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5 VHDLO
5.1 fft64.vhd

library IEEE;

oooobd

use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity FFT64 is

port (
RESET : in  std_logic;
CLK : in std_logic;
HEAD : in std_logic; -
FFTIN_I : in  std_logic_vector(13 downto 0); --
FFTIN_Q : in std_logic_vector(13 downto 0); --
OUTHEAD : out std_logic; -
FFTOUT_I : out std_logic_vector(13 downto 0); --
FFTOUT_Q : out std_logic_vector(13 downto 0)); --

end;
architecture RTL of

component STAGE1l is

port (
RESET : in
CLK ¢ in
S1HEAD : in
S1IN_I : in
S1IN_Q ¢ in
S10UTHEAD : out
S10UT_I : out
S10UT_Q : out

end component;

component STAGE2

port (
RESET : in
CLK ¢ in
S2HEAD : in
S2IN_I ¢ in
S2IN_Q : in
S20UTHEAD : out
S20UT_I : out
S20UT_Q : out

end component;

component STAGE3

port (
RESET : in
CLK : in
S3HEAD : in
S3IN_I : in
S3IN_Q : in
S30UTHEAD : out
S30UT_I : out
S30UT_Q : out

end component;

component REORDER
port (
RESET : in

FFT64 is

std_logic;

std_logic;

std_logic; -
std_logic_vector(13 downto 0); --
std_logic_vector(13 downto 0); --
std_logic; -
std_logic_vector(13 downto 0); --
std_logic_vector (13 downto 0)); --

std_logic;

std_logic;

std_logic; -
std_logic_vector(13 downto 0); --
std_logic_vector (13 downto 0); --
std_logic; -
std_logic_vector (13 downto 0); --
std_logic_vector(13 downto 0)); --

std_logic;

std_logic;

std_logic; -
std_logic_vector(13 downto 0); --
std_logic_vector(13 downto 0); --
std_logic; -
std_logic_vector (13 downto 0); --
std_logic_vector(13 downto 0)); --

std_logic;
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CLK : in std_logic;

ROHEAD : in std_logic; -—- <1,1,uw>
ROIN_I : in std_logic_vector(13 downto 0); -- <14,6,t>
ROIN_Q : in  std_logic_vector(13 downto 0); -- <14,6,t>
ROOUTHEAD : out std_logic; - <1,1,uw>
ROOUT_I : out std_logic_vector(13 downto 0); -- <14,6,t>
ROOUT_Q : out std_logic_vector(13 downto 0)); -- <14,6,t>

end component;

signal S1HEAD, S10UTHEAD : std_logic;
signal S2HEAD, S20UTHEAD : std_logic;
signal S3HEAD, S30UTHEAD : std_logic;
signal ROHEAD, ROOUTHEAD : std_logic;

signal S1IN_I, S1IN_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal S10UT_I, S10UT_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal S2IN_I, S2IN_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal S20UT_I, S20UT_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal S3IN_I, S3IN_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal S30UT_I, S30UT_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal ROIN_I, ROIN_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal ROOUT_I, ROOUT_Q : std_logic_vector (13 downto 0); -- <14,6,t>
begin

S1HEAD <= HEAD; S1IN_I <= FFTIN_I; S1IN_Q <= FFTIN_Q;
ST1: STAGE1 port map (RESET, CLK, S1HEAD, S1IN_I, S1IN_Q, S10UTHEAD, S10UT_I, S10UT_Q);
S2HEAD <= S10UTHEAD; S2IN_I <= S10UT_I; S2IN_Q <= S10UT_Q;

ST2: STAGE2 port map (RESET, CLK, S2HEAD, S2IN_I, S2IN_Q, S20UTHEAD, S20UT_I, S20UT_Q);
S3HEAD <= S20UTHEAD; S3IN_I <= S20UT_I; S3IN_Q <= S20UT_Q;

ST3: STAGE3 port map (RESET, CLK, S3HEAD, S3IN_I, S3IN_Q, S30UTHEAD, S30UT_I, S30UT_Q);
ROHEAD <= S30UTHEAD; ROIN_I <= S30UT_I; ROIN_Q <= S30UT_Q;

ROO: REORDER port map (RESET, CLK, ROHEAD, ROIN_I, ROIN_Q, RODUTHEAD, ROOUT_I, ROOUT_Q);
OUTHEAD <= ROOUTHEAD; FFTOUT_I <= ROOUT_I; FFTOUT_Q <= ROOUT_Q;

end;

