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Lab 1 - A Two-Bit CounterandLED Driver

I ntroduction

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

TheLab Equipment

The lab equipmentconsistsof a single-boardcom-
puter (“SBC”) using an Intel 386EX processqr
a PLD (programmablelogic device) evaluation
boardwith anAlteraFLEX10K-series20,000-gate”
FPGA,awirelessprototypingareaa PC-basedbgic
analyzerapower supplyanda PC.

In this lab we will only usethe FPGA boardand
the PC. The othercomponentsill be describedn
laterlabs.

The FPGA Board

The FPGA on the PLD boardhas 240 pins which
can be configuredas inputs or outputs. Two of

thesepinsareconnectedo two pushlutton switches
(FLEX_PBlandFLEX_PB2). Thesewill actasthe
two inputsfor your design.Therearealsotwo seven-
sggmentLEDs (FLEX_DIGIT1 andFLEX_DIGIT2)

connectedo the FPGA.Thefirst of thesewill bethe
outputfor your design. The pin numbersareasfol-

lows:

Function FPGAPIn
FLEX_PB1 28
FLEX_PB2 29
LED seggmenta 6
LED seggmentb 7
LED segmentc 8
LED sggmentd 9
LED sggmente 11
LED seggmentf 12
LED segmentg 13

labl. tex

The LED segmentsarelabelledasfollows:
a

Inputs and Outputs

Thecircuit hastwo inputs: aresetsignalandaclock.
Use Pushiotton 1 (FLEX_PB1) for the clock and
Pushlotton 2 as the resetintput. The circuit has
se/en outputs,one for eachof the LED segments.
All signalsareactive-low. For example,anLED say-
mentwill beonwhenits correspondingutputis set
low ('O’ in VHDL).

Required Behaviour

If the resetinput is assertedlow) the LED should
display the digit zero. Otherwisethe LED should
shav the next highervalue. If the outputis already
at 3, it shouldremainat that value (i.e. not “wrap
around”).
YourdesignmustalsobesynchronousTheoutput
shouldonly changeon thefalling edgeof theclock.

Compiling and Simulating
Start Max+Pl usl |

The Max+Pl usl| software can be run on a PC
under Microsoft Windows (Selectthe menu item
Start| Prograns| Max+R usl 1) or on Sunworksta-
tionsrunningSunOSH (Solaris)(seetheinstructions
onthecourseélNebpage).

Enter your VHDL Code

Selectthe menuitem Fil e|] New Click on Text
Editor File. Click on OK A text editor windown
will bedisplayed.



Selectthe menuitem Fi | e| SaveAs. Enterthe
nameof your VHDL file. TheVHDL file namemust
bethe sameasthe nameof thetop-level VHDL en-
tity in thefile andhave anextensionof . vhd. Click
onX.

EnteryouryourVHDL codein thetext editorwin-
dow. Note thatthe editor recognizes/HDL syntax
andcoloursyour text accordingly Selectthe menu
itemFi | e] Save whenyou aredone.

Select the Project Name

You must assignyour projecta hame. This must
be the samenameasthe top-level file name(omit-
ting the . vhd extension). Selectthe menu item
Fi | e| Proj ect Nane. Selectthe desiredfile name.
Click on K.

Assign Device

Selecthemenuitem Assi gn| Devi ce. A dialogbox
will bedisplayed.Selecthe FLEX10K family andthe
EPF10K20RC240- 4 device. Click on K.

Assign Pins

SelecthemenuitemAssi gn| Pi n, Locat i on, Chi p.
A dialogboxwill bedisplayed.

Click on Sear ch. A dialogboxwill bedisplayed.
Click on Li st. Selectthe nameof the signal you
wantto assignto a pin number Click on K. Select
the pin number Selectwhetherit shouldbeanInput
or Outputpin. Click on Add. Repeathesestepsto
addtherestof thepins.

Click on.

Compile

Selectthe menuitem Max+Pl usl | | Conpi I er. A di-
alogboxwill bedisplayed.

Selectthe menuitem Processi ng| Ti mi ng SNF
Extracti on if necessaryo make surethis optionis
enabled.

