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precipitate. T-omrautoada oeo&tmmg.ycirmmtahmmIsmtnraaanoﬁdnemﬁaéuuﬁama isxlesqaipdd i dP—
'to a silicoff.dabB2Bathe dagmfor Figiies 12 toay vtrye dsvyamdppmlgoroosp}rrwdwgnbepnm rEttanmye 1.

pai nting, spi Mf@ pmasis wirh l:?b?‘t'%“&"@"f p on rret hod, but. oo
di ppi ng- and S'%‘“% e p%é’iféﬁi’f&ﬂ 359&? e Fopi i idte o bsontin 3
adapted to nmasitanRba leceétmg jdctddRo JOOPT &fumtfe@ﬁﬁdnﬂﬁ549dﬂmtrﬁ5de are

e.g., greates than 1 00 square centineters, are readily 55 obtai nable

unli ke the vapor deposrtlon cef (Wi For S0, (ah¥) - r of MOt coat i ng on a
'solar cell, the substrate is STTj,con erther L the 101 T wafers or as a.
continuous strip. The surface ofggsilicon re%iects 35-3 of sol ar energy;
since the reflected portian is st avail abl gofor the cogoversion process,

the overall efficiency i's therel®@ reduced unbess an ant5& efl ective coating
Is applied. Antireflective (AR) at| ngs nmus® be highl y# transparent and .

t abl 60 th _
sLable L1 60 L BYARH e DVESlvn o' 0P il 56 AR 0 RS Sl

equation to be anThHeraadustCdfice@ien amnbdmeaﬁbassﬁrmhnmas&kaeagtam mamgenori\delptmtumn N-type
reflection fr@i¥eep ssb$tageol]0 obin|resistance avithonp bous hedsyregtgientpt JRONR ndmmrpaﬁatfmlon
is of quarter ‘tj@xﬂe cRMgRIRton BT AR ceaire RASIIY in Fightes 450 8" Arvpiohs usiipte fPH°"‘é{?P

i ndex of ref45a on of approximately 2. 0. Therefore, at the end of the

heat treatment,. which provides properchason di ffusion and junction depth 65 |

wi thin the substrate -t hwtoeBid;ng neestentratin t hedenc i cal Spegding enents.
Since the coating is af fle@Reqpting. 4 pergmb24 o5depthiul heatresista®s? nent ; t he
initial conpgsition and thygkness nusj tarlored,to grve,gh ndex of
refraction 2 and thi cknessagfout (7503?35%&'( 7500 nn’}oafter t gxﬁg;a
treatnment. If a boron or pBo®phorus dbpe® -is usedsa pref ed.Beto errperature
range is about 850[err] to48%out 1 1C ] becau3§ at tess th agn 8500C
there is very low diffusi of%6f the bo? ‘rp into-the’ilicon %Ay %t nor e t han

1 1 00[err] the syl sifficanch SEIES figlres 8leChirbiOMat Be bbroh BOHREM ALY Sba0l 2688 Nt 8bdslnot

seens to Work die@ fheSdarried R8ndehtrdtidd oA QHd GurkGord @BKh,I GnfiRe \RE bidh Odiffusiddedone from -

nitrogen or arogmnmnabgm betingsnecon andtnmor mweartﬂvttheecamer fangentiatigrywas stabilized at

oxi di zi ng. é“fa”Pr'ﬁ ed0i%emh ngg ee?

unrformthrc ase:%zg

the substrate.p Ctb tmx r§ of 3heSbbatings! 6 thig Inbérfion %Q&ﬁ ok @hn th.HéB?tvmo&abre

depth is produraeﬂro‘oocenpkuﬁ-@mmiéuaotﬁomlttammtemmppI | cat | on by using Nty

silicon (10 %o ZOTMV Qin'meonnfthersarri qsmeonatfononvetarsetom lipers tar AQO°S% F'G%GONhnh
a

f % . on dhe 'erenc
coating at theva A Sl pror gt LML N A by AR R

concentration:i.n: the Ti 2 based AR precursor solution. As can be seen from
Fi gure -2;~fo1-> % hi-s-<heat -t Featment to- :pr oduce- an- i-ndex cl.ose t0-2 over: 50%
[err] must - V& used in the precursor :solution. Even though this is-
acCept able”it is noticed that at high [err] concentration, 15 i.e., over
40% -the .coating tends to becone cloudy, and&-chenical and .environnental

