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8051 INSTRUCTION sz,
R N

‘ A processor performs a job by reading and executing the g,
instructions written in its program memory. This set of instruction ;
Perform a specific job is called a program. Each processors has its owp s:tto |
}nstructions. 8051 has 111 different types of instructions with 241 total numbey, "]
mstx:uctions opcodes. These instructions are one byte, two byte and three byte 10nof
An instruction may not have any operand or can have one or maximum twg.
operands. Each instruction is normally made up of three parts : :

part 2

part 1
Destination operand Source operand

mnemonic

part 1, the instruction mnemonic tells the processor the operation it has to

perform like ADD, SUB tract, Data MOVE etc.
part 2, the destination operand is an operand or data address that specifics the

destination for the data.
part 3, the source operand is an operand or data address and specifies the source

for the data.
8051 Instruction set can be divided into following five types :

(i) Data Transfer Instructions

(ii) Arithmetic Instructions

(iii) Logical Instructions

(iv) Boolean Instructions

(v) Program Branching Instructions.

7.1 DATA TRANSFER INSTRUCTIONS

ctions are used to copy a data from one location to another.
r an I/O port. The following

Data transfer instru
The location may be a register or a memory location o
ed to move data :

five types of opcodes are us
(@) MOV
(i) MOVX
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i) P and XCHD
/ instructions do not affect any flag of the PSW register. However, if

0 ansfer Ay
tion in MOV, POP or XCH instruction, then flags gets

i destination-byte, source-byte

V'nstruction copies 'a _byte frqm sourc.e to destination, There are different

nbinations for this 1n'struct1on. Rfeglsters A, DPTR, and RO-R7 of current
be specified by their names while other registers can be

+w]e CO
posslbl ank caD also :
ter 4dress only. The source can be a internal data memory location

. op b
o 4 by their 8 :

; and SFR), or directly a data byte specified in opcode. Some
MOV instructions are :

the immediate data byte n to the register A. MOV A, # 85 H

3OV A#n: Copies :
(opies data byte 85 H to register A. .
OV A, R, : Copies the contents of register R» (RO-R7) to register A. MOV A,
popies the contents of register R5 of current register bank into Register A.

JOV Rn, nts of register A into register R (R0-R7) MOV R3,
| opies the com

MOV Ra, 8 bit
45it address into register Rn.

: Copies the contents of internal data memory

MOV 8-bit Address, @ Ri :
secified by register Ri (ROor R1) into memory location spec;iﬁed by 8-bit address.

MOV DPTR, # 16-bit Data : Copies 16 bit data specified in the instruction into

DPIR register.
Note : A data MOV instruction does not affects the contents of source location.

A : Copies the conte

tents of register A into Rs.
Add : Copies the contents of internal data memory specified by

112 Addressing Modes
suppﬁiir;i?;idmodgs means method of specifying operand in a instruction. 8051
. ressing modes :
(f) Register Addressing Mode
(ll) Immediate Addressing Mode
(i) Dipect, Addressing Mode

o,




N

150 ISHAN'S Programmable Logic Controllerg and My,

(tv) Register-Indirect Addressing Mode
() Indexed Addressing Mode

ntmllﬁra

7.1.3 Register Addressing Mode

In register addressing mode, operand lies in a register and is specifieq by 1y
of the register. In 8051, Registers A, DPTR and RO to R7 may be nameq g4 a partme
opcode mnemonic. !

Example ;

MOV A, R2 : Moves the contents of source register R2 to destination register 4
In this Instruction, both the operands (source and destination) are specified Using
register addressing mode. Contents of register R2 remains unchanged.

MOV R7, A : Moves the contents of source register A to register R7 while the
contents of register A remains unchanged.

7.1.4 Immediate Addressing Mode

In immediate addressing mode, the operand is a part of the instruction itself
There is no need to specify register or memory location for operand. Immediate
addressing mode can be used for source operand only, not for destination operand. In
an instruction, only one operand can be specified using immediate addressing mode.

MOV A, #4F H ; Loads 4FH into A
MOVR1,#18H . Loads 18 H into R1
MOV DPTR, #3982H Loads 16 bit data 3982H into 16-bit register DPTR.

# symbol is used to indicate immediate addressing mode.

7.1.5 Direct Addressing Mode

In direct addressing mode, the address of the memory location, where operand
lies is directly specified in the instruction. In 8051, if there are two operands, then
both operands also can be specified by direct addljessing mode. Only internal RAM
(00H to 7FH) and SFRs (80 H to FFH) with 8-bit address can be specified using
direct addressing mode not the external data memory.

Example : |

MOV RO, 23H : Copies the contents of RAM location 23H into register R

MOV A, 81 H : Copies the contents of location 81 H ie. SP Special function
register into register A. | | -

MOV DOH, R7 : Copies the contents of register R7 into location With address

DOH i.e. PSW register.
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.o Set
rucflon .
05" Ins! AH, 03H ; Copies lthe contents of RAM location 03H (Register R3 of
MO\;ank 0) into Jocation with address 8AH i.e. TLO Timer O register.
.ster

fed? oister indirect Addressing Mode

0 . ter indirect addressing mode, a register is specified which contains the

f the memory location where operand lies. If the operand is in internal
addresso_ SFR then only registers RO and R1 can be used to specify the 8-bit
w osrolfn the memory location. The sign @ is prefixed RO/R1 to indicate register

? : taddressing mode :
’ MOV A, @ RO : Copy the contents of internal data memory location whose

s 18 held by RO, into A.
’ oV @ R, A : Copy the contents of A into memory location (internal) whose

’ Note that command MOV A, RO copies the contents of RO into A, instead of the

antents of memory location pointed by RO.
If the operand is in external data memory, then registers RO and R1 can be used
1o specify the 16-bit address of the memory location from 0000H to 00FFH, i.e. RO

ond R1 specify only lower byte of the address and upper byte is 00H. 16-bit register
DPTR can also be used to specify the 16 bit address of external data memory location

fom 0000H to FFFFH. MOVX command is used for this purpose.
" External Data RAM

8051
Data Bus P——
A l|‘ﬁ e i q Data Register
MOVX @Ri  0000-00FFH
RO or R1 } > > »
Memory
Address
M DPTR - i
@ ovX @ I 0000-FFFFH q Register

Fig. 7.1 : External Data Memory Access

drIZIngX A@ R.l : Copies the contents of external data memory location, whose

MOV;(VE byte is held by R1 and upper byte is 00H, into register A.

