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Abstract

In this paper, an efficient butterfly structure for Radix-4 FFT algorithm using DA(Distributed Arithmetic) is proposed.
It is shown that DA can be efficiently used in twiddle factor calculation of the Radix-4 FFT algorithm. The Verilog-HDL
coding results for the proposed DA butterfly structure show 61.02% cell area reduction comparison with those of the
conventional multiplier butterfly structure. Furthermore, the 64-point Radix-4 pipeline structure using the ‘proposed butterfly
and delay commutators is compared with other conventional structures. Implementation coding results show 46.1%6 cell area
reduction. Due to its efficient processing scheme, the proposed FFT structure can be widely used in large size of FFT like
OFDM Modem..
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Table 1. Look-Up Table.

32-Word
Memory Contents

Input code
Ts B\n BZn B3n Bdn

00
01
10
"
00
01
10
11
00
01
10
1"
00
01
10
L

00
01
10
11
00
01
10
11
00
01
10
11
00
01
10
fi

0

Ay=0.11
A;=0.95

Az +A, = 1.06
A;=-0.30

A+ Ay=-0.19
A+ A; =065

Az + A3 +A, =075
A;=0.72

A+ A, =083

Ay + Az =1.67

A+ Az + A, =178
A+ A; =0.42
A+ Az + A, =053
Ar+ Az + A3 =137
Ar+A + A+ Ay =148

0

-Ay = -0.11

-A; =-0.95

~(A; +Aq )= 1.06

-(A; )= 0.30

-(Ay + Ay )= 0.19

-(Az + A3 )=-0.65

(A + Az +A, )= -0.75
-A;=-0.72

(A1 +A,)=-0.83

-(As + Az )=-1.67

(A + A3+ AL )=-1.78
(A + Ay )=-042

-(As + Az + Ay )=-0.53
“(Ay+ Ay + Ay )=-1.37
A+ Ay + Ay + A, )=-148

1<n<N-1
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Fig. 4. Proposed butterfly structure.
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Ts |x3n|x4n xc €8 yc &4
01010 0 0
0]01(1 Sc Cc
T o Ce ~Sc
01111 Cec+Sc —Sc+Ce
11010 0 0
11011 —Sc —Cc
=0T o —Cc Sc
11111 —Cc—5Sc Sc—Ce
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Table 4. MUX output values of address for d.
Ts | x5n | x6n xd &9 vd &9
034010 0 0
01011} Sd Cd
0110 Cd —5d
n=0| 0| 1 {1 Cd+Sd —Sd+Cd
11010 0 0
11011 —Sd —Cd
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Fig 7. verlog HDL simulation result for 64-point FFT Radix-4 algorithm using DA.
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Radix—4 64-point FFT structures.
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