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DARC
[ ]
° DARC

DARC

14

DARC



32bit

16bit

155 2.5

176bit

15.5

JIS

15

VICS

8.5

(SHIFT JIS

16bit

)



16



[9]

Design Wave 2002
3.1
3.1.1 (parity)
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3.1.4

3.1

3.1

10
0 00000000 0
1 00000001 1
2 00000010 1
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0 00000110
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7 000000111
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9 000001001
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3.1.6

3.1.6.1

“Parity bit” = Do xor D1 xor D2 xor D3 xor D4 xor Ds xor Dg xor D7

= (Do xor D1) xor (D2 xor D3) xor (Da xor Ds) xor (De xor D7)

Parity bit
3.1
3.4 XOR
3.1
D, Ds Ds D, D, D, D, Do Parity
1 0 1 1 0 0 0 1 0
0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 1
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3.1.6.2

D7,D6,Ds5,D4,D3,D2,D1,Do,Parity XOR
" 1"

“Error” = Dg xor D1 xor D2 xor D3 xor D4 xor Ds xor Des xor D7 xor P

Error P Parity bit

e “ Error’ 1

e “ Error’ 0

2
3.2 3.6
XOR “ Error”
3.2
Error)
D, D D; D, D, D, D, D, | P Error
1 0 1 1 0 0 0 1 10 0
0 0 0 0 0 0 0 0 |0 0
0 1 0 0 0 0 0 0 |1 0
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3.6
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Error

3.7 2
“
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3.1 “ Error”
3.3
3.3
Error
D, D Ds D, D, D, D, D, P Error
0 0 1 1 0 0 0 1 0 1
1 0 0 0 0 0 0 0 0 1
1 1 0 0 0 0 0 0 1 1
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3.2

3.2.1 Difference

difference
intersection

difference

3.8
3.8

3.8

A={1,2,3,4,6,12}, B={1,2,3,6,9,18}

{1,2,3,4,6,12} {1,2,3,6,9,18} {4,12}
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3.9 3.10

{1,2,3,4,6,12} 1{1,2,3,6,9,18} {1,2,3,4,6,9,12,18}

3.9

N

{1,2,3,4,6,12}n {1,2,3,6,9,18} {1,2,3,6,}
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3.2.2

S= Al1,A2A3A4A5 5
S = {A1,A2,A3,A4,A5} S ={A2,A3,A4, A5, Al}
S = {A3,A4,A5, A1,A2} S = {A4, A5, A1,A2,A3}
S = {A5, A1 A2,A3,A4} S ={A1,A2,A3, A4, A5, }
3.2.3
3.2.1 3.2.2
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3.2.4

11 10
21
3.4 3.5
34 21
1(2|13|4|5/6|7|8|9/10(11|12|13|14|15|16|17|18{19/|20
SB o(1/12/0|0f1j0(0|0f1j2f241j1j2j241|1|1212
A, 1 1)1 1| |1
Al |1 1 1)1 1
A, 1] |1 1 11
A, 1 |1 1 1
A, 1)1 1] |1 1
3.5
A, A, =SB(9) xor SB(12) xor SB(13) xor SB(18) xor SB(20) = 0
A, A, = SB(1) xor SB(11) xor SB(14) xor SB(15) xor SB(20) = 0
A, A; = SB(4) xor SB(6) xor SB(16) xor SB(19) xor SB(20) =0
A, A, =SB(0) xor SB(5) xor SB(7) xor SB(17) xor SB(20) = 0
A A = SB(2) xor SB(3) xor SB(8) xor SB(10) xor SB(20) =0
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3.24.1

XOR “ 0"
3.4 A A “ 1"
SB Sent Bits XOR
XOR “ Q"
“ 0" 3.1
113 ” 113 111 113 111
113 OH
3.5
A
A

= SB(9) xor SB(12) xor SB(13) xor SB(18) xor SB(20)
= “0” xor “1” xor “1” xor “1” xor “1”

= “Q”

“ 1”

3.5
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3.2.4.2 SB(20)

34 SB(20) "0”
3.6 20 SB(20) 5 A,
A “1”
3.6 SB(20)
0{1(23|4|5/6|7]8]9(10(11(12(13(14|15|16/|17|18/19/|20
SB o(0(1(1/0(0j1(0|0f0Of1f1f1f1j2 2421212120
A, 1 111 1 1
A, 1 1 111 1
A, 1 1 1 1|1
A ll 1 1 1 1
A 1)1 1 1 1
° A,

= SB(9) xor SB(12) xor SB(13) xor SB(18) xor SB(20)
= “0” xor “1” xor “1"” xor “1” xor “0”
=1

5 “ 17

A, As
o A,
= SB(1) xor SB(11) xor SB(14) xor SB(15) xor SB(20)
= “0” xor “1” xor “1” xor “1” xor “0”

=1 “1”
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. A,

= SB(4) xor SB(6) xor SB(16) xor SB(19) xor SB(20)

= “0” xor “1” xor “1” xor “1” xor “0”

=1 “1”
o A,

= SB(0) xor SB(5) xor SB(7) xor SB(17) xor SB(20)

= *0” xor “0” xor “0” xor “1” xor “0”

=1 “1”
. A,

= SB(2) xor SB(3) xor SB(8) xor SB(10) xor SB(20)

= “1” xor “1” xor “0” xor “1” xor “0”

=1 “1”

A, A 5 XOR
1] 1”