5.2 twiddle.vhd
library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity TWIDDLE is

port (
ADDR : in std_logic_vector(5 downto 0); -- <6,6,u>
W_I : out std_logic_vector(9 downto 0); -- <10,0,t>
W_Q : out std_logic_vector(9 downto 0)); -- <10,0,t>
end;

architecture RTL of TWIDDLE is
begin
process (ADDR)
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variable iaddr : integer;
variable qaddr : integer;

type rom_type is array(0 to 63) of std_logic_vector(9 downto 0);

constant cos_table : rom_type := (

"0111111111","0111111110","0111110110","0111101010",
"0111011001","0111000100","0110101010","0110001100",
"0101101010","0101000101","0100011100","0011110001",
"0011000100","0010010101","0001100100","0000110010",
"0000000000","1111001110","1110011100","1101101011",
"1100111100","1100001111","1011100100","1010111011",
"1010010110","1001110100","1001010110","1000111100",
"1000100111","1000010110","1000001010","1000000010",
"1000000000","1000000010","1000001010","1000010110",
"1000100111","1000111100","1001010110","1001110100",
"1010010110","1010111011","1011100100","1100001111",
"1100111100","1101101011","1110011100","1111001110",
"0000000000","0000110010","0001100100","0010010101",
"0011000100","0011110001","0100011100","0101000101",
"0101101010","0110001100","0110101010","0111000100",
"0111011001","0111101010","0111110110","0111111110"

)

begin
iaddr := conv_integer (unsigned(ADDR)) ;

gaddr := conv_integer (unsigned (ADDR)+16) ;

W_I <= cos_table(iaddr);
W_Q <= cos_table(qaddr);
end process;

end;

5.3 cmult.vhd
library IEEE;

use IEEE.STD_LOGIC_1164.all;
use IEEE.STD_LOGIC_ARITH.all;

entity CMULT is

port(AIN_I : in  std_logic_vector(13 downto 0); -- <14,6,t>
AIN_Q ¢ in std_logic_vector(13 downto 0); -- <14,6,t>
BIN_I : in  std_logic_vector(9 downto 0); -- <10,0,t>
BIN_Q ¢ in std_logic_vector(9 downto 0); -- <10,0,t>
YOUT_I : out std_logic_vector(13 downto 0); -- <14,6,t>
YOUT_Q : out std_logic_vector(13 downto 0)); -- <14,6,t>
end CMULT;
architecture RTL of CMULT is
-- component declaration
component MULTAR
port(inl : in std_logic_vector(13 downto 0); -- <14,6,t>
in2 : in std_logic_vector(9 downto 0); -- <10,0,t>
outp : out std_logic_vector(13 downto 0)); -- <14,6,t>
end component;
signal S1, S2, S3, S4 : std_logic_vector(13 downto 0); -- <14,6,t>

begin

M1: MULTAR port map (AIN_I, BIN_I, S1);
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M2: MULTAR port map (AIN_Q, BIN_Q, S2);
M3: MULTAR port map (AIN_Q, BIN_I, S3);
M4: MULTAR port map (AIN_I, BIN_Q, S4);

YOUT_I <= signed(S1) - signed(82);
YOUT_Q <= signed(S3) + signed(S4);

end RTL;

5.4 multar.vhd
library IEEE;

use IEEE.STD_LOGIC_1164.all;
use IEEE.STD_LOGIC_ARITH.all;

entity MULTAR is

port(inil : in std_logic_vector(13 downto 0); -- <14,6,t>
in2 : in  std_logic_vector(9 downto 0); -- <10,0,t>
outp : out std_logic_vector(13 downto 0)); -- <14,6,t>

end MULTAR;

architecture RTL of MULTAR is
begin

MULTAR : process(inl,in2)

variable var_tprod : std_logic_vector(23 downto 0); -- <24,7,t>
variable var_round : std_logic_vector(13 downto 0); -- <14,6,t>
begin

var_tprod := signed(inl) * signed(in2);

if (var_tprod(8) = ’1’) then

var_round := signed(var_tprod(22 downto 9)) + ’17;
else

var_round := var_tprod(22 downto 9);
end if;

outp <= var_round;
end process MULTAR;

end RTL;

