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AMORPHOUS OXIDE FILM AND ARTICLE HAVING SUCE FILM THEREON

The present inven;ion ;elates to an amorphéus'oxide
£ilm which is tfansparent and excéllenﬁ in durability,
and an article with high durability having such a £ilm on
its surface.

Heretofore, a mirror, a heat radiation reflecting
glass, a loﬁlemissivity'glass, an interfererice filter and
a_reflebtioh'preventivé coating for camera lenses or eye
glass lenses have been known as articles having an

optical function imparted by forming a thin film on a

*-.transparent substrateHsuch:asuaﬁglass-oruplastic:.'rfwﬂn~~r~w=rFr~"

substrate.
In the case of ordinary mirrors, Ag is formed by
electroless plating,'or'Al or Cr is formed by e.g. vacuun

vaéor deposition or sputtering. Aﬁong them, a Cr £ilm is

" relatively -tough; an&mas¥su6h?"15fused as a mirror having-- -~ -~

20

‘the coated surface exposed.
In the case of the heat radiation reflecting glass,
titanium oxide or tin oxide is formed by spraying,

chemical vapor deposition (CVD) or dipping. Recently, a
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HAM NG FI LM THEREON The present invention relates to an anorphous
oxide filmwhich is transparent and excellent in durability, and an
article with high durability having such a filmon its surface.
Heretofore, a mrror, a heat radiation reflectlng glass, a low em ssivity
glass, . an interference filter and .

-2 -

heat'radiation réfleéting giass_hés been available in
which a metal film, a nitr;de £ilm or a tin—-doped indium
oxide (ITO) is formed by sputtering on a glass'sheet. By
% the sputtering method, thé £ilm thickness can easily be
2 5 controlled, and a plurality of filﬁé can continously be
; ' formed, whereby it is possible to cbtain desired
transmittance, reflectivity, color tone, etc. by proper.
combination of transparéht oxide f£ilms. Therefore, the
demand is increasing in the field of the building
10 . construction where ornamental design is importanmt.
A low eﬁissiviﬁy dglass (low-emission glass) to

reflect a radiant heat from an air conditioner or from a

wall in a room tq]the inside of the room, has a three-

layered structure of Zn0O/Ag/Zn0O or a five-layered
15 structure of Zn0O/Ag/Zn0O/Ag/Zn0, wherein silver is
sandwitched between zinc oxide layers (Japanese Patent-

'Applicatiéa No. 280644/1986). It is used as a laminated-
?’““Fﬁglassub;udogblérglaze&fgiass;vrlﬁ'recent¢years;rthere=hasm%f
. been a'femarkable inc:ease in its usé in cold regions in
. 20 Europe.

A reflection preventive coating for lenses is formed
by alternately.laminating a f£ilm of high refractive index
‘Such as titanium oxide -or -zirconium oxide and a film of
low refractive index such as silicon oxide or magnesium
125 fluoride. It is common to employ vacuum vapor

deposition. During the film-forming operation, the

Substrate is heated to improve the abrasion resistance.
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{don preventive coating for canera | enses or eye. glass | enses have
¥own as articles having an optical function inparted by formng a
F¥m on a transparent substrat.e such as a glass or plastic
subsEEgte. SiJerr]-coated articles having good resistance to saline and

[ nper at ur e st eam have been described in JP-A-82-100940, 82- 100942 and
82- 189943, The silicon oxide . filmcontarns a specific oxide and is

obt aghed by subjecting it to a heat treatnent at

A reflection preventlve coating of e.g. a surface-

coated mirror, a single plgte heat radiation reflecting
glass or a lens, is used in such a state that the coated

film is exposed in air. Therefore, it must have good

1
k.

5 chemical stability and abrasion resistance. On the other
hand, also in the case of the low emissivity glass,
defective products are likely to result due to e.g.

scratching during the'transportation or handling prior to

- vtavesn.

being formed into a 1aminated glass or a double~glazed

10 glass. Under the circumstances, it is desired to have a

protective layer which is stable and excellent in the’
: abrasion resistance, or an optical thin £ilm serving also
: as such a protective layer.
To improve the durability, it is commoﬁ“fb provide a-
15 chemicaliy stable transparent oiide film on the side to
be exposed in air. Aas éuch an oxide film, titanium

‘oxide, tin oxide, tantalum oxide, zirconium oxide and

'I""f" .

moirgilicon-oxide-are ‘knowm.+. A’ suitable-oxide film haSabeenpuf-~-
used depending upon the required propertieé.

20 = Titanium oxide and zirconium oxide are excellent in

SUEP e Yt s e e e

the chemical stability, but they tend to form a

wngen et

ctystalline £ilm, and the surface roughness tends to be

S L
-

substantial ;" whereby-the-friction~in-sliding contact is -- -

large, and the film is inferior in the abrasion

i25 resistance.

On the other hand, tin oxide and silicon oxide are

not durable when immersed_in an acid or an alkaline

This Sheet Has Been R
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a hj.gh tenperature. Heat treatnents disclosed in these references are
useful for fully sintering and for inproving chemcal stability, but are
not’useful for inproving stretch resistance and abrasi on resistance.

In ithe case of ordinary mirrors, Ag is forned by  electroless plating, or

Al br Cr

Is formed by e.g. vacuum vapqr deposition or sputtering. Anong

them a C filmis relatively tough, &nd as such, is 'used as a mrror

hav} ng
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solution for a long period of time.

Among these maEerials{ tantalum oxide has both the
abrasion resistance and the chemical stability, but it is
still inadequate in the abrasion resistance.

Further, titanium-oxide, tin oxide, tantalum oxide
and zirconium oxide have relatively high refractive
indices. Whereas, silicon oxide has a relatively low
refractive index. Therefore, there is a limitation in
the freeness for optical design to provide various
optical functions.

Heretofore, nb thin film.has been known that has high
durability and a.wide range of freeness for opﬁical

design.

It is an object of the present inventiofi to solve the
above problems.
The present invention'proéides an amorphous oxide

£ilm compééed essentiallylof an oxide containing at least

~Oone fnember-selected: from:the group-rconsisting of Zr, -Ti, ~swmerrwl

Hf, Sn, Ta and In and at least one member selected from

the group consisting of B and Si.
Further, the present invention provides a process for

producing an amorphous oxide £ilm composed essentially of

‘an-oxide containing-—-at--least-one member selected from-the - - -

group consisting'of Zr, Ti, BHE, Sn, Ta and In and at

least one member selected from the group consisting of B
and Si, which comprises subjecting a non-oxide, oxide, or

& mixture thereof containing at least one member selected

ThlS Sheet Has-Been Re
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;ated surface exposed. In the case of the heat radiation
>ting glass, titaniumoxide or tin oxide is fornmed by spraying,

chemgcal vapor deposition (CVD) or dipping. Recently, a

-5 =

from the group cbnéisting_of Z2r, Ti, EHf, Sn, Ta and In

TN o = WL

and at least one member selected from the group

consisting of B and Si to sputtering.

; : Still further, the present invention provides an
5 atricle with high durability which comprises a substrate

and one or more thin film layers formed thereon, wherein

e GRS\ VAENLLITR WYY, R 23S,

'the,outermost layer exposed to air is made of an
amorphous oxide f£ilm composed'essentially of an oxide

containing at least one member selected from the group

P,

10 consisting of 2r, Ti, HE, Sn, Ta and In and at least one

member selected from the groﬁp'consisting of B and Si.

% Now, - the present.inveption will be described in
% detail with reference to the preferred embodiments.
; In the accompanying drawings: T
1s | Figure 1l(a) is a graph showing the relation between

the content of B in a ZrBxOy f£ilm and the refractive

TN R TR T AT

index n of the £ilm.

w
> Lo

,-~f?ﬁ*?%ﬁfigure:1(b)fis-a:graphrshowingwthe;relation between.= -

the content of Si in a ZrSizOy £ilm and the refractive

£ 20 index n of the film.

| FPigure 1(c) is a graph showing the relation between

the content of. Si in a ZrBg.228iz0y £ilm and ﬁhe

refractive ‘index n éf?theifilm;m ' | R
‘Pigure (d) is a graph showing the relation between

> . the content of Si in a TiSi,Oy £ilm and the refractive
7index n-of-the £ilm. |

- Figure 1(e) is a graph showing the relation of the

This Sheet Has Been Reﬂlaced
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hea

radlatlon reflectlng gl ass has been avail abl e in which a netal
fil '

a nitride filmor a tin-doped indium .

-6 -

atomic ratio of Zr and B in a formed film relative to the

atomic ratio of Zr and B in the target composition, when

AWV D ‘MV'M*WW

a ZrByOy film_ié formed by reactive sputtering.

=

[ - Pigures 2 to 6, 9 and 10 are cross-sectional views of

ik

5 articles with high durability according to the present
invention having the amorphous oxide films of the present
3 - invention on their surfaces.
Figures 7 and 8 are cross-—sectional views of
laminated glasses wherein the amorphous oxide films of

‘10 the present invention are used as metal diffusion

barriers.

Figure 11 is a perspective view of a bar cord reader

having a transparent sheet composed of one layer of the

LI IR YRS TP  w

amorphous oxide f£ilm of the present inventiom at the read

15 out portion of the bar cord reader.

P AR YT

The present invention is based on discovery that an

amorphous oxide containing at least one member selected

Cgme mmen e

< o from-the group consisting of %r, Ti,  BHE, Sny-Ta. andIm ~-: =~

and at least one member selected from the group
20

KoL et men s

consisting of B and Si, is a thin f£ilm which is excellent

in the scratch resistance, the abrasion resistance and

DR L A R

the chemical durability and which alsc has freeness for

optical design.
.Table 1 shows 'the properties of various amorphous
25  oxide films of the present invention. Each film was

3 prepared by direct current (DC) reactive sputterihg'or RF

: sputtering by using a target having the composition as

This Sheet Has Been RTi
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o%ide (ITO is fornmed by sputtering on a glass sheet. By the sputtering
nqthod, the filmthickness can easily be controlled, and a plurality of
fizl 8 can continously be fornmed, whereby it is possible to obtain desired
trtansmttance, reflectivity, color tone, etc. by proper conbination of
t%ansparent oxide filns. Therefore, the ' '

- - - 7 -

! .

A, e

identified in Table 1. The cryséallinity was determined
by a thin £ilm X-ray diffraction analysis. The scratch

resistance was determined by the abrasion test by means

T #A0  ATTR AT AW

of an abrasive eraser. Symbol O means that no
5 substantial scratch mark was observed, and x means that

scratch marks easily formed.

The abrasion resistance was determined by a Taber

abrasion test (abrasive ring: CS-10F, load: 500 g,

———

rotational speed: 1,000 .rpm). Symbol O means that the
10 haze was not mofe than 4%, and x means that the haze

exceeded 4%.

The acid resistance was determined by immersion in

0.1N HzS04 for 240 hours. Symbol O means that the

change in Tv (visible light'tranSmittancé)'éna Rv

ANty FTRY T LA

15 (visible light reflectivity) as between before and after

[P

i . the immersion was within 1%, A means that the change was
from 1 tOIZ%. and x means that the film was dissolved and
disintegrated.:

-The alkali resistance was determined by immersion in

0.1N NaOH for 240 hours. Symbol O means that the change

-ih Tv and Rv as between before and after the immersion -

N
Q

was within 1%, and x means that the f£ilm was dissolved.
'“;-~The-boiliﬁg testkwas'condhcted.bj immersing the test: -
Piece in water of 100°C‘fér two hours under 1 atm.

Symbol O means that the changé in Tv and Rv as between

before and after the immersion was within 1%, and x means

g T AT AP AR T TR ST AT A emm
wn : .

that the change exceeded 1%.-

A0
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A ref;iction preventive coating for lenses is forned by alternately
| am n@at i

: gting a filmof high refractive index such as titanium oxide or
zircofliumoxide and a filmof |owrefractive index such as silicon oxide

or nmagnesium fluoride. It is comon to enploy vacuum vapor deposition.
Durlng t he flln}forn1ng operation, the- 1g -

e

With respect to a ZrBxOy fllm, it is evident from

s 'q\"-.l'_\"\'i.s.

Table 1 that a crystalline £ilm tends to form when the
: content of B in the film is small, and an amorphous £ilm

tends to form'When the cohtent'of B is large. It is also

(§)1

evident that the crystalline film is inferior in the
scratch resistance and in the abrasion resistande,

whereas the amorphous £ilm is excellent in these

VR AES SAY Y T e R e et

properties. This is believed attributable to the fact
that the amorphqus.film has a smooth surface. Thus, a
10 £ilm of ZerOY wherein the étbmic ratio x of B to Zr is
" 0.05 = x, preferably 1.0 = x, is excellent in the
scratch resistance and in thé agrasion resistance. A
Bz03 £ilm is hygroscopic and tends to be dissolved by
absorption of moisture from air. 'Therefd:e;'in the
15 ZrByOy film, the atohé ratio x is preferably x = 3.
There is no particular restrictipn as to the atomic
ratio of 6 (oxygen) to Zr in the ZrByOy £ilm. However,

“4if the:atomic: ratio is: too high; the: £ilm:structure tends :-:

to be rough. On the other hand, if the atomic ratio is

Wﬁ‘\!ﬂlﬂwl‘.‘"“"‘-’"""("FW'-‘”-FW“.’.-‘. -‘M""W"'Wew#w; I [ s [ Y 7N

20, too small, the £ilm tends to be metallic, whereby the

transmittance will be low, and the scratch resistance of
the £ilm tends t& be low. The:efore, oxygen should
" "preferably, be in anfamoun; sﬁfficient-to form a -mixed
system of ZrO2 and B203. Nameiy, if the mixed oxide is

'represented by %rQOz + xBOp.s, it is preferred that y =

*+ 1.5x when B is contained in an amount of x in atomic

ratio to zr.

e

% .
PE -
e
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-
&
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sgb%\.rate Is heated to inprove the abrasion resistance.
- 11 -

From Table 1, it is also evident that the refractive
index of the f£ilm tends to decrease with an increase in
the amount of B in the Zrﬁxoy £ilm. The relation between
the film composition and Ehe'reﬁractive inde# n is shown

5 in Pigure l(a). By an increase of B in the £ilm, the
refractive indek n decreases from about 2.0 to about 1.5.
Thus, a ZrByOy £ilm wherein x is 0.05 = x < 3 and Y

is2 <y = 6.5 has excellent scratch resistance and

N i

abrasion resistance, and the refractive index can freely
10 be controlied by adjusting the amoﬁnt'of B, and it is an
amorphous oxide £ilm suitable for the purpose of the
present invention. N
% Furthef, as shown in Table 1, the acid resistance and
| the alkali_resistance ténd to deteriorate with an

. 15 increase in the content of B in the film. When x = 1,

e

the ‘acid resistance becomes poor, and when x > 1.5, the
alkali resistance becomes poor and the boiling test
Fiﬁfﬁtresultsshows=a-deteribratibnﬁ- Accordingly, in-an: = - o2 eam o

application where the film is used as exposed in air, an

20 amorphous oxide f£ilm of ZrBsOy wherein x is x = 1.5,
particularly, x = 1.0, is preferred. And a film of
ZrBxOy wherein x-is x > 1.5, is useful in other

applications as a low refraetive-index £ilm.

As described in the foregoing, it is believed that by

N
wn

‘the addition of B to a Zr0z £ilm, the £ilm becomes

amorphous, and the surfaég becomes smooth, whereby the

abrasion resistance and the scratching resistance are

This Sheet Has Been R
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A refgection preventive coating of e.g. a surface- coated mrror, a single
pl at egheat radiation reflecting glass or a lens, is used in such a state
that §he coated filmis exposed in air. Therefore, it nmust have good '
cheni gal stability and abrasion resistance. On the other hand, also in the
case @f the low em ssivity gl ass,

- 12 .
improved; Furﬁher; it is possibie to control the
refractive~index by adjusting the amount of B.
= Furthermore, as comﬁared with the ZrO; £ilm, the internal
stress is Small, which is advantageous for the adhesion
5 to the substrate (glass; plastics, etc.) or to a primer
coating layer on the substrate. This is particularly
advantageous when a thick film is to be formed.
With respect to a 2rSipOy film, it is also possible
to obtain an amorphous film having excellent scratch
- 10 resistance and abrasion resistance. The refractive index

varies depending upon the proportions of ZrOz (n = 2.15)

and siog (n = 1.46) (see Figure 1(b)). Table 1 shows a

case where Z%ZrSi;.4704.95 was formed by DC sputtering by

using a target composed of 33% of Zr and 67% of Si. More

specifically', in a ZrSizOp f£ilm, the aﬁomic ratio z of Si

to Zr in the film is preferably 0.05 = z < 19. If z-<

0.05, the film will not be 'am.orphous , and no adequate

"~ physical durability will be-obtained. 'On"the.'-'o'ther hand, - : 7.

if z = 19, the alkali resisténée tends to be poor. The '

atomic ratio y of O to Zr in the film of ZrSiz0y is

preferably v = 2 + 2z when Si is contained in. an amount

of z in atomic. ratio’ to Zr, for the same reason as

described with =resp_ec't' ‘to™the ZrB,Oy f£ilm:- : e
Accordingly, in an applicatign where the film is used

as exposed in air; a 2ZrSi,0y £ilm wherein z is 0.05 = z

< 19 and y is 2.1 = y < 40, is preferred. A ZrS8iz0y

£ilm wherein z is 19 ..5.. z, is useful for other

This Sheet Has Been Replacec
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def ectfve products are likely to result due to e.gqg.

rtation or handling prior to

scratching during the
being formed into a | am nated gl ass or
is desired to have a

e-gl azed gl ass.

pt i cal

10

“Under the circunstances, i :
abr asi on resi stance,
thin filmserving al so

applications as a low refréctive.index film.

a ZrByxSiz0y film is also suitable for the purpose of
the present inveniton. With respect to the atomic ratio
x of B, the atomic ratio z of Si and the atomic ratio y
of O to Zr in such a film, x + y = 0.05 is preferred,
since the film will thereby . .be amorphous, and a film
having excellent scratch.resistance and abrasion
reisistance will theréby be obtained. Fﬁrther, if x >
0.25z + 3 when x > 3, the acia resistance of the f£ilm
tends to be inadequate, and if y = 19, the alkali
resistance tends to be poor. This may be explained in

such a manner that if the_ZerSizQy film is assumed to be
a mixture of an oxide of Zr-B-0O and an oxide of B-Si-0O,
the data on the ZrBxOy £ilm show that in the Zr-B-0
system, the chemical stability tends to be inadequate
when the atomic ratio x of B to Zr exceeds 3, and if this
excessive'g is contained in the B-Si-0 system, the B-Si-0Q
*.oxide gendsuto be chemically unstable when the atomic :
ratio x' of B to Si in the B-Si-0 oxide exceeds 0.25.
 is preferably at a level of 2 + 1.5x + 2z when this £ilm
is assumed to be a mixed system of 2ZrOz; + B203 + Sioé,
for the same reason as described in the case of Zer0y.
Accordingly, y is preferably at a level of 2 < y <-40.
The larger the contents of B and Si, the lower the
.refractive index of the ZrBxSiOy f£ilm. This is
illustrated in Figure l(c) with respect to Zng,§ZSngy
-
This Sheet Has Been |
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as sugh a protective layer. To inprove the durability, it is common to

e a chemcally stable transparent oxide filmon the side to be

exposgd in air. As such an oxide film titanium oxide, tin oxide,
t ant alfum oxi de, zirconium oxide and silicon  oxide are known. A

suitalfl e oxide film has been .

‘An oxide containing a metal Sther than Zr i.e. at
least one member selected from the group consisting of
Ti, HEf, Sn, Ta and_In, and at least one member selected
from the group consisting of B and Si, will likewise be

5 amorphous and provides adequate scratch resistance and

abrasion resistance. As an.example, a TiSi;Oy film is
shown as sample 10 in Table 1.

The amorphous oxide film of the present invention may
contain very small amqunts of elements other than Zr, Ti,

10 EBf, Smn, Ta, In, B, Si and 0. |

The émorphous 6xide £ilm o§ the present invention. can
be formed by a wet system such as spraying or by a
physical vapor deposition method such as chemical vapor
deposition, vacuum vapor deposition or sputfeiing.

'15 Particularly preéerred is sputtering, since a film having
superior adhesion as compared with other methods can
thereby be obtained.

' “As’shown -in‘Table 2, when a:film of e.g.. ZrBxOy,
' ZrSizOy or ZrBxSizOy is to be formed by means of a target

20 or an electrode of a non-oxide type comprising at least

_ one-member (M) selected from the group consisting of Zr,

Ti, Bf, Sn, Ta and In and at least one member selected
from the group consisting:of B and éi, a uniform f£ilm can
be formed by sputtering in an atmosphere of a'mixture'of
25 .argon and oxygen under a vacuuﬁ degrée of from 1 x 10-3
to 10 x 10-3 Torr by usiﬁg a target or an electrode of a

non-oxide single system or a non-oxide mixed system such
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used @ependi ng upon the required properties. Ti t ani um oxi de and

zircorg um oxi de are excellent in the chemcal stability, but they tend to

form crystalline film and the surface roughness tends to be

substdntial, whereby the friction in sliding contact is |arge, and the

filmils jnferior in the abrasion - 15 <

as a zirconium boride single sysEem, a zirconium silicide

single syétem, a zirconiuq boride—meﬁal zirconium mixed

P system, a zirconium boride—zirconium silicide mixed
system, a zirconium boride-metal silicon mixed syséem, a

5 zirconium silicide-metal silicon mixed system, a

zirconium boride-zirconium silicide-metal zirconium mixed
system, a zirconium boride-zirconium silicide-metal
silicon mixed system or a zirconium boride-boron mixed
system. Such a non-oxide target has electrical

10 conductivity, and the film.forming can be conducted by
direct current SPuttering,_ﬁhggéby a uniform £ilm can be
formed at a high speed over a large surfacé area. When
the reactive sputtering is conducted by means of a non-
qxide“target, the ratios of B and Si to Z in the target

15 .can not be maintained and tends to decrease in the £ilm
formed by using the target, as is appér;nt from Table 1.
This tendéhcy is remarkable when the content of B in the |

. target:is relativelyzsmallﬁas;shqwh;in Figure 1l(e)-with.

respect to the case of a ZrBxOy film. As the content of
B increases, the ratio of B in the target approaches the
ratio of B in the £ilm obtained thergfrom. The same is
‘true with respect to-Si and Si.+ B in the case where a
ZrSi,Oy film or a Zr.ngSizoy £ilm jis-.formed.

In view of the above tendency, in a case of forming a
'£ilm of ZrByOy wherein x is 0.05 < 'x = 3, and y is 2 <
y < 6.5, it is preferred to employ a target or an

electrode comprising fr?m 10 to 90 atomic $ of Zr and
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resi s ance. On the other hand, tin oxide and silicon oxide are not
durabje when i mMmersed in an acid or.an al kaline

_16_
from 10 to 90 atomié $ of B. Likewise, the relation
bétween the desired film and thé corresponding
composition of the target or the electrode, is shown in

Table 2.

— —
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still inadequate in the abrasion resistance. Further, titanium oxide,
tin oxide, tantalum oxide and zirconium oxide have relatively high
refractive indices. Wiereas, silicon oxide has a relatively | ow
refractive index. Therefore, thereis alimtationin the freeness for
optical design to provide various

- :_8 -

Otherwise, the film—-forming ﬁay be conducted by
sputtering in a non-teducipg atmosphere_composed ﬁainly
of argon.with a proper amount of oxygen under a vacuum
degree of from 1 x 10-3 to 10 x 10-3 Torr by using an |

5 oxide type target containing at least one member selected
from the group consisting of Zr, Ti, EE, Sn,-In and Ta
and at least one member selected from the group
consisting of B and Si. The oxide target useful for the
formation of an okide £ilm containing Zr and at least one

10 of B and Si, may be a.mixed oxide target composed of at
.least two members selected from the group consisting of
zirconium oxide (inclusive of stabilized or partially
stabilized zirconia), boron oxide and silicon oxide, such
. as a zirconium oxide-boron oxide target, 'a’zirconium
15 oxide-silicon oxide targét or a zirconiuﬁ oxide~boron
oxide-silicon oxide target. In this respect, preferred
compositidhal ranges of targets are shown in Table 2.
~w;w:-ﬂIﬁia-case-whére-thé reactive sputtering is  'conducted -
using é non—-oxide target, if the proportion of oxygen in
20 the atmospheric gas is increased, the filmrforming rate

gradually decreases, although it 'is thereby possible to

obtain a transparent film. Therefore, in order to secure
+= a high-film-forming rate, it is  necessary to-control.the
oxygen concentratian.in the atmosphe:iclgas to a certain
-level. Namely, it is nééessary to conduct film-forming

in an oxygen concentration within a transitional range

from an absorptive f£ilm to a
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oXkical

f

uncti ons. Heretofore, no thin film has béen known t hat has

higgh durability and a w de range of freeness for optical design. I t
i g4 an object of the present invention to solve the above problens.

10

"19"
transparent film. However, it is very difficult to
control the sputtering within such a transitional range.
On the other hand, if the sputtering is conducted by

using a completely oxide Earget,,it is possible to obtain

- a transparent £ilm, but the fiim-forming rate is

~relatively low. Therefore, by using a target made of

H

partially oxidized substance, it i; possible to form a
transparent filﬁ constanﬁly and at a high film-forming
rate., For such a purpose, it is also possible to employ
a target composed of'é mixtﬁre of an oxide and a non-
oxide, for example, an oxide mixture comprising at least
one member selected from'the groﬁp consisting of
zirconium oxide (inclusive of stabilized zirconia), boron
oxide and silicon oxide and at least one member selected .
from thé group consisting of metal zirconium, boron,
metal silicon, zirconium boride and zirconium éilicide,

such as a birconium-oxide—;irconium-boride target, a

-~ DOrom: oxlde-zlrconlum sboride. target; or.a.silicon .oxidew- - =2 .. -

zirconium boride target. The composition of such a
target may be suitablly adjusted by properly mixing the
"oxide target" and the "non-oxide target"” shown in Table

2 to obtain the desired oxidized degree of the target.

. The compositionhof“snchma”tangetwiswpréferably within the . ___ .. .

ranges shown in the column for "oxide and non-oxide

mixture target® in Table 2. The sputtering atmosphere

for the_film—formihg'by'means of such a target, may be

determined depending upon the oxidized degree of the

-
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The priesent invention provides an anorphous oxide film conposed
esseptially of an oxide containing Si and at. |east one nenber selected

fronthe group consisting of Zr,.Ti, -Hf, Sn, Ta and In. Further, the
presgnt invention provides a process for producing an anorphous oxide film
conppsed essentially of <20 - _

target so tha£ the nbn—oxidé comﬁonent can be oxidized.

The amorphous oxide £ilm of the present invention may
be formed by using the above-mentioned oxide target or an
oxide-non—-oxide mixture térget as a tablet for vacuum |

5 deposition, and heating and evapdrating the tablet by
means of an electron beam. .As compared with a wet system
such as spraying, in the vacuum deposition, precise
control of the £ilm thickness can easily be made.
Therefore, vacuum deposition is preferred patticulariy in

10 a case where a multi-layereﬁ film is prepared utilizing
- light interference.

The relation betweén'the composition bf the target
and the' composition of a fiim formed by means of the
target, vary to some extent by the film-forming

15 conditions and can not gene;ally be defined. Those
mentioned in Table 1 are specific examples of such
compositiohs.'

T Jmﬁe ébovermentioned electrode .or target may be . .- oz
" formed, for example, by the following method. Namely, a
20 powder or a powder mixture comprising at least one member

selected from the group consisting of metal zirconium,

boron, metal silicon, zirconium boride, zirconium

T s siliéide, zirconium'oxide.(inclusivé-of zifconia e e e
stabilized or parti;lly stabilized by an addition of from |
t3 to 8 mols of e.g. ¥203, CaO, Mg0O), boron oxide and
silicon oxide, is subjected to high temperature-high

pressure pressing or higg pressure pressing, or by
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xi de containing Si and at |east one nmenber selected fromthe group
isting of Zr, Ti, H, Sn, Ta and In., which conprises subjecting a
oxi de, oxide, or a mxture thereof containing at |east one nenber
ted fromthe group consisting of Zr, Ti, H , Sn, Ta and In.

-.21_
sinterring a producé of the high'pressure préssing, to
form a single system or mixed system electrode or target
of the present invgntion. in'this case, the particle
size of the powder is preferably from 0.05 to 40 pm. |
5 Further, it has been confirmed that the properties remaiﬁ
to be the same even when such an electrode or target
contains iron, aluminﬁm, magnesium, calcium, yttrium,
manganese and hydrogen in a total amount of not more than
2% by weight. Carbon may be contained in an amount of
10 not more than 20% by Qeighf, since it may be eliminated
in the form of CO; gas during thg film-forming operation.
Purthermore, the electrqde or target of the present
invention shows similar effects even when it contains
copper, vanadium; chromium, molybdenum, tungsten, cobalt,
15 rthodium, or iridium in a small amount as an impurity.
The amorphous oxide £ilm of the present invention has
excellent Ecratch resistance'ahd abrasion resistance and
;ﬁﬁ;may,ﬁﬁs.such,:bewapplied7to4va£iousJarticles-where-highau
.durabiiity is réquired,
20 Namely, the present invention provides an article
with high durability which comprises a substrate and one
or more thin film layers formed thereon, wherein the
outermost layer expoSed;to'air is made-of an amorphous. -
oxide f£ilm composed ESsentialiy of an oxide containing at
.least one member selected from the group consisting of
zr, Ti, Ef, Sn, Ta and In and at least one member

selected from the group consisting of B and Si.
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Still further, the present invention provides an

- 22 -

Figure 2 is a cross-sectionai view of an embodiment
of the article with high dprability accosding'to the
present invention, wherein reference numeral 1 indicates
a substrate made of e.g. a transparent or colored glass
or plastic, numeral 2 indicates a first leyer made of a
metal, nitride, carbide, boride, oxide, silicide or a
mixture thereof, and numeral 3 indicates a second layes
of an amorphous oxide f£ilm constituting the outermost
layer exposed to air, i.e. an amorphous oxide £ilm
composed essentially of anioxide containing at least one
member selected from the group consisting of Zr, Ti, EHf,
Ta, Sn and In and at least one member selected from the |
group consisting of B and Si.

Figure 3 is a cross-sectional view of another
embodiment of the article with high durability according
to the present invention, wherein reference numeral 10

lndlcates a substrate similar to the above-mentloned

-fsubstrate 1., numeral X1 indicates: a-flrst layer. of:a:- v o

transparent dielectric film, numeral 12 lndlcates a
second layer of e.g. a nitride £ilm similar to the flrst
layer in Pigure 2, and numeral 13 indicates a third layer
of an amorphous oxide film constituting the outermost
layer-exposed to alr. - e . “ -

These embodiments have a multl-layered structure as

described aobve.= In some cases, one or more layers may

be inserted between the substrate 1 and the first layer 2

or the first layer 2 and the second layer 3 of Figure 2,
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e wth high durability which conprises a substrate and one or nore
iI'lmlayers formed thereon, wherein the outernost |ayer exposed to
5 made of an anorphous oxide fil mconposed essentially of an oxide

ning Si and at | east one nenber selected fromthe group consisting
Ti, Hf, Sn, Ta and In, Now, thf present invention wll be
bed in R | |

or between the substrate 10 and the First layer 11, the
first layer 1l and £he seqond layef 12 or the second
layer 12 and the third layer 13 of Figure 3, in order td
improve the adheéion,'to control the optical properties
or to impart other various”functibns. The most importént
feature of the article with,high du;ability according to
the present invenﬁion is that the outermost layer éxposed

to air is , made of the amorphous oxide film to obtain an

- optical produét having excellent abrasion resistance and

chemical stability.

There is ho particular resgriction as to the
amorphous oxide f£ilm for the second layer 3 in Figure 1
or for the third layer 13 in Figure 2, so long as it is
amorphous as measured by the thin £ilm X~ray diffraction.
analysis. Specifically, a mixed oXiﬁe film containing at
least oné member selected from the group conéisting of

Zr, Ti, BEE, Sn, Ta and In and at least one member

--selected from the group consisting of B and Si, is..._:--

preferred in view of the scratch resistance and the
abrasion resistance. Particularly preferred are a £ilm
of a ZrByOy wherein x is 0.05 = x S 1.0, andyis2 =y

< 3.5, a film of ZrSiOp wherein z is 0.05 = z < 19,

-and.y-is 2.1 = Yy <-40,.and a film of ZrBxSi;Oy wherein

x, zand y are 0.05 < x + z, z < 19 and 2 < y < 40,

provided that when x > 3, x = 0.25z + 3. The

refractive indiceé of such three films decrease as the

contents of B and/or Si increase, as mentioned above.
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detail with reference to the preferred embodi nent's. In the

acconpanyi ng draw ngs: Figure | (a) is a graph showi ng the relation
between the content of Bin a ZrBlerr]J(err] filmand the refractive
index n of the film Figure 1(b) is a graph showing the relation
bet ween 24 -

Therefore, the contents of B and/or Si may suitabll§ be

selected depending upon the desired refractive indices.

Such an amorphous oxide f£ilm containing Z%Zr and B
and/or Si is not limited to a three or four component

5 systeﬁ of zirconium, boron and/or Si and oxygen and may

further contain other components to improve the
durability,” to adjust the optical properties or to
improve the speed and the stability fof film-forming.
Further, the amorphous oxide £ilm of the present
10 invention may not necessarily be transparent, and may be .
an absorptive £ilm in an oxygen:lacking state or a £ilm
partially containing nitrqgen.
There is no particular restriction as to the
thickness of the second laier 3 or the third layer 13
15 constituting the outermost layer. The thickness may be
determined taking the transmittion color or the
-reflectio; color into consideration depending upon the
-panticglar'purpose.' However, if the .layer is too thin,~ :.- -
no adequate durability is obtainable. Therefore, it is
preferably at least 50 A, more preferably at least 100 &,
most preferably'at least 200 A. | '
There is no particular restriction also as to the
'~methoé for forming Ehe second 1ayer“3 or the third- layer
13. vVacuum vapor deposition, ion plating or sputtering
.may be employed.  However, a reactiVe sPuttering method
excellent in the uhiformity is preferred in a case where

2  coating over a large area is required for e.g.
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the content of Si ina zZrSi[err]Qerr] filmand the refractive index n of

t he fgln1 - Figure I(c) is a graph showing the relation between the .
content of Si in a ZrBo[err]Si[err](err] filmand the refractive index n
of th? film Figure (d) is a graph showing the relation between

. - - 25 -

automobiles or buildings, such aé in the case of heat
; radiation shielding glass.
There is no particular restriction as to the £ilm
materiél for the first lafer 2. . The matefial may
5 suitablly be selected depending-updn the required
specification from metals, nitrides, carbides, borides,
oxides, silicides or mixtures thereof.
In the case of the heat radiation shielding glass,
the f£irst layer 2 may be selected from the group
10 consisting of metals such ﬁs Ti, Cr, %r, Ta and EEf,
carbides, oxides and mixtures'tperéof. However, it is
preferably Ti, Cr, Zr, Ta, Ef, a nitride such as titanium
nitride, zirconium nitride, hafnium nitride, chromium
15 (ITO) in view of the excellent heat radiation shielding
properties.
. The tﬁickness of the first layer 2 is desired to be
#5ﬁh#£natrmo$t-110001A,"preferablyhatﬂmestfSOOuA, although;it;a~

depends upon the desired transmittance. In the case of a

20 nitride f£ilm, if the thickness exceeds 1,000 A, the
absorption by the nitride film tends to be excessive, and
peeling is likely to occur due to the internal stress.

%{' - +.In- the- case-of é hit:ide~£ilm?mit is effective to. ... - -

adopt a thfee-layeréd-strucﬁure as shown in Figure 3,

.whErein an additional layer is formed between the

shbstréte and the nitride layer in order td increase the

adhesion with the glass surface. As such a first layer
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the content of Si ina TiSi[err]Jerr] filmand the refractive index n of
the filim Figure I (e) is a graph show ng the relation of the

- 26 -

11, an oxide such as titanium oxide, hafnium oxide, tin
oxide, tantalum oxide or indium oxide, or a transparent
dielectric film made of e.g. zinc sulfide, is preferred.

From the viewpoint of the adhesion to the nitride film of

5 the second layer 12 6: the productivity by sputtering,
the first layer is preferably a dieléctric £ilm
.containing“the same elements as the nitride f£ilm of the
second layer. However, the combination of the first
layer ll/the second layer 12 is not limited to such a

10 specific example but includes various combinations such
as tantalum oxide/titanium oxide,'zirconium
oxide/titanium nitride and tin‘oxide/zirconium nitride.
As the transparent dielectric film of the first layer 11,
a £ilm similar to the above—mentioned amorphoué £ilm may -

15 be used. |
There is no particular restriction as to the
thickness Bf such a dielectric £ilm 11; However, since

- - .

posszble, by properly selecting the £ilm thickness, to

20 control the reflectance or the color tone by utilizing
the interference effects. Particularly when it is used

for a heat radiation shielding_glass intended for high.

fff“" -transmittance and¢16wnreglectionuin the wvisible light.
range by utilizing ﬁhe interference effects, the
‘thicknesses of the first layer 11 and the third layer 13
should preferably be adjustéd to an opticai £ilm
‘thickness within a range of from 1,000 to 1,800 A. The

~--- . Lsuch. a- dielectric-has-a-large-refractive. 1ndex, it dse e e
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-6- atomic ratio of Zr and Bin a formed filmrelative to the atonic
ratio of.Zr and B in the target conposition, when

- 27 -
refractive indices of the first iayer 11 and the third
layer L3 should preferablx be selected within a range of
from 2.0 to 2.5, but they may be outside this range so

'long as the opéical film thicknesses are within the
5 proper range. The thickness of the heat radiation
shielding film of the second layer 12 is preferably at
‘most 1,000 A, most preferably within a range of from 50
to 500 A; although it depends also on the desired
" transmittance. If the thickness exceeds 1,000 A, the

10 absorption of v1sxble llghts by the heat radiation
shielding f£film tends to be excessive, whereby the
transmittance tends to be low, or peeling is likely to.
occur dﬁe to the internal-stress.

In a case where the outermost la&er of the second

15 layer 3 or the third'laﬁer 13 is an oxide £ilm containing
Zr and -B and/or Si, it is effective to employ a nitride
containiné'B and/or Si, particularly zirconium nitride,

- .- z:z.as.the. first layer 2.o::theasecondilaYer.12 in order to: ... .:

i improve the adhestion between the first layer 2 and the
second layer 3 or between the second layer 12 and thé
third layer 13 and to reduce the internal stress in the
first layer 2 or in the second layer 12.

- ..IR-a" case where.tinédoped indiumhoxide“(IIOJ is used. .. .
as the first layer é, it is preferred to adopt ITO having
'a high carrier density and large mobility and having a
thickness of at least 4,000 A. In order to suppress the

reflection color due to.an interference, it is preferred
. = s~
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érr]({err] filmis fornmed by reactive sputtering. Figures 2 to

are cross-sectional views of articles with high durability

ng to the present invention having the anorphous oxide filns of the
i nvention on their surfaces. Figures 7 and 8 are

sectional views of

5
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- 28 -
to form ITO in a thickness of at least 7,000 A. The
second layer 3 is formed thereon, as a proﬁective layer.
Such an optical thin £ilm having low resistance, high
transmittance and good dufability, is useful not only for
a heat radiation shielding glass, but also for a window

- glass for shielding electromagnetic waves as a single
plate, for-electric heating and wind shielding of the
front glass of an automobile, for.antifogging of a rear
‘glass, or for a transparent antenna. Further, by wvirtue
of the chemical'durability,.it is useful as a protective
coat for ITO (feeder electrode) of an electrochromic
display element.

In the case of a low reflective glass, a f£ilm having
a higher refractive index than the outermost layer 3
exposed to'air, is formed as the first layer 2, or a
three or more multi-layered structure is adopted. In the

case of a three layéréd film{ the reflectance can be

... reduced by adjusting-the refractive-.index and the-.film -

thickness by forming an additional layer between the
substrate 1 and the first layer 2 or between the first
layer 2 and the second layer 3 in Pigure 1. There is no

particular restriction as to the first layer 2 and the

" *~additional layer. 'It-iS'ppssible to employ-a ‘low . . -

refractive index £ilm and a high refractive index f£ilm
having different contents of B and/or Si.

In the case of a low emissivity glass, it is

effective to adopt a three layered structure of
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!aninatﬂd gl asses wherein the anorphous oxide filns of the present

I nventign are used as netal diffusion barriers. Figure 11 is a

perspectjive view of a bar cord reader having-a transparent sheet conposed

of one lfayer. of the anorphous oxide filmof the present invention at the

read - 29 - '
substrate/oxide Eilm/Ag/amorphoué oxide film
(particularly an oxide fil@ containing B and/or Zr) or a
five layered structure of substrate/oxide film/Ag/oxide
film/Ag/gmorphous oxide film. There is no particular

5 restriction as to sﬁch an oxide f£ilm. However, Zn0O may
be mentioned as an example. Otherwise, an oxide £ilm
containing Zr and B and/or Si, may be employed.

When the present invention is applied to a surface-

coated mirror, chromium as a metal having good adhesion

10 to glass may be'formed as the first layer 2 on a
substrate, and the amorphousﬁoxide film of the present
invention, particularly the amorpﬁoﬁs oxide film
containing B and/or Si and zirconium, may be formed
thereon as the second layer 3. | T

15 The substrate 1 or 10 is usually made of glaés or a
plastic.. When used as a mirror, the substrate is not
limited to;such materials and may be a non-transparent

e Ulfsubstrate;made of. e.g. a metal or-ceramics. so long.as it ..

has a flat.and smooth surface.

As another application, it may be used as a
- protective £ilm for a thermal head, i.e. not as an
optical thin £ilm.~
In the- present invention, the:optical thin £ilm may
be formed only on oﬁe side of a substrate as shown in -
.Figures 1 and 2, or may be formed on each side of the
substrate.

The amorphous oxide £ilm constituting the outermost
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outfportion of the bar cord reader. The present invention is based on
di sgovery that an anorphous oxide containing Si and at |east one nenber
sel pcted fromthe group consisting of Zr, Ti, H, Sn, Ta and In . is a
thip filmwhich is excellent in the scratch resistance, the abrasion

reskstance and the chem cal durabHi%;@&u&lwhich al so has freeness for
opt fcal design. '

layer exposed to air of the optlcal product of the
present invention, i.e. the second layer 3 in Figure 2 or
the third layer 13 in Figure 3, contains glass-
constituting elements such as B and Si and thus is
5 amorphous, whereby smoothness of the surface is high, and
the frictional resistance is low. Thus, the amorphous
oxide £ilm has high durability and serves as a protective
layer to improve the abrasion resistance or the chemical
resistance'oé an optical article of the present
10 invention. Furﬁher, by adjusting the refractive index
and the film thickness, it is possible to contral the
optical functions such as the traasmittance, the
reflectance and the color tone.
Pa;ticularly when the outermost layer -is 7an oxide
15 £film containing Zr and B and/or Si, B and Si contribute
to the realization of a £ilm having excellent durability
satlsfylng both the abraszon reSLStance and the chemical
":ﬂéstabxllty, since the:£ilm is made amorphous by the::
addition of boron to zirconium oxlde having chemlcal

r 20 stability against an acid, an alkali, etc.

{ Further, B and Si contribute ‘also to the control of
the refractive index of the £ilm. Namely, the refractive
--index can be lowered by--imcreasing-the éroportions of- B
and Si. |
In the present invention, layers other than the
outermost layer pfimarily have optical functions and

contribute to the transmittance or reflecting properties.
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Tabl ¢ 1 shows the properties of various anorphous oxide filnms of the
preségnt invention. Each filmwas prepared by direct current (DC) reactive
sputtering or RF sputtering by using a target having the conposition as

_31-

In an optical article having.heat radiation shielding
properties, a nitride film serves to provide the heat
radiation shielding function. 1In a heat radiation
shielding glass intended for high transmission anéd low

5 refiection in thelvisible light range by means of
inﬁerferehce effects, the first layer 2 in Figure 2 and
the second layer 12 in Figure 3 serve to provide a heat
radiation shielding function, and the first layer 11 and
the third iayer 13 have a function to prevent the

10 reflection in the visible light range of the heat
radiation shielding films 2 and 12, respectively.

Figure 4 is a.cross—section;l view of another
embodiment of the article with high durability according.
to the presenf'invention. . This embodiment is” intended to

15 provide a heat radiation shielding glass having high

durability sufficient for use as a single sheet and

having high transmittance for visible lights,
“-Epartiéularly a transmittance. of at least‘70§¢so asbto:be:.
useful as a window glass for automobiles, whereby the
transmission color and the reflection color are both
neutral. This embodiment provides a heat radiation
shielding glass comprising at least two layers of a heat
radiation shielding £ilm and an oxide film formed ---- ...
sequentially on a tfansparent éubstrate, wherein the
‘oxide film constitutes the outermost layer exposed to air
and has a refractiGe index of at most-2.0.'

In Figure 4, reference numeral 21 indicates a
- R
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-7- identified in Table 1. The crystallinity was determined by a thin
filmXgray diffraction analysis. The scratch

15

v-»durability-and a refractive index of at most 2.0... .:.:,

..32"...

transparent substrate, numeral 22 indicates a heat

~radiation shielding f£ilm, and numeral 23 indicates an

oxide f£ilm having a refractive index of at most 2.0.

The most significant feature of the embodiment of
Figufe 4 is to form an oxide film having a refractive
index of at most 2.0 as the outermost layer éxposed to
air. .If the.réfractive index of the oxide £ilm of the
outermost lajer exposed to air etéeeds 2.0, the
reflectance for v151ble llghts tends to be high.
Consequently, the transmlttance for visible lights w1ll
be low, whereby it will be dif?icult to obtain a

transmittance for visible lights of a level of at least

- 70%. Ihus, the refractive index of the oxide film 23 is

preferably at most 2.0, more preferably at most 1.8, most
preferably at most 1.7.

There is no particular restriction as to the £ilm
material for such an oxidg £ilm 23 so long as it has high
However, among amorphous oxide'films composed essentially’

of an oxide contalnlng at 1east one member selected from

~ the group consisting of Zr, Ti, BEf, Sn, Ta and In and at

least one member selected from the group consisting of B

-.and .Si according to the present.invention, the one .. ..

wherein n is at most 2.0 is preferred, since it is

"excellent also in the scratch reszstance and the abrasion

resistance. In partlcular, a film of ZrBxOy whereln x is

0.22 = x = 1.0 and y is 2.33 S y = 3.5, a film of
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“resistan
eraser.
and x nHg

ce was determ ned by the abrasion test by nmeans of an abrasive
Synbol [err] neans that no substantial scratch mark was observed,
ans that scratch narks easily f.orned. The abrasi on

resistaage was determ ned by a Taber abrasion test (abrasive ring: CS-I|OF,

| oad: 5

[ 9, _33_

ZrSizOy wherein z.is'0.22 < 2z < 19 and y is 2.44 < y
< 40 and a film of ZrB,SizOy wherein x, z and y are 0.05
= x+ 2z, z < 19 and 2 < y < 40 provided when x > 3, x
= 3+ '0.252 a'ndl n = 2.0,. are most suitable for
5 -applications where high durability is required, since
they are exgellent'not only. in the scratch resistance and
the abrasion resistance but also in the chemieal
stability.
‘ ' In the'foregoing, an amorphous oxide f£ilm containing
10 Zr and at least one of ﬁ or Si, hes been described ae_a
particularly preferred oxide f£ilm 23 for the outermost
layer of the heat radiation shielding glass of Figure 4.
However, the oxide £ilm 23 for the outermost layer is not
limited to such a specific examnle and may further
- 15 contain other components to improve the durability, to
- adjust the optical ﬁroperties or to improve the speed and
the stabifity for the film—ferming. Further, the oxide
§i1m223'of the heat radiation shielding glass of Figure 4 -
may not hecessarily be completely transparent and may be

20 an absorptive £ilm in an oxygen-lacking state or may

contain a small amount of nitrogen or carbon.

There is no particular restriction as to the |
- thickness of the oxide layer 23. However, if the ILayer-.--
is. too thin) no adequate durability will be obtained.
'Thefefore, theethiekness is preferably at least 50 A,
more preferably at least 100 A, most preferably at least
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rotati gnal speed: 1,000 rpn). Synmbol [err] nmeans that the haze was not
nore tHan 4% and x neans that the haze exceeded 4% The acid
resi st gnce was determ ned by i mersion-in O0.IN-Herr]SOerr] for 240
hours. §Synbol [err] neans that the: change in Tv (visible Iight
transmfttance) and Rv . - 34 - :

150 &, although.it dépends upon Ehe.partidular purpose.
On the other hand, if the layer is too thick, ﬁhere will
be interference effects, and the reflection color will be
strong, although it depen&s also on the refractive indéx.
5 Therefore, the thickness is preferably at most 1,000 &,
more preferably at most 700;A, most preferably at most
500 A. |
- Theré is no particular restriction aé tc‘the £ilm
material Eor the heat radiation shielding £ilm 22. The
10 film material may be §elec€gd from the group consisting
of metals, carbides, oxides and mixﬁures-thereof.
depending upon thé pérticular éurpose or the desired
specification. Specificaily, a film composed essentially
of one member selected from the group consisting of
15 titaniuh, chromium, ziréonium, tantalum, hafnium,
titanium nitride, chromium nitride, zirconium nitride,
tantalum ﬁﬁtirde and hafnium nitride, is preferred, since
| S ' '
The_thickness of such a heat shielding £ilm 22 is

. 20 preferably at most_l,OOO.A, more preferably at most 800

A depending upon the type 6f the substrate 21 and the

refractive index and the thickness of the oxide layer 23.
:i°--«If the £ilm 22 is.téo“thick,.thewtransmittance for.. ..

1 - vigible lights decréasEs.. Particularly, in the case of a
nitride £ilm, if the thickness exceeds 800 A, the
interﬁal S£ress tends to be large, and peeling of the

" film is likely to occur. On the other hand, if the film

23t has -excellent ‘heat ‘radiation. shielding properties..c:. . .~ . .=
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(visibl %Iight reflectivity) as between before and after t he i mrersi on

was wWitign 1% [err] nmeans that the change was froml to 4% and x neans
that thg fil mwas di ssol ved and di si ntegrated The al kali resistance
was detdg m ned by imersion in 0. 1IN NaOH for 240 hours. Synbol [err]
nmeans tig@at the change '

=35 -

22 is too thin, no adequate heat radiation shielding

properties will be'obtaineﬁ. Therefore, the thickness is

f | preferably at least 20 A, more preferably from 20 to 100
A, although it depends also on the thicknesses and the.

.5 types of the £ilm material ahd_the substrate glass.

Further, there is no parﬁicular restriction.as to the

'method for forming the oxide layer 23 and the heat
radiatiop shiélding film 22. Vacuum vapor deposition,
ion platiﬁg or sputtering may be employed. However, a

10 reactive sputtering méthod éxcellent in the uniformity,
is preferred in a case where coating over a large area is

required.

The transparent substrate 21 is usually made of glass

or a plastic. . - _ oo -

L 15 In the embddiment of Figure 4, the color tone being

‘ neutral is meant for the following characteristics.
Namely, as;represented by the CIE color index, the change
:4m’Awidthérof.theuxecoordinatevandatheﬁyrcoordinate.as-g,3~-f
betweeﬁ before and after the formation of a film such as
%?0 the heat radiation shielding film or the oxide film on

the substrarte surface, are repreéented by Ax and Ay.

'\/(Ax)Z + (Ay)2 represents a color ‘change due to the

~-~—-faormation .of the. coating..£ilm,. and.the. .neutral .color.. ...
Reans that the valué of this coloi'chgnge is at most
0.008 and 0.032, more preferﬁbly at most 0.007 and at
most 0.028, with fespect to the transmission color and

the reflection color, tgspectively. However, the
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in Tv apd Rv as between before and after the imersion was within 1% and
X nmeansgthat the filmwas dissol ved. The boiling test was conducted
by i mmefsing the test pi ece in water of 100[err]C for two hours under 1
atm synbol- [err] means that the change in Tv and Rv as between bef ore

and aft@r the imersion was within 1% and x means
reflection eo;or maf be differenﬁ as between the surface
on which a coating'film ie formed and the surface on
which no sﬁch Ffilm is fomred. In such a case, the
neutral color means the larger value.

5 When the heat radiation shielding.film 22 is a
nitride £ilm, an oxide £ilm may be formed between the
glass substrate and the nitride film in order to reduce
£he inteznal stress of the nitride £ilm and thereby to
increase the adhesion with-the_glass substrate. As

| 10 another method of inceeasieg the adhesion to the glass

substrate, it is effective to employ a method wherein a

3 primer layer is firstly formed on the glass substrate,

! then,high energy ionefare injected thereto, and .

thereafter, the heat radiation shielding film is formed

i'ls ‘thereon. For example, a titanium layer is formed as the
primer layer, then high energy nitrogen ions are
lnjected, ‘and thereafter a titanium nitride film is

£ fbrmed, thereby a tltanlum nitride £ilm having strong -

4 adhesion is obtainable as the heat radiation shielding

b 20 fiim 22.

_ In the heat radiation shielding giass of Figure 4,

the oxide film.23'as the outermost layer exposed to air,

fgfﬂwexhibits'an optical function. by virtue of the.refractive . ...

2 ih&ex and the film.thickness, Namely, the oxide ieyer 23

serves.to reduce the reflectance of the heat ra&iation

shielding glass and contributes to an improvement of the

transmittance for visible lights. At the same time, it

i
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has a function to reéuce the stiﬁulating purity of the
reflection color and to neptralize'the.entire color tone.
Further, the oxide £ilm 23 serves as a protective £ilm to
improve the abrasion resistenee and the chemical |
stability of the heat radiation shielding glass.

The heat radiation shielding film 22 serves to absorb
solar energy.and at the same time serves to control the
transmittance for visible lights.

The heat radiation shielding glass of Figure 4 has a
multi-layered sﬁructuee of at least two layers wherein a
heat radiation shielding £ilm anq an oxide film having a
refractive index of at most 2.0 are laminated on a
transparent substrate. Thus, it has a natural color tone
and has high transmittance for visible lights~-and high
durability. Accordingly, it'ean be used adequately as a
single plate heat radiation shielding glass in an

appllcatlon where it is used in a severe environment,

. such as-an: application:to: bulldlng construction or-an -

application to automobllesf

When an oxide film containing Zr ahd at leas:'one of
B and Si, is formed as the oxide f£ilm 23, a heat
radiation shielding glass having excellent abraSLOn
reSLStance and. chemlcal resistance, is obtalnable. -

" By increasing the proportion of B.or Si, or the total
‘amount thereof, it is possible to bring the refractive
index of the oxide film to a level of at most 1.7,

whereby it is possible to obtain a heat radiation
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- 38 -
shielding glass having a low reflectance for visible
lights, high transparency and a neutral color tone.
Further, when such an oxide f£ilm containing Zr and at

least one of B and Si, is used as the outermost layer 23

5 exposed to air, £ilm-forming can be conducted by direct
current (DC) sputtering. This is most suitable for an
application to automobiles or building construction where
a £ilm covering 'a large area is required. _

Eigure 5 is a cross-sectional viem of a still another
10 embodiment of the article mith high durability according
to the preseqt invention. This embodiment is an |
-1mprovement in the durability over the heat radiation
‘shielding glass shown in Figure 4. Namely, this is a
heet"radiation'shielding glass wherein at least three

15 layers of a heat radiation shielding £ilm 32, a low

eI

| refractive index oxide £ilm 33 having a refractive index
of at most 2.0 and a protective f£ilm 34, are formed on a
L~3*Ttransparent substrate 31. in. this order from the substrate:.

side.

20 . The transparent substrate 31 and the heat radiatiom
shielding £ilm 32 are similar to the tramsparent
substrate 21 and the heat radiation shileding £ilm 22 in
Eigure~4.- The low refractive-index exide film 33 may. be
any oxide £ilm so leng_as the refractive index is at most
'2.0. In the case of Figure 5, the low refractive index
oxide iayer 33 will not be the outermost layer and

therefore is not required to be particularly excellent in
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the chemical stability. It is of course possible to
employ the amorphous oxide. £ilm of the'present invention
composed essentially of an oxide containing at least one
member selecte'd_ from the gﬁ:oup consisting of Zr, Ti, Hf,
5 Ta, Sn and In and at least one member selelcted from the

group consisting of B and Si. The low refractive index

oxide £ilm 3'3 serves to reduce the reflectance and to

reduce the color due. to interference of the reflection.

.It is preferred to form a thin metal layer prior to the
.10 formation of such an .o.xide film 33 in order to protect

the heat radiation shiélding layer 32 from oxidation,

since it is thereby possible to readily control the
transmittance, the reflectance and. the color tone.

As a pfotectif:e film 34 constituting the third layer
which has not only physical durability but also chemical
stability, a film of ZrBxOy wherein x is 0.05 = x = 1.0
and y is 2; < Yy é 3.5, a £ilm of ZrSi;Oy wherein z is
-7 005 é z < 19 and y is-2.1. é"y < 40 and a f£ilm of -
ZerSi,C.& wherein x, z and y are 0.05 = x + z, z < 19
and 2 < y < 40 provided when x > 3, x = 3 + 0.25Z, are
preferred, since they are excellent not only in t_:he
‘scratch resistance and the abrasion resistance but also
in the chemical staSility-.n |

There is no par'ticular restriction as to thé
.thickness of the protective layer. ‘- Bowewver, if it is too
thin, a continous £ilm tends to be hardly obtainable. |

The thickness is preferably at least 30 i, more
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¥th respect to a ZrB[err]derr] film which is not within the present
i nverngion, it is evident from Table 1 that a crystalline filmtends to
formfhen the content of Bin the filmis small, and-an anorphous film
tendsgto formwhen the content of Bis large. It is also evident that
the cgystalline filmis inferior in tQ§40 _ - :

-10-

preferabiy at least 50 A} althouéh it depends upon the
film-forming method._'oﬁ tpe'other hand, if the
protective layer is too thick, thé color due to
interference becomes remarkable.. When a neutral outer
5 appearance is required, the thickﬁes; is preferably at
most 500 A, more preferablj.at most 200 A.
The heat radiation shielding £ilm 32 may be the same
as the above described heat radiation éhielding £ilm 22
of Figure 4 and is.preferably a film composed essentially
10 of one member sélecte& froﬁ the group consisting of one

or more metals selected from the group consisting of Ti,

Cr, Zr, Ta and HEf, nitrides of these metals, oxynitrides
of these metals and absorptive oxides théreof, in view of
the high heat radiation absorptive or refléctive _

3 15 properties. Particularly preferreé is titanium nitride
or chrohium-oxynitride. The £ilm thickness may be-
substantiéily the same as the'heat radiation shieiding

film 23 “of: Figure-4.. - .. . . SRR BRI

The heat shielding glass shown in Figure 5 has 'the
forggoing sﬁructure, whereby it has high durability (not
only the physical durability but also excellent chemical
stability) sufficient for use as a single sheet and a

'highwtiansmittance.for Qisible-lights-at a level of at..
least 70% so that ié_is useful as a window glass. It is
-available as a heat radiation shielding glass which is

b Neutral with respect to both the transmission color and

-~ the reflection color.
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scrat g resistance and in the abrasion resistance, whereas the anorphous
film@gs excellent in these. properties. This is believed attributable to
the fgct that the anorphous filmhas .a snooth surface. Thus, a film of
ZrB[eg]Jerr] wherein the atomic ratio x of Bto Zr is 0.05 [err]
X,pregerably 1.0 [err] x, is excellent_igltne
When a chromium oxynitride £film is used as the heat
radiation shleldlng f£ilm, the resistance is high (at
least 1 MQ/00) as compared w1th a tltanlum nitride £ilm,
which is advantageous in that when used as a rear glass
5 for an automobile, it does not reduce the function of a
printed antenna.
Figqure 6 is a cross-sectional view of another
embodiment of the article with high durability according
to the present invention. Namely, it is a novel heat

19 radiation shiel&ing article which has very high

s - reflectance against lights in the infrared range and

adequately high transmittance for lights in the wvisible
ligpt range.and yét hardly deteriorates during the
storage in a single sheet éﬁate or during tHe™
glls tfansportation to the site where it is processed for
- lamination; This is a heaf radiation shielding article
compri_.sing;. a total of 2n + 1 layers (n = 1) of
hiutranséarent-oxide-laye:s.andfsilveralayers alternétely:““;
formed on a transparent substiate, and an amorphous oxide
£ilm provided as a protecﬁive layer on the outermpst'
layer of said 2n + 1 layers.
As the transparent substrate 41 of Figﬁre 6, glass, a
" plastic-or-PET (Polyethylene-terephthalate) may be used...
~ As the transpafent Qxide 42, a material having a
.relatively_large~refractive index, e.g. a material having
fi a reffactive index.of n=1.7 - 2.5, such as Tioz,'iroz,.

fi Iny03, SnO;, ZnO, Taz0s or a mixture thereof, is used.
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ch resistance and in the abrasion resistance. A B[err]O[err] filmis’
iscopi ¢ and tends to be dissolved by absorption of noisture fromair,
fore; inthe ZrBlerr]Jerr] film the atonc ratio x is preferably x

- 3. . Further, as shown in Table 1, the acid resistance and

| kali resistance tend to deteriqg£ with an

With respect to the layered_struoture of the heat
radiation shielding article'of Figure 6, a transparent
oxide layer 42 is used as the first layer on the
.substrate 41, a silver lajer 43 is used as the second |
5 layer, and a transparent oxide layer 42 is used as the
third layer. Thus, the oxide layer 42 and the silver

layer 43 are.alternately repeated so that the 2n + 1

layer will be a transparent oxide layer 42, and an
amorphous oxlde £ilm 44 is coated as a protective layer

10 on the transparent oxlde layer 42 as the 2n + 1 layer.