Whose o g RO, A : Coples the contents of A into external data memory location,
Tess lower byte is held by RO and upper byte is 00H.

ad
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ont
MOVX A, @ DPTR : Copies the contents of external data memgyy, lg B

pointed by DPTR (16 bit) into A. | i
MOVX @ DPTR, A : Copies the contents of A mnto external dat, My

location pointed by register DPTR. o
Note : Symbol @ is prefixed with RO, R1 and DPTR to indicate regigtg, ing;

. ' p
addressing mode. Only register “A” can be used to exchange 8-bit data wit}, externeq
data memory and the command used is MOVX. i

"

7.1.7 Indexed Addressing Mode

In Indexed Addressing mode, the contents of two registers are added to forn t
16-bit address of the memory location where operand lies. In 8051, only progranj
memory can be accessed using indexed addressing mode. This mode is widely Used,
accessing data elements of look-up table enteries. MOVC command is used fg, thig

purpose and contents of ROM can be transferred to accumulator (A) only.
' Internal/External ROM

8051
Data r )
l A []= < « ]' Data Register
|
' Memo \
DP!;rg:: : Add;ess Adedre Srz i
= MOVC A, @A+DPTR Register

MOVC A, @A+PC

Fig. 7.2 : ROM Access for Code Data

MOVC A, @ A + DPTR : Moves the 8-bit contents of program memory location,
whose address is obtained by adding contents of A and DPTR register, into register A.

MOVC A, @ A + PC : Moves the 8-bit contents of program memory location,
whose address is obtained by adding contents of A and PC registers, into register A
Here PC is incremented first to point to next instruction before added to A to get

the address.
7.1.8 MOVX Instruction

MOVX instruction is used for external data transfers. This instruction transfers
data between CPU register A and external data memory or I/O devices. To specify
external memory, only register indirect addressing mode 1s available. Memory
Jocation cannot be specified using direct addressing mode or indexed a.ddressing
mode. If a data from any SFR other than A or any internal RAM location is to be
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5051| 4 to external data memory,

ngll'uction Set

” jsters RO, R.l and DPTR can be ygeq to hold the memo

| are g.bit registers and hold.only lower byte of the addr ry address. Registers
R0, o581 taken as 00H. DPTR register holds 16.bjt address ess. Upper byte of the
add. MOVX A, @ RO : Copy data from external datg .

00FFH), whose lower 8-bit address is in R0, to regitamol'y location (0000H to

ster A,
MOVX A, @ R1 : Copy data from externa] data mem _
: 0
(0FFH), whose lower 8-bit address is in R1, to register?: location (0000H to
MOVX @ Rp, A : Copy the contents of A to external g :
ata m :
(0000H to 00FFH) whose lower 8-bit address is in register Rpe(;lgx;}; II(:;.'EIOH

MOVX A, @ DPTR : Copy the contents of external data memory, whose 16-
bit address is in DPTR, to register A. ’

MOVX @ DPTR, A : Copy the contents of register A into ext
memory, whose 16 bit address is in DPTR. 4 external data

719 MOVC Instruction

MOVC instruction is used to read data stored in program memory (internal
ROM and/or external ROM). All data is moved from the program memory to the
register A. Code memory location can be specified only by indexed addressing mode.
Registers A and PC/DPTR can be used for this purpose. This statement is normally
1sed to read preprogrammed data bytes like look-up table entries which are stored
in program area alongwith the codes. Letter ‘C’ in MOVC instruction indicates code

Memory.
« MOVC A, @ A + DPTR : Copy a byte stored at program memory location,
whose address is formed by adding contents of A and DPTR, into register A.

» MOVC A, @ A + PC : Copy a byte stored at program memory location,
whose address is formed by adding the contents of A and PC, into register

A. The PC is incremented by 1 (to point to the next instruction) before it 1s

added to A to form the address of ROM. .

7.1.10 PUSH and POP Instructions

Push and Pop instructions are used to store and get back 8-bit data from stack.
In 8051, internal RAM area can be used as stack. An 8-bit SFR SP is used as pointer
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s of the top most filled position of the sty
pto maximum 7FH, Only dier.
t
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to stack area and it contains addres

Default value of SP is 07H. Stack area can grow Y PUSH and POP ingp..
addressing mode can be used to specify the oper and 1n _ fied by 8 b.ruCthS.
PUSH instruction copies a byte of data from location SPect y 8-bit 2y,

in the instruction, to the top of the stack. Stack pointer SP 1s lncreme.,-nted by |
before the data is copied onto stack location pointed by SP. Stack grow up in Mgy,
as it is PUSHED. Excessive Pushing can make the stack exceed 7FH, after Whig,
data will be lost.

Example : .
PUSH 42H : Copies the byte stored at location 42 H onto stack location formeg

by incrementing SP.

- - XX 7FH
yyrT 42H 4AH 42H
XX 08H oaH] SP —»  4AH 08H
SP — XX 07H | XX O7H
XX 00H XX 00H

Before PUSH Instruction After PUSH Instruction

Fig. 7.3 : Push Instruction

POP instruction copies a byte of data from top of stac - _
location specified by 8-bit address in the instruction. SP ig ;{ef;:el;tsgtsg bSP nto the
the data is copied. Y one after

Example :

POP 7FH : Copies the byte at the top of the stack

pointeq 1, .
location 7FH. Y SP into memory

D i

i
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n
S0 | 7PH —
# B __4AH | 7FH
[——
4AH 42H Y TV i—

L | 4AH  |4H
I

o —_ o 4AH 08H

_____XX___ 07H| SP — XX 07H
]
XX JOoH XX 00H
Before POP Instruction After POP Instruction

Fig. 7.4 : Pop Instruction

£xp.for POP and PUSH Instructions

[pstruction Operation
yov 81 H, # 50H Copy immediate data 50H to SP (Address 81H).
J0V R1, #3FH Copy immediate data 3FH to R1.
MoVR2,#49H  Copy immediate data 49H to R2

pUSH 01H SP =51 H; Mem. location 51 H contains data 3FH.
pUSH 02H SP =52 H; Mem. location 52 H contains data 49 H.
POP 07H Register R7 (address 07H).
now has data 49 H; SP =51 H.
POP 90 H Port 1 Latch (address 90H) now has data 3FH; SP = 50 H.

1111 XCH and XCHD Instructions

|

XCH instruction exchanges the contents of register ‘A’ with a SFR or internal
RAM location contents. The internal RAM location and SFR can be specified using

Begister Addressing Mode, Direct Addressing Mode and Register Indirect
Mressing Mode.

