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OKI semiconductor

MSM65512/65P512

0 K I SEMICONDUCTOR GROUP

= 49-19-0%

OKI ORIGINAL HIGH PERFORMANCE CMOS 8 BIT SINGLE CHIP

MICROCONTROLLER

GENERAL DESCRIPTION

MSM65512 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65512 is
capable of high-speed processing, and includes 8 Kbytes of program memory, 256 bytes of data
 memory, timers and serial ports on chip. Also available is the MSM85P512, which replaces the on-

chip program memory with one-time PROM.

OPERATING RANGE

® Operating Frequency : DC~ 10MHz
® Operating Voltage ;. 45~55V

® Operating Temperature : -40~85°C
FEATURES

® MemorySpace : 64 Kbytes

On-Chip Program Memory : 8 Kbytes
On-Chip Data Memory 1 256 bytes

e  Minimum Instruction Execution Cycle:
400nS @ 10 MHz

e Powerful instruction set:

83 basic instructions

8/16-bit operation instructions
Bit manipulation instructions
Compound function instructions

e Abundant addressing modes

® Multiplication/division operation functions
16 « 8x8
16 « 16/8, B« 16mod 8

® |/Oports: 8-bitx4

e Timers
8-bit auto-reload timer x 2
16-bit auto-reload timer x 1
Watchdog timerx 1

Counters
Time base counter x 1
16-bit free-running counter x 1

Capture input: 1 channel
Compare output: 2 channels
Serial ports

Shift register x 1

Serial port with baud rate generator
(UART/synchronous) x 1

External interrupts: 3
Iinterrupt factors: 15

Package:
40 pin plastic DIP (DIP40-P-600)
44 pin plastic QFP (QFP44-P-910-K)
44 pin PLCC (QFJ44-P-S650)
64 pin plastic QFP (QFP64-P-1414-1K)

*  specifications are subject to change without notice.
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® MSM65512/65P512 o
PIN CONFIGURATION

0 KI SEMICONDUCTOR GROUP

40-Pin Plastic DIP

(Top View)
raomack [ 140 ] Voo
pacar [ 2 139 ] po ara00
pPa.2cmpe | 3 138 ] po.1inD1
p3.acmp 4 37 ] po 2102
p3annt2 [5 135.] 70 3803

Pasrsero [6 ] (35 ] Po araDa

P36kt | 7| [31] po ssaps

p3.ossrick [a] 133 ] po 51a06
RESET [ 9] 132} ro.rap7

pzomxo (10 ] g

pz.amxp [11] [30] aee

p2.2n810 (12 29 )70
P2IANTUGATE]1T 28] Prats

pzamock [1e] |27] p1.6m1a
P2.5ATOP 15 | 267 P13
26w [1 | |25 | pr.ani2
p2amiour [17 227 p1 3a1
B5¢T 18] 23] pr.2ia10
osco [19} 22} pr.ume

GND |20 | U] rroms

FUNCTIONAL BLOCK DIAGRAM

L-8US

;?SE'T, 8bit AR-TM CONTROL
GATE" *2
G 8bit SHIFT - REG
SFTIY —> ‘1 RAM
SFTCK® (256 bytes)
INTO*
INT1® INTERRUPT —"
INT2*
16bit AR-TM
DEC.
CAP* —1  16bit FREE-RUN
gm:?‘ & CAP/CMP
ROM
RXD* 8bit AR-TM (8K bytes) G-BUS CONTROL
orey & 510 ADO~AOD7*
A— D saais
l—» WR*
] ~——0TFA
0 ALF

ATCH 0 o
TIME BASE W,
DOG
TIVER
MUL/DIV L PORT I
P p
2 3

P P
0 1

o0<Oo—-
QZOo—=

* Secondary function of port
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® MSM65512/65P512¢———— ( K I SEMICONDUCTOR GROUP
PIN DESCRIPTIONS

Type Pin Name I]o] Description
Power vDD ‘ + 5V power supply
supply GND 0V ground

i System clock input pin. Quartz oscillator or ceramic osciliator
Oscilla- 0sco Input | is connected between OSCO and OSC1. For external clock,
input at OSCO, leaving O5C1 open.

tion
05C1 Output | System clock output pin
RESET |Input | System resetinput (program starts from address 0040H);
internal pull-up resistance
Control

Program memory select input pin.
EA Input | “L” level input for external program memory; “H" level input
for internal program memory.

