internal initial reset

SVDON(R)

SVD3 4 sec

SvD2

SvD1

SVDO ]

<«—— Resetstatus ——»

Fig. 5.16.3.3 Timing chart of theinitial reset signal generation

5.16.4 Control of SVD circuit
Table 5.16.4.1 shows the SVD circuit control bits.
Table 5.16.4.1 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 | Buy | Ready |1.0°1R/W|SLPingructionis
1r W On Off 0 executed.
[D3|SVD3  |SVD detectionleved | | | X | R |*2
D2|SyD2 | SYPS SVp2 SDL VDO Degmedl | || X | R
D1|SVvD1 1 1 1 0 Level 14 X R
pojsvbo | o o o o lewdo | | | X | R

*1 After initial reset, this statusisset "1" until conclusion of hardware first sampling.
*2 Initial valueis set according to the supply voltage detected at first hardware sampling after an initial reset.
Until conclusion of first sampling, SVD0-SV D3 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 5.16.4.2 and the data is main-
tained until the next sampling.

Table 5.16.4.2 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 Chapter 8,
"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.

5.16.5 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)

5.17 Interrupt and Standby Status

m Types of interrupts
7 systems and 16 types of interrupts have been
provided for the S1C88349.

External interrupt
«KO00-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)
=A/D converter interrupt (1 type)

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 5.17.1 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
Interrupt enable register Vector
Interrupt priority register Interrupt vector | address | 4
address generation o
 ger :::::>%
circuit a
Ti 1 FPT1 :D f
Program- | limer EPTL
mable
timer Timer O FPTO :D PPTO
EPTO [
PPT1 |—
K10, K112 :D
' EK1
Input port | KO4-K07 s :D Eijg :
putp — O EkoH
K00 K03 ok jj
a EKOL PKOO ——
PKO1 ——
Error FSERR :D
ESERR
Serial - FSREC ::i:::>
interface Receive ESREC
Transmit =T :D ;:Z/Eg : NMI
ESTRA Interrupt priority —»@
level judgement
FSW100 Lo —
circuit — IRQ2
100 Hz ESWlOO:D \—T\
—»IRQ1
Stopwatch 10 Az FSW10 :D
timer ESW10
PSWO |—
e | ) powr
Z [Eswm1
3o LETM32 :D
Z [ET™32
, Z [ETms
Clock timer
h FTM2
Z [ET™2 PTMO —
PTM1 —
ETM1
FAD
A/D AID | EAD
converter | conversion PADCO —
completion PADC1 —

Fig. 5.17.1 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
$1C88349 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
$1C88349 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).

Note: 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.

5.17.1 Interrupt generation conditions

The interrupt factor flags that indicate the generation
of their respective interrupt factors are provided for
the previously indicated 7 systems and 16 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 7 systems
and the CPU accepts only interrupts above the level
that has been indicated with the interrupt flags (10
and I1).

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 1) 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.

5.17.2 Interrupt factor flag

Table 5.17.2.1 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.

Table5.17.2.1 Interrupt factors

Interrupt factor Interrupt factor flag
Programmable timer 1 underflow FPT1 (00FF25 D7)
Programmable timer O 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 K04—K 07 inputs and the input comparison registers KCP0O4—-K CP07 FKOH (O0FF25 D4)
Non matching of the KO0O—K 03 inputs and the input comparison registers KCPOO-K CP03 FKOL (00FF25 D3)
Serial interface receiving error (in asynchronous mode) FSERR (00FF25 D2)
Serial interface receiving completion FSREC  (0OOFF25D1)
Serial interface transmitting completion FSTRA (OOFF25 DO)
Falling edge of the stopwatch timer 100 Hz signal FSW100 (O0FF24 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 (OOFF24 D3)
Rising edge of the clock timer 8 Hz signal FTM8 (O0FF24 D2)
Rising edge of the clock timer 2 Hz signal FTM2 (OOFF24 D1)
Rising edge of the clock timer 1 Hz signal FTM1 (OOFF24 DO)
A/D conversion completion FAD (OOFF2C D7)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Interrupt and Standby Status)

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
interrupt processing routine.

5.17.3 Interrupt enable register

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 5.17.3.1 shows the correspondence between the
interrupt enable registers and the interrupt factor flags.

5.17.4 Interrupt priority register and
interrupt priority level

The interrupt priority registers shown in Table
5.17.4.1 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.

Table5.17.4.2 Setting of interrupt priority level

pP*1 P*0 Interrupt priority level
1 1 Level 3 (IRQ3)
1 0 Level 2 (IRQ2)
0 1 Level1  (IRQL)
0 0 Level O (non)

Table 5.17.3.1 Interrupt enable registers and interrupt factor flags

Interrupt Interrupt factor flag Interrupt enable register
Programmable timer 1 FPT1 (OOFF25 D7) EPT1 (0OOFF23 D7)
Programmable timer O FPTO (OOFF25 D6) EPTO (OOFF23 D6)
K10 and K11 input FK1 (0O0FF25 D5) EK1 (00FF23 D5)
K04—K 07 input FKOH (O0FF25 D4) EKOH (O0FF23 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 DO) ESTRA (OOFF23 DO)
Stopwatch timer 100 Hz FSW100 (00FF24 D6) ESW100 (00FF22 D6)
Stopwatch timer 10 Hz FSW10 (0O0FF24 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 DO0) ETM1 (00FF22 DO)
A/D conversion completion FAD (OOFF2C D7) EAD (OOFF2A D7)

Table5.17.4.1 Interrupt priority register

Interrupt

Interrupt priority register

Programmable timer interrupt
K10 and K11 input interrupt
K00-KO07 input interrupt
Serial interface interrupt
Stopwatch timer interrupt
Clock timer interrupt

A/D converter interrupt

PPTO, PPT1 (00FF21 D2, D3)
PK10, PK11 (00FF21 DO, D1)
PKO00, PKO1 (00FF20 D6, D7)
PSIFO, PSIF1 (0O0FF20 D4, D5)
PSWO, PSW1 (00FF20 D2, D3)
PTMO, PTM1 (00FF20 DO, D1)

PADCO, PADC1 (0O0FF28 D6, D7)
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Interrupt and Standby Status)

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 5.17.4.3, 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 5.17.4.3 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

5.17.5 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 5.17.5.1.

Table 5.17.5.1 Vector address and exception
processing correspondence

. . Vector . . -
flags are written to the level of that interrupt. address Exception processing factor Priority
However, mterr_upt flags after an NMI_hfls"been 500000 | Reset High
accepted are written to level 3 (10 =11 ="1"). —

] 000002H | Zero division 1
Table5.17.4.4 Interrupt flags after acceptance of interrupt 000004H | Watchdog timer (NM1)
Accepted interrupt priority level 11 10 000006H ﬁqqr@m@[g t,i,n?q} [U@[U{P} 777777
Level 4 (NMI) 1 1 000008H | Programmable timer O interrupt
Level 3 (IRQJ) 1 1 00000AH |K10,K1linputinterrupt |
Level 2  (IRQ2) 1 0 00000CH |K04-KO7 input interrupt |
Level 1 (IRQYI) 0 1 00000EH | K00—-K 03 input interrupt
The set interrupt flags are reset to their original 000010H | Serial I/F error interrupt |
value on return from the interrupt processing 000012H | Serial I/F receiving complete interrupt
routine. Consequently, multiple interrupts up to 3 000014H | Serial I/F transmitting complete interrupt
levels can be controlled by the initial settings of the 000016H |Stopwatch timer 100 Hz interrupt
interrupt priority registers alone. Additional 000018H | Stopwatch timer 10 Hz interrupt |
multiplexing can be realized by rewriting the 00001AH | Stopwatch timer 1 Hz interrupt |
Interrupt tlags and interrupt enable register in the 00001CH | Clock timer 32 Hz interrupt
interrupt processing routine. ~ ———------ T PRt
00001EH | Clock timer 8 Hz interrupt
Note: Beware. If the interrupt flags have been 000020H |Clock timer 2 Hz interrupt |
rewriten (set to lower prioriy) prior o 000022H | Clock tmer 1 Hzinterupt | 4
(ese Ing an interrupt factor flag after an 000024H | A/D converter interrupt Low
interrupt has been generated, the same 000026H | Svat - "
interrupt will be generated again. System reserved (cannot be used) No
000028H riorit
: Software interrupt P ] y
000OFEH rating

