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MCS®-51 INSTRUCTION SET

Table 10, 8051 Instruction Set Summary

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

instructions that Aftect Flag Sattings(1)

Instruction Flag Instruction Flag
C OV AC C OV AC

ADD X X X CLRC o]
ADDC X X X CPLC X

SUBBE X X X ANLCHR X

MUL o X ANL C/Bt X

Div 0 X ORLGbE X%

DA X . ORLCbit X

RRC X MOVCHit X

RLC X CUNE X
SETBC 1

(DNote 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 get and addressing modes:

Rn ~= Register R7=-RO of the currently se-
lected Register Bank,

direct . — 8-bit internal data Joeatiom’s address.
This covld be an Internal Dats RAM
location (0-127) or a SFR [ie, /O
port, control register, status register,

eto: (128-255)].

@Ri — §-bit intemal: data- RAM: Jocation (0-
255) addressed indirectly through reg-
ister R1.or RO,

#data  — 8-hit constant included in instruction,

#data 16 — 16-bit congtant included in instraction.

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

addr1l == 11-bit destination address. Used by
ACALL & ATMP. The branch will be
within the same 2K-byte page of pro-
gram memory as the first byte of the
following instruction.

rel — Signed (two’s complemerit} 8-bit offset
byte. Used by SIMP and all condition-
al jumps. Raege is —128 w0 +127
bytes relative to first byte of the fol-
lowing instenction,

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

Cscliator

Mnemonic Dascription Byte Perind

ARITHMETIC OPERATIONS

ADD  ARn Add ragister to 1 12
Accumulator

ADD  Adirsct  Adddirect byte to 2 12

Accumulator

Add indirect RAM 1 12

10 Accurmulator

ADD  A#data Addimmediate 2 12

data to

Accurmulator

Add register to 1 12

Accumulatar

with Carry

ADDC Adirect Adddirsctbyte ta 2 12

Accumulator

with Carry

Add indirect 1 12

RAM to

ADD  A®Ri

ADDC A Rn

ADDC A&Ri

ADDC A,#data Addimmaediate 2 12

with Carry

Subtract Register 1 12
from Acc with

borrow

SUBB Adirect Subtractdirect 2 12
byte from Ace:

with borrow

Subiract indirect 1 12
RAM trom ACC

with borrow

SUBB A.#data Subtract 2 12
Immediate data

from Acc with

borrow

Incrament 1 12
Accumulator

increment register 1 12
increment direct 2 12

byts

{ncrement diract 1 12
RAM

Decrement 1 12
Accumulator

Decrement 1 12
Register

Dacrament direct 2 12
tyte

Oacrement 1 12
indirect RAM

SUBB ARn

SUBB A.@Ri

INC A

INC Rn
INC diregt

NG eRi
DEC A
DEC Rn
DEC  drect

DEC @Ri

All mniemonics copyrighted ® Inted Corporation 1880
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Table 10. 8051 natruction Set Summary (Continued)
Mnemonic Description  Byte o;:;?' Mnemonic Description.  Byte o;:ﬂ::’
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continuexi)
INGC DPTR increment Date 1 24 RL A Rotate 1 12
Pointer Accumuiator Left
MUL AB Multiply A 8.8 1 48 RLC A Rotate 1 12
DivV.  AB Divide Aby B 1 48 Accumutator Left
DA A Decimal Adjust 1 12 through the Carry
Accumulator RR A Rotate 1 12
LOGICAL OPERATIONS Accumulator
ANL ARn AND Register to 1 12 Right
Accamulator RAC A Rotate 1 12
ANL A direct AND direct byte 2 12 Accumulator
10 Accumulstor Right through
ANL A.@Ri ANDindiract 1 12 the Carry
RAM to SWAP A Swap nibbles 1 12
Accumulator within the
ANL A #data AND immaediate 2 12 Accumutator
data to DATA TRANSFER
Accumulator MOV ARn Maove 1 12
ANL direct.A AND Accumulator 2 12 register 10
to direct byte Accumulator
ANL direct,#data AND Immediate 3 24 MOV Adiect Mova direct 2 12
daia 10 direct byte byte to
ORL ARn OR registarto 1 12 Accumulator
Accumulator MOV A®Ri Move Indirect 1 12
ORL Adirect OR diract byte to 2 12 RAM 10
Accumulator Accumulator
ORL A®Ri OR inditect RAM 1 12 MOV A #data Move 2 12
to Accumulator immediate
ORL A.#data OR immadiats 2 12 data to
data to Accumulator
Accumuiator MOV  RnA Move 1 12
ORL. directA OR Accumutator 2 12 Accumulator
to-direct byte o rogister
ORL diract #data  ORimmediate 3 24 MOV Rndirect Move direct 2 24
data to direct byte byte to
XRL ARn Exciusive-OR 1 12 register
register 1o MOV  Rn,#data Move 2 12
Accumulator mmediate data
XRL A.direct Exclusive-OR 2 12 to register
direct byte to MOV  direct A Move 2 12
Accumulator Accumuiator
XRL A.@Ri Exclusive-OR 1 12 to direct byte
indirect RAM to MOV direct,An Maove ragistar 2 24
Accumulator to direct byta
XAL A,#data Exclusive-OR 2 12 MOV directdirect Move diract 3 24
immediate data to byte to direct
Accurnulator MOV  direct.@Ri  Move indirest 2 24
XAL directA Exclusive-OR 2 12 RAM to
Accumulator to direct byte
direct byte MOV  diract, #data Move 3 24
XRL direct #data Exclusive-OR K] 24 immediate data
immediate data to direct byte
o direct byte MOV  @RiA Move 1 12
GR A Clear 1 12 Accumulatar to
Accumulator indirect RAM
PL A Complement 1 12

