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1 VHDL

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL,;

entity transmitter_s is
Port (CLK in std_logic;

RESET in std_logic;
SYNCout out std_logic;

P1 : out std_logic; --PN1 code
P2 : out std_logic; --PN2 code
P3 : out std_logic; --PN3 code
D1 : out std_logic; --PN1-DATEL1
D2 : out std_logic; --PN2-DATE2
D3 : out std_logic; --PN3-DATES3

TXout : out unsigned(1l downto 0)
);

end transmitter_s;

architecture RTL of transmitter_s is

begin

signal counter : unsigned(6 downto 0);

signal pnl : unsigned(6 downto 0);
signal pn2 : unsigned(6 downto 0);
signal pn3 : unsigned(6 downto 0);
signal state : unsigned(2 downto 0);

signal date : unsigned(2 downto 0);
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-- 127 counter & 8 counter --

cnt: process(CLK,RESET)
begin

if (RESET='1") then
counter <= (others =>"'0");
state <="000";

elsif rising_edge(CLK) then

if (counter ="1111110") then
counter <= (others =>'0");
state <= state+1;

else
counter <= counter+1;

end if;

end if;

end process cnt;

-- PN code generator --

pc: process(CLK,RESET)
begin
if RESET='1") then
pnl <= (others =>"1");
pn2 <= (others =>'"1");
pn3 <= (others =>'"1");

elsif rising_edge(CLK) then
pnl(6 downto 1) <= pn1(5 downto 0);
pn1(0) <= pnl(6) xor pnl(2);
pn2(6 downto 1) <= pn2(5 downto 0);
pn2(0) <= pn2(6) xor pn2(2) xor pn2(1) xor pn2(0);
pn3(6 downto 1) <= pn3(5 downto 0);
pn3(0) <= pn3(6) xor pn3(3) xor pn3(2) xor pn3(1);
end if;
end process pc;
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-- DATE generator --

dt: process(state)
begin
case state is
when "000" => date <="000";
when "001" => date <="001";
when "010" => date <="010";
when "011" => date <="011";
when "100" => date <="100";
when "101" => date <="101";
when "110" => date <="110",
when "111" => date <="111";
when others => date <= "XXX";
end case;
end process dt;

-- TXout & SYNCout --

ts: process (CLK,RESET)
begin
if (RESET='1") then
TXout <="00"
SYNCout <="0%

elsif rising_edge(CLK) then
TXout <= ('0'& (pnl(6) xor date(0)))
+('0' & (pn2(6) xor date(1)))
+('0' & (pn3(6) xor date(2)));
if (counter="0000000") then
SYNCout <="1%
else
SYNCout <="0";
end if;
end if;

end process ts;
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P1 <= pnl1(6);
P2 <= pn2(6);
P3 <= pn3(6);
D1 <= date(0);
D2 <= date(1);
D3 <= date(2);
end RTL;

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL;

entity receiver_s is
Port (

CLK
RESET
CHANNEL
RVIN
SYNCIN
DOUT
VALID
);

end receiver_s;

in
in
in
in
out
out

architecture RTL of receiver_s is

component pn_generator
Port (
CLK
RESET
CHANNEL
SYNCIN

in
in
in

std_logic;

std_logic;
unsigned(1 downto 0);
unsigned(1 downto 0);

std_logic;

std_logic;

std_logic

std_logic;
std_logic;
unsigned(1 downto 0);
std_logic;
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PN 10 out std_logic
)i

end component;

component expansin

Port (
CLK in std_logic;
RESET in std_logic;
PN 10 in std_logic;
RVIN in unsigned(1 downto 0);
SYNCIN in std_logic;
COUNT out unsigned(6 downto 0);
ST out unsigned(7 downto 0)
);

end component;

component computation

Port (
CLK in std_logic;
RESET in std_logic;
COUNT in unsigned(6 downto 0);
ST in unsigned(7 downto 0);
DOUT out std_logic;
VALID out std_logic
);

end component;

signal PN_IO std_logic;

signal S T unsigned(7 downto 0);

signal COUNT unsigned(6 downto 0);

begin

Z1 : pn_generator
port map (CLK,RESET,CHANNEL,SYNCIN,PN_I10);
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Z2 : expansin
port map (CLK,RESET,PN_IO,RVIN,SYNCIN,COUNT,S_T);

Z3 : computation
port map (CLK,RESET,COUNT,S_T,DOUT,VALID);

end RTL;

