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3.2

3.2.1

3.1 VHDL

library IEEE ;
use I[EEE . td logic 1164. |

entity HAFE_ADDER is
port (A B : in &d logic ;
S, C: out gd logic );
end HALF_ADDER

architecture STRUCTURE of HALF_ADDER
begin
S<=AxorB;
C<= AadB;
nd STRUCTURE;

22
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3.2.3

architecture

signal
entity
bit
bit
3.24
architecture architecture
A B

architecture ~ is begin
AB
S C
begin end
A B
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end



3.2.5 std_logic

VHDL
bit_vector
N
std_logic
1993 IEEE
library IEEE ,

use |EEE . std logic 1164 . all;

24

bit

std_logic_vector
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3.2.6

3.2
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3.2

library IEEE ;
use IEEE . td_logic 1164. |

entity HAFE_ADDER is
port (A B : in gd logic ;
S, C: out &d logic);
end HALF_ADDER

architectureSTRUCTURE of HALF_ADDER
begin
S <=AxorB;
C<= AadB;
nd STRUCTURE;
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3.3

library |IEEE ;
use IEEE . td_logic_1164. I

entity _ADDER is
port (A ,BCIN :instd logic;
SUM, COUT : out std logic );
end FULL_ADDER

architecture STRUCTURE of FULL_ADDER s

component HALF_ADDER
port (A ,B:instd logic;
S, C: out std logic );

end component ;

signa Cl1 C, C1 S, C2 C: std logic;
begin
COMP1 : HALF_ADDER port map (A, B, C1 S, C1 C);
COMP2 : HALF_ADDER port map (C1 S, CIN, SUM, C2_C);
ClLCo C2C
end STRUCTURE;

3.3

27




3.2.7 |IEEE

std_logic_vector

1 IEEE numeric_std

2 IEEE std_logic_unsigned

3 IEEE std_logic_signed

4 IEEE :std_logic_arith
numeric_std

A, B in std_logic
C, D in unsigned 7 downto O
E, F out signed 3 downto O

unsigned signed

signed std_logic 1

std_logic_unsigned std_logic_signed

std_logic_unsigned std_logic_signed

std_logic_arith ,

D1 unsigned(A) + unsigned(B)
D2 signed(A) + signed(B)
unsigned signed

std_logic_unsigned std_logic_signed,std_logic_arith
IEEE

28

unsigned
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std_logic_vector
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3.2.8

architecture

C
sequential statement
VHDL process
Jf case for-loop
architecture process

process
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3.3.2

VHDL HDL
testbench
test vector
HDL
configuration

(
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34

A W N P

HDL

VHDL VHDL

31



configuration VHDL configuration

configuration

configuration

3.34
VHDL 3.1
3.4
3.4
component
configuration
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“ 00" 01“ 10” 13 11" 4
200ns
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3.4

library |EEE ;
use IEEE . td_logic 1164. I

entity TEST BENCH HA is
end TEST_BENCH_HA

architecture SIM_DATA of TEST BENCH HA is

- ( )
component HAFE_ADDER
port (A ,B : in std_logic ;
S, C : out std_logic );

end component

signad SA, SB, SS, SC : dd logic;

begin

M1 : HALF_ADDER port map (SA, SB, SS

P1 : process
begin
SA <= "0 ; wait for 50 ns ;
SA <= "1" ; wait for 50 ns ;
end process ;
P2 : process
begin
SB <= 0" ; wait for 100 ns;
SB <= 1" ; wait for 100 ns ;
end process ;
end SIM_DATE ;

--configuration

33
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configuration CFG_HA of
for SIM_DATA
end for ;

end CFG HA;

TEST_BENCH_HA is

34
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4.1

CLK 16Hz
RESET
INSs  INSo CLKOUT
CLKOUT
LED CLKOUT 100
4.2
CLKOUT
INSs INS2 INS: INSo
L L L L 100Hz
L L L H 1kHz
L L H L 10 Hz
RESET
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4.2

