
Quote of the day

“A man's ethical behavior should be based 
effectually on sympathy, education, and 

social ties; no religious basis is 
necessary.”
― Albert Einstein

http://www.goodreads.com/author/show/9810.Albert_Einstein
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• Internal Data 
Memory space is 
divided into three 
sections
– Upper 128

– Special function 
register(SFR)

– Lower 128

• There are 384 bytes 
of memory space 
available physically, 
though the Upper 
128 and SFRs share 
the same addresses 
from location 80H to 
FFH.

• The lower 32 byte i.e. 
from 00H to1FH are used 
for four register banks.



Bit-addressable 
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Register Banks 
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General Purpose 
RAM (80 bytes)



• The 8051 has 256 bytes of internal addressable 
RAM, although only first 128 bytes are available 
for general use by the programmer. 

• The first 128 bytes of RAM (from 0x00 to 0x7F) 
are called the direct memory, and can be used to 
store data. 

• The lowest 32 bytes of RAM are reserved for 4 
general register banks. The 8051 has 4 selectable 
banks of 8 addressable 8-bit registers, R0 to R7. 

• This means that there are essentially 32 
available general purpose registers, although 
only 8 (one bank) can be directly accessed at a 
time.



• The advantage of using these register banks is 
time saving on the context switch for 
interrupted program to store and recover the 
status. 

• Otherwise the push and pop stack operations 
are needed to save the current state and to 
recover it after the interrupt is over. 

• The default register bank is bank 0.

• The second 128 bytes are used to store 
Special Function Registers (SFR) that 8051 
program can configure to control the ports, 
timer, interrupts, serial communication, and 
other tasks.





• It has two 16 bit Counter/ timers

• 3 internal interrupts (one serial), 2 external interrupts. 

• 4 8-bit I/O ports (3 of them are dual purposed). One 
of them used for serial port, Some 8051 chips come 
with UART for serial communication and ADC for 
analog to digital conversion.

• SFRs provide control and data exchange with the 
ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊΩǎ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǇŜǊƛǇƘŜǊŀƭǎ

• Registers which have their byte addresses ending with 
0H or 8H are byte- as well as bit- addressable

• Some registers are not bit-addressable.  These include 
the stack pointer (SP) and data pointer register (DPTR)



• Accumulator (ACC) and B register

– ACC (also referred to as A) is used implicitly by several 
instructions

– B is used implicitly in multiply and divide operations

– These registers are the input/output of the arithmetic and 
logic unit (ALU)

• Program status word—PSW(Flag register in 8085)

– Shows the status of arithmetic and logical operations using 
multiple bits such as Carry

– Selects the Register Bank (Bank 0 - Bank 3)

– Detailed description of PSW is already shown in the 
previous class.

• Stack pointer—SP

• Data pointer—DPTR (DPH and DPL)

– 16-bit register used to access external code or data 
memory by programmer during programming.



• The Stack Pointer, like all registers except DPTR and PC, 
may hold an 8-bit (1-byte) value. 

• The Stack Pointer is used to hold an internal RAM 
address called top of stack.

• It indicate the location of internal RAM where the last 
byte of data was stored by stack operation.

• When you push a value onto the stack, the 8051 first 
increments the value of SP and then stores the value at 
the resulting memory location.

• When you pop a value off the stack, the 8051 returns 
the value from the memory location indicated by SP, 
and then decrements the value of SP.
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• PORT P0 :When the external memory access is 
required then Port P0 is  multiplexed for address bus 
and data bus that can be used to access external 
memory in conjunction with port P2. P0 acts as A0-
A7 in address bus and D0-D7 for port data. It can be 
used for general purpose I/O if no external memory 
presents. 

• PORT P1 :The port P1 is a port dedicated for general 
purpose I/O function. The other ports P0, P2 and P3 
have dual roles in addition to their basic I/O function. 

