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Abstract-Abstract- TheThe mainmain principleprinciple behindbehind thethe newnew SuperSuper BarrierBarrier 
RectifierRectifier (SBR)(SBR) approachapproach isis toto createcreate thethe "Super""Super" barrierbarrier forfor 
majoritymajority carrierscarriers withoutwithout unreliableunreliable metal-semiconductormetal-semiconductor 
SchottkySchottky contact.contact. SBRSBR technologytechnology createscreates suchsuch barrierbarrier inin thethe 
MOS channel.channel. TheThe heightheight ofof thisthis barrierbarrier cancan bebe easilyeasily adjustedadjusted 
byby thethe dopingdoping concentrationconcentration inin thethe channel.channel. ThisThis paperpaper 
demonstratesdemonstrates thatthat thethe newnew powerpower diodesdiodes combinecombine highhigh 
performanceperformance andand highhigh reliabilityreliability forfor lowlow voltagevoltage applicationsapplications 

MOS 

(below(below lOOV). TheThe underlyingunderlying conceptsconcepts andand analysisanalysis ofof operationoperation 
areare presentedpresented asas wellwell asas thethe lablab testtest resultsresults thatthat comparecompare 
performanceperformance andand reliabilityreliability betweenbetween SchottkySchottky andand thethe newnew SBRSBR 
diode.diode. 

IOOV). 

I. INTRODUCTIONINTRODUCTIONI. 

TheThe performanceperformance andand reliabilityreliability ofof powerpower diodesdiodes oftenoften limitlimit 
thethe designdesign ofof modernmodern powerpower devices.devices. SchottkySchottky diodediode isis thethe 
dominantdominant technologytechnology forfor ratedrated voltagevoltage belowbelow 250250 V.V. SchottkySchottky 
diodesdiodes areare attractiveattractive toto powerpower electronicelectronic applicationsapplications duedue toto 
theirtheir highhigh performance:performance: lowlow forwardforward voltagevoltage (VF)(Vp) atat 

(IR) andand smallsmall recoveryrecoveryreasonablereasonable leakageleakage currentcurrent (IR) reversereverse 
timestimes (t(tRR)RR) [1].[1]. SchottkySchottky technologytechnology isis wellwell knownknown forfor itsits 
relativelyrelatively highhigh levellevel ofof leakageleakage currentcurrent inin offoff statestate comparedcompared 
toto PNPN diodes.diodes. TheThe leakageleakage inin traditionaltraditional SchottkySchottky diodesdiodes doesdoes 
notnot staystay constant,constant, butbut increasesincreases exponentiallyexponentially withwith thethe appliedapplied 
biasbias duedue toto thethe imageimage chargecharge potentialpotential barrierbarrier loweringlowering [1].[1]. 
TheThe mainmain problemproblem ofof SchottkySchottky diodesdiodes isis thethe lowlow reliabilityreliability ofof 
metal-semiconductormetal-semiconductor contact,contact, whichwhich limitslimits theirtheir abilityability toto 
operateoperate atat highhigh temperatures,temperatures, andand reducesreduces capabilitycapability toto 
withstandwithstand forwardforward andand reversereverse surges.surges. SchottkySchottky diodesdiodes rapidlyrapidly 
loselose theirtheir performanceperformance andand reliabilityreliability withwith temperature,temperature, thusthus 
requiringrequiring additionaladditional considerationconsideration ofof heatheat removal.removal. 

TheThe alternativealternative PN-junctionPN-junction technologytechnology inin comparisoncomparison 
providesprovides lowerlower performanceperformance butbut higherhigher reliability.reliability. PN-junctionPN-junction 

VF tRR. BeingBeing aa minorityminoritydiodesdiodes typicallytypically havehave largerlarger Vp andand tRR. 

carriercarrier device,device, PNPN diodediode hashas largerlarger thanthan SchottkySchottky reversereverse 
recoveryrecovery timetime [1].[1]. LifetimeLifetime controlcontrol methodsmethods allowallow reductionreduction 
ofof recoveryrecovery timetime atat thethe expenseexpense ofof thethe increaseincrease ofof thethe forwardforward 
voltage.voltage. DespiteDespite thesethese disadvantages,disadvantages, PNPN diodesdiodes dominatedominate 
rectifierrectifier marketmarket whenwhen highhigh breakdownbreakdown voltagevoltage oror highhigh 
reliabilityreliability isis required,required, e.g.e.g. atat highhigh operationoperation temperaturestemperatures oror 
highhigh currents.currents. 

