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Abgrat

Intarfacdd surface phenomenon and trestimanis hes bhean edaudively eqdored for the sariconductor induetry for advanced meterid Surface preparation.
The RCA deen processisa tandard for the IC indLetry®. Urfortunetely, the needis for the phatovditaic (PV) industry are differert in soopeand purpose
Bxoring the topic of aurface deaning and how different dhamidries influence downdream processing like teduring and metallization, it is hoped thet

attertioncanbedranntosomed thecritical processinteradionsuniouetothe PVinoLdry,
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Intheprodudionaf monoand multi aysidlinesdar odls anumber
of processing Sepsare required. Some of the mogt prominart segs
aeaulinedinTeblel
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A gregt ded of foaus hes ben diredtied to gatimizing esch o the
indvidudl procsss aess Howeve, until reoatly, limited
invedigetions have ben mede eqdaing the intgradtions and
interdependance of ane processing 9D to ather Subsouat 998
For example, how doesthedhdcedf deener influence thetypes of
srudturesformed efter teduning? How doesthetypedt tedureand
peek darsity influence metd echesian? By nat focusing ondl the
nested interadiions completeprooessaptimization becomes difficut
if atimpossble
Somed thekey interedionsthet repuireatention arethefdloning:

@ the interadion of outing fluids and durmies with

demningdhemidries
(@ theinaationdf desningdhamidry onteduring
(3 theinfluencedf tedureandopingand SN deposiion

@ Thedfed of teduretype and pesk dansty oniink or
mad echeson
For thispepe, theinteradion of wefer dening and texturing will be
eqoredin dl. It hesben deemined thet thetypeof demisty
used inthe deaning prooesshesaprofound influence on the quelity
andreproduihility of thefind texduning,

20 Typicd PV IndLery Cleering and Texturing Frectioes

After wire sw, gueremovd and wefer sSngulation, afird deenis
doreontrewdas Thepupoed thefird demisto removedl
duny, autting fluid and wire saw reddues from the wdfer aufece
Typcdly, this reddue condds of vaying amounts of FEG o
mingrd all (outting fluids), iron and copper oxides slioon carhide
and ground dlioon. Thee rescdues can beliterdly bumt onto the
wefer sufece by the heet of fridion infroduoed during the saving
proosss To ramovethisresdue, the comedt chamisry nesdsto be
chosn thet will complement the equipmat thet is used For
auometed deaning lines bath harizontd and vetticdl deaning
mechines ae avaldde commaddly. Bath of the sydarms ae
Cpetle of processing wefers & deveted tamparetures and bath
typcdly have utrasnic deaning cpebility.  As deanas ae
desgnad for this purpose, caremLgt betsken to meke arethey are
optimized to work when exposed to the cavitation infraduoed with
ulrsorics®.  Taoes ae a uifom gopearacs low meds
(detemined by extradion and aomic ebsorpion andlyss) and no
bladk (et or white goois (over ech). A vaidly of desnasae
avaleble commerddly (induding Dow's proprigiary Erlight 320
and 40 siesof deaners’) thet oparate uoesully with the ebove



desibed equipmet and deaning qitia These deaners ae
avdladein neurd, addc or dkdinrepH's  Recartly, it hesbemn
detammined thet beyond thequlity of thedeen (Urifarm, nometls),
the type of dhemidry chosn far deaning can have a profourd
influenceonthe s st teduing Sep.

30 The Influece o Diffeat Ceming Chamidries an
Shbsuat Teduing

After wefer deaning and given a affidet amourt of time for a
reiveaxidelayer todevdap, monoayddline S wefaswill eibit
ahydgphilicsufacehavingaconiad anged . If theewdasae
thenaljeded toatypicd dkdineteduing process(eg. KOH with
modaraing solvert a 90C), pyramids will nudegte to a prefered
dansity and grow to heights between 5-8um, minimizing peroent
refletance Anaptimelly teduredweler (figure 2) will bedassified
by itsuniform pyramid height and disribution and arefledtanceof <
14%(360-750nmrangg).