3.2.4.3 SB(20)

3.4 SB(0) gy w17

3.7 SB(0)

0(1(2(3|4|5|6|7|8]9]10|11|12|13|14|15|16|17|18|19(20

SB 1j0j1j1|0|0f1|0}j0j0j1}1}1 1111111

o;(>

[EEN

[EEN

H

H
R
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A)

= SB(9) xor SB(12) xor SB(13) xor SB(18) xor SB(20)

= “0” xor “1” xor “1” xor “1” xor “1”

= «Q”
5 “ 1"
Ar)

= SB(1) xor SB(11) xor SB(14) xor SB(15) xor SB(20)

= “0” xor “1” xor “1” xor “1” xor "1”

=“0* “1”
As)

= SB(4) xor SB(6) xor SB(16) xor SB(19) xor SB(20)

= “0” xor “1” xor “1” xor “1” xor "1”

= 0" “1”
Al

= SB(0) xor SB(5) xor SB(7) xor SB(17) xor SB(20)

= “1” xor “0” xor “0” xor “1” xor “1”

=“1" 5} “1”

As)

= SB(2) xor SB(3) xor SB(8) xor SB(10) xor SB(20)

= “1” xor “1” xor “0” xor “1” xor “1”

=*0” “1”

A A SB(0)="0"

A, “1”
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3.24.4

SB(20) SB(20)

3.2.4.4 SB(20)

3.2.4.2 A,
1 SB(20)
A A
SB(20)
A 3
SB

A =A+A, +A +A A,
= “1,’ + “1,’ + “1” + “1” + ‘ll”

= “gry “3”

SB(20) SB(20)
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3.2.4.5

3.4 SB(19)
3.4 SB(20) 3. 1
L‘l”
3.8 1
2(3|4|5(6|7 10|11/12|13|14|15|16|17|18|19|20
SB 1/1]/olo|1]0 11|11 f1f2]2]1|1]1]1
A, 1)1 1] |1
A, 1 1)1 1
A, 1 |1 1 1(1
A, 1 1 1)1
A, 1 1 1
3.2.4.2
3.2.4.4 SB(20) SB(19)
SB(19)
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3.3.2
[ J 11 UO,Ul,U2,U3,U4,U5,U6,U7,U8,U9,U10
U(X)
UX)=Up+uy XP+u, X2+ Uy X2+u, X"+ Us X+ Ug X°
7 8 9 10
+ U; X +Ug X+ Uy X2+ Uy X (1)
[ ] 10 rO;rlsr2;r31r4!r51r6!r7!r81r9
R( )
RX)=ro+r, X'+, X2+ X+, X'+ X415 X°
7 8 9
+1; X +1g X241y X )
° 11 10 21
SB 3.9
3.9
(10 ) (11 )
21bit |ro|1y||15 1| rs|Fs| 7| Fg|Tg|Ug Uy |Us | Us| Uy | Us | Ug U5 | Ug|Ug| Usg
° 3.9 SB( )

SB(X) = Uy X+ u; x*+u, x?+u; x®+u, x*+u; xP

FUg XU, X+ ug X84 Uy X+ Uy, X2
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HrHr X, X4 X+, Xy X+ X°

+ 1, X+ X2+ 1y X° (3)
(3) 11 U’ (x)
UZ(X) = up X+ uy X" +u, x2+us X2 +u, x*+us x°

+Us X Hu; XU Hug X' +ug X+ Uy X (4)
11 10

r01r11r21r31r4sr51r6!r71r8’r9

U’(x) + G(x) = D(x) R(X)

U (X) =uy X®¥+u; x*+u, xX¥+u; x¥®+u, x+u; xP

+Ug X" +u; X +ug X +ug X+ Uy X (5)
GX)=1+x2+x*'+x0+x +x¥° (6)
D(x)

R(x) (2)
R(X)

R(X)= (= Up= Ug+ 2 Ug+ Ug= 2 Ug = Uyg) X°

+(-U -Uy+2 U+ U; = 2 Ug = Ug) X
+ UO—U1+2U5+U6—2U7—U8)X7
+ UO—U2+U3+U5—U7+U8—2 UQ+ 3U10) X6
+ UO—U2+U3+U5+U6—U7+U8—3 UQ+2 ulo) X4

Ul—U3+U4+U5+U6+U7—2U8 3U10)X

(-
(_

(-
+ (- Uy = Ug+ Uy + Ug + Uy = Ug + Ug = 3 Uyg) X°
(-
+ (-

(-

+ UO—U2+U3+U4+U5+U6—2U7—3U9+2U10)X

+ (Up = Ug= Us + 2 Ug + Uy) X
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+ (Up = Uz = Uy =2 Uy + Ug= 2 Uyp)

u_l”

RX)=(-1-1+21+1-21-1)x°
+(-1-1+21+1-21-1)x%°
+(-1-1+421+1-21-1)X
+(-1-1+1+1-1+1-21+ 31)%°
+(-1-1+1+1+1-1+1- 31)x°
F(-1-1+1+1+1-1+1-31+21)x
+(-1-1+1+1+1+1-21 31)x
+(-1-1+1+1+1+41-21-31+21)%x
+(1-1-1+21+1)x
+(1-1-1-21+1-21)

0, 0, 0, 1, 0,
O ] 1 1 3 0 3 O
R(x)
Rx)=2 > 1
10 ro,r,r2,r3,ra,rs,re,rz,
rs,lNo
11
21 SB
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4.1

