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ABSTRACT

A low-power 64-point FFT/IFFT processor core is designed, which is an essential block in OFDM-based
wireless LAN modems. The radix-2/4/8 DIF (Decimation-In-Frequency) FFT algorithm is implemented using
R2SDF (Radix-2 Single-path Delay Feedback) structure. Some design techniques for low-power implementation
are considered from algorithm level to circuit level. Based on the analysis on internal data flow, some
unnecessary switching activities have been eliminated to minimize power dissipation. In circuit level, constant
multipliers and complex-number multiplier in data-path are designed using truncation structure to reduce gate
counts and power dissipation. The 64-point FFT/IFFT core designed in Verilog-HDL has about 28,100 gates, and
timing simulation results using gate-level netlist with extracted SDF data show that it can safely operate up to
50-M@2.5-V, resulting that a 64-point FFT/IFFT can be computed every 1.3-ys. The functionality of the core
was fully verified by FPGA implementation using various test vectors. The average SQNR of over 50-dB is
achieved, and the average power consumption is about 69.3-mW with 50-Mz@2.5-V.
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¥ 1. FFT Y3859 vz

FFT Complex Constant Spatial
Algorithms | Multiplications | Multiplications | Regularity
Radix-2 98 - (0}
Radix-4 76 (0}
Radix-2* 76 o]
Split-radix 72 X
Radix-2/8 44 38 X
Radix-2’ 48 32 o
Radix-2/4/8 48 32 (o)
. 32 44
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stagel stage2  const MUL stage3
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DLim —»] stagel heal stage2 .*_,Hu!ﬂpilcr_\_.

i
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(b) pipelined implementation
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Latency : 74 cycles 84 cycles
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3.2. Radix-2 L[| 24|
a3 2-(b)2] 8% FFT £2-2 FA3kE radix- 2
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CLK
Data Input
Buffer Write
Buffer Read
R2 Butterfly
Data Output

12| 5. R2SDF stage?] £2+ elo|v
3.3. &7 F| ¥ 545 S|
A FA7Ie AR, W= (V22 - - ),
Wit =—(V2/2) - (1+ )2 FAL A4}, ol
A V222 H@% Aol AR 5 Stk

L.
5 ~0.707106781 @)
2272704274427 0+278
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ADD) 2|3 dlole] Adr] d A9)x 5oz F
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B4rg FAld AHEE AR cosine T3
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) s ROMel AAZE ¥ ROMY ¢7] 45
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DI_im ——4
SFT
Di_re —¢—+—~ &D | . L
w

- SFT_ADD
sel — -
o/ DO_im
(a) block diagram
sel|sw| function
0|0 Pass
0|1 -
110 el
1 1 Wave

(b) operation modes
a3 6. A A

3.4. MEH MAE &t 13 Ak

dubd ez CMOS 3| 2dA AH|EE HHE
322 294 FHA U= T4 A¥rwe}
ATl 3t A HA¥Aawz FEEY, CMOS
3|29 AYLwe] RS sk 54 ¥4
2 A3)d o] 2dgy gl

P, = Z(a'fclk' Vip C.), 3)

A3)elA e 329 29A FFQaL P &
Z Fa, 2 293 FAdM F-wbdEe
Fahed, aEln vy v ALAGE YeRich o
Wb oz gdweE|E == oly|dEAe} e AM ¥
o] HAHshe 32 = Holobxa 2 319 @
W] A3} e} o] & J3S vixmz EnEq
AR AAE e SzEE oldgA #Ha
o] APy} wi¢- 83 840} St 329 ~A9)
A =S Jeile 504 o= dzES o}
F1Exel s A= <dge wlow dwE
Aol ikl wlERlcl A1)eld BE u}
o} Ze] FFTE 45 F47 7Mies Fisjng
Hao B4 FAS Ze FFT gxEls Ads
A daelge]l Z= AAkEEe| 7AA  (spatial
regularity) = 31e{=ojo} ok 1] FFT <ae
ol O3 ¥4< Ed2, d4 E3ter] 2bn 4t
350] A solzelel T A
radix-2/4/8 FFT 4x2l5-S F3sch
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32 Hdoxe 3R Aisz dAE F8
AR Adsick & B4ag FAG A FA
Ay F 2233 39 v|EE 322 FIR o
£ AA $47|(truncated multiplier) S AFE-3HS
24 < 12%9 AllEE AR I, 28 5
2] R2SDF stage®] 52+ elo]®] Zof oJ3pd )
Qi1 o] 8-8o] 50%°18F, vu| Air17) 5=t
A oke 717FEekelle el 28R Fzbo]
AR 22 dAS Gt o)} 22 I=He)
AL AAZHE F3) AAIR FFTedp Z=2A4
o] P AHARE 88.1 mWollA 69.3 mWE oF
21% Z}aAZch

