CONTROL OF MORPHOLOGY COF SI LICA FILMS FI ELD OF
I NVENTI ON This invention relates to silica filns and
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the use of the filnms as anti-reflective and/or
antifoggi ng and/ or protective goatings. In particular
the invention relates to control of norphol ogy of
silica films and silica-like filnms. BACKGROUND The

i nvent ors haVyONTRM. OFBMORPMOUGAEY0FEISILICA FILMS
havi ng particul arly advantageous properties. The film
has useful anti-fogging and anti-reflection
properties, anongst other potentially useful

Pr op@iLip BF | fRiNpod of production of one form of
t he escribed in our co-pending

I nt er nat 0. [ | ! &
publ i shegﬁ'gq'}iﬂér?@ﬂbd%%&é%bp%%ﬁ{?“%/\g\'?var%@?@/?‘g@@if\%si 3 fasthod of
t hi profdiuction gnereofidad theluse oftreofilnge s sesleetiveoand/or anti-
vacuum evapqrati on deposition techniques. The known

pr 008G ARRICE PTPIECYVR $08 P%el'nt%ﬂﬁ'&&j‘ab&ef‘%‘@ntlon relates to
pro i i ' i &5 il ke processes

b SAREIS SR Bnblob 7 or S[iEa ThTE 7 st e MHR2 B or

pressure steps in fabrication, and/or require a

surfactant for tenplating. The filns produced by these

SOMGS are typically easy to damage and/ or

[ ination. The follow ng prior art

docunents, are but few exanpl es o thods used to .

or oduce. T BaieRta Peve PreiouRlY FiveBledkaialive O G g Bartigutarly
NUNhFarhgdbuLhropeiick! PREFifff haBasetl anti 8R4 affreflection

technol ogy were described in our earlier application.
I n prdgierties, aroongsisethpr epateniidlly usefol pseprriiees Onenmethod of

sonpatidf g Borrt gt 3he URe"Rmd % s MhFP 3 sy qa-pgnting
a t ImtérnbtibAalpFicatidrs huiber WO TET pslisaed @t Jume 2005.
made from al cohol and various hydrol ysabl e net al

al koxi degypigh AP rdfeaStive Mieedid ifitRe RE0REEE @ili8hg sol-gel

tocontrol "porosity and pore size but is quite conpl ex.
Theprocesess drneaaudes evaporation deposition techniques. The known

processes which rely on sol-gel techniques for producing thin films are
complex, multi-step processes which are costly, involve high temperature
and/or pressure steps in fabrication, and/or require a surfactant for
templating. The films produced by these éol-gel processes are typically easy
to damage and/or liable to delamination.

The following prior art documents are but a few examples of methods
used to produce low refractive index films made from silica.

A number of prior art processes based on known sol-gel technology
were described in our earlier application. In addition to those previously
discussed, reference may also be had to United States patent number
4652467. This patent describes a process of depositing a thin film on a
substrate from a non-gelled solution made from alcohol and various

hydrolysable metal alkoxides, such as TEQS. The described process aims to



adjusting tenperature, pH and standing tinme before
chilling, curing and heating to formthe film US
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standard sol -gel nethod of form ng an anti-reflective
coating by m xi ng ethanol, tetyaethoxysilane (TEQCS)
and ammoni a and hydrol ysing f up to 48 hours to form
a colloidal sjilicon oxide suspension di spe_||r:sed in a

n
al iGONHO! PORASYIAIND PatResize Ut i guite commiek Fhe peacegsprludes
obt_ay: il inCl r i i ;
SRS I SBirES FE ahd iY@ RS chiling, curing and
pl deatingriodormatimofiinacal environment for up to twel ve
hours to forman anti-reflective coating. This final

step is 1U$eH,608,266 isngirceied tdha ivodificagiohasfiherstamdard sol-gel
silica particles, and so r_engers the film gore robust
onenethogh ot clprmingr agr @nirsiiectives eeAting oBYicimiying  ethanol,
Si L . . ! _ !

SorsARFRRLGRE (MU A AT UG By to4p st
St dbem adloidalrsilidoey 0638 $089enrsicn gispersed Doan @tiphatimalcohol.

o Bt 1 BB BB L el Bt
Cond dysfals] pior k& 8afind. WPheSbodled SRR FratdlisPlacddViarin arit®hiacal

as met hylisobutyl Ketone. The solution is coated to a )
subsnvirenmerittfar Bpdatweliediours o sony antantieradiestivg) cpating. This

coriEnstn 57 4med TR IR i gREtlef TS partiles, and
ev aftpfctideds e filgdkpra reiisius coating. In summary, the
nmet hod uses an anmmoni a vapour step to inprove adhesion

and mech@Rk eRthesfeinepribranrotdssdsgotproantingistiich cbalhlﬂings without

relies in the main part upon conventional 'sol-gel )
metdiczidlyt followinguthe conventianahgol-gel riyenessigeesgrined wnknited

. [ i | i .
D ST o BFRA 201 B0t MR LB srporaion. he
whi sdteht dédciibele proeéss orFemMIPg 4 deatingdfrarh elsdlutidednaprising a
t he known techni ques use sinpl e processing stePs to
pr J@stre gantaiing tat deastr dvee®ikbr @IRePsgn duéplvest, such as

POr A8 yisBH Gy Rt The oMY cOhtebith o SWstAtdNith about 5% of

the solvent remaining in the coating. An aqueous basic catalyst causes
condensation of the Si-H groups. The solvent is evaporated to leave a
porous coating. In summary, the method uses an ammonia vapour step to
improve adhesion and mechanical strength of the resultant film, but relies in
the main part upon conventional sol-gel methods to produce the coating at
room temperature and pressure. The preparation of suitable starting
materials containing two Si-H groups is difficult, which limits the usefulness

of the technique.

