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INTRODUCTION TO MICROCONTROLLER

üA microcontrolleris a computerpresentin a single integrated

circuit which is dedicatedto performonetaskandexecuteone

specificapplication.

ü It containsmemory,programmableinput/outputperipheralsas

well asprocessor.

üMicrocontrollers are mostly designed for embedded

applicationsand are heavily usedin automaticallycontrolled

electronic devices such as cellphones,cameras,microwave

ovens,washingmachines,etc.

üThere are many manufacturers of different series of

microcontrollersand amongthem 8051 is consideredas the

basicmicrocontroller.

Microprocessors and Microcontrollers
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üTheblockdiagramof amicroprocessoris shownbelow.

üTo makethemicroprocessorasa completeone,we shouldadd

memorydevices,I/O devices,interrupthandlersetc.

Microprocessors and Microcontrollers
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üTheblockdiagramof amicrocontrolleris shownbelow.

üThe abovedesigninclude all the featuresof microprocessor

along with the other featureslike ROM, RAM, parallel I/O,

serialI/O thusmakingit acompletecomputer.

Microprocessors and Microcontrollers
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Differences between microcontroller and microprocessor:

Microprocessors and Microcontrollers
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Features of 8051 microcontroller:

ü4 KB of on chip program memory, ROM used for saving prog.

ü128 bytes of on chip data memory, RAM for storing

intermediateresultsandvariables

ü128 user defined software flags.

ü8-bit data bus.

ü16-bit address bus.

ü32 general purpose registers each of 8 bits.

ü16 bit timers (usually 2)

ü3 internal and 2 external interrupts

üBit as well as byte addressable RAM area of 16 bytes.

üFour 8 bit ports

ü16 bit program counter and data pointer

ü1 microsecond instruction cycle with 12 MHz crystal.Microprocessors and Microcontrollers
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INTERNAL ARCHITECTURE OF 8051

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

Arithmetic and Logic Unit :

ü ALU performs arithmetic like addition, subtraction,

multiplicationandLogicalOperationslike NAND, NOR etc.

ü Since8051is an8 bit microcontroller,it takesinput from two

8 bit registersnamelyA andB andprocessesthem.

Program Counter (PC):

ü PCis a 16 bit registerwhich pointsto thenextinstructionthat

theCPUexecutes.

ü As each instruction gets fetched, the program counter

increasesits storedvalueby 1.

ü PCis consideredasInstructionPointerin X86 processors.

Microprocessors and Microcontrollers
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DPTR:

üDPTRknownasDataPointer.

ü It is theuseraccessible16bit register.

üDPTRis meantfor pointingto data.

ü It is usedby the8051to accesstheexternalmemoryusingthe

addressindicatedby DPTR.

üDPTRcanstore2 bytevalues.

ü It consistof two registersi.e. DPH andDPL.

PSW:

üStandsfor ProgramStatusWord / ProcessorStatusWord.

üThe programstatusword (PSW) registeris an 8-bit register,

alsoknownasflag register. It is of 8-bit wide but only 6-bit of

it is used.
Microprocessors and Microcontrollers
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üThe two unusedbits areuser-defined flags. Four of the flags

arecalledconditional flags, which meansthat they indicatea

conditionwhich resultsafteraninstructionis executed.

üThesefour are CY (Carry), AC (auxiliary carry), P (parity),

andOV (overflow). Thebits RS0 andRS1 areusedto change

thebankregisters.

Microprocessors and Microcontrollers
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üPSWregisteris bit addressablei.e. bits in that registercanbe

accessedbit wisei.e. PSW.0 to PSW.7

Microprocessors and Microcontrollers
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Registerbanks in 8051:

üA total of 32 bytesof RAM aresetasidefor theregisterbanks

andstack. These32 bytesaredivided into 4 banksof registers

in whicheachbankhas8 registers,R0-R7.

üThe registerbank0 hasthe RAM locationsfrom 0 to 7 where

R0 is the RAM location0, R1 is the RAM location1 andso

on.

üThe registerbank 1 has the RAM locationsfrom 08 to 0Fh

wheretheregistersstartfrom R0 to R7.

üThe third bank of registersR0 to R7 starts from memory

location10h andgoesto memorylocation17h.

üThe fourth bank of registersR0 to R7 starts from memory

location18h to 1Fh.

üThe registerbank1 usesthe samememoryspaceasthe stack

which indicatesthatno othermemoryareacanbeusedfor the

stack.
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Default register bank:

üAmong these4 registerbanks,whenthe 8051is poweredup,

therewill beonly oneregisterbankwhichcanbeaccessed.

üThe registerbank that can be accessedon power up is the

registerbank0 which hastheRAM locationsstartingfrom 00

to 07h.
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How to switch register banks:

ü Register bank 0 is the default when 8051 is powered up. If we 

want to switch from one register bank to other, then it can be 

done using PSW register.

ü Bits D4 and D3 of the PSW are used to select the desired 

register bank as shown in the table below.
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üThe PSW.4 and PSW.3 are bit addressable instructions which 

can be accessed using SETB and CLR.

üFor example, SETB PSW.3 will make PSW.3=1 and select 

bank register 1.

Example Program:



Aditya Engineering College  (A)

SpecialFunction Register:

üAlong with the variousregisters,8051 is providedwith some
specialfunction registerswhich are from the locations80 to
FFh.

