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18.432MHz

CLKDIV

library IEEE;

use IEEE_STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity CLKDIV is
--v 1/18432000
-- 25

generic ( WIDTH : integer := 25;

N : integer := 18432000 );
--v
port ( CLK : in std_logic;

RST : in std_logic;
SEC  : out std_logic );
end CLKDIV;

architecture RTL of CLKDIV is

-V / WIDTH

signal CNT : std_logic_vector( WIDTH - 1 downto
0);

begin
--v CLK RST
process( CLK, RST ) begin
if( RST = "1") then
CNT <= (others=>"0");
SEC <= "0";
--v CLK
elsif( CLK"event and CLK = "1%) then
--Vv 18432000
ifFCCNT =N - 1) then
CNT <= (others=>"0");
SEC <= "1%;
else
CNT <= CNT + "17;
SEC <= "0";
end if;
end if;
end process;
end RTL;
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CNT 18432000
-V
port (CLK : in std_logic;
RST : in std_logic;
LOAD : in std_logic; --
SEC  : out std_logic );
--v 18432000
ifCCNT = N - 1) then
CNT <= (others=>"0");
SEC <= "1";
elsif( LOAD = "1%) then --
CNT <= "'1000110010011111111111111";
else
CNT <= CNT + "1%;
SEC <= "0";
CLKDIV_wave HDLBench
OK
CEF I =
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COMPONENT clkdiv

PORT( CLK : IN std_logic;
RST : IN std_logic;
LOAD : IN std_logic;
SEC : OUT std_logic );

END COMPONENT;

-—-voooooooo

SIGNAL CLK std_logic := "0";

SIGNAL RST std_logic;

SIGNAL LOAD : std_logic;

SIGNAL SEC std_logic;

BEGIN

uut: clkdiv PORT MAP(
CLK => CLK,
RST => RST,
LOAD => LOAD,
SEC => SEC );

-- *** Test Bench - User Defined Section ***
th : PROCESS
BEGIN
RST <= "1"; LOAD <= "0%;
--v100ns O O
wait for 100 ns;
RST <= "0";
wait for 500 ns;
LOAD <= "1°%;
wait for 100 ns;
LOAD <= "0";
wait; -- will wait forever
END PROCESS;

--vooooooooo
process begin
--v 50ns 0000000
wait for 50 ns;
CLK <= not CLK;
end process;
-- *** End Test Bench - User Defined Section ***
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NET "SG<4>" LOC = "P40";
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#v
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SEL <= CNT;

else

end if;
end if;
end if;
end process;

process( CLK, RST ) begin

if( RST ='1") then
CNT <="00";

elsif( CLK' event and CLK ='1") then
-- Vv 2.25kHz
if( CE = '1") then

if( CNT = MAX_SEG - 1) then
CNT <="00";

CNT <= CNT +'1}

q e
-V
O process( CLK, RST ) begin
if( RST ='1") then
DIVCNT <= (others=>'0");
SAO0 SA3 1 0 (Low) elsif( CLK'event and CLK = '1") then
SA 0 (Low) if( DIVCNT = MAX_DIVCNT ) then
SA DIVCNT <= (others=>'0");
SG ( ) CE<="1"
kHz else
DIVCNT <= DIVCNT +'1;
CE <=0
end if;
SG end if;
SAOQ SAl SA2 SA3 \8 end process;
‘ | | | end RTL;
0 | V| || |
OCQO Oc?o cho cho generic ( MAX_SEG : integer .= 4 );
wp wgo g SEL
“00-01-10-11-00" “3”
SEL “00-01-10-00"
VHDL
00-01-10-11
v SEG_ CNT
library IEEE; SEL ( ) | SA0 3 ( ) | SGO 6 ( )
use IEEE.STD_LOGIC ARITH.ALL,; =
use IEEE.STD_LOGIC_UNSIGNED.ALL,; o1 2027 DATA B
- - 10 77207 DATAC
entity SEG_CNT is 11 2770 DATAD
-V 0 4
generic ( MAX_SEG : integer := 4 ), v SEG_MUX

port (CLK :in std_logic;
RST :in std_logic;
SEL : out std_logic_vector( 1 downto 0) );
end SEG_CNT;

architecture RTL of SEG CNT is
--VCLK  18.432MHz CE  2.25kHz
constant MAX_DIVCNT : integer := 4095;

signal CNT : std_logic_vector( 1 downto 0 );
signal DIVCNT : std_logic_vector(11 downto 0 );
signal CE  : std_logic;

port( DATA_A,
DATA_B,
DATA C,

SEL

SA
end SEG_MUX;