The n value-of the 2n + 1 layer ls preferably at most 3
in order to maintain the transmittance for visible lights
at a level of at least 70%. The thickness of the
transparent oxide layer 42 in a preferred embddiment of -
the heat radiation shleldlng article of Figure 6 may vary
depending upon the material used but is generally within
the follo#lng range. Namely, as the first layer, the
fﬁthioknesS=is~froml200ﬁto.600'A; asxthe:2n-+ 1 layer:which... .-
is the outermost layer of the 2n + 1 layer coatings, the
thickness is from 100 to 400 i, and as other intermediate
layers, the thickness is from 400 to 1,200 A. These
thlckness ranges are prescrlbed to obtain hrgh
~transmittance for llghts in.the-visible lrght range...- If
the film thicknesses depart from these ranges, the
interference conditions will not be maintained, whereby
the reflection pre&enting effects can not be obtained

adequately, and the transmittance for visible lights

—
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hse in the content of Bin the film ~Wen x [err] 1, the acid
ance becones poor, and when x > 1.5, the al kali resistance becones
nd the boiling test result shows a deterioration. Accordingly, in
. appl i cation where the filmis used as exposed in air, an anor phous
- filmof ZrBlerr](err] wherein x #8 x [err] 1.5, ' e '

decreases. The t;aﬂsparenp oxide layers 42 of the heat
radiation shielding artic;e of Figure 6 are preferably
made of the same material from the view point of the
productivity. However, the article is not limited to
5 such a preferred embodiment, and any one of such layers

may be made of a material different from the rest of the

layers, or all layers may be made of different of
materials.
On the other hand, the thlcknesses of the silver

10 layers 43 should be at most 110 A to secure adequate

transmittance for visible lights and to secure an

- adequately wide variable range of the reflection color by
'thé adjustment of the layer thicknesses. MNamely, if the-
silver layers 43 become thick, the transmittance for

é;15 visible lights decreases and it becomes difficult to

] secure a transmittance of af.least 70%. On the other

han&, if Ehe silver layers are too thin, silver tends to

"‘“fcrm dlscontlnuous fllms, whereby:the desired properties.: - ::

will be hardly obtainable, or the product is likely to

0 readily.deteriorate. Therefore, the thicknesses of the

silver layers should preferabiy be at least about 60 A.

| There is no particular restriction as to the

- amorphous .oxide Eili.to be used for.'the heat.radiation ... . .

shielding article Qf Figure 6. However, it is preferred

2 to employ the amorphous oxide film of the present

i invention containihg at-least one member selected from

1-§hé group consisting of %r, Ti, HE, Ta, Sn and In and at

ﬁn
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parti ge-arly, x [err] 1.0, is preferred. And a film of ZrBlerr](err]
whereifg-x is x > 1 5, is useful in other applications as a | ow
refradi ve index film o

- 44 -
least one member'selécted from tﬁe-group consisting of B
and Si.
More preferably, the amorphous oxide £ilm may be made
of an oxide containing Zr.and at. least one of B and Si;

5 Particularly, a £ilm of ZrByOy wherein x is 0.05 = x =
1.0 and y is 2 < y = 3.5, especially a film of ZrByOy
wherein x is 0.05 = x = 0.8 and y is 2 < y = 3.2, a

- £ilm of ZrSizOy wherein z is 0.05 = z < 19 and y is 2.1
= y < 40 and a f£ilm of ZrBxSizOy wherein x, z and y are

10 0.05 = x + z, z < 19 and 2 < y < 40, provided that

when x > 3, x = 0.25z + 3, are preferred, since they

are excellent not only in the écratch resistance and the

abrasion resistance but alsb in the chemical stability.
.'$he amorphous ox;dg protective £ilm of'ngure 6 may

f 15 bé substituted for the transparent oxide of the 2n + 1

“ layer so that it is in direct contact with the silver
layer. Haﬁever, such an arrangemént is not preferred,

: ibsince.sﬁch direct contact tends to-deteriorate the?--w--ér

durabiiity. The reason for the deterioration has not yet

been clearly understood, but is considered to be

attributable to some side-reaction of boron in the

amorphous.oxide with the silver. Therefore, it is

PreferredﬁtO'iﬁterpﬁse é-transparent-oxide layer between -

the amorphous oxide £ilm and the silver layer.

. The thickness of the amorphous oxide £ilm 44 in

2 Pigure 6 is preferébly from 100 to 500 A, more preferably

from 200 to 400 A, although it is necessary to adjust it
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. As described in the foregoing, it is believed that by the
additi e of Bto a ZrJerr] film the filmbecones anorphous, and the
surf acqbecones snooth, whereby the :

_'.45—
in view of the balance with the éransparent oxide layers
to obtain high transmittance in the visible light-range.
If the thickneés of the amorphous oxide £ilm is smaller
than this range, no adequ#te performance as the
5 protective layer will be obtained. On the other hand, if
the thickness exceeds this range, it becomes difficult to
; aﬁtain a transmittance of at least 70% in the visible
light range while maintaining the interference
- conditions. |

10 There is no particular restriction as to the method

of forming the heat radiation shielding article of Figure
. 6. Vacuum vapor depqsition, ion plating or sputtering

may be employed. However, a reactive sputteriﬁg method

excellent in the uniformity, is preferred in the case
%}15 where -coating over a large area is required. It is
¢ particularly preferred tb prepare all the layers of the
heat radiélion shielding article including the firét
© :-~layer of a transparent oxzide to the protectiye layer:-of
the amorphous oxide in the same vacuum chamber. However,
the article may be taken out in atmospheric air prior to
forming the amorphous oxide f£ilm, and the amorphous oxide
film may be formed thereafter,.without adversely
affecting the effec#iveness:~' s e
E For the purpose of improving the adhesion and the
f; .durability of the heat radiation shielding article of
| Figuré 6, a boundary layer having a thickness not to

. adversely affect the optical properties, may be inserted
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abrajgon resistance and the scratching resistance are inproved. Further, it

.1s pgssible to control the refractive index by adjusting the anmount of B.
Furt gernore, as conpared with the Zr(Jerr] film the internal stress is
smal  which is advantageous for the adhesion to the substrate (glass,
pl as@cs, etc.) or to a primer

....46—
at the interface wiéh'the substréte or at the interface
between the respective laxérs. This heat radiation
shielding article may be applied to a low emissitivity
glass or a door of a freeier show case wherein the |
5 article is double-glazed with another substrate with an

inner space therebetween and with the amorphous oxide

£ilm side located inside, or to a laminated glass for an

automobile or for a building construction wherein a

substrate having the above coatings and another substrate
10 are laminated with an interlayer disposed therebetween

with the amorphous'oxide film side located inside.

The protecting mechanism by the amorphous oxide f£ilm
in the heat radiation shielding article in Figure 6 is
" not clearly understood, but is considered t6'havé a merit
in that the film is made amorphous by an addition of
silicon or boron as an element for constituting glass.
‘Oxidation of silver is believed to be the primary factor
“rfﬁrﬁtﬁgﬁdeterioratibn"mechanism of’an infrared reflecting -+
article wherein tfansparent oxide layers and silver
layers are alte:hate;y laminated. For the oxidation
reaction, oxygen or moisture is required to diffuse, and
if the film'is.crystalline, the grain boundaries
constitute the passﬁgés for-diffusion;.whereby the-- - - - -
oxidation reaétion is facilitated. Therefore, as the
‘Protective layer, the amorphous layér free from crystal
2 grain boundaries is utilized as a barrier agéinst

diffusion, whereby the durability is believed to be
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coatfng | ayer on the substrate.

upongthe proportions of Zr(JJerr] (n = Z7l§)

10

improved.

As described in the fqregoing, in the heat radiation
shielding article of Figute 6, the amorphous oxide f£ilm
is over-coated so that it.functions as a barrier layer.to
prevent the deterioration of the silver layer by
oxidatibn, wheréby the durability is improved for a
single sheet of.an infrared reflecting article wherein
transparent oxide layers and silver layers are
alternately lamlnated.

In the present 1nventlon, boron or silicon as a
glass-constituting element is added in the protective
layer, whereby the £ilm is made.aﬁorphous, and the
smoothness of the £ilm sufface is improved and the
frictional resistance decreases for an imprévement of the
abrasion resistance. Therefore, the weaéhérability of
the single sheet is improved, and there is an additional
effect obgérved such that_thé product is hardly scratched
as coﬁpafed.with'the conQentional article. Furthe;, it~
is also possible to further increase the effects of the
amorphous oxide protective coating by improvin§ the
dﬁrability of the silver layer by iqcorpofating an
additive to thé silver layer. |

-~Figures -7 and 8:show other embodiments: wherein the .. .- --

amorphous oxide f£ilm of the present invention is used as

'a metal diffusion barrier layer. Namely, these Figures

are cross-sectional views of laminated structures wherein

a glass sheet having a transparent conductive f£ilm

This is particularly advantageous when a
filmis to be forned. Wth respect to a ZrSi[err](err] film
so possible to obtain an anorphous film having excellent scratch

i gt ance and abrasion resistance. The refractive index varies dependiing

It
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@2 (n = 1.46) (see Figure I(b)). Table 1 shows a case where
err]derr] was formed by DC sputtering by using a target conposed of
@& Zr and 67%of Si. Mre specifically, ina zZrSiferr]Cerr] film the

s ratio z of Si to Zr in the filmis preferably 0.05 [err] z < 109.
0.05, the filmwll not be angr&%og§, and no. adequat e

composed of one c; more layers including a metal layer
and other glass sheet are lamianted with a plastic
interlayer disposed therebetween with such a transparent
conductive film located inside, wherein an amorphous

5 oxide layer is disposed between the transparent

conductive film and the plastic interlayer, as a barrier

to prevent the diffusion of the metal in the transparent
conductive f£ilm.
Such an amorphous oxide layer as a barrier is
10 interposed to o&eréome conventional problems in laminated

glass such that'updn expiration of a long period of time,

turbidity occurs. Inventors of the present-invéntion
have found that such turbidity takes place because the
‘metal in a metal layer in the transparent cdnductive £ilm
diffuses and react with moisture or oxygen contained in a
. small amount in the plastic interlayer, so that the metal
is oxidizéﬂ.
- AsTsuCh an amorphous oxide barriér film, it is
préferred to employ Ehe amorphous oxide f£ilm of the
present inveﬁtion composed essentially of an oxide
contéining at least one member sglected from the groué
consisting of Zr, Ti, BHf, Ta,_Sn and In and at least one
*member~selec£ed-froﬁvthewgroup1consi§ting~of B and Si. - e oeeem
FPigure 7 is a éross-sectional Qiew of an embodiment'
of such a laminated glass'structure} Between a glass
sheet 51 located af_the exterior side of a vehicle and a

glass sheet 52 located at the interior side of the
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Eal durability will be obtained. Onthe other hand , if z [err] 19,
kali resistance tends to be poor. The atomc ratioy of O to Zr in
Imof ZrSi[err]Jerr] is preferably y =2 + 2z when Si is contained

in anfanount of z in atomc ratio to Zr, for the sane reason as

- 4% -

vehicle, a pléstic interlayer 53 is disposed to bond
these glass sheets 51 and 52.

At the bonding surface of either one of these glass
sheets 51 and 52, preferably at the bénding surface of'

5 the glass sheet 51 located at the extérior side of the
vehicle, a transparent conductive fiim 54 and an
amorphous oxide. £ilm 58 as a barrier are disposed so thét
the amorphous oxide £ilm 58 as the barrier is located at

the side of the plastic interlayer 53.

In this case, the.above transparent conductive £ilm
54 is formed to have a multi-layered structufe such as
ZnO/Ag/Zn0 or SnO2/Ag/SnO2 wher;in a metal £ilm 56 suéh
as Ag or Au is sandﬁitched between dielectric f£ilms 55
and 57: Bétween this traﬁsparent conductive £ilm 54 and .
. the above-mentioned palstic lnterlayer 53, an amorphous
.noxldéwfllm 58 as a barrler formed by the amorphous oxlde 
£ilm of the present invention such as a ZrBxOy £ilm
"havinéza thickness of*fnomvlﬂuto-loo A} is disposed.. -

As.the above-mentioned dielectric films 55 and 57 in
thé present invention, a Tioé film or a ITO £ilm may also
be used as the case requires;

Figure 8 ié a cross-seétional view of another
embodiment of a laminatequlass“structure, wherein the ...
rear side electrode‘of a solar cell is made of the
‘transparent conductive film of the present invention.

Namely, on a glass sheet 61 through which incident light

enters into the solar cell, ~———~¥———_;________
- ' This Sheet Has B
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described with respect to the ZrBlerr](Jerr] film

_Sc-
an alkali barrier £ilm 71 made of e.g. SiO2 or Alz03, a
first transparent electrode 72 made of SnO; or ITO, an a-
Si film 73 and a rear side electrode (transparent
conductive £ilm) 64 are séquentially formed. Then, the
amorphous oxide £ilm 68 as a barrier is formed on said
rear side electrode 64, so that,'when such a glass sheet
61 and a ‘glass sheet 62 at the inerior side of the
vehicle are bonded with a plastic interlayer 63
interposed therebetween, the amorphous oxide f£ilm 68 as a
barrier is disposed bétween the transparent conductive
£ilm 64 and the inﬁerlayer 63. | |

Such a transparent conductive f£ilm 64 as the rear

- side electrode may be composed of two or more layers such

as a metal £ilm 74 and other f£ilm 75, or may be composed
§olely of one layer of the metal film_74.

Such a metal layer 74 may be a layer made of Ag, Au,
Pd or Al or an alloy £ilm made of at least two different
kinds:of.these_metalsr Furthér,‘said other £ilm 75 may -
be a film_made of Zn0O, ZnS, TiOz, ITO or shoz. |

A suitable method such as spraying, vacuum
deposition, DC sputtering or chemical vapor deposition,

may be used as the method of forming the above-mentioned

. transparent conductive €ilms 54 and- 64. or the amorphous .

oxide barrier £ilms S8 and 68. However, in view of the

‘productivity and the film properties, it is preferred to

form films by the DC sputtering method. A multi-layered

£ilm thereby formed preferably has a three-layered
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Accordingly, in an application where the filmis used as exposed in air, a.
ZrSifegr]derr] filmwherein z is 0.05 [err] z <19 andy is 2.1 [err] y <

40, is| preferred. A ZrSi[err]O filmwherein z is 19 [err] z, is usefu
for other applications as a lowrefractive index film - A

ZrBlerf]Si[err]Jerr] filmis also SU|tabEé for the purpbse of

structure such as ZnOy/Ag/ZnOx Or SnOy/Ag/SnOx from the -
viewpoint of the depositiqn speed or the cost of the
target, or Ag/ZnOy in the case of the rear electrode of a
solar cell. For the preparation of such a laminated
s glass, a glass sheet may preliminarily be molded into a
desired shape prior to the formation of the films, or the.
£ilms are preliminarily formed and then the glasé sheet
may be molded into a desired shape.
The aﬁorphouS'oxide barrier films 58 and 68 are
10 preferably formed in 5 thickness of from 10 to 100 A. 1If
tﬁey are thinner than this range, no adequate meEal
diffusion preventing ability Qill be obtained.. On the
other hand, if they are thicker than 100 A, no further

improvement of the metal diffusion preventing ability -

15 will be observed.

As the plasﬁic interlayers 53 and 63 to be used for
bonding glass sheets 51 and 52 or 61 and 62, PVB, EVA
' ftethyiene4vinyl acetate copolymer) or ureﬁhane may be
used. -For the formation of a laminated- glass for an
izu .automobile, it is preferred to employ PVB having
15 excellent adhesiveness.

In Figures 7 and 8, laminated glass structures are
-illustrated wherein-tWO-g;ass sheets are used. However,.
the present invention may also be applied to a laminated
glass wheréin three or more glass sheets are used. 1In
such a case, the above-ﬁentioned transparent conductive

films 54 and 64 and the amorphous oxide barrier £ilms 58

-
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t he present
ratip z of Si
0.05 is preferred, since the filmwll thereby be anorphous, and a
havi ng excel l ent scratch resistance and abraS|on “reisistance wll
bby be obtained. Further; if x > = 52 - ' . :

[err]
film
t her ¢

10

and the atomc ratioy of 0 to Zr in such a f|In1 X +y

and 68 are preferahlj formed on the bonding surface of
the glass sheet located at.the exterior side of a vehicle
i.e. at the outermost side.

Having such constructions, the embodiments of Figures
7 and 8 are capable of effectively suppressing turbidity
by the functions of the metal oxide films 58 and 68
interposed as barriers. '

To ascertain the effects of the present invention,

experiments have been conducted in comparison with

Comparative Examples. The results are shown in Table 3.

inveniton. Wth respect to the atomc ratio x of B, the atomc
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tends td be

if the ZrB[err]Si[err]Jerr]

resi stance tends to be poor.

the al kal i
such a manner t hat

19,

a mxture of an oxide of Zr-B-O and an oxi de of

the acid resistance of the film
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filmis assuned to be

024z + 3 when x > 3,
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systgm the chemcal stability tends to be inadequate when the atomc
rati @ x of Bto Zr exceeds 3, and if this excessive Bis contained in the
B-Si §O system the B-Si-O -oxide tends to be chenically unstable when the
atomflc ratio x' of Bto Si in the B-Si-O oxide exceeds 0.25. y is’
prefdrably at a level of 2 + 1.5x + 2z wheg this film . :

As shown in Table 3, no change with respect to the
turbidity was observed even in the Comparative Exéﬁples
where the transparent con&uctive £film 54 or 64 was made
of a single layer of a ITG f£ilm or a SnOz £ilm. However,

5 when the transparent conductive film is made of a multi-
layered film such as a three layered f£ilm of ZnO/Rg/ZnO
or SnO2/Ag/SnO; wherein the silver layer is Sandwitéhed
by dielec#ric layers,.turbidity occurred by UV

\ ifradiation for 100 hours. It is anticipatgd that such

10 turbidity has resulted.becaﬁse a metal (such as silver)

in the metal layer (such as thg silver layer) was
activated by the UV i:radiatioﬁ and penetrated through
the dielectric layers (such as the ZnO £film and the SnOz
film).and diffused to the PVB film, whereby "the metal is

15 oxidized by the moisture or oxygen contained in the PVB

f£iim.

On thé other hand, no turbidity was observed after
the OV irradiatien for .100 hoursr‘when-an“amorphous oxide
barrier film was interposed between the transparent
conductive £ilm (as identified in the Table by ~)
composed of one or more 1ayers.including a metal layer
and the PVB £ilm, to prevent the diffision of the metal
-from sucn a:transpa£ent-eohductive-film to.-the PVB £ilm
as in the case of_the Examples of the present invention
'in Table 3. Thus, itIQas been confirmed that the
f:intérposition of sﬁch an amorphous oxide barrier £ilm is

%ﬁvery effective to suppress the formation of turbidity.
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10

ssuned to be a m xed systemof Zr(Jerr] + Blerr]O[err] + SidJerr],
sane reason as described in the case of ZrB[err](err].

. = 55 -

In the embodiments of Figures 7 and 8, the diffusion
of the metal can adequately'belprevented, since the
amorphous cxide barrier £ilm has an adeéuately dense

" structure. Whereas, with thé crystalline £ilm, the
crystal grain boundaries are believed to constitute the
passages for diffusion, whereby.oxidation is facilitated.

Figure 9 is. a cross—-sectional view of a heat
radiation_shielding glass prepared by a process whereby
the opticai.properties of the article with high
durability of the preéent invention is stabilized,
whereby the following problems pave been overcome.

It is common to employ a direct current (DC)
sputtering method when a coating is applied to a glass
sheet having a large area useful for e.g. automobiles or
building conStructiqn.. When an oxide film'is formed by
this method, eleétric conductivity is required for the
target. Therefore, it is usual to employ a metal target

althoﬁgh there is an exception such. as use of ITO or -Al---
doped ZInoO. Durlng the formation of an oxide £ilm by the

reactive sputtering in an oxygen plasma atmcsphere, it is

. unavo;dable.that a part of the previously formed heat

- radiation shielding layer is oxidized. The degree of the

oxidation can hardly be controlled by the technique . ...

Presently available. Consequently, there has been a

problem that the optical properties are varied.

Under these circumstances, the present inventors have

found a prbcess of forming a thin barrier layer to

for

IIIIIIII IIII||
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- Accordingly, .y is preferably at a level of 2 <y < 40 The |arger
contents of B and Si, the lower the refractive index of the
[err]Si[err](err] film This is illustrated in Figure 1c) with respect
Zlerr]B[err]Si[err]derr] film

-.56-
prevent such oxidation of the heat radiation shielding
1ayer} on the heat radiation shielding layer, prior to
the formation of an oxide film on the heat radiation
shielding layer. |

5 - Figure 9 is a cross-sectional viewibf an embodiment
of a heat radiation shieldiﬁg glass prepared by such a

process, wherein a reference numeral 81 indicates a

substrate qade of transparent or colored glass or
} plastic, numeral 82 is a heat radiation shielding film
io made of e.g. a metal, a nigride, a carbide, an absorptive
oxide of a mixture thereof,'numgral 83 indicates an
oxidation barrier £ilm, and numeral 84 indicates an oxide
£ilm. | |
The most signigicant feature of this prdcess is to

form a thin oxidation barrier film 83 on the heat

radiation reflecting £ilm 82 to prevent the oxidation of
the f£ilm éﬁ. .There is no particular restriction as to
~the-fi;m material of this barrier £ilm 83. However,-in a
case whete the film-forming is conducted in'g'multi path
mode by usual sputtering, a ﬁetal £ilm or a nitride film
capable of being formed from a target useful also for the
heat radiation reflectlng £ilm or for the oxide f£ilm
formed on the- atmospherlc-alr side; is preferred in view - .
'of.the productivity. If the f£ilm thickness is too thin,
-no adequate barrier effects will be obtained, and a part
of the heat radiation reflécting film 82 will be oxidized

when the outermbst oxide ﬁilm 4 is formed by reactive
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i de containing Si and a netal other than Zr i.e. at |east one nenber
tted fromthe group consisting of Ti, H, Sn, Ta and In, wll
M se be anor phous and provi des adequate scratch resistance and abrasi on

-resi gtance. As an exanple, a TiSi[err]Jerr] - filmis shown as sanple 10
in Table 1. - The anor phous oxi de film of the present invention may
contdin very small anpunts of elenments OtRér—than zr, Ti,

sputtering. On the other hand, if the film is too thick,
it will remain as not comnletely oxidized, whereby the

transmittance will be low. Theref ore, the film thickness
is preferably from 5 to 30 A, more preferably from 10 to

5 20 A.

The embodiment of Figure 9 has at least three-layered
structure as mentioned above. However, in some cases,

one or more layerssmay be formed between the eubstrate 81

and the radiation reflecting £ilm 82 or between the
10 oxidation barrier £ilm 83 and the oxide £ilm 84, to

improve the adhesion or to adjust the optical properties..
The oxide film 84 is preferably the amorphous oxide
£ilm of the present invention, particularly the oxide
£ilm containing Zr and at least one of B and Si.
15 However, the oxide film 84 is not limited to such
8peci£ic examples and may contain other components to
improVe the durability; to adjust the optical properties
'.:or_toiimprove the speed and the stability for the £ilm—
formingr The.okide film of the present invention may'notl
;LZQ necesserily be transparent and may be an absorptive film
J in an oxygen-lacking state or may contain a small amount
of nitrogen or carbon.

-There-is no parricular restriction as to the oxide
film 84. However, the oxide £ilm containing Zr and at
.least one of B and Si, i3 suitable particularly for an
application where high durability is required, since such

an oxide film is excellent in the scratch resistance and
—
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Ef% Snz Ta, In, B, Si and O. The anor phous oxide filmof the present
i niention can be formed by a wet systemsuch as spraying or by a physical
vapor deposition nethod such as chem cal vapor deposition, vacuum vapor
deposi tion or sputtering. Particularly preferred is sputtering, since a
fifEm having : -
3 - 58 -

in the chemical stability.  When the oxide film 84

contains Zr and at least one of B and Si, there is no

Db
2
o
29
<3
..
B
&
2
A
s
By

particular restriction as to the respective proportioms.
However, if the content of B or Si is small, the film

5 tends to be crystalline, whereby the surface smoothness

tends to be inadequate. Consequently, the scratch

resistance tends to be poor. Therefore, the atomic ratio

of B, Si or the total amount thereof to Zr is preferably

at least 0.05. Specifically, a film of ZrBxOy wherein x
g is 0.05 = x = 1.0 an;i y ié 2 <y = 3.5, a £film of
ZrSi,Oy wherein z is 0.05 = z <19 and y is 2.1 = y <
40 and a f£ilm of ZrBxSi,Oy wherein x, z and y are 0.05
S x+2, 2 <19 and 2 < y < 40, provided that when x
>3, x = 0.252 + 3, are preferred, since they are
5 excellent in the scratch resistance, the abrasion
resistance and the chemical stability.

There is ﬁo particular restriction as to the
thiCkﬁess of the oxide film 84. However, if the oxide
f£ilm is too thin, no adequate durability will be |
obtained. Therefore, the thickness is prefer;bly at
least 50 A, more preferably at least 100 A, most
préferably at least 150 A, aithough it depends upon the
k- particular purpose. On the other hand, if the oxide
ii layer is too thick; the_productivity will be poor, and
'the interference effects will result, whereby the
3 rEEleétion color tends to be strong. Therefore, thé

i thickness is uéually at most 1,000 A, preferably at most '
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iz adhesi on as conpared with other methods can thereby be obtained.
Fin-Table 2, when a filmof e.g. ZrBlerr](err] ZrSi[err]Jerr] or
ISi[err](Jerr] is to be forned by -neans of a target - or an el ectrode.
n-oxi de type conprising at |east one nenber (M selected fron1the
ri5|st|ng o Zr, _ - 5§59 =

b~

700 A, more preferably at mostISOO A, although it depends
upon the refractive index. .:

There is no particular restriction as to the method
of forming the oxide £film 84. Vacuum vapor deposition,
ion plating or sputtering may be employed.

There is no particular restriction as to the f£ilm
material .of the heat radiation reflecting f£ilm 82. It.
may be gelected from the group consisting of metals,
nitrides, carbides, absorptive oxides and mixtures
thereof, depending upon the particular purpose or the
required_séecification. Usuélly, the heat radiation
reflecting film 82 is selected from the group consisting
of titanium, chromium, zirconium, titanium nitride,
chromium nitride and zirconium nitride. -~ -

'When the heat radiation réflécting film 82 is made of
a nitride £ilm, it is effective to form an oxide -in order
to increase the adhesion with the substrate 81. .

In this method, the oxidation barrier f£ilm 83
effectively prevent the heat radiation reflecting layer
82 from being partially oxidized in the oxygen plasma
atmosphere during the formation of an oxide £ilm 84 by

the reactive sputtering, in such a manner that the

- barrier.film 83 itself.is oxidized. As a result, a heat .

radiation shiélding glass having constant optical

‘Pr0perties can .readily be produced.

On the other hand, if this oxidized barrier layer is

- not formed, a part of the heat radiation reflecting £ilm
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~Sn, Ta and In and at |east one nmember selected fromthe gcoup
i ng of Band Si, a uniformfilmcan be formed by sputtering in an
her e of a m xture of argon and oxygen under a vacuum degree of from
terr] to 10 x 10[err] Torr by using a target or an electrode of a

' - 60 -

82 such as Ti will b.e partially oxidized to form TiOgz,
whereby the reflectance inpreases, and the color tone
will not only be changed but.alSO hardly be reproduced
constantly.

5 It is preferred that as the oxidation barrier layer
83, the same metal as ﬁéed in the oxide £ilm formed
thereon'is employed, since the oxide f£ilm will have a
composition where the degree of oxidation continuously
changes.at the side being in contact with the heat

19 radiation reflecting film, whereby the adhesion between
the oxidation barrier layer 83 and the oxide £ilm 84 is
increased. It is further préferred that almost all of
the metal of the oxidation barrier layer 83 is oxidized
during the formation of the oxide £ilm so that the

15 structure will be the same as a double layéred.structu:e

| from the oétical point of view.
For e£émple,'when a ZrByxOy film is to be formed as -
the o#ide f£ilm, it is possible to constantly obtain a

heat radiation shielding glass having a structure of

substrate/heat radiation reflecting £ilm/ZrByxOy if a thin
ZrBz £ilm is fofmed as the oxidation barrier layer 83 on
the heat radiation reflecting film prior to the fcrmatidn
of the ZrByOy film..
The method.of formihg the oxidation barrier layer as
"described above can be applied to the production of other
than the heat radiétion shielding glass illustrated in

Figrue 9. Namely, such an oxidation barrier layer may be
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S a zirconiumboride single system a zirconiumsilicide single
a zirconium boride-netal zirconium nixed

—Gl_

formed, for example, between the first layer 2 and the
second layer 3 in Figure 2, between the second layer 12

and the third layer 13 in Figure 3, between the first

iayer 22 and the second léyer 23. in Figure 4, between the

first layer 32 and the second layer 33 in Figure 5,
between the 2n layer 43 and . the 2n + 1 layer in Figure 6,
and in the case  where the transparent conductive £ilms 54
and 64 iq Figures 7 and 8 are non-oxides, between said
layers and the barrier layers 58 and 59, to obtain
optically stable articies with high durability according
to the present invention in a‘similar manner.

 ‘The amorphous oxide £ilm of the present invention may
be.formed as a layer for a scratch resistant protective
film on one side or each.side'of the t}anspérént
substrate to obtain.a trénsparent sheet provided with a
scratch resistant protective £ilm.

Figurg 10 illustrates a diagrammatical cross-
séqtiénal view of an embodiment of such a scratch
resistant protective film-provided tramnsparent sheet.

The transparent substrate 92 to be used in the
present invention may be made of soda lime glass,.
borosilicate.glass, lead silicate glass, aluminosilicate

glass, aluminoborate glass, quartz glass, barium bhorate

glass or any other solid glass material without any

particular restriction as to the composition. Further,
it is also possible to employ a plastic substrate. The

shape of the substrate is not restricted to a flat plate,

This Sheet Has Been Replabed

(TR




systery a zirconiumboride-zirconiumsilicide mxed system a zirconium
borideg netal silicon m xed system.a zirconiumsilicide-netal silicon
m xed pystem a zirconium boride-zirconiumsilicide-netal zirconium m xed
systeny a.zirconiumboride-zirconiumsilicide-nmetal silicon mxed system
or a zjrconium bori de-boron nixed - 62 -
and the substrate may have a curved shape or any other
shape. From the viewpoint of safety, a glass $ubstrate
is praferably the one strengthened by air cooling
reinforcement or chemical reinforcement, or the one
5 treated by lamination to prevent scattering of glasé
fragments upon breakage.

The thickness of the scratch resistant protective
£ilm 91 is preferably f£rom 100 to 5,000 A. If the film
is too thiﬁ, no adequate scratch resistance will be

10 obtained. On the other hand, if it is too thick, peeling
of the film is likely to occug} and the productivity
tends to be poor.

The scratch resistat protective £ilm 91 is preferably
the amorphous oxide £ilm of the present inveéntion.

15 Particularlé preferred are a film of ZrByxOy wherein x is
0,05 = x = l.0and y is 2 < y = 3.5, a £film of ZrSi;Oy
wherein z.;is 0.05 = 2 < 19 and y is 2.1 = y < 40 and a

£film of ZrBxSi,Oy wherein x, 2z and y are 0.05 = x + z, 2

< 19 and 2 < y < 40, p_ro'vi'ded.that when x > 3,=x =
-0.25z + 3, since they are excellent not only in the
scratch resistance and the abrasion resistance but also
in.the chémical stability. Such an oxide film containing
- Zr-and B and/or Si is not limited to the four component
system of Zr, B, Si and O and may further contain other
-components to improve the durability, to adjust the
opticai properties or to improve the speed and the

stability for film-forming. : —
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system . Such a non-oxide target has electrical conductivity, and the film
formhg can be conducted by direct current sputtering, whereby a uniform
filmEan be formed at a high speed over a | arge surface area. Wien the
reactfve sputtering is conducted by neans of a non- oxide target, the
ratiof of Band Si to Zin the target =~ 63 -

The contents of B and/or Si and the thickness of the
scratch resistant protect;ve £ilm 91 are suitablly
.selected depending upon the particular purpose of the
transparent sheet. For example, in the case of glass to

5 be used for the.read out portion of a bar cord reader, it
is preferred to use soda lime glass having a thickness of
5 mm with a ZrByOy £ilm having a thickness of from 300 to
600 A in view of the the transmittance for a laser beam
having a éavelength of 6328 A.

10 As the method of formiﬁg the scratch resistant
protective £ilm 91 of the present invention, a film-
forming method such as wvapor déposiﬁion, sputtering or
ion plating may be employed. There is no particular
restriction as to the method for its formation. However,

15 thé sputtering method is preferred aﬁong them, since the
sta:ting material may not thereby-be melted, the film
qompositiah can easily be controlled or reproduced, the

energy of particles reaching the substrate is high, and

it is possible to obtain a £ilm having good adhesion,
whereby the amorphous f£ilm of the present invention can
readily be obtained. To improve the adhesion of the £film
to the substrate, an ion injection method may be used in
-combination. Namely, argon ions or oxygen ions with_a
high energy at a lével of a few 10 keV may be irradiated
‘on the protective film 91 formed on a glass substrate, to
form a mixed 1ayer'between the protective £ilm and the

glass substrate to increase the adhesion to the glass

- This Sheet Has Been Replaced |




can not |be mai ntained and tends to decrease in the film fornmed by using

the tardget, as is apparent fromTable 1. This tendency is remarkabl e when

t he con?ent of Binthe target is relatively small as shown.in Figure | (e)

W t-h respect to the class of a ZrB[err](Jerr] film (show for

conpar atli ve purpose) As the content of B ipgreases, the ratio of Bin the

target gpproaches the ratio of Bin the fPImobtained therefrom The

same e substrate. Further, depeding upon the particular
purpose, it is also effective to reduce the frictional
cﬁeff' ient by coating a thin organic lubricating £ilm on
the protective £ilm 91. As an application of the scratch

5 resistant proteétive film-provided transparent sheet of
‘Pigure 10, a cover glass (also called a scanner glass)
for the read out portion of a bar cord reader may
primari}y be mentioned. Figure 11 shows a diagrammatical
view of a bar cord reader. Reference numeral 93

10 indicates the giass'fgr thé read out portion of the bar
cord reader. Reading out of a bar cord is conducted by
sliding a commercial good having a bar cord labelled
‘thereon, on the bar cord reader 94. The transparent
sheet of Figure 10 may be used also for othér‘purpoées,

15 for example, as a glass plate for a stand table for a
copying machine or as a transparent sheet in general.
where scrgtch resistance is required.

Now, the present invention will be described in

* further detail with reference to Examples and Comparative

Examples.

The following Examples and Comparative Examples are
directed to articles with high durability as illustrated
in Figures 2 and 3.. -

EXAMPLE 1
. A glass substrate was placed in a vacuum chamber of a
_ spﬁttering apparatus, and the vacuum chamber was

evacuated to a pressure of 1 x 10-6 Torr. A gas mixture

. This Sheet Has Been Re

HIIIII i lI ili”




tru
fil

0.0
at

with respect to Si and Si + Bin the case where a ZrSi[err]Jerr]

or a ZrBlerr]SiJerr]derr] filmis forned. - In view of the above
tendency, i
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get or
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in a case of formng a filmof ZrBlerr]Jerr] wherein x is

X [err] 3, and y is 2 < 'y <6.5, it is preferred to enpl oy
an el ectrode conpriSing_ngnllo to 90 atomc % of Zr and
of argon and nitrogen was introduced to bring the
pfessure to 2 x 10-3 Torr. Then, titanium w#s subjected
to reactive sputtering to form titanium nitride (firs;.
layer) in a thickness of about 200 A. Then, the gas was
changed to a gas mixture of aréon and oxygen,'and the
pressure was adjusted to 2 x 10-3 Torr. Then, a
zirconium/boron.ta#geﬁ (atomic rétio 70/30) was subjected
to reactive sputterihg.to form an amorphous oxide f£ilm
comp:ising'zirconium'and boron ZrByOy (secdnd layer, x =
0.14, y = 2.21) in a_thickness of about 500 A.

The visible light transmittance Tv, the solar energy
transmittance TE, the visible light reflectance on the |
coatiﬁg surface RvF and the visible light reflectance on
the glass surface Rve of the heat fadiation3reflecting
glass thus obtained, were 53%, 42%, 6% and 28%,
respectively. The £ilm was immersed in a 1N hydroéhloric

acid or sodium hydroxide for 6 hours or in boiling water

‘for two hours to examine the durability. In each case,

the changes in the transmitéance and in the reflectivity
were within 1%.

In the scratch test by means of an abrasive eraser,
no substantial scratch mark,was observed, and the film
showed excellent scratch resistance.

EXAMPLE 2 ' |

In the same maﬁner'as_in Example 1, titanium nitride

(first layer) was formed in a thickness of about 200 A on

a glass substrate. Then, the gas was changed to a gas

—
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—66_
mixture of argon and 6xygen, and the preésure was
adjusted to 2 x ld-3 Tbrr._ Then, a zirccnium/boron
target (atcmic ratio 33/67) was subjected to reactive
sputtering to form an amofphous oxide f£ilm comprising .
zirconium and boron ZrBxOy (second léyer, x =0.99, vy =
3.49) in a thickness of about 500 A. The optical
propgrties Tv, TE, RVF and,Rﬁc of the heat radiation
reflecting glass thus obtained, were 55%, 42%, 3% and
20%, respectively.

The durability tests were cdhducﬁed in the same
manner as in Example 1, and the.film exhibited similarly
excellent propefties.

EXAMPLE 3 |

A glass substréte'was placed in a vacuum chamber of a
sputtering apparatus. The chamber was evacuated to a
pressure of 1 x 10-8 Torr. A gas mixture of argon and
oxygen wa£ iﬁtroduced to bring the pressure to 2 x 10-3
Torr.j While heating the substrate at a temperature of
about 350°C, a ITO target was subjected to sputtering to
form ITO (Eirst laye:)'in a thickness of about 1 pm.

Then, by changing the proportions of the gas hixture of

~argon and oxygen, a zirconium/boron target (atomic ratio

33/67) was subjected to rmactive sputtering to form an.

amorphous oxide film ZrBxOy (second layer x = 0.99, y =

-3.49) in a thickness of about 760 A.

The durability of the heat radiation refiecting glass

thus obtained was evaluated in the same manner as in
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to 90 atomc %of B. Likew se, the relation between the desired
the corresponding conposition of the target or the electrode, is
Tabl e 2. -

- 67 - |
Example 1, whereby it showed excellent durability.
EXAMPLE 4 |
A glass substrate was placed in a vacuum chamber of a
sputtering apparatus. The chamber was evacuated to a o
5 pressure of 1 x 10-5 Torr. A gas mixture of argon and
oxygen was introduced to bring the pressure to 2 x 10-3
Torr. Then, tantalum was subjected to reactive
sputteriqg to form tantalum oxide (first laYer) in a
thickness of about 620 A. Then, a zirconium/boron target
10 (atomic ratio 33/67) waé subjected to reactive $puttering
in the same manner to form anﬁamofphous oxide £ilm ZrBxOy
(second layer x = 0.99, y = 3.49) in a thickness of about
760 A. | |

The vacuum was released, and the substrate was over-

turned. Then, similar two layers were formed on the rear
side in the same manner.

' The reflectance of the low reflective gléss thus
obtaiﬁed was about 1.5%. The durability was excellent as
in thg.case of Example 1.

. EXAMPLE 5

A glass substrate was placed in a vacuum chamber of a
sputtering apparatus. The chamber was evacuated to a
=-pnessure!6f 1lx lofﬁ Torr. A gas mixture of argon.aﬁd .
oxygen was introducéd to bring the pressure to 2 x 10-3
‘Torr. Then, a zirconiﬁm target containing boron (%r:B =
70:30) was Subjected to RF (radio frequency) maénetron

sputtering to form an amorphous oxide £ilm 2rBxOy (first
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layer x = 0.14, vy = 2.21) in a thickness of about 600 A.
Then, the gas was changed to a'gas mixture of argon and

nitrogen, and the pressure was adjusted to 2 x 10-3 Torr.

Then, a titanium target was subjected to high frequency

magnetron sputtering to form titanium nitride (second
layer) in a thickness of about 120 A. Then, under Ehe
same condition as in the first layer, a ZrBxOy film
(third layer x = 0.14, y = 2.21) Wés formed in a
thickness of about 600 A.

' The visible'light transmittance Tv and the solar
energy transmittange TE of t@e_sampie thus obtained were
about 80% and about 60%, respectively. Dnrability-tesgs
were conducted in the same manner as in Example 1, and
the sample.showed excellent properties as in Example 1.
EXAMPLE 6 | ' |

A glass substrate was placed in a vacuum chamber of a
sputterind apparatus. The chamber was evacuated to a
pressﬁre of 1 x 10-6-Torr. A gas mixture of argon.and
oxygendwas introduced to bring the pressure to 2 x 10-3
Torr. Then, a titanium ta;get_dontaining silicon was
subjected to high frequency magnetrdn sputtering to form
an amorphous OxiQe £ilm TiSixOy (fifst layer x = 0.33, y

= 2.66).in a thickness-of about 600.A. Then, the gas was

.changed to a gas mixture of argon and nitrogen, and the

.pressure was adjusteﬁ to 2 x 10-3 Torr.  Then, a titanium

target was subjectéd to high frequency magnetron-

sputtering to form titanium nitride (second layer)'in a

i
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QO herwise, the filmform ng nay be conducted by

- 69 -

‘thickness of about 120 A. Then, under the same condition
as in the case of the first layer, an amorphous oxide
£ilm TiSixOy (third layer x = 0.33, y = 2.66) was formed

~in a thickness of about 600 A. The visible light

transmittance and the sunlight transmittance of the
sample thus obtained were substantiaily_the same as in
Example 5.. The  durability was also substantially the
same as in Example 5. |
COMPARATIVE EXAMPLE 1

To ascertain the effects of Example S, a zirconium

oxide £ilm containing no boron\(first layer) was formed

in a thickness of about 600 A. Then, the gas was changed

to a gas mixture of argon and nitrogen, and the pressure
was adjsuted to 2 x 10-3 Torr. Then, a titanium target
was subjected to nigh frequency magnetron sputtering to
form titanium nitride (second layer) in a thickness of

about 120 A. Then, under the same condition as in the

- case'of the first layer;.a zirconium oxide film (third

layer) was formed in a thickness of about 600 A.

The sample thus obtained was Subjected to thg
abrasion eraser test, whereby a number of scratch marks
were observed, showing poor scratch resistance and

abrasion. re51stance. -

- COMPARATIVE EXAMPLE 2

To ascertain-the effects of Example 6, a titanium

E Ooxide £ilm containing no silicon (first layer) was formed

{ in a thickness of ébont'SOO.A. The gas was changed to a
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ering in a non-reduci ng at nosphere conposed nmainly of argon with a
r anount of oxygen under a vacuum degree of from1l x 10[err] to 10 X
r] Torr by using an oxide type target containing at |east one nenber
ted fromthe group consisting of Zr,-Ti, Hf, Sn, In and Ta and at

one menber selected fromthe group 76 -

gas mixture of argou and nitrogen, and the pressure was
adjusted to 2 x 10-3 Torr;_ Then, a tltenium target was
subjectea to hlgh frecuency magnetron snutteflng to form
titanium nitride (second layer) in a thickness of about
5 120 A. Then, under the same condition as in the case of
the first layer, a titanium oxide film (third layer) was
formed in a tﬁickness of about 600 A.
The sample thus obtained was subjected to the
abrasion eraser test, whereby a number of scratth marks

10 were observed, showing poor scratch resistance and

abrasion resistance.

Now, Examples of the article with high durability
shown in Figure 4 will be given.
EXAMPLE 7
gfls " a glass substrate was placed in a vacuum chamber of a
B sputtering apparatus. The chamber was evecuated to a
pressure oE 1 x 10-6 Torr. As a glass substrate, a blue
glass substrate hav1ng a thickness of 4 mm was used. The
same glass substrate was used also in Example 8 et seq.
Then, a gas mixture of argon and'nitrogen was introduced
to bring the pressure to 2 x 10-3 Torr. Then, titanium.
was subjected to reactive sputtering to foru titanium
nitride (first layer).in‘a thickness_of about 20 A.
¥ Then, the gas was changed to a gas mixture of argon and
*i-oxygen, end the pressure was adjusted to 2 x 10-3 Torr.
3 Then, a ZrBz target was subjected to reactive sputtering

t to form an oxide Film comprising zirconium and boron
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consi st §ng of B and Si. The oxide target useful for the fornmation of an
oxide fi#l mcontaining Zr and at |east one of B and Si, nay be a m xed
oxi de t #rget conposed of at |east two nmenbers selected fromthe group
consi stifng of  zirconium oxide (inclusive of stabilized or partlally
stabili Zed 2|rcon|a) boron oxi de and S|I|cg& oxi de, such
(second layer) in a thickness of about 200 A. The
visible light transmittance Tv, the the solar energy
transmittance TE, The visible light reflectance on the
coating surface RvF, the visible. light reflectance on the

5 glass surface RvG and color changes in the transmittance

and in the‘reflectance

_i V(L x)2 4 (Ay)2 of the heat radiation shielding glass
thus obtained, were 71%, 56%, 13%, 12%, 0.0068 and 0.026,

respectively.

% 10 The transm;ssxon color and the reflectlon color were

neutral to such an extent that there was no substantial
distinction from the base glass sheet.

The heat raaiation shielding glass was immersed in lﬁ
hydrochloric acid or sodium hydroxide for 6 -hours or in
boiling water for two hours to examine the duraﬁility of
the £ilm, wheréby no change in the optical properties was
observed.;

Iﬁ the abrasion test by means of an abrasive eraser,
no substantial scratch mark was observéd, and thus the
i £ilm showed excellent scratch resistance.

,' EXAMPLE 8

: In the same manner as in Example 7, zirconium was
gfsubjected.toﬁreactive sputteringﬂto.form-zirconiﬁm _
initride (first laye?) on a glass substrate in a thickness_
éQf about 20 A. - Then, the gas was changed to a gas
;PiXture of argdn and oxygen; and the pressure was

lﬁdjusted to 2 x 10-3 Torr. Then, a zirconium/boron |

5
i
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I rconi um oxi de- boron oxi de target,

a zirconium oxide-silicon oxide
or a zirconi um oxi de-boron

oxi de-silicon oxide target. In this
tt, preferred conpositional ranges of targets are shown in Table 2

case where the reactive sputtering is conducted .usi ng -a non- oxi de
, 1f the proportlon of oxygen in _ - 72 - ' '

target (atomic ratio 20/80) was subjected to reactive
sputtering to form an oxide £ilm erxoy comprising

zirconium ané borcn (socond layer x = 1.78, vy = 4.67) in

a thickness of about 200 A.
5 The opticai ptbperties Tv, TE, RVF, RvG and the color
! changes in the transmittance and in' the reflectance of
the heat radiation shielding giasé thus obtained, were

71%, 55%, 12%, 12%, 0. 0067 and 0. 026, respectively.

The heat radlatlon shleldlng glass was immersed in 1N

. 10 hydrochlcrxc alcd or sodium hydroxide for 6 hours or in

boiling water for two hours to examine the durability of
the £ilm of this Example, whereby no change in the

optical properties was observed. The durability test was

conducted in the same manner as in Example 7, whereby the

film showed excellent properties as in Example 7.
EXAMPLE 9

In the same manner as in Example 7, chromium was
subjected to reactive sputtering to form chromium nitride

(£irst layer) on a glass substrate in a thickness of

- about 10 A. Then, the gas was changed to a gas mixture

of argon and oxygen, and the pressure was adjusted to 2 x

10-3 Torr. Then, a target containing 2ZrB; and SiC was

k. ~Subjected .to reactive sputtering to form an oxide f£ilm-
iﬁ (2rBySizOy) containing zirconium, boron and silicon
jgl(second layer x = 0.99, z = 0.41, y = 4.31) in a

’ithickness of about 200 A. The optical properties Tv, TE,

1}R”?, Rve and the color changes in transmittance and thé

——
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t he at pheric gas is increased, the filmformng rate gradually
decreasgs, although it is thereby possible to obtain a transparent film
Thereforje, in order to secure a high-filmformng rate, - it is-necessary
to contrjol the oxygen concentration in the atnospheric gas to a certain
| evel . Nanely, it is necessary to conductig | mform ng

reflectance of the heat radiation shielding glass thus
obtained, were 72%, 58%, lﬁ%, 9%, 0.0074 and 0.029,
respectively.
The transmission colof and the refiection color were
5 not substantially distinguished from those of the base
glass sheet. The durability was also excellent as in
Example 7. |
EXAMPLE 10
Instead of titanium nitride in Example 7, chromium,
10 titanium or zirconium-was formed as the first layer in a

thickness of about 10 A. A ZrB; target was subjected to

reactive sputterlng to form an oxide £ilm contalnlng
zirconium and boron (second layer) thereon in a thickness .
of about 200 A, to obtain three types of heat radiation
shielding glasses. With respect to Tv, TE, RvF and ﬁvc of
these glasses, there was no substantial difference among
chromium,'kifanium end zirconium, and they were 72%, 58%,
11ls aed 10%, respectively. The color changes in the
transmission color and the reflection colar were from
0.0031 to 0.0065 and from 0.028 to 0.030, respectively,
i.e. as excellent as in Example 7. The durability was
also excellent as in ﬁxample 7. '

Now, ‘Examples .for the articles with high durability ..
as shown in Figures.S and 9 will be given.
EXAMPLE 11

In the same manner as in Example 7, titanium nitride

(first layer) was formed in a thickness of 20 A. Then,
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I n an} oxygen concentration within a transitional range from an absorptive
filmfo a '

-74..

as an oxldlzed barrier layer for the titanium nitride, a
ZrB; £ilm (second layer) was formed in a thlckness of 15
A in an argon atmosphere by using a ZrB; target. Then,
the gas was changed to a gas mixture of argén and oxygen,

5 and the pressure was adjusted to 2 x 10-3 Torr. A ZrB;
target was subjected to reactive sputtering to form a
ZrByOy £ilm (third layer x = 0.99, y = 3.49) in a
thickness oﬁ 60 A. Further, a target having a

composition of ZrygB3g was subjected to reactive

sputtering in a gas mixture of argon and oxygen to form a
ZrBy:Oy+ £ilm (fourth layer x = 0.14, y = 2.21) in a |
thickness of 80 A.

The optical properties Tv, Te, RVP and Rve of the heat
radiation shielding glass thus obtained, were 72%, 57%,

- 11 and 8%, respectively.

“The heat radiation shielding glass was immersed in
0.1N 32504, 0.1N NaOH and water of 100°C for 200 hours,
=200 hours and two hours, respectlvely. In each case, the
changes in the transmittance and the reflectance were

within 1s. '

In the abrasion Eest $y means of an abrasive eraser,
no substantial scratch mark was observed, and the film |
showed excellent séfatch.resis%ance. L
EXAMPLE 12 |

Chromium WaSISubjected to reactive sputtering in a
gas mixture qf argon, nitrogen and oxygen to form a

CrNxOy £ilm (first layer) on a glass substrate in a
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- 18- [ ransparent film However, it is very difficult to control the
sputterfng within such a transitional range On the other hand, if the
sputterfng is conducted by wusing a conpletely oxide target, it is
possi bl to obtain '

.; 75 -

.thickness of 20 A, and the second to fourth layers were
formed in the same manner as in Example 11 to obtain a
heat radiation shielding glass. |

Its optical properties Tv, TE, RVF and RVG were 71s,
5 S59%, 10% and 9%, respectively. Its durability was as
| excellent as in Example il. |
EXAMPLE 13

In the same manner as in Example 11, 20 & of a TiN

fllm (Eirst layer) and 15 A of a ZrBz film (second layer)
were formed. Then, in an atmosphere of argon and oxygen
(2'x 10-3 Torr), a ZrBz target was subjected to reactive
sputtering to form a ZrBxOy £ilm (third layer x = 0.99, ¥y
='3.49) in a thickness of about 200 A. The optical _
p;operties Tv, TE, RVF and Rve of the radiattion shielding
glass thus obtained, were 71%, 56%, 10% and'S%,
respectively. The rests of the properties were
substantieily the Same as in E#ample 11.
~New, Examples and'Comparative Examples for the

article with high durability as shown in Figure 6 will be
| given. |
EXAMPLE 14

On a cathode of a magnetron DC sputtering apparatus,
targets of metal Zn, metal Ag.and'ZreB"(Zr/B = j/3) were
placed. A soda lime glass substrate.having a thickness
‘of 2 mm was throughly cleaned by e.g. polishing, dried
and then placed in a vacuum chamber. The chamber was.

evacuated to a pressure of 1 x 10-5 Torr by an oil
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a transpgrent film but the filmformng rate is relatively | ow
Thereforg, by using a target nade of partially oxidized substance, it is
possiblefto forma transparent filmconstantly and at a high filmform ng
rate. Fof such a purpose, it is also possible to enploy a target conposed
of a mxgure of an oxide and a non- - 76 - '

diffusion pump. Here, no heatihg of the substrate was
conducted. Then, oxygen gas was introduced to the
vacuumed system to bring the pressure to 3.0 x 10f3 Torzc.
In this state, a power of 5.2 W/cm2 was applied to the

'5 metal Zn target to form a ZnO film in a thickness of 400
A. Then, the atmosphere in the vacuumed system was
replaced completely by 100% pure argon gas, and the
pressure was adjusted to 3.5 x 19-3 Torr. In this state,

a power of 0.8 W/cm2 was applied to the metal Ag target

to form a Ag film in a thickness of 150 A. Then, the
atmosphere in the vacuumed system was again changed to
100% oxygen gas, and a ZnO f£ilm was formed in a thickness
of 200 A under a pressure of 3.0 x 10-3 Torr. Finally,
the atmosphere in the vacuumed system was_changed to a
gas mixture of Ar/02 = 7/3, and a power of 7.8 W/cm2 was
applied to tﬁe Zr-B target Zr:B = 70:30 under a pressure
of 3.5 x ib-3 Torr ﬁo form a ZrByOy (x = 0.14, ¥y = 2.21)
filmin a thickness of 200 4 as a protective layer. The.
visible light transmittance of the sample thus obtained
was 75.9%. This sample was left to stand in an
atmosphere at 50°C under a relative humidity of 95% for
46 hours, whereupon the visible light transmittance
changed. to 77.4%, but ne changé was observed by Ehe.ﬂf“
visual inspection.-.A finger print was intentionally put
'onlthe surface of thé £ilm, and the sample was left to
stand in an atmosphere at 60°C under a relative humidity

of 95% for 19 hours, whereupon small pinholes were
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or exanple, an oxide mxture conprising at |east one member
fromthe group consisting of zirconiumoxide (inclusive of
ved zirconia), boron oxide and .silicon oxide and at |east one

sF!ected fromthe group consisting of netal zirconium boron,
i con,

zi rconi um bori de and zircogbun1silicidej,

slightly observed atftﬁe'finger printed portion.
EXAMPLE 15

In the same manner as in Example 14, a Zn0 £ilm was
formed in a thickness of 400 A as the firét layer, a Ag

film was formed in a thickness of 100 A as the second

. layer, a ZnO film was formed in a thickness of 800 A as

the third layer, and a Ag film was again formed in a
thickness of 100 A as the fourth'layer, and a Zn0 £ilm
was formed in a thickness of 100 A as the fifth layer.
Then, also in the same manner as in Example 14, a ZrBxOy
film (x = 0.14, y = 2.21) was formed thereon in a
thickness of 300 A as a protectlve layer. The v151ble
light transmittance of the Sémple thus obtained was
80.2%. This sample was left to stand in an-atmosphere at
50°C under a relative humidity of 95% for 53 hours,
whereupon the transmlttance was 80. l%, and no change was
observed by visual lnspectlon. ‘The same sample was left .

to stand_ln a weatherometer for 36 hours, whereupon the

. transmittance was 78.6%, and by visual-inspection, only

an extremely slight haze was observed at the end portion
and no change was observed at the central portion.

COMPARATIVE EXAMLE 3

.=-. In the same manner as in'Example 14, a ZnO £ilm was

formed in a thickness of 400 A as the first layer, a Ag

"film was formed in a thickness of 150 4 as the second

layer and a ZnO £ilm was formed in a thickness of 400 A

as the third léyer. Then, no protective film was formed

I
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a zirconi um oxi de-zirconi um bor-ide target, a boron oxide-zirconium
target, or. a..silicon. oxide zirconiumboride target. The

tion of such a target may be suitablly adjusted by properly mxing

xi de target" and the "non-oxide tarnget' shown in Table 2 to obtain

i red oxidized degree of the target.

thereon. The visible light transmlttance of the sample
thus obtained was 78.4%. This sample was left to stand
in an atmcsphere at 50°C under a relative humidity of 95%
for 46 hours, whereupon the transmittance was 75.4%.

The change in the transmittance was not so substantial,
but by visual obaervation, pinholes were observed on the
entire surface. A finger print was intentionally put on
the surface of the £ilm, and the sample was-ieft to stand
in an atmosphere at 50°C under a relative humidity of 95%

for 19 hours, whereupon the finger printed portion was

hazy with the color completely changed.

COMPARATIVE EXAMPLE 4 -

By using metal Sn instead of metal Zn as the target,
a Snoz'film was formed in a thickness of 400" A as the
first.layer, a Ag f£ilm was formed in a thickness of 110
A as the second layer and a SnO; £ilm was formed in a
thickness of 400 A as the third layer, in the same manner
as in.Example l4. No protective layer was formed as in
Comparative Example 3. The SnOz f£ilm was formed in an
atmosphere of 100% pure oxygen gas under a pressure of
3.0 x 10-3 Torr at an applied power of 84.7 W/cm2.

