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MSM65512

Oki Original High Performance CMOS 8 Bit 1 Chip Microcontroller

GENERAL DESCRIPTION

MSME5512 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 (10MHKz clock), MSM6E5512 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 MSM65P512, which replaces the on-

chip program memory with one-time PROM.

OPERATING RANGE

® Operating Frequency DC~ 10 MHz
® Qperating Voltage 45~55V

® Operating Temperature -40 ~ 85°C
FEATURES

® MemorySpace : 64 Kbytes

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

® 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

® Abundant addressing modes

e Multiplicatiorvdivision operation functions
16 «~ 8x 8
16 « 16/8, 8 <16 mod 8

® |/Oports: 8-bitx4

® Timers
8-bit auto-reload timerx 2
16-bit auto-reload timerx 1
Watchdog timerx 1

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

Captureinput: 1channel
Compare output: 2 channels
Serial ports

Shift register x 1

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

External interrupts: 3
Interrupt factors: 15

Package:
40-pin plastic DIP
44-pin plastic QFP
44-pin PLCC

* Specifications are subject to change without notice.
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PIN CONFIGURATION

40-Pin Plastic DIP
(Top View)

P3.0m2CK [ 1

p3.1rcap { 2]
P3.2/cMPO [ 3
P3.3cMPY [ 4

P3.4ANT2 | §
P35SSFTQ | 6
P3.6/SFTH | 7

P3.7sFTCK [ 8 ]
fEe 5]
p2.0mxp [10
p2.a/mxp [11]
p22nNT0 [12]

P2.3INT1/GATE |13
P2.4TOCK |14
P2.SMSTOP |15

P2.6AVR [16 |
P2.7MIQUT E
55 o]
osco [19]
ono 20

SN’

E Voo
39 | po.0/aD0
38 ] Po.1:4D1
37] ro.27a02
36 ] P0.3/aD3
35 | Po.4aD4
32 ] po.s/aps
33] Po.6/a6
32 ] Po.77a07
31 ] Ea

30 ] Act
B

28] P1.7ia15
[27] p1.6/a14
[26] P1.5/A13
[25 ] p1.4a12
22 ] P1.3/a11
23] P1.2/a10
[22] P1.11a9
[21] p1.0/m8




PIN DESCRIPTIONS

Type Pin Name 10 Description
Power vDD +5V power supply
supply GND 0V ground
System clock input pin. Quartz oscillator or ceramic oscillator
Oscilfa- 0sCo Input  !isconnected between OSCO and OSC1. For external clock,
tion input at QSCYO, leaving OSC1 open.
0sCi Output | System clock output pin
RESET Input | System reset input (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" leve! input
forinternal program memory.
RD Ouvtput | Read strobe signal during external memory access
ALE Output | Address latch signal during external memory access
8-bit /O port
PORTO e During external memory access, becomes address/data bus for
address output, instruction fetch or data read/write along
with ALE, RD and WR pins
PORT1 Vo 8-bit O port
Address bus during external memory access
Port PORT 2
8-bit VO port x 2. Secondary functions shown in following
PORT 3 o

table are added for ports 2 and 3.




PIN SECONDARY FUNCTIONS

Pin Name /0 Description
- RXD /O | P2.0secondary 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: Qutput 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 1 input pin. Also used as input pin for gate
signal for timer 0 count enable /disable,
TOCK Input |P2.4secondary function
Timer 0 external clock input pin.
HSTOP input | P2.5 secondary function.
Hard stop mode input pin; stops system ¢lock oscillation with "L”
; ievel 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 | P3.0 secondary function. Timer 2 external clock input pin.
CAP Input | P3.1secondary 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 1O | P3.7 secondary function.
Shift register synchronizing clock input/output signal.




MSM65512 ELECTRICAL CHARACTERISTICS

e ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit
Supply voltage Voo =AVpp -0.3~7.0
Input voltage Vi -0.3~Vpp+0.3 v
Output voltage Vo Ta=25°C -0.3~Vpp+0.3
Analog reference voltage Vi VRL -0.3~Vpp+0.3
Analog input voltage Vai -0.3~Vpp +0.3
Power dissipation Po Ta=25°C{per package) 400 mw
Ta = 25°C (per output) 50
Storage temperature Ts16 — - 55~ +150 °C
® OPERATING CONDITIONS
Parameier Symbol Condition Rating Unit
Supply vollage Voo fosc & 10MHz 45~55 v
Memeory hold voltage VDDMH fosc =0 Hz 2~5.5
Operating frequency fosc Vpp = 5V+10% 0~ 10 MHz
Operating temperature Top — -40~ +85
{MSM65512) °C
Operating temperature Toe 0~ +70
{(MSM 65P512) —