DATA D :

entity SEG_MUX is

in std_logic_vector( 6 downto 0 );

: in std_logic_vector( 1 downto 0 );
DATA_OUT : out std_logic_vector( 6 downto 0 );
: out std_logic_vector( 3 downto 0 ) );

16




architecture RTL of SEG_MUX is
begin
--VvSG
DATA_OUT <= DATA_A when SEL = "00" else
DATA_B when SEL = "01" else
DATA_C when SEL = "10" else DATA D;

--VSA
SA <= "0ZZZ" when SEL = "00" else
"Z0ZZ" when SEL = "01" else
"ZZ0Z" when SEL = "10" else
"Z770" when SEL = "11" else "'77277";
end RTL;
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

when S3 =>
if( USB_RE="1") then
—-yUsB0 0000000
DISP_DAT <= USB_DAT:

--0goo

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity PD_LED is
Port ( CLK : in std_logic;

RST : in std_logic;

USB_DAT : in std_logic_vector( 7 downto 0 );

USB_RE : in std_logic;

DISP_WR_N : out std_logic;

DISP_ADR : out std_logic_vector( 2 downto 0 );

DISP_DAT : out std_logic_vector( 7 downto 0 ));
end PD_LED;

architecture RTL of PD_LED is

signal STATE : std_logic_vector( 3 downto 0 );

--vOooooooooooooooooo

DISP_ADR <=
DISP_WR_N <=
STATE <= S4;
else
STATE <= S3;
end if;
when S4 =>

DISP_WR N <= "0°;

STATE <= S5;
when S5 =>
DISP_WR_N <= "1*
STATE <= S6;
when S6 =>
if( USB_RE="1")
DISP_DAT <=
DISP_ADR <=
DISP_WR N <=
STATE <= S7;
else
STATE <= S6;
end if;
when S7 =>
DISP_WR_N <= "0"
STATE <= S8;
when S8 =>
DISP_WR_N <= "1*
STATE <= S9;
when S9 =>
if( USB_RE="1")
DISP_DAT <=
DISP_ADR <=

11175
e

then

USB DAT; --000 00O
"110";

e

then
USB DAT; --00 00O
"101";

constant SO : std_logic_vector := "0000";
constant S1 : std_logic_vector := "0001";
constant S2 : std_logic_vector := "0010";
constant S3 : std_logic_vector := "0011";
constant S4 : std_logic_vector := "0100";
constant S5 : std_logic_vector := "0101";
constant S6 : std_logic_vector := "0110";
constant S7 : std_logic_vector := "0111";
constant S8 : std_logic_vector := "1000";
constant S9 : std_logic_vector := "1001";
constant S10: std_logic_vector := "1010";
constant S11: std_logic_vector := "1011";
constant S12: std_logic_vector := "1100";
constant S13: std_logic_vector := "1101";
constant S14: std_logic_vector := "1110";

constant S15: std_logic_vector := "1111";

--v’ * 00000000 : 0x2A

constant AST: std_logic_vector := "00101010";

begin
process( CLK, RST ) begin
if ( RST ="1") then
DISP_DAT <= "'00000000";
DISP_ADR <= "'000";
DISP_WR.N <= "1";
STATE <= S0;
elsif( CLK"event and CLK="1") then
case STATE is
when SO =>
--vuseOoOopoooo* *

if( USB_RE="1" and USB_DAT=AST ) then

--VFull brightness 000
DISP_DAT <= "0OXXXX11";
DISP_ADR <= "OXX";
DISP_WR N <= "1%;
STATE <= S1;
else
STATE <= S0;
end if;
when S1 =>
DISP_WR_N <= "0°;
STATE <= S2;
when S2 =>
DISP_ WR_N <= "1%;
STATE <= S3;

