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Appendix

Tutorial — Using Quartus Il CAD
Software

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 file system. To
begin a new logic circuit design, the first step is to create a directory to hold its files. To hold the design files 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 specified explicitly.

Altera Corporation - University Program 3
May 2013


http://www.altera.com/education/univ/

QUARTUS II INTRODUCTION USING VHDL DESIGNS

For Quartus I1 13.0

&4 Quartus T 64-Bi

File Edit View Project Assignments Processing Tools Window Help =

D HE 8B 9 o

Project Navigator

e x

Ay Compilation Hierarchy

kg QUARTUS°II
[Tasks -3 .
Fiow: [Compiation =) [Cstomize.. | Version 13.0
Tesk 0 W Buy Software
4 Compie Design
4 B Analysis & Synthesis ® mmnﬁ::g:: 1
] Edit Settings 5
@ Documentation
] T ] >
; @ @ D <<Search>> v
1 Type ID Message

Messages

L s J\_Processing J

3
r
o
El

0% 00:00:00

Figure 2. The main Quartus II display.
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Figure 3. An example of the File menu.

For some commands it is necessary to access two or more menus in sequence. We use the convention Menui >
Menu2 > Item to indicate that to select the desired command the user should first 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.

3.1 Quartus Il 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 Help menu. To get some idea of the extent of
documentation provided, it is worthwhile for the reader to browse through the Help menu.

If no web browser is specified, Quartus will complain with an error message. To specify a web browser, go to Tools
> Options... > General > Internet Connectivity. Specify a path to a web browser in the web browser field.

The user can quickly search through the Help topics by selecting Help > Search, which opens a dialog box into
which keywords can be entered. Another method, context-sensitive help, is provided for quickly finding documen-
tation for specific topics. While using most applications, pressing the F1 function key on the keyboard opens a Help
display that shows the commands available for the application.
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4 Starting a New Project

To start working on a new design we first have to define a new design project. Quartus Il 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 and click Next to reach the window in Figure 4, which asks for the name
and directory of the project.

Directory, Name, Top-Level Entity [page 1 of 5]

What is the working directory for this project?

D Yintrotutorial E]
What is the name of this project?

ight| ]
What is the name of the topdevel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.

light (]

[Use Existing Project Settings...

[ < Back ][ Mext = J’ Finish H Cancel ” Help

Figure 4. 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 4. Press Next. Since we have not yet created the directory introtutorial, Quartus II software displays
the pop-up box in Figure 5 asking if it should create the desired directory. Click Yes, which leads to the
window in Figure 6.
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Figure 5. Quartus II software can create a new directory for the project.

premems N
Add Files [page 2 of 5]

Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the project.
Mote: you can always add design files to the project later.

File name: E] Add
File Name Type Library Design Entry/Synthesis Tool HDL Version
Remave
Up

Down

Properties

Specify the path names of any non-default libraries.

[ <Back | [ Mext> |[ Fmsn | [ Cancel ][ hHep |

Figure 6. The wizard can include user-specified design files.

3. The wizard makes it easy to specify which existing files (if any) should be included in the project. Assuming
that we do not have any existing files, click Next, which leads to the window in Figure 7.
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Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

=i )

Device family

Family: |Cydone II

Devices: |Al

Target device
() Auto device selected by the Fitter
@ Spedific device selected in "Available devices' list

Other: nfa

Available devices:

Show in ‘Available devices' list

Package: [Any - I
Pin count: [Any - ]
Speed grade: [Any V]
Name filter:

Show advanced devices HardCopy compatible anly

Name Core Voltage LEs User I/0s Memory Bits Embedded multiplier 9-bit elements H -
EP2C35F484C7 1.2V 33216 322 483840 70 4
EP2C35F484C8 1.2V 33216 322 483840 70 4
EP2C35F48418 1.2V 33216 322
_EI
EP2C35F672C7 1.2V 33216 475 483840 70
EP2C35F672C8 1.2V 33216 475 483840 70 4
EP2C35F67213 1.2 33216 475 483840 70 4 =
e — T — - D

Companion device
HardCopy:

Limit D5P & RAM to HardCopy device resources

[ < Back. ][ Next > J[ Finish ][ Cancel ][ Help

Figure 7. Choose the device family and a specific device.

4. We have to specify the type of device in which the designed circuit will be implemented. Choose the Cyclone-
series device family for your DE-series board. We can let Quartus II software select a specific device in the
family, or we can choose the device explicitly. We will take the latter approach. From the list of available
devices, choose the appropriate device name for your DE-series board. A list of devices names on DE-series
boards can be found in Table 1. Press Next, which opens the window in Figure 8.

Board Device Name
DEO Cyclone IIT EP3C16F484C6
DEO-Nano | Cyclone IVE EP4CE22F17C6
DE1 Cyclone II EP2C20F484C7
DE2 Cyclone IT EP2C35F672C6
DE2-70 Cyclone II EP2C70F896C6
DE2-115 | Cyclone IVE EP4CE115F29C7

Table 1. DE-series FPGA device names
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EDA Tool Settings [page 4 of 5]

Specify the other EDA tools used with the Quartus II software to

D= e )

develop your project.

EDA tools:

Tool Type Tool Mame Farmat(s)

Design Entry/Synthesis <None =
<Mone > -

Formal Verification

Run Toaol Automatically
- Run this tool automatically to synthesize the current design

- Run gateevel simulation automatically after compilation

Board-Level Timing <MNone >

-

Symbel <None >
Signal Integrity

Boundary Scan

-

[ < Back H Next > H Finish ][ Cancel ][ Help

Figure 8. Other EDA tools can be specified.

5. The user can specify any third-party tools that should be used. A commonly used term for CAD software
for electronic circuits is EDA fools, where the acronym stands for Electronic Design Automation. This term
is used in Quartus II messages that refer to third-party tools, which are the tools developed and marketed by
companies other than Altera. Since we will rely solely on Quartus II tools, we will not choose any other tools.

Press Next.

6. A summary of the chosen settings appears in the screen shown in Figure 9. Press Finish, which returns to the
main Quartus II window, but with light specified as the new project, in the display title bar, as indicated in

Figure 10.
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Summary [page 5 of 5]

Project directory:

Project name:

Topevel design entity:
MNumber of files added:

Mumber of user libraries added:

Device assignments:
Family name:
Device:
EDA tools:
Design entry/synthesis:
Simulation:
Timing analysis:
Operating conditions:
Core voltage:

Junction temperature range:

& hew e wers S | e

When you dick Finish, the project will be created with the following settings:
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Figure 9. Example summary of a DE2 board project settings.
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5 Design Entry Using Schematic Capture

As explained in Chapter 2, commonly used design entry mstimelude schematic capture and Verilog
code. This section illustrates the process of using thensatie capture tool provided in Quartus II,
which is called the Block Editor. As a simple example, we wlilhw a schematic for the logic function
f = x1w9 + x923. A circuit diagram forf was shown in Figure 2.30 and is reproduced as Figure.B.Be
truth table forf is given in Figure B.B. Chapter 2 also introduced functional simulation. Aftezating the
schematic, we show how to use the simulator in Quartus Il tiyvihe correctness of the designed circuit.
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Figure B.8. The logic function of Figure 2.30.



