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Abstract: The paper present the design of hybrid FIR filter architecture for various filter applications. The combination of ripple
carry adder, carry look-ahead adder and carry select adders is used for the designing of the core circuit components. The speed of
the operation in the circuit is increased by the parallel generation of the carry by look ahead carry generation blocks and is
propagated using modified carry skip adders. The radix-4 booth multiplier, which has a low-power-delay-product, is used as the
multiplier in the design of the filter. The normal ripple carry adder in the booth multiplier is replaced by the modified hybrid
adder for increasing the speed and performance of the multiplier unit. Thus the speed of the designed filter can be increased by the
use of modified booth multiplier and lowers the propagation delay. The design and implementation is done using the cadence RTL
compiler with gpdk of 45 nm technology.

Index Terms— Booth multiplier, FIR filters, Hybrid adders, PDP.

I. INTRODUCTION

Digital filters have bought a drastic change in the
world. A filter is a frequency selective system. The digital
filters are mainly classified into two; finite impulse
response (FIR) and infinite impulse response (IIR),
depending on the form of unit impulse response of the
system. IIR filters mainly uses recursive structures and
FIR filters uses non-recursive  structures  for
implementation. FIR filter response depends on the
present and past input values. But for IIR filter response
depends on the present and past values of the execution as
well as past values of the response. FIR filters has many
advantages like linearity, bounded-input-bounded-output
(BIBO) stability, and low sensitivity over IIR filters,
which have made them suitable for many real time
applications.

When converting an algorithm to hardware,
addition and

multiplication is an inevitable operation. So as to
improve the hardware efficiency, operations f these
components has to be considered. The speed and power of
these elements often dominates the overall system
performance. Hence, a careful design optimization is
required. For each module, multiple equivalent logic and
circuit topologies exit, each of which has its own positives
and negatives in terms of area, speed, or power.
Reduction in area and path delays are the major
challenges faced during the design of the compact circuit.
Many works has been done in literature which focused on

the design and implementation of filters using various
adders and multipliers [1]. The system can be enhanced
by replacing traditional/conventional adders with efficient
adders in terms of delay, area and energy. The basic ripple
carry adder (RCA) requires less area and low power
compared to most other adder structures. But, its
propagation delay is proportional to the bit width. The
other high speed adders are carry-skip

adder, carry look-ahead adders (CLA) [2]- [7]. In [8]
author improved the conventional carry skip adder
(CSKA) by the using incrementation scheme. This it
improved the speed of the operation, but it leads to higher
power consumption. This idea has been used for the
designing of the modular hybrid adder structure in [9].

The performance of a DSP system is mainly controlled
by the multiplier performance. Multiplication is thus an
inevitable part in digital system designing [10].hence its
performance in terms of delay and power is of very much
importance. Different multiplication methods are
discussed in digital system designing. But high speed
multiplication is achieved by the use of modified booth
algorithm [12]. Modified booth algorithm has the
advantage that it reduces the number of partial products
by half. Three bits from the multiplicand is encoded to -2,
-1, 0, 1 2 by appending a zero to the LSB bit.

S.Thakral in [11] introduced a high speed digital filter
using

un-folding technique. FIR Filter has wide range of
applications in different signal processing fields such as
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image processing, biomedical signal processing, high
speed communication systems, noise elimination and
many more.

1. IMPLEMENTATION ARCHITECTURE

The proposed filter is designed both in direct and
transposed form structures. The input filter coefficients
are given directly to the booth multipliers and are then
added together using hybrid adders to obtain the output
sequence. The delay is introduced by the use of a D flip
flops.

A. Hybrid adders

The adder introduced in [9] is used for the addition of
input sequence in the proposed filter. Two versions of
adders are used with reduced critical path delays. The
adder structure is achieved by the use of combined
modified form of ripple carry adder, carry look ahead, and
carry skip adder. The first form of adder consist of
modified hybrid carry look ahead adder modules, final
sum logic (FSL) stages and output fast carry logic
(OFCL) stages. The improved version is obtained by
replacing the final sum block with modified final sum
block. Parallel generation of final carry by the modified
look ahead carry generation blocks increased the speed of
the addition. These end carries are transmitted through the
modified carry skip logic performed by the OFCL blocks.

