COATED PRCDUCTS © 2163146 ‘The invention relates to the'production.and.
use of glass with a surface coating which provides a barrier. to the ’
mgfation of alkali netal ions out of the glass surface, and to products

i ncorporating such coated glass. It is"kKnown that certain su S
porat ! ng : AR

on glass deteriorate as a resul ic @hTegr Fr6MHWE T kal i net al
the glass surface into the coatimg. For exanmpte, U K Patent

Speci fication 705 934 descri bes the appearance of haze in a transparent

el ectro- condygid Vg @ald 99 o sRalié® i bi ash @l asso dibe thicga nau de
reduced by renoving alkali netal ions fromthe glass surface before

appl yi ng theyg @clogpcaidaisis ve iaoat iangs uar £ Ay eppeloa bd mg iwh érontedi at e
film for exanple of silica or titanium oxide, before the el ectroconductive
coating is appéoed.dédlse ai bixarfiérs tapce q)hepane@reat:hetpnbwéprﬁljkrﬁgla
solution of silicon tetrachloride or tetrabrom de or of silico-chloroform
in a volatil eepalagiedus soittioh, thet @l glsessswhf aXposi 2§ otithe

at nrosphere until the coati.ng is. dry and t hen rubbln% unt|I the coating is
bright, or bproducts incorporating such coa .

It is known that certain surface coatings -on
glass deteriorate as a result of migration of
alkali metal ions out of the glass surface

~ 1nto the coatlng._For example; U. K Patent €_
SQec1f1catlon 705 934 descrlbes the appearance
of haze in a transparent electro-conductive
coating on soda lime siliea glass. The haze
may be reduced by remb&iqg aikali metal ions
from the giass surface before applying the
electfoconductive coating, or by'applying an
intermediate film, for example of silica or
titanium oxide, before the electroconductive
coating is applied. The silica films are
prepared either by applying a solution of
silicon tetrachloride or tetrabromide or of
silico—ehlorOEOrm in a volatile non—aqueohs
solution, to the glass, and exposing to the
atmosphere until the coating is.dry and then
rubbing until the coating is bright, or by

dipping a glass sheet in a solution of a



di pping a glass sheet in a solution of a - 2: partially hydrol ysed
silica acid ester, for exanple ethyl ortho silicate, and drying. European
Pat ent Specification EP 0 071 865 A3 is simlarly concerned with the
deterioration 5 of el ectroconductive coatings on soda line silica glasg -
as a resylt of alkali netal ions diffusing té the glass surface and v
interacking with overlying layers sensitive to alkali metal. It refers to
white turbiditypa®thaelilyehatdrstbi@rdi el Ldwa | axldct¢dfan, for
transparency, increase in electrical resistance and .reduction jn

physi cochem cal® ¥@mBLE t § LAY boF BINP cHiskyGerks o? PSucRTY ¥ PGsion. It
also refers to the deterioration 15 of liquid crystal display devices,

of “the i 11 usi HOGS BERAT| AT GP S oS 77 b o Brabhoublt e 87 Sulib Siet Sos.
generally includg 20; 81601 pAGPNAUCA LY A AW §1 R R W8 ioration
5 of electroconductive coatings on soda lime
silica glass as a result of alkali metal ions
diffusing to the glass surface and interacting
with overlying layers sensiti&e to alkali
metal. It refers to white turbidity iﬁ the
N 10 electroconductive layer, reduction in
transparency, increase in electfical
resistance and reduction in physicochemical
durability as possible consequences of such
diffusion. It also refers to the deterioration
15 of ligquid crystal display devices,
electrochromic devices and amorphous silicon
photovoltaic cells as a result of the

diffusion of alkali metal ions from a glass

substrate,. Such'devices generally include

.

20 electroconductive layers, for example of
indium'tin oxide, on the glass, but
EP 0 071 865 A3 refers to effects (additional
to any direct effect of the alkali metal ion§
on the electroconductive layer) which result
25 from interaction of the alkali metal ions with

layers overlying the electroconductive layer.



indiumtin oxide, on the glass, but EP 0 071 865 A3 refers to effects

(additional to any direct effect of the alkali netal ions on the

el ectroconductive layer) which result 25 frominteraction of the al kal

net.al. ions with |ayers overlying the eIthgoqpnductive | ayer. -3- EPO
© 865 A3 proposes to prevent the diffusidon of alkali metal ions froma

gl ass substrate b 2 0 barfigr f Sbl 08 vah ge shiech cont aky,
hydr ogen bonded t% §$’el SE|6?5CO%.§T g%@%ﬁ%‘?l%yeﬁmy be prepared by v?gﬁum

vapour deposi%iic%}ebggyéﬁercjgga]{%g 1P alidWa 1504 6364 Wi badsa oglyseVD i . e.

chem cal vapo itron. In CVD net hods descri bed, silicon oxide
layers are der%é@S!af{)e q;\,-{gluaesé obshr aay vhder Dayesi nyfcondltioos at
fromJ[err]

tenperatures 0 _ o [err] from oxygen gas and nonosil ane gas
(SiHA) in ratyey P& G SchW ebrifaline G0ydr dgkn Phoond eSpetiof i cation 2
031 756B discloses 15 the use of |ayers of netal oxide, including
5 silicon. The barrier layer may be prepared by
vacuum vapour deposition,'sputtering, ion
plating, sol/gél methods or by CVD i.e.
chemical vapour deposition. In the CVD methods
described, silicon oxide layers are deposited
10 on glass substrates under oxidising conditions
at temperatures of from 300°C to 550°C from o/

oxygen gasHand monosilane gas (SiH4) in ratios

of 09:SiHg of 10:1 to 60:1.

'U.K. Patent Specification 2 031 756B discloses
15 the use of layers of metal oxide, including
silicon oxide, as colour damping layers to
reduce the irridescent reflection colours
exhibited by infra red_reflecting coatings of

‘'semiconductor metal oxides on glass. The

)

20 semiconductor metal oxide may be a fluoriné
doped tin oxide, and the specifiéaﬁion refers
to the known effect of amorphous silicon oxide
layers in inhibiting diffusion of alkali metal
~ions fromgthé glass thereby avoiding haze

25 formation on.subseéuent deposition of an
overlying tin oxide layer. The colour damﬁing

layers used in accordance with U.K. Patent



o

silicon oxide, as colour danping |ayers to reduce the irridescent
reflection colours exhibited by infra red reflecting coatings of

sem conductor netal oxides on glass. The 20 . sem conductor netal oxide may
be'a fluorine doped tin oxide, and the specification refers to.the known

ef fect -of anorphous silicon oxide layers +nd4 nhibiting diffusion of alkal

_ netal‘ﬂ%hs fromthe glass thereby avoi ding haze 25 formati on on subsequent
deposi tion of gpe¥art yrgt Liom o2i de3Layzb 6Brhe reof edra Radpi A Vayérs used
in accordance with U K Patent - 4 - Specification 2 Q31 756B_prefergbly
have a refract irwef ek iofe 1imdext. 8£an . dr et ©r dm 84 3 BAghR e hﬁgl?.m L8yers
containing silicon oxide nmay be prepared by chem cal vapour. deposition .5

on hot glass att¢eBnmo feigk usilAYSTans IMEAHE hrEdefice! 6F A SF 6 ng
gas. U K Patent Specification 1 507 465 descrihes _a proces (o) l.ng a
reflective coatiay diesinyesd¥8% | by d?%?gllt‘baBT oVngo'g%so?gfpgngpigh ?

) 5 on hot glass at 300° to 500°C using silane in

the presence of an oxidising gas.