Faurel—-SEM and SufaceRdfileOptinelly Textured Suface

Theimportancedf thewefer arfacedateissswhentextiLiing
immediady fdlovsandkdinedesning process reaitingin
nonunifam pyramid nudestion and areflectanceof > 20%(se
Faure?). Atypicd dkdinedesningprocess(eg KOHad
dearingdhemistriesat 50C) will removetherdtiveaxidefromthe
wele, asevidanced by weight lossandlysisand theresLiting
hydrophabicreturedf theaurface

Fgure2—SEM and Suface Pdfiledf AlkdinepH Cleener efter
Teduing

Contat angleinoressssfrom Pto> 5P (figure 7). Teduingetch
dgpthds deressesfalloning alkainedeaning, from8wddeto
3u/dde(figure). Thisisduetotheinoressed exqpoared the(111)
ayddloggphicplanesonthenon-optimely teduredweter sufeoe
Light treppingisnot assuocessful ontherandomized rfaoe which
mey leed todereesed ol effidendesdownline

Other deenas indudingaddicand pH neutrd sdlutions ware
evdugted prior tothetexturing tep. Addbesed desnarsareknoan
tohavethecgpehility toremovemetdsfromthesurfacewithout
ddingthedliconsuface Sncemddsareknoantoinfluencethe
achingrated slicar, itwesexpected thet theetchrateshoud
dagewithused theadddeana. Farthiseqaimat, Dow's
WefaCean 24 wesused todeenthewde priar toteduning. After
deaning, thewefer contact anglewesunchenged , remainingat @°
(figure7). Afterteduring, anincresseintheteduing raewes
obsaved (duetothemetd redudion) and refletencewves
comperedetotheneutrd conird (figure6). Thepesk heghtand
dandity wesdovay dmilar tothecontrd with dightly larger pesk
hegts(figre3).

Fgure3—SEM and SufaceRdfiledf Add pH Cleane diter
Teduing



40 HF Effetsard Reversibility

A known oxideremove gepinvaving Hydrafluoric add equoaure
d9 damondrated theimportance of thedlioon aurfacedate prior to
atging dowvrsream proosssing seps notadly weer teduing.
Wea contact angleinaressed from (P to 69° fdlloning an HF add
dwl. Alkdire teduing immediady fdlowing this eqpoaure
(figure 4) resuited in ahigh density of pyramid nudegtion points
demorgrating low etchloss(< 4p/side) and inoressed reflectance (>
14%).

Fgure4—SEM and SufaceRrdfiledr HFBxpoaureRiar o

Teduing
Etchlosswasaggininhibited by theinoreesed evdution of exposd
(111) aysidlogrgphicplanes

Undadanding thet removd o the netive axide layer without
dloning adequete time far regromh negetively impedts texturing,
there is the oppartunity to acoderate axide growth to achieve
optimd teduring. Fallowing dkaine deaning, wefer contact ange
inressesto > 5. If the wder is then Sbjeded to a propridaty
reaxicktion sep, contact angleréums to 20 and textLiing reums
toaprdfaredtate(figures).

Fgure5—SEM and SufeePrdfiledf AlkdineCleen Fdloved by
Re OpimizingwithaProprietary Cleen Fdllowved by Texduring

Cleaning Chemistry vs. Texture Depth and % Reflectance
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Faure6- Corad Anglevs Cleaning Chamisry

Contact Angle:

~Contact angle s indicative of the state of a silicon surface,

~As asilicon surface stae is changed, corresponding contact angle changes are seen.

~ This leads to different outcomes for Si texturizing.
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Wder deaning can haveaprafound effet onthe arface datedf S
wafasand tedturing resLits particuiaty when thet desring disuris
the rdive axicke layer of thewefe. Alkdine desnars which ech
through the rdive axice laye, produce poor resits when
immediady followed by atextuing 9ep. Deoreesed eich amounts
and increesed peroant refletence are dosarved. Hydrofluaric edd
smilady removes the ndive axide laye, d<0 produdng poor
teduing resdtsasaconsequence. Futher work hesshoan thisto
be a reversble oooumance &s a reaxidzng g can redore the
retive axide and teduring reumsto an aptimdl levd. Altaretive
desners indudingaddicand pH neuiral products donat disubthe
netive oxide layer and thus do nat impet the SUbsecLiEnt texiuning
gep. It hesbean shoaninthis peper thet wefer processing depsdo
not coour entirdy indepandat of esch athe, but rether demorngtrate
ingradions thet can negetively impect odl condrudion. If these
intgradions are understoad, they can be avoided o coredted to
produceanoptimélly effident photovaltziccdl.
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