












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































N E C WPD17P202A

2.2 PROGRAM MEMORY WRITING PROCEDURE
Write the program memory by following these steps. The program memory can be written at high speeds.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

Pull down the unused pins to the ground potential through resistors. Make the pin CLK low.
Apply 5 V to pin Vpp. Make pin Vpp low.

Wait for 10 us. Then, apply 5 V to pin Vpp.

Set the program memory address O clear mode by the mode selector pins.

Apply 6 V to pin Vpp, and 12.5 V to pin Vpp.

Program inhibit mode

Write data in the 1 ms write mode.

Program inhibit mode

Verify mode. Proceed to (10), if the memory has been written. If it has not been written, repeat (7) through
(9).

Additional writing for (the number of times (7) through (9) are repeated: X) x 1 ms

Program inhibit mode

Input a pulse four times to pin CLK, in order to increment the program memory address (by one).
Repeat (7) through (12), until the last address is programmed.

Program memory address O clear mode

Decrease the voltages on pin Vpp and Vpp to 5 V.

Turn power off.

The following figure illustrates steps (2) through (12) above.

X times repetition

Reset
j—’ ‘ Write i Verify i Additional wme—T ﬁi?;::m—l
Vop _)
Ve s
VoD
VDSTE: ‘R
VbD
VoD
GND

CLK N /\H/\H

0

DO-D7 _“—'< Data input ) ‘< o'af:,?,r) s Data input

woo ___/ /T T\

)
—\(

MD1 / \ /
Nl
MD2 / h
)L
{4
MD3 /
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2.3 PROGRAM MEMORY READING PROCEDURE
(1) Pull down the unused pins to the ground potential through resistors. Make the pin CLK low.
(2) Apply 5 V to pin Vpp. Make pin Vpp low.
(3) Wait for 10 us. Then, apply 5 V to pin Vpp.
(4) Set the program memory address O clear mode by the mode selector pins.
(5) Apply 6 V to pin Vpp, and 12.5 V to pin Vpp.
(6) Program inhibit mode
(7) Verify mode. The data for each address is output on a one-by-one basis in a cycle during which the clock
pulse is input to pin CLK four times.
(8) Program inhibit mode

(9) Program memory address O clear mode
(10) Decrease the voltages on pin Vpp and Vpp to 5 V.
(11) Turn power off.

The following figure illustrates steps (2) through (9) above.

)L
0

v Vep
PP
Vpp

GND
Vpp +1 I

el
Voo _/_/ )

VoD
GND

J)
DO-D7 { D Data output N )‘_
{ Data output X a P! x —

MDo _/__\ -

ALY

MD1 L N
A\

)
A\

MD2

)]

—
MD3 ’ ) \
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3. DIFFERENCES BETWEEN pPD17P202A AND pPD17202A

In the uPD17P202A, the internal mask ROM (program memory) for the uPD17202A is replaced by the PROM
which can be programmed by the user. Therefore, the program memory and some mask options are the only dif-

ferences between the uPD17P202A and uPD17202A, so the CPU functions and internal hardware are identical.

The table below summarizes the differences between the uPD17P202A and uPD17202A.
Refer to the uPD17202A data sheet for details on CPU functions and internal hardware.

Item

Device

uPD17P202A-001

uPD17P202A-002

uPD17P202A-003

uPD17202A

Program
memory

® PROM
® 0000H-07FFH
® 2048 x 16 bits

® Mask ROM
® 0000H-07FFH
® 2048 x 16 bits

pull-up
resistor

RESET pin

POA, POB
pins
pull-up
resistors

generator

provided

Main clock

provided/not

Provided

Subclock
generator

provided

provided/not

None

Provided

None

None

Provided

(Mask option)

Pin

connections

Vpp pin, PROM programming pin are provided.

Vpp pin, PROM
programming pin

not provided

voltage
range

Operating

22to55V

Package

64-pin plastic QFP (14 x 20 mm)
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4. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (T3=25 °C)

Supply Voltage Vpp —-0.3to +7.0 \"
Input Voltage - Vi —0.3to Vpp +0.3 \"
Operating Temperature Topt —~20 to +75 °c
Storage Temperature Tstg —40 to +125 °c

CAPACITANCE (T3=25°C, Vpp =0 V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. | UNIT CONDITIONS
CiN 10 pF Pins INT, RESET
Input Capacitance Com 10 oF Other than pins INT,
RESET

RECOMMENDED OPERATING RANGE

CHARACTERISTICS SYMBOL MIN. TYP. MAX. | UNIT CONDITIONS
Vbp1 22 3.0 5.5 \% fx =4 MHz
Supply Voltage
Vpp2 35 5.0 55 v x =8 MHz
in Clock Oscillati
Main Clock Oscillation fx 20 40 8.0 MHz
Frequency
Subclock Oscillati
ubclock Oscillation fr 32.768 KHz

Frequency
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DC CHARACTERISTICS (Vpp =3V, Ta=—20 to +75 °C, fx = 4 MHz, fxT = 32 kHz)

LPD17P202A

CHARACTERISTICS SYMBOL MIN. TYP. MAX. | UNIT CONDITIONS
LCD Output Voltage
\ 0.8 1. \
Variable Range Lcoo 8
1.9 2
Doubler Output Voltage Vieos \
Vicoo | Vicoo
. 2.85 3
Tripler Output Voltage Vicp2 Vv
Vicoo | Vieoo
Low-voltage Detection VDET pin external
\ 1.3 2.0 . \
Voltage DET 29 resistance = 2 MQ)
V|H1 0.8 VDD VDD \" RESET pin and INT pin
High-Level Input Voltage Other than RESET pin
\Y 0.7V Vv \
1H2 b bb and INT pin
Viu 0 0.2Vpp \ RESET pin and INT pin
Low-Level Input Voltage Other than RESET pin
\Y 0 0.3V, Vv
2 Db and INT pin
T 0.2 MA INT V4 = Vpp
High-Level Input Current liH2 0.2 MA RESET Viu = Vpbp
lin3 0.2 MA POA-POD ViH =Vpp
TR 0.2 MA INT ViL=0Vv
ViL=o0v,
liL2 0.2 uA w/o pull-up
resistor
RESET
VIL =0V
ITE 20 50 100 uA w/pull-up
Low-Level Input Current resistor
V“_ =0V
liLa 0.2 MA w/o pull-up
resistor
POA, POB
ViL=0ov
lis 6 12 20 A w/puli-up
resistor
Low-Level Input Current liLe 0.2 MA POC,POD | Vi =0V
Von =
—-0. -2, —4, POA, P!
loH1 0.6 2.0 4.0 mA 0A, POB Vpp-03 V
loH2 70 | —150 | —25.0 | mA | REM Vou =
VDD-2 \%
High-Level Output Current
loms 03 | -10 | —20 | mA | LED Von =
Vpp-0.3V
loma 03 | —10 | —20 | ma | VoouT | VoW~
Vpp-0.3V
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CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
loLt 0.5 1.5 25 mA POA, POB | VoL =0.3V
loL2 0.5 1.5 25 mA POC, POD | VoL =03V
Low-Level Output Current loLs 0.5 1.5 25 mA REM VoL =03V
loLa 0.5 1.5 25 mA LED VoL =03V
lows 0.5 1.5 25 mA VDOUT VoL =03V
Common Output Current Icom 30 MA Output voltage deviation
=02V
Segment Output Current ILco 5 MA Output voltage deviation
=02V
Both X d
lop1 0.5 15 | mA oth XT an
Oepration | X oscillate
mode Only XT
1 5 A
b2 ! 30 K oscillates
Supply Current
HALT Both XT and
| 0.5 .5 A
bo3 ! m mode X osciilate
STOP Only XT
| 15 A
b4 10 s mode oscillates
DC PROGRAMMING CHARACTERISTICS (T3=25+5°C, Vpp =6.0+ 0.25 V,
Vpp =125+ 0.3 V)
CHARACTERISTICS SYMBOL MIN. TYP. MAX. | UNIT CONDITIONS
Viu1 0.7V \Y \ Other than CLK
High-Level Input Voltage oo oo
ViH2 Vpp-0.5 Vbb v CLK
Viu 0 0.3Vpp \% Other than CLK
Low-Level Input Voltage
Vi 0 0.4 \ CLK
Input Leakage Current IR} 10 MA ViN=VLorViy
High-Level Output Voltage Von Vpp-1.0 \2 loH=—1mA
Low-Level Output Voltage Voo 04 ) loL = 1.6 mA
Vpp Supply Current Ipp 30 mA
Vpp Supply Current Ipp 30 mA MDO =V ,MD1=Vy

Note 1: Keep Vpp to below +13.5 V, including the overshoot.
2: Apply Vpp before Vpp, and remove Vpp after Vpp.
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AC PROGRAMMING CHARACTERISTICS (T3=25+5°C, Vpp =6.0+ 0.25 V,
Vpp =125+ 0.3V)

CHARACTERISTICS SYMBOL *1 MIN. | TYP. | MAX. | UNIT CONDITIONS
Address setup time*2 ¢ . 2
(vs. MDO ) AS AS Hs
MD1 setup time (vs. MDO {) tm1s toES 2 s
Data setup time (vs. MDO {) tps tps 2 us
Address hold time*2 . . 2
{vs. MDO 1) AH AH ke
Data hold time (vs. MDO 1) tpH tpH 2 us
MDO 1 > data output float . ¢ o 130
delay time DF DF ns
Vpp setup time (vs. MD3 1) typs typs 2 us
Vpp setup time (vs. MD3 1) tvps tvcs 2 us
Initial program pulse width tpw tpw 0.95 1.0 1.056 ms
Additional program pulse width topw topw 0.95 21.0 ms
MDO setup time (vs. MD1 1) tmos tces 2 us
MDO | - data output delay time tpv tpv 1 us MDO=MD1=V,_
MD1 hold time (vs. MDO 1) tM1H tOEH 2 us tM1H+HtMIR
MD1 recovery time (vs. MDO 4) tMiR tor 2 us 250ps
Program counter reset time tpcr - 10 us
CLK input high-, low-level
width txH, txL - 0.125 us
CLK Input Frequency fx — 4.19 MHz
Initial Mode Set Time ) - 2 us
MD3 Setup Time (vs. MD1 1) tm3s - 2 us
MD3 Hold Time (vs. MD1 {) tM3H - 2 us
MD3 Setup Time (vs. MDO 4) ¢ 2 When program
1 Vs, -

P Time fvs M3SR bs memory is read
Address*2 - Data Output Delay ¢ N 2 When program
Time DAD ACC Hs memory is read
Address*2 - Data Output Hold . " 0 130 When program

s

Time HAD OH a memory is read

) When program
MD3 Hold Time (vs. MDO * t - 2

ime (v ) M3HR b memory is read
MD3 | > Data Output Float When program

) torR - 2 us .

Delay Time memory is read
Reset Setup Time tRES 10

*1: Symbols for corresponding uPD27C256
*2: The internal address is incremented (+1) at the falling edge of third clock periods for the four CLK clock periods, which
constitute one cycle. The internal address has no external pin connection.
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4-BIT SINGLE-CHIP MICROCONTROLLER

The uPD17203A is a 4-bit CMOS microcontroller for infrared remote controllers. It contains 16K-bit static RAM, three
channels of timers, a carrier generator for remote control, an amplifier for remote control receive signals, and a waveform
shaping circuit in one chip.

The 17K architecture used in the pPD17203A allows the user to perform an arithmetic/logical operation or data transfer
between data memory locations or between data memory and a peripheral circuit with a single instruction. Every instruction
is 1 word long, consisting of 16 bits.

The microcontroller is packaged in a 52-pin plastic QFP.

FEATURES
17K architecture
Program memory (ROM): 8K bytes (4096 x 16 bits)
Data memory (RAM): 336 words (336 x 4 bits)
Static RAM: 16K bits (4096 x 4 bits)
On-chip carrier generator for infrared remote control
On-chip amplifier for infrared remote control receive signals
On-chip waveform shaping circuit for infrared remote control receive signals
Many input/output ports provided (28 lines)
3-wire serial interface contained (also used as a input/output port)
5 stack levels
8-bit timer: 1 channel (with a modulo function)

Clock for the timer (8 pus, 16 ps, 64 us, remote control carrier input)
® 10-bit timer: 1 channel (with a modulo function)

Clock for the timer (0.5 us, 4 pus, INT input)

® 16-bit timer: 1 channel (with a modulo function)

Clock for the timer (8 ps, 16 ps, 32 ps, 64 us)
Clock timer: 1 channel (used as a watchdog timer or a clock)
Instruction execution time: 4 ps (when a 4 MHz ceramic resonator is used)
Standby function (STOP, HALT)
Low-voltage detector contained
Operating voltage: 2.2 to 5.5V
Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator
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PIN CONFIGURATION (Top View)

€a0d

Ovid

lvid

2vid

€vid

0gid
1NOOWL/!8Ld
1NOLNL/ZELd
1nozZWL/EaLd
205/001d
os/toLd
15/201d

€91d

Chdbdbdibbib

TTITTTTITTTTT

<

o~ o N - o ™m W o o™
EEEEEEREEEREEE
mmmmPPGPPPmPP
g5 8l [S1I8]IS|[s8IKI &[S
o[ ]<s]]ollo]||~]]|ollo][2]]z] &2
a o0 z k - QO Z k O
w W M o < 2 % w z = 2 W %
-4 x c > o z |4 5 0 & z

% x o | £ > 0

>

2v0d
Lvod
Ovod
LNI
NIOWL
LNOJWD
€ano
+NIdND
43HA
1NOdWY
Zanos
—NIdWVY

lano
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BLOCK DIAGRAM

l——o VREG

—O Vop
-— —oO VxRAM
o F—oO VREeF
POAg O——— ower
POA] O— oA Supply ——O GNDg
POA2  O— Circuit ——O GND
POA3  O—— —O GNDy
O GND3
POB, ——O GNDg
0
POBY RF O GNDg
POB2
PoB3 RAM
336 x 4 bits
POCQ SYSTEM REG.
POCY
POC2
Poc3 o T™oIN
—oO. cmpouT
PODQ Remote
';gg; Control 0 cmPiNe
POD3 Receiver
—O AwmPOUT
P1AG O AMPIN-
P1A] .|
P1A2 Instruction
P1A3 fOM Decoder
P1Bg 4006 x 16 bits
P1B1/TMOOUT Remote O REM
P1B/TM10UT <L';:>
Control
P1B3/TM20UT
3 Transmitter | & Leo
Stack 5 x 12 bits
Interrupt INT
XRAM <:::> Controller | O
4096 x 4 bits
P1Co/SCK
P1C1/SO
P1(';;%5| O RESET
3
CPU Clock
1 X
1o
Clock Stop
O Xout
CPU Clock
| Watch Timer ].__l Divider ]—4 XTIn
-0 XTouTt
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The uPD17P203A is provided with a one-time PROM in the place of the internal ROM in the uPD17203A.

Since a program can be written into the PROM for this microcomputer, it is suitable for experimental production
or small-scale production of systems using uPD17203A.

It is recommended that you also read the separately available reference materials on uPD17203A.

FEATRUES
@ Internal one-time PROM: 4,096 x 16 bits
@ Single power source: 2.2to 5.5V

ORDERING INFORMATION

Order Code Package Quality Grade
uPD17P203AGC-001-3BH 52-pin plastic QFP Standard
uPD17P203AGC-002-3BH 52-pin plastic QFP Standard
uPD17P203AGC-003-3BH 52-pin plastic QFP Standard

The differences among the above models are as follows:

Item #PD17P203A-001 uPD17P203A-002 uPD17P203A-003 uPD17203A
'RESET pin pull-up resistor Provided Not provided Not provided Mask option
POA and POB pins pull-up resistor Provided Provided Not provided Mask option
Main clock oscillator circuit Provided Provided Not provided Mask option
Subclock oscillator circuit Provided Not provided Provided Mask option
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PIN CONFIGURATION (Top View)

(1) For Ordinary Operations

LED

REM

XiN, XouT
RESET
VDout
XTiN, XTouT
VREG
AMPIN—
AMPOUT
VREF
CMPIN+
CMPOUT
TMOIN

INT
TMOOUT
TMI0UT

E E E
> 2 2
v S 2 8
g @8 EEE
§8g 8 88892 z28
& a & & & a & & & & & & &
52 51 50 49 48 47 46 45 44 43 42 41 40
LED e 1 o 39 f=—=0 POD,
REM O=—{ 2 38 f«—»0 PODq
VXRAMO——+ 3 37 f+—=0 PODg
Vbpo—— 4 T ® 36 f=—0 POC3
ggg
X pr i Sl d
INO——={5 233 35 f«—=0 POC;
Q0 U v
XouT O=—{ 6 -] 34 fe—0 POC;
£8¢
GNDg 0—r{ 7 3383 3310 GNDy
RESET O——={ 8 § § g 32 o POCo
e 0w W
VDoytO—9 © W o 31 ja—=0 POB3
III
XTINO——={ 10 30 O POBp
XToyTOo=—-11 29 O POB4
VREG 0——]12 28 O POBg
GNDg 13 27 o POA3
14 15 16 17 18 19 20 21 22 23 24 25 26
S U N w4 ™ z & g o
2z2 3 gz29358z22%3
© g 0o g > 50 g Z o
< 3 o (5]
: : Remote controller signal transmission TM20UT Timer 2 output
output display SCK Serial clock input/output
Remote controller signal transmission SO Serial data output
output S| Serial data input
Main clock oscillator POAQ—POA3 Port 0A
Reset input POBg—POB3 Port 0B
:  Low voltage detector output POCo—POC3 Port 0OC
Subclock oscillator PODo—POD3 Port 0D
:  Voltage regulator output P1Ag—P1A3 Port 1A
:  Operational amplifier input P1Bg—P1B3 Port 1B
Operational amplifier output P1Co—P1C3 Port 1C
Reference voltage output CLK PROM clock input
:  Comparator input MDO-MD3 PROM mode selection
Comparator output DO-D7 PROM data input/output
Timer 0 input Vpp PROM power
External interrupt input Vbp Power
Timer 0 output VXRAM XRAM power
Timer 1 output GND Ground
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(2) PROM programming mode

()

52 51 50 49 48 47 46 45 44 43 42 41 40
1

o—— 39
(Open)
2 38}e—n0 DI

GND O— 3 37f=—=0O DO
Vop 00— 4 36|e—sO D7
CLK O—=1 5 35fe—n-O D6
(Open) O—— 6 34f«—=0 D5
GNDg O—-—] 7 33———O GND4

L o— g 32fe—>0 Da

HEE-€00-0DVEDZdLLAdN
H8€-200-09VEDZdLLAdn
HEE-L00-09VEDZdLLAd

(Open) O—— 9 31f«——©O MmD3

(L o———10 30j=——O MD2

] O——n 29 f=—-O MD1
(Open)

l o—12 28f=——0O MDO

GNDg O———|13 27———O0 (1)

18 23 24 25 26

o
o
~

(L) O—
(L o— 3
(L o——N

a —
a =
> 4

GND| O—— &
GNDy O——

GND3 O———{ 3
(Open) O——— N

(Open){

Note: ( ) indicates processing of pins not used in the PROM programming mode.
L : Ground each of these pins through a resistor (470 Q).
Open : Connect nothing to these pins.
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BLOCK DIAGRAM

POAQ
POA;
POAZ
POAZ

POBo/MDO
POB1/MD1
POB/MD2
POB3/MD3

POCO/D4
POC1/D5
POC,/D6
POC3/D7

PODQ/DO
POD1/D1
POD/D2
POD3/D3

P1Ag
P1A]
PiAY
P1A3

P1Bg
P181/TMOOUT
P1B2/TM10UT
P1B3/TM20UT

P1Co/SCK
P1C4/SO
P1Co/SI

PiCg

3

3
&

2 5

3

D

2
>

41 1 1

P18

Counter

i
(RN
L3

Serial
1/0

L{}_} :

RF

RAM
336 x 4 bits

SYSTEM REG.

One Time :,-‘>

PROM

Instruction
Decoder

4096 x 16 bits

Stack 5 x 12 bits

XRAM

4096 x 4 bits

CPU Clock

—

CPU Clock

t
LWatchTimsr fe—{ oivicer |4

2-532

Voltage Vbout
Detecter
l—-o VREG
——o Voo
F—O VXRam
—=O0 VREF
Power
Supply ——O GNDg
Circuit O GNDj
H—-O GND2
—O GND3
FH——-O GNDy
——CO GNDg
——O TMOIN
——O CMPOUT
Remote
Control F——©O CMPIN+
Receiver
F—O AMPOUT
—O AMPIN-
—O REM
Remote
Control
Transmitter O LED
Interrupt
O INT
Controller INT/Vep
O RESET
XN/CLK
Clock Stop
—O  Xout
XTiN
O XTout
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1. PIN FUNCTIONS

1.1 PORT PINS

Symbol 1/0 Shared by: * Function At reset
4-bit 1/0 port (Port 0A). .

