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8051 Microcontroller8051 Microcontroller
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8051 Introduction8051 Introduction
• 8051 is one of the most popular microcontrollers in use today. 
Many derivative microcontrollers have since been developed
that are based on--and compatible with--the 8051. Thus, the
ability to program an 8051 is an important skill for anyone who
plans to develop products that will take advantage of 
microcontrollers.
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8051 memory8051 memory
OnOn--ChipChip MemoryMemory refersrefers toto
anyany memorymemory ((CodeCode, RAM, , RAM, oror
otherother) ) thatthat physicallyphysically existsexists on on 
thethe microcontrollermicrocontroller itselfitself..
ExternalExternal CodeCode MemoryMemory is is 
codecode ((oror program) program) memorymemory thatthat
residesresides offoff--chipchip. . ThisThis is is oftenoften
in in thethe form of an form of an externalexternal
EPROM. EPROM. 
ExternalExternal RAMRAM is RAM is RAM 
memorymemory thatthat residesresides offoff--chipchip. . 
ThisThis is is oftenoften in in thethe form of form of 
standardstandard staticstatic RAM RAM oror flashflash
RAM.RAM.
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CodeCode MemoryMemory
CodeCode memorymemory is is thethe memorymemory thatthat holdsholds thethe actualactual
8051 program 8051 program thatthat is is toto be be runrun. . ThisThis memorymemory is is 
limitedlimited toto 64K 64K andand comescomes in in manymany shapesshapes andand sizessizes: : 
CodeCode memorymemory maymay be be foundfound onon--chipchip, , eithereither burnedburned
intointo thethe microcontrollermicrocontroller as ROM as ROM oror EPROM. EPROM. CodeCode
maymay alsoalso be be storedstored completelycompletely offoff--chipchip in an in an externalexternal
ROM ROM oror, , moremore commonlycommonly, an , an externalexternal EPROM. EPROM. 
FlashFlash RAM is RAM is alsoalso anotheranother popular popular methodmethod of of storingstoring
a program. a program. VariousVarious combinationscombinations of of thesethese memorymemory
typestypes maymay alsoalso be be usedused——for exfor ex, it is , it is possiblepossible toto havehave
4K of 4K of codecode memorymemory onon--chipchip andand 64k of 64k of codecode memorymemory
offoff--chipchip in an EPROM.in an EPROM.
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External RAMExternal RAM
ExternalExternal RAM is RAM is anyany randomrandom accessaccess memorymemory whichwhich
is is foundfound offoff--chipchip. Since . Since thethe memorymemory is is offoff--chipchip it is it is 
not as not as flexibleflexible in in termsterms of of accessingaccessing, , andand is is alsoalso
slowerslower. . ForFor exampleexample, , toto incrementincrement an an InternalInternal RAM RAM 
locationlocation byby 1 1 requiresrequires onlyonly 1 1 instructioninstruction andand 1 1 
instructioninstruction cyclecycle. . ToTo incrementincrement a 1a 1--bytebyte valuevalue storedstored
in in ExternalExternal RAM RAM requiresrequires 4 4 instructionsinstructions andand 7 7 
instructioninstruction cyclescycles. . InIn thisthis casecase, , externalexternal memorymemory is 7 is 7 
timestimes slowerslower! ! 
WhatWhat ExternalExternal RAM RAM losesloses in in speedspeed andand flexibilityflexibility it it 
gainsgains in in quantityquantity. . WhileWhile InternalInternal RAM is RAM is limitedlimited toto
128 128 bytesbytes (256 (256 bytesbytes withwith an 8052), an 8052), thethe 8051 8051 
supportssupports ExternalExternal RAM RAM upup toto 64K. 64K. 
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OnOn--ChipChip MemoryMemory
OnOn--chipchip memorymemory is is reallyreally oneone of of twotwo typestypes: : InternalInternal RAM RAM andand SpecialSpecial
FunctionFunction RegisterRegister (SFR) (SFR) memorymemory. . 
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OnOn--ChipChip MemoryMemory
thethe 8051 has a bank of 128 8051 has a bank of 128 bytesbytes of of InternalInternal RAMRAM. . ThisThis InternalInternal RAM is RAM is 
foundfound onon--chipchip on on thethe 8051 8051 soso it is it is thethe fastestfastest RAM RAM availableavailable, , andand it is it is alsoalso
thethe mostmost flexibleflexible in in termsterms of of readingreading, , writingwriting, , andand modifyingmodifying it’sit’s contentscontents. . 
InternalInternal RAM is RAM is volatilevolatile, , soso whenwhen thethe 8051 is 8051 is resetreset thisthis memorymemory is is clearedcleared
TheThe 128 128 bytesbytes of of internalinternal ram is ram is subdividedsubdivided as as shownshown on on thethe memorymemory mapmap. . 
TheThe firstfirst 8 8 bytesbytes (00h (00h -- 07h) 07h) areare ""registerregister bank 0".bank 0".
ByBy manipulatingmanipulating certaincertain SFRsSFRs, a program , a program maymay choosechoose toto useuse registerregister banksbanks
1, 2, 1, 2, oror 3.3. TheseThese alternativealternative registerregister banksbanks areare locatedlocated in in internalinternal RAM in RAM in 
addressesaddresses 08h 08h throughthrough 1Fh. 1Fh. 
TheThe 80 80 bytesbytes remainingremaining of of InternalInternal RAM, RAM, fromfrom addressesaddresses 30h 30h throughthrough
7Fh, 7Fh, maymay be be usedused byby useruser variablesvariables thatthat needneed toto be be accessedaccessed frequentlyfrequently oror
at at highhigh--speedspeed. . ThisThis areaarea is is alsoalso utilizedutilized byby thethe microcontrollermicrocontroller as a as a storagestorage
areaarea forfor thethe operatingoperating stackstack. . ThisThis factfact severelyseverely limitslimits thethe 8051’s 8051’s stackstack
since, as since, as illustratedillustrated in in thethe memorymemory mapmap, , thethe areaarea reservedreserved forfor thethe stackstack is is 
onlyonly 80 80 bytesbytes----andand usuallyusually it is it is lessless since since thisthis 80 80 bytesbytes has has toto be be sharedshared
betweenbetween thethe stackstack andand useruser variablesvariables
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RegisterRegister BanksBanks
TheThe 8051 8051 usesuses 8 "R" 8 "R" registersregisters whichwhich areare usedused in in manymany of of itsits instructionsinstructions. . 
TheseThese "R" "R" registersregisters areare numberednumbered fromfrom 0 0 throughthrough 7 (R0, R1, R2, R3, R4, 7 (R0, R1, R2, R3, R4, 
R5, R6, R5, R6, andand R7). R7). TheseThese registersregisters areare generallygenerally usedused toto assistassist in in 
manipulatingmanipulating valuesvalues andand movingmoving data data fromfrom oneone memorymemory locationlocation toto
anotheranother. . ForFor exampleexample, , toto addadd thethe valuevalue of R4 of R4 toto thethe AccumulatorAccumulator, , wewe wouldwould
executeexecute thethe followingfollowing instructioninstruction: : 
ADD A,R4ADD A,R4
ThusThus ifif thethe AccumulatorAccumulator (A) (A) containedcontained thethe valuevalue 6 6 andand R4 R4 containedcontained thethe
valuevalue 3, 3, thethe AccumulatorAccumulator wouldwould containcontain thethe valuevalue 9 9 afterafter thisthis instructioninstruction
waswas executedexecuted. . HoweverHowever, as , as thethe memorymemory mapmap showsshows, , thethe "R" "R" RegisterRegister R4 is R4 is 
reallyreally partpart of of InternalInternal RAM. RAM. SpecificallySpecifically, R4 is , R4 is addressaddress 04h. 04h. ThisThis can be can be 
seeseenn in in thethe brightbright greengreen sectionsection of of thethe memorymemory mapmap. . ThusThus thethe aboveabove
instructioninstruction accomplishesaccomplishes thethe samesame thingthing as as thethe followingfollowing operationoperation: : 
ADD A,04hADD A,04h
ThisThis instructioninstruction addsadds thethe valuevalue foundfound in in InternalInternal RAM RAM addressaddress 04h 04h toto thethe
valuevalue of of thethe AccumulatorAccumulator, , leavingleaving thethe resultresult in in thethe AccumulatorAccumulator. Since R4 . Since R4 
is is reallyreally InternalInternal RAM 04h, RAM 04h, thethe aboveabove instructioninstruction effectivelyeffectively accomplishedaccomplished
thethe samesame thingthing. . 
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RegisterRegister BanksBanks

But But watchwatch outout! As ! As thethe memorymemory mapmap showsshows, , thethe 8051 8051 
has has fourfour distinctdistinct registerregister banksbanks. . WhenWhen thethe 8051 is 8051 is firstfirst
bootedbooted upup, , registerregister bank 0 (bank 0 (addressesaddresses 00h 00h throughthrough
07h) is 07h) is usedused byby defaultdefault. . 
HoweverHowever, , youryour program program maymay instructinstruct thethe 8051 8051 toto useuse
oneone of of thethe alternatealternate registerregister banksbanks; i.e., ; i.e., registerregister banksbanks
1, 2, 1, 2, oror 3. 3. InIn thisthis casecase, R4 , R4 willwill no no longerlonger be be thethe samesame
as as InternalInternal RAM RAM addressaddress 04h. 04h. ForFor exampleexample, , ifif youryour
program program instructsinstructs thethe 8051 8051 toto useuse registerregister bank 3, "R" bank 3, "R" 
registerregister R4 R4 willwill nownow be be synonomoussynonomous withwith InternalInternal
RAM RAM addressaddress 1Ch. 1Ch. 
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Bit Bit MemoryMemory
TheThe 8051, 8051, beingbeing a a communicationscommunications--orientedoriented microcontrollermicrocontroller, , givesgives thethe useruser thethe
abilityability toto accessaccess a a numbernumber of of bit bit variablesvariables. . TheseThese variablesvariables maymay be be eithereither 1 1 oror
0. 0. 
ThereThere areare 128 bit 128 bit variablesvariables availableavailable toto thethe useruser, , numberdnumberd 00h 00h throughthrough 7Fh. 7Fh. 
TheThe useruser maymay makemake useuse of of thesethese variablesvariables withwith commandscommands suchsuch as SETB as SETB andand
CLR. CLR. ForFor exampleexample, , toto set bit set bit numbernumber 24 (24 (hexhex) ) toto 1 1 youyou wouldwould executeexecute thethe
instructioninstruction: : 
SETB 24hSETB 24h
ItIt is is importantimportant toto notenote thatthat Bit Bit MemoryMemory is is reallyreally a a partpart of of InternalInternal RAM. RAM. InIn factfact, , 
thethe 128 bit 128 bit variablesvariables occupyoccupy thethe 16 16 bytesbytes of of InternalInternal RAM RAM fromfrom 20h 20h throughthrough
2Fh. 2Fh. ThusThus, , ifif youyou writewrite thethe valuevalue FFhFFh toto InternalInternal RAM RAM addressaddress 20h 20h you’veyou’ve
effectivelyeffectively set set bitsbits 00h 00h throughthrough 07h. 07h. ThatThat is is toto say say thatthat: : 
MOV 20h,#0FFhMOV 20h,#0FFh is is equivalentequivalent toto: : 
SETB 00hSETB 00h
SETB 01hSETB 01h
SETB 02hSETB 02h
SETB 03hSETB 03h
SETB 04hSETB 04h
SETB 05hSETB 05h
SETB 06hSETB 06h
SETB 07hSETB 07h
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Bit Bit MemoryMemory
Bit Bit variablesvariables 00h 00h throughthrough 7Fh 7Fh areare forfor useruser--defineddefined
functionsfunctions in in theirtheir programsprograms. . HoweverHowever, bit , bit variablesvariables 80h 80h 
andand aboveabove areare actuallyactually usedused toto accessaccess certaincertain SFRsSFRs on a on a 
bitbit--byby--bit bit basisbasis. . ForFor exampleexample, , ifif outputoutput lineslines P0.0 P0.0 
throughthrough P0.7 P0.7 areare allall clearclear (0) (0) andand youyou wantwant toto turnturn on on 
thethe P0.0 P0.0 outputoutput lineline youyou maymay eithereither executeexecute: : 
MOV P0,#01hMOV P0,#01h oror
youyou maymay executeexecute: : 
SETB 80hSETB 80h
BothBoth thesethese instructionsinstructions accomplishaccomplish thethe samesame thingthing. . 
HoweverHowever, , usingusing thethe SETB SETB commandcommand willwill turnturn on on thethe
P0.0 P0.0 lineline withoutwithout effectingeffecting thethe statusstatus of of anyany of of thethe otherother
P0 P0 outputoutput lineslines. . TheThe MOV MOV commandcommand effectivelyeffectively turnsturns
offoff allall thethe otherother outputoutput lineslines whichwhich, in , in somesome casescases, , maymay
notnot be be acceptableacceptable. . 
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SpecialSpecial FunctionFunction RegisterRegister (SFR) (SFR) 
MemoryMemory

SpecialSpecial FunctionFunction RegistersRegisters ((SFRsSFRs) ) areare areasareas of of 
memorymemory thatthat controlcontrol specificspecific functionalityfunctionality of of thethe
8051 8051 processorprocessor. . ForFor exampleexample, , fourfour SFRsSFRs permitpermit
accessaccess toto thethe 8051’s 32 8051’s 32 inputinput//outputoutput lineslines. . AnotherAnother
SFR SFR allowsallows a program a program toto readread oror writewrite toto thethe 8051’s 8051’s 
serialserial portport. . OtherOther SFRsSFRs allowallow thethe useruser toto set set thethe serialserial
baud baud raterate, , controlcontrol andand accessaccess timerstimers, , andand configureconfigure
thethe 8051’s 8051’s interruptinterrupt systemsystem. . 
WhenWhen programmingprogramming, , SFRsSFRs havehave thethe illusionillusion of of beingbeing
InternalInternal MemoryMemory. . ForFor exampleexample, , ifif youyou wantwant toto writewrite
thethe valuevalue "1" "1" toto InternalInternal RAM RAM locationlocation 50 50 hexhex youyou
wouldwould executeexecute thethe instructioninstruction: : 
MOV 50h,#01hMOV 50h,#01h
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SpecialSpecial FunctionFunction RegisterRegister (SFR) (SFR) 
MemoryMemory

SimilarlySimilarly, , ifif youyou wantwant toto writewrite thethe valuevalue "1" "1" toto thethe 8051’s 8051’s 
serialserial portport youyou wouldwould writewrite thisthis valuevalue toto thethe SBUFSBUF SFR, SFR, whichwhich
has an SFR has an SFR addressaddress of 99 of 99 HexHex. . ThusThus, , toto writewrite thethe valuevalue "1" "1" toto
thethe serialserial portport youyou wouldwould executeexecute thethe instructioninstruction: : 
MOV 99h,#01hMOV 99h,#01h
As As youyou can can seesee, it , it appearsappears thatthat thethe SFR is SFR is partpart of of InternalInternal
MemoryMemory. . ThisThis is not is not thethe casecase. . WhenWhen usingusing thisthis methodmethod of of 
memorymemory accessaccess ((it’sit’s calledcalled directdirect addressaddress), ), anyany instructioninstruction thatthat
has an has an addressaddress of 00h of 00h throughthrough 7Fh 7Fh refersrefers toto an an InternalInternal RAM RAM 
memorymemory addressaddress; ; anyany instructioninstruction withwith an an addressaddress of 80h of 80h 
throughthrough FFhFFh refersrefers toto an SFR an SFR controlcontrol registerregister. . 
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WhatWhat AreAre SFRsSFRs??