® DC CHARACTERISTICS

Vpp= 5Vt 10%, GND=0V Ta= -40~ +85°C: MSM65512
Ta= 0~ +70°C: MSM65P512

Parameter Symbol Condition MIN TYP MAX Unit

"H" input voltage 1 *1 Viu1 — 2.4 - |Vpp+0.3
"H" input voltage 2 *2 Vin2 - 0.7Vpp - [Vop+03]|
“L” input voltage Vi — -0.3 - 0.8
“H" outputvoltage 1 *3]| Vgouy [lonw= —200uA 0.75Vpo - -
“H" output voltage 2 *3| Vpua |[lon= - 400uA 0.75Vpo - -
“L” outputvoltage 1*3 | Vg [loL=1.6mA - - 0.4
“L" outputvoltage 2 *4 | Vg2 |loL=3.2mA - - 0.4
input leak current 1 *5 iy V)= Vpp/OV - - 1
Inputleak current 2 *6 [ 1y | V)= Vpo/OV - - s10 | M8
"L* input current *? I V=0V - 40 -125] -250
Input capacity G f=1MHz, Ta=25°C - S - pF
Current consumption loos | Stop mode bl - - 10 uh
C“”(i;‘sllfn‘;';‘g‘g)p“°” oo | flosc)= 10MHz, noload | - 20 | 4 |
C””(i;‘é;ﬁ°g;‘,‘;;‘f2‘)'°“ lbo | fosc)= 10MHz, no load - 25 | 50

* 1 Excluding OSCO and RESET

* 2 0SCO and RESET

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

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

*5: EA, P6

*b: Excluding RESET, EA, P6

*7: RESET

Kk .

The ports set for input mode are Vpp or OV, Vgy = Vg and the ports except
these are no load.



® AC CHARACTERISTICS

e External Memory Control

Vpp=5V +10%, GND=0V Ta= -40~ +85°C: MSM65512
Ta=  0~+70°C: MSM65P512

Parameter Symbo! | Condition MIN MAX Unit

Clock period tc 100 -

“L" clock pulse width tow — 45 -

“H" clock pulse width tcHw 45 -

ALE pulse width taw tc + tcyw = 20 -
RD pulse width tRw tc + tenw - 20 -
“RD pulse delay time trD teww = 20 tow + 20
"WR pulse width tww tc + teuw - 40 -
"WR pulse delay time two touw - 20 toow + 40 ns
"L* address set up time tLas tc - 40 -

"H" address set up time thas tc-40 -

“* address hold time tan | St 100PF T 20 -

Bus float time YAz - 20

"H" address hold Lime LIANR tc - 20 -

“H" address hold time tHAHW tc-20 -

Read dala access time trpaA - tc+taw—15

Read data access time tROAR - tcyw + 10

Read data hold time trRDH 0 -

Write data setup time twos tc+ tcpw — 40 -

Write data hold time twoH toww — 20 -




—_

e CPU Control

Vop =6V +10%, GND=0V Ta= -40~ +85°C: MSM65512

Ta= 0~ +70°C: MSMB5P512
Parameter Symbol Condition MIN MAX Unit
RESET puise width 1 *1 tRESWI —_ 20 -_ ns
RESET pulse width 2 *2 trResw2 — *3 - -
*1 £xcluding 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
e Peripheral Control 1 (if applicable)
Voo=5V+10%, GND=0V Ta= -40~ +85°C: MSMe5512
Ta= 0~ +70°C: MSM65P512
Parameter Symbaol | Condition MIN MAX Unit
0SC | Clock peried tc —_ 100 —
EX| JExternal interrupt pulse
width PP texiw 41c -
External clock pulse —
T0  fwidih trocw it -
GATE pulse width trocw 1 tyock *3 —_ ns
T2 jExternal clock pulse
width P tracw 4t -
} CAP |CAP pulse width tcapw 121 —

*1 Excluding PO, P2.6
*2 PO,P2.6

i *3 tyocik: Timer 0 count clock period selected by TOCON




e Peripheral Control 2 (if applicable)

Vpp =5V 110%,

GND =0V Ta= -40~ +85°C: MSM65512

Ta= 0~ +70°C: MSM&5P512
Parameter Symbol | Condition MIN MAX Unit
0sSC |Clock period te 100 —
SFTCK period tsrc 81tc -
SFTCK “L" pulse width sFCLw 41c-20 —
SET SFTCK “H" pulse width tsrcHw 4t--20 _—
SFTO setup time t$r0s tspcow — 100 —_
SFTO hold time tsroH tspchw — 100 —
SFTisetuptime tseis 100 -
ns
SFTl hold time tseiH 100 -
C_ = 100pF
Synchronous clock R 81t _
period Sic ¢
sio | Synchronous clock “L” _ _
{Clock |Pulse width tsicuw tc-20
synch- ¢ wpyn
ynchronous clock “H _ _
FONOUS | ice width tsichw Atc-20
mode)
Output data set up time 1508 6tc - 100 —
Qutput data hold time t510H 2t -100 —
Input data set up time tsus tc + touw + 100 —
Input data hold time tsin 0 —_

