BASED THI CK VI TREQUS FI LM5 ACCORDI NG TO THE SOL- GEL TECHNI

FI LM5 . THEREBY OBTAI NED' Field O The Invention The present invention
relates to a sol-gel process for the preparation of thick glas \ “\m\“\
silicon oxide or based on silicon oxide end to the thick fil ms“mw ‘Mm
obtained. In the technology of solid state, with the term"film ig.pant a
thin layer of a material having thickness generally conprised bet Ween a few

tens of nanoneters (nnm) and a few tensq.of mcroneters (un), said |ayer
bei ng supported over a substrate of another material ener al Ié of flat
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are gl as ture cornprises at least a central part, called
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being supported over a substrate of another material, generally of flat
geometry.

The term "thick" typically refers to films of thickness larger than 1
pm.

Thick glassy films, deposited over a suitable substrate, are the
object of extensive research in view of their foreseen use in the field of
telecommunications, particularly telecommunications on optical and
electro-optical cables.

In the past, telephone communications and data transmissions
were realised transforming the signal into electronic impulses that were
transmitted by means of cables of an electrically conductive material,
generally copper.

Nowadays, in particular for the long distances, transmissions on
electrical cables have been almost completely replaced by transmissions
on optical fibers. As known, the optical fibers are glassy fibers whose
structure comprises at least a central part, called nucleus, and an outer
part, called mantle, made of glasses having slightly different chemical
compositions; the different chemical composition gives rise to a difference
in the refractive index of the two materials that allows confining the optical
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signal in the nucleus.



WO 001 14013 PCTIi T99/ 00284 -2 Conmonly the mantle is made of ggwifcisbddFon
oxi de, whilst the nucleus is made of a m xed oxi de based on silicon oxide
contajning froma few percent to about 10% by nol e of different oxides such
as germani um oxi de. s The optical fibers offer several advantages over
electrical cables as mans for information transm ssion, such as a | ower

| evel of noi%@OHMAIY ower signal attenuation as well as a hPGHEYSRBUNt of
information transmitted per unit tinme, _resulting in a higher transn ssion
rate. io Despite these advant ages) it~has not been possible so far to fully

exploit the potential it of tical 0 ni catl.ons: in conpl ete

conmmuni cati o QV?PQ& .”é% f dévF&@e;%uPHF%éé'geﬁn&XQegn‘é{f‘E“a‘P r | nst ance

for transforgideuy i edendPashsieal oxdde it eld\on eNdsn Uxidd e opddihing

tel ephonic transm ssions, or for anplify G&% the signal is along the fibre,
15

that is rende@dafevaersen dmabayt J8% oy eafailtf@mﬁthmswchr@ sane
si gnal . I\/bre ﬁﬁﬁlrrlu%xaotehe so-cal |l ed operation of signal commtation that
i s needed fof vering the same signal in the network requires suitable

devi ces. sTo t hi Shendptiochdiibéeneffcel severdicaldvdenages dedreetsciical swi t ches)
20 are present]y used, andogener al ly ana oger ation on the S|rg|nal requires a
t

conversi on i ﬁPBK‘éI%”bm%I ifREmatign | ipsony HeLsPbIlawgtIg¥e! conver si on
back to optigahogk HHY lowér §t§ﬁ§ﬁoﬁ@ﬁuéﬁér‘?'&§ Wé s@ﬂlﬁe@’@hog%f ty are

| ost. As a consequence, a strong need Is lrEr opti cal or

el ect r o- opt i inddrmiatare eranamitted pler gwindi ntyn@n opultirg s ei drighems wel | as
of performng on it co ting operations conparable to those operated by
el ectronic di%!EES'BH’% Sctrical si gnals. The main features that optical

devi ces past ha\@esp’ifeerhe@atcﬁwcﬁhagéswenws hobBethgssbibld wccmorf@v{gu ring
absence of inclusions and nechani cal defects 06 March 2003 00l 14013

PCTI i T99/ 0028%Plog theyopefentiglity of eptigal oqufﬁ@“{r}*ﬁ%ﬂf@ﬂf cierfP€hl Conposi tion
the refracti ) f |gher t han
t hat of surr%ﬁpﬁcfn %gé(r?é%rﬂﬁumﬁo'ptg V?t%nl' %'rés 6?8%3@“%{8?& ﬁio aut onmat ed
production | sngaets isormslkhma:dxrfxmsfsamﬁforamhgwdﬁ:mmfprsxgmlaﬂlmeﬂmm about 2
and 20 Vim e,.int eﬁratl on of these de ces,int.o oducti on

Forder to ?als h ti
and comuni c8t tn CRRIR Y TeIRPNONISS FIPRSOISSRGS é?rQP Hﬂg H?ée HQH of silicon
or silicen oyidigy the figekanewns rehdéhsd InvERksq8N due to unavoidable

attenuation of the same signal. More generally, the so-called
operation of signal commutation that is needed for delivering the
same signal in the network requires suitable devices.
To this end, traditional electrical devices (electronic switches)
20 are presently used, and generally any operation on the signal
requires a conversion into electrical signal followed by a possible
further éonversion back to opticatl signal. in these operations time
and signal quality are lost. As o‘consequence, a strong need is felt
for optical or electro-optical devices capable of guiding an optical
25  signal as well as of performing on it commuting operations
comparable to those operated by electronic devices on electrical
signais.
The main features that optical devices must have, are:
- material of very high transmittance, requiring absence of

30 inclusions and mechanical defects;



Such devices are presently produced according to physical te%%%ﬁ%ﬂogmng
whi ch thermal oxidation of silicon) and those known as Sputtering, em cal
Vapor .Deposition and Flame Hydrol ysis can be cited. Another method consists
im the vacuumt5 deposition on a silicon substrate of mcroparticles of
silicon oxide obtained according to the Flanme Hydrol ysis technique.

However) the¥@WA¥&3ictions are conplex) requiring costly wSFEIF84nber s
and tools; sone of these, such as siligon thermal oxidation, have a limt
in the filmthickness that can be obtarned, 2o while others are exceedingly
slow and are often_characteris | ow productivity and teo high costs, so
as not to allow aP® 'ﬁﬁ@? (ﬁnﬁﬁgﬁ?ﬁég t&%\ﬁ%rl\ t%ﬂérgﬁngc %oéﬁ'%nd ces. The
nost econom ¢efriytiveg MaIS, Mot ERDIObe N fe@ist RR$SWVBe el UniiisOfighkr gl assy
films on substrates is sol-gel. Under the name sol zs gel are gathered

di fferent prdRaadhasofwirounsing sdet@lson of oxides of one or nore el enents
in formof, porou J 1 i LEfrerkang from each
other in the spec???@ggﬁfeaiwgc?ra‘% ggftf’gie‘ﬁéﬁ?gﬁ?ggcghér"@%he fol |l owi ng
phases: 36 - prepdhiakness of caféve i) peeferihly itmetwearers abpehd andi 20 wat er