QUARTUS IT INTRODUCTION USING VHDL DESIGNS For Quartus 11 13.0

B.3.1 Using the Block Editor

The first step is to draw the schematic. In the Quartus Il dispklecFile | New. A window that appears,
shown in Figure B.9, allows the designer to choose the typileothat should be created. The possible
file types include schematics, Verilog code, and other hardvdescription language files such as VHDL
and AHDL (Altera’s proprietary HDL). It is also possible teaia third-party synthesis tool to generate a
file that represents the circuit in a standard format callBdFEElectronic Design Interface Format). The
EDIF standard provides a convenient mechanism for exchgrigformation between EDA tools. Since we
want to illustrate the schematic-entry approach in thisi@ecchooseBlock Diagram/Schematic File and
click OK. This selection opens the Block Editor window shown on tigbtrside of Figure B.10. Drawing a
circuit in this window will produce the desired block diagrdile.

{; Mew ﬁ

Mew Quartus II Project

4 Design Files
AHDL File
Block Diagram,/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Td Script File
WHDL File
Verilog HOL File

4 Memory Files
Hexadecimal {Intel-Format) File
Memory Initialization File

4 Verification /Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File

4 Other Files
AHDL Indude File
Block Symbol File
Chain Description File
Synopsys Design Constraints File
Text File

OK ][ Cancel ][ Help

Figure B.9. Choosing the type of design file.
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Figure B.10. Block Editor window.

Importing Logic Gate Symbols

The Block Editor provides several libraries that contaircuit elements which can be imported into a
schematic. For our simple example we will use a library dgliemitives, which contains basic logic gates.
To access the library, double-click on the blank space @sie Block Editor display to open the window in
Figure B.11 (another way to open this window is to seledit | Insert Symbol or by clicking on the AND
gate symbol in the toolbar). In the figure, the box labdldataries lists several libraries that are provided
with Quartus Il. To expand the list, click on the smalkymbol next toc:/altera/libraries, then click on
the + next toprimitives, and finally click on thet next tologic. Now, double-click on thend2 symbol to
import it into the schematic (you can alternatively clicka2 and then clickOK). A two-input AND-gate
symbol now appears in the Block Editor window. Using the negusove the symbol to the position where
it should appear in the diagram and place it there by clickirgmouse.

Any symbol in a schematic can be selected by using the mousstidh the mouse pointer on top of
the AND-gate symbol in the schematic and click the mouselacsi. The symbol is highlighted in color.
To move a symbol, select it and, while continuing to pressntimeise button, drag the mouse to move the
symbol. To make it easier to position the graphical symbmligrid of guidelines can be displayed in the
Block Editor window by selectinyiew Show Guidelines.
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Libraries:
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FIET megafunctions
BT others
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FET buffer
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™ Insert symbal as block
-

Megatwizard Plug-In Manager... | -

0K | Cancel | ol

Figure B.11. Selection of logic symbols.

The logic functionf requires a second two-input AND gate, a two-input OR gatd,caNOT gate. Use
the following steps to import them into the schematic.

Position the mouse pointer over the AND-gate symbol thatar@ady been imported. Press and hold
down the Ctrl keyboard key and click and drag the mouse on tKB-§ate symbol. The Block Editor
automatically imports a second instance of the AND-gateb®fmThis shortcut procedure for making a
copy of a circuit element is convenient when you need marates of the same element in a schematic.
Of course, an alternative approach is to import each instahthe symbol by opening the primitives library
as described above.

To import the OR-gate symbol, again double-click on a blgméce in the Block Editor to get to the
primitives library. Use the scroll bar to scroll down thrduthe list of gates to find the symbol nama.
Import this symbol into the schematic. Next import the NOTegasing the same procedure. To orient the
NOT gate so that it points downward, as depicted in Figure:Bs8lect the NOT-gate symbol and then use
the commandEdit Rotate by Degrees | 270 to rotate the symbol 270 degrees counterclockwise. The
symbols in the schematic can be moved by selecting them agbithg the mouse, as explained above.
More than one symbol can be selected at the same time byrdickie mouse and dragging an outline
around the symbols. The selected symbols are moved todsttaticking on any one of them and moving
it. Experiment with this procedure. Arrange the symbolshat the schematic appears similar to the one in
Figure B.12.
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Figure B.12. Imported gate symbols.

Importing Input and Output Symbols

Now that the logic-gate symbols have been entered, it isssace to import symbols to represent the input
and output ports of the circuit. Open the primitives librayain. Scroll down past the gates until you
reachpins. Import the symbol nameithput into the schematic. Import two additional instances of tiput
symbol. To represent the output of the circuit, open the itikies library and import the symbol named
output. Arrange the symbols to appear as illustrated in Figure B.13

Assigning Names to Input and Output Symbols

Point to the wordpin name on the input pin symbol in the upper-left corner of the schégerand double-
click the mouse. The pin name is selected, allowing a new pmento be typed. Typel as the pin
name. Hitting carriage return immediately after typing piire name causes the mouse focus to move to the
pin directly below the one currently being named. This mdthan be used to name any number of pins.
Assign the names2 and z3 to the middle and bottom input pins, respectively. Finalssign the namito

the output pin.

@ Block1 .bdf M=

| v

S Tpin,narmel

Figure B.13. The desired arrangement of gates and pins.



Connecting Nodes with Wires

The next step is to draw lines (wires) to connect the symbdlsa schematic together. Click on the icon that
looks like a big arrowhead in the vertical toolbar. This i¢erealled theSelection and Smart Drawing
tool, and it allows the Block Editor to change automaticakiyween the modes of selecting a symbol on the
screen or drawing wires to interconnect symbols. The apijatepmode is chosen depending on where the
mouse is pointing.

Move the mouse pointer on top of thié input symbol. When pointing anywhere on the symbol except
at the right edge, the mouse pointer appears as crossechaads: This indicates that the symbol will be

selected if the mouse button is pressed. Move the mouse 1o tpoihe small line, called g@instub, on
the right edge of the:l input symbol. The mouse pointer changes to a crosshair,iwdliows a wire to

be drawn to connect the pinstub to another location in thersgltic. A connection between two or more
pinstubs in a schematic is called@de. The name derives from electrical terminology, where tha t@de
refers to any number of points in a circuit that are connetdgdther by wires.

Connect the input symbol farl to the AND gate at the top of the schematic as follows. Whik th
mouse is pointing at the pinstub on thé symbol, click and hold the mouse button. Drag the mouse to the
right until the line (wire) that is drawn reaches the pinsturbthe top input of the AND gate; then release
the button. The two pinstubs are now connected and reprasgngle node in the circuit.

Use the same procedure to draw a wire from the pinstub or:2hiaput symbol to the other input on
the AND gate. Then draw a wire from the pinstub on the inputhef NOT gate upward until it reaches
the wire connectinge2 to the AND gate. Release the mouse button and observe thainecting dot is
drawn automatically. The three pinstubs correspondindiéa:2 input symbol, the AND-gate input, and
the NOT-gate input now represent a single node in the cirg¢tigure B.14 shows a magnified view of the
part of the schematic that contains the connections dravwars@o increase or decrease the portion of the
schematic displayed on the screen, use the icon that Idaka lnagnifying glass in the toolbar.

