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* Entity MULT is

port (A,B: in std

logic(15 down to 0)
Y:out std_logic (31 down to 0)

end MULT:;
architecture Behav of MULT Is

begin

Y <=

A* B

End Behav
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Tesibench wrilten in VHDL
Elﬂnsponsonnnlyais display
......... 1 i =V AT
VHDL T 9
855 Circuit Under Test i i
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L. e
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VHDL - @
{ Hardware =
....Deseription | VHDL E-
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Target Library F—= : E
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Tesibench written in VHDL

Meilist of gates and flip-ops
in VHDL

Timing ﬁlés (SDF) and other hardware details

VHDL
Simulator

Timing files (SDF) and other hardware deails

Figure 2.2 Post-synthesis Simulation in VHDL
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(Application Specific Integrated Circuit) ASIC o
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PAL-like block (details not shown)

e -
-ty —_—
S| PaLdike PAL-ike  [~. |2
o block block . §'
—_ * o

- -

[ I
Interconnection wires

- e
< - . =
2 PAL-like PAL-like =
g block block 'E*

- -

Structure of a complex programmable logic device (CPLD)
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Full-adder L

Full-adder jlw « b4, VHDL &

ENTITY full adder IS
PORT (a, b, cin: IN BIT;
a—p B, Cout: DUT BITl:
S END full adder;
Full ST mmTTTTTm IR T
b — ARCHITECTURE dataflow OF full adder IS
Adder BEGIN
—= COLL s <= a XOR b XOR cin;
cin —p cocut <= (a AND b) OR (a AND cin) OR
(b AND cin);
END dataflow:
bJ.II_InE 1 LILI.ILIns 1 ":.L.ILI ns ELILI.ILI ns E:ILI.ILI ns ';I_ILI.ILIns ':bLI.IJns IILILI.IJr‘
= 0 T ¥ | | ]
m5— b 1 | |
EE=C ] |
s o T ] i
=L@ Cout | I—l—l |_
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PACKAGR S sl gAS () as seze aluls ©
FUNCTIONS L5 (oo 0olital )b 53 Y gens
PROCEDURES s b A.sbu\;'f = ol o.)‘.) )‘J.‘; Lg\.éu\f ®
COMPONENTS Oads 5,5 eslatnl Calides gla z b 0l
CONSTANTS B 35 3y e 5 3l 4 Sl ST

TYPLS

ALlS oy 5 o e ©
* LIBRARY library_name ;
o USE library_name.package name.package parts ;
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e
* jeee.std _logic 1164(from the ieee library)
o standard (from the std library) , and
» work (work library)
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Value Meaning
‘U’ Uninitialized
X' Forcing (Strong driven) Unknown
‘O’ | Forcing (Strong driven) O
‘1’ | Forcing (Strong driven) 1
‘2’ | High Impedance
‘W’ Weak (Weakly driven) Unknown
1 Weak (Weakly driven) 0.
Models a pull down.
m Weak (Weakly driven) 1.

Models a pull up.

Don't Care
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* ENTITY entity_name IS

PORT (
port_ name :
port_ name :

signal_mode signal_type
signal_mode signal_type

e END entity name ;

IN —¥

Circuit
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- ARCHITECTURE
0 T Ly 5 0325 3 3,13 g 3t 5| i 5 ARCHITECTURE

. el 55 D g
* ARCHITECTURE architecture_name OF entity name IS
[declarations]
BEGIN

(code)
END architecture_name ;

i3 ))s Cond 53 ARCHITECTURE

358 o b la il b I I e s declarations cu.s .1

el 53 sl ool slaaS” S END 6 BEGIN s 11 Lol 8™ s .2
ey
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* QOperators
* The WHEN statement (WHEN/ELSE or

WITH/SELECT/WHEN)
e The GENERATE statement

e The BLOCK statement
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Operator type

Operators

Data types

Logical

Anthmetic

Comparison
Shift

Concatenation

NOT, AND, NAND,
OR, NOR, XOR, XNOR

+ - *1 }1 L

(mod, rem, abs)

= =D e
sll, stl, sla, sra, rol, ror

&1(”1)