TheThe 8051 is a 8051 is a flexibleflexible microcontrollermicrocontroller withwith a a relativelyrelatively largelarge
numbernumber of of modesmodes of of operationsoperations. . YourYour program program maymay inspectinspect
andand//oror changechange thethe operatingoperating modemode of of thethe 8051 8051 byby manipulatingmanipulating
thethe valuesvalues of of thethe 8051's 8051's SpecialSpecial FunctionFunction RegistersRegisters ((SFRsSFRs). ). 
SFRsSFRs areare accessedaccessed as as ifif theythey werewere normal normal InternalInternal RAM. RAM. TheThe
onlyonly differencedifference is is thatthat InternalInternal RAM is RAM is fromfrom addressaddress 00h 00h 
throughthrough 7Fh 7Fh whereaswhereas SFR SFR registersregisters existexist in in thethe addressaddress rangerange
of 80h of 80h throughthrough FFhFFh. . 
EachEach SFR has an SFR has an addressaddress (80h (80h throughthrough FFhFFh) ) andand a name. a name. TheThe
followingfollowing slideslide providesprovides a a graphicalgraphical presentationpresentation of of thethe 8051's 8051's 
SFRsSFRs, , theirtheir namesnames, , andand theirtheir addressaddress. . 
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WhatWhat AreAre SFRsSFRs??
As As youyou can can seesee, , 
althoughalthough thethe addressaddress
rangerange of 80h of 80h throughthrough
FFhFFh offeroffer 128 128 
possiblepossible addressesaddresses, , 
therethere areare onlyonly 21 21 
SFRsSFRs in a in a standardstandard
8051. 8051. AllAll otherother
addressesaddresses in in thethe SFR SFR 
rangerange (80h (80h throughthrough
FFhFFh) ) areare consideredconsidered
invalidinvalid. . WritingWriting toto oror
readingreading fromfrom thesethese
registersregisters maymay produceproduce
undefinedundefined valuesvalues oror
behaviorbehavior. . 
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SFR SFR TypesTypes
thethe SFRsSFRs thatthat havehave a a blueblue
backgroundbackground areare SFRsSFRs relatedrelated toto
thethe I/O I/O portsports. . TheThe 8051 has 8051 has fourfour
I/O I/O portsports of 8 of 8 bitsbits, , forfor a a totaltotal of of 
32 I/O 32 I/O lineslines. . 
TheThe SFRsSFRs withwith yellowyellow
backgrounbackgroundsds areare SFRsSFRs whichwhich in in 
somesome wayway controlcontrol thethe operationoperation
oror thethe configurationconfiguration of of somesome
aspectaspect of of thethe 8051. 8051. ForFor exampleexample, , 
TCONTCON controlscontrols thethe timerstimers, , 
SCON SCON controlscontrols thethe serialserial portport. . 
TheThe SFRsSFRs, , withwith greengreen
backgroundsbackgrounds, , areare ""otherother SFRsSFRs." ." 
TheseThese SFRsSFRs can be can be thoughtthought of as of as 
auxillaryauxillary SFRsSFRs. . ForFor exampleexample, , 
onceonce thethe serialserial portport has has beenbeen
configuredconfigured usingusing SCONSCON, , thethe
program program maymay readread oror writewrite toto thethe
serialserial portport usingusing thethe SBUFSBUF
registerregister..
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SFR SFR DescriptionsDescriptions
P0 (P0 (PortPort 0, 0, AddressAddress 80h, Bit80h, Bit--AddressableAddressable):): ThisThis is is inputinput//outputoutput portport 0. 0. 
EachEach bit of bit of thisthis SFR SFR correspondscorresponds toto oneone of of thethe pinspins on on thethe microcontrollermicrocontroller. . 
ForFor exampleexample, bit 0 of , bit 0 of portport 0 is 0 is pinpin P0.0, bit 7 is P0.0, bit 7 is pinpin P0.7. P0.7. WritingWriting a a valuevalue of of 
1 1 toto a bit of a bit of thisthis SFR SFR willwill sendsend a a highhigh levellevel on on thethe correspondingcorresponding I/O I/O pinpin
whereaswhereas a a valuevalue of 0 of 0 willwill bringbring it it toto a a lowlow levellevel. . 
ProgrammingProgramming Tip:Tip: WhileWhile thethe 8051 has 8051 has fourfour I/O I/O portport (P0, P1, P2, (P0, P1, P2, andand P3), P3), 
ifif youryour hardwarehardware usesuses externalexternal RAM RAM oror externalexternal codecode memorymemory (i.e., (i.e., youryour
program is program is storedstored in an in an externalexternal ROM ROM oror EPROM EPROM chipchip oror ifif youyou areare usingusing
externalexternal RAM RAM chipschips) ) youyou maymay not not useuse P0 P0 oror P2. P2. ThisThis is is becausebecause thethe 8051 8051 
usesuses portsports P0 P0 andand P2 P2 toto addressaddress thethe externalexternal memorymemory. . ThusThus ifif youyou areare usingusing
externalexternal RAM RAM oror codecode memorymemory youyou maymay onlyonly useuse portsports P1 P1 andand P3 P3 forfor youryour
ownown useuse. . 
SP (SP (StackStack PointerPointer, , AddressAddress 81h):81h): ThisThis is is thethe stackstack pointerpointer of of thethe
microcontrollermicrocontroller. . ThisThis SFR SFR indicatesindicates wherewhere thethe next next valuevalue toto be be takentaken fromfrom
thethe stackstack willwill be be readread fromfrom in in InternalInternal RAM. RAM. IfIf youyou pushpush a a valuevalue ontoonto thethe
stackstack, , thethe valuevalue willwill be be writtenwritten toto thethe addressaddress of SP + 1. of SP + 1. ThatThat is is toto say, say, ifif SP SP 
holdsholds thethe valuevalue 07h, a PUSH 07h, a PUSH instructioninstruction willwill pushpush thethe valuevalue ontoonto thethe stackstack
at at addressaddress 08h. 08h. ThisThis SFR is SFR is modifiedmodified byby allall instructionsinstructions whichwhich modifymodify thethe
stackstack, , suchsuch as PUSH, POP, LCALL, RET, RETI, as PUSH, POP, LCALL, RET, RETI, andand wheneverwhenever interruptsinterrupts
areare provokedprovoked byby thethe microcontrollermicrocontroller. . 



