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NEe 
NEC's consumer ICs Include a variety of devices which are built Into the electronic equipment found nowadays in most 
homes. They are used to control audio and video systems, transmit and display information, store data, drive clocks and for 
many other functions. 
Infrared remote controllers for home entertainment like VCR, 1V and audio equipment are extremly popular. Their use Is 
spreading to household appliances and new application fields like car locks, security systems, burglar alarms and air­
conditioning systems. 

The NEC consumer data book is divided into the following sections: 

1. General Information. This section gives a general overview of NEC's consumer devices and the structure of the data 
book. 

2. I1PD17K-Family. In this section you will find all devices of our I1PD17K-Family separated into 5 main groups: 
- the I1PD170xx series (digital tuning systems) 
- the I1PD171 xx series (consumer specific microcomputers) 
- the I1PD172xx series (remote controllers) 
- the I1PD173xx series (home automation controllers) 
- thel1PD174xx series (special consumer applications) 

3. Instruction Manual of theI1PD17K-Family. This section provides you with information about the architecture and the 
Instruction set of this device family. 
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N"EC 
17K-Family 

• One machine-cycle Instruction execution 
• General Register Machine not just Accu based CPU 
• 16 bit instruction length 

170xx 171xx 172xx II 
• Digital tuning systems • White goods controllers • Remote controller 
• Serial Interface • Low pcwer consumption • Low voltage operation 
• ND -DI A-converters • General purpose • Carrier frequency generation 
• IF-counter • Serial Interface • Low voltage detection circuit 
• LCD-driver • AID-converter • Constant LCD voltage circuit 
• Image display controller • Timer • Leaming remote controller 
• PLL • Low voltage operation • Built-in preamplifier 

• Large static RAM 

170xx - Overview 

DTS (TUNERS) LCD-lVNCR PortablelV; 
Voltage symtheslzer 

17001 17003A I 17005 I 17010 17006 17002 17008 17051 I 17052 17053 

ROM (words) 3836 3836 I 7932 12288 3968 16256 8192 12288 
RAM (words) 224 320 I 432 896 336 672 448 672 

Stack levels 7 I 9 7 6 7 6 7 

Minimum Instruction 4.4411S14.5MHz 1.7811S1 211Sf8MHz execution time 4.5MHz 
ADCs 6 x6 bit 6x 8 bit 6x4 bit I 8x 4 bit 

DACs(PWM) 3x 8 bit 3x9 bit 4 x 6 bit 9 x 8 bit 
6 x 6 bit 3x 6 bit I 4x6bit 

Amplifiers 1 I - -
Int.lext. interrupts 311 312 I 412 -11 

1 channel 

Serial interface 3 wires 2 channels 3 wires 1 channel 3 wires 
1 channel 1 channels 2 wires 1 channel 2 wires 

2 wires 
VO-Ports 12 16 48 15 I 16 I 15 I 20 
Input-Ports 8 4 

Output-Ports 12 9 11 8 I 25 I 12 I 20 

LCD Driver - 30 segments 1 2 common - -
IDC I charact. on screen 99 I 200 I 97 I 99 I 199 

, I different types 120 I 248 I 128 I 128 256 
Counter 16 bit IF counter Vsync-; Hsync- counter 

PLlIvoltage 150 MHz 250 MHZI 150 MHz 15MHzPLL 14 bit DlA (PWM) 
synthesizer PLL PLL PLL (ext. preocaJer required) Voltage synthesizer 

Pins Package 480FP 800FP 48 64 48 I 64SDIP 
SDIPIOFP SDIP SDIP 

OTP 17P001 17P005 I 17P010 17P006 NoOTP 17P008 No OTP version 
version 
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1ttlEC 
171xx - OveNiew 

17102 17106 17103 (L)* 17104 (L)' 17107(L)' 17108 (L)' 17134A I 17136A 17135A I 17137A 

ROM (words) 2048 4096 512 1024 I 2048 1024 I 2048 

RAM (words) 222 178 16 112 

Stack levels 3 7 1 5 

Minimum 
STD: Voo 4.5 - 6V STD: Voo 4.5 - 6 V 

2j1S/8MHz 8j1S/1 MHz 
Instruction 2 JIS/8 MHz 8j1S/1MHz 2 JIS/ 8MHz 
execution time L: Voo 1.8 - 3.6 V L: Voo 1.5 - 3.6 V 

8j1S12 MHz 40 JIS 1200kHz 

ADCs 6 bits - 1 x 8 btt / 4 channel 
4 channels 

DACs(pWM) lx6btt -
l1mers 8 bit - 8 bit / 2 channels + watchdog 

2 channels 

Zero-Cross 1 - 1 
Detectors 

InUext. 
213 211 411 Interrupts -

Serlsllnterfaoe 1 channel 2 channels - 1 channel 3 wires 3wlres 2 and 3 wi,.. 

LCD-Driver 48 176 -segments segments 

VO-Porta 16 5 11 16 11 16 21 

Input-Porta 8 4 -
OUtput-Porta 14 -
Amplifiers 2 -
Clock Ceramic resonator RC oscillator Ceramic 
Generator resonator 

Pins Package 52 64 16 DIP 22SDIP 16 DIP 22 SDIP 28SDIP 
QFP QFP 16 SOP 24QFP 16 SOP 24.SOP 28 SOP 

OTP NoOTP 17P106 17P103 17P104 17P107 17Pl08 17Pl36A 17P137A 
version 

, L: Low voltage version 
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172xx - Overview 

17201 A I 17207 17202A 17203A 17204 

ROM (words) 3072 I 4096 2048 4096 7936 

RAM (words) 336 112 336 336 
+ 4096 SRAM +2048SRAM 

Stack levels 5 7 

Instr.exec. time 41l&'4MHz 

ADCs 4x8bit -
Tim81'S 8 bit + watchdog 8 bltl1 0 bitl16 bit + watchdog 

Ext. Interrupt 1 

Serial Interface 1 - 1 

I/O-Ports 19 16 28 

LCD-Drivers 34 segments + 4 common 24 segments -+4common 

Pins Package 80QFP 64QFP 52QFP 

OTP 17P207 17P202A 17P203A 17P204 

Common features: 
• Low voltage operation (2.0V) • Low voltage detection circuit 
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NEe IlPD17001 

BUILT-IN PRESCALER 

I'PD17001 is a 4 bits CMOS microcomputer for Digital Tuning System implemented prescaler (operational fre· 

quency up to 150 MHz), PLL frequency synthesizer and IF counter on chip. 

CPU applies J,LPD17000 architecture which operates data memory directly without accumulater, and it realizes 

effective programming. 

All instructions consist of 16 bits one word. 

As PLL frequency synthesizer can apply pulse swallow method, high performance tuner is easily constructed 

by selecting high reference frequency like 50 kHz or 100 kHz. 

In addition, station detect is realized by counting intermediate frequency of tuner using built-in 16 bits IF 

counter. 

As system development support tools of I'PD17001, IE·17K (In Circuit Emulator) and AS17K (assembler) are 

prepared. 

FEATURES 
• 4 bits microcomputer for Digital Tuning System 

• program memory (ROM) 

: 8 K bytes (16 bits x 3836 steps) 

• data memory (RAM) 

224 words (4 bits x 224 words) 

• stack level: 7 

• 35 types of simple instruction 

• decimal operation 

• instruction execution time: 4.44 ps 

(with 4.5 MHz crystal oscillator) 

• built·in PLL frequency synthesizer and 150 MHz 

prescaler 

• 12 types of reference frequencies can be selected 

by software. 

1,1.25,2.5,3,5,6.25, g, 10, 12.5,25,50,100 kHz 

• built·in amplifier for LPF (Low pass filter) 

Notes on Serial interface: 

• built·in IF counter (AMIFC, FMIFC) 

• built-in 8 bits serial interface 

1 system 2 channels: 3 wire or 2 wire system 

• built·in D/A converter: 8 bits x 3 (PWM output) 

• built·in AID converter: 6 bits x 6 

• built-in discharge detection circuit and power on 

reset circuit 

• interrupt 

external interrupt: 2 channels 

internal interrupt: 3 channels 

• various I/O ports 

input/output ports: 12 lines 

input ports 8 lines 

output ports 12 lines 

• built·in CGP (Clock Generator Port) 

• single power supply (5 V±10 %) 

• CMOS low power consumption 

• 48'pin plastic QFP 

The 2-wire mode corresponds to the 12C-Bus specification from Philips. 

In case of using this interface mode note the following: 

Duties when using 12C bus system 

Purchase of NEC's 12C bus system hardware components conveys a license under the Philips 12C patents rights 

to use this components in an 12C system, provided that the system conforms the 12C standard specifications as 

defined by Philips. 

Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 

use of the 12C bus interface at the ROM code verification stage. 
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J.tPD17001 NEe 
PIN CONFIGURATION (Top View) 
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NEe 
BLOCK DIAGRAM 
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NEe llPD17P001 

BUILT-IN EPROM, PRESCALER 

IlPD17POOl is a 4 bits CMOS microcomputer for Digital Tuning System implemented EPROM, prescaler (oper­

ational frequency up to 150 MHz), PLL frequency synthesizer and IF counter on chip. 

CPU applies J.,LPD17000 architecture which operates data memory directly without accumulater, and it realizes 

effective programming. 

All instructions consist of 16 bits one word. 

As PLL frequency synthesizer can apply pulse swallow method, high performance tuner is easily constructed 

by selecting high reference frequency like 50 kHz or 100 kHz. 

In addition, station detect is realized by counting intermediate frequency of tuner using built-in 16 bits IF 

counter. 

IlPD17POOl is the most suitable for evaluating the program of IlPD17001 or for producing a few products be­

cause IlPD17POOl is built-in EPROM. 

As system development support tools of IlPD 17P001, IE-17K (In Circuit Emulator) and AS17K (assembler) 

are prepared. 

FEATURES 
• 4 bits microcomputer for Digital Tuning System 

• program memory (EPROM) 

: 8 K bytes (16 bits x 3836 steps) 

• data memory (RAM) 

: 224 words (4 bits x 224 words) 

• stack level: 7 

• 35 types of simple instruction sets 

• decimal operation 

• instruction execution time: 4.44 ps 

(with 4.5 MHz crystal oscillator) 

• built-in PLL frequency synthesizer and 150 MHz 

prescaler 

• 12 types of reference frequencies can be selected 

by software. 

1,1.25,2_5,3,5,6.25,9,10,12.5,25,50,100 kHz 

• built-in amplifier for LPF (Low pass filter) 

• built-in IF counter (AMIFC, FMIFC) 

• built-in 8 bits serial interface 

1 system 2 channels: 3 wire or 2 wire system 

2-11 

• built-in D/A converter: 8 bits x 3 (PWM output) 

• built-in AID converter: 6 bits x 6 

• built-in discharge detection circuit and power on 

reset circuit 

• interrupt 

external interrupt: 2 channels 

internal interrupt: 3 channels 

• various I/O ports 

input/output ports: 121ines 

input ports 8 lines 

output ports 12 lines 

• built-in CGP (Clock Generator Port) 

• single power supply (5 V±10 %) 

• CMOS low power consumption 

., Product of mask ROM version: IlPD17001 

• 48-pin plastic QFP 
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JlPD17POO1 NEe 
PIN CONFIGURATION (Top View) 
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BLOCK DIAGRAM 
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NEe IlPD17003A 

DIGITAL TUNING SYSTEM HARDWARE BUILT-IN 

4-BIT SINGLE CHIP MICRO CONTROLLER 

}lPD17003A is a 4-bit single chip CMOS micro controller which contains digital tuning system hardware. 

17K architecture is used for CPU, data and memory manipulations and various types of operations, and 

peripheral hardware control can be performed directly by one instruction. 

Peripheral hardware devices include a prescalerwhich operatesupto 250 MHz, PLL frequency synthesizer, LPF 

(Low Pass Filter) amplifier, and frequency counter for digital tuning in addition to various types of input/output 

ports, LCD controller/driver, AID converter, D/A converter (pWM output), and clock generator ports. 

Consequently, a high performance digital tuning system with a variety offunctions can be constructed using 

only one chip. }lPD17005 (note) is available as the product which is pin-compatible with}lPD17003A and whose 

memory size (ROM) is extended. One-time PROM version PPD17POOS (note) is available as }lPD1700S, and 

}lPD17POOS can be used for program evaluation of }lPD17003A at small volume production. 

FEATURES 

Using 17K architecture 

Program memory (ROM) 

SK bytes (3836 steps x 16 bits) 

General purpose data memory (RAM) 

320 nibble (320 words x 4 bits) 

Instruction execution time 

4.44 J.I$ (using 4.S MHz quarts oscillator) 

Decimal operation enabled 

Table reference enabled 

Built-in PLL frequency synthesizer hardware 

Dual modules pre scaler (2S0 MHz Max.), programmable divider, phase comparator, charge pump, and LPF 

amplifier 

Various types of peripheral hardware 

General purpose input/output ports, LCD controller/driver, serial interface, AID 

converter, D/A converter (PWM output), clock generator, ports, and frequency 

counter 

Various types of interrupt 

External interrupt 

Internal interrupt 

2 channels 

3 channels 

Power On Reset, resetting by a CE pin, and built-in blackout detection circuit 

CMOS low powe~ consumption 

Power supply voltage 5 V ± 10% 

ORDERING INFORMATION 

Order Code Package 

PPD17003AGF-XXX-3B9 SO-pin plastic GFP (14 x 20) 

Notes on Serial interface: 

The 2-wire mode corresponds to the 12C-Bus specification from Philips. 

In case of using this interface mode note the following: 

Duties when using 12C bus system 

Purchase of NEe's 12C bus system hardware components conveys a license under the Philips 12C patents rights 

to use this components in an 12C system, provided that the system conforms the 12C standard specifications as 

defined by Philips. 

Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 

use of the 12C bus interface at the ROM code verification stage. 
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IlPD17003A NEe 
JlPD17003A FUNCTION OUTLINE 

Item Function 

Program memory (ROM) · 8K bytes (3836 steps x 16 bits). 

Table reference area: up to 256 steps x 16 bits 

General data memory · 320 nibble (320 words x 4 bits) 

(RAM) 
Data buffer: 4 nibbles 

General register: 16 nibbles 

System register · 12 nibbles 

Register file 33 nibbles (control register) 

General port register 24 nibbles 

(including LCD dot data 

register) 

Instruction· execution time 4.44 Jls (using 4.5 MHz quarts oscillator) 

Stack level 7 levels (stack operation enabled) 

Input/output port: 16 

General purpose port 
I n put ports: 8 

Output ports: 9 

(+30: LCD segment pin) 

1 

Clock generator port (CGP) VDP (Variable Duty Pulse) and SG (Signal Generator) 

functions 

· 30 segments, 2 common 

1/2 duty, 1/2 bias, frame frequency 250 Hz, driving voltage Voo, 

LCD controller/driver segment pin used also for key source: 16 ports 

All of the 30 ports can be used as output ports 

(4 ports, 4 ports, 6 ports, and 16 ports can be set independ-

ently) 

· Two types (3 channels) 

Serial interface 8-bit 3-wire system: 2 channels 

8-bit 2-wire system: 1 channel 

· 8 bits x 3 (PWM output and output resisting pressure 16 V 
D/A converter 

Max.) 
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Item Function 

AID converter 6 bits x 6 (consecutive comparison method by software) 

5 channels (maskable interrupt) 

Interrupt 
External interrupt: 2 channels (INTo pin and INTl pin) 

Internal interrupt: 3 channels (timer, serial interface 1, 

I 
and frequency counter) 

Two types 

Timer Timer carry FF (1, 5, 100,250 ms) 

Timer interrupt (1, 5,10,250 ms) 

Power On Reset (at power supply connection) 

Reset Resetting by CE pin (CE pin Low - High) 

Blackout detection function 

2 types 

Division Direct division method (VCOL pin 20 MHz Max.) 

method Pulse swallow method (VCOL pin 40 MHz Max.) 

(VCOH pin 250 MHz Max.) 

Reference 12 types are selected by the program 1, 1.25, 2.5, 3, 5, 6.25, 9, 

PLL frequency 10, 12.5,25,50, 100 kHz 
frequency 

synthesizer Charge 

pump 
Two independent error output 

Phase Unlocking can be detected by a program 

comparator Unlocking FF delay time can selected 

LPF amplifier CMOS operation amplifier output resisting pressure 16 V Max. 

Frequency test 

P1D3/FMIFC pin 5 to 15 MHz 

Frequency counter Pl D2 I AMIFC pin 0.1 to 1 MHz 

External gate width test 

POA, I FCG pin 

Power supply voltage 5 V ±10% 

Package BO-pin plastic QFP 
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Program memory (ROM) 

Instruction I All the instructions are 16-bit one-word 
instructions 

Constant data 
Can be transferred to data buffer 
(table reference) 

Control section 

Program counter Il Data memory addTBss I 
ir it I, 

Stack I ~.l" 
Stack operation Operation 
enabled II Decimal operation enabled I 
ir 

~~ .<> 
Resetting II Timer Il Interrupt I 

Peripheral hardware 

I PLL I I Frequency I I AID II DIA I Serial l 
counter converter converter interf~ce 

1~ r Clock 1 
generator 

Data m~mory (RAM) 

<~ 1r~o 1 Data buffer 
co."troller/ 

:1 Setting peripheral 
draver 

hardware data l-{:F. General register 
Performs operation and transfer between 
data memory and other data memory 

General 
--purpose port ---. 

System register LCD dot register 
f-

Controls CPU peripheral tr circuits 
Display data is set 

Window registe~ Gel)sral output port lli ~l register 
L;::- I nput and output data \I 

is set '---
Output I 
port 

Inpu 

~ Register file _~~~~t 1 
'v 

Set peripheral hardware conditions 
Set data via a window register 
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PIN CONFIGURATION (Top View) 

ell cij ci)ci1 U; c7l J;U5 1/)00 

'" "" "" '" "" "" "" "" ""'" 
.;. ,;: ~ .;. 

~ .; ~~ >->-

II 0 0 0 0 0 00 n. n. n. n. n. n. n. 

0 <5 Ci 0 d 0 0 0 0 0 u u u u u u uu uu 
--' --' --' --' --' --' --'--' --' --' 

POC, LCD,. I POY,. I KS,. 
POCo LCD" I POY" I KS" 

P0A31 SDA LCD" I POY" I KS" 
POAlI SCL LCD" I POY" I KS" 

POA, I SCK, LCD .. I POY,.I KS,. 
POAo I SO, LCD .. I POY" I KS" 
POB.I Sh LCD,. I POX, 

POB,I SCK, LCDI7I POX, 

" POB,! SO, ." LCD" I POx. ':1 POB. lSI, -J LCD" I POX, 
INT, § LCD,. I Pox. 

J> 
LCD" I POX. INT. Gl 

" CE I LCD" I POE. 
P1A3 LCD" I POE, 
P1A, LCD .. I POE, 
P1A, w LCD" I POE, 

'" P1Ao I FCG co LCD .. I POF. 
P1B.1 PWM, LCD" I POF, 
P1B,I PWM, LCD .. I POF, 
P1B,I PWM. LCD .. I POF, 

P1B.ICGP COM. 
P1C. COM, 
P1C, P2A. 
P1C, VOD2 
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1. PIN FUNCTIONS 

1.1 EXPLANATION ON EACH PIN FUNCTION 

PIN 
SYMBOL 

INPUT/ OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

4-bit general purpose output port. 

Can be specified as an input or output 

port in 4-bit units (group I/O). Input/ 

79 POC, 
output is specified by the POCGPIO 

80 POC, Input/ CMOS 
register (address 27HI of a register file. 

Port OC The POC register (address 27H of 
1 POC, Output Push-Pull 

2 POCo 
BANKO) of the port register is used for 

reading input data and setting output 

data. 

At Power On Reset. Clock Stop instruc-

tion execution, or CE Reset, these pins 

are specified as input ports. 

Used as a 4-bit general purpose input! 

output port and also for serial inter-

face. 

A general purpose input/output port 

and serial interface is switched by the 

SI01MODE register (address OSH) and 

SI02MODE register (address 02H) of 

the 5101 MODE register of the register 

file. 

(1) When the pin Is used as a 4-bit 

; N-ch general purpose input/output port 
3 POA, / SDA f open The port can be specified as an 
4 POA, / SCL Input/ drain 

5 
-- Port OA input or output port in bit units 

POA, / SCK, Output t CMOS (bit I/O). 
6 POAo / SO, Push-

Input or output is specified by the 
Pull 

POABIO register (address 35H) of 

the register file. 

The POA register (address 70H of 

BANKO) is used for reading input 

data and output data and setting 

the port register. Since POAJ / 

SDA. and POA, / SCL pins are N-ch 

open drain output, pull-up resis-

tance is required in the external 

section. 
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PIN 
SYMBOL 

INPUT/ OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

(2) When the pins are used for serial 

interface 

Two types of serial interfaces are II 
available, serial interface 1 and 

serial interface 2 including Port OB 

(pin numbers 7 to 10). 

Serial interface 1 and serial inter-

face 2 can be used concurrently. 

Two channels of a 2-wire system 

and 3-wire system can be used for 

serial interface 1 and one channel 

of a 3-wire system can be used for 

serial interface 2. 

When using serial interface 1, 

specify pins from the SI01 MODE 

register of the register file and 

when using serial interface 2, 

I N-ch specify pins using SI02MODE 3 POA3/ SDA l open 
4 POA, / SCL Input! i drain register. 

5 
-~ Port OA The function of each pin is listed POA, / SCK, Output f CMOS 

6 POAo / SO, Push- below. 

Pull 

Pin name Function 
Operating 
mode 

POA3/ 
Data 

SDA 
input! 
output 

2-

Clock 
wire 

POA, / input/ 
SCL output 

Serial 

Clock 
inter-

POA, / 
input/ 

face 1 
SCK, 

output 

3-
POAo / Data wire 

SO, output 

POB3/ Data 
Sf1 input 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

Pin name Function 
Operating 
mode 

POB, / 
Clock 

SCK, input/ 
output 

3- Serial 

POB, / Data wire inter" 

N·ch SO, output face 2 
3 POA3/ SDA } open 
4 POA, / SCL Input/ drain POBo / Data 

-- Port OA 
5 POA, / SCK, Output I CMOS 

SI, input 

6 POAo / SO, Push-
Pull Since pins POA3 / SDA and PO A, / SCL 

are N-ch open drain, Pull-Up resistance 

is required externally. 

At Power On Reset, Clock Stop instruc· 

tion execution, and CE Reset, all of 

these pins are specified as input ports 

of general purpose input/output ports. 

Used for 4·bit general purpose input/ 

output ports and also for serial 

interface 

The SIOl MODE register (address OSH) 

or SI02MODE register (address 02H) of 

the register file are used for switching 

the function as general purpose input! 

output port to serial interface or vice 

versa. 

7 POB3/ Sh (1) When using the pins as 4-bit 
--

general purpose input/output S POB, / SCK, Input/ CMOS 
Port OB 

9 POB, / SO, Output Push-Pull ports 

10 POBo / SI2 The pins can be specified as input 

or output ports in bit units (bit 

I/O). 

Input or output is specified by the 

POBBIO register (address 35H) of 

the register file. 

The POB register (address 71H of 

BANKO) of the port register is used 

for reading input data and setting 

output data. 
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PIN 
SYMBOL 

INPUTI OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

(2) When the pins are used for serial 

interface 

Two types of serial interface can II 
be used including Port OA (ad-

7 POB, I SI1 
dresses 3 to 6), serial interface 1 

POB, I SCK, CMOS 
and serial interface 2. 

8 Inputl 
Port OB See the explanation on Port OA for 

9 POB, I SO, Output Push-Pull 

10 POBo I SI2 
the function of each pin. 

At Power On Reset, Clock Stop 

instruction execution, and CE 

Reset, all of these pins are speci-

fied as input ports of general 

purpose input/output ports. 

External interrupt request input pin. 

An interrupt request is issued from the 

input signal rising edge or falling edge 

of the input signal added to the pin. A 

rising edge and a falling edge can be 

specified by the INTEDGE register 

(address 1FH) of the register file using 

INTo pin and INT, pin independently. 

Even if an interrupt request is issued, 

interrupt cannot be accepted unless it 

is permitted (maskable interrupt). 

Types of interrupt permission include 

permission of all the interrupts by the 

11 INT, 
Input Interrupt 

EI instruction and permission of the 
-

12 INTo interrupt of each INTo pin and INT, pin. 

Permission of interrupt for each pin is 

specified by the INTPM2 register 

(address 2FH) of the register file. 

When interrupt is permitted and when 

an interrupt request is issued, the 

interrupt is accepted. When interrupt 

is accepted, control of the program is 

passed to address 0005H in the case of 

interrupt by the INTo pin and address 

0004H in the case of interrupt by the 

INT, pin. 

When interrupts for both INTo pin and 

INT, pin are allowed and when inter-

rupts for both pins are issued, priority 

is given to the interrupt by INTo pin. 
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PIN INPUT/ OUTPUT PIN 

FUNCTION SYMBOL 
NO. OUTPUT MODE NAME 

Even if an interrupt is not permitted, 

the issuing of an interrupt request can 

be checked using the INTREQ2 register 

(address 3FH) of the register file. 

When an interrupt function is not used, 

the input level of each pin can be de-
11 INT, 

Input Interrupt tected by the INT JOG register (address -
12 INTo OFH) of the register file, and the pin can 

be used as a general purpose input 

port. 

At Power On Reset, Clock Stop Instruc-

tion execution, or CE Reset, the inter-

rupt permission and interrupt request 

are reset. 

Input pins for device operation selec-

tion signal and reset signal. 

Device operation selection is to select 

the operation of the PLL frequency 

synthesizer and standby status as 

described below. 

(1 ) Device operation selection 

When the CE pin is at a High level, 

the PLL frequency synthesizer 

section can be operated. 

When the CE pin is at a Low level, 

the PLL frequency synthesizer 

section sets to a Disable state 

Chip (operation prohibited) automati-
13 CE Input - cally in the device internal section. Enable 

When the CE pin is at a Low level, 

the operation of quartz oscillation 

circuits in the internal section and 

CPU can be stopped by executing 

a Clock Stop instruction and data 

memory can be kept under a low 

consumption current (15 J1A or 

less) (at CE pin = High level, the 

Clock Stop instruction operates as 

the NOP instruction). At execution 

of a Clock Stop instruction, the 

LCD controller/driver is set to a 

Display Off mode (LCDo to LCDZ9, 

COMo, COM, pin are Low level 
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PIN INPUT! OUTPUT PIN 
SYMBOL FUNCTION 

NO. OUTPUT MODE NAME 

output) and general purpose input-

output ports (Port OA, Port OB, Port 

OC, and Port lA) are used as input 

ports. 

(2) Reset signal input 

When the CE pin is changed from 

a Low level to High level, the 

device is reset by synchronizing 

with the Timer Carry FF of the 

internal section (CE Reset). 

When the device is reset, the 

program starts from address O. In 

this case, the general purpose 

input/output ports are used as 

input ports. 

Since four types of internal Timer 

Carry FF, 1,5, 100, and 250 ms can 

be selected, the time elapsing 

from when the pin is changed 

from the Low level to High level 

13 CE Input - Chip until the device is reset can be 
Enable selected. However, if a Clock Stop 

instruction has been executed, the 

device is reset about 100 ms after 

the CE pin is changed to a High 

level. 

This pin does not accept a Low 

level or High level of less than 100 

to 165 ps to prevent operation 

error due to noise. 

By using the CEJDG register 

{address 07HI of the register file, 

the input signal level of this pin 

can be detected. In this case also, 

the contents of the CEJDG register 

do not change at a Low level or 

High level of less than 110 to 165 

ps. 

Shumit Trigger input with hyster-

isis feature is used for this pin. 

Note that a voltage higher than 

that of Voo pin must not be sup-

plied at power connection. 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

Used as a 4-bit general purpose input! 

output port and also as an external 

gate counter (P1Ao / FCG pin). 

The switching between the general 

purpose input/output port and an 

external gate counter is performed by 

the IFCMODE register (address 12H) of 

the register file. 

(1 ) When the port is used as a 4-bit 

general purpose input/output port 

The port can be specified as an 

input or output port in bit units 

(bit I/O). 

Input or output is specified by the 

P1A register (address 35H) of the 

register file. 

The P1ABI0 register (address 70H 
14 P1A3 of BANK1) of the port register is 

P1A, 
CMOS 

15 Input used for reading input data and Push- Port 1A 
16 P1A, Output setting output data. Pull 
17 P1Ao / FCG (2) When the port is used as an 

external gate counter (FCG) 

(P1Ao I FCG pin) 

The counter counts the time from 

one rising edge to the next rising 

edge of the signal sent to the 

P1Ao / FCG pin. A reference 

frequency (1 kHz, 100 kHz, 900 kHz) 

of the internal section is counted 

by a 16-bit counter. The external 

gate counter is specified by the 

IFCMODE register (address 12H) 

and IFCCONT register (address 

23H) of the register file. 

The PIAo / FCG pin must be speci-

fied as the input port by the 

P1ABI0 register (address 35H). 

Since the IFCMODE register and 

IFCCONT register control the 

frequency conter (P1D3 / FMIFC 

and P1D, / AMIFC pins) and a clock 
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PIN 
SYMBOL 

INPUT/ OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

generator port (P1 Bo / CGP pin) 

also, an external gate counter, 

frequency counter, and a lock II 
14 P1Aa generator port cannot be used 
15 P1A2 Input CMOS 

Port 1A concurrently. 
16 P1A, Output Push-Pull 

17 P1Ao / FCG At Power On Reset, execution of a 

Clock Stop instruction, and CE Reset, 

all of these pins are specified for input 

ports of the general input/output ports. 

Used as a 4-bit general output port, 

D/A converter (P1 B2 / PWM2, P1 B2 / 

PWM" P1B, / PWNo pins), and a clock 

generator port (P1Bo / CGP pin). 

The PWMMODE register (address 13H) 

of the register file is used for switching 

the general output port, D/A converter 

and a clock generator port. 

(1 ) When the port is used as a 4-bit 

general purpose output port 

The P1B register (address 71H of 

18 P1B3/ PWM2 f N," 
BANK1) of the port register is used 

19 P1B2 / PWM, open for setting output data. 

20 P1B, / PWMo Output drain Port 1B 
The pins PIB3 / PWM2, PIB2 / PWM" 

and PIBo / PWMo require Pull-UP 

21 P1Bo / CGP CMOS 
resistance for N-ch open drain 

Push-Pull 
output. (Resisting pressure 16 V 

Max.) 

(2) When the port is used as aD/A 

converter (PWM output) (pins 

P1B3/ PWM2, P1B2/ PWM., and 

P1B./ PWMo) 

Each of pins P1B3 / PWM2, P1B2 / 

PWM" and P1B, / PWMo can 

output an independent signal. 

A pulse width modulation (PWM) 

method is used as the output 

method, the frequency is 878.9 Hz 

(225 kHz/256) and duty is 

0.25/256-255.25/256. (256 stages) 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

The duty must be set below the 

PWMRO to PWMR2 registers 

(addresses from 05H to 07H) via a 

data buffer. 

Function Frequency Duty 

0.25 + X 
x 100% ----

D/A 878.9 Hz 256 
converter 

X = 0 - 255 

These three pins are N-ch open 

drain output and the resisting 

pressure is 16 V Max. 

18 P1B3/ PWMz f ,," 
19 P1Bz/ PWM, open (3) When the port is used as a clock 

20 P1B, / PWMo Output drain Port 1B generator port (CGP) (P1Bo I CGP 
pin) 

21 P1Bo/CGP CMOS The P1 Bo / CGP pin is set to a CGP 

Push-Pull mode by the PWMMODE register 

(address 13H) and IFCMODE 

register (address 12H) of the 

register file. 

Two functions are available for a 

CGP mode, VDP (Variable Duty 

Pulse) and SG (Signal Generator). 

The VDP function produces output 

in 64 stages, duty 2/67 - 65/67 at 

frequency 269 Hz. 

The SG function produces output 

by dividing with the value of 4 to 

130 (64 stages) using frequency 18 

kHz as the reference frequency. 

Both the VDP and SG functions set 

data as follows' using the CGPR 

register (address 20H) via a data 

buffer. 
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PIN 
SYMBOL 

INPUTI OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

Function Frequency Duty 

2+X 
x 100% ---

II 
VDP 269 Hz 67 

X = 0 - 63 

_1_8_ kHz 

SG 
2(2 + X) 50% 

18 P1B, I PWM2 f N," 
19 P1B2 I PWM, open X = 0 - 63 

20 P1B, I PWMa Output drain Port 1B 
At Power On Reset, execution of a 

21 P1Ba I CGP CMOS Clock Stop instruction, these pins are 

Push-Pull specified as general purpose output 

ports. 

At Power On Reset, undefined data is 

output. At execution of a Clock Stop 

instruction, the value of the general 

purpose output port is retained. At CE 

reset. the statuses (general purpose 

output port, AID converter, CGP) which 

are set at that time are retained. 

4-bit general purpose output port. 

Output data is set via the P1C register 

22 P1C, (address 72H of BANK1) of the port 

23 P1C2 CMOS register. 

24 P1C, Output Push- Port lC At Power On Reset, Undefined data is 

24 P1Ca Pull output. 

25 P1Ca At execution of a Clock Stop instruction 

or CE reset, the value which was output 

previously is kept. 

Used as a 4-bit general purpose input 

port, frequency counter (pins P1D, I 

26 PlO, I FMIFC FMIFC and P1D2 I AMIFC), and also AID 

27 P102 I AMIFC converter (pins PID, I ADC, and PIDa I 

28 PlO, I ADC, 
Input - Port 1D ADCa ). 

29 PlOo I ADCo The IFCMODE register (address 12H) of 

the register file is used for switching 

the general purpose input port and AID 

converter. 
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PIN 

SYMBOL 
INPUTI OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

The ADCCH register (address l4H) of 

the register file is used for switching 

the general input port and AID con-

verter. 

(1) When the port is used as a 4-bit 

general purpose input port 

The P10 register (address 73H of 

BANK1) of the port register is used 

for reading input data. 

(2) When the port is used as a fre-

quency counter (Pl03 I FMIFC and 

Pl0, I AMIFC) 

Using the IFCMODE register of the 

register file, pins P1D3 I FMIFC and 

P1D, I AMIFC can be used as 

frequency test pins. The following 

frequencies can be tested. 

26 Pl03 I FMIFC Input Input Input 

27 P1D, I AMIFC pin frequency oscillation 

28 P1D, I ADC, 
Input - Port 10 

P1D3 I 5 to 
29 P100 I ADCo FMIFC 15 MHZ 

0.3 Vp-p 

P1D2 I 0.1 to 
0.3 Vp-p 

AMIFC 1 MHz 

As the test method, the frequency 

input within the gate time (1 ms, 4 

ms, 8 ms, open) is counted by a 

l6-bit counter. However, the value 

divided by 2 is counted for the 

P103 I FMIFC pin. 

At termination of the test (when 

the gate is closed), an interrupt 

request can be issued. 

These functions can be used at 

detection of broadcast station by 

counting the intermediate fre-

quency. 

When the port is used as a fre-

quency counter, cut the direct 

current section of the input signal 

with a condenser because an 

alternate current amplifier is used 

for input. 
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PIN INPUT/ OUTPUT PIN 
FUNCTION SYMBOL 

NO. OUTPUT MODE NAME 

The pin which was selected is 

used as an intermediate electric 

potential (about 1/2 Voo). Pins II 
which are not selected can be used 

as a general purpose input port. 

The alternate current ampilfier 

must be initialized by a program 

as required because it is not set to 

Disabled (prohibited state) even if 

the CE pin (pin number 13) is set 

to a Low level (if the amplifier is 

operating, the current consumed 

may increase the noise factor). 

Since the IFCMODE register also 

specifies an external gate counter 

(P1Ao / FCG pin) and clock genera-
26 P1D3/ FMIFC tor port (Pl Bo / CGP pin), the 
27 P1D2/ AMIFC frequency counter, external gate Input - Port 10 
28 PlD, / ADC, counter, and clock generator port 
29 P1Do / ADCo cannot be used concurrently. 

(3) When the port is used as an AID 

converter (pins P1D. / ADC. and 

Pl00 I AOCo) 

The port can be used as an ND 

converter of 6 bits by the ADCCH 

register (address 14H) of the 

register file. 

The ND converter can use six 

channels by switching pins 

POD3 / ADC5 to PODo / ADC2 (pin 

numbers from 75 to 78) in addition 

to pins PlD, / ACD, and 

PlDo / ACDo. 

A consecutive comparison type is 

used as the conversion method 

and the reference voltage is 

created by dividing power supply 

voltage Voo using the R string 

method. 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

At Power On Reset, execution of a 

Clock Stop instruction, all these pins 

26 P1D3/ FMIFC are specified as a general purpose 

27 P1O, / AMIFC input ports. 

28 P1D, / ADC, 
Input - Port 10 

At CE reset, the statuses (general 

29 P1Do / ADCo purpose input port, frequency counter, 

and AID converter) set at that time are 

retained. 

Device power supply pin 

Voltage of 5 V ±10% is supplied at 

operation of CPU and peripheral func· 

tions. 

When only CPU is operating, the 

voltage can be reduced to 3.5 V. 

When the CE pin (pin number 13) is 

at a Low level and when a Clock Stop 

instruction is executed, oscillation of 

the quartz oscillator stops and a data 

set backup state is set. During the 

clock sto p state, the voltage ca n be 

reduced to 2.2 V. 

When the voltage rises from 0 V to 4.5 

V or when the voltage rises to 4.5 V 

30 VOO1 Power again after decreasing to a degree less 
- -

41 VOD2 supply than 3.5 V (less than 2.2 V at clock 

stop), Power On reset is performed for 

the device. 

When Power On Reset is performed, 

the peripheral circuits, system regis· 

ters, and register files are initialized 

and the program starts from address O. 

The time spent from the voltage 0 V to 

4.5 V must be within 500 ms. 

Resetting by a CE pin (CE Pin Reset) is 

also available in addition to Power On 

Reset described above for resetting a 

device. 

Since the values of timer carry FF if the 

register file differs between Power On 

Reset and CE Reset, blackout can be 

detected by detecting the timer carry 

FF. 
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PIN 

NO. 
SYMBOL 

30 Voo, 

41 

31 

32 

VDOZ 

VCOL 
VCOH 

INPUT/ OUTPUT PIN 

OUTPUT MODE NAME 

Input 

2·33 

Power 

supply 

Local 

oscilla­

tion 

Low 

input 

Local 

oscilla­

tion 

High 

input 

IlPD17003A 

FUNCTION 

A voltage higher than that of the Voo 

pin must not be supplied to all the pins 

other than Voo pins (Voo, and Vooz). In 

particular, care is necessary when the 

Voo pin and the CE pin are started 

simultaneously. Latch-Up may occur. 

The Voo, pin and Vooz pin must be 

connected to an electrical potential. 

The Vooz pin is used to supply power to 

quartz oscillation circuits (pins X,N and 

XOUT), error out circuits (pins EO. and 

EO'), and low path filter circuits (pin 

LPF,N). Pin Voo, is used for supplying 

power to other sections. 

Used for inputting local oscillation 

(VeO) frequency of PLL. 

A direct division method (MF mode) 

and pulse swallow method (HF mode 

and VHF mode) are available as divi­

sion methods and the method is 

specified by the PLLMODE register 

(address 21H) of the register file. The 

input pin, input frequency and division 

ratio by each division method are as 

follows. 

Division 
method 

Input Input 
Input frequency voltage 
pin (MHz) (Vp-p) 

Direct 
division veal 0.5 to 30 0.3 

Pulse 
swallow veal 5 to 40 
(HF) 

Pulse 9 to 150 

0.3 

0.3 
swallow VeaH 1---+---1 
(VH F) 9 to 250 0.5 

Division 
ratio 

16 to 
211L1 

Since alternate current amplifier is 

used for input ofthese pins, the direct 

current section of the input signal must 

be cut using a condenser. 

The pin specified by the PLLMODE 

register is used as an intermediate 

electrical potential (about 1/2 Voo). 

II 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

Local 
Pins which are not specified are pulled 

oscilla-
down in the internal section of the 

tion 
device. 

Low 
When PLL is disabled or when the CE 

input 
pin is at a Low level, these pins are 

31 VCOL pulled down in the internal section of 
Input -

32 VCOH the device. 
Local 

oscilla-
At Power On Reset or execution of a 

tion 
Clock Stop instruction, a PLL Disabled 

High 
state is set. At CE reset, the state 

input 
specified by the PLLMODE register is 

set. 

33 GND - - Ground Ground pin of the device 

Quartz oscillator connection pin 

Connects a 4.5 MHz quarts oscillator as 

shown below. 

I 
~PD17003A 

I XOUT XIN 

~ ~ rmi "M",,,,ru oscillator 

34 XOUT Output CMOS Quartz Cl y C2 

35 X,N Input - oscillator 

The values of Cl and C2 are deter-

mined by the quartz oscillator which is 

used. 

When the values of C1 and C2 are 

increased to values which are too high, 

the oscillation activation feature may 

deteriorate or current consumption 

may increase. 

In general, the adjustment range of a 

trimmer condenser for oscillation 

frequency adjustment increases when 

the oscillator is connected to the X,N 
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PIN 
SYMBOL 

INPUT! OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

pin. However, the quartz oscillator 

which is actually used, including 

oscillation stabilizer, must be used for II 
evaluation. 

An oscillation frequency cannot be 

adjusted accurately because of the 

problem at capacity, etc., if a probe is 

connected to the XOUT pin or X,N pin. 

34 XOUT Output CMOS Quartz Consequently, the frequency must be 

35 X,N Input - oscillator tested while testing the LCD driving 

wave form (125 Hz) or VCO oscillation 

frequency. 

Since the reference frequency of the 

timer of the internal section or PLL is 

used by dividing 4.5 MHz, if the value 

is shifted from 4.5 MHz, the values of 

the timer and reference frequency also 

shift in the same proportion. 

Used as charge pump output pins of a 

PLL frequency synthesizer. 

When the value producing by dividing 

the local oscillation (VCO) frequency 

which is input to the VCOL pin (pin 

number 31) or VCOH pin (pin number 

32) is higher than the reference fre-

quency, a High level is output from 

these pins and when the value is lower 

than the reference frequency, a Low 

36 EO, CMOS level is output. When the values 

37 EOo 
Output 

3 states 
Error out match, floating occurs. 

A PLl. frequency synthesizer can be 

structured by adding output of these 

pins to VCO (Voltage Controlled Oscil-

lator) via LPF (Low Pass Filter). 

Either of the pins EO, and EOz can be 

used because the same signal is 

output. 

At a PLL Disabled state, these pins are 

set floating. That is, when the CE pin 

(pin number 13) is at a Low level or at 

Power On Reset, floating occurs. 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

The PLL frequency synthesizer can 

detect a PLL unlocked state by the 

PLLULJDG register (address 05H) of the 

36 EO, CMOS register file. Four types of time (0.5 ps, 

37 EOo 
Output 

3 states 
Error out 1 ps, 2 ps, and Disable) can be selected 

as the delay time for detecting the PLL 

unlocated state using the PLULDLY 

register (address 15H) of the register 

file. 

Pins for a built-in CMOS operation 

amplifier for LPF (Low Pass Filter) 

Examples of an internal equivalent 

circuit of each pin and application of 

circuit are shown below. 

",P0170.J3A 

~ I 
38 LPFIN 

EOo EO. LPF'N LPFoUT VlPf 

Input -
EJ ~. ~ ~~ ~ LPF t l-r N-ch ---',\'.- '::,-ll-~:;,---------...J 

LPF 
39 LPFoUT Output open 

H-k'~r~ drain 
Amplifier 

To EMVCO 

7'7:"" 

40 VLPF - _. L...o::,,~ 
..:... To AMVCO 

T 
7T" 
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PIN 
SYMBOL 

INPUT/ OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

Pull-Up resistance is required for the 

38 LPF'N Input - LPFoUT pin because of N-ch open drain 

output. The resisting pressure is 16 V II 
N-ch Max. 

LPF 
39 LPFouT Output open A voltage higher than that of the 

drain 
Amplifier 

LPFouT pin must be supplied to the VlP' 

pin (16 V Max). 

40 VLPF - - At a PLL Disabled State, the LPFIN pi n is 

pulled up in the device internal section. 

1-bit general purpose output port. 

Output data is set via the P2A register 

(address 70H of BANK2) of the port 

CMOS 
register. 

42 P2Ao Output 
Push-Pull 

Port 2A At Power On Reset, undefined data is 

output. 

At execution of a Clock Stop instruction 

or CE reset, the value which was output 

previously is kept. 

Common signal output pins of the LCD 

controller/driver. 

The duty, bias, frame frequency, and 

driving voltage of the LCD controller/ 

driver are 1/2, 1/2, 250 Hz, and Voo 

respectively. 

Display of up to 60 dots can be per-

formed by the matrix with pins LCDo / 

POYo / KSo to LCD" / POF>. 

Three types of voltages, 0, 1/2 Voo, and 

43 COM, 
CMOS Voo are output from these pins. 

Common 

44 COMo 
Output 3-value The light of the dot from which a 

output 
signal 

potential difference of ±Voo is produced 

between these pins and pins LCDo / 

POYo / KSo to LCD2'/ POF, comes on. 

When a Display Off mode is set by the 

LCDMODE register (address 10H of the 

LCDMODE register of the register file). 

a Low level is output at Power On 

Reset or execution of a Clock Stop 

instruction. 

At CE Reset, the state is kept if the 

mode is a Display On mode. 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

Used for segment signal output (pins 

LCD" / POF3 to LCDo / PO Yo / KSo) of a 

LCD controller/driver. key source signal 

output (pins LCD'5/ POY'5 / KS15 to 

LCDo / POYo / KSol. and also as a 

general output port (LCD" / PDF, to 

LCDo / POYo / KSo). 

The LCDMODE register (address 10H) 

and LCDPORT register (address l1H) 

are used for outputting segment 

signals and key source signals, and 

switching genera! purpose output 

45 LCD" / PDF3 ports. 

to to (1) When the pins are used for seg-

48 LCD2. / POF, ment signal output of a LCD con-

troller/driver (pins LCD2. / POF3 to 

49 LCD25/ POb LCDo / POY, / KS,) 

to to The duty, bias, and frame fre-

52 LCDn / POE, LCD quency (segment signal output 125 

Output CMOS 
segment Hz) of a LCD controller/driver are 

53 LCD" / POX5 Push-Pull signal 1/2. 1/2, and 250 Hz respectively. 

to to Display of up to 60 dots is enabled 

58 LCD16 / POXo by using a matrix of these seg-

ment signal output pins, the COMo 

59 LCD,5/ POY'5 / KS'5 pin, and COM, pin (numbers 43 

to to and 44). The light of the dot from 

74 LCDo / POYo / KSo which a potential difference of 

±VDD is produced between these 

segment signal output pins, and 

COMo and COM, pins comes on. 

Display data of an LCD controller/ 

driver is set via LCD dot registers 

(addresses 60H to 6EH of BANKO), 

Data can also be set by LCD group 

registers (addresses OSH to DFH) 

via a data buffer. 

A Display On mode and Display 

Off mode of a LCD controller/ 

driver is set by the LCDMODE 

register of the register file. 
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PIN 
SYMBOL 

INPUT! OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

In Display Off mode, these seg-

ment signal output pins output a 

Low level. However, for pins II 
which are specified for a general 

purpose output port by the 

LCDPORT register of the register 

fi Ie, data of the output port is 

output regardless of the display 

mode, On or Off. 

Sixteen pins from LCD,,! POY" ! 

KS" to LCDo ! POYo ! KSo are also 

used for key source signal output 

of a key matrix as described in (2) 

45 LCD2'! POF, and an LCD segment signal and a 

to to key source signal can be output 

48 LCD2'! POFo concurrently. 

(2) When the pins are used as a key 

49 LCD2'! POE, source signal of a key matrix (pins 

to to LCD" ! POY'5 ! KS" to LCD. ! 

52 LCD22! POE. LCD POY. ! KS.) 

Output CMOS 
segment Using the LCDMODE register of 

53 LCD2' ! POX, Push-Pull 
signal the register file, sixteen pins from 

to to LCD" ! POY15 ! KS15 to LCD. ! POY. ! 

58 LCD,,! POXo KSo can be used as a key source 

output signal. 

59 LC015! POY15 ! KS15 A key source signal is output with 

to to a LCD segment signal in time 

74 LCDo! POYo ! KSo sharing mode (key source signal 

output time 220 }1s). 

When a key source signal is used, 

pins POD, ! ADC5 to PODo ! ADC2 

(pin numbers 75 to 78) are used as 

the return signal input pins. 

Consequently, a key matrix of 16 

key sources and 4 key input (up to 

64) can be structured. 

A key source signal is output every 

4 ms. Output data of a key source 

Signal is set by the KSR register 

(address 42H) via a data buffer. 
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PIN 

SYMBOL 
INPUT/ OUTPUT PIN 

FUNCTION 
NO. OUTPUT MODE NAME 

When the LCD controller/driver is 

in Display Off mode (segment 

signal output = Low level) and 

when these pins are specified for a 

general purpose output port, a key 

source signal is not output. 

(3) When the pins are used for a gen-

eral purpose output port 

Each pi n can be specified for an 

output port as listed in the follow-

ing table using the LCDPORT 

register (address 11 H) of the 
45 LCD" / POF, register file. 
to to 

48 LCD" / POFo Pin 
Pin name 

Port Number 
number name bit 

49 LCD" / POE, 45 LCD" / POF, 

to to 
to to Po,t OF 4 bits 
48 LCD" / POFo 

52 LCD" / POEo LCD 

Output 
CMOS segment 49 LCD" / POE3 

Push-Pull to to Po,t OE 4 bits 
53 LCD" / POX5 signal 52 LCD" / POEo 

to to 
53 LCD" / POX5 

58 LCD16 / POXo to to Port OX 6 bits 
58 LCD,. / POX, 

59 LCD" / POY'5 / KS'5 59 LCD1!:> I POYlE> I 

to to KS15 
to to Port OY 16 bits 

74 LCDo / POYo / KSo LCD, / POY, / 
74 KSo 

Port OF, Port OE, Port OX, and Port 

OY can be specified as general 

purpose output ports individually. 

Pins which are not specified for a 

general purpose output port can 

be used as LCD segment signal 

output pins. 

Output data of each output port is 

set as listed below. 
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PIN INPUT/ OUTPUT PIN 
FUNCTION SYMBOL 

NO. OUTPUT MODE NAME 

Port 
Setti ng output data 

name II 
Port OF • POF register (address 

6DH of BANKO) 
Used also for the 
LCDD13 register of the 
LCD dot register 

Port OE · POE register (Address 
6BH of BANKO) 
Used also for the 

45 LCD,./ POF3 LCDD11 register of the 
to to LCD dot register 

48 LCD,s/ POF. 
Port OX · POXH and POXL regis-

49 LCD,s/ POE3 
ters (Addresses 69H 
and 6SH of BANKO) 

to to Used also for the 
52 LCD22/ POE. LCD LCDD9 and LCDDa 

Output CMOS segment registers of the LCD 

53 LCD21/ POXs Push-Pull signal dot register 

to to • Set by the POX group 

58 LCD,s/ POX. 
register (OCH) via a data 
buffer 

59 LCD,s/ POY,s/ KS,s Port OY · Set by a OY group 
to to register (42H) via a data 

74 LCD. / POY. / KS. buffer 

At Power On Reset or execution of 

Clock Stop instruciton, all of these pins 

are specified for segment signal output 

and set to a Display Off mode. 

Consequently a Low level is output 

from all these pins. 

At CE Reset, the statuses (segment 

signal output, key source signal output, 

and general purpose output port) 

which are set at that time are retained. 
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PIN INPUT/ OUTPUT PIN 

FUNCTION SYMBOL 
NO. OUTPUT MODE NAME 

Used for a 4-bit general purpose input 

port and also LCD segment key source 

signal return input, and also AID 
converter input. 

The ADCCH register (address 14H) of 

the register file is used for switching 

the general purpose port and AID 
converter. 

The pins POD3 / ADC5 to POD, / ADC, 

contain pull-down resistance so that 

they can be used as key return signal 

input pins of a key matrix. 

(1) When the pins are used for 

general purpose input ports 

Input data is read via the POD 

register (address 72H of BANKO) of 
75 POD, / ADC5 (pull- the port register. 
76 POD, / ADC. Down When pins are used for a general 

Input Port OD 
77 POD, / ADC3 Input with input port, the built-in pull down 
78 PODo / ADC, resistance) resistance is always set to ON. 

(2) When the pins are used for key 

source signal return input of an 

LCD segment 

When an LCD segment pins is 

used for key source, the built·in 

pull down resistance is set to ON 

only during output of a key source 

signal (220 )ls) and the resistance 

is set to OFF during output of an 

LCD segment signal. 

The signals which were input to 

these pins during output of key 

source signals are fetched as key 

input data. 

Consequently, these pins must be 

used when a LCD segment signal 

output is used as the key source 

signal. 
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PIN 
SYMBOL 

INPUT/ OUTPUT PIN 
FUNCTION 

NO. OUTPUT MODE NAME 

(3) When pins are used as an AID 

converter 

By the ADCCH register (address II 
14H) of the register file, the port 

can be used as a 6-bit NO con-

verter. 

A consecutive comparison method 

by a program is used as the NO 
converter conversion method and 

the reference voltage is created by 

dividing power supply voltage Voo 

using the R string method. 

An NO converter can be used by 

switching six channels, pins P1D, 

/ ADC, and P1Do / ADCo (pin num-

bers 28 and 29) in addition to pins 

75 POD3/ ADC. (Pull- from POD3 / ADC. to PODo / ADC,. 

76 POD, / ADC. Down The channel used is specified by 
Input Port 00 the ADCCH register of the register 77 POD, / ADC3 Input with 

78 PODo / ADC, resistance) file. 

The other five channels which are 

not specified for the NO converter 

can be used as a general purpose 

input port. 

For the built-in pull-down resis-

tance, only the pin which was 

set is set to OFF when it is set 

to NO converter input by the 

ADCCH register. 

At Power On Reset or execution of a 

Clock Stop instruction, the pins are 

specified for a general purpose input 

port. 

At CE Reset, the status (general pur-

pose input port, LCD segment key 

source, return input, and NO con-

verter) which are set at that point are 

retained. 
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1.2 NOTES ON USING A GENERAL PURPOSE PORT 

1.2.1 Port Register Data Set 

The port registers (registers POA to P2A) on data memory are used for reading input data or setting output 

data of each of the ports, Port OA, Port OB, Port OC, Port 00, Port lA, Port lB, Port lC, and Port 2A. 

In this case, the POAl pin of Port OA corresponds to the highest bit of port register POA and the POAo pin 

corresponds to the lowest bit. 

These apply also to Port OB, Port OC, Port 00, Port lA. Port lB, Port lC, Port 10, and Port 2A. Output 

data of Port OE, Port OF, Port OX, and Port OY is set by the LCD group register via the LCD dot register or 

a data buffer on the data memory. 

1.2.2 Input/Output Ports (Port OA, Port OB, Port OC, and Port lA) 

(1) When each port is specified as an input port 

By executing an instruction (the address of the port register is specified for m of SKT m, #i, or ADD 

r, m) for reading the contents of each port register in the data memory, the status of each port pin 

is used as the value of the port register. 

When an instruction (specified for r of MOV m, #i or ADD r, ml for writing data to each port register 

is executed, the value is written to the output data latch circuit. 

(2) When each port is specified as an output port 

When an instruction for writing data to each port register is executed, the value is written to the 

output data latch circuit and is output from each pin. 

When an instruction for reading the contents of each port register is executed, the content of output 

data latch are used as the value of the port register. However, for pins POA3/SDA and POA2/SCL, 

the pin status is read as it is when the contents of the port register are read and tne status may be 

different from the output data. 

At Power On Reset, CE Reset, or execution of a Clock Stop instruction, all of these pins are set for 

input ports. 

Since the contents of the output data latch circuit are undefined at Power On Reset, a Write 

instruction must be executed forthe port register before setting data to the output port. Otherwise, 

undefined data is output. At CE Reset or execution of a Clock Stop instruction, the contents ofthe 

output data latch circuit do not change. 

1.2.3 Output Ports (Port 1B, Port 1C, Port OF, Port OE, Port OX, and Port OY) 

An output port is used for writing the value of the port registertothe output data latch circuit by executing 

an instruction for writing data in a port register and outputting data from each pin. 

When a Read instruction is executed for a port register value, the port register value is set as the status 

of the output data latch circuit. 

At Power On Reset, undefined data is output. 

At CE Reset, the previous output data is kept at execution of a Clock Stop instruction. However, Port OE, 

Port OF, Port OX, and Port OY output a Low level automatically at Power On Reset and at execution of a Clock 

Stop instruction. 
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1.3 PIN EQUIVALENT CIRCUITS 

1.3.1 POA (POA. I SCK., POAo I so.) 
POB (P083 ISh, POB. I SCK2, POB. I so., POBo I Sid 

POC (Poe. , POc., POC., POCo) (*1) 

P1A (P1A., P1A., P1A., and P1Ao) 

Voo 

*1: The RESET signal is not provided to POCo 

1.3.2 POA (POAs / SDA and POA2 / SCL) (Input/Output) 

Voo 
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1.3.3 P1B (P1Bo I CGP) 

P1C (P1C" P1Cz, P1C" and P1Co) 

P2A (P2Aol 

LCDo I POVo I KSo to LCDz. I POF, 

Voo 

1.3.4 P1B (P1B, I PWMz and P1Bz I PWM" and P1B, I PWMo) (Output) 

O}------

311----

1.3.5 POD (POD, I ADCs, PODz I ADC4, POD, I ADC" and PODo I ADCz) (Input) 

Voo 

~---T+---- AID converter 

I 

rl~ 
~E-I----

~ 
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1.3.6 P1D (P1D, , ADC, and P1Do' ADCo) (Input) 

Voo 

,.-----+----- AID converter 

II 

1.3.7 P1D (P11h' FMIFC, and P1D., AMIFC) (Input) 

Voo 

+------ General port 

Frequency counter 
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1.3.8 
CE f INT. (Schmit trigger input) 

INT. 

::: 

1.3.9 XOUT (output) and X'N (input) 

Voo 

Voo 

X,N 0---4----4 

XoUT o---------~ 

T 
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1.3.10 EO, } 
EOo (Output) 

VDD 

1.3.11 LPFIN (Input). LPFouT (output). and VLPF 

LPF'N LPFDUT 
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1.3.12 COM,l 

COMo r (Output) 

VDD VDD 

1.3.13 VCOH l 
VCOl r (Input) 

2-50 



NEe 
2. BLOCK DIAGRAM 

veOH 0-

veal 

XOUT 

POAo! 50, 
POA, ! 5CK, 
POAl! 5CL 
POA3! 5DA 

POBo! 512 
POB, ! SO, 

POB,/5CK, 
POB3! 51, 

POCo 
POC, 
POC, 
POC, 

P1AOI FCG 
P1A, 
P1A, 
P1A3 

P1Co 
P1C, 
P1C, 
P1C3 

P2Ao 

0~~~~-_ 
CE~ 

GND 0>-------.+ 

Swallow 
Counter 

RF 

RAM 
320 x 4 bits 

SYSREG 
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-DEOo 
EO, 

COMO 
COMl 

LCDo! POYo! KSo 
LCD, ! POy, ! KS, 
LCD, / POY, / KS, 

leo LCD3 / POY3 ! KS3 

LCD,. / POE, 
LCD" ! POE3 
LCD,,! POFo 

--{) LCD" ! POF, 
LCD" ! POF, 
LCD,. ! POF3 

f+-~--O Pl D3/ FMIFC 

r--+0<. f+--+~-OP1D,! AMIFC 

P1Do / ADCo 
P1D, ! ADC, 
PODo! ADC, 
POD,! ADC3 
POD,! ADC. 
POD3! ADC. 

P1Bo! CGP 

P1B, / PWMo 
P1B,/ PWM, 
P1B3! PWM, 

INTo 
INT, 

cE VLPF ~ LPFoUT 

LPF,N 

II 
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pPD17003A INSTRUCTIONS 

INSTRUCTION SET 

b15 0 1 

bl4 bl3 b12 bll 

0 0 0 0 0 ADD r. m ADD m. ::j 

0 0 0 1 1 SUB r. m SUB m. :::i 

0 0 1 0 2 ADDC r. m ADDC m. :::i 

0 0 1 1 3 SUBC r. m SVBC m. =i 

0 1 0 0 4 AKD r. m AKD m. I'i 

0 1 0 1 5 XOR r. m XOR m. :::j 

0 1 1 0 6 OR r. m OR m. =j 

IKC AR 
INC IX 
MOYT DBF. (n AR 

.RR (n AR 
CALL 0AR 
RET 
RETSK 
EI 
DI 

0 1 1 1 7 
RETI 
PUSH AR 
POP AR 
GET DRF. p 

PUT p. DBF 
PEEK WR. rf 

POKE rl. WR 
RORC r 

STOP 0 

HALT h 

KOI' 

1 0 0 0 8 LD r. m ST m. r 

1 0 0 1 9 SKE m. ::j SKGE m. ::j 

1 0 1 0 A MOY iPr. m ,,10\' m, rer 

1 0 1 1 B SK!\"E m. I'i SKLT m, ::i 

1 1 0 0 C BR addr (pageO) CALL addr (pageO) 

1 1 0 1 D BR addr (page!) MOY m, "i 

1 1 1 0 E SKT m. I'n 

1 1 1 1 F SKF m. !:n 
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UST OF INSTRUCTIONS 

Legends 

M 
m 

mH 
mL 

R 

RP 

RF 

rf 

rfH 

rfL 

AR 

IX 
IXE 
DBF 

WR 
MP 

MPE 

PE 

P 
PH 

Pl 

PC 

SP 

STACK 

STACKpc 

BANK 

(ROM)pc 

INTEF 

SGR 

n 

addr 

CY 
c 
b 

h 

[ I 
( ) 

Data memory address 

Data memory address excluding bank 

Data memory row address 

Data memory column address 

General register address 

General register column address 

General register pointer 

Register file 

Register file address 

Register file address (upper 3 bits) 

Register file address (lower 3 bits) 

Address register 

Index register 

Index enable flag 

Data buffer 

Window register 

Data memory row address pointer 

Memory pointer enable flag 

Peripheral register 

Peripheral address 

Peripheral address (upper 3 bits) 

Peripheral address (lower 4 bits) 

Program memory counter 

Stack pointer 

Stack value indicated by stack pointer 

Program counter value indicated by stack pointer 

Bank register 
Program memory data indicated by program memory counter 

Interrupt enable flag 

Program memory segment register 

Immediate data (4 bits) 

Bit position (4 bits) 

Program memory address (11 bits) 

Carry flag 

Carry 

Borrow 

Halt canceling condition 

Data memory or register address 

Data memory or register value 
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§ Machine code 

j Mnemonic Operand Operation Operation 
code 

r. m (R) - (R) + (W 00000 mH mL r 

c ADD 
c m. #i (M) - (:\!l +i 10000 mil mL i 

'B 
2 r. m (R) - (R) + (~Il + (CY) 00010 mil mt r 

.~ ADDC 
m. #i (M) - (1\1) +i+ (CY) 10010 mH mL i 

'0 
'0 AR (AR) - (AR) + I 00))1 000 1001 0000 ..: 

IKC 
IX (IX) - (IX) + I OOJJl 000 1000 0000 

r. m (R) - (R) - C,ll 00001 mH n1l r 

~" SUB U.:::. 
m • #i (M) - (~!l -i 10001 mil Ini i . ~ 

" u ;02 
(R) - (R) - ell> - (CY) 00011 mil ,~ r. m n1l r 

cr..~ SUBe 
m. #i (!\!l - (~II -j- (CY) 100ll mil mt i 

SKE m. #i (!\!l - i. s.kip if zero 01001 mH mi i 

~.§ SKGE m • #i (W - i. skip if not borrow ))001 mil mt i . ~ o.u 
E 2 SKLT m. jli (!\I> - i. skip if borrow lIOII mil TIl! i 
8.~ 

SKKE m. #i (1\1) - i. skip if not zero OIOll mil mt i 

m. jli (1\1) ~ (~Il AXD i 10100 mil mt i 
c AXD 

'E r. m (R) ~ (RI AXD (~II 00100 mil mt r u 
2 :::ti (~!) ~ CIJI OR i 10))0 i ti m. mil mt 
.E OR 
-.;; r. m (R) - (RI OR (MI 00))0 mH n1l r 
u 
5( m. #i (~I) ~ (~!I XOR i 10101 mH mt i .s XOR 

r. m (R) - (RI XOR (~I) 00101 mil m; r 

LD r. m (R) - (~II 01000 mil rn! r 

ST m. r (!\J) - (RI 11000 mil mt r 

if MPE= I [ "11'). (R)] - (M) 
@r. m 

if MPE= 0 [(mH). (R)] - (M) 
01010 mil mt r 

MOY if MPE= I (~!l - [ (!\IP). (R)] 

.S 
m. <>r 

if I\1PE= 0 [(mH). (R)] 
11010 mH. ml r 

(!\J) ~ 

U jji (M) -i 11101 i ~ 
m. mH ml. 

.E DBF. (STACK!'c) - (PC) (PC) - (AR) 

~ 
MOYT OOJJl 000 0001 0000 

@AR IDBF) - (ROM)!'c, (PC) - (STACK!'(') 
c 
'" PUSH AR (SP) - (SP) -1. (STACK!'c) - (ARI 00111 000 1I01 0000 
~ 

POP AR (AR) - (STACK!'c)' (SP) - (Sp) + I OOJJl 000 1I00 0000 

PEEK WR, rf (WR) - (RF) OOJJl rfH 00)) rfl 

POKE rf, WR (RF) - (\\'R) OOJJl rfll 0010 rfl 

GET DBF, p WBF) - (PE) OOJJl Pll lOll PL 

PUT p, DBF (PE) - WBF) 00111 Pil 1010 PL 

j SKT m. #n if (!\1),- all ·1·, then skip JJlIO mil m, n 

SKF m. #n if (M),=all ·O·.then skip ))JJl mil mt n 

(PC) - addr. (PC)=Jl-O 01100 
addr addr ()) bits) 

BR (Pc) -addr. (PC)=Jl-I OllOI 

<!>AR (PC) - (AR) 001)) 000 0100 0000 
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NEe 
j Mnemonic Operand Operation 

Operation 
code 

(CY) • 
~ L (Rlb3~ (Rlbo ~ "" RORC r 001ll 
til (R)b2 ~ (R)b! ~ 

(SP) ~ (SP) - 1, (STACKpc) ~ «PC) + 1), 

" addr 11100 .g (PC)'II ~O, (PC) ~addr 
u CALL 

.j (SP) ~ (SP) - 1, (STACKpc) ~ «PC) + 1), 
00111 (GAR 

(PC) ~(AR) 
OJ c 
.~ RET (PC) ~ (STACKec), (SP) ~ (SP) + I 001ll 

] RETSK 
" 

(PC) ~ (STACK!'c), (SP) ~ (SP) + I, skip 001ll 
til 

RETI (PC), <BANK), (]XE) ~ (STACK), (SP) ~ (SP) + I 001ll 

15. EI INTEF~I 001ll 

j DI INTEF~O 001ll 

STOP a stop clock if CE = low 001ll 

~ HALT h halt 00111 "" (5 
Nap No operation 001ll 

ASSEMBLER (AS 17K) BUILT-IN MACRO INSTRUCTION 

Legend 

flag 

flagl-flagn 

n 

< > 

Mnemonic 

SKTn 

SKFn 

I SETn 

CLRn 

:\OTn 

Il\ IT FLG 

BAl\Kn 

One offlagl-flagn 

Flag names indicated by reserved words 

Number 

Omission allowed 

Operand n Operation 

f1agl. "'f1agn I ;:;;n;:;; 4 if (f1agll- (f1agn) = all "1-, then skip 

flagl, "'flagn 1 ~n~ 4 if (flagll - (flagn) = all "a -, then skip 

f1agl. "'f1agn I ;:;;n;:;; 4 (flagll - (f1agn) ~ I 

f1agl. ···flagn I ;:;;n;:;; 4 (f1agll - (f1agn) ~ a 

flagl. ·"flagn 
if (flagl =" a", then (fIagl~1 & 

I ;:;;n;:;; 4 
if (fIagl ="1 ", then (fIag)~a 

< l\OT>flagl. if description - :\OT flag, (f1ag)-a 

.. -< 1\01' > f1agn if description = flag, (fIag)~1 

a ;:;;n;:;; 2 <BAl\KI ~n, a ;:;;n;:;; 2 
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Machine code 

000 Olll r 

II 
addr (11 bits) 

000 0101 0000 

000 1110 0000 

001 1lI0 0000 

100 1110 0000 

000 11lI 0000 

001 1111 0000 

OlD 1lI1 0000 

011 1111 h 

lOa 1111 0000 



IlPD17003A 

pPD17003A RESERVED WORDS 

UST OF RESERVED WORDS 

System Register ISYSREGI 

Reserved word Type Address 

AR3 MEM O.74H 

AR2 MEM O.75H 

ARI MEM O.76H 

ARO MEM O.77H 

WR MEM O.78H 

BANK MEM O.79H 

IXH MEM O.7AH 

MPH MEM O.7AH 

MPE FLG O.7AH.3 

IXM MEM O.7BH 

MPL MEM O.7BH 

lXL MEM O.7CH 

RPH MEM O.7DH 

RPL MEM O.7EH 

PSW MEM O.7FH 

BCD FLG O.7EH.O 

CMP FLG O.7FH.3 

CY FLG O.7FH.2 

Z FLG O.7FH.l 

IXE FLG O.7FH.O 

26.1.2 Data buffer ID8FI 

Reserved word Type Address 

DBF3 MEM O,OCH 

DBF2 MEM O,ODH 

DBFl MEM O,OEH 

DBFO MEM O,OFH 

NEe 

Read/ 
Function 

Write 

R Address register bit b15~b12 

R Address register bit bw b8 

R/W Address register bit b,-b4 

R/W Address register bit b3-bo 

R/W Window register 

R/W Bank register 

R/W Index register high 

R/W Memory pointer high 

R/W Memory pointer enable flag 

R/W Index register middle 

R/W Memory pointer low 

R/W Index register low 

R/W General register pointer high 

R/W General register pointer low 

R/W Program status word 

R/W BCD flag 

R/W Compare flag 

R/W Carry flag 

R/W Zero .flag 

R/W Index enable flag 

Read/ 
Function 

\Vrite 

R/W DBF bit bl,) to b12 

R/W DBF bit bll to b, 

R/W DBF bit b, to b4 

R/W DBF bit b3 to be 
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NEe 
LCD dot data register 

Reserved word Type Address 

LCODO MEM 0.60H 

LCDDI 

LCDD2 

LCOD3 

LCDD4 

LCDDS 

LCDD6 

LCDD7 

LCDDB 

LCDDS 

LCDOIO 

LCDDlI 

LCDDl2 

LCODl3 

LCDDl4 

MEM 0.61H 

MDI 0.62H 

MEM 0.63H 

MDI 0.64H 

~IDI 0.6SH 

~lDI 

~lDl 

~IDI 
............... 

~IDI 
.............. 

MDI 
................ 

:>'lDI 
................. 

MDI 
. I···· 

~IDI 
................. 

MDI 

0.66H 

0.67H 

0.68H 

0.6SH 

0.6AH 

0.6EH 

0.6CH 

0.6DH 

0.6EH 

Readl 

Write 

R/W LCD data register 

R/W LCD data register 

R/W LCD data register 

R/W LCD data register 

R/W LCD data register 

R/\I" LCD data register 

R/W 

R/\I" 
1-----­

R/\\' 
1·--· 

R/\\' 

R/\I" 

R/\I" 

LCD data register 

LCD data register 

LCD data register 

LCD data register 

LCD data register 

LCD data register 

R/\\' LCD data register 

R/\I" LCD data register 

R/\I" LCD data register 
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Function 



JlPD17003A 

General port register 

Reserved word Type Address 

POA3 FLG O.70H.3 

POA2 FLG O.70H.2 

POAI FLG O.70H.1 
-----------------

POAO FLG 0.70H.0 

POB3 FLG 0.71H.3 

POB2 

POBI 

POBO 

POC3 

POC2 

POCI 

POCO 

POD3 

POD2 

POD! 

PODO 

POXL3 

POXL2 

POXLI 

POXLO 

POXH3 
..... _-----

POXH2 

POXHI 
------ --

POXHO 

POE3 

POE2 

POEI 

POEO 

POF3 

POF2 

POFI 

POFO 

PIA3 

PIA2 

PIAl 

PIAO 

.-------- .. 

FLG 0.7IH.2 

FLG 0.7IH.1 

FLG O.71H.O 

FLG 0.72H.3 

FLG 0.72H.2 

FLG O.72H.1 

FLG 0.72H.0 

FLG 0.73H.3 

FLG 0.73H.2 

FLG 0.73H.1 

FLG 0.73H.0 

FLG 0.68H.3 

FLG 0.68H.2 

FLG 0.68H.1 

FLG 0.68H.0 

FLG 0.69H.3 
----

FLG 

FLG 
------

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

0.69H.2 

0.69H.1 

0.69H.0 

0.6BH.3 

0.6BH.2 

0.6BH.1 

0.6BH.0 

0.6DH.3 

0.6DH.2 

0.6DH.1 

0.6DH.0 

1.70H .3 

1.70H.2 

1.70H.1 

I. 70H.O 

Read/ 

Write 

R/W 

R/W 

R/W 
-----

R/W 

R/W 
------

Port OA bit b3 

Port OA bit b2 

Port OA bit bl 

Port OA bit bo 

Port DB bit b3 

R/W Port DB bit b, 

R/W Port DB bit bl 

R/W Port DB bit bo 

R/W Port DC bit be 

R/W Port DC bit b, 

R/W Port DC bit b, 

R/W Port DC bit bo 

R Port OD bit b3 

R 

R 

Port OD bit b, 

Port OD bit bl 

R Port OD bit bo 

R/W Port OX bit bl 

R/W Port OX bit bo 

R/W Dummy 

R/W Dummy 

R/W Port OX bit b5 

R/W Port OX bit b, 

R/W Port OX bit b3 

R/W Port OX bit b2 

R/W Port OE bit b3 

R/W Port OE bit b2 

R/W Port OE bit bl 

R/W Port OE bit bo 

R/W Port OF bit b3 

R/W Port OF bit b, 

R/W Port OF bit bl 

R/W Port OF bit bo 

R/W Port IA bit b3 

R/W Port lA bit b2 

R/W Port lA bit bl 

R/W Port lA bit bo 
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NEe 
Reserved word Type 

1'183 FLG 

1'182 FLG 

1'181 FLG 

PIBO FLG 

PIC3 FLG 

PIC2 FLG 

PICI FLG 

PICO FLG 

PID3 FLG 

PlD2 FLG 

PlDI FLG 

PlDO FLG 

P2A3 FLG 

P2A2 FLG 

P2AI FLG 
----- ._---- --- -_ .. ----
P2AO FLG 

Address 

1.71H.3 

1.7IH.2 

1. 7IH.I 

1.71H.0 

1.72H.3 

1.72H.2 

72H.I 

72H.0 

1.73H.3 

1.73H.2 

1. 73H.I 

1.73H.0 

2.70H.3 

2.70H.2 

2.70H.I 

2.70H.0 

Read/ 

v..~rite 

R/W 

R/W 

R/W 
-----------

R/W 

R/W 
-------

R/\\" 

R/\\" 

R/W 

R/W 
- --._._-----

R/\\" 

R/W 

Port 18 bit bJ 

Port 18 bit b, 

Port 18 bit bl 
--------+ 

Port 18 bit bo 

Port lC bit bJ 
---------

Port lC bit b, 

Port IC bit bl 

Port IC bit bo 

Port I D bit bJ 
... _---_._. 

Port ID bit b, 

Port ID bit bl 

R/\\" Port lD bit bo 

R/\\' Port 2A bit bJ 

R!\\' Port 2A bit b, 

R/W Port 2A bit bl 

R/\\" Port 2A bit bo 
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II 



IlPD17003A NEe 
Register file (Control registeri 

Reserved word Address 
Read/ 

Type Function 
Vvrrite 

SP MEM 0.81H R/W Stack pointer 

SI02TS FLG 0.82H.3 R/W SI02 start flag 
.... ... 

SI02HIZ FLG 0.82H.2 R/W S02/POBI select flag 
.......... 

SI02CKI FLC O.82H.I R/W SI02 clock select bit bl 
--- ---- ... __ .... _---- I ...... 

SI02CKO FLG 0.82H.O R/W SI02 clock select bit bo 

IFCG FLG 0.84H.0 R IF counter gate status flag 

PLLUL FLG 0.8SH.O R PLL unlock FF flag 

ADCCMP FLG 0.86H.0 R ADC judge flag 

CE FLG 0.87H.0 R CE pin status flag 

SIOICH FLG 0.88H.3 R/W Sial mode select flag 
... 

SB FLG 0.88II.2 R/W SB/SBI select flag 
... . ._---- -- --------- ......... 

SIOIMS FLG 0.8811.1 R/W Sial clock mode select flag 
........ 

SIOITX FLG 0.88H.0 R/W SIal TX/RX select flag 

TMMD3 FLC 0.89H.3 R/W Timer interrupt mode select flag 
...... 

TMMD2 FLG 0.8911.2 R/W Timer interrupt mode select flag 
-------"""----_ ...... ....... ...... ..... 

TMMDl FtG 0.89H I R/W Timer carry FF mode select flag 

TMMDO FLC ·O.89H.0 R/W Timer carry FF mode select flag 

INTI FLC; 0.8FII.I R INTI pin status flag 
.. ........ ..... ...... . ... 

INTO FLG 0.8FH.0 R INTo pin status flag 

KSEN FLG 0.9011.1 R/W Key source decoder enable flag 
.. . _------- ----- --- ------ -- ...... . ......... 

LCDEN FLG 0.90H.0 R/W LCD driver enable flag 

POYO]\; FLC 0.9IH.3 R/W Port Ill' enable flag 
....... .... . .. ..... . .... 

pOXON FLG 0.9IH.2 R/W Port OX enable flag ... ....... . .......... 

pOEON FLC; 0.91ll.1 R/W Port OE enable flag 
-. __ ... _ ....... ........ ........... .... ..... . .... 

pOFO]\; FLG 0.9IH.O R/W Port OF enable flag 

IFCMDl FLG O.92H.3 R/W IF counter mode select flag 
-_ .. __ . __ .. -- ---- ......... .. . ..... 

I FC:VIDO FLG O.92H.2 R/W IF counter mode select flag 
... 

IFCCKI FLG O.92Jl.1 R/W IF counter clock select flag 
--- -_._- ...... __ ... ........ . ... 

IFCCKO FLC; 0.92H.O R/W IF counter clock select flag 

PWM20N FLG O.93H.3 R/W PWM2 enable flag 
... ---- ------------ ...... -.0. ....... 

PWMION FLG O.93H.2 R/W PWMI enable flag 
... 

PWMOON FLC; O.93H. I R/W PWMO enable flag 
.... 

CGPON FLG O. 931!. 0 R/W CGP enable flag 

ADCCH3 FLG 0.94H.3 R AD mode select flag {Dumm} :0) 
...... . .... 

ADCCH2 FLG O.94H.2 R/W AD mode select flag 
... '0- _0 ___________ ....... 

ADCCHl FLG O.94H.I R/W AD mode select flag 
...................... . ... 

ADCCHO FLG O.94H.O R/W AD mode select flag 
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NEe 
Reserved word Type Address 

PLULDL Y3 FLG 0.95H.3 

PLULDLY2 FLG 0.95H.2 

Read/ 

Write 

R 

Function 

PLL unlock time select flag (Dummy: 0) 

R PLL unlock time select flag (Dummy: 0) 

J.1PD17003A 

___________ .•. _____ . ___ ._._0 ______ ------_._.--- .. -------------._.---- ..• _.--_. ___ 0 ______________ • ______ •• __ ._. ____ .• _______ ._. _________ 0 __ • ____ • ______________ _ 

PLULDLYI 

PLULDLYO 

KEY) 

TMCY 

SBACK 

SIOI:\\\"T 

SIOi\\"RQI 

SIOi\\"RQO 

IEGl 

IEGO 

PLDID3 

PLDID2 

PLDIDI 

PLDIDO 

IFCSTRT 

IFCRES 

POCGIO 

SIOISF8 

SIOISF9 

SBSTT 

SBBSY 

IPIFC 

IPSIOI 

IPnl 

IPI 

11'0 

I'LLRnID3 

PLLRnID2 

PLLRnlD1 

PLLRnlDO 

PIABI03 

PIABI02 

PIABIOI 

PIABIOO 

POBBI03 

POBBI02 

POBBIOI 

POBBIOO 

FLG 0.95H.I 

FLG 0.95H.0 

FLG 0.96H.0 

FLG 0.97H.0 

FLG 0.9SH.3 

FLG 0.9SH.2 

FLG 

FLG 

FLG 

0.98H .1 

0.9SH.0 

0.9FH.I 

FLG 0.9FH.0 

FLG 0.OAIH.3 

FLG 

FLG 

FLG 

FLG 

0.OAlH.2 

O.OAlH.I 

O.DAlH.O 

0.OA3H .1 

FLG 0.OA3H.0 

FLG 0.OA7H.0 

FLG 0.OASH.3 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

0.OASH.2 

O.OASH.I 

0.OA8H.0 

O.OAEH.O 

0.OAFH.3 

0.OAFH.2 

O.OAFH.I 

R/W PLL unlock time select flag 

R/W PLL unlock time select flag 

R Key input judge flag 

R Timer carry FF status flag 

R/W SB acknowledge flag 

R/W SIO, not wait flag 

R/\\· SIO, wait mode flaIr 

R/\\· SIO, wait mode flag 

R/\\· I!':T, interrupt edge select flag 

R/\\" 11\1"0 interrupt edge select flag 

R PLL mode select flag (Dummy: OJ 

R PLL mode select flag (Dummy:OI 

R/W PLL mode select flag 

R/\\· PLL mode se leet flag 

\\" IF counter ,tart flag 

\\" IF counter reset flag 

R/\\· Port OC I 0 select flag 

R/"" S10; clock countf:'T statu~ flag 

R/\\· SIO, clock cuunter statu" flag 

R/\\" SR 5t2rt condition gtatus flag 

R/\\" SB start stop condition status fla!! 

R/"- IF .counter interrupt permission flag 

R/\\" SIO, interrupt permission flag 

R/\\" Timer interrupt permission flag 

R/\\" I:\T, interrupt permission flag 

FLG o. OAFH. 0 R/\\" 1:\1"" interrupt permission flag 

FLG O. OBIH. 3 R/\\" PLL reference clock select flag 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

0.OBIH.2 

O.OBIH.I 

O.OBIH.O 

0.OB5H .3 

0.OB5H.2 

0.OB5H .1 

0.OB5H.0 

0.OB6H.3 

0.OB6H.2 

0.OB6H .1 

0.OB6H .0 

R/\\· PLL reference clock select flag 

R/W I'LL reference clock select flag 

R/W PLL reference clock select flag 

R/W PIA:, I 0 select flag 

R/W PI A, 1·0 select flag 

R/W PIA, 1.0 select flag 

R/\\" PIA" 10 select flag 

R/\\" 1'08:, I 0 select flag 

R/\\" POB, I 0 ""Iect flag 

R/\\" POB, I 0 select flag 

R/\\· POB" I 0 select flag 
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Reserved word Type Address 

POABI03 

POABI02 

POABIOl 

POABIOO 

SIOlIMD3 

SIOllMD2 

SIOlIMDl 

SIOlIMDO 

SIO!CK3 
._---

SIOlCK2 
------

SIOlCK! 

SIOlCKO 

IRQIFC 

IRQSIOl 

IRQTM 

IRQ! 

IRQO 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 
-_."-------

FLG 
--_ .. _-----

FLG 

FLG 

FLG 

FLG 

FLG 

O,OB7H,3 

O,OB7H,2 

O,OB7H,! 

O,OB7H,O 

O,OBBH ,3 

O,OBBH,2 
------- -

O,OB8H,! 

O,OBBH,O 

O,OB9H,3 

O,OB9H,2 

O,OB9H,! 

O,OB9H,O 

O,OBEH,O 

O,OBFH ,3 

O,OBFH,2 

FLG O,OBFH,! 

FLG O,OBFH,O 

Read/ 

Write 

R/W 

R/W 

R/W 

R/W 

R 

R 
------

R/W 

R/W 

R 

R 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

POA3 I/O select flag 

POA2 I/O select flag 

POAI I/O select flag 

POAD I/O select flag 

Function 

SIOI interrupt mode select flag (Dummy: 0) 

SIOI interrupt mode select flag (Dummy: 0) 

SIOI interrupt mode select flag 

SIOI interrupt mode select flag 

SIOI shift clock select flag (Dummy: 0) 

SIOI shift clock select flag (Dummy: 0) 

SIOI shift clock select flag 

SIOI shift clock select flag 

IF counter interrupt request flag 

SIOI interrupt request flag 

Timer interrupt request flag 

INTI interrupt request flag 

INTo interrupt request flag 
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NEe 
Peripheral hardware address 

Reserved word Type Address 

DBF 

IX 

ADCR 

SI02SFR 

SIOlSFR 

PWMRO 

PWMRI 

PWMR2 

LCDRO 

LCDRI 

LCDR2 

LCDR3 

LCDR4 

POX 

LCDR5 

LCDR6 

LCDR7 

CGPR 

AR 

PLLR 

KSR 

POY 

IFC 

-------

DAT OFH 

DAT OIH 

DAT 02H 

DAT 03H 

DAT om 
DAT 05H 

----- ... _--- ...... _--
DAT 06H 

DAT 07H 

DAT 08H 

DAT 

DAT 

DAT 

DAT 

DAT 

DAT 

DAT 
----------

DAT 

DAT 

DAT 

DAT 

DAT 

DAT 

DAT 

09H 

OAH 

OBH 

OCH 

OCH 

ODH 

OEH 
------

OFH 

20H 

40H 

41H 

42H 

42H 

43H 

Read! 

~Trite 
Function 

~PD17003A 

R/W Data buffer address of GET/PUT instruction 

R!W Index register address of INC instruction 

R!W A D converter VREF data register 

R!W SIO, presettable shift register 

R!W SIOl presettable shift register 

R!W PWMO data register 

R/W 

R!W 

\\' 

W 

\r 
w 
\\' 

W 

\\' 

W 

W 

R!W 

R!W 

R!W 

R!W 

R/W 

R 

PW M 1 data register 

PWM2 data register 

LCD group data register 0 

LCD group data register 1 

LCD group data register 2 

LCD group data register 3 

LCD group data register 4 

Port OX data register 

LCD group data register 5 

LCD group data register 6 

LCD group data register 7 

CGP data register 

Address register addre" of GET peT PCSH CALL BR MOYT J\C instruction 

PLL data register 

Key source data register 

Port OY data register 

IF counter data register 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (Unless otherwise specified, T. = 25 ± 2 ·C) 

Source voltage Voo -0.3 to +6.0 V 
Input voltage V, -0.3 to Voo + 0.3 V 
Output voltage Vo Excluding PI B" to PI B., POA2, POAa and LPFouT -0.3 to Voo +0.3 V 
Output withstand voltage VSDl1 PI B, to PI B" LPFooT 18.0 V 
Output withstand voltage VBD02 POA2, POA. VDD+O.3 V 
Output absorbing current 10 10.0 mA 
Operating temperature T.,. -40 to +85 ·C 
Storage temperature T .. -55 to +125 ·C 

RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Source voltage VOO1 4.5 5.0 5.5 V Pll and CPU are operating 

Source voltage VOO2 3.5 5.0 5.5 V Pll is OFF and CPU is operating 

Data holding voltage VOOR 2.2 5.5 V Quartz oscillator OFF 

Source voltage rise time Trlse 500 ms Voo= 0 4.5 V 

Input amplitude Vln1 0.5 Voo VP·p VCOl, VCOH 

Input amplitude Vfn2 0.5 Voo VP·p AMIFC, FMIFC 

Output withstand voltage VBOS 16.0 V P,B, to P1B" lPFollT 

Operating temperature Topt -40 +85 ·C 
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DC CHARACTERISTICS (UNLESS OTHERWISe SPECIFIED. T. = -40 to + 85 'C. VDD = 4.5 to 5.5 VI 

STANDARD VALUE 
CHARACTERISTICS SYMBOL CONDITIONS 

MIN. TYP. MAX. UNIT 

Source voltage Voo, 4.5 5.0 5.5 V CPU and PLL are operating 

Source voltage VOD2 3.5 5.0 5.5 V CPU is operating and PLL is OFF. 

Source· current 1001 1.2 2.4 mA CPU is operating and PLL is OFF Xln pin 

Sine wave Input !fin = 4.5 MHz. Vin. 
VO;)), 

T.=25 'C 

Source current 1002 0.45 0.90 mA CPU is operating. PLL is OFF. and HALT 

Instruction is used (20 Instructions 

executed per 1 ms). 

X .. pin 

Sine wave input 

fin 4.5 MHz, Vin = Voo, T. = 2ScC 

Data holding voltage VODRl 3.5 5.5 V Power failure detection by timer FF, 

quartz oscillator oscillating 

Data holding voltage VODR2 2.2 5.5 V Power failure detection by timer FF, 

quartz oscillator not oscillating 
--------- ---

Data holding voltage VODR3 2.0 5.5 V Data memory (RAMI holding 
- 1----------- ---

Data holding current IODAl 2 15 !iA Quartz oscillator not oscillating T. = 
25'C 

Data Holding current iOOR2 2 10 !iA Quartz oscillator not oscillating Voo = 
5.0VT.25"C 

Intermediate level output Vo"" 2.3 2.5 2.7 V COM,CGM, Voo 5 V 
voltage 

--- --I--- I--
High level input voltage VIHl 0.8 VDD V POA,. to PCA>. POB, to POB,. 

VOD POC, to POC,. P1A •. to P1 B,. 

PlO,.to P10,. CE.INT,.INT, 
--I--

High level input voltage VIH2 0.6 VDD V POD, to POD, 

VDD 

Low level input voltage V" 0 0.2 V POA, to POA,. POB, to POB,. 

VDD POC, to POC •• POD,. to POD •• 

POA,. to P1C •. P1D, to P1D,. CEo INT,. 

INT, 

High level output current 10 .... 1 -1.0 -5.0 mA POA, to POA>. POB, to POB,. 

POCo to POC:J, PODo to POD:J, 

P1C, to P1A>. P1B, to P1A>. 

VOH = Voo -1V 
--1---- -~- .. 

High level output current IOH2 -1.0 -4.0 mA LOD, to LCI" EO, EO, 

VOH = Voo - 1V 
---t---

Low level output current lOll 1.0 7.0 mA POA, to POA>. POSO. to POB,. 

POC, to·POC,. P1Ao. to P1A>. 

P1C,.to P1C,. P1SO. P2Ao VOL 1V 

Low level output current IOL2 1.0 3.5 mA LCD, to LCO" EO, = EIO, Voc 1 V 

Low level output current 10L:J 1.0 2.0 mA P1B, to P1B, VOL 1 V 

Low level output current lOLA 1.0 10.0 mA POA> POA> VOL 1 V 

High level output current 111·;1 0.1 0.8 mA VCOH pull·down VIH = Voo 
I-- --- ---

High level input current IIH2 0.1 0.8 rnA VCOL pull-down VIH = Voo 

High level input current liH3 0.1 1.3 mA PI"- pull-down VIH = Voo 
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CHARACTERISTICS SYMBOL 

STANDARD VALUE 
CONDITION 

MIN. TYP. MAX. UNIT 

High level Input current IIH. 0.05 0.13 0.30 mA PODs to PODs pull-down V'H =VDD 

Output off leak current III 500 nA I'OAJ, POA. VOH=VDD 

Output off leak current 1<2 500 nA Pl B, to Pl B., lPFOUT VOH=16 V 

Output off leak current III .100 nA EO., EO. VOH=VDD' VOl=OV 

AC CHARACTERlS11CS (UnI_ oth_ise specified. T ... -40 to +85 "C. VDD .. 4.5 to 5.5 VI 

CHARACTERISTICS SYMBOL 
STANDARD VALUE 

CONDITION 
MIN. TYP. MAX. UNIT 

Operating frequency fin1 0.5 30 MHz VCOl MF mode, sine wave Input 

Vln=O.3 VP.p 

Operating frequency f,,,, 5 40 MHz VCOl MF mode, sine wave input 

Vin=O.3 VP·p 

Operating frequency f'"3 9 lSO MHz VCOl, sine wave input V,.=0.3 VP·p 

Operating frequency fin4 9 2SO MHz VeOL. sine wave input V'n=O.3 VP.p 

Operating frequency fln5 0.1 1 MHz AMIFC, sine wave Input V,.=0.3 VP·p 

Operating frequency t .. 5 15 MHz FMIFC, sine wave Input V,,=0.3 VP.p 

AD converting resolution 6 bit 

Absol ute accuracy of AD .1 .1.5 lSB T.= + 10 to + sooC 

conversion 

REFERENCE CHARACTERISTICS 

CHARACTERISTICS SYMBOL 
STANDARD VALUE 

CONDITION 
MIN. TYP. MAX. UNIT 

Source current 1003 15 mA CPU and Pll are operating 

VCOl sine wave Input 

f.=lSOMHz 

V,"=0.5 VP-P 

VDD=5 V T.=25°C 

High level output current 10M. ~.2 mA COM., COM, VOH=Vo..-l V 

Intermediate level output 10M' -20 pA COM., COM, VOM=Voo+l V 

current 

Intermediate level output 10M2 20 pA COM., COM, VOM=l V 

current 

Low level output current 10l' 0.2 mA COM., COM, VOL=lV 
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RECOMMENDED SOLDERING CONDITIONS 

The following conditions (see table below) must be met when soldering this product. 

Please consult with our sales offices in case other soldering process is used, or in case soldering is done under 

different conditions. 

TYPES OF SURFACE MOUNT DEVICE 
For more details, refer to our document 'SMT MANUAL' IIEI-1207). 

,uPD17003AGF 

Soldering process Soldering conditions Symbol 

Peak package's surface temperature: 230 ·C or below, 
Infrared ray reflow Reflow time: 30 seconds or below (210·C or higher). IR3O-OO 

Number of reflow process: 1, Exposure limit*: None 

Peak package's surface temperature: 215 ·C or below, 
VPS Aeflow time: 40 seconds or below (2OO·C or higher), VP1&-OO 

Number of reflow process: 1, Exposure limit*: None 

Solder temperature: 260 °C or below. 
Wave soldering Flow time: 10 seconds or below, WS60-00 

Number of flow process: 1, Exposure limit*: None 

Terminal temperature: 300 °C or below. 
Partial heating method Flow time: 10 seconds or below, 

Exposure limit*: None 

•. Exposure limit before soldering after dry-pack package is opened. 

Storage conditions: 25°C and relative humidity at 65% or less. 

Note: Do not apply more than a single process at once, except for "Partial heating method". 
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SINGLE CHIP MICROCONTROLLER 

FOR DIGITAL TUNING SYSTEM 
The jlPD17005 is a 4 bit single chip CMOS microcontroller equipped with the hardware exclusively for digital 

tuning systems. 

Adoption of the jlPD17000 architecture enables its CPU to directly operate the data memory, perform various 

calculations, or control the peripheral hardware with just one instruction. All instructions are single 16-bit words. 

The jlPD17005 integrates input/output ports, LCD drivers, A/D converters, D/A converters (PWM output), 

clock generator ports, digital tuning 150 MHz prescalars, PLL frequency synthesizers, low pass filter (LPF) ampli­

fiers, and frequency counters into one chip. 

With all these in one chip, the jlPD 17005 provides a high performance and multi·functional digital tuning system. 

The one-time PROM (OTP) jlPD17P005 is available for evaluating the jlPD17005 program and low quantity pro· 

duction. 

The jlPD17003, which contains the compressed program memory (ROM), is compatible with this microcon· 

troller. 

FEATURES 
• Employment of the jlPD17000 architecture • Decimal calculation available 

• 16K byte (16 bits x 7932 steps) program memory (ROM) • Table referencing available 

• 432 nibble (4 bits x 432 nibbles) general purpose data memory (RAM) 

• 4.44 jlS (4.5 MHz crystal oscillator) instruction execution time 

• Equipped with the PLL frequency synthesizer hardware 

Dual modular prescalars (up to 150 MHz). programmable dividers, phase comparators, charge pumps, and LPF 

amplifiers 

• Abundant peripheral hardware 

General purpose input/output ports, LCD drivers, serial interfaces, A/D converters, D/A converters (PWM out· 

put). clock generator ports, frequency counters 

• Enriched interrupt function 

External interrupt 2 channels 

I nternal interrupt 3 channels 

• Equipped with power on reset/CE pin reset/electrical blackout detection circuit 

• CMOS low energy requirement 

• Voltage: 6 V ±10 % 

ORDERING INFORMATION 

Order Code 

jlPD17005GF·xxx·3B9 

Notes on Serial interface: 

Package 

BO'pin plastic QFP (bent lead) 

The 2-wlre mode corresponds to the 12C-Bus specification from Philipe. 

In case of using this interface mode note the following: 

Duties when using 12C bus system 

Purchase of NEC's 12C bus system hardware components conveys a license under the Philips 12C patents rights 

to use this components In an 12C system, provided that the system conforms the 12C standard specifications as 

defined by Philips. 

Consequently for all ROM based components with 12C herdware circuits the user is kindly requested to notify the 

use of the 12C bus interface at the ROM code verification stage. 
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TABLE OF /lPD17005 FUNCTIONS 

NAME FUNCTION 

Program memory (ROM) 16K bytes (16 bits x 7932 steps) 

Table reference area: up to 16 bits x 7932 steps 

432 nibbles (4 bits x 432 nibbles) 
General purpose data memory (RAM) Data buffer : 4 nibbles 

General register: 16 nibbles 

System register 12 nibbles 

Register file 33 nibbles 

Port register (including LCD register) 24 nibbles 

I nstruction execution time 4.44/1s (with 4.5 MHz crystal oscillator) 

Stack level 7 levels (stack operation possible) 

16 input/output ports 
General purpose port 8 input ports 

9 output ports (+30: LCD segment pins) 

Clock generator port (CGP) 
One port 

Variable duty pulse (VDP) and signal generator (SG) functions 

30 segment pins, 2 common pins, 1/2 duty, 1/2 bias, 250 Hz frame 

frequency, driving voltage Voo, 16 segment pins shared with key 
LCD driver source 

All 30 segments can be used .as an output port. (separatable into 4, 

4, 6, and 16 segment settings) 

2 systems (3 channels) 

Serial interface 8 bit 3 lines: 2 channels 

8 bit 2 lines: 1 channel 

D/ A converter 8 bits x 3 lines (PWM output, up to 12 V) 

A/D converter 6 bits x 6 lines (consecutive comparison by the software) 

5 channels (maskable interrupt) 

External interrupt: 

Interrupt 2 channels (INTo pin, INT, pin) 

Internal interrupt: 

3 channels (timer, serial interface 1, frequency counter) 

2 systems 
Timer Timer carry F/F (1,5,100,250 ms) 

Timer interrupt (1, 5, 100, 250 ms) 

Power on reset (by turning on the power) 

Reset CE pin reset (CE pin low .... high) 

Electrical blackout detection 
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NAME FUNCTION 

Two types 

Division Direct division (VCOLpin 20 MHz MAX.) 

Pulse swallow (VCOLpin 40 MHz MAX.) 

(VCOH pin 250 MHz MAX.) 

PLL frequency Reference 12 choices by program 
synthesizer frequency 1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 25, 50, 100 kHz 

Charge pump Two independent error outputs 

Phase Unlock detection by program 

comparator Unlock F/F delay time selection 

LPF amplifier CMOS operation amplifier 

Output voltage up to 12 V 

Frequency measuring 

P1D3/FMIFC pin 0.1 to 1 MHz 

Frequency counter P1D2/AMIFC pin 5to15MHz 

External gate width measuri ng 

POA1/FCG pin 

Power voltage 5V ±10% 

Package aO·pin plastic QFP 

2-71 



Program memory (ROM) 

Instruction 
Single 16·bit word instructions only 

Consta nt data 
Transferable to data buffer (table referencing) 

~ Control section 

Reset 

Peripheral hardware 

I I IF 
PLL counter 

Data memory (RAM) 

General register 
Calculates and transfers data between memories 

LCD dot register 
Sets display data 

General purpose port register 
Sets input and output data 

"",,~m" ~ 
Sets data via the wind register 

Sets ~~riPher~~ har0 co~~tions .. _ 

General purpose port 

l: 
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1. PINS 

1.1 PIN CONFIGURATION (Top View) 

POCl 

POCo 

POA3/SDA 

POA2/SCL 

POA1/SCK l 

POAo/SOl 

POB3/Sl l 

POB2/SCK 2 

POB1/S02 

POBO/SI 2 

INTl 

INTo 

CE 

P1A3 

P1A2 

P1Al 

P1AO/FCG 

P1B3/PWM2 

P1B2/PWMl 

P1Bl/PWMO 

P1BO/CGP 

P1C3 

P1C2 

P1Cl 

Bit I/O 

Bit I/O 

o ~ N 

'" '" '" ~~~ 
'<t i.O 0 .- C'I 
uu>->->-
00 0 0 0 

~%,~~~ 
Cl 0 0 0 0 
00 u U U 
0.. 0.. ....J ...J ...J 
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LCDlO/POY lO/KS lO 

LCDll/POY 11/KS ll 

LCD12/POY l2/KS12 

LCD13/POY13/KS13 

LCD14/POY14/KS14 

LCD15/POY15/KS15 

LCD16/POXO 

LCD17/POXl 

LCD1S/POX2 

LCD19/POX3 

LCD20/POX4 

LCD2l/POX5 

LCD22/POEo 

LCD23/POEl 

LCD24/POE2 

LCD25/POE3 

LCD26/POFO 

LCD27/POFl 

LCD2S/POF2 

LCD29/POF3 

COMO 

COMl 

P2AO 

VDD2 
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1.2 PIN DESCRIPTION 

PIN 
SYMBOL 

INPUT/ OUTPUT 
PIN NAME DESCRIPTION 

No. OUTPUT FORMAT 

4 bit general purpose input/output port pins. 

Specify input or output in 4-bit units. (Group I/O) 

79 POC3 Specify input/output by the register file's POCGPIO register 

80 POC2 Input! CMOS (add,ess 27H). 
portoe , POC, output push/pull To read the inpu+. data or to set the output data, use the 

2 POCO port register's poe register (BANKO address 27H). 

These pins are set as an input port during power resetting, 

clock stop instruction execution, and CE resetting. 

Pins function both as a 4-bit general purpose input/output 

port and serial interface. 

To switch from an input/output port to serial interface, use 

the register file's SI01 MODE register (address OSH) and the 

SI02MODE register (address 02H). 

(11 When used as an 4~bit input/output port: 

Specify input or output in 1 ~bit units (bit 1/01. 

To specify input/output, use the register file's POABIO re~ 

gister (address 35HI. 

To read the input data or set the output data, use the port 

register's POA register (BANKO address 70HI. The POA3/ 

SDA and POA2/SCL pins require external pull up resistance 

because they are N-ch open drain. These pins are set to an 

input port during power resetting, clock stop instruction 

execution, and CE resetting. 
3 POA3/SDA N·ch 

(21 When used as a serial interface: 
4 POA2/SCL 

Input/ 
open drain 

There are two serial interface lines: serial interface 1 and 
PortOA 

POA1/SCK, 
output 

CMOS 
serial interface 2 including the Port DB (7 to 10 pins). 

5 

POAO/SO, push/pull 
The serial interfaces 1 and 2 can be used together at the same 

6 
time. The serial interface 1 has 2 channels of 2 line and 3 

line, and the serial interface 2 has 1 channel of 3 line. 

To specify the serial interface 1, use the register file 5101 

MODE register; to specify the serial interface 2, use the 

register file SI02MODE register. The following are the pin 

functions. 

OPERATING 
PIN NAME FUNCTION MODE 

POA3/SDA Data input/output 
2 lines Serial 

POA2/SCL Clock input/output 
inter-

POA1/SCKl Clock input/output face 1 

POAO/SOl Data output 3 lines 

POB3/S l l Data input 

POB2/SCi<2 Clock input/output Serial 

POB1/S02 Data output 3 lines inter-

POBO/SI2 Data input 
face 2 
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PIN. INPUT/ OUTPUT 
SYMBOL 

OUTPUT 
PIN NAME DESCRIPTION 

No. FORMAT 

3 POA3/SDA 
The POAa/SDA and POA2/SLC pins require external pull 

4 POA2/SCL 
up resistance because they are N-ch open drain. 

S POA1/SCK1 
These pins are set as an input port of the general purpose 

6 POAO/S01 
input/output port during power on resetting, clock stop 

instruction execution, and CE resetting. 

Pins function both as a 4 bit general purpose input/output 

port and serial interface. 

To switch from input/output port to serial interface, use 

the register file's SIQ1MODE register (address OSH) and the 

SI02MODE register (address 02H). 

7 POB3/S1 1 
(11 When used as an 4wbit input/output port: 

8 POB2/SCK2 Input/ CMOS 
Specify input or output in 1-bit units (bit 1/0). 

Port 08 To specify input/output, use the register file's POBSI 0 9 POB1/S02 output push-pull 

10 POBO/SI 2 
register (address 3SH). 

To read the input data or set the output data, use the port 

register's POA register (BANKO address 71 H). 

These pins are set as an input port during power resetting, 

Clock stop instruction execution, and CE resetting. 

(21 When used as an serial interface: 

There are two serial interface lines: serial interface 1 and 

serial interlace 2 including the Port OA (3 to 6 pins). 

These pins are set as an input port of the general purpose 

input/output port during power resetting, clock stop instruCM 

tion execution, and CE resetting. 

I nput pins for external interrupt request signal 

I nterrupt requests are issued at the rising or falling edge of 

the signal input through these pins. To specify the rising or 

falling edge, use the register file's INTEDGE register (address 

1 FH)I INTO pin, or INT1 pin. Interrupt requests are not 

accepted unless permitted (maskable interrupt). 

The EI instruction permits all interrupts, and the INTO pin 

or I NT 1 pin separately also gives permission. To 9!V8 interM 

rupt I;lermissions, use the register file's INTPM2 register 

(address 2FH). Interrupt requests are accepted if permitted. 
11 INT1 Interrupts accepted by the INTO pin shift the flow of the Input - Interrupt 
12 INTO program to address 05H, and interrupts accepted by the 

I NT 1 pin shift the flow of the program to address 04H. 

Interrupts accepted by the INTO pin are executed before 

interrupts accepted by the I NT 1 pin, if issued simultaneously. 

The issuer of the interrupt request can be checked by the 

register file's INTREQ2 register (address 3) even when the 

interrupt is not accepted. 

The register file's I NT JOG register (address OFH) checks 

the status of these pins and assigns them as a general purM 

pose input port while the interrupt function is not being 

used. 

These pins are set as an input port during power resetting, 

clock stop instruction execution, and CE resetting. 
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PIN INPUTI OUTPUT 

SYMBOL PIN NAME DESCRIPTION 
No, OUTPUT FORMAT 

Input pin for device selection signal or reset signal 

Device selection is selecting PLL actions or standby status 

as described below. 

The PPL frequency synthesizer is enabled when the CE pin 

is set to high. 

The PPL frequency synthesizer is disabled when the CE pin 

is set to low. 

When the CE pin is set to low, the CPU and the internal 

crystal oscillation circuit are disabled by the clock stop 

instruction execution and the data memory is retained by 

the low energy requirement current (up to 15 }.LA). (when 

the CE pin is set to high, the clock stop instruction is exe~ 

cuted as the NOP instruction.) During the clock stop in~ 

13 CE Input - Chip struction execution, the LCD driver display mode is turned 
enables off (LCDO to LCD27, COMO, COMl pins set to low) and 

the input/output ports (Port OA, Port OB, Port OC, Port lA) 

are set as input ports. 

The CE pin functioning as a reset signal input pin is describ-

ed below. 

When the CE pin is reset to high from low, the internal timer 

carrier F/F synchronizes and resets the device. When the 

device is reset, the flow of the program shifts to address a 
and the input/output ports become input ports. The time 

required from pin resetting to device resetting can be selected 

from 1, 5, 100,250 ms, which are offered by the carrier F/F. 

However, when the clock stop instruction is executed, the 

device will be reset 100 ms after the CE is reset to high. 

This pin does not accept anything lower than 110,us or any-

thing higher than 165IJ.s in order to prevent mis-operation 

caused. by noise. For this reason, the content of the register 

is not updated. Also, to detect the pin status, use the regis-

ter file's CEJDG register (address 071. 

This pin features Schmidt trigger input with the hysteresis 

characteristics. Do not apply voltage higher than the VDO 

pin when turning on the power. 

Pins functioning both as a 4-bit general purpose input/out-

put port or external gate counter (P1AO/FCG pin). 

To switch from an input/output port to external gate 
14 P1A3 counter, use the register file's I FCMODE register (address 
15 P1A2 Input/ CMOS 

Port 1 A 12H) and the SI02MODE register (address 02H). 
16 PIAl output push-pull 

17 PI Ao/FCG 
(11 When used as a 4-bit input/output port: 

Specify input or output in l-bit units (bit I/O)' To specify 

input/output, use the register file's Pl A register {address 

35HI. 

To read the input data or set the output data, use the port 

register's P1ABIO register (BANK1 address 70H). 

These pins are set as input ports during power resetting, 

clock stop instruction execution, and CE resetting. 
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PIN INPUT/ OUTPUT 
SYMBOL PIN NAME DESCRIPTION 

No. OUTPUT FORMAT 

(2) When using as an external gate counter (FCG) 

(P1AO/FCG pin): 

These pins measure the time interval between two rising 

edges of the P1AO/FCG pin. To measure the internal refer-

ence frequencies (1 kHz, 100 kHz, 900 kHz), use the l6-bit II 
counter. 

14 P1A3 
To specify the external gate counter, use the register file's 

15 P1A2 Inputl CMOS 
I FCMODE register (address 12H) and I FCCONT register 

Port lA (address 23H). 
16 P1A1 output push-pull 

17 P1AO/FCG 
To set the P1AO/FCG pin as an input port, use the P1ABIO 

register (BANKO address 35H), 

Use the external gate counter, frequency counter and clock 

generator port separately, because the I FCMODE register 

and I FCCQNT register also control the frequency counter 

(P1D3/FMIFC and P1 D2/AMIFC pins) and the clock gen· 

erator port (Pl BO/CGP pin). 

These pins are set as input ports during power on resetting, 

clock stop instruction execution, and CE resetting. 

Pins functioning as a 4-bit general purpose input/output 

port, 0/ A converter (Pl B2/PWM2, Pl B2/PWM1, and 

Pl 81/PWMO pins), and clock generator port (Pl BO/CGP 

pin), 

To switch from an input/output portto D/A converter or 

to clock generator port, use the register file's PWMMODE 

register (address 13H). 

(11 When used as a 4-bit input/output port: 

To set the output data, use the port register's P1 8 register 

(BANK1 address 71 H). 

The P1 B3/PWM2. P1 B2/PWM1. and P1 B1/PWMO pins reo 

quire pull up resistance because they are for open drain 

output (up to 16 V)' 

The data output during power resetting is unstable. The 
18 P1B3/PWM2 N-ch previous values are retained during clock stop instruction 

19 P1B2/PWM1 open drain execution or CE resetting. 

20 P1B1/PWMO Output Port 1 8 

CMOS 
(2) When used as a D/ A converter (PWM output) 

21 P1BO/CGP push-pull 
(P1 B3/PWM2. P1 82/PWM1. and P1 B1 /PWMO pins): 

The P1B3/PWM2. P1 B2/PWM1. and P1 B1/PWMO pins 

separately output signals. 

The output format has a pulse width modulation (PWM) to 

878.9 Hz (225/256 kHz) frequency and 0.25/0.26 to 

255.25/256 duty (256 gradations). 

To set the duty, use the PWMRO to PVVMR2 register 

(address 05 to 07) via the data buffer. 

(Duty = o.~~ X X=Ot0255) 

These three pins are for N-ch open drain output and with-

stands up to 16 volts. 

These pins are set as a general purpose output port during 

clock stop instruction execution. 

The status of these pins functioning as a D/A converter out-

put is retained during CE resetting. 
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PIN INPUT/ OUTPUT 

SYMBOL PIN NAME DESCRIPTION 
No. OUTPUT FORMAT 

(3) When used as a clock generator port (CGP) 

(P1 BO/CGP pin): 

To set the P1 BO/CGP pin to CGP mode, use the register 

file's PWMMODE register (address 13H) and IFGMODE 

register (address 12H). 

The CGP mode has VDP (variable duty pulse) and SG 

(signal generator) functions. 

The VDP function outputs 269 Hz frequency duties at 64 

gradations from 2/67 to 65/67. 
18 P1B3/PWM2 N-ch The SG function divides and outputs the standard 18 kHz 
19 P1B2/PWM1 open drain frequency by 4 to 130 (64 gradations). 
20 P1B1/PWMO Output Port 1 B To set the data for VDP and SG functions, use the CGPR 

CMOS register (address 20H) via the data buffer. 
21 P1BO/CGP push-pull 

VDP duty - 26+7 X X-Oto63 

SG divider - ~~;~zX) 

I 
The P1 BO/CGP pin is set as a general purpose output port 

during clock stop instruction execution and power resetting. 

The status of these pins functioning as a clock generator 

port output is retained during CE resetting. 

4-bit general purpose output ports. 
22 P1C3 To set the output data, use the port register's P1 C register 
23 P1C2 CMOS (BANKl address 72). Output Port 1C 
24 P1C1 push-pull The data output during power resetting ;s unstable. The 
25 P1CO previous values are retained during clock stop instruction 

execution or CE resetting. 

Pins functioning as a 4-bit general purpose input port, fre-

quency counter (P1 D3/FMI FC, P1 D2/AMIFC pins) and 

A/D converter (P1 Dl/ADC,. PADO/ADCO pins). 

To switch from input port to frequency counter, use the 

registerfile'slFCMODE register (address 12H). 

To switch from input port to A/D converter, use the register 

file's ADCCH register (address 14Hl. 

(1) When used as a 4 bit input/output port: 

To read the input data, use the port register's P1 D register 

(BANKl address 73H). 