BIT, BIT_VECTOR,
STD_LOGIC, STD_LOGIC_VECTOR,
STD_ULOGIC, STD_ULOGIC_VECTOR

INTEGER, SIGNED, UNSIGNED

All above
BIT VECTOR

Same as for logical operators, plus SIGNED and
UNSIGNED
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LIBRARY ieee;

USE ieee.std logic_1164.all;

ENTITY mux IS
PORT (a, b, c,d,s0,sl: INSTD _LOGIC;
y : OUT STD_LOGIC);

d
END mux; ;
ARCHITECTURE pure_logic OF mux IS g | OE y
BEGIN |

y <= (aAND NOT s1 AND NOT s0) OR
(b AND NOT s1 AND s0) OR

c AND s1 AND NOT s0) OR

(d AND s1 AND s0);

END pure_logic;

sl s0O
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LIBRARY Ieee;
USE ieee.std_logic_1164.all;
ENTITY mux IS

PORT (a, b,c,d: INSTD_LOGIC;

sel: IN STD_LOGIC_VECTOR (1
DOWNTO 0):

y. OUT STD_LOGIC);
END mux;
ARCHITECTURE mux1 OF mux IS
BEGIN
y <= a WHEN sel ="00" ELSE
b WHEN sel="01" ELSE
¢ WHEN sel="10" ELSE d;
END mux1;

MUX

09



LIBRARY ieee;
USE ieee.std_logic_1164.all;
ENTITY tri_state IS
PORT (ena: IN STD_LOGIC;
input: IN STD_LOGIC_VECTOR (7 DOWNTO 0);
output: OUT STD_LOGIC_VECTOR (7 DOWNTO 0));
END tri_state;
ARCHITECTURE tri_state OF tri_state IS
BEGIN
output <= input WHEN (ena='0") ELSE
(OTHERS =>"Z"):
END tri_state;
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« Variable Assignment Statement

= PROCESS Statement (Concurrent and Sequential)
« |F Statement

« CASE Statement
« LOOP Statement

« NEXT Statement
« EXIT Statement

« WAIT Statement
= Subprograms
« Functions
= Procedures
« ASSERT Statement
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LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL,;

USE IEEE.std_logic_unsigned.ALL;

ENTITY adder8 IS PORT (
a:instd logic vector (7 DOWNTO 0);
b : in std_logic_vector (7 DOWNTO 0);
ci:instd_logic;
s . out std_logic_vector (7 DOWNTO 0);
co : out std_logic);

END ENTITY adder8;

ARCHITECTURE equation OF adder8 IS
SIGNAL mid : std_logic_vector (8 DOWNTO 0);
BEGIN

mid <= ('0'&a) + ('0'&Db) + ci;

co <= mid (8);

s<=mid (7 DOWNTO 0);
END equation;
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ENTITY alu8 IS PORT (
a, b :instd logic_vector (7 DOWNTO 0);
addsub : in std_logic;
gt, zero, co : out std_logic;
r: out std_logic_vector (7 DOWNTO 0));
END ENTITY alu8;
ARCHITECTURE assigns OF alu8 IS
SIGNAL mid : std_logic_vector (8 DOWNTO 0);
BEGIN
mid <= ('0'& a) + ('0'& b) WHEN addsub ='1' ELSE
('0'&a) - ('0'& b);
co <= mid (8);
r<=mid (7 DOWNTO 0);
gt<="1'WHEN a > b ELSE '0’;
zero <="1' WHEN mid (7 DOWNTO 0) = "00000000" ELSE '0";
END assigns;
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library IEEE;

use IEEE.STD_LOGIC 1164.ALL;
USE IEEE.std_logic_unsigned.ALL;
ENTITY adder8 IS PORT (

a . instd_logic_vector (7 DOWNTO 0);
b :instd_logic_vector (7 DOWNTO 0);
ci: instd_logic;

s . outstd _logic_vector (7 DOWNTO 0);
co : outstd logic);

END ENTITY adder8;

ARCHITECTURE equation OF adder8 IS

SIGNAL mid : std_logic_vector (8
DOWNTO 0);

