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ABSTRACT: This paper review of Bit Linear Feedback Shift Register which generates pseudo-random test patterns as
the input bit is a linear function of its previous state. The total number of random state generated on LFSR depends on
the feedback polynomial. As it is simple counter so it can count maximum of 2n -1 by using maximum feedback
polynomial. Here in this paper we studyof 16-bit different types of shift register on FPGA by using VHDL and analysis
the behaviour of randomness. The analysis is conceded out to find number of gates, memory and speed requirement in
FPGA as the number of bits is increased. Also, the simulation problem for long bit LFSR on FPGA is presented. The
design is simulated and synthesized in Xilinx software.
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I. INTRODUCTION

A linear feedback shift register is a combination of series of flip flop and XOR or XNOR logic gates. Its output is
pseudo randomly cycle through a sequence of binary values after certain number of clock cycle [1]. The repetition of
random output depends on the number of stages in the LFSR. Therefore, it is an important component in
communication system where, it play important role in various application such as cryptography application, CRC
generator and checker circuit, gold code generator, for generation of pseudorandom sequence, for designing encoder
and decoder in different communication channels to ensure network security, Design for Test (DFT) and Built in Self-
Test design (BIST).

A linear feedback shift register is linear in the sense that its input bit is a linear function (XORing or XNORing) of
LFSR previous state [2].

The main challenging areas in VVLSI are performance, cost, testing, area, reliability and power. The demand for portable
computing devices and communications system are increasing rapidly. These applications require low power
dissipation for VVLSI circuits. The power dissipation during the test mode is 200% more than in normal mode. Hence it
is important aspect to optimize power during testing. Power optimization is one of the main challenges. Linear
feedback shift registers have multiple uses in digital systems design. Here we have implemented a 32 bit length
sequence on FPGA using VHDL with maximum length feedback polynomial to understand the memory utilization and
speed requirement. Also, we have presented the comparison of performance analysis based on synthesis and simulation
result as well identify the simulation problem for long bit LFSR. The target device we have used Xilinx Spartan 3A and
performed simulation and synthesis using Xilinx ISE. The HDLs are VHDL and Verilog. We prefer VHDL for
programming because it is widely used.

Il. LITRATURE REVIEW

ParthoGhose [1], reversible logic is an emerging technology that plays an important role in the fields of low power
computation and can be applied in cryptography, communications, quantum computing etc. Reversible shift registers
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are one of the most important elements in fabricating reversible memory circuits. In this paper, we present efficient design of
different reversible shift registers such as Serial In Serial Out, Serial In Parallel Out, Parallel In Serial Out and Parallel In Parallel
Out registers. We have also outlined appropriate lemmas to illustrate different properties of the proposed designs. Suitable
algorithms for designing the reversible shift registers are also mentioned. Comparative analysis reveals that our proposed design
requires minimal number of reversible gates and constant inputs, and also produces less number of garbage outputs than the state-of-
theart design. Furthermore, to clarify the validity of our design, all the proposed circuits have been simulated using DSCH3.

Mishra Shivshankar et al. [2],this paper focus on the implementation ofconfigurable linear feedback shift register (CLFSR) in
VHDL and evaluate its performance with respect to logic, speed and memory requirement in FPGA. Behavioral implementation of
CLFSR in VHDL is configurable in terms of number of bits in the LFSR, the number of taps; positions of each tap in the shift
register stage and seed value of LFSR.The target device used for implementation of CLFSR is Xilinx Virtex-4 FPGA. For simulation
and synthesis of CLFSR Xilinx ISE 9.2i tool is used. The output waveforms and timing report are also discussed.

Sharma Radhika et al. [3], in chip manufacturing technology, reduction inchip size possess great concern for power dissipation.
Low power testing has become an important issue as power dissipation during testing mode is very high as compare to normal mode.
LFSR is used in testing of ASIC chips by generating pseudo random patterns. This paper deals with design of low power LFSR by
using GDI technique. GDI technique is one of the low power technique used for implementing various digital circuits.

This technique uses only two transistors to design fast and low power circuits with improvement in power characteristics. LFSR has
been implemented by conventional and GDI technique in Cadence Virtuoso at 90nm technology. Comparative analysis is carried out
between the two methods showing up to 45.4 % and 20 % reduction in power and area respectively in GDI technique. Simulation
and variation of power with frequency and voltage is also discussed.

Hathwalia Shruti et al. [4],this paper proposes a 32 Bit Linear Feedback Shift Register which generates pseudo-random test
patterns as the input bit is a linear function of its previous state. The total number of random state generated on LFSR depends on the
feedback polynomial. As it is simple counter so it can count maximum of 2n -1 by using maximum feedback polynomial. Here in
this paper we implemented 32-bit LFSR on FPGA by using VHDL to study the performance and analysis the behaviour of
randomness. The analysis is conceded out to find number of gates, memory and speed requirement in FPGA as the number of bits is
increased. Also, the simulation problem for long bit LFSR on FPGA is presented. The design is simulated and synthesized in Xilinx
14.5 ISE and Model Sim 10.1b.

