
BECE204L MICROPROCESSORS AND MICROCONTROLLERS 
2

MODULE:3 MICROCONTROLLER ARCHITECTURE: INTEL 8051



REFERENCE

BECE204L MICROPROCESSORS AND MICROCONTROLLERS 
3

Mohammad Ali Mazidi, Janice G. Mazidi, Rolin D. McKinlay, The 8051
Microcontroller and Embedded Systems, 2014, 2nd Edition, Pearson, 
India.



MICROCONTROLLER

BECE204L MICROPROCESSORS AND MICROCONTROLLERS 
4

.Microcontroller-It is a controlling device in which memory and I/O output 
component is present internally.
Micro Controller contains a CPU, Memory, I/O all integrated into one chip.

Microcontroller has
CPU (microprocessor)
RAM
ROM
I/O ports
Timer
ADC and other 
peripherals



Some Embedded Products Using Microcontrollers
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Harvard Architecture-Used in Microcontrollers
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Harvard Architecture
The Harvard architecture stores machine instructions and data in separate memory units that are 
connected by different busses. 



8051 Microcontroller Features
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8051 is an 8-bit microcontroller
4KB of ROM storage 
128 bytes of RAM storage 
Two 16-bit timers. 
It consists of  four I/O ports 
,each 8 bit wide
An on-chip crystal oscillator is 
integrated in the 
microcontroller having crystal 
frequency of 12 MHz.
Six interrupts sources



8051 block diagram Architecture 
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Comparison of 8051 family members
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PINDIAGRAM of 8051 
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Pins 1 to 8 Port 1. This port 

bi-directional I/O port.
Pin 9 RESET pin, which is used to reset the 
microcontroller to its initial values.
Pins 10 to 17 Port 3. This port 
serves some functions like interrupts, timer input, control 
signals, serial communication signals RxD and TxD, etc.
Pins 18 & 19 interfacing an 
external crystal to get the system clock.
Pin 20 power supply to the circuit.
Pins 21 to 28 Port 2. It serves as 
I/O port. Higher order address bus signals are also 
multiplexed using this port.

40 PIN IC



PINDIAGRAM of 8051 
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Pin 29 PSEN pin which stands for Program Store 
Enable. It is used to read a signal from the external program 
memory.
Pin 30 EA pin which stands for External Access input. 
It is used to enable/disable the external memory interfacing.
Pin 31 ALE pin which stands for Address Latch Enable. 
It is used to demultiplex the address-data signal of port.

Pins 32 to 39 Port 0. It serves as I/O 
port. Lower order address and data bus signals are 
multiplexed using this port.

Pin 40 power supply to the circuit.



Registers in 8051
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Some 8 bit registers

Some 16 bit registers

Register are used to store information temporarily, while the 
information could be

a byte of data to be processed, or
an address pointing to the data to be fetched



Registers in 8051
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A-The accumulator, register A, is used for all arithmetic and logic 
operations. 

B-The "B" register is very similar to the Accumulator in the sense that it 
may hold an 8-bit (1-byte) value. 

The "B" register is used only by two 8051 instructions: MUL AB and DIV AB. 
To quickly and easily multiply or divide A by another number, you may store the 
other number in "B" and make use of these two instructions. 
The "B" register is often used as yet another temporary storage register.

R0-R7- These registers function as auxiliary or temporary storage 
registers in many operations.



Registers in 8051
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PC- Program Counter 16 bit register which tells where the next 
instruction to execute can be found in the memory. (So the address 
range is from 0000-FFFF)
PC starts at 0000h when the 8051 initializes or powered up
DPTR-Data pointer is  a 16 bit register meant for pointing to data. 
It is used by the 8051 to access external memory using the address 
indicated by DPTR. DPTR holds 2 bytes.



Registers in 8051
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Stack pointer
The register used to acces stack is 
Stack pointer.
Stack is portion of RAM used to store 
information-either data or address.
SP is 8 bit wide, which can take 
values from 00- FF H
When 8051 is powered up SP 
contains value 07, which means 
RAM location 08 is  the first location 
used for stack in 8051.

RAM ORGANIZATION



Memory organization of 8051- On chip ROM space
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Some family members of 8051 have only 4K bytes of on-chip ROM (e.g. 8751, 
AT8951); 
some have 8K ROM like AT89C52, 
there are some family members with 32K bytes and 64K bytes of on-chip ROM such 
as Dallas Semiconductor. 
No member of the 8051 family can access more than 64K bytes of opcode since the 
program counter in 8051 is a 16-bit register (0000 to FFFF address).
The first location of the program ROM inside the 8051 has the address of 0000H, 
whereas the last location can be different depending on the size of the ROM on the 
chip. 
Among the 8051 family members, AT8951 has 4k bytes of on-chip ROM having a 
memory address of 0000 (first location) to 0FFFH (last location).



