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Learning digital logic can be difficult using just chalkboards. Sometimes a little hands-on training
can bridge the gap between learning and understanding. For our Labs, we will be designing digital logic

circuits using the Altera Development Board with Quartus Il Software.

Altera Development Board

The Altera Development Board contains a Programmable Logic Device (PLD) which is a chip that
can be programmed to perform a wide variety of logical operations (AND, OR, NOT, NAND, etc) in any
combination. The PLD provided on our development board can be programmed to represent over sixty
eight thousand logic gates. A typical 74xx series Integrated Circuit (IC) chips typically contain up to 4
logic gates. We would need about 17,000 ICs to match the PLD’s capabilities. Imagine trying to wire

together 17,000 different ICs.
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Figure A. Altera DE2 Development Board

Quartus Il Software

The Quartus Il software provides the means in which we can program
the PLD with our circuit design. The software facilitates a process in which
we create our design, verify our design is correct, and then implement our
design with the PLD. The basic design flow is shown in Figure B. This
software allows you to build digital logic circuits with pictures or a language
called VHDL. Next a user will have the software compile the design. When
you compile your design, the program determines how to configure the PLD
so that it functions just as you’ve designed. Once your circuit has compiled
with no errors, you can then simulate it and the program will display an output
for your circuit. This will allow you to see if the circuit is doing what you
thought it would. After simulation, you will connect your logic to the outside
world. This is done by assigning pins to the inputs and outputs of your circuit
and re-compiling. Finally, you program the PLD by sending the compiled
design to the PLD. Once that is complete, the PLD should operate as designed
and is ready for final testing.
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Setting up a New Project
1. Setup a new project in Altera Quartus II.
a. Select File > New Project Wizard
b. If the New Project Wizard:Introduction Dialog appears, Click Next
c. Enter the directory name and project name as indicated below. Do not include spaces or
symbols in the file name. Every name can have a maximum of 8 characters with no symbols
other than underscores allowed.
K . [x]|

- e

“what iz the working directomy for this project? This directony will contain design files and
other related files azsociated with this project. |f wou type a directon name that does not
exist, Quartus || can create it for you.

|E:\33302\pe\your_name\proiect_name .

“what iz the name of thiz project? [F you wish, you can use the name of the project's
top-lewvel entity.

|pr0|ect_name o

What iz the name of the top-level entity in your project? Entity names are caze senaitive,
20 the capitalization must exactly match that of the name of the entity in the file.

|pr0iect_name

| Mext | Firish | Cancel |

Figure 1

d. Click Next. If the directory does not already exist, a dialog will ask to create it. Click Yes.
e. Click Next 1 more times.
f. Select Family Cyclone Il as shown in Figure 2.
g. Select EP2C35F672C6 in the Available Devices list box, and click Finish.
*** NOTE: Verify the Device Family and Name with the actual chip on the DE2 Board ***
MNew Project Wizard: Family 8 Device Settings [page 3 of 5] @
Select the family and device you want to target for compilation.
Device Family Show in ‘Available device' list
Eamily: | Cyclane |1 ﬂ Package: Ay -
|AII J Pin count: Any A
Target device Speed grade:  |Any -
" Auto device selected by the Fitber Iv Show advanced devices
{* Specific device selected in 'Available devices' list r
Available devices:
Mame | Core v... | LEs | Userl/... | Mermor... | Ernbed... | FLL -
EP2C35F 48406 1.2v 33216 322 433840 70 4
EP2C35F484C7 1.2¢ 33218 322 483840 70 4
EF2C35F484C8 1.2¥ 6 322 433840 70 4
EP2E35F484|3 1. 2\"' 33218 322 483840 70 4
2 3 1.2 3 15 70 1
EP2E35FB?2C? 1. 2\"' 33218 4?5 483840 70 4
EP2C35FET2C8 1.2¢ 33218 475 483840 70 4
EP2C35FET2IE 1.2¢ 33218 475 483840 70 4 i
4 LU L3
=l
o
< Back | Mext > | Finish | Cancel |
Figure 2
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|. Drawing a block diagram.

1. Adding your new Device Schematic to the Project

h.

Select File > New
Select Block Diagram/Schematic File

J.  Click the OK button.

2. Draw the schematic.

a. Double click the area where you want a new item.

b. Select the item you want from the Libraries List Box. To expand or contract the list click on

the plus or minus sign respectively. Note that most items you need will be in the

primatives/logic or primatives/pin folder. Alternatively, you may type the name of the item

you want in the Name Box from Table 1.

o o

1
et Device/Gate Text Entry
B o Input input
SO Output output
2D bulfer 2 Input AND | and2
HET other 3Input AND | and3
[?l?ﬁi”bid" 2 Input OR or2
? oot Inverter not
3l storage XOR XOr
2 Input NOR nor2
e JK FlipFlop JkFF
et | D FlipFlop dff
I Bepeat-inzert mode T Fllp FIOp tff _
i Freq Divider freqdiv
r Nor Latch norltch
Menatwiizard Plug-ln Manager... | Ground (IOW) gnd
Vcc (high) vcce
x| Cancel_| Table 1

Figure 3

Click OK.

