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

W@adlve®i384 properti es and stabl e coll oi dal sol up€DREB2003/007275

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

tm[ﬁﬁ’&sﬁ aﬁUE’FA% FOR CRPREINFoRAVUT oRHEneANE! f ABetBP name

e tahd ersbsId i GBpa®y NOTARRUSECHNOBOGEOBDEL 3. NdokhBeed 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

i PPERIREE bR nthdninihbal pplRassi Pift yheo2keBp PRETioned
P B6ESSs Af tiedt hysh by siemenddbgharfaintained 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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filmdeposition to isolate a sol that in the apparent
condition of a clear and stable solution, can be

wat@nearsssafely for long time at room tenper at BEEEPAIB/007275

2004/ 007384 PCT/ EP2003/ 007275 2 The vitreous filnms are
used in the field of teleconnunlcatlons on physica
carriers for both optical and?electronic
appl i cations; because of their remarkable resistance
to tenperature, abrasion and corrosion, silica 5 filns
ﬂh@tﬁ%ﬁie@wsaﬁibmanwte u$sdpﬁmcﬁhse§ieyﬁioﬁl of the

r n .
oA ROy 82 SIS R0T DUARALLES] ok pBun, gprical
Gl %%ﬁ?@r@mx%@w%c@mmw kecavaef PEnthede xemerkable

ueash dtandl ofbICe b eI Fh£R] AmSab AL 0BnBeEWeeRsion, silica
10 el enents or between conductors of

tracircuitr
(#I%Wﬁeﬁﬁecﬁ§%%1t%so%na¢X§%m4%onH%cPBPC§ﬁﬁ§S Wypéeaeér of the
[Ae& rdiol eretndisaty , asﬁ§@if@@ecplaﬁ§rizék9/1893

VOI 4916-491 find
app |Cé¥ﬂ3%§i%s éﬁ% r%ﬁ?%&?%% %ﬁ%ag £ ggve created off-
wehang) Ui idesyiory 155 syveheass hbkta nﬁibms akréorlaot uged to

g%?emée for @Mé@fa{nwg&u&@%a\@wgeﬁs g@&ggﬂc ifg
en3|ng app I cations hods wer e déve dror
e Ear et |%twe@p@¢mct®mlQﬁsd%ﬁfesensbbmsuets on a

@emld&ﬁdﬁﬁﬂgraﬂgﬂg_other as an exanple, can be
called the therm c oxidation of silicon, or 20 the

chni P n und re uced, pressure,
SR o gt pkiet oo, BrEssULe, K100 005,
txm:lh.rﬁﬂ,om.e’sS,t cpa@'\gcmlmmy,e @ilﬁda nei hmdsriater
I | e n hlstl cat ed
%kgfr pra |ca. gﬁﬁ %i%ygﬁlféaﬁlg% § Padrs| '9gg-guides, or
EAprashthesid rQasteenrml cims LﬁﬂW©r®©p@lutssthanonésuear

igbt &t add wWed ¥1 Cost r é)fﬁ% e
Iﬁﬁn%ed prodd%?%%f%yt%%ﬁﬁﬁﬁ%% of §p§ﬁ2§§%%ghg

Many 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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Journal of Optoelectronics”, 1994, vol.9, n.2,

pagg. 135-142], that the nore prom sing technol ogy for

| arge scal e production of WD Z004/ 007384 3

PCT/ EP2003/ 007275 vitreous filnms is the sol -ge

technol ogy. Such a technology is based on three

ﬁr&g;@lamet &Lu_mtslens: the soll-terdinutdadmayogy cohwtlh ca technology
nedjum (particle s ' or_.di.spersion in a

Fﬁqbﬁaf& anF%égﬁa#%%%%%%%gﬁgh§?%énﬁiion of sol by
condensation into gel (a solid skeleton inglobati n% a,
eorgé hubersnd i fom din phhsejolic BRJiHE dPaEkd s suspension

the, proeegure; £QiN1 4T oYs1 &) | m deposition on

subs :rjateEJI %O the sol is appfied to the surface to be
coated and the gel is forped as consequence, of th .