---- PN Code generator ----

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL,;

entity pn_generator is

Port (
CLK in std_logic;
RESET in std_logic;
CHANNEL in unsigned(1 downto 0);
SYNCIN in std_logic;
PN 10 out std_logic
);

end pn_generator;
architecture RTL of pn_generator is
signal pn : unsigned(6 downto 0);
begin
--- PN Generator ---

process(CLK,RESET,SYNCIN)
begin
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end process;

end RTL;

if(RESET="1' or SYNCIN="1") then
pn <= (others =>'1");
elsif rising_edge(CLK) then
pn(6 downto 1) <= pn(5 downto 0);
case CHANNEL is
when "01" => pn(0) <= pn(6) xor pn(2);
when "10" => pn(0) <= pn(6) xor pn(2) xor pn(1) xor pn(0);
when "11" => pn(0) <= pn(6) xor pn(3) xor pn(2) xor pn(1);
when others => pn(0) <= "X,
end case;
end if;

PN_I10 <= pn(6);

---- expansion ----

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL;

entity expansin is

Port (

end expansin;

CLK in std_logic;

RESET in std_logic;

PN 10 in std_logic;

RVIN in unsigned(1 downto 0);
SYNCIN in std_logic;

COUNT out unsigned(6 downto 0);
ST out unsigned(7 downto 0)

);

architecture RTL of expansin is
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signal S_R unsigned(7 downto 0);

signal R_RVIN unsigned(1 downto 0);
signal counter unsigned(6 downto 0);
begin

process(CLK,RESET)
begin
if(RESET ='1") then
R_RVIN <="00";
elsif rising_edge(CLK) then
R_RVIN <= RVIN;
else
R_RVIN <= R_RVIN;
end if;

end process;

process (CLK,RESET,SYNCIN)
begin

If(RESET="1" or SYNCIN="1") then
S R <= (others =>'0");
counter <= (others =>'0");

elsif rising_edge(CLK) then

if (PN_10="1") then

case R_RVIN is
when "00" =>S R<=S R +"00000000";
when "01" =>S R<=S R +"00000001";
when "10" =>S R<=S R +"00000010";
when "11" =>S R<=S R +"00000011";
when others =>S R <= S R + "XXXXXXXX";

end case;
counter <= counter + 1,

else

case R_RVIN is
when "00" =>S R<=S_R +"00000000";
when "01" =>S R<=S R+ "11111111";
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when "10" =>S R<=S R +"11111110";
when "11" =>S R<=S R +"11111101";
when others =>S R <= S R + "XXXXXXXX";

end case;

counter <= counter + 1,
end if;
end if;

end process;

ST <=SR;
COUNT <= counter;

end RTL;

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL;

entity computation is

Port (
CLK in std_logic;
RESET in std_logic;
COUNT In unsigned(6 downto 0);
ST In unsigned(7 downto 0);
DOUT out std_logic;
VALID out std_logic

);

end computation;

architecture RTL of computation is

begin
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process(CLK,RESET,COUNT)
begin

if RESET="1"then
DOUT <='04
VALID <=0

elsif rising_edge(CLK) then

if COUNT ="1111101" and
S_T(7 downto 0) >="10101000")then
DOUT <='14
VALID <="1%;

elsif (COUNT ="1111101" and
S_T(7 downto 0) >="00101000")then
DOUT <='04
VALID <="1%;

else
VALID <=0

end if;

end if;

end process;

end RTL;
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---- Test Bench-----

LIBRARY ieee;

USE ieee.std_logic_1164.ALL,;
USE ieee.numeric_std.ALL,;

ENTITY testbench IS
END testbench;

ARCHITECTURE cdma_testbench OF testbench IS

COMPONENT transmitter_s

Port (

CLK
RESET
SYNCout
P1
P2
P3
D1
D2
D3
Txout
)i

END COMPONENT;

COMPONENT receiver_s
Port (

CLK
RESET
CHANNEL
RVIN
SYNCIN
DOUT
VALID
);

END COMPONENT;

in std_logic;
in std_logic;

out std_logic;

out std_logic; --PN1 code
out std_logic; --PN2 code
out std_logic; --PN3 code
out std_logic; --PN1-DATE1
out std_logic; --PN2-DATE2
out std_logic; --PN3-DATE3
out unsigned(1 downto 0)

in std_logic;

in std_logic;

in  unsigned(1 downto 0);
in unsigned(1 downto 0);
in std_logic;

out std_logic;

out std_logic

46




SIGNAL CLK std_logic :='0";
SIGNAL CYCLES integer :=0;
SIGNAL RESET std_logic :="1";

