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Abstract Two basic FFT(Fast Fourier Transform) algorithms are the DIT(Decimation-In-Time) and the DIF
(Decimation-In- Frequency). In spite of the advantage of the DIT algorithm is to generate a sequential output, various
structures have not been made. In this paper, a new DIT Radix-4 FFT butterfly structure are proposed and
implemented using Verilog coding. Through synthesis, it is shown that the 64-point FFT is implemented by 6.78
million gates. Since the proposed FFT structure has the advantage of a sequential output, it can be used in OFDM
communication SoC(System on a Chip) which need a high speed FFT output.
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3. Function simulation & 73

3.1 Function simulation

Fig. 29} 49] 20l thste] 4 & 2Relst] 9
] function simulations F~&3H3A T AMEE A WE
z[0] ~ 2[63]& X 197 2& —1.0 ~ 1.OAF] <] 6471]
Ag & AHgstTh

Bt s

[Table 1] Input and output vectors for function
simulation

x[0]= 04605 X(0)= -2.3592 + 0.0000i
x[1]= -0.3122 X(D= 01146 + 321101
x[2]= 0.1681 X(2)= 1.058 + 1.6702i
x[3]= -0.7845 X(3)= 3587 - 6.3863i
x[4]= 08126 X(4)= 24889 + 343341
x[5]= 0.7593 X(5)= -6.9437 - 468051
x[6]= 06355 X(6)= -55614 + 055751
x[7]= -0478 XM= 17772 + 2.23651
x[8]= 0.1887 X(8)= 2458 - 47305
x[9]= -0.9550 X(9= 1.0650 + 2.8321i
x[10]=-0.14% X(10)= 35596 + 1.196li
x[11]=-0.3746 X(1D= 64955 + 3.6918i
x[12]=-0.6770 X(12)=-2.7702 + 060471
x[13]=-0.6425 X(13)= 38098 + 1.9517

