NEC

\

(\) uPD17P108
\ e
_-BIT SINGLE CHIP MICROCONTROLLER
A\

//"7n :
R’ 4

N\/
o® .
Th&/ﬂPBﬂ P108 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 16 input/output
poné.}g(is//a one-time PROM version of the uPD17108, whose internal mask ROM is replaced with a one-time
M‘/\/

,% 5o #PD17P108 models are available: uPD17P108CS and pPD17P108GS, which allow a program to be
N\ Wwritten anly once. They are suitabie for evaiuation of uPD 17108 and for small-scale production.
) The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for

effective programming. Every instruction is 1 word long, consisting of 16 bits.
FEATURES

« Compatible with the uPD17108

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

« Data memory (RAM) : 16 words x 4 bits

« input/output ports 1 16 ports {including four N-ch open-drain outputs)
¢ Instruction execution time 128 us {62.5 kHz) to 8 us (1 MHz}

s Number of instructions 1 24 (Each instruction is 1 word long.}

e Stacklevel |

+ A standby function is supported (with the STOP and HALT instructions}.
« Data memory can retain data on low voltage (2.0 V at minimum).
« An oscillator is included for the system clock. {Only resistors are mounted externally.)
« Operating supply voltage : 25106.0V (at 250 kHz)
4.5 to 6.0 V {at 1 MH2)

APPLICATIONS

« Controlling electric appliances or toys

ORDERING INFORMATION

Order Code Package
uPD17P108CS 22-pin plastic shrink DIP {300 mil}
uPD17P108GS 24-pin plastic SOP (300 mil)
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PIN CONFIGURATION (Top View}
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PIN FUNCTIONS
Pin Functions
o Port pins
When writing to
|
Pin name nputf Dual function pin Function program memory | ywhen reset
output or verifying its
contents
POAo
POA1 Input/ CMOS (push-pull} 4-bit inputiout- High Imped-
Pult down ance (Input
POA2 output put port (port 0A) mode)
POAs
P0Bo RLSwar | MDo N-chopen- | Forthe HALT
i High Imped-
POB: Inputf AlSstor | MD: drain 4-bit mode releasing Mode selection 1] ped:
output input/out- For the STOP pin ance (input
PoB: MD: put port mode releasing mode)
POBs (port 0B) Pull down
POCo Da
8-bit data input/ High imped-
POC Ds _ e ~
1 Input/ CMOS (push-pull) 4-bit input/out output pin (high- ance (input
PoC: output De put port (port 0C) order 4 bits) mode)
POCs Dr
PODo Do
- i High imped-
POD: input/ O CMOS (push-pull) 4-bit inputiout. | 501t data input ghimpe
output pin (low- ance {input
PoD: output O: put port (port 0D) order 4 bits) made)
PODs Da
*» Non-port pins
| Dual
Pin name "‘1":; Function Function When writing t.o program me-
outp pin mory or verifying its contents
" " this pi
RESET Input Ver System reset input pin :I::I;asg;;s applied to this pin
Voo Positive power supply pin Positive power supply pin
{+6.0V)
GND GND pin GND pin
osc Pins to be connected to the system clock | Program memory address
g resonator update
0SCo MDs Pins to be connected to the system clock
resonator
NC NC pin is not connected internally. Mode selection pin
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PN INPUT/OUTPUT CIRCUITS

Following are schematics of the input/ouput circuits of the pins of the 4/PD17P108.

{1) POA, POC, and POD

Voo
data
P<h
——CO INOUT
output N-ch
disable
Voo
Pch I—
N-ch “
{2) POBo and P0B:
— INJOUT
data Nech
output
disable
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{3) P0B2 and P0Bs

data

output
disable

(4) RESET

———O W/OUT
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY)

The uPD17P108'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 addrass is updated using the clock input from
the OSC» pin.

Pin name Function
Vee Voltage is applied to this pin when writing to program memory or verifying its contents.
osc Input pin for address update clock used when writing to program memory or verifying its
! contents
Pins that turn to input pins and are used as operation mode selection pins when writing to
MDo to MDz I
program memory or verifying its contents
Do to Dy Input/output pins for 8-bit data used when writing to program memory or verifying its contents

10.1 PROGRAM MEMORY WRITE/VERIFY MODES

If +6 V is applied to the Voo pin and +12.5 V is applied to the Ve pin after a certain duration of reset
status (Voo = 5 V, RESET = 0 V), the uPD17P108 enters program memory write/verify mode. A specific
operating mode is then selected by setting the MDo through MDs pins as follows. Set the other unused pins
to GND level by means of pull-down resistors.