S10

S9 S8 ON S7 OFF

CLK 100Hz
INS3~INSO S10~S7
OFF S9 OFF
S9 ON,S8 OFF
MCLK S11
ON RESET S6 S
00 00
4.3
INS3 INS2 INS1 INSo
L X X X
H H X X
H L H X
H L L H
H L L L
4.3
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4.1

library ieee;

use ieee.std |l ogic_1164.all;

use ieee.std_| ogi c_unsigned. all;
entity COUNT10 is

port (
CLK, RESET : in std_logic;
CYIN . in std_logic;
Q . out std_|ogic_vector(3 dowto 0);
cvyaut . out std_logic
);
end COUNT10;

architecture RTL of COUNT10 is
signal TQ: std_logic_vector(3 downto 0);
begi n
process (CLK, RESET, CYI N begin
if (RESET = '1') then
TQ <= "0000" ;
elsif (CLK event and CLK ='1' and CYIN ='1") then
if (TQ = "1001") then

TQ <= "0000";
el se

TQ<=TQ+ ' 1';
end if;

end if;

end process;

process (TQ CYIN) begin
if (TQ="1001" and CYIN ="1" ) then

CcvaJr <= '1' ;
el se
cvyaJtr <= '0" ;
end if ;
end process ;
Q<=TQ;
end RTL ;
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4.2 1

library ieee;

use ieee.std |l ogic_1164.all;
use std.textio.all;

use wor k. COUNT10;

entity TESTBNCH i s
end TESTBNCH

architecture stinulus of TESTBNCH i s

conponent COUNT10 is
port (
CLK, RESET: in std_|l ogic;
CYIN in std_logic;
Q out std_logic_vector(3 downto 0);
CYQUT: out std_logic
)

end conponent ;

signal CLK std_logic;
signal RESET: std_l ogic;
signal CYIN std_logic;
signal Q std_logic_vector(3 downto 0);
signal CYQUT: std_l ogic;
signal dock_cycle : natural := 0;
begi n
DUT: COUNT10 port map (
CLK,
RESET,
CYIN,

Q
cyaut

40




4.2

CLOCK1: process

begi n
O ock_cycle <= dock_cycle + 1;
CLK <= '1" ; wait for O0.5sec;
CLK <="'0" ; wait for O0.5sec;

end process CLOCK1;

STI MULUS1: process

begi n
RESET <= '1'; wait for 1sec;
RESET <= '0';

CYIN<="'1" ; wait;
end process STI MLLUSL;

end stimul us;
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library ieee;

use ieee.std |l ogic_1164.all;

entity DECODER 7SEG i s
port (Di: in std_logic_vector(3 downto 0);
DO out std_logic_vector(6 downto 0));

end DECCDER 7SEG

architecture DATAFLOWN of DECODER 7SEG i s

begi n

process(D)

begi n

case D is
when "0000" => DO <= "0111111"; --0
when "0001" => DO <= "0000110"; --1
when "0010" => DO <= "1011011"; --2
when "0011" => DO <= "1001111"; --3
when "0100" => DO <= "1100110"; --4
when "0101" => DO <= "1101101"; --5
when "0110" => DO <= "1111101"; --6
when "0111" => DO <= "0000111"; --7
when "1000" => DO <= "1111111"; --8
when "1001" => DO <= "1101111"; --9
when ot hers => DO <= "0000000";

end case;

end process;
end DATAFLOWN
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4.4

library ieee;

use ieee.std |l ogic_1164.all;
use std.textio.all;

use wor k. DECCDER 7SEG

entity TEST_BENCH SEG7 is
end TEST BENCH SEG7 ;

architecture SI M DATA of TEST BENCH SEGY is
conponent DECODER 7SEG
port (D: in std_|logic_vector(3 downto 0);
DO out std_|logic_vector(6 downto 0));

end conponent ;

signal D :std_logic_vector (3 downto 0);

signal DO std_|ogic_vector (6 downto 0);

begi n
ML : DECODER 7SEG port map (D, DO ;
P1 : process
begi n
D <= "0000" ; wait for 1lsec;

D <= "0001" ; wait for 1lsec;
D <= "0010" ; wait for 1lsec;
D <= "0011" ; wait for 1lsec;
D <= "0100" ; wait for 1lsec;
D <= "0101" ; wait for 1lsec;
D <= "0110" ; wait for 1sec;
D <= "0111" ; wait for 1lsec;
D