The visible light transmittance of the sample thus
obtained was 84.7%. This sample-was left to stand in.an-

atmosphefe at 50°C under a relative humidity of 95% for

53 hours, whereupon the transmittance was 73.6%, and a

- soale-patterned'haze formed on the entire surface and

Pinholes were substantial, ‘A finger print was

This Sheet Has Been R

i




TEe conﬁosition .of .. such .a target is..preferably within the ranges
shown i

The sput
may be

n the colum for "oxide and non-oxide mxture target" in Table 2.
tering atnosphere for the filmformng by neans of such a target,
det ermi ned dependi ng upon the Q}Lfgggd degree of the
intentionally put on the sﬁrface of the £ilm, and the
sample was left to stand for 19 hours, whereupon the
large nznno;es were formed at the finger printed portion.
The same sample was left to stand in a weatherometer for -
s 36 hours, whereupon the transmittance was 82.6%, and a
haze was slightly observed on the entire surface by
visual inspection.
EXAMPLE 16‘
By using soda lime glass having a thickness of 5 mm,
10 a scratch resistant pfotecﬁive film-provided glass sheet
of the present invention was prepared by DC sputtering

under the following conditions. As the target, a

sintéred body of zirconium_(Zr) and boron (B) containing
boron (B) in a pfoportidn (atomic ) of 57%7'Was used. 
As the supplied gas, é gas mixture of oxygen (0O2) and
argon {Ar) was used at a flow rate of the oxygen (Oz) of
30%, so th;t the vacﬁum degree in the vacuum chamber was
3.5 m.Torr. A Dd power . source was connected to the
target, and ~600 V was applied thereto to generate glow
diécharge, whereby the discharge current density was 20
mA/cm2., Under such a condition, a shutter was open for
37.5 seconds to form a ZrBxOy (x = 0.99, y = 3.49)
~amorphous f£ilm on the soda lime glass sheet having - a
thlckness of S mm. | )

The thlckness of the film formed on the substrate was

500 &, and the film was colorless transparent and had a

refractive indéx of 1;8. The content of bofon in the
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target so that the non-oxide conponent can be OX|d|zed The
us oxide filmof the present invention may '

...80_.

Y

£ilm was measured by ESCA, whereby the atomic ratio x of

boron to zirconium was found to be 0.99.

.With respect to TiOz and SnOz coated by conventional
dipping or spraying, the soda lime glass surface and the
amorphous £ilm of the present invent;qn, the dynamic
frictional coefficients by a stainless ball having a
diameter of 6 mm under a load of 50 g and at a moving
speed of the.substratetof 150 mm/min, ﬁere measnred by
Heidon 14 moael surfece property measuring device
manufactured by Shinto Kagakusha K.K. after the surface
wes.wiped with a cloth impregnated with acetone. With
respect to the four types of samples, dynamic f£rictional

coefficients of 0.204, 0.282, 0.145 and 0.142 were

obtained, respectively. Thus, the amorphous film

according to the present invention has excellent

_lubricating'properties and smooth, whereby scratching due

te‘frictidn scarecely takes place. 1In fact, by a test

wherein an abrasive eraser having a diameter of 5 mm was

reciprocated 10 times with a stroke of 30 mm under a load

of 500 g; thé number of scratch marks was the minimum

with the amorphous film of the present invention among

the above four types of samples, as'visually observed.
Now, more-Examples-of the article with high

durability shown in Figure 4 will be given.

.EXAMPLE 17

A glass substrete was placed in a vacuum chamber of a

sputtering apparatus. The chamber was evacuated to a
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be formpd by using any of the above-nmentioned oxide target containing Si or
an oxi de-non-oxide m xture target as a-tablet for vacuum deposition, and
heati ngf and evaporating the tablet by neans of an electron beam As -
conparefl with a wet system such as spraygpg- in the vacuun1dep05|t|on
preci se] control of the f|In1th|ckness can easily be nade

pressure of 1 x 10-6 Torr. As a glass substrate, a blue
glass substrate hasing a thickness of 4 mm was used. The
same glass substrate was used also in Example 18 et seq.
Then, a gas mixture of argon and nitrogen was introduced
5 to bring the pressure to 2 x 10-3 Torr. Then, titanium
was subjected to reactive sputtering to form titanium
nitride (first layer) in a thickness of about 20 A.
Then, the éaS-was changed to a gas mixture of argoh and
oxygen, and the pressure was adjusted to 2 x 10-3 Torr.
106 Then, a Zr-B target (ir:B = 40?60) was subjected to |
reaetive sputtering to form an oxide £ilm comprising
zirconium and boron (second layer) in a thickness of

about 200 A. The visible light transmittance Tv, the the

solar energy transmittance TE, The visible Light
reflectance on the coating surface RvF, the visible light
reflectance on the glass surface Rv@ and color changes in

the transmlttance and in the reflectance

\/AZSx)Z + (QAy)2 of the heat radiation shleldlng glass
thus obtained, were 73.3%, 59.0%, 9.2%, 7.7%, 0.0016 and

0.021, respectively.

The transmission color and the reflection color were
neutral to such an extent that there was no substantial
distinction from the base glass sheet.

The heat radiaéion shielding glass was immersed in

0.1N hydrochloric acid for 240 hours or 0.1N sodium
hydroxide for 240 hours or in boiling water for two hours

to examine the durability of the film, whereby no change
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Therefor#, vacuum deposition is preferred particularly in a case where a
multi-layered filmis prepared utilizing |ight interference. The
rel-ati on{bet ween the conposition of the target and the' conposition of a
filmforfped by neans of the target, vaLydf)sone extent by the
filmforfng

. ,
in the optical properties was observed.

In the abrasion test by means of an abrasive eraser,
no substantial scratch mark was observed, and thus the
film shcwed excellent scratch resistance.

5 EXAMPLE 18

In the same manner as in Example 17, zirconium was

subjected to reactive sputtering to form zirconium

nitride (first layer) on a glass substrate in a thickness

of about '20 A. Then, the gas was changed to a gas

mixture of argon and oxygen, and the pressure was
adjusted to 2 x 10-3 Torr. Then,'a zirconium/boron
target (atomic fatio 50/50) wds subjected to reactivé
sputtering to form an oxide film ZrB,Oy comprising
zirconium and boron (socond layer x = 1.78, "y = 4.67) in
a thickness of about 200 A.

The optical properties Tv, TE, RvP, Rvé and the color
changes in the transmittance and in the reflectance of
the'héat'radiation shielding glass thus obtained, were
76.9%, 61.4%, 8.3%, 7.8%, 0.0017 and 0.0297,
respectively.

The heat radiation shielding glass was immersed in
0.1N hydrochloric acid (HCl) for 240 hours or 0.1lN sodium
hydroxide (NadH) fof 240 hoﬁrs or in boiling water for
two houré to examiné th; durability of the £ilm of this
Example, whereby no change in the optical properties was
observed. The éurability test was conducted in the samé

manner as in Example 17, whereby the £ilm showed
—_
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conditippns and can not generally be defined. Those nentioned in Table 1
are specific exanples of such conpositions. The above-nenti oned
electrgﬁe or target may be fornmed, for exanple, by the foll owi ng nethod.
Narmel y,} a powder or a powder mixture canggising at |east one nenber

excellent properties as in Example 17.
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sel ectqd fromthe group consisting of metal zirconium boron, netal
silico, zirconiumboride, zirconium silicide, zirconiumoxide (inclusive
of zir onia stabilized or partlally stabilized by an addition of from 3

to 8 @6of e eg CaO- MyO, boron oxide and “silicon oxide,
is subj}d eto méﬁg @OHPQNY

e A
!-’I * c L M - *

Claims

1. An amorphous oxide film coﬁposed essent}ally
of an_oxide containing Zr and Si

(ZrSiz0y)« whérein the atomic ratio z of Si to Zr is 0.05
< z < 19, and the atomic ratio y of O to Zr is 2.1 = y
< AO,

2. An amorphous oxide film composed essentially of an oxide
‘containing Si and at least one member selected from the group
consisting of Ti, Hf, Sn, Ta and In. '

3. An amorphous oxide film composed essentially of an oxide
containing B,-Si_and at least one member selected from the group
consisting of Zr, Ti, Hf, Sn, Ta and In.

'4. An amorphous oxide film composed essentially of an oxide
= containing Si, Zr and at least one member selected from the
¥ group consisting of Ti, Hf, Sn, Ta and In.

5. An article with high durability which comprises a substrate
and one or more thin film layers formed thereon, wherein the
outermost 1ayér is made of an amorphous oxide film according to
any one of Claims 1 to 4.

6. The article with High durability according to Claim 5,
wherein at least two layers comprising a heat radiation

i reflecting film and the amorphous oxide film, are formed on the
ﬂ substrate in this order from the substrate side.

B 7. The article with high durability according to Claim 5,
¥ wherein at least three layers comprising a transparent
- dielectric film, a heat radiation reflecting film and the

. from the substrate side.
1 ; ' This Sheet Has Been R\,ﬂ aced
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pressure pressing or high pressure pressing, or by

S L
. : I * c L M H *

8. The article with high'durability'agcording to Claim

5 , wherein a totzal of 2:1 + 1 coating layers (n =
1) includihg’a transparent oxide layer as thé 2n + 1 -
layer. (_n-Z Q) .and a -silver layer.as.the 2n _layer.'(-n = ..
1) are forméd on the substrate, and the amorphous oxide
layer is formed on the outermost layer of said 2n + 1
coating layegs;
9. The article with high dorability according to c]aim.s,
wherein one layer of the amorphous oxide film is formed on one
side or each side of the substrate.
10. A double-glazed windowpane comprioing:
(1) a substrate-having

(1) a total of..Zn + 1 coating layers (n 2_ 1) formed
on said substrate including a'transparent'oxide layer as

the 2n + 1 layer (n = 0) and a silver laver 'as the 2n

layev' (n = 1) and

(ii) an amorphous oxide 1ayer according to any one of claims 1
to 4, formed on the outermost Tayer of said 2n+] coat1ng layers,
~and | '
(2) one or more substrates, double- or multi-glazed with an
- inner surface between said substrates, and with said 2n+1
& coating layers and sdid amorphous oxide layer facing the inner
¢ Space. '

?_11. A building or transportation meaos héving‘windows

a provided with a windowpane which comprises a transparent
; substrate and one or more thin film.layérs formed

* thereon, éhere*n the outermost layer exposed to air is

. made of an amorphous oxide film accord1no to any one of

-

3 CTa1m¢ 1 to §&. S :
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sinterrjng a product of the high pressure pressing to forma single
systempr m xed system el ectrode or target of .t hepresent invention. In

this cagse, the particle size of the powder is pre to 40
[err]m Further, it has been confirnmed ghat the P Imﬂ m Ilﬂ ” to be
the sane even when such an el ectrode or target :

12. A heat radiation shielding glass which comprises a glass
substrate and at least two layers comprising a heat radiation
shielding film and an oxide film formed sequentially on said
substrate, wherein said oxide film constitutes the outermost
layer expoéed to air and has a refractive index of at most 2.0.

13. The heat radiation shielding glass according to claim 12,
‘wherein said oxide film is made of an amorphous oxide film

composed essentially of ZrSiZOy wherein z is 0.05%Lz <19 and ¥y
is 2.1<y£40., '

* 14. A laminated article comprising a transparent substrate

f having a transparent conductive film composed of one or more

% layers including a metal layer, and other transparent substrate,
; which are laminated with a plastic interlayer disposed therebe-
; tween, wherein an amorphous oxide film composed essentially of
Efan oxide containing at Jeast one member selected from the group
i consisting of ZIr, Ti, Hf,:Sn, Ta and In and at least one member
E selected from the group consisting of B and Si, is disposed
llbetween said transparent conductive film and said plast1c inter-
g layer.

B 15. A building or transportation means having windows

-ﬁprovided with a windowpane which comprises a transparent
f substrate and one or more thin film layers formed
;therecn, wherein the oﬁtermost layer exposed to air is
fmade of an amorphous oxide f£ilm composed essentizlly of
ian oxide containing at least.one member se‘eﬁteﬂ from the
iﬂrcun cons;sulng of zb, Ti, Ef, Sn, Ta and In and at

FEasb'one member selected from the group consisting of B

/
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contaings iron, alum num magnesium cal cium yttriunl' manganese and
hydrog¢n in a total anount of not nore than 2% by wei ght. Carbon may. be

contai fled in an anount of not nore than 20% by m@%QPLL,§LﬂQe_LLfm&y—
el i m nft ed in the formof CO[err] gag during the:filmformn

be
e hefrare, the orectroee o srom ‘5t f s\ nnt W "
. i * [ L
i

]

16. A sputtering target composed essentially of a
substance containing'4 to 90 atomic % of Zr, and from 3
to 90 atomic % of B, and from 0 to 6§ atomic $ of oxygen..
17. & sputtering target composed esseatially of a |
substance containing from 1 to 90% of Zr, from 3 to 95
aﬁomic $ of Si, and from 6 to 67 atomic % of oxygen.

. 18. A sputtering target composed essentially of a

‘ substance containing from 1 to 90.atomic % of Zr, and
from 3 to 95 atomic % of B + Si, and from 0 to 67 atomic
$ of oxygen, provided that when.92r < B, B < 0.25Si +

92Zr.

19. A“process,for producing an amorphous oxide film composed
essentially of an oxide containing Si and at least one member
selected from the group consisting of Zr, Ti, Hf, Sn, Ta and In,
~which comprises subjecting a non-oxide, oxide, or a mixture
thereof containing Si and at least one member selected from the
group consisting of Zr, Ti, Hf, Sn, Ta and In to sputtering.

20. The process according to claim 19, wherein a non-oxide,
oxide, or a mixture thereof composed essentially of a substance
containing from 1 to 90 atomic % of Zr and from 3 to 95 atomic %
of Si and from 0 to 67 atomic % of 0 is subjected to sputtering
to form a film of Zr"S1'ZOy wherein z is 0.05€ z <19 and y is
2.1£y<40.
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I nverjti on shows simlar effects even when it contains copper, vanadi um
chromi um nol ybdenum tungsten, cobalt, rhodium or iridiumin a snal
anout as an inpurity. The anor phous oxide filmof the present

i nvention has excel l ent scratch resistance and abrasion resistance and

may,

L2 A AR T 1 Oe e e are

as such, be applied to various art’i ¢les where hi gh”“l“l "ll" III" "III " |II|
. * c L M S %*

21. A process for producing an article with high
durability, which comﬁrises:

forming a heat radiation reflecting £ilm on a
substrate, -

forming an oxidation barrie: £ilm so as to protect

said heat ra tio1 reflecting £ilm from being oxidized

when the amorphous oxide £ilm is subsequently formed on
said oxidation barrier film, said oxidation barrier film
containing the same metal element as the amorphous oxide
to be formed on said oxidation barrier £ilm,

forming the amorphous oxide‘fiim on szid oxidation
barrier film, said amorphous oxide film being composed
essentially of an oxide containing Si and at least one member
‘selected from the gréup consisting of %r, Ti, Ef, Sn, Ta,

and In.
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lity is required. hbnely, thé pfésent I nvention-provides an
e with high durability which conprises a substrate and one or
hin filmlayers formed thereon, wherein the out ernost | ayer exposed
i s made. of an anor phous oxide filmconposed essentially of an
containing Si and at -
ABSTRACT
An amorphous oxide film composed essentially of an
oxide containing at least one member selected f£rcm the
group consisting of Zr, Ti, HE, Sn, Ta and In and at

5 least one member selected from the group consisting of B

and'Si..
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Hf , Sn, Ta @

_ SR
| east}- one nenber selected fromthe grou‘p consi sting of Zr, Ti,
and. {l n, SR

FIGURE Il(a)
x in ZrBxOy laﬁrer

- Q
O OOS.I 05 |

2 3

Refractive index

O 50 - 100
B - ' : -
Zr + B (atomic %) in z;-ony film
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21 Figure 2 is a cross-sectional view of an enbodi nent
to the present invention,

with hgi h durability.according

~/

refergnce nuneral 1 indicates a substrate nmade of e.g.
colorgqd class or plastic, nuneral 2 indicates a first |ayer made of a

FIGURE I (b)

z in ZrSi,0

y layer

a transparent or

Ol

05 I 2 3

=]
£ _
(]
2
° »
[+
& ) -
g , (] [ ] ] t t ]

0 50

Zr + Si (atomic %) in ZrSizOY film

100

of the article
wher ei n
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metal, hitride, carbide, boride, oxide, silT c?de or a mxture thereof, and
nuneralf 3 indicates a second layer of an anorphous oxide filmconsti tut| ng
t he outlernost | ayer exposed to air, i.e. an anorphous oxide film conposed
essentifal |y of an oxi de contai ni ng Si and at | east one nenber selected
fromtthe group consisting of Zr, Ti, Hf ,: _

FIGURE  I(c)

: in ZrB) 95i,0y film
Q. 05 I 2

- W

Z rBo.ézOzaa

SiOz2

4 =
B
:g , : . - ' 1 ! 1 1
© 50 100
ZI'—S"'IS-l— (atomic %) i.n ZrBO.QZSizoy film
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Ta, Snj and In, Figure 3 is a cross-s;{‘c/tional vi ew of anot her

enbodi yrent of the article with high durability according to the present

i nventy on, wherein reference nuneral 10 indicates a substrate simlar to
t he abpve- nenti oned '

FIGURE I(d)

Z in TiSi,0y film

0.1 05 |
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|8

TiO2|

20

SiO
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é’ l y L 1 1 t } ' 1 |
0 50 100

Ti + Si (atomic %) in TiSiZOY' film
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substjrate 1, nuneral 11 indicates a first /Iaayer of a. transparent
dielgctric film nuneral 12 indicates a second |layer of e.g. a nitride
filmisimlar to the first layer in Figure 2, and nuneral 13 indicatées a
thirq layer of an anorphous oxide filmconstituting the outernost |ayer
expoded to air. ' '

FIGURE l(e)

(00 O |
A A _ /

1
~

Oxide film composition

» 0O

Qe B ' —>100

ition (atomic ratio)
Target composzt}o ¢ - This Sheet Has Been Reilaced




| ' /8
These nbodlnents have a multi- Iayered structure as:- described above. In
sone cdses, one or nore layers may be inserted between the substrate 1 and
the figst Iayer 2 or the first layer 2 and the second |layer 3 of Figure 2,

FIGURE 2

; 2
VPP IIIIIIIv sy

R\\\\\\\\\\\\\\\\

FIGURE 3
Il a 13 12
77227 27757

(\\\\\\\\\\\\\\\J
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- FIGURE &4
2(3 22
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.....

" 22- or between the substrate 10 and {ge first layer 11, the first |ayer
11 and the second | ayer 12 or the second |ayer 12 and the third Iayer 13
of Figure 3, in order to :

FIGURE &
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V/////////////’x‘&s
ASIIISRIIINNY 32

LAY

.. FIGURE 6
44
{ - =42
(2n+1) |} : 43
Layers z
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FIGURE 7  FIGURE 8
53 63
A58 ’/’/’//’ :68
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durability accor
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-chem cal stability. There is no particular restriction as to whe-o
anor phous oxide filmfor the second-layer 3 in Figure 1 or for the #ird

| ayer 13 in Figure 2, so long as it is anorphous as neasured by the thin
filmX-ray diffraction analysis. Specifically, a m xed oxide film
containing Si and at |east one nenber selected fromthe group consisting of
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AMORPHOUS OXIDE FILM AND .ARTICLE HAVING SUCH FILM THEREON

The present'invengion relates to an amorphous oxide
film which is tfansparent'and excellent in durability,
and an article with high durability having such a film on
its surface. .

Heretofore, a mirror, a heat radiation reflecting
glass, a low é;iééiQity glass, an interféréﬁbé filter and
a reflection preventive coating for camera lenses or eye
glass lenses have been known as articles having an
optical fuﬁction imparted by forming a thin £ilm on a
transparent substrate rsuchras»axglass -or.plastic-
substrate.

In the case of ordinary mirrors, Ag is formed by
electroless plating, or Al or Cr is formed by e.g. vacuum
vapor deposition or sputtering. Aﬁong them, a Cr f£ilm is

"relatively-tough; and-as-such; is-used as a mirror having-
the coated surface expésed.

In the case of the heat radiation reflecting glass,
titanium oxide or fin oxide is formed by spraying,

chemical vapor deposition (CVD) or dipping. Recently, a

REPLACEMENT SHEET
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Zr,

and the abrasion resistance.Particularly prefeg
ZrSi[err]dJerr] wherein z is 0.05 [err] z < 19,
and a film of ZrB[err]Si[err]Jerr] wherein X
z, z <19 and 2 <y < 40, provided that when X
refractive indices of such three H |218 deg

The

Sn, Ta, and In, is preferred in vig

heat radiation refleéting glass‘hés been available in
which a metal film, a nitr;de film or a tin—doped indium
oxide (ITO) is formed by sputtering on a glass sheet. By
the sputtering method, thé £ilm thickness can easily be
controlled, and a plurality of films can continously be
formed, whereby it is possible to obtain desired
transmittance, ieflectivity,-color tone, etc. by proper
combination of transparent oxide films. Thefefbre, the

demand is increasing in the field of the building

. construction where ornamental design is important.

A low emissiviEy glass (low emission glass) to
reflect a radiant heat frqm an air conditioner or from a
wall in a room to the inside of the room, has a three-
layered structure of ZnO/Ag/Zn0O or a five-layéred
structure of Zn0/Rg/Zn0/Aq/Zn0O, wherein silver is
sandwitched between zinc oxide layers (Japanese Patent
.Applic;tion No. 280644/1986). It is used as a laminated-
:glassun;udoublerglazedfgiass;v:In'recentwyears,-there=has
been a remarkable increase in its use in cold regions in
Europe.

A reflection preventive coating for lenses is formed
by alternately laminating a film of high refractive index
Such as titanium oxide -or -zirconium oxide and a film of
low refractive index such as silicon oxide or magnesium
fluoride. It is common fé;gmploy vacuum vapor
deposition. -During the film-forming operation, the

Substrate is heated to improve the abrasion resistance.
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contents of B and Si increase, as nentioned abdy. a '
el - YREPLACEMENT SHEET
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A reflection pfevehtiée coatihg of e.g. a surface-
coated mirror, a single plate heat radiation reflecting.
glass or a lens, is used in such a state that the coated
film is exposed in air. Therefore,'it must have good
chemical stability and abrasion resi;tance. On the other
hand, also in the case_of the low emissivity glass,
defective products are likely to result due to e.g.
scratching during the transportationlor handling prior to
being formed into a laminated glass or a double—glazed
glass. Under the circumstances, it is desired to have a
protective layer which is stable and excellent in the’
abrasion resistance, or an optical thin £ilm serving also
as such a protective iayer.

To improve the durability, it is common™to provide a:
chemically stable transparent oiide £ilm on the side to
be ekposed in air. As éuch an oxide £ilm, titanium
oxide, tin oxide, tantalum oxide, zirconium oxide and
fsilibdqfoxide:ére"knownxﬁnﬂhsuitabiewoxiderfilm has -been.
used depending upon the required properties.

Titanium oxide and zirconium oxide are excellent in
the chemical stability, but they tend to form a
ctystalline £ilm, and the surface roughness tends to be
substantial, whereby-the-friction-in-sliding contact is - -
large, and the £ilm is inferior in the abrasion
.resistance. ~

On the other hand, tin oxide and silicon oxide are

not durable when immersed in an acid or an alkaline
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Therefore, the contents of B and Si may suitabily be s ected dependi ng

upon the desi
cont ai ni ng Zr

conponent system of zirconium Si and optionally B and cxygen and may |
further contain other conponents to inprove the

red refractive indices. Such an anorphoug EMENT
and Si and optionally Bis not linmted tjo p—Hree ch&E
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solution for a long period of time.

I

Among these materials, tantalum oxide has both the

abrasion resistance and the chemical stability, but it is

still inadequate in the abrasion resistance.

Further, titanium oxide, tin oxide, tantalum oxide
and zirconium oxide have relatively high refractive
indices. Whereas, silicon oxide has a relatively low
refractive index. Therefore, there is a limitation in
the freeness for optical design to provide various
optical functions.

Heretofore, no thin £ilm has been known that has high
durability and a wide range of freeness for opticai
design.

It is.an object of the preéent inventiofi to solve the
above problems.

The present invention proéides an amorpﬁoué oxide

£ilm compééed essentially of an oxide containing at least

“one fember-selected-=from: the group:rconsisting of Zr, Ti,

HE, Sn, Ta and In and at least one member selected from
the group consisting of B and Si.
Further, the present invention provides a process for

producing an amorphous oxide film'composed essentially of

‘an-oxide containing-at--least’one member selected from -the

group consisting of Zr, Ti, Ef, Sn, Ta and In and at
least one member selected from the group consisting of B
and Si, which comprises subjecting a non-oxide, oxide, or

a mixture thereof containing at least one member selected
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durability, to adjust the optical properties or tg epd and
the stability for filmformng. Further, the anoip oqf ﬁﬁjﬂE?J n bf t he
present invention may not necessarily be transpafent, é AN
absorptive filmin an oxygen- Iacklng state or a fifl bnj ai ni ng
ni trogen.
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from the group consisting of Zr,.Ti, Hf, Sn, Ta and In
and at least one member éelected from the group
consmstlng of B and Si to sputtering.

Still further, the present invention provides an
atricle with high durability which comprises a substrate
and one or more thin £ilm layers formed thereon, wherein
the outermost layer exposed to air is made of an
amorphdus oxide film composed essentially of an oxide
containing at least one member selected from the group
consisting of Zr, Ti, Ef, Sn, Ta and In and at least one
member selected from the group consisting of B and Si.

Now, the present invention will be described in
detail with reference to the preferred embodiments.

In the accoméanying drawings: |

Figure'l(a) is a graph showing the relation betweén
the content of B in a ZrBxOy film and the refractive
index ﬁ of the £ilm.

iTigure:l(b)vis-a:Qraph:showingwtheprelation between.
the content of Si in a ZrsSi;Oy £ilm and the refractive
index n of the f£ilm.

Figure l(c) is a graph showing the relation between
the content of.Si in a ZrBg.225i;0y £ilm and the
refractive'index.n of -the EFilm.--

Figure (d) is a graph showing the relation between
the content of Si in a TiSiOy £ilm and the refractive
index n of the film.

- Figure 1(e) is a graph showing the relation of the
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There is no particular restriction as to the t ' ENT$ q\d'ond | ayer
3 or the third layer 13 <constituting the outer ' et i ckness
may be determined taking the transmittion colorfor the reflectlcn col or
into consideration dependi ng upon the  particul u2mNBV PBheverd, if the
| ayer is too thin,

- § -

——

atomic ratio of Zr and B in a fofméd film relative to the
atomic ratio of Zr andlB ;n the target composition, when
a ZrByOy £ilm is formed by reactive sputtering.

Figures 2 to 6, 9 and.lo are cross-sectional views.of
articles with high durability according to the present
invention having the émorphous oxide films of the present
invention on their surfaces. |

Figures 7 and 8 are cross—sectional views of
laminated glasses wherein the amorphous oxide films of
the present invention are ﬁsed as metal diffusion
barriers.

Figure 1l is a perspegtive view of a bar cord reader
having a transparent sheet composed of one layer of the
amorphous oxide f£ilm of the present invention at the read
out portion of thg bar cord reader.

The present invention is based on diséovery that an
amorphous Bxide containing at least one member seieéted
'frbmatpe"group consisting ‘of Zr, Ti,-HE, Sny-Ta. -and - In
and at least one member selected from the group
consisting of B and Si, is a thin film which is excellent
in the scraEéh'resistance, the abrasion resistance and
the chemical durability and which also has freeness for
optical deéign.

‘Table 1 shows'éhe properties of various amorphous
oxide films of the'present invention. Each £ilm was
prepared by direcf current (DC) reactive sputtering or RF

sputtering by using a target having the composition as
I
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no adequate durability is obtainable. Therefore, -y
50 A nore preferably at |east 100 [err], nDst {REPgﬁggﬂﬁﬁng 51 200
[err].

formng the second |ayer 3 or the third layer 1]
lon plating or sputtering

at | east

¢
(e

—

There is no particular restriction aljs¢ as to the mgthod for
Vag gyypy apor eposition,

!

_7—

identified in Table i. The cryséallinity was determined
by a thin film X-ray diff;;ction analysis. The scratch
resistance was determined ﬁy the abrasion test by means
of an abrasive eraser. Sfmbol @] meané that no
substantial scratch mark was observed, and x means that
scratch marks easily formed.

The abrasion resistance was determined by a Taber
abrasion test (abrasivg ring: CS-10F, load: 500 g,
rotational speed: 1,000 .rpm). Symbol O means that the
haze was not more than 4%, and x means that the haze
exceeded 4%.

The acid resistance was determined by immersion in
0.1N H2S04 for 240 hours. Symbol O means that the
change in Tv (visible light tfanSmittancé)'éna Rv
(visible light reflectivity) as between before and after
the immersion was within 1%, A means that the change was
from 1 to'Z%, and x means that the film was dissolved and
disinéegrated:w |

The alkali resistance was determined by immersion in '
0.1N NaOH for 240 hours. Symbol O means that the change
in Tv and Rv as between before and after the immersion
was within 1%, and x means that the film was dissolved.

The boiling test- was-conducted by immersing the test-
Piece in water of 100°C.for two hours under 1 atm.

Symbol O means that the change in Tv and Rv as between
before and after the immersion was within 1%, and x means

that the change exceeded 1. -
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material for the first layer 2. The material nayREP i }jéﬁEEI ect ed
dependi ng upon the required specification fromnetfjals, nitrides{ ¢arbides,
bori des, oxides, silicides or mxtures thereof. 2 brNOV49%tase bf the

heat radiation shielding glass, the first |layer |2{my be sel ect fromthe
group - 10 --

9°ANY%
Q.

With respect to a ZrB«Oy filﬁ,'it is evident from
‘Table 1 that a crystalling film tends to form when the
-content of B in the film is small, and an amorphous f£ilm
tends to form when the content of B is large. It is also
evident th&t ﬁhe crystalline £ilm is inferior in the
scratch resistance and in the abrasion resistance,
whéreas the amofphous film is excellent in these
properties. This is believed attributable to the facﬁ
that the amorphous f£ilm has a smooth surface. Thus, a
£ilm of Zeroy wherein the étomic ratio x of B to Zr is
0.05 = x, preferably 1.0 = x, is excellent in-the
scratch resistance and in the abrasion resistance. A
B203 £ilm is hygroscopic and tends to be dissolved by
absorption of moisture from air. Therefore, in the
ZrBx0y £ilm, the atomc ratio x is preferably x = 3.

There is no particular restrictipn as to the atomic
ratio of 6 (oxygen) to Zr .in the ZrByOy film. However,
if thegatomic.ratio is® too high; the: film:structure tends
to be rough. On the other hand, if the atomic ratio is
too small, the film tends to be metallic, whereby the
transmittance will be low, and the scratch resistance of
the f£ilm tends t6 be low. Therefore, oxygen should |
Preferably be in an-amoun; sufficient to form a -mixed
System of ZrOz; and B30j3. Nameiy, if the mixed oxide is
‘Tepresented by ZrOz + xBOj.s, it is preferred that y = 2
+ 1.5x when B is cbntained in an amount of x in atomic

fatio to Zr.
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qu-i des and
Cr, Zr, Ta, Hf,J a nitride
NRWINOVLRogle,l ghrom um
moxi-de (I1TO iinjview of the

consisting of netals such as Ti, C. Zr, Ta a

m xtures thereof. However, it is preferably Tj
such as titanium nitride, zirconiumnitride,
nitride or tantalumnitride or tin-doped i ndi
excel l ent heat radiation shielding - 11 ~

From Table 1, it is also evident that the refractive
index of the £ilm tends to decrease with an increase in
the amount of B in the zfaxoy £ilm. The relatidn between
the £ilm composiﬁion and t;.he refractive index n is shown
in Figure l(a). By an increase of B in the £ilm, the
refractive index n decreases from about 2.0 to about 1.5.

Thus, a ZrBxOy £ilm wherein x is 0.05 = x = 3 andy
is 2 < y = 6.5 has excellent scratch resistance and
abrasion resistance, énd the refractive ihdex can freely
be céntrolled b;y adjusting .the amount of B, and it is an
amorphous oxide £ilm suitable for the purpose of the
‘present invention. |

Further, as shown in Table 1, the acid resistance and
the alkali resistance tend to deteriorate with an
increase in the content of B in the film. When x 2 1,
the .'aci.d resistance becomes poor, and when x > 1.5, the
alkali res;istance becomes poor and the boiling test
result. shows' a -deteriorationy: Aecordingly, in an:
application where the film is used as exposed in air, an
amorphous oxide f£ilm of ZrBxOy wherein x is x = 1.5,
particularly, x = 1.0, is preferred. And a film of
ZrB4Oy wherein x is x > 1.5, is useful in other
'applicatibns as a low refractive-index f£ilm.

As described in the foregoing, it is beligved that by
"the éddition of é to a Zr0; £ilm, the £ilm bécomeé
amorphous, and the surface becémes smooth, whereby the

abrasion resistance and the scratching resistance are
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properties. The thickness of the first |ayer

nost |.000 A, preferably at nost 500 A alths
the desired transmttance. In the case of a nitri
exceeds 1,000 A, the absorption by the nitride fifmtends to be eikcessive,
and ' o

- 32 -

T Uy

improved. Further, it is possi-bie' to control the
refractive index by adjusting the amount of B.
Furthermore, as compared with the Zr0O; £ilm, the intérnal
stress is small, which is advantageous for the adhesion
to. the substrate (glassl, plastics, etc.) or to a primer
coating layer on the substrate. This is particularly
advantageous when a thick film is to be formed.

With respect to a ZrSi.Oy film, it is also possible
to obtain an amorﬁhoug film_ having excellent scratch
resistance and abrasion resistance. The refractive index
varies depending upon the proportions of ZrO; (n = 2.15)
and SiOz (n = 1.46) (see Figure 1l(b)). Table 1 shows a
case where 2rSij 4704.95 was formed by DC sputtering by
using a target composed of 333 of Zr and 67% of Si. More
specifically, in a ZrSi,Oy filh, the aﬁomic ratio z of Si
to Zr in the film is preferably 0.05 = z < 19. If z-<
0.05, .the film will not be aﬁorphous, and no adequate

“physical durability will be-obtained. ' On-the-other hand,-
if z = 19, the alkali resistance tends to be poor. The
atomic ratio y of O to Zr in the film of ZrSi,Oy is
preferably y = 2  + 2z when Si is contained in an amount
of z in atomic ratio to %r, for the same reason as |
described with ‘respect ‘to™the ZrB,0y film:

Accordingly, in an application where the f£film is used
as exposed. in air, a ZrSi,Oy £ilm wherein z is 0.05 = z
< 19 and y is 2.1 = y < 40, is preferred. A ZrSisOy

£film wherein z is 19 _é z, is useful for other
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peeling is likely to occur due to the internal str<RERLACEME \ 1 ase of
anitride film it is effective to adopt a three] red JL*”FT‘ -as

shown in Figure 3, wherein an additional |ayer is f r bet ween
substrate and the nitride layer in order to increapejt NOYh19960n Vi th t he
gl ass surface. As such a first |ayer

=
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applications as a low refractive'index film.

A ZrBySi Oy £ilm is al;o suitable for the purpose of
the present inveniton. With respect to the atomic ratio
x of B, the atomic ratio i of Si and the atomic ratio y
of O to Zr in such a film, x + y £ 0.05 is preferred,
since the £ilm will thereby.be amorphous, and a film
having excellent scratch resistance and abrasion
reisistance will thereby be obtained. Further, if x >
0.25z + 3 when x > 3, the acid resistance of the f£ilm
tends to be inadequate, and if y = 19, the alkali
resistance tends to be poor. This may be explained in
such a manner that if the ZrBxSi Oy f£ilm is assumed to be
a mixture of an oxide of Zr-B-0 and an oxide of B-Si-O,
the data on the ZrBxOy £ilm show that in the Zr-B-0
.system, the chemical stability tends to be inadequate
when the atomic ratio x of B to Zr exceeds 3, and if this
excessive'ﬁ is contained in the B-Si-0 system, the B-Si-0

oxide ;endsnto be chemically unstable when the atomic
ratio x' of B to Si in the B-Si-0O oxide exceeds 0.25. y
is preferably at a lével of 2 + 1.5x + 2z when this £ilm
is assumed to be a mixed system of ZrOz + B203 + SiOgz,
for the same reason as described in the case of ZrBxOy.
Accordingly, y is preferably at a level of 2 < y <-40.
The larger the contents of B and Si, the lower the
-refractive index of the ZrBxSi,Oy film. This is
illustrated in Figure 1l(c) with respect to ZrBg.225i:0y

£ilm. - ——
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An oxide céfitaining a metal éthéf than Zr i.e. at
least one member sélected.from the group consisting of
Ti, Bf, Sn, Ta and In, and at least one member selected
from the group consisting of B and Si, will likewise be
amorphous and provides adequate scratch resistance and
abrasion resistance. As an.example, a TiSi,Oy film is
shown as sample 10 in Table 1.

The amorphous oxide film of the present invention may
contain very small amgunts of elements other than Zr, Ti,
HE, Sn, Ta, In, B, Si and O.

The amorphous oxide f£ilm of the present invention can
be formed by a wet system such as spraying or by a
physical vapor deposition method such as chemical vapor
deposition, vacuum vapor deposition or sputtetring.
Particularly preferred is sputtering, since a f£ilm having
superior adhesion as compared with other methods can
thereby be obtained.

' “As-shown--in‘'Table 2, when a:film of e.g. ZrBxOy,

" ZrSizOy or ZrBySiOy is to be formed by means of a target

or an electrode of a non-oxide type comprising at least
one 'member (M) selected from the group consisting of Zr,
Ti, HE, Sn, Ta and In and at least one member selected

from the group consisting of B and Si, a uniform film can

be formed by sputtering in an atmosphere of a mixture of

argon and oxygen under a vacuum degree of from 1 x 10-3
to 10 x 10-3 Torr by using a target or an electrode of a

non-oxide single system or a non-oxide mixed system such

his Sheet Has Been Replaced
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11, an oxide such as titanium oxide, hafnium REQEACENEEﬂhSHEET

tantal um oxi de or indiumoxide, or a transparerjt (dretrectric 11l nade of
e.g. zinc sulfide, is preferred. Fromthe viewpdi %;f@ Qaaygd egion to the
nitride filmof the second |ayer 12 or the prddyct 9 V' sputqering, '
the first layer is preferably a dielecg;i;gfjl

i

as a zirconium boride single sysﬁem, a zirconium silicide
single system, a zirconiuq boride-metal zirconium mixed
system, a zirconium boride-zirconium silicide mixed
system, a zirconium boridé—metal silicon mixed system, a
zirconium siiicide—metal silicon mixed system, a
zirconium boride-zirconium silicide~metal zirconium mixed
system, a zirconium boride-zirconium silicide-metal
silicon mixed system or a zirconium boride-boron mixed
system. Such a non-oxide target has electrical
conductivity, and the film'forming can be conducted by
direct current sputtering, wheréby a uniform £ilm can be
formed at a high speed over a large surface area. When
the reactive sputtering is conducted by means of a non-
oxide target, the ratios of B and Si to Z in the target
can not be maintained and tends to decrease in the film
formed by using the target, as is appﬁrent from Table 1.
This tendéhcy is remarkable when the content of B in the
targeﬁﬁis relatively. small .as.shown.in Figure l(e) -with
respect to the case of a ZrBxOy film. As the content of
B increases, the ratio of B in the target approaches the
ratio of B in the film obtained therefrom. The same is
true with respect to Si and Si + B in the case where a
2rSiz0y £ilm or a zrh*SizOy film is formed.

' In view of the above tendency, in a case of forming a
£ilm of ZrByOy wherein x is 0.05 < 'x =< 3, and y is 2 <
y < 6.5, it is preferred to employ a target or an

electrode comprising from 10 to 90 atomic % of 2Zr and

. This Sheet Has Been Reﬂlaced




containing the sane elenents as the nitride filmof the second |ayer
However, the conbination of the first |ayer 11/the second |layer 12 is not
limted to such a specific exanple but includes various combinations such
as tantal um oxide/titani umoxide, zirconi.um oxide/titaniumnitride and tin
oxide/zirconiumnitride: 16

E [ 4

n the desired £ilm apd th

ro
composition of the target or the elect

e corresponding

e [
- de, is shown 1D

Table 2.
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restriction as to the.

As the transparent dielectric filmof the first lay
since

to the above-nentioned anorphous film may.

parti cul ar
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possi bl e, by properly selecting'the filmithickness, to contro

| the

refl ectance or the color tone by utilizing tHh
Particularly when it is used for a heat radisg
for high transmttance and |ow reflection in

fects.

TN

ss i nt ended

tHe visible lig

t] range by

utilizing the interference effects, the 25 NOV 1996
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Otherwise, the film-forming
sputtering in a non-reducipg atmospherelcomposed mainly
of argon with a proper amount of oxygen under a vacuum
degree of from 1 x 10-3 to 10 x 10-3 Torr by using an |
oxide type target containing at least one member selected
from the group consisting of Zr, Ti, Hf, Sn, In and Ta
and at least one member selected from the group
consisting of B and Si. The oxide target useful for the
formation of an oxide film containing Zr and at least one
of B and Si, ma& be a.mixeé oxide target composed of at
least two members selected from the group consisting of
zirconium oxide (inclusive of stabilized or partially
stabilized zirconia), boron oxide and silicon oxide, such
as a zirconium oxide-boron oxide target, 'a zirconium
oxide-silicon oxide target or a zirconium oxide-boron
oxide-silicon oxide target. In this respect, preferred
compositiahal ranges of targets are shown in Table 2.

'Fﬁia-case-whEré-the reactive. sputtering is ‘conducted -
using a non-oxide target, if the proportion of oxygen in
the atmospheric gas is increased, the filmrformihg rate
gradually decreases, although it 'is thereby possible to
obtain a transparent f£ilm. Therefore, in order to secure
a;high-film-forming rate, it is necessary .to-.control.the
oxygen concentrati&n_in the atmospheric gas to a certain
.level. Namely, it is necessary to conduct £ilm-forming
in an oxygen concentration within a transitional range

from an absorptive £ilm to a
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t hi cknesses of the first layer 11 and the third RE%E shoul.d_preferably
AG

be adjusted to an optical film thickness wthinp

1,800 A The
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transparent film. However, it is very difficult—to

control the sputtering within such a transitional range.

On the other hand, if the sputtering is conducted by
using a completely oxide ﬁarget,,it is possible to obtain

a transparent £ilm, but the film-fo:ming rate is

.relatively low. Therefore, by using a target made of

partially:oxidized substance, it is possible to form a
transparent £ilm constaﬁtly and at a high fiim—forming
rate. For such a purpose, it is also possible to employ
a target composed of é mixtﬁre of an oxide and a non-
oxide, for example, an oxide mixture comprising at least
one member selected from the group consisting of
zirconium oxide (inclusive of stabilized zirconia), boron
oxide and silicon oxide and at least one member selected .
from the group consisting of metal zirconium, boron,
metal silicon, zirconium boride and zirconium silicide,

such as a zirconium oxide-zirconium boride target, a

-borom= oxlde-Zchonlum zboride:target; or. a.silicon oxide-

zirconium boride target. The composition of such a
target may be suitablly adjusted by properly mixing the
"oxide target” and the "non—-oxide target" shown in Table

2 to obtain the desired oxidized degree of the target.

. The composition.of. such.a.target._is.preferably within the

ranges shown in the column for "oxide and non-oxide

mixture target" in Table 2. The sputtering atmosphere

for the'film-formihg by means of such a target, may be

determined depending upon the oxidized degree of the
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-26 - refractive indices of the first laye REHA@EMEN‘@ SHE | ayer

13 should preferably be selected within a range o2 0-to2.[5, but
they may be outside this range so |long as the oat C hi cknesses are
within the %E?Ndvqwb _
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target so that the non-oxide-comﬁonent'can be oxidized.

The amorphous oxide f;lm of the present invention may
be formed by using the above-mentioned oxide targét or an
oxide-non-oxide mixtﬁre térget as a tablet for wvacuum |
deposition, and heating and evaporating the tablet by
means of an electron beam. .As compared with a wet system
sﬁch as spraying, in the vacuum deposition, precise
control of the f£ilm thickness can easily be made.
Therefore, vacuum deposition is preferred particuldrly in
a case where a mnlti-iayereﬁ film is prepared utilizing
light interference.

The relation between the composition of the target
and the’ composition of a £ilm formed by means of the
target, Vary to some extent by the film—-forming
conditions and can not geneéally be defined. Those
mentioned in Table 1 are specific examples of such
-compositiohs.

mﬁe above-mentioned electrode.or target may be

" formed, for example, by the following method. Namely, a
powder or a powder mixture comprising at least one member
selected from the group consisting of metal zirconium,
boron, metal silicon, zirconium boride, zirconium
silicide, zirconium.oxide.(inclusive~of zirconia
stabilized or partiélly stabilized by an addition of from
-3 to 8 molg of e.g. ¥303, CaO, MgO), boron oxide and
silicon oxide, is ;ubjected to high temperature-high

pressure pressing or high pressure pressing, or by
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proper range. The thickness of the heat radiatjes—shi-elding film of the
second layer 12 is preferably at nost 1,000 A RMCWENWS&}HEMW thin a
range of from50 to 500 A although it dependg SO o tie—d red
transmttance. If the thickness exceeds 1, 000 A, 't EESN%QIS% Rt ijonf of visible
| ights by the heat radiation 1994
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sinterring a produce of the high pressure pressing, to
form a single system or mixed system electrode or target
of the present invention. In this case, the particle
size of the powder is preferably from 0.05 to 40 Rm.
Further, it has been confirmed that the properties remain
to be the same even when such an electrode or target
contains iron, aluminum, magnesium, calcium, yttrium,
manganese and hydrogen in a total amount of not more than
2% by weight. Carbon may be contained in an amount of
not more than 20% by QeighE, since it may be eliminated
in the form of CO2 gas during the'film-forming operation.
Furthermore, the electrode or target of the present
invention shows similar effects even when it contains
copper., vanadium; chromium, molybdenum, tungsten, cobalt,
rhodium, or iridium in a small amount as an impurity.

The amorphous oxide £ilm of the present invention has
excellent 3cratch resistance'and abrasion resistance and
‘may i as such, :be. applled +to .various.;articles where-high
durability is required.

Namely, the present invention provides an article
with high éurability which comprises a substrate and one
or more thin film layers formed thereon, wherein the
outermost layer exposedeto air is made-of an amorphous
oxide £ilm composeé essentially of an oxide containing at
'least one member selected from the group consisting of

Zr, Ti, HE, Sn, Ta and In and at least one member

selected from the group eonsisting of B and Si.
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shielding filmtends to be excessive, whereby t} : Nfr ends to
be low, or peeling is likely to occur due to th ,PLA sgr I n
a case where the outernost |ayer of the second |l dyer 3 or the.fhjrd | ayer
13 is an oxide filmcontaining Zr and Si and optilonakinoBiggst | s| ef fective
to enploy a nitride . _

- 22 -

Figure 2 is a cross-sectional view of an embodiment
of the article with high dprability according to the
present invention, wherein reference numeral 1 indicates
a substrate made of e.g. a transparent or colored glasé
or plastic, numeral 2 indicates a first layer made of a
metal, nitride, carbide, boride, oxide, silicide or a
mixture thereqf, and numéral 3 indicates a second layer
of an amorphous oxide film constituting the outermost
layer exposed to air, i.e. an amofphous oxide £ilm
composed essentially of an'oxide containing at least one
member selected from the group conéisting of Zr, Ti, HE,
Ta, Sn and In and at least one member selected from the
group consisting of B and Si. |

Figure 3 is a cross-sectional view of another
embodiment of the article with high durabiiity according
to the present invention, wherein reference numeral 10
in&icates'g substrate similar to the above;mentioned
substrate 1, numeral Il indicates.a.first layer. of:a
transparent dielectric £ilm, numeral.lz indicates a
second layer 6f e.g. a nitride £ilm similaf to the first
layer in Figure 2, and numeral 13 indicates a third layer
of an amorphous oxide £ilm constituting the outermost
layer exposed to air. |

These embodimeﬁts have a multi-layered structure as
-described aobve. In some cases, one or more layers may
be inserted between the substrate 1 and the first layer 2

or the first layer 2 and the second layer 3 of Figure 2,
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contalnlng Si and optionally B, partlcularly Z'rRERLA@ENﬂEﬂTSEE

t he
2 or the second Iayer 12 in order tq [rmprove—the Epstion

first

bet ween the first | ayer 2 and the second |ayer |3]or Bﬁ&en th
12 and the third layer 13 and to reduce th¢ i
| ayer 2 or in the second | ayer 12.2

| ayer
first

Eecond
5 in the
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or between the subsﬁrate 10 and the first layer ;l, the
first layer 11 and the seqond layer 12 or the second
layer 12 and the third layer 13 of Figure 3, in order to
improve the adheéion, to control the optical properties
or to impart other various functions. The most important
feature of the article with high durébility according to
the present invention is that the outermost layer exposed

to air is made of the amorphous oxide f£ilm to obtain an

- optical product having excellent abrasion resistance and

chemical stability.

There is no particdlar restriction as to the
amorphous oxide film for the second layer 3 in Figure 1
or for the third layer 13 in Figure 2, so long as it is
amorphous as measured by the thin £ilm X-ray diffraction.

analysis. Specifically, a mixed oxide £ilm containing at

least one member selected from the group consisting of

Zzr, Ti, BHE, Sn, Ta and In and at least one member

.selected from the group consisting of B and Si, is

preferred in view of the scratch resistance and the
abrasion resistance. Particularly preferred are a film
of a ZrByOy wherein x is 0.05 = x = 1.0, and y is 2 = v

= 3.5, a £ilm of ZrSiOy wherein z is 0.05 = z < 19,

and.y-is 2.1 & y <.40,.and a film of ZrBxSizOy wherein

x,,zandyaréo.05§.x+z,z<19and2<y<40,

provided that when x > 3, x = 0.25z + 3. The

refractive indiceé of such three films decrease as the

contents of B and/or Si increase, as mentioned above.
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In a case where tin-doped indiumoxide (ITO is u LAQENE%H?SHEETIayer 2
it is preferred to adopt | TO having a high carrifr] density andtar[ge
mobi ity and having a thickness of at least 4,000 |A 28R RoY" tlo Jsuppr ess
the reflection color due to an interference, it {i preferre

- 24 -

Therefore, the conteﬁts of B and/or Si may suitablly be
selected depending upon. the desired refractive indices.
Such an amorphous oxide £ilm containing Zr and B

and/or Si is not limited fo a three or four component
system of iirconium, boron and/éf si.and oxygen and may
further contain other components to improve the
durability,” to adjust the optical properties or to

improve the speed and the stability for film-forming.

Further, the amorphous oxide f£ilm of the present

invention may not necessarily be transparent, and may be
an absorptive £ilm in an oxygen-lacking state or a £ilm
partially containing nitrggén.

There is no particular restriction as to the
thickness of the.second la&er 3 or the third layer 13
constituting the outermost layer. The thickness may be
determined taking the transmittion color or the
reflectio; color into.cohsidération depending upon the
particqlar purpose. ' However, if-the -layer is.too -thin,
no adequate durability is obtainabie. Therefore, it is
preferably at least 50 A, more“preferably at least 100 A,
most preferably at least 200 A. '

There is no particular restriction also as to the

method for forming the second layer 3 or the third layer

13. Vacuum vapor deposition, ion plating or sputtering
may be employed. However, a reactive sputtering method
€xcellent in the uniformity is preferred in a case where

Coating over a ‘large area is required for e.q.
. . ____\
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to form TOin a thickness of at |east RE?E.
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automobiles or buildings, such as in the ¢ase-of-Heat

radiation shielding glass.

There is no particular restriction as to the film
material for the first lafer 2. . The material may
suitablly.be selected depending upon.the required
specification from metals, nitrides, carbides, borides,
oxides, silicides or mixtures thereof.

In the case of the heat radiation shielding giass,
the first layer 2 may be selected from the group
consisting of metals éuch aé Ti, Cr, Zr, Ta and HE,
carbides, oxides and mixtures thereof. However, it is
preferably Ti, Cr, Zr, Ta, Bf, a nitride such as titanium
nitride, zirconium nitride, hafnium nitride, chromium
nitride or tantalum nitride or tin-doped indfum oxide

(iTO) in view of the excellent heat radiation shielding

. properties.

The tﬁicknesé of the first layer 2 is desired to be
afwmoét 1,000 A, preferably-at. most' 500-4, although. it
depends upon the desired transmittance. In the case of a’
nitride £ilm, if the thickness exceeds 1,000 &, the
absorption by the nitride film tends to be excessive, and
peeling is likely to occur due to the internal stress.

In- the- case- of é nitride £ilm,- it is effective to.

adopt a three-layered structufe as shown in Figure 3,

Whereln an additional layer is formed between the

substrate and the nitride layer in order to increase the

adhesion with the glass surface. As such a first layer

——————
—_—
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second layer 3 is forned thereon, as a protecti EEPEAGENHQW£JHHH£R opti cal

thin filmhaving | ow resistance, high transnmit{afce and good d£ abi lity,

is useful not only for a heat radiation shieldiny g g5y fee al sp for a
wi ndow gl ass for shielding electromagnetic waves}as a S|ngle lpte, for

electric heating and wi nd shiel di ng of ;rfk -

11, an oxide such as.titanium pxide, hafnium oxide, tin
oxide, tantalum oxide or indium oxide, or a transparent
dielectric film made of e.g. zinc sulfide, is preferred.
From the viewpoint of the adhesion to the nitride £ilm of
the second layer 12 or the productivity by sputtering,
the first layer is preferably a dieléctric £ilm
containing .the same elements as the nitride £ilm of the
second layer. However, tﬁe combination of the first
layer 1ll/the second layer 12 is not limited to such a
specific example but includes various combinations such
as tantalum oxide/titanium oxide, zirconium
oxide/titanium nitride and tin oxide/zirconium nitride.
As the transparent dielecﬁric film of the first layer 11,
a film similar to the above-mentioned amorphous £ilm may .
be used. '

There is no particular restriction as to the
thickness of such a dielectric f£ilm 1l. However, since
'such:é-dielectriCthas:a'largefrefractivenindex; it .is
possibie, by properly selecting the f£ilm thickness, to
control the reflectance or the color tone by utilizing
thg interference'effects. Particularly when it is used
for a heat radiation shielding glass intended for high
transmittance andﬂléw"reglection“in the wvisible light..
range by'utilizing fhe interference effects, the
‘thicknesses of the first layer 11 and the third layer 13
Should'preferably be adjusted to an opticai £ilm
thickness within a range of from 1,000 to 1,800 A. The

This Sheet Has Been Replaced

LT




front glass of an autonobile, for antifogging of a REP
transparent antenna. Further, by virtue of the ch¢
as a protective coat for ITO (feeder el ectfofle) of an
el ectrochrom ¢ display el enent. In the case pf|a2BWOvefooect]
a filmhaving

usef ul

gl ass,

r a

EgT[it is

L4
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refractive indices of the first layer 11 and the thifd

layer 13.should preferablg be selected within a range of
from 2.0 to 2.5, but they may be outside this range so
long as the optical £ilm thicknesses are within the
proper range. The thickness of the heat radiation
shielding £ilm of the second layer 12 is preferably at
most 1,000 A, most preferably within a range of from 50
to 500 A, although it depends alsé on the desired
transmittance. If the thickness exceeds 1,000 A, the
absorption of visiblé.lighté by the heat radiation
shielding £ilm tends to be excessive, whereby the
transmittance tends to be low, or péeling is likely to.
occur due to the internal-stress. |

In a case where the outermost laﬁer of the second
layer 3 or the third lafer 13 ié an oxide £film containing
Zr and B and/or Si, it is effective to employ a nitride

containing B and/or Si; particularly zirconium nitride,

as:.the .-first layer 2 or. the:second layer 12 in order to:

improve the adhestion between the first layer 2 and the
second iayer 3 or between the second layer 12 and the
third layer 13 and to reduce the internal stress in the
first layer 2 of_in the second layer 12. .

. In-.a-case whexe.tinPdoped indiumuoxide.(ITOJ-is used.
as the first layer é, it is preferred to adopt ITO having
a high carrier density ahd'large mobility and having a
thickness of at least 4,000 A. In order to suppress the

reflection color due to.an interference, it is preferred
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a higher refractive index than the outernost |ay ] ir, is-
formed as the first layer 2, or a three or nore n'%AcmME@Tg&mﬁ ucture is
adopted. In the case of a three layered film the] refl ectance darf be
reduced by adjusting the refractive index and ‘the fi RS NOVi®bgmeds |by
formng an additional |ayer between the

- 28 -~
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to form ITO in a thickness of at-least 7,006‘£. The
second layer 3 is formed tpereon,_as a protective layer.
Such an optical thin £ilm having low resistance, high
transmittance and good dufability, is useful not only for
a heat radiation shielding glass, but also for a window
glass for shielding electromagnetic waves as a single
plate, for- electric heating and wind shielding of the
front glass of an automobile, for antifogging of a rear
‘'glass, or for a transparent antenna. Further, by wvirtue
of the chemical.durability,‘it is useful as a protective
coat for ITO (feeder electrode) of an electrochromic
display element.
In the case of a low reflective glass, a £ilm having
a higher refrective index than the outermost layer 3
exposed to.air, is formed as the first layer 2, or a
three or more multi-layered structure is adopted. 1In the
case of a Ehree layered film, the reflectance can be
Jreduced by adjusting’the refractive -index and the-film
thickness by forming an additional layer between the
substrate 1 and the first layer 2 or between the first
layer 2 and the second layer 3 in Figure 1. There is no
particular restriction as to the first layer 2 and the
‘additional- layer. it-is‘possible to employ-a low .
refractive index fiim and a high refractive index film
'having different contents of ﬁ and/or Si.
In the case of a low emissivity glass, it is

effective to adopt a three layered structure of
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substrate 1 and the first layer 2 or between the|RE FIEACEMEN&S}E

second layer 3 in Figure 1. There is no particulaf restrictionlag to the
first layer 2 and the additional layer. It is )0>_S|i)|;l-) G\019987! a |l ow

refractive index filmand a high refractive inde i I'm" “having dj fferent
contents of Si and optionally B.
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substrate/oxide Eilm/Ag/amorphoué oxide £ilm
(particularly an oxide fil@ containing B and/or Zr) or a
five layered structure of substrate/oxide film/Ag/oxide
film/Ag/gmorphous oxide film. There is no particular
restriction as to such an éxidé f£ilm. However, Zn0O may
be mentioned as an example. Otherwise, an oxide film
containing Zr and B and/or Si, may be employed.

When the present invention is applied to a surface-
coated mirror, chromium as a metal having good adhesion
to glass may be'formed as the first layer 2 on a
substrate, and the amorphous oxide £ilm of the present
invention, particularly the amorphoﬁs oxide £ilm
containing B and/or Si and zirconiﬁﬁ, may be formed
thereon as the second layer 3.

The substrate 1 or 10 is usually made of glaés or a
plastic. When used as a mirrér, the substrate is not
limited to;such materials and may be a non—-transparent
substfate.made of e.g. a metal 'or-ceramics. so long.as_ it -
has a flat and smooth surface. | |

As another application, it may be used as a
protective f£ilm for a thermal head, i.e. not as an
optical thin £ilm.’

| In the- present invention, the-opti&al thin £ilm may
be formed only on oﬁe side of a substrate as shown in
.Figures 1 and 2, or may be formed on each side of the
substrate.