Accumulator

All mnemonics copyrighted @intel Corporation 1980
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Table 10. 8051 instruction Sat Summary (Continued)
Osclllator Osclliiator
Mnermonic Description Byte Partad Mnemonic Description Byte Pariod
DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIFULATION
MOV  @Ridwrect Move direct 2 24 CLR c Clear Cany 1 12
byts to CLR bit Claar diract bit 2 12
indiract RAM SeETR C Set Canry 1 i2
MOV @Ri #data Move 2 12 SETB bt Set direct bit 2 12
immediate CPL c Complement 1 12
datate Carry
indirect RAM CPL bit Complament 2 12
MOV  DPTR,#data18 Load Data 3 24 direct bit
Poimer witha ANL Cbit  AND direct bit 2 24
16-bit constant to CARRY
MOVC A @A+DPTR Move Codo 9 24 ANL C./bit  ANDcomploment 2 24
byte relative to of direct bit ’
DFTR to Acc to Cary
MOVC A,8A+PC Move Code 1 24 OAL  Chit  ORdirectbit 2 24
byte relative ta 1o Canry
PC to-Aco ORL C./bit  OR ocomplomont 2 24
MOVX A,@Ri Move 1 24 of direct bit
BExternal to Carry
RAM (8-bit WOV Chit Move direct bit 2 12
addr) to Acc to-Carry
MOVX A 2DPTR Move 1 24 MOV bit,C Meove Carry to 2 24
External direct bit
RAM (16-bit JC rel Jump if Carry 2 24
addrjtoAce issat
MOVX @RiA Move Acs to 1 24 JNC rel Jump it Carry 2 24
Sdemal RAM notset
{8-bit addr)} JB bit,re! Jumg if direct 3 24
MOVX @DPTRA Mova Acc to 1 24 Bt is set
SEdemnal RAM JNB bitrel  Jump if direct 3 24
{16-bit addr) Bit is Not set
PUSH direct Push direct 2 24 JBC hitrel.  Jump if direct a 24
byte onto Bitisset &
stack clear bit
POP  direct Pop direct 2 24 PROGRAM BRANCHING
‘ byte from ACALL addr13  Absokste 2 24
stack Subroutine
XCH ARn Exchange 1 i2 Call
register with LCALL addrie Long 3 24
Accumulator Subroutina
XCH A direct Exchange 2 12 Call
direct byte AET Returm from 1 24
with Subroutina
Accumulator RETI Return from 1 24
XCH  A®Ri Exchange 1 12 interrupt
indirect RAM AJMF  addrii  Absolute 2 24
with Jump
Accurmulator LIMP  addrigé LongJumg 3 24
XCHD A@Ri Exchange low- 1 12 SIMP  rel Shert Jump 2 24
ordes Digit {relative addr)

indirect HAM
with Acc

All mnemonics copyrighted ®lntel Corporation 1980
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Table 10. 8051 Instruction Set Summary (Continued)
Mnemaonlc Description Byle Osei’ mi 4 r Mnemonic Description Byte 0:::;“
PROGRAM BRANCHING (Contiriued) PROGRAM BRANCHING (Continued)
JMP @AF+DPTR:  Jump indiect 3 24 CJNE An,sdatarel  Compare 3 24
retative to the #nwmediate to
DPTR register and
JZ rel Jump if 2 24 Jump it Not
Accumulator Equal
is Zero CJNE @Ri, #datarel Compare 3 4
dNZ ol Jump i 2 24 immediate to
Accumuiator indirect and
Is-Not Zero Jump # Net
CINE Adiwectral  Compars 3 24 Equal
direct byte to DJNZ Rnrel Decrement 2 24
Ace and Jump ragisver and
. WNotEqual Jump i Not
GINE  A,#dawarel  Compare 8 24 2ero
immediate DINZ  directmt Decrement 3 24
Acc and Jump diract byte
if Not Equal and Jump it
Not Zero
NOP No Operation 1 12