üAll the registersin the SFR are known as memory mapped
registersbecauseeachandeveryregisteris provided with an
address.

üAll the locations from 80 to FFh cannotbe usedas SFRôs
because8051containonly 21SFRôs.

ü21 SFRôs indicatethat only 21 memorylocationscanbe used
out of the 128 locations. Remaininglocationsare reservedor
unusedlocations.
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ü In the abovelist of special function registers,thosemarked

with * indicatethattheyarebit addressable.

üOne easyway to identify the bit addressableregistersis that

the addressfor eachregisterthoseendingwith 0 or 8 are the

bit addressableregisters.

üBit addressableregistersindicate that the locations in that

particularregistercanbeaccessedbit wise.

üThe SFR spacecontainsspecialpurposeCPU registers,I/O

ports,interruptcontrol,timers,andserialI/O.
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CPU registers:

ACC ï Accumulator

B - B register

PSW - Program Status Word

SP - Stack Pointer

DPTR - Data Pointer (DPH, DPL)

Interrupt Control:

IE - Interrupt Enable

IP - Interrupt Priority

I/O Ports:

P0 - Port 0

P1 - Port 1

P2 - Port 2

P3 - Port 3
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Timers:

TMOD - Timer mode

TCON - Timer control

TH0 - Timer 0 High byte

TL0 - Timer 0 Low byte

TH1 - Timer 1 High byte

TL1 - Timer 1 Low byte

Serial I/O:

SCON - Serial port control

SBUF - Serial data register

Other:

PCON - Power Control



Aditya Engineering College  (A)

Internal RAM Organization:

ü InternalRAM in 8051is of size128bytesorganizedinto three

distinctareas.

Registerbank:

ü32 bytes from address00H to 1FH are the 32 working registers

organizedasfour banksof eightregisterseach.

üThe four banksarenamedasbank0 to bank3 eachconsistingof eight

registersnamedasR0 to R7.

üEachregistercan be addressedby nameor by its RAM address. For

example,R0 of bank 3 can be selectedby the nameR0 or can be

selectedby theaddress18H.

üRS1 andRS0 of PSWwill determinethecurrentbankof registerwhich

is currentlyin use.

üBank0 is selecteduponreset.

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

Bit addressablearea:

üThis is of size 16 byteswhich occupythe RAM memoryspace. The

addressfor this bit addressableareawill befrom 20H to 2FH forming a

totalof 128addressablebits.

üOut of the entireareafrom 00H to 7FH a bit canbeaddressedwith its

bit addressfrom any of 00H to 7FH (or) a byte canbeaddressedfrom

theaddresslocation20H to 2FH.

üFor example (consider the bit addressablearea shown below) bit

address4FH is alsobit 7 of byteaddress29H

GeneralpurposeRAM area:

üA total of 80 bytes from locations30h to 7Fh are usedfor readand

write storagewhich is knownasscratchpad.

üThese 80 locations of RAM are used for storing the data and

parametersof 8051programmers.

Microprocessors and Microcontrollers
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INPUT/OUTPUT PORTS AND CIRCUITS

üThe major featurefor the microcontrolleris the input/output

circuitsthatconnectthe8051to theoutsideworld.

üTo interfaceanyexternalcircuitry with themicroprocessorwe

needto addadditionalchips. This ability hasbeenbuilt in the

microcontroller.

üTheinput/outputdevicescanbeconnectedto anyof thepinsin

thecontrollerif thefunctionalityis known.

üPin diagramis usedto connectany numberof peripheralsto

thecontroller.

üThere are a total of 40 pins in the 8051 microcontroller. The 

package used is DIP. 

ü8051 has four ports i.e. Port0-Port3, P0, P1, P2, P3.

Microprocessors and Microcontrollers
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Pin description:

üOut of 40 pins,32 pinsarereservedfor input-outputpurposes.

Theremaining8 pinswill functionasVcc, GND,ALEé.

Vcc (pin 40):

üThispin providesvoltageto theentirecontrollerchip.

üThevoltagesourceis +5V.

üFor anelectronicdigital device,a dc supplyhasto begiven andso the

voltageprovidedis 5V.

ü If morethan5V is givento thecontroller,thencontrollergetsdamaged.

GND (pin 20):

üThis is thegroundpin whichcanbetermedasthecommonpin.

üThiswill directall thecurrentsandvoltagesto thegroundterminal.

XTAL 1 and XTAL 2:

üTheseare the crystalpins mainly usedfor connectingthe oscillator to

themicrocontroller.

Microprocessors and Microcontrollers
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Needof an oscillator:

üGenerallyall theelectronicdevicesrequiretheclocksignalbecauseif it

is involvedwith memorycomponents,thenit requiresaclocksignal.

üThis clock signal is requiredbecauseall the memorycomponentsand

memory peripheralswill be working on the clock signal that is

providedwith.

üAn oscillator containsan inverting amplifier along with an feedback

elementwhichgeneratestheclocksignalcontinuously.

üBaurkhesiancriteria has to be satisfiedso that it can be termed as

oscillator.

üThe feedbackcomponentcan be designedwith the help of R,L,C

components. But usingthesecomponents,will havesomedrawbacks.

