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Abstract

The main objective of this research paper is to design architecture for finite impulse response
(FIR) filter using radix-4 booth multiplier and common Boolean logic (CBL) adder. Finite
Impulse response (FIR) filters are extensively utilized in digital signal processing in which
different filter parts operate at different rates. It has applications in communication transmitters
and receivers. FIR filters when implemented use multipliers and accumulators. There are
various types of multiplier structure algorithms and their variations such as Combinational
multiplier, Wallace Tree multiplier, Array multiplier and Sequential multiplier and Booth
multiplier. Booth multipliers reduce the resulting number of partial products generated as a
result of multiplication of two binary numbers. This paper presents a VLSI architecture for FIR
filters integrating the Radix-4 Booth Multiplier and Carry Bypass Logic (CBL) Adder,
improving speed, power efficiency, and area utilization. Performance comparisons with

conventional architectures highlight the benefits of the proposed design.

Keywords — Common Boolean Logic Adder, Xilinx Software, Finite Impulse Response,
Radix-4, Booth Multiplier
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I. INTRODUCTION

Since it settles to zero in a certain amount of time, a finite impulse response (FIR) channel in
signal processing is one whose response to any input of limited length has a limited term. As
opposed to infinite impulse response (IIR) channels, which may remain inconclusive (mostly
declining) and may contain inward input. Numerous DSP applications make extensive use of
FIR channels. The FIR channel circuit must be able to operate at high example rates in certain
applications and low-control circuits that operate at direct example rates in other applications.
Computerized FIR channels can be coupled with parallel (or square) handling to increase the
overall throughput or reduce the power consumption of the first channel [1, 2].

Although the use of sequential FIR channels has been widely considered, very little work has
been done to directly reduce the equipment's multi-sided quality or power consumption of
parallel FIR channels. The equipment components that are present in the first channel are
typically replicated when parallel processing is applied to a FIR channel. The multiplier circuit
is topology also affects the power consumption that results. Picking multipliers with more
equipment expansiveness as opposed to profundity would decrease the postponement, as well
as the aggregate power utilization. A considerable measure of outline strategies for low power
computerized FIR channel have been proposed, for instance, a strategy executing FIR channel
utilizing simply enrolled adders and hardwired shifts exist [3, 4].

Parallel duplication is utilized to meet out the present prerequisite. Two kinds of parallel
augmentations are exhibit duplication and tree increase. The fundamental multiplier is a basic
cluster multiplier and it is planned in view of move and — include task. One of the cases for
exhibit increase is the Braun multiplier and is intended for unsigned paired numbers. For tree
structure Wallace multiplier is outlined and it is likewise for an unsigned double numbers. In
the exhibit augmentation, for marked numbers Baugh — Wooley, Booth Multiplier and
Modified Booth Algorithm (MBA) are utilized. Dadda is another kind of multiplier in light of
tree structure and is utilized for the increase of the marked numbers. These traditional double
multipliers for unsigned numbers are considered for examination. Vedic arithmetic is the
arrangement of science followed in old India and mostly manages Vedic scientific formulae
and their applications to different branches of math. The word 'Vedic' is gotten from the word

'Veda' which implies the storage facility of all information [5, 6].
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After studying the Vedas for eight years, Sri Bharati Krishna Tirthaji (1884—-1960) recreated
Vedic science from the ancient Indian sacred texts. According to his analysis, thirteen sub-end
products known as Sutras and sixteen standards or word-formulae serve as the main foundation
for Vedic mathematics. This topic is really fascinating and has several useful computations that
relate to other engineering specialties, such computing and digital signal processing. The many-
sided nature of the figures found in conventional arithmetic is diminished by Vedic knowledge.
In Vedic arithmetic, sixteen sutras are often available [7].

Of these, only two sutras are relevant to heightened activity. They are Nikhilam Sutra (which
actually means "all" from 9 and "last" from 10) and Urdhava Triyakbhyam Sutra (which
actually means "vertically and across"). Urdhava-Triyakbhyam is a general augmentation
method. The Urdhava Triyakbhyam sutra's reasoning is particularly similar to that of the
traditional cluster multiplier. Here, a similar reasoning used for decimal numbers is used to
find the paired usage of this calculation. The double usage of Nikhilam Sutra isn't yet effective
[8, 9].In this research paper, a novel architecture of FIR filters is based on radix-4 booth

multiplier and common Boolean logic adder.

