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UNIT V: Introduction to microcontrollers (8051) and embedded systems: 8051 architecture, pin description, 
I/O configuration, interrupts, addressing modes, an overview of 8051 instruction set, embedded system, use of 
microcontrollers in embedded systems. 

 
Features of 8051 Microcontroller: 
 
The 8051-microcontroller architecture consists of the following features 
(i)   8-bit CPU with accumulator register A and register B 
(ii)   16-bit program counter (PC) and data pointer register (DPTR) 
(iii)   8-bit Program status word register (PSW) 
(iv)   8-bit stack pointer register (SP) 
(v)   Internal 128 bytes RAM and 4K bytes ROM 
(vi)   32 I/O pins arranged as four 8-bit ports (P0 – P3) 
(vii) Two 16-bit timer / counters (T0 and T1) 
(viii) Full duplex serial data communication 
(ix) Two external and three internal interrupt sources 
(x)    Oscillator and clock circuits 
 
Comparison between Microprocessor & Microcontroller: 
 

Sl. No. Microprocessor Microcontroller 

1 Microprocessor contains ALU, General 
purpose registers, stack pointer, program 
counter, clock timing circuit, interrupt circuit  

Microcontroller contains the circuitry of 
microprocessor, and in addition it has built in 
ROM, RAM, I/O Devices, Timers/Counters 
etc.  

2 There are few bit handling instructions There are many bit handling instructions  

3 Few no. of pins are multifunctional More no. of pins are multifunctional 

4 This system required additional hardware This system requires less additional hardware 

5 Large no. of instructions with flexible 
addressing modes 

Limited no. of instructions with few 
addressing modes 

6 More access time to memory and IO devices, 
as they are connected externally 

Less access time for built in memory and IO 
devices. 

 
8051 architecture: 
The register organisation in 8051 microcontrollers is as listed below 

(i) Accumulator is an 8 bit register widely used for all arithmetic and logical operations. Accumulator is 
also used to transfer data between external memory.  

(ii) B register is used along with Accumulator for multiplication and division. A and B registers together is 
also called MATH registers.  

(iii) PSW (Program Status Word). This is an 8 bit register which contains the arithmetic status of ALU and 
the bank select bits of register banks.  

(iv) Stack Pointer (SP) – it contains the address of the data item on the top of the stack. Stack may reside 
anywhere on the internal RAM. On reset, SP is initialized to 07 so that the default stack will start from 
address 08 onwards.  

(v) Data Pointer (DPTR) – DPH (Data pointer higher byte), DPL (Data pointer lower byte). This is a 16 bit 
register which is used to furnish address information for internal and external program memory and 
for external data memory.  

(vi) Program Counter (PC) – 16 bit PC contains the address of next instruction to be executed. On reset PC 
will set to 0000. After fetching every instruction PC will increment by one.  
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Program Status Word (PSW) Register: 
 This register indicates the status of the result of some instructions. Each of the bit is called as a flag. These 
flag bits are tested by some of the conditional branch instructions to make decisions based on the flag states. 
The flags are grouped into a program status register. 
 The 8051 has four arithmetic flags which are modified by the arithmetic operations and three general 
purpose user flags which can be modified by user as desired. The fig. below shows the flag bits and its function. 

 
Bit Symbol Description 

 

RS1 RS0 Function 

0 0 Select register bank 0 

0 1 Select register bank 1 

1 0 Select register bank 2 

1 1 Select register bank 3 

7 CY Carry flag used in arithmetic, logical 
and jump instructions 

 6 AC Auxiliary carry used in BCD operation 

5 F0 User flag 0 

4 RS1 Register bank select bit 1 

3 RS0 Register bank select bit 0 

2 OF Overflow flag used in arithmetic 
operations 

1 - Reserved for future use 

0 P Parity flag, shows the parity of register 
A ; 1 if odd parity 

Fig. : Internal  Architecture of 8051 Microcontroller 

  CY AC F0 RS1 RS0 OF - P 

  7 6 5 4 3 2 1 0 
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The internal 128 bytes RAM structure is as shown in the Fig. below 

 
Pin Description: 

 

Bit Addressable memory 

space 

General Purpose memory 

space 
Working Register 

Bank memory space 

Fig. : Internal Memory organisation of 8051 microcontroller 

Fig. : Pin diagram of 8051 Microcontroller 
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Pin No. Description 

Pins 1-8 PORT 1. Each of these pins can be configured as an input or an output. 

