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PART 1. Floating Point Model
& Fixed Point Model




FFT (Fast Fourier Transform)

Floating-point FFT Fixed-point FFT
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. QHEZ(Overflow), AHEZ (Underflow) 28| M. 2HIE, AF|LY(Shift) &2] B K.
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FFT (Fast Fourier Transform)
MATLAB

FFT Block Diagram

E -.l.r 1 fr 1 r | 1 lll: . ] ] 1 } | .fl 1 llll.r | | i
dn - STERD 0 - STEPD 1 + ETEPD 2 ~ STEP1 D + ETEP1 1 + STEP1 2 - STEF2 0 - STEP2 1 . 9TEF2 2 _'T’f_ doit




FFT (Fast Fourier Transform) MATLAB

din1
STEPO_0 rounding <5.6> OverflowAction <5-5=>) dout
<nearest> <saturate>
din0
din1
STEP
<81 > d <5_ > O rﬂ A t <5_6>
0 1.1.1, ccaling(z) —oyp| OIS verflowAction | 55" 5, dout

<nearest> <saturate>

FFT BLOCK DIAGRAM - ano

din1
(OS;-E'IPO rounding <5.8> | OverflowAction [ <967 dout
2.2°0) <nearest> <saturate>
12,2 0) — >
din0
din1
(OS;-E1P0 rounding <5.8> _ | OverflowAction| <567 dout
2,20 <nearest> <saturate>
1.2,2 0) 7>
din0




FFT (Fast Fourier Transform) MATLAB

twinDreal
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FFT (Fast Fourier Transform)

Fixed Point FFT
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FFT (Fast Fourier Transform)

Hardware Block Diagram

I

Shift «— >
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Twiddle Vector
ROM
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Module




FFT (Fast Fourier Transform)

clk

rstn

do en

din valig

FFT BLOCK DIAGRAM dnL0lB:

din_i[15][8:Q

do re[0][12:0]

do re[511][12:0]
—_—

do im[0][12:0]
din q[0][8:Q
do im[511][12:0]

din_q[15][8:C




SQNR(Signal-to-Quantization Noise Ratio)
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PART 2. Module Simulation
& Verification




ModuleO - step0_0

[4 Figure 2: bfly00 &1%:/51%= b I - a X

FIGURE 24 5 EIIES

erd B3 c°

0 @uzgHD :
o ;
80 0.6
ﬂ valid ir &0 04
40 =02
= ]
data input i[15:0][&8:C g® %0
0 0-02
data input q[l5:8][8:C {* [{1* J{3* {1 Ji5* Ji2* {1~ J{2~* J{6~* [{3* {1~ [{1* J{1* {1+ {1+ J{1* J{1* [{1i* {1+ [T - o
B mem i[S511:8][8:E {8, B, B, B, B, B, B, B, B, B, B, B, B, B,*4Ya46, 22, 21, 5, 35, 29, I, 485, 1 o o
) ) - - 7800 100 200 300 400 500 600 V‘U 100 200 300 400 500 600
mem Q[511:0][8:C e, a, a, ; ., B, 6, O, ; ., 8, a, ; . F{ ; ; . 22, ; :
mem wvalic " 9oz e , 9 oiss 0%
| i o
o, T o . 2 0 s T T T T ¥ = ¥ F ) F ) ¥ ¥ ¥ i == ¥ = —
B __].]_.I_'I_I_-'.I_'I . F o & = = ¥ = ' n . . . . . L 4 . . s, 8. F . 5 @ I 06
2[5 R RE-ERc r = = = . 1 ik TEAIEN: ¥ 30 ¥ ¥ = = © -
Oq[511:0][9:0] { ; 0, ; 1 ; k. , 24, ; 1= k. s+l 1E ., ; 32 I ; ; 5. B, e D
g L
alid bT2 c & 02
0 04
i [511:2][9:08] 131, 2 5., 34, . Fu . 24, ., 3B, 23, 28, =+ {16, >, 39, ¥, ¥, ® 05
: : - - -40 08
q[511:0][9:0] ¥ ¥ " . ] . A " . Ty 4 . ~ -7 | = I 2 0 100 200 300 400 500 6500 o 100 200 300 400 500 600

