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MCS®-51 INSTRUCTION SET

Table 10, 8051 inatruction Set Summary

Interrupt Response Time: Refer to Hardware De-
scription Chapter.

Instructions that Affect Flag Settings(1}

nstruction Flag Instruction Flag
C OV AC C OV AC

ADD X X X CLRC (2]
ADDC X X X CPLC X

3UBE X X X ANLCHEt X

MUL 0 X ANLC/Bt X

Div 0O X ORLCHt X

DA X ORLChit X

RRC X MOVCht X

RLC X GINE X
SETBC 1

(1YNote that operations on SFR byte address 208 or
bit addresses 209-215 (i.e., the PSW or bits in the
PSW) will also affect flag settings.

Note on instruction set and addressing modes:

Rn — Register R7-RO of the currently se-
lected Register Bank.

— 8-bit internal data location’s address.
This could be an Internal Data RAM
location (0-127) or a SFR [ie., /O
port, control register, status xegister,
ete. (128-255)].

direct

@Ri — 8-bit internal data RAM location (0-
255) addressed indirectly through reg-
ister R1 or RO.

#data — 8-bit constant included in instruction.

#data 16 — 16-bit constant included in instruction.

addr 16 — 16-bit destination address. Used by
LCALL & LIMP. A branch can be
anywhere within the 64K-byle Pro-
gram Memory address space.

addr 11— 11-bit destination address. Used by
ACALL & AJMP. The branck will be
within the same 2K-byte page of pro-
gram memory as the first byte of the
following instruction.

rel ~— Signed (two's complement) 8-bit offzet
byte. Used by SIMP and all condition-
al jumps. Range is —128 10 +127
bytes relative to first byte of the fol-
lowing instruction.

bit — Direct Addressed bit in Internal Data
RAM or Special Function Register.

Mnemonic

Oschiator

Description  Byte oo

ADD
ADD
ACD

ADD

ADDC

ADDC

ADDC

suBB

suse

suBB

suse

INC
INC

ING

DEC
DEC
DEC

DEC

ARn
A, direct
ABRI

A, #data

ARn

Adirect

A @Ri

A, #data

ARn

A direct

AR

A,#data

Rn
diregt

&Ri
A

An
ciroct

@Ri

ARITHMETIC OPERATIONS

Add ragister to
Accumuiator

Ada direct byte 1o
Accumulator

Add indiract RAM
to Accurnulator
Add immediate
data to
Accumulator

Add register to
Accumulator

with Carry

Add direct byte to
Accumnulator

with Carry

Add indirect

RAM to
Accumulator

with Carry

Add immediate
data to Ace

with Carry
Subtract Register
from Acc with
borrow

Subtract direct
byte from Acc
with borrow
Subtract indirect
RAM trom ACC
with borrow
Subtract
immediate data
from Acc with
borrow

Increment
Accumulator

{ncrement register
Increment thract

byte

increment direct
RAM
Decrement
Accurmulator
Dacrament
Register
Decrement direct
byte