B Block1.bdF* M=

o0 ipin_name

o0 ipin_named

L ; pin_names

Figure B.14. Expanded view of the circuit.



& example_schematic.bdf

Figure B.15. The completed schematic.

To complete the schematic, connect the output of the NOT tgatiee lower AND gate and connect the
input symbol forz3 to that AND gate as well. Connect the outputs of the two ANDegdb the OR gate
and connect the OR gate to theutput symbol. If any mistakes are made while connectingstmabols,
erroneous wires can be selected with the mouse and then eerbg\pressing the Delete key or by selecting
Edit Delete. The finished schematic is depicted in Figure B.15. Savedhemsatic usingrile | Save As
and choose the nanegample schematic. Note that the saved file is calledample schematic.bdf.

Try to rearrange the layout of the circuit by selecting onthefgates and moving it. Observe that as you
move the gate symbol all connecting wires are adjusted aatioatly. This takes place because Quartus Il
has a feature calletubberbanding which was activated by default when you chose to use the tgeiec
and Smart Drawing tool. There is a rubberbanding icon, wkgdhe icon in the toolbar that looks like an
L-shaped wire with small tick marks on the corner. Obsereg this icon is highlighted to indicate the use
of rubberbanding. Turn the icon off and move one of the gates¢ the effect of this feature.

Since our example schematic is quite simple, it is easy tw dith the wires in the circuit without
producing a messy diagram. However, in larger schematite sdes that have to be connected may be
far apart, in which case it is awkward to draw wires betweamthin such cases the nodes are connected
by assigning labels to them, instead of drawing wires. I$&p for a more detailed description.



B.3.2 Synthesizing a Circuit from the Schematic

After a schematic is entered into a CAD system, it is proak$sea number of CAD tools. We showed
in Chapter 2 that the first step in the CAD flow uses the synshiesil to translate the schematic into logic
expressions. Then, the next step in the synthesis pro@es] =chnology mapping, determines how each
logic expression should be implemented in the logic elesamailable in the target chip.

6 Compiling the Designed Circuit

The block schematic in the .BDF file is processed by several Quartus II tools that analyze the code, synthesize the
circuit, and generate an implementation of it for the target chip. These tools are controlled by the application program
called the Compiler.

Run the Compiler by selecting Processing > Start Compilation, or by clicking on the toolbar icon | * | that looks
like a purple triangle. Your project must be saved before compiling. As the compilation moves through various
stages, its progress is reported in a window on the left side of the Quartus II display. Successful (or unsuccessful)
compilation is indicated in a pop-up box. Acknowledge it by clicking OK, which leads to the Quartus II display in
Figure 18. In the message window, at the bottom of the figure, various messages are displayed. In case of errors,
there will be appropriate messages given.
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Figure 18. Display after a successful compilation.

When the compilation is finished, a compilation report is produced. A tab showing this report is opened automat-
ically, as seen in Figure 18. The tab can be closed in the normal way, and it can be opened at any time either by

selecting Processing > Compilation Report or by clicking on the icon o . The report includes a number of
sections listed on the left side. Figure 18 displays the Compiler Flow Summary section, which indicates that only
one logic element and three pins are needed to implement this tiny circuit on the selected FPGA chip.
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Component DEO DEO-Nano DE1 DE2 DE2-70 DE2-115
SW PIN_J6 | PIN_MI1 | PIN_L22 | PIN_N25 | PIN_AA23 | PIN_AB28
Sy PIN_HS | PIN_T8 | PIN_L21 | PIN_N26 | PIN_AB26 | PIN_AC28

LEDGy PIN_J1 | PIN_A1S5 | PIN_U22 | PIN_AE22 | PIN_W27 | PIN_E21

Table 2. DE-Series Pin Assignments

File Edit View Tools Window Help

Search altera.com

<<new>> w [V Filter on node names: = » Category:| Al hd
= tatu From To Assignment Name Value Enabled Entity Comment Tag
1 <<news> <<news> <<news>

=X

Info...

0% 00:00:00

Figure 22. The Assignment Editor window.

7 Pin Assignment

During the compilation above, the Quartus II Compiler was free to choose any pins on the selected FPGA to serve as
inputs and outputs. However, the DE-series board has hardwired connections between the FPGA pins and the other
components on the board. We will use two toggle switches, labeled SW, and SW, to provide the external inputs, x;
and x,, to our example circuit. These switches are connected to the FPGA pins listed in Table 2. We will connect
the output f to the green light-emitting diode labeled LEDGy. Its FPGA pin assignment can also be found in Table
2.
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Options
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Lockin:  [light| - E] Indude subentities Hierarchy view
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Mame Assignments Mame Assignments

light
Unassigned
Unassigned
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Figure 23. The Node Finder displays the input and output names.

Pin assignments are made by using the Assignment Editor. Select Assignments > Assignment Editor to reach the
window in Figure 22 (shown here as a detached window). In the Category drop-down menu select All. Click on
the <<new>> button located near the top left corner to make a new item appear in the table. Double click the box
under the column labeled To so that the Node Finder button appears. Click on the button (not the drop down
arrow) to reach the window in Figure 23. Click on [¥J to show more search options. In the Filter drop-down menu
select Pins: all. Then click the List button to display the input and output pins to be assigned: f, x1, and x2. Click
on x1 as the first pin to be assigned and click the > button; this will enter x1 in the Selected Nodes box. Click OK.
x1 will now appear in the box under the column labeled To. Alternatively, the node name can be entered directly by
double-clicking the box under the To column and typing in the node name.

Follow this by double-clicking on the box to the right of this new x1 entry, in the column labeled Assignment Name.
Now, the drop-down menu in Figure 24 appears. Scroll down and select Location (Accepts wildcards/groups).
Instead of scrolling down the menu to find the desired item, you can just type the first letter of the item in the
Assignment Name box. In this case the desired item happens to be the first item beginning with L. Finally, double-
click the box in the column labeled Value. Type the pin assignment corresponding to SWj for your DE-series board,
as listed in Table 2.

Use the same procedure to assign input x2 and output f to the appropriate pins listed in Table 2. An example using
a DE2 board is shown in Figure 25. To save the assignments made, choose File > Save. You can also simply close
the Assignment Editor window, in which case a pop-up box will ask if you want to save the changes to assignments;
click Yes. Recompile the circuit, so that it will be compiled with the correct pin assignments.
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Assignment Name Value Enabled Entity Comment Tag

Infer RAMs from Raw Logic {Accepts wildcards/groups) -
Input Delay from Dual-Purpose Clock Pin to Fan-Out Destinations {Accepts wildcards/groups)

Input Delay from Pin to Input Register (Accepts wildcards /groups)

Input Delay from Pin to Internal Cells (Accepts wildcards/groups)

Iteration limit for constant Verilog loops (Accepts wildcards/groups)

Iteration limit for non-constant Verilog loops (Accepts wlldmrdsfgroups} D
Keep synchronous dear fpreset behavior for DDIO IMPUT when unmap I/0 wysiwya primitives (Accepts wildcards/groups
Location (Accepts wildcards/groups)

Logic Cell Insertion

Manual Logic Duplication (Accepts wildcards groups) &

Figure 24. The available assignment names for a DE2 board.