Memory organization of 8051- On chip ROM space
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Among the 8051 family members, AT8951 has 4k bytes of on-chip ROM having a 
memory address of 0000 (first location) to 0FFFH (last location).

4KB
4KB=4096 bytes(4*1024 bytes) -12 address lines.  
1111-F ,1111-F,1111-F So memory address range si 0000- 0FFF
Calculate the last address location if  ROM space is 64KB? - FFFF



Home Work
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Find the ROM memory address of each of the following 8051 chips. 
(a)AT89C51 with 4KB (b) DS89C420 with 16KB     (c) DS5000-32 with 32KB

(b)With 16K bytes of on-chip ROM memory space, we have 16,384 bytes (16 x 1024 = 16,384), which 
gives 0000 - 3FFFH. (4000h-1)
(c) With 32K bytes we have 32,768 bytes (32 x 1024 = 32,768). Converting 32,768 to hex, we get 
8000H; therefore, the memory space is 0000 to 7FFFH.

1638416
102416

6416

4

0

0

0



Placing code in Program  ROM -Example
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OPCODE
OPERAND



Memory organization of 8051- On chip RAM  organization
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8051 has 128 Bytes of RAM

RAM allocation in 8051

The 128 bytes are divided into three
different groups as follows:
1) A total of 32 bytes from locations 00 to 1F hex 
are set aside for register banks and the stack
2) A total of 16 bytes from locations 20H to 2FH 
are set aside for bit-addressable read/write 
memory
3) A total of 80 bytes from locations 30H to 7FH 
are used for read and write storage, called scratch 
pad (can be used to store variable data)



Memory organization of 8051- On chip RAM  organization
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8051 Register Banks and their RAM Addresses



Memory organization of 8051- On chip RAM  organization
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8051 Register Banks and their RAM Addresses



Memory organization of 8051- On chip RAM  organization
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Example- Predicting RAM content based on simple  MOV 
instruction- MOV DESTIANTION, SOURCE



Memory organization of 8051- On chip RAM  organization
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Repeat Example using RAM addresses instead of register 
names.

Direct addressing

Default register bank-Bank 0



Program Status word (PSW)
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The program status word (PSW) register,  also referred to as the flag register, is an 8-bit register. 

Bits of Program Status word
4-Conditional flags
2-bits for Register bank select
2bits-user defined flags

The PSW Register 
contains that status 
bits that reflect the 
current status of the 
CPU
Only 6 bits are used 
by 8051
Two unsed bits are 
user defined 



Special Function Register-PSW (PROGRAM STATUS WORD)
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CY, the carry flag 1) whenever there is a carry out from the D7 bit. It is affected after an 8-bit 
addition or subtraction operation. It can also be reset to 1 or 0 directly by an instruction such as "SETB C" and "CLR C" 
where "SETB" stands for set bit carry and "CLR" stands for clear carry.

AC, auxiliary carry flag carry from D3 and D4 during an ADD or SUB operation, the AC bit is set; otherwise, 
it is cleared. It is used for the instruction to perform binary coded decimal arithmetic.

P, the parity flag A register contains 
odd number of 1's, then P = 1; and for even number of 1's, P = 0.

OV, the overflow flag set whenever the result of a signed number operation is too large causing the high-
order bit to overflow into the sign bit. It is used only to detect errors in signed arithmetic operations.

The OV flag is set if there is a carry from D6-D7 or from D7 to D8 but not both.
Hence  the conditions are either 

carry from D6-D7 or from D7 (CY=0) Or
carry from D7 to D8 (CY= 1).



Instructions that affect PSW
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X can be 0 or 1



How to switch register banks
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Example- status of PSW- Flag bits after addition
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Show the status of the CY, AC, and P flags after the addition of 38H and 2FH in the 
following instructions.

MOV A,#38H
ADD A,#2FH ;after the addition A=67H, CY=0



Example -status of PSW flags
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Show the status of the CY, AC, and P flags after the addition of 
9CH and 64H in the following instructions.