POAQ—POA3 /0 - Can be set in input or output mode in 4 bit units. Input
Pull-up resistors are connected in 1/O mode.

4-bit 1/0 port (Port 0B).
POBo—POB3 /0 (MDO-MD3) Can be set in input or output mode in 4 bit units. Input
Pull-up resistors are connected in 1/0 mode.

4-bit 1/0O port (Port 0C).
POCo—POC3 /o (D4—D7) Can be set in input or output mode in 4 bit units. Input
N-ch open-drain in output mode.

4-bit 1/0 port (Port OD).
PODg—POD3 1/0 {D0-D3) Can be set in input or output mode in units of 4 bits. Input
N-ch open-drain in output mode.

4-bit 1/0 port (Port 1A).

Can be set in input or output mode in bit units.
P1Ag—P1A3 10 - o ) Input
N-ch open-drain in output mode. Pull-up resistor can

be connected by program in 1/O mode.

P1Bg — 4-bit 1/0 port (Port 1B).

1/0 Can be set in input or output mode in bit units. Input
P1B1—P1B3 TMOOUT—-TM20UT N-ch open drain in output mode. Pull-up resistor can be

connected by program in I/O mode.

P1Co SCK 4-bit 1/0 port (Port 1C).
P1CY so Can be set in input or output mode in bit units. Pull-up

110 resistor can be connected by program in 1/0 mode. Input
P1Cy ]
P1C3 -

*( ): Pinsshared in PROM programming mode.
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1.2 PINS OTHER THAN PORT PINS (IN

ORDINARY OPERATION MODE)

Symbol 1/0 Shared by: Function At reset
LED Output - For display of infrared remote controller signal output Low-level output
REM Output - Infrared remote controller signal output Low-level output
XN Input - For main clock oscillator. Connect 4 MHz ceramic
XouT Output _ oscillator to these pins. -
RESET Input - RESET signal input =
VDouT Output - Low-voltage detector circuit output -
XTIN Input - -

For subclock oscillator
XTouT Output - -
VREG Output - Qutput from voltage for -
AMPIN— Input - Inverted input from internal operational amplifier -
AMPOUT Output - Internal operational amplifier output -
VREF Output - Reference voltage output -
CMPIN+ Input - Non-inverted input for comparator -
CMPOUT Output - Comparator output -
TMOIN Input - Clock input to timer O -
INT Input (Vep) External interrupt signal input -
VpD - - Power -
VXRAM - - Power to XRAM -
GNDg—GNDsg - - Ground -

1.3 PINS OTHER THAN PORT PINS (IN

PROM PROGRAMMING MODE)

Symbol /0 Shared by: Function At reset
CLK Input XIN Address updating clock input -
DO-D3 PODo—POD3

/0 8-bit data input/output Input
D4-D7 POCo—POC3
MDO-MD3 Input POBo—POB3 Operation mode selection Input
Vep _ INT Applies program voltage (12.5 V). Used as INT pin in _
ordinary operation mode.
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1.4 INPUT/OUTPUT CIRCUITS
The input/output circuit for each uPD17P203A’s pin are shown below.
(1) POAg—POA3, POBy/MDO—POB3/MD3

\s)s} VoD

——

data Output § Pull-up resistor Note
latch Pch

)

output Nch
disable

777
<+——} Multiplexer /

Input buffer

Note: uPD17P203A-001 and -002 only.

(2) POCy/D4—POC3/D7, PODo/DO—POD4/D3

data Output
latch Nch
output
disable

P
N

Input buffer
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(3) P1Ag—P1A3, P1B;—P1B3/TM20UT VoD
data Pull-up | Pch
register I

data Qutput latch
Nch

output
disable

~<+— Multiplexer

Input buffer

(4) P1Co/SCK—P1C3

VoD

Pull-up | Pch
register Vbp |

data

data Output
latch Pch

output Nch
disable
777
<———{ Multiplexer /
Input buffer
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(3) RESET

VbbD

Pull-up resistor Note

o

Input buffer

Note: upPD17P203A-001 only.
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2. DIFFERENCES BETWEEN uPD17P203A AND uPD17203A

Since uPD17P203A replaces the internal mask ROM for uPD17203A with a PROM that can be written by the
user, the only differences between the two microcomputers are the program memory and mask option. Their CPU
functions and internal hardware are essentially the same. The following table lists the differences between
uPD17P203A and uPD17203A.

Refer to the uPD17203A Data Sheet for the CPU functions and internal hardware for uPD17P203A.

Product
Jtem name uPD17P203A-001 uPD17P203A-002 uPD17P203A-003 uPD17203A
* PROM * Mask ROM
Program memory * 0000H-OFFFH = 0000H-OFFFH
* 4,096 x 16 bits + 4,096 x 16 bits
Pull-up resistor for RESET pin Provided Not provided Not provided Mask option
Puli-up resistor for POA and POB .
pins Provided Provided Not provided Mask option
Main clock oscillator circuit Provided Provided Not provided Mask option
Subclock oscillator circuit Provided Not provided Provided Mask option
Vpp and PROM
Pin connection Vpp and PROM programming pins are provided programming pins
are not provided
Operating voltage range 22t055V
Package 52-pin plastic QFP
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3. WRITING, READING, AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY)

The uPD17P203A internal program memory is a one-time 4,096 x 16 bit PROM.
The write, read, and verify this one-time PROM, the pins shown in the following table are used. Note that no

address input pin is provided. Instead, the address is updated by the clock signal input from the CLK pin.
Pin Function E
Vpp Program voltage application
CLK Address updating clock input

MD0-MD3 Operation mode selection

D0-D7 8-bit data input/output

3.1 OPERATION MODES WHEN PROGRAM MEMORY IS WRITTEN, READ, OR VERIFIED

uPD17P203A is set in the program memory Wwrite, read, and verify mode, when, +6 V is applied to the Vpp pin
and +12.5 V is applied to the Vpp pin after it has been reset for a certain period of time (Vpp =5V, RESET =0 V).
Once this mode has been set, the following operation modes are available, depending on the setting of the MDO
through MD3 pins. Note that all the unused pins are pulled down with resistors to the ground potential.

Operation mode setting
Operation mode
Vpp VbbD MDO MD1 MD2 MD3
H L H L Program memory address O clear
L H H H Write mode
+125V +6 V
L L H H Read and verify mode
H X H H Program inhibit mode
X: LorH

3.2 PROGRAM MEMORY WRITING PROCEDURE
The program memory can be written in the following procedure at high speeds:
(1) Pull down the unused pins with resistors to the ground potential. Make the CLK pin low.
(2) Apply 5V to the Vpp pin. Make the Vpp pin low.
(3) Wait for 10 us. Then apply 5V to the Vpp pin.
(4) Set the program memory address O clear mode by using the mode selection pins.
(5) Apply 6V to Vpp and 12.5V to Vpp.
(6) Set the program inhibit mode.
(7) Write data in the 1 ms write mode.
(8) Set the program inhibit mode.
(9) Set the verify mode. |f the data has been correctly written, proceed to step (10). If not, repeat (7) through
(9).
(10) Additional write for (the number of times (7) through (9) are repeated: X) x 1 ms.
(11) Set the program inhibit mode.
(12) Input a pulse to the CLK pin four times to increment the program memory address by one.
(13) Repeat (7) through (12) until the last address is written.
(14) Set the program memory address O clear mode.
(15) Apply 5V to the Vpp and Vpp pins.
(16) Turn off power.
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Steps (2) through (12) are illustrated below.

X times repetition

Reset

H ’__ Write T Verify T Additional write j— ﬁi?:::nt
Vpp s
Ve Voo r~
GND
VppH+1 it
VDD vy _/_/
GND

CLK N HHHH

C

D0-D7 Data input iEg:‘at
Y
o /0 o/ 7 n_/

)

MD1 / \ /¢
-/
—/

I
«

MD2

)
-

MD3

3.3 PROGRAM MEMORY READING PROCEDURE
(1) Pull down the unused pins with resistors to the ground potential. Make the CLK pin low.
(2) Apply 5V to the Vpp pin. Make the Vpp pin low.
(3) Wait for 10 us. Then apply 5 V to the Vpp pin.
(4) Set the program memory address O clear mode by using the mode selection pins.
(5) Apply 6V to Vpp and 12.5 V to Vpp.
(6) Set the program inhibit mode.
(7) Set the verify mode. Input the clock pulse to the CLK pin. Data for one address is output each time the

pulse is input four times.
(8) Set the program inhibit mode.
(9) Set the program memory address O clear mode.
(10) Apply 5V to the Vpp and Vpp pins.
(11) Turn off power.
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Steps (2) through (9) are illustrated below.
Vpp )
Vpp U
Voo
GND
Vpp+1 4'1‘\;
Vbp
Vbo
GND
)
Do-D7 { Dataoutput X Data output X N )——
—\ Dataou pu (o] ‘)(l;
MDO / \ /
.
(s
MD1 e N
U
) —
MD2 / (4
)L
MD3 ’
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4. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Supply Voltage Vop —-0.3t0 +7.0 \
Input Voltage \ —0.3 to Vpp +0.3 \
Operating Temperature Topt —20 to +75 °c
Storage Temperature Tstg —40 to +125 °c
RECOMMENDED OPERATING RANGE
CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION
Supply Voltage Vbp1 22 3.0 5.5 v fx =4 MHz
VpD2 35 5.0 5.5 V | fx=8MHz
XRAM Supply Voltage VXRAM 1.3 Vpbp A VxRAM £ VpD
Main Clock Oscillati:
ain Hlock Dscillation fx 2.0 4.0 8.0 MHz
Frequency
Subclock Oscillation fxr 32768 KHz
Frequency
CAPACITANCE (T, =25°C, Vpp =0 V)
CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION
Input Capacitance CiN 10 pF INT, RESET pins
CpIN 10 pF | Other than INT, RESET pin
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DC CHARACTERISTICS (Vpp =3V, T, =—20to +75 °C, fx =4 MHz, fx1 =32 kHz)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION
Low Voltage Detection
Voltage VDET 1.3 2.0 29 \
ViH1 0.8 Vpp Vbbp \ RESET, INT pins
High-Level Input Voltage —
ViH2 0.7 Vpp Vpp \Z Other than RESET, INT pins
Vit 0 0.2 Vpp v RESET, INT pins
Low-Level | t Volt: —
ow-Level Input Voltage ViLz 0 03Vpp | V | Other than RESET, INT pins
liH1 0.2 HA INT ViH=VDpD
liH2 0.2 HA TMOIN ViH=VpD
High-Level Input Current H3 0.2 BA RESET ViH=VDD
liH4 0.2 HA POA—POD ViH=VDpD
lHS 0.2 HA P1A—P1C ViH=VpD
UTR] -0.2 HA INT ViL=o0v
L2 —-0.2 HA TMOIN ViL=0vVv
ViL=0V
IT) —0.2 HA RESET w/o pull-up
resistor
hL=ov
fiLa —20 —50 —100 BA w/pull-up
resistor
ViL=0v
Low-Level Input Current s -6 —12 —-20 BA POA, POB w/puli-up
resistor
liLe -0.2 uA | POC, POD ViL=0V
ViL=0Vv
iy —0.2 MA | PIA—-PIC w/o pull-up
resistor
hiL=0vVv
liLs -20 -50 -90 HA w/pull-up
resistor
10H1 —0.6 -20 —4.0 mA | POA, POB VOH =Vpp—0.3V
loH2 —-0.6 —20 -4.0 mA | PIC VoH = Vpp—0.3 V
1 -7.0 —-15.0 —25.0 mA | REM VoH=Vpp-2V
High-Level Output Current OH3 OH b
l0H4 -0.3 -1.0 —2.0 mA | LED VoH=Vpp-03V
l0HB -0.3 -1.0 —-2.0 mA | VDouT VOH =Vpp—-0.3V
loHE -03 -1.0 -2.0 mA | CMPOUT VoH =Vpp-0.3V
loL1 0.5 15 25 mA | POA, POB VoL=03V
loL2 0.5 15 25 mA | POC, POD VoL=0.3V
loL3 0.5 15 25 mA | REM VoL=0.3V
Low-Level Output Current oLa 05 15 25 A T LED VoL=03V
loLs 0.5 1.5 25 mA | VDouTt VoL=03V
loLs 05 1.5 25 mA | CMPOUT VoL=03V
Vol 16 v External capacitance for
VREF Output Voltage VREF 0.8 1.2 K VREE pin = 0.1 uF
'DD1 0.5 1.0 20 mA | Operation XT and X
'Db2 15 30 uA | mode Only XT
i D3 20 | mA |HALTmode | XTandX
Ippa 10 15 BA Only XT
XRAM Hold Voltage VXRAM 1.3 3.0 5.5 v Operation mode, VxRAM = 3 V
IXRAM1 30 “A | HALT mide, V =3V,
XRAM Supply Current T,=25°C XRAM
IXRAM2 0.2 1.0 BA | 12"
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DC PROGRAMMING CHARACTERISTICS (T, =25°C, Vpp =6.0:0.25 V, Vpp = 12.5:0.5 V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS

High-Level input Voltage ViH1 0.7Vpp Vpp \ Other than CLK

ViH2 Vpp—0.5 Vbp \4 CLK

ViL1 0 0.3 Vpp v Other than CLK
Low-Level Input Voltage Vi ° 04 v CLK
Input Leakage Current %] 10 MA VIN=ViLorViH
High-Level Output Voltage VoH Vpp—1.0 \4 IoH=—1mA
Low-Level Output Voitage VoL 0.4 \2 loL=1.6mA
Vpp Supply Current Ipp 30 mA
Vpp Supply Current Ipp 30 mA MDO = V|, MD1 =V

Note: 1. Keep Vpp to less than +13.5 V, including the overshoot.
2. Apply Vpp before Vpp. Remove Vpp after Vpp.
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AC PROGRAMMING CHARACTERISTICS (T, =25°C, Vpp =6.0:0.25 V, Vpp = 12.5:0.5 V)

CHARACTERISTICS SYMBOL *1 MIN. TYP. MAX. | UNIT CONDITIONS
Address Setup Time*2 (vs. MDO ) tAS tAS 2 us
MD?1 Setup Time (vs. MDO ) Mis tOES 2 us
Data Setup Time (vs. MDO {) tps tps 2 us
Address Hold Time*2 (vs. MDO 1) tAH tAH 2 us
Data Hold Time (vs. MDO 1) tDH tDH 2 us
MDO 1 > Data Output Float Delay Time | tpf toF 0 130 ns
Vpp Setup Time (vs. MD3 1) typs typs 2 us
Vpp Setup Time (vs. MD3 1) tvps tves 2 s
Initial Program Pulse Width tpw tpw 0.95 1.0 1.06 ms
Additional Program Pulse Width topw toPW 0.95 21.0 ms
MDO Setup Time (vs. MD1 1) tMOS tCES 2 us
MDO | - Data Output Delay Time tpyv tpv 1 Hs MDO = MD1 =V
MD?1 Hold Time (vs. MDO 1) tM1H tOEH 2 #s | tmiH *tMIR 2 50 ks
MD1 Recovery Time (vs. MDO ) tM1R tOR 2 us
Program Counter Reset Time tPCR - 10 us
CLK Input High, Low Level Widths tXH: tXL - 0.063 us
CLK Input Frequency fx - 8 MHz
Initial Mode Set Time ’ ] - 2 us
MD3 Setup Time (vs. MD1 1) tMas - 2 us
MD3 Hold Time (vs. MD1 }) tM3H - 2 Hs
MD3 Setup Time (vs. MDO ) tM3sR - 2 us vn!::;f;":';':d
Address*2 — Data Output Delay Time tDAD tACC 2 us ﬁ::;?;?f::‘d
Address*2 —> Data Output Hold Time tHAD tOH 0 130 ns x:::‘;;oigrlzd
MD3 Hold Time (vs. MDO 1) M3HR - 2 ns ‘,’,‘V:::of;":z':d
MD3 } > Data Output Float Delay Time | OFR -~ 2 us ::;’:)'x‘:f’rz: ’
Reset Setup Time tRES 10 us

*1. Corresponding symbols of uPD27C256.
*2. The internal address signal is incremented by one at the falling edge of the third CLK input signal and is not connected to a
pin.

2-545




uPD17P203A E

PROGRAM MEMORY WRITE TIMING.
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pPD17204

4-BIT SINGLE-CHIP MICROCONTROLLER

controller.

The pPD17204 employs the pPD17000 architecture and can execute data transfer and operations with one instruction

The pPD17204 is a 4-bit CMOS microcontroller with an 8K-bit RAM, a 3-channel timer, a remote controlled carrier
generator, aremote controlled receive signal amplifier and a waveform rectifier integrated on a single-chip for infrared remote

between data memories or between a data memory and peripheral circuits. All instructions are a 16-bit word.

52-pin plastic QFP package is used.

FEATURES

nPD17000 architecture is employed.
Program memory (ROM): 16K bytes (7936 x 16 bits)
Data memory (RAM): 336 words (336 x 4 bits)
Static RAM: 8K bits (2048 x 4 bits)
On-chip infrared remote controllied carrier generator
On-chip infrared remote controlled receive signal amplifier
Variety of I/O ports (28 ports)
On-chip 3-wire serial interface (which also serves as an input/output port)
Stack level: 7 levels
8-bit timer: 1 channel (with modulo function)
Timer clock (8 us, 16 us and 64 ps remote controlled carrier inputs)
10-bit timer: 1 channel (with modulo function)
Timer clock (0.5 ps and 4 ps, INT input)
16-bit timer: 1 channel
Timer clock (8 us, 16 pus, 32 ps, 64 ps)
Watch timer: 1 channel (which also serves as a watchdog timer)
Instruction execution time: 4 us (when 4 MHz ceramic oscillator is used)
Standby function (STOP, HALT)
On-chip low-voltage detector
Operating voltage range: 2.2 to 5.5 V
Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator
OTP product: pPD17P204GC is available.
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PIN CONFIGURATION (Top View)

E
2 2 =1
o © @
B g3 ¢
g 818 £ EE
SS8gS8PSaggELS
& & § & &a a 8§ &8 a1z g @
52 51 50 49 48 47 46 45 44 43 42 41 40
LED O=—— 1 /o) 39 f+——=0 PODy
REM O=——1 2 38 fe——0 POD,
VxRAM O—— 3 37 j=——=0 PODg
Vop 0—— 4 36 f=—=0 POC3
XijNO———=] 5 35 j——=0 POC2
Xout O~—1 6 34 f+——=0 POCy
GNDg 0———{ 7 33}———0 GND4
RESET 0——{ 8 32 fo——=0 POCg
VDoyt O=—+ 9 31 je——=0 POB3
XTjy O0——={10 30 fe———=0 POBy
XToyt O—11 29le—=0 PoB;
VREG O——12 28 fe——=0 P0OBg
GNDg o—] 13 27 fo——=0 POA,
14 15 16 17 18 19 20 21 22 23 24 25 26 3
bl | N = w > ™ [ g z - - o~
9 z 0 > w Z Q > 35 =z g < g
z Z = g 2
6 g g g & g g g b g & &
< Z =} 8
LED : Remote controlled transmit output TMOOUT : Timer 0 output pin
display pin TMI0UT : Timer 1 output pin
REM : Remote controlled transmit output TM20UT : Timer 2 output pin
Xin. Xout : Main clock oscillator connect pin SCK : Serial clock input/output pin
RESET : Reset input pin SO : Serial data output pin
VDout : Low-voltage detector output pin Sl : Serial data input pin
XTin, XTout : Subclock oscillator connect pin POAQ to POA3 : Input/output ports
VReGg : Subclock voltage regulator output POBg to POB3 : Input/output ports
pin POCg to POC3 : Input/output ports
AMPIN— : Operation amplifier input pin PODg to POD3 : Input/output ports
AMPOUT : Operation amplifier output pin P1Ag to P1A3 : Input/output ports
VRer : Reference voltage output pin P1Bg to P1B3 : Input/output ports
CMPIN+ : Comparator input pin P1Cq to P1C3 : Input/output ports
CMPOUT : Comparator output pin Voo : Power supply
TMOIN : Timer 0 input pin VxrAM : XRAM power supply
INT : External interrupt input pin GND : Ground
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BLOCK DIAGRAM

- Voltage O VDout
Detecter —O VpeT
r——-o GNDg 2
—-O Vpp
«—]
O Vxram
xﬁo o ] Power F—0 Vger
1 O— ——o0
oA © POA <::> Supply GNDg
P0A; O—] ircuit O GND;
L —o0 GNDy
—O GND3
foBp O — —O GNDy
PoB; O— RF
poB; O——— POB
poB; O— RAM
( ) 336 x 4 bits
POCo O — SYSTEM REG|
POC;  O—
poc; O——— POC
Pocg O— ——O TMOIN
00 o — N - o ewouT
0 Remote
POD.
PDD; o— POD ¢> Control O CMPIN+
poDg  O— Recaiver L 6 amPOUT
F—O AMPIN—
PiAg O— 1
PIAT O——1 500 <:> o]
P1Ay \—— i
PIAZ 8: ROM Decoder
P1Bg  O—o 7936 x 16 bits
P1B1/TMOOUT O Remote O REM
P1B2/TMIOUT O Fie Control
P1B3/TM20UT  O- Transmitter
—-O LED
Stack 7 x 13 bits
interrupt o
XRAM Controller INT
2048 x 4 bits L..