The amorphous oxide film constituting the outermost
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In the case of a low emssivity glass, it is e
| ayered structure of
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layer exposed to aie of the optieel product of;Eﬁemm
present invention, i.e. the second layer 3 in Figure 2 or
the third layer 13 in Figure 3, contains glass-
constituting elements such as B and Si and thus is
amorphous, whereby smoothness of the surface is high, and
the frictional resistance is low. Thus, the amorphous
oxide film has high durability and serves as a protective
layer to improve the abrasion resistance or the chemical
resistance of an optical article of the present
invention. Further, by adfusting the refractive index
and the film thickness, it is possible to control the
optical functions such as the transmittance, the
reflectance and the color tone.

Perticularly when the outermost layer -is an oxide
film containing Zr and B end/or Si, B and Si contribute
to the realizaticn of a £ilm having excellent durability
satlsfylng both the abra51on re51stance and the chemical
stablllty, since the:film -is made amorphous by the:
addition of boron to zirconium oxide having chemlcal
stability against an acid, an alkali, etc.

Further, B and Si contribute also to the control of
the refractive index of the £ilm. Namely, the refractive
index can be lowered by -imcreasing-the éroportions of- B
and Si.

In the present.invention, layers other than the
outermost layer primarily have optical functions and

contribute to the transmittance or reflecting properties.

—_—

—
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28 - substrate/oxide film Ag /anorphous oxilde
oxide filmcontaining B and/or Zr) or a fiv
substrate/oxide film Ag/oxide film Ag/anorphoys zsim%%m

parti cul ar
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In an optical article having heat radlaﬁlon shielding
properties, a nitride film_serves to provide the heat
radiation shielding function. 1In a heat radiation
shielding glass intended fbr high transmission ané low
reflection in the visible light range by means of
interfe:ehce effects, the first layer 2 in Figure 2 and
the second layer 12 in Figure 3 serve to provide a heat
radiation shielding functidn, and the first layer 11 and
the third iayer 13 have a function to prevent the
reflection in the visible light range of the heat
radiation shielding films 2 and 12, respectively.

Figure 4 is a cross—-sectional view of another
embodiment of the article with high durability according
to the pfesenf-invention. . This embodiment "is™ intended to
ﬁrovide a heat radiation shielding glass having high
durability sufficient for use as a single sheet and

having high transmittance for visible lights,

.particularly a transmittance of at least 70% 'so as .to be:

useful as a window glass for automobiles, whereby the
transmission color and the :eflection color are both
neutral. This embodiment provides a heat radiation
shielding glass comprising at least two layers of a heat
radiation shielding £ilm-and an oxide £ilm formed

sequentially on a transparent substrate, wherein the

‘oxide film constitutes the outermost layer exposed to air

and has a refractive index of at most 2.0.

In Figure 4, reference numeral 21 indicates a
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restriction as to such an oxide film However, Nu&ﬁ1sa —ened as an
exanple. O herwi se, an oxide film containing Zr EED ally B,

may be enpl oyed. When the present invention ifs applied to urface-
coated mirror, chromiumas a netal having good adhes? BINOM googl afs| may be
formed as the first layer 2 on a - 32 =

transparent substrate; numeral 22 indicates a heat —
radiation shielding £ilm, gnd numeral 23 indicates an
oxide film having a refractive index of at most 2.0.

The most significant feature of the embodiment of
FPigure 4 is to form an oxide f£ilm having a refractive
index of at most 2.0 as the outermost layer exposed to
air. If the refractive index of the oxide f£ilm of the
outermost‘layer exposed to air exceeds 2.0, the
reflectance for visible lights tends to be high.
Consequently, the traﬁsmitfance for visible lights will
be low, whereby it will be difficult to obtain a
transmittance for visible lights of a leQel of at least
70%. Thus, the refractivé index of the oxide film 23 is
preferabiy at most 2.0, more pfeferably at most 1.8, most
preferably at most 1.7.

There is no particular restricﬁion as to the film
material for such an oxide f£film 23 so long as it has high
»durability~and a refractive index of at most 2.0..
Howevef, améng amorphous oxide f£ilms composed essentiallj'
of an oxide containing at least one member selected from
the group consisting of Zr; Ti, BE, Sn, Ta and In and at
1ea§t one member selected from the group consisting of B
-and .Si. according to'the present .invention, - the one
wherein n is at mogt 2.0 is preferred, since it is
‘excellent also in the scratch resistance and the abrasion
resistance. In particular, a film of ZrBxOy wherein x is

0.22 = x = 1.0 and y is 2.33 = y = 3.5, a film of
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substrate, and the anorphous oxide filmof the mﬁﬁbAﬂENﬂﬂﬂDSHﬁﬁx
particularly the anorphous oxide film containijn nar or
zirconium may be forned thereon as the secon yﬁr é 6 Whe substrate
1 or 10 is usually made of glass or a plastic. % ngg mirror, the
Substrate is not 33

ZrSi;Oy wherein z is 0.22 = z < 19 and y is 2.44 < y

< 40 and a f£ilm of ZrB.Si Oy wherein x, z and y are 0.05
= x+2, 2 <19 and 2 < y < 40 provided when x > 3, x
=< 3+ 0.252 and n = 2.0, are most suitable for

applications where high durability is required, since
they ére excellent not only. in the scraﬁch resistance and
the abrasion resistance but also in the chemical
stability.
In the foregoing, an amorphous oxide f£ilm containing

Zr and at least one of B or Si, has been described as a
particularly preferred oxide £ilm 23 for the outermost
layer of the heat radiation shielding glass of Figure 4.
.However, the oxide £ilm 23 for the outermost layer is not
limiteé to such a specific example and may fuTrther
contain other components to improve the durability, to
adjust the optical properties or to improve the speed and
the stabifity for the film—férming. Further, the oxide

- Film 23 of the heat radiation shielding glass of Figure 4~
may not necessarily be completely transpareat and may be
an absorptive film in an oxygen-lacking state or may
contain a small'amount of nitrogen or carbon.

There is no particular restriction as to the

- thickness of the oxide layer 23. However, if the layéru-
is. too thin, no adequate durability will be obtained.
‘Therefore, the thickness is preferably at least 50 3,

more preferably at leasf 100 A, most preferably at least
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limted to such materials and may be a non-transfgg f de of
e.g. a netal or ceramcs so long as it has a f jﬁE@GE E&gt Ik ace.

As anot her application, it may be used as a profegtive filmfor t her mal
head, i.e. not as an optical thin film 2 5 NOV 1996
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150 A, although it dépends upon Ehe‘particukafmpuxpoie.
On the other hand, if the }ayer is too thick, there will
be interference effects, and the reflection color will be
strong, although it depends also on the refractive indéx.
Therefore, the thickness is preferably at most 1,000 A,
more preferably at most 700 A, most preferably at most
500 A. '

There is no particular restriction as to the film
material }or the heat radiation shielding £ilm 22. The
film material may be gelecfgd from the group consisting

. of metals, carbides, oxides and mixtures thereof
depending upon ﬁhe particular purpose or the desired
specification. Specificaily, a £film composed essentially

. of one member selected frém-the gréup.consisting of
titanium, chromium, zirconium, tantalum, hafnium,
titanium nitride, chromium nitride, zirconium nitride,
tantalum ﬁitirde and hafnium nitride, is preferred, since
it-haénexcellent'heatfradiation~shielding properties.

Thé.thickness of such a heat shielding £ilm 22 is
preferably at most 1,000 A, more preferably at ﬁost 800
4 depending upon the type of the substrate 21 and the
refractive index and the thickness of the oxide layer 23.
If the film 22 is.tdonthick,.the;transmittance for..
visible lights decréases. Particularly, in the case of a
nitride £ilm, if the thickness exceeds 800 A, the
interﬁal stress tends to be large, and peeling of the

" f£ilm is likely to occur. On the other hand, if the £ilm
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In the present invention, the optical thin film iﬂﬂﬂjﬂﬁﬂ“g on one

side of a substrate as shown in Figures:1 and 2 , [ on each
side of the substrate. The anor phous oxide] f}jl mconstitutijnd the
out er most S NOV 1994
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22 is too thin, no adequate heat radiation shielding
properties will be obtaineﬁ. Therefore, the thickness is
preferably at least 20 A, more preferably from 20 to 100
A, although it depends aiso on the thicknesses and the.
types of the f£ilm material and the substrate glass.

Further, there is no particular festriction-as to the
method for forming the oxide layer 23 and the heat
radiation shiélding £ilm 22. Vacuum vapor deposition,
ion platlng or sputterlng may be employed. However, a
reactive sputterlng method etcellent in the uniformity,
is preferred in a case where coating over a large area is
required.

The transparent substrate 21 is usually made of glass
or a plastic.

In the embodiment of Figure 4, the color tone being
neutral is meant for the following characteristics.
Namely, as;represented-by the CIE color index, the change
widthgﬁoﬁ.thevXfcoordinatevan&ethamy—coordinate.as
betweeﬁ before and after the formation of a £ilm such as
the heat radiation shielding film or the oxide £film on

the substrarte surface, are represented by Ax and Ay.

W/(A&x)z + (Qy)2 represents a color ‘change due to the

-formation .of .the..coating..£ilm,. and.the neutral .color.
eans that the valué of this color change-is at most
'0-008land 0.032,.more preferably at most 0.007 and at
most 0.028, with fespect to the transmissiqn color and

the reflection color, respectively. However, the
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HIIII!' T



-29 - | ayer exposed to air of the optical pro
I nvention, 'i.e. the second layer 3 in Figure 2

- 38 -~

reflection color maj be different as between the SuFface
on which a coating £ilm i; formed and the surface on
which no such £ilm is fomred. In such a case, the
neutral color means the larger value.

When the heat radiation shielding film 22 is a
nitride £ilm, an oxide f£ilm may be formed between the
glass substrate and the nitride £ilm in order to reduce
the internal stress of the nitride £ilm and thereby to
increase the adhesion w1th the glass substrate. As
another method of increasing the adhesion to the glass
substrate, it is effective to employ a method wherein a
primer layer is firstly forméd on the glass substrate,
then high energy ions are injected thereto, and
thereafter, the heat radiation shielding film is formed
thereon. For example, a titanium layer is formed as the
Primer layer, then high energy nitrogen ions are
injected, Bnd thereafter a titanium nitride £ilm is
-fﬁrmeé,-thereby a titanium nitride film having strong .-
a'dhesic;n is obtainable as the heét radiation shielding
film 22.

In the heat radiation shielding giass of Figure 4,
the oxide film.23 as the outermost layer exposed to air,
exhibits-an optical function.by virtue of the.refractive
index and the film.thickness. Namely, the oxide layer 23
Serves to reduce the reflectance of the heat radiation
Shielding glass and contributes to an improvement of the

transmittance for visible lights. At the same time, it
. [ —
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the third layer 13 in Figure 3, contains gl ass- mﬁHﬂMEN rgHEE nments such
as B and Si and thus is anorphous, whereby snoptpress—oed T face is

1
high, and the frictional resistance i.s | ow hus, the anor hgus oxi de
filmhas high durability and serves as a protec |ve25ﬂ9¥r19?£ ifmjr ove t he
abrasion resistance or the chem cal - 37 - :

has a function to reduce the stiﬁulating purity of the
reflection color and to neutralize the entire color tone.
Further, the oxide film 23 serves as a protective film to
improve the abrasion resistance and the chemical |
stability of the heat radiation shielding glass. _

The heat radiation shielding £ilm 22 serves to absorb
solér energy.and at the same time serves to control the
transmittanqe for visible lights.

The heat radiation shielding glass of Figure 4 has a
multi-layered sfructuge of at least two layers wherein a
heat radiation shielding film and an oxide film having a
refractive index of at most 2.0 are laminated on a
transparent substrate. Thus, it has a natural color tone
and has high transmitténce for visible lights~and high
.durability. Accordingly, it can be used adequateiy as a
single plate heat radiation shielding glass in an
applicatioh where it is used in a severe environment,
such és-an:application:totbuildingfconstruction or-an -.
application to automobiles.

When an oxide f£ilm containing Zr and at least one of
B and Si, is formed as the oxide £ilm 23, a heat
radiation shielding glass having excellent abrasion
rgsistance'and.chemical-resistance,~is obtainable. -

By increasing tﬁe proportion of B .or Si, or the total
‘amount thereof, it is possible to bring the refractive
index of the oxide film to a level of at most 1.7,

whereby it is possible to obtain a heat radiation
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resi stance of an optical article of the present invention..Further, by
adjusting the refractive index and the filmthic S Nmﬂwz [AosSstble to
il fect ance

control the optical functions such as the transm
and the col or tone. Particularly when the oufefnost |ayer i 9 gn oxide
_ 33 - 2 5 NOV 1996

shielding glass having a low refiecténce_ﬁnxnzlmible

lights, high transparency gnd a neutral color tone.

Further, wheh such an oxide film containing Zr and at
least one of B and Si, is used as the outermost layer 23
exposed to air, filméforming can.be conducted by direct
current (DC) sputtering. This is most suitable for an
application to automobiles or building construction where
a film cove;ing a large area is required.

Figure 5 is a cross-seCulonal view of a still another
embodiment of the artlcle w1th high durability according
to the present invention. This embodiment is an
improvement in the aurability over the heat radiation
-shielding glass shbwn in Pigure 4. Namely, this is a

' heat"radiation'shiéiding glass wherein at least three
layers of a heat radiation shielding £ilm 32, a low
refractive index oxide film 33 having a refractive index

of at mcsg 2.0 and a.protective film 34, are formed on a
trahsparent substrate 31. in. this order from the substrate-..
side. |

The transparent substrate Bi and the heat radiation
shielding £ilm 32 are similar to the transparent
substrate 21 and the heat radiation shileding £ilm 22 in
Pigure 4.  The low fefractive-index oxide £ilm 33 may be
any oxide £ilm so 1§ng as the refractive indei is at most
.2 0. In the case of Figure 5, the low refractive index
oxide layer 33 w1ll not be the outermost layer and

therefore is not required to be particularly excellent in

-
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filmcontaining Zr B and Si, Band Si contrpf i zati on
of a filmhaving excellent. durablllty sati sfying 8& 3&%@“@@F§%ﬁ§ﬁ
resi stance and the chemcal stability, since the {fil mis made amyr phous by

the addition of boron to zirconium oxide having ghgm 9a NoFt1edg | i
agai nst an acid, an alkali, etc. ,

—+
\~

_39-
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the chemical stability. It is- of course possible to
employ the amorphous oxide_film of the present invention
composed essentially of an oxide containing at least one
member salected from the group consisting of Zr, Ti, HE,
Ta, Sn and In and at least one member selelcted from the
group consisting of B and Si. The low refractive index
oxide £ilm 33 serves' to reduce the reflectance and to
reduce the color due to interference of the reflection.
.It is preferred to form a thin metal layer prior to the
formation of such an oxlde fllm 33 in order to protect
the heat radiation shielding layer 32 from oxidation,
since it is thereby possible to readily control the
transmittance, the reflectance and. the color tone.

As a protective film 34 constituting ‘the third layer .
which has not only physical durability but also chemical
stability, a £ilm of ZrBxOy wherein x is 0.05 = x = 1.0
and 'y is 2 < y = 3.5, a £ilm of ZrSi,Oy wherein z is

= 005 é z < 19 and y is 2.1 = y.< 40 and a.'film"_of.-:
ZerSizby wherein x, z and y are 0.05 = x + 2z, z < 19
and 2 < y < 40 provided when x > 3, x = 3 + 0.25%, are
preferred, since they are excellent not only in the
scratch resistance and the abrasion resistance but also
in the chemical staoility,n

There is no parricular restriction as to the
'thickness of the protective layer. - However, if it is too
thin, a continous £ilm tends to be hardly obtainable.

The thickness is preferably at least 30 A, more
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Further, B and Si contribute also to the control

rve i ndex
NqijﬂgEEreasing

of the film Nanely, the refractive I ndex can b
the proportions of B and Si. In the preseny invention, |hyprs other
than the outernost layer primarily have optical #urBiNOM1%6d
|
- 40 - '

preferably at least 50 A,“althcuéh it dep;ﬁdéuéﬁén the
£ilm-forming method. On the other hand,'if the
protective layer is too thick, the color due to
interference becomes remafkable.. When a neutral outer
appearance is required, the thickness is preferably at
most 500 A, more preferably at most 200 A.
The heat radiation shielding £ilm 32 may be the same
as the abovF described heat radiation shielding £ilm 22.
of Figure 4 and is:preferably a film composed'essenfially
of one member sélected froﬁ the group consisting of one
or more metals selected from the group consisting of Ti,
Cr, Zr, Ta and HEf, nitrides of these metals, oxynitrides
of these metals and absorptive oxides thereof, in view of
the high heat radiation absorptive or refléctive
properties. Particularly preferreé is titanium nitride
or chromium oxynitride. The £ilm thickness may be-
Substantiéily the same as the heat radiation shielding
film éB“of:Figure=4..t - . U R
The heat shielding glass shown in Figure 5 has "the

forggoing structure, whereby it has high durability (not
only the physical durability but also excellent chemical
Stability) sufficient for use as a single sheet and a
high-transmittance for visible-lights-at a level of at..
1eas£ 70% so that it is useful as a window glass. It is
.available as a heat radiation shielding glass which is

Neutral with respect to both the transmission color and

~ the reflection color.
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contribute to the transmttance or reflecting prepecties :
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When a chromium Qxynitride-filn is eat
radiation shielding £ilm, the resisfange is high (at
least 1 MQ/(0) as compared with a titanium nitride f£ilm,
which is advantageous in that when used as a rear glass
for an automobile, it does not reduce the function of a
printed antenna.

Figure 6 is a cross—sectional view of another
embodiment of the article with high durability according
to the present invention. Namely, it is a novel heat
radiation shiel&ing agticlé which has very high
reflectance against lights in the infrared range and
adequately high transmittance for lights in the visible
light range and yét hardly deteriorates during the
storage in a single sheet state or during the"
transportation to the site where it is processed for
lamination. This is a heat radiation shielding article

comprising a total of 2n + 1 layers (n = 1) of

transparent oxide layers and:ssilver-layers alternately... .

formed on a transparent substrate, and an amorphous oxide

f£ilm provided as a protective layer on the outermpst'

layer of said 2n + 1 layers.

As the transparent substrate 41 of Figure 6, dglass, a

As the transparent oxide 42, a material having a
relatively large refractive index, e.g. a material having

" a refractive index of n = 1.7 - 2.5, such as TiOz, Zr0,,

Iny03, SnOz, ZnO, Taz05 or a mixture thereof, is used.

" Plastic-or-PET (Polyethylene-terephthalate) may be used....
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In an optical article having heat radiation shield - a
nitride filmserves to provide the heat radiatio ' Q&mHQWFJﬂEﬂEET1 In a
heat radiation shielding glass intended for high {trjansm ssion ang Ifow
reflection in the visible light range by nmeans of 2 S NOV 1995

- 42 - |

With respect to the iayered strueture of the heat
radiation.shielding article of Figure 6, a transparent
oxide layer 42 is used as the first layer on the.
substrate 41, a silver layer 43 is used as the second
layer, and a transparent oxide layer 42 is used as the
third layer. Thus, the oxide layer 42 and the silver
layer 43 are-alternately repeated so that the 2n + 1
layer will be a transparent oxide layer 42, and an
amorphous ox1de film 44 is coated as a protective layer
on the transparent ox1de layer 42 as the 2n + 1 layer.
The n value-of the 2n + 1 layer is preferably at most 3
in order to maintain the transmittanee for visible lights
at a level of at least 70%. The thickness of the
transparent oxide layer 42 in a preferred embodiment of -
the heat radlatlon shleldlng artlcle of Figure 6 may vary
depending upon the material used but is generally within
the follo&ing range. Namely, as the first layer, the
fhthickeess=is~from-200%to.600'A; asxthe:2n"+ 1 layer:which..
is the-outermost layer of the 2n + 1 layer coatings, the
thickness is from 100 to 400 4, and as other intermediate
layers, the thickness is from 400 to 1,200 A; These
thickness ranges are prescribed to obtain high
-transmittance for ligntsain.the»visible light range...- If
the film thicknessee depart from‘these ranges, the
.interference conditions will not be maintained, whereby
the reflection prerenting effects can not be obtained

adequately, and the transmittance for visible lights
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interference effects, the first layer 2 in Figure 2 and the second | ayer
12 in Figure 3 serve to provide a heat radiation=sk+elding function, and
the first layer 11 and the third |ayer 13 have aREBMNUEMENP nt the
reflection in the visible |ight range of the heat] [Fradrat+er—s ing -

films 2 and 12, respectively. - 43 - 25N0V1996

decreases. The transparent oxidé .AYers 42 of the hpat

radiation shielding artic;e of Pigure 6 are preferably
made of the same material from the view point of the
productivity. However, the article is not limited to
such a preferred embodiment, and any one of such layers
may be made of a material different f:omlthe rest of the
layers, or all layers may be made of different of
materials.

On the other hand, the thicknesses of the silver
layers 43 should be at most 110 A to secure adequate
transmittance for visible lights and to secure an
édequately wide variable range of the reflection color by
'the adjustment of the layer thicknesses. Namely, if the -
silver layers 43 become thick, the transmittance for
visible lights decreases and it becomes difficult to
secure a transmittance of a£ least 70%. On the other
hané, if Ehe silver layers are too thin, silver tends to

.'fcrmv&iscontinuous_films, whereby-the desired properties
will bé hardly obtainable, or the product is likely to
reédily.deteriorate. Therefore, the thicknesses of the
silver layers should preferably be at least about 60 A.

There is no particular restriction as to the
- amorphous .oxide filﬁ.to be used for.the heat.radiation ... . .
shielding article af Figure 6. However, it is preferred
to employ the amorphous oxide film of the present
iIiVention containihg at.least one member selected from

the group consisting of Zr, Ti, HE, Ta, Sn and In and at

_—
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Figure 4 is a cross-secti onai view of another e . t wlticle
with high durability according to the present i nmm MBETC@ di ment
is intended to provide a heat radiation shieldingj gl ass havi ng hj g

durability sufficient for use as a single sheet ahd| IBSINGY 1H%h
transmttance for visible lights, _ 44 :

least omne mexﬁber sel'ected from the group consisting o;f: B
and Si. _

More preferably, the amorphous oxide £ilm may be made
of an oxide containing Zr ‘and at. léast one of B and Si.
Particularly,. a £ilm of ZrByOy wherein x is 0.05 = x =
1.0 and y is 2 < y = 3.5, especially a £ilm of ZrB,Oy
wherein x is 0.05 = x = 0.8 and y is 2 < y = 3.2, a
£ilm of ZrSizOy wherein z is 0.05 = z < 19 and y is 2.1
= y < 40 and a f£ilm of ZrBxSi Oy wherein x, z and y are

0.05 = x+3z, 2z < 19 and 2 < y < 40, provided that
v.vhen-x > 3, x = 0.25z + 3, are preferred, since they
are excellent not only in the scratch resistance and the
abrasion resistance but also in the chemical stability.

. The amorphous oxide protective film of Figure 6 may
be substituted for the transparent oxide of the 2n + l.
layer so that it is in direct contact. with the silver
layer. Hc;wever, such an arrangement is not preferred,

- “since .such direct contact tends to.deteriorate the:
durability. The reason for the deterioration has not yet’
been clearly understood, but is considered to be
attributable to some side-reaction of boron in the
amorphous .oxide with the silver. | Therefore, it is
Preferred- to iriterpése a- transparent -oxide layer between:
the amorphous oxide film and the silver layer.
| The thickness of the amorphous oxide £ilm 44 in

- Pigure 6 is prefefably from 100 to 500 A, more preferably

from 200 to 400 A, although it is necessary to adjust it

—_— _
—————— .
——

This Sheet Has Been R

i



particularly a transmittance of at |east. 70%] ' to—be—useful as a
wi ndow gl ass for autonobiles, whereby the trans*&@lﬁzmmﬂBWBSH@Eq the '

reflection color are both neutral. This enbodi rfer
radi ati on shielding glass conprising at |east tjwg

t proviaes heqt

radi ation shielding_filn1 and an.oxidefug m f or e

| 256V Wos et

in view of the balance with the-trénspafEKE”ﬁffdewla&ers

to obtain high transmittance in the v
If the thickness of the amorphous oxi
than this range, no adequéte performa
protectlve layer will be obtained. O
the thickness exceeds this range, it

attain a transmittance of at least 70
light range while maintaining the int

conditions.

isible light* range.
de f£ilm is smaller
nce as the

n the other hand, if
becomes difficult to
% in the visible

erference

There is no particular restriction as to the method

of forming the heat radiation shieldi
. 6. Vacuum vapor deposition, ion plat
may be employed. However, a reactive
excellent in the uniformity, is prefe
where-coaéing over a large area is re
particularly preferred to prepare all
heat radiation shielding article incl

~layer of a transparent oxide to the p

ng article of Figure
ing or sputtering
sputtering method
rred in the case
quired. It is
the layers of the
uding the first

rotective layer:-of

the amorphous oxide in the same vacuum chamber. However,

the article may be taken out in atmos

pheric air prior to

forming the amorphous oxide £ilm, and the amorphous oxide

film may be formed thereafter, withou
- affecting the effectiveness. -
. - For the purpose of improving the

durability of the heat radiation shie

t adversely

adhesion and the

lding article of

Figure 6, a boundary layer having a thickness not to

' adversely affect the optical properti

es, may be inserted
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sequentially on a transparent substrate, mherelJuL*ACEkgmH;&HEEx

of at nost 2.0. In Figure 4, reference nu

| 22 NOVdpget §s ja

constitutes the outernost |ayer exposed to alr#;%rihas a refrdctfi ve i ndex

.-.46...

at the interface with the substréte or at the interface
between the respective layers. This heat radiation
shielding article may be applied to a low emissitivity
glass or a door of a freeéer show case wherein the
article is double—glazed with another substrate with an
inner space therebetween and with the amorphous oxide
film side located inside, or to a laminated glass for an
automobile'gr for a building construction wherein a
substrate having the above coatings and another substrate
are laminated with an interlaye: disposed therebetween
with the amorphous'oxide film side located inside.

The protecting mechanism by the amorphous oxide film

in the heat radiation shielding article in Figure 6 is

" not clearly understood, but is considered t& have a merit

in that the f£ilm is made amorphous by an addition of
silicon or boron as an element for constituting glass.
Oxidation.af silver is believed to be the primary factor
fErﬁthg%deterioration"mechanism of'an.infrared reflecting -
article wherein transparent oxide layérs and silver

layers are alternately laminated. For the oxidation
reaction, oxygen or moisture is required to diffuse, and

if the £film is crystalline, the grain boundaries

“constitute the passages for-diffusion; whereby the- -

oxidation reaction is facilitated. Therefore, as the

protective laye;, the amorphous layer free from crystal

 grain boundaries is utilized as a barrier against

diffusion, whereby the durability is believed to be
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-31 - transparent substrate, nuneral 22 indicates a heat radiation

sheilding film and nuneral 23 indicates an oxid thtﬂbﬁﬁﬁ%ﬂQSHEET

refracti ve i'ndex of at nost 2.0.

a7 - 25 NOV 199

improved.

As described in the fqregoing, in the heat radiation
shielding article 6f Figure 6, the amorphous oxide film
is over-coated so that it'functions as a barrier layer.to
prevent the deterioratioq of the silver layer by
oxidation, whereby the durabiiity is improved for a
single sheet of.an infrared reflecting article wherein
transparent oxide layers and silver layers are
alternately laminated.

In the presént inventién, boron or silicon as a
glass—-constituting element is added in the protective
layer, whereby the film-ié made amorphous, and the
smoothness of the f£ilm surface is improved and the
frictionél resistance decre;ses for an imprévement of the
abrasion resistance. Therefore, the weaéherability of
the single sheet is improved, and there is an additional
effect obé;rved such that'thé product is hardly scratched
as coﬁpared with the conventional article. Further, it -

'is also possible to further increase the effects of the
amorphous oxide protective coating by improving the
durability of the silver layer by igcorporating an
additive to the silver layer.

-Figures -7 and 8:show other embodiments wherein the .
amorphous oxide film of the present invention is used as
'a metal diffusion barrier layer. Namely, these Figures
are cross—sectional views of laminated structures wherein

a glass sheet having a transparent conductive film
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The nost significant feature of the enbodi nent
oxide filmhaving a refractive index of at nps
exposed to
out er nost
lights tends to be high.

form an
host | ayer

ﬁisible

air. |If the refractive index of th
| ayer exposed to air exceeds 2.0, t-he

- 48 -
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composed of one or more layers including a metal layer
and other glasé sheet are lamianted with a plastic
interlayer disposed therebetween with such a transparent
conductive £ilm located iﬁside, wherein an amorphous
oxide layer is disposed between the transparent
conductive f£ilm and the plastic interlayer, as a barrier
to prevent the diffusion of the metal in the transparent
conductive film.

. Such an amorphous oxide layer as a barrier is
interposeé to overcome conventional problems in laminated
glass such that upon expiration of a long period of time,
'turbidity'occurs. Inventors of the present invéntion
have found that suéh turbidity takes place because the
metal in a metal layer in the transparent cdnductive £ilm
diffuses and react with moisture or oxygen contained in a
small amount in the plasﬁic interlayer, so that the metal
is oxidizéﬁ.

Asvsuch an amorphous oxidé barriér £ilm, it is
preferred to employ. the amorphous oxide £ilm of the
present invention composed essentially of an oxide
containing at least one member selected from the groué
consisting of Zr, Ti, HE, Ta, Sn and In and at least one
"member -selected  from-the-group -consisting-of B and Si. -

Figure 7 is a cross-sectional view of an embodiment
of such a laminated glass structure. Between a glass
sheet 51 located af_the exterior side of a vehicle and a

glass sheet 52 located at the interior side of the
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Consequently, the transm ttance for v15|ble lights will be |ow whereby it

will be difficult to obtain a transmttance fQg gEENQthﬁﬁErf a |level

of at least 70% Thus, the refractive i ndex of avan S
preferably at nost. 2.0, nore preferably at nogt 1.8, nost préf ¢rably at
ITDSt 1.7. - 48 - 25NOV 1996

vehicle, a plastic interlayer 53 |is disposed to bopd

these glass sheets 51 and 52. _

At the bonding surface of either one of these glass
sheets 51 and 52, preferably at the bonding surféce of.
the glass sheet 51 located at the exterior side of the
vehicle, a transparent conductive'fiim 54 and an
amorphous oxide. £ilm 58 as a barrier are disposed so that
the amorphous oxide £ilm 58 as the barrier is located at
the side of the plastic intetlayer 53.

In this case, the.above transparent conductive £ilm
54 is formed to have a multi-layered structure such as
ZnO/Ag/Zn0 or SnO3/Rg/Sn0O2 wherein a metal £ilm 56 such
as Ag or Au is sandwitched between dielectric films 55
and 57. Between this transparent conductive £ilm 54 and
the above-mentioned palstlc interlayer 53, an amorphous
oxlde-fllm 58 as a barrier formed by the amorphous oxide
£ilm of the present invenﬁion'such as a ZrBxOy f£ilm

:haviné:a thickness of  from=-10: to- 100 A, is disposéd;.

As.the above-mentioned dielectric £ilms 55 and 57 in
the present invention, a Tioé film or a ITO f£ilm may also
be used as the case requires;

Figure 8 is a crOSS*secﬁional view of another

-- embodiment of a laminateqwglass”structure, wherein the
rear side electrode.of a solar cell is made of the
'transparent conductive £ilm of the present invention.
Namely, on a glass sheet 61 through which incident light

enters into the solar cell,
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There is no particular restriction as to the f.REPLAﬂEWﬂﬂWFS

at. nost 2.0.

- 5C -

an alkali barrier £ilm 71 made-of-e.gl Si0; or Al,03, a
first transparent electrode 72 made of SnO; or ITO, an a-
Si film 73 and & rear side electrode (transparent
conductive £ilm) 64 are séquentially formed. Then, the
amorphous oxide f£ilm 68 as a barrier is formed on said
rear side electrode 64, so that, when such a glass sheet
61 and a-'glass sheet 62 at the inerior side of the
vehicle are bonded with a plastic interlayer 63
interposed therebetween, the amorphous oxide £ilm 68 as a
barrier is disposed bétween the transparent conductive
film 64 and the interlayer 63. |

Such a transparent conductive £ilm 64 as the rear
-side electrode may be composed of two or more laye?s such
as a metal £ilm 74 and other film 75, or may be composed
solely of one layer of the metal £ilm 74.

Such a metal layer 74 may be a layer made of Ag, Au,
Bd or Al or an alloy film made of at least two different
kinds-of.these metals.. Furthér, said other film 75 may -
be a film made of ZnO, ZnS, TiOz, ITO or SnOz.

A suitable method such as spraying, vacuum
deposition, DC sputtering or chemical vapor deposition,
may be used as the method of forming the above-mentioned
. transparent conductive films 54 and. 64 or the amorphous .
oxide barrier filmé 58 and 68. However, in view of the
'productivity and the film properties, it is preferred to
form films_by the DC sputtering method. A multi-layered

£ilm thereby formed preferably has a three-layered
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Tl

such an
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according to the present invention, the one. T - a&HEBf 2.0 is
preferred, since it is execellent also in thefsgrgtch resistahceg and the
abrasion resistance. In particular, a film of 5_N0V 1996

_51..
structure such as ZnOx/Ag/ZnOx gr'Snox/Ag/SnOx from the -
viewpoint of the deposition speed or the cost of the‘
target, or Ag/ZnOyx in the case of the rear electrode of a
solar cell. ©PFor the preparation of such a laminated
glass, a glass sheet may preliminarily be molded into a
desired shape prior to the formation of the films, or the
£ilms are Preliminarily formed and then the glass sheet
may be molded into a desired shape.

The aﬁorphous oxide barrier films 58 and 68 are
preferably formed in ; thickness of from 10 to 100 A, If
tﬁey are thinner than this range, no adequate metal
diffusion preventing ability will be obtained. On the
other hand, if they are thicker than 100 &, no further
improvement of the metal diffusion preventing ability -
will be observed.

As the plasﬁic interlayérs 53 ané 63 to be used for
bonding giéss sheets 51 and 52 or 61 and 62, PVB, EVA
(ethyiene;vinyl acetate copolymer) or urethane may be
used. For the formation of a laminated- glass for an
‘automobile, it is preferred to employ PVB having
excellent adhesiveness.

In Figures 7 and 8, laminated glass structures are

-illustrated wherein two.glass sheets are used. However,.
the present invention may also be applied to a laminated
glass wherein three or more glass sheets are used. 1In
such a case, the above-mentioned transparent conductive

films 54 and 64 and the amorphous oxide barrier-films 58
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-32- ZrSi[err](err], wherein z is 0.22 [err]Jz <19 and'y is 2.44 <y <
40 and a filmof ZrB[err]Si[err](err] wherein x, z and y are 0.05 [err]
X [err] z, z <19 and 2 <y < 40.provided when x > 3 X [err] 3 [err]
0.25Z and n [err] 2.0, are nost suitable for

- 52 ~

and 68 are preferably formed on the bonding surface of
the glass sheet located at the exterior side of a vehicle
i.e. at the outermost side.

Having such constructions, the embodiments of Figures
? and 8 are capable of effectively suppressing turbidity
by the functions of the metal oxide films 58 and 68
interposed as barriers.

To ascertain the effects of the present invention,
experimenté have been conducted in comparison with

Comparative Examples. The results are shown in Table 3.

REPLACEMENT SHEET
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applications where high durability is required,
not only in the scratch resistance and
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particularly preferred oxide film 23 for the outernny ey
radi ati on shielding glass of Figure 4. However, the OXIde film23
outernost layer is not limted to such a specific|eyanpPNChBG%ay
contain other conponents to inprove the durability o adjust the
properties or to inprove the speed and " '

IREPLACEMENT SHEET
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As shown ifi Table 3, no change with respect to the
turbidity was obsefved even in the Comparative Exahples
where the transparent conductive f£ilm 54 or 64 was made
of a single layer of a ITd f£ilm or a Sn0O; £ilm. Eowever,
when'the transparent conductive £ilm is made of a multi-
layered £ilm such as a three layered f£ilm of ZnO/Ag/ZnO
or SnOz/Ag/Sn0O; wherein the silver layer is sandwitched
by dielectric layers, turbidity occurred by UV
irradiation for 100 hours. It is anticipated that such
turbldlty has resulted because a metal (such as silver)
in the metal layer (such as the silver layer) was
activated by the OV lrradlatlon and penetrated through
the dielectric layers (such as the ZnO £ilm and the SnOjz
film) and diffused to the PVB film, whereby the metal is
okidized by the ﬁoisture or oxygen contained in the PVB
£ilm. -

On the other hand, no turbidity was observea after
the OV irradiation for .100 hours, 'when.an -amorphous oxide
barrier £ilm was interposed between the transparent
conductive f£ilm (as identified in the Table by ~)
composed of one or more laYers'including a metal layer
and the PVB f£ilm, to prevent the diffision of the metal
-Erom suchza-transparent-eonductive-film to-the PVB £film
as in the case of the Examples of the present invention
‘in Table 3. Thus, it has been confirmed that the
interpoéition of such an amorphous oxide barrier film is

Very effective to suppress the formation of turbidity.
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the stability for the.filn}forning. Further, the BEPQACEPH$QL§ t he

heat radiation shielding glass: of Figure 4 nmay ot necessarily pe
conpletely transparent and may be an absorptive fli |lm2& NOV 49960eh- | acki ng
state or may contain a small anmount of nitrogen qr jcarbon. [here is

no particular restriction as to the _ 55 - -

In the embodiments of Figures 7 and 8, the diffusion
of the metal can adeqqately be prevented, since the
amorphous cxide barrier £ilm has an adeguately dense
structure. Whereas, with thé crystalline £ilm, the
crystal grain boundaries are believed to constitute the
passages for diffusion, whereby oxidation is facilitated.

Figqure 9 is. a cross—sectional view of a heat. .
radiation_shielding glass prepared by a process whereby
the opticai properties of the article with high
durability of the presént invention is stabilized,

- whereby the following problems have been overcome.

It is common ﬁo employ a direct current (DC)
sputtering method when a coating is applied to a glass
sheet having a large area useful for e.g. automobiles or
building construction.' When an oxide f£ilm is formed by
this method, electric conductivity is required for the
target. Therefore, it is usual to employ a metal target
althoﬁgh there is an eXception.suchwas.use of ITO or -Al—
doped ZnO. During the formation of an oxide f£ilm by the
reactive sputtering in an oxygen plasma atmcséhere, it is
unavoidable that a part of the previously formed heat
radiation shielding layer is oxidized. The degree of the
oxidation can hardly be controlled by the technique
Presently available; Consequently, there hgs been a
problem that the optical properties' are varied.'

Under these circumstances, the present inventors have

found a process of forming a thin barrier layer to
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t hi ckness of the oxide |ayer 23. However, if the '
adequate durability will be obtained. Therefore} CENE%ﬁbSHEE ’
preferably at least 50 A, nore preferably at | easf 100 A ~—Tost—preferably

at | east 25 NOV 199

- 56 -

prevent such oxidation of the heat radiad ing

- layer, on the heat radiatipn shieiding layer, prior to
the formation of an oxide £ilm on the heat radiation
shielding layer. |

Figure 9 is i cross-sectional view of an embodiment
of a heat radiation shielding glass prepared by such a
process, wherein a referenée numeral 81 indicates a
substrate qade of transparent or colored glass or
plastic, numeral 82 is a heat radiation shielding f£ilm
made of e.g. a metal, a niﬁride, a carbide, an absorptive
oxide or a mixture thereof, numeral 83 indicates an
oxidation barrier £ilm, apd numeral 84 indicates an oxide
£ilm.

The most signigicant feature of this prdécess is to
form a thin oxidation barrier f£ilm 83 on the heat
radiation reflecting film 82 to prevent the oxidation of
the film éé. There is no particular restriction as to

~the-film material of this barrier £ilm 83. However,--in a
case where the film—-forming is conducted in a multi path
mode by usual sputtering, a metal f£ilm or a nitride £ilm
capable of being formed from a target useful also for the
heat radiation reflecting £ilm or for the oxide £ilm
formed on the-atmoséheric-air side; is preferred in view
of. the productivity; If the £ilm thickness is too thin,
.no adeguate barriar effects will be'obtained, and a part
of thelheat radiation reflecting film 82 will be oxidized

when the outermost oxide film 4 is formed by reactive
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-33 - 150 A, although it decends upon the partfi E@géﬁﬁTﬁh t he
other hand, if the layer is too thick, there wljl |be interteréfigejeffects,
and the reflection color will be . 25 NOY 1996

.

——

sputtering. On the other hand, if the film is too thick,
it will remain as not completely oxidized, whereby the
t:ansmittanqe will be low. Therefore, the film thickness
is preferably from 5 to 30'A, more preferably from 10 to
20 A. | |

The embodiment of Figure 9 has at least three-layered
structure as mentioned above. However, in some cases,
one or more layers may be formed between the substrate 81
and the radiation reflecting £ilm 82 or between the
oxidation barrier f£ilm 83 and the oxide £ilm 84, to
improve the adhesion or to adjust the optical properties.

The oxide film 84 is preferably the amorphous oxide
f£ilm of the present invention, particularly the oxide
film containing Zr and at least one of B and Si.

However, the oxide film 84 is not limited to such
speciﬁic examples and may contain other components to
improve the durability; to adjust the optical properties
:oruto:improve the speed and the stability for the f£ilm—
forming. The oxide film of the present invention may '‘not’
necessarily be transparent and may be an absorptive £ilm
in an oxygen-lacking state or may contain a small amount
of nitrogen or carbon.

There-is no particular restriction as to the oxide
£ilm 84. However, fhe oxide film containing Zr and at
‘least one of B and Si, iz suitable particularly for an
application where high durability is required, since such

~an oxide film is excellent in the scratch resistance and
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strong, although it depends al so on the refractiv
thi ckness is preferably at nost 1,000 A, nore pr

-+
P

nost preferably at nost 500 A There is no pdrt[rcute
the filmmaterial for the heat radiation shieldi
material may be selected fromthe group consisti
oxi des and m xtures thereof dependi ng &pgg the par ular

f 2. The i
g _IéEiN%.§m”ca

pur pos

desired specification. Specifically, a filmconppsed essentia

nenber sel ect g Eﬁ@”Eﬁgﬁigﬁﬁugtﬁgﬁik%QtngWHen the oxide ELiIm

00 A,

contains Zr and at least one of B and Si, there is no

particular restriction as to the respecti

However, if the content of B or Si is small,

ve proportions,

the £ilm

tends to be crystalline, whereby the surface smoothness

tends to be inadequate.

resistance tends to be poor. Therefore,

Consequently, the scratch

the atomic ratio

of B, Si or the total amount thereof to Zr is preferably

at least 0.05.
is 0.05 = x = l.0and y is 2 < y =

ZrSi;Oy wherein z is 0.05 =

z < 19 and y is 2.1 =

Specifically, a £ilm of ZrByxOy wherein x

3.5, a £ilm of

y <

40 and a film of ZrBxSi,Oy wherein x, z and y are 0.05

S x+2z,z <19 and 2 <y < 40, provided that when x

>3, x =
excellent in the scratch resistance, the abrasion
resistance and the chemical stability.

There is no particular restriction as to the
thickﬁess of the oxide film 84. However,
film is too thin, no adequate dﬁrability will be

obtained.

least 50 A, more preferably at least 100 A, most

0.25z + 3, are éreferred, since they are

if the oxide

Therefore, the thickness is preferably at

Preferably at least 150 A, although it depends upon the

- Particular’ purpose.

On the other hand, if the oxide

layer is too thick, the productivity will be poor, and

the interference effects will result, whereby the

reflection color tends to be strong. Therefore,

the

thickness is usually at most 1,000 &, preferably at most
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titanium chromium zirconium tantalum hafniLBEPLAﬁgﬁﬁﬂﬁrﬁﬁﬁﬁi e,

chromumnitride, zirconiumnitride, tantalumritjirde and hafnjufn nitri de,
i.s preferred, since it has excellent heat radietionzgpﬂqu?np br pperti es.
The thickness of such a heat shielding film22]Jigq preferably st 1,000
A, nore preferably at nost 800 A dependi gg upony ttetype—of—tte $ubstrate
21 and the refractive index and the thi CRnéss ¢f the oxide | ayer {23. |If the
film?22 is too. thick, .the.transmttance. for visible |Iights decreases.
partiCu|ar|yyopnébhgoggs@ngfa;ably at most 500 A, although it depends

0

upon the refractive indexi

There is no particular restriction as to the method
of forming the oxide £film 84. Vacuum vapor deposition,
ion plating or sputtering méy be employed.

There is no particular restriction as to the film
material .of the heat radiation reflecting £ilm 82. It
may be §elected from the group consisting of metals,
nitrides, carbides, absorptive oxides and mixtures
thereof, depending upon the particular purpose or the
required specification. Usually,_the heat radiation
reflecting £ilm 82 is selected from the group consisting
of titanium, chromium, zirconium, titanium nitride,
chromium nitride and zirconium nitride. o

'Whén the heat radiation reflecting film 82 is made of
a nitride f£ilm, it is effective to form an oxide -in order

| to.increasé the adhesion with the substrate 8l.

Iﬁ this method, the oxidation barrier £ilm 83
effectively prevent the heat radiétion_reflecting layer
82 from being partially oxidized in the oxygen plasma
atmosphere during the formation of an oxide £ilm 84 by
the reactive sputtering, in such a manner that the
barrier.film 83 itsélf-is oxidized. As a result, a heat
radiation shielding'glass having constant optical
‘Pr0perties can readily be produced.

On the other hand, if this oxidized barrier layer is

Not formed, a part of the heat radiation reflecting film
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nitride film if the thickness exceeds 800 A, th jnternal stress tends to

be | arge,
the film

and peeling of the filmis likely to OdREPLAGBNE%HTSHEET hand, if

- 60 - 2 5 NOV 1995

82 such as Ti will be partially oxidized to form TiOa,

whereby the reflectance inpreases, and the color tone
will not only be chaﬁged but slso hardlv be reprocduced
constantly.

It is preferred that as the oxidation barrier layer
83, the same metal as used in the oxide £ilm formed
thereon is employed, since the oxide film will have a
composition where the degree of oxidation continuously -
changeslat the side being in contact with the heat
radiation refleéting film, whereby the adhesion between
the oxidation barrier layer 83 and the oxide £ilm 84 is
increased. It is further preferred that almost all of
the metal of the oxidation barrier layer 83 is oxidized
during the formation of the oxide f£ilm so that the
structure will be the same as a double layered structure
from the oétical point of view.

For eiémple, when a ZrBxOy £ilm is to be formed as -

the oxide £ilm, it is possible to constantly obtain a

heat radiation shielding glass having a structure of

substrate/heat radiation reflecting £ilm/ZrByxOy if a thin
ZrBy film.is fo&med as the oxidation barrier layer 83 on

the heat-radiation.reflecting film prior to the formation
oﬁ the ZrBxOy film..

The method of forming the oxidation barrier layer as

'described.above can be applied to the production of other

than the heat radiation shielding glass illustrated in

Figrue 9. Namely, such an oxidation barrier layer may be

e
I ———————
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22 is too thin, no adequate heat radiation shield ehﬁlﬁﬁnﬁihl be
obt ai ned. Therefore, the thickness is preferably]af |east 207A
preferably from20 to 100 A, although it depends sggpngvhﬁg |cknesses
and the

- 61 .-.

formed, for éxémple, between the first layer 2 and the
second layer 3 in Figure 2, between the second layer 12
and the third layer 13 in Figure 3, between the first
layer 22 and the second léyer 23. in Figure 4, between.the
first layer 32 and the second layer 33 in Figure 5,
between the 2n layer 43 and the 2n + 1 layer in Figure 6,
and in the case where the transparent conductive £ilms 54
and 64 iq Fiéures 7 and 8 are non—-oxides, between said
layers and the barrier layers 58 and 59, to obtain
optically stable arti&les w%th high durability according
to the present'invention in ; similar manner.

The amorphous oxide £ilm of the present invention may-
be-formed as a layer for a scratch resistant protective
film on one side or each.side'of the t}ansparént
substrate to obtain a trénsparent sheet provided with a
scratch resistant protéctive £ilm.

Figurg 10 illustrates a diagrammatical cross-
secti&nal view of an embodiment of such a scratch
resistant protective f£ilm—-provided transparent sheet.

The transparent substrate 92 to be used in the
present invention may be made of soda lime glass,
borosilicate glaés, lead silicate glass, aluminosilicate
glass, aluminoborate glass, quartz glass, barium borate
glass or any other solid glass material without any
-particular restriction as to the composition. Further,
it is also possible to employ a plastic substrate. The

shape of the substrate is not restricted to a flat plate,
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types of the filmmaterial and the substrate gl REPLACEMEN—TJSHEE?[‘ there is

no particular restriction as to the nethod for rmr g the oxt defl ayer 23
and the heat radiation shielding film 22. VaCULn1va aﬁ tijo m, i on
plating or sputtering nmay be enployed. However,| 4 anﬁ 5§i£ gtering
met hod excellent in the uniformty,

_62_

and the substrate may have a curved shape or any other.
shape. From the viewpoint of safety, a glass substrate
is preferably the one Strengthened by air cooling
reinforcement or chemical reinforcement, or the one
‘treated by lamination to prevent scattering of glass
fragments upon breakage.

The thickness of the scratch resisﬁant protective
£ilm 91 is preferably from 100 to 5,000-A.--if the film
is too thin, no adequate scratch resistance will be
obtained. On the other hand, if it is too thick, peeling
of the film is likely to occur, and the productivity
tends to be poor.

The scratch resistat protective £ilm 91 is preferably
the amorphous oxide film of the present invention.
Particularlé preferred are a film of ZrBxOy wherein x is
0.05 = x = 1.0 and y is 2 < y = 3.5, a £ilm of ZrSizOy
wherein z J.S 0.0-5 =z < 19 and y is 2.1 = y < 40 and a
£ilm of ZrBgSi Oy wherein x, z and y are 0.05 = x + 2z, 2
< 19 and 2 < vy < 40, provided that when x > 3, x =
0.25z + 3, since they are excellent not only in the
scratch resistance and the abrasion resistance but also
in the chemical stability. Such an oxide film containing

- Zr-and B and/or Si is not limited to the four component
system of Zr, B, Si and O and may further contain other
icomponents to improve the durability, to adjust the

optical properties or to improve the speed and the

stability for film-forming.
This Sheet Has Been Replaced
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The transparent substrate 21 is usually nmade of [gljass S ié.
In the enbodi nent of Figure 4, the color tone bqirng ral i
the foll ow ng characteristics. 2%1&94

-63- | -
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The contents of B and/or Siaand the thicknesé of the
scratch resistant protect;ve film 91 are suitablly
selectéd.depending upon the particular purpose of the
transparent sheet. For example, in the case of glass to
be used for the read ocut portion of é bar cord reader, it
is preferred to use soda lime glass having a thickness of
5 mm with a 2ZrByxOy £ilm having a thickﬁess of from 300 to
600 A in view of the the transmittance for a laser beam
having a %avelength of 6328 A.

As the method of formiﬁg the scratch resistant
protective £ilm 91 of the present invention, a £ilm-
forming method such as wvapor depositioh, sputtering or
ion plating may be employed. There is no particular
restriction as to the method for its formation. However,
the sputtering method is preferred among them, since the
starting material may not thereby.be melted, the film
qompositi&h can easily be controlled or reproduced, the
energf of particles reaching the substrate is high, and
it is éossible to obtain a £ilm having good adhesion,
whereby the amorphous f£film of the present invention can
readily be obtained. To improve the adhesion of the £ilm
to the substrate, an ion injection method may be used in
-combination. Namely, argon ions or oxygen ions with a
high.energy at a leQel of a few 10 keV may be irradiated |
on the protective film 91 formed on a glass substrate, to
form a mixed layer between the protective f£ilm and the

glass substrate to increase the adhesion to the glass

This Sheet Has B

I



' .of the-
CEMENT SHEET]t he
t he oxi de
efrly.

Nanely, as represented by the CIE col or index, t
x-coordinate and .te y-coordinate as. betwee
formation of a filmsuch as the heat radiation]sirerdarmg—f+t
filmon the substrarte surface, are represented by r ‘and
[err] represents a col or change due to tge ég“d‘i(‘n%b

substrate. Further, depeding upon the D
purpose, it is also effeégive to reduce the frictional

oefficient by coating a thin organic lubricating £ilm on
the protective £ilm 91. As an application of the scratch
resistant protective filﬁ—provided transparent shgét of
Figure 10, a cover glass (also called a scanner glass)
for the read out portion of a bar cord reader may
primarily be mentioned. Figure 11 shows a diagrammatical
view of a bar cord reader. Reference numeral 93
indicates the glass for the read out portion of the bar
cord reader. Reading out of a bar cord is conducted by
sliding a commercial good having a bar cord labelled
thereon, on the bar cord reader 94. The transparent
sheet of Figure 10 may be used also for othér’purpoéés,
for example, as a glass plate for a stahd table for a
copying machine or as a transparent sheet in general'
where'scrgtch resistance is required.

N&w, the present invention will be described in

" further detail with reference to Examples and Comparative
Examples.

The following Eiamples and Comparative Examples are
directed to articles with high durability as illustrated
in Figurés 2 and 3.. -~
EXAMPLE 1

' 'A glass substrate was placed in a vacuﬁm chamber of a
sputtering apparatus, and the vacuum chamber was

evacuated to a pressure of 1 x 10-6 Torr. A gas mixture

T
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ans that the
rably at
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formation of. the coating film.. and the.neutr
val ue of this color change is at nost . 0.008 and
nost 0.007 and at nost 0.028, with respect to t
the reflection color, respectively. However, thg
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of argon and nitrogen was introduced to Brimg—the—

pressure to 2 x 10-3 Torr. Then, titanium was subjected

REFACEMENT
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to reactive sputtering to form titénium nitride (first
layer) in a thickness of about 200 A. fThen, the gaé was
changed to a gas mixture of argon and oxygen, and the
pressure was adjusted to 2 x 10-3 Torr. Then, a
zifconium/boron.target (atomic ratio 70/30) was subjected
to reactive sputtering to form an amorphous oxide film
comprising zirconium and boron ZrBxOy (second layer, x =
0.14, y = 2.21) in a thickness of about 500 A.

The visible light transmittance Tv, the solar energy
transmittance TE, the visible light reflectance on the
coating surface RvF and the visible light reflectance on
the glass surface RvG of the heat radiation reflecting
glass thus obtained, were 53%, 42%, 6% and 28%,
respectively. The f£ilm was immersed in a 1N hydrochloric
acid or sodium hydroxide for 6 hours or in boiling water
“for twb hours to examine the durabiiity.- In each case,
the changes in the transmittance and in the reflectivity
were within 1s. |

In the scratch test by means of an abrasive eraser,
no substantial scratch mark was observed, and the £ilm
showed excellent scratch resistance.

EXAMPLE 2 |

In the same manner as in Example 1, titanium nitride

(€irst layer) was formed in a thickness of about 200 A on

a glass substrate. Then,_ the gas was changed to a gas
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which a coating filmis fornmed and the surface BBPLACENE%H‘SHEET
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mixture of argon and oxygen, and the PresSUTE was—
adjusted to 2 x 10-3 Torr. Then} a zircenium/boron
target (atcmic ratio 33/67) was subjected to reactive
sputtering to form an ambfphous oxide f£ilm comprising
zirconium and boron ZrBxOy (second layer, x = 0.99, y =
3.49) in a thickness of about 500 A. The optical
properties Tv, TE, RvrF and Rve of the heat radiation
reflecting glass thus obtained, were 55%, 42%, 3% and
20%, respectively. |

The durability tests were conducted in the same
manner as in Example 1, and the film exhibited similarly
excellent properties. |
EXAMPLE 3

A glass substrate was placed in a vacuum chamber of a
sputtering apparatus. The chamber was evacuated to a
pressure of 1 x 10-6 Torr. A gas mixture of argon and
oxygen wag introduced to bring the pressure to 2 x 10-3
Torr.. While heating the substrate at a temperature of
about 350°C, a ITO target was subjected to sputtering to
form ITO (first layer) in a thickness of about 1 um.
Then, by changing the proportions 6f the gas mixture of
argon and oxygen, a zirconium/boron target (atomic ratio
33/67) was® subjected to reactive sputtering to form an.
amorphous oxide filﬁ ZrByOy (second layer x = 0.99, y =
3.49) in a thickness of about 760 A.

The durability of the heat radiation refiecting glass

thus obtained was evaluated in the same manner as in
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whi ch no such filmis forned. In such a case, ol or neans

the larger val ue. Wien the heat radiation éﬂﬂHﬂﬂﬂVrl is a
nitride film an oxide filmmay be formed betwedn f{he gtrate-and
the nitride filmin order to reduce - the inter litride

filmand thereby to
: - 67 -

Example l,.whereby_it showed excellent
EXAMPLE 4

A glass substrate was placed in & vacuum chamber of a
sputtering apparatus. The chamber was evacuated to a
pressure of 1 x 10-6 Torr. A gas mixture of argon and
oxygen was introduced to bring the pressure to 2 x 10-3
Torr. Then, tantalum was subjected to reaétive
sputteriqg to form tantalum oxide (first layer) in a
thickness of about 620 A. Then, a zirconium/boron target.
(atomic ratio 33/67) was subjected to reactive sputtering
in the same manner to form an amorphous oxide £ilm ZrByOy
(second layer x = 0.99; v = 3.49) in a thickness of about
760 A.

The vacuum was released, and the substrate was over-
turned. Then, similar two layers were formed on the rear
side in the same manner.

The réflectanée of the low reflective glass thus
obtaiﬁed was about 1.5%. The durability was excellent as
in the.case of Example 1.

EXAMPLE 5

A glass substrate was placed in a vacuum chamber of a

sputtering apparatus. The chamber was evacuated to a
‘~pnessure .0f 1 x 106 Torz. A gas mixture of argon.and
oxygen was lntroduced to bring the pressure to 2 x 10-3
'Torr. Then, a zirconium target containing boron (Zr:B =
76:30) was subjected to RF (radio freguency) magnetron

sputtering to form an amorphous oxide film ZrB,O, (first
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layer x = 0.14, y = 2.21) in a thic&nsgé_gf about 604 A.

Then, the gas was changed to a gas mixture of argon and

nitrogen, and the pressure was adjusted to 2 x 10-3 Torr.
Then, a titanium target was subjected to high frequency
magneﬁron sputtering to form titanium nitride (second
layer) in a thickness of aSout 120 A. Then, under the
same condition as in the first layer, a ZrBxOy £ilm
(third layer x = 0.14, y = 2.21) was formed in a
thickness of about 600 A.

The visible'light transmittance Tv and'the solar
energy transmittanCé TE of the sample thus obtained were
about 80% and about 60%, respectively. Durability tests
were conducted in the same manner as in Example 1, and
the sample showed excellent properties as in Example 1.
EMLE 6

A glass substrate was placed in a vacuum chamber of a
sputterind'apparatus. The chamber was evacuated to a
pressﬁre of 1 x 10-6-Torr. A gas mixture of argon. and
ongen'was introduced to bring the pressure to 2 x 10-3
Torr. Then, a titanium target containing silicon was
'subjected to high frequency magnetron sputtering to form
an amorphous oxi@e £ilm TiSixOy (first layer x = 0.33, y
= 2.66).in a thickness-of about 600.A. Then, the gas was
.changed to a gas mixture of argon and nitrogen, and the
.pressure was adjusted to 2 x 10-3 Torr. Then, a titaﬁium
target was subjectéd to high frequency magnetron

sputtering to form titanium nitride (second layer) in a

—————
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thickness of about 120 A. Then, under the samé condition
as in the case of the firs; layer, an émorphous oxide
f£ilm TiSixOy (third.layer x =0.33, vy = 2.66) was formed
in a thickness of about 600 A. The visible light
transmittance and the sunlight transmittance of the
sample thus obtained were substantially the same as in
Example S.- The-  durability was also substantially the
same as in Example 5.
COMPARATIVE EXAMPLE 1

To ascertain the effects of Example 5, a zirconium
oxide film containing no boron (first layer) was formed
in a thickness of about 600 A. Then, the gas was changed
to a gas mixture of argon and nitrogen, and the pressure
was adjsuted to 2 x 10-3 Torr. Then, a titanium target

was subjected to high frequency magnetron sputtering to

form titanium nitride (second layer) in a thickness of

about 120 A. Then, under the same condition as in the

- case'of the first layer, a zirconium oxide £ilm (third

layer) was formed in a thickness of about 600 A.