Operating mode specification

Operating mode
Vep Voo MDo MD1 MD: MDs
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 Pragram inhibit mode

x : L (low) or H {high)
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10.2 WRITING TO PROGRAM MEMORY

The procedure for writing to program memory is described below; high-speed write is possible.

{1} Pull low the levels on all unused pins to GND by means of resistors. Bring OSC1 to low level.
(2) Apply 5 V to Voo and bring Vee to low level.
{3} Wait 10 ps. Then apply 5 V to Ver
(4) Set the moda selection pins to program memory address clear mode.
{5) Apply 6 V to Voo and 12.5 V1o Ver.
(6} Select program inhibit mode.
{7) Write data in 1 ms write mode.
(8) Select program inhibit mode.
{9) Selact verify mode. if the write operation is found successful, procead to step (10]. If the operation is found
unsuccessful, repeat steps (7} to (9).
{10) Perform additional write for {number of repetitions of steps (7) to (9) x 1 ms.
{11) Select program inhibit mode.
(12) Increment the program memory address by cne on reception of four pulses on the OSCi pin.
(13) Repeat steps (7) to (12) until the last address is reached.
(14) Select program memory address clear mode.
{15) Apply 5 V to the Vop and Vee pins.
{16) Turn power off.

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

Repeat X times

Reset

| ) | } N Additional Address
!—1 I Wiite ’ Verify write _’\ = increment "

Vee v ‘%‘r
Voo _/j
GND M
Voo*! 10
Voo Voo _/_/7
GND

QSCi T 2 ] j\.[\N\_

¢

Doto D7 Data input Data Data input

JL

v __/ /S /T S
MD:s / \ /)‘l

JL
Al

MDz

L

_/
MDa / N
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10.3 READING PROGRAM MEMORY

=

(1) Pull low the levels of all unused pins to GND by means of resistors. Bring OSC1 to low level.

{2) Apply 5 Vto Voo and bring Ve to low level.

{3) Wait 10 us. Then apply 5 Vto Ver

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

(5) Apply 6 Vto Voo and 12.5 Vto Vee

{6) Select program inhibit mode.

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

{8) Select program inhibit mode.

(9) Select program memory address clear mode.

(10) Apply 5 V to the Voo and Vee pins.

{11) Turn power off.

The timing for steps (2 to (9} is shown below.

Vee =
Vee Voo _/_/
GND
Voor! =
Voo Voo _/___/

GND

" BV AVAVAVAVAVAVAVAVAVAW AU—
— s
Doto De ' Data output Data output Xi N )——
MDo ’ \ ’
)

MD -

J)
=

MD2

JL

—
MDs ' - \
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11. ASSEMBLER RESERVED WORDS
Table 11-1 lists the reserved words defined in the uPD17P108 device file (AS17108).
Table 11-1 Reserved Words
Name Attribute Value Read/write Description
POAO FLG 0.70H.0 Readwrite Bit 0 of port 0A
POA1 FLG 0.70H.1 Read/write Bit 1 of port DA
POA2 FLG 0.70H.2 Read/write Bit 2 of port 0A
POA3 FLG 0.70H.3 Read/iwrite Bit 3 of port DA
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 ReadAwrite Bit 2.of port 08
POB3 FLG 0.71H.3 Read/write Bit 3 of port 0B
POCO FLG 0.72H.0 Read/write 8it 0 of port 0OC
POC1 FLG 0.72H.1 Read/Mwrite Bit 1 of port 0C
POC2 FLG 0.72H.2 ReadAwrite Bit 2 of port 0C
POC3 FLG 0.72H.3 ReadMwrite Bit 3 of port 0OC
PODO FLG 0.73H.0 ReadMwrite Bit 0 of port 0D
POD1 FLG 0.73H.1 Read/write Bit 1 of port 0D
POD2 FLG 0.73H.2 " Read/write Bit 2 of port 0D
POD3 FLG 0.73H.3 Read/write Bit 3 of port 0D
BCD FLG 0.7EH.0 Read/write BCD arithmetic flag
PSW MEM 0.7FH Readiwrite Program status word
z FLG 0.7FH.1 Read/write Zero flag
cY FLG 0.7FH.2 Read/write Carry flag
CMP FLG 0.7FH.3 Read/write Compare flag
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12. INSTRUCTION SET

