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Abstract— In communication over the highly secured line the genuineness and the time of occurrence of data is primary 
requirement. Design engineers who do not design systems with full testability feature increases the possibility of product 
failure and missing market opportunities. This paper mainly focus on the detection of data corruption and delay faults, 
incorporated in the data during transmission over the communication link. Thus, for increasing durability and the speed of 
fault recognition of datum, it is required to embed the testing property within the universal asynchronous receive/transmit 
(UART) chip with less area overhead. BIST is a designing procedure that allows a system to test itself. Designing begins by 
implementing the UART module with multiple input signature register (MISR) and a tester using Verilog HDL. The 
modules are then, assembled, optimize for minimum hardware requirement, synthesized and tested on Spartan - 3E FPGA 
board to verify design. 
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I. INTRODUCTION 
 
The universal asynchronous receive/transmit process 
is defined on specified baud rate with a sampling 
procedure to attain efficient communication among 
systems [5]. A UART is an integrated circuit which 
plays the major role in connecting the synchronous 
digital processors to the asynchronous devices by 
executing the communication procedure. It mainly 
handles the translation between serial and parallel 
data [1]. The incorporated MISR is involved in the 
sharing of signature bits along with data bits. The 
method presented for MISR designing is built in self-
test (BIST). It offers advantages concerning fault 
coverage and detection of delay faults with 
comparative less area overhead. BIST offers quick 
testing in contrast to an externally adapted analysis of 
faults which had been performed by groups of 
technicians and allows the adoption of economical 
test devices over all levels of fabrication [3]. 
The UART accept bytes of data and transmits the 
separate bits in a sequential fashion [1]. At the 
receiving end, another UART organize the bits into 
complete byte. Every UART incorporate a register, 
which is the essential process of transformation 
between serial and parallel forms. 
 
II. DEVELOPMENT ENVIRONMENT 
 
With the advancement in integrated circuit 
technology, it has become very tedious and time 
consuming to design systems at basic building 
element level to flip flop level. In such reference the 
use of HDL in the development of digital design has 
notably enhanced in the latest years, exclusively for 
FPGA architecture. Verilog HDL allows designer to 
design a digital system and debug at a higher level 
before changeover to the basic building element level 
to flip flop level [6]. Verilog is one such suitable 

HDL which is applied to characterize and simulate 
the activity of an array of digital systems, differ from 
complexity of a basic building element to an 
interconnection of any complicated ICs on the FPGA. 
The Spartan-3E starter kit board is used in this 
project, it has three diverse configuration memory 
sources that all demand to operate well in 
synchronization. This kit further consist of an on-
board USB-based JTAG programming interface. 
Xilinx ISE (Integrated Synthesis Environment) used 
in this project is a software tool originated by Xilinx 
for construction and study of HDL architecture, 
permitting the designer to compile their designs, 
execute timing tests, review the RTL models, produce 
a design's behavior to particular stimuli, and construct 
the target device with the programmer. 
The Xilinx ISE is mainly used for circuit synthesis 
and design, while ISIM or the ModelSim logic 
simulator is used for system-level testing [6, 8]. IP 
Cores are offered by Xilinx and other third-party 
vendors, to implement system-level functions such as 
digital signal processing (DSP), bus interfaces, 
networking protocols, image processing, embedded 
processors, and peripherals. 
 
III. UART ARCHITECTURE 
 
The UART described in this paper is composed of 
transmitter, receiver, tester and MISR for both 
transmitter and receiver. The architecture of UART is 
shown in fig. 1 and its initialization is described 
below. 
Prior to testing, the “ctr” pin and “serial_out” of 
transmitting UART shown in fig.1 needs to connect 
with the “cts” pin and “serial_in” pin of receiving 
UART for establishing a communication link along 
with hand shaking protocol. The “reset” pin needs to 
set at low logic level to initialize the UART. By 
imposing data bits to the “parallel_in” pin and setting 
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“write” pin to high for a minimum of one clock cycle 
to feed data into the UART. MISR mode can be 
selected by setting the “mode” pin to high logic level. 
 