Il. PROPSOED METHODOLOGY

A FIR filter, also known as a recursive filter, employs past output values in addition to input
values. These are stored in the processor's memory, just as the previous information. In reality,
the term "recursive™ means "running back™ and refers to the way that previously calculated
yield values backpedaling into the count of the most current yield. This articulation for a
recursive channel includes phrases in yn, yn-1, yn-2, and other terms in addition to the info
esteems (xn, xn-1, xn-2, etc.).

According to this explanation, FIR channels need to have more counts done since they have
input terms in addition to prior yield terms in the channel articulation. Compared to a
proportionate non-recursive channel, a recursive channel typically requires a significantly
lower arrange channel to complete a certain recurrence reaction characteristic, meaning that
the processor must evaluate fewer words. The fact that these channels operate on discrete-time
signals gives rise to the term "computerized channel” [4].The term finite impulse response
arises because the filter output is computed as a weighted, finite term sum, of past, present, and

perhaps future values of the filter input, i.e.,
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yln] = 22 y_ bix[n — K] (1)

Where both M1 and M2 are finite
One of the simplest FIR filters that may be considered is a 3—term moving average filter of the

form
y[n] =3 (x[n + 1] + x[n] + x[n — 1]) )

An FIR filter is based on a feed-forward difference equation— Feed-forward means that there

is no feedback of past or future outputs to form the present output, just input related terms [5].

TTT T
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Figure 1: Logical Structure of FIR Filter

CBL adder:

Area and power efficient excessive speed facts logic path are the most enormous regions of
studies. With the help of simple change in gate level we will obtain the development inside the
effects. velocity of the adder depends on the time required to propagate the bring thru the adder.
those adder works in series layout, this is the sum of the primary position bit is calculated while
the preceding bits are summed and the convey is propagated to that subsequent level.

Carry select adder (CSLA) is one of the superior adders used in information processing
processors to perform fast arithmetic function. It specializes in the hassle of bring propagation
put off through producing the deliver independently at each degree and the pick out the efficient
one with the assist of multiplexer to perform the sum. The traditional CLSA is RCA (Ripple
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carry adder) which generate the partial sum and carry by way of the use of the enter deliver
circumstance Cin=zero and Cin=1, select one out of each pair to shape final sum and final
convey output.

RCA isn't location efficient as huge wide variety of gates circuitry is used to form the partial
merchandise after which the final sum and convey is selected.

Another shape of CLSA adder makes use of binary to excess-1 convertor changing ripple
deliver adder with Cin=1. This adder is known as CLSA at the side of BEC. The range of gates
used has been reduced while we must layout big bit adder. This adders is more conventional as
examine to RCA while cope with silicon vicinity used however that is having marginally higher
put off time.

The proposed not unusual Boolean logic (CBL) adder is place-power-put off efficient. It
paintings on the good judgment to get rid of the redundant adders and use commonplace
Boolean common sense as examine to standard deliver pick adder.

The CBL block is constructed from two components sum technology block and carry era block.
In sum generation block the output sum is completed using the multiplex. This multiplex is
used to choose the output cost depeding at the value of Cin( previous bit).

If Cin=0, then output is xor of the two enter bits. If Cin=1, then output get inverted. In deliver
generation block, multiplexer is used to pick out the delivery of next degree relying upon the
previous carry enter. If Cin=0, cout is OR of two input and if Cin=1 the output deliver is
AND of the input bit.

Figure 2: Block Diagram of CBL
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IfC, =0
Sum=AXORB
Carry AORB

else
Sum=NOT (A XORB)

Carry=AAND B

This same process is used for the n number of bits and thus we get the final sum and carry as

output.

1. RADIX-4 ALGORITHM
To further decrease the number of partial products, algorithms with higher radix value are used.
In radix-4 algorithm grouping of multiplier bits is done in such a way that each group consists
of 3 bits as mentioned in table 1. Similarly the next pair is the overlapping of the first pair in
which MSB of the first pair will be the LSB of the second pair and other two bits. Number of
groups formed is dependent on number of multiplier bits. By applying this algorithm, the
number of partial product rows to be accumulated is reduced from n in radix-2 algorithm to n/2
in radix-4 algorithm. The grouping of multiplier bits for 8-bit of multiplication is shown in

figure 3.

