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Unit-1

Introductionto8086microprocessor

RISCandSISCprocessors:

RISCProcessor

RISCstandsfor ReducedInstructionSetComputer.Itisdesignedtoreducethe
executiontimebysimplifyingtheinstructionsetofthecomputer.UsingRISC
processors,eachinstructionrequiresonlyoneclockcycletoexecuteresultsin
uniformexecutiontime.Thisreducestheefficiencyastherearemorelinesofcode,
hencemoreRAMisneededtostoretheinstructions.Thecompileralsohastowork
moretoconverthigh-levellanguageinstructionsintomachinecode.

SomeoftheRISCprocessorsare−

 PowerPC:601,604,615,620

 DECAlpha:210642,211066,21068,21164

 MIPS:TS(R10000)RISCProcessor

 PA-RISC:HP7100LC

ArchitectureofRISC

RISCmicroprocessorarchitectureuseshighly-optimizedsetofinstructions.Itis
usedinportabledeviceslikeAppleiPodduetoitspowerefficiency.
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CharacteristicsofRISC

ThemajorcharacteristicsofaRISCprocessorareasfollows−

 Itconsistsofsimpleinstructions.

 Itsupportsvariousdata-typeformats.

 Itutilizessimpleaddressing modesand fixed lengthinstructionsfor
pipelining.

 Itsupportsregistertouseinanycontext.

 Onecycleexecutiontime.

 “LOAD”and“STORE”instructionsareusedtoaccessthememorylocation.

 Itconsistsoflargernumberofregisters.

 Itconsistsoflessnumberoftransistors.

CISCProcessor

CISCstandsfor ComplexInstructionSetComputer.Itisdesignedtominimizethe
numberofinstructionsperprogram,ignoringthenumberofcyclesperinstruction.
Theemphasisisonbuildingcomplexinstructionsdirectlyintothehardware.

Thecompilerhastodoverylittleworktotranslateahigh-levellanguageinto
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assemblylevellanguage/machinecodebecausethelengthofthecodeisrelatively
short,soverylittleRAMisrequiredtostoretheinstructions.

SomeoftheCISCProcessorsare−

 IBM370/168

 VAX11/780

 Intel80486

ArchitectureofCISC

Itsarchitectureisdesignedtodecreasethememorycostbecausemorestorageis
neededinlargerprogramsresultinginhighermemorycost.Toresolvethis,the
numberofinstructionsperprogramcanbereducedbyembeddingthenumberof
operationsinasingleinstruction.

CharacteristicsofCISC

 Varietyofaddressingmodes.

 Largernumberofinstructions.

 Variablelengthofinstructionformats.
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 Severalcyclesmayberequiredtoexecuteoneinstruction.

 Instruction-decodinglogiciscomplex.

 Oneinstructionisrequiredtosupportmultipleaddressingmodes.

Architectureandpindiagramof8086anddescriptionof

varioussignals:

A Microprocessor isanIntegratedCircuitwithallthefunctionsofaCPUhowever,it
cannotbeusedstandalonesinceunlikeamicrocontrollerit hasnomemoryor
peripherals.
8086 doesnothaveaRAMorROMinsideit.However,ithas internalregisters for
storingintermediateandfinalresultsandinterfaceswithmemorylocatedoutside
itthroughtheSystemBus.
Incaseof8086,itisa16-bit Integerprocessor ina40pin,DualInlinePackagedIC.

Thesizeoftheinternalregisters(presentwithinthechip)indicatehowmuch
informationtheprocessorcanoperateonatatime(inthiscase16-bitregisters)
andhowitmovesdataaroundinternallywithinthechip,sometimesalsoreferred
toastheinternaldatabus.
8086providestheprogrammerwith14internalregisters,each16bitsor2Bytes
wide.

Memorysegmentation:
 Toincreaseexecutionspeedandfetchingspeed,8086segmentsthememory.
 It’s20bitaddressbuscanaddress1MBofmemory,itsegmentsitinto464kB

segments.
 8086worksonlywithfour64KBsegmentswithinthewhole1MBmemory.
TheinternalarchitectureofIntel8086isdividedinto2units:TheBusInterfaceUnit
(BIU),andTheExecutionUnit(EU).Theseareexplainedasfollowingbelow.

1.TheBusInterfaceUnit(BIU):

Itprovidestheinterfaceof8086toexternalmemoryandI/Odevicesviathe
SystemBus.Itperformsvariousmachinecyclessuchasmemoryread,I/Oreadetc.
totransferdatabetweenmemoryandI/Odevices.

BIUperformsthefollowingfunctions-

 Itgeneratesthe20bitphysicaladdressformemoryaccess.
 Itfetchesinstructionsfromthememory.
 IttransfersdatatoandfromthememoryandI/O.
 Maintainsthe6byteprefetchinstructionqueue(supportspipelining).
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BIUmainlycontainsthe 4Segmentregisters,the InstructionPointer,aprefetch
queueandan AddressGenerationCircuit.
InstructionPointer(IP):
 Itisa16bitregister.ItholdsoffsetofthenextinstructionsintheCodeSegment.
 IPisincrementedaftereveryinstructionbyteisfetched.
 IPgetsanewvaluewheneverabranchinstructionoccurs.
 CSismultipliedby10Htogivethe20bitphysicaladdressoftheCodeSegment.
 AddressofthenextinstructioniscalculatedasCSx10H+IP.
Example:
CS=4321HIP=1000H

thenCSx10H=43210H+offset=44210H

Thisistheaddressoftheinstruction.

CodeSegmentregister:
CSholdsthebaseaddressfortheCodeSegment.Allprogramsarestoredinthe
CodeSegmentandaccessedviatheIP.
DataSegmentregister:
DSholdsthebaseaddressfortheDataSegment.
StackSegmentregister:
SSholdsthebaseaddressfortheStackSegment.
ExtraSegmentregister:
ESholdsthebaseaddressfortheExtraSegment.
AddressGenerationCircuit:
 TheBIUhasaPhysicalAddressGenerationCircuit.
 Itgeneratesthe20bitphysicaladdressusingSegmentandOffsetaddresses

usingtheformula:
 PhysicalAddress

=SegmentAddressx10H+OffsetAddress

6BytePre-fetchQueue:
 Itisa6bytequeue(FIFO).
 Fetchingthenextinstruction(byBIUfromCS)whileexecutingthecurrent

instructioniscalledpipelining.
 Getsflushedwheneverabranchinstructionoccurs.

2.TheExecutionUnit(EU):

ThemaincomponentsoftheEUareGeneralpurposeregisters,theALU,Special
purposeregisters,InstructionRegisterandInstructionDecoderandtheFlag/Status
Register.

1.FetchesinstructionsfromtheQueueinBIU,decodesandexecutesarithmeticand
logicoperationsusingtheALU.

2.Sendscontrolsignalsforinternaldatatransferoperationswithinthe
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microprocessor.
3.SendsrequestsignalstotheBIUtoaccesstheexternalmodule.
4.ItoperateswithrespecttoT-states(clockcycles)andnotmachinecycles.
8086hasfour16bitgeneralpurposeregisters AX,BX,CXandDX.Store
intermediatevaluesduringexecution.Eachofthesehavetwo8bitparts(higher
andlower).
 AXregister:

Itholdsoperandsandresultsduringmultiplicationanddivisionoperations.Also
anaccumulatorduringStringoperations.

 BXregister:
Itholdsthememoryaddress(offsetaddress)inindirectaddressingmodes.

 CXregister:
Itholdscountforinstructionslikeloop,rotate,shiftandstringoperations.

 DXregister:
ItisusedwithAXtohold32bitvaluesduringmultiplicationanddivision.

ArithmeticLogicUnit(16bit):
Performs 8and16bit arithmeticandlogicoperations.
Specialpurposeregisters(16-bit):

 StackPointer:
PointstoStacktop.StackisinStackSegment,usedduringinstructionslike
PUSH,POP,CALL,RETetc.

 BasePointer:
BPcanholdoffsetaddressofanylocationinthestacksegment.Itisusedto
accessrandomlocationsofthestack.

 SourceIndex:
ItholdsoffsetaddressinDataSegmentduringstringoperations.

 DestinationIndex:
ItholdsoffsetaddressinExtraSegmentduringstringoperations.

InstructionRegisterandInstructionDecoder:
TheEUfetchesanopcodefromthequeueintotheinstructionregister.The
instructiondecoderdecodesitandsendstheinformationtothecontrolcircuitfor
execution.
Flag/Statusregister(16bits):
Ithas9flagsthathelpchangeorrecognizethestateofthemicroprocessor.
6Statusflags:
1.carryflag(CF)
2.parityflag(PF)
3.auxiliarycarryflag(AF)
4.zeroflag(Z)
5.signflag(S)
6.overflowflag(O)
Statusflagsareupdatedaftereveryarithmeticandlogicoperation.
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3Controlflags:
1.trapflag(TF)
2.interruptflag(IF)
3.directionflag(DF)
TheseflagscanbesetorresetusingcontrolinstructionslikeCLC,STC,CLD,STD,CLI,
STI,etc.

TheControlflagsareusedtocontrolcertainoperations.

8086wasthefirst16-bitmicroprocessoravailablein40-pinDIP (DualInline
Package)chip.Letusnow discussindetailthepinconfigurationofa8086
Microprocessor.

8086PinDiagram

Hereisthepindiagramof8086microprocessor−

Letusnowdiscussthesignalsindetail−
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Powersupplyandfrequencysignals

Ituses5VDCsupplyatVCC pin40,andusesgroundatVSS pin1and20forits
operation.

Clocksignal

ClocksignalisprovidedthroughPin-19.Itprovidestimingtotheprocessorfor
operations.Itsfrequencyisdifferentfordifferentversions,i.e.5MHz,8MHzand
10MHz.

Address/databus

AD0-AD15.Theseare16address/databus.AD0-AD7carriesloworderbytedataand
AD8AD15carrieshigherorderbytedata.Duringthefirstclockcycle,itcarries16-bit
addressandafterthatitcarries16-bitdata.

Address/statusbus

A16-A19/S3-S6.Thesearethe4address/statusbuses.Duringthefirstclockcycle,it
carries4-bitaddressandlateritcarriesstatussignals.

S7/BHE

BHEstandsforBusHighEnable.Itisavailableatpin34andusedtoindicatethe
transferofdatausingdatabusD8-D15.Thissignalislowduringthefirstclock
cycle,thereafteritisactive.

Read($\overline{RD}$)

Itisavailableatpin32andisusedtoreadsignalforReadoperation.

Ready

Itisavailableatpin22.Itisanacknowledgementsignalfrom I/Odevicesthat
dataistransferred.Itisanactivehighsignal.Whenitishigh,itindicatesthatthe
deviceisreadytotransferdata.Whenitislow,itindicateswaitstate.

RESET

Itisavailableatpin21andisusedtorestarttheexecution.Itcausesthe
processortoimmediatelyterminateitspresentactivity.Thissignalisactivehigh
forthefirst4clockcyclestoRESETthemicroprocessor.

INTR

Itisavailableatpin18.Itisaninterruptrequestsignal,whichissampledduring
thelastclockcycleofeachinstructiontodetermineiftheprocessorconsidered
thisasaninterruptornot.

NMI

Itstandsfornon-maskableinterruptandisavailableatpin17.Itisanedge
triggeredinput,whichcausesaninterruptrequesttothemicroprocessor.
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$\overline{TEST}$

Thissignalislikewaitstateandisavailableatpin23.Whenthissignalishigh,
thentheprocessorhastowaitforIDLEstate,elsetheexecutioncontinues.

MN/$\overline{MX}$

ItstandsforMinimum/Maximumandisavailableatpin33.Itindicateswhatmode
theprocessoristooperatein;whenitishigh,itworksintheminimummodeand
vice-aversa.

INTA

Itisaninterruptacknowledgementsignalandidavailableatpin24.Whenthe
microprocessorreceivesthissignal,itacknowledgestheinterrupt.

ALE

Itstandsforaddressenablelatchandisavailableatpin25.Apositivepulseis
generatedeachtimetheprocessorbeginsanyoperation.Thissignalindicatesthe
availabilityofavalidaddressontheaddress/datalines.

DEN

ItstandsforDataEnableand isavailableatpin26.Itisused toenable
Transreceiver8286.Thetransreceiverisadeviceusedtoseparatedatafrom the
address/databus.

DT/R

ItstandsforDataTransmit/Receivesignalandisavailableatpin27.Itdecidesthe
directionofdataflowthroughthetransreceiver.Whenitishigh,dataistransmitted
outandvice-a-versa.

M/IO

ThissignalisusedtodistinguishbetweenmemoryandI/Ooperations.Whenitis
high,itindicatesI/Ooperationandwhenitislowindicatesthememoryoperation.
Itisavailableatpin28.

WR

Itstandsforwritesignalandisavailableatpin29.Itisusedtowritethedatainto
thememoryortheoutputdevicedependingonthestatusofM/IOsignal.