RD Output | Read strobe signal during external memory access
ALE Output | Address latch signal during external memory access
8-bit /0 port
PORT 0 110 | During external memory access, becomes address/data bus for

address output, instruction fetch or data read/write along
with ALE, RD and WR pins

PORT 1 110 8-bit /0 port
Address bus during external memory access

Port PORT 2
8-bit YO port x 2. Secondary functions shown in following
PORT 3 YO | table are added for ports 2 and 3.
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T 0 K I SEMICONDUCTOR GROUP ———*MSM65512/65P512 *
PIN SECONDARY FUNCTIONS

Pin Name o Description
RXD /O | P2.0 secondary functions.
UART: Input pin for serial port receive data.
Synchronous: _Input pin for serial port transmit/receive data.
TXD Output | P2.1 secondary functions.
UART: Qutput pin for serial port transmit data.
Synchronous:  Output pin for serial port synchronizing clock.
INTQ Input | P2.2 secondary function.
External interrupt 0 input pin.
INT1/GATE Input | P2.3 secondary functions.
External interrupt 1 input pin. Also used as input pin for gate
signal for timer 0 count enable /disable.
TOCK Input | P2.4 secondary function
Timer 0 external clock input pin.
HSTOP Input | P2.5 secondary function.
Hard stop mode input pin; stops system clock oscillation with “L"
» level input.
WR Output | P2.6 secondary function.
Write strobe signal output pin during external data memory
access.
TiOUT Output | P2.7 secondary function.
Output pin for signal that 2-divided timer 1 overflow.
T2CK Input | P3.0secondary function. Timer 2 external clock input pin.
CAP Input | P3.1 secondary function.
Capture trigger input pin.
CMPQ Output | P3.2 secondary function.
Compare output channel 0 output pin.
CMP1 Output | P3.3 secondary function.
Compare output channel 1 output pin.
INT2 Input | P3.4 secondary function.
External interrupt 2 input signal.
SFTO Output | P3.5 secondary function.
Shift register data output pin.
SFTI Input | P3.6 secondary function.
Shift register data input signal.
SFTCK 170 P3.7 secondary function.

Shift register synchronizing clock input/output signal.
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® MSM65512/65P512¢——— ( K I SEMICONDUCTOR GROUP
REGISTERS

Operation Registers

A Register l 7

(Accumulator) L L L . . 1 .

B Register I 7
(BR)

*  For 16-bit operation instruction, A register holds low byte
data and the B register holds high byte data.

Special Purpose Registers

S(ts:;\)c)kpomter I 7 1 1 1 1 1 1 1 ‘0 I

Programstatus  [as1 rso mp i P H  Z C |

word L

(PSW) Carry flag
Zeroflag
Half-carry flag
Parity flag
Master interrupt enable flag
Local memory page flag
Register set select flag
Register set select flag

Program counter

(PC) Lis - o |

LOCAL REGISTERS

258

ER1 { __________ RIU ]
R10

R9
ERO 4 fommmm o e o st
R8

RO

*1 4 banks of local registers are mapped in local memory space data memory.
*2 Registers R8 to R11 can be used as 16-bit registers, ER0 and ER1.
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MEMORY MAPS