XCHA, Rn Exchange contents of A and register Rn (RO-R7).

aderCI-I A, add : Exchanges contents of A and memory location whose 8-bit
"8 15 Specified in the Instruction.
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] XCH A, @- Rp : Exchanges the contents of A and memory location wh,
address is specified by register Rp (RO, R1) ‘ " B
. Exchange between A and any port (P0-P3) location copy the data on the
pins to A, whereas data in A is copied to the port latch. g
Examples :
XCH A, R4 : Exchange bytes between A and R4, i.e. if before instructj,
= 93H and R4 = 67 H then after instruction A =67 Hand R4 =23 H, 4

XCH A, DOH : Exchange bytes between A and register PSW (addreg,

DOH).
XCH A, @ R1 : Exchanges bytes between A and the memory location/SFp

whose address is in R1.

XCHD instruction exchanges only the lower nibble
nibble of the RAM location/SFR specified in the instruction without changing the
upper nibbles of both operands. RAM location/SFR can be specified using only

Register-Indirect addressing mode.

XCHD A, @ Rp : Exchange the lower
is in Rp (RO, R1). Upper nibbles do not changes.

(4 bites) of A with the lowe,

nibble of A and the location whose address

Example :
Instruction Operation
MOV R3, #58 H Copy immediate data 58 H to R3.
MOV A, #73 H Copy immediate data 73 Hto A
MOV RO, #03 H Copy immediate data 03 H (address of R3) to RO.
of A and memory

XCHD A, @ RO Exchanges the lower nibbles
location whose address is in RO ie. A =78 H and

R3 = 53 H after the instruction.

7.2 ARITHMETIC INSTRUCTIONS

8051 has arithmetic instructions for addition,
" decrement, multiply, divide, and decimal adjust for BCD operat
eight different types of arithmetic instructions. Most of these instru
(carry, overflow and Auxillary Carry) to depict the status of res

subtraction, increment, |
jon. In total there are
ctions affect flags
ult of arithmeti

operation.

2.1 Signed and Unsigned Numbers

mmer may decide that the number used in
ers or signed number. Unsigned numbers are eight bit P

the program are tolbe
ositive

7

The progra
unsigned numb
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3051 |n5tIUGUO" Ses ranging from OOH to FFH Si gned numb ‘ 157 ;
ber . S umbers . i .

B o ﬂu.m 0-6 for magnitude. If MSB bit js 1 then the numssrs 1b | ) as siga ’

ts . ‘- . S negati d if it
ol blhe pumber is positive. All negative numbers are in 2's com f‘d fert forn, J
b ent can range between —19 plement form. A ?
09" . pumbers g —128 to +127. While working with unsigned
15 ed&bl flag is taken care but hil N g with unsigne
i only carry While working with signed numbers
15 " also to be taken care. ’
o ow 112815
o"e"ﬂ D7 D6 Do
Sign Magn‘itude «8 bit Signed Qperand
UnsignedAddjtion 95d = 01011111b
189d = 101111010
284d = 100011100b = 2844d
t
To carry flag
Signed Addition
+100d = 01100100Db
+50d = 00110010Db
+150d = 10010110b =-106d

In above signed addition, the result should be +150 but as this exceeds the limit,
the result is wrongly shown — 106.

In this case overflow flag will be set which indicates that the result has exceeded
the range and hence 1ncorrect.

122 ADD Instruction

- ADD instruction adds Accumulator (A) contents with a 8 bit operand specified in
Nruction and places the result in Accumulator (A). All the three math flags i.e. CF,

Fand OF are affected. The second operand, which is to be added with A, can be

?ﬁﬁed using Immediate Addressing Mode, Register addressing .mode, Direct
‘;f‘ﬁ?‘ing mode, and register-indirect addressing mode and can be in internal RAM
TuSFR,

' ADD A #data - Adds A with immediate data and stores the result in A.
ADD A, Rn : Adds A with register Rn (RO-R7) and stores the result in A.
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AD - th locati
D A, address : Adds A with location contents whose 8-bit address ig gj,
én |

in instruction.
 ADD A @Rp
register Rp (RO,R1). |

(OF)II% add‘iti.on ?f signed numbe.rs, spgc?al attention should be given_to the overflow ,
since it indicates any error 1n addition result. The overflow flag 18 set to 1 if: 8

(i) there is a carry from D6 to D7 and no carry from D7 out.

(i) there is a carry from D7 out and no carry from D6 to D7.

. Adds A with location contents whose 8-bit addregs jg ;
In

Example :

Instruction Operation

MOV A, #63 H Copy A with immediate data 63 H
Copy R3 with immediate data 27 H
es result in A. Flag affected : After

MOV R3, #27H
ADD A, R3 Adds A and R3 and plac
the instruction A = 8AH, R3 = 927H, CF =0, OF=1,AF=0

7.2.3 ADDC Instruction
) instruction adds ‘A’ with an 8 bit operand specified in
of the instruction). Result is

ADDC (Add with carry.
instruction and carry flag bit (before the execution

hree math flags are affected. Second operand can be

indirect addressing modes

placed in A and all the t
specified using direct, immediate, register and register-
like in ADD instruction. This :nstruction is normally used to add multibyte data.
Example :
To add 4385H and 2193H, ADDC instruction 1s used as shown below :
CLR C . Clear Carry Flage CF=0
MOVA,#85H . A=85H
ADDCA,#93H " A=85H+93H+O=18H,CF=1
MOV R5, A 1 R5=A=18H
MOVA,#43H ;. A=43H
ADDCA,#21H ; A=43H+21H+1=65H,CF=0
The result of addition 1s 6518H. Lower byte in R5 and upper byte in A.

yte Instruction
) instruction subtracts source byte and carry flag '
ion performed

7.2.4 SUBBA, source b
A. The steps for subtracti

SUBB (Subtract with borrow
from accumulator (A) and places the result in

by internal hardware are :




# el o8 complement of source byte plus carry bit.
a

" qavert the cath
1on affects all the three math flages. Source byte can be specified

i) et
gBBIBST . ior direct, and register-ind; .
¢ ediste register, direct, an register-indirect addressing mode.
usi“gmlsUBB A #data A=A-data-CF
A=A-Rn RO-R7)- CF

SUBB A Rn ;

SUBB A, address A =A-Mem. (Address) - CF

SUBB A @Rp ; A=A-Mem (Address = Rp) - CF
grample

SETB C . Set carry CF =1

MOV A, #89H . A=89H

MOV R5, # 96H ; R56=26H

SUBBA, RS . A=89H-26H-1=62H,CF=0

125 INCbyte Instruction
nerement) adds 1 to the SFR or RAM Jocation specified by the operand. No

INC (@
fag s affected. The operand can be specified by register, direct and register-indirect
addressing modes. ‘
INC A . A=A+1
INC R4 + R4=R4+1
INC DPTR : DPTR=DPTR+1
INC 35H - Contents RAM location 35H increment by one
INC @R0 ; Contents of RAM location, whose address is in RO,
incremented by one.