Dol Gohet L9RpBF aLF RSTATHRGING BRaSE by Vs IS &kt Ry 12
conptet eat Be1caakkayetpnotrglivbatling o lombiendusodrdquid
that. in the production of vitreous 15 films, even

t hr B3RS0l - gel based technol ogy one have to face
limtations, specially in the thickness of the filns

aht drpedganfl/ bhei gethe tendency of such films to

crack, often in the drying phase. Solutions to the

i S auamiy el e sgrtgto Sk ehncntcoace
| I1s Tl1e e
Itheersaure ARP bR efc%niih‘f)a&’%f%%/e\Af?hg%gggatﬁiicand the gel

coNt@drmed piel astesequedes W thdusdivahtapphpoabidon; a
Exanpl es of Sugh (1 Mortant, £ eports,aLeef 0hbowbagding

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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- Italian patent application n. NO 98 A 00004
describes a 25 sol-gel process for the preparation of

wo boogkof384 ms of silicon-dioxide that inproves PEIEEP2003/007275

wel | - known procedure by the addition of a certain

quantity of funed silica to the hydrolysis product of
silicon al koxide. A S Holnmes &t al. already quoted

article describes a 30 process of high-tenperature
consolidation of a nultilayers film WD 2004/ 007384
PCTPEP2003t60T7275 64 130U1S2 metssmibes.d13015P]1 process that
desgL] a+solge . qggb t :
con%%%ggggntgfEg%bgsgﬁggﬁﬁégﬁt O%H e?%%P&%0|ié%fh

poi ALTEBTERE Rpdiéngzeeisd did dhe hydrolyzed solution

(teteaethrkaktbeshbang antt handlandmt afatdd At Heid) -
U.S. patent n.6.017.389 describes the preparation of

silj.ceous filnms starting fromthe conbination of

Cet PaBt hBRGEPioB Pafd Tand % SR e BRI AP Shaakp ©oF

t hasilschpdsolfjied by aatueous romaitia conbitecessi tat e

of i I trea t. at .the end, 10 Al

e Bsbas oor e rhRE el il T & dt it ne by aigiero?
aretbatyla hedreiarsdedy makeduwe smuiogel aethmtegyitate of
at t pagkiryenfigh the REEPALALGRAN M tigousd 11 ms, but

do not offer a fully convenient process for a broad
industri al %gplication ei t her  because of the

t@?ﬂpe@% 3?%0‘}1 RRI eSS 18F o¥hbeRatile BretffeRReparagraphs
arrd Ct‘fn]gflrd i f?ll’.aéXdrﬁ’iﬁI%@ ,C&hé{:jé eBhet E_@IL;—@@M fGechnology

negat.i v.e [ uence the. industriability of _the
ré%ﬁﬁ%ﬁfl%%eﬂiﬁbﬁ?%é%{eQﬁﬁﬁ oW'f B n&l¥ﬁ§¥uﬁthgms' but do
pussidf et o pfebly ecomrehienteposcessnfoubst babad, industrial
AEGOT AN 410 404 01 G8u 20 §2CONE! 0¥ YLLER R b PBrent s
fol'l om ng a procedure presenting none o e . o

AR RRAHIRYRT dhidngsowrarfornppriheulprnteabnéaslities
tthgensswld appbd cabd 1§ t ¥ SPuéREeT ROT { R9uBBriability 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)n-—m

°

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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count of sol-gel technology. As a matter of fact it is
a first object of the present 25 invention a process

wo eoo4bsspr epar ati on and t he subsequent deposPCT/BP20081007275

sui tabl e substrates of vitreous filnms conprising the
foll ow ng steps: - Preparation _of a solution in an
aprotic solvent of one or mor € al koxi des havi ng t he
general formula 30 Xm- Me - (OR) ,,-mwhere Me is a

met al belonging to groups 3, 4 or 5 of the Periodic
Systead @ice heX B enBntsr ORis witd: Vb WOuRQ04/0@738% fferent

PCT/E%@QO§[Q97§§5zér&ab?n8ﬁ;i%tb%e%lnﬁ&b@@’g%ﬁéf]gg'or lower

equal to or different romR mlis zero or I'nteger
nunbefagdial Rtd3erRi ke hidrararbaR ainfligals avith a number
hydr ot ag®eisor aght 6k supi £B aznunber of carbon atoms up

to 12. 5 - Hydrolysis of the obtained solution in the
resengce -of .a t.al yst by, addition of water. -

