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1. INTRODUCTION

1.1 MSM80C154S/MSM83C154S/MSM85C154HVS Outline

MSM80C154S/MSM83C154S/MSM85C154HVS are single-chip 8-bit fully static microcon-
trollers featuring high performance and low power consumption. AllMSM80C31F /MSM80C51F
instructions and functions have been retained.

Apart from being without the internal program memory (ROM), MSM80C154S is identical to
MSM83C154S. And the difference between MSM85C154HVS and MSM83C154S is that the
internal program memory (ROM) in MSM83C154S is replaced by an external ROM
connected to MSM85C154HVS by using a piggy-back package.

While the MSM83C154S microcontroller integrates a 16384-word x 8-bit program memory
(ROM) in a single chip, MSM80C154S/MSM83C154S/MSM85C154HVS all feature comput-
er functions including a 256-word x 8-bit data memory (RAM), 32 input/ output ports, three
16-bit timer/counters, six interrupts, serial I/O, an 8-bit parallel processing circuit, and a clock
generator.

The internal operation in these CPUs is based on an instruction code address method for
greater efficiency. In this method, operations are specified in the instruction code (OP)
section, and the objective registers are specified by part of that instruction code and the
second or third byte following the code. A feature of this method is the ability to achieve
several operations by simply changing the manipulation register designation in a single
instruction code.

Inclusion of 8-bit multiplication and division instructions further increases the processing
capacity of these CPUs.

In addition to expansion of the bit processing area, a comprehensive range of bit processing
instructions has also been included. Processing operations include logical processing of the
carry flag and specified bit within each register, transfer between the carry flag and specified
bitin certain registers, transfer of specified bits between different registers, setting, resetting,
and complement of the specified bit in each register, and execution of various bit tests within
a wide area.

To make arelative jump after the execution of a bit test instruction, jumps can be made within
a wide address range between —128 and +127 relative to the address of the instruction and
there is no page field restriction.

The contents of specified registers can be saved in stack by using the PUSH instruction, and
the saved contents can be returned from stack to a specified register by the POP instruction.
Absolute interrupt priority can be allocated to any interrupt when in priority circuit operation
mode. And by controlling only the interrupt enable register (IE) when in priority circuit stop
mode, multi-level interrupt processing can be executed to make interrupt processing much
easier than in conventional CPUs.

Employing the low-power consumption feature of C-MOS devices, these CPUs are designed
to operate in a number of “CPU power down” modes. In idle mode the IDL bit in the power
control register (PCON) is set to “1” to halt CPU operations while the oscillator continues to
run. In soft power down mode the PD bit in the power control register is set to “1” to halt CPU
operations as well as the oscillator. And in hard power down mode where the HPD bit in the
power control register is set in advance to “1”, CPU operations and the oscillator are stopped
if the HPDI pin (P3.5) power failure detect signal level is changed from “1” to “0”. CPU power
down modes can be cancelled by resetting the CPU via reset pin and restarting execution
from address 0, by restarting execution from the relevant interrupt address, or by resuming
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execution from the next address after the stop address where CPU power down mode was
activated.

Each of the quasi-bidirectional ports 1, 2, and 3 can be set independently as high impedance
input ports. And the 10 kQ pull-up resistance for these input ports can be isolated from the
power supply (Vcc), leaving only the 100 kQ pull-up resistance and thereby enabling the
guasi-bidirectional ports to be driven by devices with low drive capacity. Furthermore, the
outputs of ports, 0, 1, 2, and 3 can be switched to floating status during CPU power down
modes (PD, HPD).

Three built-in 16-bit timer/counters capable of operating in a wide range of modes enable the
CPUs to be used in many different ways. And since timer/counters 0 and 1 can be operated
by external clock during CPU power down modes (PD, HPD) where the oscillator is stopped,
these two counters can also be used in cancelling CPU power down modes.

UART based serial communication can be executed at any baud rate by carry signal from
timer/counter 1 or timer/counter 2.

If an overrun or framing error is generated during data reception, the SERR bit in the I/O
control register is set. And by testing this SERR bit, the accuracy of the data can be checked
quite easily to ensure correct serial communication.

As can be seen, these CPUs are equipped with a very comprehensive range of functions. Also
note that EASE80C51mkll is available for use as the program development support system
for these CPUs.

Equipped with the MSM85C154E dedicated evachip, EASE80C51mkll is capable of pro-
gram area mapping, realtime tracing, generating breaks according to accumulator contents,
and various other functions designed for accurate and efficient support of program develop-
ment of these CPUs.

With this great line-up of functions and with EASE80C51mkll capable of developing
programsinavery shorttime, MSM80C154S/MSM83C154S/MSM85C154HVS give a highly
integrated high performance solution.
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1.2 MSM80C154S/MSM83C154S Features

* Full static circuitry
* Internal program memory (ROM)
16384 words x 8 bits (MSM83C154S)
» External program memory (ROM)
Connectable up to 64K bytes
* Internal data memory (RAM)
256 words x 8 bits
» External data memory (RAM)
Connectable up to 64K bytes
 Four sets of working registers (RO thru R7 x 4)
» Stack
Free use of 256-word x 8-bit internal data memory area
 Four input/output ports (8-bit x 4)
 Serial ports (UART operation)
» Six types of interrupts
(1) Two external interrupts
(2) Three timer interrupts
(3) One serial port interrupt
* Priority allocated interrupt processing
* Multi-level interrupt processing by software management
» CPU power down function
(1) Idle mode: CPU stopped while oscillation continued.
(Software setting)
(2) PD mode: CPU and oscillation all stopped.
(Software setting)
(Setting I/O ports to floating status possible)
(3) HPD mode: CPU and oscillation all stopped.
(Hardware setting)
(Setting I/0 ports to floating status possible)
* CPU power down mode cancellation
(1) Execution commenced from address 0 by CPU resetting.
(IDLE, PD, and HPD mode cancellation)
* RESET pin is used
(2) Execution frominterrupt address by interrupt request, or execution resumed from next
address after the stop address. (IDLE and PD mode cancellation)
* External, timer, and serial port interrupts
* 1/O control registers (OF8H)
bo: Port 0, 1, 2, and 3 floating setting (PD, HPD)
b1: Port 1 high impedance input port setting
b2: Port 2 high impedance input port setting
b3: Port 3 high impedance input port setting
b4: Port 1, 2, and 3 pull-up resistance switching (10 kQ pull-up resistance switch off to
leave only 100 kQ)
bs: Serial port reception error detector bit
be: 32-bit timer mode setting (TLO+THO+TL1+TH1)
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 Timer/counters (three 16-bit timer/counters)
(1) 8-bit timer with 5-bit prescalar
(2) 16-bit timer
(3) 8-bit timer with 8-bit auto-reloader
(4) 8-bit separate timer
(5) 16-bit timer with 16-bit auto-reloader
(6) 16-bit capture timer
(7) 16-bit baud rate generator timer
(8) 32-bit timer
» Wide operating temperature range —40 to +85°C
» Wide operating voltage range
(1) When operating: Vcc=+2.2 to 6V (varies according to frequency)
(2) When stopped:
Vce=+2 to +6V (PD or HPD mode)
* Instruction execution cycle
(1) 2-byte 1-machine cycle instructions
(2) Multiplication/division instructions
« Direct initialization of ports 0, 1, 2, and 3 by input of reset signal even if oscillator have been
stopped.
(All ports output “1".)
 High noise margin (with Schmitt trigger input for each 1/0)
» 40-pin plastic DIP/44-pin plastic flat package/44-pin plastic PLCC/44/pin plastic TQFP
» Software compatibility with MSM80C31F and MSM80C51F
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1.3 Additional Features in MSM80C154S/MSM83C154S/MSM85C154HVS

In addition to the basic operations of MSM80C31F/MSM80C51F, the MSM80C154S/
MSM83C154S/MSM85C154HVS devices also include the following functions.

* ROM capacity increased from 4K bytes to 16K bytes

* RAM capacity increased from 128 bytes to 256 bytes

* An additional timer counter 2

» An additional timer interrupt 2

« An additional 8-bit timer 2 control register (T2CON 0C8H)

* An additional 8-bit I1/0O control register (IOCON OF8H)

 Addition of two bits (bit 5, PT2 and bit 7, PCT) to the priority register (IP 0B8H)

» Addition of one bit (bit 5, ET2) to the interrupt enable register (IE 0A8H)

 Addition of two bits (bit 5, RPD and bit 6, HPD) to the power control register (PCON 87H)
Addition of these extra functions has further increased the performance and widen the range
of application of these CPU devices.
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SYSTEM CONFIGURATION

2.1 MSM80C154S/MSM83C154S/MSM85C154HVS Logic Symbols

HIII
S —

s

RESET ———»

ADDRESS LATCH =-—
ENABLE
PROGRAM STORE -——(
ENABLE

XTAL1

XTAL2

RESET

CPU MEMORY <«—» EA

SEPARATE

+5(V) ———»

0o(Vv)

Vcc

Vss

P0.0
PO.1
P0.2
P0.3
P0.4
P0.5
P0.6
PO.7

P1.0
P1.1
P1.2
P1.3
P1.4
P1.5
P1.6
P1.7

P2.0
P2.1
P2.2
P2.3
P2.4
P2.5
P2.6
P2.7

P3.0
P3.1
P3.2
P3.3
P3.4
P3.5
P3.6
P3.7

- PORT 0
<«—» | (BUS PORT)

r PORT 1

r PORT 2

—

«—» RXD A
«—» TXD
O<«—» INTO
C<«— INT1
«—» TO
«—» T1/HPDI
Oo<+—» WR
O<—» RD J

r PORT 3

Figure 2-1 MSM80C154S/83C154S/85C154HVS logic symbols
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MSM80C154S/83C154S/85C154HVS

2.2 MSM80C154S/MSM83C154S pin layouts

MSM80C154SRS/MSM83C154SRS
(Top View) 40 Pin Plastic DIP

P1.0/T2 [1] _/ g Vee
PL.1UT2EX 2] 39 P0.0
P1.2 [3] 38 PO.1
P1.3[4] = 37 P0.2
P1.4[5] o 36 P0.3
P15 [6] 3 35 P0.4
P1.6[7] o 34 P0.5
P1.7 (8] § 33 P0.6
RESET [9] o 33 P0.7
P3.0/RXD [0 2 Gl EA
P3.1/TXD [ 2 30 ALE
P3.2/INTO [ 2 79 PSEN
P3.3/INT1 13 & g P2.7
P3.4/T0 4] Q 07 P2.6
P3.5/T1/HPDI [ § 08 P2.5
P3.6/WR [16] b} 25 P2.4
P3.7/RD [T] « P4 P2.3
XTAL2 [18] 23 P2.2
XTALL 9 P2 P2.1
Vss [20 21 P2.0

MSM80C154SGS/MSM83C154SGS
(Top View) 44 Pin Plastic Package

4443424140393837363534
P15C—] 1 33 [—1P0.4
pre—]2 () 32 P05
P17 3 z=z 31 [—1P0.6
RESETC] 4 22 30 P07
P3.0/RXDC] 5 23 29 [EA
NCC—] 6 Qa 28 [INC
P3.UTXDC] 7 gL 27 [IALE
P3.2/INTOC—] 8 L& 26 [—IPSEN
P3.3/INT1C] 9 2R 25 [ P27
P3.4/T0C—] 10 24 P26
P3.5/T1/HPDI C—] 11 23 P25
1213141516171819202122

HULuuuouuny

Q:| N 0 nNOANMS
Emz‘&'g’gm(\lmwm
S ooooa
5 o0 X X

o o
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SYSTEM CONFIGURATION

MSM80C154SJS/MSM83C154SJS

(Top View) 44 Pin Plastic QFJ

X
nn]
N N
E
m N a3 09 9N
A «+d «+d «4 0O 0 o o o o
o o000 2 >0000
151141131120 111 44 43 42 AL 40!
P1.5: . g Q P0.4
P16{ 2 P0.5
P1.7 S P0.6
RESET 5 P0.7
S —_
P3.0/RXD ) EA
NC[iZ % NC
P3.1/TXD | 12 2 ALE
P3.2/INTO § PSEN
P3.3/INT1 5 P2.7
P3.4/T0 [ 3 P2.6
P35TUHPDI[I7! ¢ P2.5
18 19 200 21 22 23 241 125 26 27 28
ayggeoyay
=< o oaoa
o X X
o
MSM80C154STS/MSM83C154STS
(Top View) 44 Pin Plastic Package
x
L
N N
|l
tSmaNEaS oo TN®
Adddd O 009 oc o
oooooz2>o0o00a
4443424140393837363534
P15 1 33 [—P0.4
prec—2 () 32 P05
P1.7C—] 3 z= 31 [1P0.6
RESET] 4 22 30 [—P0.7
P3.0/RXDC—] 5 ® % 29 —EA
NCC_]6 Qa 28 [INC
P3.1/TXDC] 7 g 27 [—JALE
P3.2/INTOC—] 8 Qe 26 [—1PSEN
P3.3NTLC—] 9 ”w e 25 [1P2.7
P3.4/TOC—] 10 24 —1P2.6
P3.5/T1/HPDIC—] 11 23 P25
1213141516171819202122

TUUuUuouny

‘n:l N9 nodNm<

o N NN NN

%,t,i:,f>>n.n.n.n.n.
om X X

En_

Figure 2-2 MSM80C154S/MSM83C154S pin layout (top view)
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Applicable Packages

40-Pin Plastic DIP (DIP40-P-600-2.54)

MSMB80C154S RS
MSMB83C154S-XXX RS

44-Pin Plastic QFJ (QFJ44-P-S650-1.27)

MSM80C154S JS
MSM83C154S-XXX JS

44-Pin Plastic QFP (DFP44-P-910-0.80-2K)

MSMB80C154S GS-2K
MSMB83C154S-XXX GS-2K

44-Pin Plastic TQFP (TQFP44-P-1010-0.80-K)

MSMB80C154S TS-K
MSMB83C154S-XXX TS-K

40-Pin Ceramic Piggy Back (ADIP40-C-600-2.54)

MSM85C154HVS

14




SYSTEM CONFIGURATION
2.2.1 MSM80C154S/MSM83C154S external dimensions

MSM80C154SRS/MSM83C154SRS
40-pin Plastic DIP (DIP40-P-600-2.54)

51.98: 0.3
>
@
©Qonnacoonaonnoannn
N
o
: O O
o
oo T oS oo EoT
INDEX MARK/ @ @
z E
§ 121 5
S ~
e )] /A
SEATING DO OO T OO0
e T VU0 3
0 =
© a2
3} =}
| 188 TYP. 2.54 0-48 85 epo 7@

MSM80C154SGS/MSM83C154SGS
44-Pin Plastic QFP (QFP44-P-910-0.80-2K)

14,52 0.2

1052 0.1
_ RAARARANANE | e
L= OE l
@: S E@
Ll LR i
© ® g e
INDEX_MARK . [ — M A%O_,Oo
0.17: 0.05 3 12
ps 1261 0.15
MSM80C154SJS/MSM83C154SJS
44-Pin Plastic QFJ (QFJ44-P-S650-1.27)
2.55 Y.

oo mnonoon

P16.59+ 0.08
P17.53: 0.13
15.542 0.25

IMNDEX MARK

®

| g S e

D.7TYP.

1.27 0.8IMAX.

-
RALINTIT

IR s 2T
15.54x 0.25

020k

I

SEATING PLANE [y

Figure 2-3 MSM80C154S/MSM83C154S external dimensions

15



MSM80C154S/83C154S/85C154HVS

MSM80C154STS/MSM83C154STS
44-Pin Plastic TQFP (TQFP44-P-1010-0.80-K)

; (€) @
HAAAAAARAAR
@Cl: «EE@—
: OE:
== ==
= [== ==
SR 0 ==
+ O T | s
C)' o 0 = |
N = == mm
O = [ o
0 = |
@'Ix/@ =
®
@HHHHHHH iia
INDEX MARK 03] 1.0:0.2
£8 (0TYP. 0-37657 [@[016 2|8
<| o
E +
=] 1
0.17:0.05 Qt y 0~10
7
__________ e L
————————————————————— o o 0.5:0.2
? o
SEATING PLANE ° 0.6 TYP-

£7]0.10]
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SYSTEM CONFIGURATION

2.2.2 MSM85C154HVS pin layout and external dimensions

clelclclelelelelelelelelele
M85C154H

D) 2764/27128 OKI
JAPAN XXXX

Rk

Pin 1 for 2764, 27128

* The MSM85C154HVS pin layout of bottom side is the same as the pin layout for
MSMB83C154SRS.

* The 27C64/128 device should be used for EPROM.

40-Pin Ceramic Piggy Back (ADIP40-C-600-2.54)

@ e &|

SREREELLEEEEs |

D :

slldecEissisioisisls

O] 2]

544, 25

{ (IITOTIITITTTNT . i i
¢ T WW gﬁ X
L W P I L 7Y

Seating Piane 15 2440, 30

Figure 2-4 MSM85C154HVS pin layout and external dimensions
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SYSTEM CONFIGURATION

2.6 Timing and Control

2.6.1 Outline of MSM80C154S/MSM83C154S timing

The MSM80C154S/MSM83C154S devices are both equipped with a built-in oscillation
inverter (see Figure 2-8) for use inthe generation of clock pulses by external crystal or ceramic
resonator. These clock pulses are passed to the timing counter and control circuits where the
basic timing and control signals required for internal control purposes are generated.

The basic timing consists of state 1 (S1) thru state 6 (S6) (see Figure 2-9) where each state
cycleis based on two XTAL1-2 fundamental clock pulses. The interval from S1 thru S6 forms
a single machine cycle with a total of 12 fundamental clock pulses. 1-byte 1-machine cycle
and 2-byte 1-machine cycle instructions are fetched into the instruction register during
M1-S1, decoded during M1-S2, and executed during M1-S3 thru M1-S6. The second byte is
fetched during M1-S4. 1-byte 2-machine cycle, 2-byte 2-machine cycle, and 3-byte 2-
machine cycle instructions are also fetched during M1-S1, decoded during M1-S2, and
executed during M1-S3 thru M2-S6. The second and third bytes are fetched during M1-S4,
M2.S1, or M2-S4. The number of clocks used is 24. 1-byte 4-machine cycle instructions are
involved in multiplication and division operations where 48 clocks are used.

S1 S2 S3 S4 S5 S6

%@\;"

DQ DQ DQ DQ DQ DQ

—= = = = = =
»—LLLU

S 1/0
| S /0 & TIMER CONTROL TIMER & INTERRUPT

XTAL2 @ .
XTALL cPU coNTROL 2> PV
PLA
J POWER DOWN
r o172 IDLE
@)
Z§ A
RESET @
INT® ——PLA OUT

Figure 2-8 Oscillator, timing counter, and control stage block diagram
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MSM80C154S/83C154S/85C154HVS

THAL T+L T+AL HT_\,_P
| |
‘|1, |
T+0d T+0d T+0d T+0d T+0d
__ -
uoNN999xa UoNdNASU| uonnbaaxa uondNAsu| uonnbaoxa uondnasu|
oo .
! Buipoosp Liononisul Buipooap Lononiisu| I Buipooap tononiisul
| | | | | | | | | |
T L | L | | | | | | O
V1ivd M3N Ld0d VY1lvad ailo Ld0d - NdD ~ 1d0d
A L) '
1 140d~ NdOD
L 7 || [3navisviva] , o
Hod | v1va 140d B Hdd | Hod [ Hod | Hod | HOd . z-lMod
T T T T T 7 T T T T
| | | | | | | | |
| | | | | |
vy — I — ] | =7 0 _
_|_Un_ [ 1 NVY ® D0V [ 1 , [ _|_|OM_ _PUM_ _PUM_ 1 0—-14d0d
14 ® 1dd
0
_ HWaH
T
0
N3Sd
T
0
Jv
T
0
iuyuduuuyuy R TIVIX
T
<0S><GSreaySreCSH<Sre TS e S+<ES+4ZSreTS»<9S» 47 S+eC S+ lSre[S»<0S+eGSreySreCS eSS d3l1s
TN N TN TN 3TOAD

Figure 2-9 MSM80C154S/MSM83C154S fundamental timing
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SYSTEM CONFIGURATION

Major synchronizing signals

ALE (Address Latch Enable)

The ALE signal is used as a clock signal where the address signals O thru 7 output from
CPU port 0 can be latched externally when external program or external data memory
(RAM) is used.

Although two ALE signal outputs are obtained in a single machine cycle during normal
operations, no output is obtained during output of the RD/WR signal when an external
memory instruction (MOVX...... ) is executed.

PSEN (Program Store Enable)

The PSEN output signal is generated during execution of an external program. The
output is obtained when an instruction or data is fetched.

The PSEN signal is valid when at “0” level, and external program data is enabled when
in this valid state.

Although two PSEN signal outputs are obtained in a single machine cycle during
normal operations, no output is obtained during output of the RD/WR signal when an
external data memory instruction (MOVX...... ) is executed.

WR (Write Strobe)

The WR output signal is obtained when an external data memory instruction (MOVX
@Rr, A or MOVX @ DPTR, A) is executed. L
CPU port 0 output data is written in the external RAM when the WR signal is at “0” level.

RD (Read Strobe)

The RD output signal is obtained when an external data memory instruction (MOVX
A, @ Rror MOVX A, @ DPTR) is executed.

The external RAM is enabled and output data is passed to CPU port 0 when the RD
signal is at “0” level.
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2.6.3 MSMB80C154S fundamental operation time charts

(1) External program memory read cycle timing chart

e Ml MlorM2 ————+———
—>4S] > «S2»4S3»4S4»«S5> <S>« S] »«4S2 >4 S3>4S4»<«S5»<«SG><S] »le—
1
e UUTTUTUITUOTHUUTUUUUuuguue
1
ALE
0
PSEN ; | | | |
. |INSTIN INST IN INST IN INST IN INST IN
PCL PCL PCL PCL
PORT-0 47 ouT ouT ouT ouT
| | | | | | | | |
PORT-2 ; PCHOUT| PCHOUT | PCHOUT | PCHOUT | PCHOUT
I I I I I I I I I I I

Figure 2-10 MSM80C154S external program memory read cycle timing chart

(2) MOVX A, @Rr

M1 > M2———————
—><4S] »«S2»«S3> <S> <«S5+ <S>« S] »«S2 >« S3>4S4 >« S5+« SG><S] »ie—
1
e THUUTUHUTTUUGUTU UL U Uyt
1
ALE
0
_____ 1
PSEN | |
0
- 1
RD o |
INST IN RAM DATA IN INST IN
1 PCL Rr EXT RAM PCL
PORT-0 out out DATA ouT r
| | | | | | | |
PORT-2 0 PCH OUT| PCH OUT PORT 2 LATCH DATA OUT | PCH OUT

Figure 2-11 MSM80C154S MOVX A, @Rr execution
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(3) MOVX @R, A

—> Ml——mm—————— M2————————————————————
—>4S] > <4S2>4S3» 4S5S4 > <«S5E><4S>«4S] »<4S2 >4 S3>4S4»<«S5E><«SG>«S] »le—
1
xaJHTUULUUUUT IOy
1
ALE
0
PSEN ! | |
0
— 1
WR o |
1 INST IN INST IN
PCL Rr PCL
PORT-0 0 T ouT ouT ‘ ACC DATA OUT ouT r
| | | | | | | | |
PORT-2 (])- PCH OUT| PCH OUT | PORT 2 LATCH DATA OUT PCH OUT

Figure 2-12 MSM80C154S MOVX @Rr, A execution

(4) MOVX A, @DPTR

M1 > M2
—><4S] »«S2»«S3> <S> <«S5+ <S>« S] »«S2 >« S3>4S4 >« S5+« SG><S] »ie—
1
axasJHUUULUUUUIUYUUUTUT DU uuL
1
ALE
0
_____ 1
PSEN | |
0
— 1
RD 0 |
1 INST IN RAM DATA IN INST IN
PCL DPL EXT RAM PCL
PORT-0 7 ouT ouT DATA ouT r
L 1 1 | 1
PORT-2 (]; PCH OUT| PCH OUT DPH OUT | PCH OUT

Figure 2-13 MSM80C154S MOVX A, @DPTR execution
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(5) MOVX @DPTR, A

—> Ml——mm—————— M2————————————————————
—>4S] > <4S2>4S3» 4S5S4 > <«S5E><4S>«4S] »<4S2 >4 S3>4S4»<«S5E><«SG>«S] »le—
1
xas [THUHUHUHUUUHUUT U U
1
ALE
0
PSEN ! | |
0
_ 1
WR o |
INST IN INST IN
rorro - —JJHES oPL rcconmon .
i i i i i i i i i
PORT-2 (1)PCHOUT| PCHOUT | DPH OUT PCH OUT

Figure 2-14 MSM80C154S MOVX @DPTR, A execution

(6) MOV direct, PORT [0, 1, 2, 3] execution

— M1 - M2

> +S1><S2reS3rSar< S5+ SEm+SIHeS2meS3r+S4r <S5 SEr ST
xrac o T U U UL U U UL U
ALE .

0
_ 1
PSEN

0
PORT0,1,2,3 1
PINDATA 0 /

PIN DATA STABLE
CPUDATA 1
SAMPLED 0 |
!

Figure 2-15 MSM80C154S MOV direct, PORT[O, 1, 2, 3] execution
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2.6.4 MSM83C154S fundamental operation time charts
(1) MOVXA, @Rr

M1 > M2————————————»——
—>4S]>«S2>4S3»4S4»«S5> <S>« S] »«4S2»4S3>4S4»<«S5» <SG+« S] »e—
1
xa o JTHUUUUUTUDUOYUUUUU DU UUU UL UL
1
ALE
0
PSEN !
0
I 1
RD o |
RAM DATA IN
PORT—0 1 Rr EXT RAM FLOATING
- 0_ PORT O LATCH DATA |0OUT DATA
1 1 1 1 1 1 1 1
1 H H H H H H H H
PORT-2 0 PORT 2 LATCH DATA OUT

Figure 2-16 MSM83C154S MOVX A, @Rr execution

(2) MOVX @R, A

—> ML— V22—
—>4S] > «S2»«S3>4S4» <S5+ <S>« S] »«S2»«S3> <S4 >« S5» <SG+« S| »e—
1
e THUUHULUTTUULUTUUUUUU Uyt
1
ALE
0
_____ 1
PSEN
0
— 1
WR |
0
1 Rr FLOATING
PORT-0 )" PORTOLATCHDATA |out|  ACCDATAOUT
T T N N T A R
PORT-2 ; PORT 2 LATCH DATA OUT

Figure 2-17 MSM83C154S MOVX @Rr, A execution
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(3) MOVX A, @DPTR

>t M2 ——————
—>4S] > <4S2><4S3»4S4»<«S5> <S>« S] >4 S2>4S3>4S4» <S5« S6>«S] »le—
1
xa o JTHUUUUTUUDUTYUUT UL U Uy UL
1
ALE
0
PSEN !
0
— 1
RD o |
RAM DATA IN
PORT-0 1 DPL EXT RAM FLOATING
- 0_ PORT O LATCH DATA |0OUT DATA
1 PORT 2 LATCH
PORT-2 0 PORT 2 LATCH DATA OUT DPH OUT DATA OUT

Figure 2-18 MSM83C154S MOVX A, @DPTR execution

(4) MOVX @DPTR, A

Ml———————»<+«—— \|2——————————>«——————
—>4S] > 4SS0+ <4S3>4S4 > 4S5+ <«S>«S] >4 S22« S3+<4S4 >« S5»<« S+« S]] »ie—
1
e A s
1
ALE
0
PSEN 1
0
_ 1
WR |
0
1 DPL FLOATING
PORT-0 0 __PORT 0 LATCHDATA_|OUT ACC DATA OUT
\ : : : : : \ : : : :
1 PORT 2 LATCH
PORT-2 0 PORT 2 LATCH DATA OUT DPH OUT DATA OUT

Figure 2-19 MSM83C154S MOVX @DPTR, A execution
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(5) MOV direct, PORT [0, 1, 2, 3] execution

SYSTEM CONFIGURATION

— M1 -~ M2
—>+S1><S2>+53><S4>+S5><S6>+S1>< 52>+ 53> <S4+ S5><S6r Sl
s TTTUTHUHUTUTU U T I U I
ALE !
0
— 1
PSEN 0
PORT 0,1,2,3 1
PINDATA 0
PIN DATA STABLE
CPUDATA 1 ]
SAMPLED 0 |
|

Figure 2-20 MSM83C154S MOV direct, PORT[O, 1, 2, 3] execution
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2.7 Instruction Register (IR) and Instruction Decoder (PLA)

MSMB80C154S/MSMB83C154S operations are based on an instruction code address method.
Hence, in addition to the instruction code instruction register (IR) and instruction decoder
(PLA), these devices also include an instruction register (AIR) and register manipulation
decoder (PLA) for data addresses and bit addresses.

Operation codes are passedto the IR, and data and bitaddresses are passed to the AIR. CPU
control signals are formed at the respective PLA for each instruction register, thereby
activating the CPU. The block diagram is outlined in Figure 2-21.

[
|
|
|
|
I
I ] >
: Matrix % Control signals
' — |
' |
' |
' |
' |
' |
P | |
> | |
Data bus Y : Decoder |
|
|
] | ;
' |
! PLA |
WAIR —
o 0 000 0= ‘I
: Timing |:H :
|
! I
: |
— |
| >
: Matrix % : Control signals
| L
! I
' |
' |
' |
' |
| | |
' |
' |
Data bus 5 : Decoder |
|
: |
— |
' |
' |
! PLA |
WIR —

Figure 2-21 IR and PLA block diagram
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2.8 Arithmetic Operation Section

(1)

(@)

3)

Outline

The MSM80C154S/MSM83C154S arithmetic operation section consists of
(1) an arithmetic operation instruction decoder, and

(2) an arithmetic and logic unit [ALU].

Arithmetic operation instruction decoder:

Arithmetic operation instructions are passed to the instruction register (IR) and then to
the PLA where they are converted into control signals.

The control signals from the PLA are used to control ALU peripheral circuits and ALU
arithmetic operations (ADD, AND, OR, EOR).

Arithmetic and logic unit [ALUI:

Upon reception of 8-bit data from one or two data sources the ALU processes that data
in accordance with control signals from the PLA. The ALU is capable of executing the
following processes:

» Additions and subtractions with and without carry

 Increments (+1) and decrements (-1)

« Bit complements

 Rotations (either direction with and without carry)

* BCD (decimal adjust)

 Carry, auxiliary carry, and overflow signal output

» Multiplications and divisions

* Bit detection

< Exchange of low and high order nibbles

 Logical AND, logical OR, and exclusive OR

If a bit-3 auxiliary carry (AC), a bit-7 carry (CY), or an overflow (OV) is generated as a
result of the arithmetic operation executed by the ALU, that result is set in the program
status word (PSW ODOH).

PSW(ODOH)
CY AC FO RS1 RSO OV F1 P
(ol | | [ef | |
7 6 5 4 3 2 1 0

Figure 2-22 Program status word
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2.9 Program Counter

The MSM80C154S/MSM83C154S program counter has a 16-bit configuration PCo thru
PCi1s, as shown in Figure 2-23.

ENABLE ROM
-
<
zZ
&
w
E 32 /L MSM83C154S INTERNAL ROM
=< \,7 16KWORD x 8BIT
oK
o <
Sfa
EXTERNAL
ROM MODE

-

Q15 Q14 Q13 Q12 Q11 Q10 Q9 Q8| |Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO
- —— PC+1

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

CPU INTERNAL DATA BUS

Figure 2-23 MSM80C154S/MSM83C154S program ounter

This program counter is a binary up-counter which is incremented by 1 each time one byte
of instruction code is fetched. When the program counter is counted by 1 after counter
contents have reached OFFFFH, the counter is returned to 0000H. MSM83C154S is
automatically switched to external ROM mode when the counter contents exceed 3FFFH.
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2.10 Program Memory and External Data Memory
2.10.1 MSMB0C154S/MSM83C154S program area and external ROM connections

Since MSM80C154S/MSM83C154S are equipped with a 16-bit program counter, these
devices can execute programs of up to 64K bytes (including both internal and external
programs).

Since the MSM80C154S is not equipped with an internal program ROM, however, only
external instructions are executed. MSM83C154S, on the other hand, is equipped with a 16K
byte program ROM which enables it to execute internal instructions from address 0 thru
address 16383. External instructions are executed when the address is greater than 16383.
The program area is outlined in Figure 2-24, and a diagram of ROM connections made when
external instructions are executed is shown in Figure 2-25.

ﬂ\s 65535 OFFFFH | Timer interrupt 2 start address 43 | 002BH
[}
© !
= I
Q i
= 1| Serial I/O interrupt start address | 35 | 0023H
I
c I
g :
g M |
O |
g !'| Timer interrupt 1 start address 27 1 001BH
S 3 |
© 8 ;
3 z |
@ g I | External interrupt 1 start address | 19 | 0013H
g 16384 | 4000H |
fo I
$ 16383 | 3FFFH !
a 1
8 s M" Timer interrupt O start address 11 | 000BH
8 O |
= o |
£ 44| 002CH
g 43| 002BH External interrupt O start address | 3 | 0003H
—
@ 2 | 0002H
=
n 1 | 0001H
=
0)]76543210 CPU reset start address 0 | O000H

Figure 2-24 MSM80C154S/MSM83C154S program area
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Figure 2-25 MSM80C154S/MSM83C154S external ROM connection diagram
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2.10.2 Procedures and circuit connections used when external data memory (RAM)
is accessed by data pointer (DPTR)

The MSM80C154S/MSM83C154S can be connected to an external 64K word x 8-bit data
memory (RAM) when accessing the memory by data pointer (DPTR).

The data pointer (DPTR) consists of DPL and DPH registers. The DPL register contents serve
as addresses 0 thru 7 of the external data memory, and the DPH register contents serve as
addresses 8 thru 15.

The MOVX @DPTR, A instruction is used when accumulator contents are transferred to an
external data memory, and the MOVX A, @DPTR instruction is used when external data
memory contents are transferred to the accumulator. The external data memory connection
diagram is shown in Figure 2-26 and the external data memory access time chart is shown
in Figure 2-27.

When the data pointer indirect external memory instruction is executed, the CPU passes the
DPL register contents to port 0, and the port 0 contents are latched externally by ALE signal.
Data stored in the latch serves as the lower order addresses 0 thru 7 of the external data
memory (RAM), and the DPH register contents passed to port 2 serve as the higher order
addresses 8 thru 15 for addressing of the external data memory.

The WR or RD external data memory control signal is subsequently generated by the CPU
to enable transfer of data between port 0 and the external data memory.
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Figure 2-26 Connection circuit for external data memory addressed by DPTR
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2.10.3 Procedures and circuit connections used when external data memory (RAM)
is accessed by registers RO and R1

The MSM80C154S/MSM83C154S can be connected to an external 256 word x 8-bit data
memory (RAM) when addressing the memory according to the contents of registers RO and
R1 in the internal data memory (RAM).

The MOVX @R, A instruction is used when accumulator contents are transferred to an
external data memory, and the MOVX A, @Rrinstruction is used when external data memory
contents are transferred to the accumulator. The external data memory connection diagram
is shown in Figure 2-28 and the external data memory access time chart is shown in Figure
2-29.

When the indirect register external memory instruction is executed, the CPU passes the RO
or R1 register contents to port 0, and the port O contents are latched externally by the ALE
signal. Data stored in the latch serves as the addresses O thru 7 of the external data memory.
The WR or RD external data memory control signal is subsequently generated by the CPU
to enable transfer of data between port 0 and the external data memory.