None of the known techniques use simple processing steps to
produce films with controlled morphology, such as porosity and pore size.



In one form although it need not be the only or
i ndeed the broadest form the invention resides in a
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on a substrate including the steps of: producing a
precursor formul ation by addigg to a solvent an
hydr ol ysabl e silicate oligoner of the form where each
X is independently selected froma range of

hy@mwmgmmmuwwwmmsabl e groups with the

pr OV so at at Teast t X must be hydrol ysabl e
groups; h@f&% 3| hﬁgneéd hBPb@rtW@ Bhr |ﬁ@éé@‘kﬁ§ ion
on the su strate an hen curing the coatin

hy dhroadesit Mnarttje mmmtmu regidiendn acraethmgl ¢frfosmm|oﬁ> ailiga or

o eliaaRe micraed B ol AN BERIROT, (e

hy (Ey’r@dilyéﬁ@bq)réd:uﬁs@afcﬁnﬁhamﬂw ad&nptt@kd Solvbst &t Apdrofysable

curing include the steps of aci ng the coated
sulsﬁlcame iganer efithgtfermii th t he ret arder vapour; and
subsequently introducing water and a base into the
chanber. The hydrol ysablee, silHhcate oligoner is

sui tably derivable from m)I cul ar precursor of the
form XnSi (OR) n vvhereg(- x " 4-n, each Ris

i ndependently sel ecte from a range of hydrol ysabl e
groups, and each X is a r)on hydr ol ysabl e group

i ndependent |y sel ected from a rfange of

non- hy drgiers *lch X idinpspeftentidelettod frozeh lrodinbardfher
i ncl udes the step of norphol ogy control of the fil ?@qat

cont r ol INyAgPlysaiie or inga- WPW&@MS@?Q%W withdhe previse

t her et ar, ous

envi ronr‘rg%t tﬁl{%% k?ﬁl%%i’addeeﬁ)édral CﬁISO@'BBE%I tional

morfptraingQy ceatiny of thefprebarsbr formwyjation on the substrate;
and then curing the coating by hydrolysing and condensing the coating in
a vapourous environment that comprises a base, water and a retarder,

said retarder retarding hydrolysis of the hydrolysable silicate oligomer.

Suitably the step of curing may include the steps of:
placing the coated substrate in a chamber with the retarder vapour; and

subsequently introducing water and a base into the chamber.

The hydrolysable silicate oligomer is suitably derivable from a
molecular precursor of the form
XmSi(OR),
where n= 3 or 4,
m= 4-n,
each R is independently selected from a range of
hydrolysable groups, and
each X is a non-hydrolysable group independently selected

from a range of non-hydrolysable groups.

Suitably the method further includes the step of morphology control
of the film by controlling respective partial pressures of the base, the



sel ecting the solvent to control pore size and
sel ecting the concentration of solvent and/or retarder

wa 00602280l pore density. The coating step i s BUi/AHERI0Y000733
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performed by spin coating or dip coating. The nethod
may further include the step of allow ng the coating

to settle before curing. It will be appreciated that
t he %recursor is |i i?d during the coating step
( baetrderand ig) Walkd T e KARRHTOUS STNERRMENT P S0 the

met hod does not foll ow the conventional sol -

process Thesethssimpy ingkede pdditionakmorrhalgay cqmrql af thedilm by
- sTebite bHent R R REHE RB AR ind the qongeptration of

andoh@nt apdfs nerirdemtol doritivt ppas tiensityosi t ed f| Im to
create a nanoporous, stable, highly cross-Iinked

silica ofnhestdatirr été%‘i*s SEitasy Ferfslcméawyxspﬁmeomgeorsd@e
may be related to the size of the solvent nolecul e

Th eoatinge fthegoathest may furteerppeludedbe stan af allowing i coating
ﬁ?es%?ﬁlﬁshéeéﬁ%gﬁ may al so be related to the retarder

ni acal environnment. The nethod is

Z?'néi‘ﬁ'hy Wil by Eei et Bt B prtcifEer EBEICHffo 3E' coating

pr Oétéﬁ%ef@réreum@ &id prstetally at REERSIS9r sd eemethoddoes not
i ncl udlnﬁthe steps o m xi ng an hydr Iysable
©

si Ifolowd |opgmrortaﬂ sphaek posesses@rikastin tRejprior art. It will be
in I d y
norCHyAF R EpREG ML, it d Mone T itiofisle for
t h][cﬁmt%éllmg?the bﬁebﬁﬁhmmmtﬂ wcgwdytrmudwnsatlcm in d)lhe'pmt-ddpmsned
a further form the inventi resides i recursor
f orfion, de .C&ﬁtemn@wausaﬂag[é i"q}d Pfcrﬁsgff@ﬂegs%ﬂbqaem silica-like
si | igalgc ol i gomer of the form
Suitably the pore size may be related to the size of the solvent
molecule. The solvent content in the precursor relates to the pore density
which may also be related to the retarder content in the ammoniacal

environment.

The method is suitably carried out at or near room temperature and

atmospheric pressure.