Table 1: Summary of Literature Review
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Design of | Design of | Slice flip flop =
Reversible Shift | reversible different | 10Bs =11, LUTs =
Registers types of shift | 5, MCPD =2.189
Minimizing register ns
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I1l. LINEAR FEEDBACK SHIFT REGISTER

Linear-feedback shift register (LFSR) is a shift register whose input bit is a linear function of its previous state. The
most commonly used linear function of single bits is exclusive-or (XOR). Thus, an LFSR is most often a shift register
whose input bit is driven by the XOR of some bits of the overall shift register value. An LFSR is a class of devices
known as state machine. It is a shift register whose input bit is a linear function of its previous state. The only linear
functions of single bits are XOR and XNOR. Thus it is a shift register whose input bit is driven by XOR or XNOR of
some bits of overall shift register value.

Theory of Operation: -Feedback around an LFSR's shift register comes from a selection of points (taps) in the register
chain and constitutes XORing these taps to provide tap(s) back into the register. Register bits that do not need an input
tap, operate as a standard shift register. It is this feedback that causes the register to loop through repetitive sequences
of pseudo-random value. The choice of taps determines how many values there are in a given sequence before the
sequence repeats. The implemented LFSR uses a one-to-many structure, rather than a many-to-one structure, since this
structure always has the shortest clock-to-clock delay path.

Clock
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Register Register | output (PN
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Figure 1 Basic block diagram of LFSR [2]

Pseudo random number sequence generator is generated in VHDL according to the following circuit in Figure 1 based
on the concept of shift register.The bits in the LFSR state which influence the input are called taps. A maximum-length
LFSR produces an m- sequence (i.e. it cycles through all possible 2n -1 state within the shift register except the state
where all bits are zero), unless it contains all zeros, in which case it will never change. The sequence of numbers
generated by this method is random. The period of the sequence is (2n - 1), where n is the number of shift registers used
in the design.

IV. PROPOSED METHODOLOGY

This sequential device loads the data present on its inputs and then moves or “shifts” it to its output once every clock
cycle, hence the name Shift Register.

A shift register basically consists of several single bit “D-Type Data Latches”, one for each data bit, either a logic “0”
or a “1”, connected together in a serial type daisy-chain arrangement so that the output from one data latch becomes the
input of the next latch and so on.

Data bits may be fed in or out of a shift register serially, that is one after the other from either the left or the right
direction, or all together at the same time in a parallel configuration.

The number of individual data latches required to make up a single Shift Register device is usually determined by the
number of bits to be stored with the most common being 8-bits (one byte) wide constructed from eight individual data
latches.

Shift Registers are used for data storage or for the movement of data and are therefore commonly used inside
calculators or computers to store data such as two binary numbers before they are added together, or to convert the data
from either a serial to parallel or parallel to serial format. The individual data latches that make up a single shift register
are all driven by a common clock (CIk) signal making them synchronous devices.
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Shift register IC’s are generally provided with a clear or reset connection so that they can be “SET” or “RESET” as
required. Generally, shift registers operate in one of four different modes with the basic movement of data through a
shift register being:

= Serial-in to Parallel-out (SIPO) - the register is loaded with serial data, one bit at a time, with the stored data
being available at the output in parallel form.

= Serial-in to Serial-out (SISO) - the data is shifted serially “IN” and “OUT” of the register, one bit at a time in
either a left or right direction under clock control.

= Parallel-in to Serial-out (P1SO) - the parallel data is loaded into the register simultaneously and is shifted out of
the register serially one bit at a time under clock control.

= Parallel-in to Parallel-out (PIPO) - the parallel data is loaded simultaneously into the register, and transferred
together to their respective outputs by the same clock pulse.
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Figure 2: Flow Diagram of Serial in Parallel Output Shift Register
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Figure 3: Flow Diagram of Parallel in Serial Output Shift Register
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Figure 4: Flow Diagram of Parallel in Parallel Output Shift Register
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Figure 5: Block Diagram of Reversible Parallel in Serial out Shift Register

V. EXPECTED RESULT

The proposed implementation is programmed (Described) and implemented using VHDL language which is a
Hardware Description Language that was developed by the Institute of Electrical and Electronic Engineers (IEEE) as a
standard language for describing the structure and behavior of digital electronic systems. It has many features
appropriate for describing the behavior of electronic components ranging from simple logic gates to complete
microprocessors and custom chips. The resulting VHDL simulation models can then be used as building blocks in
larger circuits (using schematics, block diagrams, or system-level VHDL descriptions) for the purpose of simulation.

e  Design 4-bit, 8-bit and 16-bit register with the help of logic gate and flip flop.

e All design are implemented using Xilinx Software for different device family and calculate various parameter
i.e.
Number of Slice
Number of LUTs
Number of Flip Flop Pair
Number of Input Output
Delay

All design will be compared with the previous base paper (2018) in different device family and achieved good result.

VI. CONCLUSION

Design of a random testing circuit based on LFSR for the external memory interface is discussed in this paper. The
random test patterns can improve testing efficiency, and reduce the artificial dependence in testing process in any
circuit. Definitely 16-bit LFSR with maximum length feedback polynomial will generate large sequence which is more
secure than other but because of simulation difficulties modification in long bit LFSR is needed.
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