U.K. Patent Specification 1 507 465 describes
a process for applying a reflective.coating of
silicon to flat glass to pfovide a sblar
[~ 10 control glass with an aesthetically'pleasihg

silver reflection colpur. The coating is
applied by releasing silane gas intd a hot
zone opening towards the glass surface, and
maintéining non-oxidising cdnditions in the

15 said hot zone, so that thé silane pyroiyses
depositing the refiecting silicon coating on
the glass surface. U.K. Patent Specification
1 573 154 describes an improvement in the
process of 1 507 645 for producing reflecting

20 solar control glass; in the improved process,
a gaseous electron donating compound, for
example ethylene, is added to the silane
containing gas and leads to an unexpected
improvement in the resistance of the coated

25 glass.to attack by external alkali. The ratio
of electron donating compound to silane is

generally 0;1-t0-2,0, and preferably 0.2 to



10 control glass with an.aesthetically pleasing silver reflection colour.
The ¢oating is applied by releasing silane gas into a hot zone opening *
towar gy the gl ass surface, and naintaini ng non-oxidising conditions in the
15 said hot zone, so that the silane pyrol yses depositing the reflecting
silicon coating on the glass surface. UK 5Patent Specification 1 573 154
descri bes an inprovenent in the process of 1 507 645 for produci ng §§L_
reflecting 200 .%0) aa kbhionoghgl abe spahd fiipaddednprdeess, rg ipsedk

el ectron donating conpound, for exanple ethylene, is added tg the silane
cont ai ni ng gashandulends ft oaarr & fdxPeSia tifpF okdh@At . 4 n thet Pdsi st ance of
the coated 25 glass to_attack by external alkali.. The ratio _of electron
donati ng conp®#@dPd &i PanetiSs Bér?eé‘&ﬂey 8™ ?g"za.b,l aﬁa.splr%f:@rrégl y 0.2 to
- 5 - 0.5, althqugh the specificatiop,does refer tqt se.Qf aratio
greater than 215 1fQD oKHDHFE BI O rhod‘ﬂgéyangéﬂ?él ianr?géss §n

5 resistance but without the high reflectivity
to visible light obtained in the absence of
the electron donating compound. The coatings
aré appiied to architectural glass, and the
exémpies descfibe thé application of the

10 coéﬁinés to 6.mm soda lime silica float glass

- add ﬁo.rolied glass.'Coatings'obtained using
éthjiene as:the elecﬁronédonating compound
were analysed'and it was fohnd that, although
they were brepared under non—oxidisihg'

15 conditions, they contained some oxygen.

The applicants have foumnd that thin
transparent coatings produced in the presence
of a high proportion of electroh donating
compound as described in U.K. Patent
20 Specification-l 573 154 contain oxygen derived
from the glass and are surprisingly effective
as barriers to the migration of alkali metal
ions from tge glass surface. The resultant
"coated glasses are useful as substrates for
25 overlying layers (whether lying directly on
‘the barrier layer or over an intermediate

layer) sensitive to alkali metal ions.



silicon coating with very good abrasion 5 ~ resistance but w thout the high
reflectivity to visible: light obtained in the absence of the electron
donati ng compound. The coatings are applied to architectural glass, and the
exanpl es describe the application of the 10 coatings to 6 mmsoda linmgy
silica4loat glass and to rolled gl ass. Coatings obtained using ethylene as
t he el gstron-donating conpound were anal ysedfand it was found that,

al t hough they were prepared under non-oxidising 15 conditions, they
cont ai ned sone oxygen. The applicants have found that thin transparent

compound as. dedGFPHHas: £ UK PESERInsentidgcEIeTRCLs (PEAvided 8 PESHOL G o n
Che i grati on geodryg ot frudien B8 afkals L' Sortsevecter ifdss Sordor gl o'
ying oot y "BEe) HERs intBCaT AYSEIRE 10T e chorrbnpBY s e g
sensitive to alyshden™hé!g1a88%nd the overlying layer a transparent barrier

.coating containing silicon and oxygen applied by pyrolysis of a silane
gas characterised in that the silane is pyrolysed on a glass surface
above 6000C in the presence of an electron donating compound (as

herein defined) in gaseous form, whereby oxygen from the glass is
_incorporated with silicon to form a transparent barrier coating up to

50 nm thick on the glass surface.

-The expression "transparent barrier coating" is used herein to refer
to coatings which, when present on clear float glass up to 6 mm thick,

result in the coated glass having a 1ight transmission of at least 75%.

The invention further provides a method of coating.a glass cohtaining
alkali metal ions in which a silane gas is pyrolysed.on the glass:
surface above 6000C in the presehce of an electron donating compound
(as herein defined) in gaseous form, whereby oxygen from the glass is
incorporated with silicon to form on the glass surface a transparent
barrier coating up to 50 nm thick containing silicon and oxygen, and a
layer sensitive to the d%ffusion of alkali metal ions from the glass

is subsequently applied over the coated glass surface.



-6 - According to the present invention there is provided a nmethod of
reduci ng diffusion of alkali metal ions froma glass cantaining alkali-
égh ions into an overlying |ayer which method conprises providing between
glass and the overlying |layer a transparent barrier coating containing
SI|ICOﬂ and oxygen applied by pyrolysis of a silane gas characterised dn
-that the silane is pyrolysed on a gl ass-slrface above 6000C in the praggnce
of an el ectron donating compound (as herein defined) in gaseous form
wher eby oxygen fromthe glass is incorporated with silicon to forma
transparent barrier coating up to 50 nmthick on the glass surface. The
expressi on The ckaygnrsansibive itertheodi ffugion ofustkrlticnetal ions rov the
coatings which, when present on clear float glass up to 6 nmm.thick, result
in the coat S4a%s A3 bﬁa@. hght trapsmitiings haeen of @Pedtmﬂté&sQXmS% The
i nvention further provides a nethod of coating a glass containing al kali
~metal ions in which a silane gas is pyrolysed on the gl ass surface above

?ﬂoggséguih 8r ese“gﬁfé%{*,fc%ﬁygeﬁ% 3 IR TR Bk %m%gﬁfsﬁq“?%n
thi k. Z‘Oﬁ[‘aﬁﬁﬁ?ﬁ? EPin i AR ARRE S e Rhe P ThhoHesr P sl oD ob G 17 i on

of alkali mghalydies dveREhdficw b 2ah e UBRARISTILeY tAPRNLEEaRYET the coated

gl ass surface
- structure of suitable acceptor molecules. Examples of electron

donating compounds which contain the donor electrons in bonds are
unsaturated hydrOCarbons, especially olefins (alkenes) and acetylenes ;;;
{alkynes), for example ethylene, butadiene, pentene, dff1u6roethy1ene,

and acetylene (CoHp), and aromatic hydrocarbons, for example benzene

and xylene. Particularly preferred electron donating compounds of

‘this type are olefins containing two to. four carbon atoms. Examples

of electron donating compounds which contain their donor electrons in

lone pairs are ethers, amines, aldehydes, ketones, alcohols, hydrides

of nitrogen, carbon monoxide and carbon dioxide. It is preferred, for

reasons of convenience, to use




~

- 7 - The layer sensitive to the diffusion of alkali netal ions fromthe
glass'may be a light transmtting | ayer of doped netal oxide. In this
specification the term"el ectron donating conpound” is used to nean a
conmpound which contains, either in bonds or as |one pair electrons,

el ectrons whi ch can be donated into the ete8tronic structure of suitable
accept 3 nol ecul es. Exanpl es of el ectron donating conpounds whi ch contain
the donor el ecélnanstiro hordsnartei pigsat QMR ed 1Y 8r FERASThs 2 TR p8& SFAP S
ol efins (al kenes) and acetyl enes (al kynes), for_ exanple ethylene

but adi ene, pentenke rdidhbdreathye emd 1 5iP Bt yP&e Pé%f—ﬁ)‘ %ﬁ&datf’ﬁﬁﬁic
hydr ocar bons, for exanple benzene and xyl ene. Particul ar f

el ectron donat ﬂr@%@rﬁmand%OQTPQHF‘sdﬁyﬁé‘%rg’%l E‘ﬁ?‘é cwoh%éoﬁliggq’{é\xg)%teo f our

carbon atons. Exanples_of electrqn, dqnating c ngds i ontain their
donor el ect ron§ ihEisal S r?racf‘élg?lgr?,hg% ngsg,w)%l %eh%ggc%h et ones,

al cohol s, _hydrides of nitrogen,, cgr 0xd apd gayben dioxide. It is
preferred> for PreR8SHE § Lbnvehi g‘n%%,gt{rggu?epg -8- el ectron donating

compounds whi ch are gaseous under anbient conditions, but other electron
The use of the electron donating compound is

i

found to result, in a manner not understood,
in the incorporation of oxygen from the glass
with silicon from the silane ;o form_the

s 10 transparent barrier coating on the g;ass.
Although the mechanism is not understood, it
is believed to involve adsorption of.the
electron donating compound on the glass

surface.

15 Thus, although the pyrolysis may be carried
o out id the absence of any oxygen containing
gases, a transparent coating containing
silicon and oxygen derived from the glass 1is
o . obtained and not a reflecting silicon

20 coating.

