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WD 2004/ 007384 PCT/ EP2003/ 007275 1 Sol -gel process
for the preparation of vitreous fits possessing high

W@adlve®384 properti es and stable colloidal sol pCT/AP®03/007275

suitable for its carrying out the sanme 5 Description

of the Industrial Invention having the title:

"SOL- GEL PROCESS FOR THE PREPARATI ON OF VI TREQUS FI LMB
POSSESSI NG HI GH ADHESI ON PROPERTI ES AND STABLE

COLLO DAL SOLUTI ONS SUI TABLE FOR CARRYI NG QUT THE
SAN@oli-rgetlh@mms ofox hth3 tF¢RATTHRPANGE NOVARRCus films

TECENCL § ﬁl&h Egﬁégggn'%r&%éﬁﬂﬁﬁglaﬂﬁfgﬁagi@ col%oldal

Jehner, resent invéntion relates to a sol-ge

pr oces§°i‘@i‘=wﬁ§ sBF—é’ﬁ@ﬁ-ﬁt FeF dftsyiasdaiddad Qs the same
characterized by high adhesion on the substrate of
interest, to the vitreous filns obtained thereby,,

and to the colloidal suspensions 15 obtained in t he

itial hase f th ove t oned [ 0OCEesSS
S G e o Lo L ROY e T LR BE PRSP gl ML, pitle:
ArRIMGEY Haom»:ss)eﬁ’@ﬁt ermm@EamEés@ﬁdoagmmﬂaus FILMS

a@%ﬁ J;I\Qf d1din dspest bk %Oﬁ@ﬁﬁlﬁérkggué@ﬁhm EpgrLOIDAL

present 1nvention IS OCESS

t&@@ﬁﬁéﬁ aﬁUHFAW PR CRPBEINFoRVT oRHEN Ur £acEhgf name

o tahd erSbsId at&igpaRd Nd)\‘?}&l@@u@EéHNGEOGQOQDEI $i.ngothRed in
o erations’ of dissolving gge or nore netal al koxi des

Lanaprotd ke doi vERRSHf Aldi ng control led anounts
of an aqueous solutions of a catalyst to the 25

Sﬁhwtpféséﬁkﬂfﬂmemmi@mnﬁdlabésnboiaosbhggeﬂtpradeqsafer the

bR f ool o008 EERRE, SllarBbop REREHCBY Rian
i andhﬂveorhm oty sub@*atatgnof ointhregtl atpo‘ﬁhéf vikgeous

Sf&lég]t$E%afﬂ%éa@ﬁéPéb%nteéﬁétténghgfcém§oibaﬁlsuspen51ons
drying of the film is of particular iInportance

|?P¥¥&%e¢n¥%n%h%nln%héal phase of the above mentioned

process, that can be removed and maintained as such for
indefinite amount of time, before being processed again to

achieve the film deposition.

More particularly, the object of the present invention is a
process for the preparation and the deposition, on the
surface of suitable substrates, of vitreous films
comprising the operations' of dissolving one or more metal
alkoxides in an aprotic solvent, of adding controlled
amounts of an aqueous solutions of a catalyst to the
solution thereby obtained, of monitoring with adequate
precision the hydrolysis reaction, of the eventual
extraction and removal the amount of alcohol produced in
the hydrolysis reaction, of the gelation of the sol on the
surface of interest and of the final drying of the film. It
is of particular importance in this invention, the
possibility to stop the process after hydrolysis and before
film deposition to isolate a sol that in the apparent
condition of a clear and stable solution, can be stored

safely for long time at room temperature.
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possibility to stop the process after hydrolysis and
before filmdeposition to isolate a sol that in the

wappanerss4 condition of a clear and stabl e sol ptT/@P2003/007275

can be stored safely for long time at room
tenperature. WD 2004/ 007384 PCT/ EP2003/ 007275 2 The
vitreous films are used in theZfield of

t el econmruni cati ons on physical carriers for both
optical and electronic applications; because of their
rBrearkiabteous eﬁihnameetmécérqmr‘aharﬁieahr asi on and

G T QS SLd 4 £ a(?né & |y & yssgrr@é_l ne Kag%lt% oblical

DFOCGSSGS ty | C of t ronic I n
Cﬁ’ﬁé@ifaw apRrlipakioneni kopaueeopt af:h@rlrp rrema@ﬂisble

tﬂéﬁﬂéﬁﬁﬁééh@yet é%hf@f'a$%§§foﬁ'£ﬁa'Eb¥ro§hghla%lllca
s lica films are also used to produce el ectri cal

atdion %%?%e%slﬁr%@mmxrﬂynller@F@ﬁéﬁﬁstaplcal of the

kﬁﬂauﬁﬁanEKﬂmdﬁﬁﬁr@faﬁi§ﬁﬁi§ﬁ% Fl&68F15c@R an a

"Sfp Ccoonngyc;ti?c?%c;hf@el:; g'\g/?p%%gj\é?e‘gs {,«‘gﬁte%?ngﬁjcggga\erte %lr'eéted off-
Mg@eﬂfgllﬁr@m*@#y stimthatfi$ibida nfli lmappkireatilensuasd to
Pddeld Qi g %f\%&é@fﬂléf@v}@e%wﬁsi eka@rsv‘fr_p rg

st materia active dopants non I hear
SlepantaophReigen e@@mcﬁgcia@m i efit {ohseranahy crmt:hmds on a

weing slveloned éwiot he preparation of optical devices
[A. S. Hol nes et EI) i bi denj, anong ot her, as an

be c ed the thermc o 1dat|on
iﬁﬁr% NGed 0@1'2053'( h{g J(%%?m?ﬁtﬁi " ?-??joﬂpEﬁﬂér r 1/9/1993,
redlucER), pr e3Sures gk dns- lezBﬁU$TBiC@gfllmaﬁﬁhﬁal
r; deposifion, efc, tec 0 to_which th
@% ve: C|té%ﬁ%€%ﬂ Jﬁé %ig§%ﬁ% 3 %m%%eél reFaW?v%l?uldes' o
SR B6 M%d@hﬁ%ﬂ@at%@r adieive gopattsafor nonlinear
P 10k tAd v 1 eé’él'éﬁtf’é’@f's?éﬂszﬁgg ?ﬁ?ﬂ@&h Ad, 25

ti me-consum ng procedures that In relatively

(M%ny methods were developed for the preparation of optical
devices [A. S. Holmes et al., ibidem], among other, as an
example, can be called the thermic oxidation of silicon, or
the technique of deposition under reduced pressure, known

as “sputtering”, chemical vapor deposition, etc.