Another form of the invention provides a method of forming a
precursor formulation, including the steps of:
mixing an hydrolysable silicate oligomer of the form:

where each X is independently selected from a range of
hydrolysable or non-hydrolysable groups with the proviso that at

least three X must be hydrolysable groups;



where each X is independently selected froma range of
hydr ol ysabl e or non-hydrol ysabl e groups with the

wEe@ei38231 hat at | east three X nmust be hydr ol yR&iyAB2006/000733
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groups; about 0.2-100 parts al cohol; and about 0.01-1
part water. In a still further. formthe invention
resides in a filmhaving a re#@active i ndex between
1.1 and 1.56 and a filmthickness |ess than 100

ni o¥ihha spieRbd by t he above nethod. In yet another
formthe invention provides for the use of the film
coat ed dn adfurthenfqra, dhe inveption sesides iha preerrsanformulation
antij-r Y&éajive and/ or antifogging and/ or protective
co PH?. yet another formthe invention provides a
hy civeminitl part hydralysBblef sicit vligbmenyd tiepfori: ¢ fil m has
a high surface area. In one formof the invention the
hydrol ysabl e silicate oligoper is not silicic acid
tetramet hyl ester honopoly Thr oughout t he
specification the term"| efra &:ve i ndex" is
intended to refer to a fi %F‘Fh i nvention having a
refractive index |l ess than s{licalglass in the

wavel engt h range 200nmto 2 BF DI SCRI PTI ON OF
THE DRAWNGS FIG 1 is a spin profile for coating a
subst r atwhergreadgh Xis mdeperderthesalerieddomn acianggdy

< an 1 plSyPat® dbdhRiTof batle depBba Wipdhetifice gt ot
THE | NVERRSIANrd X rhivstiss higdrolysabld groabe; ol i goner s of

the invention have the general form where at |east
t hratous0.21180ypajiscrlpehalr anthydr ol ysabl e gr oups.

Sel ection of the X groups is not particularly

r esalyawd t0e@1-dreart wattirscussed

In a still further form the invention resides in a film having a
refractive index between 1.1 and 1.56 and a film thickness less than 100

microns formed by the above method.

In yet another form the invention provides for the use of the film
coated on a transparent substrate to provide an anti-reflective and/or anti-

fogging and/or protective coating.

in yet another form the invention provides a hydrophilic film.

Preferably the hydrophilic film has a high surface area.

In one form of the invention the hydrolysable silicate oligomer is not

silicic acid tetramethyl ester homopolymer.

Throughout the specification the term “low refractive index” is intended
to refer to a film of the invention having a refractive index less than silica

glass in the wavelength range 200nm to 20um.



further below. Particular exanples of these materials
i nclude nethyl silicate and ethyl silicate, which are

wobkiogoezsesi c fornms of tetramethyl orthosilicateP@nau2006/000733
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tetraethyl orthosilicate, respectively. These

materials are al so known as teérarret hoxy-si | ane and

tetraethoxy-silane. By way of exanple, the oligomer

can be forned fromthe nononer by partial hydrolysis,

as BRIEFCDESCRIPTIGN OF TaW pRAVWRNGEONSs: OR OR RO-Si - OR
+ ZPOROS -OH + ROHTO R OR For comercially

avﬁlﬁam e neawpin profile farcoating a syhstrateyand and f or

oL Ibib, 2 L i hScheniatic' ol Efbd/camile dear ee of
pol'ymefi sation I n s not 'particularly

| MIRIG &nt . |y\haﬂm&ge&)femfnisyﬂlnqlam:iabl e group it is

i ndependent |y sel ected from af range of hydrol ysable

gr dﬂ%s 4§ nclig@ndgageofmeetandiildy to c1- 10 al kyl,

preferably G -C 4 alkyl, aryl inclusive of phenyl or

naphthyl, optionally substit ut ed aryl, aryl Cl-C4

al kyl |ncI usi ve of benzyl. It wll also be appreciated

th@EWWMWﬁMt h one or nore
1 oor i nothe BN sablec g biers b e Y 9RRlGh havs 1

r gefepalUformont ai ni ng substituent which does not
interfere with the formation of the silica film Wen
X is a non-hydrol ysabl e oup~it is independently
sel ected froma range of n- hydr ol ysabl e groups
consi sting of alkyl, al il, ryl or alkyl, alkenyl
or aryl groups optional ] Uﬁ% uted with hal ogen,
ni trogen, oxygen, sul phu Xor S|I|con The inventors
have realised that the photody of thin silica filns
can be GoRéieLat 188t tﬂré’e of !F\@'Xf ﬁ%tﬁﬁw arel Iﬂ}drglyﬁaﬁléﬁgroups

curing process by adding alco he cufing

envdeleatiemof theoX gieupd lse)ottp%tlmy@rﬂqu&tn@ed @nelt is gliscussed
equf%lrth r below. Particular examples of these materials include methyl

silicate and ethyl silicate, which are oligomeric forms of tetramethyl
orthosilicate and tetraethyl orthosilicate, respectively. These materials are
also known as tetramethoxy-silane and tetraethoxy-silane.