11 DiodesDiodes Inc.Inc. acquiredacquired APDAPD SemiconductorSemiconductor Inc.Inc. assetsassets inin OctoberOctober 2006.2006. 
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Previously,Previously, thethe channelchannel diodediode technologytechnology [2,[2, 3]3] hashas beenbeen 
suggestedsuggested toto combinecombine highhigh performanceperformance withwith highhigh reliability,reliability, 
butbut itit diddid notnot provideprovide viableviable competitioncompetition toto SchottkySchottky diodes.diodes. 
ThisThis paperpaper introducesintroduces newnew SBRSBR technology,technology, whichwhich hashas bothboth 
highhigh performanceperformance andand highhigh reliability,reliability, aa combinationcombination whichwhich 
cannotcannot bebe achievedachieved withwith SchottkySchottky oror PN-junctionPN-junction technologies.technologies. 
WeWe discussdiscuss thethe operationoperation ofof SBRSBR diodesdiodes withwith ratedrated voltagevoltage 
100100 VV andand lower.lower. SBRSBR operationoperation atat higherhigher ratedrated voltagevoltage isis 
complicatedcomplicated duedue toto carriercarrier densitydensity modulation,modulation, whichwhich willwill bebe 
addressedaddressed inin separateseparate publication.publication. WeWe alsoalso demonstratedemonstrate thatthat 
realreal SBRSBR diodesdiodes cancan readilyreadily competecompete withwith SchottkySchottky forfor aa 
numbernumber ofof practicalpractical applications.applications. 

II. SBRSBR STRUCTURESTRUCTURE ANDAND OPERATIONOPERATION PRINCIPLESPRINCIPLESII. 
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FigureFigure 1.1. Cross-sectionCross-section ofof SuperSuper BarrierBarrier RectifierRectifier (SBR)(SBR) cell.cell. 

TheThe SBRSBR diodediode overcomesovercomes thethe aforementionedaforementioned issuesissues withwith 
SchottkySchottky andand PNPN diodesdiodes byby usingusing thethe MOSMOS structurestructure asas 
illustratedillustrated inin FigureFigure 1.1. TheThe mostmost importantimportant partpart ofof thethe 
structurestructure isis thethe MOSMOS channelchannel formedformed underunder thethe thinthin gategate oxide,oxide, 
wherewhere thethe "Super""Super" barrierbarrier forfor majoritymajority carrierscarriers isis createdcreated 
withoutwithout unreliableunreliable SchottkySchottky contact.contact. TheThe "Super""Super" barrierbarrier 
guaranteesguarantees thatthat forwardforward biasbias performanceperformance willwill bebe similarsimilar toto 
SchottkySchottky withwith higherhigher reliability.reliability. Moreover,Moreover, SBRSBR technologytechnology 
improvesimproves reversereverse biasbias performance.performance. TheThe absenceabsence ofof imageimage 
chargecharge potentialpotential barrierbarrier reductionreduction resultsresults inin constantconstant leakageleakage 
(current(current limitinglimiting function)function) andand abruptabrupt breakdownbreakdown (good(good forfor 
voltagevoltage regulationregulation andand protection).protection). InIn orderorder toto makemake thethe SBRSBR 
anan effective rectifier,rectifier, thethe channelchannel hashas toto bebe veryvery shortshorteffective 
(approximately(approximately 0.20.2 micronsmicrons [4]).[4]). TheThe N+N+ contactcontact regionregion isis 
introducedintroduced toto ensureensure ohmicohmic contactcontact withwith thethe metal.metal. 
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TheThe transienttransient behaviorbehavior ofof SBRSBR isis similarsimilar toto SchottkySchottky forfor 
devicesdevices ratedrated belowbelow 100100 V.V. InjectionInjection ofof minorityminority carrierscarriers isis 
notnot involvedinvolved inin thisthis case,case, sincesince itit cancan occuroccur atat thethe PNPN junctionjunction 
ofof SBRSBR structurestructure onlyonly whenwhen appliedapplied forwardforward biasbias isis aboveabove 0.60.6 
VV [5].[5]. SuchSuch injectioninjection isis importantimportant forfor highhigh forwardforward surgesurge 
capability.capability. ForFor thethe forwardforward biasbias thethe depletiondepletion layerslayers ofof PNPN 
junctionsjunctions inin thethe regionregion betweenbetween thethe channelschannels dodo notnot overlapoverlap 
andand allowallow thethe currentcurrent toto flowflow throughthrough thethe N-N- region.region. TheThe 
particularparticular concentrationsconcentrations andand dimensionsdimensions ofof variousvarious regionsregions 
cancan bebe adjustedadjusted forfor desireddesired diodediode behavior.behavior. TheThe thicknessthickness andand 
donordonor concentrationconcentration ofof thethe N-N- regionregion controlcontrol thethe maximummaximum 
operationoperation voltage.voltage. TheThe acceptoracceptor concentrationconcentration inin PP regionregi~n 

incontrolscontrols thethe barrierbarrier heightheight andand thethe reversereverse leakageleakage currentcurrent In 
suchsuch aa wayway thatthat oneone cancan tradetrade betweenbetween lowlow forwardforward voltagevoltage 
andand lowlow reversereverse currentcurrent [4].[4]. 