Ali Ziya AlkarAli Ziya Alkar 2121

SFR SFR DescriptionsDescriptions
DPL/DPH (Data DPL/DPH (Data PointerPointer LowLow//HighHigh, , AddressesAddresses 82h/83h):82h/83h): TheThe SFRsSFRs
DPL DPL andand DPH DPH workwork togethertogether toto representrepresent a 16a 16--bit bit valuevalue calledcalled thethe Data Data 
PointerPointer. . TheThe data data pointerpointer is is usedused in in operationsoperations regardingregarding externalexternal RAM RAM andand
somesome instructionsinstructions involvinginvolving codecode memorymemory. Since it is an . Since it is an unsignedunsigned twotwo--bytebyte
integerinteger valuevalue, it can , it can representrepresent valuesvalues fromfrom 0000h 0000h toto FFFFhFFFFh (0 (0 throughthrough
65,535 65,535 decimaldecimal). ). 
ProgrammingProgramming Tip:Tip: DPTR is DPTR is reallyreally DPH DPH andand DPL DPL takentaken togethertogether as a 16as a 16--
bit bit valuevalue. . InIn realityreality, , youyou almostalmost alwaysalways havehave toto dealdeal withwith DPTR DPTR oneone bytebyte at at 
a time. a time. ForFor exampleexample, , toto pushpush DPTR DPTR ontoonto thethe stackstack youyou mustmust firstfirst pushpush DPL DPL 
andand thenthen DPH. DPH. YouYou can'tcan't simplysimply plushplush DPTR DPTR ontoonto thethe stackstack. . AdditionallyAdditionally, , 
therethere is an is an instructioninstruction toto ""incrementincrement DPTR." DPTR." WhenWhen youyou executeexecute thisthis
instructioninstruction, , thethe twotwo bytesbytes areare operatedoperated uponupon as a 16as a 16--bit bit valuevalue. . HoweverHowever, , 
therethere is no is no instructioninstruction thatthat decrementsdecrements DPTR. DPTR. IfIf youyou wishwish toto decrementdecrement thethe
valuevalue of DPTR, of DPTR, youyou mustmust writewrite youryour ownown codecode toto do do soso..
PCON (PCON (PowerPower ControlControl, , AddressesAddresses 87h):87h): TheThe PowerPower ControlControl SFR is SFR is usedused
toto controlcontrol thethe 8051's 8051's powerpower controlcontrol modesmodes. . CertainCertain operationoperation modesmodes of of thethe
8051 8051 allowallow thethe 8051 8051 toto gogo intointo a a typetype of "of "sleepsleep" " modemode whichwhich requiresrequires muchmuch
lessless powerpower. . TheseThese modesmodes of of operationoperation areare controlledcontrolled throughthrough PCON. PCON. 
AdditionallyAdditionally, , oneone of of thethe bitsbits in PCON is in PCON is usedused toto doubledouble thethe effectiveeffective baud baud 
raterate of of thethe 8051's 8051's serialserial portport. . 
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SFR SFR DescriptionsDescriptions
TCON (TCON (TimerTimer ControlControl, , AddressesAddresses 88h, Bit88h, Bit--AddressableAddressable):):
TheThe TimerTimer ControlControl SFR is SFR is usedused toto configureconfigure andand modifymodify thethe
wayway in in whichwhich thethe 8051's 8051's twotwo timerstimers operateoperate. . ThisThis SFR SFR controlscontrols
whetherwhether eacheach of of thethe twotwo timerstimers is is runningrunning oror stoppedstopped andand
containscontains a a flagflag toto indicateindicate thatthat eacheach timertimer has has overflowedoverflowed. . 
AdditionallyAdditionally, , somesome nonnon--timertimer relatedrelated bitsbits areare locatedlocated in in thethe
TCON SFR. TCON SFR. TheseThese bitsbits areare usedused toto configureconfigure thethe wayway in in whichwhich
thethe externalexternal interruptsinterrupts areare activatedactivated andand alsoalso containcontain thethe
externalexternal interruptinterrupt flagsflags whichwhich areare set set whenwhen an an externalexternal
interruptinterrupt has has occuredoccured. . 
TMOD (TMOD (TimerTimer ModeMode, , AddressesAddresses 89h):89h): TheThe TimerTimer ModeMode
SFR is SFR is usedused toto configureconfigure thethe modemode of of operationoperation of of eacheach of of thethe
twotwo timerstimers. . UsingUsing thisthis SFR SFR youryour program program maymay configureconfigure eacheach
timertimer toto be a 16be a 16--bit bit timertimer, an 8, an 8--bit bit autoreloadautoreload timertimer, a 13, a 13--bit bit 
timertimer, , oror twotwo separateseparate timerstimers. . AdditionallyAdditionally, , youyou maymay configureconfigure
thethe timerstimers toto onlyonly countcount whenwhen an an externalexternal pinpin is is activatedactivated oror toto
countcount ""eventsevents" " thatthat areare indicatedindicated on an on an externalexternal pinpin..
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SFR SFR DescriptionsDescriptions
TL0/TH0 (TL0/TH0 (TimerTimer 0 0 LowLow//HighHigh, , AddressesAddresses 8Ah/8Ch):8Ah/8Ch): TheseThese
twotwo SFRsSFRs, , takentaken togethertogether, , representrepresent timertimer 0. 0. TheirTheir exactexact
behaviorbehavior dependsdepends on on howhow thethe timertimer is is configuredconfigured in in thethe
TMOD SFR; TMOD SFR; howeverhowever, , thesethese timerstimers alwaysalways countcount upup. . WhatWhat is is 
configurableconfigurable is is howhow andand whenwhen theythey incrementincrement in in valuevalue. . 
TL1/TH1 (TL1/TH1 (TimerTimer 1 1 LowLow//HighHigh, , AddressesAddresses 8Bh/8Dh):8Bh/8Dh): TheseThese
twotwo SFRsSFRs, , takentaken togethertogether, , representrepresent timertimer 1. 1. TheirTheir exactexact
behaviorbehavior dependsdepends on on howhow thethe timertimer is is configuredconfigured in in thethe
TMOD SFR; TMOD SFR; howeverhowever, , thesethese timerstimers alwaysalways countcount upup. . WhatWhat is is 
configurableconfigurable is is howhow andand whenwhen theythey incrementincrement in in valuevalue. . 
P1 (P1 (PortPort 1, 1, AddressAddress 90h, Bit90h, Bit--AddressableAddressable):): ThisThis is is 
inputinput//outputoutput portport 1. 1. EachEach bit of bit of thisthis SFR SFR correspondscorresponds toto oneone of of 
thethe pinspins on on thethe microcontrollermicrocontroller. . ForFor exampleexample, bit 0 of , bit 0 of portport 1 is 1 is 
pinpin P1.0, bit 7 is P1.0, bit 7 is pinpin P1.7. P1.7. WritingWriting a a valuevalue of 1 of 1 toto a bit of a bit of thisthis
SFR SFR willwill sendsend a a highhigh levellevel on on thethe correspondingcorresponding I/O I/O pinpin
whereaswhereas a a valuevalue of 0 of 0 willwill bringbring it it toto a a lowlow levellevel. . 
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SFR SFR DescriptionsDescriptions
SCON (SCON (SerialSerial ControlControl, , AddressesAddresses 98h, Bit98h, Bit--AddressableAddressable):): TheThe SerialSerial
ControlControl SFR is SFR is usedused toto configureconfigure thethe behaviorbehavior of of thethe 8051's on8051's on--board board serialserial
portport. . ThisThis SFR SFR controlscontrols thethe baud baud raterate of of thethe serialserial portport, , whetherwhether thethe serialserial portport
is is activatedactivated toto receivereceive data, data, andand alsoalso containscontains flagsflags thatthat areare set set whenwhen a a bytebyte is is 
successfullysuccessfully sent sent oror receivedreceived. . 
ProgrammingProgramming Tip:Tip: ToTo useuse thethe 8051's on8051's on--board board serialserial portport, it is , it is generallygenerally
necessarynecessary toto initializeinitialize thethe followingfollowing SFRsSFRs: SCON, TCON, : SCON, TCON, andand TMOD. TMOD. ThisThis
is is becausebecause SCON SCON controlscontrols thethe serialserial portport. . HoweverHowever, in , in mostmost casescases thethe program program 
willwill wishwish toto useuse oneone of of thethe timerstimers toto establishestablish thethe serialserial port'sport's baud baud raterate. . InIn thisthis
casecase, it is , it is necessarynecessary toto configureconfigure timertimer 1 1 byby initializinginitializing TCON TCON andand TMOD. TMOD. 
SBUF (SBUF (SerialSerial ControlControl, , AddressesAddresses 99h):99h): TheThe SerialSerial BufferBuffer SFR is SFR is usedused toto
sendsend andand receivereceive data data viavia thethe onon--board board serialserial portport. . AnyAny valuevalue writtenwritten toto SBUF SBUF 
willwill be sent be sent outout thethe serialserial port'sport's TXD TXD pinpin. . LikewiseLikewise, , anyany valuevalue whichwhich thethe 8051 8051 
receivesreceives viavia thethe serialserial port'sport's RXD RXD pinpin willwill be be delivereddelivered toto thethe useruser program program 
viavia SBUF. SBUF. InIn otherother wordswords, SBUF , SBUF servesserves as as thethe outputoutput portport whenwhen writtenwritten toto
andand as an as an inputinput portport whenwhen readread fromfrom. . 
P2 (P2 (PortPort 2, 2, AddressAddress A0h, BitA0h, Bit--AddressableAddressable):): ThisThis is is inputinput//outputoutput portport 2. 2. 
EachEach bit of bit of thisthis SFR SFR correspondscorresponds toto oneone of of thethe pinspins on on thethe microcontrollermicrocontroller. . 
ForFor exampleexample, bit 0 of , bit 0 of portport 2 is 2 is pinpin P2.0, bit 7 is P2.0, bit 7 is pinpin P2.7. P2.7. WritingWriting a a valuevalue of 1 of 1 
toto a bit of a bit of thisthis SFR SFR willwill sendsend a a highhigh levellevel on on thethe correspondingcorresponding I/O I/O pinpin
whereaswhereas a a valuevalue of 0 of 0 willwill bringbring it it toto a a lowlow levellevel..
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SFR SFR DescriptionsDescriptions
IE (IE (InterruptInterrupt EnableEnable, , AddressesAddresses A8h):A8h): TheThe InterruptInterrupt EnableEnable SFR is SFR is usedused
toto enableenable andand disabledisable specificspecific interruptsinterrupts. . TheThe lowlow 7 7 bitsbits of of thethe SFR SFR areare usedused
toto enableenable//disabledisable thethe specificspecific interruptsinterrupts, , wherewhere as as thethe highesthighest bit is bit is usedused toto
enableenable oror disabledisable ALL ALL interruptsinterrupts. . ThusThus, , ifif thethe highhigh bit of IE is 0 bit of IE is 0 allall
interruptsinterrupts areare disableddisabled regardlessregardless of of whetherwhether an an individualindividual interruptinterrupt is is 
enabledenabled byby settingsetting a a lowerlower bit. bit. 
P3 (P3 (PortPort 3, 3, AddressAddress B0h, BitB0h, Bit--AddressableAddressable):): ThisThis is is inputinput//outputoutput portport 3. 3. 
EachEach bit of bit of thisthis SFR SFR correspondscorresponds toto oneone of of thethe pinspins on on thethe microcontrollermicrocontroller. . 
ForFor exampleexample, bit 0 of , bit 0 of portport 3 is 3 is pinpin P3.0, bit 7 is P3.0, bit 7 is pinpin P3.7. P3.7. WritingWriting a a valuevalue of of 
1 1 toto a bit of a bit of thisthis SFR SFR willwill sendsend a a highhigh levellevel on on thethe correspondingcorresponding I/O I/O pinpin
whereaswhereas a a valuevalue of 0 of 0 willwill bringbring it it toto a a lowlow levellevel. . 
IP (IP (InterruptInterrupt PriorityPriority, , AddressesAddresses B8h, BitB8h, Bit--AddressableAddressable):): TheThe InterruptInterrupt
PriorityPriority SFR is SFR is usedused toto specifyspecify thethe relativerelative prioritypriority of of eacheach interruptinterrupt. On . On thethe
8051, an 8051, an interruptinterrupt maymay eithereither be of be of lowlow (0) (0) prioritypriority oror highhigh (1) (1) prioritypriority. An . An 
interruptinterrupt maymay onlyonly interruptinterrupt interruptsinterrupts of of lowerlower prioritypriority. . ForFor exampleexample, , ifif wewe
configureconfigure thethe 8051 8051 soso thatthat allall interruptsinterrupts areare of of lowlow prioritypriority exceptexcept thethe serialserial
interruptinterrupt, , thethe serialserial interruptinterrupt willwill alwaysalways be be ableable toto interruptinterrupt thethe systemsystem, , 
eveneven ifif anotheranother interruptinterrupt is is currentlycurrently executingexecuting. . HoweverHowever, , ifif a a serialserial
interruptinterrupt is is executingexecuting no no otherother interruptinterrupt willwill be be ableable toto interruptinterrupt thethe serialserial
interruptinterrupt routineroutine since since thethe serialserial interruptinterrupt routineroutine has has thethe highesthighest prioritypriority..
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SFR SFR DescriptionsDescriptions
PSW (Program PSW (Program StatusStatus Word, Word, AddressesAddresses D0h, BitD0h, Bit--AddressableAddressable):): TheThe
Program Program StatusStatus Word is Word is usedused toto storestore a a numbernumber of of importantimportant bitsbits thatthat areare
set set andand clearedcleared byby 8051 8051 instructionsinstructions. . TheThe PSW SFR PSW SFR containscontains thethe carrycarry
flagflag, , thethe auxiliaryauxiliary carrycarry flagflag, , thethe overflowoverflow flagflag, , andand thethe parityparity flagflag. . 
AdditionallyAdditionally, , thethe PSW PSW registerregister containscontains thethe registerregister bank bank selectselect flagsflags
whichwhich areare usedused toto selectselect whichwhich of of thethe "R" "R" registerregister banksbanks areare currentlycurrently
selectedselected. . 
ProgrammingProgramming Tip:Tip: IfIf youyou writewrite an an interruptinterrupt handlerhandler routineroutine, it is a , it is a veryvery
goodgood ideaidea toto alwaysalways savesave thethe PSW SFR on PSW SFR on thethe stackstack andand restore it restore it whenwhen
youryour interruptinterrupt is is completecomplete. . ManyMany 8051 8051 instructionsinstructions modifymodify thethe bitsbits of of 
PSW. PSW. 
ACC (ACC (AccumulatorAccumulator, , AddressesAddresses E0h, BitE0h, Bit--AddressableAddressable):): TheThe
AccumulatorAccumulator is is oneone of of thethe mostmost--usedused SFRsSFRs on on thethe 8051 since it is 8051 since it is 
involvedinvolved in in soso manymany instructionsinstructions. . TheThe AccumulatorAccumulator residesresides as an SFR at as an SFR at 
E0h, E0h, whichwhich meansmeans thethe instructioninstruction MOV A,#20hMOV A,#20h is is reallyreally thethe samesame as as 
MOV E0h,#20hMOV E0h,#20h. . HoweverHowever, it is a , it is a goodgood ideaidea toto useuse thethe firstfirst methodmethod since since 
it it onlyonly requiresrequires twotwo bytesbytes whereaswhereas thethe secondsecond optionoption requiresrequires threethree bytesbytes. . 
B (B B (B RegisterRegister, , AddressesAddresses F0h, BitF0h, Bit--AddressableAddressable):): TheThe "B" "B" registerregister is is 
usedused in in twotwo instructionsinstructions: : thethe multiplymultiply andand dividedivide operationsoperations. . TheThe B B 
registerregister is is alsoalso commonlycommonly usedused byby programmersprogrammers as an as an auxiliaryauxiliary registerregister toto
temporarilytemporarily storestore valuesvalues. . 
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OtherOther SFRsSFRs
AllAll derivativederivative microcontrollersmicrocontrollers of of thethe 8051 8051 mustmust supportsupport thesethese basicbasic SFRsSFRs
in in orderorder toto maintainmaintain compatabilitycompatability withwith thethe underlyingunderlying MSCS51 MSCS51 standardstandard. . 
A A commoncommon practicepractice whenwhen semiconductorsemiconductor firmsfirms wishwish toto developdevelop a a newnew 8051 8051 
derivativederivative is is toto addadd additionaladditional SFRsSFRs toto supportsupport newnew functionsfunctions thatthat existexist in in 
thethe newnew chipchip. . 
ForFor exampleexample, , thethe Dallas Dallas SemiconductorSemiconductor DS80C320 is DS80C320 is upwardsupwards compatiblecompatible
withwith thethe 8051. 8051. ThisThis meansmeans thatthat anyany program program thatthat runsruns on a on a standardstandard 8051 8051 
shouldshould runrun withoutwithout modificationmodification on on thethe DS80C320. DS80C320. ThisThis meansmeans thatthat allall thethe
SFRsSFRs defineddefined aboveabove alsoalso applyapply toto thethe Dallas Dallas componentcomponent. . 
HoweverHowever, since , since thethe DS80C320 DS80C320 providesprovides manymany newnew featuresfeatures thatthat thethe
standardstandard 8051 8051 doesdoes not, not, therethere mustmust be be somesome wayway toto controlcontrol andand configureconfigure
thesethese newnew featuresfeatures. . ThisThis is is accomplishedaccomplished byby addingadding additionaladditional SFRsSFRs toto
thosethose listedlisted here. here. ForFor exampleexample, since , since thethe DS80C320 DS80C320 supportssupports twotwo serialserial
portsports (as (as opposedopposed toto justjust oneone on on thethe 8051), 8051), thethe SFRsSFRs SBUF2 SBUF2 andand SCON2 SCON2 
havehave beenbeen addedadded. . InIn additionaddition toto allall thethe SFRsSFRs listedlisted aboveabove, , thethe DS80C320 DS80C320 
alsoalso recognizesrecognizes thesethese twotwo newnew SFRsSFRs as as validvalid andand usesuses theirtheir valuesvalues toto
determinedetermine thethe modemode of of operationoperation of of thethe secondarysecondary serialserial portport. . ObviouslyObviously, , 
thesethese newnew SFRsSFRs havehave beenbeen assignedassigned toto SFR SFR addressesaddresses thatthat werewere unusedunused in in 
thethe originaloriginal 8051. 8051. InIn thisthis mannermanner, , newnew 8051 8051 derivativederivative chipschips maymay be be 
developeddeveloped whichwhich willwill runrun existingexisting 8051 8051 programsprograms. . 
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TheThe AccumulatorAccumulator
IfIf you’veyou’ve workedworked withwith anyany otherother assemblyassembly languageslanguages youyou willwill
be be familiarfamiliar withwith thethe conceptconcept of an of an AccumulatorAccumulator registerregister. . 
TheThe AccumulatorAccumulator, as , as it’sit’s name name suggestssuggests, is , is usedused as a general as a general 
registerregister toto accumulateaccumulate thethe resultsresults of a of a largelarge numbernumber of of 
instructionsinstructions. . ItIt can can holdhold an 8an 8--bit (1bit (1--bytebyte) ) valuevalue andand is is thethe mostmost
versatileversatile registerregister thethe 8051 has 8051 has duedue toto thethe largelarge numbernumber of of 
instructionsinstructions thatthat makemake useuse of of thethe accumulatoraccumulator. . MoreMore thanthan halfhalf
of of thethe 8051’s 255 8051’s 255 instructionsinstructions manipulatemanipulate oror useuse thethe
accumulatoraccumulator in in somesome wayway. . 
ForFor exampleexample, , ifif youyou wantwant toto addadd thethe numbernumber 10 10 andand 20, 20, thethe
resultingresulting 30 30 willwill be be storedstored in in thethe AccumulatorAccumulator. . OnceOnce youyou havehave
a a valuevalue in in thethe AccumulatorAccumulator youyou maymay continuecontinue processingprocessing thethe
valuevalue oror youyou maymay storestore it in it in anotheranother registerregister oror in in memorymemory..
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TheThe "R" "R" registersregisters
TheThe "R" "R" registersregisters areare a set of a set of eighteight registersregisters thatthat areare namednamed R0, R1, R0, R1, etcetc. . upup toto andand
includingincluding R7. R7. 
TheseThese registersregisters areare usedused as as auxillaryauxillary registersregisters in in manymany operationsoperations. . ToTo continuecontinue withwith
thethe aboveabove exampleexample, , perhapsperhaps youyou areare addingadding 10 10 andand 20. 20. TheThe originaloriginal numbernumber 10 10 maymay
be be storedstored in in thethe AccumulatorAccumulator whereaswhereas thethe valuevalue 20 20 maymay be be storedstored in, say, in, say, registerregister
R4. R4. ToTo processprocess thethe additionaddition youyou wouldwould executeexecute thethe commandcommand: : 
ADD A,R4ADD A,R4
AfterAfter executingexecuting thisthis instructioninstruction thethe AccumulatorAccumulator willwill containcontain thethe valuevalue 30. 30. YouYou
maymay thinkthink of of thethe "R" "R" registersregisters as as veryvery importantimportant auxillaryauxillary, , oror ""helperhelper", ", registersregisters. . 
TheThe "R" "R" registersregisters areare alsoalso usedused toto temporarilytemporarily storestore valuesvalues. . ForFor exampleexample, , let’slet’s say say 
youyou wantwant toto addadd thethe valuesvalues in R1 in R1 andand R2 R2 togethertogether andand thenthen subtractsubtract thethe valuesvalues of of 
R3 R3 andand R4. R4. OneOne wayway toto do do thisthis wouldwould be: be: 
MOV A,R3MOV A,R3 ;;MoveMove thethe valuevalue of R3 of R3 intointo thethe accumulatoraccumulator
ADD A,R4ADD A,R4 ;;AddAdd thethe valuevalue of R4of R4
MOV R5,AMOV R5,A ;;StoreStore thethe resultingresulting valuevalue temporarilytemporarily in R5in R5
MOV A,R1MOV A,R1 ;;MoveMove thethe valuevalue of R1 of R1 intointo thethe accumulatoraccumulator
ADD A,R2ADD A,R2 ;;AddAdd thethe valuevalue of R2of R2
SUBB A,R5SUBB A,R5 ;;SubtractSubtract thethe valuevalue of R5 (of R5 (whichwhich nownow containscontains R3 + R4)R3 + R4)
As As youyou cancan seesee, , wewe usedused R5 R5 toto temporarilytemporarily holdhold thethe sumsum of R3 of R3 andand R4. Of R4. Of coursecourse, , 
thisthis isn’tisn’t thethe mostmost efficientefficient wayway toto calculatecalculate (R1+R2) (R1+R2) -- (R3 +R4) but it (R3 +R4) but it doesdoes
illustrateillustrate thethe useuse of of thethe "R" "R" registersregisters as a as a wayway toto storestore valuesvalues temporarilytemporarily. . 