However, if the port 2 latched data is used in addresses 8 thru 15 of the external data memory,
the circuit connections are the same as when the data pointer (DPTR) is used, thereby
enabling a 64K byte x 8-bit data memory to be accessed.
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Figure 2-28 Connection circuit for external data memory addressed by register RO or R1

MSM80C154S/MSM83C154S
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3. CONTROL

3.1 Oscillators: XTAL1
XTAL2

An oscillator is formed by connecting a crystal or ceramic resonator between the XTAL1 and

XTAL2 pins of the MSM80C154S/MSM83C154S devices.
If an external clock is applied to XTAL1, the input should be at 50% duty and C-MOS level.

IDLE MODE —{>0——
CPU CONTROL CLOCK

PD & HPD MODE —>0 | o— TIMER, S /O & INTERRUPT

7777777777777777 X

x
_|
>
I
[N

* The capacity of the compensating capacitor depends on the crystal resonator.
* The XTAL1-2 frequency depends on Vcc.

Figure 3-1 Crystal resonator connection diagram
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IDLE MODE —{>0——
CPU CONTROL CLOCK

PD & HPD MODE —>0 TIMER, S 1/O & INTERRUPT

,,,,,,,,,,,,,,,,

)&

* The capacity of the compensating capacitor depends on the ceramic resonator.
* The XTAL1-2 frequency depends on Vcc.

Figure 3-2 Ceramic resonator connection diagram

IDLE MODE —{>0——
CPU CONTROL CLOCK

PD & HPD MODE —[>0 TIMER, S I/O & INTERRUPT

E

74HCO04
*CLOCK

* Supply of 50% duty clock

Figure 3-3 External clock supply circuit
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3.2 CPU Resetting
3.2.1 Qutline

If a reset signal (kept at “1” level for at least 1psec) is applied to the RESET pin when the
correct voltage (in respect to the various specifications) is applied to the MSM80C154S/
MSMB83C154S Vcc pin, a reset signal is stored in the CPU even if the XTAL1-2 oscillators
have been stopped.

The internally stored reset signal is used in direct initialization (setting to “1”) of ports 0, 1, 2,
and 3. All of the special function registers are then initialized (set to “0”) two machine cycles
after the XTAL1-2 oscillator commences regular operation.

When the reset is released, instruction execution is started in the third machine cycle if the
reset signal is changed from “1” level to “0” level before the M1-S1 signal leading edge, and
in the fifth machine cycle if the reset signal is changed from “1” to “0” after the leading edge.
The reset circuit block diagram is shown in Figure 3-4, the reset start time charts in Figures
3-5 and 3-6, and the reset release time charts in Figures 3-7 and 3-8.

|
|
|
|
:
|
L
i ¢RESET§, {%m CPU RESET CONTROL
|
|
|
|
|
|

Figure 3-4 MSM80C154S/MSM83C154S reset circuit block diagram
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3.2.2 Reset Schmitt trigger circuit

The Schmitt trigger circuit connected to the RESET pin shown in the MSM80C154S/ MSM-
83C154S reset circuit block diagram in Figure 3-4 operates in the following way when the VVcc
power supply voltage is +5V.

If the voltage of the reset signal applied to the RESET pin exceeds 3V when the level of that
signal is changed from “0” to “1”, the Schmitt trigger output level is changed from “0” to “1”,
andthe resetsignalis setinthe CPU reset control circuit, resulting in the reset operation being
started by the CPU.

The CPU reset state is released when the “1” level on the RESET pin is changed to “0”. An
input signal level below 1.5V is regarded as “0” level, and the Schmitt trigger output level is
changed from “1” to “0”. When the reset signal is changed to “0” level, the CPU reset control
circuit is ready for reset release. The Schmitt trigger circuit operation time chart for changes
in the reset input voltage is outlined in Figure 3-9.

5[V]
Vce
OV]=====— - - - s oo
ViH = 3.0[V] ViL = 1.5[V]
5[V] NV
RESET j \/
0[V] | VTH = 15[V] A
| |
| |
| |
5[V]
Schmitt trigger gate output
oM . CPU reset |
I control input [

Figure 3-9 Reset Schmitt trigger gate detector time chart
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3.2.3 CPU internal status by reset

When areset signal is applied to the CPU with normal voltage applied to the MSM80C154S/
MSMB83C154S Vcc power supply pin, ports 0, 1, 2, and 3 are set to “1” (input mode) even if
XTAL1-2 oscillation has been stopped. The output status of the ALE and PSEN pins also
becomes “1”. The CPU is then reset after normal XTAL1-2 oscillation has resumed. The
internal CPU status when the CPU is reset is shown in Table 3-1.

Table 3-1 MSM80C154S/MSM83C154S reset internal status

Register Name Register Reset Status
PC 0000H
SP 07H
IP 40H(0 x 000000)
IE 40H(0 x 000000)
PCON 10H(000 x 0000)

PSW, DPH, DPL, A, B
SCON, TCON, TMOD
T2CON, IOCON, TLO O0H
TL1, TL2, THO, TH1

TH2, RCAP2L, RCAP2H

P1, P2, P3 *OFFH(input port)

PO *0FFH(floating)

SBUF '
Undefined

INTERNAL RAM

ALE, PSEN *1" OUT

* Denotes direct resetting even if XTAL1-2 has stopped.
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3.3 EA (CPU Memory Separate)

3.3.1 Outline

The function of the EA pin is to determine whether a CPU internal program memory (ROM)
instruction or an external program instruction is to be executed.
(1) Internal ROM mode
If the EA pin is connected to Vcc and a “1” reset signal is applied to the RESET pin to
reset the CPU, an internal program memory (ROM) is executed from address 0.
(MSM83C154S, MSM85C154HVS)
(2) External ROM mode
If the EA pin is connected to Vss and a “1” reset signal is applied to the RESET pin to
reset the CPU, an external program memory is executed from address 0.
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4. INTERNAL SPECIFICATIONS

4.1 Internal Data Memory (RAM) and Special Function Registers
4.1.1 Outline

MSMB80C154S/MSMB83C154S operation is based on an instruction code address method
where operations are specified in an instruction code (OP) section, and the data memory
(RAM) and special function registers (ACC, B, TCON, PO........ ) are specified directly by part
of the instruction code and the second or third byte of data following that instruction code.
According to this instruction code address method, all eight bits of data in the data memory
and special function register may be specified, or one bit of data memory and one bit of data
in the special function register may be specified. Direct designation of all eight bits of data is
called data addressing, and direct designation of one bit of data is called bit addressing.
Since these CPU devices specify data memory (RAM) and special function register contents
by the above method, specific addresses are assigned to the respective CPU data memory
(RAM) and special function registers (ACC, B, TCON, PO, .... ). Data addresses consist of
eight bits, and range from 00 to OFFH in binary (which correspond to 0 thru 255 in decimal).
All data memory (RAM) and special function registers (ACC, B, TCON, PO, ....) existin these
256 locations.

The data memory contains 256 bytes. The data memory between addresses 00 thru 7FH can
be specified directly by data address, and the data memory from address 80H to OFFH can
be specified by indirect register instruction where RO or R1 contents are setto 80H thru OFFH.
Note that the entire data memory (RAM) from 00 thru OFFH can be specified by indirect
register instruction.

Special function registers are located between addresses 80H thru OFFH, and can also be
specified directly by data address. Bit addresses consist of eight bits, the manipulation bits
being specified by the three lower order bits and the data memory (RAM) or special function
register (ACC, B, TCON, PO, .... ) by the five higher order bits. Data memory between
addresses 20 thru 2FH can be specified by bit addressing. Other areas cannot be specified
by bit designation.

The special function registers which can be specified by bit address are PO, P1, P2, P3,
TCON, SCON, IE, IP, T2CON, PSW, ACC, B, and IOCON, a total of 13 registers. The data
memory (RAM) and special function register address space layout is shown in Figure 4-1.

55



MSM80C154S/83C154S/85C154HVS

HEX
OFF IOCON | OFFH~OF8H | 248 (OF8H)
B| OF7H~OFOH | 240 (OFOH)
ACC | OE7TH~OEOH | 224 (OEOH)
PSW | OD7H~ODOH | 208 (ODOH)
TH2 205 (OCDH)
TL2 204 (OCCH)
RCAP2H 203 (OCBH)
RCAP2L 202 (OCAH)
T2CON | OCFH~0C8H | 200 (0C8H)
Y IP| OBFH~OBSH | 184 (0BSH)
E,J P3| OB7H~0BOH | 176 (OBOH)
9 IE| OAFH~0A8H | 168 (0A8H)
§ P2| OA7H~0AOH | 160 (OAQH)
USER DATA RAM .(:) SBUF 153 (99H)
% SCON| 9FH~98H 152 (98H)
o S P1| 97H-90H | 144 (90H)
% § TH1 141 (8DH)
o & THO 140 (8CH)
8 TL1 139 (8BH)
g TLO 138 (8AH)
a TMOD 137 (89H)
g TCON| 8FH~88H 136 (88H)
& PCON 135 (87H)
% DPH 131 (83H)
ﬁ DPL 130 (82H)
SP 129 (81H)
80 PO| 87H~80H 128 (80H)
7F
USER DATA RAM
30 Ve
2F|7F 78
BIT RAM
fg ;7 0 BIT ADDRESSING
18|Ro BANK 3
1(7) Eg BANK 2
OF |R7 BANK 1 \—<— DATA ADDRESSING
08|RO
gg Eg BANK 0

Figure 4-1 Data memory and special function register layout
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4.2 Internal Data Memory (RAM)
4.2.1 Internal data memory (RAM)

The storage capacity of the MSM80C154S/MSM83C154S data memory is 256 words x 8 bits.
The layout diagram is shown in Figure 4-2.

The data memory can be accessed (R/W) in four different ways - direct register designation,
indirect register designation, data addressing, and bit addressing.

Four banks of registers group (RO thru R7 x 4) exist within the data memory address range
from 00 to 1FH. Banks are specified by RS0 and RS1 data combinations within the PSW.

The data memory address range from 20 to 2FH is an area where bit addressing is possible.
One bit of data can be manipulated directly by bit manipulation instructions.

The datamemory addressrange from 00 to 7FH is an areawhere data addressing is possible.
8-bit data manipulations can be handled directly by data address manipulation instructions.
The data memory address range from 80H to OFFH is an area where data addressing is not
possible. To manipulate data in this data memory area, the contents of register RO or R1 are
set in 80H thru OFFH, then an indirect register instruction is used. (Indirect register
instructions can be used to specify the entire data memory from address 00 to OFFH.)

In addition to data storage in the CPU, the data memory is used as the place for saving stack
data. This stack data storage area is addressed by a stack pointer (SP 81H).

Since the stack pointer can be set any desired value by software, the data memory can be
used as stack from any data memory address. Note that 07H data is set automatically in the
stack pointer when the CPU is reset.
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OFFH

80H
7FH

30H
2FH

2EH
2DH
2CH
2BH
2AH
29H
28H
27H
26H
25H
24H
23H
22H
21H

20H
1FH

18H
17H

10H
OFH

08H
07H

O0H

255
USER DATA RAM
128
127 N
USER DATA RAM
48
7F|7E|7D|7C|7B|7A| 79| 78 47
77|76|75|74|73|72| 71|70 46
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Figure 4-2 RAM layout diagram
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4.2.2 Internal data memory registers RO thru R7

Four banks of registers group exist in the data memory (RAM) between memory addresses
00 thru 1FH. Banks are specified by RS0 and RS1 bit combinations within the program status
word (PSW). Note that the register area RO thru R7 can also be used as normal data memory.
The PSW table is shown in Table 4-1, and the data memory register bank layout in Figure 4-
3.

Table 4-1 Program status word (PSW)

Bit 7 6 5 4 3 2 1 0
Flag CcY AC FO RS1 RSO ov F1 P
Set . .

OFF[255]|D7|D6[D5[D4[D3[D2[D1[DO0
USER DATA RAM

/?M

30[48[D7[D6[D5[D4[D3[D2[D1[D0

2F[47|[D7|D6[D5[D4[D3[D2[D1[DO0
L

= BIT ADDRESSING = x|

20132 |D7|D6|D5|D4{D3[D2|D1|{D0
1F|31(D7|D6|D5({D4|D3|D2[D1|D0

555//’ :Q;it:::::j;:::::::::\\\ BANK 3 1 1

18124 |D7{D6|D5|D4[{D3|D2|D1[{D0|RO

171 23[D7|D6|D5[D4[D3[D2[D1[DO[R?
| —— — ——
L | [ oL L=l BANK 2 1 0

10116 |D7{D6|D5|D4[{D3|D2|D1{D0|RO
OF |15|D7|D6{D5|D4|D3[{D2[D1|D0|R7

e i B = SN BANK 1 0 1
D7|D6[(D5[D4|D3|D2[{D1[D0|R0O

RS1 RSO

| STACK & DATA RAM

D7|D6|D5|D4|D3[D2|D1[D0[R3 BANK 0 0 0

o
N
O N(w|h uifo|N|co
O
~J
O
o)
O
5
O
-~
O
co
O
N
O
=
O
=)
0
N

Figure 4-3 Internal data memory register bank layout
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4.2.3 Stack

The stack data save (storage) area is in the internal data memory (RAM), and is specified by
stack pointer (SP 81H).

Although 07H data is automatically setin the stack pointer when the CPU is reset, any desired
data can be set by software to enable the data memory to be used as stack from any address.
Two bytes of data memory are used when the stack is used by interrupt or CALL instruction,
and a single byte of data memory is used when the PUSH instruction is used. The status
where an interrupt is generated and the program counter contents are saved in the stack
when the stack pointer contents are 7FH, and the status where accumulator contents are
pushed during interrupt routine and are subsequently saved in the stack are shown in Table
4-2. The stack status up to completion of interrupt processing upon execution of POP and
RETI instructions is also included.

Table 4-2 Stack storage layout

. Stack RAM data bit
Stack processing -
pointer 7 6 5 4 3 2 1 0

Before execution 7FH D7 D6 D5 D4 D3 D2 D1 DO
Interrupt process 80H PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO
(push PC) 81H PC15|PC14 |PC13|PC12 | PC11|PC10| PC9 | PC8
PUSH process (ACC) 82H A7 A6 A5 A4 A3 A2 Al AO
POP process (ACC) 82H A7 A6 A5 A4 A3 A2 Al AO

81H PC15|PC14 | PC13|PC12 | PC11|PC10| PC9 | PC8
RETI process (pop PC)

80H PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO
After execution 7FH D7 D6 D5 D4 D3 D2 D1 DO
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4.3 Internal Data Memory (RAM) Operating Procedures
4.3.1 Internal data memory indirect addressing

Operation of the internal data memory indirect increment instruction is described here as an
example. This instruction (INC @RYr) is a 1-byte 1-machine cycle instruction (see Figure 4-
4). The indirect address register is specified by instruction code bit 0 data r where r denotes
eitherregister O or 1 in the register group specified by PSW RS0 and RS1 bank data. Register
0 is specified when the r data is 0, and register 1 is specified when the data is 1.

When this instruction is executed, register data is read from the specified register 0 or 1, and
the read out register data is written into the data pointer for the data memory.

The data memory contents specified by the data pointer are read by the CPU into atemporary
register. Then a subsequent increment (+1) by the ALU is followed by a return to the data
memory at the address where the data were read out. In this way, the contents of the data
memory at the address specified by the contents of RO or R1 are incremented.

Instruction (OP)  Register

code portion designation portion
(_Av
INC @Rr: o 000011 r| Byel

7 6 543210

Figure 4-4 INC @Rr bit arrangement
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4.3.2 Internal data memory register RO thru R7 designation

Operation of the internal data memory register decrement instruction is described here as an
example. This instruction (DEC Rr) is a 1-byte 1-machine cycle instruction (see Figure 4-5).
Register RO thru R7 is specified by ro, r1, and r2 data of instruction code bit 0, 1, and 2. The
ro, r1, and r2 data is represented in binary code, ro being the LSB, and r2 the MSB. The code
is weighted 1, 2, and 4 from the LSB. Any one of the eight registers can be specified by
combinations of this code. See Table 4-3 for the register designation combinations.

When this instruction is executed, one of the registers RO thru R7 from the register group
specified by the PSW RSO0 and RS1 bank data is specified. The contents of the specified
register is read by the CPU into a temporary register. Then a subsequent decrement (—1) by
the ALU is followed by a return to the register where the data were read out. In this way, the
register contents specified by ro, r1, and r2 are decremented.

Instruction (OP)  Register
code portion designation portion

DEC Rr: 0 001 1 r2rro Byte 1
76 543 210

Figure 4-5 DEC Rr bit arrangement

Table 4-3 Register designation table

Register name r2 r ro
Register 0 0 0 0
Register 1 0 0 1
Register 2 0 1 0
Register 3 0 1 1
Register 4 1 0 0
Register 5 1 0 1
Register 6 1 1 0
Register 7 1 1 1
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4.3.3 Internal data memory 1-bit data designation

Inthe MSM80C154S/MSM83C154S, 1-bit data manipulations (test, reset, set, complement,
transfer) can be executed directly between internal data memory addresses 20 thru 2FH by
bit manipulation instructions. The operation of a bit reset instruction is described below as an
example.

This instruction (CLR bit address) is a 2-byte 2-machine cycle instruction (see Figure 4-6).
The instruction code is indicated in byte 1, and the data memory address and bit designation
are indicated in byte 2. The manipulation bit is specified by the bo, b1, and b2 data in bits 0,
1, and 2 of byte 2. The bo, b1, and b2 portion is expressed in binary code which is weighted
1, 2, and 4. Combinations of this code enable any one of eight bits to be specified. The bit
designation combinations are listed in able 4-4.

The data memory is addressed by bits b3, b4, bs, b6 and b7 of byte 2 with b7 being “0”. These
bits can be expressed in binary by 0 thru OFH, and a total of 16 designations of the data
memory are possible.

When data memory addresses are specified, the data memory bit manipulation start address
20H is added to the b3, b4, bs, and be binary data to obtain the data memory address.
The data memory contents specified by the above method are read by the CPU into a
temporary register, the specified bit data is reset to “0” by the ALU, and the CPU returns the
result to the data memory where the data were read. One bit of specified data memory is thus
reset to “0”.

Instruction (OP) code

CLR bit address: 1100001 O| Byte 1
7 6 543210

Address Bit designation
designation portion  portion

b7 be bs b4 b3 b2 b1 bo| Byte 2
7 6 543210

Figure 4-6 CLR bit address bit arrangement
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Table 4-4 Bit designation table

Bit name b2 b1 bo
Bit 0 0 0 0
Bit 1 0 0 1
Bit 2 0 1 0
Bit 3 0 1 1
Bit 4 1 0 0
Bit 5 1 0 1
Bit 6 1 1 0
Bit 7 1 1 1

Table 4-5 Addressing combination table

b7 be bs ba b3 RAM address
0 0 0 0 0 0 20H 32
1 0 0 0 0 1 21H 33
2 0 0 0 1 0 22H 34
3 0 0 0 1 1 23H 35
4 0 0 1 0 0 24H 36
5 0 0 1 0 1 25H 37
6 0 0 1 1 0 26H 38
7 0 0 1 1 1 27H 39
8 0 1 0 0 0 28H 40
9 0 1 0 0 1 29H 41
A 0 1 0 1 0 2AH 42
B 0 1 0 1 1 2BH 43
C 0 1 1 0 0 2CH 44
D 0 1 1 0 1 2DH 45
E 0 1 1 1 0 2EH 46
F 0 1 1 1 1 2FH 47
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4.4 Special Function Registers (TCON, SCON,.... ACC, B)
4.4.1 Outline

As can be seen fromthe configuration shown in Table 4-6, the MSM80C154S/ MSM83C154S
special function registers consist of 27 8-bit registers.

Special function registers can be accessed (R/W) by either data addressing or bit addressing.
All 27 registers can be specified by data addressing. 13 registers (PO, P1, P2, P3, TCON,
T2CON, SCON, IE, IP, PSW, ACC, B, and IOCON) can be specified by bit addressing.

If a register which does not exist at the data address is accessed when a special function
register is used, the read data becomes OFFH. And when data is written, none of the registers
in the CPU are effected at all. Note, however, that since a jump is always executed when a
bit test instruction which results in a relative jump at data condition “1” is executed, make sure
that no instruction is executed for a register which does not exist.
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Table 4-6 List of special function registers

Reqgister Bit address
sgni:ee b7 be bs b4 b3 b2 b1 bo Data address
IOCON FF FE FD FC FB FA F9 F8 0F8H(248)
B F7 F6 F5 F4 F3 F2 F1 FO O0FO0H(240)
ACC E7 E6 E5 E4 E3 E2 El EO OEOH(224)
PSW D7 D6 D5 D4 D3 D2 D1 DO 0DOH(208)
TH2 OCDH(205)
TL2 OCCH(204)
RCAP2H 0CBH(203)
RCAP2L 0CAH(202)
T2CON CF | CE | CD|CC|CB|CA| C9 cs8 0C8H(200)
IP BF BE BD BC BB BA B9 B8 0B8H(184)
P3 B7 B6 B5 B4 B3 B2 Bl BO 0BOH(176)
IE AF | AE | AD | AC | AB | AA | A9 A8 0A8H(168)
P2 A7 A6 A5 Ad A3 A2 Al AO O0AOH(160)
SBUF 99H(153)
SCON 9F 9E 9D 9C 9B 9A 99 98 98H(152)
P1 97 96 95 94 93 92 91 90 90H(144)
TH1 8DH(141)
THO 8CH(140)
TL1 8BH(139)
TLO 8AH(138)
TMOD 89H(137)
TCON 8F 8E 8D 8C 8B 8A 89 88 88H(136)
PCON 87H(135)
DPH 83H(131)
DPL 82H(130)
SP 81H(129)
PO 87 86 85 84 83 82 81 80 80H(128)
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4.4.2 Special function registers

4.4.2.1 Timer mode register (TMOD)

Name Address MSB LsB
7 6 5 4 3 2 1 0
TMOD 89H GATE | CT M1 MO | GATE | CT M1 MO
Bit location Flag Function
TMOD.0 MO [M1MO Timericounter Omodeseting |
|0, 0 8bittimer/counter with 5-bit prescalar |
01 i6bitimericounter |
TMOD.1 M1 |10 8bittimer/counter with 8-bitautoreloading |
1 | 1 |Timer/counter O separated into TLO (8-bit) timer/counter
i i and THO (8-hit) timer/counter. TFO is set by TLO carry,
i i and TF1 is set by THO carry.
TMOD.2 CIT Timer/counter O count clock designation control bit.
XTAL1-2 divided by 12 clock is the input applied to timer/counter O
when C/T="0".
The external clock applied to the TO pin is the input applied to
timer/counter 0 when C/T="1".
TMOD.3 GATE When this bit is "0", the TRO bit of TCON (timer control register) is
used to control the start and stop of timer/counter 0 counting. If
this bit is "1", timer/counter O starts counting when both the TRO bit
of TCON and INTO pin input signal are "1", and stops counting
when either is changed to "0".
TMOD.4 MO M1 i Moi Timer/counter 1 mode setting
00 ebittmeriounterwih S-bitprescalar |
01 i6bitimercounter |
TMOD.5 M1 |10 8bittimer/counter with 8-bitautoreloading |
1 | 1 | Timer/counter 1 operation stopped
TMOD.6 CT Timer/counter 1 count clock designation control bit.
XTAL1-2 divided by 12 clock is the input applied to timer/counter 1
when C/T="0".
The external clock applied to the T1 pin is the input applied to
timer/counter 1 when C/T="1".
TMOD.7 GATE When this bit is "0", the TR1 bit of TCON is used to control the

start and stop of timer/counter 1 counting.
If 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 to "0".
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4.4.2.2 Power control register (PCON)

Name

Address

MSB LSB
7 6 5 4 3 2 1 0

PCON

87H

SMOD | HPD | RPD — GF1 GFO PD IDL

Bit location

Flag

Function

PCON.O

IDL

IDLE mode set when this bit is set to "1". CPU operations are
stopped when IDLE mode is set, but XTAL1-2, timer/counters 0, 1,
and 2, the interrupt circuits, and serial port remain active. IDLE
mode is cancelled when the CPU is reset or when an interrupt is
generated.

PCON.1

PD

PD mode set when this bit is set to "1". CPU operations and
XTAL1-2 are stopped when PD mode is set. PD mode is cancelled
when the CPU is reset or when an interrupt is generated.

PCON.2

GFO

User flag. Testing this flag when IDLE mode is cancelled by an
interrupt shows whether the interrupt is a normal interrupt or an
IDLE mode release interrupt.

PCON.3

GF1

User flag. Testing this flag when PD mode is cancelled by an
interrupt shows whether the interrupt is a normal interrupt or a PD
mode release interrupt.

PCON.4

Reserved bit. The output data is "1" if the bit is read.

PCON.5

RPD

Bit used to specify cancellation of CPU power down mode (IDLE
or PD) by interrupt signal.

Power down mode cannot be cancelled by interrupt signal if
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.6

HPD

The hard power down setting mode is enabled when this bit is set
to "1".

If the level of the power failure detect signal applied to the HPDI
pin (pin 3.5) is changed from "1" to "0" when this bit is "1",
XTAL1-2 oscillation is stopped and the system is put into hard
power down mode.

PCON.7

SMOD

When the serial port is used in mode 1, 2 or 3, this bit has the
following functions. The serial port operation clock is reduced by
1/2 when the bit is "0" for delayed processing. And when the bit is
"1", the serial port operation clock is normal for faster processing.
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4.4.2.3 Timer control register (TCON)

Name Address MSB LSB
7 6 5 4 3 2 1 0
TCON 88H TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Bit location Flag Function

TCON.O ITO External interrupt 0 signal 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.
Bit is reset automatically when interrupt is serviced.
Bit can be set and reset by software when ITO="1".

TCON.2 IT1 External interrupt 1 signal used in level detect mode when this bit
is "0",and in trigger detect mode when "1".

TCON.3 IE1 Interrupt request flag for external interrupt 1 .
Bit is reset automatically when interrupt is serviced.
Bit can be set and reset by software when IT1="1".

TCON.4 TRO Counting start and stop control bit for timer/counter 0.
Timer/counter 0 starts counting when this bit is "1", and stops
counting when "0".

TCON.5 TFO Interrupt request flag for timer interrupt O.
Bit is reset automatically when interrupt is serviced. Bit is set to "1"
when carry signal is generated from timer/counter O.

TCON.6 TR1 Counting start and stop control bit for timer/counter 1.
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 .

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

Name Address MSB LS8
7 6 5 4 3 2 1 0
SCON 98H SMO | SM1 | SM2 | REN | TBS8 RB8 Tl RI
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". RI
is set if STOP bit is received when SM2="1" in mode 1.

SCON.1 TI "End of serial port transmission” 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 R88 if SM2="0" when in mode 1. RB8
cannot 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.

No reception when REN="0".
Reception enabled when REN="1".

SCON.5 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 RI flag.

Nor is the "end of reception” signal set in the RI flag if the STOP bit
is not "1" when SM2="1" in mode 1.

SCON.6 SML | SMO | SMi IMODE |
0 | 0 . O ,ehbishiftregister/o |
0 | 1 | 1 |ebitUARTvaiablebaudrate |

SCON.7 SMO 1 ir 0 i ji 9-bit UART 1/32 XTAL1, 1/64 XTAL1
,,,,,,, |4 _____tbaudrae ]

1 i 1 i 3 i 9-bit UART variable baud rate
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4.4.2.5 Interrupt enable register (IE)

Name Address MSB LSB
7 6 5 4 3 2 1 0
IE 0A8H EA — ET2 ES ET1 EX1 ETO EXO
Bit location Flag Function
IE.O EXO Interrupt control bit for external interrupt 0.
Interrupt disabled when bit is "0".
Interrupt enabled when bit is "1".
IE.1 ETO Interrupt control bit for timer interrupt 0.
Interrupt disabled when bit is "0".
Interrupt enabled when bit is "1".
IE.2 EX1 Interrupt control bit for external interrupt 1 .
Interrupt disabled when bit is "0".
Interrupt enabled when bit is "1".
IE.3 ET1 Interrupt control bit for timer interrupt 1 .
Interrupt disabled when bit is "0".
Interrupt enabled when bit is "1".
IE.4 ES Interrupt control bit for serial port.
Interrupt disabled when bit is "0".
Interrupt enabled when bit is "1".
IE.5 ET2 Interrupt control bit for timer interrupt 2.
Interrupt disabled when bit is "0".
Interrupt enabled when bit is "1".
IE.6 — Reserved bit. The output data is "1" if the bit is read.
IE.7 EA Overall interrupt control bit.

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

Name Address MSB LSB
7 6 5 4 3 2 1 0
IP 0B8H PCT — PT2 PS PT1 PX1 PTO PX0
Bit location Flag Function
IP.O PX0 Interrupt priority bit for external interrupt O.
Priority is assigned when bit is "1".
IP.1 PTO Interrupt priority bit for timer interrupt O.
Priority is assigned when bit is "1".
IP.2 PX1 Interrupt priority bit for external interrupt 1 .
Priority is assigned when bitis " 1",
IP.3 PT1 Interrupt priority bit for timer interrupt 1 .
Priority is assigned when bit is "1".
IP.4 PS Interrupt priority bit for serial port.
Priority is assigned when bit is "1".
IP.5 PT2 Interrupt priority bit for timer interrupt 2.
Priority is assigned when bit is "1".
IP.6 — Reserved bit. The output data is "1" if the bit is 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 only

be controlled by the interrupt enable register (IE).
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INTERNAL SPECIFICATIONS

Name Address MSB LSB
7 6 5 4 3 2 1 0
PSW ODOH cYy AC FO RS1 RSO oV F1 P
Bit location Flag Function
PSW.0 P Accumulator (ACC) parity indicator.
"1" when the "1" bit number in the accumulator is an odd number,
and "0" when an even number.
PSw.1 F1 User flag which may be set to "0" or "1" as desired by the user.
PSW.2 ov Overflow flag 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 also set
to "1" if the resultant product of a multiplication instruction (MUL
AB) is greater than OFFH, but is reset to "0" if the product is less
than or equal to OFFH.
PSW.3 RSO RAM register bank switch
RS1 RSO BANK RAM ADDRESS
0 0 0 O00OH — 07H
PSW.4 RS1 0 1 1 08H — OFH
1 0 2 10H - 17H
1 1 3 18H - 1FH
PSW.5 FO User flag which ma be set to "0" or "1" as desired by the user.
PSW.6 AC Auxiliary carry flag.
This flag is set to "1" if a carry C3 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".
PSW.7 CY Main carry flag.

This flag is set to "1" if a carry C7 is generated from bit 7 of the
ALU as a result of executing an arithmetic operation instruction. In
all other cases, the flag is reset to "0".
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4.4.2.8 1/0 control register (IOCON)

Name Address MSB LSB
7 6 5 4 3 2 1 0
IOCON OF8H — T32 | SERR | 1ZC P3HZ | P2HZ | P1HZ | ALF
Bit location Flag Function
IOCON.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 are in output mode.
IOCON.1 P1HZ Port 1 becomes a high impedance input port when this bit is "1".
IOCON.2 P2HZ Port 2 becomes a high impedance input port when this bit is "1".
IOCON.3 P3HZ Port 3 becomes a high impedance input port when this bit is "1".
IOCON.4 1zC The 10 kohm pull-up resistance for ports 1, 2, and 3 is switched off
when this bitis "1", leaving only the 100 kohm pull-up resistance.
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.
IOCON.6 T32 Timer/counters 0 and 1 are connected serially to form 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.
IOCON.7 — The output data is "0" if the bit is read.

This bit should not be set to "1".
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4.4.2.9 Timer 2 control register (T2CON)

Name

Address

MSB LSB
7 6 5 4 3 2 1 0

TMOD

0C8H

TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | C/T2 | CPRL2

Bit location

Flag

Function

T2CON.O

CP/RL2

Capture mode is set when TCLK+RCLK="0" and CP/RL2 16-bit
auto reload mode is set when TCLK+RCLK="0" and CP/RL2="0".
CP/RL2 is ignored when TCLK+RCLK="1".

T2CON.1

cim2

Timer/counter 2 count clock designation control bit.

The internal clocks (XTAL1-2+12, XTAL1-2+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".

T2CON.2

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

T2CON.4

TCLK

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 transmit clock. Note, however, that the serial ports can only
use the timer/counter 2 carry signal in serial port modes 1 and 3.

T2CON.5

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 receive clock. Note, however, that the serial ports can only
use the timer/counter 2 carry signal in serial port modes 1 and 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, it 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, it must be reset to "0" by software.
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4.5 Timer/Counters 0, 1 and 2
4 5.1 Outline

Timer/counters 0, 1 and 2 are all equipped with 16-bit binary up-counting and Read/Write
functions, and can be operated independently.

All control of timer/counters 0 and 1 is handled by the timer control register (TCON 88H) and
the timer mode register (TMOD 89H). And both timer/counters can be set independently to
modes 0 thru 3 for a diversity of applications.

Timer/counters 0 and 1 can be operated by an external clock applied to the TO and T1 pins
(if external clock mode has been set) during soft power down mode (PD) and hard power
down mode (HPD) where XTAL1-2 are stopped. Therefore, CPU power down mode can be
cancelled by generating a timer/counter carry signal.

Timer/counter 2 can be fully controlled by timer 2 control register (T2CON 0C8H). There are
three operational modes for a wide range of applications. Note that counting is stopped when
XTAL1-2 are stopped.

45.2 Timer/counters O and 1
4.5.2.1 Outline

Timer/counters 0 and 1 are both equipped with a 16-bit binary counting function which can
be operated independently.

All control of timer/counters 0 and 1 is handled by the timer control register (TCON) and the
timer mode register (TMOD). And both timer/counters can be set independently to modes 0
thru 3 for a diversity of applications. The overall control circuit for timer/counters 0 and 1 is
outlined in Figure 4-7 (excluding timer mode 3).

4.5.2.2 Timer/counter 0 and 1 counting control

Counting start and stop in timer/counters 0 and 1 is controlled by bit 4, TRO, and bit 6, TR1,
in the timer control register (TCON 88H) as indicated in Table 4-7.

TRO controls timer/counter 0, and TR1 controls timer/counter 1. Timer/counter operation is
stopped when the bit data is “0”, and enabled when “1”.

Table 4-7 Timer control register (TCON 88H)

Timer 1 Timer O
Bit 7 6 5 4 3 2 1 0
Flag TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Set . °
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Figure 4-7 Overall clock input control circuit for timer/counters 0 and 1
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4.5.2.3 Timer/counter 0 and 1 count clock designation

Designation of count clock inputs to timer/counters 0 and 1 is controlled by bit 2 and 6, C/T,
in the timer mode register (TMOD 89H).

Timer/counter 0 is controlled by bit 2, C/T, and timer/counter 1 is controlled by bit 6, C/T.
The internal clock is passed to the timer/counter when the C/T bit is “0”. This internal clock
is the result of dividing XTAL1-2 by 12. The S3 timing signal (see Figure 2-9) becomes the
clock.

The external clock is applied to the timer/counter when the C/T bit is “1”. The external clock
applied to the TO pin serves as the timer/counter O input, while the external clock applied to
the T1 pin serves as the timer/counter 1 input.

Table 4-8 Timer mode register (TMOD 89H)

Timer 1 Timer 0
Bit 7 6 5 4 3 2 1 0
Flag GATE CcT M1 MO GATE CT M1 MO
Set ° .
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4.5.2.3.1 External clock detector circuit for timer/counters 0 and 1

The detector circuit shown in Figure 4-8 is inserted between the timer/counters and the
external clock pin.