The technologies to which the above-cited methods refer
are, however, relatively complex and sophisticated, their
practical exploitation require specialized equipment and
time-consuming procedures that result in relatively costly
operations.

Moreover, the limited productivity to which often they are
coupled erodes the convenience for their industrial
application.

‘Tt is a consolidated conclusion [A. S. Holmes et al.,
ibidem; Rui M. Almeida,; “International Journal of
Optoelectronics”, 1994, vol.9, n.2, pagg.135-142], that the
more promising technology for large scale production of
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consol idated conclusion [A. S. Holnes et al., ibidem

Rui M Al neida; "International Journal of

Opt oel ectroni cs", 1994, vol .92 n.2, pagg. 135-142],

that the nore prom sing technology for |arge scale
producti on of WD 2004/ 007384 PCT/ EP2003/ 007275 3

wltf_»@aus fillme is the soll-gell ttectmoilogyy. Steth e technology

t echnol bas f ntal steps: a.
<8l Fgﬁﬁaﬁpoﬁ%ﬁﬁe &%n%' %%ﬁﬁgdlun1(partlcle suspensi on

or dispersionin aliquid), 5 b. gelatlon or
aramslcﬁwmmabnO@fl@o&lﬁyh@bh@em§éﬂpﬁn Pﬁﬁ&lcéﬁ spgpension

30'59 3kebetonoh nghobalingi @ gont i nuous |1 guid

h?se) . Fryhng of the'gel. In the procedure for
vitreous film deposition on substra 10 t
Epp¥eLAt 190t A EE?F%\%Qr‘F‘B’:bgnc8§t &g ar"?& e é’lsa%lon into

forged as semseqsrstetof Lhglsbhedny evaportdiivoms diquid
dryln% ggase by sinple heating conplete the coating
prd%% i's however known that in the production

of vitreous 15 filnms, even through sol -gel based
teecinpiogyobnehhagelto face limtations, specially in
the thickness of the filns obtained and/or in the

gﬁgse éﬂgcéﬂﬂgbfféfﬁﬁiﬂkéaﬁgkfllﬁf&@pOSBtibﬁ dnyktgstrate,

T A8 0 B DL BLUET £ PLETBOLYAOURH che g1

fléﬂﬂbﬁﬁbdf&b5%&ﬁﬁ§¢démbeI¢fetméuselaadtbyvapoeation; a
R tfﬁgé;pﬁgég Q§ égﬁb ecﬁgggﬁﬂb complete the coating

procedure.

It is however known that in the production of vitieous
films, even through sol-gel based technology one have to
face limitations, specially in the thickness of the films
obtained and/or in the tendency of such films to crack,

often in the drying phase.

Solutions to the problem were promptly sought and some of
technical answers reported in this field by the scientific
literature and by recent patents, with no doubt contain-
preludes to future industrial application. Examples of such

important reports are following:

- Italian patent application n. NO 98 A 00004 describes a
sol-gel process for the preparation of thick films of
silicon-dioxide that improves the well-known procedure
by the addition of a certain quantity of fumed silica to
the hydrolysis product of silicon alkoxide.

.- A. S Holmes et al. already quoted article describes a
process of high-temperature consolidation of a

multilayers f£ilm.
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preludes to future industrial application. Exanples of
such inportant reports are following: - Italian

w@aioe00738ppl i cation n. NO 98 A 00004 descri besPer/ERH03/007275

sol -gel process for the preparation of thick filns of
silicon-di oxide that inproves the well-known procedure

by the addition of a certain qfantity of fumed silica

to the hydrolysis product of silicon al koxide. A S

Hol mes et al. already quoted article describes a 30

pr oBe8s pbthihghat.énpélaflie demwsulbiamtd gpbfgal process that

| / 4 75 4
T R BKELS e LBl e R RSO AE s o
{ hatilfif@ﬁ@ﬁés bpaliag Rodsvbiteathihen Iwrdrtqfhfzsaﬂl m&\stlon

Wi t htedirbbehenbrhalsingnR0i HtHadihe hitdol yzediciq) |
sol ution (tetraethylorth03|lane et hanol, wat er and

aci 0 des |bes t he
pre a?atPBﬁeSE 3§o§§%f REfRatREton of
ConbnmateonsoﬁllmetBaathithﬂrmm|ﬁh§3dﬂmbfhdﬂiﬁhldf

anh¥g£9g§t E%@%hosﬁﬁ?heofandy%rlﬂ yzaneldgrﬁyatrg%g%%aqus ethanol

I a an necess a very
tre‘ahﬁﬁnftSahytdmlerrz@d by Alduedves lammn:saoland crmsr;esﬁltate of

whi ghythe a&%ﬁe@%&maqr %&re%%%ntafaﬁc My &h

exanpl es, nmake the sol-gel technol ogy attractlve for
#Qf p&gg ration of vjtreous filnms, but do not offer a

} MW%&OH%@%@ fof whbeBalihenBasEprgnt paragraphs
iﬂxﬂldnﬁyCHlfﬂWfEXampE@@San@Eethﬁetgﬂpeéélut@chnology

r€ U|r nents 15 because
s

ra g neg ﬁ s, but do
par BC 1R ERAS ?h%? Qoul'dy ﬁ%ﬁg?|§é Nl
inﬁﬂLﬂﬁﬁﬁrt&mﬁulluhﬁmmvemiémtypnbcehe fproaebsoadhéndustrial

ﬂ%@%lf@zﬂlmsem\éé Org@@aﬁgétofttflé g&ﬁ é?gggﬁg Péﬁggﬂgments
to deposit on substrates accor

or because of thickness, or for particular technlcalltles
that could negatively influence the industriability of the

process.