26 Pl D3/FMIFC (2) When used as a frequency counter: 

27 P1D2/AMIFC To use the P1 03/FMI FC and P1 02/AMI Fe pins as a fre-
Input - Port 10 quency measuring pin, use the register file IFCMODE register. 28 P1Dl/ADC1 

29 P1Da/ADCo The measurable frequency bands for the P1 03/FMI FC pins 

are 5 to 15 MHz (0.3 Vp-p input) and 0.1 to 1 MHz (0.3 

Vp-p input) for the P1 02/AMIFC pin. 

To measure, count the frequencies input in the gate time 

(1 ms,4 ms, 8 ms, open) by the 16 bit counter. The P1 03/ 

FMIFC pin counts the values divided by 1/2. Interrupt 

requests can be issued after the measuring is completed 

(when the gate closes). 

These functions can be utilized for detecting broadcasting 

stations by counting the intermediate frequencies. 

When used as a frequency counter, cut DC input signals by 

the condenser because the AC amplifier accepts inputs only. 
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PIN INPUT/ OUTPUT 

No. 
SYMBOL PIN NAME DESCRIPTION 

OUTPUT FORMAT 

The intermediate voltage of the selected pins are set to 

approx. 1/2 VOD. Non-selected pins are used 8S a general 

purpose input port. Initialize the AC amplifier by program-

ming as necessary. because it is not disabled by resetting the 

CE pin (No. 13) to low. (Noise from the active amplifier II 
may increase the current consumption.) 

Use the frequency counter, external gate counter, and clock 

generator port separatelv because the I FCMODE register 

specifies the external gate counter (P1 Ao/FCG pin) as well 

as the clock generator port (Pl BoICGP pin). These pins are 

set as a general purpose input port during power resetting 

and clock stop instruction execution, 
26 PI D3/FMIFC These pins continue acting as a frequency counter during CE 
27 P1D2/AMIFC resetting. 
28 P1Dl/ADCl 

Input - Port 1 D 
(3) Used as an AID converter 

28 PI DO/ADCo 
(PI Dl/ADC1. PI DO/ADCo pin): 

To use these pins as a 6-bit AID converter, use the register 

file's ADCCH register (address 14H). 

Up to six channels can be switched for the P1 D1/ADC1, 

PI DO/ADCO pins as well a. the POD3/ADC5 to PODO/ADC2 

pins (76 to 78 pins). 

Use the consecutive comparison by programming to convert 

from A to D and reference voltage is created by R string 

method, in which the power voltage is divided up. 

These pins are set as a general purpose input pon during 

power resetting and clock stop instruction execution. 

These pins continue acting as an AID converter during CE 

resetting. 

Device power pin. 

These pinssupply 5 V .10 % voltage to the CPU and peri-

pheral functions under operation. These pins lower the 

voltage to 3.6 V if the CPU alone is being operated. When 

the CE pin (No. 13) executes the clock stop instru~ion at 

low, the crystal oscillator stops oscillation and enters the 

data memory backup state. During this time, the power 

voltage is lowered to 2.2 V. 

When the power voltage rises from 0 to 4.5 V or when the 

power voltage falls below 3.5 V (2.2 V for clock stop instruc-
30 VDDI tion) and rises to 4.5 V, the device enters the power resetting - - Power 
41 VDD2 state. 

After povver resetting, the peripheral circuit, system register, 

and register files are initialized, and the program starts from 

address O. The power voltage rising time from 0 to 4.5 V 

should be up to 600 ms. 

In addition to power on resetting, just explained, the CE 

pin also resets the device (CE pin low - high). Electric 

blackouts can be detected by detecting the timer carrier 

F/F values of the register file, which are different during 

power resetting and CE resetting. 
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PIN INPUTI OUTPUT 

No. 
SYMBOL 

OUTPUT 
PIN NAME DESCRIPTION 

FORMAT 

00 not apply a voltage higher than the VOO pin to the rest 

of the pins. Pay special attention to both VOO pin and CE 

pin rising simultaneously. otherwise resulting in latch up. 

30 VDDI 
Always connect the V001 and VOD2 pins to the same 

- - Power potential. The VOD2 pin supplies power to the crystal 41 VDD2 
oscillation circuit (XIN and XOUT pins), error out circuit 

IEOo and EOI pins), and low pass filter circuit ILPFIN and 

LPFOUT pins); the V001 pin supplies power to all other 

parts. 

Pin for entering PLL oscillation frequfmcy (VeO). 

To specify one of the two division methods, direct division 

(MF mode) and pulse swallow tHF mode and VHF mode), 

use the register file's PLLMODE register (address 21 HI. 

The following shows the input pins, input frequencies. and 

division ratios for each division methods. 

Division Input Input Input Division 
method pin frequency voltage ratio 

Direct 16to 
division VCOL 0.5-30 MHz 0.3 Vp-p 

216 _1 
MF mode 

Oscillation Pulse 256 to 
31 VCOL low input swallow VCOL 5--40 MHz 0.3 Vp-p 216 _1 Input -
32 VCOH Oscillation HF mode 

high input 
Pulse 9-150 MHz 0.3 Vp-p 256'0 swallow VCOH 
VHF mode 9-250 MHz 0.5 Vp-p 

216 _1 

Cut DC input signals by the condenser because these pins 

accept AC amplifier inputs only. The pin specified by the 

PLLMODE register is set to intermediate voltage (approx. 

1/2 VDD). The pins that are not specified are internally 

pulled down. These pins are internally pulled down during 

PLL disabled and low CE pin states. 

These pins disable the PLL during power on resetting and 

clock stop instruction execution. 

These pins enter the PLLMODE register specified state 
during CE resetting. 

33 GND - - Grouhd Device ground pin 

Crystal oscillator 

The following shows the method for connecting the 4.5 MHz 

·crystaloscillator. "PD17005 

34 XOUT Output Crystal I XOUT XIN I CMOS 
35 XIN Input oscillator 

,,for,, 
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PIN 
SYMBOL 

INPUTI 

No. OUTPUT 

OUTPUT 

FORMAT 
PIN NAME DESCRIPTION 

The crystal oscillator in use determines the values of C1 and 
C2. Large Cl and C2 valuos degrade the oscillation .tart 

characteristic and increase the consumption currant. 

Although the trimmer condenser connected to the XIN pin 

is generally considered to adjust wider range of OIcillation II 
frequencies, it is recommended that it be connected to the 

34 XOUT Output Cry.tal 
crystal oscillator in use for 8 better oscillation stability. If 

CMOS probes are connected to the XOUT pin or XIN pin, the DOCII· 
35 XIN Input oscillator 

latlon frequencies cannot be adjusted corra:ct1y owing to 

probe capacitance. 

Thul, adjust while measuring the LCD driving waveform 
1125 MHz) of the number of veo oscillation frequencies. 

When the oscillation frequency is off the 4.5 MHz setting the 

oscillation frequencies of the internal timer and LL reference 

frequency are also off in the same proportion because they 

amploy a divided 4.5 MHz. 

Output pin for PLL frequency synthesizer charge pump. 
These pins output high level when the divided veo fre-

quency input through the VCOl pin (No. 31) and VCOH 

pin (No. 32) is higher than the reference frequency; these 
pins output low level when the divided VCO frequency input 

through the VCOl pin (No. 31) and VCOH pin (No. 32) i. 

lower than the reference frequency. 

These pins are set to floating when the divided VCO fre-

36 EO, CMOS 3 
quency matches the reference frequency. 

Output Error out To construct the PLL frequency synthesizer, use the exter· 
37 EOo state 

nallow pass filter (LPF) and apply these pin outputs to the 

voltage control oscillator (VCO). 

The E01 pin and EO:z pin output the same signals, so use 
either pin. 

These pins are set to floating during PLL disabled state, i.e., 
during low CE pin (No. 13) or power resetting. 

To detect the PLL unlock state, use the register file's 
PllUWDG register (05H). To .elect one of the four delay 

times (0.5"., 1 "., 2 "., disable) for Pll unlock state date<>-

tion, use the register file's PLULOLY register (address 15H). 

Low pass filter (LPF) CMOS operation amplifier built-in pin. 
The following is the example of a pin internal equivalent 
circuit and application circuit. 

I'PD17oo5 

38 LPFIN Input 
N-ch 

LP!f50UT vJ.J ~ER LPF 
39 LPFOUT Output 

open drain amplifier 
EOo EO, 

40 VLPF - I!'l ~ ,p.( ~ .1 
SOURCE 

J 
I 

'1 TO FMVCO 

'1 TO AMVCO 
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PIN INPUTI OUTPUT 

DESCRIPTION SYMBOL 
FORMAT 

PIN NAME 
No. OUTPUT 

38 LPFIN Input 
The LPFOUT pin requires pull up resistance because it is for 

N-ch LPF N·ch open drain output. It withstands voltage up to 16 V. 
39 LPFOUT Output 

40 VLPF -
open drain amplifier Apply a voltage, which is higher than that applied to the 

LPFOUT pin. but not exceeding 16 V, to the VLPF pin. 

The LPFOUT pin is internally pulled up during PLL disabled 

statB. 

1 bit output port pin. 

To set the data, use the port register's P2A register (BANK2 

42 P2Ao Output 
CMOS address 70H). 

Port2A 
push-pull The data output during power on resetting is unstable. 

The previous output values are retained during clock stop 

instruction execution and CE resetting. 

Output pin for LCD driver common signal. 

The LCD driver has 1/2 duty. 1/2 bias, a 250 Hz frame fre-

quency. and VOO driving voltage. 

Up to 60-dot display can b:e done by matrix with the LeoOI 

POY0/KSO to LCD29/POF3 pins. 

These pins output three voltages: ground, 112 VOO, and 

VDD' 
43 COMl Common Oots light up when ±VOO potential difference is generated Output CMOS 
44 COMO signal between these pins and LCDO/POYO/KSO to LCD29/POF3 

pins. These pins output low during power resetting and 

clock stop instruction execution, provided that the display 

mode was turned off by the register file's LCOMOOE register 

(address 10H). The output status of these pins is retained 

during CE resetting, provided that the display mode is turned 

on. 

Pins functioning as LCO driver segment signal output pins 

(LCD2Q/POF3 to LCDO/POYO/KSO pins), key matrix source 

signal output pins (LCD15/POY15/KSO to LCDO/POYo/KSO 

pins), and general purpose 'output port (LCD29/POF3 to 

45 LCD29/POF3 LCDO/POYO/KSO pins). 

to to To switch from segment signal to key source signal or to 

48 LCD26/POFO general purpose output port, use the register file LCDMODE 

register (address 10H) or the LCOPORT register (address 

49 LCD25/POE3 l1H). 

to to (1) When using as an LCD driver segment signal output pin 
62 LCD22/POEO 

LCD (LCD29/POF3 to LCDO/POYO/KSO pins): 
CMOS The LCD driver has a 1/2 duty, 1/2 bias, and 250 Hz frame Output segment 

53 LCD71/POX5 push-pull frequency (125 Hz segment signal outputl. Up to 60 dot signal 
to to display can be done by matrix with these segment signal 
58 LCD16/POXO output pins and COMO pin and COM1 pin (No. 44 and 43). 

LCD151 
Dots light up when ±VOD potential difference is "generated 

59 between these pins and LCDO/POYo/KSO to LCD29/POF3 
to POY15/KS15 pins. To set the LCD driver display data, use the LCD dot 
74 to register (BANKO address OOH to 6EH), or the LCD group 

LCDoi register (address OSH to OF H) via the data buffer. To tvrn 
POYoiKSo the LCO driver display on or off, use the register file's 

LCDMODE register. When the display mode is turned off, 

these segment signal output pins are set to low. But the 

pins, which are specified as a general purpose output port 
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PIN INPUT/ OUTPUT 
SYMBOL 

OUTPUT 
PIN NAME DESCRIPTION 

No. FORMAT 

by the register file's LCDPORT register, output the output 

port data regardless of the display mode. These pins output 

low during power resetting and clock stop instruction execu-

tion. 

The output status of these pins are retained during CE 

resetting, provided that the display mode is turned on. 

Th. LCD15/POY 15/KS15 to LCDO/POYO/KSO pins cen 

output both the segment signal and key source signal of the 

16 key matrix at the same time. 

(2) When using as a key matrix source signal: 

To set thes.16 LCD15/POY15/KS15 to LCDO/POYO/KSO 

pins as a key source signal output pin, use the register file's 

LCDMOOE register. 

The key source signals are output with the LCD segment 

signals by time division. (Key source signal output time: 

220",1. 

45 LCD29/POF3 To use the key source signal, set the P003/ADCS to PODOl 

to to ADC2 pins as a key return signal input pin (No. 75 to 78), 

48 LCD26/POFO Therefore, the key matrix with 16 key sources and four 

input keys is configured. Key source signals are output 

49 LCD2s1POE3 every 4 ms. To set the output data of the key source signal, 

to to use the key source register (address 42H) via the data buffer. 

52 LCD22/POEO The key source signal is not output when the LCD driver 
LCD display mode is turned off (the segment signal output is low) CMOS 

53 LCD21/POX5 
Output 

push-pull 
segment or when these pins are set as a general purpose output port. 

to 
signal 

The key source signal is not output during power on resetting to 

58 LCD16/POXO and clock stop instruction execution. 

The output status of these pins are retained during CE reset-

59 LCD15/ ting. 

to POY15/KS15 (3) When used as an output port: 
74 to The following table shows how to set these pins as an output 

LCDO/ port using the register file's LCDPORT register {address 

POYO/KSO 11Hl. 

PIN Port Number 
PIN Name 

No. name of bits 

45 LCD29/POF3 

to to Port OF 4 bits 

48 LCD26/POFO 

49 LCD25/POE3 

to to Port OE 4 bits 

52 LCD22/POEO 

53 LCD21/POX5 

to to Port OX 6 bits 

58 LCD16/POXO 

59 LCD1S/POY 15/KS15 

to to Port OY 16 bits 

74 LCDO/POYO/KSO 
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PIN INPUTI ,OUTPUT 

SYMBOL PIN NAME DESCRIPTION 
No. OUTPUT FORMAT 

The Port OF. Port DE, Port OX. and POrt OY can be specified 

separately as an output port. otherwise they function as an 

LCD segment signal output pin. The following table shows 

how to set output data in Bach port. 

45 LCD29/POF3 Port name Output data setting 

to to 
POF register (BANKO address 6DH) also 

4B LCD261pOFO Port OF functions as the LCD dot register's LCDO 

49 LCD25/POE3 
13 register. 

to to POE register (BANKO address 6BH) also 

52 LCD22/POEO PortOE functions as the LCD dot register's LCDO 

LCD 11 register. 
CMOS 

53 LC~1/POX5 Output segment POXH, and POXL registers (BANKO ad-
push~pull 

to to siQ"al dress 69H and 6SH) also function as the 

58 LCDI61POXo 
Port OX 

LCD dot register's LCDD 9 register and 

LCDO 8 register, respectively. To set the 

59 LCD151 output data, use the POX group register 

to POY15/KS15 (OCH) via the data buffer. 
74 to 

To set the output data, use the POY 
LCDoI PortOY 

group register (42CH) via the data buffer. 
POYoIKSo 

These pins are set as a segment signal outPl,Jt pin and thus 

output low level ~uring power resetting and clock stop 

instruction executicn. 

The previous output status is retained during CE resetting. 

Pins functioning as a 4-bit general purpose mput port and 

AID converter input pin. 

To switch from the input port to AID converter, use the 

register file's ADCCH register (address 14H). 

(11 When used as an input port: 

To read the input data, use the port register's POC register 

(BANKO address 72HI. 

75 POC3/ADC5 The POC3/ADC5 to POC0/ADC2 pins have a built-in pull-

76 POC2/ADC4 
Input 

Input with 
PortOC 

down resistance enabling them to be used as a key return 

77 POCl/ADC3 pull down signal input pin of the key matrix. To use the LCD segment 

78 POCO/AD~ pin as the key source, turn off the pull-down resistance 

during key source signal output 1220 .us), and turn on the 

pull-down resistance during segment signal output (220 .us). 

Always keep the pull-down resistance on when the LCD 

segment pin is not used as the key source. 

Turn off the pull-down resistance of the pin set as an AID 

converter by the register file's ADCCH register. 

(2) When used as an AID converter: 

To set these pins as a 6 bit AID converter, use the register 

file's ADCCH register (address 14HI. 

Use the consecutive comparsion by programming to convert 

from A to D. The reference voltage is created by the R string 

method, in which the power voltage is divided up. 

Up to six channels can be switched for the POC3/AOC5 to 

POColADC2 pins as well as the P1Dl/ADC1, PIDO/ADCO 
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PIN INPUT/ OUTPUT 
SYMBOL PIN NAME DESCRIPTION 

No. OUTPUT FORMAT 

pins (No. 28 and 29). To specify the desired channel, use the 

register file's ADCCH register. The other five channels func-

75 POC3/ADC5 
tion as general purpose input ports. 

76 POC2/ADC4 Input with 
The pull-down resistance built-in POC3/ADC5 to POCo/ADC2 

Input PortOC pins are equipped with a pull-down resistance. When these 
77 POC1/ADC3 pull down 

pins are set as an AID converter input pin by the ADCCH 
78 POCO/ADC2 

register, the pull-down resistance is turned off. 

II 
The AID converter pins are re--specified to the general pur-

pose input port during power resetting and clock stop in-

struction execution. 

These pins function as an AID converter during CE resetting. 
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1.3 NOTES ON USING GENERAL PURPOSE PORT 

1.3.1 Port register data bit 

NEe 
To read the input data or set the output data in the Port OA, Port OB, Port OC, Port 00, Port 1 A, Port 1 B, Port 

lC, Port 10, and Port 2A, use port registers (POA to P2A register) in the data memory. 

The POA3 pin and the POAo pin of the Port OA correspond to the most significant bit and the least significant 

bit of the port register POA, respectively. 

The same rule applies to the Port OB, Port OC, Port 00, Port lA, Port 1 B, Port 1 C, Port 10, and Port 2A. 

To set the output data in the Port OE, Port OF, Port OX, and Port OY, use the LCD group register via the LCD 

dot register or the data buffer in the data memory. 

1.3.2 Input/output ports (Port OA, Port OB, Port OC, Port 1A) 

(1) When a port is specified as an input port: 

Execute the instruction to read the contents of the port register in the data memory (provided that the port 

register address is defined as m of the SKT m, #i instruction or ADD r, m instruction). The port pin status is 

stored as the port register value. Execute the instruction to write in the port register (provided that the port 

register address is defined as m of the MOV m, #i instruction or r of the ADD r, m instruction), and the values 

are written in the output data latch circuit. 

(2) When a port is specified as an output port: 

Executes the instruction to write in the port register. The values are written in the output data latch circuit and 

output througb each pin. Execute the instruction to read the contents of the port register. The output data 

latch content is stored as the port register value. However, when the read instruction is executed through the 

POA3/SDA and POA2/SCL pins, the pin status is read and different data may be output. 

These pins are set as an input port during power resetting, CE resetting or clock stop instruction execution. 

Write the output latch content, which becomes unstable during power resetting, in the port register before 

setting it in the output port, otherwise the output data will be unstable. The output data latch content is not 

updated during clock stop instruction execution or CE resetting. 

1.3.3 Output ports (Port 1B, Port 1C, Port OF, Port OE, Port OX, and Port OY) 

Output ports write port register values in the output latch and outputs them through the pins. 

Execute the instruction to read the port register value. The latch status is stored as the port register value. 

The data output during power on resetting is unstable. 

The previous output data is retained during CE resetting or clock stop instruction execution. 

The Port OE, Port OF, Port OX, and Port OY automatically output low level during power on resetting or clock 

stop instruction execution. 
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1.4 PIN EQUIVALENT CIRCUITS 

1.4.1 POA (POA,/SCK" POAg/SO,) 

POB (POB3/SI" POB2/SCK2, POB,/S02, POBo/SI,) 

P1A(P1A3,P1A2,P1A"P1Ag) 

1.4.3 POC (POC3/POC2, POC, , POCo) 

P1 B (P1 BO/CGP) 

P1C (P1C3, P1C2, P1C" P1Co) 
P2A (P2Ag) 

LCDO/POYO/KSO to LCD29/POF3 
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II 

(I nput/output) 

(Input/output) 
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(Output) 

,--------- AID converter 

1.4.6 P1D (P1D,/ADC" P1Do/ADCo) 

1.4.7 P1D (P1D3/FMIFC, P1Dz/AMIFC) 

~ - - '""-, ~.-~" 
~~ 

...L 
.--------1 1 

(Input) 

Frequency counter 
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1.4.8 CE 

INT, 

INTo 

1.4.9 XOUT. XIN 

XOUTo-------------~ 

T 

1.4.10 EO,. EOo 
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II 
~~~-- (Hysteresis input) 

(Input) 

Frequency counter 

(Output) 
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1.4.11 lPFIN. lPFOUT. VLPF 

LPFOUT 

1.4.12 eOM,.eOMo 

/-

(Output) 

1.4.13 veOH 
veOl 

(Input) 
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2. BLOCK DIAGRAM 

VCOH 0--

VCOLo------~}(}+----------~~~~.J 

X IN O--------+-l 

XOUT 0)-----------

~gg~~ -
CE~ 

GNDO~--------7Jr' 
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.-------~~--~OEOO 
EO, 

COMO 
COM, 

LCDO/KSO/POVO 
LCD,/KSi/POv, 
LCD2/KS2/POV2 
LCD3/KS3/POV3 

LCD24/POE2 
LCD25/POE3 
LCD26/POFO 
LCD27/POF, 
LCD2S/POF2 
LCD29/POF3 

INTO 
INT, 
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3. JlPD17005 INSTRUCTIONS 

3.1 TABLE OF INSTRUCTION SETS 

~. hI, 0 1 

bl4 bI3 b12"~ 
0 0 0 0 0 ADD r. m ADD m. IIi 

0 0 0 1 1 SUB r. m SUB m. IIi 

0 0 1 0 2 ADDC r. m ADDC m. IIi 

0 0 1 1 3 SUBC r. m SUBC m, IIi 

0 1 0 0 4 AND r. m AND m, IIi 

0 1 0 1 5 XOR r, m XOR m. IIi 

0 1 1 0 6 OR r. m OR m. IIi 

INC AR 
INC IX 
MOVT DBF. @AR 
BR @AR 

CALL @AR 
RET 
RETSK 
EI 
DI 

0 1 1 1 7 
RET! 
PUSH AR 
POP AR 
GET DBF. p 

PUT p. DBF 
PEEK WR. rf 

POKE rf. WR 
RORC r 

STOP 0 

HALT h 

Nap 

1 0 0 0 8 LD r. m ST m. r 

1 0 0 1 9 SKE m. IIi SKGE m. IIi 

1 0 1 0 A MOV @r. m MOV m. @r 

1 0 1 1 B SKNE m. IIi SKLT m. IIi 

1 1 0 0 C BR addr (pageO) CALL addr (pageO) 

1 1 0 1 D BR addr (pagel) MOV m. IIi 

1 1 1 0 E BR addr (page2) 
, 

SKT m. lin 

1 1 1 1 F BR addr (page3) SKF m. lin 
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3.2 TABLE OF INSTRUCTIONS 

NOTE 

M 

m 

: One of Data memory specified by [(BANK). ml 

: Data memory address specified by (mH' mLJ of each 

bank 
: Data memory address high (Row address) ; 3bits 

: Data memory address Low (Column address) ; 4 

PC : Program memory counter 

SP : Stack pointer 
STACK : Stack of (PC). (BANK). (]XE) 
STACK pc : Stack of (PC) 
BANK : Bank register 

R 
bits 

: One of General register specified by (RD). rl 
: General register address low; 4bits 

(ROM) pc: One of Program memory data specified by 
(PC) 

INTEF : Interrupt enable flag 

RP : General register pointer 

RF 
rf 

rfH 
rfL 

: One of register file specified by rf 

: Register file address specified by (rfH. rfLJ 
: Register file address high 

: Register file address low 

AR : Address register 

IX : Index register 

IXE : Index enable flag 
DBF : Data buffer 
WR : Window register 
MP : Memory pointer 

MPE : Memory pointer enable flag 
PE : Peripheral 

: Peripheral address 
PH : Peripheral address high 
PI. : Peripheral address low 

:"I.Inemonic Operand Function 

~ 
r.m Add Data memory to General register 

.s ADD 
ti m.lli Add immediate data to Data memory 

SGR 

addr 
CY 

b 

h 
( ) 

( ) 

~ r.m Add Data memory to General register with carry 
,5 ADDC 
~ m. :tI:i Add immediate data to Data memory with carry 

"E 
'5 AR Increment Address register 
'0 INC <t: 

IX Increment Index register 

"~"E 
r,m Subtract Data memory from General register 

SUB 
m, :tti Subtract immediate data from Data memory 

~g 
~" r,m Subtract Data memory from General register with bOITo\\ 

1"~ SUBC 
m,11:i Subtract immediate data from Data memory with borro\\ 

SKE m, :l!j Skip if Data memory equals immediate data 

c 

"E Skip if Data memory is greater than or equal to 

t SKGE m. ::i 
immediate data 

~"S 
"it: 

SKLT m, ~i ;...::; Skip if Data memory is less than immediate data 

1~ 
SKNE m, tti Skip if Data memory not equal immediate data 
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: Program memory segment register 

: Immediate data; 4bits 

: Bit position; 4bits 
: One of program memory address; 11 bits 

: Carryfiag 
: Carry 

: Borrow 
: Halt release conditions 

: Address of M. R. RF 
: Contents of M. R. RF. AR. IX. DBF. WR. PE 

Machine code 
Operation 

Op. code 

(R) ~(R) + (M) 00000 mH mL r 

(M)~(M)+i 10000 mH mL i 

(R)~(R) + (M) + (CY) 00010 mH mL, r 

(M) ~(M) + i + (CY) 10010 mH mL i 

(AR) ~(AR) + 1 00111 000 1001 0000 

(IX) ~(lX) + 1 00111 000 1000 0000 

(R) ~(R) - (M) 00001 mH mL r 

(M)~(M)-i 10001 mH mL i 

(R)~(R)-(M)-(CY) 00011 mH mL r 

(M)~(M)-i'--(CY) 10011 mH mL L 

(;II-i & 
01001 mH mL i 

skip if zero 

(;1I-i & 
11001 mH mt i 

skip if not borrow 

(,II-i & 
11011 mH mL i 

skip if borrow 

<:-.II-i& 
01011 mH mL i 

skip if not zero 
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Machine code 

1tnernonic Operand Function Operation 
Op, code 

c m, !l:i Logic AND of Data memory and immediate data (M) ~ (M) AND i 10100 mH mL i .§ AND u 
Logic AND, of General register and Data memory (R) ~ (R) AND (M) 00100 

~ 
r,m mH mL r 

.5 m.:t:I:i Logic OR of Data memory and immediate data (M) ~(M) OR i 10110 mH mL i 
c OR 
53 r,m Logic OR of General register and Data memory (R) ~ (R) OR (M) 00110 mH m, r .;:; 

"' m, !l:i Exclusive Logic OR of Dat'a memory and immediate data (M) .c-(M) XOR i 10101 i '" mH mL a XOR 
0 r,m Exclusive Logic OR of General register and Data memory (R) ~(R) XOR (M) 00101 mH mL U r 

LD r,m Load Data memory to General register (RI~(MI 01000 mH mL r 

ST m,r Store General register to Data memory IMI~(RI 11000 mH mL r 

Move Data memory to Destination data memory if ,IPE= 1 : I I)IPI,IRI H)P 
@r.m 

: [lmHI,1R1 H)P 
01010 mH mL r 

referring to General register If ,IPE= 0 

MOU j;Jove Source data memory referring to General If yIPE= 1 I)!H I,IPI,IRI] 
m.@r 

: IlIHlmHI,IRI] 
11010 mH mL r 

register to Data memory if ,IPE= 0 

c m,!l:i Move immediate data to Data memory IllH 11101 mH mL i 0 

~ 

~ MOUT DBF, Move Program memory data specified by Address (STACK"HPC! & (PCHARI & 
00111 000 0001 0000 

.5 
@AR register to Data buffer IDBFHROlII" & (PCHSTACK,'! 

~ Decrement Stack pointer, then move Address register ISPI ~ (SPI - 1 & 
PUSH AR 00111 000 1101 0000 

~ to Stack ISTACK"I ~IARI 
f-< 

POP AR 
:\1ove Stack to Address register, then mcrement Stack (ARI ~(STACK,) & 

00111 000 1100 0000 
pointer ISPI ~ISPI + 1 

PEEK WR,rf Get data of Register file to Window register I\\,RI~IRFI 00111 rlH 0011 rlL 

POKE rf, WR Put data of Window register into Register file (RFI~(\\,RI 00111 rffl 0010 rfL 

GET DBF,p Get peripheral data to Data buffer IDBFI~IPEI 00111 PH 1011 Pl. 

PUT p Put data of Data buffer to peripheral (PE)~IDBFI 00111 PH 1010 PL DBF 

" SKT m, !l:n 
Test Data memory bits, If ()II,=all "1 ", 

11110 mH mL n .S then skip if all bits specified are true then skip U ., 
bO- Test Data memory bits, if IMI,=all "0", 'tl~ 

2,.5 SKF m,!l:n 11111 mH ml. n 
then skip If all bits specified are false then skip 

Jump to the address in page 0 (PCI" addr & IPCI'11'11 ~oo 01100 

" Jump to the address in page 1 IPCI~addr & (PCI '12'11 ~OI 01101 0 

,c'B addr addr (] 1 bits) 
Uo BR Jump to the address in page 2 IPCI ~addr & (PCI '12 '11 ~ 10 01110 
"-Et? 
Ill.S Jump to the address in page 3 IPCI "addr & IPCI '12 'II ~11 01111 

@AR Jump to the address specified by Address register IPCI~IARI 00111 000 0100 0000 

:;: RORe r Rotate General register right with carry 
c::(C\(~:J 

00111 000 0111 r .c 
if) (Rlh,-IRI.,-(RI,,-IRlhQ 
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Machine code 
Mnemonic Operand Function Operation 

Op. code 

(SPHSPI-I & 

addr Call subroutine in page 0 (STACK"H (PCI + II & 11100 addr(l1bits) 

IPCI,"~O & (PCI~ddr 
CALL II 

c (SPHSPI-I & 0 

'13 @AR Call subroutine (STACK"H (PCI + 11 & 00111 000 0101 0000 
~ 
.S (PCHARI 

OJ 
.S (PCHSTACK"I & 

" RET Return to main routine from subroutine 00111 000 1110 0000 
0 (SPHSPI+ I .s 
" (j) Return to main routine from subroutine, (PC) ~(STACK"I & 

RETSK 00111 DOl 1110 0000 
then skip unconditionally (SPI ~(SPI + I & and skip 

RET! 
Return to main routine from interrupt (PC), (BANKJ, ([XEHSTACKJ 

00111 100 1110 0000 
service routine & (SPHSP) + I 

20. EI Enable interrupt [NTEF~I 00111 000 1111 0000 

.52 DI Disable interrupt [NTEF~O 00111 DOl 1111 0000 

STOP 0 Stop clock if CE=)ow stop clock if CE=low 00111 DID 1111 0000 

~ HALT h Halt the CPU, Restart by condition h halt 00111 011 1111 h 

NOP No operation 00111 100 1111 0000 
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3.3 ASSEMBLER (AS17K) INCORPORATED MACRO 

NOTE 

flag 

fI~gl to flagn 

n 

< > 

'Mnemonic 

SKTn 

SKFn 

SETn 

CLRn 

NOTn 

INITFLG 

BANKn 

: One of flagl to flagn 

: Flag mane specified by RESERVED TABLE 

: Number 

: Description can be omitted 

Operand n Function 

flagl.···flagn 1 ;:On;:O 4 
Test flagl to flagn. then 

specified are true 

skip all flags 

flagl ... ·flagn I ;:On;;> 4 
Test flagl to flagn. then skip all flags 

specified are false 

flagl ... ·flagn 1 ;:on;:o 4 Set all flags in flagl to flagn. 

flagl. "·flagn 1 ;:on;:o4 Clear all flags in flagl to flagn 

flagl ... ·flagn 1 ;:on;:o 4 Complement all flags in flaglto flagn 

<NOT>flagl, 
1 ;:On:>; 4 Initialize all flags in flag! to flagn 

"'<NOT>flagn 

o :>;n;;> 3 Set n into Bank register 
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Operation 

if (fIagl) to (flagn) = all 

" 1 '. then skip 

if (fIagl)to (flagn) = all 

"0". then skip 

(flag!) to (flagn) .... I 

(flag!) to (fIagn) .... 0 

if (flag) ="0". 

then (flag) .... I & 
if (flag) = " 1". 

then (fIag) .... O 

if description= NOT 

flag, (fIag) .... O 

if description = flag, 

(flag) .... 1 

(BANK) .... n.O;:On:>;3 
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4. IlPD17005 RESERVED WORDS (ASI7K) 

4.1 TABLE OF RESERVED WORDS 

4.1.1 System register (SYSREG) 

Reserved word Model Address 
Read/ 

Function outline 
Write 

AR3 MEM O.74H R BIT b15-12 of Address Register 

AR2 MEM O.75H R BIT bl1-B of Address Register 

ARI MEM O.76H R/W BIT b7 -4 of Address Register 

ARO MEM O.77H R/W BIT b3-0 of Address Register 

WR MEM O.7BH R/w Window Register 

BANK MEM O.79H R/W Bank Register 

IXH MEM O.7AH R/W Index register high 

MPH MEM O.7AH R/W Memory pointer high 

MPE FLG O.7AH.3 R/W Memory pointer enable flag 

IXM MEM O.7BH R/W Index register middle 

MPL MEM O.7BH R/W Memory pointer low 

IXL MEM O.7CH R/W Index register low 

RPH MEM O.7DH R/W General Register pointer high 

RPL MEM O.7EH R/W General Register pointer low 

PSW MEM O.7FH R/W Program status word 

BCD FLG O.7EH.O R/W Binary Coded Decimal flag 

CMP FLG O.7FH.3 R/W Compare flag 

CY FLG O.7FH.2 R/W Carry flag 

Z FLG O.7FH.l R/W Zero flag 

IXE FLG O.7FH.O R/W Index register enable flag 

4.1.2 Data buffer (DBF) 

Reserved word Model Address 
Read/ 

Function outline 
Write 

DBF3 MEM O.OCH R/W BIT b15-12 OF DBF 

DBF2 MEM O.ODH R/W BIT bl1-B OF DBF 

DBFl MEM O.OEH R/W BIT b7-4 OF DBF 

DBFO MEM O.OFH R/W BIT b3-0 OF DBF 
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4.1.3 LCD dot data register 

Reserved word 

LCDDO ._._ .... __ ._._--_._._. 

LCDD! 

LCDD2 

LCDD3 
.---------.-------._.-

LCDD4 
----------.--_._. 

LCDDS 

LCDDS 

LCDD7 

LCDDS 

LCDD9 

LCDDIO 

LCDDll 

LCDD!2 
.---- ...... -- ...... 

LCDD!3 

LCDD!4 

Model 

MEM 

MEM 

MEM 

MEM 
"--
MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

MEM 

Address 

O.SOH 

O.SIH 

0.S2H 

0.S3H 

O.S4H 

O.SSH 

O.SSH 

O.S7H 

O.SSH 

0.S9H 

O.6AH 

O.SBH 

O.SCH 

O.SDH 

O.SEH 

4.1.4 General Purpose Port Register 

Reserved word Model Address 

P0A3 FLG 0.70H.3 

Read/ 

Write 

R!W 

R!W 

R!W 

R!W 

R!W 

LCD data register 

LCD data register 

LCD data register 

LCD data register 

LCD data register 

R!W LCD data register 

R!W 

R!W 

LCD data register 

LCD data register 

R!W LCD data register 

R!W LCD data register 

R!W LCD data register 

R!W LCD data register 

R!W LCD data register 

R!W LCD data register 

R!W LCD data register 

Read/ 

Write 

R!W Port OA bit b3 
_._ .... _._ ... . _. 

P0A2 FLG O. 70H.2 R!W Port OA bit b2 

POAI FLG. 0.70H.I R!W Port OA bit bl 

POAO FLG O. 70H.0 R!W Port OA bit bO 

POB3 FLG 0.71H.3 R!W Port OB bit b3 

POB2 FLG 0.71H.2 R!W Port OB bit b2 
----------- -----

POBI FLG O.71H.I R!W Port OB bit bl 

POBO FLG 0.7IH.0 R!W Port OB bit bO 

POC3 FLG 0.72H.3 R!W Port OC bit b3 

POC2 FLG 0.72H.2 R/W Port OC bit b2 

POCI FLG 0.72H.I R/W Port OC bit bl 

POCO FLG 0.72H.0 R!W Port OC bit bO 

POD3 FLG 0.73H.3 R Port OD bit b3 
-----------_ .. _------" 

POD2 FLG 0.73H.2 R Port OD bit b2 

POD! FLG O. 73H.I R Port OD bit bl 

PODO FLG o. 73H.0 R Port OD bit bO 
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Reserved word 

POXL3 
--."._----------------

POXL2 

POXLI 
---------------

POXLO 

POXH3 

POXH2 

POXHI 

POXHO 

POE3 

POE2 

POE I 

POEO 

POF3 

POF2 

POFI 

POFO 

---------

------ ... _---

-----------

PIA3 

PIA2 

PIAl 

PIAO 

PIB3 

PIB2 

PIBI 

PIBO 

PIC3 
_ .. _----------

P1C2 

PIC! 

PICO 

PlD3 

PlD2 

PlDl 

PlDO 

P2A3 
-0 ______ ------

P2A2 

P2AI 

P2AO 

JlPD17005 

Model Address 
Read/ 

Function outline 
Write 

FLG O.68H.3 R/W Port OX bit bl 
-_ .. _---------------

II 
FLG O.68H.2 R/W Port OX bit bO 

FLG O.68H.I R/W DUMMY 
----- ----- -------------------- -----

FLG O.68H.O R/W DUMMY 

FLG O.69H.3 R/W Port OX bit b5 

FLG O.69H.2 R/W Port OX bit b4 
--- ------------

FLG O.69H.I R/W Port OX bit b3 

FLG O.69H.O R/W Port OX bit b2 

FLG O.6BH.3 R/W Port OE bit b3 
._------- -----------

FLG O.6BH.2 R/W Port OE bit b2 

FLG O.6BH.I R/W Port OE bit bl 
---------". --_._._------------- ----------- -----

FLG O.6BH.O R/W Port OE bit bO 

FLG O.6DH.3 R/W Port OF bit b3 
. __ ._--_._- ---_.,,-

FLG O.6DH.2 R/W Port OF bit b2 
---------- ----------

FLG O.6DH.I R/W Port OF bit bl 
._------- ------- ---_ .. _--------

FLG O.6DH.O R/W Port OF bit bO 

FLG 1.70H.3 R/W Port IA bit b3 

FLG 1.70H.2 R/W Port lA bit b2 

FLG 1.70H.I R/W Port IA bit bl 
-- --- ._-------- ... _------

FLG 1.70H.O R/W Port IA bit bO 

FLG 1.71H.3 R/W Port IB bit b3 

FLG 1.71H.2 R/W Port I B bit b2 

FLG 1. 7IH.I R/W Port IB bit bl 

FLG 1.71H.O R/W Port I B bit bO 

FLG 1.72H.3 R/W Port IC bit b3 
----------- ----------_ ... _----- ._--------- -------

FLG 1.72H.2 R/W Port IC bit b2 

FLG 1. 72H.I R/W Port IC bit bl 

FLG 1.72H.O R/W Port Ie bit bO 

FLG I.73H.3 R/W Port lD bit b3 

FLG I.73H.2 R/W Port lD bit b2 

FLG 1.73H.I R/W Port lD bit bl 
- --------- ."._._---------------------------_._--------

FLG 1. 73H.0 R/W Port lD bit bO 

FLG 2.70H.3 R/W Port 2A bit b3 
----------- ------- ----------- --.-_ ...... ... _- ---------------------

FLG 2.70H.2 R/W Port 2A bit b2 
---_._ ... _- -------- -----------------------------

FLG 2.70H.I R/W Port 2A bit bl 
------------- ---------------

FLG 2.70H.O R/W Port 2A bit bO 

2·99 



IlPD17005 

4.1.5 Register File (Control Register) 

Reserved word 

SP 

Sl02TS 
~ --- -"- - ---------

Sl02HIZ 

SI02CKI 

SI02CKO 

IFCG 

PLLUL 

ADCCMP 

CE 

SIOICH 

SB 

SIOlMS 

SIOITX 

TMMD3 

TMMD2 

TMMDl 

TMMDO 

INTI 

INTO 

KSEN 

LCDEN 

POVON 

POXON 

POEON 

POFON 

IFCMDl 

IFCMDO 

IFCCKI 

IFCCKO 

-------

PWM20N 

PWMION 

PWMOON 

CGPON 

ADCCH3 

ADCCH2 

ADCCHI 

ADCCHO 

Model Address 

MEM 0.81H 

FLG 0.82H.3 
----

FLG 0.82H.2 

FLG 0.82H.I 

FLG 0.82H.0 

FLG 0.84H.0 

FLG 0.85H.0 

FLG 0.86H.0 

FLG 0.87H.0 

FLG 0.88H.3 

FLG 0.88H.2 
---------- ----

FLG 0.88H.I 

FLG 0.88H.0 

Read/ 

Write 

R/W Stack pointer 

R/W SI02 start flag 

R/W S02/POBI select flag 

Function outline 

R/W SI02 clock select bit bl 

R/W SI02 clock select bit bO 

R IF counter gate status flag 

R PLL unlock F /F flag 

R ADC judge flag 

R CE terminal status flag 

R/W SIOI mode select flag 

R/W SB/SBI select flag 

R/W SIOI clock mode select flag 

R/W SIQI TX/RX select flag 

FLG 0.89H.3 R/W Timer interrupt mode select flag 
------------------------ ----- "."._._--------------------

FLG 0.89H.2 R/W Timer interrupt mode select flag 

FLG O.89H.I R/W Timer carry F /F mode select flag 

FLG 0.89H.O R/W Timer carry F /F mode select flag 

FLG 0.8FH.I R INTI terminal status flag 

FLG 0.8FH.0 R INTO terminal status flag 

FLG 0.90H.I R/W Key sauce decorder enable flag 

FLG 0.90H.0 R/W LCD driver enable flag 

FLG 0.91H.3 R/W Port OY enable flag 

FLG 0.91H.2 R/W Port OX enable flag 

FLG 0.9IH.I R/W Port OE enable flag 
----- -- ------------._----------

FLG 0.9IH.0 R/W Port OF enable flag 

FLG 0.92H.3 R/W IF counter mode select flag 

FLG 0.92H.2 R/W IF counter mode select flag 

FLG 0.92H.I R/W IF counter clock select flag 

FLG 0.92H.0 R/W IF counter clock select flag 

FLG 0.93H.3 R/W PWM2 enable flag 

FLG 0.93H.2 R/W PWMI enable flag 

FLG 0.93H.I R/W PWMO enable flag 

FLG 0.93H.0 R/W CGP enable flag 

FLG 0.94H.3 R AD mode select flag (DUMMY: 0) 

FLG 0.94H.2 R/W AD mode select flag 

FLG 0.94H.I R/W AD mode select flag 

FLG 0.94H.0 R/W AD mode select flag 
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Reserved word 

PLULDLY3 
-- -----------

PLULDLY2 

PLULDLYI 

PLULDLYO 

KEY] 

TMCY 

SBACK 

SIOlNWT 

SIOlWRQl 

SIOlWRQO 

IEGI 

IEGO 

PLLMD3 

PLLMD2 

PLLMDl 

PLLMDO 

IFCSTRT 

IFCRES 

POCGIO 

SIOlSF8 

SIOlSF9 

SBSTT 

SBBSY 

IPlFC 

IPSIOI 

IPTM 

IPI 

IPO 

PLLRFMD3 

PLLRFMD2 
---_ ......... _. 

PLLRFMDl 
- - -----_._ ....... 

PLLRFMDO 

PIABI03 

PIABI02 

PlABIOl 

PIABIOO 

POBBI03 

POBBI02 

POBBIOI 

POBBIOO 

Model Address 

FLG 0.95H.3 
-----

FLG 0.95H.2 

FLG 0.95H.l 

FLG 0.95H.0 

FLG 0.96H.0 

FLG 0.97H.0 

FLG 0.98H.3 

FLG 0.98H.2 

FLG 0.98H.l 

FLG 0.98H.0 

FLG 0.9FH.l 

FLG 0.9FH.0 

FLG 0.OAlH.3 

FLG 0.OAlH.2 

FLG O.OAlH.l 

FLG O.OAlH.O 

FLG 0.OA3H.l 

FLG 0.OA3H.0 

FLG 0.OA7H.0 

FLG 0.OA8H.3 

FLG 0.OA8H.2 

FLG 0.OA8H.l 

Read/ 
Function outline 

Write 

R 

R 

PLL unlock time select flag (DUMMY: 0) 

PLL unlock time select flag (DUMMY: 0) 

R/W PLL unlock time select flag (DUMMY: 0) 

R/W PLL unlock time select flag 

R KEY imput judge flag 

R Timer carry F /F status flag 

R/W SB acknowledge flag 

R/W SIOI Not wait flag 

R/W SIOI wait mode flag 

R/W SIOI wait mode flag 

R/W INTI interrupt edge select flag 

R/W INTO interrupt edge select flag 

R PLL mode select flag (DUMMY: 0) 

R PLL mode select flag (DUMMY: 0) 

R/W PLL mode select flag 

R/W PLL mode select flag 

W IF counter start flag 

W IF counter reset flag 

R/W Port OC I/O select flag 

R/W SIOI clock counter status flag 

R/W SIOI clock counter status flag 

R/W SB start condition status flag 

FLG O. OASH. 0 R/W SB start & stop condition status flag 

FLG O. OAEH .0 R/W IF counter interrupt permission flag 

FLG o. OAFH. 3 R/W SIOI interrupt permission flag 
.... 

FLG O. OAFH. 2 R/W Timer interrupt permission flag 
.... 

FLG O.OAFH.l R/W INTI interrupt permission flag 

FLG o. OAFH. 0 R/W INTO interrupt permission flag 

FLG 0.OBlH.3 R/W PLL reference clock select flag 

FLG 
.......... 

FLG 
I··· 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

........ 

O. OBm. 2 R/W PLL reference clock select flag 

O.OBlH.l R/W PLL reference clock select flag 
...... 

O. OBIH. 0 R/W PLL reference clock select flag 

O. OB5H. 3 R/W PlA3 I/O select flag 

0.OB5H .2 

0.OB5H.l 

0.OB5H .0 

0.OB6H .3 

0.OB6H .2 

0.OB6H .1 

0.OB6H.0 

R/W PlA2 I/O select flag 

R/W PIAl I/O select flag 

R/W PIAO I/O select flag 

R/W POB3 I/O select flag 

R/W POB2 I/O select flag 

R/W POB! I/O select flag 

R/W POBO I/O select flag 
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Reserved word Model Address 

Read/ 
Function outline 

Write 

POABI03 FLG 0.OB7H.3 R/W POA3 I/O seleel flag 

POABI02 FLG 0.OB7H.2 RIW POA2 I/O select flag 
---_._--------- --_. ----------- -----

POABIOI FLG O.OBm.1 RIW POAI I/O select flag 
-_._------

POABIOO FLG O.OB7H.O RIW POAD I/O select flag 

SIO II MD3 FLG O.OBSH.3 R SIOI interrupt mode select flag (DUMMY : 0) 
--_ .. -- ._-------

SIOlIMD2 FLG 0.OBSH.2 R SIOI interrupt mode select flag (DUMMY : 0) 
---

SIOlIMDl FLG O.OBSH.I R/W SIOI interrupt mode select flag 
----------

SIOlIMDO FLG O.OBSH.O RIW 5101 interrupt mode select flag 

SIOICK3 FLG O.OB9H.3 R 5101 Shift clock select flag (DUMMY : 0) 
----

SIOICK2 FLG 0.OB9H.2 R SIOI Shift clock select flag (DUMMY : 0) 
--- - .. _-------------- ------- --- ---

SIOICKI FLG 0.OB9H.I R/W SIO I Shift clock select flag 

SIOICKO FLG O.OB9H.0 R/W SIO I Shift clock select flag 

IRQIFC FLG O.OBEH.O R/W IF counter Interrupt request flag 

IRQSIOI FLG 0.OBFH.3 R/W SIOI Interrupt request flag 
.- ._--------

IRQTM FLG 0.OBFH.2 R/W Timer Interrupt request flag 
-- .-._---

IRQI FLG O.OBFH.I R/W INTI Interrupt request flag 
---------

IRQO FLG O.OBFH.O R/W INTO Interrupt request flag 
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4.1.6 Peripheral hardware address 

Reserved word Model 

DBF DAT 

IX DAT 

ADCR DAT 

SI02SFR DAT 
---------

SIOlSFR DAT 

PWMRO DAT 

PWMRI DAT 

PWMR2 DAT 

LCDRO DAT 

LCDRI DAT 

LCDR2 DAT 

LCDR3 DAT 

LCDR4 DAT 

POX DAT 

LCDR5 DAT 
------------------
LCDR6 DAT 

LCDR7 DAT 

CGPR DAT 

AR DAT 

PLLR DAT 

KSR DAT 

POY DAT 

IFC DAT 

Address 

OFH 

OlH 

02H 

03H 
---------------- ----

om 
05H 

06H 

07H 

OSH 

09H 

OAH 

OBH 

OCH 

OCH 

ODH 

OEH 

Read/ 

Write 
Function outline 

R/W Data Buffer address for GET/PUT instructions 

R/W Index register address for INC instructions 

R/W A/D converter V ref data register 

R/W SI02 Presettable shift register 

R/W SIO 1 Presettable shift register 

R/W PWMO Data register 

R/W 

R/W 

W 

W 

W 

W 

W 

W 

W 

W 

PWMI Data register 

PWM2 Data register 

LCD group data register 0 

LCD group data register 1 

LCD group data register 2 

LCD group data register 3 

LCD group data register 4 

Port OX data register 

LCD group data register 5 

LCD group data register 6 

OFH W LCD group data register 7 

20H R/W CGP data register 

40H R/W Address Register address for GET IPUT IpUSH/CALLIBRiMOUT IINC instructions 

41H R/W PLL data register 

42H R/W Key souee data register 

42H R/W Port OY data register 

43H R IF counter data register 
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5. ELECTRIC CHARACTERISTICS (TENTATIVE) 

5.1 ABSOLUTE MAXIMUM RATINGS (T. = 25 ±2 ·C. unless otherwise) 

Power Voltage Voo -0.3 to +6.0 V 

Input Voltage VI -0.3 to Voo + 0.3 V 

Output Voltage Vo -0.3 to Voo + 0.3 (excluding PI B, to PI B3. POA2. POA3. lPFOUT) V 

Maximum Output Voltage VBOS' 18.0 (P1B, to P1B3. lPFOUT) V 

Maximum Output Voltage VBOS2 Voo + 0.3 (POA2. POA3) V 

Output Absorption Current 10 10.0 rnA 

Operating Temperature T. -40 to +85 °c 
Storage Temperature Tstg -55 to +125 °c 

6.2 RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Power Voltage Voo, 4.5 5.0 5.5 V With Pll and CPU active 

Power Voltage VOO2 3.5 5.0 5.5 V With CPU active and Pll not active 

Data Retention Voltage VOOA 2.2 5.5 V No crystal oscillation 

Power Voltage Rising 
Trile 500 ms Voo =0"'4.5 V 

Time 

Input Magnitude Vinl 0.5 Voo Vp.p VCOl. VCOH 

Input Magnitude Vin2 0.5 Voo Vp.p AMIFC. FMIFC 

Maximum Output 
VBOS 0.0 16.0 V PI B, to PI B3. lPFoUT 

Voltage 

Operating Temperature T. -40 85 °c 
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5.3 ELECTRIC CHARACTERISTICS 

(T. = -40 to +85 °c and Voo = 4.5 to 5.5 V. RH ::;: 70 %. unless otherwise specified) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Power Voltage V OD1 4.5 5.0 5.5 V With CPU and Pll active 

Power Voltage VDD2 3.5 5.0 5.5 V With CPU active and Pll not active 

With CPU active and Pll not active 

Power Current IDD1 1.2 2.4 mA 
Positive wave input 

(fin = 4.5 MHz. VIN = VDO). 

T. = 25 °c XIN pin 

With CPU active and Pll not active 

HALT instruction in use (execute 

Power Current IDD2 0.45 0.90 mA 
20 instructions per 1 ms) 

Positive wave input 

(fin = 4.5 MHz. VIN = VoD). 

Ta = 25 °c XIN pin 

Data Retention Voltage VDDR1 3.5 5.0 5.5 V 
Use electrical blackout detection by 

timer F/F Crystal oscillation 

Data Retention Voltage VDDR2 2.2 5.0 5.5 V 
Use electrical balckout detection by 

timer F/F No crystal oscillation 

Data Retention Voltage VDDR3 2.0 5.0 5.5 V Data memory (RAM) retention 

Data Retention Current IDDR1 5 15 MA No crystal oscillation Ta=25°C 

Data Retention Current IDDR2 5 10 MA 
No crystal oscillation 

VDD=5.0 V. Ta=25°C 

Intermediate Level 
COMo. COM 1 VCM1 2.3 2.5 2.7 V V DD=5 V 

Output Voltage 

High Level Output 
POAo to POA3. POBo to POB3. 

VIH1 0.8 VDD 0.6 VDD V POCo to POC3. P1Ao to P1A3. 
Voltage 

PlDo to P1D3. CEo INTo. INT1 

High Level Output 
VIH2 0.6 VDD 0.5 VDD V PODo to POD3 

Voltage 

POAo to POA3. POBo to POB3. 

Low Level Output 
VIL1 0.4 VDD 0.2 VDD V 

POCo to POC3. PODo to POD3. 

Voltage P1Ao to P1A3. PlDo to P1D3. 

CEo INTo. INT1 

POAo to POA1. POBo to POB3. 

High Level Output 
IOH1 -1.0 -5.0 mA 

POCo to POC3. PODo to POD3. 

Current P1Ao to P1A3. PICa to P1C3. P1Bo 

VOH =VDO-l V 

High Level Output 
IOH2 -1.0 -4.0 mA 

LCDo to LCD29. EOo. E01 

Current VOWVDD-l V 
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CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

POAO, POA" POBo to POB3, 

low level Output 
lOll 1.0 7.0 mA 

POCo to POC3, PODo to POD3, 

Current P1Ao to P1A3, P1Co to P1C3, P1BO 

VOWVoo-1 V 

low level Output 
IOL2 1.0 3.5 mA 

lCDo to lCD29 , EOo, EO, 

Current VOH=Voo-1 V 

low level Output 
IOL3 1.0 2.0 mA P1B, to P1B3 VOL=1 V 

Current 

low level Output 
IOL4 1.0 10.0 mA POA2, POA3 VOL =1 V 

Current 

High level Input 
IIH, 0.1 

Current 
0.8 mA VCOH at pull-down VIH=VOO 

High level Input 
IIH2 0.1 

Current 
0.8 mA VCOl at pull·down VIH=VOO 

High level Input IIH3 
0.1 1.3 mA XIN at pull·down V1WV OO Current 

High level Input 
IIH4 0.05 0.13 0.30 mA 

PODo to POD3 at pull·down 

Current VIH=VOO 

Maximum Output 
VBOS 0 

Voltage 
16 V P1 B, to P1 B3, lPFOUT 

Output Off·leak 

Current 
III 500 nA POA2, POA3 VOWVOO 

Output Off· leak 
1L2 500 

Current 
nA P1B, to P1B3 VOW16V 

Output Off·leak 
1L3 100 

Current 
nA EOo, EO, VOH=VOO, VOL =0 V 

AD Conversion 
6 bit 

Resolution 

AD Conversion 

Absolute Accuracy 
1 1.5 lSB T.=-10 to 50 °c 

Operating Frequency fin1 0.5 30 MHz 
VCOl MF me>de Positive wave 

input V1N =0.3 Vp.p 

Operating Frequency fin2 5 40 MHz 
VCOl HF mode Positive wave 

input V1N =0.3 Vp.p 

Operating Frequency fin3 9 150 MHz 
VCOH Positive wave input 

VIN=0.3 Vp.p 

Operating Frequency fin4 9 250 MHz 
VCOH Positive wave input 

VIN=0.5 Vp.p 

Operating Frequency fin5 0.1 1 MHz 
AMIFC Positive wave input 

VIN=0.3 Vp.p 

Operating Frequency fin6 5 15 MHz 
FMI Fe Positive wave input 

V1N=0.3 Vp.p 
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(Reference characteristics) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

With CPU and PLL active VCOH 

Power Current 1003 15 mA 
Positive wave input 

fin = 150 MHz. Vin = 0.5 Vp.P. 

Voo = 5 V. Ta = 25°C II 
_. 

High Level Output 
IOH4 -0.2 mA COMo. COM, VOH=Voo-l V 

Current 

Intermediate Level 

Output Current 10M' 20 !1A COMo. COM, VOM=VOO 

Intermediate Level 

Output Current 
10M2 -20 IlA COMo. COM, VOM=O V 

Low Level Output 
IOL6 0.2 mA COMo. COM, VOL=1 V 

Current 
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ONE-TIME PROM 4-BIT SINGLE-CHIP MICROCONTROLLER 
WITH BUILT-IN HARDWARE FOR DIGITAL TUNING SYSTEM 

The I1PD17P005 is a product with the built-in mask ROM of I1PD17005 replaced with the one-time PROM_ 

tlPD17P005 allows the user to write any program and is suitable for prototyping or small volume production in 

the system development of the I1PD17005 or I1PD17003A (ROM, RAM scale-down version of I1PD17005). 

The analog characteristics (PLL) of I1PD17P005 are different from the I1PD17005 or the I1PD17003A cases. 

Using device really should be evaluated about time constance. 

See also I1PD17005 or I1PD17003A data when reading this data sheet. 

FEATURES 
• I1PD17005, I1PD17003A compatible. 

• Built-in one time PROM ROM: 16 KB (7932 steps x 16 bits) 

• Single supply 5 V ±10 % 

ORDERING INFORMATION 

Order Code Package Quality Grade 

I1PD17P005GF-3B9 80-pin plastic QFP (14 x 20) Standard 
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PIN CONFIGURATION (Top View) 

(1) Normal operation mode 

POCl LCDlO/POYlO/KSlO 

poco 63 LCDllIPOYll/KSll 

POA3/SDA 62 LCD12/POY12/KS12 

POA2/SCL 61 LCD13/POY 13/KS13 

POA1/SCKl 60 LCD14/POY14/KS14 

POAQ/SOl 59 LCD15/POY 15/KS15 

POB3/Sl l 58 LCD16/POXO 

POB2/SCK2 57 LCD17/POXl 

POB1/S02 56 LCD 1 S/POX2 

POBO/SI2 " " 
55 LCD19/POX3 

INTl "'! 54 LCD20/POX4 
" INTO " 53 LCD21/POX5 0 
0 

CE on 52 LCD22/POEO Cl 
P1A3 ." 51 LCD23/POEl W 
P1A2 OJ 

50 LCD24/POE2 co 
P1Al 49 LCD25/POE3 

P1AO/FCG 48 LCD26/POFO 

P1B3/PWM2 47 LCD27/POFl 

P1B2/PWMl 46 LCD2S/POF2 

P1Bl/PWMO 45 LCD29/POF3 

Pl BO/CGP 44 COMO 

P1C3 43 COMl 

P1C2 42 P2Ao 
P1Cl VDD2 
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(2) PROM programming mode 

61 

IL) 

10 " " Vpp 11 ':! .... 
IL) 12 2l 

0 
VOO 13 '" Cl 

,uj 
14 "T1 51 W 
15 '" "' 
16 

17 

,,-,10 

18 

19 

20 

21 

22 

23 

'---v------' '--v-' '--v-' '--v-' 

~ :; 0 :; 0 c "" c :; 
~ 0 z 1t ...J 1t Co co u 

9 > 9 9 9 

Note: ( ): Treatment of pins that are not used in PROM programming mode. 

L: Separately connect to respective ground via a resistor (470 n) 

Open: Do not connect. 
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POAo·POAJ Port OA 

POBO·POBJ Port OB 

P°Co,POCJ Port OC 

PODO·PODJ Port OD 

POEO·POEJ Port OE 

POFO·POFJ Port OF 

POXO·POXS Port OX 

POYO·POYIS Port OY 

P1AO·P1AJ Port lA 

Pl BO·Pl BJ Port 1 B 

P1CO·P1CJ Port lC 

P1Do·P1DJ Port lD 

P2Ao Port 2A 

SDA Serial data input/output 

SCl Serial clock input/output 

SCK1, SCK2 Serial clock input/output 

SOI,S02 Serial data output 

S11, SI2 Serial data input 

INTo, INTI External interrupt input 

CE Chip enable input 

FCG External gate counter input 

PWMO·PWM2 

CGP 

FMIFC 

AMIFC 

ADCo·ADCs 

VCOl 

VCOH 

XIN, XOUT 

EOo, EOI 

lPFIN 

lPFoUT 

COMo, COMI 

lCDo·lCD29 

KSo·KS15 

ClK 

MDO·MD3 

DO·D7 

Vpp 

VlPF 

V001, V002 

GND 
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D/ A converter output 

Clock generator port 

Frequency counter input 

Frequency counter input 

AID converter input 

Local oscillation low input 

Local oscillation high input 

Crystal resonator connecting pin 

Error·out output 

LPF amplifier input 

LPF amplifier output 

LCD common signal output 

LCD segment signal output 

Key source signal output 

Clock input for PROM 

Mode selection for PROM 

Data input/output for PROM 

Power Supply for PROM 

LPF amplifier source 

Power source 

Ground 
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BLOCK DIAGRAM 

VCOH o--~~-+-j 

VCOL O--~~-+-j )C>-+-~~-~-1"":::::".-J 

XIN/CLK O--~~-+-j 

XOUTo-~~~~~ 

POAo/S01 
POA1/SCK1 
POA2/SCL 
POAJ/SDA 

POBo/SI20 
POB1/so2 

POB2/SCK2 
POB3/S11 

POCo 
poc, 
POC2 
POC3 

P1Ao/FCG 
P1A, 
P1A2 
P1A3 

Plea 
P1C1 
P1C2 
P1C3 

P2AO 

VDD2EG--VDDl . Reset 
CE 

GND O>-~~~~7Jr' 

RF 

RAM 

432 x 4 bits 

SYSREG 
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I\r~~~~~,r1Converter 

P1B 

J..lPD17P005 

COMO 
COM1 

LCDO/POYO/KSO 
LCD1/POY1/KS1 
LCD2/POY2/KS2 
LCD3/POY3/KS3 

LCD24/POE2/D2 
LCD251POE3/D3 
LC026/POFO/D4 
LCD27/POF1/D5 
LCD2S/POF2/D6 
LCD29/POF3/D7 

P1DO/ADCO 
P1D1/ADC1 
PODo/ADC2/MDO 
POD1 /ADCJ/MD1 
POD21 ADC4/MD2 
PODJ/ADC5/MD3 

P1BO/CGP 

P1B1/PWMO 
P1B2/PWM1 
P1B3/PWM2 

INTO 
INT1iVPP 
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1. PIN FUNCTIONS 

1.1 Port Pin 

Pin Name Input/ output Dual function pin (*1 Function Reset 

POAO Input! output SO, 4-bit input/output port (Port OAI Input 

t-pO-A-,------I f-=S=C=K-,---------I Input/outputsettablein l-bit. 

--
POA2 SCL I N-ch open-drain. 

POA3 SDA I 5 V withstand voltage 

POBO Input/output 512 4-bit input/output port (Port OBI 
t-pO-B-,------I f--SO- 2----- -------1 Input/output settabJe in l-bit. 

Input 

POB2 SCK2 

POB3 SI, 
1-----+----+----------+--------_._---_._._----- ... -

POCO-POC3 Input/output 4-bit input/output port.(Port DC) Input 

Input/output settable in l-bit. 
r-~~~-t-~~~t__~--~~~~+-~--~~------.---.----- . . _--

PODO-POD3 Input ADC2-ADC5 (MDO-MD31 4-bit input port (Port 00) 

Pull-down resistor built-in. 
r-~~~-t---~~t__~~-----+---------------.. -- ---

I-PO_E.coc.-_P_O_E.:.3 __ +-0_u_tP_u._t __ +' _L_C_D.:.22::.-_LC_D_2::.5::.-ID_O_-_D_3_1 __ 1-4-_b_it_o_u_tp_u_t __ p_o __ rt_ ("~~~_OE_I _______ .. __ . __ 

POFO-POF3 Output LCD26-LCD29 (D4-D71 4-bit output port (Port OF) 

POXO-POX5 Output LCD16-LCD21 6-bit output port (Port OX) 

POYO-POY'5 Output LcDorKso--L-C-D-,5--r-K-s-,-5-__ -_--Il-,-6--b-. i-t-OU-.t·-~-ut-p-_~-r-t _-(P_-o-rt-ll-.-Y-.I-.-__ ----

P1AO Input/output FCG i 4·bit input/output port (Port OAl 

P1A1-P1A3 -~ Input/output settable in '·bit. 

r------- -----1----------. -.~_+------------------.- . 
P1 BO Output CGP ; 4·bit output port (Port 1 B) 

t~-
+-
I Input 

! -
f--------------, r- - -- -----

PWMO-PWM2 IN.Ch open-dram 

16 V wIthstand voltage 
1------+----------------- -~- ---- - ----- f---
~~-P1C3 __ ~~~.___ : 4-bit output port (Port lCl -----+._--
P100 Input AOCO input port (Port 1D~ 

.... -~ 

P1D, ADC, 

P'D2 AMIFC 
~ . __ .. _-- ---- -.-.~ 

P'D3 FMIFC , 
I------+-----+---------------j-----.------.---

P2AO Output ' l-bit output port (Port 2A) 

*: Pins in parentheses are dual function pins in PROM programming mode. 
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1.2 Pin for Other Than Port (In Normal Operation Mode) 

Pin Name I nputf output Dual function pin (-J Function Reset 

SOl Output POAO I Serial data output pin Input 

SCKl Input/ output POAl Serial clock input/output pin 

SCL I "putl output POA2 Serial clock input/output pin 

SOA Inputloutput POA3 Serial data input/output pin 

! 
SI2 Input i POBO ! Serial data input pin ' Input ! 
S02 Output POBl : Serial data output pin 

SCK2 I nputl output 
! POB2 ~ Serial clock input/output pin I ! 

I 
i -----J 

Sil Input POB3 I Serial data input pin ! 
INTO Input - I Edge-sensitive vector interrupt input pin ! -

INTl (Vppi (detection edge selectable) 

CE Input - : Operation select pin and reset signal input pin I -I 

FCG Input i P1AO External gate counter input pin I -
CGP Ou'tput I P1BO ! Clock generator port output pin 

I 
I -

PWMO-PWM2 I Output I Pl Bl-P1 B3 ! D/A converter output pin. -

I 
I i N-ch open-drain. ! , i 16 V withstand voltage 

, 

AOCO-AOCl ! Input i PlDO-PlDl Analog input pin to D/A converter -

AOC2- AOC5 i POOO-P003'MOO-MD31 I Key source signal return output pin i 
COMO. COMl Output I - i Common signal output pin of LCD controllerl -

i Driver 

LCOO-LC015 Output i POYO/KSO-POY15/KS15 i Segment sig~al output pin of LCD controllerl 

i 
-

LC016-LC021 I i POXO-POX5 
I Driver 
I 

LC022-LC025 
I I I POEO-POE3 100-031 

I 
LC026- LC 029 i POFO-POF3104-071 I 

KSO-KS15 I Output I LCOO/POYO-LC015/POY15 Key source signal output pin of key matrix -
- I 

AMIFC Input ~lD2 Frequency counter input pin -

FMIFC I 
PlD3 I 

VCOL I Input 

I 

- [ Local oscillation feequency input pin -I 

J VCOH I -

XIN ! Input I ICLKI Crystal resonator -

XOUT Output I -, 

EOO Output 
I 

- Charge pump output pin of PLL frequency -

EOl I 
synthesizer 

LPFIN Input - Amplifier input pin for low-pass filter -

LPFOUT Output - ! Amplifier output pin for low-pass filter -1 N·ch open-drain. 

16 V withstand voltage 
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Pin Name Inputloutput Dual function pin (*) Function 

V LPF Amplifier supply pin for low-pass fitter 
~--------+--------+----------------4---------

VOD1 Device supply pin. 6 V applied in program 

VOD2 memory write/read/verify mode. 

GND Ground pin 

*: Pins in parentheses are dual function pins in PROM programming mode. 

1.3 Pin for Other Than Port (In PROM Programming Mode) 

Pin Name I nputl output Dual function pin 

ClK Input XIN 

Input/output lCD22/POEO-lCD29/POF3 

Function 

Clock input pin at program memory write/ 

read/verify, 

MDO-MD3 

Data input/output pin at program memory 

write/read/verify. 
r--------r------+-------------~ 

Input PODO/ADC2-POD3/ADCS 

Vpp INT, 

Operation mode select pin at program memory 

write/read/verify, 

Program voltage application pin at program 

memory write/read/verify. 

12.5 V applied at program memory write/read! 

verify. 

Used as INT1 pin in normal operation mode. 
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1.4 Equivalent Circuit for Pin 

1.4.1 POA (POA,/SCK,. POAQ/SO,I } 
POB (POB3/SI,. POB2/SCK2. POB,/S02. POBo/SI21 

POC (POe3. POC2. POe,. POCollNotol 

P1A (P1A3. P1A2. P1A,. P1AQI 

00·07 

VDD 

~PD17POO5 

(lnput/Outputl 

....... 1---- {RESET IDther than DO-D71 
Dat. read signallPOC, DO-D71 

1.4.2 POA (POA3/S0A. POA2/SCLI (Input/output! 

1.4.3 P1 B (P1 Bo/CGPI 

P1C (P1C3. P1C2. P1Ci. P1CoI 
P2A (P2Aol 

LCOo/POYo/KSo~LC029/POF3 
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1.4.4 P1B (P1B3/PWM2, P1B2/PWM1, P1B1/PWMo) (Output) 

1.4.5 POD (PODa/ADCs/MD3, POD2/ADC4/MD2, POD1/ADC3/MD1, PODo/ADC2/MDO) (Input) 

Voo 
,----+---- AID converter 

1.4.6 P1D (P1D1/ADC1, P1Do/ADCo) (Input) 

Voo 

'--1 rl~Ef+-~ A/O converter 

o 'i~1-
1.4.7 P1D (P1D3/FMIFC, P1D2/AMIFC) (Input) 

Voo 

rl~~ 
~y E----- General purpose port 

I ~~ 
..!r 

H(gh on-resistance 

VOO 

t------------+-tl~ ~ "_"'",00'""' 

1 
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1.4.8 CE 

INT,/Vpp 

INTo 

} (Schmitt triggered input) 

1.4.9 XOUT (Outputl. XIN/CLK (Input) 

1.4.10 EO, 
(Output) 

EOo ! 
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1.4.11 lPFIN (Input), lPFoUT (Output), VLPF 

1.4.12 COM,} (0 ) 
COMo utput 

Vee 

1.4.13 VCOH} 
VCOl (Input) 

Vee 

2-120 

l­

I-

NEe 

LPFOUT 



NEe ~PD17POO5 

2. FUNCTION LIST 

~ Item 
/.IPD17003A /.IPD17005 /.IPD17P005 

ROM (x 16 bits) 3836 7932 7932 (PROM) 

I Table reference area 256 7932 

RAM (x 4 bits) 320 432 

I Data buffer 4 

I General register 16 

System register 12 nibbles 

Register file 33 nibbles (control register) 

General-purpose port register 24 nibbles 

Insturction execution time 4.44/.1s (4.5 MHz crystal resonator used) 

Stack level 7·level (stack operation available) 

General- Input/output port 16 units 
purpose port 

Input port 8 units 

Output port 9 units (+30: LCD segment pin) 

Clock generator port 1 unit 

LCD controller/driver · 30 segments. 2 commons 

1/2 duty, 1/2 bias, frame frequency 250 Hz, drive voltage VDD 

16 segment pins, also working as key source 

All of 30 segments can be used as output ports. 

(4,4,6, 16 segments: independently settable.) 

Serial interface · 2 systems 

B-bit 3-wire: 2-channel 

B-bit 2-wire: 1-channel 

01 A converter · B-bits x 3 (PWM output, output withstand voltage 16 V max.) 

AID converter · 6 bits x 6 (successive approximation by software) 

Interrupt · 5 channels (Maskable interrupt) 

External interrupt: 2 channels (INTO pin, INT, pin) 

Internal interrupt: 3 channels (timer, serial interface 1, frequency 

counter) 

Timer · 2 systems 

Timer carry FF (1,5,100,250 ms) 

Timer interrupt (1, 5,100,250 ms) 

Reset function · Power-ON reset (at power on) 

· Reset by CE pin (CE pin goes from low to high.) 

· Power failure detection function 
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~ Item 

j.tPD17003A I j.tPD17005 I j.tPD17P005 

Pll Dividing method · 2 types: 
frequency Direct dividing method: (VCOl pin 20 MHz max.) 

synthesizer Pulse swallowing: (VCOl pin 40 MHz max.) 

(VCOH pin 250 MHz max.) 

Reference frequency • 12 types selectable by program. 

1,1.25,2.5,3,5,6.25,9,10,12.5,25,50,100 kHz 

Charge pump • Two independent error-out output 

Phase comparator · Unlock detection available by program. 

Unlock FF delay time selectable. 

Amplifier for lPF · CMOS operational amplifier, output withsatnd voltage 16 V max. 

Frequency counter · Frequency measurement 

P1D3/FMIFC pin: 5to 15 MHz 

P1D2/AMIFC pin: 0.1 to 1 MHz 

· External gate width measurement 

POA1/FCG pin 

Supply voltage · Voo= 4.5 to 5.5 V (Pll and CPU operations) 

· Voo= 3.5 to 5.5 '! (Pll stop, CPU operation) 

• Voo= 2.2 to 5.5 V (Crystal resonator stop) 

Package SO-pin plastic QFP 
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3. WRITE/READ/VERIFY THE ONE-TIME PROM (PROGRAM MEMORY) 

The program memory built in !,P017P005 is a 15864 x 8-bit electrically writable one-time PROM. This PROM 

is accessed in 1-word, 16-bit in normal operation mode and in 1-word, 8-bit in program memory write/read/verify 

mode_ In this case, the upper 8 bits of 1-word, 16 bits are allocated to even address and the lower 8 bits to odd 

address, respectively_ 

At PROM writefread/verify, set to PROM mode and use those pins shown in Table 3-1-

Addresses are updated by the clock input from the ClK pin instead of the address input_ 

Table 3-1 Pins to be used at program memory write/read/verify 

Pin Name Function 

Vpp Program voltage application pin_ 

12_5 V applied. 

Used as INTl pin in normal operation mode. 

ClK Address update clock input pin 

MOO-M03 Operation mode select pin 

00-07 8-bit data input/output pin 

V001, VOO2 Supply voltage application pin. 

6 V applied 

5 V ±10 % applied in normal operation mode. 

The built-in PROM is written using the specified PROM programmer and dedicated program adapter. Use the 

following PROM programmer and program adapter. 

PROM programmer: AF-9703 (Ando Electric Co.) 

AF-9704 (Ando Electric Co:) 

Program adapter: AF-9803 (Ando Electric Co.) 

3.1 Operation Mode at Program Memory Write/Read/Verify 

The !,P017PO05 changes to the program memory write/read/verify mode when +6 V is applied to the Voo pin 

and +12.5 V to the Vpp pin. 

According to the setting of the MOO-M03, this mode is set to the operation mode as shown in Table 3-2. 

All input pins not used in program memory write/read/verify mode are connected to the ground via the pull­
down resistance (470 fl). 

Table 3-2 Operation mode at program memory write/read/verify 

Designation of operation mode 
Operation mode 

Vpp VOO MOO MOl M02 M03 

+12.5 V +6V H l H l o clear of program memory address 

l H H H Write mode 

l l H H Read/verify mode 

H X H H Program inhibit mode 

Remark X: Lor H 
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3.2 Program Memory Write Procedure 

The program memory write procedure is as follows and High·speed write is avilable. 

(1) Pull down the input pins not in use to the ground via the resistance. Set the ClK pin low. 

(2) Supply 5 V to the Voo and Vpp pins. 

(3) Wait for 10 J,lS. 

(4) 0 clear mode of program memory address. 

(5) Supply 6 V to the Voo pin and 12.5 V to the Vpp pin. 

(6) Program inhibit mode 

(7) Write data in 1 ms write mode . 

. (8) Program inhibit mode 

(9) Verify mode. Proceed to (1) if written. If not, repeat steps (7) to (9). 

(10) Times written in (7) to (9): X) xl ms additional writing 

(11) Program inhibit mode 

(12) The program memory address is updated (+1) by inputting 4 pulse signals to the ClK pin. 

(13) Repeat (7) to (12) up to the final address. 

(14) 0 clear mode of program memory address 

(15) Change the VoolVpp pin voltage to 5 V. 

(16) Power OFF 

Steps (2) to (12) are schematically shown below. 

Repeat X times 

NEe 

r-- Write ----t-- Verify ----j- Additionally ----r- Address ---1 
I Write I Verify I write I Increment I 

Vpp 
Vpp--.-lr----------------------~I~I --------------------------

VOO 

VOO+1 r---------------------------~j~f--------------------------------VOO I 
VOO--' 

elK 

00·07 

MOO 

M01 __ -.J/ 

M02 
-1r------------------~iJ~----------------------

M03 ~r----------------~jJ~----------------------
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3.3 Program Memory Read Procedure 

The IlPD17P005 can read the contents of program memory by the following procedures. 

(1) Pull down the input pins not in use to the ground via the resistance. Set the ClK pin low. 

(2) Supply 5 V to the Voo and Vpp pins. 

(3) Wait for 10 /IS. 

(4) 0 clear mode of program memory address. 

(5) Supply 6 V to the Voo pin and 12.5 V to the Vpp pin. 

(6) Program inhibit mode 

JlPD17POO5 

(7) Verify mode. Sequentially output the data of one address each time 4 clock pulse signals are input to the 

ClK pin. 

(8) Program inhibit mode 

(9) 0 clear mode of program memory address 

(10) Change the Voo. Vpp pin voltage to 5 V. 
(11) Power OFF 

Steps (2) to (9) are shown below. 

Vpp ---./,...---------------------illl-------­
vpp 

VOD 

VDD+-----1' ,...-------------------~fl-I------­
VDD 

VDD 

elK 1'---
DO-D7 ----------« Data output X Data output C=>--
MDO ~ \~--------------~f~ 
MD, 

--------------------------------------~I~I -----------

MD2 ~ 
II 

MD3 / 
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4. ELECTRIC CHARACTERISTICS 

ABSOLUTE MAXIMUM RATING (T. = 25 ±2 °CI 

Supply Voltage Voo -0.3 to +6.0 V 

Input Voltage VI -0.3 to Voo +0.3 V 

Output Voltage Vo Except Pl Bl-P1 B3. POA2. POA3. LPFOUT -0.3 to Voo + 0.3 V 

Ouput Withstand Voltage VBOS1 Pl Bl-P1 B3. LPFOUT 18.0 V 

Output Withstand Voltage VBOS2 POA2. POA3 Voo + 0.3 V 

Hi.9h level Output Current IOH 1 pin -12 rnA 

All pins -20 rnA 

Low Level Output Current IOl 1 pin 12 rnA 

All pins 20 rnA 

Operating temperature Topt -40 to +85 °c 
Storage temperature Tstg -55 to +125 °c 

RECOMMENDED OPERATION CONDITIONS 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Supply Voltage VOOI 4.5 5.0 5.5 V P L l and CPU operations 

Supply Voltage VOO2 3.5 5.0 5.5 V Pll stoP. CPU operation 

Data Retention Voltage VOOR 2.2 5.5 V Crystal resonatorstop 

Supply Voltage Rise Time trise 500 ms Voo = 0 -+4.5 V 

Input Amplitude Vin1 0.5 VOO Vp.p VCOl.VCOH 

Input Amplitude Vin2 0.5 I VDD I Vp.p AMIFC. FMIFC 

Output Withstand Voltage VBOS 16.0 V P1Bl-P1B3. LPFOUT 

Operating Temperature Topt -40 , +85 I °c 
i 
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DC CHARACTERISTICS IT. = -40 to +85 °c. VDD = 4.5 to 5.5 VI 

STANDARD VALUE 
CHARACTERISTIC SYMBOL CONDITION 

MIN. TYP. MAX. UNIT 

Supply Voltage VOOl 4.5 5.0 5.5 V CPU and PLL operations 

Supply Voltage V002 3.5 5.0 5.5 V CPU operation, PLL stop 

Data Retention Voltage VOORl 3.5 5.5 V At power failure detection by timer F IF. II 
At crystal oscillation. 

Data Retention Voltage VOOR2 2.2 5.5 V At power failure detection by timer F IF. 
When crystal oscillation is stopped. 

Data Retention Voltage VOOR3 2.0 5.5 V Data memory (RAMI Retention 

Data Retention Current 100Rl 2 15 ~A When crystal oscillation is stopped. T a=25 °c 
Data Retention Current 100R2 2 10 ~A When crystal oscillation is stopped. 

VOD""5.0 V, Ta=25 °c 
Intermediate Level Output VOMl 2.3 2.5 2.7 V COMO. COM1. VOO=5 V 
Voltage 

High Level Input Voltage VIHl 0.8 VOO VOO V POAO-POA3. POBO-POB3. POCO-POC3. 
Pl AO-Pl A3. Pl OO-Pl 03. CE.INTO.INTl 

High Level Input Voltage VIH2 0.6 VOO VOO V POOO-P003 

Low Level Input Voltage VIL 0 0.2 VOO V POAO-POA3. POBO-POB3. P0Co-POC3. 
POOO-P003. Pl AO-Pl A3. Pl OO-Pl 03. 
CEo INTO. INTl 

High Level Output Current IOHl -1.0 -5.0 mA POAO. POA1. POBO-POB3. POCO-POC3. 
P1AO-P1A3.P1CO-P1C3. P1BO. P2AQ 
VOWVOO-l V 

High Level Output Current IOH2 -1.0 -4.0 mA LCOO-LC029. EOO. EOl 
VOWVOO-l V 

Low Level Output Current lOU 1.0 7.0 mA POAO-POA3. POBO-POB3. P0Co-POC3. 
Pl AO-Pl A3. Pl Co-Pl C3. Pl BO. P2AO 
VOL=l V 

Low Level Output Current IOL2 1.0 3.5 mA LCOO-LC029. EOO. EOl VOL=l V 

Low level Output current IOL3 1.0 2.0 mA P1Bl-P1B3 VOL=l V 

Low Level Output Current IOL4 1.0 10.0 mA POA2. POA3 VOL=l V 

High Level Input Current IIHl 0.1 0.8 mA At VCOH pull-down. VIWVOO 

High Level Input Current IIH2 0.1 0.8 mA At VCOl pull-down. VIH=VOO 

High level Input: Current ilH3 0.1 1.3 mA At XIN pull-down. VIWVOO 

High Level Input Current IIH4 0.05 0.13 0.30 mA At POOO-P003 pull-down. VI WVOO 

Output leakage Current IU 500 nA POA2. POA3 VOWVOO 

Output Leakage Current I L2 500 nA Pl Bl-P1 B3. LPFOUT VOH=16 V 

Output leakage Current IL3 ±100 nA EOO. EOl VOH=VOO. VOL=O V 
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AC CHARACTERISTICS IT. - -40 to +85 ·C, VDD = 4.5 to 5.5 V) 

STANDARD VALUE 
CHARACTER ISTIC SYMBOL CONDITION 

MIN. TYP. MAX. UNIT 

Operating Frequency fin1 0.5 30 MHz VCOl MF mode 

Sine wave input 

Vin = 0.3 Vp.p 

Operating Frequency fin2 5 40 MHz VCOl HF mode 

Sine wave input 

Yin = 0.3 Vp.p 

Operating Frequency fin3 9 150 MHz VeOH 

Sine wave input 

Yin = 0.3 Vp.p 

Operating Frequency fin4 0.1 1 MHz AMIFC 

Sine wave input 

Yin = 0.3 Vp.p 

Operating Frequency fin5 0.44 0.46 MHz AMIFC 

Sine wave input 

Yin = 0.05 Vp.p 

Operating Frequency finS 5 15 MHz FMIFC 

Sine wave input 

Vin "" 0.3 Vp_p 

Operating Frequency fin7 10.5 lQ.9 MHz FMIFC 

Sine wave input 

Yin = 0.06 Vp.p 

Analog-to Digital Conversion 6 bit 

Resolution 

Analog-to-Digital Conversion Total .1 :tl$ lSB Ta = -10 to +50 (Ie 
Error 

REFERENCE CHARACTERISTICS 

CHARACTERISTIC SYMBOL 
STANDARD VALUE 

CONDITION 
MIN. TYP. MAX. UNIT 

Supply Current 1003 15 mA CPU and PLL operations 

VeOH sine wave input 

fin = 150 MHz, 

Yin = 0.5 Vp.p 

VDD = 5 V. T.= 25°C 

High Level Output Current IOH4 -0.2 mA COMO. COMl 

VOH = VDD-l V 

Intermediate Level Output Current IOM1 -20 "A COMO.COM1 

YOM = VDD-l V 

Intermediate Level Output Current 10M2 20 "A COMO.COMl 

YOM = 1 V 

Low Level Output Current IOl5 0.2 mA COMO. COMl 

VOL = 1 V 
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DC PROGRAMMING CHARACTERISTICS (T. = 25 ·C, Voo = 6.0 ±O.25 V, Vpp = 12.5 to.5 VI 

CHARACTERISTIC SYMBOL MIN. TYP. 

High Level Input Voltage VI HI 0.7 VOO 

VIH2 VOO.()·5 

Low Level Input Voltage VII .. 1 0 

VIl2 0 

Input Leakage Current III 

High Leval Output Voltage VOH VOO·l.0 

Low Level Output Voltasie VOL 

VOO Supply Current 100 

Vpp Supply Curren. Ipp 

Nota 1: Be sure to keep Vpp below +13.5 V including overshoot. 

2: Be sure to apply VOO before Vpp and cut it after Vpp. 

MAX. UNIT CONDITION 

VOO V Other than ClK 

VOO V ClK 

0.3 VOO V Other than eLK 

0.4 V ClK 

'10 p.A VIN = Vil or VIH 

V IOH=-1 mA 

1.0 V IOl= 1 mA 

30 mA 

30 mA MOO = VIL.. MOl = VIH 

AC PROGRAMMING CHARACTERISTICS (Ta = 25 cc, VOO = 6.0 ±O.25 V, Vpp = 12.5 ±0.5 VI 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Address Se.up Time (0) (vs MOO I) 'AS 2 I'S 

MOl Setup Time (vs MOO I) 'MIS 2 I'S 

Data Setup Time (vs MOO I) 'OS 2 p.. 

Address Hold Time (0) (v. MOO t) 'AH 2 p.. 

Data Hold Time (vs MOO I) 'OH 2 p.. 

MOO t to Data Output Float Delay Time 'OF 0 130 n. 

Vpp Setup Time (vs M03 t) tvps 2 p.. 

VOO Setup Time (vs M03 t) ·VOS 2 p.. 

Initial Program Pulse Width tpw 0.95 1.0 1.05 m. 

Additional Program Pulse Width topw 0.95 21.0 m. 

MOO Setup Time (v. MOl I) 'MOS 2 p.. 

MOO ... to Data Output Delay Time ·OV 1 p.. MOO= MOl = Vil 

MOl Hold Time (v. MOO t) 'MIH 2 p.. 'M1H+tM1R2:50p.s 

MOl Recover Time (vs MOO I) 'MIR 2 p.. 

Program Counter Reset Time 'PCR 10 p.. 

ClK Inpu, High/Low Level Width tXH.tXl 0.125 I· p.. 

elK Input Frequency fX 4.19 MHz 

Initial Mode Set Time 'I 2 p.. 

M03 Setup Time (vs MOl t) 'M3S 2 p.. 

M03 Hold Time (vs MOl I) 'M3H 2 p.. 

M03 Se,up Time (v. MOO I) 'M3SR 2 p.. At program memory read. 

Address (*) to Data OUtput Delay Time 'OAO 2 p.s At program memory read. 

Address (*) to Data Output Hold Time 'HAD 0 130 n. At program memory read. 

M03 Hold Time (v. MOO t) 'M3HR 2 p.s At program memory read. 

MD3 I '0 Date Output Float Delay Time tOFR 2 p.. At program memory read. 

-: The internal address signal is incremented by one (+1) at the 3rd elK input fall and is not connected to the pin. 
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PROGRAM MEMORY WRITE TIMING 

tvps 

Vpp Vpp 

Voo 
~------------------~r-----------~----~------~S~r----

VOO VOO+l 
VOO 

Irt--------------------4~--------------------~~--~Sr____ 

CLK 

00-D7 

MOO 

MOl I}-
M02 

M03 

r-+-~~~~--------~~----------------~----t~"~ 

PROGRAM MEMORY READ TIMING 

Vpp 
Vpp 

VOO 

VOO+l 
VOO 

VOO 

CLK 

00-07 

MOO 

MOl 

M02 

M03 

tvps 

tVDS 

tXH 

1\-----

:;t::-
tM3HR 
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4-BIT SINGLE-CHIP MICROCONTROLLER 
The /1PD17006 is a 4-bit single-chip CMOS microcontroller for use with a digital tuning system. 

The CPU employs 17K architecture which enables to directly operate a data memory by one instruction and to 

control various operations and peripheral hardware. Each instruction is comprised to one 16-bit word. 

The peripheral hardware incorporates a variety of input/output ports, a serial interface, a clock generator port, 

a prescalar for digital tuning, a PLL frequency synthesizer, a timer for remote controlled decoding, etc. 

To cope with the RDS (Radio Data System) various timer functions, interrupt functions and external SRAM 

interface functions are incorporated. 

Thus, a high-performance, multi-functional digital tuning sytem can be constructed. 

The /1PD17P006* having an on·chip one·time PROr,1 is also available for mask ROM product, /1PD17006 pro· 

gram evaluation and small production. 

An easy·to·use incircuit emulator (IE·17K) and an assembler (AS17K) are available as /1PD17006 system devel· 

opment tools. 

*: Under development 

FEATURES 
• 4·bit microcontroller for digital tuning 

• Program memory [ROM): 

24K bytes (12288 x 16 bits) 

• General·purpose data memory (RAM): 

896 nibbles (896 x 4 bits) 

• Instruction execution time: 

• Stack level: 

1.78/1s (when a 4.5 MHz 

crystal oscillator is used.) 

7 

• A set of 46 easy-ta-understand instructions 

• Decimal operation enable 

• 12K·step table reference enable 

• On·chip PLL frequency synthesizer and 150 MHz 

prescalar 

• 12 kinds of reference frequencies can be selected 

using appropriate programs 

• 2·system error output (EOoo, EOo, and EOlO 

systems) 

• On·chip IF counter (AMIFC, FMIFC) 

• On-chip 8-bit serial interface 

2 systems with 3 channels: 

2-wire and 3-wire interfaces 

• On-chip D/A converter: 

9 bits x 3 channels (PWM output) 

Usable as a modulo timer 

Also serves as an external event counter. 

• Various timer functions 

12·bit modulo timer (remote controlled: 10,50/15) 

8·bit module timer (RDS clock synchronization: 

10,100/1s) 

8·bit modulo timer (general·purpose: 

10,100,500,1000/1s) 

Timer carry (general·purpose: 100 ms) 

• Various interrupts 

External interrupt: 2 channels (INT" INT2 pins) 

I nternal interrupt: 4 channels (timer: 3 channels, 

serial interface: 1 channel) 

Dual-function interrupt: 

2 channels (serial interface: 2 

channels, A/d converter, IF 

counter and timer overflow) 

• General·purpose input/output ports 

Input/output port: 48 

Input port: 8 (with 4 on·chip pull·down resistors) 

Output port: 11 

• On·chip function of parallel interface with the ex· 

ternal SRAM 

• On·chip power·ON reset, CE reset and power failure 

detection circuit 

• CMOS Low power consumption 

• On·chip AID converter: 8 bits x 6 channels • Supply voltage: 5 V ±10 % 

Hardware (32/1s) and software conversion • 80·pin plastic QFP 
Notes on Serial interface: The 2-wire mode corresponds to the 12C-Bus specification from Philips. 

In case of using this interface mode note the following: 

Duties when using 12C bus system 
Purchase of NEC's 12C bus system hardware components conveys a license under the Philips 12C patents rights 

to use this components in an 12C system, provided that the system conforms the 12C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 
use of the 12C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 

P3B3/ADC5 VDD3 

P3B2/ADC4 
CMOS Group I/O 

P3D3/RAMWE 

P3Bl/ADC3 Bit I/O 
P3D2/RAMOE 

P3BO/ADC2 GND3 

ADCl N-ch open drain POA3/SDA 

ADCO Bit I/O POA2/SCl 

P1D3/FMIFC POA1/SCK l 

P1D2/AMIFC POAO/SOl 

P1Dl/TMIN CMOS POB3/Sl l 

P1DO/FCG POB2/SCK2 

INTl POB1/S02 

P1C3 POBO/SI 2 

P1C2 P2AO/RAMDO 

VDD1 P2Al/RAMDl 

VCOl P2A2/RAMD2 

P2A3/RAMD3 

GNDl P1AO/RAMD4 

EOlO CMOS P1Al/RAMD5 

EOOO P1A2/RAMD6 

EOO1 P1A3/RAMD7 

P3C3 P3AO/RAMAO 

P3C2 P3Al/RAMAl 

P3Cl P3A2/RAMA2 

P3CO P3A3/RAMA3 

N U 0 "- 0 N W 00 N f- Z f- r-- '" "' .,. 
U U t:l f- a u « a ::> X ::> « « « « « « « ~ ~ a ::; z 0 0 ::; ::; ::; ::; 
a e e 0 > « t:l x '" « « « « 

'" N cD 
tD 

'" 
U a: 

'" '" 
a: 

tD tD 0: ("l '" N "0 
0: 0: 0: « a a ,5 a .,. N N N N 

"- "- "- "- "-
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BLOCK DIRAGRAM 

VCQH ~-~I/~' 

veQl 

XINl 

XOUT1 Cr----' 

POAO/SOl 
POA1/SCKl 

POA2/SCL 
POA3/SDA 

POBo/SIZ 
POB1/S02 

POB2/SCK2 
POB3/Sll 

poco 
POC, 
PQe2 
POC3 

POOo ()---­
POD, 
P002 
POD3 

P1Ao/RAMD4 
P1Al/RAMD5 
P1AZ/RAMD6 
P1A3/RAMD70---

P2AQ/RAMOQ 0-
P2AlIRAMDl 
P2A2/RAMD2 
P2A3/RAMD3 

P2Ba 
P28, 
P282 
P283 0--

P2DO/RAMA4 
P2Dl/RAMA5 
P2D2/RAMA6 
P203/RAMA7 0-----------

P3AO/RAMAQ 0-­
P3A1/RAMAl 
P3A2/RAMA2 
P3A3/RAMA3 0--
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,--------0 EDoo 

,=L~~~:_;::;~-----O E001 

AID 
\r----,jl Converter 

\r-~-----vl POD 

/L _____ .J\j P3C 

\r _____ ~P3D 

1----------1 P4A 

EO 10 

P1D3/FMfFC 

P1D2/AMIFC 

Pl 0, /TMIN 
P1Do/FCG 

P1Bl/PWMO 
PlB2/PWM1 
P1B3/PWM2 

P1BOICGP 

ADeo 
ADe, 
P3BO/ADCZ 
P3Bl/ADC3 
P3B2/ADC4 
P383/A DC5 

P3CO 
P3Cl 
P3CZ 
P3C3 

P302/RAMOE 
--------0 P3D3/RAMWE 

P4A3/RAMA8 

INTO 
INT1 

----8=:VDD 
RESET 

CE 

~GND 
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SINGLE-CHIP MICROCONTROLLER 

The pPD17P006 is a 4-bit single-chip CMOS microcontroller for use with a digital tuning system. 

The CPU employs 17K architecture which enables to directly operate a data memory by one instruction and 

to control various operations and peripheral hardware. Each instruction is comprised of one 16-bit word. 

The peripheral hardware incorporates a variety of input/output ports, a serial interface, a clock generator port, 

a prescalar for digital tuning, a PLL frequency synthesizer, a timer for remote controlled decoding, etc. 

To cope with the RDS (Radio Data System) various timer functions, interrupt functions and external SRAM 

interface functions are incorporated. 

Thus, a high-performance, multi-functional digital tuning system can be constructed. 

The pPD17P006 has an on-chip one-time PROM, making it useful for mask ROM product pPD17006* program 

evaluation and small production. 

An easy-to-use incircuit emulator (I E-17K) and an assembler (AS17K) are available as pPD17P006 system devel­

opment tools. 

*: Under development 

FEATURES 

• 4-bit microcontroller for digital tuning 

• Program memory (OTPROM): 

24K bytes (12288 x 16 bits) 

• General-purpose data memory (RAM): 

896 nibbles (896 x 4 bits) 

• Instruction execution time: 1.78 ps 

(when a 4_5 MHz crystal oscillator is used_) 

• Stack level: 7 

• A set of 46 easy-ta-understand instructions 

• Decimal operation enable 

• 12K-step table reference enable 

• On-chip PLL frequency synthesizer and 150 MHz 

prescalar 

• 12 kinds of reference frequencies can be selected 

using appropriate programs 

• 2-system error output (EOoo, EOO1 and EOlO 
systems) 

• On-chip I F counter (AM I FC, FM I FC) 

• On-chip 8-bit serial interface 

2 systems with 3 channels: 2-wire and 3-wire 

2-135 

• On-chip D/A converter: 

9 bits x 3 channels (PWM output) 

Usable as a modulo timer 

• On-chip AID converter: 8 bits x 6 channels 

Hardware (32 ps) and software conversion 

Also serves as an external event counter. 

• Various timer functions 

12-bit modulo timer (remote controlled: 10, 50 ps) 

8-bit modulo timer (RDS clock syncronization: 

10,100 ps) 

8-bit modulo timer (general-purpose: 

10,100,500, 1 000 ps) 

Timer carry (general-purpose: 100 ms) 

• Various interrupts 

External interrupt: 2 channels (lNT" INT2 pins) 

Internal interrupt: 4 channels (timer: 3 channels, 

serial interface: 1 channel) 

Dual-function interrupt: 2 channels 

(serial interface: 2 channels, AID converter, 

I F counter and timer overflow) 



J.lPD17POO6 

• General-purpose input/o.utput ports 
I nput/output port: 42 

I nput port: 8 (with 4 on-chip pull-down resistors) 

Output port: 1'1 
• On-chip function of parallel interface with the 

external SRAM 

PIN CONFIGURATION (Top View) 

P3B3/ADC5 

P3B2/ADC4 

P3Bl/ADC3 

P3BO/AOC2 

ADCl 

ADCO 

P1D3IFMIFC 

P1D2/AMIFC 

P1Dl/TMIN 

P1DoIFCG 

INTl 

P1C3 

VDDl 

VCOl 

VCOH 

GNDl 

EOlO 

EOoo 

EOO.l 

P3C3 

P3C2 

P3Cl 

P3Co 

N U 0 Q. 0 
u u " I-
<t <t <t ~ ?: 
~ ~ .e. 

a;- ID 
ID ID 0: 
0: 0: 0: 

N 
Cl 
Cl 
> 

W co 
u <t 

::;; 
<t 
IX: 
M 
<t 
;;! 

NEe 
• On-chip power-ON reset, CE reset and power failure 

detection circuit 

• CMOS low power consumption 

• Supply voltage: 5 V ±10 % 

• SO-pin plastic QFP 

vDD3 

P3D3/RAMWE 
Group I/O 

P3D2/RAMOE 

GND3 

POA3/SDA 

POA2/SCl 

POA1/SCK l 

POAO/SOl 

POB3/Sll 

POB2/SCK2 

POB1/S02 

POBO/SI 2 

P2AO/RAMDO 

P2Al/RAMDl 

P2A2/RAMD2 

P2A3/RAMD3 

P1AO/RAMD4 

CMOS P1Al/RAMD5 

P1A2/RAMD6 

P1A3/RAMD7 

P;.lAO/RAMAO 

P3Al/RAMAl 

P3A2/RAMA2 

P3A3/RAMA3 

N I- Z I- .... '" '" ... 
Cl :J X :J <t <t <t <t 
Z 0 0 ::;; ::;; ::;; ::;; 

" X '" <t <t <t <t 
U 
~ !!'. !!'. IX: 

N 5 b 
0 0 Cl 
N ~ N N 
Q. Q. Q. 
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BLOCK DIAGRAM 

VCOH ~-~I""'~' 

VCOl 

XIN1 

XOUT 1 0------' 

POAOISOl 
POA1/SCK l 
POA21SCL 
POA3/SDA 

POBOlS12 
POB1/S02 

POB2/SCK2 
POB3/Stl 

POCo 
POC1 
POCZ 
POC3 

PODO 
POD1 
POD2 
POD3 

P1AO/RAMD4 
P1A1/RAMD5 
P1A2/RAMD6 
P1A3/RAMD7 

P1Co 
P1C1 

P2AQ/RAMDO 
P2A1/RAMD1 
P2A2/RAMD2 
P2A3/RAMD3 

P280 
P281 
P282 
P283 

P2CO 
P2C1 
P2C2 
P2C3 

P2DO/RAMA4 
P2D1/RAMA5 
P2D2/RAMA6 
P2D3/RAMA7 

P3AO/RAMAO 
P3A1/RAMA1 
P3A2/RAMA2 
P3A3/RAMA3 
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,--------0 EOOO 

;=~;;~~=:_-__=_---o E001 

EOlO 

r-v-...I .. T ~ P1D3/FMIFC 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The J.lPD1701 0 is a 4~bit single-chip microcontroller for digital tunign system which incorporates the spreealer 

operational up to 150 MHz, PLL frequency synthesizer, LCD driver, and IF counter. 

Since the CPU has no accumulator and adopts 17K architecture which may control the data memory directly, you 

can perform very effecient programming. It is necessary to be noted that any instruction is 16-bit length 1 word. 

PLL frequency synthesizer can operate in pulse swallow system and select such high frequency as 50 or 100 kHz, 

which makes it much easier to configure a high-performance tuner. Since it also incorporates 16-bit frequency 

counter, you can use it for the detection of broadcast by counting the intermediate frequency of a tuner. 

IE-17K (incircuit emulator) and AS17K (assembler) are available as well, which are easy-to-use as the tools of 

I'PD17010 system development. 

Since One-Time PROM version, flP017P010: is available as well, it is recommendable for the system evaluation 

when developing the system of I'PD17010 and for its small production . 

... : Under development 

FEATURES 

• 4-bit single-chip microcontroller for digital tuning 

system 

• Program memory (ROM) 

. IlP017010: 7932 x 16 bits 

• Data memory (RAM) 

• IlPD17010: 432 x 4 bits 

• Stack level: 9 

• Perceptible 35 types of instruction set 

• Decimal operational 

• Instruction execution time: 4.44 J.1S 

(when connecting a 4.5 MHz crystal resonator} 

• On·chip PLL frequency synthesizer and 150 MHz 

prescaler 

• 12 types of reference frequency selectable by 

program 

• On·chip LCD driver (1/2 bias. 112 duty, frame 

frequency: 250 Hz) 

• On·chip IF counter (AMIFC, FMIFC) 

Notes on Serial interface: 

.. On·chip a·bit serial interface (2 systems 3 channels: 

3·wire and 2·wire) 

• On·chip 12·bit timer modulo counter 

• On·chip a·bit D/A converter: 3 outputs (PWM) 

• On·chip 6·bit AID converter: 6 inputs 

• On-chip service interruption detector and power-on 

reset circuit 

• Interrupt (external: 2 systems, internal: 4 systems) 

• Various 1/0 ports available (33 ports (+ 30 ports: 

segment pins)) 

• On·chip CGP (Clock Generator Port) 

• 5 V ±10 % 
• CMOS low power consumption 

• aO·pin plastic QFP 

The 2-wire mode corresponds to the 12C-Bus spacification from Philips. 

In case of using this interface mode note the following: 

Duties when using 12C bus system 

Purchase of NEC's 12C bus system hardware components conveys a license under the Philips 12C patents rights 

to use this components in an 12C system, provided that the system conforms the 12C standard specifications as 

defined by Philips. 

Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 

use of the 12C bus interlace at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 

0 iii N (") 0;- "' <0 "- <Xl '" <fl Ul <f) Ul Ul <fl Ul Ul <fl 

"" ~ "" "" "" ~ "" ~ ~ '" N (") 0;- "' b 
~ 

N ;;; ~ "' OC; "- <Xl Oi U U U U >- >- >- >- >- >- >- >- >-0 0 0 0 0 0 0 0 0 0 0 0 0 0 « « « « "- eo eo "- "- eo "- eo eo eo 
N (") b~ N co b 0 N ;;; ~ "' OC; "- co '" u u 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 o 0 0 0 u u u u u u u u u u 
"- "- "- "- "- "- ...J ...J ...J ...J ...J ...J ...J ...J ...J ...J 

POC1 LCD1O/POY 1O/KS1 0 

pOCo LCD11/POY11/KS11 

POA3/SDA 62 LCD12/POY12/KS12 

POM/SCL 61 LCD13/POY 13/KS13 

POA1/SCK1 60 LCD14/POY14/KS14 

POAO/S01 59 LCD15/POY15/KS15 

POB3/S1 1 58 LCD16/POXO 

POB2/SCK2 57 LCD17/POX1 

POB1/S02 56 LCD18/POX2 

POBO/SI2 55 LCD19/POX3 

INT1 54 LCD20/POX4 

INTo 53 LCD21/POX5 

CE 52 LCD22/POEO 

P1A3 51 LCD23/POE1 

P1A2 50 LCD24/POE2 
P1A1 49 LCD25/POE3 

P1Ao/FCG 48 LCD26/POFO 

P1B3/PWM2 47 LCD27/POF1 

P1B2/PWM1 46 LCD28/POF2 
P1B1/PWMO 45 LCD29/POF3 

P1BO/CGP 44 COMo 

P1C3 43 COM1 

P1C2 42 P2AO 

P1C1 VDD2 

0 u u U 0 is ...J I 0 f- ;;:: 0 i5 u u u U LL LL U 0 0 Z ::J 0 Z Z z 
0: ~ ~ 0 0 0 U U CJ 0 X w w 

~ « > > > X LL « b co N 0 0 0 0 0: 0: 0: 0: 
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BLOCK DIAGRAM 
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FUNCTION LIST 

Product Name ",PD17010 I ",PD17P010 

ROM 7932 x 16 bits 

RAM 432 x 4 bits 

System register 12 x 4 bits 

Register file 41 x 4 bits 

Port register 7 x 4 bits 

Port Input/output port: 16 ports 
I nput port : 8 ports 

Output port : 9 ports (+30 ports; Segment pins) 

Serial interface 2 systems, 3 channels 8 bits, 3-wire and 2-wire 

Interrupt 6 channels 
External interrupt: 2 channels 

~~~~ __ ~~~~~~~I_nt_e_'n_a_'_in_te_,_,u~p_t_'_4_c_h_a_n_ne_',~~~~ ____ ~~~~~~~~~~~~~~~~~~ 
Timer Timer carry (1 ms, 5 ms, 100 ms, 250 ms) 

Timer interrupt (1 ms, 5 ms, 100 ms, 250 ms) 

1--~~~~~~~~--I~~12=-~~bi~t~ti:cm::.e:c, :cm::.o-=d-=ul-=o::.c-=o-=un~t-=",--I:cl-=0:c",~s,_1_1.1 J,lS, 333.3 JiS, 1 ms) 

Standby function • STOP, HALT 

Power supply voltage VDD"'5V±10% 

Package SO-pin plastic OFP 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

IlPD17P010 is the 4-bit single-chip microcontroller for digital tuning system which incorporates the prescaler operational 

up to 150 MHz, PLL frequency synthesizer, LCD driver, and IF counter. 

Since the CPU has no any accumulator and adopts 17K architecture which can control the data memory directly, you can 

perform very efficient programming. It is necessary to be noted that any instruction is 16-blt length 1 word. 

PLL frequency synthesizer can operate in pulse swallow system and selee! such high frequency as 50 or 100 kHz, which 

makes it much easier to configure a high performance tuner. Since it also incorporates 16-blt frequency counter, you can use 

it for the detection of broadcast by counting the intermediate frequency of a tuner. 

IE-17K (incircuit emulator) and AS17K(assembler) are available, which are easy-to-use as the tools of IlPD17P01 0 system 

development. 

Since it incorporates One-Time PROM, it is useful for the system evaluation when developing the system of IlPD1701 0·, 

and for small production . 

• : Under development. 

FEATURES 
• 4-bit single chip microcontroller for digital luning 

system 

• Program memory (One-Time PROM): 
7932 x 16 bits 

• Data memory (RAM): 432 x 16 bits 

• Stack level: 9 
• Perceptible 35 types of instruction set 

• Decimal operational 

• Instruction execution time: 4.441ls (when connecting 

a 4.5 MHz crystal resonator) 

• On-chip PLL frequency synthesizer and 150 MHz 

prescaler 

• 12 types of reference frequency selectable by pro­

gram 

• On-chip LCD driver (1/2 bias, 112 duty, frame 

frequency: 250 MHz) 

• On-chip S-bit serial interface (2 systems 3 chan-

nels: 3-wire and 2-wire) 

• 12-bit timer modulo counter 

• On-chip S-bit DIA converter: 3 outputs (PWM) 

• On-chip 6-bit AID converter: 6 inputs 

• On-chip service interruption detector and power­

on reset circuit 

• Interrupt (external: 2 systems, internal: 4 systems) 

• Various 110 ports available (33 ports (+30 ports: 

Segment pins)) 

• On-chip CGP (Clock Generator Port) 

• 5 V±10 % 
• CMOS low power consumption 

• SO-pin plastic QFP 
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IlPD17P010 NEe 
PIN CONFIGURATION (TOP VIEW) 

0 0 N C'l 0 N C'l " co <D c- oo Cl 0 0 0 en 
E. E. E. :;; (f) (f) <Jl <Jl (f) <Jl (f) rn <Jl 

~ ~ ~ ~ ~~ ~ ~ '" '" N C'l " "' 0 ;: N C'l " co <D c- ;;; a, u u u u >- >- >- >- >- >- >- >- >-0 0 0 0 0 0 0 0 0 0 0 0 

~ 
0 

~ ~ ~ ~ ~ ~ ~ ~ e::. e::. 0. 0. ~ 
N C'l (5 N C'l 0 (5 N C'l " co ~f; Cl 
U U 0 0 0 0 0 0 o 0 0 0 
0 0 0 0 0 0 u u u u u u u u u U 
0. 0. 0. 0. 0. 0. ..J ..J ..J ..J ..J ..J ..J ..J ..J ..J 

POCl LCDlO/POY10/KS10 
pOCo LCDll/POYll/KSll 

POA3/SDA LCD12/POY12/KS12 
POA2/SCL LCD13/POY13/KS13 

POA1/SCKl LCD14/POY14/KS14 
POAolSOl LCD15/POY15/KS15 

POB3/Sll LCD16/POXO 
POB2ISCK2. LCD17/POXl 

POB1/S02 LCD1S/POX2 
POBO/SI2 LCD19/POX3 

INT1/VPP LCD20/POX4 

INTO LCD2l/POX5 

CE LCD22/POEO/DO 
P1A3 LCD23/POE1/Dl 
P1A2 LCD24/POE2/D2 
P1Al LCD25/POE3/D3 

P1 AO/FCG LCD26/POFO/D4 

P1B3/PWM2 LCD27/POF1/D5 
P1B2/PWMl LCD2S/POF2/D6 
P1B1/PWMO 0-- 20 ·LCD29/POF3/D7 

P1BO/CGP 21 COMO 

P1C3 22 COM1 

P1C20-- 23 P2AO 

P1C1 VDD2 

0 u u U 0 Ci ..J I 0 .... '" 0 (5 U U U U LL LL U 0 0 Z :J ..J 0 Z Z z a: :1 :;; 0 0 0 U U " 0 >< W w 

!!::. ~ ~ ~ > > > x x 
(5 0 

C'l N 0 X 
0 0 a: a: a: a: 
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BLOCK DIAGRAM 
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~PD17P010 NEe 
FUNCTION LIST 

Product Name ~P017010 I "P017P010 

ROM 7932 x 16 bits 

RAM 432 x 4 bits 

System register 12 x 4 bits 

Register file 41 x4bits 

Port register 7 x 4 bits 

Port Input/output port: 16 ports 
Input port : 8 ports 
Output port : 9 ports (+30 ports; Segment pins) 

Serial interface 2 systems, 3 channels 8 bits, 3·wire and 2·wire 
--~~ _ .. 

Interrupt 6 channels 
External interrup1 : 2 channels 
Internal interrupt : 4 channels 

,---
Timer 

I 

Timer carry (1 ms, 5 ms, 100 ms, 250 ms) 

Timer interrupt (1 ms, 5 ms, 100 ms, 250 ms) 

12·bit timer modulo counter (10.us, 11.1.us,333.3.us,1 ms) 

Standby function STOP, HALT 

Power supply voltage I VOO = 5 V '10 % 

Package : SO-pin plastic QFP 
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SINGLE CHIP MICROCOMPUTER FOR 

PLL FREQUENCY SYNTHESIZER 

BUILT-IN IMAGE DISPLAY CONTROLLER 

JlPD17002 

ILPD17002 is a 4 bits CMOS microcomputer for digital tuning system in single chip incorporating an Image Dis­

play Controller with various kinds of display capability and a PLL frequency synthesizer. 

CPU has 4-bit parallel addition and substruction instructions, logical operation instructions, bit test instructions, 

carry F/F set and reset instructions, interrupt function, and timer function. Built·in user programable IDC (Image 

Display Controller) controls various kinds of display with easy program. This IC is made of 48 pin plastic shrink 

DIP (Dual In· Line Package) provided with plentiful I/O (Input/Output) ports controlled by effective input/output 

instructions, serial interface function, 4 bits AID converter and 6 bits PWM output. 

