OKI Semiconductor
MSMS80C154S/83C154S

CMOS 8-bit Microcontroller

GENERAL DESCRIPTION

The MSMBOC1545/MSMB83C154S, designed for the high speed version of the existing
MSMB0C154/MSMB3C154, is a higher performance 8-bit microcontroller providing low-power
consumption.

The MSMB0C1545/MSMB83C1545 covers the functions and operating range of the existing
MSMB80C154/83C154/80C51F/80C31F.

The MSMB0C1545 is identical to the MSMB83C154S except it does not contain the internal
program memory (ROM).

FEATURES

* Opuerating range
Operating frequency : Oto3MHz (V=22 to 6.0 V)
Oto 12 MHz (V. =3.0to 6.0 V)
0to 24 MHz (V =4.5t0 6.0 V)
Operating voltage i 22to6.0V
Operating temperature i =40 to +85°C (Operation at +125°C conforms to
the other specification.)
* Fully static circuit
* Upward compatible with the MSM80C51F/ 80C31F

* On-chip program memory : 16K words x 8 bits ROM (M5M83C1545 only)
* On-chip data memory : 256 words x 8 bits RAM
* External program memory address space : 64K bytes ROM (Max}
* External data memory address space : 64K bytes RAM
* 1/0 ports : 4 ports x 8 bits
(Port 1, 2, 3, impedance programmable) : 32
* 16-bit timer/counters : 3
¢ Multifunctional serial port : 1/0 Expansion mode

: UART mode (featuring error detection)
* 6-source 2-priority level
Interrupt and multi-level
Interrupt available by programming IP and IE registers
* Memory-mapped special function registers
* Bit addressable data memory and SFRs
* Minimum instruction cycle : 500 ns @ 24 MHz operation
* Standby functions : Power-down mode (oscillator stop)
Activated by software or hardware; providing
ports with floating or active status
The software power-down stet mode is termi-
nated by interrupt signal enabling execution from
the interrupted address.
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* Package options
40-pin plastic DIP (DIP40-P-600)
44-pin plastic QFP (QFP44-P-910-2K) :

44-pin QF] (QFJ44-P-5650)
44-pin TQFP (TQFP44-P-1010-K)

Aaro

: (Product name: MSMB0C154SRS / MSM83C1545-xxxRS)

(Product name: MSMB80C1545GS-2K/MSMB83C1545-
xxxGS-2K)

: (Product name: MSMB80(C1545]S/MSMB3C1545-xxx]S)
s (Product name: MSMBOC154S8TS-K / MSMB3C1545%-

xxxTS-K}

xxx: indicates the code number
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BLOCK DIAGRAM (MSMB83C154S)
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PIN CONFIGURATION (TOP VIEW)

Pr.om2 [ 1] U 40 ] Ve
P1UT2EX[ 2 ] [39°] P0O.O
P1.2{ 3| | 38 | PO.1

P13 4] 37 ] P02

P14{ 5] O 136 | P03

P15 6 | (35 ] P04

P16 7| | 34 | POS

P17 8| 133 ] PO.6
RESET[ 9| (32 ] P07

P3.0/RXD [ 10 | 31| &

P3.1/TXD [11 | (30 ] ALE
P3.2/NT0 [ 12 | | 29 | PSEN
P3.3/INTT [ 13 | [ 28 ] P27
P3.4/T0 [ 14 | 27 ] P26
P3.5/T1/HPDI [ 15 | | 26 | P25
P3.6/WR 16 | O |25 ] P24
P3.7/RD [ 17 | 24 7] p2.3
XTAL2 [ 18 | 123 | P22
xTAaL1 [19 | [ 227] p2.1
Vss [ 20] (21 ] P20

40-Pin Plastic DIP
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PIN CONFIGURATION (Continued)

441P1.4
[431P1.3
4Z]P1.2
[A1]P11
401P1.0
39 INC

[38]Vee

371P0.0
367 PO. 1
557p0.2
P03

P15 1] 53] P0.4
iE ©) e
P17 [3] {31 P0.6
RESET [T ] 301P0.7
P3.0/RXD [5] (73] EA
NC (5] ZEING
P3.1/TXD [T I7]ALE
P3.2/INTO [ 26 PSEN
P3.3/INT1 3] 95| P2.7
P3.4/T0 [10] O 74 P2.6
P3.5/T1/HPDI (1] 73] P25

XTAL2 [14]
5]

Vss [16
Vss (7]
P2.0 (18]
P2.1 [19]
P2.2 [20]
P2.3 21
P2.4[22]

P3.6/MWR [TZ]

P3.7/RD {13 ]

NC: No-connection pin

44-Pin Plastic QFP

261




MSMB0C154S/83C154S OKI Semiconductor
\
|
|
o MmN o o S N, |
L ELai2LgLees ‘
(e
EEEEEEEEEE]E
P15 [1] 33]P0.4
ez O [371P05
P17 [T 311 P0.6
RESET [4_] 36 1P0.7
P3.0/RXD (5] 7] EA
NG (5] B NG
P3.1/TXD [T 97 ]ALE
P3.2/INTO [ (761 PSEN
P3.3/INT1 [T 251P2.7
P3.4/T0 [10] O 7A]P2.6
P3.5/T1/HPDI (171 ] 731P2.5
L
SEEg - edage
8 a
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DKI Serniconductor MSM80C1545/83C154S
PIN CONFIGURATION (Continued)
<+ w3 @~ wis ~ @ m.‘
gz e R
g Bk B B B F B EEE R N
P0.3 [4D] 28] P2.4
P0.2 [4]] 271 P2.3
Po.1 [42] 26 P2.2
P0.0 [43] 28] P2.1
Ve [44] 24] P2.0
e O 23] NC
P1.0/2 [Z] 22] Vss
P1.1/T2EX (3] [21] XTAL1
P12 [4] [20) XTAL2
P1.3 [5] 19] P3.7/RD
P14 [6] 18l P3.6/WR
AN _
SIEEEIEEEEEELE
srcpe=BEESE
c S NS D=
g g2k
g