Group-1= Bl B0 0
Group-2 = 83 B2 Bl
Group-3 = B5 B4 B3

Group-4 = B7 B6 BS

Figure 3: Grouping of multiplier bits in Radix-4 Booth algorithm

For 8-bit multiplier the number groups formed is four using radix-4 booth algorithm. Compared
to radix-2 booth algorithm the number of partial products obtained in radix-4 booth algorithm

is half because for 8-bit multiplier radix-2 algorithm produces eight partial products. The truth
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table and the respective operation is depicted in table 1. Similarly when radix-8 booth algorithm
is applied to multiplier of 8-bits each group will consists of four bits and the number of groups
formed is 3. For 8x8 multiplications, radix-4 uses four stages to compute the final product and
radix-8 booth algorithm uses three stages to compute the product. In this thesis, radix-4 booth
algorithm is used for 8x8 multiplications because number components used in radix-4 encoding

style.

Table 1: Truth Table for Radix-4 Booth algorithm

Bis B Bia Operation Yis Yi Yia

0 0 0 +0 0 0 0

0 0 1 +A 0 1 0

0 1 0 +A 0 1 0

0 1 1 +2A 0 0 1

1 0 0 -2A 1 0 1

1 0 1 -A 1 1 0

1 1 0 -A 1 1 0

1 1 1 -0 1 0 0

Iv. SIMULATION ANALYSIS

Simulation of these tests should be possible by utilizing Xilinx 14.2 1 VHDL instrument. In
this paper we are concentrating on engendering delay. Spread postpone must be less for better
execution of advanced circuit.

As appeared in table I the quantity of cut, number of LUTS, delay are acquired for the complex
Vedic multiplier utilizing basic Boolean rationale viper and past calculation. From the
investigation of the outcomes, it is discovered that the complex Vedic multiplier utilizing basic
Boolean rationale snake gives a predominant execution as contrasted and past calculation for
Xilinx programming.

Take a look at the VTS and RTL of FIR_4tap in fig. 4 & fig. 5. In fig. 6, there is a simulation

result for and in fig. 67there is a waveform.
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Figure 5: Examine RTL of FIR_4tap
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Device utilization summary:

Selected Device : 6slx4tggl44-3

Slice Logic Utilization:

Number of Slice Registers: 28 out of 4800 0%
Number of Slice LUTs: €07 out of 2400 25%
Number used as Logic: 603 out of 2400 25%
Number used as Memory: 4 out of 1200 0%
Number used as SRL: 4

Slice Logic Distribution:

Number of LUT Flip Flop pairs used: 622
Number with an unused Flip Flop: 594 out of 622 95%
Number with an unused LUT: 15 out of 622 2%
Number of fully used LUT-FF pairs: 13 out of 622 2%
Number of unigue control sets: 2

IO Utilization:
Number of IOs: 57
Number of bonded IOBs: 57 out of 102 55%

Timing Summary:

Speed Grade: -3

Minimum period: 1.662ns (Maximum Frequency: 601.811MHz)
Minimum input arrival time before clock: 2.644ns
Maximum output required time after clock: 22.522ns
Maximum combinational path delay: 23.081ns

Figure 6: Examine Simulation of FIR_4tap
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Figure 7: Examine Waveform of FIR_4tap
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Figure 9: Examine RTL of FIR_8tap
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Device utilization summary:

Selected Device : 6slx4tggld44-3

Slice Logic Utilization:

Number of Slice Registers: 78 out of 4800 1%
Number of Slice LUTs: 1232 out of 2400 51%
Number used as Logic: 1226 out of 2400 51%
Number used as Memory: 6 out of 1200 0%
Number used as SRL: 6

Slice Logic Distribution:

Number of LUT Flip Flop pairs used: 1279
Number with an unused Flip Flop: 1201 out of 1279 93%
Number with an unused LUT: 47 out of 1279 3%
Number of fully used LUTI-FF pairs: 31 out of 1279 2%
Number of unique control sets: 2

IO Utilization:

Number of IOs: 89

Number of bonded IOBs: 89 out of 102 87%

Timing Summary:

Speed Grade: -3

Minimum period: 1.682ns (Maximum Frequency: 594.513MHz)
Minimum input arrival time before clock: 2.644ns
Maximum output required time after clock: 28.615ns
Maximum combinational path delay: 29.515ns

Figure 10: Examine Simulation of FIR_8tap

V. CONCLUSION
The integration of the Radix-4 Booth Multiplier and CBL Adder in FIR filter architecture
significantly enhances performance in VLSI implementations. The proposed design achieves
lower delay, reduced power consumption, and optimized area utilization, making it ideal for

high-speed digital signal processing applications.
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