FEATURES 
• 4 bits microcomputer for digital tuning system • program memory (ROM): 8 K byte (16 bits x 3 968 steps) 

• built·in PLL frequency synthesizer • data memory (RAM): 4 bits x 336 words 

using presealer: ILPB568 • stack level: 6 

• single power supply (5 V ±10 %) • 35 types of understandable instruction 

• CMOS with low power consumption • capable of decimal arithmetic 

• instruction execution time: 2/LS (with 8 MHz crystal connected) 

• IDC (Image Display controller) built·in (user programable) 

number of display character 

display location 

number of character types 

character format 

character color 

character size 

97 characters (max. in one sereen) 

12 lines x 16 columns 

120 types 

10 x 15 dots (capable of fringe function) 

8 colors 

4 types of setting is available independently both for line and column 

(14,28,42,56H) 

• built·in 8 bits serial interface (1 system 2 channel: 3 wire and 2 wire system) 

• built·in D/A converter: 6 bits x 4 (PWM output) 

• built·in AID converter: 4 bits x 6 

• built·in H. Sync. signal counter 

• built-in commercial power supply frequency counter 

• built-in power-up detection circuit and power-on·reset circuit 

• interrupt input for remote control signal (with noise canceller) 

• plentiful I/O ports input output port 15 

ORDERING INFORMATION 

Order Code 

input port 

output port 

Package 

ILPD17002CU·XXX 48-pin plastic shrink DIP (600 mil) 

4 

8 

Notes on Serial Interface: The 2-wire mode corresponds to the 12C-Bus specification from Philips. 
In case of using this Interface mode note the following: 

Duties when using 12C bus system 
Purchase of NEC'. 12C bus system hardwere components conveys a licen.e under the Philips 12C patents rights 

to use this components In an 12C system, provided that the system conforms the 12C standard specifications as 
defined by Philips. 

Consequently for ali ROM based components with 12C hardware circuits the user 18 kindly requested to notify the 
use of the 12C bus interface at the ROM code verification stage. 
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PIN CONNECTION (Top View) 
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BLOCK DIAGRAM 
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flPD17002 NEe 
PIN DESCRIPTION 

PIN 
No. SYMBOL PIN NAME FUNCTION OUTPUT TYPE 

4 bit output port. Latch for Port DC is locat· 

1 POC3 ed at 72H address of BANK 0 or BANK 2 of 
CMOS 

to to PORT DC data memory (RAM). 

4 POCo Output status is unconstant at the initial 
push·pull 

power·on (VDD). 

4 bit input port. These ports can be used also 

as A/D converter. When used as port, pull· 

5 POD3/ADCs 
down resistor (100 kQ TYP.) is connected. 

e POD2/ADC4 
The built·in 4·bit AID converters employ the Input with 

Port OD successive approximation method. pull·down 
7 POD1 / ADC3 

8 PODO/ADC2 
The AID converter reference voltage is VDD. resister 

Latch for Port OD is located at 73H address 

of BANK 0 or BANK 2 of data memory 

(RAM). 

9 PWM3 
VDP (Variable Duty Port) or output port. 

D/A VDP function is to output the pulse of N·ch 
to to 

12 PWMo 
converter 15.625 kHz frequency sequently. open·drain 

The pulse duty is variable by 66·step program. 

Device power supply pin. This pin supplies 

5 V ±1 0 % while the device is operating with 

full functions. When only CPU operates (PLL 

and IDC stop), 4.0 to 5.5 V is supplied. This 

voltage can be dropped to 2.5 V to hold the 

13 VDD 
Power internal data memory (RAM) with a STOP 

-
Supply instruction. When the voltage applied to this 

pin changes from 0 to 4.0 V, the device is 

reset and the program starts from address 0 

because the IlPD17002 has a power·on reset 

circuit. To operate power·on reset circuit 

normally, the rising time (0-+4.0 V) should 

be within 500 ms. 

Input the output of VCO (Voltage Controlled 

Local Oscillator Oscillator) after frequency division by the Input 
14 VCO 

Signal Input IlPB568 prescaler, that is the output of the (self·bias) 

prescaler. IlPB568 is a Two·Modulus prescaler 

with division ratio (1 GHz MAX.). 
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PIN 
No. SYMBOL PIN NAME FUNCTION OUTPUT TYPE 

PLL error output pin. 

If the frequency obtained by dividing the oscil· 

lation output of VCO is higher than the refer· 

ence frequency, high level is output from this 

pin. Otherwise, low level is output. A floating CMOS 
15 EO Error Output 

condition results if the two frequencies are 3·state 

identical. The output is supplied through the 

LPF (Low Pass Filter) to the varacter diodes 

that form the VCO (Voltage Controlled Oscil· 

lator) as a tuning voltage. 

16 Device ground pin. 
GND Ground -

25 Both pins should be connected to the ground. 

Pin used to output a frequency division ratio 

Pulse Swallowing 
switching signal to the IlPD568. 

CMOS 
17 PSC Connected directly to the PSC pin of the 

Control Output 
IlPB568. The ratios are 1/128 and 1/136 (or 

push-pull 

1/64 and 1/68). 

Device selection signal input pin. 

This pin must be high level to enable the de-

vice and low level to disable the device. When 

a STOP instruction in the program is executed 

while the CE pin is low level, the internal 

clock generator and CPU stop, and the memo· 

ry can enter the hold state requiring low power 
18 CE Chip Enable consumption. Input 

STOP instruction is effective only when CE 

pin is low level, and when high level, works as 

same as NOP instruction. When CE pin goes 

to the high level from the low level, the device 

is reset and the program starts from 0 address. 

When the device is reset, BAN K turns 0 and 

I/O port enters the input mode. 

19 XOUT 
Crystal oscillator connector pin. CMOS 

20 XIN 
X'tal Connect a 8 MHz crystal resonator to this push-pull (XOUT) 

pin. Input (XIN) 

4-bit output port. Latch for this port is locat-

21 P1A3 
ed at 70H address of e BANK 1 in the data 

memory (RAM). This pin is N-channel open N-ch 
to to Port lA 

24 P1Ao 
drain type. open-drain 

(Breakdown Voltage: 12.5 V) 

(Sink Current: 20 rnA TYP.) 
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PIN 
No. SYMBOL PIN NAME FUNCTION OUTPUT TYPE 

4·bit input output port. The input or output 

26 P1Ba 
state of each bit can be specified in these ports. 

The ,input and output are set by the PIBBIO CMOS 
to to !,brt lB word (36H) in the resistor file. Latch for push·pull 

29 P1Ba these ports are located at 71 H address of (I/O) 

BANK lin the data memory (RAM). 

30 RED 
Character data output pins for R. G. B. Active CMOS 

31 GREEN 
Character 

32 BLUE 
Slgl)8l Output high output push·pull 

33 BLANK 
Blanking Blanking signal output pin to cut video signal. CMOS 

Signal Output (Active high output) push·pull 

HSYNC 
H. Sync Signal H. Sync. signal input pin for IDC 

34 'Input (Active low input) Input 

V. Sync. Signal 
V. Sync. signal input pin for IDC (Active low 

35 VSYNC input). This signal can be used for interrup· Input 
Input 

tion. 

3·bit input output port or A/D converter pin. 

The input or output state of each 3·bit can 

be set in these ports. The input and output 

are specified by the P1CGI0 bit (#0 bit of 

36 P1Ca/ADC1 27H) in the resistor file. When used as AID CMOS 

37 P1C2 Port IC converter, input should be specified. Latch push·pull 

38 P1C1 for this port is allocated at 72H address of (I/O) 

BANK 1 in the data memory (RAM). 

Port lC enters into input at initial power·on 

(Voo), or at clock stop time or at reset time. 

(CE pin: Low .... High) 

The AID converter input pin. The built·in 

39 ADCa AD ,Conversion 
4.bit AID converters employ the successive 

Input 
approximation method. 

The A/D converter reference voltage is Voo. 

4·bit input output ports. The input or output 

state of each bit can be specified in these ports. CMOS 

The input and output are set by the POBBIO push·pull 
40 POBa/HSCNT word (36H) in the resistor file. Latch for (I/O) 
41 POB2/TMIN these ports are located at 71 H address of 
42 POB1 

Port OB 
BANK 0 or BANK 2 in the data memory However 

43 POBo/SI (RAM). POB2/TMIN can be used also as an POBa/HSCNT is 

external timer input. self biased 

I nterruption starts by the 1/5 or 1/6 of the at input. 

frequency input to this pin. 
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PIN 
No. SYMBOL PIN NAME FUNCTION OUTPUT TYPE 

Usually commercial power supply frequency 

is input to this pin, and used as reference clock 
CMOS 

for timer. 
push-pull 

40 POB3/HSCNT 
POBo/SI pin can be used also as a serial inter· 

(I/O) 

41 POB2/™IN 
face (!'COM standard mode) data input pin. 

Port OB POB3/HSCNT pin can be used also as a H. 
42 POB, 

sync. signal counter input pin. Therefore this 
However 

43 POBo/SI POB3/HSCNT is 
pin is self biased (Voo/2) at any time. Port 

self biased 
OB turns input at the initial power-on (Voo) 

at input. 
or at clock stop time or at reset time (CE pin: 

II 

Low->High). 

4-bit input output port. The input or output 

state of each bit can be specified in these 

ports. The input and output are set by the POA3/S0 

POABIO word (37H) in the resistor file. POA2/SCK 

Latch for these ports are located at 70H 

address of BANK 0 or BANK 2 in the data- CMOS 

44 POA3/S0 memory (RAM). push-pull 

45 POA2/SCK POA3/S0 pin can be used also as a serial inter· (I/O) 
Port OA 

46 POA,/SCL face (!'COM standard mode) data output pin. 

47 POAo/SDA POA2/SCK pin can be used also as a shift POA,/SCL 

clock input output pin. POAo/SDA 

POAo/SDA pin can be used as a serial interface 

(two wire mode and !,COM standard mode) N-ch 
data input output pin. open-drain 
POA,/SCL pin can be used as a shift clock (I/O) 
input output pin. 

Interrupt request signal input pin with noise 

canceller. This pin makes programming easy 

for a noisy signal such as a remote control 

signal. Program decides if interruption starts 

Interrupt at rising time or at falling time of input signal 

46 INTNC Request Signal into this pin. IEOGl flag reset enters into Input 

Input interruption at rising time. IEDGI flag set 

enters into interruption at falling time. At 

reset time (CE pin: Low->Highl. IEDGI flag 

is reset and interruption starts at the rising 

edge. 
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INPUT/OUTPUT CIRCUITS 

POA (POA3/S0, POA2/SCK) 

POB (pOB" POBo/SI) 

P1B (P1B3, P1B2, P1B"P1Bo) 

P1C (P1C3/ADC" P1C2, P1C,) 

IN/OUT cr---......-+ 

POA (POA,/SCL, POAo/SDA) 

IN/OUT cr-~-4 

POC (POC3, POC2, POC" POCo) 

RED,GREEN,BLUE,BLANK,PSC 
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PWM (PWM3, PWM2, PWM1, PWMO) 

P1A (P1A3,P1A2,P1Al,P1Ao) 

(High ON Register) 

ADO 

J.. P_Ch 

IN/OUT 0--------+---1 

TN-Ch 
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.1. P-ch 

IN/OUT o------~-_I 

TN-Ch 

INo-----H 
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XOUT. XIN 

..L 

T 

XIN 

..1 
XOUT 

T 

EO 

~I I 
VCO 

..1 

T 

I-
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ELECTRICAL CHARACTERISTICS (TARGET SPEC) 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Supply Voltage 

Input Voltage 

Output Voltage 

Output Sink Current 

Output Breakdown Voltage 

Operating Temperature 

Storage Temperature 

SYMBOL 

VOO 

VI 

Vo 

10 

VBOS 

T. 

Vstg 

RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTICS SYMBOL MIN. TYP. 

Supply Voltage VOO1 4.5 5.0 

Supply Voltage VOO2 4.0 5.0 

Data Retention 
3.0 

Voltage VOR 

Output Breakdown 
VBOS Voltage 

Supply Voltage 
trise 

Rising Time 

RATING 

-O.3to~.0 

-0.3toVoo 

-0.3 to Voo 

10 (except P1A) 

13 (P1A, PWM) 

-20 to +70 

-55 to +125 

MAX. UNIT 

UNIT 

V 

V 

V 

rnA 

V 

·C 

·C 

CONDITION 

5.5 V 
All functions operate (CPU, PLL, 

IDC) 

5.5 V Only CPU operates 

5.5 V Crystal oscillation stopped 

12.5 V P1A,PWM 

500 ms Voo: 0"4.0 V 
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DC CHARACTERISTICS (T. = -20 to +70 °c, Voo = 4.5 to 5.5 V) 

CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Supply Current IDOl B mA (T.=25°C) 

Supply Current 1002 1 mA Only CPU operates (T.=25 °C) 

High Level 
VIHl 0.7 Voo V POA. POB. POD, P1B, PIC 

Input Voltage 

High Level 
VIH2 

Input Voltage 
O.BVoo V CE, INTNC, VSYNC, HSYNC 

Low Level 
POA, POB, POD, P1B, PIC VILl 0.3Voo V 

Input Voltage 

Low Level 
VSYNC, HSYNC VIL2 0.2 Voo V CE,INTNC, 

Input Voltage 

High Level POA2,POA3,POB,POC,P1B,P1C, 
IOH -2 -1 mA RED,GREEN,BLUE,BLANK 

Output Current VOH=Voo-l V 

Low Level POA, POB, POC, P1B, PIC, RED, 
lou 1 2 mA GREEN, BLUE, BLANK, PWM 

Output Current 
V~=1 V 

Low Level 

Output Current 
IOL2 15 20 mA PIA, VOL =1 V 

High Level 
IIH 100 p.A VCO, XIN, VI=Voo=4.5 V 

I nput Current 

Data Retention Crystal oscillation stopped 
lOR 10 p.A 

(T.=25°C) Current 

Output Leakage 
IL 1 p.A 

POAo, POA1, PIA, PWM, EO, 

Current VIH=5V 

AC CHARACTERISTICS (T. = -20 to +70 °C, Voo = 4.5 to 5.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Input Frequency fTMR 50 60 Hz POB2fTMIN 

Input Frequency fHS 10 20 kHz POB3/HSCNT 

IDC Jitter IDCG 4 6 ns 

IDC H. SYNC 

Start Position 
IDCHP 16.25 p.s from last edge of H. SYNC 

IDC I. SYNC 

Start Position 
IDCvp 17 H from last edge of V. SYNC 

--
Operating Frequency fin 15 MHz VCO (V1=0.6 Vp.p, SIN WAVE) 

AID CONVERTER CHARACTERISTICS (T. = -20 to +70 °C, Voo = 4.5 to 5.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

AID Conversion 
±1/2 

Absolute Accuracy 
±1 LSB T.=-10 to +50 °c 

Input Impedance 1 Mf! 
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IlPD17002 INSTRUCTION SET 

Instruction Table 

b14 b13 b12 b l1 b15 0 1 

0 0 0 0 0 ADD r, m ADD m,#i 

0 0 0 1 1 SUB r,m SUB m,#i 

0 0 1 0 2 ADDC r,m ADDC m,#i 

0 0 1 1 3 SUBC r, m SUBC m,#i 

0 1 0 0 4 AND r, m AND m,#i 

0 1 0 1 5 XOR r, m XOR m,#i 

0 1 1 0 6 OR r, m OR m,#i 

INC AR 

INC IX 

MOVT DBF,@AR 

BR @AR 

CALL @AR 

RET 

RETSK 

EI 

DI 

0 1 1 1 7 
RETI 

PUSH AR 

POP AR 

GET DBF,p 

PUT p, DBF 

PEEK WR, rf 

POKE rf, WR 

RORC r 

STOP 0 

HALT h 

NOP 

1 0 0 0 8 LD r, m ST m, r 

1 0 0 1 9 SKE m,#i SKGE m,#i 

1 0 1 0 A MOV @r,m MOV m,@r 

1 0 1 1 B SKNE m,#i SKLT m,#i 

1 1 0 0 C BR addr (page 0) CALL addr (page 0) 

1 1 0 1 D BR addr (page 1) MOV m,#i 

1 1 1 0 E SKT m,#n 

1 1 1 1 F SKF m,#n 
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Instructions 

NOTE 

M 

m 

A 

: One of Data memory specified by {(BANK), ml 

: Data memory address specified by (m H. m L] of 

each bank 

: Data memory address high (Row address); 3 bits 

: Data memory address low (Column address); 4 

bits 

; One of General register specified by [(RP). r1 
: General register address low; 4 bits 

AP : General register pointer 

RF 

rl 

rlH 

rfL 

: One of register file specified by rf 

AA 

: Register file address specified by [rfH. rfL] 

: Register file address high 

: Register file address low 

: Address register 

I X : I ndex register 

IXE : Index enable flag 

DBF : Data buffer 

WR : Window register 

MP : Memory pointer 

MPE : Memory pointer enable flag 

Mnemo-

nic 
Operand Function 

Add Data memory to General 
r,m 

register 
ADD 

Add immediate data to Data 
m.#i memory 

c 
0 Add Data memory to General . ., r,m 
'ti register with carry 
"0 « ADDC 

m.#i 
Add immediate data to Data 

memory with carry 

AR Increment Address register 
INC 

IX Increment Index register 

Subtract Data memory from 
r,m 

General register 
SUB 

c Subtract immediate data from 
0 m. #i 
°fl Data memory 
E 

15 Subtract Data memory from 
~ r,m 
'" General register with borrow 

SUBC 

m.#i 
Subtract immediate data from 

Data memory 

SKE m.#i 
Skip if Data memory equals 

immediate data 

c Skip if Data memory is greater g SKGE m,#i 
.~ than or equal to immediate data 

E Skip if Data memory is less than 
0 SKLT m,#i CJ immediate data 

SKNE m,#i 
Skip if Data memory not equal 

immediate data 

IlPD17002 

PE 

P 

PH 

PL 

: Peripheral 

: Pertpheral address 

: Peripheral address high 

: Peripheral address low 

PC : Program memory counter 

SP : Stack pointer 

STACK ,Stack of (PC), (BANK), (lXE) 

STACKpc' Stack 01 (PC) 

BANK : Bank register 

(ROM)pc : One of Program memory data specified by (PC) 

INTEF : Interrupt enable flag 

SGR : Program memory segment register 

: Immediate data; 4 bits 

addr 

CY 

b 

h 

[ ) 

: Bit position; 4 bits 

: One of program memory address; 11 bits 

: Carry flag 

! Carry 

: Borrow 

: Halt release conditions 

: Address of M. R. RF 

( ) , Contents 01 M A AF, AA IX OBF WA PE 

Machi ne code 

Operation Op. 

code 

IR), ICY) - (R) + (M) 00000 mH mL r 

(M), (CY) _ (M) + i 10000 mH mL i 

(A), (CY) ~ (A) + (M) + (CY) 00010 mH mL r 

(M), (CY) ~ (M) + i + (CY) 10010 mH mL i 

(AR) - (AR) + 1 00111 000 1001 0000 

(lX)-(lX)+l 00111 000 1000 0000 

(A), (CY) ~ (A) - (M) 00001 mH mL r 

(M), (CY) ~ (M) - i 10001 mH mL i 

(R), (CY) ~ (A) - (M) - (CY) 10011 mH mL r 

(M), (CY) _ (M) - i - (CY) 10011 mH mL i 

(M) - i & skip if zero 01001 mH mL i 

(M) - i & skip if not borrow 11001 mH mL i 

(M) - i & skip if borrow 11011 mH mL i 

(M) - i & skip if not zero 01011 mH mL i 
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Machine code 

Mnemo4 

nic 
Operand Function Operation Op. 

code 

m.#i 
Logic AND of Data memory 

(M) - (M) AND i 10100 i 
and immediate data 

mH mL 

AND 
Logic AN 0 of General register 

(R) - (R) AND (M) 00100 r r,m 
and Data memory 

mH mL 

c 
0 Logic OR of Data memory and 

l m.#i (M)-(M)ORi 10110 mH mL i 
immediate data 

OR 0 
Logic OR of General register 

1 (R) - (R) OR (M) 00110 r r,m 
and Data memory 

mH mL 

.3 
m.#i 

Exclusive Logic OR of Data (M) _ (M) XOR i 10101 i 
memory and immediate data 

mH mL 

XOR 
Exclusive Logic OR of General 

(R) - (R) XOR (M) r,m 
register and Data memory 

00101 mH mL r 

LO 
Load Data memory to General 

(R)_(M) 01000 r,m 
register 

mH mL r 

ST 
Store General register to Data 

(M)-(R) 11000 m,r mH mL r 
memory 

Move Data memory to Destina-
if MPE=1 : [(MP), (R)) - (M) 

@r.m tion data memory referring to 
if MPE=O : [(mH), (R)] - (M) 

01010 mH mL r 

General register 

Move Source data memory re-
if MPE=1 : (M) -[(MP), (R)] 

MOV m.@r terri n9 to General register to 
if MPE=O: (M) - [(mH), (R)] 

11010 mH mL r 

Data memory 

Move immediate data to Data 
(M)-i 11101 i m.#i mH mL 

memory 

Move Program memory data 
(STACKpc) ~ (PC) & 

~ OBF, (PC)-(AR) & 
MOVT specified by Address register to 00111 000 0001 0000 c @AR (OBF) ~ (ROM)pc & e Data buffer f- (PC) ~ (STACKpc) 

PUSH AR 
Decrement Stack pointer, then (SP) - (SP) - 1 & 

move Address register to Stack (STACKpc) ~ (AR) 
00111 000 1101 0000 

POP AR 
Move Stack to Address register, (AR) ~ (STACKpc) & 

then increment Stack pointer (SP) - (SP) + 1 
00111 000 1100 0000 

PEEK WR,rf 
Get data of Register file to 

(WR)-(RF) 
Wi ndow register 

00111 rlH 0011 rlL 

PCKE rf,WR 
Put data of Window register into 

(RF).-(WR) 
Register file 

00111 rfH 0010 rfL 

GET DBF,p 
Get peripheral data to Data 

(OBF) ~ (PE) 00111 1011 
buffer 

PH PL 

PUT p,DBF 
Put data of Data buffer to peri-

(PE) ~ (OBF) 00111 1010 
pheral 

PH PL 

SKT m,#n 
Test Data memory bits, then 

if (M)n = all "1", then skip 11110 n 

i skip if all bits specified are true 
mH mL 

iii SKF m.#n 
Test Data memory bits, then 

skip if all bits specified are false 
if (M)n = all "0", then skip 11111 mH mL n 
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Machine code 
Mnemo-

Operand 
nie 

Function Operation Op. 

code 

Jump to the address in page 0 (PC) - add, & (PC)'ll - 0 01100 
add' add, 111 bits) 

D. Jump to the address in page 1 (PC) - add, & (PC)'ll _1 01101 
E BR 
-'l Jump to the address spacified 

GPAR 
by Address register 

(PC)-(AR) 00111 000 0100 0000 
II 

:!: RORC , Rotate General register right 

[R)#3~(R)#2~(R)#1~(R)#O] 00111 000 0111 
.c with carry 

, 
en 

(SP) _ (SP) - 1 & 

add, Call subroutine in page 0 (STACKpc) - ((PC) + 1) & 11100 add, 111 bits) 

CALL 
(PC)#11-0& (PC) -add, 

(SP) _(SP) -1 & 

@AR Call subroutine (STACKpc) _ ((PC) + 1) & 00111 000 0101 0000 .. (PC)_(AR) 
" ... 
" Return to main routine from (PC) _ (STACKpc) & e RET 00111 000 1110 0000 .D 

" subroutine (SP) _ (SP) + 1 
en 

Return to main routine from 

RETSK subroutine. then skip uncondi-
(PC) _ (STACKpc) & 

00111 001 1110 0000 
tionally 

(SP) _ (SP) + 1 & skip 

RETI 
Return to main routine from (PC), (BANK), (lXE) - (STACK) 

interrupt service routine & (SP) _ (SP) + 1 00111 100 1110 0000 

iig EI Enable interrupt INTEF_l 00111 000 1111 0000 

.:~ 01 Disable interrupt INTEF -0 00111 001 1111 0000 

STOP 0 Stop clock if CE = low step clock if CE = low 00111 010 1111 0000 

I! Halt the CPU, Restart by .. HALT h halt 00111 011 1111 h 
8 condition h 

NOP No operation 00111 100 1111 0000 
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BUILT ~IN IMAGE DISPLAY CONTROLLER 

The "PD17P008 is a 4 bits CMOS micrDcDntrDller incDrpDrating One Time PROM, 2K bits EEPROM, Image 

Display CDntrDller (lDC) and PLL frequency synthesizer .intD Dne chip fDr digital tuning o.f PLL frequency syn· 

thesizer system Df TV. 

Image Display CDntro.ller has variDus display'functiDh shDwing nDt o.nly letters but also. drawings. 

FDnts Df I DC are selected by user's program and effective debugging .can be realized by actual indicatiDns frDm 

the beginning Df sDftware develDpment. 

In additiDn, Hsync. counter fDr statiDn dete~tiDn and serial interface fDr cDmmunicatiDn with Dther peripheral 

devices are incDrpDrated, also 4 bits A/O CDnverter 8 bits DIA CDnverter (PWM Dutput) and 6 bits DIA CDnverter 

(PWM Dutput) are incDrpDrated. 

CPU applies "PD17000 architecture which.Dperates data memory directly withDut accumulater, and it realizes 

effective prDgramming. 

All instructiDns cDnsist Df 16 bits Dne word. 

One Time PROM makes it perfec.t for system evaluatio';. Dr small lot prDductiDn Df the .mask ROM products 

"PD17008. 

Package type is 64'pin plastic shrink DIP (Dual.ln·Line Package). 

FEATURES 
• 4 bits micrDcDntrDller fDr digital tuning 'system 

• program memDry (ROM): 

32K byte (16.256 steps x 16 bits) 

• data memDry (RAM): 672 words x 4 bits 

• stack level: 7 

• 36 types Df understandable instruction 

• capable of decimal arithmetic 

• instruction execution time: 

21'S (with 8 MHz crYstal connected)', 

• built·in PLL frequency synth.esizer 

using 1 GHz prescaler: "PB568 

• IDC (Image Display Controller) built·in 

(user prDgrammable) 

• number Df display character: 

200 characters (max. in one screen) 

• display IDcation: 14 lines x 19 colurnn~ 

• number of character types: 248 type.s 

• character format: 

10 x 15 dots (capable of fringe function) 

2·dot space between characters can be set, 

• character color: 8 colors 

2-165 

• character size: 

4 types of setting is available independently 

both for line and column (14,28,42, 56H) 

• built·in circuit to prevent 1·dot vertical flicker. 

• built·in 8 bits serial interface: 

(1 system 2 channels: 3 wire and 2 wire systems) 

• built·in 01 A converter: 6 bits x 6 ch (PWM output) 

; 8 bits x 9 ch (PWM output) 

•. built·in AID converter: 4 bits x 8 ch 

• built·in H. Sync. signal counter 

• bUilt·in commercial power supply freq. counter 

• built-jn power-up detection circuit and power-on 

reset circuit. 

.• intenupt input fDr remote control signal 

(with nDise canceller) 

• plentiful 1/0 ports: input DUtput port: 16 

input port 4 

output port 25 

• single pDwer supply (5 V ± 10 %) 

'. CMOS with IDW power cDnsumption 

• 64'pin plastic shrink DIP (600 mit) 
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PIN CONFIGURATION (Top View) 

VDD 

VCO 

EO 0---1 

PSC 

CE,r--., 

OSCOUT u---, 
OSCIN ' r--., 

GNDO ,r--, 
P103 

P10Z 

PlOO 

P1 B3ITMIN 

P1B2 u----, 

P1 B1 

P1BO 

P1A3 

P1A2/PWM6 

P1A1/PWM5 

PZD3/PWM3 u---, 
P2D2/PWM2 u---, 
P2D1/PWM1 ,r--, 
P2DO/PWMO 

P2Ao 

RED 

GREEN 

BLUE Q-c---,J 

BLANK u---, 
HSYNC ,,"---' 

VSYNC , ,---, 

POB3/HSCNT 
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GND1 

XOUT 

XIN 

RMC 

r-----,,} ADCO 

r-----" ) PODO/ADC1 

r-----" ) POD1/ADCZ 

r-----,. ) PODZ/ ADC3 

r-----,. I POD3/ ADC4 

P1CO/ADC5 

P1C1/ADC6 

P1C2/ADC7 

P1C3 

,--___ ) POCo 

,--___ ) POC1 

POC2 

POC3 

P2CO/PWM7 

P2ci/PWIv1S 

,--___ .) P2C2/PWMg 

,--~ ) P2C3/PWM10 

P2B1/PWM12 

P2B2/PWM13 

P2B3/PWM14 

POAO/SDA 

1-----(') POA1/SCL 

r---___ ) POA2/SC K 

POA31SO 

POBO/SI 

POB1 

POB2 
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BLOCK DIAGRAM 

VCO ~~4'~+---------~~ 

OSCIN Oscil-

OSCOUT 

HSYNC 

VSYNC 

REO 

GREEN 

BlU"-: 

BLANK 

POAo/SOA 

POAI/SCL 

POA2/SCK 

POA3/S0 

POBo/SI 

POBI 

POB2 

POB3iHSCNT 

~PD17POO8 

'1---------------0 PSC 

SYSREG 

EPROM 
12160 x 16 bits 

EEPROM 
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~--------------oEO 

P2Ao 

,....-...... --~ P2DoIPWMO 

P2Dl/PWMI 
P2D2/PWM2 
P2D3iPWM3 

""-""'---l-~ PI AoIPWM4 
P1Al/PWM5 
P1A2/PWMS 

L-__ ..rr--- PI A3' 

,....-"U.~-O P2CQ/PWM7 

If-----\I P2Cl/PWMB 
P2C2/PWMg 

L.._..TTTITT" P2C3/PWM10 

11'----------'\1 PWM 
I\r---------,(IIB bits) 

P2Bo/PWMII 
P2B1IPWM12 

P2B21PWM13 
P2B3iPWM14 

RMC 

-..s=l----o VDD 

~CE 

o GNOo 

o GNDI 

• 
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SINGLE-CHIP MICROCONTROLLER FOR VOLTAGE SYNTHESIZER 
WITH ON-CHIP IMAGE DISPLAY CONTROLLER 

The IIPD17051 is a 4-bit CMOS microcontroller for digital tuning systems with an on-chip image display 
controller (lDC) allowing various kinds of display and 14,bit D/A converter for voltage synthesizer use. 

The CPU features include 4-bit parallel addition, logical operations, multiple bit testing, carry flag setting! 
resetting, powerful interrupt functions and timer functions. 

The on'chip user-programmable image display controller for on-screen enables easy program control of' 
various kinds of display. 

The IIPD17051 comes in 4B-pin plastic shrink DIP form, and has a wide range of I/O port and serial interface' 
functions controlled by powerfut'input/output instructions, plus a 4-bit ND converter and 6-bit PWM output. 

FEATURES 

• 4-bit microcontroller for digital tuning systems 
• On-chip 14-bit D/A converter for voltage synthesizer 
• Programmable memory (ROM) 
• Data memory (RAM) 
• Stack levels 
• 35 easy-to-understand instruction sets 
• Decimal operation capability 
• Instruction execution time 
• On-chip IDC (user-programmable) 

Display capacity 
. Display positions 

Character set 
Character format 
Colors 
Character size 

• On-chip B-bit serial interface 
(1 system: 3-wire or 2-wire) 

• On-chip D/A converter 
• On-chip NO converter 
• On-chip horizontal synchronization signal counter 
• On-chip commercial power supply frequency counter 

16K bytes (8192 steps x 16 bits) 
448 words x 4 bits 
6 

2 liS (with 8 MHz oscillator connected) 

Max. 97 characters per screen 
14 rows x 19 columns 
128 characters (64simultaneously usable per screen) 
10 x 15 dots (bordering capability) 
B 
4 independent vertical/horizontal settings 
(15,30,45,60 H) 
(2.5, 5.0, 7.5 10 liS) 

6 bits x 3 (PWM output) 
4 bits x B 

• On-chip power outage detection circuit and power-on reset circuit 
• Remote control signal interrupt input (with noise canceler) 
• Many I/O ports 

Input/output ports 
Input ports 
Output ports 

• 5V±10% 
• Low power consumption CMOS 

ORDERING INFORMATION 

16 
5 
10 

Order Code Package 

IIPD17051CU-xxx .4B-Pin Plastic Shrink DIP (600 mil) 

Notes on Serial interface: The 2-wire mode corresponds to the 12C-BUS specification from Philipe. 
In case of using this interface mode note the following: 

Duties when using 12C bus system . 
Purchase of NEC's i2C bus system hardware components conveys a iiciinse under the Philips 12C Patents rights 

to use· this components in an 12C system, provided that the system conforms the 12C standard specifications as 
defined by Philips. 

Consequently for all. ROM based components with 12C hardware circuits the user is kindly reque8ted to notify the 
use of the 12C bus interface at the ROM code verification 8tage. 
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FUNCTIONAL OUTLINE 

Item Function 

Program memory · 16K bytes (8192 steps x 16 bits) 
Table reference area : 256 steps 
CROM dual-function area : 2048 steps 

Data memory · 448 words (448 words x 4 bits) 
Data buffer : 4 words 
General-purpose registers: 16 words 
VRAM dual-function area : 224 words 

System registers · 12 words 

Register file · 24 words (control registers) 

Port registers · 8 words 

Instruction execution time · 2 ps (using 8 MHz ceramic oscillator) 

Stack levels · 6 levels (stack manipulation capability) 

General-purpose ports · Input/output ports : 16 

· Input ports : 5 

· Output ports : 10 

IDC (Image Display Controller) · Display capacity : 97 characters per screen 

· Display positions : 14 rows x 19 columns 

· Character set : 128 characters (user-programmable) (64 
different characters simultaneously display-
able per screen) 

· Character format : 10 x 15 dots 

· Colors : 8 

· Character size : 4 vertical 
(15,30,45,60 H) 
4 horizontal 
(2.5,5.0,7.5 10 ps) 
Independent vertical/horizontal setting 
capability 

Serial interface · 1 system (2 channels) 
8-bit 3-wire: 1 channel 
8-bit 2-wire: 1 channel 

DIA converter · 14-bit x 1 (PWM output, Max. 12.5 V withstand voltage) 

· 6-bit x 3 (PWM output, Max. 12.5 V withstand voltage) 

NO converter · 4-bit x 8 (software-driven successive approximation method) 

Interrupts · 4 channels (maskable interrupts) 
External interrupts: 2 channels (RMC pin, VSYNC pin) 
Internal interrupts: 2 channels (timer, serial interface) 

Timer · 2 systems 
Internal timer : 5,20,100 ms 
External timer : 1/5, 1/6 frequency input to P11l3/TMIN pin 

Reset · Power-on reset (on powering-on) 

· Reset by CE pin (CE pin: Low --> high) 

· Power outage detection function 

Supply voltage 5V± 10% 

Package 48-pin plastic shrink DIP (600 mil) 
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PIN CONFIGURATION (Top View) 

POC, 48 ---0 ADCo 

POC, 2 47 P1C,/ADC, 

POC, 3 46 P1CJADC, II POC. 4 45 P1CJADC, 

PODJADC, 5 44 POAJSDA 

PODJADC. 6 43 POMSCL 

POD,/ADC. 7 42 POAJSCK 

POD.,ADC. 8 41 POAJSO 

P1D, 9 40 POMI 

P1D. 10 
'l:: 
11 39 POB, 

P1D, 11 ~ 38 POB. ..... 
c:> 

P1D. 12 ... 37 POB,fHSCNT 
0 

Voo 13 C , 36 V""" 

CE 14 X 35 H"", X 
RMC 15 X 34 0 BLANK 

GND 16 33 BLUE 

P1A. 17 32 GREEN 

P1A. 18 31 0 RED 

P1A, 19 30 PWM, ... 

P1Ao 20 29 PWM, 

X"" 21 28 PWM, 

x. 22 27 PWM. 

P1BJTMIN 23 26 P1B, 

P1B, 24 25 P1B, 

ADCotoADC, AID converter inputs SDA Data input/output 

CE Chip enable POAoto POA:! PortDA 

RMC Interrupt signal input POBoto POB, PortOB 

XIN. Xour Oscillator POCoto POC, PortOC 

TMIN External timer input PODoto POD. PortOD 
PWMoto PWM, D/A converter outputs P1Aoto P1A:! Port 1A 

PWMAMP Station selection D/A converter output P1 Bo to PHb Port 1B 

RED Character signal output P1Co to P1Co Port 1C 

GREEN Character signal output P1Doto P1D. Port 1D 

BLUE Character signal output Voo Power supply 

BLANK Blanking signal output GND Ground 

HSYNC Horizontal synchronization signal input 
VSVNC Vertical" synchronization signal input 
HSCNT Horizontal synchronization signal counter input 

SI Data input 
SO Data output 

SCK Shift clock input/output 

SCL Shift clock input/output 
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1. PIN FUNCTIONS 

1.1 SUMMARY OF PIN FUNCTIONS 

PIN No. SIGNAL PIN NAME DESCRIPTION OUTPUT TYPE 

1 to 4 POC,to Port OC 4-bit output port. Port OC latch is located in CMOS push-pull 

POCo address 72H of data memory (RAM) BANKO or 

BANK2. 

Output status is undefined after power-on re-

set. 

5 POD3/ADC7 Port OD 4-bit input port or ND converter input pins. Input (with pull-

6 POD2/ADC. When used asa port. a pull-down resistor (100 down resistor) 

7 POD,/ADCs kQ TYP.) is attached. Port OD latch is located in 

8 PODo/ADC. address 73H of data memory (RAM) BANKO or 

BANK2. 

9 to PlO,to Port 10 4-bit output port. Port 10 latch is located in CMOS push-pull 

12 P1Do address 73H of data memory (RAM) BANK1 or 

BANK3. 

Output status is undefined after power-on re-

set. 

13 Voo Power Device power supply pin. ---
supply Supplies 5 V ±10 % voltage when all functions 

I 

are operated. When IDC is not used, device 

I operations on 4 to 5.5 V. When RAM data is 

I retained (when clock oscillation is stopped) 

voltage can be reduced to approx. 2.2 V. 

As the jlPD17051 incorporates a power-on 

reset circuit, a 0 ~ 4.0 V transition effects a sys-

tem reset and the program starts at address O. 

To ensure proper operation of the power-on 

reset circuit, the rise time from 0 to 4.0 V 

should be within 500 ms. 

14 CE Chip enable Device selection signal input pin. Driven high Input 

when the device is operated normally, and low 

when the device is not used. 

When this pin is low, execution of the STOP 

instruction stops clock oscillation, allowing 

low-current-consumption backup. The STOP 

instruction is only effective when the CE pin is 

low; when high, this instruction operates iden-

tically to an NOP instruction. This pin has a 

dual function as a reset pin; A low-to high 

transition of the CE pin resets the device and 
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PIN No. SIGNAL PIN NAME DESCRIPTION OUTPUTTVPE 

14 CE Chip enable the program starts from address o. When the 

device is reset, bankO is selected and I/O ports 

are placed in input mode. Note however that 

a low·level signal of 188 us or less is not 

acknowledged. 

15 RMC Interrupt Interrupt input pin with noise canceler. Input 

signal Using this pin for ·noisy signals such as reo 

input mote control signals facilitates program mi ng. 

Whether an interrupt is generated on the rise 

or the fall of the input signal to this pin can be 

specified by the program. An interrupt is 

generated on a rise when the IEDG 1 flag is 

reset, and on a fall when this flag is set. 

In a CE reset the IEDGl flag is rest, and an 

interrupt is thus generated on a rise of the 

signal 

16 GND Ground Device ground pin. ---
17to P1A3to Port 1A 4·bit output port. Port 1A latch is located in N-ch open-drain 
20 P1Ao address 70H of data memory (RAM) BANK1 

or BANK3. 

N-ch open-drain type (medium voltage, high 

current). 

21 XOUT Oscillator Ceramic oscillator or crystal resonator con- CMOS push-pull 

22 X,N nection pins. (XOUT) Input (X,N) 

An 8 MHz oscillator/resonator should be used. 

23 P1Ba/TMIN Port 1B 4-blt input/output port. These port pi ns can be CMOS push-pull 

24 P1B2 specified as input/output bit by bit. (I/O) 

25 P1B, Input/output setting is performed by the 

26 P1Bo P1BBI0 word (35H) In the register file. The 

latch for this port is located in address 71H of 

data memory BANKl or BANK3. 

P1 B3/TMIN can also be used as the external 

timer input. Interrupts can be generated at 1/ 

5 or 1/6 the frequency input to this pin. 

Normally the commercial power supply fre-

quency is input to this pin and used as the 

basic clock for the clock. 
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PIN No. SIGNAL PIN NAME DESCRIPTION OUTPUT TYPE 

27 PWM2 D/Acon- VDP (Variable Duty Port) or 1-bit output ports. N-ch open-drain 

28 PWM, verter The VDP function outputs consecutive 15.625 

29 PWMo kHz pulses, and the duty of these pulses can 

be varied by the program in 64 steps. 

30 PWMRMP Station Voltage synthesizer 14-bit D/A converter out- N-ch open-drain 

selection put or 1-bit output port. Tile D/A converter 

D/A con- outputs pulses combining 9-bit PWM and 5-

verter out- bit RMP (Rate Multiplier). 

put Therefore, D/A conversion can be performed 

by external connection of a simple CR filter. 

Outputs a low-level signal after power-on 

reset or when clock is stopped. 

31 RED Character Output pins for character data corresponding CMOS push-pull 

32 GREEN signal to R, G, B. 

33 BLUE outputs Active-high output. 

34 BLANK Blanking Output pin for blanking signal cutting video CMOS push-pull 

signal signals. 

output Active-high output. 

35 HSYNC Horizontal Input pin for horizontal synchronization sig- Input 

synchroniza- nal for IDC. 

tion signal Use active-low input. 

input 

36 VSYNC Vertical syn- Input pin for vertical synchronization signal Input 

chronization for IDC. 

signal input Use active-low input. This pin can be used to 

effect interrupts. 
-~ 

37 POB.3/ Port OB 4-bit input/output port. These port pins can be CMOS push-pull 

38 HSCNT specified as input/output bit by bit. Input/ (I/O) But note 

39 POB2 output setting is performed by the POBBIO that HSCNT is 

40 POB, word (36H) in the register file. The latch for self-bias in input 

POBo/SI this port is located in address 71H of data mode. 

memory BANKO or BANK2. 

The POBo/SI pin can also be used as the serial 

interface (serial 110 mode) data input pin. 

The POB3/HSCNT pin can also be used as the 

horizontal synchronization signal counter 

input pin, in which case self-bias (Voo/2) is 

applied to the HSCNT pin. 

Port OB is set to input mode after a power-on 

reset. when the clock is stopped, or after aCE 

reset. 
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PIN No. SIGNAL PIN NAME DESCRIPTION OUTPUT TYPE 

41 POAa,lSP Port OA 4-bit input/output port. These port pins can be POAa,lSO 

42 POA>/SCK specified as input/outpU1 bit by bit. Input/ POA>/SCK 
43 POA,/SCL output setting is performed by the POABIO CMOS push-pull 

44 POAo/SDA word (37H) in the register file. The latch for (I/O) 

this port is located in address 70H of data POA,/SCL II 
memory BANKO or BANK2. POAo/SDA 
The POA3/S0 pin can also be used asthe serial N-ch open-drain 
interface (serial I/O mode) data output pin. UfO) 
and the POA2.·SCK pin can be used as a shift 

clock input/outpUt pin. 

The POAo/SDA pin can be used as a serial 

interface (2-wire mode and serial I/O mode) 

data inp\Jt!outputpin, and the POA,/SCL pin 

can be used as a shift clock input/output pin. 

45 P1C3/ADC3 Port lC ~-bit input/output port or ND converter input CMOS push-pull 

46 P1C2/ADC2 pins. Input/output setting is performed as a 3- UfO) 
47 P1C,/ADC, bit unit, and is specified by the P1CGIO bit (bit 

#Oor27H) inthe register file. When used asN 
D converter pins, input must always be speci-

fied. The latch for this port is located in ad-

dress 72H of data memory BANK1 or BANK3. 

Port 1C is set to input mode after a power-on 

reset, when the clock stopped, or after a CE 

reset. 

48 ADCo AID con- A program-driven successive approximation Input 

verter input 4-bit ND converter is incorporated. The AID 

converter reference voltage is Voo. 
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1.2 PIN EQUIVALENCE CIRCUITS 

POA (POA3/SQ, POA2/SCK) 
POB (POB2, POB" POBolS1) 
P1B (P1B2, P1B" P1Bo) 
P1C (P1C3/ADC3, P1C2/ADC2, P1C,/ADC,) 

Voo 

} "",""~I 
ND Converter (PIC/ADC Only) 

1---<1----' RESET (Except PIC) 

Read Instruction (PIC Only) 

POA (POA,/SCL, POAo/SDA): (Input/output) 

Voo 
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fttIEC 
POC (POC3, POC" POC" POCo) } 
P1D (Pl D3, Pl D" Pl D" Pl Do) (output) 

RED,GREEN,BLUE,BLANK 

Voo 

PWM (PWM" PWM" PWMo, PWMRMP) } ( ) 
output 

P1A (P1A3, P1A2, P1A" P1Ao) 

POD (POD3/ADC7, POD2/ADC6, POD,/ADCs, PODo/ADC.): (Input) 

v"" 

Resistor 

ADCo: (Input) 

Voo 
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POBa/HSCNT: (Input/output) 

Voo 

Port 

v" 

J-. 

~ 
Horizontal 

Synchronization 

T 
Signal Counter 

Voo 
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P1B3/TMIN: (Input/output) 

v'" 

Port 

v'" 

-.l 

~ Timer! 

Counter 

T 

HSYNe, VSYNe, RMC, CE: (Schmitt triggered inputs) 

Veo 
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X,N: (Input) 

XOUT: (Output) 

-.L 

Voo Voo 

T 

x" 

f--
---L 

XOUT 

T 
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2. BLOCK DIAGRAM 

HSYNC 

PWMRMP 

PWMo 

II 
VSYNC 

PWM, 

PWM, RED 

GREEN RF 

P1B, BLUE 
RAM 

P1B, BLANK 

P1B, 
POAo/SOA P1B,/TMIN 
POA,/SCL 

POA2/SCK 

POA3!SO 

POBo/SI 

P1O, 

P10 
P1O, 
P1D, 

POB, P1D, 
POB, 

POB3/HSCNT 
RMC 

--E: 
POCo 

x>" POC, 

POC, 

X"'" POC, 

PODo/AOC. 

~ V" POD,/ADC. 

CE POD,/AOC, 
POD3/AOC, 
P1C,/ADC, 0 GND 
P1C2IAOC, 

P1C3/ADC, 

P1A2 
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22. ~D'705' INSTRUCTIONS 

22.1 INSTRUCTION SET UST 

0 1 

0000 0 ADD r, m ADD m, #i 

000 1 1 SUB r, m SUB m, #i 

001 0 2 ADDC r, m ADDC m, #1 

o 0 1 1 3 SUBC r, m SUBC -m, #i 

01 00 4 AND r, m AND m, #i 

01 0 1 5 XOR r, m XOR m, #i 
c---

01 1 0 6 OR r, m OR m, #i 

INC AR 

INC IX 

MOVT DBF, @AR 

BR @AR 

CALL @AR 

RET 

RETSK 

EI 

DI 

o 1 1 1 7 
RETI 

PUSH AR 

POP AR 

GET DBF, p 

PUT p, DBF 

PEEK WR, rf 

POKE rf, WR 

RORC r 

STOP 0 

HALT h 

NOP 

1000 8 ;"D r, m ST m, r 

1 0 0 1 9 SKE m. ::j SKGE m, #i 

1 0 1 0 A :\IOY \(lr. m MOV m. @r 

101 1 H SKNE rn. :i SKLT m._ #i 

1 1 00 C 
addr addr 

HR CALL 
(page 0) (page 0 ) 

1 1 0 1 D HR 
addr 

MOV m, #i 
(page I) 

1 1 1 0 E BR 
addr 

(page 2) 
SKT m, #n 

1 1 1 I F BR 
addr 

(page 3 ) 
SKF m. #n 
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22.2 INSTRUCTION LIST 

Legend 

M 
m 

Data memory indicated by [(BANK), ml 
Data memory address indicated by [mH, mLI 

Data memory row address (3 bits) 
mL Data memory column address (4 bits) 

R General register indicated by I (RP), rl 
General register column address (4 bits) 

RP General register pointer 
RF Register file indicated by rf 

AR 

IX 

rf 

rfH 

rfL 

IXE 
DBF 

WR 

MP 

PE 

PC 

MPE 

P 
PH 

PL 

SP 

STACK 

STACKI'C 

BANK 
(ROM)I'C 

INTEF 

SGR 

n 

addr 

c 

b 

h 

II 
() 

Register file address indicated by I rfH, rfd 
Register file address (most significant 3 bits) 

Register file address (least significant 3 bits) 
Address register 

Index register 

Index enable flag 
Data buffer 

Window register 

Data memory row address pointer 
Memory pointer enable flag 

Peripheral register 

Peripheral address 
Peripheral address (most significant 3 bits) 

Peripheral address (least significant 4 bits) 
Program counter 

Stack pointer 

Stack value indicated by stack pointer 

Program counter value indicated by stack pointer 
Bank register 

Program memory data indicated by (PC) 

Interrupt enable flag 

Program memory segment register 

Immediate data (4 bits) 
Bit position (4 bits) 

Program memory address (11 bits) 
Carry 

Borrow 

Halt release condition 

Data memory or register address 

Data memory or register value 
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j 

'"0 
'"0 
..: 

1:: 
'" 
~ 
" (j) 

~ 

'" 0. 
S 
0 

U 

" 'E 
'" iJ 
0. 
0 

';;j 
u 
';;;, 
0 

..... 

~ 

" 'tl 
" '" ?: 

Machine Code 
Mnemonic Operand Operation 

Operation 
Code 

r, m (R)~(R) + (M) 00000 mH mL r 
ADD 

m, lii (M)~(M)+i 10000 mH mL i 

r, m (R) ~(R) + (M) + c 00010 mH mL r 
ADDC 

m, lii (M)~(M) + i + c 10010 mH mL i 

AR (AR)~(AR) + I 00111 000 1001 0000 
INC 

IX (lX)~(IX)+ I 00111 000 1000 0000 

r, m (R) ~(R) - (M) 00001 mH mL r 
SUB 

m, #i (M)~(M)- i 10001 mH mL i 

r, m (R) ~(R) - (Ml - b 00011 mH mL r 
SUBC 

m, lii (Ml~(Ml - i - b 10011 mH mL i 

SKE m, lii (Ml-i, skip if zero 01001 mH mL i 

SKGE m, lii (Ml- i, skip if not borrow 11001 mH mL i 

SKLT m, #i (Ml- i, skip if borrow 11011 mH mL i 

SKNE m, #i (Ml-i, skip if not zero 01011 mH mL i 

m, lii (Ml~(Ml AND i 10100 mH mL i 
AND 

r, m (Rl~(Rl AND (M) 00100 mH mL r 

m, #i (Ml~(Ml OR i 10110 mH mL i 
OR 

r, m (Rl~(Rl OR (M) 00110 mH mL r 

m, lii (Ml~(Ml XOR i 10101 mH mL i 
XOR 

r, m (Rl~(Rl XOR (M) 00101 mH mL r 

LD r, m (R)~(Ml 01000 mH mL r 

ST m, r (M)~(R) 11000 mH mL r 

ifMPE~] : I(MP), (R)l~(M) 
(a r. III 

if MPr>O: [(mH), (R)J~(M) 
01010 mH mL r 

MOV if ~Il'E~] : (~1)'-[ (~lp), (RI I 
Ill. i(l r 

if ~lpE~O: (~II~[(mHI, (R) ) 11010 mH mL r 

m, :Ii (~11~ i 11]0] illH mL i 

(STACKl'c)~(PCl, (PCl~(ARI, 
MOVTi~ DIlF, loAR OOlli 000 0001 0000 (])IlFI ~ (RO~IIi'<, (PCl~(STACKl'c) 

PUSH AR (SpI'-(SP) - 1, (STACKl'c)~(AR) 00111 000 1101 0000 

POI' AR (AR)~(STACKl'c), (SP)~(SP)+] 00111 000 1100 0000 

PEEK WR, rf (WR)~(RFI OOlli rfH 0011 rfL 

POKE rl, WR (RFI~(\vRI OOll] rfH 00]0 rfL 

GET DBF, p mBP~(PE) OOlli PH 1011 PL 

PUT p, DIlF (PE) ~ (DB F) 00111 PH 10]0 PL 

2 machine cycles (equivalent to 2 instructions) are necessary for the execution of MOVT instruction. The stack is 

temporarily used for instruction execution. 
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i Machine Code 
Mnemonic Operand Operation Operation ] Code 

" SKT m. I:n if(M),=all "I". then skip 11110 m" ml n b£ 

'" E. SKF m. #n if(M),=all "0". then skip I1lll mH ml n 

(PC)~ addr. (PC)"", :tIl-DO 01100 II 
(PC)~ addr. (Pc) "'" ::11- 01 01101 addr C1east 

.c addr addr significant u 
~ BR (PC)~ addr. (Pc) "'" :1:11- 10 01110 11 bits) t: 
'" (PC)- addr. (Pc) =1', "11-11 01111 

,oAR (PCI-(ARI 00111 000 0100 0000 

;:: c-
:E RORC r L (R)"3~(RI::,~(RI::I~CRI"o ~ OOlll 000 0111 r 
:r-

(SP) ~ (SP) - 1. (STACKl'd -( (Pc) + 1) 
addr 01 bit,) addr 11100 

(Pc):: II~ O. (I'CI- addr 
CALL 

ISP)~(SI')- 1. ISTACKl'd' 1 CPCI + 11 
(0 AR OOlll 000 0101 0000 

"- (I'CI-(AR) 
.§ 
~ RET (PC) ~ (STACKec). ISI'I-ISI')+ I 00111 000 1110 0000 
.£ (PCI-(STACKl'd. ~ RETSK 00111 001 1110 0000 

(SJ»~(SI')+ I. and ~ki!J 

RET! 
(PC!. m . .'\,:\K). IIXEI'- I;;T . .'\,(I\:). 

OOlll 100 1110 0000 
(SI')~(SPI + 1 

J EI I:\TEF - I 00111 000 1111 0000 

])] I:\TEF - 0 OOlll 001 1111 0000 

STOP 0 ~top clock if CE = ICI\\" 00111 010 1111 0000 

~ HALT h halt 00111 011 1111 h 
5 :\or ~o oJ,Jt'ration 00111 100 1111 0000 
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22.3 INTRINSIC MACRO INSmUCTIONS 

The following macro instructions are available as intrinsic macro instructions for the 17K series assembler 

(AS 17K). For details, refer to the Assembler User's Manual. 

:g 
0 

'B 
~ 
..5 
e 
u 

'" ~ 
.~ 

'E 
11 

Legend 

flag One of flag1 to f1agn 
flag1 to flagn: Flag name Indicated by the reserved word 
n 

<> 

Mnemonic 

SKTn 

SKFn 

SETn 

CLRn 

NOTn 

INITFLG 

BANKn 

Number 
Omissible 

Operand 

flagl. ... flagn 

flag!. ... flagn 

flag!. ... flagn 

flag!. ... f1agn 

f1agl • ... f1agn 

(NOT>f1ag!. 

... (NOT>flagn 

n Operation 

1 ;;>n;;> 4 if (fIagl) - (fIagn) = ail - 1 -, then skip 

1 ;;>n;;> 4 if (flagl) - (fIagn) = ail - 0-, then skip 

1 ;;>n;;> 4 (flag!) - (flagn) ~ 1 

1 ;;>n;;> 4 (flag!) - (flagn)~' 0 

if (flag) =- 0", then (flag) ~ I, 
1 ;;>n;;> 4 

if (flag) =-1", then (flag)~O 

1 ;;>n;;> 4 
if description=NOT flag. (fiag)~O 

if description = flag. (fiag)~1 

o ;;>n;;> 3 (BANK)~n 
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23. RESERVATION SYMBOLS FOR ASSEMBLER 

pPD17051 reservation symbols for use of an assembler are shown below. 

23.1 SYSTEM REGISTER (SYSREG) 

Reserved 
Type Address 

Read 
O\"en'jew of Function 

Word \Yrite 

AR3 :\IDI O.74H R Address register bits hI5 to bI:? 

AR2 !'.1DI 0.75H R Address register bits bll to b8 

Mn :\IDI O.761l R \\. Addrt':-'s rt'gisttT bits b9 til b4 

ARII :\IDI 0.7/H R \Y Addres::. register bits b3 tu bO 

\\,R :\IE,\I 0.78H R\\, "Tindo\y register 

BA:\ Ii. :\IE:\I 0.79H R \Y Bank rt'gi~ter 

IXIl :\IDI O.7AB R\\, Index register high 

:\1 I' H :\IDI a.7AH R \\. Data memory row addres~ pointer high 

:lII'E FLG O.7AH .3 R \Y :\1emory pointer enable flag 

IX:l1 ,\IDI O.7BH RW Index register middle 

:\II'L :\IDI O.7BH R \Y Data memory TO\\" addres~ pointer !()\\" 

IXL :\11-::\1 a.7CH R \Y Index register iow 

Rl'lI :\IDI O.7DB R \\' General regi~ter pointer high 

RPL :lIDI O.7EB R \Y General register pointer 10\\" 

PS\Y :lIDI a.7FH R \Y Program 5tat1..1:-: \\"ord 

BCD FU; O.7EH.O R \\. BCD flag 

011' FLG O.7FH .3 R \\ . Compare flag 

CY FLG O.7FH . 2 R \\' Carry flag 

Z FLG O.7FB.I R \Y Zero flag 

IXE FLG O. 7FH.a R \Y Index enable flag 

23.2 DATA BUFFER (DBF) 

Resen"ed 

\\-(lrd 
Type Address 

Read 

\Yrite 
OYeryiew of Function 

e-----. 
DBF:l 'IIE:\I O.OCH R \\' Data buffer bit, bIS tu bl2 

DBF2 ~1E:l1 O.ODH R \\. Data buffer bits bll to b8 

DBFI :lIDI O.OEH R \\' Data buffer bits b7 to b4 

DBFO MDI O.OFH RW Data buffer bits b~ to bO 
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23.3 GENERAL-PURPOSE PORT REGISTER 

Reserved 

Word 

POA3 

POA2 

POAI 

POAO 

POB3 

POB2 

POB! 

POBO 

POC3 

POC2 

POCI 

POCO 

POD3 

POD2 

POD! 

PO DO 

PIA3 

PIA2 

PIAl 

PIAO 

Type Address 

FLG 0,70H,3 

FLG 0,70H,2 

FLG 0,70H,1 

FLG 0,70H,0 

FLG 0,7IH,3 

FLG 0,7IH,2 

FLG O,71H,1 

FLG 0,7IH,0 

FLG 0,72H,3 

FLG 0,72H,2 

FLG O,72H,1 

FLG 0,72H,0 

FLG 0,73H ,3 

FLG 0,73H,2 

FLG 0,73H,1 

FLG 0,731-1.0 

FLG 1.70H,3 

FLG 1. 70lL2 

FLG 1.70H,1 

FLG 1. 70H ,0 

PIB3 FLG I.7IH_3 
---------------------

PIB2 FLG 1.7IH,2 
----------------- -------- ---

PIBI FLG I.7IH,1 
---------------

PIEO FLG 1.71H,0 

PIC3 FLG I.72H,3 
---- -- ---._--- -------- .. __ .-

PIC2 FLG 1.72H,2 
---------------- -- -------_._--

PICI FLG 1. 72H, I 

PID3 FLG 1.73H,3 

PID2 FLG 1.73H,2 
-------------

PIDI FLG 1.7311- I 

PIDO FLG 1. 73H_0 

Readl 

Write 

R/W Bit b3 of Port OA 

R/W Bit b2 of Port OA 

R/W Bit bl of Port OA 

R/W Bit bO of Port OA 

R/W Bit b3 of Port OB 

R/W Bit b2 of Port OB 

R/W Bit bl of Port OB 

R IW Bit bO of Port OB 

R/W Bit b3 of Port OC 

R/W Bit b2 of Port OC 

R/W Bit bl of Port OC 

R/W Bit bO of Port OC 

R Bit b3 of Port OD 

R 

R 

R 

R/W 

R/W 

Bit b2 of Port OD 

Bit bl of Port OD 

Bit bO of Port OD 

Bit b3 of Port IA 

Bit b2 of Port IA 

Overview of Function 

-------"-_ .. -
R!W Bit bl of Port IA 

R'W Bit bO of Port IA 

R'W Bit b3 of Port 113 
---

R'W Bit b2 of Port 1B 
--
RW Bit bl of Port 113 

R'W Bit bO of Port 113 

R W Bit b:l of Port IC 

RW Bit b2 of Port IC 

R'W Bit bl of Port IC 

R'W Bit b3 of Port 1D 

RW Bit b2 of Port 1D 

R/W Bit bl of Port ID 

R'v.' Bit bO of Port 1D 
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23.4 REGISTER FILE (CONTROL REGISTER) 

Re:-:ern'd 

\\"ord 

IDCD~IAE:-\ 

SI' 

CE 

TyP<' 

I FLG 

~!D! 

. FLG 

O.ROH.I 

O.8lH 

O.HiB .0 

Read 
,,'rite 

R \V I D:\IA enable flag 

R W Stack pointer 

R CE pin statu, flag 

J.LPD17051 

O\'cryiew (If Function 

SIOCH FLG 

SB .. ·tiL(; 
O.88H.:l 

O.HBB.2 

.... j .. R .. '·,, SID channel .. ",:lect.!lag, ........ , ... , .... , .......... , ..... , ..... ,. 

JR .. "', ; SIO lllodeselect fI.j( 

~10\1~ 

SIOTX 

ZCROSS 

DD1IJ2 

nl~1D1 

nl~!D(I 

:FLG 10.89H.:l 
. -_. --~------. -l-- -- -.- --

. --"'f F~G .. , I,O .. H911:2 
FLG 0.89B.I 

----. -------- ----------

FLG 0.8911.0 

I:\T\'S\":\ : FLG O.8FI-I.2 

I:-\T"riLG'" 'O'.8FiLO 

R \\~ : ~IO clock mode :-'t'lect (la,:':: 

"'''R'',,,! SiOTXRX'select fla)! 

R 

R 

0.9IH.3 I R 
.... __ .1 

HSCGT:l I FLG 

H~Ct;T, r FLG 0.9111.2 

I H~\'nc com1ter mode selt'ct fla~ !dummy: 0) 
.. , .. 

R ! Ihync emmtt'r modl'" ~t'll~ct fla~ tdllmmy: 01 
~ -_.. - - . . . . . 

j .. : '~>-f :::::: :::~:;;:~':::~:::~::;~:--- ...................... --.. -- .. .. :::~~~~:I --r;t~'1t::'~I' 
: R '" I H~ync (nunt!.'r gatt· Op<'ll f~ag 

R~1CSTAT:l,f~~G, .. jO ... 90fl:3 .,i R i R~1C pin slatus flag .. ld.unlmy,~, ''' ........ , .... , 

R~IC~T.-'>,T.2 ... L.F~G __ I,O.9:;H.2 R "-:.[H\1C pin statu' flag, ..... ________ .. ________ .. ____ __ 

R\lCSTATI : FLG O.90B.I R \\" . R\IC pin ,tat us flag 
.j 

R\lCSTATO 

n!cY 

SHACK 

510:-\\\'1' 

SIO\\'RQI 

SIO\YRQiI 

IEG"SY" 

lEG 

ADccm 
ADCCHI 

ADCCHO 

ADCOIP 

POCGIO 

FLG 

FLG 

FLG 

FLG 

FLG 

FLG 

O.95H.O I R W R\1C pin status flag 

0.9'H.O R Timer carry FF status flag 

O.98H.3 ! R W Serial bu, ackno",ledge flag 

·O'.98ii:z----'l'R--,\:' SIO no "'a;;'ii~~--------'--
I o.miii:i-- --'j--R--":', 'sib ';:~;;';e~'u~~;'fi~~-- --

, ,j, --,. r' -- ,--, ,--------, --, 
O.9RII.O ,R 'Y SIO \\'alt request flag 

FLG O.9FH.2 R 'Y \'sync interrupt edge seleci flag 
--------------,---------

FLG O.9FH.0 j R \\' R:\IC interrupt edge select flag 

,~~G" ,O .. ~~,l~:3 ____ L.R __ :Y __ AID con\'erter channel select flag 

FLG O.OAIH.2 R W A'D com'erter channel select flag 

FLG O.OAlH.I R \\' A 'D com'erter channel select flag 

FLG O.OAlH.O R A D converter judge flag 

FLG 0.OA7H.O R \\' Port OC I '0 select flag 

FLG O.OA8H.3 i R W SIO shift 8 clock flag 

F~c.::: 'O:.~A8~T: ].R," __ SIO shift 9 clock flag 

SIOSF8 

SIOSF9 

SBSTT 

SBBSY ---- ;t~--, '~':~::;i:>+-::~~:--
Serial bus start test flag 

Serial bu, bu,), flag 
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Reserved 
Word 

IPSIO 

IPVSYN 

IPTM 

IP 

CROMBNK 

IIlCEN 

Type Address 

FLG O.OAFH.3 

FLG O.OAFH.2 

FLG O.OAFH.l 

FLG O.OAFH.O 

FLG O.OBOH.O 

FLG O.OBIH.O 

Read/ 
Write 

Overview of Function 

R/W SIO interrupt permission flag 

R/W V sync interrupt 'permission flag 

R/W Timer interrupt permission flag 

R/W RMC interrupt permission flag 

R/W CROM bank select flag 

R/W IDC enable flag 

t\'EC 

.~~~~I.03 ....... ~~G .... O:~B5t1:3 ...... R/.W. ... ~~~~!(~.~~I~~.~I.~~ ................................................ " .. . 
P!BBI02 FLG O.OB5H.2 R/W PIB2I!O select flag 

P!BBIOI 

PIBBIOO 

POBBI03 

POBBI02 

POBBIOI 

POBBIOO 

POABl03 

POABI02 

POABIOI 

POAB!OO 

SIOIMD3 

SIOIMD2 
---_._-------------
SIOIMDl 

SIOIMDO 

SIOCK3 

SIOCK2 

SIOCKI 

SIOCKO 

IRQSIO 

IRQVSYN 

IRQTM 

IRQ 

-------- ----------------
FLG O.OBSH.l 

FLG O.OBSH.O 

FLG O.OB6H.3 

FLG O.0B6H.2 

FLG O.OB6H.l 

FLG O.OB6H.O 

FLG O.OB7H.3 

FLG O.OB7H.2 

FLB O.OB7H.! 

FLG O.OB7H.O 

FLG O.OB8H.3 

FLG O.OB8H.2 
.. 

FLG O.OB8H.! 

FLG O.OB8H.O 

FLG O.OB9H.3 

FLG O.OB9H.2 

FLG O.OB9H.I 

FLG O.OB9H.O 

FLG O.OBFH.3 

FLG O.OBFH.2 

FLG O.OBFH.! 

FLG O.OBFH.O 

Remarkr. Dummy is "0". 

----------- ----
R/W PIBlI/O select flag 

.. ---------------------
R/W PIBOIIO select flag 

R/W POB3IiO select flag 

R/W POB2I!O select flag 

R/W POBlI/O select flag 

R/W POBoilO select flag 

R/W POA3IiO select flag 

R IW POA2JiO select flag 

R/W POAlI/O select flag 

POAOI/O select flag 

R SIO interrupt mode select flag (dummy: 0) 

R SIO interrupt mode select flag (dummy: 0) 

R 'W SIO interrupt mode flag 
....• 

R' W SIO interrupt mode select flag 

R SIO shift clock select flag (dummy: 0) 

R SIO shift clock select flag (dummy: 0) 

R' W SIO shift clock select flag 

R 'W SIO shift clock select flag 

R 'w SIO interrupt request flag 

R '\V V sync interrupt request flag 

R '\V Timer interrupt request flag 

R W RMC interrupt request flag 
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23.5 PERIPHERAL HARDWARE ADDRESS 

Reser\"t>d 
Type Address 

Read 
Oven-iew of Function 

Word Write 

DBF DAT OFH R'W GET 'PUT instruction data buffer address 

II IX DAT OIH R 'W INC instruction index register addres5 

IDCORG DAT OIH RW IDe start position set register 

ADCR DAT 02H R'W A'D conYerter V REF data register 

SIOSFR ~D:"! __ 03H R \Y SIO pre,ettable shift ,egister 
1 -----------------------

HSC ' DAT om I R \Y Hsync counter data register 

P\Y:\IRO DAT 05H j R \\- PW:\l data reg,.ter 0 
-------- ------- 1 ----- ---- -- - - - --- -------------

p\nlRl DAT 0611 R \Y P\\·~l data regl~tel 1 
-- - - _. -- -

P\nlR~ DAT OIH R ,,- 1',,":\1 data regISter 2 

AR DAT 40H R \\-
GET PUT PUSH CALL HR :\Im-T I:-\C i'1>truction 

i addres.!-< regi!'ter address 

pW:\IR:\lp iDAT 41H R \Y pW:\IR:\IP data re,(i,;ter 
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24. ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage Voo -0.3 to +6.0 V 

Input Voltage V, -0.3 to Voo V 

Output Voltage Vo Except P1A and PWM -0.3 to Voo V 

Output Current High 10H 1 pin -12 mA 

All pins -20 mA 

Output Current Low lOLl 1 pin (except P1A) 12 mA 

All pins (except P1A) 20 mA 

Output Current Low 10L2 1 pin (P1A only) 17 mA 

All pins (P1Aonly) 60 mA 

Output Withstand VBOS P1A, PWM 13 V 

Voltage 

Operating Temperature Tapt -20 to +70 DC 

Storage Temperature Tst9 -55 to +125 DC 

RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Power Supply Voltage VOOl 4.5 5.0 5.5 V All functions in operation 

Power Supply Voltage Voo, 4.0 5.0 5.5 V Only IDC stop 

Data Hold Voltage VOR 2.2 5.5 V Clock oscillation stop 

Output Withstand Voltage VBOS 12.5 V P1A, PWM 

Power Supply 

Voltage Rising Time tristt 500 ms Voo: 0 -> 4.0 V 
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DC CHARACTERISTICS (T. = -20 to +70 'C, Voo = 4.0 to 5.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Power Supply Current 1001 7 15 rnA CPU operation, IDC 

operation Voo = 5.5 V 

Power Supply Current 1002 3.5 15 rnA CPU operation, IDC stop 

Voo = 5.5 V 

Input Voltage High VIHl 0.7 Voo V POA,POB,POD,P1B,P1C 

Voo 

0.8 
Input Voltage High VIH2 

Voo 
Voo V CE, RMC, VSYNC, HSYNC 

0.3 
Input Voltage Low VIL1 0 

Voo 
V POA,POB,POD,P1B,P1C 

0.2 ----
Input Voltage Low V,l2 0 Voo V CE, RMC, VSYNC, HSYNC 

Output Current High 10H -1 -2 rnA POA>. POAl. POB, POC, P1 B, 

P1C, P1D, RED, GREEN, BLUE, 

BLANK VOH= Voo-l V 

Output Current Low lOll 2 3 rnA POA,POB,POC,P1B,P1C, 

P1D, RED, GREEN, BLUE, 

BLANK VOL = 1 V 

Output Current Low 1012 15 20 mA P1A VOL=1 V 

Output Current Low lou 1 2 rnA PWM VOL = 1 V 

Input Current High IiH 50 J1A POD, when pulled down 

V,H= Voo 

Data Hold Current lOR 10 J1A Clock oscillation stop 

T.= 25 'C, Voo= 5.5 V 

Output Leakage IL 1 J1A POAo, POA1, P1A, PWM 

VOH= 5 V 
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AC CHARACTERISTICS (T. =-20 to +70 'C, Voo= 4.0 to 5.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Input Frequency fr,,'N 50 60 Hz P183/TMIN 

Input Frequency fHS 10 20 kHz POB3/HSCNT 

IDC Jitter IDCG 3 4 ns Voo = 4.5 to 5.5 V 

AID CONVERTER CHARACTERISTICS (T. = -20 to +70 'C, Voo = 4.0 to 5.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

ND conversion absolute ±1/2 ±1 LSB 
accuracy 

ND input impedance 1 Mil 
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SINGLE-CHIP MICROCOMPUTER 

BUILT-IN IMAGE DISPLAY CONTROLLER FOR VOLTAGE SYNTHESIZER 

The !,PD17052 is a 4-bit single-chip microcomputer with a built-in display controller and 14-bit D/A converter 

for a digital tuning system designed for use in a voltage synthesizer TV set. 

The image display controller (I DC) has a variety of image display functions. It is capable of displaying figures 

as well as characters. All fonts are user-programmable and can be specified as desired. Debugging can be done by 

actually outputting this data from the start of program development. 

The microcomputer is also provided with a horizontal synchronization signal counter for detecting broadcasting 

stations, and a serial interface for communication with peripheral devices. Also, a 4-bit A/D converter and a 6-bit 

D/A converter (PWM output) are provided. 

The CPU employs the !,PD17000 architecture capable of handling the data memory directly without using an 

accumulator. This ensures highly efficient programming. All instructions comprise a single word with a length 

of 16 bits. 

We also provide an IE·17K (In,Circuit Emulator) and an assembler as easy·to·use !,PD17052 system development 

tools. 

FEATURES 
• 4·bit microcomputer for digital tuning wstem 

• Built·in 14·bit D/ A voltage synthesizer 

• Program memory (ROM) 16K bytes (16 bits x 8,192 steps) 

• Data memory (RAM) 

• Stack levels 

4 bits x 448 words 

6 

• Easy·to-understand instructions (35) 

• Decimal operations available 

• Instruction execution time : 2!,s (8 MHz oscillator connected) 

• Built·in IDC (Image Display Controller) (User programmable) 

Number of display characters: Max. 99 characters per screen 

Display position 14 lines x 19 columns 

• Weal th of I/O ports 

I nput/output ports: 20 

Input ports 

Output ports 

• 5V±10% 

4 

20 

• Use of low power·consumption CMOS 

• 64-pin plastic shrink DIP (750 mil) 

Character set 128 characters (64 different characters can be displayed in one screen simul-

taneously.) 

8 colors Colors 

Character size 4 sizes can be set in vertical and/or horizontal directions (14,28,42, 56H) 

• Built-in 8..IJit serial interface (One system with two channels: three-wire and two-wire types) 

• Built~n D/A converter : 6 bits x 4 (PWM output) 

• Built·in A/D converter : 4 bits x 8 

• Built~n horizontal synchronization signal counter 

• Built-in commercial power frequency counter 

• Built~n power failure detection circuit and Power On reset circuit 

• Interrupt input for remote control signals (with noise canceller) 

Notes on Serial interface: The 2-wire mode corresponds to the 12C-Bus specification from Philips. 
In case of using this interface mode note the following: 

Duties when using 12C bus system 
Purchase of NEC's 12C bus system hardware components conveys a license under the Philips 12C patents rights 

to use this components in an 12C system. provided that the system conforms the 12C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 
use of the 12C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 

P103 

P102 

PlOl 

PlOO 

P2A3 

P2A2 

P2Al 

P2AO 

P1B3/™1N 

P1B2 

P1Bl 

P1BO 

CE 

VDD 

OSCOUT 

OSCIN 

GND 

P1A3 

P1A2 

P1Al 

P1AO 

PWMRMP 

PWM3 

PWM2 

PWMl 

PWMO 

XOUT 

XIN 

RED 

GREEN 

BLUE 

BLANK 32 

2·196 

RMC 

ADCO 

PODO/ADCl 

POD1/ADC2 

POD2/ADC3 

POD3/ADC4 

P1CO/ADC5 

P1Cl/ADC6 

P1C2/ADC7 

P1C3 

poco 

POCl 

POC2 

POC3 

P2CO 

P2Cl 

P2C2 

P2C3 

P2BO 

P2Bl 

P2B2 

P2B3 

POAO/SDA 

POA1/SCL 

POA2/SCK 

POA3/S0 

POBO/SI 

POBl 

POB2 

POB3/HSCNT 

HSYNC 

VSYNC 
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BLOCK DIAGRAM 

OSCIN Oscil-
lation 

OSCOUT 
circuit 

HSVNC 

VSVNC 

RED 

GREEN 

BLUE 

BLANK 

POAoISOA 

POA,/SCL 

POB, 

POB2 ,..J-;==t..:"::":'J\---v1 
POB3"HSCNT 

POCO 

POC, 

POC2 
POC3 U---"",_--, 

POOolAOC1 ,,-,_-r---, 
POO,/AOC2 I/~--'\I 

PO02/AOC3 

POO3" AOC4 D--tm--;.._--, 

ROM 
8192 x 16 bits 
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PWMRMP 

PWMO 

II PWM PWM, 

PWM2 

PWM3 

P'OO 
P'O, 

P1D2 

P'03 

P2AO 
P2A, 

P2A2 

P2A3 

P2BO 

P2B, 

P2B2 

P2B3 

P2CO 
P2C, 

P2C2 

P2C3 

RMC 

@'" XOUT 

--B=:VOO Reset 
CE 

o GNO 
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List of jlPD17052 functions 

CHARACTERISTIC FUNCTION 

• 16K bytes (8,192 steps x 16 bits) 

Program Memory Table reference area : 256 steps x 16 bits 

Area serving also as CROM : 2,1)48 steps x t6bits 

• 448 words (448 words x 4 bits) 

Data buffer : 4 words, 
Data Memory 

General·purpose register 16 words : 

Area also serving as VRAM : 224 words x 4 bits 

System Register • 12 words 

Register File · 24 words 

Port Register • 11 words 

Instruction Execution Time • 2 jls, using an 8 MHz ceramic oscillator 

Stack Levels • 6 levels (stack operation available) 

• Input/output ports : 20 

General-Purpose~orts • Input ports : 4 

• Output ports : 20 

• Number of display' character: Max. 99 characters per screen 

• Display position : 14 lines x 19 columns 

• Character set : 128 characters (user programmable) 

(64 different characters can be displayed in 

one screen simultaneously.) 

IDC (Image Display • Character type : lOx 15 dots 

Controller) · Colors : 8 colors 

• Character size : 4 sizes in vertical direction (14,28,42, 

56H) 

4 sizes in horizontal direction (2.5,5.0, 

7 Ji, 10.0 j.IS) 

Can be specified in vertical and horizontal 

directions independently. 

· One system (two channels) 

Serial Interface 8-bit 3-wire type : one channel 

8-bit 2-wire type : one channel 

• 14 bits xl 

0/ A Converter 
(PWM output, withstanding voltage: Max. 12.5 V) 

• 6bitsx4 
(PWM output, withstanding voltage: Max. 12.5 V) 

AID Converter • 4bitsx8 

(sequential comparison by means of software) 

• 4 channels (maskable interrupt) 
Interruption External interrupt : 3 channels (RMC pin, VSYNC pin, serial interface) 

Internal interrupt : One channel (timer) 
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CHARACTERISTIC FUNCTION 

· Two system 

Timer Internal timer : 5,20,100 ms 

External timer : 1/5 and 1/6 offrequeney input to PIB3/TMIN pin 

• Power ON reset (When the power is input) 

Reset · Resetting by CE pin (CE pin Low "'High) 

· Power failure detection 

Power Supply Voltage · 5V±10% 

Package · 64-pin plastic shrink DIP (750 mil) 
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PIN DESCRIPTION 

PIN No. SYMBOL PIN NAME OESCRIPTION OUTPUT TYPE 

1 P103 
4-bit output ports. The latch of port 10 is assigned to 

address 73H of Bank 1 of the data memory (RAM). CMOS 
to to Port 10 

4 P100 
The output state is undefined at the time when the push-pull 

power (VOO) is applied initially. 

4-bit input/output ports. These ports can be specified 

5 P2A3 
for input/output on a bit-by-bit basis. The setting of 

input/output is performed by using the P1 BBIO word CMOS 
to to Port2A 

8 P2AO 
(3SH) on the register file. The latch of the port is push-pull (I/O) 

assigned to address 70H of Bank 2 of the data memory 

(RAM). 

4.oit input/output ports. These ports can be specified 

for input/output on a bit-by-bit basis. The setting of 

input/output is performed by using the P1 BBIO word 

(3SH) on the register file. The latch of the port is 
9 P1B3/TMIN assigned to address 71 H of Bank 1 of the data memory 
10 P1B2 (RAM). P1 B3/TMI N can also be used as input to an CMOS 

Port lB 
11 P1Bl external timer. It is possible to make an interrupt with push-pull (I/O) 

12 P1BO a frequency equivalent to one-fifth or one-5ixth the 

frequency input to this pin. Normally. the commercial 

power supply frequency is input to this pin for use as 

the reference clock. 

Device selection signal input pin. Set the pin at the high 

level to put the device in normal operation. Set the pin 

at the low level if the device is not used. When the pin 

is at the low level. executing the STOP instruction 

causes the clock oscillation to stop, making backup with 

a low current possible. The STOP instruction is effec-

13 CE Chip enable 
tive only when the CE pin is at the low level. The 

instruction is in effect the same as the NQP instruction 
Input 

when the CE pin is at the high level. The pin also serves 

as a reset pin. Changing the CE pin from the low level 

to the high level causes the device to be reset and the 

program to start from address O. If the device is reset, 

the bank is made 0 and the 1/0 ports are put in the 

input mode. 

Device power pin. Supply a voltage of 5 V ±10 % to 

when activating all functions. If the I DC is not used. 

apply a voltage of 4 to 5.5 V. To retain the data of 

RAM (when the clock oscillation is stopped). the 

voltage may be dropped to 2.5 V. Since the ~PD17052 
14 VDO Power has a built-in power On reset circuit, if the voltage 

-

changes from 0 to 4.0 V. the system is reset and the 

program starts from address O. To operate the Power 

On reset circuit properly, it is necessary to limit the rise 

time from 0 to 4.0 V to 550 ms or less. 

15 OSCOUT LC LC oscillation circuit pin for the I DC. CMOS 

16 OSCIN oscillation Oscillation is made at 4 MHz. 
push-pull (OSCOUT) 

INPUT IOSCIN) 

17 GNO Ground Device grounding pin. -
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PIN No. SYMBOL PIN NAME DESCRIPTION OUTPUT TYPE 

18 P1A3 
4-bit output port. The latch of the port is assigned to 

address 70H of Bank 1 of the data memory (RAM). N-ch 
to to Port lA 

21 P1AO 
N-ch open drain type. (medium withstanding voltage. open drain 

large current) 

Port for the output of the 14-bit D/A (Oigital-to-Analog) 

converter for a voltage synthesizer, or port for the output 

of one bit. The D/A converter,outputs pulses made up 

22 PWMRMP 
Tuning D/A of a combination of 9-bit PWM (Pulse Width Modulation) N·ch 

converter output and S·b]t RMP (Rate Multiplier). D/A conversion is open drain 

therefore possible by connecting a simple external CR 

filter. The output is at the low level when Power On 

is reset or when the clock is stopped. 

23 PWM3 
VDP (Variable Duty Port). or port for the output one bit. 

The VDP function is to output pulses of a frequency of N-ch 
to to O/A converter 

26 PWMO 
15.625 kHz continuously. The duty of the pulse can be open drain 

made variable in 64 steps by means of a program. 

27 
CMOS 

XOUT 
Oscillator 

CPU oscillation circuit pin. Used to connect a ceramic 
push·pull (XO) 

28 XIN oscillator or a crystal oscillator. Use an 8 MHz oscillator_ 
Input (XI) 

29 RED 
Character Pins to output character data corresponding to R. G and CMOS 

30 GREEN 

31 BLUE 
signal output B. Output is in active High. push-pull 

32 BLANK 
Blanking Pin to output blanking signals to cut image signals. Out- CMOS 

signal output put is in active High. push-pull 

Vertical Pin to input vertical synchronization signals for the IOC. 

33 VSYNC synchronization I nput in active low. It is possible to make an interrupt Input 

signal input with this signal. 

Horizontal 
Pin to input horizontal synchronization signals for the 

34 HSYNC synchronization Input 

signal input 
IDC. Input in active low. 

4~it input/output ports. For these ports. it is possible to 

specify input/output on a bit by bit basis. The setting is 

made with the POBBIO word (36H) on the register file. CMOS 

35 POB3/HSCNT 
The latch of the port is assigned to address 71 H of Bank push·pulili/O). 

36 POB2 
o of the data memory (RAM). The paBa/51 pin can provided 

Port OB also serve as a data input pin of a serial interface (/JCOM POB3/HSCNT is 
37 POBl 

38 POBO/SI 
standard model. The POB3/HSCNT pin can also serve as an self-biased at the 

input pin of the horizontal synchronization signal counter. time of input. 

This pin is always self-biased (VOO/2). Port OB is for 

input when the power (VOO) is input initially. the clock 

stops. or resetting is done by the CE pin (low"""", High), 

4-bit input/output ports. These ports can be specified for 

input/output on a bit-by-bit basis. The setting is made 

with the POABIO word (37H) on the register file. The 

39 POA3/S0 
latch of the port is assigned to address 70H of Bank 0 

40 POA2/SCK 
of the data memory. The POA3 pin can be used as a data 

CMOS 
Port OA output pin of a serial interface (jlCMOS standard mode) 

41 POA1/SCL push-pull 

42 POAO/SDA 
and the POA2/SCK pin as a shift clock input/output pin. 

The POAO/SOA pin can be used as a data input/output 

pin of a serial interface (two-wire mode and jlCOM stan-

dard mode).and the POA1/SCl pin as a shift clock input/ 

output pin. 
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PIN No. SYMBOL PIN NAME DESCRIPTION OUTPUT TYPE 

43 
,I 

P2B3 4-bit output port. The latch of the port is assigned to 
N·ch 

to to Port2B add, ... 71H of Bank 2 of the data memory (RAM). 

46 P2BO N-ch open drain (medium withstanding voltage). 
open drain 

47 P2C3 4-bit output port. The latch of the port is assigned to 
N·ch 

to to Port2C add,ess 72 of Bank 2 of tho data memory (RAM). 

50 P2Co N-ch open drain. (medium withstanding voltage) 
open drain 

51 POC3 
4-bit output port. The latch of Port DC is assigned to 

add, ... 72H of Bank 0 of the data mamory (RAM). CMOS 
to to PortOC 

54 POCo 
The output state is indefinite when the power (VOO) push-pull 

is input initiallv. 

4-bit input/output port or AID converter pin. The setting 

of input/output is made every 4 bits. The P1CGIO bit 

(bit #0 of address 27H) on the register file is used for 

55 P1C3 input/output specification. It is necessary to specify 

56 P1C2/ADC7 input without fail when used as an AID converter. The CMOS 
Port lC 

57 P1Cl/ADCs latch of the port is assigned to address 72 of Bank 1 of push·pull (1/0) 

56 P1Co/ADC5 the data memory (RAM). Port 1 C is for input when the 

power (VDD) is applied for the first time. the clock is 

stopped or resetting is made with the CE pin (Low ----.. 

High). 

59 PODJ/ADC4 4-bit input port. This port can also be used as an AID 
Input (with 

60 POD2/ADC3 converter. When used as a port, a pull-down resistance 
PortOD pull·down 

61 POD1/AD~ (100 kn TYP.) is attached. Tho latch of Po,t OD is 
resistance} 

62 PODO/ADCl assigned to address 73H of the data memory (RAM). 

AID (Analog to Digital) converter input pin. The con-

53 ADCo 
AID verter is a 4-bit built-in AID converter employing pro-

Input 
converter input grammed sequential comparison. The reference voltage 

of the AID converter is VDD. 

Interrupt input pin with a noise canceller. Signals with a 

high level of noise. such as remote control signals. can 

be programmed easily by using this pin. It is possible 

to specify by means of a program whether an interrupt 

64" RMC 
Interrupt 1s made at the rise or at the fall of an input signal to this 

Input 
signal input pin .. Specifically. an interrupt is made at the rise or at 

the fall of the signal depending on whether the IEDG1 

flag is reset or set. respectively. At the time of resetting 

(eE pin: Low ...... High). the IEDG1 flag is reset and an 

interrupt is made at the edge of the rise. 
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PIN EQUIVALENT CIRCUITS 

POA (POA3/S0, POA2/SCK) 

POB (POB2, POB" POBO/SI) 

P1B(P1B2,P1B"P1BO) 

P1C (P1C3, Pl~/ADC7' P1C,/ADCs, P1Co/ADC5) 

P2A(P2A3,P2A2,P2A"P2Ao) 

POA (POA,/SCL, POAo/SDA) 

POC (POC3,POC2,POC, , POCo) 

P1D (P1D3,P1D2,P1D" P1Do) 

RED,GREEN,BLUE,BLANK 
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(IN/OUT) 

(IN/OUT) 

--------~~----------- ._---. 
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PWM (PWM3. PWM2. PWM,. PWMO. PWMRMP) 
P1A(P1A3.P1A2.P1A,.P1Ao) 

P2B(P2B3. P2B2. P2B,. P2BO) 

P2C (P2C3. P2C2. P2C,. P2CO) 

lOUT) 

L liN) 

H~ON registe~ 

ADCo 

liN) 
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-.l P-ch 

T N-ch 

-L P-ch 

T N-ch 
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HSYNC. VSYNC. RMC. CE 

(IN) 

XOUT. X 1N • OSCOUT. OSCIN 

XIN <>--+--~ 
OSCIN 

XOUTO----------~ 
OSCOUT 

T 
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j.lPD17052 instructions 

I nstruction set 

0 1 

0000 0 ADD r, m ADD m, iii 

0001 1 SUB r, m SUB m, iii 

00 1 0 2 ADDC r, m ADDC m, iI i 

00 1 1 3 SUBC r, m SUBC m, iii 

o 1 00 4 AND r, m AND m, iI i 

o 1 0 1 5 XOR r, m XOR m, iii 

o 1 1 0 6 OR r, m OR m, iii 

INC AR 
INC I X 
MOVT DBF, @AR 
BR @AR 
CALL @AR 
RET 
RETSK 
E I 
D I 

o 1 1 1 7 
RETI 
PUSH AR 
POP AR 
GET DBF, p 

PUT p, DBF 
PEEK WR, r f 

POKE r f, WR 
RORC r 
STOP 0 
HALT h 

NOP 

1 0 0 0 8 LD r, m ST m, r 

1 0 0 1 9 SKE m, iI i SKGE m, iii 

1 0 1 0 A MOV @r. m MOV m, @r 

1 0 1 1 B SKNE m, iii SKLT m, iii 

1 1 0 0 C BR 
add r 
(page 0) 

CALL 
• d d r 
(page 0) 

1 1 0 1 D BR 
add r MOV iii 
(page 1 ) 

m, 

1 1 1 0 E BR 
add r 
(page 2) 

SKT m, iln 

1 1 1 1 F BR 
• d d r 
(page 3) 

SKF m, iln 

2·207 



jlPD17052 NEe 
INSTRUCTION 

NOTE 
M 

m, 

mL 

RP 

RF 

ri" 
riL 

AR 

c 
,9 
~ 
:)i! 

§ 

j 

'~ 
8 

is 

1 
"§ 
:§' 

:One of Data memory specified by {(BANK),m] IX 

: Data memory address specified by [rnH, md of each bank IXE 

: Data memory address high (Row address) ; [ThitsJ DBF 

: Index register 

: Index enable flag 

: Data buffer 

STACK ,Stack of (PCI. (BANKI. (lXE) 

STACKpc : Stack of (PC) 

BANK 'Bank register 

: Data memory address low (ColUIJUl address) ; [41i1sl WR : Window register (ROM)pe : One of Program memory data specified by (PC) 

,One of Generalregiste< .,ediied by [(RP),'[ MP 

:General.er address low ; [4bitsJ MPE 

: General register pointer PE 

: One of register file specified by rf 

: Memory pointer 

: Memory pointer enable flag 

: Peripheral 

: Peripheral address 

INTEF : Interrupt enable flag 

SG R Program memory segment register 

. Immediate data; [4bilsJ 

: Bit position; [41itsj 

,~ fi~ addns; specified by lri", rid '" : Peripheral address high addr : One of program memory address; [Illils] 

,~fikaddreo;high 'L : Peripheral address low CY : Carry flag 

: Register file address low PC : Program memory counter : Halt release conditions 

,AddreoIregiste< SP : Stack pointer [I ,Add,.". of M,R,RF 

() . Contents of M R RF AR IX DSF WR PE 

MnelIDnic Operand Function Operation 
Machine code 

(p:ratirnm 

ADD 
r,m Add Data memory to General register (R), (CYHR)+(M) 00000 mH mL r 

m, #i Add immediate data to Data memory 1M), (CYHM)+i 10000 mH mL i 

r,m 
Add Data lTIemory to General register (R), (CYHR)+(M)+(CY) 00010 
with carry 

mH mL r 

ADOC 

m, #i 
Add immediate data to Data memory (M), (CY)-(M)+ i + (CY) 10010 
with carry 

mH mL i 

AR Increment Address register (ARHAR)+I OOlll 000 1001 0000 
INC 

IX Increment Index register (lXHIX)+1 00111 000 1000 0000 

r,m Subtract Data memory from General (R), (CYHR)-(M) 
register 

00001 mH mL r 

SUB 

m, #i 
Subtract immediate data from Data 

(M), (CYHM)- i 
memory 

10001 mH mL i 

r,m Subtract Data memory from General 
(R), (CYHR)-(M)-(CY) 

register with borrow 
00011 mH mL r 

SUBC 

m, #i 
Subtract immediate data from Data 

(M), (CYHM)-i -ICY) 
memory with borrow 

10011 mH mL i 

SKE m, #i 
Skip if Data memory equals immediate (M)-i & 

01001 
data skip if zero 

mH mL i 

SKGE m, #i 
Skip if Data memory is greater than or (M)-i & 

11001 
equal to immediate data skip if not borrow 

mH mL i 

SKLT m, #i 
Skip if Data memory is less than (M)-i & 

immediate data skip if borrow 
nOll mH mL i 

SKNE m, #i 
Skip if Data memory not equal (M)-i & 

01011 
immediate data skip if not zero 

mH mL i 

m, #i 
Logic AND of Data memory and 

(MHM) AND i 10100 i 
immediate data 

mH mL 

AND 

r,m 
Logic AND <Jf General register and 

(RHR) AND (M) 00100 
Data memory 

mH mL r 

Logic OR of Data memory and immediate 
m, #i 

data 
(MHM) OR i 10110 mH mL i 

OR 

r,m 
Logk OR of General register and Data 

(RHR)OR (M) 00110 mH mL r 
memory 

Exclusive Logk OR of Data memory and 
m, #i 

immediate data 
(MHM) XOR i 10101 mH mL i 

XOR 

r,m 
Exclusive Logic OR of General register 

(RHR) XOR (M) 00101 
and Data memory 

mH mL r 
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()perand 
Machine code 

Mnemonic Function Operation 
~"'" 

to r,m Load nata memory to General register (RHM) 01000 mH ml. r 

ST m,r Store General register to nata memory (MHR) 11000 mH ml. r 

@r,m 
Move nata memory to Destination data if MPE= I: [(MP), (R)HM) 

01010 
memory referring to General register if MPE=O: [(mH), (R)HM) 

mH ml. r 

MOV Move Source data memory referring to if MPE= I: (MH(MP), (R)] 
m,@r 

General register to Data memory if MPE=O:(MH(mH),(R)] 
11010 mH ml. r 

I 
m,lIi Move immediate data to nata memory (MH 11101 mH ml. i 

il MOVT DBF,@AR 
Move Program memory data specified by iSTACKpcHIq & (PCHAR) & 

00111 000 0001 0000 

] Address register to Data buffer (DBFHROM)~ & (PCHSTACK,,) 

PUSH AR 
Decrement Stack pointer, then move (SPHSP)-I & 

00111 000 1101 0000 
Address register to Stack (STACKpc)<--(AR) 

POP AR 
Move Stack to Address register, then (ARHSTACKpc) & 

00111 000 1100 0000 
increment Stack pointer (SPHSP)+I 

PEEK WR,rf 
Get data of Register file to Window 

(WRHRF) 00111 rfM 0011 rfl. 
register 

POKE rf,WR 
Put data of Window register into Register 

(RFHWR) 
file 

00111 rfH 0010 rfl. 

GET nBF,p Get peripheral data to Data buffer (DBFHPE) 00111 PH 1011 PI. 
PUT p,nBF Put data of Data buffer to peripheral (PEHDBF) 00111 PH 1010 PI. 

I SKT m,#n 
Test Data memory bits, if (M),=all"I", 

11110 n 
then skip if all bits specified are true then skip 

mH ml. 

SKF m,lIn 
Test nata memory bits, if (M).=all"O", 

11111 n 
then skip if all bits specified are false then skip 

mH ml. 

Jump to the address in page 0 (PC)'1IkIr & (PC)'I,<-1l, (PC)'Il<-1l 01100 

Jump to the address in page I (PCI'1IkIr & IPC)'I,<-1l'(PC)'Il~1 01101 

1 addr addr (11 bits) 

BR 
Jump to the address in page 2 (1'C)'1<kir & IPC)'I,~I,IPC)'Il<-1l 01110 

dl Jump to the address in page 3 IPCI'1IkIr & (1'C),,~I,IPC)'Il~1 01111 

@AR 
Jump to the address specified by Address 
register 

(PC)+--{AR) 00111 000 0100 0000 

~ RORC r Rotate General register right with carry ~c~ 
R)"~(R),,~(R)'I~(R),, 

00111 000 0111 r 

(SPHSP)-I & 

addr Call subroutine in page 0 (STACKpc)<--((PC)+ I) & 11100 addr (11 bits) 

CALL 
(PC)'II<--O & (PC)<--addr 

(SPHSP)-I & 

@AR Call subroutine (STACKpcH(PC)+ I) & 00111 000 1110 0000 
i!! (PCHAR) 

j RET Return to main routine from subroutine 
(PCHSTACKpc ) & 

00111 001 1110 0000 
(SPHSP)+I 

RETSK 
Return to main routine from subroutine. (PC)<--(ST ACKpc) & 

00111 100 1110 0000 
then skip unconditionary (SPHSP)+ I & and skip 

RETI 
Return to main routine from interrupt IPC)' (BANKI.(IXEHSTACK) & 
service routine (SPHSP)+I 00111 000 0101 0000 

I EI Enable interrupt INTEF<--I 00111 000 1111 0000 

DI Disable interrupt INTEF<--O 00111 001 1111 0000 

STOP 0 Stop clock if CE=low stop clock if CE=low 00111 010 1111 0000 

~ HALT h Halt the CPU, Restart by condition h halt 00111 011 1111 h 

Nap No operation 00111 100 1111 0000 
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ELECTRIC CHARACTERISTICS (PROVISIONAL) 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage VDD 

Input Voltage VI 

Output Voltage Vo 

Output Absorption Current 10 

-{).3 to +6.0 

-{).3 to VDD 

-{).3 to V DD 

10 

V 

V 

V 

mA 

NEe 

Withstanding Output Voltage V BOS 13 (P1A,P2B,P2C,PWM) V 

Operating Temperature To 

Storage Temperature Tstg 

RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTIC SYMBOL MIN. TYP. 

Power Supply Voltage VOD1 4.5 5.0 

Power Supply Voltage VOD2 4.0 5.0 

Data Storing Voltage VOR 2.5 

Withstanding Output 
VBOS 

Voltage 

Power Supply Voltage 

Rise Time trise 

-20 to +70 

-55 to +125 

MAX. UNIT 

5.5 V 

5.5 V 

5.5 V 

12.5 V 

500 ms 
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°c 
°c 

CONDITION 

All function activated 

Only I DC stopped 

Clock asci "ation stopped 

PIA, P2B; P2C. PWM 

VOO: 0-4.0 V 
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DC CHARACTERISTICS (T. = -20 to +70 cC, VOO = 4.0 to 5.5 VI 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Power Supply Current 1001 7 15 rnA 
CPU in operation, I DC in operation 

VOO=5.5 V 

Power Supply Current 1002 3.5 15 rnA 
CPU in operation. I DC stopped 

VOO=5.5 V II 
High Level Input Voltage VIHl 0.7 VOO V POA, POB, POD, P1B,P1C, P2A 

High Level Input Voltage VIH2 0.8 VOO V CE,RMC,VSYNC, HSYNC 

Low Level Input Voltage VILl 0.3 VOO V POA, POB, POD, P1B, P1C, P2A 

Low Level Input Voltage VIL2 0.2 VOO V CE, RMC, VSYNC, HSYNC 

POA2, POA3, POB,POC,P1B, P1C, 

High Level Output Current IOH -2 -1 rnA Pl0,REO,GREEN,BLUE,BLANK 

VOWVOO-l V 

POA, POB, POC, P1B, P1C, Pl 0, 

Low Level Output Current lOLl 2 3 rnA REO,GREEN,BLUE,BLANK 

VOL=l V 

Low Level Output Current IOL2 15 20 rnA P1A VOL=l V 

Low Level Output Current IOL3 1 2 rnA PWM, P2B, P2C VOL =1 V 

High Level Input Current IIH 50 ~A POD. pull-down time 

Data Storing Current lOR 10 ~A 
Clock oscillation stopped 

T.=25 °c, VOO=5.5 V 

Output Leak IL 1 ~A 
POAO, POA1, Pl A, P2B, P2C, PWM 

VOH=5 V 

AC CHARACTERISTICS 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

I "put Frequency ITMR 50 60 Hz P1B3/TMIN 

Input Frequency IHS 10 20 kHz POB3/HSCNT 
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BUILT-IN IMAGE DISPLAY CONTROLLER 

The J.lPD17053 is a 4 bits CMOS microcontroller incorporating Image Display Controller (I DC) and 14 bits D/A 

converter into one chip for digital tuning of voltage synthesizer system of TV. 

Image Display Controller has various display function showing not only letters but also drawings. 

Fonts of I DC are selected by user's program and effective debugging can be realized by actual indications from 

the beginning of software development. 

In addition, Hsync. counter for station detection and serial interface for communication with other peripheral 

devices are incorporated, also 4 bits AID converter and 6 bits D/A converter (PWM output) are incorporated. 

CPU applies J.lPD17000 architecture which operates data memory directly without accumulater, and it realizes 

effective programming. 

All instruction consist of 16 bits one word. 

As system development support tool of J.lPDI7053, IE·17K (In Circuit Emulator) and assembler are prepared. 

FEATURES 
• 4 bits microcontroller for digital tuning system 

• built-in 14 bits D/A converter 

• lingle power supply (5 V ±10 %) 

• CMOS with low power consumption 

• program memory (ROM): 

24K byte (16 bits x 12,288 steps) 

• data memory (RAM): 4 bits x 672 words 

• stack level: 7 levels 

• easy to understand instruction set with 36 types 

• capable of decimal arithmetic 

• instruction execution time: 

2 J.ls (with 8 MHz ceramic resonator connected) 

• IDC (Image Display Controller) built-in 

(user programmable) 

• number of display character: 

199 characters (max. in one screen) 

• display location: 14 lines x 19 columns 

• number of character types: 256 types 

• character format: 

10 x 15 dots (capable of fringe function) 

Notes on Serial interface: 

• character color: 8 colors 

• character size: 

4 types of setting is available independently 

both for line and column, (14, 28, 42, 56H) 

• built-in 8 bits serial interface: 

(1 system 2 channel: 3 wire and 2 wire system) 

• built-in D/A converter: 6 bits x 4 (PWM output) 

• built·in A/D converter: 4 bits x 8 
• built·in H.sync. signal counter 

• built·in commercial power supply freq. counter 

• built-in blackout detection circuit and power-on­

reset circuit. 

• interrupt input for remote control signal (with 

noise canceler) 

• plentiful I/O ports: input output port 

input port 

output port 

• 64 pin plastic shrink DIP (750 mil) 

20 

4 

20 

The 2-wire mode corresponds to the 12C-Bus specification from Philips. 

In case of using this interface mode note the following: 

Duties when using 12C bus system 

Purchase of NEC's 12C bus system hardware components conveys a license under the Philips 12C patents rights 

to use this components in an 12C system, provided that the system conforms the 12C standard specifications as 

defined by Philips. 

Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 

use of the 12C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 

P1D3 

P1D2 

Pl0l 

P100 

P2A3 

P2A2 

P2Al 

P2A O 

P1B3/TMIN 

P1B2 

P1Bl 

P1BO 

CE 

VDD 

DSCOUT 

OSCIN 

GND 

P1A3 

P1A2 

P1Al 

P1AO 

PWMRMPo­

PWM3 

PWM2 

PWMl 

PWMO 

XOUT 

XIN 

RED 

GREEN 

BLUE 

BLANK 

open drain 
(12 V MAX) 

CMOS 

N-ch 
open drain 
(12 V MAX) 

N-ch { 
open drain 

OMOO I 

2·214 

64 

fttIEC 

RMC 

ADCO 

PODoJADCl 

POD1/ADC2 

POD2/ADC3 

POD3/ADC4 

PlCO/ADC5 

P1Cl/ADC6 

P1C2/ADC7 

P1C3 

POCo 

POCl 

POC2 

POC3 

P2CO 

P2Cl 

P2C2 

P2C3 

P2BO 

P2Bl 

P2B2 

P2B3 

POAO/SDA 

POA1/SCL 

POA2/SCK 

POA3/S0 

paBa/51 

POBl 

POB2 

POB3/HSCNT 

HSYNC 

VSYNC 
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BLOCK DIAGRAM 

OSCIN 
Osci-
llation 

OSCOUT circuit 

HSYNC 

VSYNC 

RED 

GREEN 

BLUE 

BLANK 

POAO/SDA 

POA,/SCL 

POA2/SCK 

POA3/S0 

POB:J/SI 

POS, ...l;=L_J\r--'VI 
POB2 

POB3/HSCNT 

PODO/ADC, 

POD,/ADC2 

POD2/ADC3 
POD:J/ADC4 v--,rm----..._--' 

RF 

RAM 
672 x 4 bits 

SYS REG 

ROM 

'2.288 x '6 bits 

2-215 

flPD17053 

'---"1---0 PlOO 

PlO, 

P102 

P'D3 

,-"1---0 P2Ao 
P2A, 

P2A2 

P2A3 

'---"1---0 P2BO 

P2B, 

P2S2 
P2B3 

r--~----"P2Co 

P2C, 

P2C2 

P2C3 

RMC 

~VDD --L:J----o CE 

o GND 
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SINGLE-CHIP MICROCONTROLLER 

The [JPD17102 is a four-bit single chip microcontroller which has a built-in LCD controller, D/A converter, and 

operational amplifier. This CPU uses the [JPD17000 architecture, allowing data transfer and operation between data 

memory areas or between data memory areas and peripheral circuits with only one instruction. It also supports 

16-bit (l·word) instructions. 

FEATURES 
• ;tPD17000 architecture 

• Program memory (ROM) 

• Data memory (RAM) 

4K bytes (2048 x 16 bits) 

208 words (208 x 4 bits) 

• Command execution time: 2.0 [JS (8 MHz, ceramic/crystal oscillator) 

• Interrupting function (Internal: 3, and external: 2) 

• 8-bit timer/counter : 2 channels (built·in modulo) 

• 8-bit serial interface 

• 2-channel complete CMOS operational amplifier 

(Two operation modes available: NORMAL and SAMPLE/HOLD) 

• 4-channel multiplexer input comparator 

• 6-bit D/A converter 

• Feasible to realize the 4·channel 6-bit A/D conversion function using the above-mentioned comparator and 

D/ A converter 

• LCD controller/driver 

(14SEGMENT x 2COMMON, 13SEGMENT x 3COMMON, and 12SEGMENT x 4COMMON) 

• Zero·cross detection selectable 

• Standby function (Stop/Halt) 

USE: 
Electronic rice cooker and blood pressure meter, etc. 

ORDERING INFORMATION 
Order Code 

[JPD17102G·XXX·00 

[JPD17102G·XXX-03 

Package 

52'pin plastic OFP (bent lead) 

52'pin plastic OFP (straight lead) 
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OUTLINE OF FUNCTIONS 
• 111'017000 architecture 

• Program memory (ROM): 4K bytes (2048 x 16 bits) 

• Date memory (RAM) 

• Steck level 

• Instruction cycle 

• Interrupting function 

• 8·bit timer/counter 

• 8·bit serial interface 

222 words (222 x 4 bits) 

3 levels 

2 /.IS (when operated at 5.0 V and 8 MHz) 

\Internal: 3, and external: 2) 

2 CH (with modulo integrated) 

• 2-channel complete CMOS operational amplifier 

(Two operation modes available: NORMAL and SAMPLE/HOLD) 

• 4-channel input comparator with multiplexer 

• 6·bit D/A converter 

NEe 

• Feasible to realize 4-channel, 6·bit A/D conversion function using the above·mentioned comparator and D/A 

converter 

• LCD controller (14SEGMENT x 2COMMON, 13SEGMENT x 3COMMON, and 12SEGMENT x 4COMMON) 

• Zero-cross detecting function 

• Stendby function (STOP/HALT) 

• Data/memory low supply voltage holding function 

• Oscillator circuit for system clock (ceramic and crystal) 

• Single power unit (3.0 to 6.0 V, but 4.5 to 6.0 V when the operational amplifier is used) 
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PIN CONFIGURATION (Top View) 

>- >- II '" 
:::J :::J 
0 0 

0 N 0: "-u ~ ~ ...J 
"N i 0 Q >- B Ii Ci '" N 

!!: "0 ~ ~ U :::J Z Q Q 0 Q 
8 Q Q ...J 0 X Z Q 0 It 0 0 u u > x (!l > "- "- "-

COM3/LC0 12 P1A3/AMP2IN-

LCOll P1A2/AMP2IN+ 

LCOlQ P1Al/AMP1IN-

LCOg P1AO/AMP1IN+ 

LCOs P1B3/AOC3 

LC07 P1B2/AOC2 
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BLOCK DIAGRAM 
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1. OUTLINE 

The jlPD17102 is a 4-bit single chip microcontroller which integrates all the following circuiu on one chip: 4.bit 
ALU. program memory (ROM). data memory (RAM). I/O ports, timer/event counter, serial interface, vector inter. 
rupt circuit. 

This chip using the jlPD17000 Series architecture has various built·in peripheral circuits including analog circuits, 
allowing the user to incorporate it into electrical appliances and intelligent units in a distributed system for home 
automation. 

For program development, NEe supports the in-circuit emulator (lE·17K), so that the user can debug programs 
easily by using the emulator together with the SE board for each product. 
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2. PIN FUNCTIONS 

2.1 Input/Output Ports 

2.1.1 POAo to POA3 (Port OAI: Bi·directional input/output ports 

Port OA is a 4·bit input port (pins from POAo to POA3) with output latch circuits. 

This port is mapped to 70H at bank 0 in the data memory space and accessed with normal data memory opera· 

tion instructions. The direction of input/output is switched for all four bits by the POAGIO value. Setting POAGIO 

to "1" outputs the value stored at 70H of bank 0 to the pin and setting to "0" disables output and sets input mode. 

Regardless of the POAGIO value, the pin status can be read with a data memory reference instruction. The con· 

tents of the output latch remain unchanged unless the data at 70H of bank 0 is rewritten. 

POAo is shared by the timer 1 output pin TMOUT. It operates as TMOUT when PTOUTON in the register file 

is "0" and in normal input/output mode. 

When TMOUT is selected, this pin outputs "1" at time 1 reset and reverses the output each time the timer 1 

value matches the contents of the modulo register. At this time, this pin is set in output mode regardless of the 

POAGIO value. The pin status at this time can also be read with a data memory reference instruction. The output 

latch as POAo is independent of TMOUT, and therefore data can be written to 70H of bank 0 even if the pin oper· 

ates as TMOUT and the data is output when PTOUTON is set to "0" while POAGIO is "1." 

POA, to POA3 are shared by SCK, SO, and SI of the serial interface. The PAO pin is set in normal input/output 

mode when the SIOON value in the register file is "0" and used as the SIO pin when it is "1." 

In the port OA input/output format, either of the Nch open/drain input/output or Nch open/drain input/output 

with a built-in pull-up resistor is selectable by the mask option. In Nch open/drain input/output mode, the port has 

a 9 V withstanding voltage and is suitable for an interface with a circuit using a different supply voltage. By using the 

Nch open/drain input/output structure, a 2·wire serial interface can also be used. 

When SIOON is "1," data cannot be output to the SCK and SO pins as a port. Even if data is transferred to 

address 70H of bank 0, this data cannot be input to POA, to POA3. At this time, only POA3 is available. 

When the SCK pin is in input mode, however, data can be written to the POA, output latch. 
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Table 2-1 Port OA functions 

Write to bank Read from Pin function 
PTOUTON SIOON POAGIO 

bank 0, 70H 0,70H POAo POA, POA2 POA3 

All four bits are POAo POA, POA2 POA3 
0 

IN IN IN IN valid. 
0 

All four bits are POAo POA, POA2 POA3 
1 

OUT OUT OUT OUT valid. 
0 --

0 
Only POAO POAo 

is valid. IN --
I SCK SO SI 

1 
Only POAo POAo 

is valid. Enable. OUT 

All four bits are (Pin status) POA, POA2 POA3 
0 

IN IN IN valid 
0 

All four bits are POA, POA2 POA3 
1 

OUT OUT OUT valid. 
1 TMOUT 

0 
Only POAO is 

valid. 
1 SCK SO SI 

1 
Only POAo is 

valid. 

Note: If data is written to 70H of bank 0 when SIDON is "1," this data can be written to POA, only when the SCK pin 

is in input mode. 

2.1.2 POBO to POB3 (port OB), POCo to POC3 (port OC): Bi-directional input/output 

Ports OB and OC are 4-bit input/output pins with output latch circuits: From POBo to POB3 and from POCo to 

POC3. These ports are mapped to 71 Hand 72H of bank 0 in the data memory space, respectively and are accessed 

with normal data memory operation instructions like port OA. The direction of input/output is switched for all 

4-bits by the POBGIO or POCGIO value in the register file. Setting the value to "1" outputs the data at 71H or 72H 

of bank 0 to the corresponding pin and "0" disables the output and sets the input mode. Regardless of the POBGIO 

and POCGIO values, the pin status is read when a data memory reference instruction is executed. At this time, the 

contents of the output latch remain unchanged. 

The input/output format of ports OB and OC is the CMOS (push/pull) tYpe. 

Table 2-2 Functions of ports OB and OC 

POBGIO Input/output 

POCGIO direction of pin 
Write to bank 0, 71 H or 72H Read from bank 0, 71 H or 72H 

0 Input (output disable) 
Available Available (pin status input) 

1 Output 
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2.1.3 POOo to POOa (port 0): Bi·directional input/output 

Port 00 comprises 4-bit input/output pins with output latch circuits. It is mapped to 73H of bank 0 in the data 

memory space. The input/output direction is switched by the PODGIO value in the register file. 