: ance-may. drop. Thus, a suitable range of dopant concentration is from

# Ttheboron~addition to | ess than 30% and to | ower the i ndex by the.
addi tion of another constituent of |ow index such as Si Q. The Si Q2
conponent nay al so be added from al koxi des or partially hydrolyzed

at koxr des simlar to dopant |ntroduct|on and |s descrr bed |n EP— 20 A-821

I r o ”~ a1 — I

FEIL e SR S

Q% LA preferred rrethod of adjusting the index of the coating to 2 is

g
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pasurenents were done by spreading resistance). The foll.owi ng table,

raphically il1ustrated in Figure 3, shows the anmount of equivalent [err]

equi red to’ | pwer the index of refrac?thQr"Ebout 2 as a function of

ount of: [err].  dopant present in a tit apgge Rased. AR coating subjected to

S%Fer.r]. vacuum:t.reat ment. f.or.45 ncaméres. -25 B203. (w9 = . Si Q2 (wt 299 -

@ (W %10 . S . 25.¢ concentration - 65Jyngtion. ...~ Surface 15 - <. - -

5 30 ' CohL L T Time o 30 percm® . ... depthju) . resistance g\ 40
_ 57 . 55 50 . PP A7 Addi Tnformation

n controlling the.i ndégr,:qlﬂ: ref. r.‘-aq_tg%éguof .the %%al L OX ﬁgggﬁi ng can be. 35

pund i n EP-A-B 215. Themaiount oR.3xaoVYi er conodatration, spreading ~ -

esi stance, and the juB@mimn dept A-OXA08n N-t yp&48i|icon 28 ¥rate (10 ohm

esistanc® w th ope r, heat. treatment at 900 ' ' unction

: gtsF%vl\g]snﬁa# tft\ﬂgnch %ega can precisely g%cggt%lieﬁb%ll?e%ﬁt‘#@rﬁ%\f ﬁ.gg, and 6

t B203 concent ing are shown |

whi ch il uskxamgie 1 he followi ng table. 40 Carrier W %][err]

c
d

0.
0.

3
5
c
t

c
S
i

r :

—+
-

ORO~NYOOO —0O 0

\U

oncentrati on ‘A 3.5uveight pencent equival@gTeydpntgining soliRiop was pregared as f mwsci;@gﬂ 0, 'a.n.d
¢pth ([ ers 130 mg (ﬂa%@fgtsﬁ{%_%cidera?%deﬁto 5?3}' g% %fdry ethyl ajqgbgl, (.%H,ou. Th_%n 1P gof I“_‘icz?*s)i'
oL T e AU p ol o g st

, part d form, and contairlifig
8x 1 02 3Q%’wei‘;‘l’1t :rerf::tax: Zog\:afe % dne, was prepa:ztlgby adding: 2 g &é lxto]g?-a 475%{ ethyl
k10[ err]  aicohot. To thid 90 5a%rimethyl borate, BEOCH)IL, was added and mixé8. (When more th&d. 18X h0Iis
0 The si gmiof Hdnesed pér mdietmeonfalkgridespragipitate results);, t hat the. boron -~ ° °
gncentrat | %n Asero i%??@@;ﬂ'%‘?d‘@fé% H?frf’" _"Fi‘é’q% 11,3“%0{ f%éj"drégm g_’%’_f’?"& Ratiestent.
e junctio -’Q’é&m sogg‘r,x iy &%ﬁ@ﬁ%ﬁ@ﬁlﬂ#&é‘l’ib Qhlining 52 2OBO RO Hhdse Wterslhd?s S
gatings. SegdaNkHaYed2RA9OTPICETOF IBOOMinatHs! il , vabuifn. Cihe lhddx dFOraf#uiibn BF IcORINGE Scarrier
tlabi | i zeds @bnoantvaibhks junttich ldepth, 408 sprediingaagiaance garedth@cpeasbred, lvehidbareshown isthet
n the AR cdellowing tablrove 20 wt % This is 55 significant because this value

gpresents the optim zed bal apge -ot}(;etfyveen two conf LrﬁLri ng facto uﬁéﬁoﬂe

urldesi r abl e r econbjypag g en effec?:fcmﬂﬁqﬁe desidy GatfoR/amuICt i Vi MthWh)th .
icreasi ngo carrier_concedtration Due to thi f th i

1. S _.Dr ﬂhﬂrt\l fald

o _coatinas Of .
+—He—eOatr+1HgS .