BEGIN

mid <= ('0'&a) + ('0'&b) + ci;
co <= mid (8);

s <=mid (7 DOWNTO 0);
END equation;

library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
USE IEEE.std logic_unsigned.ALL,;

ENTITY alu8add IS PORT (

a, b :instd_logic_vector (7 DOWNTO 0);

ci: in std_logic;

gt, zero, co : out std_logic;

r: out std_logic_vector (7 DOWNTO 0));

END ENTITY alu8add;

ARCHITECTURE assigns OF alu8add IS
SIGNAL mid8 : std_logic_vector (7 DOWNTO 0);
SIGNAL mid1 : std_logic;

BEGIN

Al?: ENTITY WORK.adder8 PORT MAP (a, b, ci, mid8,
Co);

-- AD: ENTITY WORK.adder8 PORT MAP
--(@a=>a,b=>b, ci =>'0", s =>mid8);

r <= mids;

gt <="1'"WHEN a > b ELSE 0’

zero <="1' WHEN mid8 = "00000000" ELSE '0;
END assigns;
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ARCHITECTURE mixed_processes_assignments OF aCircuit IS

SIGNAL d: BIT,;
SIGNAL dv : BIT_VECTOR (7 DOWNTO 0);
BEGIN

pl: PROCESS (a, b)
VARIABLE e : BIT;
VARIABLE ev : BIT_VECTOR (7 DOWNTO 0);
BEGIN
IF (a=b) THEN ev := av; ELSE ev := bv;
IF (a=‘1") THEN wv <= av; ELSE wv <= “1000111";
d<=eg;
END PROCESS;
dv <= av XOR bv;
w <=dAND a;
END ARCHITECTURE mixed_processes_assignments;

al&j ey
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ARCHITECTURE indexing_slicing OF aCircuit IS
SIGNAL d : BIT,;

SIGNAL dv : BIT_VECTOR (7 DOWNTO 0);
BEGIN

wv (3 DOWNTO 0) <= av (7 DOWNTO 4) AND cv (7
DOWNTO 4):

w <= cv (4);
cv (7) <= av (0);
END ARCHITECTURE indexing_slicing;
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LIBRARY IEEE;
USE IEEE.std _logic 1164.ALL,;

ENTIRY selector IS
PORT (av, bv: IN std_logic_vector (7 DOWNTO 0),
as, bs: IN std_logic;
yv: OUT std_logic_vector (7 DOWNTO 0));
END ENTITY selector;
ARCHITECTURE multiple_drivers OF selector IS
BEGIN
yv <=avWHEN as = ‘1’ ELSE “ZZZ2Z272777",
yv <=bvWHEN bs = ‘1’ ELSE “Z2Z22727777";

END ARCHITECTURE multiple_drivers;

66



Sl UL el St
*b<=aAFTER 20 ns;  alby o= =0
335 )5 4 Ss 2S Silakad js adly LU (g 5le gl LAl b @
Db oo 4 8 L 53 lay oY gerw adS” j3 adyl 55 e Olsie 4 bl @
o S b s O 56 5l S S sl b sle Gl 56 ol 55 ©
g
°* b <=TRANSPORT aAFTER 20 ns; J&l ,=b
G 550 oS 4 by e 3G 5l gl bl a Gl s 0
Sehe e

67



.

*~.

*.:

= =0 ke
Culbes ol cl s s 8 Ul RS 5 10NS g 0 @

Delay = 20 n=s

68



iz s 5 4 dews C8 4 by e b i 08 e sy WL ®

T e Y

Delay = 20 ns

69



Generic

g oo oslizal ENEILY & Cob SledbI Jisl (gl 5 &K 55 @

Jos gla &8 4 by o b (5ldie st 4y 22 Sl SNl ol ©
5,8 15 eslinal 5 ) 4

03 1 58 4 5l S glie b O3l Hlie 4 b gy o DleDbI (gl rmmen &S 55 @
D g (oA

oslizul 550 ba JE&K s g 0315 e (sl SlaT w0 b gy o SolsDbl (gl s 55 5 @

/

.J* LSA)‘J';