üTheothercomponentthatcanbeusedis crystali.e. usingcrystalquartz

oscillator and the other way is to useTTL oscillator which will give

externalsignal.

Microprocessors and Microcontrollers
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XTAL Connectionto 8051:

Microprocessors and Microcontrollers
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Machine cycle:

ü12clockcyclesis amachinecycle.

üMachinecycle is thetime takenby theprocessorto executean

instruction.

üThereare many instructionsrunning inside a microcontroller

which areof 1byte,2bytes,3bytes. The time takento execute

aninstructionof ónôbytescanbetermedasamachinecycle.

üThis machinecycle is againdivided into two morecyclesi.e.

instructioncycleandexecutecycle.

üDuring the instruction cycle, the operations that can be

performedon theinstructionsarefetch anddecode.

üDuring the execute cycle, the operations performed are

executeandthenwrite back the result to the memory.

Microprocessors and Microcontrollers
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RST (pin 9):

üUpon resetall the ports will be configuredas input and

haveadefaultvalueof FFH on them.

üWhenwe resetthepin in the8051, thenall thememoryand

registerswill beinitialized to zeroor elsewill beinitialized

to adefinedvalue.

üFor the controller to get into reset state completely, an

active high signal is to be given for at least 2 machine

cycles.

üBut theactivehigh signalfor 2 machinecyclesto makethe

controllerresetis quitedifficult task. Sowe needto design

aspecificcircuit knownaspower on reset.

üThe circuit will be designedwhich will take care of the

timeduration2 machinecycles.

Microprocessors and Microcontrollers
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PSEN(out):

üProgramStoreEnableis anactivelow pin which is anoutputpin from

acontroller.

üThis is mainly usedas the readsignal for externalprogrammemory.

Thispin is connectedto theOE pin of thecontroller.

EA (in-pin 31):

üThis is externalaccesspin which is anactivelow pin to accessexternal

programmemory.

üFor the 8051microcontrollersfamily, wherethe on-chip ROM is used

to storetheprograms,in suchcasesEA is used.

üThis pin by default is connectedto the ground. If it is connectedto

logic high, thenthecontrollerknowsthat the informationis in external

memory.

üFor the8051controller,EA pin is connectedto Vcc.

Microprocessors and Microcontrollers
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ALE (pin 30):

ü It is an activehigh outputpin which is usedto latchaddressoutputsat

Port0 andPort2.

üThisALE is usedfor de-multiplexingtheaddressanddata.

Port 0 (pins 32-39):

üThey are representedas P0.0 to P0.7. Theseport 0 pins are called as

multiple functionalitypinsbecausewe canusethesepinsfor morethan

onefunction.

üThesamepinscanbeusedasinputor outputor asmultiplexedlines.

üWhen the 8051 is connectedto the external memory, then the

multiplexingof addressanddatais donebyALE.

ü If ALE is 0 thenit providesD0-D7 andif ALE is 1 thenit providesA0-

A7.

ü In 8051 systemswhere there is no external memory, P0 has to be

connectedto externalpull up resistorof 10k-ohms.

üBy makingconnectionof externalpull up resistors,P0 canbeusedasa

simpleI/O port.
Microprocessors and Microcontrollers



Aditya Engineering College  (A)

Port 1 and Port 2:

ü In 8051 where there is no external memory connected, both P1 and P2 

are used as simple I/O. 

üBut if external memory is connected, then P2 has to be used along with 

P0 to provide the 16 bit address for external memory.

üSince 8051 is capable of accessing 64KB of memory, it needs a path for 

the 16 bit address.

üP0 provides the lower bits of the address i.e. A0-A7 and P2 provides 

the higher bits of address i.e. A8-A15.

üWhen 8051 is connected to external memory, P2 is used for the upper 

8-bits of 16 bit address and cannot be used for I/0.

Port 3 (10-17):

ü It can also be used as input/output. But the main functionality is to 

provide additional functions like interrupts.

Microprocessors and Microcontrollers
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Importance of pull -up resistor:

üConsiderthesimpledigital logic circuit shownbelow.

Pull up resistor application:

Microprocessors and Microcontrollers
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EXTERNAL MEMORY

ü 8051 has 4KB of ROM and 128B of RAM. The designerof an 8051

microcontroller is not limited to the internal RAM and ROM presentin

8051microcontroller.

ü Thereis a provisionof connectingboth externalRAM andROM i.e. Data

MemoryandProgram.

ü The reasonfor interfacing external ProgramMemory or ROM is that

complexprogramswritten in highïlevel languagesoften tendto be larger

andoccupymorememory.

Å Another important reasonis that chips like 8031 or 8032, which doesnôt

haveanyinternalROM, haveto beinterfacedwith externalROM.

Å A maximum of 64KB of ProgramMemory (ROM) and Data Memory

(RAM) eachcanbeinterfacewith the8051Microcontroller.

Å ExternalRAM which is accessedby DPTR may alsobeneededwhen128

bytesof internaldatastorageis not sufficient. ExternalRAM up to 64KB

mayalsobeaddedto themicrocontroller.

Microprocessors and Microcontrollers
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Connectingexternal memory:

Microprocessors and Microcontrollers
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COUNTERS & TIMERS OF 8051

üTimers are consideredas the basic peripheralsinside any

microcontroller. Theseperipheralsare mainly used in time

basedapplications.