is-invention, deepe® junctions @#1 be obtained W10} stable caPfPer -
ncentrations in the%ethod of tRi28 invention. THEI®}fect of tP4R on the
rrier concentrati orﬂo ppears to Beglinear. at..900 .. Figure @azgwhi-ch 60 -
| ustratgg the data the fol |l ogigag table, showaxidie effect ob.7bake ti.ne:
N the carrier.concentration and the.junction depth in N-type silicon (10
im resi st arkzappledr a 10% B203 doped AR coating at '90-0['e'rr-1’ In vacuum .85 5
24 057 TABLE Fpe.indices of refractiowﬁ_hp@ tioal coatings A ﬁ@bﬁff'i"ﬁl?ﬂ arlzmbw?tﬁnﬁ of boron

face Ti opings canbe r % démg sfyt.eFresnerbcon?I o&/o antiretiectivity on silicon. 5. S
dr 1 e 40 A 10% of -c ||Esg olution was i'pg Ulydrolyzihg® ftrastifiSifeatbo SHOELH,),.
KL0[err] with 1.8 mols ater in ethanol Wdthg i€solutios Bhd thélboron and titahiameilitigrdrdegeribed in
1 Exarhfle X tHfolawing AFbcoating solution was fRer@red: 21 §1[10wt] % eq B,0; contafingehiritian

[

]
0 x 10[ er rdnd 10.4 g, 10% eq §i04 Gontaining soluti Q%Q)igdﬁe,tog wﬁfﬂ 1 fg;sldzj)@ﬁ%j 3Qme
pth can 49 rﬂé eroggyg&%ﬂ%gﬁgﬁe@u :gg?uggg‘égak pﬁrﬁ: m ent OXi 'w?n?c%dweas ?':adr: :: l;v 70%:*

TiO,, 20% B,0; and 10% Si0,. . - _ : .
This solution was then spin-coated at 1000 rpm on 1-1/2 inches silicon wafers and heat treated
at 900°C in vacuum for 45 minutes. ' _ . o 3 . .
The spectral reflectivity curve measurements were done. Figure 8 show.s the spectral reflectivity )
_ of the coating which indicates that an ideal single layer antireflective film on silicon has been produced
that meets the index of refraction and thickness requirements. -

When the boron diffusion measurements were done, it was found that this sample had a carr!er
concentration of about 3x10' and a junction depth of about 0.5. Jungtlon depth and carrier
55 concentration was extremely uniform on the entire sample. . o .o

50

Exérhple 3 : e o _
Example 2 was repeated with using unhydrolyzed tetraethyl silicon which reacts with the-hydrc?xyl
groups of titania. The results were similar except the viscosity of thg solut_ion was different. It required

60 an adjustment on the speed of application to obtain quarterwave optical thickness. - :

l- o Example4". . : . e
e : Example 2 was repeated using unhydrolyzed B{OCH,), which again reacts with. the hydroxyl

- 65 solution, the coating application rate needed to be_differe_nt, e.g., 800 rpm.

groups of titania. The results were similar, except that due to the slightly different viscosity of the-,_—_—--- S

(&



Examplle 1 A-3.5 wei ght percent equivalent 1102 containing sol ution was
prepared.as fotlows! 1.5 g H20, and 15 130 ng (4 drops) [err] acid were
added to 90'g.of dry ethyl alcohol, [€@Q24rQ&¥ 10 g of [err] was al so added
and ;m xed. Agg,gagssol ution resul ted. Another cl ear solution containing
‘trimet hyl bor at etiampR Pawid fdpedtedV@ing! ttéméin fKREdNde AMOE,AY] 3hditRGhiukd i80Bicgblide,
percent equi v'@(D@fﬂy)amq.vanwaaﬂwalvm!spremaecemhdygswddemgtmnar g water to 23 g
of -dry ethyl E - To this 10 g of trlrrethyl borate [err] was - added and

m xed. (V\he‘h ?» J]é)%o t‘?a%naZIQR goa olut|§nw§ ared as desgri %u? Exam (}X de
a preci pi tat esoruﬁ&u.lv aippu. Dk Watord Se00 A I, {.ﬂ@mﬁ.@f wmoogég Jf#}
30, 40, -and saBiplaeinghel baped aeauwequvaeah:an& \[aﬁéd’s]Ieri‘gﬂ'fitdlltlﬁienmesaiebttdf@ﬂﬁ oldaRier
prepared by sdo yatmn»auwgon tepth. and gyrfaneaesistanopior thisgnwposttion sed keat tkatroeTs issbeowen
coated on 32 dM4AeufigE%rs by spinning at 2000 rpm These wafers were
then heated a,3A@9C for 60 minutes in.vacuum -The index of refraction of
coatings, carri eExaaﬁlemsﬁ@bJandl@ﬂszo%w?&{wmumm BeptiPsh 166Hd8 8k 0G0 after bakmg
resi stance V\Hpeﬁqmememaﬂsenkprbahhchrwmmmvm in the followi ng table. ~ .

