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MEMORANDUMTECHNICAL

overemissionthermionicofcaseclassicafromresultnormallycharacteristicscurrent-voltageDiode

barrier.a 1,2 phenomenaclassictheofonebeenhastemperaturewithcurrentofriseexponentialThe

simpleonobservationsreportwepaperthisInthermometrically.usedisandschoolsintaught

monotonicahavewhichbuttemperatureroomatcharacteristicsdiodeclearexhibitwhichstructures

increase istemperatureasvoltagegivenaatpassedcurrentof reduced fouroverstructuressomeIn.

antophenomenonthisattributeWe300K.atthan30Katflowwillcurrentmuchastimesthousand

devices.theinactiontransistorinternal

structuresAlGaAs/W/GaAsandGaAs/W/GaAsareeffectunusualthisexhibitwhichstructuresThe

thinwith <∼ werelayersThematerial.III-Vcrystalsingleinembeddedlayersmetalporousnm10

anbyfabricated situin previously.describedbeenhaswhichprocessEpitaxyBeamMolecular 3,4 Three

nongrownallmade,wereeffectthisshowingsamples + 1ahas1Samplesubstrates.GaAs µ GaAsm

1aandlayer,Wnm10nominalabuffer, µ 5atSiwithdopedalllayerupperGaAsm ×1016/cm3
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1ahas2Sampleconcentration. µ 5atSi-dopedlayerbufferm ×1016/cm3 Wthicknm10nominala,

Alnm5andGaAsnm5ofsuperlatticeperiod10abyfollowedlayer,metal .3Ga.7 0.5andAs µ ofm

5atdopedallGaAs, ×1016/cm3 nm8nominalawithbut1asstructuresamethehas3SampleSi.with

2ofleveldopingaandlayerW ×1016/cm3 100withpatternedweresamplesthegrowthAfterSi.of µm

samplestheofSomesec.20for400˚CatalloyedandmetallizationcontactAu/Sn/Auofdotsdiameter

H4:1:1inetchedthenwere 2SO4:H2O2:H2 leftwereotherswhilelayers,basemetaltheexposetoO

unetched.

ofcapablestationprobehome-builtainperformedweresamplestheseonmeasurementsElectrical

Current-20K.todowntemperatureroomfromtemperaturesatmeasurementsprobemulti-pointmaking

aandsourcevoltageprogrammable230modelKeithleyausingmadeweremeasurementsvoltage

100aacrossvoltageasmeasuredwascurrentTheelectrometer.619Keithley Ω seriesinresistanceload

afromsourcerampausingmadeweremeasurementsaccuratelessthoughFasterdiode.thewith

7A22awithoscilloscope7854Tektronixaondetectedandsourcesignal8116APackardHewlett

DigitalatopassedwereelectrometertheandoscilloscopethefromdatadigitizedTheamplifier.vertical

devicesthoseforcharacteristicsTransistorbus.IEEE-488anviacomputerPDP-11MICROEquipment

previously.reportedbeenhavelayersbasecontactedwith 4 problemsprocessingsignificanttheHowever,

seriesextendedmoreadotousledconductivitybasemaintainingandbasetheexposinginencountered

layers.metalfloatingwithstructuresofcharacteristicsdiodetheonmeasurementsof

1(a,b).Figureinshownismeasurementscurrent-voltagetheseoffeaturecharacteristicstrikingThe

currenttheofasymmetryThediode.aofthatresemblesclearlycurrentthe(290K)temperatureroomAt

before.discussedbeenhas 4 GaAsovergrowntheindefectsofdensitygreaterthetoduebetoappearsIt

direction.thatincharacteristicdiodetheofbreakdownearlierandleakagegreatertoleadwhichmaterial

theAscontact.uppertheforvoltagepositivetocorrespondsalwaysplotstheseofpolarityThe

resistor-likeashows22KatdiodesameThechanges.characteristicthelowered,istemperature

voltages.higherforformdiodethetoreturnsandsaturatetoappearswhichrelationcurrent-voltage

becancharacteristicThetemperatures.ofrangeafor2sampleincurvesI(V)low-biasshows1bFigure

temperatureAsresistor.temperature-dependentsaturable,abyshunteddiodeaasmodeledroughly
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theofslopetheofinversethei.e.resistance,equivalentthe30K,to290Kfrom10,offactorabydrops

in4,000overbyand1samplein300nearlyoffactorabydropsvoltage,biaslowatcurveI(V)

thisofRatios2b.and2aFiguresinshownare30Kand290KatIofratioscurrentTypical2.sample

metals.pureveryinonlyseencommonlyaresort 5 anfollowsroughlyresistancethisFurther,