B. Booth multipliers

A traditional multiplier requires partial product
proportional to the bit-width. A radix-4 Booth multiplier
reduces the number of partial products to n/2. The
modified booth multiplier proposed in [12] is used for the
multiplication. It is a low PDP multiplier with less
hardware complexity achieved through the elimination of
unnecessary operations. The booth multiplier makes use
of the 2’s complement converter for the better
performance. Also the 15-bit adder/subtractor is replaced
with a 9-bit adder/subtractor. The partial products are
taken out serially, which in turns increased the
propagation delay of the circuit. As to reduce this
propagation delay a modified version of booth multiplier
is used. The partial products are generated in parallel and
by performing tree addition of the partial products. The
additions of partial products are carried out by the hybrid
adders with reduced critical paths.

I1l. PROPOSED FILTER TOPOLOGY

A digital filter process the input response to give an
output response. Mainly there are two types of digital
filters; IR and FIR. Any of these filters can be
represented by using an impulse sequence (k). IIR filters,
as the name indicates it has infinite duration. Whereas
FIR filters have finite duration sequence. FIR filters are
stable and have linear phase, ie. It will not introduce any
face distortion, which made them commonly used filters.
The output of an FIR filter is given in equation (1) below,
where M represent the order or lengh, x[n] represent the
input sequence and b[k]represents the coefficients of filter

y[n] = SY-3b[klx[n— K] (1)
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Fig. 2. Proposed direct form filter structure with
modified adders and multiplier

FIR filters can be designed in mainly two structures:
direct form and Transpose form. Direct form structure is
the direct implementation of the equation 1 Whereas
Transpose form can be constructed from direct form by
exchanging the input and output and by inverting the
direction of signal flow. FIR filters does not requires
feedback therefore,is also known as non-recursive filters.
The filter inputs are multiplied together with the filter
coffecients and the output is obtained after the addition of
this multiplied sequence with the delayed version of the
sequence. Symmetric coeeficients are used to reduce the
area, delay and the design complexities. Figure 2 and
figure 3 shows the designed filter topology. It consists of
16 tap delay elements.
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Fig. 3 Proposed transposed form filter structure
with modified adders and multipliers
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Direct form and transposed form filter structures are
designed here. Delay elements are provided by using a D
filp-flops. The filter designed using conventional
multiplier and RCA consumes less area and power but
more delay than the filter in which hybrid adders are used.
Therefore, the first filter components are conventional
booth multiplier, D flip-flop and RCA and the second
filter is designed by using a modular adder with final sum
logic block for the production of final output. The third
filter is designed by using the modular adder with
modified final sum logic and with modified booth
multiplier which uses four input nand within b2c. These
proposed designed has the lower delay compared to all
other designs.

IV. RESULTS AND ANALYSIS

This section shows the cadence RTL simulation results
of all the proposed FIR filters. The proposed designs have
been developed using structural model VHDL. Cadence
RTL compiler v11.10.with 45 nm technology libraries
was used for the simulation. Sum of leakage power and
the dynamaic power is reffered as the total power
dissipated.total cell is reffered to s the designed area of
the circuit. The result comparison in terms of area, delay
and power is done for all the designed components. From
the table it is clear that the filter which uses hybrid adders
and multipliers has the less delay compared to others.
These filters is used for the signal processig application

for a set of frequncies.Filter coefficients were calculated
in MATLAB filter designing toolbox. Both Direct form
and transpose form filters were designed using these
generated coefficients in Xilinx and model sim software.

