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Abstract— In this paper, we proposed an efficient radix-2 

FFT architecture using CORDIC algorithm for FPGA 

implementation of FFT. CORDIC algorithm is used for 

twiddle factor multiplication; it will reduce the computation 

time and make faster processor. The proposed algorithm uses 

a new addressing scheme and the angle generator logic in 

order to remove the ROM usage to store twiddle factors. The 

CORDIC algorithm offers opportunity to calculate all the 

functions in a simple and elegant fashion. By using only 

additions and shift operations CORDIC algorithm calculates 

the rotation of a vector and it is an iterative algorithm. The 

design architecture is written in verilog HDL code using 

Modelsim and XILINX ISE 14.2 tools. 
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I. INTRODUCTION 

DFT (discrete Fourier transform) is one of the core 

operations in digital signal processing systems. Most of the 

fundamental algorithms are realized by using DFT, some of 

those are convolution, estimation of spectrum, and 

correlation. DFT is widely used in embedded system 

applications such as wireless communication protocols those  

requires Orthogonal Frequency Division Multiplexing 

(OFDMA) [2], and radar image processing using Synthetic 

Aperture Radar [3] and  (SDR) Software Defined Radio [4]. 

However, DFT is difficult to implement directly because of 

its computational complexity. In practice, (FFT) Fast 

Fourier transform is used for reducing the computational 

complexity. 

For FFT processors, butterfly operation is the most 

demanding stage in order to reduce the complexity in 

computations than in DFT. Basically, a butterfly unit is 

composed of complex multipliers and adders, and the 

multiplier is usually the speed bottleneck in the pipeline of 

the FFT processors The (CORDIC) Coordinate Rotation 

Digital Computer algorithm [5] is an alternative way to 

realize the butterfly operation in FFT without using any 

dedicated multiplier hardware. The CORDIC (Coordinate 

Rotation Digital Computer) is an arithmetic technique, 

which makes it possible to perform two dimensional 

rotations using simple hardware components. The algorithm 

can be used to evaluate elementary functions such as cosine, 

sine, arctangent, cosh, sinh, tanh, exponential and 

logarithmic. This algorithm is a versatile and hardware 

efficient since it requires only shift and add operations, 

making it suitable for the butterfly operations in FFT [6]. 

For butterfly operations, In order to store the actual twiddle 

factors in a ROM, the CORDIC - based FFT processor 

stores only the twiddle factor angles in a ROM. In radix-2 

the samples are multiple of 2. 

Fourier transform when applied to digital 

(Discrete) instead of analog (continuous) signal is called as 

DFT (Discrete Fourier Transform). FFT (Fast Fourier 

Transform) is a improved version of the DFT that is applied 

when the number of input samples in the signal is power of 

two. FFT computation requires         operations, where 

as DFT requires    operations, So that FFT is faster than 

DFT. Hence FFT (Fast Fourier Transform) becomes more 

important in applications where we require fast signal 

processing. Using this fast Fourier transform time domain 

signal is converted into frequency domain, where correlation 

and filtering can be performed easily [7]. 

II. FFT AND CORDIC ALGORITHM 

The N-point discrete Fourier transform is given as 
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   is defined as “twiddle 

factor”. For N-point FFT, there are       stages and each 

stage contains  
 

 
  butterfly operations. The below equations 

describes the radix-2 butterfly operation at stage m. 
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Each butterfly operation needs four data accesses 

(two for read and two for write). Two 2-port memory banks 

can provide four data access in each clock cycle, but in this 

architecture, a special data addressing scheme is used to 

prevent the data conflict. In [8], a new addressing scheme 

has been proposed to realize this twiddle factor. This new 

special addressing scheme is adopted for CORDIC based 

FFT implementation [9]. 

CORDIC (co-ordinate rotation digital computer) 

algorithm was proposed by J.E. Volder [5] in 1959. 

CORDIC algorithm is an iterative algorithm to calculate the 

rotation of a vector by using only shift and addition 

operations. Figure-1 shows an example for rotation of a 

vector Vi. 

 
Fig. 1: Rotate Vector  (     )       (         ). 

This vector can be shown that rotation can be simplified to 
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Fig. 2: Proposed Structure of a Pipelined CORDIC Unit 

      

Here, the direction of each vector rotation is defined by    

and the sequence of all  ’s can be determined by the final 

vector.    Is given as 

   {
           
          

 

 

This CORDIC algorithm can be derived for m the rotation 

transform 

                 

                 
On rearrangement of the above terms, this can be given as 

         (        ) 

         (        ) 

 The implementation of above equations is still 

complex because of presence of the trigonometric functions. 

Anyway, if the rotation angles are reduced to values such 

that          , the multiplication by the tangent can be 

immensely simplified as it can be implemented using simple 

shift operations. Thus, arbitrary angles can be achieved by 

performing a series of rotations iteratively. At each rotation, 

the direction of rotation is chosen by obtaining the 

difference between the actual angle and the angle achieved 

by rotation. Mathematically, it can be given as 

     =       -        
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Where 
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The value of    is +1 if the angle to be obtained is 

larger than the current iterative angle and is - 1 if the 

obtained angle is smaller than the current iterative angle.    

Can be taken as a constant as 0.6073, when the number of 

iterations goes to infinite. 