Index
fTacd O out




ModuleO - step0_1

valid facB 0 out

B ofiydl tmp i[511:0][10:8]
tmp g5ll:68][10:8]

valid bfly@l tmp out

5412, 9650, 8 FT8* {22806, 22444, 22444, 23

id temp bfly0l out
yB1 1[511:0][11:08]
bflyBl g[511:8][11:8]

valid bflydl out

tmp 1A[511:0][18:0]
tmp q[511:0]([10:0]

valid bfly0l tmp out
FlyBl i[511:0][20:0] [
1 TlyBl g[511:0][20:0] {-5430, 1629, 7964, 1445, 5611,

valid temp bfly®l out
FlyB1 i[511:8][11:8]
2 flyB@1l g[511:8][11:8]
valid bfly@l out




ModuleO - step0_2

51, ..15_?. -154, -152, -149, -148, -144, -144, -141, -136, -134, -131, -129, -128, -12*}-179, =t H 5

Diff (Real)

100 6
. |1 B 02
e e S B ' Al s
f[@:511][22:8 6, 6, 9, &, &, @, #, @, ®, ®, ®, ©, &, », 6, B, 0, 0, 0, @, &, B, O, 0, 0, 0, 0, 0,0, B, 0, 0,0,0, 0, 0,00408,0, 0 f a
i[511:0][1@:0] ) ) { i i . K, [ - v
g[511:8][1@:8] D0 X, X, X, X, X, XM, X, X, X, X, XM, X, X, X, X, X, M, X, X, X, X, M, X, X, X, X, X, X, X, X, X, X, X, X, X, . X, . X, . X, . X, (@, @, @, 100 - o = - o

& Figure 1: bfiyl2 85/85 @

FIGURE uy & A0E

mp 1[511:0][12:0] .

mp q[511:8][12:0] !
(8] [12:0] _l
:8]112:0) :
ration out ‘ -
10][23:0] 7896, 2559, -4534, - 2098, 2559, -4534, #{- 2098, 2559, - .
0]123:0] ’
twf m@ out :




Module1 - step1_0

ed B rstn
walid dmpL
11][1@:E
11][1e:6
11][11:6E
11][11:6E
d bfo

11][11:6E
11][11:E

n L ounown

5 T

B rstn

B valid input
1y@2 i[@:511][10:0]
[@:511][1@:0]
D:511][11:8]
5:511]1[11:08]

glid bf@ out
3:511][11:@]
3:511][11:@]
uration out
D:511]1[11:8]
3:511]1[11:08]




Module1 - step1_1

 i[@:511][12:08]
 q[e:511][12:08]
valid bflyll tmp
oflyll i[©:511][22:0]
oflyll g[@:511][22:0]
valid temp bflyll out
flyll i[0:511][13:0]
flyll g[e:511][12:0]

valid bflyll out

valid facB 0 out

Bl bflyll tmp i[0:511][12:0] X, X, X, X, X, X, X, X, X, X, *|{1738, 1464, 1526, 1318, 1648, 1620, 1620, 1834, 1608, 183
Ml bflyll tmp q[0:511][12:0] X, X, X, X, X, X, X, X, X, X, *|{1682, 1770, 16B8, 1766, 1684, 1504, 1508, 1432, 1488, 127

valid

W temp bflyll i[®:
B temp bflyll q[@:

valid temp

B bflyll i[e:
B bflyll g[o:

valid

bflyll tmp

511][22:0]
511][22:0]
bflyll out
511][13:0]
511][13:0]
bflyll out

X, X*1{444928, 374784, 390656, 335360,
(, X*|{410112, 453128, 411648,

{1738, 1464, 15
{1602, 1778, 1




Module1 - step1_2

y11 out

mp_1[0:511][14:0] X*i{-1024, 0, @, 0, 0, 0, 0, @, -1024, 0, 0, 0, 0, 6, 0, O, -1024, 6, @, 0, 0, 0, 6, 0, -1624, 0, 0, @, O, @, O, 0, -1024, 6, 0, 0, 0, 0, 6, O, -1024, O, 6, @, O, 0, O, 0, -1024, 6, 0, 0, 0, €