Place the object in the desired location on the schematic and click the Left Button.

Give each input and output a unique name by editing the pin name. You can edit the pin name
by Single or Double Left Clicking on top of the name.

Connect the devices using the orthogonal node tool “lio implement the circuit. (Note: this is
much easier to do if you take each input and tie it a vertical rail as shown below in Figure 4).
Save the file using File > Save As. The filename must have no spaces.
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........................................... o Don’t forget to
4D_ add an output
Mote the inputs tied to two

wertical rails.

Figure 4

3. Save the project.
a. Select File > Save Project.
4. Compile the Project
a. Press Ctrl+L or Select Processing = Start Compilation
b. If all went well, I dialog box will indicate compilation complete. Otherwise, the compiler
report should indicate what the errors were.
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ll. Simulating the project with the waveform editor.

1. Ensure

all changes to the logic have been saved and compiled!

2. Simulate the project.

c. Select Processing = Simulator Tool.

d. If awarning dialog comes up, click OK. .
e. Set the Simulator Mode to Timing £5 Simulator Too ESSIECR(E

as in Figure 5b Simulation made: |Timing j |

f. Click the Open Button. Simulation input: | J Add Multiple Fies...
g. Select Edit =2 Insert Node or Bus. Simulation period

h. C||Ck the Node Finder Button. " Run simulation until al vector stimuli are used

i. Click on Filter = Pins: all. e ) LI | N
j. C||Ck the LiSt Button. Simulation options

k. C“Ck the >> Button [v Automatically add pins to simulation output wavefarms

l. Click OK Button. : Ehf““:’:‘;t_ S |

- elup ar [ Ime violation detecion

m. C!leOK Button . [ Glitch detection: ,10— m

n. nghllght a” the InpUtS per Flgure 5a' [ Owenwrite simulation input file with simulation results

EWBVEfIJI'ITI‘I.VW'f' g@g| [ Generate Signal Activity File: | J
Master Time | 179z ﬂPoin 00ps Inter -17.0ns 5t Ops E 1.0us ' [" Generate WCD File: | J

e 0 ps 10.0ns |
Inputs e | Y22
00:00:00

I E0

= o b st o | & oo | .
@ C EX

/ < »
Output Figure 5b
Figure 5a

0. Select Edit = Grouping =2 Group.

p. Enter Inputs for the Group Name.

g. Click OK.

r. Select the Inputs on the Waveform window.

NS xg<ccoo

Click the Count ye Button.

Click OK.

Select File = Close.

When asked to Save Changes, Click the Yes Button.

Note the filename of the Vector Waveform File then Click the Save button. .

Click the Start Button on the Simulator Tool.

Click OK.

Click the Report Button on the Simulator Tool. If there were no simulation errors, the Input
and Output waveforms should be displayed.
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lll.  Pin Assignments

Pins can be assigned either by entering the location for named Inputs and Outputs or by importing the

DE2 Board Pinout file and using standard naming nomenclature for inputs and outputs.

Method 1 - Customized Input Output Naming.

1. Assign Pins to Inputs and Outputs
a. Select Assignments = Assignment Editor.

|
-~

I

All
Locations

Logic cel
LAE
Reserve Pin “

Erame

| thaobages o

I

I Show assignments For specific nodes:

=4 O Check al
=H)
ol Uncheck all
it;"r Delete Al
+ Information: | Assigns alocation on the device for the current nodeis) andfor pinfs).
|
E Edit: /| [Pin_54
To Location General Function Special Function Re
1 4 ]
z < NEw = ENEN
< >

Figure 6
b. Select the Pin Category in the Assignment Editor per Figure 7.

Important Note: Write down the pin numbers assigned in the next step!

c. Perform the following 4 steps for each Input and Output.
i. Double Click <<new>> in the To Column

ii. Select the desired Input or Output

iii. Double Click <<new>> in the Location Column

iv. Select the desired pin number. Pin numbers are listed in Table 2.
d. When complete select File > Close.
e. Click the Yes Button.