NC: No-connection pin

44-Pin Plastic QFJ
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PIN DESCRIPTIONS
Symbol Descriptipn
P0.01o PO.7 | Bidirectional #/0 ports. They are also the data/address bus (input/output of data and output of

lower 8-bit address when external memory is accessed).
They are open-drain outputs when used as I/0 ports, but 3-state outputs when used as data/address
bus.

P1010P17

P1.0 to P1.7 are quasi-bidirectional /0 ports. They are pulled up internally when used as input

ports. Two of them have the following secondary functions:

*P1.0 (T2) - used as external clock input pins for the timer/counter 2.

*P1.1 (T2EX) - used as trigger input for the timer/counter 2 to be reloaded or captured;
causing the timer/counter 2 interrupt.

P20t P27

P2.0 to P2.7 are quasi-bidirectional I/0 parts. They also output the higher 8-bit address“wﬂhléﬁ
an external memory is accessed. They are pulled up internally when used as input poris.

P3.010 P37

P3.0 to P3.7 are quasi-bidirectional I/O ports. They are pulled up internally when used as input
ports. They also have the following secondary functicns:
*P3.0 (RXD)

Serial data input/output in the I/0 expansicn mode and serial data input in the UART mode when
the serial port is used.
3.1 {TXD)

Synchronous clock output in the |70 expansion mode and serial data output in the UART mode
when the serial port is used.
3.2 {INT()

Used as input pin for the external interrupt 0, and as count-up control pin for the timer/counter 0.
3.3 {INT1)

Used as input pin for the external interrupt 1, and as count-up cantrol pin for the timer/counter 1.
*3.4 {T0)

Used as external clock input pin for the timer/counter 0.
*3.5 (T1)

Used as external clock input pin for the timer/counter 1 and power-down-mode control input pin,
*3.6 {WR)

Cutput of the write-strobe signal when data is written into external data memory.
«3.7 (RD)

Output of the read-strobe signal when data is read from external data memory.

ALE

Address latch enable output for latching the lower 8-bit address during external memory accé&-‘.-s'."'
Two ALE pulses are activated per machine cycie except during external data memory access al
which time one ALE pulse is skipped.

Program store enable output which enables the externai memory output to the bus during external
program memory access. Two PSEN pulses are activated per maching cycle except during
external data memory access at which two PSEN pulses are skipped.

When EA is held at "H’ level, the MSM 83C154S executes instructions from internal h-rdgram

memory at address 0000H to 3FFFH, and executes instructions from external program memaory
above address 3FFFH.

When EA is held at "L’ level, the MSMBOC1545/MSM83C154S executes instructions from externai
program memory for all addresses.
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PIN Descriptions (Continued)

Symbol Descriptipn }

RESET If this pin remains "H" for at least one machine cycle, the MSMB0C1545/MSMB3C154S is reset.
Since this pin is pulled down internally, a power-on reset is achieved by simply connecting a
capacitor between Vg and this pin.

A)(‘TALI Oscillator inverter input pin. External ciock is input through XTAL1 pin.

XTALZ Osciltator inverter output pin.

Vee Power supply pin during both normal operation and standby operatiens.

Vss GND Dil'l.
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REGISTERS
Diagram of Special Function Registers
REGISTER BIT ADDRESS DIRECT
NAME b7 b6 b5 b4 b3 b2 b1 b0 ADDRESS
(OCON FF FE | FD | FC | FB | FA | FO | F8 OF8H (248)
B F7 6 | F5 | F4 F3 2| A Fo OFOH (240)

ACC E7 E6 | E5 | E4 | E3 | E2 | E1 | EC OEOH (224)

PSW D7 | 06 | D5 | D4 | D3 | D2 | D1 | DO 0DOH (208)

TH2 ' ) OCDH (205)

: TL2 R ~ OCCH (204)

" RCAP2H h || oceH(e03)
~ RCAPIL OCAH (202)
T2CON CF | CE | ¢ | ¢c | ¢c8 | ¢cA | ¢c9 | c8 OCBH (200)

P BF | BE | BD | BC | BB | BA | B9 | B8 0BBH (184)

P B7 | 86 | B5 | B4 | 83 | B2 | B1 | 80 | OBOH(176)

E | AF | AE | ap | Aac | A8 | AA | a9 | a8 _ OABH (168)

P2 a7 | m | as e AT A A ] a0 ~ OAOH (160)
~ SBUF ) N T | T

SCON 9F | 9 | 90 | oc | 98 | 9A | 99 | g8 98H (152)

P1 97 9 | 95 | 94 | a3 [ 92 | 91 | 9 90H (144)

TH1 8DH (141)

THO 8CH (140)

TLI 8BH (139)
T ] (BAH (138)
___TMOD o] 8sH{3y)

_TCON | 8F | BE | 8D | 8 | 8 | 8A | 89 | 88 88H (136)
CPCON 87H (135)
CDPH | B N L 83H (131)

DPL 82H (130)

Sp 81H (129)

