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	1. AN INTRODUCTION TO  8051
MICROCONTROLLER AND ITS
APPLICATION
17/07/2023
Presented by
SUJIT KHAMARU
 


	2. PART 1
THE 8051  ARCHITECTURE
 


	3. Microprocessor
• Microprocessor is  an Central Processing Unit of
a Digital Computer, which contains an arithmetic
and logic unit (ALU), a Program Counter (PC), a
Stack Pointer (SP), some working Register, a
clock timing circuit, and interrupt circuits.
To make a digital computer ,one must add
To make a digital computer ,one must add
memory usually RAM and ROM, parallel and
serial I/O lines. In addition with some special
purpose devices such as interrupt handlers and
counter. And also required some mass storage
devices usually floppy disk drive, hard disk
drive, and other I/O peripherals, such as
keyboard and CRT display.
 


	4. Microcontroller
• A Microcontroller  which is also known as a
true computer on a single chip. It has a
CPU which contain ALU, PC, SP,
REGISTERS. In addition with a fixed
amount of RAM,ROM,I/O ports including
amount of RAM,ROM,I/O ports including
serial communication, and timer are all
embedded together on a single chip. In
some microcontroller an ADC and DAC
(PWM o/p) also embedded in a single
chip.
 


	5. CPU
RAM ROM Printer  Keyboard
Monitor
Disk
ADDRESS BUS
Internal Organisation Of Computers
Read/Write
DATA BUS
CONTROL BUS
 


	6. CPU
General-
Purpose
Microproc-
RAM ROM I/O
PORT
Timer
Serial
COM
Port
CPU  RAM ROM
I/O Timer Serial
essor
I/O Timer Serial
COM
Port
(a) General- Purpose Microprocessor System (b) Microcontroller
 


	7. DIFFERENCE BETWEEN MICROPROCESSOR  &
MICROCONTROLLER
1. Microprocessor contains no
RAM, ROM, I/O ports on
the chip itself.
2. The addition of external
RAM, ROM & I/O ports
makes the whole system
bulkier and much more
1. Micro controller has a C.P.U in
addition to a fixed amount of
RAM, ROM, I/O ports and timer
all on a single chip.
2. Because of embedded system
there is no external RAM,
ROM,timer,I/O ports &
external memory in a micro
controller system.So it is less
bulkier and much more
expensive.
3. It can’t use in a small
circuitry system.
4. Microprocessor have the
advantage of versatility,
such that the designer can
decide the amount of
RAM,ROM & I/O ports as
needed.
controller system.So it is less
expensive.
3. Micro controller is ideal for
many application in which cost
and space are critical.
4. It is not possible in a micro
controller system.
 










	16. A MICROCONTROLLER SURVEY
•  4 bit microcontroller
Manufacturer Model Pins:I/o Counter RAM ROM Features
Hitachi HMCS40 24:10 ----- 32 512 10 bit ROM
National COP420 28:23 1 64 1K Serial bit I/O
OKI MSM6411 16:11 ---- 32 1K
TI TMS 1000 28:11 ---- 64 1K LED display
Toshiba TLCS47 42:35 2 128 2K Serial bit I/O
 


	17. Contd.
• 8 bit  microcontroller
Manufacturer Model Pins:I/O Counter RAM ROM Features
TI TMS370
C050
68:55 2 256 4K 112k EM,A/D, serial
port
Intel 8051 40:32 2 128 4K 128K EM, serial port
Microchip PIC 18:12 0 25 1K RC oscillator, self
Microchip PIC
16C56
18:12 0 25 1K RC oscillator, self
reset, low cost
National COP820 28:24 1 64 1K Serial bit I/O
Motorola 68HC11 52:40 2 256 8K Serial port, WDT, A/D
PHILIPS 87C552 68:48 3 256 8K Serial port, WDT, A/D
Rockwell 6500/1 40:32 1 64 2K
ZILOG Z86C83 28:22 2 256 4K Low cost, 124k EM,
A/D, serial port
 


	18. Contd.
• 16 bit  microcontroller
Manufacturer Model Pins:I/O Counter RAM ROM Features
Hitachi H8/532 84:65 5 1K 32K 1M EM, A/D, serial
port, PWM
port, PWM
Intel 80C196 68:40 2 232 8K 64K EM, serial port,
A/D, PWM
National HPC161
64
68:52 4 512 16K 64K EM, serial port,
A/D, PWM
 


