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N E C c \\)&\ uPD17P103

B;)’ SINGLE CHIP MICROCONTROLLER -

/3,

=
~O
; ‘EK\INOS is a tiny microcontrollers consisting of a 1K-byte ROM, 16-word RAM, and 11 input/output
por‘[s‘/ %#/a one-time PROM version of the uPD17103, whose internal mask ROM is replaced with a one-time
M
o UPD17P103 models are avaitable: uPD17P103CX, which allows a program to be written only once, and
@ u\PD1 7P103GS. They are suitable for evaluation of uPD17103 and for small-scale production.

P The uPD17000 architecture of the CPU uses general registers so that data memory can be manipulated directly
for effective programming. Every instruction is 1 word long, consisting of 16 bits.

FEATURES

® Compatible with the uPD17103

® Program memory (one-time PROM): 1K bytes {512 words x 16 bits)

® Data memory {RAM): 16 words x 4 bits

® [nputf/output ports: 11 ports (including three N-ch open-drain outputs}
@ [nstruction execution time: 2 us (with 8-MHz crystal or ceramic resonator connected)
® Number of instructions: 24 (Each instruction is 1 word long.}

® Stack level: 1

® A standby function is supported (with the STOP and HALT instructions).

® Data memory can retain data on low voltage (2.0 V at minimum).

® An oscillator is included for the system clock (for crystal or ceramic resonator).
® Qperating supply voitage: 2.7 10 6.0V (at 2 MHz)

4.51t0 6.0V (at 8 MHz)

APPLICATIONS
® Controlling electric appliances or toys
® Providing general-purpose logic |Cs in one chip

ORDERING INFORMATION

Order Code Package
uPD17P103CX 16-pin plastic DIP {300 mil) _
uPD17P103GS 16-pin plastic SOP {300 mil) \\
N\
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PIN CONFIGURATION (Top View)

wPD17P103CX/uPD17P103GS

XiN ]
XpuT/MD3 O—E
RESET/Vpp O—E
PoDg/Dg =4 ]
POD1/D} o—{5]
P0D2/D o—{6]
PoD3/D3 o—{7]
vop o8]

E——o GND

15 POB2/MD2

E—-o POB1/RLSSTOR/MDy
E‘—O PGBg/RLSHALT/MDp
E——o POC3/D7

E——o POC2/Dg

?_Ej—-o POC1/Dg

E]-o POCo/D4

18-pin plastic DIP

16-pin plastic SOP

BLOCK DIAGRAM

CPU CLK CLK STOP

N-ch open drain

POBG/RLSHALT/MDg  Qeet—aem|
P081/ALSsTOP/MD; O~e—a=] POB
PQBy /MDy Oet-—-}

CMOS

POCH/Dy Q=]
POC; /05 Cre—ay
P0C,/D5 O~e—e-f
PDC3/Dy Ot

CMOS

PODQ/Og
P00 /09
POO2ID2 Foo @

RESET/Vep

VDD o—=

GND O—l

]

RAM
16 x 4 bits

) —

.|
ROM Pacorder
512 x 16 bits

Stack 1 x 8 bits
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PIN FUNCTIONS

PIN FUNCTIONS

® Port pins
When writing ta
DUAL
PIN INPUT,
! FUNCTION FUNCTION program memory WHEN
NAME |[OUTPUT PIN or verifying its RESET
contents
POBg RLSHALT MDg | ° N-ch open-drain For the HALT
4-bit input/ mode releasing e
Input/ . . High impedance
POB RLS, MD Mode select
! output svor 1| outeutport For the STOP NP (input mode)
POB2 MD2 {port 0B) mode releasing
POCo Dy © CMOS {push-pull) 4-bit input/output b .
POCH Input/ Dg port (port 0C) bit d“f "“’f‘" High impedance
output output pin {high- " ode)
POC Dg order 4 bits} input m
POC3 Dy
PODg Do « CMOS {push-puli} 4-bit input/output
PODy tnput/ D4 port (port OD) 8-bit d"f input/ High impedance
output output pin llow- (input mode)
POD? D2 order 4-bits) P
POD3 03
® Non-port pins
DUAL
PIN INPUT/ FUNCTION FUNCTION When writing t emo! it
{ -
NAME |[QUTPUT ding writing to program m ry or verity-
PIN ing its contents
RESET Input Vpp System reset input pin Voltage is spplied to this pin [+12.5 V)
Voo Positive power supply pin Positive power supply pin {+6.0 V)
GND GND pin GND pin
Xin Pins to be connected to the system clock Program memory addh updste
resonator
Pins to be connected to the system clock
XouT MD3 ns b Mode selection pin
resonator
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PIN INPUT/OUTPUT CIRCUITS
Following are schematics of the input/output circuits of the pins of the uPD17P103.

