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VHDL

 VHDL: yAwooa trepiypa@nc UAikou

* VHDL : VHSIC (Very High Speed Integrated
Circuit) Hardware Description Language




Naming and Labeling (1)

« VHDL Is case insensitive

Example:

Names or labels
databus

Databus
DataBus
DATABUS

are all equivalent




Naming and Labeling (2)

1. Ta ovopata apyifouv atro (a-z or A-Z)

2. XpnolgoTtrolouvTtal XapakTtnpes (a-z or A-Z) wnoia (0-9)
Kal underscore ()

3. Ag xpnoiyotroiouvtal punctuation r) reserved characters
1,7, . & +, -, etc.)

4. Ae ypnoiyotroiouvTtal OUO N TTEPICOOTEPA underscore
characters (_ )

5. OAa 1a ovopata oe eva entity TrpETTel va gival povadika




Free Format

 H Vhdl givail “free format” yA\wooa
Example:
if (a=b) then

or
if (a=b) then
or
if (a =
b) then
are all equivalent




2. XOAIO

« Mg “double dash’, i.e., “--”

= MTTOpOUV VO PUTTOUV OTTOUONTTOTE OTN YPAUMN
* O1i gival oTtnv idla ypauun ivalr aXoAio

Examples:
-- main subcircuit
Data_in <= Data_bus; --reading data from the input FIFO




Example VHDL Code

« 3 sections to a piece of VHDL code
* File extension for a VHDL file is .vhd

* Name of the file should be the same as the entity name
(nand_gate.vhd)

LIBRARY ieee;

USE ieee.std logic 1164.all; ™ LIBRARY DECLARATION
<
ENTITY nand gate IS
PORT (
o > ENTITY DECLARATION
z : OUT BIT);

END nand gate;

\

ARCHITECTURE model OF nand gate IS | )

BEGIN > ARCHITECTURE BODY

z <= a NAND Db;
END model;




Entity Declaration

» Entity Declaration describes the interface of
the component, i.e. input and output ports.

Entity name Port names Port type .
l Semicolon
ENTITY nand garé IS / /
PORT ( /

a : IN BIT; ,

b : IN BIT; __— No Semicolon

.  : OUT BIT — after last port

)

END nand gate;

= \
Reserved words

Port modes (data flow directions)




Port Mode IN

Port signal Entity

1

a

IS
e

Driver resides
outside the entity




Port Mode OUT

Entity

Port signal

Driver resides
inside the entity C

Output cannot be read within
the entity
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Port Mode OUT

Entity

N

LIBRARY ieee;
USE ieee.std logic 1164.all;
ENTITY nand gate IS PORT (
a,b : IN BIT;
c,d : OUT BIT);
END nand gate;

ARCHITECTURE model OF nand gate IS
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Port Mode OUT (with extra signal)

LIBRARY ieee;

USE ileee.std logic 1164.all;
Entity ENTITY nand gate IS PORT (
a,b : IN BIT;

N e
// c,d : OUT BIT);
d END nand gate;

ARCHITECTURE model OF nand gate IS
signal e: BIT;

BEGIN
e <= a AND b;
c <= e,
d <= e and b;
END model;
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Architecture (Architecture body)

» Describes an implementation of a design
entity

* Architecture example:

ARCHITECTURE model OF nand gate IS
BEGIN

z <= a NAND Db;
END model;
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Library Declarations

LIBRARY ieee; <-—
USE ieee.std logic_1164.all;

ENTITY nand gate IS
PORT (
a
b
z
END nand gate;

IN BIT;
IN BIT;
OuUT BIT);

ARCHITECTURE model OF nand gate IS
BEGIN

z <= a NAND Db;
END model;

\ = -
Library declaration

| Use all definitions from the package
std_logic_1164
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Signals

SIGNAL a: BIT;

d
/

7
1 wire

SIGNAL b : BIT_VECTOR(7 DOWNTO 0);

b

bus




Standard Logic Vector examples

SIGNAL a: BIT;

SIGNAL b: BIT VECTOR (3 DOWNTO O) ;

SIGNAL c: BIT VECTOR (3 DOWNTO O0);

SIGNAL d: BIT VECTOR(15 DOWNTO 0);

SIGNAL e: BIT VECTOR (8 DOWNTO O0) ;

a <= ‘17";

b <= ”0000"; —— Binary base assumed by default

c <= B”0000"; —— Binary base explicitly specified
d <= X"AFo67"; —— Hexadecimal base

e <= 0"723"; -— Octal base
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Vectors and Concatenation

SIGNAL a: BIT VECTOR(3 DOWNTO O0);
SIGNAL b: BIT VECTOR (3 DOWNTO O0);
SIGNAL ¢, d, e: BIT VECTOR(/ DOWNTO O) ;

a <= "0000";
b <= "1111";
c <= a & b;
--— ¢ = ”00001111"

d <= ‘0" & ”70001111";
-- d <= ”700001111"

e <= ‘0" & ‘0" & MO" & 'O’ & ‘17 & ‘17
-—- e <= ”700001111"

&

\ll

&

\ll;
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VHDL Design Styles

VHDL DeSIQn
Styles )
k » Testbenches
behavioral
dataflow structural :
(sequential)
Concurrent Components and Seq;iential statements
statements interconnects . Regi/sters
- State machines
+Decoders

Subset most Suitable for synthesis
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xor3 Example