By way of example, the oligomer can be formed from the monomer

by partial hydrolysis, as depicted in the following reactions:

OR OR
‘ N L
RO-SI—OR + H;0 —= RO—Si—OH + ROH
OR | OR
OR OR
n [RO—$i—OH — RO Si—O[R + %n H,0
OR OR J,

For commercially available methyl silicate n is typically 4 and for
ethyl silicate it is typically 5. The degree of polymerisation in the oligomer



during curing of tetraethoxy silicate (R=C2H5) is: RO
+ (2n) ROH The inventors have appreciated that certain

whyas0bse3nbl e silicate oligonmers can be preparCI/AN2006/000733
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l'iquid phase for coating onto substrates. In the
earlier patent application nenti oned above a process
was described for forming a thin filmfromsilicic

aC| honopol yrmer (specifically
(ﬁspralz?ﬁ@g%]'i)l !ﬁ?&ﬁ%‘ t he process of norphol ogy

cont rol wgsernKtis datridréigsable gr@u@ﬂ@ﬁdébéhdbhﬁry selected from

productlon of al cohol ( [Tmts the rate of

hydA3dRpae sf mé%r@msehle groupssneledingr met ilmtedttﬁ& C1o alkyl,

I nt

conE)r o#'?b)ﬁ dte OTQ'SHHCP‘ \gbegic%ﬁ]éd{] 8ﬁ@éb%r gimo:b:tlonally

of stnlsstftuuﬂemefrplrae,domcwlklylcmnmeweaiﬂb@mzylt ep. It i's

i mpor tant, t. t he al cohq curin enV| n

suffi ci eht"Y'Ca |B§ pPRregiatgd ﬂ?"i‘ﬂg gﬁp?n%’l r@é&-ﬁ?a with
at bﬁé of %dr@%ér@@'ﬁ@éﬁh%?ﬁu@és ﬁgfﬁ’é"fbﬁgi?ﬁngte figorine; aryls;
preferable to carry out the curing process at room

t enpetesvanyts; oEnn;emr@gem loxygém ot belpbny contairdng sebstitaent
the rate,of h SIS t he_base.i s_.any base
wh WhtnCes PRt reRs Syt el BEnuon 8BRS oAty

pressur eVHeri X8s aUidMBydRIRabRE gHodp |W§'|ﬁ(ﬂle|éeﬁ1dently selected
conveniently at or about room t enperat ure. base

may free 8 eange @fjn@mxbwdmiy%ahw group@rgmlatmgrof@{@dnalkenyl aryl

pasd alith et Yloray ahdtibs BBnaly Suilited S RALRER b,
anmmitiogenaoxyajen, lsulprmmomethebhane inclusive of a
prlmary am ne, asecondary am ne or atertlary am ne,

or a vol #hé irventdratrateireamsedahkahe h@&pﬁaaf;y BEthiA &Rea films can
Most suitably the base is amonia. The solvent is any

sol begenirallaghingrsingle sSep Jisiid phases 6L process by adding alcohol

[ ; h ' 1 ' | .
sur (e St Rap Eeht JioBethie) e, bR ReddR dquaton
I sodpringylrirg obtettacthottyesiitate gRRCaHE) isand certain

ot her polyols such as ethyl ene glycol.

OR OH
RO Si—OR +(n-1) H,0=HO en—o H+ (2m)ROH
&R, OH J,

" The inventors have appreciated that certain hydrolysable silicate
oligomers can be prepared in the liquid phase for coating onto substrates. In
the earlier patent application mentioned above a process was described for
forming a thin film from silicic acid tetramethyl ester homopolymer
(specifically methyl silicate 51), but the process of morphology control was
not detailed.

It is noted that the production of alcohol (ROH) limits the rate of the
hydrolysis reaction. It has been found that the introduction of alcohol to the
curing environment controls the rate of hydrolysis and hence properties of
the film formed in the condensation step.‘lt is important that the alcohol in



The retarder preferably conprises one or nore al cohols
or polyols. The retarder is preferably the al cohol

wao bab/12823% or med during curing although honol ogPptEAU2006/000733
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al cohols also retard the hydrol ysis. Exanpl es of such
conmbi nations of retarder, ROH_and sol vent contenpl ated
by the present invention may i'hclude RCH being any

al kéé al cohol, the solvent bei nF _Enst hanol  and thﬁ'

r etthe guFing apyRneRNtiySuticiandly volatile$9 as Iahayss Rartial pepssure
th - j i an : [

ondt 46 Sifing FAFALERAARTR oF BineriBnoe (SEPLERUfible ' Eany ot the
n=4uriag. procésXal by, teneenatitrer Excess akohahin the enyirohment

an example, it _js, preferred that the solvent is also
et t?i‘?%?nPhq 'Eatﬁvlo_fhy I°§X§'Sbe_ appreci ated that the
hydr ol y s&fta®iine 588eCisCAnyInass whRPdis ffidi wolhtile to have a

X-groups the 'same. For exanple, CI—B%_(O(;ZHS) Si g nC2H5
i s partialgressurd at thepeuringsigimpearaturgr weighdeeonvaniently at or about

BB AHBAEE AR b 4 RER P bRl porgenic o

netdiganic.baseBammbre uibidle bae i@ scwutbiilsatorganizf base such as
these. Optionally, it may be appropriate for the coat eo\
subiatie aittagesp's basarexaraplifisd ki apspia.a yeJatig amipg-alkane

to. equl L L:bri 0 b ' b ; :
LB B e 8 S8R A ¥iShayne, o
t hevagatile canipioeaikes@r alkaloials @nidotheolike.hilostiissitablyethe base is
bef ore introduci ng water and base to commence
corftlBA¥4Mq.on. The general process for formng the

films conmences with the preparation of a(frecurso

f or mul at T SONeqh dh @nYySQIvey i Whicfiafiee Olgemenie soluble. The

ol i; ' ] i I~ s ' a

oGRS B 1ot ) 540t € icke it SURABIe oo
al sincloeepnethant!, efframod ivospromfl alehet, baditarsd) perdanol arfdecertain
al cohol fromthe environnment is often sufficient and

i s et palelp QH?E\RJ? gihylene gkeolhydr ol ysabl e silicate
oligoner_is suitably nethyl silicate, ethyl silicate,

nore conphexetardesdvefesablyrqonarfisasPReBhBIE fIcqfigls 95 polyols.

