ASK 2023 st ELH 3] =27 (303 15)

FPGA & A}-&3%t radix-2 16-points FFT
dagF 7HE7] 78

oA 1, 22, A5E >
LSt AAE o At
>R ehan A 4-gsha kA
s etael el AR s

r22jiwOn@hanyang.ac.kr, smcho3315@ hanyang.ac.kr, seosh77@ hanyang.ac.kr

Radix-2 16-points FFT accelerator implementation using
FPGA

Gyu Sup Lee!, Seong-Min Cho?, Seung-Hyun Seo?
I-2Dept. of Electrical Engineering, Hanyang University
3School of Electrical Engineering, Hanyang University ERICA

e of
2 =Fd A= FPGA & &85} radix-2 Fast Fourier Transform(FFT) ¢32]&S W23 g&4S
2 J8sE A7 g 71&et B =Rl zybo 27-20 FPGA S AF&-3}4] Processing System(PS)
A RE &&= F& I} Programmable Logic(PL)Ol A & 2tsln] sfo]Z2kly} X2 & A8-§ FFT
T8 ARE Al £ FARRE =Ede] A3 HuE Fa 2 E gRe] Ak AIRE 3L ogla
2 ARES &S B ST
1 M2 Tk 2H53E 738 ¥ Programmable Logic(PL)OIA] &%
A7be] &l AFE Euls odow WMk orwAl FolZEdl B WHAE AR TddNE
. o s , H] 1.3 wE 0AlE m=iiylo] HlwE Ea =2
Fast Fourier Transform(FFT) 23}, 338}, ©|3} 5 T} ¢ Jagkth B AR =dake] HluE ooH = T
- - =)
@ RoplA Wel ASHE Fag duegory 5 0 BHA S A R Has 4 sEdE ¢
8, NEAT, Fuk B4 BA olsel So] Hop 1wttt °lE €3 FPGA ¢ FHE &Y FFT of
A FFT Q4 B4Ael ogae sgay. oo o0 @rhd el wansg sane s ASE &
_ 0] = 723
FFT ¢ ¥3& <l Number Theoretic Transform(NTT) <14}Ho] A=Al sl 7]=gtt

Post-Quantum Cryptography(PQC)2] ¢i1e]& & ZAA}7]
Wb dare]gel 2 ARSEA FFT oF #dd
7} sl A o] FZol A 2 gt} 2.1 Radix-2 Fast Fourier Transform

olg]sl FFT ¢ualZ=S weaw goow 13s) FFT &= AIRF 999 &4 A3 E F34 9
W % SHE Field Programmable Gate Array(FPGA) o Wskstel, Aee Fog A
AHgEtel SmelEg slEskets sl&o] e © ST
STh PPGA £ A A4t A, ¥ wAAY vy 0T ¥

4

2. wjZ x|A

-
Ho H
=

i

Sof e 49E 2w slol, Q= % or @y o9 FEd:

of 43e Sedofolth EE FPGA & 8@ spg [T = Cooley-Tukey Sl s 7juhe s, <

3 7)Mo FFT MUk ofual therst orig]Zo] A4 = 7]¥9] Discrete Fourier Transform(DFT) ¢85S

o] 7bssle] Ao FQ o] =), Mgk Aoz dolHE Auky A AHgsh A
B wRAAE Zybo 2720 FPGA 2 Al &3te] 16. o THEE OWNA 0(WlogN) o= &1t Radix-

point radix-2 FFT & & &} 1L, Processing System(PS)ol 4] 2FFT 3= & Lo FFT harels 5 shhe 2 9] 7

-23-



FAE 2719 input Hlo]EHE thF= Zo] 5o,
=R E 16(2* )79 dHoly ¥QEE zZte
radix-2 FFT & T& 3t}