Ali Ziya AlkarAli Ziya Alkar 3030

TheThe "B" "B" RegisterRegister

TheThe "B" "B" registerregister is is veryvery similarsimilar toto thethe AccumulatorAccumulator in in 
thethe sense sense thatthat it it maymay holdhold an 8an 8--bit (1bit (1--bytebyte) ) valuevalue. . 
TheThe "B" "B" registerregister is is onlyonly usedused byby twotwo 8051 8051 
instructionsinstructions: MUL AB : MUL AB andand DIV AB. DIV AB. ThusThus, , ifif youyou
wantwant toto quicklyquickly andand easilyeasily multiplymultiply oror dividedivide A A byby
anotheranother numbernumber, , youyou maymay storestore thethe otherother numbernumber in in 
"B" "B" andand makemake useuse of of thesethese twotwo instructionsinstructions. . 
Aside Aside fromfrom thethe MUL MUL andand DIV DIV instructionsinstructions, , thethe "B" "B" 
registerregister is is oftenoften usedused as yet as yet anotheranother temporarytemporary storagestorage
registerregister muchmuch likelike a a ninthninth "R" "R" registerregister..
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TheThe Data Data PointerPointer (DPTR)(DPTR)

TheThe Data Data PointerPointer (DPTR) is (DPTR) is thethe 8051’s 8051’s onlyonly useruser--accessableaccessable
1616--bit (2bit (2--bytebyte) ) registerregister. . TheThe AccumulatorAccumulator, "R" , "R" registersregisters, , andand
"B" "B" registerregister areare allall 11--bytebyte valuesvalues. . 
DPTR, as DPTR, as thethe name name suggestssuggests, is , is usedused toto pointpoint toto data. data. ItIt is is usedused
byby a a numbernumber of of commandscommands whichwhich allowallow thethe 8051 8051 toto accessaccess
externalexternal memorymemory. . WhenWhen thethe 8051 8051 accessesaccesses externalexternal memorymemory it it 
willwill accessaccess externalexternal memorymemory at at thethe addressaddress indicatedindicated byby
DPTR. DPTR. 
WhileWhile DPTR is DPTR is mostmost oftenoften usedused toto pointpoint toto data in data in externalexternal
memorymemory, , manymany programmersprogrammers oftenoften taketake advantgeadvantge of of thethe factfact
thatthat it’sit’s thethe onlyonly truetrue 1616--bit bit registerregister availableavailable. . ItIt is is oftenoften usedused
toto storestore 22--bytebyte valuesvalues whichwhich havehave nothingnothing toto do do withwith memorymemory
locationslocations..
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TheThe Program Program CounterCounter (PC)(PC)

TheThe Program Program CounterCounter (PC) is a 2(PC) is a 2--bytebyte addressaddress whichwhich tellstells thethe
8051 8051 wherewhere thethe next next instructioninstruction toto executeexecute is is foundfound in in 
memorymemory. . WhenWhen thethe 8051 is 8051 is initializedinitialized PC PC alwaysalways startsstarts at at 
0000h 0000h andand is is incrementedincremented eacheach time an time an instructioninstruction is is executedexecuted. . 
ItIt is is importantimportant toto notenote thatthat PC PC isn’tisn’t alwaysalways incrementedincremented byby
oneone. Since . Since somesome instructionsinstructions requirerequire 2 2 oror 3 3 bytesbytes thethe PC PC willwill
be be incrementedincremented byby 2 2 oror 3 in 3 in thesethese casescases. . 
TheThe Program Program CounterCounter is is specialspecial in in thatthat therethere is no is no wayway toto
directlydirectly modifymodify it’sit’s valuevalue. . ThatThat is is toto say, say, youyou can’tcan’t do do 
somethingsomething likelike PC=2430h. On PC=2430h. On thethe otherother handhand, , ifif youyou executeexecute
LJMP 2430h LJMP 2430h you’veyou’ve effectivelyeffectively accomplishedaccomplished thethe samesame thingthing..
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ImmediateImmediate AddressingAddressing

ImmediateImmediate addressingaddressing is is soso--namednamed becausebecause thethe valuevalue toto be be 
storedstored in in memorymemory immediatelyimmediately followsfollows thethe operationoperation codecode in in 
memorymemory. . ThatThat is is toto say, say, thethe instructioninstruction itselfitself dictatesdictates whatwhat
valuevalue willwill be be storedstored in in memorymemory. . 
ForFor exampleexample, , thethe instructioninstruction: : 
MOV A,#20hMOV A,#20h
ThisThis instructioninstruction usesuses ImmediateImmediate AddressingAddressing becausebecause thethe
AccumulatorAccumulator willwill be be loadedloaded withwith thethe valuevalue thatthat immediatelyimmediately
followsfollows; in ; in thisthis casecase 20 (20 (hexidecimalhexidecimal). ). ImmediateImmediate addressingaddressing is is 
veryvery fastfast since since thethe valuevalue toto be be loadedloaded is is includedincluded in in thethe
instructioninstruction. . HoweverHowever, since , since thethe valuevalue toto be be loadedloaded is is fixedfixed at at 
compilecompile--time it is not time it is not veryvery flexibleflexible..
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DirectDirect AddressingAddressing
DirectDirect addressingaddressing is is soso--namednamed becausebecause thethe valuevalue toto be be storedstored
in in memorymemory is is obtainedobtained byby directlydirectly retrievingretrieving it it fromfrom anotheranother
memorymemory locationlocation. . ForFor exampleexample: : 
MOV A,30hMOV A,30h
ThisThis instructioninstruction willwill readread thethe data data outout of of InternalInternal RAM RAM addressaddress
30 (30 (hexidecimalhexidecimal) ) andand storestore it in it in thethe AccumulatorAccumulator. . DirectDirect
addressingaddressing is is generallygenerally fastfast since, since, althoughalthough thethe valuevalue toto be be 
loadedloaded isn’tisn’t includedincluded in in thethe instructioninstruction, it is , it is quicklyquickly accessableaccessable
since it is since it is storedstored in in thethe 8051’s 8051’s InternalInternal RAM. RAM. ItIt is is alsoalso muchmuch
moremore flexibleflexible thanthan ImmediateImmediate AddressingAddressing since since thethe valuevalue toto be be 
loadedloaded is is whateverwhatever is is foundfound at at thethe givengiven addressaddress----whichwhich maymay
be be variablevariable. . 
AlsoAlso, it is , it is importantimportant toto notenote thatthat whenwhen usingusing directdirect addressingaddressing
anyany instructioninstruction whichwhich refersrefers toto an an addressaddress betweenbetween 00h 00h andand
7Fh is 7Fh is referringreferring toto InternalInternal MemoryMemory. . AnyAny instructioninstruction whichwhich
refersrefers toto an an addressaddress betweenbetween 80h 80h andand FFhFFh is is referringreferring toto thethe
SFR SFR controlcontrol registersregisters thatthat controlcontrol thethe 8051 8051 microcontrollermicrocontroller
itselfitself. . 
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IndirectIndirect AddressingAddressing
IndirectIndirect addressingaddressing is a is a veryvery powerfulpowerful addressingaddressing modemode whichwhich in in manymany
casescases providesprovides an an exceptionalexceptional levellevel of of flexibilityflexibility. . IndirectIndirect addressingaddressing is is alsoalso
thethe onlyonly wayway toto accessaccess thethe extraextra 128 128 bytesbytes of of InternalInternal RAM RAM foundfound on an on an 
8052. 8052. 
IndirectIndirect addressingaddressing appearsappears as as followsfollows: : 
MOV A,@R0MOV A,@R0
ThisThis instructioninstruction causescauses thethe 8051 8051 toto analyzeanalyze thethe valuevalue of of thethe R0 R0 registerregister. . 
TheThe 8051 8051 willwill thenthen loadload thethe accumulatoraccumulator withwith thethe valuevalue fromfrom InternalInternal RAM RAM 
whichwhich is is foundfound at at thethe addressaddress indicatedindicated byby R0. R0. ForFor exampleexample, , let’slet’s say R0 say R0 
holdsholds thethe valuevalue 40h 40h andand InternalInternal RAM RAM addressaddress 40h 40h holdsholds thethe valuevalue 67h. 67h. 
WhenWhen thethe aboveabove instructioninstruction is is executedexecuted thethe 8051 8051 willwill checkcheck thethe valuevalue of of 
R0. Since R0 R0. Since R0 holdsholds 40h 40h thethe 8051 8051 willwill getget thethe valuevalue outout of of InternalInternal RAM RAM 
addressaddress 40h (40h (whichwhich holdsholds 67h) 67h) andand storestore it in it in thethe AccumulatorAccumulator. . ThusThus, , thethe
AccumulatorAccumulator endsends upup holding 67h. holding 67h. 
IndirectIndirect addressingaddressing alwaysalways refersrefers toto InternalInternal RAM; it RAM; it nevernever refersrefers toto an an 
SFR. SFR. ThusThus, in a , in a priorprior exampleexample wewe mentionedmentioned thatthat SFR 99h can be SFR 99h can be usedused toto
writewrite a a valuevalue toto thethe serialserial portport. . ThusThus oneone maymay thinkthink thatthat thethe followingfollowing
wouldwould be a be a validvalid solutionsolution toto writewrite thethe valuevalue ‘1’ ‘1’ toto thethe serialserial portport: : 
MOV R0,#99hMOV R0,#99h ;;LoadLoad thethe addressaddress of of thethe serialserial portport
MOV @R0,#01hMOV @R0,#01h ;;SendSend 01 01 toto thethe serialserial portport ---- WRONG!!WRONG!!
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ExternalExternal DirectDirect
ExternalExternal MemoryMemory is is accessedaccessed usingusing a a suitesuite of of instructionsinstructions
whichwhich useuse whatwhat wewe callcall ""ExternalExternal DirectDirect" " addressingaddressing. I . I callcall it it 
thisthis becausebecause it it appearsappears toto be be directdirect addressingaddressing, but it is , but it is usedused toto
accessaccess externalexternal memorymemory ratherrather thanthan internalinternal memorymemory. . 
ThereThere areare onlyonly twotwo commandscommands thatthat useuse ExternalExternal DirectDirect
addressingaddressing modemode: : 
MOVX A,@DPTRMOVX A,@DPTR
MOVX @DPTR,AMOVX @DPTR,A
As As youyou can can seesee, , bothboth commandscommands utilizeutilize DPTR. DPTR. InIn thesethese
instructionsinstructions, DPTR , DPTR mustmust firstfirst be be loadedloaded withwith thethe addressaddress of of 
externalexternal memorymemory thatthat youyou wishwish toto readread oror writewrite. . OnceOnce DPTR DPTR 
holdsholds thethe correctcorrect externalexternal memorymemory addressaddress, , thethe firstfirst commandcommand
willwill movemove thethe contentscontents of of thatthat externalexternal memorymemory addressaddress intointo
thethe AccumulatorAccumulator. . TheThe secondsecond commandcommand willwill do do thethe oppositeopposite: it : it 
willwill allowallow youyou toto writewrite thethe valuevalue of of thethe AccumulatorAccumulator toto thethe
externalexternal memorymemory addressaddress pointedpointed toto byby DPTR. DPTR. 
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ConditionalConditional BranchingBranching
TheThe 8051 8051 containscontains a a suitesuite of of instructionsinstructions whichwhich, as a , as a groupgroup, , areare referredreferred toto
as "as "conditionalconditional branchingbranching" " instructionsinstructions. . TheseThese instructionsinstructions causecause program program 
executionexecution toto followfollow a a nonnon--sequentialsequential pathpath ifif a a certaincertain conditioncondition is is truetrue. . 
forfor exampleexample, , thethe JB JB instructioninstruction. . ThisThis instructioninstruction meansmeans ""JumpJump ifif Bit Set."Bit Set."
JB 45h,HELLOJB 45h,HELLO
NOPNOP
HELLO:....HELLO:....
InIn thisthis casecase, , thethe 8051 8051 willwill analyzeanalyze thethe contentscontents of bit 45h. of bit 45h. IfIf thethe bit is set bit is set 
program program executionexecution willwill jumpjump immediatelyimmediately toto thethe labellabel HELLO, HELLO, skippingskipping
thethe NOP NOP instructioninstruction. . IfIf thethe bit is not set bit is not set thethe conditionalconditional branchbranch failsfails andand
program program executionexecution continuescontinues, as , as usualusual, , withwith thethe NOP NOP instructioninstruction whichwhich
followsfollows. . ConditionalConditional branchingbranching is is reallyreally thethe fundamentalfundamental buildingbuilding blockblock of of 
program program logiclogic since since allall ""decisionsdecisions" " areare accomplishedaccomplished byby usingusing conditionalconditional
branchingbranching. . ConditionalConditional branchingbranching can be can be thoughtthought of as of as thethe "IF...THEN" "IF...THEN" 
structurestructure in 8051 in 8051 assemblyassembly languagelanguage. . 
thethe program program maymay onlyonly branchbranch toto instructionsinstructions locatedlocated withiwithinn 128 128 bytesbytes priorprior
toto oror 127 127 bytesbytes followingfollowing thethe addressaddress whichwhich followsfollows thethe conditionalconditional branchbranch
instructioninstruction. . ThisThis meansmeans thatthat in in thethe aboveabove exampleexample thethe labellabel HELLO HELLO mustmust
be be withinwithin +/+/-- 128 128 bytesbytes of of thethe memorymemory addressaddress whichwhich containscontains thethe
conditionalconditional branchingbranching instructioninstruction..
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DirectDirect JumpsJumps
WhileWhile conditionalconditional branchingbranching is is extremelyextremely importantimportant, it is , it is oftenoften
necessarynecessary toto makemake a a directdirect branchbranch toto a a givengiven memorymemory locationlocation
withoutwithout basingbasing it on a it on a givengiven logicallogical decisiondecision. . InIn thisthis casecase youyou
wantwant thethe program program flowflow toto continuecontinue at a at a givengiven memorymemory addressaddress
withoutwithout consideringconsidering anyany conditionsconditions. . 
ThisThis is is accomplishedaccomplished in in thethe 8051 8051 usingusing ""DirectDirect JumpJump andand CallCall" " 
instructionsinstructions. As . As illustratedillustrated in in thethe lastlast paragraphparagraph, , thisthis suitesuite of of 
instructionsinstructions causescauses program program flowflow toto changechange unconditionallyunconditionally. . 
ConsiderConsider thethe exampleexample: : 
LJMP NEW_ADDRESS...NEW_ADDRESS:....LJMP NEW_ADDRESS...NEW_ADDRESS:....
TheThe LJMP LJMP instructioninstruction in in thisthis exampleexample meansmeans "Long "Long JumpJump." ." 
WhenWhen thethe 8051 8051 executesexecutes thisthis instructioninstruction thethe PC is PC is loadedloaded withwith
thethe addressaddress of NEW_ADDRESS of NEW_ADDRESS andand program program executionexecution
continuescontinues sequentiallysequentially fromfrom therethere. . 
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Other JumpsOther Jumps
ItIt is is worthworth mentioningmentioning thatthat, aside , aside fromfrom LJMP, LJMP, therethere areare twotwo otherother
instructionsinstructions whichwhich causecause a a directdirect jumpjump toto occuroccur: : thethe SJMP SJMP andand AJMP AJMP 
commandscommands. . FunctionallyFunctionally, , thesethese twotwo commandscommands performperform thethe exactexact samesame
functionfunction as as thethe LJMP LJMP commandcommand----thatthat is is toto say, say, theythey alwaysalways causecause program program 
flowflow toto continuecontinue at at thethe addressaddress indicatedindicated byby thethe commandcommand. . HoweverHowever, SJMP , SJMP 
andand AJMP AJMP differdiffer in in thethe followingfollowing waysways: : 
TheThe SJMP SJMP commandcommand, , likelike thethe conditionalconditional branchingbranching instructionsinstructions, can , can onlyonly
jumpjump toto an an addressaddress withinwithin +/+/-- 128 128 bytesbytes of of thethe SJMP SJMP commandcommand. . 
TheThe AJMP AJMP commandcommand can can onlyonly jumpjump toto an an addressaddress thatthat is in is in thethe samesame 2k 2k 
blockblock of of memorymemory as as thethe AJMP AJMP commandcommand. . ThatThat is is toto say, say, ifif thethe AJMP AJMP 
commandcommand is at is at codecode memorymemory locationlocation 650h, it can 650h, it can onlyonly do a do a jumpjump toto
addressesaddresses 0000h 0000h throughthrough 07FFh (0 07FFh (0 throughthrough 2047, 2047, decimaldecimal). ). 
""WhyWhy wouldwould I I wantwant toto useuse thethe SJMP SJMP oror AJMP AJMP commandcommand whichwhich havehave
restrictionsrestrictions as as toto howhow far far theythey can can jumpjump ifif theythey do do thethe samesame thingthing as as thethe
LJMP LJMP commandcommand whichwhich can can jumpjump anywhereanywhere in in memorymemory?" ?" 
TheThe answeranswer is is simplesimple: : TheThe LJMP LJMP commandcommand requiresrequires threethree bytesbytes of of codecode
memorymemory whereaswhereas bothboth thethe SJMP SJMP andand AJMP AJMP commandscommands requirerequire onlyonly twotwo. . 
ThusThus, , ifif youyou areare developingdeveloping an an applicationapplication thatthat has has memorymemory restrictionsrestrictions youyou
can can oftenoften savesave quitequite a bit of a bit of memorymemory usingusing thethe 22--bytebyte AJMP/SJMP AJMP/SJMP 
instructionsinstructions insteadinstead of of thethe 33--bytebyte instructioninstruction. . 
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DirectDirect CallsCalls