TABLE I Performance analysis of designed filter

Dela | Powe
y r Area PDP ADP
()
sq.um sq.pmxns
(ns) (nw) (qpm) can )
P | 131 | ssae2 | @622 115885 | 11294.82
i Filter
Direct form | ., 151 | 85845 | 11143 | 1296.25 | 16825.93
g”ter 121 | 757.04 | 9419 916.01 | 11396.99
Al | o073 | 82022 | 9810 598.76 | 71613
Transposed | Filter | gg9 | gg7.08 | 13507 460.9 | 9381.93
form 2
;"te’ 066 | 60376 | 13368 | 308.48 | 8822.88

The different filters are: 1) FIR filter with ripple carry
adders
2) FIR filter with modular adder 1 3) FIR filter with
modular adder 2
Delay(ns) PDP (1) ADP
(sq.pmX*ns)
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Fig. 4. Performance comparison for various filters
at 45nm technology.
(@) Delay (b) PDP (c) ADP
The performance of designed filters in terms of delay,
power, Area, PDP and ADP at 45nm after digital
synthesis using Cadence RTL compiler is shown in the
table.
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CONCLUSION

Most of the existing literature focused on the designing
of filter using conventional adder and multiplier structure.
Here the adder structure with least critical path is used.
The advantage of the proposed architecture includes
modularity, reusability, and short design time for higher
width applications. The adder structures are obtained by
modifying the conventional adders to hybrid form adders.
The multiplier structure is obtained by modifying the
conventional booth multiplier using novel b2c methods
and by generating the partial products in parallel. Area,
power and delay in terms of ADP and PDF for proposed
filters for different combinations are studied. From results
obtained it is clear that RCA with conventional multiplier
is area efficient, compared others. Transposed form filter
has the better performance than direct form structures as
the critical path of the structure depends only on a single
adder and a multiplier. It is observed that the

entire designed filter has maximum delay in direct form
structure; it has the minimum delay in Transpose form
structure. It is understood that the designed filter has
minimum delay in the transposed form. The proposed
hybrid modular adder with modified final sum logic unit
is more efficient compared to all other designs. This filter
is applicable for various signal processing applications
such as in ECG and EEG signal denoising.

REFERENCES

[1] . Anubhuti Mittal,Ashutosh Nandi, Disha
Yadav.: Comparative study of 16-order FIR filter design
using different multiplication Techniques. IET Circuits,
Devices & Systems Volume: 11, Issue: 3, 5 2017.

[2] . M. Alioto, and G. Palumbo.: A simple strategy
for optimized design of one-level carry-skip adders. IEEE
Trans. Circuits Syst. |, Fundamental Theory Appl., Vol.
50, no. 1, pp. 141-8, Jan. 2003.

[3] . O. J. Bedrij.:Carry-select adder. IRE Trans.
Electron. Comput., Vol. EC-11, no. 3, pp. 340-6, 1962.

[4] . B. K.Mohanty, and S.Kumar.:Patel area—delay—
power efficient carry-select adder. IEEE Trans. Circuits
Syst.-11: Exp. Briefs, Vol. 61, no. 6, pp. 418-22, 2014.

[5] . B. Ramkumar, and H. M. Kittur.:Low-power
and area efficient carry-select adder. IEEE Trans. Very
Large Scale Integ. Syst., VVol. 20, no. 2, pp. 371-5, 2012.

[6] . T. Y. Chang, and M. J.Hsiao.:Carry-select

adder using single ripple carry adder. Electron. Lett. Vol.
34, no. 22, pp. 2101-3, 1998.

[71 . Y. Kim, and L. S. Kim.: 64-bit carry-select
adder with reduced area. Electron. Lett., Vol. 37, no. 10,
pp. 614-5, 2001.

[8] . M. Bahadori, M. Kamal, and A. Afzali-Kusha.:
High-speed and energy-efficient carry skip adder
operating under a wide range of supply voltage levels.
IEEE Trans.Very Large Scale Integ. Syst., Vol. 24, no. 2,
pp. 421-433, Feb. 2016.

[91 .P.Pramod & T. K. Shahana.: Delay and Energy
Efficient Modular Hybrid Adder for Signal Processor
Architectures. IETE Journal of Research,2019.