PO 87 8 | 85 | 8 | 83 | 8 | 81 | 80 BOH (128)
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Special Function Registers

Timer mode register (TMOD)

MSB LSB
NAME ADDRESS
7 6 5 4 3 2 1 0
T™CD 89H GATE T M1 MO GATE CiT M1 MO
BIT LOCATION| FLAG FUNCTION
TMOD.O Mo M1 MO Tlmer/counter 0 moede setting
0 i 0 s !’_'f,!'!‘??(’FP,”.'!‘?F."!"?!‘_?_'?'_T_Qf_eﬁc_a_"’i". ..................
[H 1 116-bit timer/counter.
1 0 8 bit timer/counter wnh B-bit auto reloading.
TMOD A M1 1 1 5 Timer/counter 0 separated into TLO (8-bit) timer/counter
» and THO (8-bit) timer/counter. TFO is set by TLO carry, and
: : TF1 is set by THO carry,
TMOD.2 CT Timer/counter O count clock designation controt bit.
XTAL1+2 divided by 12 clocks is the input applied to timer/counter 0 when
CT="0"
The external clock applied to the TO pin is the input applied to timer/counter 0
- when G/T ="1".
TMOD.3 GATE When this bit is "0", the TRO bit of TCON (timer control register) is used to
contral the start and stop of timer/counter 0 counting.
If this bit is "1°, timer/counter 0 starts counting when both the TR0 bit of TCON
and INTO pin input signal are "1", and stops counting when either is changed
o to "0".
TMOD A MO M1 i MO TJ'J!‘?‘.’?E’!‘_“_"?! )modesettng
0 i 0 i8bittimer/counter with 5-bit prescalar.
0 .1 i1Gbittimercounter
maons | w0 8bittimercounter with 8-bit auto reloading.
o 1 1 : Timer/counter 1 operation stopped. B
T™OD 8 CT Tlmer/counter 1 count clock designation control bit.
XTAL1-2 divided by 12 clocks is the input appiled to timer/counter 1 when
T
The external clock applied to the T1 pin is the input applied to timer/counter 1
when C/T ="1",
™OD.7 GATE When this bit is 0", the TR+ bit of TCON is used to control the start and stop of
timer/counter 1 counting.
I this bit is "1", timer/counter 1 starts counting when both the TR1 bit of TCON
and INT1 pin input signal are "1", and stops counting when either is changed
100"
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Power control register (PCON)

MSB LSB
NAME ADDRESS !
7 6 5 4 3 2 1 0 :
PCON 87H SMOD HPD RPD — GF1 GFO PD DL
BIT LOCATION FLAG FUNCTION
PCON.O 1DL IDLE mode is set when this bit is set to *1". CPU operations are stopped when
IDLE mode is set, but XTAL1s2, timer/counters 0, 1 and 2, the interrupt circuits,
and the serial port remain active. IDLE mode is cancelled when the CPU is reset
or when an interrupt is generated.
CPCON. | PD | PDmodels set when this bit is setto “1*. GPU operations and XTAL1e2 are
stopped when PD mode is set. PD mode is cancelled when the GPU is reset or
when an interrupt is generated.
 PCON2 GF0 General purpose bit. T
PCON.3 GF1 General purpose bit.
PCCN.4 — Reserved bit. The output data is “1°, if the bit is read.
PCON.S RPD This bit is used to specify cancellation of CPU power down maode (IDLE or PD) by an
interrupt signal.
Power-down made cannot be cancelled by an interrupt signal if the interrupt is not
enabled by IE (interrupt enable register) when this bit is “0".
If the interrupt flag is set to "1° by an interrupt request signal when this bit is
*1" (even if interrupt is disabled), the program is executed from the next address
of the power-down-mode setting instruction.
The flag is reset to "0 by software.
PCON.& HPD The hard power-down setting mode in enabled when this bit is set to *1°,
it the {evel of the power failure detect signal applied to the HPD! pin (pin 3.5)
is changed from *1* to *0" when this bit is *1°, XTAL1e2 gscillation is stopped and
the system is put into hard power down mode. HPD mode is cancelled when the
I CPU is reset. e
PCON.7 SmoD When the timer/counter 1 carry signal is used as a clock in mode 1, 2 or 3 of

the seriat port, this bit has the following functions.

The serial pert operation clock is reduced by 1/2 when the bit is "0" for delayed
processing. When the bit is *1*, the serial port operation clock is normal

for faster processing.
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Timer control register (TCON)
MSB LSB
NAME ADDRESS
7 6 5 4 3 2 1 0
) TCON 88H TF TR1 TFO TRO IE1 Im IEC 170
_BIT LOCATION FLAG FUNCTION
TCON.O ITO External interrupt O signal is used in level-detect mode when this bit is "0" and in
trigger detect mode when "1
~ TCON 1 IEO Interrupt request flag for external interrupt 0,
The bit is reset automatically when an interrupt is serviced.
The bit can be set and reset by software when ITO ="1".
a TCON.2 IT1 External interrupt 1 signal is used in levet detect mode when this bit is “0", and in
trigger detect mode when °1°,
TCON.3 1E1 Interrupt reguest flag for exiernal interrupt 1.
The bit is reset automatically when an interrupt is serviced.
The bit can be set and reset by software when IT1 ="1",
TCON4 | TRO | Counting start and stop control bit for timer/counter 0. a
Timer/counter 0 starts counting when this bit is 1", and stops counitng when "0".
TCON 5 TFO | Interrupt request flag for timer interrupt 0.
The bit is reset automatically when an interrupt is serviced.
The bit is set to "t* when a carry signal is generated from timer/counter 0.
o ?CDN.S TR1 Counting start and stop control bit for timer/counter 1.
The timer/counter 1 starts counting when this bit is "1°, and stops counting when '0".
TCON.7 TF1 interrupt request flag for timer interrupt 1.

