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LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY DRIVER IS
PORT ( X: IN STD LOGIC;

F: OUT STD LOGIC );
END DRIVER;

ARCHITECTURE BEHVZ2 OF DRIVER IS

BEGIN
F <= X;
END BEHVZ2;



ENTITY DRIVER IS
PORT ( X: IN STD LOGIC;

F: OUT STD LOGIC );
END DRIVER;

ARCHITECTURE BEHV1 OF DRIVER IS

BEGIN
PROCESS (X)
BEGIN
—-— COMPARE TO TRUTH TABLE
IF (X='1"') THEN
B A
ELSE
BE<= '0';
END IF;
END PROCESS;
END BEHV1;

F <=X;
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY AND_ENT IS
PORT( X: IN STD_LOGIC;

Y: IN STD LOGIC;

F: OUT STD_LOGIC )
END AND_ENT;
ARCHITECTURE BEHAV2? OF AND_ENT IS
REGIN

FF <= X AND Y;

END BEHAV2;
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ENTITY AND ENT IS
RORT ( X: IN STD LOGIC;

Y: IN STD LOGIC;

F: OUT STD LOGIC );
END AND ENT;

ARCHITECTURE BEHAV1 OF AND ENT IS
BEGIN

PROCESS (X, Y)

BEGIN

—— COMPARE TO TRUTH TABLE
IF ((X='1"'") AND (Y='1l")) THEN

F<='1";
ELSE

F<: IOI;
END IF;

END PROCESS;
END BEHAVI1;;

EXAMPLE(5-3): AND GATE
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LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY NOR ENT IS
PORT( X: IN STD LOGIC;
Y: IN STD LOGIC;
F: OUT STD LOGIC);
END NOR ENT;

ARCHITECTURE BEHVZ OF NOR ENT IS

BEGIN
s NOR Y,
END BEHVZ2;

ey
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ENTITY NOR ENT IS

LPORT ( X: IN STD LOGIC;
Y: IN STD LOGIC;
F: OUT STD LOGIC) ;

END NOR ENT;

ARCHITECTURE BEHV1 OF NOR ENT IS
BEGIN
PROCESS (X, Y)

BEGIN
—— COMPARE TO TRUTH TABLE

IF (X='0'" AND Y='0') THEN
F<="'1";
ELSE
F <= '0";
END TF;
END PROCESS;
END BEHV1;

EXAMPLE(5-6): NOR GATE

F <=Xxnory;
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S°9)9
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY XOR_ENT IS
PORT( X: IN STD_LOGIC;
Y: IN STD LOGIC;
F: OUT STD_LOGIC);
END XOR_ENT;
ARCHITECTURE BEHV? OF XOR_ENT IS
REGIN
FF <= X XOR Y;
END BEHVZ2;
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LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY XNOR ENT IS
PORT ( X: IN STD LOGIC;

Y: IN STD LOGIC;

F: OUT STD LOGIC);
END XNOR ENT;
ARCHITECTURE BEHV2 OF XNOR ENT IS
BEGIN

F <= X XNOR Y;

END BEHV2;



ENTITY XNOR ENT IS
PORT ( X: IN STD LOGIC;
Y: IN STD LOGIC;

F: OUT STD LOGIC);
END XNOR ENT;

ARCHITECTURE BEHV1 OF XNOR ENT IS
BEGIN

PROCESS (X, Y)
BEGIN

—— COMPARE TO TRUTH TABLE
IF (X/=Y) THEN

FE <= '0';
ELSE
B '1';
END 1IF';
END PROCESS;
END BEHV1;

F <= Xx Xxnory;
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LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY TRISTATE DR IS
PORT( D IN: IN STD LOGIC VECTOR (7 DOWNTO 0) ;
EN : IN STD LOGIC;
D OUT: OUT STD LOGIC VECTOR (7 DOWNTO 0) );
END TRISTATE DR;
ARCHITECTURE BEHAVIOR OF TRISTATE DR IS
BEGIN
D OUT <= D _IN WHEN EN='1l' ELSE "ZZZZZZZZ";
END BEHAVIOR;
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TENTITY MUX IS

PORT ( I3: IN STD LOGIC VECTOR (2 DOWNTO O) ;
~I2: 1IN STD LOGIC VECTOR(2 DOWNTO O0);
Tl: IN STD LOGIC VECTOR (2 DOWNTO O0) ;
I0: 1IN STD LOGIC VECTOR (2 DOWNTO O0) ;
St IN STD LOGIC VECTOR(1 DOWNTO O0);
0)

