UNIT-I 8BITEMBEDDEDPROCESSOR

Microcontrollersforan EmbeddedSystem—8051—Architecture —AddressingModes—InstructionSet—
ProgramandDataMemory—Stacks—Interrupts —Timers/Counters — SerialPorts— Programming.

UNIT-1(8051MICROCONTROLLER)
2 Marks Questions with Answers

1. Whatismeanbymicrocontroller?[APR/MAY2011]

Microcontroller is a device that includes microprocessor, memory and I/O port lines on a
single chip, fabricated using VLSI technology.

2. WhatisMicrocontrollerandMicrocomputer?[APRIL/MAY/2011]

Microcontroller is a device that includes microprocessor, memoryand 1/0O signal lines on a
single chip. Microcomputeris a computer that is designedusing microprocessor asits CPU. It
includes microprocessor, memoryand 1/O.

3. Compare Microprocessorand Microcontroller.[May 2009, NOV 2006, NOV 2011]
Whatare the differences betweena microprocessoranda microcontroller? (May2007, Nov
2011,2018)

SI.No Microprocessor Microcontroller

1. | Amicroprocessorisageneralpurpose Amicrocontrollerisadedicatedchip
devicewhichiscalleda CPU. whichisalsocalledsinglechipcomputer.

2. | Amicroprocessordoesnotcontainonchip AmicrocontrollerincludesRAM, ROM,
I/OPorts, Timers,Memoriesetc. serialandparallelinterface,timers, interrupt

circuitry in a single chip.

3. | MicroprocessorisusedastheCPUin Microcontrollerisusedtoperformcontrol-
microcomputersystem. orientedapplications.

4. | Microprocessorinstructionsare nibbleor | Microcontrollerinstructionsarebothbit
byteaddressable addressableaswellasbyteaddressable.

4. Listthefeaturesof8051microcontroller.[MAY?2007][NOV2007,NOV2011]
The8051isan8-bitMicrocontroller:
v' The CPUcanworkononly8bitsofdata atatime
v" The8051has
e 128bytesofRAM
e 4Kbytesofon-chipROM
e Twotimers
5. Listtheapplicationsofmicrocontroller.[MAY/JUNE2009]
Microcontrollerisusedvariouscontrolapplications:
e FiredetectioninBuilding.
¢ Industrialcontrol(processcontrol)

e Motorspeedcontrol(steppermotorcontrol)




e Peripheraldevices(printer)

e Standalonedevices(colorXeroxmachine)
e Automobileapplications(powersteering)
e Homeapplications(washingmachine, AC)

6. Mentionthedifferentoperandtypesusedin8051.(NOV2012)
Registeroperand,immediateoperand,Directoperand,Direct—offsetoperandand Indirect
operand.

7. What are the addressing modes supported by 8051? [May 2010, May 2009, MAY 2008,
NOV2011]What are the different ways of operand addressing in 8051? (May
2016,NOV/Dec 2018)

1. Immediateaddressingmode

2. DirectAddressing mode

3. Registeraddressingmode

4. Registerindirectaddressingmode
5. Indexedaddressingmode

8. DrawtheformatofPSWof8051.(May 2015)
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9. StatethefunctionofRSlandRSObitsintheflagregisterofintel8051

microcontroller.[NOV2011]

Howdo youselectthe registerbank in8051 micro-controller? (May 2010, NOV

2008, May 2008, May 2016)

Mentionthenumberofregisterbanksandtheiraddressesin8051.(NOV2015)
v' RS1&RS0areusedtoindicatewhichbankcurrentlyinuse.

Registerbank Addr f

RS1 RSO Sgelection Re;I idstzsri)zsﬁﬁs
0 0 RegisterBank0 00Hto07H
0 1 RegisterBank1 08HtoOFH
1 0 RegisterBank2 10Hto17H
1 1 RegisterBank3 18Hto1FH

RS1,RS0-Registerbankselectbits

10. Inthe programstatuswordof8051,the bits RSOandRSZ1are 1andO,thenwhich registerbank

is selected foroperation? (AU May 2013)

RegisterBanklisselected.

11. Explainthe 16-bitregisters DPTRof8051.[MAY/JUNE2007]
What is the use of DPTR? (May2009)

DPTR:DPTR stands fordatapointer. DPTRconsistsofa highbyte(DPH)anda lowbyte (DPL).

Its function is to hold a 16-bit address.

Itmay bemanipulatedasal6-bit dataregister or astwoindependent 8-bit registers.It serves as a
base register inexternal data transfer.

12. What are the advantages of microcontrollerover microprocessor?

Whataretheadvantagesofusingamicrocontrollerinplaceofa microprocessor?

(AU May 2011 MAY2008)

e Theoverallsystemcostislow,astheperipheralsareintegratedinasinglechip.

e Thesizeisverysmall.

e Thesystemiseasytotroubleshootandmaintain.

e Thesystemismorereliable.

13. Define XTAL1andXTAL2.[MAY/JUNE2009]

e These two pins are connected to Quartzcrystal oscillatorwhichruns the on-chip

oscillator.

o [fuseasourceotherthanthecrystaloscillator, it willoeconnectedto XTALland
XTALZ2 is left unconnected.

14. Namethespecial functionsregistersavailablein 8051.[MAY2007, NOV 2007, May 2008,

May 2010]
e Accumulator
e BRegister
e ProgramStatusWord
e StackPointer




e DataPointer
e Port0,Portl, Port2&Port3
e Interruptprioritycontrol register

e Interruptenablecontrolregister
15. Whatisthe importance ofspecialfunctionsregistersavailable in8051

microcontroller?

v The8051operationsthatdo not use the internal128byte RAMaddress from00Hto
TFH.

v’ 128byteRAMlocationsusedbyagroupofspecialinternalregisters.

v SRFs(specialfunctionregisters),whichmaybeaddressedlikeinternalRAM.

16. How isstackimplemented in 8051? (or)What isstackpointer andwritethestack level of 80517
(NOV 2007)
v The8051LIFO:Stackcanresideanywhereintheinternal RAM.
v’ Ithas8bitstackpointertoindicatethestopofthestackusingPUSHandPOP instructions.
v DuringPUSHtheSPisincriminatedbyoneandPOPtheSPisdecrementedbyone.

17. WhatistheuseofRETandRETlinstructionin80517?

RET-Returnto subroutine
Usedto returnfromasubroutinepreviouslyenteredbyCALL instructions RET —
Return to interrupt

Usedattheendofinterruptserviceroutine(ISR)

18. Listthe8051instructionsthataffecttheflags.[NOV/DEC2007]
ADD,ADDC,DIV,MULandSUBB

19. Listthe8051instructionsthatalwaysclearthecarryflag.
CLRC,DIV,MUL

20. GivethefunctionoftheSPregisterof8051.[NOV/DEC2011]

SP:SP standsforstack pointer.
v SPisan8-bitwideregister.

v’ ltisincrementedbeforedataisstoredduringPUSHand CAL Linstructions.
v ThestackpointerisinitializedtoO7Hafterareset.
21. Whatare the functions ofthe followingsignals 0f8051?ALE/PROG, PSEN.(AU Nov 2010)

ALE(AddressLatchEnable):
v Thisisanoutputpinandisactivehigh.
v" Whenconnecting an8051toexternalmemory,PortOprovidesbothaddressanddata.
v" IfALE=0,Port0(Do-D7).IfALE=1,ithas(Ac-A7).
PSEN(ProgramStoreEnable):
v Thisisanoutputpin.




v In8051-basedsystem inwhichanexternal ROMholdstheprogramcode,thispin is
connected to the OE pin ofthe ROM.
22. Givethe alternate functions forthe portpins ofport3.[APRIL/MAY?2011] Which port
usedas multifunction port? List the signals. (April 2017)
Port3isusedasmultifunctionportanditssignalsare

v RD - Readdatacontroloutput

v WR - Writedatacontroloutput

v Tl - Timer/Counterlexternalinputortestpin

v T0 — Timer/CounterOexternalinputortestpin

v INT1 — Interruptlinputpin

v" INTO — InterruptOinputpin

v TXD — TransmitdatapinforserialportinUART mode
v' RXD — ReceivedatapinforserialportinUARTmode

23. Listtheportsavailablein8051.(or)Howmanyportsarebitaddressablein8051?(NOV2011,NOV2009)
v' Thefourportsare PO(Port0),P1(Port1),P2(Port2)andP3 (Port3).

v'Fourportsarebitaddressable.

24. Howdoes the status ofEA pinaffectthe access tointernalandexternal program
memory?

v IfEA=0,8051canaccesstheexternalprogrammemory.

v' EA=1,accessestheinternalprogrammemory.

25. What is the size of the on-chip program memory andon-chip data memory of 8051
microcontroller? (AU May 2012, NOV 2011)
v’ Thesize ofthe on-chipprogrammemoryof8051microcontroller 4K
v’ Thesizeofthe on-chipdatamemoryof8051microcontroller :128 bytes

26. Whatisthedifferencebetweentimerandcounteroperationsin8051?
v' The timer, counts the internalclock pulses whose frequency is 1/12"of
oscillator frequency.
v The counter, counts the externalclock pulses whicharegiventhroughTO pinandT1 pin
of 8051.
27. Definewatchdogtimer.
v' Watchdogtimerisadedicatedtimertotakecareofsystemmalfunction.
v’ ltcanbeusedtoresetthecontrollerduringsoftwaremalfunction.

28. WhatisthefunctionofTMOD register?
v' TMOD(timermode)registerisusedtoset thevarioustimeroperationmodes.
v' TMOD isdedicatedtothetwotimers(TimerOandTimer1).

29. Ifal2MHzcrystal is connectedwith8051, howmuchis the time takenforthe count in timer 0
to get incremented by one?
Baudrate=oscillatorfrequency
17
=12MHz=1MHz
12




T=1/f=1/1MHz=1microsec
30. Whatis the time durationforone state andonemachine cycle ifa6MHzcrystalis connected

to 80517
Clockfrequency=6MHz/12=0.5MHz

OneTstate=1/clockfrequency=1/0.5MHz=2microsec
Thetimetakentoexecuteamachinecycleis12clockperiods.

31. Whathappensinpowerdownmodeof8051microcontroller?(May2016)
v ThememorylocationsofpowerdownRAMcanbemaintainedthrougha separate small
battery backup supply.
v' SothatthecontentoftheseRAMcanbepreserved duringpowerfailureconditions.