The Applicant hés now found that it is possible to prepare
and to deposit on substrates, according to the sol—gel‘
technology, vitreous films following a procedure presenting
none of the disadvantages of the known art, nor the
limitations to general applicability so far reported on
count of sol-gel technology.

As a matter of fact it is a first object of the present
invention a process for the preparation and the subsequent
deposition on suitable substrates of vitreous films
comprising the following steps:

- Preparation of a solution in an aprotic solvent of one
or more alkoxides having the general formula

Xm — Me - (OR)p-nm

where Me is a metal belonging to groups 3°, 4° or 5° of
the Periodic System of the Elements; n is the Me
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20 technol ogy, vitreous films following a procedure
presenting none of the di sadvantages of the known

wa@edao4/00ms4 the limtations to general appli cabPCT/ER2088007275

far reported on count of sol-gel technology. As a

matter of fact it is a first oke%j ect of the present 25

i nvention a process for the preparation and the
subsequent deposition on suitable substrates of

vitreous films conprising the foll ow ng steps: -

Pr epaz-b@hof: of &ssBi w1 oPRisn vatrtl’apﬁloteqelaéort\@em ofifferent

O MBE6nakKOK! des-bav¥! B bhe1aeagkd! pLalal 330 1XBs or 1over
Me h-mwhere Me is a metal bel on |ngt gr oups

3, 4t1’6"fm?33ofR R Pelitedily SRRt Gabl @@ ement sl @ number

is the deriéh28040906384oPCH/ EP2003/ 007275 5 val ence;
Xis RL or OR, wth equal to or different fromR

m| Z nunber equal.to or | ower

BB e 8 IR b b L SL G £ ot Rebee S88e of a
car tvert adtysris bup adelit2iob of Hyaltetysi s of the obtained
solution in the presence of a catalyst by addition of

V\@t @’ventu%\ierite%@varle@aéhé)fai%@i Cf)cl)'lﬂh?éo ﬁrfgnguﬂlgg
rolysis reaction. - Deposition o e Sof on
the WL%ﬁlryét@ Feaqfticest . 10 - Final drying and

stabilization of the filmcharacterized by the fact

t hatDeldos ifiepaion it Glol Nth S@he 0K Srate b AREOLESE.
medi um The film deposition can be carried out

mn%q ft | et th ssre ction

I hle colq&ﬁélgerafgdsr?a&gr];n Jo(grlla ge%“%/ IL charagterized
canhYetrh@th\ﬁe?tt thiedt e pimpateti@vedt otfhmysbblgecsrs in an
reachad and miQngd indefinitely

The film deposition can be carried out immediately after
completing the hydrolysis reaction, or the colloidal
dispersion obtained in this phase can be removed, whatever
be the level of hydrolysis reached and stored indefinitely
to be used at a desired time: this peculiar solution is
characteristic of the process of the current invention and
also define the second object of the invention as juétahere
stated: to provide a stable sol constituted by the |
hydrolysis products of an alkoxide corresponding to the
above-reported formula, dissolved in an aprotic solvent,
from which eventually the alcohol produced by the
hydrolysis itself would have been removed. On this ground
are important aspects of the process of this. invention the
following:

- simplicity of preparation of the sol composition and

stability thereof in time at room temperature;

- easiness of film casting, according to known techniques
executed under mild conditions and with acceptable
times;
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invention as just here 20 stated: to provide a stable

sol constituted by the hydrolysis products of an

al koxi de corresponding to the f%bove-reported formul a,

di ssolved in an aprotic solvent, from which

eventual |y the al cohol produced by the hydrolysis

i t sefgPivb sl aien bekmes eneield. £ Ot hesagnbngdho@bganeous

|”pQﬁkﬁnﬁu9§ﬂ§§ﬁ§nféaihéthQ@@ Si0f1LBI 8¢ LAxen Phggrate

the followng: - [1Tcit preparation of
com&ﬁﬂﬁ%Q%?%uHPCQﬂ%ﬁﬁﬁaty thereof intime at room
tenperature; - easiness of filmcasting, according to

knowrott ecdwd OfieS paik -exesateshtsder mld -conditions
and with acceptable tines; W 2004/007384

PCI/ EP, 127 -.rapid_gel ation, ti with f
ré%ﬁ?nggggégg %egeSS sugﬁdatﬁ ﬁ@@ﬁaﬁ?ﬁ%g?%ﬂl alds gEJeCt
cﬁéréh@eprsseng dhvehs isuhs brat eharendieringdinghanged;

- not need for post-treatnents. 5 As a consequence of

such i yIRERSS dped 1 4 iBs+ A S0, obj ect  of the present
i nvention, are characterized by: - high adhesion to

sub ate final shrinking wthout crackings; - good
QﬁﬁPK%ﬁﬁn%&?Wﬁﬁ?ﬂ?ﬁﬁﬁ¥%%&§'10 - good
planarlzatlon capacity on the substrate surface; -

goodjcmpt imeadhapriopelr tdres. iRefeitimng peopder psogess for
the preparation vitreous fil ns according to the

t f |
p:r:?%%td gl\ré%{)grfe Ter ailb({}il %‘3’32% }Eon an Sa% %){giltjeasur ace;

- good optical properties.

