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RESI STANCE ANDY OR PHOTOVOLTAI C CELL POWER DENSI TY LEVEL HELD OF THE

| NVENTI ON [ 00011 This invention relates to an acidic treatnment conposition
and to the use of such acidic treatnment conposition in a nethod of treating
a thin fil MvaawoPsi6étls or nono- or multi-crystalline silPECURPAHIBI07Substrat e
for use in a photovoltaic cell, the wdfer substrate having at |east one of

a pa- or np junction and a partial phosphosilicate or borosilicate glass

| ayer on a tap surface of the wafer substrate, to provide increased sheet

resi stance of a wafer r i (0] ' de from
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or photovol tai c cel kap/ORIIOTORVET AlC PE2ISSGWER DENSITYVILEVEE" to be able
to convert incident light into current. One of these steps involves the
generation of an emtter, which is nost commonly acconplished by the
thermal drive-in of phosphoropgipbe TaEaer N dered silicon wafer, This

process results in the generation of a so-called dead |ayer, which gives
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Alter thE¥REF Rhf PAr PV {8 SePaia] BR8P B o U A R BF i 6T ShBus a
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hundr eds of Hanorret rs %eeé), de%gdi ng.on process conditions. ldeally, the
concent r BYYSHEHEY A PORRVLRG S o8 B Walgh (i.e. atorns/cnB) in order to
be able to contact the el gaidrdeouws) To MHAORBIEMTION nci pal goal of nul ti
crystalline photovoltaic cell manufacturers is to reduce the cost of the
ener gy dpbiz)esibabnibasddhelar calgl amphaetdlgic cil, squiansegenlgnradeksindreepadrcanpl tb shed
in one of t ways, either, reduction in overall cell manufacturing.costs
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addi t i onglesthi@Atb@BMinabh @4ted dtahdendiaRdGafoésasulid ddtimbit@he theCdtitiency and
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i nvent i an’Pt avinges’)dn bRiehode able to @atacinge eeditodes Widlll m anor phous or nono- or
multi- crystalline silicon wafer subs/rate for use in a photovoltaic cell
to incregasss)at plieagdl gonleofohul{iadrydidlEnes pleddvoltais icsll anmaraofurdrh e wakdiceand (h)

t he power density of the otovoltaic cell nmade fromthe fer, the fer
subst r at°85trP$\}li_‘en‘§‘e%%yr9ﬁL"‘%5?‘P prtthrm e i et o BT KIPe proepoa neat ol
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the treatnent nmethod comrl sing contacting the wafer substrate with an
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power density of _¥he photovoltaic cell made fromsaid wafer, the solution
conpri sil#gr dydiprieg der grfaldndith KBORYs swletimenn hove showmthdy st adlitionglo about
20% by vl heast s aad Ky gggg,;y i [ r ut 0.1
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of a netal free source of fluoride ions, balance water to 100% mxed with
oNiclizer and optionally water in a ratio by volume of oxidizer/water/RCE
solution of 0.01-10/0- [00/). The wafer with the emtter is inclusive of
both p- and n-- source silicon types.



Wil e the treatnent can increase either the sheet resistance of the wafer
or the power density of the photovoltaic cell it preferably increases both.
Additionally, the treatnment nmay al so increase the efficiency of a
photovoltaic cell nade fromthis wafer. 100061 In a further enbodi nent of
this i nventWBARVARKEL i s provi ded an acidic treatment soPGUl/FHII¥@PO7¢r eat i ng
a thin filmanorphous or nono- or nulti- crystalline silicon wafer
substrates for WD 2010/0514161PC17EP2010/ 000076 use in a photovoltaic cell
t o i ncr edsd (AQ°Cloehghennéthofprqda¥t. t he sheet resi stance of the wafer and (b)
the power density |level of the photovoltaic cell nmade fromsaid wafer, the
waf er sulpenOdhites highly mgsimbleithat compdsitigne he tyadpbla it erc qppabic @ﬂprqmgmpmgbbd icate
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wherei n PR&® a%’l"ﬂ{y ' Scléag éf% ht &l?ség ﬁ%?%ﬁpgog&s' g li]éngg;gnér)rltnx{e& pera"g fsl? ered
oxi de et ehproBdR3tciand uf reamaotk of ftho RE@Honet aﬁ) wElltas @bmntetcﬁﬁfgodfthde@lhl‘ay@j at

| east one tetr lanmoni ym. hydr oxi d f out. 0,1 to about 5 % by
wei ght aE¥tPEe ‘?fit}H%S‘f"rS(?'g@H’ﬁgd’l’tné’e]cufr&mgﬁ’éﬁ{%/ggVo\ﬂ)é? Yght of at |east one
non-ioni e surfactant, about RYoHPY ¥epnght of at | east one netal
chel anng agent, from about SQW% about hggﬂ) by wei ght of a netal free

sour ce of0ta@fhbnikufinsi endodiireomtizd dumenor0 bravadea b utxetR@%)ﬁyreamQ hat thod fdmnet al

free source of fluoride iops ance. wat e oxi di zer
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of 0. 01- iDihbred@QRIcadthvac WA {4 thenhtd rédimaxeérbfmemafe and ¢b)uBe peweo fdetxody fof |the and
n- source silicon F‘h 071 .I n_bot ofbthe enbodi nenis the a nt by
wei ght . oPMIREE S MATE Sorafhg ATaiRh O 3T GUbSUAT TGRS G G i Sneret

pref er abhil, phdsphokifbaterBaRr FUoﬂfsﬂ[oallangas!; ldyer ck0QopSduifhde sTakewpeehdkakty 1.5
to 8% and nost preferably 2 to 4% and especially 3.1% V10081 The anpunt
by wei ghfheoftreé@?ﬁnf dnegfd dcqné"riﬁf”@f ‘iﬂn&ﬁi’%g heswalsr 9ps rﬁﬁSr‘é“}bP’éfaéﬁd&bF?at@e@ to
3% stil Lolﬁmfnefopranrﬁé ald ¥t 4 ténﬁbe?a(&re fifcidRt &f flcRRlY atl 1edsP ofte 870 (apE sheet
especially 1-2% 10009 For the non-ionic surfactant the amount b i ght

i s pr ef ereaisiapcenizhe walgognd thy rovst density pf fhe phagoyadtamogell snade frompeid wafes theabl y
0.5to 1 rably 0.7 to 0.9% and especially 0.8% [001.0) For

t he chel sa/d;l?t%%té)a@h%?he anount by weight is preferably 0.2 to 4% nore

pref erably 03abwfedshoxsdeietdh (BEHD spipedresfably 0.4 to 1% nost preferably 0.5
Lo 0.8% and espeqi gl L0, ¥ 204001 100APC T ERR0LY 00RTR, 4, 1111
For the source of nmoni um | ons D preferably 0.2
to 10% nore prefehyatolx;de,o 3to 5% still nore preferably 0.5 to 2% nost
preferably 0.6 to 10/ a”{jo??(?

