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RECORD EFFICIENCY OF 16.7% IN EFG RIBBON SILICON
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ABSTRACT

Recentlyobtainedresultsof a procesamonitoringbased
on spatially resohed lifetime measurementsevealedthat
bulk lifetime valuesabore 300us can be reachedwithin
Edge-definedrilm-fed Growth (EFG) silicon ribbonswith
thehelpof getteringandhydrogerpassvationsteps.There-
fore, recombinationlossesat the wafer backsidehave to
be consideredn this materialwith low asgrown lifetimes.
Thesolarcell processingequencéasbeenadaptedo the
needsof this material. Besidesphosphorougetteringand
remotehydrogenplasmapassvation a screenprintedback
surfacefield hasbeenmplementednsteadf anevaporated
andsubsequentlglloyedthin Al BSFusedfor Al gettering.
This allows to malke useof low enegy photonsin regions
with very high bulk lifetimes. In thisway anindependently
confirmedsolarcell efficiengy of 16.7% hasbeenobtained
whichis the highestvaluethathasbeenreportedsofar.

1 INTRODUCTION

Silicon ribbons can be producedcheaperthan corven-
tionally cast multicrystalline silicon wafers as they are
grown directly out of the meltin the requiredthicknessso
that costintensve wafering stepscanbe avoided. One of
the most promisingmaterialsin this field is Edge-defined
Film-fed Growth (EFG) silicon producedby RWE Schott
Solarinc. (formerly ASE Americasinc.). The growth pro-
cedureof this materialresultsin a specificgrain structure
andtypical distributions of structuraldefectswhich differ
stronglyfrom thoseof castmulticrystallinesilicon. Conse-
quently solarcell processebave to beadaptedo theneeds
of this materialin orderto obtainsuficiently high efficien-
cies. Therefore,therewas a needfor studyingthe mate-
rial’s reactionon differentapplied processingsteps. This
hadbeendonein formerlifetime investigationg1, 2].

2 EXPERIMENT AL APPROACH

2.1 Gettering and hydrogenation

Formerstudieshadshawn thatit is crucial for the effec-
tivity of amicrowvave-inducedemotehydrogerplasmgpas-
sivation (MIRHP, see[4]) in EFG materialthata gettering
stepprecedeghe hydrogenation.Otherwisethe influence
of theatomichydrogeris muchlessbeneficall, 2]. There-
fore, a P getteringstephasbeenimplementedbeforethe
hydrogenincorporation.

2.2 Backsurfacefield

In [1, 2] spatially resohed lifetime measurementhad
shavn thatsomeregionsin EFGsilion canbeimprovedsig-
nificantly by getteringandsubsequerttydrogerpassvation
stepsreachingbulk lifetimes of morethan300us, whereas
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Fig. 1: Calculatednfluenceof the effective rearsurfacere-
combinationvelocity Sg on the efficiengy of anuntextured
monocrystallinesolar cell without ary antireflectioncoat-
ing. Simulationshave beencarriedoutusingPC1D[3].

other areaswith aboutthe sameasgrown lifetime values
aremerelyenhancedIn orderto obtaingoodsolarcells it

is thereforenecessaryo ensurea betteruseof the regions
shawing very high bulk lifetimes. For thatreasora screen
printedbacksurfacefield (BSF) hasbeenimplementedn-

steadof an evaporatecandafterwardsalloyed thin Al BSF
thatis usuallyusedfor Al gettering. In this way the back
surfacerecombinationvelocity shouldbe reducedeading
to a higher quantumefficiengy for low enegy photonsin

the areasof high bulk lifetime, andaccordingto the calcu-
lationsshavn in Fig. 1 to a highercell efficiency.

2.3 Solar cell processingsequence

At the beginning all waferswereacidically etchedin or-
der to obtaincomparablevafer surfaces. In the following
anopentubephosphorousliffusion, which simultaneously
sened as P getteringstep, was performed. Afterwardsa
thermaloxide was grown onto the wafer surfaces. Half of
the waferswere Al getteredby evaporatinga thin Al layer
ontotheir backsidegndalloying themafterwardsasshavn
in schemel of Fig. 2. In contradictionto that, according
to schemell athick Al layer was screenprinted onto the
otherwafersandfired in a corventionalbelt furnace. In a
next stepboth, the evaporatedaswell asthe screerprinted
Al layerswereetchedback. In the following a photolitho-
graphicallydefinedfront grid andan Al backcontactwere
evaporatechndthefront metallisationwascompletedoy an
electroplatingstep. Furthermorethe edgeswereisolated
with the help of a dicing sav resultingin full areasolar
cellscoveringanareaof 2 x 2cn?. Finally, thesecellswere
passiatedin a MIRHP system{4].
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Fig. 2. Adjacentwaferswith comparablegrain structure
were processeckither accordingto schemel, which in-
cludesAl getteringand a thin Al BSF, or accordingto
schemdl coveringascreerprintedthick Al BSF

3 RESULTS

The hydrogenpassvation precededy a P getteringstep
as describedin section2.1 hasled to a meanefficiency
enhancemendf 2.2% absolutein 15 solar cells (standard
deviation 0.4% absolute). This improvementtendsto be
strongerfor cellswith a comparablypoor efficiency before
hydrogenatiorand vice versa. The impactof the MIRHP
passvation on the internal quantum efficiengy (IQE) is
shavn in Fig.3. It canbe seenthatthe graphof the Al get-
teredsolarcell aswell asthe oneof the cell with the thick
screenprinted Al BSF areboth significantlyenhancedes-
peciallyin thelong wavelengthrange.