32. Definebaud rate.(May2016)
v' Baudrateisusedtoindicatetherateatwhichdataisbeingtransferred.
v Baudrate=1/Timeforabitcell

33.  GivetheregisterlEformatof8051.(or)
Mentiontheuseofinterruptenableregisterin8051.(May2009)

EA _— ET2 ES FET1| EX1 ETO EX0

v EA  —Enableallcontrolbit
v ET2 -Timerw interruptenablebit
v ES  —Enableserialportcontrolbit
v ET1 —EnableTimerlcontrolbit
v  EX1 -Enableexternalinterruptlcontrolbit
v ETO —EnableTimercontrolbit
v  EX0 -Enableexternalinterruptcontrolbit
34. Name the interruptsources 0f8051forwhichthe prioritylevels are highest,lowest
respectively.

1) IEO highestpriority
2) TFO

3) IE1

4) TF1

5) SerialRlor TI lowest

35. Whatis the functionoflPregisterin8051? (or)What registerkeeps trackofinterrupt priority in
the 8051? Explain. (NOV 2009)
ThelPregisterisusedtosethighprioritytooneormoreinterruptsin8051.

[ [— [-— [PS [PTL [PXL|PTO|PX0|

v’ Settingabit, makesthecorrespondinginterrupttohavehighpriority.
v’ Clearingabit,makesthecorrespondinginterrupttolowpriority.




36. Namethefiveinterrupt sourcesof 8051. [May 2010, NOV 2009, MAY 2007, MAY 2008]

What is the hardware andsoftware interrupts 0f8051? Mentionits vectoraddresses.

(NOV 2011)

Theinterruptswithvectoraddressare:

e Externalinterrupt0:  1E0:0003H
e TimerinterruptO: TF0:000BH
e Externalinterruptl:  1E0:0013H
e TimerinterruptO: TF1:001BH
e Serialinterrupt
Internal Memory
e FFFFH
(SFRs)
FEH e
Accessible by ;
Upperi , Indierct Acc%s':ﬂe o
128 Ad%g::lng Addressing Sffbytfs
60 Kbytes
External | or eé' bt(bytels
$600 K | xternal
"

38. Drawthedatamemoryorgani

zationin8051.




39. DefineProgramCounter.
v Programcounter(PC)isal6bitregister.
v" Itholdsthel16-bitaddressoftheinstructiontobeexecutedbytheprocessor.
v’ PCisautomaticallyincrementedaftereveryfetchofinstructionbytefromthe memory.

40. Whyall pinsofaportisloadedwithvalue“FF”beforeusingit?

v Allports of8051areconfiguredbydefaultas Outputport.

v" Tomake it configured as Input Port, allpins ofa port are loadedwithvalue “FF” i.e.,
1111 1111.

41. Justifywhythecrystaloscillatorfrequencyin8051ischosenas11.0592Mhz.
v Only XTAL (Crystal Oscillator) of 11.0592MHz can providesuch standardbaudrates
4800, 9600, etc., after scaling downby12, 32 at UART.

42. ListthemodesofTimerin8051.(NOV2008)
The modesoftimer in8051arechosenwithM0& M1 bits inTMOD register. The
different modes of timer are as follows.

M1 MO Mode DescriptionofTimermode
0 0 0 13bittimer
0 1 1 16-bittimer
1 0 2 8-bittimerwithautoreload
1 1 3 Splittimer

43. WhatisthesignificanceofC/ThitinTMODregisterof8051?

v' TheC/ThitintheTMODregisterisaselectorbitforthetypeofoperation.

v" HIGHinthat bitindicates Counter operationandLOWinthat bitindicates Timer
operation.
44. WhatisthesignificanceofTRxbitinTCONregisterof8051?(May2015)

TRxbit in the TCON register is used to Start / Stop the timer register for both timer
and counteroperation, bysetting thatbit with value ,,1* / ,,0"respectively.

45. Whatarethemodesofasynchronousserialcommunicationin8051?(NOV2008)

v" ThemodeofserialcommunicationisdecidedbytwobitsSM0&SM1in




SCONregister.
v Thedetailofthevariousmodesisgivenbelow.

SM1SMO0 Mode SerialModeDescription Baudrate
0 O 0 8-bitShiftregister Fosc/12
0 1 1 8-bitUART Variable
1 0 2 9-bitUART Fosc/320r64
1 1 3 9-bitUART Variable

46. Illustrate theCJINEinstruction.(April2017)
CompareandJumpifNotEqual-CINE

Comparethe magnitudeofthetwooperandsandjump iftheyare notequal. The
values are considered to be unsigned.

TheCarryflagisset/clearedappropriately. Example:
CJINE A, direct, rel

47. Drawthepindiagramof8051.(NOV2016)(May2018)
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48. Whatisjumprange?(NOV2015)
WhatisthedifferencebetweenAJMPandLJMPinstruction?(May2014)

Jumplnstruction Meaning JumpRange
SIMP Shortjump 256B
AJMP Absolutejump 2KB
LIMP Longjump 064KB
o AaJdMP and LIMPinstructions are transfer programcontrol to the specified vector
address.

e Programcontroltransferrangesare2KBforAJMP and 64KBforLIJMP.

49. Whatarespecialfunctionregistersusedforportoperationin8051?(May 2012)
PO,P1,P2andP3SFRsusedforportoperation.

50. Whatisneedforbitwiseinstructionsinmicrocontroller?(May2012)

Bitwise instructionsallowmanipulatingthe individualbitsofbitaddressable registers and
memory locations as well as the CY flag.

51. Whatare on-chip resources? Listthose available inthe 8051 microcontroller. (NOV 2010)
Whenvariousresourcesavailableinsideofchipisknownason-chipresources.

On-chiP resources available in 8051 are RAM, ROM, Timer, Interrupts, serialports and
parallelports.

52. Agiven8051chiphas aspeedofl6MHz. What is the range offrequency thatcan be applied to
the XTAL1 and XTAL2 pins? (NOV 2009)

9




ET3491EMBEDDEDSYSTEMANDIOTDESIGN Unit-1
16MHzfrequencycanbeappliedtotheXTALlandXTAL2pins.

53. Howdoyoucalculatebaudrateforserialcommunicationfor8051?(NOV2007,
MAY2013,2015)
8051divides thecrystalfrequencybyl2to get machinecycle frequency. 8051
UART circuitrydivides the machine cycle frequencyby32.
TimerlisusedtosetbaudrateusingTH1register

Baudrate TH1(decimal) TH1(Hex)
9600 -3 FD
4800 -6 FA
2400 -12 F4
1200 -24 E8

54. Whyitisnecessarytohaveexternalpullupforport0in8051?[November2014]

v Whenlogic-lisloadedtothelatch.

v’ This causesportOto floatto high impedancestate and itgetsconnected tothePin read
buffer.

v Anexternalpullupresistorisrequiredtosupplyahighoutput.

MicrocontrollersforEmbeddedsystem:
v AMicrocontrollerisasinglechipcomputer.
v ACPUwithalltheperipheralslikeRAM,ROM,1/OPorts, Timers,and ADCsetc.on
thesamechip.ForEx:Motorola6811, Intel8051,ZilogZ8 and PIC16Xetc...

Microprocessor:

v" ACPUbuiltintoasingleVLSIchipiscalledamicroprocessor.

v’ ltisageneral-purpose deviceandadditionalexternalcircuitryis addedtomakeitamicrocomputer.

v Themicroprocessorcontainsarithmeticlogicunit(ALU),Controlunit,Instructionregister,Programcounter(PC

),clockcircuit(internalorexternal),resetcircuit(internalorexternal)and registers.

v’ Butthemicroprocessorhasnoonchipl/OPorts, Timers,Memoryetc.

<\

Forexample, Intel8085isan8-bitmicroprocessorandintel8086/8088al6-bitmicroprocessor.

v Theblock diagramoftheMicroprocessorisshowninFig.1
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(ALT)

Avithmetic and Logic Unit

Accmmulator

Working Registers

Program Counter

PC)

Stack Pointer (SP)

Clock Curewmt

Internupt
Circuits

Fig.1:BlockdiagramofaMicroprocessor.

Unit-1
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MICROCONTROLLER:

v Amicrocontrollerisanintegratedsinglechip,whichconsistsofCPU,RAM,EPROM/PROM/ROM, I/Oports,ti
mers, interruptcontroller.

v Forexample,Intel8051is8-bitmicrocontrollerandintel8096is16-bit microcontroller.

v" TheblockdiagramofMicrocontrollerisshown in Fig.2.

Fig.2.BlockDiagramofaMicrocontrollerDi

stinguishbetweenMicroprocessorandMicrocontroller

S.No Microprocessor Microcontroller

1 A microprocessor is a A microcontroller is a dedicated chip
generalpurposedevice. whichisalsocalled assinglechipcomputer.

2 Amicroprocessordoesnotcontain AmicrocontrollerincludesRAM,ROM,
onchipl/OPorts, Timers,M serialandparallel
emoriesetc. interface, timers, interruptcircuitryi

nasinglechip.

3 MicroprocessorisusedastheCPUinmi | Microcontrollerisusedtoperformcontrol-
crocomputersystem. orientedapplications.

4 Microprocessor instructions are | Microcontrollerinstructionsarebothbit
nibbleorbyteaddressable addressableaswellasbyteaddressable.

5 Microprocessor  based  system | Microcontrollerbasedsystemdesignis
design iscomplexandexpensive simpleandcosteffective

6 Thelnstructionsetofmicroprocessori | Theinstructionsetsaresimplewithlessnumber

scomplexwithlargenumberofinstruct | ofinstructions.

ions.
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42;: INTELSOSIMICRCONTROLLER:

Drawthearchitecturalblockdiagramof8051microcontrollerandexplain.(NOV2011,MAY2010,NOV2009,
NOV2008,May2008, MAY2007,MAY2006,NOV2016,May2016)

Featuresof8051Microcontroller:

The8051isan8-bitController:

v
v

TheCPUcanworksononly8bitsofdataatatime
The8051has

e 128bytesofRAM
4Kbytesofon-chipROM

Twotimers

One serialport
Fourl/Oports,each8bitswide
Ginterruptsources

ARCHITECTURE&BLOCKDIAGRAMOF8051IMICROCONTROLLER:

v
v

v
v

IthashardwarearchitecturewithRISC(ReducedInstructionSetComputer)concept.
The blockdiagramof8051microcontrollerisshownin Fig3.