t etfﬁ@g&g?&@ﬁ%@gra‘ﬁy I SRBHLIK4BIS! BRRed AUriRY ' ARRE afthough

derive rom
homologous alcohols also retard the hydrolysis. Examples of such

combinations of retarder, ROH and solvent contemplated by the present
invention may include ROH being any alkyl alcohol, the solvent being
methanol and the retarder vapour being ethanol. It will be appreciated that

other combinations may also be employed.

Thus, in one non-limiting example where all X are ethoxy and n=4, eg.
Si(OC,Hs)s, the retarder is ethanol. In such an example, it is preferred that

the solvent is also ethanol.

It will also be appreciated that the hydrolysable silicate oligomer need
not have all X-groups the same. For example, CH3[(OC2H5).SiO],C2Hs is
anticipated to be a suitable precursor, as is C3H7[(OC2Hs5)(OCH3)SiO]CHa.

In these particular examples the alcohol in the curing environment
may be methanol, ethanol, propanol, or a combination of these.



organosilicate esters such as di methoxydi et hoxysil ane,
t et rai sopropoxysil ane, etc. The precursor fornulation

wOorago6a2s2p2 | se any al cohol that creates di spersBGI/AU2006/000733
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dropl ets throughout the silica precursor fornulation
and facilitates the formati on,of pores in the final
film A nunber of exenplary plgocesses for producing

ble fijl d
BTG S T e
|c%'h‘6 pfrfetré ?&Ié‘l& ‘fiéﬁ‘&w@ ?‘Fﬂeﬁhﬂﬁﬁrbe e%fa@llshed between
4% et COLCOA

raet oXysI'l ane anol supplied b
COtheLé'BohéHﬂ&hé atmosphare laind tiae aldonhpl qmﬁe;xbofmesmoasprecursor

: %Iﬁﬁgggg O n‘%@f%]gq]i%ttr?ﬁgabgg\{%ge ! AR thommence
fo'bHHHéﬁéé’cg)rfmy corrprl se any al cohol that creates
di spersed droplets throughout the precursor

for nul atfian p%ﬂefﬁ:gbljobégé foft {ﬁ ' ’F?l?né’fcoF’rﬁﬁ@ﬁcéé1 with the

the final precursor atlon is applied to
a spméasaraaba of|mpténmsmdanputatlangﬁaqaarﬁity of hyd;olwsqble silicate

¢ eoNapdisais wivad wh® afBROEShoRgk Adraslt AFPHECARGAE Hpicaly
be Ié’s°se%ér9 5RPby Volling] M2 aRiceBET SRschfr T adrhenntt of avater

substrate. A typical spin coati ng profile is to_ranp
t o disolyed im the seé@thépfrqutbe ardenaersoigr oftgn ﬁHfﬂ?'Qfﬁ and is

2508@.83 nH? Q?eVP'CEa@Je &@bg g?éroﬁ%ﬁeo gw:é’tre dii rg%ﬁ‘fetg |§ %ﬁ?agﬁ"\ﬁethyl
be sArBtS Gthyieichiaimseicontseosiidomersaierivet frons morpniees such
vari ed depen ding on the filmthickness and r(%ractlve

i n@setiapranaxysifane erdairabutonysitans: er PIQMRRNs qaryed fiom mixed
Cog}sfggngﬁpéflbner lefPPr 0 txgg tel ga§0 i an?é’ch&ﬁ}di@iﬁoxysnane

ning a curi ng agent
tetraisopropoxysilane, etc.

The precursor formulation may comprise any alcohol that creates
dispersed droplets throughout the silica precursor formulation and facilitates

the formation of pores in the final film.

A number of exemplary processes for producing suitable films are
described below.
Example 1: Ethyl Silicate 40

50ml of ethyl-silicte-40 (comprising >94% silicic acid tetraethyl
ester homopolymer, <4% tetraethoxysilane, <4% ethanol) { supplied by
COLCOAT CO. LTD. 3-28-6 Omorinishi, Ota-ku, Tokoyo 143-0015,
Japan} is added to 100ml of ethanol or methanol to form a precursor
formulation.

The precursor formulation may comprise any alcohol that creates
dispersed droplets throughout the precursor formulation to facilitate the

formation of pores in the final film.



anmoni a 28% sol ution and 20M al cohol), which creates
an appropriate anmmoni acal atnosphere for the silica
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manner that the filmis never in contact with the
curing liquid. This curing steg continues until the
filmsolidifies and becones nechanically robust.
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ammonia solution it will be appreciated that each can be added
separately. In fact, the inventors believe that better morphology control is
achievable if the base and water are introduced separately to the reaction
chamber.