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 PERIPHERAL CIRCUITS AND THEIR OPERATION (Interrupt and Standby Status)

5.17.6 Control of interrupt
Table 5.17.6.1 shows the interrupt control bits.
Table5.17.6.1(a) Interrupt control bits

Address| Bit | Name Function 1 | 0 SR [R/IW Comment
00FF20| D7 |PKO1 . . .
il Iuipioiainh K00-KO7 interrupt priority register 0 |RIW
D6 |PKOO PKO1 PKOO
D5 |PSIF1 PSIF1 PSIFO
e N Serial interface interrupt priority register PSW1 PSWO Prioity | O |R/W
D4 |PSIFO PTM1 PTMO  leve
D3 [PSW1 11 leds
el Stopwatch timer interrupt priority register 1 0 Leve?2 0 |RIW
D2 |PSWO0 P pt priority reg 0 1 Level 1
D1 |PTM1 0 0 lLewe0
o R Clock timer interrupt priority register 0 |RIW
DO [PTMO Pt prionity reg
O0FF21|D7 |- - - _ —
D6 |- - - - - Constantly "0" when
D5 |- - - - - being read
D4 |- - - - -
D3 |PPT1 PPT1 PPTO Priority
el Pt Programmable timer interrupt priority register PK11 PK10 _ level 0 |RIW
D2 |PPTO 1 1 Level 3
D1 [PK11 1 0 Level 2
o K10 and K11 interrupt priority register 0 1 Levell 0 |RIW
DO |PK10 0 0 Level O
O0FF22 | D7 |- - - - - "0" when being read
| D6 |ESW100] Stopwatch timer 100 Hz interrupt encble 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 bl disahl 0 |RIW
R P enaple | 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
00FF23 | D7 |EPT1 | Programmable timer 1 interrupt enable register
D6 |[EPTO Programmable timer O interrupt enable register
DS |EK1 |K10andKilinterruptenableregister
|D4[EKOH __|KO4-KO7 intermupt encble register Interupt | nterrupt ||
D3 [EKOL K00—KO03 interrupt enable register enable disable
| D2 |[ESERR [Serial I/F (error) interrupt enable register
| D1 |[ESREC [Serial I/F (receiving) interrupt encbleregister
DO [ESTRA |Seria I/F (transmitting) interrupt enable register
O0FF24 | D7 |- - - - — "0" when being read
D6 |FSW100] Stopwatch timer 100 Hz interrupt factor flag | (R) ®
DS |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 (RIW
D2 |FTM8 _ [Clock timer 8 Hz interrupt factor flag w w0
D1 [FTM2 |Clock timer 2 Hz interrupt factor flag )
1o T T T T T ToTTTooooooo o Tooooooe Reset No operation
DO |FTM1 | Clock timer 1 Hz interrupt factor flag
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 _ [K04-KO7interrupt 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 |Seridl I/F (receiving) interrupt factor flag | Reset |Nooperation
DO [FSTRA |Serid I/F (transmitting) interrupt factor flag
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5 PERIPHERAL CIRCUITS AND THEIR OPERATION (Interrupt and Standby Status)

Table 5.17.6.1(b) Interrupt control bits

Address| Bit Function

1 | 0 Comment

O00FF28 | D7

D6

A/D converter interrupt priority register

PADC1 PADCO Priority
1 Level 3
1 Level 2
0 Level 1
0 Level 0

O OR

D5 Reserved

Prohibited - Do not write"1".

D4 Reserved

Prohibited

D3

D2

Constantly "0" when

D1

being read

DO

O0FF2A| D7

A/D converter interrupt enable register

D6 Reserved

oo

D5

D4

D3

Constantly "0" when

D2

being read

D1

DO

00FF2C| D7 A/D converter interrupt factor flag

R)
W)

Not generated

No operation

D6 Reserved

RIW

D5

D4

D3

Constantly "0" when

D2

being read

D1

DO

Refer to the explanations on the respective peripheral circuits for the setting content and control method for each bit.

5.17.7 Programming notes

(1) When executing the RETE instruction without
resetting the interrupt factor flag after an

(3) An exception processing vector is fixed at 2

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

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

interrupt has been generated, the same interrupt

will be generated again.

after a NMI interrupt has occurred (when fosci
is 32.768 kHz).
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6 SUMMARY OF NOTES

6 SUMMARY OF NOTES

6.1 Notesfor Low Current Next, which circuit systems' operation can be
. controlled and their control registers (instructions)
Consumption are explained. You should refer to these when
The S1C88349 can turn circuits, which consume a programming.
large amount of power, ON or OFF by control See Chapter 8, "ELECTRICAL CHARACTERIS-
registers. TICS" for the current consumption.
You can reduce power consumption by creating a
program that operates the minimum necessary Refer to "Programming notes" in each peripheral
circuits using these control registers. section for precautions of each peripheral circuit.

Table 6.1.1 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, CMP1ON OFF status (CMPOON = CMP1ON ="0")
A/D converter PRAD, ADRUN OFF status (PRAD = ADRUN ="0")
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6.2 Precautionson Mounting

<Oscillation Circuit>

e Oscillation characteristics change depending on
conditions (board pattern, components used,
etc.).
In particular, when a ceramic or crystal
oscillator is used, use the oscillator
manufacturer's recommended values for
constants such as capacitance and resistance.

e Disturbances of the oscillation clock due to
noise may cause a malfunction. Consider the
following points to prevent this:

(1) Components which are connected to the
OSC1, OSC2, OSC3 and OSC4 terminals,
such as oscillators, resistors and capacitors,
should be connected in the shortest line.

(2) Asshown 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 (OSC3)

0Osc4

OSC3
[:gss

e In order to prevent unstable operation of the
oscillation circuit due to current leak between
OSC1/0SC3 and VDD, please keep enough

distance between OSC1/0SC3 and VDD or other

signals on the board pattern.

6 SUMMARY OF NOTES

<Reset Circuit>

e The power-on reset signal which is input to the
RESET terminal changes depending on
conditions (powver rise time, components used,
board pattern, etc.).
Decide the time constant of the capacitor and
resistor after enough tests have been completed
with the application product.
When the built-in pull-up resistor 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 VDD, Vss, AVDD, AVss and AVREF
terminal with patterns as short and large as
possible.

In particular, the power supply for AVbD,
AVss and AVREFr affects A/D conversion
precision.

(2) When connecting between the Vbb and Vss
terminals with a bypass capacitor, the
terminals should be connected as short as
possible.

Bypass capacitor connection example

VDD VbD

-
Vss Vss

(3) Components which are connected to the
VD1, Vci1-Vces terminals, such as capacitors
and resistors, should be connected in the
shortest line.

In particular, the Vci-Vcs voltages affect the
display quality.

<A/D Converter>
e When the A/D converter is not used, the power
supply terminals for the analog system should
be connected as shown below.
AVDD - VDD
AVss - Vss
AVREF -  Vss
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6 SUMMARY OF NOTES

<Arrangement of Signal Lines>

e In order to prevent generation of
electromagnetic induction noise caused by
mutual inductance, do not arrange a large
current signal line near the circuits that are
sensitive to noise such as the oscillation unit
and analog input unit.

e When asignal line is parallel with a high-speed
line in long distance or intersects a high-speed
line, noise may generated by mutual
interference between the signals and it may
cause a malfunction.