8051has8-bitALU.
ALUcanperformallthe8-bitarithmeticandlogicaloperationsinonemachinecycle.
The ALUisassociatedwithtworegistersA&B

AandBRegisters:

v
v
v
v
v

v

v

TheAandBregistersarespecialfunctionregisters.
A&Bregistersholdtheresultsofmanyarithmeticandlogicaloperationsof8051.
TheAregisterisalsocalledtheAccumulator.
Aregisterisusedasageneralregistertoaccumulatetheresultsofalargenumberofinstructions.
Bydefault,itisusedforallmathematicaloperationsanddatatransferoperationsbetweenCPUandexternalmemo
ry.

TheBregisterismainlyusedformultiplicationanddivisionoperationsalong withAregister.

= Ex MULAB : DIVAB.
Ithasnootherfunctionotherthanasastoredata.

Rregisters:

v
v
v

"R"registersareasetofeightregistersthatarenamedR0,R1,etc.uptoR7.
Theseregistersareusedasauxiliaryregistersin manyoperations.

The"R"registersarealsousedtotemporarilystorevalues.
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External Intermupts
4k On cha
Interrupt flash = ETC Counter inputs
control : =
. 1 128 ByTe‘» I'mer 1 ¢
tor RAM Timer 0 |¢——
LN 7’
CPU <
L
— 7 2 A4
' | Dus Control | 4 /O ports Serial Port
e TL * s
4
PSEN ALE r
:l_ T g PO P2 Pl P3 2 25
Fig.3.BlockDiagramof8051Microcontroller
ProgramCounter(PC):

v’ 8051 hasal6-bitprogramcounter.

v Theprogramcounterholdsaddressofthenextinstructionto beexecuted.

v’ Afterexecutionofoneinstruction, theprogramcounterisincremented.

DataPointerRegister(DPTR):

v’ Itisal6-bitregisterwhichistheonlyuser-accessible.

v' DPTRIisusedtopointthedata.8051willaccessexternalmemoryattheaddressindicatedbyDPTR.
v' DPTRcanalsobeusedastwo8-registersDPHandDPL.

StackPointerRegister(SP):

v’ Itisan8-bitregisterwhichstorestheaddressofthestack top.

v" Whenavalueispushedontothestack,the8051firstincrementsthevalueofSPandthenstoresthevalue.

v Similarlywhenavalueispoppedoffthestack,the8051returnsthevaluefromthememorylocationindicatedbySP

and thendecrementsthevalueofSP.
Since the SPisonly8-bitwide.
Itisincrementedordecrementedbytwo.

NSRRI

SPismodifieddirectlyby the8051bysix instructions:PUSH,POP,ACALL,LCALL,RET,andRETI.
Itisalsousedintrinsicallywheneveraninterruptistriggered.
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Block Diagram

PO.0 -

ot

PORT 0 DRIVERS PORT 2 DRIVERS

1 r 1

RAM ADDR. PORT 0 PORT 2
REGISTER RAM LATCH LATCH FLASH

i
1
1
!
1
1
i
|
i
i i
| i
i i
|
! i
1 |
i |
! !
i 1
i 1
; ;
H b F H
!
: i
! i
: r !
! PROG RAM H
: B STACK
| REGISTER AT POINTER RECISTER i
: :
H 1
’ i
: :
! e BLIFFER H
i TMFZ THE1 |
| !
i 1
i 1
; i
; P !
i ALL INCREMEMTER '
: !
H 1
; INTERRUPT, SERIAL PORT, !
: AND TIMER ELOCKS i
! |
i 3 . PROG RAM - i
! — COUNTER !
H 1
! !
i i
a 3 -
AWEPROT ——  TIINS [ ysmmocTion r L r DETR o
. Il Ll 1
EE [ Ve — I CONTROL REGISTER !
RST —L i
; . ;
1 PORT 1 PORT 3 '
! LATCH LATCH :
! i
i i
| : :
: :
! |
1 0sC 3 :
! PORT 1 DRIVERS i
i i
1

g TR PR R 5

Fig3a:Internalarchitecturediagramof8051Microcontroller
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Fig:Structureofregisters
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ProgramStatusRegister(PSW):
GivePSWof8051anddescribetheuseofeachbitinPSW. (NOV2015)
v The8051hasan8-bitPSWregisterwhichisalsoknownasFlagregister.
v" In the8-bitregisteronly6-bitsareusedby8051. Thetwounusedbitsareuserdefinablebits.
v'In the 6-bits, four of them are conditional flags.They are Carry —CY, Auxiliary Carry-AC, Parity-P,
andOverflow-OV.
v Theseflagbitsindicatesomeconditionsofresultafteraninstructionwasexecuted.

i D D0

W A FO |BESL|BESO| OW - r

v ThebitsPSW3andPSW4aredenotedasRSOandRS1.
v’ ThesebitsareusedtoselectthebankregistersoftheRAMIocation.

v ThemeaningofvariousbitsofPSW registerisshownbelow.

CY PSW.7 CarryFlag

AC PSW.6 AuxiliaryCarryFlag

FO PSW.5 FlagOavailableforgeneralpurpose
RS1 PSW.4 RegisterBankselectbitl

RSO PSW.3 Registerbank selectbit0

ov PSW.2 Overflowflag

PSW.1 Userdefinableflag

P PSW.0 Parity flag.set/clearedby hardware.

v TheselectionoftheregisterBanksandtheiraddressesaregivenbelow.

RS1 RSO RegisterBank Address
0 0 0 00H-07H
0 1 1 08H-0FH
1 0 2 10H-17H
1 1 3 18H-1FH
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RAM&ROM:

v The8051microcontrollerhas128bytesofinternalRAMand4KBofonchipROM.
v" TheRAMisalsoknown asDatamemoryandtheROMisknownasprogram (Code)memory.
v' Codememoryholdsprogramthatistobeexecuted.
v ProgramAddressRegisterholdsaddressoftheROM/Flash memory.
v DataAddressRegisterholdsaddressoftheRAM.
I/Oports:

v" The8051microcontrollerhas4parallell/Oports,eachof8-bits.
v" So,itprovides32l/Olinesforconnectingthemicrocontrollertotheperipherals.
v’ ThefourportsarePO(Port0),P1(Port1),P2(Port2)andP3(Port3).

ADDRESSINGMODES OF8051:
Explaindifferenttypesaddressingmodesof8051microcontroller.(NOV2008,NOV2015,April2017)

v Thewayinwhichthedataoperandsarespecifiedisknownastheaddressingmodes. Therearevariousmethodsofd
enoting thedataoperandsintheinstruction.
v The 8051microcontrollersupports5addressing modes. Theyare
1. Immediateaddressingmode
2. DirectAddressingmode
3. Registeraddressingmode
4. Register indirectaddressingmode
5. Indexedaddressingmode

Immediateaddressingmode:

v Theaddressingmodeinwhichthedataoperandisaconstantanditisapartoftheinstructionitselfisknownaslmmed
iateaddressingmode.

v" Normallythedatamustbe precededbya#sign.

v’ Thisaddressingmodecanbeusedtotransferthedataintoanyoftheregistersincluding

DPTR.Examples:
= MOVA#27H :Thedata(constant)27ismovedtotheaccumulatorregister

= ADDR1 #45H :Addtheconstant45tothecontentsoftheaccumulator
= MOVDPTR, #8245H  :Movethedata8245intothedatapointerregister.

9
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Directaddressingmode:
v'Intheaddressingmode,thedataoperandisintheRAMlIocation(00-
7FH)andtheaddressofthedataoperandisgivenintheinstruction.
v Thedirectaddressingmodeusesthelower128bytesofinternalRAMandtheSFRsExample

S:
= MOVR1,42H :MovethecontentsofRAMIocation42intoR1 register
= MOVA49H, A :Movethecontentsofthe accumulatorinto theRAMIocation49.
= ADDA, 56H :AddthecontentsoftheRAMIocation56totheaccumulator

Registeraddressingmode:

v'Intheaddressingmode,thedataoperandsareavailableintheregisters.Exam

ples:
= MOVARO :MovethecontentsoftheregisterROto theaccumulator
= MOVP1,R2 :Move thecontentsofthe R2registerintoportl
= MOVR5,R2 :Thisisinvalid. The datatransferbetweentheregistersisnotallowed.

Registerindirectaddressingmode:
v In theaddressing mode,aregisterisusedasa pointertothe

datamemoryblock.Examples:
= MOVA,@RO0:MovethecontentsofRAMIocationwhoseaddressisinR0into A(accumulator)
= MOV@ R1,B:MovethecontentsofB intoRAMIocationwhoseaddressisheldbyR1
= When ROandRlareusedaspointers,theymustbepreceded by@sign

v' Advantage: Itmakesaccessingthedatamoredynamicthanstaticasinthecaseofdirectaddressingmode.

Indexedaddressing mode:
v Thisaddressingmodeisusedinaccessingthedataelementsoflookuptableentries, locatedinprogramROM.

Example:MOVCA,@A+DPTR
= Thel6-bitregisterDPTR andregisterAareusedtoformtheaddressofthedataelementstoredinon-chipROM.

INSTRUCTIONSSETOF8051C
Discussindetailthe8051instructionset.(NOV2008)

Arithmeticinstructions:

10
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Withexample,explainarithmetic instructionsin8051microcontroller.(NOV2012)

v ADD

v' ADDC

v DAA

v' SUBB

v INC

v DEC

8-bitadditionbetweenthe accumulator(A)anda secondoperand.
Theresultisalwaysinthe accumulator.
TheCY flagisset/resetappropriately.

8-bitadditionbetweentheaccumulator,asecondoperandandthepreviousvalueofthe CY flag.
Usefulfor16-bitadditionintwosteps.
TheCY flagisset/resetappropriately.

Decimaladjusttheaccumulator.
Formattheaccumulatorintoaproper2digitpackedBCDnumber.
Operatesonlyon theaccumulator.
WorksonlyaftertheADDinstruction.