QOecrement
indirect RAM

-

N

1

12
12
12

12

12

12

12

iz

12

12

12

12

12

12
12

12

12

12

12

12

All mnemonics copyrighted ® intel Corporation 1880
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Table 10. 8051 Inatruction Set Summary (Continued)
Oscillator
Mnemonic Description  Byte Oﬁ::?r Mnemonic Description  Byte Period
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
INC DPTR Increment Data 1 24 RL A Rotate 1 12
Painter Accumulator Left
MUL A8 Multiply A& B 1 45 RLC A Rotate 1 12
OV AB DivideAby B 1 48 Accumuiator Left
DA A Dacimal Adjust k) 12 through the Carry
Accumulator RR A Rotate 1 12
LOGICAL OPERATIONS Accumulator
ANL ARn AND Register to 3 12 Right
Actumulator RRC A Rotate 1 12
ANL Adirect AND direct byte 2 12 Accumnutator
0 Accumulator Right through
ANL A.@Ri AND indiract 1 12 the Carry
RAM to SWAP A Swap nibbles 1 12
Accurmulator within the
ANL A #data AND immediate 2 ie Accumulator
data to DATA TRANSFER
Accumulator MOV ARn Movae 1 12
ANL direct.A AND Accumutator 2 12 rogister 10
to diract byte Accumulatar
ANL dirsct,#data AND immediate 8 24 MOV Adirect Movae diract 2 12
data 10 direct byte byte 10
ORL ARN OR register io 1 12 Accumulator
Accumulator MOV  A@Ri Move Indirect 1 12
QCRL. Adirect OR direct byta to 2 12 RAM to
Accumuiator Accumulater
ORL A.2Ri OR indivect RAM 1 12 MOV A #data Move 2 12
to Accumulator immediate
ORL A.#data OR immediate 2 12 datate
datato Accumulator
Accumulator MOV Rn,A Move 1 12
ORL direct,A OR Accurnulator 2 12 Accumulator
to direct byte 10 ragister
ORL direct, #data  OR immediate 3 24 MOV Rndirect Move direct 2 24
data to directbyte bvte to
XRL ARn Exclusive-OR 1 12 register
reqgister to MOV  Rn+#data Move 2 12
Accumulator immediate data
XRL Adirect Exclusive-OR 2 12 to register
dhrect byte to MOV direct,A Move 2 12
Accumulator Accumuiator
XAL A.@Ri Exclusive-OR 1 12 to direct byte
indirect RAM to MOV direct,Rn Move registar 2 24
Accumulator to direct byta
XAL A #data Exclusive-OR 2 12 MOV diractdirect Move ditect 3 24
immediate data to byte to direct
Accumulator MOV direct,®Ri  Move indirect 2 24
XRL  direct,A Exclusive-OR 2 12 RAMto
Accumulator to direct byte
direct byte MOV direct,#data Move 3 24
XRL direct, #data Exclusive-OR 3 24 immediate data
immediate data to direct byte
to direct byte MOV  @RjA Move 1 12
ClR A Clear 1 12 Accumulator to
Accumulator indiroct RAM
CPL A Complement 1 12 : : :
Accumulator Al mnemonics copyrighted ®lntel Corporation 1080
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Table 10. 8051 Instruction Set Summary (Continued)
Mnemonic Description Byte CSChiator Mnemonic Descripion  Byte  Oporion
DATA TRANSFER (Continued) BOOLEAN YARIABLE MANIPULATION
MOV  @Ridirect Move direct 2 24 CLR c Clear Carry 1 12
byte to CLR bit Clear direct bit 2 12
indirect RAM SeETR@ C Set Cany 1 i2
MOV @R #data Move 2 12 SETE  hit Set direct bit 2 12
immediate CPL o] Compiement 1 12
datato Carry
indirect RAM CPL bit Complement 2 12
MOV  DPTH,#data1é Load Data 3 24 direct bit
Pointarwith a ANL C.,bit AND direct bit 2 24
16-bit constant to CARRY
MOVC AGA+DPTR Move Code 1 24 ANL C,/bit  AND complement 2 24
byte relative to of direct bit
DPTR 10 Acc to Carry
MOVC A@A+PC Move Code 1 24 OAL C.bit OR direct bit 2 24
byte rejative to to Carry
PC 0 Ace OAL C./bit  OR complement 2 24
MOVX A,@Ri Move 1 24 of direct bit
External to Carry
RAM (8-bit MOV C,bit Move direct bit 2 12
addr) to Acc to Cany
MOVX A.2DPTR Move 1 24 MOV bBrC Move Canry 10 2 24
External direct bit
RAM {1€-bit JC rel Jump if Carry 2 24
addr) to Acc is set
MOVX @Ri,A Move Acc to 1 24 JNC rel Jump if Carry 2 24
External RAM not et
{8-bit addr) JB bitrel  Jump If direct 3 24
MOVX @DPFTRA Move Acc to 1 24 Bit s set
External RAM JNB bitral  Jump if direct 3 24
{16-bit addr) Bitis Not set
PUSH direct Push direct 2 24 JBC bitrel  Jump if direct 3 24
byte onto Bitisset &
stack clear bit
POP  direct Pop direct 2 24 PROGRAM BRANCHING
tryte from ACALL addr1l Absolute 2 24
stack Subroutine
XCH ARn Exchange 1 12 Call
register with LCALL addrié Long 3 24
Accumulator Subroutine
XCH A direct Exchange 2 12 Can
direct byte RET Retum from 1 24
with Subrouting
Accumulator RET Return from 1 24
XCH A@Ri Exchange 1 12 interrupt
indirect RAM AJMP  addri1 Absolute 2 24
with Jump
Accurnulator LIMP  addr18 Long Jump 3 24
XCHD A,@Ri Exchangetow- 1 12 SIMP el Short Jump 2 24
order Digit {relative addr)
m’:":‘w All mnemonics copyrighted ©Intel Corporation 1980
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Table 10. 8051 Instruction Set Summary (Continued)
Mnemaonlc Description Byie Omr Mnemonic Description Byte Omr
PROGRAM BRANCHING (Continued) PROGHRAM BRANCHING {Continued)
JMP @A+DPTR  Jump indirect 1 24 CINE Rn,#datarel Compare 3 24
reiative to the immediate to
DPTR register and
Jz rel Jump if 2 24 Jump if Not
Accumulator Equal
is Zeoro CJNE @Ri,#datarel Compare 3 24
JNZ Jump if 2 24 immadiate to
Accumulator indirect and
is Not Zero Jump if Not
GINE  Adirectrel Compare 3 24 Equat
diirect byte to DINZ Rn,rel Decrament 2 24
Acc and Jump register and
if Not Equal Jump if Not
CINE A,#datarel Compare 3 24 Zero
immediate to DJINZ  directral Decrarmvent 3 24
Ace and Jump direct byte
if Not Equal and Jump it
Not Zero
NOF No Operation 1 12