Do not arrange a high-speed signal line
especially near circuits that are sensitive to
noise such as the oscillation unit and analog

input unit.
Prohibited pattern
} OSC4
T (AD4) =
) ' | F OSC3
Large current signal line
High-speed signal line
gn-sp! [¢] T Vs

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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7 BASIC EXTERNAL WIRING DIAGRAM

7/ BASIC EXTERNAL WIRING DIAGRAM

LCD panel 51 x 32
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Recommended values for external parts
Symbol Name Recommended value Symbol Name Recommended value
X'tall |Crysta oscillator 32.768 kHz, C3 Capacitor between Vssand Vci 0.1pF
Cl (Max.) =35kQ Cs Capacitor between Vssand Vcz 0.1pF
X'ta2 | Crysta oscillator 4.9152 MHz Cs Capacitor between Vssand Vc3 0.1pF
Rf Feedback resistor 1MQ Ce Capacitor between Vssand Vcs | 0.1 pF
Ca1 Trimmer capacitor 5-25pF C7 Capacitor between Vss and Vcs 0.1pF
Ca2 Gate capacitor 15-30 pF Cs—C10 |Booster capacitors 0.1pF
Cp2 Drain capacitor 15-30 pF Cu Capacitor between Vssand Vosc | 0.1 pF
C1 Capacitor between Vssand Vb1 | 0.1 uF Cp Capacitor for power supply 3.3uF
C2 Capacitor between Vss and VRer | 0.1 uF Cres Capacitor for RESET terminal 0.47 pF

Note: The above table is simply an example, and is not guaranteed to work.
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8 ELECTRICAL CHARACTERISTICS

8 ELECTRICAL CHARACTERISTICS

8.1 Absolute Maximum Rating

(Vss=0V)
Item Symbol Condition Rated value Unit |Note
Power voltage VDD -0.3t0+7.0 Vv
Liquid crystal power voltage Vcs -0.3t0+7.0 \%
Input voltage Vi -0.3toVop +0.3 \%
Output voltage Vo -0.3toVop + 0.3 \% 1
High level output current loH 1 terminal -5 mA
Total of al terminals -20 mA
Low level output current loL 1 terminal 5 mA
Total of all terminals 20 mA
Permitted loss PD 200 mw 2
Operating temperature Topr -40to +85 °C
Storage temperature Tstg -65 to +150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -
Note) 1 Case that to Nch open drain output by the mask option isincluded.
2 Incase of plastic package.
8.2 Recommended Operating Conditions
Item Symbol Condition Min. Typ. Max. Unit |Note
Operating power voltage (Norma mode)| VDD 24 55 \%
Operating power voltage (Low power mode)| VDD 18 35 \%
Operating power voltage (High speed mode) | VDD 35 55 \%
Operating frequency (Normal mode) fosc1 |Vbp=24t055V 30.000 | 32.768 | 80.000 | kHz 1
foscs 0.03 42 MHz | 1
Operating frequency (Low power mode) | fosci | Vbbb =1.8t03.5V 30.000 | 32.768 | 80.000 | kHz 1
Operating frequency (High speed mode) | fosc1 | Vbbb =3.5t05.5V 30.000 | 32.768 | 80.000 | kHz | 1
foscs 0.03 8.2 MHz | 1
Liquid crystal power voltage Vcs  |Ves=VeazVe3zVeez Vel Vss 7.0 \% 2
Capacitor between Vb1 and Vss C1 0.1 uF
Capacitor between VRerF and Vss C2 0.1 uF 3
Capacitor between Vc1 and Vss C3 0.1 uF 3
Capacitor between Vc2 and Vss C4 0.1 uF 3
Capacitor between Vcs and Vss Cs 0.1 uF 3
Capacitor between Vcs and Vss Cs 0.1 uF 3
Capacitor between Vcs and Vss C7 0.1 uF 3
Capacitor between CA and CB Cs 0.1 uF 3
Capacitor between CA and CC Co 0.1 uUF 3
Capacitor between CD and CE C10 0.1 uF 3
Capacitor between Vosc and Vss Cu 0.1 uF 3

Note) 1 When an external clock isinput from the OSC1 terminal by the mask option, leave the OSC2 terminal open,
and when an external clock isinput from the OSC3 terminal, leave the OSC4 terminal open.
2 When externa power supply is selected by the mask option.
3 When LCD drive power is not used, the capacitor is not necessary.
In this case, leave the Vc1to Ves and CA to CE terminals open.
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8.3 DC Characteristics

8 ELECTRICAL CHARACTERISTICS

Unless otherwise specified: Vbp =1.8t0 5.5V, Vss=0V, Ta=-40t0 85°C

Item Symbol Condition Min. Typ. Max. Unit [Note
High level input voltage (1) ViH1 | KxX, Pxx, MCU/MPU 0.8VbD VDD \%
Low level input voltage (1) ViLr | Kxx, Pxx, MCU/MPU 0 0.2VbD \Y,
High level input voltage (2) ViH2 | OSC1, OSC3 1.6 VDD \% 1
(Normal mode)
High level input voltage (2) ViH2 | OSC1 1.0 \o)) \% 1
(Low power mode)
High level input voltage (2) ViH2 | OSC1, OSC3 24 VbD \Y, 1
(High speed mode)
Low level input voltage (2) ViLz | OSC1, OSC3 0 0.6 \% 1
(Norma mode)
Low level input voltage (2) ViLz | OSC1 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 V1+ | RESET 0.5VbD 0.9VoD \Y
Low level schmitt input voltage VT- RESET 0.1VpD 0.5VoD Y
High level output current loH Pxx, Rxx, VoH = 0.9 VbD -0.5 mA
Low level output current loL Pxx, Rxx, VoL = 0.1 Vbb 05 mA
Input leak current ILi Kxx, Pxx, RESET, MCU/MPU -1 1 HA
Output leak current ILo Pxx, Rxx -1 1 UA
Input pull-up resistance RIN Kxx, Pxx, RESET, MCU/MPU 100 500 kQ 2
Input terminal capacitance CIN Kxx, Pxx 15 pF
ViIN=0V, f=1MHz, Ta=25°C
Segment/Common output current IseGH | SEGxx, COMxX, VsecH = Vcs-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

g Y A

>

0 0 VT- > VT+ VDD
VIN (V)
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8 ELECTRICAL CHARACTERISTICS

8.4 Analog Circuit Characteristics

m LCDdrive circuit
Unless otherwise specified: Vbbb =1.8t05.5V,Vss=0V, Ta=25°C, C1-C11 = 0.1 uF

Item Symbol Condition Min. Typ. Max. Unit |Note

LCD drive voltage Vci *1 0.19Vcs 0.23Vcs \%
Ve2 *2 0.39Vcs 0.43Vcs \%
Vcs *3 0.59Vcs 0.62Ves| V
Vca *4 0.78Vcs 0.82Vcs \%
Vcs *5 LCX =0H 3.89 \%
TYPEA LCX =1H 3.96 \Y
(4.5V) LCX =2H 4.04 \Y
LCX =3H 411 \Y

LCX =4H 418 \Y

LCX =5H 4.26 \Y

LCX = 6H 434 \Y

LCX =7H |Typx0.94| 4.42 |Typx1.06| V

LCX =8H 4.50 Y

LCX =9H 4.58 \Y

LCX = AH 4.66 \%

LCX =BH 4.74 \Y

LCX=CH 4.82 \

LCX =DH 4.90 \Y

LCX =EH 4.99 \

LCX =FH 5.08 \Y

Vcs *5 LCX =0H 4.73 \
TYPEB LCX =1H 4.83 \Y
(5.5V) LCX =2H 4.92 \
LCX =3H 5.02 Y

LCX =4H 511 \

LCX =5H 521 \Y

LCX =6H 5.30 \

LCX =7H |Typx0.94| 540 |[Typx1.06| V

LCX =8H 5.50 \

LCX =9H 5.60 \Y

LCX =AH 5.70 \

LCX =BH 5.81 \Y

LCX =CH 593 \

LCX =DH 6.05 \Y

LCX =EH 6.17 \

LCX =FH 6.29 \

*1 Connects 1 MQ load resistor between Vb and Vc1 (Vc1 has no capability to drive the load connected to V'ss due to its property).
*2 Connects 1 MQ load resistor between Vss and Vca.
*3 Connects 1 MQ load resistor between Vssand Vca.
*4 Connects 1 MQ load resistor between Vss and Vca.
*5 Connects 1 MQ load resistor between Vss and Vcs.
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8 ELECTRICAL CHARACTERISTICS

m SVD circuit
Unless otherwise specified: Vbb =1.8t05.5V,Vss=0V, Ta=25°C
Iltem Symbol Condition Min. Typ. Max. Unit |Note