PODo is shared with the AMPl output pin AMPl OUT. and POD, is shared with the AMP2 output pin AMP20UT. 

These bits are used in normal input/output mode when the AMPl EN or AMP2EN values in the register file are 

"0" and as AMPl OUT and AMP20UT respectively when the values are "1." 

When AMP10UT and AMP20UT are selected, the pins are used as the AMP10UT and AMP20UT output pins, 

regardless of the PODGIO value. A data memory reference instruction reads the pin status regardless of the function 

selected for the pin. At this time, the pin potential is intermediate, the read value is undefined. The IlPD171 02 reads 

only at the moment the instruction is executed and disables other input circuits. Therefore, the through current does 

not flow through the input circuit. 

The PODo and POD, output latch circuits are independent of AMPl OUT and AMP20UT. Therefore, data can be 

written to bank 0, 73H by setting AMP1EN and AMP2EN to "1" even if the pins operate as AMP10UT and 

AMP20UT. When PODGIO is "1," the pins output data as a port by setting AMPl EN and AMP2EN to "0." 

The port OD input/output format is CMOS (push/pull) input/output. 

Table 2-3 Port OD functions 

AP1EN 
PODGIO 

Write to Read from 

AP2EN bank 0, 73H bank 0, 73H PODo 

0 PODo IN 
0 

1 All four bits Enable. PODoOUT 

0 are valid. Pin status. 
1 AMP10UT 

1 

Note: The AMP output control is selectable for AMP1/2 separately. 

2.1.4 P1Ao to P1Aa (port 1A): Input 

Port 1A comprises 4-bit input pins. 

It is mapped to 70H of bank 1 in the data memory space_ 

Pin function 

POD, POD2 POD3 

POD, IN POD2 1N POD3 1N 

POD, OUT POD2 0UT POD3 0UT 

POD2 1N POD3 1N 
AMP20UT 

POD2 0UT POD3 0UT 

P1Ao and P1A, are shared with AMPl non-reverse input (AMP1IN+) and reverse input IAMP1IN-), PllA and 

P1A3 are shared with AMP2 non-reverse input (AMP2IN+) and reverse input (AMP2IN-I. These pins are not 

switched and are always connected to both input circuits of the operator amplifier lanalog inputl and port Idigital 

input). 

When used as analog input pins, apply an intermediate potential or AC voltage. If a data memory reference 

instruction is executed at this time, an undefined value is read. Similar to port OD, the through current does not flow 

through the input circuit. 

Port 1 A has three mask options: With pull-up resistor, with pull-down resistor, and wit.h no built-in resistor. When 

the pins are used as analog input pins, select the mask option for no built-in resistor. Otherwise, the pins may not 

operate normally. 

Output instructions to the port Idata write to 70H in bank 11 are invalid. 

2-224 



NEe 
Read from bank 1, 70H (logical input) 

Enable 

(Pin status input) 

(Undefined at intermediate potential) 

2.1.5 P1Bo to P1B3 (port lB): Input 

Port 1 B comprises 4·bit input pins. 

Table 2-4 Port lA function 

Write to bank 1, 70H 

Disable 

It is mapped to 71 H of bank 1 in the data memory space. 

/lPD17102 

Analog input 

Always connected to AMP input. 

Only one of these pins can be set as the input pin of the non·reserve input from the comparator by ADCCHO and 

ADCCHI. For more information, see Section 3.12. Similar to ports OD and 1 A, the pin status of port 1 B is read with. 

the data memory reference instruction, regardless of the selected pin function, and the through current does not 

flow through the input circuit even if the intermediate potential is applied. 

Port 1 B also has three mask options: With pull·up resistor, with pull·down resistor, and with no built·in resistor. 

When the J>ins are used as analog input pins, select the mask option for no built·in resistor. Otherwise, the pins may 

not operate normally. 

Output instructions to port 1 B (data write to 71 H in bank 1) are invalid. 

Table 2·5 Port 1 B function 

Read from bank 1,71 H (logical input) Write to bank 1,71 H Analog input 

Enable Either pin is connected to 

(Pin status input) Disable the comparator input 

(Undefined at intermediate potential) (by ADCCHO and ADCCH1). 

2.2 INTo,INT, 

INTo and INT, are interrupt request input pins for which the active rising or falling edge is selectable by IEGo 

and I EG,. At the rising or falling edge of the INTo or I NT, signal selected by I EGo and lEG" the interrupt request 
flag (lRQO, IRQ1) is set. 

To prevent malfunctions from noise, the pins has a built·in noise remover. The status of the pin for which noise 

is eliminated by the noise remover is read by referencing INTo and INT, in the register file with the PEEK instruc. 

tion, so that the pins are simply used as input pins. 

In addition, INTo/INT, are the count clock input pins of timer 1/2, respectively, and are used when external 

clocks are selected as timer count clock sources. When sharing the timer input and INTo/INT, interrupt request 

input, note that the INTo/INT, interrupt request flag is also set by the clock. 

The INT, pin is also used to detect zero·cross when ZCROSS in the register file is set to "1." 

2.3 CMPIN/DAC, V002, GND2 
V002 and GND2 are pins used to apply the reference voltage of the built·in 6·bit D/A converter. Apply the Voo 

potential to V002 and the GND potential to GND2. These two pins are separated from Voo and GND and can have 

separated digital and analog power sources. The applied voltage between the pins is divided into 26 steps (64 steps). 

The analog value corresponding to digital data stored in four bits of 72H and high·order two bits of 73H of bank 1 
in the data memory space is the D/ A converter output. 

To output the D/A converter data from the CMPIN/DAC pin, set DACEN to "1" and CMPEN to "0" in the 
register file. 
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To use a comparator, set DACEN to "0" and CMPEN. to "1" inthe. register file. At this time, the CMPIN/DAC 

pin operates as the reverse input pin of the comparator (CMPIN). Apply a voltage with the same potential as Voo to 

the V002 pin. Also apply the same potential to GND2 pin to minimize the current flowing through the D/A con· 

verter which is not used. 

When using the 6·bit D/A converter under program control, set DACEN to "1" and CMPEN to "1" in the register 

file. At this time, D/A converter data is not output externally, but is directly input to the comparator reverse input 

pin. Therefore, the CMPIN/DACpin is not used. 

Table 2·6 VDD2, GND2, and CMPIN/DAC functions 

DACEN CMPEN VOO2 GND2 CMPIN/DAC Function 

V DO potential V DO potential V DO potential 
D/ A converter and comparator 

are not used. 
0 0 

VDD2 GND2 
High Initial state when the D/A 

impedance converter is used (No •• I. 

0 1 V DO potential V DO potential CMPIN When the comparator is used. 

1 0 VDD2 GND2 DAC When the D/ A converter is used. 

1 1 VOD2 GND2 V DO potential Used as D/ A converter 

Voo potential indicates that VOO potential is applied externally. 

Note: DACEN and CMPEN are set to "0" at reset. 

2.4 VLCD 
VLCD is a power supply pin for driving the liquid crystal display panel (LCD panel). 

Depending on the bias method used, it generates the 1/2 VLCD, 1/3 VLCD, and 2/3 VLCD voltages. When using 

LCDo to LCD,3 as the output pins, apply the high voltage under the supply voltage (VDD). 

2.5 LCDo to LCD". COM3/LCD'2, COM2/LCD'3, COM" COMo 

LCDo to LCD 1,., COM3, LCD,2, COM2/LCD'3, COM" and COMo are LCD panel segment driver pins used to 
select drive method, such as t4 .. egment 2·common, 13 .. egment 3-common, 12 .. egment 4-common. 

LCDo to LCD,3 are used as output pins when LCDEN in the register file is "0." At this time, COM, and COMo 
are not used. 

For more information on the LCD panel, see Section 3.10. 

Table 2-7 LCDo to LCD", COM3/LCD'2. COM2/LCD'3, COM" and COMo functions 

LCDEN LCDo to LCD", COM3/LCD'2, COM2/LCD'3 COM" COMO 

0 All are output pins. Not used 

1 LCD drivers and common drivers Common drivers 

2.6 XIN, XOUT 

XIN and XOUT are pins used to connect the oscillation vibrator in the system clock generator. 

2.7 RESET 

RESET is a low-level active reset input pin. The reset has priority over all other operations. 

In addition to CPU initial start, this pin is also used to release standby mode. 
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2.8 Voo, 
VDDl is a positive power supply pin. 

2.9 GND" GND2 

GND, and GND2 are GND potential pins. Wire them so that the same potential is used externally. 

2.10 Pin Mask Options 

The IlPD17102 pins have the mask options listed below. These option can be selected bit according to purpose. 

Pin name Mask option 

POAo to POA3 
(1) Nch open·drain input/output 

(2) Nch open·drain plus built·in pull-up resistor input/output 

(1) No built-in resistor 
P1Ao to P1A3 

(2) Built-in pull-up resistor 
PI Bo to PI B3 

(3) Built-in pull-down resistor 

(1) No built-in resistor 
INTO 

(2) Built-in pull-up resistor 
INT, 

(3) Built-in pull-down resistor 

RESET 
(1) No built-in resistor 

(2) Built-in pull-up resistor 
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2.11 Pin Input/Output Circuits 

The Input/output circuit of each pin of the IlPD171 02 is shown below in a partly simplified format: 

(1) POAo to POA3 

VDD 

Mask option 

~--------~r---------4'O 

~"? 
Output disable 

I nput buffer 

(2) POBo to POB3, POCO to POC3, PODO to POD3 

VDD 

Data -----.---1 
Pch 

~--------~--------~O 

Output disable -4-----/ Nch 

I nput buffer 
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(3) P1AO to P1A3. P1BO to P1B3. INTo. INT, 

VDD 

! 
<J r "",,"",,"" 

@ 

I nput buffer { _",,"" 

(4) RESET 

VDD 

t ~""";"" 
---------------<Jt--------------L -@ 

I nput buffer 
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Table 2-8 Digital input/output port pin functions 

PIN NAME 110 COMBINED FUNCTION WHEN RESET USE 

POAO TMOUT 

POAl SCK 
Input/output 4-bit 110 port (port OA) High impedance (POAn input) 

POA2 SO 

POAa SI 

4-bit 110 port (port OB) 
POBoto POBa Input/output 

Large current (15 rnA) 
High impedance (input) 

POCO 10 POCa Input/output 
4-bit 110 port (port OC) 

Hi~ impedance (input) 
Large current (15 rnA) 

PODO AMP10UT 
High impedance (PODn input) 

PODl Input/output AMP20UT 4-bit 110 port (port OD) 

POD2'o PODa 
Middle current (10 rnA) High impedance (input) 

P1AO AMP1IN+ 

P1Al AMP1IN-
Input 4-bit input port (port 1 AI Input 

P1A2 AMP2IN+ 

P1Aa AMP2IN-

P1BO ADCO 

P1Bl ADCl 
Input 4-bit input port (port 1 BI Input 

P1B2 ADC2 

P1Ba ADCa 
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Table 2-9 Pins other than port pins 

Pin name Input/output Shared Function At reset 

Used as both the timer 1 count 

INTo Input clock input pin and the external Input 

interrupt input pin. II 
Used as the timer 2 count clock 

input pin and external interrupt 

INT, Input input pin_ Input 

Zero-cross detection function is 

selectable. 

TMOUT Output POAo Timer 1 output pin POAn input 

SCK Input/output POA, Serial clock input/output pin POA, input 

SO Output POA2 Serial data output pin POA2 input 

SI Input POA3 Serial data input pin POA3 input 

AMP10UT 
Output 

PODo AMPl output pin PODo input 

AMP20UT POD, AMP2 output pin POD, input 

AMP1IN+ P1Ao AMPl non-reversed input pin 

AMP1IN- P1A, AMPl reversed input pin 
Input Input 

AMP2IN+ P1A2 AMP2 non-reversed input pin 

AMP2IN- P1A3 AMP2 reversed input pin 

ADCoto ADC3 Input P1Boto P1B3 Comparator input pin Input 

VDD2 Input 
0/ A converter reference voltage 

input pin (high·potential sidel 

GND2 Input 
0/ A converter reference voltage 

input pin (low-potential sidel 

CMPIN Input/output DAC 
Used as the 0/ A converter output High impedance 

pin and comparator input pin. 

LCDo to 
Output 

LCD segment driver output pin. 
Output 

LCD11 Also used as the output port. 

COM3 LCD,2 Used as the LCD common driver 

Output output and LCD segment driver Output 
COM2 LCD,3 pin. Also used as an output port. 

COMO. COM, Output LCD common driver output pin Output 

VLCD Input 
LCD driver split potential setting 

Input 
pin 

RESET Input System reset input pin Input 

VDD' Positive power supply pin 

GND,. GND3 GND potential pin 

XIN. XOUT System clock oscillator pin 
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3. INTERNAL BLOCK 

3.1 Program Counter (PC) 

The program counter (PC) is an "-bit binary counter that retains address data of the program memory (ROM). 

Fig.3·1 Program counter configuration 

When the RESET signal goes to low, the PC is set to O. 

Usually, the counter is incremented by one each time an instructio!1 is executed. 

The CALL instruction saves the contents of the counter (return address) to the stack memory then loads the 

branch destination address to the counter. Return instructions (RET, RETSK. and RETI) load the contents of the 

stack memory (return address) to the counter. The branch instruction (SR) loads the branch destination address 

to the counter. The ROM data reference instruction (MOVT) temporarily loads the address at which the data to be 

referenced is stored to the counter. Take care with the level because the contents of the PC are saved to the stack 

memory immediately before the address is loaded. 

In Fig. 3·2, AHn, AMn, and ALn are addresses indicated by the instruction operand. (See Fig. 3·3.) ARmm is bit 

n in the address register (ARm) which contains the address to be loaded to the program counter. SP is the stack 

pointer which points to the contents of the stack memory. 

Fig. 3·2 Relationship between instructions and values to be loaded 

RET. RETSK. RETI 

BR. CALL 

BR@AR.CALL@AR. MOVT 

MSB 

PC10 PCg PC8 PC7 PC6 PC5 PC4 PC3 

(SP) (SP) (SPI (SP) (SP) I (SP) liSP) i (SP) 

AH2 AHl AHO AM3 AM2 I AMl ! AMO AL3 

1 1 1 AR13 AR12 i AR11 i ARlO AR03 

Fig. 3·3 Instruction word configuration 

Instruction 

PC2 PCl PCO 

ISP) I (SPI I (SP) 

AL2 I ALl I ALO 

AR02; AROl I AROO 

LSB 

I FH EH OH CH BH AH 9H 8H I 7H 6H 5H 4H I 3H 2H lH OH I 
Operand codes AH2 AHl AHO AM3 AM2 AMl AMO AL3 AL2 ALl ALO 

I 
Operand 
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7. ASSEMBLER RESERVED WORDS 

7.1 Mask Option Pseudo Instructions 

For coding IlPD17102 programs. a mask option must be specified in Assembler source programs with the mask 

option pseudo instruction. 

The following pins require the mask option: 

• POAo. POA,. POA2. POA3 

• P1Ao. P1A,. P1A2. P1A3 

• P1Bo. P1B,. P1B2. P1B3 

• INTo.INT, 

• RESET 

7.1.1 OPTION and ENDOP pseudo instructions 

From the OPTION pseudo instruction to the ENDOP pseudo instruction is referred to as the mask option defini· 

tion block. The format of this block is shown below. 

Only the six pseudo instructions explained in Section 7.1.2 can be input to the mask option definition block. 

Format: 

Symbol field 

[level:] 

Mnemonic field 

OPTION 

ENDPOP 

Operand field Comment field 

[comment:] 

7.1.2 Mask option definition pseudo instructions 

Table 7·1 lists the pseudo instruction that are allowed in the mask option definition block. 

An example for defining the mask option is shown below. 

Format: 

Symbol field 

[level:] 

Mnemonic field 

OPTP1A 

Operand field 

P1 APLUP. P1 APLDW, OPEN. OPEN -LJL ~areopen. 
PIA2 is pull·down. 

PIA3 is pull·up. 
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Table 7·1 Mask option definition pseudo instructions 

Pin name Mask option pseudo instruction Number of parameters Parameter name 

POAo to POA3 
POAPLUP : Pull up 

OPTPOA 4 
OPEN : Open 

P1APLUP : Pull up 

P1Ao to P1A3 OPTP1A 4 P1APLDW : Pull down 

OPEN : Open 

P1BPLUP : Pull up 

Pl Bo to Pl B3 OPTP1B 4 P1BPLDW : Pull down 

OPEN : Open 

INTOPLUP : Pull up 

INTo OPTINTO 1 INTOPLDW : Pull down 

OPEN : Open 

INT1PLUP : Pull up 

INT, OPTINTl 1 INT1PLDW : Pull down 

OPEN : Open 

--- RESPLUP : Pull up 
RESET OPTRES 1 

OPEN : Open 

7.2 Reserved Symbols 

Table 7·2 lists the symbols defined in the IlPD171 02 device file. These defined symbols include the control 

register names, port names, and peripheral device names. 
(1) Control registers in register file 

The names of the control register assigned to data memory addresses BOH to BFH in bank 0 are defined. These 

registers are accessible through the window register (WR) with the PEEK and POKE instructions. 

(2) Registers and ports in data memory 

Registers assigned to data memory addresses OOH to 7FH, and ports and system registers assigned to 70H and 

after are defined. 

(3) Peripheral circuits 

Peripheral circuits accessible with the GET and PUT D/A converters are defined. 
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Table 7-2 List of reserved symbols (1/4) 

NAME ATTRIBUTE VALUE R/W D ESCR IPTION 

DBF3 MEM O.OCH R/W Bit 15 to bit 12 of data buffer 

DBF2 MEM O.ODH R/W Bit 11 to bit B of data buffer 

DBF1 MEM O.OEH R/W Bit 7 to bit 4 of data buffer 

DBFO MEM O.OFH R/W Bit 3 to bit 0 of data buffer 

AR3 MEM O.74H R Bit 15 to bit 12 of address register 

AR2 MEM O.75H R Bit 11 to bit B of address register 

AR1 MEM O.76H R/W Bit 7 to bit 4 of address register 

ARO MEM O.77H R/W Bit 3 to bit 0 of address register 

WR MEM O.7BH R/W Window register 

BANK MEM O.79H R/W Bank register 

IXH MEM O.7AH R/W Bit 11 to bit B of index register 

MPH MEM O.7AH R/W Bit 7 to bit 4 of memory pointer 

MPE FLG O.7AH.3 R/W Memory pointer enable flag 

IXM MEM O.7BH R/W Bit 7 to bit 4 of index register 

MPL MEM O.7BH R/W Bit 3 to bit 0 of memory pointer 

IXL MEM O.7CH R/W Bit 3 to bit 0 of index register 

RPH MEM O.7DH R/W Bit 7 to bit 4 of register pointer 

RPL MEM O.7EH R/W Bit 3 to bit 0 of register pointer 

PSW MEM O.7FH R/W Program status word 

BCD FLG O.7EH.O R/W BCD operation flag 

CMP FLG O.7FH.3 R/W Compare flag 

CY FLG O.7FH.2 R/W Carry flag 

Z FLG O.7FH.1 R/W Zero flag 

IXE FLG O.7FH.O R/W Index register enable flag 

LCDDO MEM O.6OH R/W LCD segment 0 

LCDD1 MEM O.61H R/W LCD segment 1 

LCDD2 MEM O.62H R/W LCD segment 2 

LCDD3 MEM O.63H R/W LCD segment 3 

LCDD4 MEM O.64H R/W LCD segment 4 

LCDD5 MEM O.65H R/W LCD segment 5 

LCDD6 MEM O.66H R/W LCD segment 6 
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Table 7-2 List of reserved symbols (2/4) 

NAME ATTRIBUTE VALUE RIW DESCRIPTION 

LCDD7 MEM O.67H RIW LCD segment 7 

LCDDS MEM O.6SH RIW LCD segment S 

LCDD9 MEM O.69H RIW LCD segment 9 

LCDD10 MEM O.6AH RIW LCD segment 10 

LCDDll MEM O.6BH RIW LCD segment 11 

LCDD12 MEM O.6CH RIW LCD segment 12 

LCDD13 MEM O.6DH RIW LCD segment 13 

POAO FLG O.70H.O RIW Port OA bit 0 

POAl FLG 0.70H.l R/W Port OA bit 1 

POA2 FLG 0.70H.2 RIW Port OA bit 2 

POA3 FLG 0.70H.3 RIW Port OA bit 3 

POBO FLG 0.70H.0 RIW Port DB bit 0 

POB1 FLG 0.71H.l RIW Port DB bit 1 

POB2 FLG 0.71H.2 RIW Port DB bit 2 

POB3 FLG 0.71 H.3 RIW Port DB bit 3 

POCO FLG 0.71H.0 RIW Port DC bit 0 

POCI FLG O.72H.l R/W Port DC bit 1 

POC2 FLG 0.72H.2 RIW Port DC bit 2 

POC3 FLG 0.72H.3 RIW Port DC bit 3 

PODO FLG 0.73H.0 R/W Port 00 bit 0 

POOl FLG 0.73H.l RIW Port OD bit 1 

POD2 FLG 0.73H.2 RIW Port 00 bit 2 

POD3 FLG 0.73H.3 RIW Port 00 bit 3 

PIAO FLG 1.70H.0 R Port lA bit 0 

PIAl FLG 1.70H.l R Port lA bit 1 

P1A2 FLG 1.70H.2 R Port lA bit 2 

P1A3 FLG 1.70H.3 R Port 1A bit 3 

PIBO FLG 1.71H.O R Port lB bitO 

P1Bl FLG 1.71 H.l R Port lB bit 1 

P1B2 FLG 1.71H.2 R Port lB bit 2 

P1B3 FLG 1.71H.3 R Port lB bit 3 

DARH MEM 1.72H RIW D/A conversion data bit 4 and bit 5 
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Table 7-2 List of reserved symbols (3/4} 

NAME ATTRIBUTE VALUE R/W DESCRIPTION 

DARL MEM 1.73H R/W D/ A conversion data bit 3 to bit 0 

DACCMP FLG 1.73H.0 R Result of comparison 

SP MEM 0.B1H R/W Stack pointer II 
SlOTS FLG 0.B2H.3 R/W SIO operating status 

SIOHIZ FLG 0.B2H.2 R/W Status of SO pin 

SIOCK1 FLG 0.B2H.1 R/W Selection of serial clock 

SIOCKO FLG 0.B2H.0 RIW Selection of serial clock 

INT1 FLG 0.BFH.2 R Status of INT, pin 

INTO FLG 0.BFH.1 R Status of INTo pin 

ZCROSS FLG O.BFH.O R/W Status of zero-cross detection circuit 

TM1EN FLG 0.91H.3 RIW Timer 1 permit 

TM1RES FLG 0.91H.2 R/W Timer 1 reset 

TM1CK1 FLG 0.91H.1 R/W Timer 1 clock selection 

TM1CKO FLG 0.91H.0 R/W Timer 1 clock selection 

TM2EN FLG 0.92H.3 R/W Timer 2 permit 

TM2RES FLG 0.92H.2 R/W Ti me r 2 reset 

TM2CK1 FLG 0.92H.1 R/W Timer 2 clock selection 

TM2CKO FLG 0.92H.0 R/W Timer 2 clock selection 

IEG1 FLG 0.9FH.2 RIW I NT1 edge selection 

IEGO FLG 0.9FH.1 R/W I NTO edge selection 

AMP1EN FLG 0.A1H.3 R/W AMP1 permit 

AMP1MD2 FLG 0.A1H.2 R/W Mode selection 

AMP2MD1 FLG 0.A2H.1 R/W Be sure to write "0" 

AMP2MDO FLG 0.A2H.0 RIW SAMPLE-HOLD selection 

CMPEN FLG 0.A3H.3 R/W Comparator perm it 

DACEN FLG 0.A3H.2 R/W D/ A converter permit 

ADCCH1 FLG O.A3H.1 R/W Comparator input selection 

ADCCHO FLG O.A3H.0 R/W Comparator input selection 

PODGIO FLG 0.A7H.3 R/W Port OD I/O selection 

PODGIO FLG 0.A7H.2 R/W Port DC I/O selection 

POBGIO FLG O.A7H.1 R/W Port DB I/O selection 

POAGIO FLG O.A7H.O R/W Port OA I/O selection 
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Table 7-2 List of reserved symbols (4/4) 

NAME ATTRIBUTE VALUE 

IPTM2 FLG O.AEH.l 

IPl FLG O.AEH.O 

IPSIO FLG O.AFH.3 

IPO FLG O.AFH.2 

IPTMl FLG O.AFH.l 

LCDOFF FLG O.B1H.3 

LCDMD2 FLG O.B1H.2 

LCDMDl FLG O.B1H.l 

LCDMDO FLG O.B1H.O 

LCDEN FLG O.B2H.3 

PTOUTON FLG O.B7H.O 

SIOON FLG O.B7H.l 

IRQTM2 FLG O.BEH.l 

IRQl FLG O.BEH.O 

IROSIO FLG O.BFG.3 

IROO FLG O.BFH.2 

IROTMl FLG O.BFG.l 

DBF DAT OFH 

IX DAT 01H 

AR DAT DOH 

SIOSFR DAT 01H 

TM1M DAT 02H 

TM2M DAT 03H 

TMC DAT 41H 

Note: "W. XYH. Z" in the value field indicates 

W ..... Bank 

X ..... Row address 

y .. _ '" Colum address 

Z ..... Bit 

RIW DESCRIPTION 

R/W INTTM2 permit flag 

R/W INTl permit flag 

R/W INTSIO permit flag 

R/W I NTO permit flag 

RIW INTTMl permit flag 

RIW LCD segment/port selection 

R/W LCD mode selection 

R/W LCD mode selection 

R/W LCD mode selection 

R/W ICD segment output permit 

R/W PTOUT output permit 

R/W SIO output permit 

RIW INTTM2 interrupt request 

R/W I NTl interrupt request 

R/W INTSIO interrupt request 

R/W INTO interrupt request 

R/W INTTMl interrupt request 

R/W GET/PUT instruction operand 

R/W I ndex register 

RIW Address register 

RIW SIO register 

W Timer 1 modulo register 

W Timer 2 modulo register 

R Timer count register 
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8. INSTRUCTION SET 

Table 8·' List of instruction sets 

~ b14to bll 0 1 
II 

BIN HEX 

0000 0 ADD r, m ADD m, #i 

0001 1 SUB r, m SUB m, #i 

0010 2 ADDC r, m ADDC m, #i 

0011 3 SUBC r, m SUBC m, #i 

0100 4 AND r, m AND m, #i 

0101 5 XOR r, m XOR m, #i 

0110 6 OR r, m OR m, #i 

INC AR 
INC IX 
MOVT DBF, @AR 
BR @AR 
CALL @AR 
RET 
RETSK 
EI 
01 

01111 7 RETI 
PUSH AR 
POP AR 
GET DBF 
PUT p, DBF 
PEEK WR, RA 
POKE RA, WR 
RORC r 
STOP s 
HALT h 

NOP 

1000 8 LD r, m ST m, r 

1001 9 SKE m, #i SKGE m, #i 

1010 A MOV @r, m MOV m, @r 

1011 B SKNE m, #i SKLT m, #i 

1100 C BR addr CALL addr 

1101 D MOV m, #i 

1110 E SKT m, #n 

1111 F SKF m, #n 
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Table 8·2 List of INSTRUCTIONS 

Legends 

M : One of data memOTY specified by (BANK), ml PC 
m : Data memory address specified by [mH. ml] of each bank SP 
m. : Date memory address high (row address) : 3 bits STACK 
m, : Data memory address low (column address) : .. bits BANK 

R : One of general register specified by [(RP) • r] (AR) rom 
r : General register address low (column a~dTess) : .. bits INTEF 
RP : General register pointer 

RF : One of register file specified by rf n 
rf ; Register file address specified by [rfH .riLl addr 
rl. : Register file address high (row address) 3 bits " rl, : Register file address low (column addres~ \ : of bits " AR : Addr~ register " IX : Index register CY 
IXE : Index register enable flag OlP 

DBF : Data buffer 
WR : Window register 
MP : MemoT)' pointer 

MPE : ~.1emory pointer enable flag I I 

PE : Peripheral 
: Peripheral address 

P. : Peripheral address high (row address) 3b!ts 
PI. : Peripheral ad~~es$ low !column address I : 4 bits 

.~ 

~ ~ "lnl'rnonic 
;;~ 

Opf'rand Function 

r,m Add memory to register 
ADD 

m.#i Add immediate data to memory 

. ~ r,m Add memory to register with carry 

~ ADDC 
m.#i Add immediate data to memory with carry 

AR Increment address register 
INC 

IX Increment index register 

.i 
r,m Subtract memory from register 

SUB 

~ m.#i Subtract immediate data from memory 

~ r.m Subtract memory from regIster with borrow 

'" SUBC 
m.#i Subtract immediate data from memory with borrow 

~ 
SKE m.#i Skip if memory equal to immediate data 

·c SKGE m,#i Skip if memory greater than or equal to immediate data 

! SKLT m.#i Skip if ~emory less than immediate data 

SKNE m,#i Skip if memory not equal to immediate data 

m,#i Logical AND of memory and immediate data 

~ 
AND 

r,m Logical AND of register and memory 

~ rn. #i Logical OR of memory and immediate data 
OR 

1 r,m Logical OR of register and memory 

oJ m.#i Logical XOR of memory and immediate data 
XOR 

r,m Logical XOR of register and memory 

LD r,m Load memory to register 

ST m,r Store register tc;r mempr~' 

@r.m Move memory to'dest'ination memory referring to register 

. MOY 
'Ii 

m.lSr Move source memory .referring to register to memory 

~ m.#i Move immediate data' to memory 

DBF. Mo.ve ROM data from'the address specified.in AR to DBF MOYT 4!AR 

PUSH AR DeCrement SP, then move 'AR to stack' top 

POP AR Move stack top to AR. then increment SP 

PEEK WR,RA Get RA from RF through W R 

2~O 

: Program counter 
. Stack pointer 
: Stack specified by (SP) 
: Bank register 
: One of program memory data specified by (AR) 
: Interrupt ena!?le fl~g 
: Immediate data: 4 bits 
: Bit position: .4 bits 
: One of program memory address : 11 bits 
: Program memory address high : 3 bits 
: Program memory address middle : 4 bits 
: Program memory address low : 4 bits 
: Carry flag 
: Compare flag 
: Stop release cond:tlOn 
: Halt release condition 
: Address of M.R.RF 
, Contents 01 M,R, RF,AR,IX,DBF, II'R,PE 

Machine code 
Op('ratlo:: 

Opration 
code 3hils .Jhits 

R, CY- (RI + (:'1! 00000 mH m, 

~1. CY- (M) +i 10000 m • m, 

R, CY~ (RI + I~:· + (CY) 00010 m. m, 

R. CY~ (MI +i- ICYI 10010 m. m, 

AR~AR+I 00111 000 1001 

IX~IX+I 00111 000 1000 

R, CY- (RI - I~ll 00001 mH m, 

M, CY~ IMI -i 10001 m. m, 

R. CY~ IRI - I~l' - ICY) 00011 m. m, 

M, CY- 1M) -i- (CYI '10011 m. m, 

M-i,skip if zero 01001 m. m, 

M - i ,skip if not borrow 11001 mH m, 

M-j,skip if borro .... llOll mH m, 

M - i ,skip if not zero 01011 m. m, 

M~ IMI ANDi 10100 m. m, 

R~ (RI AND (~!I 00100 m. m, 

M~ (MI ORi 10110· m. m, 

R~ IRI OR (MI 00110 m. m, 

M~ (~ll XORi 10101 m. m, 

R~ (RI XOR (~I' 00101 mH m, 

R~ I~II 01000 mH m, 

1M> ~R 11000 mH ·m, 

il ~'PE = I. [(MP), IRI]~(MI 
01010 m. m, 

il MPE=O, [(m.), (RI]~(M) 

il MPE= 1, M~[ (MPI, (RI] 
11010 il MPE=O,M~[(mHI ,(RI] m • m, 

M-i 11101 m. m, 

sp~(spl-I,STACK-PC 

DBF~IAR) rom, 00111 000 ··0001 
PC <-STACK ,sp-(spl+ I 

SP~(SP)·-I,STACR--'AR 00111 000 1101 

AR~STACK,SP-SP+I 00111 000 1100 

WR~IRF) 00111 rl. 0011 

4blt5 

0000 

0000 

0000 

0000 

0000 

rf, 
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.-* Machine code 

~5 Mnemonic Operand Function Operation 
Opration 

.. '" code 3bits 4bits 4bits 

~ 
POKE RA,wR Put data on WR into RA of RF (RF)~WR 00111 rlH 0010 rl, 

GET DBF,p Get peripheral data to DSF DBF~p 00111 PH 1011 p, 
e 

!-< PUT p,DBF Put data in DBF to peripheral p~DBF 00111 PH 1010 p, 

Test memory bits. CMP'-{) 
SKT m.;;n 11110 mH m, n 

:! then skip if all bits specified are true skip if M(N) =all~l~ 
III 

~ SKF m. #n 
Test memory bits, CMP'-{) 

11111 
then skip if all bits specified are false skip if M(N) =aWO~ 

mH m, n 

~ addr Jump to the address PC~ADDR 01100 aH aM a, 
" BR 

cO @AR Jump to the address specified in AR PC~AR 00111 000 0100 0000 

] RORC r Rotate register right with carry (CY)~(R)~CY 00111 000 0111 r 
UJ 

SP~(SP)-1 

addr Call subroutine STACK~«PC)+J), 11100 aH aM a, 

PC~ADDR 
CALL 

SP~(SP) -1. . @AR Call subroutine specified in AR STACK~«PC)+J), 00111 000 0101 0000 " ·z 
PC~(AR) il 

.g 
RET Return to main routine from subroutine PC~(STACK) ,SP~(SP) + 1 00111 000 1110 0000 UJ 

RETSK 
Return to main routine from subroutine, then skip PC~(STACK) ,SP~(SP) +1 

00111 001 1110 0000 
unconditionary and skip 

RET! return to main routine from interrupt service routine 
PC~(STACK) ,SP~(SP) +1 

00111 100 1110 0000 
BANK -(interrupt stack) 

~ EI Enable interrupt INTE f\ag~1 001ll 000 1111 0000 
~ DI Disable interrupt INTEIlag~ 00111 001 1111 0000 '" 

STOP s Stop clock STOP 001ll 010 1111 s 

HALT h Halt the CPU .restart by condition H HALT 001ll 011 1111 h 
0 

NOP No operation No operation 00111 100 1111 0000 
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9. ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings (T a = 25 ° C) 

Supply Voltage VDD -0.3 to +7.0 

Input Voltage V I -0.3 to VDD +0.3 

-0.3 to +11 

-0.3 to VDD + 0.3 

Output Voltage Vo -0.3 to V DO +0.3 

-0.3 to +11 

-0.3 to VLCD +0.3 

-0.3 to V DD +0.3 

High·Level Output Current IOH -5 

-20 

Low·Level Output Current IOL 15 

30 

100 

Operating Temperature T opt -40 to +85 

Storage Temperature Tstg -65 to +150 

Power Consumption Pd 190 

Remarks: 1. N-ch open/drain output plus built-in pull-up resistor output 

2. N-ch open/drain input/output 

CAPACITY (Ta = 25°C, Voo = 0 V) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. 

I nput Capacity GIN 15 

Output Capacity COUT 15 

Input/Output capacity CIO 15 
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V 

V POA (1 ) 

V (2) 

V All pi ns other than POA 

V POA (1) 

V (2) 

V Segment/common pins 

V Pins other than above 

rnA 1 pin 

rnA Total of all pins 

rnA 1 pin POA, POD 

rnA POB, POC 

rnA Total of all pins 

°c 

°c 

mW Ta =85°C 

UNIT I CONDITION 

pF I If = 1 MHz pF 
Pins other than those measured: OV 

pF L 
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DC CHARACTERISTICS (Ta = -40 to +85 °c, VOD = 3.0 to 6.0 V) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONOITION 

VIHl 0.8 Voo 9 V At 51 or SCK input 

VIH2 0.7 VOO 9 V At POA input 
High-Level Input Voltage 

VIH3 O.B VOO VOO V INT1, INT1, RESET II 
VIH4 0.7 VOO VOO V Pins other than above 

VIL1 0 
Low-Level Input Voltage 

0.2 VOO V SI, SCK, INTO, INT1, RESET 

VIl2 0 0.3 VOO V Pins other than above 

VOO-2.0 VOO-O.4 V 
VOO = 4.5 to 6.0 V 

High-Level Output Voltage VOH IOH = -1 rnA 

VOO-1.0 VOO-O.04 V IOH = -100 I'A 

0.85 2.0 V 
VOO = 4.5 to 6.0 V 

POB, POC IOl = 15rnA 

0.06 0.5 V IOl = 600 I'A 

Low-Level Output Voltage VOL 0.B5 2.0 V 
VOO = 4.5 to 6.0 V 

IOl=10rnA 

0.15 0.4 V 
POA, POO VOO = 4.5 to 6.0 V 

IOl = 1.6 rnA 

0.04 0.5 V IOl =400 I'A 

Other than 
ILlHl 3 I'A VIN = VOO 

XI and XO 
High-Level Input Leak Current 

I LlH2 10 I'A XI,XO VIN =VOO 

ILlH3 10 I'A POA 13) VIN = 9 V 

Other than 
-3 I'A VIN = 0 V 

Low-Level Input Leak Current ILil XI and XO 

-10 I'A XI, XO VIN =0 V 

IlOH1 3 
High-Level Output Leak Current 

I'A VOUT= VOO 

IlOH2 10 I'A POA 13) VOUT=9V 

Low-Level Output Leak Current IlOl -3 I'A VOUT=OV 

Input pin with built-in resistor 
35 65 110 kn INTO, INn, P1A, P1B 

(pull up/pull down) 

Input pin with built-in resistor (pull up) 35 65 110 kn RESET 

Input pin with built-in resistor (pull down) 7 15 26.5 kn POA 

1500 4500 I'A 
Voo = 5 V ± 10 % 

Operation fCC=8 MHz 
1001 

mode 
250 750 I'A VOO = 3 V ± 10 % 

fCC = 2 MHz 

550 1600 I'A 
VOO=5V± 10% 

Supply Current (4) 
1002 Halt mode 

fCC =8 MHz 

110 330 I'A 
VOO = 3 V ± 10 % 

fCC = 2 MHz 

0.1 10 I'A VOO=5V± 10% 
1003 Stop mode 

0.1 5 I'A VOO=3V±10% 
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CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

VLCD Voltage Range VLCD 3.0 VDD V 

Common Output Impedance (5) RCOM 40 kll VDD = 4.5 to 6.0 V 

At LCD 
RSEGl 40 kll 

drive 
VDD = 4.5 to 6.0 V 

Total output of all 
Segment Output tmpedance (51 segment pins 

RSEG2 5 kll 
At port 

Current 2 rnA or less 
operation 

VDD = VLCD' 4.5 
to 6.0 V 

Resistance Between VLCD and 100 kll When normal 

GND 
RVLC 

3.0 kll When switching 

Remarks: 3. When N-ch open/drain input/output is selected 

4. The current that flows through the built~i!, pull-up or pull-down resistor is excluded 

5. 3.5 kn (typ.l when switching between the common and segment output. 

AMPLIFIER CHARACTERISTICS ITa = -40 = +85 °c, VDD = 4.5 to 6.0 V) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Input Offset Voltage VOS 16 118 mV Normal amplifier mode 

lA-phase Input Voltage VICM 0.0 3.6 V VDD = 5.0 V 

Output Vol.tage Range VOUT 0.12 4.8 V VDD = 5.0 V, lOUT = 0 "A 

Unity Gain Frequency fO 1.5 MHz 

Large Amplitude Gain 
I AV 85 dB VDD = 5.0 V 

Output Current lOUT -50 100 "A VDD = 5.0 V 

CMRR 75 dB 

SVRR -60 dB 

Through Rate 1.0 VI", 

Hold Time tSAMP 0.05 m, Sample/hold amplifier mode 

Input/Output Voltage Error VDIF ±6 118 mV Sample/hold amplifier mode 

Input Voltage Range VIN 0.12 2.5 V Sample/hold a~plifier mode 

Supply Current lAMP 230 500 "A 

COMPARATOR CHARACTERISTICS ITa = -40 to +85 ·C, VDO = 4.5 to 6.0 V) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

I nput Voltage Range VIN VSS VDD V 

Response Speed (6) tCOMP 2 IC 

Power Consumption VCOMP 100 .A VDD - 5.0 V 

Absolute Accuracy VIT ±8.0 ±15.0 mV 

Input Resolution VRE 3.0 mV 
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D/A CONVERTER CHARACTERISTICS (Ta = -40 to +85 °C, Voo = 4.5 to 6.0 V, 
VREFH =VOO,VREFL =OV) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Resolution 6 6 6 Bit 

Linearity ±O.5 LSB 

D/A Conversion Time (6) 'CONY 2 IC At no output load 

DAC Current IDAC 220 390 !LA 

AID Conversion Time (6) 4 IC 

Remarks 6: Ie indicates "instruction cycle". 

ZERO-CROSS CHARACTERISTICS (Ta = -40 to +85 °C, Voo = 4.5 to 6.0 V) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Detection Input Level VZX 0.8 3.0 Vp.p Input AC 

Accuracy AZX ±120 mV 50/60 Hz 

Detection I nput Frequency IZX 0.04 1 kHz 

DATA MEMORY DATA RETENTION CHARACTERISTICS AT LOW SUPPLY VOLTAGE 
IN STOP MODE (T a = -40 to +85 °C) 

CHARACTERISTIC SYMBOL 

Data Retention Supply Voltage VDDDR 

Data Retention Supply Current IDDDR 

Release Signal Set Time 'SREL 

Wait Time for Stable Oscillation 'WAIT 

Remarks: 7. fx indicates the oscillator frequency. 

8, According to the timer 2 value. 

MIN. 

2.0 

0 

TYP. MAX. UNIT CONDITION 

6.0 V 

0.1 5.0 !LA VDDDR = 2.0 V 

jJS 

219/lx ms Release by RESET (7) 

18) ms Release by interrupt request 
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Data Retention Timing (Stop Mode Release by Resed 

It tf n erna rese Ing opera Ion ~ 

I. 
Stop mode 

I 
Data retention mode 

VDD t VDDDR / Execution of 
STOP instruction 

f 

Data Retention Timing (Stand-by Release Signal: Stop Mode Release) 

'~ 1 
Execution of 

VDD 

STOP instruction 

EASE signal STANDBY REL 
(I nterrupt reQue 51) 

j 

Stop mode 

Data retention mode 

VDDDR / 
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tSREL 
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Halt 
mode Operation 

mode 

tWAIT 

Halt 
mode Operation 

mode 

tWAIT 
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AC CHARACTERISTICS ITa = -40 to +85 aC, Voo = 3.0 to 6.0 VI 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION 

2 30 /.IS VOO = 4.5 to 6.0 V 
Internal Clock Cycle Time 'CY 

8 30 /.IS 

0 1000 kHz VOO = 4.5 to 6.0 V 
Event Input Frequency fpO duty = 50 % 

II 
0 350 kHz 

Event Input Rising/Falling Time 
tpOR 

0.1 Excluding zeroMcross mbde /.IS 
tpOF 

Event Input High/low Level tpOH 0.5 ~s VOO = 4.5 to 6.0 V 

Width tpOl 1.45 /.IS 

At data 
2.0 ~s 

input 
VOO = 4.5 to 6.0 V 

At data 
10.0 /.IS 

output 
SCK Input Cycle Time (9) tKCY 

At data 
5.0 /.IS 

input 

13.0 At data 
~s 

output 

At data 
1.0 /.IS 

input 
VOO = 4.5 to 6.0 V 

At data 
5.0 ~s 

SCK Input High/Low Level tKH Output 

Width (9) tKl At data 
2.5 ~s 

input 

At data 
6.5 /.IS 

Output 

SI Setup Time (to SCKt) tSIK 100 ~s 

SI Hold Time (to SCKt) tKSI 100 ~s 

SCKJ. - SO output delay time (9) tKSO 4.5 ~s Cp=100pF 

I NT high/low level width 
tlOH 

tlOl 
10 ~s 

RESET low level width tRSl 10 ~s 

Remarks 9: For 51, SO and SCK pins, the N-ch open/drain output plus built-in pull-up resistor input/output. 
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AC Timing Measuring Point liNT 0, INT 1, SI, SCK and SO Pins) 

0.7 Voo 0.7 Voo 
Measurihg point 

0.15 VOO 0.15 VOO 

AC Timing Measuring Point (Pins other than INTo, INT 1. SI, SCK SO) 

0.7 VOO 0.7 VOO 
Measuring point 

0.20 VOO 0.20 VOD 

Event Input Timin~ 

I/fpO 

tpOL tPOH 

Event input 

~ / ~ 
tpOR tPOF 
---I i--+ 
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Serial Transfer Timing 

'XCy 

'XL 'XL 

SCK ~ V 1\ 
'SIX 'XSI 

SI 
/ Input data "-
"" / 

'xso 

SO )< Output data 

I NT I nput Timing 

i 
'IOL 

Y 
'IOH 

~ INTO 
INT1 

RESET Input Timing 

'i 
'RSL 

Y RESET 
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10. RECOMMENDED SOLDERING CONDITIONS 

The following conditions (see table below) must be met when soldering this product. 

Please consult with our sales offices in case other soldering process is used, or in case soldei'ing is done under 

different conditions. 

TYPES OF SURFACE MOUNT DEVICE 

For more details, refer to our document "SMT MANUAL" (lEI·1207). 

IlPD17102G 

Soldering process 

Infrared ray reflow 

VPS 

Wave soldering 

Partial heating method 

Soldering conditions 

Peak package's surface temperature: 230°C or below, 

Reflow time: 30 seconds or below (210°C or higher), 

Number of reflow process: 1, 

Exposure limit* : None 

Peak package's surface temperature: 215°C or below, 

Reflow time: 40 seconds or below (200°C or higherl, 

Number of reflow process: 1, 

Exposure limit* : None 

Solder temperature: 260°C or below. 

Flow time: 10 seconds or below, 

Number ofJlow process: 1, 

Exposure limit· : None 

Terminal temperature: 300 C C or below, 

Flow time: 10 seconds or below. 

Exposure limit· : None 

•. Exposure limit before soldering after dry-pack package is opened. 

Storage conditions: 25 <:Ie and relative humidity at 65 % or less. 

Note: Do not apply more than a single process at once. except for "Partial heating method". 

2-250 

Symbol 

IR30-00 

VP15-00 

WS60-00 



ttiEC IlPD17102 

11. DEVELOPMENT SUPPORT TOOLS 

The following tools are supported for developing systems using the j.tPD171 02 chip. 

IE·17K IE·17K is an in·circuit emulator available for all the j.tPD17000 Series chips. 

For the j.tPD17102 chip, use IE·17K and the optional SE·17102 together. 

When connected to a personal computer, I E· 17K adds and modifies pro· II 
grams in real time. A PC·9801 personal computer runs the support software 

Hard· SIMPlEHOST, providing a more advanced development environment. 
ware 

SE·17102 SE·l71 02 is an emulation board (SE board) used to evaluate the system by 

mounting the program developed by IE·17K and loading the board instead of 

the j.tPD171 02 to the system. 

Ep·17102G Probe used to connect the target system. 

j.tPD17000 Host machine Order name 

Series OS (product name) 

Assembler PC·9800 Series MS·DOSTM j.tS5A1AS17K 
AS17K (excluding PC·98l T) (Ver 2.11 or later) (8"2D) 

j.tS5A 1 OAS17K 

(5"2HD) 
Soft· 

ware 
Device file Used together with the j.tP017000 Series Assembler j.tS5A1AS17102 

AS17K (for j.tP017102 only). (8"20) 

j.tS5A10AS17102 

(5"2HO) 

SIMPlEHOST' Program to support man·machine interface when con· j.tS5A11E17K 

necting PC·9801 to IE·17K. (8" 2D) 

MS·WINDOWS™ is required. j.tS5A101E17K 

(5"2HO) 

*: Under development 

MS.DOS ™ and MS-WINDOW ™ are the trademark of Microsoft Co .• Ltd. 
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FRONT PANEL CONTROLLER (FPC) 

JLPD17106 
SINGLE-CHIP MICROCONTROLLER 

The !,PD17106 ia a 4-blt single-chip CMOS microcomputer for front panel control. 

The CPU uses the !,PD17000 architecture, allowing direct oparatlon of data memory, arithmetic operation, and peripheral 

hardware control by the use of a aingle Instruction. Every Instrustlon conaistsof a 16-bit word. 

The parlpheral hardware includea an abundent series of Input/output ports, serial interface, clock generator port,LCD 

driver for front panel control, key source decoder, and timer for remote control decoding. 

The !,PD17106 can make up a sophisticated, high parformance front panel system. 

The OTP (one-time PROM) version of the !,PD17106 Is also available as the !,PD17Pl06 r). The !,PD17Pl06 is used for 

program evaluation or limited production of the !,PDI7106. 

NEC provides easy-to-use tools for !,PD17106 system development: in-circuit emulator (IE-17K) and assembler (ASI7K). 

-:under development 

Features 
• 4-bit mlcrocontroller for front panel control 

• Program memory (ROM): 

8K bytes (4096 steps x 16bits) 

• General-purpose data memory (RAM): 

178 nibbles (178 nibbles x 4 bits) 

• Instruction executionn time: 

4.441LS (using a 4.5MHz crystal oscillator) 

• Stack level: 7 

• Easy 46-instruction set 

• Decimal operation possible 

• Table reference possible 

• Built-In LCD driver 

Static : 46 x 1 = 46 segments 

1/2 duty, 1/2 bias: 46 x 2= 92 segments 

1/3 duty. 132 bias: 45 x 3= 135 segments 

• Built-in 16-bit counter providing four functions 

Timer modulo 

Frequency counter 

Pulse width counter 

CGP (clock generator port) 

• Built-in 8-bit serial interface 

Two I-system channels (2- or 3-wire type) 

• Interrupt 

• External Interrupt : 1 channel (INT pin) 

• Internal interrupt : 2 channels 

(timer and serial Interface) 

• General-purpose 110 ports 

• Input/output ports : 5 lines (+4: segment pin) 

• Input ports 

• Output ports 

: 4 lines (built-in pull-up resistor) 

: 0 line (+12: segment plns.S out 

1/4 duty. 1/4 bias: 44 x 4= 176 segments of 12 allows LED direct drive.) 

• Built-In key source decoder • Built-In power-on reset, CE reset, and power failure 

16 lines (Output by time division with LCD segment signal) detection circuit 

• Low-power consumption CMOS 

• Power-aupply VOltage: 5 V ±10% 

• 54-pin plastiC QFP 

II 
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PIN CONFIGURATION (Top View) 

'" r- oo '" 0 N N '" 0 0 0 N N N a a a a a 
u u u u u u u u 
-' -' -' -' -' -' -' -' 

LCD15/KS15 0 LCD14/KS14 

LCD13/KS13 

LCDll/KSll 

LCDlO/KSlO 

LDCg/KSg 

LCDS/KSS 

LCD6/KS6 

LCD5/KS50 

LCD4/KS4 

LCD3/KS3 

LCD2/KS2 

LCD1/KSl 

LCDo/KSO 

'" N 
~ 

0 w f- a c:J 
;3 « « u ~ a u 

0 0 0 > u. 
"- "- "- "- u 

!!: 

'" 0 
"-

C\\ en '" r-
N" N N 

a a a a 
u u u u 
-' -' -' -' 

"- a z f-
c:J z X :J 
U c:J 0 c; x 
OJ 
0 
"-

2-254 

0 0 N '" a 

~ 
N a 
u 
-' 

I~ 
::J 
u 
l!! 
N 
u 
0 
"-

a a 
~ Ii: ~ 
gJ C; ;;; '" a a a 

u u u 
-' -' -' 

CMOS 

Group I/O 

~ 
0 a 
~ U 

-' a u > 
l!! 0 

U "-

0 
"-

~EC 

~}---o LCD32/P1CO 

L:'"-,--~ LCD33/Pl Cl 

LCD34/P1C2 

~}---o LCD35/Pl C3 

LCD36/P180 

~l---o LCD37/P181 

G:r~~-o LCD3S/P182 

~l---o LCD39/P183 

LOcr--~ LCD40/Pl AO 

L"'cr--~ LCD41/P1Al 

[E}---o LCD42/Pl A2 

;"---" LCD43/Pl A3 

,-"cr--~ LCD44/COM3 

~}---o LCD451COM2 

,-",-,--'V COMl 

COMO 



NEe /lPD17106 

BLOCK DIAGRAM 
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SUPPORT TOOLS FOR PROGRAM DEVELOPMENT 

The following support tools are available to develop the program for the IlPD171 06: 

Name 

In-circuit emulator 

(IE-17K) 

SE board 10 ) 

ISE-1710S) 

Probe (*) 

IEP-1710SGC) 

Receptacle (*) 

(EV-9200GC-64) 

OTP (0) 

(~P017P10S) 

Name 

Assembler 

(AS17K) 

Assembler 

Device 

file (*) 

IAS17106) 

Support software (*1 

ISIMPLEHOST) 

* Under development 

Hardware 

Description Order name 

The IE-17K is the in-circuit emulator for evaluation, to be used commonty 

for the ,uP017000 series. 

The IE-17K serves for program development for the ""PD17106 together 

with the system evaluation board SE-17106. 

The IE-17K operates based on RAM. A program can be added or modified IE-17K 

a console by simply connecting the console to the IE-17K. 

Running the support software SIMPLEHOST on the personal computer 

PC-980l instead of using the console will bring sophistication to the 

program development envi ronment. 

The SE-17106 is a system evaluation board for the ,uPD17106. It is used 

independently or in combination with the IE·17K. 
SE-1710S 

The EP-17106GC is a probe to connect the SE-17106 to a target system. EP-17106GC 

The EV·9200GC--64 is a socket to connect the EP-17106 to a target 
EV-9200GC-64 

system. 

The ~PD17P106 is an OTP (One·time PROM) for program evaluation or 
~P017P10SGC-3BE 

limited production of the ~PD17106. 

Software 

Description Host machine OS Order name 

The AS17K is the assembler 

main routine to be used MS· DOS version 

commonly for the ~PD17000 !'S5A1AS17K IS-inch 20) 

series. !'S5A10AS17K 15-inch 2HO) 

The AS17K is used in MS-OOSTM PC-DOS version 

combination with the device Ver.2.11 !,S7B11AS17K (5-inch 20) 

file IAS1710S). Ver.3.1 

PC-9S01 series PC OOSTM MS-DOS version 
The AS 171 06 is used to 

IBM PC-ATTM !'S5AIAS1710SIS-inch 20) 
assemble the program for the Ver. 3.1 

~P017106 in combination 
!,S5A10AS1710S 15-inch 2HO) 

PC-DOS version 
with the AS17K. 

~S7B11AS17106 15-inch 20) 

SIMPLEHOST is software to 

provide a man·machine 

interface during program 
MS-WINOOWSTM -

development using the 

IE-17K and a personal 

computer. 

MS-OOSTM and MS-WINOOWSTM are tho trademarks of MicroSoft Corp_ 

IBM PC_ATTM and PC OOSTM aro tho trademarks of IBM Corp_ 
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FRONT PANEL CONTROLLER (FPC) WITH ON-CHIP ONE TIME PROM 

j.lPD17P106 
4-BIT SINGLE-CHIP MICROCONTROLLER 

The IlPD17Pl 06 Is a 4-blt single-chip CMOS mlcrocontroller with on-chip ONE TIME PROM, for use in front panel control. 

The CPU uses the IlPD17000 architecture, which allows direct data memory manipulation and various operations with a 

single Instructlonand peripheral hardware control. Moreover, all instrustions are one 16-blt word in lenght. 

In addition to a wide range of input/output ports, serial interface, and clock generator port, an chip peripheral hardware 

Includes, for front panel control, an LCD driver, key source decoder, and remote control decoding timer, enabling hlgh­

performance front panel systems of various kinds to be configured. 

As the IlPD17Pl06 includes on-Chip ONE TIME PROM,it is ideal for system evaluation in program development for the 

IlPD17106' mask ROM verSion, or for small-volume production. 

An easy-to-use in-circuit emulator (IE-17K) and assembler (AS17K) are available as IlPD17Pl06 system development 

tools. 

':under development 

Features 
o 4-bit microcontroller for front panel controller use 

o Program memory (ONE TIME PROM): 

8K bytes (4096 steps x 16bits) 

o General-purpose data memory (RAM): 

178 nibbles (178 nibbles x 4 bits) 

o Instruction executionn time: 

4.441ls (using a 4.5MHz crystal oscillator) 

o Stack levels: 7 

o Easy-to-understand Instructiion set (46 Instructions) 

o Decimal operation capability 

o Table reference capability 

o On-chip LCD driver 

Static : 46 x 1 = 46 segments 

1/2 duty, 1/2 bias: 46 x 2= 92 segments 

1/3 duty, 132 bias: 45 x 3= 135 segments 

1/4 duty, 1/4 bias: 44 x 4= 176 segments 

o On-chip 16-bit counter with 4 functions: 

Timer modulo 

Frequency count 

Pulse width count 

CGP (clock generator port) 

o On-chip 8-bit serial Interface 

1 system 2 channels (2-wire and 3-wire) 

o Variety of interrupts 

External Interrupts : 1 channel (INT pin) 

Internal interrupts : 2 channels 

(timer, serial interface) 

o General input/output ports 

, Input/output ports : 5 lines (+4: Segment pins) 

-Input ports 

- Output ports 

: 4 linea (with internal pull-up 

reSistor) 

: 0 (+12: segment pins, 8 with 

o On-chip key source decoder LED direct drive capability.) 

o 16 linea (Output by time-division multiplexing with LCD 0 Power-on reset, CE reset, and power failure 

segment signa~ detection circuit on chip 

o Low-power consumption CMOS 

o Supply voltage : 5 V ±10% 

o 64-pln plastiC QFP 

o Mask ROM version : IlPD17106 
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PIN CONFIGURATION (Top View) 
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BLOCK DIAGRAM 
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DEVELOPMENT SUPPORT TOOLS 

The following support tools are available for system development using the I'PD17Pl06. 

Hardware 

Name Description 

In..circuit emulator (IE-17K) The I E-17K is an in-circuit emulator which can be used with all models in the J£PD17000 

series. For ~PD17Pl06 program development, the IE-17K is used in conjunction with 

the SE-17106 system evaluation board. As the IE-17K features RAM-based operation, 

immediate program additions and amendments can be made by connecting a console to 

the IE·17K. Moreover, use of the "SIMPLE HOST" support software provides a higher-
level development environment. 

SEboard' (SE·17106) The SE-17106 is a ,uPD17Pl06 system evaluation board used either alone or together 

with the IE·17K. 

Probe' (Ep·17106GC) The EP-171 06GC is a probe for connection of the target system to the SE-171 06. 

Reeeptacle' (EV-9200GC.£4) The EV-9200GC-64 is a socket for connection of the target system to the EP-17106. 

EPROM AF-9703 EPROM programmer. For the IJPD17Pl 06, the programmer is used in conjunction with 

programmer the speciallJPD17P106 adapter (Ver. 5 or later should be used). 

(Manuf. by Ando Special adapter Adapter used in conjunction with the AF-9703. 
Electric Co., Ltd.) for IJPD17P1 06* 

Software 

Name Description Host Machine 

Assembler Assembler AS17K is the assembler for use with the PC-9S01 

(AS17K) entire IJPD17000 series. series 

AS17K is used in conjunction with the IBM PC·ATTM 

device file (ASI7106). 

Device AS17106 is used together with AS17K 

file· to assemble IJPD17P106 programs. 

(AS17106) 

Support software· SIMPLEHOST is software which imple-

(SIMPLE HOST) ments the man-machine interface under 

MS-WINDOWS™ during program de-

velopment using the IE-17K and a 
personal computer. 

Remarks: For details of the EPROM programmer, please consult Ando Electric Co., Ltd. 

•• Under development 

OS 

MS-OOSTM 

Ver.2.11 

Ver. 3.1 

PC OOSTM 

Ver.3.1 

MS· 

WINOOWS™ 

MS-DOS TM and MS-WI NDOWS TM are trademarks of MicroSoft Corporation, 

IBM PC-AT TM and PC DOS TM are trademarks of IBM Corporation. 
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Ordering Code 

MS-DOS version 

"S5A1ASI7K 
(S-inch 20) 

"SSA10ASI7K 

(5-inch 2HO) 

PC DOS version 

"S7811 AS17K 
(S'inch 20) 

MS·DOS version 

"SSA1ASI7106 
(S·inch 20) 

,.sSA10AS17106 

(S-inch 2HO) 

PC DOS version 

"S7811AS17106 
(S'inch 20) 

--



NEe ~PD17103,~PD17104 

FOUR-BIT SINGLE-CHIP MICROCOMPUTERS 

IlPD17103 and IlPD17104 are tiny microcontrollers each consisting of a 1K-byte ROM, 16-word RAM, and 11 

pins (for IlPD171 03) or 16 pins (for IlPD171 04) for 110 ports_ 

The CPU can be programmed using the IlPD17000 architecture based on a general register system that allows 

direct access to data memory, Every instruction for these microcontrollers consists of a 16~bit single word. 

FEATURES 
• Program memory (ROM): 1 K bytes (512 words x 16 bits) 

• Data memory (RAM): 16 words x 4 bits 

• I/O ports: 
IlPD17103: 11 pins (including three ports for N-ch open-drain output) 

IlPD17104: 16 pins (including four ports for N-ch open-drain output) 

• Instruction execution time: 2 J.l.s (in connection with an 8 MHz crystal or ceramic oscillator) 

• Instruction types: 31 types (single-word instructions) 

• Stack level: 1 level 

• Standby functions (using STOP and HALT instructions) 

• Retains data in data memory at low voltage (Min_ 2_0 V). 

• Incorporates an oscillating circuit for a system clock (crystal or ceramic oscillator). 

• Operating supply voltage range: 

2.7 to 6.0 V (in 2 MHz operation) 

4.5 to 6.0 V (in 8 MHz operation) 

APPLICATIONS 
• Electronic control of electric home appliances and toys 

• Circuit integration of general-purpose logic ICs on one chip 

ORDERING INFORMATION 
Order Code 

IlPD17103CX-XXX 

IlPD17 103GS-XXX 

IlPD17104CS-XXX 

IlPD17104GS-XXX 

Package 

16 pin plastic DIP (300 mil) 

16 pin plastic SOP (300 mil) 

22 pin plastic shrink DIP (300 mil) 

24 pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 
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BLOCK DIAGRAM 

CMOS 
r-------------
: POAo 
I POA, 
I POA2 
I POA3 

POCo 
POC, 
POC2 
POC3 

PODO 
POD, 
POD2 
POD3 

VDD 

GND 

RAM 

16 x 4 bits 

IlPD17103,IlPD17104 

Divider ~XIN 
~------~I~XOUT 

CPU ClK ClK STOP 

Note: The section enclosed in a dotted line is not supported by the ~PD17103. 
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1. PIN FUNCTIONS 
1.1 LISTS 

• Port pins 

PIN NAME INPUT/ 
OUTPUT 

POAo to POA3 (*) Input/output 

POBO/RLSHAL T Input/output 

POB,/R LSSTOP 

POB2 

POB3 (*) 

POCo to POC3 Input/output 

PODoto P003 Input/output 

FUNCTIONS 

• CMOS (push-pull) 4-bit input/output port (Port OA) 

For resetting HALT mode I 
For resetting STOP mode· I 
• N-ch open-drain 4-bit 1/0 port; (Port OBI 

• Can corporate a pull-up resistor for each bit (by 

mask option) 

• Dielectric strength of 9 V at open-drain 

• CMOS (push-pull) 4-bit input/output port (Port DC) 

• CMOS (push-pull) 4-bit input/output port (Port 00) 

• The pins marked by an asterisk * are not built into ",P017103. 

• Pins other than port pins 

PIN NAME INPUTI FUNCTIONS OUTPUT 

RESET Input • System reset input pin 
• Can incorporate a pull-up; resistor (by mask option) 

VOO • Positive power supply pin 

GNO • GNDpin 

XIN. XOUT • System clock oscillator connecting pin 
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ON RESETTING 

High impedance (input mode) 

• High impedance at open.drain 

Unputmode) 

• High level with built-in pull..up 

resistor (input mode) 

High impedance (input mode) 

High impedance (input mode) 

ON RESETTING 
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1.2 DESCRIPTION 

1.2.1 POAO to POA3 (Port OAI, POCO to POC3 (Port OCI, and PODo to POD3 (Port 00): Input/output pins 

POAo to POA3, POCo to POC3, and PODo to POD3 are four·bit input/output pins with output latches for ports 

OA, OC, and 00, respectively. 

The contents of ports OA, OC, and 00 are respectively mapped to addresses 70H, 72H, and 73H in data memory 

space as port registers. Data can be read from and written to the port registers using the normal data memory access 

instructions. 

On being reset, each pin goes into the input mode. When data is written into each port register, each pin for the 

corresponding port enters into the output mode to output the written data. Once the pin enters into the output 

mode, the written data and the mode are held until another datum is written into the port register or the mode is 

reset. 

Whenever datum in a port register is read out, the corresponding pin outputs its status whether in input Of output 

mode. The contents of the port register do not change at this time. 

Ports OA, OC, and 00 use the CMOS (push·pull) output form. Note that I1PD17103 does not have POAo to POA3. 

1.2.2 POBo/RLSHALT, POB,/RLSsTOP, POB2, and POB3 (Port OBI: Input/Output Pins 

POBo to POB3 are four·bit input/output pins each with an output latch for the port OB. 

The port OB is mapped to 71 H in data memory space and can be accessed by the normal data memory access 

instructions. On being reset, each pin enters into the input mode. 

When data is written into the port register, each pin for the port enters into the output mode to output the 

written data. Once the pin enters into the output mode, the written data and the mode are held until another 

datum is written into the port register or the mode is reset. 

Whenever data in the port register is read out, the pin outputs its status whether in input or output mode. The 

contents of the port register do not change at this time. 

For the output format of the port OB, N·ch open-drain output or N·ch open·drain plus pull·up built·in resistance 

output can be selected using the mask option. (See Section 1.3.) 

The N·ch open·drain output has a dielectric strength of 9 V, providing efficient interface to a circuit operating at 

a different supply Voltage. 

POBo and POB, are pins for pseudo·interruption to reset the HALT or STOP mode on the leading edge of the 

input signal. The pin incorporates a hazard preventi've circuit to prevent malfunction resulting from noise of 1 J.1S or 

less. 

Note that I1PD17103 has no POB3. Therefore, whenever an attempt is made to read data from POB3, only "0" 

(fixed) is read from I1PD17103. Data attempted to be written into POB3 become invalid. 

1.2.3 XIN and XOUT 

These pins are connected to the oscillator of a system clock oscillating circuit. 

1.2.4 RESET 

This pin is a low-level-active system reset input pin. It is used for resetting the standby mode as well as normal 

system resetting. 

1.2.5 Voo 
Positive power supply pin 

1.2.6 GND 

GND pin 
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J;lPD1'7103, JrPD17104 NEe 
1.3 INPUT/OUTPUT CIRCUITS OF PINS 

This sec:tion.illustrates the inp\lt/output circuit of each pin of "PD17103 and "PD17104 in a partly simplified 

form. 

(1) POA, POCand POD 

Vee 

(2) POSo and POB, 

, d.ta~ 

output ~ --:-, I 

disable 

Vee 

Vee 

+--.---<J IN/OUT 

Vee 
I 
I 
~ pull-up resistor 
:;; JMask optionl 

f---"---1r-----<D IN/OUT 
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(31 POB2 and POB3 

(4) RESET 

Voo , 
I 
I 

:$. pull~up resistor 
f (Mask option) 

I 

JlPD17103, JlPD17104 

f..-----1'---(") IN/OUT 

Voo 

IN o----i!>-
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1.4 PIN MASK OPTIONS 

In programming /1PD17103 or /1PD17104, the mask options for pins must be set using mask option pseudo· 

instructions in the assembler source program. Before setting the mask options, the file D17103.0PT or D17104.0PT 

must be stored in the current directory. 

The following pins require mask option setting: 

• POBo 

• POB, 

• POB2 
• POB3(*) 

• -RESET 
* The pin marked by the asterisk * is not built into ,uPD17103. 

1.4.1 Mask option pseudo-instructions 

(1) OPTION and ENDOP pseudo-instructions 

Assume the mask option definition block ranging from the OPTION pseudo·instruction to the ENDOP pseudo· 

instruction. Within this block, execute the following mask option pseudo-instruction shown in (2). 

Description format: 

Label Instruction 

[Label:l OPTION 

ENDOP 

0perand Comment 

[;Commentl 

(2) Mask option defining pseudo-instruction 

This pseudo-instruction defines the mask option for each pin. 

(/1PDI7103 > 

CD Pins POBo to POB2 

Description format: 

Label Instruction 

OPTPOB 

Operand 

(POB21, (POB1), (POBO) 

A series of "POBX" (X: 0 to 2) indicates the option parameters that can be described as the operand each. 

Beginning with the first operand, they define mask options for pins POB2, POB, and POBo, respectively. 

POBPLUP (Pull-up) and OPEN (open) are available as option parameters. 
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(/lPD17104 ) 

CD POBo to POB3 

Description (ormat: 

Label Instruction 

OPTPOB 

flPD17103, flPD17104 

Operand 

(POB31. (POB2), (POBll, (PaBa) 

A series of "POBX" (X: 0 to 3) indicates the option parameters that can be described as the operand each. 

Beginning with the first operand, they define mask options for pins POB3, POB2, POB" and POBo, 

respectively. 

POBPLUP (pull·up) and OPEN (open) are available as option parameters. 

ell RESET pin 

Description format: 

Label Instruction 

OPTRES 

Operand 

(RESET) 

"RESET" indicates the option parameter which can be described as the operand. RESPLUP (pull·up) 

and OPEN (open) are available as option parameters. 

Example 1 Set the following mask option using the source file for assembling of /lPD17103: 

POB2: Pull·up POB1 : Open 

POBo: Open RESET: Pull·up 

; 17103 

Mask option setting: OPTION 

ENDOP 

OPTPOB POBPLUP.OPEN.OPEN 
OPTRES RESPLUP 

Example 2 Set the following mask option using the source file for assembling /lPD171 04: 

POB3: Pull·up POB2: Open 

POB,: Open 

RESET; Pull·up 

; 17104 

Mask option setting: OPTION 

ENDOP 

Open 

OPTPOB POBPLUP.POBPLUP.OPEN.OPEN 

OPTRES RESPLUP 
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2. INTERNAL BLOCK FUNCTIONS 
2.1 PROGRAM COUNTER (PCI .••....... 9 BITS 

The program counter is a nine·bit binary counter to retain program memory address information. 

Fig. 2·1 Prograin counter configuration 

Usually the program counter is incremented by one whenever one instruction is executed. 

When the call instruction (CALLI is execute\!, the call address is loaded onto the PC after the current contents 

(return addressl of the PC are saved on the stack. When the return instruction (RET or RETSKI is executed, the 

current contents (return addressl of the PC are loaded onto the PC. When the jump instruction (SRI is executed, 

the jump address indicating the destilTlltion of the jump is loaded onto the PC. 

The address stack has only one level. 

Fig. 2.2 Relationship among PC, stack, and instruction 

PC I PCB ·PC7 PCB PC5 PC4 PC3 pcz PCl PCD 

~ 
JRET 

RETSK 
Stack sa S7 sa 55 54 S3 52 Sl SO 

Operand AHD AM3 A.M2 AMl AMD AL3 AL2 ALl ALD 

BR.CALL 

In Fig. 2·2, AHn, AMn, and ALn (n: 0 to 31 indicate their respective bits in a 16-1>it instruction as shown in Fig. 

2-3. 

Fig. 2·3 1S-bit instruction configuration 

MSB LSB 

Instruction I FH EH DH CH I BH AH 9H BH 17H 6H 5H 4H I 3H 2H 1 H OH I 
Operation code AH2 AHl AHO AM3 AM2 AMl AMO AL3 AL2 All ALO 

Operand 

When using a SR or CALL instruction, be sure to set AH2 and AH3 both to O. 

Sn (n: 0 to 81 indicates the address stack. 

When RESET is input, program counter bits are all cleared to zero. 

2.2 ADDRESS STACK 
The addr •. ss stack !las B. dedicated stack format of only one level. Note that the stack pointer can neither be 

written nor read by any instruction. 

The contents (return addressl of the PC for the last-executed CALL instruction are saved on the address stack. 
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2.3 PROGRAM MEMORY (ROM) .......... 512 WORDS x 16 BITS 

This memory is a mask programmable ROM having a capacity of 512 words x 16 bits. It is addressed by the 

program counter. The programmable memory stores programs. Address OOOH is a reset start address. 

Fig. 2·4 Program memory map 

2.4 DATA MEMORY (RAM) .......... 16 WORDS x 4 BITS 

The data memory occupies 16 nibbles as memory space. 

Fig. 2-5 Data memory map 

3 4 ABC D 

ox 1 1 

7X ,-I ...l....-L.......L--..JII __________ --' - . _ System register 

POA POB poe POD 

16 words between DOH and OF H are available for the data storage area. 

Since I'PD17103 has neither the four bits of 70H nor the third bit of 71 H, 0 is read from the data memory in 

I'PD17103. 

2.4.1 Port data mapping 

Port data is mapped into addresses 70H to 73H (port register) on the data memory space. The data written in 

these addresses is output from each port. When port data is read, the read data is not stored in this area until the 

instruction to write the data into the data memory is executed. 

2.4.2 Addressing 

Addresses can be specified by three-bit row addresses and four-bit column addresses. 

,uPD17000 series allows determining the area to be used for general registers by setting the value of the register 

pointer (RP).I'PD17103 or I'PD17104 allows the 16 words of OH to OFH to be used as general registers because the 

register pointer is fixed at O. Thus OH to OFH can be specified either as registers or certain addresses in the data 

memory. The operands of one instruction carry information specifying one (column) of 16 general registers and 

information on row and column addresses of the data memory. In data transfer between data memory and a general 

register, data is transferred between the data memory at the address specified by the corresponding operand of the 

instruction and the register with the number (column) specified by the corresponding operand of the instruction. 
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2.5 SYSTEM REGISTERS 

System registers are the ones directly concerning the control of the CPU. which are mapped into addresses 74H 

to 7FH on the data memory address space.IlPD17103 and IlPD17104 have only one system register, program status 

word (PSWI. 

Fig. 2·6 System register map 

Address 

Data 

7EH 7FH 

PSW 

B C C Z ~I 
74H to 7DH are all fixed at O. 

C M Y 
D P 

01 010 a 

~ ~ ~ ~ ~ 
o W f\J ...... 0 

Bit 0 at address 7EH and the higher three bits at address 7FH are assigned for the program status word. Bit 0 at 

address 7EH is mapped for a BCD flag. Bits 3, 2, and 1 at address 7FH are mapped respectively for CMP, carry (CY), 

and zero (Z) flags. 

The higher three bits at address 7EH and bit 0 at address 7FH are fixed at O. 
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Fig. 2·7 Structure of program status word 

7EH Address 7FH Address 
BITO BIT3 BITO 

I I I I 0 I 

I 

Zero 
Flag 
(Z) 

Set (0) conditions 

• Set when the result of an arithmetic 
operation is 0 when CMP is O. 

• Set when the result of an arithmetic 
operation is 0 only when Z is 1 with 
CMP~ 1. 
This flag is not set when Z is 1. 

Set (1) conditions 
• Set when the result of an arithmetic 

operation is not O. 

Carry Set (0) conditions 
Flag • Set when addition generates a carry or 
(eY) subtraction generates a borrow. 

Compare 
Flag 
ICMP) 

BCD 
Flag 
(BCD) 

• Set when the LSB of the operand for the 
execution of the RORe instruction is 1. 

Reset (1) conditions 
• Reset when neither carry nor borrow 

occurs. 
• Reset when the LSB of the operand for 

executing the RORe instruction is O. 

When this flag is set, the results of arithmetic 
operations are not stored in memory or 
registers. The flag is reset automatically when 
the SKT or SKF instruction is executed. 

When this flag is set, every arithmetic 
operation is performed in decimals. 
When it is reset, the operation is performed 
in binary. 

The CY flag does not change with the compare instruction (SKE, SKNE, SKGE, or SKL T). However, it changes 

according to the result of an arithmetic operation even though the CMP flag has been set. 

Note that each bit of the program status word is initialized to 0 when the reset signal is input. 

The Z flag in the program status word varies with the value of the CMP flag as shown in Table 2·1. 

Table 2·1 Variation of Z·flag value 

Value of Z flag 
Conditions 

CMP= 0 CMP=1 

On resetti ng 0 -
Z flag is set to 0 by memory operation. 0 0 

Z flag is set to 1 by memory operation. 1 1 

Result of arithmetic operation is O. 0 0 

Result of arithmetic operation is 1. 1 Zn-1 

Zn-1: Value of Z flag just before execution. 

When the CMP is 1, the value of the Z flag is held to be 1 when the value of the Z flag is 1 and the result of an 

arithmetic operation is OH. If the result becomes any value other than OH at this time, the value of the Z flag is reset 

to O. In this case, the value of the Z flag is not set to 1 even though the result of the retried arithmetic operation 

becomes OH. 

That is, if the Z flag remains 1 when being referenced after setting of CMP and Z flags both to 1 and several times 

of comparison (though subtraction), it means that the result of each comparing operation is identically O. If the Z 

flag becomes 0 then, it means that the comparing operations have given different values at least once. 
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2.6 LOGICAL ARITHMETIC UNIT (ALU) ......•... 4 BITS 

The logical arithmetic unit (ALU) executes arithmetic and logical operations on four-bit data, bit check, com­

parison, and data rotation. 

2.6.1 Arithmetic operations 

The ALU performs two types of arithmetic operations: binary and decimal. It performs a decimal operation when 

the value of the BCD flag (in the program status word) is 1 and a binary operation when the value is O. 

When addition generates a carry or subtraction generates a borrow, the carry (CY) flag is set to 1. If neither of 

them occurs, the flag is reset to O. 

If the result of an arithmetic operation is 0, the zero (Z) flag is set to 1. The flag is reset to a when the result is 

not O. 

(1) Binary operation 

A carry occurs when the result of a binary arithmetic operation exceeds 15 (1111 B). When the result is less than 

0, a borrow occurs and the CY flag is set to 1. 

(2) Decimal operation 

A carry occurs when the result of a decimal arithmetic operation exceeds 9 (1001 B). When the result is less than 

0, a borrow occurs and the CY flag is set to 1. The decimal arithmetic operation can be executed only when the 

operation resu.lts as follows. If the result of the operation falls out of the following specified ranges, the CY flag 

is set to 1 and the value of the operation is 10 (1010B) or more: 

1. The result of addition must be within a to 19., 

2. The resu It of subtraction must be within a to 9 or -10 to -1. 

2.6.2 Logical operations 

The ALU performs three types of logical operations: conjunction (AND), disjunction (OR), exclusive OR (XORI. 

2.6.3 Other operations 

The ALU performs bit check, decision though comparison, and data rotation. 
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3. STANDBY FUNCTIONS 
This device provides two. types ef standby medes: HALT mode and STOP mode. 

3.1 HALT MODE 
The HALT mede sets the state where the pregram ceunter (PC) steps carrying eut any further eperatiens until 

restarted with the system cleek left escillating. This mode is set by the HALT instructien and reset by the reset 

signal RESET er input to. the POBa pin. When the mode is reset by the input to. the POBo pin, the device resets the 

mede witheut waiting fer the system clock to. stabilize its escillatien. In this case, the first instructien to. be 

executed after the resetting ef the mode is the ene next to. the HALT instructien. 

The nermal system reset (restarting from address OH) eccurs if the mode is ferced to. be reset by the reset signal 

RESET. 

3.2 STOP MODE 

The STOP mode steps the escillatien ef the system cleek and sets the state where data can be retained at a lew 

supply veltage. This mede is set by the STOP instructien and reset by the reset signal RESET er input to. the POB, 

pin. When the mede is reset by input to. the POB, pin, the first instructien to. be executed after the reset is the ene 

that fellews the STOP instructien. 

The nermal system reset (restarting frem address OH) eccurs if the mede is ferced to. be reset by the reset signal 

RESET. 

3.3 SETTING AND RESETTING STANDBY MODES 

(1) Setting and resetting HALT mede 
The HALT instructien allews selectien ef the cenditiens to. set and reset the HALT mode depending en the 

setting ef the lew-order bit ef the eperand as fellews. Fix the higher three bits ef the eperand to. O. 

Fig. 3·' Mode setting/resetting cenditiens ef HALT instructio.n 

HALT OOO~B-Feur-bit data ef eperand 

X Setting and resetting cenditiens 

0 When executed, the HALT instructien sets the HALT mede uncenditienally. The mede is reset 

enly by the reset signal RESET. After the mede is reset, executien ef instructiens is started frem 

address OH. 

1 When POBo is 0, the HALT instructien sets the HALT mede when executed. 

If POBo is 1, the instructien dees net set the mede when executed. 

The mede set by this instructien is reset by the reset signal RESET. After the resetting, executien 

ef instructiens are started frem address OH. 

The mede is also. reset at rise ef the input signal to. the POBo pin. In this case, the first instructien 

to. be executed after the reset is the ene that fellews the HALT instructien. 
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(2) Setting and resetting STOP mode 

The STOP instruction allows selection of the conditions to set and reset the STOP mode depending on the 

setting of the low-order bit of the operand as follows. Fix the higher three bits of the operand to O. 

Fig. 3·2 Mode setting/resetting condition of the STOP instruction 

STOP OOO~B-Four·bit data of operand 

X Setting and resetting conditions 

0 When executed, the STOP instruction sets the STOF mode unconditionally. 

All the peripheral circuits stop operations after returning to their initial status as if the system reset 

occurs. 

The mode is reset only by the reset signal RESET. After the mode is reset, execution of 

instructions are started from address OH. 

1 When POB, is 0, the STOP instruction sets the STOP mode when executed. 

If POB, is 1, the instruction does not set the mode when executed., 

The mode set by this instruction is reset by reset signal RESET. After the resetting, execution of 

instructions are started from address OH. 

The mode is also reset at rise of the input signal to the POB, pin. In this case, the first instruction 

to be executed after the reset is the one that follows the HALT instruction. 

3.4 STANDBY MODE RESETTING TIMING 

Fig. 3-3 Resetting HALT mode by RESET signal input 

HALT Instruction 

Operating mode 1 HALT mode 

·1· • 
Operating mode 

Oscillation 
Clock 

When the HALT mode is reset by inputting the RESET signal, the device enters the operating mode after return­

ing the RESET input to a high level. 

III: This interval is the time for waiting for stable oscillation in the HALT mode, 

Standby release 
signal (POBO) 

Clock 

Fig. 3-4 Resetting the HALT mode by interruption 

HALT Instruction , 
Operating mode 1 HALT mode 

Oscillation 
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Fig. 3·5 Resetting STOP mode by RESET signal input 

Clock 

STOP Instruction 

Operating 
mode 

Oscillation 

j 
Operat j ng mode 

The clock starts oscillation the moment the RESET input goes from high to low level in the STOP mode. 

*: This interval is the time for waiting for stable oscillation in the HALT mode. 

Fig. 3·6 Resetting the STOP mode by interruption 

STOP Instruction 

Standby release -o=-p-.-ra-t"'"in-9---------I 
signal (POS,) mode 

Oscillation 
Clock 

STOP mode 

Oscillation 
stop 

Operati ng mode 

Oscillation 

*: This interval is the time for waiting for stable oscillation in the HALT mode. 
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4. RESETTING 
4.1 HARDWARE STATUS ON RESETTING 

When the RESET pin inputs a low·level active reset signal, the hardware components are set as follows. They are 

released from their reset staws when the RESET pin returns to the high level. 

Table 4-1 Hardware aftar reset 

Component Memory address Set value 

Program counter OOOH 

RAM OH to OFH Data before reset is retained. 

Program status word (PSW) 7EH BITO All 0 

7FH BIT3·' 

Ports OA to 00 70H to 73H Data is retained. All the pins enter the input mode. 
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5. RESERVED WORDS 
Table 5·1 lists the reserved words defined in the device files of the /lPD171 03 and /lPD171 04. 

Table 5·1 Reserved words list 

Name Attribute Value R/W Description 

'POAO FLG 0.70H. 0 R/W Bit 0 of port OA 

'POAl FLG 0.70H. 1 R/W Bit 1 of port OA 

'POA2 FLG 0.70H. 2 R/W Bit 2 of port OA 

'POA3 FLG 0.70H. 3 R/W Bit 3 of port OA 

POBO FLG 0.71H. 0 R/W Bit 0 of port OB 

POBl FLG 0.71H. 1 R/W Bit 1 of port OB 

POB2 FLG 0.71H. 2 R/W Bit 2 of port OB 

'POB3 FLG 0.71H. 3 R/W Bit 3 of port OB 

POCO FLG O.72H. 0 R/W Bit 0 of port OC 

POCl FLG O.72H. 1 R/W Bit 1 of port OC 

POC2 FLG O.72H. 2 R/W Bit 2 of port OC 

POC3 FLG O.72H. 3 R/W Bit 3 of port OC 

PODO FLG 0.73H. 0 R/W Bit 0 of port 00 

POOl FLG 0.73H. 1 R/W Bit 1 of port 00 

POD2 FLG 0.73H. 2 R/W Bit 2 of port 00 

POD3 FLG 0.73H. 3 R/W Bit 3 of port 00 

BCD FLG 0.7EH. 0 R/W BCD arithmetic flag 
--t--- . -~-- -, 

PSW MEM 0.7FH R/W Program status word 

Z FLG 0.7FH. 1 R/W Zero flag 

CY FLG 0.7FH. 2 R/W Carry flag 
--_. 

CMP FLG 0.7FH. 3 R/W Compare flag 

*: POAO to POA3 are not defined in the device file of J,lPD171 03. The POB3 is 

not provided for J..LPD17103 but registered as a read-only f.lag to be used as a 

dummy bit in using a built-in macro. 
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6. INSTRUCTION SET 
6.1 INSTRUCTION LIST 

MNEMO OPERND OPERATION SKIP OPCODE A98 7654 3210 

ADD R,M R+-(R)+(M) 00000 MH ML R 

ADDC R,M R+-(R)+(M)+CY 00010 MH ML R 

ADD M,#I M+-(M)+I 10000 MH ML I 

ADDC M,#I M+-(M)+I+CY 10010 MH ML I 

SUB R,M R+-(RHM) 00001 MH ML R 

SUBC R,M R+-(R)-(M)-BRW 00011 MH ML R 
--r--

SUB M,#I M+-(M)-I 10001 MH ML I 

SUBC M,#I M+-(M)-I-BRW 10011 MH ML I 

SKE M,#I (M)-I ZERO 01001 MH ML I 

SKNE M,#I (M)-I NOT ZERO 01011 MH ML I 

SKGE M,#I (M)-I NOT BRW 11001 MH ML I 

SKLT M,#I (M)-I BRW 11011 MH ML I 

AND M,#I M<-(M) AND I 10100 MH ML I 

OR M,#I M+-(M) OR I 10110 MH ML I 

XOR M,#I M+-(M) XOR I 10101 MH ML I 

AND R,M R+-(R) AND (M) 00100 MH ML R 

OR R,M R<-(R) OR (M) 00110 MH ML R 

XOR R,M R+-(R) XOR (M) 00101 MH ML R 

RORC R CY-+(R)-+CY 00111 000 0111 R 

LD R,M R<-(M) 01000 MH ML R 

ST M,R M<-(R) 11000 MH ML R 

MOV M,#I M+-I 11101 MH ML I 

SKT M, #n TEST (M)n, CMP<-O ALL TRUE 11110 MH ML n 

SKF M,#n TEST (M)n, CMP+-O ALL FALSE 11111 MH ML n 
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MNEMO OPERND 

BR 

CALL 

RET 

RETSK 

STOP C 

HALT h 

NOP 

CY : Carry flag 

CMP: Compare flag 

(Rl : Value of register 

(M) : Value of data memory 

R : Register number 

I : Numerical data 

#n : Bit number 

PC : Program counter 

R : Register 

OPERATION 

PC(B-O)+-A 

SP+-(SP)-l, STACK+-((PC)+l), 

PC(8-0)+-A 

PC+-(ST AC K) , SP+-(SP)+ 1 

PC+-(STACK), SP+-(SP)+l 

STOP CLOCK 

HALT CPU 
~~-

NO OPERATION 

M : Data memory MH, ML 

A : Address AH, AM, AL 
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SKIP OPCODE A98 7654 3210 

01100 AH AM AL 

11100 AH AM AL 

00111 000 1110 0000 II 
UNCONDITION 00111 001 1110 0000 

00111 010 1111 C 

00111 011 1111 h 
--~-~ 

00111 100 1111 0000 
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7. ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (T. = 25 °Cl 

Supply Voltage 

Input Voltage 

Output Voltage 

POA, C, D 

POB 

POA, C, D 

POB 

(1) 

(21 

(11 

(2) 

High Output Current IOH One pin of POA, POB, poe and POD each 

Total of all pins 

Low Level Output Current One pin of POA, POB, poe and POD 

Total of all pins 

Operating Temperature T opt 

Storage Temperature Tstg 

Power Consumption, 

Remarks: (1) N-ch open-drain input/output + pull-up resistor built-in input/output 

(2) N-ch open-drain input/output 

16 pin DIP 

16 pin SOP 

22pin DIP 

24 pin SOP 

NEe 

-0.3 to +7.0 V 

-0.3 to VDD +0.3 V 

-0.3 to VOD +0.3 V 

-0.3 to +11 V 

-0.3 to VDD +0.3 V 

-0,3 to VOO +0.3 V 

-0.3 to +11 V 

-5 rnA 

-15 rnA 

30 rnA 

100 rnA 

-40 to -85 C 

-65 to +150 C 

400 rnW 

190 rnW 

400 rnW 

250 rnW 
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CAPACITY ITa = 25°C, Voo = 0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

Input Capacity CIN 15 pF f'" 1 MHz, Pins except the one under 

Input/Output Capacity CIO 15 pF measurement: 0 V 

DC CHARACTERISTICS ITa = 40 to +85 aC, VOO = 2.7 to 6.0 VI 
.. ,---- ; 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

High Level Input Voltage VI HI 0.7VOO VOO V Other than below 

VIH2 O.SVOO VOO V POB. RESET 

VIH3 O.SVOO 9 V POB (3) 

VIH4 VOO-0.5 VOO V XIN 

Low Level I nput Voltage VILI 0 0.3V OO V Other than below 

VIL2 0 0.2VOO V POB, RESET 

VIL3 0 0.5 V XIN 

POA, C, 0 VOH VOO-2.0 V VOO" 4.5 to 6.0 V 

High Level Output Voltage 'OH = -2 rnA 

VOO-1.0 IOH" -200 A 

POA, B, C, 0 VOL 2.0 V VOO "4.5 to 6.0 V 

Low Level Output Voltage IOL" 15rnA 

0.5 V IOL" 600 ~A 

POA, B, C, 0 ILlHI 5 ~A VIN" VOO 
High Level Input Leak Current 

ILlH2 10 ~A VIN" 9 V (3) 

POA, B, C, 0 ILiL -5 ~A VIN" 0 V 
Low Level Input Leak Current 

POA, B, C, 0 ILOHI 5 ~A VOUT" VOO 
High level Output Leak Current 

ILOH2 10 ~A VOUT"9V (3) 

POA, B, C, 0 ILOL -5 ~A VOUT" 0 V 
Low Level Output Leak Current 

Input Pin Built in Resistor 20 47 95 kn RESET (Pull·up) 

1/0 Pin Built-in Resistor 5 15 30 kn POBO, POB1, POB2, POB3 (Pull-up) 

Power Supply Current (4) 1001 1.5 4.5 rnA Operating VOO"5V± 10% 

mode fcc = 8.0 MHz 

250 750 ~A VOO"3V±10% 

fcc = 2.0 MHz 

1002 1.0 3.0 rnA HALT mode VOO"5V±10% 

fcc = 8.0 MHz 

200 600 ~A VOO" 3 V ± 10% 

fcc = 2.0 MHz 

1003 0.1 10 ~A STOP mode VOO" 5 V ± 10 % 

0.1 5 ~A VOO"3V±10% 

Remark (3): For N-ch open-drain input/output selection. 

Remark (41: The current flowing to the built-in pull-up resistor is excluded. 
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CHARACTERISTICS OF DATA RETENTION IN DATA MEMORY AT LOW SUPPLY 
VOLTAGE (T. = -40 to +85 °CI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Data Retention Supply Voltage VDDDR 2.0 6.0 V 

Data Retention Supply Current IDDDR 0.1 5.0 "A VDDDR = 2.0 V 

Release Signal Setting Time tSREL 0 '" 
Stable Oscillation Wait lime 'WAIT 8/fx (51 mS Reset by RESET 

request 8/fx (51 mS Reset by interrupt (POBO) 

0 mS Reset by interrupt (POB1) 

Remark (5): fx indicates an oscillator frequency. 

AC CHARACTERISTICS (Ta = -40 to +85 °c, VOO = 2.7 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Internal Clock Cycle Time Tcy 1.9 30 '" VDD = 4.5'06.0 V 

7.6 30 ,.. 
POBO. High/Low Level Width TpBH 10 ,.. 

TpBL 

RESET HighlLow Level Width TRSH 10 ,.. 
TRSLK 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The I1PD17Pl03 is a tiny microcontrollers consisting of a lK·byte ROM, 16-word RAM, and 11 input/output 

ports. It is a one·time PROM version of the I1PD17103, whose internal mask ROM is replaced with a one·time 

PROM. 

Two I1PD17Pl03 models are available: I1PD17Pl03CX, which allows a program to be written only once, and 

I1PD17Pl03GS. They are suitable for evaluation of I1PD17103 and for small·scale production. 

The I1PD17000 architecture of the CPU uses general registers so that data memory can be manipulated directly 

for effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 
• Compatible with the I1PD171 03 

• Program memory (one·time PROM): 1 K bytes (512 words x 16 bits) 

• Data memory (R AM) : 16 words x 4 bits 

• Input/output ports: 11 ports (including three N·ch open·drain outputs) 

• Instruction execution time: 2 JlS (with 8-MHz crystal or ceramic resonator connected) 

• Number of instructions: 24 (Each instruction is 1 word long.) 

• Stack level: 1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock (for crystal or ceramic resonator). 

• Operating supply voltage: 2.7 to 6.0 V (at 2 MHz) 

4.5 to 6.0 V (at 8 MHz) 

APPLICATIONS 
• Controlling electric appliances or toys 

• Providing general-purpose logic les in one chip 

ORDERING INFORMATION 

Order Code Package 

I1 PD17P103CX 

I1 PD17Pl03GS 

16·pin plastic DIP (300 mil) 

16·pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 

BLOCK DIAGRAM 

XOUT/MD3 

RESETIVpp 

PODO/DO 

POD2/D2 

VDD 

RESETIVpp 0---­

VDD <r--­

GND~ 

NEe 

~PD17Pl03CX/~PD17Pl03GS 

16·pin plastic DIP 

, 6-pin plastic SOP 
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GND 

POB2/MD2 

POBO/RlSHAlT/MDO 

POC3/D7 

POC2/D6 

Divider ~,QXIN 
L-,----" t---<l XOUT/MD3 

ClK STOP 
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PIN FUNCTIONS 

PIN FUNCTIONS 

• Port pins 

DUAL 
When writing to 

PIN INPUT! program memory WHEN 
FUNCTION FUNCTION 

NAME OUTPUT or verifying its RESET 
PIN 

II 
contents 

POBO RLSHALT I MDO 
• N-ch open-drain For the HALT 

4-bit input/ mode releasing 
POBI 

Inputl 
RLSSTOP I MDI Mode selection pin 

High impedance 

output 
output port For the STOP (input mode) 

POB2 MD2 
(port DB) mode releasing 

POCo D4 • CMOS (push-pulll 4-bit input/output 

Inputl port (port DC) 
a-bit data inputl 

High impedance POCI D5 output pin (high-

POC2 
output 

D6 order 4 bits) 
(input mode) 

POCa D7 

PODO DO • CMOS (push-pull) 4-bit input/output 

Input! port (port OD) 8-bit dats inputl 
High impedance PODI DI output pin (low-

POD2 
output 

D2 order 4-bits) 
(input model 

PODa Da 

• Non-port pins 

INPUT! 
DUAL 

PIN 
When writing to program memory or verify-FUNCTION FUNCTIDN 

NAME OUTPUT 
PIN ing its contents 

RESET Input Vpp System reset input pin Voltage is applied to this pin (+12.5 V) 

VDD Positive power supply pin Positive power supply pin (+6.0 V) 

GND GND pin GND pin 

Pins to be connected to the system clock Program memory address update 
XIN resonator 

XOUT MDa 
Pins to be connected to the system clock 

Mode selection pin 
resonator 
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PIN INPUT/OUTPUT CIRCUITS 
Following are schematics of the input/output circuits of the pins of the /lPD17Pl 03. 

(1) poe and POD 

(2) POBo and POB, 

data ---~-I-"'" 

output 
disable 

Voo 

data~ 

outPut~ - , 

disable 

Voo 

Voo 

P-ch 

IN/OUT 

N·ch 

,...--.-..,.--c IN/OUT 
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r--r--u IN/OUT 

data ---:===D---i 
outPut~ - " 

disable 

VOO 

P·ch --If----, 

(4) RESET 
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9. DIFFERENCES BETWEEN THE jlPD17P103 ANDjlPD17103 

The jlPD17Pl03 is a one-time PROM version of the pPD171 03, in which the internal mask ROM is replaced with 

a one-time PROM. The pPD17Pl03 has the same CPU functions and internal hardwares as those of pPD17103 

except for its program memory and mask option. Table 9-1 lists the differences between them. 

Table 9-1 Differences between pPD17P103 and pPD17103 

ITEM pPD17Pl03 pPD17103 

ROM One-time PROM Mask ROM 

512 x 16 bits 512 x 16 bits 

Pull-up resistors of pins POBo to POB2 None Mask option 

Pull-up resistors of RESET pin None Mask option 

Connection pin 
Vpp pin and operation mode Vpp pin and operation mode 
selection pins are' provided. selection pins are not provided. 

Power supply 
2.7 to 6.0 V (at 2 MHz) 

4.5 to 6.0 V (at B MHz) 

Package 
16-pin DIP 

16-pin SOP 
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10. WRITING TO AND VERIFYING ONE·TIME PROM (PROGRAM MEMORY) 

The /.IP017Pl03's internal program memory consists of a 512 x 16 bit one·time PROM. 

Writing to the one· time PROM or verifying the contents of the PROM is accomplished using the pins shown in 

the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 

the X,N pin. 

PIN NAME FUNCTION 

Vpp Voltage is applied to this pin when writing to program memory or verifying its contents. 

X,N Input pin for address update clock used when writing to program memory or verifying 

its contents. 

MOO to MOJ 
Pins that turn to input pins and are used as operation mode selection pins when writing 

to program memory or verifying its contents 

Do to 07 I nput/output pins for 8·bit data used when writing to program memory or verifying its 

contents 

10.1 Program Memory Write/Verify Modes 

If +6 V is applied to the Voo pin and +12.5 V is applied to the Vpp pin after a certain duration of reset status 

(Voo = 5 V, RESET = 0 V), the /.IP017Pl03 enters program memory write/verify mode. A specific operating mode 

is then selected by setting the MOo through MOJ pins as follows. Set the other unused pins to GNO level by means 

of pull-down resistors. 

Operating mode specification 

Vpp VOD MOO MDl MD2 MOJ 
Operating mode 

H L H L Program memory address clear mode 

L H H H Write mode 
+12.5 V +6 V 

L L H H Verify mode 

H X H H Program inhibit mode 

X: L (low) or H (high) 

10.2 Writing to Program Memory 

The procedure for writing to program memory is described below: high·speed write is possible. 

(1) Pull low the levels on all unused pins to GNO by means of resistors. Bring X,N to low level. 

(2) Apply 5 V to Voo and bring Vpp to low level. 

(3) Wait 10 /.Is. Then apply 5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to VOD and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

(7) Write data in 1 ms write mode. 

(8) Select program inhibit mode. 

(9) Select verify mode. If the write operation is found successful, proceed to step (10). Ifthe operation is found 

unsuccessful, repeat steps (7) to (9). 

(10) Perform additional write for (number of repetitions of steps (7) to (9)) x 1 ms. 

(11) Select program inhibit mode. 

(12) Increment the program memory address by one on reception of four pulses on the X,N pin. 
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(13) Repeat steps (7) to -(12)UMil the last addre.s is reached. 

(14) Select program memory address clear mode. 

(15) Apply 5 V to the Voo andVpp pins. 

(16) Tum power 'off. 

The timing for steps (2) to (12) is shown below. 

Vpp 
Vpp 

VOO 
GNO 

VOO+l 
VOO 

VOO 
GNO 

XIN 

Dolo Os 

MOO 

MOl 

M~ 

M03 

Repeat X times 

~writef 

I \ 

.--I 

I 
10.3 Reading Program Memory 

Verify ---t-- Ad.d:,;onal-+ 

,I wTlte I 
/I 

1/ 

r! 
/I 

II 

(1) Pull low the levels of all unused pins to GND by means of resistors. Bring XIN to low levet 

(2) Apply 5 V to Voo and bring Vpp to low lev,el. 

(3) Wait 10 ps. Then apply,5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to Voo and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

NEe 

increment . 
Address 1 

(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock, pulses on the 

XIN pin. 

(8) Select program inhibit mode. 

(9) Select program memory address clear mode. 

UO) Apply 5 Vto the Voo and Vpp pins. 

(11) Tum power off. 
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The timing for steps (2) to (9) is shown below. 

Vpp 

~ Vpp 
Voo 
GNO 

VDD+l 

~ VDD 
VOD 
GND 

II 

II FJ 

1'---
DO to D8 ---------« Data output X Data output X'-__ -I:~ 

MDO --.l \~------------~!~ 

MDl II 

MD2 ---.J II 

MD3 / 
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11. RESERVED WORDS 

Table 11·1 liS1:s the reserved words defined in the j.lPD17Pl03 device file (ASI7103). 

Table 11·1 Reserved Words 

Name Attribute Value Read/write Description 

POBO FlG 0.71H.0 Read/write Bit 0 of port OB 

POBI FLG 0.71H.l Read/write Bit 1 of port OB 

POB2 FLG 0.71H.2 Read/write Bit 2 of port OB 

·POB3 FLG 0.71H.3 Read Always set to 0 

POCO FLG O.72H.O Read/write Bit Oof port OC 

POCI FLG O.72H.l Read/write Bit 1 of port OC 

POC2 FLG 0.72H.2 Read/write Bit 2 of port OC 

POC3 FLG 0.72H.3 Read/write Bit 3 of port OC 

~DO FLG 0.73H.0 Read/write Bit 0 of port 00 

POOl .FLG 0.73H.l Read/write Bit 1 of port 00 

POD2 FLG 0.73H.2 Read/write Bit 2 of port 00 

POD3 FLG 0.73H.3 Read/write Bit 3 of port 00 

BCD FLG 0.7EH.0 Read/write BCD arithmetic flag 

PSW MEM 0.7FH Read/write Program status word 

Z FLG 0.7FH.l Read/write Zero flag 

CY FLG 0.7FH.2 Read/write Carry flag 

CMP FLG 0.7FH.3 Read/write Compare flag 

• Although POB3 does not exist in the ~P017P103. it is defined as a ready-only flag so that it is 

treated as 8 dummy bit when a built-in macro is used. 
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12. INSTRUCTION SET 

12.1 Instruct jon Set List 

~I b",-b ll 0 1 

BIN HEX 

0 0 o 0 0 ADD r. m ADD m. jl:j 

0 0 o I 1 SUB r. m SUB m. jl:j 

0 0 I 0 2 ADDC r. m ADDC m. jl:j 

0 0 I 1 3 SUBC r. m SUBC m. lIi 
--

0 I 0 0 4 AND r. m AND m. jl:i 

0 1 0 I 5 XOR r. m XOR m. jl:i 

0 I I 0 6 OR r. m OR m. jl:i 

RET 

RETSK 

RORe r 
0 I I I 7 

STOP s 

HALT h 

NOP 

I 0 o 0 8 LD r. m ST m. r 

I 0 0 I 9 SKE m . :1', SKGE m. lIi 

I 0 I 0 . , 

I 0 I I B SK~E m. IIi SKLT m. jl:i 

I I 0 0 C BR addr CALL addr 

I 1 0 I 0 ;'vlOV m. lIi 

I I I 0 E SKT m. jl:n 

1 I I I F SKF m. lin 
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12.2 INSTRUCTIONS LIST 

Legend: 

M : One of data memory 

m : Data memory address specified by [mHo md of each bank addr 

mH : Data memory address high (row address) ; 3 bits 

mL : Data memory address low <Column address) ; .. bits 

R : One of general register specified by [(RP). rl 
: General register address low (column address) ; .. bits 

PC 

RP : General register pointer 

: Program counter 

SP 

STACK 

l ~Intmonir 

ADD 

'!i .. 
ADOC 

SUB 

f 
,.; . 
'" SUBC 

SKE 

: Stack pointer 

: Stack specified by (SP) 

: Immediate data; .. bits 

Operand Function 

r.m Add memory to regist~r 

m.#i Add immediate data to memory 

r.m Add memory to register with carry 

m.#i Add immediate data to memory with carr}' 

r,m Subtract memory from register 

m,#i Subtract immediate data from memory 

r.m Subtract memory from register with borrow 

m.#i Subtract immediate data from memor}' with borrow 

m.#i Skip if memory equal to immediate data 

CY 

CMP 

h 
[ 

i SKGE m.#i Skip if memory greater than or equal to immediate data 

E 
SKLT m.ti Skip if memory less than immediate data e 

c.> 

SKNE m.ti Skip if memory not equal to immediate data 

m.ti Logical AND of memory and immediate data 
AND 

e r.m Logical AND of register and memory 

~ m.#i Logical OR of memory and immediate data ~ OR ... r.m Logical OR of register and memory .. 
oS m.ti Logical XOR of memory and immediate data 

XOR 
r.m Logical XOR of register and memory 

~ 
LD r.m Load memory to register 

e ST m.r Store register to memory 
f ... 

MOV m.#i Move immediate data to memory 

SKT m.tn 
Test memory bits. 

then skip if all bits specified are true 

! 
Test memory bits. 

SKF m.tn 
then skip if all bits specified are false 
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: Bit position: .. bits 

: One of program memory address; 11 bits 

8H : Program memory address high; 3 bits 

8M : Program memory address middle; .. bits 

aL : Program memory address low; .. bits 

: Carr}' flag 

: Compare flag 

: Stop release condition 

: Halt release condition 

: Address of M. R 

: Contents of M, R 

Operation 
Machine code 

Op code 3 bits 4 bits 

R- (R) + 1M) 00000 m, mL 

M- 1M) +; 10000 m, mL 

R- IR) + I~!) + ICY) 00010 m, mL 

R- 1M) +i+ ICY) 10010 m, mL 

R- (R) - 1M) 00001 m, mL 

M- 1M) -, 10001 m, me 

R- IR) - 1M) - ICY) 00011 m, mL 

M- 1M) -,- ICY) 10011 m, mL 

M-i, skip if zero 01001 m, mL 

M-i.skip if not borrow 11001 m, mL 

M-i, skIp jf borrow llOIl m, mL 

M-i, skip if not zero 01011 m, mL 

M-IM) AND; 10100 m, mL 

R- IR) AND 1M) 00100 m, mL 

M- 1M) OR; 10110 m, mL 

R- IR) OR 1M) 00110 m, mL 

M- 1M) XOR; 10101 m, mL 

R- IR) XOR 1M) 00101 m, mL 

R- 1M) 01000 m, mL 

IM)-R 11000 m, mL 

M--i 11101 m, mL 

CMP-O 

skip if Mn=all ~ I" 
11110 m, mL 

CMP-O 

skip if M"=all .. 0" 
11111 m, mL 

4 bits 
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~ )llIfmonit Operand 

.c 
" 

Function 

; BR 
:a addr Jump to the address 

i RORe r 
'lJ 

CALL addr 

I 
RET .g 

'lJ 

RETSK 

I STOP 

'" HALT 
] 
'" NOP 

Rotate register right with carry 

Call subroutine 

Return to main routine from subroutine 

Return to main routine from subroutine, then skip 

unconditionally 

Stop clock 

Halt the CPU, restart by condition h 

No operation 

2·297 

Operation 

PC-ADDR 

(CY)-(R)-CY 

SP-(SP)-I 

STACK-«Pc)+ll. 

PC-ADDR 

PC-(STACK). SP-(SPI +1 

PC-(STACK). SP-(SPI +1 

and skip 

STOP 

HALT 

No Operation 

JlPD17P103 

)Iachine code 

Op code 3bitJi 4 bits 4 bits 

01100 aN a. aL 

00111 000 0111 

1Il00 aN a. aL 

001ll 000 1Il0 0000 

00111 001 1Il0 0000 

00111 010 1Il1 

00111 011 llll 

00111 100 llll 0000 
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.13. ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (T. = 25 ·C) 

Supply Voltage Voo -0.3 to +7.0 V 

Supply Voltage Vpp -0.3 to +13.5 V 

Input Voltage VI POC,POD -0.3 to Veo +0.3 V 

POB -0.3 to +11 V 

Output Voltage Vo POC, POD -0.3 to Veo +0.3 V 

POB -0.3 to +11 V 

High·Level Output Current IOH. Each of POB, POC, POD -5 mA 

Total of all pins -15 mA 

Low·Level Output Current IOl Each of POB, POC, POD 30 mA 

Total of all pins 100 mA 

Operating Temperature Top, -40 to +85 ·C 

Storage Temperature T,tg -65 to +150 ·C 

Power Consumption Pd T. = 85·C 16'pin DIP 400 mW 

16'pinSOP 190 

CAPACITANCE IT. = 25 ·C, VDD = 0 V) 

CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

Input Capacitance CIN 15 pF 1=1 MHz 

1/0'*) Capacitance CIO 15 pF o V for pins other than pins to be measured 

•. Input/Output 
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DC CHARACTERISTICS (T. = -40 to +85 ·C, Voo = 2.7 to 6.0 V) 

CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

VIHI 0.7 VOO VOO V Other than the following pins and port 

VIH2 O.B VOO VOO V POB and RESET 
High-Level Input Voltage ,-, VIHl O.S VOO 9 V POB 

VIH4 VOO.()·5 VOO V XIN 

VILI 0 O.l VOO V Other than the following pins and port 

low-Level Input Voltage VIL2 0 0.2 VOO V POB and RESET 

VILJ 0 0.5 V XIN 

VOO·2.0 V 
VOO=4.5 to 6.0 V, 

High-Level Output Voltage 
VOH IOH=-2mA 

on POC and POD 
VOO·I.O V IOW-200I'A 

2.0 V 
VOO=4.5 to 6.0 V. 

Low-Level Output Voltage 
VOL IOL=15mA 

on POB, POC, and POD 
0.5 V IOL=600 I'A 

High-Level Input Leakage 
ILiHI 5 I'A VIN=VOO 

Current on POB, POC, 

and POD ILlH2 10 I'A VIN=9 V ,-, 
Low-Level Input Leakage 

Current on POB. POC, ILiL -5 I'A VIN=O V 
and POD 

High-Level Output Leakage ILOHI 5 I'A VOUT=VOO 
Current on POB, POC, 

and POD ILOH2 10 I'A VOUT=9 V ,-, 
Low-Level Output Leakage 

Current on POB, POC, ILOL -5 I'A VOUT=OV 
and POD 

VOO=5.0 V .10 %. 
1.5 4.5 mA 

fCC=S.O MHz Operation 
10Dl mode VOO-l.O V .10 %, 

250 750 I'A 
fCC-2.0 MHz 

1.0 l.O mA 
VOO=5.0 V ±10 %, 

Power Supply Current HALT fCC=S.O MHz 
1002 

mode VOO=l.O V ± 10 %, 
200 600 I'A 

fCC=2.0 MHz 

0.1 10 I'A STOP VOO=5.0 V ±IO %, 
100l 

mode VOO=l.O V .10 % 0.1 5 I'A 

*. When N-ch open-<irain input/output is selected. 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY 
VOLTAGE IN THE STOP MODE (T. = -40 to +85 DC) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITION 

Data Hold Supply Voltage VOOOR 2.0 6.0 V 

Data Hold Supply Current IOOOR 0.1 5.0 ~A VOOOR: 2.0 V 

Release Signal Set Time 'SREL 0 ". 

AC CHARACTERISTICS (T. = -40 to +85 °c, Voo = 2.7 to 6.0 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. i UNIT CONOITION 

1.9 33 I ". VOO : 4.5 to 6.0 V 
Internal Clock Cycle Time TCY 

7.6 33 ~s 

High/Low Level Width on POBO and POS, 
TpBH 

TPBL 
10 ~s 

High/Low Level Width on RESET TRSH 

TRSL 
10 ~s 

DC PROGRAMING CHARACTERISTICS 
(T. = 25°C, Voo = 6.0 ±0.25 V, Vpp = 12.5 ±0.5 V) 

CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITION 

Input Voltage High 
VIHI 0.7·VOO VOO V Except XIN 

VIH2 VOO·0.5 VOO V XIN 

Input Voltage Low 
VILI 0 0.3 VDO V Except X1N 

VIL2 0 0.4 V XIN 

Input Leakage Current III 10 ~A VIN: VIL or VIH 

Output Voltage High VOH VOD·1.0 V IOH:-lmA 

Output Voltage Low VOL 0.4 V IOL: 1.6 mA 

VOO Power Supply Current 100 30 mA 

Vpp Power Supply Current Ipp 30 mA MOO: VIL, MOl: VIH 

Notes 1: Vpp must be under +13.5 V including overshoot. 