SubtractwithBorrow.
Subtractanoperandandthepreviousvalueofaborrow(carry)flagfromtheaccumulator.
A<«A-<operand>-CY.

Theresultisalwayssavedintheaccumulator.

TheCY flagisset/resetappropriately.

Incrementtheoperand byone.

The operandcanbearegister,adirectaddress,an indirectaddress,thedata pointer.

Decrementtheoperandbyone.

The operandcanbearegister,adirectaddress,anindirectaddress.

v" MULAB/DIVAB

Multiply AbyBand placeresultinAandBregisters.

DivideAbyBandplacequotientinAregister&remainderinBregister.

11
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Logicalinstructionsin8051.
v ANL:ItperformsANDIogicaloperationbetweentwooperands.
» Work onbytesizedoperandsortheCYflag.

« ANLARN
« ANLA, direct
« ANLA @RI

* ANLA #data
« ANLdirect,A
* ANLdirect,#data
* ANLC,bit
« ANLC, /bit
v ORL:ItperformsORIogicaloperationbetweentwooperands.
» Work onbytesizedoperandsortheCYflag.

* ORL ARn

*  ORLA,direct

« ORLA @RI

* ORLA #data
v XRL

» Worksonbytesonly.

« XRLARnN

+  XRLA,direct
v" CPL/CLR

» Complement/Clear.

» Workontheaccumulatororabit.
« CLRP1.2
« CPLRn

v RL/RLC /RR/RRC

> Rotatetheaccumulator.
« RL andRRwithoutthecarry
« RLCandRRCrotate throughthecarry.
« SWAPA: Swaptheupperandlowernibblesoftheaccumulator.

12
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Datatransferinstructionsin8051.
Brieflyexplainthedatatransferinstructionsavailablein8051microcontroller.(NOV2014)
MOV
» 8-bitdatatransferforinternalRAMandtheSFR.

+ MOVARnN

+  MOVA,direct

+ MOVA @RI

« MOVA, #data

« MOVRNA

+  MOVRnN,direct

+  MOVRN,#data

«  MOVdirect,A

« MOVdirect,Rn

« MOVdirect,direct

« MOVdirect, @RI

» MOVdirect,#data

« MOV@RIi,A

+ MOV@RI, direct

+ MOV@RI,#data

v MOV
» 1-bitdatatransferinvolvingtheCYflag
«  MOVC, bit
«  MOVhbhit,C
v MOV

» 16-bitdatatransferinvolvingtheDPTR

« MOVDPTR #data
v' MOVC

» MoveCodeByte
» Loadtheaccumulatorwithabytefromprogrammemory.
« Mustuseindexedaddressing
« MOVCA @A+DPTR
« MOVCA @A+PC

13
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v MOVX
» Datatransferbetween the accumulatorand abytefromexternaldatamemory.
+ MOVXA @RI
+ MOVXA @DPTR
+ MOVX@Ri,A
+ MOVX@DPTR,A
v' PUSH/POP
» PushandPopadatabyteonto thestack.
» ThedatabyteisidentifiedbyadirectaddressfromtheinternalRAMIlocations.
« PUSH DPL
« POP 40H
v XCH
» Exchangeaccumulatorandabyteoperand
« XCH ARn
« XCH Adirect
« XCH A Q@RI
v' XCHD
» Exchangelowerdigitofaccumulatorwiththelowerdigitofthememorylocationspecified.
+ XCHDA, @RI
» Thelower4-bitsoftheaccumulatorareexchangedwith thelower4-bitsoftheinternalmemory
location identifiedindirectly bytheindexregister.

» Theupper4-bitsofeach arenotmodified.

Boolean(or)Bitmanipulationinstructionsin8051.
v Thisgroupofinstructionsisassociatedwiththesingle-bitoperationsofthe8051.
v Thisgroupallowsmanipulatingtheindividualbitsofbitaddressableregistersandmemorylocationsaswellasthe
CYflag.
« TheP,0V,andACflagscannotbe directlyaltered.
v Thisgroupincludes:
« Set,clear,and,orcomplement,move.
« Conditionaljumps.
v' CLR

14
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» ClearabitortheCYflag.

« CLRP11
« CLRC
v SETB
» SetabitortheCY flag.
« SETBA.2
« SETBC
v' CPL

» ComplementabitortheCY flag.
* CPL40H;Complementbit40ofthe bitaddressablememory
v ORL/ANL
«  OR/ANDabitwiththeCY flag.
« ORL C,20H;ORbit20ofbitaddressablememorywiththe CYflag
« ANL C,34H;ANDDbit34ofbhitaddressablememorywiththe CYflag.

v MOV
» DatatransferbetweenabitandtheCY flag.
« MOV C,3FH;Copy theCYflagto bit3Fofthebitaddressablememory.
« MOV P1.2, C;CopytheCYflag to bit2 ofP1.
v' JCIINC
« JumptoarelativeaddressifCYisset/cleared.
v' JB/INB

« Jumptoarelativeaddressifabitisset/cleared.
« JB ACC.2<label>
v' JBC -Jumptoarelativeaddress, ifabitissetandclearthebit.
Branchinginstructions:

With example, explain branching instructions in 8051 microcontroller. (May 2010, NOV
2012)Explaintheworkingofprogramcontroltransferinstructionsof8051. (May 2012)

v' The8051providesfourdifferenttypesofunconditionaljumpinstructions:
» ShortJump —SIMP
+  Usesan8-bitsignedoffsetrelative tothel*byteofthenextinstruction.
* LongJump-LJMP
» Usesal6-bit address.

15
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+ 3byteinstructioncapableofreferencinganylocationintheentire64Kofprogrammemory.
» AbsoluteJump—AJMP
» Usesanll-bitaddress.
» 2byteinstruction
» Thell-bitaddressissubstitutedforthelower11-bitsofthePCtocalculatethel6-
bitaddressofthetarget.
» Thelocationreferencedmustbewithinthe2 KBytememory.
> Indirectiump—JMP
« JMP@A+DPTR
v The8051provides2formsfortheCALL.instruction:
» AbsoluteCall-ACALL
» Usesanll-bitaddresssimilartoAIMP
» Thesubroutinemustbewithinthesame2Kpage.
» LongCall-LCALL
» Usesal6-bitaddresssimilartoLIMP
» The subroutinecanbe anywhere.
» Bothformspushthel6-bitaddressofthenextinstructiononthestackandupdatethestackpointer.
v' The8051provides2formsforthereturninstruction:
» Returnfromsubroutine—RET
» Popthereturnaddressfromthestackand continueexecutionthere.
> ReturnfrominterruptServiceRoutine—RET]I
» Popthereturnaddressfromthestack.
» Continueexecutionattheaddressretrievedfromthestack.
« ThePSWisnotautomaticallyrestored.
v' The8051supportssdifferentconditionaljumpinstructions.
» ALLconditionaljumpinstructionsusean8-bitsigned offset.
» JumponZero—-JZ/JNZ
« JumpiftheA==0/A!=0

« Thecheckisdone atthetime oftheinstructionexecution.

16
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» Jump onCarry— JC/JNC
» JumpiftheCflagisset/cleared.

» Jump onBit-JB/JNB
« Jumpifthespecifiedbitisset/cleared.
» Anyaddressable bitcanbespecified.

» JumpiftheBitissetthenClearthebit—JBC
« Jumpifthespecifiedbitisset.
» Thenclearthebit.

v CompareandJumpifNotEqual-CINE

» Comparethemagnitudeofthetwo operandsandjumpiftheyarenotequal.
» Thevaluesareconsideredtobeunsigned.
» TheCarryflagisset/clearedappropriately.

« CJINE A direct,rel
« CJINE Rn #data,rel
« CJINE @Ri,#data,rel

v DecrementandJumpifNotZero-DINZ
» Decrementthefirstoperandbylandjumptothelocation identifiedbythesecond

operandiftheresultingvalueisnotzero.

e DINZ Rn,rel
e DINZ direct,rel
» NOP —Nooperation

Explain in detail theinternal memory organization of 8051 microcontroller (NOV 2014, May 2012,
NOV2011, NOV2010,May2010, MAY2009,NOV2008,NOV2007)

The8051microcontrollerhas128bytesofinternalRAMand4kBofonchipROM.
TheRAMisalsoknown asDatamemoryandtheROMisknownasprogram (Code)memory.
Codememoryholdstheactual8051programtobeexecuted.

In8051,memory islimitedto64KB.

Codememory maybefoundon-chip, asROMorEPROM.
Itmayalsobestoredcompletelyoff-chipinanexternaROM/EPROM.
The8051hasonly128 bytesoflnternalRAMbutitsupports64KBofexternalRAM.

AN N N SR NI
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v" Sincethememoryisoff-chip,itisnotasflexibleforaccessingandisalso slower.

StructureofinternalRAMOF8051(DataMemory):
ExplaintheDatamemorystructureof8051.(NOV2011)

InternalRAMisfoundon-chiponthe8051.SoitisthefastestRAMavailable.

It isflexibleintermsofreading,writingandmodifyingitscontents.

InternalRAMisvolatile.

Whenthe8051isreset,internalRAMiscleared.

Thel28bytesofinternalRAMisorganizedasbelow.
Fourregisterbanks(Bank0,Bank1,Bank2andBank3)eachof8-bits(total32bytes).
ThedefaultbankregisterisBanko.
TheremainingBanksareselectedwiththehelpofRSOandRS1bitsofPSWRegister.

16 bytesofbitaddressableareaand

80 bytesofgeneralpurposearea(Scratchpadmemory) ofinternalRAMasshown inthediagrambelow.
Thisareaisutilizedbythemicrocontrollerasastorageareafortheoperatingstack.

The 32 bytes of RAMfrom address 00 H to 1FH are used asworking registers organized asfour

AN N N NN N Y U N N NN

banksofeightregisterseach.

<

TheregistersarenamedasR0-R7.
v’ Each register can be addressed by its name or by its RAM
address.Forexample:MOVA,R7or MOVR7,#05H

7F

General purpose

Scratch pad memory
(80 Bytes )

30
IF

Bit addressible

area (16 Bytes)
20
1F

Register Bank 3

Register Bank 2
10
OF Register Bank 1
08

7 RT

06 R6
os gi Register
03 rz: Bank 0
02 R2
0l R1
00 RO

Byte INTERNAL RAM

addresses
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StructureofinternalROM(On—chipROM/ProgramMemory /CodeMemory):

D N N NN

The8051microcontrollerhas4dKBofon chipROM,butitcanbeextendedup to64KB.
ThisROMisalsocalledprogrammemoryorcodememory.