12.1 INSTRUCTION SET UIST

blS
bu—bu 0 1
BIN HEX
000 0 ADD . m ADD m, #i
000 1 SUB r, m SUB m, #i
001 2 ADDC r, m ADDC m, #i
001 3 SUBC rn m SUBC m, #i
010 4 AND r,m AND m, #i
010 5 XOR rnom XOR m, #i
011 6 OR . m OR m, #i
RET
RETSK
RORC r
011 7
STOP s
HALT h
NOP
100 8 LD r, m ST m, r
100 9 SKE m, #i SKGE m, #i
101 A
101 B SKNE m, #i SKLT m, #i
110 C BR addr CALL addr
1180 D MOV m, #i
111 E SKT m, #n
111 F SKF m, #n
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122 INSTRUCTIONS

Legend:
M : One of data memory n : Bit position : 4 bits
m : Data memory address specified by [my. m_) of each bank  addr : One of program memory address ; 11 bits
my : Data memory address high (row address) : 3bits ay : Program memory address high ; 3 bits
m, : Data memory address low (column address) : 4 bits an : Program memory address middle : 4 bits
R : One of general register specified by [(RP). r] a, : Prograin memory address low ; 4 bits
T : General register address low (column address) : 4 bits CY : Carry flag
RP : General register pointer CMP : Compare flag
PC : Program counter s : Stop release condition
SP : Stack pointer h : Halt release condition
STACK : Stack specified by (SP) {1 : Address of M,R
i : Immediate data : 4 bits ) : Contents of M,R
§; Mre Machine code
2 i O i
& monic pera; Function Op 3 y 3
code | bits | bits | bits
r.m Add memory to register R—(R) + (M) 00000 | my | my T
ADD
3 m, #i | Add immediate data to memory Me (M) +i 10000 | my | mg i
<
r.m Add memory to register with carry R— (R} + (M) + (CY) | 00010 | my | my | 1
ADDC
m, #i | Add immediate data to memory with carry R+~ (M} +i+ (CY) 10010 | my | m i
r.m Subtract memory from register R+ (R) — (M) 00001 | my | my T
.. |SUB
§ m, #i | Subtract immediate data from memory Me— (M) —i 10001 | my | mg i
2
3 r,m | Subtract memory from register with borrow R—(R) — (M) ~ (CY) | 0001 | my | m¢ | ¢
SUBC
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 | mp i
% SKGE | m. #i | Skip if memory greater than or equal to immediate data | M—i. skip if not borrow | 11001 | my ; m, i
E N
S| SKLT (m, #i | Skip if memory less than immediate data M-—i, skip if borrow 11011 § my | m i
SKNE | m, #i | Skip if memory not equal to immediate data M-—i. skip if not zero 01011 | my | m¢ i
m, #i | Logical AND of memory and immediate data M~ (M) AND i 10100 | my | my i
AND
_§ r.m Logical AND of register and memory R« (R) AND (M) 00100 | my | mg r
®
'g_ m, #i | Logical OR of memory and immediate data M« (M) OR i 10110 | my | mp i
S | OR
K r.m Logical OR of register and memory R+ (R} OR (M) 00110 | my [ m. | r
“Be
S m, #i | Logical XOR of memory and immediate data M<+<— (M) XOR i 10101 | my | my i
XOR
r,m Logical XOR of register and memory R+ (R} XOR (M) 00101 [ my | m r
. LD r.m Load memory of register R+~ (M) 01000 | my | my v
<&
g ST m.r | Store register to memory (M) —R 1000 | my | mg | 1
=
= MOV |m, #i | Move immediate data to memory M 11101 | my | my i
Test memory bits, CMP ~0
SKT m, £n L . 11110 | my fmy [ n
~ then skip if all bits specified are true skip if M,=all “1
14
& Test memory bits, CMP —0
SKF | m, #n o .. m [ my [ me | n
then skip if all bits specified are faise skip if M,=all ¢
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Machine code

