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Abstract 

Serial transmission is normally used with modems and for non-networked communication between computers, terminals and other 

devices. Fast, secure, reliable and long distance communication is crucial to meet user requirement. Universal Asynchronous 

Receiver Transmitter (UART) is widely used in serial data communication because of its advantages of high reliability, long 

distance and low cost. In this paper, we have presented the important modules of UART for reliable, efficient and secure data 

transmission. We have presented baud rate generator, also known as prescaler and asynchronous first in first out (FIFO) buffer for 

smooth data transmission. Simulation result and register transfer view of both modules are presented in this paper.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A UART (Universal Asynchronous Receiver/Transmitter) is the microchip with programming that controls a computer's interface 

to its attached serial devices. Specifically, it provides the computer with the RS-232C Data Terminal Equipment (DTE) interface 

so that it can "talk" to and exchange data with modems and other serial devices. As part of this interface, the UART also: 

- Converts the bytes it receives from the computer along parallel circuits into a single serial bit stream for outbound transmission 

- On inbound transmission, converts the serial bit stream into the bytes that the computer handles 

- Adds a parity bit (if it's been selected) on outbound transmissions and checks the parity of incoming bytes (if selected) and 

discards the parity bit 

- Adds start and stop delineators on outbound and strips them from inbound transmissions 

- Handles interrupts from the keyboard and mouse (which are serial devices with special ports)  

- May handle other kinds of interrupt and device management that require coordinating the computer's speed of operation with 

device speeds 

Serial transmission is commonly used with modems and for non-networked communication between computers, terminals and 

other devices. 

 
The communications links across which computers—or parts of computers—talk to one another may be either serial or parallel. 

A parallel link transmits several streams of data 8 (perhaps representing particular bits of a stream of bytes) along multiple channels 

(wires, printed circuit tracks, optical fibres, etc.); a serial link transmits a single stream of data. At first sight it would seem that a 

serial link must be inferior to a parallel one, because it can transmit less data on each clock tick. However, it is often the case that 

serial links can be clocked considerably faster than parallel links, and achieves a higher data rate. In many cases, serial is a better 

option because it is cheaper to implement. Many ICs have serial interfaces, as opposed to parallel ones, so that they have fewer 

pins and are therefore cheaper. 

In telecommunications and computer science, serial communications is the process of sending data one bit at one time, 

sequentially, over a communications channel or computer bus. This is in contrast to parallel communications, where all the bits of 

each symbol are sent together. Serial communications is used for all long-haul communications and most computer networks, 
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where the cost of cable and synchronization difficulties makes parallel communications impractical. Serial computer buses are 

becoming more common as improved technology enables them to transfer data at higher speed. 

II. LITERATURE SURVEY 

From review of related work and published literature, it is observed that many researchers have designed UART by applying 

different techniques like algorithms, logical relations. Researchers have undertaken different methodologies with regards to UART 

design and its implementation on hardware platform. 

Mohd Yamani, Idna Idris, Mashkuri Yaacob and Zaidi Razak have design UART with BIST capability[1]. In this designed, To 

increase reliability, manufacturers must be able to discover a high percentage of defective chips during their testing procedures. 

They highlight the attention given by most customers who are expecting the designer to include testability features that will increase 

their product reliability. They suggested the design of a UART chip with embedded built-in-self-test (BIST) architecture using 

FPGA technology. In this technique the behavior of UART circuit is describe by using VHISC hardware description language 

(VHDL). In the implementation phase, the BIST technique will be incorporated into the UART design before the overall design is 

synthesized by means of reconfiguring the existing design to match testability requirements.  

