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Design of a low power floating point FFT processor

YANG Linlin, WANG Xinsheng, WANG Jing*
(School of Information and Electrical Engineering, Harbin Institute of Technology, Weihai Shandong 264209, China)

Abstract: A low power, configurable and floating-point Fast Fourier Transform(FFT) processor based
on Field Programmable Gate Array(FPGA) is introduced. It can operate at 4,16,64 and 256 points. Radix-4
algorithm based on frequency extraction and single butterfly structures based on memory are utilized.
Butterfly operation unit is optimized by reducing the number of multipliers, and the power consumption is
reduced. The memory adopts the ping-pong storage structure, which improves the data throughput rate. The
use of floating-point operations improves the computing accuracy of the processor. The design of processor
is synthesized by using Semiconductor Manufacturing International Corporation(SMIC)0.18 pm process
library, and its power consumption is 0.62 mW/MHz. It is implemented on the ACX1329-CSG324 FPGA.
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Tablel Structure and characteristics of FFT

structure introduction advantages disadvantages
sequential The sgquentigl strupture contains .only one butterfly the lowest power
structure computing unit. Entire FFT operation is completed by consumption the slowest operation
repeating this one FFT butterfly unit. simple structure
cascade Each stage of the FFT operation uses a low power consumption .
. : slower operation
structure separate butterfly computing unit. neat structure
parallel Each stage of the FFT operation uses the same N/2 faster power consumption and area is
structure separate butterfly computing units relatively high
array full parallel structure, all butterfly computing units are fastest power consumption and area is
structure operated at the same time. highest

1.2 FFT Bk &

FFT 4bBEBF AR AR Z5 M I 1 s, EZAU$E SRAM,
H 17 4i# 4% (Read-Only Memory, ROM), MEJE 3255 #IT |
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Fig.1 Overall structure of FFT processor
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Table2 Description of the ports
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X xY =(X,Y, = XY;)+ (XY, + XY,) (1)

A (D) AT A 1 IR HORE T 2 4 IKSBOIR A 2 1k

SEOM LS, xR ()BTRS, W Q2) PR .

name bit wide port description
clk 1 clock input signal
rst_n 1 reset signal, active low
sel 2 point selection signal
start 1 start signal
datar/datai 32 input data
flag 1 calculate the completion signal
dataoutr/dataouti 32 output data
A (A+C)+(B+D)
B [(A-0)~§E-D)] Wy
c [(A+C) ~(B+D)] W2"
. 3n
D [(A-C)+j(B-D)I Wy

Fig.2 Butterfly processing structure
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Fig.6 Flow operation
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Table3 Number of resource occupancy

3 17‘3- E Q:él: % main resources on chip percentage/%
=7 FF 1
/0 64
- . P R LUT 55
AR R Verilog HDL 48 54%4%, F Modelsim 15 BRAM 3
BT R SEAT S RE G 2L, 3 1 Matlab 9 fft o6 B3 45 53 L =
FTI0AE, B AAE Xilinx 27 ARTIX-7 &5 ACX1329- e #4 Ij]fgxm )
y N N . aple: omparison ol power consumption
CSG324 FPGA L5, B S HEMR MR 3 iR, 5 dosign process/im __ power consumption/(mW/MHz)
SCHER[OTXF Lm0, AR SCAYRTHIHFE R IR AL D . BUE S this paper 0.13 0.820
’ N o literature[10] 0.18 1.305
J3 100xsin(2xpixt), 7E 100Hz Ff# 256 /i FFT iz%, literature[11] 0.13 1300
literature[12] 0.13 0.560
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Fig.7 Simulation results of Matlab
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