Pin 9 RESET. A logic one on this pin disables the microcontroller and clears the contents of most 
registers. In other words, the positive voltage on this pin resets the microcontroller. By 
applying logic zero to this pin, the program starts execution from the beginning. 

Pins10-17 PORT 3. Similar to port 1, each of these pins can serve as general input or output. Besides, all 
of them have alternative functions 

Pin 10 RXD. Serial asynchronous communication input or Serial synchronous communication output. 

Pin 11 TXD. Serial asynchronous communication output or Serial synchronous communication clock 
output 

Pin 12 INT0.External Interrupt 0 input 

Pin 13 INT1. External Interrupt 1 input 

Pin 14 T0. Counter 0 clock input 

Pin 15 T1. Counter 1 clock input 

Pin 16 WR. Write to external (additional) RAM 

Pin 17 RD. Read from external RAM 

Pin 18, 19 XTAL2, XTAL1. Internal oscillator input and output. A quartz crystal which specifies operating 
frequency is usually connected to these pins. 

Pin 20 GND. Ground. 

Pin 21-28 Port 2. If there is no intention to use external memory, then these port pins are configured as 
general inputs/outputs. In case external memory is used, the higher address byte, i.e. 
addresses A8-A15 will appear on this port. Even though memory with capacity of 64Kb is not 
used, which means that not all eight port bits are used for its addressing, the rest of them are 
not available as inputs/outputs. 

Pin 29 PSEN. If external ROM is used for storing program, then a logic zero (0) appears on it every 
time the microcontroller reads a byte from memory. 

Pin 30 ALE. Prior to reading from external memory, the microcontroller puts the lower address byte 
(A0-A7) on P0 and activates the ALE output. After receiving signal from the ALE pin, the 
external latch latches the state of P0 and uses it as a memory chip address. Immediately after 
that, the ALE pin is returned its previous logic state and P0 is now used as a Data Bus. 

Pin 31 EA. By applying logic zero to this pin, P2 and P3 are used for data and address transmission 
with no regard to whether there is internal memory or not. It means that even there is a 
program written to the microcontroller, it will not be executed. Instead, the program written 
to external ROM will be executed. By applying logic one to the EA pin, the microcontroller will 
use both memories, first internal then external (if exists). 

Pin 32-39 PORT 0. Similar to P2, if external memory is not used, these pins can be used as general 
inputs/outputs. Otherwise, P0 is configured as address output (A0-A7) when the ALE pin is 
driven high (1) or as data output (Data Bus) when the ALE pin is driven low (0). 

Pin 40 VCC. +5V power supply. 

 
 
Addressing Modes: 
 
8051 Microcontroller supports six addressing modes  
(i) Direct Addressing Mode (ii) Indirect Addressing Mode (iii) Register Addressing Mode  (iv) Register Specific      
(v) Immediate addressing mode (vi) Indexed Addressing Mode 
 
(i)  Direct Addressing Mode: In this mode, the operands are specified using the 8-bit address field in the 

instruction format.  
     e.g., MOV R0 , 89H 
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(ii) Indirect Addressing Mode: In this mode the 8-bit address of an operand is stored in a register. The 16-bit 
address in stored in DPTR register only. 

e.g., MOV A, @R0 

 
(iii) Register Addressing Mode: In this mode the operands are stored in the registers R0 – R7 of the selected bank. 
e.g., ADD A, R2 

 
(iv) Register Specific: In this mode the operand is implicitly specified using one of the registers.  
    e.g. RLA      ; rotates the accumulator data left. 
 
