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Remember when printers, mice, and modems had thick cables with

those huge clunky connectors? The ones that literally had to be

screwed into your computer? Those devices were probably

using UARTs to communicate with your computer. While USB has

almost completely replaced those old cables and connectors, UARTs

are de�nitely not a thing of the past. You’ll �nd UARTs being used in

many DIY electronics projects to connect GPS modules, Bluetooth

modules, and RFID card reader modules to your Raspberry Pi,

Arduino, or other microcontrollers.

UART stands for Universal Asynchronous Receiver/Transmitter. It’s not

a communication protocol like SPI and I2C, but a physical circuit in a

microcontroller, or a stand-alone IC. A UART’s main purpose is to

transmit and receive serial data.

One of the best things about UART is that it only uses two wires to

transmit data between devices. The principles behind UART are easy

to understand, but if you haven’t read part one of this series, Basics of

the SPI Communication Protocol, that might be a good place to start.

INTRODUCTION TO UART
COMMUNICATION
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In UART communication, two UARTs communicate directly with each

other. The transmitting UART converts parallel data from a controlling

device like a CPU into serial form, transmits it in serial to the receiving

UART, which then converts the serial data back into parallel data for

the receiving device. Only two wires are needed to transmit data

between two UARTs. Data �ows from the Tx pin of the transmitting

UART to the Rx pin of the receiving UART:

UARTs transmit data asynchronously, which means there is no clock

signal to synchronize the output of bits from the transmitting UART

to the sampling of bits by the receiving UART. Instead of a clock

signal, the transmitting UART adds start and stop bits to the data

packet being transferred. These bits de�ne the beginning and end of

the data packet so the receiving UART knows when to start reading

the bits.

When the receiving UART detects a start bit, it starts to read the

incoming bits at a speci�c frequency known as the baud rate. Baud

rate is a measure of the speed of data transfer, expressed in bits per

second (bps). Both UARTs must operate at about the same baud rate.

The baud rate between the transmitting and receiving UARTs can

only differ by about 10% before the timing of bits gets too far off.

Both UARTs must also must be con�gured to transmit and receive

the same data packet structure.

HOW UART WORKS
The UART that is going to transmit data receives the data from a data

bus. The data bus is used to send data to the UART by another device
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like a CPU, memory, or microcontroller. Data is transferred from the

data bus to the transmitting UART in parallel form. After the

transmitting UART gets the parallel data from the data bus, it adds a

start bit, a parity bit, and a stop bit, creating the data packet. Next, the

data packet is output serially, bit by bit at the Tx pin. The receiving

UART reads the data packet bit by bit at its Rx pin. The receiving

UART then converts the data back into parallel form and removes the

start bit, parity bit, and stop bits. Finally, the receiving UART transfers

the data packet in parallel to the data bus on the receiving end:

UART transmitted data is organized into packets. Each packet

contains 1 start bit, 5 to 9 data bits (depending on the UART), an

optional parity bit, and 1 or 2 stop bits:

START BIT
The UART data transmission line is normally held at a high voltage

level when it’s not transmitting data. To start the transfer of data, the

transmitting UART pulls the transmission line from high to low for

one clock cycle. When the receiving UART detects the high to low

voltage transition, it begins reading the bits in the data frame at the

frequency of the baud rate.

DATA FRAME
The data frame contains the actual data being transferred. It can be 5

bits up to 8 bits long if a parity bit is used. If no parity bit is used, the

data frame can be 9 bits long. In most cases, the data is sent with the

least signi�cant bit �rst.



http://www.circuitbasics.com/wp-content/uploads/2016/01/Introduction-to-UART-Data-Transmission-Diagram.png
http://www.circuitbasics.com/wp-content/uploads/2016/01/Introduction-to-UART-Packet-Frame-and-Bits-2.png
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PARITY
Parity describes the evenness or oddness of a number. The parity bit is

a way for the receiving UART to tell if any data has changed during

transmission. Bits can be changed by electromagnetic radiation,

mismatched baud rates, or long distance data transfers. After the

receiving UART reads the data frame, it counts the number of bits

with a value of 1 and checks if the total is an even or odd number. If

the parity bit is a 0 (even parity), the 1 bits in the data frame should

total to an even number. If the parity bit is a 1 (odd parity), the 1 bits in

the data frame should total to an odd number. When the parity bit

matches the data, the UART knows that the transmission was free of

errors. But if the parity bit is a 0, and the total is odd; or the parity bit is

a 1, and the total is even, the UART knows that bits in the data frame

have changed.

STOP BITS
To signal the end of the data packet, the sending UART drives the

data transmission line from a low voltage to a high voltage for at least

two bit durations.

STEPS OF UART TRANSMISSION
1. The transmitting UART receives data in parallel from the data bus:

2. The transmitting UART adds the start bit, parity bit, and the stop

bit(s) to the data frame:
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3. The entire packet is sent serially from the transmitting UART to the

receiving UART. The receiving UART samples the data line at the pre-

con�gured baud rate:

4.  The receiving UART discards the start bit, parity bit, and stop bit

from the data frame:

5. The receiving UART converts the serial data back into parallel and

transfers it to the data bus on the receiving end:

ADVANTAGES AND DISADVANTAGES OF
UARTS
No communication protocol is perfect, but UARTs are pretty good at

what they do. Here are some pros and cons to help you decide

whether or not they �t the needs of your project:

