Lab 1:

(VUE) and Altera Quartus II Software

Familiarisation with the machine Visual User Environment

Objectives:

*
*

Familiar with the machine Visual User Environment (VUE)
Familiar with Altera Quartus II Software

Familiar with the machine Visual User Environment (VUE)

1. Logging into the System:
(a) Login :g(module group)_(class number) e.g. A3student 10
Password :  same as above g3_10
Note: account and password are case-sensitive
(b) To open a Linux terminal:
Click Right Button of the mouse > Terminal
2. Signing off from the system:
Click System > Logout from start menu
3. Commonly Used Linux Commands:
(a) Is - list files and directories in current directory
(b) Is™-al - list all files and directories, including invisible files
(c) cd™dirname - change directory
(d cd - change to home directory
(e) cd.. - go up one directory
() pwd - check current working directory
(" = space)
Note: Linux is case-sensitive
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Familiar with Altera Quartus II Software
1. Getting Started:

To start the Quartus II software:

Click Right Button of the mouse > Terminal and type:
cd

cd™digital

source”.cshre_linux

quartus&

(" = space)

You should see a display similar to the one in Figure 1.1.
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Figure 1.1 The main Quartus II display
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2. Starting a New Project:

Every design being done with Quartus II software is called a project. To hold the design files for
this lab, we will use a directory lib1. The example for this lab is a simple circuit for two-way light
control.

Create a new project as follows:

1. Select Creat a New Project (New Project Wizard) or File > New Project Wizard to reach the
window in Figure 1.2, which asks for the name and directory of the project.

MHew Project Wizard: Directory, Hame, Top-Level Entity [page 1 of 5]

What iz the warking directory for this project?
ADIPLOMA Y ear2/EGZT1E2/98_1 /digital/labl

“What iz the name aof thiz project? e
lab1|

What iz the name of the top-level design entity far thiz project? Thiz name iz case zenzitive and must
exactly match the entity name in the dezign file.

||a|:|1 _|

Ize Eizting Project Settings .

= Bach M et = Finizh Cancel

Figure 1.2 Creation of a new project

Set the working directory to be .../digital/labl. 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 labl as the
name for both the project and the top-level entity, as shown in Figure 1.2. Click Next.
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Mew Project Wizard: Directory, Mame, Top-Level Entity [page 1 of 5]

What iz the working directomy for thiz project?
ADIPLOMAS ear2/EG2163/98_1/digital/labl

What iz the name of thiz project? e
lab1

“What iz the name of the top-level design entity for thiz project? Thiz name iz caze sensitive and must
exacty match the entity name in the dezign file,

[l i

Quartus Il

& Directory "/DIPLOMA M ear2/EG2163408_1/digitallab1" does not exist. Do youw want to create it?

< Biack MHewt = Firizh Cancel

Figure 1.3 Creation of a new project

Click Yes to create the directory labl.
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Mew Project Wizard: Add Files [page 2 of 5] Ed

Select the dezign filez pou want to include in the project. Click Add Al to add all design files in the
project directom to the project. Mate: you can always add dezign files ta the project later.

Eile name: I . Sld

File name | Type |Libr.. |Design entr.. |HOL versio Add &l

Eemuye

Bioperties

- W]

[t

4| | ]

Specify the path names of any non-detault ibranes. Uszer Libraries... |

< Back Mext = Finizh Cancel

Figure 1.4 The wizard can include user-specified design files
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
1.5.
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7, I I

Mew Project Wizard: Family & Device Settings [page 3 of 5]

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

— Device family — Show in ‘Aewvallable device' lizt
Earnily: I Cuclane Il j Package: Any N
€
MEvizEs] Iﬂ'«ll j Firn count: By -
— Target device Speed grade:  |Any -
£ Aubo device selected by the Fitter [* Show advanced devices
i+ Specific device selected in ‘Available devices' list I | HardEomy compatite ol

Ayailable devices:

M ame | Core v... | LE= | Lzerld... | b emoar. .. | Embed... | FLL :I
EP2C20F256CT 1.2 18752 152 239616 &2 4
EP2CZ0F256CE 1.2 18752 152 239616 B2 4

EP2C20F 25615 1.2 18752 152 239616 B2 4
EP2CZ0F484CH 1.2 18752 315 239616 &2 4

EP2C20F 45407 1.2 239616 B2 4
EP2CZ0F454Ca 1.2 18752 315 239616 B2 4
EP2CZ0F45415 1.2 18752 315 239616 B2 4

EFP2C200 24008 1.2 18752 142 239616 B2 4 %
I:T‘:'I“‘QHEAQAPE 1y IME 277 AI0dA0 70 | A .