The rate of migration of oxygen containing

species from the gléss'dependé,dh the glass

temperature, and the coating is therefore

deposited at a glass temperature above 600°C
25 in order to increase the availability of

oxygen-containing species from the glass.



donat i ng conpounds can be used w thout undue difficulty provided they have
a vapour 5 pressure of at least 5 KPa at [err] The use of the electron
donatipg conmpound is found to result, in a nanner not understood, in the
“incorporation of oxygen fromthe glass w_thysilicon fromthe silane to form
the 10 transparent barrier coating on the glass. Al though the nmechanismis

not unde_rstoo;i!.,hé'tgiﬁcs)f H%IA eyed {¢d _y:q:lg&_) ﬁggeq;ico OF A& rel 86LN0Nn g 84

donati ng conmpdound € gl ass surtace. , al though the pyrolysi's may

be carried out d npphe glceaes £Fialy RygernEntvbl NYr@iseth & Ganspar ent
coating containing silicon and oxygen derived fromthe glass is obtained

and not a refbeti Al l€oa 2Picaadi Ngn Pertatfrefm netyret edreot roxygen
cont ai ni ng species fromthe glass depends on the glass tenperature, and the
coating is tharet atd slgpasomgtoan & glrad s stemper it urtch elrove x[ied af i2bni n
order to increase the availability of oxygen-containing species fromthe
ylass. 5 may occur when the coated glass is exposed to
atmospheric oxygen after the coating
operation. However, it is preferred to use
electron donating compounds which are free
from oxygen orHWhiCh,'although they contain
10 some oxygen, are generally regarded as
reducing, for example carbon monoxide and Q)
"alcohols. In general, it is preferred to avoid
the use of'bxygen-COnfaining gases which react
with silane before it reaches the hot glass
15 surface with the deposition of powdery

deposits of silicon oxides. In particular, the

presence of molecular oxygen should be avoided.

In a preferred aspect of the invention, the
electron donating compound is oxygen free.
20 Examples of oxygén free electron ddnating o’
compounds which may be used are unsaturated
hydrqcarbons,_aromatic hydrocarbons, amines

and hydrides of nitrogen.

‘Because the amount of OXygen containing
25 species available from the glass is limited,

the transparent coatings produced using



- 9 - The oxygen in the transparent barrier coating is not necessarily al
dérived fromthe glass, but may be derived in part fromthe el ectron
donating conpound and sone further oxidation 5 may occur when the-coated
glass is_exposed to atnospheric oxygen after the coating operation.

However It ois preferred to use el ectron-dangti-ng conpounds whi ch are free
fron1oxygen or which, although they contain 10 sone oxygen, are generally
regarded as rede,ln:iengtrfoot ecatakd tgr ompoexidke andi ahcodeles. £ kre gener al ,
it is preferred to avoid the use of oxygen-containing gases which react
with silane befbren toxgagkes akre hotf gl adgsi 18dsut hdoekwig $ist,headebosinte on
of powdery deposits of silicon oxides. In particular, the presence of

nol ecul ar oxygehngtoukd de dvei @t tiire algre! ¥r rednaspeste &f whehi nventi on,
t he el ectron donating conpound is oxygen free. 20 Exanpl es of oxygen free
el ectron donat i h§adbPpeunes twhbPelr Frd @ heCORE L & ES ufsuP §raat Bd Mg dr ocar bons,

aromati ¢ hydrocar bons, am nes
silicon and oxygen and having a thickness up

to 50 nm.

The proportion of electron donating compound
to silane required to produce a transparent
coating will aépend on the particular electron
o 10 donating compound used, and can readily be
determined by éimple trial in which the
proportion of electron donating compound to
silane is increased until a satisfactorf light
transmittihg coating is produced. Suitable
15 prbportions of gaseous electron donating
compound:silane will generally be in the range
0.5:1 to 15:1 by volume. When using an olefin,
it has been found that prfoportions of
G ' olefin:silane in the range 3:1 to 10:1 give
20 the best results.

'\_
The use of excessive proportions of certain

oxXygen free electron_donating compounds to
silane has been found to inhibit the formation
of any coating and should be avoided. The

25 particular proportion which constitutes an



and hydrides of nitrogen. Because the anount of oxygen containing 25
species available fromthe glass is limted, the transparent coatings

pr odgbed using - 10 - electron donating conpounds which are free from
oxygen are of limted thickness, and the _invention is particularly
concerned witn transparent barrier coafiﬂﬁs containing 5 silicon and
‘'oxygen and having a thickness up tQ 50 nm._ The proportion_of electron s ,
donati ng conpdme st ¥illhhe dr%&lﬁ'.?gd B ﬁrtb%uc?eé)ﬁtt’rﬁﬁs}p%’r'erﬁl‘éﬁaﬁ’f RS vﬁl
depend on the particular el ectron,10 donating,.conpqoun sed,, .and can

readi |y be d&CR Aitiel9nFeMRPERY | XS P B t%g“pr.gp‘?;‘i‘r??c} oge

_ el ectron
donati ng conpound to.silane |sS._i. e hl a satisfactory |ight
transmtting cﬁ)gfirﬁbl inseir g’c}}ucg’d‘%éﬁ'ﬁsaglgﬁg ' proportions of gaseous
el ectron donating conpound:silane will generally be in the range 0.5:1 to
15:1 by vol uge, . \en usipng 8y Qlfd b3 rent barrier layers used in
5 the present invention may be prepared in the
absence of free oxygen and compounds generally
‘regarded as oxidising agents, the barrier
coating may be applied to a ribbon of float

glass as it is advanced over the molten metal

10 bath on which it is formed without undue risk

of-oxidising_the:molten'metal. It is
preferably applied at a glass tempefature in
the range 600° to 750°C, and especially'at a
‘glass temperature in the range 600° to 700°C.

15- The barrief coatings may be applied using the
Iaﬁinar'flow probeSS and apparatus described
in U.K. Patent Specification 1,507,465.
Preferébly, the silane used is monosilane, and
it is used in admixture with an inert gas, for Q:

20 example nitrogen.

The coatings used in the invention are highly
effective as batriers to the migration . of
alkali metal ions, with coatings as thin as
‘15 nm”giQing'eiceilent effects, while even

25 thinner coatingé, €e.9. 5 nm or even thinner,

have useful barrier properties.



It has been found that proportions of olefin:silane in the range 3:1 to
10:1 give 20 the hest results. The use of excessive proportions of certain
oxygen free el ectron donating conmpounds to silane has been found && i nhi bit
the formation of any coating and shoul d be avoi ded. The 25 particul ar
proportTon whi ch constitutes an excess Mgl |- depend on t-he particul ar

el ectr & donati ng conpound used, but can readily be deternm ned by sinple
trial. Becauserdlte $sanspapl ilecd tiiesnkagyeas husgth idegreeheo present
invention may be prepared in the absence of free oxygen and conpounds
general |y regarfach sipaaxe dicyi ng sageetdy ittedbarnderc @d&ti ng smay hides Bppl i ed
to a ribbon of float glass as it is advanced over the nolten netal 10 _bath
on which it isoforakdavi t Aidweagndadarssk wid &0 dfsitg tHeifd teRHRVAIAE | ¢
is preferably applied at a glass tenperature in the rangge %err to [err],
and especi al | ya ad iag Bltast TEHBS AL A n Yheatand@ g 2tr 1893 [2FF

B 5 preferred. In addition, for some applications,
it is desirable that the barrier have good
-resistance to external alkali. We have found
that the coatings prepared in the presence of
electron donating compounds which are organic

10 contain significant quantities of carbon and
have good resistance to attack by external

alkali.

After deéosition of the barrief'éoating, a
layer sensitive to diffusion of alkéli'metal
15 ions_from the_giass is appiied over the
barrier coating. Such a'layer may'be applied
in knbwn manner, e;g. by éputtéring, chemical
_vépour deposi;ion, or spraying of reactants in

liguid or solid form onto the coated surface.

