OKI Semiconductor
MSM65512/65P512

High-Performance CMOS 8-Bit Single-Chip Microcontroller

DESCRIPTION

The MSM65512 is a high performance 8-bit single-chip microcontroller implementing large integra-
tion, high speed and low power consumption by OKI's nX-8 /50 CPU core. With a minimum instruc-
tion execution time of 800 ns (5.0 MHz @ 3 V) and 333 ns (12 MHz @ 5 V), the MSM65512 is fully static,
and includes 8K-Bytes of program memory, 256 bytes of data memory, timers, counter, and serial
ports on chip. Also available is the MSM65P512, which replaces the on-chip memory with write-once
PROM.

FEATURES
* Memory space: 64 Kbytes » Timers
- On-chip program memory: 8 Kbytes - 8-bit auto-reload timer x 2
- On-chip data memory: 256 bytes - 16-bit auto-reload timer x 1
* Minimum instruction execution cycle - Watchdog timer x 1
- 800nsat5.0MHz@3V ¢ Capture input: 1 channel
- 333nsat120MHz @5V ¢ Compare output: 2 channels
¢ Powerful instruction set e Serial ports
- 83 basic instructions - Shift register x 1
- 8/16-bit operation instructions - Serial port with baud rate generator
- Bit manipulation instructions {UART/synchronous) x 1
- Compound function instructions * External interrupts: 3

* Abundant addressing modes

N LS ¢ Interrupt factors: 15
¢ Multiplication/division operation functions

¢ Package

-8x8 =16 i i
- 40- lastic DIP
- 168 = 16,16 mod 8 = 8 _ 44_}}312 512252 QFP
¢ [/O ports: 8-bit x 4 - 44-pin PLCC
* Counters

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

OPERATING RANGE

* Operating Frequency: DC ~ 12 MHz
* Operating Voltage: 2.7 ~55V
¢ Operating Temperature: -40 ~ 85°C
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FUNCTIONAL BLOCK DIAGRAM
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PIN DESCRIPTIONS

Type Pin Name e} Description
Power VDD '+ 5V power supply
supply GND 0V ground
System clock input pin. Quartz oscillator or ceramic osciltator
Oscilla- 0sCo Input | is connected between OSC0 and OSC1. For external clock,
tion input at 05C0, leaving OSC1 open.
05cCi Output | System clock output pin
RESET Input | System reset input (program starts {rom address 0040H);
internal pull-up resistance
Control
L 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 /O port
PORT O /0 | 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 /O | 8-bit VO port
Address bus during external memory access
Port PORT 2
8-bit I/0 port x 2. Secondary functions shown in following
PORT 3 116

table are added for ports 2 and 3.
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PIN SECONDARY FUNCTIONS

Pin Name Ie] 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: Output pin for serial port transmit data.
Synchronous: Output pin for serial port synchronizing clock.
INTO Input | P2.2 secondary function.
External interrupt 0 input pin.
INT1/GATE input | P2.3 secondary functions.
External interrupt 1input 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 | P2.5secondary function.
Hard stop mode input pin; stops system clock oscillation with “L”
level input.
WR Output | P2.6 secondary lunction.
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 | P3.0 secondary function. Timer 2 external clock input pin.
CAP Input | P3.1 secondary function.
Capture trigger input pin.
CMPO 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 7O P3.7 secondary function.

Shift register synchronizing clock input/output signal.
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REGISTERS
®  Operation Registers

A Register l 7

{Accumulator) 1 — L L

ooy 0

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

B Register l 7
(BR)

®  Special Purpose Registers

S(tSaPc)k po’nter l 7 1 1 1 1 I ] ] 0 l
Program status let JRSO tmp oM P H Z C l
word T
(PSwW) Carry flag
——— Zero flag
Half-carry flag
Parity flag
Master interrupt enable flag
Local memory page flag
Register set select flag
Register set select flag
Program counter l 15 0
(PQ)

LOCAL REGISTERS

R11
Em{ ------------------------
R10 1

T 4 R, - R
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, ERO and ER1.
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MEMORY MAPS

