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Abstract— Power and speed are the two crucial design 

parameters in any integrated circuit. With increasing 

development in the field of VLSI, there is a need of high speed 

devices which consume less power. This project aims to design 

such a low power architecture for the FFT implementation. In 

this project FFT is implemented for a 32-point input sequence 

with Decimation in Time (DIT) for Radix-2 algorithm. The 

coding is done in Verilog using the ModelSim 10.5 and is 

synthesized using Intel Quartus Prime 18.0. ASIC performances 

for proposed architecture such as area, power, timing are 

verified using the Synopsys Design Compiler and FPGA 

performances such as LUTs, Slices, Flipflops are evaluated 

using the Xilinx ISE 14.7 Design Suite. 

 

 Index Terms – FFT, Vedic Multiplier, Carry Select 

Adder, ASIC and FPGA,  Synopsys DC, Xilinx ISE Design Suite 

I. INTRODUCTION 

The FFT is employed in the field of Digital Signal Processing 

(DSP) like filtering, spectral analysis and so on. The FFT 

plays vital role Digital communication such as digital video 

broadcasting, Orthogonal Frequency Division Multiplexing 

(OFDM) [11]. It is an algorithm to compute Discrete Fourier 

Transform (DFT) [11]. The Discrete Fourier Transform 

(DFT) is one of the most common operations in the field of 

signal processing. The algorithm for computing the DFT 

effectively is known as Fast Fourier Transform. FFT is used 

to transform a signal from time domain to frequency domain. 

 

Discrete implementation of DFT has O(N2) complexity, 

which reduces to O(Nlog2N) through FFT. The Cooley-

Tukey algorithm, usually called the Fast Fourier Transform, 

is a collection of algorithms for quicker calculation of the 

DFT. The FFT transforms a waveform into a series of sines 

and cosines at each frequency present in the original signal 

[7]. The Cooley-Tukey algorithm is also known as the Radix-

2 algorithm and was shortly followed by the Radix-3, Radix-

4, and Mixed Radix algorithms. 

 

If an N – point DFT is implemented directly, the requirement 

of arithmetic operations is of the order of O(N2) that is N2 

multiplications and N (N-1) additions. The order of 

arithmetic operations for FFT is O(NlogN) i.e. NlogN 

additions and (N/2)logN multiplications. Thus FFT 

implementation of DFT. is preferred [6]. FFT is made of 

complex addition and multiplication. Depending on inputs 

being real or complex, the structures of adders and multipliers 

are built. One of the key role in this calculation is the MAC 

unit. This unit consists of adders and multipliers. 

II.  LITERATURE SURVEY 

A. DFT 

The Discrete Fourier Transform is a very import a 

mathematical tool which is used for discrete-time signal 

processing. It is used to convert time domain signal into 

frequency domain. DFT can be used to compute the Z- 

transform for evenly spaced points on a circle for the given 

sequence. If the given sequence is finite then the DFT is used 

as the transform. DFT has many applications in digital signal 

processing such as linear filtering, spectrum analysis etc. 

DFT is very important to perform Fourier analysis in several 

applications [3]. The DFT is given as    
                               

                                

   

 

where, k = 0, 1, 2, 3, ……N-1. 

Here WN is called as Twiddle Factor and it is expressed as the 

complex value phase factor, which is equal to Nth root of 

unity and this twiddle factor is given as: 

 

                                     
 

Hence X (k) can be written as: 

 

                        
 

There are lot of calculations in DFT and hence it requires a 

time efficient algorithm. Instead of using DFT if we use FFT 

algorithm [3] such as Decimation in Time (DIT) FFT with 

radix-2 algorithm, then there is reduction in the number of 

complex multiplications and additions to log2N and Nlog2N 

respectively in order to calculate the DFT of a given 

sequence, x[n]. 

 

B. FFT 

The Fast Fourier transform (FFT) is a efficient algorithm to 

compute the Discrete Fourier Transform (DFT). FFT 

algorithm uses the concept of divide and conquer approach 

and it is done by decomposing the computation of DFT into 

smaller sequences of DFTs. This approach is useful in many 

areas but its direct calculation requires more time. The FFT 
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algorithm is classified into two: Decimation In Time (DIT) 

and Decimation In Frequency (DIF) algorithms.  In 

decimation in time, the input sequence is divided into smaller 

sequences and the outputs are combined in a specific pattern 

to obtain the intended DFT output. In the decimation in 

frequency approach, the frequency samples of the DFT are 

divided into smaller sub-sequences in a certain manner. DIT 

and DIF algorithms are further classified as: Radix-2, Radix-

4, Radix-8, Split-Radix [3]. 