HLDA

ItstandsforHoldAcknowledgementsignalandisavailableatpin30.Thissignal
acknowledgestheHOLDsignal.

HOLD

Thissignalindicatestotheprocessorthatexternaldevicesarerequestingto
accesstheaddress/databuses.Itisavailableatpin31.
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QS1 andQS0

Thesearequeuestatussignalsandareavailableatpin24and25.Thesesignals
providethestatusofinstructionqueue.Theirconditionsareshowninthefollowing
table−

QS0 QS1 Status

0 0 Nooperation

0 1 Firstbyteofopcodefromthe
queue

1 0 Emptythequeue

1 1 Subsequentbytefromthequeue

S0,S1,S2

Thesearethestatussignalsthatprovidethestatusofoperation,whichisusedby
theBusController8288togeneratememory&I/Ocontrolsignals.Theseare
availableatpin26,27,and28.Followingisthetableshowingtheirstatus−

S2 S1S0 Status

0 0 0 Interruptacknowledgement

0 0 1 I/ORead

0 10 I/OWrite

0 1 1 Halt

10 0 Opcodefetch

10 1 Memoryread

1 10 Memorywrite

1 1 1 Passive

LOCK

Whenthissignalisactive,itindicatestotheotherprocessorsnottoasktheCPUto
leavethesystembus.ItisactivatedusingtheLOCKprefixonanyinstructionand
isavailableatpin29.
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RQ/GT1 andRQ/GT0

ThesearetheRequest/Grantsignalsusedbytheotherprocessorsrequestingthe
CPUtoreleasethesystembus.WhenthesignalisreceivedbyCPU,thenitsends
acknowledgment.

 Registerorganizationof8086:Registerorganizationof 8086

General16-bitregisters
TheregistersAX,BX,CX,andDXarethegeneral16-bitregisters.

AXRegister:Accumulatorregisterconsistsoftwo8-bitregistersALandAH,which
canbecombinedtogetherandusedasa16-bitregisterAX.ALinthiscasecontains
the
low-orderbyteoftheword,andAHcontainsthehigh-orderbyte.Accumulatorcan
be
usedforI/Ooperations,rotateandstringmanipulation.
BXRegister:Thisregisterismainlyusedasabaseregister.Itholdsthestarting
base
locationofamemoryregionwithinadatasegment.Itisusedasoffsetstoragefor
formingphysicaladdressincaseofcertainaddressingmode.
CXRegister:Itisusedasdefaultcounterorcountregisterincaseofstringand
loop
instructions.
DXRegister:DataregistercanbeusedasaportnumberinI/Ooperationsand
implicit
operandordestinationincaseoffewinstructions.Ininteger32-bitmultiplyand
divide
instructiontheDXregistercontainshigh-orderwordoftheinitialorresulting
number.
Segmentregisters:
Tocomplete1Mbytememoryisdividedinto16logicalsegments.Thecomplete
1Mbytememorysegmentationisasshowninfig1.5.Eachsegmentcontains64Kbyte
of
memory.Therearefoursegmentregisters.
Codesegment (CS)isa16-bitregistercontainingaddressof64KBsegmentwith
processorinstructions.TheprocessorusesCSsegmentforallaccessesto
instructions
referencedbyinstructionpointer(IP)register.CSregistercannotbechanged
directly.
TheCSregisterisautomaticallyupdatedduringfarjump,farcallandfarreturn
instructions.Itisusedforaddressingamemorylocationinthecodesegmentof
the
memory,wheretheexecutableprogramisstored.
Stacksegment (SS)isa16-bitregistercontainingaddressof64KBsegmentwith
programstack.Bydefault,theprocessorassumesthatalldatareferencedbythe
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stack
pointer(SP)andbasepointer(BP)registersislocatedinthestacksegment.SS
register
canbechangeddirectlyusingPOPinstruction.Itisusedforaddressingstack
segmentofmemory.Thestacksegmentisthatsegmentofmemory,whichisused
tostorestackdata.
Datasegment (DS)isa16-bitregistercontainingaddressof64KBsegmentwith
programdata.Bydefault,theprocessorassumesthatalldatareferencedby
general
registers(AX,BX,CX,DX)andindexregister(SI,DI)islocatedinthedatasegment.
DSregistercanbechangeddirectlyusingPOPandLDSinstructions.Itpointstothe
datasegmentmemorywherethedataisresided.
Extrasegment (ES)isa16-bitregistercontainingaddressof64KBsegment,usually
withprogramdata.Bydefault,theprocessorassumesthattheDIregister
referencestheESsegmentinstringmanipulationinstructions.ESregistercanbe
changeddirectlyusingPOPandLESinstructions.Italsoreferstosegmentwhich
essentiallyisanotherdatasegmentofthememory.Italsocontainsdata.
Pointersandindexregisters.
Thepointerscontainwithintheparticularsegments.ThepointersIP,BP,SP
usuallycontainoffsetswithinthecode,dataandstacksegmentsrespectively
StackPointer (SP)isa16-bitregisterpointingtoprogramstackinstacksegment.
BasePointer (BP)isa16-bitregisterpointingtodatainstacksegment.BPregister
is
usuallyusedforbased,basedindexedorregisterindirectaddressing.
SourceIndex (SI)isa16-bitregister.SIisusedforindexed,basedindexedand
register
indirectaddressing,aswellasasourcedataaddressesinstringmanipulation
instructions.
DestinationIndex (DI)isa16-bitregister.DIisusedforindexed,basedindexedand
registerindirectaddressing,aswellasadestinationdataaddressinstring
manipulation
instructions.

 Descriptionofaddresscomputationsandmemory

segmentations:

Segmentation istheprocessinwhichthemainmemoryofthecomputerisdivided
intodifferentsegmentsandeachsegmenthasitsownbaseaddress.Itisbasically
usedtoenhancethespeedofexecutionofthecomputersystem,sothatprocessor
isabletofetchandexecutethedatafromthememoryeasilyandfast.
NeedforSegmentation–
TheBusInterfaceUnit(BIU)containsfour16bitspecialpurposeregisters
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(mentionedbelow)calledasSegmentRegisters.
 Codesegmentregister(CS): isusedforaddressingmemorylocationinthecode

segmentofthememory,wheretheexecutableprogramisstored.
 Datasegmentregister(DS): pointstothedatasegmentofthememorywherethe

dataisstored.
 ExtraSegmentRegister(ES): alsoreferstoasegmentinthememorywhichis

anotherdatasegmentinthememory.
 StackSegmentRegister(SS): isusedforaddressingstacksegmentofthememory.

Thestacksegmentisthatsegmentofmemorywhichisusedtostorestackdata.
Thenumberofaddresslinesin8086is20,8086BIUwillsend20bitaddress,soas
toaccessoneofthe1MBmemorylocations.Thefoursegmentregistersactually
containtheupper16bitsofthestartingaddressesofthefourmemorysegments
of64KBeachwithwhichthe8086isworkingatthatinstantoftime.Asegmentisa
logicalunitofmemorythatmaybeupto64kilobyteslong.Eachsegmentismade
upofcontiguousmemorylocations.Itisindependent,separatelyaddressableunit.
Startingaddresswillalwaysbechanging.Itwillnotbefixed.

Notethatthe8086doesnotworkthewhole1MBmemoryatanygiventime.However
itworksonlywithfour64KBsegmentswithinthewhole1MBmemory.

TypesOfSegmentation–
1.OverlappingSegment– Asegmentstartsataparticularaddressanditsmaximum

sizecangoupto64kilobytes.Butifanothersegmentstartsalongthis64kilobytes
locationofthefirstsegment,thenthetwoaresaidtobe OverlappingSegment.

2.Non-OverlappedSegment– Asegmentstartsataparticularaddressandits
maximumsizecangoupto64kilobytes.Butifanothersegmentstartsbeforethis
64kilobyteslocationofthefirstsegment,thenthetwosegmentsaresaidtobe Non-
OverlappedSegment.
AdvantagesoftheSegmentation Themainadvantagesofsegmentationareas
follows:

 Itprovidesapowerfulmemorymanagementmechanism.
 Datarelatedorstackrelatedoperationscanbeperformedindifferentsegments.
 Coderelatedoperationcanbedoneinseparatecodesegments.
 Itallowstoprocessestoeasilysharedata.
 Itallowstoextendtheaddressabilityoftheprocessor,i.e.segmentationallowsthe

useof16bitregisterstogiveanaddressingcapabilityof1Megabytes.Without
segmentation,itwouldrequire20bitregisters.

 Itispossibletoenhancethememorysizeofcodedataorstacksegmentsbeyond
64KBbyallottingmorethanonesegmentforeacharea.

 Segmentoverride:

Aswealreadyknowthattheeffectiveaddressiscalculatedbyappending
the segmentregisters valueandaddingupthevalueoftherespectiveoffset.But
whatifwewanttochoosesomeotheroffsetthantheassignedone.

Thisfreedomisprovidedtousin8086microprocessorthroughtheconcept
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of Segmentoverrideprefix.

The SegmentOverridePrefix saysthatifwewanttousesomeothersegment
registerthanthedefaultsegmentforaparticularcode,thenitispossible.Itcan
simplybeonebymentioningthesegmentthatistobeusedbeforetheaddress
locationortheoffsetregistercontainingthataddress.Bydoingso,themachine,i.e.
the8086microprocessor,whilecalculatingtheeffectiveaddresswillconsiderthe
mentionedsegmentforcalculatingtheeffectiveaddressratherthanoptingforthe
defaultone.

Thesyntaxofdoingso,asmentionedearlierisbymentioningthesegmentjust
beforetheaddresslocationandproceededbyacolon.Thefollowingabbreviations
foreachsegmentregisterareusedforthispurpose:

 StackSegmentRegister-SS
 DataSegmentRegister-DS
 CodeSegmentRegister-CS
 ExtraSegmentRegister-ES

Letustakethefollowingexamplestofurtherunderstandthisconcept:

MOVAX,[BX]

Thisisanormalinstructionwithoutanysegmentoverriding.Hencetheeffective
addresswillbecalculatedbyusingthedefaultsegmentitself.Therefore,the
effectiveaddressfortheabove-mentionedinstruction:

Effectiveaddress=DSX10H+contentofBXregister

MOVAX,SS:[BX]

Here,inthiscase,theStacksegmentregisterisusedasaprefixfortheoffset BX.
So,insteadof DS,whichisthedefaultsegmentregisterfor BX,the SS willbeused
forfindingtheeffectiveaddresslocation.Therefore,theeffectiveaddressinthe
above-mentionedequationwillbe:

Effectiveaddress=SSX10H+contentofBXregister

MOVBX,SS:[1002H]

Here,inthiscase,theaddressfromwherethedataistobefetchedisdirectly
mentionedintheinstruction.Bydefault,suchcasestaketheDataSegment(DS)as
itsoffset.Butasthe SS isthementionedregisterinthegiveninstruction,thenitwill
beusedhere.Therefore,theeffectiveaddressforthegiveninstructionis:
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EffectiveAddress=SSX10H+1002H

 Instructionpipelining:

Mostofthedigitalcomputerswithcomplexinstructionsrequireinstructionpipeline
tocarryoutoperationslikefetch,decodeandexecuteinstructions.

Ingeneral,thecomputerneedstoprocesseachinstructionwiththefollowing
sequenceofsteps.

1.Fetchinstructionfrommemory.

2.Decodetheinstruction.

3.Calculatetheeffectiveaddress.

4.Fetchtheoperandsfrommemory.

5.Executetheinstruction.

6.Storetheresultintheproperplace.

Eachstepisexecutedinaparticularsegment,andtherearetimeswhendifferent
segmentsmaytakedifferenttimestooperateontheincominginformation.
Moreover,therearetimeswhentwoormoresegmentsmayrequirememoryaccess
atthesametime,causingonesegmenttowaituntilanotherisfinishedwiththe
memory.

Theorganizationofaninstructionpipelinewillbemoreefficientiftheinstruction
cycleisdividedintosegmentsofequalduration.Oneofthemostcommon
examplesofthistypeoforganizationisa Four-segmentinstructionpipeline.

A four-segmentinstruction pipelinecombinestwoormoredifferentsegmentsand
makesitasasingleone.Forinstance,thedecodingoftheinstructioncanbe
combinedwiththecalculationoftheeffectiveaddressintoonesegment.

Segment1:

Theinstructionfetchsegmentcanbeimplementedusingfirstin,firstout(FIFO)
buffer.

Segment2:

Theinstructionfetchedfrommemoryisdecodedinthesecondsegment,and
eventually,theeffectiveaddressiscalculatedinaseparatearithmeticcircuit.
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Segment3:

Anoperandfrommemoryisfetchedinthethirdsegment.

Segment4:

Theinstructionsarefinallyexecutedinthelastsegmentofthepipeline
organization

 TheHOLDpinischeckedattheendofeachbuscycle.

