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Genesis of VHDL

Kartaotaon otn dekaeTia Tou ‘80

* [ToANaTTAEC pEBODOI design entry methods kai
YAWOOEC TTEPIYPAPNS UAIKOU

* [leplopiouévn N UNOEVIKN popNTOTNTA OTA
oxeola petacu CAD tools atrd d1apopETIKOUC
vendors

* 2TOXOG: UEIWON TOU XPOVoU aTro design
concept pyexpl To implementation amoé Toug 18
MNVEC OTOUC 6 NNVEC



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. XpnoIJoTrolouvTtal XapakTipes (a-z or A-Z) wneoia (0-9)
Kal underscore ()

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

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

5. OAa ta ovopara oe £va entity TpeTTel va gival Jovadika



Valid or invalid?

/segment_display
A87372477424
Adder/Subtractor
/reset

And_or gate

AND OR_NOT
Kogge-Stone-Adder
Ripple&Carry Adder
My adder



Free Format

 H Vhdl| eival yia “free format” yAwooa
Example:
1f (a=b) then

or
1f (a=b) then
or
1f (a =
b) then
are all equivalent



2. XOAIO

Mg “double dash’, i.e., “--"
= MTTOpOUV VO UTTOUV OTTOUONTTOTE OTN YPOUMN
» Om eival oTnv idia ypauun ivalr aXoAio

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



Design Entity

Example: NAND Gate

d
Z
b —

- =100 D

- O =10 |T




Example VHDL Code

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

* Name of the file is usually the same as the entity name
(nand_gate.vhd)

LIBRARY ieee;

USE ieee.std logic 1164.all; ™ LIBRARY DECLARATION
=
ENTITY nand gate IS
PORT (
a : IN STD LOGIC;
b : IN STD LOGIC; > ENTITY DECLARATION
z : OUT STD_LOGIC) ;

END nand gate;

\

ARCHITECTURE model OF nand gate IS | )

BEGIN > ARCHITECTURE BODY

z <= a NAND b;
END model;




Design Entity

design entity

entity declaration Design Entity - most basic
building block of a design.

architecture 1

One entity can have many
s E different architectures.

' architecture 3 i
L E




Entity Declaration

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

Entity name

Port names Port type

Semicolon

) ;

i

a
b
z

END nand gate;

: IN STD_LOGIC;

: IN STD_LOGIC;/
: OUT STD_LOGIC

ENTITY nand gaté IS /
/ PORT ( /

/

|__—" No Semicolon

after last port

= 4
Reserved words

\

Port modes (data flow directions)



Port Mode IN

Port signal Entity

N
e

1

d

Driver resides
outside the entity



Port Mode OUT

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

‘
\\\\\\\\ 7 ARCHITECTURE model OF nand gate IS

Port signal

Driver resides :
inside the entity C

Output cannot be read within
the entity



Port Mode OUT (with extra signal)

LIBRARY ieee;
USE ieee.std logic 1l164.all;

Entity ENTITY nand gate IS PORT (
a,b : IN STD LOGIC;

Portsignal c,d : OUT STD LOGIC);
i END nand gate;

X 7 ARCHITECTURE model OF nand gate

Y

signal e: STD LOgic;

A BEGIN
- C A e <= a AND b;
. c <= ¢y
<=
: z X d <= e and b;
Driver resides C<=X END model;

inside the entity

Signal x can be
read inside the entity



Port Mode INOUT

Port signal Entity
4
da
< >
B
R S A

Signal can be
read inside the entity

Driver may reside
both inside and outside
of the entity



Architecture (Architecture body)

* Describes an implementation of a design
entity

ARCHITECTURE architecture_name OF entity_name IS
[ declarations ]

BEGIN
code

END architecture _name;

* Architecture example:

ARCHITECTURE model OF nand gate IS
BEGIN

z <= a NAND b;
END model;




Entity Declaration & Architecture

nand_gate.vhd

LTBRARY ieee;
USE ieee.std logic_1164.all;

ENTITY nand gate IS

PORT (
a : IN STD_LOGIC;
b : IN STD LOGIC;
z : OUT STD_LOGIC);

END nand gate;

ARCHITECTURE dataflow OF nand gate IS
BEGIN

z <= a NAND Db;
END dataflow;




Library declarations

LIBRARY library _name;

USE library_name.package _

name.package parts;

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

ENTITY nand gate IS
PORT (

a : IN STD_ LOGIC;

b : IN STD LOGIC;
V4 : OUT STD_LOGIC) ;

END nand gate;

ARCHITECTURE model OF nand gate IS
BEGIN

z <= a NAND b;
END model;

Library declaration

_ Use all definitions from the package
std_logic_1164




Parts of a library

LIBRARY
PACKAGE 1 PACKAGE 2
TYPES TYPES
CONSTANTS CONSTANTS
FUNCTIONS FUNCTIONS
PROCEDURES PROCEDURES
COMPONENTS COMPONENTS




Libraries

o | .
eee " . . Need to be explicitly
Specifies multi-level logic system,
including STD_LOGIC, and declared
STD_LOGIC _VECTOR data types )
» std

Specifies pre-defined data types

(BIT, BOOLEAN, INTEGER, REAL,
SIGNED, UNSIGNED, etc.), arithmetic
operations, basic type conversion > Visible by default
functions, basic text i/o functions, etc.

e Work

Holds current designs after compilation




Bit vs STD LOGIC

LIBRARY ieee;
USE ieee.std logic_1164.all;

ENTITY nand gate IS

PORT (
a : IN bit;
b : IN bit;
z : OUT bit);

END nand gate;

ARCHITECTURE dataflow OF nand gate IS
BEGIN

7z <= a NAND b;
END dataflow;

LIBRARY ieee;
USE ieee.std logic_1164.all;

ENTITY nand gate IS

PORT (
a : IN STD_LOGIC;
b : IN STD LOGIC;
z : OUT STD LOGIC);

END nand gate;

ARCHITECTURE dataflow OF
BEGIN

z <= a NAND b;
END dataflow;

and gate IS

\

What is STD_LOGIC?