• PORT P2: Similar to P0, the port P2 can also play a 
role (A8-A15) in the address bus in conjunction with 
PORT P0 to access external memory.



• PORT P3:

In addition to acting as a normal I/O port, 

ѐP3.0 can be used for serial receive input pin(RXD) 

ѐP3.1 can be used for serial transmit output 
pin(TXD)in a serial port, 

ѐP3.2 and P3.3 can be used as external interrupt 
pins(Lb¢0 and  Lb¢1), 

ѐP3.4 and P3.5 are used for external  counter input 
pins(T0 and T1), 

ѐP3.6 and P3.7 can be used as external data 
memory write and read control signal pins(²R 
and wD)read and write pins for memory access. 



Addition to I/O usage, P3 can also be used for:

• RXD/TXD:   Receive/Transmit serial data for RS232

• INT0, INT1: External interrupt port inputs

• T0,T1: Alternative(External) counter 0/1 bit

• WR/RD:     Write/Read control bits used for external 
memory access.

• If external RAM or EPROM is used, ports P0 and P2 are 
used to address the external memory.

• Other port SFR i.e. P1 is mainly used for data I/O.

P3( Port 3) SFR used for I/O and other 
special purposes

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

RD WR T1 T0 INT1 INT0 TxD RxD



• Timer RegistersτTL0, TL1, TH0, TH1,

џLower byte of Timer 0/1, used to set timer interrupt period.

џHigher byte of Timer 0/1,used to set timer interrupt period.

• TMOD, 
– Used for timing intervals or counting event.

Note: bit 0-3 for Timer0 and bit 4-7 for Timer1
• Gate Control:   0 = Timer enabled(normal mode),

1 = if INT0/INT1 is high, the timer is enabled to count the number 
of pulses in the external interrupt ports (P3.2 and P3.3)

• C/T Counter/Timer Selector
0 = count internal  clock pulse (count once per machine cycle = 
oscillator clock/12)
1 = count external pulses on P3.4 (Timer 0) and P3.5(Timer 1)

• Mode control: M1Mo=00:Mode 0, M1Mo=01: Mode 1, 
M1Mo=10: Mode2, M1Mo=11: Mode3

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

Gate C/T M1 M0 Gate C/T M1 M0



• TCON

• TF0/TF1: Timer 0/1 overflow flag is set when the 
timer counter overflows, reset by program

• TR0/TR1: Timer 0/1 run control bit is set to start, 
reset to stop the timer 0/1

• IE0/IE1:     External interrupt 0/1 edge detected flag1 
is set when a falling edge interrupt on the external 
port 0/1, reset(cleared) by hardware itself for falling 
edge transition-activated INT; Reset by code for low 
level INT. 

• IT0/IT1:   External interrupt type (1: falling edge 
triggered, 0 low level triggered)

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 (88H)

TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0



• Power Control RegisterτPCON

• SMOD(serial mode) 1= high baud rate, 0 = low baud 
rate

• GF1, GF2 flags for free use
• PD:  1= power down mode for CMOS 
• IDL: 1= idle mode. 

• Interrupt Management RegistersτIPand IE

Registers such as IP and IE are used to mange the 
interrupts ςenable/disable them, set priorities etc.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

SMOD -- -- -- GF1 GF2 PD IDL



• Serial Communication RegistersτSBUFand SCON

REN: Receiver enable is set/reset by program
TB8:  stores transmitted bit 8(9th bit, the stop bit)
RB8:  Stores received bit 8(9th bit, the stop bit)
TI:     Transmit Interrupt is set at the end of 8th bit (mode 0)/ at 

the stop bit (other modes) indicating the completion of one 
byte transmission, reset by program

RI:     Receive Interrupt is set at the end of 8th bit (mode 0)/at 
the stop bit (other modes) indicating the completion of one 
byte receiving,  reset by program

SM0,SM1,SM2: Serial mode selection bits 

Registers such as SBUF, P0 to P3 are used to exchange data with 
peripherals connected to the serial port of digital I/O ports.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

SM0 SM1 SM2 REN TB8 RB8 TI RI



• The 9A (External Access) pin is used to control the 
internal or external memory access. The signal 0 is 
for external memory access and signal 1 for 
internal memory access. 