TheThe P-NP-N diodesdiodes inin parallelparallel toto thethe channelchannel areare essentialessential forfor 
keepingkeeping thethe leakageleakage currentcurrent small.small. InIn reversereverse biasbias regime,regime, 
whenwhen appliedapplied reversereverse voltagevoltage reachesreaches aa fewfew hundredhundred millivolts,millivolts, 
thethe pinch-offpinch-off effecteffect takestakes placeplace duedue toto overlapoverlap ofof thesethese 
depletiondepletion layers.layers. AtAt thisthis pointpoint reversereverse leakageleakage currentcurrent throughthrough 
MOSMOS channelschannels changeschanges muchmuch slowerslower withwith thethe increaseincrease ofof 
reversereverse voltage.voltage. AtAt higherhigher reversereverse biasesbiases thethe depletiondepletion regionsregions 
spreadspread intointo N-N- regionregion andand intointo P-regionsP-regions ofof thethe P-NP-N junctions.junctions. 
ThisThis increasesincreases aa generationgeneration currentcurrent contributioncontribution toto thethe reversereverse 
leakage.leakage. 
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versusversus appliedapplied voltage:voltage: simulationsimulation (dashed)(dashed) vs.vs. measuredmeasured (solId).(solid). 

III.III. TESTSTESTS ANDAND MEASUREMENTSMEASUREMENTS 

InIn orderorder toto testtest thethe aboveabove operationoperation principles,principles, wewe 
performedperformed computercomputer simulationssimulations withwith ISEISE TCADTCAD softwaresoftware [6][6] 
andand comparedcompared thethe resultsresults toto thethe measurementmeasurement onon thethe realreal SBRSBR 
device.device. FigureFigure 2a2a showsshows suchsuch comparisoncomparison forfor SBRSBR diodediode withwith 
100100 VV ratedrated voltage.voltage. ItIt showsshows aa veryvery goodgood agreementagreement betweenbetween 
simulationsimulation resultresult (dashed line)line) andand realreal measurementmeasurement (solid(solid 
line).line). AtAt currentcurrent densitydensity ofof 140140 A/cm2,Alcm2

, bothboth resultsresults showshow aa 
forwardforward voltagevoltage VFVp == 0.70.7 V.V. TheThe discrepancydiscrepancy atat higherhigher 
voltagesvoltages isis duedue toto thethe voltagevoltage dropdrop onon wireswires outsideoutside thethe actualactual 
SBRSBR diode.diode. 

(dashed 

TheThe behaviorbehavior ofof SBRSBR forfor reversereverse biasbias isis shownshown inin FigureFigure 2b,2b, 
whichwhich demonstratesdemonstrates aa steadysteady leakageleakage upup toto breakdownbreakdown voltage.voltage. 
TheThe potentialpotential barrierbarrier loweringlowering duedue toto thethe imageimage charge,charge, whichwhich 
isis essentialessential forfor SchottkySchottky diode,diode, isis absentabsent inin SBR.SBR. TheThe SBRSBR 
reversereverse currentcurrent isis typicaltypical ofof P-i-NP-i-N diode,diode, wherewhere reversereverse currentcurrent 
consistsconsists ofof thethe constantconstant injectioninjection andand growinggrowing ionizationionization 
currents.currents. AsAs anan example,example, thethe actualactual 1010 AA 100100 VV SBRSBR diodediode 
withwith VVFp == 0.720.72 V,V, thethe leakageleakage currentcurrent waswas foundfound toto bebe lessless 
thanthan 5050 nA,nA, outperformingoutperforming SchottkySchottky diodesdiodes whichwhich havehave muchmuch 
higherhigher leakageleakage forfor similarsimilar forwardforward voltage.voltage. 