Rlawexponential ∼ Roexp(αT2 Rwith) o∼∼ 2,900Ω and α∼∼ 6.1×10−5/K2 in22Ktodown290Kfrom

RindifferenceslightaisThere2.sample o amountingbias,zeroofsidesnegativeandpositivetheon

layeruppersuperlatticethewithassociatedasymmetrystrongNo2.and1samplesbothin1%aboutto

characteristicdiodeweakveryawithstructureleakiermuchais3Sampleseen.beenhas2sampleof

30K.atresistanceindropthreeoffactoraaboutonlyexhibitsIttemperature.roomat

tooppositeisbehaviorItsways.severalinremarkableistemperatureoffunctionaasresistanceThe

againststronglyarguesbehaviorlawpoweroflacktheanddevicebarrierjunctionainexpectedthat

cause.thebeingscattering 6 temperatureawithdevicebarrieralikemuchverybehavesitfactIn

case.thebetobelievewewhatisThisbarrier.controlled

facttheaccountintotakesbehaviorthisofexplanationphysicalbesttheprovideswhichmodelThe

measuredThemodulation.internalwithonebutstructurebarriersimpleamerelynotisdevicethethat

there3a,FigureinshownAspaths.severalbyregionbasethethroughpasscandevicestheseincurrent

emitter-collectordominantTheregion.barriertheinoperatingmechanismsconductionbasicfourare

thethroughcurrenttheisThis3a.Figurein(1)labeledthatiscircumstancesmostundercurrent

perforationstheseinbarriertheSincelayer.metaltheinperforations φP barrierSchottkythethanlessis

φSB coefficientreflectionmechanicalquantumthesinceanditselfmetaltheto 7 thistoimportantnotis

currentemitter-collectorotheroverdominatesitGaAs,inremainelectronsthebecausepathcurrent

currentThebase.theofareatheoffractionsmallaonlyforaccountperforationsthewhenevenpaths

barrierSchottkyemitter-basetheoveremissionthermionicrepresents3aFigurein(2)labeledpath φSB.

thefromchargeremovetotend(4)and(3)labeledpathscurrentThebase.thetochargeaddtotendsIt

iscurrentThisbarrier.Schottkybase-collectortheoveremissionthermionicrepresents(3)Pathbase.

forward-biasedtheforlessisheightbarriereffectivethebecause(2)currentthanlesssubstantially

Currenttemperature.byenhancedexponentiallyare(3)and(2)pathscurrentBothbarrier.Schottky
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discussedpreviouslyhaveWetunneling.defect-relatedduecurrentleakagebasearepresents(4)path

structures.theseinamplificationpoorofcausedominantaascurrentthis 4 relativelyiscurrentThis

theofmetalthecollectorandemitterthetoappliedisvoltagebiasaWhenindependent.temperature

(2)currenttemperatureroomAt(4).and(3)currentsbydischargedand(2)currentbychargedisbase

inshownAsQ.chargeaacquiresbasetheofmetaltheand(4)and(3)thangreatersubstantiallyis

perforations.theinmaterialtheofandbasemetaltheofpotentialtheraiseschargethis3b,Figure

actiontransistorgatemetaltheisThisrises.barrierpotentialtheasblockedis(1)pathbyflowCurrent