70



& LS&_) )‘J.QA ——

LIBRARY IEEE;
USE IEEE.std logic 1164.ALL;
ENTITY test IS
GENERIC(rise, fall : TIME; load : INTEGER);
PORT (ina, inb, inc, ind : IN std_logic;
PORT (outl, out2 : OUT std_logic);
END test;
ARCHITECTURE test_arch OF test IS
COMPONENT AND2
GENERIC(rise, fall : TIME; load : INTEGER);
PORT (a, b: INstd logic;
PORT (c: OUT std_logic);
END COMPONENT,;
BEGIN
Ul: AND2 GENERIC MAP(10 ns, 12 ns, 3 ) PORT MAP (ina, inb, outl );
U2: AND2 GENERIC MAP(9 ns, 11 ns, 5) PORT MAP (inc, ind, out2 );

END test_arch;
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LIBRARY IEEE;

USE IEEE.std logic_1164.ALL,;

ENTITY maj3 IS
PORT (a, b, ¢ : IN std_logic;
y : OUT std_logic);

END maj3;

ARCHITECTURE gate_level OF maj3 IS

SIGNAL im1, im2, im3 : std_logic;

BEGIN
ANDa: ENTITY WORK.AND2 PORT MAP (a, b, im1);
ANDDb: ENTITY WORK.AND2 PORT MAP (b, ¢, im2);
ANDc: ENTITY WORK.AND2 PORT MAP (a, ¢, im3);
ORa: ENTITY WORK.OR3 PORT MAP (iml1, im2, im3, y);

END ARCHITECTURE gate_level;
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ENTITY mux_2tol IS
PORT (a, b, s: IN std_logic; y: OUT std_logic);
END ENTITY mux_2tol;

ARCHITECTURE gate level OF mux_2tol IS BEGIN

BUFIFla: ENTITY WORK.BUFIF1(example) PORT MAP
(b, s, y);
BUFIF1b: ENTITY WORK.BUFIFO(example) PORT MAP
(@ s, y);
END ARCHITECTURE gate level;
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~ ENTITY multiplexer8 IS
PORT (a, b : INBIT_VECTOR (7 DOWNTO 0); s : INBIT;
w : OUT BIT_VECTOR (7 DOWNTO 0) );

END ENTITY,

ARCHITECTURE iterative OF multiplexer8 IS
COMPONENT mux

PORT (a, b,s: INBIT; w: OQUT BIT);
END COMPONENT;
BEGIN
UOTO7: FORI1IN O TO 7 GENERATE
FOR ALL : mux USE ENTITY WORK.multiplexer (gates);
BEGIN
Ui: mux PORT MAP (a(i), b(i), s, w(i));
END GENERATE;
END ARCHITECTURE iterative;
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* PROCESS (sensitivity list)

[VARIABLE name type [range] [:= initial value;]]
* BEGIN

* (sequential code)
* END PROCESS [label]
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~—LIBRARY ieee:

USE ieee.std_logic_1164.all;
ENTITY dff IS
PORT (d, clk, rst: IN STD_LOGIC;
q: OUT STD_LOGICO);
END dff;
ARCHITECTURE behavior OF dff IS
BEGIN
PROCESS (clk, rst)
BEGIN
IF (rst="1") THEN
q <=0
ELSIF (clk* EVENT AND clk="1") THEN
g<=d;
END IF;
END PROCESS;
END behavior;

clk—

ISl
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* LIBRARY ieee; BEGIN

» USE
leee.std_logic_1164.all; e

* ENTITY dff IS Sl .

» PORT (d, clk, rst: IN Ol
STD_LOGIC; IF (rst="1") THEN

* ¢: OUT STD_LOGIC); == 0

» END dff; LSIF (cIkEVENT

* ARCHITECTURE dff OF ND clk="1") THEN
dff IS <= g

: END IF;

END PROCESS;
END dff;
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CASE identifier IS

HEN value => assignments ;
HEN value => assignments ;

END CASE
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CASE control IS

WHEN "00" => x<=a; y<=Db;

WHEN "01" => x<=b; y<=c;

WHEN OTHERS => x<="0000"; y<="ZZZZ"“
END CASE;
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LIBRARY Ieee;

USE ieee.std _logic_1164.all;
STD LOGIC

ENTITY dff IS

PORT (d, clk, rst: IN BIT;
q: OUT BIT);

