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Abstract:

The paper centres on the design and implementation of a Universal Asynchronous
Receiver/Transmitter (UART) communication protocol to efficiently send and receive
128-bit data with the aid of Verilog HDL, with verification carried out on a Field-
Programmable Gate Array (ARTIX - 7 FPGA) platform. UART is a commonly used
asynchronous serial communication protocol that facilitates data exchange between two
devices via a straightforward two-wire interface (TX and RX) without necessitating a
clock signal for synchronisation. The design comprises two primary elements: a
transmitter unit that converts input data from a parallel structure to a serial
configuration, including start and stop bits for synchronisation, and a receiver unit that
captures the serial data, checks its accuracy, and transforms it back into a parallel
format. A baud rate generator ensures reliable data transmission by producing
consistent clock pulses, thus preventing data transmission rate discrepancies.

A thorough testbench is used to validate the system, simulating a range of transmission
scenarios with distinct data values, start/stop bit configurations, and error states to
verify proper operation. The system is synthesized and implemented on a field-
programmable gate array (ARTIX - 7 FPGA), specifically the Xilinx Artix-7, to
illustrate real-time functionality. Enhancing efficiency and scalability, the UART design
increases the reliability of data transmission, thereby making it a versatile choice for
various embedded communication systems.

1. Introduction

The project highlights the significance of accurate
timing and synchronization in serial communication

In modern digital systems, communication between
different components or devices is crucial for
efficient data exchange. The  Universal
Asynchronous  Receiver/Transmitter ~ (UART)
protocol is widely used for asynchronous serial
communication, eliminating the need for a separate
clock signal. This project focuses on designing and
implementing a UART communication system
using Verilog Hardware Description Language
(HDL), with real-time validation on an ARTIX - 7
FPGA nplatform. The system comprises a
transmitter module that converts parallel data into a
serial stream with start and stop bits for
synchronization and a receiver module that
captures, verifies, and converts serial data back into
parallel form. The baud rate generator ensures
proper synchronization between the transmitter and
receiver, maintaining stable data transmission.

and provides a foundation for exploring advanced
protocols like SPI, 12C, and CAN. The UART
receiver module facilitates secure communication
with a processor, allowing authentication key
exchange through a terminal interface like PUTTY.
These authentication keys undergo validation by
the processor’s security mechanisms before
granting access to core functionalities.

The UART interface integrates error detection
mechanisms such as parity bits and a custom frame
protocol to ensure communication integrity. The
Verilog-based ARTIX - 7 FPGA implementation
maintains minimal resource overhead while
enhancing security without compromising system
performance. Additionally, a digital clock displayed
on a seven-segment display is implemented using
ARTIX - 7 FPGA counter modules to track hours,
minutes, and seconds. The PuTTY terminal
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interface enables remote control and
troubleshooting, making it a valuable tool for
testing the system'’s functionality.

Figure 1 depicts the UART frame format for both
serial transmission and reception scenarios. The
upper part of the figure illustrates the transmission
process, whereas the lower part depicts the
reception process. In serial transmission, data is
transmitted one bit at a time, initiated by a start bit,
followed by the eight data bits (ranging from the
least significant bit to the most significant bit), and
concluded by a stop bit. The figure demonstrates
how each bit is driven onto the transmission line at
precise intervals, facilitating data transmission. On
the receiving end, the process starts with the
detection of the start bit, which is then followed by
the sampling of each data bit at predetermined
intervals to reconstruct the transmitted information.
The receiver takes a sample of the data precisely at
the midpoint of each bit period for the purpose of
achieving high accuracy. The frame comprises a
start bit, 8 data bits, and a stop bit, like a
transmission. This UART frame format ensures
reliable asynchronous communication by defining a
clear protocol for data transmission and reception
without requiring a clock signal.

Figure 2 shows the PUTTY Configuration Menu,
which is used to establish serial communication
between a computer and an external device via a
COM port. PUTTY s a versatile terminal emulator
that supports multiple connection protocols,
including SSH, Telnet, and Serial communication.
In this configuration, the serial line is set to COM1,
which is a common default serial port on Windows-
based systems, and the baud rate is set to 9600, a
standard rate for UART communication. The
Serial connection type is selected, indicating that
the communication will be established using a
direct UART interface rather than SSH or Telnet.
The menu also includes options to load, save, or
delete a stored session under "Saved Sessions,"
allowing users to retain frequently used settings for
guick access. Additionally, session management
features enable users to define whether the PUTTY
window should close automatically upon session
termination. To initiate the connection, the user
clicks the "Open" button, launching the terminal
interface for real-time communication with the
connected device. This setup is essential for
debugging embedded systems, microcontrollers,
and UART-based communication protocols.