SVD voltage VsvD |Levell - Level O 1.83 \% 1
Level 2 - Level 1 2.00 \% 1
Level 3 - Level 2 217 \Y 1
Level 4 - Level 3 233 \% 1
Level 5 - Level 4 2.50 \% 2
Level 6 - Level 5 2.67 \% 2
Level 7 - Level 6 Typx0.92 2.83 Typx1.08 \% 2
Level 8 - Level 7 3.00 \% 2
Level 9 - Level 8 317 \% 2
Level 10 - Level 9 3.33 \% 2
Level 11 - Level 10 3.50 \% 3
Level 12 - Level 11 3.67 \% 3
Level 13 - Level 12 3.83 \% 3
Level 14 - Level 13 4.00 \% 3
Level 15 - Level 14 4.17 \% 3

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
3 Normal operating mode or High speed operating mode

m Analog comparator circuit
Unless otherwise specified: Vbb =1.8t05.5V,Vss=0V, Ta=25°C

Iltem Symbol Condition Min. Typ. Max. Unit |Note
Analog comparator Vemip | Non-inverted input (CMPP) 0.7 Vob-07| V 1
operating voltage input range Vemim | Inverted input (CMPM) 0.7 Vob-07| V 1
Analog comparator offset voltage Vemor | Vemip=0.7V toVop - 0.7 V 20 mv 1
Vemim =0.7V toVop - 0.7V
Analog comparator stability time tempr 1 mS 2
Analog comparator response time tcmp2 |VemiP=0.7V toVop - 0.7V 2 mS 1
Vemim =0.7V toVop - 0.7V 3
Vemip=Vemim £ 0.025 V
Note) 1 When "no pull-up resistor" (for comparator input) is selected by mask option.
2 Stability timeis the 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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m A/D converter circuit
Unless otherwise specified: Vbb = AVbb = AVRer=5.0V, Vss= AVss=0V, fosc1 = 32.768 kHz, fosca= 4.0 MHz, Ta=25°C

Item Symbol Condition Min. Typ. Max. Unit |Note

Zero-scale error Ezs Vob=AVpb=AVReEF=24t055V, -15 +1.5 LSB
Full-scale error Efs ADCLK =1MHz, Ta=25°C -1.5 +15 LSB
Non-linearity error El -5 +5 LSB
Total error Et -5 +5 LSB
A/D converter 1AD Vbob=AVbD=AVREF=3.0V, 70 130 HA 1
current consumption ADCLK =1MHz, Ta=25°C

AVRer and ADCLK divider current

not included

Vbb=AVDD=AVREF=5.0V, 250 350 HA 1

ADCLK =1MHz, Ta=25°C
AVRer and ADCLK divider current

not included
A/D conversion clock f Vbop=AVDD=AVREF=241t055V, 1 MHz | 2

Ta=25°C
Vbb=AVDD=AVREF=2.0t024V, 32 kHz 2
Ta=25°C

[Zero-scale error: Ezs = deviation from theideal value at zero point

OFull-scale error: Efs = deviation from the ideal value at the full scale point

ONon-linearity error:  El = deviation of the real conversion curve from the end point line

OTotal error: Et = max (Ezs, Efs, Eabs), Eabs = deviation from the ideal line (including quantization error)

Note) 1 Average current during conversion
2 SeeTahle5.15.4.2in"5.15 A/D Converter" for setting the A/D conversion clock.
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8.5 Power Current Consumption

8 ELECTRICAL CHARACTERISTICS

Unless otherwise specified: Vbbp = Within the operating voltage in each operating mode, Vss=0V, Ta= 25°C,
OSC1 = 32.768 kHz crystal oscillation, Cc = 25pF, C1—C11 = 0.1 puF, No panel load

Item Symbol Condition Min. Typ. Max. Unit |Note
Power current Ipbr | In SLEEP status *1 0.3 15 HA
(Normal mode) Ipp2 | INHALT status *2 15 4 pA
Ipp3 | CPU isin operating (32.768 kHz) *3 9 15 MA
Ipp4 | CPU isin operating (4 MHz) *4 11 14 mA
Power current IpD1 In SLEEP status *1 0.2 1 HA
(Low power mode) Ipp2 | INHALT status *2 1 3 pA
Ipp3 | CPU isin operating (32.768 kHz) *3 5 7 HA
Power current Ipbr | In SLEEP status *1 0.6 3 HA
(High speed mode) Ipp2 [ INHALT status *2 2 6 MA
Ipp3 | CPU isin operating (32.768 kHz) *3 13 20 pA
Ipp4 | CPU isin operating (8 MHz) *4 37 4.8 mA
LCD drive circuit current ILcDN 3 5 pA
SVD circuit current IsvbN | VDD =3V 30 60 MA 1
Analog comparator circuit current lempr | CMPXDT ="1" 35 60 pA
lemp2 | CMPXDT ="0" 2 4 MA
*1 OSC1: Stop, OSC3: Stop, CPU, ROM, RAM: SLEEP status, Clock timer: Stop, Others: Stop status

*2 OSC1: Oscillating, OSC3: Stop,
*3 OSC1: Oxcillating, OSC3: Stop,

*4 OSC1: Oscillating, OSC3: Oscillating, CPU, ROM, RAM: Operatingin 1 MHz,
Note) 1 Thevalueinx V can befound by the following expression: Isvbn (VDD = x V) = (x x 60) - 150 (Max. value)

CPU, ROM, RAM: HALT status,

Clock timer: Operating, Others: Stop status
CPU, ROM, RAM: Operating in 32.768 kHz, Clock timer: Operating, Others: Stop status
Clock timer: Operating, Others: Stop status
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8 ELECTRICAL CHARACTERISTICS

8.6 AC Characteristics

m Operating range
Condition: Vb = Within the operating voltage in each operating mode, Vss=0V, Ta=-40to 85°C

Item Symbol Condition Min. Typ. Max. Unit |Note
Operating frequency (Normal mode) fosct |Vbp=24t055V 30.000 | 32.768 | 80.000 | kHz
foscs 0.03 4.2 MHz
Operating frequency (Low power mode)| fosc1 | Vbb=1.8t035V 30.000 | 32.768 | 80.000 | kHz
Operating frequency (High speed mode)| fosc1 | Vbbb =3.5t05.5V 30.000 | 32.768 | 80.000 | kHz
foscs 0.03 8.2 MHz
Instruction execution time tey 1-cycleinstruction 25 61 67 us
(during operation with OSC1 clock) 2-cycleinstruction 50 122 133 us
3-cycleinstruction 75 183 200 us
4-cycleinstruction 100 244 267 us
5-cycleinstruction 125 305 333 us
6-cycleinstruction 150 366 400 us
Instruction execution time tey 1-cycleinstruction 0.5 66.7 us
Normal mode 2-cycleinstruction 10 133.3 us
(during operation with OSC3 clock) 3-cycleinstruction 14 200.0 us
4-cycleinstruction 19 266.7 us
5-cycleinstruction 24 3333 us
6-cycleinstruction 29 400.0 us
Instruction execution time tey 1-cycleinstruction 0.2 66.7 us
High speed mode 2-cycleinstruction 0.5 133.3 us
(during operation with OSC3 clock) 3-cycleinstruction 0.7 200.0 us
4-cycleinstruction 1.0 266.7 us
5-cycleinstruction 12 3333 us
6-cycleinstruction 15 400.0 us
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m External memory access

* Read cycle (Normal operating mode)
Condition: Vbbb =2.4t055V,Vss=0V, Ta=25°C, ViH1=0.8VDD, ViL1=0.2VDD, VIH2=1.6 V, VIL2=0.6 V,

VoH =0.8VbD, VoL =0.2Vbp, CL = 100 pF (load capacitance)

8 ELECTRICAL CHARACTERISTICS

Iltem Symbol Min. Typ. Max. Unit |Note
Address set-up time in read cycle tras | tc+tl-100+netc/2 nS 1
Address hold timein read cycle trah th-80 nS
Read signal pulse width trp tc-20+netc/2 nS 1
Datainput set-up timein read cycle trds 300 nsS
Datainput hold timein read cycle trdh 0 nS

Note) 1 Substitute the number of statesfor wait insertionin n.