AnotherAnother operationoperation thatthat willwill be be familiarfamiliar toto
programmersprogrammers is is thethe LCALL LCALL instructioninstruction. . ThisThis is is 
similarsimilar toto a "a "GosubGosub" " commandcommand in in BasicBasic. . 
WhenWhen thethe 8051 8051 executesexecutes an LCALL an LCALL instructioninstruction it it 
immediatelyimmediately pushespushes thethe currentcurrent Program Program CounterCounter
ontoonto thethe stackstack andand thenthen continuescontinues executingexecuting codecode at at 
thethe addressaddress indicatedindicated byby thethe LCALL LCALL instructioninstruction..
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ReturnsReturns fromfrom RoutinesRoutines
AnotherAnother structurestructure thatthat can can causecause program program flowflow toto
changechange is is thethe ""ReturnReturn fromfrom SubroutineSubroutine" " instructioninstruction, , 
knownknown as RET in 8051 as RET in 8051 AssemblyAssembly LanguageLanguage. . 
TheThe RET RET instructioninstruction, , whenwhen executedexecuted, , returnsreturns toto thethe
addressaddress followingfollowing thethe instructioninstruction thatthat calledcalled thethe givengiven
subroutinesubroutine. . MoreMore accuratelyaccurately, it , it returnsreturns toto thethe addressaddress
thatthat is is storedstored on on thethe stackstack. . 
TheThe RET RET commandcommand is is directdirect in in thethe sense sense thatthat it it 
alwaysalways changeschanges program program flowflow withoutwithout basingbasing it on a it on a 
conditioncondition, but is , but is variablevariable in in thethe sense sense thatthat wherewhere
program program flowflow continuescontinues can be can be differentdifferent eacheach time time thethe
RET RET instructioninstruction is is executedexecuted dependingdepending on on fromfrom
wherewhere thethe subroutinesubroutine waswas calledcalled originallyoriginally..
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InterruptsInterrupts

An An interruptinterrupt is a is a specialspecial featurefeature whichwhich allowsallows thethe 8051 8051 toto
provideprovide thethe illusionillusion of "of "multimulti--taskingtasking," ," althoughalthough in in realityreality thethe
8051 is 8051 is onlyonly doingdoing oneone thingthing at a time. at a time. TheThe wordword ""interruptinterrupt" " 
can can oftenoften be be subsitutedsubsituted withwith thethe wordword ""eventevent." ." 
An An interruptinterrupt is is triggeredtriggered wheneverwhenever a a correspondingcorresponding eventevent
occursoccurs. . WhenWhen thethe eventevent occursoccurs, , thethe 8051 8051 temporarilytemporarily putsputs "on "on 
holdhold" " thethe normal normal executionexecution of of thethe program program andand executesexecutes a a 
specialspecial sectionsection of of codecode referredreferred toto as an as an interruptinterrupt handlerhandler. . TheThe
interruptinterrupt handlerhandler performsperforms whateverwhatever specialspecial functionsfunctions areare
requiredrequired toto handlehandle thethe eventevent andand thenthen returnsreturns controlcontrol toto thethe
8051 at 8051 at whichwhich pointpoint program program executionexecution continuescontinues as as ifif it had it had 
nevernever beenbeen interruptedinterrupted
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8051 Instructions8051 Instructions
TheThe 8051 8051 operatesoperates basedbased on an on an externalexternal crystalcrystal. . ThisThis is an is an 
electricalelectrical device device whichwhich, , whenwhen energyenergy is is appliedapplied, , emitsemits pulsespulses
at a at a fixedfixed frequencyfrequency. . OneOne can can findfind crystalscrystals of of virtuallyvirtually anyany
frequencyfrequency dependingdepending on on thethe applicationapplication requirementsrequirements. . WhenWhen
usingusing an 8051, an 8051, thethe mostmost commoncommon crystalcrystal frequenciesfrequencies areare 12 12 
megahertz megahertz andand 11.059 megahertz11.059 megahertz----withwith 11.059 11.059 beingbeing muchmuch
moremore commoncommon. . 
TheThe fastestfastest instructionsinstructions requirerequire oneone machinemachine cyclecycle (12 (12 TT), ), 
manymany othersothers requirerequire twotwo machinemachine cyclescycles (24 (24 TT), ), andand thethe twotwo
veryvery slowslow mathmath operationsoperations requirerequire fourfour machinemachine cyclescycles (48 (48 TT).).
Since Since allall thethe instructionsinstructions requirerequire differentdifferent amountsamounts of time of time toto
executeexecute a a veryvery obviousobvious questionquestion comescomes toto mindmind: : HowHow can can oneone
keepkeep tracktrack of time in a timeof time in a time--criticalcritical applicationapplication ifif wewe havehave no no 
referencereference toto time in time in thethe outsideoutside worldworld? ? 
LuckilyLuckily, , thethe 8051 8051 includesincludes timerstimers whichwhich allowallow us us toto time time 
eventsevents withwith highhigh precisionprecision
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8051 timer8051 timer

TheThe 8051 8051 comescomes equippedequipped withwith twotwo timerstimers, , 
bothboth of of whichwhich maymay be be controlledcontrolled, set, , set, readread, , andand
configuredconfigured individuallyindividually. . TheThe 8051 8051 timerstimers havehave
threethree general general functionsfunctions: : 
1) 1) KeepingKeeping time time andand//oror calculatingcalculating thethe amountamount
of time of time betweenbetween eventsevents, , 
2) 2) CountingCounting thethe eventsevents themselvesthemselves, , oror
3) 3) GeneratingGenerating baud baud ratesrates forfor thethe serialserial portport. . 
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8051 timer8051 timer
A A timertimer alwaysalways countscounts upup. . ItIt doesn’tdoesn’t mattermatter whetherwhether thethe timertimer is is beingbeing usedused as as 

a a timertimer, a , a countercounter, , oror a baud a baud raterate generatorgenerator: A : A timertimer is is alwaysalways incrementedincremented byby
thethe microcontrollermicrocontroller..
HowHow longlong doesdoes a a timertimer taketake toto countcount??
FirstFirst, , it’sit’s worthworth mentioningmentioning thatthat whenwhen a a timertimer is in is in intervalinterval timertimer modemode (as (as 

opposedopposed toto eventevent countercounter modemode) ) andand correctlycorrectly configuredconfigured, it , it willwill incrementincrement byby
1 1 everyevery machinemachine cyclecycle. As . As youyou willwill recallrecall fromfrom thethe previousprevious slideslide, a , a singlesingle
machinemachine cyclecycle consistsconsists of 12 of 12 crystalcrystal pulsespulses. . ThusThus a a runningrunning timertimer willwill be be 
incrementedincremented: : 
11,059,000 / 12 = 921,583 11,059,000 / 12 = 921,583 Times/secTimes/sec
ThusThus ifif a a timertimer has has countedcounted fromfrom 0 0 toto 50,000 50,000 youyou maymay calculatecalculate: : 

50,000 / 921,583 = .0542 50,000 / 921,583 = .0542 SecSec
ThusThus, , wewe nownow havehave a a systemsystem withwith whichwhich toto measuremeasure time. time. AllAll wewe needneed toto
reviewreview is is howhow toto controlcontrol thethe timerstimers andand initializeinitialize themthem toto provideprovide us us withwith thethe
informationinformation wewe needneed..
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8051 timer8051 timer
TheThe 8051 has 8051 has twotwo timerstimers whichwhich eacheach functionfunction thethe samesame
wayway. . OneOne timertimer is TIMER0 is TIMER0 andand thethe otherother is TIMER1. is TIMER1. TheThe
twotwo timerstimers shareshare twotwo SFRsSFRs (TMOD (TMOD andand TCON) TCON) whichwhich
controlcontrol thethe timerstimers, , andand eacheach timertimer alsoalso has has twotwo SFRsSFRs
dedicateddedicated solelysolely toto itselfitself (TH0/TL0 (TH0/TL0 andand TH1/TL1). TH1/TL1). 
We’veWe’ve givengiven SFRsSFRs namesnames toto makemake it it easiereasier toto referrefer toto themthem, , 

MOV TH0,#25h MOV TH0,#25h or or MOV 8Ch,#25h MOV 8Ch,#25h 
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WhenWhen youyou enterenter thethe name of an SFR name of an SFR intointo an an 
assemblerassembler, it , it internallyinternally convertsconverts it it toto a a numbernumber. . 
ForFor exampleexample, , thethe commandcommand: : 
MOV TH0,#25h MOV TH0,#25h 
movesmoves thethe valuevalue 25h 25h intointo thethe TH0 SFR. TH0 SFR. 
HoweverHowever, since TH0 is , since TH0 is thethe samesame as SFR as SFR 
addressaddress 8Ch 8Ch thisthis commandcommand is is equivalentequivalent toto: : 
MOV 8Ch,#25h MOV 8Ch,#25h 
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Timer0 and Timer1Timer0 and Timer1
TimerTimer 0 has 0 has twotwo SFRsSFRs dedicateddedicated exclusivelyexclusively toto itselfitself: TH0 : TH0 andand
TL0. TL0. WithoutWithout makingmaking thingsthings tootoo complicatedcomplicated toto start start offoff withwith, , 
youyou maymay justjust thinkthink of of thisthis as as thethe highhigh andand lowlow bytebyte of of thethe
timertimer. . ThatThat is is toto say, say, whenwhen TimerTimer 0 has a 0 has a valuevalue of 0, of 0, bothboth TH0 TH0 
andand TL0 TL0 willwill containcontain 0. 0. WhenWhen TimerTimer 0 has 0 has thethe valuevalue 1000, 1000, 
TH0 TH0 willwill holdhold thethe highhigh bytebyte of of thethe valuevalue (3 (3 decimaldecimal) ) andand TL0 TL0 
willwill containcontain thethe lowlow bytebyte of of thethe valuevalue (232 (232 decimaldecimal). ). 
ReviewingReviewing lowlow//highhigh bytebyte notationnotation, , recallrecall thatthat youyou mustmust
multiplymultiply thethe highhigh bytebyte byby 256 256 andand addadd thethe lowlow bytebyte toto calculatecalculate
thethe final final valuevalue. . ThatThat is is toto say: say: 
TH0 * 256 + TL0 = 1000TH0 * 256 + TL0 = 1000
3 * 256 + 232 = 1000 3 * 256 + 232 = 1000 
thethe maximummaximum valuevalue a a timertimer maymay havehave is 65,535. is 65,535. IfIf a a timertimer
containscontains thethe valuevalue 65,535 65,535 andand is is subsequentlysubsequently incrementedincremented, it , it 
willwill resetreset----oror overflowoverflow----backback toto 0. 0. 
TimerTimer 1 1 worksworks thethe exactexact samesame wayway, but , but it’sit’s SFRsSFRs areare TH1 TH1 andand
TL1. TL1. 
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TheThe TMOD TMOD (89H) (89H) SFRSFR
The TMOD SFR is used to control the mode of operation of both timers. Each bit of 
the SFR gives the microcontroller specific information concerning how to run a timer. 
The high four bits (bits 4 through 7) relate to Timer 1 whereas the low four bits (bits 0 
through 3) perform the exact same functions, but for timer 0. 
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TheThe TMOD TMOD (89H) (89H) SFRSFR
Some bits for TMOD require the following information
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TheThe TMOD TMOD (89H) (89H) SFRSFR
1313--bit Time bit Time ModeMode ((modemode 0)0)

TimerTimer modemode "0" is a 13"0" is a 13--bit bit timertimer. . WhenWhen thethe timertimer is in 13is in 13--bit bit modemode, , TLxTLx willwill
countcount fromfrom 0 0 toto 31. 31. WhenWhen TLxTLx is is incrementedincremented fromfrom 31, it 31, it willwill ""resetreset" " toto 0 0 andand
incrementincrement THxTHx. . ThusThus, , effectivelyeffectively, , onlyonly 13 13 bitsbits of of thethe twotwo timertimer bytesbytes areare beingbeing
usedused: : bitsbits 00--4 of 4 of TLxTLx andand bitsbits 00--7 of 7 of THxTHx. . ThisThis alsoalso meansmeans, in , in essenceessence, , thethe
timertimer can can onlyonly containcontain 8192 8192 valuesvalues. . IfIf youyou set a 13set a 13--bit bit timertimer toto 0, it 0, it willwill
overflowoverflow backback toto zerozero 8192 8192 machinemachine cyclescycles laterlater. . (not much used!)(not much used!)

1616--bit Time bit Time ModeMode ((modemode 1)1)
TimerTimer modemode "1" is a 16"1" is a 16--bit bit timertimer. . ThisThis is a is a veryvery commonlycommonly usedused modemode. . ItIt
functionsfunctions justjust likelike 1313--bit bit modemode exceptexcept thatthat allall 16 16 bitsbits areare usedused. . 
TLxTLx is is incrementedincremented fromfrom 0 0 toto 255. 255. WhenWhen TLxTLx is is incrementedincremented fromfrom 255, it 255, it 
resetsresets toto 0 0 andand causescauses THxTHx toto be be incrementedincremented byby 1. Since 1. Since thisthis is a is a fullfull 1616--bit bit 
timertimer, , thethe timertimer maymay containcontain upup toto 65536 65536 distinctdistinct valuesvalues. . IfIf youyou set a 16set a 16--bit bit 
timertimer toto 0, it 0, it willwill overflowoverflow backback toto 0 0 afterafter 65,536 65,536 machinemachine cyclescycles. . 