126 DEC Byte Instruction

D . , .
IOCatioicb (Decrement) instruction decrease the contents of specified SFR or RAM
y one. No flag is affected. The operands can be specified by register, direct

0 rogic e i 1
"gister-indirect addressing modes.

EEC A , A=A-1
DE‘S R2 . R2=R2-1
30H . Decrease the contents of memory location 30H by

one.

N
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DEC@ Rl nd Mlc"%ontrom,,
|

Decrease the contents of memory locat;
address is in R1, by one. N, wh

’
Oge

7.2.7 MUL AB Instruction

(Multiply) instruction multiplies an unsigned data byte in A w;g
i
a

un 3 . . . .
signed data byte in B. 16-bit result 1s placed in A and B registers with lowe
flags are affected. This instnl;ctﬁ&

10p

:; A and upper byte in B. Overflow and carry
ways clear the carry flag. Overflow flag is changed according to the product. [ty
) £

product is greater then FFH then OF =1 otherwise it is zero.

Example :
MOV A, #06H . A=06H
MOV FOH, #05 H . B=05H
MUL AB B=OOH,A=1EHF1agsOF=OCY=0

72.8 DIV AB Instruction
DIV (Divide) Instruction divides accumulator (A) contents with contents o

register B. Both data bytes are treated as unsigned numbers. After the divisio |

quotient will be placed in ‘A’ and remainder in register B. Carry flag is always

cleared by this instruction. Overflow flag is set high if division is by zero.

Example :
MOVA,#53H A=53H (83 d)
MOV FOH, #0A H B=0AH (104d)
DIV AB ; A=08H,B=O3H
7.2.9 DAA Instruction
s used after

ator after addition) instruction i
rt the result back to BCD. The data 18 A

DA (Decimal Adjust accumul

addition of BCD numbers to conve
e cases :

adjusted In the following two possibl |
) It adds 6 to Jower 4 bits of A if it is greater than 9 or if Auxillary carry ®
high. , B
(it) It also adds 6 to the upper 4 bits of A if it is greater than 9 or if carry flag®
high.
Example :
MOV A, #38 H . A= 38H |
ADD A, #25 H . A=38H* 95H = 5DH invalid BCD number
DAA . A=63Hvalid BCD number.
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TRUCTIONS

ction

v
!061 IHS‘OGICAL |NS

A : '
o . .q] instructions for AND, O :
h Jogica R, Exclusive OR, Rotate and Swapping

51 had nts. None of the logical i .
30 ator conte gical Instruction affects flags except rotate

ructions which affects carry flag. Function of different logical

um nst
gCC ns
e ined below :

js expla

1Thlf:1°tions
d . destinaﬁo"’ Source Instruction
MLNL( D.Logical) instr}lctlon, _Logi.cally AND the source byte with destination
| nd places the result 1n deslt ation byte. No flag is affected. Destination
e ad an be accumulator or direct addressed RAM location or SFR. Source
i an be specified by immediate, register, direct or register:indirect

an
L mode-

56
ydre A, # data A = A AND 8-bit immediate data.

A=AAND Rn (R0O-R7)

Performs logical AND of A and location (RAM/SFR)
whose 8-bit address is given in instruction and
places result in A

Performs logical AND of A and location (RAM/SFR)
whose 8-bit address is given by Rp (RO, R1) and
places result in A,

Performs logical AND of A and mem location
(RAM/SFR) whose 8-bit address is given in the
instruction and places result in memory location.
Performs logical AND of immediate data (8-bit)
with memory location whose 8-bit address is given
in the instruction and places the result in memory

- - .

ANL address, A ;

ANL address, #data ;

location.
Example :

| MOVA#25H . A=95H
MOV 42H, #67H ; Memory (Add=42H)=67H
MOVRS,#1FH ; R3=1FH
ANL A, #3A H . A=25H AND 3AH = 20H
MOV A, #77H . A=T77H
ANL A, R3 . A=77HAND IFH = 17H
AL 428, A . Memory (add = 42H) =67 AND 17=07H
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7.3.2 ORL destination, source Instruction

ORL (OR-Logical) instruction logically OR the source byte with destin,,. :
and places the result in destination byte. No flag is affected. Destinatiqy, on %
can -be accumulator or direct addressed RAM location/SFR. Source op el’ando €
specified by immediate, register, direct, or register-indirect addressing mod. Can,

ORL A, #data . A=AOR8bit immediate data '

ORL A, Rn 4 A=AORRn (RO-R7)
Performs logical OR of A and RAM loca;, S

ORL A, Address
whose 8-bit address is given in instructip i

C")m b
.I'r,“
A

places result in A
Perform logical OR of A and RAM locaﬁOnfSFR

ORL A, @Rp :
whose 8-bit address is given by Rp (RO, Ri) 4

places result in A.
Perform logical OR of A and RAM location/Spy

ORL address, A ;
whose 8-bit address is given in the instruction ap

places the result in RAM location/SFR.

Performs logical OR of 8 bit immediated data with

RAM location/SFR whose 8-bit address is given in
the instruction and places the result in RAN

- .

ORL address, #data

location/SFR.
Example :
MOV A, #25H . A=25H
MOV 42H, #67H  ; Memory (Add = 42H) = 67H
MOV R3, #1FH . R3=1FH
ORL A, #8A H . A=25H OR 8AH = AFH
MOV A, #30 H : A=30H
ORL A, R3 . A=30HOR 1FH = 3FH
ORL 42H, A . Mem. location (add = 42 H) = 67 H OR 3FH = 7FH

7.3.3 XRL Destination, Source Instruction
R Logical) instruction logically XOR the source byte with

destination byte and places the result in destination byte. No flag is affected
Destination operand can be accumulator or direct addressed RAM location/SFR' |

Source operand can be gpecified by immediate, register, direct, or register-indireCt

addressing mode.

XRL (Exclusive — 0]
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i ’& (RL A' #datﬂ

YRL A, Rn
XRL A, Address

XRL A, @ Rp

XRL address, A

XRL address, #data ;

Example :
MOV A, #25H
MOV 42H, #67 H
MOV R3, #1FH
XRL A, #0BAH
XRL A, R3
XRL 42H, A

734 RR A Instruction

.
’
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A=AXOR&8 bit immediate data
A=AXORRn (RO~-R7)

Performs logical XOR of A and RAM location/SFR
whose 8 bit address ig given in instruction and
places result in A.
Performs logical XOR of A and RAM location/SFR
whose 8-bit address is given by Rp (R0, R1) and
places result in A.

Perform logical XOR of A and RAM location/SFR
whose 8-bit address is given in the instruction and
places the result in RAM location/SFR.