MOV A,#88H
ADD A,#93H

1 0001000
1 0010011

1 00011011

CY =1 Carry from D7 bit
AC=0 no auxiliary carry from D3to D4 

D0D1D2D3D4D5D6D7



Determine the status of PSW register conditional flags
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CY =1 Carry from D7 bit
AC=0 no auxiliary carry from D3to D4 

OV=1 

D0D1D2D3D4D5D6D7

MOV  A, #-128 ; A=1000 0000  (A=80H)
MO R4,#-2 ;       R4=1111 1110 (R4=FEH)
ADD A,R4;          A=0111 1110 (A= 7Eh =+126; invalid)

-128   1000 0000
-2       1111 1110 
-130   0111 1110         OV=1 (Carry from D7)

Signed arithmetic

128 = 80h
1000 0000    
0111 1111

1      -1-s complement +1
1000 0000 - -

2= 10h
0000 0010 
1111 1101-

1-
1111 1110 

7Eh= 7x 161 +Ex160 = 112+14 =+126



Determine the status of  PSW conditional flags
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CY =1 Carry from D7 bit
AC=1 no auxiliary carry from D3to D4 

OV=0 

D0D1D2D3D4D5D6D7

MOV  A, #-2 ; 
MO R1,#-5 ; 
ADD A,R1;      
-2     1111  1110 
-5     1111  1011
-7     1111 1001         OV=0 (Carry from both D6 and D7)

Signed arithmetic

A=1111  1110 (A=FEH)
R1=1111 1011 (R1=FBH)
A=   1111 1001 (A= F9h =-7 correct, OV=0)

7 0000 0111
1111 1000 

1
1111 1001



Home work Status of  conditional flags of PSW
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D0D1D2D3D4D5D6D7

MOV  A, #+7; 
MOV R1,#+18; 
ADD A,R1;       



Status of PSW- Home work
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Show the status of the CY, AC, and P flags after the addition of 9CH and 64H in the 
following instructions.

MOV A,#9CH
ADD A,#64H



Status of PSW- Home work
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Show the content of  PSW register after the execution of following instructions.

MOV A,#OBFH
ADD A,#1BH

PSW.0:
PSW.1:
PSW.2:
PSW.3:
PSW.4:
PSW.5:
PSW.6:
PSW.7:

D0D3D6D7



Example state the  content of RAM location
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D0

State the contents of the RAM locations after the following program:
SETB PSW.4       
MOV R0,#99H
MOV R1,#85H
MOV R2,#3FH   
MOV R7,#63H
MOV R5,#12H   

D0

;select bank 2
;load R0 with value 99H 
;load R1 with value 85H 
;load R2 with value 3FH 
;load R7 with value 63H 
;load R5 with value 12H 



Example -state content of RAM location
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State the contents of the RAM locations after the following 
program:

SETB PSW.4    ;select bank 2
MOV R0,#99H   ;load R0 with value 99H 
MOV R1,#85H   ;load R1 with value 85H 
MOV R2,#3FH   ;load R2 with value 3FH 
MOV R7,#63H   ;load R7 with value 63H 
MOV R5,#12H   ;load R5 with value 12H 



Registers in 8051
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These are 32 general purpose registers address from 00h to 1Fh.
The address range of Register Bank 0 ( 00 h to 07 h)
The address range of Register Bank 1 ( 08 h to F h)
The address range of Register Bank 2 ( 10 h to 17 h)
The address range of Register Bank 3 ( 18 h to 1F h)

Special function registers-A Special Function Register (SFR) is a  register that 
controls or monitors the various functions of controller (80h-FFh address range)

Math or CPU Registers: A and B Register
Status Register: PSW (Program Status Word) Register
Pointer Registers: DPTR (Data Pointer DPL, DPH) and SP (Stack Pointer) 
Registers
I/O Port Registers: P0 (Port 0), P1 (Port 1), P2 (Port 2) and P3 (Port 3) Registers
Peripheral Control Registers: PCON, SCON, TCON, TMOD, IE and IP Registers
Peripheral Data Registers: TL0, TH0, TL1, TH1 and SBUF Registers



Registers in 8051 General purpose and special function registers
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These are 32 general purpose registers address from 00h to 1Fh.
The address range of Register Bank 0 ( 00 h to 07 h)
The address range of Register Bank 1 ( 08 h to F h)
The address range of Register Bank 2 ( 10 h to 17 h)
The address range of Register Bank 3 ( 18 h to 1F h)

Special function registers
Math or CPU Registers: A and B Register
Status Register: PSW (Program Status Word) Register
Pointer Registers: DPTR (Data Pointer DPL, DPH) and SP (Stack Pointer) 
Registers
I/O Port Registers: P0 (Port 0), P1 (Port 1), P2 (Port 2) and P3 (Port 3) Registers
Peripheral Control Registers: PCON, SCON, TCON, TMOD, IE and IP Registers
Peripheral Data Registers: TL0, TH0, TL1, TH1 and SBUF Registers