2. Literature survey
[1] Tianjun Zhan (2025) presented a Verilog HDL-

based implementation of UART design, focusing
on the development and optimization of UART
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communication systems using Verilog HDL,
ensuring efficient data transmission and robust
hardware implementation. By leveraging Verilog's
capabilities, the research explores improved design
methodologies that enhance the reliability and
performance of UART interfaces. The findings
contribute to ongoing advancements in digital
communication, reinforcing the importance of
hardware description languages in  modern
electronic system design. [2] Gupta et al. (2020)
focused on the design and deployment of a high-
speed UART, emphasizing its importance in
contemporary communication systems. [3] Plugariu
et al. (2019) expanded on FPGA-based high-
performance computing by developing a Hadoop

ZedBoard cluster with FPGA-based GZIP
compression  acceleration, demonstrating its
efficiency in data processing applications. [4]

Jeevan and Sivani (2018) explored various logic
design styles to enhance high-performance VLSI
decoders, which are critical in digital signal
processing. [5] Koren (2018) examined advanced
computer arithmetic algorithms, forming the
foundation for efficient computation in digital
circuits, a topic further developed by [6] Brent and
Zimmermann (2010) through their exploration of
key computational techniques used in modern
digital systems.

[7] Gani et al. (2017) contributed to the biomedical
engineering field by investigating EEG data
acquisition systems utilizing FPGA ZedBoard,
showcasing FPGA'’s versatility beyond
communication systems. [8] Nanda and Pattnaik
(2016) made a significant contribution to UART
research by analyzing its implementation and
optimization, which has appeared in multiple
publications. [9] Gopal et al. (2015) proposed a
Built-In  Self-Test (BIST) method for on-chip
UARTSs, improving fault detection in digital
circuits, which is essential for increasing the
reliability of integrated systems. [10] Jeevan et al.
(2014) extended the application of FPGA beyond
communication by implementing a secure image
compression system using 2D Discrete Cosine
Transform and Verilog HDL, demonstrating
FPGA's role in data security and efficient image
processing.

[11] Wakhle et al. (2012) provided a structured
approach to hardware design by integrating UART
using VHDL codes, offering a systematic
methodology for designing reliable communication
interfaces. [12] Fang and Chen (2011) focused on
UART serial communication, designed and
simulated using VHDL to ensure robust data
transmission. [6] Brent and Zimmermann (2010)
presented key computational techniques that
contribute to modern digital systems, particularly in
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arithmetic circuit design. [13] Minns and Elliott
(2008) investigated the application of FSM-based
digital design within Verilog HDL, providing
valuable insights into structured methods for
hardware development.

[14] Yu et al. (2007) addressed the challenges of
managing multiple communication channels by
proposing a multi-channel UART controller that
integrates FIFO and FPGA, ensuring efficient data
handling. [15] Norhuzaimin and Maimun (2005)
tackled the complexities of high-speed UART
system development, focusing on efficient data
handling and maintaining signal integrity, which
remains a crucial aspect of digital communication.
[16] Gordon (1995) laid an early foundation in the
field by examining the semantic intricacies of
Verilog HDL, identifying challenges in hardware
description languages and influencing subsequent
developments in digital design methodologies.

3. Existing method

The existing method involves developing a
communication system, incorporating both a
transmitter and a receiver, and utilising Verilog for
its implementation on a Field-Programmable Gate
Array (FPGA) platform. The transmitter module is
accountable  for transmitting data via a
communication channel, relying on a baud rate
generator to regulate a transmission speed of 19200
baud. A baud rate generator produces precise
timing signals to ensure consistent data
transmission. Data is transmitted one bit at a time
using a shift register or serializer. At the receiving
end, the receiver module receives the incoming
data, synchronizes its reception, and reassembles
the original data stream. Accurate timing and bit
alignment are crucial for ensuring reliable
communication.