2. Re-Compile the project.
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Method 2 - Standard Naming Nomenclature

1. Download the DE2 Pinout QSF File from the course web page.
2. Click Assignments->Import Assignments
3. Click ...
4. Select the downloaded pin assignment file DE2.qgsf.
5. Click the Open button.
6. Click the OK button.
7. Name Inputs and Outputs in your design using the Signal Name from Table 2.
Toggle Switches Red and Green LEDs 7 Segment Displays 0-4
|_signainame [ Freapinno. | [ signainame [ FPaaPino. |
SWIO] PIN_N25 LEDR[O0] PIN_AE23 HEXO0[0] PIN_AF10
SWI1] PIN_N26 LEDR[1] PIN_AF23 HEXO[1] PIN_AB12
SW[2] PIN_P25 LEDR[2] PIN_AB21 HEXO0[2] PIN_AC12
SW[3] PIN_AE14 LEDR[3] PIN_AC22 HEXO[3] PIN_AD11
SW[4] PIN_AF14 LEDR[4] PIN_AD22 HEXO0[4] PIN_AE11
SW[5] PIN_AD13 LEDR[5] PIN_AD23 HEXO[5] PIN V14
SWI6] PIN_AC13 LEDR][6] PIN_AD21 HEXO0[6] PIN V13
SWI7] PIN_C13 LEDR[7] PIN_AC21 HEX1[0] PIN_V20
SWI8] PIN_B13 LEDR][8] PIN_AA14 HEX1[1] PIN_V21
SWI9] PIN_A13 LEDR[9] PIN_Y13 HEX1[2] PIN W21
SW[10] PIN_N1 LEDR[10] PIN_AA13 HEX1[3] PIN_Y22
SW[11] PIN_P1 LEDR[11] PIN_AC14 HEX1[4] PIN_AA24
SW[12] PIN_P2 LEDR[12] PIN_AD15 HEX1[5] PIN_AA23
SW[13] PIN_T7 LEDR[13] PIN_AE15 HEX1[6] PIN_AB24
SW[14] PIN_U3 LEDR[14] PIN_AF13 HEX2[0] PIN_AB23
SWI15] PIN_U4 LEDR[15] PIN_AE13 HEX2[1] PIN_V22
SWI[16] PIN_V1 LEDR[16] PIN_AE12 HEX2[2] PIN_AC25
SWI[17] PIN_V2 LEDR[17] PIN_AD12 HEX2[3] PIN_AC26
LEDGI0] PIN_AE22 HEX2[4] PIN_AB26
Pushbuttons LEDG[1] PIN_AF22 HEX2[5] PIN_AB25
_ LEDG[2] PIN W19 HEX2[6] PIN_Y24
KEY[0] PIN_G26 LEDG[3] PIN_V18 HEX3[0] PIN_Y23
KEY[1] PIN_N23 LEDG[4] PIN_U18 HEX3[1] PIN_AA25
KEY[2] PIN P23 LEDGI5] PIN_U17 HEX3[2] PIN_AA26
KEY[3] PIN W26 LEDGI6] PIN_AA20 HEX3[3] PIN_Y26
LEDGI7] PIN_Y18 HEX3[4] PIN_Y25
LEDGI8] PIN_Y12 HEX3[5] PIN_U22
HEX3[6] PIN_ W24
HEX4[0] PIN_U9
Clock Signals HEX4[1] PIN_U1
[ Signaname [ eponrmt | owion ] ez | e e
CLOCK_27 PIN_D13 27 MHz clock input HEX4[3] EiN T4
CLOCK 50 PIN_N2 50 MHz clock input HEXA[4] PIN_R7
EXT_CLOCK PIN_P26 External (SMA) clock input HEX4[5] PIN_R6
HEX4[6] PIN_T3

Table 2 — See the DE2 Users Manual for a Complete Listing

Altera Quick Reference 70f8 Rev 2/16/2012



ALTERA QUARTUS Il UNIVERSITY SOFTWARE AND PLD BOARD QUICK REFERENCE
QUARTUS Il v9.1sP2

I\VV. Programing the Altera Board.
1. Verify the RUN/PROG switch is in Run.

2. Implement the design on the Altera board.
a. Connect the power and USB cables to the Altera board. The USB Cable should be connected
to the USB Blaster Port.
Turn on the power to the Altera board.
Select Tools = Programmer.
Verify the Program/Configure Check Box is Checked.
Verify USB Blaster is displayed next to Hardware Setup. If the USB Blaster is not displayed.
i. Verify your USB Cable and power supply cable are properly connected.

ii. Click the Hardware Setup Button.

iii. Select USB Blaster from the Currently selected Hardware dropdown menu.

iv. Click the Close Button.
f. Click the Start button.

o0 oT

V. Creating a Symbol File

1. Symbol Files allows a user to create a specialized symbol.

2. To create a symbol, complete the following steps. -
a. Select File > New
b. Select Block Diagram/Schematic File =
c. Click the OK button. 61 megafunctions
d. Draw your logic circuit diagram. | Eo pimes
e. Save your file with the desired name of the BE ot
symbol. 5o o
f.  Compile your file. W
g. Select the entire contents of your logic circuit BE S
diagram file (or type CTRL+A).
h. Select File > Create/Update > Create N o
Symbol Files for Current File | [rout | B
i. Click Save | ™ Bepeatinsert mode S
j. Read the Dialog and Click OK. -
k. Now the symbol has been created. MogaadPuintiansgr. |
oK Cancel |
3. To insert your symbol, complete the following steps: Figure 7

Select File > New

Select Block Diagram/Schematic File

Click the OK button.

Double-click on the block diagram.

Next to the Name Box, click on the ... button. See Figure 10.
Locate the create symbol and click OK.

P00 o
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