	19. MCUs Architecture
• Von  Neumann – contains single memory for storing
control program & data, contains single bus for
transferring data to/from CPU. Most computers use
this.
• Harvard – separate memory for program & data, with
separate buses, increases speed since program &
separate buses, increases speed since program &
data can be fetched simultaneously, buts needs twice
as many address & data pins. PIC MCUs use this
• Modified Harvard – Single data & address bus
externally, but two separate buses internally.
Program & data information is separated by
multiplexing method.
 


	20. MCUs Architecture
Memory
CPU
Memory
(program)
DATA
ADDRESS
DATA
Memory
(program
+data)
CPU
Memory
(data)
CPU
Von Neumann  Harvard
ADDRESS
ADDRESS
DATA
DATA
 


	21. INSTRUCTION SET
• Complex  Instruction Set Computer – 8051
compatibles, Motorola 68HC11
• Reduced Instruction Set Computer – PIC series, AVR
series
• In CISC type MCUs, a no. of instructions are available.
RISC type MCUs have a min. set. Complex arithmetic,
RISC type MCUs have a min. set. Complex arithmetic,
logical instructions are omitted. This reduces the
complex instruction decoding process, thus making
them faster. RISC MCUs have fixed length instructions
to simplify the fetch & decoding cycle. Addresses &
data are directly embedded in the instruction, thus
allowing them to be fetched in a single cycle. For this
the data bus width needs to be same as the instruction
bus. Only 20% of most CISC type instructions are
used.
 


	22. Features of 8051
•  8 bit CPU with register A and B
• 16 bit Program Counter and Data Pointer
• 8 bit Program Status Word
• 8 bit Stack Pointer
• Internal ROM and Internal RAM
• 4 Ports of each 8 bit, P0-P3
• 4 Ports of each 8 bit, P0-P3
• 2 timers of each 16 bit, T0 and T1
• Full Duplex serial data Transmitter/ Receiver
• Control Registers:
TCON,TMOD,SCON,PCON,IE,IP
• 2 external and 3 internal interrupt sources
• Oscillator and Clock circuit
 


	23. Arithmetic
And
Logic Unit
PSW
A B
Special
Function
Register
RAM
PC
DPTR
DPH
DPL
ROM
Port  0
Latch
Port 1
Latch
Latch
Special
Function
Register
IE
EA
16-Bit Address Bus
I/O
A0-A7
D0-D7
I/O
8051 family micro controller
Latch
Port 2
System
Timing
System
Interrupts
Timer
Data Buffers
Memory
Controls
Latch Port 3
Register
Bank 0
Register
Bank 1
Register
Bank 2
Register
Bank 3
Byte/Bit
Address
TLO
THO
TL1
TH1
TMOD
TCON
PCON
SCON
SBUF
IP
IE
EA
ALE
PSEN
XTAL 1
XTAL 2
RESET
VCC
GND
I/O
A8-A15
I/O
Interrupt
Counter
Serial Data
RD-WR
Internal RAM Structure
 


	24. 8051 ARCHITECTURE
  


	25. Features of the  8051
2
Timer
128 bytes
RAM
4K bytes
ROM
Quantity
Feature
5
Interrupt sources
1
Serial port
32
I/O pins
2
Timer
 


	26. Comparison of 8051  Family Members
2
3
2
Timers
128
256
128
RAM
0K
8K
4K
ROM(on-chip program space in bytes)
8031
8052
8051
Feature
6
8
5
Interrupt sources
1
1
1
Serial port
32
32
32
I/O pins
2
3
2
Timers
Various 8051 Micro controllers
 