By At WEHGV AT O P GhHbI ST BT e dt | Hee { Rgesence of a

hy drcalbedivs tr éactadahi.t -orDepbsidtien. of the sol on the

substrate of interest. 10 - Final drying and

st aliildrg@dai10n Rfo e J; 'ﬁtYLeC fﬁ?&ﬁ@f if@ﬂne&’yd&an% ﬁﬁﬁ%

that the preparation o e sol occurs In an ap
ned VAT O/YS IS 15RaFEPe¥ i on can be carried out
i mredi ately after conpleting the hydrolysis reaction,

of Thepddieddr hdisqerd atheobdaseshtd &Hi snpbasst .
can be renoved, whatever be the |evel of hydrolysis

rea a tored indefinitely. to be .used at .
désirg%ltﬁ%¥EWQﬂ%§%M§§ﬁqégl%ﬁﬁ%ﬁ?dﬁpfgh 1fim Characterized
characttérs it dfhathehy qressidtide clrtleatséhveotiuns in an

and 5 Al3q defdi8if.he second object of the invention as
just "here 20 stated: to provide a stable so

constituted by the ) i )
The film depdsition 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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the above-reported formula, dissolved in an aprotic

waodumo3g4 from which eventually the al cohol prpoTER®A3/007275

by the hydrolysis itself would have been renoved. On
this.ground 25 are inportant aspects of the process

of this. invention the follomﬂ%g: - sinplicity of
preparation of the sol conposition and stability

thereof in tine at roomtenperature; - easiness of
fTIrﬁ&ﬂ%ﬁIQQﬂaEKQRNtﬂm@SIOthbwﬁll@chﬁmqma$ng330mogeneous

exe o) a
e s DO e gt gy

gel ATBHAIIRLNGRIHIET m r emai ni ng hom)geneous and
t he nechani cal characteristics of the substrate

remaiat ngathchangeskt -+ Fodtfieees f or post-treatnments. 5
As a consequence of such a process the films, also

opj.ect res venti on, , terlzed
oy Fi GREGGRACPER 5 SHbt Pabl R e fig 2150 object
mPfhéU@ Bragkhhgdnvengdod , meckamheala cared iizesllat:i ng
properties; 10 - good planarization capacity on the

substii & S d a6+ -]g%ﬁkégglcal properties.
Referf?%g to the pf%é%ss or the preparation vitreous

filgﬁ_ %Ec rdl to the present invention, in the
above &l Qﬁrﬂﬂ?ﬁ?¢ﬁ3@¥ﬁﬁ%&mg%6n preferably be
silicon and, among 15 all possi bl e al koxi des,

par tgood ardchastiidadbland c&ﬁdr\elatpin@qsﬁsp@ftwﬁ; present
i nvention can be the follow ng: -

tet fg%%f Ma‘}fatﬂozsﬁélo%tceapécef fle&b Y oegtshu éil:llca(f@e surface;
- 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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tetrapropylorthosilicate 20 - tetrabutylorthosilicate
- ethyltriethoxysilane - nethyltrinethoxysilane -

woreiohph1384 et hoxysi | ane The al koxi de or m xt ur ePGF/EP2003/007275

al koxi des can be dissolved in a 25 suitable solvent

and reacted with controlled anpunts of water in the

presence of a catalyst, preferdbly of acid or WO

2004/ 007384 7 PCT/ EP2003/ 007275 basic character: the

reacti on can be acconplished, under agitation, at

RATAG crperatine; the weictionnchunded betomenishew, under

J ¥ ; end few-HQhrs di umg| n,aprotic

z?gﬂgﬁﬁﬁfﬁhmécan be pfgiggggF éﬁﬂ%égngaﬁﬁﬁﬁ &8398%8? petween

t%zrpé‘?wfﬁ%raéﬁ? oximiers ¢ hEhal kediye ¢tanabeaprotic

dicgued dnd GUEib@ S0k ¥eRiL Dy &55&5%&5@%\5@%@5
oncentration between 30 and 60% by wei ght. _ '

I R TR T S EPbo it 1 bHOBUEet ARGUGR dissolved in

aduilt isors@fverdontr abdedhserosht So DfenBt 8¢, aSBohBentration

' ' | &t i0 10 H20/ Me between 0,5 and 5,
g%§$§%%Ef5y33?§é§%°fg% d%ﬂgatand, even nore

preferably between 2 and 3. As far as the acid
chiIisisis xammtekaredzan Hhe eaghtedecanytiroeghl addition of