\é Assignment Editor - Di/i

File Edit View Tools Window Help Search altera.com

<<new>> ¥ [J]Filter on node names: = - Category:[nﬂ

& From To Assignment Name Value Enabled i Comment Tag
D Location PIN_N25 Yes

I - Location Yes

| BN Location PIN_AE22 Yes

LENEW == SENEW == LENEW ==

Assigns a location on the device for the current node(s) and/or pin(s).

Figure 25. The complete assignment on a DE2 board.
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The DE-series board has fixed pin assignments. Having finished one design, the user will want to use the same pin
assignment for subsequent designs. Going through the procedure described above becomes tedious if there are many
pins used in the design. A useful Quartus II feature allows the user to both export and import the pin assignments
from a special file format, rather than creating them manually using the Assignment Editor. A simple file format
that can be used for this purpose is the Quartus Il Settings File (QSF) format. The format for the file for our simple
project (on a DE2 board) is

set_location_assignment PIN_N25 -to x1
set_location_assignment PIN_N26 -to x2
set_location_assignment PIN_AE22 -to f

By adding lines to the file, any number of pin assignments can be created. Such gsf files can be imported into any
design project.

If you created a pin assignment for a particular project, you can export it for use in a different project. To see how
this is done, open again the Assignment Editor to reach the window in Figure 25. Select Assignments > Export
Assignment which leads to the window in Figure 26. Here, the file light.gsf is available for export. Click on OK. If
you now look in the directory, you will see that the file light.gsf has been created.

FE=Tm=m

Assignments to export L\\)

File name:

D fintrotutorial atom_netlistslight. gsf
Export assignments hierarchy path:
light
[ Export back-annotated routing
Save intermediate synthesis results
Save a node-evel netlist of the entire design into a persistent source file

File name:

[ QK ][ Cancel ][ Help ]

Figure 26. Exporting the pin assignment.

You can import a pin assignment by choosing Assignments > Import Assignments. This opens the dialogue in
Figure 27 to select the file to import. Type the name of the file, including the gsf extension and the full path to the
directory that holds the file, in the File Name box and press OK. Of course, you can also browse to find the desired
file.
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Comporsoers S ==

Specify the source and categories of assignments to import.

File name: |

Copy existing assignments into light.gsf.bak before importing

Figure 27. Importing the pin assignment.

For convenience when using large designs, all relevant pin assignments for the DE-series board are given in individ-
ual files. For example, the DE2 pin assignments can be found in the DE2_pin_assignments.qsf file, in the directory
tutorials\design_files, which is included on the CD-ROM that accompanies the DE-series board and can also be
found on Altera’s DE-series web pages. This file uses the names found in the DE2 User Manual. If we wanted to
make the pin assignments for our example circuit by importing this file, then we would have to use the same names
in our VHDL design file; namely, SW[0], SW[1] and LEDG[0] for xI, x2 and f, respectively. Since these signals
are specified in the gsf file as elements of vectors SW and LEDG, we must refer to them in the same way in the
VHDL design file. For example, in the gsf file the 18 toggle switches are called SW[17] to SW[0]; since VHDL
uses parentheses rather than square brackets, these switches are referred to as SW(17) to SW(0). They can also be
referred to as an array SW(17 downto 0).

8 Simulating the Designed Circuit

Before implementing the designed circuit in the FPGA chip on the DE-series board, it is prudent to simulate it to
ascertain its correctness. Quartus II’s Simulation Waveform Editor tool can be used to simulate the behavior of
a designed circuit. Before the circuit can be simulated, it is necessary to create the desired waveforms, called fest
vectors, to represent the input signals. It is also necessary to specify which outputs, as well as possible internal points
in the circuit, the designer wishes to observe. The simulator applies the test vectors to a model of the implemented
circuit and determines the expected response. We will use the Simulation Waveform Editor to draw the test vectors,
as follows:

1. In the main Quartus IT window, select File > New > Verification/Debugging Files > University Program
VWEF to open the Simulation Waveform Editor.

2. The Simulation Waveform Editor window is depicted in Figure 28. Save the file under the name labl.vwf;
note that this changes the name in the displayed window. Set the desired simulation to run from 0 to 200 ns by
selecting Edit > Set End Time and entering 200 ns in the dialog box that pops up. Selecting View > Fit in
Window displays the entire simulation range of 0 to 200 ns in the window, as shown in Figure 29. You may
wish to resize the window to its maximum size.

Altera Corporation - University Program 23
May 2013


http://www.altera.com/education/univ/

QUARTUS II INTRODUCTION USING VHDL DESIGNS For Quartus 11 13.0

&4 Simulation Waveform Editor - D:/fintratutorial/light - light - [Waveformlvwi] | = | = RS |
2 Search altera.com @
@ o~ [=yoo.
D& %0 & Z)T)E B ICE G 2 x4 B
Master Time Bar: 0 ps E E] Pointer: Interval: Start: End:
0 ps 160.0ns 320.0ns 480.0ns 540.0 ns 800.0 ns 980.0ns *
Name Value at i i i i \ \
Ops Jps

ol =

0% 00:00:00

Figure 28. The Waveform Editor window.

€4 Simulation Waveform Editor - Di/introtutorial/light - light - [lights.vwf] | == P9 |
7 Search altera.com @
& X & N 2 HE B EE 2 )R W 4 ()8
Master Time Bar: 0 ps E E] Pointer: Interval: Start: End:
0 ps 40.0 ns 80.0ns 120.0ns 160.0 ns 200.0ns *
Name Value at 1 1 i i
Ops Jps
] K ] | b
0% 00:00:00
\

Figure 29. The augmented Waveform Editor window.

3. Next, we want to include the input and output nodes of the circuit to be simulated. Click Edit > Insert >
Insert Node or Bus to open the window in Figure 30. It is possible to type the name of a signal (pin) into the
Name box, or use the Node Finder to search your project for the signals. Click on the button labeled Node
Finder to open the window in Figure 31. The Node Finder utility has a filter used to indicate what type of
nodes are to be found. Since we are interested in input and output pins, set the filter to Pins: all. Click the
List button to find the input and output nodes as indicated on the left side of the figure.
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Figure 30. The Insert Node or Bus dialogue.
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ELy:

Figure 31. Selecting nodes to insert into the Waveform Editor.

Click on the x/ signal in the Nodes Found box in Figure 31, and then click the > sign to add it to the Selected
Nodes box on the right side of the figure. Do the same for x2 and f. Click OK to close the Node Finder window,
and then click OK in the window of Figure 30. This leaves a fully displayed Waveform Editor window, as
shown in Figure 32. If you did not select the nodes in the same order as displayed in Figure 32, it is possible
to rearrange them. To move a waveform up or down in the Waveform Editor window, click within the node’s

row (i.e. on its name, icon, or value) and drag it up or down in the Waveform Editor.