fro abou

g‘%yby welgﬁt acetic acid,
from about 0.1 to about 5% by weight of at least one non-ionic surfactant,
about 0.1 to about 5% by weight of at least one metal chelating agent,
from about 0.1 to about 20% by weight of a metal free source of ammonium
ions,
from about 0.01 to about 20% by weight of a metal free source of fluoride ions,
balance water to 100%,
mixed with oxidizer and optionally water in a ratio by volume of oxidizer/water/BOE
solution of 0.01-10/0-100/1. The wafer with the emitter is inclusive of both p- and n-
source silicon types.
While the treatment can increase either the sheet resistance of the wafer or the power density of
the photovoltaic cell it preferably increases both. Additionally, the treatment may also increase
the efficiency of a photovoltaic cell made from this wafer.
[0006] In a further embodiment of this invention there is provided an acidic treatment solution

for treating a thin film amorphous or mono- or multi- crystalline silicon wafer substrates for



[00121 For the source of fluoride ions, the amount by weight is preferably
1 to 10% nore preferably 0.5 to 5% still nore preferably 1.0 to 3% MOSE
preferably 1.5 to 2.5% and especially 2.1% While the treatnent can

i ncrease either the sheet resistance of the wafer or the power density or a
phot ovoi t ai WOEe10[08ksade from said wafer it preferably i nBEEEEWE/HORTH.
Additionally, the treatment may al so ihcrease the efficiency of a
photovoltaic cell made fromthis wafer. [0013] In a preferred enbodi ment of
t he i nventd o Rhaovelaaestbietingessa psleat ore ofdapde akagh Esishngerad heatefar and@b) t o

| ess tha 1 I ion
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t he oxi di fer conpri ses dro per oxi Cenér'al'l e oxidizer is’in
aqueous sbl ution, (O, Ol%to 50% nore pr ef erably 0.1%to 30% and even nore

pr ef erabl y about 30% t ter and hydrogen peroxide in
any suitable ratio? ﬁﬁ%@%&%&@qﬁ élu of from about 6/10.2 to about
6/1. [0016] In yet anotfhgh abaftelorledtoerdbeﬁilrw% Bf WRight | pveat gt the BOE
sol ution conprises tet rarret hyl amt noni ti ni__hydr oxi de as the

t et raal kyl ai nrnoni uni aganomum hydrgiidpyt hex- 1- yrt-3-ol as the at
| east one surfactant, amglnﬁgﬁeoqlso L gb/o i,}ea,g,tghpjg@umq(ﬁl ehel ati ng agent,
and the oxidizer sol ution conpri ses hydro peroxi de and water. 00171 In

yet anot her preferred difodibaeng lofo ebgus 'ﬁv@hMeeﬂhttheatB@ts@eumrbwmc
conpri ses about 3,1%tetr tg‘q%ﬁh yl ammorti an hydroxi de, about 1.2% acetic
aci d, about 2.1% HT, abou '8 % 3, 5-di rnet hylhex-1-yn-3-ol about 0,8%
ammoni um hydr oxi de, ababbut®, B%aEmA% bibweighOdf abMrsianemetaldtetating agedng
percentages are by wei gy OQ18L hniBROLRET pPLELSS (% REROGTENL,Of o i s
i nvention the DOE sol utioh e mx Wt h“oXi o Zer®'sol it o in a ra

DCE/ wat er / hydr ogen per exinteniwh icwbout 1/6/0,2. In another preferred

nmbodi t of thi t h di
gol St: g’ﬁnl noa r a![ |SoI g:‘/%%&l/%&%‘ftr}f()]h)f’df’%a’é#o{)%xwedégt (?efdaaﬂk?iﬂl iel)éltﬁolf}rzcgr(’fl n

anot her preferred enbodiusBédiond, this i nvention the DCE solution is m xed
Wi th oxidizer solution in aratio %Dﬂﬂwat er/ hydrogen peroxi de of about 1
/6/1 . 111,50i fi 611" CPEPE Wit/'00B076 5 100191 in still yet other

preferred embodi mapksd Ofith hbsidi-aventi Qptidriafy ewheH et FaifP NHyP R ONE Of
nore of the conbi nati ons of the af orenenti oned &r eferred enbodi nents.

100201 I n additi orPXidize /EaipRAE solptiereeft] Gn1 ¥8n O%é. deewater withphoweaisles ing
tenperature of frqmabaurBRG-LRd ﬁb@g}ce@ﬁl@on% Lch is lower than the current
i ndustry standard of 70C. DETAI LED DESCRI PTI OF THE | NVENTI ON 100211 By
this invention there is provided a nethod of treating a thin fil m anorphous
oot ovol PP kbt or Hele L bl ey S e b AR e 4P Sl ah B BB Pihoe

t he waf ein thmBOQStB)ohttlbe ippeerablien§ite y5%f mbteeprpfenbiyvbio HI%, suﬁlmormﬁerﬁblpm sai d

waf er fer .substr hayi pm or punction and/ or parti al
phosphosrsl S a“&ﬁ%?%?f‘*gé?%&s??’% [g/g’taéldéf%?'é?”yg)) ¥ on a top surface of the
waf er SL{bGOS’]aUle,ambhﬁt byeivdigd ot:@dmé Iaéiﬂ ﬁ‘sg)reteﬂb@cuj 1% heorv@fedraldy bStis ate W t h
an acidic treatg??nt solu%( for a a tenperature sufficient to

i ncr easeSHMere geferghiy 149 aﬁ“oftfPéefglﬁ@étl tPééfy%zta&%'é@e%{ﬂ ’('%qf’ power density of

the photye tladrcthselohﬂoﬁlb%uﬁsdtmQhé ﬁﬁaﬁrﬂﬂ%}i welghttd BREEM lb'zslo”@% %wafer ed
oxi de etch (]HCE solution of: from abo 1 to about 20%b t of at

| east orfEcie@bla I3k59I Arn ot hqie wrefsrablyxd-edo . ompebyelerably10 t70t0a<b ‘%’i agdy, by
vei ght aggtd 6, @0dod, fromabout 0.1 to about 5% by weight of at |east one
noni oni ¢ surf ct ant about 0.1 to about 5% by wei ght of at |east one netal
chel at i g0 &t thefahoimizbaasnt e amontdiyomiglﬁos/m@rwéi gAtto g¥o, momepmlerdbiee
source % f, a netal
free sofﬁ%gmgp% ﬁ%ér?ﬁ%fﬁr%ﬁ%}gmt hmgSt%a?f&gbl? %%J% OQA) aBX %’5%9‘[13{10 g){l di zer
and optionally water in a ratio by vol une of oxi di zer/water/H(]E sol ution of
0.01-10/0-100/1, The wafer with the emtter is inclusive of both p- and n'
source silicon types.



