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Purpose

The CorePool component FHG_FFT computes a parameterizable and synthesizable Fast Fou-
rier Transformation radix-2 agorithm.

The tunable parameters are the number of values of the FFT (must be a power of 2), the word-
length of the complex input data, the wordlength of the sine and cosine coefficients.
Features

* Fully Parameterized Fast Fourier Transformation

* Fully synchronous design

* Fully synthesizable

* FFT order parameterized

» Wordlength of complex input data parameterized

» Wordlength of the sine and cosine coefficients parameterized

* Registered Inputs and Outputs

* Inputs and Outputs datain Two's complement Format
Design Kit

» Technology Independent |mplementation as Synopsys Design Ware Components
VHDL Source Code Simulation Models
VHDL Compliance Test Suite

Auxiliary Simulation Models for User Testbenches
Synthesis and Testsynthesis Scripts

» Design Support, Netlist Synthesis Service and Consulting available

Requirements
Simulation

* VHDL IEEE-1076 Simulator

Synthesis
» Synopsys Design Compiler

(C) FhG v1.2 7
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References

For more details about the FHG_FFT refer to standard literature about the fast Fourier Trans-
formation Algorithm.

Block Diagram

Figure 1. Block Diagram
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General Information
It is assumed that the complex input data are applied parallely to the input of the FFT core.

8 v1.2 (C) FhG



CorePool i
F H G_F FT D at ab OOk Fraunhofer :rr::g;?iterte Schaltungen

Signal Description

Table 2: Signal Description

Pin Direction | Bitwidth Description

CLK IN 1 System clock.

RESET_N IN 1 L ow active asynchronous reset.
DATA_VALID IN 1 High active

DATA_REQ IN 1 High active

DATA_IN_RE IN bw_data Real datainput bus
DATA_IN_IM IN bw_data Imaginary data input bus
DATA_IN_EN ouT 1 High active

DATA_OUT_EN ouT 1 High active

DATA_OUT_RE ouT bw_data +2 real data output bus.
DATA_OUT_IM ouT bw_data+2 Imaginary data output bus.
POWER_OVER ouT ceil(log,L) 2 power, multiplication of data_out.

The input port CLK isthe system clock. The data are applied parallely to the input of the FFT
core with the corresponding clock rate.

The input port RESET_N is alow active asynchronous reset for the FHG_FFT. An asynchro-
nous reset should be performed at the beginning of the Fourier transformation process.

The input port DATA_IN consists of the complex input data bus.
Theinput dataformat is:

* imaginary part = DATA_IN_IM[bw_data-1: 0]
* real part = DATA_IN_RE[bw_data-1: Q]

The input port DATA_VALID isahigh active signal. When valid, the FFT core knows that the
incoming data are valid. At first the data are loaded in RAM, if DATA_VALID is high and the
output port DATA_IN_EN low. In fact DATA_IN_EN when active (high) prevent the input
data to be loaded and means that a processis already active.

DATA _IN_EN returnsto ,low" state only when the output data have been read by the external
device.

The output port DATA_OUT_EN signals to the external device , when active (high), that the
data have been processed and that they are available for reading. The reading process starts
when data are requested by the external device (input port DAT_REQ active (high)).
DATA_IN_EN and DATA_OUT _EN return ,low" when all the data have been read.

The output port DATA_OUT consists of the complex output data bus.
The output dataformat is:

* imaginary part = DATA_OUT IM[bw_data+1: Q]

* real part = DATA_OUT_RE[bw_data+1: 0]

The output port POWER_OVER consists of the power of 2, with which the DATA_OUT can
be multiplied in order to recover the original value.

(DATA_OUT <= DATA_OUT * 2POWER OVER,

(C) FhG v1.2 9
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Parameter Description

Tabelle 3: Parameter Description

Name Type Dve;a::gt I\R’/Zlnlzgi Description

FFT_LENGTH Integer none FFT_LENGTH = log,(N)

N = FFT value number (power of 2)

ex : N =1024, FFT_LENGTH =10
BW_DATA Integer none Data Wordlength
BW_COEF Integer none sine and cosine

coefficients Wordlength
ROM_EXP Integer none ROM_EXP =1og,(N/8) +1

with N/8 = ROM Memory depth
LOG _FFT_LE Integer none ceil(logy(FFT_LENGTH))

The parameter FFT_LENGTH is the number of steps to process the whole FFT.
It is calculated with FFT_LENGTH = log,(N). The parameter N is the size of the Fast Fourier

Transformation. It must be a power of 2 value, because the design uses the radix-2 algorithm.

