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ABSTRACT 

 
In Internet of Things, the most widely implemented components are FIR filters with reconfigurable 

hardware as they consume minimum amount of power to support several applications. Choosing 

optimal coefficients in designing the reconfigurable FIR (RFIR) filters play an important role. The 

multiplier components used in these FIR filters are responsible for significant power consumption. In 

this paper, two multiplier topologies one is radix-2 Baugh-Wooley (BW2) multiplier and the other is 

radix-4 Booth-Recoded (BR4) multiplier are implemented in the RFIR filters and proposed a technique 

for analyzing the dynamic switching activity in the multipliers. The dynamic power comparison results 

show that FIR filter implemented with BW2 multiplier gives less dynamic power consumption when 

compared to the FIR filter implemented with BR4multiplier. The FIR filter with two multiplier 

topologies are implemented in VHDL, the coefficients of filter are generated using MATLAB and 

synthesized using Xilinx synthesis tool and ISIM simulator and dynamic power is calculated using 

cadence encounter. 

Keywords: Baugh-Wooley multiplier, Booth Recoded Multiplier, Dynamic switching power, optimal 

coefficients, Reconfigurable FIR filter. 

I. INTRODUCTION 

 
Digital Signal Processing (DSP) has a great significance in many applications. Filtering is one of the extensively 

used operations in DSP. [1]. Finite impulse response (FIR) filters are fundamental building blocks for many 

DSP applications. Due to continuous operation of FIR filters, they are responsible for large power consumption 

in the system. So, there is a need to implement low power technique in FIR filters. Several researchers purposed 
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many VLSI architectures for low power realization of FIR filters on programmable DSP’s [2]. From the 

dynamic power equation, the dynamic power is quadratic dependent on supply voltage. Voltage overscaling 

(VOS) techniques [3], [4] are proposed for low dynamic power. VOS refers to scaling supply voltage beyond 

the limit imposed by the throughput constraints. In these, arithmetic operations are implemented using ripple 

carry adder (RCA) which is one of the slowest adders. Whatmough et al. [5], proposed another method for 

voltage overscaling based on carry merge adder and critical path delays. Multipliers are the major components 

in FIR filter. There are some techniques called distributed arithmetic (DA) [6], based approach for multiplier 

less FIR filter. Look up tables (LUT’s) are used to store the coefficients of filter. Shared LUT’s design is 

proposed by S. Y. Park and P. K. Meher [7] to realize the DA computation by sharing the registers for bit slices 

of different weightage. Several techniques like design of approximate multipliers for low power operation [8], 

[9] and low power parallel multiplier design for DSP application [10] are proposed by designing inaccurate 

multiplier block for large power efficient. In this paper dynamic switching power of 8-tap FIR filter with two 

multiplier topologies is implemented. The rest of the paper is organized as follows: Section II, Implementing 

VLSI architectures for FIR filters radix-2 with Baugh-Wooley multiplier and radix-4 Booth-Recoded multiplier. 

Section III presents simulation results. Dynamic power comparisons are presented in section IV. Finally, section 

V presents conclusion. 

II. RECONFIGURABLE FIR FILTER ARCHITECTURE 

 
2.1 RADIX-2 BAUGH-WOOLEY MULTIPLIER ARCHITECTURE 

I have considered two most commonly used multiplier topologies for analyzing the switching activity of the 

multipliers, one is radix-2 Baugh-Wooley multiplier (BW2) and the other is radix-4 Booth-Recoded multiplier 

(BR4). The structure of BW2 multiplier is shown in fig.1. This multiplier is a simple symmetric structure and 

operates with medium operating speed. In the implemented architecture two inputs X, Y of n-bits are given to 

the partial product generator (PPG) to implement the Baugh-Wooley scheme. The generated partial products are 

fed to partial product reducer (PPR) which is implemented using carry save adder (CSA) with tree structure. The 

tree structure in PPR is implemented using adders and the sum and carry of PPR are fed to the vector merging 

adder (VMA) which is implemented using carry propagate adder. The VMA provides the result of the 

multiplier. In this architecture I have reduced the switching activity of the multiplier by providing more no of 

bits equal to zero in atleast anyone of the inputs. The dynamic switching power of the multiplier is analyzed by 

providing a constant value to one input operand and a random value to other input operand. Due to symmetric 

nature of BW2 any one input can be kept constant and the other input varying. 
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Fig.1. Structure of signed n-bit radix-2 Baugh-Wooley multiplier 

 
2.2 RADIX-4 BOOTH RECODED ARCHITECTURE 

 
The VLSI architecture of BR4 multiplier is shown in Fig.2. The radix-4 Booth-Recoded (BR4) multiplier is a 

complex asymmetric structure and operates with high speed. The PPR and VMA of BR4 multiplier is 

implemented same as BW2 multiplier. 