The bit is reset autematically when interrupt is serviced.
The bit is set to "1" when carry signal is generated from timer/counter 1.
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Serial port control register (SCON)

MSB LSB
NAME ADDRESS
7 6 5 4 3 2 1 o0
SCON 98H SMO SM1 Sm2 REN TB8 RB8 Ti Rl
BIT LOCATION FLAG FUNCTION
SCON.0 RI "End of serial port reception” interrupt request flag.
This flag must be reset by software during interrupt service routine.
This flag is set after the eighth bit of data has been received when in mode 0, or
by the STOP bit when in any other mode.
In mode 2 or 3, however, Rl is not set if the RB8 data is "0" with SM2 = “1°.
Rl is set in mode 1 if STOP bit is received when SM2 = "1".
SCONA T "End ot serial port tramsmission” interrupt request flag. This flag must be reset
by software during interrupt service routine.
This flag is set after the eighth bit of data has been sent when in mode 0, or after
the last bit of data has been sent when in any other mode.
SCON.2 RB8 The ninth bit of data received in mode 2 or 3 is passed to RB8. -
The STOP bit is applied to RB8 if SM2 = “0" when in mode 1.
RB8 can not be used in mode 0.
SCON.3 TB8 The TB8 data is sent as the ninth data bit when in mode 2 or 3. -
Any desired data can be set in TB8 by software.
SCON 4 REN Reception enable control bit. 7
No reception when REN = "0".
) Reception enabled when REN = *1",
© SCONS SM2 | If the ninth bit of received data is "0" with SM2 = 1" in mode 2 or 3, the 'end of
reception” signal is not set in the Rl flag.
The "end of reception’ signal set in the Ri fiag if the STOP bit is not *1" when
SM2 ="1"in mode 1.
~ SCONG SMI | SMO . st imoDE
0 0 0 i 0 |8bitshiftregister /0
I I . 1 1 8-bit UART variabie baud rate
SCON.7 SMO 1 0
1 1

i
. 2 |9-bit UART 1/32 XTAL1, 1/64 XTALT baud rate
3 79-bit UART variabie baud rate
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Interrupt enable register (IE)
NAME ADDRESS MSB LS8
7 6 5 4 3 2 1 0
IE 0ABH EA — ET2 ES ET1 Ex1 ETO EX0
BIT LOCATION _FLAG | FUNCTION
IEO EXD Interrupt control bit for external interrupt 0.
Interrupt disabled when bit is "0".
Interrupt enabled when bit is "1,
e ETO Interrupt control bit for timer interrupt 0.
Interrupt disabled when bit is "0".
Interrupt enabled when bit is *1".
CIE2 EXT Interrupt contral bit for external interrupt 1.
Interrupt disabled when bit is "0".
Interrupt enabled when bit is *1*,
CIE3 £ Interrupt control bit for timer interrupt 1.
Interrupt disabled when bit is *0".
Interrupt enabled when bit is 1"
IE4 £S Interrupt control bit for serial port. o
Interrupt disabled when bit is *0".
Interrupt enabled when bit is "1".
IE.5 gTe Interrupt control bit for timer interrupt 2.
Interrupt disabled when bit is *0".
Interrupt enabled when bit is 1"
E6 | — |Reserved bit. The output data is 1" if the bitis read. S
IE.7 EA Overall interrupt control bit.

All interrupts are disabled when bit is "0".
All interrupts are controlled by IE.O thru IE.5 when bit is "1".
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Interrupt priority register (IP)

MSB LSB
NAME ADDRESS
B 7 6 5 4 3 2 10
L 0B8H PCT — PT2 PS | PT1 | PX1 | PTO PX0
BIT LOCATION| FLAG FUNCTION
IP.0 PX0 tnterrupt priority bit for external interrupt 0.
Priority is assigned when bit is “1".
PA PTO Interrupt priority bit for timer interrupt 0.
Priority is assigned when bit is *1".
1P.2 PX1 Interrupt priority bit for external interrupt 1.
Priority is assigned when bit is "1".
IP3 PTH Interrupt prierity bit for timer interrupt 1. o
Priority is assigned when bit is "1*.
P4 PS Interrupt priority bit for serial port. N 7
Priority is assigned when bit is "1°.
i IP.5 PT2 Interrupt priority bit for timer interrupt 2. 7
Priority is assigned when bit is "1".
W6 | — |Reservedbit. The output data is "1" if the bitis read.
IP.7 PCT Priority interrupt circuit control bit.

The priority register contents are valid and priority assigned interrupts can be
processed when this bit is "0". When the bit is "1, the priority interrupt circuit is
stopped, and interrupts can cnly be controlled by the interrupt enabie register (IE).
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Program status word register (PSW)
MSB LSB

NAME ADDRESS

7 6 5 4 3 2 1 0
. Psw 0DOH cY AC F0 RS1 RSO ov F1 P
BITLOCATION| FLAG | o FUNCTION

PSW.0 P Accumulater (ACC) parity indicator.

This bit is "1" when the "1" bit number in the accumulator is an odd number, and
"0" when an even number.
' 7.I:5SW‘1 F1 User flag which may be set to “0" or "1" as desired by the user.

