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NEC

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, TV 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. uPD17K-Family. In this section you will find all devices of our uPD17K-Family separated into 5 main groups:
- the uPD170xx series (digital tuning systems)

- the uPD171xx series (consumer specific microcomputers)

- the uPD172xx series (remote controllers)

- the uPD173xx series (home automation controllers)

- the uPD174xx series (special consumer applications)

3. Instruction Manual of the uPD17K-Family. This section provides you with information about the architecture and the
instruction set of this device family.
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17K-Family

* One machine-cycle instruction execution
* General Register Machine not just Accu based CPU

© 16 bit instruction length

170xx

* Digital tuning systems
o Serial interface
* A/D -D/A-converters

171xx

* White goods controllers
© Low power consumption
* General purpose

172xx

* Remote controller
* Low voltage operation
o Carrier frequency generation

* |F-counter * Serial interface * Low voltage detection circuit
® LCD-driver * A/D-converter * Constant LCD voltage circuit
* Image display controller © Timer ¢ Leaming remote controller
*PLL * Low voltage operation ¢ Built-in preamplifier
¢ Large static RAM
170xx - Overview
Portable TV;
DTS (TUNERS) LCD-TVAVCR Voltage symthesizer
17001 [17003A | 17005 | 17010 [ 17006 | 17002 | 17008 | 17051 [ 17052 | 17053
ROM (words) 3836 3836 7932 12288 | 3968 | 16256 8192 12288
RAM (words) 224 320 432 896 336 672 448 672
Stack levels 7 [ o 7 6 7 6 7
Minimum instruction 1.78us/
execution time 4.44us/4.5MHz 4.5MHz 2us/8MHz
ADCs 6 x 6 bit 6 x 8 bit | 6 x 4 bit 8 x 4 bit
DACs (PWM) 3x8bit 3x9bit|4x86 bit g;gg:{lsxsmtl 4x6bit
Amplifiers 1 - -
Int./ext. interrupts 3N 3/2 4/2 -1
1 channel
o 3 wires 2 channels 3 wires 1 channel 3 wires
Serial interface 1 channel 1 channels 2 wires 1 channel 2 wires
2 wires
/O-Ports 12 16 [ a8 15 | 16 | 15 | 20
Input-Ports 8 4
Output-Ports 12 9 11 8 | 25 [ 12 | 20
LCD Driver - 30 segments / 2 common - -
IDC charact. on screen 99 200 97 99 199
different types 120 248 128 128 256
Counter 16 bit IF counter Vsync-; Hsync- counter
PLLAvoltage 150 MHz(250 MHz 150 MHz 15 MHz PLL 14 bit D/A (PWM)
synthesizer PLL PLL PLL (ext. prescaler required) Voltage synthesizer
" 48 64 48
Pins Package 48 QFP 80 QFP spiP/aFP|  SDIP SDIP 64 SDIP
o 17P001 17P005 I 17P010 J 17po0s | o OTF' | 17P008 No OTP version
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171xx - Overview

17102 | 17106 [17103 ) [17104 ()| 17107)" [17108 ()" | 17134A | 17136A | 17135A | 171374
ROM (words) | 2048 4096 512 1024 | 2048 | 1024 | 2048
RAM (words) 222 178 16 112
Stack levels 3 7 1 5

) STD: Vpp4.5-6V | STD: Vpp45-6V
Minimum 2 us /8 MHz 8 us /1 MHz
instruction 2us/8 MHz 8us/ 1MHz 2 s/ 8MHz
execution time L Vpp18-36V|L Vpp15-36V
8 us /2 MHz 40 ps /200kHz

6 bits
ADCs la chammsis - 1 x 8 bit/ 4 channel
DACs (PWM) | 1x6 bit -

8 bit
Timers 2 channels - 8 bit/ 2 channels + watchdog
Zero-Cross 1 _ 1
Detectors
Int/ext.
interrupts 2/3 21 - a1

1channel |2 channels .
Serial interface 3wires |2and 3 wires - 1channel 3 wires
48 176
LCD-Driver segments | segments -
VO-Ports 16 5 1n | 1. [ 1 | e 21
Input-Ports 8 4 -
Output-Ports 14 _
Amplifiers 2 -
Clock . " Ceramic
G tor Ceramic resonator RC oscillator r ator
52 64 16DIP | 22SDIP | 16DIP | 22 SDIP 28 SDIP

Pins Package | opp QFP | 16SOP | 24QFP | 16 SOP | 24 SOP 28 SOP
orP NoOrP | 17p106 | 17P103 | 17P104 | 17P107 | 17P108 | 17P136A 17P137A

* L: Low voltage version
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172xx - Overview

17201A 17207 17202A 17203A 17204
ROM (words) 3072 4096 2048 4096 7936
RAM (words) 336 n2 +40S6SRAM | +2045 SRAM
Stack levels 5 7
Instr.exec. time 4us/4MHz
ADCs 4 x 8 bit -
Timers 8 bit + watchdog 8 bit/ 10 bit / 16 bit + watchdog
Ext. interrupt 1
Serial interface 1 - 1
1/0-Ports 19 16 28
LCD-Drivers 34 segments + 4 common iﬁtg:::ﬁ: -
Pins Package 80 QFP 64 QFP 52 QFP
oTP 17P207 17P202A 17P203A 17P204

Common features:

* Low voltage operation (2.0V)

* Low voltage detection circuit
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uPD17001

BUILT-IN PRESCALER

uPD17001 is a 4 bits CMOS microcomputer for Digital Tuning System implemented prescaler (operational fre-
quency up to 150 MHz), PLL frequency synthesizer and |F counter on chip.
CPU applies uPD17000 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 uPD17001, 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 us
(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.
1,1.25,25,3,5,6.25,9, 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 A/D 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 1/0O ports

input/output ports: 12 lines

input ports 8 lines

output ports : 12 lines
built-in CGP (Clock Generator Port)
single power supply (5 V10 %)
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 I12C bus system

Purchase of NEC's I2C 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)

LPF|N
VLPF
LPFouT
GND_pF

[e]
m

abbih bbb hhdh

INT
P1Bg

P1B¢

P1B2

P1B3
P1Cp/CGP
P1C1/PWMg
P1C2/PWM1

P1C3/PWM2

1

Wl =

[<8 B B | £=2)

5

TITTITTTIT T

0

ol o

[¢]
v
= =
I—B I a £
5]
.—0233500004
< z O 0 & =
22X R3 888 S &
BL”;”ZT-ISIM 3] 142] ]41] [40] |39
——
QO cmos
3-states
N-ch
open drain
N-ch
open drain N-ch
open drain
—
ufhfpfw 19] [20] [21) [22] [23] [24]
- 4J v 5 =
S58833Bgas
a aa a 2Tk s g
S g &< o
go<(on.
g« g2 =

P1A2/AMIFC
GND
P1A1/ADC5/FCG
P1Ap/ADCy
POD3/ADC3
POD2/ADC2
POD1/ADC1q
PODQ/ADCq
POC3

POC2

POCq

POCQ

POB3

POB2

NEC



NEC

2-9

BLOCK DIAGRAM
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wPD17P001

BUILT-IN EPROM, PRESCALER

HPD17P001 is a 4 bits CMOS microcomputer for Digital Tuning System implemented EPROM, prescaler (oper-
ational frequency up to 150 MHz), PLL frequency synthesizer and |F counter on chip.

CPU applies uPD17000 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.

uPD17P001 is the most suitable for evaluating the program of uPD17001 or for producing a few products be-
cause uPD17P001 is built-in EPROM.

As system development support tools of uPD17P001, IE-17K (In Circuit Emulator) and AS17K (assembler)

are prepared.

FEATURES
® 4 bits microcomputer for Digital Tuning System ® built-in D/A converter: 8 bits x 3 (PWM output)
® program memory (EPROM) ® built-in A/D converter: 6 bits x 6
8 K bytes (16 bits x 3836 steps) ® built-in discharge detection circuit and power on
® data memory (RAM) reset circuit
224 words (4 bits x 224 words) ® interrupt
® stack level: 7 external interrupt: 2 channels
® 35 types of simple instruction sets internal interrupt: 3 channels
® decimal operation ® various |/O ports
® instruction execution time: 4.44 us input/output ports: 12 lines
(with 4.5 MHz crystal oscillator) input ports : 8lines
® built-in PLL frequency synthesizer and 150 MHz output ports : 12 lines
prescaler ® built-in CGP (Clock Generator Port)
® 12 types of reference frequencies can be selected ® single power supply (5 V10 %)
by software. ® CMOS low power consumption
1,1.25,25,3,5,6.25,9, 10, 12.5, 25, 50, 100 kHz © Product of mask ROM version: uPD17001
® built-in amplifier for LPF (Low pass filter) ® 48-pin plastic QFP

® built-in IF counter (AMIFC, FMIFC)

built-in 8 bits serial interface
1 system 2 channels: 3 wire or 2 wire system
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PIN CONFIGURATION (Top View)
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uPD17P001

BLOCK DIAGRAM
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LPD17003A

DIGITAL TUNING SYSTEM HARDWARE BUILT-IN
4-BIT SINGLE CHIP MICRO CONTROLLER

4PD17003A 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 prescaler which operates up to 2560 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, A/D converter, D/A converter (PWM output), and clock generator ports.

Consequently, a high performance digital tuning system with a variety of functions can be constructed using
only one chip. uPD17005 (note) is available as the product which is pin-compatible with uPD17003A and whose
memory size (ROM) is extended. One-time PROM version uPD17P005 (note) is available as uPD17005, and
pPD17P005 can be used for program evaluation of uPD17003A at small volume production.

FEATURES

* Using 17K architecture « Instruction execution time

* Program memory (ROM) 4.44 ps (using 4.5 MHz quarts oscillator)
8K bytes (3836 steps x 16 bits) + Decimal operation enabled

» General purpose data memory (RAM) « Tablereference enabled
320 nibble (320 words x 4 bits) « Built-in PLL frequency synthesizer hardware

+ Dual modules prescaler (250 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, A/D
converter, D/A converter (PWM output), clock generator, ports, and frequency
counter

« Various types of interrupt
External interrupt : 2channels
Internal interrupt : 3channels

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

+ CMOS low power consumption

+ Power supply voltage 5V +10%

ORDERING INFORMATION

Order Code Package

HPD17003AGF-XXX-3B9 80-pin plastic QFP (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 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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#PD17003A FUNCTION OUTLINE

Item Function

« 8K bytes (3836 steps x 16 bits).

Program memory (ROM) .
Table reference area: up to 256 steps x 16 bits

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

(RAM) Data buffer:v 4 n?bbles
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 ps (using 4.5 MHz quarts oscillator)
Stack level « 7 levels (stack operation enabled)
* Input/output port: 16
* Input ports: 8
General purpose port putp
« Output ports: 9

(+30: LCD segment pin)

L |
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
/A converter Max.)
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Item Function

A/D converter « 6 bits x 6 (consecutive comparison method by software)

« 5 channels (maskable interrupt)

Int " External interrupt: 2 channels (INTo pin and INT1 pin)
nterru R
P Internal interrupt: 3 channels (timer, serial interface 1,
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

« 2types
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 P1D2 / AMIFC pin 0.1 to 1 MHz
« External gate width test

POA1 / FCG pin

Power supply voltage 5V +10%

Package 80-pin plastic QFP
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—————— Program memory (ROM) ——————~

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

Constant data

Peripheral hardware

Can be transferred to data buffer

(table reference)

= Control section ==\

l Program counter

| Data memory address I

PLL Frequency A/D D/A Serial
counter converter converter interface
Clock
‘ ‘ generator
Data memory (RAM)
v J0) Lco
controller/
Data buffer driver
Setting peripheral
hardware data
J
General register
Performs operation and transfer between
data memory and other data memory
General
( purpose port )

System register
Controls CPU peripheral
circuits

LCD dot register

Display data is set

\dow register

Stack -
Stack operation Operation
enabled Decimal operation enabled

General output port
register

Input and output data

AL

| Resetting ” Timer || Interrupt I

. -/

is set
Qutput
k o
Register file
Set peripheral hardware conditions
Set data via a window register
— . -/

Vv£00L1LAd” 40 1dIONOD

veooziadm
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PIN CONFIGURATION (Top View)

<
[8]
a
<
=

S
8
&

l

POC:2
POCs

[B}——0
[S}—o0 PoDo / ADC:
S}————O0 POD: / ADCs
[S}~———O PODs / ADCs
'=}———=O LCDo / POYo / KSo
S}———~0 LCD: / POY: / KSt
NSI——OO LCD2 / POY2 / KS2
=}——~O LCD: / POYa / KSs
[S]————O LCD« / POYe / KSs
Z}——O LCDs / POYs / KSs
2'—-() LCDs / POYs / KSs
[S}——0LCDr / POY7 / KS?
[E}————0 LCDs / POYs / KSs
[Z}— O LCDs / POYs / KSs

80] [79] {78
Poc) O———{1] “cmos [6}— =0 LCD10 / POY10 / KS10
POCo O—o[Z] | O Group1/0 [65}—0O LCD1 / POYn: / KSnn
POA 3
3 / SDA O+——{3] N-ch open drain bit 1/0 [62}———=O LCD12 / POY12 / KS12
POA2 / SCLO~——{1] ) [6T}———=O LCD13 / POY13 / KS1s
POA: / SCK.O-——-E CMOS bit 1/0 [60———=0O LCD1s / POY14 / KSta
POAo / SO1 O——{F] " [59}———0 LCD1s / POYis / KSs
POB3 / Sl Ow—nefT] [58}—=O LCD1e / POX:
POB: K g
;/ SCK: O~—+{3] CMOS bit 1/0 % [37}————=0 LCD17 / POX:
POB1 / SO, O~—7] 3 [56}———0O LCD1s / POX2
POBo / Sl O~——{10] 3 [55}———0 LCD1s / POX3
INT: O——{TT] g [57}———0O LCD20 / POXs
INTo O———{17] o [53}———=O LCD21 / POXs
CEO——{13] I [52}———O LCD22 / POEo
P1A3 O——{17] o [FT}——~O LCD2s / POE:
P1A: 5 * 50 LCDz4 / POE
P1A: o B ossino ' [S0}——O LCDu / POE:
Oo——-E @ E——O LCD2s / POEs
P1!;1 A/o ; V'\:/fAG O——{17] © [48}——O LCDzs / POFo
3 2Oo———i 18 47}—00 LCDz27 / POF1
P1B2/ PWM1O-—{E N-ch open drain E—OO LCDzs / POF2
P1B1 / PWMoO-——{70] [45}——=O LCD2s / POFs
P1Bo / CGP O=—21] [11]——0 COMo
P1C3 72
o——| 06 [5——-0 com:
P1C2 O——{23] cMOS cmos [IZ——0 P2Ao
P1Cs 2 3state [AT———O Von2
25] [26) 129] 130] [31 [32] 33] [34] 5] [36] |37} |38] [39] J49]

P1D2 / AMIFC O———{T]
5

2 2 Q09 Q Q
SPEg8580523 Soizt
a5353323>Q0uox wuwaouw >
o = - > > =
L2t
o [alNa}
=} aa
&
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1. PIN FUNCTIONS

1.1 EXPLANATION ON EACH PIN FUNCTION

PIN SYMBOL INPUT/ QUTPUT | 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/0). Input/
output is specified by the POCGPIO
register (address 27H) of a register file.
Port OC | The POC register (address 27H of
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.

79 | POCs
80 | POC:2 Input/ CMOS
1 | POC1 Output | Push-Pull
2 | POCo

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
SIOTMODE register (address 08H) and
SIO2MODE register (address 02H) of
the SIOTMODE register of the register
file.
(1) When the pin is used as a 4-bit
v N-ch general purpose input/output port
POAs / SDA } open The port can be specified as an
POA2 / Si Input/ drain Port 0A input or output port in bit units
POA:1 / SCK1 Output } cMOS (bit 1/O).
POA0 / SO 'l:ulslh— Input or output is specified by the
Y 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 POAs/
SDA, and POA2 / SCL pins are N-ch
open drain output, pull-up resis-
tance is required in the external
section.

o O s W
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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
available, serial interface 1 and
serial interface 2 including Port 0B
(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 SIOTMODE
register of the register file and
when using serial interface 2,
POAs / SDA l Ep?:\ specify pins using SI02MODE
POAz / SCL Input/ || drain | register. o
POA1 / SCKx Output || cmos The function of each pin is listed

POAo / SO1 Push- below.
Pull

[ IS I )

Operating

Pin name | Function
ctio mode

Data
input/
output

POA3 /
SDA

2-

wire

Clock
input/
output

POA2 /

SCL

Serial

inter-

POA: / ,Cnlgﬁ:/ face 1
SCKa

output

POAo / Data wire
SO output

POB3 / Data
Sh input
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PIN SYMBOL INPUT/ OUTPUT | PIN FUNCTION
NO. OUTPUT | MODE NAME

Operating

Pin name | Function
tio mode

Clock

ST input/
output

Serial

POB:/ | Data wire | inter-

N-ch S02 output face 2
POAs / SDA } open

POA2 / SCL Input/ drain POBo / Data
POA: / SCKa Output |} cmOsS Port 04 Sl2 input
POAo / SO1 Push-
Pull Since pins POA3 / SDA and POA2 / 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.

o O s W

Used for 4-bit general purpose input/
output ports and also for serial
interface

The SIOTMODE register (address 08H)
or SIO2MODE 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

8 | POBz/ SCKz Input/ CMOS general purpose input/output
POB1 / SO2 Output | Push-Pull Port 0B ports

10 | POBo/ Sl2 The pins can be specified as input
or output ports in bit units (bit
1/0).

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

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

P0B3 / Sh
P0B2 / SCK2
P0OB1/ SO2
POBo / Sl2

Input/
Output

CMOS
Push-Pull

Port 0B

(2) When the pins are used for serial
interface
Two types of serial interface can
be used including Port OA (ad-
dresses 3 to 6), serial interface 1
and serial interface 2.
See the explanation on Port 0A for
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.

11
12

INT1
INTo

Input

Interrupt

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 INT1 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
El instruction and permission of the
interrupt of each INTo pin and INT1 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
INT1 pin.

When interrupts for both INTo pin and
INT1 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 SYMBOL INPUT/ OUTPUT | PIN FUNCTION
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-
Input - Interrupt| tected by the INTJDG register (address
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.

1 INT
12 | INTo

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-
Enable cally in the device internal section.
When the CE pin is at a Low level,

13 | CE Input -

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 yA 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 LCDas,
COMo, COM1 pin are Low level
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PIN
NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

CE

Input

Chip
Enable

(2)

output) and general purpose input-
output ports (Port 0A, Port 0B, Port
0C, and Port 1A) are used as input
ports.

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 0. 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
until the device is reset can be
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
tevel.

This pin does not accept a Low
level or High level of less than 100
to 165 us to prevent operation
error due to noise.

By using the CEJDG register
(address 07H) 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
us.

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
NO. OUTPUT | MODE NAME

FUNCTION

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 jn bit units

(bit 1/0).

Input or output is specified by the

P1A register (address 35H) of the

register file.

The P1ABIO register (address 70H
CMOS of BANK1) of the port register is
15 | P1A; Input Push- Port 1A used for reading input data and
16 | P1A: Output | setting output data.

17 | P1A0/ FCG (2) When the port is used as an
external gate counter (FCG)
(P1A0 / FCG pin)

The counter counts the time from

14 | P1As

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 PlAo / FCG pin must be speci-
fied as the input port by the
P1ABIO register (address 35H).
Since the IFCMODE register and
IFCCONT register control the
frequency conter (P1D3 / FMIFC
and P1D2 / AMIFC pins) and a clock
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PIN

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

14
15
16
17

P1As
P1A2
P1A1
P1Ao / FCG

Input
Output

CMOSs
Push-Pull

Port 1A

generator port (P1Bo / CGP pin)
also, an external gate counter,
frequency counter, and a lock
generator port cannot be used
concurrently.

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.

P1B3 / PWM:2
P1Bz2 / PWM1
P1B1/ PWMo

P1Bo / CGP

Output

N-ch
open
drain

CMOS
Push-Pull

Port 1B

Used as a 4-bit general output port,
D/A converter (P1Bz / PWM2, P1B2 /
PWMs, P1B1/ 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
BANKT1) of the port register is used
for setting output data.

The pins PIBz / PWMz, PIB2 / PWM1,
and PIBo / PWMo require Pull-UP
resistance for N-ch open drain
output. (Resisting pressyre 16 V
Max.)

(2) When the port is used as a D/A
converter (PWM output) (pins
P1B3/ PWMz, P1B2 / PWM», and
P1B1 / PWMo)

Each of pins P1Bs / PWMz, P1B2 /
PWM1, and P1B1 / 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
025+ 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 | P1Bs/ PWM:2 N-ch
19 P1B2 / PWM1 open (3) When the port is used as a clock
20 | P1B1/ PWMo Output drain  |port 1B generator port (CGP) (P1Bo / CGP
pin)
21 P1Bo / CGP CMOS The P1Bo / 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 INPUT/ OUTPUT | PIN FUNCTION

NO. OUTPUT | MODE NAME
Function | Frequency Duty

2+ X 100%
VDP 269 Hz 67
X=0-63
21X kHz

18 | P1Bs/ PWM: N-ch SG @ 50%

19 | P1B2/ PWM: open X=0-63

20 | P1B1/PWMo Output || drain  |port 1B
At Power On Reset, execution of a

21 P1Bo / CGP CcMOS 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, A/D 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 | P1Cs (address 72H of BANK1) of the port

23 | P1C2 CMOS register.

24 | P1Cs Output | Push- Port 1C | At Power On Reset, Undefined data is

24 | P1Co Pull output.

25 | P1Co 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 P1D3 /

26 | P1D: / EMIFC FMIFC and P1D2 / AMIFC), and also A/D

27 P1D2 / AMIEC converter (pins PID1/ ADC1 and PIDo /

28 P1D1/ ADC: Input - Port 1D | ADCo ).

29 | P1Do/ ADCo The IFCMODE register (address 12H) of
the register file is used for switching
the general purpose input port and A/D
converter.
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PIN INPUT/ OUTPUT | PIN
YMB FUNCTION
NO. SYmBOL OUTPUT | MODE NAME

The ADCCH register (address 14H) of
the register file is used for switching
the general input port and A/D con-
verter.

(1) When the port is used as a 4-bit
general purpose input port
The P1D register (address 73H of
BANK?1) of the port register is used
for reading input data.

(2) When the port is used as a fre-
quency counter (P1D3 / FMIFC and
P1Dz / AMIFC)

Using the IFCMODE register of the
register file, pins P1D3/ FMIFC and
P1D2 / AMIFC can be used as
frequency test pins. The following
frequencies can be tested.

26 | P1D3 / FMIFC Input Input Input
27 | P1D2 / AMIFC o pin frequency | oscillation
28 | P1D1/ ADCH Input - |Port P03/ | 510
29 | P1Do / ADCo EMIEC | 15 MHZ 0.3 Vp-p
P1D2/ | 0.1 to
0.3 Vp-
AMIFC | 1 MHz PP

As the test method, the frequency
input within the gate time (1 ms, 4
ms, 8 ms, open) is counted by a
16-bit counter. However, the value
divided by 2 is counted for the
P1Ds3 / 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

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

26
27
28
29

P1Ds / FMIFC
P1D2 / AMIFC
P1D1/ ADC1
P1Do / ADCo

Input

Port 1D

(3)

The pin which was selected is
used as an intermediate electric
potential (about 1/2 Voo). Pins
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
(P1Ao0 / FCG pin) and clock genera-
tor port (P1Bo / CGP pin), the
frequency counter, external gate
counter, and clock generator port
cannot be used concurrently.
When the port is used as an A/D
converter (pins P1D1 / ADC1 and
P1Do / ADCo)

The port can be used as an A/D
converter of 6 bits by the ADCCH
register (address 14H) of the
register file.

The A/D converter can use six
channels by switching pins

PODs / ADCs to PODo / ADC2 (pin
numbers from 75 to 78) in addition
to pins P1D1/ ACD1 and

P1Do / 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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N
PIN SYMBOL INPUT/ OUTPUT | PI
NO. OUTPUT | MODE NAME

FUNCTION

At Power On Reset, execution of a
Clock Stop instruction, all these pins
26 | P1Ds/ FMIFC are specified as a general purpose
27 P1D2 / AMIFC input ports.

Input - Port 1D
28 | P1D1/ ADCh At CE reset, the statuses (general
29 | P1Do / ADCo purpose input port, frequency counter,
and A/D 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 stop state, the voltage can 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 Voo2 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 0.
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.

2-32



NEC

uPD17003A

PIN

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

30
41

Vob1
Vob2

Power
supply

A voltage higher than that of the Voo
pin must not be supplied to all the pins
other than Voo pins (Vop1 and Voo2). In
particular, care is necessary when the
Voo pin and the CE pin are started
simultaneously. Latch-Up may occur.
The Vop1 pin and Vob2 pin must be
connected to an electrical potential.
The Vo2 pin is used to supply power to
quartz oscillation circuits (pins Xin and
Xour), error out circuits (pins EOo and
EOQ1), and low path filter circuits (pin
LPFiN). Pin Voo is used for supplying
power to other sections.

31
32

VvCOL
VCOH

Input

Local
oscilla-
tion
Low
input

Local
oscilla-
tion
High
input

Used for inputting local oscillation
(VCO) 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.

L Input Input
D'V'ilog quut frequency | voltage
metho PN | (MHz) (Vp-p)

Division
ratio

Direct 16 to
divieion | VCOL [051030 | 0.3 | gieg

Pulse
swallow| VCOL | 5 to 40 0.3 2?36 to
(HF) 2'6-1

Pulse 9t0150 | 0.3
swallow| VCOH 5;‘5‘6 1to
(VHF) 910250 | 0.5 -

Since alternate current amplifier is
used for input of these 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 Vop).
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PIN SYMBOL INPUT/ OUTPUT | PIN FUNCTION
NO. OUTPUT | MODE NAME
Local Pins which are not specified are pulled
oca
. down in the internal section of the
oscilla- E
. device.
tion
Low When PLL is disabled or when the CE
input pin is at a Low level, these pins are
I
31 | VCOL | ¢ P pulled down in the internal section. of
n _
32 | VCOH pu Local | the device.
oscill At Power On Reset or execution of a
scilla-
tion Clock Stop instruction, a PLL Disabled
1
H? h state is set. At CE reset, the state
i
e specified by the PLLMODE register is
input
set.
33 | GND - - Ground | Ground pin of the device

Quartz oscillator connection pin
Connects a 4.5 MHz quarts oscillator as
shown below.

uPD17003A

T_“] 4.5MHz quarts
J_ oscillator

34 | Xout Output | CMOS Quartz c1 c2
35 | Xin Input - oscillator| ;

The values of C1 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 Xin
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PIN

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

34
35

Xout
XN

Output
Input

CMOs

Quartz
oscillator|

pin. However, the quartz oscillator
which is actually used, including
oscillation stabilizer, must be used for
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 Xin pin.
Consequently, the frequency must be
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.

36
37

EO1
EOo

Output

CMOS
3 states

Error out

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
level is output. When the values
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 EO1 and EO2 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 | EOs CMOS register file. Four types of time (0.5 us,
37 | EOo Output | o tes [EFTOFOUY 4 s 2 i, 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.

WPD170334 II

EOo EO: LPFw  LPFour Vier
37

38 | LPFin Input - l.ail E,B_l - LAEI LPE power
‘ supply
A v"‘.‘\,_| v,\,',\’_"._—__j_

Neh o
39 LPFout Output | open .
Amplifier WA

] \— o
drain # To EMVCO
bzd

40 | Vier - - Ay
~ To AMVCO

ad
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PIN

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

38

39

40

LPFin

LPFout

\

Input

Output

N-ch
open
drain

LPF
Ampilifier,

Pull-Up resistance is required for the
LPFout pin because of N-ch open drain
output. The resisting pressure is 16 V
Max.

A voltage higher than that of the
LPFout pin must be supplied to the Vier
pin (16 V Max).

At a PLL Disabled State, the LPFiN pin is
pulled up in the device internal section.

42

P2Ao

Output

CMOS
Push-Pull

Port 2A

1-bit general purpose output port.
Output data is set via the P2A register
(address 70H of BANK2) of the port
register.

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.

43
44

COoM;
COMo

Output

CMOSs
3-value
output

Common
signal

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 LCD2s9 / POFa.

Three types of voltages, 0, 1/2 Voo, and
Vop are output from these pins.

The light of the dot from which a
potential difference of +Voo is produced
between these pins and pins LCDo /
POYo / KSo to LCD2s / POF3 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
NO. OUTPUT | MODE NAME

FUNCTION

Used for segment signal output (pins
LCD29 / POF3 to LCDo / POYo / KSo) of a
LCD controller/driver, key source signal
output (pins LCD1s / POY15 / KS1s5 to
LCDo / POYo / KSo), and also as a
general output port (LCD2s / POF3 to
LCDo / POYo / KSo).

The LCDMODE register (address 10H)
and LCDPORT register (address 11H)
are used for outputting segment
signals and key source signals, and
switching genera! purpose output

45 LCD2s / POF3 ports.

to to (1) When the pins are used for seg-
48 | LCDz6 / POFc ment signal output of a LCD con-
troller/driver (pins LCD2s / POFs to
49 LCDz2s / POE3 LCDo / POYo / KSo)

to to The duty, bias, and frame fre-

52 | LCD2z2/ POEo LCD quency (segment signal output 125
Output CmMOs segment Hz) of a LCD controller/driver are
63 | LCD21/ POXs Push-Pull signal 1/2, 1/2, and 250 Hz respectively.
to to Display of up to 60 dots is enabled
58 | LCD1s/ POXo by using a matrix of these seg-
ment signal output pins, the COMo
59 LCD1s / POY15 / KS1s pin, and COM1 pin (numbers 43
to to and 44). The light of the dot from
74 | LCDo/ POYo / KSo which a potential difference of
+Vob 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 08H to OFH)
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

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

45
to
48

49
to
52

53
to
58

59
to
74

LCDz2s / POF3
to
LCD26 / POFo

LCD2s / POE3
to
LCD22 / POEo

LCD21 / POXs
to
LCD1s / POXo

LCD1s / POY1s / KSis
to
LCDo / POYo / KSo

Output

CMOsS
Push-Pull

LCD
segment
signal

(2)

In Display Off mode, these seg-
ment signal output pins output a
Low level. However, for pins
which are specified for a general
purpose output port by the
LCDPORT register of the register
file, data of the output port is
output regardiess of the display
mode, On or Off.

Sixteen pins from LCD1s / POY1s /
KS1s to LCDo / POYo / KSo are also
used for key source signal output
of a key matrix as described in (2)
and an LCD segment signal and a
key source signal can be output
concurrently.

When the pins are used as a key
source signal of a key matrix (pins
LCD1s / POY1s / KS1s to LCDo /
POYo / KSo)

Using the LCDMODE register of
the register file, sixteen pins from
LCD1s / POY15 / KS1s to LCDo / POYo /
KSo can be used as a key source
output signal.

A key source signal is output with
a LCD segment signal in time
sharing mode (key source signal
output time 220 us).

When a key source signal is used,
pins PODs / ADCs to PODo / ADC:2
(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 pin can be specified for an
output port as listed in the follow-
ing table using the LCDPORT
register (address 11H) of the
45 | LCD2s / POF3 register file.
" to to
48 LCD2s / POFo Pin Pin name Port Number
number name bit
49 LCD2s / POE3 45 LCD2s / POF3
to to Port OF | 4 bits
to to 48 | LCDzs / POFo
52 | LCD22/ POEo MOS LCD
Output c segment 49 LCDzs / POE3 )
Push-Pull| . to to Port OE | 4 bits
53 | LCD21/ POXs signal 52 | LCDz / POEs
to to 53 | LCDzi / POXs
58 | LCD1s/ POXo to to Port 0X | 6 bits
58 LCD1s / POXo
59 | LCD1s/ POY1s/ KSis 59 LCDss / POY1s /
KSis
to to to to Port 0Y | 16 bits
74 | LCDo/ POYo / KSo LCDo / POYo /
74 KSo
Port OF, Port OE, Port 0X, and Poit
0Y 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 SYMBOL INPUT/ QUTPUT | PIN FUNCTION
NO. OUTPUT | MODE NAME

Port

name Setting output data

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 | LCD2s / POF3 LCDD11 register of the
to to LCD dot register

48 | LCD2s/ POFo

Port 0X | ® POXH and POXL regis-
ters (Addresses 69H

49 | LCD2s/ POEs and 68H of BANKO)

to to Used also for the

52 | LCD22/ POEo LCD LCDD9 and LCDD8
Output | MOS | ooment registers of the LCD

53 | LCD21/ POXs Push-Pull signal dot register

to to e Set by the POX group

register (OCH) via a data

58 | LCD1s/ POXo buffer

59 | LCDis/ POY1s/ KS1s Port OY |  Set by a OY group

to to register (42H) via a data

74 | LCDo/ POYo / KSo 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

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

75
76
77
78

POD3 / ADCs
POD2 / ADCs4
POD1 / ADCs
P0ODo / ADC2

Input

(Pull-
Down
Input with
resistance)

Port 0D

Used for a 4-bit general purpose input
port and also LCD segment key source
signal return input, and also A/D
converter input.

The ADCCH register (address 14H) of

the register file is used for switching

the general purpose port and A/D

converter.

The pins POD3 / ADCs to PODs / ADC2

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
the port register.

When pins are used for a general
input port, the built-in pull down
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 us) 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

NO.

SYMBOL

INPUT/
OUTPUT

OUTPUT
MODE

PIN
NAME

FUNCTION

75
76
77
78

POD3 / ADCs
POD2 / ADC4
POD1/ ADCs
PODo / ADC2

Input

(Pull-
Down
Input with
resistance)

Port 0D

(3)

When pins are used as an A/D
converter

By the ADCCH register (address
14H) of the register file, the port
can be used as a 6-bit A/D con-
verter.

A consecutive comparison method
by a program is used as the A/D
converter conversion method and
the reference voltage is created by
dividing power supply voltage Voo
using the R string method.

An A/D converter can be used by
switching six channels, pins P1D1
/ ADC1 and P1Do / ADCo (pin num-
bers 28 and 29) in addition to pins
from POD3 / ADCs to PODo / ADCa2.
The channel used is specified by
the ADCCH register of the register
file.

The other five channels which are
not specified for the A/D 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 A/D 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 A/D 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 0A, Port 0B, Port 0C, Port 0D, Port 1A, Port 1B, Port 1C, and Port 2A.

In this case, the POAs pin of Port 0A corresponds to the highest bit of port register POA and the P0OAo pin
corresponds to the lowest bit.

These apply also to Port 0B, Port 0C, Port 0D, Port 1A, Port 1B, Port 1C, Port 1D, and Port 2A. Output
data of Port OE, Port OF, Port 0X, and Port 0Y 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 0B, Port OC, and Port 1A)

(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, m) 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 aninstruction 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 the 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 for the 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 of the
output data latch circuit do not change.

1.2.3 Output Ports (Port 1B, Port 1C, Port OF, Port OE, Port 0X, and Port 0Y)

An output portis used for writing the value of the port register to the 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 0X, 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: / SCK1, POAo / SOv)
POB (POB3 / Sh, POB2 / SCK2, POB1 / SO2, POBo / Sl2)
(Input/output)

POC (POC3 , POC2, POC1, POCo) (*1)
P1A (P1A3, P1Az, P1A1, and P1Ao)

e Y]

L

|_

|_;
l__

*1: The RESET signal is not provided to POC.

1.3.2 POA (POA3 / SDA and POA:2 / SCL) (Input/Output)

%ﬂgg

_ﬁf”__
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1.3.3  P1B (P1Bo / CGP)
P1C (P1Cs, P1C2, P1C1, and P1Co)
P2A (P2A0) (Output)
LCDo / POYo / KSo to LCD2s / POFs

=
-

=

ks

1.3.4 P1B (P1B: / PWM: and P1B2 / PWM;, and P1B1 / PWMo) (Output)

A

”

1.3.5 POD (POD3 / ADCs, POD2 / ADCs4, POD1 / ADC3, and PODo / ADC2) (Input)

Voo
-

I A/D converter

e
.
"

High On resistance

o
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1.3.6  P1D (P1D1 / ADC1 and P1Do / ADCo) (Input)

<
o
°

A/D converter

L
1

}JTLJT\_+

1.3.7 P1D (P1D3 / FMIFC, and P1D2 / AMIFC) (Input)

DD

ARSI

:
"
F

——

General port

.i. High On resistance

F

1
=

=

e
o

2-47

|._

Voo
Il Frequency counter




wPD17003A N E C ;

1.3.8 CE
INT1 (Schmit trigger input)
INTo

1.3.9  Xout (output) and Xin (input)

Voo L HighOn

- + resistance Voo

g@* ﬁ%
3

Internal clock

I__

High On
resistance

L
Xout O B—‘
T
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1.3.10 EO1 (Output)
EOo [ WPV
Voo
u
1.3.11  LPFin (input), LPFout (output), and Viee
O Vier
Voo
LPFour
O
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1.3.12 COM: {Output)
COMo
Voo Voo
T
o m High On resistance
L]
T Ak
High On resistance
1.3.13 VCOH {Input)
vCcoL

Voo = High On
Voo

—— lr—LL resistance
T
4—! F
Ot
_|

F

High On
resistance 77
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2. BLOCK DIAGRAM
[
1/16, Swailow
VCOH O"—wi 117 Counter b Eg?
Programmable ——O COMO
veoL Divider Phase ———O0 COM1

CPU Clock

ot

——OLCDo / POYo / KSo
————COLCD1 / POY1 / KS1
———OLCD2 / POY2 / KS2
———OLCDs / POY3 / KS3

|

————O LCD2¢ / POE:2
———O LCD2s / POEs
———0O LCD26 / POFo
————O LCD27 / POF1
———-0O LCD2s / POF2
————0O LCD2s / POFs

+——O P1Ds / FMIFC

Counter \*Egﬂ

1

P1Dz / AMIFC

Converter

O POD2 / ADCa
PODs / ADCs

||

——OP1Bo / CGP

O P1B1 / PWMo

Converter

O P1B2 / PWM1

P1B3 / PWM2

-O INTo

Q INT:

Xiv O—g\;—~ Divider Selector |— Timer
16
Xout O
] roa )
RF
IF
POA0 / SO1 O <):
POA: / SCK1 RAM
POAz / SCL 320 x 4 bits
POPG:«B: /Sgc ?} Serial 1/0 <:>
POB1 / SOz O SYSREG
R (————
3 1 O
=N
L] > ALU
POB <:> ,;
/
nstruction
gggo Decoder
1
Foc o roc (—) =
POCs O———
P10/ FCG O—— ROM
P1A I O—] 3836 x 16 bits
P1Az0—— P1A
P1AsO——
S— (———
l’:‘} g; o—— PI1C <:> Program Counter
P1C: O—— /E
o] Stack <:'
P o) S G
.
Vooz O———
Vooi O Reset
CEO——r

GNDOﬂ
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INSTRUCTION SET

bis 0 1

b1+ b1z biz bn
00 0 00| ADD r..m ADD m, =i
0 0 0 11| SUB r, m SUB m, i
0 0 1 0|2| ADDC . m ADDC m, =i
0 0 1 1|3, SUBC rn m SUBC m, =i
01 0 0{4]| AND r. m AND m, Ei
01 0 1[5] XOR . m XOR m, =i
01 1 0{6| OR . m OR m, =i

INC AR

INC IX

MOVT DBF. @AR

-BR @AR

CALL @AR

RET

RETSK

El

DI
011 17 RET]

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 08| LD . m ST m. r
1 0 0 1/9| SKE m., =i SKGE m, =i
1 01 0f[A| MOV @r, m MOV m, @r
1 0 1 1|B| SKNE m, Fi SKLT m, i
1 1 0 0|C| BR addr (page0) CALL addr (page0)
110 1|D| BR addr (pagel) MOV m, £
111 0|E SKT m, £n
111 1|F SKF m. £n
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LIST OF INSTRUCTIONS

Legends

IXE
DBF
WR

MP
MPE
PE

P

Pu

Pu

PC

SP
STACK
STACKrc
BANK
(ROM)pc
INTEF
SGR

i

n

addr
cY

c

b

h

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)
Addressregister

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
E Mnemonic | Operand Operation Operation
= code
r, m (R) « (R) + (M) 00000 my mL r
.| ADD
k] mo #i | (M)« (M) +i 10000 mu m. i
2 nm | (R < (R + OD + (CY) 00000 | mu | mu r
% | ADDC
£ m, #i | (M) < (M) +i+ (CY) 10010 mk mL i
el
2 Ine AR (AR) < (AR) +1 00111 000 | 1001 | 0000
’ IX (IX) « (IX) +1 00111 | 000 | 1000 | 0000
r. m (R) < (R) = (\D 00001 mH mi r
_ £/ SUB
g% m #i | (M) < D =i 10001 | mw | mi i
« 3
L nm (R) « (R) = (\D — (CY) 00011 mh mu. r
% £{ SUBC
m #i | (M <« O\D —i- (CY) 10011 m mi. i
SKE m. #i [ (M) - i skip if zero 01001 m mi i
gg SKGE m, #i (M) =i, skip if not borrow 11001 mu mi. i
-]
§,ﬁ SKLT |m. #i | (M) —i skip if borrow 1ot | mw | m i
c T
"| SKNE m, #i (M) - i, skip if not zero 01011 mH mi. i
m #i [ (M) <« () ANDi 10100 | mn mi i
S| AND
s rm (R) « (R} AND (M) 00100 | mn mi r
b=
= m. #i [ (M) < (M) OR i 10110 my mi i
£|0R
= r, m (R) < (R) OR (M) 00110 mH mi r
o
& m. #i | (M) — (M) XOR i 10101 my mi. i
-~ | XOR
rn m (R) < (R) XOR (D) 00101 my m; r
LD . m (R) < (\D 01000 mu mi r
ST mor (M) «— (R) 11000 my my r
« if MPE=1 : [(MP), (R)] « (M) otot0 | m "
Mol MPE=0 ¢ [(mi). (R)] — (M) " ' r
MOV ] if MPE=1: (\D « [(MP), (R)] 11010 o
@
5 ™ U1 i MPE= 0 : (M)« [(mw. (R)] N B
3 m, #i | (M) —i 1m0l | mw | m i
£ MovT |DBF | (STACKrO — (PO) . (PO) — (AR) oot | oo | oot | o
Sg : @AR (DBF) « (ROM)pc, (PC) « (STACKP() 000
4
E PUSH | AR (SP) « (SP) -1, (STACKpc) < (AR) 00111 | 000 | 1101 | 0000
POP AR (AR) « (STACKrc), (SP) « (SP) +1 00111 000 | 1100 | 0000
PEEK | WR. tf | (WR) « (RF) 00111 rfu | 0011 | rfL
POKE |rf, WR | (RF) « (WR) 00111 i | 0010 | rfL
GET DBF, p | (DBF) « (PE) 00111 pn | 1011 | po
PUT p. DBF | (PE) «— (DBF) 00111 pn | 1010 | po
g’-‘ SKT m. #n |if (M)a=all “1",then skip 110 | mw mi. n
£Z/SKF  |m. #n |if (M)n=all “0" then skip m | ome | om n
£ (PC) «addr, (PC)zn+<20 01100
fé% addr addr (11 bits)
55| BR (PC) « addr, (PC)z=n+1 01101
L7
£ @AR | (PO < (AR) 00111 | 000 l 0100 T 0000
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] ) ) Machine code
g Mnemonic | Operand Operation Operation
code

& (CY)
&
2 | RORC r 00111 000 0111 r
& (R)b3 = (R)b2 = (R)b1 = (R)bo ——J
- ad (SP) < (SP) -1, (STACKrc) < ((PC) + 1), 11100 ddr (11 bits)
2 2% (PO) ey <0, (PC) «addr acdr 10 bIs
g | CALL
=] (SP) < (SP) — 1, (STACKrc) < ((PC)+ 1),
2 @AR 00111 000 0101 0000
- (PC) < (AR)
'g RET (PC) « (STACKrc), (SP) < (SP) +1 00111 000 1110 0000
<)
é RETSK (PC) « (STACKrc), (SP) « (SP) + 1, skip 00111 001 1110 0000
2]

RETI (PC), (BANK), (IXE) < (STACK), (SP) < (SP) + 1 | 00111 100 1110 | 0000
% EI INTEF+1 00111 000 1111 0000
E DI INTEF<0 00111 001 1111 0000
” STOP 0 stop clock if CE = low 00111 010 1111 0000
B
% HALT h halt 00111 011 1111 h
o