(1) POC and POD

—O INJOUT
output N-ch
disable
VDD
P-ch |——
N-ch ‘———
(2) POBg and POB4
p———) IN/OUT
data
N-ch
output
disable
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{4) RESET
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9. DIFFERENCES BETWEEN THE yPD17P103 AND yPD17103

The uPD17P103 is 2 one-time PROM version of the uPD17103, in which the internal mask ROM is replaced with
a one-time PROM. The uPD17P103 has the same CPU functions and internal hardwares as those of uPD17103
except for its program memory and mask option.. Table 9-1 lists the differences between them.

Table 8-1 Differences between uPD17P103 and xPD17103

ITEM MPD17P103 #PD17103
ROM One-time PROM Mask ROM
512 x 16 bits 512 x 16 bits
Pull-up resistors of pins POBp to POB2 None Mask option
Pull-up resistors of RESET pin None Mask option
Connection pin Vpp p.in an‘d operation.mode Vpp p'in an}'j operation mo.de
selection pins are provided. selection pins are not provided.

2.7t 6.0 V (at 2 MHz}

4510 6.0V (at 8 MHz}
16-pin DIP
16-pin SOP

Power supply

Package
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10

. WRITING TO AND VERIFYING ONE-TIME PROM {PROGRAM MEMORY)

The uPD17P103's internal program memory consists of a 512 x 16 bit one-time PROM.
Writing to the one-time PROM or verifying the contents of the PROM is accomplished using the pins shown in

the table below. Note that address inputs are not used; instead, the address is updated using the clock input from

the Xy pin.
PIN NAME FUNCTION
Vep Voltage is applied to this pin when writing to program memory or verifying its contents.
Xin Input pin for address update clock used when writing to program memory or verifying
its contents.
Pins that turn to input pins-and are used as operation mode selection pins when writing
MDg to MD3 g
to program memory or verifying its contents
Dy to D7 Input/output pins for 8-bit data used when writing to pragram memory or verifying its
contents

10.1 Program Memory Write/Verify Modes

If 46 V is applied to the Vpg pin and +12.5 V is applied to the Vpp pin after a certain duration of reset status

(Vpp = 5 V., RESET =0 V), the uPD17P103 enters program memory write/verify mode. A specific operating mode
is then selected by setting the MDg through MD3 pins as follows. Set the othér unused pins to GND levef by means

of pull-down resistors.

Operating mode specification
Vep Voo MDg MD4 MD2 MD3

Operating mode

H L H L Program memory address clear mode
L H H H Write mode
+125V | +6V
L L H H Verify mode
H X H H

Prdgram inhibit mode

X: L {low) or H (high)

10.2 Writing to Program Memory

N
(2)

The procedure for writing to program memory is described below: high-speed write is possible.
Pull low the levels on ail unused pins to GND by means of resistors. Bring Xy to low level.
Apply 5 V to Vpp and bring Vpp to low level. )

(3} Wait 10 us. Then apply 5 V to Vpp.

(4
{5
(6)
(7
(8
(9

(10)
(11}
(12}

Set the mode selection pins to program memory address clear mode.

Apply 6 V to Vpp and 12.5 V to Vpp.

Select program inhibit mode.

Write data in 1 ms write mode.

Select program inhibit mode.

Select verify mode, !f the write operation is found successful, proceed to step {10). If the operation is found
unsuccessful, repeat steps (7) to (9).

Perform additional write for {number of repetitions of steps (7) to (9)) x 1 ms.

Select program inhibit mode.