PSw.2 ov Overflow fiag which is set if the carry C6 from bit 6 of the ALU or CY is"1"as a
result of an arithmetic operation. The flag is a!so set to "1" if the resultant product
of executing multiplication instruction (MUL AB) is greater than OFFH, but is reset
te "0" if the product is less than or equal to OFFH.

PSW.3 RSO RAM register bank switch B

RS1 RS0 BANK RAM ADDRESS o
oo o | o [ooH-om
PSW .4 RS1 o 1 1 08H - OFH B .
1 0 2 10H - 17H
. 1 1 3 18H - 1FH

PSW.E FO User flag which may be set to "0" or *1" as desired by the user.

PSW.6 AG Auxiliary carry flag.

This flag is set to "1" if a carry Cs is generated from bit 3 of the ALU as a result of
executing an arithmetic operation instruction.
In all other cases, the flag is reset to "0".

PSW7 | CY  |Mancaryfag.

This flag is set to "1" if a carry Gy is generated from bit 7 of the ALU &s result of
executing an arithmetic operation instruction.
If a carry 7 is not generated, the flag is reset to "0".
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/0 control register (IOCON]}

MSB LsSB
NAME ADDRESS
e 7 6 5 4 1.3 1 2 1 0
~1ocON OF8H — T32 | SERR 126 P3HZ | P2HZ | PIHZ | ALF
BIT LOCATION| FLAG FUNCTION
I0CON.O ALF If CPU power down mode {PD, HPD) is activated with this bit set to "1*, the

outputs from ports 0, 1, 2, and 3 are switched to floating status.
When this bit is 0", ports 0, 1, 2, and 3 ar¢ in output mode.

JOCON.1 P1HZ Port 1 becomes a high impedance input port when this bit is "1". B
IDCON.2 P2HZ Port 2 becomes a high impedance input port when this bit is *1".
___10CON.3 P3HZ Port 3 becomes a high impedance input port when this bit is *1".
" 10CON.4 IZC | The 10 k€ pull-up resistor for ports 1, 2, and 3 is switched off when this bit
is “1", leaving only the 100 k€2 pull-up resistor.
IOCON.5 SERR Serial port reception error flag.

This flag is set to "1" if an overrun or framing error is generated when data is
received at a serial port.
The flag is reset by software.

I0CON.6 T32 Timer/counters 0 and 1 are connected serially to from a 32-bit timer/counter
when this bit is set to "1".
TF1 of TCON is set if a carry is generated in the 32-bit timer/counter.

I0CON.7 — Leave this bit at ‘0"
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Timer 2 control register (T2CON)

NAME ADDRESS MSB I \; LS8
T 8 |5 (04 | 8 | 2 | 1 | O
T2CON ~ 0C8H TF2 EXF2 RCLK | TCLK | EXEN2 | TR2 c/m2 }CP/"TZ’

BITLOCATION| FLAG |  puNcmon 7777
T2GON.0 CPRLZ | Capture mode isvset when TGLK + RCLK = "0" and CP/RLZ = *1".

16-muto reload mode is set when TCLK + RCLK = "0" and CP/RLZ = '0°".
CP/RL2 is ignored when TCLK + RCLK = "1".

,,7_.%200”1 G2 Timer/counter 2 count clock designation control bit,
The internal clocks (XTAL1+2 + 12, XTAL1s2 + 2) are used when this bit is "0",
and the external clock applied to the T2 pin is passed to timer/counter 2 when

the bit is "1".

T2CON2 | TR2 | Timer/counter 2 counting start and stop control bit,
Timer/counter 2 commences counting when this bit is "1" and stops counting
when "0".

T2CON.3 EXEN2 | T2EX timer/counter 2 external control signal control bit, o

Input of the T2EX signal is disabled when this bit is "0", and enabled when *1".

T2CON.4 TOLK Serial port transmit circuit drive clock control bit.
Timer/counter 2 is switched to baud rate generator mode when this bit is "1",
and the timer/counter 2 carry signal becomes the serial port fransmit clock.
Note, however, that the serial ports can only use the timer/counter 2 carry signal
___Linserial port modes 1 and 3. )
RCLK Serial port receive circuit drive clock control bit.
Timer/counter 2 is switched to baud rate generator mode when this bit is 1",
and the timer/counter 2 carry signal becomes the serial port transmit clock.
Note, however, that the serial ports can only use the timer/counter 2 carry signal
inserial port modes 1and 3.
T2CON.6 EXF2 Timer/counter 2 external flag.
This bit is set to "1" when the T2EX timer/counter 2 external control signal level
is changed from "1 to "0" while EXEN2 = "1".
This flag serves as the timer interrupt 2 request signal. If an interrupt is
- generated, EXF2 must be reset to "0” by software.

T2CON.7 TF2 Timer/counter 2 carry flag.
This bit is set to "1 by a carry signal when timer/counter 2 is in 16-bit auto
reload mode or in capture mode.
This flag serves as the timer interrupt 2 request signal. If an interrupt is
generated, TF2 must be reset to "0" by soflware.