NOP No operation 00111 100 1111 0000

ASSEMBLER (AS17K) BUILT-IN MACRO INSTRUCTION

Legend

flag One of flagl-flagn

flagl-flagn Flag names indicated by reserved words

n Number

<> Omission allowed

Mnemonic Operand n Operation

SKTn flagl, ---flagn 1=n=4 |if (flag) ~(flagn)=all “17, then skip

SKFn flagl, ---flagn 1=n=4 [if (flag)) ~ (flagn)=all 0", then skip

SETn flagl, ---flagn 1=n=4 | (flagl) ~ (flagn) <1

CLRn flagl, ---flagn 1=n=<4 | (flagD ~ (flagn) <0

if (flag="0" -1 &
NOTn flagl, - flagn l<ns4 if (flag 0", then (flagl—1 &
if (flag)="1", then (flag) —0
INITFLG <‘\'(?T>‘flag1. if description=NOT flag, (flag)<—0
-+ <NOT >flagn if description=flag, (flag)«1
BANKn 0=n=2 | (BANK) «n, 0=n=2
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pPD17003A RESERVED WORDS

UIST OF RESERVED WORDS

System Register (SYSREG)

Reserved word | Type Address Read/ Function
Write
AR3 MEM | 0.74H R Address register bit bis-biz
AR2 MEM | 0.75H R Address register bit bii-bs
AR1 MEM | 0.76H R/W Address register bit br-bs
ARO MEM | 0.77H R/W Address register bit bs-bo
WR MEM | 0.78H R/W | Window register
BANK MEM | 0.79H R/W | Bank register
IXH MEM | 0.7AH R/W Index register high
MPH MEM | 0.7AH R/W Memory pointer high
MPE FLG | 0.7AH.3 R/W | Memory pointer enable flag
IXM MEM | 0.7BH R/W Index register middle
MPL MEM | 0.7BH R/W Memory pointer low
IXL MEM | 0.7CH R/W | Index register low
RPH MEM | 0.7DH R/W General register pointer high
RPL MEM | 0.7EH R/W General register pointer low
PSW MEM | 0.7FH R/W Program status word
BCD FLG 0.7EH.0 R/W BCD flag
CMP FLG | 0.7FH.3 R/W | Compare flag
(0'¢ FLG | 0.7FH.2 R/W | Carry flag
VA FLG 0.7FH.1 R/W Zero flag
IXE FLG 0.7FH.0 R/W Index enable flag
26.1.2 Data buffer (DBF)
Reserved word | Type Address Reéd/ Function
Write
DBF3 MEM | 0.0CH R/W DBF bit bi; to b2
DBF2 MEM | 0.0DH R/W DBF bit b1 to bg
DBF1 MEM | 0.0EH R/W DBF bit b; to by
DBF0 MEM | 0.0FH R/W

DBF bit b3 to be
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LCD dot data register

Reserved word | Type Address l‘j:::e/ Function

LCDDO MEM | 0.60H R/W | LCD data register
“Leom MEM | 0.61H R/W | LCD data register 7
“Leopz MEM | 0.62H R/W | LCD data register
“Leops | MEM | 0.63H | R/W | LCD data register 7

LCDD14 MEM | 0.6EH R/W LCD data register

2-57




uPD17003A
General port register
Reserved word | Type Address Reéd/ Function
Write
POA3 FLG 0.70H.3 R/W | Port 0A bit bs
poAz FLG | 0.70H.2 | R/W | Port 0A bit b2 |
POAl ---------------- FLG 0.70H.1 R/W | Port OAbltbl --------------------------------------------------------------------
Tpoa0 | FLG | 0.70H.0 | R/W | Port A bit b
POB3 FLG 0.71H.3 R/W Port 0B bit bs
POBZ >>>> FLG 0.71H.2 R/W Port 0B bit b T
| poB1 | FLG | 0.71H1 | R/W | Port OB bitbi |
B FLG | 0.71H.0 | R/W | Port 0B bit b ]
POC3 FLG 0.72H.3 R/W Port 0C bit bs
POCZ ------- FLG 0.72H.2 R/W Port 0C bit b2 T
Pt | FLG | 0.72H1 | R/W | PortoC bit b 7
POCO FLG 0.72H.0 R/W PortOC bit o0 T
POD3 FLG 0.73H.3 R Port 0D bit bs
poD2 | FLG 073H2 R Port 0D bit be
PODl --------------- FLG 0.73H.1 Port 0D bit b T
CPoD0 | FLG | 0.73H.0 R | Port 0D bitbo
POXL3 FLG 0.68H.3 R/W Port 0X bit b
POXL2 FLG 0.68H.2 R/W Port 0X bit bo
POXL1 FLG 0.68H.1 R/W i Dummy ---------------------
’ POXLO FLG 0.68H.0m" R/W ----- Dummy ------------------
POXH3 FLG 0.69H.3 R/W | Port 0X bit bs
POXH2 FLG | 0.69H.2 | R/W | Port OX bit be 7
Tpoxml | FLG | 0.69H.1 | R/W | Port OX bitb
TpoxHo | FLG | 0.69H.0 | R/W | Port OX bit b |
POE3 FLG 0.6BH.3 R/W Port OE bit bs
Pz | FLG | 0.6BH.2 | R/W | Port OE bitb
POE1 FLG | 0.6BH.1 | R/W | Port OE bt bi
CPoEO | FLG | 0.6BH.0 | R/W | Port OE bit bo
POF3 FLG 0.6DH.3 R/W OF bit bs
POF2 FLG 2 | RW | Port OF bit be T
POF1 FLG | 0.6DH.1 R/W | Port OF bit & T
POFO ------------ FLG. 0.6DH.0 R/W Port 6F bitbo T
P1A3 FLG 1.70H.3 R/W | Port 1A bit bs
Tpaz | FLG | 1L70H.2 | R/W | Port 1A bitbe
TPl | FLG | 1.70H.1 | R/W | Port 1A bitte ]
TPlA0 | FLG | 1.70HO0 | R/W | Port 1A bit bo T
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Reserved word | Type Address R('ea.d/ Function
Write

P1B3 FLG | 1.71H.3 | R/W | Port 1B bit by
“piB2 FLG | 1.71H.2 | R/W | Port 1B bit bz
TPl FLG | 1.mH.1 | R/W | Port 1B bt &1 T

PIBO FLG | 1.71H.0 | R/W | Port 1B bit bo 7T

PIC3 FLG | 1.72H.3 | R/W | Port 1C bit bo
“pice ] FLG | 1.72H.2 | R/W | Port 1C bit b T
“mcr | FLG | 1.72H.1 | R/W | Port 1C bit b
“pico | FLG | 1.72H.0 | R/W | Port 1C bit bo T

P1D3 FLG | 1.73H.3 | R/W | Port 1D bit bs
“pipz | FLG | 1.73H.2 | R/W | Port ID bit b» T
TPioi | FLG | 1.73H.1 | R/W | Port 1D bit br
TP | FLG | 1.13H.0 | R/W | Port 1D bit bo 777

P2A3 FLG | 2.70H.3 | R/W | Port 2A bit bs

| 2
P2A0 FLG R/W | Port 2A bit bo
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Register file (Control register)

Reserved word | Type Address Rea.d/ Function

Write

Sp MEM | 0.81H R/W Stack pointer

SI02TS FLG | 0.82H.3 R/W | SIO: start flag

CsiozHIZ | FLG | 0.82H.2 | R/W | SO:/POB: select flg
slozcKL | FLG | 0.82H.1 | R/W | SIO: clock select bit by
si02cKo | FLG | 0.82H.0 | R/W | SIO: clock select bit by

IFCG FLG 0.84H.0 IF counter gate status flag

PLLUL FLG | 0.85H.0 PLL unlock FF flag

ADCCMP FLG | 0.86H.0 ADC judge flag

CE FLG 0.87H.0 CE pin status flag

SIOICH FLG | 0.88H.3 R/W | SIO1 mode select flag

SIOr TX/RX select flag

Timer interrupt mode select flag

Timer carry FF mode select flag

INT: pin status flag

INTo pin status flag

Key source decoder enable flag

LCD driver enable flag

Port 0Y enable flag

Port OF enable flag

IFCCKO

IF counter mode select flag

IF counter clock select flag

PWM20N

PWM2 enable flag

CGPON FLG | 0.93H.0 R/W | CGP enable flag

ADCCH3 FLG 0.94H.3 R AD mode select flag (Dummy : 0)
ADCCH2 | | FLG | 0.94H.2 | R/W | AD mode select flag
CADCCH1 | FLG | 0.94H.1 | R/W | AD mode select flag
CADCCHO | FLG | 0.04H.0 | R/W | AD mode select flag
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Read
Reserved word | Type Address ea. / Function
Write
PLULDLY3 FLG | 0.95H.3 R PLL unlock time select flag (Dummy : 0)
PLULDLY?2 FLG 0.95H.2 R PLL unlock time select flag (Dummy :0)

95H.0 | R/W | PLL unlock time select flag

PLULDLY0 FLG | 0
KEY] FLG | 0.96H.0 R Key input judge flag
TMCY FLG 0.97H.0 R Timer carry FF status flag
SBACK FLG | 0.98H.3 R/W | SB acknowledge flag
SIOINWT | FLG | 0.98H.2 | R/W | SIO) not wait flag 7
CSIOIWRQL | FLG | 0.98H.1 | R/W | SIO, wait mode flag
SIOIWRQO | FLG | 0.98H.0 | RAW | SIO wait mode flag
1IEG1 FLG 0.9FH.1 R/W INT) interrupt edge select flag
CEGO | FLG | 0.9FH.0 | R/W | INT. interrupt edge select flag
PLLMD3 FLG 0.0A1H.3 R PLL mode select flag (Dummy :0)
CPLLMD2 | FLG | 0.0AIH.2 | R | PLL mude select flag (Dummy:0)
CPLLMDL | | FLG | 0.0A1H.1 | R/W | PLL mode select flag |
CPLLMDO | | FLG | 0.0AIH.0 | R/Y | PLL mode select flg
IFCSTRT FLG 0.0A3H.1 W IF counter start flag
IFCRES FLG 0.0A3H.0 W IF counter reset flag
POCGIO FLG | 0.0A7H.0 | R/W | Port 0C 1O select flag
SIO1SF8 FLG 0.0A8H.3 R/W SIO: clock counter status flag

0
X 0. 0 SB start stop condition status flag
IPIFC FLG 0.0AEH.0 R/W IF counter interrupt permission flag
IPSIO1 FLG 0.0AFH.3 R/W | SIO: interrupt permission flag

IPTM FLG 0.0AFH.2 R/W | Timer interrupt permission flag

INT: interrupt permission flag

.0AFH.0 R/W INT. interrupt permission flag
3 R/W PLL reference clock select flag

PLLRFMDO FLG
P1ABIO3 FLG

0BIH.0 R/W | PLL reference clock select flag
3 R/W | Pl1A: I O select flag

PIABIOO 0.0BSH.0 | R/W | PlA. 10 select flag
POBBIO3 FLG | 0.0B6H.3 | R/W | POB: 10 select flag
CPOBBIOZ
TPOBBIOT
"POBBIOO FLG | 0.0B6H.0 | R/W | POB. 10 select flag
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Reserved word | Type Address Rea‘d/ Function
Write

PIABIO3 FLG | 0.0B7H.3 | R/W | P0As 1/O select flag
’ POABIO2 FLG 00B7H2 R/W | P0A: 1/O select flag
TPOABIOI FLG | 0.0B7H.1 | R/W | P0A: 1/O select flag
"POABIOO FLG | 0.0BTH.0 | R/W | P0As 1/O select flag

SIO1IMD3 FLG 0.0B8H.3 R SIO: interrupt mode select flag (Dummy : 0)
"SIONMD2 | FLG | 0.0B8H.2 | R | SIO interrupt mode select flag (Dummy:0)

SIO1IMD1 FLG | 0.0B8H.1 R/W | SIO: interrupt mode select flag

R/W | SIO1 interrup-{mode select flag

SIOIIMDO | FLG | 0.0B8H.0
SIOICK3 FLG 0.0B9H.3 R SIO, shift clock select flag (Dummy : 0)
SIOICK2 FLG | 0.0B9H.2 | R | SIO, shift clock select flag (Dummy : 0)
" SI0ICK1 FLG | 0.0B9H.1 | R/W | SIO: shift clock select flag
" SI01CK0 FLG | 0.0BSH.0 | R/W | SIO: shift clock select flag
IRQIFC FLG 0.0BEH.0 R/W | IF counter interrupt request flag
IRQSIO1 FLG 0.0BFH.3 R/W SIO:! interrupt request flag
IRQTM FLG | 0.0BFH.2 | R/W | Timer interrupt request flag
" IrQ! FLG | 0.0BFH.1 | R/W | INT: interrupt request flag
"IRQO FLG | 0.0BFH.0 | R/W | INTo interrupt request flag
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Peripheral hardware address

Read/ .
Reserved word | Type Address - Function

Write
DBF DAT 0FH R/W Data buffer address of GET/PUT instruction
X DAT | 01H R/W | Index register address of INC instruction
ADCR DAT 02H R/W A D converter VREF data register
SIO2SFR DAT | 03H R/W | SIO:2 presettable shift register

SIO1 presettable shift register

PWMO data

PWMI1 data register

PW M2 data register

LCD group data register

LCDR1 DAT | 09H w LCD group data register 1
LCDR2 | DAT | 0AH | W | LCD group data register 2
LCDRI | DAT | 0BH | W | LCD group data register 3
"LcpRe | DAT | ocH | W | LCD group data register 4
“pX | DAT | ocH | W | Port 0X data register
CLCDRS | DAT | 0DH | W | LCD group data register 5
LCDR6 | DAT | oEH | W | LCD growp data register 6
CLCDR7 | DAT | OFH | W | LCD group data register 7
CGPR DAT 20H R/W CGP data register
AR DAT | 40H R/W | Address register address of GET PUT PUSH CALL BR MOVT INC instruction
PLLR DAT | 41H R/W | PLL data register
KSR DAT | 42H R/W Key source data register
Py DAT | 424 R/W | Port 0Y data register |
IFC DAT 43H R IF counter data register
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Unless otherwise specified, T» = 25 + 2 °C)

Source voltage Voo -0.3to +6.0 v
Input voltage Vi -0.3to Voo + 0.3 v
Output voltage Vo Excluding P18, to P1Bs, POA2, POAs and LPFour -0.3to Voo +0.3 \'
Output withstand voltage Veos1 P1Bs to P1B;, LPFour 18.0 \'
Output withstand voltage Veos2  POAz, POAs Voo +0.3 v
Output absorbing current lo 10.0 mA
Operating temperature Tom -40to +85 °C
Storage temperature Tug -55t0 +125 °C

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTICS SYMBOL | MIN. | TYP. [ MAX. | UNIT CONDITION
Source voltage Voo1 4.5 5.0 55 \" PLL and CPU are operating
Source voltage Vo2 35 5.0 5.5 v PLL is OFF and CPU is operating
Data holding voltage Voor 22 5.5 \" Quartz oscillator OFF
Source voltage rise time Trise 500 ms Vop=045V
Input amplitude Vim 0.5 Voo Vep | VCOL,VCOH
Input amplitude Vinz 0.5 Voo Vep | AMIFC, FMIFC
Output withstand voltage Vsos 16.0 \" P1B1 to P1Bs, LPFour
Operating temperature Topt -40 +85 °C
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DC CHARACTERISTICS (UNLESS OTHERWISE SPECIFIED, T, = —40 to + 85 °C, Voo = 4.5 to 5.5V)

STANDARD VALUE

CHARACTERISTICS SYMBOL CONDITIONS
MIN. TYP. MAX. | UNIT

Source voltage Voo 45 5.0 55 v CPU and PLL are operating

Source voltage Voo2 35 5.0 55 Vv CPU is operating and PLL is OFF.

Source current lop1 1.2 24 mA | CPU is operating and PLL is OFF Xin pin
Sirc wave input (fin = 4.5 MHz, Vin,
Voo),
T:=25°C

Source current loo2 0.45 0.90 mA i CPU is operating, PLL is OFF, and HALT

Instruction is used {20 Instructions
executed per 1 ms).

X~ pin

Sinc wave input

fin 4.5 MHz, Vin = Voo, Ta = 25°C

Data holding voltage VooR1 35 55 Y Power failure detection by timer FF,
quartz oscillator oscillating

Data holding voltage VooR2 2.2 55 ] Power failure detection by timer FF,
quartz oscillator not oscillating

Data holding voltage Voors 20 i 55 V | Data memory (RAM) holding

Data holding current loom 2 15 HA Quartz oscillator not oscillating Ta =
25°C

Data Holding current loorz 2 10 HA Quartz oscillator not oscillating Voo =
50V T.25°C

Intermediate level output Voms 2.3 25 2.7 \Y COMo CGM1 Voo 5V

voltage

High level input voltage Vin 0.8 Voo Vv POAo, to PCAs, POBo to POBs,

Voo POCo to POC3, P1Aq, to P1Bs,
P100, to P10s, CE, INTo, INT:

High level input voltage Vinz 0.6 Voo \ P0ODo to POOs
Voo
Low level input voltage Vie 0 0.2 \ POAs to POAs, POBo to POB3,
Voo POCo to POCs, PODo, to PODs,
POA, to P1Ca, P1Do to P1Ds, CE, INTo,
INT
High level output current low -1.0 -5.0 mA | POAs to POAs, POBq to POBs,

POCo to POCa, PODo to PODs,
P1Co to P1As, P1Bo to P1As,

Vou = Voo -1V
High level output current lowz -1.0 -4.0 mA | LODo to LCl2s EO0 EOy

Vo = Voo - 1V
Low level output current lout 1.0 7.0 mA | POAo to POAs, POBo, to POBs,

POCo to-POCs, P1Ao, to P1As,
P1Co, to P1Cs, P1Bo, P2Ac VoL 1V

Low level output current loL2 1.0 35 mA | LCDoto LCO29 EQo = EI0s Vo 1V
Low level output current lows 1.0 2.0 mA | P1Bito P1Bs Vo1V
Low level output current loca 1.0 10.0 mA | POAz POAs Vo 1V
High level output current lina 0.1 0.8 mA | VCOH pull-down Vix = Voo
High level input current [ 0.1 0.8 mA | VCOL pull-down Vir = Voo
High level input current lina 0.1 1.3 mA | Pn pull-down Vin = Voo
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CHARACTERISTICS SYMBOL STANDARD VALUE CONDITION
MIN. | TYP. MAX. | UNIT
High Level input current Ima 005 | 0.3 0.30 mA PODo to PODs pull-down Viu =Voo
Output off leak current ] 500 nA POA:2, POAs Von=Voo
Output off leak current Iz 500 nA P1B: to P1Bs, LPFour Von=16V
Output off leak current I +100 nA EQo, EO1 Von=Voo1 Vou=0V

AC CHARACTERISTICS (Unless otherwise specified, T» =~40t0 +85°C, Voo =4.5t05.5V)

STANDARD VALUE
CHARACTERISTICS SYMBOL CONDITION
MIN. TYP. MAX. | UNIT
Operating frequency finm 0.5 30 MHz VCOL MF mode, sine wave input
Vin=0.3 Ver
Operating frequency fin2 5 40 MHz VCOL MF mode, sine wave input
Vin=0.3 Ver
Operating frequency fins 9 150 MHz VCOL, sine wave input Vin=0.3 Vrr
Operating frequency fina 9 250 MHz VCOL, sine wave input Vin=0.3 Ve.r
Operating frequency fins 0.1 1 MHz AMIFC, sine wave input Vin=0.3 Vr.r
Operating frequency fine 5 15 MHz FMIFC, sine wave input Vin=0.3 Ve
AD converting resolution 6 bit
Absolute accuracy of AD +1 +1.5 LsSB Ta=+ 10to + 50°C
conversion
REFERENCE CHARACTERISTICS
STANDARD VALUE
CHARACTERISTICS SYMBOL CONDITION
MIN. TYP. MAX. | UNIT

Source current loos 15 mA CPU and PLL are operating

VCOL sine wave input

fin=150 MHz

Vin=0.5 VP-P

Voo=5V Ta=25°C
High level output current lows -0.2 mA COMo, COM: Vou=Voo-1V
Intermediate level output lom -20 HA COMo, COM1 Vom=Voo+1V
current
Intermediate level output lomz 20 HA COMo, COMy Vom=1V
current
Low level output current lows 0.2 mA COMo, COM: Vo=1V
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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* (IEI-1207).

uPD17003AGF
Soldering process Soldering conditions Symbol

Peak package’s surface perature: 230 °C or below,

Infrared ray reflow Reflow time: 30 seconds or below (210 °C or higher), IR30-00
Number of reflow process: 1, Exposure limit*: None
Peak package’s surface temperature: 215 °C or below,

VvPS Reflow time: 40 seconds or below (200 °C or higher), VP15-00
Number of reflow process: 1, Exposure limit*: None
Solder tem perature: 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”.

2-67




NEC




N E C 1PD17005

SINGLE CHIP MICROCONTROLLER
FOR DIGITAL TUNING SYSTEM

The uPD17005 is a 4 bit single chip CMOS microcontroller equipped with the hardware exclusively for digital
tuning systems.

Adoption of the uPD17000 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 uPD17005 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 uPD170056 provides a high performance and multi-functional digital tuning system.

The one-time PROM (OTP) uPD17P005 is available for evaluating the uPD17005 program and low quantity pro-
duction,

The uPD17003, which contains the compressed program memory (ROM), is compatible with this microcon-
troller.

FEATURES

® Employment of the uPD17000 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 us (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
Internal interrupt 3 channels
® Equipped with power on reset/CE pin reset/electrical blackout detection circuit
® CMOS low energy requirement
® Voltage: 5V *10%

ORDERING INFORMATION
Order Code Package

uPD17005GF-xxx-3B9 80-pin plastic QFP (bent lead)

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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TABLE OF uPD17005 FUNCTIONS

NAME FUNCTION

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

Program memory (ROM)

System register 12 nibbles

Register file 33 nibbles

Port register (including LCD register) 24 nibbles

Instruction execution time 4.44 us (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)

One port

Clock generator port (CGP)
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 Vpp, 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:
2 channels (INTq pin, INT4 pin)

Interrupt
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 (VCOL pin 20 MHz MAX.)
Pulse swallow (VCOL pin 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 counter

Frequency measuring
P1D3/FMIFC pin 0.1 to 1 MHz
P1D2/AMIFC pin  5to 16 MHz
External gate width measuring
POA/FCG pin

Power voltage

5V £10%

Package

80-pin plastic QFP
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1. PINS
1.1 PIN CONFIGURATION (Top View)
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1.2 PIN DESCRIPTION

PIN INPUT/ | OUTPUT
SYMBOL PIN NAME DESCRIPTION
No. OUTPUT | FORMAT

4 bit general purpose input/output port pins.

Specify input or output in 4-bit units. (Group 1/0)

79 POC3 Specify input/output by the register file's POCGPIO register
80 POC2 Input/ CMOs Port 0C (address 27H).

1 POCq output push/puil To read the input data or to set the output data, use the
2 POCo port register's POC 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 SIOTMODE register (address 08H) and the
SIO2MODE register (address 02H).

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

Specify input or output in 1-bit units (bit 1/0).

To specify input/output, use the register file's POABIO re-
gister (address 35H).

To read the input data or set the output data, use the port
register's POA register (BANKO address 70H). 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 POA: A N-ch
3/SO, © . (2) When used as a serial interface:
4 POA2/SCL open drain

Input/ Port 0A There are two serial interface lines: serial interface 1 and

5 POA1/SCK output cMOS serial interface 2 including the Port 0B (7 to 10 pins).

6 POAQ/SO1 push/pull The serial interfaces 1 and 2 can be used together at the same
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 SIO1

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

register file SIO2MODE 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/SCK1 Clock input/output face 1
POAQ/SO1 Data output 3 lines
POB3/Siq Data input
POB2/SCK2 Clock input/output Serial
POB1/S02 Data output 3lines | inter-
f
POBo/SI2 Data input ace 2
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PIN.

SYMBOL

INPUT/
OUTPUT

OUTPUT
FORMAT

PIN NAME

DESCRIPTION

LU I 2

POA3/SDA
POA2/SCL
POA1/SCKq
POAQ/SO1

The POA3/SDA and POA2/SLC pins require external pull
up resistance because they are N-ch open drain.

These pins are set as an input port of the general purpase
input/output port during power on resetting, clock stop
instruction execution, and CE resetting.

POB3/Slq
POB2/SCK3
P0B1/SO2
POBg/SI2

Input/
output

CMOSs
push-pull

Port 0B

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 SIO1MODE register (address 08H) and the
SIO2MODE register (address 02H).

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

Specify input or output in 1-bit units (bit 1/0).

To specify input/output, use the register file’s POBBIO
register (address 35H).

To read the input data or set the output data, use the port
register’s POA register (BANKO address 71H).

These pins are set as an input port during power resetting,
clock stop instruction execution, and CE resetting.

(2) When used as an serial interface:

There are two serial interface lines: serial interface 1 and
serial interface 2 including the Port 0A (3 to 6 pins).

These pins are set as an input port of the general purpose
input/output port during power resetting, clock stop instruc-
tion execution, and CE resetting.

1"
12

INT,
INTg

Input

Interrupt

Input pins for external interrupt request signal

Interrupt 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
1FH), INTq pin, or INTq pin. Interrupt requests are not
accepted unless permitted (maskable interrupt).

The EI instruction permits all interrupts, and the INTq pin
or INT1 pin sep: ly also gives per . To give inter-
rupt permissions, use the register file's INTPM2 register
(address 2FH). Interrupt requests are accepted if permitted.
Interrupts accepted by the INTq pin shift the flow of the
program to address O5H, and interrupts accepted by the
INT{ pin shift the flow of the program to address 04H.
Interrupts accepted by the INTQ pin are executed before
interrupts accepted by the INT1 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 INTJDG register (address OFH) checks

the status of these pins and assigns them as a general pur-
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 INPUT/ | OQUTPUT
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 uA). (when

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

cuted as the NOP instruction.) During the clock stop in-
Chip struction execution, the LCD driver display mode is turned

enables off (LCDQ to LCD27, COMg, COM1 pins set to low) and

the input/output ports (Port OA, Port 0B, Port OC, Port 1A)

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

13 CE Input -

carrier F/F synchronizes and resets the device. When the
device is reset, the flow of the program shifts to address 0
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 165 us 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 07).

This pin features Schmidt trigger input with the hysteresis
characteristics. Do not apply voltage higher than the Vpp
pin when turning on the power.

Pins functioning both as a 4-bit general purpose input/out-
put port or external gate counter (P1Ag/FCG pin).

To switch from an input/output port to external gate

14 P1A3 counter, use the register file’s IFCMODE register (address
15 | P1A2 Input/ cmos Port 1A 12H) and the SI02MODE register (address 02H).

16 P1A1 output push-puli

17 P1AQ/FCG (1) When used as a 4-bit input/output port:

Specify input or output in 1-bit units (bit 1/0). To specify
input/output, use the register file’s P1A register (address
35H).

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.

2-76



E pPD17005

PIN INPUT/ OUTPUT
No. SYMBOL OUTPUT | FORMAT PIN NAME DESCRIPTION
(2) When using as an external gate counter (FCG)
(P1AQ/FCG pin):
These pins measure the time interval between two rising
edges of the P1Ag/FCG pin. To measure the internal refer-
ence frequencies (1 kHz, 100 kHz, 900 kHz), use the 16-bit
counter.
14 P1Ag To specify_ the external gate counter, use the register file's
15 P1Ag Input/ cMos bort 1A ::;ere(:sDzEa:?lster (address 12H) and IFCCONT register
16 P1Aq output push-pull :

To set the P1Ag/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 |FCMODE register
and IFCCONT register also control the frequency counter
(P1D3/FMIFC and P1D2/AMIFC pins) and the clock gen-
erator port (P1Bg/CGP pin).

These pins are set as input ports during power on resetting,
clock stop instruction execution, and CE resetting.

17 P1AQ/FCG

Pins functioning as a 4-bit general purpose input/output
port, D/A converter (P1B2/PWM2, P1B2/PWM1, and
P1B1/PWMq pins), and clock generator port (P1Bg/CGP
pin).

To switch from an input/output port to D/A converter or
to clock generator port, use the register file’s PWMMODE
register (address 13H).

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

To set the output data, use the port register’s P1B register
(BANK1 address 71H).

The P1B3/PWM2, P1B2/PWM1, and P1B1/PWMg pins re-
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/PWM3 N-ch previous values are retained during clock stop instruction
19 P1B2/PWM1 open drain execution or CE resetting.
P Output Port 1B
20 181/PWMo cMOS (2) When used as a D/A converter (PWM output)
(P1B3/PWM2, P1B: ins):
2 P1Bo/CGP push-pull 3/ 2. 2/PWM1, and P1B1/PWMg pins):

The P1B3/PWMp, P1B2/PWM1, and P1B1/PWMgq 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
256.25/256 duty (256 gradations).

To set the duty, use the PWMRO to PWMR2 register
(address 05 to 07) via the data buffer,

0.26 + X
= =22 =0 to 255
(Duty 256 X =0 to 255)

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 SYMBOL INPUT/ | OUTPUT PIN NAME DESCRIPTION
No. OUTPUT | FORMAT

(3) When used as a clock generator port (CGP)
(P1Bg/CGP pin):

To set the P1Bg/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/PWMy open drain frequency by 4 to 130 (64 gradations).

20 P1B1/PWMo Output Port 1B To set the data for VDP and SG functions, use the CGPR

Ccmos register (address 20H) via the data buffer.

P1Bo/CGP h-pull
21 0/ push-pu 24X

67

18 kHz
2(2+X)

VDP duty X=0to 63

SG divider =

The P1Bg/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 PiC3 To set the output data, use the port register's P1C register
23 P1C: CMOS

2 Output Port 1C (BANK?1 address 72).
24 P1Cq push-pull The data output during power resetting is 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 (P1D3/FMIFC, P1D2/AMIFC pins) and

A/D converter (P1D1/ADCq, PADg/ADCq pins).

To switch from input port to frequency counter, use the
register file’s IFCMODE register (address 12H).

To switch from input port to A/D converter, use the register
file's ADCCH register (address 14H).

(1)  When used as a 4 bit input/output port:
To read the input data, use the port register’s P1D register
(BANK?1 address 73H).

26 P1D3/FMIFC (2) When used as a frequency counter:

27 P1D2/AMIFC To use the P1D3/FMIFC and P1D2/AMIFC pins as a fre-
28 P1D1/ADCq Input - Port 1D quency measuring pin, use the register file IFCMODE register.
29 P1Dg/ADCo The measurable frequency bands for the P1D3/FMIFC pins
are 5 to 15 MHz (0.3 Vp-p input) and 0.1 to 1 MHz (0.3
Vp-p input) for the P1D2/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 P1D3/
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

SYMBOL

INPUT/
OUTPUT

QuUTPUT
FORMAT

PIN NAME

DESCRIPTION

26
27
28

P1D3/FMIFC
P1D2/AMIFC
P1D1/ADCq
P1Dg/ADCo

Input

Port 1D

The intermediate voltage of the selected pins are set to
approx. 1/2 Vpp. Non-selected pins are used as a general
purpose input port. Initialize the AC amplifier by program-
ming as y, b it is not disabled by resetting the
CE pin (No. 13) to low. (Noise from the active amplifier
may i the current ion.)

Use the frequency counter, external gate counter, and clock
generator port separately because the IFCMODE register
specifies the external gate counter (P1Ag/FCG pin) as well
as the clock generator port (P1Bg/CGP pin). These pins are
set as a general purpose input port during power resetting
and clock stop instruction execution,

These pins il acting as a fr during CE

resetting.

(3) Used as an A/D converter

(P1D9/ADC4, P1Dg/ADCq pin):
To use these pins as a 6-bit A/D converter, use the register
file’s ADCCH register (address 14H).
Up to six channels can be switched for the P1D1/ADC1,
P1Dg/ADC pins as well as the POD3/ADCs to PODg/ADC2
pins (75 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 port during
power resetting and clock stop instruction execution.
These pins continue acting as an A/D converter during CE
resetting.

30
41

VbD1
VbD2

Power

Device power pin.

These pins supply 5 V £10 % voltage to the CPU and peri-
pheral functions under operation. These pins lower the
voltage to 3.5 V if the CPU alone is being operated. When
the CE pin (No. 13) executes the clock stop instruction at
low, the crystal oscillator stops oscillation and entén the
data memory backup state. During this time, the power
voltage is lowered to 2.2 V.

When the power voltage rises from O to 4.5 V or when the
power voltage falls below 3.5 V (2.2 V for clock stop instruc-
tion) and rises to 4.5 V, the device enters the power resetting
state.

After power resetting, the peripheral circuit, system register,
and register files are initialized, and the program starts from
address 0. The power voltage rising time from O to 4.5 V
should be up to 500 ms.

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

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

black can be di 1 by di the timer carrier

F/F values of the register file, which are different during
power resetting and CE resetting.
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PIN SYMBOL INPUT/ | OUTPUT PIN NAME DESCRIPTION
No. OUTPUT | FORMAT

Do not apply a voltage higher than the Vpp pin to the rest
of the pins. Pay special attention to both Vpp pin and CE
pin rising simultaneously, otherwise resulting in latch up.
Always connect the Vpp1 and Vpp2 pins to the same

- - Power potential. The Vppy pin supplies power to the crystal
oscillation circuit (X)) and XQuT pins), error out circuit
(EOQ and EO1 pins), and low pass filter circuit (LPF|p and
LPFouUT pins); the Vpp4 pin supplies power to all other

30 Vob1
41 Vpbp2

parts.

Pin for entering PLL oscillation frequency (VCO).

To specify one of the two division methods, direct division
(MF mode) and pulse swallow (HF mode and VHF mode),
use the register file’s PLLMODE register (address 21H),
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
division VCOL |0.5—30 MHz | 0.3 Vp-p

MF mode

16 to
2'6-1

Oscillation Pulse 256 to
31 vcoL Input low input swallow VCOL | 5—40 MHz 0.3 Vp-p 2161
32 VCOH P Oscillation HF mode

high input

Pulse
swallow VCOH
VHF mode 9-250 MHz | 0.5 Vp-p

9-150 MHz | 0.3 Ve-p | 956 10
211

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 Vpp). 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 - - Ground Device ground pin

Crystal oscillator
The following shows the method for connecting the 4.5 MHz
‘crystal oscillator. uPD17005

34 X Out
ouUT utput cMOS Cr.ystal
35 XIN input oscillator

XouT XIN
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SYMBOL

INPUT/
OUTPUT

OUTPUT
FORMAT

PIN NAME

DESCRIPTION

35

Xout
XIN

Output
Input

CMOs

Crystal
oscillator

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

h istic and i the ion current.
Although the trimmer condenser connected to the X pin
is generally considered to adjust wider range of oscillation
f ies, it is ded that it be to the
crystal oscillator in use for a better oscillation stability. If
probes are connected to the XouT pin or X|N pin, the oscil-
lation frequencies cannot be adjusted correctly owing to
probe capacitance.
Thus, adjust while measuring the LCD driving waveform
(125 MHz) of the number of VCO 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
employ a divided 4.5 MHz.

36
37

EOq
EOg

Output

CMOs 3
state

Error out

Output pin for PLL frequency synthesizer charge pump.
These pins output high level when the divided VCO 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) is
lower than the reference frequency.

These pins are set to floating when the divided VCO fre-
quency hes the ref fi y.

To the PLL fr y synthesizer, use the exter-
nal low pass filter (LPF) and apply these pin outputs to the
voltage control oscillator (VCO).

The EOq pin and EO2 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
PLLULJDG register (05H). To select one of the four delay
times (0.5 us, 1 us, 2 us, disable) for PLL unlock state detec-
tion, use the register file's PLULDLY register (address 15H).

38
39

LPF|IN
LPFouT
VLPF

Input
Output

N-<ch
open drain

LPF
amplifier

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

uPD17005

N LPF
EOp EOy LPFIN LPFOUT VLPF POWER
Bd P SOURCE

TO FMVCO

TO AMVCO
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PIN INPUT/ | OUTPUT i
SYMBOL PIN NAME E IPTION
No. OUTPUT | FORMAT DESCRIPTIO

_ The LPFQuT pin requires pull up resistance because it is for

N-ch LPF N-ch open drain output. It withstands voltage up to 16 V.
open drain amplifier Apply a voltage, which is higher than that applied to the
LPFQuT pih, but not exceeding 16 V, to the V| pf pin.
The LPFouT pin is internally pulled up during PLL disabled
state.

38 LPFIN Input
39 LPFouT Output
40 VLPF -

1 bit output port pin.

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

CMOs address 70H).

42 P2Ag Output Port 2A ) . L
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.

Qutput pin for LCD driver common signal.
The LCD driver has 1/2 duty, 1/2 bias, a 250 Hz frame fre-
quency, and Vpp driving voltage.
Up to 60-dot display can be done by matrix with the LCDg/
POY/KSp to LCD2g/POF 3 pins.
These pins output three voltages: ground, 1/2 Vpp, and
43 | comy Common | DD - )

Output CMOS Dots light up when +Vpp potential difference is generated
44 | CcoMo signal between these pins and LCDo/POY(/KSg to LCD2g/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 LCDMODE 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 LCD driver segment signal output pins
(LCD29/POF3 to LCDQ/POY/KSq pins), key matrix source
signal output pins (LCD15/P0Y 15/KSq to LCDg/POYo/KSg
pins), and general purpose output port (LCD2g/POF3 to

45 LCD2g/POF3 LCD(/POY/KSq pins).

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

48 LCD2g/POFg general purpose output port, use the register file LCOMODE
register (address 10H) or the LCDPORT register (address

49 LCD25/POE3 11H).

to to 1)
52 LCD22/POEg

When using as an LCD driver segment signal output pin
LCD (LCD2g/POF3 to LCDQ/POY/KSq pins):

CMOs N .
The LCD driver has a 1/2 duty, 1/2 bias, and 250 Hz frame
53 LCDp1/POXsg Output push-pull segment

to to
58 LCD16/POXg

signal frequency (125 Hz segment signal output). Up to 60 dot
display can be done by matrix with these segment signal
output pins and COMg pin and COMq pin (No. 44 and 43).
Dots light up when £V pp potential difference is generated
between these pins and LCD/P0OY/KSp to LCD2g/POF3
pins. To set the LCD driver display data, use the LCD dot
register (BANKO address 60H to 6EH), or the LCD group
register (address 08H to OFH) via the data buffer. To turn
the LCD 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

59 LCDy5/

to POY15/KS15
74 to
LCDg/
POY/KSg
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PIN
No.

SYMBOL

INPUT/
OUTPUT

OUTPUT
FORMAT

PIN NAME

DESCRIPTION

45

52

53

59
to
74

LCD2g/POF3
to
LCD2g/POFg

LCD5/POE3
to
LCD2,/POEg

LCD21/POXs5
to
LCD16/POXg

LCDs/
POY15/KS15
to
LCDg/
POY/KSg

Output

CMOs
push-pull

LCD
segment
signal

by the register file's LCOPORT 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.

The LCD15/P0Y15/KS15 to LCDg/POY/KSg pins can
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 these 16 LCD15/P0Y15/KS15 to LCDg/POY/KSg
pins as a key source signal output pin, use the register file's
LCDMODE register.

The key source signals are output with the LCD segment
signals by time division. (Key source signal output time:
220 ps).

To use the key source signal, set the POD3/ADCg to PODg/
ADC3 pins as a key return signal input pin (No. 75 to 78).
Therefore, the key matrix with 16 key sources and four
input keys is configured. Key source signals are output
every 4 ms. To set the output data of the key source signal,
use the key source register (address 42H) via the data buffer.
The key source signal is not output when the LCD driver
display mode is turned off (the segment signal output is low)
or when these pins are set as a general purpose output port.
The key source signal is not output during power on resetting
and clock stop instruction execution.

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

(3) When used as an output port:

The following table shows how to set these pins as an output
port using the register file’s LCOPORT register (address
11H).

PIN Port Number
PIN Name )
No. name of bits

45 | LCDog/POF3
to to Port OF 4 bits
48 | LCDog/POFg

49 | LCD2s/POE3
to to Port OE 4 bits
52 | LCD29/POEg

53 | LCD24/POXs5
to to Port 0X 6 bits
58 | LCD1g/POXg

59 |LCD¢5/POY15/KS15
to to Port OY 16 bits
74 | LCDQ/POY/KSg
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PIN SYMBOL INPUT/ ouTPUT PIN NAME DESCRIPTION
No. OUTPUT | FORMAT
The Port OF, Port OE, Port 0X, 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 each port.
45 LCD2g/POF3 Port name Output data setting
to to POF register (BANKO address 6DH) also
48 LCD26/POFg Port OF functions as the LCD dot register's LCDD
13 register.
49 LCD25/POE3
to to POE register (BANKO address 6BH) also
52 LCD22/POEg Port OE functions as the LCD dot register's LCDD
LCcD 11 register.
CMOSs
53 LCD2¢/POX5 Output push-pull segment POXH, and POXL registers (BANKO ad-
to to signal dress 69H and 68H) also function as the
58 LCD1g/P0OXg Port OX LCD dot register’s LCDD 9 register and
LCDD 8 register, respectively. To set the
59 LCD15/ 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
LCDg/ Port OY . .
group register (42CH) via the data buffer.
POY(/KSq
These pins are set as a segment signal output pin and thus
output low level during power resetting and clock stop
instruction executicn.
The previous output status is retained during CE resetting.
Pins functioning as a 4-bit general purpose input port and
A/D converter input pin.
To switch from the input port to A/D converter, use the
register file's ADCCH register (address 14H).
(1) When used as an input port:
To read the input data, use the port register’s POC register
(BANKO address 72H).
75 POC3/ADCg The POC3/ADCg to POCp/ADC2 pins have a built-in puli-
76 POC2/ADCq Input Input with Port 0C down resistance enabling them to be used as a key return
77 POC1/ADC3 pull down signal input pin of the key matrix. To use the LCD segment
78 POCp/ADCo pin as the key source, turn off the pull-down resistance

during key source signal output (220 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 A/D
converter by the register file’s ADCCH register.

(2) When used as an A/D converter:

To set these pins as a 6 bit A/D converter, use the register
file’s ADCCH register (address 14H).

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/ADCg to
POC(/ADC3, pins as well as the P1D1/ADC1, P1Dg/ADCq
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PIN INPUT/ | OUTPUT
YMBOL PIN NAME DESCRIPTION

No. s OUTPUT | FORMAT
pins (No. 28 and 29). To specify the desired channel, use the
register file's ADCCH register. The other five channels func-
tion as general purpose input ports.

75 POC3/ADC:

26 P°c3;AD c5 — The pull-down resistance built-in POC3/ADC5 to POCo/ADC2

nput wi
77 PoczlADC4 Input p:’ll down Port OC pins are equipped with a pull-down resistance. When these
1 3 " . .
rt it by the ADCCH
78 POCG/ADC, pins are set as an A/D converter input pin by the

register, the pull-down resistance is turned off.