5.5 stagel.vhd
library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity STAGE1l is

port (
RESET : in std_logic;
CLK : in std_logic;
S1HEAD : in std_logic; - <1,1,uw>
S1IN_I : in  std_logic_vector(13 downto 0); -- <14,6,t>
S1IN_Q : in  std_logic_vector(13 downto 0); -- <14,6,t>
S10UTHEAD : out std_logic; -—- <1,1,uw>
S10UT_I : out std_logic_vector(13 downto 0); -- <14,6,t>
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S10UT_Q : out std_logic_vector(13 downto 0)); -- <14,6,t>
end;

architecture RTL of STAGEl is

component CMULT is

port (AIN_I : in  std_logic_vector(13 downto 0); -- <14,6,t>
AIN_Q : in  std_logic_vector(13 downto 0); -- <14,6,t>
BIN_I : in  std_logic_vector(9 downto 0); -- <10,0,t>
BIN_Q ¢ in std_logic_vector(9 downto 0); -- <10,0,t>
YOUT_I : out std_logic_vector(13 downto 0); -- <14,6,t>
YOUT_Q ¢ out std_logic_vector(13 downto 0)); -- <14,6,t>

end component;

component TWIDDLE

port (
ADDR : in std_logic_vector(5 downto 0); -- <6,6,u>
W_I : out std_logic_vector(9 downto 0); -- <10,0,t>

W_Q : out std_logic_vector(9 downto 0)); -- <10,0,t>
end component;

signal HEAD : std_logic_vector(64 downto 0); -- 65 FFs for Head Signal Delay
signal COUNT : std_logic_vector(5 downto 0); -- count O to 63 cycles

signal PHASE : std_logic_vector(l downto 0); -- PHASE O to 3

signal TF : std_logic_vector(5 downto 0); -- TWIDDLE FACTOR INDEX

signal S1, S2, S3 : std_logic;

signal REGIN_I : std_logic_vector (13 downto 0); -- <14,6,t>
signal REGIN_Q : std_logic_vector (13 downto 0); -- <14,6,t>
type shiftregll2 is array (0 to 111) of std_logic_vector (13 downto 0); -- <14,6,t>

signal REG_I : shiftregll2;
signal REG_Q : shiftregll2;

signal A_I, A_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal B_I, B_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal C_I, C_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal D_I, D_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal Y_I, Y_Q : std_logic_vector (13 downto 0); -- <14,6,t> butterfly output
signal W_I, W_Q : std_logic_vector(9 downto 0); -- <10,0,t>

begin

—-- OUTHEAD GENERATION
process ( CLK, RESET ) begin
if (RESET = ’1’) then
for I in O to 64 loop
HEAD(I) <= ’0’;
end loop;
elsif ( CLK’event and CLK = ’1’ ) then
HEAD(0) <= S1HEAD;
for I in 1 to 64 loop
HEAD(I) <= HEAD(I-1);
end loop;
end if;
end process;
S10UTHEAD <= HEAD(64);

-- 64 CYCLE COUNTER
process ( CLK, RESET ) begin
if (RESET = ’1’) then
COUNT <= "000000";
elsif ( CLK’event and CLK = ’1’ ) then
if (S1HEAD = ’1°) then
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COUNT <= "000000";
else
COUNT <= unsigned(COUNT) + ’1°;
end if;
end if;
end process;

—- PHASE GENERATOR
PHASE <= COUNT(5 downto 4); --henkou

-- TWIDDLE FACTOR GENERATOR
TF <= unsigned(COUNT(3 downto 0)) * unsigned(PHASE(1 downto 0)); --henkou

-- SELECT SIGNAL GENERATOR
S1 <= PHASE(0) or PHASE(1);
S2 <= PHASE(1);
S3 <= PHASE(0) and PHASE(1);

—-- SHIFT REGISTER
process ( CLK ) begin
if ( CLK’event and CLK = ’1’ ) then
REGIN_I <= S1IN_I; REGIN_Q <= S1IN_Q;
REG_I(0) <= REGIN_I; REG_Q(0) <= REGIN_Q;
for I in 1 to 111 loop
REG_I(I) <= REG_I(I-1); REG_Q(I) <= REG_Q(I-1);
end loop;
end if;
end process;