The system utilises FPGA's capacity for parallel
processing, resulting in faster speeds and lower
latency when compared to software-based systems
traditionally employed. The FPGA-based design
provides hardware reliability and scalability,
making it well-suited for high-frequency
communication. A terminal emulator, such as
PuTTY, is employed for verifying and tracking data
exchange between the sending and receiving units.
PUTTY enables serial communication between the
FPGA and a PC, thereby enabling real-time data
transmission monitoring and interaction with the
system. The Verilog implementation includes a
transmitter module, which is combined with a baud
rate generator that guarantees a transmission speed
of exactly 19200 baud. Data transmission is
managed by a state machine, and the receiver
module employs a comparable process to
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synchronize and capture data. Verilog modules are
connected to FPGA 1/0 pins to facilitate signal
transmission, with the necessary constraints in
place to guarantee co rrect operation. This approach
delivers a robust solution for serial data
communication, guaranteeing dependable
synchronization and timing within FPGA-based
communication systems. Characteristics of UART

(Universal Asynchronous Receiver/Transmitter)

Communication
1. This communication method does not use a
synchronized clock signal between the sender
and the recipient.

.Data transmission and reception
simultaneously in Full Duplex systems.

. Transmission speed for Baud Rate Control can
be customised to specific values such as 9600 or
19200.

. Data transmission is initiated and terminated by
the Start and Stop Bits.

. The Parity Bit (optional) serves as an error-
checking feature.

. A Data Frame usually consists of 8-bit data
which can be tailored to suit specific application
requirements.

This project provides practical experience
in designing digital communication systems and
implementing them using FPGAs. A UART gives a
basic understanding of serial communication,
acting as a stepping stone for mastering more
intricate  communication protocols. This further
illustrates the hands-on implementation of Verilog

occur

HDL in addressing real-world communication
difficulties, thereby strengthening core concepts in
digital design and FPGA-based  system
development.

4. Proposed method

We Proposed an upgraded UART-based
communication  system  featuring  adjustable

parameters that enable the transmission of a
variable numbers of bits (n) between a primary
device and a secondary device. The system operates
at a predetermined baud rate, enabling seamless
synchronization of data incorporation of crucial
parameters, which in turn facilitates the
transmission of both small and large data packages
as required by applications.

The system's flexibility allows for scalability,
making it adaptable to a range of communication
requirements, such as rapid and large-scale data
transfers. Parameterization streamlines the overall
system architecture, maximizing resource
efficiency as data widths increase. The proposed
method facilitates the rapid transfer of 128-bit data
between the master and slave, thereby enhancing



V Venkata Sai Raghava, M Ravi Kumar/ IJCESEN 11-3(2025)5878-5886

both speed and dependability. This advanced
UART system delivers a flexible and effective
solution  for  contemporary  communication
applications through its support of multiple
configurations and rigorous data integrity measures.

V. Block Diagram & Methodology

Figure 3 illustrates the block diagram of the UART
(Universal Asynchronous Receiver-Transmitter)
protocol, which facilitates a synchronous serial
communication  system between a master
(transmitter) and a slave (receiver), operating based
on a predefined baud rate. The BAUD_RATE
block generates a clock signal that ensures both the
master and slave operate at the same transmission
speed, preventing data loss or misinterpretation.
The master is responsible for sending data using a
Parallel-In Serial-Out (PISO) shift register, which
converts parallel data into a serial stream. This
serial data is transmitted via the DATA_TX line to
the slave, which then converts it back into parallel
data using a Serial - In Parallel - Out (SIPO) shift
register. The RESET signal ensures proper
initialization, resetting both master and slave to a
known state before communication begins.

The shift registers (PISO and SIPO) facilitate
seamless serial — to - parallel and parallel — to -
serial conversions, enabling effective
communication between digital systems. The
master initiates and controls the data flow, while
the slave passively receives and processes the
transmitted  information.  This method of
communication is widely implemented in
embedded systems, microcontroller-based designs,
and real-time data transmission applications,
ensuring reliable and synchronized data exchange
between interconnected devices.