The A/D 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 A/D converter during CE resetting.
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1.3 NOTES ON USING GENERAL PURPOSE PORT
1.3.1 Port register data bit .
To read the input data or set the output data in the Port OA, Port OB, Port OC, Port OD, Port 1A, Port 1B, Port
1C, Port 1D, and Port 2A, use port registers (POA to P2A register) in the data memory.
The POA3 pin and the POAq 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 OD, Port 1A, Port 1B, Port 1C, Port 1D, and Port 2A.
To set the output data in the Port OE, Port OF, Port 0X, and Port QY, 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 through 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 POA,/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 0X, and Port 0Y)
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 0X, 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/SO4)
POB (POB3/Sl1, POB2/SCKz, POB1/SO2, POBg/Sl)
P1A (P1A3, P1A2, P1Aq, P1Ag)

(Input/output)

1.4.2 POA (POA3/SDA, POAZ/SCL)

% (Input/output)

1.4.3 POC (POC3/POC,, POC, POCy)
P1B (P1By/CGP)
P1C (P1C3, P1C,, P1Cq, P1Cq)
P2A (P2Ag)
LCDg/P0Y(/KSg to LCDog/POF3

}——é } {Output)
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144 P1B (P1B3/PWM,, P1Bo/PWM,, P1Bo/PWMg)

? l— (Output)

145 POD (POD3/ADCs, POD2/ADC4, POD1/ADC3, PODo/ADC,)

A/D converter

O Eé
F g

High on resistance

1.48 P1D (P1D1/ADCy, P1Dg/ADCo)

A/D converter

é}t (Input)
E% General purpose port

L1

1.4.7 P1D (P1D3/FMIFC, P1D2/AMIFC)

i

-

L

o ﬁ e

[— o Frequency counter

w7 -
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148 CE
INT,
INTo

O {Hysteresis input)

149 Xout. Xin

(Input)

:

XINO

L1

s_mﬂ__m_
4

J 1 Frequency counter

L
XouT O mf
T

14.10 EO¢,EOQq

Sa (Output)
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1411 LPFyy, LPFouT. VirF

1412 COM,;, COMo

i

14.13 VCOH
vcoL

(((((((
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2. BLOCK DIAGRAM

VCOH |E 1/:3. ) Swallow £0g
1/ Counter g €01

L

L Programable
veoL o Divider Phase ___823::?
Detector
H———-—O LCDo/KS0/POY0Q
CPU Clock —O LCD1/KS1/POY1
——O LCD2/KS2/POY2
LCD |——O LCD3/KS3/POY3
Driver
————O LCD24/POE2
XIN Divider Slector Timer ————O LCD25/POE3
16 ——O LCD26/POFQ
XOUT O— ! ———O Lco27/PoFy
—O LCD28/POF2
————O LCD29/POF3
] e ()
RF ' s——CO P1D3/FMIFC
POAQ/SO1 O RAM k Counter
POA1/SCK1 &
POA2/SCL 432 x 4 bits Oq O P1D2/AMIFC
POA3/SDA O .
POBO/SI2 O Serial 1/0
POB1/S02 O— SYSREG. -
POB2/SCK2 O pi0 [
POB3/SIT O —~— — ——
15 > A j
\— POB i 0O P1Do/ADCY
-O P1D1/ADC1
/ A/D ——(Q PODQ/ADC2
Converter O POD1/ADC3
—O POD2/ADC4
Instruction O POD3/ADCs
POCO O— Decoder
POC1 O——— POC
POC2 O———— {} =
POC3 O——— poD [
P1AQ/FCG O— ROM
P1IAIO—— 14 <::-‘> 7932 x 16 bits
P1A2 O———— —J
P1A30——] cGP —O P1Bg/CGP
P1C0 O———] {E D/A 8P1B1IPWM0
P1C1 O——— _ P1B2/PWM1
P1C2 O P1C </_\*_> <:‘> Program Counter Converter O P1B3/PWM2
P1IC3O0——
K R BTN
P280O— P2A Stack. —
7 x 12 bits
L
Vpp2 O—— Interrupt | 5 INTo
VDD1 O Reset Control OINT1
CEO—
-
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3. uPD17005 INSTRUCTIONS

3.1 TABLE OF INSTRUCTION SETS
bie 0 1

b14 bl3 blZ bl!
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
01 0 0}4| AND r, m AND m, #i
0 1 0 1|5| XOR r, m XOR m, #¥i
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
011 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 08| LD r, m ST m, r
10 1{9| SKE m, #i SKGE m, #i
1 01 0|A| MOV @r, m MOV m, @r
1 0 1 1|B| SKNE m, #i SKLT m, #i
110 0[C| BR addr (page0) CALL addr (page0)
11 0 1|D| BR addr (pagel) MOV m, #i
1 11 0(E| BR addr (page?) SKT m, #n
1 11 1[{F| BR addr (page3) SKF m, #n
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3.2 TABLE OF INSTRUCTIONS

NOTE
M : One of Data memory specified by [(BANK),m] PC : Program memory counter
m : Data memory address specified by (my, m;) of each SP : Stack pointer
bank STACK : Stack of (PC), (BANK), (IXE)
my  : Data memory address high (Row address) ; 3bits ~ STACKpc : Stack of (PC)
m_  : Data memory address Low (Column address) ; 4 ~BANK  : Bank register
bits (ROM) pc : One of Program memory data specified by
R : One of General register specified by ((RD),r) (PC)
r . General register address low ; 4bits INTEF  : Interrupt enable flag ]
RP : General register pointer SGR : Program memory segment register
RF : One of register file specified by rf i : Immedi;tg data ; 4bits
of . Register file address specified by (rfy, rf,) n * Bit position ; 4bits )
rfy : Register file address high addr : One of program memory address ; 11bits
fy : Register file address low CcY : Carry flag
AR : Address register ¢  Carry
X : Index register b : Borrow
IXE  : Index enable flag h : Halt release conditions
DBF - Data buffer () : Address of M, R, RF
WR : Window register () : Contents of M, R, RF, AR, IX, DBF, WR, PE
MP : Memory pointer
MPE : Memory pointer enable flag
PE : Peripheral
p : Peripheral address
Py : Peripheral address high
pL : Peripheral address low
Machine code
Mnemonic | Operand Function Operation
Op. code v
£ | app r,m Add Data memory to General register (R)<(R) + (M) 00000 | my | m | r
§ m, #i | Add immediate data to Data memory (M) —(M) +i 10000 | my | m | i
‘Z ADDC r,m Add Data memory to General register with carry (R)—(R)+(M)+(CY) | 00010 | my | m_ | r
g m, #i | Add immediate data to Data memory with carry (M) (M) +i+(CY) 10010 | my | my | i
% INC AR Increment Address register (AR)—(AR)+ 1 00111 | 000 | 1001 | 0000
< 1X Increment Index register (IX)=(IX)+ 1 00111 | 000 | 1000 | 0000
sl sup r,m Subtract Data memory from General register (R) «—(R) = (M) 00001 | my | m. | r
43 -
Eé m, #i | Subtract immediate data from Data memory (M) «(M) —i 10001 | my | my | i
89
_:gg SUBC r,m Subtract Data memory from General register with borrow (R)«=(R) = (M)—(CY) | 00011 | my | m_ | r
TE
h= m, $#i | Subtract immediate data from Data memory with borrow (M) (M) =i— (CY) 10011 | my | my | i
. I . M-i & )
SKE m, £i | Skip'if Data memory equals immediate data L 01001 | my | m | i
skip if zero
c
= . .| Skip if Data memory is greater than or equal to | (M)-i & i
? | SKGE [mo=zi |7 o 11001 | my.| my | i
g immediate data skip if not borrow
?é N _ ) M-i& .
22| SKLT | m, #1 | Skip if Data memory is less than immediate data L 11011 [ my | my | i
£ skip if borrow
N ) ’ M-i& .
SKNE | m, #i | Skip if Data memory not equal immediate data L 01011 | my { mg | i
skip if not zero
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Machine code
Mnemonic | Operand Function Operation
Op. code
‘S AND m, #i | Logic AND of Data memory and immediate data (M) « (M) AND i 10100 | my [ my | i
é r,m Logic AND of General register and Data memory (R) < (R) AND (M) | 00100 | my | m_ | r
E OR m, #i | Logic OR of Data memory and immediate data (M) < (M) OR i 10110 | my | my | i
=
2 r.m Logic OR of General register and Data memory (R) < (R) OR (M) 00110 | my [ m_ | r
=
é. XOR m, #i | Exclusive Logic OR of Data memory and immediate data (M) «<(M) XOR i 10101 | my | my | i
S r,m Exclusive Logic OR of General register and Data memory (R) <(R) XOR(M) 00101 [ my | m_ | r
LD r, m Load Data memory to General register (R) (M) 01000 { my | my | r
ST m, r Store Geheral register to Data memory (M) «(R) 11000 [ my | mp | r
@ Move Data memory to Destination data memory | if MPE=1:[(MP), R)]=(D 01010 | my | m
r,m r
referring to General register it MPE=0 : [(my), (R J=(\) H L
MOU @y | Move Source data memory referring to General | if MPE=1: (M<[(VMP), (R)] 11010 | me | m
m, @r ) or
register to Data memory if MPE=0 : (M)«[(my), R)] H :
‘g m, #i | Move immediate data to Data memory (M) i 11101 | my | me | i
5 :
|+ M P ¢ dat cified by Add: (STACK,) =(PC) & (PCI(AR) &
| mour | DBE, | o Trostam memory (i speefied by Ades " | o111 | 000 | 0001|0000
g register to Data buffer (DBF)(ROM),, & (PO —(STACK, )
S
“é’ pUSH | AR Decrement Stack pointer, then move Address register | (SP) < (SP) -1 & o011t | 000 | 1101|0000
E to Stack (STACK,) < (AR)
POP | AR MOT'e Stack to Address register, then ipcrement Stack | (AR)«<(STACK,) & oo111 | 000 L1100l 0000
pointer (SP)«(SP) + 1
PEEK | WR, rf | Get data of Register file to Window register (WR) «~(RF) 00111 | rfy [0011] rfy
POKE | rf, WR | Put data of Window register into Register file (RF) <(WR) 00111 | rfy [0010] rfy
GET | DBF,p | Get peripheral data to Data buffer (DBF) <(PE) 00111 | py |1011} pv.
PUT pDBF ' | Put data of Data buffer to peripheral (PE) «(DBF) 00111 | py [1010| PL
) Test Data memory bits, if (\M),=all "17,
5| SKT |m, #n . ; - i 11110 | my [ m | n
S then skip if all bits specified are true then skip
k]
Iz Test Data memory bits; if (M),=all 0",
2E[SKF | m, #n e o . 11111 {my | m | n
then skip if all bits specified are false then skip
Jump to the address in page 0 (PC)«addr & (PC) , ., <00 | 01100
5 Jump to the address in pagel (PC)~addr & (PC) 5y, <01 | 01101 )
<5 addr addr (11bits)
g§ BR Jump to the address in page 2 (PC) «~addr-& (PC) -y 2 <10 | 01110
i
62 Jump to the address in page 3 (PC)eaddr & (PC) 1y -y, <11 | 01111
@AR | Jump to the address specified by Address register (PC)<(AR) 00111 | 000 {0100(0000
£ o 00111 | 000 [0111
‘2| RORC | r Rotate General register right with carry 1 1 r
& gister nie i L(thr(R)hp(RlM‘»(le
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Machine code
Mnemonic | Operand Function Operation
Op. code
(SP)=(SP)-1 &
addr | Call subroutine in page 0 (STACK,) ~((PC) + 1) & 11100 | addr (11bits)
(PC) 20 & (PC)+addr
CALL
s (SP)—(SP)-1 &
2=
§ @AR | Call subroutine (STACK,) ~((PC)+ 1) & 00111 { 000 (0101|0000
2 (PC)+~(AR)
2 ‘ ‘ (PC)~(STACK, ) &
5 | RET Return to main routine from subroutine 00111 | 000 |1110|0000
2 (SP)=(SP)+ 1
E
@ RETSK Return Fo main r'om.xtine from subroutine, (PC)—(STACK,o) & . oo111 | oo1 |1110|0000
then skip unconditionally (SP)~(SP)+ 1 & and skip
RETI Retu.rn to n?ain routine from interrupt (PC), (BANK), (IXE)~(STACK) oottt | 100 1110|0000
service routine & (SP)~(SP)+1
%u EI Enable interrupt INTEF«<1 00111 | 000 | 1111|0000
-8
S2| DI Disable interrupt INTEF+0 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
NOP No operation 00111 | 100 {1111{0000

2-95



uPD17005 N E C

3.3 ASSEMBLER (AS17K) INCORPORATED MACRO

NOTE
flag : One of flagl to flagn
flagl to flagn : Flag mane specified by RESERVED TABLE
n : Number
< > : Description can be omitted
' Mnemonic Operand n Function Operation
SKTn flagl, ~flagn |1 <n< 4 Test flagl to flagn, then skip all flags | if (ﬂagl)fo (flagn) '=all
specified are true 17, then skip
T flagl to flagn, th ki 1 fl if (flagl) to(flagn) =all
SKFn flagl, ~flagn |1 <n<4 est A agl to flagn, then skip all flags |if ( a% ”o agn ) a
specified are false 07, then skip
SETn flagl, ---flagn |1 =n<4 | Set all flags in flagl to flagn, (flagl) to (flagn) <1
CLRn flagl, ---flagn |1 =n=4 | Clear all flags in flagl to flagn (flagl) to (flagn) <0
if (flag)=“0",
. then (flag)—1 &
NOTn flagl, ---flagn |1 =n=<4 | Complement all flags in flagl to flagn i .
if (flagl="1",
then (flag) <0
if description=NOT
<NOT >flagl, flag, (flag) <0
INITFLG 1 =<n< 4 | Initialize all flags in flagl to flagn
-+ <NOT >flagn if description={lag,
(flag) <1
BANKn 0 =n= 3| Set n into Bank register (BANK) <n, 0 =n<3
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4. uPD17005 RESERVED WORDS (ASI7K)

4.1 TABLE OF RESERVED WORDS

4.1.1 System register (SYSREG)

Reserved word | Model Address 13:::: Function outline
AR3 MEM | 0.74H R BIT b15-12 of Address Register
AR2 MEM | 0.75H R BIT bl1-8 of Address Register
ARl MEM | 0.76H R/W | BIT b7-4 of Address Register
ARO MEM | 0.77H R/W | BIT b3-) of Address Register
WR MEM | 0.78H R/W | Window Register
BANK MEM | 0.79H R/W | Bank Register
IXH MEM | 0.7AH R/W | Index register high
MPH MEM | 0.7AH R/W | Memory pointer high
MPE FLG 0.7AH.3 R/W | Memory pointer enable flag
IXM MEM | 0.7BH R/W | Index register middle
MPL MEM | 0.7BH R/W | Memory pointer low
IXL MEM | 0.7CH R/W | Index register low
RPH MEM | 0.7DH R/W General Register pointer high
RPL MEM | 0.7EH R/W | General Register pointer low
PSW MEM | 0.7FH R/W Program status word
BCD FLG 0.7EH.0 R/W Binary Coded Decimal flag
CMP FLG | 0.7FH.3 R/W | Compare flag
CcY FLG | 0.7FH.2 R/W | Carry flag
VA FLG | 0.7FH.1 R/W | Zero flag
IXE FLG 0.7FH.0 R/W Index register enable flag

4.1.2 Data buffer (DBF)
Reserved word | Model Address I\j\f:iile/ Function outline
DBF3 MEM | 0.0CH R/W | BIT bl5-12 OF DBF
DBF2 MEM | 0.0DH R/W | BIT bl1-8 OF DBF
DBF1 MEM | 0.0EH R/W BIT b7-4 OF DBF
DBF0 MEM | 0.0FH R/W | BIT b3-0 OF DBF
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4.1.3 LCD dot data register

Reserved word | Model Address Rea‘d/ Function outline
Write

LCDDO0 MEM | 0.60H R/W LCD data register

LCDD1 MEM | 0.61H R/W | LCD data register

LCDD2 MEM | 0.62H | R/W | LCD data register
“Lepps MEM | 0.63H R/W | LCD data register

LCDD4 MEM | 0.64H R/W | LCD data register 77
"Lcopps MEM | 0.65H R/W | LCD data register

LCDD6 MEM | 0.66H R/W | LCD data register ]

LCDD? MEM | 0.67H R/W | LCD data register 77
"Lcpps MEM | 0.68H R/W | LCD data register 7]

LCDD9 MEM | 0.69H R/W | LCD data register 7
“Lcopio MEM | 0.6AH R/W | LCD data register 7]
“Lcopn MEM | 0.6BH R/W | LCD data register

LCDD12 MEM | 0.6CH | R/W | LCD data register
"Lcopis MEM | 0.6DH | R/W | LCD data register 7

LCDD14 MEM | 0.6H | R/W | LCD data register 7
4.1.4 General Purpose Port Reg

Reserved word | Model Address Read/ Functioﬁ outline

Write

POA3 FLG | 0.70H.3 | R/W | Port 0A bit b3

POA2 FLG | 0.70H.2 | R/W | Port 0A bit b2
TPoAl | ] FLG .| 0.70H.1 | R/W | Port 0A bit bl
“poA0 | FLG | 0.70H.0 | R/W | Port 0A bitb0

POB3 FLG | 0.71H.3 | R/W | Port 0B bit b3
" poB2 FLG

POBI FLG 0B bit bl
“poBo | FLG | 0.71H.0 | R/W | Port 0B bitv0

POC3 FLG | 0.72H.3 | R/W | Port 0C bit b3

PoC2 FLG | 0.72H.2 | R/W | Port OC bt b2 T

POCI FLG | 0.72H.1 | R/W | PortoC bit b1 T
" PoCo FLG | 0.72H.0 | R/W | Port 0CbitbO 7

POD3 FLG | 0.73H.3 R | Port 0D bit b3

POD2 FLG | 0.73H.2 R | PortoDbitb2

PODI FLG | 0.73H.1 R | PortoDbitb1

PODO FLG | 0.73H.0 | R | PotoDbitv0
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Reserved word | Model Address Rea.d/ Function outline
Write
POXL3 FLG | 0.68H.3 | R/W | Port 0X bit bl
"POXL2 FLG | 0.68H.2 | R/W | Port 0X bitb0
POXL1 FLG | o.68H.1 | R/W | pUMMY
“poxLo FLG | 0.684.0 | R/W | pummy
POXH3 FLG | 0.69H.3 | R/W | Port 0X bit b5
POXH? FLG | 0.69H.2 | R/W | Port OX bit b4 T
"POXH1 FLG | 0.69H.1 | R/W | Port OX bit b3
“POXHO FLG | 0.69H.0 | R/W | Port OX bitb2 7
POE3 FLG | 0.6BH.3 | R/W | Port OE bit b3
POE2 FLG | 0.6BH.2 | R/W | Port OE bit b2 7]
“PoE1 | FLG | 0.6BH.1 | R/W | Port OE bitb1
" POE0 FLG | 0.6BH.0 | R/W | Port OE bit b0
POF3 FLG | 0.6DH.3 | R/W | Port OF bit b3
“poF2 FLG | 0.6DH.2 | R/W | Port OF bit b2
"POF1 FLG | 0.6DH.1 | R/W | Port OF bit b1
"POFO FLG | 0.6DH.0 | R/W | Port OF bit b0
P1A3 FLG | 1.70H.3 | R/W | Port 1A bit b3
Tp1az FLG | 1.70H.2 | R/W | Port 1A bit b2
“pial | FLG | 1.70H.1 | R/W | Port 1A bit b1
"P1A0 FLG | 1.70H.0 | R/W | Port 1A bitbO T
PIB3 FLG | 1.71H.3 | R/W | Port 1B bit b3
"PIB2 FLG | 1.71H.2 | R/W | Port 1B bitb2 7
piB1 | FLG | 1.71H.1 | R/W | Port 1B bit b1 T
"P1BO FLG | 1.71H.0 | R/W | Port 1B bit b0
PIC3 FLG | 1.72H.3 | R/W | Port IC bit b3
“pic2 FLG | 1.72H.2 | R/W | Port IC bit b2
“PIC1 FLG | 1.72H.1 | R/W | Port 1C bit b1
“pico | FLG | 1.72H.0 | R/W | Port IC bit b0
PID3 FLG | 1.73H.3 | R/W | Port ID bit b3
“pDz FLG | 1.73H.2 | R/W | Port ID bit b2
“pip1 FLG | 1.73H.1 | R/W | Port ID bit b1
pD0 FLG | 1.73H.0 | R/W | Port ID bit b0
P2A3 FLG | 2.70H.3 | R/W | Port 2A bit b3
“p2Az FLG | 2.70H.2 | R/W | Port 2A bit b2
"P2Al FLG | 2.70H.1 | R/W | Port 2A bit bl
"p2A0 FLG | 2.70H.0 | R/W | Port 2A bit b0
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4.1.5 Register File (Control Register)
Reserved word | Model Address s::‘tje/ Function outline
SP MEM | 0.81H R/W | Stack pointer
SI02TS FLG | 0.82H.3 R/W | SIO2 start flag
"SI02HIZ | FLG | 0.82H.2 | R/W | SO2/POBI select flag
' SI02CK1 FLG | 0.82H.1 | R/W | SIOZ clock select bit b
SI02CK0 | FLG | 0.82H.0 | R/W | SIO2 clock select bitb0
IFCG FLG | 0.84H.0 IF counter gate status flag
PLLUL FLG | 0.85H.0 PLL unlock F/F flag
ADCCMP FLG 0.86H.0 ADC judge flag
CE FLG 0.87H.0 CE terminal status flag
SIOICH FLG | 0.88H.3 R/W | SIOl mode select flag
sB FLG | 0.8H.2 | R/W | SB/SBI select flag
" sio1Ms FLG | 0.8H.1 | R/W | SIOI clock mode select flg
sioiTx | FLG | 0.88H.0 | R/W | SIQI TX/RX select flag
TMMD3 FLG 0.89H.3 R/W | Timer interrupt mode select flag
 TMMD2 FLG | 0.8H.2 | R/W | Timer interrupt mode select flag
CTMMDI | FLG | 0.89H.1 | R/W | Timer carry F/F mode select flag
TMMDO FLG | 0.8H.0 | R/W | Timer carry F/F mode select flag
INT1 FLG 0.8FH.1 INT1 terminal status flag
‘Nt | FLG | 0.8FH.0 | R | INTO terminal status flag
KSEN FLG | 0.90H.1 R/W | Key souce decorder enable flag
"LCDEN | FLG | 0.90H.0 | R/W | LCD driver enable flag
POYON FLG | 0.91H.3 R/W | Port 0Y enable flag
"POXON | FLG | 0.91H.2 | R/W | Port 0X enable flag
" POEON FLG | 0.91H.1 | R/W | Port OF enable flag
CPOFON FLG | 0.91H.0 | R/W | Port OF enable flg
IFCMD1 FLG 0.92H.3 R/W IF counter mode select flag
" IFCMDO FLG | 0.92H2 | R/W | IF counter mode select flag
CIFCCKI FLG | 0.92H.1 | R/W | IF counter clock select flg
CIFCCKO FLG | 0.92H.0 | R/W | IF counter clock select flg
PWM20ON FLG | 0.93H.3 R/W PWM2 enable flag
"PWMION | FLG | 0.93H.2 | R/W | PWMI enable flag
"PWMOON | FLG | 0.98H.1 | R/W | PWMO enable flag
“cePoN | FLG | 0.93H.0 | R/W | CGP enable flg
ADCCH3 FLG 0.94H.3 R AD mode select flag (DUMMY : 0)
~ ADCCH2 FLG | 0.4H.2 | R/W | AD mode select flag
ADCCHI FLG | 0.94H1 | R/W | AD mode select flag
UADCCHO | FLG | 0.94H.0 | R/W | AD mode select flag
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Reserved word | Model Address Rea‘d/ Function outline
Write

PLULDLY3 FLG | 0.95H.3 R PLL unlock time select flag (DUMMY :
PLULDLYz | FLG | 0.95H.2 R | PLL unlock time select flag (DUMMY :
PLULDLY1 | FLG | 0.95H.1 | R/W | PLL unlock time select flag (DUMMY : 0)
"PLULDLY0 | FLG | 0.95H.0 | R/W | PLL unlock time select flag '

KEY]J FLG | 0.96H.0 KEY imput judge flag

TMCY FLG | 0.97H.0 Timer carry F/F status flag

SBACK FLG 0.98H.3 R/W | SB acknowledge flag
"SIOINWT | FLG | 0.98H.2 | R/W | SIOI Not wait flag

SIOIWRQ1 | FLG | 0.98H.1 | R/W | SIOI wait mode flag

SIO1 wait mode flag

INT1 interrupt edge select flag

INTO interrupt edge select flag

PLLMD1

(DUMMY : 0)

PLLMDO FLG | 0.0AIH.0 R/W | PLL mode select flag
IFCSTRT FLG 0.0A3H.1 w IF counter start flag
IFCRES | FLG | 0.0A3H.0 | W | IF counter reset flag |
POCGIO FLG | 0.0A7H.0 R/W | Port 0C 1/O select flag
SIO1SF8 FLG 0.0A8H.3 R/W SIO1 clock counter status flag
CSIOISFS | | FLG | 0.0ABH.2 | R/W | SIOI clock counter status flag
CSBSTT | | FLG | 0.0ABH.1 | R/W | SB start condition status flag
SBBSY | | FLG | 0.0A8H.0 | R/W | SB start & stop condition status flag
IP1FC FLG 0.0AEH.0 R/W IF counter interrupt permission flag
IPSIO1 FLG 0.0AFH.3 R/W | SIOl interrupt permission flag

IPO FLG 0.0AFH.0 R/W INTO interrupt permission flag
PLLRFMD3 FLG 0.0B1H.3 R/W PLL reference clock select flag
PLLRFMD2 | FLG | 0.0BIH.2 | R/W | PLL reference clock select flag
CPLLRFMDI | FLG | 0.0BIH.1 | R/W | PLL reference clock select flag
PLLRFMDO | FLG | 0.0BIH.0 | R/W | PLL reference clock select flag
P1ABIO3 FLG | 0.0B5H.3 R/W | P1A3 1/O select flag
CPIABIOZ | FLG | 0.0B5H.2 | R/W | P1A2 1/O select flag
CPIABIOL | | FLG | 0.0BSH.1 | R/W | PIAL /O select flig
CPIABIOO | FLG | 0.0B5H.0 | R/W | P1AO 1/O select flag
POBBIO3 FLG | 0.0B6H.3 R/W | POB3 1/0 select flag

P0BBIO1
POBBIOO

POB1 1/0 select f

POBO 1/0 select flag
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Reserved word | Model Address Rea-d/ Function outline

Write

POABIO3 FLG | 0.0B7H.3 R/W | P0A3 1/0 select flag
' POABIO2 UPOA2 1/O select flag
POABIOI | FLG | 0.0B7H.1 | R/W | POAL 1/O select flg
"POABIO0 | FLG | 0.0B7TH.0 | R/W | POAO /O select flag |

SIO1IMD3 SIO!1 interrupt mode select flag (DUMMY : 0)
 SI01IMD2 | 7'SI01 interrupt mode select flag (DUMMY :0)
' SIo1MDI U SIOL interrupt mode select flag
" SI01IMDO SIOL interrupt mode select flag

SIOICK3

SIOICKO

Shift clock select flag

IRQIFC IF counter Interrupt request flag

IRQSIO1 SIO1 Interrupt request flag
IRQTM | FLG | 0.0BFH.2 | R/W | - Timer Interrupt request flag
‘IRQ1 | FLG | 0.0BFH.1 | R/W | INTI Interrupt request flag
"IRQ | FLG | 0.0BFH.0 | R/W | INTO Interrupt request flag
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4.1.6 Peripheral hardware address

Reserved word | Model Address Reéd/ Function outline
Write
DBF DAT | OFH R/W | Data Buffer address for GET/PUT instructions
IX DAT | 01H R/W | Index register address for INC instructions
ADCR DAT | 02H R/W | A/D converter Vref data register
SIO2SFR DAT | 03H R/W | SIO2 Presettable shift register
'SIOISFR | DAT | 04H | R/W | SIOI Presettable shift register
PWMRO0 DAT | 05H R/W PWMO0 Data register
PWMRl"" DAT | 06H R/W PWMI D.e;l-:;;é;ister .....
PWMR2 DAT | @H | R/W | PWM2 Data register |
LCDRO DAT | 08H w LCD group data register 0
LCDRl" DAT | 09H W - LCD groui:;-;i';t-a register 1
’ LCDRZH DAT | 0AH W LCD group data register 2
LCDR3 DAT | 0BH W | LCD group data register3 -
LCDR4 DAT | ocH 17w | LCD group data register4
POX ’ DAT O0CH w P-onl:’;"[iindata register
LCDRS DAT | ODH w LCDgroup data regis-ter 5
' LCDR6 "DAT | OEH W | LCD group data register6
LCDR7 DAT AAAAA 6F H w LCDgroup data register 7
CGPR DAT | 20H R/W | CGP data register
AR DAT | 40H R/W | Address Register address for GET/PUT/PUSH/CALL/BR/MOUT/INC instructions
PLLR DAT | 41H R/W | PLL data register
KSR DAT | 42H R/W | Key souce data register
Py | DAT | #2H | R/W | Port 0Y data register
IFC DAT | 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 Vpp —0.3 to +6.0 \"
Input Voltage vV —0.3to Vpp +0.3 "
Output Voltage Vo —0.3 to Vpp + 0.3 (excluding P1B4 to P1B3, POA3, POA3, LPFoyt) V
Maximum Output Voltage  Vgps 18.0 (P1B¢ to P1B3, LPFoyT) \Y
Maximum Output Voltage  Vgps2 Vpp + 0.3 (POAZ, POA3) \Y
Output Absorption Current lg 10.0 mA
Operating Temperature Ta —40 to +85 °c
Storage Temperature Tstg —55to +125 °c
5.2 RECOMMENDED OPERATING CONDITIONS
CHARACTERISTIC |SYMBOL | MIN. TYP. MAX. |UNIT CONDITION

Power Voltage Vpp1 45 50 55 V | With PLL and CPU active

Power Voltage Vpp2 3.5 5.0 5.5 V | With CPU active and PLL not active

Data Retention Voltage | VppRr 22 5.5 V | No crystal oscillation

Power Voltage Rising

Time Trise 500 ms Vpp =045V

Input Magnitude Vin1 0.5 Vbbp Vp.p | VCOL, VCOH

Input Magnitude Vin2 0.5 Vob Vp.p | AMIFC, FMIFC

Maximum Output

\ .0 16.0 V | P1Bq to P1Bg, LPF
Voltage BDS 0 110 P1Bg, LPFour
Operating Temperature Ta -40 85 °c
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6.3 ELECTRIC CHARACTERISTICS
(T, = —40 to +85 °C and Vpp = 4.5 t0 5.5 V, RH < 70 %, unless otherwise specified)
CHARACTERISTIC | SYMBOL | MIN. TYP. MAX. [UNIT CONDITION
Power Voltage Vbp1 4.5 5.0 5.5 V | With CPU and PLL active
Power Voltage Vpp2 35 5.0 5.5 V | With CPU active and PLL not active
With CPU active and PLL not active
Positive wave input
Power Current | 1.2 24 A
" DD! ™A 1 (fin = 45 MHz, Vi = Vpp),
Ta= 25°C XN pin
With CPU active and PLL not active
HALT instruction in use (execute
20 instructi 1
Power Current Ipp2 0.45 0.90 mA |.n.s rue |on.s per 1 ms)
Positive wave input
(fin= 4.5 MHz, V|y = Vpp),
Ta =25 °C Xy pin
Use electrical blackout detection by
Data Retention Volt: v 3.5 5.0 5.5 Vv
at ntion Voltage DDR1 timer F/F Crystal oscillation
Use electrical balckout detection by
Data Retention Voltage | V 2.2 5.0 5.5 \%
ad DDR2 timer F/F No crystal oscillation
Data Retention Voltage | VppRra 2.0 5.0 5.5 V | Data memory (RAM) retention
Data Retention Current IppR1 5 15 UA | Nocrystal oscillation ~ T,=25 °C
No crystal oscillation
Data Retention Current | 5 10 A
ention ur DDR2 K Vpp=5.0 V, T4=25°C
Intermediate Level
\% 2.3 25 2.7 V | COMg, COM Vpp=6 V
Output Voltage cm1 0 ! oo
POAg to POA3, POB3,
High Level Output 0to 3, POBg to POB3
Voltage ViH1 0.8 Vpp |0.6 Vpp V | POCq to POC3, P1Ag to P1A3,
g P1D to P1Dg, CE, INTq, INT4
High Level Output
\ 06V 05V V | PODg to POD,
Voltage IH2 DD DD o to 3
POAq to POA3, POBg to POB3,
Low Level Output POCgq to POC3, PODg to PODg,
\% 04V 0.2V \
Voltage it bo Do P1Ag to P1A3, P1Dg to P1D3,
| CE, INTp, INT4
POAg to POA¢, POBg to POB3,
High Level Output POCp to POC3, PODg to POD3,
loHn -10 -5.0 mA
Current P1Ag to P1A3, P1Cg to P1C3, P1Bg
VOH=VDD‘1 \Y
High Level Output LCDg to LCD2g, EOp, EO
gn Level Butp lowz | =10 | —40 mA 0 29,520, =1

Current

Von=Vpp—1V
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CHARACTERISTIC SYMBOL [ MIN. TYP. MAX. [UNIT CONDITION
POAg, POA4, POBg to POB3,
Low Level Output POCq to POC3, PODg t D3,
e loLt 1.0 7.0 ma | [0Co to POC3, PODo to PODg
Current P1A0 to P1 A3, P1 Co to P1 Cs, P1 BO
Vou=Vpp—1V
Low Level Output LCDg to LCD2g, EOg, E
P low2 10 35 mA 0 to LCD29, EOo. EO
Current Vou=Vpp—-1V
Low Levs) Output | 10 20 A | P1B; to P1B VoL=1V
Current oLs : ! m 110 F1%s oL~
Low Level Qutput | 10 | 100 A | POA, POA VoL=1V
A . m , =
Current oL4 2 3 oL
High Level Input I 0.1 08 A | VCOH at pull-d Vig=V
Current 1H1 . K m. at pu own IH=VDD
Hith Levet Input | 0.1 08 A | VCOL at pull-d Vin=V
X . m at pull-down =
Current 1H2 P 1=Vop
High Level Input I3
. . Il- =
Current 0.1 1.3 mA | Xy at pull-down Viu=Vpp
High Level Input ’ PODg to POD3 at pull-d
9 ne lma | 005 | 013 | 030 | mA 0 to P0D3 at pull-down
Current Viu=Vop
Maximum Output
Vv 0 16 v P1B4 to P1B3, LPF
Voltage BDS 1t 3 ouT
Output Off-Leak | 500 | nA | POA,, POA Von=V
n , =
Current L1 2 3 OHTVDD
Output Off-Leak
| 500 A | P1Bq to P1B Von=16 V
Current L2 n 1%0 3 OH
Output Off-Leak
I A | E E Vou=V VoL=0V
Current L3 100 | n 0o, EO1 Von=Vpp, VoL =0
AD Conversion 6 bit
Resolution
AD Conversion _ °
Absolute Accuracy 1 15 LSB Ta=—10t0 50 "C
. VCOL MF mede Positive wave
Operating Frequency fin1 0.5 30 MHz input Vin=03 Vp.p
Overating F 5 5 40 MHz VCOL HF mode Positive wave
perating Frequency in2 input Vin=0.3 Vpp
. VCOH Positive wave input
Operating Frequency fin3 9 150 MHz
) Vin=0.3 Vpp
. VCOH Positive wave input
Operating Frequency fina 9 250 MHz
V|N=0.5 Vp.p
o ting F ‘ 01 1 MH AMIFC Positive wave input
3 X z
perating Frequency ins V=03 Vp.p
. FMIFC Positive wave input
Operating Frequency fine 5 15 MHz

V|N=0.3 Vp.p
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(Reference characteristics)
CHARACTERISTIC [SYMBOL | MIN. TYP. MAX. [UNIT CONDITION
With CPU and PLL active VCOH
P c | 15 A Positive wave input
m
ower Current D3 fin = 150 MHz, Vin = 0.5 Vp.p,
Vpp=5V,T,=25°C
High Level Output loma -0.2 mA | COMg, COM;  Vou=Vpp—1V
Current
Intermediate Level
| 20 A | COMg, COM Vom=V
Output Current om1 K 0 ! om=¥oD
Intermediate Level
| -20 A | COMg, COM Vom=0V
Output Current om2 K 0 ! oM
Low Level Output lots 0.2 mA | COMg, COM; Vor=1V
Current
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N E C uPD17P005

ONE-TIME PROM 4-BIT SINGLE-CHIP MICROCONTROLLER
WITH BUILT-IN HARDWARE FOR DIGITAL TUNING SYSTEM

The uPD17P005 is a product with the built-in mask ROM of uPD17005 replaced with the one-time PROM.
uPD17P005 allows the user to write any program and is suitable for prototyping or small volume production in
the system development of the uPD17005 or uPD17003A (ROM, RAM scale-down version of uPD17005).
The analog characteristics (PLL) of uPD17P005 are different from the uPD17005 or the uPD17003A cases.
Using device really should be evaluated about time constance.
See also uPD17005 or uPD17003A data when reading this data sheet.

FEATURES

® 4PD17005, uPD17003A compatible.

® Built-in one time PROM ROM: 16 KB (7932 steps x 16 bits)
® Single supply 5V 10 %

ORDERING INFORMATION
Order Code Package Quality Grade

uPD17P0O05GF-3B9 80-pin plastic QFP (14 x 20) Standard
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PIN CONFIGURATION (Top View)

(1) Normal operation mode

F36FITESSTES
sraseoRsiiiisg
8888xzxxzxxxx2xz3 > >
1339332828222 ¢L8

N OSSR PO N DI D ODR DO
&S adaoaocanoo0onaonanaq
eeeeee98899999%979
POC) o] 1:11:[IIIIIIIIIIIII;M____OLCMO/POWO/KSW
POCo O=—={ 2 o 63}————0O LCD11/POY11/KS11
POA3/SDA O=—=] 3 62|———0O LCD12/POY12/KS12
POA2/SCL O=—] 4 61 ———=0O LCD13/POY13/KS13
POA1/SCKy O=—+] 5 60 ———=0O LCD14/P0Y14/KS14
POAQ/SO1 O=——=16 59 ———=0 LCD15/P0Y15/KS15
POB3/Sl{ O=—el 7 58 |———=0O LCD1/POXg
POB2/SCK2 O=—ef 8 67 f——=0O LCD17/POX1
POB1/S02 Q=—={ 9 56 f———=O LCD1g/POX2
POBp/Slp O=—=110 13 55———=0O LCD1g/POX3
INTy O——= 11 g 54| ———=0 LCD2/POXg
INTg O——={12 § 53—————=0O LCD21/POXg
CE O———={13 g 52 f————=O LCD22/POEg
P1A3 O=—e]14 a 61 ———=O LCD23/POE]
P1A2 O=—el 15 3 50 ————=O LCD24/POEp
P1Aq 16 49 ————=0O LCD25/POE3
P1AQ/FCG O=—e]17 48 ———=0 LCD2p/POFQ
P1Bg/PWMy O=-—-18 47 ———=0 LCD27/POF1
P1Bo/PWM; O=——] 19 46———=0 LCDog/POFy
P1B1/PWMg O=—]20 45|———=0 LCD2g/POF3
P1BQ/CGP O=—]21 44——+=0 coMg
P1C3 O=—r22 43}——=0 comy
P1C2 O=——23 42F——-—0 P2Ag
PIC1 O35 26 27 28 20 30 31 32 33 34 35 36 37 38 30 a0 [ O VDD2
SePo8535e 5285525+t
£:5858886gx8EE 52
[ SN > x g
a5 S =
2ogz
a o
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(2) PROM programming mode

(Open)

}(L)

}+—-o0 m™MDo
Jp—0 MD1

Sf—©0 M™mD2
SF—©0 M™MD3
g——-o
—->0
§——-o0

o 1,807 74 73 72 71 70 67 66 65
o——2 O 63—O0
OoO———{s3
Oo—-4
wlo™/1°
O——s
o—7
Oo——s8
oO————19
Oo———10 ¥
Vpp O——11 9
w o——2 3
Vop O———13 %
oO——14 $
WO " 8
Oo———(16 49p——O
o—17 48f——=0
O———{18 47 f——O
o————19 46 f+—=O
O——-120 45 fe—eO
(Open) § O 21 aup——o0
O————22 8B3H——-0
O————23 2—0
O—1%*25 26 27 28 20 30 31 32 33 34 35 36 37 38 3 40" | O
T
z =) 5 3 T £ 53 T
Note: { ): Treatment of pins that are not used in PROM programming mode.
L: Sep ly 0 resp! ground via a resistor (470 Q)

Open: Do not connect.
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uPD17P005
POA(-POA3 Port 0A PWMp-PWM> D/A converter output
P0OB(-POB3 Port 0B CGP Clock generator port
POCy-POC3 Port 0OC FMIFC Frequency counter input
PODo-POD3 Port 0D AMIFC Frequency counter input
POE(-POE3 Port OE ADCy-ADCs /D converter input
POF(-POF3 Port OF VCOoL Local oscillation low input
P0Xp-POXs Port 0X VCOH Local oscillation high input
POY(-POY 5 Port 0Y Xin, XouT Crystal resonator connecting pin
P1Ag-P1A; Port 1A EOp, EO4 Error-out output
P1Bo-P1B3 Port 18 LPF N LPF amplifier input
P1Co-P1C3 Port 1C LPFouT LPF amplifier output
P1Dg-P1D3 Port 1D COMp, COM; : LCD common signal output
P2Ag Port 2A LCDg-LCD2g : LCD segment signal output
SDA Serial data input/output KSp-KS1s Key source signal output
SCL Serial clock input/output CLK Clock input for PROM
SCK;, SCK» Serial clock input/output MDO-MD3 Mode selection for PROM
S04, SO2 Serial data output DO-D7 Data input/output for PROM
Slq, Sy Serial data input Vpp Power Supply for PROM
INTq, INT4 External interrupt input ViprF LPF amplifier source

CE Chip enable input Vbp1, Vbp2 @ Power source

FCG External gate counter input GND Ground
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BLOCK DIAGRAM

Q__ﬁ Qi [ J
116 Swallow

VCOH ‘e ————:8 EO
117 Counter EO?

Programmable|
- —O COMg
veoL i; Z Divider Phase - ———-0O COMq
Detector
———0 LCD/POYo/KSg
CPU Clock ———CO LCD1/POY1/KS
————-~O0 LCD2/P0Y2/KS2
] LCD |——O LCD3/POY3/KS3
Driver | |
———O LCD24/POE2/D2
XIN/CLK $—— Divider Selector p— Timer |——O LCD25/POE3/D3
16 O LCD2g/POFQ/D4
XouT © ————O LCD27/POF1/D5
|———O LCD2g/POF2/D6
—————O LCD2g/POF3/D7
_":1 POA (}:’>
RE ——O P1D3/FMIFC
IF
P0AQ/SO1 O <::
POA1/SCK1 O RAM Counter
POAR/SCL O 432 x 4 bits ~O P1D2/AMIFC
POA3/SDA O .
POB/Sl2 O Serial 1/0 <:>
POB1/SO2 O SYSREG |
POB2/SCK2 O
POB3/SI] O piD [
-
] ALU
— :> O P1Dg/ADCo
L] PoB <):> ~O P1D1/ADCq
A/D O POD/ADC2/MDO
O POD1/ADC3/MD1
Converter O PODH/ADC4/MD2
Instruction - O POD3/ADC5/MD3
:830 OO — Decoder
1
POC, O poc <:> 1T |
P o— L
0C3 ____—_> POD | |
P1AQ/FCG O——] /L] OneTime PROM
S}ﬁ‘ 8 P1A <):(> N— 7932 x 16 bits
2
P1A3 O CGP O P1Bg/CGP
PiCo O D/A O P1B1/PWMg
P1C1 O Converter P1B2/PWM;
P C; 5 PIC Program Counter O P1B3/PWM2
P1C3 O
i 1
P2 P2A @ Stack JE— 1T
Ao 7 x 13 bits
Vpp2 O—— LN Interruptf ——0 INTq
Vpp1 O Reset —— —V} Control O INT1/Vpp
CE O———

O VLPF

LPFouT

GND Oﬂ

LPF|N
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1. PIN FUNCTIONS

1.1 Port Pin
Pin Name Input/ output Dual function pin (*) Function Reset
POAQ Input/ output | SOq 4-bit input/output port (Port 0A) Input
POA7 5CK4 Input/output settable in 1-bit.
POA2 SCL N-ch open-drain.
POA3 SDA 5 V withstand voltage
POBg Input/output | Slp 4-bit input/output port (Port 0B) Input
POBq SOz Input/output settable in 1-bit.
POBp SCKa
POB3 Shy
POCp—POC3 Input/output - 4-bit input/output port.(Port 0C) input
Input/output settable in 1-bit.
PODg—POD3 input ADC2—ADCs (MDO—MD3) 4-bit input port (Port 0D) -
Pull-down resistor built-in.
POEQ—POE3 Output LCD22—LCD25 (DO-D3) 4-bit output port (Port OE; ~~~~~ -
POFp—POF 3 Output LCD2g—LCD2g (D4-D7) 4-bit output port (Port OF) -
POXo—POXg Output LCD1g—LCD21 6-bit output port (Port 0X) -
POYp—POY 15 Output LCDg/KSp—LCD15/KS15 16-bit output port (Port 0Y) 7 -
PiAg Input/output | FCG " | avitinputioutput port (Port 0A) | Input |
P1A1—P1AZ _ 771 Input/output settable in 1-bit.
P1Bg Output CGP 4-bit output port (Port 1B) -
P1B1-P1B3 PWMo—PWM2 [Ech open-drain. T
i 16 V withstand voltage
P1Co—PI1C3 Output - ; 4-bit output por.; (i’ort_l-c) o -
P1Dg Input ADCq ! 4-bit input port (Port 1D) -
P10y aoc;
P1D2 AMIFC i
P1D3 FMIFC !
P2Ag Output - . 1-bit output port (Port ZA)‘ -

*. 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)

N-ch open-drain.
16 V withstand voltage

Pin Name Input/ output Dual function pin (*) Function Reset
SOy Output POAQ Serial data output pin Input
SCK4 Input/ output | POA4 Serial clock input/output pin
sCL Input/output | POAg Serial clock input/output pin
SDA tnput/output | POA3 Serial data input/output pin
Slp Input POBg 1 Serial data input pin Input
SOz Output P0OBq \ Serial data output pin
SC_KZ Input/output | POB3 } Serial clock input/output pin

%
Shy input POB3 [ Serial data input pin
INTo Input - E Edge-sensitive vector interrupt input pin -
INT4 (Vpp) ’ (detection edge selectable) ‘
CE Input - Operation select pin and reset signal input pin -
FCG Input P1Ag External gate counter input pin -
CGP Output P1Bg i Clock generator port output pin -
PWMgo—PWM2 Output P1B1—P1B3 ; D/A converter output pin. 1 -
; N-ch open-drain. ;
‘; 16 V withstand voltage H
ADCo—ADCq Input | P1Dg—P1D1 ! Analog input pin to D/A converter -
ADC2—-ADCg i POD—POD3 (MDO-MD3) ! (Key source signal return output pin
COMq, COM4 Output ! - Common signal output pin of LCD controller/ -
i Driver
LCDo—LCD15 Output l POY/KSp—POY15/KS15 ; Segment signal output pin of LCD controller/ -
LCD1g-LCD21 | POXq—POXg Driver
LCD22-LCD2s POE —POE 3 (DO-D3)
LCD26—LCD2g POF—POF 3 (D4—D7)
KSp—KS1g Output LCDq/POYQ—LCD15/P0Y 15 Key source signal output pin of key matrix -
AMIFC Input P1Dy Frequency counter input pin —
FMIFC P1D3
VCOL ; Input - Local oscillation frequency input pin -
VCOH -
XIN Input (CLK) Crystal resonator -
Xout Output -
EOQg Output - Charge pump output pin of PLL frequency -
EOq synthesizer
LPF|N Input - Amplifier input pin for low-pass filter -
LPFouUT Output - Amplifier output pin for low-pass filter -
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Pin Name Input/ output Dual function pin (*) Function Reset
VLPF - - Amplifier supply pin for low-pass filter -
Vpp1 - - Device supply pin. 6 V applied in program -

memory write/read/verify mode.
Vpp2 v
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 Input/output Dual function pin Function Reset

CLK Input XIN Clock input pin at program memory write/ -
read/verify.

