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Note

This article is a part of Arduino / ATmega328p Embedded C Firmware Programming Tutorial.
Consider exploring the course home page for articles on similar topics.
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I'ne universar Syncnronous ana ASyncnronous serial Kecelver ana 1ransmitier (USAKT) 1S a nignly
flexible serial communication device. The USART hardware in
ATmega48A/PA/88A/PA/T168A/PA/328/P is represented as USARTO.
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AVR USART Register Configuration

The major hardware components in USART are Clock Generator, Transmitter, and Receiver.

The Clock Generation logic consists of synchronization logic for external clock input used by
synchronous slave operation, and the baud rate generator.

The Transmitter consists of a single write buffer, a serial Shift Register, Parity Generator, and Control
logic for handling different serial frame formats. The write buffer allows a continuous transfer of data
without any delay between frames.
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(UDRnN). The Receiver supports the same frame formats as the Transmitter and can detect Frame
Error, Data OverRun, and Parity Errors.

Each of the hardware units needs to be configured by writing bits in their respective control registers.
The USART supports four modes of operation: Normal asynchronous, Double Speed asynchronous,
Master synchronous, and Slave synchronous mode.

What You Will Learn

e How to Program the UART in Arduino?

e How to do UART Programming in AVR ATmega328p?

e How to Transmit and Receive Data using UART communication in Arduino/ATmega328p?
* How to Program UART for Polling and Interrupt based communication?

e How to Transmit and Receive data to and fro Computer and Arduino/ATmega328p?

Prerequisite

e Knowledge of C/C++ programming

Hardware Bill of Materials

e Arduino UNO
e USBasp (Optional, when Arduino’s serial programming is not used)

Software Bill of Materials

Atmel Studio 7
Arduino IDE
Arduino Drivers

USBasp Drivers (Needed when USBasp is used)

Schematic Connection
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In case you are not using the Arduino’s serial programming to flash the microcontroller, you will also
need an additional USBasp to connect your computer and Arduino board. In this condition, you need

USART Programming : Arduino / ATmega328p - Arnab Kumar Das

two USB connections to your Arduino. One via USBasp to flash and another one for serial

communication.

USART Programming

The three major hardware components that need to be initialized before any communication are Clock

Generator, Transmitter, and Receiver. The initialization process normally consists of setting the baud

rate, setting frame format, and enabling the Transmitter or the Receiver.
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Arduino UNO / Atmega328p USART Clock Circuit

The baud rate is generated from the system clock with the help of Prescaler and clock circuit. The
USART Baud Rate Register (UBRRO) controls the programmable down counter / Prescaler to generate
a particular clock signal. The down-counter, running at system clock (fosc), is loaded with the UBRRO

UMSELn

value each time the counter has counted down to zero and generates a clock pulse.

Asynchronous Normal mode
(U2Xn = 0)

Arduino UNO / Atmega328p USART Baud Rate Calculation
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Baud Rate (bps) UBRRO Error %
2400 416 -0.1
4800 207 0.2
9600 103 0.2
14.4k 68 0.6
19.2k o1 0.2
28.8k 34 -0.8
38.4k 25 0.2
57.6k 16 2.1
76.8k 12 0.2
115.2k 8 -3.5

230.4k 3 8.5
250k 3 0.0
0.5M 1 0.0

™ 0 0.0

So from the above table, it is easy to choose the available baud rates with their respective UBBRO. At
16Mhz the highest communication speed we can reach is TMbps.

The next step is to set the Frame Format using UCSROC register. The USART accepts all 30
combinations of the following as valid frame formats:

+ 1 start bit

+ 5,6,7,8, or 9 data bits
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The next step is to enable the Transmitter and Receiver to use UCSROB register and load the UBRO
register with the data to transmit. In the case of reception, the UBRO is read by the application.

NOTE: All the code below can be compiled and flashed both from Atmel Studio and Arduino IDE. Use
any Serial Monitor at 9600bps, 1 Stop Bit, No Parity. | recommend using the Data Visualizer in Atmel
Studio for Serial Port Terminal in case you are programming and flashing from Atmel Studio.