ADVANTAGES

Only uses two wires

No clock signal is necessary

Has a parity bit to allow for error checking

The structure of the data packet can be changed as long as both

sides are set up for it

Well documented and widely used method



http://www.circuitbasics.com/wp-content/uploads/2016/01/Introduction-to-UART-Data-Transmission-Diagram-Transmitting-UART-Sends-Data-Packet-Serially-to-Receiving-UART.png
http://www.circuitbasics.com/wp-content/uploads/2016/01/Introduction-to-UART-Data-Transmission-Diagram-UART-Removes-Start-Parity-and-Stop-Bits-2.png
http://www.circuitbasics.com/wp-content/uploads/2016/02/Introduction-to-UART-Data-Transmission-Diagram-Receiving-UART-Sends-Byte-to-Data-Bus-2.png
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DISADVANTAGES

The size of the data frame is limited to a maximum of 9 bits

Doesn’t support multiple slave or multiple master systems

The baud rates of each UART must be within 10% of each other

Continue on to part three of this series, Basics of the I2C

Communication Protocol to learn about another way electronic

devices communicate. Or if you haven’t already, check out part one,

Basics of the SPI Communication Protocol.

And as always, let us know in the comments if you have questions or

anything else to add! If you liked this article and want to see more like

it, be sure to subscribe- we send out an email when ever we publish

new posts.
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its very good explanation. thnks a lot.

REPLY

6. Volthaus Electronics Laboratory on October 11, 2016 at 3:50 am

Excellent.

REPLY

7. Randall on October 24, 2016 at 4:34 pm

This was helpful but I’m unsure about one thing. If two bits gets �ipped

in error, wouldn’t the total still match with the parity bit? Or more

generally, if an even number of bits get �ipped in error, the error won’t

be detected. Is that right?

REPLY

Ricky on October 27, 2016 at 6:32 pm

Correct, the receiver will not notice the error, but, pending good

design of the hardware, this is going to be a rare case.

REPLY

ArchonOSX on December 18, 2016 at 2:17 pm

Your analysis is correct. That is why parity checking is

rudimentary and may not prevent all errors. But the odds of two

bits being changed is much higher than just one so this method

works in most cases of low level hardware communication.

REPLY

8. Olivia Christy on November 4, 2016 at 7:01 am

Nice work. As a begginer this helps me a lot .can you do this for uart with

interrupts also

REPLY

9. rajkumar on November 30, 2016 at 9:58 am

Well explanation

REPLY

10. hardik tank on December 3, 2016 at 6:10 am

well explanation,and its easy to understand 

friendly explanation ,,nice 

thanx

REPLY

11 saks on December 7 2016 at 4:44 am
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11. saks on December 7, 2016 at 4:44 am

really easy of understanding and way of explanation is good

REPLY

12. haleem on December 11, 2016 at 3:38 pm

Nice one!

REPLY

13. vj on December 16, 2016 at 1:05 pm

very good expaination. I have one question that we also use Usb micro

port for connectiing uart hardware and the other USB port type A to our

laptop. How does it work? does uart support USB ports also?

REPLY

Harshal on January 4, 2017 at 10:40 am

no uart does not support the usb ports

REPLY

14. OF on December 20, 2016 at 11:07 pm

“It’s not a communication protocol like SPI and I2C, but a physical circuit

in a microcontroller, or as a separate IC”.

This part confuses me. I understand that UART is a physical hardware IC,

but it must also be a protocol because how else would there be

communication? The bits can’t just be sent randomly. Data is sent

through packets just like you described in a timely matter and speci�c

order. Isn’t that in essence a protocol? Thanks.

REPLY

15. rk yadav on December 22, 2016 at 5:40 am

good explanation to thanks

REPLY

16. karthik on January 2, 2017 at 11:02 am

thanks for the good information. simple and best.

REPLY

17. nagul sharief on January 19, 2017 at 10:05 am

i’m not understanding of parity bit

REPLY

Harshal on February 2 2017 at 4:47 am
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Harshal on February 2, 2017 at 4:47 am

Parity bit is that it show that how many bit are there and if there

are even number is there then it will pass bit 1 or bit 0

REPLY

18. Syed Ibrahim on March 8, 2017 at 4:19 am

Good post. Its in a language everyone can understand. But i also want to

know how communication (data transfer) between data bus and UART

occurs.

REPLY

19. ankur singh on March 21, 2017 at 10:12 am

It is really a very good explanation as i m not from electrical background.

REPLY

20. Chandru on March 23, 2017 at 8:33 am

Can anyone say how can I transmit 1000 bytes of data through uart

protocol

REPLY

21. k t r on April 4, 2017 at 12:26 pm

Awsome explenation really

REPLY

22. Hemavathi on May 15, 2017 at 8:25 am

Really good explaination. Now i understood very clearly what exactly The

UART performs internally

REPLY

23. thoshif khan on July 12, 2017 at 6:30 am

i am working on UART so any body can send VHDL CODE to my mail

thoshifkhan1992@gmail.com

REPLY

24. k.sudheer kumar on July 13, 2017 at 5:11 am

It is an nice explanation .Thank you

REPLY

25. Flash9325 on September 26, 2017 at 11:21 pm

1) The two UARTs communicating having the same baud rate, does that

mean the clocks of both the UARTs are synchronized ( i.e clock cycle



mailto:thoshifkhan1992@gmail.com
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starts and stops at the same time) ?

I didnt get from where that allowed difference of 10% came from. Can

you please explain!!!

REPLY

dinesh aitha on October 30, 2017 at 3:17 pm

10% come fromm start and stop bits and parity too

REPLY

RK on November 27, 2017 at 9:50 am

Thank you soo much.. Thanks a ton. Really U ppl had done a great

job. Now seriously I understood the working principle, data

transmission of bits and everything without any doubt. Thanks

again and again. Hope you upload more and more sessions and

concepts like this.

REPLY

26. Hari on October 30, 2017 at 6:55 am

Why we using 9bits institute data transmission

REPLY
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