mp g[0:511][14:0] { {6, e, e, e, @, @, @, @, @, o, o, o, 0, 0, 0, 0, 0,0, 0,0,0,0,0,0,0,0,0,0008¢08¢0,0°8®6¢0°¢08¢86¢0.°°0.00008¢00¢00¢000%0%0%000%0%0%0%080.°80.80.80.80 0

valid bflyl2 tmp out
Flyl2 1[0:511][24:0] { X, *{-131072, 0, 0, 0, 0, 0, O, 6, -131872, 6, 0, 0, O, O, O, O, -131872, 0, O, O, O, O, O, 6, -131672, 0, O, O, O, O, O, O, -131672, 0, O, 0, 0, O, 6, 6, -131672, 0, 0, 0, 0, 6, 0, O, -1

Flyl2 g[0:511][24:0] { X, *{e,0,0,0,0,0 0,0 0,0, 000,00000,0,00¢00¢0¢0¢000°¢0400¢0606¢06406¢00¢06e06¢06a0¢040606000¢0640606000%0660%00800%80.a808

id mul twf ml out +xu2 ) sse
al buf[0:511][24:0] {0, 0, @, 0, {- iR , 0, 0,0, -131672, @, 0, 0, 6, 6, 6, 9, -13 6, 0,0, 0,0, 060 -1 , 0,0,0,0,0 0,0, -131 6, 0,0,0, 06,886, :-13 6, 0,0 0,088 - : :
f[0:511][24:0] {0, 8, 6, 0, i e, ,0,0,0,0,6 0,0, 0, 0,0,0,00,0,0,0 0 000,000,000 0000040400000 000000000,00808080,80,8 ‘ g - jl
2 1[8:511][11:6) | 7 . =

el [ valid output b W » TR 5 o ; T w 3

FIGURE o L ] A0l01% "

i b7lyl2 [6:511][14:0] X, ,*1{3830, 3040, 3002, 3118, 3264, 3016, 3142, 114, 500, 214, 432, 250, -256, 0, -278, 226, -174, -204, 216, -242, < 1Ml | Wv .
stepl 1 i | ‘ I"‘ _
[§l STRING FORMAT ERROR AT POSITION 1 X, X, X, X, XX, X . 42 36 ER, 4120 370432, 440576, 17 39804, 32000, -3 314 el ;
Al pre bfl B:511][24:0] {X, X, X, X, X, X, X,*{395520, 389120, 384256, B, 399184, 417792, 38072, 8. 10897, _314¢ = I 1 —
d mul twf ml out
12 imag bt : {6, @, &, B, B, @, B, *| B, 384256 66, 399184, 417792, ., 402176, 14592, 77832, 72, -16128, , -314 o l .5; ‘ I
— , i i .




Module2 - step2_0

el M@ cik
B s
B valid input
i[@:511][11:8]
q[8:511][11:8]
i[8:511][12:0]
3fLly28 tmp q[@:511][1Z:0]
valid bf8 out
1y20 i[B:511][12:¢
q[@:511][12:E

valid facB& 0 out

ed B clk
B stepz 0

B valid input
D bBflyl2 i[0:511][11:0] 1X%, X, X, X, #1673, leda, 1523, 1424, 1585, 1612, 1447, 1721, 260, -296, 312, 621, 5
B @@ bfiylz q[e:511][11:8] X, X, X, X, *|{1545, 1528, 1581, 1550, 1558, 1632, 1508, 1571, 228, 12083, 295, 751,
b W bfly2e tmp i[0:511][12:8] @, B, B, B, O, B,*{3258, 3261, 2978, 3145, 88, 35, 76, -297, 760, -779, -180, -9, -24
Wl bf1y20 tmp q[B:511][12:0] T8, 8, B, B, 8, ©,*1{3184, 3152, 3089, 3121, -14, -112, -7, -21, -24, 1373, -197, 1898,
valid bfB out
Wl briyze i[e:511][12:¢ i 3258,
Bl Bl briy2e q[e:511][12:¢ @, B, B, O, @, B, B, O, O,*{3104, 3152,
valid facB @ out




