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ABSTRACT-----The fast Fourier Transform
(FFT) is a critical block widely used in digital
signal processing algorithm. With the advent
of semiconductor processing technology in
VLSI system, different approaches had been
tried in order to optimize the algorithm for a
wide variety of parameters such as area,
power and speed. Resource efficient FFT
processors have become a common
requirement for high-speed devices and
OFDM  transceivers. Low  arithmetic
complexity and high speed of FFT/IFFT
processor is required in many applications in
OFDM-based wireless broadband
communication systems. For this reason, it’s
essential to develop an optimum complexity
design FFT/IFFT processor to meet the low
power and real time requirements. In order
to speed up the FFT computation we increase
the radix, for reducing chip size. Simulation
of design units is done in ISim Xilix ISE 8.1.
The overall area and power is also reduced.

KEYWORDS— VLSI, FFT/IFFT, path delay,
DSP.

I. INTRODUCTION

To perform the frequency analysis of a

discrete time signal, we convert the time domain
sequence into an equivalent frequency domain
representation. Such a representation is given by
the Fourier Transform. The Discrete Fourier
Transform (DFT) is one of the Fourier
transform, used for Fourier analysis. It
transforms time domain signals into frequency
domain signals. In an N point DFT, to evaluate
each DFT sample value we have to perform N
multiplications and N-1 additions using complex
numbers. N such computations are required in
all, therefore there will be N2 complex
multiplications and N(N-1) complex additions.
The FFT procedure for synthesizing and
analyzing the Fourier series was given by Cooley
and Tukey. It is a computationally efficient way
to calculate DFT. The wide usage of DFT’s in
Digital Signal Processing applications is the
motivation to implement FFT’s. This method
provides a divide and conquers approach to the
computation of DFT.

There are two methods of FFT, Decimation in
Time (DIT) and Decimation in Frequency (DIF).
In DIT, the inputs are fed in bit reverse order and
the outputs are obtained in normal order. In DIF,
the inputs are given in normal order to the
butterfly unit and outputs are obtained in bit
reversed format.
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Il. FFT/IFFT

To perform the frequency analysis of a
discrete time signal, the block diagram of FFT
architecture consists of five
basic blocks. A double port RAM memory to
hold the values of input, output and intermediate
operations, a Butterfly processing unit which
consists of radix-2 butterflies and it is the heart
of FFT algorithm, ROM memories to store
twiddle factors and an address generation unit to
extract data from RAM and ROM and finally a
controller.
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Fig.1 FFT Block diagram
A. RADIX-2 FFT

Radix-2 is the first FFT algorithm and was
proposed by Cooley and Tukey in 1965. The
DFT of a given sequence x[n] can be computed
using the formula X[k]=Yn=0 to N-1Wy"™a,
k=0,1,...,N-1.

XK

Fig.2 Radix-2 Butterfly diagram

The properties of twiddle factor used are
periodicity and symmetry. Then
X(K)=X1(k)+WNkX2(k)

X(k+N/2)=X1(k)-WNkX2(K) where,
k=0,1,...,N/2-1.

If N is a regular power of 2, the same
computational procedure can be applied
recursively until the N-point DFT is evaluated as
a collection of 2-point DFT’s. In the general
description of FFT, the whole FFT operation is
partitioned into three processes: dataload,
computation and result unload.Initially input
datas are given to the processor by means of
simulation inputs. These datas are written into
the RAM. The processing cycle starts with data
load process. Here we read the stored data from
RAM and start signal for FFT becomes high.
Then, FFT computation of stored data taken
place. Finally the results are stored in RAM and
becomes available at the output. RAM: The RAM
memory carries different types of data as the
computation of FFT algorithm proceeds. Initially
the input datas for FFT computation are stored in
RAM. After each butterfly operations it
overwrites the input data positions. And finally
during the output process bit reversed address is
given to the RAM and it outputs the data
accordingly. The dual port capability of RAM
makes two data samples available at the same
time. So, it decreases the overall computation
time of FFT.
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Fig.2 Radix-8 Butterfly diagram
IV. LITERATURE SURVEY

The architecture of the FFT plays a vital role
in the DSR processors. Novelty in its
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architecture towards the high speed, area
reduction, power consumption is much
important. In the paper[1] the modular approach
is to develop parallel pipeline architecture. The
operating frequency of this architecture can be
decreased that in turn reduce the power
consumption. In the paper[2], presents a novel
power saving technique supported by two design
models such as multi-transform model and
multimedia functional unit for multimedia
purposes. In the journal [3] speeds performance
of our design easily satisfies most application
requirement based on OFDM modulated
wireless communication system. Butterfly Unit:
The butterfly is the basic operator of FFT. It
takes two data words from memory and
computes the two point FFT. The input data are
taken in 2’s complement format. A butterfly is
the basic operator of the FFT. It takes two data
words from memory and computes the two point
FFT. The input data are

taken in 2’s complement format. A butterfly unit
consists of (N/2) butterflies and each unit
contains two ROM memories to store sine and
cosine co-efficient of twiddle factors, four
16X16 bit multipliers, six 32-bit accumulators
and two concatenation operators to get the
correct data format at the output. The whole
butterfly operation takes six instants of time.
First, the two data inputs and the twiddle factor
co-efficients are read(R). They are multiplied(x)
to get the partial products in 16-bit format. Then,
they are added and subtracted and truncated(+/-).