Polling Transmission

Polling transmission is the simplest method of transmission where the application software keeps
monitoring the status of the USART transmitter hardware and loads a byte of data into the USART
buffer UDRO only when the hardware is ready for transmission. This wastes CPU time in constantly
monitoring the status of UDREO bit of UCSROA register.

1 /%

2 * usart.c

3 x

4 *x (Created : 15-08-2020 07:24:45 PM

5 * Author : Arnab Kumar Das

6 * Website : www.ArnabKumarDas.com

7 */

8

9 #define F_CPU 16000000UL // Defining the CPU Frequency
10

11  #include <avr/io.h> // Contains all the I/0 Register Macros
12 #include <util/delay.h> // Generates a Blocking Delay
13

14  #define USART_BAUDRATE 9600 // Desired Baud Rate
15 #define BAUD_PRESCALER (((F_CPU / (USART_BAUDRATE * 16UL))) - 1)

17  #define ASYNCHRONOUS (O<<UMSELOO) // USART Mode Selection

19 #define DISABLED (0<<UPM0OO)
20 #define EVEN_PARITY (2<<UPM00O)
21  #define ODD_PARITY (3<<UPM00O)
22 #define PARITY_MODE DISABLED // USART Parity Bit Selection

24  #define ONE_BIT (0<<USBSO0)
25 #define TWO_BIT (1<<USBSO0)
26 #define STOP_BIT ONE_BIT // USART Stop Bit Selection

28 #define FIVE_BIT (0<<UCSZ00)
29 #define SIX_BIT (1<<UCSZ00)
30 #define SEVEN_BIT (2<<UCSZ00)
31 #define EIGHT_BIT (3<<UCSZ00)
32 #define DATA_BIT EIGHT_BIT // USART Data Bit Selection

33

34 void USART_Init()

35 A

36 // Set Baud Rate
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42 ULONUL = RAoI1INnNuvIImvnuuo | rANLI11_TIrvvrL ' QI1Vur _ovaii | vRAITA_DL11 )

43 // Enable Receiver and Transmitter

jg UCSROB = (1<<RXENO) | (1<<TXENO);

46 ’

ié void USART_TransmitPolling(uint8_t DataByte)
{

49 while (( UCSROA & (1<<UDREQ)) == 0) {}; // Do nothing until UDR is ready

50 UDRO = DataByte;

51 }

52

3 {nt main()

54 {

25 USART_Init();

56 while (1)

57 {

58 USART_TransmitPolling('A');

59 USART_TransmitPolling('R');

60 USART_TransmitPolling('N');

61 USART_TransmitPolling('A"');

62 USART_TransmitPolling('B');

63 USART_TransmitPolling('\n');

64 _delay_ms(1000);

65 }

66 return 0;

67 }

The output of the above code is “ARNAB” every 1 Second in the Serial Monitor.

ARNAB
ARNAB
ARNAB
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Arduino UNO / Atmega328p USART Atmel Studio Output
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Arduino UNO / Atmega328p USART Arduino IDE Output

Polling Reception

Polling reception is the simplest method of reception where the application software keeps
monitoring the status of the USART receiver hardware and reads the data from the USART buffer
UDRO only when the hardware has received a byte of data. This wastes CPU time in constantly

monitoring the status of RXCO bit of UCSROA register.
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/*

* usart.c

*

* Created : 15-08-2020 07:44:46 PM

* Author : Arnab Kumar Das

* Website : www.ArnabKumarDas.com

x/

#define F_CPU 16000000UL // Defining the CPU Frequency

#include <avr/io.h> // Contains all the I/0 Register Macros

#include <util/delay.h> // Generates a Blocking Delay

#define
#define

#define

#define
#define
#define
#define

#define
#define
#define

#define
#define
#define
#define
#define

USART_BAUDRATE 9600 // Desired Baud Rate
BAUD_PRESCALER (((F_CPU / (USART_BAUDRATE * 16UL))) - 1)

ASYNCHRONOUS (0<<UMSEL0O) // USART Mode Selection

DISABLED (0<<UPM0OO)
EVEN_PARITY (2<<UPM0O0O)
ODD_PARITY (3<<UPM0O)
PARITY_MODE DISABLED // USART Parity Bit Selection

ONE_BIT (0<<USBSO0)
TWO_BIT (1<<USBSO0)
STOP_BIT ONE_BIT // USART Stop Bit Selection