20 The barrier coated g1asses are used in
accordance with the invention to reduce the
diffusion of alkali metal ions from a glass
containing alkali metal ions into an overlying
layer sensitive to alkali metal ions, which

25 may be directly on the barrier layer or over

an intermediate layer. The overlying layer may



15 The barrier coatings nmay be applied using the | am nar flow process and
apparatus described in U K Patent Specification 1,507,465. Preferably,” the.
silang -used-is nonosilane, and it is used in adm xture with an inert gas,
for 26‘%xanple nitrogen. The coatings used in the invention are highly
effective as barriers to the mgration of 3alkali netal ions, with coatings
‘as thin as 15 nmgiving excellent effects, while even 25 thinner coatiggs,

e.g. 5 nmorygvep §hi pRer, ¢ Paves wsef dli hgr d recit ppYdh@uctivel2 - For
sone applications, a high degree of transparency is required and coati ngs

which, on clgar{103xgdasscen td igimghedk, cpraovidega ,l ight wsamdsni ssion
of at least 80%are 5 preferred. In addition,” for sonme applications, it
i s desirabl ecbhiithetrltei Barkygr dane gadd yediavanca tweedtstiali tykad €. Ve
have found that the coatings prepared in the presence of electron donating
ComxmndsvmldsarﬁhngamQO ohms per square; some
5 appiications require a much lower resistivity
e.g. less than 50 ohms per square and employ
coatings that have as low a resistivity as
possible consistent with satisfactory optical
properties. According to EP 0 071 865 A3
10 referred to above, such coatings are prone to
déterioration'on diffusion of alkali metal
ions from an underlying glass substrate with
loss of light_transmission and reduction in
eieétroéonductivity;'Examples;of lighﬁ'
15 transﬁitting électféconductive ﬁétél oxides
are dopea metal oxides and incluae indium
oxide dOped with tin, which 1is usuallf
deposited_by sputtering, and.doped tin 6xides,
'espeéial;y fluorine-doped tin oxide, which may
26 be deposited by épuﬁtering, of by chemical Nor/
vapour-deéosition, or by solution or powder
spray. The thickness of the electroconductive
layer will depend on the conductivity:
required, but will commonly be in the range

25. 50nm to 1500nm.



10 contain significant quantities of carbon and have good resistance to
att-ack by external ,alkali. After deposition of the barrier coating, a |ayer
sensitive to diffusion of alkali nmetal 15 ions fromthe glass is applied.
over the barrier coating. Such a layer may be applied in known manner, e.g.
by sputtering, chem cal vapour deposition,,pr spraying of reactanfs in
liquid%tr solid formonto the coated surface.” 20 The barrier cofted gl asses
are used in accordance with the invention to reduce the diffusion of alkal
metal ions froma glass containing alkali netal ions into an overlying

| ayer sensiti Y?aﬁs%a?é#@'eﬁeé”?ﬁoﬁbnd ?v(lae Wa'ta oﬁﬁé‘?)’ fOF ékbherd kvn %R%€e '

barrier layer or over an Internedi ate |ayer e overlying |layer

-13- be a | i ghhdfumPBR1dd ahd F1RbATe’ @SR EEH i 048 8B BLa P AeFieedtintda rAldch
coatings, as used commercially, generally have a resistivity of |ess than

500 ohms per yadrgtdonsandeso are useful as coatings on window glass to reflect
) heat back into buildings. When used as infra red reflecting layers,
such coatings generally have thicknesses in the range 200 nm to 1000

© nm.

- Thus, according to a further aspect of the invention, there is
provided electroconductive flat glass comprising a glass substrate
containing alkali metal ions, coated with a transparent barrier layer

- up to 50 nm thick containing silicon and oxygen by pyrolysis of silane
gas on a glass surface above 6000C in the presence of an electron
donating compound (as herein defined) in gaseous form, whereby oxygen
from the glass is incorporated with silicon to form the transparent
barrier coating on the alass surface, and an electroconductive metal
oxide layer having a resistivity of less than 500 ohms per square over
the barrier layer. The electroconductive metal oxide layer may be a

light transmitting layer, and may be of a doped metal oxide.

Similiarly, the invention provides infra red reflecting flat glass
comprising. a glass substrate containing alkali metal ions, coated with
a transparent barrier layer up to 50 mm thick containing silicon and

oxygen by pyrolysis of a'si1anesgas on a glass surface above 6000C



5 applications require a nuch lower resistivity e.g. less than 50 ohns
per square and enploy coatings that have as low a resistivity as possible
consisggnt with satisfactory optical properties. According to EP 0 071 865
A3 10 referred to above, such coatings are prone to deterioration on

di ffusion of alkali, metal ions fron1aq_qu§rlying gl ass substrate w t:h,

| oss of light transmission and reduction in el ectroconductivity. Exanpkes
of light 15 transmtting el ectroconductive nmetal oxides are doped netal
oxi des and i nclude indium oxide doped with tin, which is usually. deposited

by sputteri ngbtﬁ@$reea&% bf rhrPéﬁé@lﬁvﬁ%@iﬁ%'cbm&édﬂW (&e herPRd défined)i de,
0 y C

which may 20 be deposited by sputtering, or em cal vapour deposition,
or by sol utijgn g@éeoRSVEYm, Sicreby ToMgehi fromctie @ aéd1d sef Rerpeaadudtthve
| ayer will depénd on the conductivity required, but will commonly be in the
range 25. 50§imiéen toO0fovi the trafsparent barrier coating on the glass surface

and a 1ight transmitting, infra red reflecting doped metal oxide layer

over the barrier layer.

The barrier coated glasses have additional advantages when used in
more complex systems, e.d. as substrates for electroconductive metal
oxide coatings'in 1iquid crystal display devices. Such devices may
comprise two opposed electroconductive layers with a Tiquid crystal
material between the layers, and an alignment layer over each said
electroconductive layer; at least one of the electroconductive layers
being a 1ight transmitting layer supported on a glass surface with a
barrier layer between the electroconductive layer-and the glass. In
such cases, the barrier layer not only.proﬁects-the electroconductive
ﬁetaI oxide layer from direct attack by alkali metal ions from the
glass, but also prevents undesirable electrochemical reactions
resulting from diffusion of alkali metal jons through the

electroconductive metal oxide Tayer into the liquid crystal material.

.~ The glass used in 1iquid crystal displays is very thin, usually not
more. than 2 mm thick and preferably less than 1.5 mm thick. Thus the

‘invention further provides, as new products, glass up to 2 mm thick



Transparent el ectroconductive netal oxides, for exanple tin doped indium
oxi<de ahd fluorine doped tin oxide, usually reflect infra red radiation and
so are useful as coatings on wi ndow glass to reflect heat back intg .
bui | di ngs. Wen used as infra red reflecting | ayers, such coatings
general ty have thicknesses in the range 200 nmto 1000 nm Thus, according
to a fiwther aspect of the invention, therl® +s provided el ectroconductive
flat glass conprising a glass substrate containing alkali netal ions,
coated with a transparent barrier layer up to 50 nmthick containing
silicon and oxygen by p rol¥sis of silane gas on a glass surface above
6000C in the ﬁrl énEé“éga%ﬁ' parri enFoabing Upgte SRpeR thi¢kasontaiaing def i ned)

Lo oo o Ll ichArand: Symeh b &l hy ol 4 B8 41 r?éf?%?"m“n“aﬁegns”‘w“
[V i Vi i i Vi 00
o Sk S AT B oFBIRE P gt haSal L ot erk Rl .
Soti oty fasdol rarhRteby e bn Ao, BE akomogBEE MER™ O O
conpri sing a-giﬁ_%ans:;bg%ﬁﬁﬁe Gﬁa@gﬁﬂeﬁe PR assimgngﬂfsﬁei gPaastsee'%wach a

transparent barrier yer up to nm thi ck contalni on "and oxyyen
by pyrolysis of a silane gas on a gl ass surface above 6000C in the
presence of an el ectron donating conpound (as herein defined)

Y a liquid crystal display device comprising two opposed

electroconductive layers, with a 1iquid crystal material between the
layers and an alignment layer over each said electroconductive layer
in contact with the 1iquid crystal material in which at least one of
said electroconductive layers is supported on a glass substrate up to
2 mm thick containing alkali metal ions and, between said
electroconductive layer and the glass, a transparent barrier layer up
to 50 nm thick containing silicon and oxygen deposited on the glass by
pyrolysis of silane in the presence of an electron donating compound
(as herein defined) in gaseous form, whereby oxygen from the glass is
incorporated with silicon to form the transparent barrier coating on

the glass surface.

