
Micro-controllers

Micro-controllers: Moving on to 8051 from 8085

https://courses.cs.washington.edu/courses/cse477/00sp/ppt/MicrocontrollersII.ppt
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8051 Architecture
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The data 
width is 8 
bits
Registers are 
8 bits
Addresses 
are 8 bits-16 
bit for 
External 
Memory

Memory Organization in 8051
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Accessing Internal and External Memory

Program and Data memory are separate
Program Memory can be internal and/or 
external. 
The ROM contains  constant data and 
Instructions. 

External Data - xdata
Resides off-chip
Accessed using the DPTR 
and MOVX instructions
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(i)Lower 128 bytes: registers, general data
(ii)Upper 128 bytes: 
a. indirectly addressed: 128 bytes, used for the stack 
(small!)
b.directly addressed: 128 bytes for “special” 
functions
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Lower 128 Bytes

Bitwise manipulation: 
flags

The 32 bytes (00 to 1Fare 
divided into 4 register 
banks in which each bank 
has 8 registers, R0–R7. 
RAM locations from 0 to 
7 are set aside for bank 0 
of R0–R7 where R0 is 
RAM location 0, R1 is 
RAM location 1, R2 is 
location 2, and so on, 
until the memory location 
7, which belongs to R7 of 
bank 0.
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Upper 128 Bytes(SFRs)

The 8051 family of 
microcontrollers provides 
a distinct memory area for 
accessing Special 
Function Registers 
(SFRs). SFRs are used in 
a  program to control 
timers, counters, serial 
I/Os, port I/Os, and 

peripherals..
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The Processor Status Word(PSW) and Register Selection

addresses 0x80, 
0x88, 0x90, . . . , 
0xF8 are bit 
addresable
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Instruction Timing
2Byte Instr.(ADD A <data>)

1Byte Instr.(INC A)

Each state consists of  2 clock cycles

Each MC consists of 6 states S1-s6

An Instruction can take 1-4  Machine Cycles(MCs) 
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Port 0 - external memory access
low address byte/data

Port 1 - general purpose I/O
pins 0, 1 for timer/counter 2

Port 2 - external memory access
high address byte

Port 3 - Special features
0 - RxD: serial input
1 - TxD: serial output
2 - INT0: external interrupt
3 - INT1: external interrupt
4 - T0: timer/counter 0 external input
5 - T1: timer/counter 1 external input
6 - WR: external data memory write strobe
7 - RD: external data memory read strobe

Port 0 - bi-directional
Port 1-3 - have internal pullups that will source current
Output pints:  0/1 to the bit/byte
Input pins   Output latch must have a 1 (reset state)

Turns off the pulldown
pullup must be pulled down by external driver
bit/byte needs to be read

Refer slide on SFRs here

Ports
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Timers
8051 has 2 timers: an extra Timer in some
Timers can be accessed directly
They operate in two modes: Timer and
Counter. TMOD and TCON Registers in
SFR are used

In the timer mode, the internal machine cycles 
are counted. This register is incremented in 
each machine cycle i.e. 12 clock cycles. For  
example,if the clock frequency is 12MHz, 
then the timer register is incremented in each 
millisecond. In this mode it ignores the 
external timer input pin

In the counter mode, the external events are counted. 
In this mode, the timer register is incremented for 
each 1 to 0 transition of the external input pin. This 
type of transitions is treated as events. The external 
input pins are sampled once in each machine cycle, 
and to determine the 1or 0 transitions, another 
machine cycle will be needed. So in this mode, at least 
two machine cycles are needed. When the frequency 
is12MHz, then the maximum count frequency will be 
12MHz/24 = 500KHz. So for event counting the time 
duration is 2 µs.