FFT oA 42 o8 A8 = butterfly A4 (L
d D3 2ol F Ay dely o sl 3] 2K (twiddle

factor)E w3k AH5 =93
Stage 1 Stage 2 Stage 3 Stage 4
x(0) — — - Y(0)
x(1) - =7 7 Vs v(1)
x(2) = AN Y(2)
x(3) Y(3)
x(4) - ~ > Y(4)
x(5) s Y(5)
x(6) — /V/\ f“ Y(6)
X(7) A Y(7)
x(8) Ny al Y(8)
x(9) — Y(9)
x(10) /\(/\ /f‘ Y(10)
x(11) s v(1D)
x(12) — Y(12)
x(13) ;\/\ ;/ Y(13)
x(14) s Y(14)
x(15) L - Y(15)

(29 1) 16-point FFT 9] butterfly A4t 33

2.2 Field Programmable Gate Array

.9_61- /’\

FPGA = AHEAZF 2 d o e H43=
2, WAl 7t =g JolEst v Jd& 5
= 555 9238 interconnect & A 0] H o] glo]
A AREAE 5S4 Vleeld S8 ZradEs 7AE
T A

FPGA = st=dofe] A& F3 e dik A

s 7 0}74] ste], BE AYE 488 F U=

5

ATk

H| 3L g} , =
e ZEal Qo ol2 1oH FPGA & @‘Jiq 4EEE}
A, = A, 28T AFE 5 TS FokelA |
gl AbgEa glom s dY ANE wgen o
gz A|2agoly [oT oA gt st=gol2 A}
|5 vk
3. FPGA T8l

3.1 748 By

28] o A= Digilent jik2] zyng-7000 Al2]= 5 zybo
z7-20(XC7ZOZO-1CLG4OOC) FPGA & AR&-ditt 7st

2 Xilinx 79 Vivado 2020.2 ©]™ PS 2 PL o] Z &
6& o] Zg 7 Vd L Vitis2020.2 ol A 3 3t}

AAAQ FdL (29 2)9F Zh. PCAA input &2
AFEH = 16 7H4 point & ¢ 851, UART E41S 3]
FPGA HE2 HgEw, BE oA AXI4 LITE <H
o] ~5 3 FFT ¢14to] ol Fxit) olwf <iike] A
ke thA] Bl A 2=Ele] A= a1, pC 2 Adghe]

==y

FFT_CORE ] A7+ 16719 inputol] thale] 4 7)<]
stage | W2} butterfly ko] § HA Z ) =], butterﬂy
A REIE F8 dile] dd dwinith &
ol Egh AMAAol A RERA O R ALRH = butterﬂy
Askell i3] wWHEEo] o unrolled TFEE TS
stage ' A4 HAIE A5t pipeline 72 E
gggiv)y w3l 7} ALle] F Q3 twiddle factor & W

AXI_4

ol
ot
il
I—rl

(719 2) FFT AA4ke] FPGA A 73

Logic & AR&3H#] 3L PS ol A1t FFT A4S 3
FEo T (217 3)¥ 2ol Zyng oA A
Z2AME AFRE PL oA F&E FFT 9
7155 Fdstglon, FPGA Sl WEE 667MHz
dual-core Cortex-A9 = A}&3}o] A4S =38kt

ot oy o

e o rlr
ot A

processing_system7_0

DOR +t—D DDR
I

FIXED_IO + |||====ef™> FIXED_IO

FCLK_RESETO_N

ZYNQ

ZYNQ7 Processing System

Domain details

Name: standalone_ps7_cortexad_0

Display Name: standalone_ps7_cortexa9_0

Operating System:  standalone

Processor: ps7_cortexad_0

Architecture: 32-bit
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<H 3> fA} A W

Method FPGA Radix | N No. LUT No. FF No. banded IOB No. slice
Proposed Zybo z7-20 r-2 16 497 802 130 227
[1] Spartan6 r-4 8 296 112 352 -
[2] Zynq 7z020clg484-1 r-4 16 1039 836 - -
[3] Spartan6 r-2 16 1004 557 295 -
[4] XC5VLX330-2FF1760 r-4 16 1894 3469 - -
[5] (VHDL language) r-2 16 | (fully used LUT-FF pairs) 295 51 2401
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Resource Utilization Available Utilization %

LUT 487 53200 0.93
LUTRAM 60 17400 0.34
FF 802 106400 075

BUFG 1 32 313
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