ELEC 379 : DESIGN OF DIGITAL AND MICROCOMPUTER SYSTEMS
1999/2000 WINTER SESSION, TERM 2

Lab2 - LED DisplayPeripheral

I ntroduction

In this lab you will designa computerinterfacethat
displaysa digit between0O and4 on an LED. This
device will be hooked up to the systembus of a
PC-compatiblesingle-boarccomputer(SBC). You'll
alsowrite anassembly-languagdility to changahe
displayeddigit.

You will useVHDL to designa circuit thatloads
aregisterin responseo write cyclesto I/O memory
(port) addres224H.ThelLS threebits of theregister
valueshouldbe decodedanddrive a seven-sgment
LED displayasin the previouslah.

Your utility programwill useDOSto reada char
acter(‘0’ to ‘4’) from the userandwrite the corre-
spondingtwo-bit binary value (0 to 4) to 1/0O port
224H.

The diagrambelov shovs how the components
areconnected:
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Har dwar e Description

The Single-Board Computer

The single-boardcomputer(SBC) in the lab con-
tains a 386EX microprocessor2 MB of dynamic
RAM (DRAM), 1 MB of “flash” EEPFOM used

lab2.tex

as a virtual disk drive, three PC-compatibleinter-
faceports (two serialand one parallel),and several
PC-compatiblesupportchips (timers,interrupt-and
DMA-controllersand a real-timeclock). The SBC
runs a modified versionof the DOS operatingsys-
temfrom theflashdisk whenit is reset.

The SBC doesnot have a video display Instead,
it usesthe serialportto communicatewith the user
Youusea “terminal emulator’programsuchasWin-
dows’ Hypertermto issue DOS commandsto the
SBCthroughtheserialinterface.

Althoughthe SBChasenoughmemoryto runsim-
ple DOS programsijt doesnot have softwaredevel-
opmenttoolsinstalledonit (editor assembledinker,
etc). You will edit and assemblgrogramson the
lab PC,transfer(*download”) the compiledprogram
(theexecutableCOMfile) throughtheserialinterface
to the SBCandthenrunyour programsonthe SBC.

The SBC hasa systembus that allows peripheral
interface cardssuchasvideo displays,LAN cards,
analoginterfaces,etc to be addedto the computer
The systembus usedin the SBC is a PC-104bus
whichis electricallythesameasthelSA busfoundin
mostPCsbut with a more compactandrobust 104-
pin connectar Most of the ISA/PC-104bus signals
arethesameasthesignalsfoundonthe’386SX pro-
cessorbutthePC-104busonthe SBCin thelabonly
supportsan8-bitdatabus (D7 to DO) anda 20-bitad-
dressbhus(A19 to AO).

In this lab you will configurean FPGAto actasa
peripheraldevice thatinterfacesto the SBCthrough
the PC-104bus. We will only usea subsetof these
bus signals:the databus (D7 to D0), the LS 10 bits
of the addresshus (A9 to A0), andthe IOW* sig-
nal. ThelOW?* signalis generatedby combiningthe
CPU's M/IO* and W/R* signalsto createa signal
(strobe)thatis low only during a write cycle to the
I/O space.



I nterconnection Board

Connections between the PC-104 bus and the
FPGAs pins are made by inserting jumper wires
into two solderlesprototypingboards.As shavn in
the diagrambelaw, the five holeson eachhorizontal
row of the prototypingboardareconnectedogether
Eachrow of five holesis alsoconnectedunderthe
board)to eithera PC-104bus signalor to an FPGA
pin. The holeson the left rows connectto PC-104
bus signalsandthe holeson the right rows connect
to FPGApins.

PC-104 bus

signals FPGA pins

oooog ooooo
oooog ooooo
oooog ooooo
oooog ooooo
these pins these pins
connected connected
together together

Thereare two interconnectboards. The left in-
terconnecboardis usedto connecthe PC-104data
andaddressusandtheboardontheright is usedto
connectthe memory/I/Oread/writestrobesand the
interruptrequestines.

Thetablebelav shavs the PC-104signalsandthe
FPGA pinsthatareconnectedo eachrow of thein-
terconnecboard. Therows arenumberedstartingat
1 for thetop row.

Left Board RightBoard
Row | PC-104| FPGA| PC-104 | FPGA
Signal Pin Signal Pin

1 D7 113 | RESET 90
2 D6 114| IRQ9 163
3 D5 115 | MEMW* 154
4 D4 116 | MEMR* 156
5 D3 117| IOw* 157
6 D2 118 IOR* 158
7 D1 119 | SYSCLK 211
8 DO 120| IRQ7 109

14 Ground

21 A9 138

22 A8 139

23 A7 141

24 A6 142

25 A5 143

26 Ad 144

27 A3 146

28 A2 147

29 Al 148

30 A0 149

31 | Ground

The FPGA connectiongo the LED are givenin
thepreviouslah

TheLab PC and Software
Thelab PCwill beusedto:

e synthesizethe VHDL code and configurethe
FPGAusingthe Max+Plusllsoftware

e edit the programusing Notepador the DOS
“Edit” programand assemblét usingthe free
“valarraw” assembleandlinker

e download the programto the SBC, run it and
enterthe digit to be displayedusingthe Hyper
termterminalemulator