| ndex of réfrgctlon Carrier ~ Junction W. %[err] -~  of

(Z:OZt7I ng amel E3 GSiote g:%ﬁﬁnqql(f TRoxide precu}%torh %rﬁ prapare]a as in Examplebé 2‘6’59*10"0

acid was adde on to obtain 15 w t equivalent of P,0, n TiO
3x10[ err] concentration. The é6lutifd was applied to boron dogedlsflicon wafers having .001 ohm pof &)Ttlﬁi’efet
0.75 40 20 resistivity. The Waf@8 were spun at 1000 rpm then i8atifsbed at 1050°C in nitrogln fobor@Fhour. An

50 _ excelletg amg-reﬂectwe coating resulted. '@RtiGT‘e‘F'? Product showed that a guitaple Ebaqpﬁpr@s
2 The indi ces81¥°P &K 826 on of the optical, coatings made in Exanple 1 at
vari ous anounggm@kgboron dopi ngs can be reduced to 2 to sati sfy the Fresnel
condi ti on fzer anExampfe &Gﬁas\kbﬁejted rexéept i10%rphospborus wa\ irtfddadall from a triethyl phosphate
si | i ca- cont ai elution Joe iuncinn wasorpred 34 1800 6yandyadreaéejiont agtinefactivectontingswith phesghor
[err] with 1.99PifBPeAln 8" Gt er in ethanol. Using this solution and the boron
and titani a sghmhibqss described in Exanple 1 the follow ng AR coating

sol uti on was prepasren cdhtaing 58 tokal oxi@eSrhidhGids iF B Madaivig 708 Tid |, 0% 8J0] add1dbs |

g, 10% eq Si CHOgaadeaéribedin Exemnpit |20ms prepaced add egin tarteticd %Nitype ¢0-HAaRAohm résistange

H20 and 130 wrdi me@fla rem \The §amples wate

g of [err] V\g g gqﬁe?g% oleY tamﬁfﬁ' ﬁ?ﬁ§0f§?ﬂsﬁf."?%ﬂm gelis @ ghoninthe follgwing

vei ght per cgnt —egikhy fliehg bisA@mMaI fab¥iabwaRERY WPsdmé rdddat: it B elieddd hdr Gt digher
-and 10% [ er r ] effldiingies@hith are listatids tho N tSthé RstORINAGIBe obBiHId LRTE 6timbt cohditions.

inches silicon wafers and heat treated at 900C i n vacuum for 45 m nutes.
The spectral reflectivity curve neasurenents were done. Figure 8 shows the:
spectral refplectivity of the coating which indicates that an ideal single
layer antireflective filmon silicon has been produced that neets the index
tof refraction and thickness requirenents. -\Wen the boron diffusion
measurenents were done, it was found that this sanple had a carrier
concentratign of about 3x 10[err] and a junction depth of about 0.5.
Junction depth and carrier 55 concentration was extrenely uniformon the
entire sanple. Exanple 3 Exanple:2 was repeated with using unhydrol yzed
tetraethyl silicon which reacts Wit h the hydroxyl groups of titania. The
results werg simlar except the viscosity of the solution was different. It
required 50 an adjustnment on the speed of application to obtain quarterwave
optical thickness. Exanple 4 Exanple 2 was repeated using unhydrol yzed.
B(OCH3) 3 which again reacts with the hydroxyl groups of titania. The
results were simlar, except that due to the slightly different viscosity

of the-.- 6% sol ution, the coating application rate needed to be different,
e.g., 800 rpm - 6 0 024 057 Exanple 5
60
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Exarrpl e 2 was repeat ed using titanium butoxide, [err] and titanium

N sopropU:XI te, ferr] A so, various other ‘alcohols were used. The results

were simfaf. 5 Exanple 6 A1 0%e. g. 08024 Ofhed titania AR coating.
_LNrr on Was ggg,ﬁgaged as described in:Exanple 2. This solution was applied