(Bdﬁﬂﬂdlléﬂﬁé%dﬁﬂﬂb*8Ek%gﬂg¥¥‘éblténﬂai§t?£€etggség%ar ratio
S an be anmmoni a, other_ amnes suirtable 1 or
?ﬁé9g§nEF%Weﬁp 8H5iﬁnghé's&rﬁﬁﬁrQHMXNPQQHQQHNl&5(ﬁndmﬂ and,
EoremD Se> rAC qoredienga iloy a:dmeéd@d {2%@@9@ zgsnfaﬁg a%?g%ei acid

' ine . process, the hydrolysis can be condu .
Itc{ﬁ]j\é:%gps\slte nlcsg c&ncefdi?éjgust% é?i}%g? R o BfRgradoorherganic
etk width dKebétawpameralkdxiatel ahd aci d can range from
1/0,001 to 1/1, but is preferably that such a ratio be

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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mai nt ai ned between 1/0,1 and 1/0,01. At the end of the
hydrol ysis reaction, the product has the appearance of

w@200sloess4 | i quid, free fromsolid particles dueCt/@pP2003/007275

traces of 25 insoluble gels. It is possi-ble at this
point, according to an original and innovative aspect
of the present invention, to Sbtain a sol with

i nproved stability by elimnation of the al coho
formed in the hydrolysis reaction. The renoval of the
& coprirehirberaeebapl fehedveoklioatngn 30 anmsmamhods

kaeawo tD 1 e Shad e Pédﬁé@dagkesgﬁréhek@%@&ﬂge engﬁg$01dal

e lifjcation the Applica reports’t
e?}égﬂpel%%?nu% t%et%%E%réFuéﬁhQﬁoP-bﬁld‘édé@e@ by the
hydrol ysis reaction, this is renoved subjecting the

ot pmmﬂﬁnﬁhﬂéﬂsﬁénédP@h&%@@@é@@@%éo@d@ﬁ@t il ked
Ventlzathg in %onstag evapor at i on r
Eﬂ%%r regbce T EESTPR, PRetPFRGEHRESEof Poft 8| course after
§U§$@MEYQ#S£HtQU$e@@baamumg af sabothad0Cs A8 object and an
Pl ps Yo AN L ONEW. 558 ch§§ %859!” agaﬁ%gﬁlzed by

present i nventi on can be |n errup
A Er Stk %ndt%@@ho®$atﬁlﬁ@lQWSDtSthangl31me storage

(ﬂMEﬂHuﬁﬂubﬁﬁkldfﬁﬁﬁEﬁ“oPaé$n9£m£H§t95ﬁS tlh X?ﬂ%?
char act, rlzed1§%%ﬁh|gh stability and suc

iR mf?%@ﬁ?mﬁ%?e@ﬁﬁrﬁﬂrbheéruse thereof.

dﬁmtamavﬂgeNBﬂﬁ/ddnﬁét&éﬁnd@ Of eshdh t 36 EScihak i v i& be at
Jurther use thereof. The storage and
conserva |on 1? such sol can sinply be at room
tenperature. The final sol so obtained after the
diysls seladd orbtrined taftet ortagehydso ligetls f osatbeon or

danesdt t9trRfe,t hies fidd® Ao hayd r@epé@seligf% ack %ﬂlgtfllms

ositron ont

bed
gggpertugﬁba ready deS%%%{%%#%EﬁﬁﬁlQﬁ“ﬁl{ﬁﬁdyc@$a¢rlbed
Miefifdscitifon ard 1R des iGadd | g Hthta B (&l Nt Opresent 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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the various techniques used in the known art as knife
deposition, dip-coating, spin-coating. An inportant 20

w@e@poo13gs of the sol according to the present PCOWEPRL0®ONT275

is that of join to its high shelf stability its short

time of gelation once deposited on the substrate.
Referring, as an exanple, to the deposition for
spin-coating the filnms are deposited in seconds using
rotational, speed of the order of 25 1500/2500 rpm and
tHey o' Thottalrdl heahiply’ ot tpeat -Dereapdeatsd Tegting the
coplps ISt S 8 £51 € adn DEvERVEE +SpBatateb%s BREINSS 50°C and
t dnstant-gel ation npkes it solid at_the tine of .
v et LR ToseerbiFhedabs 10750 mRnutes tine-