88--bit Time bit Time ModeMode ((modemode 2)2)
TimerTimer modemode "2" is an 8"2" is an 8--bit bit autoauto--reloadreload modemode. . WhenWhen a a timertimer is in is in modemode 2, 2, 
THxTHx holdsholds thethe ""reloadreload valuevalue" " andand TLxTLx is is thethe timertimer itselfitself. . ThusThus, , TLxTLx startsstarts
countingcounting upup. . WhenWhen TLxTLx reachesreaches 255 255 andand is is subsequentlysubsequently incrementedincremented, , insteadinstead
of of resettingresetting toto 0 (as in 0 (as in thethe casecase of of modesmodes 0 0 andand 1), it 1), it willwill be be resetreset toto thethe valuevalue
storedstored in in THxTHx..
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TheThe TMOD TMOD (89H) (89H) SFRSFR
ForFor exampleexample, , let’slet’s say TH0 say TH0 holdsholds thethe
valuevalue FDhFDh andand TL0 TL0 holdsholds thethe valuevalue
FEhFEh. . IfIf wewe werewere toto watchwatch thethe valuesvalues of of 
TH0 TH0 andand TL0 TL0 forfor a a fewfew machinemachine
cyclescycles thisthis is is whatwhat we’dwe’d seesee: : 
As As youyou can can seesee, , thethe valuevalue of TH0 of TH0 
nevernever changedchanged. . InIn factfact, , whenwhen youyou useuse
modemode 2 2 youyou almostalmost alwaysalways set set THxTHx toto
a a knownknown valuevalue andand TLxTLx is is thethe SFR SFR thatthat
is is constantlyconstantly incrementedincremented..
PerhapsPerhaps youyou wantwant thethe timertimer toto alwaysalways
havehave a a valuevalue fromfrom 200 200 toto 255. 255. IfIf youyou
useuse modemode 0 0 oror 1, 1, you’dyou’d havehave toto checkcheck
in in codecode toto seesee ifif thethe timertimer had had 
overflowedoverflowed andand, , ifif soso, , resetreset thethe timertimer
toto 200. 200. WhenWhen youyou useuse modemode 2 2 thethe
microcontrollermicrocontroller takestakes carecare of of thisthis forfor
youyou. . OnceOnce you’veyou’ve configuredconfigured a a timertimer
in in modemode 2 2 youyou don’tdon’t havehave toto worryworry
aboutabout checkingchecking toto seesee ifif thethe timertimer has has 
overflowedoverflowed nornor do do youyou havehave toto worryworry
aboutabout resettingresetting thethe valuevalue..
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SplitSplit TimerTimer ModeMode ((modemode 3)3)

TimerTimer modemode "3" is a "3" is a splitsplit--timertimer modemode. . WhenWhen TimerTimer 0 is 0 is placedplaced
in in modemode 3, it 3, it essentiallyessentially becomesbecomes twotwo separateseparate 88--bit bit timerstimers. . 
ThatThat is is toto say, say, TimerTimer 0 is TL0 0 is TL0 andand TimerTimer 1 is TH0. 1 is TH0. BothBoth timerstimers
countcount fromfrom 0 0 toto 255 255 andand overflowoverflow backback toto 0. 0. AllAll thethe bitsbits thatthat
areare relatedrelated toto TimerTimer 1 1 willwill nownow be be tiedtied toto TH0. TH0. 
WhileWhile TimerTimer 0 is in 0 is in splitsplit modemode, , thethe realreal TimerTimer 1 (i.e. TH1 1 (i.e. TH1 andand
TL1) can be put TL1) can be put intointo modesmodes 0, 1 0, 1 oror 2 2 normallynormally----howeverhowever, , youyou
maymay not start not start oror stop stop thethe realreal timertimer 1 since 1 since thethe bitsbits thatthat do do thatthat
areare nownow linkedlinked toto TH0. TH0. TheThe realreal timertimer 1, in 1, in thisthis casecase, , willwill be be 
incrementedincremented everyevery machinemachine cyclecycle no no mattermatter whatwhat. . 
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TheThe TCON TCON (88H) (88H) SFRSFR

FinallyFinally, , there’sthere’s oneone moremore SFR SFR thatthat controlscontrols thethe twotwo timerstimers andand
providesprovides valuablevaluable informationinformation aboutabout themthem..
As As youyou maymay noticenotice, , we’vewe’ve onlyonly defineddefined 4 of 4 of thethe 8 8 bitsbits. . That’sThat’s
becausebecause thethe otherother 4 4 bitsbits of of thethe SFR SFR don’tdon’t havehave anythinganything toto do do 
withwith timerstimers----theythey havehave toto do do withwith InterruptsInterrupts!!
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TheThe TCON TCON (88H) (88H) SFRSFR
SFR is "bitSFR is "bit--addressableaddressable." ." WhatWhat doesdoes thisthis meanmean? ? ItIt meansmeans ifif
youyou wantwant toto set set thethe bit TF1bit TF1----whichwhich is is thethe highesthighest bit of TCONbit of TCON--
--youyou couldcould executeexecute thethe commandcommand: : 

MOV TCON, #80h MOV TCON, #80h 
... ... oror, since , since thethe SFR is bitSFR is bit--addressableaddressable, , youyou couldcould justjust executeexecute
thethe commandcommand: : 

SETB TF1 SETB TF1 
ThisThis has has thethe benefitbenefit of of settingsetting thethe highhigh bit of TCON bit of TCON withoutwithout
changingchanging thethe valuevalue of of anyany of of thethe otherother bitsbits of of thethe SFR. SFR. UsuallyUsually
whenwhen youyou start start oror stop a stop a timertimer youyou don’tdon’t wantwant toto modifymodify thethe
otherother valuesvalues in TCON, in TCON, soso youyou taketake advantageadvantage of of thethe factfact thatthat
thethe SFR is bitSFR is bit--addressableaddressable. . 
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InitializingInitializing a a TimerTimer
NowNow thatthat we’vewe’ve discusseddiscussed thethe timertimer--relatedrelated SFRsSFRs wewe areare readyready toto writewrite
codecode thatthat willwill initializeinitialize thethe timertimer andand start it start it runningrunning. . 
As As you’llyou’ll recallrecall, , wewe firstfirst mustmust decidedecide whatwhat modemode wewe wantwant thethe timertimer toto be be 
in. in. InIn thisthis casecase wewe wantwant a 16a 16--bit bit timertimer thatthat runsruns continuouslycontinuously; ; thatthat is is toto say, say, 
it is not it is not dependentdependent on on anyany externalexternal pinspins. . 
WeWe mustmust firstfirst initializeinitialize thethe TMOD SFR. Since TMOD SFR. Since wewe areare workingworking withwith timertimer 0 0 
wewe willwill be be usingusing thethe lowestlowest 4 4 bitsbits of TMOD. of TMOD. TheThe firstfirst twotwo bitsbits, GATE0 , GATE0 
andand C/T0 C/T0 areare bothboth 0 since 0 since wewe wantwant thethe timertimer toto be be independentindependent of of thethe
externalexternal pinspins. 16. 16--bit bit modemode is is timertimer modemode 1 1 soso wewe mustmust clearclear T0M1 T0M1 andand set set 
T0M0. T0M0. EffectivelyEffectively, , thethe onlyonly bit bit wewe wantwant toto turnturn on is bit 0 of TMOD. on is bit 0 of TMOD. ThusThus
toto initializeinitialize thethe timertimer wewe executeexecute thethe instructioninstruction: : 

MOV TMOD,#01h MOV TMOD,#01h 
TimerTimer 0 is 0 is nownow in 16in 16--bit bit timertimer modemode. . HoweverHowever, , thethe timertimer is not is not runningrunning. . ToTo
start start thethe timertimer runningrunning wewe mustmust set set thethe TR0 bit TR0 bit 

SETB TR0 SETB TR0 
UponUpon executingexecuting thesethese twotwo instructionsinstructions timertimer 0 0 willwill immediatelyimmediately beginbegin
countingcounting, , beingbeing incrementedincremented onceonce everyevery machinemachine cyclecycle..
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ReadingReading thethe valuevalue of a of a TimerTimer
IfIf youryour timertimer is in an 8is in an 8--bit bit modemode----thatthat is, is, eithereither 88--bit bit AutoReloadAutoReload modemode oror
in in splitsplit timertimer modemode----thenthen readingreading thethe valuevalue of of thethe timertimer is is simplesimple. . YouYou
simplysimply readread thethe 11--bytebyte valuevalue of of thethe timertimer andand you’reyou’re done. done. 
HoweverHowever, , ifif you’reyou’re dealingdealing withwith a 13a 13--bit bit oror 1616--bit bit timertimer thethe chorechore is a is a littlelittle
moremore complicatedcomplicated. . ConsiderConsider whatwhat wouldwould happenhappen ifif youyou readread thethe lowlow bytebyte of of 
thethe timertimer as 255, as 255, thenthen readread thethe highhigh bytebyte of of thethe timertimer as 15. as 15. InIn thisthis casecase, , 
whatwhat actuallyactually happenedhappened waswas thatthat thethe timertimer valuevalue waswas 14/255 (14/255 (highhigh bytebyte 14, 14, 
lowlow bytebyte 255) but 255) but youyou readread 15/255. 15/255. WhyWhy? ? BecauseBecause youyou readread thethe lowlow bytebyte as as 
255. But 255. But whenwhen youyou executedexecuted thethe next next instructioninstruction a a smallsmall amountamount of time of time 
passedpassed----but but enoughenough forfor thethe timertimer toto incrementincrement againagain at at whichwhich time time thethe valuevalue
rolledrolled overover fromfrom 14/255 14/255 toto 15/0. But in 15/0. But in thethe processprocess you’veyou’ve readread thethe timertimer as as 
beingbeing 15/255. 15/255. ObviouslyObviously there’sthere’s a problem a problem therethere. . 
TheThe solutionsolution? ? It’sIt’s not not tootoo trickytricky, , reallyreally. . YouYou readread thethe highhigh bytebyte of of thethe timertimer, , 
thenthen readread thethe lowlow bytebyte, , thenthen readread thethe highhigh bytebyte againagain. . IfIf thethe highhigh bytebyte readread
thethe secondsecond time is not time is not thethe samesame as as thethe highhigh bytebyte readread thethe firstfirst time time youyou
repeatrepeat thethe cyclecycle. . InIn codecode, , thisthis wouldwould appearappear as: as: 

REPEAT:MOV A,TH0REPEAT:MOV A,TH0
MOV R0,TL0MOV R0,TL0
CJNE A,TH0,REPEATCJNE A,TH0,REPEAT
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ReadingReading thethe valuevalue of a of a TimerTimer

AnotherAnother muchmuch simplersimpler alternativealternative is is toto simplysimply turnturn offoff
thethe timertimer runrun bit (i.e. CLR TR0), bit (i.e. CLR TR0), readread thethe timertimer valuevalue, , 
andand thenthen turnturn on on thethe timertimer runrun bit (i.e. SETB TR0). bit (i.e. SETB TR0). InIn
thatthat casecase, , thethe timertimer isn’tisn’t runningrunning soso no no specialspecial trickstricks
areare necessarynecessary. Of . Of coursecourse, , thisthis impliesimplies thatthat youryour timertimer
willwill be be stoppedstopped forfor a a fewfew machinemachine cyclescycles. . WhetherWhether oror
not not thisthis is is tolerabletolerable dependsdepends on on youryour specificspecific
applicationapplication..
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Checking for Timer ResetChecking for Timer Reset
OftenOften it is it is necessarynecessary toto justjust knowknow thatthat thethe timertimer has has resetreset toto 0. 0. 
WheneverWhenever a a timertimer overflowsoverflows fromfrom it’sit’s highesthighest valuevalue backback toto 0, 0, thethe
microcontrollermicrocontroller automaticallyautomatically setssets thethe TFxTFx bit in bit in thethe TCON TCON registerregister. . ThisThis is is 
usefuluseful since since ratherrather thanthan checkingchecking thethe exactexact valuevalue of of thethe timertimer youyou can can justjust
checkcheck ifif thethe TFxTFx bit is set. bit is set. IfIf TF0 is set it TF0 is set it meansmeans thatthat timertimer 0 has 0 has 
overflowedoverflowed; ; ifif TF1 is set it TF1 is set it meansmeans thatthat timertimer 1 has 1 has overflowedoverflowed. . 
WeWe can can useuse thisthis approachapproach toto causecause thethe program program toto executeexecute a a fixedfixed delaydelay. . 
it it takestakes thethe 8051 1/20th of a 8051 1/20th of a secondsecond toto countcount fromfrom 0 0 toto 46,079. 46,079. HoweverHowever, , 
thethe TFxTFx flagflag is set is set whenwhen thethe timertimer overflowsoverflows backback toto 0. 0. ThusThus, , ifif wewe wantwant toto
useuse thethe TFxTFx flagflag toto indicateindicate whenwhen 1/20th of a 1/20th of a secondsecond has has passedpassed wewe mustmust
set set thethe timertimer initiallyinitially toto 65536 65536 lessless 46079, 46079, oror 19,457. 19,457. IfIf wewe set set thethe timertimer toto
19,457, 1/20th of a 19,457, 1/20th of a secondsecond laterlater thethe timertimer willwill overflowoverflow. . ThusThus wewe comecome upup
withwith thethe followingfollowing codecode toto executeexecute a a pausepause of 1/20th of a of 1/20th of a secondsecond: : 
MOV TH0,#76MOV TH0,#76;;HighHigh bytebyte of 19,457 (76 * 256 = 19,456)of 19,457 (76 * 256 = 19,456)
MOV TL0,#01MOV TL0,#01;;LowLow bytebyte of 19,457 (19,456 + 1 = 19,457)of 19,457 (19,456 + 1 = 19,457)
MOV TMOD,#01MOV TMOD,#01;Put ;Put TimerTimer 0 in 160 in 16--bit bit modemode
SETB TR0SETB TR0;;MakeMake TimerTimer 0 start 0 start countingcounting
JNB TF0,$JNB TF0,$;;IfIf TF0 is not set, TF0 is not set, jumpjump backback toto thisthis samesame instructioinstructionn
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Checking for Timer ResetChecking for Timer Reset
InIn thethe aboveabove codecode thethe firstfirst twotwo lineslines initializeinitialize thethe
TimerTimer 0 0 startingstarting valuevalue toto 19,457. 19,457. TheThe next next twotwo
instructionsinstructions configureconfigure timertimer 0 0 andand turnturn it on. it on. FinallyFinally, , 
thethe lastlast instructioninstruction JNB TF0,$JNB TF0,$, , readsreads ""JumpJump, , ifif TF0 TF0 
is not set, is not set, backback toto thisthis samesame instructioninstruction." ." TheThe "$" "$" 
operandoperand meansmeans, in , in mostmost assemblersassemblers, , thethe addressaddress of of thethe
currentcurrent instructioninstruction. . ThusThus as as longlong as as thethe timertimer has not has not 
overflowedoverflowed andand thethe TF0 bit has not TF0 bit has not beenbeen set set thethe
program program willwill keepkeep executingexecuting thisthis samesame instructioninstruction. . 
AfterAfter 1/20th of a 1/20th of a secondsecond timertimer 0 0 willwill overflowoverflow, set , set thethe
TF0 bit, TF0 bit, andand program program executionexecution willwill thenthen break break outout of of 
thethe looploop. . 
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TimingTiming thethe lengthlength of of eventsevents
ForFor exampleexample, , let'slet's say say we'rewe're interestedinterested in in howhow longlong a a lightlight is is 
turnedturned on on eacheach dayday. . WhenWhen thethe lightlight is is turnedturned on, on, wewe wantwant toto
measuremeasure time. time. WhenWhen thethe lightlight is is turnedturned offoff wewe don'tdon't. . OneOne
optionoption wouldwould be be toto connectconnect thethe lightswitchlightswitch toto oneone of of thethe pinspins, , 
constantlyconstantly readread thethe pinpin, , andand turnturn thethe timertimer on on oror offoff basedbased on on 
thethe statestate of of thatthat pinpin. . WhileWhile thisthis wouldwould workwork finefine, , thethe 8051 8051 
providesprovides us us withwith an an easiereasier methodmethod of of accomplishingaccomplishing thisthis. . 
LookingLooking againagain at at thethe TMOD SFR, TMOD SFR, therethere is a bit is a bit calledcalled GATE0. GATE0. 
SoSo far far we'vewe've alwaysalways clearedcleared thisthis bit bit becausebecause wewe wantedwanted thethe
timertimer toto runrun regardlessregardless of of thethe statestate of of thethe externalexternal pinspins. . 
HoweverHowever, , nownow it it wouldwould be nice be nice ifif an an externalexternal pinpin couldcould controlcontrol
whetherwhether thethe timertimer waswas runningrunning oror not. not. ItIt can. can. AllAll wewe needneed toto do do 
is is connectconnect thethe lightswitchlightswitch toto pinpin INT0 (P3.2) on INT0 (P3.2) on thethe 8051 8051 andand
set set thethe bit GATE0. bit GATE0. WhenWhen GATE0 is set GATE0 is set TimerTimer 0 0 willwill onlyonly runrun
ifif P3.2 is P3.2 is highhigh. . WhenWhen P3.2 is P3.2 is lowlow (i.e., (i.e., thethe lightswitchlightswitch is is offoff) ) 
thethe timertimer willwill automaticallyautomatically be be stoppedstopped. . 
ThusThus, , withwith no no controlcontrol codecode whatsoeverwhatsoever, , thethe externalexternal pinpin P3.2 P3.2 
can can controlcontrol whetherwhether oror not not ourour timertimer is is runningrunning oror not.not.
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USING TIMERS AS EVENT COUNTERSUSING TIMERS AS EVENT COUNTERS