PSW Structure

All mnemonics copyrightad ©Intel Corporation 1980
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SFR MEMORY MAP 8 Bytes
FB
FO B
E8
EC ACC
D8
Do PSW
<8 T2CON RCAP2L RCAPZH TL2 TH2
co
B8 P
BO P3
AB 1E
AQ P2
98 SCON SBUF
0 P1
a8 TCON TMOD TLO TLt THO TH1
80 PO SP DPL DPH PCON
T Figure 5
Bit
Addregsable

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE.

[ smoo | — | — [ — [ et | @0 | PO | iDL |

FF

EF
E7
OF
D7
CF
c7
BF
e7
AF
A7
BF
97
8F
97

SMOD Double bavd rate bit. I Timer 1 is used to generate baed rate and SMOD = 1, the baud rate is doubled
when the Serial Port is used in modes 1, 2, or 3.

GF1
GFo
PD

IDL

Not implemented, resarved for fature nse.”
Not implemented, reserved for future nze *
Mot implemented, reserved for future use.*
General purpose flag bit.
General purpose flag bit.

Power Down bit. Setting this bit activates Power Down operation in the 80C51BH. (Available only in

CHMOS).

Idle Mode bit. Setting this bit activates [dle Mode operation in the 80CS1BH. (Available only in CHMOS).

interrupt Vector
Source Address

IEO Q003H

TFO 0008H

tE1 00134

TF1 001BH

RE&T 0023H

TF2 & EXF2 0028H
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P |NTEFIRUPT PRIORITY REGISTER 8IT ADDRESSABLE
If the bit is 0, the corresponding interrupt has a lower priority and if the bit is 1 the corresponding interrupr has a
higher priority.
[ =T e[ ps [ P [ P | PO | Pxo |
j— IP. 7 Not implemented, reserved for future use.®
_— IP. 6 Not impiemented, reserved for future use.*
T2 IP. § Defines the Timer 2 interrupt priority level (8052 only).
PS IP. 4 Defines the Serial Pors interrupt priority level
PTI IP. 3 Defines the Timer 1 interrupt priority level.
PX1 IP. 2 Defines External Interrupt 1 priotity level.
PTO IP. J Defines the Timer 0 interrupt priority level.
PX0 IP. 0 Defines the External Interrupt O priority level.

TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE.

171 | o [ tro | TRo [ Er | mi | E0 | o |
TF1 TOON. 7 Timer 1 overflow flag. Set by bardware when the Timer/Counter 1 overflows. Cleared by hard-
Ware as proeessor vectors to the interrupt service routine.
TRI1 TCON. 6 Timer [ run control bit. Set/cleared by software to tumn Timer/Counter 1 ON/OFF.

TFO  TODONM. 5 Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hard-
ware a3 Processor vectors to the service routine.

TRO  TCON. 4 Timer O run control bit. Set/cleared by software to tumn Timer/Counter 0 ON/OFF.

IEl TCON. 3 External Interrupt | edge flag. Set by hardware when External Interrupt edge is detected.
Cleared by hardware when interrupt is processed.

IT1 TCON. 2 Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered
Exiernal Interrupt.

IEC TCON, 1 External Interzupt O edge flag. Set by hardware when Externa] Interrupt sdge detected. Cleared
by hardware when interrupt is processed.

ITO TCON. 0 Interrupt 0 type control bit. Set/cleared by softiware to specify falling edge/low level triggered
External Interrupt.

TMOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT BIT
ADDRESSABLE.

[ Gate [ o7 | M1 [ mo | GatE [ T | ™M [ wmo |
\ 7 e 7

TIMER 1 TIMER.Q

GATE When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERX will run only while INTx pin is high
{hardv.;are controf). When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software
control).

