
ELEC 379 : DESIGN OF DIGITAL AND M ICROCOMPUTER SYSTEMS

1998/99 WINTER SESSION, TERM 2

Lab1 - A Two-Bit CounterandLED Driver

Introduction

The purposeof this lab is to design,simulateand
implement a two-bit counter that drives a seven-
segmentLED display. You will designthe device
usingVHDL and implementit on a programmable
logic device called an FPGA (field-programmable
gatearray).

The Lab Equipment

The lab equipmentconsistsof a single-boardcom-
puter (“SBC”) using an Intel 386EX processor,
a PLD (programmablelogic device) evaluation
boardwith anAlteraFLEX10K-series“20,000-gate”
FPGA,awirelessprototypingarea,aPC-basedlogic
analyzer, apowersupplyandaPC.

In this lab we will only usetheFPGAboardand
the PC. The othercomponentswill be describedin
laterlabs.

The FPGA Board

The FPGA on the PLD boardhas240 pins which
can be configuredas inputs or outputs. Two of
thesepinsareconnectedto two pushbuttonswitches
(FLEX PB1andFLEX PB2). Thesewill actasthe
two inputsfor yourdesign.Therearealsotwo seven-
segmentLEDs (FLEX DIGIT1 andFLEX DIGIT2)
connectedto theFPGA.Thefirst of thesewill bethe
outputfor your design.Thepin numbersareasfol-
lows:

Function FPGAPin
FLEX PB1 28
FLEX PB2 29
LED segmenta 6
LED segmentb 7
LED segmentc 8
LED segmentd 9
LED segmente 11
LED segmentf 12
LED segmentg 13

TheLED segmentsarelabelledasfollows:
a

b

c
d

�
e

f
�

g

Inputs and Outputs

Thecircuit hastwo inputs:aresetsignalandaclock.
Use Pushbutton 1 (FLEX PB1) for the clock and
Pushbutton 2 as the reset intput. The circuit has
seven outputs,one for eachof the LED segments.
All signalsareactive-low. For example,anLED seg-
mentwill beon whenits correspondingoutputis set
low (’0’ in VHDL).

Required Behaviour

If the resetinput is asserted(low) the LED should
display the digit zero. Otherwisethe LED should
show the next highervalue. If theoutputis already
at 3, it shouldremainat that value(i.e. not “wrap
around”).

Yourdesignmustalsobesynchronous.Theoutput
shouldonly changeon thefalling edgeof theclock.

Compiling and Simulating

Start Max+PlusII

The Max+PlusII software can be run on a PC
under Microsoft Windows (Select the menu item
Start|Programs|Max+PlusII) or onSunworksta-
tionsrunningSunOS5 (Solaris)(seetheinstructions
on thecourseWebpage).

Enter your VHDL Code

Select the menu item File|New. Click on Text
Editor File. Click on OK. A text editor window
will bedisplayed.
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Selectthe menu item File|SaveAs. Enter the
nameof yourVHDL file. TheVHDL file namemust
be

�
thesameasthenameof the top-level VHDL en-

tity in thefile andhave anextensionof .vhd. Click
onOK.

EnteryouryourVHDL codein thetext editorwin-
dow. Note that the editor recognizesVHDL syntax
andcoloursyour text accordingly. Selectthe menu
itemFile|Save whenyouaredone.

Select the Project Name

You must assignyour project a name. This must
be the samenameasthe top-level file name(omit-
ting the .vhd extension). Select the menu item
File|ProjectName. Selectthe desiredfile name.
Click onOK.

Assign Device

SelectthemenuitemAssign|Device. A dialogbox
will bedisplayed.SelecttheFLEX10K family andthe
EPF10K20RC240-4 device. Click onOK.

Assign Pins

SelectthemenuitemAssign|Pin,Location,Chip.
A dialogboxwill bedisplayed.

Click onSearch. A dialogbox will bedisplayed.
Click on List. Selectthe nameof the signal you
want to assignto a pin number. Click on OK. Select
thepin number. Selectwhetherit shouldbeanInput
or Outputpin. Click on Add. Repeatthesestepsto
addtherestof thepins.

Click onOK.

Compile

SelectthemenuitemMax+PlusII|Compiler. A di-
alogboxwill bedisplayed.

