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Lab4 - Interrupt-

I ntroduction

In this lab you will designan interrupt-dren input
portin VHDL andimplementt onthe FPGAiIn the
lab

You will alsowrite a programin 8086 assembly
languagehatinitializesaninterruptvectorandpro-
videsaninterruptserviceroutinefor the port.

Har dware Description

The following diagramshaws a possibleimplemen-
tationof theinput port:
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Note thatthe port is not connectedo a real data
source- this is to simplify the design. The port has
an active-lowv datainput strobethatindicatesthat a
new valueis to bereadby the port. Whenthestrobe
is assetedheficticiousinputvalueis storedin asim-
ulated 15-entryFIFO (first-in first-out) buffer. The
portusesa4-bit counterto keeptrack of the number
of valuesn thebuffer althoughit doesnotimplement
the buffer itself. The port generategn interruptby
assertinghe PC-104businterruptrequeshumber?
(IRQ 7) whenthenumberof storedvaluesreaches.

The port has a read-only statusregister at 1/0
address220H and a read-onlydataregister at ad-
dres221H.Thevaluereadfrom theregisterat220H
shouldbethenumberof valuescurrentlyin theFIFO.
The value read from the register at 221H should
be the oldestvalue in the FIFO. Sincewe are not
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actually going to implementthe FIFO, readsfrom
the dataregister shouldreturn 0. However, your
portshouldautomaticallydecrementhecountof the
numberof storedvalueswheneer thedataregisteris
read.

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

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

The table belov shavs the new connectionse-
tweenthe PC-104signalsand the FPGA (note the
correctionfor IOR*). Therows arenumberedstart-
ing at 1 for thetop (unmarled) 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 addres220H
or 221H.It setsthevalueof thestatus/dataignalde-
pendingon theregisterthatis beingaccessed.

Counter

The counterkeepstrack of the numberof valuesin
thefictitious FIFO buffer. Its controlinputmakesthe
countercountup, down, or hold its value on each
rising edgeof theclock.

State M achine

The statemachinecontrolsthe counter The counter
shouldbe incrementecdbnly on the first clock edge
afterthedatainput strobeis asserted@ndonly onthe



firstclockedgeof adataregisterreadcycle. Yourde-
signshouldcorrectlyhandlethe casewherethe data
input strobeis assertedtthe sametime thatthedata
registeris read. The statemachinewill needto “re-

member’the previousvaluesof thedatainputstrobe
andthedataregisterreadenablesignalsto detectthe
first clock edge.

Pre-Lab Assignment

Beforethelab you mustwrite andassembl¢he pro-
gramdescribedelav. You mustalsodesignthecir-
cuit andtestit by simulatingits operation. The TA
will askto seeyour assembleandVHDL codeand
the simulationwaveformsat the startof thelab.

Assembly L anguage Program

Write an8088assembly-languageogramthatdoes
thefollowing:

e initializestheinterruptvectorfor IRQ 7 to point
to an interruptserviceroutineincludedwithin
your program

e enablesnterruptnumber? in the PICsinterrupt
maskregister

e executesan infinite loop (a JMP instructionto
itself)

ThelSR,includedaspartof your programshould
dothefollowing:

e save ary registersit will modify

e readthestatusregisterto checkif thereareary
valuesstoredin the FIFO

e if yes,readthe dataregisterandrepeathe pre-
viousstep

e re-enablanterruptsby issuingthe EOI instruc-
tion to thePIC

e restoreary savedregisters

e returnfromthelSR

Referto lecture 10 for detailson the locationsof
interruptvectors 8086interruptserviceroutinesand
the operationof the 8259PIC.

VHDL Description

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

e Apply threeclock pulseswhile the datainput
strobe(pushlutton)is assertedTheLED output
shouldchangdrom0to 1 onthefirstclockedge
andandremainattheencodedraluefor 1.

e Readfrom the statusregister The databus
shouldreadO1H.

e Apply 16 moreclockcycleswith thepushhutton
input alternatelyassertecindnot assertedThe
LED outputshouldreadthe encodedvaluefor
9.

e Apply theaddres®f thedataregisterto thead-
dressbus andasseriOR*. Apply threeclock
pulses.The LED outputshouldcountdown to,
and remainat, the encodedvalue for 8. The
IRQ7 outputshouldbe assertedhigh).

e Readfrom thedataportagain.The LED output
shouldread 7 and the IRQ7 outputshouldbe
low.

Print and Copy Files

Save thefiles projectnamasm (assemblylanguage
sourcecode), projectnameom (DOS executable),
projectnamecf (device andpin assignmentsyro-
jectnamerhd (VHDL code), and projectnamescf
(testwaveforms)to afloppy diskto bringit with you
to thelab. Print out the assembleandVVHDL code
andthe simulatoroutputwaveforms.

Lab Procedure

Connectthe PC-104addressand data bus signals,
IOR*, SYSCLK, and IRQ7 to 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



Pressthe button and obsere the LED display
It should countup on eachbutton pressand wrap
aroundbackto zerowhenit reaches-

Assembleand link your assemblycode if you
haven't alreadydoneso.

Runthe Windows Hypertermprogram. Resetthe
SBCanddownloadyour program.

Runyour programonthe SBC.

Presgthe button andobsenre the LED display If
your device and programare working properly the
LED will countupto 7 andthengetresetto O onthe
next buttonpushasthe ISR readshe FIFO contents.

Whenyour device is working properlyaskthe TA
to checkyour work. 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 listing of your assembly-
languagegprogram theVHDL codeanda printoutof
the simulationwaveformsthat demonstratecorrect
operationof your device.