FIVE BIT (0<<UCSZ00)
SIX_BIT (1<<UCSZ00)
SEVEN_BIT (2<<UCSZ00)
EIGHT _BIT (3<<UCSZ00)
DATA_BIT EIGHT _BIT // USART Data Bit Selection

void USART_Init()

{

// Set Baud Rate

UBRROH
UBRROL

BAUD_PRESCALER >> 8;
BAUD_PRESCALER;

// Set Frame Format
UCSROC = ASYNCHRONOUS | PARITY_MODE | STOP_BIT | DATA_BIT;

// Enable Receiver and Transmitter
UCSROB = (1<<RXENO®) | (1<<TXENO);

}

uint8_t
{

USART_ReceivePolling()

uint8_t DataByte;
while (( UCSROA & (1<<RXCO)) == 0) {}; // Do nothing until data have been receiv
DataByte = UDRO ;
return DataByte;

}

int main()

{

DDRB |= 1 << 5; // Configuring PB5 / D13 as Output
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64
65
66
67
68
69
70
71
72
73
74

}
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LvLeawwauwva = UJHI\I_I\C\.CLVCFULLLIIU\ [’
if (LocalData == 'a')

{
}

else

{

}
_delay_ms(1000);

PORTB |= 1<<5; // Writing HIGH to glow LED

PORTB &= ~(1<<5); // Writing LOW

return 0;

Polling Loopback

The loopback test is a great way to verify any communication channel. A loopback test of USART will

verify both the reception and transmission side of the code. A loopback test sends back the same

data that is received. The below code will echo back the same character that is sent from the serial

terminal.
/*
* usart.c
*
* Created : 15-08-2020 08:34:15 PM
* Author : Arnab Kumar Das
* Website : www.ArnabKumarDas.com
x/
#define F_CPU 16000000UL // Defining the CPU Frequency
#include <avr/io.h> // Contains all the I/0 Register Macros

#include <util/delay.h> // Generates a Blocking Delay

#define
#define

#define

#define
#define
#define
#define

#define
#define
#define

#define
#define
#define

USART_BAUDRATE 9600 // Desired Baud Rate
BAUD_PRESCALER (((F_CPU / (USART_BAUDRATE * 16UL))) - 1)

ASYNCHRONOUS (0<<UMSEL0O) // USART Mode Selection

DISABLED (0<<UPM0OO)
EVEN_PARITY (2<<UPM0O)
ODD_PARITY (3<<UPM0O)
PARITY_MODE DISABLED // USART Parity Bit Selection

ONE_BIT (0<<USBSO0)
TWO_BIT (1<<USBSO0)
STOP_BIT ONE_BIT // USART Stop Bit Selection

FIVE_BIT (0<<UCSZ00)
SIX_BIT  (1<<UCSZ00)
SEVEN_BIT (2<<UCSZ00)
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o

36 // Set Baud Rate
37 UBRROH = BAUD_PRESCALER >> 8;
gg UBRROL = BAUD_PRESCALER;
40 // Set Frame Format
?é UCSROC = ASYNCHRONOUS | PARITY_MODE | STOP_BIT | DATA_BIT;
43 // Enable Receiver and Transmitter
jg UCSROB = (1<<RXEN@) | (1<<TXENO);

}
46
j; uint8_t USART_ReceivePolling( )

{
49 uint8_t DataByte;
50 while (( UCSROA & (1<<RXC0)) == 0) {}; // Do nothing until data have been receiv:
51 DataByte = UDRO ;
52 return DataByte;
53 %
54
55 void USART_TransmitPolling(uint8_t DataByte)
56
57 while (( UCSROA & (1<<UDREO)) == 0) {}; // Do nothing until UDR is ready
58 UDRO = DataByte;
59 }
60
61 int main()
62 {
63 USART_Init();
64 char LocalData;
65 while (1)
66 {
67 LocalData = USART_ReceivePolling();
gg USART _TransmitPolling(LocalData);

}

70 return 0;
71 }

Interrupt Transmission

In polling the CPU waste valuable time monitoring the USART registers. This valuable time could be
used in the execution of other instructions. This problem is solved by interrupt based transmission.
Below code transmits using interrupts. The code transmits the character ‘a’ endlessly while the D13
LED on Arduino UNO keeps blinking. The CPU keeps performing the LED blinking in an infinite loop and
every time the transmission finishes an interrupt is generated to state that the UDRO buffer is ready to
receive new data. The CPU pauses the LED blinking and serves the ISR.