Special function registers

PERIPHERAL CONTROL REGISTERS
SCON (Serial Control)   (8 bit)
The Serial Control or SCON SFR is used to control Serial Port. 
PCON (Power Control) (8 bit)
The PCON or Power Control register, as the name suggests is used to control the 8051 

Power Modes 
IE (Interrupt Enable) (8 bit)
The IE or Interrupt Enable Register is used to enable or disable individual interrupts. 
If a bit is SET, the corresponding interrupt is enabled and if the bit is cleared, the interrupt 
is disabled. The Bit7 of the IE register i.e. EA bit is used to enable or disable all the 
interrupts
IP (Interrupt Priority) (8 bit)
The IP or Interrupt Priority Register is used to set the priority of the interrupt as High or 
Low
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Special function registers

The Counters and Timers in 8051 microcontrollers contain two special 
function registers: 
TCON (Timer Control) (8 bit)
Timer Control or TCON Register is used to start or stop the Timers of 
8051
TMOD (Timer Mode) (8 bit)
The TMOD or Timer Mode register or SFR is used to set the Operating 
Modes of the Timers T0 and T1. The lower four bits are used to 
configure Timer0 and the higher four bits are used to configure 
Timer1.
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Special function registers

Peripheral Data Registers
SBUF (Serial Data Buffer) (8 bit)
The Serial Buffer or SBUF register is used to hold the serial 
data while transmission or reception.
TL0/TH0 (Timer 0 Low/High) (8 bit)
The Timer 0 consists of two SFRs: TL0 and TH0. The TL0 is the 
lower byte and the TH0 is the higher byte and together they 
form a 16-bit Timer0 Register.
TL1/TH1 (Timer 1 Low/High) (8 bit)
The TL1 and TH1 are the lower and higher bytes of the Timer 
1.
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Special function registers

I/O Port Registers(P0, P1, P2 and P3) (8 bit)
The 8051 Microcontroller four Ports which can be used as Input and/or 
Output.
These four ports are P0, P1, P2 and P3. Each Port has a corresponding 
register with same names (the Port Registers are also P0, P1, P2 and 
P3)
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8051 assembly  language programming and instruction set
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Steps to create a program



8051 assembly  language programming and instruction set
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An Assembly language instruction consists of 
four fields:
[label:] Mnemonic [operands] [;comment]



8051 assembly  language programming- Directives
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ORG (origin)
The ORG directive is used to indicate the beginning of the address from which the 8051 
Microcontroller will start executing the code.
The number that comes after ORG can be either in hex and decimal
If the number is not followed by H, it is decimal and the assembler will convert it to hex

END
This indicates to the assembler the end of the source (asm) file
The END directive is the last line of an 8051 program
Mean that in the code anything after the END directive is ignored by the assembler

EQU (equate)
This is used to define a constant without occupying a memory location
The EQU directive does not set aside storage for a data item but associates a
constant value with a data label 
When the label appears in the program, its constant value will be substituted for the label

COUNT EQU 25
... ....
MOV R3, #COUNT



8051 assembly  language programming- Directives
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DB Define byte
The DB directive is the most widely used data directive in the assembler
It is used to define the 8-bit data
When DB is used to define data, the numbers can be in decimal, binary, hex, ASCII 
formats

ORG 500H
DATA1: DB 28 ;DECIMAL (1C in Hex)
DATA2: DB 00110101B ;BINARY (35 in Hex)
DATA3: DB 39H ;HEX



8051 Instruction set
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8051 Instruction set- Data transfer instructions
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8051 Instruction set- Data transfer instructions
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Instruction set-Data transfer instruction
MOV
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MOV destination, source ;copy source to destination.
The instruction tells the CPU to move (in reality, COPY) the source operand to 
the destination operand
MOV A,#55H ;load value 55H into reg. A
MOV R0,A ;copy contents of A into R0 ;(now A=R0=55H)
MOV R1,A ;copy contents of A into R1 ;(now A=R0=R1=55H)
MOV R2,A ;copy contents of A into R2 ;(now A=R0=R1=R2=55H)
MOV R3,#95H ;load value 95H into R3 ;(now R3=95H)
MOV A,R3 ;copy contents of R3 into A ;now A=R3=95H



Instruction set
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MOV C
The MOVC instruction moves a byte from the code or program memory to the accumulator



Instruction set
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MOV X
The MOVX instruction transfers data between the accumulator and external data memory.
External memory may be addressed via 16-bits in the DPTR register or via 8-bits in the R0 
or R1 registers.