Altera Corporation - University Program

May 2013

25


http://www.altera.com/education/univ/

QUARTUS II INTRODUCTION USING VHDL DESIGNS For Quartus 11 13.0

26

&4 Simulation Waveform Editor - Difintrotutorial/light - light - [lights.wwil* |ﬂ RS
= Search altera.com 7]
5 oo,
& X o 4 Z)E)E B EEZE 2 @K
Master Time Bar: 0 ps 1 b | Pointer: 3.41ns Interval: 3.41ns Start: Ops End: 0ps
0 ps 40.0 ns 80.0ns 120.0ns 160.0 ns 200.0ns *
Name Value at ! ] ' '
Ops 0ps
nox BO
n_ox2 BO
ot f BX
o )
[ 4 1 LY L
0% 00:00:00

Figure 32. The nodes needed for simulation.

4. We will now specify the logic values to be used for the input signals x/ and x2 during simulation. The logic

values at the output f will be generated automatically by the simulator. To make it easy to draw the desired
waveforms, the Waveform Editor displays (by default) vertical guidelines and provides a drawing feature that
snaps on these lines (which can otherwise be invoked by choosing Edit > Snap to Grid). Observe also a solid
vertical line, which can be moved by pointing to its top and dragging it horizontally. This reference line is
used in analyzing the timing of a circuit; move it to the time = 0 position. The waveforms can be drawn using

the Selection Tool, which is activated by selecting the icon | “ | in the toolbar.

To simulate the behavior of a large circuit, it is necessary to apply a sufficient number of input valuations
and observe the expected values of the outputs. In a large circuit the number of possible input valuations
may be huge, so in practice we choose a relatively small (but representative) sample of these input valuations.
However, for our tiny circuit we can simulate all four input valuations given in Figure 11. We will use four
50-ns time intervals to apply the four test vectors.

We can generate the desired input waveforms as follows. Click on the waveform for the x/ node. Once a
waveform is selected, the editing commands in the Waveform Editor can be used to draw the desired wave-
forms. Commands are available for setting a selected signal to 0, 1, unknown (X), high impedance (Z), weak
low (L), weak high (H), a count value (C), an arbitrary value, a random value (R), inverting its existing value
(INV), or defining a clock waveform. Each command can be activated by using the Edit > Value command,
or via the toolbar for the Waveform Editor. The Value menu can also be opened by right-clicking on a selected
waveform.

Set x/ to 0 in the time interval O to 100 ns, which is probably already set by default. Next, set x/ to 1 in the
time interval 100 to 200 ns. Do this by pressing the mouse at the start of the interval and dragging it to its end,
which highlights the selected interval, and choosing the logic value 1 in the toolbar. Make x2 = 1 from 50 to
100 ns and also from 150 to 200 ns, which corresponds to the truth table in Figure 11. This should produce
the image in Figure 33. Observe that the output f is displayed as having an unknown value at this time, which
is indicated by a hashed pattern; its value will be determined during simulation. Save the file.
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Figure 33. Setting of test values.

8.1 Performing the Simulation

A designed circuit can be simulated in two ways. The simplest way is to assume that logic elements and intercon-
nection wires in the FPGA are perfect, thus causing no delay in propagation of signals through the circuit. This is
called functional simulation. A more complex alternative is to take all propagation delays into account, which leads
to timing simulation. Typically, functional simulation is used to verify the functional correctness of a circuit as it is
being designed.

8.1.1 Functional Simulation

Before running a functional simulation it is necessary to run Analysis and Synthesis on your design by selecting the

.74 icon in the main Quartus II window. Note that Analysis and Synthesis gets run as a part of the main compilation
flow. If you compiled your design in Section 6, then it is not necessary to run Analysis and Synthesis again.

To perform the functional simulation, select Simulation > Run Functional Simulation or select the W icon. A
pop-up window will show the progress of the simulation then automatically close when it is complete. At the end of
the simulation, a second Waveform Editor window will open the results of the simulation as illustrated in Figure 34.
Observe that the output f is as specified in the truth table of Figure B.8a.
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Figure 34. The result of functional simulation.

B.4 Design Entry Using Verilog

This section illustrates the process of using Quartus Iitplement logic functions by writing Verilog code.
We will implement the functiorf from section B.3, where we used schematic capture. Aftariagtthe
Verilog code, we will simulate it using functional simulaii.

B.4.1 Create Another Project

Create a new project for the Verilog design in the directatgriall\designstyle2. Use the New Project
Wizard to create the project as explained in section B.2] W@al projectexample verilog and choose the
same FPGA chip family for implementation. Note that we aesting this project in a new directory,
designstyle2, which is a subdirectory of the directotytoriall. While we could have created a new project,
example verilog, in the previous directorglesignstylel, it is a good practice to create different projects in
separate directories.

B.4.2 Using the Text Editor

Quartus Il provides a text editor that can be used for typiagldg code. SeledFile New to get the
window in Figure B.9, choos¥erilog HDL File, and click OK. This opens the Text Editor window. The
first step is to specify a name for the file that will be createelectFile Save As to open the pop-up box
depicted in Figure B.26. In the box label8ave as type chooseVerilog HDL File. In the box labeledrile
name type example verilog. (Quartus Il will add the filename extensignwhich must be used for all files
that contain Verilog code.) Leave the box checked at theobottf the figure, which specifigsdd file to
current project, This setting informs Quartus Il that the new file is part @& turrently open project. Save
the file. We should mention that it is not necessary to useéeHditor provided in Quartus Il. Any text ed-
itor can be used to create the file nanegaimple verilog.v, as long as the text editor can generate a plain text
(ASCII) file. A file created using another text editor can becpt in the directoryutorial1\designstyle?
and included in the project by specifying it in the New ProjéGzard screen shown in Figure B.5 or by
identifying it in the Settings window of Figure B.24 undeetbategoryFiles.



Save As %]

Save in: I@designstyleZ j - £k Ev
db
File name: Iexample_verilog
Sawve as type: IVeriIog HOL File (*w*wlg*wogm*werilog) j Cancel |
¥ Add file to current project
e

Figure B.26. Opening a new Verilog file.

el example_verilog.v*
module example_verilog (x1l, =2, %3, f£);
input xl1, =2, x3;
output f;
assign f = {(x1 & x2) | (~x2 & %3);:
endmodule
K1l M 4

Figure B.27. The Verilog code entered in the Text Editor.

The Verilog code for this example is shown in Figure 2.34.eEltis code into the Text Editor window,
with one small modification. In Figure 2.34, the name of thedole isexample3. When creating the new
project, we chose the nanagample_verilog for the top-level design entity. Hence, the Verilog modulgsim
match this name. The typed code should appear as shown ireg2i7. Save the file, by usirigle | Save
or the shortcuCitrl-s.

Most of the commands available in the Text Editor are sefftamxatory. Text is entered at tlesertion
point, which is indicated by a thin vertical line. The insertionimgocan be moved by using either the
keyboard arrow keys or the mouse. Two features of the TexbEdre especially convenient for typing
Verilog code. First, the editor displays different typed/efilog statements in different colors, and, second,
the editor can automatically indent the text on a new linehsd it matches the previous line. Such options
can be controlled by the settingsTools | Options | Text Editor.