The transparent barrier coated glasses are also useful as transparent

outer layers in amorphous silicon solar cells, where migration of



in gaseous form whereby oxygen fromthe glass is incorporated with silicon’
to f the transparent barrier coating on the glass surface and a |ight
trans ting, . infra red reflecting doped netal oxide |layer over the barrier
| aygri The barrier coated gl asses have additional advantages when used in
nore conpl ex systens, e.g. as substrates Zor-electroconductive nmet al oxi de
coatings in liquid crystal display devrcé .~ Such devices may conpri se\ywo .
opposed el ectroconducti ve layers with a 1 iqui d crystal material between
the layers, and an alignnent |ayer over each said el ectroconductjve | ayer;

at | east ongyplyf lgwsl 36hS WRNGH Yk V1 d5RY Eirabl fikp2thel EdrrbBE YT} e

| ayer supported on a gl ass sur arrirer layer between

el ect rocond%ah%@d kY FrFReTbnchCofltheScelhd such cases, the barrier |ayer not
only protects the electroconductive netal oxide |ayer fromdirect attack by
alkali metal ions fromthe glass, but also prevents undesirable

-el ectrocheni cal reactions resulting fromdiffusion of alkali netal ions

t hrough t he Theesdrrdeprobatingscused dn thd geesentef nventdon aeel Righliy cryst al
material. The glass used in liquid crystal displays is very thin, usually
not nore tleffieétiven in [cookradilding mdigeatimnyof @dkathametdl Gonsn t MordoveFhus t he
i nvention further provides, as new products, glass up to 2 mmthick - 16-
with a trandesaese they rarereffeativey inpvary shi miayenscktheynmay benysed to

provide barrier coated glass of high visible 1ight transmission.

Because the coatings incorporate oxygen from the glass, it is not

necessary t(L




silicon and oxygen deposited by pyrolysis of a silane gas in the presence
of -an el ectron donating. conpound (as herein defined) in gaseous form e
wher eby oxygen fromthe glass is incorporated with silicon to formthe .
transparent barrier coating on the glass surface, and a liquid crystal

di spl ay-devi ce conprising two opposed el ectroconductive |ayers, with a
liquid“etystal material between the Iayerldhd‘an al i gnment | ayer “o¥er each
said el ectroconductive |ayer in contact, wwth the |iquid Cé%Stal material in

whi ch at | east "he oFtEQHI &iYecP ALl v PRARY & L1 8udhBFt et & gl ass
Substrate up tq 2 " thi.ck cont aijni al kal j t [ a bet ween sai d
el ect rocondgct i%"?z?&/%? 8t h%g& agg,eia grga%gg’é?%%taorggrer inégcr’ o ayer up to, 50

nmthck contaldy g St ELGPD Powyaen JAPFALIY £8 5 o g1 oY QEYS S

of silane in the presence of "an el ectron donating conpound erein

defined) in gasepys ¢ OgMa ¥BEr£BY OKY sl (e 8l a8R el SE L BGOY PR Bd
with silicon to formthe transparent barrier coating on the glass surface.

The transparent barrier coated glasses are al so useful as transparent out er
layers insanor ghods $p hirtdn tSab arr £eklis, coet Ena gralsonsdéd inléEhel kali
metal ions out of the glass surface into the anorphous silicon reduced the
efficiency of theeseiht invention prepared using ethylene

were examined by infra-red spectroscopy for

the presence of Si-H bonds, but no infra-red

absorptions corresponding to Si~-H bonds could

ad 10 be deteqted. |

-

The invention is illustrated but not limited
by the following Examples. Unless otherwise
stated, gas volumes were measured under
ambieht'éonditions i.e. approximately 20°C and

15 1l atmosphere pressure.

Examples 1-4

A ribbon of 6 mm float glass was coated over a
s 3 metre width with a barrier coating as it

advanced over the float bath by passing a

20 mixture of 50 litres/minute of 10% by voluma
monosilane in 90% by volumelnit:ogen and 10
litres/minute_éf ethyiene parallel to the
glass surface under laminar flo& conditions as
~described in U.K. Patent Specification |

25 1,507,996. The temperature of the glass at the

coating station was 625°C and the lehr speed



The barrier coatings used in the present invention are highly effective in
controlling mgration of alkali nmetal ions. Mreover, because they are -
effectlve in very thin |ayers, they nay be used to prOV|de barrier coated
gl @ of high visible l'ight transm ssion. Because the coatings incorporate
oxygen fromthe glass, it is not necessary to ~-18- use strongly

. oxi di si ng conditions for their production, and they are suitable for

comer ci al %d”CB' o grki'js“er )(E)Bbaoﬁ' Rbeg of 70! GRé & @8 WS uirt . pagses over

the fl oat ba? nsparent barrier coatings as used in the present
I nvention prgﬂac;vgdfrt% £20. ﬁkhyégﬂg,y\@h% e¥%aB Neth i ik taxr¢ ad sspeatrdscopy
for the preséence o onds, but no infra-red absorptions correspondi ng
to Si-H bondE cpyllcialloctzﬁadthe Beda pPei e@veati oatiny Llelnst fdtew but not
limted by the follow ng Exanples. Unless otherw se stated, gas vol unes

were nmeasur eg guder gpbiznot cd0di t40nsande. Sappirnxlrrmseflﬂylpelrﬁf? and 15 1
-at nosphere pressure. -

-

5 "The ethylene:silane ratios used in the
coating gases and the results of measurements
on the coatings produced are set out in

Table 1.

Thé.use of.ethyléne results in a reduction in
10 light reflection and a rapid increase in light
- transmission up to an etﬂylene:siLaqe ratio of
about 4:1. Further increase in the
ethylene:silane ratio results in a further but
slower increase in light transmission of the

15 product.

The effectiveness of the coatings as barriers
to the migration of alkali metal ions from the
glass surface was determined as described

below. .

20 Two Sampies"of the coated glass, each 10 cm
| séhafe}{were cut and clamped together with an
annﬁlar Siiiéone'rubber ring of ihgérnal
:aiahefer”8;3 cm between them to form a
cylindrical cell with its walls defined by the

25 coated surface of the glass and the inner



Exanplees 1-4 A ribbon of 6 mmfloat glass was coated over a 3 netre width

W th a barrier coating as it advanced over-the float bath by passing a 20

m xture of 50 litres/mnute of 10% by vol une nonosil ane in 90% by vol une
nitrogen and 10 litres/mnute of ethylene parallel to the glass surface s
under l.am nar flow conditions as described in U K Patent Specification 25
1,507, 9%96. The tenperature of the glass a& the coating station mqﬁo[err]

and the | ehr speed - 19 - of the glass i"bbon was 370 netres/hour. The
flow rate of ethylene was then increased and barrier coatings applied at
ethylene flow rates of 28—36—46—ane—56—{res/mnute. 5 The
ethyl ene:silane ratios Jusgd in {he coating gases and the results of
measur enents on the codtifgsnprpduced are set out in Table 1. The use of
ethylene results in a req§ fg in 10 light reflection and a rapid
increase in l|ight pr= ' ' .
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transm ssion up to an ethylene:silane ratio of about 4:1. Further increase
in the ethylene:silane ratio results in a further but slower increase in

l'i ght transm ssion of the 15 product. The effectiveness of the coatings as
barf4ers to the migration of alkali netal ions fromthe glass surface was
determ ned as described below. 20 Two_sawples of the coated glass, each 10
cmsquare, were cut and cl anped together with an annul ar silicone rubberr
ring of internal i QEEtSE & HeCa DetieER & hemb Befror Mian gy! iTwlei ok 1gel ™
with its walls defined by the 25 coated surface of the glass and the inner
20 [err] s filled with de2liondusédcewaft éhe tshrioangh raibber

ring. The cell _ _
hole in the rubber ring, the bole sealed and
the sealed cell immersed in a water bath at
5 96°C for 48-hours. The solution was removed
and analysed for sodium by flame emission
spectroscopy. The sodium extract was
determined and expressed as micrograms of NagO

per square decimetre of glass exposed to the

10 water in the cell.

Ci

The test was also carried out on a number of
commercially available soda lime silica
glasses with silica ion-blocking surface
layers. The results obtained ranged from

15 60 microgram Na20/dm2 to over 1000 microgram
Nap0/dm2. An uncoated commercially available
glass, nominally alkali free, was also tested

and a result of 13 microgram Na0/dm?2

obtained.