üThetimer of 8051are16 bit registersandtherearetotally two

timers inside this 8051. The timers are called as timer 0 and

timer1.

üThesetimersaremainlyusedfor threefunctions:

üCalculatingamountof time betweenevents.

üCountingtheevents.

üGeneratingbaudratesfor theserialport.

Microprocessors and Microcontrollers
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ü8051hasTimer ModeRegisterandTimer ControlRegisterfor

selectingamodeof operationandcontrollingpurpose.

Microprocessors and Microcontrollers
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Timer Mode Register(TMOD) :

Microprocessors and Microcontrollers
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Clock sourcefor timer :

üEvery timer needsa clock pulse to tick. The sourceof the

clock pulsefor thetimer is thecrystaloscillatorattachedto the

8051.

üThesizeof thecrystaloscillatorwill decidethespeedat which

the 8051 timer ticks. The frequencyfor the timer is always

1/12th of thecrystalfrequencyof the8051.

üAlthough the crystal frequencywill rangefrom 10MHz to 40

MHz, the crystal frequency that will be considered is

11.0592MHz.

NOTE: TMOD registeris notbit addressable.

Microprocessors and Microcontrollers
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Timer/Counter Control Logic
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Two Activation levels for External 

Hardware Interrupts



Aditya Engineering College  (A)



Aditya Engineering College  (A)

Programming of TMOD reg



Aditya Engineering College  (A)

Mode-0

ÅThe timer is 13-bit wide.

ÅThis mode is same for timer 0 as well as timer 

1.

ÅWhen the count over flows , it sets the 

overflow flags TF0 and TF1 for timer 0 and 

timer 1 respectively.

ÅTo start the timer TRx bit for corresponding bit 

should be set.
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ÅThis 13-bit operation is just to have compatible 

timer function as that of 8048 family.

ÅUsing the upper byte THx and lower 5 bits of 

TL0 it form the 13-bit
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ÅThis 13-bit counter can hold values between 

0000h to 1FFFh

ÅTherefore when the timer reaches its maximum 

of 1FFFh, when another clock pulse is 

received it rollover to 0000 and TFx is raised , 

then act accordingly 
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Mode-1

ÅThe timer is 16-bit wide

ÅTherefore it allows values of 0000h to FFFFh 

to be loaded into the timerôs register TL and 

TH.

ÅWhen the count overflows it sets the TFx bits

ÅTo start the timers TRx bit should be set.
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Steps to Program In Mode 1

ÅLoad the TMOD value reg. indicating which 

(timer 0 or 1) is to be used and which timer 

mode(0 or 1) is selected

ÅLoad regôs TL and TH with initial count 

values

ÅStart the timer

ÅKeep monitoring the TF with the 

ñJNB TFx , targetò instruction to if TF is raised 

or not. Get out of loop if TF is high
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ÅStop the timer

ÅClear the TF flag for the next round

ÅGo back to step  to load TH and TL again.
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Generate a square wave with 50% duty cycle on the P1.5 bit. 

Timer 0 must be used to generate the time delay.

MOV TMOD,#01  ; timer 0 and mode 1

HERE:       MOV TL0,#0F2H    ; TL0=F2h low byte

MOV TH0,#0FFH    ;  TH0=FFhhigh byte

CPL P1.5                ; toggle P1.5

ACALL DELAY

SJMP HERE          ;load TH,TL again

DELAY:

SETB TR0       ; start timer 0

AGAIN:     JNB TF0,AGAIN ; monitor TF until it becomes high

CLR TR0          ; stop timer 0

CLR TF0         ; clear timer flag 

RET
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Steps to program in Mode 2

ÅLoad the TMOD value register 

ÅLoad the TH register with the initial value

ÅStart the timer

ÅKeep monitoring the TF flag

ÅClear the TF flag

ÅGo back to monitor the TF flag stage since 

mode 2 is auto - reload
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MOV TMOD,#20H ;timer 1 mode 2

MOV TH1,#5   ; TH1 =5

SETB TR1          ; start timer 1

BACK:   JNB TF1,BACK   ; monitor for TF=1

CPL P1.0        ; toggle bit P1.0

CLR TF1        ; clear TF

SJMP BACK  ; mode 2 is auto reload

Generation of Square wave in mode 2 using

timer 1 on P1.0 bit 
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COUNTER PROGRAMMING

Write a program for counter 1 in mode 2 to count the pulse 
and display the state of the TL1 count on P2.

MOV TMOD,#01100000B

MOV TH1, #0

SETB P3.5

AGAIN:   SETB TR1

BACK:      MOV A,TL1

MOV P2,A

JNB TF1,BACK

CLR TR1

CLR TF1

SJMP AGAIN
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TCON Register:

Microprocessors and Microcontrollers
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Mode 0 of timer :

üMode0 canbeinitialized by giving thevaluesof M1 & M0 as

0, 0. Mode0 is a13bit timer i.e. thetimer registers(TH & TL)

will hold thevaluesbetween0000H to 1FFFH.

üOut of theavailable13bits,Mode0 will beoperatedwith 8-bit

timer/counteralong with a 5-bit prescalar. It uses5 bits of

TL0/TL1 andall the8 bitsof TH0/TH1.