 

The decimation-in-time (DIT) radix-2 FFT recursively 

partitions a DFT into two DFTs that have length half of the 

total length of sequence such as even-indexed and odd-

indexed time samples. The outputs of the shorter FFTs are 

used again to compute other outputs, thus greatly reducing 

the total computational cost [8]. 

 

      
 

 

The N-point data sequence is splitted into two point data 

sequences F1(k) and F2(k), corresponding to the even-

numbered and odd-numbered samples of x(n) respectively 

[4].  

Since F1(k) and F2(k) are periodic, with period , we have 

= F1(k) and = F2(k). In addition, the 

factor Hence, we can write: 

 

 

 
 

                   
Fig.1. Basic Butterfly in DIT FFT Algorithm 

 

Here we can see that the basic computational method is to 

take two complex numbers, i.e., the pair (a, b). Then do the 

multiplication of “b” and , and then add and subtract the 

product value from “a” to form two new complex numbers 

(A, B). This basic calculation is called a butterfly [4]. 

 

C. Radix-2 FFT 

The name Radix-2 is given because of its base is equals to 2 

and the representation is , here M represents the stage. A 

32-points FFT can be computed in 5 stages where each stage 

consists of 16 butterfly operations. Butterfly operation in a 

Radix-2 algorithm is that part of FFT computation, that 

provides the Fourier transform of two-point sequence in a 

simplified manner [3].  

In this case 32-points DFT can be divided into sixteen 2-point 

DFTs. Then these can be combined to get eight 4-point DFTs. 

Further they are combined to get four 8-point DFTs. These 

are combined to get two 16-point DFTs. Finally, we get 32-

point DFT.  

 
Fig.2. 32-Point DIT FFT with Radix-2 

III. VEDIC MULTIPLIER 

The Vedic Multiplier is a high speed multiplier when 

compared to conventional multiplier [1]. The Vedic 

multiplier is applied in all types of number schemes. Consider 

two 2-bit binary numbers (a1, a0) and (b1, b0). These two 

numbers are multiplied. The results after multiplication 

process of binary numbers give 4-bit of output. Vedic 

mathematics has 16 formulae for performing arithmetic 

calculation. Urdhva Tiryakbahayam Sutra is used for the 

multiplication. Its literal means “Vertical and Cross-wise” 

which enhances the speed of multiplication operation [4]. 

 

Algorithm: 

 
Step-1: Multiply Least Significant Bit (LSB) of the 

multiplicand and the multiplier vertically, which gives the 

final outcome of the LSB. 

 

Step-2: Multiply the LSB of multiplicand with the MSB of 

multiplier and multiply the MSB of multiplicand with the 

LSB of the multiplier (crosswise). Finally add the products. 

This step gives the second bit of final output. 

 

Step-3: Multiply the MSB of the multiplicand and the 

multiplier(vertically). The product is added to the previous 

carry to achieve the step 2 additional process. The sum and 
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carry that are obtained, are considered as the third and fourth 

bit of the final output. The Fig.3. shows the exact 

multiplication operation for 2-bit numbers. 

 

 
Fig.3. Multiplication of numbers 54 and 48. 

 

E. Reversible Logic 

A circuit that is able to reverse its output to get back its 

original input is termed as reversible logic circuit. In this logic 

there is no information loss, since all the information is 

present within the circuit and only need to be reversed, to get 

it recovered. Hence a reversible circuit is used to reduce the 

power dissipation. Reversible logics provide 1-1 mapping 

between input output combination making easy to retrace the 

input from output. There are specific gates designed called as 

reversible gates designed from logic gates, which has same 

number of input and output. Examples of Reversible gates: 

CNOT, Feynman, Peres, HNG, TR etc. The basic requirement 

of a reversible circuit is to have a one-to-one correspondence 

between inputs and outputs. Also, each input state must 

correspond to a unique output state. If the above requirement 

is fulfilled then an inverse circuit can be designed to make the 

circuit reversible. 

Reversible Gates: 

Peres Gate: It is a 3x3 reversible entryway which means, its 3 

sources of input and 3 outputs. The output is given as X=A, 

Y=AxorB, Z=ABxorC. Peres gate has the Quantum cost of 

five.  

Feymen Gate: Feynman gate is a 2x2 reversible gate. The 

input vector is I (A, B) and the output vector is O(P, Q) and 

outputs are defined by P=A, Q=A B. Quantum cost of a 

Feynman gate is 1. 

HNG Gate: It is a 4x4 bit gate and its quantum cost is six. 

The input vectors are I= (A, B, C, D) and output vectors are 

O= A,B,A(XOR)B(XOR),C, 

A(XOR)B).C(XOR)AB(XOR)D. It is used for designing full 

adders. HNG gate produces sum and carry in the same and 

thereby reduces the gate count and garbage outputs. 