4.1.1
4.1
Transmitter RECEIVER
ERRORCNT 3
TEANSMITTEE RECFIVER ERRQRCNT
RB
START
REEC
START2
ERRORCNT [—» 8w h
RESET
= GLK
4.1.2
4.1
SB SBWE
START
START
RBWE

RBEC
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RB

RBEC

START

START2
RBEC

49

START2



4.2 TRANSMITTER

TRANSMITTER

4.2.1 TRANSMITTER

TRANSMITTER

2.1. TV

TRANSMITTER
3.3

21

TRANSMITTER  2.1.5

4.2.2

2 TRANSMITTER

‘207 11

13 OH
errsig
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TRANSMITTER
TV
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« 20" “« 327 11
10
START
< 21" RECEIVER
3 11
42
“ 0" 1
“« 0 “ 41"
fafkt"vh I"j‘“{%%f-ﬁiﬁ@ﬂﬁ ETTSIE
——» R 3
4inﬂ:~it s tsh A
IN oy
A iy
A ouUT
I I o B
o) i
I I‘ B o’ START
¥ QUT
CLK "_: N=7 - F4—Friwl 7 NP2
’7—1-

RESET START{=Z5 Rk 2%
Pha se

2FxAZE
4 gk el s

4.2 TRANSMITTER

51



4.2.3

42 “ 0 C 1
“ 0 “ 4717
Phase
“ 20" 11
11111111111 “ 20"
11111111110 00000000000
infbit
IN “ 0 “ 20" 21
intsb “ 21"
“ 31 intsb  infbit
113 22”
“ 32" infbit 10
parity
[13 O”
Cr errsig
“ 33 “ 0" parity(9) intsbh2
intsb2 SB
errsig SBWE
START “ 21" START
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4.2.4

ALTERA MAX+plus ~ 10.1 BASELINE
4.3 4.4
[2],[3].[4]
TRANSMITTER
VHDL
4.2

Illli i

‘E = ‘ - £5)
[ e b =
- s
Fin R = o =
arr o ey
il
LT -

4.3 TRANSMITTER

Tirre [52.1us

larres: alua: 10 D 20 0us 30, Durs: 40 Ous 50 0us 0. D= T00us 0.

1
b= INFLIT 1L
= HIGH 1
=EM 1

D

# OUTPUT i _|_|_| |

4.4
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42.5 VHDL

Xilinx WebPACK Project Navigator VHDL
Xilinx WebPACK 4.1 ModelSim XE Starter
4.1
4.2 4.4 [6].[7].[8]
4.1 TRANSMITTER 1/6

library IEEE;
use IEEE.STD_LOGIC _1164.all, IEEE.STD_LOGIC_unsigned.all;

entity TRANSMITTER is
Port (SBWE : out std_logic;
SB : out std_logic;
START : out std_logic;
RESET : in std_logic;
CLK:in std_logic);
end TRANSMITTER;

architecture RTL of TRANSMITTER is
signal phase : std_logic_vector (5 downto 0); -- phase counts from 0 to 41
-- phase 0 to 20 : sync bits are transmitted
-- phase 21 to 31 : information bits transmitted

-- phase 32 to 41 : parity bits transmitted

signal infbit : std_logic_vector (10 downto 0); -- 11bits information bits

signal intstart : std_logic; -- internal start signal

signal intsb,intsb2 : std_logic; -- internal sb signal

signal parity : std_logic_vector (9 downto 0); -- 10 parity bits

signal errsig : std_logic; -- error signal

signal errcnt : std_logic_vector (9 downto 0); -- error counter
begin

-- 42 phase (0 to 41 counter) generation unit

PHASE_CNT: process(CLK,RESET)
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4.1 TRANSMITTER 2/6

begin

if (RESET='1") then
phase <= "000000";

elsif rising_edge(CLK) then

if (phase="101001") then -- if phase=41
phase <= "000000";

else

phase <= phase + 1;
end if;
end if;

end process PHASE_CNT;

-- 11 bits information generation unit
-- count down from 1111111111 by 1

INF_GEN: process(CLK, RESET)
begin
if (RESET='1") then
infbit <= "00000000000";
elsif rising_edge(CLK) then
if (phase="010100") then -- if phase=20
infbit <= infbit - 1;
end if;
end if;

end process INF_GEN;

-- internal start (intstart) generation

START_GEN: process(CLK, RESET)
begin
if (RESET='1") then
intstart <="'0";
elsif rising_edge(CLK) then
if (phase="010101") then -- if phase=21
intstart <="'1";
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4.1 TRANSMITTER 3/6

else intstart <="'0";
end if;
end if;
end process START_GEN;