DISP_WR_N <= "1*%;
STATE <= S10;
else
STATE <= S9;
end if;
when S10 =>
DISP_WR_N <= "0°;
STATE <= S11;
when S11 =>
DISP_WR_N <= "1°;
STATE <= S12;
when S12 =>
if( USB_RE="1") then

DISP_DAT <= USB_DAT; --000O OO

DISP_ADR <= "100";
DISP_WR_N <= "1%;
STATE <= S13;
else
STATE <= S12;
end if;
when S13 =>
DISP_WR N <= "0";
STATE <= S14;
when S14 =>
DISP_WR N <= "1";
STATE <= S15;
when others => STATE <= SO;
end case;
end if;
end process;
end RTL;
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Time | Description Min | Max
T7 WR Active Pulse Width 50
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library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE_STD_LOGIC_UNSIGNED.ALL;

entity USB_ARBITER is
Port (CLK : in std_logic;
RST : in std_logic;
RXF_N : in std_logic;
TXE_N : in std_logic;
RD_N : out std_logic;
WR : out std_logic;
BUS_BUSY : out std_logic;
TG_READY : in std_logic;
USB_DATA : inout std_logic_vector( 7 downto

0);
TG_DO : out std_logic_vector( 7 downto 0 );
TG_DI : in std_logic_vector( 7 downto 0 );
TG_RD : out std_logic;
TG_WR : in std_logic );

end USB_ARBITER;
architecture RTL of USB_ARBITER is

signal RXF_REG : std_logic;

signal TXE_REG : std_logic;

signal USB_DATA REG : std_logic_vector( 7 downto
0);

signal DIR : std_logic;

signal RD_STATE : std_logic_vector( 1 downto 0 );
signal WR_STATE : std_logic_vector( 1 downto 0 );

constant SO :
constant S1 :

constant S2

std_logic_vector := "00";

std_logic_vector

: std_logic_vector
constant S3 :

std_logic_vector

o= "01";
1= "10";
= "1l
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begin

vUSB0000000000000000000000
0oooooo

USB_DATA <= USB_DATA_REG when( DIR = *1*) else
"77777777";

vOOOOOOOOOODODOOOOOBUSYODOO High
0000000000000000000000 IDLE
000O0OO00BUSYD Low OOO

BUS_BUSY <= *0" when( WR_STATE="00" and
RD_STATE="00" ) else "1';

vOOOOOD-FFOODOOUOOOODODODOUORXF#O
XD DO OoOooOoooobooooob-FrrObO0OOn
ooooooo
process( CLK, RST ) begin
if ( RST ="1") then
RXF_REG <= "0";
TXE_REG <= "0";
elsif( CLK"event and CLK="1") then
RXF_REG <= not RXF_N;
TXE_REG <= not TXE_N;
else
NULL;
end if;
end process;

vooooooooooooooo
process( CLK, RST ) begin
vooooooooooooooooooooood
ooooooooo
if ( RST ="1%) then
TG_DO <= "XXXXXXXX";
TG_RD <= "0";
RD N <= "1°;
RD_STATE <= S0;
elsif( CLK"event and CLK="1") then
case RD_STATE is
when SO =>
VIGREADYO O OOOOOOOOOOOOOOOO
goooooooooooooooooooooa
WR_STATE="00"0 U OO O OO
if( RXF_REG="1" and
TG_READY="1" and
WR_STATE="00") then

voOOOO sSiOORDNODODOOOOOODOOOO
oooooooo
RD_N <= "0°;
RD_STATE <= S1;
else
RD_STATE <= S0;
end if;
when S1 =>
TG_DO <= USB_DATA;
RD_STATE <= S2;
when S2 =>
RD N <= "17;
TG_RD <= "1%;
RD_STATE <= S3;
when S3 =>
TG_RD <= "0";
RD_STATE <= S0;
when others => RD_STATE <= SO;