This detector circuit operates in the following way. When the external clock applied to the TO
and T1 pins is changed from “1” to “0” level, that clock is fetched by F/FI, and is then passed
to F/F2 when the S5 timing signal appears. This F/F2 output is subsequently ANDed (logical
product) with the S3 timing signal to form the timer/counter clock signal which then serves as
the F/Flresetsignal. The reset F/FIthen waits for the next external clock. The “0”and “1” signal
cycle widths of the respective external clocks applied to the TO and T1 pins must have a
minimum of period 12 times (12T) the XTAL1-2 oscillator clock cycle T. However, when the
CPU is in PD mode or HPD mode the external clock applied to the TO and T1 pins is input
to timer/counters 0 and 1 directly. The operational time chart for this detector circuit is outlined
in Figure 4-9.

TIMER O
or
Vcc D Q D Q TIMER 1

TO or TlO—IbAHC R T L
1 -
|
B

|
|
| RESET
a4, PD&HPD

F/F1 FIF2

Figure 4- 8 TO and T1 external clock detector circuit
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0
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1
FIF1Q 0
1
FIF2Q 0
TIMER COUNT !
0

Figure 4-9 Detector circuit operational time chart
4.5.2.4 Counting control of timer/counters 0 and 1 by INT pin

In addition to control by TRO and TR1 bits of timer control register (TCON), timer/counter O
and 1 counting start and stop can also be controlled by the signal level applied to the external
interrupt pin in accordance with the GATE data values of bits 3and 7 in the timer mode register
(TMOD 89H) indicated in Table 4-9.

Timer/counter 0 is controlled by the bit 3, GATE bit. When the GATE bit is “0”, counting is
started and stopped only by TRO.

When the GATE bit is “1”, counting in timer/counter 0 is enabled if the TRO bit and INTO pin
input signal are both “1”. Counting is subsequently stopped if either is changed to “0” level.
Timer/counter 1 is controlled by the bit 7, GATE bit, the functional operation being the same
as timer/counter 0. The GATE - INT timer/counter counting control circuitis outlined in Figure
4-10, and the control table is given in Table 4-10.

Table 4-9 Timer mode register (TMOD 89H)

Timer 1 Timer O
Bit 7 6 5 4 3 2 1 0
Flag GATE CIT M1 MO GATE CiT M1 MO
Set . .
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| XTAL 1 |—|+12 SSI
TIMER O
or
TOorT1 DETECTOR TIMER 1
CLOCK
C/T
s
j j
i INTO or INT1 D Q i
| |
|
l S5—{L !
| |
|
! 0 GATE |
| TRO or TR1 |
| |
Figure 4-10 INTO and INT1 timer/counter start/stop control circuit
Table 4-10 GATEINT-TR timer/counter control tables
TIMER O TIMER 1
GATE 0 0 1 1 GATE 0 0 1 1
TRO 0 1 0 1 TR1 0 1 0 1 1
INTO x x 0 0 1 INT1 x x 0 1
RUN . . RUN . .
STOP . . . STOP . . .
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4.5.2.5 Timer/counters 0/1 timer modes
45.2.5.1 Outline

The timer/counter 0 and 1 timer modes are set by combinations of MO and M1 bit data in the
timer mode register (TMOD 89H) shown in Table 4-11. The timer modes which can be set
are 0,1, 2, and 3.

Timer/counter 0 modes are specified by MO and M1 of bits 0 and 1, and timer/counter 1 modes
are specified by MO and M1 of bits 4 and 5.

Table 4-11 Timer mode register (TMOD 89H)

TIMER COUNTER 1 TIMER COUNTER 0
Bit 7 6 5 4 3 2 1 0
Flag GATE CT M1 MO GATE CiT M1 MO
Set . . ° .

45.2.5.2 Mode O

M1 | MO
0 0

In mode 0, timer/counters 0 and 1 both become 13-bit timer/counters by the circuit connection
shown in Figures 4-11 and 4-12. TLO and TL1 in timer/counters 0 and 1 serve as the counter
for the five lower bits, and THO and TH1 serve as the counter for the eight upper bits.

TFO of TCON is set by the timer/counter O carry signal, and TF1 of TCON is set by the timer/
counter 1 carry signal. Note that the timer/counter 1 carry signal can also be used as the serial
port transmission/reception clock.

Although the three upper bits of TLO and TL1 are operative, they are invalid as signals.
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4-| DETECTOR |—>|TFO|

TLO
(5BITS)

THO C
(8BITS)

Figure 4-11 Timer/counter O mode O

XTAL 1 |—| +12 Ii S3

— >

T1PIN DETECTOR

(PORT 3.5)
CIT

TR1

GATE

TNT1 PIN @&———DATA
(PORT 3.3) S5—{LATCH

Q

4'| DETECTOR |—>|TF1|

TL1
(5BITS)

TH1 C
(8BITS)

Figure 4-12 Timer/counter 1 mode O
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45.25.3 Mode 1

M1 | MO
0 1

Inmode 1, timer/counters 0 and 1 both become 16-bit timer/counters by the circuit connection
shown in Figures 4-13 and 4-14.

TLO and TL1 in timer/counters 0 and 1 serve as the counter for the eight lower bits, and THO
and TH1 serve as the counter for the eight upper bits.

TLO is set by the timer/counter O carry signal, and TF1 is set by the timer/counter 1 carry
signal. Again note that the timer/counter 1 carry signal can also be used as the serial port
transmission/reception clock.
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4>| DETECTOR |—>|TFO|

TLO
(8BITS)

THO C
(8BITS)

Figure 4-13 Timer/counter 0 model

XTAL 1 |—| +12 li S3

—>—

T1PIN DETECTOR

(PORT 3.5)
CcIT

TR1

GATE

INT1 PIN &—|DATA
(PORT 3.3) S5—{LATCH

Q

4’| DETECTOR I—’|TF1|

TL1
(8BITS)

TH1 Cl—
(8BITS)

Figure 4-14 Timer/counter 1 model
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4.5.2.5.4 Mode 2

M1 | MO
1 0

In mode 2, timer/counters 0 and 1 both become 8-bit timer/counters with 8-bit auto reloader
registers by the circuit connection shown in Figures 4-15 and 4-16. THO and TH1 in timer/
counters 0 and 1 serve as the 8-bit auto reloader section, and TLO and TL1 serve as the timer/
counter section.

If a carry signal is generated by the 8-bit timer/counter TLO and TL1, the respective auto
reloader register data is preset into the timer/counter, and counting proceeds from the preset
value.

TFO is set by the timer/counter O carry signal, and TF1 is set by the timer/counter 1 carry
signal. Note that the timer/counter 1 carry signal can also be used as the serial port
transmission/reception clock.
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XTAL 1 |—| +12 li S3 4>| DETECTOR |—>| TFO|

—d>

TLO C
TO PIN DETECTOR (8BITS)

(PORT 3.4)
CIT————
TRO

GATE Q0-----Q7
THO
(8BITS)

RELOAD
DATA

INTO PIN &—{DATA
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Q

Figure 4-15 Timer/counter 0 mode 2
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Figure 4-16 Timer/counter 1 mode 2
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45.25.5 Mode 3

M1 | MO
1 1

In mode 3, timer/counter 0 TLO and THO become independent 8-bit timer/counters by the
circuit connection shown in Figure 4-17. Timer/counter 1 does not operate when mode 3 is
set. The TLO 8-bit timer/counter is controlled in the same way as the regular timer/counter 0,
TFO being set if a carry signal is generated by TLO.

The THO 8-bit timer/counter is controlled only by TR1, and the control only covers count
starting and stopping. TF1 is set by a carry signal generated by THO.

When timer/counter 0 is set to mode 3, timer/counter 1 can operate in modes 0, 1, or 2, and
be used by the serial port clock. Control of timer/counter 1 count starting and stopping in this
case is handled between operating mode and mode 3. If mode 3 is set, the timer/counter 1
counting operation is stopped.

XTAL 1 |—| +12 li S3 4>| DETECTOR |—>| TFO|

> | o0
TLO
TO PIN DETECTOR (8BITS)
(PORT 3.4)
CIT
TRO
GATE
INTO PIN &———|DATA 0
(PORT 3.2) S5—LATCH
H| DETECTOR »| TF1|
XTAL 1 |—| +12
TR1 THO C
(8BITS)

Figure 4-17 Timer/counter O mode 3
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4.5.2.5.6 32-bit timer mode

When “1” is set in bit 6 (T32) of the 1/0 control register IOCON 0F8H), timer/counters 0 and
1 are connected serially as indicated in Figure 4-18 to become a 32-bit timer/counter.
This 32-bit timer/counter is started by the following procedure. First, “0” is set in TRO, TR1,
TFO, and TF1 of the timer control register (TCON 88H) to stop the timer/counter and reset the
timer flag.

Next timer/counter preset data values are set in timer/counters 0 and 1, and a counter clock
designation is set in bit 2 (C/T) of the timer mode register (TMOD 89H).

If “1” is then set in bit 6 (T32) of the 1/0 control register (IOCON OF8H) after completing the
above procedure, the 32-bit timer/counter is established and counting is commenced. This
32-bit timer/counter is especially useful in cancelling CPU power down mode. (See power
down mode cancellation.)

TO PIN DETECTOR
(PORT 3.4) IOCON [0F8H]

7 6 5 4 3 2 1 0
| XTAL 1 |_|+12H — | T32 |SERR| 1ZC | P3HZ | P2HZ | P1HZ | ALF

TLO THO TL1 TH1 [~ TF1
(8BITS) | (8BITS) | (8BITS) | (8BITS)

CIT
(TMOD bit2)

Figure 4-18 32-bit timer/counter
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4.5.2.5.7 Caution about use of timer counters 0 and 1

Since the internal clock stops operation during soft power down mode (PD), the auto-reload
operation is not executed if timer/counters 0 and 1 are set to mode 2 or mode 3.

If the power down mode is to be cancelled by the timer, timer/counters 0 and 1 must be set
to mode O or mode 1.

When timers 0 and 1 are set to external clock mode, the external clock is taken in as shown
in Figure 4-19 and the power down mode can be cancelled through the overflow of the timer.
If the external interrupt occurs when the TO or T1 pin goes to “1” level and the soft power down
mode (PD) is cancelled, the gate output (A) changes from “1” level to “0” level and the counter
is incremented by 1.

In addition, “Q” of F/F1 is set on the trailing edge of TO or T1.

Thus, the counter is incremented by additional 1.

The same event occurs not only by the external interrupt but also by the overflow of the timer.
This is because the overflow signal of the timer is made up of the timer count value “FF” and
the clock input signal “AND”. Therefore, the timer interrupt occurs when the TO or T1 pin goes
to “1” level, and the power down mode is cancelled and the counter is incremented by
additional 1.

In cancelling the soft power down mode with the external interrupt, if the timer is set to external
clock mode, the TO or T1 pin must be setto “0” level. If the TO or T1 pin is at “1” level or if the
power down mode is cancelled by the overflow of the timer, the timer must be reset or the

counter must be decremented by 1.
/ . /®

FIF1 FIF2 TIMC:ErR 0
Vce D Q D Q TIMER 1
FIF1 FIF2

o

TO or Tlog—lb—wc R T L
/

.

RESET
PD

Figure 4-19 TO, T1 external clock detector circuit
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4.5.2.5.8 Caution about use of timer counters 0 and 1 when setting software power
down mode

When setting sofware power down mode, if the value of a timer counter by which a timer
interrupt is setis immediately before overflow, the software power down mode can not be set.

(Example)

Timer 0 is in mode 1 of external clock.
Content of timer 0 is "FF".

Interrupt by timer O is enabled.

TO pinis "1".

If the above conditions all are established, the sofware power down mode cannot be set. This
is because the AND output, shown as (A) of Fig. 4-19, becomes "1" when the software power
down mode is set and timer interrupt is generated.

In this case, set the software power down mode after setting the TO pin to "0".
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4.5.3 Timer/counter 2
4.5.3.1 Outline

Timer/counter 2 is equipped with 16-bit binary counting and Read/Write functions. This timer/
counter is controlled entirely by timer 2 control register (T2CON 0C8H).

The operating modes are 16-bit auto reload mode, capture mode, and baud rate generator
mode. Modes are specified by T2CON RCLK, TCLK, and CP/RL2 bits combinations.

The internal or external clock applied to the timer/counter 2 is specified by the C/T2 bit. And
starting and stopping of timer/counter 2 counting is controlled by the TR2 hit. Note that timer/
counter 2 counting is stopped in CPU power down mode where XTAL1-2 are stopped.

4.5.3.2 Timer 2 control register (T2CON)
The timer 2 control register (T2CON 0C8H) consists of the timer/counter 2 control bits, timer
2 internal flag (TF2), and timer 2 external flag (EXF2). The T2CON contents are outlined in

Table 4-12.

Table 4-12 Timer 2 control register (T2CON 0C8H)

Bit 7 6 5 4 3 2 1 0
Flag TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 | CP/RL2

CP/RL2 : Capture mode is set when TCLK+RCLK=0 and CP/RL2=1. The timer/counter
2 contents are passed to the capture register (RCAP2L/RCAP2H) when the
level o the signal applied to the T2EX pin (bit 1 of port 1) is changed from “1" to
“0” with EXEN2-1.
16-bit auto reload mode is set when TCLK+RCLK=0 and CP/RL2=0. The CP/
RL2 data is ignored when TCLK+RCLK=1.

C/T2 . Timer/counter 2 clock input designation bit.
The internal clock is specified when this bit is “0” and the external clock is
specified
when “1”,

TR2 . Timer/counter 2 counting start and stop control bit.

Timer/counter 2 operation is stopped when this bit is “0”, and enabled when “1”

EXEN2 : The T2EX pin control bit. The signal applied to the T2EX pin is invalid when this
bit is “0”, and valid when “1".

TCLK  : Serial port transmit clock control bit. When this bit is set to “1”, timer/counter 2
is set to 16-bit auto reload operation mode, and the timer/counter 2 carry signal
activates the serial port transmit circuit. This clock is only valid when serial port
mode 1 or 3 has been set.

RCLK : Serial port receive clock control bit. When this bit is set to “1”, timer/counter 2
is set to 16-bit auto reload operation mode, and the timer/counter 2 carry signal
activates the serial port receive circuit.

This clock is only valid when serial port mode 1 or 3 has been set.

92



INTERNAL SPECIFICATIONS

EXF2 . Timer/counter 2 external flag bit which is set when the T2EX pin level (bit 1 of
port 1) is changed from “1” to “0” at EXEN2=1. This flag serves as the timer
interrupt 2 request signal. When an interrupt is generated, this flag must be reset
to “0” by software.

TF2 . Timer/counter 2 internal flag bit which is set when a carry signal is generated by
timer/counter 2 in 16-bit auto reload mode or capture mode. This flag serves as
the timer interrupt 2 request signal. When an interrupt is generated, this flag
must be reset to “0” by software.

4.5.3.3 Timer/counter 2 operation modes

Timer/counter 2 operation modes are set by combinations of the CP/RL2, TCLK, and RCLK
bits in timer 2 control register (T2CON 0C8H) shown in Table 4-13. The timer modes are listed
in Table 4-14.

Table 4-13 Timer 2 control register (T2CON 0C8H)

Bit 7 6 5 4 3 2 1 0
Flag TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 | CP/RL2
Set . . .

Table 4-14 Timer/counter 2 modes

RCLK TCLK | CP/RL2| TR2 Mode
0 0 0 1 16-bit auto reload
0 0 1 1 16-bit capture
RCLK + TCLK =1 X 1 Baud rate generator
X X X 0 All operations stopped

4.5.3.3.1 16-bit auto reload mode

16-bitauto reload mode is set by making the circuit connection shown in Figure 4-20 by setting
RCLK=0, TCLK=0, and CP/RL2=0 as the bit conditions in timer 2 control register (T2CON).
Timer/counter 2 operates in the following way when 16-bit auto reload mode is set. When a
timer/counter 2 carry signal is generated, or when the signal applied to the T2EX pin (bit 1
of port 1) is changed from level “1” to “0”, the reload data in the RCAP2L and RCAP2H
registers is preset in L2 and TH2 of timer/counter 2. The timer/counter thus starts counting
from this preset value.

The timer/counter 2 carry signal is set in internal timer flag 2 (TF2), and the T2EX change is
set in external timer flag 2 (EXF2). The TF2 and EXF2 serve as the timer interrupt 2 request
signals with an interrupt call being made to address 43 (2BH) if the timer interrupt 2 has been
enabled. If an interrupt routine is commenced, the TF2 and EXF2 flags must be reset to “0”
by software.
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XTAL 1 |—|+12 =3

RCLK=0
TCLK=0
CP/RL2=0
Q0------Q7 Q0-----Q7
_ TL2 Cl—9> TH2 Cl—
C/T2 8 BIT 8BIT
2 |
G~DETECTOR
[PORT 1.0] RCAP2L RCAP2H

=N

T2EX

L{ DETECTOR |—| TF2
TIMER 2

DETECTOR }4|EXF2 INTERRUPT

>DETECTOR

EXEN2

[PORT 1.1]

Figure 4-20 Timer/counter 2 16-bit auto reload mode circuit

4.5.3.3.2 16-bit capture mode

The 16-bit capture mode is set by making the connections shown in Figure 4-21 with the
following timer 2 control register (T2CON) bit conditions, viz. RCLK=0, TCLK=0, and CP/
RL2=1.

Timer/counter 2 operates in the following way when 16-bit capture mode is set. When the
signal applied to the T2EX pin (bit 1 of port 1) is changed from level “1” to “0”, the TL2 and
TH2 count contents of timer/counter 2 are stored into capture registers RCAP2L and
RCAP2H. The T2EX signal change is set in external timer flag 2 (EXF2) at this time, and a
carry signal from timer/counter 2 is setin internal timer flag 2 (TF2). The EXF2 and TF2 serve
as the timer interrupt 2 request signals with an interrupt call being made to address 43 (2BH)
if timer interrupt 2 has been enabled. If an interrupt routine is commenced, the EXF2 and TF2
flags must be reset to “0” by software.
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XTAL 1 |—|+12 =3

RCLK=0
TCLK=0
CP/RL2=1
Q0------Q7 Q0-----Q7
_ TL2 Cl—9> TH2 Cl—
C/T2 8 BIT 8BIT
T2 ‘ ‘ ‘
G~DETECTOR
[PORT 1.0] RCAP2L RCAP2H

{ L{ DETECTOR |—| TF2
T2EX
>DETECTOR

EXEN2

TIMER 2
444{ DETECTOR }4|EXF2 INTERRUPT

[PORT 1.1]

Figure 4-21 Timer/counter 2 16-bit capture mode circuit

4.5.3.3.3 16-bit baud rate generator mode

The 16-bit baud rate generator mode is set by making the connections shown in Figure 4-22
with the following timer 2 control register (T2CON) bit conditions, viz.

RCLK+TCLK=1.

Timer/counter 2 commences to operate in the following way when 16-bit baud rate generator
mode is set.

Timer/counter 2 is put into 16-bit auto reload mode. When timer/counter 2 generates a carry
signal, the reload data in the RCAP2L and RCAP2H registers is preset in the timer/counter
2 TL2 and TH2 and the timer/counter commences to count from that preset value. The carry
signal is passed to a serial port.

The timer/counter 2 carry signal activates the serial port receive circuit when RCLK 1, and
activates the transmit circuit when TCLK=1. Note, however, that the serial port can use these
clocks only when the serial port is in mode 1 and 3.

When in this mode, the timer/counter 2 carry signal is not set in internal timer flag 2 (TF2).
But since the change in level (from “1” to “0”) of the signal applied to the T2EX pin (bit 1 of
port 1) is set in external timer flag 2, the T2EX pin can be used for ordinary external interrupt
input pin. If an interrupt routine is commenced, the EXF2 flag must be reset to “0” by software.
Since timer/counter 2 is operated at 1/2 of the XTAL1-2 clock if the internal clock is used in
this mode, only undefined data will be read from the timer/counter 2 TL2 and TH2 by software.
Correct data, however, is read from the RCAP2L and RCAP2H registers.
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Figure 4-22 Timer/counter 2 baud rate generator mode circuit
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4.5.3.4 Timer/counter 2 detector circuit
4.5.3.4.1 T2 (timer/counter 2 external clock detector)

The T2 detector circuit block diagram is shown in Figure 4-23. Operation of this circuit is
outlined below. When the level of the signal applied to T2 (bit 0 of port 1) is changed from “1”
to “0”, output of F/FI becomes “1”. This output signal is then passed to F/F2 at S5 timing and
F/F2 output also becomes “1”. The T2 signal change passed to F/F2 is synchronized with the
S3 timing signal to become the external clock for timer/counter 2. At the same time, F/F1lis
reset and waits for the next external clock input. Note that the “0” and “1” level cycle times of
the external clock signal applied to the T2 pin must be at least 12 times (12T) the XTAL1-2
oscillator clock cycle time T.

1— FIF1 FIF2

|

|
0ot vee=—D Q D Q —= TIMER COUNTER 2

12T 112T | CLOCK
e e e

| | |

| | |

TZO—C{>—C R |S5|t
[PORT 1.0] s3
RESET

Figure 4-23 Timer/counter 2 external clock detector circuit

4.5.3.4.2 T2EX (timer/counter 2 external flag input detector)

T2EX detector circuit block diagram is shown in Figure 4-24. Operation of this circuit is
outlined below. When the level of the signal applied to T2EX (bit 1 of port 1) is changed from
“1"to0 “0”, output of F/F1 becomes “1". This output signal is then passed to F/F2 at S2 timing
and F/F2 output also becomes “1”. The T2EX signal change passedto F/F2 Q is synchronized
with the S4 timing signal to become the T2EX signal for timer/counter 2. At the same time,
F/Fl is reset and waits for the next T2EX input. Note that the “0” and “1” level cycle times of
the external clock signal applied to the T2EX pin must be at least 12 times (12T) the XTAL1-2
oscillator clock cycle time T.

1— FIF1 FIF2

|

|
0-mbeee Lﬁ?c' D Q D Q — TIMER COUNTER 2

12T 12T | T2EX
b Pk P

| | |

| | |

'QEXG%:>>%3 R |S27|t
[PORT 1.0] s4
RESET

Figure 4-24 Timer/counter 2 T2EX detector circuit
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4.5.3.5 Timer/counter carry signal detector circuit

The detector circuitshownin Figure 4-25isinserted betweenthe MSM80C154S/MSM83C154S
timer/counter carry output and the timer flag. The purpose of this detector is to prevent timer
flags being set by the timer carry signal during execution of OR, AND, EOR, RESET bit, SET
bit, or MOV bit instruction on the contents of the timer control register (TCON), and thereby
prevent loss of timer flags by manipulated data by the time execution of instruction has been
completed. Hence, evenif atimer carry signal is generated during execution of an instruction,
that flag will not be set while the instruction is still being executed. The flag is set at M2-S1
during execution of the next instruction. If a timer carry is generated during M1 thru M3 when
executing a 4-machine cycle instruction, the timer flag is set during M3 or M4. See Figure 4-
26 for the time chart.

In case of driving the timer/counters 0 and 1 with the external clock in the power down mode
(PD, HPD), timer/counters 0 and 1 contents are incremented by falling edge of the external
clock. However, after counting the maximum value of timer/counters 0 and 1, carry signals
are generated and timer flags are set when the external clock level changes from “0” to “1*“.

S /0O CLOCK

Timer/counter carry

S2
Timer flag
D,
M2 4—0l>—T r
S1—
! DETECTOR
PD & HPD

Figure 4-25 Timer/counter detector circuit

—**— MACHINE CYCLE END M1

—>4SE><S] >« S >« S3 >« SA >« S5+« S« S] >« S2 >« S3»« S >« S5»« S+« ST >« S2 >

DETECTOR OUT

XTALL o JULTUTUL LU UL UL UL LA LU L UL U LU

TIMER FLAG

Figure 4- 26 Timer flag setting time chart
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4.6 Serial Port

4.6.1 Outline

MSMB80C154S/MSM83C154S is equipped with a serial port which can be used in I/O
extension and UART (Universal Asynchronous Receiver/Transmitter) applications.

I/0O extension mode

Input and output of 8-bit serial data synchronized with the MSM80C154S/MSM83C154S
output clock.

UART mode

Independent transmitter and receiver circuits for full duplex communication.

Double buffer in receiver circuit to provide a 1-frame time margin in processing received
data.

Selection of 10-bit and 11-bit frame lengths.

Easier baud rate selection than in MSM80C31F/MSM80C51F

Setting of different baud rates for transmitting and receiving possible Multi-processor
system applications possible in 11-bit frame mode Framing and overrun error detect
function

See Figure 4-27 for serial port block diagram.
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4.6.2 Special function registers for serial port
4.6.2.1 SCON (Serial Port Control Register)

SCON is an 8-bit special function register consisting of control bits for specifying serial port
operation modes and enabling/disabling data reception, storage bits for the ninth data bit
transmitted and received during 11-bit frame UART mode, and the serial port status flag.
In addition to specifying SCON by data address 98H, each bit can be specified by bit
addresses.

The functions of each SCON bit are listed in Table 4-15, and the functions of each operational
mode specified by SCON are indicated in Table 4-16.
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Table 4-15 SCON

Bit

Symbol

Function

RI

"End of reception” flag. This is the interrupt request flag set by
hardware when reception of one frame has been completed. The
interrupt is generated by ORing with the T1 flag. Since the flag
cannot be cleared by hardware, it must be cleared by software.

TI

"End of transmission" flag. This is the interrupt request flag set by
hardware when transmission of one frame has been completed.
The interrupt is generated by ORing with the RI flag.

Since the flag cannot be cleared by hardware, it must be cleared
by software.

RB8

Storage of the 9th bit of the data received during 11-bit frame
UART mode (mode 2 or 3). When in 10-bit frame UART mode
(mode 1), the stop bit is stored.

TB8

Storage of the 9th bit of the data to be sent during 11-bit frame
UART mode (mode 2 or 3).

REN

Receive enable bit. Reception is not activated if REN is not set..

SM2

If SM2 is set when in 11-bit frame UART mode (mode 2 or 3) and
the 9th bit of the received data is "1", the received data is accepted
and loaded into SBUF and RB8, and the RI flag is set. If the 9th bit
of the received data is "0", on the other hand, the received data is
disregarded and the SBUF, RB8, and RI flags remain unchanged.
This function is used to enable communication between
processors in multi-processor systems.

If SM2 is set when in 10-bit frame UART mode (mode 1) and the
normal stop bit cannot be received (stop bit "0"), the received data
is disregarded, and the SBUF, RB8, and RI flags remain
unchanged. When SM2="0", however, the sent data is received
irrespective of the "0"/"1" status of the stop bit.

SM2 must be cleared when in I/O extension mode (mode 0).

SM1

Used in setting serial port operation mode. See Table 4-16.

SMO

Used in setting serial port operation mode. See Table 4-16.
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Table 4-16 Serial port operation modes

SMO SM1 Mode Function Baud rate
0 0 0 1/0 extension 1/12 Fosc
0 1 1 10-bit frame UART Vareable
1 0 2 11-bit frame UART 1/32 Fosc or 1/64 Fosc
1 1 3 11-bit frame UART Vareable

Note: Fosc denotes frequency of fundamental oscillator (XTAL1-2).

4.6.2.2 SBUF (serial port buffer register)

SBUF is an 8-bit special function register used to store transmitting and receiving data.
Although the SBUF is specified by the same data address 99H for both writing and reading,
physically separate registers are specified. That is, the sending circuit SBUF is specified by
instructions where SBUF is used as a destination operand, and the receiving circuit SBUF
is specified by instructions where SBUF is used as a source operand.

4.6.2.3 TCLK

TCLK controls selection of the baud rate clock source for the transmitting circuit when in mode
lor3.

The timer/counter 2 overflow becomes the transmitting circuit baud rate clock source when
TCLK s setin mode 1 or 3. And the timer/counter 1 overflow becomes the transmitting circuit
baud rate clock source if TCLK is cleared.

TCLK has no effect on the baud rate clock source when in mode 0 or 2. TCLK is located at
bit 4 of T2CON (timer/counter 2 control register) specified by data address OC8H. This bit can
also be specified by bit address 0CCH.

4.6.2.4 RCLK

RCLK controls selection of the baud rate clock source for the receiving circuit when in mode
lor3.

The timer/counter 2 overflow becomes the receiving circuit baud rate clock source when
RCLK is set in mode 1 or 3. And the timer/counter 1 overflow becomes the receiving circuit
baud rate clock source if RCLK is cleared.

RCLK has no effect on the baud rate clock source when in mode 0 or 2. RCLK is located at
bit5 of T2CON (timer/counter 2 control register) specified by data address OC8H. This bit can
also be specified by bit address 0CDH.
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4.6.2.5 SMOD

SMOD controls the division of the baud rate clock source when the serial portisin UART mode
(mode 1, 2, or 3).

If SMOD is cleared when in mode 1 or 3, the timer/counter 1 overflow frequency divided by
2 becomes the baud rate clock source. And if SMOD is set, the timer/counter 1 overflow
becomes the baud rate clock source.

When TCLK s setin mode 1 or 3, however, and timer/counter 2 is the baud rate clock source
for the transmitting circuit, SMOD has no effect on the transmitting baud rate. And if RCLK
has been set, timer/counter 2 becomes the baud rate source for the receiving circuit, and
SMOD has no effect on the receiving baud rate.

If SMOD is cleared in mode 2, 1/2 OSC (oscillator frequency divided by 2) divided by 2
becomes the baud rate clock source. And if SMOD is set, 1/2 OSC becomes the baud rate
clock source.

SMOD is located at bit 7 of PCON (power control register) specified by data address 87H.
Designation by bit address is not possible.

See Table 4-17 for the corresponding baud rate clock sources for TCLK, RCLK, and SMOD.

Table 4-17 Corresponding baud rate clock sources for TCLK, RCLK, and SMOD

Mode TCLK or RCLK SMOD Baud rate colck source

0 X X MSM83C154S fundamental timing
0 0 T/C1 overflow divided by 2

1 0 1 T/C1 overflow
1 X T/C2 overflow

) X 0 1/2 OSC divided by 2
X 1 1/2 OSC
0 0 T/C1 overflow divided by 2

3 0 1 T/C1 overflow
1 X T/C2 overflow

Note: X : Don't care

T/C1 : Timer/counterl
T/C2 : Timer/counter2
1/2 OSC : Oscillator frequency (XTAL1+2) divided by 2
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4.6.2.6 SERR

SERR is the status flag set when a framing error or overrun error is generated during UART
mode (mode 1, 2, or 3).
Framing error:
The SERR flag is set when no stop bit is detected in UART mode. Framing error is
detected irrespective of the data reception conditions set by SM2.
Overrun error:
The SERR flag is also set when the next data is ready to be transferred from the input
shiftregistertothe SBUF whichis already fullin UART mode. Note thatan overrun error
is only detected when the data reception conditions set by SM2 have been satisfied.
Although the SERR flag is set by hardware when a framing or overrun error is
generated, it is not an interrupt request flag. The flag must be checked by software to
determine whether it has been set or not. The flag must also be cleared by software.
Since the SERR flag is set by the logical OR of framing and overrun errors, it is not
possible to determine whether the erroris aframing or overrun error simply by checking
the flag.
SERR is located at bit 5 of IOCON (I/O control register) specified by data address
OF8H. This bit can also be specified by bit address OFDH.
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4.6.3 Operating modes
4.6.3.1 ModeO
4.6.3.1.1 Outline

Mode 0 is the I/O extension mode where input and output of 8-bit data via RXD (P3.0) is
synchronized with the output clock from TXD (P3.1).

The baud rate in mode 0 is fixed to 1/12th of the fundamental oscillator (XTAL1-2) frequency
to enable the serial portto operate synchronized with the basic MSM80C154S/MSM83C154S
timing.

Ablock diagram of the mode 0 serial portis shown in Figure 4-28, the operational timing chart
is shown in Figure 4-29, and the serial port operation timing in relation to the basic
MSM80C154S/MSM83C154S timing is shown in Figure 4-30.

4.6.3.1.2 Mode 0 baud rate

In mode 0, the baud rate is determined by the following equation to synchronize operations
with the basic MSM80C154S/MSM83C154S timing.

1
B=F X —
0oSsC 12

where B is baud rate, and Fosc is the fundamental (XTAL1-2) frequency.
4.6.3.1.3 Mode 0 transmit operation

Data output is commenced by writing data in SBUF.

The SBUF data is obtained sequentially from RXD about one machine cycle after completion
of the SBUF data writing instruction, the LSB appearing first.

Two states after commencing the LSB output, output of the TXD synchronized clock is
commenced. This synchronized clock is at level “0” from the latter half of S3 thru to the first
half of S6, and at “1” level from the latter half of S6 thru to the first half of S3. The transmit circuit
is initialized immediately following completion of output of the MSB, and the Tl flag is set at
the first M1-S3 after that.

4.6.3.1.4 Mode 0O receive operation

Data input is commenced when REN="1" and R1="0" is achieved by an instruction used to
set REN or by an instruction used to clear the RI flag (or by an instruction which does both
simultaneously).

Output ofthe TXD synchronizing clock is commenced following nine states after REN="1"and
R1="0"is attained. The synchronized clock is at level “0” from the latter half of S3 thru to the
first half of S6, and at level “1” from the latter half of S6 thru to the first half of S3.

The RXD data is read sequentially into an input shift register in the serial port just before the
synchronized clock is changed from “0” to “1”.

When input of the 8-bit data is completed, loading of the input shift register data into SBUF
(with the LSB at the beginning of the input data) occurs at the same time that receiving circuit
isinitialized. The Rl flag is then set at the first M1-S3 after completion of input of the 8-bit data.

106



INTERNAL SPECIFICATIONS

SN4g TVNY3LNI

axd

A

| )

u:mm_

| ‘934 14IHS LNdNI |

Xl «-—

319vN3

MO0T1O
14IHS

SNg TVNY3LNI

I 14v1s
— _ 1dNY¥3ALINI
" 1d0d TvId3S
1L
_ dngs oL
| () 4ngs 19v1S SLI8M

Figure 4-28 Serial port (mode 0)
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4.6.3.2 Mode 1
4.6.3.2.1 Outline

Mode 1 is the 10-bit frame UART mode (with one start bit, eight data bits, and one stop bit)
where the baud rate may be set to any value depending on the timer/counter 1 or timer/
counter 2 setting.

Ablock diagram of the serial portin mode 1 is shown in Figure 4-31, and the operational timing
chart is given in Figure 4-32.

4.6.3.2.2 Mode 1 baud rate

The timer/counter 1 or timer/counter 2 overflow can be set as the baud rate clock source in
mode 1 by independent TCLK and RCLK setting for the transmit and receive circuits.
Where the baud rate is determined by the timer/counter 1 overflow, baud rate is determined
by the overflow frequency and SMOD value according to the following equations.

- 1,1 -
B = frc1 x > X 16 (SMOD=0)

_ 1 _
B = frc1 x 16 (SMOD=1)

where B is the baud rate and frc1 is the timer/counter 1 overflow frequency.
When timer/counter 1 is used as a timer (internal clock) in auto reload mode (mode 2), the
baud rate is determined by the following equations.

- 1,1 1.1 _
B=fosC x5 X Segorm < 2 (16 (SMOD=0)
1 1

B=foscxix_x_
12 256-DtH1 16

where B is the baud rate, fosc the fundamental (XTAL1-2) frequency, and DTH1 the TH1
contents (expressed in decimal).

Where the timer/counter 2 overflow serves as the baud rate clock source, the baud rate is
determined by the overflow frequency irrespective of the SMOD value.

When timer/counter 2 is used as a counter (external clock), the baud rate is determined by
the following equation.

