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ABSTRACT

Theaim ofthisprojectistomeasuresolarcellparameters
throughmultiplesensordataacquisition.Inthisprojectasolar
panelisusedwhichkeepsmonitoringthesunlight.Heredifferent
parametersofthesolarpanellikethelightintensity,voltage,
currentandthetemperaturearemonitored.Themicrocontroller
usedhereisPIC16F8family.

ThelightintensityismonitoredusinganLDRsensor,voltage
by voltage dividerprinciple,currentby currentsensorand
temperaturebytemperaturesensor.Allthesedataaredisplayed
ona16X2LCDinterfacedtoPICmicrocontroller.

The powersupplyconsists ofa step down transformer
230/12V,which steps down the voltage to 12V AC.This is
convertedtoDCusingabridgerectifier.Theripplesareremoved
usingacapacitivefilteranditisthenregulatedto+5Vusinga
voltageregulator7805whichisrequiredfortheoperationof
microcontrollerandothercircuits.
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PROJECTBLOCKDIAGRAM
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HARDWARECOMPONENTS:

1.TRANSFORMER (230–12VAC)

2.VOLTAGEREGULATOR (LM 7805)

3.RECTIFIER

4.FILTER

5.PICMICROCONTROLLER(PIC16F877A)

6.LCDDISPLAY

7.SOLARPANEL

8.LM35

9.LDR

10.1N4007

11.LED

12.RESISTOR

13.CAPACITOR
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TRANSFORMER

TransformersconvertACelectricityfrom onevoltagetoanotherwithalittleloss

ofpower.Step-up transformers increase voltage,step-down transformers reduce

voltage.Mostpowersuppliesuseastep-downtransformertoreducethedangerously

highvoltagetoasaferlowvoltage.

FIG4.1:ATYPICALTRANSFORMER

Theinputcoiliscalledtheprimaryandtheoutputcoiliscalledthesecondary.

Thereisnoelectricalconnectionbetweenthetwocoils;insteadtheyarelinkedbyan

alternatingmagneticfieldcreatedinthesoft-ironcoreofthetransformer.Thetwolines

inthemiddleofthecircuitsymbolrepresentthecore.Transformerswasteverylittle

powersothepoweroutis(almost)equaltothepowerin.Notethatasvoltageis

steppeddownandcurrentissteppedup.

Theratioofthenumberofturnsoneachcoil,calledtheturn’sratio,determines

theratioofthevoltages.Astep-downtransformerhasalargenumberofturnsonits

primary(input)coilwhichisconnectedtothehighvoltagemainssupply,andasmall

numberofturnsonitssecondary(output)coiltogivealowoutputvoltage.

TURNSRATIO = (Vp/Vs)= (Np/Ns)

Where,

Vp=primary(input)voltage.

Vs=secondary(output)voltage

Np=numberofturnsonprimarycoil
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Ns=numberofturnsonsecondarycoil

Ip=primary(input)current

Is =secondary(output)current.

Idealpowerequation

Theidealtransformerasacircuitelement

Ifthesecondarycoilisattachedtoaloadthatallowscurrenttoflow,electricalpoweris

transmittedfrom theprimarycircuittothesecondarycircuit.Ideally,thetransformeris

perfectlyefficient;alltheincomingenergyistransformedfrom theprimarycircuittothe

magneticfieldandintothesecondarycircuit.Ifthisconditionismet,theincoming

electricpowermustequaltheoutgoingpower:

Givingtheidealtransformerequation

Transformers normally have high efficiency,so this formula is a reasonable

approximation.
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Ifthevoltageisincreased,thenthecurrentisdecreasedbythesamefactor.The

impedanceinonecircuitistransformedbythesquareoftheturnsratio.Forexample,if

animpedanceZsisattachedacrosstheterminalsofthesecondarycoil,itappearsto

theprimarycircuittohaveanimpedanceof(Np/Ns)2Zs.Thisrelationshipisreciprocal,

so thattheimpedanceZp oftheprimarycircuitappearsto thesecondaryto be

(Ns/Np)2Zp.

VOLTAGEREGULATOR7805

Features

•OutputCurrentupto1A.

•OutputVoltagesof5,6,8,9,10,12,15,18,24V.

•ThermalOverloadProtection.

•ShortCircuitProtection.

•OutputTransistorSafeOperatingAreaProtection.

Description

TheLM78XX/LM78XXAseriesofthree-terminalpositiveregulatorsareavailable

intheTO-220/D-PAKpackageandwithseveralfixedoutputvoltages,makingthem

IR@AIKTC aiktcdspace.org

Service By KRRC (Central Library)



16

usefulinaWiderangeofapplications.Eachtypeemploysinternalcurrentlimiting,

thermal shutdown and safe operating area protection,making it essentially

indestructible.Ifadequateheatsinkingisprovided,theycandeliverover1A output

Current.Althoughdesignedprimarilyasfixedvoltageregulators,thesedevicescanbe

usedwithexternalcomponentstoobtainadjustablevoltagesandcurrents.

AbsoluteMaximum Ratings

TABLE4.2(b):RATINGSOFTHEVOLTAGEREGULATOR
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RECTIFIER

Arectifierisanelectricaldevicethatconvertsalternatingcurrent(AC),which

periodicallyreversesdirection,todirectcurrent(DC),currentthatflowsinonlyone

direction,aprocessknownasrectification.Rectifiershavemanyusesincludingas

componentsofpowersuppliesandasdetectorsofradiosignals.Rectifiersmaybe

made ofsolid state diodes,vacuum tube diodes,mercuryarc valves,and other

components.Theoutputfrom thetransformerisfedtotherectifier.ItconvertsA.C.into

pulsatingD.C.Therectifiermaybeahalfwaveorafullwaverectifier.Inthisproject,a

bridge rectifieris used because ofits merits like good stability and fullwave

rectification.Inpositivehalfcycleonlytwodiodes(1setofparalleldiodes)willconduct,

innegativehalfcycleremainingtwodiodeswillconductandtheywillconductonlyin

forwardbiasonly.
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FILTER

Capacitivefilterisusedinthisproject.Itremovestheripplesfrom theoutputof

rectifierandsmoothenstheD.C.Output receivedfrom thisfilterisconstantuntilthe

mainsvoltageandloadismaintainedconstant.However,ifeitherofthetwoisvaried,

D.C.voltagereceivedatthispointchanges.Thereforearegulatorisappliedatthe

outputstage.

Thesimplecapacitorfilteristhemostbasictypeofpowersupplyfilter.Theuse

ofthisfilterisverylimited.Itissometimesusedonextremelyhigh-voltage,low-current

powersuppliesforcathode-rayandsimilarelectrontubesthatrequireverylittleload

currentfrom thesupply.Thisfilterisalsousedincircuitswherethepower-supplyripple

frequencyisnotcriticalandcanberelativelyhigh.Below figurecanshow how the

capacitorchangesanddischarges.
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.

MICROCONTROLLERPIC16F877A

28/40/44-PinEnhancedFlashMicrocontrollers

High-PerformanceRISCCPU:

•Only35single-wordinstructions.

•Allsingle-cycleinstructionsexceptforprogram branches,whicharetwocycle.

•Operatingspeed:DC–20MHzclockinputDC–200nsinstructioncycle

IR@AIKTC aiktcdspace.org

Service By KRRC (Central Library)



20

•Upto8Kx14wordsofFlashProgram Memory,Upto368x8bytesofDataMemory

(RAM),Upto256x8bytesofEEPROM DataMemory.

•Pin outcompatible to other28-pin or40/44-pin,PIC16CXXX and PIC16FXXX

microcontrollers.

SpecialMicrocontrollerFeatures:

•100,000erase/writecycleEnhancedFlashprogram memorytypical.

•1,000,000erase/writecycleDataEEPROM memorytypical.