Performs logical XOR of 8 bit immediate data with
contents of RAM location/SFR whose 8-bit address
1s given in the instruction and places the result in
the RAM location/SFR.

A=25H

Memory location (Add = 42H) =67 H

R3=1FH

A = 25H XOR BAH = 9FH

A=9FH XOR 1FH =80 H

Mem. location (add = 42 H)=67 H XOR 80 H = E7H

RR A (Rotate Right A) instruction rotates the 8-bit of contents of accumulator to
right by one bit. Bit that comes out of DO is stored in D7. No flag is affected.

LMSB
D, —» D, —

> D, —

) LSB J
» D, % D, — D, > D, 1> D,

Example :
MOV A, #6A H
RRA
RR A

.
’

’

Accumulator (A)

A =01101010b=6AH
A =00110101b=35H
A =10011010b =9AH
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7.3.5 RRC A Instruction
RRC A (Rotate Right Through carry the Accumulator) instruction rotates the 4
h carry. Bit DO goes into ¢y,

bit contents of accumulator to right by one bit throug
flag and carry bit into D7. Only carry flag is affected.

MSB ¢ LSB
cY (» D, —t» D, —t* D; —1* D4 D, D, D, +* D,
Accumulator (A)
Example :
SETB C . CY=1
MOV A, #6A H : A=01101010b=6AH;CY=1
RRC A . A=10110101b=B5H; CY=0
RRC A . A=01011010b=5AH;CY=1

7.3.6 RL A Instruction

RL A (Rotate Left Accumulator)
it D7 goes to bit DO. No flag is affected.

by one bit. B
LMSB g s |
D, 4 D, +{- Dy +~ Di * Ds ~D,+o, = DL}‘—'
Accumulator
Example :

MOV A, # 6AH A=01101010b= 6AH

RLA A=11010100b = D4H

RLA A = 10101001 b= A9H

7.3.7 RLCA Instruction
RLC A (Rotate Left through carry the accumulator) instruction rotates

8-bit contents of accumulator to left by one bit. Bit D7 goes into carry flag and carry

flag bit goes into DO. Only ¢ i

E MSB 58 |
] ov | D, D 4 Ds 47 D47 Dy 4 Dz‘]LD,'f‘Du

the

instruction rotates the 8-bit contents of Atoleft
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o H\'W‘“ st?‘
it

PR
4

prample

QETRC oY =1

MOV A, #6AH © A=011001010b = 6AH  CY =1

RLC A A=11010101b=DSH. CY =0

Rl.‘(‘ A A=10101010b= AAH; CY = |
SWAP A Instruction

“.3-8
WAP instruction interchanges lower nibble (D0 - D3) with upper nibble

. M - PN of aocumulator A

E,,mple :

MOV A, #38H

. SWAP A

j -39 CIRA Instruction
tion clears register A

A=38H
A=83H

CLR (Clear) instruc i.e. all bits of register A becomes zeTo.

| o flag s affected.

| Example :

CLRA :
7310 CPLA Instruction
CPLA (Complement accumulator) complements the contents

fagis affected.

A=00H

of accumulator. No

Example :
MOV A, #38H A =00111000b= 38H
CPLA A= 11000111 b=C7H
74 BOOLEAN INSTRUCTIONS

dual bits which makes it more suitable

Br control operations such as switching ON/OFF motors depending upon some
ulator being destination for most of

Switch positions. Carry flag works as accum
bolean instructions. There are instructions that test a specified bit and transfer

f“f;joto the desired location depending upon test result.
~ Boolean instruction work on only bit addressible RAM locations and SFRs. Of

198.hor :

t2082b1;:’te internal RAM, only 16 bytes are bit addressable. The RAM locations
i I; are both byte-addressable and bit addressable. Figure 7.5 shows byte
e nd bit address of bit addressable internal RAM. From the table, we can

8051 has instruction to operate on indivi
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Byte Address
Bit addresses

MSB ‘\Ta;
oFH [ 7F  7E 7D 1C_ B TA 8y -
°EH | 77 76 76 74 73 2T s
2DH | 6F 6K 6D 6C 6B 6A 69 g
2CH | 67 66 65 64 63 62 61 o
2BH | 5F  5E 5D 5C 5B 5A 59 5~
2AH | 57 56 55 54 53 52 51 5
20H | 4F  4E 4D 4 4B 4A 49
28H | 47 46 45 44 43 42 1 g0
M | 3F 3B 3D  sC 8B 3A 89 3
26H | 37 36 35 34 33 32 31 E
25H | 2F  2E 2D 2C 2B 2A 29 28
24H | 27 26 25 24 23 22 21 90
23H | 1F 1E 1D 1C 1B 1A 19 18
22H | 17 16 15 14 13 12 11 10 |
21H | OF OE 0D 0C 0B 0A 09 08 |
20H [ o7 06 05 04 03 02 01 00

D7 D6 D5 D4 D3 D2 D1 DO

Fig. 7.5 : Bit address of bit addressable internal RAM

find the bit address of any bit. For example, address of bit D4 of internal RAM byte
address 29H is 4CH, the bit address of bit 6 of RAM address 21H is OEH.

All the SFRs are byte-addressable but all the SFRs are not bit addressable. Only
eleven SFRs are bit addressable also. The SFRs, that are also bit addressable, form
the bit address by using the five most significant bits (MSB) of the byte address for
that SFR together with the three least significant bits (LSB) that ldentify the bit
position from 0 (LSB) to 7 (MSB).

For example Port 0 (P0) has byte address 80H. Bit 5 of Pg ie. P05 has bit
address 85H. CY bit of PSW, PSW.7 has bit address D7 H. Figure 2.6 shows bit
address of all bit addressable SFRs.




| . ‘mﬂ‘“c‘ . 7
pyte Addre®
B Bit Addresses "
J?E 155 lu
o [P T2 MW W m g
goH g7 E6 Eb K4 T T B
po | D7 D8 2O g" D Dz D po | pew
H| = ——— C BB
§§H BT B6 BS B4 By 22 2? : ;»‘;
poH | AF = AC_ AB A A9 a8 | IE
joH | AT A8 A Al A3 A2 Al A0 | P2
g | OF 9B OD 9C 9B 9A 99 98 | SCON
oo | 97 96 9 94 93 92 91 90 | P1
sg | 8F 8E 8D 8C 8B 8A 89 88 | TCON
goH | 87 8 & 84 83 82 81 8 | PO

p7 D6 Db D4 D3 D2 D1 Do
Fig. 7.6 : Bit Addresses of bit Addressable SFRs

v CLR C Instruction

" (LR C (Clear Carry) instruction clears the carry flag i.e. after the execution of

instruction CY =0
CcLR C : CY=0

742 CLR Bit Instruction

CLR bit (Clear Bit) instruction clears the single bit of bit addressable internal
{ or SFR specified using direct addressing mode. No flag is affected unless
specified.