L

20 It will be.seen that the coated glass used in
the invention compares favourably with
commercially available nominally alkéli free
glasses and coated glasses which, it is
believed, are prepared by off-liné methods not

25 readily adaptable for the on-line coating of

float glass.



was filled with de-ionised water through a hole in the rubber ring, the
hol'e sealed and the sealed cell imersed in a water bath at 5 [err] for
48 hours. The solution was renoved and anal ysed for sodium by flane

em ssi on spectroscopy. The sodi um extract was determ ned and expressed as
m crograms of Na2O per square decimetre-of2gl ass exposed to the 10 water igy
the ce™. The test was also carried out on a nunber of comercially

avai | abl e sodarhidrepsiddae 1yl afseExwnt bl | Becaw asn-dhacky 8¢ SupivacE Si&Fer s.
The results obtained ranged from15 60 mcrogram[err] to over 1000

i crogram [ err} e acuncoat exip eenneos PPy afs § aslhegliaal mRfda Fy S kal |
free, was also tested and a result of 13 microgram/[err] obtained, 20 ét
will be seen that thd soatezihglicgyeused ie ML £ARRt itdh PGmpandlyse
favourably with comercially avail able _nom nally aI%aIi fre | asses and
coated gl assesiwhi émradijated eidd Fef d¥char &P By 1 e- Iqe%gmrﬁa? ﬁ&ds not

25 readily adaptable for the g0 £9UIng 2L URak A2 isea ana

guantified by examining the energy spectrum of
the primary electrons emi;ted frdm'the
surface. The surface atomic léyers are then
removed by argon etching to expose sub-surface

10 atoms which are then characterised and

~ quantified as deséribed above. The etching and
analysis steps are repeated to build up a
profile of the composition of the surfaée
layers ﬁo é depﬁh in.excess of_ﬁhé thickness
15 of the coating. .
Thé results obtained for the prbduct of
Example 3 are set out.beiow.
_Etch time (segondé) 0 300 600 9bo 1200 1500
_ Atomic % silicon - 20 35 36 37 37 35
st 20 Atomic % oxygen 31 45 39 35.5 37 43

Atomic % carbon 45.5 17 . 22 24 20 . 15

The ébating ié fguna to coﬁtain silicon,

o#ygen and carbon. The‘raﬁio of oxygen:silicon

at the surfacé of the coating'is appfoximately
25 3:2. It falls to about l:1 after 900 seconds

etch and subsequently increases. The



-22- The product of Exanple 3 was anal ysed by ESCA (el ectron spectroscopy
for ch gical analysis). In this technique, the surface to be analysed is
ieradiated with X-rays, and the elenents 5 present in the surface are
characterised and quantified by exam ning the energy spectrum of the
primary electrons emtted fromthe surfacgz Fhe surface atomc |ayers are
~then renoved by argon etching to expose sub-surface 10 atons which arg.
t hen charact /¢ ede ARd QYdrdnficefl asadbson i bad alhowe s urhé agt ehiing Arfod ,

anal ysis steps are repeated to build up a profile of the conposition of tne
surface | ayersnfio atdepal imsexceound thet Hi bkasghist e t BB iPkDiTFS The
results obtained for the product of Exanple 3 are set out below Etch tine
(seconds) 0 oBOGhe60®0adhngl200 1500 Atomic %silicon. 20 35 36 37

37 35 2 0 Atomc %oxygen 31 45 39 35.5 37 43 Atom c 9% carbon

45. 5 17 22 24 20 _ 15
Examples 5 and 6

5 A ribbon of 2 mm float glass was coated with a
tranépatedt bafriér coéting of silicon and
oxygen as it advanced'over the'float bath by
passing.a.mixture of monosilane, nitrogén and
ethylene pa#allel to the glass surface under

10 la@inar Elow.coﬁditions as described in U.K.
Patent Specification 1,507,996. The
teﬁperatﬁre of the glass at the éoating
5tation was 6606C and the lehr spéed 6f the

glass ribbon was 1030 metres/hour.

15 The gas flows and properties of the products

obtained are set out in Table 2.

The coatings produced had useful ion blocking
propertieé. The light reflection increased
with.increasing ethyiene:silane ratio giving a
20 light transmiséion of 84.9% at a ratio of
3.3:1. Caiculations indicated that 1 mm glass
with é.similar coating Qould have a light
t#ansmissioﬁ of 85.4%, compared with a
transmissién of 91.4% for uncoated 1 mm

25 glass.

@



The coating is found to contain silicon,

oxygen:Silicon at the surface of the coéﬁ
falls to about 1:1 after 900 seconds etch and subsequently increases.
- 23 - concentration of carbon at the surface is 45%

oxygen and carbon. The ratio of
ing is apprOX|nater 25 3. 2.

and it varies

around 20% t hrough the thickness of the coating. Exanples 5 and 6 5 A
ra transparent barrier coatuﬁg of
fl oat bath by passing a m xture
el to the glass surface under

ri bbonse#~2 mm float gl a

silicon and oxygen as it
of nonosil ane, nitrogen
| am nar flow conditions

1,507,996. The tenperatuf

and the | ehr speed of th
flows and properties of

TABLE 2

Light transmssion* Light Reflection®

Molar ratio
ethylene:silane

Rate of flow of

Rate of flow of
gilane in nitrogen silane in nitrogen

Conc. of

Example

[

ar

ethylene
(litre/minute/metre

(11tre/minute/metre

(% by volume)

advanced
anc ethyl epe paral |
as.de§Er|b din UK.
| ags at
i bbon was

s obtain

width of glass)

“width of glass) .

76.5

2.2:1

10

30

15

18.5

ver the

12.5

84.9

3.3:1

15

30

15 -

Pat ent Specification

the coating station was [err]
1030 netres/hour. 15 The gas

ed are set out

# determined using a C.I.E,

Illumnant C source on the side of the glass remote from the coating.

+ determined as described with reference to Examples 1 to 4.

in Table 2.

It
The -

LU



The coatings produced had useful ion blocking properties. The |light
-reflection increased with increasing ethylene:silane ratio giving a 20
|ight gicansm ssion of 84.9%at a ratio of 3.3:1. Calcul ations indicated
that 1 mmglass with a simlar coating would have a |ight transm ssion of
85.4% conpared with a transm ssion of- 9%54%for uncoated 1 nm 25 gl ass.
[err] - 25 - Exanples 7 - 9 Aribbon of 1.3 mmfloat glass was coat
with a barrigkaoRpliidlg of sild con and oxygen as it advanced over the float
bath by passing a 5~ mxture of nonosilane, nitrogen and ethyl ene parall el
to the gl assaswibbonndef lanBnarmf [fobw adndgiliaons a%a dese? plferidi W Utk

Pat ent Specification 1,507,996. The tenperature of ' .
a barrier coating of silicon and oxygen as 1t

advanced over the float bath‘by passing a
5 mixture of monosilane, nitrogen and ethylene
.parallel to the glass surface under laminar
flow conditions as described in U.K. Patent
Specification'l,507,996. The témperature of
the glass at the coating station was 640°C and
10 the lehr speed of the_glass ribbon was 1200

metres/hour.

The gas flows and properties of the products

obtained are set out in Table 3.

The ion blocking performance (as measured by
15 the alkali metal ion extraction tests),
although not equal to the outstanding
performance of earlier Examples, was
comparable with commercialLy available glasses
and satisfactory for commefcially application. -
20 The prodﬁcts had a high (about 90%) light

transmission.

Example 10 - 13

Static samples of 4 mm float glass were coated
in the laboratory by passing over the heated
25 glass surface a coating gas comprising a

mixture of nitrogen, 10% monosilane in
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- 27 - nitrogen and a gaseous el ectron denoting conpound (EDC). The
conposi tion of coating gases used, glass tenperatures and deposition tines
and praperties of the coated glass 5 products are set out in Table 4. It
will seemthat the use of other gaseous el ectron donating conpounds in
pl ace of ethylene gives transparent ceatgngs-with simlar ion barrier i
properties. The coatings 10 are transparent and contain silicon, and<{_/
~oxygen derivgd fremdheadl@ss Guwdbess 14 -ed@Satidesanpiesg of 4 mm
float glass were coated in the | aboratory by passing coating gas 15
conpri sing acBmg o ®f (EOCHi traHei mawpwis iodern R IGeass/mBnute of .
10% by vol une nonosilane in nitrogen and 0.4 litres/ mnute of ethylene over
the heated ghassesurdised at gleas)s f bemp asa bRrigdmammdt d 9B EART The
20 tinmes used and properties of the resulting coatings are shown in Table
5. The obsertddésgndefp OB @f tofeBhePEodtRE 8L EINFLASSE with-

-coating tine, the coatin roduced after 80.seconds being simlar in
g5 products é&g set out {n Tagie %. 9

It will seem that the use of other gaseous
electron donating compounds in place of
ethylene gives transparent coatings with
similar ion barrier properties. The coatings
10 are transparent and contain silicon, and Q)

oxygen derived from the glass.

