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ABSTRACT: In defectcontainingsilicon minority chage carrierlifetimes canbeimproved by getteringandpassiation
techniquesn orderto reachsuficient solarcell efficiencies.Consequentlysuchprocessingtepsshouldbeinvestigated.
This haspartly beendonein this study wherethe impactof P- and Al-getteringandtheir combinationwith a remote
hydrogenplasmapassvation on Edge-defined=ilm-fed Growth (EFG) silicon ribbonswas examined. But in contrast
to previous studiesof othergroupsthe mappingmicrowave detectegohotoconductanceecaytechniquenvasappliedfor
the measuringof lifetimes. As a consequencaot just integral lifetime valuesbut spatiallyresoled lifetime mappings
have beenobtained.Thisturnedoutto be essentiafor a detailedinvestigationof processingtepsappliedto EFGsilicon
material,asit wasfoundthatregionsof comparablestartinglifetimescanreactvery differentlyonthevariousprocessing
steps. Therefore,the resultsof integral measurementdependstrongly on the natureof regionsincorporatedin the
specificsample.Moreover, it wasfoundthattheimpactof the differentprocessingtepson the variouswaferareasalso
dependstronglyon their startingquality. In goodregionsbulk lifetimes of about280um have beenreached.
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1 INTRODUCTION

EFG ribbon silicon, as suppliedby ASE Americasinc.,
is grown directly out of the meltin the requiredthickness.
In this way expansve saving costsareavoided. According
to the specificgrownth processhowever, a certainamountof
impuritiesanddefectscanbefoundin thematerial A further
possibility of reducingthe modulecostsper Watt is there-
fore thereductionor passvation of thesedefectsduringcell
processing.The developmentof suchadequateprocessing
schemesequiresthe investigationof the differentprocess-
ing steps’impacton the specificsilicon material. This can
bedone for example,by measuringhelifetime of minority
chage carriersbefore and after processingsteps,whereas
onehasto distinguishbetweerintegral ([1, 2]) andspatially
resohedmeasuremenechniquesin thecaseof EFGsilicon
which shaws strongvariationsof materialpropertieswithin
few squarecentimetergseee.qg. [3]), it is not a priori clear
that the differentregionsreactin the sameway andto the
sameextentto variousprocessingsteps.For thatreasonwe
have studiedtheir responséo standarcprocessingtepsin a
spatiallyresohedway.

2 EXPERIMENTAL APPROACH

2.1 Measuringoulk lifetimesin EFG

The mappingof lifetimes within state-of-the-arp-doped
EFGsilicon ribbons(see[4]) wasrealizedwith the method
of microwave detectedphotoconductanceecay (u-PCD).
All measurementsere performedunderlow injectioncon-
ditionswith alaserwavelengthfor chagecarriergeneration
of 905nm andbiaslight. In this way an effective lifetime
Tef hasbeenmeasuredvhich canbe calculatedaccording

to:
1 1 1

Tef  Thulk
As we wereinterestedn the bulk lifetime Tk it wasnec-
essaryto passivatethe samples’surfacesso thatthe contri-

Tsurface

bution of Tgyracecould be neglected. In this studythis was
achieed by the useof aiodine-alcoholsolution. Therefore,
it waspossibleto investigatethe impactand synegetic ef-

fects of different processingstepson the samesampleby

measuringheresultingchangen bulk lifetime with thehelp
of areproduciblesurfacepassvation.

Thedeterminatiorof Tef or Ty from the decayof photo-
conductanceequiregheselectiorof anadequatéimerange
in whichthe decayis evaluated.But dueto the strongvaria-
tions of materialquality within EFG wafersit is usuallynot
possibleto choosea single time rangewell-suited for the
whole sample. This problemwas addressedby measuring
eachwaferpartly or asawholefor severaltimeswith differ-
enttime ranges.Theresultingdatawasfinally combinedin
anadequatevay with the help of developedsoftwareproce-
dures. As a consequenceatherlow lifetime valuesaswell
asquitehigh onesarereliablein the mappingsshavn in this
study

2.2 Designof experiment

The experimentwasdevidedinto four processingequen-
cesrepresentedby the four columnsshavn in Fig. 1. At
the beginning of the investigation20um wereremoved on
eachside of the wafersusing an acid etching solutionin
orderto obtain comparablesurfaces. Before eachmeaswr
ing stepindicatedin the differentcolumnsthe samplesvere
chemicallycleanedandtheir surfacewaspassvatedwith an
iodine-alcoholsolution. POCk phosphoroudliffusion was
performedin a quartztube furnacethe aluminium needed
for getteringwasevaporated.P-emitteraswell asbacksur
facefield (BSF) were etchedback beforesubsequentnea-
surementsn order to avoid recombinationin the emitter
or problemswith surfacepassvation on the back side dur-
ing 1-PCD measurementA hydrogenatiorstepwas real-
ized with the help of a microwave inducedremotehydro-
gen plasma(MIRHP, [5]) and, aswell as an illumination
for ten hoursunderone sun,implementedaccordingto the
schematidrawing givenin Fig. 1.
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Figure 1: Structureof the experiment.After varioussucces-
sive processingstepsspatially resohed bulk lifetime mea-
surementhiave beenperformed.