T2CON5
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MEMORY MAPS

Program Area

T 65535 | OFFFFH ! Timer interrupt 2 start 43 002BH
é fj e i nonin
=L ’
s : ; 1
g i : S /O interrupt start 35 ¢ 0023H
g e B '
E E ~—— ‘; !’—*\__‘_’
l : '
5 pr : Timer interrupt 1 start 27 : 001BH
: = ! '
S ol
g’ = : External interrupt 1 starl 19 : 0013H
& l 16384 | 4000H A p—
5 T 16383 | 3IFFFH | " \\\?-:‘_'.:_; e
o ;
B P ) i i :
g & P Timer interrupt 0 start 11 ¢ 0C0BH
2 = e l
2 & ! %
= —J i
s 44700200
o v
S 43 | 002BH External interrupt O start 3 : 0003H
223 .
2 2 : 0002H
g !
z, 1 : 0001H
| 0| 76543210 CPU reset start 0 . 0DOCH
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Internal Data Memory and Special Function Register Layout Diagram

HEX
OFF JOCON FFH~F8H 248(0F8H)
B | F7H-FOH 240(0FOR)
ACC_| E7H~EOH 224(0EOH)
PSW | D7H-DOH | 208(0DOH)
TH2 205(0CDH)
T2 204(0CCH)
RCAP2H 203(0CBH)
RCAP2L 202(0CAH)
w T3CON_| CFH-C8H | 200(0C8H)
& P | BFH-B8H 184(0B8H)
o 2 P3| B7H-BOH 176(0BOH)
% & IE AFH~A8H 168(0A8H})
L z P2 | A7H-AOH | 160(DAOH)
2 USER DATA RAM = o 1o0(0as 1,
= S SCON | OFH-98H | 152( 98H)
o = Pi_| 97H-90H | 144( 90H)
S =] TH1 141(_8DH)
« & THO 140( 8CH)
& K 139( 8BH)
S TLO 138( 8AH)
2 TMOD 137( _89H)
TCON | 8FH-88H 136( 88H)
PCON 135( 87H)
DPH 131( 83H)
DPL 130( 82H)
sP 129( B1H)
80 P0_| 87H-80H 128( BOH)
7F
USER DATA RAM - N _
30
oF [7F 78
BIT RAM -
20 | 7 0
1F [R7 < BIT ADDRESSING
BANK3
18 | RO
17 [R7 -]
BANK2
10 | RO
oF [R7
BANK1
gg Eg -—-~ DATA ADDRESSING
00 | mo  BANKO
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Diagram of Internal Data Memory (RAM)

OFFH . 255
20K USER DATA RAM 198
e - |
7FH 127 i
USER DATA RAM
30H B
2FH 7F | 7E 7D 7c | 7B | 7a | 79 | 78 47
2EH 77| |75 | 7al sl 2] 10 46
2DH 6F | 6E | 6D | 6C | 6B | 6A | 69 | 68 45
2CH 67 | 66 | 65 | 64 | 63 | 62 | 61 | 60 44 @
o
28H SF | 5E | 5D | 5¢ | 5B | 5A | 59 | s8 43 &
]
2AH | 57 | 56 | 55 | 54 | 58 | 52 | 51 | 50 42 o | 2 =
= (77} [
29H | 4F | 4E | 4D | 4C | 4B | 4A | 49 | 48 41 . 208 g
e N~ a =
28H | 47 | 46 | 45 | 44 | a3 | 42 | 41 | 40 40 8 3 =
— — ~
27H 3F | 38 | 3D | 3C | 38 | 3a | 30 | 38 39 & | = S
wl
26H 37 | 3 | 35 | 34 | 33 | 32 [ 31 | 30 38 %
[4a]
25H | 2F | 26 | 20 | 2¢ | 2B | 2a | 29 | 28 37 &
24H 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 36
23H tF | 1E || 1c| 1B |1 19| 18 35
22H 17 16 15 14 13 12 1 10 34 :
21H OF | OE [ 0D | oc | 0B | OA | 09 | o8 33
20H 07 | 06 | 05 | 04 | 03 | 02 | 01 | o0 32
1FH 31 o
Bank 3 =
18H 24 ]
o
17H 23 3
Bank 2 =
10H 16 . &
N s o
OFH 15 a
Bank 1 py
08H @
[NW]
07H &
Bank 0 e
o
00H 0

278




OKI1 Semiconductor MSMB0C154S/83C1548
ABSOLUTE MAXIMUM RATINGS
Paramgtg[ 7 Symbol CQ“E“Eifi“? Rating B WUmt
Supply voltage . Moo | Ta=25%C . 087 V.
Inpg:_t»vqlrtqu - L Ta=25°C -0.510 V¢e+0.5 V 7
Storage temperature Ts1g — —5510 +150 °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Condition Range Unit
Power supply voltage 7 Vee See below i 2.(_) to 60 o Y
Memaory retension voltage Vee fosc=0 Hz (Oscillation stop)| 20t0 6.0 _ ) V
Oxcillation frequency fosc See below Tte24 | MHz
External clock operating fEXTCLK See below Oto24 MHz
frequency o
Ambient temperature Ta — -40 to +85 °C

*1 Depends on the specifications for the oscillator or ceramic resonater.

12 1
5
4 3 =
= ! =
(%} ' 4
= : =
5 : &
p - \ 6 g
: 2
14 12
: —
0.6 T : S 0
05—+ —%4
222 3 4 5

Power Supply Voltage (Veg)
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OKI Semiconductor

ELECTRICAL CHARACTERISTICS

DC Characteristics 1

(Vcc=4.010 6.0 V, Vgg=0 V, Ta=-40 to +85°C)