END dff;

ARCHITECTURE dff3 OF dff

IS
BEGIN

PROCESS (clk, rst)
BEGIN
CASE rst s
WHEN '1' => g<='0";
WHEN '0' =>
IF (cCIkkEVENT AND
clk="1") THEN
q<=d
END IF;
WHEN OTHERS =>
NULL;
END CASE;
END PROCESS;
END dff3;
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ENTITY multiplexer IS
PORT (a, b, s: IN BIT; w: OUT BIT);
END ENTITY;

ARCHITECTURE procedural OF multiplexer IS BEGIN
PROCESS (a, b, s) BEGIN
IF (s='0") THEN w <= g
ELSE w <=Db;
END IF;
END PROCESS;
END ARCHITECTURE procedural;
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ENTITY alu8 IS
PORT (left_i, right_i: IN std_logic_vector (7 DOWNTO 0);
mode : IN std_logic_vector (1 DOWNTO 0);
aluout : OUT std_logic_vector (7 DOWNTO 0));

END ENTITY,

ARCHITECTURE procedural OF alu8 IS BEGIN
PROCESS (left_i, right_i, mode) BEGIN
CASE mode IS
WHEN "00" => aluout <= left_i + right_i;
WHEN "01" => aluout <= left_i - right_lI;
WHEN "10" => aluout <= left_i AND right_i;
WHEN "11" => aluout <= left_i OR right_i;
WHEN OTHERS => aluout <= "XXXXXXXX";
END CASE;
END PROCESS;

END ARCHITECTURE procedural;
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ENTITY nand2 IS ENTITY ir_lv IS
PORT (i1,i2: INBIT;y : OUT PORT (i1 : INBIT;y : OUT
BIT); BIT);
END ENTITY: END ENTITY;
ARCHITECTURE delayl OF ARCHITECTURE delayl OF inv
nand2 IS IS
BEGIN BEGIN
y <= i1 NAND i2 AFTER 5 NS; y <= NOT i1 AFTER 3 NS;

END ARCHITECTURE delayl; ~ END ARCHITECTURE delayl;
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mux2to1
[]a i1 nand2 y._asel
inv i2
1 ¥ iy nand2
ENTITY multiplexer IS . y o
PORT (a, b, s : INBIT; el —
w : OUT BIT); b s Y Fosel
END ENTITY: '

ARCHITECTURE direct OF multiplexer IS

SIGNAL sbar, asel, bsel : BIT;

BEGIN

Ul: ENTITY WORK.inv (delayl) PORT MAP (s, shar);

U2: ENTITY WORK.nand2 (delayl) PORT MAP (a, sbhar, asel);
U3: ENTITY WORK.nand2 (delayl) PORT MAP (b, s, bsel);
U4: ENTITY WORK.nand2 (delayl) PORT MAP (asel, bsel, w);
END ARCHITECTURE direct;
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ARCHITECTURE gates OF multiplexer 1S
COMPONENT nl
PORT (i1: IN BIT; y: OUT BIT);
END COMPONENT;
COMPONENT n2
PORT (i1, i2: IN BIT; y: OUT BIT);
END COMPONENT;
FORALL : n1 USE ENTITY WORK.inv (delayl);
FORALL : n2 USE ENTITY WORK.nand2 (delayl);
SIGNAL sbar, asel, bsel : BIT;
BEGIN
Ul: n1 PORT MAP (s, shar);
U2: n2 PORT MAP (a, shar, asel);
U3: n2 PORT MAP (b, s, bsel);
U4: n2 PORT MAP (asel, bsel, w);
END ARCHITECTURE gates;
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ARCHITECTURE gakteaes
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OF multiplexer IS
COMPONENT n2
PORT (il, i2: IM BIT: wv: OUT BIT): component_
i ¥ declaration )
END COMPONENT;
FOR ALL : nZ USE ENTITY WORK.nand? (delayl); conguralion_
_ - _ . B B ) i specification
EErie icjnal
SIGNAL sbar, asel, bsel : BIT; sans_
g RS i declaralion
BEGIN

n3:
n.
FORT MAP (b, s,

bsel);