Wil e the treatnent can increase either the sheet resistance of the wafer
or the power density of a photovoltaic cell made fromsaid wafer if
preferably increases both. Additionally, the treatnment nay al so i ncrease
the efficiency of a photovoltaic cell made fromthis wafer, [00221
Simlarly, WaeoioMasest i on provides a solution for treati HGI/EPHOHVO§OG76 | m

anor phous or nono - or nulti crystallife silicon wafer substrates for use
in a photovoltaic cell to increase at |east one of (a) the sheet resistance
of the wiftai] Bordhg Burdehd tiwosvemoniensiony theearepunpby weighplsatrefvwblydl. 2 to 1o,
20101081661PCT 0 e f fer.,substrate
having a Ore nt re}era%? 69&%%?470%&%1{’{"'5’?9‘%?&’{’&? Eoép Sghcféégb?}é@n /]o;rS Bl%
borosi | i e@taealgl @as% layer on a top surface of the wafer substrate wherein

t he aci di nt sol ytion, co ses a m xture .of ffere xi de etch
(506 solGPLESTRE SpiihohBudeeSTo e Shoi Brovte Rardretist Tl TBaepRone
tetraal ky}ewamplommw axildaoeref frofraaboun ©, 3%} aqoabpwferébl%lby t(WQli%lt andcet i c
acid, from about 0 1 to about 5% by weight of at |east one non-ionic

surf act aRPeciaBohi%p. 1 to about 5% by weight of at |east one netal chel ating
agent, f Game aRARaent c40n@RANLIRAMDNNBEGHUNObS Re m%?ealor fHe%w@to(!Hngi%' &f
ammoni um i ons, from about 0.01 to about 20% by wei ght a netal free
source of mhpuseltae ctlbmeade Wanarfeid wafeent P@feI@Eb%mOrWa)‘é@de{ hAé%iienatisr thend
opti onal i

0. 01- 10/ B?afg%t%ayﬂl]@g%mg%lg ﬁl\]c\n%ﬁcq%g ogﬁh@%{g%ﬁc gés%}gqo alcl:c)etr“h p- and n-
sour ce s[00ig)din & yrp&sred \Whibbeinteheof theathyamnion dlantréatroerg aseureiat hdempdigushdet
resi stan e 0 t% quS ol {:e power density of the photovoltaic cell made
from sai doRAPEH 20 PIEF & Qrgb y increases both. Additionally, the treatment
may al somomqua&aahéhgekfrf:d ememimemfofahnp tnoteati@l maiBDE;ailhndmde afptbaf fréms
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subst r at goafab&lt 4130 aphi@sphosi | i cat e or borosi I i cate gl ass renoval
(incomplete renoval) with HE and just prior to another |-1F dip and

subsequel?1Adni Retill efrthere Predater ngnbaiReynt Sudhs davepien dscampidFesicrieprises
deposi ti Qo Ehepemx%eS%es&w tResxi@sRos 199aqtu@<ﬁlsv%ilﬁirons f, ab Sob® héie
acidic treatrrent sol ution, such as by i mersi ng er substrate in a
heat ed beieferably @ hé te 3PUt prsheveamage norerﬂgalahab@:tt 30% %qém}@rsaltuup@ WFFSTEENt to
i ncreas shee f ) the
poner _dear RO B B B B en B D A A0 S et o
t he waf ef/lsubstrate with the acidic treatnent solution wll general ly be

0" 5t o IBBuRy kPRI anch RBPhARRRTHE ufr yRQIh e ROT SFLA Lobbs o0t

t enper atturranaﬁylanhﬁhoﬁmhuhymlw hd tlgseneaaalk)nynﬂnenmﬁ] fiyrdooni dd) GLA- dlﬂﬁ(hyllmxlless
t han about_ 70 refer ab from 20 Ct about

010108 266 pCeahe BHEB be R BHER. hat EDNAG A tTeRt PomabE aSne 23 4Bbut
400C, ewgnoxBizer ﬂél&‘bﬁ&&hbﬂseahyc&bguﬂtpeﬁ&ﬁe a4n@0241 Suitable for use in the
aci di c treat ment congﬁ(;m tions of this invention there nmay be nentioned

| et r aal KYPEAAR ot arefgirerk §mbpdiggnt of thes mémfoarlhﬁ|%0&f?1£29m0marpseﬁac:1
wher e e%eu& m tk@éiﬁé?ﬁﬁ&lﬁ%wm 2»?1%9&&& bt d 205 adHne UBRL hidi Qciwhlpyhbout

pr ef er abl froml , nor e preferably 1 to 6, nost

pr ef er ab)- 5% lé*aﬂlllbcihylhahl}Wéﬁ@IabW 0:8% ainmabiuan kyslrexidem plon! 0$iehDA4, ekpubonat e
and the r nteger of from1l to 3. The nost
prefer abdlleés/g?’va%ﬁg’g%mg‘rg’ g?glg% %dqya‘;, i Afroni um hydr oxi de and

trimet hy{l)omi hydnolkg/teprhgcﬂredimmmdlmhyﬂtmlrdfem(cm the| B @& solufixanpmesdofitiot her

bl d hyd I
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trinet hypleféndswdﬂlmdy:huﬁ wif tlﬂmmmtlom th@/BO@@odﬁnpn iy inedeth yuilﬂﬂ}xlityzhr axlyadmid a

anmoni um hydr.ox r.oxi.d

11 buty F258 B AP By BT O Hy Rkt HR o T SR 2 yasRy & hy!
anmoni uﬁhﬂ@y:ﬂi’vemgﬁhthgl BOgt fwludbx( 2rshyﬁ|il$(€kl(YﬁItﬂ§y@x1di§&DrHowﬁ'bhy€}L Oef(' fflo of
noriorn tri ydr oxye ni um nydr oxi de, tetraethyl ammoni um
hydr oxi 3%‘51%@{# rB%ﬁ?'pe&’fff%rﬂ¥ %’ﬁ“ﬁ%%om de, tetrabutyl ammoni um hydroxi de,
nmononet hyl tri et hyl anmoni um hydr oxi de, nononet hyl tri popyl ammoni um

hydr oxi de, nononet hy/tri butyl amoni um hydroxi de, nonoet hyl tri nmet hyl
amoni um hydr oxi de, nonoet hyl tri buty! anmmoni um hydroxi de, di net hyl di et hyl
anmmoni um hydr oxi de, di nmet hykii butyl ammoni um hydroxi de, and the |Ii ke and
m xtures thereof. W251 The netal free source of ammoni umions can be any

suitable nmetal free ammonium salt, such as for xanple, anmoni um hydroxide,
ammoni um fl uori de, ammoni um chl ori de, ammoniumnitrate and the |like, but is