 
Fig. 1. UART architecture. 

 
A multiple input signature register, abbreviated as 
MISR is commonly used for signature generation. It 
consists of D flip-flops with internal XOR gates along 
with XOR gates in feedback. There are N flip-flops 
and N-1 XOR gates required in feedback for an N-bit 
MISR. 
Fig. 2 shows the unit element of MISR which 
contains a D flip-flop with an XOR gate. In this 
MISR the flip-flop is positive edge triggered and 
having a reset pin to clear its value externally. 

 

 
Fig. 2. Unit element block of MISR. 

      
The architecture of the MISR for 8-bit signature 
generation is shown in Fig. 3 contains 8 unit elements 
of flip-flops with internal XOR gate and 7 XOR gates 
in feedback to generate 8-bit signature. The MISR 
requires only one clock cycle to take parallel data as 
input and 4-clock cycles to generate 8-bit parallel 
signature as output. The table 1 gives the information 
about the generated signature for different data input. 
 

 
Fig. 3. 8-stage multiple input signature register. 

MISR takes the 8-bit data in parallel at input port (D7 
– D0) and produces an 8-bits signature at output port 
(Q7 – Q0) by consuming 4-clock cycles. The parallel 
signature is fed to the UART’s transmitter which is 
transmitted after the data bits. 
 
TABLE 1 INPUT TO OUTPUT SIGNATURE GENERATION 

 
 
From the whole frame of data and signature, received 
data is fed to the “MISR_RX” of UART and received 
signature to the tester. Tester is comprised of 
comparator used to compare the signatures, wherein 
one signature comes from transmitter and the other 
signature is generated at receiving end of UART 
using the received data. Whenever there is mismatch 
of both signatures tester generates an error signal. 
 
IV. SIMULATION 
 
During normal operation “mode” pin will be set low. 
The transmitter and receiver simulation under normal 
mode will be demonstrated next. The working of 
UART subjected to MISR mode will be expressed out 
in the consecutive part. 
 
A. UART normal mode 
In normal mode of operation UART sends the start 
bit, data bits and stop bit as shown in fig 4. 
 

 
Fig. 4. Normal mode frame. 

 
1) Transmitter simulation: Prior to sending the 

data stream to the UART, CPU needs to check 
whether the transmitter is ready or not to take the data 
as input. The low state of “txrdy” gives the 
information to the sender that transmitter buffer is 
empty and is ready to store the new data frame. After 
storing of data successfully onto the transmitter 
storage register the “cts” pin needs to put at logic low 
for initiating the data to transmit serially through the 
“serial_out” pin over the communication link. 
The waveform shown in fig.5 presents the 
transmission of an 8-bit UART frame arranged 
between the start and stop bit as shown in fig.4. Start 
bit, is at low logic level for the time period of the 
baud rate. Start bit is tracked by data bits, which are 
transmitted, starting from LSB to MSB of 8-bits long. 
After the transmission of whole frame, Stop bit is 
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passed on which keeps the line on high logic level till 
the next frame arrives. 
 

 
Fig. 5. Serial data transmission in normal mode. 

 
It is observed from the illustrated waveform shown in 
fig.5, when “parallel_in” is AAH, the frame of 
"01010101" data will be show up on “serial_out”. 
The duration of each data bit is equal to 104.167µs. 
From this guidance, the baud rate can be determined 
as 9600bps. 

 
2) Receiver simulation: Prior to transmission of 

data transmitter needs to check the status of clear to 
receive (ctr) pin. The high logic of “ctr” pin allows 
the receiver to start receiving the new frame of data. 
8-bit serial data from “serial_in” is received followed 
by start bit and having stop bit at last. Whenever the 
whole frame receivers completely, receiver puts the 
receiver ready (rxrdy) pin at high logic, so that the 
CPU can read the data from “parallel_out” pin of 
UART. 

 

 
Fig. 6. Serial data reception in normal mode. 