06 March 2003 -4al cohol or hydroal coholic m xtures of precursors of the

el ements whod¥Moxide is to be prepared. Generally used as precursors are
the alkoxides, Cinlpagiid ddsehfeorthiBheoMHARR 880RES ihfi pRbEUEHIn Whose
oxide is desired, the group -OR 135 the al koxide noiety, and n represents

t he val ence ainckcemmunidaten lingdsettentubsstratte sheulel praefataly beuoindes

chl ori des, nitrﬁt es anﬁj exceﬂﬁi onal ly oxides may be used in place of

al koxi des. D.ﬂfiS ﬁof’mfé”ﬁﬂ%é‘ %re precursors begin to hydrol yse, that is,

al koxi de goi et i eggekgdirt OAMhensvdliogied to el enent M are repl aced by -CH
groups; - sol gelation, requiring froma few seconds up to sone days,

dependi ng on chefvell devrgeqrei BiesehllY tRIppbEadL fecsrdingeta hysiceh: ~ duri ng

thi s phase hydeghitsies, BhndhS WARN Mafricf Bickifish RIFCHIAOTakd 1RAGP! et ed and

condensati on occur onsisting 1n e reactiron o groups onging to
di fferent nolkeowresaw Sputterimgt iCheraicabn¥ ajooe e Degiaaitiomolcevdll Bloamsl an oxygen

bri dge betwe t ons (alike or, different), accordjng to the reaction:
(HO = -k ot IR g B ‘el chiang: gl corsiBon IH° Yeeuioduct

obt ai ned jisn tdSosAsON & SRtdreduBlifRaeds iy Refiticdepesifitay Bfué he cases,
or nore generally "gel" as widely used in the EanTI ish literature. - gel
drying: in tmkia gcepedingltodhe Flame dlvsirelysiplecdinigye evapor ati on or

t hrough hypercri tj r r i o0 | Nt as. haskde Lt 0 ; there is
obt ai ned an ext ryﬁe%v%b?@%(gd%%%@@rﬂt %5? %gy gg’e '%ﬁ”g'g agéﬁy\?densi ty
rangi ng fromwabrking.themmtoeralona té@€osomea bé théseosech aul silidemstheynefl t he oxi de

of that conposition: - dry gel. depnsification by thernal treating at a

t enper at ur e d@ﬁ’é‘?%"ﬁf'ﬁ%ﬁ% ﬁ%‘dmb@‘ﬁ\é@ﬁqgﬁgn@%ﬂﬁl 1%’6%5’ &g on the
gel chemgal R @dhérs UreddtSEdihiRy HawaaRd &dire Ofteh EhdrteYémdesl Byocess
phases; in this phase the porous gel densifies obtaining a glossy or

cerani ¢ conpdey Brediectityt ardrieoi Bigh gewsiq as najstavaiew apoactusil with a

| i near shrin 959 3 . . phase is not too fast, it is
possible to hgg@gﬁ{:ll g |§ﬁ??&??f Sbhggfé%hbgasubst rate, eventually resulting
in a oxide suppoifhednhddte economically promising technology for massive

production of glassy films on substrates is sol-gel. Under the name sol-
25 gel are gathered different procedures for the preparation of oxides
of one or more elements in form of, porous bodies, ceramics or
glasses.
While differing from each other in the specific details, all sol-gel
procedures share the following phases:

30 - preparation of a “sol', a solution or suspension in water,



otaining [err] oxide filmon a substrate In this way is ho&gw% el Y
feasible only for a thickness up to sone tenths of mcroneter Up to such
val ues of thickness) cohesive forces in the filmare weak, and forces
adhering the filmon the substrate prevail, so that during fine
densification phase there is not in-plane shrinkage of the film and
densification only involves its thickness decrease. At val ues of thickness
above one microneter, on the other hand, Inner cohesive forces of the film
become prevalllng and during densificagion inplane shrinking of the film

t akes pla ult,is filmfragnentat into ' is|lands"”
spr eadpo h‘ﬁeorshbfgfqag@@ﬁgfﬁ AREUresOh PEECUFROLS n?'lﬁ eleraents whese he
substr at %xluﬁ‘isshd Bb&h@%;ageﬂf GBABFa Ji‘y PELT s Eﬁé‘éﬁr%o?s g?éflgE'élﬁbﬁﬂ'es' i mt

for sal - tec I ndi cated for 1 nstance in sci ente: the
ph; ~si cs O£nf@ vinereciM fepreseptsdhe Blemertrwhage Sokisles is

Academ Cél%f fred, e(ﬂ;%gg Lg? X ehe éﬂ(dd&qéer‘ﬂoﬁ’étyt, 'E‘nd‘“f?"i‘g f@é’ F}ﬁ@ field.

As alrea ns prepare n thi I'h or

t hi ck myalen@oﬁe@nent tM,l selubie salfiscof the el&menhiﬂﬁgqh ‘asm‘.hloﬂdﬂsm ively.
F th t I, | h b
For uhe WAS! R, SuobBliéliahy Mokl A 5Bl 19 PaBBCEF Grigheles Do
dense mafurirg this phaseothe cprenursmphbegm tohhydrolgse s tivat &5 alkoXidensi ons

i ok coMEBES b ThBPradRRR, bAnTBRCAS cohenl MSRRL seplcartiny TOH ™

I\/annl ng groaps; SPIE Vol. 1T58 SO_yC;EL - Optics II (1992a pages 1?.,5~i 34.
"this techni que

h| {Ei can emenf e ract |tcal I Si des
despite tho factt A5tah qu@f'ngaﬂ'gﬂ 3 %esqc@&ﬁ'ﬁi Qr SO I AYRed nore
06 Mar ch depending cbrineashémm'alycenmm@nn a@ﬁdla!enﬁpemtnréléﬁ/ﬂ@é $blutionf i | ms by

this rout has een e ot her posed.approach is tQ prepare
thick fr mQh rpq}%g?\df s?f tgﬁs Rﬂ‘ssﬂﬂynr?m%'ggarweﬁplﬁ?re 1$ ayer
nust be ‘é@ﬁ‘ﬁblétéiﬁ arf ebpdensatioh @60!9*3 té&éﬂh@@%elﬁe réxEtion AT oMl e of
this kind of edurelsg%&enln uié)smlon f thick S|I|cat|fon|a

SOt - Gel . 9fpM orging, i diftarent mylesuies with forspatian afrone freg Water| i ne
Sol i ds. H&eéa%qéhd m %?13b3§§e b‘éi%éﬂ(ﬁ?)r?@ mhwrl ﬁq]nkéaéwaﬁf emt hi's way
yer thi as

it is possible to prep rrutfll e other an
stated ~@A¢COFENg tgthédeﬁéPB@F‘ in ordr to obi~airi f| | ms of ~ good

{Tﬁfgﬁzleggl no{}qg? MC@ gmg@t %(ﬁg@%o 't@%h/r((?ﬁ%e&r (;Halucflhl ﬁ gf a film
of thickness Cﬁtmmrmduemotﬁqmecbsnatruat pbasdemoamledomlmgblddmdmgeht i on
ol gel | pertitto Y e loabbst o <R, QRRURIS, ok A& WIBKET ISt "
pr esent !Engiilshllderaturan ovide a sohgel process for the preparation of thi ck
ot ovi de. gl assy Sapsbila " IS cRAESE CHREDIpER s *taibhved bl isimblh o1 abi
bet ween avapdraorvion through hypercritical transformation into gas inside an
autoclave; there is obtained an extremely porous dry body, that may have
an apparent density ranging from about 10% to about 50% of the
theoretical density of the oxide of that composition;