17FH

100H

80H

40H
30H
20H
10H

Local Memory Space

Data Memory

SFR

Data Memory

Local Register Set 3

Local Register Set 2

Local Register Set 1

Local Register Set 0

OFFFFH

- Page 1

2000H

100H

Ppageo BOH

40H

20K

¢ MSM65512/65P512 ¢

General Memory Space

External Memory

Program Memory

Vector Call Table Area >lntemal

Memory

Program Memory

Interrupt Vector Table Area

Vector Call Table Area
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* MSMB5512/65p912 © 0 K I SEMICONDUCTOR GROUP —
SFR TABLE
A(cli_{cér;)s i Name St))/gr Symbol | R/W | Reset
OFF F register (multiplication/division operation register) FER FR 00H
OFE E register {multiplication/division operation register) ER RAW 00H
OFD D register (multiplication/division operation reéister) DCR DR 00H
OFC C register {multiplication/division operation register) CR 00H
OFB Multiplication/division condition register MDCR OFCH
0F7 Interrupt enable register IE IEH 7OH
OF6 IEL 00H
OF> Interrupt request register IRQ IRQH RAW 70H
OF4 IRQL O0H
0F3 External interrupt control register ‘ XICON 0COH
0F2 Standby control register SBYCON OFOH
OF1 Stack page specification register SPR OFEH
0F0 Watchdog timer control register WDTCON | W —
OEE  Port3 mode register P3IMOD 53H
OED | Port 3 direction register P3DIR 00H
QEC | Port 3 data register - P3D %';iz
. OEA | Port 2 mode register . P2MOD 3CH
0E9 Port 2 direction register , P2DIR 00H
OE8 | Port 2 dataregister pap | RW ‘;'i':éfj'
0E5 Port 1 direction register P1DIR 00H
OE4 | Port 1 data register : P1D lf'i':gg'
OE3 Port O direction register PODIR. 00H
0E2 | Port0data register POD Unde
OE1  |Shift register SFTR Unde-
OEQ Shift register control register SFTCON QEOH
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Address
(HEX) Name Symbol | Symbol [ RW | Reset
ODF Timer 1 register TO1R . TIR ‘{5?1‘1‘2{
ODE | Timer 0 register TOR ey
0DD Timer 1 counter ) TO1C T1C lf}i'r]gff
ODC | Timer 0 counter TOC nesy
0DB | Timer 1 control register ' TICON OFOH

ODA [ Timer 0 control register TOCON OEOH
009 Time base counter control register ' TBCON OEOH
Unde-

907 | timer 2 register T2R T2RH fined
0D6 T2RL e
Unde-

005 | timer 2 counter T2C T2CH fined
0D4 TacL | W e
0D3 Timer 2 control register T2CON OF4H
002 Free-running counter FRC FRCH 00H
0Dt ‘ FRCL 00H
0DO0 Free-running counter control register FRCON OF4H
Unde-
ocF Compare channel 1 data register cmpir | CMPIRH f'"Ed_
0CE CMP1RL ned
Unde-

0co Compare channel 0 data register cmpor | CMPORH fined
occ CMPORL ined
0cB Compare output control register CMPCON OFOH
0CA Compare output data register CMPOUT OFCH
Unde-

0c9 Capture data register CAPR CAPRH R | fined
ocs CAPRL ey
0c7 Capture input control register CAPCON OFCH
0C6 Serial port buffer SBUF lf'i’r‘ngg_
0Cs Serial port control register SCON SCONH RIW OFOH
0C4 ‘ SCONL 00H
0C3 Timer 3 register T3R lf}i’r‘ugfi-
0C2 | Timer3counter T3C fing
o1 Timer 3 control register T3CON OF4H
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0 K I SEMICONDUCTOR GROUP —
ADDRESSING MODES '

MSM65512 has 384 bytes of local memory space and 64 Kbytes of general memory space. A variety
of addressing modes are available for accessing these spaces.

1. Register Direct Addressing

& A, B. SP. PSW
® BA

Example

DAA

L——» V7 KeC Z

2. Local Register Direct Addressing

® Rn (n=0~15)
e ERn (n=0, 1)

Example

Local Registers
L A, R2

L
Rl

3. Local Memory Direct Addressing

[ \adfs (within 256-byte page; page specified by LMP {lag)
e adrs (384 bytes) )
Example

‘Local Memory
L - A, \56H

7777 o

4. General Memory Direct Addressing

® adrs

Example

-General Memory
LG A,  DABCH

L . /) onBCH
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0 K I SENICONDUCTOR GROUP * MSM65512/65P512 @

5. Local Memory - Register Indirect Addressing

® [Rn] (n=0,1,8,9; within 256-byte page; page specified by LMP flag)
® page: [Rn} (page=0,1 n=0,1,89 384bytes)
Example
L A Mf Local Memory

6. General Memory - Register Indirect Addressing

e [ERn] (n=0,1)
* [BA]
Example
LG A, LEJ;:J,O General Memory
----- ERO-----4——s %

7.