One of the most important applications of UART is Multi-channel UART Controller designed by Shouqian Yu, Lili Yi, Weihai 

Chen and Zhaojin Wen.[2]. The proposed method paper presents a multi-channel UART controller based on FIFO technique and 

FPGA. This controller is designed with FIFO circuit block and UART circuit block to implement communication in modern 

complex control systems quickly and effectively. In this, the flow charts of data processing as well as the implementation state 

machine are also presented in detail. This controller can be used to implement communication when master equipment and slaver 

equipment are set at different Baud Rate. It also can be used to reduce synchronization error between sub-systems in a system with 

several sub-systems. The controller is reconfigurable and scalable.  

From the survey it is observe that the implementation of UART basically uses the on-chip UART IP hard core because it has 

high performance but it has poor flexibility and poor transportability, hence it is usually unable to meet the high requirements of 

the customer. With the rapid development of FPGA soft core plays an increasingly important role in embedded system depending 

on the high performance, high flexibility, transportability and configuration. Huimei Yuan, Junyou Yang and Peipei Pan presented 

new methodology that provide Optimized Design of UART IP Soft Core based on DMA Mode [3]. They provide UART IP soft 

core based on DMA mode. The IP core is AVALON bus-compatible with the control and arithmetic logic of entire IP core 

completed by a single FPGA chip so that it is very suited to NIOSII embedded system. Since the two kinds of transmission will 

often interrupt the operation of CPU during the data transmission process, especially when transmitting large data, it will occupy 

a lot of time of CPU, thus greatly reducing the performance of the overall NIOSII system. The whole IP core is tested and verified 

in a simple NIOSII embedded hardware system. It turns out that UART IP soft core based on DMA mode can reduce elapsed time 

of CPU greatly in data transmission process so that the performance of NIOSII system can be improved and design requirement 

can be better met with less resources occupied, high speed, high flexibility and high transportability. Researchers have undertaken 

different design processes or phenomena with regards to use serial communication as it reduces signal distortion.  

Naresh Patel, Vatsalkumar Patel and Vikaskumar Patel proposed design of UART with Status register [4] which includes three 

modules which are the baud rate generator, receiver and transmitter that satisfies the system requirements of high integration, 

stabilization, low bit error rate, and low cost. The work also supports configurable baud rate generator and variable data length 

from 5-8 bits per frame. This work detect the different types of errors occurred during communication and hence correct them. In 

recent year, a need of high speed UART might be the first demand in serial communication. 

Hazim Kamal Ansari and Asad Suhail Farooqi introduces concept of high speed UART for programming FPGA [5]. They 

suggested that to maintain time triggered communication within FPGA a separate controller must be designed within it and this 

controller is called UART. FPGAs are suited to I/O intensive operations and it is very fast. Design Partitioning across the two 

devices can increase overall system speeds, reduce costs, and potentially absorb all of the other discrete logic functions in a design 

– thus presenting a truly reconfigurable system. They describe UART controller which is designed within FPGA based on SRAM 

with high speed and high reliability. The controller can be used to implement communications in complex system and it also can 

be used to reduce time delays between sub-controllers of a complex control system to improve the synchronization of each sub-

controller. According to them, FPGAs are replacing convention programmable logic devices and within next few years they would 

be required at each and every application. 

III. PROPOSED WORK 

The UART serial communication module is divided into three sub-modules: the baud rate generator, receiver module and 

transmitter module Therefore, the implementation of the UART communication module is actually the realization of the three sub-

modules as shown in fig.1.  
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Fig. 1: UART Module 

Proposed UART design consists of the basic sub-modules of a UART which are the receiver, transmitter and baud rate generator 

that we called prescaler with internal first in first out asynchronous buffer. Proposed design has internal buffers in both receiver 

and transmitter. Because design operates in serial clock domain and interfaces with parallel clock domain of the processor, we 

implement the buffers to provide smooth data transfer between two different clock domains. This UART design can operate at any 

defined serial clock frequency and at the same time follows the desired baud rate. Here is where the prescaler module comes in 

hand where it acts as a baud rate generator module that calculates the divider factor. The divider factor will then generate prescaler 

pulse that acts as a baud clock. The prescaler module is used in this design for the transmission and reception to be at the desired 

baud rate. Fig. 2 below shows the register transfer level (RTL) view of proposed baud rate generator which is sub-module of 

proposed design. 