SIGNAL P1 std_logic;
SIGNAL P2 std_logic;
SIGNAL P3 std_logic;
SIGNAL D1 std_logic;
SIGNAL D2 std_logic;
SIGNAL D3 std_logic;

SIGNAL SINCout std_logic;
SIGNAL TXOUT unsigned(1 downto 0);
SIGNAL CHANNEL unsigned(1 downto 0) :="10";

SIGNAL DOUT std_logic;
SIGNAL VALID std_logic;
BEGIN

uutl: transmitter_s
PORT MAP
(CLK,RESET,SINCout,P1,P2,P3,D1,D2,D3, TXOUT);

uut2: receiver_s
PORT MAP
(CLK,RESET,CHANNEL,TXOUT,SINCout,DOUT,VALID);

CK : PROCESS
BEGIN
if (cycles < 6500) then
cycles <= cycles + 1;
wait for 10 ns;
CLK <= not CLK;
else wait;
end if;
END PROCESS CK;
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RT : PROCESS
BEGIN
loopl : for nin O to 5 loop
wait until falling_edge(CLK);
end loop loopl;
RESET <=0
END PROCESS RT;
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R R R R R R R R R R R R R R R R R R AR AR R R R R R R AR R R R R R R R R R R AR R R R R R AR R R R e e

Cell: transmitter_s View: RTL Library: work

Cell Library References Total Area
AN2TO sclO5u 7 X 5 33 gates
AN4TO sclO5u 1x 8 8 gates
FD1BO sclO5u 10 x 9 86 gates
FD1CO sclO5u 21 x 9 181 gates
FD110 sclO5u 3 X 11 32 gates
HA1AO sclO5u 5 x 7 33 gates
IVINO sclO5u 1x 3 3 gates
IVINP sclO5u 1x 4 4 gates
MX2L0 sclO5u 1x 6 6 gates
ND2NO sclO5u 1x 5 5 gates
ND4N1 sclO5u 1x 8 8 gates
NR4R1 sclO5u 1x 8 8 gates
ORA4TO sclO5u 1x 8 8 gates
XN2RO sclO5u 4 x 5 20 gates
XN3RO sclO5u 2 X 7 14 gates
XR2TO sclO5u 4 x 5 20 gates
XR3TO sclO5u 2 X 7 14 gates

Number of ports 11

Number of nets 175

Number of instances :66

Number of references to this view :0

Total accumulated area
Number of gates 480
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Info, Command ‘report_area’ finished successfully

->report_delay -num_paths 1 -critical_paths -clock_frequency
Using default wire table: SCL_CORE_4K

Clock Frequency Report
Clock Frequency
CLK 256.4 MHz

Critical Path Report

Critical path #1, (unconstrained path)

NAME GATE ARRIVAL

clock information not specified
delay thru clock network

iX55/Q

counter_ix32_DO0_10_dup 231/CO
counter_ix32_DO0_10_dup 232/CO
counter_ix32_DO0_10_dup 233/CO
counter_ix32_DO0_10_dup_234/CO
counter_ix32_DO0_10_dup_235/CO
iIxX1/X

IX5/X

counter(6)/D

data arrival time

data required time

data required time
data arrival time

FD1BO
HA1AO
HA1AO
HA1AO
HA1AO
HA1AO
XR2TO
ANZ2TO
FD1BO

0.00
0.55
0.43
0.43
0.43
0.41
0.36
0.28
0.00

not specified

not specified
3.60

0.60 up
1.14up
1.57up
2.00up
2.42up
2.83up
3.32dn
3.60dn
3.60dn

0.00 (ideal)

0.27
0.17
0.17
0.17
0.17
0.14
0.06
0.11
0.00
3.60
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*AhhkkArhkhkAikhkhkkhkhkhkkhkhhkkhkkhhkhkhhkhkirhkhkhkhkhkkhhkhkihkhkkihhkkhhhkkhkhhkkhkihkkiihkkikiikik

Cell: receiver_s

View: RTL

Library: work

*AhhkkArhkhkAikhkhkkhkhkhkkhkhhkkhkkhhkhkhhkhkirhkhkhkhkhkkhhkhkihkhkkihhkkhhhkkhkhhkkhkihkkiihkkikiikik