Referring to the process for the preparation vitreous films
according to the present invention, in the above alkoxide
formula the “metal” can preferably be silicon and, among
all possible alkoxides, particularly suitable to the

purposes of the present invention can be the following:
- tetramethylorthosilicate

- tetraethylorthosilicate

- tetrapropylorthosilicate

- tetrabutylorthosilicate

- ethyltriethoXysiléne

- methyltrimethoxysilane

methyltriethoxysilane

The alkoxide or mixture of alkoxides can be dissolved in a
suitable solvent and reacted with controlled amounts of

water in the presence of a catalyst, preferably of acid or
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15 all possible al koxides, particularly suitable to
the purposes of the present invention can be the

wo oloowi3gy: - tetranethylorthosilicate - _PCT/EP2003/007275
tetraethylorthosilicate - tetrapropylorthosilicate
20 - tetrabutylorthosilicate - ethyltriethoxysilane -
met hyl tri met hoxysilane - nethyltriethoxysilane The

al koxi de or m xture of al koxi des can be dissolved in a
25 suitabl e solvent and reacted with controll ed
drtin clviragkaer the theapriesencenobeaacavabysthed, under

%ﬂfﬁ%ry of %.%&noieﬁ(&g%JéQO?%g% EC{/J.IITZTPZO%%@C)%?%?%etween

asi ¢ character eacfion’ can bé acco
dRIEMIngieaah, Ta heyons ¢ chpermedivn fer aa spmetic

iqueipides betaveem E@fo@;f%%l nghf)@%hgh%ﬁ?e%@%to

er ab

apr ot npoun can
é%?%ﬁzﬁ%ﬁé? 0 OX%P?Et?%%y@%%P%FQﬁ Céﬂo%&nélsﬁﬁéved in
aﬂticdxmlesmfde alf ssottvek | if SoiTheAt SBEVENEcAEentration

a co centration between 30 and
60 y vvelog;":‘f%H %%r%%/s"fesl ttion can be carried out

throu addition of controlled ambunts of water, so
%M%%$1WQﬁ?ﬁﬁﬂQuCaQubQ)CaIEiQ@/u@thhmeaghOaadaﬁdon of

%orwﬁlﬂf&p%fn&ﬁ{’d@%f Ty &hd é"an‘g’mQYﬁEaerghe molar ratio

en 2 and 3. as t
g%?éﬁ? B ¥e€8 ernddd thi PreigHaey dgtwRererkdS ;ind 4 and,

@V@nm(oreaq:blﬂaﬁmﬁafbllsa Haiwwﬂ D, ain@ngi .Bs £he Q@Stﬁe acid
ot her, es suitable 15 for

b nj a,
§'Ssir ﬁasno?O%p%nl{rrﬁe ’het}yﬁ mjoq t %ra%lﬁllf‘h%?éa%ooifh@rganlc
@lﬂl@omﬂmd@ dietgreem O 0 efref rd enbodi ment of t he
i nventive

The basic catalyst can be ammonia, other amines suitable

for the control of pH in the sol, or other suitable to the
purpose

According to a preferred embodiment of the inventive

process, the hydrolysis can be conducted in the presence of
aqueous molar solution of HCI.

The molar ratio between alkoxide and acid can range from
1/0,001 to 1/1, but is preferably that such a ratio be
maintained between 1/0,1 and 1/0,01. At the end of the
hydrolysis reaction, the product has the appearance of a
clear liquid, free from solid particles due to traces of
insoluble gels. It is possible at this point, according to
an original and innovative aspect of the present invention,
to obtain a sol with improved stability by elimination of
the alcohol formed in the hydrolysis reaction.

The removal of the alcohol can be accomplished following
any methods known to the state of the art. To the purpose
of exemplification the Applicant reports the experimental
event that in the case of ethanol produced by the
hydrolysis reaction, this is removed subjecting the sol to
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process, the hydrolysis can be conducted in the
presence of aqueous nolar solution of HC1. 20 The

woredoanor3sd i 0 bet ween al koxi de and acid can ranPeT/EPmns/007275

1/0,001 to 1/1, but is preferably that such a ratio be
mai nt ai ned between 1/0,1 and 1/0,01. At the end of the
hydr ol ysis reaction, the produ@t has the appearance of
a clear liquid, free fromsolid particles due to
traces of 25 insoluble gels. It is possi-ble at this
poi FROTEeEbrdi PR tbaladespilyenali zahdonnhov abinse saspect

- ' ' LN RYY :
‘%?%‘52%?%‘?‘32‘?????6%“;%??% hoePonter RepBun bl co1l0ida)

i [o}
FOF R PR et 1y dr SPpeT3trEgcPEoRPOThe4PERBVaAl of the
al cohol can be acconplished followng 30 any nethods

lﬁﬁwprévﬂddmﬂﬁtméf?ﬂéné?? ﬁhé-pf@cé?@ ?ﬁ&@@Qggg?%gnFae
ifi i.on. the Applicant repo e, ex
e P h cadh b ERhaROPOpF SatBolt By CPHEse after
lﬂMﬁﬁﬂ%&ﬁ%Sﬁe@@¢$onbtahm$ngsareuvaHaBubbgahingbbﬁ and an
; 4/ 007384 0 275 a .
?g{ﬁtt%%%&e) ar t(?]glég%s}g%é%?%zgﬁfgﬁg%%ncoﬁg?ﬁﬁFterlzed by

. Qﬁizﬂﬁﬁe¢n¢e@@%@da%rb@S@lEQWkéEpihgnghéime storage
il r0d kel de SaISRARR 06 A 2cbRERRL AL LI 6 Oby 2PALL1 A0
As pr.evi.oysl nti oned, the process according to e
égrp%)ce“s"eln‘iatﬁer%eﬂf%ﬁﬂ% TFPReBEFRpRRY FHrther ceapsghereot.
difteerst dyyedren| arsd sgor suwsvHDL &h NbNOs@cB0sol Nahni §iAPly be at

t [ntegral part of the present invention,
gﬁ%%%éie |£§}%ﬁg'high stability and such as to allow

its long tinme storage w thout deterioration or
drinset isonl 15e i@ dfter edioihpiesl yhhs wehttion or