3 RESULTS

After combining several measurementas describedin
section2.1 mappingshave beenobtainedwhich shaw reli-
ablelifetime valuesin regionsof quite goodperformances
well asin suchof ratherlow lifetime. Thoseof wafer2 are
shavn representagiely in Fig. 2. Neverthelessthereis are-
gion in mapping(a) of this figure wherethe measurement
was not totally reliable. Consequentlythosepoints, which
arelocatedin the bestareaof the mentionedmapping(at
the centreof the bottom), were not taken into accountand
aremarked with grey points. They canbe seeneven more
clearlyin thefirst illustration of theright columnbecausef
a bettercontrast. In all the following mappings,however,
this problemhasbeensolved so that thereis no region of
unreliablemeasuremergointsleft.

3.1 Obtainedmappings

The left columnof Fig. 2 shaws the bulk lifetime of the
secondvafer'sminority chagecarriersafterthevariouspro-
cessingstepgyivenin Fig. 1. Theright column,insteadcon-
tainsmappingsthat have beengeneratedy subtractingthe
dataof thepreviousmeasuremeritom therelevantone,e.g.
(b) — (a). Having a closerlook at the pictures(a) and (b)
or rather(b) — (a) onefindsthat P-getteringeadsto strong
improvementsin areasof quite good starting lifetimes of
aboutsesen or more microseconds.Partly gainsof up to
100ps have beenmeasured.But things look different for
areasof lower startinglifetimes. In suchregionsimprove-
mentsof up to only 2us have beenmeasuredin numerous
caseevenmuchless.During the MIRHP-passiationagain
the areaswith ratherhigh startinglifetimes improve most
strongly with a gain of up to 120ps. But therearealsoa
few smallareasat thetop of mapping(b) or (c) — (b) where
lifetime enhancemeniabose 100us have beenmeasuredl-
thoughtheseregions had shavn lifetime valueslower than
4ps at the beginning. In contrastto P-getteringVIRHP hy-
drogenatioralsoeffectsmostof the areaswith a worseper
formanceandimprovestheir lifetimes on averageby about
20ps. A furthermeasuremerdftertenhoursof illumination
underonesunhasrevealedthe MIRHP-passiationto besta-
ble underillumination, ascanbe seenin mapping(d). The

difference in bulk lifetime
between two mappings
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Figure 2: Bulk lifetime mappingsof wafer 2 as obtained
afterappropriatecombinationof variousmeasurementthat
leadto reliable high andlow lifetime values. Left column
shavs the bulk lifetimes measuredfterdifferentprocessing
stepswith all mappingsscaledn thesameway. Differences
betweenwo stepsareillustratedby theright column.

differencesgivenin (d) — (c) arein mostcasesn therange
of the measuremertechniques accuray. Whetherthe dif-

ferentreactionof theleft andright partof the bestregion on
illumination canbe explainedin this way is not quite clear
yet, althoughthe lifetimesin this region have beenfoundto
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Figure 3: Differently scaledclipping of the region marked
with adashedoxin Fig. 2(c).
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be very high reachingup to 300us ascanbe seenin Fig. 3.
Perhaps materialanalysiswill helpto answerthis question
in thefuture.

However, the mostimportantaspectvisible in Fig. 2 is
thatregionsof comparablesgrown lifetimesdo exist within
EFG waferswhich are influenceddifferently by the vari-
ousprocessingteps.And this hasalsobeenfoundin other
wafersof Fig. 1. Themarkedregion |l of wafer2, for exam-
ple, improves significantly during hydrogenationwhereas
lifetimes in region Il remainratherlow, althoughit has
shavn the samestarting lifetimes and even slightly better
lifetime valuesafter P-diffusionthanareall. Moreover, the
markedregion| includesanareawith aboutthesamestarting
lifetimesasthosementionedpreviously but which hashardly
improved during all the different processingsteps. Due to
theexistanceof suchregionsof differentbehaiour andtheir
inhomogeneouslistribution accordingto usualwafer sizes
integral lifetime measurementechniquesappearto not to
be well suitedfor a preciseanalysis. The resultsdepend
stronglyon the natureof the regionsincorporatedn an ex-
aminedsampleandtheir shareof thewholewafer As acon-
sequencaspatiallyresolvedmeasuremertechniqueshould
beusedfor detailedinvestigations.