END ARCHITECTURE gates:;
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instantiation_
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configuration Cu

CONFIGURATION muxconl OF mux IS

FOR netlist
FOR U1,U2 : inverter USE ENTITY WORK.myinv(versionl);
END FOR;

FOR U3,U4,U5,U6 : andgate USE ENTITY
WORK.myand(versionl);

END FOR;
FOR U7 : orgate USE ENTITY WORK.myor(versionl);
END FOR;

END FOR;

END muxconl;
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ARCHITECTURE explicit OF flipflop 1S
SIGNAL GUARD : BOOLEAN;
BEGIN

GUARD <=clk ="'1' AND NOT clk'STABLE;

qout <= GUARDED '0' WHEN reset ='1' ELSE din;
END ARCHITECTURE explicit;

u:‘s\.:dl.&...wu.a...,a;uw‘ Cos 33 ok o3l GUARDED SIS 4 S @
uJywabTRUE cGUARD JL&MJGJW)QKW‘W
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BEGIN

~ ARCHITECTURE blocking OF flipflop IS

reg: BLOCK (clk ='1' AND NOT clk'STABLE) BEGIN
gout <= GUARDED '0' WHEN reset = '1' ELSE din;

END BLOCK reg;
END ARCHITECTURE blocking;

h i

i —— block_label
BLOCK
(-(_L‘lk = 1! AND__I:]E}_T Cﬁ_t_é?AEEET_QUBTd_ ‘
expression
BEGIN
gout <= GUARDED '0O' ) . S
conditional _
WHEN reset = '1' . signal _
ELSE din; assignment
et J

END BLOCK regqg;
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ARCHITECTURE blockport OF flipflop IS
BEGIN
reg: BLOCK (clk ="1' AND NOT clk'STABLE) IS
PORT (r,d, c: IN BIT; g : OUT BIT);
PORT MAP (reset, din, clk, qout);
BEGIN

q <= GUARDED '0' WHEN r ='1' ELSE d;
END BLOCK reg;
END ARCHITECTURE blockport;

98



7 45 DloCK s a5

ENTITY latchflop IS
PORT (din, clk : IN BIT; gl, gf : OUT BIT);
END ENTITY;

ARCHITECTURE nested OF latchflop IS
BEGIN

lat: BLOCK (clk ='1") BEGIN
gl <= GUARDED din;
reg: BLOCK (GUARD AND NOT clk'STABLE) BEGIN
gf <= GUARDED din;
END BLOCK reg;
END BLOCK lat;

END ARCHITECTURE nested;

99



ENTITY latch IS

PORT (d, c: IN std_logic;

g, q_b : BUFFER std_logic);
END latch;
ARCHITECTURE structural OF latch IS
SIGNAL s, r: std_logic;

BEGIN

s<=cAND d AFTER 6 ns;

r <= ¢ AND (NOT d) AFTER 6 ns;

g _b<=sNOR qAFTER 4 ns;

g<=rNOR q_b AFTER 4 ns;

END structural;
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M _Js Master-Slave
ENTITY master_slave IS

PORT (d, c: IN std_logic;

q: OUT std_logic);
END master_slave;

ARCHITECTURE dual OF master_slave IS
SIGNAL gm : std_logic;
BEGIN

m<=dWHEN c ='1",

q <= gm WHEN ¢ ='0"
END dual
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ENTITY DFF1sr IS
PORT (d, clk, s, r: IN std_logic; g : OUT std_logic);
END DFF1sr;

ARCHITECTURE behavioral OF DFF1sr IS
BEGIN
PROCESS (clk)
BEGIN
IF clk ='1' AND clKEVENT THEN
IFs="1'THEN
q<='14
ELSIF r="1' THEN
q <=0
EESE
q<=d
END IF;
END IF;
END PROCESS;
END ARCHITECTURE behavioral;
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ARCHITECTURE asynchronous OF DFF1sr IS
BEGIN

PROCESS (clk, s, r) BEGIN
IFs="1THEN
q<='1}
ELSIFr="1"THEN
q<=0;
ELSIF clk ='1" AND clkEVENT THEN
g<=d,
END IF;
END PROCESS;

END ARCHITECTURE asynchronous;
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