Qﬁﬂﬁhﬂ@ﬁ%%éﬁéﬁfﬂgtﬁggdl¥5¥tiﬁ%eﬁ§ ositFors L OF 408, aRd 1
onservation _of such sol can S|np:%'%e at. Foom

?’:S?lp}é"rgat ChATEF957atS st Rt e r Bready tdescribed.
Megrod iytsiion rrAaciicoMddired substrate does not present any
particular difficulty and can be carried out according to
the various techniques used in the known art as knife
deposition, dip-coating, spin-coating. An important
property of the sol according to the present invention is
that of join to its high shelf stability its short time of
gelation once deposited on the substrate. Referring, as an
example, to the deposition for spin-coating the films are
deposited in seconds using rotational speed of the order of
1500/2500 rpm and they do not any washing or post-
treatments. The coated substrates can be moved immediately
because the instant-gelation makes it solid at the time of
removal from the spih—coatér. In fact it is an important
property of the film according to the invention to
demonstrate excellent adhesion with regard to the majority
of the substrates used in industry as, for example, silicon
semiconductor wafers, gallium arsenide, polycrystalline
silicon, glass, quartz glass etc..

The final drying of the film has the purpose to completely
eliminate the residual solvent from the gel and to complete
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after storage, is used for the deposition of the filns
15 having the characteristic properties already

walewaniised. Deposition on the desired substraP€r/@pme3/007275

not present any particular difficulty and can be
carried out according to the éarious t echni ques used
in the known art as knife deposition, dip-coating,
spin-coating. An inportant 20 property of the sol
according to the present inventionis that of jointo
i 13 HigHt shied?i st aptriery itscanope epRBustedgekatiioy the
om:an-dﬁnmﬁwﬁe@giﬁh@nts@@éﬁ;ateterﬁiséféﬂt;?%s ?%Jec%%ieln _80°C and
e,to the deposition for spin:coa ] .
eﬁi@ éﬂxﬁﬁﬁt?ﬁﬁ*?F %%ohﬁsC%§PL%t %th?l%ﬂé?ﬂ Biagdest time-
téwaoraet o AScubO0M@ 500kt aﬂdetipyeéj@iggt o&Nny
' - atments. The coated substrates can. .
e s g U EERa B ot HeF et L el By geutities
ke s tCEtkihatcaheed e efceseimwashfinkinheof the gel in
\d-EOAERS - act it is an inportant property of
?ﬁgpfilmégxgﬁiﬁ%g to the invention to 30 denpnstrate
cellent adhesion wWith regard to the mpjority of the
e AP | AT ERAE Ve sdmbedtnexhnpfethsi nyentive
sem cjudaia vef € $1 k@l dé USd BiSEMhElecan also be prepared

talli ilico | ass, quar | ass etc..
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cbirgt} istad] yso 36 @biani mat ehé heby esdnluad ?Qégggb/ gggastéhefilms

; 4/ O 4 PCTIE
S e T S Lo O e e rRie 8P E R
tHef fmanh stttreates ias are bl ers @n tmpesanar sgbstrate
?gfy nf%ﬁfzgqffﬁg- sggﬁngnd iggéﬁgﬂ%éfaégup%h%ﬁ? %Eéll?ess
aodcpé%‘ﬁ g DB T RIRAT 1 e ditP e 1’3 oReeREPiNpf into
chues tsli nyflimdiee Sinedgl Df e € MR 1k T SESIr bﬂeﬁﬂéﬁsﬁhﬂéhing

Sé}fé @ﬁe‘&ﬁcgﬂeorgselreiqnuirtehc? idr{ ytll'{]eq cPer}?gseited films.

Finally we should underline that in the process according
to the present invention there are no problems concerning -
film-thickness and it is possible to obtain any value of
thickness, between 10 nm and 2 nm. The final thickness is

controllable by monitoring concentration of network

" precursor into the sol as well alkoxide or alkoxide

mixtures types entered. The Applicant has determined that
alkoxides corresponding to the above formula with X equal
to Ry contribute thickness higher than the ones of the film
obtained via alkoxides where X is equal to OR;: special
formulations of sol that controls film thickness through-
the use of different type of alkoxides is not only possible
but, at times very practical within the frame of the
process of the present invention.

In the following are reported some achievements in the
field of present invention only for the purpose of
supplying practical examples without any limitation of the
invention itself to those embodiments.
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According to an alternative enbodi mrent of the
i nventive. process, separate al koxide sol utions can

wabk®a/obsspr epared 10 the sane under goi ng hydr BCYEPROHD07275

different tines. The distinct sols obtains thereby can
be used to deposit filnms on different sanples of the
substrate of interest on diffElent substrates as well
as on the sane substrate according to a deposition
order suggested by the skillness 15 orthe
tExsdnpleyi cal needs, or they can be reconbined into
one sol of nore integrated properties for better
m@i&ﬁ@p@ 1the specifications required in the deposited

films. Fipally we should underline that in the process
a%%%?%l"f%‘@lO%thé présbasefinoantponaehbyd cartdiosd licate.
probl ens concerning 20 filmthickness and it is

ossi blﬁom@domalsn aByt¥ahygqok hEbﬁE@%&stQW%%e%a@ is
al thickness i§ control

y
nDnl$d?lﬁbt% %ggﬁt? tPBnaBPyﬂéPﬁérRceﬁpé@uﬁ§§'ﬁﬁﬁr g (0,75
tmmﬂsm)tag MBttaatkyxdehoslah&axedQTE@BXIuB%%phh@e%he flask

s_deter d
ko T BB R WS R TR OE pbl i 8830 4 of Bl
aqlqummbﬁtwbuaeet atfldedeby hilghedrbbainghgmones ratio
@E@@e_}ﬁéd :mp@btained via @ldox d g\’h%&?lé.é uv%liter

. ‘special _formulations of o) con
f# EF?H%W% k‘?’i’%%‘étt h? cigRuUtes heDusdngf tHL&f simet tmpeemperature
at koxs desom s200t ol yopossi bl e 30 but, at tines very
practical within the frame of the process of the

the,f ted
et i kBt Cpe AR B8 RO ePER oRpy minutes,
fidren Herpurphse b$ newpal ylegr ptagtidak ewaumbeﬁf 50¢ is
o t to
oL etrff)‘%?ﬂrlrae%g@{é 500 SR A LRER ol 8B 5ekew
]iyogggﬁnﬁ%glutlon .