The CORDIC rotation and vectoring algorithms are 

limited to rotation angles between –π/2 and π/2. This 

limitation is due to the use of   
 for the tangent in the first 

iteration. For compound rotation angles larger than π/2, an 

added rotation is required. Volder describes an initial 

rotation  
 

 
.This gives the correction iteration. 

        

       

       
 

 
 

Where    {
          
         

  

 

 

 

 

 

 

 

 

 

Butterfly 

Counter 

B 

(      ) 

Stage-0 Stage-1 Stage-2 Stage-3 
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angle 

RAM 
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Twiddle 

Factor 

angle 

RAM 

Address 

       

Twiddle 

Factor 

angle 

000 000 0 000 0 000 0 000 0 

001 001 
 

 
 100 0 010 0 001 0 

010 010 
  

 
 001 

  

 
 100 0 010 0 

011 011 
  

 
 101 

  

 
 110 0 011 0 
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100 100 
  

 
 010 

  

 
 001 

  

 
 100 0 

101 101 
  

 
 110 

  

 
 011 

  

 
 101 0 

110 110 
  

 
 011 

  

 
 101 

  

 
 110 0 

111 111 
  

 
 111 

  

 
 111 

  

 
 111 0 

Table 1: Address Generation Table for the Proposed Design of 16-Point Radix-2 FFT. 

There is no gain for this initial rotation 

.Alternatively, an initial rotation of either π or 0 can be made 

to avoid the reassignment of the x and y components to the 

rotator elements. After that also there is no gain due to the 

initial rotation. 

       

       

             or z -   if d = -1 

Where    {
          
         

  

Where    is called angle accumulator and given by 

     (        arctan    ) 

All operations described from equation 4 to 

equation above equations can be realized by only shifts and 

additions; therefore, CORDIC algorithm does not require 

any dedicated multipliers. CORDIC algorithm is often 

realized by pipelined structures, leading to high processing 

speed. Fig-2 shows the basic pipelined structure of the 

CORDIC unit. As shown in equation-1, the key operation of 

FFT is 

 ( )   
   (  

     
      

 ) 

This is equivalent to Rotate by angle  ( ) by angle 
     

 
 operation which can be realized easily by the 

CORDIC algorithm without any complex multiplications, 

fastness is achieved by this CORDIC algorithm. 

Generally FFT processor needs to store the twiddle 

factors in memory. But this CORDIC-based FFT doesn’t 

have twiddle factors but it needs a memory bank to store the 

rotation angles. For radix-2, N-point, m-bit FFT, 
  

 
 bits 

memory needed to store 
 

 
 angles. A new CORDIC FFT 

design is presented in the next section using a single 

accumulator which generates all the necessary angles 

instantly at the time each butterfly operation. 

III. PROPOSED CORDIC –BASED FFT 

Several multi-bank addressing schemes have been used to 

realize a parallel and pipelined FFT processing [9] in past, 

but those methods are not suited for the proposed memory 

reduced, CORDIC-based FFT architecture. In these 

schemes, the twiddle factor angles are not in general 

increasing order and these results in a more complex design 

for angle generators [11]. Using a new addressing scheme as 

shown in Table-1, the twiddle factor angles follow a 

classical, increasing order, which can be generated by a 

simple accumulator. The address generation table shows in 

table-1 of the proposed design for radix-2 FFT of 16-

point[1]. It can be seen that twiddle factor angles are 

sequentially in increasing, and every angle is a multiple of 

the basic angle
  

 
, which is 

 

 
 for 16-point FFT, and 

 

  
 for 64 

point FFT. 

 The angles in FFT butterfly stages increases always 

one step per clock cycle. Hence, an angle generator circuit is 

possessed of an accumulator and an output latch can realize 

this function, as shown in Fig-3. The Control signal for the 

latch enables or disables the accumulator output is simple 

and it is based on the current 

 
Fig. 5: Memory Reduced Radix-2 CORDIC Based FFT Processor. 

FFT butterfly stage and RAM address bits b2b1b0 

(shows in Table-1). Fig-4 shows the basic structure of 

proposed design for radix-2 FFT processor. Eight 2-to-1 

multiplexers and Four registers are used here, Registers are 

needed before and after the butterfly unit to buffer the 

intermediate data in order to cascade two sequential 

butterfly operations together. This way, the clash-free “in-

place” data accessing can be achieved.  
 

Fig. 3: Angle Generator for the Proposed Architecture 

An FFT processing is composed of  many butterfly 

operations as shown in Fig-4, by cascading or arranging in a 

manner that we can realize any point FFT.  
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In this paper we did 64 point FFT using this single 

basic butterfly unit and which can be realized by CORDIC 

algorithm. 

 
Fig. 4: Butterfly Unit at Stage M 

IV. RESULTS AND CONCLUSION 

The proposed design for 64 point radix-2 FFT processor 

 
Fig. 6: Simulation Result of a 64 Point FFT Using CORDIC 

Device Utilization Summary(estimated results) 

Logic Utilization Used 

Number of slice LUT’s 2507 

Number of fully used LUT-FF pairs 0 

Number of bounded IOB 4000 

Table 2: Device Utilization Summery of 64 Point FFT Using 

CORDIC 

 

 

 

 

 

 

 
Fig. 7: Output of the Angle Generation Logic for 64 Point FFT Processor 

Using CORDIC algorithm have been realized by 

verilog-HDL synthesis results are shown in Fig-7 and 

simulation results for 64 point FFT processor and angle 

generator logic for 64 point FFT processor are shown in Fig-

6 and Fig-8 respectively. 
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