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Lab 3 - Timer Peripheral

I ntroduction

In this lab you will designa timer peripheralchip.
Thesechipsareoftenusedin computersothatpro-
gramscan keeptrack of the elapsedtime (e.g. to
keeptrack of the time of day to generatanterrupts
andto implementmulti-tasking).

Youwill designaninterfaceto the SBC’s busthat
will allow thethetimer to be readover the PC-104
bus. Thetimeris visible to the CPUasone8-bit reg-

isterthatincrementsor decrement®ncepersecond.

Thetimer hasanexternalup/davn controlinput, up,
whichis controlledby a push-lutton. The clock sig-
nalinto thetimerwill comefrom a25.175MHz os-
cillator thatis alreadyconnectedo oneof the FPGA
pins.

You'll alsowrite an assembly-languagdemon-
strationprogramthatwill run onthe SBC.This pro-
gramshouldcontinuouslyreadthetimer registerand
displaythetimervalueon the SBC console(via Hy-
perterm).

Hardwar e Description

The diagrambelov shaws the internal structureof
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Theclockdividercircuitis acounterthatcountsirom
0 to 25,174,999(the clock frequeng-1) and then
startsat 0 again. An outputfrom the divider is as-
sertedduringtheclockcyclewherethecountis equal
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to 0. Thefrequeny of theclockdivideroutputis thus
1 Hz andthe periodis 1/25,175,000. Designthis
part of the circuit in VHDL asan entity which can
beincludedasa componentn therestof thedesign.
Usegenericgo specifythedividerratio (25,175,000
in this case)andthe numberof bits requiredfor the
counterstate(you’ll needto calculatethis). You will
re-usethis componentn aLab4.

Timer

The timer circuit is an 8-bit counterthat is incre-
mentedwhenthe up control is assertedand decre-
mentedwhenup is not assertedIt thuscountsup or
down at 1 Hz. Your designshouldbe synchronous.
The clock divider output may not to be usedas a
clock. The 25.175MHz signal shouldbe the only
clock signalin your design.

CPU Interface

TheSBCshouldbeableto readthecountheldby the
timer circuit at location224H. You shouldtherefore
designthe CPU interface so that it placesthe con-
tentsof thetimer registeron thedatabusin response
to areadcycleto /O memory(port) addres224Has
indicatedby the addresson the addressus andthe
PC-104I0R* signal.A logic circuitontheSBCgen-
erateghis IOR* signalby OR’ing the 386SXCPU’s
M/IO* andW/R* signalsto createa signal(strobe)
thatis low only duringareadcycle to thel/O space.

Your circuit musttri-stateit’ s databus pinsexcept
duringanl/O readto memorylocation224Hto avoid
contentionbetweenthe different devices that share
thedatabus.

Notethatthe IOR* signalis nottreatedasa clock.
Unlikethethe CPUinterfaceto write to aregister the
CPUinterfaceto readaregisterrequiresonly combi-
nationallogic.

Again, your designshouldbe synchronous (only
oneclockfor all registers).

The FPGA connectiongo the databus, address



bus, IOR* andpushlutton 1 weregivenin previous
labs. The 25.175MHz clock is permanentlycon-
nectedto the FPGAchiponpin 91.

VHDL Description

Write, compile andtestby simulationa VHDL de-
scription of the timer circuit describedabore. Set
the divider valueto 2 for testing. Createsimulation
testwaveformsthatdemonstratéhe following:

e not assertingOR* with and addressof 224H
leavesthebusin ahigh-impedancstate

e assertingOR* whentheaddresss 220Hleaves
thebusin a high-impedancstate

e assertingOR* with anaddres®f 224Hputsthe
timervalueonthedatabus

e the counterincrementsavery two clock cycles
whenup is assertecaind decrementgvery two
clock cycleswhenit's notasserted

The instructions for compiling and simulating
yourVHDL descriptioraregivenin thepreviouslahb.

Software Description

Write an8088assembly-languagarogramthatcon-
tinuously displaysthe value of the timer registerby
doingthefollowing:

e inputsabytefrom memorylocation224H

o if the valueis between0 and 9, it printsit as
adecimaldigit (0’ - '9’) otherwiseit printsan
asterisk(*)

e printsacarriagaeturn(ASCII codedecimall3)

e exitsto DOSIf thevalueis equalto 10(decimal)

e loopsbackto the startif it's not

Createanexecutable COMfile asdescribedn the
previous lab. Whenyou run this programit should
repeatedlyprint a 1-digit number(or *) at the left

maigin. Presscontrol-breako interruptthe program.

Pre-Lab Assignment

Beforethelab you mustwrite, assemblendtest(to
the extent possible)the utility program. You must
also testyour VHDL code by simulatingits oper
ation. The TA will askto seeyour assembleiand
VHDL code and the simulation waveforms at the
startof thelah

Print and Copy Files

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

Lab Procedure

Use short jumpersto connectthe PC-104address,
databus, and IOR* signalsto the FPGA pins on

the interconnectboardas describedn the previous

lab. Double-checkyour 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 your own subdirectoryof thec: \ max2wor k
directory

Runthe Windows Hypertermprogram. Resetthe
SBCanddownloadyour program.

Runyour programon the SBC. It shouldcontin-
uously display the timer contentswhich shouldbe
countingup onceper second.Hold down the push-
button button to male the countercountdown. Let
thecountereachlO (* ) andmake sureyour program
exits.

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

Hook up the logic analyzerif you needhelp de-
buggingyour design.



Report

Submita shortreportdocumentingyour design. It
mustinclude:

e a block diagramshaving the connectionshe-
tweenthe PC-104bus,the FPGA,the oscillator
andthe pushlutton

e a block diagramcorrespondingo your VHDL
description

e alisting of your assembly-languagerogram
e alisting of theVHDL code

e a printout of the simulation waveforms that
demonstrateorrectoperationof your device.

Your documentatiorshouldconformto the stan-
dardsgivenonthe coursewebpage.