* Read cycle (High speed operating mode)
Condition: Vbb=3.5t05.5V, Vss=0V, Ta=25°C, ViH1=0.8VDD, ViL1=0.2VDD, VIH2=2.4V, VIL2=09 YV,

VoH = 0.8Vbp, VoL = 0.2Vbp, CL = 100 pF (load capacitance)

Item 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 tc-10+netc/2 nS 1
Datainput set-up timein read cycle trds 150 nS
Datainput hold timein read cycle trdh 0 nsS

Note) 1 Substitute the number of statesfor wait insertioninn.

* Read cycle (Low power operating mode)
Condition: Vbp =1.8t03.5V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, VIiL1=0.2VDD, VIH2=1.0V, VIL2=0.3 YV,

VoH =0.8Vpp, VoL =0.2Vbp, CL = 100 pF (load capacitance)

Item Symbol Min. Typ. Max. Unit [Note
Address set-up time in read cycle tras 15 us
Address hold time in 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: Vbbb =2.4t055V,Vss=0V, Ta=25°C, ViH1=0.8VDD, ViL1=0.2VDD, VIH2=1.6 V, VIL2=0.6 V,

VoH =0.8Vbp, VoL =0.2Vpp, CL = 100 pF (load capacitance)

Iltem Symbol Min. Typ. Max. Unit |Note
Address set-up time in write cycle twas tc-180 nS
Address hold time in write cycle twah th-80 nS
Write signal pulse width twp 11-40+netc/2 nS
Data output set-up time in write cycle twds | tc-180+netc/2 nS 1
Data output hold time in write cycle twdh th-80 th+80 nS

Note) 1 Substitute the number of statesfor wait insertionin n.

* Write cycle (High speed operating mode)

Condition: Vbb=3.5t05.5V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, VIiL1=0.2VDD, VIH2=24V,VIL2=09 V,
VoH =0.8Vpp, VoL =0.2Vbp, CL = 100 pF (load capacitance)

Item Symbol Min. Typ. Max. Unit [Note

Address set-up time in write cycle twas tc-90 nS

Address hold time in write cycle twah th-40 nS

Write signal pulse width twp t1-20+netc/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 statesfor wait insertioninn.
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e Write cycle (Low power operating mode)
Condition: Vbp =1.8t03.5V, Vss=0V, Ta=25°C, ViH1 =0.8VDD, VIiL1=0.2VDD, VIH2=1.0V, VIL2=0.3 V,

VoH =0.8Vpp, VoL =0.2VbDb, CL = 100 pF (load capacitance)

Item Symbol Min. Typ. Max. Unit |Note
Address set-up time in write cycle twas 10 us
Address hold time in write cycle twah 5 us
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*

A
\ 4

ViH2
ICLK \ V||_2‘

R TRl T

AO0-A18 ~Von *Xi

CE VoL
“ tras > gtraﬁ
B5R VoH
RD VoL—x—
h tp < >l »
v trds trdh
IH1
DIN Vi1 >_ %
AO00-A18 ~ Von *Xi
CE VoL —
D twas > <twah=
V=) VoH
WR VoL
« o two [l
v ~ twds | Ttwdh
IH1 2
DOUT VEBRsad O

* Inthe case of crystal oscillation and ceramic oscillation: th = 0.5tc + 0.05tc, tl = tc - th (1/tc: oscillation frequency)
* Inthe case of CR oscillation: th = 0.5tc + 0.10tc, tI = tc - th (I/tc: oscillation frequency)
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m Serial interface

e Clock synchronous master mode (Normal operating mode)

8 ELECTRICAL CHARACTERISTICS

Condition: Vbb=2.4t055V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDD

Item Symbol Min. Typ. Max. Unit [Note
Transmitting data output delay time tsmd 200 nS
Receiving data input set-up time tsms 500 nS
Receiving datainput hold time tsmh 200 nsS
* Clock synchronous master mode (High speed operating mode)
Condition: Vbb=3.5t05.5V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDD
Item Symbol Min. Typ. Max. Unit [Note
Transmitting data output delay time tsmd 100 nS
Receiving data input set-up time tsms 250 nsS
Receiving datainput hold time tsmh 100 nS
e Clock synchronous master mode (Low power operating mode)
Condition: Vbp =1.8t03.5V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, ViL1=0.2VDD, VoH = 0.8VDD, VoL = 0.2VDD
Item Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tsmd 5 us
Receiving datainput set-up time tsms 10 us
Receiving datainput hold time tsmh 5 us
e Clock synchronous slave mode (Normal operating mode)
Condition: Vbbb =2.4t055V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD, VoH = 0.8VDD, VoL = 0.2VDD
Item Symbol Min. Typ. Max. Unit [Note
Transmitting data output delay time tsd 500 nS
Receiving data input set-up time tsss 200 nS
Receiving datainput hold time tssh 200 nsS
* Clock synchronous slave mode (High speed operating mode)
Condition: Vbb =3.5t05.5V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, ViL1=0.2VDD, VoH = 0.8VDD, VoL = 0.2VDD
Iltem Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tssd 250 nsS
Receiving data input 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=25°C, ViH1 = 0.8VDD, ViL1=0.2VDD, VoH = 0.8VDD, VoL = 0.2VDD
Item Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tssd 10 us
Receiving datainput set-up time {sss 5 us
Receiving datainput hold time tssh 5 us
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e Asynchronous system (All operating mode)
Condition: Vbb=1.8t055V,Vss=0V, Ta=25°C

Iltem 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 timeisalogica delay time from inputting the start bit until internal sampling begins operating.
(Timeasfar asAC isexcluded.)
2 Erroneous start bit detection range time isalogical 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
SCLK OUT VoL ‘ \ /

VOH
SouT Vo X

‘tsm; tsmh
ViH1 -
SIN ViL1 X

o VIH1
SCLK IN ViLL ‘ —\I
e
tssd
VOH i
SOuUT VoL A ><
Ttsss | tssh -
VIH1 B
SIN ViL1 7><
Start bit Stop bit
SIN /<—>< ><
lsa1—»—«
Sampling
clock T - T ‘T
-4 t >
Erroneous
start bit
detection signal ™ ltsaz
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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

8 ELECTRICAL CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit |Note
OSC1 input clock time Cycletime toicy 20 32 us
"H" pulsewidth| toih 10 16 us
"L" pulsewidth | toul 10 16 us
OSC3 input clock time Cycletime toscy 250 32,000 nS
"H" pulsewidth| tosh 125 16,000 nsS
"L" pulsewidth | toal 125 16,000 nsS
Input clock rising time tosr 25 nS
Input clock falling time tostf 25 nsS
e OSC1, OSC3 external clock (High speed operating mode)
Condition: Vbp=3.5t055V,Vss=0V, Ta=-40t085°C, ViH2=24V, ViL2=09V
Item 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 125 32,000 nsS
"H" pulsewidth| tosh 625 16,000 nS
"L" pulsewidth | tosl 62.5 16,000 nS
Input clock rising time tosr 25 nS
Input clock falling time tostf 25 S
* OSC1, OSC3 external clock (Low power operating mode)
Condition: Vop=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 | toul 10 16 us
Input clock rising time tosr 25 nsS
Input clock falling time tosf 25 S
< toicy »
tosf—» 1« »le—tosr
osct VW I
ViL2 = - |
~ toul ~ toth
< to3cy »
tosf—» |« »ta—tosr
0sCc3 VIH2 /
ViL2 = =P |
~ toal ' tosh
S1C88349 TECHNICAL MANUAL EPSON 161



8 ELECTRICAL CHARACTERISTICS

e SCLK, EVIN input clock (Normal operating mode)
Condition: Vbbb =2.4t05.5V, Vss=0V, Ta=25°C, ViH1 =0.8VDD, ViL1 = 0.2VDD

