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m fft FFT MegaCore
" FLEX® 10K
]
[ twiddle
]
[ Decimation
in Frequency FFT
]
twiddle
MegaCore fft
DSP
MegaCore fft
fft
'PIPE_DATA= |
PIPE_TWIDDLE=
WIDTH_ADD=
WIDTH_DATA= ;
WIDTH_EXPONENT=
WIDTH_TWIDDLE=
FFT
= data_left_in_re[] data_right_in_re[] =
m= data_left_in_im[] data_right_in_im][] pe
—we_left we_right —
= add_left[] add_right[] =
— clock done |—
— start_fft data_direction —
= twiddle_re[] exponent[]
e twiddle_im[] data_out_re[] e
=i add_twiddle[] data_out_im[] e
twiddle
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FLEX 10K

EAB
RAM

AHDL Function Prototype

fft AHDL
Prototype

FUNCTION fft (clock, start_fft,
data_left_in_re[WIDTH_DATA-1..0],
data_left_in_im[WIDTH_DATA-1..0],
data_right_in_re[WIDTH_DATA-1..0],
data_right_in_im[WIDTH_DATA-1..0],
twiddle_re[WIDTH_TWIDDLE-1..0],
twiddle_im[WIDTH_TWIDDLE-1..0])

WITH (WIDTH_DATA, WIDTH_TWIDDLE, PIPE_DATA,
PIPE_TWIDDLE, WIDTH_EXPONENT, FFT_DIRECTION,
WIDTH_ADD, EXPONENT_INITIAL_VALUE)

RETURNS (done, data_direction, we_left,
add_leftfwWIDTH_ADD-1..0], we_right,
add_rightfWIDTH_ADD-1..0],
add_twiddle[WIDTH_ADD-2..0],
data_out_re[WIDTH_DATA-1..0],
data_out_im[WIDTH_DATA-1..0],
exponent[WIDTH_EXPONENT-1..0]);

VHDL Component Declaration

fft VHDL Component Declaration

COMPONENT fft

GENERIC(
WIDTH_DATA : POSITIVE;
WIDTH_TWIDDLE : POSITIVE;
PIPE_DATA : INTEGER;
PIPE_TWIDDLE : INTEGER,;
WIDTH_EXPONENT : POSITIVE;
WIDTH_ADD : POSITIVE;
EXPONENT_INITIAL_VALUE : INTEGER);

PORT(
clock : IN STD_LOGIC :='0"
start_fft : IN STD_LOGIC;
data_left_in_re, data_left_in_im,
data_right_in_re, data_right_in_im : IN
STD_LOGIC_VECTOR(WIDTH_DATA-1 DOWNTO 0);
twiddle_re, twiddle_im : IN
STD_LOGIC_VECTOR(WIDTH_TWIDDLE-1 DOWNTO 0);

Function
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done, data_direction, we_left : OUT STD_LOGIC;
add_left : OUT STD_LOGIC_VECTOR(WIDTH_ADD-1
DOWNTO 0);

we_right : OUT STD_LOGIC;

add_right : OUT STD_LOGIC_VECTOR(WIDTH_ADD-1
DOWNTO 0);

add_twiddle : OUT STD_LOGIC_VECTOR(WIDTH_ADD-2
DOWNTO 0);

data_out_re, data_out_im : OUT
STD_LOGIC_VECTOR(WIDTH_DATA-1 DOWNTO 0);
exponent : OUT_STD_LOGIC_VECTOR(WIDTH_EXPONENT-1
DOWNTO 0));

END COMPONENT,

fft

fft
clock Yes
start_fft Yes fft
data_left_in_re[] Yes fft
data_left_in_im[] Yes fft
data_right_in_re[] Yes fft
data_right_in_im[] Yes fft
twiddle_re[] Yes fft
twiddle_im[] Yes fft
done Yes fft High
data_direction Yes High fft
Low
we_left Yes
we_right Yes
add_left[] Yes
add_right]] Yes
add_twiddle[] Yes
data_out_re[] Yes fft
data_out_im[] Yes fft
exponent[] Yes done High
exponent[]

Altera Corporation
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fft

fft
PIPE_DTA add_left[] add_right[] data_left_in_re []
data_left_in_im[] data_right_in_re[] data_right_in_im[]
PIPE_TWIDDLE add_twiddle[] twiddle_re[] twiddle_im[]
WIDTH_ADD fft 2WIDTH_ADD
WIDTH_DATA
WIDTH_EXPONENT
WIDTH_TWIDDLE
fft Decimation In Frequency DIF
FFT
fft /0
/0
DIF
DIF FFT
x[0] >D >x0] X[ X[0]
X[1]

x[1] =) @—»@—» X[1] x[1] ?
Wi

= —>
==

X[0] = x[0] + x[1] k =0to (N2-1)
X[1] = Wy (x[0] - x[1) N = FFT
WY = Twiddle = e~ 2N = cos(2mk/N) — jsin(2Tk/N) jo= 41
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DIF FFT fft

