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1. aeadunedn lulaseaulnsaaas (Microcontroller) fiaanuansteann lulasTusaamas

(Microprocessor) agnls (2 AzluL)

aea 1

2. ausuisellil fususniReeslulaseeulnsainefassga MCS-51 aunneuidn dalasaluignuie
e fiinadsuileligniacdan (3 Azuuw)
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3. MCS-51 waf AT89C52 neludl flash memory 111 8 kbytes auandn weawmsandetanaluil
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Address EA=0 EA =1
OFFF H

1000 H

3000 H

FFFF H
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5 1 a3l iaunsoseviagasanieuantd MCS-51 1ifiundn 64 Alalud (2 Avuuw)
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5.3 8% MAX-232 viialad DS-275 Hutihivinazls wnlidelediludas MCS-51 arursonedlgvala

2ei9ls AeBFLNEWRNALTENAEL (2 ATWWW)

5.5 3927 Power-ON Reset Agazls futhiarlslurzuululasinsaames vinlifaeasiuda MCS-51

aunsonanuldvirels atnels (2 Aziuw)
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6. awanuuurzuumbaNanliiulnlasreulnsaiaad MCS-51 Taadl memory map fasd (10 AzwwwW)

BFFFH
AOOOH
9FFFH
8000H
7FFFH

4000H
3FFFH

0000H

External Data memory

8 KB SRAM#2

8 KB SRAM#1

16 KB SRAM#2

16 KB SRAM#1

External program memaory

BFFFH

8000H
7FFFH

4000H
3FFFH

0000H

16 KB EPROM#3

16 KB EPROM#2

16 KB EPROM#1

@
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Auuin Wadeyaain data sheet drznaunisianson

Internal Data memory  External Data memory

127 42H 5002H 67H PC

126 27H 5001H 48H

125 10 5000H 73H ACC
s

17 5 1205H 74H

16 15 1204H 61H PR [ 5 ]

15 57H 1203H 370

14 12H 1202H 9 B [ 7 ] .

13 67H 1201H 3 59 2

12 C7H 1200H 6 psw | EFH

11 35H

10 32H PO

9 3 9 36H

8 1 8 48H P1 | E6H

7 EOH 7 9AH

6 F7H 6 67H P2 [ 71A

5 67H 5 19H

4 79H 4 EOH P3 [ 65H

3 28H 3 C/H

2 24H 2 24H

1 7FH 1 9

0 OFH 0 8

7. angUi 2 AsndmAtaIniiAtds MOVX A@DPTR ufa AnhiFasmesuazuaaainudnla

wasuwlae wazlaswdudnezls 2 Azuuw)

8. ami2  awndwmdlRIniIAId LCALL 5100H  uda ArluFRameiuasmisarniuanie

wasuuas uazulasutudtesls 2 Azuuw)

9. a2 aandmdaIninAds MOV PSW #00H wdamnudaeanda SUBB A@R1 uaAn A1y

sla - v o i i )
Fagimefuazsanuan landauutas wazildsuduanesls 2 Azuuw)
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10. angii 2 AawmdmdaninAde CLR PSW.4 ufaniudaaAnds MOV @R1.Au AliFames

uazuharnua lolasudas wazildswiludrezls 2 Azuuw)

11, angii 2 aendmdesaminAnde XRL A05H ufaArhiFaamesuazmizceanudnlawlaauulas

wazilasuiluAtesls (2 Azwu)

12, anglfi 2 awdmdaninAtds RET uda AbiFasmefuasmieainudnlaasuwlas uaz

waswtuanezls (2 Azuuw)

13, a2 endmAsRIninAde INC SP udamusaaatds POP PO udin AluiRawmaiuas

mingAanna lalasuutas uazilasuiluatasls (2 Azuuw)

14, angU¥ 2 Awdma@RINinAI4e MOV DPH,#12H udamnuiaeads MOVX @DPTRA uéa Anlu

FAawafuazmireanualawasundae wazilasudlusnesls 2 Azwuw)

15. A N7l 2 Aaundmdiannindnds MUL AB uda AhFmmefuasmiisanudnlawlfouilas uaz

wasuduazls 2 Az
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16. ANt 2 awdudeanindrds CPL A uda AnluiRawmefuazmbaanudnlandeuulas uas

wastuaesls (2 Azuuw)

17. angfl 2 asndmdminindrds MOV FO,C uda Aliifaamefuazmisaanndtlan/asulas

wazilasailuatals (2 Azuuw)

18. Al 2 awmdmdaininAnds NOP udsArhfdamefuazmisaanudnlawlaaunlas uaz

wasutusnazls (2 Azuuw)

19, asmbinawhimMamiuesdig MCS-51 saldil(sazuun)
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20. wndasn sl MCS-51 aseszfuaudnAtyrasdumesindanuniduassesielliiuds avsias