PSW Structure

All mnemerics copyrighted ®intel Corporation 1980
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SFR MEMORY MAP o Bytes
FB FF
FD B F7
=2 EF
Eo ACC E7
Da DF
B PSW D7
&) T2CON RCGAP2L RCAPZH TL2 TH2 CF
co Cc7
B8 P BF
Bo P3 a7
AB IE AF
AQ p2 A7
98 SCON SBUF BF
80 F1 a7
68 TCON TMOD TLO TL1 THO TH1 B8F
80 PO sSP DPL DPH PGON a7
T Figure 5
Bit
Addressable

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE.

| smoo | — [ — [ — T et | a0 | PO | mL |

SMOD Double baod rate bit. ¥ Timer 1 is used 1o generate band rate and SMOD = 1, the baud rate is doubled
when the Serial Port is used in modes 1, 2, or 3.

—_ Not implemented, reserved for futnre nse.®

— Not tmplemented, reserved for futore nse*

- Not implemented, reserved for future uze *

(GF1  General purpase flag bit.

GF0  General purpose flag bit.

PD Power Down bit. Setting this bit activates Power Down operation in the 80C5IBH. (Available only in
CHMOS).

IDL  Idle Mode bit. Setting this bit activates [dle Mode operation in the 80CS1BHL (Availabie only in CHMOS).

| interrupt Veotor
Source Address

IEQ Q003H

TFO 0008BH

fE1 2013H

TE1 001BH

RI&T C023H

TF2 & EXF2 0o028H
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IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE

If the bit is 0, the corresponding interrupt has a lower priority and if the bitis 1 the corresponding imterrupr has a

higher priority.

(= [ =[Pz [ ps | P11 | Pt | PTO | Pxo |
IP. 7 Not implemented, reserved for fiuture use.

— IP. & Not implemented, 1esexved for future use.*

PT2  IP. S Defines the Timer 2 intarrupt priority level (8052 only).

P IP. 4 Defines the Serial Port interrupt priority level

PTI  IP.3 Defines the Timer 1 interrupt priority level.

PX1 IP.2 Defines External Interrupt 1 priority Jevel.

FID  IP.) Defines the Timer 0 interrupt pricrity Yevel.

PX0 1P. O Defines the External Interrapt O priovity level.

TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE.

(i [ [ wro [ R0 [ &r [ m | 0 | mo |

TF1 TOON. 7 Timer | overfiow flag. St by hacdware when the Timer/Counter 1 overflows. Cleared by hard-
WASC A8 Processor vectors to the interrupt service routine.

TRI1 TCON. 6 Timer [ run contrgl bit. Set/cleared by software to tarn Timer/Couniter 1 ON/OFF.

TFO  TCON. 5 Timer 0 overflow flag. Set by hardware when the Timer/Counter O overflows. Cleared by hard-
Ware as Processor vectors 1o the service routine.

TRD  TCOMN. 4 Timer 0 run control bit. Set/cleared by software to tum Tirer/Connter 0 ON/OFF.

IE1 TCON. 3 Externa] Intetrupt § edge flag. Set by hardware when External Interrupt edge is detected.
Clzared by hardware when interrupt is processed.

IT1 TCON. 2 Interrupt-] type sontrol bit. Set/cleared by software to specify falling edpe/low level triggered
External Interrupt.

IEC TCON, | External Intexzupt O edge flag, Set by bardware when External Interrupt sdpe detectad. Cleared
by hardware when interrupt is

0 TCON. 0 Inverrupt O type control bit, Set/cleared by software to specify falling edge/low. level wriggered
Externzl Interrupe.