1 1

X —————— X
65536-DrcaP2 16

(SMOD=1)

B=fr2

where B is the baud rate, fT2 the frequency of the clock applied to the T2 pin, and DRCAP2 the
contents of RCAP2L and RCAP2H (expressed in decimal).
Or if timer/counter 2 is used as a timer, the baud rate is determined in the following way.
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Bzfoscxix_1 x L
2 65536-DrRcAP2 16

where B is the baud rate, fosc the fundamental frequency (XTALL1-2), and DRCAP2 the
contents of RCAP2L and RCAP2H (expressed in decimal).

4.6.3.2.3 Mode 1 transmit operation

The transmit basic clock (TXCLOCK in Figure 4-31) is obtained from the overflow of a
hexadecimal free-run counter where the timer/counter 1 or timer/counter 2 overflow is used
as the clock.

Transmission is commenced when transmit data is written in SBUF.

The start bit, the eight SBUF data bits (with the LSB first), and the stop bit are transmitted
sequentially from TXD synchronized with the basic clock.

As soon as output of the eight data bits has been completed, the transmit circuit is initialized,
and the T1 flag is set at the first M1-S3 after the completion of that output.

4.6.3.2.4 Mode 1 receive operation

The receive circuit timing is generated by a hexadecimal counter which uses the timer/
counter 1 or timer/counter 2 overflow as the clock, and the input data received from RXD is
bit synchronized. That is, at the same time that reception is started following input of the start
bit, the hexadecimal counter commences to count up, and with one complete round of the
hexadecimal counter corresponding to one bit of received data, reception is continued by the
receive circuit.
The RXD change from “1” to “0” is regarded as the beginning of the start bit for commence-
ment of reception.
When this “1” to “0” RXD change is detected, the hexadecimal counter which had been
stopped in reset status commences to count up. When the hexadecimal counter is in state
7,8,and 9, the start bitis sampled, and is accepted as valid if at least two of the three sampled
values are “0”, thereby enabling data reception to continue. If two or three of the sampled
values are “1”, the start bit becomes invalid, and the receive circuit is initialized when the
hexadecimal counter reaches state 10.
The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9, and the
more common value of the three sampled values is read sequentially as data into the input
shift register.
If the hexadecimal counter is in state 10 during the period of the next bit (that is, the stop bit)
after the eight bits of data have been received, and if the conditions stated below are satisfied,
the input shift register data (the LSB being read first) is loaded into SBUF, and the sampled
stop bit is read into RB8, thereby initializing the receive circuit. The RI flag is set at the first
M1-S3 after that.
Conditions: (1) RI="0"

(2) SM2="0", or SM2="1" and sampled stop bit="0"
If the above conditions are not satisfied, the received data is disregarded, and the receive
circuit is initialized without change to the SBUF, RB8, and R flags.
Since the receive circuit is double buffered (input shift register and SBUF), processing of the
previous receive data may be completed within the interval up to the stop bit period of the next
frame.
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4.6.3.2.5 Mode 1 UART error detection

Ifthe following two conditions are satisfied when the hexadecimal counter is in state 10 during
reception of the stop bit, it is assumed that new data is received before processing of the
previously received data has been completed. Hence, an overrun error is generated, and the
new data is lost. The SERR flag is set at the first M1-S3 after the hexadecimal counter has
reached state 10. Note that the previous SBUF (R) data is preserved.
Conditions: (1) RI="1"

(2) SM2="0", or SM2="1" and sampled stop bit="1"
And if the sampled stop bit is “0” when the hexadecimal counter is in state 10, it is assumed
that correct frame synchronization has not been achieved. Hence, aframing error is detected,
and the SERR flag is set at the first M1-S3 after that. Serial port reception is not effected by
the UART error detector circuit detecting an overrun or framing error and only the status flag
being set.
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Figure 4-31 Serial port (mode 1)
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4.6.3.3 Mode 2
4.6.3.3.1 Outline

Mode 2 is an 11-bit frame UART mode (with one start bit, eight data bits, one multipurpose
data bit, and one stop bit) where the baud rate is 1/64th or 1/32nd of the fundamental oscillator
(XTAL1-2) frequency.

Ablock diagram of the serial portin mode 2 is shown in Figure 4-33, and the operational timing
chart is given in Figure 4-34.

4.6.3.3.2 Mode 2 baud rate
Since the fundamental oscillator frequency divided by two serves as the baud rate clock

source in mode 2, the baud rate is determined by the SMOD value according to the following
equations.

= 1.1.1 _
B = fosc x > X 5 X 16 (SMOD=0)
B = fosc xtx L (SMOD=1)
2 16

where B is the baud rate and fosc the fundamental oscillator (XTAL1-2) frequency.
4.6.3.3.3 Mode 2 transmit operation

The transmit basic clock (TXCLOCK in Figure 4-34) is obtained from a hexadecimal free-run
counter overflow where the frequency of 1/2XTAL1-2 (fundamental oscillator frequency
divided by 2) divided by 2 (when SMOD=0) or the 1/2XTAL1-2 frequency (when SMOD=1)
is used as the clock.

Transmission is commenced when transmit data is written in SBUF. The start bit, the eight
SBUF data bits (with the LSB first), TB8, and the stop bit are transmitted sequentially from
the TXD synchronized with the basic clock.

As soon as the TB8 output has been completed, the transmit circuit is initialized, and the T1
flag is set at the first M1-S3 after the completion of that output.

4.6.3.3.4 Mode 2 receive operation

The receive circuit timing is generated by a hexadecimal counter overflow where the
frequency of 1/2XTAL1-2 (fundamental oscillator frequency divided by 2) divided by 2 (when
SMOD=0) or the 1/2XTAL1-2 frequency (when SMOD=1) is used as the clock, and the input
data received from the RXD is bit synchronized. That is, at the same time that reception is
started following input of the start bit, the hexadecimal counter commences to count up, and
with one complete round of the hexadecimal counter corresponding to one bit of received
data, reception is continued by the receive circuit. Therefore, the reception data baud rate
must be equal to the period of a single round of the hexadecimal counter.

The RXD change from “1” to “0” is regarded as the beginning of the start bit where reception
is commenced.
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When this “1” to “0” RXD change is detected, the hexadecimal counter which had been
stopped in reset status commences to count up. When the hexadecimal counter is in state
7,8,and 9, the start bitis sampled, and is accepted as valid if at least two of the three sampled
values are “0”, thereby enabling data reception to continue. If two or three of the sampled
values are “1”, the start bit becomes invalid, and the receive circuit is initialized when the
hexadecimal counter reaches state 10.
The receive data is sampled when the hexadecimal counter is in state 7, 8, and 9, and the
more common value of the three sampled values is read sequentially as data into the input
shift register.
If the hexadecimal counter is in state 10 during the period of the next bit (that is, the multi-
purpose data bit) after the eight bits of data have been received, and if the conditions stated
below are satisfied, the input shift register data (the LSB being read first) is loaded into SBUF,
and the sampled multi-purpose data bit is read into RB8. And when the hexadecimal counter
is in state 10 during the period of the next after that (that is, the stop bit) the receive circuit
is initialized.
The RI flag is set at the first M1-S3 after that.
Conditions: (1) R1="0"

(2) SM2="0", or SM2="1" and sampled multi-purpose data bit="1"
If the above conditions are not satisfied when the hexadecimal counter is in state 10 during
the multi-purpose data bit interval, the received data is disregarded, the SBUF, RB8, and RI
flags remain unchanged, and the receive circuit is initialized when the hexadecimal counter
is in state 10 during the stop bit interval.
Since the receive circuit is double buffered (input shift register and SBUF), processing of the
previous receive data may by completed within the interval up to the multipurpose data bit
period of the next frame.

4.6.3.3.5 Mode 2 UART error detection

Ifthe following two conditions are satisfied when the hexadecimal counterisin state 1 0 during
reception of a multi-purpose data bit, it is assumed that new data is received before
processing of the previously received data has been completed. Hence, an overrun error is
generated, and the new data is lost. The SERR flag is set at the first M1-S3 after the
hexadecimal counter has reached state 10 during the stop bit interval. Note that the previous
SBUF (R) data is preserved.
Conditions: (1) R1 ="1"

(2) SM2="0", or SM2="1" and sampled multi-purpose data bit="1"
And if the sampled stop bit is “0” when the hexadecimal counter is in state 10, it is assumed
that correct frame synchronization has not been achieved. Hence, aframing error is detected,
and the SERR flag is set at the first M1-S3 after that. Serial port reception is not effected by
the UART error detector circuit detecting an overrun or framing error and only the status flag
being set.
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4.6.3.4 Mode 3
4.6.3.4.1 Outline

Mode 3 is another 11-bit frame UART mode (with one start bit, eight data bits, one multi-
purpose data bit, and one stop bit). Whereas the baud rate is 1/64th or 1/32nd of the
fundamental oscillator frequency in mode 2, the mode 3 baud rate can be freely selected
according to the timer/counter 1 or timer/counter 2 setting. Apart from the ability to vary the
baud rate, mode 3 is identical to mode 2.

Ablock diagram of the serial portin mode 3 is shown in Figure 4-35, and the operational timing
chart is given in Figure 4-36.

4.6.3.4.2 Mode 3 baud rate

Asinmode 1, the timer/counter 1 or timer/counter 2 overflow can be set as the baud rate clock
source in mode 3 by independent TCLK and RCLK setting for the transmit and receive
circuits.

Where the baud rate is determined by the timer/counter 1 overflow, baud rate is determined
by the overflow frequency and SMOD value according to the following equations.

- 1,1 -
B = frc1 x > X 16 (SMOD=0)

- 1 -
B = frc1 x 16 (SMOD=1)
Where B is the baud rate and fTc1 is the timer/counter 1 overflow frequency.
When timer/counter 1 is used as a timer in auto reload mode (mode 2), the baud rate is
determined by the following equations.

- 1,0 1.1 _
B =fosc X s * J56omm < 2 “16  (SMOD=0)
1 1

B=foscxix_x_
12 256-DTH1 16

where B is the baud rate, fosc the fundamental oscillator (XTAL1-2) frequency, and DTH1 the
TH1 contents (expressed in decimal).
Where the timer/counter 2 overflow serves as the baud rate clock source, the baud rate is
determined by the overflow frequency irrespective of the SMOD value.
When timer/counter 2 is used as a counter, the baud rate is determined by the following
equation.

(SMOD=1)

1 1

B = 112 * 5536-Drearz ~ 16

where B is the baud rate, fT2 the frequency of the clock applied to the T2 pin, and DRcAP2 the
contents of RcAaP2L and RcAP2H (expressed in decimal).
Or if timer/counter 2 is used as a timer, the baud rate is determined by the following way.
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Bzfoscxix_1 x L
2 65536-DrRcAP2 16

where B is the baud rate, fosc the fundamental oscillator (XTAL1-2) frequency, and DRCAP2
the contents of RcapP2L and RcAP2H (expressed in decimal).

4.6.3.4.3 Mode 3 transmit operation

The transmit basic clock (TXCLOCK in Figure 4-36) is obtained from a hexadecimal free-run
counter overflow where timer/counter 1 or timer/counter 2 overflow is used as the clock.
Transmission is commenced when transmit data is written in SBUF.

The start bit, the eight SBUF data bits (with the LSB first), TB8, and the stop bit are transmitted
sequentially from the TXD synchronized with the basic clock.

As soon as the TB8 output has been completed, the transmit circuit is initialized, and the T1
flag is set at the first M1-S3 after the completion of that output.

4.6.3.4.4 Mode 3 receive operation

The receive circuit timing is generated by a hexadecimal counter overflow where timer/
counter 1 or timer/counter 2 overflow is used as the clock, and the input data received from
the RXD is bit synchronized. Thatis, at the same time that reception is started following input
of the start bit, the hexadecimal counter commences to count up, and with one complete
round of the hexadecimal counter corresponding to one bit of received data, reception is
continued by the receive circuit. Therefore, timer/counter 1 must be set so that the period of
a single round of the hexadecimal counter is equal to the reception data baud rate.
The RXD change from “1” to “0” is regarded as the beginning of the start bit where reception
is commenced.
When this “1” to “0” RXD change is detected, the hexadecimal counter which had been
stopped in reset status commences to count up. When the hexadecimal counter is in state
7,8,and 9, the start bitis sampled, and is accepted as valid if at least two of the three sampled
values are “0”, thereby enabling data reception to continue. If two or three of the sampled
values are “1”, the start bit becomes invalid, and the receive circuit is initialized when the
hexadecimal counter reaches state 10.
The reception data is sampled when the hexadecimal counter is in state 7, 8, and 9, and the
more common value of the three sampled values is read sequentially as data into the input
shift register.
If the hexadecimal counter is in state 10 during the period of the next bit (that is, the multi-
purpose data bit) after the eight bits of data have been received, and if the conditions stated
below are satisfied, the input shift register data (the LSB being read first) is loaded into SBUF,
and the sampled multi-purpose data bit is read into RB8. And when the hexadecimal counter
is in state 10 during the period of the next after that (that is, the stop bit) the receive circuit
is initialized.
The RI flag is set at the first M1-S3 after that.
Conditions: (1) RI="0"

(2) SM2="0", or SM2="1" and sampled multi-purpose data bit="1"
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If the above conditions are not satisfied when the hexadecimal counter is in state 10 during
the multi-purpose data bit interval, the received data is disregarded, the SBUF, RB8, and RI
flags remain unchanged, and the receive circuit is initialized when the hexadecimal counter
is in state 10 during the stop bit interval.

Since the receive circuit is double buffered (input shift register and SBUF), processing of the
previous receive data may be completed within the interval up to the multipurpose data bit
period of the next frame.

4.6.3.4.5 Mode 3 UART error detection

Mode 3 UART error detection is identical to mode 2 UART error detection.
If the following two conditions are satisfied when the hexadecimal counter is in state 10 during
reception of a multi-purpose data bit, it is assumed that new data is received before
processing of the previously received data has been completed. Hence, an overrun error is
generated, and the new data is lost. The SERR flag is set at the first M1-S3 after the
hexadecimal counter has reached state 10 during the stop bit interval. Note that the previous
SBUF (R) data is preserved.
Conditions: (1) RI =*1"

(2) SM2="0", or SM2="1" and sampled multi-purpose data bit="1"
And if the sampled stop bit is “0” when the hexadecimal counter is in state 10, it is assumed
that correct frame synchronization has not been achieved. Hence, aframing error is detected,
and the SERR flag is set at the first M1-S3 after that.
Serial port reception is not effected by the UART error detector circuit detecting an overrun
or framing error and only the status flag being set.
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46.4

Serial port application examples

4.6.4.1 1/O extension

I/O extension can be achieved by using the serial portin mode 0. An input extension example
is shown in Figure 4-37 and the corresponding timing chart is shown in Figure 4-38.
Following output of the latch pulse from PX.X, REN="1"and R1="0" are set for shiftin of 74LS1

65 data.
MSM80C154S
MSMB83C154S
RXD
Vce
QH SHIFT/LOAD
SERIAL IN PX.X
CLOCK 74LS165
INHIBIT CK TXD
HGVFEUDTCUBA
INPUT
Figure 4-37 Input extension example
RX.X _\_,
TXD S e Y I
74LS165-QH T | G G D G G |

Figure 4-38 Input extension example timing chart
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An output extension example is shown in Figure 4-39 and the corresponding timing chart is
shown in Figure 4-40. After output data has been written into SBUF and the output sequence
completed, the latch pulse output from PX.X is obtained and the 74LS164 data is shifted to
74LS373.

OUTPUT
MSM80C154S
vee MSM83C154S
8Q7Q6Q5Q4Q3Q2Q1Q
L 74LS373
C PX.X
8D 7D 6D 5D 4D 3D 2D 1D
QHQGQFQEQDQCQBQA
B A RXD
74LS164
CLK CK TXD
Figure 4-39 Output extension example
RXD U G D G B O O
L S I I o B B
PX.X ,—|

Figure 4-40 Output extension example timing chart

An input/output extension example is shown in Figure 4-41 and the corresponding timing
chartis shownin Figure 4-42. When input data is applied, INPUT CONTROL is changed from
“0”to “1”, and the parallel input is latched. This is then followed by REN=1 and RI=0 settings,
and shift in of 74LS165 data. INPUT CONTROL is returned to “0” after the input has been
completed. Since INPUT CONTROL is connected to the 74LS126 control pin, the
MSM80C154S/MSM83C154S switches the 74LS126 output to high impedance when
74LS165 input data is not being applied, thereby preventing collision between the 74LS126
and MSM80C154S/MSM83C154S outputs.

When output data is generated, and the output is completed after writing output data into
SBUF, an output latch pulse is generated from OUTPUT CONTROL, and the 74LS164 data
is transferred to 74LS373. Although the 74LS164 data is changed to parallel input data when
74L.S165 data is passed to MSM80C154S/MSM83C154S, an output latch pulse is generated
only when output data is obtained from MSM80C154S/MSM83C154S, thereby preserving
the correct data in 74LS373.
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Vcc

OUTPUT

8Q7Q6Q5Q4Q3Q2Q1Q

74LS373

C
8D 7D 6D 5D 4D 3D 2D 1D

QHQGQ
B

CLK

FQEQDQCQBQA
A

7415164
CK

Vcc

74LS126
I

QH
SERIAL IN
CLOCK
INHIBIT

SHIFT/LOAD

74LS165
CK

HGFEDTCIB A

S

INPUT

Figure 4-41 Input/output extension example
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In all examples, additional multiple bit I/O extension is made possible by multiple cascade
connections of 74LS164 or 74LS165.

Figure 4-42 Input/output extension example timing chart
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4.6.4.2 Multi-processor systems

Multi-processor systems can be formed with MSM80C154S/MSM83C154S by using the
serial port in mode 2 or mode 3 for inter-processor communications.
If reception data bit 9 (multi-purpose data bit) is “1” when SM2 is set in mode 2 or 3, reception
dataisreceived and aninterruptis generated. If the data bitis “0”, however, the reception data
isdisregarded and nointerruptis generated. This function is used in forming a multi-processor
system when more than one MSM80C154S/MSM83C154S device is coupled by serial bus.
An example of a multi-processor system with one master processor and a number of slave
processors is shown in Figure 4-43. In this example, data is transmitted only from master to
slave processors. Operation proceeds in accordance with the following protocol.
(1) Set SM2="1". All slave processors wait in standby for address data from the master
processor specifying which slave is to be selected.
(2) With TB8 set to “1” to distinguish address data from other data, the master processor
generates address data which ensures that data bit 9 (the multi-purpose data bit) is “1”.
(3) Atthis stage, all slave processors generate interrupts and check whether the received
address data has specified itself or not.
(4) The specified slave processor sets SM2 “0” to prepare for reception of the subsequent
data to be sent by the master processor.
Slave processors which are not specified remain at SM2="1"
(5) With TB8="0", the master processor next sends data which ensures that data bit 9 (the
multi-purpose data bit) is “0” following the address data.
(6) Since the specified slave processor is changed to SM2="0", all data following the
address data is received and processed.
(7) The slave processors which are not specified (that is, where SM2="1") disregard all
data after the address data and wait in standby for the next address data.
(8) Aftertransmitting all of the intended data the master processor transmits a final special
code (predetermined in advance).
(9) When this special code is received by the specified slave processor, SM2 is set to “1”
and that slave processor is again put into standby waiting for address data.

/ A

TXD  RXD TXD  RXD TXD  RXD TXD  RXD
MSM83C154S MSM83C154S MSM83C154S | ———— | MSM83C154S
(MASTER) (SLAVE) (SLAVE) (SLAVE)

Figure 4-43 Multi-processor system example
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4.7 Interrupt

4.7.1 Outline

MSM80C154S/MSM83C154S is equipped with six interrupts.
1.

6
These six interrupts are controlled by interrupt enable register (IE) and interrupt priority
register (IP). When the relevant interrupt conditions are met, the respective interrupt address
is called and the interrupt routine is commenced.

The interrupt addresses are listed in Table 4-18, and the interrupt control equivalent circuit

2
3.
4.
5

INTO
T™MO
INT1
™1
SI/O
T™2

External interrupt O
Timer interrupt O
External interrupt 1
Timer interrupt 1
Serial port interrupt
Timer interrupt 2

is shown in Figure 4-44.

Table 4-18 Interrupt addresses

Interrupt source

Interruput address

1 External interruput O 3[0003hH]
2 Timer interruput 0 11[000BhH]
3 External interruput 1 19[0013hH]
4 Timer interruput 1 27[001BhH]
5 Serial port interruput 35[0023hH]
6 Timer interruput 2 43[002BhH]
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Figure 4-44 Interrupt control equivalent circuit
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4.7.2 Interrupt enable register (IE)

The function of the interrupt enable register (IE, 0A8H) is to enable or disable interrupt
processes when an interrupt is requested.

To execute the intended interrupt routine, the interrupt is first enabled by setting “1” in the
corresponding interrupt bit in the interrupt enable register, and the routine then is executed
when the interrupt is requested.

Requested interrupts are disabled if the corresponding interrupt bit is “0”, and no interrupt
routines are executed.

The contents of the interrupt enable register (IE) are shown in Table 4-19.

Table 4-19 Interrupt enable register (IE, 0A8H)

Bit 7 6 5 4 3 2 1 0
Flag EA — ET2 ES ET1 EX1 ETO EXO

EXO : External interrupt O control bit
Interrupt enabled when “1”, disabled when “0”".

ETO : Timer interrupt O control bit
Interrupt enabled when “1”, disabled when “0".

EX1 : External interrupt 1 control bit
Interrupt enabled when “1”, disabled when “0”".

ET1 : Timer interrupt 1 control bit
Interrupt enabled when “1”, disabled when “0”".

ES : Serial portinterrupt control bit
Interrupt enabled when “1”, disabled when “0”".

ET2 : Timer interrupt 2 control bit
Interrupt enabled when “1”, disabled when “0”".

— . Reserve bit for output of “1” when read.

EA . Interrupt control bit for all six interrupts (EXO, ETO, EX1, ET1, ES, and ET2) When
EAis “1”, an interrupt routine is commenced if interrupt conditions are met for any
one of the six interrupts.

When EA is “0”, no interrupt routine is commenced even if interrupt conditions are
met for one of the six interrupts.
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4.7.3 Interrupt priority register (IP)

The function of the interrupt priority register (IP, 0B8H) is to allocate rights to commence
interrupt routines on a priority basis when an interrupt is requested.

Interrupt priority can be programmed by setting the bit corresponding to the interrupt request
in the interrupt priority register (IP) to “1”. If the interrupt conditions have been satisfied for an
interrupt where “1” data has been set, processing of that interrupt is commenced. If another
interrupt (with “0” priority bit) is already being processed, that routine is suspended, and
processing of the higher priority interrupt is commenced. Note that once a priority interrupt
routine has been commenced, processing of the next interrupt cannot start until processing
of the current interrupt has been completed.

This priority circuit function can be stopped by setting “1” in bit 7 (PCT) of the priority register.
The functions of the priority interrupt control circuit are suspended, and interrupt control is
handled only by the interrupt enable register (IE 0A8H). After this mode has been set, the
interrupt disable instruction (CLR EA) must be placed at the beginning of interrupt routines
to disable the generation of other interrupts.

If another interrupt routine have to be generated during the processing of an interrupt routine,
set the desired interrupt enable bit in the interrupt enable register (IE 0A8H). The desired
interrupt routine is processed when the conditions for that routine are met. Multi-level interrupt
processing can thus be achieved by software control of the interrupt enable register.

The contents of the interrupt priority register are given in Table 4-20, and a priority interrupt
routine flow chart is shown in Figure 4-45. The flow chart for an interrupt routine when the
priority circuit is stopped (PCT="1") is shown in Figure 4-46.

Table 4-20 nterrupt priority register (IP, 0B8H)

Bit 7 6 5 4 3 2 1 0
Flag PCT — PT2 PS PT1 PX1 PTO PX0

PX0 : External interrupt O priority bit.
Priority is allocated when this bit is “1”.
PTO : Timer interrupt O priority bit.
Priority is allocated when this bit is “1”.
PX1 : Externalinterrupt 1 priority bit. Priority is allocated when this bit is “1”.
PT1 Timer interrupt 1 priority bit.
Priority is allocated when this bit is “1”.
PS . Serial portinterrupt priority bit
Priority is allocated when this bit is “1”.
PT2 : Timer interrupt 2 priority bit.
Priority is allocated when this bit is “1”.
— . Reserve bit for output of “1” when read.
PCT : Priority interrupt circuit control bit.
The priority interrupt control circuit is activated when this bit is “0”, and an interrupt
is processed on the priority basis (2 level interrupt processing).
The priority interrupt control circuit is stopped when this bit is “1”. In this case, all
interrupts are controlled by the interrupt enable register (IE) where multi-level
interrupt processing is possible by software management.
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4.7.3.1 Priority interrupt routine flow
The flow of interrupt processing when a priority interrupt is generated and processed after a
routine has been commenced by a non-priority interrupt generated during execution of amain

routine program is outlined in Figure 4-45 below. This diagram shows the flow chart up to the
point of return to the main routine.

Start of non-priority interrput

: [N

Start of non-priority interrput

Main routine

@\

Generation
of interrput

priority interrput routine

/

Generation
of interrput

Q)

<+— RETI
Non-priority interrput routine

Main routine

<«+— RETI

Figure 4-45 Interrupt processing flow chart when priority circuit is activated
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4.7.3.2 Interrupt routine flow when priority circuit is stopped

When bit 7 (PCT) of the priority register (IP 0B8H) is setto “1”, all interrupt control is transferred
to the interrupt enable register (IE OA8H). When this mode is set, the interrupt disable
instruction (CLR EA) must always be placed atthe beginning of the interrupt routine to prevent
any other interrupt from being generated. If another interrupt routine have to be generated
during the processing of aninterruptroutine, setthe desiredinterrupt enable bitin the interrupt
enable register (IE 0A8H) to commence the new interrupt routine. Multi-level interrupt
processing can thus be achieved by control of the interrupt enable register. The flow of this
interrupt routine is shown in Figure 4-46.

Main routine

EA EA

CLREA CLREA

EA
Generation Zeeneraton

of interrput of interrput <

Generation
of interrput

Generation
of interrput

J

\ ——— Interrput routne ——————»

Main routine

Figure 4-46 Interrupt routine flow chart when priority circuit is stopped
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4.7.3.3 Interrupt priority when priority register (IP) contents are all “0”

The interrupt priority when the priority register (IP, 0B8H) contents are all “0” indicates the
priority in which a certain interrupt is processed in preference to other interrupts when
interrupt requests are generated simultaneously.

As can be seen from Table 4-21, the interrupt to be processed in preference to all other
interrupts is external interrupt 0, and the interrupt routine with lowest priority is timer interrupt
2.

The interrupt level when all priority bits are “0” is 1 level, and even if the interrupt conditions
for an external interrupt O (highest priority) are satisfied while timer interrupt 2 (lowest priority)
is being processed, the external interrupt cannot be processed.

The same operational preferences as described above also exist when all priority bits are “
1"

Table 4-21 Non-priority interrupt order of preference

Order of preference Interrupt source

1 External interruput O

Timer interruput 0

External interruput 1

Timer interruput 1

Serial port interruput

o g~ IWIN

Timer interruput 2
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4.7.4 Detection of external interrupt signals INTO and INT1

4.7.4.1 Outline of INT signal detection

Detect modes of the external interrupt signals 0 and 1 can be set to level-detect or trigger-
detect mode by the ITO and IT1 data values in the timer control register (TCON 88H) as
indicated in Table 4-22.

Table 4-22 TCON[88H] register

Timer NT1 TNTO
Bit 7 6 5 4 3 2 1 0
Flag TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Set . .

4.7.4.2 External interrupt signal 0 and 1 level detection

When bit O (ITO) in the timer control register (TCON 88H) is “0”, external interrupt O is level-
activated. And when bit 2 (IT1) is “0”, external interrupt 1 is also level-activated. With the
external interrupt signals in level-detect mode, external interrupts 0 and 1 are level-detected
by the equivalent circuit shown in Figure 4-47.

When the level of the external interrupt pin is “0” at S5 timing, the level is latched and the Q
output becomes “1”. The latched external interrupt signal is set as the external interrupt flag
in the timer control register (TCON) at S3 timing. The interrupt flag set by external interrupt
signal is always reset at S6 timing of the end of the machine cycle, thereby executing the
equivalent of a “level sense” operation. The cycle width of the respective “0” and “1” levels
of the external interrupt signal applied to the external interrupt pin in this case must be at least
12 times (12T) the XTAL1-2 oscillator clock cycle time T.

And the external interrupt signal should be held at “0” level until the corresponding interrupt
is actually generated.

S3 IEOor 1
WOMWlO—%D Q—Il —s Q|

S5 L RESET R

MEND

Figure 4-47 Interrupt level detect equivalent circuit for IT bit “0”
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4.7.4.3 External interrupt signal 0 and 1 trigger detection

When bit 0 (ITO) in the timer Control register (TCON 88H) is “1”, external interrupt O is edge-
activated. And when bit 2 (IT1) is “1", external interrupt 1 is also edge-activated. With the
external interrupt signals in trigger-detect mode, external interrupts 0 and 1 are trigger-
detected by the equivalent circuit shown in Figure 4-48. When the level of the external
interrupt pin is “0” at S5 timing, the level is latched at the first stage and the latched Q output
becomes “1”. The external interrupt signal stored in the first stage latch is transferred to the
second stage latch and is subject to digital differentiation until the S3 timing signal. The RS-
F/F in the next stage is set by the differentiated output signal.

The external interrupt signal applied to the RS-F/F is synchronized with the M2-S3 timing
signal to be applied as a trigger for the external interrupt flag in the timer control register
(TCON). The RS-F/Fis subsequently reset at M2-S4 and waits for the nextinterrupt. Note that
the nextinterrupt signalis invalid until the first stage latch detects level “1” after detecting level
‘0",

The cycle width of the respective “0” and “1” levels of the external interrupt signal applied to
the external interrupt pin in this case must be at least 12 times (12T) the XTAL1-2 oscillator
clock cycle time T.

NTO orwl% D Q

s5—|L
1— ;
! ! s3
0t |
| | | |
| | | |
12T 1127 1 12T |
| | | |
| | | |
s4
IEO or 1
s3 D s Q
M2 > T BUS —D
WTCON —L
RESET —

Figure 4-48 Interrupt edge detect equivalent circuit for IT bit “1”
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4.7.5 MSM80C154S/MSM83C154S interrupt response time charts

4.7.5.1 Interrupt response time chart when interrupt conditions are satisfied during
execution of ordinary instructions in main routine

Ifinterrupt conditions are satisfied during execution of an ordinary instruction (which does not
manipulate IE or IP) in the main routine, the MSM80C154S/MSM83C154S calls the interrupt
address in the next cycle following completion of the ordinary instruction. The time chart is
given in Figure 4-49.
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4.7.5.2 Interrupt response time chart when interrupt conditions are satisfied during
execution of IE or IP register operation instruction in main routine

If interrupt conditions are satisfied during execution of an instruction used to manipulate the
interrupt enable register (IE) or the interrupt priority register (IP) in the main routine, the
MSMB80C154S/MSMB83C154S reactivates the interrupt mask circuit in the next cycle follow-
ing completion of the register manipulation instruction. If interrupt conditions were met as a
result of the re-interrupt mask, the interrupt address is called in the next cycle. That is, if the
interrupt conditions are satisfied during execution of the IE or the IP manipulating instruction,
the interrupt address is called after the next instruction is executed following execution of the
register manipulating instruction. The time chart is given in Figure 4-50.

* Inthe MOV data address 1, data address 2 instructions, transfer of data to another register

from IE or IP is an exception. (example: MOV ACC, IE)
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4.7.5.3 Interrupt response time chart when an ordinary instruction is executed after
temporarily returning to the main routine from continuous interrupt
processing

If an ordinary instruction (which does not manipulate IE or IP) is executed after returning to
the main routine following execution of the interrupt routine end instruction RETI, and if the
next interrupt conditions have been met during execution of a previous interrupt routine, the
MSMB80C154S/MSM83C154S calls the interrupt address in the next cycle following execu-
tion of one main routine instruction. The same occurs when interrupt conditions are satisfied
during execution of the first main routine instruction after returning to the main routine from
the interrupt routine. The time chart is shown in Figure 4-51.
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4.7.5.4 Interrupt response time chart when an IE or IP manipulating instruction is
executed after temporarily returning to the main routine from continuous
interrupt processing

Ifthe nextinterrupt conditions are satisfied during execution of an interrupt processing routine
and the interrupt terminating instruction RETI is then executed and followed by a return to the
main routine where an instruction which manipulates the interrupt enable register (IE) or
interrupt priority register (IP) is executed, the MSM80C154S/MSM83C154S activates the
interrupt mask circuit in the next cycle following execution of the register manipulating
instruction. And ifinterrupt conditions are met as a result of the re-interrupt mask, the interrupt
address is called in the next cycle. That is, if the instruction executed in the main routine
manipulates either IE or IP, the interrupt address is called after two instructions are executed.
The time chart is shown in Figure 4-52.
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4.8 CPU “Power Down”
4.8.1 Outline

Since the internal MSM80C154S/MSM83C154S circuits have been designed as completely
static circuits, all internal information (register data) is preserved if XTAL1-2 oscillation is
stopped.

This feature is utilized to incorporate a fuller range of power down modes.

In idle mode (IDLE) where “1” is set in bit O (IDL) of the power control register (PCON),
XTALL1-2 operation is continued but CPU operations are stopped. In soft power down mode
where “1” is set in bit 1 (PD) of the power control register (PCON), XTAL1-2 operation and
CPU operations are both stopped.

And in hard power down mode where “1” is set in advance in bit 6 (HPD) of the power control
register (PCON), XTAL1-2 and CPU operations are stopped when the level of the power
failure detect signal applied to the HPDI pin (P3.5) is changed from “1” to “0”.

If “1” is set in bit O (ALF) of the 1/O control register IOCON OF8H) prior to activation of soft
and hard power down modes where CPU and XTAL1-2 operations are stopped, the port 0,
1, 2, and 3 outputs can be floated.

CPU power down modes can be released (CPU start-up) by CPU resetting, interrupt
generation, and interrupt source signal generation.

Execution can be recommenced from address 0, resumed from the interrupt address or from
the next address after the power down setting instruction.

4.8.2 Idle mode (IDLE) setting

Idle mode is set when “1” is set in bit O (IDL) of the power control register (PCON 87H). The
circuit connections involved in this setting are shown in Figure 4-53.

The idle mode cancellation conditions can be set through manipulation of bit 5 (RPD) of the
power control register. When “0” is setin RPD, idle mode cannot be cancelled by the interrupt
signal if the corresponding interrupt enable bit has not been set. And if “1” is setin RPD, idle
mode is cancelled by setting the interrupt flag and the program is executed from the next
address of the idle mode setting instruction, even when the corresponding interrupt enable
bit is not set.

In idle mode, the supply of clocks to the CPU control section is stopped and CPU operations
are halted. But since XTAL1-2 operations are maintained, the serial port, interrupt circuits,
and timer/counters 0, 1, and 2 remain operative.

The CPU pin status during idle mode is outlined in Table 4-23, and the corresponding time
charts for starting idle mode are shown in Figures 4-54 and 4-55.
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XTAL 2 ® TIMER, S-1/0 &
INTERRUPT
[ J—cpuconTrOL
CLOCK
XTAL1e [>o—
o CONTROL
PCON, 87H
SMOD | HPD | RPD — GF1 GFO PD IDL
Bit 7 6 5 4 3 2 1 0
Set * .