 

 

Fig.2. Structure of signed n-bit radix-4 Booth Recoded multiplier 

 
In this structure also, the dynamic switching activity of the multiplier is analyzed by providing more no. of zeros 

in atleast one input. Due to asymmetric structure of BR4, the dynamic power is analyzed by providing constant 

input to recoding logic and random value to other input. 
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2.3 ARCHITECTURE OF 8-TAP RECONFIGURABLE FIR FILTER 

 
The block diagram of 8-tap FIR filter is shown in Fig.3. The two multiplier topologies, BW2 and BR4 are 

implemented in 8-tap RFIR filter. The filter coefficients are kept as constant operands and the data operand of 

the filter is provided randomly. For different cut-off frequencies and different windowing methods the 

coefficients of FIR low pass filter are taken and provided as constant operands to the multipliers. 

 

 

Fig.3. Structure of 8-tap FIR Filter 

 
III. SIMULATION RESULTS 

 
The proposed VLSI architectures for 8-bit BW2 multiplier, BR4 multiplier and 8-tap FIR filter are written in 

VHDL, synthesized and simulated using Xilinx and ISIM simulator. 

 

 
Fig.4. Simulation Result of 8-bit BW2 multiplier 
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Fig.5. RTL Schematic of BW2 multiplier 

 

Fig.6. Simulation result of BR4 multiplier 

 

 
Fig.7. RTL Schematic of BR4 multiplier 
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The implemented VLSI architecture of FIR filter is shown in Fig:8. In this the filter coefficients are designed 

from MATLAB by taking a Bartlett low pass FIR filter with normalized cut-off frequency 0.35 rad/sample. In 

this the coefficients C0 to C1, are taken as constant operands for many clock cycles and by varying the data 

operands X0 to X1, the filter outputs Y0 to Y14, are observed. 

 

 

 

Fig.8. Simulation result of 8-tap FIR filter 

 

 

Fig.9. RTL Schematic of 8-tap FIR filter 

International Journal of Management, Technology And Engineering

Volume 8, Issue IX, SEPTEMBER/2018

ISSN NO : 2249-7455

Page No:810



 
IV. COMPARISONS 

 
In this section we examine the different VLSI architectures of BW2 multiplier, BR4 multiplier and FIR filter 

with these two multiplier topologies. 

 

 
Fig.10.Dynamic power analysis of 8-bit BW2 multiplier 

 
The dynamic power consumption of BW2 multiplier is shown in Fig.10. From above fig we observe that out of 

total 64254.2nW, the dynamic power of 56700.7nW and leakage power of 7553nW is consumed. 

 

 

 
 

Fig.11. Dynamic power analysis of 8-bit BR4 multiplier 

 
The dynamic power consumption of 8-bit BR4 multiplier is shown in Fig.11. From the above fig we observe 

that out of total 73189nW, the dynamic power of 65994nW and leakage power of 7194nW is consumed. 
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Dynamic power reports of 8-tap FIR low pass filter using two multiplier topologies is shown below. The 

dynamic power report of implemented VLSI architecture for FIR filter using BW2 multiplier is shown in Fig.12. 

From the fig we observe that total of 7.55mW power the dynamic power of 6.59mW and leakage power of 

0.71mW power is consumed. 

 

 

Fig.12. Dynamic power report of FIR filter using BW2 multiplier 

 

 

Fig.13. Dynamic power report of FIR filter using BR4 multiplier 

 
The dynamic power report of implemented VLSI architecture for FIR filter using BR4 multiplier is shown in 

Fig.13. From the fig we observe that total of 7.84mW power the dynamic power of 7.3mW and leakage power 

of 0.53mW power is consumed. 
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The dynamic power comparison results of multipliers and RFIR filter are shown below in Table.1. 

 
S.NO COMPONENT DYNAMIC POWER (mW) 

1. Radix-4 Booth Recoded Multiplier 0.0659 

2. Radix-2 Baugh-Wooley Multiplier 0.0567 

3. FIR Filter with BR4 Multiplier 7.3050 

4. FIR Filter with BW2 Multiplier 6.9975 

 

 
Table.1. Comparison results of multipliers 

 
V. CONCLUSION 

 
In this paper, dynamic switching power and area efficient reconfigurable FIR (RFIR) filter is implemented 

using the two most common topology multiplier techniques. In BW2 and BR4 multiplier topologies, carry 

save adder (CSA) and vector merging adder (VMA) are used. Performance comparisons results show that 

RFIR filter using BW2 multiplier has a less dynamic switching power when compared with RFIR filter using 

BR4 multiplier. In the future, the dynamic switching power can further be reduced RFIR filter by using 

KoggeStone Adder (KSA) in the two multiplier topologies. 
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