	27. • 8751:- UV  – EPROM version.
• AT89C51:- Flash memory version from Atmel corporation.
• DS5000 series from Dallas semiconductor in the form of NV – RAM.
Table 1: Versions of 8051 From Atmel (All ROM Flash)
Part Number ROM RAM I/O pins Timer Interrupt Vcc Packaging
AT89C51 4K 128 32 2 6 5V 40
AT89LV51 4K 128 32 2 6 3V 40
AT89C1051 1K 64 15 1 3 3V 20
AT89C2051 2K 128 15 2 6 3V 20
AT89C52 8K 128 32 3 8 5V 40
AT89LV52 8K 128 32 3 8 3V 40
Table 2: Various Speeds of 8051 From Atmel
Table 2: Various Speeds of 8051 From Atmel
Part Number Speed Pins Packaging Use
AT89C51-12PC 12 MHz 40 DIP plastic commercial
AT89C51-16PC 16 MHz 40 DIP plastic Commercial
AT89C51-20PC 20 MHz 40 DIP plastic Commercial
Table 3:- Versions of 8051 From Dallas Semiconductor’s Soft Micro controller
Part
Number
ROM RAM I/O pins Timer Interrupt Vcc Packaging
DS5000-8 8K 128 32 2 6 5V 40
DS5000-32 32K 128 32 2 6 5V 40
DS5000-8 8K 128 32 2 6 5V 20
DS5000T-8 32K 128 32 2 6 3V 40
 


	28. P1.0
P1.1
P1.2
P1.3
P1.4
P1.5
P1.6
P1.7
RST
(RXD) P3.0
(TXD) P3.1
1
2
3
4
5
6
7
8
9
10
11
VCC
P0.0  (AD0)
P0.1 (AD1)
P0.2 (AD2)
P0.3 (AD3)
P0.4 (AD4)
P0.5 (AD5)
P0.6 (AD6)
P0.7 (AD7)
EA/VPP
ALE/PROG
40
39
38
37
36
35
34
33
32
31
30
(TXD) P3.1
(INT0) P3.2
(INT1) P3.3
(T0) P3.4
(T1) P3.5
(WR) P3.6
(RD) P3.7
XTAL2
XTAL1
GND
11
12
13
14
15
16
17
18
19
20
PSEN
P2.7 (A15)
P2.6 (A14)
P2.5 (A13)
P2.4 (A12)
P2.3 (A11)
P2.2 (A10)
P2.1 (A9)
P2.0 (A8)
29
28
27
26
25
24
23
22
21
 


	29. PIN DESCRIPTION Contd.
•  As per pin diagram out of 40 pins, 32 pins are
assigned for ports P0,P1,P2 and P3, where each
ports takes 8 pins.
• The rest of the pins are Vcc, GND,XTAL1, XTAL2,
RST, EA’/VPP,ALE/PROG’, AND PSEN’.
• Vcc: Pin 40 provides supply Voltage. The voltage
source is 5V.
source is 5V.
• GND: Pin 20 is grounded.
• XTAL1 & XTAL2 : 8051 needs external clock to run it.
Most often a crystal is connected to XTAL1 (19) and
XTAL2(18) for supplying operating frequency.
• RST: Pin 9 is the Reset pin. It is an input pin and is
active high. Upon applying a high pulse to this pin
the 8051 will reset and terminate all the activities.
 


	30. PIN DESCRIPTION Contd.
•  EA’/VPP: Pin 31 is the External access pin, generally we
connected this pin with the Vcc, but when we use the
external memory then this pin must be connected to
Ground.
• The VPP signal is used at the time of EPROM
programming, where we supply a 21V through this pin.
• ALE/PROG’: ALE (pin 30) stands for Address Latch
Enable. This is an output pin and is active high. This pin
Enable. This is an output pin and is active high. This pin
is used for de-multiplexing the data and address bus by
connecting to the enable pin of 74LS373 latch.
• PROG’ is used at the time of EPROM programming. A
50 ms pulse is connected to the ground through this pin
for EPROM programming.
• PSEN’: PSEN’ (pin 29) stands for Program Store Enable.
This is an output pin and connected to the external
ROM.
 


	31. Oscillator and Clock
•  8051 has on chip oscillator but requires an
external clock to run it. Most often a Quartz
Crystal oscillator is connected to XTAL 1 and
XTAL 2 pins with 2 nos of 30 pf capacitors.
 