V. & 23 ¥ 45 &4

Verilog HDLE =Ed3¥ FFTedp o=
ModelSim< ©]83l AS5S F3Psigled, 19 7
S Aol A o] d¥E B3l Ao} ¢
g dloJel7t 71 F 74 cycles®] latency”} At
¥, A}l 25=7] AR £ 5 9ok

Fe &% Cosr Cutpare Boobrack Fovmat ndon. I.....l. I“II

¥ | QQQQE W HETE | fefeledan

[# Bt Grsw 7o Comowe Sockwak fermat | rdow
+  QQQAE T NUUE | lefelefdel

a% 7. AAR FFTedp 2019 715715 2

13 8-(a)y= AAIE FFTe4p 19 A7} 3}
AL Bl AHolw, 2 A;Y AZE A3l Wz
(QPSK, 16-QAM, 64-QAM)Z+ F H5HA
(floating-point) A%+ ZH= o|AFH]l IFFTS} o=
AL AA 1ER Fx3HE dlelelE AlEH o]
A ql¥oez AMEEgck a¥ 8-(b)= AlEHeIA
o] AHEl 1 dlolE(FSE Al AAw), ol
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A FFT £3(F5 3139 A4, 4A% FFT6dp
F19] FH (55 e AAt:), 183 FFT &9
o] @Ak A (5 A AADE H]l Aok
I3 8-(c)= FFT E39 <dikexel SQNR
(Signal-to-Quantization Noise Ratio) S-S &%
Fal AR W2 29l Holck AA Falg FHo
Al 3 SQNR A& Jeler, HF SQNR
< 9F 50-dB A== FA=g)

HDL Model
Random nmmH Tdest Gain & } 105 yrvetp 'Y [ Errors
MATILAB
MATLAB

(a) performance evaluation flow

(c) errors and SQNR

2] 8. AAE FFTedp Fol9 Als7}

1% 9= AAE FFT64p T2 &3 u|E S
o2 SQNR S5A4-& A3 AFelch. E3o] 14-8]
EQl A% FFTE ¢ 50-dB, IFFT+ ¢F 55-dB9)
SQNR A%5E 7AW, 28 8-(c)9F I3 94 B
£ vje} 2o], 93t SQNR 5A& o] o
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Bev Wz Axde] 97 2A¢ 383 0
£ Aoz Hrissch

SQNR of FFT64p Core

{+FFI' 1
| |—=—InvFFT|

11 12 13 14 15 16
Output word-length [bi]

12| 9. FFT64p Fo1¢] SQNR 54

ZZo] ¢tg¥ HDL 24 0.25-um CMOS A
oS o]g3le] A A} 28,100 AlOIE
2 7% S 58 29 AlelE 494
netlist?} SDF (Standard Delay Format) d|o|E]E
0|43t Elolw] AlE#Hold ZHz Ho| AAAXE
oF 15.3-ns2 JEpton] #Hololx Fo| ujxe] o
T AQA& zsitizte 2.5-v ALYl 50-Mt
2 ks B3t e ALE Hrich wEhA,
643 FFI/IFFT <4l 1.3-us7} 4-8%|%] IEEE
802.11a A|2Ele] Aleke uEdh= Zlog grlx
gt AAE" FFTedp Folv A AlelE #H4
netliste} H|A~E #HEES o]gs] FEF backward
SAIF (Switching Activity Interface Format) ©|o]€]
2 sl A"Aw BEAE EAslgled,
50MHz, 2.5V S=F76A 69.3-mWe] HFAH
< 4vdles o2 BAEFEHYL ol AHY A
71He HEslR ¥ AY T HYHAR
88.1-mWell Hlall °F 21%9] HHALR FIAE o|F
dct ® 25 F3o| wEd 643 FFT 2449}
B =Fodld AAE 39 AeS v|agk Aok
B =Fd4 AAR FFT64p Zole 3 [71~[9]¢]
utgs Al vla] <& 30% ~ 50% H2 Al]ER
T, A¥4sw EAE vl $<5Ei

E 2. 643 FFT Z2AAM9] v|x

Latency | Power dissipation

Gate Count oycles) [mW]

Ref. [7] | 39,500 (1.40) ? ?

Ref. [8] | 62,000 (2.21) 77 |84 @20MHz, 2.5V

Ref. [9] | 38,170 (1.36) 76 (507 @100MHz, 3.3V

This paper | 28,100 (1.00) 74 |69.3 @50MHz, 2.5V
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71%5% s 94 715831l 643 FFTIFFT &
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