 
Fig. 2: RTL View of Baud-rate Generator 

The serial clock is set to 100MHz and the desired baud clock rate is 1562500bps. The calculation to get prescaler divide ratio is 

shown below:  

Divide ratio = Serial clock frequency / (16*Baud rate) 

In serial data transmission, a huge stream of data can come in too fast and UART may not be quick enough to process what it is 

receiving. This causes data overrun which then results in data loss or other serious errors. This is why we need flow control in the 

UART where it will halt the flow of data bytes until UART is ready to receive more data. There are many ways to implement flow 

control mechanism. One of the older methods used back then is to add bunch of zeros while receiving line is busy. This method is 

called padding. UART will ignore the zeros while it processes current data. To make it efficient, we need to provide just enough 

number of zeros and figuring this out is not easy.  Another method is to use RTS (Request to Send) and CTS (Clear to Send) flow 

control mechanism which is part of RS- 232 standard. These two lines allow both sender and receiver to communicate and alert 

each other on their status. When sender has data to be sent, it will assert RTS to ask receiver whether it is ready to receive data or 

not. If receiver is free, it will reply by asserting CTS and sender will start transferring data. But if receiver is busy, CTS line will 

maintain low and sender needs to halt the data and wait until CTS goes high. This method however requires additional wires to the 

UART design.  Most UART nowadays has internal buffer with the size big enough to hold the data and that is less likely to overrun. 

The buffer can be set to interrupt the processor when the buffer reaches certain threshold level. In this paper, we are using this 

method to do flow control. Asynchronous FIFOs are being sued as an internal TX buffer and RX buffer in transmitter and receiver 
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module respectively. The asynchronous FIFO allows smooth data transmission between two different clock domains and provides 

reliable empty and full status [14-16].  

During reception, receiver module writes the received data bytes into RX buffer using serial clock. When RX buffer is almost 

full, receiver will interrupt the processor to start reading the data (using parallel clock) before RX buffer starts to overflow. While 

in transmission, processor writes data into TX buffer using parallel clock. When there is at least one data byte inside TX buffer, 

transmitter will start reading the data in serial clock, process the data byte and transmit out serial bits. If TX buffer is almost full, 

an interrupt is sent to processor to halt writing into the buffer. The register transfer level view of designed asynchronous first in 

first out (FIFO) buffer is shown below in fig. 3. 

 
Fig. 3: RTL View of Asynchronous First in First out Buffer 

IV. SIMULATION RESULTS 

In this paper, we have presented simulation results of prescaler i.e. baud rate generator which divides serial clock as per user 

requirement and asynchronous first in first out buffer for smooth data flow. Simulation result shows baud rate generator consists 

of two different clocks for receiver and transmitter. We can select different baud rate using select input which divides clock as per 

input given to sel signal. Fig. 4 shows simulation result of proposed baud rate generator with 100MHz frequency and division ratio 

of 4. 

 
 Fig. 4: Simulation Result of Baud Rate Generator  

Fig. 5 shows simulation result of internal asynchronous first in first out buffer for 8-bit input data. Here, different two clocks are 

used for writing and reading operation named wclk and rclk respectively. To enable read and write operation two inputs are used 

which are readen_in and writeen_in respectively. 
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Fig. 5: Simulation Result of Asynchronous FIFO Buffer 

V. CONCLUSION 

In this paper, a modified UART design is proposed with additional internal buffer and programmable baud rate generator for 

smooth data flow and to get desired baud rate. The sub-module of UART design is implemented using VHDL and simulated and 

synthesis of sub-modules to see the functionality using Xilinx ISE 13.1 design suite. This design shows that fast, reliable and secure 

data transmission can be possible using proposed sub module of UART design. With all the features stated, it enhances flexibility, 

stability and reliability to the normal UART design that is widely being used. 
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