Meas-
Parameter Symbol Condition Min. Typ. Max. Unit | uring
I o o cprcuut
Input Low Voltage Mo T M08 — 1020tV
Except XTAL1, EA,
Input High Volta Vi 0.2 Vo409 | — 0.5 v
.'.TNDU g ge H and RESET ot ] Vee+ ]
Imput High Voltage Vit XTAL1, RESET and EA| 0.7 V¢ — Veo+0.5 v
QOutput Low Voltage
v lor=1.6 mA — — 0.45 \'
(PORT 1,2, 3) o o
Output Low Voltage
— V loL=3.2 mA — — . v
(PORT 0, ALE, PSEN) oLt o 0.45 )
, lon=—60 uA 24 — — v
Output High Voltage v Vgg_=5 Vi10% _ 7
(PORT 1,2, 3) Mol low=30pA | 078V | — — v
CJo=10pA 109V | — - v
| =
‘ or="400 uA 04 | — — v
Output High Voltage v Voo=5 V10%
(PORT 0, ALE, PSEF) o1 lon=—150 pA 075V | — — v
lon=—40 pA 0.9 Ve — —_ )
Logical 0 Input Current/ Vi=0.45 V
Logical 1 Output Current/ e/ lon e -5 —_ -80 uA
{(PORT 1,2, 3) Vo=045V i
Logical 1 to 0 Transition
| Vi=2.0V — — =500 A
qutpy_t Current (PORT 1, 2, 3) n ! R I _]'_l )
Input Leakage Current
—_ | V. Vi<V —_— —_ +10 A 3
(PORT O floating, E8) | st o ‘ * :
RESET Pul!-down Resistaqce B ._B.H§T = 20 40 125 ke 2
Pin Capacitance C Ta=25°C, =1 MHz 10 F
b 0 (except XTAL1) P
Power Down Current Ipp —_ — 1 50 pA |
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MSMB0C1545/83C 1548

Maximum power supply current normal operation Ige (mA)

Vee 4V 5V 6 me
Freq ‘ o
1 MHz 2.2 31 41
3 MHz 39 5.2 7.0
12 MHz 12.0 16.0 20.0
16 MHz 16.0 20.0 25.0
20 MHz 19.0 25.0 30.0
Vece 45V 5v 6V
Freq I -
24 MHz 250 29.0 35.0
Maximum power supply current idle mode lcc (MmA)
Vee 4V sV 6V
Freq
1 MHz 0.8 1.2 16
3 MHz 1.2 1.7 23
12 MHz 31 44 59
16 MHz 38 55 73
20 MHz 45 6.4 86
Voo 45V 5v 6V
Freg
24 MHz 6.4 7.4 9.8
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OXI Semiconductor

DC Characteristics 2

{Vop=2.210 4.0V, Vg5=0 V, Ta=-40 to +85°C)

iMeas-
Parameter Symhol Condition Min. Typ. Max. Unit ! uring
mrgu!t
Input Low Voltage Vi — -0.5 — 1025 V01| V
. Except XTAL1, EA,
Input High Voltage v 0.25 Vpe+0.9| — Vic+0.5 v
putTIgh Vorag . and RESET ce* cet
Input High Voltage Vi |XTAL1, RESET, and EA| 0.6 Vect06 | — | Vo065 | V.
Output Low VYoltage
\ IoL=10 pA — —_ A v
(PORT1,2.3) | oL ~ o=10p ] T 0
Output Low Voltage
e v lo =20 nA — — A v
(PORT 0, ALE, PSEN) ot o-20u ] o !
Output High Voltage . _
Output High Voitage Vou lon==5 1A 0.75 Veo - v
(PORT 1, 2, 3}
P v lon=— 0.75 V, — — v
(PORT 0, ALE, PSEN) o o=20 A 6
‘Logical 0'laput Current/ Vi=0.1V
Legical 1 Output Current/ i/ lon i -5 — -40 HA
(PORT 1,2, 3) V=01V o ) 9
Logical 1 to 0 Transition
| Vi=1.9V —_ — -300 A
Output Current (PORT 1,2,3) - ' H
input Leakage Current
- | Veg < Vi<V, — — 0 A 3
(PORT 0 floating, EA) L ss < ¥ =Vee +1 !
RESET Pull-down Resistance RrsT — 20 40 125 ka2 2
Ta=25°C, i=1 MHz
Pin Capacitance C ' — -_ 0 Fl —
B © | teeeptxma) e At I
Power Down Current lpo — —_ 1 10 pA 4
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Maximum power supply current normal operation lcc (MmA)

Vee 22V | 30V | 40V

Freq

1 MHz 0.9 14 2.2
3 MHz 1.8 2.4 43
12 MHz —_ 8.0 12.0
16 MHz — — 16.0

Maximum power supply current idle mode Igg (mA)

Vee 22V 3.0V | 40V
Freq

1 MHz 0.3 0.5 0.8
3 MHz 0.5 03 1.2
12 MHz — 20 31
16 MHz — — 38
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Measuring circuits

1 2
. n j
Voo (*2) Ve
] - =
ViHe—s __ 5 2o 5 e
P las = a =
- =2 = lg = —
ViLe—+ : e e
- \iSLS \ils_s
3 4
@
Vee
v 1= ViHo—» [ = 5 I
"E R "ol e &
— = — = s }
Vi o+ : ViLo-+ o
. VJS_S

*1: Repeated for specified input pins.
*2: Repeated for specified output pins.
*3: Input logic for specified status.
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AC Characteristics

(1) External program memory access AC characteristics

( Veg=2.2 to 6.0V, Vgg=0V, Ta=—40°C to +85°C)
PORT 0, ALE, and PSEN conrnected with 100pF load, other connected with BOpF loac