Thesesolarcells are neighbourednes,that meansthey
originatefrom the samewafer and were onceadjacentto
eachother asit is visible in Fig.4. Thereforethey have
comparablgrainstructuresothatthe IQE dataof the dif-
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Fig. 3: Internalquantumefficienciesof adjacensolarcells
beforeandafterhydrogenpassvation. Onewasprocessed
usingathick screerprintedAl BSF, whereaghe otherone
wasAl getteredusingathin evaporatedil layer.
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Fig. 4: IQE mappingsat 980nm of neighbouredut differ-
ently processedolarcells afterhydrogenpassiation. The
two imagesat the right handside belongto the samecells
asthelQE graphsn Fig. 3.

ferently processedolarcellsin Fig.3 canbe comparedo

eachother Doing so,onefindsthatafterhydrogenatiorthe
solarcell with the screerprintedthick Al BSF shavs a sig-

nificantly betterexploitation of low enegy photonsasthe
onewith theevaporatedl layer. Thisis dueto alowerback
surfacerecombinationvelocity causedby the thick screen
printedlayerasit wasexpectedn section2.2.

The factthat a reducedback surfacerecombinationve-
locity enhancesheinternalquantumefficiency canalsobe
seenif onecomparesheupperright IQE mappingof Fig.4
to thelowerright one(bothat980nm). Neverthelessthings
look different for the two solar cells on the left side. In
this casethe evaporationof Al followed by an annealing
stepfor getteringleadsto somevhat higher quantumeffi-
cienciesat 980nm as comparedto the cell with a screen
printedAl layer Consequentlyit cannotbe concludedhat
the screerprinting of Al pasteleadsto bettersolarcellsin
generallt depend®nthematerialpropertief theindivid-
ual wafer If lifetimes after processingarestill ratherlow,
thereis nobenefitfrom athicker Al BSFor lower Sg values,
respectrely. Insteadthe moreeffective Al getteringstepin
schemd canleadto slightly higherlQE valueslike in the
caseof theright solarcellsin Fig. 4.

Moreover, it hasbeenshavn in [1, 2] thatthereexist re-
gionsof comparablesgrown lifetimeswithin EFG silicon
which reactvery differently on appliedgetteringor hydro-
genpassvation steps,andthatsuchregionsareinhomoge-
neouslydistributedaccordingto usualwafer sizes. Conse-
quently it is not possibleto measureasgrown lifetimesin
a waferanddecideafterwardswhethera thin or a thick Al
layer shouldbe applied. However, if suficiently high bulk
lifetimes canbe provided in EFG materialby a combina-
tion of getteringandhydrogenatiorstepgmorethan300ps
have beenreachedn [1]!) it is essentiato provide agood
back side passvation in orderto profit from the high life-
time values.



Table |: Independentlyconfirmedparametersf an untex-
tured,full areaand4.0cn? sizedEFG solarcell shawving a
new recordefficiengy of 16.7%. IV -parameterdiave been
measuredavithout any maskingof thefront metallisation.

Voc[mV] FF[%] n[%]

Jsc [mAcm 2

35.1 601 79.0 16.7

1.0 T T

0.8 B

0.6 - B

IQE

0.0

400 600 800 1000 1200
A [nm]

Fig. 5. IQE graphof the solarcell shaving a new record
efficiengy.

Undersuchcircumstancehigh solarcell efficienciescan
be reached.Particularly, this wasthe casefor a solarcell
thathasbeenfabricatedtogethemwith thosementionedbe-
fore. Besidesof a combinationof P getteringand MIRHP
passvation a thick screemprintedAl BSFhasledto anen-
hancedquantumefficiengy in the long wavelengthrange
visible in the IQE graphin Fig.5. Reflectionlosseshave
beenreducedwith the helpof aZnS/MgF, doubleantire-
flectionlayer. In this way an efficiency of 16.7% hasbeen
reachedwhich is the highestone reportedso far for EFG
silicon andwhich hasbeenindependentlgonfirmedby the
EC JointResearctCentrein Ispra. The correspondingell
parametersiregivenin Tablel. Moreover, anIQE mapat
980nmis shavnin Fig.6 whichillustratesthatthesolarcell
is notlocatedin amonocrystallingegion of the EFG mate-
rial but includestypical structuraldefectdik e grainbound-
aries.
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Fig. 6: IQE mappingat 980nm of the 16.7% efficientsolar
cell.
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The processedsolar cells have not beentextured at all
sothatfurther efficiengy improvementsare possibleby the
applicationof a chemicalor mechanicakurfacetexturing.
Moreover, theedgeswvereisolatedattheendof thecell pro-
cesdy usingadicing sav. Thiscausesnopenprjunction
attheedgesand,asaconsequencéoweredVpoc andFF val-
ues.Thereforea moresophisticatedreatmenbf theedges
would resultin evenbetterlV -parameters.

SUMMARY

Former studieshad shavn that by getteringand subse-
quenthydrogenpassvation bulk lifetimes of partly more
than300pus canbereachedn EFGsiliconribbons.In order
to turn areasof suchhigh bulk lifetimesto profit it is nec-
essaryto reducethe surfacerecombinationvelocity at the
backsideof the solarcells. For thatreasora screerprinted
Al backsurfacefield hasbeenintegratedin the solar cell
processingequencéeadingto enhancedjuantumefficien-
ciesin waferareasvith comparabléigh lifetime values.

In this way an independentlyconfirmed efficiency of
16.7% could be reachedn a full area4.0cn? sizedEFG
solar cell, whereasthe IV -measurementbave beenper
formedwithoutary maskingof thefront sidemetallization.
This is the highestvalue that hasbeenachieved so far for
this ribbonmaterial.
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