<= "1000" ; wait for 1sec;
D <= "1001" ; wait for 1sec;
end process;
end S| M DATA ;
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library |EEE;
use |EEE .STD LOCd C 1164. all;
use |EEE .STD LA C ARITH all;

use ieee.std_|logic_unsigned.all;

entity Prescaler r2 is

port (
CLK, RESET : in std logic ;
I NS . in std_logic_vector (3 downto 0) ;
CLKQUT , LED : out std_logic ;
or . out std_logic_vector (3 downto 0)
)

end Prescaler r2 ;

architecture behavioral of Prescaler r2 is

conponent COUNT10

port (
CLK, RESET : in std_logic ;
CYIN . in std_logic ;
Q . out std_|ogic_vector (3 downto 0) ;
Ccvyaut . out std_logic
)

end conponent ;

signal TQL6 . std_logic_vector (3 downto 0) ;
si gnal CY16 . std_logic ;

si gnal TQLOOK . std_logic_vector (3 downto 0) ;
si gnal CY100K . std_logic ;

si gnal TQLOK . std_logic_vector (3 downto 0) ;
si gnal CY10K . std_logic ;

signal TQLK . std_logic_vector (3 downto 0) ;
si gnal CY1K . std_logic ;
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si gnal TQLOO . std_logic_vector (3 downto 0) ;
si gnal CY100 : std_logic ;

si gnal TCLK : std_logic ;

signal TTQLO . std_logic_vector (3 downto 0) ;
si gnal TCY10 : std_logic ;

signal TTQL . std_logic_vector (3 downto 0) ;
signal TCYl : std_logic ;

begi n

process (RESET, CLK) begin
if (RESET = "'1') then
TQL6 <= "0000";
elsif (CLK event and CLK="1')then
if (TQL6="1111") then

TQL6 <= "0000" ;
el se
TQL6 <= TQ6 + "1' ;
end if ;
end if;

end process ;

process (TQL6) begin
if (TQL6="1111") then
Cyle <= '1"' ;
el se
CY1l6 <= '0';
end if ;

end process;

COUNT10 port map (CLK, RESET, CY16, TQLO0K, CY100K) ;
COUNT10 port map (CLK, RESET, CY100K, TQLOK, CY10K) ;
COUNT10 port map (CLK, RESET, CY10K, TQLK, CY1K) ;
COUNT10 port map (CLK, RESET, CY1K, TQLOO, CY100) ;

o 5 &S
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process (INS, TQLOO(3), TQLK(3), TQLOK(3), RESET) begin
case INS is

when "0000" => TOLK <= TQLOO(3) ;
when "0001" => TOLK <= TQLK(3) ;
when "0010" => TOLK <= TQLOK(3) ;

Il
\

when ot hers TCLK <= RESET ;
end case ;
end process;
CLKAQUT <= TCLK ;
H6 . COUNT10 port map (TCLK, RESET, '1', TTQLO, TCY10) ;
H7 . COUNT10 port map (TCLK, RESET, TCY10, TT1QL, TCY1) ;
LED <= TTQL(3) ;
Or <= INS;

end behavioral ;
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library ieee;

use ieee.std |l ogic_1164.all;
use std.textio.all

use wor k. PRESCALER RZ;

entity TESTBNCH i s
end TESTBNCH

architecture stimulus of TESTBNCH i s
conponent PRESCALER R2 is
port (
CLK: in std_|logic;
RESET: in std_|l ogic;
INS: in std_| ogic_vector(3 dowto 0);
CLKQUT: out std_logic
LED: out std_|l ogic;
Or. out std_logic_vector(3 downto 0)

)

end conponent ;

signal CLK std_logic;

signal RESET: std_l ogic;

signal INS: std_logic_vector(3 downto 0);
signal CLKQUT: std_l ogic;

signal LED std_logic;

signal OT. std_|logic_vector(3 downto 0);
si gnal done: bool ean : = fal se;

signal dock_cycle : natural :=0
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begi n
DUT: PRESCALER R2 port map (

CLK,

RESET,

I NS,

CLKQUT,

LED,

or

)

CLOCK1: process

begi n
O ock_cycle <= dock_cycle + 1
CLK <= '1" ;wait for O0.5sec;
CLK <='0" ;wait for O0.5sec;
end process CLOCK1;

STI MULUSL: process

begi n
RESET <= '1'; -- Reset the system
wait for lsec; -- Wit one clock cycle
RESET <= '0';
wai t; -- Suspend sinul ation

end process STI MLUSL;

STI MULUS2: process
begi n

INS <= "0000"; wai t
end process;

end stimul us;
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library ieee;
use ieee.std |l ogic_1164.all;
use ieee.std logic_arith.all;

use ieee.std_| ogi c_unsigned. al |

entity dock is

port (
RESET, CLK : in std_l ogic;
I NS : in std_logic_vector(3 dowmnto 0);
MCLK :in std_l ogic;