Local Memory Index Addressing

® disp [Rn]

(n=1,9; within 256-byte page; page specified by LMP flag)

® page: disp [Rn] (page=0,1 n=1,9 384bytes)
Example
L A SSH[RI]
L R Local Memory

g/

8. General Memory index Addressing

e disp (ER1]

Example

LG A,

General Memory

Gz

Y
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* MSM65512/65P512 @

0 K I SEI”IICONDUCTOR GROUP
- 9. Immediate Addressing

® #n
Example
L A, #255
10. PC Relative Addressing
® adrs
Example
iz adrs

ll

General Memory

Y%

4
¢
Y

INSTRUCTION TABLES
¢ Data Transfer Instructions

Mnemonic Function
L obj1, obj2 Local memory load
LG obj1, obj2 General memory load
ST obj1, obj2 Store into local memory
STG obj1, obj2 Store into general memory
MoV PSW, #n Immediate data transfer to PSW
MOV obj1, obj2 Data transfer
MOVG obj1, obj2 General memory data transfer
MOVW obj1, obj2 16-bit data transfer
XCH c, P Carry and parity exchange
XCH obj1, obj2 Data exchange
SWAP obj Upper nibble and lower nibble swap

o Increment and Decrement

Mnemonic Function
INC obj Dataincrement
INCG obj General memory increment
INCW obj 16-bit data increment
DEC obj Data decrement
DECG obj General memory decrement
DECW obj 16-bit data decrement
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0 K I sep * MSM65512/65P512 ®
ICONDUC TOR GROUP
® Arithmetic Operations
Mnemonic Function

ADD obj1, obj2 Data add
ADDW obj1, obj2 16-bit data add
ADC obj1, obj2 Data add with carry
ADCG obj1, obj2 General memory data add with carry
suBs obj1, obj2 Data subtract
SUBW obj1, obj2 16-bit data subtract
SBC obj1, obj2 Data subtract with carry
SBCG obj1, obj2 General memory data subtract with carry
MUL Multiplication 16 < 8x 8
DIV Division 16 < 16/8, 8 < 16 mod 8

® Comparisons

Mnemonic Function
jCMP obj1, obj2 Data compare
cmPw obj1, obj2 16-bit data compare

® Logical Operations

Mnemonic Function
AND PSW, #n PSW and immediate data logical AND
AND obj1, obj2 Data logical AND
OR PSW, #n PSW and immediate data logical OR
OR obj1, obj2 Data logical OR
XOR obj1, obj2 Data exclusive OR

® Bit Operations

Mnemonic Function
SB obj. n Bit set
SB obj PSW bit set
RB obj.n Bit reset
RB obj PSW bit reset
CcPL C Carry complement
L C, obj Bit transfer to carry
ST C, obj Bit transfer from carry
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® MSM65512/65P512 ®

® Rotate and Shift

0 K I SEMICONDUCTOR GROUP

Mnemonic Function
ROL obj Rotate left
ROR obj Rotate right
SLL obj Shiftieft
SRL obj Shift right

® Decimal Adjust

Mnemonic Function
DAA obj Decimal adjust after add
DAS obj Decimal adjust after subtract

® Conditional Jumps

Mnemonic Function
Jz adrs Jumpif zero flag is set
INZ adrs Jump if zero flag is not set
IC adrs Jumpif carry is set
INC adrs Jumpif carry is not set
DJZ Rn, adrs Decrement register, and jump if zero
DINZ Rn, adrs Decrement register, and jump if not zero
JBS obj. n, adrs Jumpif bitis set
JBR obj. n, adrs | Jump, if bitis reset
JBsSC obj. n, adrs Jump and clear bitif bitis set
CJE C, P, adrs Compare carry and parity; jump if equal
CINE C, P, adrs Compare carry and parity; jump if not equal
CIE obj1, obj2, adrs Compare; jumpif equal
CINE obj1, obj2, adrs Compare; jump if not equal
CJEG obj1, obj2, adrs Compare with general memory data;

jumpif equal
CINEG obj1, obj2, adrs Compare with general memory data;
jump if not equal
® Jumps