100261 The acidic treatnent conpositions of this invention may contain any
sui tabl e noni oni ¢ surfactant Anong the various suitable nonionic surfactant
useful in the treatnment conpositions of this invention there may be

menti oned, for exanple, | ow foam ng nonionic surfactants such as al kynol
sur f act ant sWoRém@siesiat ed surfactants such as fl uori nat eBCHERYI0/040KoXyY| at es
such as Fluorade FC-] 71, fluorinated %l kyl esters such as FC-430 and FC-431
and fluorinated pol yoxyet hyl ene al kanol s such as Fluorad(r) FC 170C,

al i phati (1)0:1@] bh edlt vt othef pre‘i’@eﬂoerrl@dl)@et%ﬁ RETIhEPNPN ChaVanb Wydpmpnse
oo i P S ¥R R 8 kg r%&%oﬁ?wgéex%&swmgﬂs diols, silexane

type SUI’P% ene yco nonoa ers su

but oxypr Oloin adfigh ahd @ﬂref’lpfnvélﬁf%n asn BORdeANIE & pﬁiéésgﬁgttéﬂfﬁe?atﬁr@ of iemabkal 1 ne
treatment conpositi ons of this invention are al kynol surfactants,

especi al P§PCIoBbalit ARIChyhich dsdowentha b cyrsat indysts $80451d 9 9fCany ot her

Sur1)9101(r) surfacta ne e:thanols,
especi al l'y fluoradt 1%&63@%&%@5@5@?&%‘5% et hers,

especi al [go2 PUBPHYARRABNDIhere 1OHRVided et bAREinyRLtAIn mmealnaﬁpﬂws 3g@Pie to
increase the capacity of the fornmulation to retain netals in sol uti on may

be enpl ogeduitincrypalliae piliren vHeLRERe OorEs08RPPNYAYIBIC HitS MRHOERLIGE O Py pi cal
exanpl es, { ?]&Ja%héeft LR 1ASEN Be (Rfer biY &) P4 RARE déHsRy bPGe fpﬁbtbmarwceﬂrxﬂ@ﬁl c
acids an eir salts: ethyl enediam netettaacetic acid (17.)TA),

but y| eneftbarsidevafer devefircubgiat, havings phex apdnction andder mariel hasalastlicre aci d
(CyDTA) e h i onic
Sord, (oo ok AU IRBER BRI el El e v R R R

met hyI i mmmwngﬂewaﬁeraubsﬁptepmpm mrbdtremmnmtsehmala&etaltcmamdcat a temperature
nitrolotri.acetic .aci

d,
sacchari %uf %‘F’B tOdPVS%:SF |agr{e%i 8ne 8 gﬁl tgg:ig?e(tj rgs'stl égn@?@cf’ d'gé r na{lglccfagllt:l d,

i nandel i phaa@iottaic all, ol abncm:treh,tmbxasbnunommmbnsml [ cyI ic acid, catecbol,

8- hydr oxyqui nol i % I ened arni netetra Onet hyl enephosphoni c
acid, and the® 4 ffg’éedoxlcg(?%% ¥%ltﬁ' fe oxidizing agent may be enpl oyed,
such as, for exangdn abotit @ Zid1gbaNi20N%Sby Wit 35 at feddt @ asplatkylapenadides,
nitric acid and its salts and nitrates, petsulfate, periodate, perbronate,
perehl orate, iodat®dopidsmate, and chlorate sails of aML110thi MB1. Preferred
are peroxides and (A fHoGLb.2kd dboly M 09EReiBRIRXIcdRid, [ 00291 The aci di ¢
treatnent conpositions of this invention ma%( be produced by m xing the
requi ted conponentfn #hoat &hitq oSy Sesisht 6 345 IR ESOBHAFOIT IR BHs .
Preferably, the r%gbutroq%%e b}ﬁ(sjsﬁe@ﬁt 6ff3?1e§s%nmam dHRNRY §readded 10 the

vessel in a sequence of bas base/acid in order to mnimze any
possi bl e beat frorffom alwaitilon abbutt HE dpmrighe vl 9. m{IOBE) sonise 6 lagymanéim

manuf act uri ng, hO\{\(/)en\éer the product will have to eich not only silicon

oxi de, but silicon and phosphorous as well. in order to achieve this, the
BOE i s conbi ned wifiom ztbpdf((bgbro gheni0/dey asighrofexiatil Zien gowgerifluofitk ©ns.npl i es
that the BCE et ch% | tS| | ﬁ@n oxi de, whilst the oxidizing agent
generates new sili 88ﬂce A9 dPPhe surface, in a continued process of

et ch-oxi dat i %XFA mtﬁ%%d zepa%d B}t\?on% At ft9a ?&%@Tv Wikl gesiding phaandor ous

present in the [ayer, ereby solubilizing it he etched species

(i ncl udi ng, mqtutlnmpf DDhﬁIQ/é)leLOéi n"éhea\lvafﬁlrrryljh ithej eagijterap enchigive|of briét- ang n-
solution by t urcggfkgntgﬁ of a chelating agent, whereas the wettability of

t he surface (| ) Ti ci ency with which the oxidizing agent can oxidize
t he surf [ OV dition
of a sur%q% g‘ﬁ? red u’ﬁ%mc C’? %Q(S)%]gg]fe @?eﬁ%%peég%weﬁgﬁig@ég%fgwgbu?sﬁ %?gd
system a/\/phmbvcﬂladscalhnpde)cfmas sgitl abafkr ttypre&f}le'lmcfEh@s|h¢ﬁentAckimomslly, the
illustr |fn t he exanpl es