The sample thus obtained was subjected to thg
abrasion eraser test, whereby a number of scratch marks
were observed, showing poor scratch resistance and

abrasion cesistance. -~

COMPARATIVE EXAMPLE 2

To ascertain the effects of Example 6, a titanium

oxide film containing no silicon (first layer) was Eformed

in a thickness of about 600 A. The gas was changed to a

hereafter i tani um

t
| 26 OV dgving. strong
di | 2
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gas mixture of argoﬁ and nitrogen, and the pressure was
adjusted to 2 x 10-3 Torr. Then, a titanium target was
subjeéte& to high frecuency magnetron sputtering to form
titanium nitride (second layer) in a thickness of about
120 A. Then, under the same condition as in the case of
the first layer, a titanium oxide film (third layer) was
formed in a thickness of about 600 A.

The sample thus obtained was subjected to the
abrasion eraser test, whereby a number of scratéh marks
were observed, showing poor scratch resistance and
abrasion resistance.

Now, Examples of.the article with high durability
shown in Figure 4 will be givén.

EXAMPLE 7

" a glass substrate was placed in a vacuum chamber of a
sputtering apparatus. The chamber was evécuated to a
pressure Sf’l x 10-6 Torr. As a glass substrate, a blue
glass.substrate having a thickness of 4 mm was used. The
same glass substrate was used also in Examplé 8 et seq.
Then, a gas mixture of argon and nitrogen was introduced
to bring the pressure to 2 x 10-3 Torr. Then, titanium
was subjected to reactive sputtering to form titanium

nitride (first layer) in a thickness of about 20 A.

Then, the gas was changed to a gas mixture of argon and

oxygen, and the pressure was adjusted to 2 x 10-3 Torr.
Then, a ZrB; target was subjected to reactive sputtering

to form an oxide f£ilm comprising zirconium and boron
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{second layer) in a thickness of about 200 A. The
visible light transmittance Tv, the the solar eneigy
transmittance Te, The visible light reflectance on the
coating surface Rvr, the visible light reflectance on the
glass surfece Rve and color changes in the transmittance

and in the reflectance

V{Ax)2 + (Ay)2 of the heat radiation shielding glass
thus obtained, were 71%, 56%, 13%, 12%, 0.0068 and 0.026,

respectively.

The transmissiod color and the reflection color were
neutral to such an extent that there was no substantial
distinction from the base glass sheet. |

The heat radiation shielding glass was immersed in 1IN
hydrochloric acid or sodium hydroxide for 6“hours or in
boiling water for two hours to examine the durabllity of
the film, whereby no change in the optical properties was
observed. ; '

Iﬁ the abrasion test by means of an abrasive eraser,
no substantial scratch mark was observed, and thus the
£ilm showed excellent scratch resistance.

EXAMPLE 8

In the same manner as in Example 7, zirconium was
Subjected to .reactive sputtering.to. form zirconium
nitride (first layei) on a gless substrate in a thickness
©f about 20 A. Then, the gas was changed to a gas
_hixture of-argon_and oxygen, and the pressure was

adjusted to 2 x 10-3 Torr. Then, a zirconium/boron

is Sheet Has Been Replaced

R




e smimmas

has a function to reduce the stimulating purity|RE ENGEW 1?§§'ﬂh col or

and to neutralize the entire color tone. Furth¢r —~he—e>
as a protective filmto inprove the abrasion regsjstance and th
stability of the heat radiation shielding glass 2 5 NOV 19956

23 serves
chenlcm

- 72 -

target (atomic ratio 20/80) was subjected to reactive
sputtering to form an oxide film ZfoOy comprising
zirconium ané borcn (socond layer x = 1.78, vy = 4.67) in
a thickness of about 200 A.
The optical properties Tv, TE, RVF, RvVé and the color

changes in the transmittance and in the reflectance of
the heat radiation shielding glass thus obtained, were
71l%, 55%,|12%, 12%, 0.0067 and 0.026, respectively.

The heat radiation.shielding';lass was immersed in 1N
hydrochloric aicd or sodium-hydroxide for 6 hours or in
boiling water for two hours té examine the durability of
the £ilm of this Example, whereby no change in the
optical properties was observed. The_dﬁrability test was
conducted in the same manner as in Example 7, whereby the
£ilm showed excellent properties as in Example 7.

EXAMPLE 9

In the same manner as in Example 7, chromium was
subjeéted.to reactive sputtering to fofm chromium nitride
(Eirst layer) on a glass substrate in a thickness of
about 10 A. Then, the gas was changed to a gas mixture
of argon and oxygen, and the pressure was adjusted to 2 x
10-3 Torr. Then, a target containing %rB; and SiC was
Subjected .to reactive sputtering to form an oxide- £ilm-
(ZrBySi,0y) containing zirconium, boron and silicon
(second layer x = 0.99, z = 0.41, y = 4.31) in a
thickness of about 200 A. The optical properties Tv, TE,

Rvr, Rvc and the color changes in transmittance and the
e
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reflectance of the heat radiation shielding glass thus
obtained, were 72%, 58%, 10%, 9%, 0.0074 and 0.023,
respectively. '

The transmission cqlof and the refiection color were
not substantially distinguished from those of the base

glass sheet. The durability was also excellent as in

.Example 7.-

EXAMPLE 10

Instead of titanium nitride in Example 7, chromium,
titanium or zirconium.was formed as the first layer in a
thickness of about 10 A. A ZrB; target was subjected to
reactive sputtering to form an oxide film containing
zirconium and boron (second layer) thereon in a thickness
of about 200 A, to obtain three types of heat radiation
shielding glasses. With respect to Tv, TE, RvF and RvG of
these glasses, there was no substantial difference among
chromlum, tltanlum and zirconium, and they were 72%, 58%,
11s and 10%, respectively. The color changes in the
transmission color and the refiection color were from
0.0031 to 0.0065 and from 0.028 to 0.030, respectively,
i.e. as excellent as in Example 7. The durability was
also excellent as in ﬁxample 7.

Now,-Examples-fdr_the articles with high durability -.

as shown in Figures 5 and 9 will be given.

'EXAMPLE 11

In the same manner as in Example 7, titanium nitriae

(first layer) was formeé in a thickness of 20 A. Then,
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as an oxidized barrier layer for the titaniumrmitride, a
ZrBz £ilm (second layer) was formed in z thickness of 15
A in an argen atmosphere by using a ZrBy target. Thean,
the gas was changed to a gas mixture of argén and oxygen,
and the pressure was adjusted to 2 x 10-3 Torr. A ZrBj
target was subjected to reactive spuﬁtering to form a
ZrBxOy £ilm (third layer x = 0.99, y = 3.49) in a
thickness of 60 A. Further, a target having a
composition of ZrygB3g was subjected to reactive
sputtering in a éas mixturé.of argon and oxygen to form a
ZrBy'Oy: £ilm (fourth layer x ; 0.14, y = 2.21) in a
thickness of 80 A.

The optical properties Tv, TE, RvF and RVG of the heat
radiation shielding glass thus obtained, were 72%, 57%.,
1l% and 8%, respectively.

_The heat fadiation shielding glass was immersed in
0.1N H2SO4, 0.lN NaOH and water of 100°C for 200 hours,
200 héurs and two hours, respectively. In each case, the
changeé in‘the transmittance and the reflectance were
within 1s. '

In the abrasion test ﬁy means of an abrasive eraser,
no substantial scratch mark was observed, and the film
showed excellent scratch. resistance.

EXAMPLE 12 |

Chromium was subjected to reactive sputtering in a

' gas mixture of argon, nitrogen and oxygen to form a

CrNyOy £ilm (first layer) on a glass substrate in a
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thickness of 20 A, and the second to Eour ere

formed in the éame manner as in Example 11 to obtain a
heat radiation shielding glass.

Its optical properties Tv, TE, RvF and ﬁvs were 71%,
59%, 10% and 9%, respectively. Its durability was as
excellent as in Example 1l. |
EXAMPLE 13

In the same manner as in Example 11, 20 A& of a TiN
£ilm (first layer) and 15 A of a ZrB; film (second layer)
were formed. Then, iﬁ an aEmosphere of argon and oxygen
(2 x 10-3 Torr), a Zr?z target was subjected to reactive
sputtering to form a ZrBxOy £ilm (third layer x = 0.99, ¥y
= 3.49) in a thickness of about 200 A. The optical
properties Tv, TE, RvF and Rve of the radiation shielding .
glass thus obtained, were 71%, 56%, 10% and 9%,
respectively. The rests of the properties were
substantiéily the same as in Example 11.

-Néw, Examples and-Comparative Examples for the
article with high durability as shown in Figure 6 will be
given. |
EXAMPLE 14

On a cathode of a magnetron DC sputtering apparatus,
targets of metal Za, metal Ag and %Zr-B.(2r/B = 5/3) were

pPlaced. A soda lime glass substrate having a thickness

‘of 2 mm was throughly cleaned by e.g. polishing; dried

and then placed in a vacuum chamber. The chamber was

evacuated to a pressure.of 1 x 10-5 Torr by an oil
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diffusion pump. Here, no heaﬁing of the suﬁgtrateras
conducted. Then, bxygen gas was introduced to the
vacuumed system to bring the pressure to 3.0 x 10-3 Torr.
In this state, a power of.s.z W/cm2 was applied to the
metal Zn target to form a ZnO film in a thickness of 400
A. Then, the atmosphere in the vacuumed system was
replaced completely by 100% pure argon gas, and the
pressure was adjusted to 3.5 k 10-3 Torr. 1In this state,
a power of 0.8 W/cm2 was applied to the metal Ag target
to form a Ag f£ilm in é thiékness of 150 A. Then, the
atmosphere in the vacuumed system was again changed to
100% oxygen gas, and a Zn0O film was formed in a thickness
of 200 A under a pressure of 3.0 x 10-3 Torr. Finally,
the atmosphere in the vacuumed system was changed to a
gas mixture of Ar/0; = 7/3, and a power of 7.8 W/cm2 was
applied to the Zr-B target Zr:B = 70-30 under a pressure
of 3. 5 b's 10 -3 Torr to form a ZrBxOy (x = 0.14, y = 2.21)
f£ilm in a thlckness of 200 A as a protectlve layer. The.
visible light transmittance  of the sample thus obtained
was 75.9%. This sample was left to stand in an
atmosphere at 50°C under a relative humidity of 95% for
46 hours, whereupon the visible light transmittance
changed.to 77.4%, but ne change was observed by the .. ..
visual inspection.. A finger print was intentionally put
onlthe surface of the f£ilm, and the sample was left to
stand in an atmosphere at 60°C under a relative humidity

of 95% for 19 hours, whereupon small pinholes were
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slightly observed at:tﬁe finger_p:intééwgz??TBHT"
EXAMPLE 15

In the same manner as in Example 14, & ZnO fiim was
formed in a thickness of 400 A as the first layer, a Ag
film was Eormed in.a thickness of 100 A as the second
layer, a ZnQ film was formed in a thickness of 800 A as
‘the third layer, and a Ag film was again formed in a
thickness of 100 A as the fourth layer, and a ZnO £ilm
was formed in a thickness of 100 A as the fifth layer.
Then, also in the samé manner as in Example 14, a ZrByxOy
£ilm (x = 0.14, y = 2.21) was formed thereon in a
thickness of 300 A as a protective layer. The visiﬁle
light transmittance of the sample thus obtained was
80.2%. This sample was left to stand in an-atmosphere at
50°C under a relative humidity of 95% for 53 hours,
whereupon the tranémittance was 80.1%, and no change was
obiserved b& visual inspection. 'The same sample was left
to sténd in a weatherometer for 36 hours, whereupon the
transmittance was 78.6%, and by visual-inspection, only
an extremely slight haze was observed at the end portion
and no change was observed at the central portion.
COMPARATIVE EXAMLE 3

In the same manﬁer_as in Example 14, a ZnO f£ilm was
formed in a thickness of 400 A as the first layer, a Ag
"f£ilm was formed in a thickness of 150 A as the second
‘layer and a ZnO £ilm was formed in a thickness of 400 A
as the third léyer. Then, no protective f£ilm was formed

-
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thereon. The viéible light transmittancé of the sampfé
thus obtained was 78.4%. ?his sample was left to stand
in an atmcsphere at 50°C under a relative humidity of 95%
for 46 hours, whereupon the transmittance was 75.4%.

The change in the transmittance was not so substantial,
but by visual observation, pinholes were observed on the
entire surface. A finger print was intentionally put on.
the surface of the £ilm, and the éample was left to stand
in an atmosphere at 50°C under a relative humidity of 95%
for 19 hours, whereupon the finger printed portion was
hazy with thé color completely changed.

COMPARATIVE EXAMPLE 4

By using metal Sn instead of metal Zn as the target,
a SnOz film was formed in a thickness of 400" & as the
first layer, a Ag £ilm was formed in a thickness of 110
A as the second layer and a SnO; film was formed in a
thickness of 400 & as the third 1ayér, in the same manner
'as in.Example 14. No protective léyer was formed as in
Comparative Example 3. The SnO; film was formed in an
atmosphere of 100% pure oxygen gas under 5 pressure of
3.0 x 10-3 Torr at an applied power of 84.7 W/cm2.

The visible light transmittance of the sample thus
obtained was 84.7%. This sample-was left to stand in-.an.
atmosphefe at 50°C under a relative humidity of 95% for
.53 hours, whereupon the transmittance was 73.6%, and a
séale-patterned'haze formed on the entire surface and

pinholes were substantial. A finger print was

heet Has Been Replaced

Hllll“ L)
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intenticnally.ﬁut on the surface of the Eilm, e
sample was left to stand_fpr 19 hours, whereupon the
large pinholes were fcrmed at the finger printed portion.
The same sample was left to stand in a weatherometer for
36 hours, whereupon the transmittance was 82.6%, and a
haze was slightly observed dn the entire surface by
visual inspectidn.
EXAMPLE 16 ‘

By using soda lime glass having a Ehickness of 5 mm,
a scratch resistant p?otecfive film—-provided glass sheet
of the present invention was prepared by DC sputtering
under the following conditions. As the target, a
sintered body of zirconium (Zr) and boron (B) containing
boron (B) in a proportion (atomic $) of 67%, was used.
As the supplied gas, é gas mixture of oxygen (Oz) and
argon (Ar) was used at a flow rate of the oxygen (Oz) of
30%, so tﬁgt the vacﬁum:degree in the wvacuum chamber was
3.5 m Torr. A Dd power source was connected to the
target, and -600 V was applied thereto to generate glow
discharge, whereby the discharge current density was 20
mA/cm2. Under such a condition, a shutter was open for
37.5 seconds to form a ZrBxOy (x = 0.99, ¥ = 3.49)
-amorphous f£ilm on the soda lime glass sheet having a
thickness.of 5 mm. | )

The thickness of the f£ilm formed on the substrate was
500 A, and the film was colorless transparent and had a

refractive index of 1.8. The content of bofon in the

e
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film was measured by ESCA, whereby the atomic TZtio-x of

boron to zirconium was foqnd to be 0.99.

With respect to TiOz and SnOz coated by conventional
dipping or spraying, the soda lime glass surface and the
amorphous £ilm of ﬁhe present invent;on, the dynamic
frictional coefficients by a stainless ball having a
diameter of 6 mm under a load of 50 g and at a mdving
speed of tné substrate of 150 mm/min, were measured by
Heidon 14 model surface property measuring device
manufactured by Shinto Kagakusha K.K. after the surface
was wiped with a cloth impregnated with acetone. With
respect to the four types of samples, dynamic frictional
coefficients of 0.204, 0.282, 0.145 and 0.142 were
obtained, respectively. Thus, the amorphous film

according to the present invention has excellent

lubricating properties and smooth, whereby scratching due

to friction scarecely takes place. 1In fact, by a test
wherein an abrasive eraser having a diameter of 5 mm was
reciprocated 10 times with a stroke of 30 mm under a load

of 500 g, the number of scratch marks was the minimum

~with the amorphous £ilm of the present invention among

the above four types of samples, as visually observed.

Now, more-Examples of the article with high I

-~

durability shown in Figure 4 will be given.

.EXAMPLE 17

A glass substrate was placed in a vacuum chamber of a

sputtering appafatus. The chamber was evacuated to a
.
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pressure of 1 x 10-6 Torr. As a.glass sugstrate, a blue
glass substrate having a thickness of 4 mm was used. The
same glass substrate was used also in Exzmple 18 et sec.
Then, & gas mixture of argon and nitrogen was introduced
to bring the pressure to 2 x 10-3 Torr. Then, titanium
was subjected to reactive sputtering to form titanium
nitride (first layer) in a thickness of about 20 A.
Then, the gas was.changed to a'gas mixture of argon and
oxygen, and the pressure was adjusted to 2 x 10-3 Torr.
Then, a Zr-B target (ir:B_¥ 40:60) was subjected to
reactive sputtering to form an oxide f£ilm comprising
zircoﬁium and boron (second layer) in a thickness of
about 200 A. The visible light-trénsmittance Tv, the the
solar energy transmittance TE, The visible ‘Iight
reflectance on the coating surface RvE, the visible light
reflectance on the glass surface Rve and color changes in

the transmlttance and in the reflectance

vV le)z + (Ay)2 of the heat radiation shleldlng glass
thus obtained, were 73.3%, 59.0%, 9.2%, 7.7%, 0.0016 and

0.021, respectively.

The transmission color and the reflection color were
neutral to such an extent that there was no substantial
distinction from the base glass sheet.

The heat radiaéion_éhielding glass was immersed in

0.1N hydrochloric acid for 240 hours or 0.1N sodium
hydroxide for 240 hours or in boiling water for two hours

to examine the durability of the film, whereby no change
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in the optical properties was observed.
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In the abrasion test by means of an abrasive eraser,
no substantial scratch mark was observed, and thus the
£ilm shcewed excellent scratch resistance.

EXAMPLE 18

In the same manner as in Example 17, zirconium was
subjected to reactive sputtering to form zirconium
nitride (first layér) on a glass substrate in a' thickness
of about ‘20 A. Then, the gas was changed to a gas
mixture of argon and oxygen, and the pressure was
adjusted to 2 x 10-3 Torr:. Then, a zirconium/boron
target (atomic ratio 50/50) was subjected to reactive
sputtering to form an oxide £ilm ZrBxOy cbmprising
zirconium and boron (socond layer x = 1.78,'y = 4.67) in
a thickness of about 200 A.

The optical properties Tv, TE, RvF, Rve and the color

changes in the transmittance and in the reflectance of

the heat radiation shielding glass thus obtained, were
76.9%, 61.4%, 8.3%, 7.8%, 0.0017 and 0.0297,
respectively.

The heat radiation shielding glass was immersed in
0.1N hydrochloric acid (HCl) for 240 hours or 0.1N sodium
hydroxide (NaOH) fof 240 hours or in boiling water'for
two houré to examiné th; durability of the £ilm of this
Ixample, whereby no change in the optical properties was
observed. The durability test was conducted in the same

nanner as in Example 17, whereby the film showed

i



the chemcal stability. It is of course possible to enploy the anorphous
oxide filmof the present invention conposed essentially of an oxide
containing at | east one nenber selected fromthe group consisting of Zr,
Ti, Ef, Ta, Sn and In and at |east:- one nmenber selelctetd fromthe

excellent properties as in Exampie 17.

REPLACEMENT SHEET

2 5 NOV 1996

This Sheet Has Been Rep

| L II i




group consisting of B and Si.. The low refractive index oxide film 33
serves to reduce the reflectance and to reduce the color due to
interference of the reflection. It is preferred to forma thin netal |ayer
prior to the formation of such an oxide film33 in order to protect the
heat radiation shielding |layer 32 from oxidation,"

—_—

Qur Ref.: EA-8364(6875)

Applicant: ASAHI GLASS COMPANY ' ,,"mc’mmmﬂ"l’s”“m

Claims

1. An amorphous oxide film composed essent1ally
of an_oxide containing Zr and Si '

(ZrsSiz0y), wherein the atomic ratio z of Si to zr is 0.05

= z < 19, and the atomic ratioc y of O to 2r is 2.1 = y

< 40,

2. An amorphous oxide film composed esséntia11y of an oxide
containing Si and at least one member selected from the group
consisting of Ti, Hf, Sn, Ta and In.

3. An amorphous oxide film composed essentially of an oxide
containing B, Si and at least one member selected from the group
consisting of Zr, Ti, Hf, Sn, Ta and In.

4. An amorphous oxide film composed essentially of an oxide
containing Si, Zr and at least one member selected from the
group consisting of Ti, Hf, Sn, Ta and In.

5. An article with high durability which comprises a substrate
and one or more thin film layers formed fhereon, wherein the
outermost layer is made of an amorphous oxide film according to
any one of Claims 1 to 4.

6. The article with high durability according .to Claim 5,

wherein at least two layers comprising a heat radiation

reflecting film and the amorphous oxide film, are formed on the
. Substrate 1in this order from the substrate side.

7. The article with high durability according to Claim 5,
wherein at Teast three layers comprising a transparent
dielectric film, a heat radiation reflecting film and the
dmorphous oxide film, are formed on the substrate in th1s order

from the substrate side.
REPLACEMENT SHEET
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'since it is thereby possible to readily control the transmttance, the
refl ectance and the col or tone. As a protective, LLLﬂLﬁﬂ_wonStltutlng
the third | ayer which has not only physi cal durablllty but al so chemcat—

nay 152 1oy <ad tna a i ot - O AN AT i

8. The article with high durability according ko Claim
5 , wherein a totzl of 2n + 1 coating layers (n =
1) includihg'a transparent oxide layer as the 2n + 1
layer. (o £ 0) .2nd -a -silver layer .as.the 2n layer. (n ..
1) are formed on the substrate, &nd the amorpaous oxide
layer is formed on the outermost layer of said 2n + 1
.coating layers. |

9. The articlie with high durability according to claim 5,
wherein one layer of the amorphous oxide film is formed on one

side or each side of the substrate.
10. A double-glazed windowpane comprising:
(1) a2 substrate -having
(1) & total of 2n + 1 coating layers (n = 1) formed
on szid substrate including z transparent oxide layer as
the 2n + 1 laver (n = 0) znd a silver layer as the 2n
layer (n 2 1) and |
(i1) an amorphous oxide ]ayér according to any one of claims 1

to 4, formed on the outermost layer of said 2n+] coating layers,
and '

(2) one or more substrates, double- or multi-glazed with an
inner surface between said substrates, and with said 2n+1
Coating layers and said amorphous oxide layer facing the inner

" Space.
11 . A building or transporiation means having windows
provided with a windowpane which comprises a transparent
' Ssubstrate and one or more thin film layers formed
thereon, wherein the outermost layer exposed to air is

made ' of an amorphous oxide f£ilm according to any one of

claims 1 to 4.
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ZrB[er]Si[err]dJerr] wherein x, z and y are 0.05 [err] x [err] z, z < 19
and 2 <y < 40 provided when x > 3, x [err] 3 [err] 0.25Z, ;
since they are excellent not only in the scratch resistance and th

abrasi on resistance but also- in the chemcal stability. ““Ill“"lﬂel“a""lﬂ"rﬂil
particular restriction as to the '

- 1 -
<

12. A heat radiation shielding glass which comprises a glass
substrate and at least two layers comprising a heat radiation
shielding film and an oxide film formed sequentially on said
substrate, wherein said oxide film constitutes the outermost
layer exposed to air and has a refractive index of at most 2.0.

13. The heat radiation shielding glass according to claim 12,
wherein said oxide film is made of an amorphous oxide film
composed essent1a11y of ZrSiZOy wherein z is 0.05%z <19 and y
is 2.1<4yg40.,

14. A laminated article comprising a transparent substrate
having a transparent conductive film composed of one or more
layers including a metal layer, and other transparent substrate,
which are laminated with a plastic interlayer disposed therebe-
tween, wherein an amorphous oxide film composed essentially of
an oxide containing at least one member selected from the group
consisting of Zr, Ti, Hf, Sn, Ta and In and at least one member
selected from the group consisting of B and Si, is disposed
between sajid transparent conductive .film and said pfastic inter-
layer.

15. A building or transporiztion means hazving windows
Provided with & windowpane which comprises z transparent
Substrate and one or more thin f£ilm layers formed
thereen, dherein the outermost layer e;posed to air is
:made of an amorphous oxide film composed essantially of
2n oxide containing at least.one member sslected from the
'éfoup consisting of Zr, Ti, EE£, Sn, Tz and In and at
least one member selected from the grou§ consisting of B

ing si.
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t hi ckness of the protective |layer. However, if it is too thin, a

continous filmtends to be hardly obtainable.
at least 30 A nore

The thickness is preferably

16. A sputtering target composed essentially of a
substance containing 4 to 90 atomic % of Zr, and from 3
to 90 atomic $ of B, and from 0 to 65 atomic % of oxygen.
17. A sputtering target comnosea essentlal y of a
substance containing from 1 to 90% of Zr, from 3 to 95
atomic § of Si, and from 0 to 67 atomic $ of oxygen.

18. A sputte:ing'targef composed essentially of a
substance containing from 1 to 90 atomic % of Zr, and
from 3 to 95 atomic % of B + Si, and from 0 to 67 atomic
% of oxygen, provided that when 92r < B, B < 0.2558i +

SZr.

19. Aﬂprccass for producing an amorphous oxide film composed
essentially of an oxide containing Si and at least one member
selected from the groub consisting of Zr, Ti, Hf, Sn, Ta and In,
which comprises subjecting a non-oxide, oxide, or a mixture
thereof containing Si and at least one member selected from the
group consisting of Zr, Ti, Hf, Sn, Ta and In to sputtering.

20. The process according to claim 19, wherein a non-oxide,
oxide, or a mixture thereof composed essentially of a substance
containing from 1to 90 atomic % of Zr and from 3 to 95 atomic %
of 51 and from 0 to 67 atomic % of 0 is subjected to sputtering
to form a film of Zr$i, 0, wherein z is 0.05% z <19 and y fis
2. l‘iy‘<40 '
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- 39- preferably at |east 50 A although it depends upon the filmformng
nmethod. On the other hand, if the protective layer is too thick, the color

due to
AU

%

21. A process for préducing an atﬁicle with high
durability, which comprises:

‘forming a heat radiation reflecting f£ilm on a
substrate, - |

forming an oxidation yarrier £ilm so as to protect
szid heat radia ‘i01 reflecting £ilm frem being oxidized
when the amorphous oxide film is subsequently formed on
said oxidatioﬂ barrier film, said oxidation barrier £ilm
containing the szme metal element as the amorpnous oxide
to be formed on said oxidation barrier £ilm,

forming the amorphous oxide f£ilm on szid oxidation
barrier £ilm, said amorphous oxide film being composed
essentially of an oxide cbntaining Si and at least one member
-selected from the gréup consisting of Zr, Ti, Ef, Sa, Ta,

and In.

| Vi



I nterference becomes renmarkable.. Wien a neutral outer appearance is
required,.the thickness is preferably at nobst 500 A, nore preferably at
nost 200 A The heat radiation shielding film32 nay be the sane as
t he above described heat radiation shielding fil m 22 of Figure 4 and is
preferably a fil mconposed essentially
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of one menber selected fromthe group consisting of one or nore netals
sel ected fromthe group consisting of Ti, Cr, Zr, Ta and Hf, nitrides of
these netals, oxynitrides of these nmetals and absorptive oxides thereof,
in view of the high heat radiation absorptive or reflective properties.

Particularly preferred is titaniumnitride REPLACEMEB”‘SHEET

2 5NOV 1996

FIGURE 1 b
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or chrom um oxynitride. The filmthickness may be. substantially the sane
as the heat radiation shielding film23 of Figure 4. The heat

shiel ding glass shown in Figure 5 has the foregoing structure, whereby it
has high durability (not only the physical durability but al so excellent

cheni cal REPLACEMENT SHEET
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stability) sufficient for use as a single sheet and a high--transmttance
for visible-lights at a level of at. least 70%so that it is useful as a
wi ndow glass. It is available as a heat radiation shielding glass which is

neutral with respect to both the transm ssion col orjare~—the_refl| ection
col or. REPIACEMENT SHEET
2 5 NOV 199
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- 40-

Oxide film composition
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When a chrom umoxynitride filmis used as the heat radiation shielding
film the resistance is high (at least 1 [err] ) as conpared with a
titaniumnitride film which is advantageous in that when used as a rear
glass for an autonobile, it does not reduce the function of a printed

ant enna.
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Figure 6 is a cross-sectional view of another enbodinent of the article
with high durability according to the present invention. Nanely, it is a
novel heat radiation shielding article which has very high reflectance
against lights in the infrared range and adequately high transmttance for

| i ghts in the visible REPLACEMENT SHEET .
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l.ight range and yet hardly deteriorates during the storage in a single
sheet state or during the transportation to the site where it is processed
for lamnation. This is a heat radiation shielding article conprising a
total of 2n + 1 layers (n [err] 1) of transparent oxide |layers and silver

| ayers; alternately..

AMORPHOUS OXIDE FiLM AND ARTICLE HAVING SUCH FILM THEREON

ABSTRACT OF THE DISCLOSURE

An amorphous oxide £ilm compoﬁed essentially of
an oxide containing at least one member selected from
the group consisting of Zr, Ti; Hf, Sn, Ta and In and
at least oné member selected from the group the group

consisting of B and Si.
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formed on a transparent substrate, and an anorphous oxide film provided as
-.a protective layer on the outernost |layer of said 2n + 1 | ayers. As

the transparent substrate 41 of Figure 6, gldss, pEpLalastaNT OREREY  SG
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relatively large refractive index, e.g. a material having a refractive
Inf[err]Of[err],
I s used.

1.7 - 2.5,
ZnO, Ta[err]Jerr]

i ndex of n
Sngerr],

FIGURE
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-41- Wth respect to the |ayered structure of the heat radiation
shielding article of Figure 6, a transparent oxide layer 42 is used as the
first layer on the substrate 41, a silver layer 43 is used as the second

.3

FIGURE | ¢
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| ayer, and a transparent oxide |ayer 42 is used as the third |ayer. Thus,
the oxide layer 42 and the silver |ayer 43 are alternately repeated so

that the 2n + 1 layer will be a transparent oxide |layer 42, and an
anor phous oxide film44 is coated as a protective layer on the transparent
oxi de layer 42 as the 2n + 1 | ayer. 4

FIGURE | d
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The n value of the 2n + 1 layer is preferably at nost 3 in order to
maintain the transmttance for visible lights at a level of at |east 70%
The thickness of the transparent oxide layer 42 in a preferred enbodi nent
of the heat radiation shielding article of Figure 6 may vary depending
upon the material used but is generally within

5
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the follow ng range. Nanely, as the first layer, the thickness is from
200 to. 600 A, as the 2n:+ 1 layer: which 1is the outernost |ayer of the
2n + 1 | ayer coatings, the thickness is from 100 to 400 A and as ot her
internediate |ayers, the thickness is from400 to 1,200 A. These

t hi ckness ranges are prescribed to obtain high

6
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transmttance for lights in the visible |ight range. If the film

t hi cknesses depart fromthese ranges, the interference conditions wll not
be mai nt ai ned, whereby the reflection preventing effects can not be

obt ai ned, adequately, and the transmttance for visible lights
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-42- decreases. The transparent oxide |ayers 42 of the heat
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AMORPHOUS OXIDE FILM AND ARTICLE
HAVING FILM THEREON

The preéent'invention relates to an amorphous oxide
£ilm which is transparent and excellent in durability,
and an article with high durability having such a £ilm on
its surface.

Heretofore, a mirror, a heat radiation reflecting
glass, a2 low emissivity glass, an interfererce filter and
a raflection preventive coating for cameré lenses or eye

1

]

ss lénses have been known as articles having an

[T JN

(o]

otical function imparted by forming a thin £ilm on a
tzransparsnt substratas such as s glass or plastic:

substrate. _ . _
Si0O,-coated articles having good resistance to saline and high temperature steam

have been described in JP-A-82-100940, 82-100942 and 82-100943. The sjliéon oxide .
film contains a specific oxide and is obtained by subjecting it to a heat treatment at
a high temperature. Heat treatments disclosed in these references are useful for fully
sintering and for improving chemical stability, but are not useful for improving stretch

resistance and abrasion resistance.
 In the case of ordinary mirrors, Ag is formed by
electroless Dlatlng, or Al or Cr is formed by e.g. vacuum
vapor deposition or sputtering. Among them, a Cr £ilm is
relatively Fough, and as such, is used as akmirrbr having
the coated surface exposed.
In the case of the heat radiation reflecting glass,

titanium oxide or tin otlde is formed by snraylng:

chemical vapor GEPWJ.ppmg Recently, a
REPLACEMENT SHEET
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materi al s. On the other hand, the thicknesse$REP[ ACEMEI SHEE"yers 43
shoul d be at npbst 110 A to secure adequate transr1gtaﬁe§ég§ e
lights and to secure an adequately w de variable]r n2§4of the reflfection
color by the adjustnent of the | ayer thicknesses] ﬁtﬁ.ﬂ@at e

e m——

heat radiation reflecting glass has been available in
which a metal £ilm, a nitr;de £ilm or a tin-doped indium
oxide (ITO) is formed by sputtering on a glass sheet. By
the sputtering method, thé'film thickness can easily be
controlled, and a plurality of films can continously'be
formed, whereby it is possible to obtain desifgd
transmittance, reflectivity, éolor tone, etc. by proper
combination of transparent oxide films. Therefore, the
demand is increasing in the field of the building
construction where ornamentﬁl design is important.

A low emissivity glass (low emiséion glass) to
reflect a radiant heat from an air conditioner or from a
wall in a room to the inside of the room, has a three-
layered structure of Zn0O/Ag/ZnO or a five-layéred
structure of ZnO/Ag)ZnO/Ag/ZhO, wherein silver is
sandwitched between zinc oxide layers (Japanese Patent
Applicatidh No. 280644/1986). It is used as a laminated
glass-or:-double-gtazed glass.:; In recent: years, there.has
been a remarkable increase in its use in cold regions in-
Europe.

A reflection preventive coating for lenses is formed
by alternately laminating a f£film of high refractive index
such as titanium oxide or -zirconium oxide and a-film of
low refractive index such as silicon oxide or magnesium
fluoride. It is common to employ vacuum vapor
deposition. During the film-forming operation, the

substrate is heated to improve the abrasion resistance.

7 —
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silver layers 43 beconme thick, the transmttance for visible |ights
decreases and it becones difficult to secure a transmttance of at |east
70% On the other hand, if the silver |layers afgp T QL r tends to
form di scontinuous filnms, whereby the desired pi EﬁCEﬂﬁmu;SﬂE@E hardl y
obt ai nable, or the product is likely to

2 4 FEB 1998

-3 -

A reflection preventive coating of e.g. a surface-

coated mirror, a single plate heat radiation reflecting
glass or a lens, is used in such a state that the coated
£ilm is exposed in air. fherefore, it must have good
chemical stability and abrasion resi;tance. On the other
hand, also in the case of the low emissivity glass,
defective products are likely to result due to e.g.
scratching during the transportation or handling prior to
being formed into a laminated glass or a double-glazed
glass; 'Under the circumstances, it is desired to have a
protective layer which is stable and excellent in the
abrasion resistance, or an optical thin film serving also
as such a protective layef.

To improve the dufability, it is common to provide a
chemically stable tfansparent'oxide f£ilm on the side to
be exposed in air. As such an oxide film, titanium
oxide, tiﬂ'oxide, tantalum oxide, zirconium oxide and
éibicoq:oxide:arevknown.%-A'suitabie*nxideffilm has -been
used depending upon the required properties.

" Titanium oxide and zigconium oxide are excellent in
the chemical stability, buL they tend to form a
crystalline £ilm, and the surface roughness tends to be
substantial, whereby-the - frictiom4in-sliding contact is -
large, and the f£ilm is inferior in the abrasion
resistance.

On the other hand, tiﬁ oxide and silicon oxide are

not durable when immersed in an acid or an alkaline
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readily deteriorate. Therefore, the thicknesses of the silver |ayers
shoul d preferably be at |east about 60 A There is no particul ar
restriction as to the. anor phous oxide filmto be used for the heat

radi ati on

shielding article of Figure 6. Howeve gs—it— f
enpl oy the anorphous oxide filmof the present REPLACENﬁ%ﬁfﬁm

LA

ﬁf to

2 4 FEB 1998

solution for a long period of time.

1]

Among these materials, tantzlum oxide has both thx

abfasion resistance and the chemical stability, but

[
cr
[ B4
i

still inadeguate in the abrasion resistance.

Further, titanium oxide, tin oxide, tantalum oxide

g

and zirconium oxide have relatively high refractive
indices. Wherezs, silicon.ciide has a relatively low
refractive index. Therefore, there is a limitation in
the freeness for optical design to provide various
optical functions.

Eeretofores, no thin f£ilm has been known that has hich
durability and a wide range of freeness for optical
design. ‘ :

‘ It is an object of the preseat invention to solve the

above probleas.

The present invention provides an amorphous gxide

film cbmposed essentially of an oxide containing Si and at least

one member selected fromuthe-group'consisting of Zr,.fi,-

HEE, Sn, Ta and In:- ; |
Further, the present invention provides_a process for

producing an azmorphous oxide film composed essentially of

an oxide containing Si and at least one member selected from the

group consisting of Zr, Ti, Hf, Sn, Ta and In,.

which comprises subjectlng a non—-cxide, oxide, or a mixture
thereof containing at least one member selected

from the group COﬂS‘S;lﬁC of 2-, Ti, £f, Sn, Tz ané In,

—on—
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i nvention containing Si and at | east one nenber selected from the group

consisting of Zr, Ti, H, Ta, Sn and In _
1 [REPLACEMENT SHEET|
| |
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Still further, the present invention provicdes aa

atricle with nigh durezbility which comprises a substrate

|

and one or more thin £ilm lavers formed thereon, wharein

the outermost layer exposed to air is made of an
amorphous oxide f£ilm composad essentially of an oxide
containing Si and at least one member selected from the group
conszscvng of %r, Ti, EEf, Sa, Ta and In.

Now, the present lnveng'on w111 be described in
detail w1th reference to the preferred embodiments.

In the accompanying drawings:

Figure 1(a) is a grapn showing the“reiation betwesen
the content of B in a ZrB.O;, £ilm and the refractive
index n of the £ilm.

~Figure l(bj is 2 graph showing the relation betwéen
the content of Si in a ZrSi0y film and the refractive
. index n of the film.

Figure l(c) is a graph showing the relation between
the content of Si in a ZrBg.228i;0y film and the
refractive‘index n of the £ilm.

Figure (d) is a graph showing the relation between
the content of Si in a TiSiOy £ilm and the refraétive

index n of the film.

Figure l(e) is a graph showing the relation of the
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More preferably, the anorphous oxide filmmay be made of an
containing Zr and at |least one of B and Si particularly, a film of

filmof ZrSi[err](Jerr] wherein z is 0.05 [err] z <19 andy is 2.1 [Jerr]

y < 40 and a filmof ZrBxSi[err]derr] wherein %z and y. are

REPLACEMENT SHEET
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atomic ratio of Zr andéd B in 2 Fformed film relative tg the
atomic ratio of Zr ;nd B in the target composition, when
a Zr3x0y £ilm is formed by reactive sputtering.

Figures 2 to 6, 9 and 10 are cross—sactional views of
aéticles with high durability according to the preseant
invention having the amorphous oxide films of the prasent
invention on their surfaces.

Figures 7 and 8 are cross-sectional views of

§=e
o]}
m
rn
[
1=
=]
()]
o]
| ]

laminated glasses wherein the amorphous ox
the present invention are used as metal diffusion
bafriers.

Figure 1li is a perspective view of z bar cord rszder
having a transparent sheet composed of one layer.of the
amorpnous oxide £ilm of the present invention at the read
out portion of the bar cord reader.

The present invention is.based on discovery that an
amorphous oxide containing Si and at least one member selected

from the group conszsglng of 2, Tl, HE, Sn, Ta and -n,

is a thln £ilm wnicn is etcellenu in the scratch resxstance,
the abra51on resistance and the chemical durability and

which also has”ﬁreeness for optical de§lgn.

Table 1 shows the properties of various amorphous
oxide f£ilms of the present invention. Each £ilm was
prepared by direct current (DC) reactive souttering or RF
sputtering by using a target having the composition as

“_“‘_“‘___7T_*f
This Sheet Has Been R
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0.05 [err] x [err] z, z <19 and 2 <y < 40, provided that when x > 3, X

[err] 0.25z [err] 3, are preferred, since they ane—excellent naot only in
the scratch resistance and the abrasion resistancREPDACENﬁ@ﬂ]SHjE?

chem cal stability. The anor phous oxi de pr ot ¢crve~frtmrot ghre 6
may be substituted for the transparent oxide of fh 2?4[F9Er§]19913

IKX3

..7-

identified in Table 1. The crysfallinity was determined
by a thin £ilm X-ray diffr;ction analysis. The scratch
resistance was determined by the abrasion test by means
of an abrasive eraser. sjﬁbol O means that no
substantial scratch mark was observed, and x means that
scratch marks easily formed.

The abrasion resistance was determined by a Taber
abrasion test (abrasive ring: CS-10F, load: 500 g,
rotational speed: 1,000 rpm). Symbol O means that the
haze waé not more than 4%,.and x means that the haze
exceeded 4s%.

The acid resistance was determined by immersion in
0.1N H2504 for 240 hours. Symbol.C) means that the
change in Tv (visible light tranSmitténcé) and Rv
(visible light reflectivity) as between before and after
the immersion was within 13, & means that the change was
from 1 to 4%, and x means that the £ilm was dissolved. and
disintegratedw-

The alkali resistance was determined by immersion in
0.IN NaOH for 240 hours. Symbol O means that the change
in Tv and Rv as between before and after the immersion
was within 1%, and x means that the film was dissolved.

- The boiling test- was-conducted by immersing the test-
piece in water of 100°C for two hours under 1 atm.
Symbol O means that the change in Tv and Rv as between

before and after the immersion was within 1%, and x means
[ —
ot Has Been Replaced
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The thickness of the anorphous oxide film44 in

preferably from 100 to 500 A,

anor phous oxide with the silver.
| ayer.

transparent oxide |ayer

IS necessary to adjust it
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- 44- in view of the balance with the transparent oxide |ayers

-10 -
With respect to a ZrBxO, film, which is not within the pfesent invention, it is evident from
Table 1 that a crystalline film tends to form when the
centant of B ian the £ilm is s'mall, and an amorphcus £ilm
tends to form when the content of B is large. It is zlso

evident that the crystalline film is inferior in the
1

"
n

scraztch resistance and in the abrasion resistance,

was

(2}

33

W

the amorphous £ilm is excelleat’ in these
properties. This is believed attributable to the fact

-

that the amorphous f£ilm has a smooth surface. Thus, a

n

iim of ZrBxOy wherein the atomic ratio x of B to Zr is
5

A

0.0 , prefarably 1.0 = x, is excellent in the
scratch resistance and in the ab.rasion resistance. A
B203 film is hygroscopic and tends to be dissolved by
absorption of moisture from air. Therefore, in the

ZrB-foy film, the atomc ratio x is Dreferao y x = 3.

Fur;he-, as shown in Tzble l, tne acid res*s\.ance and
the zlkali resistance tend to detesriorate with an
increase in the content of B in the £ilm. When x = 1,
the 'acid resistance becomes poor, and whea X > 1.5, the
alkali res'ist'ance becomes poor and the boiling test
result shows a deterioration. Accordingly, in an -
application where the f£ilm is used as exposed in air, an
amorphous oxide £ilm of ZrByOy wherein x is X = 1.5,
particularly, x = 1.0, is preferred. &And a film of
ZrByOy wherein x is x > 1.5, is useful in other

apolications as a low refractive index £ilm.
- . P'

TRLACHMENT SREET| 0
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to obtain high transmttance in the visible Iight range. t hi ckness

of the anorphous oxide filmis smaller than t}

performance as the protective layer will be. ol t her hand,
if the thickness exceeds this range, it becons L ffi aftain a
transnmittance of at least 70%in the visible

-11-

As described in the foregoing, it is believed that by
the addition of B to a 2r0; £ilm, the film becomes
amorphous, and the surface becomes smooth, whereby the

abrasion resistance and the scratching resistance are

improved. Further, it is possible to control the
refractive index by adjusting the amount of B.
Furthermore, as compared with the Z2r0O; £ilm, the internal
stress is small, which is advantageous for the adhesion
to the substrate (glass, plastics, etc.) or to a primer
coating layer on the substrate. This is particularly
advantageous when a thick £ilm is to be formed.

With respect to a Zrsi Oy £ilm, it is also possible
to obtain an amorphous f£ilm having excellent scratch
resistance and abrasion resistance. The refractive index
varies depending upon the proportioﬁs of 2r0Oz (n = 2.15)
and_sioz (n = 1.46) (see Figure l(b)). Table 1 shows a
‘case where 2ZrSij 4704.95 was formed by DC sputtering by
using a target composed of 33% of Zr and 67% of Si. More
specifically, in a ZrSi 0y £ilm, the atomic ratio z of Si
to Zr in the £ilm is preferably 0.05 = z < 19. If z <
0.05, the £ilm will not be amorphous, and no adequate |
physical durability will be-obtained. On‘the other hand,

" if z = 19, the alkali resistance tends to be 'poor. The
atomic ratio y of O to Zr in the £ilm of ZrSi Oy is
preferably y = 2 + 2z when Si is contained in an'amount

of z in atomic ratio to Zr, for the same reason as

et Has Been Replaced
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i ght range while maintaining the interference conditions. There is
no particular restriction as to the nethod of form ng the heat radi ation

shielding article of Figure 6. Vacuum vapor depdgg A&Imda AS 1g or
sputtering nay be enpl oyed. However, a reactive

2. 2 4 FEB 1998

applications as a low refractive indéx rilms
A ZrB,Si,0, film is al;o suitable for the purpose of
the present inveniton. With respect to the atomic ratio
- x of B, the atomic ratio z of Si and the atomic ratio y
of O to 2r in such a film, x + y = 0.05 is preferred,
since the film will thereby be amorphous, and a film
having excellent scratch resistance and abrasion
reisistance will thereby be obtained. Further, if x >
0.25z + 3 when x > 3, the acid resistance of the film
tends t6 be inadequate, and if y = 19, the alkali
resistance tends to be poor. This may be explained in
.such a manner that if the ZrBy,Si,Oy £ilm is assumed to be
a mixture of an oxide of Zr-B-O and an oxide of B-S5i-0,
the data on the ZrByOy f£ilm show that in the™Zr-B-0
system, the chemicai-stability tends to be inédequate
when the atomic ratio x of B to Zr exceeds 3, and if this
excessive B is contained in the B-$i-0 system, the B-Si-0
oxide,gendsmto be chemically unstable when: the atoﬁicz
ratio x' of B to Si in the B-Si-0O oxide exceeds 0.25. vy-
is preferably at a level of 2 + 1.5x + 2z when this film
is assumed to be 'a mixed system of ZrO; + Bg03 + SiO3,
for the same reason as described in the case of ZrByx0y.
Accordingly, y is preferably at-a level of 2 < y <40+
The larger the contents of B and Si, the lower the
refractive index of the ZrBxSi0y f£ilm. This is

illustrated in Figure l(c) with respect to ZrBg,2251;0y

£ilm.
:This Sheet Has Been Replaced
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excellent in
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the uniformty, is preferred in the case :
is required. It is particularly pr LA Nﬁﬁnp ﬂEETa all the
heat radiation shielding article i Rg—the—tTst | ayer

ent oxide to the protective |ayer

the a r ug ¢xide in
um chanber. However, ‘888
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An oxide containing Si and a metal other than Zr i.e. at

least one member =eTeCt=a Ercm the group consisting o

it

Ti, EE, Sn, Ta and In, will likewise be amorphous

’/ Ll 4 .

and provides adequates scratch resistance and aDraSlOﬂ
resistance. As an example, 2 TiSi. 20y Lllm is shown as

sample 10 in Table 1.

The amorphous oxide f£ilm of the present invention may
contain very smzll amounts of elements other than Ir, Ti,
BE, Sa, Ta, In, B, Si and dl

Thé amorphous oxide £ilm of the present invention can
be formed by a wet system such as spfaying or by a
physical vapor depositioﬁ method such as chemical vépor
deposition, vacuum vapor deposition or sputfering.
Particularly preferred is sputtering, since a film having
superior adhesion as comparad with other methods can
thereby be obtained.

As shown in Table 2, when a film of e.q. Z2rBxOy .
2rsiioy or ZrBySi:0y is to be formed by means of a target
or an electrode of a non-oxide type comprising at least’
one member (M) selected from the group consisting of 2r,
Ti, BEf, Sn, Ta and In and at least one member selected
from the group consisting of B and Si, a uniforh £iim can
be Eormed by sputtering in an atmosphere of a mixture of
argon-and oxygen under a vacuum degree of from 1 x 10-3
€o 10 x 10-3 Torr by using a Earget or an electrode of a

non-oxide single system or a non-oxide mixed system such

This Sheet Has Been Repl
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the article may be taken out in atnospheric air 7 g t he
anor phous oxide film “and the anorphous oxide E¥%4gﬂﬁg81ﬂ§“ i)
thereafter, w thout adversely affecting the effeftiveness. For the
pur pose of inproving the adhesion and the dur pbj | 24 FEB 1998 heﬁt

radi ation shielding article of

—
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as a2 zirconium boride single system, a zirconium silicide
single s?stem, a zirconium boricde-metal zirconium mixed
system, a zirconium beride-zircenium silicide mixed
system, a zirconium boridé—metgl silicon m%xed systen, a
zirconium silicide~metal silicon mixed system, a
zirconium boride-zirconium silicide-metzl zirconium mixed
system, a zirconium boride-zirconium silicide-metal
silicon mixed system or a zirconium boride~boron mixed
system. Such a non-—oxide target has electriczal
conduct@vity, and the film forming can be conducted by
direct curreant sputtering, whereby & uniform £ilm can be
formed at a high speed over a large surface aresa. 'Wheﬁ
the reactive sputtering is cbnductad by means of & non-
oxide target, the ratios of B and Si to Z in the target
can not be maintained and tends to decrease in the £ilm
formed by using the target, as is apparent from Tzble 1.
This tendency is remarkable when the content of B in the

target is relatively small as shown in Figure 1l(e) with
respect to the class of a ZrB,0, film (show for comparative purpose) As the content of

B increases, the ratio of B in the target approaches the
ratio of Blin thé £ilm obtained therefrom. The same is
true with respect to Si and Si + B in the case where a
Zrsiz0y £ilm or a ZfoSizoy film is formed.

fn view of the above tendency, in a case of forming a
£ilm of ZrB.Oy wherein x is 0.05 = x = 3, and y is 2 <
y < 6.5, it is preferred to employ a taréet or an

electrode comprising from 10 to 90 atomic % of Zr and

This Sheet Has Been Replaced
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Figure 6, a boundary |ayer having a thickness not to adversely affect the
optical properties, may be inserted

-15-

from 10 to 90 atomic % of B. Likewise, the relation
between the desired £ilm and the corresponding
composition of the target or the electrode, is shown in

" Table 2.

REPLACEMENT SHEET
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article is double-glazed with another substrate with an inner_space

t herebetween and with the anorphous oxide fif | Hﬁfﬁs misi de, or to
a | anminated glass for an autonpbile or for o NELAY ¢tion wherein
a substrate having the above coatings andianotlher substratel gre | am nated
with an interlayer disposed therebetween 2 4 FEB 1998

-18 -

Otherwise, the film-forming may be conducted by
sputtering in a non-reducipg atmosphere ccmposed mainly
of argon with a proper amount of oxygen under a vacuum
degree of from 1 x 10-3 to 10 x 10-3 Torr by using ar
oxide type target containing at least one member selected
from the group-consisting of Zr, Ti, BEEf, Sn, In and Ta
and at least one member selecﬁed from the group
consisting of B and Si. The oxide target useful for the
formation of an oxide filmfcontaining'Zr and at least one
of B and Si, may be a mixed oxide target composed of at
least two members selected from the group consisting of
zirconium oxide (inclusive of stabilized or partially
stabilized zirconia), boron oxide and silicon oxide, such
as a zirconium oxide-boron oxide target, 'a zirconium
oxide-silicon oxide target or a zirconium oxide-boron
oxide-silicon oxide target. In this respecf, preferred
compositional ranges of targets are shown in Table 2.

iIﬁ'a case- where- the reactive:sputtering is ‘conducted-
using a non-oxide target, if the proportion of oxygen in
the atmospheric gas is increased, the film-forming rate
gradually decreases, although it is thereby possible to
obtain a tranﬁparent £ilm. <Therefore, in order to secure
a high-film-forming rate, it is-necessary .to-control.the
oxygen concentratién in the atmospheric gas to a certain
level. Namely, it is necessary to conduct film~-forming

in an oxygen concentration within a transitional range

from an absorptive £ilm to a
This Sheet Has Been RTIlaced

AR




wi th the anorphous oxide filmside |ocated insidg I ng
mechani sm by the anorphous oxide film in the hed CthﬁﬁPs F,E I ng
article in Figure 6 is not clearly understood, Hut] is considere o have a
merit in that the filmis nade anorphous by an qdcitzw‘FEB‘lqgg’I cpn or
boron as an el enent for constituting gl ass.

—19—

transparent film. However, it is very difficult to
control the sputtering within such a transitional range.

On the other hand, if the sputtering is conducted by
using a completely oxide Earget,,it is possible to obtain
a. transparent £ilm, but the film-forming rate is
relatively low. Therefore, by using a target made of
partially oxidized substance, it is possible to form a
transparent film constantly and at a high f£ilm-forming
rate. For such a purpose, it is also possible to employ
a target composed of ; mixtﬁre of an oxide and a non-
oxide, for example, an oxide mixture comprising at least
one member selected from the group consisting of
zirconium oxide (inclusive of stabilized zirconia), boron
oxide and silicon oxide and at least one member selected
from the group consisting of metal zirconium, boron,
metal silicon, zirconium boride and zirconium silicide,
such as a Eirconium o#ide—zirconium'boride targét, a

. boron:. oxiderzirconiumsboride.: target; .or. a.silicon. oxxde
zirconium boride target. The composition of such a
target may be suitablly adjusted by properly mixing the
"oxide target" and the "non-oxide target" shown in Table
2 to obtain the desired oxidized degree of the target.

- The composition.of. such.a.target_is. preferably within the. -
ranges shown in the.éolumn for "oxide and non-oxide
mixture target" in Table 2. The sputtering atmospberé
for the film—forming by means of such a target, may be

determined depending upon the oxidized degree of the ..

. This Sheet Has Been Replaced
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Oxidation of silver is believed to be the primary factor for the
deterioration nechanismof an infrared reflecting EMHES
transparent oxide |layers and silver |ayers are alter”ubgpu = l . For
the oxidation reaction, oxygen or noisture is reqyired to di ffuse nd if
the filmis crystalline, the grain boundaries 2 4 FEB 1998
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target so that the non-oxide ccmponent can be oxidized.
The amorphous oxide film of the present iaventicn may
i ' - ioned oxide target containing Si or an
be formed by using any of the above-mentione g r g
oxide~non-oxide mixture target as & tablest for vacuum

deposition, and heating aznd evaporating the tablet by

mezns of an electron beam. As compared with

m
£
1]
g
7

wd
0
ot
1]
a

such as spraying, in the vacuum deposition, precise
control of the f£film thickness can easily be made.
Therefore, vacuum deposition is preferred particularly in

zing

e

util

(sl

a case where & multi-layered film is prepare
light interference.

The relation between the composition of the target
and the’ composition of a film formed by means of ‘the
target, vary to some extent by the f£ilm-forminhg
conditions and can hot generally be defined. Those
mentioned in Table l.are-specific examples of such
compositiohs.

The above-mentioned electrode or target may be
formed, for example, by the following method. Namely, &
powder or a powder mixture comprising at least one member
selected from the group consisting of metal zirconium,
boron, metal silicon, zirconium boride, zirconium
silicide, zirconium oxide-(inclusive of zirconia
stabilized or partially stabilized by an addition of from
3 to 8 moly of e.g. ¥203, CaO, MgO), boron oxide and
silicon oxide, is subjected to high temperature-high

pressure pressing or high pressure pressing, or by S
2 —

—_—
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constitute the passages for diffusion, whereby the oxidation reaction is

facilitated. Therefore, as the protective |ayer, the anorphous |ayer free
fromcrystal grain boundaries is utilized as a barri er against diffusion,
whereby the durability is believed to be

REPLACEMENT SHEET
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sinterring a product of the high

form a single system or m;xed syster
of. the present invention. 1In this case, the particie
size of the powder is preferzbly from 0.05'to 40 pm.
Fﬁrther, it has been confirmed that the properties remain
to be the same even when such an electrode or target
contains iron, aluminum, magnesium, calcium, ytirium,
manganese and hydrogen in a total amount of not mors than
2% by weight. Carbon may be contained in an amount of

in the form of COz gas during the film-forming cperztion.
Furthermore, the electrode or target of the presant
invention shows similar effects even when it contains
copper, vanadium, chromium, molybdenum, tungstesn, codbalt,
rhodium, or iridium in a small amount as an impurity.

The amornhous oxide £ilm of the present invention has
excellent scratch resistance and azbrasion resistance and |

. may, as such, be applied to various articles where high
durability is-reguired.

Namely, the present invention.provides an article
with high durability which comprises a substrate and one
or more thin £ilm layers formed thereon, wherein the
outermost %ayer exposed to air is made -of an amorphous
oxide film composed essentially of an oxide containing Si and at

least one member selected from the group consisting of

Zr, Ti, HE, Sn, Ta and.In,:

e —
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Figure 2 is a cross-sectional view of an embcdiment

of the article with high Qu:ability accordéing to the
present invention, wherzin reference numerzl 1 indicates
a substrate made of e.g. a transparent or ¢olored glass
or plastic, numeral 2 indicates a first layer made of a
metal, nitride, carbide, boride, oxide, silicide or &
mixture thereof, and numeral 3 indicates a second layer
of an amorphous oxide £ilm conSultut1ng the outsrmost
layer exposed to air, i.e. an amorphous oxide £film
composed essentially of an oxide containing Si and at least one

member selected from the group consisting of Zr, Ti, EE,

Ta, Sa and In,’ fo e : R A

Figure 3 is a cross—sectional view of another
embodiment of the article with high durability according
to the present invention, wherein reference numeral 10

indicates a substrate similar to the above-mentioned

e

substrate 1, numeral 1l indicatss a first layer of a--
transparent dielectric £ilm, numerzl 12 indicates a
second layer of e.g. a nitride £film similar to the first
layer in Figure 2, and numeral 13 indicates a third layer
of an amorphous oxide film constituting the outermost
layer exposed to air.