Ak lsdwiuAcuAN MCS-51 (3 AzULW)

Serial port A10UANUAAYFOFR
INTO
Timer/Counter0
INT1
Timer/Counterl AFUANNAYAIA

a.dryryea laan v uaz a. W3 wniifing
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MCS®-51 INSTRUCTION SET

Tabie 10. 8051 Instruction Set Summary

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

instructions that Affect Flag Settings()
Instruction Flag instruction Flag

C oV AC C Ov AC

ADD X X X CLRC 0
ADDC X X X CPLC X
sSuBB X X X ANLChHit X
MUL c X ANLC,/bit X
biv C X ORLCbit X
DA X ORLCbit X
RRC X MOVCphit X
RLC X GINE X
SETBC 1

(DNote that operations on SFR byte address 208 or
bit addresses 209-215 (i.z., 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.

direct - 8-bit internal data location’s address.
This could be an Internal Data RAM
location (0-127) or 2 SFR [ic., I/0
port, control register, status register,
etc. (128-255)].

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

#data — B-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-byte Pro-
gram Memory address space.

addr 11— 11-bit destination address. Used by
ACALL & AJMP. 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 complement) 8-bit offset
byte. Used by SIMP and all condition-
al jumps. Range is —128 to +127
bytes relative to first byte of the fol-
lowing instruction.

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

Osclilator

Mnemonic Description Byte Period

ARITHMETIC OPERATIONS

ADD ARn Add register to 1 12
Accumulator

ADD Adirect Adddirectbyte to 2 12

Accumulator

Add indirect RAM 1 12

to Accumulator

ADD  A,#data Addimmediate 2 12

datato

Accumulator

Add register to 1 12

Accumulator

with Carry

ADDC Adirect Add direct byte to 2 12

Accumuiator

with Carry

Add indirect 1 12

RAM to

Accumulator

with Carry

ADDC A, #data Add immediate 2 12

data to Acc

with Carry

Subtract Register 1 12

from Acc with

bomrow

SUBB Adirect Subtract direct 2 12

byte from Acc

with borrow

Subtract indicect 1 12

RAM from ACC

with borrow

SUBB A,sdata Subtract 2 12

immediate data

from Acc with

borrow

Increment 1 12

Accumulator

Increment register 1 12

increment direct 2 12

byte

increment direct 1 12

RAM

Decrement 1 12

Accumulator

Decrement 1 12

Register

Decrament direct 2 12

byte

Decrement 1 12

indirect RAM

ADD A@Ri

ADDC  ARn

ADDC A@Ri

SUBB A,Rn

SUBE A.eRi

ING A

INC Rn
INC direct

INC  @Ri
DEC A
DEC Rn
DEC  direct

DEC @Ri

All mnemonics copyrighted ®intel Corporation 1960
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Table 10. 8051 instruction Set Summary (Continued)

Mnemonic Description  Byte Om':?' Mnemonic Description  Byte °’°""p. M"”
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
INC DPTR increment Data 24 RL A Rotate 12
Pointer Accumulator Left
MUL AB Multiply A & B 48 RLC A Rotate 12
Div 4B Divide AbyB 48 Accumulator Left
DA A Decimal Adjust 12 through the Carry
Accumulator fR A Rolate 12
LOGICAL OPERATIONS Accumulator
ANL ARn AND Register 1o 12 Right
Accumulator RRC A Rotate 12
ANL A direct AND direct byte 12 Accumulator
to Accurnulator Right through
ANL AGRi AND indirect 12 the Carry
RAM to SWAP A Swap nibbles 12
Accurnulator within the
ANL A #data AND immediats 12 Accumulator
datato DATA TRANSFER
Accumulator MOV ARn Move 12
ANL directA AND Accurmutator 12 register to
to direct byte Accumulator
ANL direct, #data AND immediate 24 MOV A direct Move direct 12
data to direct byte byte to
CRL ARn OR register to 12 Accumulator
Accumulator MOV A@Ri Move indirect 12
ORL Adirect OR diract byte to 12 RAM to
Accumuiator Accumulator
ORL A@Ri OR indirect RAM 12 MOV A wdata Move 12
to Accumulator immediate
QORL A,#data OR immediate 12 datato
datato Accumulator
Accumulator MOV RnA Move 12
ORL direct,A OR Accumulator 12 Accumulator
1o direct byte 10 register
ORL direct,#data OR immediate 24 MOV  Rn.direct Move direct 24
data o direct byte byteto
XAL ARn Exclusive-OR 12 register
register to MOV FRn#data Move 12
Accumulator immediate data
XRL  Adirect Exclusive-OR 12 to register
direct byte to MOV  directA Move 12
Accumulator Accumulator
XRL A eRi Exclusive-OR 12 to direct byte
indirect RAM to MOV  diregt,Rn Move register 24
Accumulator to direct byte
XRL A #data Exclusive-OR 12 MOV directdirect Move direct 24
immediate data to byte to diract
Accumnulator MOV direct, @Rl  Move indirect 24
XRL direct,A Exclusive-OR 12 RAMto
Accumulator to direct byte
direct byte MOV  direct,#data Move 24
XRL direct,#cata Exclusive-OR 24 immediate data
immediate data to direct byte
to direct byte MOV  @RiA Move 12
CLR A Clear 12 Accumulator to
Accumulator indirect RAM
CPL A Complement 12 All mnemonics copyrighted ©Intel Corporation 1980
Accumulator

