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Abstract— Asynchronous serial communication is usually 

implemented by Universal Asynchronous Receiver 

Transmitter (UART), mostly used for low expense, low speed, 

short distance data transmission between processor and 

peripherals. UART is capable full duplex serial 

communication link, and it has been used in data 

communication and control system. Also, design systems 

without full testability are about to the increased possibility of 

product failures and missed market opportunities. BIST is a 

testing technique that allows a circuit to test automatically 

itself. In this paper, the simulation result performance 

achieved by BIST enabled UART architecture through VHDL 

programming has been implemented. This technique generate 

random test pattern automatically, so it can provide less test 

time compared to an externally applied test pattern and helps 

to achieve much more productivity at the end. 
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I. INTRODUCTION 

Testing of integrated circuits (ICs) is important to ensure a 

high level of quality in product functionality in both 

commercially and privately produced products. Very Large 

Scale Integration (VLSI) has made a dramatic impact on the 

growth of integrated circuit technology. The improvements 

have resulted in significant performance/cost advantages in 

VLSI systems. Built-in self-test refers to techniques and 

circuit configurations that enable a chip to test it self. In this 

methodology, test patterns are generated and test responses 

are analysed on-chip.  BIST has gained popularity as an 

effective solution over circuit test cost, test quality and test 

reuse problems. In this paper we are presenting an 

implementation of a tester using VHDL. The UART is 

targeted at broadband modem, base station, cell phone, and 

PDA designs .In these devices serial data is transmitted via 

its serial port. It is a connector where serial line is attached 

and connected to peripheral devices such as mouse, modem, 

and printer and even to another computer. Various blocks of 

BIST Enabled UART are modelled in VHDL. The design is 

functionally verified by simulating the code in Modelsim 

from Mentor Graphics. 

II. BIST ARCHITECTURE 

BIST is an on-chip test logic that is used to test the functional 

logic of a chip. BIST solution consists of a Test Pattern 

Generator (TPG), a circuit to be tested, a way to analyse the 

results, and a way to compress those results for simplicity and 

handling. With the rapid increase in the design complexity, 

BIST has become a major design consideration in Design-

For-Testability (DFT) methods. Achieving high fault 

coverage while maintaining an acceptable design overhead 

and keeping the test time within limits is of utmost 

importance. BIST help to meet the desired goals. The 

components used in BIST are abbreviated below. 

 
Fig. 1: BIST Architecture 

 Circuit under Test (CUT): It is the portion of the circuit 

tested in BIST mode. It can be sequential, combinational 

or a memory. It is delimited by their Primary Input (PI) 

and Primary Output (PO). 

 Test Pattern Generator (TPG): It generates the test 

patterns for the CUT. It is a dedicated circuit or a 

microprocessor. The patterns may be generated in 

pseudorandom or deterministically. 

 Test Response Analysis (TRA): It analyses the value 

sequence on PO and compares it with the expected 

output BIST Controller Unit (BCU): It controls the test 

execution; it manages the TPG, TRA and reconfigures 

the CUT and the multiplexer. It is activated by the 

Normal/Test signal and generates a Go/No go. 

III. UART 

 
Fig. 2: UART 
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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. Functionally 

UART consist of 
 CPU internal logic 

 Modem control section 

 Transmitter section 

 Receiver section.  

IV. BAUD GENERATOR 

Baud generation section is a clock divider circuit, FPGA 

board clock runs at 50MHz, but UART transfer data at 

predefined standards that had to be maintained, in present 

system is designed for a rate of 9600/sec (i.e. 50x106 is scaled 

down for 9600) generates a 9600 pulses for a sec, this implies 

the speed of UART is 9600 bits per sec. another clock with a 

16 times faster is required to the receiver section so that the 

data will not be corrupted, baud out is given to the enable 

generator section. Baud rate has been calculated by the speed 

of data transmission in a system. It denotes the number of 

electrical oscillations per second that occurs in a data 

transmission. More bits per second can be transferred if the 

Baud rate is higher. 

V. IMPLEMENTATION 

LFSR (Linear Feedback Shift Register) generates 8-bit 

random data. This serial data coming from LFSR is fed to 

transmitter which converts serial data to parallel. This 8-bit 

parallel data coming from transmitter is given to receiver and 

this data is used when the test enable is in high condition 

which means circuit is in testing mode. The receiver takes 8-

bit parallel data and it gives serial data. 

This 8-bit serial data coming from receiver is given 

to comparator. Comparator one input is coming from 

receiver output and the other input from LFSR. If the data 

coming from receiver is same as LFSR data, then the UART 

is working properly, and it is indicated by BIST fail flag as 

zero. In case, the data is not same, then UART is 

misbehaving, BIST fail becomes one. 
The UART developed here as the capability of 

working with the testing mode that means at any time if 

circuit misbehaves then BIST fail flag indicates the same. In 

this design test enable is meant foe only providing the all test 

cases for the design in real time use this will not be there. 

Whenever test enable is low the UART is going into normal 

working mode. The design results in effective working 

UART, because whenever any module of UART fails 

working, BIST will automatically generates a flag indicating 

that UART is misbehaving.  

VI. SIMULATION OUTPUT 

 
Fig. 3: Simulation Output 

VII. CONCLUSION 

In this paper, UART has been used for testing using BIST 

technique with VHDL coding. The results are successfully 

simulated and outputs for test patterns are generated. Also, 

this is time saving whereas the other methods are time 

consuming. It also helps in achieving wide variety of 

algorithms which allows the BIST to function at high speed. 

REFERENCES 

[1] Tapas Tewary , Atanu Sen, A novel approach to realize 

Built-in-self-test (BIST) Enabled UART using VHDL 

ECE department of Academy of Technology IEEE, 

Howrah, West Bengal.  
[2] Devshree Baghel,Khemraj Deshmukh, Implementation 

of UART using VHDL with BIST, International journal 

of innovative science.Vol.2 issue 7,July,2015 

[3] Vishalaxi Godi, Rohini Hongal, Implementation of 

UART with BIST Technique Using Low Power LFSR, 

International journal of engineering research and 

applications. 

[4] M. Mamatha, Vijaykumar R. Urkude BIST Enabled 

UART for Real Time Interface Applications using 

FPGA, International journal of research in electronics. 

Vol 2, issue 4, Dec. 2015. 

[5] Shikha Kakar1, Balwinder Singh 2, and Arun Khosla 

Implementation of BIST Capability using  LFSR 

Techniques in UART ,International journal of recent 

trends in engineering, Vol 1, No.3,May 2009 