 
Until the start bit is identified as shown in fig.6, the 
receiver is in ideal state and it is waiting for 
“serial_in” to make a transition from high to low for 
unit time period, which is expressed as a logical Start 
bit. Once a Start bit is encountered, data bit is to be 
saved into receiver store register. 
 
B. UART in MISR mode 
For MISR mode of operation “mode” pin of UART 
have to be set high and reset pin to low. In this 
particular mode error signal is also generated in 
accordance with the received signal by using a testing 
module which compares the received signature with 
the signature generated in receiver itself by the use of 
received data frame. For faulty signal “error” pin 
switches to high logic and vice versa. 
In a single UART the two MISR’s are used one for 
each transmitter and receiver to get a mutually 
exclusive full duplex communication between 

transmission and reception. The MISR is named as 
MISR_TX and MISR_RX for each transmitter and 
receiver respectively. 
 

 
Fig. 7. MISR mode frame. 

 
1) Transmitter simulation: The waveform 

presented in fig.8 displays the transmission of a 16-
bit data at the “serial_out” pin, in which 8-bits are 
reserved for data and 8-bits for signature as per fig.7. 
The MISR consumes 4-clock period to generate 
signature which is placed along with the data bits on 
the transmitter register before the whole 8-bit data 
leaves the transmitter. 
When the data is transmitting the transmitter ready 
(txrdy) pin goes low to notify the busy state of 
transmitter section to the CPU i.e. CPU has to wait 
till the “txrdy” signal goes high. The clear to send 
(cts) which is active low is used for handshaking 
signal. Whenever “cts” goes low, transmitter can 
transmit its bits to the receiver. 

 

 
Fig. 8. Serial data transmission in MISR mode. 

 
It is observed from the waveform in fig.8, during 
“parallel_in” is AAH, the frame of 
"0101010110100000" will appear on “serial_out”. 
The signature bits follows the data bits as shown in 
fig.7. 

2) Receiver simulation: At the receiver both the 
data and signature arrives and are separated, where 
the data is fed into the MISR_RX for generation of 
signature again. If the data is received without error 
or if data remains unchanged at both the ends, the 
same signature will be generated again. Tester at the 
receiving end compares both the received and 
generated signatures, if they are same the 
communication is said to be error free and data is 
treated as genuine data. 
Simulation of fig.9 shows that if the received frame is 
same as transmitted frame, “error” is low and the data 
is considered as error free. 

 
Fig. 9. Serial data reception in MISR mode with no error. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-9, Sep.-2016 

Implementation of UART With Multiple Input Signature Register For Full Fault Coverage 
 

62 

The Simulation in fig.10 shows that if the received 
frame is different from the transmitted frame, “error” 
goes on logic high and the data is considered as 
faulty. 

 

 
Fig. 10. Serial data reception in MISR mode with error. 

 
V. UART DESCRIPTION 

 
A. Pin description 
 

TABLE II UART PIN DESCRIPTION 

 
 
B. Device utilization summary 
The comparison of UART implementation with 
embedded MISR on the basis of delay and area 
overhead is shown in table II. It was observed that 
area overhead after the implementation of MISR is 
increased from 45 to 93 and net delay is increased 
from 5.376 to 5.688. Which is very less in 
comparison with BIST technique using built-in-logic-
block-observer (BILBO) [2]. 
 

TABLE III COMPARISON OF DELAYAND AREA 
OVERHEAD 

 
CONCLUSION 
 
It is concluded that implementation of UART with 
MISR has reduced net delay of around 57% i.e. from 
13.626ns to 5.88ns and area overhead around 52% i.e. 
from 190 slices to 93 slices. 
The simulated waveforms observed substantiate the 
accuracy of the Verilog HDL utilization to illustrate 
the attribute and the architecture of the described 
UART with embedded MISR. The test is completed 
at 9600bps baud rate. The UART module takes 
advantage of nearly 100% fault coverage which is the 
most crucial thing in any design to ensure the 
reliability by their designer of their design. The 
consequent objective for this experimentation is to 
implement the dynamic memory for storing data and 
an internal clocking mechanism. 
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