PICO/SCK  O— |

P1C1/SO
P1Co/SI P1C -O  RESET
pic; O
CPU Clock
LSeriaI XIN
L_{ o
Clock Stop
O Xout
CPU’Clock
[ watch Timer }o—{ Divider }4 XTiN
—O XTourt
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FUNCTIONAL COMPARISON BETWEEN uPD17203A AND uPD17204

Watch timer (which also serves as a watchdog timer)

Product Name uPD17203A uPD17204

ROM 4096 x 16 bits 7936 x 16 bits
RAM 336 x 4 bits
SRAM 4096 x 4 bits | 2048 xabits
Instruction execution time 4 us (when 4 MHz ceramic oscillator is used)
Stack level 5 levels l 7 levels
Input/output port 28 ports
Serial interface 8-bit 3-wire: 1 channel
Interrupt 7 channels

External interrupt: 1 channel

Internal interrupt: 6 channel
Timer 4 systems

8-bit timer

10-bit timer

16-bit timer

Standby function

STOP mode, HALT mode

Recommended operating voltage range

Vpp=22to55V

Package

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

The uPD17301 is a 4-bit single-chip microcontroller with on-chip DTMF generator, DTMF receiver, and abbreviated dial
memory.

The CPU uses uPD17000 architecture. Since all instructions have a 16-bit word configuration, efficient programming is
possible.
The package is a 64-pin plastic QFP.

FEATURES

uPD17000 architecture

Program memory (ROM): 16K bytes (8192 x 16 bits)

Data memory (RAM): 336 words (336 x 4 bits)

Repertory dial memory 768 words (768 x 4 bits)

On-chip DTMF generator

On-chip DTMF receiver

Serial interfaces: 2ch

Abundant I/O ports: 48

8-bit A/D converter: 4ch

Abundant interupt functions (external cause: 2, internal cause: 7)
Stack level: 7 levels (multiple interrupt: max. 3 levels)

Timer: 4 (8-bit modulo timer: 3, basic interval timer: 1)

Standby function (STOP mode, HALT mode)

Instruction execution time: 2.23 us (when 3.58 MHz ceramic oscillator used)
Operating voltage range: 2.0 to 5.5 V

Program evaluation OTP product: pPD17P301GF
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PIN CONFIGURATION  (Top View)
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uPD17301 BLOCK DIAGRAM
POAQ O Voltage
POAT O— Lo 1 oo |0 VDOUT
POA O etecter
POA3 O— RF ’
1 RAM
POBg O— 336 x 4 bits —0 Vpp
POB{ O—] POB < Power Supply
P0OBy O— SYSTEM REG. Circuit
POB3 O— —oO0 GND
— —
POCH O— o P3Bg
PoC1 0— ROM i @ |———0 P38,
POC) O POC (::> c: 8192 x 16 bits —_—:) Instrucdtlon P3B O P3B/SDA
POC3 O—] ecoder O P3B3/SCL
- L | I
PODg O— "
POD; O— k:::) Serial
POD3 O—
e g
P1A] PIA 8 bits P3C —O P3C¢/SO
P1A2 O— Timer/ -0 P3Cy/s!
P1A3 O— Counter-0 j—o P3C3/TM20UT
P1Bg O— 8 bits 8 bits
P1B1 O— g Timer/ @ Timer/
P1Ba O Counter-1 Counter-2
P1B3 O—]
!'——‘ "
P1Cy O— | Basic. DTMF 1 & bTMFOUT
nterval Timer Generator
P1C1 O— P1C
P1Cy O—
P1C3 O——‘
—-—J DTME —O DTMFIN+
— (:::) v O DTMFIN—
P1Dg O— Receiver Lo pTMFGC
P1Dq O—
PIDy O P1D @ ALU
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—— A/D Converter AGND
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P3A; O—f Lo @ — l
P3A O— O P3Dp/ADCy
P3A3 O— @ P3D O P3D1/ADC/
— O P3D2/ADCo
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RESET O—= II S
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R
epDeir;lory Controller -0 INT}
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Generator  |—O XoUT

2-553




NEC




NE C uPD17401

4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA

nPD17401 is a 4-bit single-chip microcontroller for the home VCR camera with an on-chip image display controller and
LCD controller/driver.

The Image Display Controller (IDC) has various screen display functions. It can display graphics as well as characters. All
the display fonts are user-programmable and can be specified freely. Debugging is possible while actually outputting these
displays from the time of the program development.

It has an on-chip LCD controller/driver for displaying the operating condition of the camera and serial interface circuit for
communication with peripheral devices. It also has an on-chip 6-bit A/D converter and 32 kHz clock counter.

The CPU, which has no accumulator and in which the 17K architecture to allow the data memory to be operated directly
is adopted, enables very efficient programming.

As the pPD17401 system development tools, the easy-to-use IE-17K (incircuit emulator) and assembler are available.

FEATURES
® A 4-bit single-chip microcontroller for the home ® On-chip LCD controller/driver
VCR camera 35-segment, 4-common or
® Program memory (ROM): 12288 x 16 bits 36-segment, 3-common
o Data memory (RAM): 524 x 4 bits ® On-chip serial interface
® Stack level: 7 (2-system, 3-channel: 3-wire and 2-wire)
® Instruction set comprising 36 easy-to-understand ® On-chip 6-bit A/D converter: 1 input
instructions ® On-chip 32 kHz clock counter (V,, = 2.2t0 5.5 V)
® Decimal capability ® On-chip power failure detection circuit and power-
® Instruction execution time: 1.6 ps (at 10 MHz on reset circuit
oscillator connection) ® Interrupt pins: 2 pins
® WithIDC on-chip (Image Display Controller9 (user- ® Various range of I/O ports
programmable) Input/output ports: 20 (including dual-function
Number of display characters: Max. 155 per screen pins)
Display position: 14 lines x 25 columns Output ports: 16 (including dual-function pins)
Character types: 256 types ® 5V+10%
Character format: 10 x 15 dots (framable) o CMOS low power consumption
Character size: 4 types settable independently ® 80-pin plastic QFP (14 x 14 mm)
between vertical and horizontal (14, 28, 42, 56H) ® One-time PROM product: nPD17P401GC-3B9
(2.5, 5.0, 7.5, 10 pus) available
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PIN CONFIGURATION (Top View) 5
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LCD1g O=—1 60 [=~—=0 P0Cq
LCD1g 0=—r 2 O 59 f=—-=0 POCg
LCD17 o=—{ 3 58 f~—=0 POC3
LCD1g O0=—-] 4 57|=—0 P2Ag
LCD15/KS15 O=—H & 56|=—=0 P2A1/Slq
LCD14/KS14 0=—1 6 55 |=—=0 P2A5/SCK1
LCD13/KS13 O=~—+ 7 - 54 J=—=0 P2A3/SO1q
LCD12/KS12 o=— 8 8 s3}——-o0 GND
LCD11/KS11 0O=— 9 E s2f——=0 XTouT
LCD1o/KS190 O=—— 10 g 51f=—0 XT|N
LCDg/KSg O=— 11 o 50 ——O0 Vpp2
LCDg/kSg O~—o;12 % a9f—0 INTy
x
LCD7/KS7 O=—13 & 48 |=——0 INTp
LCDg/KSg O~—r 14 3 47}~—=0 PoBg
LCDg/KSg O=—]15 46 j=—=0 POB1/ADC
LCD4/KSg4 0~—-16 45 [«—=0 POB/STPRLS
LCD3/KS3 O=—rq17 44 }=~—=0 POB3/Slg
LCD2/KSp o=— 18 43}=——=0 POAQ/SOqg
LCD1/KS1 o=—19 42 |=—=0 POA;/SCKq
LCDp/KSg 0=—]20 41 f=—=0 POA/SCL
21 2223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
F8aRILovePIg8eZE5 5258 3
T s EaZOoJodS>-08008X 0 @
o o T @00~ 9 |hih 8 g > < 3
NI > I @ L
Qo0 Qg o S
&g &g &
POAQ to POA3 Input/output ports ADC A/D converter input
POBQ to POB3 Input/output ports SDA Serial data input/output
POCq to POC3 Input/output ports sCL Serial clock input/output
PODg to POD3 Output ports Slo, SIt Serial data input
P1AQ to'P1A3 Output ports S0q, SO1 Serial data output
P1Bg to P1B3 Input/output ports SCKp, SCK1 Serial clock input/output
P1Coto P1C3 Output ports XIN, XouT Main clock oscillation circuits
P1Dg to P1D3 Output ports XTiN, XTOouT Subclock oscillation circuits
P2Ag to P2A3 : Input/output ports 0sCyn. OSCouT: IDC oscillation circuits
KSpto KS15 Key source signal output IDCoto IDCy I1DC display signal output
LCDq to LCD35: LCD segment signal output BLKg to BLK2 Blanking signal output
COMg to COM3: LCD common signal output HsynC Horizontal synchronizing signal input
CKouT Subclock output Vsyne Vertical synchronizing signal input
STPRLS Stop mode release input Vpp1. VDD2 Power supply
CE Chip enable input GND Ground
INT, INTq B External interrupt input
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BLOCK DIAGRAM
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LIST OF FUNCTIONS

Product Nare uPD17P401
ROM 12288 x 16 bits (Mask ROM) 12288 x 16 bits (One-time PROM)
RAM 524 x 4 bits
System register 12 x 4 bits
Register file ) 45 x 4 bits (Control register)
Port register 6 x 4 bits
Instruction execution time 1.6 us (at 10 MHz oscillator connection)
Stack levels 7 levels
Serial interface ° §3lisr:e::; :;_T'::el
Interrupt ® 2 channels
® 2systems
Timer 8-bit timer (10 us, 100 us, 500 us, 1 ms (at 10 MHz oscillator connection))
Clock timer (100 ms (at 10 MHz oscillator connection))
Standby function ® STOP, HALT
Supply voltage Vpp = 4.5 t0 5.5 V (32 kHz clock counter operated at 2.2 to 5.5 V)
Package 80-pin plastic QFP (14 x 14 mm)
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uPD17P401

4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA

uPD17P401 is a product which has replaced an on-chip mask ROM in 4-bit single-chip microcontroller uPD17401 for a

VTR camera with an on-time PROM. uPD17401 allows write operation only once. It is effective for small production of a set,
and an earlier start-up.

uPD17P401 incorporates an image display controller (IDC) and an LCD controller/driver. Since it can be operated on the

same power-supply voltage as for the mask product, it is the most suitable for preproduction and small production at system
development.

FEATURES

Fully compatible with uPD17401

Program memory (one-time PROM):

12288 x 16 bits

Data memory (RAM): 524 x 4 bits

Stack level: 7

Instruction set comprising 36 easy-to-understand
instructions

Decimal operation capability

Instruction execution time:

1.6 us (at 10 MHz oscillator connection)

On-chip Image Display Controller (IDC) (user
programmable)

Number of display

characters: Up to 155 characters on one screen
Display position: 14 lines x 24 digits

Character types: 256 types

Character format: 10 x 15 dots (Can be fringed)
Character size: 4 types can be independently set
for each of vertical and horizontal directions.
(14, 28, 42, 56H) (2.5, 5.0, 7.5, 10 ps)
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On-chip LCD controller/driver

35-segment, 4-common or 36-segment, 3-common
On-chip serial interface

(2-system, 3-channel: 3-wire and 2-wire)
On-chip 6-bit A/D converter: 1 input

On-chip 32 kHz clock counter (V,, =2.2 t0 5.5V)
On-chip power failure detection circuit and power-
on reset circuit

Interrupt pins: 2 pins

Various range of I/O ports

Input/output ports: 20 (dual-function pin included)
Output ports: 16 (dual-function pin included)

5V +10%

CMOS low power consumption

80-pin plastic QFP (14 x 14 mm)

Mask PROM product:

nPD17P401GC-xxx-3B9 is available
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PIN CONFIGURATIONS (Top View) 5
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LcD1g 180 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 6&0 o POC;/MD?
LCD1g 0=—r2 O 59 j=—0 POCo/MD2
LCD17 O0~—3 58 f=—e0 POC3/MD3
LCD1g O=—-{4 57|=—0 P22g
LCD15/KS15 O=—5 56 f=——=0 P2A1/SIy
LCD14/KS14 O=—16 55f=—=0 P2A,/SCK1
LCD13/KS13 0=—r7 54 f=—=0 P2A3/S04
LCD12/KS12 O=——A8 % 53}——0 GND
LCD11/KS11 o=—]9 Q 52—0 XTouT
LCD1g/KS10 O=—r10 3 51f—o0 XTin
LCDg/KSg O=—]11 g 50— Vpp2
LCDg/KSg 0=—-]12 I 49}=—o0 INT;
LCD7/KS7 0o=—rd13 3 48]=——0 INTo/Vpp
LCDg/KSg 0=—r]14 47f=—0 POBg
LCDs/KSs 0=—r15 46]=—=0 POB4/ADC
LCD4/KS4 O=—rq16 45f~—=0 POBL/STPRLS
LCD3/KS3 O=—r17 44]~—=0 PoBysIg
LCD2/KS2 O=—ro]18 43}=——0 POAQ/SOg
LCD1/KS1 O=—19 42f=—=0 POA1/SCKq
LC0o/ks0 231 22 23 24 25 26 27 Zf 29 30 31 32 33 34 35 36 37 38 39 46“ FoAgISCL
™ N - NN - ol a Z E «
SEEREEEE S PRy
LRI <L cg> X >
Qo Qg o g
a g a g [
POAQ to POA3 Input/output port SsCL Serial clock input/output
POBg to POB3 Input/output port Slg, Sl Serial data input
POCq to POC3 Input/output port S0Oq, SO1 Serial data output
PODg to POD3 Output port §CKg. SCKy Serial clock input/output
P1Ag to P1A3 Output port XN, XOUuT Oscillation circuit for main clock
P1Bg to P1B3 Input/output port XTin. XTOuT Oscillation circuit for subclock
P1Co to P1C3 Output port OSCiN, OSCouT : Oscillation circuit for IDC
P1Dg to P1D3 Output port IDCq to IDC2 1DC Display signal output
P2Ag to P2A3 :  Input/output port BLKg to BLK2 Blanking signal output
KSg to KS1g5 ’  Key source signal output HsynC Horizontal synchronous signal input
LCDg to LCD35 LCD segment signal output Vsync Vertical synchronous signal input
COMg to COM3 LCD common signal output CLK Clock input for PROM
CKOUT Subclock output MDO to MD3 Mode selection input for PROM
STPRLS Stop mode release input DO to D7 Data input/output for PROM
CE Chip enable input Vpp Power supply for PROM
INTQ, INTy External interrupt input Vop1. VDD2 Power supply
ADC A/D converter input GND Ground
SDA 1 Serial data input/output
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BLOCK DIAGRAM
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FUNCTION LIST

Product Name uPD17401
ROM 12288 x-16 bits (mask ROM) 12288 x 16 bits (One-time PROM)
RAM 524 x 4 bits
System register 12 x 4 bits

Register file

45 x 4 bits (control register)

Port register

6 x 4 bits

Instruction execution time

1.6 us (at 10 MHz oscillation)

Stack level

7 levels

Serial interface

® 2system, 3vchannel
3-wire and 2-wire

Interrupt

® 2 channels

Timer

® 2system

8-bit timer (10 us, 100 us, 500 us, 1 ms (at 10 MHz oscillation))
clock timer (100 ms (at 10 MHz oscillation))

Standby function

© STOP, HALT

Power supply voltage

Vpp =4.510 6.5 V (32 kHz counter for clock is operated at 2.2 to 5.5 V.

Package

80-pin plastic QFP (14 x 14 mm)
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CHAPTER 1 GENERAL

1.1 GENERAL DESCRIPTION

Each instruction of the uPD17000 series is composed of 16 bits per word. The instruction set contains 47 useful
instructions having the following features:
(1) Permitting operation between memories in single step
(2) Permitting both binary and decimal calculation
(3) Permitting table reference on program memory (ROM) .
(4) Permitting branching and subroutine call using the register value as address
(5) Well-arranged 47 types of instructions
This manual explains the instructions of the uPD17000 series. However, some instructions are inapplicable or
limited in usage for certain products. Careful reference should be taken to the data sheet of the product you want
to use before creating a program.

1.2 CONFIGURATION OF INSTRUCTION

The instruction codes of uPD17000 series are classified into the following three types:
(1) 0 operand instruction
Instructions ‘INC AR’, ‘PUSH AR’, ‘RET’, etc. These instructions have a unique or no operand.
(2) 1 operand instruction
Instructions ‘RORC r’, ‘STOP s, etc. The address or immediate data is described in the operand.
(3) 2 operand instruction
Instructions ‘ADD r, m’, ‘ADD m, #i', etc. Two addresses, or an address and immediate data are described in
the operand.
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CHAPTER 2 DATA MEMORY ADDRESSING

A data memory address is composed of a bank (four bits), row address (3 bits) and column address (four bits).
2.1 DIRECT ADDRESSING OF DATA MEMORY

When directly specifying data memory, the bank is specified by the BANK (bank register: 79H) of the system
register, and the row address and column address are specified by the instruction operand m (seven bits).

[Example]
If BANK =0,
MOV 43H, #2H
Immediate data
Address (Column address = 3, row address = 4)

BankO0 0 1 2 3 4 5 6 7 8 9 A B C D E F «—Columnaddress

0
1
Bank 1 O
2
oL 1
3
o
4
2
L 1]
3 5
py
4 6
_J_ The memory area 74H to 7FH of each bank
5 7 is the system register.
6
L
The memory area 74H to 7FH of each bank
7 is the system register.
Row address
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2.2 GENERAL-PURPOSE REGISTER ADDRESSING

When specifying a general-purpose register, the bank and row addresses are specified by RPH and RPL (register
pointer: 7DH, 7EH) of the system register, and the column address is specified by the instruction operand r (four

bits).
[Example]
When BANK =0, RPH=0,and RPL=1;
ST 43H, 2H
General-purpose register column address
Address
RPL RPH
!
IBank00123456789ABCDEF
0
1 « General-purpose
Bank 1 0o register
2
o
3
R
4
2l
5
o
. 6
l The memory area 744 to 7FH of each bank
5 7 | __is the system register. |
6
The memory area 74H to 7FH of each bank
7 | s the system register. il
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NEC

2.3 INDEX MODIFICATION ADDRESSING OF DATA MEMORY

If IXE (index addressing enable flag: 7FH.0) of the system register is set ‘1’, the data memory address is speci-
fied as the ORed result of the address specified by the system register BANK (bank register: 79H) and instruction
operand m (seven bits) and the contents of system register IXH, IXM, and IXL (index register: 7AH, 7BH, and

7CH).

[Example]

IfBANK =0, IXE=1,IXH=0, IXM=0EH, and IXL=§;

MOV 43H, #2H
Immediate data
Address

Data memory address = [BANK, m] OR [IXH, IXM, IXL]
= [0000 1000011B] OR [000 1110 10008B]

= [0001 1101011B]
=6BH of bank 1

BankO 0 1 2 3 4

0
1
Bank1 o
2
0 |
3
! |
4
o
5
o
. 6
| The memory area 74H to 7FH of each bank
5 7 | s the system register. ‘ |
6
The memory area 74H to 7FH of each ban|
7 | s the system register. |
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24 GENERAL-PURPOSE REGISTER INDIRECT ADDRESSING OF DATA MEMORY

The data memory address specification method for executing the general-purpose register indirect transfer in-
struction ‘MOV @r, m’ and ‘MOV m, @r’ is explained below.

(1) When MPE=0, IXE=0
The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H)
and the row address and column address are specified by the instruction operand m (seven bits).
The bank for indirect specification by operand @r is specified by the system register BANK (bank register:
79H), and the row address is specified by the upper three bits of operand m. The column address is specified by
the value of the general-purpose register. The bank and row address of the general-purpose register are specified
by the system register RPH and RPL (register pointer: 7DH, 7EH), and the column address is specified by the
instruction operand r (four bits).
Accordingly, indirect transfer with MPE = 0 and IXE = 0 occurs within the same row address of the same bank.