CLR P1.2 . P1.2 (Bit 2 of port 1)=0

CLR ACC.0 . ACC.0 (Bit 0 of A)=0

CPL C Instruction

3 L C (Complement carry) instruction complements

xample '
. MOVDOH #OFFH : PSW (add=DOH) =FF,CY=1
CPL C . CY=0

the carry bit of PSW.
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7.4.4 CPL bit Instruction

CPL bit (Complement bit) instruction complements the single bit specifieq j, "
instruction using direct addressing. Flags are not affected. ¢

Example :
SETB P1.0 ; P10=1
CPL P1.0 ; P1.0=0

7.4.5 SETB C Instruction

SETB C (set bit) instruction sets high the carry bit
SETB C ;. CY=1

7.4.6 SETB bit instruction

SETB bit (set bit) instruction sets high the single bit of bit addressable interng)
RAM or SFR specified in the instruction using direct addressing mode.
SETB P2.4 - P2.4 (Bit 4 of Port 2 SFR latch) =1

7.4.7 ANL C, bit Instruction

ANL C, bit (AND logical for bit variable) instruction ‘AND’ the carry bit with
directly specified bit and places result in CY. Only CY flag affected.
MOV A, #01H ;: A=01Hie ACC.0=1,ACC.1=0

SETB C : CY=1 |
ANL C, ACC. 0 : CY=TANDT=1 1

!
ANL C, ACC. 1 + CY=1ANDO0=0 |

7.4.8 ANL C,/bit Instruction

This instruction ‘AND’ the carry bit with complement of the bit specified in the
instruction and places result in CY. The source bit can be specified using direct
addressing mode. Only CY flag is affected.

Example :
MOV A, #01H ; A=01H,ie.ACC.0=1,ACC.1=0
ANL C,/ACC.0 ; CY=CYANDO=0
SETB C ; CY=1
ANL C,/ACC.1 ; CY=1AND1=1

7.4.9 ORL C, bit Instruction

ORbI.'tC’ bit (OB lo]g]ica.ll for bit variable) instruction ‘OR’ the carry bit with the
source bit specified mt € Instruction and places result in CY flag bit. The source bit
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b ADY bit addressible RAM/SFR location specified using direct addressing mode.
:)anly cy flag is affected.
Example :
MOVA#1H  ; A=01Hie ACC.0=1,ACC.1=0
CLR C , CY=0
ORLC,ACC.1  ; CY=00RO0=0
ORLC,ACC.0 ; CY=00R1=1

74.10 ORL C, /bit Instruction

This instruction ‘OR’ the carry bit with the complement of the source bit

.#od in the instruction and places result in the CY bit. The source bit can be any

- pit addressable RAM/SFR location specified using direct addresssing mode. Only CY
bit is affected.

Example :
MOV A, #01H ; A=01H,1e. ACC.0=1,ACC.1=0
CLRC ; CY=0 |
ORL C,/ACC. 0 ; CY=00R0=0
ORL C,/ACC. 1 ; CY=00R1=1

- 7.4.11 MOV destination bit, source bit Instruction

This MOV instruction copies the source bit to the destination bit. One of the

-~ operand must be carry flag bit and the second operand can be any bit of the bit
~ addressable RAM location/SFR specified using direct addressing mode.

MOV C, ACC. 5 : CY=ACC.5 (bit 5 of A)

MOV P0.3, C . P0.3 (Bit 3 of P0) = CY
| Instructions JC, JNC, JB, JNB, JBC are boolean instruction used for conditional
_ Program branching (relative) depending upon the value of bit under test. These
. instructions will be discussed along with the program branching instructions.

i 75 PROGRAM BRANCHING INSTRUCTIONS

- Normally the program instructions are executed sequentially ie. after first

struction, second instruction is executed. But many times it is necessary to stop
- %equential execution and jump to a particular instruction depending upon some
- tondition or programming need. For this purpose, program branching instructions
. Areused, Both conditional and unconditional branching instructions are available in
51. Jump or call instructions may have one of the three ranges :
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*  Relative range
e  Absolute short range

* Long range

A relative jump transfers control within 256 byte range, that is from -
+127 bytes relative to the first byte of the following instruction (instruction Ao |
) . : ) : after t,
jump instruction). Relative address is specified by 8-bit signed number (negative y
2's complement form). All the conditional jump instructions are relative shom
jumps. (SJMP). "

Absolute short range jump (AJMP) transfers control within 2K byte page of
program memory of the next instructions (after the jump instruction). Absolyte
jumps allows 11-bit address to the specified in the instruction. Complete 1§ bit
address of the new instruction is formed by taking five MSB bits (page number) of
next instruction address and attaching the 11 bit absolute address specified in the
instruction as LSB. '

Absolute long range (or simply Long Range) jump (LJMP) transfers control to
anywhere in the entire program memory i.e. from 0000H to FFFFH. 16 bit absolute
address is specified in the instruction. Long range addresses required three byte
instruction : one byte for opcode and two bytes for absolute address.

Program Branching Instructions

}
' !

Conditional Branching Un-conditional Branching
Instructions Instructions
Relative Addressing (radd)
(8 bit signed number)

I : !

Absolute short Addressing Absolute Long Addressing

Relative Addressing
(radd) (sadd) (ladd)
(8 bit signed Address) (11 bit Address) (16 bit Address)

7.5.1 JC radd Instruction

JC (Jump if carry) instruction jumps to relative addressed location if carry flag
is high otherwise next instruction will be executed. Relative address is 8-bit signed
number which is added to PC, which is presently pointing to the instruction next to
JC instruction, to get the address of the jumped location.




l gt 09" o "
’ Example '

004E MOV A, #33H ; A=33H

0050 JC 02 H ;  Jump relative if carry = 1 i.e. PC = 0052 + 02H if

carry = 1 otherwise PC = 0052 H

0052 MOV A, #55H ; A=056H

0054 MOV 90H, A ; P1 (add = 90 H) = 33H or 55H depending upon
whether jump takes place (CY = 1) or not.

152 INC radd Instruction

~ JNC (Jump if no carry) instruction causes jump to relative addressed location if
 (here is no carry (CY = 0). Relative address (radd) is 8 bit signed number. Address of
. .4 location is radd plus address of the instruction following the JNC

5 ]ump .
| jpstruction.
Example :
0050 ADD A, #01H ; A=A+1
0052 JNC FCH . If CY = 0, PC = 0054 — 4 (FC in 2's complement
form) = 0050 H otherwise PC = 0054 H
0054 NOP -

75.3 B bit, radd Instruction

JB (Jump if bit set) instruction causes jump to relative addressed location if the
. given bit is high. The bit can be any of the bit addressable RAM location/SFR and
can be specified using direct addressing mode only.
JB P1.3, NEXT . Jumps to relative addressed location with lable
NEXT if bit 3 of P1 is high.