2: VOD must be applied before Vpp on and must be off after Vpp off. 
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AC PROGRAMMING CHARACTERISTICS 
(Ta = 25 ·C. Voo = 6.0 ±0.25 V. Vpp = 12.5 ±0.5 VI 

CHARACTE R ISTICS SYMBOL .1 MIN. TYP. MAX. UNIT CONDITION 

Address Set Up Timel.21 '0 MOO j 'AS 'AS 2 ... 
MOl Se'up Time '0 MOO I 'MIS 'OES 2 ... 
Data Setup Time to MOO + 'OS 'OS 2 ... 
Address Hold Timel.21 '0 MOO t 'AH 'AH 2 ... 
Data Hold Time to MOO t 'OH 'OH 2 ... 
Data Output Float Delay Time From 

MOOt- 'OF 'OF 0 130 ns 

Vpp Se,up Time '0 M03 t 'VPS 'VPS 2 ... 
Von Setup Time to M03 t 'vos 'vcs 2 ... 
Initial Program Pulse Width 'PW 'PW 0.95 1.0 1.05 m. 

Additional Program Pulse Width 'OPW 'OPW 0.95 21.0 m. 

MOO Setup Time to MOl t 'MOS 'CES 2 ... 
Data Output Delay Time From MOO +- 'ov 'ov 1 ... MOO = MOl - VIL 

MOl Hold Time to MOO t 'MIH 'OEH 2 ... 
MOl Recovery Time to MOO '" 2 

'MIH +'MIR ~50 ... 
'MIR 'OR ... 

Program Counter Reset Time 'PCR - 10 ... 
XIN Input High, Low Level Range 'XH. 'XL - 0.125 ... 
XIN Input Frequency IX - 4.19 MHz 

Initial Mode Set Time 'I - 2 ... 
Me3 Setup Time to MOl t 'M3S - 2 ... 
M03 Hold Time '0 MOl j 'M3H - 2 ... 
MD3 Setup Time to MOO .a. 'M3SR - 2 ... Read program memory 

Data Output Delay Time From 

Address(*2) 'OAO 'ACC 2 ... Read program memory 

Data Output Hold Time From 
0 130 Read program memory 

Addr.ssl. 21 'HAD 'OH n. 

MD3 Hold Time to MOO t 'M3HR - 2 ... Read program memory 

Data Output Float Delay Time From 
- 2 Read program memory 

M031~ 
'OFR ... 

Reset Setup Time 'RES 10 ... 
*1: Symbols for corresponding ,uPD27C256. 

*2: tnternal address signal is incremented by one at the falling edge of the third XIN input, and it is not connected to the pin. 

2-301 



IlPD17P103 NEe 
Write program memory timing 

Vpp 
Vpp ~--------------~~------------------~I~ 
Voo 

GNO 

VOO+l 
VOO 

VOO 

1~--~----------4~------------------~1,~ 

GNO 

x, 

DO to D7 

MOO 

MOl 

M02 

M03 

F-+-t---___ U ____ :1-
--__ J--------------~~------------------.~~"~ 

Read program memory timing 

Vpp 
Vpp 

Voo 

GNO 

VDD+1 
VOO 

VOO 
'XH 

GNO 

x, f\'-----

DO to 07 

MDO 

MOl 

M02 

M03 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The I'PD17Pl04 is a tiny microcontroller consisting of a 1 K·byte ROM, 16·word RAM, and 16 input/output 

ports. It is a one·time PROM version of the I'PD17104, whose internal mask ROM is replaced with a one·time 

PROM. 

Two I'PD17Pl04 models are available: I'PD17Pl04CS and I'PD17Pl04GS, which allow a program to be written 

only once. They are suitable for evaluation of I'PD17104 and for small·scale production. 

The I'PD17000 architecture of the CPU uses general registers so that data memory can be manipulated directly 

for effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 
• Compatible with the I'PD17104 

• Program memory (one·time PROM): 1 K bytes (512 words x 16 bits) 

• Data memory (RAM): 

• Input/output ports: 

• Instruction execution time: 

• Number of instructions: 

• Stack level: 

16 words x 4 bits 

16 ports (including four N·ch open·drain outputs) 

2)lS (with 8 MHz crystal or ceramic resonator connected) 

24 (Each instruction is 1 word long.) 

1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock (for crystal or ceramic resonator). 

• Operating supply voltage: 2.7 to 6.0 V (at 2 MHz) 

4.5 to 6.0 V (at 8 MHz) 

APPLICATIONS 
• Controlling electric appliances or toys 

• Providing general·purpose logic ICs in one chip 

ORDERING INFORMATION 

Order Code Package 

I'PD17Pl04CS 

I'PD17Pl04GS 

22'pin plastic shrink DIP (300 mil) 

24'pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 

I'PD17P104CS 

POA3 VDD 

NC POA2 

POCo/D, POA, 

POC,/D5 POAo 

POC2/De POD3/D3 

POC3/D7 POD2/D2 

POBo/RLSHALT/MDo POD1 1D1 

POB,/RLSSTOP/MD, 0 PODo/DO 

POB2/MD2 0 RESETlVpp 

POB3 XOUT/MD3 

GND X,N 

22~pin plastic shrink DIP 

BLOCK DIAGRAM 

NEe 
I'PD17P104GS 

POA3 

NC 

POCo/D, 

POC, ID5 

POC3/D7 

NC 

POBo/R LSHALT/MDO 

POB, IR LSSTOP/MD, 

POB2/MD2 

POB3 

GND 

24-pin plastic SOP 

Divider 0----0 X,N 

'-,j----. f--<> XOUT/MD3 

CPU elK elK STOP 

CMOS 

POBoIR LSHAL T/MOo 
POB1/RLSSTOp/MOl 

POB2/MD2 
POB3 

PODo/Do 
1'0°1 1°1 
P002/02 
POD3"D3 

RESETlVpp 0--

Voo 0--­

GND~ 

RAM 

16 x 4 bits 
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PIN FUNCTIONS 

• Port pins 

When writing 

PIN INPUTI ~UAL FUNCTION to program WHEN 
FUNCTION 

NAME OUTPUT PIN memory or RESET 

verifying 

its contents 

POAo 
High 

POA, • CMOS (push-puIl14-bit inputl impedance 
Input/output 

output port (port OAI 
Pull down 

(input POA2 

POA3 
model 

For the HALT 
POBO RLSHALT MOO 

mode releasing 
High 

• N-ch open-drain 
Mode 

impedance 
4-bit input! For the STOP selection 

(input POB, Input/output RLSSTOP MO, 
output port mode releasing pin 

mode) 

POB2 M02 (portOB) 

POB3 Pull down 

POCo 04 
S-bit data High 

poe, 05 • CMOS (push-pull) 4-bit inputl input/output impedance 
Input/output 

output port (port DC) pin (high- (input POC2 06 

POC3 07 
order 4 bits) mode) 

POOO DO 
B-bit data High 

POD, 0, • CMOS (push-pull) 4-bit input! input/output impedance 
Input/output 

output port (port 00) pin Oow- (input POD2 02 

P003 03 
order 4-bitsl mode) 

• Non-port pins 

PIN INPUTI DUAL FUNCTION When writing to program 
FUNCTION 

NAME OUTPUT PIN memory or verifying its 

contents 

RESET Input Vpp System reset input pin 
Voltage is applied to this pin 

(+12.5 V) 

VOO Positive power supply pin 
Positive power supply pin 

(+6.0 Vi 

GNO GND pin GND pin 

XIN 
Pins to be connected to the system Program memory address 

clock resonator update 

XOUT M03 
Pins to be connected to the system 

Mode selection pin 
clock resonator 

NC NC pin is not connected internally. 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/output circuits of the pins of the /lPD17P1 04. 

(1) poe and POD 

Voo 

data ---"T--r-..... 

IN/OUT 

Voo 

(2) POBo and POB1 

'--"T---{) IN/OUT 

Voo 
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(3) POB2 and POB3 

r--,.--O IN/OUT 

d.t.~ 

outPut~ - I 

disable 

VDD 

(4) RESET 
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9. DIFFERENCES BETWEEN THE IIPD17P104 AND IIPD17104 

The IIP017Pl 04 is a one·time PROM version of the IIP0171 04, in which the internal mask ROM is replaced 

with a one-time PROM. The IIP017P104 has the same CPU functions and internal hardwares as those of IIP017104 

except for its program memory and mask option. Table 9-1 lists the differences between them. 

Table 9·1 Differences between IIPD17P104 and IIPD17104 

ITEM IIP017P104 IIP017104 

ROM 
One-time PROM Mask ROM 

512 x 16 bits 512 x 16 bits 

Pull~up resistors of pins 
None Mask option 

POBo to POB3 

Pull-up resistors of 
None Mask option 

RESET pin 

Connection pin 
Vpp pin and operation mode Vpp pin and operation mode 

selection pins are provided. selection pins are not provided. 

Power supply 
2.7 to 6.0 V (at 2 MHz) 

4.5 to 6.0 V (at 8 MHz) 

Package 
22-pin plastic shrink DIP 

24-pin plastic SOP 

Waiting time for 
16 clock pulses 8 clock pulses 

the operation mode 
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10. WRITING TO AND VERIFYING ONE·TIME PROM (PROGRAM MEMORY) 

The IIP017Pl04's internal program memory consists of a 512 x 16 bit one·time PROM. 

Writing to the one·time PROM or verifying the contents of the PROM is accomplished using the pins shown in 

the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 
the XIN pin. 

PIN NAME FUNCTION 

Vpp Voltage is applied to this pin when writing to program memory or verifying its contents. 

XIN 
Input pin for address update clock used when writing to program memory or verifying 

its contents 

MOo to M03 
Pins that turn to input pins and are used as operation mode selection pins when writing 
to program memory or verifying its contents 

Do to 07 
Input/output pins for S·bit data used when writing to program memory or verifying its 
contents 

10.1 PROGRAM MEMORY WRITE/VERIFY MODES 

If +6 V is applied to the Vee pin and +12.5 V is applied to the Vpp pin after a certain duration of reset status 

(Vee = 5 V, RESET = 0 V), the IIP017P104 enters program memory write/verify mode. A specific operating mode 

is then selected by setting the MOo through M03 pins as follows. Set the other unused pins to GNO level by means 

of pull·down resistors. 

OPERATING MODE SPECIFICATION 
OPERATING MODE 

Vpp Vee MOo MOl M02 M03 

H L H L Program memory address clear mode 

L H H H Write mode 
+12.5V +6V 

L L H H Verify mode 

H X H H Program inhibit mode 

X: L (low) or H (high) 

10.2 WRITING TO PROGRAM MEMORY 

The procedure for writing to program memory is described below; high·speed write is possible. 

(1) Pull low the levels on all unused pins to GNO by means of resistors. Sring XIN to iow level. 
(2) Apply 5 V to Vee and bring Vpp to low level. 

(3) Wait 10115. Then apply 5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to Vee and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

m Write data in 1 ms write mode. 

(S) Select program inhibit mode. 

(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 
unsuccessful, repeat steps (7) to (9). 

(10) Perform additional write for (number of repetitions of steps (7) to (9)) x 1 ms. 
(11) Select program inhibit mode. 
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(12) Increment the program memory address by one on reception of four pulses on the XIN pin. 

(13) Repeat steps (7) to (12) until the last address is reached. 

(14) Select program memory address clear mode. 

(15) Apply 5 V to the Voo and Vpp pins. 

(16) Turn power off, 

The timing for steps (2) to (12) is shown below. 

Vpp 
Vpp 

VDD 
GND 

VDD+l 
VDD VDD 

GND 

Repeat X ti mes 

Reset 

Write Verify I 
/I 

II 

A~djtional --+ 
wflte I 

NEe 

increment 
Address 1 

~~------------~~~­
------((. "jD),a;;ta;;;in~D::;ut;-~~ Data input ) C 

MOO L..J 

MDl I \ rl 

MD2 ~ 
II 

I /I 
MD3 

10.3 READING PROGRAM MEMORY 

(1) Pull low the levels ot a.ll unused I'IOS to GND by means of resistors. Bring XIN to low level. 

(2) Apply 5 V to VDO and bring Vpp to low level. 

(3, Wait 10 J.lS. Then apply 5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to VOO and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on the 

XIN pin. 

(8) Select program inhibit mode. 

(9) Select program memory apdress clear mode. 

(10) Apply 5 V to the VDO and Vpp pins. 

(11) Turn power off. 
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The timing for steps (2) to (9) is shown below. 

h 

II 

~------------~I~ 

/I 

/I 
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11. ASSEMBLER RESERVED WORDS 

Table 11-1 lists the reserved words defined in the JlPD17Pl04 device file (ASI7104)_ 

Table 11-1 Reserved Words 

Name Attribute Vallie Read/write Description 

POAO FLG 0.70H.0 Read/write Bit 0 of port OA 

POAI FLG 0.70H.l Read/write Bit 1 of port OA 
--

POA2 FLG 0.70H.2 Read/write Bit 2 of port OA 

POA3 FLG O.70H.3 Read/write Bit 3 of port OA 

POBO FLG 0.71H.O Read/write Bit 0 of port OB 

POBI FLG 0.71H.l Read/write Bit 1 of port DB 

POB2 FLG 0.71H.2 Read/write Bit 2 of port OB 

PoB3 FLG 0.71H.3 Read/write Bit 3 of port OB 

POCO FLG O.72H.O Read/write Bit 0 oj port OC 

POCI FLG O.72H.l Read/write Bit 1 of port DC 

POC2 FLG 0.72H.2 Read/write Bit 2 of port DC 

POC3 FLG 0.72H.3 Read/write Bit 3 of port DC 

PODO FLG 0.73H.0 Read/write Bit 0 of port 00 

POOl FLG 0.73H.l Read/write Bit 1 of port 00 

POD2 FLG 0.73H.2 Read/write Bit 2 of port 00 

PoD3 FLG 0.73H.3 Read/write Bit 3 of port 00 

BCD FLG 0.7EH.0 Read/write BCD arithmetic flag 

PSW MEM 0.7FH Read/write Program status word 

Z FLG 0.7FH.l Read/write Zero flag 

CY FLG 0.7FH.2 Read/write Carry flag 

CMP FLG 0.7FH.3 Read/write Compare flag 
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12. INSTRUCTION SET 

12.1 INSTRUCTION SET LIST 

~ b14 to bll 0 1 II 
BIN HEX 

0 0 o 0 0 ADD r. m ADD m. ::j 

0 0 0 1 1 SUB r. m SUB m. ::i 

0 0 1 0 2 ADDC r. m ADDC m. "i 

0 0 1 1 3 SUBC r. m SUBC m. ::i 

0 1 o 0 4 AND r. m AKD m. ::j 

0 1 0 1 5 XOR r. m XOR m. ::i 

0 1 1 0 6 OR r. m OR m. ::j 

RET 

RETSK 

RORe r 
o 1 1 1 7 

STOP s 

HALT h 

NOP 

1 0 0 0 8 LD r. m ST m. r 

1 0 0 1 9 SKE m. "i SKGE m. "i 

1 0 1 0 A 

1 0 1 1 B SKKE m. I:i SKLT m. ::i 

1 1 0 0 C BR addr CALL addr 

1 1 0 1 0 MOV m. :t:i 

1 1 1 0 E SKT m. ::n 

1 1 1 1 F SKF m. l:n 
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12.2 INSTRUCTIONS 

Legend: 

: One of data memory : Bit position: "bits 

: Data memory address specified by [mH' md of each bank addr : One of program memory addres~ ; 11 bits 

mH : Data memory address hi~h (row address) : 3 bits aH : ProM:ram memory address high; 3 bits 

m[ : Data memory address Jaw (column address) : .. bits 

: One of general register specified by ((RP). r] 

aM : Program memory address middle: " bits 

R 31. : Program memory address low; " bits 

: General register address low <Column address} : .. bits C)' : Carry flag 

RP : General reg-ister pointer C\IP 

PC 

SP 

STACK 

~.! )Int",'",r 

ADD 

:g 
"" 

ADDC 

Sl:B 
g 
.g 
<n 

SVBC 

SKE 

[ SKGE 

§ SKLT 1.) 

SKNE 

AND 
g 
.~ 

~ OR 

] 
XOR 

i 
LD 

ST e 
f-

MOY 

SKT 

il 
f-

SKF 

: Program count'er 

: Stack pointer 

: Stack specified by (SPl 

: Immediate data: " bits 

Operand Function 

r.m Add memory to register 
I---
m,::j Add immediate data to memory 

r.m Add memory to register with carry 

m,:::j Add immediate data to memory with carry 

r.m Subtract memory twm register 

m,::::i Subtract immediate data from memor~ 

r.m Subtract memory from register with borrow 

( ) 

m,::i Subtract immediate data from memory with horrow 

m.~i Skip if memory equal to immediate data 

m,::i §k-1p if memory greater than or equal to immediate data 

m.Z:i Skip if memory less than _ immediate data 

m,~i Skip if memqry not equal to imm~diate data 

m.:::i Logical AND of memory and immediate data 

r.m Logical AKD of register and memory 

m.!:i Logical OR' of memory and immediate data 

r.m Logical OR of register and memory 

m.:!:i Logical XOR of memory and immediate data 

r.m Logical XOR of register and memory 

r.m Load memory of register 

m.r Store register to memory 

m.:::i Move immediate data to memory 

Test memory bilS. 
m. =n 

then skip if all bits specified are true 

m. ::n 
Test mem(lry bits. 

then skip if all bits specified are false 

2.314 

: Compare flag 

: St(IP release condition 

: Halt release condition 

; Address of M. R 

: Contents of M,R 

Operation 
Machine code 

Op code 3 bits 4 bits 

R~ (HI + (MI 00000 m" mL 

M~ (~!1 +; 10000 mH m, 

H~ (R) + (~1) + (CY) 00010 mH mL 

R~ (M) +i+ (CY) 10010 mH mL 

R- (R) - (~1) 00001 mH m, 

~1- (~11 -, 10001 mH m, 

R~ (R) - (MI - (CY) 00011 mH mL 

~1~ (~11 -,- (CYI 10011 mH m, 

M-i. skip if zero 01001 mH m, 

M - i. skip if not borrow 11001 mH mL 

M-i. skip if horrow 11011 mH mL 

M-i. skip jf not zero 01011 mH m,. 

M- (M) Ai\D i 10100 mH mL 

R- (R) Al':D (MI 00100 mH m, 

M~ (M) OR i 10110 m" m, 

R~ (R) OR (M) 00110 mH mL 

M~ (MI XOR; 10101 mH mL 

R- (R) XOR (M) 00101 mH mL 

R- (M) 01000 mH mL 

(MI~R 11000 mH m, 

M-i 11I0J mH mL 

CMI'-O 

skip if I\1ft=all -I-
!l1l0 mH mL 

011"-0 

skip if ~1ft=all ·0· 
11111 m" m, 

4 bits 
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~ 
Machine code 

Mnemonic Operand Function Operation 
f-. Op code 3 bits 4 bits 4 bits 

~ IlR addr Jump to the adJless PC~ADDR 01100 a, a. aL e 
"' 
~ RaRe , Rotate register right with carry (CY)~CR)~CY 00111 000 0111 , 
Ul 

SP-fSP) - t 

CALL addr Call subroutine STACK-(<PC) + Il, 11100 a, a. aL 

.~ PC-ADDR 

! RET Return to main routine from ~ubroutine PC--(5T . .\CKI, SP-JSP} +} 00111 000 1110 0000 
Ul 

Return to main routine from subroutine. then skip PC--(STACKJ, SP--(SPJ + 1 
RETSK 00111 001 1110 0000 

unconditionary and skip 

~ 

~ 
STOP , Stop clock STOP 00111 010 1111 s 

] HALT h Halt thlt CPU,restart by condition h HALT 00111 011 1111 h 

::; Nap Ko operation No Operation 00111 100 1111 0000 
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13. ELECTRICAL CHARACTERISTICS (PRELIMINARY) 

ABSOLUTE MAXIMUM RATINGS (Ta = 25 ·CI 

Supply Voltage Voo -0.3 to +7.0 V 

Supply Voltage Vpp -0.3 to +13.5 V 

POA, POC, POD -0.3 to V DO +0.3 V 
Input Voltage VI 

POB -0.3 to +11 V 

POA, POC, POD -0.3 to Voo +0.3 V 
Output Voltage Vo 

POB -0.3 to +11 V 

Each of POA, POB, POC, POD -5 mA 
High·Level Output Current IOH 

Total of all pins -15 mA 

Each of POA, POB, POC, POD 30 mA 
Low·Level Output Current IOL 

100 mA Total of all pins 

Operating Temperature Topt -40 to +85 ·C 

Storage Temperature Tstg -65 to +150 ·C 

Ta =85·C 
22-pin shrink DIP 400 

Power Consu'mption Pd mW 
24-pin SOP 250 

CAPACITANCE (Ta = 25 ·C, Voo = 0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

I nput Capacitance CIN 15 pF f = 1 MHz 

o V for pins other than pins to be 
1/0(·) Capacitance CIO 15 pF measured 

• Input/output 
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DC CHARACTERISTICS IT a = -40 to +85 ·C, Voo = 2.7 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

VIHI 0.7 VOO VOO V Other than the following pins and port 

VIH2 O.S VOO VOO V POB and RESET 
High-Level Input Voltage 

VIH3 O.S VOO 9 V POB CO, II 
VIH4 VOO-0.5 VOO V XIN 

VILI 0 0.3 VOO V Other than the following pins and port 

Low·Level Input Voltage VIL2 0 0.2 VOO V POB and RESET 

VIL3 0 0.5 V XIN 

High-Level Output Voltage VOO-2.0 V VOO = 4.5 to 6.0 V, IOH = -2 rnA 

on POA. poe, and POD VOH 
VOo-1.0 V IOH = -200 "A 

Low·Level Output Voltage 2.0 V VOO' 4.5 to 6.0 V. IOL = 15 mA 

on POA, POB, POC, and PO~ VOL 
0.5 V IOL = 600 "A 

High-Level Input Leakage ILlHI 5 "A VIN = VOO 

Current on POA to POD ILlH2 10 "A VIN = 9 V Co, 

Low-Level Input Leakage 
ILIL Current on POA to POD 

-5 "A VIN = 0 V 

High-Level Output Leakage ILOHI 5 "A VOUT= VOO 

Current on POA to POD ILOH2 10 "A VOUT' 9 V (0' 

Low-Level Output Leakage 
ILOL Current on POA to POD 

-5 "A VOUT = 0 V 

1.5 4.5 mA 
VOO = 5 V .10 %, 

Operation fCC = S.O MHz 
1001 

mode VOO=3V±10%, 
250 750 "A fCC = 2.0 MHz 

1.0 3.0 rnA 
VOO=5V'10%. 

Power Supply Current 
HALT fCC = S.O MHz 

1002 
mode VOO=3V±10%, 

200 600 "A 
fCC = 2.0 MHz 

0.1 10 "A STOP VOO - 5 V .10 % 
1003 

mode VOO =3 V '10% 0.1 5 "A 

• When N-ch open-drain input/output is selected 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE 
IN THE STOP MODE (Ta = -40 to +85 ·C) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Data Hold Supply Voltage VOOOR 2.0 6.0 V 

Data Hold Supply Current IOOOR 0.1 5.0 IlA VOOOR -2.0V 

Release Signal Set Time tSREL 0 pI 

AC CHARACTERISTICS (T a = -40 to +85 ·C, Voo = 2.7 to 6.0 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

1.9 33 p. VOO = 4.5 to 6.0 V 
Internal Clock Cycle Time TCY 

7.6 33 p. 

High/Low Lovel Width on TpBH 
10 

POBO and POB 1 TPBL 
,... 

High/Low Level Width on TRSH 
RESET TRSL 

10 ,... 

DC PROGRAMING CHARACTERISTICS (Ta = 25 ·C, Voo = 6.0 ± 0.25 V, Vpp = 12.5 ± 0.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

VIHI 0.7 VOO VOO V Except XIN 
Input Voltage High 

VIH2 VOO-0.5 VOO V XIN 

VILI 0 0.3 VOO V Except XIN 
Input Voltage Low 

VIL2 0 0.4 V XIN 

Input ~akage Current ILl 10 pA VIN=VILorVIH 

Output Voltage High VOH VOO-I.O V IOH=-1 mA 

Output Voltage Low VOL 0.4 V IOL = 1.6mA 

VOO Power Supply Current 100 30 mA 

Vpp Power Supply Current Ipp 30 mA MOO· VIL. MOl = VIH 

Not_ 1. Vpp must be under +13.5 V including overshoot. 

2. VOO must be applied before Vpp on and must be off after Vpp off. 
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AC CHARACTERISTICS (T a = 25°C, Voo = 6.0 ± 0.25 V, Vpp = 12.5 ± 0.5 VI 

CHARACTERISTICS SYMBOL ('11 MIN. TYP. MAX. UNIT CONDITION 

Address Set Up Time(*2) to 

Mool 'AS 'AS 2 "S 
MOl Setup Time to MOO.\. 'M1S 'OES 2 '" 
Data Setup Time to MOO.\. 'DS 'DS 2 "s 

Address Hold Time(*2) to 

MDOt 'AH 'AH 2 "s 
Data Hold Time to MOOt 'DH 'DH 2 "s 
Data Output Float Delay Time 

from MOOt- 'DF 'DF 0 130 ns 

Vpp Setup Time to MD3t 'VPS 'VPS 2 "s 

VOO Setup Time to MD3t 'VDS 'vcs 2 "s 
Initial Program Pulse Width 'PW 'PW 0.95 1.0 1.05 ms 

Additional Program Pulse Width 'OPW 'OPW 0.95 21.0 ms 

MDO Setup Time to MOl t 'MOS 'CES 2 "s 

Data Output Delay Time from 
1 MDO = MD1 = VIL 

MD01~ 
'DV 'DV "s 

MOl Hold Time to MOOt tM1H 'OEH 2 "s 

MOl Recovery Time to MOO.!. 'M1R 'OR 2 
'M1H +'M1R ~ 50"s 

'" 
Program Counter Reset Time 'PCR - 10 '" 
XIN Input High, Low Level tXH, - 0.063 
Range "s 

'XL 

X I N I nput Frequency IX - 8 MHz 

I nitial Mode Set Time 'I - 2 I" 

MD3 Setup Time to MDl t 'M3S - 2 ... 
MD3 Hold Time to MOl "- tM3H - 2 "s 

MD3 Setup Time to MDO,\. 'M3SR - 2 "s Aead program memory 

Data Output Delay Time from 
2 Read program memory 

Address(-2) 'DAD 'ACC ... 
Data Output Hold Time from 

Address(-2) 'HAD 'OH 0 130 ns Read program memory 

MD3 Hold Time to MOOt 'M3HR - 2 "s Aead program memory 

Data Output Float Delay Time 
2 Read prog"ram memory 

from MD3.j.- 'DFR - ... 
Reset Setup Time 'RES 10 "s 

*1 Symbols for corresponding IJ.PD27C256. 

*2 Internal address signal is incremented by one at the falling edge of the third XIN input, and it is not connected to the pin. 
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WRITE PROGRAM MEMORY TIMING 

Vpp Vpp 
VDD 
GND 

V VDD+l 
DD VDD 

GND 

XIN 

MDO 

tRES 

~~------------~------------------~~ 

IH---------------~~------------------~~ 

F-+-+---'------~~-:~ 
____ ~~------------~~------------------'M~'"~ 

READ PROGRAM MEMORY TIMING 

'VPS 

Vpp 
Vpp 

VDD 

GND tvos 

VDD 
VDD+l 

VDD 
'XH 

GND 

XIN 

DO to D7 

MDO 

MD, 

MD2 

MD3 
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4·BIT SINGLE·CHIP MICROCONTROLLER 

The JlPD17107 is a tiny microcontrollerconsisting of a 1 K-byte ROM, 16-word RAM, and 11 input/output ports. 

The 17K architecture ofthe CPU uses general registers so that data memory can be manipulated directly for 

effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Program memory (ROM): 

• Data memory (RAM): 

• Input/output ports: 

• Instruction execution time: 

• Number of instructions: 

• Stack level: 

1 K bytes (512 words x 16 bits) 

16 words x 4 bits 
11 ports (including three N-ch open-drain outputs) 

128 J1$ (for 62.5 kHz) to 8 J1$ (for 1 MHz) 

24 (Each instruction is 1 word long.) 

1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 
• An oscillator is included for the system clock (only resistor for external circuit). 

• Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 

APPUCA TlONS 

• Controlling electric appliances or toys 

ORDERING INFORMATION 

Ordering Code 

JlPD171 07CX-xxx 

JlPD17107GS-xxx 

Package 

16-pin plastic DIP (300 mil) 

16-pin plastic SOP (300 mil) 
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PIN CONAGURATIONS (Top View) 

PPD17107CX I jlPD17107GS 

BLOCK DIAGRAM 

POBo/RLSHAL T 
POB,/RLSSTOP 

P082 

POCo 
POC, 
POC2 
POC3 

VDD 

Hi-pin plastic DIP 

16-pin plastic SOP 

GND 

POBo/R LSHAL T 

POCo 

OSCo 

OSC, 

CPU elK elK STOP 
,--------, 
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PIN FUNCTIONS 

• Port pins 

Pin name VO Function Reset lEI 
POB~ls......T Fo1- releasing the HALT mode . Open-drain: 

High impedance 

POBI/RlSSToP For releasing the STOP mode (input mode) . With pull-up 

POB. · N-ch open-drain 4-bit I/O port (port OBI resistor provided: 
VO · A pull-up resistor can be provided bit by bit High level 

(mask-selected). (input mode) 
POB3 · 9 V in open-drain mode 

POCo to POC3 CMOS (push-pull) 4-bit VO port (port OC) 
High impedance 

VO (input mode) 

PODoto POOl I/O CMOS (push-pull) 4-bit I/O (port 00) 
High impedance 
(input mode) 

• Non-port pins 

Pin name I/O Function Reset 

RESET Input · System reset input pin 

· A built-in pull-up resistor can be provided bit 

by bit (mask-selected). 

Voo · Positive power supply pin 

GNO · GNDpin 

OSCO,OSC, · Pins to be connected to the system clock 

resonator 

VO: Input/output 

2-323 



f.lPD17107 

PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/output circuits of the pins of the ,uPD17107. 

(1) poe, and POD 

(2) POSo and POS, 

data 

output 
disable 

Voo 

data~ 

output ~ - • 

disable 

Voo 

Voo 

r---r---{) IN/OUT 

Voo , 
I 
I 

:$ Pull-up resistor 
1"' (mask-selected) 

IN/OUT 
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(3) POB2 

(4) RESET 

Vee 

data ------:=D---i 
outPut~ - , 

disable 

Vee 

Vee , 

, 
I 
I 
~ Pull·up resistor 
f (rnask ... lected) 

f--~---\J IN/OUT 

I Pull-up resistor 

~ (mask-selected) 

IN Of-'-:---t~>----
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1. PROGRAM COUNTER (PC) 

1.1 FORMAT OF THE PROGRAM COUNTER (PCI 
The program counter i. a 9-bit binary countar formatted as shown in Fig. 1-1. 

Fig. 1-1 Fonnat of the Program Counter 

PCa PC3 PC2 PCo 

9 bits 

1.2 FUNCTIONS OF THE PROGRAM COUNTER (PCI 
The program counter specifies the address of a program memory (ROM) or a program. 

Usually, avery time an instruction is executed, the program counter is incremented by one. When a branch 
instruction (BRI, a subroutine call instruction (CAlL), or a return instruction (RET) is executed, the address 

specified in tha oparand is loaded in the PC. Thenthe instruction in the address is executed. When a skip instruction 

is executed, the address of the instruction next to the skip instruction is specified irrespective of the contents of 
the skip instruction. Ifthe skip conditions are satisfied, the instruction next to the skip instruction is regarded as 

a No Operation (NOPI instruction. So, the NOP instruction is executed. and the address ofthe next instruction is 
specified. 
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2. STACK 

Stack ofthe pP017107 is a register in which the return address of a program is saved when a subroutine call 

instruction is executed. One level of address stack is provided. 

Fig. 2-1 shows the relationship between PC, stack, and instructions. 

Fill. 2-1 Relationship betw .... PC, Stacie, and instructions 

pcl PC8 PC7 pee Pee PC4 PC3 PC2 PCI PCO 

I~ ] AET 

5tack I I 
AET5K 

sa 57 sa 55 54 53 52 51 SO 

CALL 

Operand I AHO AM3 AM2 AMI AMO AL3 AL2 All ALO I 
BA.CALL 

In Fig. 2-1, AHn, AMn, and ALn (n = 0 to 3) indicate bit positions in a 16-bit instruction as follows: 

Flg.2-2 Format of • 16-Bit Instruction 

M5B LSB 

Instruction I FH EH OH CH BH AH 9H 8H 7H 6H 5H 4H 3H 2H 1 H OH 

Operation code AH2 AHI AHO AM3 AM2 AMI AMO AL3 AL2 ALI ALO 

I 
Operand 

When the assembler (AS 17K) is not used and a BR or CALL instruction is used, AH2 and AH 1 must be set 
toO. 

Sn (n = 0 to 8) denotes a stack. 

RESET signal input clears all bits of the program counter to O. 
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3. PROGRAM MEMORY (ROMI 

Fig. 3-1 shows the configuration of program memory (ROM). 

The program memory consists of 512 words by 16 bits. 

NEe 

The program memory is addressed in units of 16 bits and it ranges from addresses OOOH to 01FFH. Each 

address is specified by the program counter (PC). 

Since an instruction consists of 16 bits (one word), the instruction is stored at one address of the program 

memory. 

Address OOOH is assigned to a reset start address. 

Fig. 3·1 Program Memory Map 

---------- 16 bits 
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4. DATA MEMORY (RAM) 

The data memory stores data of arithmetic/logic and control operations. Data can be always written to or read 

from it by means of instructions. 

4.1 FORMATOFTHEDATAMEMORY(RAM) 

Fig. 4-1 shows the format of the data memory (RAM). 

The data memory is configured in units offour bits, or "one nibble: and an address is assigned to each four 

bits of data. The three high-order bits are called the "row address,' and the four low-order bits are called the 

"column address.' 

According to its functions, the data memory is divided into three blocks as shown below: general-purpose data 

memory, port register, and system register. 

Fig.4-1 Data Memory Map 

Column address --

o 2 4 5 7 8 9 A B c D F 

o General-purpose data memory (general register) 

Row 
address 

I L-___ po_r_t~re_g_is_te_r __ ~ILI __________ ~ __ ~ __ S~y_st_em __ r_eg_is_te~r ______ ~ ________ --" 

4.1.1 Functions of the general·purpose data memory 

The general-purpose data memory is a part ofthe data memory from which the system register (SYSREG) and 

port register are excluded. By executing a data memory manipulation instruction, a four-bit arithmetic operation 

and comparison, evaluation, and transfer between data on data memory and any immediate data can be executed 

with a single operation. 

4.1.2 Functions of the general register 

The general register indicates any identical row address (16 nibbles) in the data memory specified in the 

register pointer (RP) in the system register. Since the .uPD17107 register pointer is always set to 0, the general­

purpose data memory is also used as a general register. The general register can operate ortransfer data to and 

from the data memory. 

4.1.3 Functions olthe port register 

The port register is used to set output data or to read the input data of input/output ports. 

Once data are written tothe port registercorrespondingto a port, the port is set as an output port and continues 

to output the value unless the value is rewritten. Whenever a read instruction is executed for a port register, the 

read data indicate the states of the pins, not the value of the port register, regardless of whether the pins are in 

the input or output mode. 

4.1.4 Functions of the system register 

The system register controls the CPU. The program status word (PSW) is the only system register existing in 

the jlf'D17107. 
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Fig. 4-2 System Register Map 

Address l 74H I 75H I 76H I 77H 78H I 79H 7AH 7BH 7CH I 7DH I 7EH 7FH I 
Data I o I 0 I 0 I 0 0 I 0 0 0 0 I 0 I I 

t I 
Addresses 74H to 70H are always set to O. 

7EH 7FH 

PSW 

B C C Z 
C M Y 
D P 

01 0 1 0 0 

a C") N a 

iii co 05 co m 

Bit 0 at address 7EH and the high-order three bits at address 7FH are assigned to the program status word. 

The BCD flag is mapped in bit 0 at address 7EH, the CMP flag is mapped in bit 3 at address 7FH, the carry (CY) 

flag is mapped in bit 2 at address 7FH, and the zero (Z) flag is mapped in bit 1 at address 7FH. 

The high-order three bits at address 7EH and bit 0 at address 7FH are always set to O. 
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Fig. 4·3 Format of the Program Status Word 

Address 7EH Address 7FH 

BITO BIT3 BITO 

I I I I 0 I Set to 0 when: 

· An arithmetic operation generates 

a result of zero if CMP = O. 

Zero · An arithmetic operation generates 

flag a result ofzero and Z = 1 if 

(ll CMP= 1. When the Zflag is 

already 0, it remains unchanged. 

Reset to 1 when: 

· An arithmetic operation generates 

a resu It other than zero. 

Set to 0 when: 

· An addition produces a carry or a 

subtraction produces a borrow. 

Carry · The LSB of the operand in the RORC 

flag instruction is 1. 

(CY) Reset to 1 when: 

· Neither a carry nor borrow is 

produced. 

· The LSB of the operand in the RORC 

instruction is O. 

Ifthis flag is set, the result of an 

Compare arithmetic operation is not stored in 
flag memory or general registers. The 
(CMP) flag is automatically reset by 

executing the SKT or SKF instruction. 

BCD 
If this flag is set, arithmetic 

flag 
operations are performed in decimal, 

(BCD) 
and if this flag is reset, arithmetic 

operations are performed in binary. 

Comparison instructions (SKE, SKNE, SKGE, or SKL T) do not change the state ofthe CYflag, but an arithmetic 

operation may affect the CY flag according to the result even if the CMP flag is set. 

Each bit of the program status word is initialized to 0 when a reset signal Is applied. 

The Z flag in the program status word changes according to the set value of the CMP flag as listed In 
Table 4-1. 
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Table 4·1 Change In Z Flag 

Zflag value 

Condition 
CMP=O CMP=1 

Reset 0 -

Memory manipulation sets the Z flag to o. 0 0 

Memory manipulation sets the Z flag tol. 1 1 

Arithmetic operation' results in a non-zero value. 0 0 

Arithmetic operation results in o. 1 Zn·l 

In·1: The Z flag value present immediately before arithmetic operation 

While CMP is 1, if an arithmetic operation results in OH when the value of the Z flag is 1, the Z flag does not 
change. If an arithmetic operation results in other than OH, the Z flag is reset to 0 and remains intact even when 
a second arithmetic operation results in OH. 

After the CMP and Z flags are set to 1, subtraction and comparison are performed several times. Then, if the 
Zflag still indicates 1, all ofthe comparison operations showed a match, resulting in o. Ifthe Z flag is 0 after the 
comparison operations, a mismatch occurred in at least one comparison operation. 

2-332 



NEe ~PD17107 

5. ARITHMETIC AND LOGIC UNIT IALUI 

The arithmetic and logic unit IAlUI performs arithmetic operations, logical operationa, bit tll8ts, comparisons, 

and rotations on 4-bit deta. 

5.1 ARITHMETIC OPERATIONS 
Arithmetic operations are performed on binary or decimal data. If the BCD flag in the program atatu. word i. 

1, the ALU oparates on decimal data, and if the flag i8 0, it operatea on binary data. 
If an addition produces a carry or if a subtraction produces a borrow, the carry ICY) flag ia sat to 1. If neither 

a carry nor borrow is produced, the flag is reset to O. 
If an arithmetic operation results in zero, the zero IZl flag is set to 1. Otherwi8e, the flag ia reset to O. 

111 Binary operation 
Ifthe result ofa binary arithmetic operation is greater than 1511111BI, a carry i. made. If it i.le .. than 
zero, a borrow is made. In either case, the CY flag is set to 1. 

121 Decimal operetion 
If the result of a decimal arithmetic operation is greater than 911oo1BI, a carry is made. If it is less than 0, 
a borrow is made. In either case, the CY flag is set to 1. 

Decimal operations are allowed if one ofthe following results is generated. If the result of a decimal operation 

does nolfall into these ranges, the CY flag issetto " and a result greater than or equal to 10 11010BI i. produced. 
1. Addition must generate a result from 0 to 19. 
2. Subtraction must generate a result from 0 to 9 or -10 to -1. 

5.2 LOGICAL OPERATIONS 
Logical operations include ANDing, ORing, and XORing. 

5.3 OTHER OPERATIONS 
The ALU enables bit testing. comparison, and data rotation. 
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6. PORTS 

6.1 PORT DB IPOSo/RLSHALT, POB,/RLS8top, POBo) 

Port DB is a three-bit input/output port. Only N-ch open-drain outputs appear on the pins of port OB. The N-ch 

open-drain output mode allows application of 9 V, so it can be used for interfacing with a circuit operating on a 

different power supply voltage. 
Input and output are set in unitsof nibbles. The input mode is set at reset, and the output mode is set bywriting 

data to the port register in address 71H of the data memory. The output mode is maintained until the system is 
reset_ 

Output to the port is executed via the port register. Once data are written to the port register, all pins of port 

POB are placed in the outpUt mode to continue to output written data. The data are retained unless new data are 

written to the register. 
Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 

register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 

register remain unchanged. 

The port registerfor port Bconsists offour bits but its highest bit is always set to O. This means that if an attempt 

is made to write data tothe highest bit 017 iH, the data is invalidated and if an attempt is madeto read it, 0 is always 

retumed. 
When the¢>D17107 is in the HALT or STOP mode, POB. and POB, function as pseudo interrupt pins to release 

the HALT and STOP m~des. (Refer to Section 8). 

62 PORT OC (POSo to POCo) 

Port OC is a four-bit input/output port. CMOS (push-pull) outputs appear on those pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode isset bywriting 

data to the port register in address 72H of the data memory. The output mode is maintained until the system is 

reset. 

Outputto the port is executed via the port register. Once data are written to the port register, all pins ofthe port 

POC are placed in the output mode to continue to output written data. The data are retained unless new data are 

written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 

register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 

register remain unchanged. 

6.3 PORT OD (PODe to PODo) 

Port 00 is a four-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 

data to the port register in address 73H of the data memory. The output mode is maintained until the system is 

reset 

Outputtothe port is executed via the port register. Once data are written to the port register, all pins of the port 

POD are placed in the output mode to continue to output written data. The data are retained until new data are 

written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 

register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 

register remain unchanged. 
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Fig. 6-1 Port Register Map 

Col urnn address _ 

o 23456789A8CDEF 

7X Port register I System register I 

/ ~ 
Add ..... 70H 71H 72H 73H 

P P P P P P p p p p p 
0 0 0 0 0 0 0 0 0 0 0 
a a a C C C C 0 0 0 0 

ai'symbol 

2 1 0 3 2 1 0 3 2 1 0 

Set '0 O. 

6.. RECOMMENDED CONDITlONS FOR UNUSED PPD17107 PINS 

To prevent malfunction, process unused input/output pins as shown below. 

Table 6·1 Recommended Conditions for Unused Pins 

Input/ Port Recommended connection 
output mode 

Input mode Ports B, C, and 0 Connect to Voo or GNO. 

CMOS ports (ports C and 01 

Output mode Open 
N·ch open·drain port 

(port BI 
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7. STANDBY RJNCTJONS 

The PPD17107 provides two standby modes. the HALT mode and the STOP mode. 

7.1 HALT MODE 

The HAl Tmode stops the program counter (PC) while allowing the system clock to continue operating. The 

HALT mode ~n bt IIntered with the HALT instruction, and can be released by a reset signal (RESET) or input to 

the POBo pin. When the HAlT mode is released by input to the POBo pin, the next instruction after the HALT 
instruction is executed without waiting for stable oscillation of the system clock. 

When the HALT mode is released forcibly by the reset signal (RES En, normal system reset occurs, and 
execution starts at address OH. 

7.2 STOP MODE 

The STOP mode stops oscillation of the system clock so that data can be retained at low voltage. The STOP 

mode can be entefed with the STOP instruction, and can be released by a reset signal (RESEn or input to the POB, 

pin. When the mode is released by input to the POB, pin, execution starts with the next instruction afterthe STOP 
instruction. 

When the STOP mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address OH. 

7.3 SETTING AND RELEASING THE STANDBY MODES 

(1) Setting and releasing the HALT mode 

The conditions for releasing the HALT mode can be selected with the least significant bit of the operand 

in the HALT instruction. The high-order three bits of the operand must be set to o. 

Table 7·1 Satting and Releasing Conditions Specified in the HALT Instruction 

HALT OOOXB f- 4-bit data in the operand 

X Conditions for setting/releasing the HALT mode 

Executing the HALT instruction enters the HALT mode unconditionally. 

0 The mode can be released only by the reset signal (RESEn. After the 

mode is released, instructions are executed starting at address OH. 

If paBa is 0, executing the HALT instruction enters the HALT mode. 

If POBO is 1, executing the HALT instruction does not enter the HALT mode. 

1 Application of the reset signal (RESET) releases the HALT mode. After the mode is released, 

instructions are executed starting at address OH. The rising edge of an input signal on the paBa 

pin also releases the HALT mode. In this case, execution starts with the next instruction after 

the HALT instruction. 

(2) Setting and releasing the STOP mode 

Conditions to release the STOP mode can be selected with the least significant bit ofthe operand in the 

STOP instruction. The high-order three bits of the operand must be set to O. 
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Table 7-2 Setting/Releasing Conditions Specified in the STOP Instruction 

STOP OOO,KB .... 4-bit data in the operand 

X Conditions for setting/releasing the STOP mode 

Executing the STOP instruction enters the STOP mode unconditionally_ 

"All peripheral circuits are placed in the same initial state as when 

0 the system is reset, then they stop operating_ 

Only the reset signal (RESET) can release the STOP mode. After the 

mode is released, instructions are executed starting at address OH. 

If POBl is 0, executing the STOP instruction enters the STOP mode. 

If POBl is 1, executing the STOP instruction does not enter the STOP mode. 

1 Application of the reset signal (RESET) can release the STOf> mode. 

After the mode is released, instructions are executed starting at address OH. 

The rising edge of the signal applied to the POS, pin can also release the mode. In this case, 

execution starts with the next instruction after the STOP instruction. 

7.4 TIMING FOR RELEASING THE STANDBY MODES 

Clock 

Fig. 7-1 Releasing the HALT Mode by RESET Input 

HALT 
instruction 

Operation 
mode 

l 

HALT mode 

Oscillation 

Operation mode 

When the RESET signal is applied to release the HALT mode, the RESET input makes a transition from lowto 

high, then an operation mode is entered. 

* The HALT mode remains effective in this period, waiting for the operation mode. 

At least eight clock pulses on the OSC, pin cause operation to start. 

Standby-release 

signal (POBO) 

Clock 

Fig.7-2 Releasing the HALT Mode by Interrupt 

HALT 

instruction , 
Operation I 
mode • HALT mode 
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Clock 

Fig.7·3 Releasing the STOP Mode by RESET Input 

STOP 
instruction 

l 

Operation 

mode STOP mode 

Oscillation 

Oscillation 

stopped 

L I 
HALT mode I • I 

Oscillation 

NEe 

Operation mode 

As soon 8S the RESET input makes a transition from high to low in the STOP mode, the system clock starts 

generating clock pulses. 

* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the asc, pin cause operation to start. 

Standby release 

signal (PCB,' 

Clock 

Fig.7·' Releasing the STOP Mode by Interrupt 

STOP 
instruction 

! 
Operation STOP 
mode instruction 

Oscillation 
Oscillation stopped 

. I Operation mode 

Oscillation 

* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the asc, pin cause operation to start. 
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8. RESET FUNCTION 

8.1 HARDWARE STATE AT RESET 

A low·active reset signal applied to the RESET pin sets the hardware states as listed below. A transition from 

low to high on the RESET pin releases the reset state. 

Table 8·1 Hardware after Reset 

Name Location in memory space Set value 

Program counter OOOH 

Data present before 
RAM OH to OFH reset is retained. 

Program status Bit 0 at 7EH 
word (PSWI Bits 3 to 1 at 7FH AliOs 

Data present before 

Ports OB to 00 71H to 73H 
reset is retained. 

All pins are placed 

in the input mode. 
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9. ASSEMBLER RESERVED WORDS 

9.1 MASK OpnON PSEUDO INSTRUCnONS 

Source programs in the assembly language for the ,uP017107 must include mask option pseudo instructions 
to select pin options. 

To do this, be sure to catalog the 017107. OPT file in AS17107 (device file for ,uP017107) into the. current 
directory beforehand. 

Options must be mask-selected for the following pins: 
o POBo 

o POB, 

POBo 
o RESET 

9.1.1 OpnON and ENOOP pseudo instructions 

The part starting with the OPTION pseudo instruction and ending with the ENOOP pseudo instruction is 

referred to as a mask option definition block. The coding format oflhe mask option definition block is shown on 
the next page. 

Within this block, the mask option definition pseudo instructions listed in Table 9-1 can be coded. 

Format 

Symbol 

[label:) 
Mnemonic 

OPTION 

ENOOP 

9.1.2 Mask option definition pseudo instructions 

Comment 

[;comment) 

Table 9-1 lists the mask option definition pseudo instructions corresponding to each pin. 

Table 9-1 Mask Option Definition Pseudo Instructions 

Mask option Number of 
Operand name Pin 

pseudo instruction operands 

POBPLUP (with pull-

POBoto POBo OPTPOB 3 
up resistor) 

OPEN (without pull-

up resistor) 

RESPLUP (with pull-
--

1 up resistor) RESET OPTRES 
OPEN (without pull-

up resistor) 

2-340 



NEe ~PD17107 

The coding format of OPTPOB is shown below. The operands PO B., POB" and POB. are dafined In this order. 

Format 

Symbol 

[label:) 

Mnemonic 

OPTPOB 

The coding format of OPTRES is shown below. 

Format 

Symbol 

[label:) 

Example: 

Mnemonic 

OPTRES 

Operand 

(POB2I. (POB,), (POBo) 

Operand 

(RESEn 

To set the following mask options in a J.lPD171 07 source file to be assembled: 

POB.: Pull-up POB,: Open POB.: Open 

RESET: Pull-Up 

; 17107 

Setting mask options: OPTION 

OPTPOB POBPLUP, OPEN, OPEN 

OPTRES RESPLUP 

ENDOP 
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9.2 RESERVED WORDS 

Table 9-2 lists the reserved words defined in the JlP017107 device file (AS171071. 

Table 9·2 Reserved Words 

Name Attribute Value Readlwrite Description 

POBO FlG 0.71H.0 Readlwrite Bit 0 of port OB 

POB' FlG 0.71H.l Readlwrite Bit 1 of port OB 

POB2 FlG 0.71H.2 Read/Write Bit 2 of port OB 

·POB3 FlG 0.71H.l Read Set to O. 

POCO FlG O.72H.O Read/Write Bit 0 of port OC 

POCl FlG O.72H.l Readlwrite Bit 1 of port OC 

POC2 FlG 0.72H.2 Read/Write Bit 2 of port OC 

POCl FlG O.72H.l Read/Write Bit l of port OC 

POOO FlG 0.7lH.0 Readlwrite Bit 0 of port 00 

POD' FlG 0.73H.l Readlwrite Bit 1 of port 00 

P002 FlG 0.73H.2 Readlwrite Bit 2 of port 00 

POOl FlG 0.73H.l Read/Write Bit l of port 00 

BCD FlG 0.7EH.0 Read/Write BCD arithmetic flag 

PSW MEM 0.7FH Read/Write Program status word 

Z FlG O.7FH.l Read/Write Zero flag 

CY FlG O.7FH.2 Read/Write Carry flag 

CMP FlG O.7FH.l Read/Write Compare flag 

Although POB3 does not exist in the }'P017l07, it is defined as a read·only flag so that it is treated as a dummy bit when 

a built-in macro is used. 
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10. INSTRUCTION SET 

10.1 INSTRUCTION SET UST 

~ b14 -bu 0 1 II 
BIN HEX 

o 0 0 0 0 ADD r. m ADD m. #i 

o 0 0 1 1 SUB r. m SUB m. #i 

o 0 1 0 2 ADDC r. m ADDC m. #i 

o 0 11 3 SUBC r. m SUBC m. #i 

o 1 o 0 4 AND r. m AND m. #i 

0 1 o 1 5 XOR r. m XOR m. #i 

o 1 1 0 6 OR r. m OR m. #i 

RET 

RETSK 

RORC r 
o 1 1 1 7 

STOP s 

HALT h 

Nap 

1 0 0 0 8 LD r. m ST m, r 

1 o 0 1 9 SKE m. #i SKGE m. #i 

1 o 1 0 A 

1 0 11 B SKNE m. #i SKLT m. #i 

1 1 0 0 C BR addr CALL addr 

1 1 o 1 D MOV m. #i 

1 1 1 0 E SKT m. #n 

111 1 F SKF m. #n 
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102 INSTRUCTIONS 

legend: 

M : One ot data memory 
m : Data memory address specified by [m... md of each bank addr 
ffiH : Data memory address high (row address) : 3 bits 

mL : Data memory address low <Column address) : .. bits 
R : One of general register specified by [(RP). rJ 

: General register address low (column address) : .. bits 

I'C 
RP : General register pointer 

: Program counter 
SP 

STACK 

~ Mnemonic 

ADD 

:g 
0( 

ADDC 

SUB 

~ 
.g 
'" SUBC 

SKE 

: Stack pointer 

; Stack specified by (SP) 

: Immediate data ; .. bits 

Operand Function 

r.m Add memory to register 

m.#i Add immediate data to memory 

r.m Add memory to register with carry 

m,#i Add immediate data to memory with carry 

r.m Subtract memory from register 

m,#i Subtract immediate data from memory 

r.m Subtract memory from register with borrow 

m,#i Subtract immediate data from memory with borrow 

m.#i Skip if memory equal to immediate data 

CY 

CMP 

h 
[ 

i SKGE m.#i Skip if memory greater" than or equal to immediate data 

§ 
SKLT m,#i Skip if memory less than immediate data U 

SKNE m.#i Skip if memory not equal to immediate data 

m.#i Logical AND of memory and immediate data 
AND 

§ Logical AND of register and memory ." 
~ m.#i Logical OR of memory and immediate data 1; 
0 OR 

j r.m Logical OR of register and memory 

m.#i Logical XOR of memory and immediate data 
XOR 

r.m Logical XOR of register and rnemorr 

! 
LD r.m Load memor}> of register 

ST Store register to memory 

MOY m.#i Move immediate data to memorr 

SKT m.#n 
Test memory bits. 

then skip if all bits specified are true 

~ 
Test memory bits. 

SKF m. #n 
then skip if all bits specified are false 
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; Bit position: 4 bits 

: One of program memory address: 11 bits 

aH : Program memory address high; 3 bits 

aM : Program memory address middle: .. bits 

3L : Program memOf}' address low: " bits 

: Carry flag 

: Compare flag 
: Stop release condition 

: Halt release condition 

: Address of M.R 

: Contents of M. R 

Operation 
00 
code 

R~ (R) + (M) 00000 

M~ (M) +i 10000 

R~ (R) + (M) + (CY) 00010 

R~ (M) +i+ (CY) 10010 

R~ (R) - (M) 00001 

M~ (11) -i 10001 

R~ (R) - (M) - (CY) 00011 

M~ (~1l -j- (CY) 10011 

M-i. skip if zero 01001 

M - i. skip if not borrow 11001 

M-i. skip if borrow 11011 

M-i. skip If not zero 01011 

M~ (~1l A:-.ID i 10100 

R~ (R) A:-.ID (~Il 00100 

~1~ (M) OR i 10110 

R- (R) OR (~Il 00110 

:11- (~1l XOR i 10101 

R- iR) XOR (:II) 00101 

R- (~1l 01000 

(:II)-R 1lO00 

M-i mOl 

CMP-O 

skip if Mn=all M 1" 
11110 

CMP-O 

skip if Mn=all MO~ 
11111 

Machine code 

3bits 4bits 4bits 

m. mL 

m. mL 

m. mL 

m. m, 

m. mL 

m. mL 

m. mL 

m. mL. 

m. mL 

m. mL 

m. mL 

m. mL 

m. mL 

m. mL 

m. mL 

m. m, 

m. mL 

m. m, 

m. m, 

m. m, 

m. m, 

m. m, 

m. m, 
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~ Mnemonic 
Machine code 

Operand Function Operation 
Op ,.. 

3bits 4bits 4bits code 

" ! BR addr Jump to the address PC~ADDR 01100 a. a. aL 

~ RORC r Rotate register right with carry ICY)-IRl--CY ooIll 000 0111 r 

SP~ISP)-I 

CALL addr Call subroutine STACK~IIPC)+J). Illoo a • a. aL 

. ~ PC~ADDR 

e 
~ RET Return to main routine from subroutine PC-ISTACK). SP-ISP) +I ooIll 000 IllO 0000 

Return to main routine from subroutine. then skip PC-ISTACK). SP-ISP) + I 
RETSK 00111 001 1110 0000 

unconditionary and skip 

~ STOP s Stop clock STOP ooIll 010 I III s 
j 

HALT h Halt the CPU. restart by condition h HALT ooIll 011 1111 h 
~ 
:E NOP No operation No Operation ooIll 100 1111 0000 
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11. ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS IT. = 25 ·CI 

Supply Voltage Voo -0.3 to +7.0 V 

POC,POD, -0.3 to Voo+O.3 V 

Input Voltage VI '*11 -0.3 to Voo+O.3 V 
POB 

'*21 -0.3 to +11 V 

POC, POD, RESET -0.3 to Voo+O.3 V 

Output Voltage Vo '*11 -0.3 to Voo+0.3 V 
POB 

'*21 -0.3 to +11 V 

High-Level Each of POB, POC, POD -5 rnA 
1011 

OUtput Current 
Total of all pins -15 rnA 

Low-Level Each of POB. POC .• POD 30 rnA 
10l 

Output Current 
Total of all pins 100 rnA 

Operating -40 to +85 ·C 

Temperature 
T ... 

Storage -6510+150 ·c 
Temperature 

T.Ig 

16-pin DIP 400 
Power mW P. T.= 85·C 16-pinSOP 250 Consumption 

., N·ch operHIr.ln Input/output and Input/output with. pull-up rellstor provfdld 

·2 N-ch op.lHlral" Input/output 

CAPACITANCE.IT.= 25 ·C, VDD = OVI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Input capacitance CIN 15 pF f= 1 MHz 

Input/output 
CID 15 pF 

o V for pins other than 

capacitance pins to be measured 
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DC CHARACTERISTICS (T, = -40 to +85 ·C .. Voo = 2.5 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYPE MAX. UNIT CONDITION 

Voo V 
Other than the following 

High-Level V,H' 0.7Voo pins and port 
Input Voltage V,H2 0.8 Voo Voo V POB and RESET 

V,H3 0.8Voo 9 V POB '3 

V,H4 Voo - 0.5 Voo V OSC, 

VIL1 0 0.3Voo V 
Other than the following 

Low-Level pins and port 
Input Voltage V,L2 0 0.2Voo V POB and RESET 

VIl3 0 0.5 V ose, 
High-Level 

Voo = 4.5 to 6.0 V, 
Vao- 2.0 V IOH= -2 mA 

Output Voltage VOH 
on POC and POD Voo- 1.0 V IOH = -200 J1A 

Low-Level 
2.0 V Voo = 4.5 to 6.0 V, 

Output Voltage 
IOl= 15 mA 

on POB, poe VOL 

and POD 
0.5 V IOl = 600 J1A 

High-Level 
5 J1A V,N = Voo Input Leakage IUH1 

Current on POB 
to POD IUHl 10 J1A V,N =9 V 

'3 

Low-Level Input 

Leakage Current IUl -5 J1A V,N=OV 

on POB to POD 

High-Level 

Output Leakage 
ILOH1 5 J1A VOUT = Voo 

Current on POB 
kOH2 10 J1A VauT = 9 V 

to POD '3 

Low-Level Output 

Leakage Current iLal -5 J1A VauT = 0 V 
on POB to POD 

Resistor Provided 

for Input Pin 
20 47 95 kn RESET (pull-up) 

Resistor Provided 

5 15 30 kn POB., POB" and POB, 
for Input/Output Pin (pull-up) 

• 3 When N-ch open..c:train Input/output Is sel.cted 
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CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

0.4 1.2 mA Voo= 5 V., 10 % 

Opera- fcc = 1.0 MHz., 20% 

100, tion 

mode 50 150 pA Voo = 3 V :I: 10 %, 

fcc = 250 KHz :I: 20 % 

Power Supply HALT 0.3 0.9 rnA Voo = 5 V :I: 10 %, 

Current I 041 1002 mode fcc = 1.0MHz:l:20% 

40 120 pA Voo=3V:I: 10%, 

fcc = 250 kHz :I: 20 % 

1003 STOP 0.1 10 pA Voo=5 V:I: 10% 

mode 0.1 5 pA Voo=3V:I: 10% 

... This current excludes the current which flows through the built-in pull-up resistors. 

CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON lOW SUPPLY VOLTAGE IN THE 

STOP MODE IT. = -40 to +85 ·CI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Data Hold Supply Voltage VOOOR 2.0 6.0 V 

Data Hold Supply Current IOOOR 0.1 5.0 pA VOOOR = 2.0 V 

Release Signal Set Time tSRfl 0 J1S 

AC CHARACTERISTICS IT. = -40 to +85 ·C, Voo = 2.5 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

6.6 160 J1S Voo = 4.5 to 6.0 V 
Internal Clock Cycle Time Tev 

26.6 160 J1S 

HighILow level Width on TPBH 

POBo and POB, 
10 J1S TPBL 

HighILow Level Width on TASH 

RESET TRsL 
10 J1S 
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4-BIT SINGLE-CHIP MICROCONTROllER 

The j.t?D171 08 is a tiny microcontrollerconsisting ota 1 K-byte ROM, 16-word RAM, and 16 input/output ports. 

The 17K architecture ofthe CPU uses general registers so that data memory can be manipulated directly for 

effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Program memory (ROM): 

• Data memory (RAM): 

• Input/output ports: 

• Instruction execution time: 

• Number of instructions: 

• Stack level: 

1 K bytes (512 words x 16 bits) 

16 words x 4 bits 

16 ports (including four N-ch open-drain outputs) 

128}iS (for 62.5 kHz) to 8}iS (for 1 MHz) 

24 (Each instruction is 1 word long.) 

1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock (only resistor for external circuit). 

• Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 

4.5 to 6.0 V (at 1 MHz) 

APPLICATIONS 

• Controlling electric appliances or toys 

ORDERING INFORMATION 

Order Code 

J.LPD17108CS-xxx 

J.LPD17108GS-xxx 

Package 

22-pin plastic shrink DIP (300 mil) 

24-pin plastic SOP (300 mil) 
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PIN CONAGURATION (Top View) 

"PD17l08CS 

VDD 

NC POA2 

POCo POAl 

POCl POAo 

POD3 

POD2 

POBO/RLSHAL T PODl 

PODO 

RESET 

OSee 

GND OSCl 

22'pin plastic shrink DIP 

BLOCK DIAGRAM 

CMOS 

P0Bo/RLSHAL T - - - ,-....... 
POB,/R LSSTOP 

P092 
PC33 <>--1._---1 

P-::Co 0 
POC, 
poe2 
POC30--._--, 

POOo 
POD, 
P002 
POD3 0--.. j 

RESET 0--­

VOO 0--­

GND h 

NEe 
"PD17l08GS 

POA3 0 VDD 

NC POA2 

POCO POAl 

POCl POAo 

POC2 POD3 

POC3 POD2 

NC NC 

POBo/R LSHAL T PODl 

POB1/RLSSTOP PODO 

POB2 RESET 

POB3 OSCo 

GND OSCl 

24-pin plastic SOP 

CPU ClK ClK STOP 
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PIN FUNCTIONS 

• Port pins 

Pin name VO Function Reset II 
POAotoPOAa va · CMOS (push-pull) 4-bit va port (port OA) High Impedance 

(Input model 

POBlllRLStw.T For releasing tha HALT moda • Open-drain: 

High impedance 
POB,IRLSSTOP For releasing the STOP mode (input model 

• With pull-up 

POB. VO · N-ch open-drain 4-bit I/O port (port OBI resistor provided: 

· A pull-up resistor can be provided bit by bit High level 
POB. (mask-selected). (input model 

· 9 V in open-drain mode 

POCo to POc. I/O CMOS (push-pull) 4-bit VO port (port OCI 
High impedance 

(input model 

POOoto POCO I/O CMOS (push-pull) 4-bit VO port (port 00) 
High impedance 

(input mode) 

• Non-port pins 

Pin name I/O Function Reset 

RESET Input · System reset input pin 

· A built-in pull-up resistor can be provided 

(mask-selected). 

Voo · Positive power supply pin 

GNO · GNOpin 

OSCo,OSC, · Pins to be connected to the system clock 

resonator 

I/O: Inpu1/Outpul 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/output circuits of the pins of the }4'017108. 

(11 PM, POC, and POD 

data ---...,.--r""""l 

Voo 

(21 POBo and POB. 

Voo 

Voo 

IN/OUT 

Voo , 
I 
I 

-$ Pull-up resistor 
f (mask-selected) 

I 
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(3) POB, and POe. 

data 

(4) RESET 

Voo 

Voo 
I 
I 

Voo , 
I 
I 
$ Pull-up resistor 
t (mask .... lectad) 

I--~--<) IN/OUT 

~ Pull-up resistor f' (mask-selected) 

I 

,,~ 
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1. PROGRAM COUNTER (PC) 

1.1 FORMAT OF THE PROGRAM COUNTER (PCI 
The program counter is a 9-bit binary counter formatled as shown in Fig. 1-1. 

Fig_ 1-1 Format of the Program Counter 

PCa PCa 

9 bits 

1.2 FUNCTIONS OF THE PROGRAM COUNTER (PCI 
The program counter specifies the address of a program memory (ROM) or a program. 
Usually, every time an instruction is executed, the program counter is incremented by one. When a branch 

instruction (BR), a subroutine call instruction (CALLI, or a return instruction (RET) is executed, the address 
specified in the operand is loaded in the PC. Then the instruction in the address is executed. When a skip instruction 
is executed, the all dress of the instruction next to the skip instruction is specified irrespective of the contents of 
the skip instruction. Ifthe skip conditions are satisfied, the instruction next to the skip instruction is regarded as 
a No Operation (NOP) instruction. So, the NOP instruction is executed and the address of the next instruction is 
specified. 

2-354 



NEe uPD17108 

2. STACK 

Stack ofthe!Jl'D17108 is a register in which the return address of a program is saved when a subroutine call 

instruction is executed. One level of address stack is provided. 

Fig. 2·1 shows the relationship between PC. stack. and instructions. 

Fig.2·1 Relationship betwaan PC. Stack. and Instructions 

PC I PCS PC7 PCB PC5 PC4 PC3 PC2 PCl PCO II] ] AET 

AET5K 
Stack I 56 57 56 55 54 53 52 51 50 I 

CALL 

Operand I AHO AM3 AM2 AMl AMO AL3 AL2 ALl ALO I 
BA,CALL 

In Fig. 2·1. AHn. AMn. and Aln (n = 0 to 3) indicate bit positions in a 16-bit instruction as follows: 

Fig. 2-2 Format of a 16-Bit Instruction 

M5B L5B 

Instruction I FH EH DH CH BH AH 9H 8H 7H 6H 5H 4H 3H 2H 1 H OH 

I 
Operation code 

t. 
AH2 AHl AHO AM3 AM2 AMl AMO AL3 AL2 ALI ALO 

I 
Operand 

When the assembler (AS17K) is not used and a SR or CALL instruction is used. AH2 and AHl must be 

setto 0, 

Sn (n = 0 to 8) denotes a stack. 

RESET signal input clears all bits of the program counter to 0, 
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3. PROGRAM MEMORY (ROM) 

Fig. 3-1 ahOw. the configuration of program memory (ROM). 
The progrem memory consists of 512 words by 16 bits. 

NEe 

The program memory is addressed in units of 16 bits and it ranges from addresses OOOH to 01 FFH. Each address 
Ie specified by the program counter (PC). 

Si~ an instruction consists of 16 bits (one word), the instruction is stored at one addre .. of the program 
memory. 

Addre .. OOOH Is assigned to a r.set start addr .... 

Fig.3·1 Program Memory Map 

16 bits 
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4. DATA MEMORY (RAM) 

The data memory stores data of arithmeticllogic and control operstioN. Data can be always written to or reed 

from it by means of instructions. 

4.1 FORMAT OF THE DATA MEMORY (RAMI 

Fig. 4-1 shows the format of the data memory (RAMI. 

The data memory is configured in units of 4 bits, or·l nibble,- and an addre .. i. assigned to each 4-bit. of 

data. The 3 high-order bita are called the· row address: and the 4 low-order bits are called the· column eddr_ •• 

According to ita functions, the data memory i. 'divided into 3 blocks a •• hown below: generel·purpose dsta 

memory, port register, and system register. 

Fig.4-1 Data Memory Map 

Column address --+ 

o 2 4 5 6 8 9 A B C 0 E 

o General-purpose data memory (general register) 
Row 
address 

j L_ ___ po_r_t_re_g_is_t~ ____ ~IIL_~ __ ~ __ ~ __ ~ ___ S_ys_t_em~r_~_is_W_r ______________ ~-J 

4.1.1 Functions ofthe general·purpose data memory 

The general·purpose data memory is a part of the data memory from which the system register (SYSREG) and 
port register are excluded. By executing a data memory manipulation instruction, a 4-bit arithmetic operation and 

comparison, evaluation, and transfer between data on data memory and any immediate data can be executed with 

a single operation. 

4.1.2 Functions oftha general register 
The general register indicates any identical row address (16 nibbles) in the data memory specified in the 

register pointer (RP) in the system register. Since the 10>017108 register pointer is always set to 0, the general· 

purpose data memory is also used as a general register. The general register can operate or transfer data to and 

from the data memory. 

4.1,3 Functions of the port register 
The port register is used to set output data or to read the input data of input/output ports. 
Once data is written to the port register corresponding to a port, the port is set as an output port and continues 

to output the value unless the value is rewritten. Whenever a read instruction is executed for a port register, the 

read data indicates the states of the pins. not the value of the port register. regardless of whether the pins are in 

the input or output mode. 

4.1.4 Functions of the system register 
The system register controls the CPU. The program status word (PSW) is the only system register existing in 

the pp017108. 
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Address 

Data 

I 74H I 75H I 
I 0 I 0 I 
t 

Fig.4-2 System Regis_ Map 

76H I 77H 78H r 79H 7AH 7BH 

0 I 0 o I 0 0 0 

Addresses 74H to 70H are always set to O. 

7EH 7FH 

PSW 

B C C Z 
C M Y 
D P 

01 0 I 0 0 

o C') N .- 0 

ffi iii CD m iii 

NEe 

7CH I 7DH I 7EH 7FH I 
0 I 0 I I 

! 

Bit 0 at addr ... 7EH and the high-order three bits at address 7FH are assigned to the program status word. 
The BCD flag is mapped in bit 0 at address 7EH. the CMP flag is mapped in bit 3 at address 7FH. the carry (CYI 

flag i. mapped in bit 2 at address 7FH. and the zero (ZI flag is mapped in bit 1 at addre .. 7FH. 
The high·ordar three bits at address 7EH and bit 0 at address 7FH are always set to O. 
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Address7EH 

BITO 

I 
BIT3 

Address7FH 

I I I 
I 

J.LPD17108 

Rg. 4-3 Format of the Program Status Word 

BITO 

0 I Set to 0 when: 

· An arithmetic operation generates a result of 

zero if CMP = O. 
Zero · An arithmetic operation generates a result of 
flag zero and Z = 1 if CMP = 1. When the Z flag is 
(Z) already 0, it remains unchanged. 

Reset to 1 when: 

· An arithmetic operation generates a result 

other than zero. 

Set to 0 when: 

· An addition produces a carry or a subtraction 

produces a borrow. 
Carry · The LSB of the operand in the RORC 
flag instruction is 1. 
(CY) Reselto 1 when: 

· Neither a carry nor borrow is produced. 

· The LSB ofthe operand in the RORC 
instruction is O. 

Compare 
If this flag is set, the result of an arithmetic 

flag 
operation is not stored in memory or general 

(CMP) 
registers. The flag is automatically reset by 

executing.the SKT or SKF instruction. 

BCD If this flag is set, arithmetic operations are 
flag performed in decimal, and if this flag is reset, 
(BCD) arithmetic operations are performed in binary. 

Comparison instructions (SKE, SKNE, SKGE, or SKL T) do not change the state of the CY flag, but an 

arithmetic operation may affect the CY flag according to the result even if the CMP flag is set. 

Each bit of the program status word is initialized to 0 when a reset signal is applied. 

The Z flag in the program status word changes according to the set value of the CMP flag as listed in 
Table 4-1. 
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Table"-1 Change in Z Rag 

Zflag value 

Condition 
CMP=O CMP=1 

Reset 0 -

Memory manipulation sets the Z flag to O. 0 0 

Memory manipulation sets the Z flag to 1. 1 1 

Arithmetic operation results in a non-zero value. 0 0 

Arithmetic operation results in O. 1 In-1 

Zn-1: The Z flag value presents immediately before arithmetic operation 

While CMP is 1, if an arithmetic operation results in OH when the value of the Z flag is 1, the Z flag does not 
change. If an arithmetic operation results in other than OH, the Z flag is reset to 0 and remains intact even when 
a second arithmetic operation results in OH. 

After the CMP and Zfiags are set to 1, subtraction and comparison are performed several times. Then, if the 
ZfJag still indicates 1, all of the comparison operations showed a match, resulting in O. If the ZfJag is 0 afterthe 
comparison operations, a mismatch occurred in at least one comparison operation. 
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5. ARITHMETIC AND LOGIC UNIT (ALUI 

The arithmetic and logic unit IALU) performs arithmetic operations. logical operation •• bit tllltl. comparilOna. 
and rotations on 4·bit deta. 

5.1 ARITHMETIC OPERATIONS 
Arithmetic operation. are performed on binary or decimal data. If the BCD flag in the program atatull _d i. 

1. the ALU operates on decimal data. and if the flag i. O. it operates on binary data. 
If an addition producas a carry or if a subtraction produces a borrow. the carry ICY) flag Is let to 1. If neither 

a carry nor borrow is produced. the flag is reset to O. 
If an arithmetic oparation results in zero. the zero (Z) flag is set to 1. Otherwise. the flag is reset to O. 

(1) Binary operation 
If the result of a binary arithmetic operation is greater than 15 (llllB). a carry i, made. If it i,le .. than 

zero. a borrow is made. In either case. the CY flag is set to 1. 
(2) Decimal operation 

If the result of a decimal arithmetic operation is greater than 9 (1001B). a carry is made. If it isle .. than O. 
a borrow is made. In either case. the CY flag is set to 1. 
Decimal operations are allowed if one of the following results is generated. If the resuh of a decimal 
operation does not fall into these ranges, the CY flag is set to 1. and a resuh greeter than or equal to 10 
(1010B) is produced. 
1. Addition must generate a result from 0 to 19. 
2. Subtraction must generate a result from 0 to 9 or ·10 to -1. 

5.2 LOGICAL OPERATIONS 
Logical operations include ANDing, ORing. and XORing. 

5.3 OTHER OPERATIONS 
The ALU enables bit testing. comparison. and data rotation. 
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8. PORTS 

1.1 PQRT OAIPOAa to POAII 
Port OA is a 4-bit input/output port. CMOS (push· pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set bvwriting 

data to the port register in address 70H of the data memory. The output mode is maintained until the system is 

reset. 
Output to the port is executed via the port register. Once data is written to the port register, all pins ofthe port 

POA are placed in the output mode to continue to output written data. The data is retained unless new data is 

written to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 

register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 

register remain unchanged. 

1.2 PORT OB IPOBo/RLSHAl.T, POB,/RLSsToP, POB .. POlbl 
Port 08 is a 4-bit input/output port. Onlv N·ch open-drain outputs appear on the pins of port 08. The N-ch open­

drain output mode allows application of9 V, so it can be used for interfacing with a circuit operating on a different 

power supplV voltage. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set bvwriting 

data to the port register in address 71H of the data memory. The output mode is maintained until the system is 

reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of port POB 

are placed in the output mode to continueto output written data. The data are retainee! u'nless new data is written 

to the register. 

Whenever the port register is read, the read data indicates the states of the pins: not the c0I1tents of the port 

register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 

register remain unchanged. 

The port register for port Bconsistsoffour bits but its highest bit is alwavs selto O. This means that if an attempt 

ismadetowritedatatothe highest bit of71H, the data isinvalidatedand ifan attempt ismadeto read it, 0 isalwavs 

returned. 

When the J.lPD 171 08 is in the HALT or STOP mode, POBo and POB, function as pseudo interrupt pins to release 

the HALT and STOP modes. (Refer to Section 8). 

1.3 PORT OC (POCo to poc.l 
Port OC is a 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set bvwriting 

data to the port register in address 72H of the data memory. The output mode is maintained until the system is 

reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of the port 

POC are placed in the output mode to continue to output written data. The data is retained unless new data is 

written to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 

register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 

register remain unchanged. 
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6.4 PORT GO (PODo to POD., 
Port 00 is 8 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 

data to the port register in address 73H of the data memory. The output mode is maintained until the system i, 

reset. 

Outputtothe port is executed via the port register. Once date is written to the port register, all pins of the port 

POD are placed in the output mode to continue to output written data. The data is retained until new data is written 

to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 

register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 

register remain unchanged. 

Fig.6-1 Port Register Map 

Col umn address 

o 2 3 4 5 6 7 8 9 A BCD E F 

Row 

address 7X Port register I System register I 

/ ~ 
Address 70H 71H 72H 73H 

P P p p p p p p p p p p p p p p 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
A A A A B B B B C C C C 0 0 0 0 

Bit symbol 

3 2 1 a 3 2 1 0 3 2 1 0 3 2 1 0 

6.5 RECOMMENDED CONDITIONS FOR UNUSED "",017108 PINS 

To prevent malfunction, process unused input/output pins as shown below. 

Table 6-1 Recommended Conditions for Unused Pins 

Input/ 

output mode 
Port Recommended connection 

Input mode Ports A. B, C, and 0 Connect to Voo or GNO. 

CMOS ports (ports A, C, 0) 

Output mode Open 
N-ch open-drain port 
(port B) 

<-,. --
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7. STANDBY FUNC110NS 

The pPD17108 DI'Ovlel .. twO lI.ndby mode •• the HALT mode and the STOP mode. 

7.1 HALT MODE 
The HALTmodellopll the progr.m counter (PCI while allowing the syStem clock to continu. operating. The 

HAL Tmode can be entered with the HALT inatructlon. and can be released by a reset signal (RESETI or input to 
the P080 pin. When the HALT mode Is released by input to the POBo pin. the next instruction atter the HALT 
InllrUcllon I. executed whhout w.iting for stabl. oscillation of the systam clock. 

When the HALT mode .. r .... sed forcibly by the reset signal (REsEn. normal system reset occurs. and 
execution lI.rts at addrese OH. 

7.2 STOP MODE 
The STOP mode stops oscillation of the system clock so that data can be retained at low vohag •. The STOP 

mode can be entered with the STOP instruction. and can be released by a reset signal (RESETI or input to the POB! 
pin. When the mode is rele.sed by inputto the POB! pin. execution starts with the next instruction afterthe STOP 
Inllructlon. 

When the STOP mode is rele.sed forcibly by the reset signal (RESET). normal system reset occurs. and 
execution lI.rts at address OH. 

7.3 &EmIlIO AND RELEASING THE STANDBY MODES 
111 Setting .nd releasing the HALT moda 

The conditions for releasing the HALT mode can be selected with the least significant bit of the operand 
In the HALT instruction. The high-order three bits of the operand must be set to o. 

Table 7·1 Setting .nd Rele •• lng Conditions Specified In the HALT /hstruction 

HALT OOOXB +- 4·bit data in the operand 

X Conditions for setting/releasing the HALT mode 

Executing the HALT instruction enters the HALT mode unconditionally. 
0 The mode can be released only by the reset signal (RESET). After the mode is released. instructions 

are executed starting at addresB'OH: 

'. If POBO is O. ex.cutlng the HALT instruction enters the HALT mode. 
If POBO .. ' .. executing the HALT instruction does not enter the HALT mode. . . , Application of the reset signal (RESET) releases the HALT mode. After the mode is released. 
Instructlons.ra executed starting at address OH. The risi?g edge of an input signal on the POBo pin 
.110 r.leases the HALT mode. In this case. execution starts with the next instruction after the HALT 
Instruction. 

, 

(2) Settlng.nd r.le •• lng the STOP mode 
Conditions to rel.ase the STOP mode can be selected whh the least signifICant bit of the operand in the 
STOP Inllructlon. The hlgh-order three bits of the operand must be set to o. 
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Table 7·2 Setting/Releasing Conditions Specifted in the STOP Instruction 

STOP 0002(B +- 4-blt data in the operand 

X Conditions for setting/releasing the STOP mode 

Executing the STOP instruction enters the STOP mode unconditionally. 

All peripheral circuits are placed in the same Initial state as when the system Is reset. then they 

stop operating. 

0 Only the reset signal (RESET) can release the STOP mode. After the mode is released, instructions 

are executed starting at address OH. 

If POBl is 0, executing the STOP instruction enters the STOP mode. 

If POBl is 1, executing the STOP instruction does not enter. the STOP mode. 

1 Application ofthe reset signal (RESET) can release the STOP mode. 

After the mode is released, instructions are executed starting at address OH. 

The rising edge of the signal applied to the POB, pin can also release the mode. In this case, 

execution starts with the next instruction after the STOP instruction. 

7.4 TIMING FOR RELEASING THE STANDBY MODES 

Clock 

Fig.7·1 Releasing the HALT Mode by RESET Input 

HALT 
instruction 

Operation 
modo 

l 

HALT modo I· .. 1. Operation mode 

Oscillation 

When the RESET signal is applied to release the HALT mode, the RESET input makes a transition from low to 

high, then an operation mode is entered. 

• The HALT mode remains effective in this period, waiting for the operation mode. 

At least eight clock pulses on the OSC, pin cause operation to start. 

Standby-release 
signal I POBO' 

Clock 

Fig. 7·2 Releasing the HALT Mode by Interrupt 

HALT 
instruction 

l 
Operation I 
mode • HALT mode Operation mode 

Oscillation 
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Clock 

Fig. 7·3 Releasing the STOP Mode by RESET Input 

STOP 
instruction 

Operation 
mode 

Oscillation 

l 

STOP mode 

Oscillation 
stopped 

HALT mode I I 
Oscillation 

NEe 

Operation mode 

As soon as the RESET input makes a transition from high to low in the STOP mode, the system clock starts 
generating clock pulses. 

• The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSC. pin cause operation to start. 

Standby release 
signal (POBI) 

Clock 

Fig. 7-4 Releasing the STOP Mode by Interrupt 

STOP 
instruction 

j 
Operation STOP 
mode instruction 

Oscillation 
Oscillation stopped 

. I Operation mode 

• 
Oscillation 

• The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 

At least eight clock pulses on the OSC. pin cause operation to start. 

2-366 



NEe J.1PD17108 

8. RESET FUNCTION 

8.' HARDWARE STATE AT RESET 

A low-active reset signal applied to the RESET pin sets the hardware states as listed below. A transition from 

low to high on the RESET pin releases the reset state. 

Table 8-' Hardware after Reset 

Name Location in memory space Set value 

Program cou nter OOOH 

RAM OH to OFH Data present before reset is retained. 

Program status Bit 0 at 7EH 
All Os 

word (PSW) Bits 310 1 at 7FH 

Ports OA to 00 70H to 73H 
Data present before reset is retained. 

All pins are placed in the input mode. 
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9. ASSEMBLER RESERVED WORDS 

9.1 MASK OPTION PSEUDO INSTRUCnONS 

Source programs in the assembly language for thepp017108 must include mask option pseudo instructions 

to select mask options. To dothis, be sure to catalog the 017108. OPT file in AS17108 (device file for PP017108) 

into the current directory beforehand. 

Options must be mask-selected for the following pins: 

• POSo 
• POB, 

• POa. 
• POBs 
• RESET 

9.1.1 OpnON and ENDOP pseudo instructions 

The part starting with the OPTION pseudo instruction and ending with the ENOOP pseudo instruction is 

referred to as a mask option definition block. 

The coding format of the mask option definition block is shown on the next page. 

Within this block, the mask option definition pseudo instructions listed in Table 9-1 can be coded. 

Format 

Symbol 

[label: J 
Mnemonic 

OPTION 

ENDOP 

Operand 

9.1.2 Mask option definition pseudo instructions 

Comment 

[ ; comment I 

Table 9-1 lists the mask option definition pseudo instructions corresponding to each pin. 

Table 9-1 Mask Option Definition Pseudo Instructions 

Pin Mask option pseudo instruction 
Number of 

operands 
Operand name 

POB3to POB. OPTPOB 4 POBPLUP (with pull-up resistor) 

OPEN (without pull-up resistor) 

RESET OPTRES 1 RESPLUP (with pull-up resistor) 

OPEN (without pull-up resistor) 

The coding format of OPTPOB is shown on the next page. The operands PO a., POB2, POB, and POBo are defined 

In this order. 
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Format 

Symbol 
(label:) 

Mnemonic Operand 

OPTPOB (POB3), (POB2I, (POBI), (POBo) 

Comment 
[;comment) 

The coding format of OPTRES is shown below. 

Format 

Example: 

Symbol 

(label:) 

Mnemonic 

OPTRES 

Operand 
(RESET) 

Comment 

(;comment) 

To set the following mask options In a ppD171 08 source file to be assembled: 

P083: Pull-up 

RESET: Pull-up 

;17108 

Setting mask options: 

POBz: Pull-up POB,: Open 'POBo: Open 

OPTION 

OPTPOB POBPLUP. POBPLUP, OPEN, OPEN 

OPTRES RESPLUP 

ENDOP 
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9.2 RESERVED WORDS 

Table 9-2 lists the reserved words defined in the ,uPD171 08 device file (AS 17108). 

Table 9·2 Reserved Words 

Name Attribute Value Readlwrite Description 

POAO FLG 0.70H.0 Readlwrite Bit 0 of port OA 

POAl FLG 0.70H.l Readlwrite Bit 1 of port OA 

POA2 FLG 0.70H.2 Readlwrite Bit 2 of port OA 

POA3 FLG 0.70H.3 Readlwrite Bit 3 of port OA 

POBO FLG 0.71H.0 Readlwrite Bit 0 of port OB 

POBl FLG 0.71H.l Readlwrite Bit 1 of port OB 

POB2 FLG 0.71H.2 Readlwrite Bit 2 of port OB 

POB3 FLG 0.71H.3 Readlwrite Bit 3 of port OB 

POCO FLG O.72H.O Readlwrite Bit 0 of port OC 

POCl FLG O.72H.l Readlwrite Bit 1 of port OC 

POC2 FLG 0.72H.2 Readlwrite Bit 2 of port OC 

POC3 FlG 0.72H.3 Readlwrite Bit 3 of port OC 

PODO FLG 0.73H.O Readlwrite Bit 0 of port 00 

POOl FLG 0.73H.1 Readlwrite Bit 1 of port 00 

P002 FLG 0.73H.2 Readlwrite Bit 2 of port 00 

P003 FLG 0.73H.3 Readlwrite Bit 3 of port 00 

BCD FLG 0.7EH.0 Readlwrite BCD arithmetic flag 

PSW MEM 0.7FH Readlwrite Program statu. word 

Z FLG 0.7FH.1 Readlwrite Zero flag 

CY FLG 0.7FH.2 Readlwrite Carry flag 

CMP FLG 0.7FH.3 Readlwrite Compare flag 
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10. INSTRUCTION SET 

10.1 INSTRUCTION SET UST 

~s bu -b11 0 1 II 
BIN HEX 

o 0 0 0 0 ADD r. m ADD m, Iii 

o 0 0 1 1 SUB r, m SUB m, Iii 

o 0 1 0 2 ADOC r, m ADOC m, Iii 

o 0 1 1 3 SUBC r, m SUBC m, Iii 

0 1 o 0 4 AND r, m AND m, Iii 

o 1 o 1 5 XOR r, m XOR m, Iii 

0 1 1 0 6 OR r. m OR m, Iii 

RET 

RETSK 

RORC r 
o 1 1 1 7 

STOP s 

HALT h 

NOP 

1 000 8 LD r, m ST m. r 

1 0 0 1 9 SKE m. IIi SKGE m, Iii 

1 0 1 0 A 

1 0 1 1 B SKNE m. IIi SKLT m, Iii 

1 1 0 0 C BR addr CALL addr 

1 1 0 1 0 MOY m, Iii 

1 1 1 0 E SKT m. lin 

1 1 1 1 F SKF m. lin 
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10.2 INSTRUCTIONS 

Legend: 

M 
m 

.... 
mL 

R 

RP 

PC 
SP 

STACK 

~ Mne-

monic 

ADD 

~ 
ADOC 

! 
SUB 

'" SUBC 

SKE 

: One 01 data memory 

: Data memory address specified by [m... md of each bank 

: Data memory address high (row address) ; 3 bits 

: Dat. memory address low (column ~ddress) ; C bits 

: One 01 ......... 1 regis .... specified by [(RP), rJ 
: General register ·acldrfss low (column address) ; C·bits 

: General register Poin .... 

: Program counter 

: Stack pointer 
: Stack specified by (SP) 

: Immediate data; "bits 

Operand Function 

r,m Add memory to register 

m.li Add immediate data to memory 

r,m Add memory to register with carry 

m.#i Add immediate data to memory with carry 

r,m Subtract memory from register 

~.#i Subtract immediate data from memory 

r,m Subtr~ct memory Jrom register with borrow 

m.#i Subtract immediate data from memory with borrow 

m.#i Skip if memory equal to immediate data 

NEe 

n : Bit position: "bits 

addr ; One of program memory address; 11 bits 
aM : Program memory address high; 3 bits 

aN : Program memory address middle; .. bits 

aL : Program memory addresi. low; "bits 

CY : Carry flag 

CMP : Compare flag 

h 
[ 

: Stop release condition 

: Halt release condition 
: Address 01 M, R 

: Contents 01 M, R 

Operation Op 

Machine code 

3 4 4 
code bits bits bits 

R- (R) + (M) 00000 mH mL r 

M- (M) +i 10000 mH mL i 

R- (R) + (M) + (CY) 00010 m. mL r 

R- (M) +i+ (CY) 10010 mH mL i 

R- (R) - (M) 00001 m. mL r 

M- (M)-j 10001 m. mL i 

R- (R) - (M) - (CY) 00011 m. mL r 

M- (M) -j- (CY) 10011 m. mL i 

M - i. skip if z~~ 01001 m. mL i 

i SKGE m.li Skip if 'memory greater than or equal to immediate data M - i. skip if not borrow 11001 mH mL i 

e 
:3 SKLT m •. #i Skjp if memory less than immedia~e data M-i. skip if borrow 11011 mH mL i 

SKNE m.#~ Skip if memory not equal ~o immedia~e data M-i. skip if not zero 01011 mH mL i 

m"i Logical AND of memory and immediate data ~I- (M) AND i 
AND 

10100 mH mL i 

l 
r,m Logical AND of register and memory R- (R) AND (M) 00100 mH mL r 

m.#i Logical OR of memory and immediate data M- (M) OR i 10110 m. mL i 
OR 

OJ r,m Logical OR of register an,~ memory R- (R) OR (M) 00110 mH mL r 

j m.#i Logical XOR of memory and immediate data M- (M) XOR i 10101 m. mL i 
XOR 

r,m Logical XOR of register and memory R- (R) XOR (M) 00101 m. mL r 

! 
LD r,m Load memory of register R- (M) 01000 mH mL r 

ST m,r Store register to memory (~Il-R 11000 mH mL r 

MOV m.li Move immediate data to memory M-i 11101 .... mL i 

Test memory bits, CMP-O 
SKT m.ID 

skip il M,.=all "1" 
11110 mH mL n 

~ 
then skip if all bits specified .re true 

Test memory bits, CMP-O 
SKF m.ln 

skip if M.=all ·0· 
11111 m. mL n 

then skip if all bits specified are false 
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8- :\fne- Machine code 

(:: monic 
Operand FWlCtion Operation Op 3 , , 

code bits bits bits 

-" 
~ BR addr Jump to the address PC-ADDR 01100 aM a. aL t! 

'" 
~ RORC r Rotate register right with carry (CY1~(Rl~CY 00111 000 0111 r 

SP-(SP1-I 

CALL addr Call subroutine STACK-«PC1+1l. moo aM a • aL 

. ~ PC-ADDR 

~ RET Return to main routine from subroutine PC-(STACKJ. SP-(SPI +I 00111 000 1110 0000 

Return to main routine from subroutine. then skip PC-(STACKJ.SP-(SPI +1 
RETSK 00111 001 1110 0000 

unconditionary and skip 

j STOP s Stop clock STOP 00111 010 1111 • 

~ 
HALT h Halt the CPU. restart by condition h HALT 001ll 011 1111 h 

:;: ~OP No operation No Operation 001ll 100 1111 0000 
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11. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS IT.: 25 OCI 

Supply Voltage Voo 
POA, POC, POD -0.3 to +7.0 V 

Input Voltage V, -0.3 to Voo+O.3 V 

POB '*11 -0.3 to Voo+O.3 ~ 
Output Voltage Vo '*21 -0.3 to +11 V 

POA,POC,POD,RESET -0.3 to Voo+0.3 V 

High-Leval !ott '*11 -0.3 to Voo+O.3 V 
Output Current POB '*21 -0.3 to +11 V 

Low Leval 101. Each of POA, POB, POC, POD -5 rnA 
Output Current Total of all pins -15 rnA 

30 rnA 
Operating ToPT Each of POA, POB, POC, POD 100 rnA 
Temperatura Total of all pins -40 to +85 ·C 

Storage TOIg -65 to +150 ·C 
Temperature 

Power T. = 85· C 22-pin shrink DIP 400 mW 
P. 

Consumption 24-pin SOP 250 

• , N-ch opelHlr.ln Input/output and Input/output with • pull-up resistor provided 

• 2 N-ch open-d,.rn Input/output 

CAPAQTANCE IT. = 25 ·C, Voo = 0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. Unit CONDITION 

Input Capacitance C'N 15 pF f= 1 MHz 

Input/Output 
Coo 15 pF 

OV for pins other than pins to be 
Capacitance measured 
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DC CHARACTERISTICS (T. = -40 to + 85 ·C. Voo = 2.5 to 60 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

V'H' 0.7 Voo Voo V Other than the following pins 

and port 

High-Level 
VIH2 0.8 Voo Voo V POB and RESET 

Input Voltage 

lEI 
V,H3 0.8 Voo 9 V POB "3 

V,H. Voo - 0.5 Voo V OSC, 

V,L1 0 0.3 Voo V 
Other than the following 

Low-Level 
pins and port 

Input Voltage V,1.2 0 0.2 Voo V POB and RESET 

VII.3 0 0.5 V OSC, 

High-Level 
Voo - 2.0 V 

Voo = 4.5 to 6.0 V, 

Output Voltage on VOH IOH=-2mA 

POA, POC, and POD Voo- 1.0 V 10H = -200 flA 

Low-Level Output V 
Voo = 4.5 to 6.0 V, 

2.0 
Voltage on POA, POB, VOL IOL=15mA 

POC, and POD 0.5 V IOL = 600 flA 

High-Level Input IUHl 5 flA VIN = Voo 

Leakage Current IUH2 10 flA V,N = 9 V "3 
on POAto POD 

Low-Level Input 
IliL -5 flA V,N = 0 V 

Leakage Current 

on POA to POD 

High-Level Output 
iLOHl 5 flA Vour = Voo 

Leakage Current on IlOH2 10 flA Your = 9 V "3 

POA to POD 

Low-Level Output iLOl -5 flA VOUT = 0 V 

Leakage Current on 

POAto POD 

Resistor Provided 20 47 95 KQ RESET (pull-up) 

for Input Pin 

Resistor Provided 5 15 30 KQ POBO, POB1, POB2 and POB3 

for Input/Output Pin (pull-up) 

• 3 When N·ch open-drain input/output is selected 
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CHARACTERISTICS SYMBOL TYP. MAX. UNIT MIN. CONDITION 

0.4 1.2 rnA Voo=5V ± 10% 

1001 Operation fcc=1.0MHz ± 20% 

50 150 pA mode 
Voo=3V ± 10%. 

Power Supply fcc = 250 KHz ± 20 % 

Current ., 0.3 0.9 rnA Voo = 5 V ± 10 %, 

1002 HALT fcc = 1.0 MHz±20 % 

40 120 pA mode Voo=3 V ± 10%, 

fcc = 250 kHz ± 20 % 

1003 0.1 10 pA STOP Voo=5V ±10% 

0.1 5 pA mode Voo=3V ± 10% 

*. This current excludes the current which flows through the built-in pull-up resistors. 

CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE 
IN THE STOP MODE IT. = - 40 to +85 ·C) 

CHARACTERISTICS SYMBOL MIN. TYPE MAX. UNIT CONDITION 

Data Hold Supply Voltage VODOR 2.0 6.0 V 

Data Hold Supply Current 1000fl 0.1 5.0 pA VOOCR = 2.0 V 

Release Signal Set Time tSAEL 0 j1S 

AC CHARACTERISTICS (T. = -40 to +85 ·C, Voo = 2.5 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

6.6 160 j1S Vooo = 4.5 to 6.0 V 
Internal Clock Cycle Time Tcy 

26.6 160 j1S 

High/Low level Width on TPIlH 10 j1S 

POBo and POB, TPill 

High/low level Width on TRsH 10 j1S 

RESET TRSL 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The IlPD17P107 is a tiny microcontroller composed of a ROM with 1K-byte capacity, a RAM with 16-word 

capacity and 11 I/O ports. It is a product developed by replacing the on-chip mask ROM of the IlPD17107 

with the one-time PROM. 

The IlPD17P107CX, which is writable only once, and the IlPD17P107GS are available. They are 

convenient for evaluating or producing in small quantities the IlPD17107. 

Very efficient programming is possible due to the IlPD17000 architecture incorporating the general­

purpose register system, which allows the data memory to be manipulated directly, being adopted in the 

CPU. Every instruction is composed of 1 word of 16-bit length. 

FEATURES 
• IlPD17107 compatible 

• Program memory (one-time PROM): 1K byte (512 words x 16 bits) 

• Data memory (RAM): 16 words x 4 bits 

• I{O ports: 11 ports (N-ch open-drain output 3 ports) 

• Instruction execution time: 1281ls (62.5 kHz) to 81ls (1 MHz) 

• Instruction types: 24 types (all 1-word instructions) 

• Stack levels: 1 level 

• Standby function available (by STOP, HALT instruction) 

• Data memory data retainable at low voltage (MIN. 2.0 V) 

• With on-chip system clock oscillator (only resistor externally provided) 

• Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 

4.5 to 6.0 V (at 1 MHz) 

APPLICATIONS 
• Electronic control of home electric appliances, TOY, etc. 

ORDERING INFORMATION 
Order Code 

IlPD17P107CX 

IlPD17P107GS 

Package 

16-pin plastic DIP (300 mil) 

16-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 

BLOCK DIAGRAM 

pPD17P1 07CX/pPD17P1 07GS 

OSCl 

OSCoIMD3 

RESET /VPf' 

PODWDo 

POD1/Dl 

POD2ID. 

PODaIDa 

Voo 

16 Pin Plastic DI P 

16 Pin Plastic SOP 

N-ch open dlllin RAM 

POCWD4 
POC1/DS 
POC2/De 
POC3ID7 

PODWDo 
POD1/Dl 
POD2ID2 
POD3ID3 

RESET / VPf' <>--­

Voo <>---
GND~ 

16 x 4 bits 
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GND 

POB>lMD. 

POB1IRLSsroPIMDl 

POBo/RLSHALTIMOo 

POC3ID7 

POC2/Ds 

POC1/DS 

POCoID4 

ttlEC 

OSCo 
OSC, 
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PIN FUNCTIONS 

PIN FUNCTION LIST 

• Port pins 

Input! 
Pin Name 

Output 

POBo Input! 
Output 

Dual-Function 
Function 

Pin 

RLSHALT MDo N-ch open-drain HALT mode 
releasing 4-bit input/ 

IlPD17P107 

Program Memory Reset 
WriteNerify Mode 

Mode setting High imped-
pin ance (input 

POB, RLSsToP MD, output port STOP mode mode) 
(Port OB) releasing 

POB2 MD2 

POCo Input! D4 . CMOS (push-pull) 4-bit B-bit data input/ High imped-
Output input/output port output pin ance (input 

pac, D. (Port OC) (high-order 4 mode) 
bits) 

POC2 D. 

POC3 D7 

PODo Input! Do . CMOS (push-pull) 4-bit B-bit data input/ High imped-
output input/output port output pin (low- ance (input 

POD, D, (Port aD) order 4 bits) mode) 

POD2 D2 

POD3 D3 

• Other than port pins 

Input Dual-
Pin Name Output Function Function Program Memory 

Pin WriteNerify Mode 

---
RESET Input Vpp System reset input pin Voltage impression pin (+12.5 V) 

VDD Positive power pin Positive power pin (+6.0 V) 

GND GND pin GND pin 

OSC, System clock oscillation Program memory address 
resonator connection pin update 

OSCo MD3 System clock oscillation Mode setting pin 
resonator connection pin 
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PIN INPUT/OUTPUT CIRCUITS 

The pPD17P107 pin input/output circuit diagrams are shown below. 

(1) POC. POD 

Voo 

data ----+--1" ___ 

INIOUT 

Voo 

P-ch --I1f----, 

N-ch -111------' 

(2) POBo. POB, 

INIOUT 

data~ 

output~ - .• 

disable 

P-ch 

N-ch --1,1-----' 

2-380 



NEe ~PD17P107 

(3) POB2 

II 

(4) RESET 
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9. DIFFERENCES BETWEEN JlPD17P107 AND .uPD17107 

The .uPD17Pl07 is a product developed by replacing the program memory of the IlPD17107 with the on­

chip mask ROM with the one-time PROM. These 2 models have the same CPU functions and on-chip 

hardware with the only difference being the program memory and the mask option. Table 9-1 shows the 

differences between the IlPD17Pl07 and IlPD17107. 

Table 9-1 Differences between !1PD17Pl07 and !1PD17107 

Item IlPD17Pl07 IlPD17107 

ROM One-time PROM Mask ROM 
512 x 16 bits 512 x 16 bits 

POBo to POB, pin pull-up Not available Mask option 
resistor 

RESET pin pull-up resistor Not available Mask option 

Connection pin Vpp pin, run mode Vpp pin, run mode selection 
selection pin available pin not available 

Input power 2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 

Package l6-pin DIP 
16-pin SOP 
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10. ONE-TIME PROM (PROGRAM MEMORY) WRITE AND VERIFY 

The 1lI'017Pl07's on-chip program memory is a 512 x 16-bit one-time PROM. 

To write/verify this one-time PROM, the pins shown in the table below are used. No address input is 

available. Instead, a system to update the address by the clock input via the OSC, pin is adopted. 

Pin Name Function 

Vpp Voltage impression pin at program memory write/verify 

OSC, Address updating clock input pin at program memory write/verify 

MOo to MOa Input pin at program memory write/Verify. Used as run mode 
selection pin. 

00 to 07 8-bit data input/output pin at program memory write/verify 

10.1 RUN MODE AT PROGRAM MEMORY WRITE/VERIFY 

The IlI'D17Pl07 assumes the program memory write/Verify mode if +6 V is impressed to the Voo pin and 

+ 12.5 V is impressed to the Vpp pin after the reset status (Voo = 5 V, RESET = 0 V) assumed for a certain 

period of time. In that mode, the following run mode is entered according to the MOo to MOa pin setting. 

All the remaining pins are at the GNO potential by the pull-down resistor. 

Run Mode Setting 

Run Mode 
Vpp Voo MOo MO, MO, MOa 

+12.5 V +6 V H L H L Program memory address 0 clear 

L H H H Write mode 

L L H H Verify mode 

H x H H Program inhibit mode 

x: Lor H 

10.2 PROGRAM MEMORY WRmNG PROCEDURE 

The program memory writing procedure is shown below. High-speed write is possible. 

(1) Pull down the pins not to be used to GNO via the resistor. The OSC, pin at the low level. 

(2) Supply 5 V to the Voo pin. The Vpp pin at the low level. 

(3) Wait 10 /IS and then supply 5 V to the Vpp pin. 

(4) Set the mode setting pin to the program memory address 0 clear mode. 

(5) Supply 6 V to Voo and 12.5 V to Vpp. 

(6) Assume the program inhibit mode. 

(7) Write data in the l-ms write mode. 

(8) Assume the program inhibit mode. 

(9) Assume the verify mode. If written, go to (10). If not, repeat (7) to (9). 
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(10) Additionally write (number of times written in (7) to (9): X) x 1 ms. 

(11) Assume the program inhibit mode. 

NEe 
(12) Update (+1) the program memory address by inputting a pulse to the OSC, pin 4 times. 

(13) Repeat (7) to (12) up to the last address. 

(14) Assume the program memory address 0 clear mode. 

(15) Change the Voo, Vpp pin voltage to 5 V. 

(16) Power off. 

The above procedure of (2) to (12) is shown in the diagram below. 

Repeat X Times 

Reset 

H r-, Write -j- Verify -+- Additionally 

I J I, I I Write 

-+ Address 1 I Increment 

Vpp 
Vpp 

Voo 

GNO 

~r-----------------~Irl---------------------

Voo Voo + 1 
Voo 

GNO 

OSC, 

00 to 07 

MOo 

MO, 

M02 

M03 

~ 

--.! 

I 
10.3 PROGRAM MEMORY 

I \ ;-!I 

II 

/1 , 

READING PROCEDURE 

(1) Pull down the pins not to be used to GND via the resistor. The OSC, pin at the low level. 

(2) Supply 5 V to the Voo pin. The Vpp pin at the low level. 

(3) Wait 10 JlS and then supply 5 V to the Vpp pin. 

(4) Set the mode setting pin to the program memory address 0 clear mode. 

(5) Supply 6 V to Voo and 12.5 V to VPP. 

(6) Assume the program inhibit mode. 

(7) Assume the verify mode. Output data sequentially 1 address at a time at intervals of 4 inputs when 

a clock pulse is input to the OSC, pin. 

(8) Assume the program inhibit mode. 

(9) Assume the program memory address 0 clear mode. 

(10) Change the Voo, Vpp pin voltage to 5 V. 

( 11 ) Power off. 
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The above procedure of (2) to (9) is shown in the diagram below. 

VPf' 

~ VPf' 
Voo 

GND 
Voo+ 1 

~ Voo 
Voo 

GND 

OSC, 

Do to 07 

MOo --.l 

MD, 

MD2 --.l 

MDa / 

( Data Output X Data Output 

II 
h 

/I 

1\-----­
~:,~ X 

\ ~------------~I~ 

/I 

/I 
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11. ASSEMBLER RESERVED WORDS 

Table 11-1 lists the reserved symbols defined in the ,uPD17Pl07's device file (ASl7107). 

Table 11-1 Reserved Symbol List 

Name Attribute Value R/W Description 

POBO FLG 0.71H.0 R/W Port OB, bit 0 

POBl FLG 0.71H.l R/W Port OB, bit 1 

POB2 FLG 0.71H.2 R/W Port OB, bit 2 

POB3* FLG 0.71H.3 R Value "0" fixed 

POCO FLG O.72H.O R/VV Port OC, bit 0 

POCl FLG O.72H.l R/W Port ~C, bit J 

POC2 FLG 0.72H.2 R/W Port ~C, bit 2 

POC3 FLG 0.72H.3 R/W Port ~C, bit 3 

PODO FLG 0.73H.0 R/W Port 00, bit 0 

POOl FLG 0.73H.l R/W Port 00, bit 1 

POD2 FLG 0.73H.2 R/W Port 00, bit 2 

POD3 FLG 0.73H.3 R/W Port 00, bit 3 

BCD FLG 0.7EH.0 R/W BCD operation flag 

PSW MEM 0.7FH R/W Program status word 

Z FLG 0.7FH.l R/W Zero flag 

CY FLG 0.7FH.2 R/W Carry flag 

CMP FlG 0.7FH.3 R/W Compare flag 

•. POB3, which is not available in the ,uPD17Pl07, has been registered as a read only flag to be used as 

a dummy bit when using a built-in macro. 
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12. INSTRUCTION SETS 

12.1 INSTRUcnON SET LIST 

~ b14 -bll 0 1 II 
BIN HEX 

o 0 0 0 0 ADD r, m ADD m, #i 

o 0 0 1 1 SUB r, m SUB m, #i 

o 0 I 0 2 ADDC r, m ADDC m, #i 

o 0 I I 3 SUBC r, m SUBC m, #i 

0 I o 0 4 AND r, m AND m, #i 

0 I 0 I 5 XOR r, m XOR m, #i 

0 I I 0 6 OR r, m OR m, #i 

RET 

RETSK 

RORC r 
o I I I 7 

STOP s 

HALT h 

Nap 

I 0 0 0 8 LD r, m ST m, r 

I 0 0 I 9 SKE m, #i SKGE m, #i 

I 0 I 0 A 

I 0 I I B SKNE m, #i SKLT m, #i 

I I 0 0 C BR addr CALL addr 

I I 0 I D MaY m, #i 

I I I 0 E SKT m, #n 

I I I I F SKF m, #n 
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12.2 INSlllUC"nON UST 

Legend 

M : One of data memory 

m : Data memory address specified by [mH' rod of each bank addr 

roH : Data memory address high (row address) : 3 bits 

mL : Data memory address low {column address} : 4 bits 

R : One of general register specified by [(RP), r] 

: General register address low <Column address) ; 4 bits 

RP : General register pointer 

PC :' Program counter 

SI' : Stack pointer 

STACK : Stack specified by (51') 

: Immediate data : 'bits 

t Mn ... Ope,-
monic and Function 

r.m Add memory to register 
ADD 

~ 
m,#i Add immediate data to memory 

r.m Add memory to register with carry 
ADOC 

m.#i Add immediate data to memory with carry 

r.m Subtract memory from register 
Ii SUB 

) m.#i Subtract immediate data from memory 

r.m Subtract memory from register with borrow 

'" SUBC 
m.#i Subtract immediate data from memory with borrow 

SKE m.#i' Skip if memory equal to immediate data 

Cy 
CMP 

h 

[ 

! SKGE m.#i ·Skip if memory gr.eater than or equal to immediate data 

t 
8 SKLT m.#i Skip if "memory less than immediate data 

SKNE m.#i Skip if memory not equal to immediate data 

m.#i Logical AND of memory and immediate data 
AND 

c 
.2 

r.m Logical AND of register and memory 

i m.#i Logical OR of memory and immediate data 
8. OR 
0 r.m Logical OR of register and memory 

.51 

! m.#i Logical XOR of memory and immediate data 
XOR 

r.m Logical XOR of register and memory 

I 
LD r.m Load memory of register 

ST m.r Store register to memor)' 

~ MOV m.#i Move immediate data to memory 

SKT m.ln 
Test memory bits, 

• then skip if all bits specified are true 
.fr 
" .... Test memory bits. 

SKF m.#n 
then skip if all bits specified are false 
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: Bit position: 4 bits 

: One of program memory address; 11 bits 

8H : Program memory address high ; 3 bits 

8M : Program memory address middle; 4- bits 

aL : Program memory address low; 4 bits 

: Carry flag 

: Compare flag 

: Stop release condition 

: Halt release condition 

: Address of M, R 

: Contents of M. R 

Machine Code 
Operation Op • .. .. 

Code Bit Bit 

R~ (R) + (M) 00000 mH mL 

M~ (M) +i 10000 mH m, 

R~ (R) + (M) + (CY) 00010 mH mL 

R~ (M) +i+ (CY) 10010 mH mL 

R~ (R) - (M) 00001 mH mL 

M~ (M)-i 10001 mH mL 

R~ (R) - (M) - (CY) 00011 mH mL 

M~ (M) - i - (CY) 10011 mH mL 

M - i. skip if zero 01001 mH mL 

M - i. skip if not borrow 11001 rnH mL 

M-i. skip if borrow 11011 mH mL 

M-i. skip if not zero 01011 mH mL 

M~ (M) AND i 10100 mA mL 

R~ (R) AND (M) 00100 mH mL 

M~ (M) OR i 10110 mH mL 

R~ (R) OR (M) 00110 mH mL 

M~ (M) XOR i 10101 mH mL 

R~ (R) XOR (M) 00101 mH mL 

R~ (M) 01000 mH mL 

(M)~R 11000 mH mL 

M-i 11101 mH mL 

CMP~O 

skip if Mn=all -1" 
11110 mH mL 

CMP~O 

skip if Mn=all "0· 
11111 mH mL 

.. 
Bk 

r 

i 

r 

i 

r 

i 

r 

i 

i 

i 

i 

i 

i 

r 

i 
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i 
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r 
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g Machine Code 
"" Mn&- Oper~ Function Operation i monic and Op. ,. .. .. 

Code Bit Bit Bit 

.<: g 
HR addr Jump to the address PC-flDDR 01100 a, aM a, E" 

CD 

II .te 
:.E RORC , Rotate register right with carry (CY)~(R)~CY 00111 000 0111 

'" 
SP-(SPl --I 

CALI. addr Call subroutine STACK' ((PC)+!I. 11100 a, aM at. 
Q) 

PC-ADDR .S 
'5 e ImT Return to main routine from subroutine I'C"'- (STACK), SP+-(SPl + 1 00111 000 1110 0000 .0 

" '" Return to main routine from subroutine, then skip PC-(STACK),SP--(SPJ + 1 
RETSK 00111 001 1110 0000 

llllconditionary . and skip 

STOP s Stop clock STOP 001ll 010 1111 
:;; 
;5 HALT h flalt the CPU, restart by condition h HALT 00111 011 1111 

l\'OP !\in operation N () Operation 00111 100 1111 0000 
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13. ELECTRIC CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS IT. = 25 ·CI 

Supply Voltage 

Supply Voltage 

Input Voltage 

Output Voltage 

High-level Output Amperage 

Low-level Output Amperage 

Operating Temperature 

Storage temperature 

Power Dissipation 

Vee 

V •• 

VI 

Vo 

10H 

10L 

Topt 

T ... 

Pd 

CAPACITY IT. = 25 ·C. VDD = 0 VI 

CHARACTERISTICS SYMBOL MIN. 