Mnemonic Function
) adrs Jump
SJ adrs Short jump
J [BA] Indirect jump
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0 K I SEMICONDUCTOR GROUF ® MSM65512/65P512 ®
® Subroutines
Mnemonic Function
PUSH obj Data push
POP obj Data pop
CAL adrs Subroutine call
CALZ adrs Call subroutine if zero flag is set
CALC adrs Call subroutine if carry flag is set
VCAL n Vector call
VCALZ n Vector call if zero flag is set
VCALC n Vector call if carry flag is set
RT Return from subroutine
RTZ Return from subroutine if zero flag is set
RTC Return from subroutine if carry flag is set

® Other Instructions

Mnemonic

Function

CLR
CLRW
CPL
CPLW
NOP
CHK
DLY

abj
BA
obj
BA

obj
n

Clear

16-bit data clear

Data complement

16-bit data complement
No operation

Parity check

Program execution delay
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* MSMe65512/65P512 0 K I SEMICONDUCTOR GROUP
ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition - Rating Unit
Supply voltage Vop ~0.3~7.0
Input voltage " Ta = 25°C -0.3~Vpp+0.3 v
Output voltage Vo ~0.3~Vpp+0.3
Power dissipation - Pp Ta = 25°C (per package} 400 mw
Ta=25°C (pér output) 50
Storage temperature Ts16 ) — ~ 55~ + 150 °C

OPERATING CONDITIONS

Parameter Symbol Condition Rating Unit
Supply voltage Voo fosc = 10MHz 45~5.5 \Y
Memory hold voltage VopmH fosc=0Hz 2~55
Operating frequency fosc "Vpp = 5V 10% 0~10 MHz
Operating temperature Tor — -40~ +85 °C
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DC CHARACTERISTICS
(Vop=5V+10%, GND=0DV, Ta= - 40~ + 85°C)

Parameter Symbol Condition Min Typ Max Unit

"H" input voltage 1 *1 Vini — 24 - |Vpp+0.3
“H" input voltage 2 *2 Vinz — 0.7Vpp - |Vpp+0.3 Vv
"L" input voltage Vi — -03 - 08
“H" output voltage 1 *3| Vguy |loy= —200.A 0.75Vpp - -
"H" output voltage 2 *4| Vouy |lon= - 400.A 0.75Vpp | - R
“L” output voltage 1*3 | Vg3 |lgL=1.6mA - - 0.4
“L" outputvoltage2*4| Vo; |[lg =3.2mA - - 0.4
Input leak current 1 *5 I V= Vpp/OV - - 1 ‘
Inputleak current2 *6 | Iy, | Vi=Vpp/OV - - s10 | 8
“L" input current *7 he | V=0V -40 -200| -400
Input capacity ’ o f=1MHz, Ta=25°C - 5 - pF
Current consumption lops | Stop mode *x - - 50 pA
C“"(T\;I‘;\‘A"sr‘;s"1";;’“°" oo | fosc)= 10MHz, noload | - 5[ 30 |
C””(‘f\;“;,fﬂ‘;?:;’l‘g)“°” oo | fosc)= 10MHz, no load - 20 | 40

1 Excluding OSCO and RESET

*2: 0SC0 and RESET

*3: Excluding PO, ALE, RD, P2.6/WR

* 4 PO, ALE, RD, P2.6/WR

*5: EA

*6: Excluding RESET, EA

*7: RESET

** . The ports set for input mode are Vpp or 0V and the ports except these are

no load.
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AC CHARACTERISTICS

® External Memory Control
(Vpp=AVpp =5V +10%, GND=AGND= 0V Ta= —-40~ +85°C)

Parameter ‘ Symbol | Condition Min Max Unit
Clock period - tc ‘ 100 -
"L* clock pulse width ' taw . 45 -
"H” clock pulse width tcHW 45 -
ALE pulse width taw tc + tcyw — 20 -
ALE pulse delay time 1 tALDY “toow - 20 -
ALE pulse delay time 2 taLD2 toow - 20 -
RD pulse width taw te + touw - 20| -
RD pulse delay time ‘ trp taow - 20 tauw +20
WR pulse width tww ] tc + tepw — 40 -
WR pulse delay time twp ) ‘ teow — 20 tew + 40
“L" address set up time tLas 1 tc-40 - ns
“H" address set up time tHas €, = 100pF tc- 40 : -
“L" address hold time tLan teuw - 20 -
Bus float time tLaz » - 20
"H" address hold time tHAHR tc—20 -
“H" address hold time tHAHW tc-20 -
Read data access time trRoAA : - tcttaw-15
Read data access time trROAR - tecyw + 10
Read data hold time troH 0 -
Write data set up time twos te + tcuw — 40 -
Write data hold time twoH taw - 20 -
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¢ CPU Control