Do-D7 Input/output | LCD22/POEg—LCD2g/POF3 Data input/output pin at program memory -
write/read/verify.

MD0O-MD3 Input PODo/ADC2—-POD3/ADCs Operation mode select pin at program memory -
write/read/verify.

Vpp - INT4 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

POC (POC3, POC3, POCq, POCo) (Note)
P1A (P1A3, P1A2, P1A4, P1Ag)

1.4.1 POA (POA; /SCKq, POAQ/SO1)
POB (POB3/Si4, POB; /§Wz, P0B1/S0O2, POBo/SI2)
(Input/Output)
D0-D7

VbD

|__ RESET (Other than DO-D7)
Data read signal (POC, DO-D7)

1.4.2 POA (POA3/SDA, POA2/SCL) (Input/output)

1.4.3 P1B (P1Bo/CGP)
P1C (P1C3, P1C2, P1Cy, P1Co)
P2A (P2Ag)
LCDg/POY(/KSp-LCD2g/POF3

(Output)

Vbb
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1.4.4 P1B (P1B3/PWMj,, P1B,/PWM;, P1B1/PWMg) (Output)

P

1.45 POD (POD3/ADC5/MD3, POD,/ADC4/MD2, POD1/ADC3/MD1, PODo/ADC2/MDO) (Input)

Vobp
A/D converter

o
E

High on-resistance

1.4.6 P1D (P1D1/ADCy, P1Dg/ADCo) (Input)

/D converter

VoD

' t General purpose port

VD! .L

’____—*'___g:-},\l VoD
N =
- |

Frequency counter
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148 CE
INT1/Vpp (Schmitt triggered input)
INTo

Vob

1.4.9 Xourt (Output), X;n/CLK (Input)

voo _L High on-resistance
—

R

-

l_

XIN/CLK O—9¢— Internal clock
3t
’L High on- ’L
resistance

L
XQUT O »mﬂh,d,__|

T

1410 EOq |
01 L (Output)
EOQp |

VoD

2-119




uPD17P005

NEC

1.4.11  LPFy (input), LPFoyT (Output), V), pg

LPFIN LPFoUT
-0
1412 COM,
O
COMo} (Output)
VoD VDD
m High on-resistance
° 113
T A
High on-resistance
1413 VCOH u )
vcoL [ P
V| High on-
10»? resistance Vobo

Ll

Fo|
1
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2. FUNCTION LIST

uPD17P005

Model

Item uPD17003A uPD17005 uPD17P005
ROM (x 16 bits) 3836 7932 7932 (PROM)

Table reference area 256 7932
RAM (x 4 bits) 320 432

Data buffer 4

General register 16
System register 12 nibbles

Register file

33 nibbles (control register)

General-purpose port register

24 nibbles

Insturction execution time

4.44 us (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 Vpp
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
8-bit 3-wire: 2-channel
8-bit 2-wire: 1-channel

D/A converter

8-bits x 3 (PWM output, output withstand voltage 16 V max.)

A/D converter

6 bits x 6 (successive approximation by software)

Interrupt e 5 channels (Maskable interrupt)
External interrupt: 2 channels (INTg pin, INTq pin)
Internal interrupt: 3 channels (timer, serial interface 1, frequency
counter)

Timer e 2systems

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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Model

uPD17003A uPD17005 uPD17P005

Item

PLL . Dividing method e 2types:

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

Charge pump e Two independent error-out output

Phase comparator e Unlock detection available by program.
Unlock FF delay time selectable.

Amplifier for LPF o CMOS operational amplifier, output withsatnd voltage 16 V max.

Frequency counter e Frequency measurement
P1D3/FMIFC pin: 5to 15 MHz
P1D2/AMIFC pin: 0.1 to 1 MHz

e External gate width measurement
POA{/FCG pin

Supply voltage e Vpp=4.51t05.5V (PLL and CPU operations)
e Vpp=3.51055YV (PLL stop, CPU operation)
e Vpp=2.2t0 5.5V (Crystal resonator stop)

Package 80-pin plastic QFP
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3. WRITE/READ/VERIFY THE ONE-TIME PROM (PROGRAM MEMORY)

The program memory built in uPD17P005 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 write/read/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 INT1 pin in normal operation mode.
CLK Address update clock input pin
MDO-MD3 Operation mode select pin
D0-D7 8-bit data input/output pin
Vpp1. Vbb2 Supply voltage application pin.
6 V applied

5V +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 uPD17P005 changes to the program memory write/read/verify mode when +6 V is applied to the Vpp pin
and +12.5 V to the Vpp pin.

According to the setting of the MDO—MD3, 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 Q).

Table 3-2 Operation mode at program memory write/read/verify

Designation of operation mode
Vep Voo MDO MD1 MD2 MD3
+125V | 6V

Operation mode

0 clear of program memory address

Write mode

Read/verify mode

I|r|r|xT
X|r|xT|r
I|lx|xT|xT
TI|T|xT|r

Program inhibit mode

Remark X: LorH
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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 5V to the Vpp and Vpp pins:
(3) Wait for 10 us.
(4) 0 clear mode of program memory address.
(5) Supply 6 V to the Vpp 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) x 1 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 Vpp/Vpp pin voltage to 5 V.
(16) Power OFF

Steps (2) to (12) are schematically shown below.

Repeat X times

I Write | Verify | Additionally | Address
' Write l Verify l write ‘ increment
v Vpp —
PP /

Vbp

Vpp+1  f—
Vop

VbD

CLK
d
Do-D7 Data input o Data input

vo _/ /S \__/

e
MD1 / \ /

MD2 _/ : o

I
— F
MD3 /
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3.3 Program Memory Read Procedure
The uPD17P005 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 Vpp and Vpp pins.
(3) Wait for 10 us.
(4) 0 clear mode of program memory address.
(5) Supply 6 V to the Vpp pin and 12.5 V to the Vpp pin.
(6) Program inhibit mode
(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 Vpp, Vpp pin voltage to 5 V.
(11) Power OFF

Steps (2) to (9) are shown below.

L
T

Vep

Vep ’
Vobp
Vpp+1

Voo ’
VDD

L

T

{
]

DO0-D7 J\ Data output X Data output X 4)-———
1

MDO ’ \ ’
{

MD1

L
T

MD2

{6

_J
MD3 ’ v ~
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4. ELECTRIC CHARACTERISTICS .

ABSOLUTE MAXIMUM RATING (T, = 25 +2 °C)

Supply Voltage Vpp —0.3 to +6.0 \
Input Voltage v, -03toVpp +0.3 V
Output Voltage Vo Except P1B1—P1B3, POAy, POA3, LPFoyt —0.3to Vpp +0.3 \
Ouput Withstand Voltage Veps: - P1B1—P1B3, LPFouT 18.0 Vv
Output Withstand Voltage  Vgpsa = POA2, POA3 - Vpp +0.3 v
High level Output Current gy 1 pin . -12 mA
Al pins -20 C mA
Low Level Output Current gL 1 pin 12 mA
All pins 20 mA
Operating temperature Topt —40 to +85 °c
Storage temperature Tstg : —55to +125 °c

RECOMMENDED OPERATION CONDITIONS

CHARACTERISTIC SYMBOL| MIN. | TYP. | MAX. | UNIT CONDITION
Supply Voltage Vpp1 4.5 5.0 5.5 \ PLL and CPU operations
Supply Voltage Vbp2 3.5 5.0 5.5 \ PLL stop, CPU operation
Data Retention Voltage VbDR 2.2 5.5 \ Crystal resonator stop
Supply Voltage Rise Time trise 500 ms Vpp =045V
Input Amplitude Vin 0.5 ‘| Vop | Vpp | VCOL,VCOH
Input Amplitude Vin2 0.5 Vpp | Ve.p | AMIFC, FMIFC
Output Withstand Voltage Vebs 16.0 \ P1B1—P1B3, LPFouT
Operating Temperature Topt —40 | . +85 °c
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DC CHARACTERISTICS (T, =—40 to +85 r’C, Vpp =4.5105.5 V)
STANDARD VALUE
CHARACTERISTIC SYMBOL CONDITION
MIN. TYP. MAX. | UNIT

Supply Voltage VpD1 45 5.0 5.5 v CPU and PLL operations

Supply Voltage Vpbp2 3.5 5.0 5.5 v CPU operation, PLL stop

Data Retention Voltage VDDR1 3.5 5.5 \ At power failure detection by timer F/F.

; At crystal oscillation.

Data Retention Voltage VDDR2 22 5.5 \Z At power failure detection by timer F/F.
When crystal oscillation is stopped.

Data Retention Voltage VDDR3 2.0 5.5 A Data memory (RAM) Retention

Data Retention Current IDDR1 2 15 HA When crystal oscillation is stopped. Ta=25°C

Data Retention Current IDDR2 2 10 uA When crystal oscillation is stopped.
Vpp=5.0 V, T3=25°C

Intermediate Level Output | Vom1 2.3 25 2.7 v COMg, COM1, Vpp=6 V

Voltage

High Level Input Voltage ViH1 0.8 Vpp Vpp v POAg—POA3, POBo—POB3, POCo—POC3,
P1Ag—P1A3, P1Dg—P1D3, CE, INTQ, INTq

High Level Input Voltage VIH2 0.6 Vpp VpD v PODg—POD3

Low Level Input Voltage ViL 0 0.2Vpp \% POAQ—POA3, POBg—POB3, POCo—POC3,
PODo—POD3, P1AQ—P1A3, P1DQ—P1D3,
CE, INTq, INT1

High Level Output Current | loH1 -1.0 —5.0 mA | POAg, POAq, POBg—POB3, POCo—POC3,
P1Ag—P1A3, P1Co—P1C3, P1Bg, P2Ag
VoH=Vpp—1V

High Level Output Current | 1gH2 -1.0 —4.0 mA LCDg—LCD2g, EOg, EO1
VoH=Vpp—1V

Low Level Output Current loL1 1.0 7.0 mA - | POAg—POA3, POBg—POB3, POCo—POC3,
P1Ag—P1A3, P1Cg—P1C3, P1Bg, P2Ag
Vo=t Vv

Low Level Output Current loL2 1.0 3.5 mA LCDg—LCD29, EOg, EO1 Vor=1V

Low level Output current loLs 1.0 20 "mA | P1B1—P1B3 VoL=1V

Low Level Output Current | loL4 1.0 10.0 mA | POAg, POA3 VoL=1V

High Level Input Current IH1 0.1 0.8 mA | At VCOH pull-down. V|H4=VDD

High Level Input Current HiH2 0.1 0.8 mA At VCOL pull-down. V|H=Vpp

High Level Input Current IiH3 0.1 1.3 mA | At X pull-down. Vi|H=Vpp

High Level Input Current l1H4 0.05 0.13 0.30 mA | At PODg—POD3 pull-down. ViH=Vpp

Output Leakage qurent IR 500 nA POA2, POA3 VQOH=VDD

Output Leakage Current L2 500 nA P1B1—P1B3, LPFouUT VOH=16 V

Output Leakage Current I3 +100 nA EOQ, EO1 VQOH=vDD, VoL=0 V
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AC CHARACTERISTICS (T, = —40 to +85 °C, Vpp =4.5t0 5.5 V)

STANDARD VALUE

CHARACTERISTIC 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
Vin =0.3 Vp.p
Operating Frequency fin3 9 150 MHz VCOH
Sine wave input
Vin=0.3 Vp.p
Operating Frequency fing 0.1 1 MHz AMIFC
Sine wave input
Vin = 0.3 Vpp
Operating Frequency | fins 0.44 0.46 MHz AMIFC
Sine wave input
Vin = 0.05 Vp.p
Operating Frequency fing 5 15 MHz FMIFC
Sine wave input
Vin=0.3 Vp.p
Operating Frequency fin7 105 | 10.9 MHz FMIFC
Sine wave input
Vin =0.06 Vp.p
Analog-to Digital Conversion 6 bit
Resolution
Analog-to-Digital Conversion Total 1 1.5 LsB Ta=—101t0 +50°C
Error
REFERENCE CHARACTERISTICS
STANDARD VALUE
CHARACTERISTIC SYMBOL CONDITION
MIN. TYP. MAX. UNIT
Supply Current 1op3 15 mA CPU and PLL operations
VCOH sine wave input
fin = 150 MHz,
Vin=0.5 Vpp
Vpp=5V,Ta=26°C
High Level Output Current 10H4 —0.2 mA COMp, COM4
VOH = Vpp—1V
Intermediate Level Output Current lom1 -20 BA COMp, COM4
Vom = Vpp-1V
intermediate Level Output Current om2 20 BA COMg, COM4
Vom=1V
Low Level Output Current loLs 0.2 mA COMg, COM4
VoL=1V
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DC PROGRAMMING CHARACTERISTICS (T, =25°C, Vpp = 6.0 £0.25 V, Vpp = 12,5 +0.5 V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX, UNIT CONDITION
High Level input Voltage ViH1 0.7 Vpp VbD v Other than CLK
VIH2 Vpp-0.5 VbD v CLK
Low Level Input Voltage ViLl 0 0.3 Vpp v Other than CLK
ViL2 0 0.4 v CLK
input Leakage Current TR 10 MA VIN = ViLor VIH
High Level Output Voltage VOH Vpp-1.0 \ IoH =—=1mA
Low Level Output Voltage VoL 1.0 v loL=1mA
VpD Supply Current Ipp 30 mA
Vpp Supply Current ipp 30 mA MDO = Vj, MD1 = V|H

Note 1: Be sure to keep Vpp below +13.5 V including overshoot.
2: Be sure to apply Vpp before Vpp and cut it after Vpp.

AC PROGRAMMING CHARACTERISTICS (T, = 25 °C, Vpp = 6.0 £0.25 V, Vpp = 12.5 +0.5 V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Address Setup Time (*) (vs MDO }) tAS 2 us
MD1 Setup Time (vs MDO 1) tmis 2 us
Data Setup Time (vs MDO i) tps 2 us
Address Hold Time (*) (vs MDO 1) tAH 2 us
Data Hold Time (vs MDO 1) tDH 2 us
MDO 1 to Data Output Float Delay Time | tpf ] 130 ns
Vpp Setup Time (vs MD3 1) typs 2 us
Vpp Setup Time (vs MD3 1) tvDs 2 us
Initial Program Pulse Width tpw 0.95 1.0 1.06 ms
Additional Program Puise Width toPW 0.95 21.0 ms
MDO Setup Time (vs MD1 t) tMOS 2 us
MDO ! to Data Output Delay Time tpv 1 Hs MDO = MD1 = Vy_
MD1 Hold Time (vs MDO 1) tM1H 2 us tM1H + tM1R > 50 us
MD1 Recover Time {vs MDO {) tM1R 2 us
Program Counter Reset Time tPCR 10 us
CLK Input High/Low Level Width tXH, XL 0.125 Hs
CLK Input Frequency fx 4.19 MHz
Initial Mode Set Time t 2 us
MD3 Setup Time (vs MD1 t) tM3s 2 us
MD3 Hold Time (vs MD1 4) tM3H 2 us
MD3 Setup Time (vs MDO {) tM3SR 2 us At program memory read.
Address (*) to Data Output Delay Time tDAD 2 us At program memory read.
Address (*) to Data Output Hold Time tHAD 0 130 ns At program memory read.
MD3 Hold Time (vs MDO 1) tM3HR 2 us At program memory read.
MD3 | to Data Output Float Delay Time | tprR 2 us At program memory read.

*: The internal address signal is incremented by one (+1) at the 3rd CLK input fall and is not connected to the pin.
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PROGRAM MEMORY WRITE TIMING
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Ho - ot |-
-t i
MD3 [ . X

PROGRAM MEMORY READ TIMING

tvps
[

vep o

Vp) :
P von
—4| = typs

Vpp+1 9}
\'s) DD t y

VDD =——

tXH

CLK ’ \
XL tDAD
THAD

e B
s o \
DO-D7 4 Data output Data output X . ’f-——
.

R o

e tDFR
'l‘—i = tov lM3HF!-| —
MDO
Ve v
MD1 £,
~—[ tPCR = '
B - I
3
MD2 7
{( .
"
MD3 g \

2-130



N E C uPD17006

4-BIT SINGLE-CHIP MICROCONTROLLER

The uPD17006 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 uPD17P006" having an on-chip one-time PROM is also available for mask ROM product, uPD17006 pro-
gram evaluation and small production.

An easy-to-use incircuit emulator (IE-17K) and an assembler (AS17K) are available as uPD17006 system devel-
opment tools.

*: Under development

FEATURES
e 4-bit microcontroller for digital tuning Also serves as an external event counter.
® Program memory [ROM): ® Various timer functions
24K bytes (12288 x 16 bits) 12-bit modulo timer (remote controlled: 10, 50 us)
o General-purpose data memory (RAM): 8-bit module timer (RDS clock synchronization:
896 nibbles (896 x 4 bits) 10, 100 us)
® Instruction execution time: 8-bit modulo timer (general-purpose:
1.78 us (when a 4.5 MHz 10, 100, 500, 1000 us)
crystal oscillator is used.) Timer carry (general-purpose: 100 ms)
® Stack level: 7 ® Various interrupts
® A set of 46 easy-to-understand instructions External interrupt: 2 channels (INT4, INT2 pins)
® Decimal operation enable Internal interrupt: 4 channels (timer: 3 channels,
® 12K-step table reference enable serial interface: 1 channel)
® On-chip PLL frequency synthesizer and 150 MHz Dual-function interrupt:
prescalar 2 channels (serial interface: 2
® 12 kinds of reference frequencies can be selected channels, A/d converter, IF
using appropriate programs counter and timer overflow)
® 2.system error output (EOqg, EOgy and EOqq ® General-purpose input/output ports
systems) Input/output port: 48
® On-chip IF counter (AMIFC, FMIFC) Input port: 8 (with 4 on-chip pull-down resistors)
® On-chip 8-bit serial interface Output port: 11
2 systems with 3 channels: ® On-chip function of parallel interface with the ex-
2-wire and 3-wire interfaces ternal SRAM
® On-chip D/A converter: ® On-chip power-ON reset, CE reset and power failure
9 bits x 3 channels (PWM output) detection circuit
Usable as a modulo timer ® CMOS Low power consumption
® On-chip A/D converter: 8 bits x 6 channels ® Supply voltage: 5V £10%
Hardware (32 us) and software conversion ® 80-pin plastic QFP

Notes on Serial interface: The 2-wire mode corresponds to the I2C-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 I2C system, provided that the system conforms the 12C standard specifications as
defined by Philips.

Consequently for all ROM based components with I12C 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)

- O -~ N MO © — N M O - N M
ge258s0Sddvdgass
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BLOCK DIRAGRAM

Swallow

VCOH O

E
Prog_ra;nm.!ble - Phase 000
veoL o o Detector E001
Unlock =
10
I — T ey

CPU Clock

XIN1 ()—D :;»— Divider

Selector |—=1 Timer
XOUT1 O JwL 3T —

W N Gy [ ]
RF ——O P1D3/FMIFC
POAQ/SO1 O
POA1/SCK1 O IF
POAZ/SCL O RAM <t Counter
POA3/SDA O Serial 896 x 4 bits O P1D2/AMIFC
POBO/SI2 O 1/0
P0B1/SO2 O
POB2/SCK2 O SYSREG
POB3/SI1 O -
U o —O P1D1/TMIN
L] O P1DO/FCG
POB I\
A ]
| D/A O P1B1/PWMo
POCO O Converter O P1B2/PWM1
poct o—— O P1B3/PWM2
POC2 O—
POC3 O— Instruction — cGp ’ O P1Bo/CGP
7} Decoder |
PODQ O——
POD1 O 1roD ﬁ
POD2 O—— P18
POD3 O———— —
P1A0/RAMD4 O———— ROM
P1A1/RAMDS O————
P1a2/RAMDE O——o P1A 12288 x 16 bits ———-o0 ADCo
P1A3/RAMD7 O——— ——o0 ADC1
] A/D -O P3B0/ADC2
P1C0 O— 5.0 Converter -O P3B1/ADC3
P1C1 O— -O P3B2/ADC4
{} P383/ADCs

P2AQ/RAMDQ O-
P2A1/RAMD1 O——f

P2A2/RAMD2 O——«—] Program Counter

P2A3/RAMD3 O—
P2B80 O— @ —
P281 O—— pyg ———o0 Paco
P2B2 O———

Stack — ————0 P3Cq
7 x 14 bits — ———oO P3C2
——O0 P3C3

O P3D2/RAMOE
O P3D3/RAMWE

PaA O P4A3/RAMAS

External RAM
Controller ] !nterrupt INTOQ

Control |——O INTq

P2Dg/RAMA4 O———
P2D1/RAMAS O———
P2D2/RAMAG O———
P2D3/RAMA7 O———

P3AQ/RAMAQ O———]
P3A1/RAMA] O——]
P3A2/RAMA2 O———— - I ResET
P3A3/RAMA3 O—— L oce

F—O GND

O VDD

TN A O

I
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uPD17P006

SINGLE-CHIP MICROCONTROLLER

The uPD17P006 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 uPD17P006 has an on-chip one-time PROM, making it useful for mask ROM product uPD17006* program
evaluation and small production.

An easy-to-use incircuit emulator (1E-17K) and an assembler (AS17K) are available as uPD17P006 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 us

(when a 4.5 MHz crystal oscillator is used.)
Stack level: 7
A set of 46 easy-to-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 (EQgg, EOgq and EOqg
systems)
On-chip IF counter (AMIFC, FMIFC)
On-chip 8-bit serial interface
2 systems with 3 channels: 2-wire and 3-wire
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On-chip D/A converter:
9 bits x 3 channels (PWM output)
Usable as a modulo timer
On-chip A/D converter: 8 bits x 6 channels
Hardware (32 us) and software conversion
Also serves as an external event counter.
Various timer functions
12-bit modulo timer (remote controlled: 10, 50 us)
8-bit modulo timer (RDS clock syncronization:
10, 100 us)
8-bit modulo timer (general-purpose:
10, 100, 500, 1000 us)
Timer carry (general-purpose: 100 ms)
Various interrupts
External interrupt: 2 channels (INT4, INT2 pins)
Internal 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)
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® General-purpose input/output ports
Input/output port: 42
Input port: 8 (with 4 on-chip pull-down resistors)
Output port: 11

® On-chip function of parallel interface with the
external SRAM

PIN CONFIGURATION (Top View)
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e e
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PODg
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8] |77

POD2
POD3
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80-pin plastic QFP
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BLOCK DIAGRAM

P2DQ/RAMA4 O———]
P2D1/RAMAS O— L]
P2D2/RAMAG O———

P2D3/RAMA7 O—

External RAM
Controller Interrupt ——o0 INTQ
Control [0 INTq
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“F POA
4
) RF 1/2 “I +—O P1D3/FMIFC
POAQ/SO1 O
POA1/SCK1 -
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PODO O Decoder J
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POD3 O——
P1AQ/RAMD4 O——]
P1A1/RAMD5 O———— P1A OTPROM
P1A2/RAMDE O 1 12288 x 16 bits L © Abco
P1A3/RAMD7 O———] DS
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uPD17010

4-BIT SINGLE-CHIP MICROCONTROLLER

The uPD17010 is a 4-bit single-chip microcontroller for digital tunign system which incorporates the sprecaler

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

pPD17010 system development.

Since One-Time PROM version, uPD17P010: is available as well, it is recommendable for the system evaluation

when developing the system of uPD17010 and for its small production.

*: Under development

FEATURES

® 4-bit single-chip microcontroller for digital tuning

system

Program memory (ROM)

* uPD17010: 7932 x 16 bits

Data memory (RAM)

* uPD17010: 432 x 4 bits

Stack level: 9

Perceptible 35 types of instruction set

Decimal operational

Instruction execution time: 4.44 us

(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, 1/2 duty, frame
frequency: 250 Hz)

On-chip IF counter (AMIFC, FMIFC)

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

hardware

On-chip 8-bit serial interface (2 systems 3 channels:
3-wire and 2-wire)

On-chip 12-bit timer modulo counter

On-chip 8-bit D/A converter: 3 outputs (PWM)
On-chip 6-bit A/D converter: 6 inputs

On-chip service interruption detector and power-on
reset circuit

Interrupt (external: 2 systems, internal: 4 systems)

® Various 1/O ports available (33 ports (+ 30 ports:

Purchase of NEC's 12C bus syst

P

segment pins))

On-chip CGP (Clock Generator Port)
5V+10%

CMOS low power consumption
80-pin plastic QFP

ts 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 ali 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)

833908388588
X XX XXX XY Y¥Y
88382y PILLERQ
g3<xg82ggreeeee
§8858288a8838858282
eLeeReLY998999899¢9¢%
POCT C 1;[7[11;[174 73 72:[7([1:68 67 66 65, 5 LCD10/POY10/KST0
Pocog O~—+ 2 O 63——=O LCD11/POY11/KS11
POA3/SDA O=——={ 3 62———=0O LCD12/POY12/KS12
POA2/SCL O=—+{ 4 61f————=0 LCD13/POY13/KS13
POA1/SCK1 O=—= 5 60———=O LCD14/POY14/KS14
POAQ/SO1 O=—+1 6 59———=0O LCD15/P0Y15/KS15
POB3/SI1 Oe—e] 7 58——=0 LCD16/POX0
POB2/SCK2 O+—+{ 8 57 ——=0O LCD17/POX1
POB1/S02 O=——={ 9 - 56 f——=O LCD18/POX2
POBO/SI2 Oe—={10 g 55|——=0O LCD19/POX3
INT1 O——={11 3 54 ———=0O LCD20/POX4
INTO O——=]12 3 53f——=0 LCD21/POX5
CE O—={13 by 62}———=0O LCD22/POED
P1A3 O=——+{14 o3 51———=0O LCD23/POE1
P1A2 O~—={15 & 50 [———=O LCD24/POE2
P1A1 O—=]16 © 49——=0 LCDs/POE3
P1AQ/FCG O=—=]17 48——=O LCD26/POF0
P1B3/PWM2 O=—18 47 f———=0 LCD27/POF1
P1B2/PWM1 O=——19 46 ———=O LCD28/POF2
P1B1/PWMp O=——20 45———=0 LCD29/POF3
P1B0/CGP O=—{21 44———-—0O COMo
P1C3 O=—22 43——-0O COM1
P1C2 O=—23 42}——-=0 P2A0
P1C1 O=—+24, 41 ———0 VDD2

P1CO O=—1N
P1D3/FMIFC O———={
P1D2/AMIFC O——{Y

P1D1/ADC1 O——{8
vbp1 0——8
VCOL O——{X
VCOH O———{Y

GND O——8

XouT O+—®

XIN O——={@

EOQ O~—8

£01 O——X

NC O——8
NC O——8
NCO—18

P1DO/ADCO O———={3
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BLOCK DIAGRAM
VCoH o 0 0o
Detector €0
veoL |V—o 1
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= — —o com
! I - —O LCDO/POY0/KSO
XOUT i L NS : LCD.2/POY2/KSZ
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POAQ/SO1 O Y O Lcpgs/PoFo
POA1/SCKq O ——~O LCD27/POF1
POA2/SCL O— ( L—O LCD28/POF2
POA3/SDA O Se/'g‘ —O LCD29/POF3
POBO/SI2 ! RF
POB1/S02
POB2/SCK2 O ) RAM T —O P1D3/FMIFC
POB3/SI1 O11T¢ N— 432 x 4 bits Counter
P1D2/AMIFC
SYSREG
L ) S— P
LN
POB ALU P1DO/ADCO
v P1D1/ADC1
POCO O— ] PODO/ADC2
POCT O—— POD1/ADC3
PoC2 O] 7€ POD2/ADCA
POC3 O———— /t_ . POD3/ADC5
\ | Decoder
P1AQ/FCG O——] oM
PiA1 O— AN
P1A
P1A2 O— N— 7932 x 16 bits CcGP P1B0/CGP
P1A3 O—— 12 bits P1B1/PWM
Timer (Yo P182/PWM
Modul /
P1Co O——— ulo N— P1B3/PWM
PICT O—rof /‘V:> Counter
oo
P1C3 O——— T
A
P2A0 O ! INTO
p2a () Stack 9 x 13 bits L INT1
VDD1 Q
voD2 @——— Reset

GND 017
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FUNCTION LIST

Product Name #PD17010 «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
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 interrupt : 2 channels
Internal interrupt : 4 channels
Timer 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

VDD =5V £10%

Package

80-pin plastic QFP
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4-BIT SINGLE-CHIP MICROCONTROLLER

HPD17P010 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-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, which are easy-to-use as the tools of uPD17P010 system
development.

Since it incorporates One-Time PROM, it is useful for the system evaluation when developing the system of uPD17010%,
and for small production.

*: Under development.

FEATURES

® 4-bit single chip microcontroller for digital tuning ® On-chip service interruption detector and power-
system on reset circuit

® Program memory (One-Time PROM): ® Interrupt (external: 2 systems, internal: 4 systems)
7932 x 16 bits e Various 1/O ports available (33 ports (+30 ports:

o Data memory (RAM): 432 x 16 bits Segment pins))

® Stack level: 9 ® On-chip CGP (Clock Generator Port)

® Perceptible 35 types of instruction set e 5V+10%

® Decimal operational ® CMOS low power consumption

@ Instruction execution time: 4.44 ps (when connecting o 80-pin plastic QFP

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, 1/2 duty, frame
frequency: 250 MHz)

® On-chip 8-bit serial interface (2 systems 3 chan-
nels: 3-wire and 2-wire)

® 12-bit timer modulo counter

On-chip 8-bit D/A converter: 3 outputs (PWM)

® On-chip 6-bit A/D converter: 6 inputs
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PIN CONFIGURATION (TOP VIEW)

8528883589588588
2 2323 YyYyYyyvyyyvveyv
S ¥ ¥ XX Y¥XYYYYY
N O O O -~ N O T 0 O~ 0 O
Q Q QO > > > > > > > > > >
000 Qooooo0oo0ooobo o
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SIS - DI DR D>
8$ooooggggggoooo
7
POCH | 8079 78 7776 75 74 73 72 71 70 69 68 67 66 65, 5 LCD10/POY10/KS10
Poco O-—nf2 O 63|————=0 LCD11/POY11/KS11
POA3/SDA O=—=] 3 62|———=0 LCD12/POY12/KS12
POA2/SCL Oe—sl 4 61——=0 LCD13/POY13/KS13
POA1/SCK1 O=—] 5 60f———=O LCD14/POY14/KS14
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P0B2/SCK2. O=——+{ 8 57 f——=O LCD17/POX1
POB1/S02 O=—] 9 56 |———=0 LCD18/POX2
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BLOCK DIAGRAM
Swallow
VCOH 16, 17 Counter F— o 0o
Programmable] Detector
vcoL Divider EO1
—o como
CPU Clock 12 o com
Lo |—oO LCDo/POY0/KSO
XIN/CLK Divider o0 LCD1/POY1/KS1
XOUuT LCD2/P0OY2/KS2
- o
' '
POAQ/SO1 O —O LCD26/POF0/DA
POA1/SCK1 O ——O LCD27/POF1/D5
POA2/SCL O— » ( | —O LCD28/POF2/D6
POA3/SDA O Seria |0 LCD2o/POF3/D7
POBO/SI2 1/0 RF
POB1/S02
POB2/5CK2 O AN RAM - —O P1D3/FMIFC
POB3/SI1 Of++ N— 432 x 4 bits Counter
O P1D2/AMIFC
[ SYSREG 2/
= POA \‘/‘:> PID
POB ~ ALU \ P1DO/ADCO
P1D1/ADCY
POCO O——— PODQ/ADC2/MDO
POCH O——— e POD1/ADC3/MD1
POC2 O——— POD2/ADC4/MD2
POC3 O—— POD3/ADC5/MD3
Decoder
P1AQ/FCG O——] rom
P1AT O——o —N )
P1A2 O—— | \‘_1/ 7932 x 16 bits P1BO/CGP
P o—
A3 12 bits P1B1/PWM
Timer
P1B2/PWM
P1CO O ] Modulo P 2/PWM
pic1 00— Counter 183/
pico P1C 1T
PIC3 Program Counter
P2A0 O P2A ~ Stack 9 x 13 bits INTo
| INT1/VPP
VDD1 Q

voD2 O—— Reset

GND
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FUNCTION LIST

Product Name

uPD17010

uPD17P010

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
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 interrupt : 2 channels
Internal interrupt : 4 channels
Timer 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 ps, 333.3 us, 1 ms)

Standby function

+ STOP, HALT

Power supply voltage

Vpp=5V:10%

Package

80-pin plastic QFP
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SINGLE CHIP MICROCOMPUTER FOR
PLL FREQUENCY SYNTHESIZER
BUILT-IN IMAGE DISPLAY CONTROLLER

uPD17002 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 1/0O (Input/Output) ports controlled by effective input/output
instructions, serial interface function, 4 bits A/D converter and 6 bits PWM output.

FEATURES
® 4 bits microcomputer for digital tuning system
® built-in PLL frequency synthesizer
using prescaler: uPB568
® single power supply (5 V £10 %)
® CMOS with low power consumption ® capable of decimal arithmetic
® instruction execution time: 2 us (with 8 MHz crystal connected)
® IDC (Image Display controller) built-in (user programable)
» number of display character : 97 characters (max. in one screen)

program memory (ROM): 8 K byte (16 bits x 3 968 steps)
data memory (RAM): 4 bits x 336 words

stack level: 6

35 types of understandable instruction

- display location : 12 lines x 16 columns

* number of character types : 120 types

» character format : 10 x 15 dots (capable of fringe function)

 character color . 8colors

» 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 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 1/O ports input output port : 15
input port : 4
output port : 8

ORDERING INFORMATION

Order Code Package
uPD17002CU-XXX 48-pin plastic shrink DIP (600 mil)

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 CONNECTION (Top View)

e 01
POCo O..___Iz

w1 O

POCq O‘—E
POD3/ADC5O—-E
POD2/ADC4 O———E
POD1/ADC3 O—E
POD/ADC; O———+] 8 |
s O3
itz Qe 10 |
P Os—— 11|
wto O

veo O——{ 14|

onD O———{ 16|

psc O— 17|

XouT O'—E

xin O——{ 20|

P1A3 O‘—E

P1A2 o.__rz_z—

P1A O.—-E

P1Ag o.__.lz

[ 47 J+———=O Poag/spA
| 46 }———=O roaysscL
En—oo POA2/SCK
z}o———-o POA3/SO
E————O POBg/S!

22 POB1

4 POBo/TMIN

40 J+———O Posy/HsoNT
[ 39 O ADCo
E-———uo P1Cq
E‘—"O P1Co
E.__.Ong/ADC]
Vevne
34 ——Ofsvne

33 BLANK

32 BLUE

31 }————()GREEN
[ 30 |———Oreo
E.__.o P1Bg
_T_s_'-——.o P18B4
E——»ONBZ
E——'ONBg
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BLOCK DIAGRAM

Swallow]
Swallow O PSC
Programmable] Counter Phase
veo Divider EO
> 4 Detector

Latch
Selector Divide: XIN

— —OXout
Hstco—[b— CPU Clock
——o0 Pwmg
Vi A
sYNCO—{>— | Pwm O P
1IDC ) O PWMp
REDO——— N—— ————o0 PwMm3
GREEN O———— RF
BLUE O——— A '; ———o0PiAg
BLANK O——— RAM AN\ ———0OPiA
336 x 4 bits P1A !
\N—/ F———-o0 P1A;
s EEe ]
POAQ/SDA O SYS REG L oriag
POA1/SCL O——
SER Serial f—\
POAL/SCK O o o P1Bg
POA3/SO O 4—'\ P18 ———O P1B4
POBg/SI ALU \J—l/ o B,
LA
L ———O PiB3
L] G
POA
\ 14 —O POCo
M~ N —O POCy
PoC
POBI O——H pog N | — L o POCy
POB2/TMIN O—¢ \'_ —O POC3
FosgHseNT O-
3968 x 16 bits - s O INTNC
e ook .
Instruction
Decoder
PODg/ADC
° 2 1 Program Counter
POD1/ADCs POD '\ Reset VoD
POD2/ADC4 O ——O CE
POD3/ADCs Stack 6 x 12 bits
P1C3/ADCq1 O O GND
P1C2 PIC k
P1C1 O
L
A/D
ADCo O———]
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PIN DESCRIPTION

PIN
No.

SYMBOL

PIN NAME

FUNCTION

OUTPUT TYPE

to

POC3
to

POCo

PORT OC

4 bit output port. Latch for Port OC is locat-
ed at 72H address of BANK 0 or BANK 2 of
data memory (RAM).

Qutput status is unconstant at the initial
power-on (Vpp).

CMOS
push-pull

0 N O ;O

POD3/ADCs
POD,/ADC,
POD;/ADC3
PODo/ADC,

Port OD

4 bit input port. These ports can be used also
as A/D converter. When used as port, pull-
down resistor (100 k€2 TYP.) is connected.
The built-in 4-bit A/D converters employ the
successive approximation method.

The A/D converter reference voltage is Vpp.
Latch for Port OD is located at 73H address
of BANK 0 or BANK 2 of data memory
(RAM).

Input with
pull-down
resister

to
12

PWM3
to
PWMq

D/A
converter

VDP (Variable Duty Port) or output port.
VDP function is to output the pulse of
156.625 kHz frequency sequently.

The pulse duty is variable by 66-step program.

N-ch
open-drain

13

Voo

Power
Supply

Device power supply pin. This pin supplies

5 V 10 % 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
internal data memory (RAM) with a STOP
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 uPD17002 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.

14

VvCco

Local Oscillator
Signal Input

Input the output of VCO (Voltage Controlled
Oscillator) after frequency division by the
uPB568 prescaler, that is the output of the
prescaler. uPB568 is a Two-Modulus prescaler
with division ratio (1 GHz MAX.).

Input
(self-bias)
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uPD17002

PIN
No.

SYMBOL

PIN NAME

FUNCTION

OUTPUT TYPE

15

EO

Error Output

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
condition results if the two frequencies are
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.

CMOS
3-state

GND

Ground

Device ground pin.
Both pins should be connected to the ground.

PSC

Pulse Swallowing
Control Output

Pin used to output a frequency division ratio
switching signal to the uPD568.

Connected directly to the PSC pin of the
uPB568. The ratios are 1/128 and 1/136 (or
1/64 and 1/68).

CMOS
push-pull

18

CE

Chip Enable

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
consumption.

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 O address.
When the device is reset, BANK turns 0 and
1/0 port enters the input mode.

Input

19
20

XouT
Xin

X'tal

Crystal oscillator connector pin.
Connect a 8 MHz crystal resonator to this
pin.

CMOS
push-pull (XoyT)
Input (X;n)

21
to
24

P1A3
to
P1Ag

Port 1A

4-bit output port. Latch for this port is locat-
ed at 70H address of e BANK 1 in the data
memory (RAM). This pin is N-channel open
drain type.

(Breakdown Voltage: 12.5 V)

(Sink Current: 20 mA TYP.)