Instruction set- Stack operations

Pushing into the Stack
In the 8051, the stack pointer (SP) points to the last used location of 
the stack. 
When data is pushed onto the stack, the stack pointer (SP) is 
incremented by 1. 
When PUSH is executed, the contents of the register are saved on the 
stack and SP is incremented by 1. 
To push the registers onto the stack, we must use their RAM 
addresses. For example, the instruction "PUSH 1" pushes register R1 
onto the stack.
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Instruction set- Stack operations PUSH

Show the stack and stack pointer for the following.  Assume the 
default stack area and register 0 is selected.
MOV R6,#25H
MOV R1,#12H
MOV R4,#0F3H
PUSH 6
PUSH 1
PUSH 4
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Instruction set- Stack operations Stack and bank 1 conflict

Show the stack and stack pointer for the following instructions.

MOV SP,#5FH ;make RAM location 60H
;first stack location 

MOV R2,#25H
MOV R1,#12H
MOV R4,#0F3H
PUSH 2
PUSH 1
PUSH 4
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Instruction set- Stack operations - POP

Examining the stack, show the contents of the registers and SP after 
execution of the following instructions. All values are in hex.
POP 3 ;POP stack into R3
POP 5 ;POP stack into R5
POP 2 ;POP stack into R2
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Instruction set- Stack operations - POP

Examining the stack, show the contents of the registers and SP after 
execution of the following instructions. All values are in hex.
POP 3 ;POP stack into R3
POP 5 ;POP stack into R5
POP 2 ;POP stack into R2
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Instruction set- Stack operations - POP

Examining the stack, show the contents of the registers and SP after 
execution of the following instructions. All values are in hex.
POP 3 ;POP stack into R3
POP 5 ;POP stack into R5
POP 2 ;POP stack into R2
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Addressing modes

In 8051 There are six types of addressing modes. 
Immediate Addressing Mode

Register Addressing Mode

Direct Addressing Mode

Register Indirect Addressing Mode

Indexed Addressing Mode
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Accessing memories



Immediate addressing mode

In this Immediate Addressing Mode, the data is provided in the 
instruction itself. The data is provided immediately after the opcode
MOV A, #0AFH; when the data is starting with A to F, the data should 

be preceded by 0.
MOV R3, #45H;
MOV DPTR, #FE00H;  DPTR is loaded with external memory location
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Register addressing mode

In the register addressing mode the source or destination data should 
be present in a register (R0 to R7). 
MOV A, R5;
MOV R0, A;
Source and destination  size should match
MOV DPTR, A will give an error.Why?
We can move beteeen  accumulator and Rn.No movement between 
Rn registers is allowed.
MOV R4,R7 is invalid
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Direct Addressing mode

The direct addressing mode most often used  to access RAM locations 
30 7FH
MOV R0,40h,MOV content of RAM location 40h to R0
MOV 56h, A; Mov content of A to  RAM LOCATION 56h
MOV R4,7Fh; Mov content of  RAM location 7F h to R4.

RAM locations 0 to 7 are allocated to bank 0  registers R0-R7
MOV A,4  ; SAME AS
MOV A,R4; COPY R4 TO A
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Direct Addressing mode

MOV R2,#5; R2 with value 5
MOV A,2;Copy R2 to A (A=R2=05)
MOV B,2 ;Copy R2 to B 
MOV 7,2 ;Copy R2 to R7
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SFR Registers and their addresses

SFR address range 80H-FFh since 00-7F are addresses of RAM memory 
inside 8051
Not all address space of 80H FFh are used by SFR .The unused 
locations  80h-FF are reserved and cannot be used  by programmer.
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SFR Registers and their addresses

SFR address range 80H-FFh since 00-7F are addresses of RAM memory 
inside 8051
Not all address space of 80H FFh are used by SFR .The unused 
locations  80h-FF are reserved and cannot be used  by programmer.
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SFR Registers and their addresses
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SFR Registers and their addresses
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Example
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Write code to send 55H to ports P1 and P2, using (a) their names, (b) 
their addresses.

(a) MOV A,#55H ;A=55H
MOV P1,A ;P1=55H
MOV P2,A ;P2=55H

(b) P1 address = 90H; P2 address = A0H 
MOV A,#55H ;A=55H
MOV 90H,A ;P1=55H
MOV 0A0H,A ;P2=55H



Example
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Show the code to push R5, R6, and A onto the stack and then pop them 
back them into R2, R3, and B, where register B = register A, R2 = R6, and 
R3 = R5.



Example
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Show the code to push R5, R6, and A onto the stack and then pop them 
back them into R2, R3, and B, where register B = register A, R2 = R6, and 
R3 = R5.



