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FFT

m FFT
m N=4

Twiddle Factor

W = e_j(

A dx

:)

FFT

4X4 Twiddle Factor
WO, W1t ..

X(k) = i.x(ﬂ) (e =01,2,3)
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FFT

m Twiddle Factor

[ |

n 1,-),-1,]

u 1,-1,1,-1

m 1,j, -1, 4

o FFT

x(n)

wowt owt o] |
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"
4FFT
% stage 3 =(4FFT)
for nn = 0:4:60
%nn 04,8,...,60
x3(nn+0) = x2(nn+0) +x2(nn+1)+x2(nn+2) +x2(nn+3);
x3(nn+1) = x2(nn+0)-j*x2(nn+1)-x2(nn+2)+*x2(nn+3);
x3(nn+2) = x2(nn+0) -x2(nn+1)+x2(nn+2) -x2(nn+3);
x3(Nn+3) = x2(nn+0)+j*x2(gm1)-x2(nn+2)-j*x2(nn+3);

end:; %(0)

~ X(0)

x(D) X

X(2) e X

X(3)
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m HEAD
m 4

| | | | | | | | | | | | | | | | | | | | |
! | ! | | | | | ! | ! | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
72 N S N /N1 N
| | | | | | |
LX) kx(BZ)Xx(%)X X(0) X X(1) X X(2) X X(3) )I eooe
A S S /N
| | |
{(x0) Y x@ X x@ X x@ X x@) Yo = p{x62) X x63) X x0) X x0) X x@ X x@) )= = ¢ == [x62) { x63) )
i i i i i | i i i

HEAD
FFTIN

FFTOUT
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" JEE
FFT ENTITY

STAGES
—{ S3IN | S30UT | ——»
<14,6,t> <14.6,t>
—»{S3IN.Q S30UT Q ——»
<14,6,t5 <14.6,t> RESET:
EN:
—— | S3HEAD S30UTHEAD —»
<11u> <1,Lu>
—®» RESET
—» EN
—p{ CLK
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[ 0.0625
||
-0.50
||
[ Signal Processing Workbench
[ <8,2,t>

two's complement

[ ” 8 <8,2,t>
0 1 1 0 1 1 1 1
s 01101111
[ <8,2,u>
|
u unsigned
n ” ” <8,2,U>
0 1 1 0 1 1 1 1
s 01101111
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FFT ARCHITECTURE

NA/Av/
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" S
Radix-4 computation unit

Real , pass
XM mee | e
Real .| pass |
x(n+ m) mag SV?/,rAP '
Real , pass
x(n+2m) o O
Real . pass |
x(n+3m) Imag or ]

A 4

SWAP

Complex
Add/Sub
G
Complex |
Add/Sub +—
—>
—>
Complex
Add/Sub

W complex add : (a+hj)+(c+dj)= (a+c)+(b+d)j

M1 complex add = 2 real add

BComplex mult : (a+bj)(c+dj) = (ac-bd)+(bc+ad)j

B1 complex mult = 4 real mult + 2 real add
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FFT ARCHITECTURE
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x2(3) x2(2)

R3
S1

R4,

IN RO
x2(5)

x2(0) —) A
x2@ —) B
RADIX-4
BUTTERFLY
RADIX-4
BUTTERFLY
RADIX-4
BUTTERFLY
PAHSE=2)
x2@) —) A
x22) —) B
RADIX-4
BUTTERFLY

x2(1) —

x2(0) ——)

PAHSE=3)

twiddle
Factor

out
X3(0)

x3(0)=A+D+C+B

twiddle
Factor

out
x3(1)

x3()=B-jA-D+jC

twiddle
Factor

out
x3(1)

x3(2)=C-B+A-D

twiddle
Factor

ouT
X3(2)

x3(3)=D+jC-B-jA
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FFT ARCHITECTURE
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" B
STAGES3 operation

— VirSim — Waveform — SIM — AutoGrou p0 - |0 ‘
File Edit Zoomn  Display  View  Window Help
=% %2 8 e EEmEE - £ [EGroupo|| %, [SiM|

lcur i | 180 (1 ns)
ca | 134 (1 ns) ol
Delta -46 (1 ns) :
Il | 3/CLK 0 i
Il | 3/EN 1 .
1 | 3/RESET 0 !
11 | 3/S3HEAD 0 '
T1 | 3/S3IN_I(13 DOWNTO 0) mphgfo0  ofize  128]0  o[-128 . = -128]0 O]
1 | 3/53IN_0(13 DOWNTO 0) 4o 0 ofxze 0 1280 0 0 0] -128 |
I1 | 3/530UT_I{13 DOWNTO 0} 0 [5122] 0 [ o [ o [ oo J]oT o0 [512[0]
T1 | 3/5300T_0(13 DOWNTO 0} 512 | 0 o [ oo (520 o0 ] o0 o
Il |3/S3IN_IR =\o o 20 000002 0 -0 0
Il | 3/S3IN QR oo 0o 0 afe . 0 0[1 -1
Il | 3/S30UT_I_R oo~ 0000000 o4 o oo o Jo]o [o]|-4]0]
Il | 3/S30UT_g R o = 000 oo fJofo |4 oo o] o0 [o
I1 | 3/530UTHEAD 0 :

|= = rl = l -

|
2007/1/17 12



1. FFT
2. FFT

m http://www.ie.u-ryukyu.ac.jp/~wada/cad06/stage3/stage3.vhd
m http://www.ie.u-ryukyu.ac.jp/~wada/cad06/stage3/test_stage3.vhd

m http://www.ie.u-ryukyu.ac.jp/~wada/cad06/stage3/FFT4.pdf
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" S
stage3.vhd

1. unsigned  signed
IEEE.std_logic_arith.all
signed

2. |

2007/1/17
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"
test stage3.vhd

1. real
2. real
3. - std_logic_vector

IEEE.std_logic_arith.all
4. std_logic_vector -
5. - real
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-- OUTHEAD GENERATION
process ( CLK , RESET) begin
if (RESET ="'1") then
HEAD(0) <="'0";
HEAD(1) <="'0";
HEAD(2) <="'0";
HEAD(3) <="'0";
HEAD(4) <='0";
elsif (CLK'event and CLK ='1") then
if (EN =1") then
HEAD(O) <= S3HEAD;
HEAD(1) <= HEAD(0);
HEAD(2) <= HEAD(1);
HEAD(3) <= HEAD(2);
HEAD(4) <= HEAD(3);
end if;
end if;
end process;
S30UTHEAD <= HEAD(4);
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RE%ET

e
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REEET
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s
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REEET
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A 4

e

D Q

HEAD(0)

HEAD(1)

HEAD(2)

HEAD(3)

HEAD(4)=
S3OUTHEAD
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-- 64 CYCLE COUNTER
process ( CLK, RESET ) begin
if RESET ='1") then
COUNT <= "000000"
elsif (CLK'event and CLK ='1") then
if (CEN =1") then
if (S3HEAD = '1") then
COUNT <= "000000";

else
COUNT <= unsigned(COUNT) + "1
end if;
end if; S3HEAD RESET
end if; N
end process; "000000" —>
"000001" — ;4D Q COUNT
CLK
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