the per ?é%?’%ﬁ%g’aélaféo Wre\ﬂﬁe tg]ﬁfﬁ%fﬁ%%t@%o OVP]talcheq%"g 6’1% nerghbori ng

mul ti-cryp Mﬁlﬁ@llbnﬁlyslhl: 'uﬁ'@ﬁhd?ﬁﬂ‘r@\rléesgfsoﬁelt@ﬁ IR Raiabouin ﬁﬁn Bm3rphous®réidid- W th a
t hi ckness out pm were processed in an industrial type in-line

phot ovolqramdncgwalhamhm waflehgub@@%}epef% ase infa potaiefteie ofll gepesptd Brieahd
phOSphor gz!q}?eg He&'T8 Qénc\!:\‘orf bhe! WeFer atnh?bmé ﬁB@er"Hethﬂeme‘ {r@lphotovoltaic
phosphos t iass ayer on a top surface of waf er substrates, the
waf er s Were contacted with (1) an acidic treatnent soI ution of this
invention at 40C. (2) the prior art PV-160 solution at the 70 C required
for such solution, or (3) no treatnent solution as a control. The acidic
treatnment solution of the invention conprised a BOB solution of about 3.1%
t et ramet hyl anmoni um hydr oxi de, about 1.2% acetic acid, about 2.1% ELF,
about 0.8 tl1) 3,5-dirnethyl bex-1-yn-3-0l about 0.8% anmoni um hydr oxi de,
about 0.6% EDTA, about 91.5%water. This RCE sol ut| on was m xed W|th

[ — Y~~~



Power increase in current densi circuit density Sheet (lse) rnA/cm
vol tage (JscxVoc) Resistance (Voc) V mAVicrri2 (Ohm square) Inventive
Conposition 33.37 0.60720.25 PV-160

WO 2010/081661 : PCT/EP2010/000076
cell made from said wafer, the wafer substrate having a pn- or np junction and/or partial
phosphosilicate and/or borosilicate glass layer on a top surface of the wafer substrate, wherein
the acidic treatment solution comprises a mixture of:
a buffered oxide etch (BOE) solution of:
from about 0.1 to about 20% by weight of at least one
tetraalkylammonium hydroxide,
from about 0.1 to about 5 % by weight acetic acid,
from about 0.1 to about 5% by weight of at least one non-ionic
surfactant,
about 0.1 to about 5% by weight of at least one metal chelating agent,
from about 0.1 to about 20% by weight of a metal free source of
ammonium ions,
from about 0.01 to about 20% by weight of a metal free source of
fluoride ions,

balance water to 100%,

mixed with oxidizer and optionally water in a ratio of oxidizer/water/BOE solution of

0.01-10/0-100/1. The wafer with the emitter is inclusive of both p- and n- source

silicon types.

While the treatment can increase either the sheet resistance of the wafer or the power density of
the photovoltaic cell made from said wafer, it preferably increases both. Additionally, the

treatment may also increase the efficiency of a photovoltaic cell made from this wafer.

[0023] In the process of this invention the step employing the acidic treatment solution is utilized
on the photovoltaic cell wafer substrate after the phosphosilicate or borosilicate glass removal
(incomplete removal) with HF and just prior to another HF dip and subsequent AntiReflective
Coating (ARC), such as for example SiNxH deposition. The process comprises exposing the
wafer substrate to the acidic treatment solution, such as by immersing the wafer substrate in a
heated bath of the solution for a time and at a temperature sufficient to increase at least one of
(a) the sheet resistance of the wafer and (b) the power density of the photovoltaic cell made
from said wafer. The contact of the wafer substrate with the acidic treatment solution will
generally be for a period of from about 0.01 to about 20 minutes, preferably from about 0.5 to
about 5 minutes, and more preferably for about 1 minute. The temperature of the solution will

generally be of from about 20° C to less than about 70° C, preferably from about 20° C to about
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monomethyltriethyl ammonium hydroxide, monomethyltripopyl ammonium hydroxide,
monomethyltributyl ammonium hydroxide, monoethyltrimethyl ammonium hydroxide,

monoethyltributyl ammonium  hydroxide, dimethyldiethyl ammonium hydroxide,

dimethyldibutyl ammonium hydroxide, and the like and mixtures thereof.

[0025] The metal free source of ammonium ions can be any suitable metal free ammonium
salt, such as for example, ammonium hydroxide, ammonium fluoride, ammonium chloride,
ammonium nitrate and the like, but is preferably ammonium hydroxide. The metal free source
of fluoride ions can be any suitable metal free fluoride compound, such as for example,
hydrogen fluoride, = ammonium fluoride, quaternary ammonium fluorides such as
tetramethylammonium fluoride. Preferably the metal free source of fluoride ions is HF. In
another preferred embodiment both the ammonium ions and the fluoride ions may be provided

by one compound, namely ammonium fluoride.

[0026] The acidic treatment compositions of this invention may contain any suitable nonionic
surfactant. Among the various suitable nonionic surfactant useful in the treatment
compositions of this invention there may be mentioned, for example, low foaming nonionic
surfactants such as alkynol surfactants, fluorinated surfactants such as fluorinated alkyl
alkoxylates such as Fluorad® FC-171, fluorinated alkylesters such as FC-430 and FC-431 and
fluorinated polyoxyethylene alkanols such as Fluorad® FC-170C, aliphatic acid esters of
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PCL/ lozoé‘?%l?r?e%?a?nﬁne gtrea%%r}g?oq{ic Egifi,i &jygrrcl)gyetl%qﬁ:ﬁfyle%géll.rartninetriacetic acid (HEDTA) ,
methyliminodiacetic acid, propylenediaminetetraacetic acid, nitrolotriacetic acid (NTA), citric
acid, tartaric acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid, maleic
acid, mandelic acid, malonic acid, lactic acid, salicylic acid, catechol, 8-hydroxyquinoline,

N,N,N',N'-ethylenediaminetetra (methylenephosphonic acid, and the like.

[0028] Any suitable oxidizing agent may be employed, such as, for example, oxidizing anions,
such as, for example, peroxides, nitric acid and its salts and nitrates, persulfate, periodate,
perbromate, perchlorate, iodate, bromate, and chlorate salts of ammonium. Preferred are

peroxides and particularly hydrogen peroxide.

[0029] The acidic treatment compositions of this invention may be produced by mixing the
required components in a suitable vessel to form the compositions. Preferably, the required
components of the composition are added 1o the vessel in a sequence of base/acid/base/acid in

order to minimize any possible heat from a reaction of the components.

