
Quartus II Introduction Using Verilog Design

This tutorial presents an introduction to the Quartus R
 II CAD system. It gives a general overview of a typi-
cal CAD �ow for designing circuits that are implemented by us ing FPGA devices, and shows how this �ow is
realized in the Quartus II software. The design process is illustrated by giving step-by-step instructions for using
the Quartus II software to implement a very simple circuit in an Altera FPGA device.

The Quartus II system includes full support for all of the popular methods of entering a description of the
desired circuit into a CAD system. This tutorial makes use of the Verilog design entry method, in which the user
speci�es the desired circuit in the Verilog hardware descri ption language. Two other versions of this tutorial are
also available; one uses the VHDL hardware description language and the other is based on de�ning the desired
circuit in the form of a schematic diagram.

The last step in the design process involves con�guring the d esigned circuit in an actual FPGA device. To
show how this is done, it is assumed that the user has access to the Altera DE2 Development and Education board
connected to a computer that has Quartus II software installed. A reader who does not have access to the DE2
board will still �nd the tutorial useful to learn how the FPGA programming and con�guration task is performed.

The screen captures in the tutorial were obtained using the Quartus II version 5.0; if other versions of the
software are used, some of the images may be slightly different.
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Computer Aided Design (CAD) software makes it easy to implement a desired logic circuit by using a pro-
grammable logic device, such as a �eld-programmable gate ar ray (FPGA) chip. A typical FPGA CAD �ow is
illustrated in Figure 1.
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Figure 1. Typical CAD �ow.

The CAD �ow involves the following steps:

� Design Entry � the desired circuit is speci�ed either by means of a schemat ic diagram, or by using a
hardware description language, such as Verilog or VHDL

� Synthesis � the entered design is synthesized into a circuit that consi sts of the logic elements (LEs) provided
in the FPGA chip

� Functional Simulation � the synthesized circuit is tested to verify its functional correctness; this simulation
does not take into account any timing issues
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� Fitting � the CAD Fitter tool determines the placement of the LEs de�n ed in the netlist into the LEs in
an actual FPGA chip; it also chooses routing wires in the chip to make the required connections between
speci�c LEs

� Timing Analysis � propagation delays along the various paths in the �tted cir cuit are analyzed to provide
an indication of the expected performance of the circuit

� Timing Simulation � the �tted circuit is tested to verify both its functional co rrectness and timing

� Programming and Con�guration � the designed circuit is implemented in a physical FPGA chip by pro-
gramming the con�guration switches that con�gure the LEs an d establish the required wiring connections

This tutorial introduces the basic features of the Quartus II software. It shows how the software can be used to
design and implement a circuit speci�ed by using the Verilog hardware description language. It makes use of the
graphical user interface to invoke the Quartus II commands. Doing this tutorial, the reader will learn about:

� Creating a project

� Design entry using Verilog code

� Synthesizing a circuit speci�ed in Verilog code

� Fitting a synthesized circuit into an Altera FPGA

� Assigning the circuit inputs and outputs to speci�c pins on t he FPGA

� Simulating the designed circuit

� Programming and con�guring the FPGA chip on Altera’s DE2 boa rd

1 Getting Started

Each logic circuit, or subcircuit, being designed with Quartus II software is called a project. The software works
on one project at a time and keeps all information for that project in a single directory (folder) in the �le system.
To begin a new logic circuit design, the �rst step is to create a directory to hold its �les. To hold the design �les
for this tutorial, we will use a directory introtutorial. The running example for this tutorial is a simple circuit for
two-way light control.

Start the Quartus II software. You should see a display similar to the one in Figure 2. This display consists
of several windows that provide access to all the features of Quartus II software, which the user selects with the
computer mouse. Most of the commands provided by Quartus II software can be accessed by using a set of menus
that are located below the title bar. For example, in Figure 2 clicking the left mouse button on the menu named
File opens the menu shown in Figure 3. Clicking the left mouse button on the entry Exit exits from Quartus II
software. In general, whenever the mouse is used to select something, the left button is used. Hence we will not
normally specify which button to press. In the few cases when it is necessary to use the right mouse button, it will
be speci�ed explicitly.
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Figure 2. The main Quartus II display.

Figure 3. An example of the File menu.
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For some commands it is necessary to access two or more menus in sequence. We use the convention Menu1
> Menu2 > Item to indicate that to select the desired command the user should �rst click the left mouse button
on Menu1, then within this menu click on Menu2, and then within Menu2 click on Item. For example, File >

Exit uses the mouse to exit from the system. Many commands can be invoked by clicking on an icon displayed in
one of the toolbars. To see the command associated with an icon, position the mouse over the icon and a tooltip
will appear that displays the command name.

1.1 Quartus II Online Help

Quartus II software provides comprehensive online documentation that answers many of the questions that may
arise when using the software. The documentation is accessed from the menu in the Help window. To get some
idea of the extent of documentation provided, it is worthwhile for the reader to browse through the Help menu.
For instance, selecting Help > How to Use Help gives an indication of what type of help is provided.

The user can quickly search through the Help topics by selecting Help > Search, which opens a dialog box
into which key words can be entered. Another method, context-sensitive help, is provided for quickly �nding
documentation for speci�c topics. While using most applica tions, pressing the F1 function key on the keyboard
opens a Help display that shows the commands available for the application.

2 Starting a New Project

To start working on a new design we �rst have to de�ne a new design project. Quartus II software makes the
designer’s task easy by providing support in the form of a wizard. Create a new project as follows:

1. Select File > New Project Wizard to reach the window in Figure 4, which indicates the capability of this
wizard. You can skip this window in subsequent projects by checking the box Don’t show me this intro-
duction again. Press Next to get the window shown in Figure 5.

Figure 4. Tasks performed by the wizard.
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Figure 5. Creation of a new project.

2. Set the working directory to be introtutorial; of course, you can use some other directory name of your
choice if you prefer. The project must have a name, which is usually the same as the top-level design entity
that will be included in the project. Choose light as the name for both the project and the top-level entity, as
shown in Figure 5. Press Next. Since we have not yet created the directory introtutorial, Quartus II software
displays the pop-up box in Figure 6 asking if it should create the desired directory. Click Yes, which leads
to the window in Figure 7.

Figure 6. Quartus II software can create a new directory for the project.
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Figure 7. The wizard can include user-speci�ed design �les.

3. The wizard makes it easy to specify which existing �les (ifany) should be included in the project. Assuming
that we do not have any existing �les, clickNext, which leads to the window in Figure 8.

Figure 8. Choose the device family and a speci�c device.
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