Item System Min. Typ. Max. Unit |Note
SCLK input clock time Cycletime tscey 4 us
"H" pulsewidth| tsch 2 us
"L" pulsewidth | tscl 2 us
EVIN input clock time Cycletime tevey 64 / fosc1 S
(With noise rejector) "H" pulsewidth| tevh 32/ fosc1 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 nS
Input clock falling time tckf 25 S

e SCLK, EVIN input clock (High speed operating mode)
Condition: Vbb =3.5t05.5V, Vss=0V, Ta=25°C, ViH1 = 0.8VDD, ViL1 = 0.2VDD

Item System Min. Typ. Max. Unit |Note
SCLK input clock time Cycletime tscey 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 fevh 32/ fosci S
"L" pulsewidth | tevl 32/fosc1 S
EVIN input clock time Cycletime tevey 2 us
(Without noise rejector) "H" pulsewidth| tevh 1 us
"L" pulsewidth | tevl 1 us
Input clock rising time tekr 25 nsS
Input clock falling time tekf 25 nS

e SCLK, EVIN input clock (Low power operating mode)
Condition: Vbp =1.8t03.5V, Vss=0V, Ta=25°C, ViH1 =0.8VDD, ViL1 = 0.2VDD

Item System Min. Typ. Max. Unit |Note
SCLK input clock time Cycletime tscey 100 us
"H" pulsewidth| tsch 50 us
"L" pulsewidth | tscl 50 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 100 us
(Without noise rejector) "H" pulsewidth| tevh 50 us
"L" pulsewidth | tevl 50 us
Input clock rising time tekr 25 nsS
Input clock falling time tekf 25 nS
< tscey »
tekf 1 > le—tckr
SCLK § N R /
© tsel ' tsch
< tevey »
tekf 1 > le—tckr
EVIN § N R /
T tev | tevh
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8 ELECTRICAL CHARACTERISTICS

e RESET input clock (All operating mode)
Condition: Vbp =1.8t05.5V, Vss=0V, Ta=25°C, ViH =0.5VpD, ViL =0.1VDD

Item Symbol Min. Typ. Max. Unit |Note
RESET input time tsr 100 us
_ tsr =
BEQET — VIH
RESET ViL

m Power ON reset
Condition: Vbb=1.8t055V,Vss=0V, Ta=25°C

Iltem Symbol Min. Typ. Max. Unit |Note
Operating power voltage Vsr 24 \%
RESET input time tpsr 10 mS

Vsr
VDD /

> tpsr
RESET 0.5VoD
0.1VoD
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: Vbp =1.8t05.5V,Vss=0V, Ta= 25°C

Item Symbol Min. Typ. Max. Unit [Note
Stabilization time tvdc 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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8 ELECTRICAL CHARACTERISTICS

8.7 Oscillation 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: Vbbp = Within the operating voltage in each operating mode, Vss=0V, Ta= 25°C,
Crystal oscillator = Q12C2*, Cc1 = 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 Cat In case of the chip 17 pF
Built-in drain capacitance Cp1 In case of the chip 10 pF
Frequency/IC deviation of/oIC | Vo = constant -10 10 ppm
Frequency/power voltage deviation |of/oV 1 ppm/V
Frequency adjustment range of/oCc | VoD = constant, Cc = 5 to 25pF 25 ppm

*  Q12C2 Madeby Seiko Epson corporation
Note) 1 When crysta 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: Vob =2.4t05.5V,Vss=0V, Ta=25°C
Item Symbol Condition Min. Typ. Max. Unit [Note
Oscillation start time tsta 100 us
Frequency/IC deviation 0f/01C | Rcr = constant -25 25 %

m OSC3 (Crystal)
Unless otherwise specified: Vbp = 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 (Norma mode) tsta 4.0 MHz crystal oscillator 10 mS 1
Oscillation start time (High speed mode)| tsta 8.0 MHz crystal oscillator 10 mS 1

*  Q21CA301xxx Made by Seiko Epson corporation
Note) 1 Thecrystal oscillation start time changes by the crystal oscillator to be used, Cc2 and Cpa.

m OSC3 (Ceramic)
Unless otherwise specified: Vbbp = Within the operating voltage in each operating mode, Vss=0V, Ta= 25°C,
Ceramic oscillator = CSA4.00MG / CSA8.00MTZ*, RF = IMQ, Cc2 = Cp2 = 30pF

Iltem Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time (Norma mode) tsta 4.0 MHz ceramic oscillator 1 mS 1
Oscillation start time (High speed mode)| tsta 8.0 MHz ceramic oscillator 1 mS 1

* CSA4.00MG/CSA8.00MTZ Madeby Murata Mfg. corporation
Note) 1 The ceramic oscillation start time changes by the ceramic oscillator to be used, Cc2 and Cp2.

m OSC3 (CR)
Unless otherwise specified: Vbbp = Within the operating voltage in each operating mode, Vss=0V, Ta=25°C
Item Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time (Normal mode) tsta 100 us
Oscillation start time (High speed mode) | tsta 100 us
Frequency/IC deviation (Norma mode) | f/dIC | Rcr = constant -25 25 %
Frequency/IC deviation (High speed mode) | 0f/0IC | RCr = constant -25 25 %
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8 ELECTRICAL CHARACTERISTICS

8.8 Characteristics Curves (reference value)

m High level output current-voltage characteristic
Ta = 85°C Max. value

VDD - VOH [V]
1.0 0.8 0.6 0.4 0.2 0 0
-2
VDD = 1.8V —///
4
/ <
VDD = 2.4 V E,
5
-6 —
VDD = 3.5V / 8
-10
m Low level output current-voltage characteristic
Ta = 85°C Min. value
14
12
10
Vbbb =35V
< 8
E
-
o 6 VDD =24V
4 /_/— Vbbb =18V
/ - .
, —
0
0 0.2 0.4 0.6 0.8 1.0

VoL [V]

S1C88349 TECHNICAL MANUAL EPSON 165



8 ELECTRICAL CHARACTERISTICS

m LCD drive voltage-ambient temperature characteristic

Ves [V]

1.12Vcs

1.09Vcs

1.06Vcs

1.03Vcs

Vcs

0.97Vcs

0.94Vcs

0.91Vcs

0.88Vcs
-50

Typ. value

0 25 50

Ta [°C]

m LCDdrive voltage-supply voltage characteristic

7.0
6.5
6.0
55
5.0
4.5

Vcs [V]

4.0
3.5
3.0
25
2.0
1

75 100

Ta = 25°C Typ. value

TYPE B (LCX = FH)

TYPE A (LCX = FH)

TYPE B (LCX = OH)

\\

TYPE A (LCX = OH)

N

.0

15 20

2.5

30 35 40 45
VDD [V]

5.0

5.5
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m LCD drive voltage-load characteristic

8

ELECTRICAL CHARACTERISTICS

Ta = 25°C Typ. value

6.0

5.8

5.6

54

........................ TYPE B (LCX = 8H)

5.2
5.0

Vcs [V]

4.8

4.6

4.4
4.2

————— TYPE A (LCX = 8H)

4.0
0

2 4

-Ives [pA]

m SVD voltage-ambient temperature characteristic

1.08VsvD

10

Typ. value

1.06VsvD

1.04VsvD

1.02VsvD

VsvD

VsvD [V]

0.98VsvD

0.96VsvD

0.94VsvD

0.92VsvD

0.90VsvD
-50

-25

25
Ta[°C]

50

75 100
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8 ELECTRICAL CHARACTERISTICS

m Power current (During operation with OSC3) <Crystal/ceramic oscillation>

IvDD4 [MA]

5.0
4.5
4.0
3.5
3.0
25
2.0
15
1.0
0.5

0

Ta=25°C

High-speed mode (Max.) _.r

.
.
.
.

. High-speed mode (Typ.) -

—
L.
- \ |
.4

P Normal mode (Max.)
Normal mode (Typ.)

0

2 3 4 5 6 7 8
foscs [MHZz]

m Power current (During operation with OSC3) <CR oscillation>

Ta=25°C
4.0
35
3.0 <
_ 25 e
e T
< 20 “r1-. High-speed mode (Max.) | | |
[a)]
g . ~—
: I T High-speed mode (Typ.)
1.0 Ll S
05 \\\\-. "1t~ Normal mode (Max.)
: T Normal mode (Typ.)
, 11
10 100 1000
RcRr [kQ]
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8 ELECTRICAL CHARACTERISTICS

m Power current-ambient temperature characteristic (In HALT status)

Typ. value
5.0

4.5
4.0

3.5

3.0 7/
25 1/
2.0 , A4

High-speed mode | __ _.—

1.5 1
Normal mode _— ..
1.0 } ...................

