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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
keeptrackof thetime of dayor to generaténterrupts
to implementmulti-tasking).

Youwill designaninterfaceto the SBC’s busthat
will allow thethetimer to be readover the PC-104
bus. Thetimeris visibleto the CPUasone8-bit reg-
isterthatincrementoncepersecond.Thetimeralso
hasan externaldisableinput which is controlledby
a push-lutton on the FPGAboard. The clock signal
into the timer will comefrom a 25.175MHz oscil-
lator thatis alreadyconnectedo one of the FPGA
pins.

You'll alsowrite an assembly-languagdemon-
strationprogramthatwill runonthe SBC.This pro-
gram should continuouslyreadthe contentsof the
timerregisteranddisplayshevalueonthe SBCcon-
soleasa 2-digit hexadecimalalue.

Har dware Description

The diagrambelonv shavs the internal structureof
thetimer:
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Theclockdividercircuitis acountethatcountsfrom
0 to 25,174,999(the clock frequeng-1) and then
startsat 0 again. An outputfrom the divider is as-
sertedduringtheclock cyclewherethecountis equal
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to 0. Thefrequeng of theclockdivideroutputis thus
1 Hz andthe periodis 1/25,175,00Gs. Designthis
partof thecircuitin VHDL asanentitywhichcanbe
includedasa componentn therestof thedesign.

Timer

The timer circuit is an 8-bit counterthat is incre-
mentedvhentheclock divider outputis asserteénd
the disableinput is not asserted.It thus countsup
at1 Hz. Notethatthe 1 Hz signaldoesnot actas
a clock signal— it is simply anothersignalthat en-
ables/disablethe counter The 25.175MHz signal
shouldbetheonly clock signalin your design.

CPU Interface

The SBCshouldbeableto readthecountheldby the
timer circuit at location220H. You shouldtherefore
designthe CPU interface so that it placesthe con-
tentsof thetimer registeronthedatabusin response
toareadcycleto I/O memory(port) addres220Has
indicatedby the addres®on the addressus andthe
PC-104I0R* signal.A logic circuitontheSBCgen-
erateghis IOR* signalby OR’ing the386SXCPU’s
M/I0* and W/R* signalsto createa signal(strobe)
thatis low only duringareadcycle to thel/O space.

Your circuit musttri-stateit’s databus pinsexcept
duringanl/O readto memorylocation220Hto avoid
contentionbetweenthe different devices that share
thedatabus.

Notethatthe|OR* signalis nottreatedasaclock.
Unlikethethe CPUinterfaceto write to aregister the
CPUinterfaceto readaregisterrequiresonly combi-
nationallogic.

Again, your designshould be synchronous (use
only oneclock).

The FPGA connectiongo the databus, address
bus, IOR* and pushlutton were given in previous
labs. The 25.175MHz clock is permanentlycon-
nectedo the FPGA chip on pin 91.



Pre-Lab Assignment

Beforethelab you mustwrite, assembl@andtest(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 inputsabytefrom memorylocation220H
¢ printsthevalueastwo hex characters
e printsacarriagereturn(ASCII decimall3)

o repeatghesestepsndefinitely

Createanexecutable COMfile asdescribedn the
previous lab. Whenyou run this programit should
repeatediyprint a 2-digit hex numberattheleft mar
gin. Presscontrol-breako interruptthe program.

VHDL Description

Write, compileandtestby simulationa VHDL de-
scriptionfor thetimer circuit describedabove. Cre-
ate simulationtest waveformsthat demonstratehe
following?:

e areadfrom addres221H leavesthe busin a
high-impedancestate

e areadfrom addres220H putsa valueof zero
onthedatabusonly whenlOR* is asserted

The instructionsfor compiling and simulating
yourVHDL descriptioraregivenin thepreviouslah

Print and Copy Files

Save the files projectnameasm (assemblylanguage
source code), projectnamecom (DOS executable),
projectnameacf (device andpin assignmentsyro-
jectnamevhd (VHDL code), and projectnamescf

Lunfortunatelyit is notpracticalto simulatetheoperatiorof
thedevice over approximately25.175million clock cycles.

(testwaveforms)to afloppy diskto bringit with you
to thelab. Print out the assembleandVVHDL code
andthe simulatoroutputwaveforms.

Lab Procedure

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

the interconnecboardas describedn the previous

labh Double-checkyour connectionsandturn onthe

power.

Compileyour VHDL codeif you haven't already
doneso,andconfigurethe FPGAasdescribedn the
previouslah

Assembleand link your assemblycode if you
haven't 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 should be
incrementingoncepersecond Hold dowvn the push-
button button to disablecounterandverify thatit is
nolongerincrementing.

Whenyour device is working properlyaskthe 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. Include a block diagramshaving the
connectiondetweerthe PC-104bus, the FPGAthe
LED andthepushlutton, alisting of yourassembly-
languageprogramthe VHDL codeanda printoutof
the simulationwaveformsthat demonstratecorrect
operationof your device.



