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ABSTRACT

When compared to standard binary counters, it has been discovered that linear-feedback shift
register counters are ideally suited to applications needing huge arrays of counters that can
improve both area of the design and performance.However, decoding the count order into
binary necessitates a lot of processing, making system-on-chip designs impossible. A counter
made up of many LFSR stagesis presented in this study using carry look ahead adder for high
frequency applications that keep the advantages of a one-stage LFSR while only requiring
decoding Circuitry that scales logarithmically with the number of stages instead of
exponentially with the number of bits like other circuitry does.

I. INTRODUCTION

Recent improvements in applications like single-photon microscopy identification have made
the use of a large number of arrayed counters is requiredin a compact space.Time-of-flight
(TOF) cameras are among themrun inside and outside and require counters to tally clock
cycles, as well as photon-checking photon counters are cameras that count the number of
photonsin a span.

Because each camera pixel has a distinctive counter, reducing the amount of space in
these applications, the amount of energy spent by the counter is crucial for increasing the
number of pixels in the cameras. Although linear feedback shift
registers (LFSRs) are commonly used as pseudorandom number generators, they can also be
used for other purposes, they have likewise been ended up being a viable method to make
synchronous counters and are undeniably fit to huge displayed frameworks because of the
shift register's sequential understanding technique.InSingle-photon detection arrays and
CMOS pixel design, LFSR counters have been used.

An LFSR's clock speed is independent of the counter's amount of bits, and except for
zero states, all states in the state space are traversed.Because the count order of the LFSR is
pseudorandom, to transform the LFSR state to binary order, more processing is required.The
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LFSR sequence must be decoded into binary, the direct lookup table (LUT) methodology, as
well as the iteration technique, and a tradeoff technique for time and memory are all
compared.

The iteration method repeats the count sequence of the LFSR indefinitely, comparing
each to the counter value. On average, this needs around 2nl comparisons for an n-bit
LFSRthe direct LUT technique, on the other hand, uses a n LUT to directly decode the LFSR
state.2(N/2) LFSR count values are stored in a table, iterate the LFSR sequence until the
count value matches one of the table values, the time-memory tradeoff technique proposed in
integrates both methods.

To get the decoded value, subtract the number of iterations from the stored value.For
usage with ring generator event counts in, a logarithms-based approach was introduced and
developed.

Decoding for further processing is required for large array applications, so transform
each cell in the array to binary order, and this decoding must be done on the chip for system-
on-chip architectures. Because multiple conversions must be performed, the decoding logic
must be integrable and fast to meet this need.However, with the size of the LFSR, in terms of
time or area, all of the aforementioned approaches develop exponentially. There are various
instances of arrayed designs for single-photon detection applications that would be
impossible to accomplish with LFSR counters that don't require exorbitantly large integrated
LUTSs.

This project is designed with a new counter architecture based on numerous LFSR
stages that can be decrypted using logic that grows logarithmically, rather than exponentially,
as counter size increases. While a simple concatenation of LFSR counters, like binary ripple
counters, would result in a large performance loss, this study presents a strategy for
distributing the ripple signal in time and compensating for it in a generalized decoding logic
scheme.For the rest of this paper, an n-bit LFSR will be referred to as an n-LFSR.

ILLETERATURE SURVEY

For the last four decades, astounding advances in Silicon devices and circuits, as well as very
dependable mass manufacturing techniques, have sparked extraordinary revolutions in
electronics, to the point that electronics is increasingly pervading many facets of our lives. V
Modern electronic systems' complexity and competitiveness necessitate optimization across
various disciplines.

For high-performance systems, joint optimization of device, circuit, packaging, and
test is becoming increasingly crucial.In complex systems, design for manufacturing and
testing is becoming more important, but it is also becoming more difficult.\VVornicu,

R. Carmona-Galan, and A. Rodrguez-Vazquez presented “A single photon image sensor with
a CMOS 0.18 m 6464 pixel and pixel 11 b time to digital converter,” when compared to
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conventional binary counters, counters with linear-feedback shift registers (LFSRS) have
been found to be well suited to a variety of applicationsrequire a huge number of counters
and improving space and performance.

However, decoding the count order into binary necessitates a lot of processing,
making system-on-chip designs impossible.This study proposes a counter made up of several
advantages of a single-stage LFSR stage are preservedwhile only requiring decoding circuitry
that grows logarithmically rather than exponentially considering the amount of bits and the
number of phases as other techniques do.

