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Abstract: Universal Asynchronous Receiver Transmitter (UART) is a popular and widely used device for data communication 

in the field of Telecommunication. UART is a kind of serial communication protocol; mostly used for short distance, low 

speed, low cost data exchange between computer and peripherals. In this paper, we present the design of UART modules based 

on Verilog HDL. The design consists of the transmitter, receiver, baud rate generator and asynchronous FIFO (First in First 

Out) buffer. The design is synthesized in Verilog HDL and reliability of the Verilog HDL implementation of UART is verified 

by simulated waveforms. 

 

Keywords: UART, FIFO, Transmitter, Receiver, Baud Rate Generator.   

I. INTRODUCTION 

     Universal Asynchronous Receiver Transmitter is an 

integrated circuit, which is used for transmitting and 

receiving data asynchronously via the serial port on the 

computer. It contains a parallel-to-serial converter for data 

transmitted from the computer and a serial-to-parallel 

converter for data coming in via the serial line. UART 

incorporates the transmitter, receiver, baud rate generator 

and FIFO. Baud rate generator is used to provide clock to 

transmitter, receiver and FIFO. First-In-First-Out (FIFO) is 

used at both transmitter and receiver end to store high speed 

incoming data temporarily to prevent data loss. The RS-232 

is applied to serial data communication as a standard to be 

compiled with. Besides RS-232, RS-422 and RS-485 

standards have been commonly applied to UART chip 

nowadays. These standards offer more reliable 

communication over much longer distances compared to 

RS-232. Asynchronous serial communication has 

advantages of less transmission line, high reliability and 

long transmission distance, therefore is widely used in data 

exchange between computer and peripherals. Asynchronous 

serial communication is usually implemented by Universal 

Asynchronous Receiver Transmitter (UART).  

 

      The advantages of UART systems are the simplicity of 

interconnection wiring and character transmission formats. 

UART allows full-duplex communication in serial link, thus 

has been widely used in data communication and control 

system. In actual applications, usually only a few key 

features of UART are needed. Specific interface chip will 

cause waste of resources and increased cost. Particularly in 

the field of electronic design, SOC technology is recently 

becoming increasingly mature. This situation results in the 

requirement of realizing the whole system function in a 

single or a very few chips. 

 

II. UART PROTOCOL 

A. UART Data Transmission Protocol 

      UART transmit and receive data format shown in Figure 

1, usually include start bit, data bit, parity bit, stop bit and 

idle state. Start bit is the beginning of data transmission. 

When the transmitter sends a character data, a logic "0" 

signal is firstly send, which is the start bit, and the time 

width is a baud rate clock cycle. Start bit is followed by data 

bits, which are usually from 5 to 8 bits. The data bit from 

the least significant bit (LSB) begin to send. The data bits 

can be parity bit, which can be odd or even parity, as well as 

no parity bit. The parity bit or data bit (when no parity bit) is 

followed by stop bits, which are logic "1" signal containing 

1, 1.5 or 2 bits. Stop bits are the end of a data. Idle state is a 

logic '1'.This data frame format is adopted by the start bit 

and stop bit to achieve character synchronization. UART 

has an internal configuration register, in which user can set 

the data bits, whether there is parity bit, as well as the type 

of parity and stop bits. 

 
Figure 1: UART Frame Format. 
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A. Baud Rate Generator 
     The Baud Rate Generator is used to produce a local clock 

signal which is much higher than the baud rate to control the 

UART receiver and transmitter. Baud Rate Generator is 

actually a kind of frequency divider. The Baud rate, 

frequency factor can be calculated according to a given 

system clock frequency and the required baud rate. Then the 

baud rate, frequency factor, calculated is used as dividing 

factor. In this UART we will apply the synchronized clock 

signal to both transmitter and the receiver. The clock signal 

applied to the receiver is 16 times to that of the transmitter. 

B. Receiver  

      All operations of the UART hardware are controlled by 

a clock signal which runs at a multiple (say, 16) of the data 

rate - each data bit is as long as 16 clock pulses. The 

receiver tests the state of the incoming signal on each clock 

pulse, looking for the beginning of the start bit. If the 

apparent start bit lasts at least one-half of the bit time, it is 

valid and signals the start of a new character. If not, the 

spurious pulse is ignored. After waiting a further bit time, 

the state of the line is again sampled and the resulting level 

clocked into a shift register. After the required number of bit 

periods for the character length (5 to 8 bits, typically) have 

elapsed, the contents of the shift register is made available 

(in parallel fashion) to the receiving system. The UART will 

set a flag indicating new data is available, and may also 

generate a processor interrupt to request that the host 

processor to transfer the received data. In some common 

types of UART, a small first-in, first-out FIFO buffer 

memory is inserted between the receiver shift register and 

the host system interface. This allows the host processor 

more time to handle an interrupt from the UART and 

prevents loss of received data at high rates. 