With the same procedure an identical round flask is loaded
with 266g of anhydrous ethanol. The same procedure used to
prepare the acetone sol (solution A) is now used to prepare

an analogous sol in ethanol (solution B) both solutions are
left on the laboratory bench.

After 2 days solution B shows clear sign of gelation.
Solution A maintains its original status after 1 month
without any indication of gelation.

Example 2.

266g of anhydrous dioxane and 156,89 (0,75 moles) of
tetraethylorthosilicate (TEOS) are loaded on 1l1. round
flask containing a magnetic stirrer bar. Following the
experimental procedures of example 1, 41,69 of 1M aqueous
HCl are added (molar ratios TEOS: H,0: HCl = 01: 2,32:
0,016).
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Exanpl e 1: Preparation of a sol based on o
tetraethylorthosilicate. A 11. round flask containing

W@200800%384 ¢ stirrer bar is 5 | oaded with 266g PET/AP2003/007275

anhydr ous acetone and 156,8g (0,75 nvoles) of
tetraethylorthosilicate (TEOCS),_ Keeping the flask at

room tenperature, under const stirring 32,4g of HCl

1M aqueous solution are added by sl ow droppi ng (nol ar
ratio, TEOS: H20: HClL = 1: 2,3: 0,016). The addition
ALi@E eP0 10ipegasr estapotitons offi Adeg.d Dirdmdg tehies removed

tfﬁ@mtbﬁet?ﬂﬁ@kaéﬂaestékééséﬁranaggst%dﬁ%%lﬁgfrJlHHJscrew

f th t tai ned for "about 15 mn
3%@% ng1 RﬁigdzgogaﬁF%ncpethﬁl&@m@%ﬁkﬂﬂlﬁﬁiQﬁlQﬂkis
i sramofteetadtand gb@aeﬂngne&agb@&&o&or&t@ R&Ib Véc,::ﬂeééiurteo

t 0ol ut a ro
SE AR IRRPRE AR gL (IR TP S about
a&%y@xnugeethhaeplnqhbheamntprna&dmempaﬂaidﬂe Y T eand
té@m&?wﬂgsésb};&sgm'é?@ @?g Aty gﬂqugo PR Fraporation

an ana i n et hano
sﬁ$u%m%ﬁ§rapéed2@ndean @ﬁu@hevbéBGEap@rﬁﬂmaaﬁ$ aAfdest to

2rQ@Y§c§0£Hé|@Bhﬁnéboﬂélﬁkﬁéﬁ §b&6v%ﬁ 9@H@'é¥%porat1ﬂ$ is
Solution A maintains its ori |na StatUS after

g %%’E t%ﬂyu?ﬂar cERP oFRBE a@ng—téﬁnS% Iex pgled 121, 2668
cﬁomm@mﬂr@ﬂﬁodlOXaéEh@ﬂdllﬁﬁ Sﬂe(@vZ@ogﬁg%Shfg?etermﬁ?ed by

a h hos aded on roun
(a8 R EYPEFhORgRY nabfiet PRSP E EPE: Obar ROT RGOy e
exgetdpement pfoe&dpmeatefwathnﬁhex&ne4ls &@p@éﬂéﬂ until the

r ( 1 o

S B e D b b et Fe o rors 99%
qgtractlon of ethanol generated in hydrolysis. A sample of
50ml of the sol so treated is transferred to a glass
container with a screw cap and stored as Solution D.
Solution C shows clear signs of gelation after 30 days,
while Solution D maintains its original condition after 365
days without sign of gelation. '

Example 3.

177g of anhydrbus dioxane, 1229 (0,588 moles) of TEOS and
68,4g (0,384moles) of methylthreethylorthos1llcate (MTEOS)
are introduced in a 1l1. round flask.Following the
procedures of example 1, 41,6g of HCl 1M aqueous solution
are added (molar ratios TEOS: MTEOS: H,O :HCl = 1: 0,65:
2,22: 0,0416). After 30 minutes a fraction of 50ml of the
liquid is removed, stored in a glass bottle with a screw
cup and labeled Solution E. The remaining liquid is set
into a rotating evaporator and evaporated with the
procedures of example 2 completing 3 cycles of evaporation
and dioxane addition.



After 30 mnutes a fraction of liquid (50m) are
renoved fromthe flask and stored in a glass

wa@oeowantes with screw cap and cal |l ed Sol uti onPCI/ER{ve3/007275
remaining solution is transferred to a rotating
evaporator and subjected to 5 evaporation at a reduced
pressure (about 100 tor) for abbut 20 ninutes,
keeping the internal tenperature at 5C and collecting
about 80m of evaporated |iquid. The evaporation is
|ﬁhérﬁhgp@étagaaahleqaaﬁlwﬂhﬁnyﬁﬁthﬁ(ﬂ@ﬂp@ﬁﬁhﬁﬂiSinents
reabaestkhengthangl o?fOlt %mvﬁngﬁ%o‘?\ﬁqpq{ya& \PVsis has

is 10 restarted under sane con I ons :
pE?SPI éFfCO'tVﬁéedcoﬁcéﬁmPétel &F SOmdt pdhdihg difheld remaining in

eyRpoeabgoirgtaet @&ﬁ’sg&e%an)d%s zce:ﬂ{owmi O?Jt%?_i% e glass

i on evaporation and replacenent of evaporate
5 oBEhEiPoRAtE FeSPERELEOR and LabRl e Meitos dobdolttion &
anhbysi _Slehr]E hégﬁsl bécted altiigqui (ifSﬂ@I\NaSCQ%yE while solution
ext Lac . : erate r
o hREhiTnd 1fL BOPL RGP b AR Rils