Increment the program memory address by one on reception of four pulses on the Xy pin.
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(13} Repeat steps {7):to (12} until the lest address is reached.
(14) Select program memory address clear mode.

(15) Apply 5V to the Vpp and Vpp pins.

{16) Turn power off. :

The timing for steps (2) to {12} is shown below.

Repeat X times

Reset

H r Write T Verify

Addtional 1 Address

write | increment

v vep
PP
- f
GND

Vpp+t '
VoD
VoD
GND

XN

FAVAVAVA W

Ji

MDg

.
C
(

i N/

MD4

E

Ji

MD2

ALY

L

(¢

—/
MD3 ___f

10.3 Reading Program Memory

{1} Puil low the levels of all unused pins to GND by means of resistors. Bring Xy to low level.

(2) Apply 5 V to Vpp and bring Vpp to low level.
(3) Wait 10 us. Then apply 5V to Vep.

(4) Set the mode selection pins to program memory address clear mode.

(5) Apply 6V to Vpp and 12.56 V to Vpp.
{6) Select program inhibit mode.

{(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on the

Xy pin.
(8) Select program inhibit mode.
(9) Select program memory address clear mode.
(10} Apply 5 V to the Vpp and Vpep pins.
{11} Turn power off.
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The timing for steps {2) to {9) is shown below.

Vpp

vVep
VDD
GND

Vpp+1
Vob

Voo

GND

XN

Dg to Dg

MDg

MDy

MOy

MD3

JL

"W

]k

e
—

W

WAVAVAVAVAVAVAVAVAVA A U—

T\

1
< X oot Xy
L Data output ata output N

=t
I l

o

)l

Y

J1

Aty

L

—
—

R W
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11. RESERVED WORDS

Table 11-1 lists the reserved words defined in the uPD17P103 device file (AS17103).

Table 11-1 Reserved Words

Name Attribute Value Read/write Description
POBO FLG 0.71H.0 Read/write Bit 0 of port 0B
POB1 FLG 0.71H.1 Read/write Bit 1 of port 0B
POB2 FLG 0.71H.2 Read/write Bit 2 of port 0B
*POB3 FLG 0.71H.3 Read Always set to 0
POCO FLG 0.72H.0 Read/write Bit O of port 0C
POC1 FLG 0.72H.1 Read/write Bit 1 of port 0C
POC2 FLG 0.72H.2 Read/write Bit 2 of port 0C
POC3 FLG 0.72H.3 Read/write Bit 3 of port OC
PODO FLG 0.73H.0 Read/write Bit 0 of port 0D
POD1 FLG 0.73H.1 Read/write Bit 1 of port 0D
POD2 FLG 0.73H.2 Read/write Bit 2 of port 0D
POD3 FLG 0.73H.3 Read/write Bit 3 of port OD
BCD FLG 0.7EH.0 Read/write BCD arithmetic flag
PSW MEM 0.7FH Read/write Program status word
z FLG 0.7FH.A Read/write Zero flag
cY FLG 0.7FH.2 Read/write Carry flag
cMmP FLG 0.7FH.3 Read/write Compare flag

* Although POB3 does not exist in the xPD17P103, it is defined as a ready-only fiag 50 that it is

treated as 8 dummy bit when a built-in macro is used.
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12. INSTRUCTION SET

12.1 Instruction Set List

bis
biy—bn 1} 1
BIN HEX
000 0 ADD r. m ADD m, #i
000 1 SUB L om SUB m, #i
001 2 ADDC L m ADDC m, #i
001 3 SUBC r, m SUBC m, #i
010 4 AND [ AND m. #i
010 5 XOR r, m XOR m, #i
011 6 OR rnom OR m, #i
RET
RETSK
RORC r
011 7
STOP s
HALT h
NOP
100 LD nm ST m r
100 9 SKE m, =i SKGE m. #i
101 A
101 B SKNE m, #i SKLT m. #i
1146 C BR addr CALL addr
119 D MOV m, #i
111 E SKT m, #n
111 F SKF m, %n
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12.2 INSTRUCTIONS LIST

Legend:
M
m
my
my
R
r
RP
PC
sp

STACK

: One of data memory

: Data memory address specified by [my. mi] of each bank
: Data memory address high (row address) : 3bits