[0030] In solar cell manufacturing, however, the product will have to etch not only silicon oxide,
but silicon and phosphorous as well. In order to achieve this, the BOE is combined with
hydrogen peroxide as an oxidizing agent. This implies that the BOE etches away silicon oxide,
whilst the oxidizing agent generates new silicon oxide on the surface, in a continued process of
etch-oxidation. In addition, the oxidizing agent oxidizes the phosphorous present in the layer,
thereby solubilizing it. The etched species (including, but not limited to metal impurities) are
partly kept in solution by the addition of a chelating agent, whereas the wettability of the surface

(i.e. the efficiency with which the oxidizing agent can oxidize the surface) is improved by the
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addition of a surfactant. The addition of acetic acid ensures a doubly buffered system, which aids

in process stability.

[0031] The invention is illustrated by, but not limited to, the following examples. In the

examples the percentages are by weight.

[0032] Example 1

A set of 25 neighboring multi-crystalline silicon wafers of a size of about 15.6 x 15.6 cm® with a
thickness of about 180-200 um were processed in an industrial type in-line photovoltaic cell
manufacturing sequence. After emitter deposition and phosphorous glass removal with HF, the
wafers with a partial phosphosilicate glass layer on a top surface of the wafer substrates, the
wafers were contacted with (1) an acidic treatment solution of this invention at 40° C, (2) the
prior art PV-160 solution at the 70° C required for such solution, or (3) no treatment solution as
a control. The acidic treatment solution of the invention comprised a BOE solution of about
3.1% tetramethylammonium hydroxide, about 1.2% acetic acid, about 2.1% HF, about 0.8 %
3,5-dimethylhex-1-yn-3-ol about 0.8% ammonium hydroxide, about 0.6% EDTA, about 91.5%
water. This BOE solution was mixed with hydrogen peroxide oxidizer solution in a ratio of
BOE/water/30% hydrogen peroxide solution of about 1/6/0.2. The prior art PV-160 solution
was also employed mixed with hydrogen peroxide oxidizer solution in a ratio of
BOE/water/30% hydrogen peroxide solution of about 1/6/0.2. Thereafter, the treated wafers
were subjected to a wet chemical treatment in a solution of HF of 1 percent by weight at room
temperature for 1 minute, followed by the usual customary photovoltaic manufacturing steps to
produce the desired photovoltaic cells. Electrode firing settings were kept constant whilst
processing the different groups and were set at the optimal firing setting for the prior art group.
The cells were the measured for their power density level (unit mW/cm?, defined as the product

of the short-circuit current density and the open circuit voltage, Jsc x Voc). The results are set

forth in the following Table 1.
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Table 1
Treatment Composition Short-circuit Open Power Increase in
current density circuit density Sheet
(Jsc) mA/cm voltage (JsexVoc) Resistance
(Voo) V mAV/em? (Ohm/square)
Inventive Composition 33.37 0.607 20.25 5
PV-160 33.33 0.608 20.27 3
None 32.96 0.604 19.91 0

[0033] Example 2

A set of 25 neighboring multi-crystalline silicon wafers of a size of about 15.6 x 15.6 cm® with a
thickness of about 180-200 pm were processed in an industrial type in-line photovoltaic cell
manufacturing sequence. After emitter deposition and phosphorous glass removal with HF, the
wafers with a partial phosphosilicate glass layer on a top surface of the wafer substrates, the
wafers were contacted with (1) a n acidic treatment solution of this invention at 40° C, (2) the
prior art PV-160 solution at the 70° C required for such solution. The treatment solution of the
invention comprised a BOE solution of about 3.1% tetramethylammonium hydroxide, about
1.2% acetic acid, about 2.1% HF, about 0.8 % 3,5-dimethylhex-1-yn-3-0l about 0.8%
ammonium hydroxide, about 0.6% EDTA, about 91.5% water. This BOE solution was mixed
with hydrogen peroxide oxidizer solution in a ratio of BOE/water/30% hydrogen peroxide of
about 1/6/0.8. The prior art PV-160 solution was also employed mixed with hydrogen
peroxide oxidizer solution in a ratio of BOE/water/30% hydrogen peroxide solution of about
1/6/0.2. Thereafter, the treated wafers were subjected to a wet chemical treatment in a
solution of HF of 1 percent by weight at room temperature for 1 minute, followed by the usual
customary photovoltaic manufacturing steps to produce the desired photovoltaic cells.
Electrode firing settings were kept constant whilst processing the different groups and were set
at the optimal firing setting for the prior art group. The cells were the measured for their power
density level (unit mW/cm?, defined as the product of the short-circuit current density and the

open circuit voltage, Jsc x Voc). The results are set forth in the following Table 2.
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Table 2
Treatment Short-circuit current | Open circuit Power Increase in Sheet
Composition density (Jsc) voltage density Resistance
mA/cm? (Voc) V (JscxVoc) | (Ohm/square)
mA V/em®

Inventive Composition 33.50 0.600 20.10 85

PV-160 33.33 0.598 19.93 1.5
[0034] Example 3

A set of 25 neighboring multi-crystalline silicon wafers of a size of about 15.6 x 15.6 cm® with a
thickness of about 180-200 pum were processed in an industrial type in-line photovoltaic cell
manufacturing sequence. After emitter deposition and phosphorous glass removal with HF, the
wafers with a partial phosphosilicate glass layer on a top surface of the wafer substrates, the
wafers were contacted with (1) an acidic treatment solution of this invention at 25°C, 30°C and
40° C, (2) the prior art PV-160 solution at the 70° C required for such solution, or (3) no
solution as a control. The acidic treatment solution of the invention comprised a BOE solution
of about 3.1% tetramethylammonium hydroxide, about 1.2% acetic acid, about 2.1% HF, about
0.8 % 3,5-dimethylhex-1-yn-3-ol about 0.8% ammonium hydroxide, about 0.6% EDTA, about
91.5% water. This BOE solution was mixed with hydrogen peroxide oxidizer solution in a
ratio of BOE/water/30% hydrogen peroxide solution of about 1/6/1. The prior art PV-160
solution was also employed mixed with hydrogen peroxide oxidizer solution in a ratio of
BOE/water/hydrogen peroxide solution of about 1/6/0.2. Thereafter, the treated wafers were
subjected to a wet chemical treatment in a solution of HF of 1 percent by weight at room
temperature for 1 minute, followed by the usual customary photovoltaic manufacturing steps to
produce the desired photovoltaic cells. Electrode firing settings were kept constant while
processing the different groups and were set at the optimal firing setting for the prior art group.