t gedagliagsateent 3bhedawisth a screw cap and stored as
Solution D. Solution C shows clear signs of gelation
after 30 days, while Solution D nmaintains its
original condition after 365 20 days w thout sign of
gel ation. Exanple 3. 177g of anhydrous di oxane, 122g
(0,588 noles) of TECS and 68,4g (0, 384nol es) of

met hyl threethylorthosilicate (MIECS) 25 are
introduced in a 11. round flask. Foll owi ng the
procedures of exanple 1, 41,6g of HC1L 1M aqueous
solution are added (nolar ratios TECS: MIECS: H20
HC1 = 1: 0,65: 2,22: 0,0416). After 30 mnutes a
fraction of 50m of the liquid is renoved, stored in
a glass bottle with a screw 30 cup and | abel ed
Solution E. The remaining liquid is set into a
rotating evaporator and evaporated with the
procedures of exanple 2 conpleting 3 cycles of
evapor ati on
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and di oxane addition. W 2004/ 007384 PCT/ EP2003/ 007275
12 The chr omat ographi ¢ anal ysis of the evaporated

waoeleos4 i ndicate that 99% of the ethanol predUERZVOB/NT275

hydrol ysis has been recovered. A sanple of 50m of
the liquid remaining in the e]\é?porator flask (sol) is
renoved, stored in a glass 5 bottle with a screw cup
and | abeled Solution F. Solution E shows clear signs
o% gel ation after 30 days while solution F naintains
i Y$%6PFgi nal condition without signs of gelation
after 365 days. WD 2004/ 007384 PCT/ EP2003/ 007275 13

dCl aimfmoce%s?rﬂmsmef @riﬁfrmmaraa%a ?tfhflr@e}_ta8§itj.on of
epQsi.tion of-.- vitreous .f1lnms on substrafes conprising,

t heqéglﬂleg’vﬁsngflls Sopdt HPSTRATRS AT HFLL0 sbitat f8h1PRLNT
an &yewtsi:c sol vent of one or nore al coxides
corresponding to the formula Xm- Me - (OR) n-m where

Me is 0Qgi BY :QuUPs .3, -4 f, the
per rod LR Er o O] BnehPudidPin an® Bl sdlippt of one
Me; X P% TAT®raERaxigeehcREreguanddngditpf dhentf ofmmorheR,

mis either zero or iyteg®fe nunfes) equal to or |ower

than 3; R and Rl are hydrocarbon radicals with a

number .of carbon_at onms egugl to or lower than 12; .
hydr ol VT of St he DbTRFALdPSOPEPIBA FR gReUBFesencd of 5° of
15 a cttalBstjodévenfustemeobvBRlenénthe al ¢ehehef eamedce of

duringyd hey hydgol ysisk. reagtion ition.af the. s

on t he spbstyaté‘é%sf%%éreskﬁ ﬁl Q&BQi or gl%ferent ?rom R,
m 1s either zero or integer number equal to or lower
than 3; R and R; are hydrocarbon radicals with a

number of carbon atoms equal to or lower than 12;

- - hydrolysis of the obtained solution in the presence of
a catalyst;

- eventual removal of the alcohol formed during the

hydrolysis reaction;
- deposition of the sol on the substrate of interest;
- final drying and stabilizing of the film.

2. Stable colloidal solution obtained by hydrolysis, with
eventual removal of the alcohol byproduct, of a
solution in aprotic solvent of one or more alkoxides
responding to the formula reported in claim 1.

3. Process for the preparation and deposition on
substrates of vitreous films according to claim 1 in
which the alkoxide is preferably selected among
tetramethyl-ortosilane, tetraethylortosilicate,
tetrapropylorthosilicate, tetrabutylorthosilicate,
ethyltrietoxysilane, methyltrimetoxysilane,

methyltrietoxysilane, or mixture of the same.
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final drying and stabilizing of the film 20 2. Stable
col l oidal solution obtained by hydrolysis, with

we@@aosB4 r enoval of the al cohol byproduct, of P@I/EP2003/007275

solution in aprotic solvent of one or nore al koxi des
responding to the fornmula reported in claim1. 3.
Process for the preparation aidd deposition on 25
substrates of vitreous filnms according to claim1l in
whi ch the al koxide is preferably sel ected anong

t&ﬂrgwﬁﬁgyf-ﬁ@ﬁ.@§%!pﬁ@pafgti@ﬁtﬁﬁﬁﬁﬂb@ﬁ@&kﬁ@heon

tetrapro orthosilicate, tetrabutyl orthosilicate,,

et hyPLrPRTBRTRi PANG: CHEONS| £1 178t BEGOFFARg. t90 Claim 1 where
nmet hyhé raptokysi saheenor im gteferabliyhehsare. Pdween

2004,007304, PLIL ERR002LP0T215, 44 (4, Bracess for the
preparation” and deposSition on "Su strates of vitreous
films according to claim1l where the aprotic sol vent

i3 predesadl foEnhbRencheparehioncandndeppstitalopdosf ur an

and gh9xerfced of TLOL688sf 8i1hbe,REERARAL @B ¥MGim 1 where
dep03|t|ogkon, substrates of vitreous filns accordin

, » ,ng
to CHAF ntikoRtde SPHRCLPRORF dBLEEIEEI B 8 kekid@se igf the

al ko dlesit nsdébeenapi otbhetsobnepdsi snbeboreny3QWiand .
60% by weight. 6. Process for the preparation and

posit i o 0] b es, of vitrequs fi.lns
R ooy ofef TP IS LRR E3c Phn Rytr P D4 tapny B
al koxildet rates cofpvithedus hfblmh aaddirtiiog ¢b &laim 1 where
Contfﬂélﬁydﬂgfﬁﬁiéyoﬁftﬁgt§iko§id§rQgeéécgﬁklﬁgﬁed through
preparation and deposition on substrates of vitreous
fil RIALEEPRI Pf 2 oCPRETabEeR qUBNELEYNPRhERESKat er s
added in such a quantity as to nmaintain the nolar

rat i PrdPOf def bet veenpPepapatlibn aBd Repeessibear ohhe
preggﬁg%%ggtggdogegg %éégg gglms according to the above
claim where water is added in such a quantity as to

maintain the molar ratio H,O/Me between 0,5 and 5.