Explain with a suitable example
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Timers: Using the TMOD& TCON
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Programming The C interface (KEIL)

Usually the board comes with an IDE 
with an Application Programmers’  
Interface(API) for a version of C 
language called the Embedded C or its 
equivalent. The IDE  can be downloaded 
on a PC/Laptop, the program can be 
written and debugged and then loaded for
running on a micro-controller biard.
This is the standard practice for most 
modern micro-controllers

Additional Embedded C Variable Types
sbit,bit,SFR,volatile
Example:
SFR  P0=0x80 ; /*defines Port0 */
sbit L0= P0^1 ;/* Pin 1 of Port 0 is connected 

an LED and this is variable
L0. We manipulate the pin
using this variable.

https://www.keil.com/c51/default.asp



Micro-controllers

Programming with the C interface: Blinking LED

https://www.tutorialspoint.com/programming-8051-using-keil-software

LED connected to Pin 1 of Port 2

#include<reg51.h>
sbit L_pin = P2^0; /*set the LED pin as P2.0*/

void delay(int ms){
unsigned int i, j;
for(i = 0; i< ms; i++)
{
/* Outer for loop for given milliseconds value*/
for(j = 0; j < 1275; j++)
{

/*execute in each millisecond*/
}

}
}
void main(){

while(1){
/*infinite loop for LED blinking*/
L_pin = 0;
delay(500); /*wait for 500 milliseconds*/
L_pin = 1;
delay(500); /*wait for 500 milliseconds*/

}
}

Q: Cany you guess the clock speed?
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Programming with the C interface: Stepper Motor Control

https://electrosome.com/interfacing-stepper-motor-8051-keil-c-at89c51/

Wave drive: Only one coil is energized duringa time-slot(step). 
Low torque, low power

Step A B C D

1 1 0 0 0

2 0 1 0 0

3 0 0 1 0

4 0 0 0 1

Full drive: Only one coil is 
energized duringa time-
slot(step). More torque, 
More power

Step A B C D

1 1 1 0 0

2 0 1 1 0

3 0 0 1 1

4 1 0 0 1

Half drive: Wave and Full in alternate steps. Smaller angular 
step-size  

Step A B C D

1 1 0 0 0

3 0 1 0 0

5 0 0 1 0

7 0 0 0 1

Step A B C D

2 1 1 0 0

4 0 1 1 0

6 0 0 1 1

8 1 0 0 1
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Programming with the C interface: Stepper Motor Control contd.

https://electrosome.com/interfacing-stepper-motor-8051-keil-c-at89c51/

The L293D is designed to provide bidirectional 
drive currents of up to 600-mA at voltages from 4.5 
V to 36 V. It can drive relays, solenoids and in this 
case a stepper motor. Q: What is Vmax in this case?

L293D is connected to pins P2.0, 
P2.1, P2.2, P2.3 of the 
microcontroller and two pairs of 
L293D are enabled by tieing
EN1, EN2 to 5V. Logic Voltage 
(5V) is connected to Vss pin and 
Motor Supply (12V) is connected 
to the Vs pin of L293D. Each 
winding of the motor can be 
energized by making 
corresponding pin of L293D 
LOW.
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#include<reg52.h>
#include<stdio.h>
/*Code for Wave Control*/
void delay(int);
void main()
{
while(1)
{
P2=0x01; /* Directly manipulating port */
delay(1000);
P2=0x02; 
delay(1000);
P2=0x04; 
delay(1000);
P2=0x08; 
delay(1000);

}
}

void delay(int k)
{
int i,j;
for(i=0;i<k;i++)
{
for(j=0;j<100;j++)
{}

}
}

#include<reg52.h>
#include<stdio.h>
/*Code for Full 
Drive*/
void delay(int);

void main()
{
while(1)
{

P2 = 0x03; 
delay(1000);
P2 = 0x06; 
delay(1000);
P2 = 0x0C; 
delay(1000);
P2 = 0x09; 
delay(1000);

}
}

while()
{
P2=0x01; 
delay(1000);
P2=0x03; 
delay(1000);
P2=0x02; 
delay(1000);
P2=0x06; 
delay(1000);
P2=0x04; 
delay(1000);
P2=0x0C; 
delay(1000);
P2=0x08; 
delay(1000);
P2=0x09;
delay(1000);

}

Can you deduce the speed for Half Drive?

Half Drive