Figure 4-53 Idle mode equivalent circuit
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Table 4-23 CPU pin details in idle mode

Name Internal ROM External ROM
P1.0/T2 Port data output Port data output
P1.1/T2EX Port data output Port data output
P1.2 Port data output Port data output
P1.3 Port data output Port data output
P1.4 Port data output Port data output
P15 Port data output Port data output
P1.6 Port data output Port data output
P1.7 Port data output Port data output
RESET “0” level input “0” level input
P3.0/RXD Port data output Port data output
P3.1/TXD Port data output Port data output
P3.2/INTO Port data output Port data output
P3.3/INT1 Port data output Port data output
P3.4/TO Port data output Port data output
P3.5/ T1/HPDI Port data output Port data output
P3.6/WR Port data output Port data output
P3.7/RD Port data output Port data output
XTAL 2 Oscillator operative Oscillator operative
XTAL 1 Oscillator operative Oscillator operative
Vss 0[V] 0[V]

P2.0 Port data output Address 8 output
P2.1 Port data output Address 9 output
pP2.2 Port data output Address 10 output
P2.3 Port data output Address 11 output
P2.4 Port data output Address 12 output
P2.5 Port data output Address 13 output
P2.6 Port data output Address 14 output
pP2.7 Port data output Address 15 output
PSEN “1” level output “1” level output
ALE “1” level output “1” level output
EA “1” level input “0” level input
PO.7 Port data output Floating

P0.6 Port data output Floating

P0.5 Port data output Floating

P0.4 Port data output Floating

P0.3 Port data output Floating

P0.2 Port data output Floating

PO.1 Port data output Floating

P0.0 Port data output Floating

Vcc +2.2~+6 [V] +2.2~+6 [V]
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Figure 4-54 Idle mode setting time chart (internal ROM mode)
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Figure 4-55 Idle mode setting time chart (external ROM mode)
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4.8.3 Soft power down mode (PD) setting

Soft power down mode (PD) is set when “1” is set in bit 1 (PD) of the power control register
(PCON 87H). The circuit connection involved in this setting is shown in Figure 4-56.

Soft power down mode cancellation conditions can be set through manipulation of bit 5 (RPD)
of the power control register.

When “0” is set in RPD, soft power down mode cannot be cancelled by the interrupt signal
if the corresponding interrupt enable bit has not been set. And if “1” is set in RPD, the power
down mode is cancelled by setting the interrupt flag and the program is executed from the next
address of the soft power down mode setting instruction, even when the corresponding
interrupt enable bitis not set. In soft power down mode, XTAL1-2 operations are halted. Then
with all internal data preserved, all CPU operations are stopped apart from timer/counters 0
and 1.

(Timer/counters 0 and 1 operate in external clock mode.)

Note, however, that the soft power down mode can not be set under the following conditions.
4.8.3.1 Caution about software power down mode setting

If the software power down mode can be cancelled by interruption and the following
conditions are established, the software power down mode cannot be set.

(1) Iftrying to set the software power down mode under the conditions that the mode can
be cancelled by external interrupt O or 1 and the INTO or INT1 pin is set to "0" (either
level input or edge input).

(2) Iftrying to set the software power down mode under the conditions that the mode can
be cancelled by timer 0 or 1 (external clock mode is set) and the TO or T1 pin is set to
"1" when the value of the counter is "FF".

Figures 4-57, 4-58, and 4-59 show power down cancellation circuits by external interrupt or
timer interrupt.Note, however, that the soft power down mode can not be set under the
following conditions.

The pin output status of ports 0 thru 3 in soft power down mode can be left in port data output
status, or set to port output floating status.

The ports are setto data output status by setting bit 0 (ALF) of the I/O control register IOCON)
to “0” when soft power down mode is activated, and to floating status by setting ALF to “1”
before activating power down mode. In floating status, the port pins are disconnected
electrically from the external circuitry. Apart from pins 2,3, 4, and 5 of port 3, all floating status
input port pins may be open, or undefined within the —0.5 to Vcc+0.5V range.

The CPU pin status during soft power down mode (PD) with “0” on the ALF bit is /outlined in
Table 424, and the corresponding time charts for starting soft power down mode are shown
in Figures 4-60 and 4-61.

The CPU pin status during soft power down mode with “1” on the ALF bit is outlined in Table
4-25, and the corresponding time charts for starting soft power down mode are shown in
Figures 4-62 and 4-63.
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Table 4-24 CPU pin details (ALF=0) in soft power down mode (PD)

Name Internal ROM External ROM
P1.0/T2 Port data output Port data output
P1.1/T2EX Port data output Port data output
P1.2 Port data output Port data output
P1.3 Port data output Port data output
P1.4 Port data output Port data output
P15 Port data output Port data output
P1.6 Port data output Port data output
P1.7 Port data output Port data output
RESET “0” level input “0” level input
P3.0/RXD Port data output Port data output
P3.1/TXD Port data output Port data output
P3.2/INTO Port data output Port data output
P3.3/INT1 Port data output Port data output
P3.4/TO Port data output Port data output
P3.5/ T1/HPDI Port data output Port data output
P3.6/WR Port data output Port data output
P3.7/RD Port data output Port data output
XTAL 2 Oscillator operative Oscillator operative
XTAL 1 Oscillator operative Oscillator operative
Vss 0 [V] 0[V]

P2.0 Port data output Port data output
P2.1 Port data output Port data output
pP2.2 Port data output Port data output
P2.3 Port data output Port data output
P2.4 Port data output Port data output
P2.5 Port data output Port data output
P2.6 Port data output Port data output
pP2.7 Port data output Port data output
PSEN “0” level output “0” level output
ALE “0” level output “0” level output
EA “1” level input “0” level input
P0.7 Port data output Floating

P0.6 Port data output Floating

P0.5 Port data output Floating

P0.4 Port data output Floating

P0.3 Port data output Floating

P0.2 Port data output Floating

PO.1 Port data output Floating

P0.0 Port data output Floating

Vce *+2.0~+6 [V] *+2.0~+6 [V]

* \Vcc=+2.0~+6V when internal CPU data is held.
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Figure 4-60 Soft power down mode setting time chart (internal ROM mode)
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Table 4-25 CPU pin details (ALF=1) in soft power down mode (PD)

Name Internal ROM External ROM
P1.0/T2 Floating Floating
P1.1/T2EX Floating Floating
P1.2 Floating Floating
P1.3 Floating Floating
P1.4 Floating Floating
P1.5 Floating Floating
P1.6 Floating Floating
P1.7 Floating Floating
RESET “0” level input “0” level input
P3.0/RXD Floating Floating
P3.1/TXD Floating Floating
P3.2/INTO External data input External data input
P3.3/INT1 External data input External data input
P3.4/TO External data input External data input
P3.5/ T1/HPDI External data input External data input
P3.6/WR Floating Floating
P3.7/RD Floating Floating
XTAL 2 Oscillator operative Oscillator operative
XTAL 1 Oscillator operative Oscillator operative
Vss 0[V] 0[V]

P2.0 Floating Floating

P2.1 Floating Floating

pP2.2 Floating Floating

P2.3 Floating Floating

P2.4 Floating Floating

P2.5 Floating Floating

P2.6 Floating Floating

pP2.7 Floating Floating
PSEN “0” level output “0” level output
ALE “0” level output “0” level output
EA “1” level input “0” level input
P0.7 Floating Floating

PO0.6 Floating Floating

P0.5 Floating Floating

P0.4 Floating Floating

P0.3 Floating Floating

P0.2 Floating Floating

PO.1 Floating Floating

P0.0 Floating Floating

Vce *+2.0~+6 [V] *+2.0~+6 [V]

* VVcc=+2.0~+6V when internal CPU data is held.
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Figure 4-62 Soft power down mode setting and I/O floating time chart (internal ROM mode)
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Figure 4-63 Soft power down mode setting and 1/O floating time chart (external ROM mode)
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4.8.4 Hard power down mode (HPD) setting

To set hard power down mode (HPD), “1” is set in bit 6 (HPD) of the power control register
(PCON 87H) in advance to attain the circuit connections shown in Figure 4-61. Hard power
down mode is set when the level of the power failure detect signal applied to the HPDI pin
(bit 5 of port 3) is changed from level “1” to level “0”. XTAL1-2 operations are stopped in this
mode. And while all internal data is retained, the CPU operations also are stopped apart from
timer/counter 0 and 1. (Timer/counters 0 and 1 operate in external clock mode.)

The pin output status of ports 0 thru 3 in hard power down mode can be left in port data output
status, or set to port output floating status.

The ports are set to data output status by setting bit O (ALF) of the I/0 control register IOCON
OF8H) to “0” when hard power down mode is activated, and to floating status by setting ALF
to “1” before activating power down mode. In floating status, the port pins are disconnected
electrically from the external circuitry.

Apart from pins 2, 3, 4, and 5 of port 3, all floating status input port pins may be open, or
undefined within the —0.5 to Vcc+0.5 V range.

The CPU pin status during hard power down mode (HPD) with “0” on the ALF bit is outlined
in Table 4-26, and the corresponding time charts for starting hard power down mode are
shown in Figures 4-65 and 4-66.

And the CPU pin status during hard power down mode (HPD) with “1” on the ALF bitis outlined
in Table 4-27, and the corresponding time charts for starting hard power down mode are
shown in Figures 4-67 and 4-68.
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Table 4-26 CPU pin details (ALF=0) in hard power down mode (HPD)

Name Internal ROM External ROM
P1.0/T2 Port data output Port data output
P1.1/T2EX Port data output Port data output
P1.2 Port data output Port data output
P1.3 Port data output Port data output
P1.4 Port data output Port data output
P1.5 Port data output Port data output
P1.6 Port data output Port data output
P1.7 Port data output Port data output
RESET “0” level input “0” level input
P3.0/RXD Port data output Port data output
P3.1/TXD Port data output Port data output
P3.2/INTO Port data output Port data output
P3.3/INT1 Port data output Port data output
P3.4/TO Port data output Port data output
P3.5/ T1/HPDI “0” level input “0” level input
P3.6/WR Port data output Port data output
P3.7/RD Port data output Port data output
XTAL 2 Oscillator operative Oscillator operative
XTAL 1 Oscillator operative Oscillator operative
Vss 0[V] 0[V]

P2.0 Port data output Port data output
P2.1 Port data output Port data output
pP2.2 Port data output Port data output
P2.3 Port data output Port data output
P2.4 Port data output Port data output
P2.5 Port data output Port data output
P2.6 Port data output Port data output
pP2.7 Port data output Port data output
PSEN “0” level output “0” level output
ALE “0” level output “0” level output
EA “1” level input “0” level input
P0.7 Port data output Floating

PO0.6 Port data output Floating

P0.5 Port data output Floating

P0.4 Port data output Floating

P0.3 Port data output Floating

P0.2 Port data output Floating

PO.1 Port data output Floating

P0.0 Port data output Floating

Vce *+2.0~+6 [V] *+2.0~+6 [V]

* VVcc=+2.0~+6V when internal CPU data is held.
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Figure 4-66 Hard power down mode setting time chart (external ROM mode)
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Table 4-27 CPU pin details (ALF=1) in hard power down mode (HPD)

Name Internal ROM External ROM
P1.0/T2 Floating Floating
P1.1/T2EX Floating Floating
P1.2 Floating Floating
P1.3 Floating Floating
P1.4 Floating Floating
P1.5 Floating Floating
P1.6 Floating Floating
P1.7 Floating Floating
RESET “0” level input “0” level input
P3.0/RXD Floating Floating
P3.1/TXD Floating Floating
P3.2/INTO External data input External data input
P3.3/INT1 External data input External data input
P3.4/TO External data input External data input
P3.5/ T1/HPDI “0” level input “0” level input
P3.6/WR Floating Floating
P3.7/RD Floating Floating
XTAL 2 Oscillator operative Oscillator operative
XTAL 1 Oscillator operative Oscillator operative
Vss 0[V] 0[V]

P2.0 Floating Floating

P2.1 Floating Floating

pP2.2 Floating Floating

P2.3 Floating Floating

P2.4 Floating Floating

P2.5 Floating Floating

P2.6 Floating Floating

pP2.7 Floating Floating
PSEN “0” level output “0” level output
ALE “0” level output “0” level output
EA “1” level input “0” level input
P0.7 Floating Floating

PO0.6 Floating Floating

P0.5 Floating Floating

P0.4 Floating Floating

P0.3 Floating Floating

P0.2 Floating Floating

PO.1 Floating Floating

P0.0 Floating Floating

Vce *+2.0~+6 [V] *+2.0~+6 [V]

* VVcc=+2.0~+6V when internal CPU data is held.
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Figure 4-67 Hard power down mode setting and 1/O floating time chart (internal ROM mode)
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4.9 CPUPower Down Mode (IDLE, PD,and HPD) Cancellation (CPU Activation)
4.9.1 Outline

CPU power down mode (IDLE, PD, and HPD) can be cancelled (CPU activation) in the
following two ways.

The CPU is reset when a “1” reset signal is applied to the CPU RESET pin, and the program
is executed from address 0. This method can be used in IDLE, PD, and HPD modes.

By generating the respective interrupt source signals, the program can be executed from the
interrupt address, and can also be continued from the next address after the stop address.
This method can be used in IDLE and PD modes.

4.9.2 Cancellation by CPU resetting (RESET pin)

The CPU is reset when a “1” level signal is applied (for at least 1pAsec.) to the CPU RESET
pin, and the CPU power down mode (IDLE, PD, or HPD) is cancelled. Programs are
subsequently executed by the CPU from address 0. The reset cancellation time charts are
outlined in Figures 4-69 thru 4-74.
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Figure 4-69 Restart from idle mode by reset (internal ROM mode)
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Figure 4-71 Restart from soft power mode by reset (internal ROM mode)
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Figure 4-72 Restart from soft power mode by reset (external ROM mode)
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Figure 4-73 Restart from hard power down mode by reset (internal ROM mode)
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Figure 4-74 Restart from hard power down mode by reset (external ROM mode)
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4.9.3 Cancellation of CPU power down mode (IDLE, PD) by interrupt signal

When idle mode (IDLE) and soft power down mode (PD) are cancelled by interrupt signal,
power down mode cancellation condition is determined by bit 5 (RPD) of the power control
register (PCON 87H) shown in Table 4-29.

When RPD is “0”, power down mode can be cancelled by interrupt signal and CPU executes
program from the interrupt address only when the CPU has been set to interrupt enable
status.

And when RPD is “1”, power down mode can be cancelled and resumes execution from the
next address after the stop address if “1” is set in the interrupt flag by interrupt signal even
when the CPU is in interrupt disable mode.

The conditions for cancellation of power down mode by interrupt signal can thus be specified
by the RPD content.

Table 4-29 Power control register (PCON 87H)

SMOD HPD RPD — GF1 GFO PD IDL
Bit 7 6 5 4 3 2 1 0
Set .

4.9.3.1 Cancellation of CPU power down mode (IDLE, PD) from interrupt address

To cancel idle mode (IDLE) or soft power down mode (PD) and resume execution from the
interrupt address, an interrupt is specified in the interrupt enable register (IE 0A8H) prior to
setting CPU power down mode and “0” is set in bit 5 (RPD) of the power control register
(PCON 87H).

All six interrupts can be used to cancel idle mode. The interrupt conditions are satisfied when
“1” is set in the specified interrupt flag in TCON, T2CON, or SCON. Clock signals are then
passed to the CPU, and execution is commenced from the interrupt address.

Soft power down mode (PD) can be cancelled by four different interrupts - external interrupts
0 and 1, and timer interrupts 0 and 1. (Timer/counters O and 1 are operated in external clock
mode.)

The external interrupts are generated by “0” level being applied to either the INTO or INT1 pin.
When the specified interrupt flag in TCON is set to “1” to satisfy the interrupt conditions,
XTAL1-2 operation is commenced, and the program is executed from the interrupt address.
When the interruptroutine is completed, the program returns to the next address after the stop
address.

If all interrupts have been disabled, however, CPU power down mode cannot be cancelled
from the interrupt address by this method. A “1” reset signal must be applied to the RESET
pin and execution commenced from address 0 in this case. The equivalent circuit involved
in CPU power down mode cancellation by interrupt is shown in Figure 4-75, and the CPU
power down mode (PD, HPD) cancellation time charts are shown in Figures 4-76 thru 4-79.
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IEO [TCON.1]

IE.O

TFO [TCON.5] —JDi
IE.1

IE1 [TCON.3]
IDLE, PD MODE
TFL[TCON.7] INTERRUPT &
IE.3 RESTART

RI/TI [SCON.0, 1]—JD7
IE.4

EXF2/TF2[T2CON.6, 7]
IE.5

IE.7

Figure 4-75 Equivalent circuit for, DLE and PD mode rancellation by interrupt signal
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Figure 4-76 Restart from idle mode by interrupt INTO or 1 (internal ROM mode)
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Figure 4-77 Restart from idle mode by interrupt INTO or 1 (external ROM mode)

179



MSM80C154S/83C154S/85C154HVS

JAOW NMOAd 43MOd 140S
e 3N
m_n_U>U m_,._.DOm,_Xm_ ) m_n_U,>O m_.,_.DUm_ixm ._.n,_DN_N_.m._._.Z_ ) m_|,_U>O,m_._.w<,>>
| | | | | | | | | | | |
V1va 140d ﬂ M
7 i i i i i 7 i i i i i 7 i i i i i 7 i i i i
| | | | | | | | | | | ! ! ! | | | | | | 0
V1va 140d ﬂ
T T T T T T T T T T T T T T T T T T T T 1
7 | | | | | 7 | | | | | 7 | | | | | 7 | | | | |
| | | ] I l l L L L L L 1 1 I I I | | | 0
V1va 140d ﬂ
7 I I I I I 7 I I I I I 7 I I I I I 7 I I I I I T
N A N . IS S N N SN SN N N S o
v1va 130d - :
-0
T
5—0
T
-0
T
$—0
T
—0
T
UL I U LU L L U LU L U U UL U L LU LU L
T
—><0S <GS reYSHES+ZS He TS H*0S +eGSre S+ ES e TS e TS +«0S +<GS +etS +eES +a S re TS+« 9S +<GS rieiyS < ES +e S +e TS —5——
TN ZN TN TN —

€ 140d

¢ 1d0d

T 140d

0 140d

TH9-NOOd

1no
T4140 031

TLNI 40 OLNIx

N3Sd

v

TIVIX

Figure 4-78 Restart from soft power down mode by Interrupt INTO or 1 (internal ROM mode)
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Figure 4-79 Restart from soft power down mode by interrupt INTO or 1 (external ROM mode)
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4.9.3.2 Cancellation of CPU power down mode (IDLE, PD) by interrupt request signal
and restart from next address of stop address

To cancel idle mode (IDLE) or soft power down mode (PD) by interrupt request signal and
then resume execution from the next address after the stop address, “1” is setin bit 5 (RPD)
of the power control register. When “1” is set in this bit, the circuit connections shown in Figure
4-80 are made, and the CPU power down mode is cancelled when the interrupt flag has been
setto “1”, even if the entire contents of the interrupt enable register (IE 0A8H) have been put
into interrupt disable status.

All six interrupt sources can be used to cancel idle mode (IDLE). If an interrupt source is
generated and “1”is setin one of the interrupt flags in TCON, T2CON, or SCON, clock signals
are passed to the CPU control stage, and execution is resumed from the next address after
the stop address.

Soft power down mode (PD) can be cancelled by four different interrupt sources - external
interrupts 0 and 1, and timer interrupts 0 and 1. The external interrupt flag is set by “0” level
being applied to either the INTO or INT1 pin. And timer/counters 0 and 1 are used in external
clock mode. When one of the interrupt flags in TCON is set to “1”, XTAL1-2 operation is
commenced, and the program is executed from the next address after the stop address.
Note, however, that the interrupt flags are reset by software. The cancellation time charts are
shown in Figures 4-81 thru 4-84.

IEO [TCON.1]
TFO [TCON.5]
IE1 [TCON.3]
IDLE, PD MODE
TF1 [TCON.7] RESTART
RI/TI [SCON.0, 1]
EXF2/TF2 [T2CON.6, 7]
*MODE SET
SMOD | HPD RPD — GF1 GFO PD IDL
Bit 7 6 5 4 3 2 1 0
Set . * *

Figure 4-80 Equivalent circuit for power down mode cancellation and restart by interrupt
source signal
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Figure 4-81 Restart from idle mode by INTO or 1 (internal ROM mode)
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Figure 4-82 Restart from idle mode by INTO or 1 (external ROM mode)
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Figure 4-83 Restart from soft power down mode by INTO or 1 (internal ROM mode)
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Figure 4-84 Restart from soft power down mode by INTO or 1 (external ROM mode)
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4,10 MSM80C154S/83C154S Battery Backup with Hard Power Down Mode

Figures 4-85-1/2 and 2/2 show the examples of the MSM80C154S/83C154S battery backup
circuits with hard power down mode. The hard power down mode serves to retain data stored
inthe CPU and external RAM if the AC 100V power failure occurs. Figure 4-85-1/2 shows the
CPU, power failure detector, and external RAM control unit. Figure 4-85-2/2 shows the
external RAM. The power failure detection voltage is set up by VR of the circuit A of Figure
4-85-1/2.

If the AC 100V power failure occurs when the power failure detection voltage is 4.5V, the
circuit works as described below.

When the power failure occurs, the internal power supply voltage VCA goes down from 5V
toOV.Whenthe VCA goesdown lessthan 4.5V, a power failure detection signal is output from
the A circuit to the B circuit.

If data is being transferred between the CPU and external RAM during the detection of power
failure, information on power failure is stored in RS-F/F of the B circuit, when data transfer
ends. When information on on power failure is stored in RS-F/F, the 1/O control signal goes
from “1” level to “0” level, which separates the external RAM and the peripheral circuit
electrically to retain data in the external RAM. At the same time, a hard power down signal
is output, the T1 pin of the CPU goes from “1” level to “0” level, and the CPU enters the hard
power down mode.

If the 1/0O port is ready to output data during hard power down mode, electric current flows to
the external via a 100KW pull-up resistance of the T1 pin.

The current flow to the external can be prevented by setting “1” into bit 0 (ALF) of IOCON
(OF8H) when setting the hard power down mode. If the hard power down mode is set when
ALF is at “1” level, electric current does not flow from the T1 pin to the external because 1/0
becomes a floating state.

When AC 100V power supply is restored and the internal VCA goes from 0V to 5V, the hard
power down mode is cancelled.

When VCA exceeds 4.5V, the A circuit stops outputting a power failure signal for the B circuit.
When a power failure signal is not output, the power failure memory RS-F/F of the B circuit
is reset after atime constant of the internal 200W and 10mF, and the external RAM I/O control
signal and hard power down signal turn from “0” level to “1” level.

When RS-F/F is reset, a CPU reset signal is output and the CPU’s power down mode is
cancelled. The CPU starts the operation of XTAL1, 2 and executes a command starting from
address 0.
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5. INPUT/OUTPUT PORTS

5.1 Qutline

MSMB80C154S/MSMB83C154S is equipped with four 8-bit input/output ports. The functions of
these four ports (port 0, 1, 2, and 3) are listed below.

1) Port O: Input/output bus port, address output port, and data input/output port.

2) Port 1: Quasi-bidirectional input/output port and control input pin.

3) Port 2: Quasi-bidirectional input/output port and address output port.

4) Port 3: Quasi-bidirectional input/output port and control input/output pin.

5.2Port0

Port 0 is an 8-bit input/output port. The circuit configuration is shown in Figure 5-1. When port
Ois used as aninput/output portin internal ROM mode (MSM83C154S), the equivalent circuit
is indicated in Figure 5-2. When operated as an output port, port 0 becomes an open drain
output port, and when operated as an input port, “1” should be set in the port O latch to put
the port O pin into floating status prior to using the port for input purposes.

When port 0 is used in external ROM mode (MSM80C154S) and external RAM mode, the
equivalent circuit is shown in Figure 5-3 where addresses and data outputs are obtained as
“1” and “0” by totem pole output driver. When data from external ROM or external RAM is
applied as input data, port 0 automatically becomes a tri-state input port. When the CPU is
reset or when an external ROM or external RAM is accessed, “1” data is set automatically in
the port O latch. The port 0 pin table is shown in Table 5-1.

PD/DATA
pCO-7 aiby
RAO~7
INTERNAL
ACCO~7 o V =) o Vee
° T
N\
SN
WPO——g d
® PORT 0
< o
MODIFY —~—
| v
i
READ
FLOATING

Figure 5-1 Port O internal equivalent circuit
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INTERNAL BUS

, 4 ﬂ'I ®PORT 0
READ ——

WPO—3 e

Figure 5-2 Port 0 input/Output port equivalent circuit in internal ROM mode

INTERNAL BUS vee

[>o D
RAO0~7
ACCO~7 ) /jl ® PORT 0

READ . {>0 4D—| IE

a

Figure 5-3 Port 0 equivalent circuit during address and data input/output in external
ROM/RAM mode
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Table 5-1 Port 0 pin table

PORTO Accumulator bit Address
1| P00 ACC.0 P -0
2| POl ACC.1 PC -1
3| Po.2 ACC.2 PS -2
4| P03 ACC.3 Eg -3
5| P04 ACC.4 PC 4
6| P05 ACC.5 PC s
7| P06 ACC.6 PC 6
8| P07 ACC.7 PS -7
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5.3Port1l

Port 1 is a quasi-bidirectional port capable of handling input and output of 8-bit data in the
circuit configuration outlined in Figure 5-4.

A “quasi-bidirectional port” refers to a port which has internal pull-up resistance when used
as an input port. The internal equivalent circuit is shown in Figure 5-5.

If a quasi-bidirectional port is used exclusively as an output port, the port output driver
becomes a totem-pole type for driving “1” and “0” data. The output impedance during output
of “1” data is approximately 9 kohm, while a sink current is 1.6mA during output of “0” data.
When used as an output port, the “1” data accelerator circuit is activated for a period
equivalent to two XTAL1-2 oscillator clocks only when the output data is shifted from “0” to
“1”. During this data acceleration operation, the “1” outputimpedance is changed to about 500
ohms, the IoH current is increased, and the output signal leading edge is speeded up. The
accelerator circuit operation time chart is given in Figure 5-6. Once port output data has been
written in port latch it is preserved until output of the next item of data.

If a quasi-bidirectional port is used exclusively as an input port, “1” data is first set in the port
latch in advance. When the input signal applied to the input port is changed from level “1” to
level “0”, the port 10 kohm pull-up resistance is disconnected from the Vcc, leaving only the
100 kohm pull-up resistance for reducing external IIL current. And when the input signal is
changedfromlevel“0”tolevel “1”, the 10 kohmresistance is reconnected, thereby connecting
the 10 and 100 kohm resistances to the Vcc supply in parallel. The quasi-bidirectional port
input equivalent circuit is outlined in Figure 5-7.

To change port 1 from a quasi-bidirectional input port to a high impedance input port, “1” is
setin bit 1 (P1HZ) of the 1/O control register IOCON 0F8H). The output driver circuit is thus
disconnected from the port pin and the port becomes a high impedance input port. The signal
levels applied to high impedance input ports are normal “0” and “1” level signals. The pins
cannot be used in open status.

The bit 0 and bit 1 of port 1 have alternate functions apart from serving as port pins. Bit 0 can
function asthe external clock input pin for timer/counter 2, and bit 1 can function as the capture
signal input pin for timer/counter 2, or as the auto reload signal input pin, or as the external
timer flag 2 setting pin, depending on the timer/counter 2 operation mode.

When the bit 0 and 1 pins are to be used as timer/counter 2 control pins, “1” must be set in
the port in advance.

And if port output is to be put into floating status during CPU power down mode (PD, HPD),
“1”isto be setin bit 1 (ALF) of the I/O control register IOCON 0F8H) before CPU power down
mode is activated. Floated port 1 pins may be either open, or undefined within the 0.5 to Vcc
+0.5V range.

And when port 1, 2, and 3 quasi-bidirectional ports are used as input ports, the port pull-up
resistance may be set only to 100 kohms. If “1” is set in bit 4 (1ZC) of the I/O control register
(IOCON 0F8H), the 10 kohm pull-up resistance for ports 1, 2, and 3 is all disconnected from
Vcc, leaving only the 100 kohm resistance. This mode is useful when input data is applied
to the quasi-bidirectional port by external devices having low output driving capacity (high
output impedance). The port 1 CPU control pin functions are listed in Table 5-2, and the port
pin list is given in Table 5-3.
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Figure 5-4 Port 1 internal equivalent circuit
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Figure 5-5 Quasi-bidirectional port equivalent circuit
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Figure 5-6 Quasi-bidirectional port accelerator circuit operation time chart
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(C) "0" data input equivalent circuit

Figure 5-7 Quasi-bidirectional port input equivalent circuit
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Table 5-2 Port 1 CPU control pin table

PORT1

Function

P1.0

T2 [TIMER COUNTER 2 EXTERNAL CLOCK]

P1.1

T2EX [TIMER COUNTER 2 EXTERNAL CONTROL]

Table 5-3 Port 1 pin table

PORT1 Accumulator bit
1 P1.0 ACC.0
2 P1.1 ACC.1
3| P12 ACC.2
4| P13 ACC.3
5 P1.4 ACC.4
6 P1.5 ACC.5
7 P1.6 ACC.6
8 P1.7 ACC.7
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5.4 Port 2

Port 2 can function as a quasi-bidirectional port capable of handling input and output of 8-bit
data in the circuit configuration outlined in Figure 5-8. It can also be used for output of
addresses 8 thru 15 in external ROM and external RAM (using DPTR) modes. When port 2
is used as a quasi-bidirectional port, it functions in much the same way as port 1. Note,
however, that the port 2 “1” data accelerator circuit operates for a period equivalent to four
XTAL1-2 oscillator clocks.

Output of addresses 8 thru 15 obtained from port 2 is activated by the circuit outlined in Figure
5-9. When the address output data is “1”, the “1” data accelerator circuit is activated during
output of the data, resulting in a higher driving capacity.

To change port 2 from a quasi-bidirectional input port to a high impedance input port, “1” is
set in bit 2 (P2HZ) of the 1/0 control register IOCON 0F8H). The output driver circuit is thus
disconnected from the port pin and the port becomes a high impedance input port. The signal
levels applied to high impedance input ports are normal “0” and “1” level signals. The pins
cannot be used in open status.

When port outputs are floated in CPU power down mode (PD, HPD), the port 2 pins may be
either open, or undefined within the —0.5 to Vcc+0.5V range. The port 2 pin table is given in
Table 5-4.

INTERNAL
BUS

Vcc

PC/DATA
PC8-15 ﬂ‘;@o—| p1 [Pz [P
RA8-15

(DPH) V

g
ﬁ

MODIFY ——

w

wp2—1td Q@ I[N

CONTROL

Figure 5-8 Port 2 internal equivalent circuit
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PC/DATAj%H El
PC8~15

RA8~15
(DPH)

G

® PORT 2

Figure 5-9 Port 2 address output equivalent circuit for external memory

Table 5-4 Port 2 pin table

PORT2 Accumulator bit Address
1| P20 ACC.0 PC -8
2| P21 ACC.1 PC -9
3| P22 ACC.2 PG -10
4| P23 ACC.3 PG 11
5/ P24 ACC.4 PG 12
6| P25 ACC.5 PG 13
7| P26 ACC.6 PG 14
8| P27 ACC.7 PG -15
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5.5Port 3

Port 3 can function as a quasi-bidirectional port capable of handling input and output of 8-bit
datainthe circuit configuration outlined in Figure 5-10, and can also be used as a CPU control
pin.

When port 3is used as a quasi-bidirectional port, all functions are identical to those described
for port 1. And when used as a CPU control pin, the port is used after first setting “1” data in
the port latch. Note that if the port is used with “0” port latch data, the CPU control signal is
ANDed (logical product) with the port “0” data, resulting in the CPU control signal remaining
at “0” level.

To change port 3 from a quasi-bidirectional input port to a high impedance input port, “1” is
setin bit 3 (P3HZ) of the 1/O control register IOCON 0F8H). The output driver circuit is thus
disconnected from the port pin (floating pin status) and the port becomes a high impedance
input port. The signal levels applied to high impedance input ports are normal “0” and “1” level
signals. The pins cannot be used in open status.

When port outputs are floated in CPU power down mode (PD, HPD), normal “0” and “1” level
signals are applied to pins 2 thru 5 of port 3, and pins 0, 1, 6, and 7 may be either open, or
undefined within the —0.5 to Vcc+0.5V range. The CPU control function pins are listed in
Table 5-5, and the port 3 pin table is given in Table 5-6.

INTERNAL
BUS

CONTROL ‘

Vcc

@)
o

o
]
1
K

G

MODIFY ——

j g )D ® PORT 3
READ—— }ﬂ
L—D Q

DATAIN

WP3——03

DATA OUT

Figure 5-10 Port 3 internal equivalent circuit
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Table 5-5 Port 3 CPU control pin function table

PORT3 PORT 3 PIN ALTERNATE FUNCTION
P3.0 |RXD [SERIAL INPUT PORT]
P3.1 |TXD [SERIAL OUTPUT PORT]
P3.2 |INTO [EXTERNAL INTERRUPT 0]
P3.3 |INT1 [EXTERNAL INTERRUPT 1]
P3.4 |TO [TIMER/COUNTER 0 CLOCK]
b3 5 T1 [TIMER/COUNTER 1 CLOCK]
HPDI [HARD POWER DOWN INPUT]

P3.6 |WR [EXTERNAL DATA MEMORY WRITE STROBE]
P3.7 |RD [EXTERNAL DATA MEMORY READ STROBE]
Table 5-6 Port 3 pin table
PORT3 | Control Accumulator bit
1| P3.0 RXD ACC.0
2| P31 TXD ACC.1
3| P32 INTO ACC.2
4| P33 INT1 ACC.3
5| P34 TO ACC.4
6| P35 |T1/HDPI ACC.5
7| P36 WR ACC.6
8| P37 RD ACC.7
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5.6 Port0, 1, 2,and 3 Output and Floating Status Settings in CPU Power Down
Mode (PD, HPD)

The port 0, 1, 2, and 3 output status can be set to either data output or floating when
MSMB80C154S/MSM83C154S is in power down mode (PD, HPD).

To set these ports to output status in power down mode, bit 0 (ALF) of the I/O control register
(IOCONOF8H)isresetto “0” before PD or HPD mode is activated (see Figure 5-11). The CPU
is then stopped with the ports in data output status when power down mode is started.
And to set the ports to floating status in power down mode, “1” is set in bit O (ALF) of the I/
O control register IOCON 0OF8H) before PD or HPD mode is activated (see Figure 5-11). The
port output driver is disconnected from the port pins when power down mode is started.

If “1” output from port becomes a power supply factor in respect to the external circuits when
PD or HPD mode is activated in port data output mode, the PD or HPD mode should be
activated after the port data is reset to “0” by software. And in the reverse case, PD or HPD
mode is activated after the port data is set to “1”.

When port pins are in floating status during PD or HPD mode, the port pin status of all pins
except pins 2 thru 5 of port 3 may be either open or undefined in the —0.5 to Vcc+0.5V range.
This mode is used only in battery back-up of CPU data.
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MODIFY ———

PORT], 2, 3

Vcc

:\)D% [P2-10kQ — [ P3-100KQ
W PORT 0 l

o T

1o

7T

POWER DOWN
-
T T |

Ol
|

INTERNAL BUS

[IOCON OF8H]

Bit 7 6 5 4 3 2 1 0
Flag _ T32 | SERR | 1zC | P3HZ | P2HZ | P1HZ | ALF
Set . . . . .

Figure 5-11 Control circuit for ports 0, 1, 2, 3 by IOCON
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5.7 High Impedance Input Port Setting of Each Ouasi-bidirectional Port 1, 2,
and 3

Each of the quasi-bidirectional input ports 1, 2, and 3 can be set as high impedance input
ports.