: Data memory address low (column address) ; 4 bits

: One of general register specified by [(RP), 1)

: General register address low {(column address) ; 4 bits

: General register pointer

: Program counter

: Stack pointer

: Stack specified by (SP}
: Immediate data : § bits

: Bit position : 4 bits

: One of program memory address ; 11 bits
ay : Program memory address high : 3 bits
ay : Program memory address middle ; 4 bits
ar : Program memory address low ; 4 bits

: Carry flag

: Compare flag

: Stop release condition

: Halt release condition
] : Address of M.R
) : Contents of M.R

§ Machine code
& Mumemonic | Operand Function Operation - - -
Op code| 3 bits | 4 bita | 4 bits
r.m Add memory to register R— (R} + (M) 00000 | my { mp r
I App m, #i | Add immediate data to memory Me (M) +i 10000 | my | my i
< r.m | Add memory to register with carry R— (Rl + ) + (cY) | 00010 | my | m, | ¢
ADDC m. #i | Add immediate data to memory with carry R~ (M) + i+ (CY) 10030 | my | My i
r,m Subtract memory from register R— (R} — M) 00001 | my | mp r
g sue m, #i ] Subtract immediate data from memory Me (M) —i 10000 { my | my i
E SUBC r.m Subtract memory from register with borrow R—(R) — (M) — {CY) {00011 | my | M | T
m, #i | Subtract immediate data from memory with borrow M— (M) —i- (CY) 10011 | my | my i
SKE m, #i | Skip if memory equal to immediate data M~-i. skip if zero 01001 | my | my i
i SKGE |m.#i | Skip if memory greater than or equal to immediate data | M—i.skip if not borrow 11001 | my | my i
g SKLT |[m, #i | Skip if memory less than immediate data M-i, skip if borrow 1011 | my | m | i
SKNE |[m.#i | Skip if memory not equal to immediate data M-—i, skip if not zero 01011 { my | mg i
m, #i | Logical AND of memory and immediate data M+— (M)} AND i 10100 | my | mp i
~§ AND r.m Logical AND of register and memory R~ (R} AND (M) 00100 | my | my | r
g oR m. #i | Logical OR of memory and immediate data M+ (M) OR i 10150 | my | mp i
j r.m Logical OR of register and memory R~ {R) OR (M) 00110 f my [ my | r
.§ m. #i | Logical XOR of memory and immediate data M~ (M) XOR i 10101 | my | mg i
XOR r.m Logical XOR of register and memory R— (R) XOR (M) 00101 | my | m T
M LD r.m Load memory to register R— (M) 01000 | my | m r
E ST m.r Store register to memory (M)+~R 11000 | mg | m, T
= MOV |m,#i | Move immediate data to memory M—i 1101 | my | my i
SKT |m. #n Test memory bits. CL_"’_‘-O o 1110 fmy {m | n
- then skip if all bits specified are true skip if M,=all “1
'E Test memory bits, CMP -0
SKF m. #n L - M| my |m | n
then skip if all bits specified are false skip if M,=all 0
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% Machine code
5| Mnemonic | Operand Function O
e Op code | 3 bits | & bits | 4 bits
€
g BR addr | Jump to the address PC—ADDR 01100 | ay | aw | ap
=
E RORC }{r Rotate register right with carry CY)=(R)~CY 00111 | 000 [ OIR1] r
SP—(5P) -1

CALL | addr | Call subroutine STACK+({PC) +1), 11100 | ay | ay | aL
2 PC—ADDR
=
H
§ RET Return to main routine from subroutine PC—(STACK), SP+(SP} +1 00111 | 000 | 1110 | 0000
&

Return to main routine from subroutine,then skip PC—{STACK). SP+(SP} +1
RETSK 00111 } 001 | 1110 | 0000
unconditionally and skip

é STOP |s Stop clock STOP 001i1 § 010 | 1121]| s
H
H
% HALT | h Halt the CPU, restart by condition h HALT 00111 | O11 F 1111 h
3
= | NOP No operation No Operation 00111 | 100-[ 1111 | 0000
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13. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (T, =25°C)