8. Process for the preparation and deposition on
substrates of vitreous films according to the above
claim where the ratio H;O/Me is preferably between 1,5
and 4.

9. Process for the preparation and deposition on
substrates of vitreous films according to the above
claim where the ratio HyO/Me is preferably between 2 and
3.

10. Process for the preparation and deposition on
substrates of vitreous films according to claim 1 where
the hydrolysis of the alkoxide is accomplished in
presence of an acid catalyst selected among mineral and
organic acids with Ka between 0,1 and 3.

11.Process for the preparation and deposition on

substrates of vitreous films according to the above



substrates of vitreous filnms according-to the above
claimwhere the ratio H20/Me is preferably between 1,5

wQ@0ooana73d4 9. Process for the preparati on and PCT/EP2003/007275
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deposition on substrates of vitreous films according

to the above claimwhere the %gtio H20/ Me is

preferably between 2 and 3. 25710.Process for the
preparati on and deposition on substrates of vitreous
films_according to claim1 where the hydrolysis of

t he &LR&% yhere atév@onqﬂaog:ﬁem iaf kmob:s:elmm@flarpmfmably

cat abhyat sel ecled RIORE HNeAl ng@ﬁf'g i gsy
w th Ka betmggﬁ 0,1 and 3. 30 11 Proces or ?ﬁ

ration d deposition on substrates of vitreous
pﬁ?ngr%é&sd Rg %t & SRFRAE \RB Aok dRP3Bition on

PCT/ ERBBO3LBGE2 BE v]fb:ﬂéoajgnﬂmafsﬁ ddor®agd 08 @faim 10
hydr%h¥§ th% %Teferabg% c%%qg% res Cgﬁgfaéggmpllshed in

aqueous Sol Gt oY M&
pr epRraceopncand deposintidy @f sdist rsaicﬂrs 0§ hvate edusolar

f'|n§a€§6°%§kﬁ%ﬂd&/Qde“ﬁg%i%éM“%fbthﬁrgﬁgcﬂy?ls of

the al koxide 1s acconplis gsence 0
ntity of acid such to have a nDIar ratio
aiSOQFagﬁéélJOEeF@@e@rﬁﬂﬁnﬁ?EQﬂuﬁqg:ﬁeEE§¢#k@@s%nfor

t he Pﬁﬁﬁagétb@no&n@%$ﬁ@3%§|ﬁ%%d§1?éﬂg¥§ﬁ¥§f¥%‘¥%ﬁ]a%sve
vitreous fi or di 0 e QV cl ai m wher

the ROPAP FHEES BOWBETSR EoiGe BiidreR Rlkoxide and acid
pr ef ésablry fleetivdgn betGiebrand 03/10, 08 1/1%4.Process for

t he preparation and deposition on substrates of

VlhrﬁgHéegbl%Bra%%%r%F%%aE% O;Q3h‘%§ﬁ 514416

SIS reaction 1ron 1 n .
apr ofPES§EREESt Oifs Vi§ireomed fiy msh@aaemslialg dfo tdleim 1 where

the hydrolysis reaction of the alkoxide solution in
aprotic solvent is followed by the removal of the
alcohol byproduct.

15.Process for the preparation and deposition on
substrates of vitreous films according to the above
claim where the removal of the alcohol is preferably

made by subjecting the sol to partial and controlled
desolventization.

16.Stable colloidal solution .according to claim 2 when
obtained with the process according to one or more of
the claims from 3 to 15.

17.Process for the preparation and deposition on
substrates of vitreous films according to claim 1 where
the deposition of the film on the substrate of interest
is accomplished through a technique selected among
knife coating, deep coating and spin-coating.

18.Process for the preparation and deposition on

substrates of vitreous films according to the above



al cohol byproduct. 15.Process for the preparation and
deposition on substrates of vitreous filns according

wo oootioe73above cl ai m where the renoval of the edTaPm03/007275
is preferably 20 made by subjecting the sol to partia
and controll ed desolventization. 16. Stable coll oi da
solution, according to claim 2%hen obtained with the
process according to one or nore of the clainms from3
to 15. 25 17.Process for the preparation and
deposidironwivare stibst dapesivbioni t sepusfiirhbi yaacaotipng shed

he deposition of the filmon the

subé%fa é$%?@$% Brest s acconpl i shed through a
techni que sel ected anong knife coating, deep coating
antt Bpverevafeagth8opIerPratiss abf €RPOBLEPQNALIR- ON

and geposiiten QE V§H9§bﬁ§t§§1ﬂé xbébﬁeuﬁgfhbﬂglalm 1 where
accordln% to.the above WO 2004/

PCT/ EF2 ®b7§7$1n§6léléFﬁPmHéﬁéhFﬁeaHeBo§?FP§ﬁaF§re

pr eflesaddbam azooapdi 50efc. by spin-coating. 19.Process
for the preparati on and deposition on substrates of

ordj tqQ claiml1l wher 5.the.fina
T TR BB REh0etd bl BraoliEch, el shogrly Blocess
and 5©©Qrd2@gvt©r@b@$miiCharebtatheadamd tdbposithey have:
with the process according to clainl characterized in

that_t aesidi &b adhesd WMt dde substrate; 10 -
final reduction in thlckness mnthout cracklng, good

mechani cal pro erti.es; Ianarlzlng_grqpertles;

- goodﬁﬁﬂﬁ%: qﬂqﬁﬁgq 1c ness withou acking;

- good mechanical properties;
- good planarizing properties;

- good optical properties.