- MSM65512/65P512 ¢

(Vop=5V£10%, GND=0V, Ta= - 40~ +85°C)

Parameter Symbol | Condition Min Max Unit
RESET pulse width 1 *1 tREsSWI — 20 — nsS
RESET pulse width 2 *2 tresw2 bt *3 —_ -

*1 Excluding power ON, stop mode and hard stop mode

*2 In power ON, stop mode and hard stop mode

*3 Oscillation stabilization time depends on resonator

® Peripheral Control 1

(Vpp=5V%10%, GND=0V, Ta= —40~ +85°C)

Parameter Symbol | Condition Min Max Unit

0OsC | Clock period tc - 100 —
EXI |External interrupt pulse

width ptp texiw 41c -

External clock puise _
T0  |width trocw At

GATE pulse width trogw Vtrock * — nS
T2 |External clock pulse

width ’ tracw te -
CAP | CAP pulse width teapw 12 t¢ —

tyoctk: Timer 0 count clock period selected by TOCON
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-® MSM65512/65P512 © " 0 K I SEMICONDUCTOR GROUP —

® Peripheral Control 2
(Vpp=5V*10%, GND=0V, Ta= -40~ +85°C)

Parameter Symbol | Condition Min Max Unit

0sC [Clock period tc — 100 —
SFTCK period tgec 8tc —
SFTCK "L" pulse width tseciw 41--20 —
SFT SFTCK “H" pulse width tsrcHW 4tc-20 —
SFTO set up time tsros tspcLw — 100 —
SFTO hold time tsroH tsecuw — 100 —
SFTIset up time tSES 100 —
nS
SFTI hold time tsrH 100 —
C, = 100pF
Synchronous clock t 8t .
period SIC i C R
5|0 |Synchronous clock “L” _ .
(Clock |pulse width tsicw 4tc-20
synch- S wygn
ynchronous clock "H" _ _
ronous 1, ise width tsicHw 4tc-20
mode)
Output data set up time tsi08 6tc- 100 —
Output data hold time tsion . 2tc - 100 —
Input data set up time tsis tc + teow + 100 -
— Input data hold time tsnn 0 —
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0 K I SEMICONDUCTOR GROUP
® External Memory Control

MSM65512/65P512 ¢

1
CHW tC
050
t
taw AW
A
ALE K /
tro | thw taLD1
RD N /
R
i
tLAH RDAR
- t
tLA L gAZ - l RDH
PO Y% & INSTor
ADDRESS L s < oaall
tRoAA ‘
thas < HAHR
P1 ){Z ADDRESS H *
two tww tap2
WR
1 twos i oH
k'S
Po —— ADDRESS L )4: pataout| }—(
tuanw
P1 X ADDRESS H
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e CPU Control

1) RESET Puise width

L tRESW12
RESET Jr +

e Peripheral Control 1

05C0 _/—\

taw

1) EX!Pulse width

. texiw

|
INTO ~2 X ;D(
2) T0
. trocw o
TOCK ){ *(
. troGw o1
GATE >{ i #(
|
3) 72
tracw

%r_

T2CK . j

4) CAP

. tcapw
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® Peripheral Control 2 ¢ K I SEMICONDUCTOR GROUP

1) SFT

tsec

tsrciw - tsFcHw

SFTCK T\ I —

tsFos tsron

SFTO >g‘L ‘§<*

tsris tSFIH

SFTI 3;/ ’><
N A

2) SIO
(Clock synchronous mode)

sic
tsicLw IsicHw
XD \ f R
- _ b,
5108 tsi0H

RXD (transmission) >g( ﬁ}(
- Y,

tsis tsun

. 4 B!
RXD (reception
(reception) XL K
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