The CODE segmentis accessedusingthe program counter (PC)for opcodefetches and by DPTRfordata.
The external ROMis accessedwhen theEA pinisconnectedtogroundorthecontents of
programcounterexceedsOFFFH.
WhenthelnternalROMaddressisexceededthe8051automaticallyfetchesthecodebytesfromtheexternalprogr

ammemory.

FFFFH

External ROM

0FFFH

Internal ROM

0000H

SPECIALFUNCTIONREGISTERS (SFRs)

Writetheavailablespecialfunction registersin8051.Explaineachregisterwith itsformatand
functions.(April2017, NOV2015)

DN N NN

<\

In8051microcontroller,there areregisterswhichusestheRAMaddressesfrom80htoFFh.

They areusedforcertainspecificoperations. TheseregistersarecalledSpecial Function Registers(SFRs).
MostofSFRsare bitaddressableandotherfewregistersarebyteaddressable.
IntheseSFRs,someofthemarerelatedtol/Oports(P0,P1,P2andP3)andsomeofthemareforcontroloperations(T
CON,SCON&PCON).

Remaining aretheauxiliarySFRs, thattheydon'tdirectly configurethe8051.

ThelistofSFRsandtheirfunctionalnamesaregivenbelow.

The*indicatesthebitaddressableSFRs
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S.No Symbol NameofSFR Address(Hex)
1 ACC* Accumulator 0EO
2 B* B-Register OFO0
3 PSW* ProgramStatuswordregister 0DO
4 SP StackPointerRegister 81
5 DPL Datapointerlowbyte 82
DPTR DPH Data pointerhighbyte 83
6 PO* Port0 80
P1* Portl 90
8 p2* Port2 0A
9 P3* Port3 0B
10 IP* InterruptPrioritycontrol 0B8
11 IE* InterruptEnablecontrol 0A8
12 TMOD Timermoderegister 89
13 TCON~* Timercontrolregister 88
14 THO TimerOHigherbyte 8C
15 TLO TimerOLowerbyte 8A
16 TH1 TimerlHigherbyte 8D
17 TL1 Timerllowerbyte 8B
18 SCON* Serialcontrolregister 98
19 SBUF Serialbufferregister 99
20 PCON Powercontrolregister 87

Table:SpecialFunctionRegisters

STACKIin8051Microcontroller:
v’ The stackisapartofRAMusedbytheCPUtostoreinformation temporarily.

v Thisinformationmaybeeitherdataoranaddress.
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v TheregisterusedtoaccessthestackiscalledtheStackpointer(SP).
v SPisan8-bitregister.So,itcantakevaluesof00 to FFH.
v" Whenthe8051ispoweredup,theSPregistercontainsthevalue07.i.etheRAMIlocationvalueO8isthefirstlocation
beingusedforthestackbythe8051controller.
v" Therearetwoimportantinstructionstohandlestack.OneisthePUSHandtheotheristhePOP.
v TheloadingofdatafromCPUregistersto thestackisdonebyPUSH.
v Theloadingofthecontentsofthestackbackinto aCPUregisterisdonebyPOP.
Interrupts:

Explain interrupt structure of 8051 microcontroller. (NOV 2011, MAY
2009)InterruptStructure:

v" Aninterruptisanexternalorinternaleventthatdisturbsthemicrocontrollertoinformitthatadeviceneedsitsservic
e.

v Theprogramwhichisassociatedwiththeinterruptiscalledtheinterruptserviceroutine(ISR)or
interrupthandler.

v Upon receiving the interrupt signal,themicrocontroller finishescurrent operation and saves the PC

onstack.

Jumpstoafixedlocation in memorydependingon typeofinterrupt.

StartstoexecutetheinterruptserviceroutineuntilRET].

UponexecutingtheRET Ithemicrocontrollerreturnstotheplacewhereitwasinterrupted. GetpopPCfromstack.

<N X X

The 8051microcontrollerhasFIVEinterruptsinadditiontoReset. Theyare

e TimerOoverflowlInterrupt
e TimerloverflowlInterrupt
e ExternallnterruptO(INTO)
e Externallnterruptl(INT1)

e SerialPortlInterrupt
v Each interrupthasaspecific placeincodememorywhereprogramexecutionbegins.

e Externallnterrupt0: 0003 H
e Timer0 overflow: 000BH
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e Externallnterruptl: 0013 H
e Timerl overflow: 001BH
e Serialinterrupt: 0023H
v Uponresetalllnterruptsaredisabled &donotrespondto theMicrocontroller.
v’ Theseinterruptsmustbeenabledbysoftware. Thisisdonebyan8-
bitregistercalledinterruptEnableRegister(IE).

InterruptEnableRegister:

FEA —_— ET2 ES ET1| EX1 ETO EXO

= EA:Globalenable/disable. Toenabletheinterrupts,thisbitmustbesethigh.
.- :Undefined-reservedforfutureuse.

= ET2:Enable/disableTimer2overflow interrupt.

= ES:Enable/disableSerialportinterrupts.

= ET1:Enable/disableTimerloverflow interrupt.

= EX1: Enable/disableExternalinterruptl.

= ETO:Enable/disableTimerOoverflowinterrupt.

= EXO0:Enable/disableExternalinterruptO

v Uponreset,theinterruptshavethefollowingpriorityfromtoptodown. TheinterruptwiththehighestPRIORITY g
etsservicedfirst.

1. ExternalinterruptO(INTO)
2. TimerinterruptO(TFO)

3. Externalinterrupt1(INT1)
4. Timerinterruptl(TF1)

5. Serialcommunication(RI+TI)

v' Prioritycanalso besettohigh”or“low”by8-bitlPregister.
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Interruptpriority register:

_ ] — PrTr2 PSS rPrr1|rx1 PTO PXO

= |P.7:reserved

= |P.6:reserved

= |P.5:Timer2interruptprioritybit(8052only)
= |P.4:Serialportinterruptprioritybit

= |P.3:Timerlinterruptprioritybit

= |P.2:Externalinterruptlprioritybit

= |P.1:TimerQinterruptprioritybit

IP.0:ExternalinterruptOprioritybit

PROGRAMMINGTIMERSOF8051

1. Explainthedifferentmodesofoperationoftimersin8051lindetailwithitsassociatedregisters.Describe
differentmodesofoperationoftimers/countersin8051withitsassociatedregisters.(NOV2009,
MAY?2009. May 2007,May 2016)

Drawandexplainthefunctionsof TCONandTMODregistersof8051.(Dec2008)
Explaintheon-chiptimer modesofan8051Microcontroller.(April2010,NOV2016)

TimerRegisters.
v The8051hastwotimers/counters,theycanbeusedeitherastimers(used
togenerateatimedelay)oraseventcounters.
TIMER 0:
v' TimerOisal6-bitregisterand canbetreated astwo 8-bitregisters(TLO &THO).
v Theseregisterscanbeaccessedsimilarto anyotherregisterslikeA,BorR1etc
v' Ex:TheinstructionMOVTLO0,#07movesthevalue07intolowerbyteofTimerO.
v SimilarlyMOVR1, THOsavesthecontentsofTHOintheR1register.
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D15 DO
| THO — TLO N
o e =

TIMER 1:

v Timerlisalsoal6-bitregisterand canbetreatedastwo 8-bitregisters(TL1 &TH1).

v’ TheseregisterscanbeaccessedsimilartoanyotherregisterslikeA,BorR1etc
v' Ex:TheinstructionMOVTL1,#05movesthevalueO5intolowerbyteofTimer1.
v SimilarlyMOVRO0, TH1savesthecontentsof TH1intheROregister.

D15

Do

TH1

M

TI1

N

TMOD(TimermodeRegister):

v’ Thevarious operating modesofboth thetimersT0andT1 aresetbyaTMODregister.

v' TMODisa8-bitregister.

v Thelower4bitsareforTimer0
v Theupper4bitsareforTimerl
v

Ineachcase,

e Thelower2bitsareusedtosetthetimermode

e Theupper2bitstospecifytheoperation

D7

Do

GATE | C/T| npa

MO

GATE

c/T| M1

MO

Tanerl

Tuner 0
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GATE:
v' Thisbitisusedtostartorstopthetimersbyhardware.
v WhenGATE-= 1, thetimerscanbestarted/stopped bytheexternalsources.
v" When GATE=0,thetimerscanbestarted orstopped
bysoftwareinstructionslikeSETBTRxorCLRTRx.
C/T(Counter/Timer):
v’ Thisbitdecideswhetherthetimerisusedasdelaygeneratororeventcounter.

v WhenC/T =0, timerisused asdelaygenerator.

v WhenC/T=1, timerisused asaneventcounter.
v Theclocksourceforthetimedelay isthecrystalfrequencyof8051.

v Theclocksourceforthe eventcounteristheexternalclock source.
M1,M0(Mode):
v’ Thesetwobitsarethetimermodebits.
v Thetimersofthe 8051canbeconfiguredinfourmodesMode0,Model, Mode2&Mode3.
v Theselectionand operationofthemodesisshownbelow.

S.No MO M1 Mode Operation

1 0 0 ModeO 13-bitTimermode.
8-bit Timer/counter THx with TLx as 5-
bitprescaler

2 0 1 Model 16-bit Timer mode.16-bit timer
/counterTHxandTLxare
cascaded. Thereisnopresacler

3 1 0 Mode2 8-bitautoreload.

8-bitautoreloadtimer/counter.THxholdsa

valuewhich istobe
reloadedTLxeachtimeitoverflows

4 1 1 Mode3 Splittimermode
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Mode0:13bit Timermode

| | | | 8 bits 5 bits
saL

TF goes high Overflow
when FFFF — 0 flag

oscillator

C/T=0 IR

Model:16bit Timermode

1Tl 8bits 8 bits
oA

oscillator
TF goes high Overflow
when FFFF — 0 flag

C/T=0 IR

Mode2:8bit autoreloadmode

XTAL
oscillator

FETk

n O‘-el‘ﬂo“-
flag

Rel'o:nd TF goes high
when FF —> 0

Mode3:SplitTimermode

Timer -
Tmer TL1 TH1 -
Timet
Staci e |——
Owverflow
flag
12 F_ THO —
Owverflow
flag

Figure:ModesofoperationofTimer
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TCON(Timercontrolregister)

v" TCON(timercontrol)registerisan8-bitregister. TCONregisterisa bit-addressable register.