A schematic of a curing chamber 1 is shown in FIG 2. The chamber
1 is a closed system having some form of mount 2 in the base for
receiving the substrate 3. A reservoir 4 is filled with a mixture of ammonia,
alcohol and water which evaporates to pfoduce an atmosphere 5 having a
composition determined by the partial pressures of the ammonia, water
and alcohol at the applicable temperature and pressure. A port 6 may be
provided so that the mixture in the reservoir can be adjusted without
opening the chamber.

The porosity of the produced film is determined, at least in part, by the

alcohol in the precursor formulation prior to curing. The alcohol in the
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the final porosity of the filmis controlled by
pl aci ng the coated substrate i1q an al cohol environnent
prior to introducing anmmonia to the chanber to
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L0 & @m (porosity and refractive index) can be controlled.

The films of this example, and films produced in a similar manner to
this example, have been physically characterised as outlined in our co-
pending application WO 2005/049757, the content of which is incorporated
herein by reference.

Example 2: Ethylytrimethoxysilane

Monomeric ethyltrimethoxysilane (ETOS) { supplied by Sigma-
Aldrich, Castle Hill, NSW Australia} is mixed with water in the molar ratio
of 1 part ETOS to 2 parts water with sufficient ethanol added to dissolve
the ETOS. This mixture is allowed to react and form a silicate oligomer.

The precursor formulation is formed by adding 10ml ethanol or
methanol to 10ml of the silicate oligomer.

The precursor solution is applied to a substrate, in this example a

glass slide, by placing some drops of the precursor solution on the surface
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water in the nolar ratios of 1 part MIOS to 3 parts
water with sufficient et hanol1?dded to di ssolve the
MICS. This mxture is aIIovved 0 react and form a

S|I|cate ol i goner. O her |oso art MIOSto 2
PM”%%}Q@, %P@ad\/\%’% avdy @ Wo be suitable.
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filmto cure. It is hypothe3|sed that in the instances
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here Ts a degree of reaction contr ol n which t

aI dthTGS bﬁmh mlhwr@rseallnvmﬂ tof mactinnd |f@mm ar&ullqah@ ollgomer

Py obiey 7o B PRBT T Qsci8 ek bE 4sarls el Hede alsa faynd to

in 56h§u,{;é5|éca f| I m For exarrpl e, if the precursor
formul ati on conprises nethyl silicate and net hanol and

t he curiPhe pegseisordormulaten isfaimes by addingd Onpeethanol or
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precursor as net t siteis
hyobimhwfrwl 28%1eoluﬁmahd|20miralccmmy sehioh creadés Ap@ppropriate

et hanol or
ammon?acal atmosphere for the silica film to cure.

It is hypothesised that in the instances where the alcohol of the
ammoniacal environment, or curing vapour, is different to that in the
precursor formulation that a mixed oligomer is formed during the hydrolysis
reaction. It is believed that initially there is a degree of reaction control, in
which the alcohol of both the precursor formulation and the ammoniacal
environment contribute to the overall hydrolysis reaction rate and size of the
pores formed in the silica film. For example, if the precursor formulation
comprises methyl silicate and methanol and the curing vapour comprises
ethanol, during the hydrolysis reaction methanol is formed from the methyl
silicate. This reaction is reversible and.the methanol may come out of the
curing vapour and reform on the silica. Ethanol will also react with the silica
in a similar reversible reaction. Considering one bond on the methyl silicate
oligomer at a time, an OCH3; group comes off the precursor as methanol and



nmet hanol (produced by the hydrolysis reaction) from
the curing vapour and so the reverse reaction and nay
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silicate oligonmer may then beconme a mxed oligoner,
and the hydrolysis is reversed1 by the al cohol fromthe
curl ng vapour and |t acts as the retarder, even though
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refractive 1ndex of_1.30. In each case the scale of

t heinithagaring vapeunwilpesemewnatdneerperaiad éxoitas filkhand some of
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refractive ingex in the vi ble C typically 1.
1 t@mbwt%nﬂﬂewth@aqor? ettt oL ST Bimdpt  aal and

thi ckness uniformty; nechani cal rogbustness SI mlar to
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to OPFQ}E:’;%‘HQOISI@ X, Tﬁ@ﬁﬂ‘l Qﬂ?\kﬂ Ollﬁi:flGCS i‘%rgontrolled to have a
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COﬂKGﬂHCltIUBEIIhdS)U b r2dt é':he fdoncshaven gl Eﬂéeﬂsha@laaefnachve index of
et 5? .|3%)’. Incgéc mcgsse thseesrga‘feogﬂHgtlr%raae is Qhown %y ltr|1ek \?vhlte line which is
1um. Clearly the pore size and density is different for each film.
The films produced by these methods have a number of favourable
characteristics, including:
a low refractive index in the visible spectrum, typically 1.1 to 1.45;
high optical transparency;
high optical and thickness uniformity;
mechanical robustness similar to glass;
chemical and photochemical properties similar to glass;
high porosity, leading to efficient anti-fogging behaviour;
excellent adhesion to conventional substrates, such as glasses,
plastics, metals, ceramics, semiconductors, and the like; and
durability / long term stability.
A number of features of the films of the current invention may be

tailored or tunable to suit the final application of the film, for example;
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for exanpl e; Tunable refractive index - The refractive

i ndex may be tuned according i&) need by adjusting the
conposition, in particular the"al cohol and water

content_ Tunabl e film thickness - The filmthickness

can be tMﬁ‘@H'%Jeﬁ’aPh‘éﬁ iIRge% e TNA; f@féﬁd'é(?cm‘?{ﬂ be tuned

wat
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to facilitate its use in a range of applications
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si gni fi e@tHdrawahidie!anditialke Udieg sindadd afethbés rrthechosen
i nvention provides a | ow cost sinple nethod for