Input Capacity CIN 

Input/Output Capacity CIO 

POC, POD, RESET 

POB 

POC, POD 

POB 

POB, POC, POD per pin 

Total for all pins 

POB, POC, POD per pin 

Total for all pins 

T. = 85 ·C 16 pin DIP 

16 pin SOP 

TYP. MAX. UNIT 

15 pF 

15 pF 
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~.3 to +7.0 V 

~.3 to +13.5 V 

0.3 to Veo +0.3 V 

~.3 to +11 V 

0.3 to Veo +0.3 V 

~.3 to +11 V 

-5 mA 

-15 mA 

30 mA 

100 mA 

-40 to +85 ·C 

~ to +150 ·C 

400 mW 

190 mW 

CONDITION 

f = 1 MHz, 0 V at other than 
measured pins 
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DC CHARACTERISTICS (T. = -40 to +85 ·c, Voo = 2.5 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

High-level Input VIH, 0.7 Voo Voo V Other than specified below. 
Voltage 

VIH, 0.8 Voo Voo V POB, RESET II 
VIH3 0.8 Voo 9 V POB* 

VIH. Voo - 0.5 Voo V OSC, 

Low-level Input VIL, 0 0.3 Voo V Other than specified below. 
Voltage 

VI12 0 0.2 Voo V POB, RESET 

Vila 0 0.5 V OSC, 

POC, D VOH Voo - 2.0 V Voo = 4.5 to 6.0 V 
High-level Output IOH = -2 mA 
Voltage 

Voo - 1.0 V IOH = -200 J1A 

POB, C, D VOL 2.0 V Voo = 4.5 to 6.0 V 
Low-level Input IOL = 15 mA 
Voltage 

0.5 V 10L = 600 J1A 

POB, C, D High-level IUH1 5 /lA V,N = Voo 
Input Leak Current 

ILlH' 10 /lA V,N=9V* 

POB, C, D Low-level ILiL -5 /lA V,N = 0 V 
Input Leak Current 

POB, C, D High-level ILOH' 5 /lA VOtJr = Voo 
Output Leak Current 

ILOH' 10 /lA VOUT = 9 V* 

POB, C, D Low-level ILOL -5 /lA VOUT = 0 V 
Output Leak Cu rrent 

Supply Amperage 100' 0.4 1.2 mA Run Voo = 5 V ±10 % 
mode fcc = 1.0 MHz ±20 % 

50 150 /lA Voo = 3 V ±10 % 
fcc = 250 kHz ±20 % 

1002 0.3 0.9 mA HALT Voo = 5 V ±10 % 
mode fcc = 1.0 MHz ±20 % 

40 120 /lA Voo = 3 V ±10 % 
fcc = 250 kHz ±20 % 

1003 0.1 10 /lA STOP Voo = 5 V ±10 % 
mode 

0.1 5 /lA Voo = 3 V ±10 % 

*: If N-ch open-drain input/output selected. 
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LOW-SUPPLY VOLTAGE DATA HOLDING CHARACTERISTICS IN DATA MEMORY STOP MODE 
IT. = --40 to +85 'CI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Data Holding Supply VCODR 2.0 6.0 V 
Voltage 

Data Holding Supply lcoolf 0.1 5.0 /lA VDDDR = 2.0 V 
Amperage 

Release Signal Set tSJiEL 0 /lS 
Time 

AC CHARACTERISllCS IT. = --40 to +85 'C, VDD = 2.5 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Internal Clock Cycle Tev 6.6 160 /ls Voo = 4.5 to 6.0 V 
Time 

26.6 160 /lS 

POBo, POB" TpBH 10 /lS 
High/Low Level TpBL 
Width 

RESET, High/Low TRsH 10 /lS 
Level Width TRsL 
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DC PROGRAMMING CHARACTERISTICS (Ta = 25 ·C. Voo = 6.0 ±O.25 V. Vpp = 12.5 ±O.5 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT 

High·Level Input V,H' 0.7 Voo Voo V 
Voltage 

VIH2 Voo - 0.5 Voo V 

Low-Level Input V,L1 0 0.3 Voo V 
Voltage 

V,L' 0 0.4 V 

Input Leak Current III 10 J1A 

High-Level Output VOH Voo - 1.0 V 
Voltage 

Low-Level Output VOL 0.4 V 
Voltage 

Voo Supply Current 100 30 mA 

Vpp Supply Current Ipp 30 mA 

NOTE 1: Vpp must not be a minimum of +13.5 V including overshoot. 
2: Impress Voo before Vpp and break it after Vpp. 

CONDITION 

Other than OSC, 

OSC, 

Other than OSC, 

OSC, 

Y,N = V,L or V,H 

10H = -1 mA 

10L = 1.6 mA 

MOO = VII .. MOl = V,H 

AC PROGRAMMING CHARACTERISTICS (T. = 25 ·C. Voo = 6.0 ±0.25 V. Vpp = 12.5 ±O.5 VI 

CHARACTERISTICS SYMBOL *1 MIN. TYP. MAX. UNIT CONDITION 

Address Set-Up tAS tAS 2 J1s 
Time *2 (for MOO J,) 

MOl Set-Up Time tM1S tOES 2 J1s 
(for MOO -1,) 

Data Set-Up Time tos 
(for MOO J,) 

tos 2 J1s 

Address Hold Time *2 tAH tAH 2 J1s 
(for MOO i) 

Data Hold Time tOH tOH 2 J1s 
(for MOO i) 

MOO i -> Data Output tOF tOF 0 130 ns 
Float Oelay Time 

Vpp Set-Up Time tvps 
(for MD3 i) 

tvps 2 J1s 

Voo Set-Up Time tVDS 

(for MD3 i) 
tvcs 2 J1s 

Initial Program Pulse tpw tow 0.95 1.0 1.05 ms 
Width 
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CHARACTERISTICS SYMBOL -1 MIN. TYP. MAX. UNIT CONDITION 

Additional Program topw to/w 0.95 21.0 ms 
Pulse Width 

MDO Set-Up Time tMOS teES 2 J1S 
(for MDl t) 

MOO ,1,---> Data Output tov tov 1 J1s MOO = MDl = V,L 
Delay Time 

MDl Hold Time tM1H tOEH 2 J1s tM1H + tM1R ~ 50 J1S 
(for MDO t) 

MDl Recover Time tM1R tOR 2 J1S 
(for MDO ,1,) 

Program Counter Reset tpCR - 10 J1s 
Time 

OSC, Input High/Low tXH, - 0.42 J1s 
Level Width tx, 

OSC, Input Frequency fosc - 1.2 MHz 

Initial Mode Set Time tl 2 J1s 

MD3 Set-Up Time tM3S 2 J1S 
(for MDl t) 

MD3 Hold Time tM3H 2 J1S 
(for MDl ,1,) 

MD3 Set-Up Time tMlSR 2 J1s At program memory 
(for MDO ,1,) read 

Address *2 ---> Data tOAD tAce 2 J1S At program memory 
Output Delay Time read 

Address -2 ---> Data tHAD tOH 0 130 ns At program memory 
Output Hold Time read 

MD3 Hold Time tM3HR - 2 J1s At program memory 
(for MDO t) read 

MD3 ,1,---> Data Output tOFR - 2 J1s At program memory 
Float Delay Time read 

Reset Set-Up Time !Res 10 J1S 

-1: A symbol of the corresponding J1PD27C256. 

-2: The internal address signal is incremented (+1) at the 3rd OSC, input falling and is not connected to 

a pin. 
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PROGRAM MEMORY WRITING TIMING 

Vpp 
Vpp 

Voo 
GND 

Voo +' 
Voo Voo 

GND 

OSCI 

Do to D7 

MDo 

MDI 

MD2 

MDa 

PROGRAM MEMORY READING TIMING 

t ... 

Vpp 
Vpp 

Voo 
GND t"" 

Voo +' 
Voo 

Voo 
GND 

OSCI 

Do to D7 

MOo 

MDI 

MD2 

MDa 

flPD17P107 

i~ 

FJ I~ 

~ 

~ 

~ 

1= -~Z 
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4-BIT SINGLE CHIP MICROCONTROLLER 

The #D17P108 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 16 input/output 
ports. It is a one-time PROM version of the ,uPD171 08, whose internal mask ROM is replaced with a one-time 
PROM. 

Two #D17P108 models are available: .uPD17P108CS and ,uPD17P108GS, which allow a program to be 
written only once. They are suitable for evaluation of .uPD17108 and for small-scale production. 

The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for 
effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Compatible with the .uPD17108 

• Program memory (one-time PROM) 

• Data memory (RAM) 

• Input/output ports 

• Instruction execution time 

• Number of instructions 

• Stack level 

1K bytes (512 words x 16 bits) 

16 words x 4 bits 

16 ports (including four N-ch open-drain outputs) 

128.us (62.5 kHz) to 8.us (1 MHz) 
24 (Each instruction is 1 word long.) 

1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock. (Only resistors are mounted externally.) 

• Operating supply voltage 2.5 to 6.0 V (at 250 kHz) 

4.5 to 6.0 V (at 1 MHz) 

APPUCATIONS 

• Controlling electric appliances or toys 

ORDERING INFORMATION 

Order Code 

.uPD17P108CS 

.uPD17P108GS 

Package 

22-pin plastic shrink DIP (300 mil) 

24-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 

POA:. 

NC 

POC2/Da 

POCo/D, 

POB"'RLSHALT/MD. 

POB,/RLSsroP/MD, 

POB>lMo. 

POB, 

GND 

221lin plastic shrink DIP 

Voo 

POA:. 

POA, 

POAo 

PODo/D, 

POD>/D2 

POD,iO, 

PODo/Do 

RESETNpp 

OSC, 

OSCo/MD, 

BLOCK DIAGRAM 

POAo 
POA, 
P0A2 
POA:. 

CMOS 

POBoIRLSHALT/MD. __ r-., 
POB,/RLSsroP/MD, 

POB>lMD2 
POD, ~-L_-' 

POCo/D. ~_ ......... 
POC,/D, 
POC>/D. 
POCo/D, <>--_>__-' 

PODo/D. - - - r-., 
POD,/D, 
POD,JD, 
PODo/D, --L_..J 

Voo 0-----­

GND, 

POA:. 

NC 

POCo/D. 

POC,iO, 

POC>/D. 

POC:O/D, 

NC 

POB"'RLSHALT/MD. 

POB,/RLSSTOP/MD, 

POB>lMD2 

POB, 

GND 
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24-pin plastic SOP 

OSCo/MD, 
OSC, 

Voo 

POA:. 

POD>/D2 

NC 

PODo/D. 

RESETNpp 

OSC, 

OSCo/MD, 
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PIN FUNCTIONS 

Pin Functions 

Port pins 

When writing to 

Pin name 
InputJ 

Dual function pin Function program memory When reset 
output or verifying Its 

contents 

POA. 

POA, Input/ CMOS (push-pulll4-bit input/out-
High Imped-

output put port Iport OA) 
Pull down once (Input 

POA, mode) 

POA, 

POB. RLSHAlT I MDo N-ch open- Forthe HALT 

POB, Input/ RLSsTo, I MD, drain 4-bit mode releasing Mode selection Highlmped-

input/out- Forthe STOP pin snce (Input 
POB, output MD, mode releasing mode) put port 
POB, (portOB) Pull down 

POCo D. 

POC, Input/ Do CMOS (push-pull) 4-bit input/out-
S-bit data input/ Highlmped-

put port (port OC) 
output pin (high- ance (input 

POC, output D. order 4 bits) mode) 

POC, 07 

POD. Do 

POD, Input/ 0, CMOS (push-puIll4-bit input/out-
S-bit data input/ High imped-

output put port (port 00) 
output pin (low- ance (input 

POD, 0, order 4 bits) mode) 

POD, 0, 

Non-port pins 

Dual 

Pin name 
Input/ 

Function Function When writing to program me-
output 

pin m ory or verifyi ng its contents 

-- Voltage is applied to this pin 
RESET Input Vpp System reset input pin 

(+12.5V) 

Voo Positive power supply pin 
Positive poWer supply pin 

(+6.0V) 

GND GNDpin GND pin 

OSC, 
Pins to be connected to the system clock Program memory address 

resonator update 

OSC. MD, 
Pins to be connected to the system clock 

resonator 

NC NC pin is not connected internally. Mode selection pin 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/ouput circuits of the pins of the jll'D17Pl08. 

( 1) POA, poe, and POD 

( 2) POBo and POB, 

data -----.--r, 

output 
disable 

Voo 

data~ 

output ~ - • 

disable 

Voo 

VDO 

P-ch 

IN/OUT 

.----.----{) IN/OUT 
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(3) POB2 and POB. 

,--,---u IN/OUT 

Voo 

(4) RESET 
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 

The ",PD17P10S's internal program memory consists of a 512 x 16 bit one-time PROM. 

Writing to the one-time PROM or verifying the contents ofthe PROM is accomplished using the pins shown in 

the table below. Note that address inputs are not used; instead, the address is updated using the clock inputfrom 

the OSC, pin. 

Pin name Function 

VPI' Voltage is applied to this pin when writing to program memory or verifying its contents. 

OSC, 
Input pin for address update clock used when writing to program memory or verifying its 

contents 

MDoto MD3 
Pins that turn to input pins and are used as operation mode selection pins when writing to 

program memory or verifying its contents 

Do to D7 Input/output pins for S-bit data used when writing to program memory orverifying its contents 

10.1 PROGRAM MEMORY WRITE/VERIFY MODES 

If +6 V is applied to the VDD pin and +12.5 V is applied to the Vpp pin after a certain duration of reset 

status (Voo = 5 V, RESET = 0 V). the ",PD17Pl08 enters program memory write/verify mode. A specific 

operating mode is then selected by setting the MDo through MD3 pins as follows. Set the other unused pins 

to GND level by means of pull-down resistors. 

Operating mode specification 

Vpp Voo MDo MD, MD2 MD3 
Operating mode 

H L H L Program memory address clear mode 

L H H H Write mode 
+12.5 V +6V 

L L H H Verify mode 

H x H H Program inhibit mode 

x: L (low) or H (high) 
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10.2 WRITING TO PROGRAM MEMORY 

The procedure for writing to program memory is described below; high-speed write is possible. 

(1) Pull low the levels on all unused pins to GND by means of resistors. Bring OSC, to low level. 

(2) Apply 5 Vto VDD and bring VPI'to low level. 

(3) Walt 10 lIS. Then apply 5 Vto VPI' 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to VDD and 12.5 V to VPI'. 

(6) Select program inhibit mode. 

m Write data in 1 ms write mode. 

(8) Select program inhibit mode. 

(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 

unsuccessful, repeat steps m to (9). 

(10) Perform additional write for (number of repetitions of steps m to (9) x 1 ms. 

(11) Select program inhibit mode. 

(12) Increment the program memory address by one on reception of four pulses on the OSC, pin. 

(13) Repeat steps (7) to (12) until the last address is reached. 

(14) Select program memory address clear mode. 

(15) Apply 5 V to the VDD and Vpp pins. 

(16) Turn power off. 

The timing for steps (2) to (12) is shown below. 

Repeat X times 

Reset 

M I Write I Verify 

Vpp 

J V" 
Vee 

GNO 
VOO+l 

~ Vee 
Vee 

GNO 

OSC, 

OotoO, 

MOo 

__ --J! 

Mo, ! 

2-403 
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10.3 READING PROGRAM MEMORY 

(1) Pull low the levels of all unused pins to GND by means of resistors. Bring OSC, to low level. 

(2) Apply 5 V to Voo and bring Vpp to low level. 

(3) Wait 10 pII. Then apply 5 V to Vpp 

(4) Set the mode selection pins to program memory address clear mode. 
(5) Apply 6 Vto Vee and 12.5 Vto Vpp 

(6) Select program inhibit mode. 

NEe 

(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four ciock pulses on 
the OSC, pin. 

(8) Select program inhibit mode. 

(9) Select program memory address clear mode. 

(10) Apply 5 V to the Veo and Vpp pins. 

(11) Turn power off. 

Tha timing for steps (2) to (9) is shown below. 

VPI' 

~ VPI' 
Voo 

GND 

VOO+l 

~ Voo 
Voo 

GND 

Xi. 

Do to 0. < Data output X 

II 

II 

Data output X 
MOo -.J \ ~------------~I~ 

'MD, II 

MDo ~ 

MDo / 
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11. ASSEMBLER RESERVED WORDS 

Table 11-1 lists the reserved words defined in the }JPD17Pl08 device file (AS17108). 

Table 11-1 Reserved Words 

Name Attribute Value Read/write Description II 
POAO FLG 0.70H.0 Read/write Bit 0 of port OA 

POAl FLG 0.70H.l Read/write Bit 1 of port OA 

POA2 FLG 0.70H.2 Read/write Bit 2 of port OA 

POA3 FLG 0.70H.3 Read/write Bit 3 of port OA 

POBO FLG 0.71H.0 Read/write Bit 0 of port OB 

POBl FLG 0.71H.l Read/write Bit 1 of port OB 

POB2 FLG 0.71H.2 Read/write Bit 2 of port OB 

POB3 FLG O.71H.3 Read/write Bit 3 of port OB 

POCO FLG O.72H.O Read/write Bit 0 of port OC 

POCl FLG O.72H.l Read/write Bit 1 of port OC 

POC2 FLG 0.72H.2 Read/write Bit 2 of port OC 

POC3 FLG 0.72H.3 Read/write Bit 3 of port OC 

PODO FLG 0.73H.0 Read/write Bit 0 of port 00 

POOl FLG 0.73H.l Read/write Bit 1 of port 00 

POD2 FLG 0.73H.2 Read/write Bit 2 of port 00 

POD3 FLG 0.73H.3 Read/write Bit 3 of port 00 

BCD FLG 0.7EH.0 Read/write BCD arithmetic flag 

PSW MEM 0.7FH Read/write Program status word 

Z FLG 0.7FH.l Read/write Zero flag 

CY FLG 0.7FH.2 Read/write Carry flag 

CMP FLG 0.7FH.3 Read/write Compare flag 
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12. INSTRUCTION SET 

12.1 INSmUCTION SET UST 

~5 b14-bu 0 1 

BIN HEX 

0 0 o 0 0 ADD r. m ADD m, lIi 

o 0 0 1 1 SUB r, m SUB m, lIi 

o 0 1 0 2 ADDC r, m ADDC m, lIi 

0 0 1 1 3 SUBC r. m SUBC m, lIi 

0 1 o 0 4 AND r. m AND m. lIi 

0 1 o 1 5 XOR r, m XOR m, lIi 

0 1 1 0 6 OR r. m OR m, lIi 

RET 

RETSK 

RORC r 
o 1 1 1 7 

STOP s 

HALT h 

Nap 

1 o 0 0 8 LD r, m ST m, r 

1 0 0 1 9 SKE m, lIi SKGE m, lIi 

1 0 1 0 A 

1 0 1 1 B SKNE m, lIi SKLT m, lIi 

1 1 o 0 C BR addr CALL addr 

1 1 0 1 D MOV m, lIi 

1 1 1 0 E SKT m, lin 

1 1 11 F SKF m, lin 
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12.2 INSTRUCTIONS 

Legend: 

M 

R 

: One of data memory 

: Data memory address specified by {mHo fiLl of each bank 

mH : Data memory address high (row address) ; 3 bits 

mL : Data memory address low <Column address) ; 4 bits 

: One of general register specified by [(RP)' r] 

: General register address low {column address} ; 4 bits 

RP : General register pointer 

PC : Program counter 

SP : Stack pointer 

STACK : Stack specified by (SP) 

: Immediate data; 4 bits 

~ Mne: Operand Function 
f-< monte 

r,m Add memory to register 
ADD 

"" m,l:!:i Add immediate data to memory 

"" -< 
r.m Add memory to register with carry 

ADDC 
m,:l:ti Add immediate data to memory with carry 

r.m Subtract memory from register 

1:: 
SUB 

i 
m,l:!:j Subtract immediate data from memory 

en r.m Subtract memory from register with borrow 
SUBC 

m,l:!:i Subtract immediate data from memory with borrow 

SKE m.l:!:i Skip if memory equal to immediate data 

J.1PD17P108 

: Bit position: 4 bits 

addr : One of program memory address; 11 bits 

aH : Program memory address high; 3 bits 

3M : Program memory address middle; 4 bits 

aL : Prograln memory address low; 4 bits 

CY : Carry flag 

CMP 

h 
[ 

: Compare flag 

: Stop release condition 

: Halt release condition 

: Address of M. R 
: Contents of M, R 

Operation 
Op 

Machine code 

3 4 4 
code bits bits bits 

R~ (R) + (M) 00000 mH mL r 

M~ (M) +i 10000 mH mL i 

R~ (R) + (M) + (CY) 00010 mH mL r 

R~ (M) +i+ (CY) 10010 mH mL i 

R~ (R) - (M) 00001 mH mL r 

M~ (M) -i 10001 mH mL i 

R~ (R) - (M) - (CY) 00011 mH mL r 

M~ (M) -i- (CY) 10011 mH mL i 

M-i. skip if zero 01001 mH mL i 

~ SKGE m,U:i Skip it memory greater than or equal to immediate data M - i. skip if not borrow 1I001 mH mL i 

~ SKLT m,U:i Skip if memory less than immediate data M-i. skip it borrow 1I01I mH mL i 

SKNE m,U:i Skip it memory not equal to immediate data M-j, skip if not zero 01011 mH mL i 

m,#-i Logical AND of memory and immediate data M~ (M) AND i 10100 mH mL i 
AND 

§ r,m Logical AND ot register and memory R~ (R) AND (M) 00100 mH mL r 

1 m,tii Logical OR of memory and immediate data M- (M) OR i IOll0 mH mL i 
OR 

~ r.m Logical OR of register and memory R~ (R) OR (M) OOllO mH mL r 

3 m,tii Logical XOR of memory and immediate data M~ (M) XOR i 10101 mH mL i 
XOR 

r.m Logical XOR of register and memory R~ (R) XOR (M) 00101 mH mL r 

LD r,m 
~ 

Load memory of register R~ (M) 01000 mH mL r 

i! ST m,r Store register to memory (M)~R 11000 mH mL r 

~ 
MOV m,tij Move immediate data to memory M+--i 11101 i mH mL 

Test memory bits, CMP~O 
SKT m,:ttn 

skip if Mn=all "I .. 
llllO mH mL n 

then skip if all bits specified are true 

~ Test memory bits, CMP~O 

SKF m, tin lllll mH mL n 
then skip if all bits specified are false skip if Mn=all .. 0" 
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! Moe- OperahC 

Machine code 

monie Function Operation Op 3 4 4 
code bits bits bits 

] 
BR addr Jump to the address PC-ADDR 01100 aH a • aL .g 

.;: 
RORC Rotate register right with carry (CY)~(R)~CY 00111 000 0111 fjl r r 

SP-(SP)-I 

CALL addr Call subroutine STACK-«PC) +1), 11100 aH a. aL 

j PC-ADDR 

RET Return to main routine from subroutine PC~(STACK), SP~(SP) + 1 00111 000 1110 0000 

Return to main routine from subroutine. then skip PC~(STACK),SP~(SP)+I 
RETSK 001ll 001 1110 0000 

unconditionary and skip 

~I 
STOP s Stop clock STOP 00111 010 lIll s 

HALT h Halt the CPU, restart by condition h HALT 00111 Oll lIll h 

NOP No operation No Operation 00111 100 llll 0000 
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13. ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS IT. = 25 'C) 

Supply Voltage 

Supply Voltage 

Input Voltage 

Output Voltage 

High-Level 

output Current 

Low-Level 

output Current 

Operating 

Temperature 

Storage 

Temperature 

Voo 

VPI' 

V, 

Vo 

10H 

10L 

Tapt 

T5tg 

POA, POC, POD 

POB 

POA, POC, POD 

POB 

Each of POA, POB, POC, POD 
Total of all pins 

Each of POA, POB, POC, POD 
Total of all pins 

Power Pd 

Consumption 

T.= 85'C 22-pin shrink DIP 

24-pinSOP 

CAPACITY IT. = 25 ·C. Voo = 0 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. 

Input Capacitance C'N 15 

Input/Output 

Ca pacita nee 
C,O 15 
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-0.3 to +7.0 V 

-0.3 to + 13.5 V 

-0.3 to Voo+0.3 V 

-0.3 to +11 V 

-0.3 to Voo+0.3 V 

-0.3 to +11 V 

-5 mA 
-15 mA 

30 mA 
100 mA 

-40 to +85 'C 

-65 to +150 'c 

400 

250 
mW 

UNIT CONDITION 

pF f = 1 MHz 

o V for pins other than pins 
pF to be measured 
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DC CHARACTERISTICS (T. = -40 to +85 ·C. Voo = 2.5 to 6.0 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

V,H' 0.7 Voo Voo V 
Otherthanthefollowing pins 

and port 
High-Level 

VIH2 0.8 Voo Voo V POB and RESET 
Input Voltage 

V,H3 0.8 Voo 9 V POB (*) 

V,H. Voo-0.5 Voo V OSC, 

VIl' 0 0.3 Voo V 
Other than the following pins 

Low-Level and port 

Input Voltage V'L' 0 0.2 Voo V POB and RESET 

V,L3 0 0.5 V OSC, 

High-Level VDO = 4.5 to 6.0 V. 
Output Voltage Voo- 2.0 V 

10H =-2 mA VOH 
on POA, POCo 

and POD Voo-l.0 V 10H = -200 )1A 

Low-Level 2.0 V 
Voo = 4.5 to 6.0 V, 

Output Voltage VOL 
10L = 15 mA 

on POA, POB. 
10L = 600)1A 

POC, and POD 
0.5 V 

High-Level Input IUH1 5 )1A V,N = VOD 
Leakage Current 

on POAto POD ILlH' 10 )1A V,N = 9 V (*) 

Low-Level Input 

Leakage Current ILiL -5 )1A V,N = 0 V 
on POAto POD 

High-Level Output 1c0H' 5 )1A VOUT: VDD 
Leakage Current 

on POAto POD lLoH2 10 )1A VOUT: 9 V (*) 

Low-Level Output 

Leakage Current ILOL -5 )1A VOUT: 0 V 

on POAto POD 

Voo::::. 5 V ±10%, 
0.4 1.2 mA Opera- I", : 1.0 MHz ±20% 

IOD1 tion 

mode 
VOD:::::3V±10% 

50 150 )1A 
I", : 250 kHz ±20% 

Power Supply Voo::: 5 V ±100/0, 
0.3 0.9 mA 

HALT I", = 1.0 MHz ±20% 
Current IOD2 

mode Voo= 3 V ±10% 
40 120 )1A 

lao = 250 kHz ±20% 

0.1 10 )1A STOP Voo=5V±10% 
1003 

0.1 5 )1A mode Voo = 3 V ±10% 

* When N-ch open-drain input/output is selected 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE IN THE STOP 

MODE IT. = -40 to +85 ·C) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

Data Hold Supply Voltage VOOOR 2.0 6.0 V 

Data Hold Supply Current IOODR 0.1 5.0 }JA VOOOR = 2.0 V 

Release Signal Set Time tSAEL 0 !is 

AC CHARACTERISTICS IT. = -40 to +85 ·C, VDD = 2.5 to 6.0 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

6.6 160 !is VOO = 4.5 to 6.0 V 
Internal Clock Cycle Time Tey 

26.6 160 !is 

High/Low Level Width on TPBH 

POBo and POB, TPBl 
10 !is 

High/Low Level Width on TRSH 

RESET TRSL 
10 !is 

DC PROGRAMMING CHARACTERISTICS IT. = 25 ·C, VDD = 6.0 :1:0.25 V, Vpp = 12.5 :1:0.5 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION 

VIHl 0.7 VDO VDD V Except OSC, 
Input Voltage High 

VIH2 VDD -0.5 VOD V OSC, 

VILl 0 0.3 VOD V Except OSC, 
Input Voltage Low 

V,L2 0 0.4 V OSC, 

Input Leakage Current III 10 }JA V,N = Vil or V,H 

Output Voltage High VOH VDD -1.0 V 10H=-1 mA 

Output Voltage Low VOL 0.4 V 10L= 1.6mA 

VDD Power Supply Current IDD 30 mA 

Vpp Power Supply Current Ipp 30 mA MOO = VIL, MOl = V,H 

Notes 1. Vpp must be under +13.5 V including overshoot. 

2. VOD must be applied before Vpp on and must be off after Vpp off. 
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AC PROGRAMMING CHARACTERISTICS (T. = 25 ·C, VDD = 6.0 :1:0.25 V, Vpp = 12.5 :1:0.5 V) 

CHARACTERISTICS SYMBOL (*1) MIN. TYP. MAX. UNIT CONDITION 

Address Set Up Time to MDO.j, 1'" t.a t.a 2 }.IS 

MDl Setup Time to MDO.j, tM18 tOES 2 }.IS 

Data Setup Time to MDO.j, tflO tflO 2 }.IS 

Address Hold Time to MDOi I'" 1.H 1.H 2 }.IS 

Data Hold Time to MDOi tOH tOH 2 }.IS 

Data Output Float Delay Time 
to, to, 0 130 ns 

fromMDOi~ 

VppSetup Time to MD3i tvps tvPO 2 }.IS 

Voo Setup Time to MD3i tVllO tves 2 }.IS 

Initial Program Pulse Width tew tew 0.95 1.0 1.05 ms 

Additional Program Pulse Width topw topw 0.95 21.0 ms 

MOO Setup Time to MDlt tMOS tCES 2 }.IS 

Data Output Delay Time 
tov tov 1 }.IS 

fromMDO.j,~ 

MDl Hold Timeto MDOi t"",H tOEH 2 }.IS 
MDO= MDl =VIL 

MDl Recovery Time to MDO.j, tMl'" tOR 2 }.IS 

Program Counter Reset Time tpc,," - 10 }.IS tM1H == tM1R ~ 50 }1S 

OSC, Input High, lxH. 
0.42 

Low Level Range tXl - }.IS 

OSC, Input Frequency fasc 1.2 MHz 

Initial Mode Set Time tl - 2 }.IS 

MD3 Setup Time to MDli tM" - 2 }.IS 

MD3 Hold Time to MD1.j, tM3H - 2 }.IS 

MD3 Setup Time to MDO.j, tM3SR - 2 }.IS 
Read program 
memory 

Data Output Delay Time From 
tOAD 2 Read program 

Address I'J! 
- }.IS memory 

Data Output Hold Time From 
tHAD tAce 0 130 Read program 

Address 1"1 
ns memory 

MD3 Hold Time to Mooi tM3HR tOH 2 }.IS 
Read program 
memory 

Data Output float Delay Time From 
tOFR - 2 }.IS Read program 

M03.j,~ memory 

Reset Setup Time tRES - 10 }.IS 

" Symbols for corresponding I'PD27C256. 
'2 Internal address signal Is incremented by one althe falling edge ofthethird OSC, input. and it is not connected to the pin. 
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Write program memory timing 

Voo 

Vee 

VOO 

GNO 
Voo+t 

Voo 
GNO 

XI 

DO to 07 

MOO 

MOl 

M02 

M03 

tAES 

~--------------~~------------------__11~ 

H---------------~~------------------__1I~ 

~----_1,~ 

~~-p~~~-€~~ 

~----n------± 
l~t~·~-~--------------~r---------------------t·_1"I~ 

--~ 
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The I'PD17134A and I'PD17136A are 4-blt single-chip mlcrocontrollers containing four channels of B-blt AID 

converters, two channels of B-bit timers, an AC zerocross detector, a power-on reset circuit, and a serial Interface In 

one chip. 

For the CPU, the 17K architecture Is used. This enables accumulator direct data memory manipulation, facilitat­

Ing effective programming. Every Instruction is one word long, consisting of 16 bits. 

Since the I'PD17134A and I'PD17136A have the on-chip AID converters and AC zerocross detector, they can 

provide economical electronic control In appliances. 

For the evaluation of the I'PD 17134A and I'PD17136A or small production, the IIPD17P136A, In which a program 

can be written once, 18 provided. 

FEATURES 

• Program memory (ROM) 

I'PD17134A: 2 K bytes (1024 x 16 bits) 

I'P017136A: 4 K bytes (2048 x 16 bits) 

• Data memory (RAM): 112 words (112 x 4 bits) 

• 35 easy·to·understand instructions 

• Instruction execution time: BMS (at 2 MHz) with Resistance, when Voo = 5 V 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored interrupt function: 

5 interrupt sources (lNT pin, timer 1, timer 0, basic interval timer, and serial interface) 

• 8·bit A/D converter: 4 channels 

Absolute accuracy 

±1.5 LSB or higher (on 5 V ±10 %) 

• AC zerocross detector: 1 input (also used as INT pin) 

• B·bit timer: 2 channels 

Timer 0 count clock (fose/16, fose/64, fose/256, INT pin input) 

Timer 1 count clock (fose/256, fose/512, fose/2048, incrementing timer 0) 

• B·bit basic interval timer: 1 channel. Can be used as watchdog timer 

Basic interval timer count clock (INT pin input, incrementing timer 0, fose/4096, fose/8192) 

• 3-wire serial interface: 1 channel 

• On-chip power-on reset circuit 

• I/O pin: 21 pins 

• Standby function (HALT/STOP) provided 

• Operating temperature: -40 to +B5°C 

• Operating voltage: 2.7 to 6.0 V 

• CMOS low power consumption 
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PIN CONNECTION FOR THE I1PD17134A AND I1PD17136A (Top View) 

CMOS push·pull 

N·ch open-drain 
(Pull·up resistor mask 
option provided) 

CMOS push-pull 
(Pull-up by softwarel 

CMOS 
push·pull 
(Pull-up by 
softwarel 

N-ch open-drain 
(Pull-up resistor mask 
option provided) 

(Pull-up resistor 
mask option provided) 

" (Pull-up resistor 
mask option 
provided) 

28-pin shrink DIP 

28-pin SOP 

2-416 

Voo 

aSCl 

asCo 

POOO/SCK 

PO02/S1 

P1AQ 

P1A2 

P1A3 

P1BO 

INT 
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BLOCK DIAGRAM OF THE ~PD17134A AND ~PD17136A 

VDD .... -~ 
~ 

POAo 
POA, 
POAZ 
POA3 

POBO 
POB, 
POBZ 
POB3V""--"'L 

POCO/ADCo ~ __ J---'" 
POC,/ADC, 
POC2/ADC2 
POC3/ADC3 ~~rm-...._-' 

PODO/SCK ~ __ ...r--, 
POOl/SO 
POD2/S1 

POD3/TMOOUT ~TTTlL-_-' 

INTC 

GND~ 

IlPD17134A,IlPD17136A 

,---"1.... __ -" osCo 

""',---r...J ~ osc, 

CPU eLK elK STOP 

INT 

MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 

Item ~PD17134A ~PD17136A ~PD17135A ~PD17137A Remarks 

ROM size 1024x 16 bits 2048 x 16 bits 1024 x 16 bits 2048 x 16 bits 

RAM size 112x4bits 112 x 4 bits 112 x 4 bits 112 x 4 bits 

Number of I/O 
21 lines 

Including 8 N-ch open-

port lines drain lines 

Analog input 4 channels Also used as port pins 

Timer 3 timers 

Serial interface 1 channel Also used as port pin 

Stack 5 levels 

Power~on reset Provided 

System clock RC source Ceramic/crystal source 

Standby function Provided STOP/HALT 

Power supply 2.7 to 6.0 V 5 V ±10 % for A/D 

28'pin shrink DIP 
Package 

28-pin SOP 

PROM version ~PD17P136A ~PD17P137A 

2-417 



NEe 



t-lEC ~PD17P136A 

4-BIT SINGLE-CHIP MICROCONTROLLER 

The I1PD17P136A has been developed by replacing the on-chip ROM of IlPD17136A, which Is a mask ROM, with a one­

time PROM, which Is writable only once. It Is convenient for evaluating or producing In small quantities the I1PD17134A, 

I1PD17136A. 

The I1PD17P136A Is a 4-bit single-chip microcontroller with on-chip 8-bit AID converter (4-channel), 8-blt timer (2-

channel), Ie, zero cross detector, power on resetter and serial interface. 

Very efficient programming is possible through the use of the 17K architecture, which allows the accumUlator direct data 

memory to be operated, being adopted in the CPU. Every Instruction is compcsed of 1 word of 16-bH lenght. 

FEATURES 

• Program memory (OTP): 4K bytes (2048 x 16 bits) 

• Data memory (RAM): 112 words (112 x 4 bits) 

• Instruction execution time: ails (2 MHz) R resonator, if Voo = 5 V used 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored interrupt function: 
5 types of causes of interrupt (INT pin, timer 1, timer 0, basic interval timer, and serial interface) 

• a-bit AID converter: 4 channels, absolute precision ± 1.5 LSB max. (5 V ±1 0 %) 

• AC zero cross detector: 1 input (dual function with INT pin) 

• a-bit timer: 2 channels 

• a-bit basic interval timer: 1 channel, available as watchdog timer 

• 3-wire serial interface: 1 channel 

• On-Chip power on resetter 

• Input/output pin: 21 pins 

• Standby function available (HALT/STOP) 

• Operating supply voltage: 2.7 to 5.5 V 
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IlPD17P136A PIN CONFIGURATION (Top View) 

POC3/ADC3/MD3 

POC2/ADC2/MD2 

POC,/ADC1/MD, 

POCo/ ADeo/MOo 

POB3/07 

POB2/D6 

POB'/05 

POBO/D4 

POA3/D3 

POA2/D2 

POAl/D, 

POAO/Do 

GND 

IlPD17P136A BLOCK DIAGRAM 

VDD~ .-~ 
~ 

POAO/DO 
POAl!D, 
POA2/D2 
POA3!D3 ~--L __ --' 

POBO/D4 
POB1/D 5 
POB2/DS 
POB3/D7 ~--L-----' 

POCO/ADCO/MDO 
POC,/ADC,/MD l 
POC2iADC2/MD2 
POC3/ADC3/MD3 ~,TTt""L---' 

PODO/SCK ~_~r----' 
POOl/SO 
PQD2/S1 

POD3!TMOOUT ~TTTTL-----' 

GND~ 

28-pin plastic shrink DIP 

28-pin plastic SOP 
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VDD 

OSCo 

OSC,/ClK 

POOO/SCK 

POOl/SO 

POD2/S1 

POD3(fMOOUT 

P1AO 

P1Al 

P1A2 

P1A3 

P1BoIVpp 

RESET 

INT 

I CPU elK elK STOP 
I 

ClK 

Timer 1 
ClK 

Timer 0 
elK 

P1AO 
P1A, 
P1AZ 

NEe 

OSC,/CLK 

oseo 

INT 

L-_..J"--~ P1A3 

P1BONpp 
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MICROCONTROLLER FAMILY FOR SMALL WHITE GOOD'S APPLIANCES 

Item jlPD17134A jlPD17136A jlPD17135A jlPD17137A Remarks 

ROM capacity 1024 x 16 bits 2048 x 16 bits 1024x 16 bits 2048 x 16 bits 

RAM capacity 112 x 4 bits 112 x 4 bits 112 x 4 bits 112 x 4 bits 

Number of input/ 21 pins Including 8 Nch 

output ports open-drain 

input/output ports 

Analog input 4 channels Dual function with 

port pin 

Timer 3 systems 

Serial interface 1 channel Dual function with 

port pin 

Stack 5 levels 

Power on reset Available 

System clock RC resonator Ceramic/crystal resonator 

Standby function Available STOP/HALT 

Input power 2.7 to 5.5 V 5 V ±10 % if A/D 

used 

Package 28-pin shrink DIP 

28-pin SOP 

PROM product jlPD17P136A jlPD17P137A 
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t-lEC JlPD17135A, JlPD17137A 

4-BIT SINGLE-CHIP MICROCONTROLLER 

The I1PD17135A and I1PD17137 A are 4-bit single-chip microcontrollers containing lour channels 01 8-bit AID converters. 

two channels 01 8-bit timers. an AC zerocross detector. a power-on reset circuit. and a serial interface In one chip. 

Forthe CPU. the 17K architecture is used. This enables accumulator direct data memory manipulation. lacilitating ellective 

programming. Every Instruction is one word long. consisting 01 16 bits. 

Since the I1PD17135A and I1PD17137A have the on-chip AID converters and AC zerocross detector. they can provide 

economical electronic control in appliances. 

For the evaluation 01 the I1PD17135A and I1PD17137 A or small production. the I1PD17P137 A. in which a program can be 

written once. is provided. 

FEATURES 

• Program memory (ROM) 

I1PD17135A: 2 K bytes (1024 x 16 bits) 

I1PD17137 A: 4 K bytes (2048 x 16 bits) 

• Data memory (RAM): 112 words (112 x 4 bits) 

• 35 easy-to-understand instructions 

• Instruction execution time: 2 I1s (at 8 MHz) with ceramic/crystal source when VDD = 5 V) 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored Interrupt lunction: 

5 Interrupt sources (INT pin. timer 1. timer O. basic interval timer. and serial interlace) 

• 8-bit AID converter: 4 channels 

Absolute accuracy 

± 1.5 LSB or higher (on 5 V ±1 0 %) 

• AC zerocross detector: 1 input (also used as INT pin) 

• 8-bit timer: 2 channels 

Timer 0 count clock (1/16. 1/64. 1/256. INT pin input) 

Timer 1 count clock (1/256. 1/512. 1/2048. incrementing timer 0) 

• 8-bit basic interval timer: 1 channel. Can be used as wathcdog timer. 

Basic interval timer count clock 

(I NT pin input. incrementing timer 0.1/4096.1/8192) 

• 3-wire serial interlace: 1 channel 

• On-chip power-on reset circuit 

• I/O pin: 21 pins 
• Standby lunction (HALT/STOP) provided 

• Operating temperature: -40 to +85 ·C 

• Operating voltage: 2.7 to 6.0 V 

• CMOS low power consumption 

2-423 
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PIN CONFIGURATION FOR THE IJ.PD17135A AND IJ.PD17137A (Top View) 

VADe 0-- 1 

CMOS push-pull 

N-ch open-drain 
(Pull-up resistor mask 
option provided) 

CMOS push-pull 
{Pull-up by software} 

CMOS 
push-pull 
(Pull-up 
by soft­
ware) 

N-ch open-drain 
(Pull·up resistor mask 
option provided) 

(Pull-up resistor 
r'lask oPtion 
provided) 

28-pin shrink DIP 

28-pin SOP 

2·424 

23 ---0 POD2/S1 

P1Ao 

P1A2 

P1BO 

NEe 
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BLOCK DIAGRAM OF THE JlPD17135A AND JlPD17137A 

POBa 
POB, 
POB2 
POB3 u-~-,,--_-, 

POCo/AOCa 
POC,/AOC, 
POC2/AOC2 
POC3/Aoc3 u-,mr"-_.J 

PODo/SCK ,,---..---, 
POO,/SO 
P002/S1 

P003/TMaouT 

GNO~ 

INTC 

/lPD17135A, /lPD17137A 

XIN 

L-,r--""T~--~ XOUT 

CPU elK elK STOP 

INT 

P'Ba 

MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 

Item I'PD17134A I'PD17136A I'PD17135A I'PD17137A Remarks 

ROM size 1024 x 16 bits 2048 x 16 bits 1024 x 16 bits 2048 x 16 bits 

RAM size 112 x 4 bits 112 x 4 bits 112 x 4 bits 112 x 4 bits 

Number of I/O Including 8 N-ch open-

port lines 
21 lines 

drain lines 

Analog input 4 channels Also used as port pins 

Timer 3 timers 

Serial interface 1 channel Also used as port pin 

Stack 5 levels 

Power-on reset Provided 

System clock RC source Ceramic/crystal source 

Standby function Provided STOP/HALT 

Power supply 2.7 to 6.0 V 5 V ±10 % for A/D 

28-pin shrink DIP 
Package 

28-pin SOP 

PROM version I'PD17P136A I'PD17P137A 
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NEe f.!PD17P137A 

4-81T SINGLE-CHIP MICROCONTROLLER 

The I1PD17P137 A is a one-time PROM version of the IlPD17137 A, whose Internal mask ROM is replaced with a one-time 

PROM, and Is therefore suitable for evaluation of the IlPD17135A, and I1PD17137A or for small-scale production. 

The I1PD17P137 A is a 4-bit single-chip microcontroller containing four channels of 8-bit AID converters, two channels of 

8-bit timers, an AC zerocross detector, a power-on reset circuit and a serial interface in one chip. 

For the CPU, the 17K architecture is used.This enables accumulator direct data memory manipulation, facilitating effective 

programming. Every instruction is one word long, consisting of 16 bits. 

FEATURES 

• Program memory (OTP): 4K bytes (2048 x 16 bits) 

• Data memory (RAM): 112 words (112 x 4 bits) 

• Instruction execution time: 2 I1s (at 8 MHz) with ceramic or crystal source, when VDD = 5 V used 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored interrupt function: 5 interrupt sources 

• 8-bit AID converter: 4 channels absolute accuracy ± 1.5 LSB or higher (on 5 V ±1 0 %) 

• AC zero cross detector: 1 input (also used as INT pin) 

• 8-bit timer: 2 channels 

• 8-bit basic interval timer: 1 channel. Can be used as watchdog timer. 

• 3-wire serial Interface: 1 channel 

• On-chip power-on reset circuit 

• Input/output pin: 21 pins 

• Standby function (HALT/STOP) provided 

• Operating voltage: 2.7 to 5.5 V 

2-427 
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j.lPD17P137 A 

PIN CONNECTION IlPD17P137A (Top View) 

VADe 

POC3/ADC3/MD3 

POC2/ADC2/MD2 

POC,/ADC,/MD, 

POCO/ADCO/MDO 

P083iD7 

P082/D6 

P08,iD5 

POBO/D4 

POA3/D3 

POA2iD2 

POA, iD , 

POAO/DO 

GND 

IlPD17P137A BLOCK DIAGRAM 

VDD~ 
~ 

POAo/DO 
POA,/O, 
POA2/D2 
POA3/D3 ~--'-----' 

POBO/D4 
POB,/D5 
POB2/Da 
POB3/D7 ~- ---c'-----' 

POCO/ADeo/MDO ~ __ r-----' 
POC,/ADC,/MD, 
POC2/ADC2fMD2 
poe3/ADe3/MD3 ~~",..'-----' 

PODo!SCK ~--'------' 
POO,/SO 
POD2/S1 

POD3/TMOOUT 

28~pjn plastic shrink DIP 

28-pin plastic SOP 
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VDD 

XDUT 

XIN/CLK 

PODO/SCK 

POD,/S0 

POD2/S1 

POD3fTMOOUT 

P1AO 

P'A, 

P1A2 

P1A3 

P1BO/Vpp 

RESET 

INT 

NEe 

~r"' __ -o XIN/CLK 

'-r----' '--+---0 XOUT 

CPU eLK elK STOP 

INT 
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MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 

Item ILPD17134A ILPD17136A ILPD17135A ILPD17137A Remarks 

ROM size 1024 x 16 bits 2048 x 16 bits 1024 x 16 bits 2048 x 16 bits 

RAM size 112x4bits 112 x 4 bits 112 x 4 bits 112x4bits 

Number of input! Including 8 N-ch 
II 

output port lines 21 lines open-drain lines 

Analog input 4 channels Also used as port pins 

Timer 3 timers 

Serial interface 1 channel Also used as port pin 

Stack 5 levels 

Power-on reset Provided 

System clock RC source Ceramic/crystal source 

Standby function Provided STOP/HALT 

Power supply 2_7 to 5.5 V 5 V ±10 % for A/D 

Package 28-pin shrink DIP 

28-pin SOP 

PROM version ILPD17P136A I'PD17P137A 
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tt1EC 
4-BIT SINGLE-CHIP MICROCONTROLLER 

WITH AID CONVERTER AND 

~PD17201A 

LCD CONTROLLER/DRIVER FOR INFRARED REMOTE CONTROLLER 

The IlPD17201A is a 4-bit single-chip microcontroller integrating an LCD controller/driver, AID converter, and an infrared 

remote controller carrier generator circuit on a single chip. 

This mlcrocontroller employs the 17K architecture and can execute transfer and arithmetic operations with a single 16-

btt Instruction between data memory addresses, and between the data memory and a peripheral circulI. 

IlPD17201A is housed in an 80-pln plastic QFP. 

FEATURES 

• 17K architecture 

• Program memory (ROM): 6K bytes (3072 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Internal Infrared remote controller carrier generator 

• 4 channel 8-bit AID converter 

• Internal LCD controller/driver (can display up to 136 segments) 

Common pins: 4, segment pins: 34 (two of the common pins can also be used a segment pins) 

Internal LCD drive constant rising-voltage circuit: LCD drive voltage can be arbitrarily set at 2.4 to 5.4 V by 

external resistor 

• I/O ports: 19 
• Three-line serial Interface 

• Stack levels: 5 (3 interrupt levels) 

• 8-bit timer: 1 channel 

• Watch timer: 1 channel 

• Instruction execution time: 4 Ils (with 4 MHz ceramic/crystal oscillator) 

• Standby function (STOP, HALT): Watch display with 32,768 kHz crystal oscillator inSTOP mode 

• Operating voltage range: 2.2 to 5.5 V 

APPLICATIONS 
Infrared remote controllers for air conditioners, and remote controllers with LCD 

ORDERING INFORMATION 

Order Code Package Quality Grade 

IlPD17201 AGF-xxx-3B9 80-pln plastic QFP Standard 

2-431 

II 



jlPD17201A NEe 
1. PIN CONFIGURATION (Top View) 

1.1 PIN CONFIGURATION (Top View 

'" '" ::;; ::;; 
0 0 

~ !:'. 
'" u 0 f-

I~ I~ '" "' Ci '" '" i" 0 ..J I 0 0 0 ::> z '" 0 0 0 ::;; .. .. ':l u u u 0 f=" 
w 

u u u 0 0 ..: ..: ..J ..J ..J f- a: 
..J ..J ..J U U U U > > > > >< >< > 

LCD32 0 XOUT 

LCD31 XIN 

LCD30 VDD 

LCD29 REM 

LCD28 P1A2fSI 

LCD27 P1A1fSO 

LCD26 P1AOfSCK 

LCD25 
CMOS output 

POD3 

LCD24 POD2 

LCD23 PODlfTMOUT 

LCD22 PODo/LED 

LCD21 POC3 

LCD20 POC2 

LCD19 POC1 

LCD18 POCo 

LCDn 
N-ch open-drain output 

POB3 

LCD16 POB2 

LCD15 POB1 

LCD14 POBO 

LCD13 POA3 

LCD12 POA2 

LCD11 
CMOS output 

POA1 

LCDlO POAo 

LCD9 INT 

co .... co "' .. '" '" r5 0 
0 u 8 u 8' '" u 

0 0 0 0 0 0 0 0 0 u 0 u u u u u u u u z u ..: 0 0 0 0 ..: ..J ..J ..J ..J ..J ..J ..J ..J OJ ..J > ..: ..: ..: ..: 0 
z 
OJ 
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1.2 PIN FUNCTION LIST 

PIN 
SYMBOL 1/0 

OUTPUT 
PIN NAME FUNCTION 

No. TYPE 

Segment signal output pins for the LCD driver. LCD351 
CM2 and LCD34/COM3 ...... as segment .Ignll output 

and common lignal output pins. The function for these 

pins. The function for these pins is .. Iacted by 

LCDMD3 through LCDMDO (oddr .. , 32H. bit 3·0) in 

the register file. 

Display dots can number 72, 105, or 136, depending on 

the matrix for the segment signal output end common 

signal output pins. The bias is fixed to 1/3, and the duty 
78 LCD35/COM2 factor i, 112. 1/3. or 1/4. depanding on tho selected 
79 LCD34/COM3 number of common pins. The frame frequency can be 
80 LCD33 LCD segment selected by LCDCK2 through LCDCKO regi'te" (oddr ... 
81 LCD32 

Output 
signal 31 H) in the register file. The dot with 8 segment signa' 

32 LCDI output pin and common signal output, between which 
34 LCDo 81: VOO potential difference is generated, lights. 

The display data for the LCD driver is set through the 

LCD display registlH' (addresses 40H through 63H in 

BANKO). 

The dl,play ON and OFF modes for the LCD driver 

aro let by the LCDEN register (address 31 H, bit 3) in 

the register file. 

In the display OFF mode, the legment signal output 

pin outputs a signal waveform, because the display goes 

off. When "PDI7201A Is reset by tha RESET ,Ignal, 

tow voltage detection by the voltage detector. or vvatch· 

dog timer, the LCDEN register is set in the display OFF 

mode, 

33 GND - - Ground Device ground pin 

36 VADC Analog power 
AID converter po~er pin. - -
Connect this pin to the VDD pin. 

Input pins for the 8--bit AID converter. 

The AID converter can also be used as a comparator, 

when 10 specifiad by VREFEN. ADCEN. ADCCHI end 

ADCCHO (addr .. , 21 H) in the regilter fiia. 

36 ADCo Input AID converter The AID converter has lsuccessiva approximate type 

input 0 and its reference voltage is generated by dividing the 

37 ADCl Input AID converter voltage on the analog power pin (V ADC) with a resistor 

input 1 Itrlng. 

38 AD~ Input AID converter A totel of ,Ix AID convenar channel,. ADCO through 

input 2 ADe3 pins. are available. Two cc;tmparator channels, 

39 ADC3 Input AID converter with one consisting of AOCo and ADC2 pins and the 

input 3 othar consisting of ADC1 Ind ADC3. ore ovolleble. 

The AID converter or comparator function and the 

chlnnel to be used ere selected by VREFEN. ADCEN. 

ADCCH1, Ind ADCCHO (add .... 21 H) In the rogi.ter 

file. 

40 GNDADC - - Analog ground AID converter ground pin 
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PIN. 

1/0 
OUTPUT 

SYMBOL PIN NAME FUNCTION 
NO. TYPE 

External interrupt request signal input pin. 

The interrupt request is issued at the rising edge of the 

signal input to this pin. 

The interrupt is not accepted, even when the interrupt 

request is issued, unless the interrupt Is enabled (mask-

able interrupt), All the interrupts can be enabled by the 

EI instruction, or only the INT pin can be enabled by 

41 INT Input - Interrupt 
IP (address 2FH) in the register file. When the interrupt 

request is issued, while the interrupt is enabled, the inter-

rupt is accepted, and the program execution branches 

to addr ... 03 H. 

The interrupt request issuance can be checked by IAQ 

(address 3FH) in the register file, even when the inter-

rupt is not enabled. 

All the interrupts are disabled and interrupt requests 

are cleared, when ",PD17201 A is reset by the RESET 

pin or vvatchdog timer. 

These pins constitute a 4-bit I/O port, which can be 

set in input or output mode in 4 bits units (group I/O). 

The input mode is specified by POAGIO (address 37H, 

42 POAo bit 0) in the register file. The input data is read and 

43 POAI 
1/0 

CMOS 
PortOA 

output data is set through port register POA (address 

44 POA2 pUlh'Pull 70H in BANKO). 

45 POA3 POAO through POAJ are internally connected with a 
pull-up resistor. When ",PD17201 A is reset by the 

RESET signal or watchdog timer, these pins are set in 

the Input mode. 

These pins constitute a 4-bit I/O port, which can be set 

in input or output mode in 4 bits units (group I/O). 

The input mode is specified by POBGIO (address 37H, 

46 POBa bit 1) in the register file. The input data is read and 

47 POBI 
1/0 

N-ch output data is set through port tegister POB (address 

4B POB2 
PortOB 

71 H In BANKO). open-drain 

49 POB3 Since these pins are N~h opendrain, they must be 

connected to an external pull-up resistor. When 

I'PD17201A i. reset by the RESET signel or watchdog 

timer, these pins are set in the input mode. 

These pins constitute a 4-bit I/O port, which can be 

set in input or output mode in 4 bit units (group I/O). 

The input mode is .pecified by POCGIO (eddre .. 37H. 

50 POCo bit 2) in the register file. The input data is read and 

51 POCI 
I/O 

N-ch output data is set through port register POC (address 
Port OC 

62 POC2 open-cirain 72H in BANKO). 

63 I'OCJ Since these pins are N~h opendrain, they must be 

connected to an external pull-up resistor. When 

I'PD17201 A i. reset by the RESET .ignal or watchdog 

timer, these pins are set in the input mode. 
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PIN 
SYMBOL I/O 

OUTPUT 
PIN NAME FUNCTION 

NO. TYPE 

PODO/LED Is a 4-bit I/O port pin and LED output pin. 

POD1 rrMOUT I, a 4-blt I/O port pin and an external 

Ilgnal output pin for the timer. 

Whether these pins function _ port pins or LED output 

end timer output pins i, specified by NRZEN (bit 2 In II 
addr ... 23H) and TMOE (bit 1 in addr .. , 23H). Whan 

~PD17201 A is r .. et by the RESET ,ignal or watchdog 

timer, these pins are 18t in the input mode. 

(1) As I/O port pin 

These pins Cln be set in input or output mode bitwise 

54 PODe/ LED (bit I/O) by PODBI03 through PODBIOO (addr ... 27H, 

POD1/™OUT I/O 
CMOSll 

bits 3 through 0). The input data is read and output 55 Port 00 

56 POD2 
push-pull 

dats is set through port register POD (address 73H in 

BANKO). 
(2) PODO 8S LED output pin 

Whether PODO pin fUnctions 8S LED output pin or I/O 

port pin is specified by NAZEN. As an LED output 

pin, this pin outputs an NRZ signal in synchronization 

with REM output. 

(3) POD1 8$ timer output pin 

Whether this pin functions as the external signal output 

pin for the B-bit timer or I/O port pin is specified by 

TMOEL 

These pins constitute 8 J.bit general-purpose I/O port, 

which also functions 8S a serial interface. Whether these 

pins function as an I/O port or serial interface is speci-

fied by SIOEN (eddr .. , 23H, bit 0) in the nsgister file: 

When $lPD17201 A is raset by the RESET signal or watch-

dog timer, these pins are set in the i!1Put mode. 

(1) A, 3·bit I/O port 

58 PIAQ/SCK The I/O port can be set in the input or output mode in 
CMOS 

59 PIAl/SO I/O Port 1A 3 bit units (group I/O) by Pl AGIO (eddres, 37H, bit 3) 
60 P1A2/SI 

push-pull 
in the register file. 

The input data is read or output data is set through port 

register P1 A (address 70H in BANK1). 

(2) As serial interface 

The serial interface function ($lCOM standard mode) is 

.elected by SIOEN. 

REM CMOS Remote controller Infrared remote controller signal output pin. The carrier 
61 Output 

push-pull transfer output frequency can be set for from to 16 to 1024 kHz. 

62 VDD Power supplv Device power supply pin 

63 XIN Input Main clock Connect a 4 MHz ceramic/crystal oscillator between 

64 XOUT Output oscillator these pins. 

Inputs the system reset signal. "PD17021 A il reset, 

65 RESET Input Reset when a low-level signal is input to this pin for 50 JJ$ or 

longer. 

66 VREG Output 
Voltage Voltage regulator output pin. Connect an external 0.1 

regulator output "F capacitor to this pin. 

67 WDOUT Output Watchdog output 
Detects program overrunning, luch as for watchdog 

timer and stack overflow 
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PIN 

SYMBOL I/O 
OUTPUT 

PIN NAME FUNCTION 
NO. TYPE 

6B XTIN Input Subclock Connect 8 32 kHz crystal oscillator between these 
74 XTOUT Output oscillator pins. 

LCD drive 
This pin adjusts the LCD drive reference voltage. 

71 VLCDC Output reference voltage 
Connect a resistor between V LeDO and V LeOC, and 

adjuster 
between VLCDC and GND to adjust the reference 

voltage. 

LCD drive reference voltage output pins. VLCDO out~ 

puts the reference voltage. VLeOC1 outputs a voltage 

70 VLCDO LCDdriv8 
two times the reference voltage (doubler), while 

72 VLCDI Output reference voltage 
VLCDC2 outputs a voltage three times the reference 

voltagEt (tripler). Connect a resistor to adjust the refer-
73 VLCD2 output 

ence voltage between VLCOO and VLeOC and between 

VLeeC and GND. Connect a 0.47 $£F capacitor between 

each pin and GND. 

74 CAPH Voltage·raising Connect a voltage-raising capacitor between these pins. 

75 CAPL capacitor Connect a 0.47 ",F capacitor between these pins. 

Common signal output pins for the lCO driver. In 

addition to these pins, LCD3s1COM2 and LCD34/COM3 

pins can also be used as common signal output pins. 

The function of these pins is selected by LCDMDO and 

LCOMD1 registers (address 32H) in the register file. 

The display dots can number 72,105. or 136. depending 

on the matrix of the segment signal output and common 

signal output pins. The bias is fixed to 1/3, and the 

duty factor is 1/2, 1/3. or 1/4, depending on the selected 

number of common pins. 

76 COMO The frame frequency can be selected by LCDCKO and Output Cammon signal 
77 COM 1 LCOCK1 registers (address 31 H) in the register file. 

The dot with a segment signal output pin and common 

signal output, between which a ±VDO potential differ· 

ence is generated. lights. The display ON and OFF 

modes for the LCD driver are set by the lCDEN register 

(address 31 H) in the register file. 

In the display OFF mode, the segment signal output 

pin outputs a signal waveform, because the display goes 

off. When ",PD17201 A is reset by the RESET signal, 

low voltage detection by the voltage detector, or watch· 

dog timer, the LCDEN register is set in the display OFF 

mode. 
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1.3 INPUT/OUTPUT CIRCUITS 

The input/output circuits for each IlPDI7201 A pin are shown below. 

(11 POAo·POA3 

Data Output 
latch 

Output -----"t"""---~--t-L __ 
disable 

Multiplexer 
~--------------~ 

J.lPD17201A 

Voo Voo 

~------+-----~o 

I nput buffer 

(21 POBO·POB3 

Data Output 
latch 
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r-----~------~O 

Nch 

I nput buffer 
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IlPD17201A 

(3) POCO-POC3 

Data Output 
latch 

Output 
disable ------"""1~----_l_---.J 

Multiplexer 

(4) PODO-POD3 

Data Output 
latch 

Output 
disable 

Multiplexer 

NEe 

r---~--{O 

Nch 

I nput buffer 

VDD 

Pch 

0 

Nch 

I nput buffer 
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(5) P1Ao·P1A2 

(6) RESET 

Data Output 
latch 

Output 
disalbe -----r----...... --t .... L,..., 

Multiplexer 1--________ -<. 

IlPD17201A 

Voo 

Pch 

+-----.----{o 

Nch 

I nput buffer 

Input buffer 
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2. BLOCK DIAGRAM 

PODO/LED 

POD,fTMOUT 

POD2 

POD3 

REM 

CPU Clock 

CPU Clock 

! 
Watch Timer 1--------1 Divider 
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,-__ --<:) VREG 

r-....J-"",- ~VDD 

Power 
SupplV 
Circuit 

CAPH 

CAPL 

VLCDO 

VLCD' 
VLCD2 

VLCDC 
GND 

LCDO 
LCD, 

LCD2 

LCD3 

LCD4 

LCD33 
COMalLCD34 

COM2/LCD36 
COM, 

,-_...---v COMO 

-------~o RESET 

-------~·OWDOUT 

L-----~-OXOUT 
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3.1 MASK OPTION DEFINITION DIRECTIVES 

Table 3-1 lists the directives that can be used in the mask option definition block. 

Here Is an example of mask option definition: 

Symbol field 

[label:J 

Item 

RESET pin 

External oscillator 

Mnemonic field 

OPTION 

OPTRES 

OPTCK 

ENDOP 

Operand field 

RESPLUP 

USEX,USEXT 

Comment field 

[; commentJ 

Table 3-1 Mask Option Definition Directives 

Directive No. of Operands First Operand Second Operand 

RESET 

~ OPTRES 1 
Mask option 

RESPLUP (w/pull·up resistor) 
OPEN (w/o pull·up resistor) 

OPTCK 2 
Using main clock Using subclock 

USEX (main clock is used) US EXT (subclock is used) 
NOX (main clock is not used) NOXT (subclock is not used) 
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3.2 KEYWORD SYMSOLS 

The symbols defined by the I1PD17201 A device file, are listed In Table 3-2. The defined symbols are 

the following register file names, port names, and peripheral device names. 

Table 3-2 Keyword Symbol. 

Symbol Attribute Value R/W Remarks 

DBF3 MEM O.OCII R/W Bits 15-12 for data buffer 

DBF2 MEM O.ODH R/W Bits 11-8 for data buffer 

DBFl MEM O.OEH R/W Bits 7-4 for data duffer 

DBFO MEM O.OFH R/W Bits 3-0 for data duffer 

AR3 MEM 0.74H R Bits 15 12 for address register 

AR2 MEM 0.7511 R/W Bits 11-8 for address register 

ARI MEM 0.7611 R/W Bits 7-4 for address register 

ARO MEM O.77H R/W Bits 3-0 for address register 

WR MEM 0.7811 R/W Window register 

BANK MEM 0.7911 R/W Bank register 

IXH MEM 0.7AH R/W Bits 11-8 for index register 

MPH MEM 0.7AII R/W Bits 7-4 for memory pointer 

MPE FLG 0.7AH.3 R/W Memory pointer enable flag 

IXM MEM 0.7BII R/W Bits 7-4 for index register 

MPL MEM O.7BH R/W Bits 3-0 for memory pointer 

[XL MEM 0.7CB I</W Bits 3-0 for index register 

RPH MEM O.7DH R/W Bits 7-4 for register pointer 

RPL MEM 0.7EH R/W Bits 3-0 for register pointer 

PSW MEM 0.7FH R/W Program status word 

BCD FLG 0.7EII.0 R/W BCD arithmetic flag 

CMP FLG 0.7FH.3 R/W Compare flag 

CY FLG 0.7FH.2 R/W Carry flag 

Z FLG 0.7FH.! R/W Zero flag 

IXE FLG 0.7FII.0 R/W Index register enable flag 

LCDDO MEM 0.40H R/W LCD segment 0 

LCDD! MEM 0.41H R/W LCD segment ! 

LCDD2 MEM 0.42H R/W LCD segment 2 

LCDD3 MEM 0.43H R/W LCD segment 3 

LCDD4 MEM O.44H R/W LCD segment 4 

LCDD5 MEM 0.45H R/W LCD segment 5 

LCDD6 MEM O.46H R/W LCD segment 6 

LCDD7 MEM O.47H R/W LCD segment 7 

LCDDB MEM 0.48H R/W LCD segment 8 

LCDD9 MEM 0.49H R/W LCD segment 9 

LCDD!O MEM 0.4AH R/W LCD segment 10 

LCDD11 MEM 0.4BH R/W LCD segment 11 
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Symbol Attribute Value R/W Remarks 

LCDD!2 MEM O.4CH R/W LCD segment 12 

LCDD!3 MEM O.4DH R/W LCD segment 13 

LCDD!4 MEM 0.4EH R/W LCD segment 14 

LCDD!5 MEM 0.4FH R/W LCD segment 15 

LCDD!6 MEM 0.50H R/W LCD segment 16 

LCDD!7 MEM 0.51H R/W LCD segment 17 

LCDD!8 MEM 0.52H R/W LCD segment 18 

LCDD!9 MEM 0.53H R/W LCD segment 19 

LCDD20 MEM 0.54H R/W LCD segment 20 

LCDD21 MEM 0.55H R/W LCD segment 21 

LCDD22 MEM 0.56H R/W LCD segment 22 

LCDD23 MEM 0.57H R/W LCD segment 23 

LCDD24 MEM 0.58H R/W LCD segment 24 

LCDD25 MEM 0.59H R/W LCD segment 25 

LCDD26 MEM 0.5AH R/W LCD segment 26 

LCDD27 MEM 0.5BH R/W LCD segment 27 

LCDD28 MEM 0.5CH R/W LCD segment 28 

LCDD29 MEM 0.5DH R/W LCD segment 29 

LCDD30 MEM 0.5EH R/W LCD segment 30 

LCDD31 )VIEM 0.5FH R/W LCD segment 31 

LCDD32 MEM 0.60H R/W LCD segment 32 

LCDD33 MEM 0.61H R/W LCD segment 33 

LCDD34 MEM 0.62H R/W LCD segment 34 

LCDD35 MEM 0.63H R/W LCD segment 35 

POAO FLG 0.70H.0 R/W Bit 0 for port OA 

POAI FLG 0.70H.l R/W Bit 1 for port OA 

POA2 FLG 0.70H.2 R/W Bit 2 for port OA 

POA3 FLG 0.70H.3 R/W Bit 3 for port OA 

POBO FLG O.71H.O R/W Bit 0 for port OB 

POBI FLG O.71H.l R/W Bit 1 for port OB 

POB2 FLG 0.71H.2 R/W Bit 2 for port OB 

POB3 FLG 0.71H.3 R/W Bit 3 for .J>ort OB 

POCO FLG 0.72H.0 R/W Bit 0 for port OC 

POCl FLG 0.72H.l R/W Bit 1 for port OC 

POC2 FLG 0.72H.2 R/W Bit 2 for port OC 

POC3 FLG 0.72H.3 R1W Bit 3 for port OC 

PODO FLG 0.73H.0 R/W Bit 0 for port OD 

POD! FLG 0.73H.l R/W Bit 1 for port 00 

POD2 FLG 0.73H.2 R/W Bit 2 for port OD 

POD3 FLG 0.73H.3 R/W Bit 3 for port 00 

PlAO FLG 1.70H.0 R/W Bit 0 for port lA 
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Symbol Attribute Value R/W Remarks 

PIAl FLG 1. 70H.I R/W Bit I for port IA 

PIA2 FLG 1.70H.2 R/W Bit 2 for port IA 

SP MEM 0.8lH R/W Stack pointer 

SYSCK FLG 0.82H.I R/W Selects system clock 

XEN FLG 0.82H.0 R/W Enables main clock 

WDTRES FLG 0.83H.3 R/W Resets watchdog timer 

WTMMD FLG 0.83H.2 R/W Selects watch timer mode 

WTMRES FLG 0.83H.I R/W Resets watch timer mode 

VDDDETI FLG 0.87H.3 R/W VDD detection flag 1 

VDDDETO FLG O.87H.2 R/\\' VDD detection flag 0 

INT FLG 0.8FH.0 R Interrupt pin status 

NRZBF FLG O.9IH.O R/\\, NRZ buffer data 

NRZ FLG 0.92H.0 R/W NRZ data 

ADCCMP FLG O.AOH.O R/\\' Comparator result 

VREFEN FLG O.AlH.3 R/W Enables VD:U reference terminal 

ADCEN FLG 0.AlH.2 R/W ADC enable flag 

ADCCHO FLG O.AlH.l R/W ADC channel selection #1 

ADCCHO FLG O.AlH.O R/W ADC channel selection #0 

SlOTS FLG 0.A2H.3 R/W Serial interface 

SIOHIZ FLG 0.A2H.2 R/W SO/port selection 

SIOCKI FLG O.A2H.l R/W Serial interface clock #1 

SIOCKO FLG O.A2H.O R/\\, Serial interface clock #0 

NRZEN FLG 0.A3H.2 R/W NRZ enable flag 

TMOE FLG O.A3H.l R/W Timer output enable flag 

SIOEN FLG 0.A3H.0 R/W SIO enable flag 

PODBI03 FLG 0.A7H.3 R/W I/O setting flag for bit 3 in POD port 

PODBI02 FLG 0.A'lH.2 R/W I/O setting flag for bit 2 in POD port 

PODBIOI FLG 0.A7H.l R/W I/O setting flag for bii 1 in POD port 

PODBIOO FLG O.A7H.O R/W 110 setting flag for bit 0 in POD port 

IPSIO FLG 0.AFH.3 R/W Interrupt enable flag for INTSIO 

IPWTM FLG 0.AFH.2 R/W Watch timer interrupt enable flag 

IP FLG O.AFH.I R/W INT interrupt enable flag 

IPTM FLG O.AFH.O R/W 8-bit timer interrupt enable flag 

LCDEN FLG 0.BlH.3 R/W LCD display enable flag 

LCOCK2 FLG O.BlH.2 R/W LCD display setting #2 

LCOCKI FLG O.BlH.I R/W LCD display setting #1 

LCOCKO FLG O.BlH.O R/W LCD display setting #0 

LCDMD3 FLG 0.B2H.3 R/W LCD display setting #3 

LCDMD2 FLG 0.B2H.2 R/W LCD display setting # 2 

LCDMDl FLG O.B2H.l oR/W LCD display setting #1 

LCDMDO o. FLG O.B2H.O R/W LCD display setting #0 
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Symbol Attribute Value R/W Remarks 

TMEN FLG 0.B3H.3 R/W 8-bit timer counter enable flag 

TMRES FLG 0.B3H.2 R/W 8-bit timer reset flag 

TMCKI FLG 0.B3H.l R/W Selects 8-bit timer clock source 

TMCKO FLG 0.B3H.0 R/W Selects 8-bit timer clock source 

PIAGIO FLG O. B7H.3 R/W PIA port I/O setting flag 

POCGIO FLG 0.B7H.2 R/W POC port I/O setting flag 

POBGIO FLG O.B7H.l R/W POB port I/O setting flag 

POAGIO FLG O. B7H.0 R/W POA port I/O setting flag 

IRQSIO FLG 0.BBH.3 R/W SIO interrupt request flag 

IRQWTM FLG 0.BCH.2 R/W Watch timer interrupt request flag 

IRQ FLG O.BDH.l R/W INT interrupt request flag 

IRQTM FLG O.BEH.O R/W 8-bit timer interrupt request flag 

SIOSFR DAT OIH R/W Serial I/O register 

TMM DAT 02H W 8-bit timer modulo register 

TMC DAT 02H R 8-bit timer count register 

NRZLTMM DAT 03H R/W NRZ modulo register, low 

NRZHTMM DAT 04H R/W NRZ modulo register, high 

ADCR DAT 05H R/W ADC reference voltage setting register 

DBF DAT OFH R/W Data buffer 

IX DAT OIH R/W Index register 

AR DAT 40H R/W Address register 
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4. I1PD17201A INSTRUCTION SET 

4.1 INSTRUCTION SET OUTLINE 

~5 
b" - bll 0 1 

BIN HEX 

0000 0 ADD r. m ADD m. :Iii 

000 I I SUB r. m SUB m. :Iii 

00 I 0 2 ADDC r. m ADDC m. :Iii 

o 0 I I 3 SUBC r. m SUBC m. :Iii 

0100 4 AND r. m AND m. :Iii 

o I 0 I 5 XOR r. m XOR m. :Iii 

o I I 0 6 OR r. m OR m. :Iii 

INC AR 
INC IX 
MOVT DBF. @AR 
BR @AR 
CALL @AR 
RET 
RETSK 
EI 
DI 

o I I 1 7 RET! 
PUSH AR 
POP AR 
GET DBF. p 
PUT p. DBF 
PEEK WR. RA 
POKE RA. WR 
RORC r 
HALT h 

NOP 

I 000 8 LD r. m ST m. r 

1 0 0 I 9 SKE m. :Iii SKGE m. :Iii 

I 0 I 0 A MOV @r. m MOV m. @r 

I 0 I I B SKNE m. :Iii SKLT m. :Iii 

I I 0 0 C BR addr (page 0) CALL addr (page 0) 

I I 0 1 D BR addr (page 1) MOV m. :Iii 

1 I I 0 E SKT m. :lin 

I I I I F SKF m. :lin 
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4.2 INSTRUCTION LIST 

Legend 
M : One of data memory specified"by [(BANK), ml 

: Data memory address specified by [mHo md of each bank 

mH : Data memory address high (row address) : 3 bits 

mL : Data memory address low (column address) : 4 bits 
R : One of general register specified by [(HP), rl 

: General register address low (column address) : .. bits 
RP : General register pointer 

RF ; One of register file specified by rf 

rf . Register file address specified by [rfH• rfLI 

rfH : Register file address high (row address) ; 3bits 

rfL : Register file address low (column address) ; 4bits 
AR : Address register 

IX : Index register 

IXE : Index register enable flag 
DBF : Data buffer 
WR : Window register 

MP : Memory pointer 

MPE : Memory pointer enable flag 
PE : Peripheral 

: Peripheral address 

PH : Peripheral address high (row address) : 3bits 

PL : Peripheral address low {column address} ; 4-bits 

J Mnemollic Operand Function 

r.m Add memory to register 
ADD 

m. #i Add immediate data to memory 

g r.m Add memory to register with carry 

'" ~ ADDC 
m. #i Add immediate data to memory with carry 

AH Increment address register 
INC 

IX Increment index register 

Subtract memory from register 

~ 
SUB 

m. #i Subtract immediate data from memory 
e 
oj Subtract memory from register with borrow 
Ul SUBC 

m. #i Subtract immediate data from memory with borrow 

SKE m. #i Skip if me~ory equal to immediate data 

i SKGE m. #i Skip if memory greater than or equal to immediate data 

~ SKLT m. #i Skip if memory less than immediate data 

SKNE m. #i Skip if memory not equal to immediate data 

m. #i Logical AND of memory and immediate data 
AND 

r.m Logical AND of register and memory .. m. #i Logical OR of memory and immediate data 
.~ OR .., Logical OR of register and memory 

m. #i Logical XOR of memory and immediate data 
XOR 

r.m Logical XOR of register and memory 
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PC : Program counter 
S P : Stack pointer 
STACK : Stack specified by (SP) 

BANK : Bank register 
(ARlrom : One of program memory data specified by (AR) 

: Interrupt enable flag INTEF 

addr 

CY 

h 
[ I 

aH 

a. 

aL 

: Immediate data; 4- bits 
: Bit position ; 4 bits 
: One of program memory address ; 11 bits 
: Program mem~ry address high: 3 bits 
: Program memory address middle ; 4- bits 
: Program memory address low ; 4- bits 
: Carry 

Stop releasing condition 

Halt releasing condition 

: Address of M. R. RF 

( ) : Contents of M. R. RF. AR. IX. DBF. WR. PE 

Machine code 
Operation 

OP code 

H-(H)+(M) 00000 mH mL 

M-(M)+i 10000 mH mL 

H -(H) + (M) + (CY) 00010 mH mI. 

H-(M)+;+(CY) 10010 mH mL 

AR-AR+i 00111 000 1001 0000 

IX-IX+i 00111 000 1000 0000 

R-(H)-(M) 00001 mH mL 

M-(MI-; 10001 mH mL 

R -(R) - (M) - (CY) 00011 mH mL 

M-(M)-; -ICY) 10011 mH mL 

M - i. skip if zero 01001 mH mL 

M - i. skip if not borrow 11001 mH mL 

M - i. skip if borrow 11011 mH mL 

M - i. skip if not zero 01011 mH mL 

M-(M) ANDi 10100 mH mL 

H -(R) AND (M) 00100 mH mL 

M-(M) OR; 10110 mH mL 

R-(R) OH (M) 00110 mH mL 

M-(M) XOH; 10101 MH mL 

R -(H) XOH (M) 00101 mH mL 

II 



/J.PD17201A NEe 
1- Machine code 

Operand Funetion Operation 

" OP cod. 

LO r.1D Load memory to re,ister R~(M) 01000 mH mL r 

ST ID. r Store resister to memory (M)-R 11000 mH mL r 

"r.m Move memory to destination memory referrill8' to register 
iIMPE'" t[(MPI.IRll-(M) 

ilMPE = 0. [(mH)' (Rll-(M) 
01010 mH mL r 

MOV ilMPE = I.M- [(MP). (Rll 
m. ~r Move source memory referring to register to memory 

il MPE = O,M- [(mH)' (R)l 
11010 mH IDL r 

m. #i MOYe immediate data to memory M-i 11101 mH mL i 

-li sp-Ispl-I.STACK-PC i OBF. 
~ MOVT Move ROM data from the address specified in AR to DBF DBF-(AR)rom. 00111 000 0001 0000 

.. AR 
PC - STACK. sp -(sp) + 1 

PUSH AR DecremeD' SP. then move AR to stack top SP-ISPI- I.STACK-AR 00111 000 1101 0000 

POP AR Move staek top to AR. then increment SP AR- STACK.SP- SP + I 00111 000 1100 0000 

PEEK WR.RA Get from RF through WR WR-(RF) 00111 rlH 0011 rlL 

POKE RA.WR Put data on W R into RF IRFI-WR 00111 rI. 0010 rlL 

GET OBF.p Get peripheral data to DBF DBF-P 00111 P • 1011 PL 

PUT .. OBF Put data in DBF to peripheral P-DBF 00111 P. 1010 PL 

SKT m, #n 
Test memory bits. CMP- O. 

skipifM.=all·l" 
11110 mH m·L n 

~ 
then skip if all bits specified are true 

J: 
Test memory bits. CMP- O. 

SKF 81, #n 
then skip if .11 bits specified are false skip if M~ = ~II"O" 11111 mH mL ·n 

Jump to the address specified in pale 0 PC - AODR. PAGE - 00 01100 a. R .• 'L 
'Ii addr 

= BR Jump to the address specified in page 1 PC - ADOR. PAGE ~ 01 
eli 

01101 'H aM aL 

.. AR Jump to the address specifj~ in AR PC-AR 00111 000 0100 0000 

:! RORC r Rotate register right with carry 

'" 
(CY)-(RI- CY 00111 000 0111 r 

SP-ISPI- I. 

addr Call subroutine in page 0 STACK -«PC)+ I). 11100 aH a. 'L 
PC - ADOR. PAGE ~ 00 

CALL 
SP-(SP)-I. 

1 
C!AR Call subroutine specified in AR STACK~«PCI+ I). 00111 000 0101 0000 

PC-(ARI 

-i RET Return to main routine from subroutine PC~(STACKI.SP-(SP)+ I 00111 000 1110 0000 '" . 

RETSK 
Return to main routine from subroutine. then skip PC-(STACK).SP-(SPI+ I 

00111 001 1110 0000 
unconditionary and skip 

RETI Return to main routine from interrupt service routine 
PC ~(STACK). SP -(SP)+ 

00111 lOll 1110 0000 
1 BANK - (]nterruptstack) 

I EI Enable interrupt 1NTE l1a.-1 00111 000 1111 0000 

01 Dis~e interrupt INTE 0,.-0 00111 001 1111 0000 

~ 
HALT • Halt the CPU. restart by condition H HALT 00111 .011 1111 h 

0 NOP No operation No ope,..ti~ 00111 lOll 1111 0000 
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5. ELECTRICAL CHARACTERISTICS (Preliminary) 

ABSOLUTE MAXIMUM RATINGS (T.=25"C) 

Supply Voltage voo 

POB()'POBl 
Input Voltage VI 

All pins. except above 

Operating Temperature Top< 

Storege Tempereture TIIII 

CAPACITANCE (T. = 25·C. VDD"' OV) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. 

CIN 10 
Input Capecitanc::e 

CpIN 10 

RECOMMENDED OPERATING RANGE 

CHARACTER ISTICS SYMBOL MIN. TYP. MAX. 

VOO1 2.2 3.0 5.5 
Supply Voltage 

VOO2 3.5 5.0 5.5 

Main Clock Oscillation 
Ix 2.0 4.0 8.0 

Frequency 

Subclock Oscillation Frequency IXT 32.768 
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-O.l to +7.0 V 

-O.l to Voo+O.3 V II 
-0.3 to Voo+O.l V 

-20 to +75 ·c 
-40 to +125 DC 

UNIT CONOITIONS 

pF INT. 51. RESET pin. 

pF Other then INT. 51. RESET 

UNIT CONOITIONS 

V IX· 4 MHz 

V IX= 8 MHz 

MHz 

kHz 
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DC CHARACTERISTICS (VOO = 2.2 to 5.5 V. T. = -20 to +75 DC. fX = 4 MHz. fXT = 32 kHz) 

CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Operating Supply Voltage VOO 2.2 3.0 5.5 V 

VIHI 2.4 
High-level Input Voltogo 

V RESET pin 

VIH2 2. V Otho"hen RESET 

VILI 0.6 V RESET pin 
Low-Ievollnput Voltage 

VIL2 0.9 V Other than RESET pin 

IIHI 0.2 "A INTpin VIH-3.0 V 

High-Level Input CUrrent IIH2 0.2 "A RESET pin VIH -3.0V 

IIH3 0.2 "A POA-P1Apin VIH - 3.0V 

IILI 0.2 i'A INTpin VIL -0 V 

IIL2 0.2 i'A 
VIL=OV 

wlo pull-up resistor 

Low-Level Input Currant IIL3 20 50 100 
RESET pin VIL - 0 V i'A 

w/pull-up resistor 

IIL4 0.2 "A 
VIL = 0 V 

POA pin 
w/o pull-up resistor 

IIL5 6 12 20 i'A 
VIL -OV 

w/pl:llI-up resistor 

IIL6 0.2 i'A 
POB. POC. POD. 

VIL = 0 V 
PIA. pin 

IOHl 0.6 2.0 4.0 mA 
POA. POD, PIA 

VOH-2.7 V High-Lovel Output Current pin 

IOH2 7.0 15.0 25.0 mA REM pin VOH=I.0V 

lOll 0.5 1.5 2.5 mA 
POA. poD. PI A 

VOL = 0.3 V 
pin 

Low-Leval Output Current IOL2 0.5 1.5 2.5 mA POB. POCpln VOL· 0.3 V 

IOL3 0.5 1.5 2.5 mA REM pin VOL - 0.3 V 

1001 0.2 0.5 1.5 mA XTand X 
Operation mode 

1002 15 30 "A Only XT 
Supply Current 

1003 0.5 1.5 mA XTand X 
HALT mode 

10D4 10 15 i'A Only XT 

LCD Output Voltage 
VLCOO Adjustable Range 

0.6 1.8 V 

1.9 2 
Doubler Output Voltogo VLCOl VLCDO V LCOO V 

Tripier Output Voltage VLC02 
2.85 3 

V LCOO 
V 

V LCOO 

Common Output Current ICOM 30 "A VOS· 0.2 V 

Segment Output Current ILCO 5 i'A Vos = 0.2 V 

Low Voltage Detection 
VOET1 1.6 

Voltage 1 2.0 2.9 V 

Low Voltage Detection 

Voltage 2 VOET2 1.9 2.2 2.9 V 

AID Converter Current 
Dissipation 1005 80 120 i'A VAOC=3V 

Absoluta AID Conversion 
.1 ±2 LSB VAOC=3V 

Accuracy 
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AC CHARACTERISTICS (T. = -20 to +75 °c, VDD = 2.2 to 6.5 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

Main Clock Osclilltion 2.0 4.0 MHz VOO - 2.2 to 6.5 V 
IX 

Frequency 2.0 B.O MHz VOO - 3.5 to 5.5 V 

Subclock Oscillation Frequency IXT 32.768 kHz II 
INT Input High·Lo .. 1 Width tlNTH 50 ,.. 
RESET Low·LowI Width tRSL 50 ,.. 

SERIAL INTERFACE AC CHARACTERISTICS (T. = -20 to +75 °c, VDD = 2.2 to 5.5 VI 

CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

2.0 ,.. VOO - 4.5 Dotolnput 

10.0 
to 5.5 V Data output ,.. 

SCK Cycle Time tKCY 5.0 ,.. Oatolnput 

13.0 ,.. Data output 

1.0 ,.. VDO-4.6 Oata.input 

5.0 ,.. t06.5V Data output 
SCK Low· Level Width tKH. tKL 

2.5 ,.. DatI input 

6.5 ,.. Oat8 output 

SI Satup Time tVl. SCi< t) tSIK 100 ns 

SI Hold Time tvs. SCK t) tKS 100 ns 

SCK'~ - SO Output Dolay 
4.5 CL- l00pF 

Time tKSO ,., 
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SERIAL TRANSFER TIMING 

Three-lin. S.ri811/0 Mode: 

tKeY1 

tKL1 tKH1 

I 
\ "' 

tSIK1 tSIKl 

SI Input data 

tKS01 
f------

so ) Output data 
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RECOMMENDED OSCILLATORS 

Main System Clock: Ceramic Oscillator 

External Oscillation 

Manufacturer Product name 
capacitor (pf) voltage (V) 

Remarks 
Cl C2 MIN. MAX. 

CSA3.58MG 30 30 2.0 6.0 

CSA4.00MG 30 30 2.0 6.0 

CSA4.19MG 30 30 2.0 6.0 
Murata Mfg 

CST3.58MGW none none 2.0 6.0 

CST4.00MGW none none 2.0 6.0 C contained type 

CST4.19MGW none none 2.0 6.0 

KBR3.58MS 33 33 2.0 6.0 

Kyocera KBR4.0MS 33 33 2.0 6.0 

KBR4.19MS 33 33 2.0 6.0 

Toka CRHF4.00 18 18 2.0 6.0 

Dai-Shinku PRS0400BCSAN 39 33 2.0 6.0 

Main System Clock: Crystal Oscillator 

I 
External Oscillation 

Manufacturer Frequency Retainer 
Capacitor (Pf) ""'_IVI Remarks (MHz) 

Cl I C2 MIN. 1 MAX. 
I 

Kinseki 4.0 I HC-49U·S 22 I 22 2.0 I 6.0 , 

OSCILLATOR CIRCUIT 

XIX XOUT 

0 

T C1 

rl7 
1 C2 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The I1P17207 is a 4-bit single-chip microcontroller for infrared remote controller containing the LCD controller/driver, 

AID converter, and the remote control carrier generator. 

The I1PD17207 employs the 17K architecture. Therefore, data transfer or operation within the data memory or between the 

data memory and peripheral circuit is possible by single instruction. All instructions are 16-bit one word instructions. The 

I1PD17207 is packaged in 80-pin plastic QFP. 

FEATURES 

• Program memory (ROM) 
J.1PD17207: 4096 x 16 bits 

• Data memory (RAM): 336 x 4 bits) 

• Built-in infrared remote control carrier generator 

• Built-in 8-bit AID converter: 4 inputs 

• Built-in LCD controller/driver (136 segments max.) 

Common pins: 4, Segments pins: 34 (2 of the common pins can be used as segment pins) 

• LCD drive voltage boosting circuit with voltage regulator: LCD drive voltage can be boosted up to 2.4 to 5.4 V, 

using the external resistor 

• Abundant I/O ports pins: 19 

• Built-in 3-line serial interface 

• Stack levels: 5 levels 

• 8-bit timer: 1 channel 

• Clock timer: 1 channel 

• Instruction execution time: 4 I1s (with 4 MHz resonator connected) 

• Standby functions: STOP mode, HALT mode 

Clock display is possible with 32.768 kHz crystal in STOP mode 

• Can operate at low voltage: VDD = 2.2 to 5.5 V 

• 80-pin plastic QFP (14 x 20 mm) 

• One-time PROM versions: I1PD17P207GF-3B9 
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PIN CONFIGURATION (Top View) 

LC032 XOUT 
LC031 2 X,N 

LC030 VOO 

LC029 4 REM 

LCOZ8 PIAZ/Sl 

LCOZ7 PIAl/SO 

LC026 PI AO/SCK 

LC025 

" 
POO3 

LC024 ~ POO2 

LC023 10 .... POOI/TMOUT " 0 
LC022 11 .... POOO/LEO Cl 
LC021 12 l' POC3 

LC020 13 POC2 
LC019 14 iN POCI 

LC018 15 III POCo 

LC017 16 POB3 

LC0 16 17 POB2 

LC015 18 POBI 

LC014 19 POBO 

LC013 20 POA3 

LC012 21 POA2 
LC011 22 POAI 
LC010 23 POAo 

LCOg 24 INT 

POAo-POA3 I "put/output port X'N, XOUT Main clock oscillator circuit 

POBo-POB3 Input/output port XT,N,XTOUT Subclock oscillator circuit 

POCo-POC3 I nput/output port SI Serial data input 

PODo-POO3 Input/output port SO Serial data output 

PI Ao-P1A2 Input/output port SCK Serial clock input/output 

LED Remote control transmission output VLCDC LCD drive reference voltage adjust-

indication ment 

REM Remote control transmission output VLCDo-VLCD2 LCD drive reference voltage output 

LCOo-LCD35 LCD segment signal output CAPH, CAPL Booster capacitor connection pins 

COMo-COM3 LCD common signal output VREG Subclock voltage regulator output 

TMOUT Timer output VAOC A/D converter reference voltage 
WDOUT Watchdog timer output input 

INT External interrupt input VDD Power supply pin 

RESET Reset signal input GND, GNDADC Ground 

ADCO-ADC3 AID converter input 
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JlPD17207 NEe 
FUNCTION LIST 

Product ~PD17P207 

307:2 x 16 bits I 4096 x 16 bits 
RDM 

I I Mask ROM Mask ROM One-time PROM 

RAM 336 x 4 bits 

Instruction execution time 4 1J5 (with 4 MHz resonator connected) 

Stack level 5 levels (Multiple interrupt; up to 2 levels) 

Input/output ports 19 

Serial interface · 8-bit.3-line: 1 channel 

· 4 channels 
Interrupts External interrupts: 1 channel 

Internal interrupts: 3 channels 

· 2 systems 
Timers 8-bittimer 

Clock timer (also serves as watchdog timer) 

Standby functions · STOP mode, HALT mode 

Operating voltage VDD=2.2 to 5.5 V 

Package SO-pin plastic OFP (14 x 20 mm) 
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}1PD17P207 is a model of }1PD17207 which is equipped with a one-time PROM in place of the }1PD17207 

internal mask ROM. 

Sice the user can write the program to ,uPD17P207. the microcontroller is suitable for experimental or small-scale 
production of }1PD17207 systems. 

It is recommended that you also read the documents related to jJ. PD17207, in addition to this data sheet. 

FEATURES 
• Compatible with }1PD17207 

• Internal one·time PROM: 4096 x 16 bits 

• Operating voltage range: 2.2 to 5.5 V 

ORDERING INFORMATION 

Order Code Package Qual ity Grade 

}1PD17P207GF·389 aO'pin'plastic QFP (14 x 20) Standard 
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PIN CONFIGURATION (Top View) 

(1) Ordinary operation 

LCD3Z 
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XOUT 

X,N 

VDD 

REM 

Pl AZ/SI 

P1Al/S0 

P1AQ/SCK 

POD3 

PODZ 

PODl/TMOUT 

PODO/LED 

POC3 

POCZ 

POCl 

POCO 

POS3 

POSZ 

POSl 

POSo 

POA3 

POAZ 

POAl 

POAO 

INT 
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(2) In PROM programming mode 

o 

(OPEN) 

Note : ( ) indicates processing for pins not used in the PROM programming mode. 

L : Ground each of these pins through a 470 n resistor. 

OPEN: Do not connect these pins. 
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BLOCK DIAGRAM 

PODoILED 

POD,/TMOUT 

PO~ 

POD3 

REM 

RF 

RAM 

PROM 

4096 x '6 bits 
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CPU Clock 

Divider 

NEe 

VREG 

VDD 
CAPH 

Power CAPL 

SVpply VLCDO 
Circuit VLCD' 

VLCD2 
VLCDC 
GND 

LCDO 
LCD, 

LCD2 
LCD3 
LCD4 

LCD33 
CDM3iLCD34 

COM2/LCD35 
COM, 
COMO 

INT/vpp 

VADC 

ADcQ 

ADC, 

ADC2 

---..,----'-0 RESET 

------------------0 WDOUT 

~ ______ -n XTOUT 
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1. PIN FUNCTIONS 

1.1 IN ORDINARY OPERATION MODE 

Pin No. Symbol I/O 
Output 

Pin name FUnction 
format 

These are the segment signal output pins for the II 
LCD driver. LCD35/COM2 and LCD34/COM3 

pins are multiplexed pins equipped with segment 

signal output and common signal output functions. 

Whether the segment signal output function or com-

mon signal output function is selected is specified 

by LCDMD3 through LCDMDO (address 32H, bits 

3-0) of the register file. The number of display 

dots can be selected by the matrix of segment 

signal output pins and common signal output pins 

from 72, 105, or 136 dots. The bias is fixed to 1/3. 
78 LCD35/COM2 Duty factors of 1/2, 1/3, and 1/4 can be selected, 
79 LCD34/COM3 depending on the selected number of common 
80 LCD33 

LCD segment signal 
signal output pins. The frame frequency can be , LCD32 

Output 
selected by LCOCK2~LCDCKO registers (address 

32 LCD, 31 HI for the register file. The dot corresponding 
34 LCDO to a segment signal output pin and a common 

signal output pin, between which a potential 

difference of +VOD is generated illuminates. 

Display data are set in the LCD driver through LCD 

display register (address 40H-63H of BANKO). 

The display ON mode and display OFF mode for 

the LCD driver are selected by the LCDEN register 

(address 31 H, bit 3) for the register file. In the 

display OF F mode, the segment signal output pin 

outputs a signal waveform that extinguishes the 

display. When reset is effected by the RESET pin, 

the voltage detector detecting a voltage drop, or 

the watchdog timer, the LCOEN register is set in 

the display OFF mode. 

33 GND - - Ground Device ground pin 

35 VADC 
This pin supplies power to the AID converter. - - Analog power 
Connect this pin to the VOD pin. 
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Pin No. Symbol 1/0 

Output 
Pin name Function 

format 

These pins are input pins for the a·bit AID converter, 

which can function as either an 8·bit AID converter 

or a comparator, depending on the settings used in 

VREFEN, ADCEN, ADCCH1, and ADCCHO 

(address 21 H), for the register file. The AID con-

36 ADCo Input AID converter input 0 
verter is of successive approximation type. The 

reference voltage for the converter is created by 

37 ADC1 Input AID converter input 1 
dividing the voltage of an analog power supply 

(V ADC pin) with a registor string. 

38 ADC2 Input AID converter input 2 
The AID converter can use a total of six channels, 

formed by pins ADCo through ADC3. The com-

39 ADC3 Input AID converter input 3 
parator is provided with a total of two channels 

with one channel consisting of pins ADCo and 

ACD2 and the other of pin ADC, and pin ADC3. 

Whether the A/D converter or comparator is used, 

and which channel is selected, are specified by 

VREFEN, ADCEN, ADCCH1, and ADCCHO 

(address 21 H), for the register file. 

40 GNDADC - - Analog ground This is the ground pin for the A/D converter. 

This pin inputs an external interrupt request signal. 

The interrupt request is issued at the rising edge 

of the signal input to this pin. 

Even when an interrupt request has been issued, 

the interrupt is not accepted unless it is enabled 

(maskable interrupt). All interrupts can be enabled 

by the EI instruction, or only a selected interrupt 

can be enabled by the INT pin. 

Enabling an interrupt by the INT pin is specified 

41 INT Input - Interrupt by IP (address 2FH) for the register file. 

If an interrupt is enabled, and when an interrupt 

request is issued, the interrupt is accepted. When 

an interrupt has been accepted, the program is 

executed, starting from address 03 H. 

Whether an interrupt request has been issued can 

be checked by IRQ (address 3FH) for the register 

file, even when the interrupt is not enabled. 

When reset is effected by the RESET pin or watch-

dog timer, all interrupts are disabled and all inter-

rupt requests are cleared. 

These pins constitute a 4-bit general-purpose I/O 

port, which can be set in the input or output mode 

42 POAO 
in 4 bit units (group I/O) by POAGIO (address 37H, 

43 POA1 CMOS 
bit 0) for the register file. The input data is read 

1/0 PortOA and output data is set by port register POA (address 
44 POA2 push-pull 

70H for BANKO). These port pins are internally 
45 POA3 

connected with pull-up resistors. 

When reset is effected by the RESET pin or watch-

dog timer, these pins are set in the input mode. 
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Pin No. Symbol 1/0 
Output 

Pin name Function 
format 

These pins constitute 8 4~bit general-purpose 1/0 

port, which can be set In the input or output mode 

in 4 bit units (group 1/0) by POBGIO (add .... 37H, 
46 POlio bit 1). The input data is read or output date il set 
47 POB, N..,h 

PortOB by port ragilter POB (addrau 71 H lor BANKO). 1/0 
46 POB2 open drain Since these pins are N-ch open-drain, they mUlt be 

II 
49 POB3 connected to external pull-up rHistors. 

When reset il effected by the RESET pin or watch-

dog timer, these pins are set in the input mode. 

These pins constitute a 4-bit general-purpose 1/0 

pan, which can be set in the input or output mode 

50 POCo 
in 4·bit units (group I/O) by POCGIO (add, ... 37H, 

51 POC, N..,h bit 2). The input data is read and output data is 
1/0 PortOC set by port ragister POC (address 72H lor BANKO). 52 POC2 open araln 

53 POC3 
Since these pins are N-ch open-drain, they mUlt be 

connected with pull-up registors. 

When reset is effected by the RESET pin or watch· 

dog timer, these pins are set in the input mode. 

These pins constitute a 4-bit general-purpose 1/0 

port. Of these four pin, POCO also function as an 

LED output pin (LEO), and POOl serves as the 

external signal output pin for the timer (TMOUT). 

Whether the port pin, LED output, or timer output 

function is used is specified by NRZEN (address 

23H,bit 2) and TMOE (add,es. 23H,bit 11 fo'the 
register file. 

When reset is effected by the RESET pin or watch· 

dog timer, these pins are set in the input mode. 

(I) When 4-bit 1/0 port function is used 

The port can be set in the input or output 
54 PODo/LED mode bitwise (bit 1/0) by PODBI03 through 

CMOS 
55 POO,ITMOUT 1/0 Port 00 PODBIOO (addres. 27H, bits 3 through 0) for 
56 POD2 

push-pull 
the register file. 

57 POD3 The input data is read or output data is set 

by port register POD (address 73 H for 

BANKO). 
(2) When PODO pin is used as LEO output pin 

Whether this pin functions as an 1/0 port pi" 

(PODO) or LEO output pin is specified by 

NRZEN. As an LED output pin, NRZ signal 

is output in synchronization with REM output. 
(3) When POD1 pin is used as external signal out· 

put pin for 8-bit timer 

Whether this pin functions as an 1/0 port pin 

(POD1) or timer outPUt pin is specified by 

TMOE. 
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Pin No. Symbol I/O 

Output 
Pin name Function 

format 

These pins constitute a 3-bit general-purpose I/O 

port. They also form a serial interface. 

Whether these pins function as port pins or serial 

interface pins can be specified by SIOEN (address 

23H, bit 0) for the register file. 

When RESET is effected by the RESET pin or 

watchdog timer, these pins are set in the input 

P1AO/SCK 
mode, 

58 
(11 When used as 3-bit 110 port CMOS 

59 P1Al/S0 I/O Port1A 

60 P1A2/SI 
push-pull The port can be set in the input or output 

mode in 3 bit units (group 1/0) by P1AGIO 

(address 37H, bit 3) for the register file. 

The i "put data can be read or output data 

can be set by port register P1 A {address 70H 

of BANKll. 

(21 When used as serial interface 

The serial interface CuCOM standard model 

function for these pins is selected by SIOEN. 

Remote controller This pin outputs an infrared remote controller 
CMOS 

61 REM Output transmission signal. The carrier frequency can be set from 16 to 
push-pull 

output 1,024 kHz. 

62 VDD Power Device power supply 

63 XIN Input Main clock Connect a 4 MHz ceramic/crystal oscillator across 

64 XOUT Output oscillation these pins. 

This pin inputs a system reset signal. 

65 RESET Input Reset The system is reset, when a lower-level signal is 

input to this pin for 50 us or longer. 

66 VREG Output 
Voltage regulator This is the output pin for the voltage regulator. 

output Connect an external 0.1 uF capacitor to this pin. 

CMOS 
This pin goes low, when overrunning. such as 

67 WDOUT Output Watchdog output watchdog timer operation and stack overflow, is 
push-pull 

detected. 

6B XTIN Input Subclock Connect a 32 kHz crystal oscillator across these 

74 XTOUT Output oscillation pins. 

This pin adjusts the reference voltage for the LCD 

LCD drive reference driver. Connect variable resistors for reference 
71 VLCDC Output 

voltage adjustment between V LCDO and V LCDC. voltage adjustment 

and between VLCDC and GND. 

These pins output the reference voltages for the 

LCD driver. VLCDO outputs the reference voltage, 

VLCD1 outputs a voltage two times the reference 

voltage (doubler output), and VLCD2 outputs a 
70 VLCDO voltage three times the reference voltage (tripler 

LCD drive reference 
72 VLCDl Output output). 

voltage output 
73 VLCD2 Connect variable resitors for reference voltage 

adjustment between VLCDO and V LCDC. and 

between VLCDC and GND. In addition, connect 

a 0.47 uF capacitors between VLCDO and VLCD1. 

and VLC02 and GND. 

74 CAPH Voltage raising Connect a 0.47 JJF capacitor, to raise the voltage 

75 CAPL capacitor across these pi ns. 
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Pin No. Symbol 1/0 
Output 

Pin name Function 
format 

These pins output the common signals from the 

LCD driver. In addition, LC03S/COM2 and 

LCD34/COM3 pins can also be used as common 

signal output pins. 

Whether the segment signal output function or II 
common signal output function is selected is 

specified by LCDMDO and LeOMDl registers 

(address 32H) for the register file. The number of 

display dots can be selected by the matrix of seg-

ment signal outpu~ pins and common signal output 

pins, from 72. 105, or 136 dots. The bias is fixed 

to 1/3. Duty factors of 1/2, 1/3. and 1/4 can be 

selected, depending on the selected number of 

76 COMO common signal output pins. The frame frequency 

77 
Output CMOS Common signal 

can be selected by LCDCKO and LCOCK 1 registers COM1 
(address 31 H) for the register file. The dot corre-

sponding to a segment signal output pin and a com-

mon signal output pin, between which a potential 

difference of +VOO is generated. illuminates. 

The display ON mode and display OFF mode for 

the LCD driver are selected by the LCDEN register 

(address 31 H) for the register file. In the display 

OFF mode, the common signal output pin outputs 

a signal waveform that extinguishes the display. 

When reset is effected by the A ESET pin, the 

voltage detector, upon detecting a voltage drop, 

for the watchdog timer, the LCOEN register is set 

in the display OF F mode. 
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1.2 IN PROM PROGRAMMING MOOE 

Pin name 110 Shared by: Function At reset 

ClK Input XIN Address updating clock input pin -
00 to 03 POAoto POA3 

I/O B·bit data I/O pin Input 
D4to 07 POCo to POC3 

MOO to M03 Input POBO to POB3 Operation mode selector pins Input 

Vpp 
Apply the program voltage (12.5 V) to this pin. In the 

I - INT -
ordinary operation mode, this pin is used as the INT pin. I 
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1.3 I/O CIRCUITS 
The simplified I/O circuits schematic views for /J. PD17P207 pins are presented below. 

{1 I POAo to POAa 

data 

{21 POBO to POB3 

data 

output 
disable 

Output 
latch 

Voo Voo 

Pch 

~------+-----~o 

Nch 

Multiplexer 1-----------< 

Output 
latch 
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Input buffer 

r----r----@ 

I nput buffer 
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(3) POCo to POC3 

data Output 
latch 

~~~--------------~---------4----~ 

Multiplexer 

(4) PODO to POD3 

data Output 
latch 

~~~-----------.--------~---+--4 

Multiplexer 

NEe 

c-------.------iO 

Nch 

I nput buffer 

VDD 

Pch 

~------~----~o 

Nch 

Input buffer 
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(51 P1At! to P1A2 

data 

Output 
disable 

(61 RESET 

Output 
latch 

IlPD17P207 

Voo 

+----~--_____fo 

Multiplexer I-________ -<~ 

I nput buffer 

----------------~<::J~------~@ 
I nput buffer 
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2. WRITING, READING, AND VERIFYING ONE·TIME PROM (PROGRAM MEMORY) 

When the PROM is to be written, read, or verified, IlPD17P207 is set in the PROM mode, and the pins shown 

in Table 2-1 are used_ 

No address has to be input_ Instead, the address is incremented by the clock input from the ClK pin_ 

Table 2-1 Pins Used to Write/ReadNerify Program Memory 

Pin name Function 

Vpp 
Apply program voltage (12_5 V) to this pin. 

This pin is used as I NT pin in ordinary operation mode_ 

ClK Address incrementing clock input pin. 

MDo to MD3 Operation mode selector pins. 

Do to D7 B-bit I/O pins. 

Vee 
Apply operating voltage (6 V) to this pin. 

Apply 2.2 to 5_5 V in ordinary operation mode. 
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2.1 OPERATION MODES FOR PROGRAM MEMORY WRITE, READ, AND VERIFY 

pPD17P207 is set in the program memory write, read, or verify mode, when -+6 V is applied to pin VOO, and 

+12.5 V is applied to pin Vpp, after being placed in the reset status (Vee = 5 V, RESET = low level) for a certain 

period of time. 

The operation modes, selected by pins MOO through M03, are listed in Table 2-2. 

Any pins not used to write, read, or verify the program memory must be grounded through pull-down resistors 

(470 n). 

Table 2-2 Operation Modes for Program Memory Write, Read, and Verify 

Operation mode selection 
Operation mode 

Vpp Vee MOO MOl M02 M03 

H L H L Program memory address 0 clear 

L H H H Write mode 
+12.5 V -+6 V 

L L H H Read, verify mode 

H x H H Program inhibit mode 

Remarks: x: Lor H 
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2.2 PROGRAM MEMORY WRITING· PROCEDURE 

Write the program memory by following these steps. The program memory can be wr,itten at high speeds. 

(1) Pull down the unused pins to the ground potential through resistors. Make the pin ClK low. 

(2) Apply 5 V to pin Voo. Make pin Vpp low. 

(3) Wait for 10 j.IS. Then, apply 5 V to pin Vpp. 

(4) Set the program memory address 0 clear mode by the mode selector pins, 

(5) Apply 6 V to pin Voo, and 12.5 V to pin Vpp. 

(6) Program inhibit mode 

(7) Write data in the 1 ms write mode. 

(8) Program inhibit mode 

(9) Verify mode. Proceed to (10), if the memory has been written. If it has not been written, repeat (7) 

through (9). 

(10) Additional writing for (the number of times (7) through (9) are repeated: X) x 1 ms 

(11) Program inhibit mode 

(12) Input a pulse four times to pin ClK, in order to increment the program memory address (by one). 

(13) Repeat (7) through (12);until the last address is programmed. 

(14) Program memory address 0 clear mode 

(15) Decrease the voltages on pin Voo and Vpp to 5 V. 

(16) Turn power off. 

The following figure illustrates steps (2) through (12) above. 

X times repetition 

Reset 

M 
r-- Write --!-Verify --!-Additional write--j- Address t--1 I I I I ,"cremen I 

Vpp 
Vpp 

VOO 

GNO 

Voo VOO+1 

VOO 

GNO 

Do to Os 

MOO 

~ 
U 

-----...... ( Data input }---~--U-----<C~o~at~a~in~p~ut~»------~C 

__ ----J! \1.... __ ....Jrl 
II 

M03 ! u 
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2.3 PROGRAM MEMORY READING PROCEDURE 

(1) Pull down the unused pins to the ground potential through resistors. 

(2) Apply 5 V to pin Voo. Make pin Vpp low. 

Make the pin ClK low. 

(3) Wait for 10 jI.$. Then, apply 5 V to pin Vpp. 

(4) Set the program memory address 0 clear mode by the mode selector pins. 

(5) Apply 6 V to pin Voo, and 12.5 V to pin Vpp. 

(6) Program inhibit mode 

(7) Verify mode. The data for each address is output on a one·by·one basis in a cycle during which the clock 

pulse is input to pin elK four times. 

(B) Program inhibit mode 

(9) Program memory address 0 clear mode 

(10) Decrease the voltages on pin Voo and Vpp to 5 V. 

(11) Turn power off. 

The following figure illustrates steps (2) through (9) above. 

Vpp vpp 

~ voo 

GNO 

voo VDD+l 

~ VDD 
GND 

elK 

II 

n 

DO to D8 --------1( Data output X Data output X'-__ -l:~ 

MDO ~ \~--------------~I~ 

II 

1/ 

MD3 / I~,--_-
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3. ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (T. = 25°C) 

Supply Voltage VOO -0.3 to +7.0 V 

VI 
POBO-POP3 -0.3 to Voo+o.3 V 

Input Voltage 
All pins, except POBO-POP3 -0.3 to Voo+o.3 V 

Operating Temperature Topt -20 to +75 °c 

Storage Temperature Tst9 -40 to +125 °c 

CAPACITANCE (T. = 25°C, Voo = 0 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITiONS 

CIN 10 pF Pins INT, SI, RESET 
Input Capacitance 

CPIN 10 pF Other than pins INT, SI, RESET 

RECOMMENDED OPERATING RANGE 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

VOD1 2.2 3.0 
Supply Voltage 

5.5 V IX = 4 MHz 

VOO2 3.5 5.0 5.5 V IX = 8 MHz 

Main Clock Oscillation Frequency IX 2.0 4.0 8.0 MHz 

Subclock Oscillation Frequency IXT 32.768 kHz 
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DC CHARACTERISTICS (Voo=2.2 to 5.5 V, Ta=-20 to +75 DC, fx=4 MHz, fXT=32 kHz) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Operating Supply Voltage VOO 2.2 3.0 5.5 V 

High-Level Input Voltage VIHl 2.4 V RESET pin 

VIH2 2.1 V Other than RESET pin 

Low-Level Input Voltage VIU 0.6 V AESETpin 

VIL2 0.9 V Other than RESET pin 

High-Level Input Current IIHl 0.2 p.A INTpin VIH=3.0V 

IIH2 0.2 p.A RESET pin VIH =3.0 V 

IIH3 0.2 /LA POA·P1Apin VIH =3.0 V 

Low-Level Input Current IILl 0.2 /LA INTpln VIL =0 V 

IIL2 0.2 /LA VIL = 0 V 

w/o 

RESET pin pull-up resistor 

IILJ 20 50 100 /LA VIL =0 V 
w/pull-up resistor 

IIL4 0.2 "A VIL=OV 

w/o 

POApin pull-up resistor 

IIL5 6 12 20 "A VIL = 0 V 

w/pull-up resistor 

IlLS 0.2 "A POB, POC, POD, Pl A VIL = 0 V 
pin 

High-Level Output Current IOHl 0.6 2.0 4.0 mA POA, POD, Pl A pin VOH=2.7V 

IOH2 7.0 15.0 25.0 mA REM pin VOH=1.0V 

Low-Level Output Current lOLl 0.5 1.5 2.5 mA POA, POD, Pl A pin VOL = 0.3 V 

IOL2 0.5 1.5 2.5 mA POB, POCpin VOL =0.3 V 

IOLJ 0.5 1.5 2.5 mA REM pin VOL - 0.3 V 

Supply Current IDOl 0.2 0.5 1.5 mA Both XTand X 

Operation mode oscillate 

1002 15 30 "A Only XT oscillates 

1003 0.5 1.5 mA Both XTand X 

HALTmoda oscillate 

1004 10 15 "A Only XT oscillates 

LCD Output Voltage VLCOO 0.6 1.8 V 

Variable Range 

Doubler Output Voltage VLCOl 1.9 VLCOO 2 VLCOO V 

Tripier Output Voltage VLC02 2.85 VLCDO 3 VLCDO V 

Common Output Current ICOM 30 "A VOS =0.2 V 

Segment Output Current ILCO 5 "A VOS =0.2 V 

Low-Voltage Detection VOET1 1.6 2.0 2.5 V 

Voltage 1 

Low-Voltage Detection VOET2 1.9 2.2 2.9 V 

Voltage 2 
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CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

AID Converter Current 1005 60 120 ~A VADC· 3 V 
Dissipation 

AID Converter Absolute ±1 ±2 LSB VA DC • 3 V 
Accuracy 

AC CHARACTERISTICS (T. = -20 to +75 °c, VOO = 2.2 to 5.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Main Clock Oscillation IX 2.0 4.0 MHz VDD • 2.2 to 5.5 V 
Frequency 

2.0 8.0 MHz VDD • 3.5 to 5.5 V 

Subclock Oscillation IXT 32.768 kHz 
Frequency 

I NT Input High-Level tlNTH 50 ~s 

Width 

RESET Low-Level Width tRSL 50 ~s 
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RECOMMENDED OSCILLATOR 

MAIN SYSTEM CLOCK: CERAMIC OSCILLATORS 

External capacitance Oscillation voltage range 

Manufacturer Product name (pF) (V) Remarks 

C1 C2 MIN. MAX. II 
CSA3.58MG 30 30 2.0 6.0 

CSA4.00MG 30 30 2.0 6.0 

CSA4.19MG 30 30 2.0 6.0 
Murata Mfg 

CST3.58MGW unnecessary unnecessary 2.0 6.0 

CST4.00MGW unnecessary unnecessary 2.0 6.0 C-contained type 

CST4.19MGW unnecessary unnecessary 2.0 6.0 

KBR3.58MS 33 33 2.0 6.0 

Kyocera KBR4.00MS 33 33 2.0 6.0 

KBR4.19MS 33 33 2.0 6.0 

Toka CRHF4.00 18 18 2.0 6.0 

Dai-Shinku PRS0400BCSAN 39 33 2.0 6.0 

MAIN SYSTEM CLOCK: CRYSTAL OSCILLATOR 

External capacitance Oscillation voltage range 

Manufacturer 
Frequency 

Retainer (pF) (V) Remarks 
(MHz) 

I 1 C1 C2 MIN. MAX. 