Local Memory Space

17FH
Data Memory
100H
SFR
80H
Data Memory
40H
Local Register Set 3
30H
Local Register Set 2
20H
Local Register Set 1
10H
Local Register Set Q
0

260

OFFFFH

- Page 1

2000H

100H

rPage 0 80H

40H

20H

General Memory Space

External Memory

Program Memory

Vector Call Table Area

Program Memory

Interrupt Vector Table Area

Vector Call Table Area

>Internal
Memory
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SFR TABLE

A(?_,dEr;)s * Name Sg:r Symbol | RW | 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 register) DCR DR 00H
OFC Cregister (multiplication/division operation register) CR 00H
OFB Mutltiplication/division condition register MDCR OFCH
0F7 Interrupt enable register IE IEH 70H
0F6 IEL 00H
OF5 Interrupt request register IRQ IRQH RAW 70H
OF4 IRQL 00H
OF3 External interrupt control register XICON 0COH
OF2 Standby control register SBYCON OFCH
OF1 Stack page specification register SPR OFEH
OF¢ | Watchdog timer control register WDTCON| W —
OEE Port 3 mode register P3MOD 53H
O0ED | Port 3 direction register P3DIR Q0H
0EC | Port 3 data register P3D ‘,’i','gf,'
OEA [ Port2 mode register P2MOD 3CH
0E9 Port 2 direction register P2DIR O0H
0E8 | Port 2 data register p2p | RW | Ynde-
0E5 Port 1 direction register P1DIR 00H
OE4 [ Port 1 dataregister P1D l{{,‘gg’
0E3 | PortOdirection register PODIR 00H
0E2  |Port 0 data register POD Unde-
OEt Shift register SFTR tfji':éz'
0EO0 Shift register control register SFTCON 0EOH
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Address

(HEX) Name Symbol | Symbol Reset
ODF | Timer 1 register T01R TIR Fined
ODE | Timer Oregister TOR Fnes
0DD | Timer 1 counter T01C T1C ey
0DC | Timer 0 counter TOC pey
0DB Timer 1 control register TICON OFOH
ODA | Timer 0 control register TOCON OEOH
009 Time base counter control register TBCON OEQH

Unde-

907 | imer 2 register T2R T2RH fined

0D6 T2RL ed
Unde-
00> Timer 2 counter T2C T2CH fined

WY T2CL Tnea
0D3 Timer 2 control register T2CON OF4H
0b2 Free-running counter FRC FRCH O0H
0D1 FRCL 00H
0Do Free-running counter control register FRCON OF4H

Unde-
ocF Compare channel 1 data register cmpir | CMPTRH fined
ocE CMP1RL fined

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

Unde-
0e Capture data register CAPR CAPRH fined
oc8 CAPRL ined
0c7 Capture input control register CAPCON OFCH
0C6 Serial port buffer SBUF %’A‘lﬁ'
0¢s Serial port control register SCON SCONH OFOH
0ca SCONL 00H
0C3 Timer 3 register T3R lfji'r‘gg-
0C2 Timer 3 counter T3C lf'i’:v(és-
oc1 Timer 3 control register T3CON OF4H
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ADDRESSING MODES i

B MSM65512/65P512 8@

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 A

2. Local Register Direct Addressing

® Rn (n=0~15)
® ERn  (n=0, 1)

Example

Local Registers

’ R3
——

L A, R

3. Local Memory Direct Addressing

® \adrs (within 256-byte page; page specified by LMP flag)
® adrs (384 bytes)

Example

' Local Memory
L A, \56H

i

4. General Memory Direct Addressing

® adrs

Example
‘General Memory

LG A, 0ABCH

777 onec
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5. Local Memory - Register Indirect Addressing

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

Local Memory

70

6. General Memory - Register Indirect Addressing

® [ERn] (n=0,1)
* [BA]
Example
LG A, [ERQ] General Memory
----- ERO----}— 5 / %

7. Local Memory Index Addressing

e disp[Rn] (n=1,9; within 256-byte page; page specified by LMP flag)
® page: disp [Rn] (page=0,1 n=1,9 384 bytes)
Example
LA ssHRI

I Local Memory

4

R1
‘é

7750 0%

8. General Memory Index Addressing

e disp [ER1]