Cell

AN2TO
AN3TO
AO1A0
AOL110
AO2A0
AO2L0
CONZ0
FA2A0
FD1BO
FD1B1
FD1CO
FD110
HA1AO
IVINO
IVINZ2
MX2LO0
ND2NO
ND4NO
NR2RO
NR2R1
NR2R2
NR3RO
OA1RO
OAI3RO
OAOQIO0
XN2RO0
XNSRO

Library References

sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u

2 X
1x
1x
1x
7 X
1x
1x
4 x
9 X
1x
7 X
9 X
5 X
5 X
1x
7 X
3 X
1x
2 X
1x
3 X
1x
1x
1x
1x
3 X
3 X

Total Area

= 0O 00 OO O O O

[ =
= © © O U1

~N 01 60 00 OO O 01 U1 01 00 U1 OO W W ~N

9 gates
6 gates
6 gates
6 gates
55 gates
8 gates
1 CONZzO0
60 gates
77 gates
9 gates
60 gates
95 gates
33 gates
16 gates
3 gates
43 gates
14 gates
8 gates
9 gates
5 gates
15 gates
6 gates
6 gates
8 gates
8 gates
15 gates
20 gates
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XR2TO sclO5u 11 x 5

XR3TO sclO5u 1x 7
Number of ports 9
Number of nets 115
Number of instances 194

Number of references to this view :0

Total accumulated area :
Number of CONZO 1

Number of gates ;661

Info, Command ‘report_area’ finished successfully

54 gates
7 gates

->report_delay -num_paths 1 -critical_paths -clock_frequency

Using default wire table: SCL_CORE_4K
Clock Frequency Report

Clock :Frequency

LK 1726MHz

Critical Path Report

Critical path #1, (unconstrained path)
NAME GATE ARRIVAL

clock information not specified
delay thru clock network

72 reg_R_RVIN(0)/Q FD1BO
Z2_ix607/X NR2R2
Z2_ix617/X XR2TO
Z2_ix125/X MX2L0
Z2_ix630/X MX2L0
Z2_ix169/X MX2L0

0.00
0.95
0.82
0.66
0.32
0.39

0.53dn
1.47up
2.29 up
2.95up
3.27 dn
3.66 up

0.00 (ideal)

0.36
1.39
0.22
0.19
0.18
0.19
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Z2_ix645/X
72 ix213/X
72 ix217/X
Z2_ix223/X
Z2_ix225/D

data arrival time

data required time

data required time
data arrival time

MX2LO0
MX2LO0
XNS3RO
AO2A0
FD110

0.32
0.31
0.32
0.45
0.00

not specified

not specified

5.09

3.98 dn
4.29 up
4.65 dn
5.09 dn
5.09 dn

0.18
0.08
0.06
0.06
0.00
5.09

----PN- generator----

R R R R R R R R R R R R R R R R R R R AR R R R R R R R AR R R R R R R R R R AR AR R R R R R R R R R R e

Cell: pn_generator

R R R R R R R R R R R R R R R R R R AR AR R R R R R R A R R R R R R R R R R AR AR R R R R R R R R R R e

Cell

FD1CO
IVINO
MX2LO0
ND2NO
NR2R2
OAI3RO
XN2RO
XNSRO
XR2TO
XR3TO

View: RTL

Library References

sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u

7 X
1x
1x
1x
1x
1x
1x
1x
1x
1x

~N 01N O oo O o OO W ©

Library: work

Total Area

60 gates
3 gates
6 gates
5 gates
5 gates
8 gates
5 gates
7 gates
5 gates
7 gates
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Number of ports : 6

Number of nets : 21
Number of instances : 16
Number of references to this view : 0

Total accumulated area :
Number of gates : 110

Info, Command ‘report_area’ finished successfully
->report_delay -num_paths 1 -critical_paths -clock_frequency
Using default wire table: SCL_CORE_4K

Clock Frequency Report

Clock : Frequency

CLK : 361.9 MHz

Critical Path Report

Critical path #1, (unconstrained path)
NAME GATE ARRIVAL LOAD

clock information not specified

delay thru clock network 0.00 (ideal)
reg_pn(2)/Q FD1CO 0.00 0.57up 0.33
iIx131/X XN2RO 0.61 1.43dn 0.14
iIx141/X XR3TO 0.39 1.82dn 0.11
IX25/X MX2L0 0.28 2.09 up 0.06
iIx135/X ND2NO 0.14 2.23dn 0.06
IX29/X OAI3RO0 0.23 246 up 0.11
reg_pn(0)/D FD1CO 0.00 2.46up 0.00
data arrival time 2.46
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data required time