These embodiments have a multi-layered structure as
described above. In some cases, one or more layers may

be inserted between the substrate 1 and the first layer 2

or the first layer 2 and the second layer 3 of Figure 2,

“This Sheet 1{as Been Repl
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As described in the foregoing, in the heat radiation shielding article of
Figure 6, the anorphous oxide film is over-coated so that it functions as
a barrier layer to prevent the deterioration of the silver |ayer by

oxi dation, whereby the durability is inproved for a single sheet of an
infrared reflecting article wherein

- 23 -

or betwes=n the substrate 10 and the first layer 11, ths

first laver 1l ané the second layer 12 or the second
layer 12 and the third layver 13 of Figurs 3, in order to

improve the adhesion, to control the optical properties
oz; to impart other various functions. The most important
feature of the article with high durzb lity.according to
the present invention is that the outermost layer exposed
to air is made of the amorphous oxide f£ilm to obtain an
optical product having excellent abrasion resistance and
chemical stability.

There is no particular restriction as to the
amorphous  oxide film for the second layer 3 in Figure 1
or for the third layer 13 ir_1 Figure 2, so long as it is
amorphous as measured by the thin £ilm X-ray diffraction
analysis. Specifically, a mixed oxide film containing Si and at
least one member selected from the group consisting of
Zr, Ti, Hr, Sn, Ta, and In, is preferred in view of the scratch resistance aind the abrasion
res1stance Particularly preferred areaﬁlm of ZIS.I.-OY wherein z is 0.05 =
z < 19rand y is 2.1 §' y < 40, and a f£ilm of ZrB,Si Oy wherein
x,zandyareo.usé x +z, z <19 and 2 < y < 40,
provided that when x > 3, x & 0.25z + 3. The
refractive indices of such three films decrease .as the

contents of B and Siincrease, as mentioned above.

———————'———‘“—

is Sheet Has Been RT.aced

i W




transparent oxide layers and silver |ayers arg—alternatel vy | am nated.

In the present invention, boron or silicon as EPM(EMENP G jp ting el enent
is added in the protective |ayer, whereby thg T imts—wad rfor phous, and

the snoothness of the filmsurface is. I mpr ojed ch‘i“{.Egme

- 24 4

Therefore, the contents of B and Si may suitabily be selected depending

upon the desired refractive indices.

Such an amorphous oxide film containing Zr and Si and
optionally B is not limited to a three or four component

system of zirconium, Si and optionally B and oxygen and may
further contain other components to improve the

durability, to adjust the optical properties or to
improve the speed and the stébility for film-forming.
Further, the amorphous oxide film of the present

' invention may not necessarily be transparent, and may be
an absorptive film in an oxygen-lacking state or a filn
partially containing nitrogen.

There is no particular restriction as to the-
thickness of the secénd layer 3 or the third layer 13
constituting the outermost layer. The thickness may be
determined tazking the transmittion color or the
reflection color into consi&eration depending upon the
particular purpose. EHowever, if.the layer is too thin,
no adequate durability is obtainable. Therefore, it is
preferably at least 50 A, more preferably at least 100 &,
most p;eferably at least 200 A.

There is no particular restriction also as to the
method for forming the second layer 3 or the third layer
13. Vacuum vapor deposition, ion plating.or sputtering
may be employed. However, a reactive sputtering method
excellent in the uniformity is preferred in a case where

coating over a large area is required for e.g. e

T
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automobiles or buildings, such as in the case of heat
radiation shielding glass.

There is no particular restriction as to the fiim
material for the first layer 2. . The material may
suiﬁablly be selected depending upon the required
specification from metals, nitrides, carbides, borides,
oxides, silicides or mixtures thereof.

In the case of the heat radiation shielding glass,
the first layer 2 maf be selected from the group
consisting of metals guch as Ti, Cr, Zr, Ta and EE,
carbides, oxides and mixtures thereof. However, it is
preferably Ti, Cr, Z%r, Ta, Ef, a nitride such as titanium
nitride, zirconium-nitride, hafnium nitride, chromium
nitride or tantalum nitride or tin-doped indium oxide
(IT0) in view of the excellent heat radiation shielding
properties. |

The thickness of the first layer 2 is desired to be

;a¢=most-I,OUDTA}IpreferablyAatamest;SOO-A} although- it..-

depends upon the desired transmittance. 1In the case of a
nitride film, if the thickness exceeds 1,000 A, the
absorption by the nitride £ilm tends to be excessive, and _
peeling is likely to occur due to the internal stress.

-In- the.case-of a nitride f£ilm.,-it is effective to..
adopt a three—layeréd structure as shown in Figure 3,
wherein an additional layer is formed between the .
substrate and the nitride.iéyer in order to increase the

adhesion with the glass surface. As such a first layer

f——
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anor phous oxi de protective coating by inprovin REPEALS T()f t he
silver layer by incorporating an additive to tha SiTver layer. Fi gures

7 and 8 show ot her enbodi nents wherein the a ho?s pé?dggéiln1of t he
present invention is used as a netal diffusio ari%n ayer. [Nanel vy,
t hese Figures
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11, an ogide such as titanium oxide, hafnium oxide, tin
oxide, tantalum oxide or indium oxide, or a transparent
dielectric £ilm made of e.g. zinc sulfide, is preferred.
From the viewpoint of the adhesion to the nitride film of
the second layer 12 or the productivity by sputtering,
the first layer is preferably a dielectric filﬁ
containing the same elements as the nitride film of the
second layer. However, the combination of the first
layer 1l1/the second-layer 12 is not limited to such a
specific example but includes various combinations such
as tantalum oxide/titanium oxide, zirconium
oxide/titanium nitride and tin oxide/zirconium nitride.
As the transparent dielectric £ilm of the first layer 11,
a Ei;m similar to the above-mentioned amorphous £film may .
be used.
There is no particular restriction as to the
thickness of such a dielectric £ilm 11. However, since
usuchnﬁ-dielectric“has=a'la:gerreﬁractiveqindex; it Ais- -
possible, by properly selecting the f£ilm thickness, to
control the reflectance or the color tone by utilizing
the interference effects. Particularly when it is used
for a heat radiation shielding glass intended for high
-transmittance and.low.reflection. in. the wvisible light
range by utilizing £he interference effecﬁs, the
thicknesses of the first layer 11 and the third layer 13
should preferably be adjusted to an opticai film '
thickness within a range of from 1,000 toll,BOO A. The

is Sheet Has Been Replaced -
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are cross-sectional views of |am nated structurB@BﬂA@E&ﬂ%ﬂ‘QHEEy s sheet

havi ng a transparent conductive film

2 4 FEB 1998

- 27 -

er 11 and the third

13 ]
11

1]

ctive indices of the firs:t la

<

Q.

13 shoul

—
n

"

ve preferably be selected within a range of

cr

hey mav be outside this range so

cr

frem 2.0 to 2.3, bu
long as the optical film thicknesses are within the
proper range. The thickness of the heat radiztion
shielding film of the second layer 12 is preferzbly at
most 1,000 A&, most preferably witain & range of from 50
to 500 A, although it depend§ also on the desiread
transmittance. If the thickness exceeds 1,000 A, the
absorption of visible.lights by the heat radiation
shielding film tends to be excessive, wheraby the
transmittance tends to be low, or peeling is likely to
occur due to the internal stress. )

In a case where the outermost layer of the second
laye; 3 or the third la&er lé is an oxide film containing
Zr and Si and optionélly B, itis effec.;tive to employ a nitride
containing Si and optionally B, particulaﬂy zirconium nitride, )
as-the first layer 2 or the second layer 12 in order to .
improve the adhestion betwesn the first layer 2 and the
second layer 3 or between the second layer 12 and the
third layer 13 and to reduce the internal stress in the
first layer 2 or in the second layer 12.

In a case where tin-doped indium oxide (ITO) is used
as the first layer é,_it is preferred to adopt ITO having
a high carrier density and large mobility and having a
thickness of at least 4,000 A. In order to suppress the

reflection color due to an interference, it is preferred
/.

e ——
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conposed of one or nore |ayers inc”ggwn SHBE r and ot her
gl ass sheet are lamnated wth a plastic i t her ebet ween

with such a transparent conductive filml odatfe |n5|de wher ¢i n an

anor phous

oxi de layer is di sposed between the t2dﬁ§ﬁ&ﬂ9%i
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to form ITO in a thickness of at lsast 7,000 A. The

Such an optical thin £ilm having low resistance, highn
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plate, for electric heating and wind shielding of the
front glass of an automobile, f£or antifogging of a rear
glass, or for a transparent antenna. Further, by virtue
of the chemical durability, it is useful as a protective
coat for ITO (feeder electrode) of an electrochromic
display element.

In the case of a low reflective glass, a f£ilm having
a2 higher refractive index than the outermost layer 3
expoéed to air, is formed as the first layer 2, or a
three or more multi-layered structure is adopted. 1In the
case of a three layeréd £ilm, the reflectance can be
:e&uced by adjusting the rafractive index and the £ilm
thickness by forming an additional layer between the
substrate 1 and the firsﬁ layer 2 or between the first
layer 2 and the second layer 3 in Figure 1. There is no
particular restriction as to the first layer 2 and the
additional layer. It is possible to employ a low
refractive index film and a high refractive index £ilm
having different contents of Si and optionally B.

In the case of a low emissivity glass, it is

effectlve to adopt a three layered structure of

heet Has Been Re laced
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conductive filmand the plastic interlayer, as a.La Eﬁ[——ke-pLauenL_,he
diffusion of the netal in the transparent condu tiﬂﬁl' AGENH%H‘S an
anor phous oxide layer as a barrier is interposed t
probl ens in Ian1nated gl ass such that upon expirat

tinme,

_Ellm/ \g/amorphous ox £ilm. There is no particula

onal
ijod of

- 29 -

substrate/oxide £ilm/Ac/amorphous oxice
(particularly zn oxide £i lﬂ containing 3 and/or Zr) or a

five layered siructure of substrate/oxide film/Ag/oxide

La

restriction &s to such an oxide film. Eowever, In0 may
be mentioned as an example. Otherwise, an oxide film
containing Zr and Si and optionally B, may be employed.

When the preseant invention is zpplied to a surface-

coated mirror, chromium as z metal having good adhesion

1Y)

to glass may be formed as the first layer 2 on
substrate, and the zmorphous oxide £ilm of the present
invention, particularly the amorphous oxide film
containing B and/or'Si and zirconium, may be formed

thereon as the second layer 3.
The substrate 1 or 10 is usually made of glass or a
plastic. When used as a mirror, the substrate is not

limited to such materials and may be a non-transparent

-substrate made of e.g. a metal or.ceramics so long as it

has 2 flat and smooth surface.

As another application, it may be useﬁ as a
protective £ilm for a thermzl head, i.e. not as an
optical thin £ilm.

In the present invention, the optical thin f£ilm may
be formed only on ohe side of a substrate as shown in
Figures 1 and 2, or may be formed on each side of the
substrate.

The amorphous oxide film constituting the outermost
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turbidity occurs. Inventors of the present i t hat such
turbidity takes place because the netal in

transparent conductive film diffuses and re
contained in a small anmount in the plastig¢
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laver exposad to air of the optical procuct.of the

nt invention, i.e. the sescond layer 3 in Figure 2 or

'0
!
o
w
®

the third lzver 13 in Pigure 3, contains glass-

constituting elements such as 5 and Si and thus is

amorphous, whereby smoothness of the surface is high, and
the frictionzl resistance is low. Thus, the amorpaous
oxide film has high durability and serves as a protactive
lzyer to improve the abrasion resistance or the chemical
resistance of an optical article of the presant
inventiqn. Further, by adjusting the refractive indgx'
and the £ilm thickness, it is possible to control the
optical functions such as the transmittzance, the
reflectance and the color tone. |

Particularly when the outsrmost lzayer is zn oxide

<

Ql

£ilm containing Zr .., B anc :

'Si, B and Si contribute

to the razlization of a £ilm having excelilent durability

f=4e

satisfying botn the aoraszon resistance and the cnemical

%

tability, since the film is made amorphous by the
addition of boron to zirconium oxide haviﬁg chemical
stability against an acid, an alkali, etc.

Further, B and Si contribute zlso to the control of
‘the refractive index of the film. Namely, the refractive
index can be lowered bj increasing the proportions of B
and Si.

In the present invention, layers other than the
outermost laver primafily have optical functions and

contribute to the transmittance or reflecting properties.
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As such an anorphous oxide barrier film it id
anor phous oxide filmof the present invention c
oxide <containing Si and at |east one nenber sel
consisting of Zr, Ti, Hf, Ta, Sn and In,
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In an optical article having heat :adiation shielding
properties, a nitride film serves to provide the heat
radiation sﬁielding function. In a heat radiation
shielding glass intended for high transmission and low
reflection in the visible light range by means of
interference effects, Ehe first layer 2 in Figuré 2 and
the second layer 12 in Fiqure 3 serve to provide a heat
radiation shielding function, and the first layer 11 and
the third layer 13 have a function to érevent the
reflection in the visible light range of the heat
radiation shielding films 2 and 12, respectively.

Figure 4 is a cross—sectional view of another
embodiment of the article with high durability according
to the pregent-invention. This embodiment is-intended to
provide a heat radiation shielding q}ass having high
durability sufficient for use as a single sheet and
having high transmittance for visible lights, ]

-sparticulYarly a transmittance of. at least. 70% so as .to be
useful As a window glass for automobiles, whereby the

: transmission color and the reflection color are both
neutral. This embodiment provides a heat radiation
shielding glass comprising at least two layers of a heat

- radiation shielding film-and an oxide- film formed

sequentially on a t?ansparent substrate, wherein the
oxide film constitutes the outermost layer exposed to air
and has a refractive index of at most 2.0.

In Figure 4, reference numeral 21 indicates a-
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‘Figure 7 is a cross-sectional view of an e ﬂﬁgﬁ a | am nat ed
gl ass structure. Between a glass sheet 51 | , xtleri or side of
a vehicle and a glass sheet 52 |located at fhe interior sidelof the

2 4 FEB 1998
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traasparent subsirate, numerzl 22 indiczatas a heat

ref
The most sicnificant fezature of the embodimsnt of
Figure 4 is to form an oxide film having a.raf:active
index of at most 2.0 as the outermost layer exposed to
air. If the refractive index of ﬁ:e oxide film of the
outermost layer exposed to air exceeds 2.0, the
reflectance for visible lights tends to be hign.

Consequently, the transmittance for visible lignts will

be low, whereby it will be difficult to obtain =

r

transmittance for visible lights of a level of at le

s
70%. Thus, the refractive index of the oxide film 23 is
preferably at most 2.0, more preferably at most 1.8, most
preférably at most 1.7.

?hérg{is no particular restriction as to the film
material for such an oxide film 23 so long as it has high
durzbility a2nd a refractive index. of zt most 2.0.
However, among amorphous oxide films composed essentially
of an oxide containing Si and at least one member selected frbm |
the group consistidg of Zr, Ti, Ef, Sn, Ta and In

according to the present invention, the one. Wherein n is at most 2.0 is preferred,

since it is execellent also in the scratch resistance and the abrasion resistance.

In particular, a film of

-
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vehicle,.a plastic interlayer 53 is dispgsed to bond these gl ass

she;ats 51 and 52. At the bonding surface REHJA@WENP%I’&ET hese gl ass
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< 40 and a £ilm of Zr3,Si:Q0, wherein x, z and y arz 0.0S

S.x+z, 2z <19 and 2 < v < 40 provided whea % > 3, x
S 3+ 0.25Z2 and n £ 2.0, are mos:t suitable for

»

applications where high durability is required, since

a

they are excellent not only in the scratch resistance

[4]]
3
[a¥]

the abrasion resistance but also in the chemical
stapili Lity.
In the foregoing, an amorphous oxide £ilm containing

Zr and has been described as a particularly preferred oxide film 23 for the outermost

Yoo

f=i

articularly preferred oxide f£ilm 23 for the outermost.

‘g

=
"

o
r

ayer of the heat radiation shielding glass of Figure 4.

Eowever, the oxide £ilm 23 for the outermost layer is not
limited to such a specific example znd may further
contzin other components to improve the durability, to .

adjust the optical properties or to improve the speed and

the stability for the film-forming. Further, the oxide

19

fllm 23 of the hezt radiation shielding glass: of Figure

and may be

2

may not necessarily be completely transparent
an absorptive film in an oxygen-lacking state or may
contain a smzll amount of nitrogen or carbon.

There is no particular restriction as to the
thickness of the oxide layer 23. However, if the layer
is too thin, no adequate durability will be obtained.

Therefore, the thickness is preferably at least 50 4,

more preferably at least 100 A, most preferably at least
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sheets 51 and 52, preferably at the bonding surface of the gl ass sheet 51

| ocated at the exterior side of the vehicle,

e ctive film

t he

sxes »
54 and an anorphous oxide film58 as a barrlerREPbA J S B* 1 hat
anor phous oxide filmb58 as the barrier is |ocatje T the sidejot the
pl astic interlayer 53. . 2 4 FEB 1998 '
- 34 -

150 &, although it depends upon the parEicular purpose.
On the other hand, if the layer is too thick, there will
be interference effects, and the reflection color will be
strong, although it depends also on the refractive index.
Therefore, the thickness is preferably at most 1,000 &,
more preferably at most 700 A, most preferably at most
500 A.

There is no particuiar restriction as to the film
material for the heat radiation shielding film 22. The
film material may be Selectéd from the group consisting
of metals, carbides, oxides and mixtures thereof |
depehding‘upon the particular purpose or the desired
.specification. Specifically, a £ilm composed essentially
of one member selected from the group consisting of
titanium, chromium, zirconium, tantalum, hafnium,
titanium nitride, chromium nitride, zirconium nitride,
tantalum ﬁltirde and hafnium nitride, is preferred, since
. it has excellent ‘heat radiation~shielding'p:operties;.

The thickness of such a heat shielding film 22 is
preferably ‘at most 1,000 A, more preferably at most 800
A depending upon the type of the substrate 21 and the
refractive index and the thickness of the oxide layer 23.
.If the £ilm 22 is .too. thick, .the-transmittance. for
visible lights decréases. Particularly, in the case of a
nitride £ilm, if the thickness exceeds 800 A, the

internal stress tends to be large, and peeling of the

film is likely to occur. On the other hand, if the £ilm

g
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In this case, the above transparent conductive film 54 is fornmed to have a
mul ti-layered structure such as ZnQ Ag/ ZnO or

Snerr]/Ag/SnJerr] wherein

a metal film56 such as Ag or.Au is sandw tched _beiweep—gi-ete

55 and 57. Between this transparent conducti
above-nentioned pal stic interlayer 53, an ano

fric filns

BEPLACEMEI\HHS
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22 is too thin, no adequate heathr_giéiign_shialéiﬂg

properties will be obtained. Therefore,
preferably at least 20 A, more preferably from 20 to 100
&, although it depends aiso on the thicknesses aad the
types of thé £ilm material and the substrate glass.
Further, there is no particular restriction as to the
method for forming the oxide iayer 23 and the heat
radiation shielding £ilm 22. Vacuum vapor deposition,
ion plating or sputtering may be employed.
reactive sputtering méthod excellent in the uniformity,

is preferred in a case where coating over a large area is

required.

The transparent substrate 21 is usually made of glass

or a plastic.

In the embodiment of Figure 4, the color tone being
neutral is meant for the following characteristics.
Namely, as;represented by the CIE color index, the change

'Lwidthéroﬁ'thenx-coordinate»and;thamyrcoordinate.aé-ﬂ
between before and after the formation of a £ilm such as-
the heat radiation shielding film or the oxide film on

the substrarte surface, are represented by Ax and Ay.

\/(Ax)Z + (Ay)2 represents a color change due to the

.formation..of. the..coating £ilm,. and.the..neutral color..
means that the valué of this color change is at most
0.008 and 0.032, more preferably at most 0.007 and-at
most 0.028, with gespect to the transmission color and

the reflection color, respectively.

However,

r.t

the thickness i

However, a

the——
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oxide filmb58 as a barrier forned by the anor, of the
present invention such as a ZrB[err]Jerr] fi ness of
from1l0 to 100 A, is disposed.. As the| dijel ectric
filmse 55 and 57 in the present invention, a T fil mmay

al so be used as the case requires.

L L g s asttant o

reflectign color may be diffsrent as'between the surface
on winich a coating £ilm is formed aﬁd the surface on
which no suchk £ilam is formed. in such a2 c=sa, khe
neutrzl color wmeans the larger vzlue. ,
When the heat radiation shielding film 22 is a
nitride £ilm, an oxide £film may be formed betwesn the
glass substrate and the nitride f£ilm in order to reducs

he internal stress of the nitride £ilm and thereby to

rr

.

increzase the thESlon with the glass substrate. As
another - methoa of increasing the adhesion to the glass
substrate, it is effective to employ a2 method wherein a
primer layer is firstly formed on the glass substrate,

then high energy ions are injected thereto, and

1]

thereafter, the heat radiation shielding £ilm is formed
thereon. For example, a titanium layer is formed as the
primer layer, then high energy nitrogen ions are
injected, and thereafter a titanium nitride film is
formeﬁ,_thereby a titanium.nitride £ilm having strong’
adhesion is obtainable as the heat radiation shielding
" £ilm 22.
In the heat radiation shielding glass of Figure 4,

the oxide film 23 as the outermost layer exposed to air,
-exhibits an optical function by virtue of the refractive
index and the Eilm.thickness. Namely, the oxide layer 23
serves to reduce the refleétance of the heat radiation
shielding glass and contributes to an improvement of the

transmittance for visible lights. At the same time, it
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Figure 8 is a cross-sectional view of another enbodi ment “B&waal am nat ed.
gl ass..structure, wherein the rear side elpet+ode—of—a-salar cell is nade

transparent conductive filmof the [REPACEMENESHERT| MNarely, on a

gl ass sheet 61 through which incident |ight] ermters—rnto~thejsolar cell,

2 A FEB 1998
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has a function to reduce the §tiﬁulating purity of the
reflection color and to nggtralize the entire color tone.
Further, the oxide £ilm 23 serves as a protective £ilm to
improve the abrasion resistance and the chemical
stability of the heat radiation shie}ding glass.

The heat radiation shielding £ilm 22 serves to absorb
solar energy and at the same time serves to control the
transmittance for visible lights. |

The heat radiation shielding glass of Figure 4 has a
multifla}ered structure of ét least two layers wherein a
heat radiation shielding £ilm and an oxide film having a
refractive index of at most 2.0 are laminated on a
transparent substrate. Thus, it has a natural color tone
and has high transmittance for visible lights-and high
durability. Accordingly, it can be used adequately as a
single plate heat radiation shielding glass in an
applicatioh where it is used in a severe environment,.
sﬁch:;s-an:applibation-tb:buildingﬁconstruction-orman-
application to automobiles.

- When an oxide £ilm containing Zr and at least one of
B and Si, is formed as the oxide £ilm 23, a heat
radiation shielding glass having excellent abrasion
resistance~and.chemical~resistanceruis-obtainable.

By increasing the proportion of B .or Si, or the total
amount thereof, it is possible to bring the refractive

index of the oxide film to a level of at most 1.7,

whereby it is possible to obtain a heat radiation )
. " This Sheet Has Been Rerlaced
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ing glass having a2 low reflectance

-

ignts, high transparency ;nd a neutral color tone.
Further, when such an oxide film containing Zr and

Si and optionally B, is used as the outermost layer 23

exposad to air, £ilm-forming can be conducted by direct

n

m

current (DC) sputtering. This is most suitable for

ap

s )

lication to automobiles or building construction where
a film covering a large area is required.

Figure 5 is a cross-sectional view of a still another
embodiment of the article with high durability according
to the present invention. This embodiment is an
improvement in the durability over the heat radiation
shielding'glass shown in Figure 4. ©Namely, this 'is a
heat radiation shielding glass.wheréin at least three
layers of a heat radiation shielding £ilm 32, a low
refractive indek oxide £ilm 33 having a refractive index
of at most 2.0 and a protective film 34, are formed on a
transparent substrate 31 in this order from the subsérate
side.

The transparent substrate 31 and the heat radiation
shielding film 32 are similar to the transparent
substrate 21 and the heat radiation shileding film 22 in
Figure 4. The low refractive index oxide film 33 may be
any oxide film so long as the refractive index is at most
2.0. In the case of Figure 5, the low refractive index
oxide layer 33 will not be the outermost layer and

therefore is not required to be particularly excellent in

is Sheet Has. Been Re Iaced
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an alkali barrier film71 made of e.g. SiJerr] or Al[err]O[err], a first
transparent electrode 72 made of Sngerr] or ITO an a- Si f|In173 and a

rear side electrode (transparent conductive fil ntially
Fear si de el'ect rode 84, P20 that, when Such o g apal s IENT SHEEF|on Sa! d
2 4 FEB 1998
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the chemical stability. It is of course possibls to
employ the amorphous oxide film of the preseat iavention
composed essentially of an oxide containing at lezs:t ons

member sslected from the group consisting of Z:, Ti, EE,

=

s Tz, Sn and In and at least one member saleictsd from the
group consisting of B and Si.. The low refractive index
oxide f£ilm 33 serves to reduce the reflectancse aﬁd to
reduce the color due to interference of the reflection.
It is p;eferred to form a thin metal layer prior to the

10 formation of such an oxide film 33 in order to protsct
the heat radiztion shie;ding layer 32 from oxidation,
since it is thereby possible to readily control the
transmittance, the reflectance and the color tone.

As z protective. £ilm 34 Eonstituting the third layer

15 which has not only physical durazbility but also chemical

| stability, a £ilm of ZrSizOy wherein z is
0..05 é z < 19 and y is 2.1 = y < 40 and 2 film of

=

W
+
3]
-
N
A
H
0

ZrBySi,0y wherein X, z - and y are 0.05

A

20 and 2 < y < 40 provided when x > 3, x 3 + 0.25Z, are

preferred, since they are excellent not only in the
scratch resistance and the abrasion resistance but also
in the chemical stability.
There is.no par£icu1ar restriction as to the
25 thickness of the protective layer. However, if it is too
thin, a continous film teads to be hardly ob;ainable.

The thickness is preferably at least 30 A, more

is Sheet Has Been Replaced
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61 and a gl ass sheet 62 at the inerior side of the vehicle are bonded with
a plastic interlayer 63 interposed therebetween, the anorphous oxide film
68 as a barrier is disposed between the tran% film64

and the interlayer 63. Such a transparent

rear

DACEMENT Mt 64 as the

2 4 FEB 1998
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preferably at least 50 A, althouéh-ft—ﬁénenﬁS‘ﬁ§Sﬁ“E1e
film~-forming methcd. On the other hand, if the
protective layer is too thick, the color due to
interference becomes remarkable.. When a neutral outer
appearance is required, .the thickness is preferably at
most 500 A, more preferably at most 200 A.

The heat radiation shielding f£ilm 32 may be the same
as the above described heat radiation shielding £ilm 22
of Figure 4 and is preferably a f£ilm composed essentially
of one member selected froﬁ the group consisting of one
or more metals selected from the group consisting of Ti,
Cr, Zr, Ta and Ef, nitrides of these metals, oxynitrides
of these metals and absorptive oxides thereof, in view of
the high heat radiation absorptive or reflective
properties. Particﬁlarly preferred is titanium nitride
or chromium oxynitride. The £ilm thickness may be-
substantiélly the same as the heat radiation shielding
film i3“of:?igure~4u

The heat shielding glass shown in Fiqure 5 has the
foregoing ssructure, whereby it has high durability (not
only the physical durability but also excellent chemical
stability) sufficient for use as a single sheet 'and a
high-transmittance for visible-lights.at a.level of at.
least 70% so that is is useful as a window glass. It is
available as a heat radiation shielding glass which is

neutral with respect to both the transmission color and

the reflection color.
his Sheet Has Been Replaced
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side el ectrode may be conposed of two or nore layers such as a netal film

74 and other film75, or nay be conposed solely of et al
film74. Such a netal layer 74 may be a layer 7 _BLAC TﬁQHEETH or

netals..

Al or an alloy filmnmade of at |east two different j[kinds.—of—tfres
Further, said other film75 may 2 4 FEB 1998
- 41 -

When-a chromium oxynitride film is used as the heat
radiation shielding £film, tne resistance is high (at
least 1 MQ/0]) as ccmpared with a titanium nitride film,
which is advantageous in that when used as a rear glass
for an automobile, it does not reduce the function of a
printed antenna.

Figure 6 is a cross-sectiénal view of another
embodiment qf the article with high durability according
to the present invention. Namely, it is a novel heat
radiation shieiding articlé which has very high
reflectance against lights in the infrared range and
adequately high transmittance for lights in the visible
light range and yet hardly deteriorates during the
storage in a single sheet state or during the~
transportation to the site where it is processed for
lamination. This is a heat radiation shielding article

comprising a total of 2n + 1 layers (n 2 1) of

. transparent oxide layers and:ssilwer- layers: alternately..

formed on a transparent substrate, and an amorphous oxide
£ilm provided as a protective layer on the outermost
layer of said 2n + 1 layers.

As the transparent substrate 41 of Figure 6, glass, a
plastic.or:-PET (Polyethylene-terephthalate) may be used.
As the transparent sxide 42, a material having a
relatively large refractive index, e.g. a'material'having

a refractive index of n = 1.7 - 2.5, such as TiQ3, 2:03,

"1 |iiiii‘|‘i‘ii|ff“|||’i‘
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be a filmmade of ZnO, zZnS, TiJerr], 1 TO or Sngerr]. A suitable

met hod such as spraying, vacuum deposition, DC sputtering or_chem cal :
vapor deposition, nay be used as the nethod ¢f ye- ment i oned
transparent conductive filnms 54 and 64 or tWﬁEﬁE& ﬂ@%@ﬁgﬂgﬁga barrier
filnms 58 and 68. However, in view of the

2 4 FEB 1998

- 42 -

With respect to the layered structJfE‘EE’Ehe heat
radiation shielding article of Figure 6, a transparent
oxide layer 42 is used as.the £irst layer on the-
substrate 41, a silver layer 43 is used as the second
layer, and a transparent oxide layer 42 is used as the
third layer. Thus, the oxide layer 42 and the silver
layer 43 are altarnately repeaﬁed so that the 2n + 1
layer will be a transparent oxide layer 42, and an
amorphous oxide £ilm 44 is coated as a protective layer
on the tiansparént oxide layer 42 as the 2n + 1 layer.
The n value-of the 2n + 1 layer is preferably at most 3
in order to maintain the transmitﬁanee for visible lights
at a level of at least 70%. The thickness of the
transparent oxide layer 42 in a preferred embodiment of
the heat radiation shielding article of Figure 6 may vary
depending upon the material used but is generally within
the follc#ing range. Namely, as the first layer, the

'~th£ckﬁess is- from 200" to. 600" A, as~the::2n’+ 1. layer:which
is the outermost layer of the 2n + 1 layer coatings, the.
thickness is from 100 to 400 A, and as other intermediate
layefs,.the thickness is from 400 to 1,200 A. These
thickness ranges are prescribed to obtain high
transmittance for lights.in the.visible light range... If
the £ilm thicknesse§ depart from these ranges, the
interference conditions will not be maintained, whereby
the reflection preventing effects can not be obtained

adequately, and the transmittance for visible lights

This Sheet Has Been Rerlaced
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productivity and the filmproperties, it is preferred to forn1f|InB by the
DC sputtering nmethod. A nulti-layered filmthereby y has a
t hree-| ayered REPLKEEM §HE

2 4 FEB 1998
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decraases. The transparent oxide layers 42 of {he hezEt

radiztion shielding article o
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rom the view point of the

rn

made of the same materizl
productivity. Eoweve:,.tﬁe article is not limited to
such & preferred embodiment, and any one of such layers
may be made of a material different from the rest of the
layers, or all layers may be made of different of
materials.

On the other hand, the thicknesses of the silver
layers 43 should be aé mosé 110 34 to secure adegquate
transmittance for visible lights and to secure an
adequately wide variable range of the reflection color by
the adjustment of the layer'thiéknesses. Namely, if the -
silver layers 43 become thick, the transmittance for
visible lights decreases and it becomes difficult to
secure a transmittance of at least 70s. dn the other
hand, if the silver layers are too thin, silver tends to

. Form discontinuous films, whereby the desired properéies
will be hardly obtainable, or the product is likely to
readily deteriorate. Therefore, the thicknesses of the
silver layers should preferably be at least about 60 A.

There is no particular restriction as to the
amorphous oxide film to be used for- the heat radiation .

shielding article of Figure 6. However, it is preferred
to employ the amorphous oxide £ilm of the present

invention containing Si and at least one member selected from

the group consisting of 2Zr, Ti, HE, Ta, Sn and In- °

" This Sheet Has Been Replaced
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- 50- structure such as zZn(err]/Ag/ZndJerr] or Sngerr]/Ag/Sngerr] from
the viewpoint of the deposition speed or tha;-=E cost of the target, or

Ag/ Zad err] in the case of the rear el ectrod¢RBPLACEMENT SHEET
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More preferably, the amorphous oxide film may be made of an oxide

containing Zr and at least one of B and Si particularly, a film of-
film of ZrSiz0y wherein z is 0.05 = z < 19 .and y is 2.1
= y < 40 and a £ilm of ZrBxSi Oy wherein x, z and y ‘are
0.05§ = x+2z, z < 19'and 2 < y < 40, prbvided that
when x > 3, x & 0.25z + 3, are preferred, since they
are excellent not only in the scratch resistznce and the
abrasion resistance but also in the chemiczal stability.

The amorphous oxide protective £ilm of Figure 6 may
be sibstituted for the transparent oxide of the 2n + 1
layer so that it is in direct contact with the silver
layer. However, such an arrangement is not preferred,
"since such direct contact tends to deteriorate the .
durability. The reason for the deterioration has not yet’
been clearly understood, but is considered to be
attributable to some side-reaction of boron in the
amorphous oxide with the silver. Therefore, it is
préferred so interpose a transparent oxide layer between .
Ehe amorphous oxide film and the silver layer.

The thickness of the amorphous oxide .film 44 in
Figure 6 is preferably from 100 to 500 A, more preferably

from 200 to 400 A, although it is necessary to adjust it

is Sheet Has Been Reﬂlaced
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sol ar cel

For the preparation of such a lanminated glass, a glass sheet

may preI|n1nar|Iy be nolded into a desired shape prior to the formation of

the fil s,

or th inarily forned and-thenthe glass sheet
may be nDIded intBEBLACENﬂéﬁﬁgggEB ¥he annrphous OXH?GBQ%%&ifkdfllns

°8 and 68 are 1 2 4 FEB 19?8 e m\\\\“\“\“\\“‘“

!

in view of tne balance with the transparent oxide layers

to obtain high transmittanpe'in the visible light- range.
If the thickness of the amorphous oxide film is smaller
than this range, no adequéte performance as the
protective layer will be obtained. On the other hand, if
the thickness exceeds this range, it becomes difficult to
attain a transmittance of at least 70% in the visible
light range while maintaining the interference
conditions.

There is no particular restriction as to the method

of forming the heat radiation shielding article of Figure

6. Vacuum vapor deposition, ion plating or sputtering

may be employed. However, a reactive sputtering method
excellent in the uniformity, is preferred ind the case
where coating over é large area is required. It is
particularly preferred to p:epare all the layers of the

heat radiation shielding article including the first

-layer of a transparent oxide to the protective layer:of

the amorphous oxide in the same vacuum chamber. However;
the article may be taken out in atmospheric air prior to
forming the amorphous oxide f£ilm, and the amorphous oxide
£film may be formed thereafter, without adversely
affecting the effectiveness:-

For the purpose of improéing the adhesion and the
durability of the heat radiation shielding article of
Figure 6, a boundary laYer having a thickness not to

adversely affect the optical properties, may be inserted



preferably fornmed in a thickness of from10 to 100 A If they are thinner

than this range, no adequate netal diffusion preventing ability will be
obtained. On the other hand, if they are thicker t& EAEE er
i nprovenent of the nmetal diffusion preventing abili §EPV£.TNWIMT3HE 'Eed.
2 4 FEB 1998
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at the interface with the substr#te or at the interface
between the respective layers. This heat radiation
shielding article may be applied to a2 low emissitivity
glass or a door of a freezer show case wnerein the
article is double-glazed with another substrate with an
inner space therebetween and with the amorphous oxide
film side located inside, or to a laminated glass for an
automobile or for a building construction wherein a'.
substrate having the above coatings and another substrate
are laminated with an-interlayer_disposed therebetween
with the amorphous oxide film side located inside.
| The protecting mechanism by the amorphous oxide £ilm
in the heat radiation shielding article in Figure 6 is
not clearly understood, but is considered t& have a merit
in that the film is made amorphbus by an addition of
silicon or boron as an eiement for constituting glass.
Oxidation of silver is believed to be the primary factor
‘fBr"thghdeteriofation'mechanism of- an infrared reflecting -
article wherein transparent oxide layers and silver .
layers are alternately laminated. For the oxidation
reactidp, oxygen or moisture is required to diffuse,'and '
if the film is crystalline, the grain boundaries
constitute the passages for-diffusion, whereby the =
oxidation reaction is facilitated. Therefore, as the_.'
protective layer, the amorphous layer free from crystal
grain boundaries is utilized as a barrier against

diffusion, whereby the durability is believed to be

This Shest Has Been Replaced -
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As the pl ast
51 and 52 or

aut onobi | e,

ic interlayers 53 and 63 to be used for bonding - glass sheets

61 and 62, PVB, EVA (ethylene-vinyl acetate copol yner) or
uret hane may be wused. For the formation of a | am nated glass for an

it is preferr aving excellent adhesiveness.
REPLACEMEN’_E: SHEET I
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improved. d

As described in the foregoing, in the heat radiation
shielding article of Figure 6, the amorphous oxicde £ilm

is over~-coated so that it functions as a barrier laver to
Yy

'prevent the deterioration of the silver layer by

oxidation, whereby the durability is improved for a
single sheet of an infrared reflecting article wherein
transparent oxide layers and silver layers are
alternately laminated.

In the present inventian, boron 6: silicon as a
glass-constituting element is added in the protective
layer, whereby the £ilm is made amorphous, and the
smoothness of the f£ilm surface is improved and the
frictional resistance decreases for an improvement of the
abrasion resistance; Therefore, the weatherability of
the single sheet is improved, and there is an additional
effect pb;érved such that the product is hardly scratched
as compared with the conventional article. Further, it
is also possible to further increase the effects of the
amorphous oxide protective coating by improving the
durability of the silver layer by incorporating an
additive to the silver layer. |

-+Figqures 7 and.S-Show other embodiments:wherein the-
amorphous oxide f£ilm of the present invention is used as
a metal diffusion barrier layer. Namely, these Figures
are tross-sectional views of laminated structures wherein

a glass sheet having a transparent conductive film

cermwnl| TG



In Figures 7 and 8,

| am nated gl ass structures are illustrated wherein two

gl ass shee
to alamn
a case, ;the
anor phous (

S & e @. T er., the present |nvéhtroﬁ~nayﬁaL§g_be applled
ﬂﬁﬁiA 5l p three or nore gl ass gh ets are used.
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ranspar ent conductlve
58

L
p

m

i i~

: h

| e

48

|

composed of one or more lavers inciuding a

™

|—4

he 5 shese laminated with a

b

&s

(4

and o g are

|~

r disposed therebetween with such

neaxg

M

i ay

conductive £ilm loczted inside,
is

oxide layer disposed betwesgn

conductive film and the plastic

to prevent the diffusion of the

conductive £ilm.

Such an zmorphous oxide layer as a barrier is
interposed to overcome conventional proolems in laminatad
glass such that upon expiration of 2 long period of time,

turbidity occurs. Inventors of the present invention

have found that such turbidity takas place beczuse the

metzl in a metzl layer in the transparent conquctlve £ilm

diffuses and react with moisture or oxygen contzined in a

.

small amcunt in the plastic interlayer, so that

is oxidized.

r

As such an amorphous oxide barrier film, i

preferred to employ the amorphous oxide £ilm o

T

present invention composed essentially of an oxide

containing Si and at least one member selected from the group
consisting of Zr, Ti, Bf, Ta, Sn and In,..

Figure 7 is a cross-sectional view of an embodiment
of such a laminated glass siructure. Between a glass

sheet 51 located at the exterior side of a vehicle and a

glass sheet 52 located at the interior side of the

c&ﬂ and t he



and 68 are preferably fornmed on the bondi ng SUWEEPEAEENHHHTSHEET
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venicle, .a plastic interlayer 53 is disposed to bond
these glass sneets 51 and §2.

At the bonding surface of either one of thesa glzss

| sheets 51 and 52, preferably at the bonding surface of
the glass sheet 51 located at the exterior side of the
vehicle, a transparent conductive fiim 54 and an
amorphous oxide £ilm 58 as a barrier are disposed so that
the amorphous oxide film 58 as the barrier is located at
the side of the plastic inteflayer 53.

In this case, the above transparent conductive £ilm
54 is formed to have a multi-layered structure such as
Zn0/Ag/Zn0 or Sn0O2/Ag/Sn02 whereih a metal f£ilm 56 such
as Ag or Au is sandwitched between dielectric films 55
and 57. Between this transparent conductive- £ilm 54 and
the above-mentioned-palétic interlayer 53, an amorphous
oxide film 58 as a barrier formed by the amorphous oxide
£ilm of the present invention such as a ZrBxOy £ilm
haviné:a.thickness of from:10: to- 100 A, is.disposed..

As.the above-mentioned dielectric films 55 and 57 in-
the present invention, a TiOz £ilm or a ITO £ilm may also
be used as the case requires.

Figure 8 is a cross—-sectional view of another
embodiment of a laminated.glass..structure, wherein. the
rear side electfode'of a solar cell is made of the
transparent conductive f£ilm of the present invention.

Namely, on a glass sheet 61 through which incident light

enters into the solar cell,
' This Sheet Has Been Replaced
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the gl ass sheet | ocated at the exterior side of
out er nost si de. Havi ng such constructions, jthe enbodi mentsjoff Fi gures
7 and 8 are capabl e of effectively suppressing turbiai4§EBt1998h functions
of the metal oxide filnms 58 and 68. interposed gs rriers.

- 50 -

an alkali barrier £ilm 71 made of e.g. SiO; or Al03, a
Eirst transparent electro@e 72 made of SnO; or ITO, an a-
Si film 73 and & rear sidé electrdde (transparent
conductive £ilm) 64 are sequentially formed. Then, the
amorphous oxide film 68 as a barrier is formed on said
rear side electrode 64, so that, when such a glass sheest
61 and a glass sheet 62 at the inerior side of the
vehicle are bonded with a plastic interlayer 63
interposed therebetween, the amorphous oxide f£ilm 68 as a
barrier is disposed between the transparent conductive
film 64 and the interlayer 63. |

Such a transparent éonductive.film 64 as the rear

-side electrode may be composed of two or more layers such
as a metal f£film 74 and other f£ilm 75, or may be composed .
solely of one layer of the metﬁl £ilm 74.

Such a metal layer 74 may be a layer made of Ag, Au,
Pd or Al or an alloy film made of at least two different
kinds- of. these metals.. Further) said other f£ilm 75 may -
be a £ilm made of ZnO, ZnS, TiQO2, ITO or SnOz.

A suitable method such as spraying, vacuum
deposition, DC sputtering or chemical vapor deposition,
may be used as the method of forming the above-mentioned
transparent conductive f£ilms 54 and- 64- or the amorphous
oxide barrier films 58 and 68. However} in view of the
productivity and the f£ilm properties, it is preferred to
form £ilms by the DC sputtering method. A multi-layered
£ilm thereby formed preferably has a three-layered

‘Sheet Has Been Re; laced:_;
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To ascertain the effects of the present invention, experinments have been
conducted in conparison with Conparative Exanples. The results are shown

in Table 3.

REPLACEMENT SHEET
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structure such as Zn0x/Ag/Zn0x oL SUOT/AT/SnOx—f=om the
viewpoint of the deposition speed or the cost of the
targek, or.Ag/ZnOx in the case of the rear electrode of a
solar cell. ~For the preparation of such a laminated
glass, a glass sheet may preliminarily be molded into a
desired shape prior to the formation of the films, or the
£ilms are preliminarily formed and then the glass sheet
may be molded into’'a desired shape.

The amorphous oxide barrier £ilms 58 and 68 are
preferably formed in a thickness of from 10 to 100 A. If
they are thinner than this range, no adequate metal
diffusion preventing ability will be obtained. On the
other hand, if they ére thicker than 100 A, no further
improvement of the metal diffusion preventing ability
will be observed.

As the plastic interlayers 53 and 63 to be used for
bonding glass sheetstSI and 52 or 61 and 62, FVB, EVA
(ethyiéne-vinyl acetate copolymer) or'urethane may be
used. For the formation of a laminated glass for an
automobile, it is preferred to employ PVB having
excellent adhesiveness.

In Figures 7 and 8, laminated glass structures are
illustrated wherein two.glass sheets are used. However,
the present invention may also be applied to a laminated
glass wherein three or more glass sheets are used. In
such a cése, the ébove—mentioned transparent conductive

films 54 and 64 and the amorphous oxide barrier films 58

This Sheet Has Been Replaced
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and 68 are preferably formed on the bonding surface of
the glass sheet located at the exterior side of a vehicle
i.e. at the outermost side.

Having such constructions, the embodiments of Figures
7 and 8 are capable of effectively suppressing turbidity
by the functions of the metal oxide films 58 and 68
interposed as barriers.

To ascertain the effects of the present invention,
experiments have been conducted in comparison with

Comparative Examples. The results are éhown in Table 3.

REPLACEMENT SHEET|
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As shown in Table 3, no change wth respect to the turbidity was observed
even in the Conparative Exanples where the transparent-—conductive film 54
or 64 was nade of a single layer of a ITO'flInlqr a snderr] film

e B T Nl

- 54 -
aAs shown‘in Table 3, no change with respec: to :the
turbidity was observed even in the Comparative Zxamples
where tae transparent conductive £ilm 34 or 64 was =zade
of a single layer of a ITO £ilm or a SnOz f£ilm. Eowever,
when the transparent conductive film is made of a muiti-

layered £ilm such as a three layered £ilm of ZnO/Agq/ZnQ

or SnOz/Ag/SnO; wherein the silver layer is sandwitched

by dielectric layers, turbidity occurred by UV REPLACEMENT

irradiation for 100 hours. It is anticipated that such

2 4FEB1

turbidity has resulted beéause a metal (such as silver)|

in the metal layer (such as the silver layer) was

‘activated by the UV irradiation and penetratéd through
the dielectric layers (such as.the ZnO £ilm and the SnOz
film) and diffused to the PVB film, whereby the metal is
oxidized by the moiéture or oxygen contained in the PVB
£ilm. |

Oon the other hand, no turbidity was observed after
the UV-irradia;ion for 100 hours, 'when.an amorphous oxide
barrier f£ilm was interposed between the transparent
conductive film (as identified in the Table by -~)
composed of one or more layers including a metal layer
and the PVB £ilm, to prevent the diffision of the metal
£rom such a- transparent conductive film to.the PVB £film
as in the case of the Examples of the present invention
in Table 3. Thus, it has been confirmed that the -
interposition of such an amorphous oxide barrier £ilm is

very effective to suppress the formation of turbiditv.



|l ayered filmsuch as a three layered filmof ZiQ Ag/ZnO or
Snerr]/Ag/SnJerr] wherein the silver |ayer
turbidity occurred by UV irradiation REPEAK}HMENWSS k.
anticipated that such turbidity has resulted hegauwse—a et al

in the netal layer (such as the silve

| ayers,

silver)

S
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In the embodiments of Figures 7 and 8, the diffusion
of the metal can adequately be prevented, since the
amcrpnous cxide barrier £ilam has an adeguately dense
structure. Whereas, with the crystalline £ilm, the

crystal grain boundaries are believed to constitute the

passages for diffusion, whereby oxidation is facilitated.

Figure 9 is. a cross-sectional view of a heat
radiation shielding glass prepared by a process whereby
the optical properties of the article with aigh
durability of the present invention is stabilized,
whereby the following problems have been overcome.

It is common to employ a direct current (DC)
sputtering method when a coating is applied to a glass

sheet having a large area useful for e.g. antomobiles or

building construction. When an oxide £ilm is formed by .

this method, electric conductivity is required for the

target. Therefore, it is usual to employ a metal target

although there is an exception such. as use of ITO or ‘Al

doped Zn0O. During the formation of an oxide f£ilm by the

reactive sputtering in an oxygen plasma atmosphere, it is

unavoidable that a part of the previously formed heat

radiation shielding layer is oxidized. The degree of the

oxidatiaon can hardly be controlled by the technique.
presently available. Consequently, there has been a

problem that the optical properties are varied.

Under these circumstances, the present inventors have

found a process of forming a thin barrier layer t to

dielectric

uch as

el l=-1

s
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activated by the UV irradiation and penetrated through the dieleétric
| ayers (such as the ZznOfilmand the Sngerr] tr—and—et “Eéz. to the
¢

PVB film whereby the netal is oxidized by th RE?LACENE%HFSH N
contained in the PVB film On the other harpd;—mo turbi di jyjwas
observed after 2 4 FEB 1998
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prevent such oxidation of the heat radiation shielding
laver, on the heat radiatipn shielding layer, prior to
the formation of an cxide'film on the heat radiation
shielding layer.
Figure 9 is a cross-—sectional view of an embodiment
of a heat radiation'shieldigg glass prepared by.such a
process, wherein a reference numeral 81 indicates a
substrate made of transparent or colored glass or
plastic, numeral 82 is a heat radiation shielding £ilm
made of e.g. a metal, a nitfide, a carbide, an absorptive
oxide or a mixture thereof, numeral 83 indicates an .
oxidation barrier film, and numeral 84 indicates an oxigde
. £ilm. |
The most signigicant feature of this prdcess is to

form a thin oxidation barrier film 83 on the heat
radiation reflecting £ilm 82 to prevent the oxidation of
the film 82. There is no particular restriction as to
the- £ilm material of this barrier film 83. However,-in a
case where the film-forming is conductéd in a multi path.
mode by usual sputtering, a metal £ilm or a nitride film
capable of being formed from a target useful also for the
heat radiation reflécting £ilm or for the oxide film
formed on the atmospheric air side; is prefe;red in view
of the productivity. If the film thickness is too thin,
no adequate barrier effects will be obtained, and a part
of the heat radiation reflecting £ilm 82 will be oxidized

when the outermost oxide f£ilm 4 is formed by reactive

This Sheet Has Been Rep laced
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the W irradiation for 100 hours when an amypp EE ] oy T ler filmwas
I nt erposed between the transparent conducti e =¥ LHER~f{ied in the
Table by [err]) conposed of one or nore Iayérs i ncluding a al |ayer
and the PVB film to prevent the diffision off {he2 detEB 1998 o fuch a
transparent conductive filmto the PVB film
- 57 -

souttering On the other hand, if the £ilm is too tihick,

it will remain as not compietaly oxidized, whersby the

t-znsmittance will be low. Therafcre, the film thickness

from S to 20 A, more przferably from i0 to

The embodiment of Figure 9 has at least three-lzavered

structurs as mentioned above. Eowever, in some cases,

one or more layers may be formed between the subs

né the radiation reflecc1ng £ilm 82 or between the

3]

el
xidation barrier £ilm 83 znd

0

the oxide film 84, %o

improve the adhesion or to adjust the optical properties.

The oxide film 84 is prefsrably the amorpaocus oxide

[

£ lm of the presesnt invention, particularly the oxide
film containing Zr and at leas:t one of B and Si.
However, the oxide f£ilm 84 is not lihited to such
specific exzmples and may contain other components to
improve the durazbility, to adjust the optical properties
the sta

or to improve the speed and bility for the £film-

forming. The oxide £ilm of the prasent invention may not
necessarily be transparent and may be an absorptive f£ilm
in an oxygen-lacking state or may contain a small amount
of nitrogen or carbon.

There is no particular restriction as to the oxice

£ilm 84. However, the oxide film containing Zr and

Si and optionally B, is suitable particularly for an
application where high durability is reguired, since such

an oxide film is excellent in the scratch resistance and

This. Sheet Has Been Re placed
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LLOACEMENT SHEET! 3. Thus,

uch an anor phpup oxi de

r i REB a99g uf b] di ty.

as in the case of the Exanples of the present inv
It has been confirned that the interposition of
barrier filmis very effective to suppress thelf

(=

!
(9]

8..
in the chemicz2l stzhility. When :the oxide Film 84

contains zr and Si(and B), thereis no particular restriction

fe
<
£}
'g
rt
(]
0
(o}
La )
re
fore
0
o]
n

as to the rsspeactls
However, if the content of B and Si is small, the film

5 ténds to be crystalline, whereby the surfacs smcothness
tends to be inzdeguate. Consequently, the scratch

resistance tends to be poor. . Therefore, the atomic ratio

o
ra

s1 or the total amount of Si and Bto Zris preferably

at least 0.05. Specifically, a film of z:s;zoy wnerain z
10 is 0.05 = z < 19 and y is 2.1 2 ¥ < .4_0 and a £ilm of
Ozlwhe:ei; X, z and v aza 0.05
= x+2z,z <19 and 2 < y < 40, provided that when x

> 3, x £ 0.25z + 3, are preferred, since they are

M

xcellent in the scratch resistance, the abrasion
15 resistance and the chemical stability.

There is no particular restriction as to the
thickness of the oxide £film 84. Eoﬁever, if the oxide
£ilm is too thin, no adeguate durability will be

obtained. Therefore, the thickness is preferably at

20 least 50 &, more preferably at least 100 A, most

preferably at least 150 A, although it depends upon the

g

articular purpose. On the other hand, if the qxide
layer is téo thick; the productiQity will be poor, and
the interference effects will result, wherebyv the

25 reflection color tends to be strong. Therefore, the

thickness is usually at most 1,000 A, preferably at most ,

[ ———
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- 54 - In the enbodinents of Figures ffusion of the
netal can adequately be prevented, since thp\i SHEE& barrier film
has an adequately dense i ' .

2 4 FEB 1998

700 &, more preferably at most 500 &, although it depends
upon the refractive indexi

There is no particular restriction as to the method
of forming the oxide £ilm 84. Vacuum vapor deposition,
ion plating or sputtering may be employed.

There is no particular restriction as to the film
material of the heat radiation reflecting £ilm 82. It

may be selected from the group consisting of metals,
nitrides, carbides, absorptive oxides and mixtures
thereof, depending upon the particular purpose or the
required specification. Usually, the heat radiation
reflecting £ilm 82 is selected from ﬁhé group consisting
of titanium, chromium, zirconium, titanium nitride,
chromium nitride and zirconium nitride.

When the heat radiation reflecting film 82 is made of
a nitride £film, it is effective to form an oxide -in order
to increase the adhesion wiﬁh the substrate 81.

In this method, the oxidation barrier £ilm 83
effectively prevent the heat radiation reflecting layer .
82 from being partially oxidized in the oxygen plasma
atmosphere during the formation of an oxide f£ilm 84 by
the reactive sputtering, in such a manner tha£ the
barrier £ilm 83 itself is oxidized. As a result, a heat
radiation shielding.glass having constant optical
properties can readily be produced.

On the other hand, if this oxidiied barrier layer is

not formed, a part of the heat radiation reflecting film

This Sheet Has Been Replaced
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structure. Wereas, with the crystalline film the crystal grain

boundaries are believed to constitute the passagges._for diffusion, whereby

oxidation is facilitated. Figure 9 is a cr(REP of a heat
CEQQENEBH*SH] Ca

radi ati on shielding glass prepared by a process
properties of the article with high

9]

2 4 FEB 1998
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82 such as Ti will be partially oxIdized—te-form.TiQs,
whereby the reflectance in;:eases, and the color tone
will not only be changed but also hardly be reproduced
constantly.
It is preferred that as the oxidation barrier layer
83, the same metal as used in the oxide £ilm formed
thereon is employed, since the oxide film will have a
composition where the degree of oxidation continuously
changes at the side being in contact with the heat
radiation reflecting £ilm, whereby the adhesion between
the oxidation barrier layer 83 and the oxide film 84 is
increased. It is further préferred that almost all of
the metal of the oxidation barrier layer 83 is oxidized
during the formation of the oxide film so that the
structure will be the same as a double layered structure
from the optical point of view.
For example, when a ZrB,Oy film is to be formed as
the o#ide film, it is possible to constantly obtain a
heat radiation shielding glass having a structure of _
substrate/heat radiation reflecting £ilm/ZrBxOy if a thin
ZrB; film is formed as the oxidation barrier layer 83 on
the heat radiation reflecting film prior to the_formation.
of the ZrB.Oy £ilm.
The method of forming the oxidation barrier layer as
- described above can be applied to the production of other
than the heat radiation shielding glass illustrated in

Figrue 9. Namely, such an oxidation barrier layer may be = be

i



durability of the present invention is stabilized, whereby the follow ng
probl ens have been overcone. It is comon to‘énpfﬁy—a -direct current

sputtering method when a coating is appliedy 952 | ass sheet having
a large area useful_for e.g. autonpbiles or buil | o Beplog. When an
oxide filmis formaRIEmACEMENT SHEET , r
2 4 FEB 1998 - 61 -
formed| for etamole, beéwean the first layver 2 and the

secand layer 3 in Fiaure 2, between the second layer 12
anéd the third layer 13 in Figure 3, petweesn the £irst
layer 22 and the second layer 23. in Figure 4, between the
first layer 32 and the second layer 33 in Figure 5,
between the 2n layer 43 and the 2n + 1 layer in Figure 6,
and in the case where the transparent conductive films 54
and 64 in Figures 7 and 8 are non-oxides, between:said
layers and the barrier layers 58 and 59, to obtaiﬁ
opticall} stable articles with high durability according
' to the present invention in a similar manner.

The amorphous oxide film of the present invention may
be formed as a layer for a scratch resistant protective
£ilm on one side or each side of the tranmspdrént
substrate to obtain a trénsparent sheet provided with a
scratch resistant protective f£ilm.

Figuré 10 illustrates a diagrammatical cross-
sectional view of an embodiment of such a scratch
resistant protective film-provided transparent sheet.

- The transparent substrate 92 to be used in the
present invention may be made of soda lime glass,
borosilicate glass, lead silicate glass, aluminosilicate
glass, aluminoborate glass, quartz glass, barium borate
glass or any other ;olid glass material without any
- particular restriction as to the composition. Further,
it is also possible to employ a plastic substrate. The

shape of the substrate is not restricted to a £lat plate,



this nethod,
it is usual

as use of 1TOor Al doped ZnO During the forr
the reactive sputtering in an oxygen plasma at o

that a part

electric conductivity is required for the target. Therefore,
to enploy a netal target although t on. such

PRACEMENT SHEEE| fi | m by

pllcl e—Trt—ts— uhavoi dabl e
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of the previously formed heat

-

and the subsicate may have a curved shape or anv other

F

"

n
<)
n
‘g
(1]

cm the viawgoint of safsty, & class subsirate

.przferably the one sitrsngthened by air cooling

reinforcement cr chemiczl reainforcemant, or the oae
trezted by lamination to praven t scattering of glass

£ragments upon breakage.
The thickness of the scratch resistant protactive

fiim 91 is prsferably from 100 to 5,000 A. If the film

(L)1

is too thin, no adegquate scratch resistance will be
obtained. On the other hand, if it is too thick, peeling

of the £ilm is likely to occur, and the productivity

- tends to be poor.

The scratch resistat protective £ilm 91 is preferzbly
the amorphous oxide £ilm of the present invention.

Particularl} preferred are a film of_ZrSizOy

wherein z is 0.05 = z < 19 and y is 2.1 = y < 40 and a2
£ilm of ZrB.Si Oy wherein x, z and y are 0.05 = x + .z, z
< 19 and 2 < y < 40, provided that when x > 3, x =
0.25z + 3, since they are excelleant not only in the
scratch resistance and the abrasion resistance but also
in the chemical stability. Such an oxide £ilm containing
Zr and Si and pptionally B is not limited to the four component

system of Zr, B, Si and O and may further contain other
components to improve the durability, to adjust thg
optical properties or to improve the spead and the

stability for f£ilm—forming.