x[14]=-01542
x[15]=-0.8115
x[16]= 0.1970

X(14)= 0.7528 - 6.0029%
X(15)= 2.9978 + 0.5043i
X(16)= 1.6813 + 0.0899%

x[17]=-0.0582 X(17)= 1.3509 + 0.6740i
x[18]= 0.3919 X(18)=-2.1556 + 0.9694i
x[19]= 0.3998 X(19)= 0.2590 + 0.982%
x[20]= 0.2771 X(20=-4.0221 - 095141
x[211=-09328 X(2D)=-25312 - 052861
x[22]=-0.8624 X(22)=-34193 + 344651
x[23]=-0.3603 X(23)=-1.6570 + 04291
x[24]= 0.0617 X(24)= 04753 - 27567
x[25]= 0.3089 X(25)= 06678 - 355131
x[26]=-0.1848 X(26)= 32590 - 1.82201
x[27]= 0.6400 X(27)= 17467 + 147401
x[28]= 0.4367 X(28)=-0.1609 + 393761
x[29]= 0.9373 X(29)= 02749 - 250981
x[30]= 0.0627 X(30)= 24537 + 1.3847
x[31]=-0.3497 X(31)= 69724 + 591541
x[32]=-0.7837 X(32)= 14950 + 0.0000i
x[33]= 0.2219 X(33)= 69724 - 591541
x[34]= 0.5576 X(34)= 24537 - 1.3847
x[35]=-0.1531 X(35)= 02749 + 2.50981
x[36]=-0.8184 X(36)=-0.1609 - 393761
x[37]=-0.4671 X(37)= 17467 - 1.47401
x[38]=-0.6927 X(38)= 32590 + 1.82201
x[39]=-0.4330 X(39)= 06678 + 3.5513i
x[40]=-0.1198 X(40)= 04753 + 27567
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x[41]= 00543 X(41)=-16570 — 0.429i [Table 2] Verilog simulation results(real part of the
421=-0.0852 X(42)=-34193 - 344651 output vectors)
xU431= 0.7507 X(43)=-25312 + 052861 X(O)= fffd a410 - —2.35013085933
x[441= 0.0361 X(44)=-40221 + 09514 X(1)= 0000 1d52 - 0.114532470703
x[451= 08872 X(5)= 0.2590 - 098200 X2)= 0001 Ocee = 10583190918
xl46]= 02754 X(46)=-2.1566 - 0.9694 X(3)= 0003 965a = 358731079102
{47)= 09154 X(7)= 1.3509 - 067401 X@A)-= 0002 Tdle = 248873001367
x[48]=-05186 X(48)= 16813 — 0.089i X6)= {19 07h = 694343566595
xl49]= 03522 X(49)= 29978 - 050431 XO)= fffa 7054 - 556121826172
x[B01=-0.4219 X(50)= 0.7528 + 6.002 X(7)= 0001 c6fb> = 177726745605
xI51]= 0.3436 X(G1)= 38098 - 19517 X@®)= fffd 8aa3 = 2 /5RIS031TR
(521 0.3903 X(B2)=-2.7702 - 06047 X©)= 0001 10a2 = 106497192383
x[531=-0.8640 X(53)= 64955 - 36018 X(10)= 0003 840 - 3595708125
x{541=-0.4904 X(54)= 3559 — 1.1961i X(11)= 0006 Ted) = 649536132812
x[55]=-0.5519 X(E5)= 10650 - 28321 X(12)= fffd 3ad9 - 2 TI012634277
x[56]= 03357 X(56)=-2.4585 + AT305i X(13)= 0003 cf47 - 380967712402
x[57]= 06888 XG0)= 17772 - 22351 X(14)= 0000 c0b3 = 0752731323042
x(581=-03111 X(B8)=-55614 - 055751 X(15)= 0002 ££69 = 299769502085
x[591= 0.5610 X(50)=-6.9437 + 468051 X(16)= 0001 ach5 = 16812286377
x160]= 0.3507 X(60)= 24889 - 34334i X(7= 0001 59d0 = 135083007812
x[611=-09866 X(61)= 35875 + 638631 X(18)= fffd d832 - 215548706055
x[621 02043 X(62)= 1.05%5 - 16702 X(19)= 0000 424 = 0259017944336
x163]--0.2265 X(63)= 0.1146 - 32110i X(20)= fifb fa61 = —A02195739746
X@1)= fifd 780c = —253106689453
N . . X(22)- fife Had - ~341937255%59
MatLab$ AH&-3Fe] $19] o1& WE S Fig. 29} Fig. 4
oo T AT A 12 £ s X(23)= fffe 57d6 - 165630086014
o 7zl JHAAAM & 13} 22 FFT 29 X(0) ~ X(4)= 0000 Taa = 0475250244141
X(63)9 92 gk o] ¥ Wt MatLabl X(25)= 0000 aafl = 0667730868164
FFT 842 Al4she] oo =23 ox|a8 sholslsl X(26)= 0003 4249 = 39580263016
X(27)= 0001 bf26 = 174667358308
A 9l Iy o] Ao 2= 7140
E]'. TL]"—J/]' 1 Flg. 2 ]’ Flg. 4/] ﬂ gl :I'Lvl_ ] [¢) ﬁv—i X(28)= ffff dbca — —0.160980224609
FFT W3S Sul2 A $33ic) X(29)= 0000 4660 = 027490234375
X(30)= 0002 74le = 245358276367
, X(31)= 0006 8e6 - 697225052148
3.2 Verilog RTL 24
: 9 e X(32)= 0001 7eb2 = 149490356445
o] Mol A= Fig. 29} 4] +x20l] thste] Verilog RTL X(33)= 0006 1866 = 697225052148
29SS ATE w7 AAA Z2ke] Yuaikriat X(34)= 0002 TAle = 245358276367
. _ e X(35)= 0000 4660 = 027490234375
t 14" cosH sin 7S Fate] FAALS e
° = bl & iy _}“ X(36)= ffff déca = 0160980224609
o} HA AARS 64 bit Q& sign extensiondte] AAFEFS X(37= 0001 biZ5 — LTAKERIS2
o 2= ko] bit-widthe 32 bite 2 A3t .ov MSB X(38)= 0003 4248 = 325891113281
21 hit[311< sign bit, [30:161& integer bit(15bit), [15:0] X()7 0000 aafl = 06GTEOREIGN
X(0)- 0000 T9ab = 047526550293
KR 1 1 1t) O 21510d o P e FH==
< fractional bit(16bit) .= TAd8t3lon H4=9} 3|55 X4l fife 516 IDP—
2ajate] AAslait). Simulationol]| A 32 bit= TAH X(42)= fffc Hab = 341934204102
A5 64707 JE =, 32 bitE TR A5 64719} B¢ X(3)= fifd 780c = ~253106689453
. S . X(4)= fifb fa61 = —A0195739746
64707} &=} Verilog simulationdl] AHEE 99 3+&
7k &= % N }i mem X(5)= 0000 4251 = 0259048461914
?1¢] MatLabell Al ARE-3F Aeghe o2 Wgks}o] X(46)= fffd ds33 = 215547180176
AHE-3FSI T Verilog simulation 23 HEH o2 ¥ 29} X(47)= 0001 50d1 = 1.35084533691
e AR oA (binary) 8 WHE Ak X(48)= 0001 aet = 168122868377
X(49)= 0002 ffoc = 299774169922
X(B0)= 0000 06 = 0752777009609
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X(51)= 0003 cf4b = 3.80973815918

