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Abstract— The paper highlights the detail design of 

UART’s transmitter module which has asynchronous Last In 

Last Out as buffer for achieving the better speed 

synchronization between the processor and the UART interface. 

The paper starts by describing the behavior of transmitter 

module of Universal Asynchronous Receiver Transmitter using 

VHDL. The complete design of transmitter block is functionally 

verified using ModelSim SE 13.1. In the results the simulation 

waveforms are described. 
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I. INTRODUCTION 

 
The fact that serial communication uses a single data line 

instead of the 8 bit data line of parallel communication not 
only makes it much cheaper but also enables two computer 
located in to different cities to communicate over the 
telephone. Universal Asynchronous Receiver Transmitter 
(UART) is a kind of serial communication protocol; mostly 
used for short-distance, low speed, low-cost data exchange 
between computer and peripherals [1].Serial data 
communication uses two methods, asynchronous and 
synchronous. The synchronous method transfers a block of 
data (character) at a time, while the asynchronous method 
transfers a single byte at a time. It is possible to write software 
to use either of these methods, but the programs can be 
tedious and long. For this reason, there are special IC chips 
made by many manufacturers for serial data communications. 
These chips are commonly referred to as UART i.e Universal 
Asynchronous Receiver Transmitter. Asynchronous serial data 
communication is widely used for character- oriented 
transmissions, while block oriented data transfer use the 
synchronous method. In asynchronous method, each character 
is placed between start and stop bits. This is called framing. In 
data framing for asynchronous communications, the data such 
as ASCII characters, are packed between start and stop bits. 
The start bit is always one bit, but the stop bit can be one or 
two bits. For asynchronous serial communication, peripherals 
chips and modems can be programmed for data that is 7 or 8 
bits wide. The UART implemented with VHDL language can 
be integrated into the FPGA to achieve compact, stable and 

reliable data transmission [2]. In recent years the researchers 
have proposed various UART designs like automatic baud rate 
synchronizing capability[3],  recursive running sum filter to 
remove noisy samples[4], predictable timing behavior to allow 
the integration of nodes with imprecise clocks in time-
triggered real-time systems[5]. The UART chip can also be 
designed with embedded Built-In-Self- Test (BIST) 
architecture using FPGA technology. UART allows full-
duplex communication in serial link, thus has been widely 
used in the data communications and control system [2]. 
UART is an asynchronous serial communication device. The 
transmitter and receiver communicate each other by separate 
clocks [6]. 

II. VHDL IMPLEMENTATION 

 
Complex nature of the integrated circuit technology has 

made the designing of the system, time consuming at the gate 
and the flip-flop levels. This fact motivated the designers to 
make use of hardware description language in the design 
process of digital system. VHDL is a hardware description 
language that can be used to model a digital system. It 
contains elements that can be used to describe the behavior or 
structure of the digital system, with the provision for 
specifying its timing explicitly. VHDL is a large and verbose 
language with many complex constructs that have complex 
semantics meaning and is initially difficult to understand. The 
language supports for modeling the system hierarchically and 
also supports top- down and bottom-up design methodologies. 
VHDL is extensively used today for design of VLSI based 
digital systems. VHDL provides easier way to test the 
Universal Asynchronous Receiver Transmitter and helps to 
find out discrepancy if occurs. It also permits to describe the 
function of the module in a more behavioral manner. VHDL 
makes the design implementation easier to read and 
understand, they also provide the ability to easily describe 
dependencies between various processes that usually occur in 
such complex event-driven systems. [8]. 
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III. PROPOSED UART ARCHITECTURE 

 

The architecture of Universal Asynchronous Receiver 

Transmitter is shown Fig No. 01. The proposed design of 

UART includes four functional units; they are transmitter, 

receiver, baud rate generator and line control register. 

Asynchronous communication is done using UART wherein 

the clock information is not communal between the two units 

that are communicating with each other. For synchronization 

some overhead bits are added to data bits while transmission 

which specifies that the data bits are transmitted in the form 

of frame. The process of de-framing is done at the receiver 

input once the frame is received. Thus only the data bits are 

presented in parallel form at the receiver port. UART 

transmits and receives the entire data in the format as shown 

in Fig. 2. The data is framed between the start bit and a single 

stop bit. The data format includes idle state start bit, data bit, 

parity bit, and stop bit. Idle state is at logic 1. When the 

transmitter is ready to send a data, firstly start bit is sent 

which is logic 0. 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. These two clocks must be accurate enough to not 

have the frequency drift by more than 10% during the 

transmission of the remaining bits in the word [6]. Start bit is 

followed by data bits, which can vary from 5 to 8 bits. In 

some systems. the parity bit of character byte is included in 

the  data frame in order to maintain data integrity. This 

implies that for each character (7 or 8bit, depending on the 

system) we have a single parity bit in addition to start and 

stop bits. The parity bit can be even or odd or even no parity.  

In case of an odd parity bit, the number if data bits, including 

the parity bit, has odd number of 1s. Similarly, in an even 

parity bit system the total number of bits including the parity 

bit is even. 