Mne- ; i
monie al Function Operation Op 1

3 4
code | bits | bits | bits

Branch | Type

BR addr | Jump to the address PC+ADDR 01100 | ay | ay | aL
; RORC |r Rotate register right with carry {CY)—~{R)—CY 00111 | 000 (0111 r
Sp+—{SP) -1
CALL | addr | Cail subroutine STACK+({PC) +1}, 1100 | an | aw | aL
4 PC—ADDR
2
o
'E RET Return. to main routine from subroutine PCISTACK}., SP—(SP) +1 00111 | 000 | 1110 | 0000
a
Return to main routine from subroutine,then skip PC—ISTACK), SP+(SP) +1
RETSK 00111 | 001 | 1210 | 0000
unconditionary and skip
, |STOP [s Stop clock STOP 00111 | 010 1111 s
eE
gg HALT jh Halt the CPU, restart by condition h HALT 00111 [ 011 |1111| h
NOP No operation No Operation 00111 | 100 | 1111 | 0000
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13. ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (T.=25°C)
Supply Voltage Voo -0.3t0 +7.0 \'
Supply Voltage Ver —0.3to +13.5 v
Input Voltage Vi POA, POC, POD -0.3to Voo+0.3 \")
PoB -0.3 to +11 \
Output Voltage Vo POA, POC, POD -0.310 Voo+0.3 v
POB -0.3 to +11 \
High-Leve? lon Each of POA, POB, POC, POD 5 mA
output Current Total of gll pins -15 mA
Low-Level fov Each of POA, POB, POC, POD 30 mA
output Current Total of all pins 100 mA
Operating Topt -40 to +85 °C
Temperature
Storage Tag 65 to +150 °C
Temperature
Power ] Te=85°C 22-pin shrink DIP 400 W
Consumption 24-pin SOP 250
CAPACITY (Ta=25°C, Voo =0V)

CHARACTERISTICS SYMBOL MIN. [ TYP.] MAX. [{UNIT CONDITION
Input Capacitance Cin 15 pF | f=1MHz
Input/Output 0 V for pins other than pins
Capacitance Cio 15 PF | to be measured

2-409

H



uPD17P108

NEC

DC CHARACTERISTICS (T.=-40to +85 °C,Voo=25t06.0V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. ‘| UNIT 'CONDITION
Otherthan the following pins
Vi1 0.7 Voo Voo v
and port
High-Level —
. Vinz 0.8 Voo Voo v POB and RESET
input Voltag
Vina 0.8 Voo 9 v PoB (*)
Vine Voo - 0.5 Voo v OSC1
Vis 0 03Voo |V Other than the following pins
Low-Level and port
Input Voltage Viz 0 02Voo |V POB and RESET
Vis [} 0.5 v OSC
High-Level Voo=45t06.0V,
Output Voitage Von Voo -2.0 Vo ok =2mA
on POA, POC,
and POD Voo - 1.0 \" lon = =200 uA
Low-Level 20 v Voo =45t06.0V,
Output Voltage Vou loo =15 mA
on POA, POB, v | 500
POC, and POD 08 oL = 600 A
High-Level input fuHt 5 uA Vin = Vop
Leakage Current
on POA to POD Iumz 10 pA | VN=9V *)
Low-Level input
Leakage Current lew -5 PA Vin=0V
on POA to POD
High-Level Output fLowt 5 pA | Vour = Voo
Leakage Current
on POA to POD howz 10 A | Vour=9V =
Low-Level Output
Leakage Current oo -5 HA | Vour=0V
on POA to POD
Voo=5V +10%,
04 12 | mA | Opera- | (. _10MHzx20%
loot tion
5 mode Voo =3V £10%
0 150 HA fec = 250 kHz +20%
Power Supply Voo =5V +10%,
0.3 0.9 mA
Current ooz HALT fc = 1.0 MHz +20%
0 1 mode Voo=3V £10%
4 2 KA fc = 250 kHz +20%
0.1 10 HA STOP Voo =5V £10%
loos
01 5 VA mode Voo =3V +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 (s = —40 to +85 °C}

CHARACTERISTICS SYMBOL MIN. TYP. | MAX. [UNIT CONDITION
Data Hold Supply Voltage | Vooor 2.0 6.0 v
Data Hold Supply Current | looor 0.1 60 HA Voboa = 2.0V
Release Signal Set Time tsneL 0 us