Examples 14 - 16

Static samples of 4 mm float glass were coated
in the laboratory by passing coating gas

15 c¢omprising a mixture of 6.6 litres/minute
nitrogen, 0.4 litreS/minute'of 10% by volume
monosilane in nitrogen and 0.4 litres/minuté
of ethylene over the heated glass surface at
630°C for times of from 10 to 40 seconds. The

.20 times used and properties of the resulting

coatings are shown in Table 5.

Thé observed light reflection of the coated
glass ‘increases with coating time, the'coaﬁinj
produced after 80 seconds being similar in

.25. appearancezto reflecting coatings produdéd

using only small proportions of ethylene.'



. 25 appearance to reflecting coatings produced using only small proportions
of -et hyl ene. - 28 - [err] - 29 - This series of experinents shows
tnat, .as the coating tinme increases, and the coating thickness builds up,

t he oxygen available fromthe glass is used up and the coating deposited 5
| oses its transparency. This is believed to be due to deposition of

unoxi dised silicon on top on the initial transparent coating containi ftg
silicon and oxygen derived fromthe glass. The coatings were all tested for
durability 10 against external alkali a%%ack by imersion in I N NaCH at
[err]. In each case, there was no visible sign of attack after 50 m nutes.
Exanples. 17 - 33 Static sanples of 4 mmfloat glass were
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15 <coated in the | aboratory by passing a coating gas over the hot gl ass
surface at [err]. The conposition of coating gas used, coating tine and
propqules of the coated products are shown in Table 6. In each case, the
ratio of 20 gaseous el ectron donating conpound: sil ane was adjusted to
produce a transparent coating. Exanple-3424 sanple prepared by a technj.que
simlar to that described in Exanple 1 to 4 at an 25 ethylene to sil age~
ratio of 5:1pnhangl 8 esPiplse of UmrEat edmod pars 6simEe Wisoat n@ltass aker & t8at ed
- 30 - [err] [err] 44 - 31 - with fluorine doped tin oxide. AmoDNi um
difluoro tetceatt bnast aameeeifereases, and the coating
thickness builds up, the oxygen available from
the glass is used up and the coating deposited
5 loses its transparency. This is believed to be
due to deposition of unoxidised silicon on top
on the initial transparent coating containing
silicon and oxygen derived from the glass. The
coatings were all tested for durability

10 against external alkali attack by immersion in

'IN NaOH at 80°C. In each case, there was no
visible sign of attack after 50 minutes.
Examples 17 - 33
Static samples of 4 mm float glass were

15 coated in the laboratory by paSSLng a coating
gas over the hot glass surface at 630°C. The
composition of coating gas used, coating time
and properties of thezcoated products are
shown in Table-ﬁ. In each cése, the ratib of

20 gaseous electron donating compound:silane was

adjusted to produce a transparant coating.

Example 34

A sample prepared by a technigue similar to
that described in Example 1 to 4 at an
25 ethylene to silane ratio of 5:1, and a sample

of uncoated clear 6 mm float glass were coated



was p|n mIIed to a partlcle si ze not exceed| ng 50 microns,
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% determined using C.1.E. Illumnant C source on the side of the glass remote from the coating.

+ determined a@s described with reference to Examples 1 to 4.



- 32 - Exanple 35 Liquid crystal display devices as described herein were
made up ,using glass carrying a transparent barrier coating produced 5
substanﬁfﬁlly as described in Exanple 8 as a substrate, and subjected to
durability testing. They were found to have lifetinmes in excess of 1000 -
hours at [err] and a relative humdity=of305% 10 Al the electron denoti ng
“conpounds used in the Exanpl es were conpounds having_a vaBQur pressure;;ff

above 760 mmwdttperfluakédn ARPLS | BaithgOHiod€ vaPpBROPLeTure at [err]
is as stated bel ow. 15 | sopr opanol 40 kPa Xyl ene .
8 kPa \Water dlfl“°r°Zbﬂ&%PChl°§?§tGﬂ$ - € (NHg) 25nC ¥y,
was pin milled to a particle size not
exceeding 50 microns, dispersed in a stream ofJf
5 air, and the air stream containing the
dispersed.powder directed onto the heated
glass samples at about 580°C at a rate of
80-grams per square metre of glass. The
thickness of the resulting fluorine doped tin
10 oxide coatings and their electrical

resistivities were measured. The results o/

obtained are set out below:

Tin oxide Specific
thickness Resistivity
15 ' : (nm) (ohm cm)
Barrier coated 58 : 1.7 x 10-3
substrate o
Uncoated . 56 3 x 10-3

substrate

20 The significantly lower résistivity of the
coating on the barrier coated substrate
illustrates the value df the barrier coating
in inhibiting migration from the glass of
alkali metal idns, with ﬁheir deieterious

25 effect on the resistivity of the doped tin

oxide lavyer.



1. A method of reducing diffusion of alkali nmetal ions froma gl ass
eontai-ning alkali netal-ions into an overlying |ayer which nethod conprises
pravi di ng between the glass and the overlying |ayer a transparent bargb ro
coating containing silicon and oxygen applied by pyrolysis of a silane‘gas
characterised in that the silane is pyrqjysgd on a glass surface above
6000C it he presence of an electron donati g conpound (as herei n defined)

i'n gaseous forg; mheﬁggy3q¥ygen fromthe glass is incorporated with silicon

to forma tran er coating up to 50 nmthick on the glass
surface. 2. A pathaq pf .GoALLRG 839/ 953 6PN PRk 4l kpd| gesalriped i n

which a silane gasS is pyrol ysed on the gllass surface above 6000C in the

presence of anpel @atinPny,donat inHa eonPpURLs { &y haned 8 sded aiesly iing gaseous
form whereby oxygen fromthe glass is incorporated with silicon to formon
the gl ass surf aaea A sty &RSNAE eia bariré er cwatiinggupp to ddcend t hi ck
containing silicon and oxygen, and a |ayer sensitive to the diffusion of

- 34 - alBali wsathk tions ifa binyt hasgldes d sididdeduenExammpl ee® oasr ahe
coated gl ass surface. 3. A nmet hod according to Jaim1 or 2 5

wherein the silsanesgasatsed andoadbigrted to durability

testing. They were found to have lifetimes in
excess of 1000 hours at 60°C and a relative

humidity of 95%.

— lO__All the electron denoting cdmpounds used in
the Examples were compounds having a vapour
préssure above 760 mm at 60°C, ékcept the
folléwing whose vapour pressure at 60°C is as

stated below:

15 - Isopropanol . 40 kPa
Xylene 8 kPa
Water - 20 kPa



[err] 4. -—ﬁrnErﬁ‘H’§EEBFaTE§ to any of Clainms 1 to 3 wherein the silane is’

diluted with 10 5. A nethod according to any of Clains 1
to, 4Uwhere ﬂﬁﬂ“& EEW“ onat i ng conpound used does not contain oxygen.
6. raang td Claimb5 wherein the gaseous el ectron donating
conpound |s an 15 ol efin contai ningsz2 to 4 carbon atoms. 7. A, -
met hod according to Claim6 wherein the gaseous el ectron donating conpgehd
is ethylene. 8. A nmet hod according to any of Clainms 1 to 20 7
wherein the ratio of the gaseous el ectron donating conpound to silane is
fromO.5:1 toLAlRs:l by vol une. - 35 - 9. A net hod according to any of
Clains 1 to™@ Wherein the transparent barrier coating is applied to gl ass
not nmore than 2 mmthick.

1. A mefhod of reducing diffusion of alkali metal ions from a glass
containing alkali metal fons into an overlying layer which method
comprises providing between the glass and the overlying layer a
- transparent barrier coafing,containing silicon and oxygen applied by
pyrolysis of a silane gas characterised in that the silane is
pyrolysed on a glass surface above 6000C in the presence of an
electron donating compound (as herein defined) in gaseous form, L
whereby oxygen'from the g1ass'is incorporated with sf1icon to form a ~

transparent barrier coating up to 50 nm thick on the glass surface.