- dry gel densification by thermal treating at a temperature
generally comprised between 800 °C and 1200 °C depending on the gel
chemical composition and on the parameters of the previous process
phases; in this phase the porous gel densifies obtaining a glossy or
ceramic compact oxide of theoretical density,



pi scl osua~Of The I nvention According to the present inventp®WMardhER3

obj ects are obtained with a sol-gel process for the preparation of thick
glassy fln~ts of silicon oxide or based on silicon oxide, conprising the
steps of claim 1. 06 March 2003 ~rlei Descrio~jon O O$win s The

I nvention wll- be described in detail with reference ie the acconpanyi ng
drawi >l gs) in which: - Figure 1 shows the result of a profilanmetric test on
a sanple of the invention before the-densificafiion operation, show ng
sanmpl e thi ne?,s varjagtjons along a line that crosses the filmedge: -
Figure 2 'ﬂﬁ@fﬁgﬁn 0900t abedri%netric test on the same sanple of

the i nventi onl! SOEIPRAaEe o BPhIPEaR i Brsbie g ey Setdotimal T h ©
arde~ to goif bni & SWHERERS, es}w@hggokgﬁem G éusﬁxﬂéts@ﬁmﬁewtmﬂ.acer

-.1-figure 4 shows anothor inmage e sanme sanple and the sane view
oP Fi gur eChicining chexiclg filmi oheaesutastratst in Mals iwayeisi howener etsilgs been

For - Cam nfEable BB forefininicss ia o 1SR asissaT pietpmsiers UR 88 di ng to
t Kox! de. Sy ehpvdlbes HIMERNGSS, QONEHE Rkl I IBA, of fegk 19id" | assy
conposi t i forcesi adhiexiag the dits) ohhthersUbstrate irelveliveenttiat dusimgpthde
densification phase there Is not in-plane shrinkage of the flm and
densification only involves Its thickness decrease. Al values of
thickness above one micrometer, on the other hand, Inner cohesive
forces of the film become prevalling and during densification in-
plane shrinking of the film takes ploce os well: the result s film
frogmentation: into "islands* spread over the substrate surface and
poor adhesion of the fim to the sgbstrcte.

This thickness of obout 1 um represents a technological fimit for
sal-gel technique, as Indicated for instance in “SOL-GEL sclence: the
physics and chemisiry of SOL-GEL processing”, Brinker and Scherer,
Academic Press, 1990, a comprehensive review of the knowledge in
the field. As already stated above, films prepared in this way are
defined thin or thick when they have a thickness below or above
about 1 pm, respectively. ‘

For the production of thick films through the sol-gel technique it
has been proposed o prepare o sol containing, in oddition to
normal precursors, a dense material in the form of nanospheres,
that is, spheres of dimenslons of about 10 nm. This approach is
exposed In the paper "SOL-GEL derived thick coatings and thelr
thermomechanical and optical properfies’, Menning et ol., SPIE Vol.
1768, SOL«GEL Opfics I {1992), poges 125-134. This technique
hewever can hardly be implemenied practically: besides, despite
the fact that the first papers on the technique were published more



06 March 2003 WO 00114013 PCT/1T99/00284 _g_ and oxi des of 494k ?(?(%nents
may be 1:1 or higher in the case of germanium while it is generally not

| ower .than 5:1 when el enents such as titanium alumniumor boron are

enpl oyed. This soi is preferably of very [ ow concentration and is obtained
s using at least 10 nol's of H20 per nole of al koxides, preferably from
about 20 to about 100 nots of H20 per ndfe of al koxi des and nere preferably

f rom about B&Eto about 40 nols of H20 per nole of al koxides. Preferred
al koxi des a1 R fyée Yarey egmeaaivohbeosbiiiy eifythickdibmerbow thist touteohast hy|

al cohol , ngg%quﬂl%éﬁg re easily to hydrol ysed and the resulting

alcohols ma d by evaporation. Taking silicon as an

cxarple) 511 | conralier despamuciabpbactel 0 bl ik RS raugh ;o

ortho-esthers, and are int i1eld as

Tet r a- net hyrepeumsdemﬁmns&ﬂ ml-dsﬂlms, any SEGR [ayer awstbyerdensified
Tet r a- et hyl Ol’tho-ﬁl ligate, OCH2CHs) 4. is H20 is added as a sol ution of

an acid of P&lew Qﬂhogmh@sswtase;q@eat lxysi. A exacapie of dalstikdndeadn 0. 3

compri sed bETSSESTET Gekhyit bbb BONEK Sttt SOl gl ' °
Al koxi des hpalr 81 gobsirctesmSoms it bil, U ToURIEH bf NopsCHNallifiee Sblles, 2\90

process necessarlly requi res that hydrol ysis at this ‘stage be conpleted

and that no(l?%Hedages 223283r Ancarding he thebEegabue, physibis, wmdnbisys. s

i conol - i EXIPBIS] B TIEHRIE Hfa 'sﬂ%\?q?\s%?fnf%ié" A, Aot g e
e | nakde o IR SkgR: o ol o SRR A 0088,

preferably conprised ween | s phase nmay
and f avour ednegharicel omgd oplicalaheratierietico apry dedld kyeemudd hanke ¢0 C.

i Sél‘k"k.VZi gbiﬁa&mﬁﬁ“’ ot Biherofa aou 6 2Buim, gor batae PredlcHoR Bbdbed by
3 [ 06
Var ch 2008 Do TTs s GEEER oBY offh LRLIES RN R GitioE B8R o

wat er t hat mﬁﬂ@@ﬂontgegspng with al cohol as an azeotropic m xture, thus

ensuring total alcohol renoval. To the thus obtained sol there are added
from about 0.7 {ibus. thegredsctipnnf lprge simountaobdfiat wvaveguideshy2theer

h d | h f d enbod f th
Coventi on, SEbBREBRR AN PIRE RGHIPBY cxt remel y fine powders. such as
the conpound obti; s“ﬂﬂ.ué%nf #&!E‘Cf%f”fﬂ ie?en?’#ﬂeem’ohl ﬁﬂ"g:rBWH ld’ §b?gb§ a

particul ar formo extrenely® pure po l'i'ca, Wt €s 0
gr anul oret r yerecessofar thee rmemmhhctnld ﬂ'ﬂamgk'xis? d'md!sngf Siiidoh toxide or

be” obt ai ned OTet AEeRL GBSl He e hrevided ?w&%%gfg%% g ™
ST W i oty o S0 2 Y

favoured by nmechani ca c strrring ed sol is
deposited on a smhwm@dnom techni ques, e.g. by means of

di p-coating or i n-co the first, one consjisting in dipping in and
extracting fromg Sﬁ 3’% K‘%E’ﬁg%%ﬁ{‘ tion, sseobjeciswagsobdainedpt in

o the subscy o, s8Rbet JotditeaC AN IRl BreBaPgHoh"ds SRR GiEka IR AP: i sed
bet wveen 500 siligoR0BRXider based on silicon oxide, comprising the steps of
claim 1.