. 754 INB bit, radd Instruction

. INB (Jump if no bit i.e. bit not set) instruction causes jump to relative addressed
iocatmn if the given bit is low (0). The bit can be any of the bit addressable RAM
Ocation/SFR and can be specified using direct addressing mode only.

JNBP2,5, NEXT : Jumps to relative addressed location with label
NEXT if bit 5 of P2 is low.
Eltample
HERE : JNBP1.2, HERE :; Relative address by HERE will have value

FE (-2H)
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The program will execute this instruction repeatidly as long as bjt 4 of p,
I

Zero.
Note : In JB and JNB, if the bit specified is port bit, then port pin dat; is e

7.5.5 JBC bit, radd Instruction
JBC (Jump if bit is set and clear bit) instruction causes jump to relay,
addressed location if the specified bit is high and at the same time the bit ig Clean_.d'

to zero.
JBC P1.3, NEXT ; Jumps to relative addressed location with labe
NEXT if bit 3 of P1 is high and then P1.3 =0

Note : In JBC, if the bit specified is port bit then port SFR latch bit data is ygy

and altered.

7.5.6 JZ radd Instruction
JZ (Jump if zero) instruction causes jump to relative addressed (radd) location if

the accumulator contents are zero.
JZ NEXT1 ;  Jumps to relative addressed location with label

NEXT1if A= 0.

7.5.7 JNZ radd Instruction
JNZ (Jump if not zero) instruction causes jump to relative addressed (radd)

location if the accumulator has a value other than zero.
JNZ NEXT 2 ; dJumps to relative addressed location with label

NEXT2if A = 0.

7.5.8 CJNE destination, source, radd Instruction

CJNE (Compare and jump if not equal) instruction compares the source byte
with destination byte and if they are not equal then it causes jump to relative
addressed location (radd + address of next instruction). CY flag is affected. CY flag is
set if contents of destination are less than contents of source, otherwise, CY is rest.
Source byte can be direct addressed or immediate addressed. Destination byte cén be

A, RO — R7, or register-indirect addressed location :

CJNE A, address, radd ; Compares A with direct addresseq locations
contents and if not equal then jumps to relaﬁ§e
addressed location (PC = radd + address of Next

Instruction)



r
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0 INE A, #n, radd ; Compares A with immediate data given in the
instruction and if not equal then jumps to
relative addressed location.

CJNE Rn, #n, radd ; Compares register Rn (R0 — R7) with immediate
data and if not equal then jumps to relative
addressed location.

CJNE @ Rp, #n,radd ; Compares internal RAM/SFR location, whose
8bit address is given by Rp (RO, R1), with
immediate data and if not equal then jumps to
relative addressed location.

Example :
CJNE A, 35H, NEXT - Jumps to relative addressed location with label
NEXT if A is not equal to RAM contents of
location 35H.

CJNE @R1, #65H, NEW ; Jumps to relative addressed location with label
NEW if the contents of memory location, whose
address is in R1, is not 65H.

759 DJNZ destination, radd Instruction

DJINZ (Decrement and jump if not zero) instruction decrement the destination
byte by one, and if result is not zero, it will jump to the relative addressed location.
Destination byte can be register RO — R7 or direct addressed internal RAM location
or SFR. In case of ports, port SFR is decremented and tested.

DJINZ Rn, radd : Decrement register Rn (RQ — R7) by one and jumps to relative
addressed location if result is not zero.

DINZ address, radd : Decrement the contents of direct addressed RAM
location/SFR and jumps to relative addressed location if result is not zero.

Example : Count from 1 to 50 and sends the count to PO.

CLRA : A=00H
MOVR1,#32H ; R1=50(32H)
"REP:INCA . A=A+1
MOV PO, A ;. PO=A
DINZR1,REP ; R1=R1-1,Repeatif R1 #0.
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7.5.10 JMP @ A + DPTR Instruction

JMP (Jump) insiruction is an unconditional pranch instruction. Wheneve, thi
instruction is executed, it transfers control to progra
address is sum of register A and register DPTR.

JMP @A +DPTR ; PC=A+DPTR

7.5.11 AJMP sadd Instruction

m memory location Whoe
Ne '

AJMP (Absolute Jump) instruction is an unconditional jump instructiop °

Whenever this instruction is executed, it transfers control to absolute short rang

location specified by sadd. Absolute short address (sadd) is of 11 bit. This instructio,
is 2 byte long. First opcode byte’s bits D7, D6 and D5 contains MSB 3 bits of sadd,
Rest of eight LSB of sadd are specified by second byte of the instruction. Address of
the jumped logation (where control is to be transfered) is formed by taking MSB five
bits from the address of the next instruction and attaching the 11 bit absolute short

address with it.
Opcode formation for AJMP :

First instruction byte Second instruction byte

MSB LSB MSB LSB
A Ay Ag 0 0 0 0 1 A; Ag A; Ap Ay A AL A
il —— ——— STRE T
MSB 3 bits Code for AJMP LSB 8 bits of sadd
of sadd
Example :
Memory address Opcode Instruction
4030 Al AJMP 583H
4031 83
4032 EB MOV A, R3

When instruction at program location 4030, 4031 i.e. AJMP 583 H is executed,
control is transferred to program mem. location 4583 H instead of executing next
instruction at location 4032 H i.e. MOV A, R3. Address 4583H is formed by taking
MSB five bits (01000) from address 4032H of next instruction ang attaching 583H

11-bit sadd to it.

]
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ction Set
MP Ladd Instruction

| .1 ) iy ) ' : N
: 1.5 LIMP (Long Jump) is an unconditional jump instruction. Whenever this

.on is executed, the program control is transferred to program memory
g hose 16 bit address (ladd) is given in the instruction. It is a three byte
\oeation W The first byte is opcode and next two bytes are the destination address
instl‘“cﬁ?&p instruction covers the whole 64K byte program memory location.
aadd)- LJMP 236AH ;  Program jumps to memory location 236A H i.e. PC =
236AH.