= [Eampatitn deyize

H ard EapE j
= | it SRR H S e H ara Copy device resauses

< Back, Mext = Finizh | Cancel |

Figure 1.5 Choose the device family and a specific device

We have to specify the type of device in which the designed circuit will be implemented. Choose
Cyclone 11 as the target device family. From the list of available devices, choose the device called
EP2C20F484C7 which is the FPGA used on Altera’s DE1 board. Click Next, which opens the

window in Figure 1.6.
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Mew Project Wizard: EDA Tool Settings [page 4 of 5]

Specify the other EDA tools -- in addition to the Cluartus |1 zoftware -- uzed with the project.

— Design Entmyd/Synthesis

Toal narme;

Earmat: I

I | B thre tesl autematicalli e sinttie size e curent desir

— Simulation

Toal narme: | <MNones:

= Barmat: I

I | Buraateevel smulaten autanm aticall i atter carmp st

— Timing Analyziz

Toal narme: | <Mones:

: Farmat: I

I | B thie ba sl attem aticall i attern canmpr atet

Lef Lo

< Back

Mext =

Finizh

Cancel

Figure 1.6 Other EDA tools can be specified

The user can specify any third-party tools that should be used. Since we will rely solely on
Quartus II tools, we will not choose any other tools. Click Next. A summary of the chosen settings

appears in the screen shown in Figure 1.7.
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Mew Project Wizard: Summary [page 5 of 5]

Figure 1.7 Summary of the project settings

Click Finish, which returns to the main Quartus II window, but with labl specified as the new
project, in the display title bar, as indicated in Figure 1.8.
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Figure 1.8 The Quartus II display for the created project

Electronic Circuit Simulation Page 10 of 21 Effective Date: 14 Apr 2017



3. Schematic Design Entry:

As a design example, we will use the circuit shown in Figure 1.9.

i DS

Figure 1.9 Design example

Select File > New to get the window in Figure 1.10, choose Block Diagram/Schematic File, and
Click OK. This opens the Graphic Editor window.

i SOPC Builder System
=1- Design Files
- AHDOL File
B Block. Diagram,Schematic File
- EDIF File
- State Machine File
- Suztemiferilog HOL File
- Tl Script File
- Werlog HOL File
- WHDL File
=~ Memony Files
- Hemadecimal [Intel-Format] File
- hemary Initialization File
= Yerification/D ebugging Files
- In-Spztem Sources and Probes File
- Logic Analyzer [nterface File
- SignalTap Il Logic Analyzer File
- Wector W aveform File
ther Files
-« BHOL Include File
- Block Spmbol File
« Chain Dezcription File
- Synopays Deszign Constraints File
- Tent File

—
b 2
—

Cancel

Figure 1.10 Choose to prepare a Block Diagram/Schematic File
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The first step is to specify a name for the file that will be created. Select File > Save As to open
the pop-up box depicted in Figure 1.11. In the box labeled (Save as type:) choose Block
Diagram/Schematic File (*.bdf). In the box labeled (File name:) type labl, to match the name
given in Figure 1.2, which was specified when the project was created. Put a checkmark in the
box (Add file to current project). Click Save, which puts the file into the directory labl and leads
to the Graphic Editor window displayed in Figure 1.12.

Savers _______________________________H

Save jn: [ ‘= lab = il Q’

_1db

File name: lab1 Save l

Save astype: [Block Diagram/Schematic File (“bdf) ¥ Cancel |
[v Add file to current project

Figure 1.11 Specify a name for Block Diagram/Schematic File
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Figure 1.12 Graphic Editor window

To add a symbol: Double-click on the blank space in the Graphic Editor window, or Click on the

Symbol Tool icon D in the toolbar. A pop-up box in Figure 1.13 will appear. Expand libraries >
primitives > logic which comprises the logic gates. Select and2, which is a two-input AND gate.
You can also type and2 in the search bar to locate the symbol. Click OK, and now the AND gate
symbol will appear in the Graphic Editor window.

