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ABSTRACT

This paper describes a design of wvariable-length FFT/IFFT processor (VL_FCore) for OFDM-based
multi-standard communication systems. The VL_FCore adopts in-place single-memory architecture, and uses a
hybrid structure of radix-4 and radix-2 DIF algorithms to accommodate various FFT lengths in the range of
N=64%x2" (0<k<T). To achieve both memory size teduction and the improved SQNR, a two-step
conditional scaling technique is devised, which conditionally scales the intermediate results of each computational
stage. The performance analysis results show that the average SQNR’s of 64~8,192-point FFT’s are over 60-dB.
The VL_FCore synthesized with a 0.35-yum CMOS cell library has 23,000 gates and 32 Kbytes memory, and it
can operate with 75-MHz@3.3-V clock. The 64-point and 8,192-point FFT’s can be computed in 2.55-ys and
762.7-is, respectively, thus it satisfies the specifications of various OFDM-based systems.
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Fig. 1. Architecture of VL_FCore processor
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Table 1. Number of stages and cycles for FFT lengths

FFT [ of R4 stages # of R2 4 of cvel
Zo|(N) M) stages (R) yeles
64 3 0
128 3 1
256 4 0
512 4 1
(M+R) XN
1,024 5 0
2,048 5 1
4,09 6 0
8,192 6 1
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K = 6-M;
SA = STAGE + K; // Selection Address
OS_SA = SA*2; // offset sA

for(i=0;i<13;i++) begin
P=1i+ 0S_SA;

if(P>12) SEL BA[i] = 3;
else if(P<10) SEL BA[i] = 2;
else
case(p)
12: SEL BA[i] = 2*(not(R))+1;
11: SEL BA[i] = not(R}):
16: SEL BA[i] = 2*R;
default : SEL BA{i] = 3;
endcase

end

02l 4. SEL_BA A% A duzlE
Fig. 4. Algorithm for generating SEL_BA signal
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Table 2. Performance of VL_FCore for FFT length N

FFT SQNR HAAZE | 8 AEdo][us)
Zo|(N)| FFT | IFFT [es] (&% Az%)
64 | 64.68 | 59.65 | 2.55 32 (WLAN)
128 | 6174 | 5875 | 681 160 (ACIS)
256 | 6147 | 5911 | 1362 | 125 (DAB I)
250 (DAB 1II)
512 | 5953 | 57.63 | 34.05 234 (ADSL)
500 (DAB IV)

1,024 | 5997 | 58.28 | 68.10 1024 (Wi-Max)

1000 (DAB 1)
2048 | 5739 | 5640 | 16343 | " pop o

4,096 | 58.60 | 56.95 | 326.86 | 448(DVB-H:4k)
8,192 | 57.76 | 55.40 | 762.68 | 896 (DVB-T:8k)

E 3. FFT Z2AX9 A% vx
Table 3. Comparison of FFT processors

Spiffee” (52410 | CFMR"™ | This paper

Technology

[z 0.7 0.18 0.18 0.35
FFT Zo(Ny| 1,024 1,024 | 64~1,024 | 64~8,192
SONR
(N=1,024) N/A 55 65 59.96
Gate count | 115,000 | 39,000 | 37,000 22,965
Frequency
[MHz] 173 100 100 75
Memory
[KByte] 4.5 4.0 8.0 32.0
Radix radix-2 | mixed mixed | radix-2/-4
In-place Yes Yes Yes Yes
Word length
Ibit] 18 16 16 14
Cycles
(N=1.024) 5,100 5175 1,280 5,120
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