The sol filns thus obtained on the substrate are preferablog Macs2d03 o gel
suddenl y through quick sol vent evaporation. Gelation 2s consists in the
condensati on of -OH groups bonded to different atonms of silicon or of other
possibly present elenents, according to reaction (I) given above. Oxygen
bridges between two atons of netal, silicon or germanium are forned,
eventual Iy resulting in the fornatlon of7en oxidic gel. 30 Instantaneous
gelation is obtained in the sinplest way by 06 March 2003 WO 00/ 14013
~CT/1T99/00284 - I< 0 sudden heating of the filmfromroomtenperature at
a tenperature of about 300-400 C, for instance introducing the substrate
with the filminto a pre-heated oven. The filmmay then be left in the oven
for a few mnutes) to enhance its nechanical strength. Once extracted s
fromthe oven, the filmis stable and can be |eft exposed to air
indefinitely. This filmis constituted by a dry gel, having the sane

chem cal conposition of the final oxide, but wwth a porous structure. The

| ast process phase consists in densification of the film that is realised
i n subsequent Thernmal treatnent steps. to As known in the field) the dry
porous gel obtained is generally subjected, as a first preparation step of
the densification procedure, to a thermal treatnent in oxidising

at nosphere, for instance between 300 C and 1000 C, preferably between 500 C
and 800 Cin air or oxygen, in order to renove through conbustion the is
remai ni ng traces of organi c conpounds) al cohol or alcoholic noieties, that
can have been left in the gel pores. A subsequent step consists in a film
dehydration or purification treatnment, in order to renove The -OH groups
possi bly renai ni ng |n the filmafter gelatlon sol vent evaporation and

combusti on reno\By hriroion oy ialo s. In a first enbodi nent of the
process of the i entlon this Is obtalne flow ng in the gel pores a
gaseous dry deh Inventior wil bﬁdﬁe&@ﬂbleﬂ i;’oshmlly\‘\ﬂh refetengeaic ther t

gas. Altern ocedur s realised by using HCl diluted in
Hz in the |Hﬂ¢¥8§¥f§°}‘9¥’6ﬁr§ 6 ‘tenperature in the above said
range is reached, ﬂgubétlrmmnﬁefrebahasfeq !éﬁﬂé’ﬁ@: id@irigie &Pr a

gi ven tine)tgenera conpri sed between 10 m nutes an our 1n'the
presence of tAedityenion rgetmrﬁostlpeedensmqum r@IaErGﬁtug. EhengaBomple

conpr i sed. bR Shuts  bne Thit FFoser s Hof afesCl noi aoosa
. 31990% Blr”efe eﬂgﬂ'ﬁfh +- m%%g%séﬁooﬁa woﬁladn@me%swd tH@Sdamigh as
sample of Agure 1 afier densification;
- Figure 3 is a schematfic view of o sampie of the invention.
obtained according to the interferometric technique In order to put
in evidence possible defects of subsircte-film interface:
- Figure 4 shows another image of the saome sample and wilh
the same view of Figure 3, with the only difference that the image in
Figure 4 has been obtained according fo the "dark field” technique,
as explained below.
For i ut venti
In the first phase of the process according to the invention it is
prepared an extremely diluted sol of ¢ sllicon alkoxide or of a
mixture of alkoxides comesponding to the desired glassy
composition. In mixed oxides, the molar ratic between silicon oxide



The densification phase then involves heating substrate anggsagReh@ob® a
flowing inert gas. Specifically, substrate and filmare s brought to
tenperatures conprised between 1200 C and 1400 Cin a 99.99% pure helium
during a time preferably conprised between about 10 and about 30 m nutes.
This process is fully conpatible with silicon oxide substrates. \Wen the
substrate MOMHAYU3of "silicon, using HC nixtures in heli FRTIEBgi ve rise
to mcroerosions, known in the field gs "pittings", on the same substrate
surface. To avoid this, it is possible to resort to m xtures where the

I nert gas C%Fdabﬁéle?ycﬁr&ﬁ% Abehtstidy B 1:1 rtﬁlgﬁe?‘ M ¥Ysaden ratio that
varies depending on the treatnent tenperature) aCcording to the conditions
i ndi cat ed i gesmpmpem, whilg. it issg@neicilygiotdabier dhad Soh vRE#N Réenentsof 1963,

Vol . 24) page 448..iThis paper .shomqthat t he vol une percent of HCI that may
be present Xdmh oSAIRYRY IPENER i %8Ut°r8iqmﬂ@yﬁﬁ'se to pitting becones

hi gher the hi ghaiis thias besieeaBly WeverfSoRceesmt@loPbhtl ifdianeee avoi ded
with m xtures containing a HCI volunme up to about 1.5% of 20 the vol une of
hydr ogen$ mwn@gctalsoabbﬁmqlg@@@ per wlawdalkaddet riptaiobho#iomc, and up to
about 5% at 7 . ' ' t ent

i nvention wqﬁgqﬂtgoéét(?%&%%br g'gélg%’)ggbﬁg}g?ﬁg\éggg%@xﬁ]estﬁgd?xﬁé{%d by readi ng
t he fol | ow muefexabiyl from tdizdutad@ toeabbut d0i Maks of a0 ther nmolendi on but by

2s' no neans ,are,to _be considered as | jmti its scope..ln the Exanples
fromt to 5PRHEGT Sraieleconkanges rBedngie Wik Bs AICRAAlE Meifhon a
substrate agephéd ABnt MERRI 'dﬂVé’ng! aredrdl SHO e seMBidaRided @@g@sfy 6it is
shown the preparation of a filmby using a starting sol of different
conposi tih on hygiwolpedveire the pesylinatdloahel mayobeusasily| nenooved dubstrate 06

150 cc of  MAVROrafo e it 4° o keroridid e ChsRieraiBdli Fon s made

honogeneous (sl fnéd g silitid ackl sithb-ateus deEoaNke@in anthelfiglkdegoni ¢
stirring during about 10 m nutes. A_clear ponophasic solution js obtained.

The sol uti oAM@S.sthetsiteg geronyne forfeka-menvireHhpsiicaig: sifetiHsh: of et hyl
leobol  f £ hC S
al cohol Tor ’E(F;—Ej %Oé %[&?:cgrbﬁygﬁ to? T8t LortPBL gt@,;ﬁﬁggﬁflﬁc%i at a

t enperature In connected, throu tavapor4) to a punp
t hat brimgs HReisprddedras arsoldion ehoni anidf daskncentption sechihes to The

condensi ng pi of . the Rotavapor, K is,ke a .t nper.at ur f ,about -20 C
to ensure cgr'%geq BHcvo(ﬁﬁﬁr?soé‘f'P@%?q)beM%gé Q%Iadéﬁtcgﬁglpre%{gecgaﬁﬁi IS

di sconnect egs fCRM tHiLcaYs tiesnadite BohBehhaticnls @rmprgd baskebha @3 ar e
measured about 56 cc of liquid, essentially consisting of ethyl alcohol.