	32. Oscillator and Clock  contd.
• If we use any external frequency source other than
crystal oscillator, it will be connected to XLAT1 and
XLAT 2 is left unconnected.
• Time to execute a one cycle instruction is given by
• T=(c x 12d)/ crystal frequency
 


	33. Oscillator and Clock  contd.
 


	34. Reset Circuit
  


	35. I/O PORT PINS  AND THEIR
FUNCTION
• Four Ports P0,P1,P2and P3 of each 8 bit
• All Ports upon RESET are configured as
output Port
• To use them as input Port, it must be
• To use them as input Port, it must be
programmed.
• All Ports are bit accessible.
 


	36. P0 PORT
• P0  pins may serve as an inputs, outputs,
when used together ,as a bidirectional low
order address and data bus for external
memory.
• To configure it as an input port, a logical 1
must be written to the corresponding port0
latch by program.
• It is used as a data bus during internal
EPROM programming
 


	37. P0 PORT contd.
  


	38. P1& P2 PORT
•  P1 AND P2 may be used as an input or
output port.
• They does not required external pull-up
resistors.
resistors.
• P2 supply the high-order address bus for
external memory or input/output devices.
 


	39. P3 PORTS
• P3  may be used
as an input or
output port.
• The alternate
Pin Name Use SFR
P3.0 RXD Serial data input SBUF
P3.1 TXD Serial data output SBUF
P3.2 INT0’ External interrupt 0 TCON.1
• The alternate
uses of P3 are
shown in table:
P3.3 INT1’ External interrupt 1 TCON.3
P3.4 T0 External timer o
input
TMOD
P3.5 T1 External timer 1
input
TMOD
P3.6 WR’ External memory
write pulse
--
P3.7 RD’ External memory
read pulse
--
 


	40. REGISTER
• A and  B CPU register
• Program Counter and Data Pointer
• Flags and program Status Word (PSW)
• Internal RAM
• Internal RAM
• Some Special Function Register
• 8 bit Stack Pointer
 


	41. A AND B  CPU REGISTER
• The A (Accumulator) register is used for many
operation, including Addition, Subtraction,
Integer Multiplication, Division and other logical
operation.
• The A register is also used for all data transfers
• The A register is also used for all data transfers
between the 8051 and any external memory.
• The B register is used with the A register for
Multiplication and Division operation and has no
other function other than as a location where
data may be stored.
 


	42. PROGRAM COUNTER AND  DATA
POINTER
• Program Counter (PC) and Data Pointer
(DPTR) are two 16 bit register.
• PC and DPTR are used to hold the address of
a Memory.
• PC is used to hold the address of the next
memory location which is to be executed.
memory location which is to be executed.
• The PC has no internal Address.
• The DPTR register is made up of two 8 bit
register named DPH and DPL.
• DPTR is used to hold the memory address for
internal and external code memory and
external data memory.
 


	43. PROGRAM STATUS WORD  AND FLAGS
• Program Status Word (PSW) is a 8 bit
register.
• PSW contains 4 math Flag, user program flag
F0 and the register select bits RS1 and RS0
F0 and the register select bits RS1 and RS0
• PSW register is bit addressable, so all the
flags can be set or reset by the programmer at
will. The PSW structure is shown bellow.
7 6 5 4 3 2 1 0
CY AC F0 RS1 RS0 OV ---- P
 


	44. FLAGS Contd.
• Flags  are 1 bit register which are grouped inside the
PSW and PCON.
• Flags are provided to store the result of certain program
instruction.
• 8051 has 4 math flags which include Carry flag (C),
Auxiliary Carry (AC), Overflow (OV) and Parity (P), and 3
• 8051 has 4 math flags which include Carry flag (C),
Auxiliary Carry (AC), Overflow (OV) and Parity (P), and 3
user flags are named F0,GF0, and GF1.
• GF0 and GF1 are store in PCON register.
• Carry flag is set when there is a carry in the 7th bit of
accumulator, this flag is used in arithmetic, jump, rotate,
and Boolean instruction.
 


	45. FLAGS Contd.
• Auxiliary  Carry flag is set when there is a carry form 3rd
bit to 4th bit of accumulator. This flag is used in BCD
arithmetic operation.
• Overflow flag is set when there is any overflow in math
operation.
• Parity flag is set to 1 when the number of 1’s in A
• Parity flag is set to 1 when the number of 1’s in A
register is odd.
• The three user flags are general purpose flags
programmers can be set or reset by the programmer at
will.
• RS0 and RS1 are two register bank select bits which are
used to select the specific register bank of internal RAM.
 


