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Mid-TermReview

Introduction to Logic Design with
VHDL

Thischapterreviewsthedesignof combinationaland
sequentiallogic andintroducestheuseof VHDL to
designcombinationallogic andstatemachines.

After this chapteryoushouldbeableto:

� convertaninformaldescriptionof thebehaviour
of a combinationallogic circuit into a truth ta-
ble, a sumof productsbooleanequationanda
schematic,

� convert an informal descriptionof a combina-
tional logic circuit into a VHDL entity andar-
chitecture,

� designa statemachinefrom an informal de-
scriptionof its operation,and

� write aVHDL descriptionof astatemachine.

The 80386SX Processor Bus and
Real-Mode Instruction Set

This chapterdescribesthe signalsandoperationof
theIntel 80386SXprocessorbusanddescribesasub-
set of the80x86architectureandinstructionset.

After this lectureyou shouldbeableto draw dia-
gramsfor theprocessorbussignalsdescribedin this
lectureandstatethevaluesthatwould appearon the
dataandaddressbusesduringmemoryandI/O read
andwrite cyclesand for interruptacknowledgecy-
cles.

You should know enoughabout the 80x86 in-
structionset to be able to write simple routinesto
read/writedatato/from I/O ports. In particular, you
shouldbeableto:

� write a real-mode8086assemblylanguagepro-
gramincluding: (1) transferof 8 and16-bitdata
betweenregistersand memory using register,

immediate,direct,andregisterindirectaddress-
ing, (2) someessentialarithmeticandlogic in-
structionson byte and16-bit values,(3) stack
push/pop,(4) input/output,(5) conditionaland
unconditionalbranches,(6) call/return,(7) in-
terrupt/return,(8) essentialpseudo-ops(org, db,
dw).

� computea physicaladdressfrom segmentand
offsetvalues,

� describeresponseof the8086CPUto software
(INT) andexternal (NMI, IRQ) interruptsand
returnfrom interrupts.

RTL Design with VHDL

This chaptercoverssomefeaturesof VHDL thatare
usefulfor logic synthesis.Youshouldlearnto:

� make library packagesvisible
� declarecomponentsin architecturesandpack-

ages
� declareconstants
� instantiatecomponentsinto anarchitecture
� declarestd logic, std logic vector, signedand

unsignedsignals
� declareenumeratedtypesandsubtypesof array

typesin architecturesandpackages
� declareanduseentitieswith generics
� useconditionalsignalassignments
� convert betweenstd logic vector, unsignedand

integertypes
� instantiatetri-stateoutputs
� createRAM andROM memories

We will also learn an approachto logic design
calledRegisterTransferLevel (RTL) or “dataflow”
design.This is themethodcurrentlyusedfor thede-
signof complex logic circuits suchasmicroproces-
sors.

review.tex 1



Youshouldbeableto:

� classify a VHDL descriptionas a behavioral,
structural,or dataflow (RTL) description

� identify theregistersandlogic/arithmeticfunc-
tions requiredto implementa particularalgo-
rithm

� partitionthisalgorithminto asequenceof these
operationsandregistertransfers

� write synthesizeableVHDL RTL codeto imple-
mentthealgorithm

We alsocoveredthreetopicsrelatedto thedesign
of interfacesto logic circuits: metastability, input
synchronizationand glitches. You shouldbe able
to: identify circuits wheremetastablebehaviour is
possible;computethemeantimebetweenmetastable
outputs;identify circuits thatcould fail dueto asyn-
chronousinputs; add synchronizerflip-flops to re-
duce the probability of metastability; remove race
conditionsby registeringinputs; anduseregistered
outputsto eliminateglitches.

Reference Materials

Theexamis open-book.You shouldbring your lec-
ture notes,the 80x86 assemblylanguagesummary
and the VHDL languagereferencesheets. All of
theseareavailableon thecoursewebpage.
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