Kinseki 4.0 HC-49U·S 22 I 22 2.0 I 6.0 

Oscillator 

XOUT 

o 
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SERIAL INTERFACE AC CHARACTERISTICS (Ta=-20 to +75 ·C, Voo=2.2 to 5.5 VI 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

2.0 ~s Data input 
VDD = 4.5 to 5.5 V 

SCK Cycle Time 
10.0 ~ Data output 

tKCY 
5.0 ~ Data input 

13.0 ~s Data output 

1.0 ~s 
VDD = 4.5 to 5.5 V 

Data input 

SCK Low-Level Width 
5.0 ~ Data output 

tKH.tKL 
2.5 ~ Data input 

6.5 ~ Data output 

SI setup Time (VI. SCK t I tSIK 100 ns 

SI Hold Time (VI. SCK ! I tKS 100 ns 

SCK I - SO Output Delay TIme tKSO 4.5 ~ CL = 100 pF 

SERIAL TRANSFER TIMING 

lolin. IIriall/O mode: 

tKCY 1 

tKLl tKHl 

.1 
\ " tSIKl tKSll 

SI Input data 

tKSOl 

-)1-0ut-putdata->e SO 
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DC PROGRAMMING CHARACTERISTICS (Ta =25 ·C. VOO=6.0±O.25 V. Vpp=12.5±O.5 VI 

CHARACTERISTICS SYMBOL MIN. 

High-Level Input Voltage VIHl 0.7 VOO 

V(H2 VOO-0.5 

Low-Level Input Voltage VILl 0 

VIL2 0 

Input Leakage Current 1L1 

High-Level Output Voltage VOH Voo-1.0 

Low-Level Output Voltage VOL 

VOO Supply Current 100 

Vpp Supply Current Ipp 

Notel: Keep Vpp to below +13.5 V, inctuding the overshoot. 

2: Apply VOO before Vpp, and remove VOD after Vpp. 

TYP. 
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MAX. UNIT CONDITIONS 

VOO V Other than eLK 

Voo V CLK 

0.3 VOo V Other than elK 

0.4 V eLK 

10 ~A VIN = VI L or VIH 

V IOH=-l rnA 

0.4 V IOL = 1.6 rnA 

30 rnA 

30 rnA MOO = VIL. MOl = VIH 
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AC PROGRAMMING CHARACTERISTICS (T. = 25°C, VOO = 6.0±025 V, Vpp = 12.5±O.5 VI 

CHARACTER ISTICS SYMBOL ·1 MIN. TYP. MAX. UNIT CONDITIONS 

Address Se,up Time·2 Ivs. MOO ·iI 'AS 'AS 2 ItS 

MDI Se'up Time Iv>. MDO .J.) 'MIS 'OES 2 "s 

Da'a Se,up Time Iv>. MOO .J.) 'DS 'DS 2 "s 

Address Hold Time*2 (vs. MOO t) 'AH 'AH 2 "s 

ba'a Hold Time Ivs. MDO t) 'DH 'DH 2 "s 

MOO t-+ Data Output Float Delay Time 'DF 'DF 0 130 "s 

Vpp Se,up Time Ivs. MD3 t) 'VPS 'VPS 2 "s 

VDD Se,up Time Iv>. MD3 t) 'VDS 'vcs 2 i "s 

Initial Program Pulse Width 'PW 'PW 0.95 1.0 1.05 ms 

Additional Program Pulse Width 'OPW 'OPW 0.95 21.0 ms 

MDO Se,up Time Iv>. MDI t) 'MOS 'CES 2 "s 

MOO ,J.-+ Data Output Delay Time 'DV 'DV 1 "s MDO = MDI = VIL 

MDI Hold Time Ivs. MDO .J.l 'MIH 'OEH 2 "s 

MD1 Recovery Time (vs. MOO J.) 'Ml H +'MIR ~ 50 "s 
'MIR 'OR 2 "s 

Program Counter Reset Time 'PCR - 10 "s 

elK Input High-Low-Level Width 'XH. 'XL - 0.125 "s 

elK Input Frequency IX - 4 MHz 

Initial Mode Set Time 'I - 2 i "s 
f---

MD3 Se,up Time Iv>. MDI t) 'M3S - 2 "s 

MD3 Hold Time Iv>. MDI .J.) 'M3H - 2 "s 

MD3 Setup Time Ivs. MDO .J.) 'M3SR - 2 i "s When program memory is read 

Address *2 -+ Data Output Delay Time 'DAD 'ACC 2 "s When program memory is read 

Address·2 -+Data Output Hold Time 'HAD 'OH 0 130 "s When program memory is read 

MD3 Hold Time Iv>. MDO t) 'M3HR - 2 "s When program memory is read 

M03 .l.'" Data Output Float Delay Time 'DFR - 2 '" When program memory is read 

Reset Setup Time 'RES 10 "s 

*1: Symbols for corresponding J,lPD27C256 

-2: The internal address signal is incremented by one at the falling edge of the third ClK input and is not connected to a pin. 
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PROGRAM MEMORY WRITE TIMING 

Vpp 
Vpp 

Voo 
GNO 

VOO VOO+l 
VOO 

GNO 

CLK 

001007 

MOO 

MOl 

M02 

M03 

~--------------~~------------------~nl---

~~--~~--------:~ I~---------i~------------~-~ 
-----'I 

PROGRAM MEMORY READ TIMING 

tvps 

Vpp 
Vpp 

VOO 

GNO tVDS 

VOO 
VOO+l 

VOO 
'XH 

GNO 

CLK 1\'-----
001007 ~ 

tM3HR 

MOO 

MOl 

M02 

M03 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

WITH LCD CONTROLLER/DRIVER FOR INFRARED REMOTE CONTROLLER 

IlPD17202A is a 4·bit single·chip microcontroller containing" an LCD controllerldriver and an infrared remote 

controller carrier generator circuit. 

This microcontroller employs the 17K architecture and can execute transfer and arithmetic operations with a 

single 16·bit instruction between data memory addresses and between the data memory and a peripheral circuit. 

IlPDl7202A is housed in a 64'pin plastic OFP. 

FEATURES 
• 17K architecture 
• Program memory {ROM}: 2048 x 16 bits 

• Data memory {RAM}: 112 x 4 bits 

• Internal infrared remote controller carrier generator 

• Internal LCD controllerldriver {can display up to 96 segments} 

Common pins: 4, segment pins: 24 {two of the common pins can also be used as segment pins}, internal LCD 

constant voltage supply circuit: LCD drive voltage can be arbitrarily set at 2.4 to 5.4 V by external resistor 

• 1/0 ports: 16 
• External interrupt pin: 1 

• Stack levels: 5 {two interrupt levels} 

• 8·bit timer: 1 channel 
• Watch timer: 1 channel {used as watchdog timer or watch timer} 

• Standby function: STOP and HALT 

{to reduce current dissipation} 

• Instruction execution time: 4 Ils 

{with 4 MHz ceramic oscillator} 

• Operation clock: 4 MHz or 32 kHz 

• Operating voltage range: 2.2 to 5.5 V 

ORDERING INFORMATION 

Order Code Package Ouality Grade 

IlPDl7202AGF·xxx·38E 64·pin plastic OFP Standard 
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PIN CONFIGURATION (Top View) 

'" S 
~ 

§ 8 0 f0-e:. 
~ f ~ 

...J 0 § § fo- " :;) 

8 ~ ~ w w ~ 8 8 ...J Z 0 II: 
> " > > > > > x 

COM3ILC024 XTIN 

LC~3 2 50 VOOUT 

LC022 3 0 RESET 

LC~1 4 XOUT 

LC~O 5 XIN 

LC019 e 46 VOO 

LC018 7 45 REM 

LC017 8 44 TMOUT/LEO 

LC016 9 ~ 
POO3 .... 

~ 
LC015 10 '" ~ POO2 

7' 
LC014 

)( 

11 )( POOl )( 

i.> 

'" LC013 12 m POOO 

LC012 13 POC3 

LC011 14 POC2 

LC010 15 POCI 

LCDg 16 POCo 

LCOe 17 POB3 

LC07 18 POB2 

LC06 POBI 
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BLOCK DIAGRAM 

VDOUT 

VDET 

VREG 

VDD 
CAPH 

CAPL 
VLCDO 

VLCD' 

VLCDZ 

VLCDC 
POAo GNDO 
POA, GND, 
POA2 

POA3 LCDO 

LCD, 

RF LCDZ 

LCD~ 

POBO RAM 
LCD4 

POB, "2x4 bit 

POBZ SYSTEM REG. LCD23 

POB3 COM3ILCDZ4 

COMZ/LCDZ5 
COM, 

COMo 

POCo 
pac, 
POCz INT 
POC3 

ROM 

PODo 2048x'6 bit 
POD, 

POD2 

POD3 

REM ----------------~o RESET 

TMOUT/LED CPU Clock 

XOUT 

CPU Clock 

XTIN 

L------------o XTOUT 
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1. PIN FUNCTIONS 

1.1 PIN FUNCTION LIST 

PIN NO. SYMBOL PIN NAME FUNCTION OUTPUT TYPE 

These pins constitute a 4-bit I/O port which can be 

set in input or output mode in 4 bit units. 

28 POAO I n output mode, the port serves as a CMOS output 

29 POAI POrt. In input mode, the port serves as a CMOS 
PortOA CMOS 

30 POA2 input port with pull-up resistor and can be used for 

31 POA3 key return input for a key matrix. 

If anyone of these pins is made low in standby 

mode, the standby mode is released. 

These pins constitute a 4-bit I/O port which can be 

set in input or output mode in 4 bit units. 

32 POBO In output mode, the port serves as a CMOS output 

33 POBI port. In input mode, the port serves as a CMOS input 
PortOB 

port with pull-up resistor and can be used for key 
CMOS 

34 POB2 

35 POB3 return input for a key matrix. 
If anyone of these pins is made low in standby 

mode, the standby mode is released. 

These pins constitute a 4-bit I/O port which can be 

set in input or output mode in 4 bit units. 

36 POCo In output mode, the port serves as an N~ch open~ 

37 POCI drain port and can be used for key source output for 
PortOC N-ch open drain 

38 PO~ a key matrix. In input mode, the port serves as a 

39 POC3 "CMOS input port. 

The standby mode cannot be set, wh~n anyone of 

these pins outputs a high level. 

These pins constitute a 4-bit I/O port which can be 

set in input or output mode in 4 bit units. 

40 POOO In output mode, the port serves as an N-ch open-

41 POOl drain ~ort and can be used for key source output for 
Port 00 N-ch open drain 

42 POD2 a key matrix. In input mode, the port serves as a 

43 POD3 CMOS input port. 

The standby mode cannot be set, when anyone of 

these pins outputs a high level. 

External 
This CMOS input pin inputs an external interrupt 

27 INT interrupt -
signal. 

input 

Remote This pin outputs an NRZ (LED) signal in synchroni· 

controller zation with an "infrared remote controller signal, or 

44 TMOUT/LED transfer/ a·bit timer's output'signal (TMOUT). When the NRZ CMPS 

display signal is selected and while the remote controller 

output carrier is output, this pin remains low. 

Remote 

45 
controller This pin outputs an active-high infrared remote, 

REM CMOS 
transfer controller signal. 

output 

47 XIN Main clock Connect a 4 MHz ceramic/crystal oscillator across 
-

48 XOUT oscillator these pins. 
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PIN NO. SYMBOL PIN NAME FUNCTION OUTPUT TYPE 

This pin inputs the system reset signal. 

49 RESET Reset input While a low level is input to this pin, main clock -
oscillation stops. 

-- ~--
Low 

voltage This is the output pin for the internallOW'-witage 

50 VOOUT detector detector circuit. It outputs a low lavel, if the lUp'ply CMOS 
II 

circuit voltage drops below the specified value. 

output 
-~.-~--.-~ ._------ ----~~--~~~~~--

51 XTIN Subclock 
Connect a 32 kHz crystal oscillator across these pins. -

62 XTOUT oscillator 
. __ ._._---- ... __ .- ..... _-- -_._- . --f-------

Voltage This is the output pin for the voltage regulator for 

63 VREG regulator the XT oscillator. Connect an external 0.1 J.l.F -
output capaCitOf to this pin. 

Voltage 
Connect a resistor, that adjusts the voltage level 

detector 

54 VDET voltage 
detected by the voltage regulator, between this pin -and GND. The resistor is a variable resistor with 

adjuster 
several megohms resistance. 

circuit 

This pin adjusts the reference voltage for the LCD 
driver. 

Example: 
VLCDC 

55 
LCDdri ... r 56 2~ reference VLCDO 

VLCDl 
57 0.47I'FI~: voltage 

0.47I'F, J. I 56 V LCDC 59 -
adjuster VLCD2 
circuit CAPL 60 0.471'F tI 
input 

CAPH 0.47 I'F * 
61 

LCD These pins output the voltage obtained by raising 
66 VLCOO driver the ",!eronoe voltege for the LCD drl ... r. 

67 VLCD1 reference The refe"'noe voltage is the voltage on V LCOO. -
59 V LCD2 voltage Connect a 0.47 I'F capacitor between VLCD1 and 

~utPUt VLCD2andGND. 

60 CAPL 
Voltage 

Connect a OA7 IJF capacitor acl'OlS these pins to 
61 CAPH 

ral~lng 
raise the voltage. -

capacitor 

62 COMo Common 
LCD drive common output pins. CMOS 

63 COM, output 

64 LCD26/COM2 
Common! 

Thae pins can be used to output either LCD drive 
1 LCD24fCOM3 

segment 
common or segment signals. 

CMOS 

output 

2-26 LCD23-LCDo 
Segment 

These are LCD drive segment output pins. CMOS 
output 

49 VDD Power 
Power supply pin. -The operating voltage range Is from 2.2 to 6.6 V. 

26 GNDo 
Ground Ground pin -58 GND1 
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1.2 INPUT/OUTPUT CIRCUITS 

The input/output circuit for each jLPD17202A's pin is shown below. 

111 POAo·PO~. POBo-pt)Ba 

data 
Output 
latch 

~~:----------~------~---+-.~~ 

Voo 

t----t----{'o 

Multiplexer 1-________________ -< 

121 POCg-POC3, POOO-P003 

dota 
Output 
latch 

~~: --________________ --J 

Input buffer 

r-----~----__{IO 

Input buffer 
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(3) IfESET 

VDD 

I ----------------<<J r M •• ~"~ 
II 

Input buffer 
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2. ASSEMBLER KEYWORDS 

2.1 MASK OPTION DIRECTIVES 

When developing the IlPD 17202A program. mask options must be specified by using mask option directives in 

the program. 

The mask options must be specified for the following items: 

• POAo.POA,.POA2. POA3 

• POBo. POB,. POB2. POB3 

• RESET 
• SYSTEM CLOCK 

2.1.1 OPTION and ENDOP Directivea 

That portion of the program enclosed by the OPTION and ENDOP directives is called a mask option definition 

block. This block is described in the following format: 

Description: 

Symbol field Mnemonic field Operand field Comment field 

[label:] OPTION [;comment] 

ENDOP 

2.1.2 Mask Option Dafinition Directives 

Table 2·' lists the directives that can be used In the mask option definition block. 

fiere is an example of mask option definition: 

Descri ption: 

Symbol field Mnemonic field 

[label:] OPTPOA 

Operand field 

POAPLUP. POAPLUP. OPEN. OPEN 

- [ I ~o are open 
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Tabla 2-1 Mask Option Definition Directive. 

Name Directive Operandi 1st operand 2nd operand 3rd opel'1lnd 4th opel'1lnd 

Meks option of 

RESET 

RESPLUP 

RESET OPTRES 1 (w/pull-up 

resistor) 

OPEN 

(w/o pull·up 

resistor) 

POA3 POA2 POA1 POAO 

Mask option Mask option Mask option Malk option 

POAPLUP POAPLUP POAPLUP POAPLUP 
POA3· (w/pull-up (w/pull-up (w/pull-up (w/pull-up OPTPOA 4 
POAO resistor) resistor) resistor) resistor) 

OPEN OPEN OPEN OPEN 

(w/o pull-up (w/o pull·up (w/o pull·up (w/o pull-up 

resistor) resistor} reststor) resistor) 

POB3 POB2 POB1 POBO 

Mask option Mask option Mask option Me. option 

POBPLUP POBPLUP POBPLUP POBPLUP 
POB3· (w/pull-up (w/pull-up (w/pull·up (w/pull-up OPTPOB 4 
POBO resistor) resistor) resistor} resistor) 

OPEN OPEN OPEN OPEN 

(w/o pull-up (w/o pull-up {w/o pull-up (w/o pull-up 

resistor) resistor) resistor} resistor) 

Main clock Subclock 

USEX USEXT 

SYSTEM (main clock is (subclock is 
I OPTCK 2 used) used) 

CLOCK 
NOX NOXT 

(main clock is (subclock is 

not used) not used) 

2.2 KEYWORD SYMBOLS 

The symbols defined by the !,PD17202A device file are listed In Table 2·2. 

The defined symbols are the following register file names, port names, and peripheral device names. 

2.2.1 Register File 

The names of the symbols assigned to the register file are defined. These registers are accessed by the PEEK and 

POKE instructions through the window register (WR). 

2.2.2 Registers and Ports on Data Memory 

The names of the registers assigned at addresses OOH through 7FH on the data memory and the names of ports 

assigned to address 70H and those that follow, and system register names are defined. 

2.2.3 Peripheral Circuit. 

The names of peripheral circuits accessed by the GET and PUT instructions are defined. 

2-493 

II 



~PD17202A ttlEC 
Table 2-2 Keyword Symbols (1/3) 

Symbol Attrib~te Value R/W Remarks 

IJBF3 MEM O.OCH R/W Bits 15-12 of data buffer 

DBF2 MEM O.ODH R/W Bits 11-8 of data buffer 

DBFI MEM O.OEH R/W Bits 7-4 of data buffer 

DBFO MEM O.OFH R/W Bits 3-0 of data buffer 

AR3 MEM O.74H R Bits 15-12 of address register 

AR2 MEM O.7SH R/W Bits 11-8 of address register 

ARI MEM O.76H R/W Bits 7-4 of address register 

ARO MEM O.77H R/W Bits 3-0 of address register 

WR MEM O.?SH R/W Window register 

BANK MEM' O.79H R Bank register 

IXH MEM O.7AH R/W Bits 11-8 of index register 

MPH MEM O.7AH R/W Bits 7-4 of memory pointer 

MPE FLG O.7AH.3 R/W Memory pointer enable flag 

IXM MEM O.7BH R/W Bits 7-4 of index register 

MPL MEM O.7BH R/W Bits 3-0 of memory pointer 

IXL MEM O.7CH R/W Bits 3-0 of index register 

RPH MEM O.7DH R/W Bits 7-4 of register pointer 

RPL MEM O.7EH R/W Bits 3-0 of register pointer 

PSW MEM O.7FH R/W Program status word 

BCD FLG O.7EH.O R/W BCD flag 

CMP FLG O.7FH.3 R/W Compare flag 

CY FLG O.7FH.2 R/W Carry flag 

Z FLG O.7FH.I R/W Zero flag 

lXE FLG O.7FH.O R/W Index register enable flag 

LCDDO MEM O.40H R/W LCD segment 0 

LCDDl MEM O.41H R/W LCD segment I 

LCDD2 MEM O.42H R/W LCD segment 2 

LCDD3 MEM O.43H R/W LCD segment 3 

LCDD4 MEM O.44H R/W LCD segment 4 

LCDD5 MEM 0.4SH R/W LCD segment 5 

LCDD6 MEM O.46H R/W LCD segment 6 

LCDD7 MEM O.47H R/W LCD segment 7 

LCDDS MEM O.4SH R/W LCD segment 8 

LCDD9 MEM O.49H R/W LCD segment 9 

LCDDlO MEM O.4AH R/W LCD segment 10 

LCDDll MEM O.4BH R/W LCD segment 11 

LCDDl2 MEM O.4CH R/W LCD segment 12 

LCDDl3 MEM O.4DH R!W LCD segment 13 

LCDDl4 MEM O.4EH R/W LCD segment 14 

LCDDl5 MEM O.4FH R/W LCD segment 15 
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Table 2-2 Keyword Symbols (2/3) 

Symbol Attribute Value R/W Remarks 

LCDDl6 MEM O.SOH R/W LCD segment 16 

LCDDl7 MEM O.SIH R/W LCD segment 17 

LCDDl8 MEM 0.S2H R/W LCD segment 18 

LCDDI9 MEM 0.S3H R/W LCD segment 19 

LCDD20 MEM O.S4H R/W LCD segment 20 

LCDD21 MEM O.SSH R/W LCD segment 21 

LCDD22 MEM 0.S6H R/W LCD segment 22 

LCDD23 MEM 0.S7H R/W LCD segment 23 

LCDDZ. MEM 0.S8H R/W LCD segment 24 

LCDD2S MEM 0.S9H R/W LCD segment 25 

POAO FLG 0.70H.0 R/W Bit 0 of port OA 

POAI FLG O.70H.I RIW Bit 1 of port OA 

POA2 FLG O.70H.2 R/W Bit 2 of port OA 

POA3 FLG O. 70H.3 R/W Bit 3 of port OA 

POBO FLG O.71H.O R/W Bit 0 of port OB 

POBI FLG O.71H.l R/W Bit I of port OB 

POB2 FLG O.7IH.2 R/W Bit 2 of port OB 

POB3 FLG 0.7IH.3 R/W Bit 3 of port OB 

POCO FLG O.72H.O R/W Bit 0 of port OC 

POCI FLG O.72H.I R/W Bit I of port OC 

POCZ FLG O.72H.2 R/W Bit 2 of port OC 

POC3 FLG O. 72H.3 R/W Bit 3 of port OC 

PODO FLG O.73H.O R/W Bit 0 of port OD 

PODI FLG 0.73H.l R/W Bit 1 of port OD 

PODZ FLG 0.73H.2 R/W Bit 2 of port OD 

POD3 FLG 0.73H.3 R/W Bit 3 of port OD 

SP MEM O.81H R/W Stack pointer 

SYSCK FLG 0.82H.I RIW Selects system clock 

XEN FLG 0.82H.0 R/W Enables main clock 

WDTRES FLG 0.83H.3 R/W Resets watchdog timer 

WTMMD FLG O.83H.2 R/W Selects watch timer mode 

WTMRES FLG O.83H.l R/W Resets watch timer mode 

VDDDET FLG O.87H.3 R/W VDD detection flag 

INT FLG O.8FH.O R INT pin status 

NRZBF FLG O.9IH.O R/W NRZ buffer data 

NRZ FLG O.92H.O R/W NRZ data 

lEG FLG 0.9FH.0 R/W Selects interrupt edge of INT pin 

TMOE FLG O.MH.l RIW 8-bit timer output enable flag 

IPWTM FLG O.AFH.2 R/W Watch timer interrupt enable flag 

IP FLG O.AFH.l R/W INT interrupt enable flag 
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Tabla 2-2 Kayword Symbol. (3/3) 

Symbol Attribute Value R!W Remarks 

IPTM FLG O.AFH.O R!W 8-bit timer interrupt enable flag 

LCDEN FLG O.BIH.3 R/W LCD display enable flag 

LCDCK2 FLG O.BIH.2 R/W LCD display setting #2 

LCDCKI FLG O.BIH.I R/W LCD display sett ing # I 

LCDCKO FLG O.BIH.O R!W LCD display setting # 0 

LCDMD3 FLG O.B2H.3 R/W LCD display setting # 3 

LCDMD2 FLG O.B2H.2 R/W LCD display setting # 2 

LCDMDl FLG O.B2H.I R/W LCD display setting # I 

LCDMDO FLG O.B2H.O R/W LCD display setting # 0 

TMEN FLG O.B3H.3 R/W 8-bit timer counter enable flag 

TMRES FLG O.B3H.2 R/W 8-bit timer reset flag 

TMCK! FLG O.B3H.! R/W Selects clock source of 8-bit timer 

TMCKO FLG O.B3H.O R!W Selects clock source of 8-bit timer 

PODGIO FLG O.B7H.3 R!W POD port I/O setting flag 

POCGIO FLG O.B7H.2 R!W POC port I/O setting flag 

POBGIO FLG O.B7H.! R!W POB port I/O setting flag 

POAGIO FLG O.B7H.O R!W POA port I/O setting flag 

IRQWTM FLG O.BDH.O R/W Watch timer interrupt request flag 

IRQ FLG O.BEH.O R/W INT interrupt request flag 

IRQTM FLG O.BFH.O R/W 8-bit timer interrupt request flag 

DBF DAT OFH R/W Operand of GET and PUT instructions 

IX DAT O!H R!W Index register 

TMC DAT 02H R 8-bit timer/counter 

TMM DAT 02H W Modulo register of 8-bit timer 

NRZLTMM DAT 03H R/W NRZ modulo register, low 

NRZHTMM DAT om R/W N RZ modulo register, high 

AR DAT 40H R/W Address register 
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3.I1PD17202A INSTRUCTION SET 

3.1 INSTRUCTION SET OUTLINE 

~ b,,-bl1 0 1 

Bin. Hex. I 
0000 0 ADD r. m ADD m. iii 

0001 1 SUB r. m SUB m. iii 

00 1 0 2 ADOC r. m ADOC m. iii 

00 1 1 3 SUBC r. m SUBC m. iii 

01 00 4 AND r. m AND m. iii 

01 01 5 XOR r. m XOR m. iii 

01 10 6 OR r. m OR m. iii 

INC AR 

INC IX 

MOVT DBF. Ii>AR 

BR @AR 

CALL @AR 

RET 

RETSK 

EI 

DI 

o 1 1 1 7 
RET! 

PUSH AR 

POP AR 

GET DBF. p 

PUT p. DBF 

PEEK WR. rf 

POKE rf. WR 

RORC r 

STOP s 

HALT h 

NOP 

1 000 8 LD r. m ST m. r 

1 0 0 1 9 SKE m. iii SKGE m. iii 

1 0 1 0 A MOV ~r. m MOV m. @r 

1 0 1 1 B SKNE m. iii SKLT m. iii 

1 1 0 0 C BR addr CALL addr 

1 1 0 1 D MOV m. iii 

1 1 1 0 E SKT m. ilo 

1 1 1 1 F SKF m. ilo 
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3.2 LEGEND 

M Data memory address 

m Data memory address except bank 

mH Data memory row address 

mL Data memory column address 

R General register address 

General register column address 

RP 

RF 

rf 

rfH 
rfL 

AR 

IX 

IXE 

DBF 

WR 

MP 

MPE 

PE 

p 

PH 
PL 

PC 

General register pointer 

Register file 

Register file address 

Register file address (higher 3 bits) 

Register file address (lower 3 bits) 

Address register 

Index register 

Index enable flag 

Data buffer 

Window register 

Data memory row address pointer 

Memory pointer enable flag 

Peripheral register 

Peripheral address 

Peripheral address (higher 3 bits) 

Peripheral address (lower 4 bits) 

Program memory counter 

Stack pointer 

Stack value indicated by stack pointer 

Bank register 

SP 

STACK 

BANK 

(AR)rom 

INTEF 
Data for program memory indicated by address register 
Interrupt enable flag 

n 

addr 

CY 

h 
[ 

Immediate data (4 bits) 

Bit position (4 bits) 

Program memory address (11 bits) 

Carry flag 

STOP releasing condition 

HALT releasing condition 

Data memory or register address 

Data memory or register value 
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3.3 INSTRUCTION LIST 

c. Machine code ;:! 
Mnemonic Operand Operation 0 

" OP code 3 bits 4 bits 4 bits 

r. m (R) ~ (R) + (M) 00000 mH mL r 
ADD 

m. ;Ii (M) ~ (M) +i 10000 mH mL i 
c 
0 r. m (R) ~ (R) + (M) + (CY) 00010 mH mL r 
~ ADDC 
't:l m • ;Ii (M) ~ (M) + i + (CY) 10010 mH mL i ..: 

AR (AR) ~ (AR) + 1 oom 000 1001 0000 
INC 

IX (IX) ~ (IX) + 1 oom 000 1000 0000 

c r. m (R) ~ (R) - (M) 00001 mH mL r 
0 SUB 

"13 m. ;Ii (M) ~ (M)-i 10001 mH mL i 

i r. m (R) ~ (R) - (M) - (CY) 00011 mH mL r 
SUBC (fl 

;Ii (M) ~ (M) - i - (CY) 10011 mH mL i m. 

SKE m. ;Ii (M) - i. skip if zero 01001 mH mL i 
~ SKGE oS c. m. ;Ii (M) - i. skip if not borrow 11001 mH mL i 

a SKLT 0 
U 

m. ;Ii (M) - i. skip if borrow 11011 mH mL i 

SKNE m. ;Ii (M) -it skip if not zero 01011 mH mL i 

m. ;Ii (M) ~ (M) AND i 10100 mH mL i 
AND 

r. m (R) ~ (R) AND (M) 00100 mH mL r 

-;;; m. ;Ii (M) ~ (M) OR i 10110 mH mL i 
"& OR 
0 r. m (R) ~ (R) OR (M) 00110 mH mL r ....l 

m. ;Ii (M) ~ (M) XOR i 10101 mH mL i 
XOR 

r. m (R) ~ (R) XOR (M) 00101 mH mL r 

LD r. m (R) ~ (M) 01000 mH mL r 

ST m. r (M) ~ (R) 11000 mH mL r 

if MPE= 1 [(MP). (R)] ~ (M) 
@r. m 

if MPE= 0 : [(mH)' (R)] ~ (M) 
01010 mH mL r 

MOV if MPE= 1 (M) ~ [(MP). (R)] 
m. @r 

if MPE= 0 : (M) ~ [(mH)' (R)j 
11010 mH mL r 

m. ;Ii (M) ~i mOl mH mL i 
@ 

SP~ (SP) - 1. STACK~PC. 'tI c DBF. 

~ MOVT DBF ~ (AR)rom. oom 000 0001 0000 
@AR 

PC~STACK. SP~ (SP) +1 

PUSH AR (SP) ~ (SP) - I, (ST ACK) ~ (AR) oom 000 1101 0000 

POP AR (AR) ~ (STACK). (SP) ~ (SP) + 1 oom 000 1100 0000 

PEEK WR. rf (WR) ~ (RF) oom rfH 0011 rfL 

POKE rf. WR (RF) ~ (WR) 00111 rfH 0010 rfL 

GET DBF. p (DBF) ~ (PE) 00111 PH 1011 PL 

PUT p. DBF (PE) ~ <nBF) 00111 P. 1010 PL 

i\'o SKT m. ;In CMP~O. skip if M, = all ·1· 11110 m. mL n 
'"g 

SKF ...... m. ;In CMP~O. skip if M, = all ·0' mil m. mL n 
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"- Machine code 
" Mnemonic Operand Operation 
~ OP code 3 bits 4 bits 4 bits 

.<: addr PC~addr 01100 addr u c BR '" ... @AR PC~AR OOlll 000 0100 0000 
'" 
] RORC r (CY) ~ (R) ~CY OOlll 000 0111 r 
(f) 

addr 
SP~ (SP) - I, STACK ~ «PC) + I), 

11100 addr 
PC~addr 

'" 
CALL 

.5 SP~ (SP) - I, ST ACK ~ «PC) + I), 

" @AR OOlll 000 0101 0000 

] PC~ (AR) 

" RET PC~ (STACK), SP~ (SP) + 1 00111 000 1110 0000 (f) 

RETSK PC~ (STACK), SP~ (SP) + 1 and skip OOlll 001 1110 0000 

RET! PC~ (STACK), SP~ (SP) + 1 00111 100 1110 0000 

15. EI INTEF~l 00111 000 1111 0000 

j DI INTEF~O OOlll 001 lIll 0000 

STOP 8H STOP 00111 010 1111 1000 ... 
'" HALT h HALT 5 OOlll 011 1111 h 

NOP No operation 00111 100 1111 0000 
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3.4 ASSEMBLER (AS17K) MACROINSTRUCTIONS 

Legend 

flag 

flag1-flagn 

n 

< > 

Mnemonic 

SKTn 

SKFn 

SETn 

CLR 

NOTn 

INITFLG 

One of fla91-fla9n 

Flag name indicated by keyword 

Number 

Can be omitted 

Operand n Operation 

flag!. ---flagn ! :>n:>" if (flag}) - (flagn) = all "I ", then skip 

flag!, ---flagn 1 :>n:>" if (flag}) - (flagn) = all "0", then skip 

flag!, ---flagn 1 :>n:> 4 (flag}) - (flagn) ~ ! 

flag!, - -flagn 1 :>n:> 4 (fIag})- (flagn)~O 

if (flag) =" 0", then (fIag)~I, 
flag!, ---flagn 1 :>n:>" 

if (flag) ="1", then (fIag)~O 

< NOT>flagl. if description = NOT flag, (fIag)~O 
n= 4 

---<NOT>flagn if description = flag, (flag)~1 

2"501 
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4. ELECTRICAL CHARACTERISTICS 

ABSOLUTE c;iAXIMUM RATINGS ITa = 25 ·CI 

Supply Voltage 

Input Voltage 
Operating Temperature 
Storage Temperature 

VDD 
VI 

Topt 

Tstg 

RECOMMENDED OPERATING RANGE 

CAHRACTER ISTICS SYMBOL MIN. TYP. 

VDDI 2.2 3.0 
Supplv Voltage 

VDD2 3.5 5.0 

Main Clock Oscilla-

tion Frequency 
IX 2.0 4.0 

Subclock Oscillation 
Frequencv 

IXT 32.768 

CAPACITANCE ITa = 25 ·C, VDD = 0 VI 

CAHRACTERISTICS SYMBOL MIN. TYP. 

Input Capacitance 
CIN 

CPIN 

NEe 

-0.3 to +7.0 

-0.3 to V DO + 0.3 

V 

V 
·c 
·c 

-20 to +75 
-40 to +125 

MAX. UNIT CONDITIONS 

5.5 V IX -4 MHz 

5.5 V IX -8 MHz 

5.0 MHz 

kHz 

MAX. UNIT CONDITIONS 

10 pF INT. RESET pin. 

10 PF Other than INT. ~ pin. 
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DC CHARACTERISTICS (Voo = 3 V, Ta = -20 to +75 °c, fx = 4 MHz, fXT = 32 kHz) 

CAHRACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

Low Voltage 
VOET 1.3 2.0 2.9 

Detection Voltage 
V 

High-Level Input VIH1 OBVOO VOO V RESET, INT pins 

Voltage VIH2 0.7V OO VOO V Other than RESET, INT pins 
II 

Low-Level Input VIL1 0 0.2VOO V RESET, INT pins 

Voltage VIL2 0 0.3VOO V Other than RESET, I NT pins 

IIH1 02 ~A INTpin VIH =VOO 
High-Level Input 

Current 
IIH2 0.2 ~A RESE'Fpin VIH =VOO 

IIH3 0.2 ~A POA-POD pin VIH =VOO 

IIL1 -0.2 ~A INTpin VIL =0 V 

11L2 -0.2 ~A 
VIL =0 V 

w/o pull-up resistor 
RESET pin 

Low-Level Input 
11L3 -20 -50 -100 ~A 

VIL =0 V 

w/pull-up resistor 

Current VIL =0 V 
IIL4 -0.2 ~A 

POA, POB pins 
w/o pull-up resistor 

IlLS -6 -12 -20 ~A 
VIL =0 V 

w/pull-up resistor 

IIL6 -0.2 ~A poe, POD pins VIL =0 V 

IOH1 -0.6 -2.0 -4.0 mA POA, poe pins VOH = VOO - 0.3 V 
High-Level Output 

IOH2 -7.0 -15.0 
Current 

-25.0 mA REM pin VOH = VOO - 2.0 V 

IOH3 -0.3 -1.0 -2.0 mA LED pin VOH = VOO - 0.3 V 

High-Level Output 
IOH4 -0.3 -1.0 

Current 
-2.0 mA VOOUT pin VOH = VOO - 0.3 V 

IOL1 0.5 1.5 2.5 mA POA, POB pins VOL =0.3 V 

Low-Level Output IOL2 0.5 1.5 2.5 mA POC, POD pins VOL =0.3 V 

Current IOL3 0.5 1.5 2.5 mA REM pin VOL =0.3 V 

IOL4 0.5 1.5 2.5 mA LED pin VOL =0.3 V 

IOL5 0.5 1.5 2.5 mA VOOUT pin VOL =0.3 V 

1001 0.2 0.5 1.5 mA Operation XTand X 

1002 15 30 ~A mode Only XT 
Supply Current 

1003 0.5 1.5 mA XTand X 
HALT mode 

1004 10 15 ~A Only XT 

LCD Output Voltage 
VLCOO 

Adjustable Range 
0.6 1B V 

Doubler Output 
VLC01 Voltage 

1.9VLCOO 2VLCOO V 

Tripier Output 
V LC02 Voltage 

2.85VLCOO 3VLCOO V 

Common Output 
ICOM Current 

30 ~A VOS =0.2 V 

Segment Output 
ILCO 5 ~A VOS=0.2 V 

Current 
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RECOMMENDED OSCILLATORS 

MAIN SYSTEM CLOCK: CERAMIC OSCILLATOR 

EXTERNAL OSCILLATION 

MANUFACTURER 
PRODUCT 

NAME 
CAPACITOR (pF) VOLTAGE (V) REMARKS 

Cl C2 MIN. MAX. 

CSA3.58MG 30 30 2.0 6.0 

CSA4.ooMG 30 30 2.0 6.0 

CSA4.19MG 30 30 2.0 6.0 
Murata Mfg. 

CST3.58MGW none none 2.0 6.0 

CST4.ooMGW none none 2.0 6.0 
C contained 

type 

CST4.19MGW none none 2.0 6.0 

KBR3.58MS 33 33 2.0 6.0 

Kv~era KBR4.0MS 33 33 2.0 6.0 

KBR4.19MS 33 33 2.0 6.0 

Toko CRHF4.00 18 18 2.0 6.0 

DII-8hinku PRS0400BCSAN 39 33 2.0 6.0 

MAIN SYSTEM CLOCK: CRYSTAL OSCILLATOR 
.. 

EXTERNAL OSCILLATION 

MANUFACTURER 
FREQUENCY 

RETAINER CAPACITOR (pF) VOLTAGE (V) REMARKS 
(MHz) 

Cl I C2 MIN. I MAX. 

Kln,"kl 4.0 HC49U-8 22 I 22 2.0 I 6.0 

Oscillator circuit 

XOUT 

D 
TL-. _Cl~r-----JT C2 

J7 
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6. APPLICATION CIRCUIT EXAMPLE 

LCD 

2 MO 

O.471'F 

J.1PD17202A 

Voo # 
IRLEO 

20 

mf-."~~~HHH~ Key matrix 

oJVOO 
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j.tPD17P202A is a model of j.tPD17202A which is equipped with a one-time PROM in place of the j.tPD17202A 

internal mask ROM. 

Since the user can write the program to j.tPD17P202A, the microcomputer is suitable for experimental or small­

scale production of j.tPDl7202A systems. 

It is recommended that you also read the documents related to j.tPD17202A, In addition to this datIIlhut. 

FEATURES 
• Compatible with j.tPDl7202A 

• Internal one·time PROM: 2,048 x 16 bits 

• Operating voltage range: 2.2 to 5.5 V 

ORDERING INFORMATION 

Order Code 

j.tPD17P202AGF-001·38E 

j.tPD17P202AGF·002·3BE 

j.tPD17P202AGI'·003-3BE 

Package 

64·pin plastic QFP (14 x 20 mml 

64·pin plastic QFP (14 x 20 mml 

64·pin plastic QFP (14 x 20 mml 
Note: Table below indicates differences in these products: 

~ 
Pull·up Pull·up 

resistor resistors for 

Part number for RESET pin POA, POB pins 

j.tPD17P202AGF·001·3BE i Provided Provided 

I'PD17P202AGF·OO2·3BE Not provided Provided 

I'PD17P202AGF·OO3·3BE Not provided Not provided 

2-507 

Ouality Grade 

Standard 

Standard 

Standard 

Main clock 

generator 

used/unused 

Used 

Used 

Unused 

Subclock 

generator 

used/unused 

Used 

Unused 

Used 
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PIN CONFIGURATION (Top View) 

(1) Ordinary operation 

"' N 
0 
U 
-1 

N 0 U I-"N 
i 0 I -1 0 0 Ci 0 0 I- '-" ::J 

:2 :2 "- "- u u u U III III 0 
0 0 0 4: 4: -1 Z -1 -1 -1 0 a: I-
U U U U U > '-" > > > > > X 

COM3iLC024 XTIN 

LC023 VOOUT 

LC022 RESET 

LC02l XOUT 

LC020 XIN 

LC019 VOO 

LCOla REM 

LC017 TMOUTiLEO 

LC016 POO3 

LC015 POO2 

LC014 POOl 

LC013 PODO 

LC012 POC3 

LCOll POC2 

LCOlO POCl 

LC09 POCo 

LCOa POB3 

LC07 POB2 

LC06 POBl 

"' " '" N 0 0 0 I- 0 
~ 

N '" 0 
0 0 0 0 0 0 ~ 4: 4: 4: '" u u u u u u z 0 0 ~ ~ 

0 
-1 -1 -1 -1 -1 -1 '-" "- "- "-

POAo-POA3 I nput/output port REM Remote control transmission output 

POBO-POB3 I nput/output port INT External interrupt request signal input 

POCo-POC3 Input/output port RESET Reset input 
POOO-POO3 I nput/output port VOOUT Low voltage detection circuit output 

VREG Voltage regulator output XIN. XOUT Main clock oscillator circuit 

VOET Voltage detector detection voltage XTIN. XTOUT Subclock oscillator circuit 
adjustment CAPH.CAPL Booster capacitor connection pins 

VlCOC LCD drive reference voltage adjustment ClK PROM clock input 

VlCOO-VlC02 : LCD drive voltage outputs MOO-M03 PROM mode selection input 
lCOO-lCE35 LCD segment signal output 00-07 PROM data input/output 
COMO-COM3 LCD common signal output Vpp PROM write voltage power supply pin 
TMOUT 8-bit timer output VOO Power supply pin 

lED Remote control transmission indication GNOO. GNOl GNO 
output 
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(2) PROM programming mode 

;: 
" <> 
9 

I 
IL) 

50 IOpen) 

o 49 (LI 

IOpen) 

eLK 

Voo 

} (Open) 

03 

(Open) 02 

01 

00 

07 

06 

05 

04 

M03 

M02 

MOl 

Note: I indicoteo proc_ing for pins not uoed in tho PROM programming modo. 

L Ground """" of thooo pins through 0 470 n resisto,. 
Open: Do not connect th_ plna. 

2-509 



/-lPD17P202A 

BLOCK DIAGRAM 

POAO 

POA, 

POA2 

POA3 

POBO/MDO 

POB,/MD' 

POB2/MD2 

POB3/MD3 

POCO/D4 

POC,/D5 

POC2/D6 

POC3/D7 

PODO/DO 

POD,/D' 

POD2/D2 

POD3/D3 

REM 

TMOUT/lED 

RF 

RAM 
112 x 4 bits 

SYSTEM REG. 

One Time PROM 

2048 x 16 bits 

2-510 

CPU Clock 

CPU Clock 

!VEe 

VDOUT 

VDET 

VREG 

VDD 

CAPH 

CAPl 

Power VlCDO 
Supply VlCD' 
Circuit VlCD2 

VLCDC 
GNDO 
GND, 

LCDO 

LCD, 

LCD2 

LCD3 

LCD4 

LCD23 

COM3/ LCD24 

COM2/ LCD25 
COM, 

COMO 

INT/Vpp 

------------------0 RESET 

XTOUT 
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1. PIN FUNCTIONS 

1.1 ORDINARY OPERATION MODE 

PIN No. SYMBOL FUNCTION 
OUTPUT POWER 

TYPE ON RESET II 
62 COMo LCD controller/driver segment signal outputs 

63 COM, and LCD controller/driver common signal 

64 LCD25/COM2 outputs. 

1 LCD24/COM3 • LCD25 to LCDO CMOS -
2 LCD23 LCD controller/driver segment signal outputs 

I I • COMo to COM3 
25 LCDO LCD controller/driver common signal outputs 

26 GNDO GND - -
Inputs external interrupt request signal. Either 

27 INT the rising edge or the falling edge can be speci· - Input 

fied as the interrupt request effective edge. 

4·bit CMOS input/output port. 

28 POAo This port can be specified for input/output in 4· CMOS 

I I bit units. In the input mode. these pins become push- Input 

31 POA3 CMOS inputs. and can be used as key return pull 

inputs for key matrix. See Note. 

4·bit CMOS input/output port. 

32 POBo This port can be specified for input/output in 4· CMOS 

I I bit units. In the input mode, these pins become push· Input 

35 POB3 CMOS inputs, and can be used as key return pull 

inputs for key matrix. See Note. 

4·bit CMOS input/output port. 

36 POCO This port can be specified for input/output in 4· N-ch 

I I bit units. In the output mode, these pins become open- Input 

39 POC3 N-ch open·drain output, and can be used for key drain 

source output for key matrix. 

4·bit CMOS input/output port. 

40 PODo This port can be specified for input/output in 4· N·ch 

I I bit units. In the output mode, these pins become open· Input 

43 PO 03 N-ch open·drain output, and can be used for key drain 

source output for key matrix. 

This pin outputs NRZ signal (LED) synchronized 

with infrared remote control signal and 8-bit 

timer (TMOUT). CMOS High 

44 TMOUT/LED • TMOUT push· level 

8·bit timer output pull output 

• LED 
Remote control transmission indication output 

Note: Pull~up resistors are provided only in the Io'PD17P202A-001 and ,",PD17P202A-002. 
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OUTPUT POWER 

PIN No. SYMBOL FUNCTION 
TYPE ON RESET 

CMOS High 

45 REM Infrared remote control signal output. push· level 

pull output 

Positive voltage power supply pin. 

46 VDD 2.2 to 5.5 V is applied in the normal operation - -

mode. I 

Main clock oscillation circuit is connected 

47 XIN across these pi ns. 
- -

48 XOUT Connect a 4 MHz ceramic resonator or crystal 

resonator across these pi ns. 

49 RESET Reset signal input. - Input 

CMOS 

50 VDOUT Internal low voltage detection circuit output. push· -

pull 

Subclock oscillation circuit is connected 

51 XT1N across these pins. 
- -

52 XTOUT Connect a 32 kHz crystal resonator across 

these pins. 

53 VREG Voltage regulator output for subclock generator. - -
._-_._- -----

54 VDET 
A resistor for adjusting the voltage detector 

- -
detection level is connected to this pin. 

t----
55 VLCDC Adjusts LCD drive reference voltage. - -

56 VLCDO Outputs a voltage boosted from LCD drive 
- -

57 VLCDl reference voltage. 

58 GNDl GND - -

----1---------- . 

59 V LCD2 
Outputs a voltage boosted from LCD drive 

- -
reference voltage. 

60 CAPL Voltage boosting capacitor is connected across 
- -

61 CAPH these pins. 

2·512 



NEe IlPD17P202A 

1.2 PROM PROGRAMMING MODE 

PIN No. SYMBOL FUNCTION 
OUTPUT POWER 

TYPE ON RESET 

26 GNOo GNO - -
Positive power supply pin for PROM program· 

mingo 

27 Vpp 12.5 V is applied to this pin when program· - -
mingo reading. or verifying the program 

memory. 

32 M03 

I I 
Operation mode selection inputs for PROM 

Input -
35 MOO 

programming. 

36 04 

I I 

39 
CMOS 

07 

40 00 
8·bit data input/output for PROM programming. push· Input 

I I 
pull 

43 03 

Positive power supply pin. 6 V is applied to this 

46 VDD pin when programming. reading, or verifying - -
the program memory. 

47 CLK Clock input for PROM programming. - -
48 GNO, GNO - -

Remarks: Pins other then listed above are not used in the PROM programming mode. Refer to "Pin Connection Diagram (2l 

PROM Programming Mod." for recommended conditions for unused pins. 

2-513 

II 



j.LPD17P202A NEe 
1.3 PIN EQUIVALENT CIRCUITS 

The simplified pin equivalent circuits schematic views for "P017P202A's pi~s ,ar,e presented below. 

(11 POAo through POA3. POSo/Moo through !'OS3/M03 

Data Output 
latch 

Multi­
plexer 

*: Only I'PD17P202A'()()1 and I'PD17P202A'()02 

(21 POCo/D4 through POC3/07. PODo/oo through POD3/D3 

Data 
Output 
latch 

~i~!~: --------------' 

2-514 

VDD VDD 

Pull-up resister* 

P-ch 

~------~----~o 

Input buffe~ 

~------..----{o 

Input buffer 
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(3) RESET 

VOD 

Pull-up resister- II 
J------''---{O 

Input buffer 

": Only "P017P202A'()()1 
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2. WRITING, READING, AND VERIFYING ONE·TIME PROM (PROGRAM MEMORY) 

When the PROM is to be written, read, or verified, IIPD17P201 A is set in the PROM mode, and the pins shown in 

Table 2·1 are used. No address has to be input. Instead, the address is incremented by the clock input from the ClK 
pin. 

Table 2·1 Pins Used to Write/ReedIVerify Program Memory 

Pin name Function 

Vpp Apply program voltage (12.5 V) to this pin. 

ClK Address incrementing clock input 

MDOto MD3 Operation mode selector 

DO to D7 a·bit data input/output 

VDD Apply operating voltage (6 V) to this pin. 

2.1 OPERATION MODES FOR PROGRAM MEMORY WRITE, READ, AND VERIFY 

IIPD17P202A is set in the program memory write, read, or verify mode, when +6 V is applied to pin Voo, and 

+12.5 V is applied to pin Vpp, after being placed in the reset status (VDD = 5 V, RESET = low level) for a certain 
period of time. 

The operation modes, selected by pens MDO through MD3, are listed in Table 2·2. 

Pins not used to write, read, or verify the program memory must be open, or grounded through pull-down 

resistors (470 n). 

Table 2·2 Operation Modes for Program Memory Write, Read, and Verify 

Operation mode selection 

Vpp VDD MDO MDI 
Operation mode 

MD2 MD3 

H l H l Program memory address 0 clear 

l H H H Write mode 
+12.5 V +6V 

l l H H Read, verify mode 

H x H H Program inhibit mode 

Remark .. : x: Lor H 
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2.2 PROGRAM MEMORY WRITING PROCEDURE 

Write the program memory by following these steps. The program memory can be written at high speeds. 

(1) Pull down the unused pins to the ground potential through resistors. Make the pin elK low. 

(2) Apply 5 V to pin VDD. Make pin Vpp low. 

(3) Wait for lOpS. Then, apply 5 V to pin Vpp. 

(4) Set the program memory address 0 clear mode by the mode selector pins. 

(5) Apply 6 V to pin VDD, and 12.5 V to pin Vpp. 

(6) Program inhibit mode 

(7) Write data in the 1 ms write mode. 

(8) Program inhibit mode 

(9) Verify mode. Proceed to (10), if the memory has been written. If it has not been written, repeat (7) through 

(9). 

(10) Additional writing for (the number of times (7) through (9) are repeated: X) x 1 ms 

(11) Program inhibit mode 

(12) Input a pulse four times to pin elK, in order to increment the program memory address (by one). 

(13) Repeat (7) through (12), until the last address is programmed. 

(14) Program memory address 0 clear mode 

(15) Decrease the voltages on pin VDD and Vpp to 5 V. 

(16) Turn power off. 

The following figure illustrates steps (2) through (12) above. 

X times repetition 

Reset I---Write -I--Verify -+-Additional write-j-- Address 1 I I I I Increment 

Vpp 
Vpp 

VDD 

GND 
VDD VDD+ 1 

VDD 
GND 

elK 

DO-D7 

MDO 

MDl 

MD2 

MD3 

---.I 

I 

II 

II 

I \ r l 

II 

1/ 
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2.3 PROGRAM MEMORY READING PROCEDURE 

(1) Pull down the unused pins to the ground potential through resistors. Make the pinClK low. 

(2) Apply 5 V to pin Voo. Make pin Vpp low. 

(3) Wait for 10 /JS. Then. apply 5 V to pin Vpp. 

(4) Set the program memory address 0 clear mode by the mode selector pins. 

(5) Apply 6 V to pin Voo. and 12.5 V to pin Vpp. 

(6) Program inhibit mode 

NEe 

(7) Verify mode. The data for each address is output on a one-by-one basis in a cycle during which the clock 

pulse is input to pin elK four times. 

(8) Program inhibit mode 

(9) Program memory address 0 clear mode 

(10) Decrease the voltages on pin Voo and Vpp to 5 V. 

(11) Turn power off. 

The following figure illustrates steps (2) through (9) above. 

Vpp 

~ vpp 
vDO 

GND 

VDD+l 

~ vDD 
VDD 

GND 

elK 

n 
h 

1/ 

f\~--
DO-D7 ---------~( Data output X Data output X\. ___ ..,:~ 

MDO --1 \ ~------------~l~ 

MDl "l" 
1/ 

MD2 --.l 1/ 

MD3 __ .....J! 
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3. 01 FFERENCES BETWEEN IlP017P202A ANO IlP017202A 

In the IlPD17P202A, the internal mask ROM (program memory) for the IlPDI7202A is replaced by the PROM 

which can be programmed by the user. Therefore, the program memory and some mask options are the only dif­

ferences between the j.lPD17P202A and j.lPDI7202A, so the CPU functions and internal hardware are identical. 

The table below summarizes the differences between the j.lPD17P202A and j.lPDI7202A_ 

Refer to the j.lPDI7202A data sheet for details on CPU functions and internal hardware. 

~ j.lPDI7 P202A-00I j.lPDI7P202A-002 IlPD17P202A-003 

Item 

Program • PROM 

• 0000H-07FFH 
memory 

• 2048 x 16 bits 

RESET pin 

pull-up None 

resistor 

POA, POB 

pins 

pull-up 
None 

resistors 
Provided Provided 

Main clock 

I 

generator 

provided/not 

provided 

Subclock 

generator 

provided/not 
None Provided 

provided 

Pin 

connections 
Vpp pin, PROM programming pin are provided_ 

Operating 

voltage 2.2 to 5.5 V 

range 

Package 64-pin plastic QFP (14 x 20 mm) 
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j.lPDI7202A 

• Mask ROM 

• 0000H-07FFH 

• 2048 x 16 bits 

(Mask option) 

Vpp pin, PROM 

programming pin 

not provided 
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4. ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 

Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Voo 

VI 

Topt 

Tstg 

CAPACITANCE (Ta = 25°C, Voo = 0 V) 

CHARACTERISTICS SYMBOL MIN. 

CIN 

Input Capacitance 
CPIN 

RECOMMENDED OPERATING RANGE 

CHARACTE R ISTICS SYMBOL MIN. 

VOO1 2.2 
Supply Voltage 

V OO2 3.5 

Main Clock Oscillation 

Frequency 
fx 2.0 

Subclock Oscillation 

Frequency fXT 

TYP. 

TYP. 

3.0 

5.0 

4.0 

32.768 

2-520 

-0.3 to +7.0 

-0.3 to Voo +0.3 
-20 to +75 

-40 to +125 

MAX. UNIT 

10 pF 

10 pF 

MAX. UNIT 

5.5 V 

5.5 V 

8.0 MHz 

kHz 

NEe 

CONDITIONS 

Pins INT, RESET 

Other than pins INT, 

RESET 

CONDITIONS 

fx = 4 MHz 

fx = 8 MHz 

V 

V 
°c 
°c 
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DC CHARACTERISTICS (VDD = 3 V, Ta = -20 to +75 °c, fx =' 4 MHz, fXT = 32 kHz) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITIONS 

LCD Output Vo.ltage 
VLCDO O.B 1.B V 

Variable Range 

1.9 2 
Doubler Output Voltage VLCOI V 

VLCDO VLCDO 

II 
Tripier Output Voltage 

2.85 3 
V LC02 V 

V LCOO VLCDO 

Low·voltage Detection 
VOET 1.3 2.0 2.9 V 

VDET pin external 

Voltage resistance = 2 Mn 

VIHI 0.8VOO Voo V RESET pin and INT pin 

High·Level Input Voltage Other than RESET pin 
VIH2 0.7 VOO Voo V 

and INT pin 

VILI 0 0.2VOO V RESET pin and INT pin 

Low-Level Input Voltage Other than RESET pin 
VIL2 0 0.3 Voo V 

and INT pin 

IIHI 0.2 !J.A INT VIH - Voo 

High-Level Input Current IIH2 0.2 J1A RESET VIH = Voo 

IIH3 0.2 !J.A POA-POD VIH =Voo 

IILI 0.2 !J.A INT VIL =OV 

VIL =OV, 

11L2 0.2 !J.A wlo pull-up 

resistor 
RESET 

VIL =OV 

11L3 20 50 100 !J.A w/pull-up 

Low-Level Input Current resistor 

VIL =OV 

11L4 0.2 !J.A wlo pull-up 

resistor 
POA, POB 

VIL =OV 

liLS 6 12 20 J1A w/pull-up 

resistor 

Low-Level Input Current IlLS 0.2 !J.A POC, POD VIL - OV 

IOHI -0.6 -2.0 -4.0 rnA POA, POB 
VOH = 

Voo-0.3 V 

IOH2 -7.0 -15.0 -25.0 rnA REM 
VOH = 

Voo-2V 
High-Level Output Current 

IOH3 -0.3 -1.0 -2.0 rnA LED 
VOH = 

Voo-0.3V 

IOH4 -0.3 -1.0 -2.0 rnA VDOUT 
VOH = 

Voo-0.3V 
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CHARACTER ISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

lOll 0.5 1.5 2.5 mA POA, POB VOL = 0.3 V 

IOL2 0.5 1.5 2.5 mA POC, POD VOL=0.3V 

low·level Output Current IOL3 0.5 1.5 2.5 mA REM VOL = 0.3 V 

IOL4 0.5 1.5 2.5 mA lED VOL = 0.3 V 

IOL5 0.5 1.5 2.5 mA VDOUT VoL =0.3V 

Common Output Current ICOM 30 p.A 
Output voltage deviation 

=0.2V 

Segment Output Current ILCO 5 p.A 
Output voltage deviation 

= 0.2 V 

1001 0.5 1.5 mA 
Both XT and 

Oepration X oscillate 

mode Only XT 
1002 15 30 p.A 

oscillates 
Supply Cu rrent 

IOD3 0.5 1.5 mA 
HALT Both XT and 

mode X osciilate 

1004 p.A 
STOP Only XT 

10 15 
mode oscillates 

DC PROGRAMMING CHARACTERISTICS (Ta = 25 ± 5 °e, Voo = 6.0 ± 0.25 V, 
Vpp = 12.5 ± 0.3 V) 

CHARACTERISTICS SYMBOL MIN. 

High·level Input Voltage 
VIHl 0.7VOO 

V 1H2 Voo-0.5 

VIL1 0 
low·level Input Voltage 

VIL2 0 

Input leakage Current 1L1 

High·level Output Voltage VOH Voo-l.0 

low·level Output Voltage VOL 

V 00 Supply Current 100 

Vpp Supply Current Ipp 

Note 1: Keep Vpp to below +13.5 V, including the overshoot. 

2: Apply VOO before Vpp, and remove VDO after Vpp. 

TYP. MAX. UNIT CONDITIONS 

Voe> V Other than ClK 

Voo V ClK 

0.3VOO V Other than C lK 

0.4 V ClK 

10 p.A VIN = VIL or VIH 

V IOH =-1 mA 

0.4 V IOL = 1.6 mA 

30 mA 

30 mA MDO = VIL, MDl = V 1H 
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AC PROGRAMMING CHARACTERISTICS (Ta = 25 ± 5°C, Voo = 6.0 ± 0.25 V, 
Vpp = 12.5 ± 0.3 V) 

CHARACTE R ISTICS SYMBOL *1 MIN. TYP. MAX. UNIT 

Address setup time*2 

(vs. MDO,j,) tAS tAS 2 /1S 

MDI setup time (vs. MDO ,j,) tM1S tOES 2 /1S 

Data setup time (vs. MDO ,j,) tos tos 2 /1S 

Address hold time*2 

(vs. MDO t) tAH tAH 2 /1S 

Data hold time (vs. MDO t) tOH tOH 2 /1S 

MDO t -+ data output float 

delay time 
tOF tOF 0 130 ns 

Vpp setup time (vs. MD3 t) tvps tvps 2 /1S 

Voo setup time (vs. MD3 t) tvos tvcs 2 /1s 

Initial program pulse width tpw tpw 0.95 1.0 1.05 ms 

Additional program pulse width tOPW topw 0.95 21.0 ms 

MDO setup time (vs. MDI t) tMOS tCEs 2 /1S 

MDO ,j, -+ data output delay time tov tov 1 /1S 

MDI hold time (vs. MDO t) tM1H tOEH 2 /1S 

MDI recovery time (vs. MDO ,j,) tM1R tOR 2 p.s 

Program counter reset time tpCR - 10 p.s 

ClK input high-, low-level 
0.125 tXH,tXL - /1s 

width 

ClK Input Frequency fx - 4.19 MHz 

Initial Mode Set Time tl - 2 p.s 

MD3 Setup Time (vs. MDI t) tM3S - 2 /1S 

MD3 Hold Time (vs. MDI ,j,) tM3H - 2 /1S 

MD3 Setup Time (vs. MDO ,j,) tM3sR - 2 /1S 

Address*2 -+ Data Output Delay 

Time 
tOAD tACC 2 /1s 

Address*2 -+ Data Output Hold 

Time 
tHAD tOH 0 130 /1s 

MD3 Hold Time (vs. MDO t) tM3HR - 2 p.s 

MD3 ,j, -+ Data Output Float 

Delay Time 
tOFR - 2 /1S 

Reset Setup Time tRES 10 /1s 

*1: Symbols for corresponding MPD27C256 

CONDITIONS 

MDO=MOI =VIL 

tM1H+tM1R 

~ 50/1s 

When program 

memory is read 

When program 

memory is read 

When program 

memory is read 

When program 

memory is read 

When program 

memory is read 

*2: The internal address is incremented (+1) at the falling edge of third clock periods for the four elK clock periods, which 

constitute one cycle. The internal address has no external pin connection. 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The ~PD17203A Is a 4-bit CMOS mlcrocontroller for infrared remote controllers. It contains 16K-bit static RAM, three 

channels of timers, a carrier generator for remote control, an amplifier for remote control receive signals, and a waveform 

shaping circuit In one chip. 

The 17K architecture used in the ~PD17203A allows the user to perform an arithmetiC/logical operation or data transfer 

between data memory locations or between data memory and a peripheral circuit with a single instruction. Every instruction 

is 1 word long, consisting of 16 bits. 

The microcontroller is packaged in a 52-pin plastic QFP. 

FEATURES 

• 17K architecture 

• Program memory (ROM): 8K bytes (4096 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Static RAM: 16K bits (4096 x 4 bits) 

• On-chip carrier generator for infrared remote control 

• On-chip amplifier for infrared remote control receive signals 

• On-chip waveform shaping circuit for infrared remote control receive signals 

• Many input/output ports provided (28 lines) 

• 3-wire serial interface contained (also used as a input/output port) 

• 5 stack levels 
• 8-bit timer: 1 channel (with a modulo function) 

Clock for the timer (8 ~s, 16 ~s, 64 ~s, remote control carrier Input) 

• 1 O-bit timer: 1 channel (with a modulo function) 

Clock for the timer (0.5 ~s, 4 ~s, INT input) 

• 16-bit timer: 1 channel (with a modulo function) 

Clock for the timer (8 ~s, 16 ~s, 32 ~s, 64 ~s) 

• Clock timer: 1 channel (used as a watchdog timer or a clock) 

• Instruction execution time: 4 ~s (when a 4 MHz ceramic resonator is used) 

• Standby function (STOP, HALT) 

• Low-voltage detector contained 

• Operating voltage: 2.2 to 5.5 V 

• Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator 
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PIN CONFIGURATION (Top View) 

t- t- t-
::> ::> ::> 
0 0 0 

1~ 
N 

~ 
0 

iQ 
0 ::; ::; 
!!! l::: l::: l::: 

M N U 8 M N OJ 0 J( N !i J{ M 

~ U '" '" '" ..: 0 
Q. 0: 0: 0: 0: 0: 0: 0: 0: 0: a: 0: !i: 

LED 
0 

POD2 

REM POD, 

VXRAM PODO 

VDD POC3 

XIN POC2 

XOUT POC, 

GNDo GND4 

RESET POCo 

NC POB3 

XTIN POB2 

XTOUT POB, 

VREG POBO 

GNDs POA3 
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P1C2/S1 

P1C3 
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XTOUT 
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The /lPD17P203A is provided with a one-time PROM in the place of the internal ROM in the /lPD17203A 

Since a program can be written into the PROM for this microcomputer, it is suitable for experimental production 

or small-scale production of systems using /lPDl7203A_ 

It is recommended that you also read the separately available reference materials on /lPDl7203A 

FEATRUES 
• Internal one-time PROM: 4,096 x 16 bits 

• Single power source: 2_2 to 5_5 V 

ORDERING INFORMATION 

Order Code 

/lPD17P203AGC-001-3BH 

/lPD17P203AGC-002-3BH 

/lPD17P203AGC-003-3BH 

Package 

52-pin plastic QFP 

52-pin plastic QFP 

52-pin plastic QFP 

The differences among the above models are as follows: 

Item I'PD17P203A-OOI 

RESET pin pull-up resistor Provided 

POA and POB pins pull-up resistor Provided 

Main clock oscillator circuit Provided 

Subclock oscillator circuit Provided 

2·529 

Quality Grade 

Standard 

Standard 

Standard 

I'PDI7P203A-002 

Not provided 

Provided 

Provided 

Not provided 

I'PDI7P203A-003 I'PD17203A 

Not provided Mask option 

Not provided Mask option 

Not provided Mask option 

Provided Mask option 

----.~-.--. ~~~~- --_ .. _-----_._---_ .... _._-" .. - .. 
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PIN CONFIGURATION (Top View) 

(1) For Ordinary Operations 

l- I- I-
:::J :::J :::J 
0 0 0 

113 
N 

~ 
0 

iii 0 :;; :;; 

'" 
~ ~ t:: t:: t:: 

'" N N g 0 '" N Oi 0 u 
~ ~ 

OJ 

~ 
OJ 0: ~ "- a: a: "- "-

LED 
POD2 

REM PODl 

VXRAM PODO 

VDD 

" " " POC3 

" " " XIN ~ ~ g 
-.J -.J-.J 

XOUT ~ ~ ~ POC, 
w w w 

GNDO J> J> J> 
Cl Cl Cl GND4 

RESET ~ ~ ~ POCo '" '" ~ 
VDOUT 

w w w 
OJ OJ OJ POB3 I I I 

XTIN POB2 

XTOUT 11 POB1 

VREG 12 POBO 

GND5 13 POA3 

u 
0 I N I- "- + '" I- Z I- :? :{ Ji' z 0 :::J w Z 0 :::J 13 ~ z z 12 a: a: z 12 r.: r.: r.: l'J a: l'J > l'J :;; 

:;; :;; :;; :;; I-
0: 0: u u 

lED : : Remote controller signal transmission TM20UT Timer 2 output 
output display SCK Serial clock input/output 

REM Remote controller signal transmission SO Serial data output 
output SI Serial data input 

XIN. XOUT Main clock oscillator POAO-POA3 PortOA 
RESET Reset input POBO-POB3 Port DB 

VOOUT Low voltage detector output POCO-POC3 PortOe 

XTIN.XTOUT Subclock oscillator PODO-POD3 PortDD 

VREG Voltage regulator output PI Ao-PlA3 Port lA 
AMPIN- Operational amplifier input PI BO-P1B3 Port lB 
AMPOUT Operational ampl ifier output PI Co-PI C3 Port 1C 

VREF Reference voltage output ClK PROM clock input 
CMPIN+ Comparator input MOO-M03 PROM mode selection 
CMPOUT Comparator output 00-D7 PROM data input/output 
TMOIN Timer 0 input Vpp PROM power 
INT External interrupt input VOO Power 
TMOOUT Timer 0 output VXRAM XRAM power 
TM10UT Timer 1 output GNO Ground 
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(2) PROM programming mode 

10peoi ( 
02 

01 

GNO 00 

VOO 
~ ~ ~ 

07 

elK ~ ~ ~ 06 
-.J -.J -.J 

" " " {Open) 
N N N 05 0 0 0 
W W w » » » 

GND4 GNOO Gl Gl Gl 
Q g Q 

III 0 0 
04 0 0 S 

'" ~ W W 
{Open) OJ OJ OJ M03 

I I I 

III 10 M02 

10peni ( 
11 MOl 

12 MOO 

GN05 III 

i5 :J N :J M 

1: :J Q. 

0 C 
0 Q. 

:J z z z > 
'" '" i'l '" Q 

Q 

Note: ) indicates processing of pins not used in the PROM programming mode. 

: Ground each of these pins through a resistor (470 .0). 

Opsn : Connect nothing to these pins. 
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BLOCK DIAGRAM 

POAo 
POA, 
POA2 
POA3 

POBO/MOO 
POSl/MDl 
P08Z/M02 
POB3/M03 

POCO/D4 
POC,!D5 
POeZ/D6 
POC3/07 

PODO/DO 

POOl/Ot 
POD2/D2 
POD3/D3 

P'Ao 
PlAt 
P1AZ 
PtA3 

P1Ba 
P1B,/TMOOUT 
Pl 82/TMl OUT 
P183/TM20UT 

P1CO/SCK 
P1C,/SO 
P1CZ/SI 

PtC3 
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VDOUT 

VREG 

VDD 

VXRAM 

VAEF 
Power 
Supply GNDO 
Circuit GNDl 

GNDZ 
GND3 

GND4 
GND5 

TMOIN 

CMPQUT 

Remote 
Control CMPtN+ 

Receiver 
AMPOUT 

AMPIN-

REM 
Remote 
Control 
Transmitter LED 

INTIVpp 

+------------------0 RESET 

XIN/CLK 

XOUT 

XTOUT 
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1. PIN FUNCTIONS 

1.1 PORT PINS 

Symbol I/O Shared by: * Function At reset 

4·bit I/O port (Port OA). 

POAo-POAa I/O - Can be set in input or output mode in 4 bit units. Input 
II 

Pull-up resistors are connected in I/O mode. 

4·bit I/O port (Port OBI. 

POBo-POBa I/O (MOO-M03) Can be set in input or output mode in 4 bit units. Input 

Pull..up resistors are connected in I/O mode. 

4-bit I/O port (Port OC), 

POCa-POC3 I/O (04-07) Can be set in input or output mode in 4 bit units. Input 

N-ch open-drain in output mode. 

4-bit I/O port (Port 00), 

POOO-P003 I/O (OO-Oa) Can be set in input or output mode in units of 4 bits. Input 

N-ch open-drain in output mode. 

4·bit I/O port (Port 1A), 

P1AO-P1A3 I/O 
Can be set in input or output mode in bit units. 

Input - N-ch open-drain in output mode. Pull-up resistor can 
be connected by program in 1/0 mode. 

P1BO - 4-bit I/O port (Port 1 B), 

I/O 
Can be set in input or output mode in bit units. Input 

P1B1-P1Ba TMOOUT - TM20UT N-ch open drain in output mode. Pull-up resistor can be 

connected by program in I/O mode. 

P1Ca SCK 4-bit I/O port (Port 1 C), 

P1C1 SO Can be set in input or output mode in bit units. Pull-up 

I/O resistor can be connected by program in 1/0 mode. Input 
P1C2 SI 

P1C3 -

.{ ): Pins shated in PROM p'rogramming mode. 
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1.2 PINS OTHER THAN PORT PINS (IN ORDINARY OPERATION MODE) 

Symbol I/O Shared by: Function At reset 

LEO Output - For display of infrared remote controller signal output Low-level output 

REM Output - Infrared remote controller signal output Low-level output 

XIN Input - For main clock oscillator. Connect 4 MHz ceramic 
-

oscillator to these pins. 
XOUT Output -

RESET Input - RESET signal input -

VOOUT Output - Low-voltage detector circuit output -

XTIN Input - -
For subclock oscillator 

XTOUT Output - -

VREG Output - Qutput from voltage regulator for subclock oscillator -

AMPIN- Input - Inverted input from internal operational amplifier -

AMPOUT Output - Internal operational amplifier output -

VREF Output - Reference voltage output -
CMPIN+ Input - Non-inverted input for comparator -
CMPOUT Output - Comparator output -

TMOIN Input - Clock input to timer 0 -

INT Input IVppl External interrupt signal input -

VOO - - Power -

VXRAM - - Power to XRAM -

GNOO-GN05 - - Ground -

1.3 PINS OTHER THAN PORT PINS (IN PROM PROGRAMMING MODE) 

Symbol I/O Shared by: Function At reset 

CLK Input XIN Address updating clock input -
00-03 POOO-P003 

I/O 8~bit data input/output Input 
04-07 POCo-POC3 

MOO-M03 Input POBO-POB3 Operation mode selection Input 

Vpp - INT 
Applies program voltage (12.5 V). Used as I NT pin in -
ordinary operation mode. 
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1.4 INPUT/OUTPUT CIRCUITS 

The input/output circuit for each jLPD17P203A's pin are shown below. 

(1) POAo-POA3, POBoIMDO-POB3IMD3 

data 

output 
disable 

Output 
latch 

Multiplexer 

Nota: "PD17P203A·OOl and ·002 only. 

(2) POC0!D4-POC3/D7, PODO/DO-POD3/D3 

data 

output 
disable 

Output 
latch 

VDD VDD 

Pu II-up resistor Nota 

~------~----~o 

I nput buffer 

r-----~-------(O 

Input buffer 
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(3) P1AO-P1A3, P1 Bo-P1 B3/TM20UT Voo 

data _ Pull-up Pch 
register 

.-------~----~o 

(4) 

data 

output 
disable 

P1Co/SCK-P1C3 

"'''--1 
data 

output 
disable 

Output latch I------.----~-...... 
Nch 

Multiplexer 

Pull-up 
register 

Output 
latch 

Multiplexer 

I nput buffer 

VOO 

I----~~~~~----< 

I nput buffer 
2-536 

Pch 

Voo 

NEe 

0 
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(3) RESET 

VDD 

_-------__ <JI---~l--pull--up-r~:rN-
I nput buffer 

Nota: ~PD17P203A-{)Ol only. 
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2. DIFFERENCES BETWEEN jlPD17P203A AND jlPD17203A 

Since jlPD17P203A replaces the internal mask ROM for jlPDl7203A with a PROM that can be written by the 

user, the only differences between the two microcomputers are the program memory and mask option. Their CPU 

functions and internal hardware are essentially the same. The following table lists the differences between 

jlPD17P203A and IlPD17203A. 

Refer to the jlPDl7203A Data Sheet for the CPU functions and internal hardware for IlPD 17P203A. 

~ct Item name I'P017P203A.oo1 I'P017P203A.oo2 I'P017P203A·OO3 I'POl7203A 

• PROM • Mask ROM 
Program memory • OOOOH'()FFFH • OOOOH'()FFFH 

• 4.096 x 16 bits • 4.096 x 1 S bits 

Pull·up resistor for RESET pin Provided Not provided Not provided Mask option 

Pull-up resistor for POA and POB 
Provided 

pins Provided Not provided Mask option 

Main clock oscillator circuit Provided Provided Not provided Mask option 

Subclock oscillator circuit Provided Not provided Provided Mask option 

Vppand PROM 
Pin connection Vpp and PROM programming pins are provided programming pins 

are not provided 

Operating voltage range 2.2 '05.5 V 

Package 52-pin plastic QFP 
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3. WRITING, READING, AND VERIFYING ONE·TIME PROM (PROGRAM MEMORY) 

The IlPD17P203A internal program memory is a one·time 4,096 x 16 bit PROM. 

The write, read, and verify this one·time PROM, the pins shown in the following table are used. Note that no 

address input pin is provided. Instead, the address is updated by the clock signal input from the ClK pin. 

Pin Function 

Vpp Program voltage application 

ClK Address updating clock input 

MDO-MD3 Operation mode selection 

DO-D7 8·bit data input/output 

3.1 OPERATION MODES WHEN PROGRAM MEMORY IS WRITTEN, READ, OR VERIFIED 

IlPD17P203A is set in the program memory write, read, and verify mode, when, +6 V is applied to the VDD pin 

and +12.S V is applied to the Vpp pin after it has been reset for a certain period of time (VDD = S V, RESET = 0 V). 

Once this mode has been set, the following operation modes are available, depending on the setting of the MDO 

through MD3 pins. Note that all the unused pins are pulled down with resistors to the ground potential. 

Operation mode setting 
Operation mode 

Vpp VDD MDO MDl MD2 MD3 

H L H L Program memory address 0 clear 

L H H H Write mode 
+12.5 V -tUV 

L L H H Read and verify mode 

H X H H Program inhibit morie 

X: Lor H 

3.2 PROGRAM MEMORY WRITING PROCEDURE 

The program memory can be written in the following procedure at high speeds: 

(1) Pull down the unused pins with resistors to the ground potential. Make the ClK pin low. 

(2) Apply S V to the V DD pin. Make the Vpp pin low. 

(3) Wait for lOlls. Then apply S V to the V pp pin. 

(4) Set the program memory address 0 clear mode by using the mode selection pins. 

(S) Apply 6 V to V DD and 12.S V to V pp. 

(6) Set the program inhibit mode. 

(7) Write data in the 1 ms write mode. 

(8) Set the program inhibit mode. 

(9) Set the verify mode. If the data has been correctly written, proceed to step (10). If not, repeat (7) through 

(9). 

(10) Additional write for (the number of times (7) through (9) are repeated: X) x 1 ms. 

(11) Set the program inhibit mode. 

(12) Input a pulse to the ClK pin four times to increment the program memory address by one. 

(13) Repeat (7) through (12) until the last address is written. 

(14) Set the program memory address 0 clear mode. 

(15) Apply 5 V to the V DD and Vpp pins. 

(16) Turn off power. 
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Steps (2) through (12) are illustrated below. 

Vpp 
Vpp 

VOO 
GNO 

Reset 

X times repetition 

I Write I Verify I Additional write 1 

NEe 

Address --l 
increment I 

VOO+l r--------------------------1Uf-----------------------------
VOO VOO / 

GNO ~ 

elK 

00-07 

MOl I \ r l 

M02 -.-I /I 

M03 ---.I U 

3.3 PROGRAM MEMORY READING PROCEDURE 

(1) Pull down the unused pins with resistors to the ground potential. Make the ClK pin low. 

(2) Apply 5 V to the Voo pin. Make the Vpp pin low. 

(3) Wait for 10 IlS. Then apply 5 V to the Vpp pin. 

(4) Set the program memory address 0 clear mode by using the mode selection pins. 

(5) Apply 6 V to Voo and 12.5 V to Vpp. 

(6) Set the program inhibit mode. 

(7) Set the verify mode. Input the clock pulse to the ClK pin. Data for one address is output each time the 

pulse is input four times. 

(8) Set the program inhibit mode. 

(9) Set the program memory address 0 clear mode. 

(10) Apply 5 V to the Voo and Vpp pins. 

(11) Turn off power. 
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Steps 12) through 19) are illustrated below. 

Vpp II Vpp 

~ 
t 

VOO 

II GNO 

VOO+l II 
VOO 

~ VOO 

GNO 

elK f\ 
00-07 

< Data output X Data output C~ 
MOO ~ \ I~ i 

M01 "l" 
-----11 

M02 ~ II 

M03 / I~ 
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4. ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS ITa = 25 °CI 

Supply Voltage 

I nput Voltage 

Operating Temperature 

Storage Temperature 

RECOMMENDED OPERATING RANGE 

CHARACTERISTICS SYMBOL MIN. 

Supply Voltage VDDI 2.2 

VOO2 3.5 

XRAM Supply Voltage VXRAM 1.3 

Main Clock Oscillation 

Frequency fX 2.0 

Subclock Oscillation 
fXT 

Frequency 

CAPACITANCE ITa = 25°C. VOO = 0 VI 

CHARACTERISTICS' SYMBOL MIN. 

Input Capacitance CIN 

CPIN 

TYP. 

3.0 

5.0 

4.0 

32.768 

TYP. 

-0.3 to +7.0 

-0.3 to Voo +0.3 
-20 to +75 

-40 to +125 

MAX. UNIT 

5.5 V 

5.5 V 

VOO V 

8.0 MHz 

kHz 

MAX. UNIT 

10 pF 

10 pF 
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V 

V 

°c 
°c 

CONDITION 

fX =4 MHz 

fX = 8 MHz 

VXRAM;:l;VOD 

CONDITION 

INT. RESET pin. 

NEe 

Other than INT. RESET pin 
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DC CHARACTERISTICS (VOO = 3 V, Ta = -20 to +75 °C, fX = 4 MHz, fXT = 32 kHz) 

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONOITION 

Low Voltage Detection 
VOET 1.3 2.0 2.9 V 

Voltage 

VIHl O.S VOO VOO V RESET, INT pins 
High-Level Input Voltage 

VIH2 0.7 VOO VOO V Other than RESET, I NT pins 

VILl 0 0.2 VOO V RESET, tNT pins 
II 

Low-Level Input Voltage --~,~ 

VIL2 0 0.3 VOO V Other than RESET, INT pins 

IIHl 0.2 ~A INT VIH - VOO 

IIH2 0.2 ~A TMOIN VIH = VOO 

High-Level Input Current IIH3 0.2 ~A RESET VIH = VOO 

IIH4 0.2 ~A POA-POO VIH = VOO 

IIH5 0.2 ~A P1A-P1C VIH = VOO 

IILl -0.2 ~A INT VIL = 0 V 

IIL2 -0.2 ~A TMOIN VIL = 0 V 

VIL = 0 V 
IIL3 -0.2 ~A RESET w/o pull-up 

resistor 

IlL =OV 
IIL4 -20 -50 -100 ~A w/pull-up 

resistor 

Low·Level I "put Current 
VIL = 0 V 

IIL5 -6 -12 -20 ~A POA, POB w/pull-up 
resistor 

IIL6 -0.2 ~A POC, POO VIL = 0 V 

VIL = 0 V 
IIL7 -0.2 ~A P1A-P1C w/o pull-up 

resistor 

IlL =OV 
IlLS -20 -50 -90 ~A w!pull-up 

resistor 

IOHl -0.6 -2.0 -4.0 mA POA, POB VOH = VOO-0.3 V 

IOH2 -0.6 -2.0 -4.0 mA P1C VOH = VOO-0.3 V 

IOH3 -7.0 -15.0 -25.0 mA REM VOH = VOO-2 V 
High-Level Output Current 

-0.3 -1.0 -2.0 mA LEO VOH = VOO-0.3 V IOH4 

IOH5 -0.3 -1.0 -2.0 mA VOOUT VOH - VOO-0.3 V 

IOH6 -0.3 -1.0 -2.0 mA CMPOUT VOH = VOO-0.3 V 

IOL1 0.5 1.5 2.5 rnA POA, POB VOL=0.3V 
-

IOL2 0.5 1.5 2.5 mA POC, POO VOL-0.3V 

IOL3 0.5 1.5 2.5 rnA REM VOL-0.3V 
Low-Level Output Current 

IOL4 0.5 1.5 2.5 mA LEO VOL··0.3V 

IOL5 0.5 1.5 2.5 rnA VOOUT VOL-0.3V 

IOL6 0.5 1.5 2.5 rnA CMPOUT VOL - 0.3 V 

VREF Output Voltage VREF O.S 1.2 1.6 V 
External capacitance for 
VREF pin:; 0.1.uF 

100l 0.5 1.0 2.0 mA Operation XT and X 

1002 15 30 ~A mode Only XT 
Supply Current 

1003 2.0 rnA HALT mode XT and X 

1004 10 15 ~A Only XT 

XRAM Hold Voltage VXRAM 1.3 3.0 5.5 V Operation mode, VXRAM:: 3 V 

IXRAMl 3.0 ~A HALT mid., VXRAM = 3 V, 
XRAM Supply Current 

IXRAM2 0.2 1.0 ~A Ta =25°C 
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DC PROGRAMMING CHARACTERISTICS (T. = 25 cC, VDD = 6.0±O.25 V, Vpp = 12.5±O.5 V) 

CHARACTERISTICS SYMBOL MIN. TYP. 

VIH1 0.7 VDD 
High-Level Input Voltage 

VIH2 VDD-0.5 

VIL1 0 
Low-Level Input Voltage 

VIL2 0 

I nput Leakage Current III 

High-Level Output Voltage VOH VOO-1.0 

Low-Level Output Voltage VOL 

VOO Supply Current 100 

Vpp Supply Current Ipp 

Note: 1. Keep Vpp to less than +13.5 V, including the overshoot. 

2. Apply VOO before Vpp. Remove VOD after Vpp. 
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MAX. UNIT CONDITIONS 

VDD V Other than eLK 

VDD V CLK 

0.3 VDO V Other than eLK 

0.4 V CLK 

10 ~A Y,N = V,L or V,H 

V IOH ~-1 mA 

0.4 V IOL - 1.6 mA 

30 mA 

30 mA MOO - VIL. M01 - VIH 
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AC PROGRAMMING CHARACTERISTICS (Ta = 25°C, Voo = 6.0±O.25 V, Vpp = 12.5±O.5 V) 

CHARACTERISTICS SYMBOL "1 MIN. TYP. MAX. UNIT CONDITIONS 

Address Setup Time"2 IVI. MOO +) tAS tAS 2 '" 
MOl Setup Time IVI. MOO +) tMIS tOES 2 '" 
Data Setup Time tVl. MOO .j.) tos tos 2 '" 
Addr ... Hold Time"2 Iv •. MOO 11 tAH tAH 2 ~. 

Dote Hold Time Iw. MOO 11 tOH tOH 2 '" MOO t .... Oata Output Floet Delay Time tOF tOF 0 130 n. 

VPP Setup Time Iw. M03 t) tVPS tvps 2 ~. 

VOO Setup Time tv •. M03 t) tvos tvcs 2 '" Initial. Program Pulse Width tpw tpw 0.95 1.0 1.05 m. 

Additional Program Pulse Width toPW topw 0.95 21.0 ms 
MOO Setup Time Iw. MOl t) tMOS tCES 2 '" MOO'" -+ Data Output Delay Time tov tov 1 '" MOO = MOl = VIL 

MOl Hold Time Iw. MOO 11 tM1H tOEH 2 '" tM1H+tM1R~50", 

MOl Recovery Time Iw. MOO .j.) tM1R tOR 2 '" 
Program Counter Reset Time tpCR - 10 '" 
eLK I "put High, Low Level Widths tXH. 'XL - 0.063 '" elK Input Frequency fX 8 MHz 

Initial Mode Set Time tl 2 '" 
M03 Setup Time Iw. MOl t) tM3S - 2 '" M03 Hold Time Iv •. MOl +) tM3H - 2 '" 
M03 SetuP Time IVI. MOO +) - 2 '" 

When program 
tM3SR memory is read 

Address*2 -+ Data Output Delay Time tOAD tACC 2 '" 
When program 
memory is read 

Address*2 -+ Data Output Hold Time tHAD tOH 0 130 n. 
When program 
memory is read 

M03 Hold Time IVI. MOO 11 - 2 '" 
When program 

tM3HR memory is read 

M03 + .... Date Output Floot Oelav Time tOFR 2 
When program 

- '" memory is read 

Reset Setup Time tRES 10 '" 
"1. Corresponding symbol. of ~P027C256. 

·2. The internal address signal is i,naemented by one at the falling edge of the third elK input sig':lal and is not connected to a 

pin. 
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PROGRAM MEMORY WRITE TIMING. 

Vpp 
Vpp 

Voo 
~--------------~i~------------------~I~ 

GNO 
VOO+l 1~-----------------------4i~----------------------------~I·~ VOO VOO 

GNO 

elK 
~----I1---

DO to 07 

MOO 

MDt 

M02 
F-+-+-----1I-----------i:~ 

____ ;-----------------~~--------------------tM-3H~~, 
M03 

PROGRAM MEMORY READ TIMING 

tvps 
Vpp 

Vpp 
VOO 

GNO tVDS 
VOO+l 

VDD 
VOO 

GNO tXH 

elK 

DO to 07 

MOO 

MDt 

M02 

M03 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The I1PD17204 Is a 4-bit CMOS microcontroller with an 8K-bit RAM, a 3-channel timer, a remote controlled carrier 

generator, a remote controlled receive signal amplifier and a waveform ,rectifier Integrated on a single-chip for infrared remote 

controller. 

The !1PD17204 employs the I1PD17000 architecture and can execute data transfer and operations with one instruction 

between data memories or between a data memory and peripheral circuits. All instructions are a 16-bit word. 

52-pin plastic QFP package Is used. 

FEATURES 
• I1PD17000 architecture Is employed. 

• Program memory (ROM): 16K bytes (7936 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Static RAM: 8K bits (2048 x 4 bits) 

• On-chip Infrared remote controlled carrier generator 

• On-chip infrared remote controlled receive signal amplifier 

• Variety of 1/0 ports (28 ports) 

• On-chip 3-wire serial interface (which also serves as an inpuVoutput port) 

• Stack level: 7 levels 

• 8-blt timer: 1 channel (with modulo function) 

Timer clock (8 118, 16 I1s and 64 I1S remote controlled carrier Inputs) 

• 10-bit timer: 1 channel (with modulo function) 

Timer clock (0.5 115 and 4 115, INT input) 

• 16-bit timer: 1 channel 

Timer clock (8 I1s, 16115, 32 115, 64 I1S) 

• Watch timer: 1 channel (which also serves as a watchdog timer) 

• Instruction execution time: 4 115 (when 4 MHz ceramic oscillator is used) 

• Standby function (STOP, HALn 

• On-chip low-voltage detector 

• Operating voltage range: 2.2 to 5.5 V 

• Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator 

• OTP product: I1PD17P204GC is available. 
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PIN CONFIGURATION (Top View) 

LED 

REM 

XIN.XOUT 
RESET 

LED 

REM 

VXAAM 

VDD 

XIN 

XDUT 

GNDO 

RESET 

VDDUT 

XTIN 

XTOUT 

VREG 

GNDS 

'" u 
0: 

6 

10 

" 
,2 

'3 
'4 

Q 
z 
C) 

@ 
S 
0: 

I 
Z 
0: 

~ 

0 
l!! 
U-
Q. 

I~ 
l!! 
8 
Q. 

>- >-
:J :J 
0 0 
N :i :. 
>- ~ '" al al 

0: 0: 

"- + w z 
a: 0: 
> il 

: Remote controlled transmit output 

display pin 

: Remote controlled transmit output 

: Main clock oscillator connect pin 

: Reset input pin 

VDOUT : Low-voltage detector output pi n 

XTIN. XTOUT : Subclock oscillator connect pin 

VREG : Subclock voltage regulator output 

AMPIN­

AMPOUT 

VREF 
CMPIN+ 

CMPOUT 

TMOIN 

INT 

pin 

: Operation amplifier input pin 

: Operation amplifier output pin 

: Reference voltage output pi n 

: Comparator input pin 

: Comparator output pin 

: Timer 0 input pin 

: External interrupt input pin 

(\fEe 

>-
:J 
0 

~ 
t:: 
eli ~ ;( ~ .r :r '" Cl 
0: 0: 0: Q. '- 0: ~ 

POD2 

POD, 

PODO 

POC3 

POC2 

POC, 

GND4 

POCo 

POB3 

POB2 

POB, 

POBo 

POA3 

TMOOUT : Timer 0 output pin 

TM10UT : Timer 1 output pin 

TM20UT : Timer 2 output pin 

SCK : Serial clock input/output pin 

SO : Serial data output pin 

SI : Serial data input pin 

POAOto POA3 : Input/output ports 

POBo to POB3 : Input/output ports 

POCo to POC3 : Input/output ports 

PODo to POD3 : Input/output ports 

P1Ao to P1A3 : Input/output ports 

P1Bo to Pl B3 : Input/output ports 

P1Co to P1C3 : Input/output ports 

Voo : Power supply 

VXRAM : XRAM power supply 

GND : Ground 
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BLOCK DIAGRAM 

P1Ba 
P1B,/TMOOUT 
P1B2/TM10UT 
Pl B:¥TM20UT 

P1CO/SCK 
P1C,/SO 
P1C2/S1 

P1C3 
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Power 
Supply 
Circuit 

Remote 
Control 
Receiver 

Remote 
Control 
Transmitter 

~PD17204 

VDD 

VXRAM 
VREF 

GNDO 
GND, 
GND2 
GND3 
GND4 

TMOIN 

CMPOUT 

CMPIN+ 

AMPOUT 

AMPIN-

REM 

LED 

INT 

~-----------------o RESET 

XOUT 

XTOUT 



IlPD17204 NEe 
FUNCTIONAL COMPARISON BETWEEN IlPD17203A AND IlPD17204 

Product Name ~Po17203A I ~P017204 

ROM 4096 x 16 bits I 7936 x 16 bit. 

RAM 336 x 4 bits 

SRAM 4096 x 4 bits I 2048 x 4 bits 

Instruction execution time 41JS (when 4 MHz ceramic oscillator is used) 

Stack lavel 5 levels I 7 levels 

Input/output port 28 ports 

Serial interface a-bit 3-wi re: 1 channel 

Interrupt 7 channels 
External interrupt: 1 channel 
Internal interrupt: 6 channel 

Timer 4 systems 
8-bit timer 
10-bit timer 
l6-bit timer 
Watch timer (which also serves as a watchdog timer) 

Standby function STOP mode, HALT mode 

Recommended operating voltage range Voo = 2.2 to 5.5 V 

Package 52-pin plastic OFP 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The IlPD17301 is a 4-bit single-chip microcontroller with on-chip DTMF generator, DTMF receiver, and abbreviated dial 

memory. 

The CPU uses IlPD17000 architecture. Since all instructions have a 16-bit word configuration, efficient programming is 

possible. 

The package is a 64-pin plastic QFP. 

FEATURES 
• IlPD17000 architecture 

• Program memory (ROM): 16K bytes (8192 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Repertory dial memory 768 words (768 x 4 bits) 

• On-chip DTMF generator 

• On-chip DTMF receiver 

• Serial interfaces: 2ch 

• Abundant I/O ports: 48 

• 8-bit AID converter: 4ch 

• Abundant interupt functions (external cause: 2, internal cause: 7) 

• Stack level: 7 levels (multiple interrupt: max. 3 levels) 

• Timer: 4 (8-bit modulo timer: 3, basic interval timer: 1) 

• Standby function (STOP mode, HALT mode) 

• Instruction execution time: 2.23 Ils (when 3.58 MHz ceramic oscillator used) 

• Operating voltage range: 2.0 to 5.5 V 

• Program evaluation OTP product: IlPD17P301 GF 
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PIN CONFIGURATION (Top View) 

l- Ll. '" I + u ::> ::;; u z z 0 
0 I- (!l 

~ 
'" N 0 0 0 LI. 0 LI. u:: u:: 

0 ;j 0 Z ::;; LI. ::;; ::;; ::;; '" CD ;3 ~ ~ 0 :r :r > (!l I- w l- I- I-
~ 0.. « « 0 II: 0 0 0 

POBI P3D2/ADC2 
CMOS 

POB2 P3DI/ADCI 

POB3 CMOS P3DoIADCO 

POCo 
Nch Open drain 

P3C3/TM20UT 
(with pull-up Mask Option) 

POCI P3C2/SI 

POC2 P3CI/SO 

POC3 P3CoISCK 

PODO P3B3/SDA 

PODI P3B2/SCL 

POO2 P3Bl 

POD3 P3BO 

P1AO CMOS Nch Open drain P3A3 
(with pull-up Mask Option) 

PIAl P3A2 

PlA2 P3Al 

PlA3 P3AO 

PIBa P103 

PIBI P1D2 

PlB2 PlOl 

PlB3 PlOO 
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IlPD17301 BLOCK DIAGRAM 

Vx RAM 0-------1 

Repertory 

Dial 
Memory 

768 x 4 bits 

Instruction 

Decoder 
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IlPD17301 

VDD 

GND 

1-----<) P380 
1-----<) P38, 
H>----<) P382/SDA 
H...----<) P383/SCL 

1-''+1---<) P3CO/SCK 
1--+1---<) P3C,/SO 
1-----<>---<) P3C2/SI 
1----1>---<) P3C3/TM20UT 

DTMFOUT 

DTMFIN+ 
DTMFIN­
DTMFGC 

AVDD 

AGND 

...... +-1+--<) P3DO/ADCO 
1--+-1+--<) P3D,/ADC, 
1-----'+--<) P3D2/ADC2 
1---+---<) P3D3/ADC3 
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4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA 

I!PD17401 is a 4-bit single-chip microcontroller for the home VCR camera with an on-chip Image display controller and 

LCD controller/driver. 

The Image Display Controller (I DC) has various screen display functions. It can display graphics as well as characters. All 

the display fonts are user-programmable and can be specified freely. Debugging is possible while actually outputting these 

displays from the time of the program development. 

It has an on-chip LCD controller/driver for displaying the operating condition of the camera and serial Interlace circuit for 

communication with peripheral devices. It also has an on-chip 6-bit NO converter and 32 kHz clock counter. 

The CPU, which has no accumulator and in which the 17K architecture to allow the data memory to be operated directly 

is adopted, enables very efficient programming. 

As the I!PD17401 system development tools, the easy-to-use IE-17K (inclrcuit emulator) and assembler are available. 

FEATURES 

• A 4-bit single-chip microcontroller for the home 

VCR camera 

• Program memory (ROM): 12288 x 16 bits 

• Data memory (RAM): 524 x 4 bits 

• Stack level: 7 
• Instruction set comprising 36 easy-to-understand 

Instructions 

• Decimal capability 

• Instruction execution time: 1.6 I!s (at 10 MHz 

oscillator connection) 

• With IDC on-chip (Image Display Controller9 (user­

programmable) 

Number of display characters: Max. 155 per screen 

Display position: 14 lines x 25 columns 

Character types: 256 types 

Character format: 10 x 15 dots (framable) 

Character size: 4 types setlable independently 

between vertical and horizontal (14, 28, 42, 56H) 

(2.5, 5.0, 7.5, 10 I!s) 

• On-chip LCD controller/driver 

35-segment, 4-common or 

36-segment, 3-common 

• On-chip serial Interface 
(2-system, 3-channel: 3-wire and 2-wire) 

• On-chip 6-bit NO converter: 1 input 

• On-chip 32 kHz clock counter (VDD = 2.2 to 5.5 V) 

• On-chip power failure detection circuit and power­

on reset circuit 

• Interrupt pins: 2 pins 

• Various range of I/O ports 
InpuUoutput ports: 20 (including dual-function 

pins) 

Output ports: 16 (including dual-function pins) 

• 5 V ±10% 
• CMOS low power consumption 

• 80-pin plastic QFP (14 x 14 mm) 

• One-time PROM product: I!PD17P401GC-3B9 

available 
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PIN CONFIGURATION (Top View) 

co 0 ::;; 0 0 0 

!2 <L <L 

0 N N '" N 0 
';; Lo 

N N N ~ N N 
0 0 0 0 ::;; ::;; 0 0 
U U U U 0 0 0 U U 
-' -' -' -' U U U -' -' 

LCD19 

LCD18 0 
LCD17 

LCD16 

LCD1S/KS1S 

LCD14/KS14 

LCD13/KS13 

LCD12/KS12 

LCD11/KS11 

LCDlO/KSlO 10 

LCDg/KSg 11 

LCDS/KSS 12 

LCD7/KS7 13 

LCD6/KS6 14 

LCDs/KSS 15 

LCD4/KS4 16 

LCD3/KS3 17 

LCD2/KS2 18 

LCD1/KSl 19 

LCDO/KSO 0 

co N c1l 0 N N 
CD CD CD U '" a: a: a: a: 0 -' 

<::: CD 
co N U U a: a: 

u ;L 0 
U 

0 -' 0 
:::.~ 
~ 0 

U U 
0::: ~ 

POAO to POA3 Input/output ports 

paBa to POB3 Input/output ports 

POCO to POC3 Input/output ports 

PODO to POD3 Output ports 

P1AO to'P1A3 Output ports 

Pl BO to Pl B3 Input/output ports 

P1CO to P1C3 Output ports 

Pl DO to Pl D3 Ou tput ports 

P2AO to P2A3 Input/output ports 

KSoto KS15 Key source signal output 

LCDO to LCD35: LCD segment signal output 

COMO to COM3 : LCD common signal output 

CKOUT Subclock output 

STPRLS Stop mode release input 

CE Chip enable input 

INTO.INTl External interrupt input 

N co 0 N co .;; 0 0 4: « 4: 
a: Q;. a: ~~ <L 

"' 0; 0; " o ~ 
N N N N co co 
0 0 0 0 0 0 
U U U U U U 
-' -' -' -' -' -' 

" -u 
g 
'" "" S 
Gl 

" 
W 
OJ 
<0 

°IUIU 
0 z r-

'" Z Z Z Ci :J 

-' >-1>- CJ UJ 0 
CD UJ UJ 0 U > I UJ 

0 

ADC 

SDA 

SCl 

51 0. 51 1 

500. 501 
SCKO. SCKl 

XIN. XOUT 

XTIN. XTOUT 

OSCIN. OSCOUT: 
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BLOCK DIAGRAM 
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LIST OF FUNCTIONS 

Product Nall"le !,PD17P401 

ROM 12288 x 16 bits (Mask ROM) I 12288 x 16 bits (O""·time PROM) 

RAM 524 x 4 bits 

System register 12x4bits 

Register file 45 x 4 bits (Control register) 

Port register 6 x 4 bits 

Instruction execution time 1.6 J.l.S (at 10 MHz oscillator connection) 

Stack levels 7 levels 

Serial interface · 2-system, 3-channel 
3-wire and 2-wire 

Interrupt · 2 channels 

· 2 systems 
Timer 8-bit timer (10 /JS, 100 ,us, 500 JJ.S, 1 ms (at 10 MHz oscillator connection)) 

Clock timer (100 ms (at 10 MHz oscillator connection)) 

Standby function · STOP, HALT 

Supply voltage VOO "" 4.5 to 5.5 V (32 kHz clock counter operated at 2.2 to 5.5 VI 

Package SO-pin plastic QFP (14 x 14 mm) 
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4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA 

!,-PD17P401 Is a product which has replaced an on-chip mask ROM in 4-bit single-chip microcontroller !,-PD17 401 for a 

VTR camera with an on-time PROM. !,-PD17401 allows write operation only once. It is effective for small production of a set, 

and an earlier start-up. 

!,-PD17P401 incorporates an image display controller (IDC) and an LCD controller/driver. Since it can be operated on the 

same power-supply voltage as for the mask product, it is the most suitable for preproduction and small production at system 

development. 

FEATURES 

• Fully compatible with !,-PD17401 

• Program memory (one-time PROM): 
12288 x 16 bits 

• Data memory (RAM): 524 x 4 bits 

• Stack level: 7 
• Instruction set comprising 36 easy-to-understand 

instructions 

• Decimal operation capability 

• Instruction execution time: 

1.6 !,-S (at 10 MHz oscillator connection) 

• On-chip Image Display Controller (IDC) (user 
programmable) 

Number of display 

characters: Up to 155 characters on one screen 

Display position: 14 lines x 24 digits 

Character types: 256 types 

Character format: 10 x 15 dots (Can be fringed) 

Character size: 4 types can be independently set 

for each of vertical and horizontal directions. 

(14, 28, 42, 56H) (2.5, 5.0, 7.5, 10 !,-s) 

• On-chip LCD controller/driver 

35-segment, 4-common or 36-segment, 3ccommon 

• On-chip serial interface 
(2-system, 3-channel: 3-wire and 2-wire) 

• On-chip 6-bit AID converter: 1 input 

• On-chip 32 kHz clock counter (V DO = 2.2 to 5.5 V) 

• On-chip power failure detection circuit and power­

on reset circuit 

• Interrupt pins: 2 pins 

• Various range of I/O ports 

Input/output ports: 20 (dual-function pin Included) 

Output ports: 16 (dual-function pin included) 

• 5 V ±10% 
• CMOS low power consumption 

• 80-pin plastic QFP (14 x 14 mm) 

• Mask PROM product: 
!,-PD17P401 GC-xxx-3B9 is available 
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PIN CONFIGURATIONS (Top View) 

LCO'9 o POC,/MO' 

LCO,S POC2/M02 

LC017 3 POC3/M03 

LCO'6 4 

LCD,s1KS'5 5 P2A,/SI, 

LCOl4/KS'4 6 P2A2/SCK, 

LCO,a/KS'3 P2A3/S0, 

LC012/KS'2 S " GNO 
" LCOll/KSll 9 0 

XTOUT ~ 
LCOlO/KSlO 10 ~ XTIN 

LCDg/KSg 11 " VDD2 G) 

LCOS/KSg 12 8 INT, 

LC07/KS7 13 
en 
'" INTO/Vpp 

LCOeiKSg 14 POBO 

LCOslKS5 15 POB,/ADC 

LC04/KS4 16 o POB2/STPRLS 

LC0a/KS3 17 POBa/SIO 
LC02/KS2 '8 POAO/SOO 
LCO,/KS, 19 POA,/SCKO 

LCOolKSQ POA2/SCL 

POAo to POA3 Input/output port SCL Serial clock input/output 

POSO to POB3 Input/output port SIO. SI, Serial data input 

POCo to POC3 Input/output port saO. 50, Serial data output 

POOoto POO3 Output port SCKQ. SCK, Serial clock input/output 

P1AO to P1A3 Output port XIN. XOUT Oscillation circuit for main clock 

P1BO to P183 Input/output port XTIN. XTOUT Oscillation circuit for subclock 

P1Co to P1C3 Output port OSCIN.OSCOUT : Oscillation circuit for IOC 

P100 to P103 Output port IDCOto IDC2 IDC Display signal output 

P2Ao to P2A3 Input/output port 8LKO to BLK2 Blanking signal output 

KSQto KS,S Key source signal output HSYNC Horizontal synchronous signal input 

LCOo to LCD35 LCD segment signal output VSYNC Vertical synchronous signal input 

CDMQtoCOM3 LCD common signal output CLK Clock input for PROM 

CKOUT Subelock output MOO to M03 Mode selection input for PROM 

STPRLS Stop mode release input DO to 07 Data input/output for PROM 

ce Chip enable input Vpp Power supply for PROM 

INTO.INT, External interrupt input VD01. VOD2 Power suppty 

AOC A/D converter input GND Ground 

SDA Serial data input/output 
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FUNCTION LIST 
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CHAPTER1 GENERAL 

1.1 GENERAL DESCRIPTION 

Each instruction of the IlPD17000 series is composed of 16 bits per word. The instruction set contains 47 useful 

instructions having the following features: 

11) Permitting operation between memories in single step 

12) Permitting both binary and decimal calculation 

13) Permitting table reference on program memory I ROM) 

14) Permitting branching and subroutine call using the register value as address 

15) Well·arranged 47 types of instructions 

This manual explains the instructions of the J1PD17000 series. However, some instructions are inapplicable or 

limited in usage for certain products. Careful reference should be taken to the data sheet of the product you want 

to use before creating a program. 

1.2 CONFIGURATION OF INSTRUCTION 

The instruction codes of IlPD17000 series are classified into the following three types: 

11) a operand instruction 

Instructions 'INC AR', 'PUSH AR', 'RET', etc. These instructions have a unique or no operand. 

12) 1 operand instruction 

Instructions 'RORC r', 'STOP s', etc. The address or immediate data is described in the operand. 

13) 2 operand instruction 

Instructions 'ADD r, m', 'ADD m, #i', etc. Two addresses, or an address and immediate data are described in 

the operand. 
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CHAPTER 2 DATA MEMORY ADDRESSING 

A data memory address is composed of a bank Ifour bitsl, row address 13 bitsl and column address Ifour bitsl. 

2.1 DIRECT ADDRESSING OF DATA MEMORY 

When directly specifying data memory, the bank is specified by the BANK Ibank register: 79HI of the system 

register, and the row address and column address are specified by the instruction operand m Iseven bitsl. 

[Example] 

If BANK = 0, 

MOV 43H, #2H 

T L-Immediatedata 

LAddress IColumn address = 3, row address = 41 

Bank 0 0 3 4 9 ABC 0 F +----Column address 

0 

1 
Bank 1 0 

,---
2 

o W 
3 

W :.;~:: 
4 ........... 

W 2 

5 
3 W 

6 

W The memory area 74H to 7FH of each bank 
4 

7 is the system register. 

6 I I I I I I I I I I I 
The memory area 74H to 7FH of each bank 
is the system register. 

Row address 
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2.2 GENERAL-PURPOSE REGISTER ADDRESSING 

When specifying a general-purpose register, the bank and row addresses are specified by RPH and RPL (register 

pointer: 7DH, 7EH) of the system register, and the column address is specified by the instruction operand r (four 

bits), 

[Example] 

When BANK = a, RPH = a,and RPL = 1; 

ST 43H, 2H 

T ~General-purpose register column address 

LAddress 

RPL RPH 

I i... 0 
234 5 8 ABC 0 E 

0 

1 
Bank 1 
~ 

o W 
W -;:i::: 0 2 

w 
W 

7 I i;ht~:s:~t~~ ~~~s;e~H to FH 0 eacll ban 

4 

5 

6 
I I I I I I I I I I I 

The memory area 74H to 7FH of each bank 
I is the system register. I 
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2.3 INDEX MODIFICATION ADDRESSING OF DATA MEMORY 

If IXE (index addressing enable flag: 7FH.0) of the system register is set '1', the data memory address is speci­

fied as the ORad result of the address specified by the system register BANK (bank register: 79H) and instruction 

operand m (seven bits) and the contents of system register IXH, IXM, and IXL (index register: 7AH, 7BH, and 
7CH). 

(Example) 

If BANK = 0, IXE = 1, IXH = 0, IXM = OEH, and IXL = 8; 

MOV 43H, #2H 

T· ~Immediate data 

LAddress 

Data memory address = [BANK, mJ OR [iXH, IXM, IXL] 

= [0000 1000011BJ OR [0001110 l000BJ 

= [00011101011BJ 

= 6BH of bank 1 

Bank.O 0 3 4 5 6 8 9 A 8 C 0 

0 

1 
Bank 1 
~ 

2 
o W 

3 

Ll 
2 

4 

W 
5 

3 W 
6 

~ The memory area 74H to 7FH of eacl1 bank 

I is the system register. 

4 

5 

I I I I I I ['::::':::1 I I I 2H: 
:.:.:.:.:: 6 

The memory area 74H to 7FH of each bank 

I is the system register. J 
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2.4 GENERAL-PURPOSE REGISTER INDIRECT ADDRESSING OF DATA MEMORY 

The data memory address specification method for executing the general-purpose register indirect transfer in­

struction 'MOV @r, m' and 'MOV m, @r' is explained below. 

(1) WhenMPE=O,IXE=O 

The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H) 

and the row address and column address are specified by the instruction operand m (seven bits). 

The bank for indirect specification by operand @r is specified by the system register BANK (bank register: 

79H), and the row address is specified by the upper three bits of operand m. The column address is specified by 

the value of the general-purpose register. The bank and row address of the general-purpose register are specified 

by the system register RPH and RPL (register pointer: 7DH, 7EH), and the column address is specified by the 

instruction operand r (four bits). 

Accordingly, indirect transfer with MPE = a and IXE = a occurs within the same row address of the same bank. 

[Example) 

When BANK = 0, RPH = 0, RPL = 0, and the value of address 0.02H is 8H; 

MOV 43H, @2H L ~Indirect specification address 

Direct specification address 

Direct specification address = [BANK, m] 

= [0000 1000011 B] 

= 43H of bank a 
Indirect specification address = (BANK, m6-4, (R)] 

= [0000 100 1000B] 

= 48H of bank a 

RPL RPH 

I ~an.k 0 
o 2 3 4 

0 ISH -

1 
Bank 1 0 

r--; 
o 
~ 
~ 1:)~ 

4 2 

3 4 
4 

S 9 

H1i 

A B c D 

f-.-+ I i~ht~:S~~t~~ ;~:~s:e~" to 'H of eacl, ban 

6 I I I I I 1 j I I I I 

I :~~:s~~t~~ ;:~s:e~H to 7FH of each bank I 
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(2) When MPE = 1 and IXE = 0 

The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H), 

and the row address and column address are specified by the instruction operand m (seven bits). 

The bank for indirect specification by operand @r and the row address are specified by the MPH and MPL 

(memory pointer: 7AH, 7BH) of the system register, and the column address is specified by the value of the 

general-purpose register. The bank and row address of the general-purpose register are specified by the RPH and 

RPL (register pointer: 7DH, 7EH) of the system register, and the column address is specified by the instruction 

operand r (four bits). 