Example

LG A, OFEHI[ER1]

General Memory

%
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9. Immediate Addressing

¢ #n
Example
L A, #255
10. PCRelative Addressing
® adrs
Example
iz adrs

General Memory
~® /7%

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 Stare 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,pP Carry and parity exchange
XCH obj1, obj2 Data exchange
SWAP obj Upper nibble and lower nibble swap

® Increment and Decrement

Mnemonic Function
INC obj Data increment
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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® 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
suB objt, obj2 Data subtract
susw 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
CcMP 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 abj PSW bit set
RB obj.n Bit reset
RB obj PSW bitreset
CPL C Carry complement
L C, obj Bit transfer to carry
ST C, obj Bit transfer from carry
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® Rotate and Shift

Mngmonic ' Function
ROL obj Rotate left
ROR obj Rotate right
SLL obj Shift left
SRL obj Shift right

® Decimal Adjust

Mnemonic Function
DAA obj « | Decimal adjust after add
DAS obj . Decimal adjust after subtract

® Conditional Jumps

Mnemonic _ Function

)z adrs Jump if zero flag is set

INZ adrs Jump if zero flag is not set

Jc adrs ' Jump if carry is set

JNC adrs ' Jumpif carry is not set

Dz Rn, adrs Decrement register, and jump if zero

DINZ Rn, adrs Decrement register, and jump if not zero

IBS obj. n, adrs Jump if bitisset

JBR obj. n, adrs Jump, if bitisreset

JBSC obj. n, adrs Jump and clear bit if bit s set

CJE C, P, adrs Compare carry and parity; jump if equal

CINE C, P, adrs Compare carry and parity; jump if not equal

CJE obj1, obj2, adrs Compare; jump if equal

CINE obj1, obj2, adrs Compare; jump if not equal

CJEG obj1, obj2, adrs Compare with general memory data;
jump if equal

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

® Jumps
Mnemonic Function
J adrs Jump
SJ adrs Short jump
J [BA] Indirect jump
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® Subroutines

Mnemonic Function
PUSH obj Data push
POP obj Data pop
CAL adrs Subroutine call
CALZ adrs Call subroutine if zero {lag 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 flagis set

e Other Instructions

Mnemonic

Function

CLR
CLRW
CPL
CPLW
NOP
CHK
DLY

obj
BA
obj
BA

obj

Clear

16-bit data clear

Data complement

16-bit data complement
No operation

Parity check

Program execution delay
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings [!]
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This is due to the standard of a crystal vibrator or resonator.

1.
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2.7 ~55V, T, = -40°C ~ +85°C)

DC Characteristics (Vpp
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Excluding OSC0 and RESET.

2. OSCO0 and RESET.

1.

ST

1

T

o

8. The ports set for input mode are Vpp or 0 V, and the port except these are no load.

3. Excluding PO, ALE, RD, P2.6/WR.
9. Referto Figure 2.

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

5. EA.
6. Excluding RESET, EA.

7. RESET.

0
40

Vpp (V)
Voltage vs. Current (5 MHz)
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45~55V, T, = -40°C ~ +85°C)

DC Characteristics (Vpp
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AC Characteristics: External Memory Control (Vpp =2.7 ~ 5.5V, T, = -40°C ~ +85°C)

Clock period

e 83 - ns
“L” clock pulse width toLw Vpp=475~525V 37.5 - ns
“H” clock pulse width tcHw 375 - ns
Clock period tc 100 - ns
“L" clock pulse width tcLw Vpp=45~55V 45 - ns
“H” clock pulse width toHw 45 - ns
Clock period tc 200 - ns
*L” clock pulse width tow Vpp=27~55V 90 - ns
“H” clock pulse width toHw 90 - ns
ALE pulse width taw ic +tcpw - 20 - ns
ALE puise delay time 1 taLD1 touw - 20 - ns
ALE pulse delay time 2 tALD2 torw - 20 - ns
RD pulse width tRw tc + toHw - 40 - ns
RD pulse delay time trD toLw - 20 toLw + 20 ns
WR pulse width tww te + topw - 40 - ns
WR puise delay time twp toLw - 20 toLw + 40 ns
“L” address setup time fLAs tc - 40 - ns
“H” address setup time t tc - 40 - ns
“L” address hold time tHL:j Cu=100pF tcfw -20 - ns
Bus float time tLaz - 20 ns
“H" address hold time read tHAHR tc - 20 - ns
“H” address hold time write HAHW tc-20 - ns
Read data access time tRDAA - toc+toLw - 15 ns
Read data access time tRDAR - tocHw + 10 ns
Read data hold time tRDH 0 - ns
Write data setup time twos te + touw - 40 - ns
Write data hold time twoH toLw - 20 - ns