 IfitisreceivedactivebytheprocessorbeforeT4 ofthepreviouscycleofduringT1 stateofthecurrentcycles,the
CPUactivatesHLDAinthenextclockcycleandforthesucceedingbuscycles;thebuswillbegiventoanother
requestingmaster.







 ThecontrolofthebusisnotregainedbytheprocessoruntiltherequestingmasterdoesnotdroptheHLDApinlow.
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 Whentherequestisdroppedbytherequestingmaster,theHLDAisdroppedbytheprocessoratthetrailingedge

ofthenextclock,asshowninFig







 TheotherconditionshavealreadybeendiscussedinthesignaldescriptionsectionfortheHOLDandHLDAsignals.



 TIMINGDIAGRAMofMAXIMUMMODE8086
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Addressingmodes:

 Thedifferentwaysinwhichasourceoperandisdenotedinan
instructionisknownas addressingmodes.Thereare8different
addressingmodesin8086programming−



INTERNATIONALINSTITUTEOFTECHNOLOGY&MANAGEMENT,MURTHALSONEPAT
E-NOTES,Subject:AdvancedMicroprocessorAndMicrocontroller.

SubjectCode:EE306B,Course:B.TECH,Branch:EE,Sem-6th ,Unit--1-4(Complete)
(PreparedBy:Mr.RaviRanjan,AssistantProfessor,ECE)

 Immediateaddressingmode

 Theaddressingmodeinwhichthedataoperandisapartofthe
instructionitselfisknownasimmediateaddressingmode.

 Example
 MOVCX,4929H,ADDAX,2387H,MOVAL,FFH

 Registeraddressingmode

 Itmeansthattheregisteristhesourceofanoperand foran
instruction.

 Example
 MOVCX,AX ;copiesthecontentsofthe16-bitAXregisterinto
 ;the16-bitCXregister),
 ADDBX,AX

 Directaddressingmode

 Theaddressingmodeinwhichtheeffectiveaddressofthememory
locationiswrittendirectlyintheinstruction.

 Example
 MOVAX,[1592H],MOVAL,[0300H]

 Registerindirectaddressingmode

 Thisaddressingmodeallowsdatatobeaddressedatanymemory
locationthroughanoffsetaddressheld inanyofthefollowing
registers:BP,BX,DI&SI.

 Example
 MOVAX,[BX];SupposetheregisterBXcontains4895H,thenthe

contents
 ;4895HaremovedtoAX
 ADDCX,{BX}

 Basedaddressingmode

 Inthisaddressingmode,theoffsetaddressoftheoperandisgiven
by thesum ofcontentsoftheBX/BP registersand 8-bit/16-bit
displacement.

 Example
 MOVDX,[BX+04],ADDCL,[BX+08]
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 Indexedaddressingmode

 Inthisaddressingmode,theoperandsoffsetaddressisfoundby
addingthecontentsofSIorDIregisterand8-bit/16-bitdisplacements.

 Example
 MOVBX,[SI+16],ADDAL,[DI+16]

 Based-indexaddressingmode

 Inthisaddressingmode,theoffsetaddressoftheoperand is
computedbysummingthebaseregistertothecontentsofanIndex
register.

 Example
 ADDCX,[AX+SI],MOVAX,[AX+DI]

 Basedindexedwithdisplacementmode

 Inthisaddressingmode,theoperandsoffsetiscomputedbyadding
thebaseregistercontents.AnIndexregisterscontentsand8or16-bit
displacement.

Unit-2

Instructionsetof8086:

InstructionSetof8086

Instructionsareclassifiedonthebasisoffunctionstheyperform.Theyare
categorizedintothefollowingmaintypes:

DataTransferinstruction

Alltheinstructionswhichperformdatamovementcomeunderthiscategory.The
sourcedatamaybearegister,memorylocation,portetc.thedestinationmaybea
register,memorylocationorport.Thefollowinginstructionscomeunderthis
category:

Instruction Description

MOV Movesdatafromregistertoregister,
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registertomemory,memorytoregister,
memorytoaccumulator,accumulatorto
memory,etc.

LDS Loadsawordfromthespecifiedmemory
locationsintospecifiedregister.Italso
loadsawordfromthenexttwomemory
locationsintoDSregister.

LES Loadsawordfromthespecifiedmemory
locationsintothespecifiedregister.Italso
loadsawordfromnexttwomemory
locationsintoESregister.

LEA Loadsoffsetaddressintothespecified
register.

LAHF Loadsloworder8-bitsoftheflagregister
intoAHregister.

SAHF StoresthecontentofAHregisterintolow
orderbitsoftheflagsregister.

XLAT/XLATB Readsabytefromthelookuptable.

XCHG Exchangesthecontentsofthe16-bitor8-
bitspecifiedregisterwiththecontentsof
AXregister,specifiedregisterormemory
locations.

PUSH Pushes(sends,writesormoves)the
contentofaspecifiedregisterormemory
location(s)ontothetopofthestack.

POP Pops(reads)twobytesfromthetopof
thestackandkeepstheminaspecified
register,ormemorylocation(s).

POPF Pops(reads)twobytesfromthetopof
thestackandkeepsthemintheflag
register.

IN Transfersdatafromaporttothe
accumulatororAX,DXorALregister.

OUT TransfersdatafromaccumulatororALor
AXregistertoanI/Oportidentifiedbythe
secondbyteoftheinstruction.

ArithmeticInstructions
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Instructionsofthisgroupperformaddition,subtraction,multiplication,division,
increment,decrement,comparison,ASCIIanddecimaladjustmentetc.

Thefollowinginstructionscomeunderthiscategory:

Instruction Description

ADD Addsdatatotheaccumulatori.e.ALorAX
registerormemorylocations.

ADC Addsspecifiedoperandsandthecarry
status(i.e.carryofthepreviousstage).

SUB Subtractimmediatedatafromaccumulator,
memoryorregister.

SBB Subtractimmediatedatawithborrowfrom
accumulator,memoryorregister.

MUL Unsigned8-bitor16-bitmultiplication.

IMUL Signed8-bitor16-bitmultiplication.

DIV Unsigned8-bitor16-bitdivision.

IDIV Signed8-bitor16-bitdivision.

INC IncrementRegisterormemoryby1.

DEC Decrementregisterormemoryby1.

DAA DecimalAdjustafterBCDAddition:Whentwo
BCDnumbersareadded,theDAAisused
afterADDorADCinstructiontogetcorrect
answerinBCD.

DAS DecimalAdjustafterBCDSubtraction:When
twoBCDnumbersareadded,theDASisused
afterSUBorSBBinstructiontogetcorrect
answerinBCD.

AAA ASCIIAdjustforAddition:WhenASCIIcodes
oftwodecimaldigitsareadded,theAAAis
usedafteradditiontogetcorrectanswerin
unpackedBCD.

AAD AdjustAXRegisterforDivision:Itconverts
twounpackedBCDdigitsinAXtothe
equivalentbinarynumber.Thisadjustmentis
donebeforedividingtwounpackedBCD
digitsinAXbyanunpackedBCDbyte.
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AAM AdjustresultofBCDMultiplication:This
instructionisusedafterthemultiplicationof
twounpackedBCD.

AAS ASCIIAdjustforSubtraction:Thisinstruction
isusedtogetthecorrectresultinunpacked
BCDafterthesubtractionoftheASCIIcode
ofanumberfromASCIIcodeanother
number.

CBW ConvertsignedBytetosignedWord.

CWD ConvertsignedWordtosignedDoubleword.

NEG Obtains2'scomplement(i.e.negative)ofthe
contentofan8-bitor16-bitspecifiedregister
ormemorylocation(s).

CMP CompareImmediatedata,registerormemory
withaccumulator,registerormemory
location(s).

LogicalInstructions

InstructionofthisgroupperformlogicalAND,OR,XOR,NOTandTESToperations.
Thefollowinginstructionscomeunderthiscategory:

Instruction Description

AND PerformsbitbybitlogicalANDoperationof
twooperandsandplacestheresultinthe
specifieddestination.

OR PerformsbitbybitlogicalORoperationof
twooperandsandplacestheresultinthe
specifieddestination.

XOR PerformsbitbybitlogicalXORoperationof
twooperandsandplacestheresultinthe
specifieddestination.

NOT Takesone'scomplementofthecontentofa
specifiedregisterormemorylocation(s).

TEST PerformlogicalANDoperationofaspecified
operandwithanotherspecifiedoperand.

RotateInstructions
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Thefollowinginstructionscomeunderthiscategory:

Instruction Description

RCL Rotateallbitsoftheoperandleftby
specifiednumberofbitsthroughcarryflag.

RCR Rotateallbitsoftheoperandrightby
specifiednumberofbitsthroughcarryflag.

ROL Rotateallbitsoftheoperandleftby
specifiednumberofbits.

ROR Rotateallbitsoftheoperandrightby
specifiednumberofbits.

ShiftInstructions

Thefollowinginstructionscomeunderthiscategory:

Instruction Description

SALor
SHL

Shiftseachbitofoperandleftbyspecified
numberofbitsandputzeroinLSBposition.

SAR Shifteachbitofanyoperandrightby
specifiednumberofbits.CopyoldMSBinto
newMSB.

SHR Shifteachbitofoperandrightbyspecified
numberofbitsandputzeroinMSBposition.

BranchInstructions

Itisalsocalledprogramexecutiontransferinstruction.Instructionsofthisgroup
transferprogramexecutionfromthenormalsequenceofinstructionstothe
specifieddestinationortarget.Thefollowinginstructionscomeunderthiscategory:

Instruction Description

JAorJNBE Jumpifabove,notbelow,orequali.e.
whenCFandZF=0

JAE/JNB/JNC Jumpifabove,notbelow,equalorno
carryi.e.whenCF=0

JB/JNAE/JC Jumpifbelow,notabove,equalor
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carryi.e.whenCF=0

JBE/JNA Jumpifbelow,notabove,orequali.e.
whenCFandZF=1

JCXZ JumpifCXregister=0

JE/JZ Jumpifzeroorequali.e.whenZF=1

JG/JNLE Jumpifgreater,notlessorequali.e.
whenZF=0andCF=OF

JGE/JNL Jumpifgreater,notlessorequali.e.
whenSF=OF

JL/JNGE Jumpifless,notgreaterthanor
equali.e.whenSF≠OF

JLE/JNG Jumpifless,equalornotgreateri.e.
whenZF=1andSF≠OF

JMP Causestheprogramexecutionto
jumpunconditionallytothememory
addressorlabelgiveninthe
instruction.

CALL Callsaprocedurewhoseaddressis
givenintheinstructionandsaves
theirreturnaddresstothestack.

RET Returnsprogramexecutionfroma
procedure(subroutine)tothenext
instructionormainprogram.

IRET Returnsprogramexecutionfroman
interruptserviceprocedure
(subroutine)tothemainprogram.

INT Usedtogeneratesoftwareinterrupt
atthedesiredpointinaprogram.

INTO Softwareinterruptstoindicate
overflowafterarithmeticoperation.

LOOP JumptodefinedlabeluntilCX=0.

LOOPZ/LOOPE DecrementCXregisterandjumpif
CX≠0andZF=1.

LOOPNZ/LOOPNE DecrementCXregisterandjumpif
CX≠0andZF=0.
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Here,CF=CarryFlag
ZF=ZeroFlag
OF=OverflowFlag
SF=SignFlag
CX=Register

FlagManipulationandProcessorControlInstructions

Instructionsofthisinstructionsetarerelatedtoflagmanipulationandmachine
control.Thefollowinginstructionscomeunderthiscategory:

Instruction Description

CLC ClearCarryFlag:Thisinstructionresetsthe
carryflagCFto0.

CLD ClearDirectionFlag:Thisinstructionresets
thedirectionflagDFto0.

CLI ClearInterruptFlag:Thisinstructionresets
theinterruptflagIFto0.

CMC Thisinstructiontakecomplementofcarry
flagCF.

STC SetcarryflagCFto1.

STD Setdirectionflagto1.

STI SetinterruptflagIFto1.

HLT Haltprocessing.Itstopsprogramexecution.

NOP Performsnooperation.

ESC Escape:makesbusfreeforexternalmaster
likeacoprocessororperipheraldevice.

WAIT WhenWAITinstructionisexecuted,the
processorentersanidlestateinwhichthe
processordoesnoprocessing.

LOCK Itisaprefixinstruction.ItmakestheLOCK
pinlowtilltheexecutionofthenext
instruction.

StringInstructions

Stringisseriesofbytesorseriesofwordsstoredinsequentialmemorylocations.
The8086providessomeinstructionswhichhandlestringoperationssuchasstring
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movement,comparison,scan,loadandstore.

Thefollowinginstructionscomeunderthiscategory:

Instruction Description

MOVS/MOVSB/MOVSW Moves8-bitor16-bitdatafrom
thememorylocation(s)
addressedbySIregistertothe
memorylocationaddressedby
DIregister.

CMPS/CMPSB/CMPSW Comparesthecontentof
memorylocationaddressedby
DIregisterwiththecontentof
memorylocationaddressedby
SIregister.