-- A,B,C,D GENERATION

A_I <= REG_I(63);
Q <= REG_Q(63);
I <= REG_I(15) when S1 = ’0’ else REG_I(79);
Q <= REG_Q(15) when S1 = ’0’ else REG_Q(79);
I <= REG_I(31) when S2 = ’0’ else REG_I(95);
Q <= REG_Q(31) when S2 = ’0’ else REG_Q(95);
I <= REG_I(47) when S3 = ’0’ else REG_I(111);
Q <= REG_Q(47) when S3 = ’0’ else REG_Q(111);

-- RADIX-4 BUTTERFLY

process (PHASE, A_I, B_I, C_I, D_I, A_Q, B_Q, C_Q, D_Q) begin
case PHASE is
when "00" =>
Y_I <= signed(A_I) + signed(B_I) + signed(C_I) + signed (D_I);
Y_Q <= signed(A_Q) + signed(B_Q) + signed(C_Q) + signed (D_Q);
when "O01" =>
Y_I <= signed(A_Q) + signed(B_I) - signed(C_Q) - signed (D_I);
Y_Q <= - signed(A_I) + signed(B_Q) + signed(C_I) - signed (D_Q);
when "10" =>
Y_I <= signed(A_I) - signed(B_I) + signed(C_I) - signed (D_I);
Y_Q <= signed(A_Q) - signed(B_Q) + signed(C_Q) - signed (D_Q);
when "11" =>
Y_I <= signed(A_Q) - signed(B_I) - signed(C_Q) + signed (D_I);
Y_Q <= - signed(A_I) - signed(B_Q) + signed(C_I) + signed (D_Q);
when others =>
Y_I <= (others => ’X’);
Y_Q <= (others => ’X’);
end case;
end process;

TWO: TWIDDLE port map (TF, W_I, W_Q);
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CMO: CMULT port map (Y_I, Y_Q, W_I, W_Q, S10UT_I, S10UT_Q);

end;

5.6 stage2.vhd
library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity STAGE2 is

port (
RESET : in std_logic;
CLK : in std_logic;
S2HEAD : in std_logic; -—- <1,1,uw>
S2IN_I ¢ in std_logic_vector(13 downto 0); -- <14,6,t>
S2IN_Q : in  std_logic_vector(13 downto 0); -- <14,6,t>
S20UTHEAD : out std_logic; - <1,1,uw>
S20UT_I : out std_logic_vector(13 downto 0); -- <14,6,t>
S20UT_Q : out std_logic_vector(13 downto 0)); -- <14,6,t>
end;

architecture RTL of STAGE2 is

component CMULT is

port (AIN_I : in  std_logic_vector(13 downto 0); -- <14,6,t>
AIN_Q : in std_logic_vector(13 downto 0); -- <14,6,t>
BIN_I : in std_logic_vector(9 downto 0); -- <10,0,t>
BIN_Q : in  std_logic_vector(9 downto 0); -- <10,0,t>
YOUT_I : out std_logic_vector(13 downto 0); -- <14,6,t>
YOUT_Q : out std_logic_vector(13 downto 0)); -- <14,6,t>

end component;

component TWIDDLE

port (
ADDR : in std_logic_vector(5 downto 0); -- <6,6,u>
W_I : out std_logic_vector(9 downto 0); -- <10,0,t>
W_Q : out std_logic_vector(9 downto 0)); -- <10,0,t>

end component;

signal HEAD : std_logic_vector(16 downto 0); -- 17 FFs for Head Signal Delay
signal COUNT : std_logic_vector(5 downto 0); -- count O to 63 cycles

signal PHASE : std_logic_vector(1l downto 0); -- PHASE 0 to 3

signal TF : std_logic_vector(5 downto 0); -- TWIDDLE FACTOR INDEX

signal S1, S2, S3 : std_logic;

signal REGIN_I : std_logic_vector (13 downto 0); -- <14,6,t>
signal REGIN_Q : std_logic_vector (13 downto 0); -- <14,6,t>
type shiftreg28 is array (0 to 27) of std_logic_vector (13 downto 0); -- <14,6,t>

signal REG_I : shiftreg28;
signal REG_Q : shiftreg28;

signal A_I, A_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal B_I, B_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal C_I, C_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal D_I, D_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal Y_I, Y_Q : std_logic_vector (13 downto 0); -- <14,6,t> butterfly output
signal W_I, W_Q : std_logic_vector(9 downto 0); -- <10,0,t>

begin
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-- OUTHEAD GENERATION
process ( CLK, RESET ) begin
if (RESET = ’1’) then
for I in O to 16 loop
HEAD(I) <= ’0°;
end loop;
elsif ( CLK’event and CLK = ’1’ ) then
HEAD(0) <= S2HEAD;
for I in 1 to 16 loop
HEAD(I) <= HEAD(I-1);
end loop;
end if;
end process;
S20UTHEAD <= HEAD(16);