[Example]
When BANK =0, RPH =0, RPL =0, and the value of address 0.02H is 8H;
MOV 43H, @2H
Indirect specification address
Direct specification address
Direct specification address = [BANK, m]
[0000 1000011B]
43H of bank 0
Indirect specification address = [BANK, mg.4, (R)]
[0000 100 1000B]
48H of bank 0

RPL RPH

Bank0 0 1 2 3 4 5 6 7 8 9 A B C D E F

8H

Bank 1

2

3

4

The memory area 74H to 7FH of each ban!
5 | is the system register. |
6
The memory area 74H to 7FH of each bank
7 | is the system register. |
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(2) When MPE =1 and IXE =0 .
The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H),
and the row address and column address are specified by the instruction operand m (seven bits).
The bank for indirect specification by operand @r and the row address are specified by the MPH and MPL
(memory pointer: 7AH, 7BH) of the system register, and the column address is specified by the value of the
general-purpose register. The bank and row address of the general-purpose register are specified by the RPH and
RPL (register pointer: 7DH, 7EH) of the system register, and the column address is specified by the instruction
operand r (four bits).
Accordingly, when MPE = 1.and IXE = 0, indirect data transfer is allowed between any data memories.

[Example)
When BANK =0, MPH =0, MPL = 3, RPH = 0, RPL = 0, and the value of 0.02H address is 8H;
MOV 43H, @2H
Indirect specification address
Direct specification address
Direct specification address = [BANK, m]
= [0000 10000118}
= 43H of bank 0
Indirect specification address = [MPH, MPL, (R)]
= [000 0011 1000B)
= 38H of bank 0

0 8H
1
Bank 1
2
o
3
L
4
2l
5
o
4 6
l The memory area 74H to 7FH of each bank
5 7 1 is the system register. |
6
The memory area 74H to 7FH of each ban
7 | is the system register. |
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(3) When MPE=0and IXE=1

The bank, row address and column address for direct specification by operand m are specified by the ORed
result of the address specified by the system register BANK (bank register: 79H) and instruction operand m
(seven bits) and the contents of system registers IXH, IXM and I XL (index registers: 7AH, 7BH, 7CH).

The bank and row address of the indirect specification by operand @r are specified by the ORed result of
the address specified by the system register BANK (bank register: 79H) and the upper three bits of operand
m and the contents of system registers IXH and IXM (index registers: 7AH, 7BH). The column address is
specified by the value of the general-purpose register. The bank and row address of the general-purpose register
are specified by the system registers RPH and RPL (register pointers: 7DH, 7EH), and the column address is

specified by the instruction operand r (four bits).
If MPE =0 and IXE =1, indirect transfer of data occurs within the same row address of the same bank.

[Example]
When BANK =0, IXH=0, IXM=2,I1XL=4, RPH =0, RPL =0, and the value of address 0.02H is 8H;
MOV 43H, @2H
Indirect specification address
Direct specification address
Direct specification address = [BANK, m] OR [IXH, IXM, IXL]
[0000 1000011B] OR [000 0010 0100B]
[0000 1100111B]
67H of bank O
Indirect specification address = [BANK, mg_4, (R)] OR [IXH, IXM, 0]
[0000 100 1000B] OR [000 0010 0000B]
{0000 101 100081
58H of bank 0

[

[

0 8H
1
Bank1 o
2
o
3
L
4
2
5
o
2 6
J The memory area 74H to 7FH of each bank
5 7 | is the system register. |
6
The memory area 74H to 7FH of each ban
7 | is the system register.
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(4) When MPE =1, IXE=1
The bank, row address, and column address by direct specification with operand m are specified by the ORed
result of the address specified by the system register BANK (bank register: 79H) and instruction operand m
(seven bits) and the contents of the system registers IXH, IXM, and IXL {index registers: 7AH, 7BH and 7CH).
The bank and row address by indirect specification with operand @r is specified by the system registers MPH
and MPL (memory pointers; 7AH, 7BH), and the column address is specified by the value of the general-purpose
register. The bank and row address of the general-purpose register are specified by the system registers RPH and
RPL (register pointers: 7DH, 7EH), and the column address is specified by the instruction operand r (four
bits).
Accordingly, indirect data transfer with MPE = 1 and IXE = 1 is allowed between any data memories.

[Example]
When BANK =0, IXH (MPH) =0, IXM (MPL) = 2, IXL =4, RPH =0, RPL = 0, and value of address 0.02H is 8H;
MOV 43H, @2H
Indirect specification address
Direct specification address

Direct specification address = [BANK, m] OR [IXH, IXM, IXL]

= [0000 1000011B] OR [000 0010 01008B]
[0000 1100111B])
67H of bank 0
Indirect specification address = [MPH, MPL, (R)]
[000 0010 10000B]
28H of bank 0

"

[}

L}

0 8H
1
Bank1
2
oL 1
3
o
4
21
5
31 1
4 6
| The memory area 74H to 7FH of each bank
5 7 | is the system register. |
6
The memory area 74H to 7FH of each bank
7 1 is the system register. |
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CHAPTER 3 INSTRUCTION SET

This chapter explains the instruction set. The abbreviations used in the explanation of instruction set are shown

below:

(X) :
[X,Y,Z}:
M

IXE
(BANK)
My

mL

(1X)

R

(RPy)
(RPL)
r

i

addr
CY
SP
STACK
AR
DBF
WR
rf

rfy
rfL

p

PH

PL

Value of data memory or register indicated by X (four bits)
Address consisting of upper 4 bits (X), medium 3 bits (Y) and lower 4 bits (Z) (Total 11 bits)
Data memory address

If IXE =0, then M = [(BANK), my, m ]

If IXE =1, then M= [(BANK), my, m ] OR (IX)
Index enable flag

Bank register value (4 bits)

Data memory row address (3 bits)

Data memory column address (4 bits)

Index register value (11 bits)

General-purpose register address

R =[(RPy), (RP), r]

General-purpose register bank (4 bits)
General-purpose register row address (3 bits)
General-purpose register column address (4 bits)
immediate data (4 bits)

Address of branching destination

Carry flag

Stack pointer

Stack value indicated by stack pointer

Address register

Data buffer

Window register

Register file address

Upper 3 bits of register file address

Lower 4 bits of register file address

Address of peripheral circuit

Upper 3 bits of peripheral circuit address

Lower 4 bits of peripheral circuit address

Note: Unless otherwise specified, the following conditions are used:

BANK =0
RPH =0,RPL=0
IXE =0
The data y addi is rep d by direct address. When lly using an bler, be sure to use

the type MEM symbol. Any description of memory address directly into the operand will cause an error.
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3.1 ADDr,m Add data y to g | regi

(1) Instruction code

[ [ o [~ [ ]

(2) Function
1fCMP =0, R « (R) + (M)
The contents of the data memory addressed by M is added to the contents of the general-purpose register
indicated by R, and the results are stored into the general-purpose register indicated by R.
If CMP =1, then (R) + (M)
No results are stored. The flag only changes.

If a carry is made, set a carry flag (CY). If no carry is made, reset the carry flag (CY).

If the result of addition is other than zero, the zero flag (Z) is reset.

If the result of addition is zero, the zero flag (Z) will be set when the compare flag is in the reset status (CMP =
0). When the compare flag is in the set status (CMP = 1), the zero flag (Z) will not be changed if the result of
addition is zero.

There are two types in addition: binary operation and BCD operation. The addition type is selected by the BCD
flag (BCD) of PSW.

(3

Example 1
When the row address 0 (0.00H to 0.0FH) of bank O is specified as general-purpose register (RPH =0, RPL =0),
the-result of addition of the contents of 0.2FH address is stored to the contents of 0.03H address.

0.03H « (0.03H) + (0.2FH)

MOV BANK, #00H ; Data memory bank O

MOV RPH, #00H ; General-purpose register bank to O

MOV RPL, #00H ; General-purpose register row address to 0

ADD 03H, 2FH

Example 2
When row address 2 {1.20H to 1.2FH) of bank 1 is specified as general-purpose register (RPH = 1, RPL = 4),
the content of address 1.23H is added to the content of address 0.2FH, and the results are stored into address
1.23H.

1.23H « (1.23H) + (0.2FH)

MOV BANK, #00H ; Data memory bank O

MOV RPH, #01H ; General-purpose register bank 1

MOV RPL, #04H ;. General-purpose register row address 2

ADD 03H, 2FH
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Example 3
The result of addition of. the contents of address 0.03H and address 0.6FH is stored into address 0.03H. If
IXE =1, IXH =0, IXM =4, and IXL = 0, that is, if IX = 0.40H, then the data memory 0.6FH can be specified
by setting the data memory address at 2FH.

0.03H « (0.03H) + (0.6FH)

ORed result of index register content 0.40H and data memory

address 0.2FH

MOV RPH, #00H ; General-purpose register bank O

MOV RPL, #00H ; General-purpose register row address O

MOV IXH, #00H ; IX « 000010000008

MOV IXM, #04H ;

MOV IXL, #00H ;

SET1 IXE 5 IXE flag« 1

ADD 03H, 2FH ;o IX 000010000008 (0.40H)
; Bank operand OR ) 00000101111B (0.2FH)
. Specified address 000011011118 (0.6FH)

Example 4
The result of addition of the contents of address 0.03H and address 2.3FH is stored into address 0.03H. If
IXE=1,IXH =1, IXM=1,and IXL = 0, that is, if IX = 2.10H, then the data memory 2.3FH can be specified
by setting the data memory address at 2FH.
0.03H « (0.03H) + (2.3FH)
ORed result of the content of index register 2.10H and data memory
address 0.2FH
MOV BANK, #00H
MOV RPH, #00H ; General-purpose register bank O
MOV RPL, #00H ; General-purpose register row address O
MOV IXH, #01H ; IX <« 001000100008 (2.10H)
MOV IXM, #01H
MOV IXL, #00H

SET1 IXE ; IXEflag«1
ADD 03H, 2FH ;s IX 001000100008 (2.10H)
;. Bank operand OR ) 00000101111B (0.2FH)
;  Specified address 00100111111B (2.3FH)
(4) Note

The 1st operand of ‘ADD r, m’ instruction is the column address of general-purpose register. If it is described as
follows, the general-purpose register column address is taken as 03H. This will not cause any error in assembling.
ADD 13H, 2FH
General-purpose register column address is meant.
The lower 4 bits are significant.
If CMP flag = 1, no added result is stored.
If BCD flag = 1, the result of decimal operation is stored.
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3.2 ADD m, #i Add immediate data to data memory

(1) Instruction code

[ [ = [« [ ]

(2) Function
If CMP =0, then M« (M) + i
The immediate data i is added to the content of data memory addressed by M, and the result is stored into the
data memory addressed by M.
If CMP =1, then (M) +i
No result is stored. Only the flag changes.

If any carry occurs as a result of addition, the carry flag (CY) is set. If no carry occurs, the carry flag (CY) is
reset.

If the result of addition is other than zero, the zero flag (Z) is reset.

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare
flag is set (CMP = 1), the zero flag (Z) will not change when the result of addition turns zero.

There are two types of addition: binary operation and BCD operation. The addition type is specified by the
BCD fiag (BCD) of PSW.

(3) Example 1
Value 5 is added to the content of address 0.2FH, and the result is stored to address 0.2FH.
0.2FH « (0.2FH) +5
ADD 2FH, #05H

Example 2
Value 5 is added to the content of address 0.6FH, and the result is stored to address 0.6FH. If IXE = 1,
IXH =0, IXM = 4, and IXL =0, that is, if IX = 0.40H, then the data memory 0.6FH can be specified by setting
the data memory address at 2FH.
0.6FH « (0.6FH) + 05H
ORed result of the index register content 0.40H and data
memory address 0.2FH
MOV BANK, #00H ; Data memory bank O
MOV IXH, #00H ; IX «+ 000010000008 (0.40H)
MOV IXM, #04H

MOV IXL, #00H
SET1 IXE ; IXEflag+1
ADD 2FH, #06H ; IX 000010000008

; Bank operand OR ) 000001011118 (0.2FH)
; Specified address 000011011118 (0.6FH)
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Example 3
Value 5 is added to the content of address 2.2FH, and the result is stored to address 2.2FH. If IXE = 1,
IXH =1, XM = 0 and IXL = 0, that is, if IX =2.00H, then the data memory 2.2FH can be specified by setting
the data memory address at 2FH.
2.2FH « (2.2FH) + 05H

ORed result of index register content 2.00H and data

memory address 0.2FH
MOV BANK, #00H ; Data memory bank 0
MOV IXH, #01H ; iX «+ 001000000008
MOV IXM, #00H
MOV XL, #00H
SET1 IXE . IXEflag«1
ADD 2FH, #05H ; IX 001000000008 (2.00H)

Bank operand OR ) 000001011118 (0.2FH)
. Specified address 00100101111B (2.2FH)

(4) Note
If CMP flag = 1, then no addition result is stored.
If BCD flag = 1, the result of decimal operation is indicated.

315




uPD17K-FAMILY N E C

33 ADDCr,m Add data Y to g | register with carry flag

(1) Instruction code

[ [~ [~ [ ]

(2) Function
If CMP =0, then R « (R) + (M) + CY
The content of general-purpose register indicated by R, the content of data memory addressed by M and the
value of carry flag (CY) are added, and the result is stored into the general-purpose register indicated by R.
If CMP = 1, then (R) + (M) + CY
The result of addition is not stored. Only the flag is changed.

Use of this ‘“ADDC’ instruction permits addition to two words or more can be performed easily.

If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is reset.
If the result of addition is other than zero, then zero flag (Z) is reset.

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. |f the compare
flag is set (CMP = 1), the zero flag (Z) will not change when the result of addition turns zero.

There are two types of addition: binary operation and BCD operation. The addition type is specified by the
BCD flag (BCD) of PSW.

(3

Example 1
When row address O (0.00H to 0.0FH) of bank 0 is specified as a general-purpose register, the 12-bit content of
address 0.2DH-0.2FH is added to the 12-bit content of address 0.0DH-0.0FH, and then the result is stored into
the 12-bit area of address 0.0DH-0.0FH.

0.0FH «+ (0.0FH) + (0.2FH)

0.0EH « (0.0EH) + (0.2EH) + CY

0.0DH < (0.0DH) + (0.2DH) + CY

MOV BANK, #00H ; Data memory bank 0

MOV RPH, #00H ; General-purpose register bank O

MOV RPL, #00H ; General-purpose register row address O

ADD OFH, 2FH

ADDC 0EH, 2EH

ADDC ODH, 2DH
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Example 2
When row address 2 (1.20H to 1.2FH) of bank 1 is specified as a general-purpose register, the 12-bit content of
address 1.2DH to 1.2FH is shifted to the left including a carry flag by one.

cy Bank 2 Bank 2 Bank 2 cy
(Carry flag) Address 20H Address 2EH Address 2FH (Carry flag)

O-0- 00 0- 0000

MOV RPH, #01H ; General-purpose register bank 1

MOV RPL, #04H ; General-purpose register row address 2
MOV BANK; #01H ; Data memory bank 1

ADDC OFH, 2FH

ADDC OEH, 2EH

ADDC ODH, 2DH

Example 3
The content of address 0.0FH and the contents of addresses 0.40H to 0.4FH are added, and then store the
result into address 0.0FH.
0.0FH « (0.0FH) + (0.40H) + (0.41H) + ... + (0.4FH)
MOV BANK, #00H ; Data memory bank 0
MOV RPH, #00H ; General-purpose register bank O
MOV RPL, #00H General-purpose register row address 0
MOV IXH, #00H ; IX « 000010000008 (0.40H)
MOV XM, #04H
MOV XL, #00H

LOOP1:
SET1 IXE ; IXE flag <1
ADD OFH, 00H
CLR1 IXE ; IXEflag«0
INC IX ;o IX X+
SKE IXL, #0
JMP LOOP1
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Example 4
The 12-bit contents of addresses 1.40H to 1.42H are added to the 12-bit contents of addresses 0.0DH to 0.0FH,
then the result is stored to the 12-bit area of addresses 0.0DH to 0.0FH. —
0.0DH « (0.0DH) + (1.40H)
0.0EH + (0.0EH) + (1.41H) + CY
0.0FH + (0.0FH) + (1.42H) + CY
MOV BANK, #00H ; Data memory bank 0
MOV RPH, #00H ; General-purpose register bank O
MOV RPL, #00H ; General-purpose register row address O

MOV IXH, #00H ~; 1X 00011000000 (1.40H)
MOV IXM, #0CH

MOV IXL, #00H

SET1 IXE . IXE flag <1

ADD ODH, 00H ; 0.0DH <« (0.0DH) + (1.40H)

ADDC OEH, 01H ; 0.0EH « (0.0EH) + (141H)
ADDC OFH, 02H ; 0.0FH <« (0.0FH) + (1.42H)
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3.4 ADDCm, #i Add immediate data to data memory with carry flag

(1) Instruction code

| 10010 ‘ my I m [ i J

(2) Function

(3

IfCMP=0: M« (M) +i+CY

The values of immediate data i and carry flag (CY) are added to the content of data memory addressed by M,
and the result is stored to the data memory addressed by M.

IfCMP=1: (M)+i+CY

The result is not stored. Only the flag is changed.

If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is
reset.

If the result of addition is other than zero, then zero flag (Z) is reset.

if the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare
flag is set (CMP = 1), the zero flag (Z) will not change when the result of addition turns zero.

There are two types of addition: binary operation and BCD operation. The addition type is specified by the
BCD flag (BCD) of PSW.

Example 1
The value 5 is added to the 12-bit contents of addresses 0.0DH to 0.0FH, and then the result is stored to the
addresses 0.0DH to 0.0FH.

0.0FH « (0.0FH) + 05H

0.0EH « (0.0EH) + CY

0.0DH « (0.0DH) + CY

MOV BANK, #00H; Data memory bank O

ADD OFH, #05H

ADDC OEH, #00H

ADDC 0DH, #00H
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‘Example 2 . . :
The value 5 is added to the 12-bit contents of addresses 0.4DH to 0.4FH, and the result is stored to the ad-
dresses 0.4DH to 0.4FH.

0.4FH « (0.4FH) + 05H

0.4EH « (0.4EH) + CY

0.4DH « (0.4DH) + CY

MOV BANK, #00H ; Data memory bank 0

MOV IXH, #00H ; 1X < 000010000008 (0.40H)

MOV IXM, #04H

MOV XL, #00OH

SET1 IXE . IXEflag+1

ADD OFH, #5 0.4FH < (0.4FH) + 05H
ADDC OEH, #0 0.4EH « (0.4EH) + CY
ADDC ODH, #0 0.4DH « (0.4DH) + CY
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35 SUBr,m Subtract data memory from general register

(1) Instruction code

(oo [~ [~ [ ]

(2) Function

(3

1f CMP=0: R« (R) — (M)

The content of data memory addressed by M is subtracted from the content of general-purpose register indi-
cated by R, and the result is stored into the general-purpose register indicated by R.

IfCMP=1: (R) — (M)

The result is not stored. Only the flag is changed.

If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY)
is reset.

If the result of subtraction is other than zero, then zero flag (Z) is reset.

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero.

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by
the BCD flag (BCD) of PSW.

Example 1
When row address 0 (0.00H to 0.0FH) of bank O is specified as general-purpose register (RPH =0, RPL = 0), the
content of address 0.2FH is subtracted from the content of address 0.03H, then the result is stored to the
address 0.03H.

0.03H « (0.03H) — (0.2FH)

SUB 03H, 2FH

Example 2
When bank 1 row address 2 (1.20H to 1.2FH) is specified as general-purpose register (RPH = 1, RPL = 4), the
content of address 0.2FH is subtracted from the content of address 1.23H, and the result is stored to the
address 1.23H.

1.23H « (1.23H) — (0.2FH)

MOV BANK, #00H ; Data memory bank O

MOV RPH, #01H ; General-purpose register bank 1

MOV RPL, #04H ; General-purpose register row address 2

SUB 03H, 2FH
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Example 3
The content of address 0.6FH is subtracted from the content of address 0.03H, and the resuit is stored to the
address 0.03H. If IXE =1, IXH=0,1XM=4,and IXL =0, that is, if IX =0.40H, then the data memory 0.6FH
can be specified by setting the data memory address at 2FH.
0.03H <« (0.03H) ~ (0.6FH)
MOV BANK, #00H ; Data memory bank 0
MOV RPH, #00H ; General-purpose register bank 0
MOV RPL, #00H ; General-purpose register row address O
MOV IXH, #00H ; IX < 00001000000B (0.40H)
MOV IXM, #04H ;
MOV IXL, #00H ;
SET1 IXE i IXEflag <1
SUB 03H, 2FH ;X 000010000008 (0.40H)
; Bank operand OR l 000001011118 (0.2FH)
; Specified address 00001101111B (0.6FH)

Example 4
The content of address 2.3FH is subtracted from the content of address 0.03H, and the result is stored to the
address 0.03H. If IXE =1, IXH = 1, IXM= 1 and IXL =0, that is, if IX =2.10H, then the data memory 2.3FH
can be specified by setting the data memory address at 2FH.

0.03H « (0.03H) — (2.3FH)

MOV BANK, #00H ; Data memory bank O

MOV RPH, #J00H ; General-purpose register bank O

MOV RPL, #00H ; General-purpose register row address O

MOV IXH, #01H ; IX +00100010000B (2.10H)

MOV IXM, #01H ;
MOV IXL, #00H
SET1 IXE ; IXE flag <1
SUB 03H, 2FH ;IX 001000100008 (2.10H)
; Bank operand OR ) 00000101111B (0.2FH)
; Specified address 001001111118 (2.3FH)
(4) Note

The 1st operand of the ‘SUB r, m’ instruction must be a general-purpose register address. The address 03H is
specified as a register if described as follows. This will not cause an error in assembling.

