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3.4 1/0 PORTS AND DATA TRANSFER CONCEPTS
Parallel 1 /O Ports

The 8051 microcontroller has four parallel 1/0O ports , each of 8-bits .So, it
provides the user 32 1/O lines for connecting the microcontroller to the peripherals. The
four ports are PO (Port 0), P1(Portl) ,P2(Port 2) and P3 (Port3). Upon reset all the ports
are output ports. In order to make them input, all the ports must be set i.e a high bit must
be sent to all the port pins. This is normally done by the instruction “SETB”.

Ex: MOV A#OFFH ; A= FF
MOV PO,A ; make PO an input port
PORT O:

Port 0 is an 8-bit I/O port with dual purpose. If external memory is used, these
port pins are used for the lower address byte address/data (ADO-AD7), otherwise all bits
of the port are either input or output.. Unlike other ports, Port 0 is not provided with pull-
up resistors internally ,so for PORTO pull-up resistors of nearly 10k are to be connected
externally as shown.

Dual role of port O:

Port 0 can also be used as address/data bus(ADO-AD7), allowing it to be used for
both address and data. When connecting the 8051 to an external memory, port O provides
both address and data. The 8051 multiplexes address and data through port O to save the
pins. ALE indicates whether PO has address or data. When ALE =0, it provides data DO-
D7, and when ALE =1 it provides address and data with the help of a 74LS373 latch.
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Figure 3.4.1 Dual role of port 0

[Source: “Microprocessor Architecture Programming and Application” by R.S. Gaonkar, page- |
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Port 1:

Port 1 occupies a total of 8 pins (pins 1 through 8). It has no dual application and
acts only as input or output port. In contrast to port 0, this port does not need any pull-up
resistors since pull-up resistors connected internally. Upon reset, Port 1 is configured as
an output port. To configure it as an input port, port bits must be set i.e a high bit must
be sent to all the port pins. This is normally done by the instruction “SETB”.

Ex: MOV A, #0FFH; A=FF HEX

MOV P1, A; make P1 an input port by writing 1°s to all of its pins
Port 2:

Port 2 is also an eight-bit parallel port. (pins 21- 28). It can be used as input or
output port. As this port is provided with internal pull-up resistors it does not need any
external pull-up resistors. Upon reset, Port 2 is configured as an output port. If the port is
to be used as input port, all the port bits must be made high by sending FF to the port. For

Ex: MOV A, #0FFH ; A=FF hex

MOV P2, A ; make P2 an input port by writing all 1’s to it
Dual role of port 2:

Port2 lines are also associated with the higher order address lines A8-A15. In
systems based on the 8751, 8951, and DS5000, Port2 is used as simple 1/0O port. But, in
8031-based systems, port 2 is used along with PO to provide the 16-bit address for the
external memory. Since an 8031 is capable of accessing 64K bytes of external memory,
it needs a path for the 16 bits of the address. While PO provides the lower 8 bits via AO-
A7, it is the job of P2 to provide bits A8-A15 of the address. In other words, when 8031
Is connected to external memory, Port 2 is used for the upper 8 bits of the 16-bit address,
and it cannot be used for 1/O operations.

PORT 3:

Port3 is also an 8-bit parallel port with dual function. (pins 10 to 17). The port pins
can be used for I/O operations  as well as for control operations. The details of these
additional operations are given below in the table. Port 3 also do not need any external
pull-up resistors as they are provided internally similar to the case of Port2 & Port 1.
Upon reset port 3 is configured as an output port. If the port is to be used as input port,

all the port bits must be made high by sending FF to the port.
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EX: MOV A, #0FFH ; A= FF hex
MOV P3, A ; make P3 an input port by writing all 1°’s to it
Alternate Functions of Port 3 :
P3.0 and P3.1 are used for the RxD (Receive Data) and TxD (Transmit Data) serial
communications signals. Bits P3.2 and P3.3 are meant for external interrupts. Bits P3.4
and P3.5 are used for Timers 0 and 1 and P3.6 and P3.7 are used to provide the write and

read signals of external memories connected in 8031 based systems

S.No Port 3 bit Pin No Function
1 P3.0 10 RxD
2 P3.1 11 TxD
3 P3.2 12 INTO
4 P3.3 il INTI
5 P3.4 14 TO
6 P3.5 15 T1
7 P3.6 16 WR
8 P3.7 17 RD

