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Design of radix-2 Butterfly Arithmetic Unit.

B.Y. Choi. K.W.Shin. J.X. Yoo,

C.B. Lim.

8.R. Kim. M.K. Lee

Electronics Engineering Dept., Yonsei University, Seoul, Korea.

A high performance Butterfly Arithmetic Unit for FFT processor using two adders is proposed in
this papers, whichis Based on the distributed and merged arithmetic.Due to simple and easy architecture

to implement, this proposed processor is well suited to systolic FFT processor.
Simulation was performed using YSLOG (Yonsei logic simulator) on IBM AT computer, to verify

logic. By using 3um double Metal CMOS technology,Butterfly arithmetic have been achieved in 1.2 usec.

1. Mg

A GTNNE BY, M, A4,y AMY 5
FUAY g4 9= ggsl 2 gt

=tatA GAZ MU gAEt s, 4 aop
SYSTOLIC# WAVEFRONT ¢ 3" &§ A g°te 332

*t 388 T2 s, (1) (10)

¥ =PolME FFTR SYSTOLIC %42 499y =4
9 g BUTTERFLY 942l 2§ 4 Myct,
BUTTERFLY ¢J4#M® 414, DISTRIBUTED 9 4
# MERGED 94§ 4 8%, 447 (MULTIPLIER
DN Sel 29 MgMTes 242% DITC(DECIM-
ATION-IN-TIME) BUTTERFLY 94§ 4% %:
feg A Y=L,

M EYE AT AW, w® N gHoIY YSL-
OGR °l 8*14 IBM-AT %14 k® A g™eid g 49
ot oy=t.

2. FFT 2" g <(2) <5

EE 4T N J 2, DFTR 8% ZF° ¥g=t.

N~1 ;

X k) =S x(n) eI (2WNINK
n=y
N-1

=%x(n) wk

n.k=0,1,2,..,N-1

A WK = I (PNInky, Mo ar (TWIDDLE
FACTOR)®| %t .

DFTE N 9 %44 34% NCN-1) §44 40
yaore.

FFTk DFTR 2§ 2% M4ok 2% 528 DFTR

log,N STAGES B¥°®t 2, ¥ STAGEE 3 ¥4 34
(COMPLEX MULTIPLICATION)§ 2% 8=,
Mz 34 P2y gaRerdilogn o,
<2Y 1>F (29 2)8 N=8Y A&, FFT8 4

DIT BUTTERFLY 94 2§°l™, °| =1 BUTTERFLY
I¥ye,

X =4+ BW —acen (1)
Ya-A--B.wk ---(2)
o 2

P92 2E H44 Fg Y4 FA N4Fow ety

U4k MY 2D, 499 D34 699
P4 599 Ye%g F4+QUt. E FFT 949

2 g 2%k BIT-REVERSED %4 o o5 ey, 3

T A1 ¥ E ( SCRAMBLING) %3] % @9c},

3. DISTRIBUTED 9 % MERGED 9§ 4

SN YeNY Yrg yYNte Yy 2 gAYyel
£ el



DISTRIBUTED 94t MERGED 94§ AFA
Agee, SNt O 2RY T Few
4= 23 4473 BUTTERFLY 94 ¢ 2" 2%
A et

4 (1)1 P=WSBol 2, N "= gy e 3yt
(NORMALIZED)® ® 94 g=t2 %3, DISTRIBUT-

ED 948 stga 39 3Y9g=t. (3> (»
B = Br + jBi
Br=-bro+f_brn2 - - - - (3)
Bi = -bio + f bin 27"
4 <3>i $oi2y,
Er=2—Br- (- ?BV‘)
= —Z-[-bro + g brn 2""] - %[-EFM
o 2"+ (1]
=
= -é- [- {bro-bro) + :Z: {brn-brn)2™"
e 7D ] SN
AT 2P esx 1
Bi = 5 [— (bio-bio) + %—d(bin-bin)fn
2-(N~1)] ----- (5)

Y O (5% J¥AY,

o
"

(Wr+jWi) (Br+3Bi)
(WrBr-WiBi) + j(WiBr+WrBi)

]

L w21 L 1 [(bro-B7)ur- (bio-B70)
Wi )+ %gRbrn—m)wr—(bin-gi—n)wi]f"

of s
(bio-BTo) Wr] + %-g[(brn-m)ww(bin-m)
Nr]Z'n 3

J 6>g JEI,

(Wr+W1) - 5 [(bro-brojwi+

. CIN- 4- -
Pr = .Jé_ (Wr-Wi)2 (N-1) g grn(brn,bin)2™"
Pi = % (wr+w1)2'(N"1) + E-_“ gri{brn,bin)2™"

n3o

(2

arn & qin of <4 Ze (& LI Fet,

(E1>°0 2 worer del Wrah Wiw Aol 5 (Wrewi)
o 3 (ir-Wi) b AR EE 2h U

el 2 vtak Fely B3 s gyl 989

accumulateg} shift g xte g 23323 4Py

S Ay oA 1(% upel o]y Xr,Yr,Xi,Yi g

A o[
T R ’E

w4 vt
vh# (inner product)g & ¢ Fo s A o
3% ot XY g

Aty A g g H g

#ortgl merged arithmeticg

Fthe ol Pro% Pig

1eE Hg % g
&
Xr = Ar + Pr
Yr = 2Ar - Xr - - - = -~ - - - - (8)
Xi = Ai + Pi
Yi = 2Ai - Xi

et
*}w o], distributed o 24 At @ par] el
ETR S

A2} (merge) A3 o) cte

4. scaling 3} Butterfly =jojg]sz .
Parseval ©]g o] & *|y

[ =

%7((“) = % "Z_:. l)(ck)l‘. SN 6 M

°|2 g, scalinge] mlg op gef,

Qeelstet AFA 4t 19 Fees,
Overflowg W= =} o] ®~ I stageq]
Hol2f 9 F g 29tg scaling] 3 AAS
(automatic array scaling) ¥g *Hg Pt