Supply Voltage Voo ~0310+7.0 v
Supply Voltage Vep —0.3t0+135 v
Input Voltage \'7) POC, POD ~0.3 10 Vpp +0.3 v
POB ~0.3 to +11 v
Qutput Voltage Vo POC, POD =0.3to Vpp 10.3 v
POB —0.3 to +11 v
High-Level Output Current loH, Each of POB, POC, POD =5 mA
Total of all pins -15 mA
Low-Level (_)utput Current loL Each of POB, POC, POD 30 . mA
Total of all pins 100 mA
Operating Temperature Topt —40 to +85 °c
Storage Temperature Tstg —65 to +150 °c
Power Consumption Py T,=85°C 16-pinDIP 400 mw
16-pin SOP 190
CAPACITANCE (T,=25°C,Vpp =0V)
CHARACTERISTICS SYMBOL MIN, TYP. MAX. UNIT CONDITIONS
Input Capacitence CiN 15 pF f=1 MH2
1/0l*} Capacitance Cio 15 pF 0 V for pins other than pins to be measured

+: nput/Output
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DC CHARACTERISTICS (T3 =—4010 +85°C,Vpp =2.7tc 6.0V)

CHARACTERISTICS SYMBOL MIN, TYP. MAX, UNIT CONDITION
VIH1 0.7 Vpp Vpo v Qther than the following pins and port
ViH2 0.8 Vpp Voo v POB and RESET
High-Level Input Voltage
ViH3 0.8 Vpp 9 v POB {+)
ViHa Vpp0.5 Voo v XIN
ViLt 0 03 Vvpp v Other than the following pins and port
Low-Level Input Voltage | Vi 2 0 0.2Vpp v POB and RESET
Vi 0 05 v XIN
Vpp=4516.0 V,
High-Level Output Voltage Vpp-2.0 v lon=—2
VOH OH=—2 mA
on POC and POD
Vpp-1.0 v loH=—200 A
Vpp=45ta6.0V,
Low-Level Output Voltage VoL 20 v loL=15mA
on P08, POC, and POD
0.5 v loL=600 uA
High-Level Input Leakage IRt 5 BA VIN=VDO
Current on POB, POC,
and POD ILIH2 10 uA | VN9V t)
Low-Level Input Leakage
Current on POB, POC, fLiL -5 uA VIN=0 V
and POD
High-Level Qutput Leakagej ILOH1 5 uA VouT=Voo
Current on POB, POC,
and POD ILoH2 10 wA | VouT8V te)
Low-Level Output Leakage|
Current on POB, POC, ILoL -5 A | VouT=0V
and POD
Vpp=5.0 V 10 %,
15 45 mA -
' Operation | fcc=8.0 MHz
[»1n]]
Made Vpp=3.0V 10 %,
250 750 HA fee=2.0 MHz
Vpp=50V :10%,
10 30 | maA oMt
Pawer Supply Current IDD2 HALT ccTe z
mode Vpp=3.0V 10 %,
200 600 MA
fce=2.0 MHz
01 10 uA STOP Vpp=5.0V £10 %,
|
po3 0.1 5 uA made Vpp=3.0V:10%

*: When N-ch open-drain input/output is selected.
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY
VOLTAGE IN THE STOP MODE (T, =—40 to 485 °C)

CHARACTERISTICS SYMBOL MIN, TYP. MAX. UNIT CONDITION
Data Hold Supply Voltage VDDDR 20 6.0 A"
Data Hold Supply Current iDDDR 0.1 5.0 uA VpDDR =20V
Release Signal Set Time tSREL [} S

AC CHARACTERISTICS (T4 =—40 to +85°C, Vpp =2.7 to 6.0 V)

CHARACTERISTICS SYMBOL | MIN. TYP. MAX. | UNIT CONDITION
19 33 us | Vpp=45108.0V
Internal Clock Cycle Time Tcy
75 33 us
-
High/Low Level Width on POBQ and POB; | " o1 10 us
TeeL
. T
High/Low Leve! Width on RESET RSH 10 us
TRsL

