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Lecture.3

Equilibrium CarrierConcentration

Semiconductorshavemajoritycarriersandminoritycarriers.Thecharge

carriersmoreabundantarethemajoritycarriers;whiletheminoritycarriers

arethechargecarrierslessabundant.Dopingcanincreasetheequilibrium

carrierconcentration.Equilibrium carrierconcentrationisthetotalnumber

ofcarriersintheconductionandvalencebands.Aconstantistheproductof

theminorityandmajoritychargecarriers.Equilibrium carrierconcentration

isthenumberofcarriersintheconductionand valenceband withno

externallyappliedbias.Theequilibrium carrierconcentrationformajority

carriersisequaltotheintrinsiccarrierconcentrationplusthefreecarriers

numberaddedbydopingthesemiconductor.Inmostcases,dopingofthe

semiconductorisseveralordersofmagnitudegreaterthantheintrinsic

carrierconcentration,sothatthemajoritycarriersnumberisnearlyequalto

thedoping.

ThermalEquilibrium

Animportantequationfordetermining thecarrierconcentrationsina
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materialisdefinedbytheLawofMassAction,wemustfirstunderstandthe

description ofthermalequilibrium before furtherdiscussing.Thermal

equilibrium isarelationshipbetweentheconcentrationsofchargecarriers

atacertaintemperature.Describeddifferently,atagiventemperature,there

isanequilibrium betweenbothgeneration-formationofpairsofelectron-

hole as a resultof thermalexcitation or photon absorption -and

recombinationwhichisthenaturaldestructionofpairsthathappenwhen

electronsfrom conductionbandfallbackagainintovalenceband.Inthe

intrinsiccase,theboundelectronsnumberismuchhigherthanthefree

electronsnumber,thusthechargecarriersgenerationisindependentofthe

electron-holepairsnumberwhichhavebeenalreadyformed.Though,as

soonasgenerationoccurs,recombinationhappensanditdependsonthe

charge carriers concentration in the material.In factrecombination is

directlyproportionaltothechargecarriersnumber.

LawofMassactionEquations

Theproductofthemajorityandminoritycarrierconcentrationatequilibrium

isaconstant,whichismathematicallyexpressedbytheLawofMassAction.

nopo=ni2

whereni:istheintrinsiccarrierconcentration

n0:electronequilibrium carrierconcentrations.

p0:theholeequilibrium carrierconcentrations.

ByusingtheLaw ofMassActionabove,themajorityandminoritycarrier

concentrationscanbeexpressedinthefollowingequations:

n-type:no=ND, po=ni2/ND
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p-type:po=NA, no=ni2/NA

whereND:donoratomsconcentration,NA:acceptoratomsconcentration.

Theequationsaboveshowthattheminoritycarriersnumberdecreasewith

theincreaseofthedopinglevel.Asanexample,inthen-typematerial,some

oftheextraelectronswhichareaddedbydopingthematerialwilloccupythe

emptyspots(theholes)whichareinthevalenceband,thusloweringthe

numberofholes.

Summery

1.Semiconductorscontainmajorityandminoritycarriers.Themore

abundantchargecarriersarethemajoritycarriers;thelessabundant

aretheminoritycarriers.

2.Theequilibrium carrierconcentrationcanbeincreasedthroughdoping.

3.Thetotalnumberofcarriersintheconductionandvalencebandis

calledtheequilibrium carrierconcentration.

4.Theproductofminorityandmajoritychargecarriersisaconstant.

Whatiscarrierdrift? 

Whenanelectricfieldisappliedacrossthesemiconductors,thecarriers

driftthroughthesemiconductors.Thecarriersmovewithaconstant drift

velocity.Thedriftcurrentinasemiconductoriscausedduetothecarrier

drift.
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Lecture.4

Diffusion

Movementofparticlesfrom regionsofhighconcentrationtoregionsof

lowconcentration.

DiffusioncurrentDensityisacurrentinasemiconductorcausedbythe

diffusionofchargecarriers(holesand/orelectrons).Thisisthecurrent

whichisduetothetransportofchargesoccurringbecauseofnon-uniform

concentrationofchargedparticlesinasemiconductor.Thedriftcurrent,by

contrast,isduetothemotionofchargecarriersduetotheforceexertedon

them byanelectricfield.Diffusioncurrentcanbeinthesameoropposite

directionofadriftcurrent.Thediffusioncurrentanddriftcurrenttogether

aredescribedbythedrift–diffusionequation.
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Diffusioncurrentversusdriftcurrent
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WhatisElectricPotential?