• The t{9N (Program Store Enable) is for reading 
external code memory when it is low (0) and at 
the same time EA is also 0.

• The ALE (Address Latch Enable) activates the port 
0 joined with port 2 to provide 16 bit external 
address bus to access the external memory.

The ALE multiplexes the P0: 1 for latching address 
on P0 as A0-A7 in the 16 bit address buss, 0 for 
latching P0 as data I/O.

• RST:A high on this pin microcontroller resets & 
terminates all its activities.



•Stepper motors consist of a 
permanent magnet rotating shaft, 
called the rotor.
•Electromagnets on the stationary 
portion that surrounds the motor, 
called the stator.

•The basic operation of a stepper motor allows the 
shaft to move a precise number of degrees each time a 
pulse of electricity is sent to the motor.

•The rotor of the motor produces torque from the 
interaction between the magnetic field in the stator 
and rotor. The strength of the magnetic fields is 
proportional to the amount of current sent to the 
stator and the number of turns in the windings.



The stator (stationary winding) has eight poles, and the rotor has 
six poles (three complete magnets). 
The rotor will require 24 pulses of electricity to move the 24 
steps to make one complete revolution. 

Another way to say this is that the 
rotor will move precisely 15° for 
each pulse of electricity that the 
motor receives. 
The number of degrees the rotor 
will turn when a pulse of electricity 
is delivered to the motor can be 
calculated by dividing the number 
of degrees in one revolution of the 
shaft (360°) by the number of 
poles (north and south) in the 
rotor. 

In this 360° is divided by 24 to get 15°.



When power is applied, it is directed to only one of the 
stator pairs of windings, which will cause that winding 
pair to become a magnet. One of the coils for the pair 
will become the North Pole, and the other will become 
the South Pole. 

When this occurs, the stator coil 
that is the North Pole will 
attract the closest rotor tooth 
that has the opposite polarity, 
and the stator coil that is the 
South Pole will attract the 
closest rotor tooth that has the 
opposite polarity.

When current is flowing through these poles, the rotor 
will now have a much stronger attraction to the stator 
winding.
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Stepper Motor Switching Sequence
The stepper motor can be operated in three different 

stepping modes, namely, full-step, half-step, and microstep.

Full-Step
The stepper motor uses a four-step switching sequence, which is 
called a full-step switching sequence which is already described 
above. Half-Step
Another switching sequence for the stepper motor is called an 
eight-step or half-step sequence. The switching diagram for the 
half-step sequence is shown below. 



The main feature of this switching sequence is that 
you can double the resolution of the stepper motor 
by causing the rotor to move half the distance it does 
when the full-step switching sequence is used. 

This means that a 200-step motor, which has a 
resolution of 1.8°, will have a resolution of 400 steps 
and 0.9°. 

The half-step switching sequence requires a special 

stepper motor controller, but it can be used with a 
standard hybrid motor.

The way the controller gets the motor to reach the half-
step is to energize both phases at the same time with 
equal current.



Interface stepper motor to 8051
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Interface stepper motor to 8051



Interfacing stepper motor to 8051

• Connect the four coils of stepper motor to 
port 2 of 8051 through coil driver ULN 2003

• To use stepper motor in full stepping mode 
two bits are changed at a time 

A        B         C         D
1         0         1         0
1         0         0         1
0         1         0         1
0         1         1         0    



• To use stepper motor in Half stepping mode 
one bit is changed at a time

A        B         C         D
1         0         1         0
1         0         0         0
1         0         0         1
0         0         0         1
0         1         0         1
0         1         0         0
0         1         1         0
0         0         1         0    