SUB 13H, 2FH
The general-purpose register address must fall within the range from 00H to OFH

(with register pointer set at other than row address 1).
If CMP flag = 1, the subtracted result is not stored.
If BCD flag = 1, the result of decimal operation is stored.
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3.6 SUBm, #i Subtract immediate data from data memory

(1) Instrctuion code

| 10001 | my ‘ mp l i J

(2) Function

(3

IfCMP=0: M« (M) —i

The immediate data i is subtracted from the content of data memory addressed by M, and the result is stored
into the data memory addressed by M.

IfCMP=1: (M) —i

The result is not stored. Only the flag is changed.

If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY)
is reset.

If the result of subtraction is other than zero, then zero flag (Z) is reset.

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero.

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by
the BCD flag (BCD) of PSW.

Example 1

Value 5 is subtracted from the contents of address 0.2FH, and the result is stored to the address 0.2FH.
0.2FH « (0.2FH) — 5
SUB 2FH, #05H

Example 2
The value 5 is subtracted from the content of address 0.6FH, and the result is stored to the address 0.6FH. If
IXE=1,IXH=0, IXM =4, and IXL = 0, that is, if IX = 0.40H, then the data memory 0.6FH can be specified
by setting the data memory address at 2FH.
0.6FH « (0.6FH) — 5
ORed result of the content 0.40H of index register and the data

memory address 0.2FH
MOV BANK, #00H ; Data memory bank O
MOV IXH, #00H ; IX <+ 00001000000B (0.40H)

MOV IXM, #04H ;

MOV IXL, #00H ;

SET1 IXE ; IXEflag <1

SUB 2FH, #05H ; IX 000010000008 (0.40H)
; Bank operand OR ) 00000101111B (0.2FH)
+  Specified address 000011011118 (0.6FH)
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NEC

Example 3

The value 5 is subtracted from the content of address 2.2FH, and the result is stored to the address 2.2FH. If
IXE=1,IXH=1,1XM =0, and IXL = 0, that is, if IX = 2.00H, then the data memory 2.2FH can be specified
by setting the data memory address at 2FH.

2.2FH < (2.2FH) -5

ORed result of the content 2.00H of index register and the data
memory address 0.2FH

MOV BANKO, #00H;
MOV IXH, #01H
MOV IXM, #00H ;
MOV IXL, #00H ;
SET1 IXE ;
SUB 2FH, #05H

(4) Note

Data memory bank 0
X + 001000000008 (2.00H)

IXE flag « 1

IX 001000000008 (2.00H)
Bank operand OR ) 00000101111B (0.2FH)
Specified address 001001011118 (2.2FH)

If CMP flag = 1, no subtract result is stored.
If BCD flag = 1, the result of decimal operation is stored.
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3.7 SUBCr, m Subtract data memory from general register with carry flag

(1) Instruction code

(o [ [ [ ]

(2) Function

t€)

IfCMP=0: R« (R) - (M) —CY

The content of data memory indicated by address M and the value of carry flag (CY) are subtracted from the
content of general-purpose register indicated by R, and the result is stored into the general-purpose register
indicated by R. Use of this SUBC instruction permits subtraction of more than two words to be performed
easily.

If CMP=1: (R) — (M) —CY

The result is not stored. Only the flag is changed.

If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY)
is reset.

If the result of subtraction is other than zero, then zero flag-(Z) is reset.

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero.

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified
by the BCD flag (BCD) of PSW.

Example 1
When bank 0 row address O (0.00H to 0.0FH) is specified as general-purpose register, the 12-bit contents of
addresses 0.2DH to 0.2FH are subtracted from the 12-bit content of addresses 0.0DH to 0.0FH, and then the
result is stored into the 12-bit area of addresses 0.0DH to 0.0FH.

0.0FH <« (0.0FH) — (0.2FH)

0.0EH « (0.0EH) — (0.2EH) — CY

0.0DH « (0.0DH) — (0.2DH) — CY

SUB OFH, 2FH

SUBC OEH, 2EH

SUBC ODH, 2DH
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Example 2
The contents of 12 bits from addresses 1.40H to 1.42H are subtracted from the contents of 12 bits from ad-
dresses 0.0DH to 0.0FH, and then the result is stored to the 12 bits from 0.0DH to 0.0FH.
0.0DH « (0.0DH) — (1.40H)
0.0EH « (0.0EH) — (1.41H) — CY
0.0FH « (0.0FH) — (1.42H) — CY
MOV BANK, #00H ; Data memory bank 0
MOV RPH, #00H ; General-purpose register bank O
MOV RPL, #00H ; General-purpose register row address 0
MOV IXH, #00H ; X« 000110000008 (1.40H)
MOV IXM, #0CH ;
MOV IXL, #00H ;

SET1 IXE s IXE flag « 1

SUB ODH, 00H ; 0.0DH « (0.0DH} — (1.40H)

SUBC OEH, 01H ; 0.0EH « (0.0EH) — (1.41H)

SUBC OFH, 02H ; 0.0FH « (0.0FH) — (1.42H)
Example 3

The contents of 12 bits from addresses 0.00H to 0.03H and the contents of 12 bits from addresses 0.0CH to
0.0FH are compared. If identical, jump is made fo LAB1; if different, jump is made to LAB2.

SET2 CMP, Z ; CMPflag« 1, Zflag« 1

SUB O0H, OCH ; The contents of addresses 0.00H-0.03H

SUBC 01H, ODH ; are not changed because the CMP flag is

SUBC 02H, OEH ; set.

SUBC 03H, OFH

SKF1 Z . If proven as identical by comparison, Z
BR LAB1 . flag =1; if proven as different, Z
BR LAB2 , flag=0.

LAB1:

LAB2:
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3.8 SUBCm, #i Subtract immediate data from data memory with carry flag

(1) Instruction code

I I N

(2) Function
1fCMP=0: M« (M) —i—CY
The immediate data i and the value of carry flag (CY) are subtracted from the content of data memory ad-
dressed by M, and the result is stored into the data memory addressed by M.
1fCMP=1: (M) —i—CY
The result is not stored. Only the flag is changed.

If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY)
is reset.

If the result of subtraction is other than zero, then zero flag (Z) is reset.

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero.

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by
the BCD flag (BCD) of PSW.

@

Example 1
Value 5 is subtracted from the contents of 12 bits of addresses 0.0DH to 0.0FH, and the result is stored to
addresses 0.0DH to 0.0FH.

0.0FH « (0.0FH) — 05H

0.0EH « (0.0EH) — CY

0.0DH « (0.0DH) — CY

SUB OFH, #05H

SUBC OEH, #00H

SUBC ODH, 00H

Example 2
Value 5 is subtracted from the contents of 12 bits of addresses 0.4DH to 0.4FH, and the result is stored into
addresses 0.4DH to 0.4FH.

0.4FH « (0.4FH) — O5H

0.4EH « (0.4EH) — CY

0.4DH « (0.4DH) — CY

MOV BANK, #00H ; Data memory bank 0

MOV IXH, #00H ; IX <« 000010000008 (0.40H)

MOV XM, #04H ;

MOV IXL, #00H

SET1 IXE i IXE flag <1

SUB OFH, #5  ; (0.4FH) (0.4FH) — 0BH
SUBC OEH, #0  : (0.4EH) (0.4EH) — CY
SUBC ODH, #0  ; (0.4DH) (0.4DH) — CY
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NEC

Example 3

The contents of 12 bits of addresses 0.00H to 0.03H and 0A3FH of the immediate data are compared. If.
identical, jump is made to LAB?; if different, jump is made to LAB2.

SET2 CMP, Z
SUB O0H, #0H

.

.

SUBC O1H, #AH;
SUBC 02H, #3H ;

SUBC 0O3H, #FH

SKF1 Z
BR  LAB1
BR  LAB2
LAB1:
LAB2:

CMP flag « 1, Z flag < 1

The contents of addresses 0.00H to 0.03H
remain unchanged because the CMP flag is
set.

If identical in comparison, Z flag=1;
if different, Z flag=0
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3.9

INC AR I dd

(1) Instruction code

| 00111 | 000 | 1001 I 0000 J

(2) Function

3

AR« (AR) +1
Address register (AR) is incremented. 3

Example 1
Value 1 is added to the contents of 16 bits of AR3 to ARQ (address register) in the system register, and the
result is stored from AR3 to ARO.
ARO < ARO + 1
AR1 <« AR1+CY
AR2 < AR2 + CY
AR3 < AR3+CY
INC AR
This instruction can be performed by using addition instruction as follows:
ADD ARO, #01H
ADDC AR1, #00H
ADDC AR2, #00H
ADDC AR3, #00H

Example 2
The table data is transferred to DBF (data buffer) in units of 16 bits (one address). (For details, refer to 3.26
’MOVT Instruction”.)

; Address Table data
010H DW OF3FFH
011H DW 0A123H
012H DW OFFF1H
013H DW OFFF5H
014H DW OFF11H
MoV AR3, #0H ; Table data address
MOV AR2, #0H ; O0O10H is set into address
MOV AR1, #1H ; register.
MoV ARO, #0H
LOOP:
MOVT @AR ,  Table data is read into DBF.
;  Table data referencing
INC AR ;  Address register is incremented
BR LOOP by 1.
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(4) Note
The number of bits allowed for use with address registers (AR3, AR2, AR1, ARO) vary with the device types.
When using, reference should be made to the appropriate manual of the device to be used.

3-30



N E C uPD17K-FAMILY

3.10 INCIX Increment index register

(1) Instruction code

(o [ = [ o [ ]

(2) Function

(3

IX«(I1X) +1
The index register (1X) is incremented.

Example 1
Value 1 is added to the content of 12 bits of IXH to IXL (index register) in the system register, and the result is
stored into the IXH to IXL.
IXL<IXL+1
IXM < IXM+CY
IXH < IXH+CY
INC IX
This operation can be performed by using the addition instruction as follows:
ADD IXL, #01H
ADDC IXM, #00H
ADDC IXH, #00H

Example 2

The contents of data memory 0.00H to 0.73H are all turned ‘0 using the index register.
MOV IXH, #00H ; The contents of index register
MOV IXM, #00H ; are all set at 00H of bank 0.

MOV IXL, #00H ;
RAM clear:
SET1 IXE ; IXEflag <1
MOV 00H, #00H ; 0is written into the data memory indicated by the index register.
CLR1 IXE ; IXEflag«0
INC 1X
SET2 CMP, Z ; CMPflag«1,Zflag«1
SUB IXL, #03H ; Whether the content of index

SUBC IXM, #07H ; register turned to 73H of bank O
SUBC IXH, #00H ; is checked.

SKT1 Z . Loop is repeated until the contents
BR RAMclear ; of index register turns to 73H of
; bank 0.
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3.11 SKE m, #i Skip if data memory equal to immediate data

(1) Instruction code

I 01001 | mH | mp | i J

(2) Function
If the content of the data memory addressed by M is equal to the value of immediate data i, then the instruction
that follows is skipped.

(3) Example
OFH is transferred to address 24H if the content of address 24H is 0. If not 0, control jumps to OPE1.
SKE 24H, #00H
BR OPE1
MOV 24H, #0FH
OPE1 :
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3.12 SKGE m, #i Skip if data memory greater than or equal to immediate data

(1) Instruction code

(o [~ [~ [ ]

(2) Function

(3

If the content of the data memory addressed by M is greater than the value of immediate data i, then the 3
instruction that follows is skipped.

Example
If the 8-bit data stored in address 1FH (upper) and address 2FH (lower) is greater than the immediate data
‘17H’, then RET occurs; otherwise, RETSK occurs.

SKGE 1FH, #1

RETSK

SKNE 1FH, #1

SKLT 2FH, #8 ; 7+1

RET

RETSK
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3.13 SKLTm, #i Skip if data y less than immediate data

(1) Instruction code

| 11011 | my | mp l i I

(2) Function
If the content of data memory addressed by M is less than the value of immediate data i, then the instruction
that follows is skipped.

(3) Example
If the content of address 10H is greater than the immediate data ‘6’, then O1H is stored into address OFH; if
less than the immediate data ‘6’, 02H is stored into address OFH.
MOV  OFH, #02H
SKLT 10H, #06H
MOV  OFH, #01H
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3.14 SKNE m, #i Skip if data memory not equal to immediate data

(1) Instruction code

| 01011 | my | mp | i —|

(2) Function
If the content of data memory addressed by M is different from the value of immediate data i, then the instruc-
tion that follows is skipped.

(3) Example
If the content of address 1FH is 1 and the content of 1EH is 3, then control jumps to XYZ; if not, control
jumps to ABC. Comparison of 8 bits can be performed by combining the instructions as shown below:

3 1
SKNE 1FH, #1
SKE 1EH, #3
BR ABC
BR XYz
The same operation can be performed by using the compare flag and zero flag, as shown below.
SET2 CMP, Z ; CMPflag«1,Zflag<+1
SUB 1FH, #1
SUBC 1EH, #3
SKT1 Z
BR ABC
BR XYZ
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3.15 AND m, #i AND ¢ data y and i diate data

(1) Instruction code

I 10100 I my | my | i |

(2) Function
M« (M) AND i
The content of data memory addressed by M and the immediate data are ANDed, and the result is stored into
the data memory addressed by M.

(3) Example 1
Bit 3 (MSB) of address 0.03H is reset.
0.03H « (0.03H) and 01118B

Address 0.03H
I 1] x | x x l x: Don‘t care

AND 03H, #0111B
Example 2
All the bits of address 0.03H are reset.

AND 03H, #0000B
or

MOV 03H, #00H
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3.16 ANDr,m AND b 9 | register and data Y

(1) Instruction code

(oo [ w [ w [ ]

(2) Function
R « (R) AND (M)
The content of general-purpose register indicated by R and the content of data memory addressed by"M are
ANDed, and the result is stored into the general-purpose register indicated by R.

(3) Example 1
The content (1010B) of address 0.03H and the content (0110B) of address 0.2FH are ANDed, and the result
(0010B) is stored into address 0.03H.
0.03H « (0.03H) and (0.2FH)

ENEAENER R

and

LO I 1 1 l 0 I Address 2FH

I 0 | 0 1 l 0 I Address 03H

MOV 03H, #1010B
MOV 2FH, #01108
AND 03H, 2FH
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NEC

data y and i diate data

3.177 ORm, #i ORb

(1) Instruction code

| 10110 ‘ my [ mp

(2) Function
M <« (M) OR i

The content of data memory addressed by M and the immediate data i are ORed, and the result is stored into

the data memory addressed by M.
(3) Example 1
Bit 3 (MSB) of address 0.03H is set.
0.03H « (0.03H) or 1000B
Address 0.03H

EIERENEN

OR 03H, #10008

x: Don‘t care

Example 2

All the bits of address 0.03H are set.
OR 03H, #1111B
or
MOV  03H, #0FH
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3.18 ORr,m OR between general register and data memory

(1) Instruction code

l 00110 ‘ my ; mp ‘ r I

(2) Function
R« (R)OR (M)
The content of general-purpose register indicated by R and the content of data memory addressed by M are
ORed, and the result is stored into the general-purpose register indicated by R.

(3) Example 1
The content (1010B) of address 0.03H and the content (0111B) of address 0.2FH are ORed, and the result
(11118B) is stored into address 0.03H.
0.03H < (0.03H) or (0.2FH)

| 1 } 0 ‘ 1 ‘ 0 l Address 03H
or

| 0 l 1 1 ‘ 1 J Address 2FH

l 1 l 1 1 ‘ 1 | Address 03H

MOV  03H, #1010B
MOV  2FH, #0111B
OR 03H, 2FH
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3.19 XORm, #i Exclusive OR b data + and iniediate data

(1) Instruction code

I 10101 ‘ mH l m [ i J

(2) Function
M < (M) XOR i
The content of data memory addressed by M and the immediate data i are XORed, and the result is stored into
the data memory addressed by M.

(3) Example
The bit 1 and bit 3 of address 0.03H are inverted, and the result is stored into address O3H.

0 I 0 ] Address 03H

rO l 1 1 I 0 I Address 03H

T Inverted bits

XOR  03H, #1010B
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3.20 XORr, m Exclusive OR between general register and data memory

(1) Instruction code

(2) Function
R« (R) XOR (M)
The content of general-purpose register indicated by R and the content of data memory addressed by M are
XORed, and the result is stored into the general-purpose register indicated by R.

(3

Example 1

The content of address 0.03H and the content of address 0.0FH are compared, and the different bits are set and
stored into address 0.03H. If all bits of 0.03H are reset (that is, the address 0.03H and address 0.0FH have the
same content), then control jumps to LBL1; otherwise, jumps to LBL2.

This operation occurs when the status of an alternate switch (content of address 0.03H) and internal status
(content of address 0.0FH) are compared and branch is made to the processing of changed switch.

| 1 | 0 I 1 t 0 J Address 03H
X or
I (o] ‘ 1 1 ] OJ Address OFH
l 1 ‘ 1 0 ‘ 0 I Address 03H
Changed bits
XOR  O3H, OFH
SKNE 03H, #00H
BR LBL1
BR LBL2
Example 2
The content of address 0.03H is cleared.
[0|1[°|1| Address 03H
x or
l V] ] 1 0 l 1J Address 03H
I 0 I 0 0 | o J Address 03H

XOR  03H, 03H
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321 LDrrm Load data Y to g I

(1) Instruction code

| 01000 ] my l mp ‘ r I

(2) Function
R« (M)
The content of data memory addressed by M is stored into the general-purpose register indicated by R.

(3) Example 1
The content of address 0.2FH is stored into address 0.03H.
0.03H + (0.2FH)
LD  03H, 2FH

BANKO

01 2 3 45 6 7 8 9 ABGCDE F

o

«—General-purpose
register

f—e—

N O a s WN

System register

Example 2
When row address 2 of bank 1 (1.20H to 1.2FH) is specified as general-purpose register (RPH = 1, RPL = 4), the
content of address 0.2FH is stored into address 1.23H.

1.23H « (0.2FH)

MOV RPH, #01H ; Bank 1 is selected for general-purpose register.
MOV RPL, #04H ; Row address 2 is selected for general-purpose register
LD O03H, 2FH
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BANK O
01t 2 3 45 6 78 9 ABCDEF
0
1
2
3
4
5
6 g
7 System register /
BANK 1
01 2 3 4 5 6 7 8 9 ABCDEF
0
1 L
2 «——General-purpose
3 register
4
5
6
7 System register

Example 3
The content of address 0.6FH is stored into address 0.03H. If IXE=1, IXH=0, IXM=4,and IXL =0, that is,
if IX = 0.40H, then the data memory 0.6FH can be specified by setting the data memory address at 2FH.
IXH < 00H
IXM < 04H
IXL < 00H
IXE flag < 1
0.03H « (0.6FH)
Address obtained by computing OR of the content (0.40H) of
index register and the content (0.2FH) of data memory.
MOV iXH, #00H ; X « 000010000008 (0.40H)
MOV IXM, #04H
MOV XL, #00H
SET1 IXE s IXE flag <1
LD 03H, 2FH
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BANK O

01 2 3 456 7 8 9 ABCDE F

[=]

«—General-purpose
register

N o o bh W N o

System register

Example 4
The content of address 2.3FH is stored into address 0.03H. If IXE=1,IXH=1,IXM=1,and IXL=0, that is,
if IX = 2.10H, then the data memory 2.3FH can be specified by setting the data memory address at 2FH.
0.03H « (2.3FH)
Address obtained by computing OR of the content (2.10H) of
index register and the content (0.2FH) of data memory
MOV IXH, #01H ; IX < 001000100008 (2.10H)
MOV XM, #01H
MOV IXL, #00H
SET1 IXE i IXEflag«1
LD O3H, 2FH

BANK O

01 2 3 4 5 6 7 8 9 ABCDE F
—F

«—General-purpose
register

N O 0 b W N Lo O

System register

BANK 2

01 2 345 6 7 8 9 ABCDEF

N o b W N s O

System register
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(4) Note
The 1st operand of the ‘LD r, m’ instruction is the column address of the general-purpose register. If described

as shown below, the column address of the general-purpose register is set at 03H. This will cause no error in

assembling.
LD 13H, 2FH
Column address of general-purpose register is meant, and the lower four bits

are significant. If row address O of bank O is specified as general-purpose
register, the address O3H is specified.
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322 STm,r Store general register to data memory

(1) Instruction code

N B N

(2) Function
M <« (R)
The content of general-purpose register indicated by R is stored into the data memory addressed by M.

(3) Example 1
The content of address 0.03H is stored into address 0.2FH.