28.8 grans &NARSEIN andoNsderskdy behvaea OLfgdnd O Mhe t hus obtai ned sol, and
the mxture is i amg s ASOIN G St Ik I i 10

m nut es. By usi r@‘t e tﬁﬁs 0 !tgglg)lr@dgégw,)ﬁ%@n%@(%f)ﬁtbgrfgagpg%gﬁﬂg t hr ough

t he di peoat iprgcesc hmegesarlyi ppopgeanthadx thyacolysiy @t othit hkagel e silicon

bstrate at f 0.5 d. The sol . filmis i t |
colTed ot aciSRMBTER: Bngna &R BiGeear Bk tnel Remdl fnaReblRhE " £ ot he
oven for abqHasks, Hyewbioss iOpdshics bl i srathivRietdensbhipgdion toy of i | onettic

test is carried out by using a Rodenstock RM 600 profiloneter. This
t echni que aldigilingpther forming aleshaeloRighistlionds pesetdytredfamen vodesat e a

surface profjile: .tests r i e. perfor I i l'i ne,
obtaining t eurgmq%%g%ﬁﬁ%#%tpggs\t}ger ingﬁeoﬁgﬁ'@ﬂ/gﬁgco ({Pﬁg%(%ﬁge&n Vi%rlle, or
scanni ngst heoslon #C enlabigrtha aretictk@blyl daraprised behwbeaiond 5 Insoqur f ace

hei ghts variations of the whole surface. In the present exanple a
single-1ine T%ﬁd@“ﬁ?%fmpﬁrﬁﬁrqq',‘:?'@g?ifeﬁagngefé’NOH[ﬁ‘f&VnQH’.erq*mg Bs@lt is shown

in Fig. 1, rigpabdididre’ EbmMdriti s HaKenMohAE 2D @0 Hyfoly§E isisfppéei s and
when the volume of alcohol recovered in a suitable flask is about
110% of the volume of alcohol stoichiometrically produced by

30  alkoxides hydrolysis; recovering an over-stoichiometric volume one



30 displacenent in mllinmeters on the filmplane on the hori zgWalch200s-
06 March 2003 WO 00/ 14013 1' CT/1T99/00284 -13 The horizontal axis zero

val ue, corresponds to the border of the zone reached by the sol during

di pping of the substrate in the sane sol. The resulting filmthickness,
apart fromthe edge zone, is of about 10 Vim s EXAMPLE 2: Porous film
densi fi cati owoldogsosanpl e prepared 4S given in Exanple 1 ispctemeesirom
traces of possibly renaining organic conpounds and densified according to
the follow ng thermal treatnment: - heat9ng fromroomtenperature to 8Q0 C
in heliumat an to heating rate of 4 C per mnute; - treatnent in a 10%
anhydrous HCl iakegm/f@rréq:mtnmfrﬁhﬁtqmuuumfwgonealfmchmqmoa@rceemleng heat i ng

in heliumup 1 f rapid
cool i ng, takl\%{ h @égpgé%ﬁo%?s&%%% c@?‘@’cﬁ% *ﬁ"r%p%ﬁ?g“ﬁ‘gewfﬁ é(‘\f?ri‘cl)lorret ric
tests simlarrdmovdie one previously described is carri ed out on the thus
densified film The test result is represented in simlar to Fig. 1

( and shows a fill@ the Busektainedsglithage -arg OQGGQ)@@FLEbQUf 8hi Bate and

filmcheck Th i ed with an
I nt erfero#et rﬁ]ﬂfnggﬁgsc%@fézg ’ ggBGRgéHSQQ{%\%?PEﬁﬁe Slrtéergh fsgégbe shown in
Fig. 3: focuseikngdehmoteclmtrta)peefetredhembucbnfeaﬂeafbtémmw&nmba pi€Xf ect | y

transparent film and he s on substr at | ack sppts 2s.corr spondl ng to
silicon surfafemad % 4oR. oK ingls NG BPYder. oHEHk A ffne. L.
representing &bmpsigfRd ebtcimé@tﬁ f{&}néu’ﬂ/ﬁré@ﬁl? S8, bg%mé hyaripxd ide f i1 mlays
on the upper part of the | mage. E 4 Filmcg The sanme sanpl e of

Exanpl e 3 i s REWqUplImeefi erxireaa@lx FPW@I powdssy silicag wilte pagiielesi @fw
directi Onl@ndgH}ﬁch?%@ryZ&' éﬁoMOCNEB_End Q@ %%%e%p%%dmg SiCls to an
oxyhydrogen flame. This product is commonly available on the
market and may be obtained for instance by Degussa under the
fradename Aerosil OX-50. Homogeneous dispersion of flame
hydrolysis SiO2 into the sol may be favoured by mechanical or
15 ultrasonic stirring.
The thus obtained sol is deposited on a substrate according to
known techniques, e.g. by means of dip-coating or spin-coating, the
first one consisting in dipping in and extracting from the sol, at a
constant pre-set speed, the subsirate kept in vertical position, and
20 the second one in pouring a pre-set amount of sol on the substrate
while spinning this latter, at a speed generally comprised between
500 onéﬂ 5000 rpm.
The sol films thus obtained on the subsirate are preterably
caused to gel suddenly through quick solvent evaporation. Gelation
25 consists in the condensation of -OH groups bonded to different
atoms of silicon or of other possibly present elements, according 1o
reaction {l) given above. Oxygen bridges between iwo atoms of
metal, silicon or germanium are formed, eventually resulting in the
formation of an oxidic gel.

30 Instantaneous gelation is obfained in the simplest way by



1V0O OO 1~013 - 14 rcrn~9roo2sa m croscope. The "dark field" tesMaicheo03
consists in lighting the sanple with |ight directed towards the centre of
the viewing field and with an incidence degree on the sanple of about 45.
In these conditions, if sanple surface has no defects, light is not
reflected in s the observation direction and the sanple | ooks black; vice
versa) if thwosenoie has defects) these diffuse |light in ampgrareeesions,
conprising the observation direction, so that the appearance of shining
spots or areas in the microscope fieldl®eveals a non-perfectly planar

surface. The results of this inspection are shown in Fi %‘64. |f can io thus
be noted thatudderbesiingoiinedim frem ropn demperatuse itg traperiiig film F,

corr espondi n%{%ﬁo@;ﬁ@gﬁ 5{@7@? g%ﬁ@.ﬁ{?é iﬁip&ﬁéciﬂp. AN Shsirbfs Wilsionp! et el y

free of defe ms production wth no substrate
def ect s Genefilm irdo d predhearpd ®vebt #he ébn scoyp thikm et lefttindhposeadar e of

Exanpl e 1 i i fied ing to the follow h | t t: -
heat | ng 11 onft BOMMRS: (i BPEcDEe i shechAnke) Shalh MR FEiht e of 4 C
a mnute;s- FoARthE%owén BHE @i it RtdbleagREUEaR] BEUes ERRdRIAGKPNe note 20

of HCl per 100 nots of H2 per 2500 nots of inert gas, such as N2 or He; -
heati ng i n hindefinitaly. tibis B iccanstivted oy 6y dnagelohaying thavisame:. By

the ol ear_1 RPMCSHASE R ae Tl ide Bl O ERE s BENA, "ot ceroa.

COVPARATI VE EXAMPIHCST phecess ptrerasnsists ipdempifictitibnasidh? fine thigtdeat ed, with

the only difference that the HCl concentratjon for preparing the starting
trgSp!

sol is | ower Egligeddn gybsequert theunet reQtmeRt YRBS: i | m showi ng poor 30
adhesi on jgnt o t hgs RHBRIA & e field, the dry porous gel obtained is generally

subjected. as a first preparation step of the densification procedure,
to a thermal ifreatment in oxidising atmosphere, for instance
between 300 °C and 1000 °C, preferably between 500 °C and 800
°C in qir or oxygen, in order to remove through combustion the

15 remaining traces of organic compounds, alcohol or alcoholic
moieties, that can have been left in the gel pores.

A subsequent step consists in a film dehydration or purification
treatment, in order to remove the ~OH groups possibly remaining in
the film after gelation, solvent evaporation and combustion removal

20 of organic moieties. In a first embodiment of the process of the
invention this is obtained by flowing in the gel pores a gaseous dry
dehydrc;ting agent, such as HCI possibly diluted in an inert gas.
Alternatively, the same procedure is redlised by using HCI diluted in
Hzin the inert gas.