: typeisi|i cobawplecRswad regeftdd QRiRy p&ﬁnr&ﬁrﬁdt&ﬁfeeT(G@ﬂL)§tahd’ i thahivkh iddpFipoxide,

:rpm ‘The - sarrﬁl“@!iaﬂhhrﬁdsmmmnneraeﬂ{otswe}eusad \Taa:mumMresiralar ous | engt hs of

ti'me. The efr‘sﬁect or‘6 tr rre Of~carri-er concentratien, .junction depth ' and

surface rest S5 nd, .0 {reat e

e b Aok U B oSN M S o ﬁp&%’farmwer% g 2 e
junction deptsampias weeissled 6t Qm)°0 i Vacaliefor \bakumgng‘twa {PhelTiRLIEFRE dFitheOon/ Earrier
af ter baki ng dopsengation; jpnations deptl akeurfpdegedstoncgiof thisioghesitippragd heat TeadRent is shown
al koxi de prechrRtAesRigreah was prepared as in Exanple 1. Phosphoric acid
was, added to extvhgte 901 Ut i 0N to obtain 15 wei ght percent equivalent of [err]

based on Ti 02 COBHplel BivhOidpealddonitiO20% bodbh, TRE]uABH Héth e BOROB bd OBOGfter baking

si l'i con waf erfer Saminugs ar@®17Scditer kpging toe B0 miretesr 20 resistivity. The wafers
wer.e spun a¢ 000 rpmthen heat treated at 1 050[err] in nrtrogen for one

hour. An exc Lu ht gjce d, afk tr'ecrtln%o o?ulf‘l rl-easr as in P 1p L‘\ ri
showed t.hat %cﬂﬂvﬁ ﬁ)&gﬁ QEIQ %?{ ?h'iﬁ @1 pep e@r g‘;mﬁﬂ ¢ 25?:? T'c.Oc
Exanple 8 wascohepesiondihe mpamrcbmvafedmeﬁﬁb bODGHrﬁpérE:érﬂl e
phosphat e solra%mmw Theeafp ran@tersoun magoa mmtbeh keiat tteaB@IGO (05016 irenitrageq foir breartiour. An
antireflect | ra&tr'\gg %"?‘ﬁ PRGGpBted ol PragaiPrPdrdstiptithats suisble phosrbgrus
A sol ution co SO M6 P8t ot al  oxi de which was in part made with 70% [err]
20% [err] andexdmpi@®] err] as descri bed I n Exarrple 2 was prepared and spin

coated on am N-t Bxaenpl08 Measlapaated Sixadpa N 0% phobphoms wiafirodédd feom i rriethyl phosphate |

at 1 000 r pm sotptien. Jhenjinetion ywascfotmakad 1800GDadeanrgxcelientfaptireliBitive ¢natings withn dhaspiroe
di vi ded 1cnp 99RBB 89N e €dcel Is. The results of these unoptinized cells are

shown in the gghbewong. table. 35 In the following table, sanple nunber

4 ‘was faubty i R s6RfEh doREPAGISK total bxideleHidhaNmn biteihadetvith 70% BOLLO% 8,0, and 10%
efficiencies iRi aﬁndeaw@edi rnslixempla 12 wédscprepared ahd smtneoaltaisrtn and¥-typw 1041112 dben resistance

bt d undetli gmatey at 1eP0rgm desvrereba PAPOGE for BR aimyitesiand
Bl o 2 vacy ﬁéf@ﬁ TP P EAI e BOBERT s coriEpS claert St e lowing

i sopr opoxi di@ eV the AMN&Ring ¥aBlel SAHPleGiuRBESr @kﬁm&l{yﬁn Wﬁ'e#ﬁ&m is bBifevERAY stiff hrg\xer
were sim | ar. efficienciex@niph #re Bsted in fHa Hex tqthe B2:3Iuchnaitbe dbtaied anddRomipes edngitions.

solution was prepared as described in Exanple 2. This solution was applied
on:N-type silicon wafers™of .001 ohm per centineter resi stivity at 1000
rpm The sagpl es were baked at 900[err] in vacuum for various |engths of
time. The effect ‘of "ti'me on carrier concentration, junction depth, and
‘surface resistance for this corrposrtron and heat treatnent is shown to in
Table A and Figure 7. Exanple 7 Exanple 6 was repeated with 20% boron. The
junction degth was found to be 0.50 after baki ng, for 50 mnutes and 0.75
after baki ng f.or . 60 m nut es. Exarrpl e 8

5 .