11
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Table 10. 8051 instruction Set Summary (Continued)

Osclliator Oscillator
Ninemonic Description Byte Period Mnemonic Description Byte Period
DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION
MOV @Ridirect Move direct 2 24 CLR C Clear Cany 1 12
byte to CLR bit Clear direct bit 2 12
indirect RAM SETB C Set Carry 1 12
MOV @Ri,#data Move 2 12 SETB bit Set direct bit 2 12
immediate CPL C Complement 1 12
datato Carry
inciirect RAM CPL bit Complement 2 12
MOV OPTR,#data16 Load Data 3 24 direct bit
Pointer with a ANL C.,bit AND direct bit 2 24
16-bit constant to CARRY
MOVC A B8A+DPTR Move Code 1 24 ANL C./bit ANDcomplement 2 24
byte relative to of direct bit
DPTR to Acc to Carry
MOVC A,@A+PC Move Code 1 24 ORL C.bit OR direct bit 2 24
byte relative to to Carry
PC o Acc ORL C,/bit  OR complement 2 24
MOVX A,eRi Move 1 24 of direct bit
External 1o Carry
RAM (8-bit MOV C,bit Move direct bit 2 12
addr) to Acc to Canry
MOVX A,@DPTR Move 1 24 MOV bit,C Move Carry to 2 24
External direct bit
RAM (16-bit Jc rel Jump if Carry 2 24
addr) to Acc is set
MOVX &RiA Move Acc to 1 24 JINC rel Jump if Carry 2 24
External RAM not set
{8-bit addr) Jg bitrel  Jump if direct 3 24
MOVX @DPTR.A Move Acc to 1 24 Bit is set
External RAM JNB bitrel  Jumpif direct 3 24
{16-bit addr) Bit is Not set
PUSH direct Push direct 2 24 JBC bitrel  Jumgpif direct K| 24
byte onto Bitis set&
stack clear bit
POP  direct Pop direct 2 24 PROGRAM BRANCHING
byte from ACALL addr11  Absoluste 2 24
stack Subroutine
XCH ARn Exchange 1 12 Cali
register with LCALL addr1é Long 3 24
Accumulator Subroutine
XCH  Adirect Exchange 2 12 Call
direct byte RET Return trom 1 24
with Subroutine
Accumulator RET! Return from 1 24
XCH A@RI Exchange 1 12 interrupt
indirect RAM AJMP  addri1 Absolute 2 24
with Jump
Accumutator LIMP  addri6 LongJdump 3 24
XCHD A,@Ri Exchange low- 1 12 SIMP  rel Short Jump 2 24
order Digit (retative addr)
indirect RAM All mi i Intel ;
with Ace nemonics copyrighted ®Intel Corporation 1980
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Tabie 10. 8051 Instruction Set Summary (Continued)

PSW structure

Oscillator Osciltator
Mnemonic Description  Byte Period Mpemonic Description Byte Period

PROGRAM BRANCHING (Continued} PROGRAM BRANCHING (Continued)
JMP  @A+DPTR  Jump indirect 24 CJINE Rn #datmsel Compare 3 24

relative to the mmediate to

DPTR register and
3z el Jumgp it 24 Jump if Not

Accumulator Equal

is Zero GINE @RI, #datarel Compare 3 24
INZ et Jump il 24 immaediate to

Accumulator indirect and

is Not Zero Jump if Not
CJINE Agirectret Compare 24 Equal

direct byte to DJINZ Rnrel Decrement 2 24

Acc and Jump registor and

if Not Equal Jump if Not
CINE A, #datarel Compare 24 Zero

immediate to DINZ  directrel Dacrement 3 24

Aco and Jump diroct byte

if Not Equal and Jump i

Not Zero
NOP No Operation 1 12

Al mnemonics copyrighted ®intal Corporation 1880

SFR MEMORY MAP

F8
FO
E8

888888

BO
A8
AOQ
a8
90
88
80

8 Bytes
FF
B 7
EF
ACC E7
DF
PSW D7
T2CON RCAP2L RCAP2H TL2 TH2 CF
c7
P BF
P3 B7
iIE AF
P2 A7
SCON SBUF oF
P1 a7
TCON TMOD ™ THO THY 8F
PO SP DPH PCON 87

T Figure 5

Bit

Addressable
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Interrupt Vector

interrupt Vector
Source Address
IEO 0003H
TFO 0008H
IE1 0013H
TF1 001BH
RI&T 0023H
TF2 & EXF2 002BH

IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE.

