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Design of High Performance Radix-4 FFT Processor

DUAN Xiao-dong, GU Li-zhi
(College of Mechanical Engineering and Automation, Huagiao University, Quanzhou 362021)

Abstract This paper studies and designs a high performance radix-4 Fast Fourier Transform(FFT) processor. Based on the radix-4 algorithm,
butterfly-like computing cell of pipeline structure, the processor is improved to work at a more rapidly processing speed and a higher clock
frequency. By using the spilling state machine, the spilling detection for the output data of each butterfly-like computing cell with the block
floating-point algorithm is reliable to determine the state of spilling. Validation and performance evaluation results show that the FFT processor has
high performance.

Key words Fast Fourier Transform(FFT) algorithm; Radix-4 algorithm; block floating-point algorithm; butterfly-like computing cell

1 X(n) m (1)
(Discrete Fourier Transform, DFT) X (k) = DFT[x(n)] = . X(nW, 1)
DFT " 27
Kn=01- N-1; W =e v
4 DIT-FFT 2l N  FFT
DFT 4 N/4 DFT N/4
4 N/16
DFT (am 256 x(n)
DFT 4 DIT-FFT
Coolfey Tukey 20 60 (Fast X (k) = X (ko ko) = i i i i XN,
Fourier Transform, FFT) DFT n=0m=01,=0 n,=0
DFT Whl:043nﬁw'5k14+k0)42 nzW’\Ekz42+k14+k0)4nlW’\5k343+k242+k14+k0)n[, (2)
1 -2 FFI DFT 4
FFT A*= A+ BW,? +CW,2® + DWP ®)
B*= A— jBW. —CW." + jDWP (4)
C*= A—BW,? +CW,;" —DW," (5)
2 AFFT D*= A+ jBW,) —CW.2P — jDW3 (6)
FFT w3
A* B*,C*,D*
N DFT 4 1
2 DFT DFT A we "
DFT DFT B W) -
c W c*
2 (1) x(n) 5 we? o
FFT  (Decimation-In-Time-FFT, DIT-FFT) (2) ) -
X(K) FFT (Decimation-
In- Frequency-FFT,DIF-FFT) DIT-FFT (1984 )
2.1 4 DIT-FFT
DFT N 2008-07-12 E-mail 2006dxd@163.com

—238—



2.2

AFFT
4 2
logsN N/4 4
3] r=IbN
1 4
2 (2r-4)N+4
4 (L5r-4)N+4
8 (1.333r-4)N+4
16 (1.312 5r-4)N+4 (2.718 75r-2)N+4
1
2 4
FFT 2FFT 4
8 16
2 4
2 8
4
4 FFT
4 FFT FFT
3 FFT
FFT
16 RAM
4 096 1024
32 16
31
3.2
FFT 4
1)
@
1)
2)
FIFO
(3) N/4
T T
logsN TlogsN

FFT

N/4

FFT
FFT

N/4log, N
FFT
FFT
“ ”’RAM

4)
FFT
4
FFT
6
ROM
>}
3.3
33.1
4
—] ]
_ 5
—>®> /
_ b
—@ |
_ 1y
eV
_1M-iACI1
-
3.3.2

Mid2

Mid3

RAM

I
B GRS O X

| S S S S
\\B&Ibbbbbbbb|

PP DDPDDDP
B

—239—



4
( @) ) 0000
1111 0001 1110 1 bit
001X 110X 2 bit 01XX  10XX
3 hit
4
16
2(3)
1 1(2) 2 )
3 0
3 bit 2 hit
2 hit 3
2
2
2
01XX 10XX ( 001X  110X)
FFT 2
333 == ”?RAM
RAM 4 096
1024 FFT
RAM “ 7z
2 RAM
[4]
1 024 RAM 5 RAM
4 A, B, C, D A, B “¢ 7z
C.D < »s
RAM-A RAM-C
RAM-D FFT
RAM-B RAM-D
LOAD-TRANSFORM-
DUMP RAM-B RAM-A
FFT RAM-C
RAM-D
LOAD DUMP
RlAc'i’z'le RAM-B . RAM-D
TRANSFORM
5 1024 RAM

—240—

334

4 FFT
FFT Xilinx
Virtex-11 XC2V250-4FG456 4096 1
024 FFT VLSI
16><16 RAM
16
80 MHz 1024 FFT
11.8 ps 6 2 7
FFT Bl
Y AYAY AN AWAWAWAVAWAWAWAWAWAWRWRW)
Rst_n (.
En [\
n1 —{ 0 Y X2 Y3 aYo) s 2YX3)foYa)Y 3f
n2 — 0 Yo X3 Y2 Yo Y1 Y2 Y3 Y2 1 Yo 2
n3 — 1 Y3 oY1) Y2Y1YoXaiYX2)sY 1[
n4 — 2 Y2 Y2 Yo Y2 Y3 Yo Y1 Yo Yz 2 Yo
Hr1 — 3 | S O A O A O A O O O O
Hr2 — j | A A T T ) O O O O A 6
Hr3 —_ 7 ) S G A O G G O (D I O O 6
M4 —ﬁj | A A T T ) O O O O A 6
6
2 FFT
FFT Ibit IMHz Ips
M.Wosnitza,ETH 1024 32 66 80.0
Tiger SHARC 1024 32 250 41.0
Spiffee 1024 20 173 30.0
Sicom,SNC960A 1024 16 65 20.0
Altera FFT IP 4096 16 94 36.0
1024 16 80 11.8
4096 16 80 25.0
2 44« ’RAM
N=4" FFT
5
FFT 4 096 FFT
“ "’RAM 1024 FFT
80 MHz
4096 FFT 25 us
( 243 )