| sppeon teard ipropentyind whehdit nm@cawplidéatgihghof_

t i NV i .Qn; d nstrate exce nt .a si Qn L
\éﬁ%é#é%ﬁﬂ%ﬁ%%é%H%g%ﬁﬁgf??yS of f%% thggtgg?e§°u§@QuFﬁtles
Ear IR sargVate ok oy @adaﬂ@cﬂ-d@ysdﬁ:id:ewivslefrﬁmbnﬁmp};pbf the gel in

r gal 14 rsenide, polycrystalline silicon,

\g;%fsc?ﬁyqlggﬁrtézﬁgggl’%ss etc.. The final drying of ht he film

as the purpose to conpletely 35 elimnate the. _

%‘ifgfp%o Vet 3HoRride YRl crbred tecebnpf etBewbnventive
A8 00573 8o oh FATe E&Q]@&Sb i@@ﬁ%?ﬁlﬁ%&ié'éé@l a%.ﬁo be prepared
ilization: it.ca conduct e eftfin e.

?% 1fﬂe?nésau S5t Ta ée%g?JrP%ﬂ"%qe/%%ﬂé?lT e‘?‘?be%a% %?JégnBeF\"/\EEﬁ -08ke

ahich t I300C s dle dpexfts orhéselop et ies m@edOtBOdapals?eSfilms
td ; ' [ | he_ap ring,of 5
e s e A e e )

it faaTes suhit ot g arki Wl Eaas eoh bhexsamsi sebstrate

sltddrding Ao tPIGSdsith ol hor gy gy PhesEy @gc%gi 89il11ness
to al ternative enpodi nent of the Tnventive. _ _
o ces, SR LAT G kR 5 AT NG € P speperbined into

pmeparodd ol ridyes sianee dirtes @ b gp I & Ysb 6 &,Eterbmatching
did sheny samsoThe i siinel, Sols ohtalne Sherey

can b

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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on different sanples of the substrate of interest on
different substrates as well as on the sane substrate

wW@e@anaidsy to a deposition order suggested by POEEP2003/007275

skillness 15 orthe technol ogi cal needs, or they can be
recombined into one sol of nore integrated properties
for better matching the speci¥Qcations required in
the deposited filns. Finally we should underline that
in the process according to the present invention
tHezmpbe® no probl ens concerning 20 filmthickness and
it is possible to obtain any value of thickness,
betywene 1P. nm and 2 nm The final thickness is
control l apl e by nonitoring concentration of net wor k
PreeRr SRt PRt 8Tt ReSedl PasedePh akkoritbYdordliaxildeate.
m xtures types entered. The Applicant has determ ned

thatl 25r@hﬂ$@Xfﬂ§§kC@bh@é@ﬁﬂﬁ?ngt %Qg&%gg_gb%i\ﬁg Ifé%&‘t“%}g% is
e |

i th, X, equal R1 _contri pu
Rt REGe oA, 2BbPAMHEECVP a2 arkeRFdES IS 8 (0,75
impbﬁwhlofotéf&aeshyﬁbathﬁéQlﬂﬁhaéiQmEOSﬁ.S?bgkggb tﬁg flask
t ' ' ess._t.hrough., the use q i.fferen

O LG Roo Enb R PUSh s s 3G i 32 dooF HCL
ti&mﬁﬁ%@ﬁ@sp$gbutéah grehaddedebyramewoﬁrbp@in@rqme&ar ratio
ofsddie MicAsaml Invents of. 4 hidie, fﬂlfé O%Ma&]i;?fgg Qf jyater
reporfed some achievements in the I e of ~presen

i%&&i&#% PAPYT T bP RHBUBBFpoBErshy Shppl yilmg phacteumerature
exicagd efrovht hoet apy4bppitati on of the 35 inventlon

itself to those enbodi nents. WD 2004/ 007384 10

PCT/ 003/ 007275 Exa e,1l: Preparation_of a
Eﬁ?ﬂgggg %%-fﬁ%r%ﬁ%ﬁ?F%r%ﬁd@??ﬁ%ﬁ%%@dAf? . @PBYfd 1> minutes,
fihek Eeoom avlihgia megnetctestiliguitian v81lBmkoadedoc is
\@dfléﬁﬁgh(%n@ns@@P¥gr9HSaa&féggecgﬂgaiggrSQi%g'ggrew

stopper (Solution A).