HH ,H.LO : out std_|ogic_vector(6 dowto 0);
MH ,M.O . out std_|ogic_vector(6 dowto 0);
SH ,SLO : out std_|ogic_vector(6 dowto 0);
HDP, MDP : out std_logic

);

end d ock;

architecture behavioral of dock is

conponent COUNT10

port (
CLK, RESET : in std_logic;
CYIN . in std_logic;
Q . out std_|ogic_vector(3 dowto 0);
cvyaut . out std_logic
);

end conponent ;

conponent DECCDER_7SEG
port (D: in std_|logic_vector(3 downto 0);
DO out std_logic_vector(6 downto 0)
);

end conponent ;
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conponent DPQ NT
port (
DPIN: in std_logic;
DPQUT : out std_logic
);

end conponent ;

signal TQLO : std_l ogic_vector (3 downto 0);
signal CY10 : std_l ogic;

signal TQL : std_l ogic_vector (3 downto 0);
signal CYl : std_logic;

signal QHH QHL, QWH, QWL, @BH, Q5L : std_l ogi c_vector (3 downto 0);
si gnal CYHL, CYMH, CYM., CYSH, CYSL : std_Il ogi c;
signal TCLK : std_logic ;

signal TCYSH : std_logic ;

signal TCYMH : std_logic ;

signal CLK1S : std_logic ;

signal MANCLK : std_|ogic ;

signal SFR : std_logic_vector (2 downto 0);

begi n
HL: COUNT10 port nap(CLK, RESET

,'1'", TQLO, CY10) ;
H2: COUNT10 port map(CLK, RESET

, CY10, TQL, CY1);
CLK1S <= TQL(3);
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process (MCLK, CLK) begi n

if (MCLK="1") then
SFR <= "000";

elsif (CLK event and CLK = '1') then
SFR(0) <= not MCLK;
SFR(1) <= SFR(0);
SFR(2) <= SFR(1);

end if;

end process;

MANCLK <= SFR(2);

process( | NS, CLKLS, MANCLK) begi n
if (INS(3)="0")then
TCLK <= CLK1S;
el se
TCLK <= MANCLK:
end if;

end process;

process (TCLK, RESET,INS) begin
if (RESET = '1') then
QL <= "0000";
elsif (INS(3) ="'0" or INS ="1001")then
if (TCLK event and TCLK='1')then
if (QSL = "1001") then
QBL <="0000";
el se
&BL <= &BL + "1,
end if;
end if;
end if;

end process;
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process(@6L, | NS) begi n
if (INS(3)='0") then
if (Q@L = "1001")then

CysL <= '1';
el se

CYsSL <= '0';
end if;

elsif (INS(2) ="'0 and INS(1) ='0" and INS(0) = "1")then
if (QBL = "1001")then

CysSL <= '1';
el se
CYsSL <= '0';
end if;
el se
CYysSL <= '0';
end if;

end process;

process (RESET, TCLK, CYSL) begin
if (RESET = '1') then
QSH <= "0000";
elsif (TCLK event and TCLK='1'" and CYSL ='1')then
if (QH = "0101") then

BH <="0000";
el se
BH<= EH + "1';
end if;

end if;

end process;
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process(@H, CYSL, I NS) begi n
if (INS(3)="0") then
if (@BH="0101" and CYSL = '1')then

CYSH <= '1";
el se

CYSH <= "'0';
end if;

elsif (INS(2) ="'0 and INS(1) ="'0" and INS(0)

CYSH <= '0';
end if;

end process;

process (RESET, TCLK, CYSH, I NS) begin
if (INS(3) ='0") then
TCYSH <= CYSH,
elsif (INS(2) ="'0") then

TCYSH <= '1';
el se
TCYSH <= '0';
end if;
if (RESET ='1' ) then
QWL <= "0000";
elsif (INS(3)="0" or (INS(3)="1" and INS(2)= 0
and INS(1) =1"))then
if (TCLK event and TCLK="1" and TCYSH ='1')then

i f(QW = "1001")t hen

QWL <= "0000";
el se
ML <= QWL + '1°;
end if;
end if;

end if;

end process;

"1')then
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process (QW, TCYSH) begin
if(QW = "1001" and TCYSH = '1') then