10



External Memory Control

tenw t

0scCo

taw

taw l
ALE ___j K
tRp trRw

-

RD
N
taH M

v

/]

tLAS e t,LAZ —_—
PO 3 35 §‘ INST or
PQL }7 L_DATA |N

trpaa

< tHAS

—-

4
P1 >< PCH
1.

two tww

twos

PO ——< PCL DATA OUT

P X PCH
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e CPU Control

1) RESET Pulse width

L lRESWI.2 O
RESET \{ }/
® Peripheral Control 1
ic
05€0 __/_\
taw
1)  EXI Pulse width
texiw
INTQ ~2
2) TO
L trocw ,
TOCK X
L Lro6w o
GATE F(
3) T2
. tr2cw v
T2CK X }(
4) CAP
. tcapw .
CAP

12




Peripheral Control 2

1) SFT
- tskc ]
- tsrcLw 4}' I_ tsrcHw .
SFTCK \ 3
.
- tsros > tSEQH -
SFTO >4'r \><
\ A
- tsris e tSFiH .
|
SET! >( p(
N A
1) SIO
(Clock synchronous mode)
tsic N
tsicw | lsicHw
TXD N\ ;
K.
i 15109 > tsiom .
RXD (transmission) );1 !}<
N A
_ tsus Sl tsun .
RXD (reception) >§i \K
/|
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REGISTERS

®  Operation Registers

A Register 7 0
(Accumulator) . . : L L L ]
(BBRﬂiglner | 7 L L 1 1 1 ! 1 0 ]

*  For 16-bit operation instruction, A register holds low byte

data and the B register holds high byte data.

®  Special Purpose Registers

Tackpomter |7, . 4 ., 0]

Programstatus | gss rso ive, i, P H  Z ,C |

word |

(PSW) 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 0
o) 15 |

14



LOCAL REGISTERS

ERT § [~~~ "===--=ssssess-oooaod

ERO § [=====-==--omsmmsss—oeoog

*1 4 banks of local registers are mapped in local memory space data
memaory.

*2 Registers R8 to R11 can be used as 16-bit registers, ER0 and ER1.

15




MEMORY MAPS

Local Memory Space

17FH
Data Memory
100H
SFR
80H
Data Memory
40H
| Local Register Set 3
! 30K -
| Local Register Set 2
! 20H
Local Register Set 1
10H
Local Register Set 0
0

OFFFFH

> Page 1

2000H

100H

>
Page 0 80H

40H

20H

16

General Memory Space

External Memory

Program Memory

Vector Call Table Area

Program Memory

Interrupt Vector Table Area

Vector Call Tabie Area

>Internal
Memory




—

SFR TABLE

A(?_‘dEr;)s i Name Sgrori- Symbol Reset
OFF F register (multiplicatiorv/division operation register) FER FR OCH
OFE E register (multiplication/division operation register) ER 00H
OFD D register (multiplication/division operation register) DCR DR Q0H
OFC Cregister (multiplication/division operation register) CR 00H
OFB Multiplicatiorvdivision condition register MDCR OFCH
OF7 Interrupt enable register 13 IEH 70H
0F6 JEL 00H
OFS Interrupt request register IRQ IRQH 70H
OF4 IRQL 00H
OF3 External interrupt control register XICON 0COH
0F2 Standby control register SBYCON OFOH
OF1 Stack page specification register SPR OFEH
OFC Watchdog timer control register WDTCON —
OEE Port 3 mode register P3IMOD E3H
QED Port 3 direction register P3DIR 00H
0EC | Port 3 data register P3D lfi'r'::'
OEA | Port 2 mode register P2MOD 3CH
OE9 Port 2 direction register P2DIR 00H
OE8 | Port 2 data register P2D e
0E6 | Port 1 mode register PIMOD OFCH
OES Port 1 direction register P1DIR 00H
OE4 | Port 1 data register P1D e
QE3 Port O direction register PODIR 00H
0E3 | Port0data register POD Ynde.
0E1 | Shift register SFTR Ynae:
0E0 Shift register control register SFTCON OECH