Pre-Lab Assignment

Beforethelab you mustwrite, assemblendtest(to
the extent possible)the utility program. You must
also designthe circuit andtestit by simulatingits
operation. The TA will askto seeyour assembler
andVHDL codeandthesimulationwaveformsatthe
startof thelah



Assembly L anguage Program

Write an8088assembly-languageogramthatdoes
thefollowing:

e loadsthe AH registerwith the value1 andex-
ecutessoftware interrupt 21H to requestthat
DOS reada characterfrom the standardinput
(keyboard) and return the ASCII value of the
charactein the AL register

e subtractghe ASCII valuefor the character(’
(zero)from thereturnedvalue

e outputsthis numberto I/O port 224H

e executessoftware interrupt20H to returncon-
trol backto DOS

The instructionsfor downloading and using the
free“valarrav” assembleareavailableonthecourse
web page.Downloadthe assemblefrom the course
web pageand assemblghe codeto createan exe-
cutable.COMfile.

Runthe programunderDOS.The programshould
simply returncontrolbackto DOS.If your operating
systemhasmemoryprotection(e.g. WindowsNT) or
port 224His usedby a peripheralon your computer
thecomputemaygive you anerrormessager your
computermay crash. In this casecommentout the
OUT instructionandtesttherestof the code.

VHDL Code

Write a VHDL descriptionfor the circuit shovn be-
low:

register

LED decoder

data bus D—;L>

0
address bus D]71> gggg%%sr

IoOW* &

Theinputsarethe LS 10 bits of the addressus',
the 8 bits of thedatabus,andthe IOW* write strobe.
ITheoriginal IBM PCdesignonly decodedhelS 10 bits of

1/0O port addresseso all PC-compatibledesignsrestrictthem-
selesto usingonly thefirst 1024ports.

The outputsare the seven LED segmentsasin the
previouslahb.

Your VHDL codeshouldusethe IOW* signalas
if it werea clock. Usetherising edgeof IOW* to
load the register The value loadedinto the regis-
ter shouldbe eitherthe valueon the databus (if the
valueof theaddresdusis 224H) or elsethe current
value of the register The register shouldbe 8 bits
wide (althoughonly threebits are actually required
andthe synthesizewill warnyou thatthe otherbits
arenot beingused). Do not includethe addresgle-
codingfunctionin the processstatemenfi.e. do not
“gatetheclock”). You canprobablyre-usethe LED
decodemandregistercodefrom the previouslah.

Create simulation test waveforms consisting of
five bus cyclesthatdemonstratéhe following:

e anl/O write to address224H of all five valid
values(0-4) changeghe LED outputto the cor
rectvalue

e anl/O write of avalueto addres®1FHdoesnot
changethe LED output

Compileandsimulateyour VHDL descriptionas
describedn the previouslah.

Print and Copy Files

Save the files projectname.asm (assemblylanguage
source code), projectname.com (DOS executable),
projectname.acf (device andpin assignments)yro-
jectnamevhd (VHDL code), and projectname.scf
(testwaveforms)to afloppy diskto bringit with you
to thelab. Print out the assembleandVHDL code
andthe simulatoroutputwaveforms.

Lab Procedure

Connectthe PC-104bus signalsto the FPGA pins
on the interconnectboardasdescribedabore. Use
theshort22-gauggumperwiresprovidedin thelah.
You may have to make your own jumpersusingthe
wire andwire stripperssuppliedin thelab. You will
needl14 jumpers: 10 jumpersfor the addresshus,
3 for thedatabus (only the LS threebits areusedin
thislab),andonefor thelOW* strobe.Double-check
your connectionsandturn onthe power.



Compileyour VHDL codeif you havent already
doneso,andconfigurethe FPGAasdescribedn the
previouslahb.

Assembleand link your assemblycode if you
havent alreadydoneso. All of your files shouldbe
storedin ac:\max2work\yourn  ame directory

Run the Windows Hyperterm program (under
the Start|Accessories|C omnuni cat io N menu).
Click on the 379com1icor?. Pressthe resetbutton
ontheinterconnecboard(top left corner). TheSBC
will rebootanddisplaya menu.Enter'x’ to exit the
start-upmenu.

You cannow issueDOS commandgo the DOS
operatingsystenrunningontheSBC(e.g.DIR, CD,
PATH, etc). To downloadyour programto the SBC,
runthe “dl” (download)commandon the SBC. The
SBCwill outputjunk to the screen.Usethe Hypert-
ermmenuoption Transfer|Send File tobringup
adialogbox. Selectyour.com file anddownloadit.
Thefile will betransferreetweerthedevelopment
PCandthe SBCovertheserialport. The negotiation
betweerthetwo PCswill take 10to 15 secondsand
the transfera few secondsnore. Whenthe transfer
is completeyou will bereturnedto the SBC's DOS
prompt.