Low-power mode

IbD2 [UA]

0.5

0
-50 -25 0 25 50 75 100

Ta[°C]

m Power current-ambient temperature characteristic (CPU is under 32.768 kHz operation)
Typ. value

16 ‘

14 High-speed mode _ —

12

10

Normal mode —

IDD3 [MA]

Low-power mode | ...

-50 -25 0 25 50 75 100
Ta[°C]
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8 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 OSC1 oscillation frequency-resistor characteristic

Ta = 25°C Typ. value

100
50
AN
N
I
=3
3
kel
20
10
200 500 1,000 2,000 5,000
RcRr1 [kQ]
e OSC1 CR oscillation frequenc-ambient temperature characteristic
Rcr1 =1 MQ
100
e
N
I
=
—
?
8
20
10

-50 -40 -30 -20

-10 O 10

20 30 40 50 60 70 8 90 100

Ta[°C]

170
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8 ELECTRICAL CHARACTERISTICS

e OSC3 oscillation frequency-resistor characteristic
Ta = 25°C Typ. value

10,000
T~ TT N
- SSREREE
N N
g 1,000 LT
3 P High-speed mode ==
Normal mode SE
100
10 20 50 100 200

RcRr3 [kQ]

e OSC3 CR oscillation frequenc-ambient temperature characteristic
RcRr3 = 20 kQ (normal mode), 6.8 kQ (high-speed mode mode)

10,000

5,000
w .
z High-speed mode
. e E
Q
%]
]

2,000

Normal 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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9 PACKAGE

9 PACKAGE

9.1 Plastic Package

QFP18-176pin

(Unit: mm)
260.4
24%0.1
132 89
1000000 0000000000000000000000000000000000IT
1335 —/ 88
= = ol <
= = 9|9
= = < ©
= = S
E INDEX =
1765 = 45
L
1 oy 44
< 0.5 0.2-0.05
S
~
(V]
gI é 0.15%0.05
™ % % 0°
1 10°
e 0.5%02
T
1
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QFP21-176pin

9 PACKAGE

(Unit: mm)
26204
24#0.1
132 89
(R RRaraT AR Rrararara
1335 = 88
% % — <
= = S| o
= = % o
i = N«
E INDEX =
176 = =45
A R
1 o1 44
0.5 0.2-0:05
g
5 o 0.125%0.85
IE i JFIEIDDDDDDDDDDDDD\HHHHHHHHHHHH\DDDDDDDDDDDD\HHHHH - 0°
o 10°
© 0.5%0.2
1
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9 PACKAGE

9.2 Ceramic Package for Test Samples

PGA-181pin
39.5%03 (Unit: mm)
[135 139 140 141 142 143 144 173 174 175 176 177 178 179 180
o All© OO ©O©O©O©O©O©EO©OEOEOO| «
134 128 145 146 147 148 149 166 167 168 169 170 171 172 1 o
/ IONONONONONONONONONONONONONONON B!
M 133 127 122 150 151 152 153 160 161 162 163 164 165 8 2 CV)
(A IONONONONONONONONONONONONONONON I
132 126 121 117 136 137 138 154 155 156 157 159 14 9 3 S
B HONONONONONONONONONONONONONONO)
131 125 120 116 158 19 15 10 4
E[|l© © © © © [ONONORONO]
B EE Miss insertion /2 & & 3f1
129 123 118 114 rotect pin 21 17 1276
o Gleb© e PP oRogoRo)
. +l 97 103 108 112 113 23 22 18 13 7
TOP View 0 HI|©@ @ © @ © ORONONONO!
3 1|8 EE® Bottom Vi 5838
™ 95 101 106 110 o Om IeW 25 29 34 40
KI© © © © [ORONONO]
94 100 105 109 68 26 30 35 41
LII® ©@ © © © [ONONONO]
93 99 104 69 67 66 65 64 48 47 46 27 31 36 42
I HONONONONONONONONONONONONONONO)
92 98 75 74 73 72 71 70 63 62 61 60 32 37 43
NMIICEORORONONONONONONONONONONONO!
91 82 81 80 79 78 77 76 59 58 57 56 55 38 44
HHONONONONONONONORONONONONONONO)
90 89 88 87 86 85 84 83 54 53 52 51 50 49 45
(O HCHONONONONONONONONONONONONONO)
1514131211109 8 7 6 5 4 3 2 1
l : ‘ |
AARRRRRR RN
—
2.54 (0.46+0.04
Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 N.C. 37 SEG37 73 CD 109 P14/CMPPO/AD4 145 RZZLRB
2 SEG2 38 SEG38 74 CcC 110 P13/SRDY 146 R23/@
3 SEG3 39 SEG39 75 CB 111 P12/SCLK 147 R24/WR
4 SEG4 40 SEG40 76 CA 112 P11/SOUT 148 R25/CL
5 SEG5 41 SEG41 77 Vcs 113 P10/SIN 149 R26/FR
6 SEG6 42 SEG42 78 Vca 114 AVDD 150 R27/T@T
7 SEG7 43 SEG43 79 Vcs 115 AVss 151 R30/C£)
8 SEG8 4 SEG44 80 vez 116 AVRer 152 R31/CE1
9 SEG9 45 SEG45 81 Vci 117 VbD 153 R32/C£2
10 SEG10 46 N.C. 82 OSC3 118 PO7/D7 154 R33/CE3
11 SEG11 47 N.C. 83 OSC4 119 P06/D6 155 R34/FOUT
12 SEG12 48 N.C. 84 Vb1 120 PO5/D5 156 R35
13 SEG13 49 N.C. 85 VbD 121 P04/D4 157 R36
14 SEG14 50 SEG46 86 Vss 122 P0O3/D3 158 R37
15 SEG15 51 SEG47 87 Vosc 123 P02/D2 159 Vss
16 SEG16 52 SEG48 88 N.C. 124 POV/D1 160 R50/BZ
17 SEG17 53 SEG49 89 N.C. 125 POO/DO 161 R51/BACK
18 SEG18 54 SEG50 90 N.C. 126 ROO/AQ 162 COMO
19 SEG19 55 COM31/SEG51 91 OSC1 127 ROVA1 163 CcoM1
20 SEG20 56 COM30/SEG52 92 OSsC2 128 RO2/A2 164 COM2
21 SEG21 57 COM29/SEG53 93 TEST 129 RO3/A3 165 COM3
22 SEG22 58 COM28/SEG54 94 RESET 130 RO4/A4 166 COM4
23 SEG23 59 COM_27/SEG55 95 MCU/MPU 131 RO5/A5 167 COM5
24 SEG24 60 COM 26/SEG56 96 K11/BREQ 132 RO6/A6 168 COM6
25 SEG25 61 COM25/SEG57 97 K10/EVIN 133 RO7/A7 169 COM7
26 SEG26 62 COM24/SEG58 98 K07 134 R10/A8 170 COM8
27 SEG27 63 COM23/SEG59 99 K06 135 N.C. 171 COM9
28 SEG28 64 COM22/SEG60 100 K05 136 R11/A9 172 COM10
29 SEG29 65 COM21/SEG61 101 K04 137 R12/A10 173 COM11
30 SEG30 66 COM20/SEG62 102 K03 138 R13/A11 174 COM12
31 SEG31 67 COM19/SEG63 103 K02 139 R14/A12 175 COM13
32 SEG32 68 COM18/SEG64 104 K01 140 R15/A13 176 COM14
33 SEG33 69 COM17/SEG65 105 K00 141 R16/A14 177 COM15
34 SEG34 70 COM 16/SEG66 106 P17/CMPMVAD7 142 R17/A15 178 SEGO
35 SEG35 71 VREF 107 P16/CMPP1/AD6 143 R20/A16 179 SEG1
36 SEG36 72 CE 108 P15/CMPMO/AD5S 144 R21/A17 180 N.C.
N.C.: No Connection
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10 PAD LAYOUT