Using Verilog Templates

The syntax of Verilog code is sometimes difficult for a desigto remember. To help with this issue, the
Text Editor provides a collection dferilog templates. The templates provide examples of various types
of Verilog statements, such asnaodule declaration, aralways block, and assignment statements. It is
worthwhile to browse through the templates by seleckdd | Insert Template | Verilog HDL to become
familiar with this resource.
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B.4.3 Synthesizing a Circuit from the Verilog Code

As described for the design created with schematic captusedtion B.3.2, seled®rocessing | Start |
Start Analysis and Synthesis (shortcut Ctrl-k) so that the Compiler will synthesize acait that imple-
ments the given Verilog code. If the Verilog code has beerdyporrectly, the Compiler will display a
message that says that no errors or warnings were genefaganmary of the compilation report will be
essentially the same as in Figure B.17.

If the Compiler does not report zero errors, then at leastoistake was made when typing the Verilog
code. In this case a message corresponding to each erraralibe displayed in théMessages window.
Double-clicking on an error message will highlight the offing statement in the Verilog code in the Text
Editor window. Similarly, the Compiler may display some wiag messages. Their details can be explored
in the same way as in the case of error messages. The usertaeammbre information about a particular
error or warning message by selecting the message andryé¢issk1 key.

B.4.4 Performing Functional Simulation

Functional simulation of the Verilog code is done in exattly same way as the simulation described earlier
for the design created with schematic capture. Create a reevefdfm Editor file and seleétile | Save As
to save the file with the namexample_verilog.vwf. Following the procedure given in section B.3.3, import
the nodes in the project into the Waveform Editor. Draw theef@ms for inputscl, x2, andx3 shown in
Figure B.23. Itis also possible to open the previously drawaaeform fileexample_schematic.vwf and then
“copy and paste” the waveforms fei, x2, andxz3. The procedure for copying waveforms is described in
Help; it follows the standard Windows procedure for copying aadting. We should also note that since
the contents of the two files are identical, we can simply neg&epy of theexample_schematic.vwf file and
save it under the namexample_verilog.vwf.

Select the Functional Simulation option in Figure B.24 agléctProcessing | Generate Functional
Simulation Netlist. Start the simulation. The waveform generated by the Sitoufar the outputf should
be the same as the waveform in Figure B.25.

B.4.5 Using Quartus Il to Debug Verilog Code

In section B.3.2 we showed that the displayed messages cagseoeto quickly locate and fix errors in a
schematic. A similar procedure is available for finding esrm Verilog code. To illustrate this feature,
open theexample_verilog.v file with the Text Editor. In the fifth line, which is thassignstatement, delete
the semicolon at the end of the line. Save ¢kample_ verilog.v file and then run the Compiler again. The
Compiler detects one error and displays the messages shokiguire B.28. The error message specifies
that the problem was identified when processing line 7 in tgldf source code file. Double-click on
this message to locate the corresponding part of the Vecibolg. The Text Editor window is automatically
displayed with line 7 highlighted.

‘& Info: Command: quartus_map —impont_setings_files=on —export_settings_files=off example_verilog;l
£} Error Werilog HDL syntax error at example_verilogv(7) near text "endmodule”; expecting " ar ™"
5:5-) Info: Found 0 design units and 0 entities in source file d\utoriall\designstyleZiexample_wverilog.wv
€ Error Quartus Il Analysis & Syrthesis was unsuccessful 1 erar 0 warmings
“Er Info: Whiting report file exarmple_verilog.map.rpt

Lol

«| | »

I\. Processing ﬁ Syztem f

Figure B.28. The Message window.
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Fix the error by reinserting the missing semicolon; thernesthe file and run the Compiler again to
confirm that the error is fixed. We have now completed the ¢htction to design using Verilog code. Close
this project.

B.5 Mixing Design-Entry Methods

It is possible to design a logic circuit using a mixture ofigasentry methods. As an example, we will
design a circuit that implements the function

f=x120 + Tax3
where
1 = Wi1w2 + wW3wy

T3 = WiW3 + Wawy
Hence, the circuit has five inputs; andw; throughw,, and an output. We already designed a circuit for
[ =172 + Tow3

in section B.3 by using the schematic entry approach. To stmwschematic capture and Verilog can be
mixed, we will create Verilog code for expressions and x3, and then make a top-level schematic that
connects this Verilog subcircuit to the schematic createskection B.3.

B.5.1 Using Schematic Entry at the Top Level

Using the approach explained in section B.2, create a neje@qtiia a directory nametlitorial 1\ designstyl 3.
Use the namexample_mixedl for both the project and the top-level entity. For the Newj&bWizard’s
screens in Figures B.5 to B.7, use the same settings as wa digction B.2. With thexample_mixedl

project open, seleétile | New to open the window in Figure B.9, and sel¥etrilog HDL as the type of file
to create. Type the code in Figure B.29 and then save the fitethhé namererfunctions.v.

module verfunctions (w1, w2, w3, w4, g, h);
input wi, w2, w3, w4,
output g, h;

assign g = (wl & w2) | (w3 & w4);
assign h = (wl & w3) | (w2 & w4);

endmodule

Figure B.29. Verilog code for theerfunctions subcircuit.

To include the subcircuit represented \®yfunctions.v in a schematic we need to create a symbol for
this file that can be imported into the Block Editor. To do ttéslectFile | Create/Update | Create
Symbol Files for Current File. In response, Quartus Il generates a Block Symbol gddunctions.bsf, in
thetutorial 1\ designstyle3 directory.

We also wish to use thexample_schematic circuit created in section B.2 as a subcircuit in dxam-
ple_mixedl project. In the same way that we needed to make a symboleffunctions, a Block Editor
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symbol is required foexample_schematic. SelectFile | Open and browse to open the file

tutorial 1\ designstylel\ example_schematic.bdf. Now, selecfile | Create/Update | Create Symbol Files
for Current File. Quartus Il will generate the filexample_schematic.bsf in thedesignstylel directory. Close
the example_schematic.bdf file.

We will now create the top-level schematic for our mixedigegproject. SelecFile | New and spec-
ify Block Diagram/Schematic File as the type of file to create. To save the file, selélt | Save As
and browse to the directortytorial1\designstyle3. It is necessary to browse back to algsignstyle3 di-
rectory because Quartus Il always remembers the last diyetitat has been accessed; in the preceding
step we had created thexample_schematic.bsf symbol file in thedesignstylel directory. Use the name
example_mixedl1.bdf when saving the top-level file.

To import theverfunctions andexample_schematic symbols, double-click on the Block Editor screen, or
selectEdit | Insert Symbol. This command opens the window in Figure B.30. Click on thesxt o the
labelProject on the top-left of the figure, and then click on the iteenfunctions to select this symbol. Click
OK to import the symbol into the schematic. Next, we need to imfie example_schematic subcircuit.
Since this symbol is stored in thdesignstylel project directory, it is not listed under th&roject label in
Figure B.30. To find the symbol, browse on thame: box in the figure. Locatexample_schematic.bsf in
thetutorial1\designstylel directory and perform the import operation. Finally, imipthee input and output
symbols from the primitives library and make the wiring ceations, as explained in section B.3, to obtain
the final circuit depicted in Figure B.31.