Fig.3 Butterfly Unit

The truncated real and imaginary parts are
concatenated(&) to get the 32-bit format. The
adder used in butterfly computation is the carry
select Adder(CSLA) which is one of the fastest
adder. The main advantage is that the arithmetic
operations follows pipelining operation and
addition is done using CSLA, so it reduces the
overall computation time.
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Fig.4.

Address Generator: The purpose of address
generation unit is to provide the ROM and RAM
memory with correct address. It also keeps track
of which butterfly is being computed in which
stage. For an 8-poin complex FFT, there are 3
stages, each stage consisting of 4 butterflies.

Since the address during input, output and FFT
computation processes are different; it keeps
track of the mode of operation of the chip and
generates the required address. Mode of
operation information is supplied by the
controller. Controller it controls the whole
activity of FFT computation. It act as a
combinational state logic the required address.
Mode of operation information is supplied by
the controller. Controller it controls the whole
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activity of FFT computation. It act as a

combinational state logic.

IV. PROPOSED
ARCHITECTURE

The architecture of the FFT plays a vital role in
the DSP processors. Novelty in its architecture
towards the reduced delay, high speed and
power consumption is much important.

In this paper they proposed a memory based
recursive FFT Design which has less gate
counts, lower power consumption and higher
speed.[10].To reduce power consumption and
chip area special current node SRAMSs are
adopted to replace shift registers in the delay
line.[8].The modular approach is used to develop
pipeline architecture. The operating frequency of
this architecture can be reduced that in turn
reduce the power consumption.[5].Efficient
mulplication technique is used to reduce partial
product for compute the DFT.[3].it uses power
saving technique by two design novels(multi
transform model and multimedia function unit)
for multimedia purposes.[9].

IV.RESULTS

A.Synthesis Report (8-point-coding)

DEVICE UTILIZATION SUMMARY:
Selectaed Deviea T AENalEdn
Yumharof Slices T oontof A5G 0%
Numberof4 input LUT: 20 outaf %312 0%
Numberafles S

Number of bongad [0D: i 23 outof 232 3%
TIMING SUMMARY:

Spasd Grade - 4

o parh fovnd

Xo path fornd

Minimom parind
Min:mom input arrival tims bators clock
Maximum owtpurrequired tisoe atterclock @ No pathfound

Maximut combinational path delav %_141ns

B.Synthesis Report(16-point -coding)

DEVICE UTILIZATION SUM

Selected Device

Number of Slices

Number of 4 tput LUTs t 6% gurof 9312

Number of [z

Number of bonded [08s 175 omof 232
TIMING SUMMARY

Spead Grade -4

Minsmam persod : No path found

Minzmam input smival time before clock 1 No path found

Maximum owtput required ttme after clock

: No path found

Maximwum consbisaticsal path dotay : 10.467ms

C.Simulation output (16-point - coding)

— [ i

D.Simulation output (8-point-coding)
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E.Synthesis report(8-point-ipcore)

SYNTHESIS REPORT FOR 1P CORE{8-POINT FFT):

DEVICE UTTLIZATION SUMMARY

165001 204

1 cute ¢ 4
TIMING SUMMARY

F.Synthesis Report(16-point-ipcore)

DEVICE UTILIZATION SUMMARY:

Selected Device 1 35500efz3 204
¢ 668 cutol 4656 14%

1 831 outof 0311 8%

Numsber of Slices
Number of Shes Flip Flops

Number of 4 mput LUTS 732 oulof 9312 ™%
Numberof Jos + 0
Number of bondad 10Bs %

Numiher of BRAM:
Number of MULT18X 188505
Number of GCLKs

TIMING SUMMARY:

Speed Grade i 4

Minimwm period + 8.366M8 (\Naxireum Fraquence: 158 S9MHz)
Minimum input arrival time before clock @ 3.986ns

Maximum output required time after dlock ¢ 4.96%ns

Maximum combmattonsl path deiay 1 536643

G.Simulation output(16-point-ipcore)

IV. RESULTS COMPARISON

H.Simulation output

5 306t {Mucmun Freqeency: 155 4800002

RADIX . §-POINT 16-POINT
TYPE VERILOG IP-CORE VERILOG IP-CORE
\T'\\"I":I'TP\OT 11 393 38 668
NUMBER OF LUTS 20 426 68 732
PATH DELAY . 9.141ns [ $.306ns 10.467ns | $ 366ns
AREA 1 1245 174 2132
POWER ‘ 0.081 | 0.081 0.081 [ 0.081

RESULT COMPARISON CHAIRT:
FICTOGRAIH

12

10

BEvenlog coding
B Ip core

4poum §poim lépoint

IV. CONCLUSION AND
DISCUSSION

In this work, | presented a novel architecture
for the design of FFT which is being
implemented on VLSI by having the target
device as Spartan-3E with the title "FPGA based
modified Architecture of FFT with Reduced
delay using Macro’’ which provides optimized
combinational path delay analysis in this
direction leads to get reduced area and power of
FFT architecture.

V. FUTURE WORK

Although this focus is on towards the
minimized path delay in the architecture, the
same can be achieved by implementing this
design using any other reusability of sub-module
which may also be controlled by routing
algorithm. Obviously if the elay in the
architecture is minimized power dissipation can
also be reduced with the proposed architecture.
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