C. Transmitter 

      Transmission operation is simpler since it is under the 

control of the transmitting system. As soon as data is 

deposited in the shift register after completion of the 

previous character, the UART hardware generates a start bit, 

shifts the required number of data bits out to the line, 

generates and appends the parity bit (if used), and appends 

the stop bits. Since transmission of a single character may 

take a long time relative to CPU speeds, the UART will 

maintain a flag showing busy status so that the host system 

does not deposit a new character for transmission until the 

previous one has been completed; this may also be done 

with an interrupt. Since full-duplex operation requires 

characters to be sent and received at the same time, practical 

UARTs use two different shift registers for transmitted 

characters and received characters. 

D. First-In-First-Out Buffer 

      First-In-First-Out (FIFO) is used at both transmitter and 

receiver end to store high speed incoming data temporarily 

to prevent data loss. FIFO is implemented as a queue 

structure. It has a fixed length. If FIFO is empty or is not 

filled fully then only data can be written in it. If FIFO is 

full, it sends a signal “FULL” to the transmitter and receiver 

at respective end. If it is empty, then it sends signal “Empty” 

to the transmitter and receiver at respective end. FIFO is 

used for synchronization purpose between transmitter and 

CPU at one end and also between receiver and CPU at other 

end to prevent the loss of data if speed of CPU doesn’t 

match with the transmission between transmitter and 

receiver. 

III. UART MODULE 

     The UART module that we have designed consists of 

five parts namely 

1. “Receiver”, which takes in the serial data (as a frame) 

coming through the ‘Data Frame’ line, retrieves the 

actual data and converts to parallel form (usually as a 

byte). 

2. “Transmitter”, which does the opposite function of the 

“Receiver” module and transmits the frame through 

the ‘Data Frame’ line. 

3. “Baud Rate Generator”, which generates a clock 

which occurs 16-times (the default over-sampling rate) 

in one bit-time period. 

4. “TX-FIFO”, which stores temporarily the bytes (that 

usually comes from a faster processor) to send, as the 

sending process takes some time. 

5. “RX-FIFO”, which is the replica of the “TX-FIFO” 

module used to store the received bytes temporarily 

such that the processor may read them at its own pace.         

 
 Figure 2: UART Module.                         

IV. RESULTS 

      We have simulated each and every part of our module 

separately in ‘Xilinx-ISE simulator’. During simulation the 

system clock is set to 50 MHz and baud rate is set to  
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Figure 3:  Simulation result for the sub module 'Baud 

Rate Generator'. 

 
Figure 4: Simulation result for the sub module 'FIFO'. 

 
Figure 5: Simulation result for the sub module 

'Receiver'. 

 
Figure 6: Simulation result for the sub module 

'Transmitter. 

9600bps and the selected device is Spartan 3E FPGA. The 

simulation results for the ‘Baud Rate Generator’, ‘FIFO’, 

‘Receiver’, and ‘Transmitter’ sub modules are shown in the 

figures 3,4,5,6 respectively. 

V. TESTING 

      The complete core was also tested by connecting it with 

the PC by a RS232 cable after implementing a test circuit 

incorporating our core in Xilinx Spartan-3E starter kit. The 

test circuit does have an incremented that takes one parallel 

data stored in the RX-FIFO after getting received by the 

UART module, increments it by one and then gives it back 

to the TX-FIFO which is then transmitted serially by the 

module. The reading from the FIFO, incrementing and 

writing to the FIFO is done one character at a time when a 

switch (connected with the test circuit through a debouncer  

 
Figure 7:  Device resource utilized. 
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otherwise multiple reading and writing of NULL character 

could produce erroneous result) is pressed. Here we first 

typed-in 4 characters(displayed locally in the Hyper 

Terminal window) which are stored in the FIFO, then 

pressed the assigned switch 4 times which returns the stored 

characters incremented by one and are displayed again in 

the HyperTerminal(as shown in figure 7). 

VI. CONCLUSION 

       UART using FIFO is designed in this paper which is 

comprised of five modules; baud rate generators, FIFO, 

transmitters and receivers. This design uses VERILOG as 

design language to achieve the modules of UART. Using 

XILINX software, Spartan 3E FPGA to complete simulation 

and test. The results are stable and reliable data transmission 

with some reference value and great flexibility, high 

integration as FIFO is used to avoid data loss. 
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