(0.2FH) « (0.03H)
ST 2FH, 03H ; The content of general-purpose register is transferred to data memory.
BANK 0

01 2 3 45 6 7 8 9 ABCDE F

o

«——General-purpose
register

N o oA W N =

System register

Exampie 2
The content of address 1.13H is stored into address 0.2FH. The general-purpose register is specified at row
address 1 of bank 1 (1.10H to 1.1FH) by using register pointer.

(0.2FH) « (1.13H)

MOV RPH, #01H ; General-purpose register is set in bank 1

MOV RPL, #02H ; General-purpose register is set at row address 1.

ST 2FH, 13H ; The content of general-purpose register is transferred to data memory.
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BANK 0
01 2 3 45 6 7 8 9 ABCDE F
0
1
2
3
4
5
6
7 System register /
BANK 1
01 2 3 456 7 8 9 ABCDE F
0
1 — «—— General-purpose
2 register
3
4
5
6
7 System register

Example 3
The content of address 0.00H is stored into the addresses 0.18H to 0.1FH. The data memory (18H to 1FH) is
specified by index register.

(0.18H) « (0.00H)

(0.19H) < (0.00H)

(0.1FH) <+ (0.00H)
MOV IXH, #00H; [X <« 000000000008 (0.00H)
MOV XM, #00H
MOV IXL, #00H ; Address 0.00H is specified for data memory.
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LOOP1:
SET1 IXE . IXE flag « 1
ST 18H, O0OH ;. (0.1XH) + (0.00H)
CLR1 IXE i IXE flag«0
INC X ; Index register + 1
SKGE IXL, #08H
BR LOOP1
BANK 0

o

N O bdAWN -

0

1

2 3 4 5 6 78 9 ABCDEF

«—— General-purpose

RAY

register

System register
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3.23 MOV @r, m Move data y to

(1)

(2)

(3)

e et S enndl

Instruction code
[ 01010 my ’ mp ’ r I

Function

If MPE=1:

[(MP), (R)] « (M)

If MPE = 0:

[my, (R)] « (M)

The content of data memory addressed by M is stored into the data memory indicated by general-purpose
register R. If MPE = 0, transfer occurs within the same row address of the same bank.

Example 1
The content of address 0.20H is stored into address 0.2FH. The destination data memory is specified by the
column address indicated by the general-purpose register (0OH) and the row address of data memory (20H).
(0.2FH) < (0.20H)
CLR1 MPE 5 MPE flag«+0
MOV O0H, #0FH ; Column address is set at general-purpose register
MOV @O00H, 20H ; Store.

BANK O

01 2 3 45 6 7 8 9 ABCDEF

«— General-purpose
register

N OO A~ W N

System register
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NEC

The content of address 0.20H is stored into address 0.3FH. The destination data memory is specified by the
column address indicated by general-purpose register (00H) and the row address indicated by the memory
pointer (MP).

(0.3FH) « (0.20H)

MOV RPH, #00H ; General-purpose register is set on bank 0

MOV RPL, #00H ; General-purpose register is set at row address O
MOV 00H, #0FH ; Column address is set in general-purpose register

MOV MPH, #00H
MOV MPL, #03H
SET1 MPE

MOV @00H, 20H

Row address is set in memory pointer.

MPE flag « 1
Store.

«——General-purpose

register

BANK O
01 2 3 456 789 ABGCDEF
1
2
3
4
5
6
7 System register

Example 3
The content of address 0.10H is stored into addresses 1.10H to 1.1FH.

(1.10H) + (0.10H)
(1.11H) « (0.10H)

(1.1FH) < (0.10H)
MOV RPH, #00H
MOV RPL, #00H
MOV 00H, #00H
MOV MPH, #00H
MOV MPL, #09H
SET1 MPE
LOOP 1:

MOV @O00H, 10H
ADD 00H, #01H
SKT1 cY

BR LOOP1

'

General-purpose register is set on bank 0.
General-purpose register is set at row address 0.
Column address is set in general-purpose register.
Bank 1 and row address 1 are set for memory pointer.

MPE flag « 1
[(MP), (00H)] « (10H)

Column address + 1
Operation completed for address 1FH of bank 1?
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BANK O

12 3 465 6 7 8 9 A BZCDEF

General-purpose

0 register
1
2
3
4
5
6
7 System register
BANK 1
A A Ta
KRR AR AEARANARARARARARAL
1 i
2
3
4
5
6
7 System register
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3.24 MOV m,@r Move data memory tn destination iodi

(1) Instruction code

[ 11010 I my I mp l r ]

(2) Function
I1f MPE = 1: (M) < [(MP), (R)]
If MPE =0: (M) « [my, (R)] .
The content of data memory indicated by the general-purpose register R is stored into the data memory ad-
dressed by M. When MPE = 0, this movement occurs within the same row address on the same bank.

(3

Example 1
The content of address 0.2FH is stored into address 0.20H. The destination data memory is specified by the
column address indicated by the general-purpose register (00OH) and the row address of the data memory (20H).
(0.20H) «(0.2FH)
CLR1 MPE ; MPE flag«0
MOV 00H, #0FH ; Column address is set at general-purpose register
MOV 20H, @00H ; Store

BANK O

0 1 2 3 4 56 7 89 ABCDEF

(=]

«——General-purpose
register

N OO s WN -
[

System register

Example 2
The content of address 0.3FH is stored into address 0.20H. The destination data memory is specified by the
column address indicated by general-purpose register (00H) and the row address indicated by memory pointer
(MP).

(0.20H) « (0.3FH)

MOV 00H, #0FH ; Column address is set at general-purpose register

MOV MPH, #00H ; Row address is set at memory pointer.

MOV MPL, #03H ;

SET1 MPE ; MPE flag « 1

MOV 20H, @00H ; Store
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BANK O

0 1 2 3 45 6 78 9 ABCDEF

«— General-purpose

register

N O OSs W N = O

System register

Example 3

The contents of addresses 0.20H to 0.2FH are stored into addresses 1.10H to 1.1FH. The storing data memory
is specified by the column address indicated by the general-purpose register (00H) and memory pointer (MP) or
row address of data memory (20H).

(1.10H) « (0.20H)
(1.11H) « (0.21H)
(1.12H) « (0.22H)

(1.1FH) < (0.2FH)
CLR1 MPE
MOV O0H, #00H
MOV MPH, #00H
MOV MPL, #09H
LOOP1:
MOV 20H, @00H
SET1 MPE
MOV @O00H, 20H
CLR1 MPE
ADD 00H, #01H
SKT1 CY
BR LOOP1

MPE flag + 0

Column address is set in the general-purpose register.
Memory pointer is set.

Bank 1, row address 1

(20H) « [2, (00H)]

MPE flag « 1

[{MP), (00H)] < (20H)

MPE flag «+ 0

Column address +1

Up to 1FH of bank 1 terminated
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BANK 0

01 23 456 78 9 AB-CDEF

<,

RN «— General-purpose register
The data is transferred via 20H.

N O O b W N - O
7

~ System register

|

N OO s W N - O

System register
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3.25 MOV m, #i Move immediate data to data memory

(1)

(2)

(3

Instruction code

I T S

Function
(M) «i
The immediate data i is stored in the data memory addressed by M.

Example 1

The immediate data OAH is stored to address 0.50H used as data memory.
0.50H « OAH
MOV 50H, #0AH

Example 2
If IXH =0, IXM = 3, IXL = 2 and IXE flag = 1 when address 0.00H is specified as data memory, then the
immediate data O7H is stored into address 0.32H.

0.32H « 07H

MOV IXH, #00H ; 11X« 000001100108 (0.32H)

MOV IXM, #03H

MOV IXL, #02H

SET1 IXE ; IXE flag« 1

MOV 00H, #07H
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NEC

3.26 MOVT DBF,

(1) Instruction code

@AR

Move program memory data specified by AR to DBF

L 00111 !

000 | 0001 ’ 0000 ]

(2) Function
SP+SP -1,
STACK «PC,
DBF « (AR)om,
PC « STACK,
SP+SP+1

The content of program memory addressed by address register AR is stored into data buffer DBF.
Attention should be paid to the nesting such as subroutine and interruption, because this instruction temporari-
ly uses one level of stack.

(3

Example 1

The 16-bit table data is transferred to the data buffers (DBF3, DBF2, DBF1, DBFO0) according to the values of
address registers (AR3, AR2, AR1, ARO) in the system register.

B

Address
0010H
0011H

:** Table data

-

ORG 0010H

DW 0000000000000000B ; (0000H)
DW 1010101111001101B; (QABCDH)

.
.

;** Table reference program

o

MOV AR3, #00H ;
MOV AR2, #00H ;
MOV AR1, #01H ;
MOV ARO, #01H ;
MOVT DBF, @AR ;

AR3 « 00H 0011H is set in address register.
AR2 < 00H
AR1 < 01H
ARO «01H
Data of address 0011H is transferred to DBF.

In this case, the data stored in DBF is shown below.

DBF3 = 0AH
DBF2 = 0BH
DBF1 =0CH
DBFO = ODH
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Example 2
The channel number is set at addresses 0.10H and 0.11H as data memory, and the divided value (N value) of

PLL is obtained according to the content of the memory. The N value is then transferred to the PLL register.

..
'

,** Table data for N value
.

Address ORG 0010H

0010H DW OF58H ; 87.5 MHz (Lowest frequency 00 channel)
0011H DW OF5CH ; 87.6 MHz
0012H DW OF60H ; 87.7 MHz
0013H DW OF64H ; 87.8 MHz
0014H DW OF68H ; 87.9 MHz
0015H DW OFBCH ; 88.0 MHz
0016H DW OF70H ; 88.1 MHz

0017H DW OF74H ; 88.2MHz

.

*n

H N value setting program

.

MOV RPH, #00H ; RPH < 00H Row address 7 (0.70H
MOV RPL, #0EH ; RPL « OEH to 0.7FH) is set as
MOV AR3, #00H ; AR3<« 0 general-purpose

MOV AR2, #00H ; AR2<«0 register.

LD AR1, 10H ; AR1 <« 10H Channel data upper
LD ARO, 11H ; ARO < 11H Channel data lower
ADD AR1, #01H ; 0010H is added to the address
ADDC AR2, #00H ; register since table data start
ADDC AR3, #00H ; address starts at address 0010H.
MOVT DBF, @AR ; Table data is stpred to DBF.

PUT PLLR, DBF ;N value is transferred to PLL register (PLLR).
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"
; =« Table data

.

0010H DW OF5§I_-§_ ; 87.6 MHz
oo11H OW OFSCM ;876 MHz \
0012H DW  OF60H ; 87.7 MHz
0013H DW  OF64H ; 87.8 MHz
0014H DW OF68H ; 87.9 MHz

01 23 4 5 6 7 8 9 AB CDEF
\

0 \

N O s W N

System register

(4) Notes

1.

The number of bits allowed for use with address registers (AR3, AR2, AR1, ARQ) vary with the device
types. When using, reference should be made to the appropriate manual of the device to be used.

When executing ‘MOVT' instruction, one level of stack is used. Accordingly, sufficient care should be
exercised to the stack level when using this instruction within a subroutine or interrupt processing routine.
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3.27 PUSH AR Push address register

(1) Instruction code
| 00111 | 000 [ 1101 ‘ 0000 |

(2) Function
SP<+SP-—1,
STACK « AR
The value of address register AR is stored into STACK after decrement of the stack pointer SP.

(3) Example 1
The address register is set at 003FH and stored into the stack.
MOV AR3, #00H
MOV AR2, #00H
MOV AR1, #03H
MOV ARO, #OFH
PUSH AR

BANK 0

01 2 3 45 6 7 89 ABGCDEF

S T ACK

N O o s W N = O

System register

Example 2
When the data table is placed behind a subroutine, the return address of the subroutine is set in the address
register for returning.
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Address
0010H CALL SUB1 —
ie suB1:
i ee DATA TABLE
‘e
0011H DW  1ATFH
0012H DW  002FH POP AR e
0013H DW  010AH \
0014H DW  0B55H “.
. )
: '
MOV AR3, #OOH !
002FH DW  OFFFH MOV AR2, #00H ;
0030H MOV  AR1, #03H i
MOV ARO, #00H :
: PUSH AR i
RET ;
{
,I

If a 'POP’ instruction is executed at this point,
the address register content is ‘0011H’ (the
address next to the CALL instruction).
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3.28 POP AR

(1) Instruction code

I 00111 l 000 | 1100 l 0000 I

(2) Function

(3

AR« STACK,
SPSP+1

Pop address register

The content of STACK is taken out to the address register, then the stack pointer SP is incremented.

Example

When performing an interrupt processing, PSW may be changed within the interrupt processing routine. In such
a case, the content of PSW is transferred to the address register via WR at the beginning of the interrupt process-
ing, and then it is saved into the STACK by a ‘PUSH’ instruction. Before returning of the routine, the saved
content is put into the address register by a ‘POP’ instruction, and then it is transferred to PSW via WR.

Interrupt processing routine

PEEK

Cause of
interrupt

POP
PEEK
POKE

POKE
PUSH

WR, PSW
ARO, WR
AR

AR
WR, ARO
PSW, WR

RET (or RETI)
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3.29 PEEKWR, rf Peek register file to wind gi

(1) Instruction code

[ 00111 ’ rfH 1 0011 ! rfL I

(2) Function
WR « (rf)
The content of the register file addressed by rf is stored into the window register WR.

(3) Example 1
The content of the stack pointer SP of address 01H in the register file is stored into the window register.

PEEK WR, SP
BANK 0
01 2 3 45 6 78 9 ABGCDEF
0
1
2
3
4
5
6
7 WR System register

01/2 3 456 78 9ABCDEF
5P

W N = O

Register file
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3.30 POKE rf, WR Poke window register to register file

(1) Instruction code

| 00111 ‘ fH [ 0010 l L |

(2) Function
(rf) <« WR
The content of window register WR is stored into the register file addressed by rf.

(3) Example 1

The immediate data OFH is stored into the register file POABIO via the window register.
MOV  WR, #0FH

POKE POABIO, WR; Each of POAg, POA;, POA; and POAg is set in the output mode.

BANK O

01 2 345 6 7 8 9 ABCDEF

o

N o o & WN

System register

0 1 2 3 45 6 7 8 9 ABCDEF
}

|

W N = O

Register file POABIO
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(4) Note
The 'PEEK, POKE’ instruction permits accessing of addresses 40H to 7FH in each bank of the data memory in
addition to the register file. For example, this instruction can be used in the following way.
PEEK WR, PSW ; The content of PSW (7FH) in system register is stored into WR.
POKE 5FH, WR ; The content of WR is stored into address 5FH of data memory.

BANK O

01 2 3 45 6 7 8 9 ABC CDEF

Register file

POKE 5FH, WR

Data memory

N O a0 s w N

PsSW

PEEK WR, PSW
System register
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3.31 GETDBF,p

(1) Instruction code

ERERERES

(2) Function
DBF < (p)

Get peripheral data to data buffer

The content of peripheral circuit addressed by p is stored into the data buffer DBF.

(3) Example 1

The content (8 bits) of the peripheral shift register (SIO) is stored into data buffers DBFQ and DBF1.

GET DBF, SIO

BANK 0

01 2 3 45 6 78 9ABC DE F

DBF

— SIo

N OO OO s WN - O

System register

(4) Notes

Peripheral circuit

12H

1. The data buffer is allocated to OCH, ODH, OEH, and OFH in bank 0 of the data memory, irrespective of the

value of the bank register.

BANK 0

0 1 2 3 45 6 78 9 ABCDEF

[=]

N O o A WN -

System register
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2. The data buffer has a total of 16 bits. The number of bits to be used as the unit of input/output varies with
the peripheral circuit accessed by ‘GET' instruction. For example, if a ‘GET’ instruction is executed for a
peripheral circuit whose input/output is done in units of 8 bits, data is stored to the lower 8 bits (DBF1,
DBFO) of the data buffer DBF. Pay attention to the number of bits required as the unit of input/output
because it varies with the peripheral circuits of each device.
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3.32 PUT p, DBF

(1) Instruction code

| 00111 i PH ’ 1010 ‘ pL ‘

(2) Function
(p) < DBF

The content of data buffer DBF is stored into the peripheral circuit addressed by p.

(3) Example 1

Put data buffer to peripheral

0AH and O5H are set into data buffers DBF1 and DBFO, respectively, and are then transferred to the shift

register (S10) of peripheral circuit.
MOV BANK, #00H ; Data memory bank 0
MOV DBFO, #05H
MOV DBF1, #0AH

PUT SIO
DBF
BANK 0
01 2 3 4 5 6 7 8 9 ABCDE F
o A5 f DBF
1
2
3
4
5
6
7 System register sio
Example 2

Peripheral circuit

O0A5H

The data 0758H is set as PLL data in data buffers DBFO-DBF3, and then it is transferred to PLL register (PLL)

of the peripheral circuit.
MOV DBF3, #00H
MOV DBF2, #07H
MOV DBF1, #05H
MOV DBFO, #08H
PUT PLL, DBF
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BANK 0

0123 456 789 ABTCTDEF
8:] DBF

yai

N O b W N - O

System register

Peripheral circuit

k PLL 0758H

(4) Note
The data buffer size is 16 bits. The number of bits required as the unit of input/output varies with the periph-
eral circuit accessed by ‘PUT" instruction. For example, the shift register SIO requires 8-bit input/output. When
a ‘PUT’ instruction is executed, the contents of lower 8 bits (DBF1, DBFO) of data buffer DBF are transferred
to the peripheral circuit. (The contents of DBF3 and DBF2 are not transferred.)
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3.33 SKTm, #n Skip next i on if data y bits are true

(1) Instruction code

oo [w [~ [ ]

(2) Function
If the ANDed result of the content of data memory addressed by M and immediate data n is not 0, then the
next one instruction is skipped.

(3) Example 1
If bit 0 of address O3H is ‘1", control jumps to AAA; if ‘0, it jumps to BBB.
SKT O03H, #0001B

BR BBB
BR AAA
Example 2

If bit 0 and bit 1 of address 03H are both ‘1*, the next instruction is skipped.
SKT O03H, #0011B

B3

B2 By Bo
x L1 1 1—| x: don’t care

Skip condition OSH[ x

Example 3

The following two instructions provide the same execution result.
® SKT 13H, #1111B
® SKE 13H, #0OFH
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3.34 SKFm, #n Skip next instruction if data memory bits are false

(1) Instruction code
L 1min J mH 1 mp j n —I

(2) Function
When the result of AND of the content of data memory addressed by M and the immediate data n is 0, the next
one instruction is skipped.

(3

Example 1
If bit 2 of address 13H is ‘0’, 00H of the immediate data is stored into address OFH in the data memory; if ‘1,
control jumps to ABC.

SKF 13H, #01008B

BR ABC

MOV OFH, #00H

Example 2
If bit 3 and bit O of address 29H are both ‘0’, the next instruction is skipped.

SKF 29H, #1001B

B3 By B Bo

Skip condition 29Hl 4] ! X t X ‘ o] x: don't care

Example 3

The following two instructions provide the same execution result.
® SKF 34H, #1111B
© SKE 34H, #00H
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3.35 BR addr Branch to the address

(1) Instruction code

r on ’ addr

(2) Function
PC < addr
Control branches to the address indicated by addr.
The range of address to which direct branch by this instruction is allowed is 8K steps from address 0000H to
address 1FFFH. When branching is required to address 2000H or after, use the following ‘BR @AR’ instruc-

tion.

(3) Example
FLY LAB OFH ; FLY =0FH isdefined.

BR: FLY ; Jumps to address OF.

BRi LOOP1; Jumps to LOOP1.

BR' $+2 ; Jumps to the address which is lower by 2 than the current address.
BR' $—3 ; Jumps to the address which is higher by 3 than the current address.

LOOP1:

(4) Note

The BR instruction can be described in assembler without mentioning the page. The same description can be
used between ROM addresses 0000H and 1FFFH. However, the BR instruction into page O (addresses 0000H
to 07FFH), BR instruction into page 1 (addresses 07FFH to OFFFH), BR instruction into page 2 (addresses
1000H to 17FFH), and BR instruction into page 3 (addresses 17FFH to 1FFFH) have respectively different
operation codes.

The operation code in page 0 is ‘0C’, in page 1, ‘0D’, in page 2, ‘OE’, and in page 3, ‘OF". If the uPD17000 series
assembler is used, these operation codes are automatically converted by the assembler by referencing the respec-
tive jJump destinations.
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NEC

0000H

O7FFH
0800H

OFFFH
1000H

17FFH
1800H

1FFFH

0000H

07FFH
0800H

OFFFH
1000H

17FFH
1800H

1FFFH

When operation code is ‘0C’
{The jumping destination
address is in page 0)

BR ADD1
r//_J
_ ADD1:
BR ADD1
BR ADD1
BR ADD1

When operation code is ‘OE’
(The jumping destination
address is in page 2)

BR

ADD1

BR ADD1

—_—

N _ _

Page 0

Page 1

Page 2

Page 3

Page O

Page 1

Page 2

Page 3

0000H

07FFH
0800H

OFFFH
1000H

17FFH
1800H

1FFFH

0000H

07FFH
0800H

OFFFH
1000H

17FFH
1800H

1FFFH
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When operation code is ‘0D’
(The jumping destination
address is in page 1)

ADD1

BR

BR ADD1
BR ADD1
BR ADD1

When operation code is ‘OF’
(The jumping destination
address is in page 3)

BR ADD1

ADD1:

BR ADD1

[ N — e

U —

Page O

Page 2

Page 3

Page 0

Page 1

Page 2

Page 3
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When batch correction is required in debugging, the programmer is required to convert each of the operation
codes ‘0C’, ‘OD’, ‘OE’, and ‘'OF’ by himself.