Module2 - step2_1

T Fgure 2 021 W25 61 - o x

i[511:@][1%:0
q[511:@][1%:0
-

& Figuee 2 bily21 /3% M2 s

FIGURE o o ETIEY ®

e Bl bfly21 tmp i[511:0]1[13:0]
fier @l bfly2l tmp_q[511:0]1[15:0]
valid bfly®l tmp out

e W sat out i[0:5111[13:0]

e W sat _out _glo:5111[13:0]

e B temp bBfly2l i[0:511]1[23:0]
e W temp Bfly2l qle:511]1[23:0]
valid temp bfly2l out

e B bfly21 i[0:5111[14:0]

el Wl bfly21l_gl@:5111[14:0]
valid bfly2l out




Module2 - step2_2

W bfly22 tmp i[8:511]15:0]
W bfly22 tmp q[8:511][15:0]
valid bfly22 tmp out

W sat out i 1[8:511][15:0]
W sat out q 1[8:511][15:0]
valid saturation out 1
M bfiy22 i[8:511][12:0]

M bfly22 g[e:511][12:0]

[ valid output




PART 3. CBFP Simulation
& Verification




CBFP

Moudule 0

Moudule 1

T
STEPO

Ne——

Moudule 2

—
STEPO

—

)

STEPO

[\  — (r—
Data_IN STEP1 STEP1 STEP1 . Data_OUT
— — ./ | .

=) =
4 N\

€ 1: HIEX i | 2: HIEX 2|23} £l 3: HIE A|ZE

mag_detect min_detect bitshift

S I™8ALHE AMU A 25 AALZS Mol =& He| 25 8l QHER 3|
HEAl. 22 CEQ|2 Q13 [|0|E{2Q] %|A Headroom EHM > Shift A2 M
E: ML QK| + StEY0] 28 St FFT S 2 HA0f|A] M2 2|Qf H AKX} Eok




CBFP

module O

8l =% 6471 =5
=54 data 64| 54 data 871




"b11111111111111111111111: headroom
"b11111111111111111111112: headroom
'b111111111111111111111 headroom
"b11111111111 1111
"b11111111111111111112
"b111111111111111111
"b111111111111111117?
"b111111111111111 2
"b111111111111111
"b11111111111111?
'b111111111111:
"b1111111111112

mag_detect

"b11111111111
"b1111111111:

headroom
heat

headroom
headroom

jl_l-%l AMoOd ;_‘63 H I-hél-l

mag_detect headroom=Z &= THA| MUX(case)

min_detect X228 ZH= T 2 =2

shift AHLE T shift 91

E

XH<<<, >>>)

headroom
headroom

over




CBFP

BLOCK

12bit
Decimal Binary headroom

-20 111111101100 6
-10 111111110110 7

0 0000 0000 0000 11

10 0000 0000 1010 7

20 0000 0001 0100 6

30 0000 0001 1110 6

40 0000 0010 1000 5

50 0000 0011 0010 5

CBFP

7bit

Binary

1

10 1100

1

110110

00 0000

00 1010

01 0100

011110

10 1000

o | o o | o | o | o

11 0010




CBFP02 23bit= 11bit=E A7 L 2l &} 7|

CBFP12 25bit= 12bit=E A H & 2l 817

[ IDLE ]
cnt++
OLLECT |:
. l COMPUTE
Input Output
(16) (16)
[ IDLE ]
512 / FSM. CNT 16 / CNT

V1 V2




w 0
=D
=1 KT
ot
w @
w W
o W
w @
= @
e W
= N
w
o Wl
m H
= W
hr-
= 0
=0
-n
«
||
“
w W
-
_ N
-
- B
- N
B
=F |
w N
=
- |
b

0 a(pre 0
1 1 B0y L 1 104, 0op L 1, |158.00p L L oap L 1 oop 1 1 1 308, 00p L 1 350, 000 1 L 1 bop ., 1 50, Do 1 L, 508, 00p
] 1 ] ] ] I ] I i ] 1 | | ] ] ] ] ] ] ] ] | 1 ] ] | I | | | | ] ]
1 1 ] ] I ] ] | ] ] ] I I ] 1 : ]