25 Once the pre-set temperature in the above said range is
reached, substrate and filtm are kept at such a temperature for a
given time, generally comprised between 10 minutes and 1 hour in
the presence of a dehydrating atmosphere.

Before redlising the final densification phase, subsirate and film

30 are heated at a temperature comprised between 400 °C and 1000
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06 March 2003 -1S the analysis of tests results shows that thgsmép&eggogaf
the invention allows the obtai nment of thick supported fil ns.

particular, dig. 2 shows that by the invention process a fil mabout 8 ~rn

t hi ck has been obt ai ned havi ng side di nenstons of several mtlinmefers.
figures 3 and 4 show that. although the substrate surface presents a few
poi nt def ect WO(dd/1¢3k spots In Flg. 3J the oxidic filmfom&®dToTwEB8r' , g to
the invention process has an upper surface with no defects (lack of bi ght
spots in the upper part of the irnage-ild-Fcg. ~t, corxesponding to the zone
where the f|Im|s) In this Image, defects at the fi|l msubstrate interface,

that is, undefCtREfembly betweags 5@@1g§r°0¢s$Q9 & Bega ‘é“rlgw‘ft%bgﬂﬂar k field"
t echni que thi guémaer?&@gg) %&er}%ehbﬂgggctm%cmp bei ng shi el ded by the

mrror plane represente I'Trn. Sllicor~ surface defects are
avoided if, in thie Im"lsmpatmnthm:‘rm themsnyolves irmatnmeubstrate EHBO- hydr ogen

noct vre In inert gas instead af HCQ al ner ) d, as

ool ai ned" 1n tHEPE o Havano Jrefidod SHesiicahe b ifuad R « s

Fil ms obt & negraisftntéitBehdetaties BbA{RESdUefWir MOVMC dhdRT4p0Penpe endowed
with good optical surfaces) aitowir~~ their use tn optics. ~tncrlly)

despite the f&ct?-IHaPuradaligm geringd lime peetraablyceemioiswn batweenvest i gat ed
for a nunber 850\0???%mc?‘8909f§(?hﬁﬁufte@e fact that the single steps of the

present process 0 he 1 Avention nay have previously described in the
speci al i sed i terﬁuwpeocehetspmszeeenmfoﬂbﬂm witly esilicorn ceddeo webbtnatesbt ai nnent

of the above 0S lts,. that, coul.d not be d bef by the
experts in thg‘ﬁ&ﬂ ﬁ'beepuéﬁgtg is m@gel\%fr%n?%dé'nglg'al ﬁﬁei' gﬁ‘ﬁ‘d 4
accor di ng;4 o HH*y 5% e totrﬁfé?aeﬂié%ﬁsoﬁné\bﬁ i P RERS b?rblﬁfndsh'(ﬁ#’rh@ assy

films of silicon Oxide or based on silicon oxide, conprising the follow ng
phases: - prepamesybsiratg syrfase.Joswiqid ithis s passiblegorreso to mivares , al cohol

e SR ST Ay R

el enents chosegidytyagogen MRdticuntho! valied Uepéhding Uon afite zireghénin wherein
the nolar ratio between the precursors of_ silicgn and the sum of the

precursors of temperives. areRrEingte E"%ﬁﬂﬂﬂ""ﬁ)ﬂs Bdicglag in gRererof Gai d sol
conpri si ngs a Watl.%hgl SJL}HIIH%U n K‘@AaﬁequPB? 49@3 Ngoflodl $Rje ddsMies of H20

per each nol e of recursors and havi ng PH conpri sed between 0.3 and
1.5; - hydr ol psioeg sbaws f@afdbee/qmreeupem@t of Agtihat meoysbe piesanbunt

ormng 111 m oEruapl wih Bioded, SFindll: Sibio, 1t 7oy BeRlEn Sot vent

evaporation; higteitshbyhigaiet fiee témpepliuaénas diebxdimpie t pithng indp eoral
treatnent. 2. Process according to claiml) characterjzed in_that in said
sol preparati SHOH%EV'%@W@U@’S@%@@"TQ giiSbvelyme Upplaegbept L% gkr each

mol e of sgjd ﬁ?é‘&ghﬁpgrcﬂq’tvo‘? en%von'ﬁr%ﬁ%tb%%g 60“9:%%@ éJJrGo

characterlzed int in sal ration ase It '1s used a m xture of
sol ubl e precud ot udfl 249 PCCondaJmtcgebaahﬁ%mfsmﬁu’rtlI?ﬂO °Che nolar ratio

bet il i | tg her than 1-1 .4 P
according 1o ol ai RPISCkR, abRenidiles ALdhe IR0 EERslidn phase

it is used a WeHddr applesialath! By Rheckikpers iAf the field by reading the
following examples, that are meant to illustrate the invention but by
25°  no means are fo be considered as limiting ifs scope. In the Examples
from 1 to 5, ihe preparation and check of a silicon oxide film on a
substrate according to the invention is shown, while in Example 4 it is
shown the preparation of a film by using a starting sol of different
composition.

30 EXAMPLE 1: Preparation of a porous film on a substrate




06 March 2003 -17silicon and of one or nore el enents chosen amgngarthensd um
al um nium zirconiumand boron, such that the nolar ratio between silicon
and the sumof said elenents is higher than 5:1. 5. Process according to
any of the preceding clains characterized in that said soluble precursors
are al koxi des of said elenents. 6. Process according to any of the

precedi ng cl awosendoisar acteri zed in that said sol preparati opcph@ssoziher e
are enpl oyed Tetramet hyl orthosilicate, Si(OCH3)4, or
Tetraethylorthosilicate, Si (OCH2CH3)4-d428-silicon al koxides. 7. Process

according to-claim1, wherein H20 is added as a solution of HCl of
concentration corhSrgrswas obTEREarecdgeshiy BEGRC d HErsedwtinn @ddvindting t o

claim7, wherginh i sol.utj f .at L.on
conprised bet %Sghﬁgg&é Sa(?l‘%ﬁ‘g'%ﬁl.%o@.t '8gr'%h{ed§<55|e 2‘8 E@g éher%ogégﬂ%ﬁ%gfﬁé ,”

charact eri zedtd girutiaine®@is dneehuahictil pIret ultesosidyiitring Yeurihg et i19 caused to
happen in a hydrol ysis contai ner and pushed t %rds st gi chi lg;atri.c

conpl etion byf_mﬁ“éf?_?-l PaflesK 6\9‘1‘%?@0&!%_69'8 IOR ol q'qﬁq-hy‘%fﬂ’? [9fsiSs, keepi ng
the pressue hooRal il @by e ROt Alifdles loxialhbHC bty Hicghar - 10
Process according to claim9, wherein pressure in said hydrolysis container
is conprised temesbrby T&fIf Sryabalysis s . begon.esvaindaioing fhet sokidther claim 9

or 10, whereipn the tenpe yre. in said hydrolysjs, container, is kept at a
Val ue compr | sEmBEIEEh ob 80 s ol GYARGrERl S0t R G B i m 1
characteri zedid & plp FritCbirdsUbleCpRisQiarinohe RydtRny bk Rhasdut $ conti nued
until distilled volunme is 110% of the theoretic volune of alcohol forned in

t he same hydr@18@i stheiacondendrg RiRDr af nifet RAPNPREL, isck@Pdcér Pzed in

that said,fil i Qﬂiﬁ,i_r My j i subs¢rate with
the 06 rcf?@@%@tp%ogo |1I %oi ?é%%g?&ﬁéﬁ%%?%?%é&?géggﬁat ure from
300 C to 400 fhe idrmédonleshohctur ghumgptie disaommdctechdnomat #vel zgstiernn t hat

said fil mdensification ase copprises, in turn, the fol i n ases: -
thermal treat WORD & hl%t%‘@ﬁ%@p' ka f;%défec"?%c%egx?ﬁa?e} %gl Egn‘gsphere in
order to r e”DW&JiHhéﬁBﬁthEBH§§tln@be&ﬁ§! AB . 2B gRIMP bY ARK&sileoxounds,

al cohol or alcoholic noieties présent in the gel: = filmdehydration or

purification §&Dmayssa ensdideddat thenihuatolkcinagh selatnck they pxivsed bet ween