Electricpotentialistheamountofworkdonewhenachargedparticleis

movedfrom oneplacetoanotherinanelectricfield.Here,thecharged

particle is eitherpositivelycharged ornegativelycharged.Usually,the

electricpotentialismeasuredforthemovementofthechargedparticlefrom

areferencepointtoaspecificpoint.Moreover,thismovementshouldnot

acceleratethechargedparticle.Typically,thereferencepointwetakeis

Earth.

TheSIunitforthemeasurementofelectricpotentialis Volt (V).Thisisan

extensivepropertyofsubstances.Whendeterminingthevalueofelectric

potential,wecandoiteitherinastaticoradynamicelectricfield.The

electricpotentialatthereferencepointisconsideredaszero.Practically,

electricpotentialisacontinuousvaluewhichisafunctionofspace.

WhatisElectricField?

Electricfieldisthesurroundingofanelectricchargeunitwhichcanexerta

forceonotherchargedparticlesinthefield.Wecanabbreviatethisterm as

E-fieldaswell.Thechargedparticlesintheelectricfieldcanbeeither

attractedorrepelledbythecentralchargeunit,dependingontheelectrical
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chargesandtheirmagnitude.

Whenconsideringtheatomicscale,anelectricfieldisresponsibleforthe

attractive force between the atomic nucleus and the electrons.This

attractiveforceisthegluethatholdsthenucleusandelectronstogetherto

make up the structure ofan atom.Also,these attraction forces are

importantinchemicalbondformation.Theunitofmeasurementforelectric

fieldisvoltpermeter(V/m).ThisunitisexactlyequaltotheunitNewtonper

coulomb(N/C)intheSIunitsystem.

WhatistheDifferenceBetweenElectricPotentialandElectricField?

The keydifference between electric potentialand electric field is that

electricpotentialreferstotheworkneedtobedoneinordertomoveaunit

chargefrom oneplacetoanother,undertheinfluenceofanelectricfield,

whereaselectricfieldisthesurroundingofanelectricalchargewhichcan

exertaforceonotherchargesinthefield.Inotherwords,electricpotential
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measurestheworkdonebyanelectricfield,whileelectricfieldmeasures

theforceexertedonachargedparticleinthefieldotherthanthecentral

chargedunit.

***Thetermselectricpotentialandelectricfieldareusefulinphysical

chemistry,underthesubcategoryofelectrochemistry.Thekeydifference

betweenelectricpotentialandelectricfieldisthatelectricpotentialrefersto

theworkneedtobedoneinordertomoveaunitchargefrom oneplaceto

another,undertheinfluenceofanelectricfieldwhereaselectricfieldisthe

surroundingofanelectricalchargewhichcanexertaforceonothercharges

inthefield.
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The"Non-UniformlyDopedSemiconductor"meanthatisnonuniformly

doped,theelectronswilltendtodiffusefrom higherconcentrationtowards

thelowerconcentration.leavingbehindpositivelychargeddonorions.

CarrierGenerationandRecombination

Carriergenerationisaprocesswhereelectron-holepairsarecreatedby

excitinganelectronfrom thevalencebandofthesemiconductortothe

conduction band, thereby creating a hole in the valence band.

Recombinationisthereverseprocesswhereelectronsandholesfrom the

conductionrespectivelyvalencebandrecombineandareannihilated.In

semiconductorsseveraldifferentprocessesexistwhichleadtogeneration

orrecombination,themostimportantonesare:

 photontransitionoropticalgeneration/recombination,

 phonontransitionorShockley-Read-Hallgeneration/recombination,

 Augergeneration/recombinationorthreeparticletransitions,and

 impactionization.

Inthermalequilibrium thegenerationandrecombinationprocessesarein

dynamicequilibrium.Whenthesystem issuppliedwithadditionalenergy,for

examplethroughtheabsorptionofphotonsortheinfluenceoftemperature,

additionalcarriersaregenerated.
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