•DataEEPROM Retention>40years.

•Self-reprogrammableundersoftwarecontrol.

•In-CircuitSerialProgramming™(ICSP™)viatwopins.

•Single-supply5VIn-CircuitSerialProgramming.

•WatchdogTimer(WDT)withitsownon-chipRCoscillatorforreliableoperation.

•Programmablecodeprotection.

•PowersavingSleepmode.

•Selectableoscillatoroptions.

•In-CircuitDebug(ICD)viatwopins.

PeripheralFeatures:

•Timer0:8-bittimer/counterwith8-bitprescaler.

•Timer1:16-bittimer/counterwithprescaler,canbeincrementedduringSleepvia

externalcrystal/clock.

•Timer2:8-bittimer/counterwith8-bitperiodregister,prescalerandpostscaler.

•TwoCapture,Compare,PWM modules

-Captureis16-bit,max.resolutionis12.5ns

-Compareis16-bit,max.resolutionis200ns

-PWM maxresolutionis10-bit

• Synchronous Serial Port (SSP) with SPI™ (Master mode) and I2C™

(Master/Slave).

•UniversalSynchronousAsynchronousReceiverTransmitter(USART/SCI)with9-bit

IR@AIKTC aiktcdspace.org
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addressdetection.

•ParallelSlavePort(PSP)–8bitswidewithexternalRD,WRandCScontrols(40/44-

pinonly).

•Brown-outdetectioncircuitryforBrown-outReset(BOR).

AnalogFeatures:

 10-bit,upto8-channelAnalog-to-DigitalConverter(A/D)

 Brown-outReset(BOR)

 AnalogComparatormodulewith:

i) Twoanalogcomparators.

ii) Programmableon-chipvoltagereference(VREF)module.

iii) Programmableinputmultiplexingfrom deviceinputsandinternal

voltagereference.

iv) Comparatoroutputsareexternallyaccessible.

CMOSTechnology:

•Low-power,high-speedFlash/EEPROM technology.

•Fullystaticdesign.

•Wideoperatingvoltagerange(2.0Vto5.5V).

•CommercialandIndustrialtemperatureranges.

•Low-powerconsumption.
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Device
Program
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Data
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M
(Byte
s)

EEPRO
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6

192 128 22 5 2 Ye
s

Yes Yes 2/
1

2
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74A
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K
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6

192 128 33 8 2 Ye
s

Yes Yes 2/
1

2

PIC16F8
76A

14.3
K
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2

368 256 22 5 2 Ye
s

Yes Yes 2/
1

2

PIC16F8
77A

14.3
K

819
2

368 256 33 8 2 Ye
s

Yes Yes 2/
1

2

PIC16F873A/876A devices are available only in 28-pin packages,while

PIC16F874A/877Adevicesareavail-ablein40-pinand44-pinpackages.Alldevices

in the PIC16F87XA familyshare common architecture with the following

differences:

•ThePIC16F873AandPIC16F874Ahaveone-halfofthetotalon-chipmemoryofthe

PIC16F876AandPIC16F877A.

•The28-pindeviceshavethreeI/Oports,whilethe40/44-pindeviceshavefive.

•The28-pindeviceshavefourteeninterrupts,whilethe40/44-pindeviceshavefifteen.

•The28-pindeviceshavefiveA/Dinputchannels,whilethe40/44-pindeviceshave

eight.

•TheParallelSlavePortisimplementedonlyonthe40/44-pindevices.
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MemoryOrganization

There are three memory blocks in each of thePIC16F87XAdevices.The

program memoryanddatamemory have separate buses so that concurrent

accesscanoccurandisdetailedinthissection.TheEEPROM datamemoryblockis

detailed in Section 3.0 “Data EEPROM and Flash Program Memory”.Additional

informationondevicememorymaybefoundinthe PIC micro Mid-Range MCU

FamilyReferenceManual(DS33023).

Program MemoryOrganization

The PIC16F87XA devices have a 13-bit program countercapableofaddressing

an 8K word x 14 bitprogram memory space.The PIC16F876A/877Adevices

have 8K words x 14 bits ofFlash program memory, while PIC16F873A/874A

devices have4Kwordsx14bits.Accessingalocationabovethephysically

implementedaddresswillcauseawraparound.

TheResetvectorisat0000handtheinterruptvectorisat0004h.
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LIQUIDCRYSTALDISPLAY(LCD)

Description:

ThisistheexamplefortheParallelPort.Thisexampledoesn'tusetheBi-

directionalfeaturefoundonnewerports,thusitshouldworkwithmost,ifnotallParallel

Ports.Ithoweverdoesn'tshowtheuseoftheStatusPortasaninputfora16Character

x2LineLCDModuletotheParallelPort.TheseLCDModulesareverycommonthese

days,andarequitesimpletoworkwith,asallthelogicrequiredrunningthem ison

board.

Pros:

 Verycompactandlight

 Lowpowerconsumption

 Nogeometricdistortion

 Littleornoflickerdependingonbacklighttechnology

 Notaffectedbyscreenburn-in

 Nohighvoltageorotherhazardspresentduringrepair/service

 Canbemadeinalmostanysizeorshape

 Notheoreticalresolutionlimit

LCDBackground:

Frequently,an8051program mustinteractwiththeoutsideworldusinginput

andoutputdevicesthatcommunicatedirectlywithahumanbeing.Oneofthemost

commondevicesattachedtoan8051isanLCDdisplay.Someofthemostcommon

LCDsconnectedtothe8051are16x2and20x4displays.Thismeans16charactersper

lineby2linesand20charactersperlineby4lines,respectively.

Fortunately,averypopularstandardexistswhichallowsustocommunicatewith

thevastmajorityofLCDsregardlessoftheirmanufacturer.Thestandardisreferredto

asHD44780U,whichreferstothecontrollerchipwhichreceivesdatafrom anexternal

source(inthiscase,the8051)andcommunicatesdirectlywiththeLCD.
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FIG4.10:LCD

44780LCDBACKGROUND

The44780standardrequires3controllinesaswellaseither4or8I/Olinesfor

thedatabus.TheusermayselectwhethertheLCDistooperatewitha4-bitdatabusor

an8-bitdatabus.Ifa4-bitdatabusisusedtheLCDwillrequireatotalof7datalines(3

controllinesplusthe4linesforthedatabus).Ifan8-bitdatabusisusedtheLCDwill

requireatotalof11datalines(3controllinesplusthe8linesforthedatabus).

ThethreecontrollinesarereferredtoasEN,RS,andRW.
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TheENlineiscalled"Enable."ThiscontrollineisusedtotelltheLCDthatyouare

sendingitdata.TosenddatatotheLCD,yourprogram shouldmakesurethislineislow

(0)andthensettheothertwocontrollinesand/orputdataonthedatabus.Whenthe

otherlinesarecompletelyready,bringENhigh(1)andwaitfortheminimum amountof

timerequiredbytheLCDdatasheet(thisvariesfrom LCDtoLCD),andendbybringingit

low(0)again.

TheRSlineisthe"RegisterSelect"line.WhenRSislow (0),thedataistobe

treatedasacommandorspecialinstruction(suchasclearscreen,positioncursor,etc.).

WhenRSishigh(1),thedatabeingsentistextdatawhichshouldbedisplayedonthe

screen.Forexample,todisplaytheletter"T"onthescreenyouwouldsetRShigh.