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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nol es) of tetraethylorthosilicate (TECS). Keeping the

flask at roomtenperature, under constant stirring
wW@200490384 HC1 1M aqueous sol ution are added bRCHEPW03/007275

dropping (nmolar ratio, TEOCS: H20: HC1 = 1. 2,3:

0,016). The addition of water fo requires about 15

mnutes. During this tinme the %nperature rises from

20C to 40C. Stirring of the mxture is maintained for

about 15 minutes, then fromwhat is now a clear

|2§Eea A0vBinwBSsf a5@€aptlonoptfedtl@dllahd( Himinedia memoved

of A6 @get ai sk %&hsﬁékéw 13 st QnReS Alith screw
roun ll as

Wth th procedure an I dentica
I%%%eﬂn EE§@6§°§Fthﬂﬁy9ro@@eeﬁﬁﬁﬁémlngu§Q%ﬂﬁ§9n is
ptrrmsiﬁéﬁrasegota rptepang bbap@@a&@&easﬁ s(u%?j'é&%’dhﬁ tlo
t an anal o e
D R R R G L g
I%%dmam0t§8behehplm@tEhe21daysnaalmbmpéﬂaﬁﬁnéMsﬂﬂB%U and
Sé&fl@ét?ﬁéag%Bﬂt 8ﬁﬁiuérg ?pg§5@%%|ﬂ§ (ﬁﬁ@'ggaporatlon

status any 1 ndic
gkt atnbarrestedanpiean. eqssy Ublaml@y@nfo@&oaqa@warwc@mﬂ to

158p Bcé O+ KB @h&ﬁ&alOéol&‘é‘ﬂ:ﬁe&@)ﬁb%ﬁho%‘ﬂé %%ta o(r-g%% is

are | oaded on 11. round flask containing a net

StFFTRFTH un@SFIBﬁ?nﬁamﬁecoﬁﬁﬁ§#Pﬁ§ntém 1est@ﬁ
exanpérttatiidn' 68 ethdMbaquaodse38y br&rt% q%d%téter\%ned by

e o ahh Ca By crsth P BB52AoR: 8, Senaratiek aha

freplacament| pfuedapsdaiy withr dioxkade ﬁeomd@@aﬂadaﬁhtll the
QBQréﬁgfg réﬁh§09£§%%%§9§t8fnﬁﬁem%5ﬁl%%E%g l%%%l%nshows 99%

cal | ed t1on
t?%&%@%?%%@ 123 ﬁth®@%%|%@névab@daﬂcrhxdﬁoéwbpéctédsample 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.



5 evaporation at a reduced pressure (about 100 tor)
for about 20 m nutes, keeping the interna

wo eovpeoBsure at 5C and coll ecting about 80m BET/EP2003/007275
evaporated |liquid. The evaporation is interrupted and
an equal volune of dioxane added to replace the
et hanol solution renoved. The %%aporation is 10
restarted under the sanme conditions. In parallel, the
concentration of ethanol in the evaporate is
déher phisenabporgabichromdtiegsapify tHEh @‘mmnmhem aflvents
ey_ﬁa%aftb%hared99ﬁee!fae %tth%fnoqvgﬁﬁ & At ol A\sis has

IS repeate unti | romat ogr a YSI'S "0
cBPPBCLEGONREE §h§ﬁ;§1P§9%0155 5é>m1r adt itdhe dﬂcmzh:larmmamlng in

gener at@gorAtBydEok %l iso&)sﬁ@p&%rr@cvecﬁo@toq:fe& hg, Séjlglass
5 sg %&ﬁated s transferred to %6%’ contalner W th
Pl Eapth d AsPGFEY S8PsSARGt ed SHLHGIGH @srﬁﬁ/\k‘ltlon E
cbhawssc@aaroélgababﬁoge&ht&an&f&&MS30\Maﬁseﬁﬁllgls&lutlon
0 Lnal jc d|t|on aft 5 20 da
Ratbtarls oFoqarapion ERAacs “iIRg ity A
dgéiaﬁé0n1§2§e¢03558dﬁwBes) of TEOS and 68, 4g
(0, 384nol es) of nethylthreethylorthosilicate (MIEOS)
25 are introduced in a 11. round fl ask. Foll ow ng the
procedures of exanple 1, 41,6g of HClL 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 renmaining liquid is set into a
rotating evaporator and evaporated with the
procedures of exanple 2 conpleting 3 cycles of
evaporation and di oxane addition. W 2004/007384 12

