40 F 12 BT 5 fF B % ik Vol. 40No. 12
2018412 H Journal of Electronics & Information Technology Dec. 2018

SEMRIRE 2 Al EMWFFTAIERR T S2 3

o 2V wERY ewe?
V(P EAHFRSFEHLA T 100190)
Ok EAERAE LT 100190)

¥ B ks A R E A PR (8 L AR e (FFT) Kb FE 88 ] 3l 2 90 T 0 S R A R FE R T S %
PR HFER. S SAFFTHLL, WREEERETES, FRFAHUFFTHEE AR5 HImR. DFE [
FIERBICAR M . BT, ARMREHEERE, B ABFFTHMERE T/ R EE2r TS, 2
H 2> AT %5128 /256 /512/1024 /2048 R FF TR ARG B . [RINE, 456 B H o) I S35 L JB T8 HRg AN XU
TE YRS B A RO R R A IR S RIS ST, B IR — 3R A I R UL U AR SR FF T AL B 2% 25
¥, JEAE28 nmbFHECMOS L Z AT BT JFSeail . SEOnE SRR W], R IE T8 SRS B2 A OUE E 1 R B sl P A X
T KB S A R AN T 45 B B 5 L 43 53,478 GSample/s, 135 dBAI6.957 GSample/s, 60 dB. JH—{k
Bk AR EOAH B T B HoAh v SRFF TSI T4 s 21245 .

KEEIR): PUm AR e, B R IREEE: AlSEE R

FESHES: TN4T XEAFRIRES: A TEHS: 1009-5896(2018)12-3042-09
DOIL: 10.11999/JEIT180170

High Throughput Dual-mode Reconfigurable
Floating-point FFT Processor

WEI Xing®®  HUANG Zhihong®  YANG Haigang®?
@(Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China)
®( University of Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In the advanced applications of real-time radar imaging and high-precision scientific computing
systems, the design of high throughput and reconfigurable Floating-Point (FP) FFT accelerator is significant.
Achieving high throughput FP FFT with low area and power cost poses a greater challenge due to high
complexity of FP operations in comparison to fixed-point implementations. To address these issues, a serial of
mixed-radix algorithms for 128/256/512/1024/2048-point FFT are proposed by decomposing long FFT into
short implementations with cascaded radix-2* stages so that the complexity of multiplications can be
significantly reduced. Besides, two novel fused FP add-subtract and dot-product units for dual-mode
functionality are proposed, which can either compute on a pair of double precision operands or on two pairs of
single precision operands in parallel. Thus, a high throughput dual-mode floating-point variable length FFT is
designed. The proposed processor is implemented based on SMIC 28 nm CMOS technology. Simulation results
show that the throughput and Signal-to-Quantization Noise Ratio (SQNR) in single-channel single precision
and dual-channel half precision floating-point mode are 3.478 GSample/s, 135 dB and 6.957 GSample/s, 60 dB
respectively. Compare to the other FP FFT, this processor can achieve 12 times improvement of normalized

throughput-area ratio.
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ZE0, AP, AR SCRI A SCHR[17) 4 H 1 T AR
H—4 A AT, Wa(3)Fra. RN & g

*4 WEFRME R REHE AT XRERE

KL MK FER (ns) Fit 4 MK ZET (ns)
B RS R 1 0.43 AR SR L8R 1 0.33
TRELE S REC 1 0.77 FEGE 5 B IR 1 0.87
TRE 2 5 R A 55 2 1.98 TRE 2 5 RN 55 2 1.25
FRHCRAZE 3 1.47 AA4:2 CSA 2 0.20
LZA 3 0.35 BUME# N R AT 2 0.53
Bk L7 3 0.16 LZD 5 ¥k % 3 1.98

* 3 WEFCHAMBREHEATIERLLRER

®5 WEFSHMARKREHATERLLRER

24 ICik[6] SHLET %' S SCHR[5) S L T2 AR
T2 (nm) 45 28 28 T2 (nm) 45 28 28
H—LTHAR (un?) 5226 (100%) 2665 (51%) 2317 (44%) IH—AIA (wm?) 12865 (100%) 10336 (80%) 10701 (83%)
TARSZ (MHz) 1920 500 435 TARSZ (MHz) 1493 500 435
TR (ns) 1.0 6.0 6.9 LR (ns) 2.1 6.0 6.9
DiFE (mW) 5.2 0.6 0.4 INFE (mW) 16.9 2.7 2.5

e JA 2.70 (100%)  1.20 (44%)  0.84 (31%)

TIiFex J 3 11.3 (100%) 5.3 (47%) 5.6 (50%)
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o A I FE XU e P A FF T AL PRS0 3049

ST 3 5 0 — (A LB E N i B FFT25 A
RIS

HARSLHL 55 e R K6 iR, A B
XU i F] B FF T f i LAFSH 9435 MHz, -

B IHFEN104 mW o FURE BERT K AL T I8 55
HE Ay W A 3478 MSample/sf16957
MSample/s, “F¥J%iSQNRN135 dBFI60 dB,
2048 Ri¥F M FFTHJALFIN (A4 2.2 ps.

< 6 WIRFESFFTEAEMEEXTEL

EREEo SCHR[2) SCHR[9) SCHR[L6] AL
T.Z (nm) 90 65 55 28
FFT45H FT AR Hybrid MDF MDF
FFT &5 512 1024 1024 128/256/512/1024,/2048
IATRE 8 1 1 8
B 7K (bit) P i 12 e 32 SE S 16 Fa: 32/ 16
T 5 HHSQNR (dB) 57 139 55 SP: 135/HP: 60
A% (MHz) 324 400 200 435
THEESA] (ps) 0.3 2.6 5.1 0.2/0.3/0.6/1.1/2.2
BEAER (MSample/s) 2592 400 200 SP: 3478/HP: 6957
SEITIFE (mW) 42 417 8 104 @435 MHz,
BRI (mm?) 0.93 1.19 0.15 1.41
= R S TTE A 10.0 22.1 1.9 16.0
JA— bR T A b 259 18 103 SP: 220/HP: 440

VA — Ak THI AR AR LE SR [9] TR O3 S FF TR b 1
27.6%, S0 E SFFTSIAEE, H—{LHMH
PEFRM M TR A H— i H AR R AR LA
BUORE AR R R SCHR[9] 121, 5 SClik[2] R B
FREARIEEEERENSFELREFFTR L,
AL 2R AR R 0% SQNRAE4E R — E LA
FE, H—fbizEHFmRmAL 2R 7/,
A, A B R T A AT S5 M S s FF T (bR
7£16 bit, HIHSQNRAN23 dB), ALK iTHIF
RFFTACEEZ8 7 B Fh 7 s 230 N 7 SQNR IR I
o B SR AR B

FFT 24K 5 — 4k A

= 10004 / [M (logy N) (Linin/ 28)2} (3)

He, ARAROHR(PA: mm?), MRNEITHAT
&, NAPSCRR B KFFT M3
5 £5RIE

AICEUSR T — s A FE XU 11128 /256 /
512/1024 /2048 55 Al EAFFTALEEZS, FF7E28 nm
PRHECMOS L Z T AT Bt JF SEil . s & Rk
W, ASCRT I S FF T e LA 435 MHz
TP THFEAUN104 mW . SR R FE R OUE 1E
kG BV R AR 1% SQNR 43 7l 135 dB
60 dB. [FIF, HTprig th iR & 5,

LA T4t P [R] IS4 BT B G 3 R OUE T8 - 4%
W AP B QR Bl & I S R T, H— LT
AR i S i A L S8 4 e AR B AT oAt e v ST
A IR
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