üHigher threebits of TLx haveto be zero for programmingin

mode0.

Microprocessors and Microcontrollers
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Mode 1 of timer:

üMode1 is a 16 bit timer modeusedto generatea delay. It uses

8-bitsof THx and8-bitsof TLx to form a total16bit register.

ü It allow the valuesof 0000 to FFFFH to be loadedinto the

timerôsregistersTL andTH.

üAfter TH and TL are loadedwith a 16-bit initial value, the

timer mustbe started. This is doneby SETB TR0 for timer 0

andSETBTR1 for timer1.

Microprocessors and Microcontrollers
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üAfter the timer is started,it startsto countup. It countstill it

reachesits maximum value i.e. FFFFH. Once it reaches

FFFFH,thenit will roll backto 0000andit setsthe timer flag

(TF).

üWhenthe timer flag is raised,oneoption is to stop the timer

with the instructionsCLR TR0 or CLR TR1 for timer0 or

timer1 respectively. Therewill be timer flag for timer 0 and

timer1 separatelyi.e. TF0 andTF1.

üThe other option is that once the timer reachesits limit and

rolls over, if we want to repeatthe process,then TH and TL

mustbe reloadedwith theoriginal valueandTF mustbe reset

to 0.

Microprocessors and Microcontrollers
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Mode 2 of timer :

üMode2 is 8-bit auto-reloadtimer mode. In this modewe have

to loadtheTHx-8 bit valueonly.

üWhen the Timer gets started,THx value gets automatically

lodedinto theTLx andTLx startcountingfrom thatvalue.

üAfter the value of TLx overflows from the 0xFF to 0x0, the

TFx flag getsset

üAgain value from the THx getsautomaticallyloadedinto the

TLx register. Hencethis is calledasautoreloadmode.

Microprocessors and Microcontrollers
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Mode 3:

üWhentimer0 is usedin mode3

üTL0 is usedas8-bit timer/counter.

üTH0 will beusedonly astimer.

üTH0 is controlledby timer 1 controlbit TR1.

üWhenTH0 overflowsfrom FF to 00 thenTF1 is setto 1.

üWhentimer1 is usedin mode3

üSimplyholdsthecountbutdoesnot run.

NOTE:

ü In Mode 3 of Timer0, the 8051 hasthreetimers. One 8-bit

timer by TH0, another8-bit timer/counterby TL0, andone16-

bit timer/counterby Timer1.

Microprocessors and Microcontrollers
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Counter in 8051:

üTheonly differencebetweencountingandtiming is thesource

of clockpulsesto thecounters.

üWhen used as a timer the clock pulsesare sent from the

oscillatorthroughthedivideby 12circuit.

üWhenusedasacounter,pin T0 (P3.4) supplypulsesto counter

0 andpin T1 (P3.5) supplypulsesto counter1.

üTheC/T hasto besetto 1 to enableascounter.

Microprocessors and Microcontrollers
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EXAMPLE PROGRAMS

Microprocessors and Microcontrollers
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üWrite an assemblylanguageprogram for generationof a

squarewavewith 50% duty cycle on the P1.5 bit of 8051 in

timer0 mode

Calculations:

üHere let us assumethe frequencyof squarewave to be 50Hz

becausethevalueof dutycycleis mentionedas50%.

üThetime periodwill begivenas1/50= 20ms.

üThehigh or low portionof thesquarewavewill be10ms.

ü10ms/ 1.085us= 9216

ü65536ï9216= 56320in decimalandthevaluein Hex will be

DC00H

üTL0 = 00H andTH0 = DCH

Microprocessors and Microcontrollers
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Mode 2 programming:

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

SERIAL DATA INPUT/OUTPUT

üSerialcommunicationis the techniquein which the computer

will beableto communicatewith othercomputers.

ü In this communicationthe data will be sent and received

serially.

üCommunicationhasbeenclassifiedinto two types i.e. serial

communicationand parallel communication.

ü In parallel communication multiple bits aretransferredat the

sametime throughthemultiplechannels.

ü In serial communication a single bit is transferredat a time

throughasinglechannel.

Microprocessors and Microcontrollers



Fig  8.5 Basics of serial communication



Fig  8.6 Types of serial communication



Fig  8.7 Asynchronous frame format



Fig  8.8 RS-232  25-pin standard



Fig  8.9 RS-232 9-pin standard



Fig  8.10 TTL to RS-232 Conversions



BAUD Rates(Bps)supported by IBM PC



Fig  8.12 SCON Register

SCON is an 8-bit register used to program the start bit, stop bit, and data

bits of data framing, among other things



SBUF is an 8-bit register used solely for serial communication

ÅFor a byte data to be transferred via the TxD line, it must be 

placed in the SBUF

Register

ÅThe moment a byte is written into SBUF, it is framed with the 

start and stop bits and transferred serially via the TxD line

ÅSBUF holds the byte of data when it is received by 8051 RxD

line

ÅWhen the bits are received serially via RxD, the 8051 deframes

it by eliminating the stop and start bits, making a byte out of the 

data received, and then placing it in SBUF



Fig  8.13 PCON Register

When 8051 is powered up, SMOD is zero

ÅWe can set it to high by software and thereby double the baud rate
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üThe serial communicationin a 8051 microcontrolleruse the

registersnamelySBUF,SCON,PCON.