N-ch
open-drain
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uPD17002
PIN .
No. SYMBOL PIN NAME FUNCTION OUTPUT TYPE
4-bit input output port. The input or output
26 P1B state of each bit can be specified in these ports.
- i 3 Port 18 The input and output are set by the P1BBIO cmos
‘; P:; Rort word (35H) in the resistor file. Latch for push-pull
2 ° these ports are located at 71H address of (1/0)
BANK 1 in the data memory (RAM).
2? G:IEEIIE)N Character Character data output pins for R. G. B. Active CMOS
i i high output ush-pull
2 BLUE Signal Output g P push-p
a3 BLANK . Blanking Blan!ung .slgnal output pin to cut video signal. CMOS
Signal Output (Active high output) push-pull
N H. Sync Signal H. Sync. signal input pin for IDC
34 Hsyne ‘Input (Active low input) Input
V. Sync. signal input pin for IDC (Active low
v V. Sync. Signal . L "
35 Vsync | input). This signal can be used for interrup- Input
nput 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 P1CGIO bit (#0 bit of
36 P1C3/ADC4 27H) in the resistor file. When used as A/D CMOS
37 P1Cy Port IC converter, input should be specified. Latch push-pull
38 P1Cy for this port is allocated at 72H address of (1/0)
BANK 1 in the data memory (RAM).
Port 1C enters into input at initial power-on
(Vpp), or at clock stop time or at reset time.
(CE pin: Low—High)
The A/D converter input pin. The built-in
-bi D t loy the successi
ag ADCo AD Conversion 4-bit A{ c?nver ers employ successive Input
approximation method.
The A/D converter reference voltage is Vpp.
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 | POB3/HSCNT word (36H) in the resistor file. Latch for (1/0)
oL POB2/TMIN Port 0B these ports are located at 71H address of
42 ‘P°B1 ' BANK 0 or BANK 2 in the data memory However
43 POBg/SI (RAM). POB,/TMIN can be used also as an POB3/HSCNT is
 external timer input. self biased
Interruption starts by the 1/5 or 1/6 of the at input.
frequency input to this pin.
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uPD17002

PIN
No. SYMBOL PIN NAME FUNCTION OUTPUT TYPE
Usually commercial power supply frequency
is input to this pin, and used as reference clock
isi p 0 pin, r n [ cMOS
for timer.
POB(/S| pin can be used also as a serial inte push-pull
in can ial inter-
40 | POB3/HSCNT 0/ST P : ! (1/0)
M POB,/TMIN face (uCOM standard mode) data input pin.
2 Port 0B POB3/HSCNT pin can be used also as a H.
42 POB4 ) ) ) ! However
sync. signal counter input pin. Therefore this
43 POBo/SI L ) ) POB3/HSCNT is
pin is self biased (Vpp/2) at any time. Port
. L self biased
OB turns input at the initial power-on (Vpp) A
. . ! at input.
or at clock stop time or at reset time (CE pin:
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/SO
POABIO word (37H) in the resistor file. POA,/SCK
Latch for these ports are located at 70H
address of BANK 0 or BANK 2 in the data- CMOS
44 POA3/SO memory (RAM). push-pull
45 POA2/SCK Port OA POA3/SO pin can be used also as a serial inter- (1/0)
)
46 POA4/SCL face (uCOM standard mode) data output pin.
47 POAQ/SDA POA2/SCK pin can be used also as a shift POA1/SCL
clock input output pin. POAQ/SDA
POA(/SDA pin can be used as a serial interface
(two wire mode and uCOM standard mode) N-ch
data input output pin. open-drain
POA1/SCL pin can be used as a shift clock (1/0)
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
48 INTnC Request Signal into this pin. IEDG1 flag reset enters into Input
Input interruption at rising time. |IEDG1 flag set
enters into interruption at falling time. At
reset time (CE pin: Low—>High), IEDG1 flag
is reset and interruption starts at the rising
edge.
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INPUT/OUTPUT CIRCUITS

POA (POA3/SO, POA;/SCK)
POB (POB4, POBo/SI)

P1B (P1B3, P1B2, P1B4,P1Bg)
P1C (P1C3/ADC, P1C, P1Cy)

IN/OUT O rié

5

POA (POA4/SCL, POAG/SDA)

IN/OUT O—y

l__

POC (POC3, POC3, POC1, POCp)
RED, GREEN, BLUE, BLANK, PSC



NEC

uPD17002

PWM (PWM3, PWM2, PWM4, PWMo)
P1A (P1A3, P1Ag, P1A, P1Ag)

ouT

|

POD (POD3/ADCs, POD2/ADC4, POD1/ADC3, PODg/ADC3)

IN O é
(High ON Register)

ADg

"o [EL
POB3/HSCNT

POB3
P-ch
IN/OUT ©
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uPD17002
P0OB2/TMIN
%i POB2
-J— P-ch
IN/OUT & m [—l T
-[- N-ch ) L‘l

Tl

Hsync. Vsyne, INTnc, CE
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NEC

ELECTRICAL CHARACTERISTICS (TARGET SPEC)

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS SYMBOL RATING UNIT
Supply Voltage Vop —0.3t0 +6.0 \
Input Voltage Vi —0.3to Vpp \
Output Voltage Vo —0.3to Vpp \"
OQutput Sink Current lo 10 (except P1A) mA
Output Breakdown Voltage VBps 13 (P1A, PWM) \
Operating Temperature T, —20 to +70 °c
Storage Temperature Vtg —55 to +125 °c
RECOMMENDED OPERATING CONDITIONS
CHARACTERISTICS | SYMBOL | MIN. TYP. MAX. | UNIT CONDITION
Supply Voltage Voo 45 5.0 5.5 v All functions operate (CPU, PLL,
IDC)
Supply Voltage Vbbp2 4.0 5.0 5.5 v Only CPU operates
Data Retention VbR 3.0 5.5 \% Crystal oscillation stopped
Voltage
Output Breakdown Veps 125 v P1A. PWM
Voltage .
SR?::LVT\::Ltage trise 500 ms Vpp:0~>4.0V
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pPD17002
DC CHARACTERISTICS (Tg = —20 to +70 °C, Vpp =451t 5.5 V)
CHARACTERISTICS |SYMBOL | MIN. TYP. MAX. | UNIT CONDITION
Supply Current lpp1 8 mA | (T,=25°C)
Supply Current lpp2 1 mA | Only CPU operates (T;=25 °c)
High Level
P POB, POD, P1B, P
Input Voltage Vimr  [0.7 Vpp v 0A, POB, POD, P1B, P1C
High Level -
\" 0.8V, \" CE, INTNc, , H,
Input Voltage 1H2 oo Nc: Vsync. Hsyne
Low Level
0.3V \ POA, POB, POD, P1B, P1C
Input Voltage Viut bo
Low Level R —
V . \" CE, INTye, Vi .
Input Voltage L2 0.2Vpp NTnc. Vsync. Hsyne
High Level POA,, POA3, POB, POC, P1B, P1C,
loH -2 -1 mA | RED, GREEN, BLUE, BLANK
Output Current Vou=Vpp—1V
Low Level POA, POB, POC, P1B, P1C, RED,
loL1 1 2 mA | GREEN, BLUE, BLANK, PWM
Output Current VoL=1V
Low Level
| 15 20 A | P1A, VoL=1V
Output Current oL2 m oL
High Level
| 100 A =Vpp=4.5V
Input Current H # V€O, Xin. Vi=Vop
Data Retention : 10 A Crystal oscillation stopped
Current OR BA 1 (1,=25°C)
Output Leakage | 1 A POAg, POA4, P1A, PWM, EO,
Current L a Viu=6V
AC CHARACTERISTICS (T, = —20 to +70 °C, Vpp = 4.5 t0 5.5 V)
CHARACTERISTICS | SYMBOL | MIN. TYP. MAX. | UNIT CONDITION
Input Frequency fTMR 50 60 Hz POB,/TMIN
Input Frequency fus 10 20 kHz | POB3/HSCNT
IDC Jitter IDCg 4 6 ns
iDC H. SYNC
. IDChp 16.25 us from last edge of H. SYNC
Start Position
IDC 1. SYNC
Start Position IDCyp 17 H from last edge of V. SYNC
Operating Frequency | fiy 15 MHz | VCO (V,=0.6 Vp.p, SIN WAVE)

A/D CONVERTER CHARACTERISTICS (T, =

—20 to +70 °C, Vpp =4.5t0 5.5 V)

CHARACTERISTICS | SYMBOL | MIN. TYP. MAX. | UNIT CONDITION
A/DC i

/D Conversion +1/2 #+1 | LSB | T,=—10t0 +50°C
Absolute Accuracy
Input Impedance 1 MQ
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uPD17002 INSTRUCTION SET

Instruction Table

big biz b1z by |bis 0 1
0 0 O o0 |O ADD r,m ADD m, #i
0o 0 o0 1 1 sus 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

El

Di

RET!
0 1 1 1 7

PUSH AR

POP AR

GET DBF, p

PUT p, DBF

PEEK WR, rf

POKE 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, #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 D BR addr  (page 1) MOV m, #i
1 1 1 0 E SKT m, #n
11 L | F SKF m, #n
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Instructions
NOTE
M : One of Data memory specified by {(BANK), m] PE : Peripheral
m + Data memory address specified by [my, m_] of P : Peripheral address
each bank PH : Peripheral address high
my : Data memory address high (Row address); 3 bits pPL : Peripheral address low
mp : Data memory address low (Column address); 4 PC : Program memory counter
bits SP : Stack pointer
R i One of General register specified by [(RP), r] STACK : Stack of (PC), (BANK), (1XE)
r :+ General register address low; 4 bits STACKpc: Stack of (PC)
RP : General register pointer BANK : Bank register
RF : One of register file specified by rf (ROM)pc : One of Program memory data specified by (PC)
rf : Register file address specified by [rfyy, rf ] INTEF : Interrupt enable flag
rfy : Register file address high SGR : Program memory segment register
L : Register file address low i : Immediate data; 4 bits
AR : Address register n : Bit position; 4 bits
IX : Index register addr : One of program memory address; 11 bits
IXE : Index enable flag cY : Carry flag
DBF : Data buffer c : Carw
WR 1 Window register b : Borrow
MP : Memory pointer h : Halt release conditions
MPE : Memory pointer enable flag [ : Address of M, R, RF
() : Contents of M, R, RF, AR, IX, DBF, WR, PE
Machine code
Mnemo-
Operand Function Operation Op.
code
Add Data memory to General
rm . v (R), (CY) « (R) + (M) 00000 my | m | r
register
ADD "
. Add immediate data to Data . .
m, #i memory (M), (CY) « (M) +i 10000 | my my i
c
° Add Data memory to General
= rm ¢ Daa v " (R), (CY) « (R) + (M) + (CY) 00010 | my | mL | -
3 register with carry
< | ADDC -
m, #i Add |mmeﬁ.1|ate data to Data (M), (CY) « (M) +i + (CY) 10010 | my mL ;
memory with carry
ING AR Increment Address register (AR) < (AR) +1 00111 | 000 1001 | 0000
1X Increment Index register (IX) « (IX) +1 00111 | 000 | 1000 | 0000
bt f
nm Subtract Dx?ta memory from (R), (CY) < (R) — (M) 00001 | my mL .
General register
suB
Subt i i fi
§ m, #i ubtract immediate data from M), (CY) < (M) —i 10001 | my mL ;
5 Data memory
g
2 Subtract Data memory from
3 r,m 718 memory (R), (CY) « (R) — (M) — (CY) 1001 | my | mg | ¢
General register with borrow
SuBC
Subtract i diats
m, i | Subtractimmediate datafrom | ) cv) e () —i - (CY) 10001 | my | mp |
Data memory
Skip if Data memory equals
SKE | m,#i |oP Datamemory equ (M) —i & skip if zero 01001 | my | mL i
immediate data
€ Skip if Data memory is greate|
S | skGe |m, #i ® NOTY IS 9reater | (M) — i & skip if not borrow 11001 | my | mp i
§ than or equal to immediate data
3 Skip if Data is less th
Sl sKLT |m, g |DCPY Datamemory s IsSTaN | (v _ i & skip if borrow 1mou| my | omp | o
immediate data
Skip if Data Lt t al
SKNE | m, #i | SkiPif Data memory not equ (M) — i & skip if not zero 01011 | my | mL i
immediate data
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M Machine code
na.mo- Operand Function Operation Op.
nic 3
code
R Logic AND of Data memory . R
., M M) AND 10100
. # and immediate data M) (M) ! i mH mL !
AND
Logic AND of Gi | regists
rm ogle oF Seneral register (R) < (R) AND (M) 00100| my mp r
and Data memory
<
2 Logic OR of Data memory and
® , #i M) < (M) OR i 10110
§ m #i immediate data W) ! MH mL !
8 | OR Logic OR of General register
3 rm g 9 (R) < (R) OR (M) 00110 my | mL | r
'g; and Data memory
Exclusive Logic OR of Data
m, #i | Exclusive Logic OR o (M) «< (M) XOR i 10101 my | my | i
memory and immediate data
XOR
Exclusi i f |
r,m xelusive Logic OR of Genera (R) « (R) XOR (M) 00101 | my | mp 3
register and Data memory
Load Data to General
LD r,m 3 ate memory to Gene (R) « (M) 01000 my mp r
register
Store General register to Data
sT m,r . M)« (R) 11000| my | mL | r
memory
Move Data memory to Destina-
@r,m tion data memory :eferring to if MPE=1 : [(MP), (R)] « (M) 01010 | m m r
’ ) if MPE=0 : [(mp), (R)] < (M) H L
General register
Move Source data memory re-
if MPE=1 : (M) «.[(MP), (R)]
., ferring to G | register t 11010
MoV m, @r rring to General register to it MPE=0 : (M) < [(my), (R)] my mi r
Data memory
Move i iate data to Data
m, i | Move immediate data to Da M) i 11101 my | m |
memory
STACK, PC) &
5 DBF Move Program memory data :PC) (Z;) ;-&( !
-
‘§ MOVT : specified by Address register to 00111 | 000 | 0001 | 0000
H @AR (DBF) « (HOM)pc &
Data buffer
= (PC) « (STACKpc)
D tack poi th P, -1
PUSH AR ecrement Stac .pomter, en (SP) « (SP) & 00111! 000 | 1101 | 0000
move Address register to Stack (STACKpc) « (AR)
PoP AR Move.su-)ck to Address r?gnster, (AR) « (STACKDC) & 00111 1100 | 0000
then increment Stack pointer (SP) « (SP) +1
t i il
PEEK | WR, rs | S°tdata of Register file to (WR) < (RF) 00111 | rfy | 0011 | e
Window register
Put data of Wi i int g
PCKE | rf, WR data of Window register into | oey  wR) 00111 rfy | 0010 | rf
Register file
Get peripheral data to Dat:
GET DBF,p | o Perenerd o (DBF) « (PE) 00111 py | 1011 | pL
buffer
PUT | p, DB | PUtdateof Datbuffertoper- | o) (hor) 00111| oy | 1010 | pL
pheral
Test Data memory bits, then . - .
g SKT m, #n skip if all bits spe:ified are true if (M), = all ““1", then skip 11110 | my mp n
-
o Test Data memory bits, then
@ . " :
N M)y, = all “0", then ski 11111
SKE | M #0 | i if all bits specified are false | | D =@ en skip MHop ML
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na.mo- Operand Function Operation Op.
nic
code
Jump to the address in page 0 (PC) « addr & (PC)x1q <0 01100
addr addr (11 bits)
g 8 Jump to the address in page 1 (PC) < addr & (PC)#11 « 1 01101
R
=1 .pe
h f
- @aR | Jumptotheaddressspecified | o) (g 00111| 000 | 0100
by Address register
. . c
£ | Rore | r Rf)'t:te General register right L } 00111| 000 | 0111
£
& with carry (R) 43— (R) 42— (R) 41 ~(R) 40
(SP) < (SP) —1 &
addr Call subroutine in page O (STACKpc) «((PC)+1) & 11100 | addr (11 bits)
(PC) 411 + 0 & (PC) + addr
CALL
(SP) < (SP) — 1 &
@AR Call subroutine (STACKD‘;) «(PC)+1) & 00111 | 000 | 0101
2 (PC) < (AR)
£
3 R i ine fi PC STACKpe) &
g RET eturn.tomamroutme rom (PC) « ( pc! 00111| 000 | 1110
2 subroutine (SP) « (SP) +1
Return to main routine from (PC) « (STACK o) &
RETSK subroutine, then skip uncondi- - pe! = 00111 | 001 1110
" (SP) « (SP) + 1 & skip
tionally
RET! .Return to main routn:\e from (PC), (BANK), (IXE) « (STACK) 0o111| 100 | 1110
interrupt service routine & (SP) « (SP) +1
55l El Enable interrupt INTEF «1 00111 | 000 1M1
€2
£2 DI Disable interrupt INTEF <0 00111} 001 111
STOP 0 Stop clock if CE = low stop clock if CE = low 00111 | 010 11
£ Halt the CPU, Restart
£ |HALT | the CPU, Restart by halt 00111 011 | 1111
s condition h
NOP No operation 00111 | 100 1111
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BUILT-IN IMAGE DISPLAY CONTROLLER

The uPD17P008 is a 4 bits CMOS microcontroller incorporating One Time PROM, 2K bits EEPROM, Image
Display Controller (IDC) and PLL frequency synthesizer .into one chip for digital tuning of PLL frequency syn-
thesizer system of TV. .

Image Display Controller has various display functioh showing not only letters but also drawings.

Fonts of IDC 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 A/D converter 8 bits D/A converter (PWM output) and 6 bits D/A converter
(PWM output) are incorporated.

CPU applies uPD17000 architecture ‘which operates data memory directly without accumulater, and it realizes
effective programming.

All instructions consist of 16 bits one word.

One Time PROM makes it perfect for system evaluation or small lot production of the mask ROM products
uPD17008.

Package type is 64-pin plastic shrink DIP (Dual In-Line Package).

FEATURES

® 4 bits microcontroller for digital tuning system ® character size:

® program memory (ROM): ’ 4 types of setting is available independently
32K byte (16.256 steps x 16 bits) both for line and column (14, 28, 42, 56H)

® data memory (RAM): 672 words x 4 bits ® built-in circuit to prevent 1-dot vertical flicker.

® stack level: 7 : ® built-in 8 bits serial interface:

® 36 types of understandable instruction ’ ' (1 system 2 channels: 3 wire and 2 wire systems)

® capable of decimal arithmetic ® built-in D/A converter: 6 bits x 6 ch (PWM output)

® instruction execution time: : 8 bits x 9 ch (PWM output)

2 ps (with 8 MHz crystal connected) ® built-in A/D converter: 4 bits x 8 ch
® built-in PLL frequency synthesizer ® built-in H. Sync. signal counter
using 1 GHz prescaler: uPB568 ® Dbuilt-in commercial power supply freq. counter
® |DC (Image Display Controller) built-in ® built-in power-up detection circuit and power-on
(user programmable) ! reset circuit.
e number of display character: “ . ® interrupt input for remote control signal
200 characters (max. in one screen) o {with noise canceller)
e display location: 14 lines x 19 columns ® plentiful I/0 ports: input output port: 16
o number of character types: 248 types input port 4
e character format: ’ : output port : 25
10 x 15 dots (capable of fringe function) ® . single power supply (5 V * 10 %)
2-dot space between characters can be set. K CMOS with low power consumption

e character color: 8 colors ® 64-pin plastic shrink DIP (600 mil)
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PIN CONFIGURATION (Top View)

VoD O——E
veo O—[ 2|
PSC O~———E
0SCouT O'——E
0SCin O—E
GNDg O—E
P10g O-—{ 9 |
P1D2 O-—E
P1D; O“—E

—

P1Dg 12

P1B3/TMIN O-—*E
P1B2 O’—‘E

P1Bq Oo——{T_s—

P1Bg O———E

P1A3 O~——E
P1A2/PWMg O—E
P1A1/PWMsg O‘—E
P1AQ/PWMy O‘—E
P2D3/PWM3 Oo——E
P2Do/PWMz O-— 22 |
P2D1/PWM4 O_{E
P2Dg/PWMg O‘———E
O

RED O————-@
GREEN o—77]
BLUE O‘—E
BLANK O=—— 29|

HsyNc 30

VsyneC 31

POB3/HSCNT O'—@

E——-—O GNDy
E—*O XouT
E——O XIN
_é_l_}o—o RMC

60 ADCq

59 PODQ/ADCH

| 58 |-———O Popy/aDC;
?_TI-—O POD2/ADC3
E-—o POD3/ADC4
E———o P1Co/ADCs

[ 54 ——O Picy/ance
E——-—O P1C2/ADC7

E—-—o POCoH
'5_—0'—-0 POCH
7_5"—-0 POCy
E———o POC3

(47 ——0 PacorPwmy
36 |———O Pacispwmg
E—-Q P2Co/PWMg
_4_4—_|»——Q P2C3/PWM1q
E———-Q P2Bg/PWM1 ¢
E———@ P2B1/PWM12
E—-o P2B/PWM1 3
E——————O P2B3/PWM1 4
3__9_|-——O POAQ/SDA
E-——-o POA1/SCL
E——-O POAZ/SCK

36 POAZ/SO

35 POBo/S!

33 |———() POB)
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BLOCK DIAGRAM

1/2

rogrammable|
veo o €0
912p
° Xin
o X
CPU Clock ouT
0SCiNy o— : ——o P1Dg
Oscil- /S ———o P1Dg
lation P1ID o P1
circuit \ v 02
osCoyt o—— ——o P1D3
. y S \
HsynC % RF P2A P2Ag
— RAM P2Dg/PWM
Vsvne o> A—N ; oo
o N
\ ) 672 x 4 bits 2D P2D1/PWM4
1oc SYSREG \———————y/ P2D2/PWM3
RED o——] P2D3/PWM3
GREEN o——
BLUS o——f f——N pwm
BLANK o—— A /(6 bits)|
ALU
——
POAQ/SDA o© P1AG/PWM
POA1/SCL e - P1A1/PWMs
POA2/SCK \ Y P1A2/PWMg
POAZ/SO H—o P1A3
POBQ/S| T—o P2Co/PWM
2 N ’ ngo/wwm7
P2c R
EPROM \————————/ H P2C2/PWMg
12160 x 16 bits : i P2C3/PWM10
POB1q -
POBy
POB3/HSCNT PWM
saco (8 bits)|
o—
POCy o—— t
rocs o P ()
POC3 o——
PODQ/ADC o P2Bo/PWM1 ¢
POD1/ADC2 o POD % A . -\ P28 P2B1/PWM 2
POD/ADC3 o \N— <:> Stack | E— P2B5/PWM13
POD3/ADC, o 7 x 14 bits P2B3/PWM14
P1Co/ADCg 0
P1C1/ADCg o . A
P1Co/ADC7 o PICN : "ﬂiﬁﬁﬂl—@o RMC
P1C3 o \ v
L EEPROM T
1 256 x 8 bits
A/D Instruction
\ V Decoder
ADCo
P18y o—-]
P1By o—-]
P18y o—] P18
P1B3/TMIN ] Reset [0 V0P
——o CE
Timer |A— N
control-|
ler A 14 © GNDg
- o GNDj
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SINGLE-CHIP MICROCONTROLLER FOR VOLTAGE SYNTHESIZER
WITH ON-CHIP IMAGE DISPLAY CONTROLLER

The uPD17051 is a 4-bit CMOS microcontroller for digital tuning systems with an on-chip image display
controller (IDC) allowing various kinds of display and 14-bit D/A converter for voltage synthesizer use.

The CPU features include 4-bit paraliel 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 uPD17051 comes in 48-pin plastic shrink DIP form, and has a wide range of /O port and serial interface
functions controlled by powerful input/output instructions, plus a 4-bit A/D converter and 6-bit PWM output.

FEATURES
¢ 4-bit microcontroller for digital tuning systems
¢ On-chip 14-bit D/A converter for voltage synthesizer
‘e Programmable memory (ROM) : 16K bytes (8192 steps x 16 bits)
* Data memory (RAM) ;448 words x 4 bits
e Stack levels 6
¢ 35 easy-to-understand instruction sets
* Decimal operation capability
e Instruction execution time : 2 us (with 8 MHz oscillator connected)
e On-chip IDC (user-programmable)
Display capacity : Max. 97 characters per screen
- Display positions B ¢ 14 rows x 19 columns
Character set :  128characters (64 simultaneously usable perscreen)
Character format 1 10 x 15 dots (bordering capability)
Colors } : 8
Character size : 4 independent vertical/horizontal settings

(15, 30, 45, 60 H)
(2.5, 5.0, 7.5 10 us)
e On-chip 8-bit serial interface
(1 system: 3-wire or 2-wire)

e On-chip D/A converter : 6 bits x 3 (PWM output)
¢ On-chip A/D converter : 4bitsx8
¢ On-chip horizontal synchronization signal counter
¢ On-chip commercial power supply frequency counter
¢ On-chip power outage detection circuit and power-on reset circuit
* Remote control signal mterrupt input (with noise canceler)
e Many |/O ports

Input/output ports 16

Input ports : 5

Output ports : 10
¢ 5V£10% .

¢ Low power consumption CMOS

ORDERING INFORMATION

Order Code . Package

HPD17051CU-xxx - 48-Pin Plastic Shrink DIP (600 mil)

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 I2C bus system

Purchase of NEC's 12C bus system hardware components conveys a license under the Philips I2C patents rights

to use this components in an 12C system, provided that the system conforms the I2C 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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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 e 448 words (448 words X 4 bits)
Data buffer : 4 words
General-purpose registers : 16 words
VRAM dual-function area : 224 words
System registers e 12 words
Register file e 24 words (control registers)
Port registers e 8words
Instruction execution time e 2 us (using 8 MHz ceramic oscillator)
Stack levels « 6 levels (stack manipulation capability)
General-purpose ports ¢ Input/output ports : 16
« Input ports H )
o Output ports : 10
IDC (Image Display Controlier) o Display capacity : 97 characters per screen
o Display positions : 14 rows x 19 columns
e Character set : 128 characters (user-programmable) (64

different characters simultaneously display-
able per screen)

e Character format : 10 x 15 dots

e Colors : 8

o Character size : 4 vertical
(15, 30, 45, 60 H)
4 horizontal

(2.5, 5.0, 7.5 10 us)
Independent vertical/horizontal setting
capability

Serial interface e 1system (2 channels)
8-bit 3-wire: 1 channel
8-bit 2-wire: 1 channel

D/A converter e 14-bit x 1 (PWM output, Max. 12.5 V withstand voltage)

e 6-bit x 3 (PWM output, Max. 12.5 V withstand voltage)
A/D converter e 4-bit x 8 (software-driven successive approximation method)
Interrupts e 4 channels (maskable interrupts)

External interrupts: 2 channels (RMC pin, Vsync pin)
Internal interrupts: 2 channels (timer, serial interface)

Timer e 2systems

Internal timer : 5, 20, 100 ms

External timer : 1/5, 1/6 frequency input to P1B3/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)

ADCo to ADC
CE

RMC

XN, Xout
TMIN

PWMo to PWM2
PWMamp
RED

GREEN

BLUE

BLANK

Hsyne

Vsme

HSCNT

SI

SO

SCK

SCL

PoC; O=— 1 ~ 48 |=——O ADCo
poc: O 2 47 f=—=0O P1C/ADC:
poc, O=—1 3 46 f=—=0O P1C/ADC:
POC, O=~—+ 4 45 |=—=0 P1CJ/ADCs
PODADC; O—— & 44 l«—=(0O POAYJSDA
POD/ADCs O—— 6 43 [=—=0O POA/SCL
PODYADC: O—={ 7 42 |+—=0O POAJSCK
POD/ADC. O——=1 8 41 [«—=0O POAYSO
P1D: O=— 9 40 |=——=(O POBySI
P1D: O=—of 10 B 39 [=—=0O POB,
P10y On—r 11 2 38 =0 PoB:
o
P1D0 Q= 12 @ 37 f=—=0O POBJHSCNT
(o] —_—
Voo O— 13 < 36 0O Vime
X —_
CE O— 14 X B0 Home
RMC O——= 15 X 34 ——=0 BLANK
GND O—— 16 33 ——=0O BLUE
P1A; Q= 17 32 ——=(O GREEN
P1A; O=—o/ 18 31 —=0O RED
P1AT Q=—r" 19 30 —=0O PWMsw
P1Ac O=— 20 29 —=0O PWMo
Xour O=— 21 28 —=0O PWM:
Xn O—] 22 27 —=0O PWM:
P1By/TMIN O=—=1 23 26 [=—=O P1Bo
P1B: Q=—f 24 25 je—=O P1B:
A/D converter inputs SDA
Chip enable POAo to POAs
Interrupt signal input POBo to POBs
Oscillator POCo to POCa
External timer input PODo to POD3
D/A converter outputs P1Aoto P1As
Station selection D/A converter output P1Boto P1Bs
Character signal output P1Co to P1Cs
Character signal output P1Doto P1Ds
Character signal output Voo
Blanking signal output GND

Horizontal synchronization signal input
Vertical synchronization signal input

Horizontal synchronization signal counter input
Data input

Data output

Shift clock input/output

Shift clock input/output
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Port 1A
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1. ‘PIN FUNCTIONS

1.1 SUMMARY OF PIN FUNCTIONS

PIN No.

SIGNAL

PIN NAME

DESCRIPTION

OUTPUT TYPE

1to 4

POC3to
POCo

Port 0C

4-bit output port. Port 0C latch is located in
address 72H of data memory (RAM) BANKO or
BANK2.

Output status is undefined after power-on re-
set.

CMOS push-pull

® N o o,

POD3/ADC?
POD2/ADCs
POD1/ADCs
PODo/ADC4

Port 0D

4-bit input port or A/D converter input pins.
When used as a port, a pull-down resistor (100
kQTYP.) is attached. Port 0D latch is located in
address 73H of data memory (RAM) BANKO or
BANK2.

Input (with pull-
down resistor)

9to
12

P1Dsto
P1Do

Port 1D

4-bit output port. Port 1D latch is located in
address 73H of data memory (RAM) BANK1 or
BANK3.

Output status is undefined after power-on re-
set.

CMOS push-pull

13

Power
supply

Device power supply pin. -

Supplies 5V £10 % voltage when all functions
are operated. When IDC is not used, device
operations on 4 to 5.5 V. When RAM data is
retained (when clock oscillation is stopped)
voltage can be reduced to approx. 2.2 V.

As the uPD17051 incorporates a power-on
resetcircuit, a0 — 4.0 Vtransition effects a sys-
tem reset and the program starts at address 0.
To ensure proper operation of the power-on
reset circuit, the rise time from 0 to 4.0 V
should be within 500 ms.

CE

Chip enable

Device selection signal input pin. Driven high
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

Input
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PIN No.

SIGNAL

PIN NAME

DESCRIPTION

OUTPUT TYPE

14

CE

Chip enable

the program starts from address 0. When the
deviceisreset, bank0isselected and |/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
signal
input

Interrupt input pin with noise canceler.
Using this pin for noisy signals such as re-
mote control signals facilitates programming.
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 IEDG1 flag is
reset, and on a fall when this flag is set.

In a CE reset the IEDG1 flag is rest, and an
interrupt is thus generated on a rise of the
signal

Input

16

GND

Ground

Device ground pin.

17to
20

P1Asto
P1Ao

Port 1A

4-bit output port. Port 1A latch is located in
address 70H of data memory (RAM) BANK1
or BANK3.

N-ch open-drain type {(medium voltage, high
current).

N-ch open-drain

21
22

Oscillator

Ceramic oscillator or crystal resonator con-
nection pins.
An 8 MHz oscillator/resonator should be used.

CMOS push-pull
(Xout) Input (Xin)

23
24
25
26

P1B3/TMIN
P1B2
P1B1
P1Bo

Port 1B

4-bitinput/output port. These port pins can be
specified as input/output bit by bit.
Input/output setting is performed by the
P1BBIO word (35H) in the register file. The
latch for this port is located in address 71H of
data memory BANK1 or BANKS.

P1B3/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.

CMOS push-pull
(1/0)
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PIN No. SIGNAL PIN NAME DESCRIPTION OUTPUT TYPE
27 PWM:2 D/A con- 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 PWMgmp Station Voltage synthesizer 14-bit D/A converter out- | N-ch open-drain
selection put or 1-bit output port. The 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 toR, 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 Hsvne Horizontal Input pin for horizontal synchronization sig- | Input
synchroniza-| nal for IDC.
tion signal Use active-low input.
input
36 Vsvne 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 POB3/ Port 0B 4-bitinput/output port. These portpinscanbe | CMOS push-pull
38 HSCNT specified as input/output bit by bit. Input/ | (I/O) But note
39 POB:2 output setting is performed by the POBBIO | that HSCNT is
40 POB1 word (36H) in the register file. The latch for | self-biasininput
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 I/O 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 a CE
reset.
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PIN No. SIGNAL PIN NAME DESCRIPTION OUTPUT TYPE
41 POA3/SP Port 0A 4-bitinput/output port. These port pinscan be | POA3/SO
42 POA2/SCK specified as input/output bit by bit. Input/ | POA2/SCK
43 POA+/SCL output setting is performed by the POABIO | CMOS push-pull
44 POA0/SDA word (37H) in the register file. The latch for | (I/O)

this port is located in address 70H of data POAY/SCL

memory BANKO or BANK2. POA0/SDA

The POA3/SO pin can also be used as the serial N-ch open-drain

interface (serial /O mode) data output pin, )

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 /O mode)

data input/output pin, and the POA1/SCL pin

can be used as a shift clock input/output pin.
45 P1C3/ADCs | Port 1C 3-bitinput/output port or A/D converter input | CMOS push-pull
46 P1C2/ADC2 pins. Input/output setting is performed as a 3- | (I/O)
47 P1Cv/ADC bit unit, and is specified by the P1CGIO bit (bit

#0 or 27H) inthe register file. When used as A/

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 A/D con- A program-driven successive approximation | Input

verter input 4-bit A/D converter is incorporated. The A/D
converter reference voltage is Voo.
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1.2 PIN EQUIVALENCE CIRCUITS

POA (POA3/SO, POA2/SCK)

POB (POB2, POB1, POBo/SI)

P1B (P1Bz, P1B1, P1Bo)

P1C (P1C3/ADCs, P1C2/ADC2, P1C1/ADC1)

(Input/output)

A/D Converter (PIC/ADC Only)
Voo

e
=

Read Instruction (PIC Only)

l——i RESET (Except PIC)
Vi

}__
'__

POA (POA1/SCL, POA:)/SDA):  (Input/output)

L
s
a3
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POC (POC3, POC2, POC», POCo)
(output)

P1D (P1Ds, P1Dz2, P1Ds, P1Do)
RED, GREEN, BLUE, BLANK
Voo
PWM (PWMz, PWMi, PWMo, PWMrwmp) {output)
P1A (P1As, P1A2, P1Ay, P1A0) outp

POD (POD3/ADC7, PODz/ADCs, POD1/ADCs, PODo/ADCa): (Input)

l_— g_

Resistor

ADCo: (Input)

Voo
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POB3/HSCNT:

(Input/output)

Voo

e

_ RESET

Horizontal

—E3-

2-178
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P1B3s/TMIN: (Input/output)

RESET

Port

Timer/

5
I___I %" Counter

=3

Hsvne, Vsyne, RMC, CE: (Schmitt triggered inputs)

%_%
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Xin: (Input)
Xout: (Output)
1
[l
Voo | KA Voo
é T
B n
|
i
Xour O- m
A
T
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2. BLOCK DIAGRAM

THeme o—>—
F——0 PWMawe
Ve o—P>— N o P
/—N —APWME 5 pwm
ReD o— 'PC N—/ L 5 PWM:
GREEN O——— RF
BLUE O—— A—N ———O0 P18,
BLANK O——— — RAM & O P1B:
448 x 4 bits P1B 5 PiBs
POAW/SDA C- SYSREG P1BA/TMIN
POA/SCL O—
POA2/SCK O Serial f'— e
POAY/SO © 110 /L—'\Cont-
POBY/SI ALU AN roller
—
L —\ ———0 P1D,
1™ N—/ <: pip [0 PO
————-o PiD:
POB: F 4 k: L0 PIDs
POB2 —
POB3/HSCNT © Hsync Coqmer ROM Interr.] A RMC
[Fore cone] 5

8192 x 16 bits
e T .
A ——y N
Pocy PoC N Instruction Xw

POC2 Decoder

POCs
PODo/ADCs

y
POD1/ADCs POD /' — > Reset %

o—
o—
o—
o——-/
(e
POD2/ADCs - » Stack CE
PODs/ADC» 6 x 13 bits
1
|
O-__.—
o——
o—1

0O Xour

P1C//ADCs
P1C2/ADC2
P1C«/ADCs

P1C

AD

P1A
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22. pPD17051 INSTRUCTIONS

22.1 INSTRUCTION SET LIST

0 1
0000 | o | ADD r m ADD m, #i
0001 1 SUB r, m SUB m, #i
0010 2 ADDC r, m ADDC m, #4
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
ElI
DI
RETI
o111 | 7
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, 1
1001 9 SKE m, =i SKGE m, #i
1010 | A | MOV ar. m MOV m @r
1011 | B | SKNE m =i SKLT m, #i
1100 | ¢ | BR addr CALL addr
(page0) (page 0)
d
1101 | b | BR addr MoV m, #i
(page 1)
1110 | E | BR addr SKT m, #n
(page 2)
1111 | F | BR addr SKF m. #n
(page 3)
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22.2 INSTRUCTION LIST

Legend
M : Data memory indicated by [(BANK), m]
m : Data memory address indicated by [mw, md] E
mu :  Data memory row address (3 bits)
m : Data memory column address (4 bits)
R . General register indicated by [ (RP), r]
r 1 General register column address (4 bits)
RP : General register pointer
RF : Register file indicated by rf
rf : Register file address indicated by [rfu, rfi]
rfu : Register file address {most significant 3 bits)
rf. . Register file address (least significant 3 bits)
AR : Address register
IX : Index register
IXE : Index enable flag
DBF . Data buffer
WR : Window register
MP :  Data memory row address pointer
MPE : Memory pointer enable flag
PE . Peripheral register
P . Peripheral address
Pu . Peripheral address (most significant 3 bits)
Pu . Peripheral address (least significant 4 bits)
PC 1 Program counter
SP : Stack pointer
STACK : Stack value indicated by stack pointer
STACKec : Program counter value indicated by stack pointer
BANK 1 Bank register
(ROM)ec  : Program memory data indicated by (PC)
INTEF : Interrupt enable flag
SGR : Program memory segment register
i : Immediate data (4 bits)
n : Bit position (4 bits)
addr : Program memory address (11 bits)
c 1 Carry
b : Borrow
h : Halt release condition
[ : Data memory or register address
() . Data memory or register value
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£ ) Machine Code
g Mnemonic Operand Operation Operation
2 ode
r, m (R)<(R) + (M) 00000 mu mL r
ADD - -
m, #i (M) —(M) + i 10000 mh mL i
3 r, m (R)<=([R)+(M) + ¢ 00010 mH mL r
< | ADDC - i
m, #i MM +i+c 10010 mH mL i
AR (AR)—(AR) + 1 00111 000 | 1001 | 0000
INC
X (IX)—(IX) + 1 00111 000 | 1000 | 0000
rn, m (R)«<(R) — (M) 00001 mH mL r
+ | SUB
8 m, #i (M) =M — i 10001 | mw | mo i
£y r, m (R) (R — (M)~ b 00011 my | mL r
¥ | SUBC - _
m, #i MM =-i-b 10011 mu me i
SKE m, #i (M) — i, skip if zero 01001 mH mL i
L5
S | SKGE m, #i (M) — i, skip if not borrow 11001 mu mL i
§ SKLT m, #i (M) — i, skip if borrow 11011 mH mL i
SKNE m, #i (M) —i, skip if not zero 01011 mu mL i
- m, #i (M)« (M) AND i 10100 mu mL i
§ | AND
] r, m (R)<=(R) AND (M) 00100 mu mL r
g
g oR m, #i (M)—(M) OR i 1010 | mw | mo i
s r, m (R)=(R) OR (M) 00110 mu mL r
g m, #i (M)«—(M) XOR i 10100 | ma | mo i
XOR
r, m (R)—(R) XOR (M) 00101 ms | mo r
LD r, m (R)—(M) 01000 me | mo r
ST m, r (M)« (R) 11000 mu mL r
( if MPE=1:[(MP), (R)]—(M) 01010
@
rom if MPE=0: [(mw), (R)]—(M) 0 e m r
MOV if MPE=1: (M)<[(MP), (R)]
m.oer if MPE=0: M) <[ (mw. (R)] 1010 | ma | me r
5 m. #i (M)« i 11101 my | mo i
g MOVTE | DBE. «AR (STACKrc)«—(PC), (PC)«—(AR).
” ., o« f
& (DBF)« (ROMIre, (PO (STACK#o) OOLIT 1000 | 0001 0000
PUSH AR (SP)«=(SP) — 1, (STACKrc)—(AR) 00111 000 1101 0000
POP AR (AR) —(STACKrc), (SP)«(SP) +1 00111 000 | 1100 | 0000
PEEK WR, rf (WR)—(RF) 00111 rfu | 0011 | rfu
POKE rf. WR (RF) «(WR) 00111 fa | 0010 | rfu
GET DBF, p (DBF)«—(PE) 00111 pH 1011 | po
PUT p. DBF (PE) < (DBF) 00111 b 1010 | po
* 2 hine cycles (equivalent to 2 instr ) are y for the 1 of MOVT instruction. The stack is

temporarily used for instruction execution.
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£ Machine Code
g Mnemonic Operand Operation Operation
= Code
& | SKT m, £n if(M),=all 17, then skip 11110 my mL n
]
= | SKF m, #n if(M),=all "0, then skip 11111 mH mL n
(PC)+ addr, (PC) =, £,< 00 01100
(PC)« addr, (PC) =, =, 01 01101 addr (least
S addr addr significant
£ |BR (PC)—addr, (PC) =5, £~ 10 01110 bits)
kg
- (PC)—addr, (PC) =, =~ 11 01111
«@ AR (PCr—(AR) 00111 000 0100 0000
= ( ¢
£ RORC r 1 (R) 24— (R) 2= (R) = — (R) =, 00111 000 0111 r
(SP)—(SP) = 1, (STACKr) —((PC) + 1) .
addr . . 11100 | addr (11 bits)
(PC) 2,0, (PC)« addr
CALL
(SP)«—(SP) = 1. (STACKro)+ ((PC)+ 1)
@ AR 00111 000 0101 0000
¢ (PCI—(AR)
—g' RET (PCY—(STACKro). (SPI—=(SP) + 1 00111 000 1110 0000
£
= (PC) = (STACKro).
% | RETSK o 00111 001 1110 0000
(SP)«—(SP)+ 1, and skip
(PO, (BANK), (IXE)«-(STACK).
RETI ~ 5 . 00111 | 100 | 1110 | 0000
(SP)e—(SP) + 1
E—‘ El INTEF < 1 00111 000 1111 0000
E DI INTEF <~ 0 00111 001 1111 0000
STOP 0 stop clock if CE = low 00111 010 1111 0000
.
=2 | HALT h halt 00111 011 1111 h
T NOP No operation 00111 100 1111 0000
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22.3 INTRINSIC MACRO INSTRUCTIONS

The following macro instructions are available as intrinsic macro instructions for the 17K series assembler
(AS17K). For details, refer to the Assembler User’s Manual.

Legend
flag . One of flag1 to flagn
flag1 to flagn : Flag name indicated by the reserved word
n : Number
<> : Omissible
Mnemonic Operand n Operation
SKTn flagl, - flagn 1<n=<4 |if (flagl) — (flagn) = all 1", then skip
@
-‘_5_ SKFn flagl, - flagn 1=n=<4 |if (flagl) — (flagn) = all “0", then skip
§ SETn flagl, --- flagn 1=n=4 | (flagl) — (flagn) <1
@
= | CLRn flagl, - flagn 1=n<4 | (flagl) — (flagn) <0
=}
£
] if (flag)="0", then (flag)<1,
< | NOTn flagl, - flagn lsnsg4 | )T 7. then Hiag
5 if (flag)="1", then (flag) <0
7]
z < . - T ) -
£ | INITFLG NOT>flagl lgns4 ff descrfptfon NOT flag, (flag) <0
RS -+ <{NOT>flagn if description= flag, (flag) <1
BANKn 0=n=<3 | (BANK)«n
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23. RESERVATION SYMBOLS FOR ASSEMBLER

uPD17051 reservation symbols for use of an assembler are shown below.

23.1 SYSTEM REGISTER (SYSREG)

Ri:: r\:d Type Address \R;,eii Overview of Function
AR3 MEM | 0.74H R Address register bits bl5 to bl2
AR2 MEM | 0.75H R Address register bits b1l to b8
AR1 MEM |0.76H R W [ Address register bits b9 to bi
AR0 MEM | 0.77H R W | Address register bits b3 to b
WR MEM | 0.78H R W | Window register
BANK MEM | 0.79H R W | Bank register
IXH MEM [0.7AH R W | Index register high
MPH MEM | 0.7AH R W | Data memory row address pointer high
MPE FLG 0.7AH.3 R W | Memory pointer enable flag
IXM MEM [0.7BH R W [ Index register middle
MPL MEM | 0.7BH R W | Data memory row address pointer low
IXL MEM | 0.7CH R W [ Index register low
RPI MEM {0.7DH R W | General register pointer high
RPL MEM | 0.7EH R W | General register pointer low
PSW MEM [ 0.7FH R W | Program status word
BCD FLG |0.7EH.0 R W | BCD flag
CMP FLG |0.7FH.3 R W | Compare flag
CY FLG 0.7FH.2 R W | Carry flag
z FLG |[0.7FH.1 R W | Zero flag
IXE FLG |0.7FH.0 R W | Index enable flag
23.2 DATA BUFFER (DBF)
R(:,e( ::d Type Address ie:?e Overview of Function
DBF3 MEM | 0.0CH R W [ Data buffer bits bl5 to bl2
DBF?2 MEM {0.0DH R W | Data buffer bits bll to b8
DBF1 MEM | 0.0EH R W |Data buffer bits b7 to b4
DBF0 MEM | 0.0FH R W | Data buffer bits b3 to b0
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23.3 GENERAL-PURPOSE PORT REGISTER
Reserved Read/ . .
Word Type Address Write Overview of Function
0.70H.3 R/W | Bit b3  of Port 0A
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234 REGISTER FILE (CONTROL REGISTER)

Ri:i :r\:d Type Address {{\e;?e Overview of Function
IDCDMAEN FLG |0.80H.1 R W ! DMA enable flag
Nid MEM | 0.81H R W | Stack pointer
CE FLG 0.87H.0 R CE pin status flag
SIOCH FLG 0.88H.3 R W [ SIO channel select flag o ]
e FLG 0.2 | RW |SIO mode select flag
SIOMS FLG 08611 R W SIO cluck mode select fle |
SI0TX. IFLG 088110 R W |SIO TX RN select flag |
ZCROSS FLG 0.89H.3 R W | Timer interrupt mode select flax
TNMD2  FLG 089H.2 R W | Timer carry FF mode select flac
TMMDI | FLG | 0.89H.1 | R W | Timer can  FF mode select flae |
(TMMDO FLG |0.891.0 | R W | Timer carry FF mode select flee |
INTVSYN FLG 0.8FH.2 R Vsyne pin status flag
x| FLG |0.8FH.0 | R |RVC pinstatus flag |
HSCGT3 FLG 0.91H.3 | R Hsyne counter mode select flag tdummy: 0)
ISCGT: UFLG | 0.011.2 R Hene counter mode select flag dummy: 0|
HSC(H:IV FI L9IH.1 "“RA };lsylrxcr c(xinullé;'.m()gle sele& ﬁag -------------------------------- |
HSCGT  |FLG |0.01H.0 | RW |- Heme counter mode select flag |
HSCGOPN " Hsyne counter gate open flag

RMCSTATS

RMCSTATO

RMC pin status flag (dummy: o

RMC pin status flag

TMCY

Timer carry FF status flag

Serial bus acknowledge flag

SIOWRQO SlO wait |"équest flag

IEGVSYN Vsynce interrupt edge select flag

[1EG |FLG |0.9FH.0 | RW | RMC interrupt edge select flig |

ADCCH?2 A ‘D converter channel select flag

ADccH1 AD converter channel select flag |

[ApCCHO AD converter channel select flag |

(ADCCMP  |FLG |0.0AIH.0 | R |AD converter judge flag |

POCGIO FLG |0.0A7H.0 R W | Port OC 1’0 select flag

SIOSF38 FLG |0.0A8H.3 R W | SIO shift 8 clock flag

SiosFe | FLG |0.0ASH.2 | R W |SIO shift 9 clock flag |

SBSTT || FLG |0.0ASH.1 | R W |Serial bus start test flag |

SBBSY  |FLG |0.0A8H.0 | RW |Serial bus busy flag |
2189 Remarks: Dummy is “0*.
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Re;e()r;ed Type Address » &e:;?e/ Overview of Function

IPSIO FLG |0.0AFH.3 R/W | SIO interrupt permission flag

[IPVSYN  |FLG |0.0AFH.2 | R/W | Vsync interrupt permission flag |
IPTM  |FLG |0.0AFH.L | R/W | Timer interrupt permission flag |
li’ FL(A}” 0.0AFH.0 R/W RMé-};t;rrupt permissic;;;-glgg -------

CROMBNK FLG |0.0BOH.0 R/W | CROM bank select flag

IDCEN FLG |0.0BIH.0 R/W | IDC enable flag

P1BBIO3 FLG |0.0B5H.3 R/W | P1B3I/O select flag

(PiBBIOZ

PiBBIOI

PiBBIO0

POBBIO3

PoBBIO2

(PoBBIOL .