O: OUT STD LOGIC VECTOR (2 DOWNTO ) ;
END MUX; _ -
ARCHITECTURE BEHV1 OF MUX IS
BEGIN
PROCESS (I3,1I2,1I1,1I0,5S)
BEGIN
—— USE CASE STATEMENT
CASE S IS
WHEN "Q00" => O <= I0;
WHEN "O01" => O <= I1;
WHEN "10" => O <= 12;
WHEN "11" => O <= I3;
WHEN OTHERS => O <= "zzz";
END CASE;
END PROCESS;
END BEHVI1;
-\ 4 et
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ENTITY MUX IS
PORT ( I3: IN STD LOGIC VECTOR (2 DOWNTO O)

—I2: IN STD LOGIC VECTOR(Z DOWNTO O0) ;
Il: 1IN STD_LOGIC_VECTOR(Z DOWNTO O0) ;
ITO: IN STD LOGIC VECTOR (2 DOWNTO Q) ;

S: IN STD LOGIC VECTOR (1 DOWNTO 0) ;
oF OUT STD LOGIC VECTOR (2 DOWNTO 0)) ;
END MUX;

ARCHITECTURE BEHVZ2 OF MUX IS

BEGIN
—— USE WHEN.. ELSE STATEMENT

0 <= I0 WHEN S="00" ELSE
I1 WHEN S="01" ELSE
I2 WHEN S="10" ELSE
I3 WHEN S="11" ELSE
Rz,
END BEHV2;
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-— EXAMPLE (5-14) : N-BIT COMPARATOR

p—

-— TWO N-BIT INPUTS & THREE 1-BIT OUTPUTS

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY COMPARATOR IS
GENERIC (N: NATURAL :=2);
PORT ( A:IN STD LOGIC VECTOR (N-1 DOWNTO O0) ;
B:IN STD LOGIC VECTOR (N-1 DOWNTO O0) ;
LESS:0UT STD LOGIC;
EQUAL:0QUT STD LOGIC; —
GREATER:OUT STD LOGIC) ;
END COMPARATOR;
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‘__/__ _______________________________________________
ARCHITECTURE BEHV OF COMPARATOR IS
BEGIN
PROCESS (A, B)
BEGIN

IF (A<B) THEN
LESS <= '1";
EQUAL <= '0"';
GREATER <= '0"';
ELSTIF (A=B) THEN
BESe<— '0'
FEQUAL <= "1
GREATER <=
ELSE
BESIS<— 'O
EQUAL <= '
GREATER <=
END IF;
END PROCESS;
END BEHV;

- - N

’
0';
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ENTITY D LATCH IS

PORT ( DATA IN: IN STD LOGIC;
ENABLE: IN STD LOGIC;
DATA OUT: OUT STD LOGIC );

END D LATCH;
ARCHITECTURE BEHV OF D LATCH IS
BEGIN B
—-—COMPARE THIS TO D FLIPFLOP
PROCESS (DATA IN, ENABLE)
BEGIN -
IF (ENABLE='1'"') THEN
——NO CLOCK SIGNAL HERE
DATA OUT <= DATA IN;
END IF; a
END PROCESS;
END BEHV;



ENTITY DFF IS

PORT ( DATA IN: IN STD LOGIC;
CLOCK: IN STD LOGIC;
DATA OUT: OUT STD LOGIC);
END DFF; B
ARCHITECTURE BEHV OF DFE IS
BEGIN
PROCESS (DATA IN, CLOCK)
BEGIN B

—— CLOCK RISING EDGE
ITF (CLOCK='1l'"' AND CLOCK'EVENT) THEN
DATA OUT <= DATA IN;
END IF; -
END PROCESS;
END BEHV;



ik (Y- JLw
Sasl olo

ENTITY SHIFT REG IS

PORT ( 1I: — IN STD LOGIC;
CLOCK: IN STD LOGIC;
SHIFT: IN STD LOGIC;

Q: OUT STD LOGIC ) ;
END SHIFT REG;

ARCHITECTURE BEHV OF SHIFT REG IS
—— INITIALIZE THE DECLARED SIGNAL

5 SIGNAL S: STD LOGIC VECTOR (2 DOWNTO 0):="111";
BEGIN N D

By C1L.OCK, SHIFT, S)

BEGIN

—— EVERYTHING HAPPENS UPON THE CLOCK CHANGING
IF CLOCK'EVENT AND CLOCK='1l' THEN

IF SHIFT = 'l' THEN
S <=1 & S(2 DOWNTO 1):;
END IF;
END IF;

END PROCESS;
—— CONCURRENT ASSIGNMENT
Q <= S(0);

END BEHV;



ENTITY/ CO
(N: NATURAL :=2);

