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RTL
4-1

4.1

library ieee;
use ieee.std _logic_1164.all;
entity DFFR is
port(
CLK,RESET1,D : in std_logic;
Q,QN :out std _logic
)
end DFFR;

architecture RTL of DFFR is

signal Q_IN:std_logic;

begin
ON <= not Q_IN;
Q <= Q_IN;

process(CLK,RESET1)begin
IT(RESET1="1")then

Q_IN <= "0";
elsif(CLK"event and CLK = "1%)then
Q_IN <= D;
end if;
end process;
end RTL;

library ieee;
use ieee.std _logic_1164.all;
use ieee.std logic unsigned.all;
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entity COUNTER 1is

port(
CLK,RESET : in std_logic;
COUNT : out std_logic _vector(2 downto 0)

)

end COUNTER;
architecture RTL of COUNTER is

component DFFR

port(CLK,RESET1,D : in std_logic;
Q,QON : out std _logic);

end component;

signal COUNT_IN_BAR : std_logic_vector(3 downto 0);
signal COUNT_IN : std _logic_vector(2 downto 0);
signal RESET_IN : std_logic;

begin
COUNT <= COUNT_IN;
COUNT_IN_BAR(0) <= CLK;

GEN1:for 1 in O to 2 generate
U:DFFR port map(

CLK => COUNT_IN_BAR(I),
RESET1 => RESET_IN,
D => COUNT_IN_BAR(I+1),
Q => COUNT_IN(CD),
QN => COUNT_IN_BAR(I1+1)
)

end generate;
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RESET_IN <= RESET or (COUNT_IN(1) and COUNT_IN(2)):

end RTL;

4.2

library ieee;

use 1eee.std_logic_1164.all;
use work.std.textio.all;

use work.DFFR;

entity TESTBNCH is
end TESTBNCH;

architecture stimullus of TESTBNCH 1is
component COUNTER 1s
port (

CLK : 1n std_logic;
RESET : in std _logic;
COUNT : out std _logic_vector(2 downto 0)

end component;

signal CLK : std_logic;
signal RESET : std_logic;
signal COUNT : std logic _vector(2 downto 0);

begin
DUT : COUNTER port map (

CLK,
RESET,
COUNT
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CLOCK1:process

begin

CLK <= "1"; wait for 10 ns;
CLK <= "0"; wait for 10 ns;

end process CLOCK1;
STIMULUS1 : process
begin

RESET <= "0"; wait for 5 ns;
RESET <= "1"; wait for 10 ns;
RESET <= "0"; wait for 180 ns;
RESET <= "1"; wait for 20 ns;
RESET <= "0"; wait;

end process STIMULUS1;

end stimulus;

CLK COUNT
1 EIDns 2EILTIns 3I:Il;lns

CLE="" l l l
COUMNT=4 NERERERER AL R AR R R N - R )
DUT COUNT_IN=4 /0 53 K0 3 D 0 I £ U0 A0 D 3 KD 63 LD AN
DUT.COUMT_IM_BAR=7 | (MEDCE ST EE ) "HFIE
DUT.RESET_IM="0" ] [
RESET="0" 7] [ ]

4.1
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LED

4.2

library ieee;
use 1eee.std_logic_1164.all;

entity DECODER3TO7 1is
port (
A,B,C - i1n std _logic;
START,EN : i1n std_logic;
Y : out std_logic_vector(6 downto 0)
)
end DECODER3TO7;

architecture RTL of DECODER3TO7 is
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signal INDATA : std _logic_vector(2 downto 0);

begin

INDATA <= C & B & A;

process(INDATA,START,EN)begin

IT(START = "1" and EN = *"0")then --EN = STOP
case INDATA is

when 000" =>
when 001" =>

when 010" =>
when 011" =>

<= '"0001000"; --1
<= ''0010100"; --2
<= '""1001001"; --3
<= "1010101"; --4
when 100" => <= "1011101"; --5
when 101" => <= "1110111"; --6
when others => Y <= "XXXXXXX'; --X

< < < < < <

end case;
else

null;

--Y <= "1111111";
end if;

end process;

end RTL;
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44 3 7

library ieee;

use 1eee.std_logic_1164.all;
use std.textio.all;

use work_DECODER3TO7;

entity TESTBNCH is
end TESTBNCH;

architecture stimulus of TESTBNCH is
component DECODER3TO7 1is
port (
A,B,C - i1n std _logic;
START,EN : 1n std_logic;
Y: out std_logic_vector(6 downto 0)

end component;
constant PERIOD: time := 100 ns;

signal A,B,C : std logic;
signal START,EN : std logic;
signal Y: std_logic_vector(6 downto 0);

signal done: boolean := false;
begin
DUT: DECODER3TO7 port map (
A,B,C,
START,EN,
Y
)

STIMULUS1 : process

begin
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START <= "0";wait for 50 ns;
START <= "1"; walt;

end process STIMULUS1;

STIMULUS2 : process

begin
EN <= "0"; wait for 245 ns;
EN <= "17"; wait for 55 ns;
EN <= "0"; wait for 333 ns;
EN <= "17"; wait for 55 ns;
EN <= "0"; wait for 300 ns;
EN <= "17"; wait for 55 ns;

end process STIMULUSZ2;

STIMULUS3 : process

begin

A <= "0"; wait for 25 ns;
A <= "1%; wait for 25 ns;

end process STIMULUSS3;
STIMULUS4 : process
begin

B <= "0"; wait for 50 ns;

B <= "1"; wait for 50 ns;
B <= "0"; wait for 50 ns;
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end process STIMULUS4;
STIMULUSS : process
begin

C <= "0"; wait for 100 ns;
C <= "17; wait for 50 ns;

end process STIMULUSS;

end stimulus;