TheRW lineisthe"Read/Write"controlline.WhenRW islow(0),theinformation

onthedatabusisbeingwrittentotheLCD.WhenRW ishigh(1),theprogram is

effectivelyquerying(orreading)theLCD.Onlyoneinstruction("GetLCDstatus")isa

readcommand.Allothersarewritecommands--soRW willalmostalwaysbelow

.Finally,thedatabusconsistsof4or8lines(dependingonthemodeofoperation

selectedbytheuser).Inthecaseofan8-bitdatabus,thelinesarereferredtoasDB0,

DB1,DB2,DB3,DB4,DB5,DB6,andDB7.
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SOLARPANEL

A solarpanel(photovoltaic module orphotovoltaic panel)is a packaged

interconnectedassemblyofsolarcells,alsoknownasphotovoltaiccells.Thesolar

panelcanbeusedasacomponentofalargerphotovoltaicsystem togenerateand

supplyelectricityincommercialandresidentialapplications.

Becauseasinglesolarpanelcanonlyproducealimitedamountofpower,many

installationscontainseveralpanels.Aphotovoltaicsystem typicallyincludesanarrayof

solarpanels,aninverter,maycontainabatteryandinterconnectionwiring
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HowSolarPanelsWork

Photovoltaic(PV)cellsare formed from a waferofsemi-conductormaterialand

althoughtherearenowseveraltypesinproductionusingdifferentmaterials,themost

commonsemi-conductorusedissilicon.

Purecrystallinesiliconisapoorelectricalconductorbuttreatitwithtinyquantitiesof

animpurity,eitherphosphorousorarsenic(aprocesscalled“doping”)andenough

electronsofthesematerialsarefreedtoenableacurrenttopassthrough.Electronsare

negativelychargedsothistypeofsiliconiscalledN-Type.

Dopesiliconwithgallium orboronand“holes”arecreatedinthecrystallinelattice

whereasiliconelectronhasnothingtobondwith.Theseholescanconductelectrical

currentandthelackofanelectroncreatesapositivechargesothistypeofsiliconis
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thereforecalledP-Type.Bothtypesofsiliconaremodestelectricalconductors,hence

thenamesemiconductors.

Putalayerofeachkindtogetherinawafer,suchasinaPVcell,andthefreeelectrons

intheNsidemigratetowardsthefreeholesonthePside.Thiscausesadisruptionto

theelectricalneutralitywheretheholesandelectronsmixatthejunctionofthetwo

layers.Eventuallyabarrierisformedpreventingtheelectronsfrom crossingtotheP

sideandanelectricalfieldisformed,separatingbothsides.Thiselectricalfieldactsas

adiode,allowingelectronstopassfrom thePsidetotheNside,butnotviceversa.

Exposethecelltolight,andtheenergyfrom eachphoton(lightparticle)hittingthe

silicon,willliberateanelectronandacorrespondinghole.Ifthishappenswithinrange

oftheelectricfield’sinfluence,theelectronswillbesenttotheNsideandtheholesto

thePone,resultinginyetfurtherdisruptionofelectricalneutrality.Applyanexternal

pathwayconnectingbothsidesofthesiliconwaferandelectronswillflowbacktotheir

originalPsidetounitewiththeholessenttherebytheelectricfield.

Thisflowofelectronsisacurrent;theelectricalfieldinthecellcausesavoltageandthe

productofthesetwoispower.

Severalfactorsaffecttheefficiencyofasolarcell.Somecells,mainlyonesmadefrom

asinglematerial,areonlyefficientincertainlightwavelengths.Singlematerialcellscan

attheverymostexpecttoconvertabout25%ofthelighthittingittoelectricalpower.
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TEMPERATURESENSOR(LM35)

Features

 nCalibrateddirectlyin̊ Celsius(Centigrade)

 nLinear+10.0mV/̊Cscalefactor

 n0.5̊Caccuracyguaranteeable(at+25̊C)

 nRatedforfull−55̊ to+150̊Crange

 nSuitableforremoteapplications

 nLowcostduetowafer-leveltrimming

 nOperatesfrom 4to30volts

 nLessthan60µAcurrentdrain

 nLowself-heating,0.08̊Cinstillair

 nNonlinearityonly±1⁄4̊Ctypical

 nLowimpedanceoutput,0.1 for1mAload

TheLM35seriesareprecisionintegrated-circuittemperaturesensors,whose

outputvoltageislinearlyproportionaltotheCelsius(Centigrade)temperature.The

LM35 thus has anadvantage overlineartemperature sensors calibrated in

Kelvin,astheuserisnotrequired to subtractalargeconstantvoltagefrom its

outputtoobtainconvenientCentigrade scaling.The LM35 does notrequire any

externalcalibrationortrimmingtoprovidetypicalaccuraciesof±1⁄4̊Cat room

temperatureand±3⁄4̊C overafull−55to+150̊Ctemperaturerange.Lowcost

isassuredbytrimmingandcalibrationatthewaferlevel.TheLM35’slow output

impedance,linearoutput,andpreciseinherentcalibrationmakeinterfacingtoreadoutor

controlcircuitryespeciallyeasy.Itcan be used with single powersupplies,or

withplusandminussupplies.Asitdrawsonly60µAfrom itssupply,ithasverylow

self-heating,lessthan0.1̊Cinstillair.TheLM35isratedtooperateovera−55̊ to

+150̊Ctemperaturerange,whiletheLM35Cisratedfora−40̊ to+110̊Crange

(−10̊ withimprovedaccuracy).TheLM35seriesisavailablepackaged in hermetic
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TO-46 transistorpackages,while theLM35C,LM35CA,and LM35D are also

availableintheplasticTO-92transistorpackage.TheLM35Disalsoavail-ableinan

8-leadsurfacemountsmalloutlinepackageandaplasticTO-220package.

Fig4.10:BasicCentigradeTemperatureSensor(+2̊Cto+150̊C)

Applications:

• TheLM35canbeappliedeasilyinthesamewayasotherintegratedcircuit

temperaturesensors.Itcanbegluedorcementedtoasurfaceandits

temperaturewillbewithinabout0.01̊Cofthesurfacetemperature.

• Thispresumesthattheambientairtemperatureisalmostthesameasthe

surfacetemperature;iftheairtemperatureweremuchhigherorlower

thanthesurface temperature,theactualtemperatureoftheLM35die

would be at an intermediate temperature between the surface

temperatureandtheairtemperature.ThisisespeciallytruefortheTO-92

plasticpackage,wherethecopperleadsaretheprincipalthermalpathto

carryheatintothedevice,soitstemperaturemightbeclosertotheair

temperaturethantothesurfacetemperature.

• To minimize thisproblem,be sure thatthe wiring to theLM35,asit

leavesthedevice,isheldatthesametemperatureasthesurfaceof

interest.Theeasiestwaytodothisisto coverup these wires with a

bead ofepoxy which willinsurethattheleadsandwiresareallatthe

sametemperatureasthesurface,andthattheLM35die’stemperaturewill

notbeaffectedbytheairtemperature.
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LDR

A photoresistororlightdependentresistor(LDR)is a resistorwhose resistance

decreaseswithincreasing incidentlightintensity.Itcanalso bereferred to asa

photoconductor.

Aphotoresistorismadeofahighresistancesemiconductor.Iflightfallingonthe

deviceisofhighenoughfrequency,photonsabsorbedbythesemiconductorgivebound

electronsenoughenergytojumpintotheconductionband.Theresultingfreeelectron

(anditsholepartner)conductelectricity,therebyloweringresistance.

A photoelectric device can be either intrinsic or extrinsic.An intrinsic

semiconductorhasitsownchargecarriersandisnotanefficientsemiconductor,e.g.

silicon.Inintrinsicdevicestheonlyavailableelectronsareinthevalenceband,and

hencethephotonmusthaveenoughenergytoexcitetheelectronacrosstheentire
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bandgap.Extrinsicdeviceshaveimpurities,alsocalleddopants,addedwhoseground

stateenergyisclosertotheconductionband;sincetheelectronsdonothaveasfarto

jump,lowerenergyphotons (i.e.,longerwavelengths and lowerfrequencies)are

sufficienttotriggerthedevice.Ifasampleofsiliconhassomeofitsatomsreplacedby

phosphorusatoms(impurities),therewillbeextraelectronsavailableforconduction.