= 0 =« 0 = B &

s 0« B & B &

= b = 0 = } =

L S T




16 /| CNT - Input: cosine(pre_bfly02)

oL 0o D90, | [Sp.oge g, POp.OEO, | ., , [P0, |, , POAO | S0, | o, P00, | , | |, paee, |, | |, fop.q0 59,40 pop, oo 5, oo
1
|

1clkE 167} input
1671 2| headroom

1671 = 2| X|A headroom

&l tmpl re[@:15][4:0] § 22, 2
&l tmpl im[@:15][4:0] § 22, 22} |4

templ ref4:0] f23 > 15
templ im[4:0] f23 -> 22

47} = 9| X|A headroom

P r
et C
r
o o

==(64)2| |2 headroom
7|CtE|= 1Ot ‘

buffer reg im 6[0:15][22:0]

B out re[8:15][10:08]
W out im[B:15][16:08]

N FEEE

Latency: 38clk




16 / CNT - Input: random(pre_bfly02)

Wl tmpl re[0:15][4:0
il tmpl im[0:15][4:0

templ re[4:0
im[4:0

cnt[4:0

e[l 16:0] f¢ [ B, B, 8, B, @, € 0, B, 0,
15][10:8] j¢ C g, &, 8, @, 6, 8, 0, B8, 0, B, @, 0 5} [
bfly02,e(Matlab) bfly02,e(RTL)
I I
500 pgy A Ao
P T A i
-500
1000 I | | | 1
0 100 200 300 400 500 — 0 : 300
bfly02;m(Matlab) — bty02,;m(RTL)
1000 T T I
500
o o
= -500 |-
| | | | |

-1000
0 100 200 300 400 500 600




CBFP0O2 AREA

F22FDX_SC7P5T_116CPP_BASE_CSC26L_TT_OPSAV_0PGEV_BPOOV_OPOO
PP_BASE_C!

Number 5 4123¢ Number ports:

Number is; 241535 Number nets:

Number 1 1s: 216 Number cells:

Number combinational cells: 204709 Number combinational cells:
Number sequential cells: 11974 Number sequential cells:
Number macros/black boxes: B Number macros/black boxes
Number buf/inv: 487 Number buf/inv:

Number references: 278 Number e

Combinational area: b4, 68428 Combinational area:
Buf/Inv area: 15 16! Buf/Inv area:
Noncombinational area: 8 Moncombinational area:
Macro/Black Box area: 0.060080 Macro/Black Box area:
Net Interconnect area: undefined { wire load specified) Met Interconnect area:

Total cell area: 83332.011285 Total cell area:
Total area: : Total area:

512 / FSM, CNT 16 / CNT




CBFP Z

CBFPO2

Carpoz

2

bfly02 (cosine)

: t"-_.--'_?_i:_'f“.'%:t' il |LL : Ilk"\._\ -
m’”q[ﬂh‘ f m}-'i#"ﬁ“ J \\/

/N

bfiy12

<Fixed Model>

4 i Ty

Wl Ll
=l m.mmm li mww”'ﬂ A i,

W‘ku' mf f

w‘

<Fixed Model>

<RTL>




PART 4. Synthesis




Setup Timing Check
e SQNR (Set up Timing X|2.0{| A slack 0.54psZ EO| Y Q FFAtE BHE(MET)

clock ¢nt clk (rise edge) 1400. 60 1400 .00
c lock network delay (i1deal) 0.00 1400 .00
clock uncertainty -50.00 350.00
ul module@d/ul cbfpO2/temp 1m reg 6 1 JCLK (SC/PS5T _SDFFROX1 S (CSC20L)
.08 13509.00
Llibrary setup time -53.39 1296.61

data required time 1296.61

data required time
data arrival Lime 1296.0/

slack (MET)




Cell Count & Area Report
o fIdEl 22= F 2,579,028,729| & HA S JHA|H, of 2642 71| 2=+

Library(s) Used:

GF22FDX_SC7PST_116CPP_BASE_CSC20L_TT_OPSOV_0PGeV_0POAV PPV 25C (Fi

1 110860
361/970
2648318

Number of ports:
Number of nels:

Number of cells:

Number of
Number of
Number of
Number of

Number of

combinational cells:
sequential cells:

macros/black boxes:

but/inv:

references:

Combinational area:

Buf/Inv area:

Noncomhinational area:

Macro/Black Box area:

Nel Interconnect area:

Total cell area:

Total area:

1575626
1861152

a

342339

O
656223.876991
56956. /430601
19228604 . 843500
0. 000000

undefined (No wire load specified)

2579028 . 720491

undefined




Synthesis 21Xl A&

LUT 7 A7%
LUTRANM 9%
FFA 30%
DSP A 73%
09 1%
BUFG 1%

0 25 50 75

Utilization (%)

Alveo U200 Data Center Acceleratar Card

« DRC
o P Paromg
create c ]_l.':l I!:k C [ ‘E[Et pD rts Elk: ] @ [DRC NSTD 1] Unspecified VO Standard: 1 out of 1 logical ports use ¥O sandard JOSTANDARD ) valkve DEFAULT . inmead of 3 user assigned spaciic value. This may caese WO contension or incompatitilly wilh the 20ard power o connecivly afecing peramance. SO0 iegrity o N &Yeme Ca5eSs CIUSE SAMAgE % e device or Mie components 8 which Ris comecied T comect this violaton.
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Timing

Waorst Megative Slack (WHMN3): -0.548 ns

Total Megative Slack (THS):

Mumber of Failing Endpoints:

Total Number of Endpoints:

-600.758 ns
3199
1705469




FFT ModuleO 7t H| 1

V1 V2
CLK CLK

[9:0] REG [0:571] [9:0] REG [0:15]

Registers Registers Registers Registers

Operates all 512 Points all at once Latency Increases at steps pass




FFT Module0O 7t H|?

Area 914317 114247 87.5% &a
LUT 338854 26673 92.1% &4
Registers 294883 37203 87.3% &4
Setup Time 1.52 (Slack Met) 28.66 (Slack Met)
Latency 17 54 68% =7}




PART 5. Trouble Shooting




Indexsum AlAF A

=HNE

e Saturation 2| 9= o X%t =2 HY
o HE Z0| oA X2| L X| %S e Saturation M 2| =7}

always_ff @(posedge clk or negedge rstn) begin always_comb begin
if (!rstn) begin . for (int kk = 0; kk < ; kk++) begin
for (int kk = ;-kK < ; $k++) begin indexsum_re_reg[kk] = indexl_re[kk] + index2_re[kk];
indexsum_re_reg[kk] <= '0; indexsum_im_reg[kk] = index1_im[kk] + index2_im[kk];

indexsum_im_reg[kk] <= ;
end
end else if (valid_in) begin
for (int kk = 03 kk < ; kk++) begin
indexsum_re_reg[kk] = index1l_re[kk] + index2_re[kk];
indexsum_im_reg[kk] = index1l_im[kk] + index2_im[kk];
end
end
end

if (indexsum_re_reg[kk] ) begin
indexsum_re_reg[kk] 5 )

end

if (indexsum_im_reg[kk] ) begin
indexsum_1im_reg[kk] ;

end
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o Shift ALO|Al = 4f NM2] EE20A o Shift & 210| &2 ZF &= shift
=N 28 itz ot 552 8F LES shift
° Blt shift HAHS =0t 2|5l = A= S E =7
1e2|E 24

. . . . shift_val_re[i] = - indexsum_re[1i];
shift_val_re[i] = 9 - indexsum_re[1]; if (indexsum_re[i] >= )

if (indexsum_re[il] >= ) re_bfly22_pipe[i] <= '0;
re_bfly22_pipe[i] <= : else if (shift_val_re[i] > 0)
else if (shift_val_re[i] > 0) re_bfly22_pipe[i] <= bfly22_tmp_re[i1] <<< shift_val_re[i];
re_bfly22_pipe[i] <= bfly22_tmp_re[i] <<< shift_val_re[i]; else if (shift_val_re[i] < 0) , 4 ,
“lee re_bfly22_pipel[i] <= bfly22_tmp_re[i] >>> -shift_val_re[i];

re_bfly22_pipe[i] <= bfly22_tmp_re[i];

else
re_bfly22_pipe[i] <= bfly22_tmp_re[i];
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