SCAS/SCASB/SCASW Comparesthecontentof
accumulatorwiththecontentof
memorylocationaddressedby
DIregisterintheextrasegment
ES.

LODS/LODSB/LODSW Loads8-bitor16-bitdatafrom
memorylocationaddressedby
SIregisterintoALorAXregister.

STOS/STOSB/STOSW Stores8-bitor16-bitdatafrom
ALorAXregisterinthememory
locationaddressedbyDI
register.

REP Repeatsthegiveninstruction
untilCX≠0

REPE/REPZ Repeatsthegiveninstructiontill
CX≠0andZF=1

REPNE/REPNZ Repeatsthegiveninstructiontill
CX≠0andZF=0

Interruptsof8086:

Interruptisthemethodofcreatingatemporaryhaltduringprogram execution
andallowsperipheraldevicestoaccessthemicroprocessor.Themicroprocessor
respondstothatinterruptwithanISR(InterruptServiceRoutine),whichisashort
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programtoinstructthemicroprocessoronhowtohandletheinterrupt.

The following image shows the types of interrupts we have in a 8086
microprocessor−

HardwareInterrupts

Hardwareinterruptiscausedbyanyperipheraldevicebysendingasignal
throughaspecifiedpintothemicroprocessor.

The8086hastwohardwareinterruptpins,i.e.NMIandINTR.NMIisanon-
maskableinterruptandINTRisamaskableinterrupthavinglowerpriority.One
moreinterruptpinassociatedisINTAcalledinterruptacknowledge.

NMI

Itisasinglenon-maskableinterruptpin(NMI)havinghigherprioritythanthe
maskableinterruptrequestpin(INTR)anditisoftype2interrupt.

Whenthisinterruptisactivated,theseactionstakeplace−

Completesthecurrentinstructionthatisinprogress.

PushestheFlagregistervaluesontothestack.

PushestheCS(codesegment)valueandIP(instructionpointer)valueof
thereturnaddressontothestack.

IPisloadedfromthecontentsofthewordlocation00008H.

CSisloadedfromthecontentsofthenextwordlocation0000AH.
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Interruptflagandtrapflagareresetto0.

INTR

TheINTRisamaskableinterruptbecausethemicroprocessorwillbeinterrupted
onlyifinterruptsareenabledusingsetinterruptflaginstruction.Itshouldnotbe
enabledusingclearinterruptFlaginstruction.

TheINTRinterruptisactivatedbyanI/Oport.IftheinterruptisenabledandNMI
isdisabled,thenthemicroprocessorfirstcompletesthecurrentexecutionand
sends‘0’onINTApintwice.Thefirst‘0’meansINTAinformstheexternaldeviceto
getreadyandduringthesecond‘0’themicroprocessorreceivesthe8bit,sayX,
fromtheprogrammableinterruptcontroller.

Theseactionsaretakenbythemicroprocessor−

Firstcompletesthecurrentinstruction.

ActivatesINTAoutputandreceivestheinterrupttype,sayX.

Flagregistervalue,CSvalueofthereturnaddressandIPvalueofthereturn
addressarepushedontothestack.

IPvalueisloadedfromthecontentsofwordlocationX×4

CSisloadedfromthecontentsofthenextwordlocation.

Interruptflagandtrapflagisresetto0

SoftwareInterrupts

Someinstructionsareinsertedatthedesiredpositionintotheprogram tocreate
interrupts.Theseinterruptinstructionscanbeusedtotesttheworkingofvarious
interrupthandlers.Itincludes−

INT-Interruptinstructionwithtypenumber

Itis2-byteinstruction.Firstbyteprovidestheop-codeandthesecondbyte
providestheinterrupttypenumber.Thereare256interrupttypesunderthisgroup.

Itsexecutionincludesthefollowingsteps−

Flagregistervalueispushedontothestack.

CSvalueofthereturnaddressandIPvalueofthereturnaddressare
pushedontothestack.

IPisloadedfromthecontentsofthewordlocation‘typenumber’×4

CSisloadedfromthecontentsofthenextwordlocation.

InterruptFlagandTrapFlagareresetto0
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Thestartingaddressfortype0 interruptis000000H,fortype1interruptis
00004Hsimilarlyfortype2is00008Hand……soon.Thefirstfivepointersare
dedicatedinterruptpointers.i.e.−

TYPE0interruptrepresentsdivisionbyzerosituation.

TYPE1interruptrepresentssingle-stepexecutionduringthedebuggingofa
program.

TYPE2interruptrepresentsnon-maskableNMIinterrupt.

TYPE3interruptrepresentsbreak-pointinterrupt.

TYPE4interruptrepresentsoverflowinterrupt.

The interrupts from Type 5to Type 31are reserved forotheradvanced
microprocessors,andinterruptsfrom 32toType255areavailableforhardware
andsoftwareinterrupts.

INT3-BreakPointInterruptInstruction

Itisa1-byteinstructionhavingop-codeisCCH.Theseinstructionsareinsertedinto
theprogram sothatwhentheprocessorreachesthere,thenitstopsthenormal
executionofprogramandfollowsthebreak-pointprocedure.

Itsexecutionincludesthefollowingsteps−

Flagregistervalueispushedontothestack.

CSvalueofthereturnaddressandIPvalueofthereturnaddressare
pushedontothestack.

IPisloadedfromthecontentsofthewordlocation3×4=0000CH

CSisloadedfromthecontentsofthenextwordlocation.

InterruptFlagandTrapFlagareresetto0

INTO-Interruptonoverflowinstruction

Itisa1-byteinstructionandtheirmnemonicINTO.Theop-codeforthisinstruction
isCEH.Asthenamesuggestsitisaconditionalinterruptinstruction,i.e.itisactive
onlywhentheoverflowflagissetto1andbranchestotheinterrupthandlerwhose
interrupttypenumberis4.Iftheoverflow flagisresetthen,theexecution
continuestothenextinstruction.

Itsexecutionincludesthefollowingsteps−

Flagregistervaluesarepushedontothestack.

CSvalueofthereturnaddressandIPvalueofthereturnaddressare
pushedontothestack.
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IPisloadedfromthecontentsofwordlocation4×4=00010

CSisloadedfromthecontentsofthenextwordlocation.

Assemblylanguageprogramusing8086:

8086programtofindthefactorialofanumber

Prerequisite–8085programtofindthefactorialofanumber
Problem–Writeanassemblylanguageprogramforcalculatingthefactorialofa
numberusing8086microprocessor
Examples–
Input:04H

Output:18H

asInDecimal:4*3*2*1=24

InHexadecimal:24=18H

Input:06H

Output:02D0H

asInDecimal:6*5*4*3*2*1=720

InHexadecimal:720=02D0H

Assumptions–
Startingaddressofprogram:0400
Inputmemorylocation:0500
Outputmemorylocation:0600and0601

Important–
IftheGivenNumberisa16-bitnumber,theAXregisterisautomaticallyusedasthe
secondparameterandtheproductisstoredintheDX:AXregisterpair.Thismeans
thattheDXregisterholdsthehighpartandtheAXregisterholdsthelowpartofa
32-bitnumber.
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In8086microprocessor,userhavedirectinstruction(MUL)tomultiplytwonumbers,
sowedon’thavetoaddMultiplicandbyMultipliertimeslikein8085

Advantageof8086over8085(IncaseofMultiply):
Don’thavetowriteabulkycodeas8086hasasmallcode
Easytoremember
AlreadyhavemultiplicationInstruction

Algorithm–
InputtheNumberwhosefactorialistobefindandStorethatNumberinCX
Register(ConditionforLOOPInstruction)
Insert0001inAX(ConditionforMULInstruction)and0000inDX
MultiplyCXwithAXuntilCXbecomeZero(0)usingLOOPInstruction
CopythecontentofAXtomemorylocation0600
CopythecontentofDXtomemorylocation0601
StopExecution

Program–

ADDRESSMNEMONICSCOMMENTS

0400

MOVCX,

[0500]

CX<-

[0500]

0404

MOVAX,

0001

AX<-

0001

0407

MOVDX,

0000

DX<-

0000
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Explanation–
MOVCX,[0500]loads0500Memorylocation
contenttoCXRegister
MOVAX,0001loadsAXregisterwith0001
MOVDX,0000loadsDXregisterwith0000
MULCXmultiplyAXwithCXandstoreresult
inDX:AXpair
LOOP040ArunslooptillCXnotequaltoZero
MOV[0600],AXstoreAXregistercontentto
memorylocation0600
MOV[0601],DXstoreDXregistercontentto
memorylocation0601
HLTstopstheexecutionofprogram

040A MULCX

DX:AX<-

AX*CX

040C LOOP040A

GoTo

[040A]till

CX->00

0410

MOV

[0600],AX

[0600]<-

AX

0414

MOV

[0601],DX

[0601]<-

DX

0418 HLT

Stop

Execution
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INTEL8051MICRCONTROLLER

Introduction:

Adecadebacktheprocessandcontroloperationsweretotallyimplementedby

theMicroprocessorsonly.Butnowadaysthesituationistotallychangedanditis

occupiedbythenewdevicescalled Microcontroller.Thedevelopmentissodrastic

thatwecan’tfindanyelectronicgadgetwithouttheuseofamicrocontroller.This

microcontrollerchangedtheembeddedsystem designsosimpleandadvanced

thattheembeddedmarkethasbecomeoneofthemostsoughtafterfornotonly

entrepreneursbutfordesignengineersalso.

WhatisaMicrocontroller?

AsinglechipcomputerorACPUwithalltheperipherals like RAM,ROM,

I/OPorts,Timers,ADCsetc...onthesamechip.Forex:Motorola’s6811,Intel’s8051,

Zilog’s Z8andPIC16Xetc…

MICROPROCESSORS & MICROCONTROLLERS:

Microprocessor:

ACPUbuiltintoasingleVLSIchipiscalleda microprocessor.Itisa general-

purposedeviceand additionalexternalcircuitry areadded to makeita

microcomputer.Themicroprocessor containsarithmeticandlogicunit(ALU),

Instructiondecoderandcontrolunit,Instructionregister,Program counter(PC),

clockcircuit(internalorexternal),resetcircuit(internalorexternal)andregisters.

ButthemicroprocessorhasnoonchipI/OPorts,Timers,Memoryetc.

Forexample,Intel8085isan8-bitmicroprocessorandIntel8086/8088a16-bit

microprocessor.TheblockdiagramoftheMicroprocessorisshowninFig.1
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Fig.1BlockdiagramofaMicroprocessor.

MICROCONTROLLER:

Amicrocontrolleris ahighlyintegratedsinglechip,whichconsistsof onchip

CPU (Central Processing Unit), RAM (Random Access Memory),

EPROM/PROM/ROM (Erasable Programmable Read Only Memory), I/O

(input/output)–serialandparallel,timers,interruptcontroller.Forexample,Intel
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8051is8-bitmicrocontrollerand Intel8096is16-bitmicrocontroller.Theblock

diagramofMicrocontrollerisshowninFig.2.

Fig.2.BlockDiagramofaMicrocontroller
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DistinguishbetweenMicroprocessorand Microcontroller

S.No Microprocessor Microcontroller

1 Amicroprocessorisageneral

purposedevicewhichiscalled

aCPU

Amicrocontrollerisadedicatedchip

which is also called single chip

computer.

2 Amicroprocessordonot

containonchipI/OPorts,

Timers,Memoriesetc..

AmicrocontrollerincludesRAM,ROM,

serialandparallelinterface,timers,

interrupt

circuitry(inadditiontoCPU)ina

singlechip.

3 Microprocessors are most

commonlyusedastheCPUin

microcomputersystems

Microcontrollersareusedinsmall,

minimumcomponentdesigns

performingcontrol-oriented

applications.

4 Microprocessor instructions

are mainly nibble or byte

addressable

Microcontrollerinstructionsareboth

bitaddressable as wellas byte

addressable.

5 Microprocessor instruction

setsaremainly intended for

catering tolargevolumesof

data.

Microcontrollershaveinstructionsets

cateringtothecontrolofinputsand

outputs.

6 Microprocessorbasedsystem

design is complex and

expensive

Microcontrollerbasedsystem design

israthersimpleandcosteffective

7 The Instruction set of

microprocessor is complex

The instruction set of a

Microcontrollerisverysimplewith
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with large number of

instructions.

lessnumberofinstructions.For,ex:

PIC microcontrollers have only 35

instructions.

8 A microprocessorhas zero

statusflag

Amicrocontrollerhasnozeroflag.