-- internal sb signal (intsb) generation

SB_GEN: process(CLK, RESET)
begin
if (RESET='1") then
intsb <="'0";
elsif rising_edge(CLK) then

case phase is

when "000000"=> intsb <="0"; -- 0
when "000001"=> intsb <="0"; -- 1
when "000010"=> intsb <="1"; -- 2
when "000011"=> intsb <="'1"; -- 3

when "000100"=> intsb <="0"; -- 4
when "000101"=> intsb <="1"; -- 5
when "000110"=> intsb <="'0"; -- 6

when "000111"=> intsb <="1"; -- 7

when "001000"=> intsb <="1"; -- 8
when "001001"=> intsb <="1"; -- 9
when "001010"=> intsb <="'1"; --10
when "001011"=> intsb <="'0"; --11
when "001100"=> intsb <="'1"; --12

when "001101"=> intsb <="'1"; --13
when "001110"=> intsb <="'1"; --14
when "001111"=> intsb <="'0"; --15
when "010000"=> intsb <="'0"; --16
when "010001"=> intsb <="'0"; --17
when "010010"=> intsb <='0"; --18
when "010011"=> intsb <="'0"; --19
when "010100"=> intsb <='0"; --20
when "010101"=> intsb <= infbit(10); --21
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4.1 TRANSMITTER 4/6

when "010110"=> intsb <= infbit(9); --22
when "010111"=> intsb <= infbit(8); --23
when "011000"=> intsb <= infbit(7); --24
when "011001"=> intsb <= infbit(6); --25
when "011010"=> intsb <= infbit(5); --26
when "011011"=> intsb <= infbit(4); --27
when "011100"=> intsb <= infbit(3); --28
when "011101"=> intsb <= infbit(2); --29
when "011110"=> intsb <= infbit(1); --30
when "011111"=> intsb <= infbit(0); --31
when others => intsb <= 'X"; --others
end case;
end if;
end process SB_GEN,;

-- parity calculation

PARITY_CAL.: process(CLK, RESET)
begin
if (RESET='1") then
parity <= "0000000000";
elsif rising_edge(CLK) then
if (phase="010101") then
parity <= "0000000000";
elsif (phase>="010110" and phase<="100000")
then
parity(9) <= parity(8);
parity(8) <= parity(7);
parity(7) <= parity(6) xor intsb xor parity(9);
parity(6) <= parity(5) xor intsb xor parity(9);
parity(5) <= parity(4);
parity(4) <= parity(3) xor intsb xor parity(9);
parity(3) <= parity(2);
parity(2) <= parity(1) xor intsb xor parity(9);
parity(1) <= parity(0);
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parity(0) <= intsb xor parity(9);
else
parity <= parity(8 downto 0) & parity(9);
end if;
end if;

end process PARITY_CAL;

-- error interval counter

ERR_CNT: process (CLK, RESET) begin
if (RESET="1") then errcnt <= "0000000000";
elsif rising_edge(CLK) then
if (errcnt = "0000001001") then -- max=9 (0-9)
errcnt <= "0000000000";
else errcnt <= errcnt +1;
end if;
end if;
end process ERR_CNT;

-- error signal generation

ERROR_GEN: process (CLK, RESET)
begin
if (RESET='1") then
errsig <='0",
elsif rising_edge(CLK) then
if (errcnt="0000000000") then
errsig <="'1'; -- error happens every 10
else errsig <="'0";
end if;
end if;
end process ERROR_GEN,;

-- output signals
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SBOUT: process (CLK, RESET)
begin

if (RESET='1") then
intsh2 <="0"

elsif rising_edge(CLK) then

if(phase >="100001" or phase="000000") then
intsb2 <= parity(9);

else
intsb2 <= intsb;

end if;
end if;

end process SBOUT;

--startout

STARTOUT: process (CLK, RESET)
begin
if (RESET='1") then
START <="0';
elsif rising_edge(CLK) then
START <= intstart;
end if;

end process STARTOUT,

SB <= intsb2;
SBWE <= intsbh2 xor errsig;

end RTL;
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LIBRARY ieee;
USE ieee.std_logic 1164.ALL;
USE ieee.numeric_std.ALL;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

BEGIN

COMPONENT transmitter

PORT(
RESET : IN std_logic;
CLK : IN std_logic;
SBWE : OUT std_logic;
SB : OUT std_logic;
START : OUT std_logic
)i

END COMPONENT;

SIGNAL cycle : integer :=0;
SIGNAL SBWE : std_logic;
SIGNAL SB: std_logic;
SIGNAL START : std_logic;
SIGNAL RESET : std_logic:="'1";
SIGNAL CLK: std logic:='0";

uut: transmitter PORT MAP(
SBWE => SBWE,
SB => SB,
START => START,
RESET => RESET,
CLK =>CLK

60




4.2 TRANSMITTER 2/2

process
begin

if (cycle < 300)then
cycle <=cycle +1;

wait for 10 ns;
CLK <= not CLK;

else wait;
end if;

end process;

process
begin
RESET_LOOP: for N IN 0 to 3 loop
wait until falling_edge(CLK);
end loop RESET_LOOP;
RESET <='0"

CAL_LOORP: for N in 0 to 500 loop
wait until falling_edge(CLK);
end loop CAL_LOOP;

end process;

end architecture behavior;

4.4 TRANSMITTER
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4.2.6

LeonardoSpectrum LS2001_la 31

4.2.6.1
TRANSMITTER
50
XOR
50 XOR
LeonardoSpectrum LS2001_la 31 2.99 4.3
50 XOR 6
299 6 0.49
0.49
TRANSMITTER
6.08 4.4
6.08 0.49 124 12.4 UNIT
4.2.6.2
4.3 981
4.5
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4.3 50 XOR
Critical path #1, (unconstrained path)
NAME GATE
LOAD
A(36)/ 0.00 0.00 up
iX69/X XR2TO 0.23 0.23up
ix255/X XN3RO 0.47 0.70up
iX75/X XN2RO 0.48 1.22dn
ix91/X XN3RO 0.33 1.61up
iX95/X XR3TO 051 2.12up
ix97/X XR3TO 0.87 2.99 up
Y/ 0.00 2.99 up
data arrival time 2.99

data required time

not specified

data required time

data arrival time

not specified
2.99

unconstrained path

Cell: xor50inputs

View: RTL

Library: work

Cell Library References
XN2RO sclO5u 3x
XN3RO sclO5u 9 x
XR2TO sclO5u 12 x
XR3TO sclO5u 8 x
Number of ports : 51
Number of nets : 82
Number of instances : 32
Number of references to this view : 0
Total accumulated area :
Number of gates : 189