DC PROGRAMING CHARACTERISTICS
(Ta=26°C,Vpp =6.0+0.25V, Vpp = 125205 V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITION
ViH1 0.7-Vpp VpD v Except Xin
Input Voltage High
Vin2 Vpp-05 Vob v Xin
ViLt 0 0.3 Vpp v Except X|nN
Input Voltage Low
ViL2 0 04 A2 XN
Input Leakage Current [TN] 10 uA VIN = ViLor ViH
Output Voltage High VOH Vvpp-1.0 v loH =—1mA
Output Voltage Low VoL 04 v loL=16mA
Vpp Power Supply Current oD 30 mA
Vpp Power Supply Current ipp 30 mA | MDO =V, MD1 =V

Notes 1: Vpp must be under +13.5 V including overshoot.
2: Vpp must be applied before Vpp on and must be off after Vpp off.

2-300




N E uPD17P103

AC PROGRAMMING CHARACTERISTICS
{T, =25°C, Vpp = 6.0 :0.25 V, Vpp = 125 :05 V)

CHARACTERISTICS SYMBOL 1 MIN. TYP. MAX. | UNIT CONDITION
Address Set Up Timel*2) to MDO | tas tas 2 ™
MD1 Setup Time to MDO | LIVIT 10ES 2 us
Data Setup Time to MDO | DS tps 2 b
Address Hold Time{*2) 1o MDO t tAH tAH 2 us
Data Hold Time to MDO 1 tOH tDH 2 I’
Data Output Float Delay Time From
MDO T tDF 1DF 0 130 ns
Vpp Setup Time to MD3 t typs VPSS 2 ]
Vpp Setup Time to MD3 t typs wes 2 us
tnitial Program Pulse Width Py tPw 0.95 1.0 1.05 ms
Additional Program Pulse Width tOPW tOPW 0.95 210 ms
MDO Setup Time to MD1 t t™MOS tCES 2 s
Data Qutput Delay Time From MDO 1— | tpy tpv 1 us MDO = MD1 =V _
MD1 Hold Time to MDO t tM1H tOEH 2 us
MD1 Recovery Time to MDO § tM1R tOR 2 us IR * IR 2 500
Pragram Counter Reset Time tpCR - 10 HS
Xy Input High, Low Level Range tXH. XL - 0.128 Hs
Xin tnput Frequency fx - 4.19 MHz
Initial Mode Set Time 1] - 2 us
MD3 Setup Time to MD1 t t\Mm3s - 2 us
MD3 Hold Time to MD1 | tM3H - 2 us
MD3 Setup Time to MDO | TM3SR - 2 us Read program memory
Data Output Delay Time From
Addresst*2) tDAD tACC 2 us Read prograrn memory
Data Qutput Hold Time From
Address!*2} tHAD tOH 0 130 ns Read program memory
MD3 Hold Time to MDO t tM3HR - 2 us Read program memory
Data Output Fioat Delay Time From OFR _ 2 us Read program memary
MD3 {—~
Reset Setup Time tRES 10 us

*1: Symbols for corresponding uPD27C256.
®2: Internal address signal is incremented by one at the falling edge of the third X input, and it is not connected to the pin.

2-301



pPD17P103

Write program memory timing

RES
[ tvrs N -
M W
Vep ']
Voo
GND —--i la— tvDS N .
v vpp+1 3 3
12}
Vop txH
GND
X1
it
Dot D7 m}(;ut
—t 1DH
"" a > tov | DOF —=1'Ds| DAh tas
MDO 4 p  —
-] tow iR 1 10PW
1 1 )}
y v s
MOt
I
"’i"c"“— thg MIH N N
A\Y {t
MD2 ol
f— tM3H
—
-IIM:is . J‘_’l‘
MD3 i it -
Read program memory timing
tRES
—] fo—tyPg .
ver %
vep
Voo
GND —'-j f— tvDs N
Vop+1 |
VoD Zf’
Voo xH
GND
xI N\
1
XL DAD
THAD N
ta output E—
DO to D7 b Data output Data outpu 1“‘
—ef le—toFR
—-l o 'Maun—.l |
Yy b
wo __f W
(¢
)L
MD1 ¢
1PCR fo—
L
LLY
MD2
— tmasm —
:\ W
MD3 d
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