not specified

data required time
data arrival time

not specified
2.46

----Expansion----

R R R R R R R R R R R R R R R R R R R AR AR R R R R R AR AR R R R R R R R R R R R AR R R R R R R R e e

Cell: expansion

View: RTL

Library: work

B R R R R R R R R R R R R R R R R AR AR R R R R R AR AR R R R R R R R R R R R AR R R R R R R R e e

Cell

ANZ2TO
AO1AO0
AO110
AO2A0
AO2L0
CONZO0
FA2A0
FD1BO
FD1B1
FD110
HA1AO
IVINO
IVINZ2
MX2LO0
ND2NO
NR2RO
NR2R1
NR2R2
XN2RO

Library References

sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u

2 X
1x
1x
7 X
1x
1x
4 X
8 X
1x
8 X
5 X
2 X
1x
6 X
1x
2 X
1x
2 X
2 X

= 00 00 O O O

= =
—~ © © O,

o o1 o1 o1 o1 OO W W N

Total Area

9 gates
6 gates
6 gates
55 gates
8 gates
1 CONZzO0
60 gates
69 gates
9 gates
85 gates
33 gates
6 gates
3 gates
37 gates
5 gates
9 gates
5 gates
10 gates
10 gates
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XN3RO sclO5u 1x 7 7 gates

XR2TO sclO5u 10 x 5 49 gates

XR3TO sclO5u 1x 7 7 gates
Number of ports : 21
Number of nets : 88
Number of instances : 68
Number of references to this view : 0

Total accumulated area :
Number of CONZO : 1
Number of gates : 487

Info, Command ‘report_area’ finished successfully
->report_delay -num_paths 1 -critical_paths -clock _frequency
Using default wire table: SCL_CORE_4K

Clock Frequency Report

Clock : Frequency

CLK :174.1 MHz

Critical Path Report

Critical path #1, (unconstrained path)
NAME GATE ARRIVAL LOAD

clock information not specified

delay thru clock network 0.00 (ideal)
ix1/Q FD1B1 0.00 0.53dn 0.53
ix607/X NR2R2 0.89 1.42up 1.39
iX617/X XR2TO 0.82 224 up 0.22
ix125/X MX2L0 0.66 2.90 up 0.19
iIX630/X MX2L0 0.32 3.22dn 0.18
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IX169/X
IX645/X
Ix213/X
IX217/X
IX223/X
IXx225/D

data arrival time

data required time

data required time
data arrival time

MX2LO0
MX2LO0
MX2LO0
XNS3RO
AO2A0
FD110

0.39
0.32
0.31
0.32
0.45
0.00

not specified

not specified

5.04

3.61 up
3.92 dn
4.24 up
4.60 dn
5.04 dn
5.04 dn

0.19
0.18
0.08
0.06
0.06
0.00
5.04

----Computation----

R R R R R R R R R R R R S R R R R R R AR AR R R R R R R A R R R R R R R R R R AR A R R R R R R R R R R R e e

Cell: computation

B R R R R R R R R R R R R R R R R R AR AR R R R R R R A R R R R R R R R R R AR AR R R R R R R R R R e e

Cell

AN3TO
FD1BO
FD110
IVINO
ND2NO
ND4NO
NR3RO
OA1RO
OAOIO0

View: RTL

Library References

sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u
sclO5u

1x
1x
1x
2 X
1x
1x
1x
1x
1x

11

0 OO OO 0 O W

Library: work

Total Area

6 gates
9 gates
11 gates
6 gates
5 gates
8 gates
6 gates
6 gates
8 gates
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Number of ports : 19

Number of nets : 24
Number of instances : 10
Number of references to this view : 0

Total accumulated area :
Number of gates : 64

Info, Command ‘report_area’ finished successfully

->set report_delay_slack threshold O

0

->report_delay -num_paths 1 -critical_paths -clock _frequency
Using default wire table: SCL_CORE_4K

Clock Frequency Report
Clock : Frequency
CLK : 477.8 MHz

Critical Path Report

Critical path #1, (unconstrained path)

NAME GATE ARRIVAL LOAD
COUNT(0)/ 0.00 0.00 up
ix13/XND4NO 0.16 0.16 dn
ix141/X NR3RO 0.56 0.72 up
iX45/X OA1RO 0.76 1.48 up
iX55/EN FD1I0 0.00 1.48 up

data arrival time

data required time not specified

0.06
0.06
0.12
0.19
0.00
1.48
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data required time not specified
data arrival time 1.48
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