DIF FFT

Pass 1 Pass 2 Pass 3

x[000] @< -8 X[000]
X[001] | @ e | X[001]

x[010]§ - X[010]
-8 | X[011]

x[Oll]é :
-8 | X[100]

x[100] )

x[101]§ éX[llO]

o o A W N BB O

X[110]' & o X[101]

X[111] @ ! X[111] 7

Right Left Right Left Address
Memory Memory Memory Memory
== fft_on_chip /0
10
fft_on_chip
fft
Pass-1 fft
Pass-2 fft
DIF
fft
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fft fft
23
2°=32 fft
2*~16
=64 fft
data_direction fft
fft
W
W = eCI2/N = co5(27k / N) - j sin(27k/ N)
N = fft= WIDTH_ADD
k = 0to(N2 1)
. 4
o= V1
cos(21k/N) sin(2Tk/N)
MegaCore fft
twiddle EAB
.mif MIF
ROM
s UNIX
DOS twiddle
fft
WIDTH_DATA
10 0.5 0.1000000y
0.5 1.1000000y
1.0
WIDTHTWIDDLE-1 _
2 1_127:0.9922

HWIDTHTWIDDLET ™ 128
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10 0.5
1.1000000g 0.5 0.10000005
Wl  1.0+j0 Wl
wi FFT
N/ 4
fft FFT
1/0 /O
FLEX 10K
FLEX 10K
EPF10K100 EPF10K50
EPF10K100 EPF10K50 (1)
EAB Bits . EAB RAM
Bits EAB RAM EAB
Points EABs Points EABs Points EABs
EPF10K100 12 <8 <8 512 10 2,048 8 512 8
91to 16 <8 256 10 2,048 8 256 8
91016 | 9to 16 256 12 1,024 8 256 8
> 16 > 16 2) (&) 2) ) 2) @)
EPF10K50 10 <8 <8 512 10 2,048 512
91to 16 <8 256 10 2,048 256
9t016 | 9to 16 &) (&) 1,024 256
> 16 > 16 2) ) 2) &) ) @)
(1) RAM
(2) RAM

Altera Corporation
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RAM
fft_on_chip
fft_on_chip
ROM PIPE_TWIDDLE
RAM
PIPE_DATA
fft /O
/0
n RAM
n RAM
u RAM
u RAM
RAM
fft_on_chip

FLEX 10K EAB
fft fft
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load_bank_enable —> en
Load Counter
load_bank_reset > sclr q
unload_bank_enable D—l— en
Unload Counter
unload_bank_reset C>——— sclr ¢
m m
load_nrun [ 0 — data_out_re[]
data_out_im[]
all Z data_left_in[ ~ data_right_in[] LR
Left we e we_left we_right l\O we Right
Memory add[] m 0 H add_left]] add_right[] 1 add[] Memory
1 Lm
d d
I T o m
start_fft C—> start_fft M 1 n
q 4 twiddle_im(] done 5 —done
Twiddle add m-1 add_twiddle[] exponent[] {—> exponent[]
Memory N data_out[]
n
4 — 0
data_in > i 1
n = 2 xW DTH_DATA
m= W DTH_ADD
p = W DTH_EXPONENT
r = WDTH_TW DDLE
110
fft fft
fit 1/O
EAB
PIPE_DATA
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done
/O
fft
load_nrun
start_fft
fft
fft
RAM
fft
FFT
FFT
FFT

fft

Page 10

fft

1/0

PIPE_TWIDDLE

load_nrun N+1
load_bank_enable N
data_in
fft

done

fft
fft

fft

/0
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load_bank_enable data_in

left_address

right_address

data_in

load_bank_enable >

load_bank_reset—>

unload_bank_enable D—l—

en

sclr

en
Unload Counter

Load Counter

q

unload_bank_resetC>———sclr q
01 \o 1/
ié n
0 data_out_re[]
1 data_out_im[]
load_nrun—
n
m,
et alp% — data_left in]  data_right_in[] — Did—al  Right
Memory We 0 we_left we_right 0 s We Memory
add[] 1 ;J add_left[] add_right[] 'I- 1 d
m,
d 0 1 0 d
L— 1 T 1
start_fft > start_fft n
m—1 done b {—>done
add[] twiddle_im([] exponent[] {_> exponent[]
ql add_twiddle[] data_out[] F=—
Twiddle
Memory h h
| n ~l
0 0
1 J 1
data_in—> 4 I
m = WIDTH_ADD
n = 2 xWIDTH_DATA
p = WIDTH_EXPONENT
r = WIDTH_TWIDDLE
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RAM
RAM fft 256
RAM SSRAM
fft
FFT
SSRAM
RAM RAM
RAM
RAM data_in data_out
FLEX 10K
RAM
fft
RAM fft
- fft
fft -
- fft
start_fft - -
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