17



Address
(HEX) Name Symbol | Symbol Reset
ODF | Timer 1 register T01R TIR Ynde-
ODE | Timer O register TOR Yde.
0DD | Timer 1 counter Tolc TIC nds
+o]n Timer 0 ¢counter TOC Lf’i?gff
008 Timer 1 control register TiCON OFOH
0DA | Timer 0 control register TOCON OEOQH
0D9 Time base counter control register TBCON OEOH
Unde-
007 Timer 2 register T2R T2RH fined
006 T2RL Ve
Unde-
005 | Timer2 counter T2C T2CH tined
0D4 T2CL iy
003 Timer 2 control register T2CON OF4H
0D2 Free-running counter FRC FRCH 0gH
oD FRCL O00H
0D0 Free-running counter control register FRCON OF4H
Unde-
OCF Compare channel 1 data register cmpir | CMPIRH | fined
0CE CMP1RL ed
Unde-
0C0 | compare channel 0 data register cmpor | CMPORH [ fined
occ CMPORL med
0CB Compare output control register CMPCON OFOH
0CA Compare output data register CMPOUT OFCH
Unde-
0C9 | capture data register capr | CAPRH tined
0cs CAPRL med
0c7 Capture input control register CAPCON OFCH
0Ch Serial port buffer SBUF li'mg
o Serial port control register SCON SCONH GFOH
0Cc4 SCONL 00H
0c3 Timer 3 register T3R Lf’i'l%ﬁ'
0c2 Timer 3 counter T3C LfJi':!i:
o Timer 3 control register T3CON OFaH

18



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, 5P, PSW
e BA

Example

DAA

— 1>

2. Local Register Direct Addressing

® Rn (n=0~15)
® ERn (n=0, 1)

Example
Local Registers
L A, R2 R3
| S AN,
R1

3. Local Memory Direct Addressing

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

Example

Local Memory

~ /700 5

L A, ¥56H
I

19



4. General Memory Direct Addressing

¢ adrs

Example
General Memory

| - ) o~sc

5. Local Memory - Register Indirect Addressing

e [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 [RY Local Memory

Pad
o
\

70007

6. General Memory - Register indirect Addressing

e [ERn] (n=0,1)
e [BA]
Exampie
LG A, LR&Q], General Memory
----- ERO ----- ~

20



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 SH[RI
{

I R1 ‘] Local Memory
8. General Memory Index Addressing
e disp [ERT)
Example
G A, geEH[ER1]
}-‘.'--- ER| ===~ ] General Memory

00

9. Immediate Addressing
e #n

Example

L A, #255

21



10. PC Relative Addressing

e adrs

Example

JZ ad

a

] General Memory

ma

O3

22



INSTRUCTION TABLES

e Data Transfer Instructions

- Mnemonic Function
L objt, obj2 Local memoryicad
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
MOovw objt, obj2 16-bit data transfer
XCH C. P Carry and parity exchange
XCH objt, obj2 Cata exchange
SWap obj Upper nibble and lower nibbie swap

® 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

® 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 dats-edd with carry
suB 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 «~=8x8
DIV Division 16« 16/8, 8 e 16 mod 8

23



¢ Comparisons

Mnemonic

Function

cMP obj1, obj2
CMPW obj1, obj2

Data compare
16-bit data compare

® Logical Operations

Mnemoni¢ Function
AND PSW, #n PSW and immediate datalogical AND
AND obj1, obj2 Data logical AND
OR PSW, #n PSW and immediate data logical OR
OR cbj!, obj2 Datalogical 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

® Rotate and Shift

Mnemonic¢ Function
ROL obj Rotate left
ROR obj Rotate right
SLL obj Shift left
SRL obj Shiftright

® Decimal Adjust

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

24




e Conditional Jumps

Mnemonic Function
iz adrs Jumpif zero flag is set
INZ adrs Jumpif zero flagis not set
i€ adrs Jumpif carry is set
IJNC adrs Jumpifcarry is not set
DiZ 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
JBSC obj.n, adrs Jump and ¢lear bitif bitis set
CIE 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 objt, obj2, adrs Compare; jump if not equal
CJEG objl, obj2, adrs Compare with general memory data;
jumpif equal
CINEG obj!, obj2, adrs Compare with general memory data;
jump if not equal
® Jumps
Mnemonic Function
J adrs Jump
S} adrs Short jump
J (BA} Indirect jump

25




e Subroutines

Mnemoni¢

Function

PUSH
PQP
caL
CALZ
CALC
VCAL
VCALZ
VCALC
RT

RTZ
RTC

obj
obj
adrs
adrs
adrs

Data push

Datapop

Subroutine call

Call subroutine if zero flag is set

Call subroutine if carry flag is set

Vector call

Vector call if zero flag is set

Vector call if carry flag is set

Return from subroutine

Return from subroutine if zero flag is set
Return from subroutine if carry flag s set

® Otherlnstructions

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

26