A\

end case;
end if;
end process;

voOoOoooooooooooooo
process( CLK, RST ) begin
if( RST ="1") then
WR <= "1%;
WR_STATE <= S0;
DIR <= "0";
elsif( CLK"event and CLK="1") then
case WR_STATE is
when SO =>
vooooooooooooo
if( TG_WR="1") then
USB_DATA REG <= TG_DI;
WR_STATE <= S1;
else
WR_STATE <= S0;
end if;

VFIFOOOOOOO OO
goooooooooooo
if( TXE_REG="1" and RD_STATE="00") then
WR <= "1%;
DIR <="1%;
WR_STATE <= S2;
else
WR_STATE <= S1;
end if;
when S2 =>
WR <= "0";
DIR <= "1";
WR_STATE <= S3;
when S3 =>
WR <= "1";
DIR <= "0";
WR_STATE <= S0;
when others => WR_STATE <= S0;
end case;
end if;
end process;
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EDX-001 STATE_MACHINE.vhd ( )
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gooooo LO000000
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EDXSPL1 TOP
CLK60 10 1 ‘
CLKDIV oooooo
SEG CTL STOP.SW=1
SEG_CNT
SEG DECODER

255 MUX cx [pijigifipigigigiyipipipnl

CLKDIV.vhd ( )

1/18432000 STATE OUT
SEC CLK60
entity CLKDIV is
v 18432000
generic ( WIDTH : integer := 25;
N : integer := 18432000 );

USB 9
port ( CLK : in std _logic;
RST : in std_logic; PC
SEC : out std_logic );

d CLKDIV; i
en Windows

uSB

100Hz S i — "l

i
,\

e (% el | D] -

> | - || =
oo e || ==

VHDL
EDXSPL2_TOP
CLK60 10 1
v
library IEEE;
CLKDIV 1Hz 100Hz use IEEE.STD_LOGIC_1164.ALL;
CHATTERING use IEEE.STD_LOGIC_ARITH.ALL;
" won " use IEEE.STD_LOGIC_UNSIGNED.ALL;

STATE_MACHINE
SEG_CTL

22



HUMANDATA

vooo

entity EDXSPL3_TOP is usB

Port(CLK : in std_logic; -- SYSTEM CLOCK 8 il
PSW3 : in std_logic; -- SYSTEM RESET ( pd_led.vhd )

RXF_N : in std_logic;

TXE_N : in std_logic;

RD_N : out std_logic; pd_led

WR : out std_logic; -

USB_DATA : inout std_logic_vector(7 downto 0));
end EDXSPL3_TOP;

DISP_RST
architecture RTL of EDXSPL3_TOP is
Ul : PD_LED port map

component USB_ARBITER is ( CLK => CLK,
Port(CLK : in std_logic; RST => RST,

RST - in std_logic; USB_DAT => DATA, --USB

RXF_N : in std_logic; USB RE => ENB, -- ENB

TXE_N : in std_logic; v

RD_N : out std_logic; DISP_WR_N => DISP_WR_N,

WR : out std_logic; DISP_ADR => DISP_ADR,

BUS_BUSY : out std_logic; DISP_DAT => DISP_DAT );

TG_READY : in std_logic; v

USB_DATA : inout std_logic_vector(7 downto 0);

TG_DO - out std_logic_vector( 7 downto 0 ); DISP_RST <= not PSW3;

TG_DI : in std_logic_vector( 7 downto 0 );

TG_RD : out std_logic;
TG_WR : in std_logic );
end component;

signal RST : std_logic;
signal DATA : std_logic_vector( 7 downto 0 );
signal ENB  : std_logic;
signal READY : std_logic;
signal BUSY : std_logic;

begin

voOoOooOooooooLoOoooooo
RST <= not PSW3;
READY <= not BUSY;

U0 : USB_ARBITER port map
( CLK => CLK,
RST => RST,
RXF_N => RXF_N,
TXE_N => TXE_N,
RD_N => RD N,
WR = IR,
BUS_BUSY => BUSY,
TG_READY => READY,
USB_DATA => USB_DATA,
TG_DO => DATA, --USBOOOOOOOOO
TG_DI => DATA, -- 00000000

TG_RD = ENB, --000000000ENBO
TG_WR =>ENB ); -- DO0O0OOOOOENBOODO
end RTL;
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