This high impedance condition is achieved by setting “1” in bits 1 (P1HZ), 2 (P2HZ), and 3
(P3HZz) of the I/O control register IOCON OF8H) shown in Figure 5-11. Port 1 is setby P1HZ,
port 2 by P2HZ, and port 3 by P3HZ. When the each bit is set to “1”, the port output driver is
disconnected from the port pins, and the quasibidirectional input ports become high
impedance input ports.

After being changed to highimpedance input ports, the port latch data modify instructions and
the input instructions for external input signals can still be used.

Normal “0” and “1” level signals must be applied to high impedance input ports. The pins
cannot be used in open status.

5.8 100 kohm Pull-Up Resistance Setting for Quasi-bidirectional Input Ports 1,
2,and 3

Another of the MSM80C154S/MSM83C154S functions disconnects the 10 kQ pull-up
resistance from the power supply Vcc in the parallel connection of 10/100 kQ pull-up
resistances to the quasi-bidirectional input ports.

In normal operations, the 10 kQ pull-up resistance is disconnected from the VVcc power supply
when the level of the signal applied to the quasi-bidirectional input port is changed from “1”
to “0”, thereby reducing the external liL current because of the remaining only the 100 kQ pull-
up resistance.

When the level of the signal applied to the port is then changed from “0” to “1”, the 10 kQ
resistance is reconnected to Vcc, and the port is pulled up by the 10 and 100 kQ resistances
connected in parallel. The resultant pull-up resistance is about 9 kQ and the effect of random
“0” noise is suppressed. But where an external device with low driving capacity is used to
apply a “0” level signal to a quasi-bidirectional input port, the driving current may not be
enoughto change the portlevel to “0”. To overcome this problem, the CPU has been designed
to disconnect the 10 kQ pull-up resistance from the power supply leaving only the 100 kQ
resistance. This enables devices with low driving capacity to drive the quasi-bidirectional
input ports.

The pull-up resistance for all quasi-bidirectional input ports 1, 2, and 3 can be set to 100 kQ
by setting “1” in bit 4 (1ZC) of the 1/O control register (IOCON 0F8H) shown in Figure 5-11 to
disconnect the 10 kQ resistance from Vcc.
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5.9 Precautions When Driving External Transistors by Ouasi-bidirectional
Port Output Signals

The following points must be carefully considered when quasi-bidirectional ports are used to
drive a transistor by the circuit shown in Figure 5-12.

Even though the CPU output in this circuit is at “1” level, the port output pin level may be
clamped by the base-emitter voltage VBE (0.7V) of an external NPN transistor, resulting in a
pin level of “0".

[
Vcc } — Vcc
10kQ 100kQ }
[
\ — OUT
P \
I
A
CPU"1"OUT | VBE=0.7V
S~
s

Figure 5-12 NPN transistor direct connection circuit

When the pin level is dropped to “0”, the CPU disconnects the 10 kQ pull-up resistance from
the power supply, leaving only the 100 kQ pull-up resistance connected. Since the base
current IB of an external NPN transistor is supplied via the 100 kQ resistance, the transistor
collector current Ic may be reduced to a level insufficient for driving purposes.

To resolve this problem, diode can be inserted between the transistor base and CPU pin as
indicated in Figure 5-13 to achieve a pin level of “1” by level shift. or by using a PNP transistor
as indicated in Figure 5-14 where the external transistor is driven by a “0” level port output,
this problem is solved.
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|
Vcc } — Vcc
10kQ 100kQ }
|
[ +— OUT
P \
B
CPU""OUT |
a

Figure 5-13 Drive circuit for NPN transistor by level shifter

} Vce
CPU "0" OUT | ;
|

i

Figure 5-14 PNP transistor direct connection drive circuit

a
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5.10 Port Output Timing

1) One machine cycle instruction output timing

M1

<1525« S3« 545« S6S e S2x

xras o [T UHUYUUUUrguuuu

M1

i« S3 >« S4»>ieSE»« SO>S ] »ie—

1M CYCLE OP

ALE !
0
W-PORT
1
PORT-OUT 0

PORT OLD DATA

PORT NEW DATA

INC data address
DEC data address
MOV data address, A
ORL data address, A
ANL data address, A

XRL data address, A

XCH A, data address

CPL bit address

CLR bit address

SETB bit address

Figure 5-15 One machine cycle instruction port output time chart
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2) Two machine cycle instruction output timing

M2 M1

<S> S2+* S35 S A+ S5« 56+« S S2-+ 53«54« S5« S6HSre

U UL UL UL U Tt i

XTAL1

ALE

o r O R
5

2M CYCLE OP

W-PORT

1
PORT-OUT 0 PORT OLD DATA PORT NEW DATA

MOV data address, # data MOV data address 1, data address 2
ORL data address, # data MOV bit address, C

ANL data address, # data

XRL data address, # data

JBC bit address, code address

POP data address

MOV data address, @Rr

MOV data address, Rr

Figure 5-16 Two machine cycle instruction port output time chart
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5.11 Port Data Manipulating Instructions

The MSM80C154S/MSM83C154S port operation instructions for ports 0, 1, 2, and 3 are
divided into two groups-one where external signals applied to the port pin are used according
to the instruction to be used, and the other where port latch data uneffected by the external
signals is used. Instructions which use port latch data are listed below.

INC data address

DEC data address

ORL data address, # data
ANL data address, # data

XRL data address, # data
ORL data address, A

ANL data address, A

XRL data address, A

CPL bit address

JBC bit address, code address
DJNZ data address, code address
PUSH data address
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6. ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Ratings

Parameter Symbol Conditions Rating Unit
Supply voltage \/ele} Ta=25°C -0.5~7 \%
Input voltage Vi Ta=25°C —-0.5~Vcc+0.5 \%
Storage

Tstg — -55~+150 °C
temperature

6.2 Operational Ranges

Parameter Symbol Conditions Rating Unit
Supply voltage Vce See below 2.0~6 \%
Memory hold fi =0Hz

Y Vee ose =7 2-6 v
voltage (Oscillation stop)
Oscillation .
fosc See below 1~24*1 MHz
frequency
External clock
. fEXTCLK See below 0~24 MHz
operating frequency
Ambient .
Ta — —40~+85"2 °C
temperature

*1 Dpends on the specifications for the oscillator or ceramic resonator.
The MSM85C154HVS is guaranteed for operation at frequencies of up to 22 MHz.
*2 The MSM85C154HVS is guaranteed for operation at ordinary temperatures.

12 1
4 3
3 |
tey fosc
(us) : fexToLk
2 ; \ 6 (MHz)
11 12
N
T ‘\
06 20
05F-T--fp-- 24
222 3 4 5 6
Supply Voltage Vcc (V)
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6.3 DC Characteristics 1

(Vcc=4.0to 6.0V,Vss=0V, Ta=—40°C to +85°C)

ELECTRICAL CHARACTERISTICS

. . | Measuring
Parameter Symbol Conditions Min Typ Max Unit .
Circuit
Input Low Voltage ViL — -0.5 — | 0.2vce | V
-0.1
Input High Voltage VIH |Except XTAL1, EA | 0.2Vcc | — | Vcc+05| V
and RESET +0.9
Input High Voltage VIH1 | XTAL1 and EA” 0.7Vcc | — | Vcc+05 | V
RESET
Output Low Voltage VoL |loL=1.6mA — — 0.45 \%
[PORT 1, 2,3]
Output Low Voltage VoL1 |loL=3.2mA — — 0.45 \% 1
[PORT 0, ALE, PSEN]
IOH=—60pA 2.4 — — Y,
Output High Voltage VoH
[PORT 1, 2,3] IoH=—30pA 0.75Vcc | — — \Y,
IoH=—10pA 0.9vcc | — — \%
IoH=—400pA 24 — — \%
Output High Voltage VoH1 |Vcec=5V+10%
[PORT 0, ALE, PSEN] [oH=—150pA 0.75Vcc | — — \%
loH=—40pA 0.9vcc | — — \%
Logical O Input Current/| li/loH | VI=0.45V/V0=0.45V -5 — -80 HA
logical 1 Output Current
[PORT 1, 2,3]
Logical 1to 0 2
Transition Current It | VI=2.0V — — -500 LA
[PORT 1, 2,3]
Input Leakage Current Iu | Vss<VikVcc — — +10 HA 3
[PORT 0 loating, EA]
RESET Pull-down RRsT — 20 40 125 kQ 2
Resistor
Pin Capacitance Cio |Ta=25°C, f=1MHz — — 10 pF —
[except XTAL1]
Power Down Current IPD — — 1 50 HA 4
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Maximum Power Supply Current
Normal Operation Icc (mA)

Vce 4v 5V 6V
Freq.
1MHz 2.2 3.1 41
3MHz 3.7 5.2 7.0
12MHz 12.0 16.0 20.0
16MHz 16.0 20.0 25.0
20MHz 19.0 25.0 30.0
Vcc 4.5V 5V 6V
Freq.
24MHz 25.0 29.0 35.0

Maximum Power Supply Current
Idle Mode Icc (mA)

Vce 4v 5V 6V
Freq.
1MHz 0.8 1.2 1.6
3MHz 1.2 1.7 23
12MHz 3.1 4.4 5.9
16MHz 3.8 5.5 7.3
20MHz 4.5 6.4 8.6
Vcc 4.5V 5V 6V
Freq.
24MHz 6.4 7.4 9.8
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ELECTRICAL CHARACTERISTICS

(Vo=2.2 10 4.0 V, Vsg=0 V, Ta=-40 to +85°C)

Meas-
Parameter Symbol Condition Min. Typ. Max. Unit | uring
circuit
Input Low Voltage Vi — -0.5 — 10.25Vge-0.1| V
Input High Voltage vy | DOPUTALLER 09 Ve05 |V
. +U. —_— .
p g g H and RESET e cct
Input High Voltage Vin1 |XTAL1, RESET, and EA| 0.6 Vcc+0.6 | — Vo+0.5 v
Output Low Voltage
V lor=10 pA — — A v
(PORT 1, 2, 3) o =TTk 0
Output Low Voltage
— V loL=20 pA — — A v
(PORT 0, ALE, PSEN) oL oL=ct i 0 1
Output High Voltage . L
Output High Voltage VoH lor==5 pA 0.75 Vee T v
(PORT 1, 2, 3)
- v lon=—20 uA 0.75V — — v
(PORT 0, ALE, PSEN) o oH=—20 1. ce
Logical 0 Input Current/ V=01V
Logical 1 Output Current/  |l;./ IoH — -5 — -40 uA
(PORT1,2,3) Vo=0.1V )
Logical 1 to 0 Transition
| Vi=19V — — - A
Output Current (PORT 1,2,3)| - ' 00| u
Input Leakage Current | Vee< Vi<V 10 A 3
N < < — - +
(PORT 0 floating, EA) . ss< s e #
RESET Pull-down Resistance | Rrst — 20 40 125 kQ 2
Pin Capacitance G | a2oC I MHz 10 F
P 01 (except XTAL1) P
Power Down Current Ipp — — 1 10 uA 4

Maximum power supply current normal operation Igc (mA)

Maximum power supply current idle mode Igc (MA)

Vce 22V | 3.0V | 40V
Freq
1 MHz 0.9 1.4 2.2
3 MHz 1.8 2.4 43
12 MHz — 8.0 12.0
16 MHz — — 16.0
Vce 22V | 3.0V | 4.0V
Freq
1 MHz 0.3 0.5 0.8
3 MHz 05 0.8 1.2
12 MHz — 2.0 341
16 MHz — — 3.8
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Measuring circuits

1 2
\V/olo) Note 2 Note 1 \V/elo)
o»l 1= 5 k5
ViH Note| |D a - a
s = o =
viLco—s{ 3 |1 |Z ) z )
L (@] o]
Vss Vss
3 4
| Vee Note 2 | Vee
O e o o =
ViH Note| |D z ViH Note| |D z
e = e =
viiLo—s 3 | 1|2 2> 0 e viiLo—s 3 | 1|2 2>
L (@] — o]
Vss Vss
L L1 L

Note 1 : Repeated for specified input pins.
2 : Repeated for specified output pins.
3 : Input logic for specified status.
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6.4 External Program Memory Access AC Characteristics

Vee=2.2 10 6.0V, Vgs=0V, Ta=—40°C to +85°C
PORT 0, ALE, and PSEN connected with 100pF load, other connected with 80pF load

Variable clock from"™1
Parameter Symble 1 to 24 MHz Unit
Min. Max.

XTAL1, XTAL 2 Oscillation Cycle toLoL 41.7 1000 ns
ALE Signal Width fLHLL 2toLoL-40 — ns
Address Setup Time - HtoLoL-15 . ns
(to ALE Falling Edge)
Address Hold Time iy toLcL-35 . ns
(from ALE Falling Edge)
Instruction Data Read Time sl . 416,100 ns
(from ALE Falling Edge)
From ALE Falling Edge to PSEN - fteLcL-30 o s
Falling Edge
PSEN Signal Width tpLPH 3toLoL-35 — ns
Instruction Data Read Time
(from PSEN Falling Edge) teLIv - Staigl=43 e
Instruction Data Hold Time
(from PSEN Rising Edge) teax 0 - s
Bus Floating Time after Instruction
Data Read (from PSEN Rising Edge) texiz o TtoLcL-20 ns
Instruction Data Read Time fay . 5toLcL-105 ns
(from Address Output)
Bus Floating Time(PSEN Rising

tazeL 0 — ns
Edge from Address float)
Address Output Time from PSEN toay ftoLcL-20 o s
Rising Edge

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

PSEN

PORT O

PORT 2

External program memory read cycle

tLHLL

tAVLL

tLLPL

\J

tPLPH

A

A

tLLIV

\J

tPLIV

A

J

A

AO~A7

tAVIV

tLLAX | tAZPL | tPXIX

A

tPXAV

y
A

tPXIZ

INSTR IN

\J

A8~A15

A8~A15 AO~A7
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6.5 External Data Memory Access AC Characteristics

VCC=2.2 to 6.0V, VSS=0V, Ta=—40°C to +85°C
PORT 0, ALE, and PSEN connected with 100pF load, other connected with 80pF load

Variable clock from*1

Parameter Symbol 1 to 24 MHz Unit
Min. Max.

XTAL1, XTAL2 Oscillator Cycle toLoL 45.5 1000 ns
ALE Signal Width fLHLL 2toLoL-40 — ns
Address Setup Time - ItoLoL-15 . ns
(to ALE Falling Edge)
Address Hold Time i 1toLcL-35 . ns
(from ALE Falling Edge)
RD Signal Width tRLRL 6tcLoL-100 — ns
WR Signal Width twLwH 6tcLoL-100 — ns
RAM Data Read Time
(from RD Signal Falling Edge) tRLOv - Stotel-105 ns
RAM Data Read Hold Time
(from RD Signal Rising Edge) tRHDX 0 B ns
Data Bus Floating Time
(from RD Signal Rising Edge) tRHozZ - 2lore70 ns
RAM Data Read Time
(from ALE Signal Falling Edge) fuiov - StoLc-100 ns
RAM Data Read Time tayoy . Ot L-105 ns
(from Address Output)
RD/WR Output Time from ALE L 3toLcL-40 3to oL +40 s
Falling Edge 2 3toLel-100
RD/WR Output Time from Address _— toy,-70 B s
Output
WR Output Time from Data Output | tquwx 1toLcL-40 — ns
Time from Data to WR Rising Edge | taywh TtoLcL-105 — ns
Data Hﬁ Time fhox PtgLL-50 . s
(from WR Rising Edge)
Time from to Address Float RD

tRLAZ 0 — ns
Output
Time from RD/WR Rising Edge to - oL, 30 1toLoL+40 oS
ALE Rising Edge "2 1tcLoL+100

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

*2 For 2.2<Vece<4 V

223



MSM80C154/83C154/85C154

External data memory read cycle

tLHLL tWHLH [«
ALE

PSEN 4/—\—/

tLLDV
tLLWL tRLRH

tRHDZ
tAVLL | tLLAX | tRLDV | tRHDX

tAZRL r
INSTR AO-A7 AO~-AT7 AO-AT
PORTO |\ PCL RrorDPL> DATA'N> PCL
tAVWL
tAVDV

PORT2  pCcH >< A8~A15 PCH P2.0~P2.7 DATA or A8~A15 PCH ><A8~A15 PCH

External data memory write cycle

tLHLL tWHLH ]
ALE

PSEN 4/—\—/

tLLWL tWLWH
WR
tLLAX | tQuwWH
tAVLL | | tWHQX
tQVWX
INSTR AO~A7 AO~A7 AO~AT7
PORTO | PCL RrorDPL DATA IN PCL
LAVWL
PORT 2 é%‘HAB >< A8~A15 PCH P2.0~P2.7 DATA or A8~A15 PCH ><A8~A15 PCH
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6.6 Serial Port (I/O Extension Mode) AC Characteristics

Vce=2.2 t0.0V, Vss=0V, Ta=—40°C to 85°C

Parameter Symbol Min Max Unit
Serial Port Clock Cycle Time tXLXL 12tCLCL — ns
Output Data Setup to Clock Rising Edge tQVXH 10tCLCL-133 — ns
Output Data Hold After Clock Rising Edge tXHQX 2tCLCL-75 — ns
Input Data Hold After Clock Rising Edge tXHDX 0 — ns
Clock Rising Edge to Input Data Valid tXHDV — 10tCLCL-133 | ns
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V1va 1LNdNI

v1va Lndino

| ] MD010 1dIHS

v

| | 310AD INIHOVI
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6.7 AC Characteristics Measuring Conditions

1. Input/output signal

VOH VOH
VIH VIH

TEST POINT
ViIL ViL

VoL VoL

* The input signals in AC test mode are either VoH (logic “1”) orVoL (logic “0”).
Timing measurements are made atVIH (logic “1”) and VIL (10gic “0”).

2. Floating
L Floating N
VOH VOH
VIH VIH
ViL ViL
VoL VoL

* The port O floating interval is measured from the time the port O pin Voltage drops below
VIH after sinking to GND at 2.4mA when switching to floating status from a “1” output, and
from the time the port O pin Voltage exceeds VIL after connecting to a 400pA source when
switching to floating status from a “0” output.
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6.8 XTAL1 External Clock Input Waveform Conditions

Parameter Symbol Min Max Unit
Oscillator Freq. 1tCLCL 0 24 MHz
High Time tCHCX 15 — ns
Low Time tCLCX 15 — ns
Rise Time tCLCH — 5 ns
Fall Time tCHCL — 5 ns
ffffffffff Vce-0.5

EXTERMINAL 0.7vce

OSCILLATOR che O%V%C‘O-l 0.45V

SIGNAL tCHCX tCLCH

tCHCL
tCLCL

EXTERMINAL NC —— XTAL2

OSCILLATOR XTAL1

SIGNAL
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7. DESCRIPTION OF INSTRUCTIONS

7.1 Outline

DESCRIPTION OF INSTRUCTIONS

MSM80C154S/MSM83C154S is a microcontroller designed for parallel processing in an
8-bit ALU. The instructions consist of 8-bit units of data, and are available as 1-word 1 -
machine, 2-machine, and 4-machine cycle instructions as well as 2-word 1-machine
and 2-machine cycle instructions and 3-word 2-machine cycle instructions. There is a
total of 112 instructions classified into the following groups.

1)
)
®3)
(4)
®)
(6)
()
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

Arithmetic and logic instructions

Accumulator operation instructions
Increment & decrement instructions

Logical operation instructions

Immediate data setting instructions

Carry flag operation instructions
Bit transfer instructions

Bit manipulaton instructions
Data transfer instructions
Constant value instructions
Data exchange instructions
Subroutine instructions

Jump instructions

Branching instructions

External data memory instructions
Other instruction
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(15)
(7)
(9)

(18)
()
(7)
®)
3)

(11)
)
(4)
(6)
(4)

(13)
(4)
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7.2 Description of Instruction Symbols

The instruction symbols have the following meanings.

A

AB
AC

B

C
DPTR
PC

Rr

SP
AND

bit address
code address
data

relative offset
direct address

Accumulator

Register pair

Auxiliary carry

Arithmetic operation register

Carry (the bit 7 carry represented by CY is changed to C in Chapter 7.)
Data pointer

Program counter

Register representation (r=0/1, or r=0 thru 7)

Stack pointer

Logical AND

Logical OR

Exclusive OR

Addition

Subtraction

Multiplication

Division

Representation of the contents of X

Representation of the contents addressed by contents of X
Symbol denoting immediate data

Symbol denoting indirect address

Equal sign

Not equal

Substitution

Substitution

Negation (upper bar)

Smaller than

Larger than

RAM or special function register bit designated address
Absolute address (Ao thru A1s, Ao thru A11)

Immediate data (lo thru I7)

Corrected relative jump address value

RAM or special function register data designated address (“direct
address” representation changed to “data address” during
detailed description of instructions)
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7.3 List of Instructions
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Note that “data address” is represented as “direct address” in this description.

7.4 Simplified Description of Instructions

MSM80C154S/83C154S/85C154HVS
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Other instruction

oge T+(0d)~(Od)| 1T T |0 00OO0OOOUO OO O dON
2
T€E WYY TYNE3ILX3 (W)~ ((HL1da) | ¢ T |00 0O0TT T T|V'dLdd® XAON| 8
(&]
=}
zee TJI0 0=l WvY IVYNYILX3 W-(y)| ¢ T |4 T 0O0OTTTT vV 4® XAOW| 2
gee AVY TYNYTLXT (Hida)-(w)| ¢ T |00 0O0O0T T T|dLdd® 'V XAON| 2
=
vee TJI0 0=l WvY IVYNYILX3 - 2 T |4 T 0O0O0OTTT 1O ‘v XAOW m
L
0d TA 2d €A +A SA 94 /A uones
abed uonduosaq 319AD | alkg JIUOWBUIA

3p0oo uononasuy|

-yisse|D

245



MSM80C154S/83C154S/85C154HVS

7.5 Detailed Description of MSM80C154S/MSM83C154S Instructions

Note: “direct address” is represented as “data address” in this detailed description.

1. ACALL code address (Absolute call within 2K bytes page)

Instruction code

Call address

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

:|A10 A As 1 0 0 0 0 |Byte1

|
7 0
| A7 As A5 A4 | A3 A2 A1 Ao | Byte 2

. (PC) — (PC)+2

(SP) ~(SP)+1
((SP)) —~ (PCo-~7)
(SP) ~(SP)+1
((SP)) — (PCs~15)
(PCo0~10) — A0-~10

12
12

C AC FO RS1 RSO OV F1 P

: This instruction stores the program counter value (return

address) in the stack following an increment operation.

The program counter data PCo-~10 following PC+2 is replaced
by 11-bit page address data Ao~10. The destination address for
this instruction must always be within the 2K byte page, but if
the instruction is placed at address X7FEH or X7FFH, execution
proceeds from the call address on the next page.
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2. ADD A, #data (Add immediate data)

Instruction code

#data

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ADD A, #07H

Instruction code

0

:| 0 0 1 0 0 1 0 0 |Byte1

7 0
| 17 le I5 14 | 13 I2 11 lo |Byte2
1 (A) « (A)+#data

12
01

C AC FO RS1 RSO OV F1 P

. An 8-bit immediate data value is added to the accumulator. The

result is placed in the accumulator, and the flags are updated.

7 0

:]/0 01 0010 0| Bytel
| . |

7 0
00000111 Byte2
| . |

Before execution After execution
Accumulator Accumulator
|0110|0010| |0110|1001
7 0 7 0
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3. ADD A, @Rr (Add indirect address)

7 0
Instruction code :| 0 0 1 0 | 0 1 1 r | Bytel
Operation D (A) = (A)+(Rn) r=00r1
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
(PSW) (-1-1 [ [ [-7 [}
Description : The data memory location contents addressed by the register r

contents are added to the accumulator. The result is placed in
the accumulator, and the flags are updated.
Example ADD A, @RO

7 0
Instruction code :|O 01 OIO 11 0| Byte 1
Before execution After execution

Accumulator Accumulator
|0100|1101| |1011|0110|
7 0 7

Register 0 Register 0
|0101|1100| |0101|1100|
7 0 7

5CH 5CH
|0110|1001| |0110|1001|
7 0 7 0
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4. ADD A, Rr (Add register)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ADD A, R6

Instruction code

7 0

:| 0 0 1 0 1 rz2 rL ro | Bytel

* (A) « (A)+(Rr) r=0thru 7
01
01

C AC FO RS1 RSO OV F1 P

: The register r contents are added to the accumulator. The result

is placed in the accumulator, and the flags are updated.

7 0

:|0 01 Oll 11 O| Byte 1

Before execution After execution
Accumulator Accumulator
|0101|0100| |1011|0001|
7 0 7 0
Register 6 Register 6
|0101|1101| |0101|1101|
7 0 7 0
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5. ADD A, data address (Add memory)

7 0
Instruction code :| o 0o 1 o0 0 1 0 1 |Byte1
7 0
Data address | a7z a6 a a4 a3 a a1 ao | Byte 2
Operation . (A) « (A)+(data address)
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
PSW) (- t-r P [-7 [-]
Description : The specified data address contents are added to the

accumulator. The result is placed in the accumulator, and the
flags are updated.
Example ADD A, P1

7 0
Instruction code :|0 01 OIO 10 1| Byte 1
7 0

1001000 0|Byte?2
| . |

Before execution After execution
Accumulator Accumulator
01110010/ (00111000
7 0 7 0
Port 1(90H) Port 1(90H)
11000110/ (1100011 0]
7 0 7 0
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6. ADDC A, #data (Add carry plus immediate data to accumulator)

Instruction code

#data

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ADDC A, #76H

Instruction code

: The carry flag is added to the accumulator, and an 8-bit

7
| 0 0 1 1 | 0 1 0 0 | Byte 1
7 0
| 17 le I5 14 13 I2 11 lo | Byte 2
: (A) « (A)+(C)+#data

12
01

C AC FO RS1 RSO OV F1 P

immediate data is added to that result. The result is placed in
the accumulator, and the flags are updated.

7 0

:|0 01 1|0 10 0| Byte 1

7 0
|o 111011 o| Byte 2

Before execution After execution
Accumulator Accumulator
01011001 (11010000
7 0 7 0
Carry flag Carry flag
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7. ADDC A, @Rr (Add carry plus indirect address to accumulator)

7 0
Instruction code :| 0 0 1 1 | 0 1 1 r | Byte 1
Operation T (A) « (A)+HC)+H(Rr) r=00r1
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
(PSw) (- 1-r P f-7 [-]
Description : The carry flag is added to the accumulator, and the contents of

data memory location addressed by the register r contents are
added to the accumulator. The result is placed in the
accumulator, and the flags are updated.

Example ADDC A, @RO

7 0
:|O 01 lIO 11 O| Byte 1

Instruction code

Before execution
Accumulator

After execution
Accumulator

|1101|0101|

|0101|0000|

7 0 7

Register 0 Register 0
|0110|1011| |0110|1011|
7 0 7

6BH 6BH
|0111|1011| |0111|1011|
7 0 7

Carry flag Carry flag

1
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8. ADD A, Rr (Add carry plus register to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ADDC A, R2

Instruction code

7 0

0 0 1 1 | 1 r r1 ro | Bytel

: (A) « (A)+(C)+(Rr) r=0thru7
01
01

C AC FO RS1 RSO OV F1 P

: The carry flag is added to the accumulator,and the register r

contents are added to the result. The result is placed in the
accumulator, and the flags are updated.

7 0

:|O 01 1|1 01 O| Byte 1

Before execution After execution
Accumulator Accumulator
01101000/ (1101011 1]
7 0 7 0
Register 2 Register 2
|0110|1110| |0110|1110|
7 0 7 0
Carry flag Carry flag

1
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9. ADDC A, data address (Add carry plus memory to accumulator)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ADDC A, 45H

Instruction code

7 0
o 0o 1 1,0 1 0 1 |Bye1
7 0

|a7 as a5 a4 a3 a2 al a0|Byte2

. (A) « (A)+(C)+(data address)
2
01

C AC FO RS1 RSO OV F1 P

: The carry flag is added to the accumulator,and the specified

data address contents are added to that result. The result is
placed in the accumulator, and the flags are updated.

7 0

0011010 1|Bytel
| . |

7 0
|o 100010 1| Byte 2

Before execution After execution
Accumulator Accumulator
|0011|0011| |1001|0010|
7 0 7 0
45H 45H
|0101|1110| |0101|1110|
7 0 7 0
Carry flag Carry flag
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10. AJMP code address (Absolute jump within 2K byte page)

Instruction code

Call address

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

:|A10 Ao As O 0 0 0 1 |Byte1

7 0
| A7 As A5 A4 | A3 A2 A1 Ao | Byte 2
1 (PC) ~(PC)+2
(PCo~10) — A0~10

12
12

C AC FO RS1 RSO OV F1 P

. After an increment ,the program counter PCo-~10 is replaced by

11-bit page address data Ao~10. The destination address for
this instruction must always be within the 2K byte page, but if
the instruction is placed at address X7FEH or X7FFH, execution
proceeds from the jump address on the next page.
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11. ANL A, #data (Logical AND immediate data to accumulator)

0

Instruction code :| 0 1 0 1 | 0 1 0 0 |Byte1

7 0
#data | 17 le Is l4 | I3 12 I1 lo |Byte2
Operation . (A) — (A) AND #data
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
s [ N B
Description : The logical AND between an 8-bit immediate data value and the

accumulator contents is determined. The result is placed in the
accumulator and the flag is updated.
Example ANL A, #0AH

7 0
Instruction code :|O 10 1|0 10 0| Byte 1
7 0

|0 00 Oll 01 0| Byte 2

Before execution After execution
Accumulator Accumulator
|1011|1101| |0000|1000
7 0 7 0
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12. ANL A, @Rr (Logical AND indirect address to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ANL A, @RO

Instruction code

7

0 1 0 1 |

0 1 1 r |Byte1

01
01

: (A) < (A) AND ((Rr)) r=
C AC FO RSl

Oorl

RSO OV F1 P

: The logical AND betwe

en the accumulator contents and the

data memory location contents addressed by the register r
contents is determined. The result is placed in the accumulator

and the flag is updated

7 0

:|0101|0110|

Before execution
Accumulator

Byte 1

After execution
Accumulator

|1010|1110|

1010101 0

7 0 7 0
Register O Register O
|0101|1000| |0101|1000|
7 0 7 0
RAM 58H RAM 58H
|1111|1010| |1111|1010|
7 0 7 0
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13. ANL A, Rr (Logical AND register to accumulator)

7 0
Instruction code 1 0 1 0 1 | 1 r rn ro | Bytel
Operation : (A) = (A) AND (Rr) r=0thru 7
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw (T T 1 [ [T 1]
Description : The logical AND between the accumulator contents and the

register r contents is determined. The result is placed in the
accumulator and the flag is updated.
Example ANL A, R5

7 0
Instruction code :|0 10 1|1 10 1| Byte 1
Before execution After execution
Accumulator Accumulator
|1101|1011| |0101|0001|
7 0 7 0
Register 5 Register 5
|0101|0101| |0101|0101|
7 0 7 0
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14. ANL A, data address (Logical AND memory to accumulator)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ANL A, P1

Instruction code

7 0

:|o 1 0 1,0 1 o 1|Byte1

7 0
|a7 a6 as a4 a3 a2 a1 a0|Byte2

. (A) = (A) AND (data address)
12
01

C AC FO RS1 RSO OV F1 P

: The logical AND between the accumulator contents and the

specified data address contents is determined. The result is
placed in the accumulator and the flag is updated.

7 0

:|0 10 1|0 10 1| Byte 1

7 0
|1 00 1|0 00 O| Byte 2

Before execution After execution
Accumulator Accumulator
11100101 [10100101]
7 0 7 0
Port 1 Port 1
|1010|1111| |1010|1111|
7 0 7 0
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15. ANL C, bit address (Logical AND bit to carry flag)

0
Instruction code :| 1 0 0 0 | 0 0 1 0 |Byte1
7 0
Bit address | b7 be bs b4 | b3 b2 b1 bo | Byte 2
Operation : (C) « (C) AND (bit address)
Number of bytes 12
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
psw (T T T T 1T 1]
Description : The logical AND between the carry flag and the specified bit
address contents is determined. The result is placed in the carry
flag.
Example ANL C, ACC.5
7 0
Instruction code :|1 00 OIO 01 0| Byte 1
7 0

1110010 1|Byte2
| . |

Before execution After execution
Carry flag Carry flag
Accumulator Accumulator

|10@1ﬂ010||10@g1010
7 5 0 7 5 0
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16. ANL C,/bit address (Logical AND complement bit to carry flag)

Instruction code

Bit address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ANL C,/P1.3

Instruction code

0

:| 1 0 1 1 0 0 0 0 |Bytel

7 0
|b7 be bs ba b3 b2 b1 bo|ByteZ

: (C) < (C) AND (bit address)
12
12

C AC FO RS1 RSO OV F1 P

: The logical AND between the carry flag and the complement of

specified bit address contents is determined. The result is
placed in the carry flag.

7 0

:|1 01 1|0 00 0| Byte 1

7 0
|1o 01,001 1|Byte2

Before execution After execution
Carry flag Carry flag

Port 1 Port 1
|0000IE’11010| |0000|[’11010
7 3 0 7 3 0
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17. ANL data address, #data (Logical AND immediate data to memory)

Instruction code

Data address

#data

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ANL DPH, #0AAH

Instruction code

0

:| 0 1 0 1 0 0 1 1 |Byte1

7 0
|a7 as a5 a4 a3 a2 a1 ao|ByteZ

7 0
|I7 le Is 14 I3 12 I1 lo |Byte3

: (data address) — (data address) AND #data
03
12

C AC FO RS1 RSO OV F1 P

: The logical AND between an 8-bit immediate data value and the

specified data address contents is determined. The result is
placed in the specified data address.

7 0

(/0 101001 1|Bytel
| . |

7 0
10000011 Byte2
| . |

7 0
10101010|Byte3
| . |

Before execution After execution
DPH DPH
|1111|1111| |1010|1010
7 0 7 0
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18. ANL data address, A (Logical AND accumulator to memory)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ANL TCON, A

Instruction code

0

:| 0 1 0 1 0 0 1 0 |Byte1

7 0

|a7 a6 a5 a4 a3 a a a0|Byte2

: (data address) — (data address) AND (A)
12
01

C AC FO RS1 RSO OV F1 P

: The logical AND between the accumulator and the specified

data address contents is determined. The result is placed in the
specified data address.