10 PAD LAYOUT

10.1 Diagram of Pad Layout

045 DO00000000O000000000000000000000000000000000 4
- 40 35 30 25 20 15 10 5 1
H
O 170 E
050 O
L 0
U O
H 1650
O
055 H
H H
O
H 1600
0160 H
U O
O Y 0O
= 1550
165 m £
O O S
: § Bl |2
| (0,0) 150 H o)
070 O
0 0
0 O
0 1450
d7s O
O O
O O
H 1408
0180 O
O O
O 0
H O
085 1354
H O
90 95 100 105 110 115 120 125 130
0 OooooooooOO0ooo0000000000000000000000000000 O ,
N 5.73 mm g

Chip thickness: 400 um
Pad opening: 100 um
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10 PAD LAYOUT

10.2 Pad Coordinates

Table 10.2.1 Pad coordinates (Unit: pm)
Pad Coordinates Pad Coordinates Pad Coordinates
No. Name X Y No. Name X Y No. Name X Y
1 |0sc1 2,600 2,626 58 | R26/FRITOUT -2,731 996 115 | SEG28 618 -2,626
2 |0sc2 2,469 2,626 59 | R27/TOUT -2,731 881 116 | SEG29 734 -2,626
3 |TEST 2,354 2,626 60 | R30/CEO -2,731 765 117 | SEG30 849 -2,626
4 | RESET 2,238 2,626 61 |R3VCE1L -2,731 650 118 | SEG31 965 -2,626
5 | MCU/MPU 2,114 2,626 62 | R32/ICE2 -2,731 534 119 | SEG32 1,080 -2,626
6 |K1UBREQ 1,998 2,626 63 | R33/CE3 -2,731 419 120 | SEG33 1,196 -2,626
7 | K10/EVIN 1,883 2,626 64 | R34/FOUT -2,731 303 121 | SEG34 1,311 -2,626
8 |KO7 1,767 2,626 65 |R35 -2,731 188 122 | SEG35 1,427 -2,626
9 |KO06 1,652 2,626 66 | R36 -2,731 72 123 | SEG36 1,542 -2,626
10 | KO5 1,536 2,626 67 |R37 -2,731 -43 124 | SEG37 1,658 -2,626
11 | K04 1421 2,626 68 |Vss -2,731 -159 125 | SEG38 1,773 -2,626
12 | KO3 1,305 2,626 69 | R50/BZ -2,731 -274 126 | SEG39 1,889 -2,626
13 | K02 1,190 2,626 70 | R51/BACK/BZ -2,731 -390 127 | SEG40 2,012 -2,626
14 | K01 1,074 2,626 71 | COMO -2,731 -517 128 | SEG41 2,128 -2,626
15 | KOO 959 2,626 72 | COM1 -2,731 -633 129 | SEG42 2,243 -2,626
16 | P17/CMPM1/AD7 841 2,626 73 | COM2 -2,731 -748 130 | SEG43 2,359 -2,626
17 | P16/CMPPL/AD6 726 2,626 74 | COM3 -2,731 -864 131 | SEG44 2,474 -2,626
18 | PI5/CMPMO/AD5 610 2,626 75 |COM4 -2,731 -979 132 | SEG45 2,685 -2,626
19 | P14/CMPPO/AD4 495 2,626 76 | COM5 -2,731 -1,095 133 | SEG46 2,731 -2,277
20 | P13/SRDY 379 2,626 77 | COM6 -2,731 -1,210 134 | SEG47 2,731 -2,162
21 | P12/SCLK 264 | 2,626 78 |com7 2,731 | -1,326 | 135 |SEG48 2,731 | -2,046
22 | P11/SOUT 148 2,626 79 |COM8 -2,731 -1,441 136 | SEG49 2,731 -1,931
23 | P10/SIN 33 2,626 80 |COM9 -2,731 -1,557 137 | SEG50 2,731 -1,815
24 | AVbD -83 2,626 81 |COM10 -2,731 -1,672 138 | COM31/SEG51 2,731 -1,688
25 |AVss -198 2,626 82 |COM11 -2,731 -1,788 139 | COM30/SEG52 2,731 -1,572
26 | AVREF -314 2,626 83 |COM12 -2,731 -1,903 140 | COM29/SEG53 2,731 -1,457
27 | VbD -429 2,626 84 | COM13 -2,731 -2,019 141 | COM28/SEG54 2,731 -1,341
28 | PO7/D7 -545 2,626 85 |COM14 -2,731 -2,134 142 | COM27/SEG55 2,731 -1,226
29 | PO6/D6 -661 2,626 86 | COM15 -2,731 -2,250 143 | COM26/SEG56 2,731 -1,110
30 | PO5/D5 -776 2,626 87 | SEGO -2,731 -2,367 144 | COM25/SEG57 2,731 -995
31 | PO4/D4 -892 2,626 88 | SEG1 -2,731 -2,580 145 | COM24/SEG58 2,731 -879
32 | PO3/D3 -1,007 2,626 89 | SEG2 -2,385 -2,626 146 | COM23/SEG59 2,731 -764
33 | P02/D2 -1,123 2,626 90 |SEG3 -2,269 -2,626 147 | COM22/SEG60 2,731 -648
34 | POYD1 -1,238 2,626 91 | SEG4 -2,154 -2,626 148 | COM21/SEG61 2,731 -533
35 | POO/DO -1,354 2,626 92 | SEG5 -2,038 -2,626 149 | COM20/SEG62 2,731 -417
36 | ROO/AO -1,471 2,626 93 | SEG6 -1,923 -2,626 150 | COM19/SEG63 2,731 -302
37 |ROVA1L -1,586 2,626 94 | SEG7 -1,807 -2,626 151 | COM18/SEG64 2,731 -186
38 | RO2/A2 -1,702 2,626 95 | SEG8 -1,692 -2,626 152 | COM17/SEG65 2,731 -71
39 | RO3/A3 -1,817 2,626 96 | SEG9 -1,576 -2,626 153 | COM16/SEG66 2,731 45
40 | RO4/A4 -1,933 2,626 97 | SEG10 -1,461 -2,626 154 | VRer 2,731 246
41 | RO5/A5 -2,048 2,626 98 | SEG11 -1,345 -2,626 155 | CE 2,731 361
42 | RO6/A6 -2,164 2,626 99 | SEG12 -1,230 -2,626 156 |CD 2,731 477
43 | RO7IA7 -2,279 2,626 100 | SEG13 -1,114 -2,626 157 |CC 2,731 592
44 | R10/A8 -2,395 2,626 101 | SEG14 -999 -2,626 158 |CB 2,731 708
45 | R1VA9 -2,731 2,580 102 | SEG15 -883 -2,626 159 |CA 2,731 823
46 | R12/A10 -2,731 2,382 103 | SEG16 -768 -2,626 160 |Vcs 2,731 939
47 | R13/A11 -2,731 2,267 104 | SEG17 -652 -2,626 161 |Vca 2,731 1,054
48 | R14/A12 -2,731 2,151 105 | SEG18 -537 -2,626 162 |Vcs 2,731 1,170
49 | R15/A13 -2,731 2,036 106 | SEG19 -421 -2,626 163 |Vc2 2,731 1,285
50 |R16/A14 -2,731 1,920 107 | SEG20 -306 -2,626 164 |Vca 2,731 1,401
51 |R17/A15 -2,731 1,805 108 | SEG21 -190 -2,626 165 | OSC3 2,731 1,516
52 | R20/A16 -2,731 1,689 109 | SEG22 -75 -2,626 166 | OSC4 2,731 1,632
53 | R2VA17 -2,731 1,574 110 | SEG23 41 -2,626 167 | Vb1 2,731 1,747
54 | R22/A18 -2,731 1,458 111 | SEG24 156 -2,626 168 | Vobbp 2,731 1,863
55 | R23/RD -2,731 1,343 112 | SEG25 272 -2,626 169 |Vss 2,731 1,979
56 | R24/WR -2,731 1,227 113 | SEG26 387 -2,626 170 |Vosc 2,731 2,212
57 | R25/CL -2,731 1,112 114 | SEG27 503 -2,626 - |- - -
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