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Abstract  In this paper, a low-area 256-point FFT structure is proposed. For low-area implementation
CSD(Canonic Signed Digit) multiplier method is chosen. Because multiplication type should be less for efficient
CSD multiplier application to the FFT structure, the Radix-4> algorithm is chosen for those purposes. After, in
the proposed structure, the number of multiplication type is minimized in each multiplication block, the CSD
multipliers are applied for implementation of multiplication. Furthermore, in CSD multiplier implementation,
cell-area is more reduced through common sub-expression sharing(CSS). The Verilog-HDL coding result shows
29.9% cell area reduction in the complex multiplication part and 12.54% cell area reduction in overall 256-point
FFT structure comparison with those of the conventional structure.
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2ol ueEhd 4 vk

iy =z, >5+x, >10+x, > 14

iy =2y >4+x) >9

iy =Ty >4—1xy >8—wy > 13

iy =24 >3+xy >8—wy >13

Iy =2 > 3—1xy >8+wy >12

Ig =Ty > 3—Ty > T+xy >12

b =Xy >2—x >06—x; >10—2, > 15
iy =xy > 2+, >T—x, >12

iy =xy >2+x, >11—2;, > 15

Gy =T > 2= >T—xy > 12

i, =x > 2+x >6+x, >10—2, > 15
Gy =34 >2+xy >T7+x > 12

Gy =2y >2+x, >10—2, > 15

iy =7, > 1=z, >5+x, > 10—z, > 15
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Gy =@y > 11—z D6+, >11+x >15 X

b =4 > 14z, >7T—2, >13 XXX 5 .

iy =ay, > 14z, >5—z, >10—z, > 14 2.4 . T !

s =T > 1—xy >T—xy > 13 >0 b

¥ ;

o =Ty > 14z, > 6+, >11 9 i 8 Y 43 5

21 — *1 s Ty >3 o

ﬁ,é >8 5

iy =@, > 14z, > 643, > 11 (1) T o 212 ¥ i

=3y > 14z, >5—3, > 12 g et

o= — _ N >6 b

iy =y > 1—xg > T—x, > 13 >0 ¥ »i0f o f

lys =a, > 14z, >6—x, >11—2, > 15 »% D »12\_( i

gy =Ty > 1=z >5+x, >9—2, > 15 = P i

=2y, > 1z >T—x, > 14 — >>15m

7 ho

=Ty > 1wy > T—x, > 11 = ¥ ,

lyg =Ty > 1—xy >5—x, > 10 4>Y >>10\*l >>15* h

iy =y =, > A=, > 12 29 Ty 4 i

Iy =z —x; >4+, >9+72, > 15 =20 >>15m i
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2] PN M >>15* fia
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e .
b
el Zelo] thews AAsdt St .
>6 ¥ sx1 % =
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3.4 Ml Hmf AH|O|X| A Sve—. :
oF AH ol XE2 AAS Sl ST b
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>
Qou g o)A 16-point FFT7} Wkt olo] tislo] thA| — o1 ¥ >>15* .
Radix-4> 212|122 28372 ) e >>15‘f’ B
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[E 4] 256-point FFTo|| thst FAIGALe] 7}A] 4= v

radix-4 (:ric:)i;s-:;
1st stage 63 3
2nd stage 15 63
3rd stage 3 3
total 81(100%) 69(85.19%)

I 404 HEo] Radix-4®> A|oF7E29] A Aol A ¥
A 20| A=z 371R]9] AlE "Wa g sln W)
20| = 63717 Alg7t Baste] & 69712 A&
Ba @ gt} o9} H|WElo] Radix-49] 256-point FFT=
8174 2] A4 Fastna o] =Lof|A] Radix-4> &t
25S Mgtk

oA FA LS TA7|et HZE AX7|E AREE}o]
T E 7|2 3k Radix-4" FRO|A AFEEE 69719
H4715 csDF o2 e Fofl CSS 7S AMgal A
Ag A= % 59 Zrh

[E 5] AW FEE Y3t sz 4=
(256-point Radix-4> FFT J-X)

2°s CSD type CSS
complement coefficient (proposed)
Ist stage 18 15 8
2nd stage 456 277 159
3rd stage 18 15 8
total 492 307 175

594 Hzo] SIS ARSSte] BAldARE B8
Ao FHsy] fIsiA CSS Al AR A} 1757)
o] SA7IE AMgSte] EE 4 ASith = CSDH A
§ AHgths BT 132719 SIS A2 5 9
=

32

4.2 Verilog—HDL AlZz{o}Mat &
AoFst FFT ZE A4 0] FEHA 74ao] et 784

= AlEdold siglel 19 13 22 mhojzelel
256-point Radix-4> MDC 728 &3t Aot xo)
T84S v ush7| Y3f 256-point Radix-4 MDC %25
T-@sto] Hluwskelth

Matlab2 ARE-3}0] AJQkE 256-point Radix-4> MDC
29| functiong HFILE & 21219 AH|o|R] &
I 2% 25671 &0l FEeHA] A5 ol 7oA vb
S01%1 7} AHo|A] &9 712 Verilog-HDL 319 9] HZ
= 913t HAEHEHZ ARSI

o]% Xilinx ISE 7.1iZ Verilog-HDL Y& 3}l
Modelsim&- ©]-§3to] U2 &9 71-& HAEWE S} vl
sto] HDL 3195 #H3shlrh

Verilog HDLZ AA$F FFT ZZAM|AE Chartered
0.18um CMOS Al gto]Heje]E o]83sfo] /gdstqlar
T T BF 5YT constraintsE A-85F3UTh 7] L2
o Aot 28] BA 74 B0 tigh 48 A= &

67} 2t

[E 6] B4 FAEZ9] cell area H]I:L(me)

Radix-4 (}l}ri(:)i;::;)
1st stage 0.721 0.030
2nd stage 0.199 0.606
3rd stage 0.031 0.030
total 0.952 (100%) 0.667 (70.1%)

3 60f|A4] 0] 7]& 256-point Radix-4 £39] Al
At B=2 0952mm’E  FAEOH Aok

256-point Radix-4" T-29] ZAAA 22 0.667mm’
2 A= AlE FAAA BF0 E L V)

& 22} vwste] of 99% FAgE &

-

2t

[E 7] AlokE 256-point FFT 229 W& um(mm?)

Radix-4 Radix-4" (proposed)
DC A M DC A M
1 stage | 0.596 | 0.028 | 0.721 | 0.571 | 0.027 | 0.030
2 stage | 0.781 | 0.028 | 0.199 | 0.762 | 0.027 | 0.606
3 stage | 0.235 | 0.028 | 0.031 | 0.224 | 0.027 | 0.030
4 stage | 0.064 | 0.028 0.061 | 0.027
Total 2.746 (100%) 2.402 (87.46%)
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7oK BEo] 7|20 2l 2.746mm 2 FAE
Aoktz 2.402mm’E A=A AoHE

gt

o} HliLslo] Wao] 12.54% o A

o

V.2 E

o] i=woll4] OFDM AJ&lof 2 H&g 24|83
Q& FFT 220 diste] CSD FAI7] W4l Aze
FFT 25 Aletssich. siAl7] ahe Apgatel Talsp)
s FAlAre] 717 47k 71 HE Radix4’ 3

g Ao FAIMA) 7 S5 1481% £
% gie

w3k G4 QlAte] mg
3 css wAE AMgsle] T
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