Check if correct or not?
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PUSH A is invalid
Pushing the accumulator onto the stack must be coded as PUSH 0E0H



Register Indirect 
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A register is used as a pointer to the data
Only register R0 and R1 are used for this purpose
R2 R7 cannot be used to hold the address of an operand located in RAM
When R0 and R1 hold the addresses of RAM locations, they must be 

@
MOV A,@R0 ;move contents of RAM ;whose address is held by R0 into 

A
MOV @R1,B ;move contents of B into RAM ;whose address is held by 

R1
Since R0 and R1 are 8 bits wide, their use is limited to access any information 
in the internal RAM
For external access  we need 16-bit pointer
In such case, the DPTR register is used



Indexed Addressing mode
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Indexed addressing mode is widely used in accessing data elements of 
look-up table entries located in the program ROM
The instruction used for this purpose is

MOVC A,@A+DPTR
Use instruction MOVC -The contents of A are added to the 
16-bit register DPTR to form the 16-bit address of the needed data



Example
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Write a program to copy the value 55H into RAM memory locations 40H 
to 45H using 
(a) direct addressing mode,  (b) register indirect addressing mode
Direct addressing mode

MOV A,#55H ;load A with value 55H

MOV 40H,A ;copy A to RAM location 40H
MOV 41H,A ;copy A to RAM location 41H
MOV 42H,A ;copy A to RAM location 42H
MOV 43H,A ;copy A to RAM location 43H
MOV 44H,A ;copy A to RAM location 44H



Example
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Write a program to copy the value 55H into RAM memory locations 40H to 45H using 
(b) register indirect addressing mode

MOV A,#55H ;load A with value 55H
MOV R0,#40H ;load the pointer. R0=40H
MOV @R0,A ;copy A to RAM location R0 points to
INC R0 ;increment pointer. Now R0=41H
MOV @R0,A ;copy A to RAM location R0 points to
INC R0 ;increment pointer. Now R0=42H
MOV @R0,A ;copy A to RAM location R0 points to
INC R0 ;increment pointer. Now R0=43H
MOV @R0,A ;copy A to RAM location R0 points to
INC R0 ;increment pointer. Now R0=44H
MOV @R0,A



Home work
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Check the following instructions are correct or not.If they are incorrect  
give the reason
PUSH B

MOV A,@R3

Write a program to copy the value 25H into RAM memory locations 50H 
to 55H using 
(a) direct addressing mode (b) register indirect addressing mode



Addressing modes-Summary

In 8051 There are five types of addressing modes. 
Example

Immediate Addressing Mode                       MOV Rn, #value

Register Addressing Mode                            MOV  A, Rn ; No direct transfer between 
registers

Direct Addressing Mode                                MOV  A, 50H ; Use SFR address;eg PUSH 0EH

Register Indirect Addressing Mode             MOV A,@R0 ;only R0 AND R1  
CAN BE USED

Indexed Addressing Mode                            MOVC A,@A+DPTR
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Repeating a sequence of instructions a certain number of times is called a 
loop

Loop action is performed by  following exmaple
DJNZ reg, Label 
The register is decremented
If it is not zero, it jumps to the target address referred to by the label 
Prior to the start of loop, the register is loaded with the counter for the 
number of repetitions
Counter can be R0 R7 or RAM location
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Repeating a sequence of instructions a certain number of times is called a 
loop

Loop action is performed by  following exmaple
DJNZ reg, Label 
The register is decremented
If it is not zero, it jumps to the target address referred to by the label 
Prior to the start of loop, the register is loaded with the counter for the 
number of repetitions
Counter can be R0 R7 or RAM location
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LOOPING INSIDE 8051



Write a program to 

(a) clear ACC, then 

(b) add 3 to the accumulator ten times
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LOOPING INSIDE 8051



What is the maximum number of times that the loop in Example can be 
repeated?
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Since R2 holds the count and R2 is an 8-bit register, it can hold a maximum of FFH (255 decimal); therefore, the loop can 
be repeated a maximum of 256 times.

LOOPING



Write a program to (a) load the accumulator with the value 55H, and 
(b) complement the ACC 700 times.
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LOOP INSIDE LOOP



Write a program to copy a block of 10 bytes of data from RAM locations 
starting at 35H to RAM locations starting at 60H.
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LOOP



Write a program to copy the value 55H into RAM memory locations 40H 
to 45H using a loop.

Write a program to clear 16 RAM locations starting at RAM address 60H.