EVOLUTIONOFMICROCONTROLLERS:

ThefirstmicrocontrollerTMS1000wasintroducedbyTexasInstrumentsin

theyear1974.Intheyear1976,Motoroladesigned aMicroprocessorchipcalled

6801whichreplaceditsearlierchip 6800withcertainadd-on chipstomakea

computer.Thispavedthewayforthenewrevolutioninthehistoryofchipdesign

andgavebirthtoanew entitycalled“Microcontroller”.LatertheIntelcompany

produceditsfirstMicrocontroller 8048withaCPUand1KbytesofEPROM,64

BytesofRAM an8-BitTimerand27I/Opins in1976.Thenfollowedthemost

popularcontroller8051intheyear1980with4KbytesofROM,128BytesofRAM,a

serialport,two16-bitTimers,and32I/Opins.The8051familyhasmanyadditions

andimprovementsovertheyearsandremainsamostacclaimedtoolfortoday’s

circuitdesigners.INTELintroduceda16bitmicrocontroller8096intheyear1982.

LaterINTELintroduced80c196seriesof16-bitMicrocontrollersformainlyindustrial

applications.Microchip,anothercompanyhasintroducedan8-bitMicrocontroller

PIC16C64 intheyear1985.The32-bitmicrocontrollershavebeendevelopedbyIBM

andMotorola.MPC505isa32-bitRISCcontrollerofMotorola.The403GAisa32-

bitRISCembeddedcontrollerofIBM.

InrecenttimesARM company(AdvancedRISCmachines)hasdevelopedand

introduced32bitcontrollersforhigh-endapplicationdeviceslikemobiles,Ipods

etc...

TYPESOFMICROCONTROLLERS:

Microcontrollerscanbeclassifiedonthebasisofinternalbuswidth,architecture,
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memoryand instructionsetas4-bit,8-bit,16-bitand32-bitmicrcontrollers.

4-bitMicrocontrollers:These4-bitmicrocontrollersaresmall size,minimum pin

countand lowcostcontrollerswhicharewidelyusedforlowendapplications

likeLED & LCD display drivers,portablebattery chargersetc..Theirpower

consumptionisalsolow.Thepopular4-bitcontrollersareRenasaM34501whichisa

20pinDIPchipwith 4kBofROM,256BytesofRAM,2-Countersand14I/OPins.

SimilarlyATAM862seriesfromATMEL.

8-bit Microcontrollers :These are the most popular and widely used

microcontrollers.About55%ofallCPUssoldintheworldare8-bitmicrocontrollers

only.The8-bitmicrocontrollerhas8-bitinternalbusandtheALUperformsallthe

arithmeticand logicaloperationsonabyteinstruction.Thewellknown8-bit

microcontrolleris 8051whichwasdesignedbyIntelintheyear1980fortheusein

embeddedsystems.Other8-bitmicrocontrollersareIntel8031/8052andMotorola

MC68HC11andAVRMicrocontrollers,Microchip’s PICMicrocontrollers 12C5XX

,16C5X and16C505etc...

16-bitMicrocontrollers:Whenthe microcontrollerperforms16-bitarithmeticand

logicaloperations ataninstruction,themicrocontrollerissaidtobea 16-bit

microcontroller.Theinternalbuswidthof16-bitmicrocontrollerisof16-bit.These

microcontrollersarehavingincreasedmemorysizeandspeedofoperationwhen

comparedto8-bitmicrocontrollers.Thesearemostsuitableforprogrammingin

Highlevel languages like C or C++ .They find applications in disk

drivers,modems,printers,scannersand servomotorcontrol. Examples of16-bit

microcontrollersareIntel8096family and Motorola MC68HC12 and MC68332

families,Theperformanceandcomputingcapabilityof16bitmicrocontrollersare

enhancedwithgreaterprecisionascomparedtothe8-bitmicrocontrollers.

32-BitMicrocontrollers:Thesemicrocontrollersusedinhighendapplicationslike

Automative control,Communicationnetworks,Robotics,Cellphones,GPRS&PDAs

etc..ForEX:PIC32,ARM7,ARM9,SHARPLH79520,ATMEL32(AVR),TexasInstrument’s

–.TMS320F2802x/2803xetc..aresomeofthepopular32-bitmicrocontrollers.
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COMMERCIALMICROCONTROLLERS

There are various manufacturers who are supplying various types of

microcontrollers suitablefordifferentapplications depending on thepower

consumptionandtheavailablefeatures..Theyaregivenbelowintables.Firstthe

variousmembersofINTEL51familyaregiveninbelowtable.

INTELMCS51Family

Microcontroller OnchipRAM

(Bytes)

Onchip

program

memory

Timers/Counters Interrupts Serialports

8031 128 None 2 5 1

8032 256 None 3 6 1

8051 128 4KROM 2 5 1

8052 256 8KROM 3 6 1

8751 128 4KEPROM 2 5 1

8752 256 8KEPROM 3 6 1

Thefollowingtablegivesthe4-bitmicrocontrollersfromdifferentmanufacturers.
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4-BitMicrocontrollers.

8-BitMicrocontrollers.

16-BitMicrocontrollers

ThefollowingtablegivesthelistofPICmicrocontrollersfromMicrochipInc
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Microcontroller Pins I/OLines Onchip

ADCs

EPROM

X12words

OnchipRAM

(Bytes)

16C54 18 12 None 512 25

16C55 28 20 None 512 24

16C56 18 12 None 1k 25

16C57 28 20 None 2k 72

17C42A 40 33 None 2k 232

17C43 40 33 None 4k 454

17C44 40 33 None 8k 454

17C71 18 13 8bitADCs 1kx14 36

17C752 40 33 10BitADC 8kx16 678

MICROCONTROLLER DEVELOPMENTTOOLS:

Todevelop anassemblylanguageprogram weneed certain program

developmenttools.Anassemblylanguageprogram consistsofMnemonics which

arenothingbutshortabbreviatedEnglishinstructionsgiventothecontroller.The

various developmenttools required forMicrocontroller programming are

explainedbelow.

1.Editor:AnEditorisaprogram whichallowsustocreateafilecontainingthe

assemblylanguagestatementsfortheprogram.ExamplesofsomeeditorsarePC

writeWordstar.Aswetypetheprogramthe editorstorestheACSIIcodesforthe

lettersandnumbersinsuccessiveRAM locations.Ifanytypingmistakeisdone

editorwillalertus tocorrectit.Ifweleaveoutaprogramstatementaneditorwill

letyoumoveeverythingdownandinsertaline.Aftertypingalltheprogram we
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havetosavetheprogram.Thiswecallitassourcefile.Thenextstepistoprocess

thesourcefilewithanassembler.

Ex:Sample.asm

2.Assembler:AnAssemblerisusedtotranslatetheassemblylanguagemnemonics

intomachinelanguage(i.ebinarycodes).Whenyouruntheassembleritreadsthe

sourcefileofyourprogramfromwhereyouhavesavedit.Theassemblergenerates

afileewiththeextension .hex.Thisfileconsistsofhexadecimalvaluesencodinga

sequenceofdataandtheirstartingoffsetorabsoluteaddress.

3.Compiler:Acompilerisaprogram whichconvertsthehighlevel language

programlike“C”intobinaryormachinecode.Using highlevellanguagesitiseasy

tomanagecomplexdatastructureswhichareoftenrequiredfordatamanipulation.

Becauseofitsease,flexibilityanddebugoptionsnowadaysthecompilershave

becomeverypopularinthemarket.CompilerslikeKeil,RideandIARworkbenchare

verypopular.

3.Debugger/Simulator:Adebuggerisaprogram whichallows execute the

program,andtroubleshootordebugit.Thedebuggerallows tolookintothe

contentsofregistersandmemorylocationsaftertheprogram runs.Wecanalso

changethecontentsofregistersandmemorylocationsandreruntheprogram.

Somedebuggersallowstostoptheprogramaftereachinstructionsothatyoucan

checkoraltermemoryandregistercontents.Thisiscalledsinglestepdebug.A

debuggeralsoallowstosetabreakpointatanypointintheprogram.Ifweinsert

abreakpoint,thedebuggerwillruntheprogramuptotheinstructionwhere the

breakpointisputandthenstoptheexecution.

A simulatoris a software program which virtually executes the

instructionssimilartoamicrocontrollerandshowstheresults.Thiswillhelpin

evaluatingtheresultswithoutcommitting anyerrors.Bydoingsowecandetect

thepossiblelogicerrors

INTEL8051MICRCONTROLLER :
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The8051microcontrollerisaverypopular8-bitmicrocontrollerintroducedby

Intelintheyear1981andithasbecomealmosttheacademicstandardnowadays.

The8051isbased onan8-bitCISC corewithHarvard architecture.Its8-bit

architecture is optimized for controlapplications with extensive Boolean

processing.Itisavailableasa40-pinDIPchipandworksat+5VoltsDC.Thesalient

featuresof8051controlleraregivenbelow.

SALIENT FEATURES:Thesalientfeaturesof8051Microcontrollerare

i.4KBonchipprogrammemory(ROMorEPROM)).

ii.128bytesonchipdatamemory(RAM).

iii.8-bitdatabus

iv.16-bitaddressbus

v.32generalpurposeregisterseachof8bits

vi.Two-16bittimersT0andT1

vii.FiveInterrupts(3internaland2external).

ix.FourParallelportseachof8-bits(PORT0,PORT1,PORT2,PORT3)withatotal
of32I/O

lines.

x.One16-bitprogramcounterandOne16-bitDPTR(datapointer)

xi.One8-bitstackpointer

xii.OneMicrosecondinstructioncyclewith12MHzCrystal.

xiii.Onefullduplex serialcommunicationport.

ARCHITECTURE&BLOCKDIAGRAMOF8051MICROCONTROLLER:

Thearchitectureofthe8051microcontrollercanbeunderstoodfromtheblock

diagram.IthasHarwardarchitecturewithRISC(ReducedInstructionSetComputer)

concept.Theblockdiagram of8051microcontrollerisshown inFig3.below1.It
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consistsofan8-bitALU,one8-bitPSW(ProgramStatusRegister),AandBregisters

,one16-bitProgram counter,one16-bitDatapointerregister(DPTR),128bytesof

RAMand4kBofROMandfourparallelI/Oportseachof8-bitwidth.

Fig.3.BlockDiagramof8051Microcontroller

8051has8-bitALUwhichcanperformallthe8-bitarithmeticandlogicaloperations

inonemachinecycle.TheALUisassociatedwithtworegistersA&B

AandBRegisters:TheA andBregistersarespecialfunctionregisterswhichhold

theresultsofmanyarithmeticandlogicaloperationsof8051.TheAregisterisalso

calledtheAccumulatorand asit’snamesuggests,isusedasageneralregister

toaccumulatetheresultsofalarge numberofinstructions.Bydefaultitisused

forallmathematicaloperationsandalsodatatransferoperationsbetweenCPU

andanyexternalmemory.

TheBregisterismainlyusedformultiplicationanddivisionoperationsalongwith
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Aregister.

MULAB : DIVAB.

Ithasnootherfunctionotherthanasalocationwheredatamaybestored.

TheRregisters:The"R"registersareasetofeightregistersthatarenamedR0,R1,

etc.upto

andincludingR7.Theseregistersareusedasauxillaryregistersinmany

operations.The"R"registersarealsousedtotemporarilystorevalues.

Program Counter(PC):8051hasa16-bitprogram counter.Theprogram counter

alwayspointstotheaddressofthenextinstructiontobeexecuted.Afterexecution

ofoneinstructiontheprogram counterisincrementedtopointtotheaddressof

thenextinstructiontobeexecuted.ItisthecontentsofthePCthatareplacedon

theaddressbustofindandfetchthedesiredinstruction.SincethePCis16-bit

width,8051canaccessprogramaddressesfrom0000HtoFFFFH,atotalof6kBof

code.

StackPointerRegister(SP):Itisan8-bitregisterwhichstorestheaddressofthe

stacktop.i.etheStackPointerisusedtoindicatewherethenextvalue tobe

removed from thestackshouldbetakenfrom.Whenavalueispushedontothe

stack,the8051firstincrementsthevalueofSPandthenstoresthevalueatthe

resultingmemorylocation.Similarlywhenavalueispoppedoffthestack,the8051

returnsthevaluefromthememorylocationindicatedbySP,andthendecrements

thevalueofSP.SincetheSPisonly8-bitwideitisincrementedordecrementedby

two.SPismodifieddirectlybythe8051bysixinstructions:PUSH,POP,ACALL,

LCALL,RET,and RETI.Itisalsousedintrinsicallywheneveraninterruptistriggered.

STACKin8051Microcontroller:ThestackisapartofRAMusedbytheCPUtostore

information temporarily.Thisinformationmaybeeitherdataoranaddress .The

CPUneedsthisstoragearea asthereareonlylimitednumberofregisters.The

registerusedtoaccessthestackiscalledthe Stack pointer whichisan8-bit

register..So,itcantakevaluesof00toFFH.Whenthe8051ispoweredup,theSP
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registercontainsthevalue07.i.etheRAMlocationvalue08isthefirstlocationbeing

usedforthestackbythe8051controller

Therearetwoimportantinstructionstohandlethisstack.OneisthePUSH

andtheOtheristhePOP.Theloading ofdatafrom CPUregisterstothestackis

donebyPUSHandtheloadingofthecontentsofthestackbackintoaCPUregister

isdonebyPOP.