Total Area
15 gates
61 gates
59 gates

i NG BN NG |

54 gates

ARRIVAL

0.08
0.08
0.14
0.08
0.09
0.21
0.04
0.00
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Critical Path Report
Critical path #1, (unconstrained path)
NAME GATE
LOAD

clock information not specified

delay thru clock network 0.00 (ideal)
infbit(1)/Q FD1I0 0.00 0.43 dn
ix856/X NR2RO 0.51 0.95up
ix195/X ND2NO 0.55 1.49dn
ix877/X NR2RO 0.56 2.06 up
ix219/X ND2NO 0.55 2.61dn
ix874/X NR2RO 0.56 3.17 up
ix243/X ND2NO 0.55 3.72dn
ix907/X NR2RO 0.56 4.28 up
ix267/X ND2NO 0.55 4.83dn
ix904/X NR2RO 0.49 5.33 up
ix283/X XR2TO 0.40 6.08 dn
infbit(10)/D FD1I0 0.00 6.08 dn
data arrival time 6.08

data required time not specified
data required time not specified
data arrival time 6.08

unconstrained path

ARRIVAL

0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.19
0.14
0.06

0.00

*khkkhkkhhkkhkkkkhkkhkkhkkhkhkhkhkhkhkkhkkhkkhkkhkkhkhkhkhkhkhkkhkhkkhkkhhhkhkhkhkkhkkhkhkikhkhhkhkhkhkkhkhkhkikikik

Cell: TRANSMITTER View: RTL Library: work

kkhkkkhkhkhkkkkkhkkhkkhkkhhkhkhkhkhkkhkkhkkhkkhkkhhkhkhkhkkkhkhkkhkkhhhkhkhkhkkhkkhkhkikkhhhkhkhkhkkhkhkhkikikikx

Cell Library References Total Area

AN2TO sclO5u 15 x 5 71 gates
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AN4TO
AN5TO
AO1I1
AO2A0
AO210
AQO3I0

AOAA4I0
FD1BO
FD1B1
FD1B2
FD1I0
HA1AO
IVINO
IVINP
MX2L0
MX2T0
ND2NO
ND3NO
ND4N1
NR2RO
NR2R1
NR3RO
NR4RO
NR4R1
NR4R2
NR5R2

OAI2NO

OAI3NO

OAI3R0

OAI4R0
OAOIO
OR2TO
XN2RO
XR2TO
XR3TO

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
sclo5u
sclo5u
sclo5u
sclo5u
sclo5u
sclo5u
sclo5u
sclo5u

1x
1x
1x
6 x
1x
1x
1x
27 X
3 X
1x
11 x
12 x
6 x
2X
1x
2 X
4 X
2X
1x
12 x
1x
1x
2 X
1x
1x
1x
1x
1x
1x
1x
2 X
2 X
8 x
7 X
4 X

© © o 0 o©

10
11

0 O o o U U o oo Ul oo O

10

oo

[0}

14

~N o1 o o o

8 gates
9 gates
6 gates
47 gates
8 gates
8 gates
8 gates
232 gates
26 gates
10 gates
117 gates
79 gates
19 gates
8 gates
6 gates
13 gates
18 gates
12 gates
8 gates
54 gates
5 gates
6 gates
15 gates
8 gates
8 gates
10 gates
8 gates
8 gates
8 gates
14 gates
15 gates
9 gates
39 gates
34 gates
27 gates
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Number of ports : 5
Number of nets : 171
Number of instances : 145
Number of references to this view : 0
Total accumulated area :
Number of gates : 981
B 5
L =l
L= —y L o —
el | |y = § = L= . g
iE 1 e
e _:'_'-I'-' | _.. | 1’
: | ey L
[ [ [ =
— 4 L
= || .
e )
I —
R

45 TRNSMITTER
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4.3

RECEIVER

4.3.1 RCEIVER

RCEIVER

RECEIVER
RECEIVER 2.1.
TVI/
RECEIVER 21
3.24 21
4.3.2
.6
Ensig - r RBWE
START ' 7T 42
N
‘417 © 27
START2

START2

RBEC
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“ 41” 143 On 21

21
21 “ 20" “ 0
1
IN TRANSMITTER
SBWE = RBWE CLK CLOCK RESET RESET
ouT RECEIVER RBWE
START2 OUT START?2
IN—» AJHES T
p o] o
CLE EEG_Q(20)
INPUT 21bit 7Rl TRAH L
& QUT
—
S erc_om = START2
wreony 7 =5k iR Parity®) Y | | OUT
By 7T F e 2 R
_h
v A2 - Ad v A3 + A5 Al
i
% B[] B \J
ENsiz ¥
RESET ER out
B
Phase | '[EH{%"%E@IEIE% ]
A2 72 A% z o
R START2{2 S5 FES