The parameter BW_DATA is the wordlength of the real and imaginary input data. The total
wordlength is 2*BW_DATA.

The parameter BW_COEF is the wordlength of the sine and cosine coefficients.
The total wordlength is 2*BW_COEF. The BW_COEF L SB represent the cosine value, while
the BW_COEF M SB represent the sine value.

The parameter ROM_EXP is calculated with ROM_EXP = log,(N/8)+1
The parameter ,,N/8" isthe ROM size.
The ROM contains cosine and sine values from 0 to 174 at 1/(N/8) intervals, multiplied by

2BW_COEF -1 14 obtain 2's complement integer of BW_COEF bits.

The parameter LOF_FFT_LE istheresult of ceil(log,(FFT_LENGTH)). It isused to calculate
the number of bits of the output POWER_OVER.

I nterfaces

The control interface of the FHG_FFT consists of the system clock CLK, the low active asyn-
chronousreset input RESET N, the high active DATA_VALID, DATA_REQ, DATA _IN_EN
and DATA_OUT_EN signals.

The data interface consists of the datainput bus DATA_IN_RE (real data) and DATA_IN_IM
(imaginary part) and the Fast Fourier Transformed data output bus DATA_OUT_RE (real) and
DAT_OUT_IM (imaginary).

10 v1.2 (C) FhG
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VHDL Usage through Component I nstantiation

l'ibrary | EEE, WORK;

use | EEE. std | ogic_1164. all;
use |EEE. std logic_arith.all;

use WORK. FFT_PKG al | ;

entity MY_FFT is

generic( BWDATA : integer
LOG FFT_LE: integer
FFT_LENGTH: i nteger

port ( CLK [
RESET_N Do
DATA VALID : i
DATA REQ : i
DATA I N RE
DATA INIM: in
DATA I N_EN : out
DATA OUT_EN: out
DATA QUT_RE: out
DATA QUT_I M out
PONER_OVER : out
end MY_FFT;

5 5 35 5 O

16;
4;
10);

std_| ogi c;

std_| ogi c;

std_| ogi c;

std_| ogi c;

std_| ogi c_vector (BWDATA-1 downto 0);
std_l ogi c_vect or (BWDATA-1 downto 0);
std_| ogi c;

std_| ogi c;

std_l ogi c_vect or (BW DATA+1 downto 0);
std_|l ogi c_vect or (BW DATA+1 downto 0);
std_l ogi c_vector(FFT_LOG LE-1 downto 0));

architecture MY_FFT_RTL of MY_FFT is

constant BW CCEF : int
constant ROM EXP: int

conponent FHG FFT
generi c( FFT_LENGTH:
LOG FFT_LE
BW DATA
BW COEF
ROM_EXP
port ( CLK
RESET_N :
DATA VALI D
DATA_REQ
DATA I N RE
DATA IN_I M
DoUT_RAM
DoUT_ROM :
DATA I N_EN : out
DATA_QUT_EN: out
DATA OUT_RE: out
DATA QUT_IM out
RD WVR RAM : out
ADD RAM : out
DIN_RAM . out

5 5 5 D5 S5 DS o e e

eger 16;
eger

i nt eger;
i nt eger;
i nt eger;
i nt eger;
i nt eger);
std_I ogi c;
std_| ogi c;
std_I ogi c;
std_I ogi c;
std_l ogi c_vector (BWDATA-1 downto 0);
std_l ogi c_vect or (BWDATA-1 downto 0);
std_| ogi c_vect or (2* BW DATA+3 downto 0);
std_l ogi c_vector (2*BW COEF-1 downto 0);
std_| ogi c;
std_| ogi c;
std_| ogi c_vect or (BW DATA+1 downto 0);
std_l ogi c_vect or (BW DATA+1 downt o 0)
std_| ogi c;
std_logic_vector(L-1 downto 0);
std_| ogi c_vect or (2* BW DATA+3 downto 0);