POBBIOO -------- FLG |0.0B6H.0 R/W | POB01/O select flag

POABIO3 FLG |0.0B7H.3 R/W | POA3L/O select flag

POABIO2  |FLG |0.0B7TH.2 | R'W | POAZI'O select flag |
POABIOI  |FLB |0.0B7H.1 | R'W | POAIL/O select flag |
(POABIO) | FLG |0.0B7H.0 | R'W | POAOL'O select flag |
SIOIMD3 FLG |[0.0B8H.3 R SIO interrupt mode select flag (dummy: 0)

SIO interrupt mode select flag

SIO shift clock select flag (dummy :

SIOCKO0 FLG | 0.0B9H.0 R'W | SIO shift clock select flag

IRQSIO FLG |0.0BFH.3 R'W | SIO interrupt request flag

[RQUSYN [ FLG

[ReT™M  [FLG W

IRQ FL(; 0.0BFH.0 R W | RMC interrupt request flag

Remarks: Dummy is “0”.
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235 PERIPHERAL HARDWARE ADDRESS

Ri::::d Type Address 5\:1 Overview of Function
DBF DAT |OFH R'W | GET ‘PUT instruction data buffer address
1X DAT |0lH R’W | INC instruction index register address
IDCORG DAT |01H R W | IDC start position set register
ADCR DAT |02H R‘W | A’D converter Vrrr data register
SIOSFR DAT | 03H R W [ SIO presettable shift register
HSC  [DAT |oH | RW |Hsyne couner data regiser
PWMRO DAT | 05H R W | PWM data register 0
PWMRI | DAT [osH | RW | PWM data register 1|
PWMR2  DAT |orH | | RW | PWM data register 2 |
AR DAT | 40H R W GET PUT F’USH CALL BR MOVT INC instruction

address register address

PWNMRMIP DAT |41H R W | PWMRMP data register
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24. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage Vop -0.3 to +6.0 Vv
Input Voltage Vi -0.3 to Voo v
Output Voltage Vo Except P1A and PWM -0.3 to Voo v
Output Current High lon 1 pin -12 mA
All pins -20 mA
Output Current Low lot1 1 pin (except P1A) 12 mA
All pins (except P1A) 20 mA
Output Current Low loL2 1 pin (P1A only) 17 mA
All pins (P1A only) 60 mA
Output Withstand Vebs P1A, PWM 13 v
Voltage
Operating Temperature Topt -20 to +70 °C
Storage Temperature Tstg -65 to +125 °C

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTICS SYMBOL | MIN. | TYP. | MAX.| UNIT CONDITIONS
Power Supply Voltage Vob1 45 5.0 5.5 \ All functions in operation
Power Supply Voitage VoD2 4.0 5.0 5.5 \" Only IDC stop
Data Hold Voltage Vor 2.2 5.5 Vv Clock oscillation stop
Output Withstand Voltage | Veos 125 vV | P1A, PWM
Power Supply
Voltage Rising Time trise 500 ms | Voo: 0 - 4.0V
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DC CHARACTERISTICS (T =-20to +70 "C, Voo = 4.0 to 5.5 V)

CHARACTERISTICS SYMBOL MIN. | TYP. | MAX. | UNIT CONDITIONS

Power Supply Current loo1 7 15 mA CPU operation, IDC
operation Vob =55V

Power Supply Current Ioo2 35 15 mA CPU operation, IDC stop
Voo =5.5V
Input Voltage High ViH1 0.7 Voo Y POA, POB, POD, P1B, P1C
Voo
0.8 [
Input Voltage High ViHz Voo Voo \ CE, RMC, Vsvnc, Hsyne
0.3
Input Voltage Low Vit 0 Voo \ POA, POB, POD, P1B, P1C
0.2 -
Input Voltage Low Vi 0 Voo \ CE, RMC, Vsync, Hsyne
Output Current High loH -1 -2 mA POA2 POAs POB, POC, P1B,

P1C, P1D, RED, GREEN, BLUE,
BLANK Vox= Voo-1V

Output Current Low lour 2 3 mA POA, POB, POC, P1B, P1C,
P1D, RED, GREEN, BLUE,
BLANK Vou=1V
Output Current Low lo2 15 20 mA P1A VoL=1V
Output Current Low lows 1 2 mA PWM Voi=1V
Input Current High Iin 50 HA POD, when pulled down
Vin= Voo
Data Hold Current Ior 10 HA Clock oscillation stop

Te=25°C,Voo=55V

Output Leakage I 1 HA POAo, POA1, P1A, PWM
Vou=5V
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AC CHARACTERISTICS (Ta=-20to +70 °C, Voo=4.0to 5.5 V)

CHARACTERISTICS SYMBOL MIN. | TYP. | MAX. | UNIT CONDITIONS
Input Frequency frmin 50 60 Hz P1B3/TMIN
Input Frequency fus 10 20 kHz POB3/HSCNT
IDC Jitter IDCs 3 4 ns Voo=4.5t055V

A/D CONVERTER CHARACTERISTICS (Ta=-20to +70 °C, Voo =4.0 to 5.5 V)

CHARACTERISTICS SYMBOL | MIN. | TYP. | MAX. | UNIT CONDITIONS
A/D conversion absolute +1/2 +1 LSB
accuracy
A/D input impedance 1 MQ
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SINGLE-CHIP MICROCOMPUTER
BUILT-IN IMAGE DISPLAY CONTROLLER FOR VOLTAGE SYNTHESIZER

The uPD17052 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 (IDC) 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 uPD17000 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 uPD17052 system development

tools.

FEATURES

® 4-bit microcomputer for digital tuning system ® Wealth of 1/0 ports

® Built-in 14-bit D/A voltage synthesizer Input/output ports: 20

® Program memory (ROM) : 16K bytes (16 bits x 8,192 steps) Input ports : 4

® Data memory (RAM) : 4 bits x 448 words Output ports : 20

® Stack levels : 6 ® 5V*10%

® Easy-to-understand instructions (35) ® Use of low power-consumption CMOS
® Decimal operations available ® 64-pin plastic shrink DIP (750 mil)
® Instruction execution time : 2 us (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
Character set : 128 characters (64 different characters can be displayed in one screen simul-
taneously.)
Colors : 8colors
Character size : 4 sizes can be set in vertical and/or horizontal directions (14, 28, 42, 56H)
® Built-in 8-bit serial interface (One system with two channels: threewire and two-wire types)
® Built-in D/A converter . 6 bits x 4 (PWM output)
® Built-in A/D converter : 4bitsx8
® Built-in horizontal synchronization signal counter
® Built-in commercial power frequency counter
® Built-in 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 I12C 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
P1Dy
P1D4
P1Dg
P2A3
P2A,
P2A4
P2Ag
P1B3/TMIN
P1By
P1B1
P1Bg
CE
Vbbp
OSCout
OSCiN
GND
P1A3
P1Ay
P1A;
P1Ag
PWMgRMmP
PWM3
PWMo
PWM1
PWMq
*OUT
XIN
RED
GREEN
BLUE
BLANK

15

1
1

e

22

2

NN
Sllofjo

w

0

w

3

FTTTTUI
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[64}—o RmC
[63]-—o0 ADCo
[62]——o Popg/ADC;

61 POD1/ADC;

50 POD,/ADC3

59 POD3/ADCy4

58 P1Co/ADCs
[57]—o Picy/aDCs
66 ]-—0 P1Co/ADC;
E-—@ P1C3
[54}—o Poc
[53}—o Poc

52 POC,

51 POC3
[50}—o P2co
[39}—o pac,

48 P2Cy

27 P2C3
(26 }—o P28g
[25}—o P28,
[2a}—o P28,
[33}—0 P283

42 POAQ/SDA

71 POA7/SCL

40 POA2/SCK

39 POA3/SO

38 POBQ/SI

37 POB1
[36]—=o PoB;
E._.o POB3/HSCNT

34 HsyNC

33 VsYNC
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BLOCK DIAGRAM

OSCin © Oscil-
lation ———o0 PWMRMP
0SCouT circuit ———0 PWMg
: — Y EERLY
F———0 PWM2
H R
SYNC c—%— F o PwM3
RAM }——o P1Dg
VSYNC O'b— — 448 x 4 bits 0 P1D7 -
P1D
0 P1Dy
. [svsTem rec. o PD3
RED 0—
—o P
GREEN 0——— o
O P2A4
BLUE 0——] P2A o P2Ay
BLANK 0—— | o P2a3
ALU o P28y
POAQ/SDA O <; > - o P2B4
POA1/SCL O- © P282
POAZ/SCK o Serial P28
2 1/0 0 P2Cg
POA3/SO O 0 P2Cy
P
POB3/SI O < 2 o P2Cy
——o0 P2C3
ROM
8192 x 16 bits A Comaer —4—0 RMC
POB O

POB3 © T
POB3/HSCNT O Instruction
Decoder

POCy O—
POC| 0—
POCy O——
POC3 0—
PODQ/ADC1 O
POD1/ADC; ©
POD2/ADC3 ©
POD3/ADC4 O
P1Co/ADCg O
P1C1/ADCg ©
P1Co/ADC7 ©
P1C3 ©

POC ——— 0 XouT

Program Counter

Stack
6 x 13 bits

——> VpD
——>oO CE

<—{ Reset

o GND

P1C

I
|
L—] A/D

(—)
(
)
—)
ot O
—)

P1Bg o—
P1B1 o—
P1B o———
P1B3/TMIN

P1B

Timer
con-
troller
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List of uPD17052 functions

CHARACTERISTIC

FUNCTION

Program Memory

16K bytes (8,192 steps x 16 bits)

Table reference area
Area serving also as CROM

256 steps x 16 bits
2,048 steps x 16bits

448 words (448 words x 4 bits)

Data Memo Data buffer 4 words,
i General-purpose register 16 words
Avrea 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 us, using an 8 MHz ceramic oscillator

Stack Levels

6 levels (stack operation available)

General-Purpose-Ports

Input/output ports
Input ports
Qutput ports

20
4
20

IDC (Image Display
Controller)

Number of display character:

Display position
Character set

Character type
Colors
Character size

Max. 99 characters per screen

14 lines x 19 columns

128 characters (user programmable)

(64 different characters can be displayed in
one screen simultaneously.)

10 x 15 dots

8 colors

4 sizes in vertical direction (14, 28, 42,
56H)

4 sizes in horizontal direction (2.5, 5.0,
7.5,10.0 us)

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 x 1

(PWM output, withstanding voltage : Max. 12.5 V)

D/A C Tt

/A Converter 6 bits x 4
(PWM output, withstanding voltage : Max. 12,5 V)
4 bits x 8

A/D Converter e x

(sequential comparison by means of software)

Interruption

4 channels (maskable interrupt)
3 channels (RMC pin, Vgync pin, serial interface)
One channel (timer)

External interrupt
Internal interrupt
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CHARACTERISTIC FUNCTION
Two system
Timer Internal timer : 5,20,100 ms
External timer 1 1/6 and 1/6 of frequency 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

DESCRIPTION

OUTPUT TYPE

to

P1D3
to
P1Dg

Port 1D

4-bit output ports. The latch of port 1D is assigned to
address 73H of Bank 1 of the data memory (RAM).
The output state is undefined at the time when the
power (Vpp) is applied initially.

CMOs
push-pull

to

P2A3
to
P2Ag

Port 2A

4-bit 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 P1BBIO word
(35H) on the register file. The latch of the port is
assigned to address 70H of Bank 2 of the data memory
(RAM).

CMOSs
push-pull (1/0)

10
1"

P1B3/TMIN
P1By
P1B4
P1Bg

Port 1B

4bit 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 P1BBIO word
(35H) on the register file. The latch of the port is
assigned to address 71H of Bank 1 of the data memory
(RAM). P1B3/TMIN can also be used as input to an
external timer. It is possible to make an interrupt with
a frequency equivalent to one-fifth or onesixth the
frequency input to this pin. Normally, the commercial
power supply frequency is input to this pin for use as
the reference clock.

CMOs
push-pull (1/0)

13

CE

Chip enable

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-
tive only when the CE pin is at the low level. The
instruction is in effect the same as the NOP instruction
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 0. |f the device is reset,
the bank is made 0 and the 1/O ports are put in the
input mode.

Input

Voo

Power

Device power pin. Supply a voltage of 5V +10 % to
when activating all functions. |f the IDC 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 uPD17052
has a built-in power On reset circuit, if the voltage
changes from O to 4.0 V, the system is reset and the
program starts from address 0. To operate the Power
On reset circuit properly, it is necessary to limit the rise
time from O to 4.0 V to 5560 ms or less.

15
16

0sCout
0osCn

Lc
oscillation

LC oscillation circuit pin for the IDC.
Oscillation is made at 4 MHz.

CMOs
push-pull (OSCoyT)
INPUT (OSCyN)

17

GND

Ground

Device grounding pin.
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PIN No. SYMBOL PIN NAME DESCRIPTION OUTPUT TYPE
18 P1A 4-bit output port. The latch of the port is assigned to
3 address 70H of Bank 1 of the data memory (RAM). N-ch
to to Port 1A ) ) ) : )
21 P1A N-ch open drain type. (medium withstanding voltage, open drain
0 large current)
Port for the output of the 14-bit D/A (Digital-to-Analog)
converter for a voltage synthesizer, or port for the output
of one bit. The D/A converter outputs pulses made up
Tuning D/A of a combination of 9-bit PWM (Pulse Width Modulation) N-ch
22 PWMRMmp
converter output and 5-bit RMP (Rate Muitiplier). D/A conversion is open drain
herefore possible by ing 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.
he VDP fi ion i it f a fi f N-ch
o o D/A converter The VDP function is to output pulses of a frequency o cl 4
26 PWM 15,625 kHz continuously. The duty of the pulse can be open drain
0 made variable in 64 steps by means of a program.
CMOs
27 XouTt . CPU oscillation circuit pin. Used to connect a ceramic
Oscillator ) ) . push-pull (XO)
28 XIN oscillator or a crystal oscillator. Use an 8 MHz oscillator.
Input (XI)
29 RED .
30 GREEN Character Pins to output character data corresponding to R, G and CMOSs
21 BLUE signal output B. Output is in active High. push-pull
22 BLANK ) Blanking Pin to.output hla.nking 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 IDC.
33 VsyNC synchronization Input 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 HsyYNC synchronization . ) Input
. . IDC. Input in active Low.
signal input
4-bit 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
. POB3/HSCNT The latch of the port is assigned to address 71l-.| of Bank Dush-pu}l (1/o),
36 POB 0 of the data memory (RAM).' The POBg/SI pin can provided
a7 P032 Port OB also serve as a data input pin of a serial interface (uCOM POB3/HSCNT is
a8 POB /18| standard mode). The POB3/HSCNT pin can also serve as an | self-biased at the
0 input pin of the horizontal synchronization signal counter. time of input.
This pin is always self-biased (Vpp/2). Port OB is for
input when the power (Vpp) is input initially, the clock
stops, or resetting is done by the CE pin (Low — High).
4bit 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 POAZ/SO Iafti: o:’ t:le port is as-irg:et:;:adc{ress 7(:: o::ank Od .
. The n as a data
80| PRI | n | ot in ot a s imriace (4CMOS sndard moce) | S
c
4 POA1/SCL r output pin of a seria .m erfa a. m > standar e push-pull
2 POAQ/SDA and the POA2/SCK pin as a shift clock input/output pin.
0 The POAQ/SDA pin can be used as a data input/output
pin of a serial interface (two-wire mode and uCOM 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 P2B3 4-bit output port. The latch of the port is assigned to N-ch
to to Port 2B address 71H of Bank 2 of the data memory (RAM). open drain
46 P2Bg N-ch open drain (medium withstanding voltage).
47 P2C3 4-bit output port. The latch of the port is assigned to N-ch
to to Port 2C address 72 of Bank 2 of the data memory (RAM). .
open drain
50 P2Cq N-ch open drain. (medi i dii Itage)
51 POC3 4-bit output port. The latch of Port OC is assigned to
to © Port 0C address 72H of Bank O of the data memory (RAM). CMOSs
54 POCQ The output state is indefinite when the power (Vpp) push-pull
is input initially.
4-bit input/output port or A/D 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 Pi1C3 input/output specification. It is necessary to specify
56 P1C2/ADC7 Port 1C input without fail when used as an A/D converter. The CMOS
57 P1C¢1/ADCg latch of the port is assigned to address 72 of Bank 1 of push-pull (1/0)
58 P1Cp/ADCg the data memory (RAM). Port 1C is for input when the
power (Vpp) is applied for the first time, the clock is
stopped or resetting is made with the CE pin (Low —
High).
59 POD3/ADC4 4bit input port. This port can also be used as an A/D Input (with
60 POD2/ADC3 converter. When used as a port, a pull-down resistance
Port 0D pull-down
61 POD1/ADCo (100 k2 TYP.) is attached. The latch of Port 0D is resistance)
62 PODg/ADCq assigned to address 73H of the data memory (RAM).
A/D (Analog to Digital) converter input pin. The con-
63 ADCg A/D' verter is a 4-bit bl{ilt-in A/D.oonvsrtsr employing pro- Input
converter input grammed sequential comparison. The reference voltage
of the A/D converter is Vpp.
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 AMC Alnterrupt is 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
(CE pin: Low —>High), the IEDGH1 fiag is reset and an
interrupt is made at the edge of the rise.
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PIN EQUIVALENT CIRCUITS

POA (POA3/SO, POA,/SCK)

POB (POB,, POB1, POBg/SI)

P1B (P1B, P1B,, P1Bg)

P1C (P1C3, P1C,/ADC;, P1C;/ADCg, P1Co/ADCs)
P2A (P2A3, P2Ag, P2A, , P2Ag)

_
5

POA (POA1/SCL., POAQ/SDA)

-
T

POC (POC3, POC;, POC;, POCo)
P1D (P1D3, P1D,, P1D;, P1Dg)
RED, GREEN, BLUE, BLANK
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PWM (PWM3, PWMy, PWM;, PWMo, PWMgwp)
P1A (P1A3, P1Az, P1A;, P1Ag)

P2B (P2B3, P2B, P2B, , P2Bg)

P2C (P2C3, P2C,, P2C;, P2Co)

;:_ I_ (ouT)

POD (POD3/ADC4, POD2/ADC3, POD4/ADCy, PODo/ADC4)

(IN)

e
—,

High ON register

ADCo
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POB3/HSCNT _r

==
L1
LT

P1B3/TMIN

1
_ g r"é
= e
—
l__l
AY
-
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Hsync. Vsync, RMC, CE

RO (IN)

Xout. Xin, OSCoyt, OSCiy

A

XIN O r—lé '_-| <><|N.OSC|N : N )
0SCN L“a: |_| XouT.0SCouT : OUT

EI—

XouTo
OSCouTt

B3

2-206



NEC

uPD17052
#PD17052 instructions
Instruction set
0 1
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
El
DI
RETI
0111 7 PUSH AR
POP AR
GET DBF, p
PUT p, DBF
PEEK WR, r f
POKE rf, WR
RORC r
STOP 0
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
(page0) (page 0)
1101 | D | BR addr MOV m #i
(page 1)
d
1110 | E | BR addr SKT m, #n
(page 2)
dd
1111 | F | BR adar SKF m, #n
(page 3)
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INSTRUCTION
NOTE
M :One of Data memory specified by [(BANK),m] IX  :Index register STACK  :Stack of (PC), (BANK), (IXE)
m  :Data memory address specified by [my, m,] of each bank IXE :Index enable flag STACK,, :Stack of (PC)
m,  +Data memory address high (Row address) ; (s DBF  :Data buffer BANK  :Bank register
n, ;Duu memory address low (Column address) ; [4bit] WR  :Window register {ROM)pc :One of Program memory data specified by (PC)
R -One of General register specified by [(RP),] MP  :Memory pointer INTEF  :Interrupt enable flag
© :General register address low ; [4bits MPE : Memory pointer enable flag SGR : Program memory segment register
RP :General register pointer PE  :Peripheral i - Immediate data ; [4bits]
RF  :One of register file specified by rf p  :Peripheral address n :Bit position ; [4bits]
fd :Register file address specified by [rfy, ] Py :Peripheral address high addr :One of program memory address ; [11bits)
Hy . :Register file address high p,  :Peripheral address low cY : Carry flag
f, :Register file address low PC  :Program memory counter h : Halt release conditions
AR :Address register P :Stack pointer [] :Address of M.R.RF
) :Contents of M, R, RF, AR, IX, DBF, WR, PE
hine code
Mnemonic| Operand Function Operation Machine
Operation code
ADD r,m Add Data memory to General register (R), (CY)(R)+(M) 00000 | my [ my | r
m, #i Add immediate data to Data memory M), (CY)e~M)+i 10000 | my | m; i
5 r.m A:i:l Data memory to General register (R), (CY)~(R)+(M)+(CY) | 00010 | my | m, | r
8 with ca
g | ADDC Add‘rer‘tdttDt
E mogi | L e S T DR MR 00, @0+ i+(CY) | 10010 | my | my |
INC AR Increment Address register (AR)«(AR)+1 00111 | 000 | 1001 | 0000
X Increment Index register (IX)=(IX)+1 00111 | 000 | 1000 | 0000
rm f:gl::::::t Data memory from General (R (CY)(R)-(M) 00001 | m, | m, .
£ SUB Subtract immediate data from Data
ate o .
£ m, #i m‘:m::y (M), (CY)—(M)—i 10001 | my | mg | i
E
3 rm fe‘:;’i;:twﬁlﬁf‘:’m from General | g, C¥)-RI-M-(CY) | 00011 | my | my | r
SUBC Subtract immediate data fi Dat
| Subtract immediate data from Data .
m, #i memory with borrow (M), CY)-M)-i~(CY) | 10011 | my | m, i
SKE m, #i Skip if Data memory equals immediate (M,)—,i & 01001 | my | m, ;
data skip if zero
o . . Skip if Data memory is greater than or | (M)-i &
) . . o 11001
%l SKGE m, #i equal to immediate data skip if not borrow M | My !
. Skip if Data memory is less than M)-i &
S SKLT m, #i ) diate data skip if borrow 11011 | my | m i
. Skip if Data memory not equal M)-i & R
K . o 01011
SKNE m, #i immediate data skip if not zero L L
m, #i iLoglc i:tNeDd:; Data memory and (M)—(M) AND i 10100 | my | m, i
AND Logic AND of General regi d
fm thtz;cmemo of General register an (R)—(R) AND (M) 00100 | my | m_ | r
g = —
§ m, #i ([i,oilc OR of Data memory and immediate (M)—(M) OR i 10110 | my | m, i
ai
&' | OR - "
g) fm Logic OR of General register and Data (R)—(R) OR (M) 00110 | my | m, .
' memory,
m, #i ::md:::;l;‘;gt‘: OR of Data memory and | (1) xoR ; 10101 | my | mg | i
XOR T - -
rm lai:l(;:ll;)s!a:ae 'I;o::) :R of General register (R)~(R) XOR (M) 00101 | my | m, .

2-208



NEC

LPD17052
Mnemonic| Operand Functi . Machine code
c unction Operation P
LD r,m Load Data memory to General register | (R)«—(M) 01000 | my | m | r
ST m,r Store General register to Data memory (M)<(R) 11000 | my | mg r
Move Data memory to Destination data | if MPE=1:[(MP), (R)}~(M)
) . 01010
er.m memory referring to General register if MPE=0: [(m,), (R)}«-(M) My Mo | T
MOV m, er Move Source data memory referring to if MPE=1:(M)«{(MP), (R)] 11010 | m m ‘
’ General register to Data memory if MPE=0:(M)«{(m,), R)] H L
m, #i Move immediate data to Data memory (M)«i 11101 | my | mg i
Move Program memory data specified by | (STACK,}—(PC) & (PC}—AR) &
MOVT DBF, @AR X 00111 | 000 | 0001 [ 0000
\% 0 e Address register to Data buffer (DBF)«~(ROM)pc & (PC)—(STACK,) 0
Decrement Stack pointer, then move (SP)<(SP)-1 &
& PUSH AR 00111 | 000 | 1101
Address register to Stack (STACKc)+(AR) 01 | 0000
M Stack to A ister, AR)«| &
POP AR ! ove Stack to dt.iress register, then (AR)—(STACKpc) oot | 000 | 1200 | 0000
increment Stack pointer (SP)—(SP)+1
PEEK WR.f Get' data of Register file to Window (WR)e~(RF) o011 | rf, | o011 | rf,
register
POKE £ WR :’;xt data of Window register into Register (RF)~(WR) o011 | rf, |oor0| rf,
ile
GET DBF,p Get peripheral data to Data buffer (DBF)«(PE) 00111 | py |1011] p_
PUT p,DBF Put data of Data buffer to peripheral (PE)«(DBF) 00111 | py {1010 | p,
- Test Data memory bits, if (M),=all "1",
KT ) . " 11110
g S m, #n then skip if all bits specified are true then skip M | M "
Test Data memory bits, if (M),=all "0",
N 11111
= | SKF m, #n then skip if all bits specified are false then skip M | Mpon
Jump to the address in page 0 (PCy-addr & (PC) 4, (PO 0 | 01100
- addr Jump to the address fn page 1 (PC)—addr & (PO p0, (PO <! | 01101 addr (11 bits)
g BR Jump to the address in page 2 (PCl—addr & (PC),pL (PO =0 | 01110
3 Jump to the address in page 3 (PC)-addr & (PC)g yL (PC)y 1 | 01111
@aR | Jump to the address specified by Address | b () 00111 | 000 | 0100 | 0000
register
. ¢
% RORC Rotate General register right with carry 00111 | 000 | 0111 r
% ' e I
(SP)(SP)-1 &
addr Call subroutine in page 0 (STACKp)—((PC)+1) & | 11100 | addr (11 bits)
CALL (PC),,,0 & (PC)«addr
(SP)—(SP)-1 &
@AR Call subroutine (STACKpc)«—((PC)+1) & | 00111 | 000 | 1110 0000
2 (PC)~(AR)
3
;% RET Return to main routine from subroutine gg)):((::)icll(m) & 00111 | 001 | 1110 | 0000
i i i PC)«(STACK;() &
RETSK Return Fo main rAOYmne from subroutine, | (PC)e( pc) | o011t | 100 | 1110 | 0000
then skip unconditionary (SP)«—(SP)+1 & and skip
RETI Return to main routine from interrupt (PC), (BANK), (IXE)«(STACK) &
service routine (SP)(SP)+1 00111 | 000 | 0101 | 0000
g EI Enable interrupt INTEF 1 00111 | 000 | 1111 | 0000
DI Disable interrupt INTEF~0 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
NOP No operation 00111 | 100 | 1111 | 0000
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ELECTRIC CHARACTERISTICS (PROVISIONAL)

ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage Vpo —0.3 to +6.0 A"
Input Voltage Vi —0.3to Vpp \%
Output Voltage Vo ~0.3to Vpp \'Z
Output Absorption Current lo mA
Withstanding Output Voltage Veps 13 (P1A, P2B, P2C, PWM) v
Operating Temperature Ta —20 to +70 °c
Storage Temperature Tetg —55 to +125 °c
RECOMMENDED OPERATING CONDITIONS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Power Supply Voltage VpD1 45 5.0 55 v All function activated
Power Supply Voltage Vpp2 40 5.0 55 v Only IDC stopped
Data Storing Voltage VDR 25 55 v Clock oscillation stopped
Withstanding Output
Voltage VBDs 125 \ P1A, P2B, P2C, PWM
Power Supply Voltage
Riss Time trise 500 ms Vpp: 040V
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DC CHARACTERISTICS (T, =—-201t0+70 °C, Vpp =40t0 5.5 V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
) CPU in operation, IDC in operatio
Power Supply Current Ipp1 7 15 mA g V;:=5.;5 :
CPU in operation, IDC stopped

P Supply Ci t | 35 15 A

ower Supply Curren DD2 m, VDD=55V
High Level Input Voltage VIH1 0.7 Vpp \" POA, POB, POD, P1B,P1C, P2A
High Level Input Voltage VIH2 0.8 Vpp \ CE, RMC, VsynC, HsYnC
Low Level Input Voltage ViLt 0.3 Vpp v POA, POB, POD, P1B, P1C, P2A
Low Level Input Voltage ViL2 0.2Vpp v CE,RMC, Vsync. AsyNC

POA3, POA3, POB, POC, P1B, P1C,
High Level Output Current loH -2 -1 mA P1D, RED, GREEN, BLUE, BLANK
VoH=Vpp—1V

POA, POB, POC, P1B,P1C,P1D,

Low Level Output Current toL1 2 3 mA RED, GREEN, BLUE, BLANK
VoL=1V

Low Level Output Current loL2 15 20 mA P1A VoL=1 Vv

Low Level Output Current loLs 1 2 mA PWM, P2B, P2C VoL=1V

High Level Input Current hH 50 uA POD, pull-down time

Data Storing Current ) 10 A Clock oscillation stopped

a 0
ring Gur DR K T4=25°C, Vpp=5.5 V
PO, POA1,P1A,P2B, P2C, PWM

Output Leak L 1 uA Ao, 1

VOH=5 V
AC CHARACTERISTICS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Input Frequency fT™MR 50 60 Hz P1B3/TMIN
Input Frequency fHs 10 20 kHz POB3/HSCNT
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BUILT-IN IMAGE DISPLAY CONTROLLER

The uPD17053 is a 4 bits CMOS microcontroller incorporating Image Display Controller (IDC) 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 IDC 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 A/D converter and 6 bits D/A converter (PWM output) are incorporated.

CPU applies uPD17000 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 uPD17053, IE-17K (In Circuit Emulator) and assembler are prepared.

FEATURES
® 4 bits microcontroller for digital tuning system e character color: 8 colors
® built-in 14 bits D/A converter o character size:
® single power supply (5 V £10 %) 4 types of setting is available independently
® CMOS with low power consumption both for line and column, (14, 28, 42, 56H)
® program memory (ROM): ® built-in 8 bits serial interface:
24K byte (16 bits x 12,288 steps) (1 system 2 channel: 3 wire and 2 wire system)
® data memory (RAM): 4 bits x 672 words ® built-in D/A converter: 6 bits x 4 (PWM output)
® stack level: 7 levels ® built-in A/D converter: 4 bits x 8
® easy to understand instruction set with 36 types ® built-in H.sync. signal counter
@ capable of decimal arithmetic ® built-in commercial power supply freq. counter
® instruction execution time: ® built-in blackout detection circuit and power-on-
2 us (with 8 MHz ceramic resonator connected) reset circuit.
® |DC (Image Display Controller) built-in e interrupt input for remote control signal (with

(user programmable)

noise canceler)

e number of display character: o plentiful I/O ports: input output port : 20
199 characters (max. in one screen) input port : 4
e display location: 14 lines x 19 columns output port : 20

e number of character types: 256 types
e character format:
10 x 15 dots (capable of fringe function)

Notes on Serial interface:

64 pin plastic shrink DIP (750 mil)

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
P1D1
P1Dg
P2A3
P2A2
P2A4
P2Ag
P1B3/TMIN
P1By
P1B1
P1Bg
CE
VoD
OsCout
OSCIN
GND
P1A3
P1A2
P1Aq
P1Ag
PWMRMmP
PWM3
PWM2
PWM1
PWMq
XouT
XIN
RED
GREEN
BLUE
BLANK

o—{T] I [Ei}—onmc
o—{7] [63]-—o ADCo
o—3] 62 PODQ/ADC1
O‘_{I :Iljmdown ol PODs/ADC2
O'_E resister 60 POD2/ADC3
o—{6 | oMos 59 POD3/ADCy
o—{7] O P1Co/ADCs
O‘_'E O P1C¢/ADCg
0'—E O P1C/ADC7
o-—{10]] oPIC3
o] cMos o p0Co
o—{12] 0 POCy
o—{i3 52 POCy
o—{14] 51 PoC3
o—{75] 50 P2Co
o—{76 29 P2C4
o—{7] 48}—-0 P2cy
o~—{e] feeh B o P2
o—{o] (12 v Max) | [#8]—=o P20
o—20] [25}—o P28,
o—{= 44 }—-0 P28y
O-—E ':;: drain E__.o P283
=] a2vmax) T2 -0 PoAQ/SOA
O__E open drain{ E-_’O POA1/SCL
25 [40]+—+0 PoAR/SCK
26 39 ]+—=0 POAG/SO
o—{27] vos [38}-—=0 PoBo/S!
o—{28] [ 37 }+—=o PoB;
o—29] [36}-—o Pos
0'—@ cMOS 35 POB3/HSCNT
o—{57] 34 HsYNC
o—{37] 33 VsYNC
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BLOCK DIAGRAM

OSCIN 0——

0SCouTO—

Osci-
llation
circuit

HsyNC 0-%—
VsvNC o@—

RED O0——
GREEN O——
BLUE O——
BLANK O—

IDC

POAQ/SDA O

POA1/SCL

POAQ/SCK O

POA3/SO O

POB3/SI O-

Serial
1/0

POB4
POB2
POB3/HSCNT O

v comer )

POCG O——
PoC; 0———

POCo 0——

POC3z 0——

POC

PODQ/ADC] O
POD1/ADC2 &

POD2/ADC3 O
POD3/ADC4 O

POD

P1Co/ADC5 0

P1C1/ADCg ©

P1C

P1C2/ADC7 O

P1C30

A/D

P1A

P1B3/TMIN

Timer
cont-
roller

RF

RAM
672 x 4 bits

| SYS REG

——)

ROM

12,288 x 16 bits

_fJ

|——0 PWMRMP
——o PwWiMg
[——0 PWM{
—0 PWM>
|——O0 PWM3

P1D

——o0 P1Dg
——o P1D,

O P1D2
———o0 P1D3

I —o P2Ag

P2A

0 P2A4

0 P2Ay
——o0 P2A3

——o0 P28g

P28

-0 P28,

= = < =~
4L Jt

O P2Bg
| — o P283

G—

P2C

o Pacy
——-o0 P2C4
L o P2y
—o pac3

 Interrupt

Controller,

RMC

N
— v

Instruction
Decoder

Program Counter

Stack

7 x 14 bits
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SINGLE-CHIP MICROCONTROLLER

The uPD17102 is a four-bit single chip microcontroller which has a built-in LCD controller, D/A converter, and

operational amplifier. This CPU uses the uPD17000 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 (1-word) instructions.

FEATURES

® uPD17000 architecture

® Program memory (ROM) : 4K bytes (2048 x 16 bits)

® Data memory (RAM) : 208 words (208 x 4 bits)

® Command execution time : 2.0 us (8 MHz, ceramic/crystal oscillator)
® |nterrupting function (Internal: 3, and external: 2)

® 8-bit timer/counter : 2channels (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 Package
uPD17102G-XXX-00 52-pin plastic QFP (bent lead)
uPD17102G-XXX-03 52-pin plastic QFP (straight lead)
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OUTLINE OF FUNCTIONS

uPD17000 architecture

Program memory (ROM) : 4K bytes (2048 x 16 bits)

Data memory (RAM)  : 222 words (222 x 4 bits)

Stack level ¢ 3levels

Instruction cycle 1 2 ps (when operated at 5.0 V and 8 MHz)
Interrupting function  : (Internal: 3, and external: 2)

8-bit timer/counter : 2 CH (with modulo integrated)

8-bit serial interface

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

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

Standby 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)

[B}—0 COM,/LCD13

COM,

COMg
Vico
Xout
XIN

ARRARAARN:

T
POD1/AMP20UT
PODQ/AMP10UT

GND3
E
Vop1
POD3
POD2

N

COM3/LCD 12 O+—a0)
LCD1 o—41]
LCD 1o O—42]
LcDg O~—fa3]
LcDg O——aa)

LCDy7
LCDg
LCDg
LCDs
LCD3
LCDy
LCDy
LCDg

INT; 0

POAQ/TMOUT O
POA41/SCK O

26}+——o0 P1Az/AMP2IN-
[25}——0 P1Ap/AMP2IN+
24}+——0 P1A1/AMP1IN-
[23}+——0 P1A/AMPIIN®
[22l+—o0 P183/aDC3
27— P18/ADC,
[20—o0 P18,/ADC,
[i5}—o0 P18g/aDCo
18]e—=0 CMPIN/DAC
Eﬂ‘——ﬂ)POCg
[l6}—0 POC;
[15}+—o0 Vpp2
Eﬁ—o GND2

GND1 0
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BLOCK DIAGRAM

INT{ O

INTg O

INT

Timer/Counter 1

Timer/Counter 2

LCD
' Controller

POAQ/TMOUT g
POA1/SCK
POA2/SO POA
POA3/SI
Serial
110
POB) Oe—al
POB| Oe—sl 0o N
POBy Oe— \ /
POB3 Oe—f
POCH Qe—
POC1] Oe—sf POC
POCy Oe—e FO
POC3, Os—f
PODQ/AMPTOUT
POD1/AMP20UT Qe
POD, O PoD
POD3 O=
! AMP1 !
| |
|
! AP
| 1
I § R, 4
P1AQ/AMP1IN+
P1A1/AMP1IN=—
P1A2/AMP2IN+ P1A
P1A3/AMP2IN~ L]

Vbbp
GND1

:
O
O
:
o—s
el

RF

RAM
222 x 4 bits
SYSTEM REG.

ALU )

LCD

Driver

LCD1 1
——— =0 LCD4/COM3
———=0 LCD;3/COM>

COMq
O comg

-

6 bit
DAC

Mod
—El—v(l CMPIN/DAC

S
‘L'e——o VpD2

—0 GNDy

ROM
2048 x 16 bits

Instruction|
Decorder

Multi- |e—

plexer [+
e

)

Program Counter

Stack 3 x 11 bits
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1. OUTLINE

The uPD17102 is a 4-bit single chip microcontroller which integrates all the following circuits 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 uPD17000 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, NEC supports the in-circuit emulator (IE-17K), so that the user can debug programs
easily by using the emulator together with the SE board for each product.

2-221




uPD17102 N E C

2. PIN FUNCTIONS

2.1 Input/Output Ports

2.1.1 POAg to POA3 (Port 0A): Bi-directional input/output ports

Port OA is a 4-bit input port (pins from POAg 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 O 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.

POAg 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 POA( 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.”

POA4 to POAj are shared by SCK, SO, and S| 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 S10 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 POAg 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

PTOUTON | SIOON |POAGIO Write to bank Read from Pin function
0, 70H bank 0, 70H | PpAg POA; POAZ POA3
0 All four bits are POAg POA, POA, POA3
valid. IN IN IN IN
0
1 All four bits are POAg POA, POAZ POA3
valid. ouT ouT ouT ouT
0
0 Only POAg POAQ
is valid. IN —
1 SCK SO Si
1 Only POAg POAg
is valid. Enable. ouT
0 Al four bits are (Pin status) POA; POA, POA3
valid IN IN IN
0
1 All four bits are POA4 POA2 POA3
valid. ouT ouT ouT
1 TMOUT
0 Only POAg is
valid.
1 SCK SO S|
1 Only POAg is
valid.

Note: If data is written to 70H of bank O when SIOON is **1,”* this data can be written to POA 1 only when the SCK pin
is in input mode.

2.1.2 POBg to POB3 (port 0B), POCg to POC3 (port OC): Bi-directional input/output

Ports OB and OC are 4-bit input/output pins with output latch circuits: From POBg to POB3 and from POCg to
POC3. These ports are mapped to 71H and 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 0B and OC is the CMOS (push/pull) type.

Table 2-2 Functions of ports 0B and 0C

POBGIO Input/output Write to bank 0, 71Hor 72H |  Read from bank 0, 71H or 72H
POCGIO direction of pin rite to bank 0, or ead from bank . or
0 Input (output disable)
Available Auvailable (pin status input)
1 Output
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2.1.3 PODg to POD3 (port D): Bi-directional input/output

Port OD 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.

PODg is shared with the AMP1 output pin AMP10UT, and POD is shared with the AMP2 output pin AMP20OUT.
These bits are used in normal input/output mode when the AMP1EN or AMP2EN values in the register file are
0" and as AMP1OUT and AMP20UT respectively when the values are ““1."”

When AMP10OUT and AMP20UT are selected, the pins are used as the AMP1OUT 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 uPD17102 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 PODg and POD4 output latch circuits are independent of AMP10UT and AMP20UT. Therefore, data can be
written to bank 0, 73H by setting AMP1EN and AMP2EN to "’1” even if the pins operate a AMP1OUT and
AMP20UT. When PODGIO is 1, the pins output data as a port by setting AMP1EN and AMP2EN to “0.”"

The port 0D input/output format is CMOS (push/pull) input/output.

Table 2-3 Port 0D functions

AP1EN i R f Pin function
PODGIO Write to ead from
AP2EN bank 0, 73H bank 0, 73H PODg POD; POD, POD3
o 0 PODg IN PODq IN POD; IN POD3 IN
1 All four bits Enable. PODoOUT | POD; OUT | POD,OUT | POD3OUT
0 are valid. Pin status. POD, IN POD3 IN
1 AMP1OUT | AMP20UT
1 POD,OUT | POD3OUT

Note: The AMP output control is selectable for AMP1/2 separately.

2.1.4 P1Ag to P1A3 (port 1A): Input

Port 1A comprises 4-bit input pins.

It is mapped to 70H of bank 1 in the data memory space.

P1Ag and P1A; are shared with AMP1 non-reverse input (AMP1IN+) and reverse input (AMP1IN—), PI1A and
P1A3 are shared with AMP2 non-reverse input (AMP2IN+) and reverse input (AMP2IN—). These pins are not
switched and are always connected to both input circuits of the operator amplifier (analog input) and port (digital
input).

When used as analog input pins, apply an intermediate potential or AC voltage. |f 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 1A has three mask options: With pull-up resistor, with pull-down resistor, and with 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 (data write to 70H in bank 1) are invalid.
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Table 2-4 Port 1A function

Read from bank 1, 70H (logical input) Werite to bank 1, 70H Analog input

Enable

(Pin status input) Disable Always connected to AMP input.
(Undefined at intermediate potential)

2.1.5 P1Bg to P1B3 (port 1B): Input

Port 1B comprises 4-bit input pins.

It is mapped to 71H of bank 1 in the data memory space.

Only one of these pins can be set as the input pin of the non-reserve input from the comparator by ADCCHO and
ADCCH1. For more information, see Section 3.12. Similar to ports 0D and 1A, the pin status of port 1B 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 1B also has three mask options: With pull-up resistor, with pull-down resistor, and with 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 port 1B (data write to 71H in bank 1) are invalid.

Table 2-5 Port 1B function

Read from bank 1, 71H (logical input) Write to bank 1, 71H 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 INTp, INT4

INTo and INT are interrupt request input pins for which the éctive rising or falling edge is selectable by I1EGg
and IEG4. At the rising or falling edge of the INTq or INT; signal selected by IEGg and IEGy, the interrupt request
flag (IRQO, 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 INTg and INTy 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 INTg/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, Vppz, GND2

Vpp2 and GND3 are pins used to apply the reference voltage of the built-in 6-bit D/A converter. Apply the Vpp
potential to Vppz and the GND potential to GND7. These two pins are separated from Vpp 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” in the 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 Vpp to
the Vpp2 pin. Also apply the same potential to GND, 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/DAC pin is not used.

Table 2-6 Vppz, GND2, and CMPIN/DAC functions

DACEN | CMPEN Vpbp2 GND» CMPIN/DAC Function
v tential v tential v otential D/A converter and comparator
ntia otentia e
0 Do Pote bo P bo P are not used.
0
v GND High Initial state when the D/A
pb2 2 impedance converter is used (Note).
0 1 Vpp potential Vpp potential CMPIN When the comparator is used.
1 0 Vpp2 GND3 DAC When the D/A converter is used.
1 1 Vpp2 GND, Vpp potential Used as D/A converter

Vpp potential indicates that Vpp potential is applied externally.

Note: DACEN and CMPEN are set to ‘0" at reset.

24 Vicp

Vi cp 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 V| cp, 1/3 Vi cp, and 2/3 V| ¢p voltages. When using
LCDg to LCD13 as the output pins, apply the high voltage under the supply voltage (Vpp).

2.5 LCDg to LCD¢q, COM3/LCD12, COM2/LCD43, COM¢, COMg

LCDg to LCD4q, COM3, LCD¢2, COM2/LCD¢3, COM¢, and COM are LCD panel segment driver pins used to
select drive method, such as 14-segment 2-common, 13-segment 3-common, 12-segment 4-common.