Thisisanexampleofanextrinsicsemiconductor.

APPLICATIONS

Photoresistorcomeinmanydifferenttypes.Inexpensivecadmium sulfidecells

canbefoundinmanyconsumeritemssuchascameralightmeters,streetlights,clock

radios,alarms,andoutdoorclocks.

Theyare also used in some dynamic compressors togetherwith a small

incandescentlamporlightemittingdiodetocontrolgainreduction.

Leadsulfide(PbS)andindium antimonide(InSb)LDRs(lightdependentresistor)

areusedforthemidinfraredspectralregion.Ge:Cuphotoconductorsareamongthe

bestfar-infrareddetectorsavailable,andareusedforinfraredastronomyandinfrared

spectroscopy.
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1N4007

DiodesareusedtoconvertACintoDCtheseareusedashalfwaverectifierorfull

waverectifier.Threepointsmusthekeptinmindwhileusinganytypeofdiode.

1. Maximum forwardcurrentcapacity

2. Maximum reversevoltagecapacity

3. Maximum forwardvoltagecapacity

Fig:1N4007diodes

Thenumberandvoltagecapacityofsomeoftheimportantdiodesavailableinthe

marketareasfollows:

DiodesofnumberIN4001,IN4002,IN4003,IN4004,IN4005,IN4006andIN4007

havemaximum reversebiasvoltagecapacityof50Vandmaximum forwardcurrent

capacityof1Amp.

Diodeofsamecapacitiescanbeusedinplaceofoneanother.Besidesthisdiode

ofmorecapacitycanbeusedinplaceofdiodeoflow capacitybutdiodeoflow

capacitycannotbeusedinplaceofdiodeofhighcapacity.Forexample,inplaceof

IN4002;IN4001orIN4007canbeusedbutIN4001orIN4002cannotbeusedinplaceof

IN4007.ThediodeBY125madebycompanyBELisequivalentofdiodefrom IN4001to

IN4003.BY126isequivalenttodiodesIN4004to4006andBY127isequivalentto

diodeIN4007.
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Fig:PNJunctiondiode

PNJUNCTIONOPERATION

Now thatyouarefamiliarwithP-andN-typematerials,how thesematerialsare

joinedtogethertoform adiode,andthefunctionofthediode,letuscontinueour

discussionwiththeoperationofthePNjunction.Butbeforewecanunderstandhowthe

PNjunctionworks,wemustfirstconsidercurrentflowinthematerialsthatmakeupthe

junctionandwhathappensinitiallywithinthejunctionwhenthesetwomaterialsare

joinedtogether.

CurrentFlowintheN-TypeMaterial

ConductionintheN-typesemiconductor,orcrystal,issimilartoconductioninacopper

wire.Thatis,withvoltageappliedacrossthematerial,electronswillmovethroughthe

crystaljustascurrentwouldflowinacopperwire.Thisisshowninfigure1-15.The

positivepotentialofthebatterywillattractthefreeelectronsinthecrystal.These

electronswillleavethecrystalandflowintothepositiveterminalofthebattery.Asan

electronleavesthecrystal,anelectronfrom thenegativeterminalofthebatterywill

enterthecrystal,thuscompletingthecurrentpath.Therefore,themajoritycurrentcarriersinthe

N-typematerial(electrons)arerepelledbythenegativesideofthebatteryandmove

throughthecrystaltowardthepositivesideofthebattery.
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CurrentFlowintheP-TypeMaterial

CurrentflowthroughtheP-typematerialisillustrated.ConductioninthePmaterial

isbypositiveholes,insteadofnegativeelectrons.A holemovesfrom thepositive

terminalofthePmaterialtothenegativeterminal.Electronsfrom theexternalcircuit

enterthenegativeterminalofthematerialandfillholesinthevicinityofthisterminal.

Atthepositiveterminal,electronsareremovedfrom thecovalentbonds,thuscreating

newholes.Thisprocesscontinuesasthesteadystream ofholes(holecurrent)moves

towardthenegativeterminal
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LED

Alight-emittingdiode(LED)isasemiconductorlightsource.LEDsareusedasindicator

lampsinmanydevices,andareincreasinglyusedforlighting.Whenalight-emitting

diodeisforwardbiased(switchedon),electronsareabletorecombinewithholeswithin

the device,releasing energy in the form of photons. This effect is called

electroluminescenceandthecolorofthelight(correspondingtotheenergyofthe

photon)isdeterminedbytheenergygapofthesemiconductor.AnLEDisoftensmallin

area(lessthan1 mm2),andintegratedopticalcomponentsmaybeusedtoshapeits

radiationpattern.LEDspresentmanyadvantagesoverincandescentlightsources

includinglowerenergyconsumption,longerlifetime,improvedrobustness,smallersize,

fasterswitching,andgreaterdurabilityandreliability.

TypesofLED’S

Light-emittingdiodesareusedinapplicationsasdiverseasreplacementsforaviation

lighting,automotive lighting as wellas in traffic signals.The compactsize,the

possibilityofnarrow bandwidth,switchingspeed,andextremereliabilityofLEDshas

allowednew textandvideodisplaysandsensorstobedeveloped,whiletheirhigh

switchingratesarealsousefulinadvancedcommunicationstechnology.

ElectronicSymbol:
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RESISTORS

A resistorisatwo-terminalelectroniccomponentdesignedto opposeanelectric

currentbyproducingavoltagedropbetweenitsterminalsinproportiontothecurrent,

thatis,inaccordancewithOhm'slaw:

V=IR

Resistorsareusedaspartofelectricalnetworksandelectroniccircuits.Theyare

extremelycommonplaceinmostelectronicequipment.Practicalresistorscanbemade

ofvariouscompoundsandfilms,aswellasresistancewire(wiremadeofahigh-

resistivityalloy,suchasnickel/chrome).

Theprimarycharacteristicsofresistorsaretheirresistanceandthepower

theycandissipate.Othercharacteristicsincludetemperaturecoefficient,noise,and

inductance.Less well-known is criticalresistance,the value below which power

dissipationlimitsthemaximum permittedcurrentflow,andabovewhichthelimitis

appliedvoltage.Criticalresistancedependsuponthematerialsconstitutingtheresistor

aswellasitsphysicaldimensions;it'sdeterminedbydesign.

Resistors can be integrated into hybrid and printed circuits,as wellas

integratedcircuits.Size,andpositionofleads(orterminals)arerelevanttoequipment

designers;resistorsmustbephysicallylargeenoughnottooverheatwhendissipating

theirpower.
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A resistorisatwo-terminalpassiveelectroniccomponentwhichimplements

electricalresistanceasacircuitelement.WhenavoltageV isappliedacrossthe

terminalsofaresistor,acurrentIwillflowthroughtheresistorindirectproportionto

thatvoltage.The reciprocalofthe constantofproportionality is known as the

resistanceR,since,withagivenvoltageV,alargervalueofRfurther"resists"theflow

ofcurrentIasgivenbyOhm'slaw:

Resistorsarecommonelementsofelectricalnetworksandelectroniccircuits

andareubiquitousinmostelectronicequipment.Practicalresistorscanbemadeof

variouscompoundsandfilms,aswellasresistancewire(wiremadeofahigh-resistivity

alloy,suchasnickel-chrome).Resistorsarealsoimplementedwithinintegratedcircuits,

particularlyanalogdevices,andcanalsobeintegratedintohybridandprintedcircuits.