(C) FhG
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ADD ROM : out std_logic_vector( ROM EXP-1 downto O);
PONER OVER : out std |ogic vector(FFT_LOG LE-1 downto 0));
end conponent;

conponent RAM

generic(L . integer;
BW DATA: i nteger);
port(we : in std_|ogic;
ADDR : in std logic vector(L-1 downto 0);
CLK : in std_logic;
D : in std_|ogic_vector(2*BW DATA+3 downto 0);

DO : out std _|ogic_vector(2*BW DATA+3 downto 0));
end conponent;

conponent ROM
generi c(BW COEF: integer;

ROM EXP : integer);
port(AbDDR: in std | ogic_vector( ROM EXP-1 downto 0);
DO : out std_logic_vector(2*BWCCOEF-1 downto 0));

end conponent;

si gnal RW RAM
si gnal ADD RAM std |l ogic_vector(L-1 downto 0);

signal DN_.RAM : std_|l ogic_vector(2*BWDATA+3 downto O);
signal poUT_RAM : std | ogic_vector(2*BWDATA+3 downto 0);
si gnal AbD_ROM . std | ogic_vector( ROM EXP-1 downto 0);
signal poUT_ROM : std_|ogic_vector(2*BWCCEF-1 downto 0));

std_| ogi c;

begi n
MY_FFT_CORE : FHG FFT
generic map(L => L,
BW DATA=> BW DATA,
BW COEF=> BW COEF,
ROM _EXP=> ROM EXP)
port map( CLK => CLK,

RESET N  => RESET N,

DATA_VALI D =>
DATA REQ =>
DATA | N EN =>
DATA_OUT_EN=>
DATA | N_RE =>
DATA IN I M =>
DATA_OUT _RE=>
DATA_OUT | M=>
RW RAM =>
ADD RAM  =>
DIN RAM  =>
DOUT RAM  =>
DOUT_ROM  =>

DATA_VALI D,
DATA_REQ
DATA | N_EN,
DATA_OUT_EN,
DATA_| N_RE,
DATA I N I M
DATA_OUT_RE,
DATA_OUT | M
RW RAM
ADD_RAM

DI N_RAM
DOUT_RAM
DOUT_ROM

12
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ADD ROM  => ADD ROM
POWER OVER => POWER OVER);

MY_RAM CORE : RAM
generic map(L =>1L,
BW DATA=> BW DATA)
port map( CLK=> CLK,
V\E => RW RAM
ADDR => ADD RAM
DI => DI N_RAM
DI => DOUT_RAM ;

MY_ROM CORE : ROM
generi c map(BW COEF=> BW CCEF,
ROM EXP  => ROM EXP)
port map(DO=> DOUT_ ROM
ADDR => ADD ROM) ;

end MY_FFT_RTL;

(C) FhG v1.2
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Architecture

This part of the document shows a general overview of the Fast Fourier Transformation algo-
rithm.

Given adiscrete time series X[ 0], X[1], ...,X[N-1], its Fourier Transformation is defined as :

X[N]nzo, -1 = Nz_jx[k] o 2k 1)

Where:

Where

« N is the number of values of the DFT (size of the frame)
e X[N]n=0t0 n-1 IS the input complex values table

e X[Nn]n=01 n-1 iS the result complex values table

« e =cos(x) —jsin(x)

The points are complex integers.
N must be a power of 2 value.

The following figure illustrates the radix-2 FFT algorithm that has been implemented.
The N=2" inputs points x(n) are stored in the work table u(k) (RAM memory), following the
reversed bit order. Then the processing runsin L steps.

In each step, N/2 complex multiplications are required to combined the results of the previous
stage. This correspond to N/2 ,, butterfly* calculations.
A , butterfly” is defined by the operations described in the figure 3.

The total number of clock cycles needed for the whole processis: 2*(L+1)*N clock cycles, as
explained in the following lines.

- N clock cyclesfor the loading phase (one clock cycle per data)

- 2*N*L for the computing process (4 clock cycles per butterfly, N/2 butterflies per step, L

step)
- N clock cyclesfor the reading phase (one clock cycle per data)

Therefore the minimal clock frequency for the full FFT processing is : 2* (L+1)* N* Tgympg
With Tgymnol = input clock frequency / number of samples.