7513 SIMP radd Instruction

SJMP (short jump) is an unconditional jump instruction. Whenever this
. ¢ruction is executed, the program control is transferred to relatively address-ed
e am memory location. Relative address (radd) is 8-bit signed number (negative
ﬂmer in 2's complement form). This is a two-byte instruction. First byte is the
opcode for SJMP and second byte is radd. Relative address ‘(radd) 1s added to PC
(Program Counter), pointing the instruction next to SJMP instruction, to get the
address of destination location. In this instruction, the destination address. (where
program control jumps) must be within —128 to +127 bytes from the instruction next
to SJMP instruction.

Example Problem 2.12 : The program ON/OFF the LED connected at
port 1-3 pin and repeats the execution infinitely.

Solution : The program can be written as :

LOC OBJ LABEL Mnemonics

1020 D2, 93 AGAIN: SETBP1.3

1022 78,FF MOV RO, #FFH

1024 00 REP1: NOP

1025 00 NOP

1026 D8, FC DJNZ RO, REP1 Delay loop1
1028 C2, 93 CLR P1.3

102A 78, FF MOV RO, #FFH

102C 00 REP2: NOP

102D 00 NOP

102E D8, FC DJNZ RO, REP2 Delay loop 2
1030 80, EE SJMP AGAIN
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Flr‘st instruction sets bit P1.3. 2nd instruction copy immediate data p
(according to delay time) into R0. Next two instruction are No operation inétmctjo 3
apd are used to increase the delay time of delay loop. Next instruction decrem%"‘ :
RO by one and jump back to instruction at location 1024 with label REPY, g,
relative addressing is used and address for label REP1 is calculated by adding 1022
(Address of Next instruction) + FC (8 bit signed number) using 2's complemey
addition (FFFC for FC) = 1024 H. Next five instructions do the some by clearing
P1.3. Last instruction jumps back to first instruction. Here adding 1032 (Address of

Next Instruction) + (FF) EE gives 1020 H.

7.5.14 ACALL sadd (11 bit) Instruction

ACALL (Absolute Call) instruction is an unconditional call instruction to calls
subroutine. It works just like AJMP instruction but with the difference that this
instruction pushes the address (two bytes) of the next instruction (Insturction
written after ACALL instruction) onto the stack which is used to come back. The
subroutine should be within 2K bytes from the current program counter position.
This instruction is 2 bytes long. First opcode byte’s bits D7, D6 and D5 contains MSB
3 bits of sadd and rest of eight LSB bits are specified by second byte of the
instruction. Address of the first instruction of the subroutine is formed by taking
MSB five bits from the address of the next instruction after ACALL and attaching 11

bit absoulute short address (sadd) with it.

7.5.15 LCALL ladd (16 bit) Instruction

LCALL (Long CALL) Instruction is an unconditional call instructioin to call a
subroutine anywhere in the 64K byte program memory. It is like LJIMP instruction
but with the difference that this instruction pushes the 16 bit address of the next
instruction onto the stack which is used at the end of the subroutine to go back to
the calling program with the help of RET instruction. It is a three byte instruction.
The first byte is opcode and next two bytes are the destination address (ladd).

7.5.16 RET Instruction

RET (Return from subroutine) instruction is used to return from end of 2
subroutine to the calling program which had earlier called the subroutine using
LCALL or ACALL instructions. The top two bytes of the stack are popped into the
program counter (P C) and program execution continues at this new address. After
popping the top two bytes of the stack into the program counter, the stack pointer
(SP) is decremented by 2. Figure 7.7 shows use of stack during subroutine call.

7
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First instruction
P

P

|———
A CALL/LCALL Instruction

o

1245H next instruction
RET

Stack Area of Stack Area of Stack Area of

Internal RAM Internal RAM internal RAM
3 XX 52H 52H 12H 52H 12H 52H
XX 51H SP 45H 51H 45H 51H
XX___|50H XX___|50H| 50H XX___|50H

sP 2300H SP
PC 1245H
Stack before start of Stack after execution PC Stack after
CALL instruction of CALL (ACALL/LCALL) execution of
(ACALL/LCALL) instruction RET instruction

Fig. 7.7 : Stack and PC Contents during Subroutine Call

4 7517 NOP Instruction

§ NOP (No operation) instruction performs no operation and execution continues
§ vith the next instruction. It is used for timing delays to waste clock cycles.

‘\7.5.18 RETI Instruction

RETI (Return from Interrupt) is used at the end of the an interrupt service
§ “Utine to go back to the main program. The top two bytes of the stack are popped
 Into .PC and program execution continues at this new address. After popping the top
:l_fw" bytes of the stack onto the PC, the SP is decremented by 2 and resets the
1 :nte"“llt enable flag. When an ISS (Interrupt Service Subroutine) execution
§ s, hardware interrupt disable flag is set to prevent another Interrupt of same

prim'ity level to take place untill RETI is executed.



178 ISHAN'S Progrummable Loglc Controllers and Mlc:l’orx,mro"e
ry

SUMMARY

8051 has one to three bytes long, 111 different types of instruction, Theg,
instructions can be divided into five categories : Data transfer, Arithmetic, Logica)

Boolean and Program Branching Instruction.

Data transfer instructions are used to transfer (Copy)
another. MOVX is the only instruction to transfer data between external RAM apq
A. MOVC instruction is used to transfer data bytes from program memory to A
MOV, PUSH, POP, XCH and XCHD data transfer instructions work with on]y
internal RAM and SFRs. Data transfer instructions do not affect flags unless PSW s
directly specified. ADD, ADDC, SUBB, DIV, MUL, INC, DEC, DA A are arithmetic
instruction. Accumulator A normally stores the result and math flags are affected to
tell the result condition. ANL, ORL, XRL, RRA, RRC A, RL A, RLC A, SWAP, CLR
and CPL are logical instructions. Arithmetic and logical instructions work on one
operand or maximum two operans of eight bit each. CLR bit, CPL bit, SETB, ANL
bit, ORL bit, MOV bit are instruction which work on single bit and are very useful
ontrol design. These instructions work with only 16 bytes of bit addressable

data from one location {,

for c
internal RAM and bit addressable SFRs.

There are different ways to specify operand of an instruction. These ways are
called addressing modes. Large the addressing modes, more flexible and easy is to
write a complicated program 8051 supports five addressing modes : Register,
Immediate, Direct, Register-Indirect and indexed. In register addressing mode,
registers A, DPTR and RO — R7 of current register bank can be specified in the
instruction holding the operand. In immediate addressing mode, operand is a part of
the instruction. In direct addressing mode, address of the location where operand lies
is specified in the instruction. In register-indirect addressing mode, register DPTR,
RO or R1 is specified in the instruction which holds the address of the location where
operand lies. In indexed addressing mode, contents of register A and DPTR/PC are
added to form the address of program memory location where operand lies and

useful for look-up tables. External data memory can be addressed using only

register-indirect addressing mode.
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