If the bit is O, the corresponding interrupt has a lower priority and if the bit is 1 the corresponding interrupt has a
higher priority.

| — | — | pr2 [ ps [ P11t | Pxt | PO | PXO |

P12

PS

PT1
PX1
PTO
PX0

IP. 7 Not implemented, reserved for future use.*

IP. 6 Not implemented, reserved for future use.*

IP. 5 Defines the Timer 2 interrupt priority level (8052 only).
IP. 4 Defines the Serial Port interrupt priority level.

IP. 3 Defines the Timer 1 interrupt priority level.

IP. 2 Defines External Interrupt 1 priority level.

IP.1

Defines the Timer 0 interrupt priority level.

IP. 0 Defines the External Interrupt Q priority level.

*User software should not write 1s 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.

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE.
If the bit is O, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled.

{ ea | — | e2 | es | e | 1 | ETO | EXO |

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

-— IE.6  Not implemented, reserved for future use.*

ET2 1IE.5  Enable or disable the Timer 2 overflow or capture interrupt (8052 only).

ES IE4  Enable or disable the serial port interrupt.

ET1 IE.3  Enable or disable the Timer 1 overflow interrupt.

EX1 IE2  Enable or disable External Interrupt 1.

ETO IE.1  Enable or disable the Timer 0 overflow interrupt.

EX0 IE.0  Enable or disable External Interrupt 0.
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TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE.

(w71 [ 71 | 7r0 | TRO | €1 [ m | ®0 | 1m0 |

TF1 TCON. 7 Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hard-
Wware as processor vectors to the interrupt service routine.

TR1 TCON. 6 Timer 1 run control bit. Set/cleared by software to turn Timer/Counter | ON/OFF.

TFO TCON. 5 Timer 0 overfiow flag. Set by hardware when the Timer/Counter O overflows. Cleared by hard-
ware as processor vectors to the service routine.

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

1E1 TCON. 3 External Interrupt | edge flag. Set by hardware when External Interrupt edge is detected.
Cleared by hardware whent interrupt is processed. .

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

IEQ TCON. 1 Externsi Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected. Cleared
by hardware when interrupt is processed.

ITO0

TCON. O Interrupt O type control bit. Set/cleared by software to specify falling edge/low level triggered
External Interrupt.

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

[Gate [ o7 [ mt | Mo | GatE | o/T | M1 | wmo |
b — \. /

TIMER 1 TIMER O
GATE  When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERX will run only while INTx pin is high
{hardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software
control).
c/T Timer or Counter selector. Cleared for Timer operation (input from internal system clock). 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 Mode
0 0 0 13-bit Timer (MCS-48 compatible)
0 1 1 16-bit Timer/Counter
1 0 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

1

control bits, THO is an 8-bit Timer and is controlled by Timer 1 control bits.

1 3 {Timer 1) Timer/Counter 1 stopped.
IE REGISTER (P REGISTER
—o/" o-o*:’ [ N
: >
[
o_o)l/ & T INTERRUPT
b O
POLLING
E °\¢_ i SEQUENCE
1
) < g
—Q/ O—O’!’C %} >
.
. o >
O/ O—O’r N
‘ »
[}
R ; © —
> o/ooto > =
t
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SCON: SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE.

[smo | smi | sm2 [ Ren | TB8 | mB8 | T | R |
SMO SCON. 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 SM2 = |
then RI will not be activated if a valid stop bit was not received. In mode 0, SM2 should be 0.
{Ses Table 9).
REN  SCON. 4 Set/Cleared by sofiware to Enable/Disable reception.
TBS SCON. 3 The Sth bit that will be transmitted in modes 2 & 3. Set/Cleared by software.
RBS SCON. 2 In modes 2 & 3, is the 9th data bit that was received. In mode 1, if SM2 = 0, RB8 is the stop bit
that was received. In mode 0, RB8 is not used.
TI SCON. 1 Transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the
beginning of the stop bit in the other modes. Must be cleared by software.
RI SCON. 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 M1 Mode Description Baud Rate
0 0 0 SHIFT REGISTER Fosc./12
0 1 1 8-Bit UART Variable
1 0 2 9.Bit UART Fosc./64 OR
Fosc./32
1 1 3 9-Bit UART Variable
L8 {M88) / GBALBTAITY RAM

Bit addressable area

A 7B TC D TE TF

2B 2 2D 2k

8

Framaln

o