BIT versus STD LOGIC

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

« STD LOGIC can have eight values
« ‘0OV1 X2 W L H -
« Useful mainly for simulation
« ‘0’1", and 'Z" are synthesizable
« Whatis ‘X', ‘'Z’;



STD LOGIC: ‘X’ vs ‘Z’

Contention on the bus



Signals

SIGNAL a: STD_LOGIC;

d
/

7
1 wire

SIGNAL b : STD_LOGIC_VECTOR(7 DOWNTO 0);

b

bus




Standard Logic Vector examples

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

STD LOGIC;

STD LOGIC VECTOR (3 DOWNTO 0)
STD LOGIC VECTOR (3 DOWNTO 0) ;
STD LOGIC VECTOR (15 DOWNTO O0) ;
STD LOGIC VECTOR (8 DOWNTO 0)

14

14

® O Q O w

(
(
(
(

<= ‘1';

<= "0000"; —-— Binary base assumed by default
B”0000"; —-— Bilnary base explicitly specified
<= X"AFo67"; -—- Hexadecimal base

<= Q"723"; -— Octal base

® O Q O w
A
I




Vectors and Concatenation

SIGNAL a: STD LOGIC VECTOR (3 DOWNTO O0) ;
SIGNAL b: STD LOGIC VECTOR (3 DOWNTO O0) ;
SIGNAL ¢, d, e: STD LOGIC VECTOR (7 DOWNTO O);

a <= 700007,

b <= "1111";

c <= a & b; -- ¢ = "00001111"
d <= ‘0" & ”700011117; -- d <= ”00001111"

e <= ‘0’ & ‘0’ & ‘0’ & ‘O’ & ‘17 & ‘17 &
V17 V17

-— e <= ”00001111"




VHDL Design Styles

VHDL De3|gn
Styles )
k S * Testbenches
behavioral
dataflow structural :
(sequential)
Concurrent Components and Seqﬁ:lential statements
statements interconnects . Regi/sters
- State machines
+Decoders

Subset most Suitable for synthesis



xor3 Example

LIBRARY ieee;
USE ieee.std logic 11l64.all;
ENTITY xor3 gate IS PORT (
A : IN STD LOGIC;
B : IN STD LOGIC;
C : IN STD LOGIC;
Result : OUT STD LOGIC) ;
end xor3 gate;
ARCHITECTURE df OF xor3 gate IS
SIGNAL Ul OUT: STD LOGIC;
BEGIN
Ul OUT <= A XOR B;
Result <= Ul OUT XOR C;
END dataflow;

A PD—— U1_OUT
B D—»—)D ' ' )D»—DResun

C B—-



Dataflow Description

» Describes how data moves through the system and the various
processing steps.

« Dataflow uses series of concurrent statements to realize logic.

» Dataflow is most useful style when series of Boolean equations
can represent a logic - used to implement simple combinational
logic

« Dataflow code also called “concurrent” code
« Concurrent statements are evaluated at the same time; thus, the
order of these statements doesn’t matter

This ...
Ul out <= A XOR B;
Result <= Ul out XOR C;

s the same as this ...
Result <= Ul out XOR C;
Ul out <= A XOR B;



Structural architecture - xor?2

xor2.vhd

LTBRARY ieee;
USE ieee.std logic_1164.all;

ENTITY xor2 IS

PORT (
I1 : IN STD_LOGIC;
12 : IN STD_LOGIC;
Y : OUT STD_LOGIC) ;
END xor?2;

ARCHITECTURE dataflow OF xorZ2 IS
BEGIN

Y <= I1 xor 12;
END dataflow;




Structural Architecture in VHDL 87

ARCHITECTURE structural OF xor3 gate IS

SIGNAL Ul OUT: STD LOGIC;
A
COMPONENT xor2
PORT ( B xor3_gate Result
I1 : IN STD LOGIC; C
I2 : IN STD LOGIC;
Y : OUT STD LOGIC
) ;
END COMPONENT ; A U1 OUT

BEGIN B
Ul: xor2 PORT MAP (Il => A,

’ >
& )Resun

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

PORT NAME

END structural; LOCAL WIRE NAME



Structural Description

« Structural design is the simplest to understand.
This style is the closest to schematic capture and
utilizes simple building blocks to compose logic
functions.

 Components are interconnected in a hierarchical
manner.

« Structural descriptions may connect simple gates
or complex, abstract components.

« Structural style is useful when expressing a
design that is naturally composed of sub-blocks.



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;



Behavioral Description

|t accurately models what happens on the inputs
and outputs of the black box (no matter what is

iInside and how it works).
* This style uses PROCESS statements in VHDL.