-- 64 CYCLE COUNTER
process ( CLK, RESET ) begin
if (RESET = ’1’) then
COUNT <= "000000";
elsif ( CLK’event and CLK = ’1’ ) then
if (S2HEAD = ’1’) then
COUNT <= "000000";
else
COUNT <= unsigned(COUNT) + ’1°;
end if;
end if;
end process;

—- PHASE GENERATOR
PHASE <= COUNT(3 downto 2); --henkou

—- TWIDDLE FACTOR GENERATOR
TF <= unsigned(COUNT(1 downto 0)) * (unsigned(PHASE(1 downto 0)) & "00");

—-- SELECT SIGNAL GENERATOR
S1 <= PHASE(0) or PHASE(1);
S2 <= PHASE(1);
S3 <= PHASE(0) and PHASE(1);

—-- SHIFT REGISTER
process ( CLK ) begin
if ( CLK’event and CLK = ’1’ ) then
REGIN_I <= S2IN_I; REGIN_Q <= S2IN_Q;
REG_I(0) <= REGIN_I; REG_Q(0) <= REGIN_Q;
for I in 1 to 27 loop
REG_I(I) <= REG_I(I-1); REG_Q(I) <= REG_Q(I-1);
end loop;
end if;
end process;

-- A,B,C,D GENERATION

A_I <= REG_I(15);
Q <= REG_Q(15);
I <= REG_I(3) when S1 = ’0’ else REG_I(19);
Q <= REG_Q(3) when S1 = ’0’ else REG_Q(19);
I <= REG_I(7) when S2 = ’0’ else REG_I(23);
Q <= REG_Q(7) when S2 = ’0’ else REG_Q(23);
I <= REG_I(11) when S3 = ’0’ else REG_I(27);
Q <= REG_Q(11) when S3 = ’0’ else REG_Q(27);
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-- RADIX-4 BUTTERFLY

process (PHASE, A_I, B_I, C_I, D_I, A_Q, B_Q, C_Q, D_Q) begin
case PHASE is
when "00" =>
Y_I <= signed(A_I) + signed(B_I) + signed(C_I) + signed (D_I);
Y_Q <= signed(A_Q) + signed(B_Q) + signed(C_Q) + signed (D_Q);
when "O1" =>
Y_I <= signed(A_Q) + signed(B_I) - signed(C_Q) - signed (D_I);
Y_Q <= - signed(A_I) + signed(B_Q) + signed(C_I) - signed (D_Q);
when "10" =>
Y_I <= signed(A_I) - signed(B_I) + signed(C_I) - signed (D_I);
Y_Q <= signed(A_Q) - signed(B_Q) + signed(C_Q) - signed (D_Q);
when "11" =>
Y_I <= signed(A_Q) - signed(B_I) - signed(C_Q) + signed (D_I);
Y_Q <= - signed(A_I) - signed(B_Q) + signed(C_I) + signed (D_Q);
when others =>
Y_I <= (others => ’X’);
Y_Q <= (others => ’X’);
end case;
end process;

TWO: TWIDDLE port map (TF, W_I, W_Q);
CMO: CMULT port map (Y_I, Y_Q, W_I, W_Q, S20UT_I, S20UT_Q);

end;

5.7 stage3.vhd
library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity STAGE3 is

port (
RESET : in std_logic;
CLK : in std_logic;
S3HEAD : in std_logic; -—- <1,1,uw>
S3IN_I ¢ in std_logic_vector(13 downto 0); -- <14,6,t>
S3IN_Q : in  std_logic_vector(13 downto 0); -- <14,6,t>
S30UTHEAD : out std_logic; - <1,1,uw>
S30UT_I : out std_logic_vector(13 downto 0); -- <14,6,t>
S30UT_Q : out std_logic_vector(13 downto 0)); -- <14,6,t>
end;

architecture RTL of STAGE3 is

signal HEAD : std_logic_vector(4 downto 0); -- 5 FFs for Head Signal Delay
signal COUNT : std_logic_vector(5 downto 0); -- count O to 63 cycles
signal PHASE : std_logic_vector(1l downto 0); -- PHASE 0 to 3