| Symbol i
- Libraries: -
= @‘ x’TooIs.-"AIteraNSJx’qualtus.ﬂ’l;
El@ pimitives

4
MName:

Iand2|

— [ Eepeatinzert mode

=1 [rzert spmbiol a8 Block
= Laureh Megeizard Flug b

Megawizard Plug-ln Manager... |

kK LCancel |

Figure 1.13 Choose a symbol from the library
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Using the mouse, move the symbol to a desirable location and click to place it there. Import the
second AND gate, which can be done simply by positioning the mouse pointer over the existing
AND-gate symbol, right-clicking, and dragging to make a copy of the symbol. A symbol in the
Graphic Editor window can be moved by clicking on it and dragging it to a new location with the
mouse button pressed. Next, select or2 from the library and import the OR gate into the diagram.
Then, select not and import two instances of the NOT gate. Rotate the NOT gates into proper

. : . 42 :
position by using the “Rotate left 90" icon . NOT gate must be selected first you can click
the rotate icon. Arrange the gates as shown in Figure 1.14.

Figure 1.14 Import the gate symbols into the Graphic Editor window

Having entered the logic-gate symbols, it is now necessary to enter the input and output pins of
the circuit. Use the same procedure as for importing the pins, but choose the pin symbols from
libraries > primitives > pin. Import two instances of the input pin and one instance of the output
pin, to obtain the circuit in Figure 1.15.

............................

Cpinnamet T Pl

Figure 1.15 Import the input and output pins
Assign names to the input and output pins as follows. Point to the word pin_name on the top input

pin and double-click the mouse. The dialog box in Figure 1.16 will appear. Type the pin name,
x1, and Click OK. Similarly, assign the name X2 to the other input pin and f to the output pin.
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Pin Properties

General I Format ]

To create multiple pins, enter a name in AHDL bus notation [for example,
"name[3..0]"), or enter a comma-separated list of names.

Pin name(s]: I:-:'[

Default value: |VEE L‘

oK Cancel

Figure 1.16 Naming of a pin

The symbols in the diagram have to be connected by drawing wires. Click on the icon "1 in the
toolbar to activate the Orthogonal Node Tool. Position the mouse pointer over the right edge of
the X1 input pin. Click and hold the mouse button and drag the mouse to the right until the drawn
wire reaches the pin stub on the top input of the AND gate. Release the mouse button, which
leaves the wire connecting the two pin stubs. Use the same procedure to draw the remaining wires
in the circuit. Note that a dot will appear indicating a connection between the two wires. If a
mistake is made, a wire can be selected by clicking on it, and removed by pressing the Delete key

on the keyboard. Upon completing the diagram, click on the icon & , to activate the Selection
Tool. Now, changes in the appearance of the diagram can be made by selecting a particular
symbol or wire and either moving it to a different location or deleting it. The final diagram is
shown in Figure 1.17; save it.
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Figure 1.17 The completed schematic diagram

The entered schematic diagram file, lab1.bdf, is processed by several Quartus II tools that analyze
the file, 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.
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gor 15 &SR Legal Notice
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@ Full Compilation was successtul [3 warnings)
4 | 0| 4 |

Figure 1.18 Display after a successful compilation

Quartus II software displays messages produced during compilation in the Messages window. If
the block diagram design file is correct, one of the messages will state that the compilation was
successful and that there are no errors. If the Compiler does not report zero errors, then there is
at least one mistake in the schematic entry. In this case a message corresponding to each error
found will be displayed in the Messages window. Double-clicking on an error message will
highlight the offending part of the circuit in the Graphic Editor window. Similarly, the Compiler
may display some warning messages. Their details can be explored in the same way as in the case
of error messages. The user can obtain more information about a specific error or warning
message by selecting the message and pressing the F1 function key. Successful (or unsuccessful)
compilation is indicated in a pop-up box as shown in Figure 1.18. Acknowledge it by clicking
OK.
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4. Simulating the Designed Circuit:

Before implementing the designed circuit in the FPGA chip on the DE1 board, it is prudent to
simulate it to ascertain its correctness. Quartus Il software includes a simulation tool that 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 test 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 Quartus II Waveform Editor to
draw the test vectors, as follows:

Open the Waveform Editor window by selecting File > New, choose Vector Waveform File as
shown in Figure 1.19 and Click OK.