4.6 RECEIVER
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4.3.3

4.6

42
Phase

EN ENsig

ENsig '
RBWE

INPUT
ER out
S erc out

Parity(9)

S _erc_out
1] O”

“ 41”

113 42”

21

E sig

Ar+A2+As+As+As > 3

P_out
ENsig * O

21
REG_Q(20)

ER_out REG_Q(20)

RBEC

10 ‘227 START?2

69

P_out

“ 2211

INPUT

143 4111

ER_out

INPUT

START?2



CLE

RESET |
PHASE | 127x4%
ENsig ]
RBWE [ ]
START2 i
REBWE
< »

42%45n0

- it »
21940 219440
4.7
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4.3.4

TRANSMITTER ALTERA MAX+plus
10.1 BASELINE 4.8
4.9

jrrees i I 10 Dun A [un A lem alien 8 Oan Bl pilans - T 0 fun 1a
a3 L L h L

b= RESET

Ll | | HED [ T

= HizE

4.9
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4.3.5 VHDL

Xilinx WebPACK Project Navigator VHDL
Xilinx WebPACK 4.1 ModelSim XE Starter
4.5
4.6 4.10
4.5 RECEIVER 1/5
library IEEE;

use IEEE.STD_LOGIC_1164.all, IEEE.NUMERIC_STD.all;

entity RECEIVER is
Port (START :in std_logic;
RBWE :instd_logic;
START?2 : out std_logic;
RBEC :outstd_logic;
RESET :instd_logic;
CLK :in std_logic

end RECEIVER,;

architecture RTL of RECEIVER is
signal INPUT : std_logic;
signal ENsig : std_logic;
signal phase : unsigned (5 downto 0);
signal intstart : std_logic;
signal parity : unsigned (9 downto 0);
signal REG_Q : unsigned (20 downto 0);
signal P_out : std_logic;
signal ER_out : std_logic;
signal S_erc_out : std_logic;
signal A1,A2,A3,A4,A5 : std_logic;
begin

-- RBWE input to the receiver
-- ENABLE signal
-- phase signals
-- internal start signal
-- 10 parity bits
-- 21bits sifht register signals
-- output signal of majority circuit

-- Error correction signal

-- Input signal to the error check circuit

-- parity check signals
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-- 42 phase (41 downto O counter) generation unit

PHASE_CNTL1: process(CLK,RESET)
begin
if (RESET='1") then
phase <= "000000";
elsif rising_edge(CLK) then
if (START="1"then
phase <= "101001";
elsif (phase= "000000")then
phase <= "000000";
else
phase <= phase -1,
end if;
end if;
end process PHASE _CNT1;

-- ENABLE signall generation

EN1 GEN: process (START,phase)

begin
if (phase>="010110" and phase<="101001")then
ENsig <="1";
else
ENSsig <='0";
end if;

end process EN1_GEN,;

-- Controlled RBWE siganl

RB_n: process(CLK,ENsig)
begin
if(ENsig="1")then
INPUT <= RBWE;
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else
INPUT <="'0";
end if;

end process RB_n;

--21bit SHIFT_REGISTER

SFIT_R21: process(CLK, RESET)
begin
if (RESET ='1") then
REG_Q <= (others =>'0");
elsif rising_edge(CLK) then
REG_Q(0) <= INPUT;
REG_Q (20 downto 1) <= REG_Q (19 downto 0);
end if;

end process;

-- Internal start2 (intstart) generation

START_GEN: process(CLK, RESET)
begin
if (RESET='1") then
intstart <="'0";
elsif rising_edge(CLK) then
if (phase="010111") then

intstart <="'1";
else
intstart <="'0";
end if;
end if;

end process START_GEN;

-- Input to the error_checker

S_erc_out <= (INPUT and ENsig) xor parity(9) xor ER_out;
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-- Parity_calculation

PARITY_CAL.: process(CLK,RESET,phase)
begin
if (RESET='1") then
parity <= "0000000000";
elsif rising_edge(CLK) then
if (phase>="000000" and phase<="101001")then
parity(9) <= parity(8);
parity(8) <= parity(7);
parity(7) <= parity(6) xor parity(9);
parity(6) <= parity(5) xor parity(9);
parity(5) <= parity(4);
parity(4) <= parity(3) xor parity(9);
parity(3) <= parity(2);
parity(2) <= parity(1) xor parity(9);
parity(1) <= parity(0);
parity(0) <= S_erc_out;
end if;
end if;
end process PARITY_CAL;

-- Parity input to the parity_checker

Al <= parity(9);

A2 <= parity(1);

A3 <= parity(4) xor parity(6);

A4 <= parity(0) xor parity(5) xor parity(7);
A5 <= parity(2) xor parity(3) xor parity(8);

-- Output from the majority circuit

PROCESS (A1,A2,A3,A4,A5)
BEGIN
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if (Al="1'and A2="1" and A3="1")then
P _out <="1"
elsif (A4="1' and A5="'1"then
P_out<=Alor A2 or A3;
elsif (A1="1"and A2='1") then
P_out <= A4 or A5;
elsif (A3="1' and A5="'1"then
P_out<=Alor Az
elsif (A3="1' and A4="'1"then
P_out<=Alor Az
else
P_out <="'0"
end if;

end process;

-- Output from signal of ERROR checker

ER_out <= P_out and not ENsig;

-- Output signal

RBEC <= (REG_Q(20) xor ER_out);