 

 
 

Fig.1  UART Architecture 

 

For example, the ASCII character, “A”, binary 01000001, 

has 0 for the even parity bit. UART chips allow programming 

of the parity bit for odd, even and no parity. The parity bit is 

followed by stop bit which is logic 1. In case if there is no 

parity, the data bits are followed by stop bit. Thus, start bit is 

the beginning of the data while the stop bit is the end of the 

data. The time width is a baud rate clock cycle. The character 

synchronization can be achieved using this data format. 

Notice that the LSB is sent out first the rest of the bits until 

the MSB and finally the one stop bit indicating the end of the 

character. 

 

 
Fig. 1 UART Frame Format  
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IV. THE TRANSMITTER MODULE 

 

The transmitter module deals with the parallel data at 

TXIN port which is converted into serial form for 

transmission purpose on the transmitter output TXOUT port. 

The RTL view of transmitter module is as shown in Fig. 3. 

The module comprises of three basic blocks, 16 bytes buffer 

(LILO), Transmitter Hold Register (THR) and Transmitter 

Shift Register (TSR). When the write pin is at logic high, data 

is fed from TXIN0 - TXIN7 into the transmitter LILO. When 

LILO is loaded with some data, it will send the signal to 

transmitter hold register (THR). THR is a 8 bit register. If 

THR is empty and ready to receive the data from LILO it will 

send a signal to LILO as an acknowledgement.  Further if 

Transmitter Shift Register (TSR) is empty it will send signal 

to THR indicating that it is ready to receive the data from 

THR. TSR is 12 bit register. The process of framing is done 

in TSR where start bit, parity bit and stop bits are added to 

the frame. Then serially the data is transmitted from TSR to 

TXOUT port. 

 

.  

        Fig. 3 RTL View Of Transmitter 
  

The body of transmitter module has 16 bytes buffer which 

is Last In Last Out. The RTL View of LILO buffer is shown 

in  Fig. 4. The inputs to the LILO buffers are datain  (0-7),  

clock,  RD and WR while the outputs are dataout  (0-7),  

liloempty and lilofull. 

 

 

 
                              

Fig. 4 16 Bytes LILO 
 

 

 

The working of the transmitter is shown in terms of 
flowchart [5]. Fig 5 shows the flowchart which indicates the 
flow of data from input to LILO. The Fig 6 shows the 
flowchart which implies the transfer of data from LILO to 
output. Before transmission framing is done in Transmitter 
Shift Register where parity bit, start bit and the stop bits are 
added to the data. 

 

 
Fig. 5 Transmitter Flowchart ( Input to LILO) 

 

 

The simulation waveform of LILO buffer is as 

shown in Fig. 7. The data coming at the input terminal TXIN 

(0-7) is fed to the buffer serially when the WR is high. The 

data that is fed to the buffer lastly will be out at the end of the 

data. The term last come last serve can be used for the same. 

The data at the output port Data out (7-0) is then to be 

forwarded to the Transmitter Hold Register. 
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Fig. 6 Transmitter Flowchart ( LILO to Output) 

 

Next to the 16 byte buffer we have Transmitter Hold 

Register (THR). The data coming out from buffer is shifted to 

Transmitter Shift Register through this THR. The RTL view 

of parallel to serial converter is as shown in Fig. 8 while the 

Fig 9 explains the Simulation waveform for the same. 

 

 
 

Fig. 7 Simulation Results Of LILO 

 

 
 

Fig. 8 RTL view of parallel to serial converter 

 

 

 

 
 

Fig 9 Simulation Result of Parallel to Serial Converter 

 

V. SIMULATION 

 

A. Hardware Utilization 

 The designed UART is synthesized using Xilinx 

project navigator. The resource utilization is detailed in Table 

1. The table explains the percentage utilization depending 

upon various parameters such as number of slices register, 

number of fully used LUT-FF pairs, number of slice LUT’s 

and number of IOB’s required to design the entire transmitter 

module. 

 
TABLE 1         RESOURSE UTILISATION 

 

 

 

 

 

Device Utilization Summary ( Estimated Values) 

Logic Utilization Used Available % Utilization 

No. of Slices 

Register 

11 4800 0% 

No. of fully used 

LUT-FF pairs 

11 15 73% 

No. of Slice LUTs 15 2400 0% 

No. of bonded IOBs 25 102 24% 
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B. RTL Schematic Of Top Level Entity 

The RTL Schematic generated by Xilinx for 

Transmitter is shown in fig.10 The logical diagram 

consist of various gates such as AND, XOR, NOT. The 

Multiplexers are also used with all these gates in various 

combinations. At the end of the diagram are LILO buffer 

and Parallel to serial converter. 

 

 

        Fig. 10 Block diagram of the synthesized UART 

 

 

C. Simulation Results Of Transmitter 

The simulation results of VHDL implementation of 

transmitter module of UART is as shown in Fig. 11. The 

simulation shows the transmission of an 8-bit UART frame 

format with 1 stop bit and with a parity bit. 
 

 

Fig.11 Simulation Result 
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VII. CONCLUSION 

Thus, the design uses VHDL as design language to 

achieve the transmitter module. Firstly the working principle 

of transmitter is explained. Then all blocks of transmitter are 

designed and simulated using VHDL. The design has great 

flexibility, stability and low cost. 
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