produci rf@afipaieehifayes with ef fecti ve control over the
thi cknes&@ﬁgfésq{}; &%éﬁ o dUPS5 ot fali‘iSB‘?ﬁé';’ b@%lte?ﬂoot‘?ng‘fcmtate

with being a 0 coa araneo strate materi a
andtssisEpiesa rél'rige abawﬁmptlomrfbr esamplee athighlyivismousdemhulation

di d h b ffi .
codPhGs Tmesh 501 Bt S ShiavERianio dherPSFrEola srpate a thin
co féldvgsaéggg e 6118 Srakuany |t®6éé%t%% SighificantlP @mnsmmng

coatings, anti-glare coatings (light
i1 1 us n'ﬂ\@frflemo)d ohrcrgm cusknbdnvention proatdesgs, low gastysimple

tt f f
" R Sshs PRESUAAS solimnirgS yifh ofibE sq B GFpf B thickness
| aygicrefretdivé index of thb%atlﬁ? e4lbh@ Withetyeihg ableptooyst avange of
| ow refractive i ndex optical coatings for

antsubséateniaterals aand shPesr as | ow and high refractive
| ndex The above properties make the films ideal candidates for cheap,

robust, efficient optical coatings for applications including antireflection
coatings, chemical and mechanical barrier coatings, anti-fogging coatings,
anti-glare coatings (light diffusing effect), high reflectivity coatings, highly
scattering coatings for frosted layers, low refractive index supports and
cladding and dielectric barrier layers.

The films of the invention may be employed as low refractive index
optical coatings for anti-reflection coatings or as low and high refractive index
materials in high-low refractive index multilayer coatings. As a low refractive
index optical coating the silica thin films may be applied to all forms of glass
including spectacles, windows, windscreens, decorative, etc.; coatings for
CRT and other display devices such as computer monitors, televisions, etc.;
coatings for solar cells; optical instrument coatings such as lenses, mirrors,
and the like; active and passive optical waveguides in telecommunications,

and advanced photonics; and optoelectronic devices.



materials in high-low refractive index nmultilayer
coatings. As a low refractive index optical coating
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gl ass includi ng spectacles, w ndows, w ndscreens,
decorative, etc.; coatings fO{ CRT and ot her display

devi ces such as conputer nonitors, televisions, etc.;
coatings far solar ce&)l s; optical . i Estru nt ?Eatin%s :
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pa p 1 . e nl. o
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barrier _coatings includin invisible nmetal. an —
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spect acl-€s, . nd hr.ao .
Shover SiRBRbS AR fbo e iRG8cg, VB SROFGGRE! Bponent
adginbe@nad is A paeslis hetvashdad rmaké fise fitm cars aotievsosting The
make the filman active cogating. The nanoporou

ot MANORPEOUSF StTHEtUre |9f tes SimeAlss MakasdloRDIGITR]Y Wissfil as a

as ieve. It will be appreciated by the person
skirﬁnggfé&%'the art that the above filns may be forned

on or appWilese apprdatedhy thecearsohakilladedn dhe estdthat the above

055 i bRy B0 B By

f oréﬂghaﬁ (f%fi’stl@ywiﬁ@oWs)%ﬁfH irkdtst Neafeymal&eBaSlications the silica
fately prio

I mre r to application, mxed durin _ _
apprecarsboforsudaticsmal beuyixed vwithitheeusipg agenb immediately prior

after the precursqr,has been i t O, t
ThaSrbtalht oSt Arak0oR e A PP Ay’ Ghfon spray
S pfrﬁjﬂzl&oﬁd”ftérlﬂ‘?éﬁ%émw heeHeeneipplied tealstipsHates tTHs grecursor
being treated. The curing agent nmay be any gaseous or

aquvay bespplied by craling, Wipiog @8 SRigy e respesiiva cempepgant onto
hy X] | mni i

S R YRSl e RN APy Badeous o
beeqquepudestionle alkdi, including ammonia, alkali metal hydroxides,

quaternary alkyl ammonium hydroxides and the like.

Throughout the specification the aim has been to describe the
preferred embodiments of the invention without limiting the invention to any

one embodiment or specific collection of features.

Throughout this specification, unless the context requires otherwise,
the word "comprises", and variations such as "comprise” or "comprising", will
be understood to imply the inclusion of a stated integer or group of integers

or steps but not to the exclusion of any other integer or group of integers.
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speci fication, unless the context requires otherw se,
the word "conprises”, and variygti ons such as
"“conprise" or "conprising", wll be understood to
inmply the inclusion of a stated integer or group of

I nt@pARMSor steps but not to the exclusion of any

of For m Agretnofliaf iR &S ikt iR sgated dho Fibstrate

suhﬁgma{r@] fhacdtegd Bg the steps of: producing a
precursor formulation by adding to a solvent an

hy dereryisiagl 2 pegaursaifernalllationrby asidinghte a plvenivae hydealysable

S ctedfromarange of
hyo@é‘%}ggﬁgg%%?rbhmﬁﬁrol ysabl e groups with the
proviso that at |east three X nust be hydrol ysabl e
groups; formng a coatingof tjhe precursor formulation
on the substrate; and tHeh curling the coating by
hydr ol ysi ng and conden§Hn8i-+@e-Xoating in a vapourous
envi ronnent that conprides a base, water and a
retarder, said retarder tardi Rg hydrolysis of the
hydr ol ysapl e siligate nmet hod of Ia| m