(v) Immediate addressing mode: In this mode, an immediate data, is specified in the instruction. 
    e.g., ADD  A,  # 20H 
(vi) Indexed Addressing Mode: Only program memory can be accessed using this addressing mode. The program 

counter or the data pointer register are the allowed 16-bi address storage registers. 
    e.g.,  MOVC  A,  @A+DPTR 
             JMP  @A+DPTR 
 
 
8051 Instructions Set: 
The instructions of 8051 can be broadly classified under the following headings.  

I. Data transfer instructions  
II. Arithmetic instructions  

III. Logical instructions  
IV. Branch instructions  
V. Subroutine instructions  

VI. Bit manipulation instructions  
 

I. Data transfer instructions: 

In this group, the instructions perform data transfer operations of the following types.  
✓ Move the contents of a register Rn to A  

MOV A,R2  

   MOV A,R7  
✓ Move the contents of an external memory to A or A to an external memory  

MOVX A,@R1  
MOVX @R0,A  

  
✓ Move the contents of program memory to A  

MOVC A, @A+PC  

MOVC A, @A+DPTR  
 

✓ Push and Pop instructions  
 

✓ Exchange instructions  
The content of source ie., register, direct memory or indirect memory will be exchanged with the 
contents of destination ie., accumulator.  

XCH A,R3  
XCH A,@R1  

✓ Exchange digit. Exchange the lower order nibble of Accumulator (A0-A3) with lower order nibble of the 
internal RAM location which is indirectly addressed by the register.  

XCHD A,@R1  

XCHD A,@R0  
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II. Arithmetic instructions: 

The 8051 can perform addition, subtraction. Multiplication and division operations on 8 bit numbers. 

✓ Addition 
In this group, we have instructions to add the contents of A with source data with or without carry.  

ADD A, #45H  
ADDC A, #OB4H  

CY AC and OV flags will be affected by this operation. 
 
 

✓ Subtraction  
In this group, we have instructions to subtract the contents of A with source data with or without carry.  

SUBB A, #45H  
SUBB A, #OB4H  

 
✓ Multiplication  

MUL AB. This instruction multiplies two 8 bit unsigned numbers which are stored in A and B register. 
After multiplication the lower byte of the result will be stored in accumulator and higher byte of result 
will be stored in B register.  

MOV A,#45H       ;[A]=45H  
MOV B,#0F5H   ;[B]=F5H  
MUL AB    ;[A] x [B] = 45 x F5 = 4209  

;[A]=09H, [B]=42H  
✓ Division  

DIV AB. This instruction divides the 8 bit unsigned number which is stored in A by the 8 bit unsigned 
number which is stored in B register. After division the result will be stored in accumulator and remainder 
will be stored in B register.  

MOV A,#45H  ;[A]=0E8H  
MOV B,#0F5H  ;[B]=1BH  
DIV AB   ;[A] / [B] = E8 /1B = 08 H with remainder 10H  

;[A] = 08H, [B]=10H 
 

✓ Increment: increments the operand by one.          INC A 
✓ Decrement: decrements the operand by one.    DEC A 

 
III. Logical instructions:   

 
✓ Logical AND  

ANL destination, source: ANL does a bitwise "AND" operation between source and destination, leaving 
the resulting value in destination. The value in source is not affected. "AND" instruction logically AND 
the bits of source and destination.  

ANL A,#DATA ANL A, Rn  
ANL A,DIRECT ANL A,@Ri  

✓ Logical OR  
ORL destination, source: ORL does a bitwise "OR" operation between source and destination leaving the 
resulting value in destination. The value in source is not affected. " OR " instruction logically OR the bits 
of source and destination.  

ORL A,#DATA ORL A, Rn  
ORL A,DIRECT ORL A,@Ri  
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✓ Logical Ex-OR  
XRL destination, source: XRL does a bitwise "EX-OR" operation between source and destination, leaving 
the resulting value in destination. The value in source is not affected. " XRL " instruction logically EX-OR 
the bits of source and destination.  