GENERZC
~ POR

BND COUNTER;

'

CLOCK: IN STD LOGIC;

CLEAR: IN STD LOGIC; .
COUNT: IN STD LOGIC; N OJJ)
0: OUT STD LOGIC VECTOR (N-1 DOWNTO 0)) ;

ARCHITECTURE BEHV OF COUNTER IS
SIGNAL PRE Q: STD LOGIC VECTOR (N—-1 DOWNTO O0) ;

BEGIN

—— BEHAVIOR DESCRIBE THE COUNTER
PROCESS (CLOCK, COUNT, CLEAR)

BEGIN

END IF;

ITF CLEAR = '1l' THEN

ELSTEF

PRE QO <= PRE Q - PRE Q;
(CLOCK='1'"'" AND CLOCK'EVENT) THEN
IF COUNT = 'l' THEN

PRE Q <= PRE Q + 1;
END IF; - -

END PROCESS;
CONCURRENT ASSIGNMENT STATEMENT
Q <= PRE Q;

END BEHV;

L 44
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ENTITY /MOO S——— MOORE MACHINE

e T g clla (e (2345 JYa

ARCHITECTURE BEHAVIOR OF MOORE IS
\ TYPE STATE TYPE IS (SO, S1, S2, S3);
SIGNAL CURRENT STATE, NEXT STATE: STATE TYPE;

BEGIN N N o
—-— PROCESS TO HOLD COMBINATIONAL LOGIC
COMBIN: PROCESS (CURRENT STATE, X)
BEGIN _

CASE CURRENT STATE IS

WHEN SO =>

Z <= '0"'; \0
IF X = '0' THEN
NEXT STATE <= SO0; %
ELSE N
NEXT STATE <= S2; 0 1
END IF;
WHEN S1 => 1
] ! - S1
IF X = '0' THEN 1
NEXT STATE <= SO0;
ELSE iy 0
NEXT STATE <= S2; 1 1 ¢
END IF;
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: 7 <= 0

IF X = '0' THEN .
NEXT STATE <3 S‘Z','!!h . "1 3
), ELSE - QE}Q w S1
NEXT ST <= S3; ad 1
END IF;™
WHEN S3 =>
7 <= Qg

IF X ='0"'" THEN
NEXT STATE <= S3;
ELSE h
NEXT STATE <= S1;
END IF;
END CASE;
END PROCESS COMBIN;

—— PROCESS TO HOLD SYNCHRONOUS ELEMENTS (FLIP-FLOPS)
SYNCH: PROCESS
BEGIN
WAIT UNTIL CLOCK'EVENT AND CLOCK = '1';
CURRENT STATE <= NEXT STATE;
END PROCESS SYNCH; .
END BEHAVIOR;




L

~/

(30 cmiilo) o (JNgi 3l )BT (YO0 JLio
y9o 9 5l Sl ile SO (6,8, oy ®
el M11101011017 iy (s 41, Lpmaseds 500
5,05 3Ls 0,50 <l N+T joo g, 4 oo N s 5l 2T o @



ENTITY SEQDETECTORA/IS

EEEE;// (CLK, RESET :IN STD LOGIC;

~ INPUT :IN STD LOGIC;
OUTPUT :0UT STD LOGIC );

END SEQDETECTOR ; o

2
ARCHITECTURE STAT OF SEQDETECTOR IS %
S5

TYPE STATE TYPE IS (SO, S1, S2, S3, S4, ,
SIGNAL STATE, NEXT STATE : STATE TYPE;
BEGIN

24
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STATE REGISTER: PROCESS (CLK, RESET)
BEGIN
IF RESET = '0' THEN
STATE <= S0;
OUTPUT<='0";

ELSIF CLK'EVENT AND CLK = '1' THEN
STATE <= NEXT STATE;
END IF; g

END PROCESS STATE REGISTER;

Lo Ll
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A0GIC : PROCESS ( STATE )

IN

CASE STATE IS

p—

WHEN SO =>
OUTPUT<='0";
IF (INPUT='1")
NEXT STATE <=S
ELSTF (INPUT='
NEXT STATE <=S
END TF;

WHEN S1 =>
OUTPUT<='0";
IF (INPUT='1"
NEXT STATE <=
ELSIF (INPUT=
NEXT STATE <=
END TF';

WHEN S2 =>
OUTPUT<='0";
IF (INPUT='1') THEN
NEXT STATE <=S3;
ELSIF (INPUT='0O') THEN
NEXT STATE <=SO0;
END TF;

THEN
) THEN

-

105
0
0;
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--DETECT "11"

--DETECT "111"