X(52)= fffd 3adb = =2.7700958252

X(53)= 0006 7ed0 = 6.49536132812

X(54)= 0003 8f40 = 35595703125

X(55)= 0001 1082 = 106497192383

X(56)= fffd Raad = ~2.45843505859

X(57)= 0001 c6fb = 177726745605

X(58)= fffa 7055 = -556120300293

X(59)= fff9 Oe7a = -6.94345092773

X(60)= 0002 7d20 = 248876953125

X(61)= 0003 9664 = 358746337801

X(62)= 0001 Oefd = 106841064453

X(63)= 0000 1doe = (.11468505859

I 2004 olxIre] & wE 9} AXITE WEte &
g g Zo] YEuglth o] XG5 Verilog ¥
Zrol function simulation®] A% 83 2SS gl
aHith 3 3 Verilog simulation 23} HF4 02 AL
5 o] &9 wE ot}

[Table 3] Verilog simulation results(imaginary part of
the output vectors)

X (0= 0000 0000 = 00

X(D= 0003 35f8 = 321081542969
X(2)= 0001 ab8f = 167015075684
X@)="f9 9d23 = —6.38618469238
X(4)= 0003 Geeb = 343327331543
X(5)= fffb 51d7 = -468031311035
X(®)= 0000 8eb7 = 0557479858398
X(7= 0002 3c87 = 223643493652
X(8)= fffb 4505 = -4.73039245605
X(9)= 0002 d4ff = 2.832015699121
X(10)= 0001 322c = 119598388672
X(1D= 0003 b113 = 369169616699
X(12)= 0000 9acf = 0604721069336
X(13)= 0001 £39d = 195161437988
X(14)= fff9 ffdc = -6.00274658203
X(15)= 0000 811b = 0504318237305
X(16)= 0000 1707 = 0.089950561523
X(17)= 0000 ac88 = 0673950195312
X(18)= 0000 182b = 096940612793
X(19)= 0000 fb9% = 0982818603516
X(20)= ffff 0c70 = -0.951416015625
X(21)= ffff 78b2 = —0.528533935647
X(22)= 0003 7241 = 344630432129
X(23)= 0000 6df2 = 0420473876953
X(24)= fffd 3ede = —2.75662231445
X(25)= fffc T2e2 = -3.55123901367
X(26)= fffe 2d93 = -1.82197570801
X(27)= 0001 79%b = 14740447993
X(28)= 0003 004 = 393756103516

688

X(29)= fffd 7d7e = -2.50979614258

X(30)= 0001 6279 = 1.38465831348

X(31)= 0005 eadl = 591516113281

X(32)= 0000 0000 = 00

X(33)= fffa 15b8 = 591516113281

X(34)= fffe 9d]7 = -1.38465381348

X(35)= 0002 8283 = 250981140137

X(36)= fffc Offd = =3.93754577637

X(37)= fffe 86a7 = -1.47401428223

X(38)= 0001 d26f = 1.82200622559

X(39)= 0003 8d1f = 3.55125427246

X(40)= 0002 cl1b3 = 275663757324

X(41)= ffff 9211 = -(.429428100586

X(42)= fffc 8&dcO = 34462890625

X(43)= 0000 874f = (.528549194336

X(44)= 0000 £391 = 0951431274414

X(45)= ffff 0465 = —0.982833862305

X(46)= ffff 07d6 = -0.969390869141

X(47)= ffff 5379 = -0.673934936523

X(48)= ffff e8f9 = -0.089950561523

X(49)= ffff Teed = -(.504333496094

X(50)= 0006 00b3 = 6.00273132324

X(51)= fffe 0c60 = -1.95166015625

X(52)= ffff 6530 = -0.604736328125

X(53)= fffc deec = -3.69171142578

X(54)= fffe cddl = -1.19602966309

X(55)= fffd 2b00 = -2.83203125

X(56)= 0004 bafa = 473037719727

X(57)= fffd c37a = 223641967773

X(58)= ffff 714d = -0.557418823242

X(59)= 0004 ae2b = 468034362793

X(60)= fffc 9114 = -3.43328857422

X(61)= 0006 62dc = 6.38616943359

X(62)= fffe 546d = -1.67021179199

X(63)= fffc ca04 = -3.21087646434

X 3o A= 35 oW E8 WE <} Wdkd YW
WE S 7 271815 1 39 ARG Verilog 9 4t
o] function simulation®] 34 83} &S QI3
},

3.3 &
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of Aot Fxo FEAS At A=

Magnachip LibraryE AFHE3F2H clock2 100MHzE
AH&-3+A ). 64-point FETel th3t Fig. 29} Fig. 4 +%
9] schematic® Fig. 59} %t}
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