Theelectricalfunctionalityofaresistorisspecifiedbyitsresistance:common

commercialresistors are manufactured overa range ofmore than 9 orders of

magnitude.When specifying thatresistance in an electronic design,the required

precisionoftheresistancemayrequireattentiontothemanufacturingtoleranceofthe

chosenresistor,accordingtoitsspecificapplication.Thetemperaturecoefficientofthe

resistancemayalsobeofconcerninsomeprecisionapplications.Practicalresistors

are also specified as having a maximum powerrating which mustexceed the
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anticipatedpowerdissipationofthatresistorinaparticularcircuit:thisismainlyof

concerninpowerelectronicsapplications.Resistorswithhigherpowerratingsare

physicallylargerandmayrequireheatsinking.Inahighvoltagecircuit,attentionmust

sometimesbepaidtotheratedmaximum workingvoltageoftheresistor.

Theseriesinductanceofapracticalresistorcausesitsbehaviortodepartfrom

ohmslaw;thisspecificationcanbeimportantinsomehigh-frequencyapplicationsfor

smaller values of resistance.In a low-noise amplifier or pre-amp the noise

characteristicsofaresistormaybeanissue.Theunwantedinductance,excessnoise,

and temperature coefficientare mainly dependenton the technology used in

manufacturingtheresistor.Theyarenotnormallyspecifiedindividuallyforaparticular

familyofresistorsmanufacturedusingaparticulartechnology.Afamilyofdiscrete

resistorsisalsocharacterizedaccordingtoitsform factor,thatis,thesizeofthedevice

andpositionofitsleads(orterminals)whichisrelevantinthepracticalmanufacturing

ofcircuitsusingthem.

Units

Theohm (symbol:Ω)istheSIunitofelectricalresistance,namedafterGeorg

SimonOhm.Anohm isequivalenttoavoltperampere.Sinceresistorsarespecified

andmanufacturedoveraverylargerangeofvalues,thederivedunitsofmilliohm (1mΩ

=10−3Ω),kilohm (1kΩ=103Ω),andmegohm (1MΩ=106Ω)arealsoincommonusage.

ThereciprocalofresistanceRiscalledconductanceG=1/Randismeasuredin

Siemens(SIunit),sometimesreferredtoasamho.ThusaSiemensisthereciprocalof

anohm:S=Ω−1.Althoughtheconceptofconductanceisoftenusedincircuitanalysis,

practicalresistorsarealwaysspecifiedintermsoftheirresistance(ohms)ratherthan

conductance.

Theoryofoperation

Ohm'slaw

ThebehaviorofanidealresistorisdictatedbytherelationshipspecifiedinOhm'slaw:

Ohm'slawstatesthatthevoltage(V)acrossaresistorisproportionaltothecurrent(I)
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passingthroughit,wheretheconstantofproportionalityistheresistance(R).

Equivalently,Ohm'slawcanbestated:

ThisformulationofOhm'slaw statesthat,whenavoltage(V)ispresentacrossa

resistance(R),acurrent(I)willflow throughtheresistance.Thisisdirectlyusedin

practicalcomputations.Forexample,ifa300ohm resistorisattachedacrossthe

terminalsofa12voltbattery,thenacurrentof12/300=0.04amperes(or40

milliamperes)willflowthroughthatresistor.

Seriesandparallelresistors

Inaseriesconfiguration,thecurrentthroughalloftheresistorsisthesame,but

thevoltageacrosseachresistorwillbeinproportiontoitsresistance.Thepotential

difference(voltage)seenacrossthenetworkisthesum ofthosevoltages,thusthe

totalresistancecanbefoundasthesum ofthoseresistances:

Asaspecialcase,theresistanceofNresistorsconnectedinseries,eachofthesame

resistanceR,isgivenbyNR.

Resistorsinaparallelconfigurationareeachsubjecttothesamepotentialdifference

(voltage),howeverthecurrentsthroughthem add.Theconductancesoftheresistors

thenaddtodeterminetheconductanceofthenetwork.Thustheequivalentresistance

(Req)ofthenetworkcanbecomputed:
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Theparallelequivalentresistancecanberepresentedinequationsbytwoverticallines

"||"(asingeometry)asasimplifiednotation.Forthecaseoftworesistorsinparallel,

thiscanbecalculatedusing:

Asaspecialcase,theresistanceofNresistorsconnectedinparallel,eachofthesame

resistanceR,isgivenbyR/N.

A resistornetworkthatisacombinationofparallelandseriesconnectionscanbe

brokenupintosmallerpartsthatareeitheroneortheother.Forinstance,
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However,somecomplexnetworksofresistorscannotberesolvedinthismanner,

requiringmoresophisticatedcircuitanalysis.Forinstance,consideracube,eachedge

ofwhichhasbeenreplacedbyaresistor.Whatthenistheresistancethatwouldbe

measuredbetweentwooppositevertices?Inthecaseof12equivalentresistors,itcan

beshownthatthecorner-to-cornerresistanceis5⁄6oftheindividualresistance.More

generally,theY-Δtransform,ormatrixmethodscanbeusedtosolvesuchaproblem.

One practicalapplication ofthese relationships is thata non-standard value of

resistancecangenerallybesynthesizedbyconnectinganumberofstandardvaluesin

seriesand/orparallel.Thiscanalsobeusedtoobtainaresistancewithahigherpower

ratingthanthatoftheindividualresistorsused.InthespecialcaseofN identical

resistorsallconnectedinseriesorallconnectedinparallel,thepowerratingofthe

individualresistorsistherebymultipliedbyN.

Powerdissipation

ThepowerPdissipatedbyaresistor(ortheequivalentresistanceofaresistornetwork)

iscalculatedas:

Thefirstform isarestatementofJoule'sfirstlaw.UsingOhm'slaw,thetwoother

formscanbederived.

Thetotalamountofheatenergyreleasedoveraperiodoftimecanbedeterminedfrom

theintegralofthepoweroverthatperiodoftime:

Practicalresistorsareratedaccordingtotheirmaximum powerdissipation.The

vastmajorityofresistorsusedinelectroniccircuitsabsorbmuchlessthanawattof

electricalpowerandrequirenoattentiontotheirpowerrating.Suchresistorsintheir

discreteform,includingmostofthepackagesdetailedbelow,aretypicallyratedas

1/10,1/8,or1/4watt.

Resistorsrequiredtodissipatesubstantialamountsofpower,particularlyusedinpower

supplies,powerconversioncircuits,andpoweramplifiers,aregenerallyreferredtoas

powerresistors;thisdesignationislooselyappliedtoresistorswithpowerratingsof1
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wattorgreater.Powerresistorsarephysicallylargerandtendnottousethepreferred

values,colorcodes,andexternalpackagesdescribedbelow.

Iftheaveragepowerdissipatedbyaresistorismorethanitspowerrating,

damagetotheresistormayoccur,permanentlyalteringitsresistance;thisisdistinct

from thereversiblechangeinresistanceduetoitstemperaturecoefficientwhenit

warms.Excessivepowerdissipationmayraisethetemperatureoftheresistortoapoint

whereitcanburnthecircuitboardoradjacentcomponents,orevencauseafire.There

areflameproofresistorsthatfail(opencircuit)beforetheyoverheatdangerously.

Notethatthenominalpowerratingofaresistorisnotthesameasthepower

thatitcansafelydissipateinpracticaluse.Aircirculationandproximitytoacircuit

board,ambienttemperature,and otherfactors can reduce acceptable dissipation

significantly.Ratedpowerdissipationmaybegivenforanambienttemperatureof25°C

infreeair.Insideanequipmentcaseat60°C,rateddissipationwillbesignificantlyless;

aresistordissipatingabitlessthanthemaximum figuregivenbythemanufacturermay

stillbeoutsidethesafeoperatingareaandmayprematurelyfail.
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CAPACITORS

Acapacitororcondenserisapassiveelectroniccomponentconsistingofa

pairofconductorsseparatedbyadielectric.Whenavoltagepotentialdifferenceexists

betweentheconductors,anelectricfieldispresentinthedielectric.Thisfieldstores

energyandproducesamechanicalforcebetweentheplates.Theeffectisgreatest

betweenwide,flat,parallel,narrowlyseparatedconductors.