14 v1.2 (C) FhG
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Figure2: Fourier transformation process of order N

input
step 0 step 1 step 2 step L-1
bit reverse il 6,=172 8,=T/4 0, =2
ordering
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2 2 2 2 2 2
3 Ei: 3 3 3 3 3
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output

=

LELIITELY]

— pN2-1
—» N/2

—p N/2+1
—p N/2+2
—p N/2+3
—» N/2+4

—» N-4
—p» N-3
—p» N-2
— N-1

Figure 3: , butterfly” representation

step

S

95 =T/2s

u(k)

v(K)= u(k+29)

u(k)

=)

V(K)= uw(k+29)

a=kmod 2°

uk) ——» u'(K) = u(k) + e v(k)

L
6\

V) e VR =uk) - ek

DFT: 0=af,
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Waveforms and timing tables

Figure4: Waveform of external data write access
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Aslong asthe RAM memory is not full, the process does not start. When the RAM memory is
full, then any further writing is not allowed, unti, DATA_EN is de-validated.

Table 4: Timing table of external data write access

Symbol | Name [tem Notes Min M ax Unit
tcyc t(CLK rise-CL K ise) CLK cycle "
Delay from rising CLK to
ty1) | t4(CLK ;qDATA_VALIDyis0) risi%’D ATA VALID ns
Delay from rising CLK to
W) | t(CLK i DATA VALIDyy) | a“% DATA VALID ns
Delay from rising CLK to
ts(d | to(CLK i-DATA_IN_ENisp) risir"]’gDATA NCEN ns
Setup time for DATA_IN
ty(4) | to(DATA_IN-CLK; -
{4 i - rise) to rising clock edge ®
Hold timefor DATA_IN to
th(5) | th(CLK i DATA_IN) rising clock edge ™
16 v12 (C) FhG
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Figure5: Waveform of external dataread access

clk

JUL
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data_valid
td(6)
‘>
data_in_en #
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A >0
ata_out_en
— TR
T
data_in 0 1
t(7) (%)
e
OO @000
t(11) yl t,(8)
data_req N 1(12) A
Table 5: Timing table of external data read access
Symbol | Name Item Notes Min M ax Unit
toye | H(CLK}iserCLK ise) CLK cycle ns
o Delay fromrising CLK to
td(6) td(CL Krlse DATA | N_ENfa“) falllng DATA_IN_EN ns
Setup time for
t(7) | t(DATA_OUT-CLKis) DATA_OUT torising ns
clock edge
Holdtimefor DATA_OUT
th(8 th(CLK ;sc-DATA_OUT . -
n(® | h(ClKise -OUn to rising clock edge ns
£4(9) tg(CLK iger Delay fromrising CLK to o
d DATA_OUT_ENqy)) falling DATA_OUT_EN
(10) tdCLK jjger Delay fromrising CLK to ns
d DATA_OUT_EN/ie rising DATA_OUT_EN
Setup time for
t(11) | t(DATA_REQ-CLKic) DATA_REQ to rising ns
clock edge
Hold timefor DATA_REQ
th(12) | th(CLK;--DATA_RE . —
h(12) | th(CLKise -REQ) to rising clock edge ns
(C) FhG v1.2 17
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Application notes

The following example shows the parameters for the FHG_FFT for a special application. This
parameter set isalso used in section ,, VHDL Usage through Component I nstantiation®.

EX:

- 1024 value FFT

- 16 bitsfor real and imaginary signed input data

- 16 bits for coefficients bit width (the two MSB must not be inserted in the parameter)

PARAMETERS:

- L =10 (=log,(1024))

- BW_DATA =16

- BW_COEF = 14 (= 16-2)

- ROM_EXP = 8 (=l0g,(1024/8) +1)

Figure6: Application Example

POWER_OVER 4
DATA_IN_EN 1
DATA OUT _EN 1
-
DATA OUT RE 18
CLK 1 g
> DATA_OUT_IM 18
|
RESET N 1 q CLK 1
P
DATA VALID
_ 1 o RD_ WR 1
ATA R ] FHG_FFT -
_REQ o ADD_RAM 10> RAM
DATA IN_RE 16 1024736
_IN_ > DIN._ RAM 36
|
DATA_IN_IM 16 N DOUT_RAM 36
|t
ADD ROM 8
P
ROM
DOUT_ROM 28, | 12g8+28
|t

ex :
input clock = 300 000 samples per second,
one symbol = 1024 samples

Tsymbol = 300000/1024 = 292,97

Minimal clock frequency = (2* (10+1) * 1024) * 292,97 = 6,6 MHz

18 v1.2 (C) FhG