500 C and, 800 ' L Qi ' nd.,. I rature for
atinme co 58ri rsn(caééﬁ%gf)@gé %&rﬁr}%ﬁ%@%ﬁgdsfﬁmébwgah@\%% thrUggg' eous

m xture conpr ttsd tiguupofoingdlsolf sbile ifimamrenprdépagrasl; throbgat theg dih- the film
on the substrate at a tenperature conprised hetween Q0 C.and.800 Cin a
pure inert gaSoPfiaq, &5 W?'sgfm'm%%%kﬁ’&ﬁcqﬁmm ﬁg?n %mdqsﬂlﬁ%an ate
heating at a Lasghenat bf eacoppebsedl 08t wernpbe 08 Cormid ThA0QoLC filr g inert
gas flow. 15. Process according to claim14, characterized in that in said
dehydr ati on pifasmtanapusiyigelied plocing itdotd annoyen prekeqied AéMb0gas i s used.

10 ces SREAGY RS Pk S BRSSP ghlef s
contai ns hydr ggesifiatif & grofidraetricatesd islcdfedeunesnuiihy ambduritagen.
RM 600“ profilometer. This technique allows performance of non-
destructive tests o investigate a surface profile; tests may either be
performed along one single line, obtaining the surface heights
25  variations along the chosen line, or scanning the surface along
parallel lines, thus obtaining the surface heights variations of the
whole surface. In the present example a single-ine mode
profilometric test has been performed. The result is shown in Fig. 1,
reporting film thickness in micron on the verfical axis and

30 displacement in millimeters on the film plane on the horizontal axis.



17. Process according to any of claim14 to 16 wherein the jg¥kLicn3dai S
99.99% pure helium 18. Fully dense glassy filns of silicon oxi e or based
on silicon oxide having a thickness higher than 1 wm obtai ned according to
the process of any of the clains from1l to 17. 06 March 2003 -19 19. Sol
conposition for the preparation according to the solgel technique of glassy
films of sWOMAH0IdXi de or based on silicon oxide, charactRITVIZVNLISY
conprising: - a solution or a suspension in water, alcohol or

hydr oal cohol i ¢ m xtures of precursorslbf the el ements whose oxide is to be

prepared, said el enents conprising silicon and optlonaII¥ one or nore
el enents chd$erARBAlP! geinEaTPwAIvaIcarasPeRds te thetardghal the g um wherein

the nolar r t :'%iiéni f the
precursors g%“b?'h‘ge er epgﬁeaﬁﬁél& Bfn 8{ ﬁféokutS’s‘?l‘l&g%gﬁ fﬁ%an : ?"sai d sol
conpri si ng aheatsultinglfirmi Mml@fesammm ffooo e enigegzaate, lieaktibd0t @l es of H20

per each nole of said precursors and having a PH conprised between 0.5 and

1.5; - at |48t 10 noles of H20 per mple of said precursors; and - an acid
havi ng asconcenfeiali@lE ©ER6USAh BehwieHtich 03 and 0.5N, such that the sol
has a PH val ue between 0.3 and 1.5. 20. Sol conposition for the preparation

according to thé&heoicgeple: @mmr@@bc@fglwras@;ﬁxﬂmme bfis sleanash floxi de or based

on silicon % t eri zed by
corpri si ng: TaE8 St bRgIcs, RERERE, S8R LotPeprBy o feBted

hydr oal coholm@cmmgyfgeﬂq@foll@waﬁgms@hsqquedtheerql ements whose oxide is to be
prepared, said elenents conprising silicon and optionally one or nore

el enents chosen-dMftingdiaramoem temesratue, ta 80anCuir VM Hd®i um  wherein
h I i Qu: f I dth f th
the nol af, r?ﬁé@h@e%%%}é&@ﬁ%aﬁ@w%ms of silicon and the sum of the

precursors er ele rs'equal to or lower than 1:1 and wherein
at | east one pr edecgoreritsn kay % loyndgdrous HCbaP0% halionB8rixtomd derinng Si 02 per

nol e of sai ors; - at least 10 noles of H20 per nole of
sai d sol ubl 3“3? 3\%’6 %BQ § 06 March 2003 -20 - an acid having a
concentration CO'ﬁHd’rﬁ@dnb%lWOono&m Bt 2, hesariy ﬁd}étoftm:@ér has a PH

val ue between 0.3 and . A A@.A AL . AUF. Al Y. Ah. A(I . AY. AsF. Al . AY. A& A
CAs( . Al 3. AFBINYE]
15 - rapid cooling, taking about é hours, down to room
temperature.

A profilometric tests similar to the one previously described is
carried out on the thus densified film. The test result is represented in
Fig. 2, similar to Fig. 1, and shows a film thickness of about 8 pm.
20 EXAMPLE 3: Substrate and film check
The dense film sample obtained in Example 2 is inspected with
an interferometric microscope {Zeiss, Mod. AXIOVERT). The results are
shown in Fig. 3: focussing the microscope at the interface between
the perfectly fransparent film and the silicon substrate, black spots
25  corresponding to silicon surface defects are noted. The image in Fig.
3 shows a line, L, representing the edge of film F on substrate S: the
silicon oxide film lays on the vpper part of the image.
EXAMPLE 4: Film check

The same sample of Example 3 is now inspecied in "dark field",

30 using the same view direction and the same Zeiss AXIOVERT
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89) ; WO 00/14013 PCT/IT99/00284
>??~xsni d_ZI gb] X]]]ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
c”a] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] tEfc”

a

22?2 @AXAALBDE G GHHI >KIVININNNN , Z| w1 gb] Xl gb A

aU] ca] ca] caU] FAABEPPL} ﬂé?c g QYW Eg]"%%tf @h’]gﬂi}&'}r\g;;fgkg} gaﬂ:;ﬂ:;
]cal ca \e'fiih light ditected towards the cecin‘re of the _viewinch; fj'e)l(d

ZJQ\\7]1E]RI X e] *8 " w ~ pa\ bdbbbcMcccdddd$e&el f of i ~ysnhc] Xl g%??(]VTiI:haU] ca] cal
ca] cal] ca] ca] cu dedidehcs] ciggres] ca dhcadouile aptadlooal cHi’cancdihesd ca] cal] ca

e it damRle s TsEe ben e A8 ss SdiThbisnalsiBried Iy ca cal o
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EXAMPLE 5: Thick films production with no_substrate defects

generation
15 A sample obtained according o the procedure of Example 1 is

densified according to the following thermal treatment:
- heating from room temperature to 800 °C in oxygen at an
heating rate of 4 °C a minute;
- freating at 800 °C with a gaseous mixture containing one mole
20 of HCI per 100 mols of Ha per 2500 moils of inert gas, such as Nz or He;
- heating in helium up to 1370 °C at an heating rate of 4 °C a
minute.n
By inspecting the thus obtained sample with the microscope,
according to both the "clear field" and "dark field" techniques, no
25  defects are detected.
COMPARATIVE EXAMPLE 6