ToTo demonstratedemonstrate thethe performanceperformance andand reliabilityreliability ofof SBRSBR 
diode,diode, itit isis comparedcompared toto SchottkySchottky diodesdiodes ofof comparablecomparable ratingsratings 
andand packagepackage sizesize (TO-220)(TO-220) inin TableTable I.I. SBRSBR diodediode combinescombines 

(VF IR areare similarsimilar oror betterbetter thanthanveryvery highhigh performanceperformance (Vp andand IR 

Schottky)Schottky) withwith muchmuch betterbetter reliabilityreliability parametersparameters (maximum(maximum 
cuffent IRRM, maximummaximum energyenergy duringduringreversereverse repetitiverepetitive surgesurge current IRRM,
 

avalancheavalanche surgesurge (E(EAS),AS), thermalthermal runawayrunaway temperature,temperature, andand
 
IFSM).forwardforward surgesurge currentcurrent IpsM). 

TABLETABLE II 
PerformancePerformance andand reliabilityreliability comparisoncomparison of20A IOOVIOOV diodes.diodes.of 20A 

1 OOV APDAPD	 VishayVishay20A20A 100V STST 
SBR20U100SBR20U100 STPS20H100STPS20H1-00 MBR201 00DiodeDiode	 MBR20100 

TypicalTypical VFVF (V)(V) 0.650.65 0.710.71 0.720.72 

HR (pA) 3535 11 0.020.02IR (typ)(typ) (~A) 

IRRMIRRM (A)(A)	 1 0.50.533 1 

EAS (mJ)	 120120EAS(mJ) 205205	 2424 

ThermalThermal222016225 205 160Runawav (QC) 205 
IFSMIFSM (A)(A) 170 
Runaway 0 225	 160 

285285 230230 170(square,(square, 1010 ms)ms) 

1TheThe comparisoncomparison ofof 1 AA 3030 VV devicesdevices inin SOD-323SOD-323 typicaltypical forfor 
cellcell phonephone andand otherother handheldhandheld applicationsapplications isis providedprovided inin 
TableTable II.II. SomeSome applicationsapplications needneed diodesdiodes withwith lowlow leakageleakage andand 
othersothers requirerequire lowlow VF.VF. Thus,Thus, ToshibaToshiba andand otherother companiescompanies 

IAmakemake twotwo typestypes ofof 1A 30V30V diodes.diodes. SBRSBR diodediode hashas bothboth lowlow 
leakageleakage andand low Vp, thusthus demonstratingdemonstrating thethe highhigh performanceperformance 
advantageadvantage ofof SBRSBR technologytechnology overover SchottkySchottky forfor lowlow 
breakdownbreakdown voltages.voltages. 

low VF, 
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TABLETABLE IIII 
IAPerformancePerformance comparisoncomparison ofof lA 30V30V diodesdiodes inin SOD-323SOD-323 package.package. 

APDAPD PhilipsPhilips ToshibaToshiba ToshibaToshiba
 
1A1A 30V30V DiodeDiode SBR 130 IR) (Low(Low VF)
SBR130 (Low(Low IR) VF)
 

VFVF (typical)(typical) [V][V] 0.390.39 0.4550.455 0.470.47 0.40.4 

IR (typical)(typical) [~A] 1515 2020 1010 500500IR [pA] 

ToTo putput SBRSBR diodediode intointo aa realreal circuitcircuit test,test, aa 1212 VV 3030 WW BuckBuck 
converterconverter waswas designeddesigned andand builtbuilt toto showshow itsits performanceperformance 
comparedcompared withwith thatthat ofof aa SchottkySchottky diodediode ofof thethe samesame voltagevoltage 
andand currentcurrent ratingsratings (20(20 A,A, 4040 V)V) andand packagepackage sizesize (TO-220).(TO-220). 
LaboratoryLaboratory measurementsmeasurements showshow thatthat thethe overalloverall efficiencyefficiency ofof 
thethe BuckBuck converterconverter withwith SBRSBR isis overalloverall betterbetter thanthan thatthat usingusing 
comparablecomparable Schottky.Schottky. FigureFigure 33 depictsdepicts thatthat thethe overalloverall 
converter'sconverter's efficiencyefficiency isis improvedimproved withwith SBRSBR throughoutthroughout 
loadingloading conditionsconditions higherhigher thanthan aboutabout 16%.16%. AsAs shownshown inin FigureFigure 
3,3, efficiencyefficiency improvementimprovement variesvaries upup toto 6%6% atat fullfull loadload current.current. 
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FigureFigure 3.3. BuckBuck converter'sconverter's efficiencyefficiency withwith SBRSBR (solid)(solid) andand SchottkySchottky (dashed)(dashed) 