üSBUFïSerialBuffer to holddata

üSCONïSerialControlRegisterto controldatacommunication

üPCONïPowerControlRegisterto holddatarates

üThe pins RxD (P3.0) and TxD (P3.1) of the 8051

microcontrollerareconnectedto theserialdatanetwork.

üSBUF which is usedto hold the data will be usedfor two

purposes.

üOnepurposeis to hold the datawhich will be transmittedout of 8051

via TxD knownaswrite only.

üOtherpurposeis to hold thedatareceivedfrom theexternalsourcesvia

RxD knownasreadonly.

üThere are four programmable modes for serial data

communication.

Microprocessors and Microcontrollers
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Baud rate:

üBaud rate can be definedas the rate at which information is

transferredin acommunicationchannel.

üFor example in the serial communicationcontext,ñ9600

baudòmeansthat the serial port is capableof transferringa

maximumof 9600bitspersecond.

üBaud rate is dependenton the selectedmode and oscillator

frequency.

üFor achieving successfulcommunication the receiver and

transmitterhasto besetto samebaudrate.

üFor the 8051the Timer 1 is usedto generatethe baudratein

autoreloadmode.

üFor setting the baud rate the oscillator frequencyhas to be

dividedby 12andthenby 32.

Microprocessors and Microcontrollers
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üThe standardbaudratesthat canbe usedin the programming

of 8051microcontrollerare9600, 4800, 2400, 1200.

üThere are four programmable modes for serial data

communicationthat are chosenby setting the SMX bits in

SCONregister.

üBaudratesaredeterminedby themodechosen.

Microprocessors and Microcontrollers
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Registerformats for SCON and PCON registers:

üSCON standsfor Serial Port Control and PCON standsfor

PowerModeControl.

üTheregisterformatfor SCONregisteris asshownbelow.

üTheregisterformatfor PCONregisteris asshownbelow.

Microprocessors and Microcontrollers
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Description of SCON register:

Microprocessors and Microcontrollers
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Description of PCON register:

Microprocessors and Microcontrollers
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Serial data interrupts :

üTheserialdataflagsin SCONi.e. TI andRI aresetwhenevera

databyteis transmitted(TI) or received(RI).

üTheseflags are ORedtogetherto producean interrupt to the

program.

üTheprogrammustreadtheseflags to determinewhich caused

theinterruptandthencleartheflag.

üThese flags are not like the timer flags which are cleared

automaticallyi.e. it is responsibilityof theprogrammerto clear

theflags.

Data transmission:

üTransmissionof serial databeginsanytimewhen the data is

written to SBUF.

üTI is setto 1 whendatais transmittedandsignifiesthatSBUF

is empty.Microprocessors and Microcontrollers
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üThis indicatesthatanotherdatabytecanbesent. Theprogram

hasto bewritten in sucha way thatTI bit will becontinuously

monitoreduntil thelastbit of datais transferred.

Data reception:

üReceptionof serial data will begin if the receiveenablebit

(REN) in SCONis setto 1.

üRI bit is setafter the datais receivedandmustbe clearedby

theprogramto receivethenextbyteof data.

üThe next byte of datato be transmittedwill not be transferred

to SBUFuntil thelastdatabit hasbeenreceived.

Microprocessors and Microcontrollers
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Serial port programming example:

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

Microprocessors and Microcontrollers



Aditya Engineering College  (A)

Stepsto receivea character serially using 8051:

Microprocessors and Microcontrollers
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Interrupts of 8051

ÅIntroduction

Å8051 Interrupt organization

ÅProcessing Interrupts

ÅProgram Design Using Interrupts

ÅTimer Interrupts

ÅSerial Port Interrupts

ÅExternal Interrupts

ÅInterrupt Timings
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Interrupt

ÅAn interrupt is the occurrence of a condition--an event--

that cause a temporary suspension of a program while the 

event is serviced by another program (Interrupt Service 

Routine ISR or Interrupt Handler).

Å Interrupt -Driven System-- gives the illusion of doing many 

things simultaneously, quick response to events, suitable 

for real-time control application. 
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8051 Interrupt Organization

Å5 interrupt sources: 2 external, 2 timer, a 

serial port

Å2 programmable interrupt priority levels

Åfixed interrupt polling sequence

Åcan be enabled or disabled

ÅIE (A8H), IP (B8H) for controlling 

interrupts
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Enabling and Disabling Interrupts 

IE (Interrupt Enable Register A8H)

Å Bit Symbol Bit Address Description (1=enable, 0=disable)

Å IE.7 EA AFH Global enable/disable

Å IE.6 - AEH Undefined 

Å IE.5 ET2 ADH Enable timer 2 interrupt ( 8052)

Å IE.4 ES ACH Enable serial port interrupt

Å IE.3 ET1 ABH Enable timer 1 interrupt

Å IE.2 EX1 AAH Enable external 1 interrupt

Å IE.1 ET0 A9H Enable timer 0 interrupt 

Å IE.0 EX0 A8H Enable external 0 interrupt

Two bits must be set to enable any interrupt: the individual enable bit 

and global enable bit

SETB ET1

SETB EA

MOV IE,#10001000B
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Interrupt Priority (IP, B8H)

Å Bit Symbol Bit Address Description (1=high, 0=low priority)

Å IP.7 - - Undefined

Å IP.6 - - Undefined 

Å IP.5 PT2 BDH Priority for timer 2 interrupt ( 8052)

Å IP.4 PS BCH Priority for serial port interrupt

Å IP.3 PT1 BBH Priority for timer 1 interrupt

Å IP.2 PX1 BAH Priority for external 1 interrupt

Å IP.1 PT0 B9H Priority for timer 0 interrupt 

Å IP.0 PX0 B8H Priority for external 0 interrupt

Å0= lower priority, 1= higher priority, reset IP=00H 

ÅLower priority ISR can be interrupted by a high priority 

interrupt.