IHI.LREGISTER COUNTERS WITH REDUCED DECODING LOGIC USING
MULTISTAGE LINEAR FEEDBACK SHIFT

A)MULTISTAGE LFSR COUNTER

Figure 1 depicts the counter's overall design scheme. An enable signal controls M a set of n-
LFSR blocks that are all the same.The enable signal is asserted when the (m 1)"n-LFSR
experiences a needed state change, leading the n-LFSR to advance one state in the
mthstate.This allows you to traverse the whole M n bit state space.In large arrayed designs,
the counter can also be employed as a high-speed serial readout chain.

The LFSR's feedback and ripple-carry blocks are avoided, and this is accomplished
with minimal additional circuitry.The multistage counter technique divides dividing the
counter into M separate segments, allowing a n bit LUT to decode each n-LFSR individually
rather than a (Mn) bit LUT.For small n, a LUT can be easily implemented on a chips
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Fig. 1.The multistage LFSR counter is depicted as a block diagram.

B)Carry Look Ahead Adder

In computerized logic, a fast adder, now and then known as a carry look-ahead adder
(CLA), is a kind of adder. A carry look aheadadder the time it takes to distinguish adder bits,
which improves execution. It's not equivalent to the ripplecarry adder (RCA), it figures the
convey bit close by the total bits and requires each progression to stand by until the past
adder bit is resolved prior to computing its own total bit and carry bits.

The carry look ahead adderbefore the aggregate, the adder figures at least one carry
bits, which limits the time it takes to compute the bigger worth bits of the adders outcome.
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Fig 2:carry look ahead adder with 4 bits
C) LFSR Block snip

Lost LFSR states will result in large blocks of counter states being missing from the
counter state space because the counter is triggered once for each stage during each period of
the preceding stage.As a result, an n-LFSR be constructed for maximum length.Because an n-
maximum LFSR's sequence length is only 2n 1, further logic is required to include the
missing state in the count sequence.When the 0x000...1 condition is recognized, as
demonstrated in Figure 2, a NOR and XOR function can be employed to stop the feedback
mechanism.

This logic extends the length of the individual component LFSRs' sequences to 2n
allowing the counter to cover each and every state in the space of 2Mn states.This permits a
multistage counter that can be utilized in a variety of applications where all states must be
covered, self-starting counters, where regular LFSRs are ineffective. Dotted components in
an n-LFSR block with logic for sequence extension.A single logic block is used to implement
the complete feedback block.
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Flg 3. Structure of a proposed multistage

Fibonacci and Galois LFSRs, as well as ring generators, are examples of many-to-one
and one-to-many LFSRs are all examples of LFSR feedback.Figure(a) shows ring generators
and these are widely seen to be the best approach to design an LFSR, there are subloops
formed by the shift register forming a ring and the taps within the ring.

The sequence-extension is a term that refers to the process of extendingon the other
hand, necessitates additional logic in the LFSR, which rules the basic way Instead, for logic
minimization utilizing a 4bit conventional LFSR, LFSRs with a many-to-one ratio Fig (b),as
shown in Figure 3, the feedback logic and the sequence-extension logic are merged into a
single logic block..

Allows for a multistage counter for greater flexibility in n-LFSR size selection,
compact single-tap LFSRs are preferred.A many-to-one LFSR with a single tap and the
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accompanying ring generator are topologically indistinguishable.The decoding logic must
process the highlighted states further.
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Fig. 4.The multistage LFSR counter's operation is depicted in a timing diagram. The carry
look ahead logic is depicted with arrows.
D). Decoding Logic

On the output of the multistage LFSR counter array, the decoding logic functions as a
post processing step.Each LFSR value is passed through a LUT as it is read from the
array.The LUT corrects most states to binary order, as seen in Fig. 4.To fix the problems
produced by the delayed transition, however, more logic is required.Initial and overflow
errors are the two sorts of LUT decoding problems that might occur.Before the mth stage
switches, the counter is suspended on the clock cycle, the states at the top of the scale of the
triangle of transitional errorproduce initial errors.

The number of cycles in a clocksince the commencement of theedge of transition is
also thevalue of the previous phases has been decoded.Becausethe mth step takes m clock
cycles to reach the ripple, these faults can be identified if the previous stages' decoded values
are equal to ml1.When there is an error in the previous stage and the current stage is
equivalent to Ox...FF, overflow errors occur.These faults suggest that a prior step should have
resulted in a ripple event sooner in the clock cycle.

Figure 5 depicts the logic decoding that discovers and corrects these problems.Each
stage's error detection is based on the preceding stage's decoded value, hence each step is
evaluated in order.If the following step detects an incorrect circumstance, the invalid register
is set for the next stage, causing the fault to be corrected on the following clock cycle.

Because the inaccuracies are always a fraction of a percent below the actual value,the
next stage is incorrect, as it either adds a LUT or outputs one. On the off chance that the
current stage is an error and furthermore Ox... FF, an overflow error will occur in the next
step.When the incrementer carryout is ANDed in the next stage an invalid register is
discovered.

