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Lab4 - Interrupt-DrivenInputPort

Introduction

In this lab you will designan interrupt-driven input
port in VHDL andimplementit on theFPGAin the
lab.

You will alsowrite a programin 8086assembly
languagethat initializesan interruptvectorandpro-
videsaninterruptserviceroutinefor theport.

Hardware Description

Thefollowing diagramshows a possibleimplemen-
tationof theinputport:
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Note that the port is not connectedto a real data
source– this is to simplify thedesign.Theport has
an active-low datainput strobethat indicatesthat a
new valueis to bereadby theport. Whenthestrobe
is assetedtheficticiousinputvalueis storedin asim-
ulated15-entryFIFO (first-in first-out) buffer. The
port usesa4-bit counterto keeptrackof thenumber
of valuesin thebuffer althoughit doesnotimplement
the buffer itself. The port generatesan interruptby
assertingthePC-104businterruptrequestnumber7
(IRQ 7) whenthenumberof storedvaluesreaches8.

The port has a read-onlystatusregister at I/O
address220H and a read-onlydata register at ad-
dress221H.Thevaluereadfrom theregisterat220H
shouldbethenumberof valuescurrentlyin theFIFO.
The value read from the register at 221H should
be the oldestvalue in the FIFO. Sincewe are not

actually going to implementthe FIFO, readsfrom
the data register should return 0. However, your
portshouldautomaticallydecrementthecountof the
numberof storedvalueswhenever thedataregisteris
read.

To help verify correctoperationof the port, the
currentcountshouldbedisplayedon anLED in hex
(0-F).

Yourdesignmustbesynchronousanduseonly the
PC-104busclock,SYSCLK.Notethattherewill be
several rising edgesof the SYSCLK signal during
eachdatainputstrobeandduringeachreadcycle.

The table below shows the new connectionsbe-
tweenthe PC-104signalsand the FPGA (note the
correctionfor IOR*). Therows arenumberedstart-
ing at 1 for thetop(unmarked)row.

Left Board RightBoard
Row PC-104 FPGA PC-104 FPGA

Signal Pin Signal Pin
6 IOR* 158
7 SYSCLK 211
8 IRQ7 109

Address Decoder

The addressdecoderassertsthe data bus tri-state
buffer outputenablefor I/O readsat address220H
or 221H.It setsthevalueof thestatus/datasignalde-
pendingon theregisterthatis beingaccessed.

Counter

The counterkeepstrack of the numberof valuesin
thefictitiousFIFObuffer. Its controlinputmakesthe
countercount up, down, or hold its value on each
risingedgeof theclock.

State Machine

Thestatemachinecontrolsthecounter. Thecounter
shouldbe incrementedonly on the first clock edge
afterthedatainputstrobeis assertedandonly on the
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firstclockedgeof adataregisterreadcycle. Yourde-
signshouldcorrectlyhandlethecasewherethedata
input

�
strobeis assertedat thesametime thatthedata

registeris read.Thestatemachinewill needto “re-
member”thepreviousvaluesof thedatainputstrobe
andthedataregisterreadenablesignalsto detectthe
first clockedge.

Pre-Lab Assignment

Beforethelabyou mustwrite andassemblethepro-
gramdescribedbelow. Youmustalsodesignthecir-
cuit andtest it by simulatingits operation.The TA
will askto seeyour assemblerandVHDL codeand
thesimulationwaveformsat thestartof thelab.

Assembly Language Program

Write an8088assembly-languageprogramthatdoes
thefollowing:

� initializestheinterruptvectorfor IRQ 7 to point
to an interruptserviceroutine includedwithin
yourprogram

� enablesinterruptnumber7 in thePICsinterrupt
maskregister

� executesan infinite loop (a JMP instructionto
itself)

TheISR,includedaspartof yourprogram,should
do thefollowing:

� save any registersit will modify

� readthestatusregisterto checkif thereareany
valuesstoredin theFIFO

� if yes,readthedataregisterandrepeatthepre-
viousstep

� re-enableinterruptsby issuingtheEOI instruc-
tion to thePIC

� restoreany savedregisters

� returnfrom theISR

Referto lecture10 for detailson the locationsof
interruptvectors,8086interruptserviceroutinesand
theoperationof the8259PIC.

VHDL Description

Write, compileandtestby simulationa VHDL de-
scriptionfor thecircuit describedabove. Usethefol-
lowing teststo helpverify its correctoperation:

� Apply threeclock pulseswhile the datainput
strobe(pushbutton)isasserted.TheLED output
shouldchangefrom0 to1onthefirst clockedge
andandremainat theencodedvaluefor 1.

� Readfrom the statusregister. The data bus
shouldread01H.

� Apply 16moreclockcycleswith thepushbutton
input alternatelyassertedandnot asserted.The
LED outputshouldreadthe encodedvaluefor
9.

� Apply theaddressof thedataregisterto thead-
dressbus andassertIOR*. Apply threeclock
pulses.TheLED outputshouldcountdown to,
and remainat, the encodedvalue for 8. The
IRQ7outputshouldbeasserted(high).

� Readfrom thedataportagain.TheLED output
shouldread7 and the IRQ7 output shouldbe
low.

Print and Copy Files

Save the files projectname.asm (assemblylanguage
sourcecode), projectname.com (DOS executable),
projectname.acf (device andpin assignments),pro-
jectname.vhd (VHDL code), and projectname.scf
(testwaveforms)to afloppy disk to bring it with you
to the lab. Print out the assemblerandVHDL code
andthesimulatoroutputwaveforms.

Lab Procedure

Connectthe PC-104addressand databus signals,
IOR*, SYSCLK, and IRQ7 to the FPGA pins on
the interconnectboardasdescribedin the previous
lab. Double-checkyour connectionsandturn on the
power.

Compileyour VHDL codeif you haven’t already
doneso,andconfiguretheFPGAasdescribedin the
previouslab.
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Pressthe button and observe the LED display.
It shouldcount up on eachbutton pressand wrap
around� backto zerowhenit reachesF.

Assembleand link your assemblycode if you
haven’t alreadydoneso.

RuntheWindows Hypertermprogram.Resetthe
SBCanddownloadyourprogram.

Runyourprogramon theSBC.
Pressthe button andobserve theLED display. If

your device andprogramareworking properly, the
LED will countup to 7 andthengetresetto 0 on the
next buttonpushastheISRreadstheFIFOcontents.

Whenyourdevice is workingproperlyasktheTA
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. Include a listing of your assembly-
languageprogram,theVHDL codeandaprintoutof
the simulationwaveformsthat demonstratecorrect
operationof yourdevice.
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