!
G

__>Result
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Entity xor3 gate

LIBRARY 1ecee;
USE 1eee.std logic 11l64.all;

ENTITY xor3 gate IS PORT (
A : IN BIT;
B : IN BIT;
C : IN BIT;
Result : OUT BIT);

end xor3 gate;
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Dataflow Architecture (xor3 gate)

ARCHITECTURE dataflow OF xor3 gate IS
SIGNAL Ul OUT: BIT;
BEGIN
Ul OUT <= A XOR B;
Result <= Ul OUT XOR C;
END dataflow;

W >
; c

o

C

-

c B )D—HD Result
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Dataflow Description

« [lepiypdoel TTWG JETAKIVOUVTAI Ta data oTo ouoTnua.
e 2€1pA a1ro concurrent statements

« Xprioigo otav uia ogipd amro Boolean ouvapthoelg
QVATTaPIOTOUV TN AoyIKN =2
* XPNOIMOTIOIEITAI VIO OTTA) CUVOUAOTIKN AOYIKN
« O Dataflow kwdikag ovopdadletal kal “concurrent”
KWOIKAC

e Concurrent statements: acioAoyouvTtal Tautoxpova
* 'ETO1, n ocipa dgv Tailel pOAO

This ... Is the same as this ...
Ul out <= A XOR B; Result <= Ul out XOR C;
Result <= Ul out XOR C; Ul out <= A XOR B;
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Structural Description

« Structural design €ival n TTI0 KOVTIVA TTEPIYPAPN
oTO schematic capture.

 Ta Components dlacuvdEovTal PE IEPAPXIKO
TPOTTO.

* Mrtropei va dlacuvOoEel ATTAEC TTUAEG )
TTOAUTTAOKEC UOVADEC.

« XPNOIYO OTAV TTEQIYPAPOUUE HOVADEC TTOU
QTTOTEAOUVTAI ATTO UTTOUOVAOEG.
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Structural architecture - xor?2

xor2.vhd

LIBRARY ieee;
USE ieee.std logic_1164.all;

ENTITY xor2 IS

PORT (
T1 : IN BIT;
I2 : IN BIT;
Y : OUT BIT);
END xor2;

ARCHITECTURE dataflow OF xorZ2 IS
BEGIN

Y <= I1 xor I2;
END dataflow;

24



LIBRARY ieee;
USE ieee.std logic 1164.all;

Structural Architectureg zsm .. = som

I1 : IN BIT;

12 : IN BIT;
ARCHITECTURE structural OF xor3 gate IS E R B
SIGNAL Ul OUT: BIT; END xorZ;

ARCHITECTURE dataflow OF xor2 IS
COMPONENT xor2 BEGIN
PORT (
Y <= Il xor I2;

I1 : IN BIT;

I2 : IN BIT; END dataflow;

Y : OUT RIT
) ;

END COMPONENT; A B—\\ U1 OUT
Y > >
BEGIN B ) 12 )Result
Ul: xor2 PORT MAP (T1 C B

U2: xor2 PORT MAP (I1 => Ul OUT,
I2 => C,
Y => Result);

PORT NAME

END structural; LOCAL WIRE NAME
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Behavioral Architecture (xor3 gate)

ARCHITECTURE behavioral OF xor3 IS
BEGIN

xor3 behave: PROCESS (A, B, C)

BEGIN
IFF ((A XOR B XOR C) = '1l'") THEN
Result <= '1";
ELSE
Result <= '0"';
END IF;

END PROCESS xor3 behave;
END behavioral;
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Behavioral Description

* [lepiypaoel 11 cuppaivel HETOCU TWV EI000WV Kal
£COOWV OQ va gival yaupo KouTi

« XpnoiyoTtroiei PROCESS statements.
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STD LOGIC

LIBRARY ieee;
USE ieee.std logic_1164.all;

ENTITY nand gate IS
PORT (
a : IN STD_LOGIC;
b : IN STD_LOGIC;
z : OUT STD_LO C);
END nand gate;

ARCHITECTURE dataflow OF nand gate
BEGIN

z <= a NAND b;
END dataflow;

What is STD_LOGIC?
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BIT versus STD _LOGIC

» BIT type can only have a value of ‘0" or ‘1’

« STD LOGIC can have eight values
« 01X VZ W L H
» Useful mainly for simulation
« ‘0’1", and ‘Z" are synthesizable

e Whatis ‘X', 'Z":
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STD LOGIC: ‘X

>
>

Contention on the bus




STD LOGIC: ‘Z’

Tristate buffer

Mwg eTiaxvw éva Tristate buffer??
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Tri-state Buffer

e=0
(a) A tri-state buffer X ‘ > . f

(b) Equivalent circuit

AAOOCD
- O 2~ 0O X
- O N N

(c) Truth table
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Four types of Tri-state Buffers

e e
x—§ f x—[$<>—f
(a) (b)

e e
N S S
(c) (d)
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e

Four types of Tri-state Buffers

/ LIBRARY ieee;
USE 1leee.std logic 1lo64.all;

ENTITY tri state IS PORT (
e: IN STD LOGIC;
7 input: IN STD LOGIC;
output: OUT STD LOGIC);
END tri state;

! ARCHITECTURE dataflow OF tri state IS
BEGIN
output <= 1nput WHEN (e = ‘17')
ELSE ‘z’;
END dataflow;
f
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