The results are set forth in the following Table 3.
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Table 3
Treatment Efficiency Open-  Short-  Fill Mean Increase in
Composition (%) Circuit  Circuit  Factor power Sheet
Voltage Current (%) density Resistance
(Voc) V Density (JscxVoc)  (Ohm/square)
(Isc) mAV/cm’
mA/cm’
PV-160 14.74 0.60 793  74.81 4.80 1.10
None 14.75 0.60 789  75.55 4.75 0.70
Inventive
Composition
at 25°C 14.86 0.60 7.91 75.58 4.78 1.80
Inventive
Composition
at 30°C 14.71 0.60 7.91 74.85 4.78 2.20
Inventive
Composition
at 40°C 14.74 0.61 7.94  74.56 4.81 4.50

[0035] As shown by the results the composition of this invention increased the sheet resistance
and/or power density level of the cell significantly over the control. By changing the mixing
ratio, notably by increasing the amount of hydrogen peroxide, the composition of this invention
showed equal or superior power density compared to the PV-160. However, the composition
of this invention was able to do so in a temperature range of 20° C to 40° C whereas the PV-
160 composition required a temperature of 70° C to do that.

[0036] While the invention has been described herein with reference to the specific
embodiments thereof, it will be appreciated that changes, modification and variations can be
made without departing from the spirit and scope of the inventive concept disclosed herein.

Accordingly, it is intended to embrace all such changes, modification and variations that fall

with the spirit and scope of the appended claims.
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CLAIMS

1. A method of treating a thin film amorphous or mono- or multi- crystalline silicon
wafer substrate for use in a photovoltaic cell, the wafer substrate having at least one of a pn-
or np junction and a partial phosphosilicate or borosilicate glass layer on a top surface of the
wafer substrate, to increase at least one of (a) the sheet resistance and (b) the power density of
the photovoltaic cell, the method comprising contacting the wafer substrate with -an acidic
treatment solution for a time and at a temperature sufficient to increase at least one of (a) the
sheet resistance of the wafer and (b) the power density of the photovoltaic cell made from
said wafer, the acidic treatment solution comprising:
a buffered oxide etch (BOE) solution of:

from about 0.1 to about 20% by weight of at least one tetraalkylammonium

hydroxide,

from about 0.1 to about 5 % by weight acetic acid,

from about 0.1 to about 5% by weight of at least one non-ionic surfactant,

about 0.1 to about 5% by weight of at least one metal chelating agent,

from about 0.1 to about 20% by weight of a metal free source of ammonia ions,

from about 0.01 to about 20% by weight of a metal free source of fluoride ions,

balance water to 100%,
mixed with a solution of oxidizer and optionally water in a ratio of oxidizer solution

/water/BOE solution of 0.01-10/0-100/1.

2. A method according to claim 1 wherein the treatment occurs at a temperature of from
about 20° to about 70° C.

3 A method according to claim 1 wherein BOE solution has a pH of from about 3 to
about 6.

4. A method according to claim 3 wherein the BOE solution has a pH of from about 4.3
to about 5.

ks A method according to claim 1 wherein the oxidizer solution comprises hydrogen

peroxide.
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up j unci Q. 18 PRlc) by BOS BRI B roRlaDASREbIsh £ BDT ATk glasw@r on a
top surtface e wafer substrate, ncrease at least one t he sheet
resi st anater.and (b) the power denS|ty of t he photovoltaic cell, the method
conprising contacting the wafer substrate with -an acidic treatnent
solution for a tinme and at a tenperature sufficient to increase at | east
one of {a) tmnéiﬂ@&?&ccaﬁﬁ%g%adml PlyntRe WRTERIE 80dibiP)s hited ReWRSxidlgnsi ty of

t he photovoltalc cel fromsaid wafer, the acidic treatnment solution
conpr i siohgionan bufticoEdObxiate/ ¥l hy (BOE) psokigeiintheofingd V6 2abéut 0.1 to
about 20% by wei ght of at |east one tetraal kyl ammoni um hydr oxi de, from
about 0.1 to about 5 % by weight acetic acid, fromabout 0,1 to about 5% by
wei ght ®f atA heasdd 06 PIC7 SHELACHBHEOE 300ttn R.rlixb@wabomidia% by

wei ght of at |east one netal cheiaiing agent, fromabout 0.1 to about 20%
by wei gietutoh in apatiadf B@Eévzﬁ@tﬁﬁQ%hmdrogmmoaldp@nlsltlom pbahabd(®0.8, 01 to about
20% by wei ght of a netal free source of fluoride ions, balance water to
100% solution of oxidizer and optionallyratio of oxi di zer sol uti on r/ BO11,

sol utiom. O A n%lh&&d&oﬂs@@g tl) claim 7 whérefEfhB BDRESI0fi6H RMniked GlididXidizepher ei n
the treatnment occurs at £gerature of fromabout 20' to about 70 C. 3.

A met ho®lwieadn diraidp @%B@Eéwﬁ? Ahdpvdregeneroxdd wlytiom Hagow I8¢l of from about
3 to about 6. 4. A nmethod according to claim3 wherein the PCE sol ution
has a p of from about 4,3 to about 5.

11. A method according to claim 7 wherein the BOE solution is mixed with oxidizer

solution in a ratio of BOE/water/30% hydrogen peroxide solution of about 1/6/0.2.

12. A method according to claim 11 wherein the treatment occurs at a temperature of

from about 20° to about 70° C.

13. A method according to claim 1 wherein the treatment also improves the efficiency of

a photovoltaic cell made from this wafer.