LCDg to LCD13 are used as output pins when LCDEN in the register file is ““0.” At this time, COM; and COMg
are not used.

For more information on the LCD panel, see Section 3.10.

Table 27 LCDg to LCD47, COM3/LCD42, COM2/LCD43, COM4, and COMpg functions

LCDEN LCDg to LCDy¢, COM3/LCD12, COM2/LCD13 COM,, COMg
0 All are output pins. Not used
1 LCD drivers and common drivers Common drivers

2.6 Xin, Xout
Xin and Xoyt 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 Vpp,

Vpp1 is a positive power supply pin.

2.9 GND¢, GND2

GND1 and GND3 are GND potential pins. Wire them so that the same potential is used externally.

2.10 Pin Mask Options

The uPD17102 pins have the mask options listed below. These option can be selected bit according to purpose.

Pin name

Mask option

POAg to POA;

(1)
(2

Nch open-drain input/output
Nch open-drain plus built-in pull-up resistor input/output

P1Ag to P1A3

(1)

No built-in resistor

P1Bo to P1B; (2) Built-in pull-up resistc?r
(3) Built-in pull-down resistor
INT, (1) No.bt.filt-in resistor.
INT (2) Built-in pull-up resistor
! (3) Built-in pull-down resistor
built-in resi
RESET (1) No. L‘II t-in resnstor‘
(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 uPD17102 is shown below in a partly simplified format:

(1) POAg to POA3

VoD
Mask option
©
Data
Nch
Output disable
7
Input buffer
(2) POBg to POB3, POCq to POC3, PODg to POD3
VoD
Data —— 4
Pch
©
Output disable ‘ Neh
s

Input buffer
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(3) P1Ag to P1Ag, P1Bg to P1B3, INTo, INT,

VbD
A { Mask option
\, I —©
Mask opti:
Input buffer % sk option

(4) RESET

&
<

Input buffer
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Table 2-8 Digital input/output port pin functions

PIN NAME 1o COMEINED FUNCTION WHEN RESET
POAQ TMOUT
POAq §CK
Input/output 4-bit 1/0 port (port 0A) High impedance (POAn input)
POA so
POA3 si
4-bit 1/0O port {(port 0B) o i
P0Bg to POB3 Input/output Large current (15 mA) High impedance (mpfut)
4-bit 1/0 port (port OC)
P Input/output High i dance (input)
0Cp to POC3 nput/outpu Large current (15 mA) igh impedance (inpu
PODg AMP10OUT
. High impedance (PODn input)
POD4 Input/output AMP20UT 4-bit 1/0 port (port 0D)
POD7 to POD3 Middle current (10 mA) High impedance (input)}
P1Ag AMP1IN+
P1A4 AMP1IN-
Input 4-bit input port (port 1A) Input
P1Ap AMP2IN+
P1A3 AMP2IN-
P1Bg ADCo
P1Bq ADCy
Input 4-bit input port (port 1B) Input
P1By ADC2
P1B3 ADC3
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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.
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 POAg Timer 1 output pin POAg input
SCK Input/output POA, Serial clock input/output pin POA; input
SO Output POA2 Serial data output pin POA; input
Si Input POA3 Serial data input pin POA; input
AMP10OUT PODg AMP1 output pin PODg input
Output
AMP20OUT POD4 AMP2 output pin POD4 input
AMP1IN+ P1Ag AMP1 non-reversed input pin
AMP1IN—- P1A; AMP1 reversed input pin
Input Input
AMP2IN+ P1A; AMP2 non-reversed input pin
AMP2IN— P1A3 AMP2 reversed input pin
ADCq to ADC3 Input P1Bg to P1B3 Comparator input pin Input
D/A converter reference voltage
Vpp2 Input ) - -
input pin (high-potential side)
D/A converter reference voltage
GND2 Input ) ) o 9
input pin (low-potential side)
Used as the D/A converter output igh i
CMPIN Input/output | DAC i /A converter outp High impedance
pin and comparator input pin.
LCDg to LCD segment driver output pin.
0 Output 9 putp Output
LCD Also used as the output port.
COM3 LCD12 Used as the LCD common driver
Output output and LCD segment driver Output
COM2 LCD13 pin. Also used as an output port.
COMg, COM, Output LCD common driver output pin Output
LCD driver split potential setting
Vico Input R Input
pin
RESET Input System reset input pin Input
Vpp1 Positive power supply pin
GND4, GND3 GND potential pin
XN, XouT System clock oscillator pin
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3. INTERNAL BLOCK

3.1 Program Counter (PC)
The program counter (PC) is an 11-bit binary counter that retains address data of the program memory (ROM).

Fig. 3-1 Program counter configuration

[PC10| PC9 | Pcs I PC7 | PC6 l PC5 I PC4 I PC3 I PC2 I PC1 | PCO ]

When the RESET signal goes to low, the PC is set to 0.

Usually, the counter is incremented by one each time an instruction 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 (BR) 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 régister (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

PC10  PC9 PC8 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCo

RET, RETSK, RETI (SP) (sP) (SP) (SP) (SP) (SP) (SP) ! (SP) (SP) (SP) (SP)
BR,CALL AH2 | AH1 | AHO | AM3 | AM2 | AM1 | AMO AL3 | AL2 | A1 ALO
BR@AR, CALL@AR, MOVT 1 1 1 AR13 | AR12 | AR11 iAFHO ARO3 | ARO2 lAF?O‘I lAROO

Fig. 3-3 Instruction word configuration

MsB Instruction LSB

[FH EH DH CH|BH AH 9H 8H |7H 6H 5H 4H |3H 2H 1H  OH

T LI LI N I | * 1 i i
Operand codes AH2 AH1 AHO AM3 AM2 AM1 AMO AL3 AL2 AL1 ALO
T
Operand
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7. ASSEMBLER RESERVED WORDS

7.1 Mask Option Pseudo Instructions

For coding uPD17102 programs, a mask option must be specified in Assembler source programs with the mask
option pseudo instruction.

The following pins require the mask option:

® POAg, POA¢, POA3, POA3

® P1Ag, P1A¢, P1A2, P1A3

® P1Bg, P1B4, P1B2, P1B3

® [NTg, 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 Mnemonic field Operand field Comment field
[level:] OPTION [comment:]
ENDPOP
7.1.2 Mask option definition pseudo instr

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 Mnemonic field Operand field
[level:] OPTP1A P1APLUP, P1APLDW, OPEN, OPEN

PIA4 and PIAg are open.
PlA2 is pull-down.
Pl1Ag3 is pull-up.
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Table 7-1 Mask op definition pseudo instr
Pin name Mask option pseudo instruction Number of parameters Parameter name
POAPLUP  : Pull up
to POA: 4
POAg to POA3 OPTPOA OPEN - :Open
P1APLUP  :Pullup
P1Ag to P1A3 OPTP1A 4 P1APLDW : Pull down
OPEN : Open
P1BPLUP  : Pullup
P1Bg to P1B3 OPTP1B 4 P1BPLDW : Pull down
OPEN : Open
INTOPLUP : Pull up
INTo OPTINTO 1 INTOPLDW  : Pull down
OPEN : Open
INT1PLUP : Pullup
INT, OPTINT1 1 INT1PLDW : Pull down
OPEN : Open
prosse— RESPLUP  : Pull up
RESET OPTRES 1
OPEN : Open

7.2 Reserved Symbols

Table 7-2 lists the symbols defined in the uPD17102 device file. These defined

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 80H to BFH in bank O 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 DESCRIPTION

DBF3 MEM 0.0CH R/W Bit 15 to bit 12 of data buffer
DBF2 MEM 0.0DH R/W Bit 11 to bit 8 of data buffer
DBF1 MEM 0.0EH R/W Bit 7 to bit 4 of data buffer
DBFO MEM 0.0FH R/W Bit 3 to bit 0 of data buffer
AR3 MEM 0.74H R Bit 15 to bit 12 of address register
AR2 MEM 0.75H R Bit 11 to bit 8 of address register
AR1 MEM 0.76H R/W Bit 7 to bit 4 of address register
ARO MEM 0.77H R/W Bit 3 to bit O of address register
WR MEM 0.78H R/W Window register

BANK MEM 0.79H R/W Bank register

IXH MEM 0.7AH R/W Bit 11 to bit 8 of index register
MPH MEM 0.7AH R/W Bit 7 to bit 4 of memory pointer
MPE FLG 0.7AH.3 R/W Memory pointer enable flag

IXM MEM 0.7BH R/W Bit 7 to bit 4 of index register
MPL MEM 0.7BH R/W Bit 3 to bit 0 of memory pointer
IXL MEM 0.7CH R/W Bit 3 to bit 0 of index register
RPH MEM 0.7DH R/W Bit 7 to bit 4 of register pointer
RPL MEM 0.7EH R/W Bit 3 to bit O of register pointer
PSW MEM 0.7FH R/W Program status word

8CD FLG 0.7EH.0 R/W BCD operation flag

CmP FLG 0.7FH.3 R/W Compare flag

cYy FLG 0.7FH.2 R/W Carry flag

P4 FLG 0.7FH. R/W Zero flag

IXE FLG 0.7FH.0 R/W Index register enable flag
LCDDO MEM 0.60H R/W LCD segment 0

LCDD1 MEM 0.61H R/W LCD segment 1

LCDD2 MEM 0.62H R/W LCD segment 2

LCDD3 MEM 0.63H R/W LCD segment 3

LCDD4 MEM 0.64H R/W LCD segment 4

LCDD5 MEM 0.65H R/W LCD segment 5

LCDD6 MEM 0.66H RW LCD segment 6
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Table 7-2 List of reserved symbols (2/4)

NAME ATTRIBUTE VALUE R/W DESCRIPTION
LCDD7 MEM 0.67H R/W LCD segment 7
LCDD8 MEM 0.68H R/W LCD segment 8
LCDD9 MEM 0.69H R/W LCD segment 9
LCDD10 MEM 0.6AH R/W LCD segment 10
LCDD11 MEM 0.6BH R/W LCD segment 11
LCDD12 MEM 0.6CH R/W LCD segment 12
LCDD13 MEM 0.6DH R/W LCD segment 13
POAO FLG 0.70H.0 R/W Port OA bit O
POA1 FLG 0.70H.1 R/W Port OA bit 1
POA2 FLG 0.70H.2 R/W Port OA bit 2
POA3 FLG 0.70H.3 R/W Port OA bit 3
POBO FLG 0.70H.0 R/W Port OB bit 0
POB1 FLG 0.71H.1 R/W Port OB bit 1
POB2 FLG 0.71H.2 R/W Port OB bit 2
POB3 FLG 0.71H.3 R/W Port OB bit 3
POCO FLG 0.71H.0 R/W Port OC bit 0
POC1 FLG 0.72H.1 R/W Port OC bit 1
POC2 FLG 0.72H.2 R/W Port OC bit 2
POC3 FLG 0.72H.3 R/W Port OC bit 3
PODO FLG 0.73H.0 R/W Port OD bit 0
POD1 FLG 0.73H.1 R/W Port OD bit 1
POD2 FLG 0.73H.2 R/W Port OD bit 2
POD3 FLG 0.73H.3 R/W Port OD bit 3
P1A0 FLG 1.70H.0 R Port 1A bit 0
P1A1 FLG 1.70H.1 R Port 1A bit 1
P1A2 FLG 1.70H.2 R Port 1A bit 2
P1A3 FLG 1.70H.3 R Port 1A bit 3
P1BO FLG 1.71H.0 R _Port 1B bit 0
P1B1 FLG 1.71HA R Port 1B bit 1
P1B2 FLG 1.71H.2 R Port 1B bit 2
P1B3 FLG 1.71H3 R Port 1B bit 3
DARH MEM 1.72H R/W 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 0.81H R/W Stack pointer
SI0TS FLG 0.82H.3 R/W S10 operating status
SIOHIZ FLG 0.82H.2 R/W Status of SO pin
SIOCK1 FLG 0.82H.1 R/W Selection of serial clock
SIOCKO FLG 0.82H.0 R/W Selection of serial clock
INT1 FLG 0.8FH.2 R Status of INT4 pin
INTO FLG 0.8FH.1 R Status of INTg pin
ZCROSS FLG 0.8FH.0 R/W Status of zero-cross detection circuit
TM1EN FLG 0.91H.3 R/W 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 092H.2 R/W Timer 2 reset
TM2CKA1 FLG 0.92H.1 R/W Timer 2 clock selection
TM2CKO FLG 0.92H.0 R/W Timer 2 clock selection
1EG1 FLG 0.9FH.2 R/W INT1 edge selection
IEGO FLG 0.9FH.1 R/W INTO 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 R/W SAMPLE-HOLD selection
CMPEN FLG 0.A3H.3 R/W Comparator permit
DACEN FLG 0.A3H.2 R/W D/A converter permit
ADCCH1 FLG 0.A3H.1 R/W Comparator input selection
ADCCHO FLG 0.A3H.0 R/W Comparator input selection
PODGIO FLG 0.A7H.3 R/W Port 0D 1/O selection
PODGIO FLG 0.A7H.2 R/W Port OC 1/0 selection
POBGIO FLG 0.A7H.1 R/W Port 0B 1/0 selection
POAGIO FLG 0.A7H.0 R/W Port OA 1/0 selection
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Table 7-2 List of reserved symbols (4/4)

NAME ATTRIBUTE VALUE R/W DESCRIPTION
IPTM2 : FLG 0.AEH.1 R/W INTTM2 permit flag
1P1 FLG 0.AEH.0 R/W INT1 permit flag

IPSIO FLG 0.AFH.3 R/W INTSIO permit flag

PO FLG 0.AFH.2 R/W INTO permit flag

IPTM1 FLG 0.AFH.1 R/W INTTM?1 permit flag
LCDOFF FLG . 0.B1H.3 R/W LCD segment/port selection
LCDMD2 - FLG 0.B1H.2  RMW LCD mode selection
LCDMD1 FLG 0.B1H.1 R/W LCD mode selection
LCDMDO FLG 0.B1H.0 R/W LCD mode selection
LCDEN FLG 0.B2H.3 R/W ICD segment output permit
PTOUTON FLG 0.B7H.0 R/W PTOUT output permit
SIOON FLG 0.B7H.1 R/W SIO output permit
IRQTM2 . FLG 0.BEH.1 R/W INTTM2 interrupt request
IRQ1 FLG 0.BEH.O R/W INT1 interrupt request
IRQSIO FLG 0BFG.3 R/W INTSIO interrupt request
IRQO FLG 0.BFH.2 R/W INTO interrupt request
IRQTM1 FLG 0.BFG.1 R/W INTTM1 interrupt request
DBF DAT OFH R/W GET/PUT instruction operand
IX DAT 01H R/W Index register
AR DAT 00H R/W Address register
SIOSFR DAT 01H R/W SIO register
TMIM DAT 02H w Timer 1 modulo register
TM2M DAT 03H w Timer 2 modulo register
T™MC DAT 41H R Timer count register

Note: “W. XYH. Z" in the value field indicates

W ... Bank

X ... Row address
Y o Colum address
Z ... Bit
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8. INSTRUCTION SET

Table 8-1 List of instruction sets

b15

b14 to b11 0 1
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

El

b]]
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
1 F SKF m, #n
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Table 8-2 List of INSTRUCTIONS

Legends
M : One of data memory specified by [(BANK), m] PC : Program‘counter
m  : Data memory address specified by [mH.mL] of each bank SP : Stack pointer
my  : Date memory address high (row address) : 3 bits STACK : Stack spegf:ed by (SP)
m, : Data memory address low (column address) : 4 bits BANK : Bank register -
: One of general register specified by [(RP) ,r] (AR) rom : One of program memory data specified by (AR)
r : General register address low (column address) : 4 bits INTEF : Interrupt enable flag.
RP  : General register pointer i : Immediate data : 4 bits
RF : One of register file specified by rf n : Bit position : 4 bits )
f : Register file address specified by [rfH.rfL] addr : One of program memory address : lAl bits
rfy  : Register file address high (row address) : 3 bits ay  : Program memory address hlgh 13 hlts_
rf,  : Register file address low (column address! : 4 bits ay : Program memory address middle : fblts
AR : Address register . a, : Program memory address low : 4 bits
IX : Index register CY . Carry flag
IXE : Index register enable flag CMP . Compare flag
DBF : Data buffer s : Stop release cond:tion
WR : Window register h . Halt release condition
MP : Memory pointer [ ) : Address of M,R.RF
MPE : Memory pointer enable flag (] . Contents of M,R.RF.AR.IX,DBF,WR,PE
PE : Peripheral
p Peripheral address
Pu : Peripheral address high (row address) 3bits
P : Peripheral address low (column address’ : 4 bits
£ : Machine code
B | Mnemanic |Operand Function Operation Dorati
|2 E Prelen | Shits | hits | abits
ADD r.,m Add memory to register R, CY+< (R) .+ O\D 00000 | my | mp r
m, #i | Add immediate data to memory M. CY— (M) +1 10000 | my | my i
3
1-3 ADDC r,m Add memory to register with carry R, €Y< (R + (M- + (CY) | 00010 | my | m_ | r
E m, #i | Add immediate data to memory with carry R, CY< (M) +i~ (CY) 10010 | my | mp i
INC AR Increment address register AR—AR+1 00111 { 000 } 1001 | 0000
X Increment index register IX—IX+1 00111 | 000 | 1000 | 0000
s | sus r,m Subtract memory from register R, CY« (R) = (M) 00001 | my [ mg r
é m, #i | Subtract immediate data from memory M. CY+— (M) —i 10001 | my | mg i
£
:;' SUBC r,m Subtract memory from register with borrow R. CY~=(R) = (M = (CY) | 00011 | my | mg r
R
m, #i | Subtract immediate data from memory with borrow M. CY« (M) —i— (CY) 0011 | my | mg | i
= | SKE |m, #i | Skip if memory equal to immediate data M ~i,skip if zero 01001 | my | m i
€
é SKGE | m, #i | Skip if memory greater than or equal to immediate data | M—i,skip if not borrow 11001 | my | mg i
Cs SKLT | m, #i | Skip if memory less than immediate data M ~i.skip if borrow 11011 | my | m_ i
SKNE | m, #i | Skip if memory not equal to immediate data M -i.skip if not zero 01011 | my | m_ | i
AND m, #i | Logical AND of memory and immediate data M+~ (M) ANDi 10100 | my | mp i
c
é r,m Logical AND of register and memory R+~ (R) AND () 00100 | my | mp r
£
§ OR m, #i | Logical OR of memory and immediate data M+~ (M) ORi 10110 | my | mg i
] r.m Logical OR of register and memory R— (R) OR (M) 00110 | my | m r
B
S XOR m. #i | Logical XOR of memory and immediate data M+~ (M) XORi 10001 { my | m | i
r,m Logical XOR of register and memory R~ (R} XOR (M: 00101 | my | m r
LD |r.m Load memory to register R+ (M) 01000 | my | mg I3
ST |m,r Store register to'memory (M) <R 11000 | my | 'my | r
i . if MPE=1, [(MP), (R) J«=(M)
@r,m | Move memory todestination memory referring to register if MPE =0, [ (my) , (R) J+= (M) 01010 | my | m r
; ) ) if MPE=1,M—[(MP),(R)]
% MOV [ m,@r | Move source memory referring to register to memory if MPE=0,M«—[(my),(R)] 11010 | my | my r
H
E m, #i | Move immediate data to memory Mei 11101 | my | mp i
| bBF ] spe—(sp) —1,STACK ~PC
MOVT @AR’ | Move ROM data from the address specified in AR to DBF DBF+—(AR) rom, 00111 | 000 {-0001 | 0000
PC+STACK ,sp—(sp) +1 :
PUSH ['AR Decrement SP,then move AR to stack top SP+(SP)-1,STACK AR 00111 | 000 | 1101 | 0000
POP | AR Move stack top to AR, then increment SP AR+—STACK,SP+<SP+1 00111 | 000 | 1100 | 0000
PEEK | WRRA | Get RA from RF through WR WR+(RF) 00111 | rfy | 0011} rf,
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;;4 Machine code

Mnemonic [Operand Funeti Operation -

il sneven Opration | 3hits | 4bits | 4bits
5 | POKE |RA,WR| Put data on WR into RA of RF (RF) <WR 00111 | rfy | 0010 | rf,
E GET | DBF,p | Get peripheral data to DBF DBF+«p 00111 | py {1011} pp
&

& | PUT | p,DBF | Put data in DBF to peripheral p<DBF 00111 | py | 1010} pr
Test memory bits, CMP—0
5 SKT |m. #n 1) en skip if all bits specified are true skip if M(N) =all*1” 1110 | my | my | n
@
S
3 .
a Test memory bits, CMP«0
L8 S X . 1111
SKF | m. #n then skip if all bits specified are false skip if M(N) =all*0” 1 My | M on
E BR addr | Jump to the address PC+ADDR 01100 | ay | ay | ap
]
@ @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
SP—(SP) -1
addr | Call subroutine STACK—((PC)+1), 11100 | ay | ay | ap
PC—ADDR
CALL
SP(SP) -1,
2 @AR | Call subroutine specified in AR STACK«((PC) +1), 00111 | 000 | 0101 | 0000
3 PC+(AR)
&
& | RET Return to main routine from subroutine PC+—(STACK),SP+(SP)+1 | 00111 | 000 | 1110 | 0000
RETSK. Return .t? main routine from subroutine, then skip PC'—(sTACK) ,SP+(SP) +1 00111 | o1 | 1110 | 0000
unconditionary and skip
- — +
RETI return to main routine from interrupt service routine pe (STACK) SP(SP) +1 00111 | 100 | 1110 | 0000
BANK «(interrupt stack)
E“' El Enable interrupt INTE flag+1 00111 | 000 | 1111 | 0000
2| DI Disable interrupt INTE flag<0 00111 | 001 | 1111 | 0000
” STOP (s Stop clock STOP 00111 | 010 | 1111 s
_E: HALT | h Halt the CPU,restart by condition H HALT 00111 | 011 | 1111 h
<]
NopP No operation No operation 00111 | 100 | 1111 | 0000
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9. ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings (T3 = 25 °C)

Supply Voltage Vop —0.3t0 +7.0 \
Input Voltage A —0.3to Vpp +0.3 \ POA (1)
—0.31to +11 \Y (2)
—0.3to Vpp +0.3 Vv All pins other than POA
Output Voltage Vo —0.3 to Vpp +0.3 \Y POA (1)
—0.3to +11 Vv (2)
—0.3to V| ¢p +0.3 \% Segment/common pins
—0.3to Vpp +0.3 Vv Pins other than above
High-Level Output Current lon -5 mA 1 pin
-20 mA Total of all pins
Low-Level Output Current loL 15 mA 1 pin POA, POD
30 mA POB, POC
100 mA Total of all pins
Operating Temperature Topt —40 to +85 °c
Storage Temperature Tstg —65 to +150 °c
Power Consumption Pg 190 mw Ta=85°C
Remarks: 1. N-ch open/drain output plus built-in pull-up resistor output
2. N<h open/drain input/output
CAPACITY (T3=25°C, Vpp =0V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Input Capacity CIN 15 pF
Output Capacity CouTt 15 pF f = 1 MHz
Pins other than those measured: 0 V
Input/Output Capacity Cio 15 pF
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DC CHARACTERISTICS (T3 = —40 to +85 °C, Vpp = 3.0 to 6.0 V)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Vi1 | 0.8Vpp 9 vV | AtSlorSCKinput
VIH2 0.7 Vpp 9 v At POA input
High-Level Input Voltage p—
ViH3 0.8 Vpp Vpbp \ INTq, INTq, RESET
ViH4 0.7 Vpp Vpp \Y Pins other than above
Vil 0 02Vpp | V | SI3CK, INTg, INT1, RESET
Low-Level input Voitage
ViL2 o 0.3 Vpp \Z Pins other than above
\ =451t06.0V
Vpp-2.0 | Vpp—-0.4 v bb
High-Level Output Voltage VOH IoH = —1mA
Vpp—1.0 |Vpp—0.04 \% loH =—100 A
V| =4, X
0.85 20 v b =450 60V
POB, POC loL=15mA
0.06 0.5 \" loL =600 kA
Vpp =4.5t06.0V
Low-Level Output Voltage VoL 0.85 2.0 \ oD ©
loL=10mA
POA,POD | Vpp=4.5106.0 V
0.15 0.4 v
loL =16 mA
0.04 0.5 v loL =400 uA
| 3 A Other than Vin =V
LIH1 u X1 and XO IN =VDD
High-Level Input Leak
nput Leak Current ILin2 10 uA X1, X0 VIN = VDD
ILIH3 10 uA | POA (3) VIN=9V
Other than
-3 A ViN=0V
Low-Level Input Leak Current e X1 and XO
-10 HA X1, XO ViN=0V
ILOH1 3 HA VouT = Vbp
High-Level Output Leak Current
ILOH2 10 BA POA (3) VouTt=9V
Low-Level Output Leak Current fLoL -3 LA Vout=0V
) i with builtd -
mput pin with built-in resistor 35 65 110 | ke | INTO, INT1,P1A, P1B
{pull up/pull down)
Input pin with built-in resistor (pull up) 35 65 110 kQ RESET
Input pin with built-in resistor (pull down) 7 15 26.5 kQ POA
\ =5V:10%
1500 | 4500 | wA DD =8V:
) Operation fcc =8 MHz
DD1
250 750 | pA | Mo% Vpp=3V:10%
fcc =2 MHz
Vpp=5V:10%
550 1600 | pA oo
Supply C t (4) fcc =8 MHz
upply Lurren IpD2 Halt mode cc
110 130 WA Vpp=3V10%
fcc =2 MHz
0.1 10 WA Vpp=5V+10%
Ipp3 Stop mode
0.1 5 HA Vpp=3V10%
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CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
VLcp Voltage Range Vico 3.0 VpD v
Common Output Impedance (5) Rcom 40 kQ Vpp=4.5t106.0V
RSEG1 40 Kk Af Lo Vpp=4.51t6.0V
drive

Total output of all

Segment Output Impedance (5) segment pins
At port
RSEG2 5 k2 operation Current 2 mA or less

Vpp=VicD =45
10 6.0V

Resistance Between V| cp and R 100 kQ When normal

VLC
GND 3.0 kQ When switching

Remarks: 3. When N-ch open/drain input/output is selected
4. The current that flows through the built-in pull-up or pull-down resistor is excluded
5. 3.5 kQ (typ.) when switching between the common and segment output.

AMPLIFIER CHARACTERISTICS (T3 =—40=+85°C, Vpp = 4.5106.0 V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Input Offset Voltage Vos =6 18 mV | Normal amplifier mode
In-phase Input Voltage Vicm 0.0 3.6 \ Vpp=5.0V
Output Voltage Range VouT 0.12 4.8 A Vpp =5.0V, lgyt =0sA
Unity Gain Frequency . fo 1.5 MHz
Large Amplitude Gain Ay 85 dB Vpp =5.0V
Output Current louTt —50 100 uA Vpp =50V
CMRR 75 dB
SVRR —60 dB
Through Rate 1.0 V/us
Hold Time tSAMP 0.05 ms | Sample/hold amplifier mode
Input/Output Voltage Error VDIF +6 +18 - mVv Sample/hold amplifier mode
Input Voltage Range Vin 0.12 25 v Sample/hold amplifier mode
Supply Current amp 230 500 HA

COMPARATOR CHARACTERISTICS (T3 = —40 to +85 °C, Vpp =4.510 6.0 V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Input Voltage Range ViIn Vss VpD \
Response Speed (6) tcomP 2 Ic
Power Consumption Vcowmp 100 HA Vpp=5.0V
Absolute Accuracy viT 8.0 +15.0 mV
Input Resolution VRE 3.0 mV
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D/A CONVERTER CHARACTERISTICS (Tg = —40 to +85 °C, Vpp =4.5t0 6.0 V,
VererH = Voo, VrerL =0 V)

CHARACTERISTIC SYMBOL | MIN. TYP. MAX. | UNIT CONDITION
Resolution 6 6 6 Bit
Linearity +0.5 LSB
D/A Conversion Time (6) tCONV 2 IC At no output load
DAC Current IpAC 220 390 HA
A/D Conversion Time (6) 4 Ic

Remarks 6: IC indicates “instruction cycle”.

ZERO-CROSS CHARACTERISTICS (T = —40 to +85 °C, Vpp = 4.5 t0 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 Input Frequency fzx 0.04 1 kHz

DATA MEMORY DATA RETENTION CHARACTERISTICS AT LOW SUPPLY VOLTAGE
IN STOP MODE (T4 =—40 to +85 °C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Data Retention Supply Voltage VDDDR 2.0 6.0 v
Data Retention Supply Current IDDDR 0.1 5.0 HA VpDDR =20V
Release Signal Set Time ; tSREL 0 us
219/fx ms | Release by RESET (7)
Wait Time for Stable Oscillation tWAIT
(8) ms Release by interrupt request

Remarks: 7. fx indicates the oscillator frequency.
8. According to the timer 2 value.
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Data Retention Timing (Stop Mode Release by Reset)

Internal resetting operation Halt
« Stop mode mode Operation
mode
Data retention mode
4
Vpob

Execution of VDDDR tSREL

STOP instruction
o
277

RESET \ /Y
WAIT
Data Retention Timing (Stand-by Release Signal: Stop Mode Release)
Halt
& Stop mode mode Operation
mode
Data retention mode
{¢
Vpp T
V t.
Execution of DDDR SREL

STOP instruction

STANDBY RELEASE signal Z

(Interrupt request) /
dC

WAIT
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AC CHARACTERISTICS (T3 =—40to +85 °C, Vpp =3.0t0 6.0 V)

CHARACTERISTIC SYMBOL | MIN. TYP. MAX. UNIT CONDITION
2 30 us Vpp=45t6.0V
Internal Clock Cycle Time tcy
8 30 us
0 1000 kHz Vpp =4.510 6.0 V
Event Input Frequency fPo duty =50 %
0 350 kHz
. . . POR " ’
Event Input Rising/Falling Time ¢ 0.1 us Excluding zero-cross mode
POF
Event Input High/Low Level tPOH 0.5 us | Vpp=45t06.0V
Width tPOL 1.45 us
At data
2.0 Hs .
input
Vpp=4.5t06.0V
At data
10.0 us
output
SCK Input Cycle Time (9) tKey
At data
5.0 us .
input
13.0 us At data
output
At data
1.0 us .
input
Vpp=45t6.0V
At data
N 5.0 us
SCK Input High/Low Level tKH Output
Width (9) KL At data
25 us .
input
At data
6.5
ks Output
Sl Setup Time (to SCK1) tSIK 100 Hs
SI Hold Time (to SCK1) tKs! 100 us
SCK{ — SO output delay time (9) tKSO 4.5 us Cp =100 pF
1
INT high/low level width 10H 10 us
tioL
RESET low level width tRSL 10 us

Remarks 9: For SI, 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 (INTg, INT4, SI, SCK and SO Pins)

0.7 Vpp 0.7 Vpp
Measuring point

0.15 Vpp 0.15Vpp

AC Timing Measuring Point (Pins other than INTg, INT4, SI, SCK SO)

07 Vpp 07 VpD
Measuring point
0.20 Vpp 020Vpp
Event Input Timing
1/fp0
POL , | POH |
Event input
N
tPOR tPOF
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Serial Transfer Timing

SCK N\

1S1X txs|

Sl Input data

tXso

SO Output data

INT Input Timing

oL N tioH

INTO
INT1

RESET Input Timing

tRSL

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 soldefing is done under
different conditions.

TYPES OF SURFACE MOUNT DEVICE
For more details, refer to our document “SMT MANUAL" (IEI-1207).
uPD17102G

Soldering process Soldering conditions Symbol

Infrared ray reflow Peak package's surface temperature : 230 °C or below, IR30-00
Reflow time : 30 seconds or below (210 °C or higher),
Number of reflow process : 1,

Exposure limit* : None

VPS Peak package’s surface temperature : 215 °C or below, VP15-00
Reflow time : 40 seconds or below (200 °C or higher),
Number of reflow process : 1,

Exposure limit* : None

Wave soldering Solder temperature : 260 °C or below, WS60-00
Flow time : 10 seconds or below,
Number of flow process: 1,
Exposure limit* : None

Partial heating method Terminal temperature : 300 °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 °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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11. DEVELOPMENT SUPPORT TOOLS

The following tools are supported for developing systems using the uPD17102 chip.

IE-17K IE-17K is an in-circuit emulator available for all the uPD17000 Series chips.
For the uPD17102 chip, use IE-17K and the optional SE-17102 together.
When connected to a personal computer, |E-17K adds and modifies pro-
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-17102 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 uPD17102 to the system.
EP-17102G Probe used to connect the target system.
uPD17000 Host machine Order name
Series oS (product name)
Assembler PC-9800 Series MS-DOSTM HS5A1AST7K
AS17K (excluding PC-98LT) (Ver 2.11 or later) (8" 2D)
USBAT10AS17K
(5" 2HD)
Soft-
ware Device file Used together with the uPD17000 Series Assembler US5A1AS17102
AS17K (for uPD17102 only). (8"2D)
uS5A10AS17102
(5" 2HD)
SIMPLEHOST* Program to support man-machine interface when con- US5ATIE17K
necting PC-9801 to IE-17K. (8" 2D)
MS-WINDOWS™ is required. uS5A101E17K
(5" 2HD)

*: Under development

MS-D0S™ and MS-WINDOWTM are the trademark of Microsoft Co., Ltd.
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FRONT PANEL CONTROLLER (FPC)

~PD17106

SINGLE-CHIP MICROCONTROLLER

The uPD17106 is a 4-bit single-chip CMOS microcomputer for front panel control.

The CPU uses the uPD17000 architecture, allowing direct operation of data memory, arithmetic operation, and peripheral
hardware control by the use of a single instruction. Every instrustion consists of a 16-bit word.

The peripheral hardware includes an abundant 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 uPD17106 can make up a sophisticated, high performance front panel system.

The OTP (one-time PROM) version of the uPD17106 is also available as the uPD17P106 (*). The uPD17P106 is used for
program evaluation or limited production of the pPD17106.

NEC provides easy-to-use tools for uPD17106 system development: in-circuit emulator (IE-17K) and assembler (AS17K).

*:under development

Features

4-bit microcontroller 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:

4.44ps (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
1/4 duty, 1/4 bias : 44 x 4= 176 segments
Built-in key source decoder

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 1-system channels (2- or 3-wire type)

.

Interrupt
* External interrupt  : 1 channel (INT pin)
* Internal interrupt : 2 channels
(timer and serial interface)
* General-purpose 1/0 ports
* Input/output ports : 5 lines (+4: segment pin)
* Input ports : 4 lines (built-in pull-up resistor)
* Output ports : 0 line (+12: segment pins.8 out
of 12 allows LED direct drive.)
e 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-supply voltage: 5 V £10%
* 64-pin plastic QFP
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PIN CONFIGURATION (Top View)

[T} —oLcDe
2 LCDq7
S LCDg
2 LCD1g

[E)——0 LCD2o
2 LCD2q
] LCD22
s LCD23
] LCD24

g LCD2s

LCD2¢

2 LCDy7
[T }——=0 LCD2g/p1D,

=) =0 LCDyg/P1D4
[T }—0 LCD3p/P1D2
[ }——=0LCD31/P1D3

[ }——0 LCD32/P1CH

LCD15/KS15 O=—] O

LCD14/KS14 0~—{] [ }—0 LCD33/P1Cy

LCD13/KS13 o=—-{} e }—0 LCD3a/PIC

LCD12/KS12 O~—] [+ }—0 LcDgs/PIC3

LCD11/KS11 O=—=] [ J~——=0 LCD36/P1Bg

LCD10/KS10 O=— ] cMos < }=—=0 LCD37/P1B4
LDCg/KSg O=——{7] Group 1/0 ||2}=—=0 LCDgg/P1B2
LCDg/Ksg O=~— =] [+ }=—=0 LCD3g/P1B3
LCD7/KS7 O~—-{ 7] [“}——=0 LCDgo/P1Ag
LCDg/KS O=— ] [=}——=0 LCD41/P1A¢

LCDg/KSg 0=— 7] [ }———0 LCD42/P1AZ
[ }——=0 LCD43/P1A3

LCD4/KSgq O=—77]

LCD3/KS3 O~—{ 3] [ }——=0 LCDaa/COM3

LCDo/KS2 O=—-] [ =0 LCD45/COM2

LCD1/KS ;:jE CMOS  N-ch open drain >0 comy

LCDO/KSp 0 Bit 110 Bit 1/0 CMOS [ }——0 comp
~_— |Bit /0

nlsnn nlf
Q
o
>

SN

XIN
XouTt

GND o——{ &
POC2/SCL/SCR O=—{]

POAq O
POAQ
CE
INT
POCp/SO
VLco

POB1/FC/FCG o———:
POBQ/CGP 0<———°:
POC1/SDA/SI O=—2]
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BLOCK DIAGRAM

—
POCp/SO © ——0 LCDo/KS0
POC1/SDA/SI & POC to
POC2/SCL/SCK O— LcD ———O0 LCD15/KS15
RF c:> Control C:D
———O LCD16
. to
L <’\:> RAM ———O LCD27
Serial 178 x 4 bits
1/0 ———o0 LCD28/P1D0
SYSREG to
——O LCD31/P1D3
Mux——0 LCD32/P1Co
POBQ/CGP O L # to
POB/FC/FCG O POB ALY pic ——O0 LCD35/P1C3
|——O0 LCD36/P1B0O
to
4 }l«—] Instruction Hﬂ” |———O LCD39/P1B3
CGP
Decoder
fl F ———0 LCD40/P1A0
FC/ o1l to
FCG 1 |———o0 LCD43/P1A3
|
Clock ROM 0O LCD44/COM3
oc 4096 x 16 bits S L0 LCD4s/COM2
Decoder O COM1
ﬂ O COMo
e
16 bits ?
Counter,
Program Counter
POAG O——— l
POA; O—— POA
POAy; O—— Stack Interruptfj——O INT
POA3 O—— 7 x 12 bits Controll
VDD O——
Reset f——
CE O—

GND O—jr
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SUPPORT TOOLS FOR PROGRAM DEVELOPMENT
The following support tools are available to develop the program for the uPD17106:

Hardware
Name Description Order name
The 1E-17K is the in-circuit emulator for evaluation, to be used commonly
for the uPD 17000 series.
The IE-17K serves for program development for the uPD17106 together
L. with the system evaluation board SE-17106.
In-circuit emulator " .
(1E-17K) 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-9801 instead of using the console will bring sophistication to the
program development environment.
SE board (*) The SE-17106 is a system evaluation board for the uPD17106. It is used SE-17106
(SE-17106) independently or in combination with the IE-17K.
Probe (*) The EP-17106GC i be to connect the SE-17106 to a target system EP-17106GC
e EP- is a prol - 0 a tari . -
(EP-17106GC) P getsy
R le (* h - i P-
eceptacle (¥) The EV-9200GC-64 is a socket to connect the EP-17106 to a target EV-9200GC-64
(EV-9200GC-64) system.
OTP (*) T-'ht? uPD1 7P106. is an OTP (One-time PROM) for program evaluation or LPD17P106GC-3BE
(uPD17P106) limited production of the uPD17106.
Software
Name Description Host machine os Order name
The AS17K is the assembler
main routine to be used MS-DOS version
commonly for the uPD17000 uS5A1AS17K (8-inch 2D)
Assembler | S5A10AS17K (5inch 2HD)
series. K -
(AS17K) X ™
The AS17K is used in Ms-DOS PC-DOS version
Assermb combination with the device Ver. 2.1 #STB11AS17K (5-inch 2D)
ssembler
file (AS17106). Ver. 3.1
. PC-9801 series ™ MS-DOS version
The AS17106 is used to PC DOS
Device e th . e | IBMPCATTM| |07 USBAIAS17106 (8-inch 2D)
e program for the - 3.
file (*) a;;THOG' P qb. i uS5A10AS17106 (5-inch 2HD)
n combination
(as17106) | o ASI17K natio PC-DOS version
with e . 1S7B11AS17106 (5-inch 2D)

Support software (*)
(SIMPLEHOST)

SIMPLEHOST is software to
provide a man-machine
interface during program
development using the
1E-17K and a personal
computer.

MS-WINDOWSTM

* Under development

MS-DOSTM and MS-WINDOWSTM are the trademarks of MicroSoft Corp.

1BM PC-ATTM and PC DOSTM are the trademarks of IBM Corp.
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FRONT PANEL CONTROLLER (FPC) WITH ON-CHIP ONE TIME PROM

~PD17P106

4-BIT SINGLE-CHIP MICROCONTROLLER

The uPD17P106 is a 4-bit single-chip CMOS microcontroller with on-chip ONE TIME PROM, for use in front panel control.

The CPU uses the uPD17000 architecture, which allows direct data memory manipulation and various operations with a
single instructionand peripheral hardware control. Moreover, all instrustions are one 16-bit word in lenght.

in addition to a wide range of input/output ports, serial interface, and clock generator port, on chip peripheral hardware
includes, for front panel control, an LCD driver, key source decoder, and remote control decoding timer, enabling high-
performance front panel systems of various kinds to be configured.

As the uPD17P106 includes on-chip ONE TIME PROM,it is ideal for system evaluation in program development for the
pPD17106" mask ROM version, or for small-volume production.

An easy-to-use in-circuit emulator (IE-17K) and assembler (AS17K) are available as pPD17P106 system development
tools.

*:under development

Features
* 4-bit microcontrollier for front panel controller use * On-chip 16-bit counter with 4 functions:
* Program memory (ONE TIME PROM): Timer modulo
8K bytes (4096 steps x 16bits) Frequency count
¢ General-purpose data memory (RAM): Pulse width count
178 nibbles (178 nibbles x 4 bits) CGP (clock generator port)
¢ Instruction executionn time: * On-chip 8-bit serial interface
4.44ys (using a 4.5MHz crystal oscillator) 1 system 2 channels (2-wire and 3-wire)
¢ Stack levels: 7 * Variety of interrupts
* Easy-to-understand instructiion set (46 instructions) External interrupts  : 1 channel (INT pin)
¢ Decimal operation capability Internal interrupts : 2 channels
¢ Table reference capability (timer, serial interface)
* On-chip LCD driver * General input/output ports
Static : 46 x 1= 46 segments * Input/output ports : 5 lines (+4: Segment pins)
1/2 duty, 1/2 bias : 46 x 2= 92 segments * Input ports : 4 lines (with internal pull-up
1/3 duty, 132 bias: 45 x 3= 135 segments resistor)
1/4 duty, 1/4 bias : 44 x 4= 176 segments * Output ports : 0 (+12: segment pins, 8 with
* On-chip key source decoder LED direct drive capability.)

* 16 lines (Output by time-division muitiplexing with LCD ¢ Power-on reset, CE reset, and power failure
segment signal) detection circuit on chip
* Low-power consumption CMOS
e Supply voltage :5V110%
* 64-pin plastic QFP
e Mask ROM version : uPD17106
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PIN CONFIGURATION (Top View)

O LCD2g/P1Dg
O LCD2g9/P1D1
O LCD3q/P1D2
O LCD31/P1D3

O LCD2o
O LCD2q
O LCDgp
O LCDy3
O LCD2g
O LCD2s
O LCD2¢
O LCDy7

O LCD1g

©
a
o
]
o

LCD15/KS15 Oe—{ 1] LCD32/P1Co
LCD14/KS14 O~— 2] LCD33/P1Cy
LCD13/KS13 O=——[F] LCD34/P1Co
LCD12/KS12 OO—E LCD3s/P1C3

LCD36/P1Bg

LCD11/KS11 O=—A =]
LCD10/KS10 O=—— <] cMos
LCDg/KSg 0‘—: Group 1/0
LcDg/ksg O=——{ ]
LcDy/Ks7 o=+— 5]
LCDg/KSg O=— 0]
LCDs/KS5 O=—1]

LCD37/P1B

LCD3g/P182
LCD3g/P1B3
LCD4o/P1AQ
LCD41/P1A,
LCD42/P1A2

LCDa/ksg O=—=] LCD43/P1A3

Lcpg/ksg O=—(5 ] LCD44/COM3

LCD/KSy O=——{[7] LCD45/COM2

LCD1/KS1q 15 Mo N-ch Open drain COMy

LCDg/KSp 0 Bit 1/O git1/o CMOS comp
o . | Bitl/O

27 |28] ]l | |2

vVieop

GND
XIN
POC3/SCL/SCK

POA3
POA2
POA;
POAQ

CE
INT
Voo
XouTt
POCQ/SO

F]
POB(/CGP Ol &]
B
POC1/SDA/SI O=—w{E]

POB¢/FC/FCG
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BLOCK DIAGRAM

GND 0—1

2-259

POC/SO O— ———0 LCDo/KSo
POC1/SDA/S! ©- POC to
POC2/SCL/SCK O L_o LCD15/KS15
LCcD
RF c:> Control @
L ——o0 Lcps
to
— RAM |——O LCD27
178 x 4 bits
Serial
1/0 ———O0 LCD2g/PIDg
SYSREG to
L—O LCD31/P1D3
Muxj——0 LCD3/P1Co
POBQ/CGP O ALU p1C to
POB1/FC/FCG O OB |———o LcossiPics
———o0 Lcoge/PiBg
to
U b Instruction L——--0 LCD3g/P1B3 .
ce Decoder
1 I ——0 LCD40/P1Ag
FC/ PIA to
FCG 0 LCD43/P1A3
11
Clock ONE TIME PROM rew O LCD44/COM3
4096 x 16 bits Source L 0 LCDgs/COMy
Decoder ——O COMq
O COMg
16 bits ﬁ
Counter
Program Counter
POAQ O——— i !
POAT O——— hoa
POA2 O———] Stack Interrupt ———O INT
POA3 O-ﬁ 7 x 12 bits Control
L
VDD O—
Reset f——»
CE O——§
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DEVELOPMENT SUPPORT TOOLS

The following support tools are available for system development using the uPD17P106.