D ohor o Hhefa.Seang % foRpelieni sleaiee T 4 pnge of
pl aci ng ﬁmo%abﬁ%r%ﬁﬁf&bﬁlshﬂleagr‘éh?@ﬁfh fﬁbtﬂ‘rotngs that at

retarder vapour; and subsequentl| roduci ng wat er
and a balgestﬂmreeﬁ(hnustrmlrbxedrolysab growpshod of claim 1

fr danda gado Ay M SelRE EralBtsh hbithS B EaR o
|'i naictherocing3he cﬁia‘ﬁh%by&&droIyﬁmed/@orﬁerﬁh@We &Yating in
napht hyl , substituted or aryl. 4 he

et A uaPeHross ATYrenmea Bt compXises b VRIGF ang sastarder,
ar Osbﬁd rétdr&eﬁr%ke?rahqglf%;éo{r@g}e N8 fy8folfamE ¥t te SiRfdnFer.

consr st
2. The method of claim 1 wherein the step of curing includes the
steps of:

placing the coated substrate in a chamber with the retarder vapour; and
subsequently introducing water and a base into the chamber.

3. The method of claim 1 wherein if X is a hydrolysable group it is
selected from a range of hydrolysable groups including but not limited to
C1-Cqp alkyl, aryl inclusive of phenyl or naphthyl, substituted C4-C1o alkyl or
aryl.

4, The method of claim 1 wherein if X is a non-hydrolysable group it is
selected from a range of non-hydrolysable groups consisting of alkyl,
alkenyl, aryl, or alkyl, alkenyl or aryl groups substituted with halogen,
nitrogen, oxygen, sulphur or silicon.

5. The method of claim 1 wherein X is substituted with one or more
inert substituents such as halide, for example fluorine; aryls; heteroaryls;
or any nitrogen, oxygen or sulphur containing substituent which does not
interfere with the formation of the film.
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substituted with one or nore inert substituents such
as halide, for exanple fluorln aryls; heteroaryls;
or any nitrogen, oxygen or sulghu containing
substi t yent mhlchpgo S not |nter ere Wt

f offmat i dif€omathed P viherointhedase ivaRile,pgRsicbase
the RASE \)oT’atE% Ylﬁllo@énbﬁs pégéra@@msdﬁ %*i‘nrﬁén‘éoé %!a'tlfé amino-

ni trogenous exenp a volati|
arrialkmadanmiwecd)ﬁﬁspmmaoj aming, araﬂopndafm@nlrm (S tmtianyyamme

am ne or tertlar I | e am no-al kene,
el RortlatieiAinedike i Aol el o 20l a et
wher ei n The Ré®edi o RPN vAerdin tﬂagammmrﬁémgl aiml
wherein the solvent is an al cohol selected from

net81 anol Theemedined of claim drihsreimaiheospiventis @araleohol selected

h
ot 4 88, lop i, BUBI A BN coran
hy dsthéypalbpble stichi axéthylehegdyodl. i s derivable froma
nol ecul ar precursor of the form XnSi (OR)n where n= 3

or gt, NTHE Metfed Bf Haird 1 vikeieaR by droRRhBRE SicHté olydmer is
ran e of hédrol ysabl e groups, and each X is a

qwablﬂ e enq;]e@dpr priesursoR @& e forakl ected from a
range of non- hydr g@h groups. 10. The net hod of
claim1 further |ncrl‘u Z“the step of norphol ogy

control of thghéddmeByragntrolling respective parti al
pressures of the base, the retarder and the water in
t he vapour ous&frNronnent. 11. The nethod of claim 1

further incl vent to
control por e“?énc!htgﬁ ﬁf‘rq%&g}%ﬁd@ﬁtlf@él@&féd“ﬁoﬁﬂ?raﬁ{ﬂe ik
hydrolysable groups, and
each X is a non-hydrolysable group independently selected

from a range of non-hydrolysable groups.

10.  The method of claim 1 further including the step of morphology
control of the film by controlling respective partial pressures of the base,

the retarder and the water in the vapourous environment.

11.  The method of claim 1 further including the step of selecting the

solvent to control pore in the film.

12.  The method of claim 1 further including the step of selecting the

concentration of solvent to control pore density in the film.

13.  The method of claim 1 further including the step of selecting the
concentration of retarder in the vapourous environment to control density

in the film.

14.  The method of claim 1 wherein the step of forming a coating is
performed by spin coating or dip coating.

15.  The method of claim 14 wherein the coating conditions are chosen
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22.  The use of a film produced by the method of claim 1 when coated on
a transparent substrate to provide an anti-reflective and/or anti-fogging

and/or protective coating.
23.  Afilm produced by the method of claim 1 to be hydrophilic.
24.  Afilm produced by the method of claim 1 to have a high surface area.

25. The method of claim 1 wherein the hydrolysable silicate oligomer is
not silicic acid tetramethyl ester homopolymer.

26. A method of forming a precursor formulation including the steps of:
mixing an hydrolysable silicate oligomer of the form:

where each X is independently selected from a range of

hydrolysable or non-hydrolysable groups with the proviso that at
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5 where each X is independently selected from a range of

hydrolysable or non-hydrolysable groups with the proviso that at
least three X must be hydrolysable groups;
about 0.2-100 parts alcohol; and

about 0.01-1 part water.



