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Overview

• Assembly versus C
• C  data types
• Using C  in Keil
• 8051 specific extensions

– SFRs, bit variables
– I/O programming
– Timer/Counter
– Serial Port
– Create ISRs
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C versus Assembly

• Advantages
– High-level, structured programming language
– Compiler relieves programmer from some of the hardware 

details
– Easier to write large, complex software
– Programs more readable

• Disadvantages
– Generally larger machine code
– Less control and ability to interact with hardware
– Unclear number of cycles to do something
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Square wave, assembly

• Goal: square wave on P1.0 
– High level for 500 ticks, low level for 500 ticks
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Square wave, C

5

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


C  data types
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Standard data types in 8051 C
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8051 extension types
• 8051 extension types

– bit
• 8051 bit addressable memory
• 20h to 2Fh

– sbit 
• A bit inside an SFR (e.g. P1.0)

– sfr 
• Entire byte of an SFR

– sfr16 
• 16-bit SFRs (e.g. DPTR)

• Declaration
– sbit, sfr, and sfr16

• Declare outside of main() program
• Essentially a friendly EQU for an SFR or SFR bit

– bit
• Declare anywhere a normal variable can be declared
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Data type example
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P1.0
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#include <REG52.h> (or reg51.h)

• #include inserts text from another file
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Comments and literals

• Keil accepts C or C++ style comments:

• C format for decimal/hex/octal:

11

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


Unsigned char

• The character data type is the most natural choice
– 8051 is an 8-bit microcontroller

• Unsigned char is an 8-bit data type in the range of 0 – 255 
(00 – FFH)
– One of the most widely used data types for the 8051

• Counter value
• ASCII characters

• C compilers use the signed char as the default if we do not 
put the keyword unsigned
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Unsigned char – Example
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Unsigned char – Example (cont’)
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Signed char

• The signed char is an 8-bit data type
– Use the MSB D7 to represent – or +
– Give us values from –128 to +127

• We should stick with the unsigned char unless the data 
needs to be represented as signed numbers
– temperature
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Unsigned and Signed int

• The unsigned int is a 16-bit data type
– Takes a value in the range of 0 to 65535 (0000 – FFFFH)
– Define 16-bit variables such as memory addresses
– Set counter values of more than 256
– Since registers and memory accesses are in 8-bit chunks, 

the misuse of int variables will result in a larger hex file
• Signed int is a 16-bit data type

– Use the MSB D15 to represent – or +
– We have 15 bits for the magnitude of the number from –

32768 to +32767
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Single Bit
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Using C  in Keil
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Blinking LEDs example

• Goal: Make LEDs blink every second
• Akempt 1:  Big do-nothing loop
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Creating a delay function
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Function order
• Function order matters in C
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Function prototypes
• Declare you will later implement a function
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Parameters & return values

• Functions can:
– Take parameters as input, empty ()'s if none
– Return a value as output (or void if none)
– In C, Compiler automatically maps to registers and/or 

memory addresses

• Example:
– Goal: toggle LEDs if any button pushed

• Create function to counting # of currently down buttons
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Button counter
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I/O PROGRAMMING

25

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


Byte Size I/O
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Byte Size I/O (cont’)
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Byte Size I/O (cont’)
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Bit-addressable I/O

29

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


30

Bit-addressable I/O (cont’)
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Bit-addressable I/O (cont’)
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Accessing SFR Addresses 80 - FFH
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Accessing SFR Addresses 80 – FFH (cont’)
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Using bit Data Type for Bit-addressable 
RAM
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LOGIC OPERATIONS
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Bit-wise Operators in C
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Bit-wise Operators in C (cont’)
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Bit-wise Operators in C (cont’)
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Bit-wise Operators in C (cont’)

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


40

Bit-wise Operators in C (cont’)
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Bit-wise Operators in C (cont’)
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DATA CONVERSION
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Packed BCD to ASCII Conversion
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ASCII to Packed BCD Conversion
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Binary (hex) to Decimal and ASCII 
Conversion

45

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


ACCESSING CODE ROM
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RAM Data Space Usage by 8051 C 
Compiler
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RAM Data Space Usage by 8051 C Compiler 
(cont’)
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RAM Data Space Usage by 8051 C Compiler 
(cont’)
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Accessing code rom – Example 1
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Accessing code rom – Example 2
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Accessing code rom – Example 2 (cont’)
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DATA SERIALIZATION
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Data Serialization

• Serializing data is a way  of sending abyte of data one bit 
at a time through a single pin of microcontroller
– Using the serial port
– Transfer data one bit a time and control the sequence of 

data and spaces in between them
• In many new generations of devices such as LCD, ADC, and 

ROM the serial versions are becoming popular since they 
take less space on a PCB
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55

Data Serialization (con’t)
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Data Serialization (con’t)
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Data Serialization (con’t)
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Data Serialization (con’t)
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Serial Port – Serial mode 1

• 8-bit UART
– Most common 8052 serial mode
– SM0 = 0, SM1 = 1
– Variable baud rate based on timer overflow

• Transmit:
– Put a byte in SBUF SFR
– Ten bits sent = start bit (0) + 8 data bits + stop bit (1)
– TI bit set when last bit sent
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Serial mode 1

• Receive:
– Recognize incoming start bit on RXD

• Stop bit (1), start bit (0)
• Wait for 1-0 transition

– Ten bits received = start bit (0) + 8 data bits + stop bit (1)
– RI bit set when last bit received
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Serial Mode 1 procedure
• Step 1: Set mode bits in SCON
• Step 2: Start timer1 based on baud rate
• Step 3: Read/write byte
• Step 4: Wait for RI/TI bit to be set
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Serial Port – Example
Write an 8051 C program to transfer the letter “A”
serially at 4800 baud continuously. Use 8-bit data and 
1 stop bit.
Solution :
#include <reg51.h>
void main(void) {

TMOD=0x20;   SCON=0x50;  
TH1=0xFA;  //4800 baud rate
TR1=1;
while (1) {

SBUF=‘A’;
while (TI==0);
TI=0; 

} 
}
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Programming Timers 0 and 1 in 8051 C
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8051 Timers in C

• In 8051 C we can access the timer registers TH, TL, and 
TMOD directly using the reg51.h header file.
– See Example Timer-Ex 1

• Timers 0 and 1 delay using mode 1
– See Example Timer-Ex 2

• Timers 0 and 1 delay using mode 2
– See Examples 9-23 and 9-24
– Look by yourself
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Timer-Ex 1 (1/2)

Write an 8051 C program to toggle bits of P1 
continuously with some time delay. Use Timer 0, 16-
bit mode.

Solution:

#include <reg51.h>
void T0Delay(void);

void main(void) {
while(1) {       //repeat forever

P1=0x55;      
T0Delay();  //time delay

P1=0xAA;  
T0Delay();    }}
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Timer-Ex 1 (2/2)
Assume XTML=11.0592MHz for the AT89C51 

FFFFH-3500H+1=CB00H=51968
1.085µs ×51968 ≈ 56.384ms 

void T0Delay() {

TMOD=0x01; //Timer 0, Mode 1
TL0=0x00; TH0=0x35; //initial value

TR0=1;     //turn on T0
while (TF==0); //text TF to roll over

TR0=0;     //turn off T0
TF0=0; }   //clear TF0 
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Timer-Ex 2 (1/3)
A switch is connected to P1.7. Write an 8051 C program 

to monitor SW and create the following frequencies on 
P1.5. 

SW=0: 500 Hz; SW=1: 750 Hz. Using Timer 0, mode 1.
Assume XTML=11.0592MHz for the AT89C51 

Solution:

#include <reg51.h>

sbit mybit=P1^5;
sbit SW=P1^7;

void T0Delay(void);
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Timer-Ex 2 (2/3)

void main(void) {

SW=1;         //make P1.7 an input pin
while(1) {       //repeat forever

mybit=~mybit;  //toggle
if (SW==0)     

T0Delay(0);  //500Hz time delay
else  

T0Delay(1);  //750Hz time delay 
}}
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Timer-Ex 2 (3/3)
void T0Delay(unsigned char c) {

TMOD=0x01; //Timer 0, Mode 1
if (c==0) { TL0=0x67; TH0=0xFC }; 

// FFFFH-FC67H+1=921, about 999.285µs, 500 
Hz
else      { TL0=0x9A; TH0=0xFD }; 

// FFFFH-FD9AH+1=614, about 666.19µs, 750 Hz
TR0=1;     
while (TF==0); 

TR0=0;     
TF0=0;

}   
69
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8051 Counters in C

• External pulses to T0 (P3.4) and T1 (P3.5).
• See following example
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Couter – Example (1/2)

Assume that a 1-Hz external clock is being fed into T1 
(P3.5). Write a C program for counter 1 in mode 2 to 
count up and display the state of the TL1 count on P1. 
Start the count at 0H.

Solution:

P1 is connected to 8 LEDs.

T1 is connected to 1Hz external clock.

T1
P3.5

P1

1Hz

TL1

TH1

LEDs
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Couter – Example (2/2)

#include <reg51.h>

sbit T1=P3^5;
void main(void) {

T1=1;         //make T1 an input pin
TMOD=0x60;    //counter 1, mode 2

TH1=0;      //reload value
while(1) {       //repeat forever

do {TR1=1; P1=TL1;} while (TF1==0); 
TR1=0; TF1=0;   //clear flags

}}
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Interrupt functions
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Interrupt functions

• Interrupt service routines (ISRs)
– Special extension to denote ISR function
– Keyword "interrupt" and a type number
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Square wave using ISR

• Goal: Square wave on P1.0 using interrupts
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Timer Interrupt  (1/3)

Write an 8051 C program that continuously gets a single 
bit of data form P1.7 and sends it to P1.0. While 
simultaneously creating a square wave of 200 µs 
period on pin P2.5.

Use timer 0 to create the square wave. Assume 
XTML=11.0592MHz.

Solution:
Using Timer 0, mode 2.
100µs /1.085µs =92

TH0=256-92=164=A4HSwitch

LED

P1.7
P2.5

8051

P1.0

200µs
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Timer Interrupt (2/3)

#include <reg51.h>
sbit SW=P1^7;

sbit IND=P1^0;
sbit WAVE=P2^5;

//Interrup subroutine for creating WAVE

void timer0(void) interrupt 1
{

WAVE=~WAVE;   //toggle pin
}
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Timer Interrupt (3/3)

void main(void) {
//setup Timer Interrupt 1
TMOD=0x02;
TH0=0xA4; //TH0=-92
IE=0x82;  //enable interrupts for timer 
0
TR0=1;    //start the timer 0
//setup SW →→→→ IND
SW=1;     //make P1.7 an input pin
while(1) {     
IND=SW; //send switch to LED

}}
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Timer  & Serial Interrupts   (1/4)

Write a C program that continuously gets a single bit of 
data from P1.7 and sends it to P1.0 in the main, while 
simultaneously 

(a) creating a square wave of 200 µs period on pin P2.5.
(b) sending letter ‘A’ to the serial port.

Use timer 0 to create the 
square wave. 
Assume XTML=11.0592MHz. 
Use the 9600 baud rate

Switch

LED

P1.7
P2.5

8051

P1.0

200µs 

as same as 
Ex 11-14

TxDSerial Port
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Timer  & Serial Interrupts (2/4)

Solution:
#include <reg51.h>

sbit SW=P1^7;
sbit IND=P1^0;

sbit WAVE=P2^5;

//Interrup subroutine for creating WAVE
void timer0(void) interrupt 1

{
WAVE=~WAVE;   //toggle pin

}
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Timer  & Serial Interrupts (3/4)

//Interrup subroutine for sending ‘A’
void serial0() interrupt 4

{
if (TI==1) {

SUBF = ‘A’; //send ‘A’
TI=0;       //clear interrupt

}
else {

RI=0;       //clear interrupt
}

}
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Timer  & Serial Interrupts (4/4)

void main(void) {
SW=1;     //make P1.7 an input pin
TH1= -3; //9600 baud rate 
TMOD=0x22;//mode 2 for both timers
TH0=0xA4; //TH0=-92
SCON=0x50; 
TR0=1; TR1=1;
IE=0x92; //enable interrupts for timer 
0
while(1) {     
IND=SW; //send switch to LED

}}
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