7 6 5 4 3 2 1 ]

TFA1 TRA TFo TRoO IE1 T4 IEO ITO

Bit Bit Description
Number | Mnemonic

7 TF1 | Timerloverflowflag
Clearedby hardwarewhenprocessorvectorstointerruptroutine.
Setbyhardwareontimer/counteroverflow,whenthetimerl registeroverflows.

6 TR1 | Timerlrun controlbit
Cleartoturnofftime/counterl.

Settoturnontimer/counterl.

5 TFO | TimerOoverflowflag
Clearedby hardwarewhenprocessorvectorstointerruptroutine.
Setbyhardwareontimer/counteroverflow,whenthetimer0 registeroverflows.

4 TRO | Timer0 runcontrolbit
Clear to turn off time/counter
0.Settoturnontimer/counterO.

3 IE1 Externalinterruptledgeflag.

Clearedbyhardwarewheninterrupt isprocessedifedge-
triggered.Setbyhardwarewhenexternalinterruptisdetected on INT1
pin.

2 IT1 Externalinterruptltypecontrolbit
Clear to select low level active (level triggered) for external interrupt
1.Settoselectfallingedgeactive(edgetriggered)forexternalinterruptl.

1 IEO ExternalinterruptOedgeflag
Clearedbyhardwarewheninterruptisprocessedifedge-triggered.Setby
hardwarewhenexternalinterruptisdetectedonINTOpin.

0 ITO ExternalinterruptOtypecontrolbit

Clear to select low level active (level triggered) for external interrupt
0.Settoselectfallingedgeactive(edgetriggered)forexternalinterruptO.

Timersof8051dostartingandstoppingbyeithersoftwareorhardwarecontrol

v’ ForusingsoftwaretostartandstopthetimerwhereGATE=0

v
v
v
v

Thestartandstopofthetimerarecontrolledbysoftwareusing TR(timerstart)bitsTRxandCLRx
TheSETBinstructionstartsit,anditisstoppedbythe CLRinstruction.
TheseinstructionsstartandstopthetimersaslongasGATE=0in theTMODregister

Thehardwarewayofstarting andstoppingthetimerisachievedby

makingGATE=1intheTMODregister.
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Thefollowingarethecharacteristicsandoperationsofmodel:
1. Itisal6-bittimer.
2. Itallowsvaluefrom0000toFFFFH.
3. ValuetobeloadedintothetimerregisterTLand TH.
4. AfterTHandTLareloadedwithal6-bitinitialvalue,thetimermustbestarted
e ThisisdonebySETBTROfortimerOandSETBTR1fortimerl

5. Afterthetimer isstarted,itstartstocountup

ItcountsupuntilitreachesitslimitofFFFFH
When itrollsoverfromFFFFHt0o0000, itsetshighaflagbitcalled TF(timerflag)

Eachtimerhasitsowntimerflag.
ThereareTFOfor timer0,andTF1fortimerl.

'l
oL

TF goes high Overflow
cTt=0 IR when FFFF — 0  flag

oscillator

6. Timerflagcanbemonitored,
e Whenthistimerflagisraised,tostopthe timerwiththeCLRinstructions.
e CLR TR0andCLRTR1,fortimer0 andtimerlrespectively.
e Afterthetimerreachesitslimitandrolisover.
e Inordertorepeattheprocess, THand TLmustbereloadedwiththeoriginalvalueandTFmustbereloadedt
00.
Togenerateatimedelay

1. LoadtheTMODregisterindicatingwhichtimeristobeusedandwhichtimermodeisselected.

2. LoadregistersTLandTHwith initialcountvalue.

3. Startthetimer

4. Keepmonitoringthetimerflag(TF)withtheJNBTFx,targettoseeifitisraised

e Getoutoftheloop whenTFbecomeshigh
5. Stopthetimer
6. CleartheTFflagforthenextround
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7. GobacktoStep2toloadTHandTLagain.
Examplel:
Inthefollowingprogram,wecreateasquarewaveof50%dutycycle(withequalportionshighandlow)ontheP1.
5bit. TimerOisusedtogeneratethetimedelay.Analyzetheprogram.(Nov 2014)
MOVTMOD,#01 ;Timer0,model1(16-bitmode)

HERE: MOVTLO,#0F2H ;TLO=F2H,thelowbyte
MOV ;THO=FFH,thehighbyte
THO,#0FFHCPLP  ;toggleP1.5
1.5
ACALL DELAY

DELAY: SIMP ;startthetimer0
HERESETB
TRO

AGAIN: JNBTFO,AGAIN ;monitortimerflagOuntilitrollsover
CLR ;stoptimer0
TROCLR ;cleartimerOflag
TFO
RET

Intheaboveprogramnoticethefollowingsteps.
1. TMODisloaded.
2. FFF2HisloadedintoTHO-TLO.
3. P1.5istoggledforthehighandlowportionsofthepulse.
4. TheDELAY subroutineusingthetimeriscalled.
5. In theDELAY subroutine, timerOisstarted bytheSETBTROinstruction.
6. TimerOcountsupwiththe passingofeachclock,whichisprovidedbythecrystaloscillator.
e Asthetimercountsup,itgoesthroughthestatesofFFF3,FFF4,FFF5,FFF6,andsoonuntilitreachesFFFFH.
e Onemoreclockrollsitto0,raisingthetimerflag(TF0=1).Atthatpoint,theJNBinstructionfallsthrough.
7. TimerOisstoppedbytheinstructionCLRTRO.
e TheDELAYsubroutineendsandtheprocessisrepeated.

Noticethattorepeattheprocess,wemustreloadthe TLand THregisters,andstarttheprocessisrepeated.

OO ©O©OC
TF=0 TF=0 TF=0 TF=1

TF=0

Example2:
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InExamplel,calculatetheamountoftimedelayintheDELAYsubroutinegeneratedbythetimer.

AssumeXTAL =11.0592MHz.
Solution:

v

AN N NN

Thetimerworkswithaclockfrequencyofl/12o0fthe X TALfrequency,wehavell.0592MHz/12=
921.6kHzasthetimerfrequency.

Asaresult,eachclockhasaperiod ofT=1/921.6kHz, T=1.085s.

Inotherwords, TimerOcountsupeachl.085usresulting indelay=numberofcountsx1.085ps.
ThenumberofcountsfortherolloverisFFFFH — FFF2H= ODH(13decimal).
Addoneto13becauseoftheextraclockneededwhen itrollsoverfromFFFFtoOandraisethe TFflag.
Thisgives14x1.085us=15.19usforhalfthepulse.FortheentireperioditisT=2%15.19us=30.38psasthetimedel
aygenerated bythetimer.

(@) Inhexadecimal
(FFFF-YYXX+1)x1.085us,whereY'Y XXareTH, TLinitialvaluesrespectively.Noticethatvalue Y'Y XXareinhex.

(b) Indecimal
ConvertY'Y XXvaluesoftheTH, TLregister to decimaltogetaNNNNdecimal,then(65536-NNNN)x
1.085us

Example3:

InExamplel,calculatethefrequencyofthesquarewavegeneratedonpinP1.5.

Solution:

v'InthetimerdelaycalculationofExamplel,wedidnotincludetheoverheadduetoinstructionintheloop.

v Togetamoreaccuratetiming,weneedtoaddclockcyclesduetotheseinstructionsintheloop.

v Todothat,weusethemachinecycle asshownbelow.

Cycles
HERE: MOVTLO,#0F2H 2
MOVTHO,#0FFH 2
CPLP1.5 1
ACALLDELAY 2
SIMPHERE 2
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DELAY: SETBTRO 1
AGAIN: JNBTFO,AGAIN 14
CLRTRO 1
CLRTFO 1
RET 2
Total 28

T=2%28%1.085us=60.76psandF=16458.2Hz

Example4:
Findthedelaygeneratedby
timerOinthefollowingcode,usingbothoftheMethods.Donotincludetheoverhead dueto instruction.

CLRP2.3 ;ClearP2.3

MOV ;Timer0,16-bitmode
HERE: TMOD,#01MOV ;TLO=3Eh,thelowbyte

TLO,#3EH

MOV ; THO=B8H,thehighbyte

THO,#0B8HSETB  ;SEThightimer0

P2.3 ;StartthetimerQ
AGAIN: SETBTRO ;:Monitortimerflag0

JNB ;StopthetimerQ

TFO,AGAINCLR ;Clear TFOfornextround

TRO

CLRTFO

CLRP2.3

Solution:
(FFFFH- B83E+ 1)= 47C2H= 18370indecimaland 18370x 1.085us= 19.93145ms

hefollowi hedt isticsand ionsofimode?:

1. Itisan8-bittimer.ItallowsonlyvaluesofO0toFFHtobeloadedinto thetimerregisterTH.
2. AfterTHisloadedwiththe8-bitvalue,the8051copiesvalue toTLregister.
e Thenthetimermustbestarted.
e ThisisdonebytheinstructionSETBTROfortimerOand SETBTR1fortimerl.
3. Afterthetimerisstarted,itstartstocountupbyincrementingtheTLregister.
e ItcountsupuntilitreachesitslimitofFFH
e When itrollsoverfromFFHto00, itsetshigh theTF(timerflag)
e WhentheTLregisterrollsfromFFH to00andTFissettol.

e TLisreloadedautomatically withtheoriginalvaluekeptbythe THregister.
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e Torepeattheprocess,simplyclearTF.

4. Thismakesmode2anauto-reload,incontrastwith modelinwhichtheprogrammerhasto reload
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THandTL

XTAIL
oscillator

Togenerateatimedelay

Overflow
flag

Sk Reload TF goes high

when FF —> 0

1. LoadtheTMOD valueregisterindicatingwhichtimeristobeused,andthetimermode(mode2)isselected.

2. LoadtheTHregisterwith theinitialcountvalue.

3. Starttimer.

4. Keepmonitoringthetimerflag(TF)withtheJNBTFx,target,toseewhetheritisraisedGetoutofth
eloopwhenTFgoeshigh

5. CleartheTFflag.

6. GobacktoStep4,sincemodeZ2isautoreload.

Example5:
AssumeXTAL=11.0592MHz findthefrequencyofthesquarewavegenerated onpin P1.0.