EX:MOVR6,#35H

MOVR1,#21H

PUSH6

PUSH1

IntheaboveinstructionsthecontentsoftheRegistersR6andR1aremovedto

stack andtheyoccupythe08and09locationsofthestack.Nowthecontentsof

theSPareincrementedbytwoanditis0A

SimilarlyPOP3instructionpopsthecontentsofstackintoR3register.Now the

contentsoftheSPisdecrementedby1

In8051theRAM locations08to1F(24bytes)canbeused fortheStack.Inany

programifweneedmorethan24bytes ofstack,wecanchangetheSPpointto

RAMlocations30-7FH.thiscanbedonewiththeinstructionMOVSP,#XX.

DataPointerRegister(DPTR):Itisa16-bitregister whichisthe only user-

accessible.DPTR,asthenamesuggests,isusedtopointtodata.Itisusedbya

numberofcommandswhichallowthe8051toaccessexternalmemory.Whenthe

8051accessesexternalmemoryitwillaccessexternalmemoryattheaddress

indicatedbyDPTR.ThisDPTRcanalsobeusedastwo8-registersDPHandDPL.

Program StatusRegister(PSW):The8051hasa8-bitPSW registerwhichis

alsoknownasFlagregister.Inthe8-bitregisteronly6-bitsareusedby8051.Thetwo

unusedbitsareuserdefinablebits.Inthe6-bitsfourofthemareconditionalflags

.TheyareCarry–CY,AuxiliaryCarry-AC,Parity-P,andOverflow-OV.Theseflagbits

indicatesomeconditionsthatresultedafteraninstructionwasexecuted.
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ThebitsPSW3and PSW4aredenotedasRS0andRS1andthesebitsareusedth

selectthebankregistersoftheRAMlocation.ThemeaningofvariousbitsofPSW

registerisshownbelow.

CY PSW.7 CarryFlag

AC PSW.6 AuxiliaryCarryFlag

FO PSW.5 Flag0availableforgeneral

purpose.

RS1 PSW.4 RegisterBankselectbit1

RS0 PSW.3 Registerbankselectbit0

OV PSW.2 Overflowflag

--- PSW.1 Userdifinableflag

P PSW.0 Parityflag.set/clearedby

hardware.

TheselectionoftheregisterBanksandtheiraddressesaregivenbelow.

RS1 RS0 RegisterBank Address

0 0 0 00H-07H

0 1 1 08H-0FH

1 0 2 10H-17H

1 1 3 18H-1FH

Memoryorganization:The8051microcontrollerhas128bytesofInternalRAMand
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4kBofonchipROM .TheRAM isalsoknownasDatamemory andtheROM is

knownasprogrammemory.TheprogrammemoryisalsoknownasCodememory

.ThisCodememory holdstheactual8051programthatistobeexecuted.In8051

thismemoryislimitedto64K.Codememorymaybefoundon-chip, asROMor

EPROM.Itmayalsobestoredcompletelyoff-chipinanexternalROM or,more

commonly,anexternalEPROM.The8051hasonly128bytesofInternalRAMbutit

supports64kBofexternalRAM.Asthenamesuggests,externalRAMisanyrandom

accessmemorywhichis off-chip.Sincethememoryisoff-chipitisnotas

flexibleintermsofaccessing,andisalsoslower.Forexample,toincrementan

InternalRAMlocationby1,itrequiresonly1instructionand1instructioncyclebutto

incrementa1-bytevaluestoredinExternalRAM requires4instructionsand7

instructioncycles.So,herethe externalmemoryis7timesslower.

InternalRAMOF8051:

ThisInternalRAMisfoundon-chiponthe8051.SoitisthefastestRAMavailable,

anditisalsothemostflexibleintermsofreading,writing,andmodifyingit’s

contents.InternalRAMisvolatile,sowhenthe8051isresetthismemoryiscleared.

The128bytesofinternalRAMisorganizedasbelow.

(i) Fourregisterbanks(Bank0,Bank1,Bank2andBank3)eachof8-bits(total32

bytes).Thedefault bank register isBank0.TheremainingBanksareselected

withthehelpofRS0andRS1bitsofPSWRegister.

(ii)16bytesofbitaddressablearea and

(iii)80bytesofgeneralpurposearea(Scratchpadmemory) asshowninthe

diagram below.Thisareaisalsoutilizedbythemicrocontrollerasastoragearea

fortheoperatingstack.
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The32bytesofRAMfromaddress00Hto1FHareusedasworkingregisters

organizedasfourbanksofeightregisterseach.TheregistersarenamedasR0-R7

.EachregistercanbeaddressedbyitsnameorbyitsRAMaddress.

For EX :MOVA,R7 or MOVR7,#05H

InternalROM (On–chipROM):The8051microcontrollerhas4kBofonchipROM

butitcanbeextendedupto 64kB.ThisROM isalsocalledprogram memoryor

codememory.TheCODEsegmentisaccessed usingtheprogramcounter(PC)for

opcode fetchesandbyDPTRfordata.TheexternalROM isaccessedwhenthe
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EA(activelow) pinisconnectedtogroundorthecontentsofprogram counter

exceeds0FFFH.WhentheInternalROMaddressisexceededthe8051automatically

fetchesthecodebytesfromtheexternalprogrammemory.

SPECIALFUNCTION REGISTERS (SFRs):In 8051microcontrollerthere certain

registerswhichusestheRAMaddressesfrom 80htoFFhandtheyaremeantfor

certainspecificoperations.TheseregistersarecalledSpecialfunction registers

(SFRs).Someoftheseregistersarebitaddressablealso.

ThelistofSFRsandtheirfunctionalnamesaregivenbelow.IntheseSFRssomeof

themarerelatedto I/Oports(P0,P1,P2andP3)andsomeofthemaremeantfor

controloperations(TCON,SCON,PCON..)andremainingare theauxillarySFRs,in

thesensethattheydon'tdirectlyconfigurethe8051.
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S.No Symbol NameofSFR Address(Hex)

1 ACC* Accumulator 0E0

2 B* B-Register 0F0

3 PSW* ProgramStatusword

register

0DO

4 SP StackPointerRegister 81

5

DPTR

DPL Datapointerlowbyte 82

DPH Datapointerhighbyte 83

6 P0* Port0 80

P1* Port1 90

8 P2* Port2 0A

9 P3* Port3 0B

10 IP* InterruptPrioritycontrol 0B8

11 IE* InterruptEnablecontrol 0A8

12 TMOD Tmiermoderegister 89

13 TCON* Timercontrolregister 88

14 TH0 Timer0Higherbyte 8C

15 TL0 Timer0Lowerbyte 8A

16 TH1 Timer1Higherbyte 8D

17 TL1 Timer1lowerbyte 8B

18 SCON* Serialcontrolregister 98

19 SBUF Serialbufferregister 99

20 PCON Powercontrolregister 87
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The*indicatesthebitaddressableSFRs

Table:SFRsof8051Microcontroller

PARALLELI/OPORTS :

The8051microcontrollerhasfour parallelI/O ports,eachof8-bits.So,it

providestheuser 32I/O linesforconnectingthe microcontroller tothe

peripherals.Thefourportsare P0(Port0),P1(Port1),P2(Port2)andP3(Port3).

Uponresetalltheportsareoutputports.Inordertomaketheminput,alltheports

mustbeseti.eahighbitmustbesenttoalltheportpins.Thisisnormallydone

bytheinstruction“SETB”.

Ex:MOVA,#0FFH ;A=FF

MOVP0,A ;makeP0aninputport

PORT0:

Port0 isan8-bitI/Oportwithdualpurpose.Ifexternalmemoryisused,these

portpinsareusedfortheloweraddressbyteaddress/data(AD0-AD7),otherwise

allbitsoftheportareeitherinputoroutput..Unlikeotherports,Port0 isnot

providedwithpull-upresistorsinternally,soforPORT0pull-upresistorsofnearly

10karetobeconnectedexternallyasshowninthefig.2.

Dualroleofport0:Port0 canalsobeusedasaddress/databus(AD0-AD7),

allowingittobeusedforbothaddressanddata.Whenconnectingthe8051toan

externalmemory,port0providesbothaddressanddata.The8051multiplexes

addressanddatathroughport0tosavethepins.ALEindicateswhetherP0has

addressordata.WhenALE=0,itprovidesdataD0-D7,and whenALE=1itprovides

addressanddatawiththehelpofa74LS373latch.
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Port1:Port1occupiesatotalof8pins(pins1through8).Ithasnodualapplication

andactsonlyas inputoroutputport.Incontrasttoport0,thisportdoesnot

needanypull-upresistorssincepull-upresistorsconnected internally.Uponreset,

Port1isconfiguredasanoutputport.Toconfigureitasaninputport,portbits

mustbeseti.eahighbitmustbesenttoalltheportpins.Thisisnormallydone

bytheinstruction“SETB”.ForEx:

MOVA,#0FFH ;A=FFHEX

MOVP1,A ; makeP1aninputportbywriting1’stoallofitspins

Port2 :Port2isalsoaneightbitparallelport.(pins21-28).Itcanbeusedas

inputoroutputport.Asthisportisprovidedwithinternalpull-upresistorsitdoes

notneedanyexternalpull-upresistors.Uponreset,Port2isconfiguredasan

outputport.Iftheportistobeusedasinputport,alltheportbitsmustbemade

highbysendingFFtotheport.Forex,

MOVA,#0FFH ;A=FFhex

MOVP2,A ;makeP2aninputportbywritingall1’stoit

Dualroleofport2:Port2 linesarealsoassociatedwiththehigherorderaddress

linesA8-A15.Insystemsbasedonthe8751,8951,andDS5000,Port2isusedas
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simpleI/Oport..But,in8031-basedsystems,port2isusedalongwithP0to

providethe16-bitaddressfortheexternalmemory.Sincean8031iscapableof

accessing64Kbytesofexternalmemory,itneedsapathforthe16bitsofthe

address.WhileP0providesthelower8bitsviaA0-A7,itisthejobofP2toprovide

bitsA8-A15oftheaddress.Inotherwords,when8031isconnectedtoexternal

memory,Port2isusedfortheupper8bitsofthe16bitaddress,anditcannotbe

usedforI/Ooperations.

PORT3:Port3isalsoan8-bitparallelportwithdualfunction.(pins10to17).The

portpinscan beused forI/Ooperations aswellasforcontroloperations.

Thedetailsoftheseadditionaloperationsaregivenbelowinthetable.Port3also

donotneedany externalpull-up resistorsastheyareprovidedinternally

similartothecaseofPort2&Port1.Uponresetport3isconfiguredasanoutput

port.Iftheportistobeusedasinputport,alltheportbitsmustbemadehighby

sendingFFtotheport.Forex,

MOVA,#0FFH ;A=FFhex

MOVP3,A ;makeP3aninputportbywritingall1’stoit

AlternateFunctionsofPort3:P3.0andP3.1areusedfortheRxD(ReceiveData)

andTxD(TransmitData)serialcommunicationssignals.BitsP3.2andP3.3are

meantforexternalinterrupts.BitsP3.4andP3.5areusedforTimers0and1and

P3.6andP3.7areusedtoprovidethewriteandread signalsofexternalmemories

connectedin8031basedsystems

S.No Port3bit PinNo Function
1 P3.0 10 RxD

2 P3.1 11 TxD

3 P3.2 12
4 P3.3 13
5 P3.4 14 T0
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6 P3.5 15 T1

7 P3.6 16
8 P3.7 17

Table:PORT3alternatefunctions

InterruptStructure:Aninterruptisanexternalorinternaleventthatdisturbsthe

microcontrollertoinform itthatadeviceneedsitsservice.Theprogram whichis

associated withtheinterruptiscalled theinterruptserviceroutine(ISR)or

interrupthandler.UponreceivingtheinterruptsignaltheMicrocontroller,finish

currentinstructionandsavesthePConstack. Jumpstoafixedlocationin

memorydependingontypeofinterrupt Startstoexecutetheinterruptservice

routineuntilRETI(returnfrominterrupt)UponexecutingtheRETIthemicrocontroller

returnstotheplacewhereitwasinterrupted.GetpopPCfromstack

The8051microcontrollerhasFIVEinterruptsinadditiontoReset.Theyare

Timer0overflow Interrupt

Timer1overflowInterrupt

ExternalInterrupt0(INT0)

ExternalInterrupt1(INT1)

SerialPortevents(bufferfull,bufferempty,etc)Interrupt

Eachinterrupthasaspecificplaceincodememorywhereprogram execution

(interruptserviceroutine)begins.

ExternalInterrupt0: 0003H

Timer0overflow: 000BH

ExternalInterrupt1:0013H

Timer1overflow: 001BH

SerialInterrupt: 0023H

UponresetallInterruptsaredisabled&donotrespondtotheMicrocontroller.
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TheseinterruptsmustbeenabledbysoftwareinorderfortheMicrocontrollerto

respondtothem.Thisisdonebyan8-bitregistercalledInterruptEnableRegister

(IE).