XRL A,#DATA XRL A,Rn  
XRL A,DIRECT XRL A,@Ri  
 

✓ Logical NOT  
CPL complements operand, leaving the result in operand. If operand is a single bit, then the state of the 
bit will be reversed. If operand is the Accumulator, then all the bits in the Accumulator will be reversed.  

CPL A, CPL C, CPL bit address  
✓ SWAP A – Swap the upper nibble and lower nibble of A.  
✓ Rotate Instructions 

RR A  
This instruction is rotate right the accumulator. Its operation is illustrated below. Each bit is shifted one 
location to the right, with bit 0 going to bit 7.  
RL A  
Rotate left the accumulator. Each bit is shifted one location to the left, with bit 7 going to bit 0  
RRC A  
Rotate right through the carry. Each bit is shifted one location to the right, with bit 0 going into the carry 
bit in the PSW, while the carry was at goes into bit 7  
RLC A  
Rotate left through the carry. Each bit is shifted one location to the left, with bit 7 going into the carry bit 
in the PSW, while the carry goes into bit 0. 
 

IV. Branch instructions: 
✓ Jump and Call Program Range  

• There are 3 types of jump instructions. They are:-  
➢ Relative Jump : Only 1 byte of jump address needs to be specified in the 2's complement form, 

ie. For jumping ahead, the range is 0 to 127 and for jumping back, the range is -1 to -128.  
 

➢ Short Absolute Jump: In this case only 11bits of the absolute jump address are needed. In 8051, 
64 kbyte of program memory space is divided into 32 pages of 2 kbyte each. The instruction 
length becomes 2 bytes.  
 

➢ Long Absolute Jump: Applications that need to access the entire program memory from 0000H 
to FFFFH use long absolute jump. Since the absolute address has to be specified in the op-code, 
the instruction length is 3 bytes (except for JMP @ A+DPTR). This jump is not re-locatable.  

 

• Another classification of jump instructions is  
➢ Unconditional Jump is a jump in which control is transferred unconditionally to the target 

location.  
L JMP (long jump). This is a 3-byte instruction. First byte is the op-code and second and third 
bytes represent the 16-bit target address which is any memory location from 0000 to FFFFH  
 
AJMP: this causes unconditional branch to the indicated address, by loading the 11 bit address 
to 0 -10 bits of the program counter. The destination must be therefore within the same 2K 
blocks.  
 
SJMP (short jump). This is a 2-byte instruction. First byte is the op-code and second byte is the 
relative target address, 00 to FFH (forward +127 and backward -128 bytes from the current PC 
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value). To calculate the target address of a short jump, the second byte is added to the PC value 
which is address of the instruction immediately below the jump.  
 

➢ Conditional Jump  
Conditional Jump instructions.  

JBC    Jump if bit ＝ 1 and clear bit  

JNB    Jump if bit ＝ 0  

JB    Jump if bit ＝ 1  

JNC    Jump if CY ＝ 0  

JC   Jump if CY ＝ 1  

CJNE reg,#data  Jump if byte ≠ #data  
CJNE A,byte   Jump if A ≠ byte  
DJNZ    Decrement and Jump if A ≠ 0  
JNZ    Jump if A ≠ 0  
JZ    Jump if A ＝ 0 

 
V. Subroutine instructions: Subroutines are handled by CALL and RET instructions. 

 
VI. Bit manipulation instructions: 8051 has 128 bit addressable memory. Bit addressable SFRs and bit 

addressable PORT pins. It is possible to perform following bit wise operations for these bit addressable 
locations. 

 
 
Timer Operation: 
Timers can operate in four different modes. They are as follows  

(i) Timer Mode-0: In this mode, the timer is used as a 13-bit UP counter as follows. 
 

 
The lower 5 bits of TLX and 8 bits of THX are used for the 13 bit count. Upper 3 bits of TLX are ignored. When 
the counter rolls over from all 0's to all 1's, TFX flag is set and an interrupt is generated. The input pulse is 
obtained from the previous stage. If TR1/0 bit is 1 and Gate bit is 0, the counter continues counting up. If TR1/0 
bit is 1 and Gate bit is 1, then the operation of the counter is controlled by input. This mode is useful to measure 
the width of a given pulse fed to input. 