Lindmayer.byproposedfirst 8 characteristicI(V)emitter-collectortheblockedflowcurrentWith

diode.barriertriangularaofthatresembles 9,10 is(2)currentchargingbasethetemperatureslowAt

asreducedcontinuallyischargebasethesounchangedessentiallyis(4)currentwhilereduced

theof1-5%oflevelsatoccurs1aFigureinobservedsaturationcurrentThedrops.temperature

electrontransmissionpreviouswithconsistentisThisquestion.inareadevicetheforcurrentsaturation

perforated.betoareamuchthatapproximatelyshowinglayersWtheofstudiesmicroscopy 3,4 The

thanratherleakagereducedtoattributewe2samplesuperlatticetheinratioscurrenttheofimprovement

withcomparedwhenexistscurvesI(V)theofasymmetrypronouncednosinceeffects,emitterwide-gap

thebyexplainedis2FigureofratioscurrenttheinpeakThe1.sampleoverlayerGaAspurethe

higherthetodueisdirectionbiasreversetheinpeakaofabsenceThepath(1).currentofsaturation

bias.zeroatunitybemustratiocurrentThematerial.overgrowntheinleakage

effectweakermuchthewithcontrastinisstructuresunetchedinshowneffectpronouncedThe

baseWtheexposingofactThecontacted.andexposedbeenhasbasethewhichinstructuresinshown

Thecharging.baseforpossibilitythereduceand(4)currentleakagetheincreasegreatlytoseems

notproblems,processingthatisstructurestheseofapplicationstransistorpracticalforimplication

study.previoustheingaincurrentavailablethereducedhaveproblemsstructuralinherent 4 strengthThe

maytransistorsgatemetalthatsuggestsworkcurrenttheinshowneffecttemperatureanomaloustheof

ofdependencetemperatureanomalousSimilarreported.previouslythangainhighersubstantiallyhave

gaininternalandtrappingchargewherestructuresotherinexpectedbealsoshouldcharacteristicsdiode

permeable-basesomeofmeasurementstwo-terminalareExamplesoccur. 11 electronhotand
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transistors.12,13

basemetalfloatingofdependencetemperatureanomalousstrikingaobservedhaveweconclusion,In

biaslowatresistancethewhichindiodes falls rises.thanrathertemperaturereducedwithexponentially

modulationinternalthewithcoupledcurrentsthermionicbychargingbasetoeffectthisascribeWe

andsamplesthegrowinginassistanceforPetersonL.thanktowishWedevices.theofcharacteristics

work.thisofcoursetheduringconversationshelpfulforCapassoF.andGurvitchM.
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CAPTIONSFIGURE

temperaturesatstructureGaAs/W/GaAswith1sampleforcharacteristicsCurrent-voltage1a.Figure

resistor-liketotemperatureshighatbehaviordiodefromchangeThe22K.and290Kof

evident.ischaracteristicresistortheofsaturationwithtemperatureslowabehavior

SuperlatticeGaAs-AlGaAswith2sampleforcharacteristicscurrent-voltagebiasLow1b.

theofnaturemonotonicThetemperatures.indicatedfiveatstructure/W/GaAs

evident.isrelationshipresistance-temperature

1.sampleforvoltageoffunctionaas290Katcurrentto30KatcurrentofRatio2a.Figure

2.sampleforvoltageoffunctionaas290Katcurrentto30KatcurrentofRatio2b.

barrierSchottkyTheindicated.pathscurrentimportantwithdevicetheofStructure3a.Figure

byindicatedisbasemetalthetoheight φSB isperforationstheinheightbarrierThe.

byindicated φP EbyindicatedarecollectorandemittertheinlevelsFermiThe. Fe and

EFc tothatandlinesolidabyindicatedismetalthetobarrierpotentialTherespectively.

follows:asdesignatedaredevicetheincurrentsofpathsThedash.abyperforationthe

the(2)perforations,thethroughcollectortoemitterfromcurrentthermionicThe(1)

fromcurrentthermionicthe(3)metal,basetheintoemitterthefromcurrentthermionic

thefrom(x),defectsbymediatedcurrent,tunnelingthe(4)collector,thetometalbasethe

Thecollector.theintobase " electronhot " basemetalusualthetoimportantcomponent,

negligible.istransistor, 13

barrierpotentialtheindicatelinesdottedandsolidThebase.theofcharge-upofEffects3b.

linesdot-dashedanddashedThecharge.withoutandwithrespectivelymetaltheto

charge.withoutandwithrespectivelyperforationsthetobarrierpotentialtheindicate