Selectthe menuitem Processing|Timing SNF
Extraction if necessaryto make surethis optionis
enabled.

Click on Start to compileyour VHDL code. If
any errorsaredisplayedin dialogbox, fix theerrors
andClick on Start again.Repeatuntil thereareno
errors.Usetheon-linehelpif necessary.

Create Test Waveform File

Select the menu item Max+PlusII|Waveform
Editor. A waveform editor window will be
displayed.

Selectthe menuitem File|End Time. A dialog
box will be displayed. Enterdesiredrangeof time
(e.g.5usto give50stepsof 100nseach).

Select Signals

Presstheright mousebuttonin theblanksignalname
area to bring up a menu. Select the menu item
Insert Node. A dialogboxwill bedisplayed.Click
onList. Selectthesignalyouwantto add.Click on
OK. Repeatfor all othersignalsyouwantto add(both
inputsandoutputs). It may be moreconvenientto
usethe(un-subscripted)groupnamefor bus(vector)
signals(e.g.useled insteadof led0, led1, ...).

Set Default Values

Pressthe right mousebutton on a signal nameto
bring up a menu.Selectthemenuitem Overwrite.
Selecta default signalvaluefrom themenuoptions.

Edit Test Waveforms

Selectpart of a waveform by dragging1 the cursor.
Presstheright buttonto bring up a menu.Selectthe
menuitem Overwrite. Selectthenew signalvalue
from menu. Repeatfor all waveforms. Selectthe
menuitem View|Zoom In or Zoom Out to adjust
theextentof thedisplay.

Selectthe menuitem File|Save As. Selectthe
projectfile namewith an extensionof .scf. Click
onOK.

Simulate

Select the menu item Max+PlusII|Simulator.
Click on Start. Thesimulationwill run andthere-
sultswill bedisplayedin thewaveformeditor.

Save and Print your Work

Save the files projectname.acf (device and pin as-
signments),projectname.vhd (VHDL code), and

1Move themousewhile holdingdown theleft button.
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projectname.scf (test waveforms)to a 3.5” floppy
diskto bringwith youto thelab. PrintouttheVHDL
code� andthesimulatedwaveforms.

Program the Device

Thispartof thelabmustbedonein thelab.

UseWindows Explorer(or a DOSshell) to create
a subdirectoryfor yourself in the max2work direc-
tory. Copy your files from the floppy to this direc-
tory. Note that the ACF file is an ASCII file that
canbeeditedto changetheprojectnameandpin as-
signments.However, do not edit theACF file while
Max+PlusII is runningor thefile will becorrupted!
If you createdthe .acf file underUNIX you will
have to loadandsave it usingtheDOSEdit program
to convert thefile to DOSformat.

StartMax+PlusII andcompileyourcode.

Selectthe menuitem Max+PlusII|Program. A
dialogbox will be displayed.Selectthe menuitem
JTAG|Multi-Device Chain if necessaryto make
surethisoptionis enabled.

Selectthe menuitem JTAG|JTAG Chain Setup.
A dialogbox will bedisplayed.Click on Delete if
necessaryto remove any files alreadylisted. Click
on Select Programming file. A dialogbox will
bedisplayed.Selectprojectname.sof. Click on OK.
Click onAdd. Click onOK.

If theHardwareSetupdialogboxcomesup,select
theByteBlaster andLPT1 options.

Makesurethepowersupplyis turnedon. Click on
Configure. It will take a few secondsfor theFPGA
to beconfigured(“programmed”).

You cannow testyour circuit by pushingthebut-
tonson theFPGAboardandlookingat theLED.

Make any changesrequired for your circuit to
work properly. You can print a final copy of your
VHDL codeandsimulationresultsonthelabprinter.

Pre-Lab Assignment

You mustdesignthe circuit andverify its operation
by simulatingit beforestartingthe lab. TheTA will
ask to seeyour VHDL codeand simulationwave-
formsat thestartof thelab.

In-Lab Demonstration

Whenyour device is working properly, ask the TA
to checkyour work. He will make sureyour device
worksasrequiredandaskyou oneor two questions
to verify yourunderstandingof thematerial.

Report

Submita short reportwith a written descriptionof
your circuit togetherwith a listing of the VHDL
codeandaprintoutof thesimulationwaveformsthat
demonstratecorrectoperationof yourdevice.
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