InterruptEnableRegister:

EA :Globalenable/disable.ToenabletheinterruptsthisbitmustbesetHigh.

--- :Undefined-reservedforfutureuse.

ET2:Enable/disableTimer2overflowinterrupt.

ES :Enable/disableSerialportinterrupt.

ET1:Enable/disableTimer1overflowinterrupt.

EX1:Enable/disableExternalinterrupt1.

ET0:Enable/disableTimer0overflow interrupt.

EX0:Enable/disableExternalinterrupt0

Uponresettheinterruptshavethefollowingpriority.(Toptodown).Theinterrupt

withthehighestPRIORITYgetsservicedfirst.

Externalinterrupt0(INT0)

Timerinterrupt0(TF0)

Externalinterrupt1(INT1)

Timerinterrupt1(TF1)

Serialcommunication(RI+TI)

Prioritycanalsobesetto“high”or“low”by8-bitIPregister.-Interruptpriority

register
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IP.7:reserved

IP.6:reserved

IP.5:Timer2interruptprioritybit(8052only)

IP.4:Serialportinterruptprioritybit

IP.3:Timer1interruptprioritybit

IP.2:Externalinterrupt1prioritybit

IP.1:Timser0interruptprioritybit

IP.0:Externalinterrupt0prioritybit

TIMERS in 8051Microcontrollers:The8051microcontrollerhastwo16-bit

timersTimer0(T0)andTimer1(T1)whichcanbeusedeithertogenerateaccurate

timedelaysor aseventcounters.These timersareaccessedastwo8-bit

registersTLO,THO&TL1,TH1becausethe8051microcontrollerhas8-bitarchitecture.

TIMER0:TheTimer0isa16-bitregisterandcanbetreatedastwo8-bitregisters

(TL0&TH0)andtheseregisterscanbeaccessedsimilartoanyotherregisterslike

A,BorR1,R2,R3etc…

Ex:TheinstructionMovTL0,#07movesthevalue07intolowerbyteofTimer0.

SimilarlyMovR5,TH0savesthecontentsofTH0 intheR5register.

TIMER1:TheTimer1isalso a16-bitregisterandcanbetreatedastwo8-bit
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registers(TL1&TH1)andtheseregisterscanbeaccessedsimilartoanyother

registerslikeA,BorR1,R2,R3etc…

Ex:TheinstructionMOVTL1,#05movesthevalue05intolowerbyteofTimer1.

SimilarlyMOVR0,TH1savesthecontentsofTH1intheR0register

TMODRegister:Thevarious operatingmodesofboththetimersT0andT1areset

byan8-bitregistercalledTMODregister.InthisTMODregisterthelower4-bitsare

meantforTimer0andthehigher4-bitsaremeantforTimer1.

GATE:Thisbitisusedtostartorstopthetimersbyhardware.WhenGATE=1,the

timerscanbestarted/stoppedbytheexternalsources.WhenGATE=0,thetimers

canbestartedorstoppedbysoftwareinstructionslikeSETBTR0orSETBTR1

C/T(clock/Timer):Thisbitdecideswhetherthetimerisused asdelaygenerator

oreventcounter.WhenC/T=0,theTimerisusedas delaygeneratorandifC/T=1

thetimerisusedasaneventcounter.Theclocksourceforthetimedelayisthe

crystalfrequencyof8051.

M1,M0(Mode):Thesetwobits arethetimermodebits.Thetimersofthe8051can

beconfiguredinthreemodes.Mode0,Mode1and Mode2.Theselectionandoperation

ofthemodesisshownbelow.

S.No M0 M1 Mode Operation
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1 0 0 0 13-bitTimermode
8-bitTimer/counter.THxwithTLxas5-
bitprescalar

2 0 1 1 16-bitTimermode.16-bittimer/counter
withoutpre-scalar

3 1 0 2 8-bitautoreload.THxcontainsavalue
thatistobeloadedintoTLxeachtime
itoverflows

4 1 1 3 Splittimermode

PINDiagramof8051Microcontroller:The8051microcontrollerisavailableasa40

pinDIPchipanditworksat+5voltsDC.Amongthe40pins,atotalof32pinsare

allottedforthefourparallelports P0,P1,P2andP3i.eeachportoccupies8-pins

.TheremainingpinsareVCC,GND,XTAL1,XTAL2,RST,EA,PSEN.

XTAL1,XTAL2:ThesetwopinsareconnectedtoQuartzcrystaloscillatorwhichruns

theon-chiposcillator.Thequartzcrystaloscillatorisconnectedtothetwopins

alongwithacapacitorof30pFasshowninthecircuit.If weuseasourceother

than thecrystaloscillator,itwillbeconnected toXTAL1and XTAL2isleft

unconnected.



INTERNATIONALINSTITUTEOFTECHNOLOGY&MANAGEMENT,MURTHALSONEPAT
E-NOTES,Subject:AdvancedMicroprocessorAndMicrocontroller.

SubjectCode:EE306B,Course:B.TECH,Branch:EE,Sem-6th ,Unit--1-4(Complete)
(PreparedBy:Mr.RaviRanjan,AssistantProfessor,ECE)

RST:TheRESETpinisaninputpinanditisanactivehighpin.Whenahighpulseis

appliedtothispinthemicrocontrollerwillresetandterminateallactivities.Upon

resetalltheregistersexceptPCwillresetto0000ValueandPC registerwillreset

to0007value.

(ExternalAccess):Thispinis anactivelowpin.Thispinisconnectedto

groundwhenmicrocontrollerisaccessingtheprogramcodestoredintheexternal

memory andconnectedtoVccwhenitisaccessingtheprogram codeinthe on

chipmemory.Thispinshouldnotbeleftunconnected.

(ProgramStoreEnable):Thisisanoutputpinwhichisactivelow.Whenthe
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microcontrollerisaccessingtheprogramcodestoredintheexternalROM,thispin

isconnectedtotheOE(OutputEnable)pinoftheROM.

ALE(Addresslatchenable):Thisisanoutputpin,whichisactivehigh.When

connectedtoexternalmemory,port0providesbothaddressanddatai.eaddress

anddataaremultiplexed throughport0.ThisALEpinwilldemultiplextheaddress

anddatabus.WhenthepinisHigh,theADbuswillactasaddressbusotherwise

theADbuswillactasDatabus.

P0.0-P0.7(AD0-AD7):Theport0pinsmultiplexedwithAddress/datapins.Ifthe

microcontrollerisaccessingexternalmemorythesepinswillactasaddress/data

pinsotherwisetheyareusedforPort0pins.

P2.0-P2.7(A8-A15):Theport2pinsaremultiplexedwiththehigherorderaddress

pins.Whenthemicrocontrollerisaccessingexternalmemorythesepinsprovidethe

higherorderaddressbyteotherwisetheyactasPort2pins.

P1.0-P1.7:These8-pinsarededicatedforPort1toperform inputoroutputport

operations.

P3.0-P3.7 :These8-pinsaremeantforPort3operationsandalsoforsomecontrol

operationslikeRead,Write,Timer0,Timer1,INT0,INT1,RxDandTxD

ADDRESSINGMODESOF8051:

Thewayinwhichthedataoperandsareaccessedbydifferentinstructionsis

knownas theaddressingmodes.Therearevariousmethodsofdenotingthedata

operandsintheinstruction.The8051microcontrollersupportsmainly5addressing

modes.Theyare

1.Immediateaddressingmode

2.DirectAddressingmode

3.Registeraddressingmode

4.RegisterIndirectaddressingmode

5.Indexedaddressingmode
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Immediateaddressingmode:Theaddressingmodeinwhichthedataoperandisa

constantand itisa partoftheinstructionitselfisknownasImmediate

addressing mode.Normally thedata mustbepreceded by a # sign.This

addressingmodecanbeusedtotransferthedataintoanyoftheregisters

includingDPTR.

Ex:MOVA,#27H :Thedata(constant)27ismovedtotheaccumulatorregister

ADDR1,#45H:Addtheconstant45tothecontentsoftheaccumulator

MOVDPTR,#8245H:Movethedata8245intothedatapointerregister.

MOVP1,#21H

Directaddressingmode:Theaddressingmodeinwhichthedataoperandisinthe

RAM location(00-7FH)andtheaddressofthedataoperand isgiveninthe

instructionisknownasDirectaddressingmode.Thedirectaddressingmodeuses

thelower128bytesofInternalRAM andtheSFRs

MOVR1,42H :MovethecontentsofRAMlocation42intoR1register

MOV49H,A:MovethecontentsoftheaccumulatorintotheRAMlocation49.

ADDA,56H:AddthecontentsoftheRAMlocation56totheaccumulator

Registeraddressingmode:Theaddressingmodeinwhichthedataoperandtobe

manipulated liesinoneoftheregistersisknownasregisteraddressingmode.

MOVA,R0:MovethecontentsoftheregisterR0totheaccumulator

ADDA,R6:AddthecontentsofR6registertotheaccumulator

MOVP1,R2:MovethecontentsoftheR2registerintoport1

MOVR5,R2:Thisisinvalid.Thedatatransferbetweentheregistersisnotallowed.

RegisterIndirectaddressingmode:Theaddressingmodeinwhicharegisterisused

asapointertothedatamemoryblockisknownasRegisterindirectaddressing
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mode.

MOVA,@ R0:Movethecontentsof RAM locationwhoseaddressisinR0intoA

(accumulator)

MOV@R1,B:MovethecontentsofBintoRAMlocationwhoseaddressisheldby

R1

WhenR0andR1areusedaspointers,theymustbeprecededby@sign

Oneoftheadvantagesofregisterindirectaddressingmodeisthatitmakes

accessingthedatamoredynamicthanstaticasinthecaseofdirectaddressing

mode.

Indexedaddressingmode:Thisaddressingmodeisused inaccessingthedata

elementsoflookuptableentrieslocatedinprogramROMspaceof8051.

Ex:MOVCA,@A+DPTR

The16-bitregisterDPTRandregisterAareusedtoform theaddressofthedata

elementstoredin on-chip ROM.HereC denotescode.Inthisinstructionthe

contentsofAareaddedtothe16-bitDPTRregistertoformthe16-bitaddressofthe

dataoperand.

InterfacingofADC0804to8051Microcontroller:

ADC0804 isasinglechannelanalogtodigitalconverteri.e.,itcantakeonlyone

analogsignal. ADC0804has8bitresolution.ThehigherresolutionADCgives

smallerstepsize.StepsizeissmallestchangethatcanbemeasuredbyanADC.

ForanADCwithresolutionof8bits,thestepsizeis19.53mV(5V/255).Thetime

takenby theADC toconvertanalogdataintodigitalform dependsonthe

frequencyofclocksource.TheconversiontimeofADC0804isaround110us.Touse

theinternalclockacapacitorandresistorareusedasshowninthecircuit.The

inputtotheADCisgivenfromaregulatedpowersupplyanda10Kpotentiometer

The8051MicrocontrollerisusedtoprovidethecontrolsignalstotheADC.CS(chipselect)
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pinofADCisdirectlyconnectedtoground.ThepinP1.1,P1.0andP1.2areconnectedtothe

pinWR,RDandINTRoftheADCrespectively.Whentheinputvoltagefrom thepresetis

variedtheoutputofADCvariesalsovaries.

From thecircuititisclearthattheADCinterfaceddirectlytothemicrocontroller.

ThePort1isusedasaninputportwhichreceivesthedigitaldatafromtheADC.Port

pinsP2.5andP2.6areusedforSOCand EOCoperation.Whentheconversionisover

theADCwillsendaninterruptsignaltothemicrocontrollerthroughthepinP2.7

.Now theMicrocontrollerreceivesdigitaldatathroughthePort1.Thisdataafter

conversiontodecimaldataisdisplayedontheLCDmodule.

TheassemblylanguageprogramforADCisgivenbelow.
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MOVP1,0FFH ;Maketheport1highandconfigureport1asInputport

BACK:CLRP2.6 ;GenerationofSOCpulse

SETBP2.5 ;

LOOP JBP2.7,LOOP ;Waitforconversion,Isconversionover?