7 0

:|O 10 1|0 01 0| Byte 1

7 0
|1 00 Oll 00 O| Byte 2

Before execution After execution
Accumulator Accumulator
01011010/ (0101101 0]
7 0 7 0
TCON TCON
1011201201 [0001,000 0]
7 0 7 0
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19. CINE @Rr, #data, code address
(Compare indirect address to immediate data, jump if not equal)

Instruction code

#data

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

0

:| 1 0 1 1 0 1 1 r |Bytel

7 0
| 17 I Is l4 | I3 12 I1 lo |Byte2

7 0

|R7 Reé Rs R4|R3 R2 R1 R0|ByteS

1 (PC) -~ (PC)+3

IF ((Rr))##data r=0or 1
THEN

(PC) — (PC)+relative offset
IF ((Rr))<#data r=0 or 1
THEN

C)-1

ELSE

(©)-0

03
12

C AC FO RS1 RSO OV F1 P

: The data memory location contents addressed by the register r

contents are compared with an immediate data value. Control is
shifted to a relative jump address if the compared data is not
equal. If the compared data is equal, control is shifted to the
next address following this instruction. The carry flag is set to 1
if the immediate data value is greater than the specified address
contents, but is set to 0 if otherwise.
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Example CJNE @R1, #05H, TEST

LOC OBJ SOURCE
ooB4 2155 TEST:AJMP TEST1
0118 B70599 COMP:CINE @R1, #05H, TEST
011B 020500 OUT:LIJMP OUT1
7 0
Instruction code :|1 011 | 011 1| Byte 1
7 0

|O 00 OIO 10 1| Byte 2

7 0
11001,100 1|Bytes3

Before execution After execution
Register 1 Register 1
0011010 1] 0011010 1]
7 0 7
35H 35H
|0010|1011| |0010|1011|
7 0 7
Carry flag Carry flag
Program counter Program counter
OOOO|0001|0001|1000| |0000|0000|1011|01OO
15 8 7 0 15 8 7
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20. CINE A, #data, code address
(Compare immediate data to accumulator, jump if not equal)

Instruction code

#data

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

0

:|1 0o 1 1 0 1 0 O|Bytel

7 0
| 17 le I 14 I3 12 I1 lo |Byte2

7 0

|R7 Re Rs5 R4|R3 R2 R1 Ro|Byte3

: (PC) - (PC)+3

IF (A)##data

THEN

(PC) — (PC)+relative offset
IF (A)<#data

THEN

(C)-1

ELSE

(©)-0

03
12

C AC FO RS1 RSO OV F1 P

: The accumulator contents are compared with an immediate

data value, and control is shifted to a relative jump address if

the compared data is not equal. If the compared data is equal,
control is shifted to the next address following this instruction.
The carry flag is set to 1 if the immediate data value is greater
than the accumulator contents, but is set to O if otherwise.
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Example CJNE A, #0AH, SS1

LoC OBJ SOURCE
0064 FF SS1:MOV R7, A
oocs B40599 COMP:CJNE A, #0AH, SS1
oocB 0D INCR:INC R5
7 0
Instruction code :|1 011010 O| Byte 1
7 0

|0 00 Oll 01 0| Byte 2

7 0
|1 001100 1| Byte 3

Before execution After execution
Accumulator Accumulator
|0101|0000| |0101|0000
7 0 7 0
Carry flag Carry flag
Program counter Program counter
0000|0000|1100|1000| |0000|0000|0110|0100
15 8 7 0 15 8 7 0
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21. CINE A, data address, code address
(Compare memory to accumulator, jump if not equal)

0
Instruction code :| 1 0 1 1 | 0 1 0 1 |Byte1
7 0
Data address | a7z a6 a5 a4 a3 a2 a1 ao | Byte 2
7 0
Relative offset | R7 Re Rs R4 | R3 R2 Ri1 Ro | Byte 3
Operations : (PC)~(PC)+3
IF (A)#(data address)
THEN
(PC) — (PC)+relative offset
IF (A)<(data address)
THEN
©)-1
ELSE
(©)-0
Number of bytes 03
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
(PSw) (- T
Description : The accumulator contents are compared with the specified data

address contents, and control is shifted to a relative jump
address if the compared data is not equal. If the compared data
is equal, control is shifted to the next address following this
instruction. The carry flag is set to 1 if the specified data
address contents are greater than the accumulator contents,
but is set to O if otherwise.
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Example CJNE A, 50H, NEXT

LOC
10DC
10DF

1123

Instruction code

Program counter

OBJ SOURCE
B55044 COMP:CINE A, 50H, NEXT
120100 CAL:LCALL TEST
14 NEXT:DEC A
7 0

:|1 01 1|O 10 1| Byte 1

7 0
0101000O0|Byte2
| . |

7 0
0100010 0|Byte3
| . |

Before execution After execution
50H 50H
|0101|1110| |0101|1110|
7 0 7

Accumulator Accumulator
|0010|0110| |0010|0110|
7 0 7

Carry flag Carry flag

Program counter

0001|0000|1101|1100| |0001|0001|0010|0011

15

8 7 0 15 8 7
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22. CINE Rr, #data, code address
(Compare immediate data to register, jump if not equal)

Instruction code

#data

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

:|1 0 1 1 1 r2 r ro|Byte1

| 17 I Is l4 | I3 12 I1 lo |Byte2

|R7 Reé Rs R4|R3 R2 R1 R0|ByteS

1 (PC) ~(PC)+3

IF ((Rr))##data r=0 thru 7
THEN
(PC) — (PC)+relative offset
IF ((Rr))<#data r=0 thru 7
THEN
C)-1
ELSE
(©)-0

03
12

C AC FO RS1 RSO OV F1 P

: The register r contents are compared with an immediate data

value, and control is shifted to a relative jump address if the
compared data is not equal. If the compared data is equal,
control is shifted to the next address following this instruction.
The carry flag is set to 1 if the immediate data value is greater
than the register r contents, but is set to 0 if otherwise.
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Example CJNE R4, #32H, COUNT

LoC OBJ SOURCE
0473 oC COUNT:INC R4
0482 BC32EE COMP:CJINE R4, #32H, COUNT
7 0
Instruction code :|1 01 1|1 10 O| Byte 1
7 0

0011001 0]|Byte2
| . |

7 0
|1 11 Oll 11 O| Byte 3

Before execution After execution

Register 4 Register 4
|0000|0001| |0000|0001
7 0 7 0

Carry flag Carry flag

Program counter Program counter

0000|0100|1000|0010| |0000|0100|0111|0011
15 8 7 0 15 8 7 0
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23. CLR A (Clear accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example CLR A

Instruction code

1 1 1 0,0 1 0 o |Byer

C AC FO RS1 RSO OV F1 P

: The accumulator is cleared to 0 and flag is updated.

7 0

:|l 11 OIO 10 0| Byte 1

Before execution After execution
Accumulator Accumulator
|1011|0101| |0000|0000
7 0 7 0
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24. CLR C (Clear carry flag)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example CLRC

Instruction code

DESCRIPTION OF INSTRUCTIONS

7 0
:| 1 1 0 0,0 0 1 1 |Bytel
(C)~0

C AC FO RS1 RSO OV F1 P

: The carry flag is cleared to 0.

7 0

111 00,001 1|Bytel
| . |

Before execution After execution

Carry flag Carry flag

o]
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25. CLR bit address (Clear bit)

7 0
Instruction code :| 1 1 0 0 | 0 0 1 0 |Byte1
7 0
Bit address | b7 bs bs ba | b3 b2 b1 bo | Byte 2
Operation . (bit address) 0
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
Psw N B R
Description : The specified bit address content is cleared to 0.
Example CLR P1.5
7 0
Instruction code :|1 00 OIO 01 0| Byte 1
7 0

1110010 1|Byte2
| . |

Before execution After execution
Port 1 Port 1
hl@%lllq hl@lﬂlll
7 5 0 7 5 0
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DESCRIPTION OF INSTRUCTIONS

26. CPL A (Complement accumulator)

7 0
Instruction code :| 1 1 1 1 | 0 1 0 0 | Bytel
Operation S (A) < (A)
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
PSw) LT
Description : Accumulator data O is setto 1 and 1 is set to 0.
Example CPL A
7 0
Instruction code :|1 11 1|0 10 0| Byte 1
Before execution After execution
Accumulator Accumulator
|1101|0101| |0010|1010
7 0 7 0
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27. CPL C (Complement carry flag)

7 0
Instruction code :| 1 0 1 1 | 0 0 1 1 | Bytel
Operation : (C)~(C)
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
Psw CT T T T T 1]
Description : The carry flag is setto 1 if 0, set to O if 1.
Example CPLC

7 0
Instruction code :|1 01 1|0 01 1| Byte 1

Before execution After execution
Carry flag Carry flag
Carry flag Carry flag
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28. CPL bit address (Complement bit)

Instruction code

Bit address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example CLR B.7

Instruction code

DESCRIPTION OF INSTRUCTIONS

0
|1 0 1 1|0 0 1 O|Bytel
7 0

bs b2 b1 bo|Byte2

C AC FO RS1

: (bit address) — (bit address)
12
01

RSO OV F1 P

7 0

1011001 0

7 0
|1111|0111|

Before execution

: The specified bit address content is set to 1 if 0, and set to O if 1.

Byte 1

Byte 2

After execution

B register B register
|[O]101|0111| |E’11101|0111
7 0 7 0
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29. DA A (Decimal adjust accumulator)

Instruction code

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

:|11010100|3yte1

: 109+6 — (AC)=1 or 10°>10

101+6

©) 1 } ~(C)=1or 101>10

C AC FO RS1 RSO OV F1 P

: The arithmetic operation result located in the accumulator

following an addition between two 2-digit decimal number is
converted to a normal decimal number. When the contents of
accumulator bits 0 thru 3 (100 digit) are greater than 9, or when
the auxiliary carry (AC) is 1, 6 is added to accumulator bits O
thru 3. And if the contents of accumulator bits 4 thru 7 (101 digit)
exceed 9, or if the result obtained by adding a carry from the
lower order digits after compensation is greater than 9, or if the
carry flag is 1, 6 is added to the data in accumulator bits 4 thru
7. The flags are also updated.
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Example DA A

Instruction code

7 0

Before execution
Accumulator

DESCRIPTION OF INSTRUCTIONS

:|1 101010 o| Byte 1

After execution
Accumulator

|1011|0101|

0001010 1]

7 0
C AC
Before execution
Accumulator

7 0

C AC
o]
After execution
Accumulator

|0011|0001|

|1001|0111|

7 0
C AC

Before execution
Accumulator

7 0
C AC

After execution
Accumulator

|1001|1100|

|0000|0010|

7 0

o] [o]
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30. DEC @Rr (Decrement indirect address)

7 0
Instruction code 1 0 0 0 1 | 0 1 1 r | Bytel
Operation ((Rn))<(Rn)-1 r=0or1
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw I O
Description : The contents of the data memory location addressed by the

register r contents are decremented by 1.

Example DEC @RO

7 0
Instruction code :|0 00 1|0 11 0| Byte 1
Before execution After execution
Register 0 Register 0
|0110|1010| |0110|1010|
7 0 7 0
6AH 6AH
|1001|0000| |1000|1111|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

31. DEC A (Decrement accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example DEC A

Instruction code

7 0
:| 0 0 0 1,0 1 0 0 |Byel
S (A) < (A)-1

01
01

: The accumulator contents are decremented by 1, and the flag is

C AC FO RS1 RSO OV F1 P

updated.

7 0

:]/0 001010 0| Bytel
| . |

Before execution After execution
Accumulator Accumulator
|1010|1000| |1010|0111
7 0 7 0
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32. DEC Rr (Decrement register)

7 0
Instruction code :| 0 0 0 1 | 1 r r1 ro | Bytel
Operation : (Rr)«(Rr)-1 r=0thru 7
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
PSw) LT
Description : The register r contents are decremented by 1.
Example DEC R7
7 0
Instruction code :|0 00 1|1 11 1| Byte 1
Before execution After execution
Register 7 Register 7
|1000|0000| |0111|1111
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

33. DEC data address (Decrement memory)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example DEC 5AH

Instruction code

7 0
o o 0o 1,0 1 0 1 |Byel
7 0

|a7 as a5 a4 a3 a2 ai a0|Byte2

: (data address) — (data address)—1
12
01

C AC FO RS1 RSO OV F1 P

: The specified data address contents are decremented by 1.

7 0

:|0 00 1|0 10 1| Byte 1

7 0
|o 101101 o| Byte 2

Before execution After execution
5AH 5AH
|1111|1111| |1111|1110
7 0 7 0
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34. DIV AB (Divide accumulator by B)

Instruction code

Operation

Number of bytes
Number of cycles
Flags

(PSW)

Description

Example DIV AB(OAEH+7H=18

Instruction code

7 0

:| 1 0 0 0 0 1 0 0 | Bytel
: (A) quotient — (A)/(B)

(B) remainder

01
4

C AC FO RS1 RSO OV F1 P

: The accumulator contents are devided by the contents of

arithmetic operation register (B). The two data values are
handled as integers without sign. The quotient is placed in the
accumulator, and the remainder in the arithmetic operation
register (B). The carry flag is always cleared, and the overflow
flag (OV) is set to 1 if division by 0 is executed. This flag is
cleared in all other cases. If division by 0 is executed, the
accumulator and arithmetic operation register (B) contents
remain unchanged.

---------- remainder 6H)

7 0

({1 000,010 0| Bytel
| . |

Before execution After execution
Accumulator Accumulator
|1010|1110| |0001|1000|
7 0 7 0
B register B register
|0000|0111| |0000|0110|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

35. DINZ Rr, code address (Decrement register, and jump if not zero)

Instruction code

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

0

:| 1 1 0 1 1 rz2 ri ro |Byte1

7 0

|R7 Re Rs R4|R3 R2 R1 R0|Byte2

: (PC) — (PC)+2

(Rr) < (Rr)-1 r=0 thru 7
IF (Rr)20

THEN

(PC) —~ (PC)+relative offset

12
12

C AC FO RS1 RSO OV F1 P

: The register r contents are decremented by 1. Control is shifted

to a relative jump address if the register r contents are not 0 as
a result of the decrement. Control is shifted to the next address
following this instruction if the result is O.
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Example DJNZ R1, LOOP

LOC OBJ SOURCE
O00FE 2F LOOP:ADD A, R7
010B D9F1 COUNT:DJNZ R1, LOOP
7 0
Instruction code : | 1101 | 100 l| Byte 1
7 0

1111000 1|Byte2
| . |

Before execution After execution
Register 1 Register 1
0000100 0] 00000111
7 0 7 0
Program counter Program counter
0000|0001|0000|1011| |OOOOIOOOO|1111I1110|
15 8 7 0 15 8 7 0
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DESCRIPTION OF INSTRUCTIONS

36. DIJNZ data address, code address (Decrement memory, and jump if not zero)

Instruction code

Data address

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

0

:| 1 1 0 1 0 1 0 1 |Bytel

7 0
|a7 a a5 a4 a3 a ai ao|Byte2

7 0

|R7 Reé Rs R4|R3 R2 R1 R0|ByteS

1 (PC) ~(PC)+3

(data address) — (data address)—1
IF (data address)#0

THEN

(PC) — (PC)+relative offset

03
12

C AC FO RS1 RSO OV F1 P

: The specified data address contents are decremented by 1.

Control is shifted to a relative jump address if data address
contents are not 0 as a result of the decrement. Control is
shifted to the next address following this instruction if the result
is 0.
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Example DJNZ 57H, LOOP 1

LOC OBJ SOURCE
1033 A957 LOOP 1:MOV R1, 57H
1095 D5579B COUNT:DJNZ 57H, LOOP 1
7 0
Instruction code : | 1101 | 010 1| Byte 1
7 0

|0 10 lIO 11 l|ByteZ

7 0
|1001|101 1|Byte3

Before execution After execution
57H 57H
|0110|1011| |0110|1010|
7 0 7 0

Program counter Program counter
0001|0000|1001|0101| |0001|0000|0011|0011|
15 8 7 0 15 8 7 0
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DESCRIPTION OF INSTRUCTIONS

37. INC @Rr (Increment indirect address)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example INC @R1

Instruction code

7 0

0 0 0 0 | 0 1 1 r | Bytel

S (RN)<((Rr)+1 r=0o0r1
01
01

C AC FO RS1 RSO OV F1 P

: The contents of the data memory location addressed by the

register r contents are incremented by 1.

7 0

:|0 00 OIO 11 1| Byte 1

Before execution After execution
Register 1 Register 1
|0110|0101| |0110|0101|
7 0 7 0
65H 65H
|0000|1111| |0001|0000|
7 0 7 0
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38. INC A (Increment accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example INCA

Instruction code

: The accumulator contents are incremented by 1, and the flag is

7
: | 0 0 0 0 | 0 1 0 0 | Bytel
D (A) <~ (A)+1

01
01

C AC FO RS1 RSO OV F1 P

updated.

7 0

{0 000,010 0| Bytel
| . |

Before execution After execution
Accumulator Accumulator
|1011|0111| |1011|1000
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

39. INC DPTR (Increment data pointer)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example INC DPTR

Instruction code

7 0
:| 1 0 1 0,0 0 1 1
- (DPTR) — (DPTR)+1

01
12

C AC FO RS1 RSO OV F1 P

: 16-bit contents od the data pointer (DPH-DPL) are incremented

by 1.

7 0

/11010001 1|Bytel
| . |

Before execution

DPH DPL

|0110|1000|1111|1111|

15 8 7 0
After execution

DPH DPL

|0110|1001|0000|0000|

15 8 7 0
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40. INC Rr (Increment register)

7 0
Instruction code :| 0 0 0 0 | 1 r r1 ro | Bytel
Operation : (Rr) «(Rn)+1 r=0thru 7
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
PSw) LT
Description : The register r contents are incremented by 1.
Example INC R5
7 0
Instruction code :|0 00 Oll 10 1| Byte 1
Before execution After execution
Register 5 Register 5
|1011|1111| |1100|0000
7 0 7 0

292



DESCRIPTION OF INSTRUCTIONS

41. INC data address (Increment memory)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example INC P1

Instruction code

Data address

7 0
o o 0o 0,0 1 0 1 |Bye1
7 0

|a7 as a5 a4 a3 a2 ai a0|Byte2

: (data address) — (data address)+1
12
01

C AC FO RS1 RSO OV F1 P

: The specified data address contents are incremented by 1.

7 0

:|0 00 OIO 10 1| Byte 1

7 0

/12001000 O Byte2
| . |

Before execution After execution
Port 1 Port 1
|0000|1111| |0001|0000
7 0 7 0
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42. JB bit address, code address (Jump if bit is set)

7 0
Instruction code : | 0 0 1 0 | 0 0 0 0 | Byte 1
7 0
Bit address | b7 bs bs bsa | b3 b2 b1 bo | Byte 2
7 0
Relative offset | R7 Re Rs R4 | R3 R2 R1 Ro | Byte 3
Operations : (PC)~(PC)+3
IF (bit address)=1
THEN
(PC) — (PC)+relative offset
Number of bytes 03
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
PSW) LT
Description : Control is shifted to a relative jump address if the specified bit

address content is 1.
Control is shifted to the next address following this instruction if
the content is 0.
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DESCRIPTION OF INSTRUCTIONS

Example JB 34.3, ENTER

LOC OBJ SOURCE
0903 20134A BITTS:JB 34.3, ENTER
0950 ACAO ENTER:MOV R4, 0ACOH
7 0
Instruction code :|0 01 OIO 00 O| Byte 1
7 0

|0 00 1|0 01 1| Byte 2

7 0
|o 100101 o| Byte 3

Before execution After execution
34 34
0100100 0 0100100 0
7 3 0 7 3 0
Program counter Program counter
0000|1001|0000|0011| |0000|1001|0101|0000|
15 8 7 0 15 8 7 0
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43. JBC bit address, code address (Jump and clear if bit is set)

7 0
Instruction code :| 0 0 0 1 | 0 0 0 0 |Bytel
7 0
Bit address | b7 bs bs bsa | b3 b2 b1 bo | Byte 2
7 0
Relative offset | R7 Re Rs R4 | R3 R2 Ri1 Ro | Byte 3
Operations : (PC) ~(PC)+3
IF (bit address)=1
THEN
(bit address) 0

(PC) — (PC)+relative offset

Number of bytes 03

Number of cycles 12

Flags : C AC FO RS1 RSO OV F1 P

s [T I T T T 111
Description : Control is shifted to a relative jump address if the specified bit

address content is 1, and that bit is cleared to 0.
Control is shifted to the next address following this instruction if
the content is 0.
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DESCRIPTION OF INSTRUCTIONS

Example JBC 46.1, COUNT 4

LOC OBJ SOURCE
ooDC c281 COUNT 4:CLR 128.1
0136 1071A3 BTEST:JBC46.1, COUNT 4
7 0
Instruction code :|0 00 1|0 00 O| Byte 1
7 0

|0 11 1|0 00 1| Byte 2

7 0
|101q001ﬂ3m3

Before execution After execution
46 46
110101010 110101000
7 10 7 10
Program counter Program counter
0000|0001|0011|0110| |0000|0000|1101|1100|
15 8 7 0 15 8 7 0

297



MSM80C154S/83C154S/85C154HVS

44. JC code address (Jump if carry is set)

7 0
Instruction code : | 0 1 0 0 | 0 0 0 0 | Byte 1
7 0
Relative offset | R7 Re Rs R4 | R3 R2 Ri1 Ro | Byte 2
Operations : (PC) <~ (PC)+2
IF (C)=1
THEN
(PC) — (PC)+relative offset
Number of bytes 12
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
PSW) LT
Description : Control is shifted to a relative jump address if the carry flag is 1.

Control is shifted to the next address following this instruction if
the content is 0.
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DESCRIPTION OF INSTRUCTIONS

Example JC CARRY

LOC OBJ SOURCE
16DC 7110 CHECK:ACALL ADDR
16DE 4015 JMPC:JC CARRY
16F5 07 CARRY:INC @R1
7 0
Instruction code :|0 10 OIO 00 0| Byte 1
7 0

0001010 1|Byte2
| . |

Before execution After execution
Carry flag Carry flag
1
Program counter Program counter
0001|0110|1101|1110| |0001|0110|1111|0101
15 8 7 0 15 8 7 0
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45. JMP @A + DPTR (Jump to sum of accumulator and data pointer)

7 0
Instruction code :| 0 1 1 1 | 0 0 1 1 |Byte1
Operation . (PC) — (A)+(DPTR)
Number of bytes 01
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
s [ R
Description : The accumulator contents are added to the data pointer con-

tents, and the resulting sum is placed in the program counter.

Example JMP @A+DPTR

7 0
Instruction code :|0 11 1|0 01 1| Byte 1
Before execution After execution

Accumulator Accumulator

|1011|0110| |1011|0110|

7 0 7 0
DPH DPL DPH DPL
|0010|1000|1100|1110| |0010|1000|1100|1110|
15 8 7 0 15 8 7 0
Program counter Program counter
|0001|0010|0010|1011| |0010|1001|1000|0100|
15 8 7 0 15 8 7 0
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DESCRIPTION OF INSTRUCTIONS

46. JNB bit address, code address (Jump if bit is not set)

Instruction code

Bit address

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

:|o o 1 1 0 0 0 0|Byte1

7 0
|b7 be bs ba b3 b2 b1 b0|Byte2

7 0

|R7 Re Rs R4|R3 R2 R1 Ro|Byte3

1 (PC)~(PC)+3

IF (bit address)=0
THEN
(PC) — (PC)+relative offset

03
12

C AC FO RS1 RSO OV F1 P

: Control is shifted to a relative jump address if the specified bit

address content is 0, but shifted to the next address following
this instruction if the content is 1.
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Example JNB 37.3, EXIT

LOC OBJ SOURCE
0835 302B22 TEST:INB 37.3, EXIT
085A E6 EXIT:MOV A, @R0O
7 0
Instruction code :|O 01 1|0 00 0| Byte 1
7 0

|0010|101 l|ByteZ

7 0
|OO 1 OIOO 1 0|Byte3

Before execution After execution
37 37
0011011 1] 0011/011 1]
7 3 0 7 3 0
Program counter Program counter
0000|1000|0011|0101| |0000|1000|0101|1010|
15 8 7 0 15 8 7 0
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DESCRIPTION OF INSTRUCTIONS

47. JNC code address (Jump if carry is not set)

Instruction code

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

Jo 1 0o 1,0 0 0 o |Bye1

7 0
| R7 Re Rs Ra | R3 R2 R1 Ro | Byte 2
: (PC)~(PC)+2
IF (C)=0
THEN
(PC) — (PC)+relative offset

12
12

C AC FO RS1 RSO OV F1 P

: Control is shifted to a relative jump address if the carry flag is 0.

Control is shifted to the next address following this instruction if
the content is 1.
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Example JNC EXIT

LOC OBJ SOURCE
0835 5022 TEST:INC EXIT
0859 85E0F0 EXIT:MOV B, ACC
7 0
Instruction code :|0 10 1|O 00 0| Byte 1
7 0

00100010|Byte2
| . |

Before execution After execution
Carry flag Carry flag

Program counter Program counter

OOOOI1000|0011|0101| |OOOO|1000|0101|1001

15 8 7 0 15 8 7
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DESCRIPTION OF INSTRUCTIONS

48. JNZ code address (Jump if accumulator is not 0)

Instruction code

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

Jo 1 1 1,0 0 0 o|Byel1

7 0
| R7 Re Rs5 R4 | R3 R2 Ri1 Ro | Byte 2
: (PC) ~(PC)+2
IF (A)£0
THEN
(PC) — (PC)+relative offset

12
12

C AC FO RS1 RSO OV F1 P

: Control is shifted to a relative jump address if the accumulator

contents are not 0. Control is shifted to the next address
following this instruction if the contents are 0.
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Example JNZ TEST

LOC OBJ SOURCE
00FC 7030 CHECK:JNZ TEST
012E FB TEST:MOV R3, A
7 0
Instruction code :|0 11 1|0 00 0| Byte 1
7 0

00110000|Byte2
| . |

Before execution After execution
Accumulator Accumulator
|0101|1101| |0101|1101|
7 0 7 0
Program counter Program counter
0000|0000|1111|1100| |OOOO|0001|0010|1110|
15 8 7 0 15 8 7 0
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DESCRIPTION OF INSTRUCTIONS

49. JZ code address (Jump if accumulator is not 0)

Instruction code

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

Jo 1 1 0,0 0 0 o|Byel1

7 0
| R7 Re Rs5 R4 | R3 R2 Ri1 Ro | Byte 2
: (PC) ~(PC)+2
IF (A)=0
THEN
(PC) — (PC)+relative offset

12
12

C AC FO RS1 RSO OV F1 P

: Control is shifted to a relative jump address if the accumulator

contents are 0. Control is shifted to the next address following
this instruction if the contents are not 0.
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Example JZ EMPTY

LOC OBJ SOURCE
0099 04 EMPTY:INC A
00CA 60CD CHECK:JZ EMPTY
7 0
Instruction code :|0 11 OIO 00 0| Byte 1
7 0

1100110 1| Byte2
| . |

Before execution After execution
Accumulator Accumulator
|0000|0000| |0000|0000|
7 0 7 0
Program counter Program counter
0000|0000|1100|1010| |OOOO|OOOO|1001I1001|
15 8 7 0 15 8 7 0
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DESCRIPTION OF INSTRUCTIONS

50. LCALL code address (Long call)

Instruction code

Call address

Call address

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

:| 0 0 0 1 0 0 1 0 |Byte1

7 0
|A15 A14 A13 A12|A11 A0 Ao As | Byte 2

7 0
|A7 As As A4|A3 A2 A1 A0|Byte3

. (PC) — (PC)+3

(SP) ~ (SP)+1
((SP)) ~ (PCo-~7)
(SP) « (SP)+1
((SP)) — (PCs~15)
(PCo-~15) — A0~15

03
12

C AC FO RS1 RSO OV F1 P

: The contents of the program counter (return address) are

pushed in the stack following an increment.

Call address Ao~15 specified by operand are placed in the
program counter PCo-~15.

This instruction is capable of call to anywhere within the entire
range of 64K words.
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51. LIJMP code address (Long jump)

7 0

Instruction code :| 0 0 0 0 | 0 0 1 0 |Byte1
7 0

Jump address | A5 A4 A3 A1z Al Ao A9 As | Byte 2
7 0

Jump address | A7 As As A4 | A3 A2 A1 Ao | Byte 3

Operation : (PCo~15) — A0~15

Number of bytes 03

Number of cycles 12

Flags . C AC FO RS1 RSO OV F1 P

s (T T T [T T 1]

Description : Jump address Ao-15 specified by operand are placed in the

program counter PCo-~15.
This instruction is capable of jump to anywhere within the entire
range of 64K words.
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DESCRIPTION OF INSTRUCTIONS

52. MOV @R, #data (Move immediate data to indirect address)

7 0
Instruction code :| 0 1 1 1 | 0 1 1 r | Byte 1
7 0
Data address | 7 16 15 la I3 l2 11 o |Byte2
Operation : ((Rr)) —#data r=0or 1
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
PSwW) NN
Description : An 8-bit immediate data value is copied to the data memory
location addressed by the register r contents.
Example MOV @R1, #0AAH
7 0
Instruction code :|0 11 1|0 11 1| Byte 1
7 0
|1 01 Oll 01 O| Byte 2
Before execution After execution
Register 1 Register 1
01101010/ (0110101 0]
7 0 7 0
6AH 6AH
|0111|0111| |1010|1010|
7 0 7 0
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53. MOV @Rr, A (Move accumulator to indirect address)

7 0
Instruction code o I 1 1 1 | 0 1 1 r | Bytel
Operation ((Rn))~(A) r=0o0r1
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw O O
Description : The accumulator contents are copied to the data memory

location addressed by the register r contents.

Example MOV @RO, A

7 0
Instruction code :|1 11 1|0 11 O| Byte 1
Before execution After execution

Register 0 Register 0
|0110|1100| |0110|1100|
7 0 7

6CH 6CH
|1011|1011| |0101|0101|
7 0 7 0
Accumulator Accumulator
|0101|0101| |0101|0101|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

54. MOV @Rr, data address (Move memory to indirect address)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOV @RO, OEOH

Instruction code

7 0
| 0 1 0 | 0 1 1 r | Byte 1
7 0

|a7 a6 as a4 a3 a2 a1 ao|Byte2

. ((Rr)) — (data address) r=0or 1
12
12

C AC FO RS1 RSO OV F1 P

: The specified data address contents are copied to the data

memory location addressed by the register r contents.

7 0

:|l 01 OIO 11 O| Byte 1

7 0
|1 110000 o| Byte 2

Before execution After execution
Accumulator Accumulator
|0101|0111| |0101|0111|
7 0 7 0
Register 0 Register 0
|0111|0010| |0111|0010|
7 0 7 0
72H 72H
|0011|1100| |0101|0111|
7 0 7 0
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55. MOV A, #data (Move immediate data to accumulator)

7 0
Instruction code :| 0 1 1 1 | 0 1 0 0 |Byte1
7 0
#data | 17 le Is l4 | I3 I2 I1 lo |Byte2
Operation : (A) < #data
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw [ N B
Description : An 8-bit immediate data is copied to the accumulator, and the

flag is updated.

Example MOV A, #05H

7 0
Instruction code :|0 11 1|0 10 0| Byte 1
7 0

|0 00 OIO 10 1| Byte 2

Before execution After execution
Accumulator Accumulator
|0111|0111| |0000|0101
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

56. MOV A, @Rr (Move indirect address to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOV A, @RO

Instruction code

7

1 1 1 0 |

0 1 1

-

Byte 1

(A)<((Rr)) r=00r1
01
01

C AC FO RS1

RSO OV F1 P

: The data memory location contents addressed by the register r

contents are copied to the accumulator, and the flag is updated.

7 0

1110011 0

Before execution

Byte 1

After execution

Register 0 Register 0
|0111|0010| |0111|0010|
7 0 7 0
72H 72H
|1011|0111| |1011|0111|
7 0 7 0

Accumulator

Accumulator

|0100|1100|

|1011|0111|

7 0
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57. MOV A, Rr (Move register to accumulator)

7 0
Instruction code 1 1 1 0 | 1 rz rn ro | Bytel
Operation : (A) ~(Rr) r=0thru7
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
(PSW) T
Description : The register r contents are copied to the accumulator, and the

flag is updated.

Example MOV A, R6

7 0
Instruction code :|1 11 Oll 11 O| Byte 1
Before execution After execution
Register 6 Register 6
|1010|0101| |1010|0101|
7 0 7 0
Accumulator Accumulator
|0000|1011| |1010|0101|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

58. MOV A, data address (Move memory to accumulator)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOV A, P1

Instruction code

7 0

:| 1 1 1 0 0 1 0 1 |Bytel

7 0
| a7z a a5 a4 a3 a a1 ao | Byte 2
. (A) — (data address)

12
01

C AC FO RS1 RSO OV F1 P

: The specified data address contents are copied to the accumu-

lator, and the flag is updated.

7 0

:|l 11 OIO 10 1| Byte 1

7 0
|1 00 1|0 00 O| Byte 2

Before execution After execution

Port 1 Port 1
|0110|0111| |0110|0111|
7 0 7 0
Accumulator Accumulator
01000010/ [01100111]
7 0 7 0
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59. MOV C, bit address (Move bit to carry flag)

Instruction code

Bit address
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example MOV C, P3.4

Instruction code

7 0

:| 1 0 1 0 0 0 1 0 |Byte1

7 0
b7 bs bs be bs bz bi bo|Byte2
: (C) « (bit address)

12
01

C AC FO RS1 RSO OV F1 P

: The specified bit address content is copied to the carry flag.

7 0

1201 000 10| Bytel
| . |

7 0
11011010 0|Byte2

Before execution After execution

Port 3 Port 3
looo0fo110/ (0000110
7 4 0 7 4 0
Carry flag Carry flag
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DESCRIPTION OF INSTRUCTIONS

60. MOV DPTR, #data (Move immediate data to data pointer)

Instruction code :| 1 0 0 1 | 0 0 0 0 |Byte1
7 0
#data | 15 114 I3 12 | 11 110 9 Is | Byte 2
7 0
#data | 17 le Is 14 | 13 I2 I1 lo |Byte3
Operation . (DPTR) — #data
(DPH) « I8~15
(DPL) ~lo~7
Number of bytes 03
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
(PSw) .
Description . A 16-bit immediate data value is copied to the data pointer
(DPH-DPL).
Example MOV DPTR, #0AF5H
7 0
Instruction code :|1 00 1|0 00 0| Byte 1
7 0
0000101 0|Byte2
7 0
|1 11 1|0 10 1|Byte3
Before execution After execution
DPH DPL DPH DPL
1111|0000|0000|1111| |0000|10101111|0101
15 8 7 0 15 8 7 0
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61. MOV Rr, #data (Move immediate data to register)

7 0
Instruction code :| 0 1 1 1 | 1 r2 ri ro |Byte1
7 0
#data | 17 le Is l4 | I3 12 11 lo |Byte2
Operation . (Rr) ~#data r=0 thru 7
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
Psw N B R
Description : An 8-bit immediate data value is copied to the register r.
Example MOV R5, #0AH
7 0
Instruction code :|0 11 1|1 10 1| Byte 1
7 0

00001010|Byte2
| . |

Before execution After execution
Register 5 Register 5
10101011 (00001010
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

62. MOV Rr, A (Move accumulator to register)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example MOV R1, A

Instruction code

7 0

1 1 1 1 | 1 rz r ro | Bytel

:(Rr)<(A) r=0thru7
01
01

C AC FO RS1 RSO OV F1 P

: The accumulator contents are copied to the register r.

7 0

11111100 1|Bytel
| . |

Before execution After execution
Register 1 Register 1
|0111|1110| |1001|1001|
7 0 7 0
Accumulator Accumulator
10011001 (1001100 1]
7 0 7 0
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63. MOV Rr, data address (Move memory to register)

0
Instruction code :| 1 0 1 0 | 1 r2 ri ro |Byte1
7 0
Data address |a7 a as a4 a3 a ar  ao | Byte 2
Operation : (Rr) — (data address) r=0 thru 7
Number of bytes 12
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
(PSw) LT
Description : The specified data address contents are copied to the register r.
Example MOV RO, 5AH
7 0
Instruction code :|1 01 O|1 00 0| Byte 1
7 0
|0 10 1|1 01 0| Byte 2
Before execution After execution
Register 0 Register 0
|0111|1011| |1010|1010|
7 0 7 0
5AH 5AH
10101010/ (1010101 0]
7 0 7 0

322



DESCRIPTION OF INSTRUCTIONS

64. MOV bit address, C (Move carry flag to bit)

Instruction code

Bit address
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example MOV P1.4,C

Instruction code

7 0

:| 1 0 0 1 0 0 1 0 |Byte1

7 0
b7 bs bs be bs bz bi bo|Byte2
: (bit address) — (C)

12
12

C AC FO RS1 RSO OV F1 P

: The carry flag content is copied to the specified bit address.