--Startout2

STARTOUT2: process (CLK, RESET)
begin
if (RESET='1") then
START2 <="'0";
elsif rising_edge(CLK) then
START2 <= intstart;
end if;

end process STARTOUTZ;

end RTL;
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LIBRARY ieee;
USE ieee.std_logic 1164.ALL;
USE ieee.numeric_std.ALL;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

COMPONENT receiver

PORT(
START : IN std_logic;
RBWE : IN std_logic;
RESET : IN std_logic;
CLK : IN std_logic;
START2 : OUT std_logic;
RBEC : OUT std_logic
)i

END COMPONENT;

SIGNAL cycle : integer :=0;

SIGNAL START : std_logic;

SIGNAL RBWE : std_logic;

SIGNAL START2: std_logic;

SIGNAL RBEC : std_logic;

SIGNAL RESET : std_logic:='1";

SIGNAL CLK: std_logic:='0";

BEGIN

uut: receiver PORT MAP(
START => START,
RBWE => RBWE,
START2 => START?2,
RBEC => RBEC,
RESET => RESET,
CLK =>CLK
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process
begin

if (cycle < 300)then
cycle <=cycle +1;

wait for 10 ns;
CLK <= not CLK;

else wait;
end if;

end process;

process
begin
RESET_LOOP: for N IN 0 to 3 loop
wait until falling_edge(CLK);
end loop RESET_LOOP;
RESET <="0";
CAL_LOORP: for N in 0 to 500 loop
wait until falling_edge(CLK);
end loop CAL_LOOP;

end process;

process
begin
RBWE <=0
wait for 80 ns; RBWE <="

=

wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

P R O R O R R Q O
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wait for 20 ns; RBWE <= '0";
wait for 20 ns; RBWE <="1";

wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

Q R O o Q Q Rr R R Q

wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

P RO R R RRRRRERR

wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

Q @ kB O o R QO O Q9
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wait for 20 ns; RBWE <= '0";

wait for 20 ns; RBWE <="'
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

P QR R O R QR R QQ

wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

Q R O o Q Q Rr R R Q

wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

PR RO R R RRRR

80




4.6 RECEIVER 5/5

wait for 20 ns; RBWE <= '0";

wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="
wait for 20 ns; RBWE <="

P Q O R Q Q o R Q Q9

wait for 20 ns; RBWE <="

Q

wait;

end process;

process
begin
START <="0';

wait for 520 ns; START <="1";
wait for 20 ns; START <="0"

wait for 820 ns; START <="1";
wait for 20 ns; START <="0"

wait;

end process;

end architecture behavior;

4.10 RECEIVER
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4.3.6

4.2.5 LeonardoSpectrum LS2001_1a 31
4.3.6.1
XOR
4.2.5 0.49
RECEIVER
3.93 4.7 3.93 0.49 7.97
7.97 UNIT
4.3.6.2
4.7 585
411
4.7 RECEIVER 1/3
Critical Path Report
Critical path #1, (unconstrained path)
NAME GATE ARRIVAL
LOAD
clock information not specified
delay thru clock network 0.00 (ideal)
reg_phase(1)/Q FD1BO 0.00 0.44dn 0.20
ix579/X NR2RO 0.52 0.96 up 0.19
ix47/X ND2NO 0.62 1.59dn 0.27
iX576/X NR2RO 0.65 2.24up 0.19
iIX79/X ND2NO 0.47 271dn 0.11
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ix573/X
ixX571/X

ix11/X
reg_phase(0)/D

data arrival time

data required time

NR2RO
NR2RO
AN2TO
FD1BO

0.44
0.41
0.36
0.00

3.15up
3.56 dn
3.93dn
3.93dn

3.93

not specified

data required time

data arrival time

unconstrained path

not specified
3.93

Cell: RECEIVER

View: RTL Library: work

Cell

AN2TO
AO1A0
AO2L0
AOAA410
AOAA412
FD1BO
FD110
FD1I11
IVINO
IVINP
ND2NO
NR2RO
NR3RO
NR4R1
OAI1A0
OAI3R2

Library References

sclO5u 5 x
sclO5u 1x
sclO5u 2 X
sclO5u 1x
sclO5u 1x
sclO5u 29 x
sclO5u 9 x
sclO5u 1x

sclO5u 3 x

sclO5u 2X
sclO5u 5x

sclO5u 4 x
sclO5u 1x
sclO5u 1x
sclO5u 3 X
sclO5u 1x

Total Area

© O 0 0 o U

11

IS

© O oo o U0 ¢

24 gates
6 gates
15 gates
8 gates
8 gates
249 gates
95 gates
11 gates
9 gates
8 gates
23 gates
18 gates
6 gates
8 gates
19 gates
8 gates

0.16
0.17
0.11
0.00
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XN2RO sclO5u 10 x 5 49 gates
XN3RO sclO5u 3 X 7 20 gates