PCT/ EP2003/ 007275 The chronat ographi ¢ anal ysis of the
evapor at ed sol vents
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indicate that 99% of the ethanol produced in
hydrol ysis has been recovered. A sanple of 50m of

wWo b@4looT38d d remaining in the evaporator fl askP¢eaPloos/en7275

renmoved, stored in a glass 5 bottle with a screw cup
and | abel ed Solution F. Sol uti]g:g E shows clear signs
of gelation after 30 days whil€ solution F maintains
its original condition without signs of gelation
aiﬁer 365 days. WD 2004/007384 13 Clai M

7EPS003/ 007275 |. A process for the preparation and
the deposition of vitreous filnms on substrates

compr |psada:@§sh&cfxolﬂ1mmmgapﬁ£tp§on and p’(ﬂ@@%é‘éb@ﬂt@&naof
soI%E_ oL %%J%Protlc ol vent of one

al coxides Corredbor %F%?ﬁ??cﬁ?ﬁﬁ%ﬁ%&ﬁg R@e febRpwing
n-msWe@sg Me is a netal bel onging to groups 3, 4 e 5
of the Periodic Systemof Elenments; mis the val ence

of 10 MeepXrkeiFd QF QRéolW%HgannegHal EtQ'ff%ﬁ%@%t of one

from mis either zero or inte nunber e
or | oveF MPRANA3CORIERE RRTAFEPRY Fﬁ@aﬁ@oﬁheaiquwia
with a nunber of carfon ajons @mgyal to or lower than
12; hydrol ysis of the obtained sol'Utton in the

presence of 15.a ca t ventual renoval of the .
al coho ?%ﬁr%&iﬂ%r?hﬁe{%i bﬁ$8P8F9§|§°r858PP§n + 47 e 5% of
deposith©n9©t1¢@ecsSYSbamtbé Embménake mflsntﬁée$blence of

final D?éy'}@gjrgnlg Y2, g ne ng%ﬁtgcs ySI glwf%ﬁren% £Fom R,

col | oi da| ution obt
eventd&ll$eﬁ%¥%$ro¥e¥%eoalcoh%gebypumUactequﬁlato or lower

sol utiied mAPE 0dhE ROLYENhyef-cRRSHRN TR Al1koX}i:d8s 5

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.



10

15

20

25

30

responding to the fornmula reported in claiml1. 3.
Process for the preparation and deposition on 25

w@ewgomBes of vitreous films according to cl aP@T/EP2003/007275

whi ch the al koxide is preferably sel ected anong
tetramethyl -ort.osilane, tetraethylortosilicate,
tetrapropylorthosilicate, tetrabutylorthosilicate,
ethyltrietoxysilane, nethyltrinetoxysilane, 30
methyltrietoxysilane, or m xture of the sane. WO

2004¢ DOIS84 f&%VEﬁﬁoﬁﬁéQQfgiﬁoﬁ4aﬁdtBé?@@&&?ﬁﬁ!fﬁhe
prepar.ation_an eposition agn. substrates of vitreous
P PSR ot PEFLRAT Bhims SeheZuiPe: o Somigng where
i s ptled enpbdyichssénehet iwepredeebbig, cheteahpditafasnan
and di . r e .pr ration and
depd%#??%ﬁgbnéegﬁ%§¥$g§§§r%$ 3%$rggagg Pl s accordi ng
to claim1l where the al koxide solution or mxture of
al koxkFeresss nfenethapposeperabloananisdeprwesad oB0%nand

60% hypyerghts 6f €T@§§§§sfPilﬁgeaEEgﬁa&??:%g M%im 1 where

deposi t on, 10 substrates of vitreous

(e} . . .
accd?%ﬁn@f¥%x% Qi AP U HRER O  t REXRPgRoPYsRd ke ides in the
al kagpelet1s actospti shedetheongBosaddit 60” 8k @eight.
controlled quantity of water. 7. Process for the