Compile the schematic. If Quartus Il produces an error gathat it cannot find the schematic fidg-
ample_schematic.bdf, then you need to tell Quartus Il where to look for this fileleseAssignments | Set-
tings to open the Settings window, which was displayed in Figug4BOn the left side of this window, click
on User Libraries, and then in thé.ibrary name box browse to find the directortytorial 1\designstylel.
Click Open to add this directory into thkibraries box of the Settings window. Finally, clic®K to close
the Settings window and then try again to compile the project

Symbol

Libraries:
| Bl & Project
i ill| verfunctions

: 23 d\quartusilibranies’

Lo CveErfunetions

Mame: w1 ab—

| verfunctions J D i
---------------- e 3

I Repeatinsr o L

[ Ingert spmbol as block I

[T Launch Megawizard Flugln |- o ool ioil izt

Megawizard Plugdn Manager... | D

ak. I Cancel |

Figure B.30. Importing the symbol for theerfunctions subcircuit.

To verify its correctness, the circuit has to be simulatetiis Tircuit has five inputs, so there are 32
possible input valuations that could be tested. Insteadwileeandomly choose just six valuations, as
shown in Figure B.32, and perform the simulation. The cdrv@tues off which are produced by the
simulator are shown in the figure. (Chapter 11 deals withékgrtg issues in detail and explains that using
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a relatively small number of randomly-chosen input testamexis a reasonable approach.)

Figure B.31. The complete circuit.

& example_mixed1 Simulation Report

Simulation Waveforms

Master Time Bar: Ops J_’lPDinter:| 715 ps Inter\.fal:| 715 ps Start| End:|

ps 20.0ns 40.0 ns B0.0ns 80.0ns 100.0ns 1200 nsl
Walue at L L L L L

Mame 0 hs
ps

i
- wil BO
- W BO
- wid B1
- wid] BO
- 2 BO
Lo f BO

Figure B.32. Simulation results for tteample_mixed1 circuit.
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About Errors

Quartus Il displays messages produced during compilatidhe Messages window. This window is at the
bottom of the Quartus Il display in Figure B.1. If the scheimi& drawn correctly, one of the messages will
state that the compilation was successful and that theneceeerors or warnings.

To see what happens if an error is made, remove the wire timaiects inputc3 to the bottom AND
gate and compile the modified schematic. Now, the compildgaot successful and two error messages
are displayed. The first tells the designer that the affeAtdd gate is missing a source. The second states
that there is one error and one warning. In a large circuitay tme difficult to find the location of an error.
Quartus Il provides help whereby if the user double-clickshe error message, the corresponding location
(AND gate in our case) will be highlighted. Reconnect theaeed wire and recompile the corrected circuit.

9 Programming and Configuring the FPGA Device

The FPGA device must be programmed and configured to implement the designed circuit. The required config-
uration file is generated by the Quartus II Compiler’s Assembler module. Altera’s DE-series board allows the
configuration to be done in two different ways, known as JTAG and AS modes. The configuration data is transferred
from the host computer (which runs the Quartus II software) to the board by means of a cable that connects a USB
port on the host computer to the leftmost USB connector on the board. To use this connection, it is necessary to
have the USB-Blaster driver installed. If this driver is not already installed, consult the tutorial Getting Started with
Altera’s DE-Series Boards for information about installing the driver. Before using the board, make sure that the
USB cable is properly connected and turn on the power supply switch on the board.

In the JTAG mode, the configuration data is loaded directly into the FPGA device. The acronym JTAG stands for
Joint Test Action Group. This group defined a simple way for testing digital circuits and loading data into them,
which became an IEEE standard. If the FPGA is configured in this manner, it will retain its configuration as long
as the power remains turned on. The configuration information is lost when the power is turned off. The second
possibility is to use the Active Serial (AS) mode. In this case, a configuration device that includes some flash memory
is used to store the configuration data. Quartus II software places the configuration data into the configuration device
on the DE-series board. Then, this data is loaded into the FPGA upon power-up or reconfiguration. Thus, the FPGA
need not be configured by the Quartus II software if the power is turned off and on. The choice between the two
modes is made by the RUN/PROG switch on the DE-series board. The RUN position selects the JTAG mode, while
the PROG position selects the AS mode.

9.1 JTAG Programming

The programming and configuration task is performed as follows. Flip the RUN/PROG switch into the RUN position.
Select Tools > Programmer to reach the window in Figure 36. Here it is necessary to specify the programming
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hardware and the mode that should be used. If not already chosen by default, select JTAG in the Mode box. Also,
if the USB-Blaster is not chosen by default, press the Hardware Setup... button and select the USB-Blaster in the
window that pops up, as shown in Figure 37.

=T

Fle Edit View Processing Tools Window Hep 5 Search altera.com @
j' Hardware Setup...| USB-Blaster [USE-0] Mode: Progress: :
[] Enable real-time ISP to allow background programming (for MAX IT and MAX V devices)
W File Device Checksum Usercode Program/f Verify Blank- Examine
Confure Check
T output_files/light. sof EP2C35F672 002F8352 FFFFFFFF
o
3 Auto Detect
{ Delete
[ AddFile...

‘f; Change File...

4] 1] F

e} Save File

s (ANETERYE)

TDI
Ji nown — '

m. | »

|

1

Figure 36. The Programmer window.

Observe that the configuration file light.sof is listed in the window in Figure 36. If the file is not already listed, then
click Add File and select it. This is a binary file produced by the Compiler’s Assembler module, which contains the
data needed to configure the FPGA device. The extension .sof stands for SRAM Object File. Note also that the device
selected is EP2C35F672, which is the FPGA device used on the DE2 board. Click on the Program/Configure check
box, as shown in Figure 38.

Hardware Settings ITAG Settings
Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.
Currently selected hardware: [USBB\asber [UsB-0] - ]
Available hardware items
Hardware Server Port i Add Hardware... i
USB-Blaster Local UsB-0
Remove Hardware

Figure 37. The Hardware Setup window.
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,

Fle Edit View Processing Tools Window Help 5 Search altera.com @

£, Hardware Setup... | USB-Blaster [USB-0] Mode: Progress: :

[] Enable real-time ISP to allow background programming (for MAX 1T and MAX ¥ devices)

W File Device Checksum Usercode Program/ Verify Blank- Examine
U Start Configure Check

output_filesflight.sof EP2C35F672 002F8362 FFEFFEEE <

@it Stop
M Auto Detect
I Delete

(2 Add File...

:B Change File...

~
lem s ||+

.

il Save File

[*# Add Device...

Tiup H H
Rom J||— E@E ]

Figure 38. The updated Programmer window.

Now, press Start in the window in Figure 38. An LED on the board will light up when the configuration data has
been downloaded successfully. If you see an error reported by Quartus II software indicating that programming
failed, then check to ensure that the board is properly powered on.

9.2 Active Serial Mode Programming

In this case, the configuration data has to be loaded into the configuration device on the DE-series board. Refer to
Table 3 for a list of configuration devices on DE-series boards. To specify the required configuration device select
Assignments > Device, which leads to the window in Figure 39.

Click on the Device and Pin Options button to reach the window in Figure 40. Now, click on the Configuration
tab to obtain the window in Figure 41. In the Configuration device box (which may be set to Auto) choose the
correct configuration device name and click OK. Upon returning to the window in Figure 39, click OK. Recompile
the designed circuit.

Board Configuration Device
DEO EPCS4
DEOQ-Nano EPCS64
DEI1 EPCS4
DE2 EPCS16
DE2-70 EPCS64
DE2-115 EPCS64

Table 3. DE-series Configuration Device Names
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Select the family and device you want to target for compilation.