- This Sheet Has Been Replaced
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radi ati on shielding |ayer is oxidized. The degree of the oxidation can

hardly be controlled by the technique. presently available. Consequently,
there has been a problemthat the optical prgperties—a [d.
Under these circunstances, the present |nvent1U§ﬁﬂﬂﬁaM5 ftigr Iprocess of
formng a thin barrier layer to

- 63 - 2 4 FEB 1998

The contents of Si (and B) and the thickhess of the

scratch resistant prctective £ilm 91 are suitablly

s&

lect2d depencding upon the particular purpcsa cf the
transparsnt sheek. For example, in the case of glass to
be used for the read out portion of a bar cord raszder, it

is preferred to use soda lime glass having a thickness of
S mm with a ZrB«Oy £ilm having a thickness of from 300 to
600 A in view of the the transmittance for a laser bezm
having a wavelength of 6328 A.

As the method of forming the scratch resistant
protective £ilm 91 of the present invention, a £ilm-
forming method such as vapor deposition, sputtering or
ion plating may be employed. There is no particular
rastriction as to the method for its formation. Eowevér,
the sputtering method is preferred among them, since the
starting materizl may not thereby be melted, the £ilm
composition can easily be controlled or reproduced, the
energy of particles reaching the substrate is high, and
it is possible to obtain 2 £ilm having good adhesion,
whereby the amorphous f£ilm of the present invention can

adily be obtained. To improve the adhesion of the £ilm
to the substrate, an ion injectioh method may be used in
combination. Namely, argon ions or oxygen ions with a
high energ§ at a levei of a few 10 keV may be irradiated
on the protective f£ilm 91 formed on a glass substrate, to
form a mixed layer between the protective filmland the

glass substrate to increase the adhesion to the glass

This Sheet Has Been Replaced

ARAE




r
w .
n
[
n
ct
s
ja )
(24

o
e
0
rl'
0
p.
<
(1]
rh
J=-
|_o
a

1

o -
[
(o]
<
’-la
o]
m
[o N
o
H
(Y
o]
t
[0
o}
n
)]
o
1]
]
(&
o)
n

Figure 10, a cover glass (also called z scanner glass)
for the read ocut portion of a bar cord reader may
primarily be mentioned. Figure 11 shows a diagrammaticzl
view of & bar cord reader. Reference numeral 93
indicates the glass for the read out portion of the bar
cord reader. Re ing out of & bar cord is conducted by
sliding a commercial good having a bar cord labelled
thereson, on the bar cord reader 94. The transpareat
sheet of Figure 10 may be used also for other purposas,
for example, as a glass plate for a stand table for a
copying machine or as a transparent sheet in general
where scratch resistance is reguired.

Now, the present invention will be described in
further detail with reference to Examples and Comparative
- Examples.

The following Examples and Comparative Examples are
directed to articles with high durability as illustrated

in Figures 2 and 3.

-
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preveent such oxidation of the heat radiation shielding |ayer, on the heat
radi ati on shielding |layer, prior to the formation of an oxide filmon the
heat radiation shielding |ayer. Figure 9 is a cross-sectional view of
an enbodi ment of a heat radiation .shielding glass prepared by such a

-67-

Reference Example 1

glass substrate was placed in a vacuum chamber of a

sputtering apcarztus.

The chamber was evacuated to &

pressure of 1 x 10-6 Torr. A gas mixture of argon and

oxygen was introduced to bring the pressure to 2 x 10-3

Torr.

Then, a zirconium target containing boron (Zr:8B =
-70:30) was subjected to RF (radio freguency) magnetron

sputtering to form an amorphous oxide £ilm ZrByO, (Eirst

g ....

-

i



process, wherein a reference nuneral 81 indicatpg ' de of
transparent or colored glass or plastic, nunerﬁﬁﬂﬁéﬁigmawhs Lidddi at i on
shielding film nade of e.g. a netal, a nitrideg, Ja carbide, an]aljsorptive

oxide or a mxture thereof, nuneral 83 indicategs lany pxEgghgn |bgrrier
film and nuneral 84 indicates an oxide

- 68 -

layer x = 0.14, y = 2.21) in a thickness of abcut 630 A.

gon and

r

Then, the gas was changed to 2z gas mixture of a

né the ure was adjusta=é to 2 x i0-3 Torr.

g
n

£as
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Then, a titanium target was subjected to high f£regquenc
um nitride (second
layer) in a thickness of about 120 A. Then, under the

same condition as in the first layer, a ZrByOy film

Jae

(third layer x = 0.14, y = 2.21) was formed in &
thickness of about 600 A. )
The visible light transmittance Tv and the solar

energy transmittance TE of the sample thus obtazined were

about 80% and about 60%, respectively. Durability test

in

were conducted in the same manner as in Example }, and
the sample showed excellent properties:
EXAMPLE 1

A glass substrzate was placed in a2 vacuum chamber of z
sputtering apparatus. The chamber was evacuated to a
pressure of 1 x 10-§ Torr. A gas mixture of argon and -
oxygen was introduced to bring the pressure to 2 x 10-3
Torr. Then, a titanium target containing silicon was
subjected to high frequency magnetron sputtering to form
~an amorphous oxide film fisixoy (Eirst layer x = 0.33, ¥
= 2.66) in‘a thickness of about 600 A. Then, the gas was
changed to a gas mixture of argon and nitrogen, and the
pressure was adjusted to 2 x 10-3 Torr. Then, a titanium
target was subjected to high frequency magnetron

sputtering to form titanium nitride (second layer) in a
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film

as to

The nost signigicant feature of thi
oxi dation barrier film83 on the heat radiatifon
prevent the oxidation of the film82. There ijfs
the filmmterial of this barrier filn18i.

orma thin
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thickness of zbcu

£ilm TiSiy0, (third lazyer x = 0.33, y = 2.68) was formed
in a thickness of zbout 6§00 A. The visible light
transmittance and the sunlight transmittance of the

szmple thus obtained were substantially the szme zs in
Reference Example 1. The durability was also substantially the same .as
in Reference Example 1.
COMPARATIVE EXAMPLE 1 |
To ascertain the effects of Reference Example 1, a zirconi.um
oxide film containing no boron (first layer) wés formed

in a thickness of about 600 A. Then, the gas was changed

o

0 a gas mixture of argon and nitrogen, and the pressure

£

as adjsuted to 2 x 10-3 Torr. Then, a titanium target
was'subjected to high fregquency magnetron sputtering'to
form titznium nitride (second layer) in & thickness of

about 120 A. . Then, under the same condition &s in the

case of the first layer, a zirconium oxide £ilm (thiTd

layer) was formed in a thickness of about 600 A.

The sample thus obtained was subjected to the

abrasion eraser test, whereby a number of scratch marks

were observed, showing poor scratch resistance and

abrasion resistance.
COMPARATIVE EXAMPLE 2

To ascertain the effects of Example 1, a titanium
oxide film containing no silicon (first layer) was formed

in a thickness of about 600 A. The gas was changed to a

This Sheet Has Been Replaced
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case where the filmformng is conducted in a nmul tgefnath. node by usual
sputtering, a netal filmor a nitride film capabl 'mguta e froma
target useful also for the heat radiation reflecti ma) 8%_ T e oxide
film formed on the atnospheric air side, is pref{ in view of fhe
productivity. If the filmthickness is too thin,

[

n
120 A. Then, under the same conditicn as in the case of

the first layer, a titanium oxide £ilm (third layer) was
formed in a thickness of zbout 600 A.

The sample thus obtained was suogecnea to the
‘zbrasion eraser test, whereby a number of scratch marks
were observed, showing poor scratch resistance and
abrasion resistance.

Now, Examples of the article with high durability
shown in Figure 4 will be given.

Reference Example 2

A glass substrate was placed in a vacuum chamber of a .
" sputtering apparatus. The chamber was evacuated to a
pressure of 1 x 106 Torr. As a glass subétrate, 2 blue
glass substrats having a thickness of 4 mm was used. The
same glass substrate was usad also in Example 8 et seq.

Then, a gas mixture of argon and nitrogeﬁ Wwas introduced.
to bring the pressure to 2 x 10-3 Torr. Then, titanium
was subjected to reactive Sputtering to form titanium
nitride (first layer) in a thickness of about 20 A.
Then, tﬁe éas was changed to a gas mixture of argon and
oxygen, and the pressure was adjusted to 2 x 10-3 Torr.

Then, a ZrB; target was subjected to reactive sputtering

to form an oxide film comprising zirconium and boron

Sheet Has Been Replaced
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no adequate barrier effects will be obtained, and a part of the heat
radi ation reflecting film82 wll be oxidized when the outernost oxide
film4 is formed by reactive.

REPLACEMENT SHERT
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transmittance Tz, The visibie lignt reflectance on the
coating surfzce RvVF, the visible light reilectance oa the
t

glass surface RvG and color changes in the transmittance

and in the reflectance

V(Ax)2 + (&y)2 of the heat radiation shielding glass
thus obtained, were 71%, S6%, 13%, 12%, 0.0068 and 0.026,
respectively.

The transmission color and the reflection color were
neutral to such an extent that there was no substantial

inction from the base glass shest.

o
[ 2

dis
The heat radiation'shielding glass was immersed in 1IN

hydrochloric zcid or sodium hydroxide for 6-hours or in

boiling water for two hours to examine the durability of

the film, whereby no change in the optical properties was

observed.
In the abrasion test by mezns of an abrasive eraser
no substantial scratch mark was observed, and thus the

film showed excellent scratch resistance.

——
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[
remain as not conpletely oxidized, whereby the transmttance wll be
Therefore, the filmthickness is preferably from5 to 30 A, nore
preferably from10 to

sputtering. On the other hand, if the filmis too t hi ck,

~712-

EXAMPLE 2

In the same manner as in Example 7, chromium was
subjected to reactive sputtaring to form chrcmium nitride
(first layer) on a glass substrate in a thickness of
about 10 A. Then, the gas was changed to a gas mixture
of argon and oxjgen, and the pressure was adjusted to 2 x
10-3 Torr. Then, a target containing 2ZrBj and SiC was
subjected to reactive sputtering to form an oxide £ilm
(erxsizoy)‘containing zirconium, boron and silicon
(second layer x = 0.99, z = 0.41, y = 4.31) in a
thickness of about 200 A. The optical propertigs Tv, TE,
RvF, RvG and the color chanaqes ln transmittance and the
reflectance of the heat radiatlon shielding glass tZus
obtained, were 72%, 58%, lp%, 93, 0.0074 za2nd 0.029,
respectively.

The transmission color ané the refiectica color were
not substantially distinquished from those of the base
glass sheet. The durability was also excellent as in

Reference Example 2.

REPLACEMENT SHEET
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20 A The enbodi ment of Figure 9 has at |east three-layered structure
as nentioned above However, in sone cases, one or nore |ayers may be

formed between {ipg and the radiation reflecting film@82 or
bet ween t he :ox el m 83 and the oxide film84, to
2 4 FEB 1998 \
e _ 7R R
1 CLAIMS Sob oM
..
i. An amorphous oxide film composed essentially of an oxide

containing Si and- at least one member selected from the group
consisting of Zr, Ti, Hf, Sn, Ta and In.

2. The amorphous oxide £ilm according to Claim 1, which
is composed essentially of an oxide containing-2r and Si

(ZrSiz0y) . wherein the atomic ratio z of Si to Zr is "0.05

< z < 19, and the atomic ratio y of O to 2r is 2.1 =y
< 4¢.
3. A process for producing an amorphous oxide film as defined in Claim 1

which comprises subjecting a non- ox1de, oxide, or a mixture
thereof containing Si and at least one ‘member selected from the
group consisting of Zr, Ti, Hf, Sn, Ta and In tosputtering.

4. . The process according to Claim 3,’éﬁerein a non-
oxide, oxide, or a mixtﬁre thereof composed essentiallf
of ‘a substance containing ﬁrom 1 tor90 atomic.% of zr and
from 3 to 95 atomic % oﬁ Si and from 0 to 67 atomic % of
O is subjected to sputtering to form a f£ilm of ZrSi:Oy

wherein z is 0.05 S z < 19 and y is 2.1 = y < 40.

5. An article with high Gurability which comprises a

substrate and one or more thin film layers formad

thereon, wherein the outermost layer is.made of an

amorphous oxide film as defined in Claim 1.

This Sheet Has Been Replaced
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| nprove the adhesion or to adjust the optical properties. The oxi de
film84 is preferably the anorphous oxide filmof the present invention,
particularly the oxide filmcontajning Zr and at |l east one of B and Si.

ST ot o o RN ST :;'1Lgddzfazrf.“t§,|e|i|'1{|Hﬁ||ﬁiﬁ|”ﬁﬁ“a??cz?

properties
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6. The article with high durability according to Claim 5,

wherein the outermost layer exposed to air is made of an

amorphous oxide film composed essentially of ZrSiZOy wherein _

z 95 0.05 £ 2419 and y is 2.1 £ y £ 40.

7. The article wéthfhigh durability according to Claim Sor 6
wherein at least tWO,layers comprising a heat radiation

reflecting film and the'amorphous oxide film, are formed on the
substrate in this order from the substrate side.

8. The article with high durability according to Claim 5or 6"
wherein at least -three layers comprising a transparent

dielectric film, a heat radiation refleting film and the

amorphous oxide film, are formed on the suberate in this order

from the substrate side.

9. The article with high durability according to Claim -

Sor6 , wherein a total of 2n + 1 coating layers (n =

1) includihg a2 transparent oxide layer as the 2n + 1

layer (n £ 0) and a silver layer as the 2n layer (n =

1) are formed on the substrate, and the amorphous oxide

layer is formed on the outermost layer of said 2n + 1

coating layers.

10. The article with high durability according to.Claim

Sor6 | wherein one layer of the amorphous oxide film

is formed on one side or each side of the substrate.

- This Sheet Has Been Re
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or to |nprove ﬂhe speed and the stability for the film formng. The oxide

filmof the prese Bﬂx‘ ombt  necessarily be transparent and nay
be an absorptlﬁe f - Q ,J“h | acki ng stateor—may-—contatrn—a snal

amount  of nitriogén jor car-bon. There is no ' iction as
to the oxide 2 4 FEB 1998 ”mm "m li" "I‘ﬂﬂm
. ’ * C *
¢ . 75 . L M S

11. A preeess—for—producingan article with high

durability, which comprises:

N

‘forming a2 heat radiation reflecting £ilm on a

substrate,

forming an oxidation barrier £ilm so as to protack
said heat racdiation reflecting film £rom. being oxidizesd
when the amorphous oxide film is subsequantly formad on

said oxidation barrier £film, sazid oxidation bazrisr filam
containing the same meﬁal element as the amorp?ous oxide
to be formed on said oxidation barr Lér £Eilm,

forming the amorphous oxide film on said oxidation
parrier £ilm, said amorphous oxide film being composad
essentially of an oxide containing Si and at least one member

selected from the group consisting of 2r,.-Ti, EZ£, Sa, Ta,

12. A double-glazed windowpane .comprising:

(1) a2 substrate having .

0,

(i) a2 total of 2n + 1 coating layers (n £ 1) forme
on szid substrate including a transparent oxide layer as
the 2n + 1 layer (n = 0) and a silver layer as the 2N

layer {n £ 1) and

(ii) an amorphous oxide layer as defined in Claim 1, formed

on the outermost layer of said 2n + 1 coating layers, and
(2) one or more substrates,

double~ or multi-glazed with an inner space between said

substrates, and with said 2n + 1 coating layers and said

amorphous oxide layer facing the inner space.
This Sheet Has Been Rep
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film84. However, the oxide filmcontaining Zr and Si and optionally B,
Is suitable particularly for an application where high durability is
required, since such an oxide filmis excellent in the scratch resistance
and '

FIGURE l(a)
X in ZrBxOy layer

Q05 -
O O ! 0.5 l

™
o

Refractive index

O ' 50 100

Zr + B (atomic %) in ZrB Oy film Thls Sheet Has Been Replaced
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- 57- in the chem cal stability. When the oxide film 84
contains Zr and Si (and B), there is no particular restriction as to the
respective proportions.

REPLACEMENT SHEET |
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FIGURE | (b)

layer
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SiOz2

.Refractive index
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However, if the content of Band Si is small, the film tends to be
crystalline whereby the surface snoothness tends to be inadequate.
Consequently, the scratch resistance tends to be poor. Therefore, the
atomc ratio of Si or the total anbunt of Si and Bto Zr is preferably at
| east 0.05. Specifically, afilmof ZrSi[err](Jerr] wherein z

-3
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FIGURE | (c) 1L

z in ZrB, 4,51, 0y film
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is 0.05 [err] z <19 andy is 2.1 [err] y <40 and a film of
ZrB[err]Si[err](err] wherein x, z and y are 0.05 [err] x [err] z, z < 19
and 2 <y < 40, provided that when x > 3, x [err] 0.25z [err] 3, are
preferred, since they are excellent in the scratch resistance, the
abrasion resistance and the chemi cal stability.

-4-

FIGURE  I(d)
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There is no particular restriction as to the thickness of the oxide film
84. However, if the oxide filmis too thin, no adequate durability wll
be obtained. Therefore, the thickness is preferably at [|east 50 A nore
preferably at |east 100 A, nost preferably at |least. 150 A, although it

depends upon the
-5-
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particul ar purpose. On the other hand, if the oxide layer is too thick,
the productivity wll be poor, and the interference effects will result,
whereby the reflection color tends to be strong. Therefore, the
thickness is usually at nost 1,000 A, preferably at nost

-6-
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-58 - 700 A, nore preferably at nost 500 A, although it depends
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upon the refractive index. There is no particular r

met hod
or sputtering nay be enpl oyed.

of formng the oxide film 84. Vacuum vapor deposition,
There is no particular restriction as

estriction as to the
i on plating

to the film material of the heat radiation reflecting film82. It
-
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~may be selected fromthe group consisting of netals, nitrides, carbides,
absorptive oxjdes and nixtures “thereof, de&ethn“ Lpon ThP Dartlcular

reflecting film
chrom um zi ricopi

CEMEN?[{ SHEE!' m t he grof pﬂééfﬁgﬁ‘@mmg)aged lt |tbamgagn,,,_

i de, W Claim(s)  : paged 7. to paged .72

¥ Drawing(s) : paged .. to paged . %
# Abstract paged B.to paged .-
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AMORPHOUS OXIDE FILM AND ARTICLE
HAVING FILM THEREON

The presant iavention relates to an 2morpilaus oxide
Eilm which is tranmsparent and excellent in duraoility,
and an article with high durability having such 2 £film on
its surface.

Eeretofore, a.mi::or,-a heat radiation reflecting
glass, a low emissivity glass, zi interferérdce filtar aand
a reflection preventive coating for came:e lensas or eye
glass lénses have beean known as articles having aa
cptical Euh;tion imparted by forming a thin £ilm on a
tzansparant substrata sﬁch as & glass or plastic-

_substrate. ' X
SiO,-coated articles having good resistance to saline and high temperature steam

have been described in JP-A-82-100949. '82-100942 and 82-100943. The stlieon-oxlde .
film contains a specific oxide and is obtained by'subiecting it to a heat treatment at
a hxgh temperature. Heat treatments disclosed in these references are useful for fully
sintering and for i u'nprovmg chemical stability, but are not useful for i improving stretch
resletance_artd abrasion resistance. '
- In the case of ordinary mirrors, Ag is formed by
electroless plating, or Al or Cr is formed by e.g. vacuum
vapaor degositién or sputtering. Among them, a Cr £ilm ie
relatively Fough, and as such, is used as a mirroc heving
the coated surface exposed.

In the case of the heat radiation reflecting glass,
Eitanium oxide or tin oxide is forhed by spraying,

chemical vapor deposition (CVD) or dipping. Recently, a




chromumnitride and zirconiumnitride. Wien the heat radiation
reflecting film82 is nade of a nitride film it is effective to form an
oxide in order to increase the adhesion with the substrate 81. I n
this nmethod, the oxidation barrier film 83 *J7. ;

radi ation reflecting |ayer

which a metal £ilm, a'nitr}dé £ilm or a tin-doped indiunm
oxide (ITO) is formed by sputtering on a glass shest. By
the sputtering method, the film thickness can easily be
controlled, and a plurality of films can coatinously be
formed, whereby it is possible to cbtain desired
transmittance, reflectivity, color tone, etc. by proper
combination of transparent oxide £ilms. Therefore, the
demand is increasing in the field of the building
construction where oﬁnamental design is important.

A low emissivity glass (low emis;ion glass) to
reflect a radiant heat from an air conditioner or from a
wall in a room to the inside of the room, has a three-
‘layered structure of ZnO/Ag/Zn0 or a. five-layared
structure oﬁ ZnO/Ag)ZnO/Ag/ZnO, wherein silver is
sandwitched between zinc oxide layers (Japénese Patent
Application No. 280644/1986). It is used as a laminated
glassnorhaoublergiazed'giassax.In recent: years, there-has
been a remarkable increase in its use in cold regionslin'
Europe.

A reflection preventive coating for lenses is formed
by alternately laminating a film of high refractive index
such as titanium oxide or :zirconium oxide and a-£film of
low refractive index such as silicon oxide or magnesium
fluoride. It is common to employ vacuum vapor
deposition. During the film-forming operation, the

substrate is heated to improve the abrasion resistance.



82 frombeing partially oxidized in the oxygen plasnma atnosphere during
the formation of an oxide film®84 by the reactive sputtering, in such a

manner that the barrier film83 itself is { ﬂiﬁﬁiiﬂﬁﬁlSHﬁﬁﬁ lt, a heat -
radi ati on shielding glass having constant o ; can readily

be produced. ,
.3. || 09 SEP 1998

A reflection preventiée coating of e.g. a surface-
coated mirror, a single plate heat radiation reflecting
glass or a lenms, is used in such a state that the coated
£ilm is exposed in air. fherefore) it must have good
chiemical stability and abrasion resi;tance. On the other
hand, alsc in the case of the law emissivity glass,
defective prqducts.are likely to result due to e.q.
scratching auring the transportation or handling priér to
being formed into a laminated glass or a double-glazed
glass. ‘Under the circumstances, it is desired to have a
protective layer which is stable and excellent in the
abrasion resistance, or an optical thin £ilm serving also
as such a protective layer.

To improve the duiability, it is common”to provide a
chemically stable t?ansparent'oxide £ilm on the side to
be exposed in air. As such an.oxide £ilm, titanium
oxide( tiﬂ'oxide, tantalum oxide, zirconium oxide and
silicon ‘oxiderare: knowm. A suitable-oxidefilm has been
used depending upon the required properties.

" Titanium oxide and zigconium oxide are excellent in
the chemical stability, but they tend to form a
crystalline film, and the surface roughness tends to be
substantial, wherebynthe°ﬁri§tion~in-sliding contact is -
large, and the £ilm is inferior in the abrasion
resistance.

On the other hand, tin oxide and silicon oxide are

not durable when immersed in an acid or an alkaline



On the other hand, if this oxidized barrier layer is not formed, a part
the heat radiation reflecting film

REPLACEMENT SHEET
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solution for a long period of timel
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e and the chemiczl stability, but i s
still inzdeguate in the zbrasion resistance.
Ffurther, t;t nium oxide, tin oxide, tantalum oxide

and zirconium oxide have relatively high refractive

| d
(a1

néices. Whereas, silicon oxide has a relatively low

ve index. Therefore, thera2 is z limitation in
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freaness fqr optical design to provide various

o

otical funcktions.

Eeretofore, no thin £ilm has been known that has hich

durability and a wide range of freeness for optical

It is an object of the present invention “to solve the

above problems.

The presant invention provides an amorphous gxide

film composed essentially of an oxide containing Si and at least

one member szlected from-the group consisting of 2Zr,. Ti, -

ﬁf, Sn, Tz and In.

Further, the present invention provides a process for
producing an amorphous oxide film composed essentially of

an oxide containing Si and at least one member selected from the
group consisting or Zr, Tl, HE, Sn, Ta and In.

which comprises subjectlng a2 non-cxide, oxide, or a mixture
thereof containing at least one member selected

from the group consisting of Z-, Ti, E£, Sn, Ts ané In

-y ‘.



59 82 such as Ti wll be partially oxidized to formTiJerr] whereby the
reflectance increases, and the color tone wll not only be changed but

al so hardly be reproduced constantly. It is preferred that as the

oxi dation barrier |ayer

REPLACEMENT SHEET
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Still further, the prasent invention provides an

o nig

o)

durability wnich comprises z substrate

(1))

atricle wi

)~

and one or more thin £ilm layvers formed thereon, wharain

s made of an

e

the outermost layer expesed to air
amorphous oxide Eilm composéd essantially of an oxide
containing Si and at least one member selected from the group
consisting of Zr, Ti, BEf, Sn, Ta znd In

Now,'tﬁe present invention will be described in
.detail with reference to the preferred embodiments.

in the accompanying drawings:

Figure 1(a) is a graph showing the relation between
the content of B in a 2rBeO, £ilm and the refractive
index n of the fiim.f

"Figure 1(b) is z graph showing the relation betwégn
the content of Si in a ZrSi 0y film and the refractive
index n of the £ilm.

| Figure 1(c) is a graph showing the relation between
the content of Si in a ZrBg.225i;0y £ilm and the
refractive'index n of the £ilm.

Figure (d) is a graph showing the relation between
the content of Si in a TiSi,0y film and the refraetive

index n of the film.

Figure l(e) is a graph showing the relation of the



83, the sane netal as used in the oxide filmfornmed thereon is enployed,
since the oxide filmw |l have a conposition where the degree of oxidation
continuously changes at the side being in contact with the heat radiation’
reflecting film whereby the adhesion between the oxidatiion barrier |ayer
83 and the oxide film84 is

REPLACEMENT SHEET|
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atomic ratio cf Zr and B in a2 formed f£ila ralative b3 Lthe
atomic ratio of Zr and B in kthe target ccmposition, when

a 28,0y £ilm is formed by reactive sputtaring.

Figures 2 to 6, 9 aad 10 are cross-sectional views of
aéticles with high durability according to the p:eéeht
invention having the amorphous oxide films of the preasent
invention on their surfaces.

Figures 7 and 8 are cross-sectional views of
laminated glasses wherein the amorphous oxide £ilms of
the present invention are used as metal diffusion
barriers.

Figure 1! is a perspective view of z bar cord rezder
having a transpatené sheet composed of one layer.of the
amorpnous oxide £ilm of the present invention® at the read
out portion of the bar cord reader.

The preseat invention is.based on discovery that an
amorphous oxide containing Si and at least one member selected

from the group consisting of 2r, Ti, Bf, Sn, Ta and In,.

is a thin £ilm which is excellent in the scratch resistance,
the abrasion resistance and’ the chemical durability and

_ which also has.ﬁreeness for optical dg§lgn.
Table 1 shows the properties of various amorphous
oxide f£ilms of the present invention. Each film was
prepared by uxrect current (DC) reactive sputtering or RF

sputtering by using a target having the composition as



increased. It is further preferred that alnost all of the netal of the
oxidation barrier layer 83 is oxidized during.the fornati-en—ef the oxide
filmso that the structure will be the sane d structure
fromthe optical point of view . For exam rlgerr]
filmis to be forned as :

09 SEP 1998
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identified in Table 1. The crysfallinity was determined
by a thin film X-ray diffraction analysis. The scratch
resistance was determined by the abrasion test by means

of an abrasive eraser. Symbol O means that no .
substantial scratch mark was observed, and x means ;hat
scratch marks'easily formed.

- The abrasion resistance was determined by a Taber
abrasion test (abrasive ring: Cs-10F, load: 500 g,
rotational speed: 1,000 rpm). Symbol O means that the

- haze wa§ not more than 4%, and x means that the haze
exceeded 4%.

The acid resistance was determined by immersion in
0.1N HSO4 for 240 hours. Symbol O means that the
change in Tv (visib;e light transmittance) and Rv
(visible light reflectivity) as between before and after
the immersion was within 1s, A means that the change was
from 1 to 4%, and x means that the £ilm was dissolved:and
disinéegrate&r

The alkali resistance was determined by immersion in
0.IN NaOH for 240 hours. Symbol O means that the change
in Tv and Rv as between before and after the immersion
was within 1%, and x means that the film was dissolved.

- The boiling test- was-conducted by immersing the test-
piece in water of 100°C for two hours under 1 atm.
.. Symbol O means that the change in Tv and Rv as between
before and after the immersion was within 13, and x means

that the change exceeded 1s.
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descri bed above can
| ayer may

radi ati on shi el ding

| ayer as
such an oxi dation barrier

t han t he heat
Figrue 9. Nanely,

The nethod of form ng the oxidation barrier
be applied to the production of other

glass illustrated in

be
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formed, for exanple, between the first |layer 2 and the
| ayer 3 in Figure 2, between the second | ay¢ pt
ACEMENT SHEET
09 SEP 1998
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With respect to a ZrBxO, film, which is not within the p

it is evident from

Table 1 that a crystalline £ilm tends tc form whnen the
centent of B in the film is small, ané an amorphcus f£ilm

tends to form when the content o

l.J

B is | it is zlso

n
Lal

=1

ge.

evicdent ior

| SO

that the crystalline £film nfa n the
\

b

is

"

craztch

[7)]
2]

resistance and in the abrasion rasistance,

e

£

"

a

m
n

the amorphous £ilm is excellent in these

properties. This is believed attributable to the fact

o
fu

o

nat the amorphous £ilm has a smooth surfzce. Thus, a

m

st -
1L

of ZrByOy wherein the atomic ratio x of B to Zr is

=

0.0

»n A

S x, prefsrably 1.0 x, is excellent in the

scratch resistance and in the abrasion resistance. A
B;03 £ilm is hygroscopic and tends to be dissolved by
absorption of moisture from air. Therefore,; in the

erxéy £ilm, the atomc .ratio x is preferzbly x .S_-B.

second

: = - - '. . - . = -. L' -
Further, as shown in Tazble 1, tne acid resistance and

the alkali resistance tend to deteriorate with an
increase in the content of B in the film. VWhen X = 1,
the ‘acid resistance becomes poor, and when x > 1.5, the

S
Last

alkali resistance becomes poor and the boiling

result shows a deterioration. Accordingly. in an -

application where the £ilm is used as exposed in alr, an

< 1.5,

1

amorphous oxide £ilm of ZrByOy wherein x is x
particularly, x = 1.0, is preferred. and a f£ilam of
ZrByOy wherein X is x > 1.5, is useful ‘in other

apolications as a low refractive index f£ilm.



and the third layer 13 in Figure 3, between the first I|ayer 22 and the
second layer 23 in Figure 4, between the first layer 32 and the second

| ayer 33 in Figure 5, between the 2n layer 43 and the 2n + 1 layer in
Figure 6, and in the case where the transparent conductive filns 54 and

64 in Figures 7 and 8 are non-oxi des, between REbﬁACENHEH‘S
- SHEET
-11 -
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as described in the foregoing, Lt 1§ beltgved—that by

the addition of B to a 2r0; £film, the f£ilm becomes
amo:phous, and the surface becomes smooth, wheredy the

abrasion resistance and the scratching resistance are

improved. Further, it is possible to control the
refractive index by adjusting the amount of B.
Furthermore, as compared with the ZrQO2 £ilm, the internal
stress is small, which is advantagecus for the adhesion
to the substrate (glass, plastics, etc.) or to a primer
coating layer on the substrate. This is particularly
advantageous when a thick film is to be formed.

‘With respect to a 2rSi0p film, it is also possible
to obtain an amorphous f£ilm having excellent scratch
resistance and abrasion resistance. The refractive index
varies depending upon the propor£ions of ZrOz (n = 2.15)
and.Sioz (n = 1.458) (see Figure 1(b)). Table 1l shows a
case where ZrSij 4704.95s was formed by DC sputtering by
using a target composed of 33% of Zr and 67% of Si. More
specifically, in a ZrsSi Oy film, the atomic ratio z of Si
to 2r in the £ilm is preferably 0.05 S z < 19. If z <
0.05, the film will not be amorphous, and no adequate .
physical durability-will be-obtained. On-“the other hand,
if z = 19, the alkali resistance tends to be poor. The
atomic ratio y of O to Zr in the £ilm of ZrSiz0y is
preferably y = 2 + 2z when Si is contained in an amount

of z in atomic ratio to Zr, for the same reason as



| ayers and the barrier layers 58 and.59, to obtain optically stable
articles with high durability according to the present invention in a
simlar manner. The anor phous oxide filmof the present invention nmay
be formed as a layer for a scratch resistant protective filmon one side
or each side of the transparent

-12 -

described with respect ‘to “the ZrB.0,

Accordingly, in an application thed

as exposed in air, a ZrSi;0p £ilm wherein z is 0.05 =< 2

< 19 and y is 2.1 S y < 40, is preferred. A 2rSi,0,

£ilm wherein z is 19 = z, is useful for other

applications as a low refractive index film.

A ZrByxSis0, film is al§o suitable for the purpose of
the preseat inveniton. With respect to the atcamic ratio
x of B, the atomic ratic z of Si and the atomic ratio y
of O to Zr in such a film, x + v = 0.05 is prefarred,
since the £film will thereby.be amorphous, and a £film
having excellent scratch resistance and abrasion
reisistance will th_ereby be obtained. Further, if x >
0.25z + 3 when x > 3, the acid resistance of the film
tends tS be inadequate, and if y = 19, the alkali
"resistance tends to be pocor. This may be explained in
such a manner that if the ZrBxSiOy f£ilm is assumed to be
a mixture of an oxide of Zr-B-~O and an oxide of B-Si-Q,
the data on the ZrBiOy f£ilm show that in the”Zr-B-0
system, the chemicai .stability tends to be inédequate
when the atomic ratio x of B to Zr exceeds 3, and if this
excessive B is contained in the B-~§i-0 system, the B-Si-0
oxide i;endsn-to be chemically unstable when the atomic:
ratio x' of B to Si in the B-Si-0 oxide exceeds 0.25. vy
is preferably at a level of 2 + 1.5x + 2z when this film
is assumed to be 'a mixed system of ZrO; + B303 + SiOQ2,

for the same reason as described in the case of ZrB.Oy.



substrate to obtain a transparent sheet provided with a _scratch resistant
protective film Figure 10 illustrates a chp b S -
[ vi ew of an enbodi nent of such a scrat Lﬁgﬂﬂg@ﬂ§§ EX1ective

secti onal

filmprovided transparent sheet. The trangdpqrent substrate D2 to be

used in the

09 SEP 199°
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Accordingly, y is prefierably at a-level of 2 < ¥y <-40.
The lazger the coné;nts of B and Si, the lower the
refractive index of the ZrB.S5i0y £ilm. This is
illustrated in Figure l(c) with respect to z:Ba,zZSi,Ox

Eilm.
An oxxde containing Si and a metal other than Zrie. at

lezst one membes selec:aa Ercm the group consisting af
i =z, Sa, Ta aad In, w111 likewisa be amo:unaus
and provides adequaée sczakeh resistance and abrasion

resistance. As an example, a TiSizQy £ilm is shown as
sample 10 in‘szlg 1.

The amorphcus oxide f£ilm of the presaat inveation may
contain very small amounts of elements cther ihan 2z, TL,

EL, Sa, T2, In, 3, Si and O.

Th; amorphous qxiée £ilm of the present iavention can
‘be formed by a wet system such as saéaying or by a
puysical vapor deposition method such zas chem;ca* vapor
degosition. vacuum vapor deposition or sput€etring.

Particularly preferred is sputtering, since a film having

superior adhesion as compared with other methods can

the:eby be obtained.

. As shown in Table 2, wihen a £ilm of e.g. z:s,o,,.
2:51,0, or ZzBeSiz0y is to be formed by means of a target
or an electrode of a noa-oxide type comprising at least’
one m;mbe: (M) selected E:oh.the group coasisting of Zr,
Ti, HE, Sa, Ta and In and at least one member selectad
£rom the group coniisting of B8 and Si, a unlt&:ﬁ £ilm can
be focmed by sgdtte:ing ia an atmosphere of a mixtuce of

acrgon and oxygen under a vacuum degree of from 1 x 10-3

to 10 x 10-3 Torr by using a target oc an electrode of 2



silicate glass, alumnosilicate glass, alum

bari um bor
parti cul ar

to enpl oy

helgl ass, |ead
rate gl ass, qugrtz gl ass,

ate glass or any other solid glass paf eQiuUSER ¥9ABuUt] gny
restriction as to the conposition. Fufther, it igs.ialiso possible

a plastic substrate. The
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em, & zircoaium boride-metal zirconiua mixed
system, a zirconium beride-zirconium silicide mixed
system, a zirconium boride-metal silicon mixed svstsm, a2

zirconium silicide—-metal silicon mixed system,

m

zirconium boride-zirconium silicide-metzl zirconium mixed
system, a zirconium boride-zirconium silicide-metal
silicon mixed system or a zirconium boride-boron mixed
systam. Such'a non-oxide target has electrical
conductivity, and the film forming can be conducted by
direct curreat sputtering, whereby & uniform f£ilm can be
formed at a high speed over a large surface arsa. When
the reactive sputtering is conductad by means of a2 non-
oxide target, the ratios of B and Si to Z in the target
can not be maintaineé and tends to decrease in the £ilm
formed by using the target, as is appareat from Table 1.
This teadency is remarkable when the content of B in the

target is relatively small as shown .in Figure l(e) with
respect to the class of a ZfB,0, film (show for comparative “i)ur‘pose) As the content of
B increases, the ratio of B in the target approaches the
ratio of B in the film obtained therefrom. The same is
true with respect to Si and Si + B in the case where a
Z2rsi;0y £ilm or a ZrBySiz0y £ilm is formed.

In view of the above tendency, in a case of forming a
£ilm of ZrB.Oy wherein x is 0.05 = x = 3, and y is 2 <

y < 6.5, it is preferred to employ a target or an

electrode comprising from 10 to 90 atomic % of Zr and



shape of the substrate is not restricted to a flat plate,
-61 - '
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from 10 to 90 atomic % of B. Likewise, the relaktion
between the desired film and the corresponding
composition of the target or the electrode, is shown in

Table 2.
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shape.
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and the substrate may have a curved shape or any ot her
treated by lam nation to prevent scattering of g|a

vi ewpoi nt of safety,
by air cooling




fragments upon breakage. The thickness of the scratch resistant
protective film91l is preferably from 100 to 5,000 A. If the film is too
thin, no adequate scratch resistance will be ofteared——Qo the other hand,

if it is too thick, peeling of the filmis IIKJUQEMijmﬂﬁwrSHEETthE

productivity

-17 - 09 SEP 1998

‘QOtherwise, the film-forming may be conductsd by
sputtering in a non-ceduc;ng atmosphere ccmposed mainly
of argon with a proper amount of oxygen under a vacuum
degree of from 1 x 10-3 to 10 x 10-3 Torr by using ﬁn
oxide type target containing at least one member selected
from the group.consisting of Zr, Ti, EEf, Sn, In and Ta
and at least one member selected from the group |
consisting of B and Si. The oxide target useful for the
formation of an oxide £ilm containing Zr and at least one
of B and Si, may be a mixed oxide target composed of at
least two meﬁbers selected from the group consisting of
zirconium oxide (inclusive of stabilized or partially
stabilized zircoania), boron oxide and silicon oxide, such
as a zirconium oxide-boron oxide target, ‘a zirconium
oxide-silicon oxide target or a zirconium oxide-boron
oxide-silicon oxide.target. In this respect, preferred
compositional ranges of targets are shown in Table 2.

:Iﬁ-a case- where- the reactive:sputtering is ‘conducted .
using a non-oxide target, if the proportion of okygen in’
the atmospheric gas is increased, the film-forming rate
gradually decreases, although it is thereby possible to
obtain a transparent £ilm. Therefore, in order to secure
a high-film~forming rate, it is-necessary .to.control-the
oxygen concentrati&n in the atmospheric gas to a certain
level. Namely, it is necessary to conduct film-forming
in an oxygen conceantration within a transitional range

from an absorptive film to a



tends to be poor. The scratch resistat protective filmO9l is

preferably

[err] z <19 and y is 2.1 [err] y < 40 and a filmjo

wherei n X,

t he anor phous oxide filmof the present

pventi on.

z and y are 0.05 [err] x [err] z, z
-18 -

transparent fila. However, it is very diffieq
control the sputtering wit?in such a transitional range.
On the other hand, if the sputterihg is conducted by
using a completesly oxide Earget,,it is possible to_cbtéin
a transparent film, but the film—-forming rate is
relatively low. Therefore, by using a target made of
partially oxidized substance, it is possible to form a
transparent film constantly and at a high film-faorming
rate. For such a purpose, it is also possible to employ
a target composed of 5 mixture of an oxide and a non-
oxide, for example, an oxide mixture comprising at least
one member selected from the group consisting of
zirconium oxide {inclusive of stabilized zirconi#), boron
oxide and silicon oxide and at least one member selected
from the group consisting of. metal zirconium, boron,
metal silicon, zirconium boride and zirconium silicide,

such as a zirconium oxide-zirconium -boride target, a

- borom:. oxiderzirconiumiboride.. targety .or. a.silicon. oxide,

- The composition.of. such.a.target._is.preferably within the .

zirconium boride target. The composition of such a
target may be suitablly adjusted by properly mixing the
“oxide target" and the “non-oxide target" shown in Table

2 to obtain the desired oxidized degree of the target.

ranges shown in the column for “oxide and non-oxide
mixture target" in Table 2. The sputtering atmosphere
for the film-forming by means of such a target, may be

determined depending upon thé oxidized degree of the



< 19 and 2 <y < 40, provided that when x > 3, x Jerr] 0.25z + 3, since

they are excellent not only in the scratch resi E@ER’MS ™ asi on

resi stance but al so

containing Zr and S

systemof Zr, B, Si

target so

r

= ——

n the chem cal stability.

d!

and optionally B is not lifmjted to the fo#r|conponent
and 0 and may further contaijnot@@ SERa@orpongnts to
I nprove the durability, to adjust the :

- 19
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hat the non-oxide ccmponent cza be oxidized.

The amorphous oxide £ilm of the presant iaveantica mawv

be formed by using any of the above-mentioned oxide target containipg Sior an

oxide-non-oxide mixture target as a tablst for vacuum

deposition, and heating and evaporating the tablst by

mezns of an electron beam. 2As compared with & wet system

such as spraying, in the vacuum deposition, praci

2

n

control of the f£ilm thickness czn easily be made.

‘Therefore, vacuum deposition is praferred particularly in

a case where 2 multi-layered £ilm is prepared utilizing

light interference.

The relation between the composition of the target

and the' composition of a £ilm formed by mezns of ‘the

target, vary to some extent by the film-forminhg

conditions and can not generally be defined. Those

4
mentioned in Table 1 are specific examples of such

compositions.

. The above-mentioned electrode or target mzy be -

formed, for example, by the following method. Namely, a

powder or a powder mixture comprising at least one member

selected from the group consisting of metal zirconium,

boron, metal silicon, zirconium boride, zirconium

silicide, zirconium oxide. (inclusive of zirconia

stabilized or partially stabilized by an addition of from

3 to 8 molgs of e.g. Y303, CaQ, Mg0Q), boron oxide and

silicon oxide, is subjected to high temperature-high

Pressure pressing or high pressure pressing, or by



optical properties or to inprové the speed and the stability for
filmform ng.

REPLACEMENT SHEET

2. 09 SEP 1998

" sinterring a procduct of the high oreE T rassingy to

-

- s
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form a2 single system or mixed system electrode or target
of. the present invention. In this cass, the parcticie
size of the powder is preferzbly from 0.05 to 49 pm.

Further, it has been confirmed that the properties remain

to be the same even when such an electrode or target

contains iron, aluminum, magnesium, calcium, yttrium,
manganese and hydrogen in a total amount of not more than
2% by weight. Carbon may be contained in an amount of
not more than 20% by weight, since it may be eliminated
in the form of CO2 gas curing the film-forming coperztion.
Furthermore, the electrode or target of the present
invention showé similar effects even when it cocntaias
copper, vanadium, chromium, molybdenum, tungstea, cobalt,
rhodium, or iridium in a small amount as an impurity.

The #morphous oxide film of the present invention has
excellent scratch resistance and abrasion resistance and
may, as sucii, be applied to various articles where high
durability is-reguired.

Namely, the present invention provideé an article
with high durability which comprises a substrate and-one
or more thin £ilm layers formed thereon, wherein the
outermost %ayer exposed to air is made.of an amorphous
oxide film composed essentially of an oxide containing Si and at
least one member selected from the group consisting of

Zr, Ti, HBE, Sn, Ta and,In,:



- 62 - The contents of Si (and B) and the thickness of the scratch
resistant protective film9l are suitablly selected dependi ng upon the
particul ar purpose of the transparent sheet. r—exanmple in the case

glass to be used for the read out portion of ammmq‘ it

=21 - 09 SEP 1998
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igure 2 is a cross-sactional wiew of 23cCizknt
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article with high durability accoréing to the

-

present inventicn, wher=in reference numerzl 1 indicates

f

substrate made of e.g. a transparent or g¢olaczd cglas
or plastic, numeral 2 indicates a first layer made of a

metal, nitride, carbide, boride, oxide, silicide or

m

mixture thereof, and numerzl 3 indicates a second layaﬁ
Oof an amorphnous oxide f£ilm constituting the outarmost
layer exposed to air, i.e. an amorphous oxide £ilm
composed essentially of an oxide containing Si and at least one

‘member selected from the group consisting of 2r, Ti, EL

-~ f

4

Ta, Sn and In,. R . S el I e

Figure 3 is a c;oss-sectiénal view of another
embadiment of the article with high durability zccording
to the present invention, wherein reference numeral 10
indicates a substrate similar to the above-mentioned
substrate 1, numeral 1l indicatss a first layer of 2.
transparent dielectric £ilm, numerzl 12 indicates 2
second layer of e.g. a nitride £ilm similar to the first

.layer in Figﬁre 2, and numeral 13 indicates a third layer
of an amorphous oxide film constituting the outermost
layer exposed to air.

These embodiments have a muiti-layered structure as
described above. In some cases, one or more laye:é may

be inserted between the substrate 1 and the first layer 2

or the first layer 2 and the second layer 3 of Figure 2,

of



Is preferred to use soda linme glass having a thickness of 5 mmwth a
ZrBlerr](Jerr] filmhaving a thickness of from300 to 600 A in view of
the transmttance for a | aser beam having a wavel ength of 6328 A ,
the nethod of formng the scratch resistant protective film91 of the
present invention, a film
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oc betwean tha substrcate 10 and the £icst laver 11, tas

£irst laver ll ané the secand layer 12 or the sazand

layer 12 ané tha third laver 13 o
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igura 3, ir order to
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oé to impart other various functions. The most importan:
£=2ature of the article with high cdurability according to
the present anenéion is that the outermost layer exposad
to air is made of the amorphous oxide £ilm to obtain an
optical product having excelleat zbrasion resistance and
chemical stability.

There is no particular restriction as to the
zmorphous oxide £ilm for the second layer 3 in figura i
or for the third layer 13 in Figure 2, so long as it is
amorphious as measured by the tain £ilm X~-ray diffraction
analysis. Specxﬁcally, a rmxed oxide ﬁlm containing Si and at

least one member selected from the group consisting of

Zz, Ti, Hr, Sn, Ta, and In, ispreferradinviewofthescmchmismnceandtheabra'sion

resistance. Particularly preferred are 2 film of z:s:.-o, wherein z is 0. 0.3

z < 19'3‘1'3 ¥ is 2.1 S y < 40, and a £ilm of ZrBySi 0y wherei:

x,zana.ya.:ao.05§ x+z, 2<19 and 2 < y < 40,
provided that when x > 3, x & 0.25z + 3. The
refractive indices of such.three films decrease .as the

contents of B and Si increase, as mentioned above.

REPLACEMENT SHEEI‘
09 SEP 1998
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form ng nethod such as vapor deposition, sputtering or ion plating my be
enpl oyed. There is no particular restriction as to the nmethod for its
formati on. However, the sputtering nmethod is preferred anong them since
the starting material may not thereby be nelted, the film conposition can
easily be controlled or reproduced, the

-23 -

Therefore, the contents of B and Si may suitabily be selected depending

upon the desired refractive indices.

Such an amorphous oxide film containing Zr and Si and REPLACEMENT SHEET

optionally B is not limited to a three or four component 09 SEP 1one

system of zirconium, Si and optionally B and oxygen and may

further contain other components to improve the
durability, to adjust the optical properties or to
improve the speed and the stability for Eilm-Eorming.
Further, the amorphous oxide film of the present
inventiod may not necessarily be transparent, and may be
an absorptive film in an oxygen-lacking state or a £il
partially containing nitrogen.

There is no particular restriction as to the-
thickne#s of the second layer 3 or the third layer 13
constituting the outermost layer. The thickness may be
detarmined taking the transmittion color oﬁ the
reflection color into consideration depending upon the
particular purpose. Eowever, if .the layer is too thin,
no adequate durability is obtainable. Therefore, it is
pref erably at least 50 A, more preferably at least. 100 A,
most preferably at least 200 A.

There is no particular resgriction alSo as to the
method for forming the second layer 3 or the third layer
13. Vacuum vapor deposition, ion.plating.or'sputtering
may be employed. quever, a reactive sputtering method

excelleat in the uniformity is preferred in a case where

coating over a large area is required for e.g.



energy of particles reaching the substrate is high, and it is possible to
obtain a filmhaving good adhesi on, whereb % A7 ‘&’“ 'Jﬂ ; gi m of the

present invention can readily be obtained. [TO RREAVEY L N F'dlesi on of the
film to the substrate, an ion injection netjhad may be usedjir
conmbi nati on. Nanely, argon ions or oxygen ions mDﬁ%SEP‘ﬂ98
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automobiles or buildings, such as in the case of heat
radiation shielding glassﬂ

There is no particular restriction as to the £iim
material for the f£irst layer 2. . The material may
suitablly be selected depending upon the required
specification from metals, nitrides, carbides, borides,
oxides, silicides or mixtures therecf.

In the case of the heat radiation shielding glass,
the first layer 2 may be selected from the group
consisting of metals ;uch as Ti, Cr, Zr, Ta and EE,
carbides, oxides and mixtures thereof. However, it is
preferably Ti, Cr, 2r, Ta, Ef, a ﬁitride such as titanium
nitride, zirconium-nitride, hafnium nitridg, chromium
nitride or tantalum nitride or tin-doped ‘indium oxide
(ITO) in view of the excellent heat radiation shielding
properties.

The tﬁickness of the first layer 2 is desired to.be

-.a£=mogt-I,OUDTA}JPreferablyﬁatamesw 500- A, although: it -
depends upon.the desired transmittance. 1In the case of a
nitride film, if the thickness exceeds 1,000 A, the
absorption by the nitride film tends to be excessive, and
peeling is likely to occur due to the internal stress.

-In- the.case-of a nitride £ilm,- it is effective go-.
adopt a three-layeréd structure as shown in Figure 3,
wherein an additional layer is formed between the .
substrate and the nitride.iéyer in order toc increase the

adhesion with the glass surface. As such a first layer



hi gh energy at a level of a few 10 keV may bq~irradiated on the protective
film9l fornmed on a glass substrate, to form apaxed laver between the

protective filmand the glass substrate to FnC_REEEAGEW“mHhSHFET:tO t he

gl ass

09 SEP »--
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11, an o;ide such as titanium oxide, hafnium oxide, Ein
oxide, tantalum oxide or indium oxide, or a transparent
dielectric £ilm made of e.g. zinc sulfide, is preferred.
From the viewpoint of the adhesion to the nitride film of
the second layer 12 or the productivity by sputtering,
the first layer is preferably a dielectric film
containing the same elements as the nitride £ilm of the
second layer. However, the combination of the first
layer ll/the second layer 12 is not limited to such a
specific example but includes various combinations such
as'tantalum oxide/titanium oxide, zirconium
oxide/titanium niﬁride and tin oxide/zirconium nitride.

As the transparent dielectric film of the first layer 11,

a £ilm similar to the above-mentioned amorphous f£ilm may -

be used.

There is no particular restriction as to the.

thickness of such a dielectric film 1l. Eowever, since

- such. a. dielectric-has-~a -large: refractive: index, it.is- .-

'possible, by properly selecting the £ilm thickness, to

control the refleétance or the color tone by utilizing
the interference effects. Particularly when it is used

for a heat radiation shiélding glass intended for high

-Lransmittance and.low.reflection. in. the wisible light.

range by utilizing the interference effects, the
thicknesses of the first layer 11 and the third layer 13
should preferably be adjusted to an optical film

thickness within a range of from 1,000 to 1,800 A. The
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al so effective to reduce the frictiona
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1ong as the opticzl £ilm thicknesses are within the

proper range. The thickness of the heat radiation

shielding £ilm of the second layer 12 is preferably a

most 1,000 &, most'praferably within & range of from 30
to 500 A, although it depend§ also on the desired
transmittance. If the thickness exceeds 1,000 &, the
absorption of visible.lights by the heat radiation
shielding £ilm tends to be excessive, wheraby the
transmittance-tends to be low, or peeling is likely to

occur due to the internal stress.

In a case where the outermost layer of the second
layef 3 or the third layer 13 is an oxide £ilm containing
Zr and Si and optlonally B, itis effectwe to employ a nitride
containing Si and optionally B, particulaﬂy zirconium nitride,-
as. the first layer 2 or the second layer 12 in order to .
improve the adhestion between the first layer 2 zand the
second layer 3 or between the second layer 12 and the
third layer 13 and to reduce the internal stress in the
first layer 2 or in the second layer 12.

In a case where tin~doped indium oxide (ITO) is used
as the first 1ayer‘2, it is preferred to adopt ITO having
a high carrier density and large mobility and having a
thickness of at least 4,000 A. 1In ordéf to suppress the

reflection color due to an interference, it is preferred

It

i's



coefficient by coating a thin organic |ubri ' | { the protective
film9l. As an application of the scratc | 1dgl tive
filmprovided transparent sheet of Figur - over glasy (also called a
scanner glass) for the read out portion_df {a @Q;r pr.‘ggge dér may

i a

primarily be nentioned. Figure 11 shows rlalmmat 1 cal
-27-

to form ITO in a thickness of at laast 7,000 &. The
saconc laver 3 is formed therecn, as & protective laver.
Such an optical thin film having low resistance, hicgh

nd good durability, is useful not only for

rznsmitiance

fu

a2 heat radiation shielding glass, but zlso for z wiandow

n

glass for shielding electromagnetic waves as z single
plats, for electric heating and wind shielding of the
front glass of an automobile, for antifogging of a raar
glass, or for'a transparent anktenna. Further, by virtue
of the chemical durability,.it is useful as a2 protective
coat for ITO (fasder electrode) of an electrochromic
display element.

In the case of a2 low raflective glass, 2 £ilm having
2 higher refractive index than the outermost layer 3
exposed to air, is‘formed as the first layer 2, or a ' n.
three or more multi-layered structure is adopted. 1In the
case of a three layered film, the reflectance can be
reduced by adjusting the rafractive index znd the fiim
thickness by forming an additional layer between the
substrate 1 and the firsé layer 2 or between the first
layer 2 and the second layer 3 in Figure 1. There is no
particular restriction as to the first layer 2 and the
additional.layer. It is possible to employ a low -
refractive index £ilm and a high refractive index f£ilm
having different contents of Si and optionally B.

In the case of a low emissivity glass, it is

effective to adopt a three layered structure of



view of a bar cord reader. Reference nuneral 93 indicates the gl ass for
the read out portion of the bar cord reader. Rea rwcord is
conducted by sliding a commercial good having ;a Bap Lafﬁbﬁ@ugsﬁg §

t hereon, on the bar cord reader 94. The transgar n§ sheet of Flgure 10
may be used al so for other purposes, : 09 SEf
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substrate/oxicde film/A_/amc:phou§ oxice £ilm
(particularly an oxide £ilm containing 3 and/or Ir) or a
five layered structure of substrate/oxide f£ilm/ig/oxida
£ilm/Ag/zmorpicus oxide £ilm. There is no particular
restriction as to such an oxide £ilm. Eowever, Zn0 may
be mentioned as an example. Otherwise, an oxide £ilm
containing Zr and Si and optionally B, may be employed.

When the present invention is zpplied to a surfzce-
coated mirror, chromium as a metal having good adhesion
to glass may be formed as the first layer 2 on &
substrate, anéd the amorphous oxide £ilm of the presant
inveantion, particularly the amorphous oxide £ilm
containing B and/or Si and zirconium, may be formeﬁ
thereon as the second layer 3. T

The substrate 1 or 10 is usually made of glass or a
plastic. When used as a mirror, the substrate is not
limited to such materials and may be a non-transparent
-substrate made of e.g. a metal or.ceramics so'long;a; it
has a flat and smooth surface.

As another aleication,-it may be used as a
protective £ilm for a thermzsl head, i.e. not as an
optical thin £ilm.

In the.present invention, the optical thin £ilm may
be formed only on one side of a substrate as shown in
Figures 1 and 2, or may be formed on each side of the

substrata.

The amorphous oxide film constituting the outermast



for exanple, as a glass plate for a stand table for a copying machine or
as a transparent sheet in general where scrat es+-St-al equi red.

Now, the present invention will be described iREPEACFNﬁ%ﬂh§H] W th

@

reference to Exanpl es and Conparative Exanplds
' 09 SEP 1998
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lzver exposed to 2ir of the cptical procduct of the

present iavention, i.e. the second layer 3 in FTigurs 2 o

the th

.-i

réd lzver 13 in Figure 3, contains glass-
constituting elements such as 8 and Si ané thus is
a@orphous, whereby smoothness of the suriace is hicha, and
the frictional resistance is low. Thus, the amorphous
oxide film has high cdurability and serves &s a protactive
layer to improve the abrasion resisfance or the chemiczal
resistance of an optical article of the prasaat

invention. Further, by adjusting tne refractive index

ra

and the £ilm thickness, it is possible to control the

optical functions such as the traansmittance, the
reflectance and the color tone.

Particularly when the outesrmost layer is 'an oxide

film containing 2r .- B and, , Si, B and Si contribute

to the realization of a £ilm having excellent durability

-«

both the abrasion resistance znd the chemical

T
0,

n

atisfyin

2bility, since the film is made amorphous by the

n
ck

ddition of boron to zirconium oxide having chemical

o

stability against an acid, an alkali, etc.
Further, B and Si contribute zlso to the control of
the refractive index of the film. WNamely, the refractive

index can be lowered by increasing the proportions of B

and Si.
In the present invention, layers other than the
outermost layer primarily have optical functions and

contribute to the transmittance or reflecting properties.



The foll ow ng Exanpl es and Conparative Exanples are directed to articles
W th high durability as illustrated in Figures 2. and 3.

preperties, a nitride film serzves to provide the heat
radiation shielding function. In & heat radiation
shielding glass intended for high transmission ané low
reflection in the visible light rangg by means of
interference effects, the first layer 2 in Figure 2 and
the second layer 12 in Figure 3 serve to provide a heat
radiation shielding functioa, and the first layer 11l and
the third layer 13 have a function to prevent the
reflection in the visible light range of the heat
radiation Shielding £ilms 2 and 12, respectively.

Figure 4 is a cross—sectional view of another
embodiment of the article with high durability according
to the pregent-invention. This embodiment is" intended to
provide a heat radiation shielding %}ass having high
durability sufficient for use as a single sheet and
having'high transmittance for visible lights, .

-particularly a transmittance of. at” least 70% so as .to'be
useful as a window glass for automobiles, whereby the

> transmission color and the reflection color are bo;h

neutral. This embodiment provides a heat radiation
shielding glass comprising at least two layers of a heat
radiation shielding £ilm-and an oxide- £ilm formed
sequentially on a t?ansparent substrate, wherein the
oxide film constitutes the outermost layer exposed to air

and has a refractive index of at most 2.0.

In Figqure 4, reference numeral 21 indicates a
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Ref erence Exanple 1

radiation shielding £ilm, znd numerzl 23 indicztes an
oxide f£ilm having a refractive index of at most 2.0.