5 Butterfly o ale =g 3t Zbe] wWad«l,

=1 . -_Al _31- .. -
X-Z[A+BN5—2 +(2)N (10)
.1 21 Iy, uk
Y-Z[A-B-MG—§A-(§B)N

Butterfly o ahepal7h = (jump) § 2ol = o
gL 232 s “?9‘54“—1 FedoM A
1y & A5k, ring counters 3 4
) harden)eJ Lﬂrﬁuwg A IR L

5. Butterfly oixtslg 1 z.

(18 3)% ket 7ho] butterfly o xke)g 1}
SRELD
Arkel & w7 Jpibo] (adder) g o o WA
at¢ == 3, carry lookahead J}t2hilg ol g
"t =t

~

6o Mg eld g 3% 1k
Butterfly & 2tg]g ofjr bz a2 g 5t Y§siy
11

stw p2k9lg YSS CMOS Cell Library g



g Ag T 7tz e Mg Aelde

ety te (19 4 5)

gbit =olete] A%, 1278l F9 Al
;é]g'a],:]..

3 =F3 =b4 7} IOMHZ =}, butterfly o k4| Jte
L6t g

dawyte 2t e 29 29A5t

T 3 &

g g oM distributed 23} merged o ity
Feety 5 e prble 1Y, butterfly
dodzg Ayt

:qlo}s). d].A a A A]-“l]% A'-%_ s].z] 31}9_51’
N e §2H1g Ay cte ghalel 1A
50 olghel BTag de & U

de e Y &2l Mg cte I&
aMe FAlg Abg A bit-serialg
distributed oAby St uwbalo} w = gixl
22, e g 8le e cte %9 %
ety 3Fs Y& & dYh

wp=}a] A oksk butterfly & 2He]§ § wavefront
g osystolic 2E A= el #ghy *}ef.

8. F1gd
(1) T. Willey, etc. “systolic implementation for
deconvolution, DFT and FFT.”
IEE proceedings, F. Oct. 1985 (PP. 466)

(2) J.A. Johnston.
"Parallel pipeline fast Fourier

transformer"
1EE, proceedings, F. Oct. 1983 (pp. 504}

(3) I.R. MACTAGGART and M.A. Jack
"Radix-2 Butterfly Processor Using

Distributed Arithmetic"
ELECTRONICS LETTERS Jun 1983 (pp. 43)

(4) Panny Cohen
"Simplified Control of FFT Hardware"
IEEE, Trans. ASSP DEC. 1976 (pp. 517)

(5) DEEPAK BHAGAT, and H.W. MERGLER
"High - performance Microprocessor-Based

FFT processor"

IEEE, Trans. IESI. May 1978 (pp.102)

179

{6) EARL.E, SWARTZLANDER
"Merged Arithmetic"
IEEE, Trans. Computer. oct. 1980 (pp.946)

{7) ZAHEER M.ALI
"A high Speed FFT processor"
IEEE. Trans. Communication May 1978

(8) Richard W,.Linderman etc.
"CUSP : A 2um CMOS Signal Processor"

IEEE. J.Solid-State Circuit Jun 1985

(9) Stanley A. White

"A simple FFT Butterfly Arithmetic Unit"
1EEE. Trans. CAS Apr. 1981.

(10 J93% %
v AgE FFT a2y systolic Array 9]

ﬁ’ﬁ"

2 %y Wt =28 F. 19856 1le

(11} M.K. Lee, et. al.,
"Development of VLSI Design Methodology,”
Jour. of the Engineering Research

Institute Yonsei Univ., Vol. 17,

No. 2, 1985.

fo

b Q N><

s /\><

4

i‘;\\\\S‘l,n”’?j::::><=:::f
£5 £5

We WS
£6 F6
£7
F7
W Wb W
(29 1) qi e gE,



0 10 20 30 40 50 60 70 80 90 100
Time {ns) s -
+
A ) s X Ass | rso'
W
' A |
fl\ - Mz~
B Vx — " \ AA3 1
AAS I
811 j
1a : BI2 1
(12 2) Butterflyd2r ¢ g5
BI3 ]’
814 r
&) ss1 _58 2 %
ss2 —“3 62
SS3 6 12 63 64
5
L s ) [
3 :3
WK N Y] 88
* ™ cca __JT I
A00/Su8 SHIFTER
Asz )
2
= e (295) CLA2] Simulation 23t
i
Accumulator N, an
—
SHIFTER suz bra bin qrn {n30) qin (n#0)
uﬁu Lzﬁ“ 0 0 -(Wr-wi)/s2 -{WreNi)/2
o i -(Wrewi)/2 +{(Wr-Wi)/2
Y EA ey 2gt 1 0 +(WreWi)/2 ~{Wr-Ri)/2
1 1 +(Wr-¥1)/2 +(WreWi)/2

(ne0 & 3% 171 B

(x 1) Aot A9 a
AA4 BI4 AA3 BI3 AAZ BIZ AAL BIL

{ | | ass
ey
RENCRAR R KEA
‘e 14 pe 2
o4 —= CARRY LOOKAHEAD s 16 e 20 Y= 8 M=
ADDER 5 nts SMHZ 50 MHZ 10 MHZ
\ \ ‘ \ Az | 5.27 us 1.08 us 1.2 us
54 53 52 51
(12 4) Carry lookahead adder/subtractor

(8 2) Butterfly o 2b+] 0 wjg

w

180