Variable clock from"1
Parameter Symble 1to 24 MHz Unit
‘Min.  Max.
XTAL1, XTAL 2 Oscillation Cycle ‘ tc'u';f | __41_7_ T 100 0 | s
ALESignalWidth | wwu | 2tgg-s0 | — s
Address Setup Time v Horer-15 i ne
(to ALE Falling Edge)
Address Hold Time | tL_LAX_ ) mm———%tCLcL-B;W T _ ns
(from ALE Falling Edge)
instruction Data Read Time oL B fteLct-100 s
{from ALE Faihng Edge) o
From ALE Falling Edge to PSEN };L; fteLcL-30 o . s
Falling Edge
PSEN Signal W|dth o Wler;;m_ - 3&_;6;35 T — 1 ns
Instruction Data Read Time | oy "__ ] oo 45 ' s -
(from PSEN Falling Edge)
Instruction Data Hold Time tpxix 0 _ s
(from PSEN Rising Edge)
Bus Floatmg Time after Instruction i _ Ytor o020 ns
Data Read (from PSEN Rlsmg Edge) PXZ oLe
Instrugtion Data Read Time . R . R St;L;L‘1 05‘"'_ o ns
{from Address Output)
Bus Floatlng Tqme(PSEN Rlsmg 1
tazpL 0 — ns
Edge from Address float)
Address Output Time from PSEN ___t.PXAV oL -20 _ ns
Rising Edge -

*1 The variable check is from 0 to 24 MHz when the external check is used.
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OKIX Semicenductor

{2) External program memaory read cycle

286

b

PORT2 AB10A1l 5>(

tavie | et tpLPH
L
r—tpLiv—
PSEN /
tLeay fazeu
PORTO » AD to A7 INSTR A0 10 A7
N
tavry
ABto A15 >é8 to A15
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MSMB0C1545/83C 1548

{3) External data memory access AC characteristics

( Vee=2.2 to 6.0V, Vgs=0V, Ta=—40°C to +85°C)
PORT 0, ALE, and PSEN connected with 100pF load, ather connected with 80pF load

Variable clock from*1

Parameter Symble 1 to 24 MHz Unit
Min. Max. o

XTAL1, XTAL? Oscillator Cycle Ctoo M7 1000 ns
ALE Signal Width S 2c1c-40 — ns
Address Setup Time tavis ToreL-15 _ ns
(to ALE Falling Edge) |
Address Hold Time Ly oLcL-35 _ s
(from ALE Falling £dge) .
;1)) S-iéna-r Width taLRL 6toLo-100 —_ ns
WR Signal Width twiwn BtoLcL-100 — ns
RAM Data Read Time . B St 105 s
(from RD Signal Failing Edge) RLDV oLot
RAM [Ea Read Hold Time oy 0 _ s
(from RD Signal Rising Egige)r , I
Data Bus Floating Time
(from RO Signal Rising Edge) thHoz - ZtoLci-70 e
RAM Data Read Time
(from ALE Signal Falling Edge) v - Btotot100 e
RAM Data Read Time
(from Address Output) tavoy - Howo-108 "
RD/WR Qutput Time from ALE 3teLoL-40
Falling Edge tuwe ey - 3go-100 Staici+40 "
RD/MWR Qutput Time from Address _— ' : 4;{#;_70” o _ o ns
Output
WR Output Time from Data Output | tavwx TtgLoL-40 — ns
Time from Data to WR Rising Edge | tavwn TteicL-105 — ns
Oata Hold Time
(from WR Rising Edge} tmox PotoL-50 - "
Time from to Address Float RD ‘
Output RLAZ 0 o s
Time from ROAVR RTéfng_Edge to — TteLeL-30 1eLoL+40 < ns
ALE Rising Edge "2 Lo +100

*1 The variable check is from 0 to 24 MHz when the external check is used.

*2 For2.2sVee<4 V
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{4) External data memory read cycle

tLHL i
ALE / \ J j \

tLiov
hiwt tRLAH
RO A
-
tavel it {f02
LLAX o>
e ot e - :[RED.! - tRHD_K |-
INSTR AQ AL =
Alto A7 to A7 . /AQto A7
rorro TR )/ fror b {_DATA N Uy —
L AW
tavpy )

PORT 2 PCH X A8 to A15 PCH

,  P2.010P2.7 DATA or A81oA15 DPH >@8t0 A15 PCH

{5) External data memory write cycle

twHLH

tih M
e j .

e twiwH
WR _\
h
It
] tovwn -
tavwx
INSTR A7 AOt0A7
PORTO N3] >}—<A0P‘8L ok DATA (ACC) 0o A7)—
o tavw |

porT2 ABIOATS Y Agtoa1s PoH N PR0to P27 DATA or ABIOATS DPH  XA8to AlS PCH
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(6) Serial port (I/0 Extension Mode) AC characteristics

(Vge=2.2 10 6.0V, Vss=0V, Ta=—40°C to +85°C)

Parameter

Symbol Min. Max. Unit
Serial Port Clock Cycle Time tyLxL 12tciL — ns
Output Data Setup to Clock Rising Edge tovxH 10tg ¢ -133 — ns
'O'ut'pu't Data Hold After Clock Rising Edge txHax 2oeL-75 — ns
Input Data Hold After Clock Rising Edge txHDX 0 — ns
Clock Rising Edge to (nput Data Valid txHOV - 10t g -133 ns
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X aIvAY X araX Wawny XA Xamwax_ XamwaxX XamwaxX XawaX o

XQHY —»! fo— e ATHX)—

I
|
i
|

J1v@
N\ Inelno

_ xczx#i_ - HXAD Io_

i

| L N | | _ | S L

/ X X X X X X

#3070

_ | L "HMs
,ﬁ! W) |c_
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