By comparing previously decoded stages and putting them in latches, them to a stage
counter that keeps track of the number of stages that is currently in use, initial errors can be
discovered.The next stage will have an initial mistake if the stage is currently the same as the
value previously decoded the counter simply has to count up to a certain number.
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M, hence,y = _log2(M)_ bits are required.As a result, only a y-bit comparison
between the prior state of decoding and the counter is required, and Z = y/nstages must be
stored.

To confirm that the comparison is legitimate, to verify that all other bits in the
previously decoded value are zero, the zeros register is employed.The zero point of the
counter is in an erroneous state (0x....00). If all of the counter phases have been resetto zero,
the first count values will be wrongly decoded.However, because it is not an error if the end
state (Ob1111...) is reached. condition, after one clock cycle, the counter will properly
transition to zeroif it is reset to this state instead.

The final count value will be a one-time occurrence, but if necessary, this can be
adjusted by increasing the final count amount by one.The time it takes to decode the count
value is proportional to M and n. Each stage of the counter takes one clock cycle to decode,
as a result, to decode the complete count value, M clock cycles are required.The decoding
circuitry's critical path differs depending on the implementation, but it may involve for huge
n, the LUT, the incrementer, and the comparison to the stage counter all perform poorly.

As a result, for bigger n values, the maximum clock rate will be lower, however for a
counter of the same size but with a larger n value, more stages will be required, decoding the
counter with fewer clock cycles.The logic decoding can be implemented as a pipeline in the
readout chain if the array is read out serially. The entire array reading will be delayed by M
clock cycles, individual counter values will be read out with a decoded value.
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Fig.5.Logic for decoding the binary representation of the LFSR counter state order with
multiple stages. Each stage is decoded one at a time in the correct order.
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IV.RESULTS
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Fig 6: RTL schematic of proposed design using carry look ahead adder
RTL Schematic: The RTL schematic, also known as the register transfer level,
denotes the architecture's blue print and is used to compare the designed architecture to the
ideal architecture that we are working on.Thehdl language is used to convert the description
or summery of the architecture to the working summery by use of the coding language
i.e,verilog,vhdl. The RTL schematic even specifies the internal connection blocks for better

analyzing. The figure represented below shows the RTL schematic diagram of the designed
architecture

E‘

Bl DIei0 ol b
1l

oLooh oo og

r
=
T
]
|
L

Hop

il
i

BEOIGIBIERDED R ol BIRG(

Fig7 : View technology Schematic view using carry look ahead adder
TECHNOLOGY SCHEMATIC:-The architecture is represented in the LUT format by the
technology schematic, the LUT is an area parameter that is used in VLSI to estimate the

architecture design.The LUT is a square unit, and the FPGA's LUTs mirror the code's
memory allocation.

Fig8 : simulated wave forms of proposed design using carry look ahead adder
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The simulation is the method that is used to verify the system's functionality, whereas
the schematic is used to verify the connections and blocks. Switching from implantation to
simulation on the tool's home screen opens the simulation window, and the simulation
window limits the output to wave forms. It has the flexibility of provisos in this case.
Parameter LFSR DECODER USING CSLA | LFSR DECODER USING CLA
Frequency(M Hz) | 175.841 238.555
Table 1: frequency comparison table
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Fig9 :frequency comparison bar graph

CONCLUSION
This study describes a generalized design and realistic implementation of LFSR counters with
many stages and logic decoding in VLSI technology.The proposed counter is made up of a
large look ahead adder and many smaller LFSR stages are activated by the previous stage's
state transition.Instead of the LUT to scale to the counter's size, for any number of stages, this
architecture allows the decoding circuitry to be implemented on a fixed sized LUT.

Traditional LFSR decoding systems demand rather than scaling exponentially
witexponentially as the number of bits increases h the number of bits, decoding logic scales
linearly.A considerable amount of upsides of LFSR counters are held in the multistage LFSR
counter, for instance, great execution paying little heed to the quantity of bits in the counter
for an unassuming measure of additional logic.The suggested multistage LFSR, which can
give LFSR counters with both performance and frequency benefits, any functionthat
necessitates the use of a set of event counters will profit from this.

FUTURE SCOPE :

In future multistage linear feedback shift registers have wide rangeofapplications,theselfsrs
will be useful at built in self-testmethodologies (BIST).this kind array structures will be
useful large number of bit designs. It will be extend up to 32bit,64bitand so on. these random
numbers designs will be used in applications of counterbaseddesigns.multistage linear
feedback shift registers will be used in one time password (OTP) generations also.
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