signal S1, S2, S3 : std_logic;

signal REGIN_I : std_logic_vector (13 downto 0); -- <14,6,t>
signal REGIN_Q : std_logic_vector (13 downto 0); -- <14,6,t>
type shiftreg7 is array (0 to 6) of std_logic_vector (13 downto 0); -- <14,6,t>

signal REG_I : shiftreg7;
signal REG_Q : shiftreg7;
signal A_I, A_Q : std_logic_vector (13 downto 0); -- <14,6,t>
signal B_I, B_Q : std_logic_vector (13 downto 0); -- <14,6,t>
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signal C_I, C_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal D_I, D_Q : std_logic_vector (13 downto 0); -- <14,6,t>

signal Y_I, Y_Q : std_logic_vector (13 downto 0); -- <14,6,t> butterfly output
begin

-- OUTHEAD GENERATION
process ( CLK, RESET ) begin
if (RESET = ’1’) then
HEAD(0) <= ’07;
HEAD(1) <= ’07;
HEAD(2) <= ’07;
HEAD(3) <= ’07;
HEAD(4) <= ’0’;
elsif ( CLK’event and CLK = ’1’ ) then
HEAD(0) <= S3HEAD;
HEAD(1) <= HEAD(0);
HEAD(2) <= HEAD(1);
HEAD(3) <= HEAD(2);
HEAD(4) <= HEAD(3);
end if;
end process;
S30UTHEAD <= HEAD(4);

-- 64 CYCLE COUNTER
process ( CLK, RESET ) begin
if (RESET = ’1’) then
COUNT <= "000000";
elsif ( CLK’event and CLK = ’1’ ) then
if (S3HEAD = ’1’) then
COUNT <= "000000";
else
COUNT <= unsigned(COUNT) + ’1°;
end if;
end if;
end process;

—-- PHASE GENERATOR
PHASE <= COUNT(1 downto 0);

-- SELECT SIGNAL GENERATOR
S1 <= PHASE(0) or PHASE(1);
S2 <= PHASE(1);
S3 <= PHASE(0) and PHASE(1);

-- SHIFT REGISTER
process ( CLK ) begin
if ( CLK’event and CLK = ’1’ ) then
REGIN_I <= S3IN_I; REGIN_Q <= S3IN_Q;
REG_I(0) <= REGIN_I; REG_Q(0) <= REGIN_Q;
REG_I(1) <= REG_I(0); REG_Q(1) <= REG_Q(0);
REG_I(2) <= REG_I(1); REG_Q(2) <= REG_Q(1);
REG_I(3) <= REG_I(2); REG_Q(3) <= REG_Q(2);
REG_I(4) <= REG_I(3); REG_Q(4) <= REG_Q(3);
REG_I(5) <= REG_I(4); REG_Q(5) <= REG_Q(4);
REG_I(6) <= REG_I(5); REG_Q(6) <= REG_Q(5);
end if;
end process;

-- A,B,C,D GENERATION
A_I <= REG_I(3);
A_Q <= REG_Q(3);
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_I <= REG_I(0)
_Q <= REG_Q(0)
_I <= REG_I(1)
_Q <= REG_Q(1)
_I <= REG_I(2)
_Q <= REG_Q(2)

oo ww

-- RADIX-4 BUTTERFLY

process (PHASE, A_I, B_I,

case PHASE is
when "00" =>

Y_I <= signed(A_I)
Y_Q <= signed(A_Q)

when "O1" =>

Y_I <= signed(A_Q)

when
when
when
when
when
when

S1
S1
S2
S2
S3
S3

C

+

+

Y_Q <= - signed(A_I)

when "10" =>

Y_I <= signed(A_I) -
Y_Q <= signed(A_Q) -

when "11" =>

Y_I <= signed(A_Q) -

when others =>

=0
=0
=0
=0
=0
=0

else
else
else
else
else
else

REG_I(4);
REG_Q(4);
REG_I(5);
REG_Q(5);
REG_I(6);
REG_Q(6);