Anidealcapacitorischaracterizedbyasingleconstantvalue,capacitance,

whichismeasuredinfarads.Thisistheratiooftheelectricchargeoneachconductor

tothepotentialdifferencebetweenthem.Inpractice,thedielectricbetweentheplates

passesasmallamountofleakagecurrent.Theconductorsandleadsintroducean

equivalentseriesresistance and the dielectrichasan electricfield strength limit

resultinginabreakdownvoltage.

Thepropertiesofcapacitorsinacircuitmaydeterminetheresonantfrequency

andqualityfactorofaresonantcircuit,powerdissipationandoperatingfrequencyina

digitallogiccircuit,energycapacityinahigh-powersystem,andmanyotherimportant

aspects.
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Acapacitor(formerlyknownascondenser)isadeviceforstoringelectriccharge.

Theformsofpracticalcapacitorsvarywidely,butallcontainatleasttwoconductors

separatedbyanon-conductor.Capacitorsusedaspartsofelectricalsystems,for

example,consistofmetalfoilsseparatedbyalayerofinsulatingfilm.

Capacitorsarewidelyusedinelectroniccircuitsforblockingdirectcurrentwhile

allowingalternatingcurrenttopass,infilternetworks,forsmoothingtheoutputof

powersupplies,intheresonantcircuitsthattuneradiostoparticularfrequenciesand

formanyotherpurposes.

Acapacitorisapassiveelectroniccomponentconsistingofapairofconductors

separatedbyadielectric(insulator).Whenthereisapotentialdifference(voltage)

acrosstheconductors,astaticelectricfielddevelopsinthedielectricthatstoresenergy

and produces a mechanicalforce between the conductors.An idealcapacitoris

characterizedbyasingleconstantvalue,capacitance,measuredinfarads.Thisisthe

ratiooftheelectricchargeoneachconductortothepotentialdifferencebetweenthem.

Thecapacitanceisgreatestwhenthereisanarrow separationbetweenlarge

areasofconductor,hencecapacitorconductorsareoftencalled"plates",referringtoan

earlymeansofconstruction.Inpracticethedielectricbetweentheplatespassesa

smallamountofleakagecurrentandalsohasanelectricfieldstrengthlimit,resultingin

a breakdown voltage,while the conductors and leads introduce an undesired

inductanceandresistance.
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SOFTWAREREQUIREMENTS

WhatisMPLABIDE?

MPLABIDEisasoftwareprogram thatrunsonaPCtodevelopapplications

forMicrochip microcontrollers.Itis called an Integrated Development

Environment,orIDE,becauseitprovidesasingleintegratedenvironmentto

developcodeforembeddedmicrocontrollers.

DescriptionofanEmbeddedSystem

Anembeddedsystem istypicallyadesignmakinguseofthepowerofa

smallmicrocontroller,liketheMicrochipPICmicroMCUordsPICDigital

SignalController(DSCs).Thesemicrocontrollerscombineamicroprocessor

unit(liketheCPUinadesk-topPC)withsomeadditionalcircuitscalled

peripherals,plussomeadditionalcircuitsonthesamechiptomakeasmall

controlmodulerequiringfewotherexternaldevices.Thissingledevicecan

thenbeembeddedintootherelectronicandmechanicaldevicesforlow-

costdigitalcontrol.

ComponentsofaMicrocontroller

ThePIC micro MCU hasprogram memoryforthefirmware,orcoded

instructions,torunaprogram.Italsohasfileregistermemoryforstorage

ofvariablesthatthe program willneed forcomputation ortemporary

storage.Italsohasanumberofperipheraldevicecircuitsonthesamechip.

SomeperipheraldevicesarecalledI/O ports.I/O portsarepinsonthe

microcontrollerthatcanbedrivenhighorlowtosendsignals,blinklights,

drivespeakersñjustaboutanythingthatcanbesentthroughawire.Often

thesepinsarebidirectionalandcanalsobeconfiguredasinputsallowing

theprogram torespondtoanexternalswitch,sensorortocommunicate

withsomeexternaldevice.
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Fig5.3:PICMCU

Inordertodesignsuchasystem,itmustbedecidedwhichperipheralsare

needed for an application. Analog-to-DigitalConverters (ADCs) allow

microcontrollerstoconnecttosensorsandreceivechangingvoltagelevels.

Serialcommunicationperipheralsallowyoutostream communicationsover

afew wirestoanothermicrocontroller,toalocalnetworkortotheinternet.

PeripheralsonthePICmicroMCUcalledtimersaccuratelymeasuresignal

eventsandgenerateandcapturecommunicationssignals,pro-duceprecise

waveforms,evenautomaticallyresetthemicrocontrollerifitgetshungorlost

duetoapowerglitchorhardwaremalfunction.Otherperipheralsdetectifthe

externalpowerisdippingbelowdangerouslevelssothemicrocontrollercan

storecriticalinformationandsafelyshutdownbeforepoweriscompletely

lost.
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Theperipheralsandtheamountofmemoryanapplicationneedstoruna

program largelydetermineswhichPICmicroMCUtouse.Otherfactorsmight

includethepowerconsumedbythemicrocontrolleranditsform factor,i.e.,

thesizeandcharacteristicsofthephysicalpackagethatmustresideonthe

targetdesign.

PICmicroMCUDEVICEPACKAGE
E

E1

#leads=n1

p

D1 D

2
1

B

n

CHx45
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A2

L

A1

(F)

Fig5.3.1:ImplementinganEmbeddedSystem DesignwithMPLABIDE

Adevelopmentsystem forembeddedcontrollersisasystem ofprograms

runningonadesktopPCtohelpwrite,edit,debugandprogram codeñthe

intelligenceofembeddedsystemsapplicationsñinto amicrocontroller.

MPLABIDErunsonaPCandcontainsallthecomponentsneededtodesign

and deploy embedded systems applications. The typical tasks for

developinganembeddedcontrollerapplicationare:

1.Createthehighleveldesign.From thefeaturesandperformancedesired,

decidewhichPICmicroMCUordsPICDSCdeviceisbestsuitedtothe

application, then design the associated hardware circuitry. After

determiningwhichperipheralsandpinscontrolthehardware,writethe

firmwareñthesoftwarethatwillcontrolthehardwareaspectsofthe

embeddedapplication.A languagetoolsuchasanassembler,whichis

directlytranslatableintomachinecode,oracompilerthatallowsamore

naturallanguageforcreatingprograms,shouldbeusedtowriteandedit
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code.Assemblersand compilershelp makethecodeunderstandable,

allowingfunctionlabelstoidentifycoderoutineswithvariablesthathave

namesassociatedwiththeiruse,andwithconstructsthathelporganize

thecodeinamaintainablestructure.

PICmicroMCUDATASHEETñTIMING
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Fig5.3.2:PICmicroMCUDATASHEETñINSTRUCTIONS

2.Compile,assembleand linkthesoftwareusing theassemblerand/or

compilerandlinkertoconvertyourcodeintoonesandzeroesñmachinecode

forthePIC micro MCUs.Thismachinecodewilleventuallybecomethe

firmware(thecodeprogrammedintothemicrocontroller).

3.Testyourcode.Usuallyacomplexprogram doesnotworkexactlytheway

imagined,andbugsneedtoberemovedfrom thedesigntogetproperresults.

Thedebuggerallowsyoutoseetheonesandzeroesexecute,relatedtothe

sourcecodeyouwrote,withthesymbolsandfunctionnamesfrom your

program.Debuggingallowsyoutoexperimentwithyourcodetoseethevalue

ofvariablesatvariouspointsin theprogram,and to do whatifcheck,

changingvariablevaluesandsteppingthroughroutines.
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4.Burnthecodeintoamicrocontrollerandverifythatitexecutescorrectlyin

thefinishedapplication.Ofcourse,eachofthesestepscanbequitecomplex.