Click on Start to compileyour VHDL code. If
ary errorsaredisplayedn dialogbox, fix theerrors
andClick on St art again.Repeauntil thereareno
errors.Usetheon-linehelpif necessary

Create Test Waveform File

Select the menu item Max+Pl usl || Wavef orm
Editor. A waveform editor windonv will be
displayed.

Selectthe menuitem Fi | e| End Ti ne. A dialog
box will be displayed. Enter desiredrangeof time
(e.g.5usto give 50 stepsof 100nseach).

Select Signals

Presgheright mousebuttonin theblanksignalname
areato bring up a menu. Selectthe menuitem
I nsert Node. A dialogboxwill bedisplayedClick
onlLi st. Selecthesignalyouwantto add.Click on
K. Repeator all othersignalsyouwantto add(both
inputs and outputs). It may be more convenientto
usethe (un-subscriptedyroupnamefor bus (vector)
signals(e.g.usel ed insteadof | ed0, | edl, ...).

Set Default Values

Pressthe right mousebutton on a signal nameto
bring up a menu. Selectthe menuitem Overwri t e.
Selecta default signalvaluefrom the menuoptions.

Edit Test Waveforms

Selectpart of a waveform by dragging the cursor
Presgheright buttonto bring up a menu.Selectthe
menuitem Overwr i t e. Selectthe new signalvalue
from menu. Repeatfor all waveforms. Selectthe
menuitem Vi e Zoom I n or Zoom Qut to adjust
theextentof thedisplay

Selectthe menuitem Fi | | Save As. Selectthe
projectfile namewith an extensionof . scf. Click
onCK.

Simulate

Select the menu item Max+Pl usl || Si mul ator.
Click on St art. Thesimulationwill runandthere-
sultswill bedisplayedn thewaveformeditor

Save and Print your Work

Save thefiles projectnamecf (device and pin as-
signments), projectnamerhd (VHDL code), and

IMove themousewhile holdingdown theleft button.



projectnamescf (testwaveforms)to a 3.5” floppy
diskto bringwith youto thelah PrintouttheVHDL
codeandthe simulatedvaveforms.

Program the Device

This partof thelab mustbe donein thelah

UseWindows Explorer(or aDOSshell)to create
a subdirectoryfor yourselfin the max2work direc-
tory. Copy your files from the floppy to this direc-
tory. Note that the ACF file is an ASCII file that
canbe editedto changehe projectnameandpin as-
signments.However, do not edit the ACF file while
Max+Pl usl | is runningor thefile will be corrupted
If you createdthe . acf file underUNIX you will
have to loadandsare it usingthe DOS Edit program
to convert thefile to DOSformat.

StartMax+Pl usl | andcompileyour code.

Selectthe menuitem Max+Pl usl | | Program A
dialog box will be displayed. Selectthe menuitem
JTAG Mil ti - Devi ce Chain if necessaryto malke
surethis optionis enabled.

Selectthe menuitem JTAG JTAG Chai n Set up.
A dialogbox will bedisplayed.Click on Del et e if
necessaryo remove ary files alreadylisted. Click
onSel ect Progranmng file. A dialogbox will
be displayed.Selectprojectnamesof . Click on OK.
Click onAdd. Click on K.

If theHardwareSetupdialogbox comesaup, select
theByt eBl ast er andLPT1 options.

Make surethepower supplyis turnedon. Click on
Confi gure. It will take afew secondgor theFPGA
to beconfigured“programmed”).

You cannow testyour circuit by pushingthe but-
tonsonthe FPGAboardandlooking atthe LED.

Make ary changesrequiredfor your circuit to
work properly You canprint a final copy of your
VHDL codeandsimulationresultsonthelab printet

Pre-Lab Assignment

You mustdesignthe circuit andverify its operation
by simulatingit beforestartingthelab. The TA will
askto seeyour VHDL codeand simulationwave-
formsatthestartof thelah

In-Lab Demonstr ation

Whenyour device is working properly askthe TA
to checkyourwork. He will make sureyour device
worksasrequiredandaskyou oneor two questions
to verify your understandingf the material.

Report

Submita shortreportwith a written descriptionof
your circuit togetherwith a listing of the VHDL

codeanda printoutof the simulationwaveformsthat
demonstrateorrectoperationof your device.