IV.  DESIGN ARCHITECTURE & SYNTHESIS 

 

A. 16-Bit VM 

The proposed 16x16 Vedic multiplier is easily implemented 

using 8x8 Vedic multiplier and 16-bit Ripple Carry Adder. 

This makes the design of this proposed 16x16 multiplier very 

simple and efficient compare to conventional multipliers. All 

the multipliers are made using Peres, Feymen reversible 

gates. And RCA is design using HNG gates.  

 

 

 

B. Carry Select Adder 

In the proposed architecture, carry select adder is used instead 

of simply adding two 16-bit numbers. This helps to reduce 

the area and speed of calculation.  

 

C. MAC Unit 

This butterfly diagram is named as MAC in the design 

architecture. This unit consists of two complex inputs and 

twiddle factor. It computes complex addition and 

multiplication of the inputs and gives the output. • This 

unit is the basic butterfly unit that computes the addition and 

multiplication of the inputs. 

• This unit consists of multipliers and adders. 

• The inputs to this unit consist of complex input-1, input-

2, complex twiddle input. 

• The outputs consist of complex output-1, output-2. 

• The obtained internal design of this unit is given in Fig.5. 

 

D. Register 

Registers are temporary storage locations that hold data. It is 

necessary to store the values of output after each stage.\\ 

There are two registers, at the input side and output side in 

order to save the inputs and outputs respectively. The 

registers have size of 32x2x8, 32 no. of inputs x 2(real and 

imaginary) x 8-bits.  

 

E. MUX 

MUX is used to select one input out of many inputs. In this 

design, we have 32-bit input which means there will be 5 

stages of FFT operation. Hence the MUX used here is a 5x1. 

In stage-1, it selects inputs from register. The outputs of 

MAC are given as inputs to the MUX. Depending upon the 

stage, it calculates the output. After all stages output is 

calculated, the output is stored in the register. 

 

Design: 

 

The architecture is designed using two register blocks, 

multiplexer, MAC units. 

• Inputs that will be entered are given to the Register-1 and 

saved. 

• The MUX is used to select the inputs which goes to the 

MAC units. The outputs of the MAC units are given to the 

MUX until last stage output is obtained. 

• The control unit is used to give the select signal to the 

MUX.  

• The final output is saved in Register-2 and final output is 

obtained from this register. 

The 16 butterfly units are used to compute outputs for all the 

stages. 
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Fig.4. Top RTL 

 

V. SIMULATION AND RESULTS 

The performance of the proposed architecture was evaluated 

by ASIC and FPGA performances. The architecture has been 

implemented using Verilog language. Modelsim 10.5 tool is 

used to write a Verilog code and verifying the timing 

diagram. Xilinx ISE 14.7 Design Suite is used for evaluating 

FPGA performances like LUT, flipflop, slices, and 

frequency. Synopsys Design Compiler is used to calculate 

ASIC performance such as power, area, timing. 

 

A. ASIC PERFORMANCE 

The area, power, delay, and ADP is computed for this 

architecture. This proposed architecture output has been taken 

from both 32 nm technology. It is observed that the total 

power consumption in this architecture is 2.64 uW. The 

power report is shown in Fig.5. 

The timing report is given in Fig.6. The data arrival time is 

1.26 and data required time is 10.82. Hence slack has been 

met. 

The area report is given in Fig.7. Total area required is 

29684.8 unit sq. 

 

B. FPGA PERFORMANCE 

The performance parameters such as LUTs, the number of 

flip flops, slices, and operating frequency for FPGA device 

such as Vertex-6 Xc6vcx75t has been observed. Also the 

device utilization is observed. The following Fig.8. shows the 

device utilization. 

 
Fig.5. ASIC Power Report 

 
Fig.6. ASIC Timing Report 

 

 
Fig.7. ASIC Area Report 

 

 
Fig.8. FPGA Device Utilization 

 

 
Fig.9. FPGA Timing Report 
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Fig.10. Simulation wave 

 

VI. CONCLUSION 

The proposed architecture has been implemented in Xilinx 

software by using Verilog code. Without using any normal 

digital adder, the FFT architecture has been designed which 

requires less access time and less area. In FPGA 

implementation, LUT, slices, flip flops, and frequency are 

improved in proposed architecture. ASIC 32 nm technology. 

The proposed architecture provides better FPGA and ASIC 

performance when compare to conventional methods. 

In future work, Distributed Arithmetic based architecture and 

architecture level optimization can be used to further reduce 

the ASIC and FPGA results.  
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