Theimportantthingistoconcentrateonthedetailsofyourowndesign,while

relyinguponMPLABIDEanditscomponentstogetthrougheachstepwithout

continuouslyencounteringnewlearningcurves.

THEDEVELOPMENTCYCLE

The process forwriting an application is often described as a

developmentcycle,since itis rare thatallthe steps from design to

implementationcanbedoneflawlesslythefirsttime.Moreoftencodeis

written,testedandthenmodifiedinordertoproduceanapplicationthat

performscorrectly.The Integrated DevelopmentEnvironmentallowsthe

embeddedsystemsdesignengineertoprogressthroughthiscyclewithout

thedistractionofswitchingamonganarrayoftools.ByusingMPLABIDE,all

the functions are integrated,allowing the engineerto concentrate on

completingtheapplicationwithouttheinterruptionofseparatetoolsand

differentmodesofoperation.

THEDESIGNCYCLE

Compile/Assemble/
LinkCode

Edit/Create/Design
SourceCode

DownloadCodeto
Debugger

Analyze/Debug
Code
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MPLABIDEisawrapperthatcoordinatesallthetoolsfrom asingle

graphicaluserinterface,usuallyautomatically.Forinstance,oncecodeis

written,itcanbeconvertedtoexecutableinstructionsanddownloadedintoa

microcontrollertoseehowitworks.Inthisprocessmultipletoolsareneeded:

aneditortowritethecode,aprojectmanagertoorganizefilesandsettings,a

compilerorassemblertoconvertthesourcecodetomachinecodeandsome

sortofhardwareorsoftwarethateitherconnectstoatargetmicrocontroller

orsimulatestheoperationofamicrocontroller.

PROJECTMANAGER

The projectmanagerorganizes the files to be edited and other

associatedfilessotheycanbesenttothelanguagetoolsforassemblyor

compilation,andultimatelytoalinker.Thelinkerhasthetaskofplacingthe

objectcodefragmentsfrom theassembler,compilerandlibrariesintothe

propermemoryareasofthe embedded controller,and ensure thatthe

modulesfunctionwitheachother.Thisentireoperationfrom assemblyand

compilationthroughthelinkprocessiscalledaprojectbuild.

Fig.5.5:MPLABIDEPROJECTMANAGER

Source
Files

Individual
Build
Options

MPLABIDE
Project
Manager

Object
File

Libraries
Assembler Compiler

Linker
Script

Linker

Debug
File

Executable
File

IR@AIKTC aiktcdspace.org

Service By KRRC (Central Library)



From theMPLAB IDEprojectmanager,propertiesofthelanguage

toolscanbeinvokeddifferentlyforeachfile,ifdesired,andabuildprocess

integratesallofthelanguagetoolsoperations.

Thesourcefilesaretextfilesthatarewrittenconformingtotherules

oftheassemblerorcompiler.Theassemblerandcompilerconvertthem

intointermediatemodulesofmachinecodeandplaceholdersforreferences

tofunctionsanddatastorage.Thelinkerresolvestheseplaceholdersand

combinesallthemodulesintoafileofexecutablemachinecode.Thelinker

alsoproducesadebugfilewhichallowsMPLABIDEtorelatetheexecuting

machinecodesbacktothesourcefiles.Atexteditorisusedtowritethe

code.Itisnotanormaltexteditor,butaneditorspecificallydesignedfor

writingcodeforMicrochipMCUs.Itrecognizestheconstructsinthetext

andusescolorcodingtoidentifyvariouselements,suchasinstruction

mnemonics,C languageconstructsandcomments.Theeditorsupports

operationscommonlyusedinwritingsourcecode,suchasfindingmatching

bracesinC,commentingandun-commentingoutblocksofcode,finding

textinmultiplefilesandaddingspecialbookmarks.Afterthecodeiswritten,

theeditorworkswith theothertoolsto displaycodeexecution in the

debugger.Breakpointscanbesetintheeditor,andthevaluesofvariables

canbeinspectedbyhoveringthemousepointeroverthevariablename.

Namesofvariablescanbedraggedfrom sourcetextwindowsandthen

droppedintoaWatchwindow.
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DEVICEPROGRAMMING

Afterthe application has been debugged and is running in the

developmentenvironment,itneedstobetestedonitsown.Adevicecan

beprogrammed with thein-circuitdebuggerora deviceprogrammer.

MPLABIDEcanbesettotheprogrammerfunction,andthepartcanbe

burned.Thetargetapplicationcannowbeobservedinitsnearlyfinalstate.

Engineeringprototypeprogrammersallow quickprototypestobemade

andevaluated.Someapplicationscanbeprogrammedafterthedeviceis

solderedonthetargetPC board.UsingIn-CircuitSerialProgrammingô

(ICSPô)programmingcapability,thefirmwarecanbeprogrammedinto

theapplicationatthetimeofmanufacture,allowingupdatedrevisionsto

beprogrammedintoanembeddedapplicationlaterinitslifecycle.Devices

thatsupportin-circuitdebuggingcanevenbepluggedbackintotheMPLAB

ICD 2 aftermanufacturing forqualitytests and developmentofnext

generationfirmware.

COMPONENTSOFMPLABIDE

TheMPLAB IDEhasbothbuilt-incomponentsandplug-inmodulesto

configurethesystem foravarietyofsoftwareandhardwaretools.

MPLABIDEBuilt-InComponents

Thebuilt-incomponentsconsistof:

ProjectManager:

The project manager provides integration and communication

betweentheIDEandthelanguagetools.
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ïEditor

Theeditorisafull-featuredprogrammer'stexteditorthatalsoserves

asawindowintothedebugger.

ïAssembler/LinkerandLanguageTools

Theassemblercanbeusedstand-alonetoassembleasinglefile,or

canbeusedwiththelinkertobuildaprojectfrom separatesourcefiles,

librariesandrecompiledobjects.Thelinkerisresponsibleforpositioningthe

compiledcodeintomemoryareasofthetargetmicrocontroller.

ïDebugger

TheMicrochipdebuggerallowsbreakpoints,singlestepping,watch

windowsandallthefeaturesofamoderndebuggerfortheMPLABIDE.It

worksinconjunctionwiththeeditortoreferenceinformationfrom thetarget

beingdebuggedbacktothesourcecode.

ïExecutionEngines

TherearesoftwaresimulatorsinMPLABIDEforallPICmicroMCU

and dsPIC DSC devices.ThesesimulatorsusethePC to simulatethe

instructionsandsomeperipheralfunctionsofthePICmicroMCUanddsPIC

DSCdevices.Optionalin-circuitemulatorsandin-circuitdebuggersarealso

availabletotestcodeasitrunsintheapplicationshardware.

After installation or select Start>Programs>Microchip>MPLAB IDE

vx.xx>MPLABIDE.AscreenwilldisplaytheMPLABIDElogofollowedbythe

MPLABIDEdesktop.
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MPLABIDEDESKTOP

SELECTINGTHEDEVICE

Toshowmenuselectionsinthisdocument,themenuitem from the

top row in MPLAB IDE willbeshown afterthemenu namelikethis

MenuName>MenuItem.TochoosetheSelectDeviceentryintheConfigure

menu, it would be written as Configure>Select Device. Choose

Configure>SelectDevice.IntheDevicedialog,selectthePIC18F8722from

thelistifitísnotalreadyselected.
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SELECTDEVICEDIALOG

ThelightsindicatewhichMPLABIDEcomponentssupportthisdevice.

ïAgreenlightindicatesfullsupport.