	46. FLAGS Contd.
RS1 RS0  REGISTER
0 0 Select register bank 0
0 1 Select register bank 1
0 1 Select register bank 1
1 0 Select register bank 2
1 1 Select register bank 3
 


	47. 8051 FLAG BITS  AND THE PSW REGISTER
• PSW:It is 8 bits wide but use only 6 bits .There are 4
conditional flags (CY,AC,P & OV) , 2 user-definable flags
(PSW.1 & PSW.5) and 2 register bank selector(RS1 &
RS0).
P
OV
RS0
RS1
F0
AC
CY
CY PSW.7 Carry flag.
AC PSW.6 Auxiliary carry flag.
F0 PSW.5 Available to the user for general purpose.
RS1 PSW.4 Register Bank selector bit 1.
RS1 PSW.4 Register Bank selector bit 1.
RS0 PSW.3 Register Bank selector bit 0.
OV PSW.2 Overflow flag.
-- PSW.1 User definable bit.
P PSW.0 Parity flag. Set/cleared by hardware each
instruction cycle to indicate an odd/even number of
1 bits in the accumulator.
18H – 1FH
3
1
1
10H – 17H
2
0
1
08H – 0FH
1
1
0
00H – 07H
0
0
0
Address
Register Bank
RS0
RS1
 


	48. Problem1:
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
Problem2:
Show the status of the CY, AC, and P flags after the
Show the status of the CY, AC, and P flags after the
addition of 9CH and 64H in the following instructions.
MOV A, #9CH
ADDC A, #64H
 


	49. INTERNAL RAM
• There  are 128 bytes of RAM in 8051 and their
assigned address are 00H to 7FH.
• A total of 32 bytes from location 00 to 1FH are
assigned for register banks.
• A total of 16 bytes from location 20H to 2FH are
• A total of 16 bytes from location 20H to 2FH are
assigned for bit addressable read/ write
memory.
• A total of 80 bytes form location 30H to 7FH are
used for normal read/ write storage memory,
which is called Scratch Pad.
 


	50. INTERNAL RAM Contd.
  


	51. INTERNAL RAM Contd.
  


	52. INTERNAL RAM Contd.
ADD  NAME
7 R7
6 R6
5 R5
ADD NAME
1F R7
1E R6
1D R5
ADD NAME
F R7
E R6
D R5
ADD NAME
17 R7
16 R6
15 R5
BANK 0 BANK 1 BANK 2 BANK 3
5 R5
4 R4
3 R3
2 R2
1 R1
0 R0
1D R5
1C R4
1B R3
1A R2
19 R1
18 R0
D R5
C R4
B R3
A R2
9 R1
8 R0
15 R5
14 R4
13 R3
12 R2
11 R1
10 R0
WORKING REGISTER
 


	53. INTERNAL RAM Contd.
78  79 7A 7B 7C 7D 7E 7F
70 71 72 73 74 75 76 77
68 69 6A 6B 6C 6D 6E 6F
60 61 62 63 64 65 66 67
58 59 5A 5B 5C 5D 5E 5F
50 51 52 53 54 55 56 57
2F
2E
2D
2C
2B
2A
BYTE ADD BIT ADDRESS
B
I
T
A
D
D
R
E
BYTE ADD
7F
50 51 52 53 54 55 56 57
48 49 4A 4B 4C 4D 4E 4F
40 41 42 43 44 45 46 47
38 39 3A 3B 3C 3D 3E 3F
30 31 32 33 34 35 36 37
28 29 2A 2B 2C 2D 2E 2F
20 21 22 23 24 25 26 27
18 19 1A 1B 1C 1D 1E 1F
10 11 12 13 14 15 16 17
08 09 0A 0B 0C 0D 0E 0F
00 01 02 03 04 05 06 07
2A
29
28
27
26
25
24
23
22
21
20
E
S
S
A
B
L
E
R
E
G
I
S
T
E
R
GENERAL PURPOSE
30
 