AC CHARACTERISTICS (T, = -40t0 +85°C, Voo =2.510 6.0 V)
CHARACTERISTICS SYMBOL MiN. TYP. | MAX. |UNIT CONDITION
6.6 160 s | Voo=45t06.0V
Internal Clock Cycle Time Tey
: 26.6 160 s

High/Low Level Widthon | Tesu 10 '
POBoand POB: TeaL “
High/Low Level Width on TrsH .
— 10 s
RESET TrsL

DC PROGRAMMING CHARACTERISTICS (T.=25°C, Voo =6.020.25V, Ver = 125205V)

CHARACTERISTICS SYMBOL MIN. TYP. | MAX. |UNIT CONDITION
ViHy 0.7 Voo Voo Vv Except OSCi
Input Voltage High
Virz Voo -0.5 Voo \ 0SC1
Viu 0 0.3 Voo \ Except OSC1
input Voltage Low
Viz 0 0.4 v 0SCs
Input Leakage Current lu 10 HA Vin =ViLor Vi
Output Voltage High Vor Voo ~1.0 Vv lon= -1 mA
Output Volitage Low Vo 0.4 v lo. = 1.6 MA
Voo Power Suppty Current | loo 30 mA
Vee Power Supply Current | lep 30 mA | MDO = Vi, MD1 = Vin

Notes 1. Vee must be under +13.5V including overshoot.
2. Voo must be applied before Ver on and must be off after Vee off.
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AC PROGRAMMING CHARACTERISTICS (T»225°C, Voo=6.02025V, Vre = 125205 V)

CHARACTERISTICS SYMBOL | (*1) | MIN. | TYP. | MAX.| UNIT CONDITION
Address Set Up Time to MDOL ™ | tas ts 2 us
MD1 Setup Time to MDOL tws toes 2 us
Data Setup Time to MDOJ tos tos 2 us
Address Hold Time to MDOT 2 tan ta 2 us
Data Hold Time to MDOT Tou o 2 s
:)r:tr: (n)nul;g:t—float Delay Time o tor 0 130 | ns
Ve Setup Time to MD3T tws tws 2
Voo Setup Time to MD3T tvos twes 2
Initial Program Pulse Width trw trw 0.95 | 1.0 1.05 | ms
Additional Program Pulse Width torw torw 0.95 210 | ms
MDO Setup Time to MD1T tuos tees 2 s
racunaonartins [, BE
MD?1 Hold Time to MDOT tu toen 2 s

MD0 = MD1 =V

MD?1 Recovery Time to MDO. twin tos 2 us
Program Counter Reset Time tecn - 10 us twin = twin 2 50 s
0OSC1 input High,
Low Lev:I Ra':ge : - 042 b
OSCilnput Frequency fosc 1.2 MHz
Initial Mode Set Time t - 2 us
MD3 Setup Time to MD1T tmss - 2 us
MD3 Hold Time to MD1d tasn - 2 us
MD3 Setup Time to MDOL tusen - |2 ps | Read program
2:t::::2n Delay Time From ton ~ ) = Rmaearg 8’{\?9’3'“
2::::):2:! Hold Time From tro tce 0 130 | ns ﬁf.;"md grr\?g,am
MD3 Hold Time to MDOT twin tou 2 us Rme:rg op"r;agram
Data Output float Delay Time From torn _ 2 s Read grogram
MD3l— memory
Resest Setup Time tres - 10

*1  Symbols for corresponding uPD27C258.
*2 Internal address signal is incremented by one at the falling edge of the third 0SChinput, and itis not connected to the pin.
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Write program memory timing

tres

pt—  typs
w w117 2 ¥
Voo 2
GND o] |t
Voo*! 1’(‘ 1’!L
Voo
Voo tos
GND
XI
+ /\ <
o
DO to D7 {oam_mpm'i—@i}—i Data input —(Bat inputi——
—{t —onf tow
""' 1 “‘V’ tow tov |t ol el S T e tas —=] 3
MDO { a /"
—a tw twn 12 torw
; \ t \
MD1
= —
"| il el (R N N
MDZ ALY LY
" e -
' s aly
MD3 X
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