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Abstract

This project is “Investigation and De-
sign of FFT Core for OFDM Communica-
tion System.” The main object is to investi-
gate and design an efficient FFT/IFFT core
for OFDM communication systems. This is
the first-year project. This project accom-
plishes severa results including: (1) anay-
ses and comparisons of several FFT algo-
rithms, (2) analyses and comparisons of
several FFT architectures, and (3) a vari-
able-length memory-based FFT/IFFT archi-
tectureis proposed.

Keywords. Orthogonal Frequency Division
Multiplexing (OFDM), Fast Fourier
Transform (FFT) » Twiddle factors
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Load 0], M 1],...,n/4-1] to RAM-1;
Then, load /4], {n/4+1],....{n/2-1] to
RAM-2.

Read XA from address k of RAM-1, and
X n2+K from external input buffer and send
them to butterfly PE, and perform
AK=XK+{n2+H,
HK=({A-An2+K)
k=0,1,2,...,n/4-1.
Store 4 r] in address r of RAM-1, and
b r] in address r of RAM-3,
r=0,1,2,...,n/4-1.
Then, read XK from address kn/4 of
RAM-2, and X{n/2+K from externa input
buffer and send them to butterfly PE, and
perform
AK=XK+{n2+H,
HK=({A-An2+K)
k=nl4,nl4+1,n/4+2,...,n/2-1.
Store 4 r] in address r-n/4 of RAM-2, and
Hr] in address r-n4 of RAM-4,
r=nl4,nl4+1,...,n/2-1..
Read a’lK from address k of RAM-1 and
b’[K from address k of RAM-2 and send

-k
Wy :

<k
Wy

them to butterfly PE, and perform
dKkl=alkl+b[kl » YK =alkl- B[K] .
k=0,1,2,...,n4-1.
Store &’[r] in address r of RAM-1,
r=0,1,2,...,n/8-1.

Store a’[r+n/8] in address r of RAM-2,
r=0,1,2,...,n/8-1.
Store b’[r] in address r of RAM-5,
r=0,1,2,...,n/4-1.

dh=HK ~ W, k012, ,n41.

Store dr] in address r of RAM-1,
r=0,1,2,...,n/8-1.
Store (r+n/8] in address r of RAM-2,
r=0,1,2,...,n/8-1.
Read a’lK from address k of RAM-3 and
b’[K from address k of RAM-4 and send

them to butterfly PE, and perform
dKkl=alkl+b[kl » HK =alkl- B[K] .
k=0,1,2,...,n4-1.
Store gr] in address r of RAM-3,
r=0,1,2,...,n/8-1.

Store dr+n/8] in address r of RAM-4,
r=0,1,2,...,n/8-1.
Store Hr] in address r of
r=0,1,2,...,n4-1.
dhd=oAd -~wr_, .
N2
=3,4,...,n
Store dr] in address r of RAM-3,
=My 2')Imod(2)=0} , £=34,....,n.
Store (7] in address r-n/ 2" of RAM-4,
= 2')Imod(2)=1}, £=34,...,n.

RAM-5,

k=0,1,2,...,n/4-1,



Read a’[K from address k of RAM-1 and
b’[K from address k of RAM-2 to butterfly

PE, and perform 4k =alkl+b[K
HK = a[K - b[Kk] k=0,1,2,...,n/4-1.
Store 4r] in address r of RAM-1,
r={ ¥ 2" )lmod(2)=0}, t=4.5,...,n.
Store 4r] in address r-n/ 2" of RAM-2,
r={ (0 2")]mod(2)=1}, t=4.5,....n.

Store Hr] in address r of RAM-5,
r=0,1,2,...,n/4-1.

Step 6. dA=HA ~ I/I/Nk/2 . k=0,12,....n/4-1,
=4.5,...,n
Store dr] in address r of RAM-1,

r={ALy(n 2" )Imod(2)=0}, t=4,5,...,n.

Store dr] in address r-n/ 2" of RAM-2,
r={ /(2" )]mod(2)=1}, t=4.5,....n.

Read a’[K from address k of RAM-3 and
b’[K from address k of RAM-4 to butterfly
PE, and perform gk]=alk]+b[k]
HK = d[k]- B[K], k&0,1,.2,...,n4-1.

Store 4] in address r of RAM-3,
r={Ly(n 2" )]mod(2)=0}, t=4,5,...,n.

Store 4r] in address r-n/ 2" of RAM-4,
r={ (2 )]mod(2)=1}, t=4.5,....n.

Store Hr] to address r of RAM-5,
r=0,1,2,...,n/4-1.
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Stagel: The Accumulator block is for the
incremental generation (at a step of
F,ail2") of theinput binary B= fx val-
ues to the DDFS , where M=36 is as-
sumed here, which controls the resolution
of the output frequency, F, is the fre-
quency of the system clock, “a” is the
frequency control word, and B is com-

Mapping [

posed of 3 integer bits and 33 fractiona
bits..

Stage2: The 1% Quadrant Mirror block per-
forms symmetry reduction of the input
phase to p/4, for reducing table size.
This stage strips off the integer part of the
input phase. In Fig. 2, only 22 MSB’s of
the accumulator’s output is retained for
lower complexity consideration.

Stage3: The p/4 Multiplier block maps its
fractional input to the phase range of
[0p/4 using the  equation
g=Bxl/4=0.aa,-a,-

Staged: The Sin/Cos Generator block real-
izes the 2™-order interpolation algorithm
detailed in the previous section. It consists
of alookup ROM table, A/ and B/ blocks,
aswill be detailed next.

Stageb: The Mapping block is for the final sign cor-
rection of the resullts.

ROM Table: This block stores al the eight
(i.e., 2V**) cosine values addressed by
the three fractional MSB bits 0.ga,a, of

q, for the retrieval of cos(0.44,a, +0.001)
and cos(0.g,a,a;,) -

Al stage: The Al block solves cos(0.a,a,a.1),
using

[1+ % (Dg,)?][cos(0.a a,a,) +cos(0.a,a,a, +0.001)]/ 2

= (1+2?)[cos(0.a,a,a,) + cos(0.a,a,a, +0.001)]/ 2

Note that pg,=2* (i.e, DbDg,, =2""*).
This stage requires two additions.

A2 stage: The A2 block checks bit g, to
decide if g lies in the phase ranges of
[0.a,a,4,0,0.a 4,81 or
[0.a,a,a,10.aa,a, +0.001). Then, similar
interpolation operation as in A1l stage is
done to find cos(0.aa,aa,1) , Wwhere
Dg, =2°. So do the pipeline stages A3 to
AM4:A4.

B1to B9 stages(i.e., 1 to N12+1=9):

These pipeline stages have similar opera-
tions to that of A/ stages, except that here
(Dg,)?/2£2 ™ =27 can be omitted.

Hence, the interpolation reduces to a sin-
gle addition. The B9 stage is the output
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