A 3.5 wei ght per cent Ti @2 al koxi de precursor solution was:-prepared as in
Exanple 1. Phosphorrc acid was added g 8? gol ution to obtain. 15 weight

percent equrval ent . of [err] based on 11

concent rati on. The sol uti on was

applied to boron doped sili.con wafers haying .001 ohm per centineter-2o:

=

h

*cgcbq—'
3%

U o )

_|
o0 v

il

=srstrvrty TFRE G Erisiere spun at 1QOp”

sphor us Was™F
" forned at'__

i stance si‘l*con wafer 100 cmin di;

rpmthen heat "treated at 1 QSOQC
ni trogen-for one hour..An excell en§ Eanti-refl eétive coating resul’ ted

ts on-the product showed that a sutga 8@%@8ghorus di ffusion took..

ce. Exarrp:t ©9 s d wlbwde 5 I;e ‘Bunae I epeat ed except 10%:-

€ ', ---roma tr| @yl . phosphat e seol uti on. The- ]UnCtI on
) Oﬁferr]\and an excel | eft antireflecti ve - coating wi'th
sphor dop| ng again resulted. "Exanpl e [10 30 A sol ution contai hi ng 5%
al oxide which was. In part made witlg [70% Ti @2, 20% [err] and 10% Si @2 as
cribed in Exanple 2 was prepared ang sggggcgtned on an N-type 10-12 ohm
8i'a 8w 000 rpm The sanpl-es were
ed at 900[ert} for-45 minutes and wérje divided 1 cnR phot ovoltai ¢ celfs.
resul ts of_these unoptinized cells gdre shown in the follow ng t abl e. 35
t he followrng t abl e~ sanple nunber 4 was. faulty .in sone respect. It is

i eved that® stil+hi gher ‘effici encized MBEHRBY 1isted in-the next to the
t col urm Wil IQ obt ai hed. under opt&ndT“-dbﬁdf?t‘l ons. 40 46°50 55 50° 7
24 057 [ergdu G 0L, M. S, Clai ms.{1 = A nethod. of applying, an. L

tireflective costing ort silicon conprlising the steps of: formng a.
coating of at least 40%titania havi rgg@ccﬂ_)s 2R Pperties on said silicon;

-----

and 5 - heating-the coated sili cong‘;igcvp t he =di f f usi on tenperature of t he
dopant, whereir 'said coating is formed2flroma clear solution which results

fr

om mi xi ng ingredients conprising: ' . . (A al koxide having the gener al

formula M (OR)[err] where Mis .selectedsuch that an oxi de coating formed

3=

h

omthis solution-conprises 40 to 1@8/0 Ry covwer [err], and O to 25%by -
bl ght 'Si @2, ‘wherein Rto - is al k@Sf|ioBIYTE], and n i's the val ence of

(B) about 1,7.t0" about- 8 nol.es of “Watler per nol e of al koxi de; (C)

fficient al cohoI t.0, gl»ve a solid contgnt of.0,1 to 15%by wei'ght of the

ution; (D) a suffici ent~anmount of ga,.Clu,L%p‘L,e,@m d to prevent cloudiness;-

d (E) 1%t o '50% by wei ight "of -a P os &N |BY > $he percentages ‘of the sald

des and the dopant ‘edding up to 1 ‘D'T‘T'T%"TA met hod according to-

i m 1 wherein said dopant is selected fron]the group consi sting of boron
Koxi des, phosphori.c al koxi des, phogphgric acid, and boric acid. 3. A

t hod accordr ng to claim1 or 2 V\hGBEJ,f ,.S,QI%M&,OI’] is only Ti. 20 . 4. A

al cohol solution of a’ bor on al koxisd® yzed with up to about 1;5

| es of water per nole. of alkoxide, ©and sai d al cohol sol uti on, is added to

c
a

net

ngt hod accordi'ng to- ¢l ai m1, 2 or 3 %r%ﬁ%ﬁ R dopant is introduced from
‘ap! KON

nfd _

aj'ti t ani a based soI ut i, on der| ved from tift ani um al koxi des, water and acid. . .
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5 - A nget-hod-according to any of clains 1 to 4 wherein the anmount of (ﬂ)ant
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