Address must also be converted if the jump destination of BR instruction is in any of address 0000H to 07FFH,
address 0BOOH to OFFFH, address 1000H to 17FFH, and address 1800H to 1FFFH. In other words, each of
address 0000H, address O800H, address 1000H and address 1800H can be assumed as address 000H, which is
incremented by 1, respectively. '

Machine code
0000H (1-4-3-4-4- format)

BR ADD1 —f— 0C500

BR ADD2 —— ODE’I_

0500H ADD1:

O7FFH
0800H

BR ADD3 —}—= QE60A
0DO1H ADD2:

OFFFH BR ADD4 —f— OFE
1000H F==~"""" 7T T T T 77

160AH ADD3:

17FFH
1800H F——~" 7" T T T

BR ADD3 —1— 0EB0A

1EFFH | ADD4
1FFFH

Note: The number of pages varies from device to device of the uPD17000 series. Please refer to the manual of the device
to be used.
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3.36 BR @AR Branch to the add pecified by address register

(1) Instruction code

| 00111 1 000 r 0100 ’ 0000 J

(2) Function
PC+ AR
Control branches to the address indicated by the address register (AR).

(3) Example 1
003FH is set in the address register AR (AR0-AR3), and execution jumps to address 003FH by the ‘BR @ AR’
instruction.

MOV AR3, #00H ; AR3<«00H
MOV AR2, #00H ; AR2 < 00H
MOV AR1, #03H ; AR1<03H
MOV ARO, #0FH ; ARO<«OFH

BR @AR ; Jump to address 003FH
Example 2
The branching destination is changed as shown below depending on the content of address 0.10H of the data
memory.
Content of 0.10H Label of destination
00H - AAA
01H -> BBB
02H -~ ccC
03H -> DDD -
04H -> EEE
05H -> FFF
06H - GGG
QO7H - HHH
08H-0FH -> 277
*
;%% Jump table
Address %
0010H BR AAA
0011H BR BBB
0012H BR ccc
0013H BR DDD
0014H BR EEE
0015H BR FFF
0016H BR GGG
0017H BR HHH

0018H BR zzzZ
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(4) Note
The number of bits of address registers (AR3, AR2, AR1, ARO) allowed for use varies with the device types.
When using the address register, reference should be made to the manual of the appropriate device.

MOV
MoV
MOV
MoV
MOV
ST
SKF
AND
BR

RPH, #00H
RPL, #02H
AR3, #00H
AR2, #00H
AR1, #01H
ARO, 10H

.
.

’

ARO, #10008B;
ARO, #10008B;

@AR

General-purpose register bank O
General-purpose register row address 1
AR3 «+ 00H AR is set to 001 x H.

AR2 « 00H
AR1 < 01H

ARO < 0.10H
If the content of ARO is greater than

08H, the content of ARO is changed to

08H.
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3.37 RORCr ; Rotate right general register with carry flag

(1) Instruction code

(o [ = [on [ ]

(2) Function

(3

CY -
I——_vfs—ﬂ'z—'r"—wo—————l

The content of the general-purpose register indicated by R is shifted to the right by one bit, with carry flag
included.

Example 1
When row address O (0.00H to 0.0FH) of bank 0 is specified as general-purpose register (RPH =0, RPL = 0), the
value of address 0.00H (1000B) is shifted to the right by one bit, and the value becomes 01008B.

0.00H « (0.00H) +2

MOV RPH, #00H ; General-purpose register bank O

MOV RPL, #00H ; General-purpose register row address O

CLR1 CY s Carry flag <0

RORC 00H

Example 2

When row address 0 (0.00H to 0.0FH) of bank 0 is specified as general-purpose register (RPH =0, RPL = 0), the
value OFAG2H of data buffer (DBF) is shifted to the right by one bit, and the content of DBF is changed to
7D29H.

cYy OCH 0DH OEH OFH cYy
\Lﬂ\j\l1< N 1ioi\l\()]\ i\l\t‘\ io\hkol\
L] [O0Leld  [loble  [delold

MOV RPH, #00H ; General-purpose register bank 0

MOV RPL, #00H ; General-purpose register row address O
CLR1 CY ; Carry flag«0

RORC OCH

RORC ODH

RORC OEH

RORC OFH
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3.38 CALL addr Call subroutine

(1) instruction code

| 11100 ‘ addr

(2) Function
SP«SP—1,
STACK «<PC+1,
PCo.10 < addr,
PCi1.15 <0
The value of the program counter (PC) is incremented, and then it is stored into the stack. After this, execution
branches to the subroutine indicated by addr.
This instruction can be used to call subroutines contained within 2K steps from address 0000H to address
O7FFH. It is therefore advisable to allocate frequently using subroutines in the range from address 0000H to
07FFH.
To call a subroutine allocated after address 0800H, use the ‘CALL @ AR’ instruction to be mentioned in the
next section.

(3) Example 1

MAIN

/ s
CALL suB

1

M evesssssse

. RET
Example 2
MAIN
: / SU8] suB2: SUB3:
CALL ~  suBi : / :
: CALL SUB2 CALL SUB3 :
E \ . o i
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(4)  Note .
When using a ‘CALL’ instruction, the calling address, or the initial address of the subroutine to be called must
be placed within page O (0000H to 07FFH). When calling a subroutine whose initial address is not positioned
in page 0, use ‘CALL @AR’ instruction.

When initial address of subroutine is put in page O

0000H 0000H
CALL  suB1 CALL  suB2
SUB1: . ,
: Page 0 Page O
RET
SuUB2
O7FFH | O7FFH || ot ]
0800H 0800H
CALL  SUBI RET
Page 1 Page 1
CALL sus2
OFFFH | ] OFFFH 1 .
Wwo00H | T TTTTTTTTTTT 1000H
' H :
i ' :

If the initial address of the subroutine is placed within page 0, the end address of the subroutine ('"RET" or
‘RETSK"’ instruction) may be placed outside of page 0.

The ‘CALL’ instruction can be used without considering page as far as the initial address of the subroutine to
be called is placed within page 0. However, the following technique is useful when it is impracticable to place
the initial address of a subroutine within page 0.
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0000H
CALL  SUB2
Page 0
SUB2: BR suB1
07FFH
0800H |~~~ -
SUB1: .
: P:
RET / ae 1
CALL suB2
oFFFH |
1000H

In this method, ‘BR’ instruction is set within page O, and the actual subroutine is called by using this ‘BR’

instruction.
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3.39 CALL @AR Call subroutine specified by address register

(1) Instruction code

I 00111 | 000 | 0101 —{ 0000 J

(2) Function
SP«SP-1,
STACK «PC+1,
PC« AR
The value of program counter (PC) is incremented, and stored into the stack, then execution branches to the
subroutine indicated by address register (AR).

(3

Example 1
Value 0020H is set in the address register AR (ARO-AR3), and the subroutine of address 0020H is calied by the
‘CALL @AR' instruction.

MOV AR3, #00H ; AR3<«00H

MOV AR2, #00H ; AR2 <« OOH

MOV AR1, #02H ; AR1<«02H

MOV ARO, #00H ; ARO <« O00H

CALL @AR ; Subroutine at address 0020H is called.

Example 2
The following subroutines are called depending on the contents of address 0.10H of the data memory.
Content of 0.10H Subroutine name

00H - suB1
01H nd SuB2
02H - SUB3
03H - SUB4
04H - SUB5
O5H d SuB6
06H - SUB7
07H d suss
08H-0FH - SuB9
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;%
; % % Jump table for subroutine
Address HE
0010H BR suB1
0011H BR suB2 v ~
0012H BR SuB3 1 Al Al
0013H BR SuB4 SuB1: SuB2: SUB3:
0014H BR suBs —| H
0015H BR SUB6 —1~|
0016H BR SuB7 AN : : :
0017H BR suBs :
0018H BR  SUBY
RET RET RET
_

[ — —

sus4: SuBs: suBe: | SUB7: suss: | susg:
RET RET ‘ RET RéT RET RET
MOV R.PH, #00H ;  General-purpose register bank 0O
MOV RPH, #02H 5 General-purpose register row address 1
MOV AR3, #00H ;  AR3 <« 00H Address register to
MOV AR2, #00H ; AR2<«Q0H 001xH
MOV AR1, #01H ;. AR1«01H
ST ARO, 10H ; ARO <« 0.10H
SKF ARO, #1000B ; If the content of ARO is greater than 08H, the content
AND ARO, #1000B : of ARO is changed to 08H.
CALL @AR To jump table

ion in each

: \ Execution of ‘RET" i
H will cause the control to return to this position.
(4) Note

The number of bits of address registers (AR3, AR2, AR1, ARO) allowed for use varies with the device types.
When using the address register, reference should be made to the manual of the appropriate device.
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340 RET Return to the main program from subroutine

(1) Instruction code

(o [ o [ [ =]

(2) Function
PC « STACK,
SP«SP+1
This instruction is used to return to the main program from a subroutine.
The return address saved into the stack by CALL instruction is restored to the program counter.

(3) Example

suB1:
cALL  suBl ——/

em———— ——————— -1

! [
L'."""""""" .
: — RET
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3.41 RETSK Return to the main program then skip next instruction

(1) Instruction code

[ 00111 | 001 , 1110 | 0000 ]

(2) Function
PC < STACK,
SP+SP+1,
PC«<PC+1
This instruction is used to return to the main program from a subroutine. The instruction following the ‘CALL’
instruction is skipped. That is, the return address saved to the stack by ‘CALL’ instruction is restored in the
program counter (PC), then the program counter is incremented.

3

Example

If the content of LSB (least significant bit) of address 25H of the data memory (RAM) is ‘0’, the ‘RET" instruc-
tion is executed, then control returns to the instruction next to the ‘CALL’ instruction. If the content is ‘1°,
‘RETSK’ instruction is executed, and control returns to the instruction (in this example, ADD 03H, 16H) that
follows the ‘CALL' instruction.

SuB1:

CALL  suBl
BR Loor SKF 25H, #00018B

ADD  O3H, o RETSK ; LSBof 25His "

RET ; LSBof25H is ‘0’
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3.42 RETI Return to the main program from interrupt service routine

(1) Instruction code

[ 00111 ’ 100 | 110 | 0000 J

(2) Function
PC < STACK,
SP<SP+1

This instruction is used to return to the main program from an interrupt processing program. The return address
which was saved into the stack by vector interrupt is restored in the program counter.
In some  devices, a part of the system register is also returned to the status that existed before occurrence of

vector interrupt.

(3

Example

A vector interyupt occurred when the data memory is placed in bank 1. Saving of data memory bank is needed

since the data memory bank O is required for interrupt processing.

El

BANK 1

Cause of interrupt._’
occurred

When return is made,

the bank is set in the
status that existed before
the interrupt processing
is made.

In this example, bank 1

is restored.

BANK O
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Interrupt processing
routine

;BANK O -

Note that whe’n the program
execution is changed to the
interrupt service routine,
bank resetting may occur in
some devices.
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(4) Notes
1. The content of system register saved automatically by interrupt (this content can be restored by ‘RETI’
instruction) varies from device to device. Reference should be made to the manual of the device to be used.

2. If ‘RETI instruction is used in place of the ‘RET’ instruction in an ordinary subroutine, the bank and
other data (saved by the interrupt) are restored when program execution returns to the return address. This
may result in undefined status after returning. To avoid this, be sure to use the ‘RET’ (or ‘RETSK’) instruc-

tion when returning from a subroutine.
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343 EI Enable interrupt

(1) Instruction code

[ 00111 l 000 l 1 ‘ 0000 l

(2) Function
This instruction enables vector interrupt.
Vector interrupt is enabled after executing the instruction that follows the ‘El’ instruction.

(3) Example 1
As shown in the following example, the interrupt request is actually accepted and program execution changes
to the vector address after completing execution of the instruction (except program counter operating instruc-
tion) that follows this E| instruction.*

-

2 Interrupt service routine

," (vector address)

Interrupt request
-

OAH, #00H
is issued.

0BH, #01H
OCH, #01H
RET
.
/
.
/
4
7/
.
//
Interrupt request e
- .
is issued.
OAH, #01H
0BH, #01H

*: The vector address varies with the interrupt accepted. For details, refer to the manual of the device to be used.

##. Assume that the interrupt to be accepted here (Interrupt request is issued after execution of El instruction and the flow
of program execution changes to the interrupt service routine) is provided with the interrupt permission flag (1P) for that
interrupt. No change will occur in the flow of program execution (that is, interrupt will not be accepted) if an interrupt
request is issued after execution of the El instruction, provided no interrupt permission flag is set for such interrupt.
However, this causes the interrupt request flag (IREQ) to be set, hence the interrupt request will be accepted at the time
when the interrupt permission flag is set. (For details, refer to the device manual.)
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Example 2

Shown below is an example of interrupt caused by the interrupt request which is accepted during execution of
an instruction for operating program counter (PC).

El

Interrupt request
. —
is issued.

ABC:

MOV
ADD

Interrupt service routine

(vector address)

ABC
E'
. RmET
OAH, #00H
0BH, #01H
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3.44 DI

(1) Instruction code

l 00111 | 001 | 1" I 0000

(2) Function

This instruction is used to disable vector interrupt.

(3) Example
See Example 1 of Section 3.43.

3-88

Disablé interrupt



N E C uPD17K-FAMILY

Stop CPU and release by condition s

3.45 STOPs

(1) Instruction code

l 00111 ‘ 010 l 1mn l s |

(2) Function
This instruction stops main clock, and turns the device to STOP mode.
The current consumption can be minimized by setting a device in the STOP mode.
The operand (s) specifies the condition by which the STOP mode is released and main clock oscillation re-

started.
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346 HALTh

Halt CPU and release by condition h

(1) Instruction code

I 00111 | o011 l 1mnm I h ‘

(2) Function
This instruction turns the device into HALT mode.
The current consumption can be reduced by setting the device in HALT mode.
The operand (h) specifies the condition by which the HALT mode is released and main clock oscillation started.



N E C uPD17K-FAMILY

3.47 NOP No operation

(1) Instruction code

(o [ [ [om ]

(2) Function
This instruction causes one machine cycle to be consumed by executing nothing.
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Development tools

1. Development tools for the uPD17K-Family

This section gives a brief explanation of the development environment of the uPD17K-Family.

Hardware Tools: - IE-17K
- SE-17xxx
- EP-17xxx
- EV-9200G-xx

Software Tools:
—Absolute assembler (uS7B11AS17K)

- Device files (uSB10AS170xx)
(USB10AS171xx)
(USB10AS172xx)

— Simplehost, source-level debugger (uS7B10IE17K)

- SWdevelopment

« HW/SW debugging

- Real time test HW/SW

- OTP/PROM sample programming
for further tests

SE-board
SE-17xxx

RS232C | channel 0

IBM-PC (AT)

T~

72 OTP-device
/ HPD17Pxxx

Programming /

adapter

aszazs chame!!

Programmer
(Promac; Ando)

7i
- Emulation probe
&, EP-17xxx

R

EV 9200G-xx Target hardware

1t Envir
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IE-17K

The IE-17K is a software development support tool applicable to every model of the pPD17K-Family. It consists of two
boards: .

a memory board and a supervisor board.
Features:

- Real-time emulation and one step emulation are available.

- Programmable break/trace function by which various break/trace
conditions can be set hierarchically.

- Real-time trace function with a large-capacity trace memory
(32K steps)

- Data memory coverage function which displays the state of
writing in the data memory.

- Program memory coverage function which increments a counter
every time an instruction which references to an address
location is executed. The maximum count is 255.

- Incorporated programmable pattern generator (PPG) with
14 channels.

SE-17xxx

The SE-17xxx is the device-specific emulator board which completes the in-circuit-emulator. To ensure that the system
evaluation (SE) board exhibits the same electrical behaviour as the original IC, a method known as ,MAM chip“ (imple-
mented as an ASIC) device is applied. Two uPD17000 devices and a MAM chip are mounted on the SE board as shown in
the diagram. Half the I/O-lines of each 17000 device are passed outside the board, so that they can be used to evaluate the
I/O-lines of the real chip. Together with the MAM chip the other device form a bus system. All data sent out from the SE
board or received by the SE board from outside are routed through the two pPD17000 devices. Therefore an observer
outside the SE board gets the impression that a real chip is being used. The external memory which is connected to the
MAM chip stores the developed software in the case the SE board is used as a stand alone system.

----------------------------- SE-BOARD -==-~----
PORT"A" *C* PORT"A" "C
D.UE (1) D.UE (2)
PORT "B" “D" PORT "B" “D"

<: PORT "A" "C"
TARGET
Mam' CHIP p— CHIP
= {Jronre o
(EXTERNAL
PROGRAM
ROM or RAM)

D.U.E is the TARGET CHIP itselfs.

Emulation Chip Set Configuration

4-4




N E C Development tools

EP-17xxx

To connect the SE board with the printed circuit board a special cable is required. This device-specific emulation probe is
called EP-17xxx.

EV-9200G-xx

The EV-8200G-xx is a special adapter socket to connect the emulation probe EP-17xxx with the target hardware in the case
that the target device is mounted in a QFP package. This conversion socket is soldered onto the PCB.

US7B11AS17K, uS7B10AS170xx
uS7B11AS17K, uS7B10AS171xx
uS7B11AS17K, uS7B10AS172xx

These are absolute macro assembler packages used for all devices of the 170xx, 171xx and the 172xx device group. They
all comprise two parts. One part is the main unit used for all devices of the corresponding device group, the other is a
device file for the particular uPD17000 device. The device file includes device-specific information, like ROM and RAM size,
reserved words and addresses of the on-chip hardware functions. The assembler has a unique feature which supports
software assembly of the code configured in modules. The assembler handles up to 99 modules. This feature, however,
belongs to a relocatable assembler. The assembiler is not able to assemble each module separately. Nevertheless, after the
software is assembled for the first time, the assembler can be directed to assemble only those parts of the user program
which were changed. Therefore the software development is speeded up.

The assembler also performs linkage operations to produce an executable code. In addition, this assembler supports
powerful macro functions to end up in a versatile development tool for execution in a MS-DOS environment.

SIMPLEHOST (uS7B10IE17K)

SIMPLEHOST is a full-screen debugger which improves the interface between the in-circuit-emulator and the operator.
SIMPLEHOST runs under Microsoft Windows, which means that all emulator commands can be selected and activated with
a mouse. The contents of the ROM and RAM size of the emulator are shown on the screen together with the source pro-
gram.
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NEC Electronics Inc.