2. A method of coatihg a.g1ass.containing_a1kali metal ions in which
a silane gas is pyrolysed on the glass surface above GQOOC in the
presence of an electron donating compound (as herein defined) in
gaseous fofm, whereby oxygen from the giass is incorporated with
silicon to form on the glass surface a transparent barrier coating up
to 50 nm thick containing silicon and oxygen, and a layer sensitive to

the diffusion of N,




5 10. A nethod according to any of Claims 1 t arrier
coatl ng'is applied to a. ribbon of float gI ass a milﬂmﬂlﬁﬂ !H Ever t he
nolten metal bath on which it is formed.. 10 1 din 4 0
any of Clainms 2 to 10 in which the Iayer sensitive to the diffusion

al kali metal ions is applied by sputtering,.. bygchen cal vapour deposition
or by spraying reactants in 15 liquid or solid formonto the coated
gl ass surface. 12. A nethod according to Caim1ll wherein the said |ayer
applied is a |ight tgf%sdniit ingthadlyeh o sa fFopad tRleal g2@ss isoxide. 13.
A method according to aim1l or Claim2 wherein the transparent barrier

coating is applied SéJagtsaé\(t;hQéﬁilqs aeeliksd ooerelescrihbed A ta§ of

Exanples 1 to 33. El ectroconductive flat glass conprising a
gl ass substrate glass surface.
i 3. A method according to Claim 1 or 2
5 wherein the silane-gas used is monosilane
(SiHg) .
4. A method according to any of Claims 1 to

3 wherein the silane is diluted with an

-/ inert gas.

10 5. A method according to any of Claims 1 to
4 wherein the electron donating compound

used does not contain oxygen. .

6. A method according to Claim 5 wherein the
gaseous electron donating compound is an

15 olefin containing 2 to 4 carbon atoms.

7. A method according to Claim 6 wherein
— the gaseous électron donating compound is

ethylene.

8. A method aécording to any of Claims 1 to
20 7 wherein £he ratio of the gaseoué
electron donating compound to silane is

from 0.5:1 to 15:1 by volume.



contalnlng aIkaI| ions, coated with a transparent barrier coating up -
to %0 ngwthick c m,g (””lﬂ and oxygen by pyrolysis of a silane gas _°
on a glass surfac ﬂ”trmapresence of an el ectrdn donating :
conmpound (as herein deflned) § n*gaseous form whereby oxygen fromthe gl ass
is incorporated with silicon to formthe tranggarent barrier coating on.the

gl ass surface, and an el ectroconductive netal oxide [ayer having a

resistivity of | essat hpgtHOJoME cREF dSG1gr & ®vam§ he Hacni£imsayer . ta?“
Infra red reflectlng flat glass conprising a glass substrate containing

al kali netal ions, goajreréilh at hreanspar gBip dakem er Hayeri ep too &a& inmg

t hi ck containing*silicon and oxygen by pyrolysis of a silane gas on a gl ass:
surface above 6000Ciisn alpp hiesktnt® ofylans el emdbrtonmdarmt itiga vordommd ( as '
herei n defined) in gaseous form whereby oxygen fromthe glass is
incorporated with sithixek +o formthe transparent barrier coating on the
-glass surface, and a‘light transmtting infra red reflecting doped netal

oxi de layer over the barrier coating. 16. dass up to 2 mmthick. with a
transpar®nt bhPri er Acomeitite 8p 4%(’51)‘7 AR 8i GO caM Bi mﬁwgcéiHE‘o% And-®xygen

deposited by pyrolysis of a sllan% cogtalnlng gas on .the gl ass surfac
above 6000C in the pretBRdedM ahid e lar‘bﬁl@o?\af"%%tédhﬁo eRPhdrefn

weh sl LBngt""ieé’S?rJ«fLE‘ FLRERF Y bah pBY c8da A5 oot et gidbe. sur ace.
advanced over the molten metal bath on
which it ié formed.
10 11. A method according to'any ofICiaims 2 to LJ
10 in which the layer sensitive to the
diffusion of alkali metal ions is applied
by sputtering, by chemical vapour
deposi;ion or by spraying reactants in
15 liquid or.solid form onto the coated

glass surface.

12. A method according to Claim 11 wherein
the said layer applied is a light
tfansmitting layer of a doped metal

20 oxide.

13. A method according to Claim l.or Claim 2
wherein the transpérent barrier coating
is applled substantlally as hereinbefore

descrlbed in any of Examples 1 to 33.



- 37 - 17. dass according to Claim16 mhereL;‘;E;‘BEEEBUE‘Eﬁ?RTTQn [
domati ng conpound used does not contain oxygenuamum rding t9
Claim 16 or Caim 17 wherein the gaseous el ect ; 'Iﬁmﬂg ound is an
olefin containing 2 to 4 carbon atons. 19. d ass ‘acc¢or #ing Claim17 T
wher ei -t he gaseous el ectron donating conpound is ethylene. 20. @ ass up
to 2 mMwthick with a transparent barrier td&t+ng deposited by a method

substantially as hereinbefore described in any of Exanples 5 to 9. 21. A
|'iquid crystal display device conprising two opposed el ectroconductive

I vMth a Jjquid crystal terjal between the layers and an alignnent
I gg So:,/\ller each'ga ﬂec&réﬂﬁ%ﬁﬁuﬂﬁéﬂﬁémrﬁ SiBh2a gl ass ghbsmtqa: quid
t al teri ' ' t_l.east one of said.electroconductive |layers is
'(s:trjggo?t egaoﬁr;%&tgiﬁnghﬂhr@t%eﬁg 19, eoated; w thrﬁréPFng“EIh@é'F‘Lerrret al
[ , d, bet | de elzac ' | ayer,.and the gl ass, there |s
rovi dod & tr ceind W kS s0°Hh RELK' ok ind” S 1RAH A asnfﬁm RIS cor
nd ox d it I r a : C.by..pyrol ysis
o ane’ Tt he o 2 Sl qdtefl £ act ISuRfeaRYle BIRRCLRBLiRsbERS e nea)
| n gaseous T ordflecthé ABatPRYCSpbUAIN (a3%hetedi elrPnd d)C Ph RESBARE pgfh/ 111 con
to formthe transparent barfier coating on the glass surface. ?
whereby oxygen from the glass is incorporated with silicon to_form the
transparent barrier coating on the glass surface, and én
electroconductive metal oxide layer having a résistivity of less than

L 500 ohms per square over the barrier layer.

15. Infra red réercting flat glass comprising é glass substrate
containing alkali metal ions, coated with a transparent barrier layer
up to 50 nm thick containing silicon and oxygen by pyrolysis of a
silane gaé on a glass surféce above 6000C in the presence of én
electron donating compound (as herein defined) in gaseods form,
whereby oxygen from the glass is incorporated with siIicon to form the
transparent barrier coating on the glass surface, and a 1ight

transmitting infra red refjecting doped metal oxide Iayér over the

barrier coating.

16; Glass up to 2 mm thiék with a transparent barrier coating up to
50 nm thick containing silicon énd oxygen deﬁosited by pyrolysis of a
silane containing gas on the glaés surface above 6006C in the presence
of an electron donating compohhd (as herein defined) iﬁ-gaseous form,
whereby oxygen from the gIass ié incorporated with silicon to form the

transparent barrier coating on the glass surface.
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17. GIass accord1ng to c1a1m 16 wherexn the gaseous electron donating

compound used does not contain oxygen.

18. GTass accord1ng to Claim 16 or C]aim 17 where1n the gaseous

electron donating compound is an olefin conta1n1ng 2 to 4 carbon atoms.

19. G1ass accord1ng to ‘Claim 17 wherein the gaseous e1ectron donating

compound is ethylene.

20. Glass up to 2 mm thick with a transparent barrier coating

deposited by a method substantially as hereinbefore described in any

of Eiampies 5 to 9.

21. A liquid crystal diSplay device comprising two opposed

e1ectroconductive 1ayers'With a liquid crystal material between the

1ayers“and an alignment layer'over each said electroconductive Tayer

:1n contact with the 1iqu1d crystal mater1a1, in which at 1east one of

said e1ectroconduct1ve Tayers is supported on a glass substrate up to
2 mm th1ck conta1n1ng alkali meta1 jons, and, between said
electroconductive layer and the glass, there is prouided a transparent
barrier coat1ng up to 50 nm th1ck containing silicon and oxygen
depos1ted on the g]ass surface above 6000C by pyrolys1s of s11ane in
the presence of an electron donat1ng compound (as here1n defined) in

gaseous form, whereby oxygen from the glass is 1ncorporated with

s111con to form the transparent barr1er coat1ng on the g]ass surface.