ÅA high priority ISR can not be interrupted.
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Interrupt Flag Bits

Interrupt Flag SFR Register & Bit Position

------------------------------------------------------------------------------

External 0 IE0 TCON.1

External 1 IE1 TCON.3

Timer 1 TF1 TCON.7

Timer 0 TF0 TCON.5

Serial port TI SCON.1

Serial Port RI SCON.0

Timer 2 TF2 T2CON.7 (8052)

Timer 2 EXF2 T2CON.6 (8052)

The state of all interrupt sources is available through the respective 

flag bits in the SFRs.

If any interrupt is disabled, an interrupt does not occur, but software 

can still test the interrupt flag.
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Polling Sequence

ÅIf two interrupts of the same priority occur 

simultaneously, a fixed polling sequence 

determines which is serviced first.

ÅThe polling sequence is External 0 > Timer 

0 > External 1 > Timer 1 > Serial Port > 

Timer 2
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Processing Interrupts

ÅWhen an interrupt occurs and is accepted by the CPU, the 
main program is interrupted. The following actions occur:

ïThe current instruction completes execution.

ïThe PC is saved on the stack.

ïThe current interrupt status is saved internally.

ï Interrupts are blocked at the level of the interrupt.

ïThe PC is loaded with the vector address of the ISR

ïThe ISR executes.

ÅThe ISR finishes with an RETI instruction, which retrieves 
the old value of PC from the stack and restores the old 
interrupt status. Execution of the main program continues 
where it left off.
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Interrupt Vectors

Å Interrupt vector = the address of the start of the ISR.

ÅWhen vectoring to an interrupt, the flag causing the 

interrupt is automatically cleared by hardware. The 

exception is RI/TI and TF 2/EXF2 which should be 

determined and cleared by software.

Interrupt Flag Vector Address

System Reset RST 0000H (LJMP 0030H)

External 0 IE0 0003H

Timer 0 TF0 000BH

External 1 IE1 0013H

Timer 1 TF1 001BH

Serial Port RI or TI 0023H

Timer 2 TF2 or EXF2 002BH
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ADDRESSING MODES OF 8051

ü In 8051therearesix addressingmodes:

üImmediateAddressingMode

üRegisterAddressingMode

üDirectAddressingMode

üRegisterIndirectAddressingMode

üIndexedAddressingMode

üImpliedAddressingMode

Microprocessors and Microcontrollers
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ImmediateAddressingMode:

ü In this ImmediateAddressingMode,thedatais providedin the

instructionitself.

üThe data is provided immediately after the opcode. The #

symbolis usedfor immediatedata.

Examples:

MOV A, #0AFH;

MOV R3, #45H;

MOV DPTR,#FE00H;

RegisterAddressingMode:

ü In the registeraddressingmodethe sourceor destinationdata

shouldbepresentin a register(R0 to R7).

Microprocessors and Microcontrollers
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Examples:

MOV A, R5;

MOV R2, #45H;

MOV R0, A;

ü In 8051, thereis no instructionlike MOVR 5, R7. But we can

getthesameresultby usingtheinstructionsMOV R5, 07H, or

by usingMOV 05H, R7.

üHere 07H/05H indicate the address locations of R7/R5

respectively.

üBut thesetwo instructionwill work whenthe selectedregister

bankis RB0.

Microprocessors and Microcontrollers
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Direct AddressingMode:

ü In the Direct AddressingMode, the source or destination

addressis specifiedby using8-bit datain theinstruction.

ü Only theinternaldatamemorycanbeusedin thismode.

Examples:

MOV 80H, R6;

MOV R2, 45H;

MOV R0, 05H;

üThefirst instructionwill sendthecontentof registerR6 to port

P0 (Addressof Port0 is 80H).

üThesecondoneis for gettingcontentfrom 45H to R2.

üThe third one is used to get data from RegisterR5 (When

registerbankRB0 is selected)to registerR5.

Microprocessors and Microcontrollers
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RegisterIndirect AddressingMode:

ü In this mode,the sourceor destinationaddressis given in the

register.

üBy using register indirect addressingmode, the internal or

externaladdressescanbeaccessed.

üTheR0 andR1 areusedfor 8-bit addresses,andDPTRis used

for 16-bit addresses.

üNo otherregisterscanbeusedfor addressingpurposes.

Examples:

MOV 0E5H, @R0;

MOV @R1, 80H

Microprocessors and Microcontrollers
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ü In theinstructions,the@ symbolis usedfor registerindirectaddressing.

ü In the first instruction, it is showing that theR0 register is used. If the

contentof R0 is 40H, then that instruction will take the data which is

locatedat location40H of theinternalRAM.