We'veWe've discusseddiscussed howhow a a timertimer can be can be usedused forfor thethe obviousobvious purposepurpose of of 
keepingkeeping tracktrack of time. of time. HoweverHowever, , thethe 8051 8051 alsoalso allowsallows us us toto useuse thethe timerstimers
toto countcount eventsevents. . 
HowHow can can thisthis be be usefuluseful? ? Let'sLet's say say youyou had a had a sensorsensor placedplaced acrossacross a a roadroad
thatthat wouldwould sendsend a a pulsepulse everyevery time a car time a car passedpassed overover it. it. ThisThis couldcould be be usedused
toto determinedetermine thethe volumevolume of of traffictraffic on on thethe roadroad. . WeWe couldcould attachattach thisthis sensorsensor
toto oneone of of thethe 8051's I/O 8051's I/O lineslines andand constantlyconstantly monitormonitor it, it, detectingdetecting whenwhen it it 
pulsedpulsed highhigh andand thenthen incrementingincrementing ourour countercounter whenwhen it it wentwent backback toto a a lowlow
statestate. . ThisThis is not is not terriblyterribly difficultdifficult, but , but requiresrequires somesome codecode. . Let'sLet's say say wewe
hookedhooked thethe sensorsensor toto P1.0; P1.0; thethe codecode toto countcount carscars passingpassing wouldwould looklook
somethingsomething likelike thisthis: : 

JNB P1.0,$;JNB P1.0,$;IfIf a car a car hasn'thasn't raisedraised thethe signalsignal, , keepkeep waitingwaiting
JB P1.0,$;JB P1.0,$;TheThe lineline is is highhigh whichwhich meansmeans thethe car is on car is on thethe sensorsensor rightright nownow
INC COUNTER;INC COUNTER;TheThe car has car has passedpassed completelycompletely, , soso wewe countcount itit

As As youyou can can seesee, , it'sit's onlyonly threethree lineslines of of codecode. But . But whatwhat ifif youyou needneed toto be be 
doingdoing otherother processingprocessing at at thethe samesame time? time? YouYou can'tcan't be be stuckstuck in in thethe JNB JNB 
P1.0,$ P1.0,$ looploop waitingwaiting forfor a car a car toto passpass ifif youyou needneed toto be be doingdoing otherother thingsthings. . 
Of Of coursecourse, , therethere areare waysways toto getget aroundaround eveneven thisthis limitationlimitation but but thethe codecode
quicklyquickly becomesbecomes bigbig, , complexcomplex, , andand uglyugly. . 
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USING TIMERS AS EVENT COUNTERSUSING TIMERS AS EVENT COUNTERS

Let'sLet's say say wewe wantwant toto useuse TimerTimer 0 0 toto countcount thethe numbernumber of of carscars
thatthat passpass. . IfIf youyou looklook backback toto thethe bit bit tabletable forfor thethe TCON SFR TCON SFR 
therethere is a bit is a bit calledcalled "C/T0""C/T0"----it'sit's bit 2 (TCON.2). bit 2 (TCON.2). 
ReviewingReviewing thethe explanationexplanation of of thethe bit bit wewe seesee thatthat ifif thethe bit is bit is 
clearclear thenthen timertimer 0 0 willwill be be incrementedincremented everyevery machinemachine cyclecycle. . 
ThisThis is is whatwhat we'vewe've alreadyalready usedused toto measuremeasure time. time. HoweverHowever, , ifif
wewe set C/T0 set C/T0 timertimer 0 0 willwill monitormonitor thethe P3.4 P3.4 lineline. . InsteadInstead of of 
beingbeing incrementedincremented everyevery machinemachine cyclecycle, , timertimer 0 0 willwill countcount
eventsevents on on thethe P3.4 P3.4 lineline. . SoSo in in ourour casecase wewe simplysimply connectconnect ourour
sensorsensor toto P3.4 P3.4 andand letlet thethe 8051 do 8051 do thethe workwork. . ThenThen, , whenwhen wewe
wantwant toto knowknow howhow manymany carscars havehave passedpassed, , wewe justjust readread thethe
valuevalue of of timertimer 00----thethe valuevalue of of timertimer 0 0 willwill be be thethe numbernumber of of 
carscars thatthat havehave passedpassed..
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USING TIMERS AS EVENT COUNTERSUSING TIMERS AS EVENT COUNTERS

SoSo whatwhat exactlyexactly is an is an eventevent? ? WhatWhat doesdoes timertimer 0 0 actuallyactually
""countcount?" ?" SpeakingSpeaking at at thethe electricalelectrical levellevel, , thethe 8051 8051 countscounts 11--0 0 
transitionstransitions on on thethe P3.4 P3.4 lineline. . ThisThis meansmeans thatthat whenwhen a car a car firstfirst
runsruns overover ourour sensorsensor it it willwill raiseraise thethe inputinput toto a a highhigh ("1") ("1") 
conditioncondition. At . At thatthat pointpoint thethe 8051 8051 willwill not not countcount anythinganything since since 
thisthis is a 0is a 0--1 1 transitiontransition. . HoweverHowever, , whenwhen thethe car has car has passedpassed thethe
sensorsensor willwill fallfall backback toto a a lowlow ("0") ("0") statestate. . ThisThis is a 1is a 1--0 0 
transitiontransition andand at at thatthat instantinstant thethe countercounter willwill be be incrementedincremented
byby 1. 1. 
ItIt is is importantimportant toto notenote thatthat thethe 8051 8051 checkschecks thethe P3.4 P3.4 lineline eacheach
instructioninstruction cyclecycle (12 (12 clockclock cyclescycles). ). ThisThis meansmeans thatthat ifif P3.4 is P3.4 is 
lowlow, , goesgoes highhigh, , andand goesgoes backback lowlow in 6 in 6 clockclock cyclescycles it it willwill
probablyprobably not be not be detecteddetected byby thethe 80518051
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Serial Port InterfaceSerial Port Interface
OneOne of of thethe 8051’s 8051’s manymany powerfulpowerful featuresfeatures is is it’sit’s integratedintegrated
UARTUART, , otherwiseotherwise knownknown as a as a serialserial portport. . TheThe factfact thatthat thethe 8051 8051 
has an has an integratedintegrated serialserial portport meansmeans thatthat youyou maymay veryvery easilyeasily readread
andand writewrite valuesvalues toto thethe serialserial portport. . IfIf it it werewere not not forfor thethe integratedintegrated
serialserial portport, , writingwriting a a bytebyte toto a a serialserial lineline wouldwould be a be a ratherrather
tedioustedious processprocess requringrequring turningturning on on andand offoff oneone of of thethe I/O I/O lineslines
in in rapidrapid successionsuccession toto properlyproperly ""clockclock outout" " eacheach individualindividual bit, bit, 
includingincluding start start bitsbits, stop , stop bitsbits, , andand parityparity bitsbits. . HoweverHowever, , wewe do not do not 
havehave toto do do thisthis. . InsteadInstead, , wewe simplysimply needneed toto configureconfigure thethe serialserial
port’sport’s operationoperation modemode andand baud baud raterate. . 
OnceOnce configuredconfigured, , allall wewe havehave toto do is do is writewrite toto an SFR an SFR toto writewrite a a 
valuevalue toto thethe serialserial portport oror readread thethe samesame SFR SFR toto readread a a valuevalue fromfrom
thethe serialserial portport. . TheThe 8051 8051 willwill automaticallyautomatically letlet us us knowknow whenwhen it it 
has has finishedfinished sendingsending thethe charactercharacter wewe wrotewrote andand willwill alsoalso letlet us us 
knowknow wheneverwhenever it has it has receivedreceived a a bytebyte soso thatthat wewe can can processprocess it. it. 
WeWe do not do not havehave toto worryworry aboutabout transmissiontransmission at at thethe bit bit levellevel----
whichwhich savessaves us us quitequite a bit of a bit of codingcoding andand processingprocessing time.time.
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SettingSetting thethe SerialSerial PortPort ModeMode

TheThe firstfirst thingthing wewe mustmust do do whenwhen usingusing thethe
8051’s 8051’s integratedintegrated serialserial portport is, is, obviouslyobviously, , 
configureconfigure it. it. ThisThis letslets us us telltell thethe 8051 8051 howhow
manymany data data bitsbits wewe wantwant, , thethe baud baud raterate wewe willwill
be be usingusing, , andand howhow thethe baud baud raterate willwill be be 
determineddetermined. . 
FirstFirst, , let’slet’s presentpresent thethe ""SerialSerial ControlControl" " 
(SCON) SFR (SCON) SFR andand define define whatwhat eacheach bit of bit of thethe
SFR SFR representsrepresents::
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SettingSetting thethe SerialSerial PortPort ModeMode
Serial Port Control and Status Register (SCON)
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SettingSetting thethe SerialSerial PortPort ModeMode
TheThe SCON SFR SCON SFR allowsallows us us toto configureconfigure thethe SerialSerial PortPort. . TheThe firstfirst fourfour bitsbits
((bitsbits 4 4 throughthrough 7) 7) areare configurationconfiguration bitsbits. . 
BitsBits SM0SM0 andand SM1SM1 letlet us set us set thethe serialserial modemode toto a a valuevalue betweenbetween 0 0 andand 3, 3, 
inclusiveinclusive. . TheThe fourfour modesmodes areare defineddefined in in thethe chartchart immediatelyimmediately aboveabove. As . As 
youyou can can seesee, , selectingselecting thethe SerialSerial ModeMode selectsselects thethe modemode of of operationoperation (8(8--
bit/9bit/9--bit, UART bit, UART oror ShiftShift RegisterRegister) ) andand alsoalso determinesdetermines howhow thethe baud baud raterate
willwill be be calculatedcalculated. . InIn modesmodes 0 0 andand 2 2 thethe baud baud raterate is is fixedfixed basedbased on on thethe
oscillator’soscillator’s frequencyfrequency. . InIn modesmodes 1 1 andand 3 3 thethe baud baud raterate is is variablevariable basedbased on on 
howhow oftenoften TimerTimer 1 1 overflowsoverflows. . We’llWe’ll talk talk moremore aboutabout thethe variousvarious SerialSerial
ModesModes in a moment. in a moment. 
TheThe next bit, next bit, SM2SM2, is a , is a flagflag forfor ""MultiprocessorMultiprocessor communicationcommunication." ." 
GenerallyGenerally, , wheneverwhenever a a bytebyte has has beenbeen receivedreceived thethe 8051 8051 willwill set set thethe "RI" "RI" 
((ReceiveReceive InterruptInterrupt) ) flagflag. . ThisThis letslets thethe program program knowknow thatthat a a bytebyte has has beenbeen
receivedreceived andand thatthat it it needsneeds toto be be processedprocessed. . HoweverHowever, , whenwhen SM2 is set SM2 is set thethe
"RI" "RI" flagflag willwill onlyonly be be triggeredtriggered ifif thethe 9th bit 9th bit receivedreceived waswas a "1". a "1". ThatThat is is toto
say, say, ifif SM2 is set SM2 is set andand a a bytebyte is is receivedreceived whosewhose 9th bit is 9th bit is clearclear, , thethe RI RI flagflag
willwill nevernever be set. be set. ThisThis can be can be usefuluseful in in certaincertain advancedadvanced serialserial applicationsapplications. . 
ForFor nownow it is it is safesafe toto say say thatthat youyou willwill almostalmost alwaysalways wantwant toto clearclear thisthis bit bit soso
thatthat thethe flagflag is set is set uponupon receptionreception of of anyany charactercharacter. . 
TheThe next bit, next bit, RENREN, is ", is "ReceiverReceiver EnableEnable."."



Ali Ziya AlkarAli Ziya Alkar 6969

SettingSetting thethe SerialSerial PortPort ModeMode
TheThe lastlast fourfour bitsbits ((bitsbits 0 0 throughthrough 3) 3) areare operationaloperational bitsbits. . TheyThey areare usedused whenwhen
actuallyactually sendingsending andand receivingreceiving datadata----theythey areare not not usedused toto configureconfigure thethe serialserial portport. . 
TheThe TB8TB8 bit is bit is usedused in in modesmodes 2 2 andand 3. 3. InIn modesmodes 2 2 andand 3, a 3, a totaltotal of nine data of nine data bitsbits areare
transmittedtransmitted. . TheThe firstfirst 8 data 8 data bitsbits areare thethe 8 8 bitsbits of of thethe mainmain valuevalue, , andand thethe ninthninth bit is bit is 
takentaken fromfrom TB8. TB8. IfIf TB8 is set TB8 is set andand a a valuevalue is is writtenwritten toto thethe serialserial portport, , thethe data’sdata’s bitsbits
willwill be be writtenwritten toto thethe serialserial lineline followedfollowed byby a "set" a "set" ninthninth bit. bit. IfIf TB8 is TB8 is clearclear thethe
ninthninth bit bit willwill be "be "clearclear." ." 
TheThe RB8RB8 alsoalso operatesoperates in in modesmodes 2 2 andand 3 3 andand functionsfunctions essentiallyessentially thethe samesame wayway as as 
TB8, but on TB8, but on thethe receptionreception sideside. . WhenWhen a a bytebyte is is receivedreceived in in modesmodes 2 2 oror 3, a 3, a totaltotal of of 
nine nine bitsbits areare receivedreceived. . InIn thisthis casecase, , thethe firstfirst eighteight bitsbits receivedreceived areare thethe data of data of thethe
serialserial bytebyte receivedreceived andand thethe valuevalue of of thethe ninthninth bit bit receivedreceived willwill be be placedplaced in RB8. in RB8. 
TITI meansmeans ""TransmitTransmit InterruptInterrupt." ." WhenWhen a program a program writeswrites a a valuevalue toto thethe serialserial portport, a , a 
certaincertain amountamount of time of time willwill passpass beforebefore thethe individualindividual bitsbits of of thethe bytebyte areare ""clockedclocked
outout" " thethe serialserial portport. . IfIf thethe program program werewere toto writewrite anotheranother bytebyte toto thethe serialserial portport
beforebefore thethe firstfirst bytebyte waswas completelycompletely outputoutput, , thethe data data beingbeing sent sent wouldwould be be garbledgarbled. . 
ThusThus, , thethe 8051 8051 letslets thethe program program knowknow thatthat it has "it has "clockedclocked outout" " thethe lastlast bytebyte byby
settingsetting thethe TI bit. TI bit. WhenWhen thethe TI bit is set, TI bit is set, thethe program program maymay assumeassume thatthat thethe serialserial
portport is "is "freefree" " andand readyready toto sendsend thethe next next bytebyte. . 
FinallyFinally, , thethe RIRI bit bit meansmeans ""ReceiveReceive InterruptInterrupt." ." ItIt funcionsfuncions similarlysimilarly toto thethe "TI" bit, "TI" bit, 
but it but it indicatesindicates thatthat a a bytebyte has has beenbeen receivedreceived. . ThatThat is is toto say, say, wheneverwhenever thethe 8051 has 8051 has 
receivedreceived a a completecomplete bytebyte it it willwill triggertrigger thethe RI bit RI bit toto letlet thethe program program knowknow thatthat it it 
needsneeds toto readread thethe valuevalue quicklyquickly, , beforebefore anotheranother bytebyte is is readread..
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WritingWriting toto thethe SerialSerial PortPort