3.2 Evaluationof histograms

For avery simplecomparisorof theimpactof theapplied
processingstepsit is possibleto evaluatethe histograms
of lifetime mappingsbelongingto the different wafers of
Fig. 1. In this way the subtletiesdescribedn section3.1
are ohviously not fully taken into account. But asthe his-
togramscontainsomeinformationaboutthe lifetime distri-
bution within in the samplethey provide atleasta few more
detailsthananintegral measurement.

Thehistogramf wafer1 givenin Fig. 4 illustratethatan
aciddefectetchingstepdoesnotreally influencethelifetime
distribution. The MIRHP-passiation instead hasa signifi-
cantimpacton the minority chage carrier lifetimes which
have beenshifted from aboutlps to 10ps. However, it is
visible that the hydrogenatiorwithout a preceedinggetter
ing stepis not completelystableunderillumination. The
distributionsbelongingto wafer 2 look someavhatdifferent:
First, the histogramof the measuremerdfter defectetching
is muchsmallerandhigherthanin the caseof wafer 1. It is
slightly shiftedto highervaluesby the P-diffusion step,but
detailslike stronglifetime enhancementsithin regions of
startinglifetimesabove 7 s etc.,which have beendiscussed
in section3.1, arenot visible. A significantenhancement
by hydrogenationjnstead,canbe seenclearly Moreover,
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Figure 4: Histogramsof bulk lifetime mappingsperformed
on differentwafersaccordingto the schematicdraving in
Fig. 1.

this stepappearso bemoreefficientthanwithouta preceed-
ing P-getteringstep(like in the caseof wafer 1) andto be
stableunderillumination. Thisis alsotruein the caseof Al-
getteringrepresentedly wafer3. Again MIRHP-passiation
is more efficient thanwithout previous getteringandstable
underillumination. As this sampleshavs a similar distri-
bution of startinglifetime aswafer 2 the impactof the dif-
ferentgetteringstepscanbe comparedo eachotherwithin
therestrictionsof thelossof spatiallyresoledinformation.
Doing so,onefinds Al-getteringto be moreefficientthanP-
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gettering. After hydrogenpassvation, however, this differ- [5] M. Spigyel,P. Fath,K. PeterB. Buck, G. Willeke,
enceis notvisible ary longer Similar comparisonsf the P- E. Bucher Proc.13thEC PVSECNice, France(1995)
Al-getteringstepwith thehelpof histogramsrenotpossible 421.

aswafer4 shavs adistribution of startinglifetimesvery dif-

ferentto thoseof wafers2 and3. But again,asonesupposes

after the resultsof wafer 2 and 3, the hydrogenatioris sta-

ble underillumination. Furthermorethefinal lifetime values

arein thesamerangeasthoseof theothergetteredvafers,so

thatgetteringoncemoreseemso improve the efficiengy of

a following MIRHP hydrogenatiorstep. For more detailed

information, however, onehasto referto the lifetime map-

pings,breakthemupinto regionsof similar startinglifetimes

andanalyzethem.

SUMMARY

In this study it hasbeenshavn that Al-gettering hasa
more beneficalinfluenceon the bulk lifetime of minority
chage carriersin EFG silicon ribbonsthanP-gettering al-
thoughthereis no much differenceleft if a microwvave in-
ducedremotehydrogenplasmapassiation follows the get-
tering steps.This H-passvation hasbeenfoundto be stable
if aP-oderAl-getteringstepor bothprecedehehydrogena-
tion. Otherwisat is nottotally stableandmuchlessefficient.

Furthermoreit hasbeenshavn thatthereexist regionsof
comparablestartinglifetimes within EFG silicon which re-
actverydifferentlyonthevarioussolarcell processingteps.
Someimprove very stronglyreachinghigh lifetimes, others
are only insufiiciently enhanced.As suchareasare inho-
mogeneouslylistributedaccordingo usualwafersizesthey
influenceintegral lifetime measurementso that a detailed
analysisrequiresa spatially resohed lifetime measurement
technique.

Futurework will addresshequestiorof thenaturethede-
fectsin thesdifferentregionsin orderto find outthereasons
for their behaiour anda way to improve thoseareaswhich
arenotenhanceduficiently by getteringandpassvation at
themoment.
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