(ii) Timer Mode-1: This mode is similar to mode-0 except for the fact that the Timer operates in 16-bit mode. 
 

 
(iii) Timer Mode-2: (Auto-Reload Mode): This is a 8 bit counter/timer operation. Counting is performed in 

TLX while THX stores a constant value. In this mode when the timer overflows i.e. TLX becomes FFH, it 
is fed with the value stored in THX. For example if we load THX with 50H then the timer in mode 2 will 
count from 50H to FFH. After that 50H is again reloaded. This mode is useful in applications like fixed 
time sampling. 
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(iv) Timer Mode-3: Timer 1 in mode-3 simply holds its count. The effect is same as setting TR1=0. Timer0 in 

mode-3 establishes TL0 and TH0 as two separate counters. Control bits TR1 and TF1 are used by Timer-0 
(higher 8 bits) (TH0) in Mode-3 while TR0 and TF0 are available to Timer-0 lower 8 bits(TL0). 

 
 
 

1. Write a program to subtract a 16 bit number stored at locations 51H-52H from 55H-56H and store the 
result in locations 40H and 41H. Assume that the least significant byte of data or the result is stored in 
low address. If the result is positive, then store 00H, else store 01H in 42H.  

Solution: 
ORG 0000H   ; Set program counter 0000H  
MOV A, 55H   ; Load the contents of memory location 55 into A  
CLR C    ; Clear the borrow flag  
SUBB A,51H   ; Sub the contents of memory 51H from contents of A  
MOV 40H, A  ; Save the LSByte of the result in location 40H  
MOV A, 56H   ; Load the contents of memory location 56H into A  
SUBB A, 52H   ; Subtract the content of memory 52H from the content A  
MOV 41H, A  ; Save the MSbyte of the result in location 415.  
MOV A, #00   ; Load 005 into A  
ADDC A, #00   ; Add the immediate data and the carry flag to A  
MOV 42H, A   ; If result is positive, store00H, else store 0lH in 42H  
END 

 
2. Write a program to add two Binary Coded Decimal (BCD) numbers stored at locations 60H and 61H and 

store the result in BCD at memory locations 52H and 53H. Assume that the least significant byte of the 
result is stored in low address.  

Solution: 
ORG 0000H   ; Set program counter 00004  
MOV A,60H   ; Load the contents of memory location 6.0.H into A  
ADD A,61H   ; Add the contents of memory location 61H with contents of A  
DA A    ; Decimal adjustment of the sum in A  
MOV 52H, A   ; Save the least significant byte of the result in location 52H  
MOV A,#00   ; Load 00H into .A  
ADDC A,#00H   ; Add the immediate data and the contents of carry flag to A  
MOV 53H,A   ; Save the most significant byte of the result in location 53:,  
END 
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3. Write a program to store data FFH into RAM memory locations 50H to 58H using indirect addressing 

mode  
Solution: 

ORG 0000H   ; Set program counter 0000H  
MOV A, #0FFH  ; Load FFH into A  
MOV RO, #50H  ; Load pointer, R0-50H  
MOV R5, #08H  ; Load counter, R5-08H  

Start: MOV @RO, A   ; Copy contents of A to RAM pointed by R0  
INC RO   ; Increment pointer  
DJNZ R5, start   ; Repeat until R5 is zero  
END 
 
 

4. Write a program to compute 1 + 2 + 3 + N (say N=15) and save the sum at70H  
Solution: 

ORG 0000H   ; Set program counter 0000H  
N EQU 15  
MOV R0,#00   ; Clear R0  
CLR A    ; Clear A  

again:  INC R0    ; Increment R0  
ADD A, R0   ; Add the contents of R0 with A  
CJNE R0,#N,again  ; Loop until counter, R0, N  
MOV 70H,A   ; Save the result in location 70H  
END 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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