Furthermore,Furthermore, diodediode casecase andand MOSFETMOSFET casecase temperaturetemperature 
measurementsmeasurements usingusing thethe samesame 3030 WW BuckBuck converterconverter werewere 
conducted.conducted. AsAs shownshown inin FigureFigure 4,4, thethe casecase temperaturetemperature ofof SBRSBR 
hashas aa moremore gradualgradual slopeslope thanthan thatthat ofof Schottky.Schottky. ItIt isis interestinginteresting 
toto notenote thatthat forfor thisthis particularparticular converterconverter operatedoperated aboveabove 55%55% 
loading,loading, thethe SBRSBR diodediode isis coolercooler thanthan thethe Schottky.Schottky. AtAt 10%10% 
loadload forfor example,example, thethe SchottkySchottky isis aboutabout 0.90.9 aC coolercooler thanthan thethe 
SBR.SBR. However,However, atat 100%100% load,load, SBRSBR isis actuallyactually coolercooler byby aboutabout 

°C 

1.251.25 aC.°C. 

TheThe differencedifference inin performanceperformance betweenbetween SBRSBR andand SchottkySchottky 
becomesbecomes moremore noticeablenoticeable whenwhen thethe resultsresults ofof MOSFET'sMOSFET's casecase 
temperaturetemperature measurementsmeasurements areare plottedplotted asas shownshown inin FigureFigure 5.5. 
Here,Here, clearlyclearly SBRSBR outperformsoutperforms SchottkySchottky underunder mostmost ofof thethe 
loadingloading conditions.conditions. BeyondBeyond aboutabout 15%15% loading,loading, thethe MOSFETMOSFET 
runsruns coolercooler withwith SBRSBR thanthan withwith Schottky.Schottky. ThisThis furtherfurther 
accentuatesaccentuates thethe benefitbenefit SBR' s stablestableofof SBR's softersofter andand moremore 
recoveryrecovery thanthan thatthat ofof Schottky.Schottky. 
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IV.IV. SUMMARYSUMMARY 

TheThe SuperSuper BarrierBarrier RectifierRectifier (SBR)(SBR) demonstratesdemonstrates attractiveattractive 
propertiesproperties asas aa practicalpractical powerpower diode.diode. TheThe SBRSBR diodesdiodes showshow aa 
combinationcombination ofof goodgood performanceperformance withwith goodgood reliability.reliability. TheThe 
forwardforward biasbias behaviorbehavior forfor thethe lowlow voltagevoltage devicesdevices isis similarsimilar toto 
thatthat ofof thethe SchottkySchottky diode.diode. ThisThis isis expectedexpected sincesince byby 
constructionconstruction thethe SBRSBR channelchannel regionregion servesserves asas aa potentialpotential 
barrierbarrier forfor thethe majoritymajority (electron)(electron) carriers.carriers. TheThe barrierbarrier heightheight 
cancan bebe tunedtuned forfor particularparticular applicationapplication inin SBRSBR diodes,diodes, whilewhile inin 
SchottkySchottky diodesdiodes itit isis fixedfixed toto thethe metalsmetals thatthat makemake goodgood 
contactcontact withwith silicon.silicon. SBRSBR diodesdiodes typicallytypically havehave lowerlower leakageleakage 
currentcurrent comparedcompared withwith thethe SchottkySchottky forfor thethe samesame forwardforward 
characteristic,characteristic, duedue toto thethe pinch-offpinch-off effecteffect andand absenceabsence ofof imageimage 
chargecharge potentialpotential barrierbarrier reduction.reduction. ThusThus SBRSBR performanceperformance isis 
distinctivelydistinctively betterbetter thanthan SchottkySchottky rectifiersrectifiers forfor ratedrated voltagevoltage 
belowbelow 100V.100V. SBRSBR technologytechnology cancan bebe usedused toto makemake diodesdiodes inin 
smallersmaller packagespackages oror reducereduce thethe supplysupply chains.chains. SBRSBR diode'sdiode's 
performanceperformance isis similarsimilar toto Schottky,Schottky, butbut itsits reliabilityreliability isis muchmuch 
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betterbetter (20°C higherhigher thermalthermal runaway,runaway, 33 timestimes higherhigher reversereverse 
surgesurge capability,capability, whichwhich isis essentialessential forfor protection).protection). TheseThese 
advantagesadvantages ofof SBRSBR technologytechnology permitpermit thethe developmentdevelopment ofof 
practicalpractical devicesdevices thatthat cancan successfullysuccessfully competecompete withwith existingexisting 
SchottkySchottky oror PNPN junctionjunction diodesdiodes forfor aa numbernumber ofof practicalpractical 
applicationsapplications basedbased onon betterbetter performanceperformance oror betterbetter reliability.reliability. 

(20 °C 
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