I, D_I, A_Q, B_Q, C_Q, D_Q) begin

signed(B_I) + signed(C_I) + signed (D_I);
signed(B_Q) + signed(C_Q) + signed (D_Q);

signed(B_I) - signed(C_Q) - signed (D_I);
+ signed(B_Q) + signed(C_I) - signed (D_Q);

signed(B_I) + signed(C_I) - signed (D_I);
signed(B_Q) + signed(C_Q) - signed (D_Q);

signed(B_I) - signed(C_Q) + signed (D_I);
Y_Q <= - signed(A_I) - signed(B_Q) + signed(C_I) + signed (D_Q);

Y_I <= (others => ’X’);
Y_Q <= (others => ’X’);

end case;
end process;
S30UT_I <= Y_I;
S30UT_Q <= Y_Q;

end;

5.8 reorder.v

library IEEE;

hd

use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity REORDER is

port (
RESET ¢ in
CLK ¢ in
ROHEAD : in
ROIN_I ¢ in
ROIN_Q : in
ROOUTHEAD : out
ROOUT_I : out
ROOUT_Q : out
end;

architecture RTL of

signal COUNT
signal BANK
signal BANKEN

std_logic;
std_logic;
std_logic; -— <1,1,uw>
std_logic_vector(13 downto 0); -- <14,6,t>
std_logic_vector(13 downto 0); -- <14,6,t>
std_logic; - <1,1,uw>
std_logic_vector(13 downto 0); -- <14,6,t>
std_logic_vector (13 downto 0)); -- <14,6,t>
REORDER is

: std_logic_vector(5 downto 0);

: std_logic;
: std_logic;

-- Input bank select signal

type shiftreg64 is array (0 to 63) of std_logic_vector (13 downto 0); -- <14,6,t>

signal REGO_I, REGO_

Q :

shiftreg64;

signal REG1_I, REG1_Q : shiftreg64;
signal REGIN_I, REGIN_Q :std_logic_vector (13 downto 0); -- <14,6,t>
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begin

-- 64 CYCLE COUNTER
process ( CLK ) begin

if (RESET = ’1’) then
COUNT <="000000";
BANKEN <= ’0°’;

elsif ( CLK’event and CLK = ’1’ ) then

if (ROHEAD = ’1°) then
COUNT <= "000000";

BANKEN <= ’1°;
elsif (COUNT = "111111") then
BANKEN <= ’0’;
else
COUNT <= unsigned(COUNT) + ’1°;
end if;
end if;

end process;

-- BANK SELECT GENERATION
process ( CLK ) begin
if (RESET = ’1’) then
BANK <= ’07;
elsif ( CLK’event and CLK = ’1’ ) then
if (ROHEAD = ’1’) then
BANK <= not BANK;
end if;
end if;
end process;

-- INPUT REGISTER
process (CLK) begin
if (CLK’event and CLK = ’1’ ) then
REGIN_I <= ROIN_I;
REGIN_Q <= ROIN_Q;
end if;
end process;

-- SHIFT REISTER
process (CLK) begin
if (CLK’event and CLK = ’1’ ) then
if (BANKEN = ’1’)then
if (BANK = ’0’) then

-- BANK O SERIAL INPUT

for I in O to 62 loop
REGO_I(I) <= REGO_I(I+1);
REGO_Q(I) <= REGO_Q(I+1);

end loop;
REGO_I(63) <= REGIN_I;
REGO_Q(63) <= REGIN_Q;

-- BANK 1 REORDER OUPUT
for I in O to 3 loop
REG1_I(I+ 0) <= REG1_I(I+16);
REG1_I(I+16) <= REG1_I(I+32);
REG1_I(I+32) <= REG1_I(I+48);
REG1_I(I+48) <= REG1_I(I+ 4);
REG1_I(I+ 4) <= REG1_I(I+20);
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end

else

REG1_I(I+20)
REG1_I(I+36)
REG1_I(I+52)
REG1_I(I+ 8)
REG1_I(I+24)
REG1_I(I+40)
REG1_I(I+56)
REG1_I(I+12)
REG1_I(I+28)
REG1_I(I+44)
REG1_Q(I+ 0)
REG1_Q(I+16)
REG1_Q(I+32)
REG1_Q(I+48)
REG1_Q(I+ 4)
REG1_Q(I+20)
REG1_Q(I+36)
REG1_Q(I+52)
REG1_Q(I+ 8)
REG1_Q(I+24)
REG1_Q(I+40)
REG1_Q(I+56)
REG1_Q(I+12)
REG1_Q(I+28)
REG1_Q(I+44)
loop;
REG1_I(60)
REG1_I(61)
REG1_I(62)
REG1_Q(60)
REG1_Q(61)
REG1_Q(62)