Figure 4 represents the flowchart of receiving data
through the UART (Universal Asynchronous
Receiver-Transmitter) data reception process,
ensuring proper synchronization, baud rate
generation, and data validation. The process begins
with the Start step, which initializes the UART
reception system. Before processing, the incoming
serial data is stored in the Synchronization Register
(rs232_rx) to ensure proper alignment with the
system clock. This synchronization is crucial for
accurately detecting and decoding the transmitted
bits. The next step involves monitoring the input
signal to detect the start bit. This is done using a
negative edge trigger (negedge), as UART
communication begins with a low (0) bit. Detecting
this falling edge signals the receiver to prepare for
incoming data. This mechanism ensures that the
system correctly identifies the beginning of a valid
data frame.
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Once the start bit is detected, the UART state is
updated (uart_start) to indicate that the system has
transitioned into the data reception phase. At this
point, the baud rate clock (bps_clk) is generated,
ensuring that data is received at precisely defined
intervals based on the communication speed. This
baud rate synchronization is essential for properly
sampling each bit at the correct moment. As the
transmission progresses, the system detects and
processes an entire data frame, including all
transmitted bits. Upon successful reception, the
system identifies that a complete frame has been
detected, marking the transition to the data
verification phase. To ensure integrity, the received
data, including any parity or check bit, is then read
and stored (r_data_bit) for further validation.

To maintain proper synchronization, the baud rate
indexer is updated, ensuring that each subsequent
data bit aligns with the system's clock and timing
requirements. The receiver then sets the correct
baud rate and baud rate frequency division
(Bps_out and Bps_DR), allowing accurate data
sampling and ensuring that communication remains
stable throughout the reception process. Once the
received data has been validated and processed, the
system accepts and outputs the correct data. If
additional frames are expected, the process loops
back to detect the next start bit, allowing
continuous reception. Otherwise, if no further data
is received, the process terminates, completing the
reception cycle.

This  flow  ensures  reliable, error-free
communication in UART-based systems by
properly  handling  synchronization,  clock

generation, and data validation. The methodology is
widely used in embedded systems,
microcontrollers, serial communication interfaces,
and industrial automation where UART-based data
transfer is a fundamental requirement. The image in
Fig5, the waveform provides a detailed view of the
UART signals and their values over time, which
can be useful for debugging and analyzing the
UART design. The image features a timeline at the
top, which displays a time scale measured in
microseconds, covering a period of 0 to 40
microseconds. The diagram appears to depict a
block representation of a UART design, illustrating
the connections between the transmitter, receiver,
and RS-232 interface signals, encompassing
input/output data, control flags, and timing signals.
Fig7 appears to be a power estimation summary for
a UART (Universal Asynchronous Receiver-
Transmitter) design, showing the total on-chip
power of 1.899W, with a breakdown of the power
consumption by different components such as
dynamic, signals, logic, and 1/0. The design also
includes information on junction temperature,
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thermal margin, and power delivered to off-chip
components. Fig8 shows the timing analysis for the
unconstrained paths of a UART (Universal
Asynchronous Receiver-Transmitter) design. The
statement offers information on name, slack, levels,
routes, high fanout, source and destination registers,
total delay, and logic delay for numerous paths.
Fig9 shows the hierarchy and resource utilization of
the UART (Universal Asynchronous Receiver-

Transmitter) design. The key area-related
information is, the design utilizes 436 Slice LUTSs,
352 Slice Registers, 9 F7 Muxes, 260 Bonded

I0Bs, and 1 BUFGCTRL. The Rx
(Rs232_Rx_nbytes) module uses 319 Slice LUTs
and 295 Slice Registers, while the tx

(Rs232_Tx_nbytes) module uses 117 Slice LUTs
and 57 Slice Registers.
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4. Conclusions demonstrated  the  feasibility = of UART

In this section conclusions of work should be given
A Universal Asynchronous Receiver/Transmitter
(UART) communication protocol was successfully
designed and implemented using Verilog HDL,
with real-time validation carried out on an FPGA
platform. The system was composed of two key
modules: a transmitter for converting parallel data
into serial form with proper framing, and a receiver
for capturing the serial data, verifying its integrity,
and converting it back to parallel form. A baud rate
generator operating at a predefined speed baud
ensured accurate timing and synchronization
between the transmitter and receiver, enabling
reliable data transmission. The implementation
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communication for efficient data transfer between
devices, successfully transferring 128 bits of data
from the master to the slave. With the designed
system's successful validation on FPGA hardware,
this UART communication protocol proves to be a
robust and adaptable solution for a variety of real-
time applications. The system offers flexibility for
both simple and complex data transmission needs,
providing a foundation for future enhancements
such as higher data rates and multi-bit
configurations, further improving the scalability
and performance of the UART communication
system.
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