Hardware

Name

Description

In<ircuit emulator (1E-17K)

The IE-17K is an in-circuit emulator which can be used with all models in the uPD17000
series. For uPD17P106 program development, the IE-17K is used in conjunction with
the SE-17106 system evaluation board. As the 1E-17K features RAM-based operation,
immediate program additions and amendments can be made by connecting a console to

the IE-17K.
level development environment.

Moreover, use of the “SIMPLEHOST" support software provides a higher-

SE board* (SE-17106)
with the IE-17K.

The SE-17106 is a uPD17P106 system evaluation board used either alone or together

Probe* (EP-17106GC)

The EP-17106GC is a probe for connection of the target system to the SE-17106.

Receptacle* (EV-9200GC-64)

The EV-9200GC-64 is a socket for connection of the target system to the EP-17106.

EPROM AF-9703 EPROM programmer. For the uPD17P106, the programmer is used in conjunction with
programmer the special uPD17P106 adapter (Ver. 5 or later should be used).
(Manuf. by Ando | goial adapter Adapter used in conjunction with the AF-9703.
Electric Co., Ltd.) | ¢, uPD17P106*
Software
Name Description Host Machine [o}] Ordering Code
Assembler | Assembler AS17K is the assembler for use with the PC-9801 MS-DOSTM MS-DOS version
(AS17K) entire uPD17000 series. series Ver. 2.11 uSBA1AS17K
AS17K is used in conjunction with the 1BM PC-ATTM Ver. 3.1 (8-inch 2D)
device file (AS17106). PC DOSTM uSBA10AS17K
Ver. 3.1 (6-inch 2HD)
PC DOS version
uS7B11AS17K
(5-inch 2D)
Device AS17106 is used together with AS17K MS-DOS version
file* to assemble uPD17P106 programs. uS5A1AS17106
(AS17106) (8-inch 2D)
uS5A10AS17106
(5-inch 2HD)
PC DOS version
uS7B11AS17106
(6-inch 2D)
Support software* SIMPLEHOST is software which imple- MS- —_—
(SIMPLEHOST) ments the man-machine interface under WINDOWSTM
MS-WINDOWSTM 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

Ms-DOST™™ and MS-WINDOWSTM are trademarks of
1BM PC-AT"M and PC DOSTM are trademarks of IBM C:

ft Corp
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FOUR-BIT SINGLE-CHIP MICROCOMPUTERS

uPD17103 and uPD17104 are tiny microcontrollers each consisting of a 1K-byte ROM, 16-word RAM, and 11

pins (for uPD17103) or 16 pins (for uPD17104) for /O ports.

The CPU can be programmed using the uPD17000 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
® /O ports:
uPD17103: 11 pins (including three ports for N-ch open-drain output)
uPD17104: 16 pins (including four ports for N-ch open-drain output)
@ Instruction execution time: 2 us (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 10 6.0 V (in 2 MHz operation)
4.5 10 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 Package
UPD17103CX-X XX 16 pin plastic DIP (300 mil)
MPD17103GS-X XX 16 pin plastic SOP (300 mil)
UPD17104CS-X XX 22 pin plastic shrink DIP (300 mil)
UPD17104GS-XXX 24 pin plastic SOP (300 mil)
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PIN CONFIGURATION (Top View)

#PD17103CX/uPD17103GS uPD17104CS

xin 1] O [16}— onD PoA3 o 7] O @—o VoD
Xout 2] E--o POB, N 2] E..o POA2
FEseT o3 12}~ poBy/RLSsTOP  POCO o] |20}~ PoAq
PODg o=~ 4| 13}~ PoBo/RLSHALT ~ POCT o~[4] )
POD4 o«E El-.o POC3 POC) o-E E«o POD3
POD2 °“E E-—o POCo POC3 O«E ﬂ-oo POD2
POD3 o«E E-.o POC;  POBQ/RLSHALT O.-E E]-.o POD1
VoD o—E [0]-— Poco  PoBi/RLSSTOP ”‘E 15} PoDo
PoBy oo [12}-— RESET
POB3 o-~{i0] 1__3_}_.0 XouT
uPD17104GS oND o1 iz} X

poag o~[1] O @-—o Vob
ne o—{2] 23}~=0 POAZ
POCo 3 220 POA;
pocy o~[4] 21 POAQ
pocy o5 ] 20]-~0 POD3
pocg o~ 6] 7o}~ PODy
NC o—E 18 NC
POBQO/RLSHALT °"E E«o POD1

POB1/RLSSTOP o«E 16 PODg
PoB; o~=[10] 5 RESET
POB3 11 14 XouT
GND 12 13 XIN
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BLOCK DIAGRAM

CPU CLK

POBQ/RLSHALT

N-ch open di

POB1/RLSSTOP g
POB:

CMOS

POD

[

RAM
16 x 4 bits

CLK STOP

nstruc- |
ROM tion

Decorder!
512 x 16 bits

Stack 1 x 9 bits

Note: The section enclosed in a dotted line is not supported by the uPD17103.
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1. PIN FUNCTIONS
1.1 LISTS

® Port pins
INPUT/
PIN NAME OUTPUT FUNCTIONS ON RESETTING

POAg to POA3 (*) | Input/output | e CMOS (push-pull) 4-bit input/output port (Port 0A) | High impedance (input mode)
POBo/RLSHALT Input/output For resetting HALT mode ® High impedance at open-drain
POB1/RLSSTOP For resetting STOP mode linput mode)

- - ® High level with built-in pull-up
POBg o N-ch open-drain 4-bit 1/0 port; (Port 0B) resistor (input mode)
POB3 (*) ® Can corporate a pull-up resistor for each bit (by

mask option)
o Dielectric strength of 9 V at open-drain

POCq to POC3 Input/output | e CMOS (push-pull) 4-bit input/output port {Port OC) High impedance (input mode)
PODg to POD3 Input/output | e CMOS (push-pull) 4-bit input/output port (Port 0D) High impedance (input mode)

* The pins marked by an asterisk * are not built into uPD17103.

® Pins other than port pins

PIN NAME o FUNCTIONS ON RESETTING
RESET Input ® System reset input pin
® Can incorporate a pull-up resistor (by mask option)
Vop ® Positive power supply pin
GND ® GND pin
XIN, XouT ® System clock oscillator connecting pin
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1.2 DESCRIPTION
1.2.1 POAg to POA3 (Port 0A), POCq to POC3 (Port OC), and PODg to POD3 (Port OD): Input/output pins

POAp to POA3, POCq to POC3, and PODg to POD3 are four-bit input/output pins with output latches for ports
0A, 0C, and 0D, respectively.

The contents of ports 0A, OC, and 0D 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 or output
mode. The contents of the port register do not change at this time.

Ports OA, OC, and OD use the CMOS (push-pull) output form. Note that uPD17103 does not have POAg to POA3.

1.2.2 POBgy/RLSHALT, POB1/RLSgTOP, POB2, and POB3 (Port 0B): Input/Output Pins

POBg to POB3 are four-bit input/output pins each with an output latch for the port 0B.

The port 0B is mapped to 71H 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 0B, 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.

P0OBp 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 preventive circuit to prevent malfunction resulting from noise of 1 us or
less.

Note that uPD17103 has no POB3. Therefore, whenever an attempt is made to read data from POB3, only “0"
(fixed) is read from uPD17103. Data attempted to be written into POB3 become invalid.

1.23 Xy and XouT
These pins are connected to the oscillator of a system clock oscillating circuit.

1.24 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.

125 VDD
Positive power supply pin

1.2.6 GND
GND pin
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1.3 INPUT/OUTPUT CIRCUITS OF PINS

This section illustrates the input/output circuit of each pin of uPD17103 and uPD17104 in a partly simplified

form. .
(1) POA, POC and POD

VbD
S— ) = B
r——CO IN/OUT
output N-ch
disable
Vobp
Pch l— |
N-ch l——-'
(2) POBgand POB4
VoD
'
|
|
pull-up resistor
{Mask option)
|
——O IN/OUT
. data Nech
output ‘
disable
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(3) POB; and POB3

Vob
N

|
|
% pull-up resistor
|

(Mask option)
——QO IN/OUT
t
data N-ch
output
disable

Vbbb

G-
3

(4) RESET
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14 PIN MASK OPTIONS

In programming uPD17103 or uPD17104, 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:
® POBy
® POB4
® P0OBy

* The pin marked by the asterisk * is not built into uPD17103.

1.4.1 Mask option pseudo-ins

(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 Operand Comment
[Label:] OPTION [;Comment]
ENDOP

(2) Mask option defining pseudo-instruction
This pseudo-instruction defines the mask option for each pin.

(uPD17103)
(@ Pins POBg to POB;
Description format:

Label Instruction Operand
OPTPOB (POB2), (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 POBy, POB and POBy, respectively.
POBPLUP (Puli-up) and OPEN (open) are available as option parameters.
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(uPD17104)
@ POBy to POB3
Description format:

Label Instruction Operand
OPTPOB (POB3), (POB2), (POB1), (POBO)

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, POBy, POB41, and POBg,
respectively.
POBPLUP (pull-up) and OPEN (open) are available as option parameters.
(@ RESET pin
Description format:

Label Instruction Operand
OPTRES (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 uPD17103:
POB:  Pullup POBy:  Open
POBg: Open RESET: Pull-up

;17103 :
Mask option setting: OPTION
OPTPOB POBPLUP, OPEN, OPEN
OPTRES RESPLUP
ENDOP

Example 2 Set the following mask option using the source file for assembling uPD17104:
POB3: Pull-up POB;: Open
POBy:  Open POBg:  Open
RESET: Pull-up

;17104 :

Mask option setting: OPTION
OPTPOB POBPLUP, POBPLUP, OPEN, OPEN
OPTRES RESPLUP

ENDOP
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2. INTERNAL BLOCK FUNCTIONS
2.1 PROGRAM COUNTER (PC) .......... 9 BITS
The program counter is a nine-bit binary counter to retain program memory address information.

Fig. 2-1 Program counter configuration

pc | pes | pc7 [ pec [ pos | pea | pes | pe2 | per [ poo |

Usually the program counter is incremented by one whenever one instruction is executed.

When the call instruction (CALL) is executed, the call address is loaded onto the PC after the current contents
(return address) of the PC are saved on the stack. When the return instruction (RET or RETSK) is executed, the
current contents (return address) of the PC are loaded onto the PC. When the jump instruction (BR) is executed,
the jump address indicating the destimation 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| pcs [ pc7 | pes | pos | poa | e [ pea | per | peo |
::] ::J RET

RETSK
sack | 8 | 7 [ s6 [ ss [ s | s3] s2] s | s0
CALL
Operand IiHO [AM3 [ AM2 | AM1 [ AMO | AL3 | AL2 | AL ] ALO |
BR, CALL

In Fig. 2-2, AHn, AMn, and ALn (n: 0 to 3) indicate their respective bits in a 16-bit instruction as shown in Fig.
23.

Fig. 2-3 16-bit instruction configuration

MSB LsB

Instruction | FH EH DH CH |BH AH 9H 8H |[7H 6H 6H 4H |3H , 2H 1H OH

T ot o1 1 1 Tt i U 1
AH2 AH1 AHOAM3 AM2 AMT AMO AL3 AL2 ALl ALO

Operand

Operation code

When using a BR or CALL instruction, be sure to set AH2 and AH3 both to 0.
Sn (n: 0 to 8) indicates the address stack.
When RESET is input, program counter bits are all cleared to zero.

2.2 ADDRESS STACK
The address stack has a dedicated stack format of only one level. Note that the stack pointer can neither be

written nor read by any instruction.
The contents (return address) of the PC for the last-executed CALL instruction are saved on the address stack.
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23 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 O00H is a reset start address.

Fig. 2-4 Program memory map

1FFH [
}—512words
000H ‘
24 DATA MEMORY (RAM).......... 16 WORDS x 4 BITS

The data memory occupies 16 nibbles as memory space.

Fig. 2-5 Data memory map

01 2 3 4 5 6 7 8 9 A B CD E F

ox[ [ T[T TTTITITITTT]]
& I:I:D:‘ I System register |

ot
POA POB POC POD

16 words between O0H and OFH are available for the data storage area.
Since uPD17103 has neither the four bits of 70H nor the third bit of 71H, 0 is read from the data memory in
uPD17103.

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). uPD17103 or uPD17104 allows the 16 words of OH to OFH to be used as general registers because the
register pointer is fixed at 0. 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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25 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. uPD17103 and uPD17104 have only one system register, program status
word (PSW).

Fig. 2-6 System register map

Address | 74H 75H 76H 77H 78H 79H | 7AH | 7BH 7CH | 7DH 7EH 7FH
Data 0 0 0 0 0 0 0 0 0 0

74H to 7DH are all fixed at 0.

7EH 7FH
PSW
glclc|z D—
cimlv
b|p
o]o]o 0
I N R N
I -
2222
o W N = O

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 0.
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Fig. 2-7 Structure of program status word

7EH Address  7FH Address

BITO BIT3 BITO
l l l l l 0 l Zero Set (0) conditions
Flag e Set when the result of an arithmetic
(2) operation is 0 when CMP is 0.
e 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

e Set when the result of an arithmetic
operation is not 0.

Carry Set (0) conditions
Flag e Set when addition generates a carry or
(cy) subtraction generates a borrow.

e Set when the LSB of the operand for the
execution of the RORC instruction is 1.

Reset (1) conditions

o Reset when neither carry nor borrow
oceurs.

® Reset when the LSB of the operand for
executing the RORC instruction is 0.

Compare When this flag is set, the results of arithmetic
Fiag operations are not stored in memory or
(CMP) registers. The flag is reset automatically when

the SKT or SKF instruction is executed.

BCD When this flag is set, every arithmetic

Flag operation is performed in decimals.

(BCD) When it is reset, the operation is performed
in binary.

The CY flag does not change with the compare instruction (SKE, SKNE, SKGE, or SKLT). 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 resetting 0 -
Z flag is set to 0 by memory operation. 4] 0
Z flag is set to 1 by memory operation. 1 1
Result of arithmetic operation is 0. 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 0. 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 0. If the Z
flag becomes 0 then, it means that the comparing operations have given different values at least once.
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26 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 0.

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 0.

If the result of an arithmetic operation is 0, the zero (Z) flag is set to 1. The flag is reset to O when the result is

not 0.

(1) Binary operation
A carry occurs when the result of a binary arithmetic operation exceeds 15 (1111B). When the result is less than

0, aborrow 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 (1001B). 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 results 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 0 to 19.,

2. The result of subtraction must be within 0 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 (XOR).

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 of standby modes: HALT mode and STOP mode.

3.1 HALT MODE

The HALT mode sets the state where the program counter (PC) stops carrying out any further operations until
restarted with the system clock left oscillating. This mode is set by the HALT instruction and reset by the reset
signal RESET or input to the POBg pin. When the mode is reset by the input to the POBg pin, the device resets the
mode without waiting for the system clock to stabilize its oscillation. In this case, the first instruction to be
executed after the resetting of the mode is the one next to the HALT instruction.

The normal system reset (restarting from address OH) occurs if the mode is forced to be reset by the reset signal
RESET.

3.2 STOP MODE

The STOP mode stops the oscillation of the system clock and sets the state where data can be retained at a low
supply voltage. This mode is set by the STOP instruction and reset by the reset signal RESET or input to the POB,
pin. When the mode is reset by input to the POB¢ pin, the first instruction to be executed after the reset is the one
that follows the STOP instruction.

The normal system reset (restarting from address OH) occurs if the mode is forced to be reset by the reset signal
RESET.

3.3 SETTING AND RESETTING STANDBY MODES

(1) Setting and resetting HALT mode
The HALT instruction allows selection of the conditions to set and reset the HALT mode depending on the
setting of the low-order bit of the operand as follows. Fix the higher three bits of the operand to 0.

Fig. 3-1 Mode setting/resetting conditions of HALT instruction

HALT 000XB-—Four-bit data of operand

X Setting and resetting conditions

0 When executed, the HALT instruction sets the HALT mode unconditionally. The mode is reset
only by the reset signal RESET. After the mode is reset, execution of instructions is started from
address OH.

1 When POBg is 0, the HALT instruction sets the HALT mode when executed.

If POBg is 1, the instruction does not set the mode when executed.

The mode set by this instruction is reset by the 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 POBg pin. In this case, the first instruction
to be executed after the reset is the one that follows the HALT instruction.
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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 0.

Fig. 3-2 Mode setting/resetting condition of the STOP instruction

STOP 000XB-=—Four-bit data of operand

Setting and resettiﬁg conditions

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 POB1 is 0, the STOP instruction sets the STOP mode when executed.

I1f POBj 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 POB4 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

RESET 1 ‘I I

Operating mode I HALT mode _I_ * _I Operating mode
T T T

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.

*: This interval is the time for waiting for stable oscillation in the HALT mode.

Fig. 3-4 Resetting the HALT mode by interruption

HALT Instruction
+
Standby release
signal (POBg) Operating mode HALT mode I_ Operation mode
™ T
Oscillation
Clock
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Fig. 3-5 Resetting STOP mode by RESET signal input

STOP Instruction

RESET I I

Operating N
mode STOP mode | HALT mode I * I Operating mode
Oscillation T T
Oscillation stop Oscillation
Clock

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

T

Standby release

. Operating
signal (POB1) mode STOP mode * J_ Operating mode
Oscillation T
Oscillation stop Oscillation
Clock

*: 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 status when the RESET pin returns to the high level.

Table 4-1 Hardware after reset

Component Memory address Set value
Program counter 000H
RAM OH to OFH Data before reset is retained.
Program status word (PSW) 7EH BITO All 0
7FH BIT3-1
Ports OA to 0D 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 uPD17103 and uPD17104.

Table 5-1 Reserved words list

Name Attribute Value R/W Description
*POAO FLG 0.70H. 0 R/W | Bit 0 of port 0A
*POA1 FLG 0.70H. 1 R/W | Bit 1 of port 0A
*POA2 FLG 0.70H. 2 R/W | Bit 2 of port 0A
*POA3 FLG 0.70H. 3 R/W | Bit 3 of port 0A

POBO FLG 0.71H. 0 R/W | Bit 0 of port 0B

POB1 FLG 0.71H. 1 R/W | Bit1 of port 0B

PoB2 FLG 0.71H. 2 R/W | Bit 2 of port OB
*POB3 FLG 0.71H. 3 R/W | Bit 3 of port 0B

POCO FLG 0.72H. 0 R/W | Bit 0 of port 0C

POC1 FLG 0.72H. 1 R/W | Bit 1 of port 0OC

POC2 FLG 0.72H. 2 R/W | Bit 2 of port 0C

POC3 FLG 0.72H. 3 R/W | Bit 3 of port OIC

PODO FLG 0.73H. O R/W | Bit O of port 0D

POD1 FLG 0.73H. 1 R/W | Bit 1 of port 0D

POD2 FLG 0.73H. 2 R/W Bit 2 of port 0D

POD3 FLG 0.73H. 3 R/W | Bit 3 of port 0D

BCD FLG 0.7EH. 0 R/W | BCD arithmetic flag

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

CmMmP FLG 0.7FH. 3 R/W | Compare flag

*:  POAQ to POA3 are not defined in the device file of uPD17103. The POB3 is
not provided for uPD17103 but registered as a read-only. flag 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, # M<(M)+1 10000 MH ML I
ADDC M, # M<(M)+1+CY 10010 MH ML !
suB R,M R<(R)—(M) 00001 MH ML R
SUBC R,M R<(R)—(M)—-BRW 00011 MH ML R
sus M, # M<(M)—I 10001 MH ML I
SUBC M, #l M«<(M)—{—BRW 10011 MH ML |
SKE M, # (M)—I ZERO 01001 MH ML |
SKNE M, # (M)—I NOT ZERO 01011 FMH ML |
SKGE M, # (M)—I NOT BRW 11001 MH ML |
SKLT M, # (M)—1 BRW 11011 MH ML |
AND M, # M<«(M) AND | 10100 MH ML |
OR M, # M<+(M) OR | 10110 MH ML |
XOR M, # M<(M) XOR | 10101 MH ML |
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, #l M<l 11101 MH ML |
SKT | M, #n TEST (M)n, CMP<0 ALL TRUE 11110 MH ML n
SKF M, #n TEST (M)n, CMP<0 ALL FALSE 1111 MH ML n
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MNEMO | OPERND OPERATION SKIP OPCODE | A98 7654 | 3210
BR PC(8—-0)<A 01100 AH AM AL
CALL SP<(SP)—1, STACK<«((PC)+1), 11100 AH AM AL
PC(8—0)«<A

RET PC«<(STACK), SP<(SP)+1 00111 000 1110 | 0000
RETSK PC+(STACK), SP<(SP)+1 UNCONDITION 00111 001 1110 | 0000
STOP C STOP CLOCK 00111 010 1 C
HALT h HALT CPU 00111 011 111 h
NOP NO OPERATION 00111 100 1111 | 0000

CY : Carry flag

CMP : Compare flag

(R) : Value of register

(M) : Value of data memory

R : Register number

| : Numerical data

#n @ Bit number

PC : Program counter

R : Register

M : Datamemory MH, ML

A . Address AH, AM, AL
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7. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Supply Voltage

Input Voltage

Output Voltage

High Output Current

Low Level OQutput Current

Operating Temperature

Storage Temperature

Power Consumption.

Vbbp
Vi

Vo

10H
loL
Topt

Tstg
Py

POA,C,D
POB

POA, C, D
POB

(1
(2)

(1
2

One pin of POA, POB, POC and POD each

Total of all pins

One pin of POA, POB, POC and POD

Total of all pins

Ta=85°C

16 pin DIP
16 pin SOP
22 pin DIP
24 pin SOP

Remarks: (1) N-ch open-drain input/output + pull-up resistor built-in input/output
(2) N-ch open-drain input/output
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—0.3t0 +7.0
—0.3to Vpp +0.3
—0.3 to Vpp +0.3
—0.3to +11
—0.3to Vpp +0.3
—0.3 to Vpp +0.3
—0.3 to +11
-5
—15
30
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—40 to -85
—65 to +150
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400
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CAPACITY (T, =25 °C, Vpp =0 V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Input Capacity CIN 15 pF f =1 MHgz, Pins except the one under
Input/Output Capacity C10 15 pF measurement: 0 V
DC CHARACTERISTICS (T, =40 to +85 °C, Vpp =2.7 t0 6.0 V)
CHARACTERISTICS SYMéOL MIN. TYP. MAX. UNIT CONDITIONS
High Level Input Voltage ViH1 0.7Vpp VpD v Other than below
ViH2 0.8Vpp VpD v POB, RESET
ViH3 0.8Vpp 9 \ POB 3
ViH4 Vpp—-0.5 Vobp v XIN
Low Level Input Voitage Vi1 0 0.3Vpp \Z Other than below
ViL2 0 0.2Vpp v POB, RESET
Vi3 ) 0.5 v XIN
POA,C,D VoH Vpp—2.0 \ Vpp=45t06.0V
High Level Output Voltage IoH = —2 mA
Vpp—-1.0 IoH = —200 A
POA,B,C,D VoL 20 \ Vpp=45t060V
Low Level Output Voltage loL=15mA
0.5 \ loL = 600 uA
POA,B,C,D ILIHY 5 BA VIN=VDD
High Level Input Leak Current ILIH2 10 uA ViN=9V (3)
POA,B,C, D ILie -5 BA VIN=0V
Low Level Input Leak Current
POA,B,C,D ILOH1 5 kA | VouT = VDD
High Level Output Leak Current ILoH2 10 uA VouT=9V )
POA,B,C,D ILoL -5 BA Voutr=0V
Low Level Output Leak Current
Input Pin Built in Resistor 20 a7 95 ke | RESET (Pull-up)
1/0 Pin Built-in Resistor 5 15 30 ko POB, POB1, POB2, POB3  (Pull-up)
Power Supply Current (4) IpD1 1.5 4.5 mA | Operating Vpp=5V+10%
mode fee = 8.0 MHz
250 750 MA Vpp=3V10%
fee = 2.0 MHz
Ipp2 1.0 3.0 mA | HALTmode | Vpp=5V:10%
fce = 8.0 MHz
200 600 HA Vpp=3V+10%
fec = 2.0 MHz
Ipp3 0.1 10 HA STOP mode Vpp=5V+10%
0.1 5 uA Vpp=3V10%

Remark (3): For N-ch open-drain input/output selection.
Remark (4): 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 °C)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Data Retention Supply Voltage | VpppR 2.0 6.0 A\
Data Retention Supply Current | IpppR 0.1 5.0 HA VDDDR =20V
Release Signal Setting Time tSREL 0 us
Stable Oscillation Wait Time tWAIT 8/fx (5) m$S Reset by RESET
request 8/fx (5) mS | Reset by interrupt (POBg)
4] mS Reset by interrupt (POB1)
Remark (5): fx indi an osci freq y.

AC CHARACTERISTICS (T, = —40 to +85 °C, Vpp = 2.7 t0 6.0 V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. | UNIT CONDITIONS
Internal Clock Cycle Time Tey 1.9 30 Hs Vpp=45t06.0V
76 30 us
POBg, High/Low Level Width TPBH 10 us
TeeL
RESET High/Low Level Width | TRsH 10 us
TRSLK
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4-BIT SINGLE-CHIP MICROCONTROLLER

The uPD17P103 is a tiny microcontrollers consisting of a 1K-byte ROM, 16-word RAM, and 11 input/output
ports. It is a one-time PROM version of the uPD17103, whose internal mask ROM is replaced with a one-time
PROM.

Two uPD17P103 models are available: £uPD17P103CX, which allows a program to be written only once, and
uPD17P103GS. They are suitable for evaluation of uPD17103 and for small-scale production.

The uPD17000 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 uPD17103

® Program memory (one-time PROM): 1K bytes (612 words x 16 bits)

® Data memory (RAM): 16 words x 4 bits

® [nput/output ports: 11 ports (including three N-ch open-drain outputs)
@ |nstruction execution time: 2 us (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).
® Qperating supply voltage: 2.7t0 6.0V (at 2 MHz)

4.51t0 6.0 V (at 8 MHz)

APPLICATIONS
® Controlling electric appliances or toys
® Providing general-purpose logic |Cs in one chip

ORDERING INFORMATION

Order Code Package
uPD17P103CX 16-pin plastic DIP (300 mil)
uPD17P103GS 16-pin plastic SOP (300 mil)
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PIN CONFIGURATION (Top View)

uPD17P103CX/uPD17P103GS

XIN °-E
XouT/MD3 “—E

RESET/Vpp 3
PODG/Dg 2
PoD1/0q o~~5]
POD2/Dy o6
POD3/D3 o7 ]

VpbbD 8

E}-—o GND

15 POB2/MD2

E—-o POB1/RLSSTOP/MD1
13 POB/RLSHALT/MDg

12 POC3/D7

E]—-o POC3/Dg

E—«a POC1/Dg
E;J——-o POCQ/D4

16-pin plastic DiP
16-pin plastic SOP

BLOCK DIAGRAM

0 XN
© XoyT/MD3

!
CLK STOP

CPU CLK
. RAM
N-ch open drain 16 x 4 bits
X I
POBQ/RLSHALT/MDY Qet—u=|
POB1/RLSsTOP/MD; O=e—| POB
POBp /MDy O-e—=]
s >
P O~a—>]
PocYd o] ko <::> L
POCy/Dg O~e—e] C
POC3/D7 O-t—n]
cMOs 3_»5 e |
2000/00 Oe—nt A\ ROM ':;"cma
PODMDY o__,o" POD K/ 512 x 16 bits
£0D3/03 Ce—n]
_
RESET/Vpp O— ‘

VDD o— Stack 1 x 9 bits
GND Oj’
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PIN FUNCTIONS

PIN FUNCTIONS

® Port pins
Wh iti
PIN INPUT/ buat v memor WHEN
program memory
FUNCTION FUNCTION
NAME [OUTPUT PIN or verifying its RESET
contents
POBg RLSHALT MDq | *N-ch open-drain For the HALT
4-bit input/ mode releasing e 2
Input/ . ) High impedance
POB RLS, MD Mode selection pin
'] output sTop 1| outputport For the STOP ONPIN | input mode)
POB2 MD2 (port 0B) mode releasing
POCo Dy © CMOS (push-pull) 4-bit input/output
8-bit data input/ L
POC4 Input/ Dg port (port 0C) o High impedance
output output pin (high- i ode)
POC, P Dg order 4 bits) input mi
POC3 D7
PODg Do « CMOS (push-pull) 4-bit input/output
8-bit data input.
POD; | Input/ D1 port (port OD) itdatainbut/ || impedance
output output pin (low- i ¢ mode)
POD, P Dy order 4-bits) input mode
POD3 D3
® Non-port pins
DUAL
PIN INPUT/ FUNCTION FUNCTION When writing to program memory or verif
ri r r rity-
NAME |OUTPUT “yhen writing to prog v v
PIN ing its contents
RESET Input Vpp System reset input pin Voltage is applied to this pin (+12.5 V)
Vpp Positive power supply pin Positive power supply pin (+6.0 V)
GND GND pin GND pin
Xin Pins to be connected to the system clock Program memory address update
resonator
XouT MD3 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 uPD17P103.

(1) POC and POD

Voo
S D ==
O IN/OUT
output N-ch
disable
VoD
P-ch ?I———i
NCI’EI——-
(2) POBg and POB;4
) IN/OUT
data
N-ch
output
disable

\s]s}

P-ch l»—
N-ch |——
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(3) POBy

(4) RESET

data

output
disable

?_‘ e

——CO IN/OUT
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9. DIFFERENCES BETWEEN THE yPD17P103 AND 1«PD17103

The uPD17P103 is a one-time PROM version of the uPD17103, in which the internal mask ROM is replaced with
a one-time PROM. The uPD17P103 has the same CPU functions and internal hardwares as those of uPD17103

except for its program memory and mask option. Table 9-1 lists the differences between them.

Table 9-1 Differences between uPD17P103 and uPD17103

ITEM uPD17P103 uPD17103
ROM One-time PROM Mask ROM
512 x 16 bits 512 x 16 bits
Pull-up resistors of pins POBg to POB; None Mask option
Pull-up resistors of RESET pin None Mask option

Connection pin

Vpp pin and operation mode
selection pins are provided.

Vpp pin and operation mode
selection pins are not provided.

Power supply

2.71t06.0 V (at 2 MHz)
4.5106.0V (at 8 MHz)

Package

16-pin DIP
16-pin SOP
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY)

The uPD17P103'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 Xy 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.

MDq to MD. Pins that turn to input pins and are used as operation mode selection pins when writing
3 . . .
0 to program memory or verifying its contents

Dg to Dy Input/output pins for 8-bit data used when writing to program memory or verifying its

contents

10.1 Program Memory Write/Verify Modes

I1f +6 V is applied to the Vpp pin and +12.5 V is applied to the Vpp pin after a certain duration of reset status
(Vpbp =5V, RESET=0 V), the uPD17P103 enters program memory write/verify mode. A specific operating mode
is then selected by setting the MDg 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
+125V | +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) Puli low the levels on all unused pins to GND by means of resistors. Bring Xy to low level.
(2) Apply 5V to Vpp and bring Vpp to low level.
(3) Wait 10 us. Then apply 5 V to Vpp.
(4) Set the mode selection pins to program memory address clear mode.
(5) Apply 6V to Vpp 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). 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.
(12) Increment the program memory address by one on reception of four pulses on the Xy pin.
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(13) Repeat steps (7) to (12) until the last address is reached.
(14) Select program memory address clear mode.

(15) Apply 5V to the Vpp and Vpp pins.

(16) Turn power off.

The timing for steps (2) to (12) is shown below.

Repeat X times

| N I . 1 Add::ional Address
H ‘ Write ’ Verity l write increment .‘
Vpp - 5
Vep -
Vob
GND
J)
Vop*1 : {
Vbbp
Vobp
GND

X " FAVAVAVA .

B\
MD; / \ /"

JL
-\

MDo

e

—/
MD3 / o

10.3 Reading Program Memory
(1) Pull low the levels of all unused pins to GND by means of resistors. Bring Xy to low level.
(2) Apply 5V to Vpp and bring Vpp to low level.
(3) Wait 10 us. Then apply 5 V to Vpp.
(4) Set the mode selection pins to program memory address clear mode.
(5) Apply 6V to Vpp 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 address clear mode.
(10) Apply 5 V to the Vpp and Vpp pins.
{11) Turn power off.

- <=
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The timing for steps (2) to (9) is shown below,

Vep

Vep
Voo
GND

Vpp+1
Voo

VbD

GND

XIN

Dg to Dg

MDg

MDq

MDo

MD3

JL

A

§)}

7
.,

«

NNV

_/\

0

/ A\
Data output X Data output

Nl m X

L

S

)k

Aty

)L

—
—

—
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11. RESERVED WORDS

Table 11-1 lists the reserved words defined in the uPD17P103 device file (AS17103).

Table 11-1 Reserved Words

Name Attribute Value Read/write Description
POBO FLG 0.71H.0 Read/write Bit 0 of port 0B
POB1 FLG 0.71H.1 Read/write Bit 1 of port 0B
P0B2 FLG 0.71H.2 Read/write Bit 2 of port 0B
*POB3 FLG 0.71H.3 Read Always set to 0
POCO FLG 0.72H.0 Read/write Bit 0 of port 0C
POC1 FLG 0.72H.1 Read/write Bit 1 of port 0C
POC2 FLG 0.72H.2 Read/write Bit 2 of port 0C
POC3 FLG 0.72H.3 Read/write Bit 3 of port 0C
PODO FLG 0.73H.0 Read/write Bit 0 of port 0D
POD1 FLG 0.73H.1 Read/write Bit 1 of port 0D
POD2 FLG 0.73H.2 Read/write Bit 2 of port 0D
POD3 FLG 0.73H.3 Read/write Bit 3 of port 0D
BCD FLG 0.7EH.0 Read/write BCD arithmetic flag
PSW MEM 0.7FH Read/write Program status word
z FLG 0.7FH.1 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 uPD17P103, it is defined as a ready-only flag so that it is

treated as a dummy bit when a built-in macro is used.
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12. INSTRUCTION SET

12.1 Instruction Set List

blS
big—=bn 0 1
BIN HEX
000 0 ADD r, m ADD m, #i
000 1 SUB r, m SUB m, #i
001 2 ADDC r, m ADDC m, #i
001 3 SUBC r, m SUBC m,  #i
010 4 AND r, m AND m, #i
010 5 XOR r, m XOR m, #i
011 6 OR r, m OR m, #i
RET
RETSK
011 . RORC r
STOP s
HALT h
NOP
100 8 LD rn, m ST m, r
100 9 SKE m, Zi SKGE m, #i
101 A
101 B SKNE m, #i SKLT m, #i
110 C BR addr CALL addr
110 D MOV m, #i
111 E SKT m, #n
111 F SKF m, #n
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12.2 INSTRUCTIONS LIST

Legend:
M : One of data memory : Bit position : 4 bits
m  :Data memory address specified by [my. m_) of each bank  addr : One of program memory address ; 11 bits
my : Data memory address high (row address) ; 3 bits ay : Program memory address high ; 3 bits
mg : Data memory address low (column address) ; 4 bits ay : Program memory address middle ; 4 bits
R : One of general register specified by [(RP), r] ap : Program memory address low ; 4 bits
r : General register address low (column address) ; 4 bits : Carry flag
RP : General register pointer CMP : Compare flag
PC : Program counter : Stop release condition
SP : Stack pointer : Halt release condition
STACK : Stack specified by (SP) ] : Address of M.R
i : Immediate data ; 4 bits ) : Contents of M.R
g Machine code
>. { Mnemonic { Operand Function Operation
= Op code| 3 bits | 4 bits | 4 bits
r.m Add memory to register R+~ (R) + (M) 00000 | my | my r
ADD
o m, #i | Add immediate data to memory M— (M) +i 10000 | my | mp i
-
< r.m Add memory to register with carry R— (R) + (M) + (CY) | 00010 | my | m_ r
ADDC
m, #i | Add immediate data to memory with carry R— (M) +i+ (CY) 10010 | my | mp i
r.m Subtract memory from register R— (R) - (M) 00001 [ my | mg T
_|suB
& m, #i [ Subtract immediate data from memory Me (M) —i 10001 | my | m i
£
=
§ r.m Subtract memory from register with borrow R— (R) = (M) — (CY) | 00011 | my | m, r
| SUBC
m. #i | Subtract immediate data from memory with borrow M— (M) —i- (CY) 10011 | my | mg | i
SKE m, #i | Skip if memory equal to immediate data M-—i, skip if zero 01001 | my | my i
i SKGE |m,#i | Skip if memory greater than or equal to immediate data |M—i,skip if not borrow | 11001 | my [ mg i
E N L . . B
S SKLT |m, #i | Skip if memory less than immediate data M~—i, skip if borrow 11011 | my | mp i
SKNE |m, #i | Skip if memory not equal to immediate data M~—i, skip if not zero 01011 | my | my i
m, #i | Logical AND of memory and immediate data M« (M) AND i 10100 | my | my i
AND
H r.m | Logical AND of register and memory R~ (R) AND (M) 00100 | my | m | r
=
i m, #i | Logical OR of memory and immediate data M« (M) OR i 10110 | my | m i
< |OR
E r.m Logical OR of register and memory R— (R) OR (M) 00110 | my | m r
&
S m, #i | Logical XOR of memory and immediate data M+< (M) XOR i 10101 | my | mp | i
XOR
r.m Logical XOR of register and memory R+ (R) XOR (M) 00101 | my | mg | r
5 LD r.m Load memory to register R~ (M) 01000 | my | my r
<&
E ST m,r Store register to memory (M)«<R 11000 | my | my | r
£
= . . . . .
MOV |m, #i | Move immediate data to memory Mei 11101 | my | mp i
Test memory bits, CMP+~0
SKT |m,#n . - 1110 | my | mg | n
- then skip if all bits specified are true skip if M,=all "1
§
] -
Test memory bits, CMP 0
SKF |m,#n L - Hmm | my | m | n
then skip if all bits specified are false skip if M,=all "0
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% Machine code
= | Mnemonie | Operand Function Operation
3] Op code| 3 bits | 4 bits | 4 hits
<
é BR addr | Jump to the address PC+—ADDR 01100 | ay | ayn E™
p~1
5 RORC |r Rotate register right with carry (CY)=(R)—CY 00111 | 000 (O111| r
SP+(SP) -1

CALL | addr | Call subroutine STACK+~((PC) +1), 11100 | ay | ay | ap
2 PC—ADDR
E
-§ RET Return to main routine from subroutine PC—(STACK), SP+(SP) +1 00111 | 000 | 1110 | 0000
7

Return to main routine from subroutine,then skip PC—(STACK). SP+(SP) +1
RETSK . 00111 | 001 | 1110 | 0000
unconditionally and skip

ﬁ STOP |s Stop clock STOP 00111 | 010 | 1111| s
2
2
;: HALT | h Halt the CPU,restart by condition h HALT 00111 | 011 [1111] h
%
=| NoP No operation | No Operation 00111 | 100 | 1111 | 0000
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13. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (T, =25°C)

Supply Voltage Vbp ~03t0+7.0 \
Supply Voltage Vpp -0.31t0+13.5 \
Input Voltage vV, POC, POD —0.3 to Vpp +0.3 v
PoB —0.3to+11 v
Output Voltage Vo POC, POD -0.3 to Vpp +0.3 v
POB -0.3to+11 Y
High-Level Output Current gy Each of POB, POC, POD -5 mA
Total of all pins -15 mA
Low-Level Output Current loL Each of POB, POC, POD 30 mA
Total of all pins 100 mA
Operating Temperature Topt —40 to +85 °c
Storage Temperature Tstg —65 to +150 °c
Power Consumption Py T,=85°C 16-pinDIP 400 mW
16-pin SOP 190
CAPACITANCE (T;=25°C,Vpp =0V)
CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Input Capacitance Cin 15 pF f=1 MHz
1/0{*) Capacitance Cio 15 pF 0 V for pins other than pins to be measured

*: Input/Output
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DC CHARACTERISTICS (T, =—40to +85°C, Vpp =2.7 tc 6.0 V)
CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION
ViH1 0.7 Vpp Vpp \'2 Other than the following pins and port
ViH2 0.8 Vpp Vpp \ POB and RESET
High-Level Input Voltage
ViH3 0.8 Vpp 9 v | poB (=)
ViHa Vpp-0.5 VoD vV o XN
Vit ) 0.3 Vpp v Other than the following pins and port
Low-Level Input Voltage | V|L2 0 0.2Vvpp \" POB and RESET
Vi3 0 0.5 v Xin
Vpp=45t06.0V,
High-Level Output Voltage Vpp-2.0 v loH=—2 mA
VoH OH=—2m
on POC and POD
Vpp-1.0 \ 10H=—200 uA
Vpp=45t0 6.0V,
Low-Level Output Voltage VoL 20 v loL=15 mA
on POB, POC, and POD
0.5 \ 101.=600 cA
High-Level Input Leakage LI 5 A | VIN=VDD
Current on POB, POC,
and POD ILIH2 10 WA | VN9V {o)
Low-Level Input Leakage
Current on POB, POC, L -5 HA ViN=0V
and POD
High-Level Output Leakage| ILOH1 5 uA VouT=Vpp
Current on POB, POC,
and POD ILOH2 10 4A | VouT=9 Vv ()
Low-Level Output Leakage
Current on POB, POC, lLoL -5 BA VouT=0 vV
and POD
Vpp=5.0 V £10 %,
. 4. A
. 8 5 m Operation | fcc=8.0 MHz
DD1 mode VDD=3.0 V £10 %,
250 750 HA foe=2.0 MHz
Vpp=5.0 V £10 %,
10 30 | mA DRI ™
Power Supply Current 1Db2 HALT cc=e ’
200 500 A mode Vpp=3.0V +10 %,
# fce=2.0 MHz
0.1 10 sA | sTOP Vpp=5.0 V £10 %,
!
o3 0.1 5 uwA | mode Vpp=3.0V£10%

*: When N-ch open-drain input/output is selected.
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NEC

CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY
VOLTAGE IN THE STOP MODE (T, =—40 to +85 °C)

CHARACTERISTICS SYMBOL. MIN. TYP. MAX. UNIT CONDITION
Data Hold Supply Voltage VDDDR 2.0 6.0 \Z
Data Hold Supply Current IDDDR 0.1 5.0 HA VDDDR =2.0V
Release Signal Set Time tSREL 0 us
AC CHARACTERISTICS (T, =—40 to +85°C, Vpp = 2.7 to 6.0 V)
CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION
19 33 us Vpp =4.5t06.0 V
Internal Clock Cycle Time Tcy
7.6 33 us
High/Low Level Width on POBq and POB4 Teen 10 Hs
TpBL
High/Low Level Width on RESET TRsH 10 ks
TRsL
DC PROGRAMING CHARACTERISTICS
(Ta=25°C, Vpp =6.0:0.25 V, Vpp = 125 0.5 V)
CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION
ViH1 0.7-Vpp Vpp \% Except X|n
Input Voitage High
ViH2 Vpp-0-5 Vbb Voo XN
ViLt 0 0.3 Vpp \Y Except X|N
input Voltage Low
ViL2 0 04 v XIN
Input Leakage Current [IN] 10 HA VIN = ViLor VIH
Output Voltage High VoH Vpp-1.0 1oH =—1mA
Output Voltage Low Voo 04 loL=16mA
Vpp Power Supply Current Ipp 30 mA
Vpp Power Supply Current Ipp 30 mA | MDO =V, MD1 =V

Notes 1: Vpp must be under +13.5 V including overshoot.

2: Vpp must be applied before Vpp on and must be off after Vpp off.
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AC PROGRAMMING CHARACTERISTICS
(T =25°C, Vpp =6.0:0.25 V, Vpp = 125 :0.5 V)

CHARACTERISTICS SYMBOL -1 MIN. TYP. MAX. | UNIT CONDITION
Address Set Up Time(*2) to MDO | tas tas 2 us
MD1 Setup Time to MDO |