-- BANK 1 SERIAL

for I in O to 62

REG1_I(I) <=
REG1_Q(I) <=

end loop;

REG1_I(63) <=
REG1_Q(63) <=

-- BANK O REORDER

for I in O to 3 loop

REGO_I(I+ 0)
REGO_I(I+16)
REGO_I(I+32)
REGO_I(I+48)
REGO_I(I+ 4)
REGO_I(I+20)
REGO_I(I+36)
REGO_I(I+52)
REGO_I(I+ 8)
REGO_I(I+24)
REGO_I (I+40)
REGO_I(I+56)
REGO_I(I+12)
REGO_I(I+28)
REGO_I(I+44)
REGO_Q(I+ 0)

= REG1_I(I+36);

REG1_I(I+52);
REG1_I(I+ 8);

= REG1_I(I+24);

REG1_I(I+40);
REG1_I(I+56);

= REG1_I(I+12);

REG1_I(I+28);
REG1_I(I+44);

= REG1_I(I+60);

REG1_Q(I+16);
REG1_Q(I+32);

= REG1_Q(I+48);

REG1_Q(I+ 4);
REG1_Q(I+20);
REG1_Q(I+36);

= REG1_Q(I+52);

REG1_Q(I+ 8);
REG1_Q(I+24);

= REG1_Q(I+40);

REG1_Q(I+56);
REG1_Q(I+12);
REG1_Q(I+28);

= REG1_Q(I+44);
= REG1_Q(I+60);

= REG1_I(1);

REG1_I(2);
REG1_I(3);
REG1_Q(1);

= REG1_Q(2);
= REG1_Q(3);

INPUT

loop
REG1_I(I+1);
REG1_Q(I+1);

REGIN_TI;
REGIN_Q;

OUPUT

<=

REGO_I(I+16);

= REGO_I(I+32);

REGO_I(I+48);
REGO_I(I+ 4);
REGO_I(I+20);

= REGO_I(I+36);

REGO_I(I+52);
REGO_I(I+ 8);

= REGO_I(I+24);

REGO_I(I+40);
REGO_I(I+56);
REGO_I(I+12);

= REGO_I(I+28);

REGO_I(I+44);
REGO_I(I+60);

= REGO_Q(I+16);
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REGO_Q(I+16)
REGO_Q(I+32)
REGO_Q(I+48)
REGO_Q(I+ 4)
REGO_Q(I+20)
REGO_Q(I+36)
REGO_Q(I+52)
REGO_Q(I+ 8)
REGO_Q(I+24)
REGO_Q(I+40)
REGO_Q(I+56)
REGO_Q(I+12)
REGO_Q(I+28)
REGO_Q(I+44)
loop;
REGO_I(60)
REGO_I(61)
REGO_I(62)
REGO_Q (60)
REGO_Q(61)
REGO_Q(62)
end if;
end if;
end if;
end process;

end

-- OUTHEAD GENERATOR
OH1: process (CLK) begin
if (RESET = ’1’) then
ROOUTHEAD <= ’0’;

= REGO_Q(I+32);

REGO_Q(I+48);
REGO_Q(I+ 4);

= REGO_Q(I+20);

REGO_Q(I+36);
REGO_Q(I+52);

= REGO_Q(I+ 8);

REGO_Q(I+24);
REGO_Q(I+40);

= REGO_Q(I+56);

REGO_Q(I+12);
REGO_Q(I+28);

= REGO_Q(I+44);
= REGO_Q(I+60);

= REGO_I(1);
= REGO_I(2);

REGO_I(3);
REGO_Q(1);

= REGO_Q(2);
= REGO_Q(3);

elsif (CLK’event and CLK = ’1’ ) then

if (ROHEAD =
ROOUTHEAD <= ’1°;
else
ROOUTHEAD <= ’0’;
end if;
end if;
end process;

—- OUTPUT SELECTOR
ROOUT_I <=
REGO_I(0);
ROOUT_Q <=
REGO_Q(0);

end;

goodd

REG1_I(0) when BANK =

REG1_Q(0) when BANK =

’1’) then

’0’ else

’0’ else

[1] UNIV. OF THE RYUKYUS LSI DESIGN CONTEST 2007
| http://www.ie.u-ryukyu.ac.jp/ wada/design07/contest2007.html —

23