e ' osi.tion on _substrates.of. vitreous
M TREESLLEn P00 PRETRELLERoRlon tRE: kRS Ltk P
addeshlbat saieds acfuaht Fequasfibmsmacovadinghéonollain 1 where
rat i on 2000 Dot neenr O Re a0t 3y 1 o PLOGRERMEL shl through
preparation and deposition on su%strates of "vitreous
fi| RAGEEL?Ri Pf 2oCPRErabboe dBRrBFATRhefevERetratio
H20/ Me is preferably between 1,5 20 and 4. 9. Process
for pheceseppoat the BApdeRDSbhI 8Ad0RepsHbst bat s Of
vitregus, filns according to_.the above .,
subsStrates OI Vitreocus films 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



claimwhere the ratio H20/Me is preferably between 2
and 3. 25 10. Process for the preparation and

waleaditdson on substrates of vitreous fil ns aBPCDEBR:00$007275
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to claim1l where the hydrolysis of the al koxide is
acconplished in presence of a£ acid catal yst sel ected
anong mneral and organic a-c ds with Ka between 0,1

and 3. 30 11.Process for the preparation and _
deposition on substrates of vitreous films according

to t Ré2aBoVaswe X064 BET384n B PO ERIN0S] 072 fsrefarably

wher patiBe iheaclisi f B dPlakicods JWBRIE[abl £ made in
preseﬁce éf gﬁkgqueous squf%%% of F[l.i%gipﬁ?og%gsf
f he preparati on and deposition on substrates o
VRE+ BORGORRI b Ta iy ERP A FaioR FARED CeRRY el oheon
hydrehbstsa@ksthﬁ'MﬂﬁrﬁﬁysiﬂiBMEHHHﬂdﬁﬂﬁﬁblﬁb c%aim 10

res 0 uanti-ty .o i,d su to have a nolar_ ., \
Pat i gﬂégﬁo%lh e?léfmrgléétl\i\s/eéﬁcf%@ 098‘?(0 9% jeFomplished in
Processsktocet lnd pr guandtiton cchaadebasidh oo dmve a molloar
subs : 8S L0 s f i car g t ove
cl ai %né%gr gqtkﬁgltr%?%ﬁg atb!eorg%‘’be%tchv\ge/gj ’21%10%1 1 eeland' acid
is_preferably between 1/0,1 and 1/0,01. 14. Process
fi? - RBCFPEparat ithe RAGRI&Fdsion emcdbiepamistien ean of

vitreapstirblces aECerairRe U0 GlidgNakMiRl€g e the above
hydro& siswbgacti n of .the al koxide solution in
i

n 15 :
apr of 12180 l"0&RE i8S BPLGve & Ay (R Y L= 4de and acid
al cohel pogfeadbdty. beEweRnode'®s If eind he/ qpragpar at i on and
deposition on substrates of vitreous filns according

L9041 beoabake rogl AT WHRLR LS Jeimyaladlodfig 4l ¢aho!

is pr e?er a\él ;O%O%Frlad %? s%% act {ggléﬁt%egos%ﬁ%togl poarftl al

and &BREEsRLeg of vitreous films according to claim 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
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desol venti zation. 16. Stable colloidal solution,
according to claim2 when obtained with the process

WwW@ewa/naizsy to one or nore o the clains from 3PCDERBN3/007275

25 17. Process for the preparation and deposition on
substrates of vitreous filnms according to claim1l
where the deposition of the fid mon the substrate of
interest is acconplished through a techni que sel ected
anong knife coating, deep coating and spin-coating.
30 18l &#rrocessré otht hdeposphiahi isnpasdedepayi ticaompl ished
subst r S_ O j ous filns according to the above WO
2002§%a%§@ﬁ é%%#%%2003/007275 16 cl aimwhere the

osition is preferably acconplished by
st‘3p e Fhgion otipe cpesBatr ot ieheaprepapasiibncanen

dep0§m5s@Ea@@s §9b§ifﬁé8§s°§1¥mérS@Hér&hh&stéc%Q%Qhﬁg where
to claim]l where 5 the final gg i s acconplished at

a t ehpRratife dB@%&gehSzecaﬁ@péeé dogt @ FREBELAtTRs
obt abeedeand20eprsgi s8d°pith the process according to

claim characterized in that they have: - high
t b , f I t
AR e RETLCOLERE RS Q3 HEABEAS RGN 50 process

pr opeeceding ‘g@o@l@mhacharagtpmpedt flesthat gbey have:
optical properties.

- high adhesion to the substrate;

- final reduction in thickness without cracking:;

- good mechanical properties;

- good planarizing properties;

- good optical properties.