CLR P2.5 ;EnableReadthedigitaldata

MOVA,P1 ;ReaddigitaldatathroughPort1

SETBP2.5 ;Disablereadafterreadoperation

CALLDISPLAY;DisplaythedataonLCDmodule

SJMPBACK ;Continuetheconversionprocess

SteppermotorInterfacing

Asteppermotorisa devicethattranslateselectricalpulsesintomechanical

movement.Thesteppermotorrotatesinstepsinresponsetotheappliedsignals.It

isusedin applicationssuchasdiskdrives,dotmatrixprinters,plottersand

robotics.Itismainlyusedforpositioncontrol.Steppermotors haveapermanent

magnetcalledrotor(alsocalledtheshaft)surroundedbyastator.Therearealso

stepperscalledvariablereluctancesteppermotorsthatdonothaveaPMrotor.The

mostcommonsteppermotorshavefourstatorwindingsthatarepairedwitha

center-tapped.Thistypeofsteppermotoriscommonlyreferredtoasa.four-

phaseorunipolarsteppermotor.Thecentertap allowsachangeofcurrent

directionineachoftwocoilswhenawindingisgrounded,therebyresultingina

polaritychangeofthestator.
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ASSEMBLYLANGUAGEPROGRAM

Main movstepper,#0CH;movethecodetophase1intotheport

acalldelay

movstepper,#06H ;phaseIIcode

acalldelay

movstepper,#03H ;PhaseIIIcode

acalldelay ;Calldelaysubroutineprogram

movstepper,#09H ;PhaseIVcode

acalldelay

sjmp Main

CALLDELAYPROGRAM:

movr7,#4

wait2:

movr6,#0FFH

wait1:

movr5,#0FFH
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wait:

djnzr5,wait

djnzr6,wait1

djnzr7,wait2

ret

end

8051-SERIALCOMMUNICATION:

BasicsofSerialcommunication

Datatransferbetweentwoelectronicdevices(ExBetweenacomputer and

microcontrolleroraperipheraldevice)isgenerallydoneintwoways

(i).SerialdataTransfer and

(ii).ParalleldataTransfer

Serialcommunicationusesonlyoneortwodatalinestotransferdataandis

generallyusedforlongdistancecommunication.Inserialcommunicationthedata

issentasonebitatatime inatimed sequenceonasinglewire.Serial

Communicationtakesplaceintwomethods,AsynchronousdataTransferand

SynchronousdataTransfer.
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SerialDataTransfer

Asynchronousdata transfer allowsdatatobetransmittedwithoutthesender

havingtosendaclocksignaltothereceiver.Instead,specialbitswillbeaddedto

eachwordinordertosynchronizethesendingandreceivingofthedata.Whena

wordisgiventotheUARTforAsynchronoustransmissions,abitcalledthe"Start

Bit"isaddedtothebeginningofeachwordthatistobetransmitted.TheStartBitis

usedtoalertthereceiverthatawordofdataisabouttobesent,andtoforcethe

clockinthereceiverintosynchronizationwiththeclockinthetransmitter.

Serialdatatransmission

AftertheStartBit,theindividualbitsofthewordofdataaresent.Hereeachbitin

thewordistransmittedforexactlythesameamountoftimeasalloftheotherbits.

Whentheentiredatawordhasbeensent,thetransmittermayaddaParityBitthat

thetransmittergenerates.TheParitybitmaybeusedbythereceivertoperform

simpleerrorchecking.ThenatleastoneStopBitissentbythetransmitter.Ifthe
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StopBitdoesnotappearwhenitissupposedto,theUARTconsiderstheentire

wordtobe corruptedandwillreportaFramingError.

Baud rate is a measurement of transmission speed in asynchronous

communication,itrepresentsthenumberofbits/sec thatareactuallybeingsent

overtheseriallink.TheBaudcountincludestheoverheadbitsStart,StopandParity

thataregeneratedbythesendingUARTandremovedbythereceivingUART.

IntheSynchronousdatatransfer methodthereceiverknowswhento“read”the

nextbitcomingfrom thesender.Thisis achievedbysharingaclockbetween

senderandreceiver.InmostformsofserialSynchronouscommunication,ifthereis

nodataavailableatagiventimetotransmit,afillcharacterwillbesentinsteadso

thatdataisalwaysbeingtransmitted.Synchronouscommunicationisusuallymore

efficientbecauseonlydatabitsaretransmittedbetweensenderandreceiver,

howeveritwillbemorecostlybecauseextrawiringand controlcircuitsare

requiredtoshareaclocksignalbetweenthesenderandreceiver.

Devicesthatuseserialcablesfortheircommunicationaresplitintotwocategories.

1.DTE(DataTerminalEquipment).ExamplesofDTEarecomputers,printers&
terminals.

2.DCE(DataCommunicationEquipment).ExampleofDCEismodems.

ParallelDataTransfer:

Parallelcommunicationusesmultiplewires(bus) runningparalleltoeachother,

andcantransmitdataonallthewiressimultaneously.i.e allthebitsofthebyte

aretransmittedatatime.So,speedoftheparalleldatatransferisextremelyhigh

comparedtoserialdatatransfer.An8-bitparalleldatatransferis8-timesfaster

thanserialdatatransfer.Hencewith inthecomputeralldatatransferismainly

basedonParalleldatatransfer.Butonlylimitationisduetothehighcost,this

methodislimitedtoonlyshortdistancecommunications.

DifferencesbetweenSerialdatatransferandParalleldatatransfer

S.No SerialCommunication ParallelCommunication

1 Dataistransmittedbitafterthebit

inasingleline

Dataistransmittedsimultaneously

throughgroupoflines(Bus)
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2 Datacongestiontakesplace No,Datacongestion

3 Lowspeedtransmission Highspeedtransmission

4 Implementationofseriallinksisnot

aneasytask.

Parallel data links are easily

implementedinhardware

5. In terms oftransmission channel

costssuchasdatabuscablelength,

data bus buffers, interface

connectors,itislessexpensive

Itismoreexpensive

6 No,crosstalkproblem Crosstalk creates interference

betweentheparallellines.

7 No effect of inter symbol

interferenceandnoise

Parallelports suffer extremely

from inter-symbol interference

(ISI)andnoise,andthereforethe

datacanbecorruptedoverlong

distances.

8 Thebandwidth ofserialwires is

muchhigher.

Thebandwidthofparallelwiresis

muchlower.

9 Serialinterfaceismoreflexibleto

upgrade ,without changing the

hardware

Paralleldatatransfermechanism

rely on hardwareresourcesand

hencenotflexibletoupgrade.

10 Serial communication work

effectivelyevenathighfrequencies.

Parallelbusesarehardtorunat

highfrequencies.

SERIALCOMMUNICATIONIN8051MICROCONTROLLER

The8051hastwopinsfortransferringandreceivingdatabyserialcommunication.

ThesetwopinsarepartofthePort3(P3.0&P3.1).ThesepinsareTTLcompatibleand

hencetheyrequirealinedrivertomakethem RS232compatible.Max232chipis

onesuchlinedriverinuse.Serialcommunicationiscontrolledbyan8-bitregister

calledSCONregister,itisabitaddressableregister.

SCON(Serialcontrol)register:
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SM0 SCON.7 Serialportmodeselector

SM1 SCON.6 Serialportmodeselector

SM2 SCON.5 Used for multiprocessor mode

communication(notapplicablefor8051)

REN SCON.4 Receiveenable.Setorclearedbymaking

thisbiteither1or0foeenable/disable

reception.

TB8 SCON.3 9thdatabittransmittedinmodes2and3

RB8 SCON.2 9thdatabitreceivedinmodes2and3.itis

notusedinmode0&mode1.IfSM2=0

RB8isthestopbit.

TI SCON.1 Transmitinterruptflag

RI SCON.0 Receiveinterruptflag.

M0 ,SM1:ThesetwobitsofSCONregisterdeterminetheframingofdataby

specifyingthenumberofbitspercharacterandstartbitandstopbits.Thereare4

serialmodes.

SM0 SM1

0 0 :SerialMode0

0 1 :SerialMode1,8bitdata, 1stopbit,1startbit

1 0 :SerialMode2
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1 1 :SerialMode3

REN(ReceiveEnable)alsoreferredasSCON.4.Whenitishigh,itallowsthe8051to

receivedataontheRxDpin.SotoreceiveandtransferdataRENmustbesetto

1.WhenREN=0,thereceiverisdisabled.Thisisachievedasbelow

SETBSCON.4

& CLR SCON.4

TI(Transmitinterrupt)istheD1bitofSCONregister.When8051finishesthetransfer

of8-bitcharacter,itraisestheTIflagtoindicatethatitisreadytotransferanother

byte.TheTIbitisraisedatthebeginningofthestopbit.

RI(Receiveinterrupt)istheD0bitoftheSCONregister.Whenthe8051receivesdata

serially,via RxD,itgetsridofthestartandstopbitsandplacesthebyteinthe

SBUFregister.ThenitraisestheRIflagbittoindicatethatabytehasbeenreceived

andshouldbepickedupbeforeitislost.RIisraisedhalfwaythroughthestopbit.

CommunicationthroughRS232

ApersonalcomputerhasaserialportknownascommunicationportorCOMPortusedto

connectamodemforexampleoranyotherdevice,therecouldbemorethenoneCOMPort

inaPC.SerialportsarecontrolledbyaspecialchipcalledUART(UniversalAsynchronous

ReceiverTransmitter).

RS232 standarddescribesacommunicationmethodwhereinformationissentbit

bybitonaphysicalchannel.TheRSstandsforRecommended Standard.The

informationmustbebrokenupindatawords.Thelengthofadatawordisvariable.

Itisoneofthepopularlyknowninterfacestandardforserial

communication between DTE & DCE.ThisRS-232-C isthecommonly used

standard when data aretransmitted as voltage.This standard was first

developedbyElectronicindustriesassociation(EIA).FortheRS-232C,a25pinD

typeconnectorisused.DB-25PmaleandDB-25Sfemale.RS-232standardwas
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firstintroducedin1960’sbyTelecommunicationsIndustryAssociation(TIA).

Interfacingthe8051MicrocontrollertoPC:

AstheRS-232standardisdevelopedearliertoTTLdevices,aUSARTsuchas8251

isnotdirectly compatiblewith thesesignallevels.Becauseofthis,voltage

transistorscalledlinedriversandlinereceiversareusedtointerfaceTTLlogicwith

RS-232signals.ThelinedriverMC1488isused toconvertRS-232toTTL.The

microcontrollerisconnectedtothePCusingtheDB9connector.

TheTxDandRxDpinsareconnectedtotheTIinandRIinpinsoftheMAX232IC

andtheTIoutandRIinpinsoftheMAXICareconnectedtotheRxDandTxDpins

oftheDB9connectorasshownintheinterfacediagram.

INTERFACINGDCMOTOR-8051

ADCmotorrunswiththehelpofDirectCurrent.Itproducestorquebyusingboth

electricityand magneticfields.TheDCmotorhasrotor,stator,field magnet,
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brushes,shaft,commutator.TheDCmotorrequiresmorecurrenttoproduceinitial

torquethaninrunningstate.InterfacingtheDCmotordirectlyto8051microcontroller

isnotpossible.BecausetheDCmotoruseslargecurrent(200-300mAinsmallDC

motors)torun.Whenthiscurrentflowintothe8051microcontroller,theICwillget

damaged.ThereforeweuseadrivingcircuitwithanoptoisolatorandaL298Dual

H-Bridgedriver.Theopto-isolatorprovidesadditionalprotectiontothemicrocontroller.

Continuous,sustainedoperationofthemotorwillcausetheL293DualH-Bridge
drivertooverheat.So,asuitableheatsinkmustbeused.
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AssemblyLanguageprogram

INTERFACINGDAC-8051MICROCONTROLLER

TheDAC0800isasimplemonolithic8-bitD/Aconverter.Ithasfastsettlingtimeof100ns.

ItcanbedirectlyinterfacedtoTTL,CMOS,PMOSandothers.Itoperatesat4.5Vto+18V

supply.ThenumberofdatabitinputsdecidestheresolutionoftheDACsincethenumber

ofanalogoutputlevelsisequalto2″,wherenisthenumberofdatabitinputs.Therefore,

an8-inputDAC suchastheDAC0808provides256discretevoltage(orcurrent)levelsof

ORG 0000H Remarks

MAIN CLR P1.0 9

CLR P1.1

CLR P1.2

SETB P2.7

MONITOR

SETB P1.0 Enable the H-bridge

driver

JNB P2.7CLOCKWISE

CLR P1.1 01 is for Counter

clockwise

SETB P1.2

SJMP MONITOR

CLOCKWISE SETB P1.1 10isforclockwise

CLRP1.2

SJMP MONITOR
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output.

Theinterfacingcircuitisshown below.port1(8bitsofthemicrocontrolleris

connectedtotheinputdatalinesofDAC-08.Thereferencecurrentisdeterminedby

theresistorR1andthereferencevoltageVref.TheresistorR2isgenerallyequaltoR1

tomatchtheinputimpedanceofreferencesource.Theoutput(takenfrom pin

number4is observed eitheron a digitalmultimeteroron a cathoderay

oscilloscope.

TheoutputcurrentIoiscalculatedasfollows:

Io=Vref/R1[Ao/2+A1/4+A2/8+…+A7/256]

TheoutputvoltageVoisobtainedasfollows: Vo=Io *R1

AssemblyLanguageProgram

MOV A,#DATA* ;(A)=#Data
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START: MOV 90H,A ;(port-1)=(A)

INCA

LJMP START ;Repeat

---------------------xxx---------------------

REFERENCE :Muhammed AliMazidi,Janice Gillies Pie Mazidi,“The 8051

MicrocontrollerandEmbeddedSystems”—PearsonEducationAsia.