MOVTMOD,#20H :T1/8-bit/autoreload

MOVTHL,#5 ;TH1=5

SETBTR1 ;startthetimerl
BACK: JNBTF1,BACK tilltimerrollsover

CPLP1.0 ;P1.0tohi,lo

CLRTF1 ;ClearTimerlflag

SIMPBACK ;mode2isauto-reload

Solution:
v Inmode2,noneedtoreload THsinceit isauto-reload.
v" Now(256-05)x%1.085us=251%1.085us=272.33usisthehighportionofthe pulse.
v Sinceitisa 50%dutycyclesquarewave,theperiodTistwice.
v' AsaresultT=2x 272.33us=544.67usandthefrequency=1.83597 kHz

5.2 :Timersascounters

Timerscanalsobeused ascounters.

Whichareusedforcountingeventshappeningoutsidethe8051.
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Whenitisusedasacounter,itisapulseoutsideofthe8051thatincrementstheTH, TLregister.

TMODandTH, TLregistersarethesameasintimerconcept,exceptthesourceofthefrequency.

TheC/ThitintheTMODregisterdecidesthesourceoftheclockforthetimer

WhenC/T=1,the timerisusedasacounterandgetsitspulsesfromoutsidethe8051.

Thecountercountsupaspulsesarefedfrompinsl4and15.

e thesepinsarecalledTO(timerOinput)andT1(timerlinput)

Timer with external input (Mode 1

Timer Overflow
external | I | | flac

input pin -
340r35 P

CT=1 TF goes high
IR when FFFF — 0

Timer with external input (Mode 2)

Timer Overflow

external i I i ' flag
input pin _)n
34ords

CT=1

TF goes high
when FF — 0

IR Reload

v' If GATE = 1, the start and stop of the timer are done externally through pins P3.2 and P3.3 for timers

Oand1, respectively
v’ Thishardwareallowsstartingorstoppingthetimerexternallyatanytimeviaasimpleswitch
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XTAT
_} .

N e

-

Tx Pin ‘[‘ 1
Pin 3.4 or 3.5 CT=1
Gate ’c TR
INTO Pin
Pin 3.2 or 3.3

v' Thefrequency forthetimerisalways1/12ththefrequencyofthecrystalattachedto the8051.

Port 3 pins used for Timers 0 and 1

Pin Port Pin Function Description

14 P3.4 TO Timer/counter 0 external input
15 P3.5 T1 Timer/counter 1 external input
Example6:

AssumingthatclockpulsesarefedintopinT1,writeaprogramforcounterlinmode2to

countthepulsesanddisplaythestateofthe TL1countonP2,whichconnectsto 8LEDs.

Solution:
MOVTMOD,#01100000B  ;counterl,mode2,C/T=1externalpulses
MOVTH1,#0 ;ClearTH1
SETBP3.5 ;makeT linput

AGAIN: SETBTR1 ;startthecounter

BACK: MOVA,TL1 ;getcopyofTL
MOVP2,A ;displayitonport2
JNBTF1,Back ;keepdoing,ifTF=0
CLRTR1 ;stopthecounterl
CLRTF1 ;make TF=0
SIMPAGAIN ;keepdoingit

v NoticeintheaboveprogramtheroleoftheinstructionSETBP3.5.
v’ Sinceportsaresetupforoutputwhenthe8051ispoweredup.
v" So,wemakeP3.5aninputportbymakingithigh.
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v" Inotherwords,wemustconfigure(sethigh)theT1pin(pinP3.5)toallowpulsestobefedintoit.

53 :SERIALCOMMUNICATION

2. Explain theserialprogramming
of8051withitsassociatedregisters.(May2014,2013)(Or)Explainhowtoprogramforsendingandre
ceivingdataseriallyusing8051(April2010, 2011)Explain8051
serialportprogrammingwithexamples. (May 2016,NOV2012)

Explaintheserialmodesofoperationof8051microcontroller.(May 2007)

RS232

v' ltisaninterfacingstandardRS232.
ItwassetbytheE lectronicsindustriesAssociation(EIA)in1960.
The standardwassetlongbeforetheadventofthe T TLIogicfamily.
Itsinputandoutputvoltagelevelsarenot TTLcompatible.
INRS232,a0isrepresentedby-3to-25V,whilealbitis+3to+25V.
IBMintroducedtheDB-9versionoftheseriall/Ostandard.

RS232 Connector DB-9 RS232 DB-9 Pins

i O oL Pin  Description

l 1 = . Data carrier detect (-DCD)
Received data (RxD)
Transmitted data (TxD)
Data terminal ready (DTR)
Signal ground (GND)

Data set ready (-DSR)
Request to send (-RTS)
Clear to send (-CTS)

Ring indicator (RI)

AN N NN

OO [(N| [ | AW N

HandshakesignalsofMODEMD
TR(dataterminalready)

e WhenDTR=1,indicatethatitisreadyforcommunication.
DSR(datasetready)
e WhenDSR=1,indicatethatitisreadyforcommunication.

RTS(requesttosend)
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o [tassertsRTStosignalthemodemthatithasabyteofdata totransmit.
CTS(cleartosend)
e [tistoreceive,itsendsoutsignalCTS,

DCD(datacarrierdetect)

e ThemodemassertssignalDCDtoinformtheDTEthatavalidcarrierhasbeendetected.
RI(ringindicator)

¢ AnoutputfromthemodemandaninputtoaPCindicatesthatthetelephoneisringing.

MAX232
Alinedriver(MAX232)isrequiredtoconvert RS232voltagelevelstoTTLlevels,andviceversa.

e 8051hastwopinsthatareusedspecificallyfortransferringandreceivingdataserially.
e ThesetwopinsarecalledTxDandRxDandarepartoftheport3(P3.0andP3.1).

e ThesepinsareTTLcompatible.

e TheyrequirealinedrivertomakethemRS232 compatible.

8051
MAX232
pail 11 11 P
TxD 14 2 | 3
13 3
P10l 10 12
RxD |.\-

DB-9

Baudrate:
e Thebaudratesin8051areprogrammable.
e 8051dividesthecrystalfrequencybyl2togetmachine cyclefrequency.
e 8051UARTCcircuitrydividesthemachinecyclefrequencyby32.

11.0592 MHz
i 28800 Hz
XTAL Machine cycle freq>
oscillator 921.6 kHz To timer 1
To set the
Baud rate

e TimerlisusedtosetbaudrateusingTH1register
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Baudrate TH1(decimal) TH1(Hex)
9600 -3 FD
4800 -6 FA
2400 -12 F4
1200 -24 ES

Explainindetailtheserialcommunicationregistersofthe8051.(NOV2009)SBUF:

e Itisan8-bitregisterusedforserialcommunication.

e ForabytedatatobetransferredviatheTxDline:

e BytemustbeplacedintheSBUFregister.

e Bytesareframedwiththestartandstopbitsandtransferredseriallyviathe TxDline.
e SBUFholdsthebyteofdata whenitisreceived by8051RxDline.

e WhenthebitsarereceivedseriallyviaRxD.

e 8051 de-frameshytebyeliminating thestopandstartbits.

SCON:
e [tisan8-bitregisterusedtoprogramthestartbit,stopbitanddatabitsofdataframing.
SMO SM1 SM2 REN TB8 RB8 TI RI
Bit Bit Description
Number | Mnemonic
SCON.7 SMO | Serialportmodespecifier
SCON.6 SM1 | Serialportmodespecifier
SCON.5 SM2 | Usedformultiprocessorcommunication
SCON.4 REN | Set/Cleared bysoftwaretoenable/disablereception
SCON.3 TB8 | Notwidelyused
SCON.2 RB8 | Notwidelyused
SCON.1 TI Transmitinterruptflag.Setby hardware atthe beginofthestopbitmode 1.
Andclearedbysoftware
SCON.0 RI Receiveinterruptflag.Setby hardwareatthe beginofthestopbitmodel.
Andclearedbysoftware
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SMO0,SM1:Serial port modespecifiers

SMO SM1
0 0 SerialMode0
0 1 SerialModel;8-bitdata, 1stopbit, Lstartbit
1 0 SerialMode2
1 1 SerialMode3

Inprogrammingthe8051totransfercharacterbytesserially

1. TMODregisterisloadedwiththevalue20H,indicatingtheuseoftimerlin mode2 (8-bitauto-reload)to
setbaud rate.

2. TheTH1isloadedwithone ofthevaluestosetbaudrateforserialdatatransfer.

3. The SCONregisterisloadedwith thevalue50H,indicatingserialmodel,wherean8-
bitdataisframedwithstartand stop bits.

4. TR1issettoltostarttimerl

5. TlisclearedbyCLRT linstruction.

6. ThecharacterbytetobetransferredseriallyiswrittenintoSBUFregister.

7. TheTlIflagbitismonitoredwiththeuseofinstruction
JNBTI,xx,toseeifthecharacterhasbeentransferredcompletely.

8. Totransferthenextbyte,gotostep5.
Writeaprogramfor the805 Itotransferletter “A”seriallyat4800baud,continuously.
Solution:

MOVTMOD,#20H;timer1,mode2(autoreload) MOV

TH1,#-6 ;4800 baudrate

MOVSCON,#50H;8-

bit,1stop,RENenabledSETBTR1 ;starttimerl
AGAIN: MOVSBUF, #”A”

;letter“A”totrtansferHERE: INB

TI,HERE ;waitforthelastbit

CLR TI :clearTIfornextchar
SIMPAGAIN ;keepsendingA
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Thestepsthat8051goesthroughintransmitting a charactervia TxD
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1. Thebytecharacter tobetransmittediswrittenintotheSBUFregister
2. Thestartbitistransferred
3. The8-bitcharacteristransferredonbitatatime
4. Thestopbitistransferred
e ltisduring thetransferofthestopbitthat8051raisestheTIflag, indicating
thatthelastcharacterwastransmitted
5. BymonitoringtheTIflag,wemakesurethat wearenotoverloadingtheSBUF
e If we write another byte into the SBUF beforeT] is raised, the un-transmitted portion of
thepreviousbytewillbelost.
6. AfterSBUFisloadedwithanewbyte,theT IflagbitmustbeforcedtoObyCLRT linorderforthisnewbyteto
betransferred