WHEN S3 =

-5 Jla
" OUTPUT<='0"; __DETECT e ,.(2,5 5 d A7,
IF (INPUT='0') THEN i UJ‘JA JLH{)&HA‘J

NEXT STATE <=S4;

e ELSIF (INPUT='1l') THEN
NEXT STATE <=S2;
END TF;
WHEN S4 => —-DETECT "11101"™

OUTPUT<='0";
IF (INPUT='1'"') THEN
NEXT STATE <=S5;
ELSIF (INPUT='0') THEN
NEXT STATE <=SO0;
END TF;

WHEN S5 => —-DETECT "111010"
OUTPUT<='0";
IF (INPUT='0') THEN
NEXT STATE <=S6;
ELSIF (INPUT='1l') THEN
NEXT STATE <=S2;
END TF;
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<WHEN S6 => --DETECT "1110101"
— OUTPUT<='0"; -,
IF (INPUT='1') THEN »
NEXT STATE <=S7; (25-5 Li.A
- ELSIF (INPUT='0') THEN

IEE}STTg?ATE <=S0; s "éj‘ ” JLU"J1S :.‘
—-DETE®™ #1011

WHEN S7 =>
OUTPUT<='0";
IF (INPUT='1'"') THEN
NEXT STATE <=S8;
ELSIF (INPUT='Q') THEN
NEXT STATE <=S0;
END TF;

WHEN S8 => --DETECT "111010110"
OUTPUT<='0";
IF (INPUT='0') THEN
NEXT STATE <=S9;
ELSIF (INPUT='1l') THEN
NEXT STATE <=S2;
END TIF;
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WHEN S9 => ——DETECT "1110101101"
OUTPUT<='0";
IF (INPUT='1"') THEN
NEXT STATE <=S10;
ELSIF (INPUT='1l') THEN
NEXT STATE <=S0;
END IF;
WHEN S10 => —— OUTPUT ASSERTED

OUTPUT<="1";
NEXT STATE<=S0;

END CASE;
END PROCESS STATE LOGIC;
END STAT;
=
L
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P RT()Z{ SILJOCEIT)IN BIT; s :~1 (26 5 d‘z.
END MEALY;™ LS'L"“ A

TTECTURE BEHAVIOR OF MEALY IS -
TYPE STATE TYPE IS 31, S3 N’
NSIGNAL CURRENT _ STATE NEXT STATE

mv
H~e
o
—
Iff_l
l—]
=
4]
Iff_l

—

—— PROCESS TO HOLD COMBINATIONAL LOGIC.
%%gBIN: PROCESS (CURRENT STATE, X)
CASE CURRENT STATE IS
WHEN SO

e X = '0! THEN
Z <= 10"
NEXT STATE <= SO;
ELSE
Z <= "'1"';
NEXT STATE <= S2;
END IF;—
WHEN S1 =>
IF X = 'Q' THEN
Z<= lOl;
NEXT STATE <= SO0;
LSE
Z<_ lO'.
NEXT STATE <= S2;
END IF;™—
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HEN S2
- IF

>
'0' THEN
<= "17':
NEXT STATE <= S2;
ELSE N

<= ;
EXT STATE <= S3;

'0' THEN
— Q'

NEXT STATE <= S3;
ELSE -
Z <= '1"';
NEXT STATE <= S1;
BLBELE > —
END CASE;
END PROCESS COMBIN;
—— PROCESS TO HOLD SYNCHRONOUS ELEMENTS (FLIP-FLOPS)
SYNCH: PROCESS
BEGIN
WAIT UNTIL CLOCK'EVENT AND CLOCK = '1';
CURRENT STATE <= NEXT STATE;
END PROCESS SYNCH; iy
END BEHAVIOR;
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ior Design of GCD
. calc T
Gl (Combinatigiiior
)

__ Examplé
-- GCD algorit

-—————‘-_——-————_—_‘—’

4.all;

library 1eee:s
th.all;

use ieee.std_logic_116
use ieee.std_logic_ari

use work.all;
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Simple Microprocessor Design

library ieee;
use jieee.std logic_1164.all;

use ieee.std logic_arith.all;

(obuf.vhd)

Outpnt buffer ‘of Dota Path JELUME-HMESia o0 Sial Tess

use work.constant lib.all;

entity obuf is
in std logic;
in std logic_vector (15 downto 0) ;

por i Olent:
ol Sns:
obuf out:
) 7

end obuf;

cut std logic wector (1l downto Q)

architecture behv of obuf is

begin
process (Q ern, obuf in)
begin
if © en = "1°' then
obuf oult == obuf in;
else
obuf out <= HIRES;
end if;
end process;
end behv;
9 = S
») 9
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