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Introduction to VHDL

• VHDL is used to describe hardware → Concurrent language

• Code lines are executed all at once

• It helps to be able to envisage how the final circuit looks like

• Writing good code means designing a circuit that will work

• VHDL is used to model digital circuits

• Design, testing, implementation in hardware (e.g. in an FPGA)

• Different levels of abstraction

• Implementation of a VHDL-based system

• Code writing; Compiling; Simulation; Synthesis

• Software and hardware tools provided by FPGA manufacturers
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VHDL coding style tips

• Make the code readable

• Indentation, self-describing identifiers, comments, consistent style

• Do not write VHDL code with high-level language style

• Resulting circuits will not work well; lots of unnecessary hardware, 

inefficient

• Keep the VHDL model simple and clear (does not mean short)

• A short VHDL code does not mean a better implementation in HW

• Remember: you are designing hardware 

• Partition the circuit you want to implement into smaller units, with 

less functionality

• Draw a diagram of the circuit you want to implement
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VHDL basics

• VHDL is case insensitive

• VHDL is insensitive to white spaces

• Comments begin with “--” and do not span multiple lines

• Every VHDL statement ends with a semicolon

• Parentheses are used to make the code more readable and to 

specify operators' precedence

• Identifiers (i.e. name given to various items in VHDL)

• Only letters, digits (0-9), “_”

• Must start with alphabetic character

• Must not end with underscore

• Must not have two consecutive underscores

• Reserved words 

• Words that have a special meaning

• Cannot be used as identifiers
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Data objects

• Data objects: signals, variables, constants

• The signal represents a wire 

• The variable is used to store information

• The constant is a variable with a fixed value

• Objects must be declared before using them

• For each object, specific syntax and places in the code to declare it

• All objects in VHDL must have a type

• Objects can only have value of that type

• Operations are allowed only between same-type objects
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Data types

• VHDL provides built-in data types 

• Built-in data-types work well for simulations but are not enough to 

describe an actual circuit

• Types can be extended using external libraries (Third parties or 

User-defined)

• The most widely used VHDL library is the IEEE library
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Examples of built-in data types

integer whole numbers

real floating point numbers

time used to specify delays - 

important in simulation

bit scalar 1-bit signal (allowed 

values ‘0’ or ‘1’)

bit_vector multiple bits (buses) signals

boolean boolean number (true or false)



6

IEEE library

• The IEEE library is one of the most 

common library used in VHDL designs

• Standardized data types for the 

representation of logic signals

• std_logic for single bit signals

• std_logic_vector for multiple-bit 

signals

• Additional logic values to model three-

state buffers, pull-up and pull-down 

networks, high impedance state, etc. 
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Additional logic values

0 logic 0

1 logic  1

U unitialised

X unknown logic value

Z high-impedance

W weak signal

L weak low

H weak high

- don’t care
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VHDL building blocks

• Library: Imports data types and functions 

• Entity: Declares the digital block and defines the interface to the 

outside world through port statements

• Architecture: Implements the functionality of the block through 

concurrent statements

• There are four types of concurrent statements

• Concurrent signal assignment statement

• Conditional signal assignment statement

• Selected signal assignment statement

• Process statement

Note: statements represent finite quantities of actions to be taken

Laboratorio di acquisizione e controllo dati | UniTs 2025-2026



8

Library
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Entity
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Architecture
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VHDL test bench

• A test bench is a VHDL code written to test the code before 

implementing it in an FPGA

• The test bench can be seen as a test setup that connects stimuli to the 

inputs of the Device Under Test (DUT) and observes the output of the 

DUT (the DUT is the entity you want to test)

• VHDL code in the testbench will never be synthesized

• Non synthesizable code can be used, typically makes simulation 

easier and better

Note: In this course we will not delve into how to code test benches. Test benches for most examples 

are provided and only briefly discussed
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Test bench (1/2)
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Test bench (2/2)
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Exercise 1 

• Simulate the OR gate example in EDA playground

• Instructions
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2: copy test 
bench code here

3: give a name to the 
project and save it

6: select Aldec Riviera 
Pro 2025.04

5: write the name of test 
bench entity

1: copy design 
code here

4: select VHDL

7: tick Open 
EPWave after run

8: save and run
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Exercise 2

• Write the code for a 4-input AND gate and simulate it

• Instructions

• Copy the OR gate project, change the name, save it

• Modify the design code and the test bench code

• Run the simulation

Laboratorio di acquisizione e controllo dati | UniTs 2025-2026



16

Intermediate signals
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Concurrent statements

• Concurrent signal assignment statement

• Conditional signal assignment statement

• Selected signal assignment statement

• Process statement
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Concurrent signal assignment statements
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Conditional signal assignment statement

Laboratorio di acquisizione e controllo dati | UniTs 2025-2026



20

MUX2:1 with conditional signal assignment statement
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MUX2:1

a

b

y

sel

sel a b y

0 0 0 0

0 0 1 0

0 1 0 1

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 0

1 1 1 1
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Exercise 3

• Simulate the MUX2:1 in EDA playground
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Exercise 4 

• Write the code for a MUX4:1 block with conditional signal 

assignment statement and simulate it in EDA playground

• Instructions

• Use std_logic_vector for SEL

• SEL : in std_logic_vector (1 downto 0);

• You will need to use the relational operator = for vectors

• <signal_name> = "<values>"
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Selected signal assignment statement
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Exercise 5

• Write the code for a MUX4:1 block with selected signal assignment 

statement and simulate it in EDA playground
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Summary part 1

• VHDL is used to model digital circuits that operate in parallel

• Building blocks

• Entity – interface description

• Architecture – functionality description

• Concurrent statements

• Concurrent signal assignment statement 

• Conditional signal assignment statement

• Selected signal assignment statement

• Process statement
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Summary part 1

• IEEE library and IEEE_std_logic.1164 package to include data type 

std_logic and std_logic_vector

• Signals 

• Declared in port (interface signals) and declarative part of 

architecture (intermediate signals)

• In simulations, an initial value can be assigned to a signal at 

declaration with the assignment operator :=

• New values are assigned to signals with the signal assignment 

operator <= 

• Relational operator =

• One-bit signals: <signal_name> = '<value>’ 

• Buses:  <signal_name> = "<values>"
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Summary part 1

• Exercises

• 1: two input OR gate with concurrent signal assignment statement

• 2: four input AND gate with concurrent signal assignment statement

• 3: MUX2:1 with conditional signal assignment statement

• 4: MUX4:1 with conditional signal assignment statement

• 5: MUX4:1 with selected signal assignment statement
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