1 EIIT'Ins 2|:||;|r'|$ 3|:||;|r'|$ 4EII;Ins
4="1" | | | | I | | | | | | | | | | L
b= I 1 ——
=T 1 1 -
done=0
DUTIMD&TA=E T O F T 3P4 re o7 r2rardarayrorTrZ2rasrd
EM="0 1
START=""
=77 O 749 ee b 7y yoa fidday 1 EREENEER S
4.2
4-3-3
4.1 4.3
4.5 4.6
4.3
CLK COUNT 3
START EN 1,0
COUNT A B C
Y 7
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START EN 11

START EN 1,0

DICE
4.1 4.3

VHDL

4.5

library ieee;
use 1eee.std_logic_1164._.all;
use 1eee.std_logic_unsigned.all;

entity DICE is

port(
CLK,RESET : in std_logic;
Y - out std _logic_vector(6 downto 0);
-—-COUNT : out std_logic_vector(2 downto 0);
START,EN : in std_logic

)
end DICE;
architecture RTL of DICE 1is
component COUNTER
port (
CLK,RESET : i1n std_logic;
COUNT : out std _logic_vector(2 downto 0)

)

end component;
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component DECODER3to7
port (

A,B,C - in std_logic;
START,EN : in std_logic;

Y : out std_logic_vector(6 downto 0)

)

end component;

signal UO_COUNT : std _logic_vector(2 downto 0);

begin

UO : COUNTER port map ( CLK,RESET,UO_COUNT);

Ul : DECODER3to7 port map (

UO_COUNT(0),UO_COUNT(1),U0_COUNT(2),

START ,EN,
Y
);

end RTL;

4.6

library ieee;

use ieee.std _logic_1164.all;
use std.textio.all;

use work.DICE;

entity TESTBNCH is
end TESTBNCH;

architecture stimullus of TESTBNCH 1is
component DICE is
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port (
CLK,RESET : in std_logic;
Y : out std_logic_vector(6 downto 0);
—-—-COUNT : out std_logic_vector(2 downto 0);
START,EN : in std_logic
)

end component;
constant PERIOD: time := 100 ns;

signal CLK,RESET : std_logic;

signal Y : std_logic_vector(6 downto 0);
--signal COUNT : std_logic_vector(2 downto 0);
signal START,EN : std_logic;

signal done : boolean := false;
begin
DUT: DICE port map (
CLK,RESET,
Y ,--COUNT,
START,EN
)

CLOCK1: process

begin

CLK <= "1"; wait for 10 ns;
CLK <= "0"; wait for 10 ns;

end process CLOCK1;

STIMULUS1 : process

begin
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START <= "0"; wait for 20 ns;

START <= "1"; walt;

end process STIMULUS1;

STIMULUS2 : process

begin

EN <= *"0"; wait for
EN <= *"1"; wait for
EN <= *"0"; wait for
EN <= *"1"; wait for
EN <= *"0"; wait for
EN <= *"1"; wait for
EN <= *"0"; wait for
EN <= *"1"; wait for
EN <= "0"; wait;

end process STIMULUSZ2;

STIMULUS3 : process

begin

145 ns;
35 ns;
233 ns;
35 ns;
70 ns;
35 ns;
125 ns;
35 ns;

RESET <= "0"; wait for 5 ns;

RESET <= "1"; wait for 10 ns;
RESET <= "0"; wait for 245 ns;
RESET <= "1"; wait for 10 ns;

RESET <= "0"; wait;

end process STIMULUS3;

end stimulus;
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VHDL 3-7 VHDL
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[1]
[2]
[3]

[4]
[5]
[6]
[7] VHDL
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CcQ

CcQ



VHDL

signal A @ std logics

signal B : std logic vector {3 downto 0]

A= X — INE T TRIS-
B<= "000" — N FE e CIEIT—
VHDL “ ”
VHDL
VHDL
signal
signal BBB std_logic_vector 4 downto O
out
out
[7]
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for-generate if-generate 2

for in generate
end generate | ]
if generate
end generate [ ]
for-generate for-loop
exit next
If-generate “ TRUE” If
else [7]
wait
[1] Wait ”
Wait “ wait until” * wait on”
“ wait on”
wait
wait 1 [7]
1 wait

wait on  {5=, {52
wait nutil SE{F
wait for B5E]

walt
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case

case
when = =
If case
1
“ when”
“ others” “ others”
2 case [7]
2 case
case Th IS
RN
end case .
=T 0 when {B = JEXRALIBETT
when {8 | 1B | & = IERINIET
when 1B to B8 = ||ERILIELZ
when others => J|EZRALIEES
i ¢ when others[FEREOITIC1EIOAER TIEE
B BRI TIEEAAL, 3. ROEDHETAT
IAEE SR LG N sE
“and” “ or”

not and or nand nor Xxor

6
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“ std_logic_vector”

or

>

Xor

“ std_logic” “ bit”

VHDL

[7]

B and C and D and E
B or C or D or E
B xor C xor D xor E

2 AND-OR

library IEEE;
use IEEE . std logic 1164, all;

entity AND OR_SELECTOR is
port (AR © in std_logic;
SEL : in std _logic;
Y : out std logic);
end AND_ DOR_SELCTOR;
architecture DATAFLOW of AND_ OR_SELCTOR is
begin

Y <= {A and SEL) or {not SEL and B);
end DATFLOW; T

(DimIETDEth

B nand C nand D nand E --

B and C or D and E --

not

113 notn and"
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“ Boolean”

and



2 AND-OR

“ SEL” T
“ SEL” O ‘B [7]
VHDL
“ architecture” * begin”
component
[ ]
[ ]
end component
“ architecture” “ begin”
[7]
port map
“ port map”

[7]
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