Bychecking theTIflagbit,weknowwhetherornotthe8051isreadytotransferanotherbyte

e ItmustbenotedthatTIflagbitisraisedby8051itselfwhen itfinishesdatatransfer

e Itmustbecleared bytheprogrammerwithinstructionCLRTI

e If we write a byte into SBUF before the TlIflag bit is raised, we risk the loss of a portion of the

bytebeingtransferred

e TheTlbitcanbechecked bytheinstructionJNBTI,xxUsing aninterrupt.
Writea programforthe8051 to transfer“YES” seriallyat9600 baud, 8-bitdata, 1 stop bitdo
thiscontinuously.(May2006)

Solution:
MOVTMOD,#20H;timer1,mode2(autoreload) MOV
TH1#-3 ;9600baud rate
MOVSCON,#50H;8-
bit,1stop,RENenabledSETBTR1 ;starttimerl
AGAIN: MOVA #Y” stransferY”
ACALLTRANS
MOVA#“E”
stransfer“E”
ACALLTRANS
MOVA #S”

‘transfer«S”
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SIMPAGAIN ;keepdoingit

;serialdata transfer subroutine

TRANS: MOV SBUF,A ;loadSBUF

HERE: JNB TILHERE ;waitforthelastbit
CLR TI ;getreadyfornextbyte
RET

Inprogrammingthe8051toreceivecharacterbytes serially

1. TMODregisterisloadedwiththevalue20H,indicatingtheuseoftimerlin mode(8-
bitauto-reload)to setbaud rate

2. TH1isloadedtosetbaudrate

3. The SCONregisterisloadedwith thevalue50H, indicatingserialmodel,wherean8-
bitdataisframedwithstartand stop bits

4. TR1issettoltostarttimerl

5. RlisclearedbyCLRRIinstruction

6. TheRlIflagbitismonitoredwiththeuseofinstruction
JNBRI,xxtoseeifanentirecharacterhasbeenreceivedyet

7. WhenRlisraised,SBUFhasthebyte, its contentsaremovedintoasafeplace.

8. Toreceivethenextcharacter,gotostep5.

Writeaprogramforthe8051toreceive bytesofdataseriallyandputtheminP1,setthebaudrateat4800,8-bitdata and 1
stop bit.(NOV2016)

Solution:
MOVTMOD,#20H;timer1,mode2(autoreload) MOV
TH1,#-6 ;4800 baudrate
MOVSCON,#50H;8-
bit,1stop,RENenabledSETBTR1 ;starttimerl
HERE: JNB  RI,HERE ;wait for char to come

inMOVA,SBUF
;savingincomingbyteinAMOVP1,A
;sendto portl

CLR RI ;getreadyto receivenextbyte
SIMPHERE ;keepgettingdata
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InreceivingbitviaitsRxD pin,8051goesthroughthefollowingsteps.
1. Itreceivesthestartbit
¢ Indicatingthatthenextbitisthefirstbitofthecharacterbyteitisabouttoreceive
2. The8-bitcharacterisreceivedonebitattime
3. Thestopbitisreceived
e When
receivingthestopbit8051makesRI1=1,indicatingthatanentirecharacterbytehasbeenreceived.
5. AftertheSBUFcontentsarecopiedintoasafeplace.
e TheRIflagbitmustbeforcedtoObyCLRRIinordertoallowthenextreceivedcharacterbyteto
beplacedinSBUF.

e Failuretodothiscauseslossofthereceived character.

Therearetwowaystoincreasethebaudrateofdatatransfer
e Touse ahigherfrequencycrystal
e TochangeabitinthePCONregister
PCON
e PCONregisterisan8-bitregister
e When8051lispoweredup,SMODiszero.
e Wecan setittohighbysoftwareandtherebydoublethebaud rate.
e GF1,GFO0:Generalflagbits
e PD:Powerdownmode
e IDL:ldealmode

'SMOD| — ‘ — ‘ - ‘ GF1 ‘ GFO ‘ PD | IDL
"*\ MOV A,PCON ;place a copy of PCCON in ACC
SETE ACC.7 ;make D=1
MOV PCON, A ;changing any other bits

47




ET3491EMBEDDEDSYSTEMANDIOTDESIGN Unit-1

11.0592 MHz SMOD =1 n 57600 Hz
To timer

Machine cycle fre
XTAL 2 eq= 1 To set

=12
28800 Hz the Baud
SMOD =0

oscillator 921.6 kHz

PINDiagramof8051 Microcontroller:

ExplainPindetailsof8051microcontroller.(MAY2006)
Describethefunctionsofthefollowingsignalsin8051.RST,EA,PSENandALE.(NOV2015)

v The8051microcontrollerisavailableasa40pinDIPchipanditworksat+5voltsDC.
v" Amongthe40pins,atotalof32pinsareallottedforthefourparallelportsP0,P1,P2andP3i.eeachportoccupies8-
pins.
v TheremainingpinsareVCC,GND,XTAL1,XTAL2,RST,EA,PSEN.
XTALLXTALZ:
v’ ThesetwopinsareconnectedtoQuartzcrystaloscillatorwhichrunstheon-chip oscillator.
v Thequartzcrystaloscillatorisconnectedto thetwopinsalongwithacapacitorof30pFasshownin thecircuit.

v' Ifuseasourceotherthanthecrystaloscillator,itwillbeconnectedto X TAL1and X T AL 2isleftunconnected.

T L XTAL2
30 pF

Ci T &)

I XTAL1

i GND

v' TheRESETpin isan inputpin anditisanactivehighpin.

RST:

v" Whenahighpulseisappliedtothispin,themicrocontrollerwillresetandterminateallactivities.

v Uponresetalltheregisterswillresetto0000ValueandSPregisterwillresetto0007value.
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EA (ExternalAccess):
v" Thispinisanactivelowpin.

v Thispinisconnectedtogroundwhenmicrocontrollerisaccessingtheprogramcodestoredintheexternalmemory

v ThispinisconnectedtoVVccwhen itisaccessing theprogramcodein theonchipmemory.

PSEN (ProgramStoreEnable):

v" Thisisanoutputpinwhich isactivelow.

v WhenthemicrocontrollerisaccessingtheprogramcodestoredintheexternalROM,thispinisconnectedtothe
OE(OutputEnable)pinoftheROM.
ALE(Addresslatchenable):
v" Thisisanoutputpin,which isactivehigh.
v ThisALEpinwilldemultiplextheaddressanddatabus.
v Whenthepinishigh,theAddress/Databuswillactasaddressbus,otherwisethe Address/DatabuswillactasDatab

us.
N
P10 1 40 ] vee
P11]2 39 [] PO0.0 (ADO)
P1.2[]3 38 [] PO.1 (AD1)
P1.3[]4 37 [ ] P0.2 (AD2)
P14 ]5 36 ] P0.3(AD3)
P1s5[|6 35 [] PO0.4 (AD4)
P1la[ |7 34 ] PO.5(ADS)
P17 le 33 [ PO.6 (AD6)
RSTI[] 2 32 ] PO.7 (ADT)
(RXD) P3.0 []10 8051 31— EAWVPP
(TXD) P3.1 ] 11 30 |3 ALE/PROG
(INTD) P3.2 ] 12 29 ] PSEN
(INT1T) P3.3[]13 28 |7 p2.7 (A15)
(TO) P3.4 ] 14 27 ] p2.6 (A14)
(T1yP3.S[]15 26 |1 P2.5(A13)
(WR) P3.6 ] 16 25 | p2.4 (A12)
(RDyP3.7 17 24 | p2.3 (A11)
xXTAL2 [] 18 23 |1 P22 (A10)
XTALT ] 19 22 | p2.1 (A9)
GND ] 20 21 |0 pz.0(A8)

Figure:Pin diagramof8051
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P0.0-P0.7(ADO-AD7):
v" TheportOpinsmultiplexedwithAddress/datapins.
v' Ifthemicrocontrollerisaccessingexternalmemory,thesepinswillactasaddress/datapins,otherwisetheyareuse
dforPort0 pins.
P2.0-P2.7(A8-A15):
v Theport2pinsaremultiplexedwiththehigherorderaddresspins.
v" Whenthemicrocontrollerisaccessingexternalmemory,thesepinsprovidethehigherorderaddressbyte,
otherwisetheyactasPort2 pins.
P1.0-P1.7:
v These8-pinsarededicatedto performinputoroutputportoperations.
P3.0-P3.7:
v’ These8-pins aremeantfor Port3operationsandalsofor somecontrol
operationslikeread, Write, Timer0, Timer1,INTO, INT1,RxDandTxD.

Programl:Usingtimers in8051writea
programtogeneratesquarewavel00ms,50%dutycycle.(NOV2014,May2016,May2012)
MOVTMOD,#01Here:

MOVTLDO,

#D7MOVTHO,#B4

CPL

P1.3SETB

TRO
Again:JNBTF0,AgainC

LRTRO

CLRTFO

SJMPHere
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Program2:Writean8051ALPtomultiplythegivennumber48Hand30H.(April2017)

Mnemonics Comments

Opcode Operand
MOV A#48 ;Storedatalinaccumulator
MOV B,#30 ;Storedata2inBregister
MUL AB :Multiplyboth
MOV DPTR,#4500 ;Initializememorylocation
MOVX @DPTR,A ;Storelowerorderresult
INC DPTR ;Gotonextmemorylocation
MOV AB ;Storehigherorderresult
MOVX @DPTR,A
L1:SIMP | L1 ;Stoptheprogram

Program3:Writeaprogramtoaddtwol6bitnumbers. Thenumbersare8C8Dand8D8C.
PlacethesuminR7andR6.R6shouldhavethelowerbyte. (NOV 2010)

Mnemonics Comments

Opcode Operand
MOV A#8D ;StoreLSBdatalinaccumulator
MOV B,#8C ;StoreLSBdata2inBregister
ADD AB ;Addboth
MOV R6,A ;StoreL.SBresult
MOV A#BC ;Store MSBdatalinaccumulator
MOV B,#8D ;StoreMSBdata2inBregister
ADD AB ;Addboth
MOV R7,A ;StoreMSBresult
L1:SIMP | L1 ;Stoptheprogram
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