Serial communication

Serial communication uses only one or two data lines to transfer data and is
generally used for long distance communication. In serial communication the data is sent
as one bit at a time in a timed sequence on a single wire. Serial Communication takes
place in two methods, Asynchronous data Transfer and Synchronous Data Transfer.
Asynchronous data transfer:

It allows data to be transmitted without the sender having to send a clock signal to
the receiver. Instead, special bits will be added to each word in order to synchronize the
sending and receiving of the data. When a word is given to the UART for Asynchronous
transmissions, a bit called the "Start Bit" is added to the beginning of each word that is
to be transmitted. The Start Bit is used to alert the receiver that a word of data is about to
be sent, and to force the clock in the receiver into synchronization with the clock in the

transmitter.
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After the Start Bit, the individual bits of the word of data are sent. Here each bit in
the word is transmitted for exactly the same amount of time as all of the other bits. When
the entire data word has been sent, the transmitter may add a Parity Bit that the transmitter
generates. The Parity bit may be used by the receiver to perform simple error checking.
Then at least one Stop Bit is sent by the transmitter. If the Stop Bit does not appear when
it is supposed to, the UART considers the entire word to be corrupted and will report a
Framing Error.

Baud rate is a measurement of transmission speed in asynchronous
communication, it represents the number of bits/sec that are actually being sent over the
serial link. The Baud count includes the overhead bits Start, Stop and Parity that are
generated by the sending UART and removed by the receiving UART.,

Synchronous data transfer:

In this method the receiver knows when to “read” the next bit coming from the
sender. This is achieved by sharing a clock between sender and receiver. In most forms
of serial Synchronous communication, if there is no data available at a given time to
transmit, a fill character will be sent instead so that data is always being transmitted.
Synchronous communication is usually more efficient because only data bits are
transmitted between sender and receiver, however it will be costlier because extra wiring
and control circuits are required to share a clock signal between the sender and receiver.
Devices that use serial cables for their communication are split into two categories.

1. DTE (Data Terminal Equipment). Examples of DTE are computers, printers &
terminals.
2. DCE (Data Communication Equipment). Example of DCE is modems.
Parallel Data Transfer:

Parallel communication uses multiple wires (bus) running parallel to each other,
and can transmit data on all the wires simultaneously. i.e all the bits of the byte are
transmitted at a time. So, speed of the parallel data transfer is extremely high compared
to serial data transfer. An 8-bit parallel data transfer is 8-times faster than serial data
transfer. Hence with in the computer all data transfer is mainly based on Parallel data
transfer. But only limitation is due to the high cost, this method is limited to only short

distance communications.
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S.No

Serial Communication

Parallel Communication

Data is transmitted bit after the bit in
a single line

Data is transmitted simultaneously
through group of lines(Bus)

2 Data congestion takes place No, Data congestion

3 Low speed transmission High speed transmission

4 Implementation of serial links is not | Parallel data links are easily
an easy task. implemented in hardware

5. In terms of transmission channel | It is more expensive
costs such as data bus cable length,
data  bus  buffers, interface
connectors, it is less expensive

6 No , crosstalk problem Crosstalk  creates interference

between the parallel lines.

7 No effect of inter symbol | Parallel ports suffer extremely from
interference and noise inter-symbol interference (ISI) and

noise, and therefore the data can be
corrupted over long distances.

8 The bandwidth of serial wires is | The bandwidth of parallel wires is
much higher. much lower.

9 Serial interface is more flexible to | Parallel data transfer mechanism
upgrade , without changing the | rely on hardware resources and
hardware hence not flexible to upgrade.

10 Serial communication  work | Parallel buses are hard to run at

effectively even at high frequencies.

high frequencies.
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