The procedures of Examples 1 and 2 are repeated, with the

only difference that the HCI concentration for preparing the starting
sol is lowered at 0.01 N. The result is a broken film showing poor
30  adhesion onto the substrate.
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invgnﬁon dllows the obldinment of thick supported films. In
paricular, Fig. 2 shows that by the invention process a film about 8
pm thick has been obtained having side dimenslons of several
milimeters. Figures 3 and 4 show that, although the substrate surface
presents a few point defeéts {black spots in Ag. 3] the oxidic film
formed accordiig to the invention process has an upper surface
with no defects {lack of bright spots In the upper part of the image in
Fig. 4, comesponding to the zone where the fim Is), In this iImage,
defects at the film-substrate interface, that i, under the fim, are no
longer visible, because in the "dark field” technique this Interface is
no longer lighted up being shielded by the miror plane represented
by the intact film. Sllicon surface defects are avoided if, in the last
part of the densification process, @ HCl-hydrogen mixture In inert gas
instead of HCI alone In inert gas is used, as explained In the cited
paper of G. A, Lang and as shown in Example S. Films obtalined
according to the process of the inventian are hence endowed with
good opftical surfaces, allowing their use in optics.

Fnally, despite the fact that the sol-gel technique has been
known and Investigoted for a number of years, and despite the fact
that the single steps of the present process of the lnvenﬂon may
have previously described in the specialised literature, the process
of the invention allows the obtainment of the above exposed results,
that could not be obtained before by the experts in the sol-gel field.
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1. Process according to the sol-gel technique for the
preparation of thick glassy films of silicon oxide or based on silicon
oxide, comprising the following phases:

- preparing a sol from a solution or a suspension in water,
alcohol or hydroalcoholic mixtures of precursors of the elements
whose oxide is to be prepared, said elements comprising silicon and
optionally one or more elements chosen among germanium,
aluminium, titanium and zirconium; wherein the molar ratio between
the precursors of silicon and the sum of the precursors of the other
elements is equal to or lower than 1:1, said sol comprising a water
solution of an acid containing at least 10 moles of H,O per each mole
of said precursors and having a PH comprised between 0.3 and 1.5;

- hydrolysing said soluble precursors;

- adding to sol an amount between 0.7 to 3.0 moles of SiO; per
mole of said soluble precursors.

- forming film of said sol on a substrate;

- gelling the sol through solvent evaporation;

- densifying the thus obtained gel film through thermal
treatment.

2. Process according to claim 1, characterized in that in said
sol preparation phase there are used from 30 to 40 moles of H,O per
each mole of said soluble precursor.

3. Process according to claim 1, characterized in that in said
sol preparation phase it is used a mixture of soluble precursors of
silicon and germanium such that the molar ratio between silicon and
germanium is equal to or higher than 1:1.

4. Process according to claim 1, characterized in that in said
sol preparation phase it is used a mixture of soluble precursors of
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characterized in that said soluble precursors are alkoxides of said
elements.

6. Process according to any of the preceding claims,
characterized in that said sol preparation phase there are employed
Tetramethylorthosilicate, Si(OCHj)s, or Tetraethylorthosilicate,
Si(OCH3;CH3)4 as silicon alkoxides.

7. Process according to claim 1, wherein H,O is added as a
solution of HCI of concentration comprised between 0.03 and 0.5N.

8. Process according to claim 7, wherein H20 is added as a
solution of HCI of concentration comprised between 0.04 and 0.2N.

9. Process according to claim 1, characterized in that said
soluble precursors hydrolysis phase is caused to happen in a
hydrolysis container and pushed towards stoichiometric completion by
distillation of the alcohol formed in the hydrolysis, keeping the
pressure in said hydrolysis container at a value below 10 mbar.

10. Process according to claim 9, wherein pressure in said
hydrolysis container is comprised between 3 and 5 mbar.

11.  Process according to either claim 9 or 10, wherein the
temperature in said hydrolysis container is kept at a value comprised
between 30 °C and 40 °C.

12. Process according to claim 1, characterized in that said
soluble precursors hydrolysis phase is continued until distilled volume
is 110% of the theoretic volume of alcohol formed in the same
hydrolysis.

13. Process according to claim 1, characterized in that said
film gelation phase is realised by introducing the substrate with the
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- thermal treatment at between 500 °C and 800 °C in an
oxidising atmosphere in order to remove through combustion possible
traces of organic compounds, aicohol or alcoholic moieties present in
the gel,

- film dehydration or purification through thermal treatment at a
temperature comprised between 500 °C and 800 °C and maintaining
film and substrate at said temperature for a time comprised between
10 minutes and 1 hour in a flow of a gaseous mixture comprising up to
10% of HCl in an inert gas;

- heating of the film on the substrate at a temperature comprised
between 500 °C and 800 °C in a pure inert gas flow to realise film
washing; and

- film and substrate heating at a temperature comprised between
1200 °C and 1400 °C in an inert gas flow.

15. Process according to claim 14, characterized in that in
said dehydration phase a mixture of HCI diluted in H; in said inert gas
is used.

16. Process according to either claim 14 or 15 wherein, when
the substrate is made of silicon, said gaseous mixture of HCl in an
inert gas further contains hydrogen with a molar ratio 1:100 between
HCI and hydrogen.

17. Process according to any of claim 14 to 16 wherein the
inert gas is 99.99% pure helium.

18. Fully dense glassy films of silicon oxide or based on
silicon oxide having a thickness higher than 1um obtained according to

the process of any of the claims from 1 to 17.
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characterized by comprising:

- a solution or a suspension in water, alcohol or hydroalcoholic
mixtures of precursors of the elements whose oxide is to be prepared,
said elements comprising silicon and optionally one or more elements
chosen among germanium, aluminium, titanium and zirconium,
wherein the molar ratio between the precursors of silicon and the sum
of the precursors of the other elements is equal to or lower than 1:1;

said sol comprising a water solution of an acid containing at
least 10 moles of H,O per each mole of said precursors and having a
PH comprised between 0.5 and 1.5;

- at least 10 moles of H,O per mole of said precursors; and

- an acid having a concentration comprised between 0.03 and
0.5N, such that the sol has a PH value between 0.3 and 1.5.

20. Sol composition for the preparation according to the sol-
gel technique of glassy films of silicon oxide or based on silicon oxide
having a thickness higher than 1um, characterized by comprising:

- a solution or a suspension in water, alcohol or hydroalcoholic
mixtures of precursors of the elements whose oxide is to be prepared,
said elements comprising silicon and optionally one or more elements
chosen among germanium, aluminium, titanium and zirconium,
wherein the molar ratio between the precursors of silicon and the sum
of the precursors of the other elements is equal to or lower than 1:1
and wherein at least one precursor is hydrolysed;

- from 0.7 to 3.0 moles of SiO, per mole of said soluble
precursors;

- at least 10 moles of H,O per mole of said soluble precursors;

and
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- an acid having a concentration comprised between 0.03 and
0.5N, such that the sol has a PH value between 0.3 and 1.5.