Accordingly, when MPE = 1 and IXE = 0, indirect data transfer is allowed between any data memories. 

[Example) 

When BANK = 0, MPH = 0, MPL = 3, RPH = 0, RPL = 0, and the value of 0.02H address is 8H; 
MOV 43H, @2H L ~ Indirect specification address 

Direct specification address 

Direct specification address [BANK, mJ 

[0000 1000011 BJ 

43H of bank 0 

Indirect specification address = [MPH, MPL, (R)] 

[000 0011 l000BJ 

38H of bank 0 

Bank 0 0 234 

0 1 8H 
1 Bank 1 
~ 

o 
~ 
~ Irr~ 

::::::: 

~ 
2 

~ 
~ 

3 

4 

5 

9 ABC D 

I:::;::: 
I 

I :ht~;:;'t:~ ;::s:e~H to 7 FH of each bank I 

6 I I I I I J J J 1 J 1 
I :~~;s~":'~~ ;~::s:e~H to 7 FH of each bank I 
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(3) When MPE = 0 and IXE = 1 

The bank, row address and column address for direct specification by operand m are specified by the ORed 

result of the address specified by the system register BANK (bank register: 79H) and instruction operand m 

(seven bits) and the contents of system registers IXH, IXM and IXL (index registers: 7AH, 7BH, 7CH). 

The bank and row address of the indirect specification by operand @r are specified by the ORed result of 

the address specified by the system register BAN K (bank register: 79H) and the upper three bits of operand 

m and the contents of system registers IXH and IXM (index registers: 7AH, 7BH). The column addnass is 

specified by the value of the general-purpoS8 register. The bank and row address of the general-purpose register 

are specified by the system registers RPH and RPL (register pointers: 7DH, 7EH), and the column address is 

specified by the instruction operand r (four bits). 

If MPE = 0 and IXE = 1, indirect transfer of data occurs within the same row address of the same bank. 

[Example] 

When BANK = 0, IXH = 0, IXM = 2, IXL = 4, RPH = 0, RPL = 0, and the value of address 0.02H is BH; 

MOV 43H, @2H L ~Indirect specification address 

Direct specification address 

Direct specification address [BANK, m] OR [IXH, IXM, IXL] 

= [00001000011B] OR [000 0010 01OOB] 

= [00001100111 B] 

= 67H of bank 0 

Indirect specification address = [BANK, m6-4, (R)] OR [IXH, IXM, 0] 

Bank 1 

o 

2 

3 

4 

5 

6 

= [0000 100 1000B] OR [0000010 OOOOB] 

= [00001011000B] 

= 5BH of bank 0 

Bank 0 0 2 3 4 5 6 89A8CDE 

0 1
8H 

1 
0 

'""2 

~ 
~ 
~ mI:l 
~ :l:l:"W 
~ I 

i~ht~:s~:t~:;: ~:~:.~~I to 7 FH of each bani 

I I I I I I I I I I 
I ~~~:s;t: ~~~:..~~ to 7 FH of each bank I 
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(41 When MPE= l,IXE= 1 

The bank, row address, and column address by direct specification with operand m are specified by the ORed 

result of the address specified by the system register BAN K (bank register: 79HI and instruction operand m 

(seven bitsl and the contents of the system registers IXH, IXM, and IXL (index registers: 7 AH, 7BH and 7CHI. 

The bank and row address by indirect specification with operand @r is specified by the system registers MPH 

and MPL (memory pointers; 7 AH, 7BHI. and the column address is specified by the value of the general-purpose 

register. The bank and row address of the general-purpose register are specified by the system registers RPH and 

RPL (register pointers: 7DH, 7EHI. and the column address is specified by the instruction operand r (four 

bitsl. 

Accordingly, indirect data transfer with MPE = 1 and I X E = 1 is allowed between any data memories. 

[Example) 

When BANK = 0, IXH (MPHI = 0, IXM (MPLI = 2. IX L = 4, RPH = 0, RPL = 0, and value of address 0.02H is 8H; 

MOV 43H, @2H 

,-~ Indirect specification address 

LDirect specification address 

Direct specification address [BANK, mJ OR [IXH, IXM, IXL] 

[0000 1000011 BJ OR [000 0010 0100B] 

[0000 1100111 B] 

67H of bank a 
Indirect specification address = [MPH, MPL, (RI] 

[000 0010 10000BJ 

= 28H of bank a 

Bank 0 0 4 6 S 9 ABC 0 E 

0 ISH 

1 

o 

1 

~ ;:::) 

~ 

Bank 

~ 
2 

~ 
~ !It :. : 

~ I 
i:~~~S:~t~; ~~:~s;e~H to FHa f eac 1 Dan 

.1 

3 

4 

5 

6 
I I I I I I I I I I I 

7 I :~~::;":~ ~~:~s;e~H to 7FH of each bank I 

3-10 



NEe JlPD17K-FAMILY 

CHAPTER 3 INSTRUCTION SET 

This chapter explains the instruction set. The abbreviations used in the explanation of instruction set are shown 

below: 

(X) Value of data memorv or register indicated bV X (four bits) 

[X, Y, Zl: Address consisting of upper 4 bits (X). medium 3 bits (Y) and lower 4 bits (Z) (Total 11 bits) 

M 

IXE 

(BANK) 

addr 

CY 
SP 

STACK 

AR 

DBF 

WR 

rf 

rfH 

rfL 

p 

PH 

PL 

Data memorv address 

If IXE =0, then M = [(BANK), mH, mLl 

If IXE = 1, then M = [(BANK). mH, mLl OR (IX) 

I ndex enable flag 

Bank register value (4 bits) 

Data memorv row address (3 bits) 

Data memorv column address (4 bits) 

Index register value (11 bits) 

General-purpose register address 

R = [(RPH), (RPL),rl 

General-purpose register bank (4 bits) 

General-purpose register row address (3 bits) 

General-purpose register column address (4 bits) 

immediate data (4 bits) 

Address of branching destination 

Carrv flag 

Stack pointer 

Stack value indicated bV stack pointer 

Address register 

Data buffer 

Wi ndow register 

Register file address 

Upper 3 bits of register file address 

Lower 4 bits of register file address 

Address of peripheral circuit 

Upper 3 bits of peripheral circuit address 

Lower 4 bits of peripheral circuit address 

Note: Unless otherwise specified, the following conditions are used: 

BANK = 0 

RPH =0, RPL=O 

IXE = 0 

The data memory address is represented by direct address. When actually uling an assembler, be lure to use 

the type MEM symbol. Any description of memory address directly into the operand will caUie an .rror. 
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3.1 ADDr, m Add data memory to general registar 

(1) Instruction code 

00000 

(2) Function 

IfCMP=O.R .... (R)+(M) 

The contents of the data memory addressed by M is added to the contents of the general·purpose register 

indicated by R. and the results are stored into the general·purpose register indicated by R. 

If CMP = 1. then (R) + (M) 

No results are stored. The flag only changes. 

If a carry is made. set a carry flag (CY). If no carry is made. reset the carry flag (CYI. 

If the result of addition is other than zero. the zero flag (Z) is reset. 

If the result of addition is zero. the zero flag (Z) will be set when the compare flag is in the reset status (CMP = 

0). When the compare flag is in the set status (CMP = 1). the zero flag (Z) will not be changed if the result of 

addition is zero. 

There are two types in addition: binary operation and BCD operation. The addition type is selected by the BCD 

flag (BCD) of PSW. 

(3) Example 1 
When the row address 0 (O.OOH to O.OFH) of bank 0 is specified as general-purpose register (RPH = O. RPL = 0). 

th .. result of addition of the contents of 0.2FH address is stored to the contents of 0.03H address. 

0.03H .... (0.03H) + (0.2FH) 

MOV BANK. #OOH; Data memory bank 0 

MOV RPH. #OOH General·purpose register bank to 0 

MOV RPL. #DOH General-purpose register row address to 0 

ADD 03H. 2FH 

Example 2 

When row address 2 (1.20H to 1.2FH) of bank 1 is specified as general.purpose register (RPH = 1. RPL = 41. 

the content of address 1.23H is added to the content of address 0.2FH. and the results are stored into address 

123H. 

1.23H .... (l.23H) + (0.2FH) 

MOV BANK. #OOH; Data memory bank 0 

MOV RPH. #01 H 

MOV RPL. #04H 

ADD 03H. 2FH 

General·purpose register bank 1 

General·purpose register row address 2 
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Example 3 

The result of addition of. the contents of address 0.03H and address 0.6FH is stored into address 0.03H. If 

IXE = 1, IXH = 0, IXM = 4, and IXL = 0, that is, if IX = 0.40H, then the data memory O.6FH can be specified 

by setting the data memory address at 2FH. 

0.03H .... (0.03H) + (0.6FH) 

~ORed result of index register content 0.40H and data memory 

MOV RPH, #OOH 

MOV RPL, #OOH 

MOV IXH, #OOH 

MOV IXM, #04H 

MOV IX L, #OOH 

SETl IXE 

ADD 03H, 2FH 

Example 4 

address 0.2FH 

General·purpose register bank 0 

General-purpose register row address 0 

IX .... 00001 OOOOOOB 

IXE flag .... 1 

I X 00001000000B (o.40H) 

Bank operand OR ) oo000101111B(0.2FH) 

Specified address 00001101111 B (0.6FH) 

The result of addition of the contents of address 0.03H and address 2.3FH is stored into address 0.03H. If 

IXE = 1, IXH = 1, IXM = 1, and IXL = 0, that is, if IX = 2.10H, then the data memory 2.3FH can be specified 

by setting the data memory address at 2FH. 

0.03H .... (0.03H) + (2.3FH) 

(4) Note 

~ORed result of the content of index register 2.10H and data memory 

address O.2FH 

MOV BAN K, #OOH 

MOV RPH, #OOH 

MOV RPL, #OOH 

MOV IXH, #01 H 

MOV IXM, #01 H 

MOV IXL, #OOH 

SEn IXE 

ADD 03H, 2FH 

General·purpose register bank 0 

General-purpose register row address 0 

IX .... 001 0001 OOOOB (2.10H) 

IXE flag .... 1 

IX ool00010000B (2.10H) 

Bank operand OR ) 00000101111 B (O.2FH) 

Specified address 00100111111 B (2.3FH) 

The 1st operand of 'ADD r, m' instruction is the column address of general-purpose register. If it is described as 

follows, the general-purpose register column address is taken as 03H. This will not cause any error in assembling. 

ADD 13H, 2FH 

L-General.purpose register column address is meant. 

The lower 4 bits are significant. 

If CMP flag = 1, no added result is stored. 

If BCD flag = 1, the result of decimal operation is stored. 
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3.2 ADDm.#i Add immediate data to date memory 

(1) Instruction code 

10000 

(2) Function 

If CMP = 0, then M <- (M) + i 
The immediate data i is added to the content of data memory addressed by M, and the result is stored into the 

data memory addressed by M. 

If CMP = 1 , then (M) + i 

No result is stored. Only the flag changes. 

If any carry occurs as a result of addition, the carry flag (CY) is set. If no carry occurs, the carry flag (CY) is 

resat. 

If the result of addition is other than zero, the zero flag (Z) is reset. 

If the comPel'll' flag is'reset (CMP= 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 

flag is ~t (CMF' = 1 j, the zero flag (Z) will not change when the result of addition turns zero. 

There are two types of addition: binary operation and BCD operation. The addition type is specified by the 

BCD flag (BCD) of PSW. 

(3) Example 1 

Value 5 is added to the content of address 0.2FH, and the result is ,stored to address 0.2FH. 

0.2FH <- (O.2FH) + 5 

ADD 2FH,#05H 

Exampla2 

Value 5 is added to the content of address 0.6FH, and the result is stored to address 0.6FH. If IXE = 1, 

IXH - 0, IXM = 4, and IXL = 0, that is, if IX = O.40H, then the data memory 0.6FH can be specified by setting 

the data memory address at 2FH. 

0.6FH <- (0.6FH) + 05H 

----c..... ORed result of the i'ndex register content O.40H and data 

memory address O.2FH 

MOV BANK, #OOH; Data memory bank,O 

MaV IXH, #OOH ; IX <-0000100ooooB (O.40H) 

MOV IXM, #04H 

MOV IXL, #OOH 

SEn IXE IXE flag <-1 

ADD 2FH, #05H IX oo001000000B 

Bank operand OR ) 00000101111 B (0.2FH) 

Specified address 00001101111 B (0.6FH) 
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EX8mple3 

Value 5 is added to the content of address 2.2FH, and the result is stored to address 2.2FH. If IXE = 1, 

IXH = 1, IXM = 0 and IXL = 0, that is, if IX = 2.ooH, then the data memory 2.2FH can be specified by setting 
the data memory address at 2FH. 

2.2FH +- 12.2FH) + 05H 

---c...ORed result of index register content 2.ooH and data 
memory address 0.2FH 

MOV BANK, #OOH; Data memory bank 0 

MOV IXH, #01 H ; iX +-OOl000000ooB 

MOV IXM, #OOH 

MOV IXL, #DOH 

SETl IXE 

ADD 2FH, #05H 
IXE flag +-1 

IX oo10oo00000B 12.00H) 

Bank operand OR ) 00000101111 B 10.2FH) 

Specified address 00100101111 B 12.2FH) 

(4) Nota 

If CMP flag = 1, then no addition result is stored. 

If BCD flag = 1, the result of decimal operation is indicated. 
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3.3 ADDC r, m Add data memory to general register with carry flag 

(1) Instruction code 

00010 

(2) Function 

If CMP =0, then R<-(R)+(M)+CY 

The content of general-purpose register indicated by R, the content of data memory addressed by M and the 

value of carry flag (CY) are added, and the result is stored into the general-purpose register indicated by R. 

If CMP = I, then (R) + (M) + CY 

The result of addition is not stored. Only the flag is changed. 

Use of this' ADDC' instruction permits addition to two words or more can be performed easily. 

If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is reset. 

If the result of addition is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 

flag is set (CMP = 1). the zero flag (Z) will not change when the result of addition turns zero. 

There are two types of addition: binary operation and BCD operation. The addition type is specified by the 

BCD flag (BCD) of PSW. 

(3) Example 1 

When row address 0 (O.OOH to O.OFH) of bank 0 is specified as a general-purpose register, the 12-bit content of 

address 0.2DH-O.2FH is added to the 12-bit content of address O.ODH-O.OFH, and then the result is stored into 

the 12-bit area of address O.ODH-O.OFH. 

O.OFH .... (O.OFH) + (0.2FH) 

O.OEH .... (O.OEH) + (O.2EH) + CY 

O.ODH <- (O.ODH) + (O.2DH) + CY 

Data memory bank 0 MOV BAN K, #OOH 

MOV RPH, #OOH 

MOV RPL, #OOH 

ADD OFH, 2FH 

ADDC OEH, 2EH 

ADDC ODH, 2DH 

General-purpose register bank 0 

General-purpose register row address 0 
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Example 2 

When row address 2 (1.20H to 1.2FH) of bank 1 is specified as a general-purpose register, the 12-bit content of 

address 1.2DH to 1.2FH is shifted to the left including a carry flag by one. 

Cy 
(Carry flag) 

Bank 2 
Address 2DH 

Bank 2 
Address 2EH 

Bank 2 
Address 2FH 

CY 
(Carry flag) 

0-1 I I I I-I I I I I-I I I I 1-0 
MOV RPH, #01 H 

MOV RPl, #04H 

MOV BAN K, #01 H ; 

ADDC OFH, 2FH 

ADDC OEH, 2EH 

ADDC ODH, 2DH 

General-purpose register bank 1 

General-purpose register row address 2 

Data memory bank 1 

Example 3 

The content of address O.OFH and the contents of addresses 0.40H to O.4FH are added, and then store the 

result into address O.OFH. 

O.OFH <- (O.OFH) + (0.40H) + (OA1 H) + ... + (OAFH) 

MOV BANK, #OOH; Data memory bank 0 

lOOP1: 

MOV RPH, #OOH 

MOV RPl, #OOH 

MOV IXH, #OOH 

MOV IXM, #04H 

MOV IXl, #OOH 

SET1 IXE 

ADD OFH, OOH 

ClR1 IXE 

INC IX 

SKE IXl, #0 
JMP lOOP1 

General-purpose register bank 0 

General-purpose register row address 0 

IX <-000010oooooB (OAOH) 

IXE flag <-1 

IXE flag <- 0 

IX<-IX+1 
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Ex.mple4 
The 12-bit contents of addresses 1.40H to 1.42H are added to the 12·bit contents of addresses O.OOH to O.OFH, 

then the result is stored to the 12·bit area of addresses O.OOH to O.OFH. 

O.OOH'" (O.OOH) + (1.40H) 

O.OEH'" (O.OEH) + (1.41H) + CY 

O.OFH .... (O.OFH) + (1.42H) + CY 

MOV BANK, #OOH; Oata memory bank 0 

MOV RPH, #OOH 

MOV RPL, #OOH 

MOV IXH, #OOH 

MOV IXM, #OCH 

MOV IXL, #OOH 

SETl IXE 

General·purpose register bank 0 

General·purpose register row address 0 

IX'" 00011000000 (1.40H) 

AOO OOH, OOH 

AOOC OEH, 01 H 

AOOC OFH, 02H 

IXE flag ... 1 

O.OOH'" (O.OOH) + (1.40H) 

O.OEH'" (O.OEH) + (1.41H) 

O.OFH .... (O.OFH) + (1.42H) 
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3.4 ADDCm.#i Add immediate date to date mamory with Clrry fllI8 

(1) Instruction code 

10010 

(2) Function 

If CMP = 0: M +- (M) + i + CY 

The values of immediate data i and carry flag (CY) are added to the content of data memory addressed by M, 
and the result is stored to the data memory addressed by M. 

If CMP = 1: (M) + i + CY 

The result is not stored. Only the flag is changad. 

If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is 

reset. 

If the result of addition is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 

flag is set (CMP = 1), the zero flag (Z) will not change when the result of addition turns zero. 

There are two types of addition: binary operation and BCD operation. The addition type is specified by the 

BCD flag (BCD) of PSW. 

(3) Example 1 
The value 5 is added to the 12·bit contents of addresses O.ODH to O.OFH, and then the result is stored to the 
addresses O.ODH to O.OFH. 

O.OFH +- (O.OFH) + 05H 

O.OEH +- (O.OEH) + CY 

O.ODH +- (O.ODH) + CY 

MOV BAN K, #DOH; Data memory bank 0 

ADD OFH, #D5H 

AD DC OEH. #DOH 

AD DC ODH, #DOH 
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,EXI ...... 2 ,,', 

The value 5 is added to the 12·bit contents of addresses O.4DH to O.4FH, and the result is stored to the ad· 

dresses 0.4DH to O.4FH. 

0.4FH ... (0.4FH) + 05H 

0.4EH'" (O.4EH) + CY 

0.4DH ... (O.4DH) + CY 

MaV BANK, #DOH; Data memory bank 0 

MaV I X H, #OOH I X ... 00001 OOOOOOB (O.40H) 

MaV IXM, #04H 

MaV IXL, #OOH 

SET1 IX!: 

ADD OFH~ #5 

ADDC OEH, #0 
AD DC ODH, #0 

IXE flag .... 1 

O.4FH .... (O.4FH) + 05H 

O.4EH .... (O.4EH) + CY 

O.4DH .... (O.4DH) + CY 
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3.5 SUB r, m Subtract data memory from general register 

(1) Instruction code 

00001 

(2) Function 

If CMP = 0: R +- (R) - (M) 

The content of data memory addressed by M is subtracted from the content of general-purpose register indi­

cated by R. and the result is stored into the general-purpose register indicated by R. 

If CMP = 1: (R) - (M) 

The result is not stored. Only the flag is changed. 

If a borrow occurs as a result of subtraction. the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 

is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 

compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 

the BCD flag (BCD) of PSw. 

(3) Example 1 
When row address 0 (O.OOH to O.OFH) of bank 0 is specified as general-purpose register (RPH = 0, RPL = 0), the 

content of address 0.2FH is subtracted from the content of address 0.03H, then the result is stored to the 

address 0.03H. 

0.03H +- (0.03H) - (0.2FH) 

SUB 03H, 2FH 

Example 2 
When bank 1 row address 2 (1.20H to 1.2FH) is specified asgeneral-purpose register (RPH = l,RPL=4),the 

content of address 0.2FH is subtracted from the content of address 1.23H, and the result is stored to the 

address 1.23H. 

1.23H +- (1.23H) - (O.2FH) 

MOV BAN K, #OOH 

MOV RPH, #OlH 

MOV RPL, #04H 

SUB 03H, 2FH 

Data memory bank 0 

General-purpose register bank 1 

General-purpose register row address 2 
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Example 3 

The content of address 0.6FH is subtracted from the content of address 0.03H, and the result is stored to the 

address 0.03H. If IXE = 1, IXH = 0, IXM = 4, and IXL = 0, that is, if IX = OAOH, then the data memory O.6FH 

can be specified by setting the data memory address at 2FH. 

0.03H ~ (0.03HI -- (0.6FHI 

Mav BAN K, #DOH ; 

MaV RPH, #OOH 

MaV RPL, #OOH 

MaV IXH, #OOH 

MaV IXM, #04H 

MaV IXL, #OOH 

SETl IXE 

SUB 03H, 2FH 

Example 4 

Data memory ban k 0 

General-purpose register bank 0 

General-purpose register row address 0 

I X <- 00001000000B (OAOHI 

IXE flag <-1 

IX 00001000000B (OAOHI 

Bank operand OR ) 00000101111 B (0.2FHI 

Specified address 00001101111 B (0.6FHI 

The content of address 2.3FH is subtracted from the content of address 0.03H, and the result is stored to the 

addre3s 0.03H. If IXE = 1, IXH = 1, IXM= 1 and IXL=O,thatis,if IX =2.10H,then the data memory2.3FH 

can be specified by setting the data memory address at 2FH. 

0.03H <- (0.03HI - (2.3FHI 

Mav BANK, #DOH 

MaV RPH, #ClOH 

MaV RPL, #OOH 

MaV IXH, #D1H 

MaV IXM, #01H 

MaV IXL, #OOH 

SET1 IXE 

SUB 03H, 2FH 

(41 Note 

Data memory bank 0 

General-purpose register bank 0 

General-purpose register row address 0 

IX <-001 0001 OOOOB (2.10HI 

IXE flag <-1 

IX 00100010000B (2.10HI 

Bank operand a R ) 00000101111 B (0.2FHI 

Specified address 00100111111 B (2.3FHI 

The 1st operand of the 'SUB r, m' instruction must be a general-purpose register address. The address 03H is 

specified as a register if described as follows. This will not cause an error in assembling. 

SUB 13H, 2FH 

~ The general-purpose register address must fall within the range from OOH to OFH 

(with register pointer set at other than row address 11. 

If CMP flag = 1, the subtracted resultis not stored. 

If BCD flag = 1, the result of decimal operation is stored. 
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3.6 SUB m. #i Subtract immediate data from date memory 

(1) Instrctuion code 

10001 

(2) Function 

If CMP = 0: M +- (M) - i 

The immediate data i is subtracted from the content of data memory addressed by M, and the result is stored 

into the data memory addressed by M. 

IfCMP=1: (M)-i 

The result is not stored. Only the flag is changed. 

If a borrow occurs as a result cif subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 

is reset. 

If the result of subtraction is other than zero, then zero flag (l) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (l) is ·set. If the 

compare flag is set (CMP = 1), the zero flag (l) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 

the BCD flag (BCD) of PSVV. 

(3) Example 1 

Value 5 is subtracted from the contents of address 0.2FH, and the result is stored to the address 0.2FH. 

0.2FH +- (0.2FH) - 5 

SUB 2FH, #05H 

Example 2 

The value 5 is subtracted from the content of address 0.6FH, and the result is stored to the address 0.6FH. If 

IXE = 1, IXH = 0, IXM = 4, and IXL = 0, that is, if IX = 0.40H, then the data memory 0.6FH can be specified 

by setting the data memory address at 2FH. 

0.6FH +- (0.6FH) - 5 

~ORed result of the content 0.40H of index register and the data 

memory address 0.2 FH 

MOV BANK, #DOH; Data memory bank 0 

MOV IXH, #DOH IX +-000010oo000B (O.40H) 

MOV IXM, #04H 

MOV IXL, #DOH 

SEn IXE 

SUB 2FH, #05H 

IXE flag +- 1 

IX oooo1000000B (O.40H) 

Bank operand OR ) 00000101111 B (0.2FH) 

Specified address 00001101" 1 B (0.6FH) 
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example 3 

The value 5 is subtracted from the content of address 2.2FH, and the result is stored to the address 2.2FH. If 

IXE = 1, IXH = 1, IXM = 0, and IXL= O,that is, if IX = 2.00H,then the data memory 2.2FH can be specified 

by setting the data memory address at 2FH. 

2.2FH +- (2.2FH) - 5 

----c:-.ORed result of the content 2.00H of index register and the data 

memory address 0.2FH 

MOV BANKO, #OOH; Data memory bank 0 

MOV IXH, #01 H IX +-001000000ooB (2.00H) 

MOV IXM, #OOH 

MOV IXL, #OOH 

SET1 IXE 

SUB 2FH, #05H 

(4) Note 

IXE flag +-1 

IX 

Ban k operand 0 R 

Specified address 

If CMP flag = 1, no subtract result is stored. 

00100000000B (2.0ClH) 

) 00000101111B (0.2FH) 

00100101111 B (2.2FH) 

If BCD flag = 1., the result of decimal operation is stored. 
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3.7 SUBC r. m Subtract data memory from general ragistar with carry flag 

(1) Instruction code 

00011 

(2) Function 

If CMP = 0: R ..... (R) - (M) - CY 

The content of data memory indicated by address M and the value of carry flag (CY) are subtracted from the 

content of general-purpose register indicated by R, and the result is stored into the general-purpose register 

indicated by R. Use of this SUBC instruction permits subtraction of more than two words to be performed 

easily. 

IfCMP=1: (R)-(M)-CY 

The result is not stored. Only the flag is changed. 

If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 

is reset. 
If the result of subtraction is other than zero, then zero flag·(Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 

compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified 

by the BCD flag (BCD) of PSw. 

(3) Example 1 

When bank 0 row address 0 (O.OOH to O.OFH) is specified as general-purpose register, the 12-bit contents of 

addresses O.2DH to 0.2FH are subtracted from the 12-bit content of addresses O.ODH to O.OFH, and then the 

result is stored into the 12-bit area of addresses O.ODH to O.OFH. 

O.OFH ..... (O.OFH) - (O.2FH) 

O.OEH ..... (O.OEH) - (0.2EH) - CY 

O.ODH ..... (O.ODH) - (0.2DH) - CY 

SUB OFH, 2FH 

SUBC OEH, 2EH 

SUBC ODH, 2DH 
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Example 2 
The contents of 12 bits from addresses 1.40H to 1.42H are subtracted from the contents of 12 bits from ad­

dresses O.ODH to O.OFH, and then the result is stored to the 12 bits from O.ODH to O.OFH. 

O.ODH +- (O.ODH) - (1.40H) 

O.OEH .... (O.OEH) - (1.41 H) - CY 

O.OFH .... (o.OFH) - (1.42H) - CY 

MOV BANK, #OOH ; 

MOV RPH, #OOH 

MOV RPl, #OOH 

MOV IXH, #OOH 

MOV IXM, #OCH 

MOV IXl, #OOH 

SET1 IXE 

SUB ODH, OOH 

SUBC OEH, 01 H 

SUBC OFH, 02H 

Example 3 

Data memory bank 0 

General-purpose register bank 0 

General-purpose register row address 0 

IX .... 00011000000B (1.40H) 

IXE flag .... l 

O.ODH .... (O.ODH) - (1.40H) 

O.OEH .... (O.OEH) - (1.41 H) 

O.OFH .... (O.OFH) - (1.42H) 

The contents of 12 bits from addresses O.OOH to 0.03H and the contents of 12 bits from addresses O.OCH to 

O.OFH are compared. If identical, jump is made to lAB1; if different,jump is made to lAB2. 

SET2 CMP, Z CMP flag <- 1, Z flag .... 1 

SUB OOH, OCH The contents of addresses 0.00H-O.03H 

SUBC 01 H, ODH; are not changed because the CMP flag is 

SUBC 02H, OEH 

SUBC 03H, OFH 

SKF1 Z 

BR lAB1 

BR lAB2 

lAB1: 

lAB2: 

set. 

If proven as identical by comparison, Z 

flag = 1; if proven as different, Z 

flag = O. 
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3.8 SUBe m, #i Subtract immediate date from date memory with carry flag 

(1) Instruction code 

10011 

(2) Function 

If CMP = 0: M +- (M) - i - CY 

The immediate data i and the value of carry flag (CY) are subtracted from the content of data memory ad­

dressed by M, and the result is stored into the data memory addressed by M. 

If CMP = 1: (M) - i - CY 

The result is not stored. Only the flag is changed. 

If a borrow occurs as a result of subtraction, the carry flag (CY) is set if no borrow occurs, the carry flag (CY) 

is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 

compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 

the BCD flag (BCD) of PSW. 

(3) Example 1 

Value 5 is subtracted from the contents of 12 bits of addresses O.ODH to O.OFH, and the result is stored to 

addresses O.ODH to O.OFH. 

O.OFH +- (O.OFH) - 05H 

O.OEH +- (O.OEH) - CY 

O.ODH +- (O.ODH) - CY 

SUB OFH, #05H 

SUBC OEH, #OOH 

SUBC ODH, OOH 

Example 2 

Value 5 is subtracted from the contents of 12 bits of addresses OADH to OAFH, and the result is stored into 

addresses OADH to OAFH. 

OAFH +- (OAFH) 05H 

OAEH +- (OAEH) - CY 

OADH +- (OADH) - CY 

MOV BANK, #OOH 

MOV IXH, #OOH 

MOV IXM, #04H 

MOV IXL, #OOH 

SET1 IXE 

SUB OFH, #5 

SUBC OEH, #0 

SUBC ODH, #0 

Data memory bank 0 

IX +- 00001000oo0B (OAOH) 

IXE flag +-1 

(OAFH) (OAFH) - 05H 

(OAEH) (OAEH) - CY 

(OADH) (OADH) - CY 
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Example 3 

The contents of 12 bits of addresses O.OOH to O.03H and OA3FH of the immediate data are compared. If' 

identical, jump is made to LAB1; if different, jump is made to LAB2. 

SET2 CM?, Z CM? flag .... 1, Z flag +- 1 

SUB OOH, #OH ; The contents of addresses O.OOH to 0.03H 

SUBC 01 H, #AH; remain unchanged because the CM? flag is 

SUBC 02H, #3H; set. 

SUBC 03H, #FH 

SKF1 Z If identical in comparison, Z flag = 1; 

BR LAB1 if different, Z flag = 0 

BR LAB2 

LAB1: 

LAB2: 
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3.9 INCAR Increment address register 

(1) Instruction code 

00111 000 1001 0000 

(2) Function 

AR +-(AR) + 1 

Address register (AR) is incremented. 

(3) Example 1 
Value 1 is added to the contents of 16 bits of AR3 to ARO (address register) in the system register, and the 

result is stored from AR3 to ARO. 

ARO +-ARO + 1 

ARI +- ARI + CY 

AR2 +- AR2 + CY 

AR3 +- AR3 + CY 

INCAR 

This instruction can be performed by using addition instruction as follows: 

ADD ARO, #01 H 

AD DC AR1, #OOH 

ADDC AR2, #OOH 

ADDC AR3, #OOH 

Example 2 

The table data is transferred to DBF (data buffer) in units of 16 bits (one address). (For details, refer to 3.26 

"MOVT Instruction".) 

; Address 

010H 

011H 

012H 

013H 

014H 

LOOP: 

DW 

DW 

DW 

DW 

DW 

MOV 

MOV 

MOV 

MOV 

MOVT 

INC 

BR 

Table data 

OF3FFH 

OA123H 

OFFF1H 

OFFF5H 

OFFllH 

AR3, #OH 

AR2, #OH 

AR1, #lH 

ARO, #OH 

@AR 

AR 

LOOP 

Table data address 

0010H is set into address 

register. 

Table data is read into DBF. 

Table data referencing 

Address register is incremented 

by 1. 
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(4) Note 

The number of bits allowed for use with address registers (AR3, AR2, AR 1, ARO) vary with the device types. 

When using, reference should be made to the appropriate manual of the device to be used. 
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3.10 INC IX Increment Index regl.r 

(1) I nstruction code 

00111 000 1000 0000 

(2) Function 

IX +- (IX) + 1 

The index register (IX) is incremented. 

(3) Example 1 
Value 1 is added to the content of 12 bits of IXH to IXL (index register) in the system register, and the result is 

stored into the IXH to IXL. 

IXL+-IXL+1 

IXM .... IXM+Cy 

IXH +-IXH + CY 

INC IX 

This operation can be performed by using the addition instruction as follows: 

ADD IXL, #01H 

AD DC IXM, #OOH 

ADDC IXH, #OOH 

Example 2 
The contents of data memory O.OOH to 0.73H are all turned '0' using the index register. 

MOV IXH, #OOH The contents of index register 

MOV IXM, #OOH are all set at DOH of bank O. 

MOV IXL, #OOH 
RAM clear: 

SET1 IXE 

MOV OOH, #OOH 

CLR1 IXE 

INC IX 

SET2 CMP, Z 

SUB IXL, #03H 

SUBC IXM, #07H 

SUBC IXH, #OOH 

SKTl Z 

BR RAM clear 

IXE flag +-1 

o is written into the data memory indicated by the index register. 

IXE flag .... O 

CMP flag .... 1 , Z flag .... 1 

Whether the content of index 

register turned to 73H of bank 0 

is checked. 

Loop is repeated until the contents 

of index register turns to 73H of 

bank O. 
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3.11 SKE m, #i Skip if data memory equal to immediate data 

(1) Instruction code 

01001 

(2) Function 

If the content of the data memory addressed by M is equal to the value of immediate data i. then the instruction 

that follows is skipped. 

(3) Example 

OFH is transferred to address 24H if the content of address 24H is O. If not O. control jumps to OPE1. 

SKE 24H. #DOH 

BR OPE1 

MOV 24H. #OFH 

OPE1 : 
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3.12 SKGE m, #i Skip if data memory graatar than or equal to Immediata data 

(1) Instruction code 

11001 

(2) Function 

If the content of the data memory addressed by M is greater than the value of immediate data i, then the 

instruction that follows is skipped. 

(3) Exampl. 
If the B·bit data stored in address 1 FH (upper) and address 2FH (lower) is greater than the immediate data 

'17H', then RET occurs; otherwise, RETSK occurs. 

SKGE 1 FH, #1 

RETSK 

SKNE 1 FH, #1 

SKLT 2FH, #B; 7+1 

RET 

RETSK 
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3.13 SKLT m, #i Skip if data memory leIS than immadiata data 

(1) I nstruction code 

11011 

(2) Function 

If the content of data memory addressed by M is less than the value of immediate data i, then the instruction 

that follows is skipped. 

(3) Example 

If the content of address 10H is greater than the immediate data '6', then 01 H is stored into address OFH; if 

less than the immediate data '6', 02H is stored into address OFH. 

MOV OFH, #02H 

SKLT 10H, #06H 

MOV OFH, #01 H 
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3.14 SKNE m, #i Skip if data memory not aqual to immediata data 

(1) Instruction code 

01011 

(2) Function 

If the content of data memory addressed by M is different from the value of immediate data i, then the instruc­

tion that follows is skipped. 

(3) Example 

If the content of address 1 FH is 1 and the content of 1 EH is 3, then control jumps to XYZ; if not,control 

jumps to ABC. Comparison of B bits can be performed by combining the instructions as shown below: 

lEH 

SKNE 1FH, #1 

SKE 1EH, #3 

BR ABC 

BR XYZ 

3 

0011 lFH 0001 

The same operation can be performed by using the compare flag and zero flag, as shown below. 

SET2 CMP, Z ; CMP flag .... 1, Z flag .... 1 

SUB 1FH, #1 

SUBC 1EH, #3 

SKTl Z 

BR ABC 

BR XYZ 
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3.15 AND In, #i AND between data memory and immediate data 

(1) Instruction code 

10100 

(2) Function 

M +-(M) AND i 

The content of data memory addressed by M and the immediate data are ANDed, and the result is stored into 

the data memory addressed by M. 

(3) Example 1 

Bit 3 (MSB) of address 0.03H is reset. 

0.03H +- (0.03H) and 0111 B 

AddressO.03H 

AND 03H, #0111 B 

Example 2 

All the bits of address 0.03H are reset. 

AND 03H, #OooOB 

or 

MOV 03H, #OOH 

x: Don't care 
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3.16 AND r. m AND between goneral register and date memory 

(1) Instruction code 

00100 

(2) Function 

R +- (R) AND (M) 

The content of general-purpose register indicated by R and the content of data memory addressed by'M are 

ANDed, and the result is stored into the general·purpose register indicated by R. 

(3) Example 1 

The content (10108) of address 0.03H and the content (01108) of address 0.2FH are ANDed, and the result 

(00108) is stored into address 0.03H. 

0.03H +- (0.03H) and (0.2 FH) 

0 0 Address 03H 

and 

0 0 Address 2FH 

0 0 0 Address 03H 

MOV 03H, #10108 

MOV 2FH, #01108 

AND 03H, 2FH 

3-37 

II 



JlPD17K-FAMILY NEe 
3.17 .oR m. #i OR between data memory and immediate data 

(1) Instruction code 

10110 

(2) Function 

M .... (M) OR i 

The content of data memory addressed by M and the immediate data i are ORed, and the result is stored into 

the data memory addressed by M. 

(3) Example 1 

Bit 3 (MSB) of address 0.03H is set. 

0.03H .... (0.03H) or 1000B 

Address O.03H 

'--_-'-_--' __ -'--_x--'I x: Don't car. 

OR 03H, #1000B 

Exampla 2 

All the bits of address 0.03H are set. 

OR 03H, #1111B 

or 

MOV 03H, #OFH 
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3.18 OR r, m OR between general register and data memory 

(1) I nstruction code 

00110 

(2) Function 

R .... (R) OR (M) 

The content of general-purpose register indicated by R and the content of data memory addressed by Mare 

ORed, and the result is stored into the general-purpose register indicated by R. 

(3) Example 1 

The content (1010B) of address 0.03H and the content (OlllB) of address 0.2FH are ORed, and the result 

(1111 B) is stored into address 0.03H. 

0.03H .... (0.03H) or (O.2FH) 

I 0 0 I Address 03H 

or 

I 0 I 1 I Address 2FH 

I 

I 1 I 1 Address 03H 

MOV 03H, #1010B 

MOV 2FH, #0111 B 

OR 03H, 2FH 
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3.19 XOR m. #i Exclusive OR between data memory and immediate data 

(11 Instruction code 

10101 

(21 Function 

M<-(MI XOR i 

The content of data memory addressed by M and the immediate data i are XORed, and the result is stored into 

the data memory addressed by M. 

(31 Example 
The bit 1 and bit 3 of address 0.03H are inverted, and the result is stored into address 03H. 

o o Address 03H 

x or 

o o 

o o Address 03H 

~-----'---~---Inverted bits 

XOR 03H, #1010B 
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3.20 XOR r. m Exclusive OR between ganeral register and date memory 

(1) Instruction code 

00101 

(2) Function 

R +- (R) XOR (M) 

The content of general-purpose register indicated by R and the content of data memory addressed by Mare 

XORed, and the result is stored into the general-purpose register indicated by R. 

(3) Example 1 

The content of address O.03H and the content of address O.OFH are compared, and the different bits are set and 

stored into address O.03H. If all bits of O.03H are reset (that is, the address O.03H and address O.OFH have the 

same content). then control jumps to LBL 1; otherwise, jumps to LBL2. 

This operation occurs when the status of an alternate switch (content of address O.03H) and internal status 

(content of address O.OFH) are compared and branch is made to the processing of Changed switch. 

o o Address03H 

x or 

o o Address OFH 

o o Address03H 

'---'---------- Changed bits 

XOR 03H,OFH 

SKNE 03H, #OOH 

BR LBLl 

BR LBL2 

Example 2 

The content of address O.03H is cleared. 

o o Address 03H 

x or 

o o Address03H 

o o o o Address03H 

XOR 03H,03H 
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3.21 LD'r. m Load data memory to general ragistar 

(1) Instruction code 

01000 

(2) Function 

R .... (M) 

The content of data memory addressed by M is stored into the general-purpose register indicated by R. 

(3) Example 1 

The content of address O.2FH is stored into address O.03H. 

O.03H .... (O.2FH) 

LD 03H,2FH 

BANKO 

o 1 234 5 6 7 B 9 ABC 0 E F 

System register 

Example 2 

+---Genaral-purpose 
register 

When row address 2 of bank 1 (1.20H to 1.2FH) is specified as general-purpose register (RPH = 1, RPL = 4), the 

content of address O.2FH is stored into address 1.23H. 

1.23H .... (O.2FH) 

MOV RPH, #01 H 

MOV RPL, #04H 

LD 03H, 2FH 

Bank 1 is selected for general-purpose register. 

Row address 2 is selected for general-purpose register 
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Example 3 

BANK 0 

0123456789ABCDEF 

2 

I 

System register / 

BANK 1 

o 1 3 4 56789AB 

5 
r-+-+-1-~~-+-+~--r-~+-+-+--r-r~ 

6 
~~-4-+-L-L-L~Sy~st-em~r-eg~ist-er~~~~ 

IlPD17K-FAMILY 

-General-purpose 
register 

The content of address 0.6FH is stored into address 0.03H. If IXE = 1, IXH = 0, IXM = 4, and IXL = 0, that is, 

if IX = 0.40H, then the data memory 0.6FH can be specified by setting the data memory address at 2FH. 

IXH<-OOH 

IXM <-04H 

IXL <-OOH 

IXE flag <-1 

0.03H .... (0.6F H) 

----c..Address obtained by computing OR of the content (0.40H) of 

index register and the content (O.2FH) of data memory. 

MOV IXH, #OOH IX <-000010000008 (0.40H) 

MOV IXM, #04H 

MOV IXL, #OOH 

SET1 IXE IXE flag <-1 

LD 03H, 2FH 

3-43 

II 



~PD17K-FAMILY 

Example 4 

BANKO 

o 1 2 3 4 5 6 7 8 9 A i C D E F 

2 
~~-+++~-r~~+-+-~~-+-+~ 

:r-t-~-rrr-+~--r-+-~-r-t-+~~r-+-4 

:t=~=t=t~t:±:j::t:j::t:±::t:t:j::t:j:~~~§ 
System register 

_General-purpose 
register 

NEe 

The content of address 2.3FH is stored into address 0.03H. If IXE = 1, IXH = 1, IXM = 1, and IXL = 0, that is, 

if IX = 2.1 OH, then the data memory 2.3FH can be specified by setting the data memory address at 2FH. 
0.03H <- (2.3FH) 

~Address obtained by computing OR of the content (2.10H) of 

index register and the content (0.2FH) of data memory 

MOV IXH, #01 H ; IX <-001000100008 (2.10H) 

MOV IXM, #01 H 

MOV IXL, #OOH 

SET1 IXE IXE flag <-1· 

LD 03H, 2FH 

BANKO 

o 1 234 5 6 7 8 9 ABC D E F 

BANK 2 

o 1 2 
\ 

3 4 5 

System register 

6 7 8 9 ABC D E F 

2 I'--
3ri-t~t-ri-t~t-~~=t±=t.tm~~ 
4 
~~-+-+-r-r~+-+-+-~~-+-+~ 

:r-t-+-+-4--r-r-+-t-4-4~r-t-+-+-4-~ 
7 System register 
~~~~~------------------------~ 

3·44 
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(4) Note 

The 1 st operand of the' LD r, m' instruction is the column address of the general-purpose register. If described 

as shown below, the column address of the general-purpose register is set at 03H. This will cause no error in 
assembling. 

LD 13H,2FH 

~ Column address of general-purpose register is meant, and the lower four bits 

are significant. If row address 0 of bank 0 is specified as general-purpose 

register, the address 03H is specified. 
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3.22 STm. r Store general register to data memory 

(1) Instruction code 

11000 

(2) Function 

M+-(R) 

The content of general-purpose register indicated by R is stored into the data memory addressed by M. 

(3) Example 1 

The content of address O.03H is stored into address O.2FH. 

(O.2FH) ... (O.03H) 

ST 2FH, 03H ; The content of general-purpose register is transferred to data memory. 

Example 2 

BANK 0 

o 1 234 5 6 7 8 9 ABC D E F 

o ~:~:~~ 

I 
2ttttEEmmmlm~:t~ 
3 
~+-+-1--r-r-+-+~~--r-r-+-+-1--r~ 

4 
~~-+-+-r~~+-+-r-~~-+-+~ 

5 
r-~~-+-+-r~~+-+-~~~-+~ 

6 
r-~~-+~-L~~~~st-.m~r-.gi~ste~r~~~~ 

+--General-purpose 
register 

The content of address 1.13H is stored into address O.2FH. The general-purpose register is specified at row 

address 1 of bank 1 (1.10H to 1.1 FH) by using register pointer. 

(O.2FH)'" (1.13H) 

MOV RPH, #01 H 

MOV RPL, #02H 

ST 2FH, 13H 

General-purpose register is set in bank 1 

General-purpose register is set at row address 1. 

The content of general-purpose register is transferred to data memory. 
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Example 3 

o 

2 

3 

4 

5 

6 

BANKO 

o 1 234 567 B 9 ABC 0 E F 

:~:~:~: 

1 
1 
II 

System register / 

BANK 1 / 
01234567B9ABCDEF 

°rl-t-t~.wt·=t~t-f~I~-t-tIlt-ti ::.:.:. , 

2 
3~+-+-+-+-+-+-1-~~~-r-r-r-r-r~ 

7 System register 
~~~~~------------------------~ 

IlPD17K-FAMILY 

+-- General-purpose 
register 

The content of address O.OOH is stored into the addresses O.lSH to 0.1 FH. The data memory (lSH to 1 FH) is 

specified by index register. 

(0.1SH) +- (O.OOH) 

(0.19H) +- (O.OOH) 

(0.1 FH) +- (O.OOH) 

MOV IXH. #OOH; IX +-OOOOOOOOOOOS (O.OOH) 

MOV IXM. #OOH 

MOV I X L. #OOH; Address a.OOH is specified for data memory. 
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LOOP1: 

SETl IXE 

ST 1SH, OOH 

CLR1 IXE 
INC IX 

SKGE IXL, #OSH 

BR LOOP1 

BANK 0 

IXE flag --1 

(O.1XH) -- (O.OOH) 

IXE flag -- 0 
Index register + 1 

0123456789ABCDEF 

o ~:~::::: 

6 
7r-+-1--r-+~--L-L-~sy~s-re-mLre-g~ist-er~-L-L~~ 

3·48 

__ General·purpose 
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3.23 MOV @r, m 

(1) Instruction code 

01010 

(2) Function 

If MPE= 1: 

[(MPl, (R)] +- (M) 

If MPE = 0: 

[mH,(R)] +-(M) 

IlPD17K-FAMILY 

Mo.e data memory to destination indirect 

The content of data memory addressed by M is stored into the data memory indicated by general-purpose 

register R. If MPE = 0, transfer occurs within the same row address of the same bank. 

(3) Example 1 

The content of address 0.20H is stored into address O.2FH. The destination data memory is specified by the 

column address indicated by the general-purpose register (OOH) and the row address of data memory (20H). 

(0.2FH) .... (0.20H) 

CLR1 MPE 

MOV OOH, #OFH 

MOV @OOH, 20H 

BANKO 

MPE flag +-0 

Column address is set at general-purpose register 

Store. 

0123456789ABCDEF 

o II~. 

System register 
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ExIomple 2 
The content of address 0.20H is stored into address 0.3FH. The destination data memory is specified by the 

column address indicated by general-purpose register (OOH) and the row address indicated by the memory 

pointer (MP). 

(0.3FH) +- (0.20H) 

General-purpose register is set on bank 0 MOV RPH, #OOH 

MOV RPL, #OOH 

MOV OOH, #OFH 

MOV MPH, #OOH 

MOV MPL, #03H 

General-purpose register is set at row address 0 

Column address is set in general-purpose register 

Row address is set in memory pointer. 

SET1 MPE MPE flag +-1 

MOV @OOH, 20H Store. 

BANKO 

o 1 2 3 4 6 6 789 ABC 0 E F 

orn 
2 :~:~:~: 

.~ '-
4 
r-r-+-+-1--r-r-+-+~~--r-r-+-+-1-~ 

5 
r-r-+-+-1--r-r-+-+~~--r-r-+-+-1-~ 

6~+-4--+-4 __ ~~~~~ __ L-J-~~~~L-~ 
7~L-~~~ __________ S~~_t_.m __ r~~·_"t_.r __________ ~ 

Example 3 
The content of address 0.1 OH is stored into addresses 1.1 OH to 1.1 FH. 

(1.10H) +-(0.10H) 

(1.11H) +- (0.10H) 

+-- General~purpose 

register 

(1.1 FH) +- (0.10H) 

MOV RPH, #OOH 

MOV RPL, #OOH 

MOV OOH, #OOH 

MOV MPH, #OOH 

MOV MPL, #09H 

SETl MPE 

General-purpose register is set on bank O. 

General-purpose register is set at row address O. 

Column address is set in general-purpose register. 

Bank 1 and row address 1 are set for memory pointer. 

LOOP 1: 

MOV @OOH, 10H 

ADD OOH, #01 H 

SKTl CY 

BR LOOP1 

MPE flag +-1 

[(MPI. (OOH)) +- (10H) 

Column address + 1 

Operation completed for address 1 FH of bank 1? 
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BANKO 

o 1234567S9ABCDEF 

o I f-:::t=t=t=t:=+==I=+=+=+=H=+=+=+=+-_~~General-purpose 1_ register 

6 

BANK 1 

0/1 /z/J/4 ;"5/e/1/il/9 fA/s ;C/D/E/F / 
11111111111111, 

:::::::.1:::::: ::::::::1':::: I:::::: :" 

System register 
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3.24 MOV m, Or Move datil memory to destination indirect 

(1) 

(2) 

I nstruction code 

11010 mH mL 

Function 

If MPE = 1: (M) +- [(MP). (R)] 

If MPE =0: (M) +- {mH, (R)] 

The content of data memory indicated by the general-purpose register R is stored into the data memory ad­

dressed by M_ When MPE = 0, this movement occurs within the same row address on the same bank_ 

(3) Example 1 

The content of address O.2FH is stored into address· 0.20H_ The destination data memory is specified by the 

column address indicated by the general-purpose register (OOH) and the row address of the data memory (20H). 

(0.20H) +,(0.2FH) 

CLRl MPE MPE flag +-0 

MOV OOH, #OFH 

MOV 20H, @OOH 

Column address is sel at general-purpose register 

Store 

Example 2 

BANKO 

o 1 2 3 4 567 8 9 ABC 0 E F 

2 ~:~:~:~ 
3,\ 
4 
5r-r-t-+-+-+-+-~~~~-r-r-r-r-r-; 

6 
r-+-+-;-~~~~~~~~~~~~~~ 

7L-~-L~~~ _________ S~~_te_m_reg~ls_~_r ________ ~ 

~General-purpose 

register 

The content of address 0.3FH is stored into address 0.20H. The destination data memory is specified by the 

column address indicated by general-purpose register (OOH) and the row address indicated by memory pointer 

(MP)_ 

(O_20H) +- (0_3FH) 

MOV OOH, #OFH 

MOV MPH, #OOH 

MOV MPL, #03H 

SETl MPE 

MOV 20H, @OOH 

Column address is set at general-purpose register 

Row address is set at memory pointer. 

MPE flag +-1 

Store 
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Example 3 

BANKO 

0123456789ABCDEF 

°1"F 
1 
2~~~rr-+-+-+-+-+-+-1-1--r-r-r-r-r-r-; 

3 t 

:~+-~~-+-4~~+-+-~~-+-4--r-+-+-4 
6 
7r-+-+-4--r~~~~s-~~m-m-~~IS~m-r~~~~~ 

~PD17K-FAMILY 

_ General~purpose 

register 

The contents of addresses 0.20H to 0.2FH are stored into addresses 1.1 OH to 1.1 FH. The storing data memory 

is specified by the column address indicated by the general-purpose register (OOH) and memory pointer (MP) or 

row address of data memory (20H). 

(1.10H) .... (0.20H) 

(1.11H) .... (0.21H) 

(1.12H) .... (0.22H) 

(1.1 FH) .... (0.2FH) 

CLRI MPE 

MOV OOH, #OOH 

MOV MPH, #OOH 

MOV MPL, #09H 

LOOP1: 

MOV 20H, @OOH 

SETI MPE 

MOV @OOH, 20H 

CLRI MPE 

ADD OOH, #01 H 

SKTl CY 
BR LOOPI 

MPE flag .... O 

Column address is set in the general-purpose register. 

Memory pointer is set. 

Bank 1 , row address 1 

(20H) .... [2, (OOH)) 

MPE flag .... 1 

[(MP), (OOH)) .... (20H) 

MPE flag .... O 

Column address +1 

Up to 1 FH of bank 1 terminated 

II 
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BANKO 

0 1 2 

o '~~t 
2 

3 

4 

6 

6 

7 

~. 

i r'" 
i 
i 
: 

BlNK 1 

3 4' 

~" 

... ---- ~--------- -5 6 7 8 9 A 

: 
: 

", 

. System register 

" 
............ 

B • C_ 0 E F 

I', 

, , 
". 

o 1 2 3 4 5 6 7 8 9 ABC' D. E F '. 
o t , 
1 ••••••••• W •••••• 
2~+-+-+-+-+-+-+-~~~~-b-b~-+~ 
3 
4~+-+-+-+-+-+-+-~~~~-b-b~~~ 

7 System register 

NEe 

+-- General~purpose register 

The data is transferred via 2OH. 
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3.25 MOV m, #i 

11) Instruction code 

11101 

12) Function 

IM)~i 

The immediate data i is stored in the data memory addressed by M. 

13) Example 1 

The immediate data OAH is stored to address 0.50H used as data memory. 

0.50H ~OAH 

MOV 50H, #OAH 

Example 2 

~PD17K-FAMILY 

Move immediate date to date memory 

If IXH = 0, IXM = 3, IXL = 2 and IXE flag = 1 when address O.OOH is specified as data memory, then the 

immediate data 07H is stored into address 0.32H. 

0.32H ~07H 

MOV IXH, #OOH IX ~ 00000110010B 10.32H) 

MOV IXM, #03H 

MOV IXL, #02H 

SETI IXE ; IXE flag ~ 1 

MOV OOH, #07H 
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3.28 MOVT OBF, OAR Move program memory data lPecified by AR to DBF 

(1) Instruction code 

00111 

(2) Function 

SP .... SP-l. 

STACK .... PC. 

OBF .... (AR)rom. 

PC"" STACK. 

SP .... SP+ 1 

000 0001 0000 

The content of program memory addressed by address register AR is stored into data buffer OBF. 

Attention should be paid to the nesting such as subroutine and interruption. because this instruction temporari' 

Iy uses one lell9l of stack. 

(3) Example 1 

The 16-bit table data is transferred to the data buffers (OBF3. OBF2. OBF1. OBFO) according to the values of 

address registers (AR3. AR2. AR1. ARO) in the system register. 

Address 

0010H 

0011H 

; .. Table data 

ORG 0010H 

OW OooooOOOOOOoooOOB; (OOOOH) 

OW 1010101111001101B; (OABCDH) 

; ** Table reference program 
.* 
MOV AR3. #OOH 

MOV AR2. #OOH 

MOV AR1. #OlH 

MOV ARO. #01 H 

AR3 .... OOH 0011 H is set in address register. 

AR2"'00H 

ARl "'OlH 

ARO"'OlH 

MOVT OBF. @AR; Data of address 0011 H is transferred to OBF. 

In this case. the data stored in OBF is shown below. 

OBF3=OAH 

OBF2-0BH 

OBFl mOCH 

OBFO-OOH 
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Example 2 

The channel number is set at addresses 0.10H and 0.11 H as data memory, and the divided value (N value) of 

PLL is obtained according to the content of the memory. The N value is then transferred to the PLL register. 

Address 

0010H 

0011H 

0012H 

0013H 

0014H 

0015H 

0016H 

0017H 

;" Table data for N value 

ORG 0010H 

OW OF5BH 87.5 MHz (Lowest frequency 00 channel) 

OW OF5CH 87.6 MHz 

OW OF60H 87.7 MHz 

OW OF64H 87.8 MHz 

OW OF68H 87.9 MHz 

OW OF6CH 88.0 MHz 

OW OF70H 88.1 MHz 

OW OF74H 88.2 MHz 

N value setting program 

MOV RPH, #OOH 

MOV RPL, #OEH 

MOV AR3, #OOH 

MOV AR2, #OOH 

LO AR1, 10H 

LO ARO, l1H 

ADD AR1, #01 H 

AD DC AR2, #OOH 

AD DC AR3, #OOH 

MOVT OBF, @AR 

PUT PLLR, OBF 

RPH +- OOH Row address 7 (0.70H 

RPL +- OEH to 0.7FH) is set as 

AR3 +- 0 general-purpose 

AR2 +- 0 register. 

ARl +- 10H Channel data upper 

ARO +- 11 H Channel data lower 

0010H is added to the address 

register since table data start 

address starts at address 001 OH. 

Table data is st,Pred to OBF. 

N value is transferred to PLL.register (PLLR). 
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; . 
; ** Table data 

; . 
0010H OW OF58H ; 87.5 MHz 

0011H OW OF5CH ; 87.6 MHz 

0012H OW OF60H ; 87.7 MHz 

0013H OW OF64H ; 87.8 MHz 

0014H OW OF68H ; 87.9 MHz 

: 

BANKO 

234 6789ABCOE 

o i0\~.~L~ 

~T~ A.~ == t-- r--. 

2 "" " \\ 

System register 

(4) Notes 

1. The number of bits allowed for· use with address registers (AR3, AR2, AR1, AROI vary with the device 

types. When using, reference should be made to the appropriate manual of the device to be used. 

2. When executing 'MOVT' instruction, one level of stack is used. Accordingly, sufficient care should be 

exercised to the stack level when using this instruction within a subroutine or interrupt processing routine. 
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3.27 PUSH AR 

(1) Instruction code 

00111 

(2) Function 

SP"'SP-l, 

STACK"'AR 

IlPD17K-FAMILY 

Pulh addre. reglmr 

000 1101 0000 

The value of address register AR is stored into STACK after decrement of the stack pointer SP. 

(3) Example 1 

The address register is set at 003FH and stored into the stack. 

MOV AR3, #OOH 

MOV AR2, #OOH 

MOV AR1, #03H 

MOV ARO, #OFH 

PUSH AR 

BANKO 

o 1 23456 7 8 9 A 8 C 0 E F 

System register 

Example 2 

When the data table is placed behind a subroutine, the return address of the subroutine is set in the address 

register for returning. 
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Addres. 

0010H CALL SUBl 

; . 
; •• DATA TABLE 

00llH OW 

0012H OW 

0013H OW 

0014H OW 

002FH OW 

0030H 

1A1FH 

002FH 

010AH 

0555H 

OFFFH 

NEe 

SUB1: . 

POP 

MOV 
MOV 

~ 
MOV 
MOV 
PUSH 

RET 

AR _ .......... 

AR3. #DOH 

AR2. IIOOH 

AR1. 1I03H 

ARO.IIOOH 

AR 

, , 
\ 

! , , , 
/ 

.... /,/ 

/ 
I 

/ .. , .......... -~ --

If a 'POP' instruction is executed at this point. 
the address register content is '0011 H' (the 

address next to the CALl. instruction). 
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3.28 POPAR 

(1) Instruction code 

00111 

(2) Function 

AR+-STACK, 

SP+-SP+ 1 

J1PD17K-FAMILY 

Pop Iddre. r .. ll1IIr 

000 1100 0000 

The content of STACK is taken out to the address register, then the stack pointer SP is incremented. 

(3) Example 
When performing an interrupt processing, PSW may be changed within the interrupt processing routine. In such 

a case, the content of PSW is transferred to the address register via WR at the beginning of the interrupt process· 

ing, and then it is saved into the STACK by a 'PUSH' instruction. Before returning of the routine, the saved 

content is put into the address register by a 'POP' instruction, and then it is transferred to PSW via WR. 

Cause of 
interrupt -+ 

EI 
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Interrupt processing routine 

PEEK WR, PSW 

POKE ARO, WR 

PUSH AR 

pop AR 

PEEK WR,ARO 

POKE PSW,WR 

RET (or RETIl 
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3.29 PEEK WR, rf Peek ragister file to window register 

(1) I nstruction code 

00111 

(2) Function 

WR +- (rf) 

0011 

The content of the register file addressed by rf is stored into the window register WR. 

(3) Example 1 

The content of the stack pointer SP of address 01 H in the register file is stored into the window register. 

PEEK WR, SP 

BANK 0 

o 1 2 345 6 7 8 9 ABC 0 E F 

System register 

" ,J, , , , , , , , , , , , 
11 n 11111111111111 

Register file 

3-62 



NEe 
3.30 POKE rf. WR 

(1) Instruction code 

00111 

(2) Function 

(rf) "'WR 

/lPD17K-FAMILY 

Poke window register to ngilter fll, 

0010 

The content of window register WR is stored into the register file addressed by rf. 

(3) Example 1 

The immediate data OFH is stored into the register file POABIO via the window register. 

MOV WR. #OFH 

POKE POABIO. WR; Each of POAo. POA,. POA2 and POA3 is Sel in the output mode. 

BANKO 

0123456789ABCDEF 

0r-+-~-t~r-+-~-+~--r-+-~-+~--~t-~ 
2 
3~~~~~~~~~~~~~~~~ 

4 
5r-+-+-+-+-1-~~~-r-r-r-+-+-+-+~ 

6 
7r-~-+~--~+--+-t~hW~Rt-~-+-t~r-+-~~ System register 

o ,23466789ABCDEF 

illllTItUIllllll1 
Register file POABID 
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(4) Note 

The 'PEEK, POKE' instruction permits accessing of addresses 40H to 7FH in each bank of the data memory in 

addition to the register file. For example, this instruction can be used in the following way. 

PEEK WR, PSW The content of PSW (7FH) in system register is stored into WR. 

POKE 5FH, WR ; The content of WR is stored into address 5FH of data memory. 

o 

2 

3 

4 

BANKO 

o 1 2 3 4 567 8 9 ABC D E F 

5ttttttmmmla 
6 

PEEK WR. PSW 
System register 
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3.31 GET DBF. P 

(1) Instruction code 

00111 

(2) Function 

DBF +- (p) 

IlPD17K-FAMILY 

Get peripheral data to data buffer 

1011 

The content of peripheral circuit addressed by p is stored into the data buffer DBF. 

(3) Example 1 
The content (B bits) of the peripheral shift register (SID) is stored into data buffers DBFO and DBF1. 

GET DBF, SID 

(4) Notes 

o 

2 

3 

4 

5 

6 

7 

BANKO 

0123456789ABCDE F 

'1][2 
~ 

System register 

DBF 

Peripheral circuit 

I--.o~ 

1. The data buffer is allocated to OCH, ODH, OEH, and OFH in bank 0 of the data memory, irrespective of the 

value of the bank register. 

o 

2 

3 

4 

5 

6 

7 

BANKO 

o 1 2 3 4 5 6 7 8 9 ABC 0 E F 

mil: DBFElIDI 

System register 
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2. The d81& buffer has a total of 16 bits. The number of bits to be used as the unit of input/output varies with 

the peripheral circuit accessed by 'GET' instruction. For example, if a 'GET' instruction is executed for a 

peripheral circuit whose input/output is done in units of 8 bits, data is stored to the lower 8 bits (OBF1, 

OBFO) of the data buffer OBF. Pay attention to the number of bits required as the unit of input/output 

because it varies with the peripheral circuits of each device. 



NEe 
3.32 PUT p, DBF 

(1) I nstruction code 

00111 

(2) Function 

(p) +- DBF 

JlPD17K-FAMILY 

Put datil buffer to peripheral 

PH 1010 PL 

The content of data buffer DBF is stored into the peripheral circuit addressed by p. 

(3) Example 1 

OAH and 05H are set into data buffers DBFl and DBFO, respectively, and are then transferred to the shift 

register (SIO) of peripheral circuit. 

MOV BANK, #OOH; Data memory bank 0 

MOV DBFO, #D5H 

MOV DBF1, #DAH 

PUT SIO 

DBF 

BANKO 

o 1 234 5 6 7 8 9 ABC 0 E F 

o ~:~:: ~~: DBF 

i'--...-

Example 2 

The data 0758H is set as PLL data in data buffers DBFO·DBF3, and then it is transferred to PLL register (PLL) 

of the peripheral circuit. 

MOV DBF3, #DOH 

MOV DBF2, #D7H 

MOV DBF1, #D5H 

MOV DBFO, #D8H 

PUT PLL, DBF 
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(4) Note 

BANKO 

o 123 4 5 678 9 ABC 0 E F 

o ':9.:':'I' :,:$: ,:~,: OBF 

2 
3~~~-4-4-4-+-+~~~~4-~'+r--4h 

4 
5r-+-~~-+~~r-+-+-4-~-+~--r-+-+-~ 

6 
7r-~-+-1--+--L~--L-~S-~-tLe-m~~--isL~-r-L~--L-~~ 

NEe 

Peripheral circuit 

PLL ~ 
The data buffer size is 16 bits. The number of bits required as the unit of input/output varies with the periph­

eral circuit accessed by 'PUT instruction. For example, the shift register 510 requires B·bit input/output. When 

a 'PUT instruction is executed, the contents of lower B bits (DBF1, DBFO) of data buffer DBF are transferred 

to the peripheral circuit. (The contents of DBF3 and DBF2 are not transferred.) 
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3.33 SKT m. #n Skip next Instruction If data ....... ory bib ... _ 

(1) Instruction code 

11110 

(2) Function 

If the ANDed result of the content of data memory addressed by M al)d immediate data n is not 0, then the 

I)ext one instruction is skipped. 

(3) Example 1 
If bit 0 of address 03H is '1', control jumps to AAA; if '0', it jumps to BBB. 

SKT 03H, #0001 B 

BR BBB 

SR AAA 

Exampll2 
If bit 0 and bit 1 of address 03H are both ',', the next instruction is skipped. 

SKT 03H, #0011 B 

8, 

Skip condition 03H I • 
'----'-_.l----J...----J 

Example 3 

x: don't care 

The following two instructions provide the same execution result . 

• SKT 13H, #1111B 

• SKE 13H, #OFH 
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3.34 SKF m. #n Skip next instruction if data memory bitsar. fal~e 

(1) Instruction code 

11111 

(2) Function 

When the result of AND of the content of data memory addressed by Mand the immediate data n is 0, the next 

one instruction is skipped. 

(3) Example 1 

If bit 2 of address 13H is '0', OOH of the immediate data is stored into address OFH in the data memory; if '1', 

control jumps to ABC. 

SKF 13H, #0100B 

BR ABC 

MOV OFH, #DOH 

Example 2 

If bit 3 and bit 0 of address 29H are both '0', the next instruction is skipped. 

SKF 29H, #1001 B 

BO 

Skip condition 29H L.I_O_.L-__ -I. __ .J-_O~ x: don't care 

Example 3 

The following two instructions provide the same execution result . 

• SKF 34H, #1111B 

• SKE 34H, #DOH 
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3.35 BR addr 

(1) Instruction code 

011 

(2) Function 

PC ~addr 

addr 

Control branches to the address indicated by addr. 

JlPD17K-FAMILY 

Branch to the address 

The range of address to which direct branch by this instruction is allowed is 8K steps from address OOOOH to 

address 1 FFFH. When branching is required to address 2000H or after. use the following 'BR @AR' instruc· 

tion. 

(3) Example 

FLY LAB OFH FLY = OFH is defined. 

BR FLY; Jumps to address OF. 

B R LOOP1; Jumps to LOOP1. 

BR $ + 2 ; Jumps to the address which is lower by 2 than the current address. 

BR $ - 3 ; Jumps to the address which is higher by 3than the current address. 

LOOP1: 

(4) Note 

The BR instruction can be described in assembler without mentioning the page. The same description can be 

used between ROM addresses OOOOH and 1 FFFH. However, the BR instruction into page 0 (addresses OOOOH 

to 07FFH), BR instruction into page 1 (addresses 07FFH to OFFFH), BR instruction into page 2 (addresses 

1000H to 17FFH), and BR instruction into page 3 (addresses 17FFH to 1 FFFH) have respectively different 

operation codes. 

The operation code in page 0 is 'OC', in page 1, '00', in page 2, 'OE', and in page 3, 'OF'. If the I' PO 17000 series 

assembler is used, these operation codes are automatically converted by the assembler by referencing the respec· 

tive jump destinations. 
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OOOOH 

07FFH 
0800H 

OFFFH 
1000H 

17FFH 
1800H 

1FFFH 

OOOOH 

07FFH 
0800H 

OFFFH 
1000H 

17FFH 
1800H 

1FFFH 

When operation code is 'OC' 

(The jumping destination 

address is in page 0) 

BR ADD1 

~ 
ADD1: 

BR ADD1 

BR ADD1 

BR ADD1 

When operation code is 'OE' 

(The jumping destination 

address is in page 2) 

BR 

BR ADD1 

BR ADD1 

ADD1: 

BR ADD1 

Page 0 

Page 1 

Page 2 

Page 3 

Page 0 

Page 1 

Page 2 

Page 3 

OOOOH 

07FFH 
0800H 

OFFFH 
1000H 

17FFH 
1800H 

1FFFH 

OOOOH 

07FFH 
0800H 

OFFFH 
1000H 

17FFH 
1800H 

1FFFH 

3-72 

When operation code is '00' 

(The jumping destination 

address is in page 1) 

BR ADD1 

/ -- i-- -- -- ------ ---
ADD1: 

BR ADD1 

BR ADD1 

BR ADD1 

When operation code is 'OF' 

(The jumping destination 

address is in page 3) 

BR ADD1 

BR ADD1 

BR ADD1 

ADD1: 

BR ADD1 

NEe 

Page 0 

Page 1 

Page 2 

Page 3 

Page 0 

Page 1 

Page 2 

Page 3 
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When batch correction is required in debugging, the programmer is required to convert each of the operation 

codes '~C', 'OD', 'OE', and 'OF' by himself. 

Address must also be converted if the jump destination of SR instruction is in any of address OOOOH to 07FFH, 

address 0800H to OFFFH, address 1000H to l7FFH, and address l800H to 1 FFFH. In other words, each of 

address OOOOH, address 0800H, address 1000H and address l800H can be assumed as address OOOH, which is 

incremented by 1, respectively. 

OOOOH 

0500H 

07FFH 
OBOOH 

OD01H 

OFFFH 
1000H 

160AH 

17FFH 
lBOOH 

lEFFH 
lFFFH 

ADD1: 

ADD2: 

ADD3: 

ADD4: 

BR ADDl 

BR ADD2 

BR ADD3 

BR ADD4 

BR ADDl 

BR ADD3 

Mach i ne code 
('-4-3A-4- format) 

OC500 

OD50l 

OE60A 

OF6FF 

OC500 

OE60A 

Note: The number of pages varies from device to device of the ~PD17000 series. Please refer to the manual of the device 

to be used. 
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3.36 BR@AR 

(1) I nstruction code 

00111 

(2) Function 

PC +- AR 

000 

NEe 
Branch to the address specified by address register 

0100 0000 

Control branches to the address indicated by the address register (AR). 

(3) Example 1 
003FH is set in the address register AR (ARO-AR3). and execution jumps to address 003FH by the 'BR @AR' 

instruction. 

MOV AR3, #DOH AR3 +-OOH 

MOV AR2, #OOH AR2 +-OOH 

MOV AR1, #03H ARl +-03H 

MOV ARO, #OFH ARO +-OFH 

BR @AR Jump to address 003FH 

Example 2 

The branching destination is changed as shown below depending on the content of address 0.10H of the data 

memory. 

Content of 0.1 OH Label of destination 

OOH AAA 

01H BBB 

02H ... CCC 

03H DDD 
04H EEE 
05H FFF 

06H ... GGG 
07H ... HHH 

OSH-OFH ZZZ 
;* 

;** Jump table 
Address ;* 

0010H BR AAA 

0011H BR BBB 

0012H BR CCC 

0013H BR DDD 
0014H BR EEE 
0015H BR FFF 

0016H BR GGG 
0017H BR HHH 

001SH BR ZZZ 
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MOV RPH, #OOH General-purpose register bank 0 

MOV RPL, #02H General-purpose register row address 1 

MOV AR3, #OOH AR3.- DOH AR is set to 001 x H, 

MOV AR2, #OOH AR2 '-OOH 

MOV AR1, #OlH ARl '-OlH 

ST ARO, 10H ARO'-0,10H 

SKF ARO, #1000B; If the content of ARO is greater than 

AND ARO, #1000B; OSH, the content of ARO is changed to 

BR @AR OSH. 

(41 Note 

The number of bits of address registers (AR3, AR2, AR1, AROI allowed for use varies with the device types. 

When using the address register, reference should be made to the manual of the appropriate device. 
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3.37 RORe r Rotate right general register with carry flag 

(1) I nstruction code 

00111 000 0111 

(2) Function 

The content of the general-purpose register indicated by R is shifted to the right by one bit, with carry flag 

included. 

(3) Example 1 

When row address 0 (O.OOH to O.OFH) of bank 0 is specified as general-purpose register (RPH = 0, RPL = 0), the 

value of address O.OOH (1 OOOB) is shifted 10 the right by one bit, and the value becomes 01 OOB. 

O.OOH +- (O.OOH) .;. 2 

MOV RPH, #OOH General-purpose register bank 0 

MOV RPL, #OOH 

CLR1 CY 

RORC OOH 

Example 2 

General-purpose register row address 0 

Carry flag +- 0 

When row address 0 (O.OOH to O.OFH) of bank 0 is specified as general-purpose register (RPH = 0, RPL = 0), the 

value OFA52H of data buffer (OBF) is shifted to the right by one bit, and the content of OBF is changed to 

7029H. 

CY OCH ODH OEH OFH CY 

~ 111111111 111011101 101110111 101011101 

~ \\\~ \\\~\\\~\\\~ 
101111111 111110111 101011101 111010111 ~ 

MOV RPH, #OOH 

MOV RPL, #OOH 

CLR1 CY 

RORC OCH 

RORC OOH 

RORC OEH 

RORC OFH 

General-purpose register bank 0 

General-purpose register row address 0 

Carry flag +- 0 
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3.38 CALL addr 

(11 Instruction code 

11100 

(21 Function 

SP ~SP -1, 

STACK ~ PC + 1, 

PCo.10 +-addr, 

PC1,.,5 +-0 

/lPD17K-FAMILY 

Call subroutine 

addr 

The value of the program counter (PCI is incremented, and then it is stored into the stack. After this, execution 

branches to the subroutine indicated by addr. 

This instruction can be used to call subroutines contained within 2K steps from address OOOOH to address 

07FFH. It is therefore advisable to allocate frequently using subroutines in the range from address OOOOH to 

07FFH. 

To call a subroutine allocated after address 0800H, use the 'CALL @AR' instruction to be mentioned in the 

next section. 

(31 Example 1 

MAIN 

CALL SUB~ 
SUB: 

...-----.1 _________ 
RET 

L.-___ ---' 

Example 2 

MAIN 

SUB1/ 

SUB1: 

/ 
SUB2: 

/ 
SUB3: 

CALL 

I~ 
CALL SUB2 CALL SUB3 

RET ~ RET \ RET 
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(4) Note 

When using a 'CAll' instruction, the calling address, or the initial address of the subroutine to be called must 

be placed within page 0 (OOOOH to 07FFH). When calling a subroutine whose initial address is not positioned 

in page 0, use 'CAll@AR' instruction. 

OOOOH 

07FFH 
0800H 

OFFFH 
,ooOH 

When initial address of subroutine is put in page 0 

CALL sua, 

OJ 
CALL sua, 

OooOH 

Page 0 

07FFH 
OBOOH 

Page' 

OFFFH 
HlOOH 

CALL 

CALL 

SUB2 

Page 0 

Page , 

SUB2 

11 

If the initial address of the subroutine is placed within page 0, the end address of the subroutine ('RET' or 

'RETSK' instruction) may be placed outside of page O. 

The 'CAll' instruction can be used without considering page as far as the initial address of the subroutine to 

be called is placed within page O. However, the following technique is useful when it is impracticable to place 

the initial address of a subroutine within page O. 
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OOOOH 

07FFH 
OBOOH 

OFFFH 
lOOOH 

CALL SUB2 

CALL SUB2 

IlPD17K-FAMILY 

Page 0 

Page 1 

! 1 
In this method, 'BR' instruction is set within page 0, and the actual subroutine is cailed by using this 'BR' 

instruction. 
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3.39 CALL @AR 

(1) Instruction code 

00111 

(2) Function 

SP +- SP - 1, 

STACK +- PC+ 1, 

PC +- AR 

000 

NEe 
Call subroutine specified by address register 

0101 0000 

The value of program counter (PC) is incremented, and stored into the stack, then execution branches to the 

subroutine indicated by address register (AR). 

(3) Example 1 
Value 0020H is set in the address register AR (ARO-AR3), and the subroutine of address 0020H is called by the 

'CALL @AR' instruction. 

Mav Alb, #OOH 

Mav AR2, #OOH 

Mav AR1, #02H 

Mav ARO, #OOH 

AR3 +- OOH 

AR2 +- OOH 

ARl +-02H 

ARO +-OOH 

CALL @AR Subroutine at address 0020H is called. 

Example 2 
The following subroutines are called depending on the contents of address O.10H of the data memory. 

Content of 0.1 OH Subroutine name 

OOH ... SUBl 

01H 

02H 

03H 

04H 

05H 

06H 

07H 

OSH-OFH 

... 

... 

... 

SUB2 

SUB3 

SUB4 

SUB5 

SUB6 

SUB7 

SUBS 

SUB9 
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;* 
; * * Jump table for subroutine 

Address ;* 
0010H BR SUBl 

0011H BR SUB2 ""\ 
~ '\ 

oo12H BR SUB3 i 
0013H BR SUB4 SUB1: SUB2: SUB3: 

0014H BR SUB5 

oo15H BR SUB6 

0016H BR SUB7 

0017H BR SUBB 

0018H BR SUB9 

RET RET RET 

SUB6: SUB7: SUBS: 

RET RET RET RET RET RET 

MOV RPH, #OOH General-purpose register bank 0 

MOV RPH, #02H General-purpose register row address 1 

MOV AR3, #ooH AR3 - DOH Address register to 

MOV AR2, #OOH AR2 -OOH 001 x H 

MOV AR1, #OlH AR1-01H 

ST ARO, 10H ARO -0.10H 

SKF ARO, #loo0B If the content of ARO is greater than OSH, the content 

AND ARO, #1000B of ARO is changed to OSH. 

CALL @AR To jump table 

Execution of 'RET' instruction in each subroutine 

will cause the control to return to this position. 

(4) Note 

The number of bits of address registers (AR3, AR2, AR1, ARO) allowed for use varies with the device types. 

When using the address register, reference should be made to the manual of the appropriate device. 
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3.40 RET Return to the main program from subroutine 

(11 Instruction code 

00111 

(21 Function 

PC+-STACK. 

SP +- SP+ 1 

000 1110 0000 

This instruction is used to return to the main program from a subroutine. 

The return address saved into the stack by CALL instruction is restored to the program counter. 

(31 Example 

CALL 

r SUBl: 

SUB1~ 
,- ---------- - --, 
I I L _____________ ..I 

~RET 
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3.41 RETSK 

(1) Instruction code 

00111 

(2) Function 

PC +- STACK, 

SP +- SP + 1, 

PC+-PC+ 1 

llPD17K-FAMILY 

Return to the main program then skip next Instruction 

001 1110 0000 

This instruction is used to return to the main program from a subroutine. The instruction following the 'CALL' 

instruction is skipped. That is, the return address saved to the stack by 'CALL' instruction is restored in the 

program counter (PC), then the program counter is incremented. 

(3) Example 
If the content of LSB (least significant bit) of address 25H of the data memory (RAM) is '0', the 'RET' instruc­

tion is executed, then control returns to the instruction next to the 'CALL' instruction. If the content is '1', 

'RETSK' instruction is executed, and control returns to the instruction (in this example, ADD 03H, 16H) that 

follows the 'CALL' instruction. 

CALL 

BR 

ADD 

jSUB1: 

SUB1~ 
LOOP SKF 

03H, 1~ ----------==== RETSK 

RET 
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25H, #0001 B 

LSB of 25H is '1' 

; LSB of 25H is '0' 
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(1) I nstruction code 

00111 

(2) Function 

PC+-STACK, 

SP+-SP+ 1 

100 

NEe 
Return to the main program from interrupt serviea routine 

1110 0000 

This instruction is used to return to the main program from an interrupt processing program. The return address 

which was "saved into the stack by vector interrupt is restored in the program cOUnter. 

In some devices, a part of the system register is also returned to the status that existed before occurrence of 

vector interrupt. 

(3) Example 

A vector intet;upt occurred when the data memory is placed in bank 1. Saving of data memory bank is needed 

since the data memory bank 0 is required for interrupt processing. 

EI 

BANK 1 

Cause of interrupt .-occurred 

BANKO 

Interrupt processing 

routine 

; BANK 0 

RETI 

.......... ,\ 

\ 
: , , , , , , , , 
: , 
! , , , 

When return is ~ 
the bank Is set I:::' ~ 
status that existed before 

the interrupt processing 

,) 
L..-_____ ~ ___ / 

---
is made. 
In this example, bank·1 

is restored. 

3-84 
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Note that when the program 

execution is changed to the 
interrupt service routine, 

bank resetting may occur in 

some devices. 
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(4) Notes 

1. The content of system register saved automatically by interrupt (this content can be restored by 'RETI' 

instruction) varies from device to device. Reference should be made to the manual of the device to be used. 

2. If 'RETI' instruction is used in place of the 'RET' instruction in an ordinary subroutine, the bank and 

other data (saved by the interrupt) are restored when program execution returns to the return address. This 

may result in undefined status after returninQ. To avoid this, be sure to use the 'RET' (or 'RETSK') instruc­

tion when returning from a subroutine. 
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3.43 EI Enable intoirrupt 

(1) Instruction code 

r 00111 000 1111 0000 

(2) Function 

This instruction enables vector interrupt. 

Vector interrupt is enabled after executing the instruction that follows the 'EI' instruction. 

(3) Example 1 

As shown in the following example, the interrupt request is actually accepted and program execution changes 

to the vector address after completing execution of the instruction (except program counter operating instruc­

tion) that follows this EI instruction.· 

I nterrupt request 

is iSsued. 

Interrupt request 

is issued. 

EI 

MOV 

ADD 

ADD 

01 

EI 

MOV 

OAH, #DOH 

OBH, #OIH 

OCH, #OIH 

A
~ Interrupt service routine 

/ (vector address) , . , . 
/ : , . 
~ ~ 

, 

, 
, 
, , 

/-----EI 

, 
/ 

/ , 

/ 

, 
, , 

, 
/ 

/ , 

/ 

RET 

, ' , , 
____ .' 04----/ OAH, #OIH 

SUB OBH, #01 H 

•. The vector address varies with the Interrupt accepted. For details. refer to the manual of the device to be used. 

••. Assume that the interrupt to be accepted here (Interrupt request is issued after execution of EI instruction and the flow 

of program execution changes to the Interrupt service routine) is provided with the interrupt permission flag (IP) for that 

interrupt. No change will occur in the flow of program execution (that Is, interrupt will not be accepted) if an interrupt 

request is issued after execution of the Et instruction, provided no interrupt permission flag is set for such interrupt. 
However, this causes the interrupt request flag UREQ) to be set, hence the interrupt request will be accepted at the time 
when the interrupt permission flag Is set. (For details, refer to the device manual.) 
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Example 2 

Shown below is an example of interrupt caused by the interrupt request which is accepted during execution of 

an instruction for operatinq program counter (PC). 

Interrupt request 

is issued. 

ABC: 

EI 
I nterrupt service routine 

SR ABC 

MOV OAH, #OOH 

ADD OBH, #01 H 
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3.44 01 Disable interrupt 

(1) Instruction code 

00111 001 1111 0000 

(2) Function 

This instruction is used to disable vector interrupt. 

(3) Example 

See Example 1 of Section 3.43. 
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3.45 STOPs Stop CPU end release by condition. 

(1) Instruction code 

00111 010 1111 

(2) Function 

This instruction stops main clock, and turns the device to STOP mode. 

The current consumption can be minimized by settinq a device in the STOP mode. 

The operand (s) specifies the condition by which the STOP mode is released and main clock oscillation reo 
started. 
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3.46 HALT h Halt CPU and release by condition h 

(11 I nstruction code 

00111 011 1111 

(21 Function 

This instruction turns the device into HALT mode. 

The current consumption can be reduced by setting the device in HALT mode. 

The operand (hi specifies the condition by which the HALT mode is released and main clock oscillation started. 
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3.47 NOP No operation 

(1) I nstruction code 

00111 100 1111 0000 

(2) Function 

This instruction causes one machine cycle to be consumed by execl.(ting nothing. II 
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t\'EC Development tools 

1. Development tools for the ~PD17K-Family 

This section gives a brief explanation of the development environment of the I1PD17K-Famiiy. 

Hardware Tools: - IE-17K 
- SE-17xxx 
- EP-17xxx 
- EV-920OG-xx 

Software Tools: 
-Absolute assembler (f1S7B11 AS17K) 

- Device files (f1SB10AS170xx) 
(f1SB10AS171xx) 
(f1SB10AS172xx) 

- Simplehost, source-level debugger (f1S7B10IE17K) 

SW development 

HW/SW debugging 

Real time test HW/SW 

OTP/PROM sample programming 

for further tests 

IBM·PC (AT) 

Assembler peckage ii ii SIMPLE HOST 

SE-board 
SE·17xxx Programming / 

adap,e8 ------... 
RS232C channel \ 

Development Environment 

4-3 

OTP·device 
~PD17Pxxx 

Programmer 
(Promac; Ando) 
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IE-17K 

The IE-17K is a software development support tool applicable to every model of the IlPD17K-Family. It consists of two 
boards: 
a memory board and a supervisor board. 

Features: 

- Real-time emulation and one step emulation are available. 
- Programmable breakltrace function by which various break/trace 

conditions can be set hierarchically. 
- Real-time trace function with a large-capacity trace memory 

(32Ksteps) 
- Data memory coverage function which displays the state of 

writing in the data memory. 
- Program memory coverage function which increments a counter 

every time an instruction which references to an address 
location Is executed. The maximum count is 255. 

- Incorporated programmable pattem generator (PPG) with 
14 channels. 

SE-17xxx 

The SE-17xxx Is the devlce-specific emUlator board which completes the in-circuit-emulator. To ensure that the system 
evaluation (SE) board exhibits the same electrical behaviour as the originallC, a method known as .MAM chip· (imple­
mented as an ASIC) device Is applied. Two IlPD17000 devices and a MAM chip are mounted on the SE board as shown in 
the diagram. HaW the VO-lines of each 17000 device are passed outside the board, so that they can be used to evaluate the 
VO-lines of the real chip. Together with the MAM chip the other device form a bus system. All data sent out from the SE 
board or received by the SE board from outside are routed through the two IlPD17000 devices. Therefore an observer 
outside the SE board gets the Impression that a real chip Is being used. The extemal memory which is connected to the 
MAM chip stores the developed software in the case the SE board Is used as a stand alone system. 

---------~-----------------·SE-BOARD--------

PORT "A" "CO 1-____ ---1 

D.U.E (1) 

PORT"B" "0" 

Mam' CHIP 

(EXTERNAL 
PROGRAM 

ROM or RAM) 

PORT "A" "CO 

D.U.E (2) 

PORT "B" "0" 

PORT "A" "CO 
TARGET 
CHIP 

PORT "S" "0" 

D.U.E is the TARGET CHIP ilselfs. 

Emulation Chip Set Configuration 

4-4 



NEe Development tools 

EP-17xxx 

To connect the SE board with the printed circuit board a special cable is required. This device-specific emulation probe is 
called EP-17xxx. 

EV-920OG-xx 

The EV-920OG-xx is a special adapter socket to connect the emulation probe EP-17xxx with the target hardware in the case 
that the target device is mounted in a QFP package. This conversion socket is soldered onto the PCB. 

pS7B11AS17K,pS7B10AS170xX 
pS7B11AS17K,pS7B10AS171xX 
pS7B11AS17K, pS7B10AS172xx 

These are absolute macro assembler packages used for all devices of the 170xx, 171 xx and the 172xx device group. They 
all comprise two parts. One part is the main unit used for all devices of the corresponding device group, the other is a 
device file for the particular ILPD17000 device. The device file includes device-specific information, like ROM and RAM size, 
reserved words and addresses of the on-chip hardware functions. The assembler has a unique feature which supports 
software assembly of the code configured in modules. The assembler handles up to 99 modules. This feature, however, 
belongs to a relocatable assembler. The assembler is not able to assemble each module separately. Nevertheless, after the 
software is assembled for the first time, the assembler can be directed to assemble only those parts of the user program 
which were changed. Therefore the software development is speeded up. 
The assembler also performs linkage operations to produce an executable code. In addition, this assembler supports 
powerful macro functions to end up in a versatile development tool for execution in a MS-DOS environment. 

SIMPLEHOST (pS7B10IE17K) 

SIMPLEHOST is a full-screen debugger which improves the interface between the in-circuit-emulator and the operator. 
SIMPLEHOST runs under Microsoft Windows, which means that all emulator commands can be selected and activated with 
a mouse. The contents of the ROM and RAM size of the emulator are shown on the screen together with the source pro­
gram. 
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NEG Electronics Inc. 4-Bit Microcontrollers 

Development Tools for 17K Family of Microcontrollers 
To Develop and Debug Code 

Full Mini Evaluation Device Debugger 
Device Emulator Emulator Board Assembler File (Simplehost) 

JiPD17001 IE-17K IE-17K-ET SE-17001 JiS7B11AS17K JiS7B10AS17001 JiS7B10lE17K 

JiPD17002 IE-17K IE-17K-ET SE-17002 JiS7B11AS17K JiS7B10AS17002 JiS7B10lE17K 

JiPD17003A IE-17K IE-17K-ET SE-17003 JiS7B11AS17K JiS7B10AS17003 JiS7B10lE17K 

JiPD17005 IE-17K IE-17K-ET SE-17003 JiS7Bl1AS17K JiS7Bl0AS17005 JiS7B10lE17K 

JiPD17006 IE-17K IE-17K-ET SE-17001 JiS7B11AS17K JiS7BlOAS17006 JiS7B10IE17K 

JiPD17008 IE-17K IE-17K-ET SE-17008 JiS7B11AS17K JiS7B10AS17008 JiS7B10IE17K 

JiPD17010 IE-17K IE-17K-ET SE-17003 JiS7B11AS17K JiS7B10AS17010 JiS7B10lE17K 

JiPD17051 IE-17K IE-17K-ET SE-17051 JiS7B11AS17K JiS7B10AS17051 JiS7B10lE17K 

JiPD17052 IE-17K IE-17K-ET SE-17052 JiS7B11AS17K JiS7B10AS17052 JiS7B10IE17K 

JiPD17053 IE-17K IE-17K-ET SE-17053 JiS7B11AS17K JiS7B10AS17053 JiS7B10IE17K 

JiPD17102 IE-17K IE-17K-ET SE-17102 JiS7B11AS17K JiS7B10AS17102 JiS7B10IE17K 

JiPD17103 IE-17K IE-17K-ET SE-17103 JiS7B11AS17K JiS7B10AS17103 JiS7B10IE17K 

JiPD17103L IE-17K IE-17K-ET SE-17103 JiS7B11AS17K JiS7B10AS17103 JiS7B10lE17K 

JiPD17104 IE-17K IE-17K-ET SE-17104 JiS7B11AS17K JiS7B10AS17104 JiS7B10lE17K 

JiPD17104L IE-17K IE-17K-ET SE-17104 Ji87B11 AS17K Ji87B10AS17104 Ji87B10lE17K 

JiPD17106 IE-17K IE-17K-ET SE-17106 JiS7B11AS17K JiS7B10AS17106 JiS7B10IE17K 

JiPD17107 IE-17K IE-17K-ET SE-17107 JiS7B11 A817K Ji87B10A817107 pS7B10lE 17K 

JiPD17107L IE-17K IE-17K-ET SE-17107 JiS7B11AS17K Ji87B10AS17107 JiS7B10lE17K 

JiPD17108 IE-17K IE-17K-ET SE-17108 JiS7B11AS17K Ji87B10AS17108 JiS7B10lE17K 

JiPD17108L IE-17K IE-17K-ET SE-17108 JiS7B11AS17K Ji87B10A817108 JiS7B10IE17K 

JiPD17134A IE-17K IE-17K-ET SE-17134 JiS7B11 AS17K JiS7B10AS17134 JiS7B10IE17K 

JiPD17135A IE-17K IE-17K-ET SE-17134 JiS7B11AS17K JiS7B10AS17135 JiS7B10IE17K 

JiPD17136A IE-17K IE-17K-ET SE-17134 JiS7B11AS17K Ji87B10AS17136 JiS7B10lE 17K 

JiPD17137A IE-17K IE-17K-ET SE-17134 JiS7B11AS17K JiS7B10A817137 JiS7B101E17K 

JiPD17201A IE-17K IE-17K-ET SE-17207 JiS7B11AS17K JiS7B10AS17201 JiS7B10IE17K 

JiPD17202A IE-17K IE-17K-ET SE-17202 JiS7B11AS17K Ji87B10AS17202 JiS7B101E 17K 

JiPD17203A IE-17K IE-17K-ET SE-17203 JiS7B11AS17K JiS7B10AS17203 JiS7B10IE17K 

JiPD17204 IE-17K IE-17K-ET SE-17204 JiS7B11AS17K JiS7B10A817204 JiS7B10IE17K 

JiPD17207 IE-17K IE-17K-ET SE-17207 JiS7B11 AS17K Ji87B10A817207 JiS7B10IE17K 
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Development Tools for the 17K Family of Microcontrollers 
To Exercise Customer Hardware 

PROM Burner PROM Burner 
Device Probe Receptacle PROMAC P2A (Ando) Adapter (Ando) 

fJPD17001 EP-17001GH EV -9200G-48 AF-9704 AF-9796 

fJPD17002 EP-17002CU EV-9200G-64 AF-9704 

fJPD17003A EP-17003GF EV -9200G-80 AF-9704 AF-9803 

fJPD17005 EP-17003GF EV -9200G-80 AF-9704 AF-9803 

fJPD17006 EP-17201GF EV-9200G-80 AF-9704 AF-9808E 

fJPD17008 EP-17008CW AF-9704 AF-9803 

fJPD17010 EP-17003GF EV-9200G-80 AF-9704 AF-9803 

fJPD17051 EP-17051CU AF-9704 

fJPD17052 EP-17052CW AF-9704 II fJPD17053 EP-17052CW AF-9704 

fJPD17102 EP-17102G AF-9704 

fJPD17103 EP-17103CX AF-9704 AF-9799 

fJPD17103L EP-17103CX AF-9704 AF-9799 

fJPD17104 EP-17104CS AF-9704 AF-9799 

fJPD17104L EP-17104CS AF-9704 AF-9799 

fJPD17106 EP-17106GC EV-9200G-64 AF-9704 AF-9803 

fJPD17107 EP-17103CX AF-9704 AF-9799 

fJPD17107L EP-17103CX AF-9704 AF-9799 

fJPD17108 EP-17104CS AF-9704 AF-9799 

fJPD1710SL EP-17104CS AF-9704 AF-9799 

fJPD17134A EP-17134CT AF-9704 AF-9808F 

flPD17135A EP-17134CT AF-9704 AF-9S08F 

fJPD17136A EP-17134CT AF-9704 AF-9S08F 

fJPD17137A EP-17134CT AF-9704 AF-9808F 

fJPD17201A EP-17201GF EV-9200G-SO AF-9704 AF-9S0SA 

fJPD17202A EP-17202GF EV-9200G-64 AF-9704 AF-9S0SB 

fJPD17203A EP-17203GC EV-9200G-52 AF-9704 AF-9S0SB 

fJPD17204 EP-17203GC EV -9200G-52 AF-9704 AF-9S0SB 

fJPD17207 EP-17201GF EV-9200G-SO AF-9704 AF-9S0SA 
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Section 5 - Packaging Information 

Package/device cross reference 
16-Pin Plastic DIP (300 mil) ................................................................................................................ 5 - 3 
16-Pin Plastic SOP (300 mil) ............................................................................................................... 5 - 4 
22-Pin Plastic DIP (300 mil) ................................................................................................................ 5 - 5 
24-Pin Plastic SOP (300 mil) ............................................................................................................... 5 - 6 
28-Pin Plastic Shrink DIP (400 mil) ..................................................................................................... 5 - 7 
28-Pin Plastic SOP (375 mil) ............................................................................................................... 5 - 8 
48-Pin Plastic OFP (10x14) ................................................................................................................. 5 - 9 
48-Pin Plastic Shrink DIP (600 mil) ..................................................................................................... 5 - 10 
52-Pin Plastic OFP (14x14) ................................................................................................................. 5 - 11 
52-Pin Plastic OFP (14x14) bent lead ................................................................................................. 5 - 12 
52-Pin Plastic OFP (14x14) straight lead ............................................................................................ 5- 13 
64-Pin Plastic Shrink DIP (750 mil) ..................................................................................................... 5 - 14 
64-Pln Plastic OFP (14x20) ................................................................................................................. 5 - 15 
80-Pln Plastic OFP (14x20) ................................................................................................................. 5 - 16 
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16-Pin Plastic DIP (300 mil) 

1lP017103CX 
1lP017P103CX 
1lP017107CX 
1lP017P107CX 

. p 

NOTES 
1) Each lead centerline is located within 0.25 

mm (0.01 inch) of its true position (T. P.) at 

maximum m3terial condition. 

2) Item UK" to center of leads when formed 

parallel. 

5-3 

ITEM 

A 

B 

C 

0 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 

Packaging information 

K 

L 

I 

I II 
~' 

~ 

- -I--IL. 
M 

P'6C,'OO·300B 

MILLIMETERS INCHES 

20.32 MAX. 0.800 MAX. 

1.27 MAX. 0.050 MAX. 

2.54 (T.P.) 0.100 (T.P.) 

O.50 tO . 1O O.O20~8:= 

1.1 MIN. 0.043 MIN. 

3.5 '0.3 0.' 38±o,012 

0.51 MIN. 0.020 MIN. 

4.31 MAX. 0.170 MAX. 

5.08 MAX. 0.200 MAX. 

7.62 (T.P.) 0.300 (T.P.) 

6.5 0.256 

0.25 ~g:~g O.010~g:= 

0.25 0.01 

1.1 MIN. 0.043 MIN. 



Packaging information 

16-Pln Plastic SOP (300 mil) 
PPD17103GS 
PPD17P103GS 
PPD17107GS 
PPD17P107GS 

o 

NOTE 

Each lead centerline is located within o. 12 
mm (0.005 inch) of its true position (T.P.) 

at maximum material condition. 

ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 
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P16GM·50·300B 

MILLIMETERS INCHES 

10.46 MAX. 0.412 MAX. 

0.78 MAX. 0.031 MAX. 

1.27 (T.P.) 0.050 (T.P.) 

O.40~g:~g O.016.:g:~ 

0.1:1: 0 ., 0.004 to.OO4 

1.8 MAX. 0.071 MAX. 

1.55 0.061 

7.7:1:0.3 0.303 :to.O'2 

5.6 0.220 

1.1 0.043 

0.20,8:1.2 0.008,8:88; 

0.6:1:0.2 0.024 ':8:881 

0.12 0.005 
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22-Pin Plastic DIP (300 mil) 

I1PD17104CS 
I1PD17P104CS 
I1PD1710BCS 
I1PD17Pl08CS 

t:::::::::~ I 
I 1 11 I 

I 

NOTES 

A 

V \J U \J 
- t- F 

- D~ 

1) Each lead centerline is located within O. 1 7 
mm (0.007 inch) of its true position (T.P.) 

at maximum material condition. 

2) Item -K- to center of leads when formed 

parallel. 

\J 
-+--+--+-

C B 

ITEM 

A 

B 

C 

0 

F 

G 

H 

I 

J 

K 

L 

M 

N 
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Packaging information 

K 

II L 

-fI-
M 0-15" 

S22C·70·300B 

MILLIMETERS INCHES 

23.12 MAX. 0.911 MAX. 

2.67 MAX. 0.106 MAX. 

1.778 (T.P.) 0.070 (T.P.) 

0.50'0.'0 0.020 18:88: 

0.85 MIN. 0.033 MIN. 

3.2 to .3 0.126' 0.012 

0.51 MIN. 0.020 MIN. 

4.31 MAX. 0.170 MAX. 

5.08 MAX. 0.200 MAX. 

7.62 (T.P.) 0.300 (T.P.) 

6.5 0.256 

0.25 '8:6g 0.010 Ig:~ 

0.17 0.007 



Packaging . information 

24-Pln Plastic SOP (300 miQ 
IlPD17104GS 
IlPD17P104GS 
IlPD17108GS 
IlPD17Pl08GS 

o 

NOTE 

Each lead centerline is located within. O. 12 
mm (0.005 inch) of its true position (T.P.) 

at maximum material condition. 

ITEM 

A 

B 
e--." 

C 

D 

E 

F 
--

G 
~-----

H 
._-

I 

J 

K 

L 

M 

NEe 

MILLIMETERS INCHES 

15.54 MAX. 0.612 MAX. 

0.78 MAX. 0.031 MAX. 

1.27 (T.P.) 0.050 (T.P.) 

O.4o::: 8:bg O.016~g·gg~ 

0.1 ±o 1 0,004 ±Q.Q04 

1.8 MAX. 0.071 MAX. 

1.55 0.061 

7.7 to 3 0.303 :to.012 

5.6 0.220 

1 1 0.043 

0.20 ~g bg 0.008 :::g:gg~ 

O.6±O 2 O.024:::g·gg~ 

0.12 0.005 



Packaging information 

28-Pln Plastic Shrink DIP (400 mil) 
JlPD17134ACT 
I1PD17135ACT 
JlPD17136ACT 
I1PD17Pl36ACT 
I1PD17137ACT 
I1PD17P137 ACT 

~::::::~::::::'I 
A 

NOTES 

F 

D~ 

1) Each lead centerline is located within 0.25 

mm (0.01 inch) of its true position (T.P.) at 

maximum material condition. 

2) Item -K- to center of leads when formed 

parallel. 

ITEM 

A 

B 

C 

0 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 
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p 

C B 

MILLIMETERS 

35.56.MAX. 

1.27 MAX. 

2.54 (T.P.) 

0.50;100.10 

1.1 MIN. 

3.5 i:O.3 

I 0.51 MIN. 

4.31 MAX. 

5.72 MAX. 

10.16 (T.P.) 

8.6 

0.25 ~g:6g 

0.25 

0.9 MIN. 

NEe 

II 

P2BC-100-400 

INCHES 

1.400 MAX. 

0.050 MAX. 

0.100 (T.P.) 

0.020 ~g:gg: 

0.043 MIN. 

0.138 *-0.012 

0.020 MIN. 

0.170 MAX. 

0.226 MAX. 

0.400 IT.P.) 

0.339 

0.01 0 ~g:gg~ 

0.01 

0.035 MIN. 
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28-Pin Plastic SOP (375 mil) 

I1PD17134AGT 
I1PD17135AGT 
I1PD17136AGT 
I1PD17P136AGT 
I1PD17137AGT 
I1PD17P137AGT 

28 

Packaging information 

15 

+----------------------+ 

o 

NOTE 
Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) 

at maximum, material condition. 

P28GM-50-375B 

ITEM MILLIMETE.RS INCHES 
--4----------.~---
A 18.07 MAX. 0.712 MAX. 

B 0.78 MAX. 0.031 MAX .• 
-----._- I-------------+----~-r_~ 

C 1.27 (T.P.) 0.050 (T.p.1 

o ·~··---O~4-0-~-~ . O.016~g:gg~ 
------ ---.----+--------------1 

E 0.1 ±o. 1 0.004 ±0,004 

-.-- r--------------t----------j 
F 2.9 MAX. 0.115 MAX . 

. _-.-._------------+------------1 
G 2.50 0.098 

'-"'H~-'- ~1o.-3~-o-3-----j--O-.-4-06 !-~ 

---r------------i--------i 
I 7.2 0.283 

I----.-I--------------T-------------
J 1.6 0,063 

-K-- O.15~g6g O.006~g~ 
L r-----0·-.-8--±o'C.,'C ----1---0-.0- 3-' !g:gg~ 

---~ --
M 0,12 0.005 
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Packaging information 

48-Pln Plastic QFP (1Ox14) 
tU'D17001 GH-xxx-2A5 
tU'D17POO1 GH-2A5 

NOTE 
Each lead eenterline is located within 0.1 5 mm 
(0.006 inch) of its true position (T.P.) at maxi­
mum material condition. 

QJ 

ITEM 

A 

B 

C 

0 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 

Q 
f------

R 

S 
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II 

P48GH·8()'2A5·' 

MILLIMETERS INCHES 

16.8'0.4 0.661 :!:g:g~: 

14.0:1:0.2 0.551 :1:0.008 

10.0:1:0.2. O.394~ggg: 

12.8'04 0.504:1:0.016 

1.4 0.055 

1.8 0.071 

0.35,0.10 O.014~ggg; 

0.15 0.006 

0.8 (T.P.) 0.031 (T.P.) 

1.4:1:02 0.055'0008 

0.6:1:0.2 O.024~g·gg= 

O.20:!:g6~ O.079-:gg,g 

0.15 0.006 

2.2:1:0.1 O.087~ggg: 

0.1 ±o 1 0.004±0004 
f--------. 

0.1:1:01 0.004±0004 

2.5 MAX. 0.099 MAX. 



NEe 
48-Pin Plastic Shrink DIP (600 mil) 

I1PD1 7002CU 
I1PD17051CU 

Packaging information 

~uuuuuuu:::::uuuuuuuuuul 
A 

NOTES 
11 Each lead centerline is located within O. 1 7 

mm (0.P07 inch) of its true position (T.P.I 
at maximum material condition. 

2) Item 'K~ to center of leads when formed 
parallel. 

ITEM 

A 

B 

C 

0 

F 

G 

H 

I 

J 

K 

L 

M 

N 

5·10 

R 
M 0-15' 

P48C· 70-8008 

MILLIMETERS INCHES 

44.46 MAX. 1.751 MAX. 

1.78 MAX. 0.070 MAX. 

1. 778 (T.P.) 0.070 (T.P.) 

a.50±o 10 o.o2o:!.:8:88: 

0.85 MIN. 0.033 MIN. 

3.2±o.3 O.126±o.ou 

0.51 MIN. 0.020 MIN. 

4.31 MAX. 0.170 MAX. 

5.72 MAX. 0.226 MAX. 

15.24 (T.P.I 0.600 (T.P.) 

13.2 0.620 

O.25:!:g:~g 0.oI0!8:~ 

0.17 0.007 



Packaging information 

52-Pin Plastic QFP (14x14) 

IlPD17203AGC-xxx-3BH 
IlPD17P203AGC-001-3BH 
IlPD17P203AGC-002-3BH 
IlPD17P203AGC-003-3BH 
IlPD17204GC-xxx-3BH 

Lr-r-r-----fi 
~=t. 

~ -W--
NOTE 
Each lead centerline is located within 0.20 mm 
(0:008 inch) of its true position (T.P.) at maxi­

mum material condition. 

l 
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ITEM 

A 

B 

C 

D 

G 

H 

K 

M 

N 

P 

Q 

R 

S 

NEe 

detail of lead end 

o 

II 

S52GC-l00-3BH 

MILLIMETERS INCHES 

17.2"':-04 O.677~o.016 

14.0'!-0.2 0.551 ~8.88J 

14.0+02 0.551 :':8:gg: 

17.2+0 . 4 O.677±O 018 

1.0 0.039 

1.0 0.039 

0.40+ 0 . 10 0.01s'88~ 

0.20 0.008 

1.0 (T.P.I 0.039 IT.P.) 

1.6. 02 0.063=0.008 

0.8+ 0 .2 0.031 ~.g:88= 

0.15 
·010 0.00s"888; 0.05 

0.15 O.OOS 

2.7 0.10S 

0.1+ 0 . 1 O.OO4±O.OO4 

0.1 ~o 1 0.004 +0.004 

3.0 MAX. 0.119 MAX. 



NEe 
52-Pin Plastic QFP (14x14) 
bent lead 

J,LPD17102G-xxx-00 

NOTE 

A 

Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true posilion (T.P.) at maxi­
mum material condition. 

ITEM 

A 

B 

C 

D 

G 

H 

K 

M 

N 

Q 

S 
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Packaging information 

detail of lead end 

o 

P52G-l00.00·1 

MILLIMETERS INCHES 

21.0,,-0.4 0.827:2:0.018 

14.0:!"o2 0.551 :8:883 

14.0::!:o2 0.551 :8883 

21.0±0.4 0.827:2:0,016 

1.0 0.039 

1.0 0.039 

0.40,.0.10 0.016:8~ 

0.20 0.008 

1.0 (T.P.) 0.039 (T.P.) 

3.5:t0 2 0.13S!8:88B 

2.2:to.2 0.087:8:881 

0.15:8Ag 0.006:8:GG; 

0.15 0.006 

2.6:8:1 0.102 :8:88: 

0.1:tO.1 0.004*0.004 

3.0 MAX, 0.119 MAX. 



Packaging information 

52-Pin Plastic QFP (14x14) 
straight lead 

IlPD17102G-xxx-03 

NOTE 
Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true position (T.P.) at maxi­
mum material condition. 

A 

ITEM 

A 

B 

C 

0 

F 

G 

H 

I 

J 

K 

M 

P 

T 

U 
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NEe 

U a 

II 

P52G-l00-03-1 

MILLIMETERS INCHES 

19.8.0·· 0.780:':8:81' 

14.0:1:0.2 0.561 :':8:881 

14.0:1:0.2 0.551:':8881 

19.8:1:0.4 0.780:':8:819 

1.0 0.039 

1.0 0.039 

0.401:0.10 0.016:':8:883 

0.20 0.008 

1.0IT.P.I 0.039 (T.P.I 

2.9:1:0.2 0.114:':8:881 

0.15:,g:~g 0.006:':8:881 

2.6:':8:~ 0.102:':8:88: 

1.0 0.039 

1.45 0.057 



NEe Packaging information 

64-Pin Plastic Shrink DIP (750 mil) 
I!PD17052CW 
I!PD17053CW 

f:::::::: u::: u: u; :u: ::::::: ::: ::l 

:~." F CB 
D~ 

NOTES 
1) Each lead centerline is located within 0.1 7 

mm (0.007 inch) of its true position (T.P.) 

at maximum material condition. 

ITEM 

A 

B 

MILLIMETERS 

58.68 MAX. 

1.78 MAX. 

~ -fI- , 
M 0-15 

P64C-70-750A,C 

INCHES 

2.311 MAX. 

0.070 MAX. 

C 1.778 (T.P.) 0.070 (T.P.) 
2) Item "K" to center of leads when formed 

parallel. 
D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

5·14 

0.50 '010 
+0,004 

0.020 0.005 

0.9 MIN. 0.035 MIN. 

3.2 '0.3 0.126 '0012 

0.51 MIN. 0.020 MIN. 

4.31 MAX. 0.170 MAX. 

5.08 MAX. 0.200 MAX. 

19.05 (T.P.) 0.750 (T .. P.) 

17.0 0.669 
• 0.10 

0.01 0 ~8:gg~ 0.25 0.05 

0.17 0.007 



Packaging information 

64-Pin Plastic QFP (141120) 
IJPD17106GC 
JLPD17P106GC 
JLPD17202AGF-xxx-3BE 
JLPD17P202AGF-3BE 
JLPD17301GF-xxx-3BE 

NOTE 
Each lead centerline is located within 0.20 mm 
(O.008inch) of its true position (T.P.) at maxi­

mum material condition. 

5-15 

ITEM 

A 

8 

C 

0 

G 

H 

K 

M 

N 

Q 

R 

S 

NEe 

detail of lead end 

d 

II 

P64GF-loo-388 3BE 1 

MILLIMETERS INCHES 

23.6,,"0.4 0.929,,0016 

20.0:l"O 2 o.795~g-83J 

14.0.,-02 0.551 +8 gg: 
17.6;<;-04 O.693~O 016 

1.0 0.039 

1.0 0.039 

0.40±0.10 0.Q16: 8 8lr. 

0.20 0.008 

1.0 IT.P.I 0.039 IT.P.I 

1.8'!O 2 0.071·8881 

0.8±0 2 0.031 ·8881 

O.lS+ 8'.6g 0.006·8~ 

0.15 0.006 

2.7 0.106 

0.1-0- 0 , 0.004'!-0 004 

0.1 +0.1 0.004"°004 

3.0 MAX. 0.119 MAX. 



NEe 
8O-Pin Plastic QFP (14x20) 

I1PD1700SAGF-xxx-3B9 
I1PD17005GF-xxx-3B9 
I1PD17POO5GF-3B9 
I1PD17006GF-xxx-3B9 
I1PD17POO6GF-3B9 
I1PD1701OGF-xxx-3B9 
I1PD17P01OGF-3B9 
I1PD17201AGF-xxx-3B9 
I1PD17207GF-xxx-3B9 
I1PD17P207GF-3B9 

detail of lead end 

NOTE 
,Each ,lead centerline is located within O. 1 5 mm 

(0:006 inch)'of its true position (T.P.) at maxi­

mum material condition. 

5-16 

ITEM 

A 

B 

C 

0 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 

Q 

R 

S 

Packaging information 

S80GF-80-389 

MILLIMETERS INCHES 

23.2-0,. 0.913'8:m 

20,,"0.2 0.787 • 8:88: 

14+0 .2 0.551 :'8:881 

17.2-0 .• O.677~o.OHS 

1.0 0.039 

0.8 0.031 

0.35+ 0 . 10 0.014 -8:883 

0.15 0.006 

0.8IT.P.l 0.031 (T.P.) 

1.6+0 .2 0.063'0,-

0.8+0 .2 0.031 '8:88: 

0.15 'Rbg 0.006:'8:~ 

0.15 0.006 

2.7 0.1"06 

0.1 +0.1 0.004 .0.004 

0.1 +0.1 0.004.0.004 

3.0 MAX. 0.119 MAX. 
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