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

| aate [ T | mi | mo | Gate [ €7 [ m [ wmo |
N X _J

L4

TIMER 1 TIMER ¢

GATE When TEx (in TCON) is s¢t and GATE = |, TIMER/COUNTERx will run only while INTx pia is high
{hardwl;\n control). When GATE = 0, TIMER/COUNTERx will run only white TRx = 1 (software
control).

c/T Timer or Counter selector. Cleared for Timer operation {input from intsroal system clocky, Set for Coun-
ter operation {input from Tx input pin),
M1 Mode selector bit. (NOTE 1)

Mo Mode selector bit. (NOTE 1)

NOTE 1
M1 MO Operating Made
1] 0 0 13-hit Timer (MCS-48 compatibia)
D 1 1 16-bit Timar/Counter
i ¢ 2 8-bit Auto-Reload Timar/Countecr
1 1 3 {Tirner D) TLO is an 8-bit Timer Counter conrolied by the standard Timer ¢
control bits, THO |s an 8-bit Timer and is controlled by Timar 1 control bits.
1 1 3 {Timer 1) Timer/Counter 1 stopped.
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SCON: SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE.
[so | smt [ sm2 | men [ 88 [ Res | m [ At |
SMO  SCON. 7 Serial Port mode specifier. (NOTE 1).

SM1  SOON. 6 Serial Port mode specifier. (NOTE 1).

SM2 SCON. 5" Enables the multiprocessor communication feature in modes 2 & 3. [mmode 2 or 3, if SM2 is set
ta 1 ther BRI will not e activated if the received 9th data bit (RB8) is 0. In mode 1, if SM2 = 1
then RI will not be activated if 2 valid stop bit was not vecsived. In mede 0, SM2 should be 0.
(See Table9).

REN  SCON. 4 Set/Cleared by software t0 Enable/Disable reception.

TBS SOON. 3 The 9th bit that will be transmitted in modes 2 & 3. S4t/Cleared by software.

RB§ SCON. 2 In modes 2°& 3, is the 9th data bit that was recsived. In mode 1, if SM2 =0, RBR is the stop bit
that was received. In mode 0, RBS is not used.

11 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 i the other modes.. Must be cleared by software.

Ri SCONM. 0 Raceive interrupt flag. Set by hardware at the end of the Sth 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
0 0 ()] SHIFT REGISTER Fosc./12
0 1 1 8-Bt UART Yariabie
1 0 2 S-Bit UART Fosc./64 OR
Fosc./32
1 1 3 2-Bit UART Variable

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE.

If the bit iz 0, the corresponding interropt is disabled. If the bit is L, the corresponding intermupt is enablad.
[ ea | — | Ete | es | ETM | B0 | EWO | EX0 |

E

A IE,7  Disablesall inierrupts: If EA = O, nointexrupt will be scknowledged. IfEA = 1, each interrupt
sonree 18 individually enabled or disabled by sstiing or clearing its emable bit.

— IES . Not implemented, reserved for future yse.”
ET2 IES  Ensbleor disable the Timer 2 gverflow or capture interrupt (3052 only).
ES IE4  Enable or disablc the serial port imterrupt.

ETI IE.3  Enabic or disable the Timer 1 overflow interrupt.
EX1 IE2  Epable or disable Bxternal Intexrupt 1,
ETO0 IE.1l: - ““Enable or disabla the Timer O overflow interrupt.
EX0 IEQ0  Enable or disable External Fnterrupt 0.

*User software should not write 13 to reserved bits. These bits may be-used in future MCS-51 products 10 invoke
new feamares. In that cese, the resct or inactive value of the new bit will be 0, and its active value will be 1.



Page 15 of 15

%aanasﬁﬁ ...................................................
Timer 1
Baud Rale fosc SMOD _ Reload
cr Mpde Value
Mode 0 Max: 1 MHZ | 12 MHZ X X | X X
Moda 2 Max: 375K | 12 MH2 t | X | X X
Modes 1, 3: 62.5K 12 MH2 1 0 2 FFH
18.2K 11.089 MHZ 1 0 od FDH
96K 11.059 MHZ o 0 2 FDH
48K 11.058MHZ| 0 | 0| 2 | FAH
24K 11.089 MHZ e 0 2 F4H
1.2K 11.059 MHZ ] ) 2 E8H
137.5 141.086 MH2Z 4] 0 2 10H
110 6 MHZ 4] ] 2 T2H
10 12 MHZ ) 0 1 FEEBH
Figure 15. Timer 1 Generated Commaonly Used Baud Rates

ontrol Word of 8255

CONTROL WORD

GROUP B

PORT C {LOWER)
1=INPUT
0 = QUTPUT

PORT B
1=INPUT
0 = QUTPUT

MODE SELECTION
0=MODEO
1=MODE 1

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

&