AC Characteristics: CPU Control (Vpp =2.7 ~ 5.5 V, T, = -40°C ~ +85°C)

RESET pulse widih [1]

tRESW1

20

ns

RESET pulse width 12}

taEsw2

[3]

1. Excluding power on, stop mode, and hard stop mode.

2. In power on, stop mode, and hard stop mode.

3. Oscillation stabilization depends on resonator.
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AC Characteristics: Peripheral Control 1 (Vpp =2.7 ~ 5.5 V, T, = -40°C ~ +85°C)

™

72

Sadid i
Vpp=475~525V 83.3 ~ ns
0OSC | OSC clock period tc Vpp=45~55V 100 - ns
Vpp=27~55V 200 - ns
EXI EX| external interrupt pulse width | texyw 41c - ns
To TO external clock pulse width trocw 4tc - ns
TO gate pulse width trogw 1 trocLk i - ns
T2 T2 extemnal clock pulse width ' trocw 4tc - ns
CAP | CAP pulse width tcapw 12t - ns

1. trocLk: Time O count clock period selected by TOCON.

¥

AC Characteristics: Peripheral Control 2 (Vpg =2.7 ~ 5.5 V, T, = -40°C ~ +85°C)

Vpp=4.75~5.25V 833 - ns

OSC | Clock period tc Vpp=45~55V 100 - ns
Vpp=27~55V 200 - ns

SFTCK period tsrc 8tc - ns

SFTCK “L” pulse width tsroLw 41c-20 - ns

SFTCK “H” pulse width tsFCHW 415-20 - ns

SFT SFTO setup time tsFos tsecLw - 100 - ns
SFTO hold time tsFOH tsFcHw - 100 - ns

SFTI setup time tsris 100 - ns

SFTt hold time tsFIH 100 - ns
Synchronous clock period tsic CL=100pF 8tc - ns
Synchronous clock pulse width “L” | tgicLw 41c-20 - ns
Synchronous clock pulse width “H” | tgicHw 415-20 - ns

siol" | Output data setup time 15108 61c - 100 - ns
Output data hold time tsi0H 2t - 100 - ns

Input data setup time tsus tc + toLw + 100 - ns

Input data hold time tsitH 0 - ns

1. Clock synchronous mode.
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<—1c
tew_, | lcHw,

o/ T\ AW aWas
" j taw \( /(

RD tRw aLD1 >
4
AD \ /

tan RDAR

ttas ——* > et az tRDH
PO Address L ) | INSTorDataln —-—<:
X

tRDAA [ tHAHR
lHAs

4
P1 >§ Address H
X -

Mal

Write

M twp > tww taL D2
4
1 |
PO —< Address L >i(

twps twoH
Fe—— tHAHW
P1 >< Address H

External Memory Control

tRESW1.2
RESET

CPU Control (RESET Puise Width)
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f————— ‘C
fow, | lchw

0sco / \

EXI Pulse Width . ) '
EXIW
T f trocw {
X X
f troaw {
X X
” I tracw {
T2CK >a: j§<
caP I tcapw i
X X
Peripheral Control 1
tsFe {
[— tsFoLw F tsFoHw ——*
SFTCK \
tsFos IsFoH
¥ \
SFTO y
K 7
tsFis tSFIH
's
SFTI >§
K

Peripheral Control 2 (SFT)

tsic

tsicLw h tsicHw
TXD 5

tsios tsiod
RXD
(transmission)

AR
=

tsiis tsiH
RXD - \
(reception) k 4

Peripheral Control 2 (Clock Synchronous Mode)
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