4-Bit Microcontrollers

Development Tools for 17K Family of Microcontrollers

To Develop and Debug Code

Full Mini Evaluation Device Debugger
Device Emulator Emulator Board Assembler File (Simplehost)
uPD17001 IE-17K IE17K-ET SE-17001 HS7B11AS17K HS7B10AS17001 pS7TBI0IE17K
HPD17002 IE-17K IE17K-ET SE-17002 HSTB11AS17K ©S7B10AS17002 USTBI0IE17K
uPD17003A IE-17K IE-17K-ET SE-17003 US7TBI1AS17K HS7B10AS17003 HS7TBI0IE17K
MPD17005 IE-17K IE117K-ET SE-17003 HS7TB11AS17K HS7B10AS17005 HS7BI0IE17K
UPD17006 IE-17K IE-17K-ET SE-17001 uS7B11AS17K HS7B10AS17006 US7B10IE17K
uPD17008 IE-17K IE17K-ET SE-17008 pS7B11AS17K pS7B10AS17008 pS7BI0IE17K
HPD17010 IE-17K IE-17K-ET SE-17003 HSTB11AS17K HS7B10AS17010 HS7BI0IE17K
uPD17051 IE-17K IE17K-ET SE-17051 US7B11AS17K HS7B10AS17051 HS7TBI0IE17K
uPD17052 IE-17K IEAA7K-ET SE-17052 US7B11AS17K HS7B10AS17052 HSTB10IE17K
uPD17053 IE-17K IE17K-ET SE-17053 HS7TB11AS17K HS7B10AS17053 pS7BI0IE17K
MPD17102 IE-17K IE-17K-ET SE-17102 uS7BI1AS17K HS7B10AS17102 pS7BI0IE17K
uPD17103 IE-17K IE-17K-ET SE-17103 HS7TB11AS17K HS7B10AS17103 HSTBI0IE17K
MPD17103L IE-17K IEA7K-ET SE-17103 uS7B11AS17K HS7B10AS17103 pS7BI0IE17K
pPD17104 IE-17K IE-17K-ET SE-17104 uS7B11AS17K HS7B10AS17104 pS7BI0IE17K
pPD17104L IE-17K IE-117K-ET SE-17104 uS7B11AS17K US7B10AS17104 HS7BI0IE17K
pPD17106 IE-17K IE17K-ET SE-17106 uS7B11AS17K HS7B10AS17106 pS7B10IE17K
uPD17107 IE-17K IEA17K-ET SE-17107 HSTBI1AS17K uS7B10AS17107 MS7BI0IE17K
MPD17107L IE-17K IE-17K-ET SE-17107 HS7B11AS17K HS7B10AS17107 HS7BI0IE17K
pPD17108 IE-17K IE-17K-ET SE-17108 HS7TB11AS17K US7B10AS17108 HS7TBI0IE17K
uPD17108L IE-17K IE7K-ET SE-17108 uS7B11AS17K HS7B10AS17108 HS7TB10IE17K
HPD17134A IE-17K IE17K-ET SE-17134 HS7TBI1AS17K US7B10AS17134 pS7BIOIE17K
uPD17135A IE-17K IE-17K-ET SE-17134 uS7B11AS17K HS7B10AS17135 pPSTBI0IE17K
uPD17136A IE-17K IEA7K-ET SE-17134 US7B11AS17K US7B10AS17136 HS7BI0IE17K
HPD17137A IE-17K IE7K-ET SE-17134 HSTBI1AS17K uS7B10AS17137 uS7B10IE17K
uPD17201A IE-17K IE17K-ET SE-17207 HSTBHASI7K HS7B10AS17201 HS7TBI0IE17K
HPD17202A IE-17K IE17K-ET SE-17202 US7TB11AS17K US7B10AS17202 uS7B10IE17K
uPD17203A IE-17K IE7K-ET SE-17203 HSTB11AS17K pS7B10AS17203 USTBI0IE17K
pPD17204 IE-17K IE17K-ET SE-17204 uS7TB11AS17K HS7B10AS17204 pS7B10IE17K
HPD17207 IE-17K IEA7K-ET SE-17207 US7B11AS17K uS7B10AS17207 HS7BI0IE17K
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Development Tools for the 17K Family of Microcontrollers
To Exercise Customer Hardware

PROM Burner PROM Burner
Device Probe Receptacle PROMAC P2A (Ando) Adapter (Ando)
uPD17001 EP-17001GH EV-9200G-48 AF-9704 AF-9796
pPD17002 EP-17002CU EV-9200G-64 AF-9704 -
pPD17003A EP-17003GF EV-9200G-80 AF-9704 AF-9803
uPD17005 EP-17003GF EV-9200G-80 AF-9704 AF-9803
uPD17006 EP-17201GF EV-9200G-80 AF-9704 AF-9808E
uPD17008 EP-17008CW - AF-9704 AF-9803
uPD17010 EP-17003GF EV-9200G-80 AF-9704 AF-9803
uPD17051 EP-17051CU - AF-9704 -
HPD17052 EP-17052CW - AF-9704 -
pPD17053 EP-17052CW - AF-9704 - n
pPD17102 EP-17102G - AF-9704 -
uPD17103 EP-17103CX - AF-9704 AF-9799
uPD17103L EP-17103CX - AF-Q?O4 AF-9799
uPD17104 EP-17104CS - ' AF-9704 AF-9799
uPD17104L EP-17104CS - AF-9704 AF-9799
HPD17106 EP-17106GC EV-9200G-64 AF-9704 AF-9803
uPD17107 EP-17103CX - AF-9704 AF-9799
uPD17107L EP-17103CX - AF-9704 AF-9799
uPD17108 EP-17104CS - AF-9704 AF-9799
uPD17108L EP-17104CS - AF-9704 AF-9799
pPD17134A EP-17134CT - AF-9704 AF-9808F
HPD17135A EP-17134CT - AF-9704 AF-9808F
uPD17136A EP-17134CT - AF-9704 AF-9808F
uPD17137A EP-17134CT - AF-9704 AF-9808F
pPD17201A EP-17201GF EV-9200G-80 AF-9704 AF-9808A
HPD17202A EP-17202GF EV-9200G-64 AF-9704 AF-9808B
HPD17203A EP-17203GC EV-9200G-52 AF-9704 AF-9808B
uPD17204 EP-17203GC EV-9200G-52 AF-9704 AF-9808B
uPD17207 EP-17201GF EV-9200G-80 AF-9704 AF-9808A
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Section 5 - Packaging Information

Package/device cross reference
16-Pin Plastic DIP (300 MIl) ......cooiiiiiieeeceererece sttt sttt ee sttt s e s et enesenssnana s
16-Pin Plastic SOP (300 mil) ......
22-Pin Plastic DIP (300 mil) .......
24-Pin Plastic SOP (300 mil) .............
28-Pin Plastic Shrink DIP (400 mil) ...
28-Pin Plastic SOP (375 mil) .............
48-Pin Plastic QFP (10x14) ...............
48-Pin Plastic Shrink DIP (600 Mil) .......cc.ccoiiiirirriirireieeeenesrieeteeseesaeseresessesasesesseseseseeseeemessesenensenes
52-PIN PlastiC QFP (14XT14) ......coooiiiieeeeeeie ettt ettt re st esestsseb e sees s st st e s s st e eenenesees
52-PIn Plastic QFP (14x14) bent lead ......
52-PIn Plastic QFP (14x14) straight lead .
64-Pin Plastic Shrink DIP (750 mil) .............
64-PIN Plastic QFP (14X20) .......ceceirrereninieiertriesineeierestssestesesesteseseesessasestssesessssesssessssssessssssssesenessesenen
80-PIN PIAStiC QFP (14X20) .......ccciteieeiieircnteeteretsereesestesesessaseesessssessesesessasasersesesestssesssessssesesennaseses
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16-Pin Plastic DIP (300 mil)
uPD17103CX
pPD17P103CX
puPD17107CX
uPD17P107CX

-
(o>}
©

OO Mmn

Y b

I.JL.II_II_ll_IL.ILIIEI
1

A

0~15°

P16C-100-3008

NOTES ‘ ITEM MILLIMETERS INCHES
1) Each lead centerline is located within 0.25
mm (0.01 inch) of its true position (T.P.) at A 20.32 MAX. 0.800 MAX.
maximum material condition. B 1.27 MAX. 0.050 MAX.
C 2.54 (T.P.) 0.100 (T.P.)
2) Item “K” to center of leads when formed o008
parallel. D 0.50*°'° 0.020 -0:008
F 1.1 MIN. 0.043 MIN.
G 3.5°°3 0.138*0012
H 0.51 MIN. 0.020 MIN.
| 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 7.62 (T.P.) 0.300 (T.P.)
L 6.5 0.256
M 0.25°8:%8 0.0108:88%
N 0.25 0.01
P 1.1 MIN. 0.043 MIN.
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16-Pin Plastic SOP (300 mil)
uPD17103GS
uPD17P103GS
uPD17107GS
uPD17P107GS

16 9
HHHHHAHA

1 8
A
H
|
© J
i \
i L '
P16GM-50-3008
NOTE
R INCH
Each lead centerline is located within 0.12 ITEM MILLIMETERS CHES
mm (0.005 inch) of its true position (T.P.) A 10.46 MAX. 0.412 MAX.
at maxi material condition. B 0.78 MAX. 0.031 MAX.
c 1.27 (T.P.) 0.050 (T.P.)
D 0.40:8:58 0.016:8:33%
E 0.1*°" 0.004 "0
F 1.8 MAX. 0.071 MAX.
G 1.56 0.061
H 7'7203 0'303:00|2
1 5.6 0.220
J 1.1 0.043
K 0.20'8: 0.008 *8:33
L 0.6:°2 0.024 888
M 0.12 0.005
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22-Pin Plastic DIP (300 mil)
uPD17104CS
uPD17P104CS
uPD17108CS
uPD17P108CS

22 12
Enininininisisinininln

l_ll_ll_ll_ll_ll_lLJT_lLllJlﬁf

A
K
- L
5
I | I
(&) I
F i ,
D BIN® cs M 0~15°
$22C-70-3008
NOTES o o ITEM |  MILLIMETERS INCHES
1) Each lead centerline is located within 0.17
mm (0.007 inch) of its true position (T.P.) A 23.12 MAX. 0.911 MAX.
at maximum material condition. B 2.67 MAX. 0.106 MAX.
c 1.778 (T.P.) 0.070 (T.P.)
2) Item “K” to center of leads when formed s 008
parallel. D 0.50"'° 0.020 ‘o005
F 0.85 MIN. 0.033 MIN.
G 3.2'93 0.126 '°°'2
H 0.51 MIN. 0.020 MIN.
1 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 7.62 (T.P.) 0.300 (T.P.)
L 6.5 0.256
M 0.25'8:38 0.010 '8:833
N 0.17 0.007
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24-Pin Plastic SOP (300 mil)
uPD17104GS
1PD17P104GS
1PD17108GS
LPD17P108GS

24 13
BHHHEHHHHEHHAHBAA

©)
HEEHEHHHHEHY

A

P24GM-50-300B-1

NOTE o . ITEM MILLIMETERS INCHES

Each lead centerline is located within 0.12

mm (0.005 inch) of its true position (T.P.) A 15.54 MAX. 0.612 MAX.

at maximum material condition. B 0.78 MAX. 0.031 MAX.
C 1.27 (T.P.) 0.050 (T.P.)
D 0.407868 0.0168883
E 0.120| 0.0041:0.006
F 1.8 MAX. 0.071 MAX.
G 1.55 0.061
H 7.7t03 0,30370012
| 5.6 0.220
J 1.1 0.043
K 0.20'8 48 0.008 *8:882
L 0672 0.024-8688
M 0.12 0.005
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28-Pin Plastic Shrink DIP (400 mil)
HPD17134ACT
pPD17135ACT
UPD17136ACT
uPD17P136ACT
uPD17137ACT
uPD17P137ACT

28

noonOononmnnnmia

15

7/

I?IULILIL.ILJI_ILILJULIL.ILJH

A

-
—— |
o|T
J F
D [®IN @]
NOTES

1) Each lead centerline is located within 0.25

mm (0.01 inch) of its true position (T.P.) at
maximum material condition.

2) Item “K” to center of leads when formed
parallel.

K
P L
|
B o5
P28C-100-400
ITEM MILLIMETERS INCHES
35.56 MAX. 1.400 MAX.
B 1.27 MAX. 0.050 MAX.
c 2.54 (T.P.) 0.100 (T.P.)
D 0.50*%° 0.020 =8:838
F 1.1 MIN. 0.043 MIN.
G 3.5 +0.3 0.138 +0.012
H 0.51 MIN. 0.020 MIN.
] 4.31 MAX. 0.170 MAX.
J 5.72 MAX. 0.226 MAX.
K 10.16 (T.P.) 0.400 (T.P.)
L 8.6 0.339
M 0.25 8.8 0.010 *8:88%
N 0.25 0.01
P 0.9 MIN. 0.035 MIN.
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28-Pin Plastic SOP (375 mil)
WUPD17134AGT
WPD17135AGT
uPD17136AGT
uPD17P136AGT
uPD17137AGT
uPD17P137AGT

28 15
HHAAHHHHAAHAHAR

o)
HHHHEHHHHHHHEHE

A
A H
! J
wf
L
P28GM-50-3758B
NOTE Co L ITEM MILLIMETERS INCHES

Each lead centerline is located within 0.12 -
mm (0.005 inch) of its true position (T.P.) A 18.07 MAX. 0.712 MAX.
at maximum material condition. 3 B 0.78 MAX. 0.031 MAX._

c 1.27 (T.P) 0.050 (T.P.{;

D 0.408:88 0.0168:883

E 0.1*°" 0.004 =0-00%

F 2.9 MAX. 0.116 MAX.

G 2.50 0.098

H 10.3*°° 0.40618813

] 7.2 0.283

J 1.6 0.063

K 0.15°888 0.006*8:38%

L 0.8%°2 0.0318:338

M 0.12 0.005

[ ]
v
®
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48-Pin Plastic QFP (10x14)
uPD17001GH-xxx-2A5
pPD17P001GH-2A5

—

ARAAA

HHHH

NOTE

Each lead eenterline is located within 0.15 mm
(0.006 inch) of its true position (T.P.) at maxi-
mum material condition.

detail of lead end

o
(]
P48GH-80-2A5-1
ITEM MILLIMETERS INCHES

A 16.8%04 0.661:8815
B 14.0%°2 0.551 0008
c 10.0%°% 0.394188%8
D 12.8%04 0.504%0016
F 1.4 0.055

G 1.8 0.071

H 0.35:°1° 0.014:888%
| 0.15 0.006

J 0.8 (T.P) 0.031 (T.P)
K 1.402 0.055+0008
L 0.6°2 0.02428835
M 0.20:8¢8 0.079288%
N 0.15 0.006

P 2.2%01 0.087:888
Q 0.1%0! 0.004+000¢
R 0.120! 0.004 0004
s 2.5 MAX. 0.099 MAX.

w»
¥
o




NEC

Packaging information

48-Pin Plastic Shrink DIP (600 mil)

nPD17002CU
wPD17051CU
48 25
nonanAnNNNONOoNAOnNnOonNOannN
e _
o
ﬁJuuuuuuuuuuuuuuuuuuuuuuzl.i
A
K
L
e
ol z |
L AL ,
D @N® csB ™M 0~15
P48C-70-6008
NOTES ITEM MILLIMETERS INCHES
1) Each lead centerline is located within 0.17
mm (0.007 inch) of its true position (T.P.) A 44.46 MAX. 1.751 MAX.
at i i dition. B 1.78 MAX. 0.070 MAX.
2 K £ leads when f d c 1.778 (T.P.) 0.070 (T.P.)
tem “K" to center of leads when forme:
parallel. 3} 0.50%°"° 0.020+8:38¢
F 0.85 MIN. 0.033 MIN.
G 3.2303 0A|26t°°'z
H 0.51 MIN. 0.020 MIN.
[ 4.31 MAX. 0.170 MAX.
J 5.72 MAX. 0.226 MAX.
K 15.24 (T.P.) 0.600 (T.P.)
L 13.2 0.520
] 0.25*8:58 0.010+8:333
N 0.17 0.007
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52-Pin Plastic QFP (14x14)

WPD17203AGC-xxx-3BH
uPD17P203AGC-001-3BH
uPD17P203AGC-002-3BH
uPD17P203AGC-003-3BH
1PD17204GC-xxx-3BH

A

AR RRAARRRAS

AR '

w ' 'Y

NOTE

Each lead centerline is located within 0.20 mm
(0.008 inch) of its true position (T.P.) at maxi-

mum material condition.

detailof lead end
° »
o «
$52GC-100-3BH
ITEM MILLIMETERS INCHES

A 17.2+04 0.67700°1®
B 14.0+°2 0.551:8:888
[¢ 14,0702 0.551:888
D 17.2704 0.677%00'®
F 1.0 0.039

G 1.0 0.039

H 0.407°"° 0.0168:383
[ 0.20 0.008

J 1.0 (T.P.i 0.039 (T.P.}
K 1.6°02 0.063*°:°08
L 0.87°2 0.03178:888
M 0.15 8.8 0.006 " 8:833
N 0.15 0.006

P 2.7 0.106

Q 0.17°" 0.004*0:004
R 0.1°°" 0.004 0004
s 3.0 MAX. 0.119 MAX.
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Packaging information

52-Pin Plastic QFP (14x14)
bent lead
puPD17102G-xxx-00

NOTE

Each lead centerline is located within 0.20 mm
(0.008 inch) of its true position (T.P.) at maxi-
mum material condition.

detail of lead end

. +—
l
o
P52G-100-00-1
Titem MILLIMETERS INCHES

A 21.0%°% 0.827=°0'¢
B 14.07°2 0.55178:888
c 14.02°2 0.55178:888
D 21,0204 0.827=0-01
F 1.0 0.039

G 1.0 0.039

H 0.40701° 0.016°888%
| 0.20 0.008

J 1.0 (T.P.) 0.039 (T.P.)
K 3.5%02 0.13828:

L 2.2202 0.087:8:388
M 0.1578:88 0.0068:883
N 0.15 0.006

P 2.628% 0.102:8:882
Q 0_1:0,1 0.00420,000
s 3.0 MAX. 0.119 MAX.
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52-Pin Plastic QFP (14x14)
straight lead
uPD17102G-xxx-03

A
B
|
” R e—
—] —
— ! —
——] ——
—] ——
—] ——
a.____ -
— —
— ———
—] —
—] | ——
——] —
w ==L} W
* l ! i
| 1 |
G H
= K
|
o B S— !
I
-

NOTE

Each lead centerline is located within 0.20 mm
(0.008 inch) of its true position (T.P.) at maxi-
mum material condition.

P52G-100-03-1

ITEM MILLIMETERS INCHES

A 19.8=%4 0.78028:8}

B 14.0%02 0.55178:838

c 14.0=02 0.55128:838

D 19.8%04 0.780-8:81

F 1.0 0.039

G 1.0 0.039

H 0.40*01° 0.01623:388

I 0.20 0.008

J 1.0 (T.P) 0.039 (T.P.)

K 2.9%02 0.114:8:888

M 0.1578:4 0.006-8:88%

p 2.6%8% 0.102:8:882

T 1.0 0.039

U 1.45 0.057
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64-Pin Plastic Shrink DIP (750 mil)
uPD17052CW
UPD17053CW

Packaging information

33
noNnoOonooonoaonoonOoaonnoaoaonononnnnnn

DUL!LIULIULTLHJUUUUUUUWUUUUUUUUUUI—ISLZI
1

A
K
_ L
5
yEL .
b L .
D BIN® cs M 0~15
P64C-70-750A,C
NOTES ITEM MILLIMETERS INCHES
1) Each lead centerline is located within 0.17 A
mm (0.007 inch) of its true position (T.P.) 58.68 MAX. 2.311 MAX.
at maximum material condition. B 1.78 MAX. 0.070 MAX.
 load formed c 1.778 (T.P.) 0.070 (T.P.)
2) Item “K” to center of leads when forme o0 75,004
parallel, D 0.50 0.020° c.00s
F 0.9 MIN. 0.035 MIN.
G 3.2'°3% 0.126°%0°'2
H 0.51 MIN. 0.020 MIN.
| 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 19.05 (T.P.) 0.750 (T.P.)
L 17.0 0.669
M 0.25-8:38 0.010°8:833
N 0.17 0.007
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64-Pin Plastic QFP (14x20)

uPD17106GC

LPD17P106GC

uPD17202AGF-xxx-3BE

wPD17P202AGF-3BE

uPD17301GF-xxx-3BE
{ ARABGREARAAE
= o =

RFCFLE

qi AL L

H e[ @

K

NOTE

Each lead centerline is located within 0.20 mm
{0.008 inch) of its true position (T.P.) at maxi-
mum material condition.

5-15

detailof lead end

S Eam—

L4\
.

P64GF-100-388,3BE-1

ITEM MILLIMETERS INCHES
A 23.6704 0.929%00'¢
B 20.07°2 0.795°8:

c 14.0%°2 0.55178888
D 17.6%°4 0.693:°0°'¢
F 1.0 0.039
G 1.0 0.039
H 0.40%01° 0.016°8:88%
1 0.20 0.008
J 1.0 (T.P) 0.039 (T.P.)
K 1.8102 0.071°8888
L 0.8%°2 0.031°8:888
M 0.15°888 0.006 8883
N 0.15 0.006
3 2.7 0.106
Q 0.170! 0.004 70004
R 0.1+0" 0.00470.004
s 3.0 MAX. 0.119 MAX.




N E C Packaging information

80-Pin Plastic QFP (14x20)

puPD17003AGF-xxx-3B9
uPD17005GF-xxx-3B9
uPD17P00SGF-3B9
uPD17006GF-xxx-3B9
uPD17P006GF-3B9
puPD17010GF-xxx-3B9
uPD17P010GF-3B9
uPD17201AGF-xxx-3B9
uPD17207GF-xxx-3B9
uPD17P207GF-3B9

detail of lead end

/2]

[
!

o
SBOGF-80-389
'E“ac::faad centerline is located within 0.15 mm TEM MILLIMETERS INCHES
(0.006 inch) -of its true position (T.P.) at maxi- A 23.2%04 0.913'8:813
mum material condition. B 20%°2 0.787 '8:88
c 14702 0.5518:388
D 17.2°°4 0.677:°°'¢
F 1.0 0.039
G 0.8 0.031
H 0.357°1° 0.0148:888
| 0.15 0.006
J 0.8 (T.P.) 0.031 (T.P.)
K 1.6°92 0.063+0:008
L 0.87°2 0.0318:3388
M 0.15'83 0.006"8:883
N 0.15 0.006
P 2.7 0.106
Q 0.1%% 0.004 0004
R 0.1%°? 0.004+0-004
S 3.0 MAX. 0.119 MAX.
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