/*
* usart.c
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#define F_CPU 16000000UL // Defining the CPU Frequency

#include <avr/io.h> // Contains all the I/0 Register Macros
#include <util/delay.h> // Generates a Blocking Delay
#include <avr/interrupt.h> // Contains all interrupt vectors

#define USART_BAUDRATE 9600 // Desired Baud Rate
#define BAUD_PRESCALER (((F_CPU / (USART_BAUDRATE * 16UL))) - 1)

#define ASYNCHRONOUS (0<<UMSELQO®) // USART Mode Selection

#define DISABLED (0<<UPM0OO)
#define EVEN_PARITY (2<<UPMO0O)
#define ODD_PARITY (3<<UPMO0O)
#define PARITY_MODE DISABLED // USART Parity Bit Selection

#define ONE_BIT (0<<USBS0)
#define TWO_BIT (1<<USBS0)
#define STOP_BIT ONE_BIT // USART Stop Bit Selection

#define FIVE_BIT (0<<UCSZ00)
#define SIX_BIT (1<<UCSZ00)
#define SEVEN_BIT (2<<UCSZ00)
#define EIGHT_BIT (3<<UCSZ00)
#define DATA_BIT EIGHT_BIT // USART Data Bit Selection

#define RX_COMPLETE_INTERRUPT (1<<RXCIEO)
#define DATA_REGISTER_EMPTY_INTERRUPT (1<<UDRIEO)

volatile uint8_t USART_TransmitBuffer; // Global Buffer

void USART_Init()

{
// Set Baud Rate
UBRROH = BAUD_PRESCALER >> 8;
UBRROL = BAUD_PRESCALER;
// Set Frame Format
UCSROC = ASYNCHRONOUS | PARITY_MODE | STOP_BIT | DATA_BIT;
// Enable Receiver and Transmitter
UCSROB = (1<<RXENO®) | (1<<TXENO);
//Enable Global Interrupts
sei();
}
void USART_TransmitInterrupt(uint8_t Buffer)
{
USART_TransmitBuffer = Buffer;
UCSROB |= DATA_REGISTER_EMPTY_INTERRUPT; // Enables the Interrupt
}
int main()
{

DDRB |= 1 << 5; // Configuring PB5 / D13 as Output

https://www.arnabkumardas.com/arduino-tutorial/usart-programming/ 12/24


https://www.arnabkumardas.com/

11/7/24, 10:01 PM

USART Programming : Arduino / ATmega328p - Arnab Kumar Das

Arnab Kumar Das

71
72
73
74
75
76
77
78
79
80
81
82
83
84

witTLtee (1)

{
PORTB |= 1<<5; // Writing HIGH to glow LED
_delay_ms(500);
PORTB &= ~(1<<5); // Writing LOW
_delay_ms(500);
}
return 0;
}
ISR(USART_UDRE_vect)
{
UDRO® = USART_TransmitBuffer;
//UCSROB &= ~DATA_REGISTER_EMPTY_INTERRUPT; // Disables the Interrupt, uncomment
}

Interrupt Reception

Interrupt reception behaves exactly the same as polling reception but in the case of interrupt

reception. The CPU is busy looping an infinite loop and whenever data is received in USART Buffer an

interrupt is thrown and the CPU serves it and toggles the LED accordingly. The CPU doesn't have to

monitor the USART register bits to check the status of the reception.