C/T Timer or Counter selector. Cleared for Timer operation {irput (rom internal system clock). Se¢t for Coun-
ter operation (input from Tx input pin).

M1 Mode selector bit. (NOTE 1)

MO Mode selector bit. (NOTE 1)

NOTE 1
[ }] ] Operating Mode

0 0 0 13-bit Timar (MCS-48 compatible)

0 1 1 16-bit Timer/Counter

1 ¢ 2 8-bit Auto-Reload Timer/Counter

1 1 3 (Timer 0) TLO is an 8-bit Timer/Counter controlled by the standard Timer 0
control bits, THO is an 8-bit Timer and is controlled by Timer 1 contro! bits.

1 1 3 (Timer 1) Timer/Counter 1 stopped.
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SCON: SERIAL PORT CONTHOL REGlSTER BIT ADDRESSABLE
[smo | sw1 | sM2 | ReN | Tes | mes | T | Ri |
SMO  SOON. 7 Serial Port mode specifier. (NOTE 1).

SM1 SCON. & Serial Port mode specifier. (NOTE 1).

SM2  SCON.5 Enables the multiprocessor communication feature in modes 2 & 3. In mode 2 or 3, if SM2 is set
to 1 then RI will not be activated if the received 9th data bit (RBS) is 0. In mode 1, if M2 = 1
then RI will not be activated if a valid stop bit was not received. In mixie 0, SM2 should be 0.
(See Teable 9).

REN  SCON. 4 Set/Cleared by scftware to Enable/Disable reception.
TBS SCON. 3 The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software.

RBS SOON. 2 In modes 2 & 3, is the 9th data bit that was received. In mode 1, if SM2 = 0, RBB8 is the stop bit
that was received. In mode 0, RB8 is not used.

T SCON. 1 Transmit interrupt flag. Set by hardware at the end of the Bth bit time in mode 0, or at the
beginning of the stop bit in the other modes. Must be cleared by saftware,

) SOON. 0 Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or halfway
through the stop bit time in the other modes (except see SM2). Must be cleared by software.

NOTE 1:
SMO SM1 Mode Description Baud Rate
D 0 ¢ SHIFT REGISTER - Fosc./12
0 1 1 8-t UART Variable
1 0 2 8-Bit UART Fosc./64 OR
Fosc./32
1 3 9-Bit UART Variable

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE.
I the bit is 0, the corrasponding interrupt is disabled. If the bit is |, the corresponding interrupt is enabled.
l'ea | — | er2 | es | BT | =00 | ETO | EXO |

EA IE.7  Disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA = 1, each interrupt
source is inciividually enabled or disabled by setting or clearing its enable bit,

— IES  Not implemented, reserved for future yse.”
ET2 IES  Enable or disable the Timer 2 overflow or capture interrupt (3052 omly).
ES IE4  Enable or disable the serial port inierrupt.

ET1 IE.3  Enable or dissble the Timer 1 overflow interrupt.
EX1 IE2  Enable or disable External Interrupt 1.
ETO IE.l1  Enable or disable the Timer O overflow interrupt.
EX0 IE0  Exnable or disable External Interrupt 0.

*User software should not write 13 to reserved bits. These bits may be used in future MCS-51 products to invoke
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1.
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Timer 1
Baud Rate ¥ SMOD | _
0sc C/T | Mode | Fivioad
Mode 0 Max: 1 MHZ | 12MHZ X X X X
Mode 2 Max: 375K 12 MHZ 1 X X X
Modes 1, 3: 62,5K 12 MH2Z 1 ¢ 2 FFH
182K 11.059 MHZ 110 2 FDH
96K 11.058 MHZ 0 0 2 FDH
4.8K 11.059 MHZ 0 0 2 FAH
24K 11.05¢ MHZ 0 Q 2 F4H
1.2K 11.05¢ MHZ ] 0 2 E8H
137.5 11.986 MHZ 0 0 2 10H
110 6 MHZ D 0 2 72H
110 12 MHZ 0 Q 1 FEEBH
Figure 15. Timer 1 Generated Commaonly Used Baud Rates

Control Word of 8255

CONTROL WORD

GROUP B

PORT C (LOWER})
1= INPUT
0= OUTPUT

PORT B
1= INPUT
0= OUTPUT

MODE SELECTION
0= MODEO
1=MODE1

GROUP A

PORT C (UPPER)
1=INPUT
0= OUTPUT

PORT A
1= INPUT
0= OUTPUT

MODE SELECTION
00 =MODE 0
01 =MODE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE




