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UNIT 6 

6.1 SERIAL COMMUNICATION. 
6.1.1. DATA COMMUNICATION 
 The 8051 microcontroller is parallel device that transfers eight bits of data simultaneously 

over eight data lines to parallel I/O devices. Parallel data transfer over a long is very expensive. 

Hence, a serial communication is widely used in long distance  communication. In serial data 

communication, 8-bit data is converted to serial bits using a parallel in serial out shift register and 

then it is transmitted over a single data line. The data byte is always transmitted with least 

significant bit first. 

6.1.2. BASICS OF SERIAL DATA COMMUNICATION,  
 

Communication Links 

1. Simplex communication link: In simplex transmission, the line is dedicated for transmission. 

The transmitter sends and the receiver receives the data. 

 

 

2. Half duplex communication link: In half duplex, the communication link can be used for either 

transmission or 

reception. Data is transmitted in only one direction at a time.  

 

 

 

 

 

3. Full duplex communication link: If the data is transmitted in both ways at the same time, it is a 

full duplex i.e. transmission and reception can proceed simultaneously. This communication link 

requires two wires for data, one for transmission and one for reception. 

 

 

 

 

 

Types of Serial communication: 

Serial data communication uses two types of communication.  

1. Synchronous serial data communication: In this transmitter and receiver are synchronized. It 

uses a common clock to synchronize the receiver and the transmitter. First the synch character is 

sent and then the data is transmitted. This format is generally used for high speed transmission. In 

Synchronous serial data communication a block of data is transmitted at a time. 
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            Data 

       Clock 

2. Asynchronous Serial data transmission: In this, different clock sources are used for transmitter 

and receiver. In this mode, data is transmitted with start and stop bits. A transmission begins with 

start bit, followed by data and then stop bit. For error checking purpose parity bit is included just 

prior to stop bit. In Asynchronous serial data communication a single byte is transmitted at a time. 

 

 

            Data      

  Clock 1                          Clock2 

Baud rate: 

The rate at which the data is transmitted is called baud or transfer rate. The baud rate is the 

reciprocal of the time to send one bit. In asynchronous transmission, baud rate is not equal to 

number of bits per second. This is because; each byte is preceded by a start bit and followed by 

parity and stop bit. For example, in synchronous transmission, if data is transmitted with 9600 

baud, it means that 9600 bits are transmitted in one second. For bit transmission time = 1 second/ 

9600 = 0.104 ms. 

 

6.1.3. 8051 SERIAL COMMUNICATION 
 
The 8051 supports a full duplex serial port.  

Three special function registers support serial communication. 

1. SBUF Register: Serial Buffer (SBUF) register is an 8-bit register. It has separate SBUF 

registers for data transmission and for data reception. For a byte of data to be transferred 

via the TXD line, it must be placed in SBUF register. Similarly, SBUF holds the 8-bit data 

received by the RXD pin and read to accept the received data. 

2. SCON register: The contents of the Serial Control (SCON) register are shown below. This 

register contains mode selection bits, serial port interrupt bit (TI and RI) and also the ninth 

data bit for transmission and reception (TB8 and RB8). 

 Start  D0 D1 D2 D3 D4 D5 D6 D7 D8 Stop Transmitter Receiver 
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3. PCON register: The SMOD bit (bit 7) of PCON register controls the baud rate in 

asynchronous mode transmission. 

 
 

6.1.4. SERIAL COMMUNICATION MODES 

1. Mode 0 

In this mode serial port runs in synchronous mode. The data is transmitted and received 

through RXD pin and TXD is used for clock output. In this mode the baud rate is 1/12 of 

clock frequency. 

2. Mode 1 

In this mode SBUF becomes a 10 bit  full duplex transceiver. The ten bits are 1 start bit, 8 

data bit and 1 stop bit. The interrupt flag TI/RI will be set once transmission or reception is 

over. In this mode the baud rate is variable and is determined by the timer 1 overflow rate. 

Baud rate  =  [2smod/32] x Timer 1 overflow Rate 

  = [2smod/32] x [Oscillator Clock Frequency] / [12 x [256 – [TH1]]] 

3. Mode 2 

This is similar to mode 1 except 11 bits are transmitted or received. The 11 bits are, 1 start 

bit, 8 data bit, a programmable 9th data bit, 1 stop bit. 

Baud rate  =  [2smod/64] x Oscillator Clock Frequency 
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4. Mode 3 

This is similar to mode 2 except baud rate is calculated as in mode 1 

 

6.1.5. CONNECTIONS TO RS-232 
 

RS-232 standards: 

To allow compatibility among data communication equipment made by various 

manufactures, an interfacing standard called RS232 was set by the Electronics Industries 

Association (EIA) in 1960. Since the standard was set long before the advent of logic family, its 

input and output voltage levels are not TTL compatible.  

In RS232, a logic one (1) is represented by -3 to -25V and referred as MARK while logic zero 

(0) is represented by +3 to +25V and referred as SPACE. For this reason to connect any RS232 to a 

microcontroller system we must use voltage converters such as MAX232 to convert the TTL logic 

level to RS232 voltage levels and vice-versa. MAX232 IC chips are commonly referred as line 

drivers. 

In RS232 standard we use two types of connectors. DB9 connector or DB25 connector. 

 

              
        DB9 Male Connector            DB25 Male Connector 

 
The pin description of DB9 and DB25 Connectors are as follows 
 

 
 

The 8051 connection to MAX232 is as follows. 
The 8051 has two pins that are used specifically for transferring and receiving data serially. These 
two pins are called TXD, RXD. Pin 11 of the 8051 (P3.1) assigned to TXD and pin 10 (P3.0) is 
designated as RXD. These pins TTL compatible; therefore they require line driver (MAX 232) to 
make them RS232 compatible. MAX 232 converts RS232 voltage levels to TTL voltage levels and 
vice versa. One advantage of the MAX232 is that it uses a +5V power source which is the same as 
the source voltage for the 8051. The typical connection diagram between MAX 232 and 8051 is 
shown below. 
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6.1.6. SERIAL COMMUNICATION PROGRAMMING IN ASSEMBLY AND C. 
 
Steps to programming the 8051 to transfer data serially 

1. The TMOD register is loaded with the value 20H, indicating the use of the Timer 1 in 

mode 2 (8-bit auto reload) to set the baud rate. 

2. The TH1 is loaded with one of the values in table 5.1 to set the baud rate for serial 

data transfer. 

3. The SCON register is loaded with the value 50H, indicating serial mode 1, where an 

8-bit data is framed with start and stop bits. 

4. TR1 is set to 1 start timer 1. 

5. TI is cleared by the “CLR TI” instruction. 

6. The character byte to be transferred serially is written into the SBUF register. 

7. The TI flag bit is monitored with the use of the instruction JNB TI, target to see if the 

character has been transferred completely. 

8. To transfer the next character, go to step 5. 

Example 1. Write a program for the 8051 to transfer letter ‘A’ serially at 4800- baud rate, 8 bit data, 
1 stop bit continuously. 
 

ORG 0000H 
LJMP START 
ORG 0030H 
START: MOV TMOD, #20H  ; select timer 1 mode 2 
MOV TH1, #0FAH   ; load count to get baud rate of 4800 
MOV SCON, #50H   ; initialize UART in mode 2 

; 8 bit data and 1 stop bit 
SETB TR1    ; start timer 
AGAIN: MOV SBUF, #'A'  ; load char ‘A’ in SBUF 
BACK: JNB TI, BACK  ; Check for transmit interrupt flag 
CLR TI    ; Clear transmit interrupt flag 
SJMP AGAIN 
END 
 

Example 2.  Write a program for the 8051 to transfer the message ‘EARTH’ serially at 9600 baud, 8 
bit data, 1 stop bit continuously. 

 
ORG 0000H 
LJMP START 