14.  An acidic treatment solution for treating a thin film amorphous or mono- or multi-
crystalline silicon wafer substrates for use in a photovoltaic cell, the wafer substrate having at
least one of a pn- or np junction and a partial phosphosilicate or borosilicate glass layer on a

top surface of the wafer substrate, to increase at least one of (a) the



5. A nmethod according to claim1 wherein the oxidizer solution conprises
hydr ogen peroxide, 14 6. A nmethod according to claim1 wherein the HOE
sol ution conprises tetramnethyl ammoni urt hydroxi de as the tetraal kyl amoni um
hydr oxi de, 3,5- di ethythex-iyn-3-ol as the at |east one surfactant, and
EDTA as the at | east one netal &elating agent, and the oxidizer solution
conpr i sgeehiedistgenoiibe osifdand o) thapewer depsitnohie pbdtogebae delhgradefiemai m 6

wherein_the sol.uti.on,. conprises about. 11% 4t et t hyl ammoni um hydr oxi de,
About . 15988208 s Sl P ST RoL S R g S AR 58

di met hyl hex. a bufftied Ixkle AMWO). BYet@prydni um hydr oxi de, about 0.6% ED A,
about 91.5% water. 8. met hod according to claim7 wherein the RCE

A
sol ution is m xedfi@m#bogk? dite ebai20tt Bnweighhok At sast o1 SbEa Ndewr1osoys
hydr ogen per oxi dehg&} &1}[39 range 1/6/0.2-1.0 9. A method according to claim
7 wherein the HOE $ofUtton is mixed with oxidizer solution in a ratio of
ROE/ wat er / 30% hydfrogetboped.dxo deows ol %thyoreighit sabidwicid/ 6/ 0. 8, 10. A net hod
according to claim7 wherein the solution is mxed wtidizer solution
inaratio of BOE/fREM&ON @ddaa E%B}ﬁ“ﬁ%s&n dld<astpi Posmiopte HBGGEnY 6/ 1,
11, A met hod accor g ng ot10,0Ghaho4 HYRE St bR iR SRYAIChQR ik Sagthked wi th
oxi di zer soluti ongl?n a rg'%i o of B@Fg\}\% er 306a/o hydr ogen perlo%?i1 e 'sol ution of
about 1.16/0.2. f£i2m dbonet.haodabameddth mgweightdizd metbl frah erecaof dvempsat mer a
occurs at a tenperature of fromabout 20 to about 70 C. 13. A nethod
according to clai " wherein the treatnent also inproves the efficiency of
a photovol taic ceklmdg: §HOM LS 208/ 18] weightof ARe@LTE SoukfLt TR SOl Ut i on
for treating a thin filmanorphous or rrono- or multi-crystalline silicon
waf er substrates fams, use in a photovoltaic cell, the wafer substrate having

at | east one of a,pn- or rip,i pnctilmand a partial phosphosilicate or
horosilicate gl as?ﬁi&%‘i?e‘?’at%lgéopé‘g surface of the wafer substrate, to

increase at hgastwlng sOhtib@df &:08ized 48l SHiRRLILY G8led PGB0 okliigzenaf er and (b)
t he power density of the photovoltaic eell nade fromsaid wafer, the acidic

treat ment sosaltiigrnwesnBOlsiolgicon of k@l ¢00f00/la buf f ered oxi de etch (BEE)
solution of: fromabout 0.1 to about 20% by wei ght of at |east one
t et raal kyl ammoni um hydroxi de, from about 0,1 to about 5 % by wei ght acetic

acid, from ahautidk dedideabouitiocn%cbyrdiwgitghtaifl 4avhdréiashc @xeizaoRdhitn C
surfactant, about 0.1 to about 5% by weight of at |east one netal chel ating
agent, $qTRPHES Bydiosen nerpyidahout 20% by wei ght of a netal free source of
anmoni a lons, fromabout 0,01 to about 0% by wei ght of a nmetal free source
of fluoride ons,

16.  An acidic treatment solution according to claim 14 wherein BOE solution has a pH of

from about 3 to about 6.

17. An acidic treatment solution according to claim 16 wherein the BOE solution has a

pH of from about 4.3 to about 5.

18. An acidic treatment solution according to claims 14 wherein the BOE solution
comprises tetramethylammonium hydroxide as the tetraalkylammonium hydroxide, 3,5-
dimethylhex-l-yn-3-ol as the at least one surfactant, and EDTA as the at least one metal

chelating agent, and the oxidizer solution comprises hydrogen peroxide and water.

19. An acidic treatment solution according to claim 18 wherein the BOE solution

comprises about 3.1 % tetramethylammonium hydroxide, about 1.2% acetic acid, about



bal ance water to 100% m xed wth a solution of oxidizer and optionally
water in a ratio of oxidiz SO 1 utionlwateriBCE solution of

0.01-10/0-100/1. 15. An acidic treatn®nt solution according to claim 14
wherein the oxidizer solution conprises hydrogen peroxide. 16. An acidic
treatnment solution according to claim 14 wherein BOE solution has a pH of

f r om abdute LB, atb@uta%ﬁ% 3p- dlﬂn??hylmx -lawi-dicd abewsdk fe nmnswlivmnihyAroxedsoploiivig t o
clalnlyﬁ ?ﬂﬁb? n th ?tlon has a pll of from about 4.3 to about S
18. An ag eéi nt so ion according to clainms 14 wherein the ROE

sol ution conprlses f et ramet hyl anmoni ui n hydrOX|de as the tetraai kyl ammoni um
hydrOX|de 5- dinethyl hex-i-yn-3-0l as the at |east one surfactant. and

EDTA as2®he étl apidistreagnantatudion arerding ig clagy d Atwhesgin thhenBOBepBitiB S sol ut i on
t
COmDr ! SRR IXHLBED RO, RO, B B RO B0 AEh B G RANR QLY T o

t et r anetvhiginahé rungeil (60.Pyidy.oxi de, about 1.2% acetic acid, about 16 2, 1% HE
about 0.85.t, 3,5-di medwlhex4-yri-3-o0l about 0.8@6annnniun1hydroxide, about
0, 6% EDTA, about 91.5% water. 20. An acidic treatnent solution according

to claim 19 wheraiddM8. ik ﬁﬁh%&&&h g%o F!Paﬁﬁq Witdeih g 99EdbRSbnSO! Ution in

aratio of BOE/ wat er / 30% hydr ogen per de so utlon wthin the range

1/ 6/ 0. 2mixed.witl2dxidider sadutthindn tarretad oEBROEswdtat/ 36%0 lackogedi pregpxtide wllaion @9

wher ei n theéggf solution is mxed with oxidizer solution in a ratio of

BOB/ wat out '%ydrogen per oxi de sol ution of about 1/6/0. 2. An acidic
treatnment solution according to claim 19 wherein the HOE solution is m xed
wi th oxidizer solution in a ratio of BOK/ water/30% hydrogen r oxi de

sol uti oi2.of Abeadiciitéiti0e8.soRBioArcarilide ¢o tlazatl feriteraolthet BOh sag@onds ng to

lai m19. he BOB. sol ut i xed with oxidi
S o R L St S s dantoat BoBr A bty iosrh BEhsi pplggh o "
about 1/6/0.8.

23.  An acidic treatment solution according to claim 19 wherein the BOE solution is
mixed with oxidizer solution in a ratio of BOE/water/30% hydrogen peroxide solution of

about 1/6/1.