ü In the secondone, if the contentof R1 is 30H, then it indicatesthat the

contentof portP0 will bestoredat location30H in theinternalRAM.

MOVX A, @R1;

MOV @DPTR,A;

ü In these two instructions,the X in MOVX indicates the external data

memory.

ü In the first instructionif theR0 is holding40H, thenA will get thecontent

of externalRAM location40H.

ü In thesecondone,thecontentof A is overwrittenin thelocationpointedby

DPTR.

Microprocessors and Microcontrollers
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IndexedAddressingMode:

ü In the indexedaddressingmode,the sourcememorycanonly

beaccessedfrom programmemoryonly.

üThedestinationoperandis alwaystheregisterA.

Examples:

MOVC A, @A+PC;

MOVC A, @A+DPTR;

üThe C in MOVC instructionrefersto codebyte. For the first

instruction,

üLet usconsiderA holds30H. And thePCvalueis1125H. The

contentsof programmemorylocation1155H (30H + 1125H)

aremovedto registerA.

Microprocessors and Microcontrollers
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Implied AddressingMode

ü In theimplied addressingmode,therewill bea singleoperand.

Thesetypesof instructioncanwork onspecificregistersonly.

üThesetypesof instructionsarealsoknown asregisterspecific

instructions.

Examples:

RL A;

SWAP A;

üTheseare1- byteinstruction.

üThefirst oneis usedto rotatetheA registercontentto theLeft.

üThesecondoneis usedto swapthenibblesin A.

Microprocessors and Microcontrollers
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INSTRUCTION SET OF 8051

üThe instructionsetof 8051is classifiedinto different typesas

shownbelow:

üDataTransferInstructions

üArithmetic Instructions

üLogical Instructions

üLogical Instructionswith bits

üBranchInstructions

üAn instructioncanbe simply definedasa commandgiven to

the processor/controllerby a computerprogram. The set of

instructionsareknownasinstructions.

ü8051microcontrollersupporta totalof 111instructions.

Microprocessors and Microcontrollers
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Data Transfer Instructions:

üTheseinstructionsare usedto move the datafrom sourceto

destination.

üAlso can be transferredto stackwith the help of PUSH and

POPinstructions.

üThe mnemonicsassociatedwith datatransferinstructionsare

MOV, MOVC, MOVX, PUSH,POP,XCH, XCHD

Microprocessors and Microcontrollers
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Arithmetic Instructions:

üThe mnemonicsassociatedwith arithmetic instructions are

ADD, ADDC, SUBB, INC, DEC,MUL, DIV, DA A

Microprocessors and Microcontrollers
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Logical Instructions:

ü Mnemonicsassociatedare ANL,ORL, XRL, CLR, CPL, RL, RLC, RR,

RRC,SWAP

Microprocessors and Microcontrollers
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Boolean or Bit Manipulation Instructions:

ü The Mnemonics corresponding to the Boolean or Bit Manipulation 

instructions are CLR, SETB, MOV, JC, JNC, JB, JNB, JBC, ANL, ORL, 

CPL

Microprocessors and Microcontrollers
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Program Branching Instructions:

Microprocessors and Microcontrollers
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Interfacing and Industrial 

Applications of 8051
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Interfacing an LED & Array of LEDôs
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LED  
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An Led Interfacing
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Flashing LED ALGORITHM

Å1. Start.

Å2. Turn ON LED.

Å3. Turn OFF LED.

Å4. GO TO 2.

Modified Flashing LED ALGORITHM

Å1. Start.

Å2. Turn ON LED.

Å3. Wait for some time (delay).

Å4. Turn OFF LED.

Å5. Wait for some time (delay).

Å6. Go To 2.
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Flashing LEDProgram

ORG 0000h

loop:

CLR P2.0

CALL DELAY

SETB P2.0

CALL DELAY

JMP loop
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Alternative Logic..

ORG 0000h

loop:

CPL P2.0

CALL DELAY

JMP loop
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Delay Generation

delay: mov R7,#100

l1_delay:

djnz r7,l1_delay

ret
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Array of Ledôs
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Program for Moving Display

Org 0000h

BACK :MOV P1,#0AAH

CALL DELAY

MOV P1,#55H

CALL DELAY

SJMPBACK
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Switch Interfacing with 8051
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Interfacing Switch with Port0
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Interfacing Switch with Port1,2,3
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When switch is pressed LED is ON 
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Switch key-Bouncing
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Conceptof key debouncing:

üThe push buttons are used for interfacing switches to

microprocessorsbased systems when pressed for certain

numberof times.

üTheprocessorwill wait until thekeys(which arepressed)will

reach the steady state. This mechanismis known as key

debouncing.

ü It canbeeliminatedby usingsoftwareor hardwaretechniques

i.e. theprocessorwaitsfor sometime (ms)andcheckswhether

thatis thekey thatis beingpressed.

ü In software technique,known as wait and see method, the

programsimply for 10 msandreexaminesthesamekey again

to seeif it is still pressed.

Microprocessors and Microcontrollers
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Program with key-debouncing
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7-Segment Display
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Interfacing 7-Segment Display
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LCD INTERFACING

Microprocessors and Microcontrollers
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Interfacing keypad with 8051
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