Mew [ x|
- SOPC Builder System ]
=- Deszign Filez
- AHDL File
- Block Diagram/S chematic File
- EDIF File

- State Machine File

- Spztemierlog HOL File

- Tel Script File

- Yenlog HOL File

- %WHOL File

[=- Memon Files

- Hexadecimal [|ntel-Format] File

- Memory Initialization File

[=- Wenfization/Debugging Files

- In-System Sources and Probes File
- Logic &nalyzer Interface File

- SignalT ap || Logic Analyzer File

& ector Waveform File

= | =~ Other Files —
- HOL Include File

- Block Spmbol File

- Chain Dezcrption File

- Spnopays Design Constraints File
- Teut File

-

0k, Carnicel

4

Figure 1.19 Choose to prepare a test vector file.

TheWaveform Editor window is depicted in Figure 1.20. 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 > End Time and entering 200 ns in the dialog box that pops up.
Next set the grid size to 50 ns by clicking Edit > Grid Size and entering 50 ns in the dialog box
that pops up. Select View > Fit in Window to display the entire simulation range of 0 to 200 ns
in the window, as shown in Figure 1.20.
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Figure 1.20 The Waveform Editor window

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 1.21. It is easier to click on the button labeled
Node Finder to open the window in Figure 1.22. 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.

Insert Node or Bus

Name:
Type:
Value type:
Radix:

Bus width:

Start index:

DK

[INPUT

LI Cancel

| SLevel

LI Node Finder...

|AsCl

=

p

|u

I Display gray code count as binary count

Figure 1.21 The Insert Node or Bus dialogue
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Figurel.22 Selecting nodes to insert into the Waveform Editor

Click on the x1 signal in the Nodes Found box in Figure 1.22, 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. You may

remove the signal in the Selected Nodes box by selecting it and click the "< sign. Click OK to

close the Node Finder window, and then Click OK to close Insert Node or Bus window. This
leaves a fully displayed Waveform Editor window, as shown in Figure 1.23. If you did not select
the nodes in the same order as displayed in Figure 1.23, it is possible to rearrange them. To move
a waveform up or down in the Waveform Editor window, click on the node name (in the Name
column) and release the mouse button. The waveform is now highlighted to show the selection.
Click again on the waveform and drag it up or down in the Waveform Editor.

ri labl . ywi- |
= | MasterTineBar | 5000 |+]Ponier | 652 Interval 15208 Start End:
A e 500ns 1000 ns 1500 s 2uu‘uw|
% G Name 500ns
| u
0 ] }
[
L241 — e s S R S R B S e s e S
B8l
| i

Figure 1.23 The nodes needed for simulation.
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We will now specify the logic values to be used for the input signals X1 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
oo,

View > Snap to Grid) or enable the snap to grid icon “%.

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.

For our tiny circuit we can simulate all four input valuations. We will use four 50 ns time intervals
to apply the four test vectors. We can generate the desired input waveforms by using the
Waveform Editing Tool *2. This should produce the image in Figure 1.24. 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.

1A tab1 vt |
= | Masisc TaBee | 500ns ] Poirter: | Dps Interval H0.0ns Slat: End:
I A ps 500ns 1000 ns 1500 ns 200 Dnsl
ECN Neme 50.0ns
= |

= T \
L ] R - —— ’ . - e _—

= . 2 f R A I I O O 00
[P

1 |

Figure 1.24 Setting of test values.

A designed circuit can be simulated in two ways. The simplest way is to assume that logic
elements and interconnection 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. This takes much less time, because the simulation can be performed simply by using
the logic expressions that define the circuit.

To perform the functional simulation, select Assignments > Settings to open the Settings window.
On the left side of this window click on Simulator Settings to display the window in Figure 1.25,
choose Functional as the simulation mode, and Click OK.

The Quartus II simulator takes the inputs and generates the outputs defined in the labl.vwf file.
Before running the functional simulation it is necessary to create the required netlist, which is
done by selecting Processing > Generate Functional Simulation Netlist. A simulation run is

b
started by Processing > Start Simulation, or by using the icon == .
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Figure 1.25 Specifying the simulation mode

At the end of the simulation, Quartus II software indicates its successful completion and displays
a Simulation Report illustrated in Figure 1.26. If your report window does not show the entire
simulation time range, click on the report window to select it and choose View > Fit in Window.
Observe the output f.
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Figure 1.26 The result of functional simulation

Electronic Circuit Simulation Page 21 of 21 Effective Date: 14 Apr 2017