ToTo writewrite a a bytebyte toto thethe serialserial portport oneone mustmust
simplysimply writewrite thethe valuevalue toto thethe SBUFSBUF (99h) SFR. (99h) SFR. 
ForFor exampleexample, , ifif youyou wantedwanted toto sendsend thethe letterletter
"A" "A" toto thethe serialserial portport, it , it couldcould be be accomplishedaccomplished
as as easilyeasily as: as: 
MOV SBUF,#’A’MOV SBUF,#’A’
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WritingWriting toto thethe SerialSerial PortPort
UponUpon executionexecution of of thethe aboveabove instructioninstruction thethe 8051 8051 willwill
beginbegin transmittingtransmitting thethe charactercharacter viavia thethe serialserial portport. . 
ObviouslyObviously transmissiontransmission is not is not instantaneousinstantaneous----it it takestakes
a a measureablemeasureable amountamount of time of time toto transmittransmit. . AndAnd since since 
thethe 8051 8051 doesdoes not not havehave a a serialserial outputoutput bufferbuffer wewe needneed
toto be sure be sure thatthat a a charactercharacter is is completelycompletely transmittedtransmitted
beforebefore wewe trytry toto transmittransmit thethe next next charactercharacter. . TheThe 8051 8051 
letslets us us knowknow whenwhen it is done it is done transmittingtransmitting a a charactercharacter
byby settingsetting thethe TITI bit in SCON. bit in SCON. WhenWhen thisthis bit is set bit is set wewe
knowknow thatthat thethe lastlast charactercharacter has has beenbeen transmittedtransmitted andand
thatthat wewe maymay sendsend thethe next next charactercharacter, , ifif anyany. . 
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WritingWriting toto thethe SerialSerial PortPort
CLR TICLR TI ;Be sure ;Be sure thethe bit is bit is initiallyinitially clearclear
MOV SBUF,#’A’MOV SBUF,#’A’ ;;SendSend thethe letterletter ‘A’ ‘A’ toto thethe serialserial
portport
JNB TI,$JNB TI,$ ;;PausePause untiluntil thethe TI bit is set. TI bit is set. 
TheThe aboveabove threethree instructionsinstructions willwill successfullysuccessfully
transmittransmit a a charactercharacter andand waitwait forfor thethe TI bit TI bit toto be set be set 
beforebefore continuingcontinuing. . TheThe lastlast instructioninstruction sayssays ""JumpJump ifif
thethe TI bit is not set TI bit is not set toto $"$"----$, in $, in mostmost assemblersassemblers, , 
meansmeans ""thethe samesame addressaddress of of thethe currentcurrent instructioninstruction." ." 
ThusThus thethe 8051 8051 willwill pausepause on on thethe JNB JNB instructioninstruction untiluntil
thethe TI bit is set TI bit is set byby thethe 8051 8051 uponupon successfulsuccessful
transmissiontransmission of of thethe charactercharacter. . 
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ReadingReading thethe SerialSerial PortPort
ReadingReading data data receivedreceived byby thethe serialserial portport is is equallyequally easyeasy. . ToTo
readread a a bytebyte fromfrom thethe serialserial portport oneone justjust needsneeds toto readread thethe valuevalue
storedstored in in thethe SBUFSBUF (99h) SFR (99h) SFR afterafter thethe 8051 has 8051 has 
automaticallyautomatically set set thethe RIRI flagflag in SCON. in SCON. 
ForFor exampleexample, , ifif youryour program program wantswants toto waitwait forfor a a charactercharacter toto
be be receivedreceived andand subsequentlysubsequently readread it it intointo thethe AccumulatorAccumulator, , thethe
followingfollowing codecode segmentsegment maymay be be usedused: : 
JNB RI,$JNB RI,$ ;;WaitWait forfor thethe 8051 8051 toto set set thethe RI RI flagflag
MOV A,SBUFMOV A,SBUF ;;ReadRead thethe charactercharacter fromfrom thethe serialserial portport
TheThe firstfirst lineline of of thethe aboveabove codecode segmentsegment waitswaits forfor thethe 8051 8051 toto
set set thethe RI RI flagflag; ; againagain, , thethe 8051 8051 setssets thethe RI RI flagflag automaticallyautomatically
whenwhen it it receivesreceives a a charactercharacter viavia thethe serialserial portport. . SoSo as as longlong as as 
thethe bit is not set bit is not set thethe program program repeatsrepeats thethe "JNB" "JNB" instructioninstruction
continuouslycontinuously. . OnceOnce thethe RI bit is set RI bit is set uponupon charactercharacter receptionreception
thethe aboveabove conditioncondition automaticallyautomatically failsfails andand program program flowflow fallsfalls
throughthrough toto thethe "MOV" "MOV" instructioninstruction whichwhich readsreads thethe valuevalue..
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WhatWhat EventsEvents Can Can TriggerTrigger InterruptsInterrupts, , 

WeWe can can configureconfigure thethe 8051 8051 soso thatthat anyany of of 
thethe followingfollowing eventsevents willwill causecause an an 
interruptinterrupt: : 

TimerTimer 0 0 OverflowOverflow. . 
TimerTimer 1 1 OverflowOverflow. . 
ReceptionReception//TransmissionTransmission of of SerialSerial CharacterCharacter. . 
ExternalExternal EventEvent 0. 0. 
ExternalExternal EventEvent 1. 1. 
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andand wherewhere do do theythey gogo??
Obviously we need to be able to distinguish between various
interrupts and executing different code depending on what
interrupt was triggered. This is accomplished by jumping to a fixed
address when a given interrupt occurs. 

By consulting the chart we
see that whenever Timer 0 
overflows (i.e., the TF0 bit 
is set), the main program 
will be temporarily
suspended and control will
jump to 000BH. It is 
assumed that we have code
at address 000BH that
handles the situation of 
Timer 0 overflowing. 
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SettingSetting UpUp InterruptsInterrupts
ByBy defaultdefault at at poweruppowerup, , allall interruptsinterrupts areare disableddisabled. . ThisThis meansmeans thatthat eveneven
ifif, , forfor exampleexample, , thethe TF0 bit is set, TF0 bit is set, thethe 8051 8051 willwill not not executeexecute thethe interruptinterrupt. . 
YourYour program program mustmust specificallyspecifically telltell thethe 8051 8051 thatthat it it wisheswishes toto enableenable
interruptsinterrupts andand specificallyspecifically whichwhich interruptsinterrupts it it wisheswishes toto enableenable. . 
YourYour program program maymay enableenable andand disabledisable interruptsinterrupts byby modifyingmodifying thethe IE IE 
SFR (A8h):SFR (A8h):
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SettingSetting UpUp InterruptsInterrupts
As As youyou can can seesee, , eacheach of of thethe 8051’s 8051’s interruptsinterrupts has has itsits ownown bit in bit in 
thethe IE SFR. IE SFR. YouYou enableenable a a givengiven interruptinterrupt byby settingsetting thethe
correspondingcorresponding bit. bit. ForFor exampleexample, , ifif youyou wishwish toto enableenable TimerTimer 1 1 
InterruptInterrupt, , youyou wouldwould executeexecute eithereither: : 
MOV IE,#08hMOV IE,#08h

oror
SETB ET1SETB ET1
BothBoth of of thethe aboveabove instructionsinstructions set bit 3 of IE, set bit 3 of IE, thusthus enablingenabling
TimerTimer 1 1 InterruptInterrupt. . OnceOnce TimerTimer 1 1 InterruptInterrupt is is enabledenabled, , 
wheneverwhenever thethe TF1 bit is set, TF1 bit is set, thethe 8051 8051 willwill automaticallyautomatically put put 
"on "on holdhold" " thethe mainmain program program andand executeexecute thethe TimerTimer 1 1 InterruptInterrupt
HandlerHandler at at addressaddress 001Bh. 001Bh. 
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SettingSetting UpUp InterruptsInterrupts
HoweverHowever, , beforebefore TimerTimer 1 1 InterruptInterrupt ((oror anyany otherother interruptinterrupt) is ) is trulytruly enabledenabled, , 
youyou mustmust alsoalso set bit 7 of IE. Bit 7, set bit 7 of IE. Bit 7, thethe Global Global InteruptInterupt EnableEnable//DisableDisable, , 
enablesenables oror disablesdisables allall interruptsinterrupts simultaneouslysimultaneously. . ThatThat is is toto say, say, ifif bit 7 is bit 7 is 
clearedcleared thenthen no no interruptsinterrupts willwill occuroccur, , eveneven ifif allall thethe otherother bitsbits of IE of IE areare set. set. 
SettingSetting bit 7 bit 7 willwill enableenable allall thethe interruptsinterrupts thatthat havehave beenbeen selectedselected byby settingsetting
otherother bitsbits in IE. in IE. ThisThis is is usefuluseful in program in program executionexecution ifif youyou havehave timetime--
criticalcritical codecode thatthat needsneeds toto executeexecute. . InIn thisthis casecase, , youyou maymay needneed thethe codecode toto
executeexecute fromfrom start start toto finishfinish withoutwithout anyany interruptinterrupt gettinggetting in in thethe wayway. . ToTo
accomplishaccomplish thisthis youyou can can simplysimply clearclear bit 7 of IE (CLR EA) bit 7 of IE (CLR EA) andand thenthen set it set it 
afterafter youryour timetime--criticialcriticial codecode is done. is done. 
SoSo, , toto sumsum upup whatwhat has has beenbeen statedstated in in thisthis sectionsection, , toto enableenable thethe TimerTimer 1 1 
InterruptInterrupt thethe mostmost commoncommon approachapproach is is toto executeexecute thethe followingfollowing twotwo
instructionsinstructions: : 
SETB ET1SETB ET1
SETB EASETB EA
ThereafterThereafter, , thethe TimerTimer 1 1 InterruptInterrupt HandlerHandler at 01Bh at 01Bh willwill automaticallyautomatically be be 
calledcalled wheneverwhenever thethe TF1 bit is set (TF1 bit is set (uponupon TimerTimer 1 1 overflowoverflow). ). 
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WhatWhat HappensHappens WhenWhen an an InterruptInterrupt OccursOccurs??

WhenWhen an an interruptinterrupt is is triggeredtriggered, , thethe followingfollowing actionsactions areare takentaken
automaticallyautomatically byby thethe microcontrollermicrocontroller: : 
TheThe currentcurrent Program Program CounterCounter is is savedsaved on on thethe stackstack, , lowlow--bytebyte
firstfirst. . 
InterruptsInterrupts of of thethe samesame andand lowerlower prioritypriority areare blockedblocked. . 
InIn thethe casecase of of TimerTimer andand ExternalExternal interruptsinterrupts, , thethe correspondingcorresponding
interruptinterrupt flagflag is is clearedcleared. . 
Program Program executionexecution transferstransfers toto thethe correspondingcorresponding interruptinterrupt
handlerhandler vectorvector addressaddress. . 
TheThe InterruptInterrupt HandlerHandler RoutineRoutine executesexecutes. . 
TakeTake specialspecial notenote of of thethe thirdthird step: step: IfIf thethe interruptinterrupt beingbeing
handledhandled is a is a TimerTimer oror ExternalExternal interruptinterrupt, , thethe microcontrollermicrocontroller
automaticallyautomatically clearsclears thethe interruptinterrupt flagflag beforebefore passingpassing controlcontrol toto
youryour interruptinterrupt handlerhandler routineroutine. . ThisThis meansmeans it is not it is not necessarynecessary
thatthat youyou clearclear thethe bit in bit in youryour codecode. . 
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WhatWhat HappensHappens WhenWhen an an InterruptInterrupt EndsEnds??
An An interruptinterrupt endsends whenwhen youryour program program executesexecutes
thethe RETI (RETI (ReturnReturn fromfrom InterruptInterrupt) ) instructioninstruction. . 
WhenWhen thethe RETI RETI instructioninstruction is is executedexecuted thethe
followingfollowing actionsactions areare takentaken byby thethe
microcontrollermicrocontroller: : 
TwoTwo bytesbytes areare poppedpopped offoff thethe stackstack intointo thethe
Program Program CounterCounter toto restore normal program restore normal program 
executionexecution. . 
InterruptInterrupt statusstatus is is restoredrestored toto itsits prepre--interruptinterrupt
statusstatus. . 
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CommonCommon ProblemsProblems withwith InterruptsInterrupts
RegisterRegister ProtectionProtection: : MakeMake sure sure youyou areare protectingprotecting allall youryour registersregisters, as , as 
explainedexplained aboveabove. . IfIf youyou forgetforget toto protectprotect a a registerregister thatthat youryour mainmain program is program is 
usingusing, , veryvery strangestrange resultsresults maymay occuroccur. . InIn ourour exampleexample aboveabove wewe sawsaw howhow
failurefailure toto protectprotect registersregisters causedcaused thethe mainmain program program toto apparentlyapparently calculatecalculate
thatthat 25h + 10h = 51h. 25h + 10h = 51h. IfIf youyou witnesswitness problemsproblems withwith registersregisters changingchanging valuesvalues
unexpectedlyunexpectedly oror operationsoperations producingproducing ""incorrectincorrect" " valuesvalues, it is , it is veryvery likelylikely thatthat
you’veyou’ve forgottenforgotten toto protectprotect registersregisters. . ALWAYS PROTECT YOUR ALWAYS PROTECT YOUR 
REGISTERS.REGISTERS.
ForgettingForgetting toto restore restore protectedprotected valuesvalues: : AnotherAnother commoncommon errorerror is is toto pushpush
registersregisters ontoonto thethe stackstack toto protectprotect themthem, , andand thenthen forgetforget toto pop pop themthem offoff thethe
stackstack beforebefore exitingexiting thethe interruptinterrupt. . ForFor exampleexample, , youyou maymay pushpush ACC, B, ACC, B, andand
PSW PSW ontoonto thethe stackstack in in orderorder toto protectprotect themthem andand subsequentlysubsequently pop pop onlyonly ACC ACC 
andand PSW PSW offoff thethe stackstack beforebefore exitingexiting. . InIn thisthis casecase, since , since youyou forgotforgot toto restore restore 
thethe valuevalue of "B", an of "B", an extraextra valuevalue remainsremains on on thethe stackstack. . WhenWhen youyou executeexecute thethe
RETI RETI instructioninstruction thethe 8051 8051 willwill useuse thatthat valuevalue as as thethe returnreturn addressaddress insteadinstead of of 
thethe correctcorrect valuevalue. . InIn thisthis casecase, , youryour program program willwill almostalmost certainlycertainly crashcrash. . 
ALWAYS MAKE SURE YOU POP THE SAME NUMBER OF ALWAYS MAKE SURE YOU POP THE SAME NUMBER OF 
VALUES OFF THE STACK AS YOU PUSHED ONTO IT.VALUES OFF THE STACK AS YOU PUSHED ONTO IT.
UsingUsing RET RET insteadinstead of RETI: of RETI: RememberRemember thatthat interruptsinterrupts areare alwaysalways terminatedterminated
withwith thethe RETI RETI instructioninstruction. . ItIt is is easyeasy toto inadvertantlyinadvertantly useuse thethe RET RET instructioninstruction
insteadinstead. . 
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