CYM. <= '1';
el se

CYM. <= '0";
end if;

end process;

process(RESET, TCLK, CYM.) begi n
i f(RESET = "1')then
QW <= "0000";
elsif (TCLK event and TCLK='1'" and CYM.='1')then
i f(QW = "0101")then

QW <= "0000";
el se
QH <= QH + ' 1';
end if;
end if;

end process;

process(QvH, CYM,, | NS) begi n
if (INS(3)='0")then
i f(QWHE"0101"and CYM.=' 1')t hen

CYMH <= "1";
el se
CYMH <= "'0'";
end if;
el se
CYMH <= '0';
end if;

end process;
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process (RESET, TCLK, CYMH, QHH, I NS) begin
if (INS(3)='0") then
TCYMH <= CYMH,
elsif (INS(2)="1") then

TCYMH <= ' 1';
el se

TCYMH <= '0';
end if;

if (RESET = '1') then
QHL <= "0000";
el si f (TCLK event and TCLK='1'" and TCYMH'1')then
if (QHL="1001" or (@H="0010" and QL="0011"))then

QHL <= "0000";
el se

H <= QL + "1
end if;

end if;

end process;

process (QHL, TCYMH, QHH) begin
if((QL = "1001" or (QHL = "0011" and CHH="0010"))
and TCYMH = '1') then

CYHL <='1';
el se

CYyHL <='0';
end if;

end process;

58




.7

process (RESET, TCLK, CYHL) begin

if (RESET = '1') then

@HH <= "0000";
el sif (TCLK event and TCLK ='1'" and CYHL='"1") then
if (QHH="0010") then

QHH <="0000";

el se

QHH <= QHH + " 17

end if;
end if;

end process;

uo :
ul :

SEEE6ES

V1 :

DECODER _7SEG
DECODER _7SEG
DECODER _7SEG
DECODER _7SEG
DECODER _7SEG
DECODER _7SEG

port
port
port
port
port
port

map
map
map
map
map
map

(QHH, HHI) ;
(QHL, HLO);
(QVH, MHI ) ;
(QVL, M.O);
(QSH, SHI) ;
(Q8L, SLO);

DPO NT port map ('0', HDP);
DPO NT port map (' 0", MDP);

end behavi oral ;
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library ieee;

use ieee.std |logic_1164.all;
use std.textio.all;

use wor k. CLOCK;

entity TESTBNCH i s
end TESTBNCH,;

architecture stimulus of TESTBNCH i s
conponent CLOCK is

port (

)

RESET, CLK: in std_| ogic;

INS: in std _|ogic_vector(3 downto 0);
MCLK: in std_ul ogic;

HHI , HLO: out std | ogic_vector(6 downto 0);
MHI , MLO: out std _|ogic _vector(6 downto 0);
SHI, SLO out std | ogic_vector(6 downto 0);
HDP, MDP: out std_| ogic

end conponent;

si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal

RESET, CLK: std_| ogi c;

INS: std | ogic _vector(3 downto 0);
MCLK: std_ul ogic;

HHI , HLO: std | ogic_vector(6 downto 0);
WMHI , MLO: std | ogic _vector(6 downto 0);
SHI, SLO std | ogic_vector(6 downto 0);
HDP, MDP: std_I| ogi c;

done: bool ean : = fal se;

Cl ock_cycle : natural := 0;
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signal MH , MO std _|ogic_vector(6 downto 0);
signal SHI,SLO std _|ogic_vector(6 downto 0);
si gnal HDP, MDP: std_| ogic;

signal done: bool ean := false;

signal Clock _cycle : natural := 0;

begin
DUT: CLOCK port map (

RESET, CLK,
I NS,
MCLK,
HHI , HLO,
VHI , MLO,
SHI , SLO
HDP, MVDP

)

CLOCK1: process

begin
Cl ock_cycle <= Clock_cycle +1;
CLK <= '"1" ; wait for 0.O05sec;
CLK <= '0" ; wait for 0.O05sec;

end process CLOCKL;

STI MULUSL: process

begin
RESET <= "1'; -- Reset the system
wait for 0.1sec; -- Wait one clock cycle
RESET <= '0';
MCLK <= "'0';
wai t; -- Suspend sinul ation

end process STI MJLUSI;
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STI MULUS2: process
begin
INS(3) <= '0';wait;

end process STI MJLUSZ;
end sti nmul us;
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