ïAyellow lightindicatespreliminarysupportforanupcomingpartbythe

particularMPLAB IDE toolcomponent.Componentswithayellow light

insteadofagreenlightareoftenintendedforearlyadoptersofnew parts

whoneedquicksupportandunderstandthatsomeoperationsorfunctions

maynotbeavailable.

ï A red lightindicates no supportforthis device.Supportmay be

forthcomingorinappropriateforthetool,e.g.,dsPICDSCdevicescannotbe

supportedonMPLABICE2000.

CREATINGTHEPROJECT

ThenextstepistocreateaprojectusingtheProjectWizard.Aprojectisthe

waythefilesareorganizedtobecompiledandassembled.Wewillusea
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single assembly file for this project and a linker script. Choose

Project>ProjectWizard.From the Welcome dialog,click on Next> to

advance.Thenextdialog(StepOne)allowsyoutoselectthedevice,which

wehavealreadydone.MakesurethatitsaysPIC18F8722.

Ifitdoesnot,selectthePIC18F8722from thedropdownmenu.ClickNext>.

PROJECTWIZARDñSELECTDEVICE

SETTINGUPLANGUAGETOOLS

StepTwooftheProjectWizardsetsupthelanguagetoolsthatareused

withthisproject.SelectMicrochipMPASM ToolsuiteintheActiveToolsuite

listbox.Then MPASM and MPLINK should bevisiblein theToolsuite

Contentsbox.Clickoneachonetoseeitslocation.IfMPLABIDEwas

installedintothedefaultdirectory,theMPASM assemblerexecutablewillbe:

C:\Program Files\Microchip\MPASM Suite\mpasmwin.exe

theMPLINKlinkerexecutablewillbe:

C:\Program Files\Microchip\MPASM Suite\mplink.exe
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andtheMPLIBlibrarianexecutablewillbe:

C:\Program Files\Microchip\MPASM Suite\mplib.exe

Ifthesedonotshowupcorrectly,usethebrowsebuttonto

setthem totheproperfilesintheMPLABIDEsubfolders.

BUILDINGTHEPROJECT

From theProjectmenu,wecanassembleandlinkthecurrentfiles.They

doníthaveanyofourcodeinthem yet,butthisensuresthattheprojectis

setupcorrectly.

Tobuildtheproject,selecteither:

ïProject>BuildAll

ïRightclickontheprojectnameintheprojectwindowandselectBuildAll

ïClicktheBuildAlliconontheProjecttoolbar.Hoverthemouseovericons

toseepop-uptextofwhattheyrepresent.

TheOutputwindowshowstheresultofthebuildprocess.Thereshouldbe

noerrorsonanystep.ThewarningslistedinFigurewillnotinterferewith

the operation ofthe tutorialpro-gram.Theyare merelyidentifying a

directivethathasbeendeprecated,i.e.,isbeingdiscontinuedinfavorof

another.Toturnoffthedisplayofwarnings,dothefollowing:

ïSelectProject>BuildOptions>ProjectandclickontheMPASM Assembler

tab.

ïSelectìOutputîfrom theìCategoriesîdrop-downlist.

ïSelectìErrorsonlyîfrom theìDiagnosticlevelîdrop-downlist.

ïClickOK.
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EMBEDDEDC

Useofembeddedprocessorsinpassengercars,mobilephones,medical

equipment,aerospacesystemsanddefensesystemsiswidespread,and

even everydaydomesticappliancessuch asdish washers,televisions,

washingmachinesandvideorecordersnow includeatleastonesuch

device.

Becausemostembeddedprojectshaveseverecostconstraints,

theytend to uselow-costprocessors.Thesepopularchipshavevery

limitedresourcesavailablemostsuchdeviceshavearoundlimitedamount

ofRAM,andtheavailableprocessorpowerisaroundmanytimeslessthan

thatofadesktopprocessor.Asaresult,developingembeddedsoftware

presents significant new challenges,even for experienced desktop

programmers.Ifyouhavesomeprogrammingexperience-inC,C++or

Java-thenthisbookanditsaccompanyingCDwillhelpmakeyourmoveto

theembeddedworldasquickandpainlessaspossible.
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.SCHEMATICDIAGRAM
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DESCRIPTION

POWERSUPPLY

Thecircuitusesstandardpowersupplycomprisingofastep-downtransformer

from 230vto12vand4diodesformingaBridgeRectifierthatdeliverspulsatingdc

whichisthenfilteredbyanelectrolyticcapacitorofabout470microfto100microF.The

filtereddcbeingunregulatedIC LM7805isusedtoget5vconstantatitspinno3

irrespectiveofinputdcvaryingfrom 9vto14v.Theinputdcshallbevaryingintheevent

ofinputacat230voltssectionvariesintheratioofv1/v2=n1/n2.

Theregulated5voltsdcisfurtherfilteredbyasmallelectrolyticcapacitorof10

microfforanynoisesogeneratedbythecircuit.OneLEDisconnectedofthis5vpoint

inserieswitharesistorof330ohmstothegroundi.e.negativevoltagetoindicate5v

powersupplyavailability.The5vdcisat12vpointisusedforotherapplicationsason

whenrequired.

OPERATION

CONNECTIONS

Theoutputofthepowersupplywhichis5visconnectedto11and32pinsofmicro

controllerandGNDisconnectedtoits12and31pins.Pin2ofcontrollerisconnectedto

pin2ofLDRsensor,Pin3ofcontrollerisconnectedtopin2ofLM35temperaturesensor,

Pin4ofcontrollerisconnectedtovoltagesensingckt& Pin5ofcontrollerisconnectedto

currentsensingckt.
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WORKING

TheVoltagefrom thesolarpanelisfedtotheMCpinno4throughapotentialdivider

comprising ofR4 & R5.Zenerdiode D6 is used to protectthe inputto the

microcontrollerexceeding5V.a100ohm,5W resistorR6isusedasloadinserieswith

anotherresistorR7 of10ohm,10W.avariableresistor100K isused forsetting/

calibrating the currentparameters.The voltage drop across the resistorR7 is

proportionaltotheloadcurrentwhichisfedtopin5ofMCinasmallportionbythe

variableresistor.LightinputissensedbyLDR1incombinationwithresistorR3the

commonpointofwhichisfedtoMCpin2.AtemperaturesensorLM35(U3)deliversthe

outputinanalogvoltageproportionaltotheheatonitssurfacebeingconnectedtopin3

ofMC.Thus,fouranalogvaryingvoltageparametersarefedtotheinternalADCofthe

MCoutoftotalavailablibiliyof8channels.ALCD isusedtodisplayalltheoutput

parameterssuchaslightintensity,temperature,voltageandcurrentofsolarpanel.The

unitcanbeusedeitherfrom thepowersupplycomprisingofTR1,D1-D4,C1,7805,C2

R1&D5orcanbedirectlyfedfrom 6Vsourceofthesolarpanel.
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LAYOUTDIAGRAM
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CONCLUSION

InthisProjectwetriedtomeasureparametersofsolarpanels

suchasVoltage,current,power,temperatureandintensity

oflightusingPIC16F877Amicrocontroller.

Digitaldisplaycanbeusedtodisplayvaluesofthese

parameters.PICmicrocontrollercanbeusedtomeasure

analogvaluesofthesesensedparametersandanalogto

digitaltoconverterwhichisinbuiltinPICmicrocontroller

canbeusedtomeasurevaluesoftheseparameters.

Therearemanywaystosensevoltage.Butinthisproposed

workwecaneasilymeasurevoltageofsolarpanelusing

voltagedivider.Twocapacitorsareconnectparallelto

voltagemeasurementresistortoavoidvoltagefluctuation

andavoidharmonicstogointoADCofPICmicrocontroller

Herewehaveuseddifferentialamplifiertoamplifyvoltage

appearingacrossshuntresistor,becausecurrentvaluemay

betoohighandtoolowindifferenttimings.
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