7 0

1200 1 00 10| Bytel
| . |

7 0
1001010 0| Byte2
| . |

Before execution After execution

Port 1 Port 1
1111111 [1110/1111
7 4 0 7 4 0
Carry flag Carry flag
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65. MOV data address, #data (Move immediate data to memory)

7 0
Instruction code :| 0 1 1 1 | 0 1 0 1 |Byte1
7 0
Data address | a7z a6 a a4 a3 a2 a1 ao | Byte 2
7 0
#data | 17 le Is l4 | I3 I2 I1 lo |ByteS
Operation . (data address) — #data
Number of bytes 03
Number of cycles 12
Flags : C AC FO0O RS1 RSO OV F1 P
PSW) .
Description : An 8-bit immediate data value is copied to the specified data
address.
Example MOV TCON, #50H
7 0
Instruction code :|0 11 1|0 10 1| Byte 1
7 0
|1 00 O|l 00 O| Byte 2
7 0
|0 101000 0| Byte 3
Before execution After execution
TCON(88H) TCON(88H)
|0000|0000| |0101|0000
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

66. MOV data address, @Rr (Move indirect address to memory)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOV ACC, @R1

Instruction code

0

:| 1 0 0 0 0 1 1 r |Byte1

7 0
a3 a2 a1 ao | Byte 2

. (data address) — ((Rr)) r=Oor 1
12
12

C AC FO RS1 RSO OV F1 P

: The data memory location contents addressed by the register r

contents are copied to the specified data address.

7 0

:|1 00 OIO 11 1| Byte 1

7 0
|1 11000 OO|Byte2

Before execution After execution
Accumulator Accumulator
loooo00000/ [01101111]
7 0 7 0
Register 1 Register 1
|0010|0101| |0010|0101|
7 0 7 0
25H 25H
|0110|1111| |0110|1111|
7 0 7 0
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67. MOV data address, A (Move accumulator to memory)

7 0
Instruction code :| 1 1 1 1 | 0 1 0 1 | Byte 1
7 0
Data address | a7z a6 a a4 a3 a a1 ao | Byte 2
Operation : (data address) — (A)
Number of bytes 12
Number of cycles 01
Flags . C AC FO RS1 RSO OV F1 P
(PSW) N
Description : The accumulator contents are copied to the specified data
address.
Example MOV P3, A
7 0
Instruction code :|1 11 1|0 10 1| Byte 1
7 0
|1 01 1|0 00 O| Byte 2
Before execution After execution
Port 3 Port 3
|1111|1111| |1110|1100|
7 0 7 0
Accumulator Accumulator
|1110|1100| |1110|1100|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

68. MOV data address, Rr (Move register to memory)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example MOV 6BH, R2

Instruction code

0

:| 1 0 0 0 1 rz2 ri ro |Byte1

7 0
|a7 a6 a5 a4 , a3 a2 a1 a0|Byte2

: (data address) — (Rr) r=0thru 7
12
12

C AC FO RS1 RSO OV F1 P

: The register r contents are copied to the specified data address.

7 0

1200 0,1 01 0|Bytel
| . |

7 0
|0 11 Oll 01 1| Byte 2

Before execution After execution
6BH 6BH
|1011|0110| |0101|0101|
7 0 7 0
Register 2 Register 2
01010101 (0101010 1]
7 0 7 0
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69. MOV data address 1, data address 2 (Move memory to memory)

Instruction code

Data address 2

Data address 1
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOV ACC, P1

Instruction code

0

1 | Byte 1

0

| 2 2 2 2 2

a% af ag | Byte 2

a; ag a; a;  aj
7 0
1.1 1 1 1

| a7 a5 ag a; a3

1 .1 1
a, a; ag | Byte 3

: (data address 1) — (data address 2)
13
12

C AC FO RS1 RSO OV F1 P

: The source data address (data address 2) contents are copied

to the destination data address (data address 1).

7 0

7 0

1200 0,010 1|Bytel
| | |

1001000 0| Byte2
| . |

7 0

|1 11 OIO 00 0| Byte 3

Before execution

After execution

Port 1 Port 1
|1011|0100| |1011|0100|
7 0 7 0

Accumulator

Accumulator

|0111|1011|

|1011|0100|

7 0
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70. MOVC A, @A + DPTR

DESCRIPTION OF INSTRUCTIONS

(Move code memory offset from data pointer to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOVC A, @A+DPTR

Instruction code

7 0
1 0o 0o 1 0 0 1 1 |Byte1
- (A) < ((A)+(DPTRY))

o1
12

C AC FO RS1 RSO OV F1 P

: The data pointer contents are added to the accumulator con-

tents, and after temporary storage of the sum in the program
counter, the ROM data contents specified by the program
counter are stored in the accumulator. The program counter
contents are then restored to former contents, and the flag is
updated.

7 0

:|l 00 1|O 01 1| Byte 1

Before execution After execution
Accumulator Accumulator
|1111|0111| |0101|0101|
7 0 7 0
DPH DPL DPH DPL
0000|0001|0000|1001| |0000|0001|0000|1001|
15 8 7 0 15 8 7 0
0200H 0200H
|0101|0101| |0101|0101|
7 0 7 0
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71. MOVC A, @A +PC
(Move code memory offset from program counter to accumulator)

7 0
Instruction code 1 0 0 0 | 0 0 1 1 |Byte1
Operations : (PC) « (PC)+1

(A) - (A)+(PC))

Number of bytes 01
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
psw (T T T T [ TT1]
Description : The program counter contents following an increment are

added to the accumulator contents, and after temporary storage
of the sum in the program counter, the ROM data contents
specified by the program counter are stored in the accumulator.
The program counter contents are then restored to former
contents, and the flag is also updated.

Example MOVC A, @A+PC

7 0
Instruction code :|1 00 OIO 01 1| Byte 1
Before execution After execution
Accumulator Accumulator
111100000 11101110
7 0 7
Program counter Program counter
OOOO|0010|0010|0000| |0000|0010|0010|0001|
15 8 7 0 15 8 7
0301H 0301H
|1110|1110| |1110|1110|
7 0 7
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72. MOVX @DPTR, A

DESCRIPTION OF INSTRUCTIONS

(Move accumulator to external memory addressed by data pointer)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOVX @DPTR, A

Instruction code

7 0

1 1 1 1,0 0 0 0 |Bytel
: (DPTR)) —(A)
01
12

C AC FO RS1 RSO OV F1 P

: The accumulator contents are stored in external data memory
(RAM) addressed by the data pointer contents.

7 0
]1111,000 0|Bye1

Before execution After execution

DPH DPL DPH DPL

0110|0010|1100|1100| |0110|0010|1100|1100|

15 8 7 0 15 8 7 0
62CCH 62CCH
|1011|1000| |0000|0101|
7 0 7 0
Accumulator Accumulator
|0000|0101| |0000|0101|
7 0 7 0
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73. MOVX @Rr, A

(Move accumulator to external memory addressed by register)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOVX @RO, A

Instruction code

7

0

1 1 1 1 |

0 1 r | Byte 1

T ((RN)<(A) r=00r1
01
12

C AC FO RS1 RSO OV F1 P

: The accumulator contents are stored in external data memory

addressed by the register r contents.

7 0

Before execution

/1111001 0]Bye1

After execution

Register 0 Register 0
|1010|0000| |1010|0000|
7 0 7

0AOH O0AOH
loo110011] [1011,1101]
7 0 7

Accumulator

Accumulator

|1011|1101|

|1011|1101|

7 0
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74. MOVX A, @DPTR
(Move external memory addressed by data pointer to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

DESCRIPTION OF INSTRUCTIONS

7 0
1 1 1 0,0 0 0 © |Bytel
: (A)  (DPTR))

01
12

C AC FO RS1 RSO OV F1 P

: External data memory (RAM) contents addressed by the data

Example MOVX A, @DPTR

Instruction code

DPH

pointer are stored in the accumulator, and the flag is updated.

7 0

1211000 0 0| Bytel
| | |

15

Before execution After execution
Accumulator Accumulator
|1111|1111| |1011|1010|
7 0 7 0

DPL DPH DPL

0101|0111|1010|1111| |0101|0111|1010|1111|

8 7 0 15 8 7

57AFH 57AFH
|1011|1010| |1011|1010|
7 0 7 0
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75. MOVX A, @Rr (Move external memory addressed by register to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example MOVX A, @R1

Instruction code

7 0

:|1110001rByte1

S (A)~((Rr) r=00r1
01
12

C AC FO RS1 RSO OV F1 P

: External data memory (RAM) contents addressed by the

register r contents are stored in the accumulator, and the flag is
updated.

7 0

:|1 11 OIO 01 l| Byte 1

Before execution After execution
Accumulator Accumulator

|0111|1010| |0010|1000|

7 0 7

Register 1 Register 1
|1011|1110| |1011|1110|
7 0 7

OBEH OBEH
|0010|1000| |0010|1000|
7 0 7
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DESCRIPTION OF INSTRUCTIONS

76. MUL AB (Multiply accumulator by B)

Instruction code

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

: The accumulator contents are multiplied by the arithmetic

7
1 0 1 0 0 1 0

o

Byte 1

: (A)o~7 < (A) x (B)

(B)s~15

01
14

C AC FO RS1 RSO OV F1 P

operation register (B) contents. The operand is always handled
as an integer without sign. The lower order byte of the result is
placed in the accumulator, and the higher order byte is placed
in the arithmetic operation register (B). The carry flag is always
cleared. The overflow flag is set to 1 if the product is greater
than O0FFH, and to 0 in all other cases.

Example MUL AB(6AH x 15H=8B2H)

Instruction code

7 0

1201 0,010 0| Bytel
| | |

Before execution After execution

Accumulator Accumulator
|0110|1010| |1011|0010|
7 0 7 0
Register B Register B
|0001|0101| |0000|1000|
7 0 7 0
Overflow flag Overflow flag
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77. NOP (No operation)

7 0
Instruction code :| 0 0 0 0 | 0 0 0 0 | Bytel
Operation : (PC)~(PC)+1
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
Psw O B R
Description : The program counter is incremented by 1 without any other

change in the CPU. Control is shifted to the next instruction.

336



DESCRIPTION OF INSTRUCTIONS

78. ORL A, #data (Logical OR immediate data to accumulator)

Instruction code

#data

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ORL A, #5FH

Instruction code

: The logical OR between an 8-bit immediate data value and the

| 1 0 0 | 0 1 0 0 |Byte1
7 0
| 17 le I5 14 | 13 I2 11 lo |Byte2
: (A) — (A) OR #data

12
01

C AC FO RS1 RSO OV F1 P

accumulator contents is determined. The result is placed in the
accumulator and the flag is updated.

7 0

/01 00,010 0| Bytel
| . |

7 0
01011111|Byte2
| . |

Before execution After execution
Accumulator Accumulator
|1000|0100| |1101|1111
7 0 7 0
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79. ORL A, @Rr (Logical OR indirect address to accumulator)

7 0
Instruction code 1 0 1 0 0 | 0 1 1 r |Byte1
Operation :(A)«(A)OR ((Rr)) r=0o0r1
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
Psw (T [T 1 [T
Description : The logical OR between the accumulator contents and the data

memory location contents addressed by the register r contents
is determined. The result is placed in the accumulator and the

Example ORL A, @RO

Instruction code

flag is updated.

7 0

Before execution
Accumulator

:]01 000 110|Bytel
| . |

After execution
Accumulator

|0001|1000|

10111111
| . |

7 0 7

Register 0 Register 0
|0110|1101| |0110|1101|
7 0 7

6DH 6DH
|1010|0111| |1010|0111|
7 0 7
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DESCRIPTION OF INSTRUCTIONS

80. ORL A, Rr (Logical OR register to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ORL A, R5

Instruction code

7 0

0 1 0 0 | 1 r2 r1 ro | Bytel

: (A) = (A) OR (Rr) r=0thru?
01
01

C AC FO RS1 RSO OV F1 P

: The logical OR between the accumulator contents and the

register r contents is determined. The result is placed in the
accumulator and the flag is updated.

7 0

:|0 10 Oll 10 1| Byte 1

Before execution After execution

Accumulator Accumulator
|0000|0000| |0111|0101|
7 0 7 0
Register 5 Register 5
|0111|0101| |0111|0101|
7 0 7 0
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81. ORL A, data address (Logical OR memory to accumulator)

7 0
Instruction code :| c 1 0 o0 0 1 0 1 |Byte1
7 0
Data address | a7z a6 a a4 a3 a a1 ao | Byte 2
Operation : (A) < (A) OR (data address)
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw (T T 1 11T
Description : The logical OR between the accumulator contents and the

specified data address contents is determined. The result is
placed in the accumulator and the flag is updated.
Example ORL A, 33H

7 0
Instruction code :|0 10 OIO 10 1| Byte 1
7 0

0011001 1|Byte2
| . |

Before execution After execution
Accumulator Accumulator
|0101|1110| |1111|1111|
7 0 7 0
33H 33H
10100101 [10100101]
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

82. ORL C, bit address (Logical OR bit to carry flag)

7 0
Instruction code :| 0 1 1 1 | 0 0 1 0 |Byte1
7 0
Bit address | b7 bs bs bsa | b3 b2 b1 bo | Byte 2
Operation : (C) ~(C) OR (bit address)
Number of bytes 12
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
psw (T T T T T T 1]
Description : The logical OR between the carry flag and the specified bit
address content is determined. The result is placed in the carry
flag.
Example ORL C, ACC.6
7 0
Instruction code :|0 11 1|0 01 0| Byte 1
7 0

|1 110011 o|Bwe2

Before execution After execution
Carry flag Carry flag
Accumulator Accumulator

b51%001ﬂ biﬂlpOlo
76 0 7 6 0
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83. ORL C,/bit address (Logical OR complement of bit to carry flag)

0

Instruction code :| 1 0 1 0 | 0 0 0 0 |Byte1

7 0
Bit address | bz be bs ba b3 b2 b1 bo | Byte 2
Operation : (C) - (C) OR (bit address)
Number of bytes 12
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
(PSw) (- T
Description : The logical OR between the carry flag and the complement of

specified bit address content is determined. The result is placed
in the carry flag.
Example ORL C,/25H.5

7 0
Instruction code :|1 01 OIO 00 0| Byte 1
7 0

0010110 1|Byte2
| . |

Before execution After execution
Carry flag Carry flag

25H 25H
10001010 (10001010
7 5 0 7 5 0
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DESCRIPTION OF INSTRUCTIONS

84. ORL data address, #data (Logical OR immediate data to memory)

Instruction code

Data address

#data

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example ORL 55H, #11H

Instruction code

0
Jo 1 0o 0,0 0 1 1|Bye1
7 0

|a7 as a5 a4 a3 a2 a1 ao|ByteZ

7 0
|I7 le Is 14 I3 12 I1 lo |Byte3

: (data address) — (data address) OR #data
03
12

C AC FO RS1 RSO OV F1 P

: The logical OR between an 8-bit immediate data value and the

specified data address contents is determined. The result is
placed in the specified data address.

7 0

/0 1 00,001 1| Bytel
| . |

7 0
|O 10 lIO 10 l| Byte 2

7 0
|0 00 lIO 00 l| Byte 3

Before execution After execution

55H 55H
|1000|0100| |1001|0101
7 0 7 0
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85. ORL data address, A (Logical OR accumulator to memory)

0

Instruction code :| o 1 0 o 0 0 1 © |Byte1

7 0
Data address | a7z a6 a5 a4 a3 a2 a1 ao | Byte 2
Operation : (data address) — (data address) OR (A)
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw [ O
Description : The logical OR between the accumulator and the specified data

address contents is determined. The result is placed in the
specified data address.
Example ORL 50H, A

7 0
Instruction code :|0 10 OIO 01 0| Byte 1
7 0

0101000 0O0|Byte2
| . |

Before execution After execution
Accumulator Accumulator
|1000|1111| |1000|1111|
7 0 7 0
50H 50H
loo100101] (1010111 1]
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

86. POP data address (Pop stack to memory)

Instruction code

Data address

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0
1 1 0 1 0 0 0 0 | Bytel
| |

7 0
| a7z a6 a5 a4 a3 a2 a1 ao | Byte 2
: (data address) — ((SP))
(SP) - (SP)-1
2
12

C AC FO RS1 RSO OV F1 P

: Stack contents addressed by the stack pointer are popped in
the specified data address, and the stack pointer is
decremented by 1.

Example POP PSW:No change to parity bit.

Instruction code

7 0
:|1 10 1|0 00 O| Byte 1

7 0
1101,000 0fByte2
| . |

Before execution After execution
Accumulator Accumulator
|1010|1100| |1010|1100|
7 0 7
PSW (ODOH) PSW (ODOH)
|1010|1100| |1111|0010|
7 0 7
Stack pointer Stack pointer
looo10000/ [00001111]
7 0 7 0
10H 10H
|1111|0011| |1111|0011|
7 0 7 0
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87. PUSH data address (Push memory onto stack)

7 0
Instruction code :| 1 1 0 0 | 0 0 0 0 |Byte1

7 0
Data address | a7z a6 a a4 a3 a2 a1 ao | Byte 2
Operations . (SP) - (SP)+1

((SP)) — (data address)

Number of bytes 12
Number of cycles 12
Flags : C AC FO RS1 RSO OV F1 P
s [ O N
Description : The stack pointer is incremented by 1, and the specified data

address contents are pushed in the stack addressed by the
stack pointer.
Example PUSH P1

7 0
Instruction code :|1 10 OIO 00 O| Byte 1
7 0

1001000 0| Byte2
| . |

Before execution After execution

Port 1(90H) Port 1(90H)

|1101|0101| |1101|0101|
7 0 7 0
Stack pointer Stack pointer

|0001|0000| |0001|0001|
7 0 7 0
11H (Stack) 11H (Stack)

looo0o00000/ [1101,0101]
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

88. RET (Return from subroutine, non interrupt)

Instruction code

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0
0 0 1 0 0 0 1 0 | Bytel

: (PCs-~15)  ((SP))

(SP) (SP)-1
(PCo-7) — ((SP))
(SP) (SP)-1

01
12

C AC FO RS1 RSO OV F1 P

: The stack contents addressed by the stack pointer are popped

in the upper order 8 thru 15 of the program counter, and the
stack pointer is decremented by 1. Then the stack contents
addressed by the updated stack pointer are popped in the lower
order O thru 7 of the program counter, again decrementing the
stack pointer by 1. The program counter is updated with the
stack contents, and control is shifted to the address after
updating.
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89. RETI (Return from interrupt routine)

Instruction code

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0
0 0 1 1 0 0 1 0 | Bytel

: (PCs-~15) — ((SP))

(SP) ~(SP)-1

(PCo-~7) ~ ((SP))

(SP) —(SP)-1
*INTERRUPT ENABLE

C AC FO RS1 RSO OV F1 P

: This return instruction functions as an interrupt routine terminat-

ing instruction. If a priority interrupt is generated while a non
priority interrupt routine is being executed, the CPU commences
to process the priority interrupt. And once processing of this
interrupt is commenced, no other interrupts can be processed
until the RETI instruction is executed.

Stack contents addressed by the stack pointer are popped in
the upper order 8 thru 15 of the program counter, and the stack
pointer is decremented by 1. Then the stack contents address-
ed by the updated stack pointer are popped in the lower order 0
thru 7 of the program counter, again decrementing the stack
pointer by 1. The program counter is updated with the stack
contents, and control is shifted to the address after updating. If
a new interrupt is generated, the CPU commences to process
the interrupt.
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DESCRIPTION OF INSTRUCTIONS

90. RL A (Rotate accumulator left)

0

Instruction code :| 0 0 1 0 | 0 0 1 1 |Byte1

Operation : Accumulator

F{~|~|~|~|~|~|~I~W
7 0

Number of bytes 01

Number of cycles 01

Flags : C AC FO RS1 RSO OV F1 P

psw [ I O I
Description . All accumulator bits are shifted by one bit to the left. The MSB

(bit 7) is shifted to the LSB bit position (bit 0).

Example RLA
7 0
Instruction code :|0 01 OIO 01 1| Byte 1
Before execution After execution
Accumulator Accumulator
|1001|0110| |0010|1101
7 0 7 0
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91. RLC A (Rotate accumulator and carry flag left)

7 0
Instruction code :| 0 0 1 1 | 0 0 1 1 |Byte1
Operation . Carry Accumulator

i e e R S N

7 0

Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
(PSw) T
Description : The accumulator and the carry flag are connected, and all bits

are shifted by one bit to the left. The carry flag is shifted to the
accumulator LSB (bit 0), and the accumulator MSB (bit 7) is
shifted to the carry flag.

Example RLCA

7 0
Instruction code :|O 01 lIO 01 1| Byte 1
Before execution After execution
Accumulator Accumulator
|0110|1011| |1101|0111
7 0 7 0
Carry flag Carry flag
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DESCRIPTION OF INSTRUCTIONS

92. RR A (Rotate accumulator right)

0

Instruction code :| 0 0 0 0 | 0 0 1 1 |Byte1

Operation : Accumulator

ﬁ~|~|~|~|~|~|~|~}7
7 0

Number of bytes 01

Number of cycles 01

Flags : C AC FO RS1 RSO OV F1 P

psw [ I O I
Description . All accumulator bits are shifted by one bit to the right. The LSB

(bit 0) is shifted to the MSB bit position (bit 7).

Example RR A

7 0
Instruction code :|0 00 OIO 01 1| Byte 1
Before execution After execution
Accumulator Accumulator
|0111|0011| |1011|1001
7 0 7 0
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93. RRC A (Rotate accumulator and carry flag right)

Instruction code

Operation

Number of bytes
Number of cycles
Flags

(PSW)

Description

Example RRC A

Instruction code

: The accumulator and the carry flag are connected, and all bits

Jo o o 1,0 0o 1 1 |Byer

|
Carry Accumulator

~|ﬂ|*|~|~|~|~|~}7
7 0

01
01

C AC FO RS1 RSO OV F1 P

are shifted by one bit to the right. The carry flag is shifted to the
accumulator MSB (bit 7), and the accumulator LSB (bit 0) is
shifted to the carry flag.

7 0

:]/0 001001 1|Bytel
| . |

Before execution After execution
Accumulator Accumulator
|0011|0100| |1001|1010
7 0 7 0
Carry flag Carry flag

352



94. SETB C (Set carry flag)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)
Description

Example SETBC

Instruction code

DESCRIPTION OF INSTRUCTIONS

7 0
:| 1 1 0 1 | 0 0 1 1 Byte 1
1 (C)-1

C AC FO RS1 RSO OV F1 P

: The carry flag is cleared to 1.

7 0

:|l 10 1|0 01 1| Byte 1

Before execution After execution

Carry flag Carry flag

353



MSM80C154S/83C154S/85C154HVS

95. SETB bit address (Set bit)

7
Instruction code :| 1 1 0 1 | 0 0 1 0 |Byte1
7 0
Bit address | b7 bs bs ba | b3 b2 b1 bo | Byte 2
Operation . (bit address) 1
Number of bytes 12
Number of cycles 01
Flags : C AC FO0O RS1 RSO OV F1 P
s O O
Description : The specified bit address content is set to 1.
Example SETB IE.7
7 0
Instruction code :|1 10 1|0 01 0| Byte 1
7 0
|1 01 Oll 11 1| Byte 2
Before execution After execution
IE (OA8H) IE (OA8H)
|@1 10011 1| |[j1]1 100111
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

96. SIJMP code address (Short jump)

Instruction code

Relative offset

Operations

Number of bytes
Number of cycles
Flags

(PSW)

Description

7 0

:| 1 0 0 0 0 0 0 0 |Byte1

7 0
| R7 Re Rs R4 | R3 R2 Ri Ro | Byte 2
: (PC)~(PC)+2
(PC) — (PC)+relative offset

12
12

C AC FO RS1 RSO OV F1 P

. Relative offset jump data is added/subtracted to/from the

program counter contents following an increment. The program
counter contents are updated, and control is then shifted to the
updated address. The range in which relative jumps can be
executed by this instruction is +127 to —128 in respect to the
incremented program counter contents. There is no page field
restrictions.
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Example SJMP CHECK

LOC OBJ SOURCE
0111 8010 SJUMP:SJMP CHECK
0123 33 CHECK:RLC A
7 0
Instruction code :|1 00 OIO 00 0| Byte 1
7 0

0001000O0O0|Byte2
| . |

Before execution After execution
Program counter Program counter
0000|0001|0001|0001| |0000|00010010|0011
15 8 7 0 15 8 7 0
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DESCRIPTION OF INSTRUCTIONS

97. SUBB A, #data (Substract immediate data from accumulator with borrow)

Instruction code

#data

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example SUBB A, #05H

Instruction code

0

| 0 0 1 0 1 0 0 | Byte 1
7 0

| 17 [5 I5 l4 13 I2 11 lo |Byte2

1 (A) « (A)—((C)+#data)
12
01

C AC FO RS1

RSO OV F1 P

: The carry flag content and an immediate data value are

substracted from the accumulator contents. The result is placed
in the accumulator, and the flags are updated.

7 0

7 0

1200 1,010 0| Bytel
| . |

0000010 1|Byte2
| . |

Before execution
Carry flag

Auxiliary carry flag

Overflow flag

Accumulator

After execution
Carry flag

Auxiliary carry flag

Overflow flag

Accumulator

11010100 1]

|1010|0011

7 0
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98. SUBB A, @Rr (Substract indirect address from accumulator with borrow)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example SUBB A, @RO

Instruction code

7 0

:| 1 0 0 1 0 1 1 r |Byte1

D (A) - (A)-((C)+((Rn)) r=0o0r1
01
01

C AC FO RS1 RSO OV F1 P

: The carry flag content and the data memory location contents

addressed by the register r contents are substracted from the
accumulator contents. The result is placed in the accumulator,
and the flags are updated.

7 0

112001011 0|Bytel
| . |

Before execution After execution
Carry flag Carry flag
Auxiliary carry flag Auxiliary carry flag

Overflow flag Overflow flag

Register 0 Register 0
|0100|0111| |0100|0111|
7 0 7 0
47H 47H
|1101|0010| |1101|0010|
7 0 7 0

Accumulator Accumulator
|0101|0100| |1000|0010|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

99. SUBB A, Rr (Substract register from accumulator with borrow)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example SUBB A, R7

Instruction code

7 0

1 0 0 1 | 1 rz2 ri ro |Byte1

F(A) = (A)-((C)+(Rr)
01
01

C AC FO RS1 RSO OV F1 P

: The carry flag content and the register r contents are

substracted from the accumulator contents. The result is placed
in the accumulator, and the flags are updated.

7 0

:|1 00 1|1 11 1| Byte 1

Before execution After execution
Carry flag Carry flag

1

Auxiliary carry flag Auxiliary carry flag

o]

Overflow flag Overflow flag

o]

Register 7 Register 7
|0101|1000| |0101|1000|
7 0 7 0

Accumulator Accumulator
|1000|0100| |0010|1011|
7 0 7 0
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100. SUBB A, data address (Substract memory from accumulator with borrow)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example SUBB A, DPH

Instruction code

0
1 0o 0o 1,0 1 0 o0 |Bye1
7 0

|a7 a6 a5 a4 , a3 a2 a1 ao|Byte2

: (A) « (A)—((C)+(data address))
12
01

C AC FO RS1 RSO OV F1 P

: The carry flag contents and the specified data address contents

are substracted from the accumulator contents. The result is
placed in the accumulator, and the flags are updated.

7 0

112001010 1|Bytel
| . |

7 0
|1 000001 1| Byte 2

Before execution
Carry flag

Auxiliary carry flag

Overflow flag

DPH

After execution
Carry flag

Auxiliary carry flag
1

Overflow flag

DPH

10101010/ (1010101 0]

7 0
Accumulator

7 0
Accumulator

01010101 (1010101 1]

7 0
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DESCRIPTION OF INSTRUCTIONS

101. SWAP A (Exchange nibble in accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example SWAP A

Instruction code

7 0
1 1 0 0,0 1 0 0 |Bytel

. (A4~7) 2 (A0-3)
01
01

C AC FO RS1 RSO OV F1 P

: The contents of the four higher order bits (4 thru 7) of the

accumulator are exchanged with the contents of the four lower
order bits (0 thru 3)

7 0

/1100010 0|Bytel
| . |

Before execution After execution
Accumulator Accumulator
|1011|0100| |0100|1011
7 0 7 0
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102. XCH A, @Rr (Exchange indirect address with accumulator)

7 0
Instruction code 1 1 0 0 | 0 1 1 r |Byte1
Operation S(A)2((Rr) r=00r1
Number of bytes 01
Number of cycles 01
Flags . C AC FO RS1 RSO OV F1 P
(PSW) NN
Description : The accumulator contents are exchanged with the data memory
location contents addressed by the register r, and the flag is
updated.
Example XCH A, @RO
7 0
Instruction code :|1 10 OIO 11 O| Byte 1
Before execution After execution
Accumulator Accumulator
|1001|1100| |0111|0110|
7 0 7
Register 0 Register 0
|0100|1011| |0100|1011|
7 0 7
4BH 4BH
|Olll|0110| |1001|1100|
7 0 7
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DESCRIPTION OF INSTRUCTIONS

103. XCH A, Rr (Exchange register with accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example XCH A, R5

Instruction code

7 0

1 1 0 0 | 1 rz2 ri ro | Bytel

: (A)2(Rr) r=0thru7
01
01

C AC FO RS1 RSO OV F1 P

: The accumulator contents are exchanged with the register r

contents, and the flag is updated.

7 0

:|l 10 Oll 10 1| Byte 1

Before execution After execution

Accumulator Accumulator
|0111|0010| |1010|0001|
7 0 7 0
Register 5 Register 5
|1010|0001| |0111|0010|
7 0 7 0
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104. XCH A, data address (Exchange memory with accumulator)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example XCH A, 7AH

Instruction code

:|1 1 0 0,0 1 o0 1|Byte1

7 0
| a7z a a5 a4 a3 a a1 ao | Byte 2
. (A) 2 (data address)

12
01

C AC FO RS1 RSO OV F1 P

: The accumulator contents are exchanged with the specified

data address contents, and the flag is updated.

7 0

:|l 10 OIO 10 1| Byte 1

7 0
|o 111101 o| Byte 2

Before execution After execution
Accumulator Accumulator
|1011|1101| |1101|1100|
7 0 7 0
7AH 7AH
|1101|1100| |1011|1101|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

105. XCHD A, @Rr (Exchange low nibbles of indirect address with accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example XCHD A, @RO

Instruction code

7 0

:| 1 1 0 1 0 1 1 r | Bytel

1 (Ao-3)Z((Rro~3)) r=0or1
01
01

C AC FO RS1 RSO OV F1 P

: The lower order bits (0 thru 3) of the accumulator contents are

exchanged with contents of the lower order bits (0 thru 3) of the
data memory location addressed by the register r contents. The

flag is updated.

7 0

Before execution
Accumulator

111101011 0|Bytel
| . |

After execution
Accumulator

|1111|0110|

|1111|1101|

7 0 7 0
Register 0 Register O
|0110|0000| |0110|0000|
7 0 7 0
60H 60H
|0000|1101| |0000|0110|
7 0 7 0
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106. XRL A, #data (Logical exclusive OR immediate data to accumulator)

0

Instruction code :| o 1 1 o0, 0 1 0 O |Byte1

7 0
#data | 7 le Is 4 | I3 12 I1  lo |Byte2
Operation : (A) < (A) XOR #data
Number of bytes 12
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw [T T T [ 11
Description : The exclusive OR operation is executed between an immediate

data value and the accumulator contents. The result is placed in
the accumulator, and the flag is updated.

Example XRL A, #15H

7 0
Instruction code :|0 11 OIO 10 O| Byte 1
7 0

0001010 1|Byte2
| . |

Before execution After execution
Accumulator Accumulator
|0100|1010| |0101|1111
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

107. XRL A, @Rr (Logical exclusive OR indirect address to accumulator)

Instruction code
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example XRL A, @R1

Instruction code

7

0

0 1 1 0 |

1 1 r | Byte 1

: (A) < (A) XOR ((Rr)) r=0or1
01
01

C AC FO RS1 RSO OV F1 P

: The exclusive OR operation is executed between the

accumulator contents and the data memory location contents
addressed by the register r contents. The result is placed in the
accumulator, and the flag is updated.

7 0

Before execution
Accumulator

10110011 1|Bytel
| . |

After execution
Accumulator

0100100 1]

1101,100 0]

7 0 7 0
Register 1 Register 1
loo110110/ (0011011 0]
7 0 7 0
36H 36H
|1001|0001| |1001|0001|
7 0 7 0
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108. XRL A, Rr (Logical exclusive OR register to accumulator)

7 0
Instruction code 1 0 1 1 0 | 1 r2 rro |Byte1
Operation : (A) = (A) XOR (Rr) r=0thru 7
Number of bytes 01
Number of cycles 01
Flags : C AC FO RS1 RSO OV F1 P
psw (T T 1 [ [T 1]
Description : The exclusive OR between the accumulator contents and the

register r contents is determined. The result is stored in the
accumulator and the flag is updated.
Example XRL A, R3

7 0
Instruction code :|0 11 Oll 01 1| Byte 1
Before execution After execution
Accumulator Accumulator
|1010|0010| |1000|0111|
7 0 7 0
Register 3 Register 3
|0010|0101| |0010|0101|
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

109. XRL A, data address (Logical exclusive OR memory to accumulator)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example XRL A, 70H

Instruction code

7 0

:| 0 1 1 0 0 1 0 1 |Bytel

7 0
|a7 as a5 a4 a3 a2 a1 ao|Byte2

: (A) < (A) XOR (data address)
12
01

C AC FO RS1 RSO OV F1 P

. The exclusive OR between the accumulator contents and the

specified data address contents is determined. The result is
placed in the accumulator and the flag is updated.

7 0

:|o 110010 1| Byte 1

7 0
0111000 0|Byte2

Before execution After execution

Accumulator Accumulator
|1111|0110| |1101|1001|
7 0 7 0
70H 70H
|0010|1111| |0010|1111|
7 0 7 0
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110. XRL data address, #data (Logical exclusive OR immediate data to memory)

Instruction code

Data address

#data

Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example XRL ACC, #5AH

Instruction code

7 0

o
=
N
o
o
()
=
[

| Byte 1

7 0
|a7 as a5 a4 a3 a2 ai a0|Byte2

7 0
| 17 le I5 14 I3 12 11 lo |ByteS

. (data address) — (data address) XOR #data
03
12

C AC FO RS1 RSO OV F1 P

. The exclusive OR between an immediate data value and the

specified data address contents is determined. The result is
placed in the specified data address.

7 0

10110001 1|Bytel
| . |

7 0
1110000 O0|Byte2
| . |

7 0
|O 10 1|1 01 0| Byte 3

Before execution After execution
Accumulator Accumulator
11111010/ (10100000
7 0 7 0
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DESCRIPTION OF INSTRUCTIONS

111. XRL data address, A (Logical exclusive OR accumulator to memory)

Instruction code

Data address
Operation
Number of bytes
Number of cycles
Flags

(PSW)

Description

Example XRL 20H, A

Instruction code

0

:| 0 1 1 0 0 0 1 0 |Byte1

7 0

|a7 a6 a5 a4 a3 a a a0|Byte2

: (data address) — (data address) XOR (A)
12
01

C AC FO RS1 RSO OV F1 P

: The exclusive OR between the accumulator and the specified

data address contents is determined. The result is placed in the
specified data address.

7 0

:|O 11 OIO 01 0| Byte 1

7 0
|O 01 OIO 00 O| Byte 2

Before execution After execution
Accumulator Accumulator
|0111|0101| |0111|0101|
7 0 7 0
20H 20H
|1101|0011| |1010|0110|
7 0 7 0
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