85
BECE204L MICROPROCESSORS AND MICROCONTROLLERS 

Homework



Conditional Jump Instructions
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All conditional jumps are short jumps 
The address of the target must within -128 to +127 bytes of the contents of PC



Find the sum of the values 79H, F5H, and E2H. Put the sum in registers 
R0 (low byte) and R5 (high byte).
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Example 



To calculate the target address of a short jump (SJMP, JNC, JZ, DJNZ, etc.)
The second byte is added to the PC of the instruction immediately below 
the jump
If the target address is more than -128 to +127 bytes from the address 
below the short jump instruction, the assembler will generate an error 
stating the jump is out of range
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Calculating address of short jumps
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Example 
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Example 

First notice that the JZ and JNC instructions both jump forward.  
The target address for a forward jump is calculated by adding the PC of the following 
instruction to the second byte of the short jump instruction, which is called the 
relative address. 

JZ opcode of 60 and operand of 03 at the 
addresses of 0004 and 0005. 
The 03 is the relative address, relative to the address of the next instruction INC R0, 
which is 0006. 
By adding 0006 to 3, the target address of the label NEXT, which is 0009, is generated.

JNC
and 05 where 50 is the opcode and 05 the relative address. 
Therefore, 05 is added to 000D 12H, the 
address of label OVER.
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Example 

Verify the calculation of backward jumps 
JNC relative address F2H. When the 

relative address of F2H is added to 15H, the address of the instruction below the 
jump, we have 15H + F2H = 07 (the carry is dropped). Notice that 07 is the address of 
label AGAIN.  

SJMP
respectively. The PC of the following instruction, 0017H, is added to FEH, the relative 
address, to get 0015H, address of the HERE label (17H + FEH =  15H). Carry is dropped.



92
BECE204L MICROPROCESSORS AND MICROCONTROLLERS 

Example-Backward jump address calculation 
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Example 

In this program, 
assume that the word 

ROM locations 
starting at 200H, and 
that the program is 
burned into ROM 
locations starting at 0. 
Analyze how the 
program works and 

stored after this 
program is run.

ORG 0000H ;burn into ROM starting at 0
MOV DPTR,#200H ;DPTR=200H look-up table address 
CLR A ;clear A(A=0)
MOVC A,@A+DPTR ;get the char from code space 
MOV R0,A ;save it in R0
INC DPTR ;DPTR=201 pointing to next char
CLR A ;clear A(A=0)
MOVC A,@A+DPTR ;get the next char 
MOV R1,A ;save it in R1
INC DPTR ;DPTR=202 pointing to next char
CLR A ;clear A(A=0)
MOVC A,@A+DPTR ;get the next char 
MOV R2,A ;save it in R2

HERE:SJMP HERE ;stay here

;Data is burned into code space starting at 200H 
ORG 200H

MYDATA: DB "USA"
END ;end of program
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Example 

In the above program ROM locations 200H - 202H have the following contents.
200=('U') 201=('S')
We start with DPTR = 200H, and A = 0. 

MOVC A, @A+DPTR
(200H + 0 = 200H) to register A. 

Next, DPTR is incremented to make DPTR = 201H. 
A is set to 0 again to get the contents of the next ROM location 201H, which holds 

After this program is run, we have R0 = 55H, R1 = 53H, and R2 = 41H, 
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Example 

55H

53H

41H



UNCONDITIONAL JUMP

The unconditional jump is a jump in which control is transferred 
unconditionally to the target location
LJMP (long jump)

3-byte instruction
First byte is the opcode
Second and third bytes represent the 16-bit target address
Any memory location from 0000 to FFFFH

SJMP (short jump)
2-byte instruction
First byte is the opcode
Second byte is the relative target address

00 to FFH (forward +127 and backward
-128 bytes from the current PC)
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Call instruction is used to call subroutine
Subroutines are often used to perform tasks that need to be performed 
frequently
This makes a program more structured in addition to saving memory space
LCALL (long call)        SYNTAX- LCALL 16 bit address

3-byte instruction
First byte is the opcode
Second and third bytes are used for address of target subroutine

Subroutine is located anywhere within 64K byte address space
ACALL (absolute call)      SYNTAX- ACALL 11bit address

2-byte instruction
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CALLS



The only difference between ACALL and LCALL is
The target address for LCALL can be anywhere within the 64K byte address
The target address of ACALL must be within a 2K-byte range

Only 11 bits of 2 bytes is used for address in ACALL
Syntax  LCALL addr16

ACALL addr11 

The use of ACALL instead of LCALL can save a number of bytes of program 
ROM space
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When a subroutine is called, control is transferred to that subroutine
Saves on the stack -the address of the instruction immediately below the 

LCALL
Begins to fetch instructions from the new location
After finishing execution of the subroutine  The instruction RET transfers 
control back to the caller.
Every subroutine needs RET as the last instruction
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Write a program to toggle all the bits of port 1 by sending to it the values 55H and AAH continuously. 
Put a time delay in between each issuing of data to port 1. 