Readthe logic analyzerdescriptiongiven in the
appendixandconnecthelogic analyzersfollows:

e probesB1, BO, A7—A0 to PC-104bus address
bussignalsA9 to AO

e probeB7 to IOW*

e probesC2-COto LS 3 bits of the PC-104data
bus

You will needanotherl4 jumperwiresto hook up
the logic analyzer Label probesB1, BO and A7—
AO as“ADDRESS”,B7 as“IOW*” and C1-COas
“DATA". Setthe logic analyzerto trigger on writes
to I/0 addres224H. Presghelogic analyzer‘Run”
buttonandswitchbackto the Hypertermwindow.
Runyour programon the SBC. It shouldwait for
you to type in a digit, write to the register on the
FPGA and then return control back to DOS. The

2|f thereis no suchicon, createanew configuratiorusingthe
Connecbption“directto COM1” with configurationsettingsof
9600 bps, 8 databits, no parity, 1 stop bit and xon/xof flow
control).

numbershouldbe shavn onthe LED. Switchto the
logic analyzemwindow andverify thatthe eventwas
captured.

Whenyour device is working properly askthe TA
to checkyour work. He will make sureyour device
works asrequiredandaskyou oneor two questions
to verify your understandingf the material.

Report

Submita shortreportwith a written descriptionof
your circuit. Includeablock diagramof your VHDL
circuitandanothershaving theconnectiondetween
the PC-104 bus, the FPGA and the LED, a list-
ing of your assembly-languagerogram,the VHDL
codeanda printoutof the simulationwaveformsthat
demonstrateorrectoperationof your device.

Appendix - The Logic Analyzer

I ntroduction

In previous lab coursesyou’ve usedan oscilloscope
to measuranddisplayanalogsignalsasvoltagever
sustime. The correspondingnstrumentfor measw
ing digital logic circuits is called a logic analyzer.
The logic analyzerdisplaysthe valuesof logic sig-
nalsasa function of time. This appendixdescribes
how to operatethe PC-basedogic analyzerthatis
availablein thelab You canusethis instrumentto
view the signalson the interconnectboardand this
will helpyou delug your circuit.

Logic analyzersonnecto digital circuitsthrough
sampling“pods” that containbuffers. Thelogic an-
alyzerin thelab hasonepodwith 24 one-bitinputs.
Eachinput is connectedthrough a short, colour
codedwire to your circuit. The24 inputsarelabelled
with aletteranda number(A7 to A0, B7 to BO, and
C7to CO0). The colour codesfor the wires arethe
sameastheresistorcolourcodeg(listedonthepod).
Thewhite wire on eachpod shouldbe hooked up to
ground.

The logic analyzercantreatgroupsof signalsas
busesanddisplaythevaluesof thebussignalsin hex-
adecimal.

Thelogic analyzerdoesnot samplecontinuously
Instead,you definea “trigger condition” and press
the“run” button. The logic analyzerwaits until the



trigger conditionis true andthentakes 32k samples
of the24 input signalsat arateof upto 50 MHz.

To run the logic analyzer select the PC’s
“bi2450P” programmenuitem. Unfortunately the
logic analyzersoftwareis a DOS programthat can
only runin full-screenmode.Pressalt-Tabto switch
betweerthe logic analyzerand otherWindows pro-
grams.

Connect Probes

First, connecteachof the white wires on the pod to
ground.

Then connectthe probewires to the signalsyou
want to monitor by putting a shortjumperinto the
connectoon the endof the probewire andconnect-
ing theotherendof thejumperto theappropriateow
ontheinterconnecboard.

If you openthe probeassignmentlialogbox (see
next section)while makingthe connectionsgou will
beableto seethe currentsignallevel (H(igh), L(ow)
or changing)onthatsignal.

Assigning Channels

Selectthe menuitem Setup|Probes  to bring up a
dialog box whereyou canassignprobesto signals.
For eachsignal you wantto obsenre, type in a sig-
nalname theradix to usewhendisplayingthesignal
value,andclick on the probesto be assignedo that
signal. The leftmostprobeis taken to be the most-
significantbit of abus. Click on Done.

Trigger Conditions

Select the menu item Setup|Trigger Words to
bring up a trigger word dialog box. In the trigger
word “A” fields enterthe signal valuescorrespond-
ing to the eventthatyou want the logic analyzerto
captureUse’X’ asa“don’t care”value.

For example,if you wantedto obsere all write
cyclesto a particularmemorylocation, you would
put the desiredaddressas the value in the address
signalfield, andtheassertedalueasthevalueof the
write strobesignalwhile leaving the databus value
setto ‘X' s (the logic analyzerwill actually capture
databeforeandafterthatparticularcondition).Click
onDone.

Sample Rate

Click on Timebase in the maindisplaywindow and
setthe samplerateto 50 MHz.

Save Settings

Selecthemenuitem Setup|Save  Setup andselect
afile name(in themax2work/yourname directory)to
sa/e your settingsin caseyou needto re-loadthem
later

Capture Signals

PresgheRun buttonto startthelogic analyzerWhen
theinputsmatchthetriggerwordsthelogic analyzer
will displaythe signalsonthe maindisplaywindow.
Thelogic analyzethasmary morefeaturessome
of whichwill beintroducedasnecessary
Selectthe menuitem File|Quit  to exit the pro-
gram.