Device family Show in 'Available devices' list
Family: |Cyclone II - ] Package: [My - ]
Devices: |Al - Pin count: [My - I

Speed grade: [Any v]

Target device

. Name filter:

() Auto device selected by the Fitter
V| show ad d devi HardC tible o

Spedific device selected in ‘Available devices' list oW advanced devices SRS A e B

Other: nfa

Device and Pin Option:

Available devices:

Name Core Voltage LEs UserI/0s Memory Bits Embedded multiplier 9-bit elements =

EP2C35F484C6 1.2V 33216 322 433840 7o

EP2C35F484C7 L2V 33216 322 433840 7o

EP2C35F484C8 L2V 33216 322 433840 7o

EP2C35F 43413 J) 33216 322 433840 70
T = T b
EP2C35F672C7 1.2V 33216 475 4833840 70 D
EP2C35F672C8 L2V 33216 475 483540 7o

EP2C35F67218 L2V 33216 475 433840 7o

EP2C35U484C6 1.2V 33216 322 433340 7o &
< | n 3
Migration compatibility Companion device

0 migration devices selected Limit DSP & RAM to HardCopy device resources

[oe ][ cencel ][ Hep

Figure 39. The Device Settings window.
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Category:

|General
Configuration
Programming Files
Unused Pins
Dual-Purpose Pins
Capacitive Loading
Board Trace Model
1/0 Timing

Voltage

Pin Placement
Error Detection CRC
CwP Settings

, :

General

Specify general device options. These options are not dependent on the configuration scheme.

Options:

Auto-restart configuration after error

[7] Release dears before tri-states

[ Enable user-supplied start-up dodk (CLKUSR)
[ Enable device-wide reset (DEV_CLRR)

[ Enable device-wide output enable {DEV_OE)
[ Enable INIT_DONE output

[] auto usercode

JTAG user code (32-bit hexadedmal):  FFFFFFFF
In-system programming clamp state:

Delay entry to user mode:

Device initialization dock source:

Description:

Directs the device to restart the configuration process automatically if a data error is
encountered, If this option is turned off, you must externally direct the device to restart the
configuration process if an error occurs,

[ OK ] [ Cancel ] [ Help

Altera Corporation - University Program
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Figure 40. The Options window.
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,

Category:

General
Configuration
Programming Files
Unused Pins
Dual-Purpose Pins
Capacitive Loading
Board Trace Model
1/0 Timing

Voltage

Pin Placement
Error Detection CRC
CwP Settings

designs, these settings apply to the FPGA prototype device.

Specify the device configuration scheme and the configuration device. Note: For HardCopy

=)

Configuration scheme: [.ﬂchve Serial {can use Configuration Device)

-]

Configuration mode:

Configuration device

-

Force VCCIO to be compatible { Epcg32
EPCS64

" EPCQ64
Generate compressed bitstreams EPCE128
EPCQ128

Active serial dock source:

Auto b
Use configuration device: Auto R
EPC51 F
EPCS4
Configuration device IO voltage: W
EPCQ15 E

Enable input tri-state on active configuration pins in user mode

Description:

device.

Specifies the configuration device that you want to use as the means of configuring the target

[ 0K

) (e ] |

Help ]

Figure 41. Specifying the configuration device.

The rest of the procedure is similar to the one described above for the JTAG mode. Select Tools > Programmer
to reach the window in Figure 36. In the Mode box select Active Serial Programming. If you are changing the
mode from the previously used JTAG mode, the pop-up box in Figure 42 will appear, asking if you want to clear all
devices. Click Yes. Now, the Programmer window shown in Figure 43 will appear. Make sure that the Hardware
Setup indicates the USB-Blaster. If the configuration file is not already listed in the window, press Add File. The
pop-up box in Figure 44 will appear. Select the file labl.pof in the directory introtutorial/output_files and click
Open. As a result, the configuration file /ight.pof will be listed in the window. This is a binary file produced by the
Compiler’s Assembler module, which contains the data to be loaded into the configuration device on the DE-series
board. The extension .pof stands for Programmer Object File. Upon returning to the Programmer window, click on
the Program/Configure check box, as shown in Figure 45.

Some devices in current device list cannot be added to selected programming mode
Active Serial Programming. Do you want to dear all devices in current device list and

switch to selected mode?

Figure 42. Clear the previously selected devices.
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Ay Programmer - Dintrotutorialflight - light - [output files/light.cdf]? [N -

File Edit View Processing Tools Window Help = Search altera.com O

_?. Hardware Setup... | USB-Blaster [USB-0] Mode: [ﬁCﬁ\fE Serial Programming v Progress: ] i
Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

—————————— File Device Checksum Usercode Program, Verify Blank- Examine
#h start Configure Check
[ diswp |
e
BES
[ save File
1 up
l‘ﬂﬂ Down

Look in: [ | D:\introtutorial\output_files v] e Em
¥4 My Computer | | L liht.pof
B gelliott

File name: |Iight.|:»<nc

Files of type: [PDF Files (*.pof)

Figure 44. Choose the configuration file.
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% Programmer - D:fi

otutorial/light - light - [outp

File Edit View Processing Tools Window

Help

les/light.cdf]*

L_=D

F=EEx

Search altera.com @

__'='. Hardware Setup...

UsB-Blaster [USE-0]

Mode: [Acﬁve Serial Programming +

Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

Progress:

] b

i Start

File

Device

Checksum

Usercode

output_files flight.pof

EPC516

1C789BAD

00000000

[ diswop |

| @ Auto Detect |

| M AddFie... |

Program,
Configure

Verify Blank- Examine
Check

| el saverie |
BT
oo ]

Figure 45. The updated Programmer window.

Flip the RUN/PROG switch on the DE-series board to the PROG position. Press Start in the window in Figure 45.
An LED on the board will light up when the configuration data has been downloaded successfully. Also, the Progress
box in Figure 45 will indicate when the configuration and programming process is completed, as shown in Figure 46.

% Programmer - D:fi

otutorial/light - light - [outp

File Edit View Processing Tools Window

Help

les/light.cdf]*

"=D

Search altera.com @

:='. Hardware Setup...

USB-Blaster [USB-0

Mode: [Acﬁve Serial Programming +

Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

Progress:

e ]

i Start

oo ]
(PAmooec |
[ Xodew

| ?“_}‘ Change File...

File

output_files flight.pof

EPCS16

Device

Checksum

1C789BAD

Usercode

00000000

Program,
Configure

Verify Blank- Examine
Check

| [ save File

| [ add Device. ..
| 1 up
| ﬂ‘i‘n Down

Figure 46. The Programmer window upon completion of programming.
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10 Testing the Designed Circuit

Having downloaded the configuration data into the FPGA device, you can now test the implemented circuit. Flip
the RUN/PROG switch to RUN position. Try all four valuations of the input variables x; and x», by setting the
corresponding states of the switches SW; and SW,. Verify that the circuit implements the truth table in Figure 11.

If you want to make changes in the designed circuit, first close the Programmer window. Then make the desired
changes in the VHDL design file, compile the circuit, and program the board as explained above.
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