Number of ports : 6

Number of nets : 89

Number of instances : 82

Number of references to this view : 0

Total accumulated area :
Number of gates : 585
RECEIVER 2

—=1 | -
= .
5 TPD'_“
"_=. = ; = 'I T '-;F_"l-'.' . i T

el

4.11 RECEIVER
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44 VHDL ERRORCNT

TRANSMITTER RECEINVER
ERRORCNT

TRASIMITTER RECEIVER Xilinx
WebPACK Project Navigator VHDL
4.8

4.8 ERRORCNT 174

library IEEE;
use IEEE.STD LOGIC 1164.all, IEEE.NUMERIC STD.all;

entity ERRORCNT is
Port (START : in std logic;
RB : in std logic;
START?2 : in std logic;
RBEC : in std_logic;
RESET : in std _logic;
CLK : in std _logic;
ERRCNT : out unsigned(7 downto 0));
end ERRORCNT;

architecture RTL of ERRORCNT is

signal phase : unsigned (4 downto 0); -- phase counter
signal en : std logic; -- enable signal
signal data : unsigned (20 downto 0); -- 21 bit signal shift register
signal rbecin : std logic; -- RBEC input register
signal phase2 : unsigned (4 downto 0); -- RBEC phase counter
signal en2 : std_logic; -- enable2 signal
signal counter : unsigned (7 downto 0); -- 8bit error counter
begin
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-- phase generation

-- count 20 downto 0

PHASE_GEN: process (CLK, RESET)
begin
if (RESET="1") then
phase <= "00000";
elsif rising_edge(CLK) then
if (START="1") then
phase <= "10100"; -- set 20
elsif (phase="00000") then
phase <= "00000";
else phase <= phase -1;
end if;
end if;
end process PHASE GEN;

-- ENABLE generation, COMBINATIONAL LOGIC
-- EN is high while START=1 or phase is not 0

EN_GEN: process (START, phase)
begin
if(START="1" or phase /= ""00000") then
en <="1%;
else en <="0";
end if;
end process EN_GEN;

-- 21 bit shift register

SHIFT REG: process(CLK, RESET)
begin
if (RESET="1") then
data <= (others=>'0");
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elsif rising_ edge(CLK) then
if (en="1") then
data <= data(19 downto 0) & RB; --RB_in;
end if;
end if;
end process SHIFT REG;

-- PHASE2 generation

PHASE2 GEN: process(CLK, RESET)
begin
if (RESET="1") then
phase2 <= "00000";
elsif rising_edge(CLK) then
if (START2="1") then
phase2 <= "10100"; -- set 20
elsif (phase2="00000") then
phase2 <= "00000";
else phase2 <= phase2 - 1;
end if;
end if;
end process PHASE2 GEN;

-- ENABLE?2 generation
-- EN2 is high while START2=1 or phase is not 0

EN2 GEN: process (CLK, RESET)
begin
if (RESET="1") then en2 <='0";
elsif rising_edge(CLK) then
if(START2="1" or phase2 /= "00000") then
en2 <="1";
else en2 <='0";
end if;

end if;
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end process EN2 GEN;

-- RBECIN input register

INPUT REG: process(CLK, RESET)
begin
if (RESET="1") then
rbecin <= '0";
elsif rising_edge(CLK) then
rbecin <= RBEC; --RBec.in;
end if;
end process INPUT REG;

-- error counter

ERR CNT: process(CLK,RESET) begin
if (RESET="1") then counter <= "00000000";
elsif rising_edge(CLK) then

if (en2="1" and data (TO_INTEGER(phase2)) /= rbecin )then

counter <= counter+1;
end if;
end if;
end process ERR_ CNT;

ERRCNT <= counter;
end RTL;
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TRANSMITTER RECEIVER

ERRORCNT
VHDL Xilinx WebPACK Project Navigator
VHDL Xilinx WebPACK 4.1
ModelSim XE Starter
4.9 4.12 4.13
4.9 1/3
LIBRARY ieee;

USE ieee.std_logic 1164.ALL;
USE ieee.numeric std.ALL;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

component transmitter

port ( SBWE : out std_logic;
SB . out std_logic;
START  : out std_logic;
RESET : in std_logic;
CLK . in std_logic

end component;

component receiver

port ( START  :in std_logic;
RBWE : in std_logic;
START2 : out std_logic;
RBEC . out std_logic;
RESET :in std_logic;
CLK . in std_logic

end component;

89




4.9 2/3

component errorcnt
port ( START  :in std logic;

RB : in std_logic;
START2 : in std logic;
RBEC . in std_logic;

ERRCNT : out unsigned (7 downto 0);
RESET : in std logic;
CLK . in std_logic

end component;

SIGNAL cycle : integer := 0;
SIGNAL CLK : std logic :='0";
SIGNAL RESET : std logic := '1";
SIGNAL ERRCNT : unsigned (7 downto 0);
signal SBWE : std_logic;
signal SB : std_logic;
signal START : std logic;
signal RBEC : std _logic;
signal START2 : std logic;

BEGIN

-- clock generation
- CLK <= not CLK after 10 ns;
TX: transmitter port map
(SBWE, SB, START, RESET, CLK);
RX: receiver port map
(START, SBWE, START2, RBEC, RESET, CLK));
EC: errorcnt port map
(START,SB,START2,RBEC,ERRCNT,RESET,CLK);

process
begin
if (cycle < 1500)then
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cycle <= cycle +1;
wait for 10 ns;
CLK <= not CLK;
else wait;
end if;

end process;

process
begin
RESET _LOORP: for N in 0 to 3 loop
wait until falling_edge(CLK);
end loop RESET_LOOP;
RESET <= '0";
CAL _LOOP: for N in 0 to 500 loop
wait until falling_edge(CLK);
end loop CAL_LOOP;
wait;
end process;

end architecture behavior;

configuration CFG_DCC21 of testbench is for behavior
end for;
end configuration CFG_DCC21;
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