OCooO~NO UL, WNPE

/*

* usart.c

*

* Created : 15-08-2020 09:34:44 PM

* Author : Arnab Kumar Das

* Website : www.ArnabKumarDas.com

*/

#define F_CPU 16000000UL // Defining the CPU Frequency

#include <avr/io.h> // Contains all the I/0 Register Macros

#include <util/delay.h> // Generates a Blocking Delay
#include <avr/interrupt.h> // Contains all interrupt vectors

#define
#define

#define

#define
#define
#define
#define

#define
#define
#define

USART_BAUDRATE 9600 // Desired Baud Rate
BAUD_PRESCALER (((F_CPU / (USART_BAUDRATE * 16UL))) - 1)

ASYNCHRONOUS (0<<UMSEL0O) // USART Mode Selection

DISABLED (0<<UPM0OO)
EVEN_PARITY (2<<UPM0O)
ODD_PARITY (3<<UPM00)
PARITY_MODE DISABLED // USART Parity Bit Selection

ONE_BIT (0<<USBSO0)
TWO_BIT (1<<USBS0)
STOP_BIT ONE_BIT // USART Stop Bit Selection
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33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

TFTUT T LINIT L1l _vii A= b G A SIS FALV AV by )

#define DATA_BIT EIGHT _BIT // USART Data Bit Selection

#define RX_COMPLETE_INTERRUPT (1<<RXCIEO)
#define DATA_REGISTER_EMPTY_INTERRUPT (1<<UDRIEO)

volatile uint8_t USART_ReceiveBuffer; // Global Buffer

void USART_Init()

{

int

}

// Set Baud Rate
UBRROH BAUD_PRESCALER >> 8;
UBRROL BAUD_PRESCALER;

// Set Frame Format
UCSROC = ASYNCHRONOUS | PARITY_MODE | STOP_BIT | DATA_BIT;

// Enable Receiver and Transmitter
UCSROB = (1<<RXENO®) | (1<<TXENO);

//Enable Global Interrupts
sei();

main()

DDRB |= 1 << 5; // Configuring PB5 / D13 as Output
USART_Init();

UCSROB |= RX_COMPLETE_INTERRUPT;

while (1)

{

}

return 0;

ISR(USART_RX_vect)

{

USART_ReceiveBuffer = UDRO;

if (USART_ReceiveBuffer == 'a')
{
PORTB |= 1<<5; // Writing HIGH to glow LED
}
else
{

PORTB &= ~(1<<5); // Writing LOW
}

Interrupt Loopback

The below example works exactly like polling loopback but here the CPU doesn't waste time in

checking the status of the USART registers.
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58
59
60
61
62

* Author : Arnab Kumar Das
* Website : www.ArnabKumarDas.com
*/

#define F_CPU 16000000UL // Defining the CPU Frequency

#include <avr/io.h> // Contains all the I/0 Register Macros
#include <util/delay.h> // Generates a Blocking Delay
#include <avr/interrupt.h> // Contains all interrupt vectors

#define USART_BAUDRATE 9600 // Desired Baud Rate
#define BAUD_PRESCALER (((F_CPU / (USART_BAUDRATE * 16UL))) - 1)

#define ASYNCHRONOUS (O<<UMSELO®) // USART Mode Selection

#define DISABLED (0<<UPM0OO)
#define EVEN_PARITY (2<<UPM0O)
#define ODD_PARITY (3<<UPM0O)
#define PARITY_MODE DISABLED // USART Parity Bit Selection

#define ONE_BIT (0<<USBS0)
#define TWO_BIT (1<<USBS0)
#define STOP_BIT ONE_BIT // USART Stop Bit Selection

#define FIVE_BIT (0<<UCSZ00)
#define SIX_BIT (1<<UCSZ00)
#define SEVEN_BIT (2<<UCSZ00)
#define EIGHT_BIT (3<<UCSZ00)
#define DATA_BIT EIGHT_BIT // USART Data Bit Selection

#define RX_COMPLETE_INTERRUPT (1<<RXCIEO)
#define DATA_REGISTER_EMPTY_INTERRUPT (1<<UDRIEO)

volatile uint8_t USART_ReceiveBuffer; // Global Buffer

void USART_Init()

{
// Set Baud Rate
UBRROH = BAUD_PRESCALER >> 8;
UBRROL = BAUD_PRESCALER;
// Set Frame Format
UCSROC = ASYNCHRONOUS | PARITY_MODE | STOP_BIT | DATA_BIT;
// Enable Receiver and Transmitter
UCSROB = (1<<RXENO®) | (1<<TXENO);
//Enable Global Interrupts
sei();

}

int main()

{

USART_Init();

UCSROB |= RX_COMPLETE_INTERRUPT;
while (1)

{

}
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o
68 USART_ReceiveBuffer = UDRO;
gg UDRO = USART_ReceiveBuffer;
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