	55. PSW Bits Bank  Selection
RS1 (PSW.4) RS0 (PSW.3)
Bank 0 0 0
Bank 1 0 1
Bank 2 1 0
Bank 3 1 1
Example: 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
MOV R5,#12H ; load R5 with value 12H
Solution:
By default, PSW.3=0 and PSW.4; therefore, the instruction “SETB PSW.4” sets RS1=1
and RS0=0, thereby selecting register bank 2. Register bank 2 uses RAM location 10H-
17H. After the execution of the above program we have the following:
RAM location 10H has value 99H RAM location 11H has value 85H
RAM location 12H has value 3FH RAM location 17H has value 63H
RAM location 15H has value 12H
 


	56. SPECIAL FUNCTION REGISTER
•  Special Function Register (SFR) are areas of
memory that control specific functionality of the
8051 microcontroller.
• The SFRs allow the user to access the ports,
serial communication, control and access timers,
serial communication, control and access timers,
configure the 8051’s interrupt system and power
control system.
• Some SFRs can be accessed with bit operations
also, i.e they are bit addressable Special
Function Registers.
 


	57. SPECIAL FUNCTION REGISTER  Contd..
• SCON: (Serial Control) SCON is used to
configure the behavior of the 8051’s serial
port.
• SBUF: (Serial Buffer) SBUF is used to
• SBUF: (Serial Buffer) SBUF is used to
send and received data via serial port.
• IE: (Interrupt Enable) IE register is used to
enable and disable specific interrupt.
• IP: (Interrupt Priority) IP register is used to
specify the priority of each interrupt.
 


	58. SPECIAL FUNCTION REGISTER  Contd..
• PCON: (Power Control) PCON register is used
to control the 8051’s power control mode.
• TCON: (Timer Control) TCON is used to control
the 8051’s timer and counter operation.
the 8051’s timer and counter operation.
• TMOD: (Timer Mode) TMOD is used to control
the mode of operation of timer and counter.
• TL0/TH0: (Timer 0 Low/High )
• TL1/TH1: (Timer 0 Low/High )
 


	59. SPECIAL FUNCTION REGISTER  Contd..
Name Function Internal RAM Address (Hex)
A Accumulator 0E0
B Arithemetic 0F0
DPH Addressing external moeory 83
DPL Addressing external moeory 82
IE Interrupt enable control 0A8
IP Interrupt priority 0B8
P0 Input/output port latch 80
P1 Input/output port latch 90
P2 Input/output port latch 0A0
P2 Input/output port latch 0A0
P3 Input/output port latch 0B0
PCON Power control 87
PSW Program status word 0D0
SCON Serial port control 98
SBUF Serial port data buffer 99
SP Stack pointer 81
TMOD Timer/ Counter mode control 89
TCON Timer/ Counter control 88
TL0 Timer 0 low byte 8A
TH0 Timer 0 high byte 8C
TL1 Timer 1 low byte 8B
TH1 Timer 1 High byte 8D
 



	61. The Stack and  Stack Pointer
• The Stack is used to store data temporary during any
program execution.
• The 8 bit Stack Pointer is used to hold an internal Ram
address which is called the top of stack.
• Generally 8051 used Bank1 of internal Ram as the
Stack. So the default Stack pointer address is 07 h.
• Generally 8051 used Bank1 of internal Ram as the
Stack. So the default Stack pointer address is 07 h.
• When data is placed on the stack the SP increments
before storing data on the Stack.
• When data is retrieved from the Stack, the byte is read
from the stack , and then SP decrements.
• The Stack is used during PUSH, POP, CALL, RET
instruction.
 


	62. A MICROCONTROLLER
A MICROCONTROLLER
DESIGN
  


	63. Process of memory  block selector:
•Using simple logic gates :
D7 D0
D7
D0
A0
A11
CS
RD WR
4K*8
A12
A13
A14
A15
A0
–
A11
MEMR
MEMW
Logic gate as Decoder
 


	64. D7 D0
A0
D7
D0
• Using  the 74LS138 3-8 decoder:
A0
A11
CE
OE Vpp
4K*8
A12
A13
A14
A15
A0
–
A11
MEMR
Vcc
74LS138 as Decoder
GND
Vcc
Y0
Y1
Y2
Y3
Y4
Y5
Y6
Y7
A
B
C
G2A
G2B
G1
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