[10] . Kazi Nikhat Parvin and Md.Zakir Hussain.:
Multiplication Techniques for an Efficient FIR Filter
Design for Hearing aid Applications. ICISC 2018

[11] . S. Thakral, D. Goswami, R. Sharma, C. K.
Prasanna, A.Mahesh, and A. M. Joshi. :Design and
implementation of a high speed digital FIR filter using
unfolding, in Proceedings of 7th IEEE Power India
International Conference, Bikaner, India, 2016.

[12] . H.Xue, R.Patel, N.V.V.K.Boppana, S.Ren.:
Low- power-delay product radix-4 8*8 booth multiplier in
CMOS. Electronic letters, 54(6) (2018) 344-46.

[13] . M. D. Ercegovac, and T. Lang. Digital
Arithmetic. San Mateo, CA.: Mogan Kaufmann, 2004.J.
M. Rabaey, A. Chandrakasa, and B. Nikolic. Digital Inte-
grated Circuits. A Design Perspective. 2nd ed. Englewood
Cliffs, NJ, USA: Prentice-Hall, 2003.

[14] . S. Ghosh, D. Mohapatra, G. Karakonstantis,
and K. Roy.: Voltage scalable high-speed robust hybrid
arithmetic units using adaptive clocking. IEEE Trans.
Very Large Scale Integr. Syst., Vol. 18, no. 9, pp. 1301-9,
Sep. 2010.

[15] . R. W. Doran, “Variants of an improved carry
look-ahead adder.:IEEE Trans. Comp., Vol. 37, no. 9, pp.
1110-3, 1988.

[16] . M. Alioto, and G. Palumbo.: A simple strategy
for optimized design of one-level carry-skip adders. IEEE
Trans. Circuits Syst. I, Fundamental Theory Appl., Vol.
50, no. 1, pp. 141-8, Jan. 2003.

[17] . R.P. Brent, and H. T. Kung.: A regular layout
for parallel adders. IEEE Trans. Comp., Vol. C-31, no. 3,
pp. 2604, 1982.

[18] . T. Han, and D. A. Carlson.: Fast area-efficient
VLSI adders, in Proceedings of the 8th IEEE Symposium

All Rights Reserved © 2020 IJERECE 9



‘@“ IFERP ISSN (Online) 2394-2320

connecting engineers... developing research

International Journal of Engineering Research in Electronics and Communication
Engineering (IJERECE)

Vol 7, Issue 9, September 2020

on Computer Arithmetic, Como, Italy, May 1987, pp. 49—
56.

[19] . S. K. Mathew.: A 4 GHz 130 nm address
generation unit with 32-bit sparse-tree adder core, in
Symposium on VLSI Circuits Digest of Technical Papers.
Hillsboro, USA: Circuits Research, Intel Labs, Intel
Corporation, 2002, pp. 126—7.

[20] . H.Q.Dao, B.R.Zeydel and V.G.Oklobdzija.:
Energy optimization of pipelined digital systems using
circuit sizing and supply scaling. IEEE Trans. VLSI Syst.,
Vol. 14, no. 2, pp. 122-34, 2006.

[21] . Y. He and C.-H. Chang.: A power-delay
efficient hybrid carry look ahead/carry-select based
redundant binary to two’s complement converter. |IEEE
Trans. Circuits Syst.-1 Reg. Pap., Vol. 55, no. 1, pp. 336—

46, Feb. 2008
[22] . K. Chirca, M. Schulte, J. Glossner, H. Wang, B.
Mamidi,

P. Balzola, and S. Vassiliadis.: A static low-power,
high- performance 32-bit carry skip adder,in Proceedings
of Euro micro Symposium on Digital System Design
(DSD), Rennes, France, Aug. 31-Sep. 3, 2004, pp. 615-

[23] . Cadence 45 nm, 90 nm and 180 nm gpdk
standard cell libraries. Available:
https://support.cadence.com/.

All Rights Reserved © 2020 IJERECE 10