ORG 0
BACK: MOV A,#55H ;load A with 55H

MOV  P1,A ;send 55H to port 1
LCALL DELAY ;time delay
MOV A,#0AAH ;load A with AA (in hex) 
MOV P1,A ;send AAH to port 1
LCALL DELAY
SJMP BACK ;keep doing this indefinitely

; this is the delay subroutine
ORG 300H ;put time delay at address 300H

DELAY: MOV R5,#0FFH ;R5 = 255(FF in hex),the counter
AGAIN: DJNZ R5,AGAIN ;stay here until R5 becomes 0

RET ;return to caller (when R5 = 0)
END ;end of asm file
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Analyze the stack contents after the execution of the first LCALL in the 
following.
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Machine cycles
Analyze the stack for the first LCALL instruction in the following program.
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CALL INSTRUCTION



Machine cycles
for the PUSH and POP instructions we must specify the direct address of 
the register being pushed or popped. Here is the stack frame.
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CALL INSTRUCTION



Machine cycles
Rewrite this program as efficiently as you can
Write a program to toggle all the bits of port 1 by sending to it the values 
55H and AAH continuously. Put a time delay in between each issuing of 
data to port 1. 
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CALL INSTRUCTION



Machine cycles
Write the following programs. 
(a) Create a square wave of 50% duty cycle on bit 0 of port 1.
(b) Create a square wave of 66% duty cycle on bit 3 of port 1. 
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Use of call  INSTRUCTION in I/O port programming for 
specific  dutycycle.



Machine cycles
Write the following programs. 
(a) Create a square wave of 50% duty cycle on bit 0 of port 1.
(b) Create a square wave of 66% duty cycle on bit 3 of port 1. 
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Use of call  INSTRUCTION in I/O port programming for 
specific  dutycycle.



Machine cycles

CPU executing an instruction takes a certain number of clock cycles
These are referred as to as machine cycles
The length of machine cycle depends on the frequency of the crystal 
oscillator connected to 8051 
In 8051, microcontroller, one machine cycle lasts 12 oscillator periods
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MACHINE CYCLE



Machine cycles

The following shows crystal frequency for three different 8051-based 
systems.  Find the period of the machine cycle in each case.  
(a) 11.0592 MHz        (b) 16 MHz        (c) 20 MHz
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MACHINE CYCLE



Machine cycles
For an 8051 system of 11.0592 MHz, find how long it takes to execute each 
of the following instructions.
(a)MOV R3,#55 (b)DEC R3 (c)DJNZ R2,target
(d)LJMP (e)SJMP (f)NOP (no operation) (g)MUL AB
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MACHINE CYCLE

The machine cycle for a system of 11.0592 MHz is 1.085 µs.



Find the size of the delay in following program if the crystal frequency is 
11.0592MHz.

110
BECE204L MICROPROCESSORS AND MICROCONTROLLERS 

MACHINE CYCLE- Delay calculation



Find the size of the delay in following program if the crystal frequency is 
11.0592MHz.
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MACHINE CYCLE- Delay calculation



For an 8051 system of 11.0592 MHz, find the time delay for the following 
subroutine: 
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MACHINE CYCLE- Delay calculation



The time delay inside the HERE loop is [250(1 + 1 + 1 
+ 1 + 2)] x 1.085 µs = 1500 x 1.085 µs = 1627.5 µs.

Adding the two instructions outside the loop we 
have 1627.5 µs + 3 x 1.085 µs = 1630.755 µs.
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MACHINE CYCLE- Delay calculation



For a machine cycle of 1.085 ms, find the time delay in the following subroutine
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MACHINE CYCLE- Delay calculation-Homework
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CLOCK CYCLES OF VARIOUS VENDORS

Find the period of the machine cycle (MC) in each case if XTAL = 11.0592 MHz, and discuss the impact on 
performance. (a) AT89C51    (b) P89C54X2    (c) DS5000    (d) DS89C4x0



Home work
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For an AT8051 and DS89C430/40/50 system of 11.0592 MHz, find how long it takes 
to execute each of the following instructions.
MOV R3,#55 (b)  DEC R3 (c) DJNZ R2,target (d) LJMP (e) SJMP
(f)  NOP (no operation) (g) MUL AB TIME DELAY

8051 DS89C4x0



Find the time delay for the following subroutine if it is run on a DS89C430 
chip, assuming a crystal frequency of 11.0592 MHz.
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MACHINE CYCLE- Delay calculation

The time delay inside the HERE loop is [250(1 + 1 + 1 + 1 + 4)] x 90 ns = 2000 x 90 ns = 180 µs. 