The most significant feature of the embodimsnt of

Figure ¢ is to form an oxide £ilm hav

‘-‘4
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\
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r
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I
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m
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r
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index of akt most 2.0 as the cutermost layer exposed to
air. If the refractive index of the oxide film of the
outermost layer expésed to air excesds 2.0, the
reflectance for visible lights tends to be high.
Consequently, the transmittance for visible lights will

be low, whereby it will be difficult to obtain =z

r

transmittance for visible lights of a2 level of zt le

.
Sc

1]

70%. Thus, the refractive‘index of the oxide f£ilm 23 is
preferably at most 2.0, more preferably at most 1.8, most
preferably at most 1;7.

There is no particular restriction a2s to the film
material for such an oxide film 23 so long as it has high
durzbility and z refractive index. of at most 2.0.
However, among‘amnrpﬁous oxide films composad essentially
of an oxide containing Si and at least one member selected frbm
the group consisting of Zr, Ti, Ef, Sa, Ta and In
according to the present invention, the one. Wherein n is at most 2.0is preferred,

since it is execellent also in the scratch resistance and the abrasion resistance.

In particular, a film of



A gl ass substrate was placed in a vacuun1chanbjr
ss

appar at us.

A gas mxture of argon. and oxygen was introducep

2 x 10[err]
70: 30) was

The chanber was evacuated to a prég

Torr. Then, a zirconiumtarget cont
subjected to RF (radio frequency) nmagn

-32 -

|ng bor on (ZE:
lr 00 9 SEP 1or~

Q, wherein %, z and v a-2 0.0S

S 3+ 0.252 anéd n = 2.0, ara mos: suitzble for

applications where high durability is required, sincs
they are excellent not only in the scratch resistance and
the abrasion resistance but also in the chemical
stability.

In the foregoing, an amorphous oxide £ilm containing
Zz and has been described as a partiéularly preferred oxide film 23 for the outermost
particularly pref ferred oxide Ele 23 for the outermost

ielding glass of Figurs 4.
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Eowever, the oxide £film 23 for the outesrmost layer is not

limited

"

to such a specific example and may furthe
contain other components to improve thé'durabil‘ty to
adjust the optical properties.or to improve the speed and
the s;abiiity for the film-forming. Further, the oxide
film 23 of the heat radiation shielding glass: of Figure 4
may not neceséarily be completely transpareat and may be
&n absorptive film in an oxygen~lacking state or may .
contain a smzll amount of nitrogen or carbon.

There is no particular restriction as to the
thickness of the oxide layer 23. However, if the layer
is too thin, no adeguate durability will be obtained.

Therefore, the thickness is preferably at least 50 4,

more preferably at least 100 A, most preferably at least



sputtering to forman anorphous oxide filmZrBlerr]Jerr] (first

- 65- | REPLACEMENT SHEET
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150 A, although it depends upon the particular purposa.
On the other hand, if the }ayer is too thick, there will
be iaterference effects, and the reflection color will be.
‘strong, although it depends alsc on the refractive index.
‘Therefore, the thickness is preferably at most 1,000 A,
more preferably at most 700 4, most preferably at most
500 A.

There is no particuiar restriction as to the film
material for the heat radiation shielding £ilm 22. The
film material may be éelecEed from the group consisting
of metals, carbides, oxides and mixtures thereof
depending upon the particular purpose or the desired
specification. Specifically, a £ilm composed essentially
of one member selected from the group consisting of
titanium, chromium, zirconium, tantalum, hafaium,
titanium nitride, chromium nitride, zirconium ﬁitride,
tantalum nitirde and hafnium nitride, is preferred,'since

. it has excellent ‘heat radiation-shielding properties;

The thickness of such a heat shielding f£ilm 22 is
preferably at most 1,000 A, more preferably at most 800
A depending upon the type of the substrate 21 and the
refractive index and the thickness of the oxide layer 23.

.If the fiim 22 is .too. thick, .the.transmittance. for
visible lights decréases. Particularly, in the case of a
nitride film, if the thickness exceeds 800 A, the
internal stress tends to be large, and peeling of the

£ilm is likely to occur. On the other hand, if the film



layer x = 0.14, y = 2.21) in a thickness of about 600 A. Then, the gas was
changed to a gas mxture of argon and nitrogen, and the pressure was

adjusted to 2 x 10[err] Torr. Then, a titanium ed to
hi gh frequency magnetron sputtering to formtit ENWdﬂﬂ§§pbnd
| ayer) in a thickness of about 120 A. Then, undgr}the

-34-, 09 SEP 1998

22 is too thin, no adequate heat radiation shielding
properties will be obtaineﬁ. Therefore, the thickness is
prefé:ably at least 20 A, more preferably from 20 &to 100
A, although it depends aiso on the thicknesses aad the
types of the film materiél and the substrate glass.

Further, there is no particular restriction as to the
method for forming the oxide layer 23 and the heat
radiation shielding £ilm 22. Vacuum vapor deposition,
ion plating or sputtering may be employed. However; a
reactive sputtering méthod excellent in the uniformity,
is preferred in a case where coating over a large area is
required.

The transparent substrate 21 is usually made of glass
or a plastic. |

In the embodiment of Figure 4, the color tone being
neutral is meant for the following characteristics.
Namely, as;represented by the CIE color index, the change

'Lwidthéxoffthenx—coondinateran&mtnenyrcoordinate.as.ﬁ

between before and after the formation of a £ilm such as-
the heat radiation shielding film or the oxide £film on

the substrarte surface, are represented by &x and Ay,

V{ax)2 + (Ay)2 represents a color change due to the

-formation..of. the..coating £ilm,.and.the.neutral .color..
means that the valué of this color change is at most
0.008 and 0.032, more preferably at most 0.007 and-at
most 0.028, with fespect to the transmission color and

the reflection color, respectively. Bowever, the



sanme condition as in the first layer, a ZrBlerr](err] film (third |ayer
= 0.14, y = 2.21) was forned in a thickness of aha The

visible light transmttance T[err] and the sol ar JiREE
T[err] of the sanple thus obtained were about 8 '
respectively. Durability tests
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reflecticn colar mav be éiffarant

nd the surfzce on

M

on witich a coating £ilm is formed
which no such film is formed. In such 2 casa, the
neutral color wmezans the larger wvalue.

When the hezt radiati
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2 is a
nitride £ilm, an oxide £ilm may be formed between the
glass substrate and the nitride £

the internal stress of the nitride £ilm and thereby to

e

incraase the adhesion with the giass substrate. As
another -method of inéreasiﬁg'the adhesion to the glass
substrate, it is effective to employ 2 method wherein a
primer layer is f£irstly formed on the glass substrate,
then high energy ions are injected therato, and |
thereafter, the heat radiation shielding £ilm is formed
thereon. For example, a titanium layer is formed as the
primer layer, then high energy nitrogen ions are
injected, and thereafter a titanium nitride film is
formed, therehy a titanium. nitride £ilm having sitrong-
adhesion is obtainable as the heat radiation shielding
" £ilm 22.
In the heat radiation shielding glass of Figure 4,

the oxide £ilm 23 as the outermost layer exposed to air,
Y E

exhibits an optical function by virtue of the refracktive
index and the film‘thickness. Namely, thé oxide lé.Yer 23
serves to reduce the reflectance of the heat radiation

shielding glass and contributes to an improvement of the

transmittance for visible lights. At the same time, it



were conducted in the sane manner as in Exanple 1, and the sanple showed
excel l ent properties. EXAWMPLE 1 A glass s trate was placed in a
vacuum chanber of a sputtering apparatus. The .

pressure of 1 x 10[err] Torr. A gas m xture of
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has a function to reducs thé étimulac;ng purity of the
reflection color and to ngutraliie the entire color tone.
further, the oxide film 23 serfes as a protective f£ilm to
improve the abrasion resistance and the chemical
stability of the heat radiation shie%ding glass.

The heat radiation shielding £ilm 22 serves to absorb
solar energy and at the same time serves to control the
transmittance for visible lights.

The heat radiation shielding glass of Pigure 4 has a
mnlti-la}ered structure of gt least two layers wherein a
heat radiation shielding film and an oxide £ilm having a

- refractive index of at most 2.0 are laminated on a
transparent substrate. Thus, it has a natural color tone
and has high transmiétancé_for visible lights‘aﬁd'h;gh |
_durability. Acéordingly, it'can bé used ade@uately-as a
'single plate heat radlatzon shxelding glass in an
applzcatxon where it is used 1n a severe envxronmentp
such»as an:application- to: buzldzng constructzon or:an
application to automobiles.

- When an oxide film conta%ging Zr and at least one of
B and Si, is formed as the oxide £ilm 23, a heat
radiation shielding glass having excellent abrasion
fesistance-and-chemical-resistancew»is'obtainable.

By increasing the proportion of B.or Si, or the total
amount thereof, it is possible to bring the refractive
index of the oxide £ilm to a level of at most 1.7, |

whereby it is possible to obtain a heat radiation



oxygen was introduced to bring the pressure to 2 x 10[err] Torr. Then,
titaniumtarget containing silicon was subjectey* g equency
magnetron sputtering to form an anorphous oxi de LA :

(first layer x = 0.33, vy = 2.66) in a thickness
changed to a gas m xture of argon and

gas was

i
|

rr]
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ng glass haviag a2 low reflectance for visibla

[ S

igats, hig t:qnsparency.and a neutcal color tone.
Further, when such an oxide film containing Zr and

Si .and optionally B, is used as the outermost layer 23

exposad to air, Eilmﬁforming ¢an be conducted by dirsct

curreat (DC) sputtering. This is most suitable for.an

plication to automobiles or building construction where

m
‘g

]

£ilm covering a large area is required.
v
Figure S is a cross-sectionzl view of a still another
embodiment of the article with high-durability zccording

to the present invention. This embcdiment is an

2

improvement in the durability over the heat radiatio
shielding glass shown in Figure 4. WNamely, this is a
heat radiation shielding glass. wherein at least three

layers of a heat radiation shielding film 32, a low

- refractive indek oxide film 33 having a refractive ‘index

' of at most 2.0 and a protective film 34, are formed on a

transparent substrate 31 in ?his order from the substrate
side. |

The transpargnt substrate 31 and the heat razdiation
shielding Eilm 32 are similar to the transpareat |
substrate 21 and the heat radiation shileding £film 22 in
Figure 4. The low refract%ve index oxide film 33 may be
any oxide £ilm so 1§ng as the refractive index is at most
2.0. In the case of Fiqure 5, the low refractive index
oxide layer 33 will not be the outermos:t layer and

therefore is not required to be particularly excellent in

HSThen,

a

t he



pressure was adjusted to 2 x 10[err] Torr.

subj ected to high frequency magnetron

(second layer) in a
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cr

the chemical stability. It is

Then, a titaniun1'target was

sputtering to formtitaniumnitride’

L.

explov the amorphous'cxide £ilm of the preseat iaveation

composes essant
member szlected from the group
Tz, Sn and Ig‘and at least one
group consisting 65 B and Si..

oxide £ilm 33 serves to raduce

ially of an oxide coutzining a2t lszst ons

consisting of Zz, Ti, EE,
member salelictad from the
The low refractive index

the reflectance znd to

reduce the color due to interference of the raflection.’

It is preferred to form a2 thin

metal layer prior to the

formation of such an oxide £ilm 33 in order to protsact

the heat radiation shielding layer 32 from oxidatiom,

since it is'thereby possible to

transmittance, the reflectance

raadily conkrol the

and the color tone.

As z protective £ilm 34 constituting the third layer

which has not only physical durability but also chemical

stability, a £ilm of ZrSizQy wherein z is

.05 S z < 19 and y is 2.1 =

o

y < 40 and a2 film. of

ZrBySiO0y wherein x, z and y are 0.05 < x +z, z <.19

and 2 < y < 40 provided when x > 3, x & 3 + 0.25Z, are

preferred, since they are excellent not only in the

scratch resistance and the abrasion resistance but zlso

in the chemical stability.

There is no particular restriction as to the

thickness of the protective layer

Bowever, if it is too

thin, a continous £ilm tends to be hardly obtainable.

The thickness is preferably at least 30 A, more



- 66 - thickness of about 120 A. Then, under the same condition as in the
case of the first |layer, an anorphous oxide film TiSi[err]Cerr] (

third layer x = 0.33, vy = 2.66) was forned in ness of;abqut 600
A.  The visible |ight REPLACEN"ﬂWTSHEET
' -39- 0 9 SEP 1998

preferably at least 50 A, although it EEEEHHE“éﬁaﬁ“theJ
film-forming methcd. On the other hand, if the
protective layer is too thick, the color due to
interference becomes remarkable.. When a neutral outer
appearance is required, .the thickness is preferably at
most 500 A, more preferably at most 200 A. _

The heat radiation shielding £ilm 32 may be the same
as the above described heat radiation shielding film 22
of Figure 4 and is preferably a film composed essentially
of cone mégber"selecteé Ercﬁ.the group consisting of one
or more metals selected from the group consisting of Ti,
Cr, Zr, Ta and HE, nitrides of these metals, oxynitrides
of these metals and abso:ptive oxides thereof, in view of
the high heat radiation absorptive or reflective
properties. - Particﬁlarly'pfeferred is titanium niﬁriﬁe
or chromium oxynitride. fThe £ilm thickness may be.
substantially the same as the heat radiation shielding
£ilm is“ofrFigure~4a

The heat shielding glass shown in Figure 5 has the
foregoing sfructure, whe:ebylit has high durability (nbt
only the physical durability but alsc excellent chemical
stability) sufficient for use as a single sheet'and:a
high-transmittance for visible-lights.at a-level of at.
least 70% so that iE is useful as a window glass. It.is
available as a heat radiation shielding glass which is
neutral with respect to both the transmission color and

the reflection color.



transm ttance and the sunlight transmttance of the sanple thus obtained
were substantially the same as in Reference Exanple 1. The durability was
al so substantially the same as in Referencé Exanpl e 1. COWPARATI VE

EXAMPLE 1

To ascertain the effects of RefE =1a zi rconi um
| _40- ]

—_— 0 9 SEP -

[ i
3
]
£ H
i !

When'a chromium oxynitride film-Is—used—as-the heat

radiation shielding £ilm, ghe resistance is high (at
least 1 MQ/C) as ccmpared with a titanium nitride filam,
which is advantageous in that when used as a rear élass
for an automobile, it does not reduce the function of a
printed antenna.

Figure 6 is a cross—sectiénal view of another
embodiment of the article with high durability according
to the present invention. Namely, it is a novel heat
radiation shielding articlé which has very high
reflectance'against lights in the infrared range and
adequately high transmittance for lights in the visible
light range and yet hardly deteriorates during the
storage in a single sheet state or during tHe™
transportation to the site where it is processed for
lamination. This is a heat radiation shielding article

comprising a total of 2n + 1 layers (n = 1) of

. transparent oxide- layers andssilwar- layers: alternately..

formed on a transparent substrate, and an amorphous oxidé
£ilm provided as a protective layer on the outermost
layer of said 2n + 1 layers.

As the transparent substrate 41 of Figure 6, glass, a
plastic-or-PET (Polyethylene-terephthalate) may be used.
As the transparent 6xide 42, a material having a
relatively large refractive index, e.g. a material having
a refractive index of a = 1.7 - 2.5, such as TiO3z, Z:0Q2,

Iny03, SnOz, ZnO0, Taz05 or a mixture thereof, is used.



oxide filmcontaining no boron (first layer) was formed in a thickness of
about 600 A. Then, the gas was changed to a gas m xture of argon and

ni t rogen,

target was subjected to high frequency magnetron

and the pressure was adjsuted to 2 x 1Q-3.TJorr. Then, a titanium

o o rm
titaniumnitride (second layer) in a thickness ofFEHmHKEmﬂﬂql%%E :

-41 - - 0 9 SEP 1998

With respecﬁ to the layered structure of Tt trmzt——
radiation shielding article of Figure 6§, a transparent
oxide layer 42 is used as'the £irst layer on the-
substrate 41, a silver layer 43 is used as the second
layer, and a transparent oxide layer 42 is used as the
third layér. Thus, the oxide layer 42 and the silver
layer 43 are alternately repeated so that the 2n + 1
layer will be a transparent oxide layer 42, and an
amorphous oxide £ilm 44 is coated as a protective'layer
on the tfansparént oxide layer 42 as the 2n + 1 layer.
The n value.of the 2n + 1 layer is preférably at most 3
in order to maintain the transmittance for visible lights
at a level of at least 70%. The thickness of the
transparent ‘oxide layer 42 in a preferred embddiment of
the heat radiation shielding article of Figure 6 may vary
depending upon the material.usgd but is generally within

the folloéﬁng range. Namely, as the first layer, the

~-thickness: is from 200" toc. 680~ A, as~the:-2n:+ 1. layer:which

is the outermost layer of the 2n + 1 layer coatings; the .
thickness is from 100 to 400 A, and as other intermediate
layers, the thickness is from 400 to 1,200 A. These
thickness ranges are preséribed to obtain high
transmittance  for lights-in the.visible light range...-1f
the £ilm thicknesseé depart from these ranges, the
interference conditions will not be maintained, whereby
the reflection éreventing effects can not be obtained,

adequately, and the transmittance for visible lights



about 120 A. Then, under the same condition as in the case of the first
| ayer, a zirconiumoxide film(third Ilayer) was fornmed in a thickness of
about 600 A The sanpl e thus obtai ned wa: ' abr asi on

S_sublected to the
eraser test, whereby a nunmber of scratch marksREMeACEMENErSHEET [showi ng poor
scratch resistance and
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cdecrasses. The transparsnt oxicde lavers 42 of the hest

radiation shielding article of Figure 6§ ar2 prefsrzbl:

made of the same materiazl from Lhe view pcint af the

productivity. Eowever,.the article is not limitsd
suchh & prefarrad embodiment; and any one of such'I;Ye:s
may be made of a material different from the rest of the
layers, or all layers may be made of different of
materials. |

On the other hand, the thicknesses of the silver
lavers 43 should be aé mosé 110 & to secure adeguate
transmittance for visible ligats znd to sscure an
adequately wide variable range of the'reflecticn color by
the adjustment of the layer'thicknesses. Namelyffif the -
silver layers 43 become thick, the transmittance for
visible lights decreases and it becomes difficult to
secure a transmittance of at least 70%. 6n the other
hand, if the silver layers are too thin, silver ten&s to
. form discontinuous films, whereby the desired properéies
will be hardly obtainable, or the product is likely to
readily deteriorate. Therefore, the thicknesses of the
silver layers should preferably be at least about 60 A.

There is no particular restriction as to the
amorphous oxide Eilﬁ to be used for- the heat radiation .
shielding article of Figure 6. However, it is preferred
to employ the amorphous oxide £ilm of the present

invention containing Si and at least one member selected from

the group consisting of Zr, Ti, HEf, Ta, Sn and In-



abrasi on resi stance. COVPARATI VE EXAVMPLE 2 To ascertain the effects
of Exanple 1, a titanium oxide film containing ne-silicon (first |ayer)

was formed in a thickness of about 600 A The gam%@m%mr
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More preferably, the amorphous oxide film may be made of an oxide

containing Zr and at least one of B and Si particularly, a film of
£ilm of ZrSi,Oy wherein z is 0.05 = z < 19 and y is 2.1
S y < 40 and a £ilm of 2:B-xsizoy wherein x, z and y are
0.05 = x + 2, z < 19-and 2 < y < 40, provided that
when x > 3, x = 0.25z + 3, are preferrad, since they
are excellent not only in the scratch resistance and the
abrasion resistance but also in the chemical stabili;y.

The amorpnous oxide protective £ilm of Figure 6 may
be sibstituted for the transparent oxide of the 2n + 1
layer so that it is in direct contact with the silver
layer, However, such an arrangement is not prefe_rred,
‘since such direct contact tends to_deteriorate the .
durability. The reason For the deterioration has not yet’
been clearly understood, but is considered to be
attributable to some side-reaction of boron in the
amorphous oxide with the silver. Therefore, it is
preferred to interpose a transparent oxide layer between.
the amorphous oxide £ilm and the silver layer.

The thickness of the amcrphous.oxide £ilm 44 in
Fiqure 6 is preferably f£rom 100 to 500 A, more preferably

from 200 to 400 A, although it is necessary to adjust it



-67- gas mxture of argon and nitrogen, and the pressure was adjusted to 2
x 10[err] Torr. Then, a titanium -target was subjected to high frequency
magnetron sputtering to form titaniumnitride (seconra—tayer

thi ckness of about 120 A Then, under the sane REBMGEMENH’SSHEET% case of
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in view of the balance with the trans;ZTE;E oxide layers
to obtain high transmlttance in the visible light-range.
If the thickness of the amorphous oxide £ilm is smaller
than this range, no adequéte performance as the
protective layer will be obtained. On the other hand, if
the thickness'exéegds this range, it becomes difficult to
attain a transmittance of at least 70% in the visibie
light range while maintaining the interference
conditions.
There is no particular restriction as to the method
of forming the heat radiation shielding article of Figure
6. Vacuum vapor deposition, ion plating or sputtering
may be employed. Ho#ever, a reactive sputtering method
excellent in the uniformity, is preferred in the case
° where coating over é large area is required. It is
| particularly preferred to prepére all the layers of the

heat radiation shielding article including the first

layer of a transparent oxide to the protective layer:of
the amorphous oxide in the same vacuum chamber. EHowever;
the article may be taken out in atmospheric air prior to
forming the amorphous oxide £ilm, and the amorphous oxide ;
film may be formed thereafter, without adversely’
affecting the effec#ivenessun

For the purpose of improving the adhesion and ﬁﬁe
durability of the heat radiation shielding article of
Figure 6, a boundary layer having a thickness not to |

adversely affect the optical properties, may be inserted



the first layer, a titaniumoxide film (third layer) was forned in a '

t hi ckness of about 600 A The sanpl e thus olg lggggngﬁl yfpmedt ed to the
abrasi on eraser test , whereby a number of scra}l CR—Rat 2-fbderved,
showi ng poor scratch resistance and abrasi on repiftance. Ngwf Exanpl es
of the article with high durability shown in Fijgu e0496ER 1588 di Ven.
Reference Exanple 2 A gl ass substgsate was ced in_a vacudm,chanber of
a sputtering apparatus. The chanmber—was—evacuatfed to a :

at the interface with the substrate or at-the interface
between the respective layers. This heat radiation
shielding article may be applied to 2 low emissitivity
glass or a door of a freezer show case wherein the
article is double-glazed with another substrate with an
inner space therebetween and with the amorphous oxide
£ilm side located inside, or to a laminated glass for an
automobile or for a building construction wherein a
substrate having the above coatings and anther substrate
are laminated with an interlayer disposed therebetween
with the amorphous oxide £ilm side located imside.

The protecting mechanism by the amorphous oxide f£ilm
in the heat radiation shielding article in Figure 6 is
not clearly understoed, but is considered to have a merit
in that the film is made amorphous by an addition of
silicon or boron-as an elément for constituting glass.
Oxidation of silver is believed to be the primary factor
fﬁr“thgﬁdeteriotation'mechanism.of"an infrared reflecting --
article wherein transparent oxide layers and silver
layers are alternately lamin;ted. For the oxidation
reactidg, oxygen or moisture is required to diffuse, and
if the £ilm is crystalline, the grain boundaries
'constitﬁte the passages for-diffusiony whereby the-
oxidation reaction is facilitated. Therefore, as the -
protective layer, the amorphous layer free from crystal
grain boundaries is utilized as a barrier against

diffusion, whereby the durability is believed to be



pressure of 1 x 10-6 Torr.. As a glass substrate, a blue glass substrate
having a thickness of 4 nn1mas used. The sane gl ass substrate was used al so
in Exanple 8 et seq. Then, a gas mi xture of ar
i ntroduced to bring the pressure to 2 x 10-3 : ' ' Flum was
subj ected to reactive sputtering to formtitan
a thickness of about 20 A Then, the gas was chahged to a
argon and oxygen, and the pressure was—adj ust efl 0029X3ER)]'_§ r
a ZrB2 target was subjected to reactive sputtefifg to form an. i
conpri sing zirconi um and boron

improved. ' -

xide film

As described in the quegoing, in the heat radiation
shielding article of Figure 6, the amorphous oxicda £ilm
is over-coated so that it functions as a barrier layer to
prevent the deterioration of the silyer layer by
oxidation, whereby the durability is improved for a
single sheet of an infrared reflecting article wherein
transparent oxide layers and silver layers are
alternately lamlnated.

In the present anent;on, boron or silicon as a
glass-constituting element is_added in the protective
layer, whereby the £film is made amorphous, and the
smoothness of the £ilm surface is improved and the
frictional resistance decreases for an improvement of the
‘abrasion resistance; Therefore, the weatherability of
the single sheet is improved, and there is an additicnal
effect ob;érGed such that the product is hardly scratched
as coﬁgared with the conventional-article. Further, it
is also possible to further increase the effécts of the
amorphous oxide protective coating by improving the
durability of the silver layer by incorporating an
additive to the silver layer.

-+Figures 7 and 8 show pther~embodiments-whereiﬁ the-
amorphous oxide film of the present invention is used as
a metal diffusion barrier layer. Namely, these Figures
are cross-sectional views of laminated structures whecein

a glass sheet having a transparent conductive £ilm
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comgosad of one or more layers inciudiag & metal lzver

an
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shest are laminated with a plastic

conductive film located ianside, whersin zn amcrphous
oxide layer is disposed between the transparent
conductive £ilm and the plastic interlayer, as z barrier
to prevent the diffusioﬁ of the metzl in the traansparent
conductive £ilm. |

Such an azmorphous oxide layer as a barrier is
interposed to overcome caonventional problems in laminatad

glass such that upon expiration of 2 long period of time

B

(4

turbidity occurs. Inventors of the present invention
have found that such turbidity takes place because the
metal in a metzl layer in the transparent conductive £ilm
diffuses and react with moisture or oxygen contzined in a
small amount in the plastic interlayer, so that the metal

is oxidized.

o
[T
W

As such an amorphous oxide barrier f£ilm, i

rn
o
)
M

preferred to employ the amorphous oxide film o
present invention composed essentially of an oxide

containing Si and at least one member selected from the group

consisting of Zr, Ti, Ef, Ta, Sn and In,:.

Figure 7 is a cross-sectional view of an embodiment
of such a laminated glass structure. Between a glass
sheet 51 located at the exterior side of a vehicle and a

glass sheet 52 located at the interior side of the



(second layer) in a thickness of about 200 A. The visible Iight
transmttance Tv, the the solar energy transmttance T[err],. The visible

i ght reflectance on the coating surface RVF, the mn '
reflectance on the glass surface RVG and color c CﬁN“%ﬁegﬂEET
- 48 - _ l 0 9 SER - l

transnmttance

A

venicle,.a plastic interlayer 53 is dispoSed to bond
these glass sheets 51 and 52.

At the bonding surface of either one of these glass
sheets 51 and 32, preferaﬁly at the bonding surface of
the glass sheet 51 located at the exterior side of the
vehicle, a transpa;ent conductive £ilm 54 and an
amorphous oxide film 58 as a barrier are disposed so that
the amorphous oxide £film 58 as the barrier is located at
the side of the plastic inteﬁlayer S3.

In this case, the above transparent conductive £ilm
54 is formed to have a multi-layered structure such as
ZnQ0/Ag/Zn0 or SnO2/Ag/SnOz wherein a metal film 56 such
as Ag or Au is sandwitched between dielectric f£ilms S5
and 57. Between this transparent conductive-£ilm 54 and
the above-mentioned‘palétic interlayer 53, an amorphous
oxide f£ilm 58 as a barrier formed by the amorphous oxide
£ilm of the present invention such as a ZrBeOy Eilm
haviné:a.thickness of from.-10: to- 100 A, is.disposed..

As.the above-mentioned dielectric films 55 and 57 in.
the present invention, a TiOz £ilm or a ITO film may also
be used as the case requires}

Figure 8 is a cross-sectional view of another
embodiment of a laminated.glass..structure, wherein the
rear side electrode.of a solar cell is made of the
transparent conductive f£ilm of the present invention.

Namely, on a glass sheet 61 through which incident light

enters into the solar cell,



and in the reflectance [err] of the heat radi ati Qn.shi-el-di-rgr=glass thus
-obtai ned, were 71% 56% 13% 12% 0.0068 and 0.026, respeclive
The transm ssion color and the reflection col or mwls
extent that there was no substanti al

0 9 SEP 1098

uch an
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an alkali barrier Eilm 71 made of e.g. $i0O; or Al03, a
Eirst transvarent electro@e 72 made of Sn0; or ITQ, an a-
Si £ilm 73 and a rear sida elactrode (transparent
conductive £ilm) 64 are sequentially formed. Tien, the
amorphous oxide film 68 as a barrier is formed on said
rear side eledtrode 64, so that, when such a glass she=st
61 and a glass sheet 62 at the inerior side of the
vehicle are bonded with a plastic interlayer 63
interposed therebetween, the amorphous oxide film 68 as a
barrier is disposed between the transparent conductive
£ilm 64 and the interlayer 63. '

Such a transparent conductive. £ilm 64 as the rear

- side electrqde may be composed of two or more layers such
as a metal £ilm 74 and other £ilm 75, or may be composed
salely of one layer of the metal f£film 74.

Such a metal layer 74 ma; be a layer made of Ag, Au,
Pd or Al_d: an alloy film made of at least two differ§nt
kindszof.these'metalsw Further, said other £ilm 75 may -
be a £ilm made of Zn0O, ZnS, TiOz, ITO or SnOz.

A suitable method such as spraying, vacuum
deposition, DC sputtering or chemical vapor deposition,
may be used as the method of forming the above-mentioned
transparent conductive f£ilms 54 and- 64- or the amorphbus
oxide barrier films 58 and 68. EHowever, in view of the
productivity and the £ilm properties, it is preferred to
form £ilms by the DC sputtering method. A multi-layered

£ilm thereby formed preferably has a three-layered



di stinction fromthe-base gl ass sheet; The heat radiation shielding

glass was imersed in 1IN hydrochloric acid or sodiu 6 hours
or in boiling water for two hours to exanine thd LAEENEQﬂfSHEEE e film
whereby no change in the optical properties was SEeFretr _
SEP 1998
.50 - 09

stoucture such as 2Zn0x/Agq/Za0, or SnO./Ag/SnO¢ from the
viewpoint of the deposition speed or the cost of the
targek, or Ag/zﬁox in the czse of the resar eleckrode of 2
solar cell. For the preparation of such a iaminated
glass, a glass sheet may preliminarily be molded into a
desired shape prior to the formation of the films, or the
£ilms are preliminarily formed and then the glass shest
may be molded into'a desired shape.

The amorphous oxide barrier £ilms 58 and 68 are
preferably formed in a thickness of from 10 to 100 A. IEf
they are thinner than this range, no adegquate metal
diffusion preventing ability will be obtained. On the
other hand, if they are thicker than 100 A, no further
improvement of the metal diffusion preventing ability
will be observed.

As the plastic interlayers 53 and 63 to be used for
bonding glass sheets.SI and 52 or 61 and 62, PVB, EVA
(ethyiene—vinyl acetate copolymer) or urethane may be
used. For the formation of a laminated glass for an
automobile, it is preferred to employ PVB having
excellent adhesiveness.

In Figures 7 and 8, laminated glass structures are
illustrated wherein two-glass‘sheets are used. However,
the present invention may also be applied to a laminated
glass wherein three or more glass sheets aré used? In
such a case, the éﬁove-mentioned transparent conductive

f£ilms 54 and 64 and the amorphous oxide barrier films 58



In the abrasion test by neans of an abrasive eraser, no substanti al

scratch mark was observed, and thus the film showed excell ent scratch
resi st ance.

-51-

and 68 are preferably formed on the bonding surface of
the glass sheet located at the exterior side of a vehicle
i.e. at the outermost side.

Having such éonstructions, the embodiments of Figures
7 and 8 are capable of effectively suppressing turﬁidity
by the functions of the metal oxide films 58 and 68
interposed as barriers. |

To ascertain the effects of the present invention,
experiments have been conducted in comparison with

Comparative Examples. The results are shown in Table 3.
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chr om um was

In the same manner as in Exanple 7
subjected to reactive sputtering to formchromumnitride

EXAMPLE 2

-69 -
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(first layer) on a glass substrate in a thickness of about 10 A Then, the

gas was changed to a gas m xture of argon.and R Bl essure was
adjusted to 2 x 10[err] Torr. Then, a target ( gﬁ'ﬁ“@ﬁgﬂ ‘T and Si C
was subjected to reactive sputtering to formgn{oxide film

(ZrBlerr]Si[err](err]) containing zirconium Rojon)®FERIHIRO
-53.

—

As shown ia Table 3, no change wikth respec: ko :he
turbidity was observed even in the Comparative Zxamples
wnera the tfansgarent conductive £ilm 34 or 64 was zzde
of a single layer of a ITO film or a Sn0z £ilm. Eowaver,
when the transparent conductive film is made of a muiti-
layered £ilm Such_as a three layered film of ZaO/Ag/Za0
or SnOz/Ag/Sn0O; wherein the silver layer is sandwitched
by dielectric layers, turbi&ity occgrred by OV
irradiation for 100 hours. It is énticipated that such
turbidity has resulted because a metal (such as silver)
in the metal layer (such as the silver layer) was
activated by the UV irradiation and penetrated through
the dielectric layers (such asithe Zn0 £ilm and the SnOz
£ilm) and diffused to the PVB £ilm, whereby“the metal is
oxidized by the moigture or oxygen contained in the PVB
£ilm. |

On the other hand, no turbidity was observed after
the Uv-irradiationlﬁor-loo hours, ‘'when.an amorphous oxide
barrier f£ilm was interposed between the transparent
conductive f£film (as identified in the Table by —~)
composed of one or more layers including a metal layer
and the PVB £ilm, to prevent the diffision of the metal
from such a- transparent conductive £ilm to-the PVB :ilm.
as in the case of the Examples of the present invention
in Table 3. Thus, it has been confirmed that the
interposition of such an amorphous oxide barrier film is

very effective to suppress the formation of turbidity.



(second layer x = 0.99, z = 0.41, y = 4.31) in a thickness of—ahput 200 A

The optical properties TV, TE, RVF, RVG and the_color_ chanCesS.d n

transmttance and the reflectance of the heat Eﬁ%@puﬂ | -g ng gl ass

thus obtained, were 72% 58% 10% 9% O0.0074 “GRE 3020 rSfpEcti vel y.
-54 - Q9 SEP 1998

In t?e embadiments of Figures 7 and 8, the diffusion
of the metal can adequately be prevented, since the
amcrpnhous cxide barrier film has an adeguately dense
structure. Whereas, with the crystalline £ilm, the
crystal grain boundaries are believed to constitute the
passages for diffusién, whereby oxidation is facilitated.

Figure 9 is. a éross-sectional view of a heat
radiation shielding glass prepared by a pfocess Qhereby
the optical properties of the article with high
durability of the present invention is stabilized,
whereby the following problems have been overcome.

It is common to employ a direct current (DC)
sputtering method when a coaéing is applied to a glass
sheet having a large area useful-for e.g. antomobiles or
building construction. When an oxide £ilm is formed by
this method, electric conductivity is required for the
target. Therefore, it is usual to employ a metal target
although thefe is an exception. such as use of ITO o:-Al
doped ZnO. During the formation of an oxide film by the

.~ reactive sputtering in an oxygen plasma atmosphere, it is
unavoiﬁable ﬁhat a part of the previously formed heat
radiation shielding layer is oxidized. The degree of the
oxidation can hardly be controlled by the technique.
presently available. Consequently, there has been a
problem that the optical properties are varied.

Under these circumstances, the present inventors have

found a process of forming a thin barrier layer to



The transm ssion color and the reflection color were not substantially
di stingui shed fromthose of the base g¢lass sheet. The durability was al so

excellent as in Reference Exanple 2. ‘i&ﬁﬂ}ﬁjﬂﬁENT SHEEI
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prevent such oxid#tion of the heat Ladéatfﬂﬂ“?ﬁfgfazza
laver, on the heat radiatipn shielding layer, prior to
the formation of an oxide.film on the heat radiation
shielding layer.

Figure 9 is a &ross—sectional view of an embodiment
of a heat radiation shielding glass §repared by such a
process, wherein a reference numeral 81 indicates a
substrate made of transparent or colored glass or
plastic, numeral 82 is a heat radiation shielding f£ilm
made of e.g. a metal, a ﬁieride, a carbide, an absorptive
oxide or a mixture thereof, numeral 83 indicates an '
oxidation barrier f£ilm, and numeral 84 indicatas an oxide
£ilm.

The most signigicant feature of this prdcess is to
form a thin oxidation barrier £ilm 83 on the heat
radiation reflecting £ilm 82 to prevent the oxidation of
the £ilm 82. There is no particular restriction as to
the- film material of this barrier film 83. However,-in a
case where the film-forming is conductéd in a multi path,
mode by usual sputtering, a metal film or a nitride film
capable of being formed from a target useful also for the
heat raﬁiation reflecting £ilm or for the oxide f£ilm
formed on the atmospheric air side, is preferred in view
of the productivity. If the £ilm thickness is too thin,
no adequate barrier effects will be obtained, and a part
of the heat radiation reflecting £ilm 82 will be oxidized

when the outermost oxide £ilm 4 is formed by reactive.
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sputtering. On the other hand, if khe film is too t3ick,

it will remain as not ccocmpietely oxidized, wheraby the

tzznsmitiance will be lew. . ThersiZcre, the f£ilx thickness

[ ad
(1]
o]
"
(L]
by
®
L]
')
O
I-+
S
rn

rom 5 to 20 A&, more prefarably from 10 to
The embodiment of Figure ¢ has at least thrse-lizvered

structur2 as mentioned above. Eowever, in some casas,

one or more layers may be formed between the substratz 81

and the radiatio

2

d reflecting £ilm 82 or between the
oxidation barrier £ilm 83 and the oxide film 84, to
improve the adhesion or to adjusi the opticai properties.

The oxide £ilm 84 is prefsrably the amorphous oxide
£ilm of the present invéntion, particularly the oxide
£ilm containing Zr and at least one of B and Si.

However, the oxide film 84 is not iimited to such
specific examples and may contazin other components to
improve the durability, to adjust the optical properties
or to improve the speed and the stability for the film—
forming. The oxide film of the prasent inveation mzy not
necessarily be transparent and may be an absorptive film
in an oxygen-lacking state or may contain a small amount
of nitrogeh or carbon.

There is no particular restriction as to the oxide
film 84. éowever, the oxide £ilm containing Zr and
Si and optionally B, is suitable particularly for an
application where high durability is reguired, since such

Y

an oxide film is excellent in the scratch resistance and



1. An anor phous oxide fil mconposed essentially of an oxi de containing
Si and at |east one nenber selected fromthe group conS| st ng of Zr, Ti,
Hf, Sn, Ta and In. 2. The anor phous oxide ftimraceoreitr aim1l,
which is conposed. essentially of an oxide contRE §HEET

-57- 0 9 SEP 1998

in the chemical stahilitw. 'When kze.oxide £°

contzias Z: _and Si (and B), thereis no part fcular resiziction
zs to the rsspacitive prcoporticans.

However, if the content of B and Si is small, the film

ténds to be crystalline, whersby the surface sacothness
tands to be ma ieguate. Conseguently, the scratch
resistance tends to be poor. Therefore, the ztomic ratio

of ,Si or the total amount of Si and Bto Zris preferabiy

— e

(13

at least 0.05. Specificzlly, a £ilm of z:SL,.,ol, wherein z

is 0.05 S z < 19 and y is 2.1 S y < 40 and a £ilm of
Z:B«Siz0; whe:air; X,z and v age 0.0S

S x+ 2,2 <19 and 2 < y < 40, provided that when x
> 3, x < 0.25z + 3, are praferred, since they ars
excellent in the scratch rasistance, the abrasion
resiséance and the c:h_em:‘,cal stability.

There is no particular restriction as to the

thickness of the oxide £ilm 84. Eowever, if the oxide
£ilm is too thin, no adeguate durability will be
obtained. Therefore, the thickness is preferably at
least 50 &, more preferably at least 100 4, most

preferably at least 150 &, although it depends upon the

‘g

articular puipose. On the other hand, if the oxide
layer is l:c;o thick,. the productiéity will be poor, and
the interference effects will result, whereby the _
reflection color tends to be strong. Therefore, the

thickness is usually at most 1,000 A, preferably at most ,



(zZrSiferr](err]), wherein the atomc ratio z of Si_to Zr is 0.05 [err] z

< 19, and the atomc ratioy of Oto Zr is 2.1 [er A
process for producing an anorphous oxide film as . whi ch
conpri ses subjecting a non-oxide oxide, or a mxfufe ther ni ng
Si. and at |east one nenber selected fromthe grolpf cgei , i,
Hf, Sn, Ta and In to sputtering. -58 -

700 &, more preferably at most 500 A, although it depends
upon the tefractive-index. ,
~There is no particular rastriction as to the method
of forming the oxide £ilm 84. Vacuum vapor deposition,

ion plating or sputtering may be employed.

There is no particular restriction as to the film
material of the héat radiation reflecting £ilm 82. 1IEt.

~may be selected from the group consisting of metals,
nitrides, carbides, absorptive oxides and mixtures
thereof, depending upon the particular purpose or the
required specification. Usually, the heat radiatién
reflecting £ilm 82 is selected from Ehe group consisting
of titanium, chromium, zirconium, titanium nitride,
chromium nitride and. zirconium nitride.

When the heat radiation reflecting film 82 is made of
a nitride film, it is effective to form an oxide -in ordef
to increase the adhesion wiﬁh the substrate 81.

In this method, the oxidation barrier £ilm 83
effectively prevent the heat radiation reflecting layer .
82 from being partially oxidized in the oxygen plasma
atmosphere during the formation of an oxide £ilm 84 by
the reactive sputtering, in such a manner thaE the
barrier £ilm 83 itself is oxidized. As a result, a heat
radiatidn shieldiné glass having constant optical
properties can readily be produced.

On the other hand, if this oxidized barrier layer is

" not formed, a part of the heat radiation reflecting Eilm



4. The process according to Claim3, wherein a non- oxi de, oxide, or a
m xture thereof conposed essentially of a sub taining from1l to
90 atomic % of Zr and from3 to 95 atomc % )y 67

atom ¢ % of Ois subjected to sputtering to fforfm
ZrSi[err]err]

-59 -

82 such as Ti will be partially oxidized to form
whereby the reflectance increases, and the color tone
will nct only be changed but alsoc hardly be reproduced
constantly.

It is preferred that as the oxidation b;rfier layer
83, the same metal as used in the oxide film formed
thereon is employed, since the oxide £ilm will have a
composition where the degree of oxidation Eontinuously
changes at the side being in contact with the heat
radiation reflecting £ilm, whereby the adhesion between
the oxidation barrier layer 83 and the oxide £ilm 84 is
increased. It is further preferred that almost all of
the metal of the oxidation barrier layer 83 is oxidized
during the formatiog of the oxide £ilm so that the
structure will be the same as é double layered structure
from the optical point of view.

For example, when a ZrBxOy £ilm is to be formed as
the oxxde £ilm, it is possible to constantly obtain a
heat radiation shielding glass having a structure of '
substrate/heat'radiatién reflecting £ilm/ZrB«Qy if a thin
ZrBz £ilm is formed as the oxidation barrier layer 83 on
the heat radiation reflecting £ilm prior to the_formation‘
Of the ZrBxOy f£ilm.

The method of forming the oxidation barrier layer as
described above can be applied to the production of other
than the heat radiation shielding glass illustrated in

Figrue 9. Namely, such an oxidation barrier layer may be



wherein z is 0.05 [err] z <19 and y is 2.1 [err] y [err] 40. An
article with high durability which conprises;a substrate and one or nore
thin filmlayers forned t hereon, wherein the guternost |ayer is.mde of

an anor phous oxide filmas defined in Clai”'l'REPLACENE%H‘SHEET

- 60 -
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formed, for example, between the first laver 2 and tae
second layver 3 in Figure 2, between the seconé layer 12

nird layer 13 in Figure 3, between the first

L

ané the
layer 22 and the second laver 23. in Figure 4, between the
£irst layer 32 and the second layer 33 in Figqure §,
between the 2ﬁ layer 43 and the 2n + 1 layer in Figure §,
and in the case where the transparent conductive films 54
.and 64 in Figures 7 and 8 are non-oxides, between_said
layers and the barrier layers 58 and 59, to obtaiﬁ
opticall} stable articles with high durability according
to the present invention in a similar manner.

The amorphous oxide film of the present inyention may
be formed as a layer for a scratch resistant protective
£ilm on one side of'éach-side of the transpdrént
substrate to obtain a tr#nsparent sheet provided with a -
scratch resistant protective film.

Figuré 10 illustrates a'diagrammatical cross-
sectional view of an embodiment of such a scratch
resistant protective film-provided transparent sheet.

- The transparent substrate 92 to be used in the
present invention may be made of soda lime glass,
‘borosilicate glass, lead silicate glass, aluminosilicate
glass, aluminoborate glass, quartz glass, barium borate
glass or any other solid glass material without any
particular restriction as to the composition. Further,
it is also possible to employ a plastic substrate. The

shape of the substrate is not restricted to a flat plate,
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fragments upon bfeakage. .

The thickness of the scratch resistant protactive
fiim 91 is praferably from 100 to 5,000 A. If the film
is too thin, no adeguate scratch resistance will be
obtzined. On the other hand, if it is too thick, peeling
of the £ilm is likely to occur, and the productivity
tends to be poor.

The scratch resistat protective £ilm 91 is preferably
the amorphous oxide film of the present inveation.

Particularl.y preferred are 2 film'orf___ZrSizoy

£
1]

herein z is 0.05 S z < 19 and y is 2.1 = y < 40 and 2
£ilm of ZrB.Si,Oy wherein x, z and y are 0.05 = x + .z, z
< 19 and 2 < y < 40, provided that whea x > 3, x =
0.25z + 3, since they are excellent not only in the
scratch reﬁistance and the abrasion resistance but zlso
in the chemical stability. Such an oxide £ilm containing
Zr and Si and optionally B is not limited to the four component
system of Zr, B, Si and O and may further contain other
components to improve the durability, to adjust the
optical properties or to impéove the spesd and the

stability for film~forming.



6. The article with high durability according to Caim5. wherein the
outernost |ayer exposed to air is nmade of an anorphous oxide film conposed

essentially of ZrSi[err](err] wherein z is 0.05] ndyis
2.1 [err] y < 40. 7. The article with high du Q to
Claim 5 or 6 wherein at | east two/layers conpfi $ing a heat radijati on
reflecting filmand the anorphous oxi dﬁezfi Im are]forigeg SEP dog substrate
in this order fromthe substrate si de—== : :
. | B
The contents of Si (and B) and the thickness &ttire e med
scratch tesistant preteciive £ilm 91 are suitabliliy
selectad depencding upon the particular purpcsea ef the
transparant sheet. For example, in the case of glass to
be used for the read out portion of a bar cord :aaée:, it

[ 1

is preferred to use soda lime glass having a thickness o
5 mm with a ZrByOy £ilm having a thickaess of from 300 to
600 A in view of the the transmittance for a laser beam
having a waveleagth of 6328 A.

As the method of forming the scratch resistaat
protective £ilm 91 of the present invention, a film-
forming method such as vapor deposition, sputtaring or
ion plating may be employed. There is no particular
restriction as to the method for its formation. Eowevér,
the sputtering metho& is preferred among them, since the
starting materizl may not thereby be melted, the £ilm
composition can easily be controlled or reproduced, the
energy of particles reaching the substrate is high, and
it is possible to obtain a film having good adhesion,
whereby the amorphous f£ilm of the present invention can
readily be obtained. To improve the adhesion of the film
to the substrate, an ion injection method may be used in
combination. N;mely, argon ions or oxygen ions with a
high energﬁ'at a level of a few 10 keV may be irradiated
on the protective f£ilm 91 formed on a glass substrate, to

form a mixed layer between the protective £ilm and the

glass substrate to increasg the adhesion to the glass



8. The article with high durability according to Cairm5 oawﬁ

wherein at |east three |ayers conprising a tg
heat radiation refleting filmand the anDrph
the substrate in this order fromthe substraje
hi gh durability according to Claim 5 or 6 ,
coating layers (n [err] 1) includin96§_tran

fUU .

1 where totm
sphr &1{?[5{;3? ®98 5

ic film a
forned on

2n + 1
as the 2n +

substrate. ~Furtther, depeding upon the particular
purpose,'it is 2lso effesctive tc raduce the fricticral
ccefiicient by coating & thin orgenic lubriczating £ilx on
the protactive £ilm 91. As an application of the scratch

rasistant protective £ilm-prcvided transparant shee: of

Pigure 10, a cover glass (also cal

for the read out portion of a bar

primarily be mentioned. Figure 11 shows a diagrammaticzl

led =z scanner glass)

cord read

0n

view of a2 bar cord reader. Reference numeral 93

£ may

indicatgs the glass for the read out portion of the bar

b1

cord reader.

sliding a commercial good having a bar cord labelle

theraon, on the bar cord reader 9

eading out of 2 bar cord is cond

uctad by

(=}

4. The transpzrent

shest of Figure 10 may be used also for other purposes,

for example, as a glass plate for a stand table for a

copying machine or as a transparent sheet in general

where scratch resistance is regquired.

Now, the prssent invention will be described in

further detail with reference to Examples and Comparative

- Examples.

The following Examples and Comparative Examples are

directed to articles with high durability as illustrated

in Figuées 2 and 3.

.



| ayer (a [err] O and a silver layer as the 2n layed (n [err] 1) are
formed on the substrate, and the anorphous oxide |ayer is forned on the
outernost |ayer of said 2n + 1 coating |ayers. 10. The article with high
durability according to Claim 5 or 6 wher ei -efe—-ayet..of _the anor phous

oxi de film REPLACEMENT SHEET]
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Reference Example 1

A glass subsitrate was placed in a vacuum chamber of a
sputtering apsaraztus. The chamber was evacuated to 2
pressure of 1 x 10-6 Torr. & gas mixture of argon aad

oxygen was introduced to bring the pressure to 2 X 10-3

[}

Torr. Then, a zirconium target containing boren (Zr:8
70:30) was. subjected to RF (radio fregquency) magnetron

sputtering to form an amorphous oxide £ilm ZrByOy (first



is formed on one side or each side of the substraie. -72-
REPLACEMENT SHEET
09SEP w09 |
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layer x = 0.14, y = 2.21) in a thickness of abcu:z 600 A

mégnetron sputtaring to form titanium niﬁride (seconé
layer) in a thickness of about 120 A. Then, under the
same condition &s in the first layér, a Zr8,0, film
(third layer x = 0.14, y = 2.21) was formed in a
thickness of about 600 A. )

The visible light transmittance Tv and the solar
energy transmittanée T= of the sample thus obtzined were
about 80% and about 60%, réspectively. Durability tests
wera conducted in the same manner as in Example X, and
the sample showed excellent properties.

. EXAMPLE 1

A glass substrate was placed in a vacuum chzmber of a
sputterin§ apparatus. The chamber was evacuated to a
prassure of 1 x 10-§ Torr. A gas mixturs of argon and -
oxygen was introduced to bring the pressure to 2 x 10-3
Torr. Then, a titanium target containing silicon was
subjected to high f£requency magnetron sputtering to form

~an zmorphous oxide film fisixo, (Eirst layer x = 0.33, ¥
= 2.66) in a thickness of about 600 A. Then, the gas was
changed to a gas mixture of argon and nitrogen, and the
pressure was adjusted to 2 i 10-3 Torr. Then, a2 titanium
target was subjected to high frequency magnetron

sputtering to form titanium nitride (second layer) in a



11. A process for producing an article with ﬂﬁ@LAﬁﬁmﬂﬂTf whi ch

conpri ses: formng a heat radiation refldgctfing filmon a
“substrate, form ng an oxidation barrfigr §i9 gEPoeE o ]protect
said heat radiation reflecting filmfrom bqgi g oxi di zed
- 66 -
thickness of zbcut 120 A. Tken, unde:r :he sama ccnditio%

1Y)

s in the case of the first layver, an zamorphcus oxice
fi}m TiSiyQ, (third lzyer x = 0.33, y = 2.638) was formed
in a thickness of zbout 600 A. The visible light
transmittance and the sunlight transmittanée cf the
sample thus obtained were substantially the same zs in
Reference Example 1. The durability was also substantially the same'as

in Reference Example 1.

COMPARATIVE EXAMPLE 1

To ascertain the effects of Reference Example 1, a zirconium
oxide filﬂ containing no boron (f£irst layer) was formed
in a thickness of about 600 A. Then, the gas was changed
to a gas mixture of argon and nitrogen, and the prassure
was adjsuted to 2 x ;0-3 Torr. Then, a titanium target
was subjected to high freguency magnetron sputtering to
form titanium nitride (second layer) in z thickness of
about 120 A. Then, under the same condition as in the
case of the first layer, a2 zirconium oxide :ilm (third
layer) was formed in a thickness of about 600 A.

The sample thus obtained was subjected to the
abrgsion eraser test, whereby a number of scratch marks
were observed, showing poor chatch resistance 2nd
abrasion resistance. |
COMPARATIVE EXAMPLE 2
To ascertain the effects of Example 1, a titanium

oxide film containing no silicon (first layer) was formed

in a thickness of about §00 A. The gas was changed to a



when the anorphous oxide filmis subsequently fornmed on said
oxidation barrier film said oxidation barrier film contai ning the
sanme netal elenent as the anorphous oxide -3 8f-or-ed—on-sai d

oxi dation barrier film formng the RE@LAEENE@@bSREET | mon said

oxi dation barrier film said anorphous o e ety ohposed
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gas mixture of argon ané nitrogen,|and the prassure pas

adjusted to 2 x 10-3 Torz. Then, =z titznium targaé was
suDjectad to high freguency magnetron sputiaring to form
titanium nitride (second layer) in a thlckness of zbout
120 A. Then, under the same conditicn as in the case of
the £irst layer, a titanium oxide £ilm (third layer) was
formed in a thickness of zbout 600 &.

The sample thus obtained was suojectea to the
abrasion eraser test, whereby 2 number of scratch marks
were opserved, showing poor .scratch resistance and
abrasion resistance.

"Now, Examples of the article with high durability
shown in Figure 4 will be given.

Reference Example 2

A glass substraté was placed in a vacuum chamber of a

" sputtering apparatus. The chamber was evacuated to a
pressure of 1 x 10-6 Torr. As a glass substrate, z blue
glass substrate having a thickness of 4 mm was used. The
same glass subsﬁrate was used also in Example 8 et seq.
Then, a gas mixture of argon and nitrogen was introduced.
to bring the pressure to 2 x 10-3 Torr. Thea, titanium
was subjected to reactive sputtering to form titanium
nitride (first layer) in a thickness of about 20 A.

Then, the éas was changed to a gas mixture of argon and
oxygen, and the pressure was adjusted to 2 x 10-3 Torr.
Then, a ZrB, target was subjected to reactive sputtering

Y

to form an oxide £ilm comprising zirconium and boron



essentially of an oxide containing Si and at | east one nenber sel ected
fromthe group consisting of Zr, Ti , Hf, Sn, Ta and In 12. A

doubl e- gl azed wi ndowpane conprising: (1) a sub REPEACEWH@“F%HEET
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o p—

]
)
n

(second laver) in a thickaess of abcui 200 A

visible light transmittance Tv, the the solar energy
traasnmittance Tz, The visible ligat raflectance on tha
coating surizce RvF, the visible licht rsfleckance ca the

glass surface RYG and color changes ia the traasmittancs

and in the reflectance

V(Ax)2 + (Ay)2 of the heat radiation shielding glass
thus obtained, were 713, 56%, 13%, 12%, 0.0068 and 0.026,
respectively.

The transmission color and the reflection ;olor wera
neutral to such an extent that there was no substantial

distinction from the -base glass shest.
The heat radiation shielding glass was immersed in 1IN :,
hydrochloric acid or sodium hydroxide for 6-hours or in

boiling water for two hours to examine the durability o

It

[ 50

fse
1]

S WES

m

the £ilm, whersby no change in the optical propert

observed.
In the zbrasicn test by means of an abrasive erzser
o substantial scratch mark was observed, and thus the

£ilm showed excellent scratch resistance.



(i) a total
I ncl udi ng a transparent oxide |ayer as the 2n +
| ayer as the 2N layer (n [err] 1) and
oxi de layer as defined in daiml, formed on thejo tq£qﬁ§é
2n + 1 coating layers, and (2) one or nore substrft¢s,

silver

of 2n + 1 coating layers (n [err] 1) f

| ayer

1%%

.69-

-

EXAMPLE 2

In the same manner as in Example 7, chromium was
subje ed'to rezctive sputtaring to form chremium nitride
(Eirst layer) on a glass substrate in a thickness of
about 10 A. Then, the gas was changed to a gas mixture
of argon and oxygen, and.the pressure was adjusted to 2 x
10-3 Torr. fhen, a target containing ZrB; and SiC was
subjected to reactive sputtering to form an oxide film
(ZerSizoy)'containing zirconium, boron and silicon
(second layer x = 0.99, z = 0.41, y = 4.31) in a
thickness of about 200 A. The optical prope:ties v, TE,

Rve, RvG and the color chanaes in transmittance and the

- o ey

reflectance of the heat radiztion shielding glass tius
obtained, were 72%, 58%, 105, 9%, 0.0074 z2né 0.029,
respectively.

The transmission color and the refisctica color were
not substantially distinguished from thosa.of the base
glass shest. The durability was also excellent as in

Reference Example 2.

sali d substrate



double- or multi-glazed wth an inner space between said substrates, and
wth said 2n + 1 coatlng | ayers and said anorphous oxide |ayer facing the

i nner space
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| CLAIMS | T
i. An amorphous oxide film éomposed essentially of an oxids-

cbntaining Si and- at least one member selected from the group
consisting of Zr, Ti, Hf, Sn, Ta and In.

2. The amorphous oxide film according to Cldim 1, which
‘is composed. essentially of an oxide containing-2r and Si
(ZrSiz0y) , wherein the atomic ratio z of Si to Zr is 0.05

S z < 19, and the atomic ratio y of 0 to Zr is 2.1 S Yy

< 4¢C.

3. . A process for producing an amorphous oxide film as defined in Claim 1

which comprises subjeéting 2 non-oxide, oxide, or a mixture
thereof containing Si and at least one member selected from the:
group consisting of Zr, Ti, Hf, Sn, Ta and In tosputtering.

4. . The ptocess according to Claim 3, "wherein a non-
oxide, oxide} or a mixt;re thereof composed essentiallf
of a substance containing from 1 t§.90 atomic'% of Zr and
from 3 to 95 atomic % oE si and from 0 to 67 atomic % oé
O is subjected to sputtering to form a £ilm of z:s;-o,

wher:e:.nz:.sOOSSz<19andy1.521§y<40

5. e ps . s o
An article with high durability which comprises a
Substrate and one or more thin £ilm layers formad

thereon, wherein the outermost layer is. made of an

amorphous oxide film as defined in Claim 1.



[
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6. The article with high durability according to Claim S,

wherain the cutermost layer expased to air is made of an

amorphous oxide ?i!m composad essentially of ZrSi ZOy whereia_

z ¥ 0.05 £ z2<19 andy is 2.1 £ y <L 4q0.

7. The article wi_th,high durability according to Claim- Soré
wharein at least twol!layers comprising 2 heat radiaiion

reflecting film and the amorphous oxide film, are fgrmed on the
substrate fn this order from the substrate side.

8. Tae article with high durability accerding t; ClaimSor g
wharein at least-.-three layers comprisiag a traasparent

dielectric film, a heat radiatian refleting film and the

.amorphous oxide film, are formed oa the subs:rate fa this crdar

frau the substrate sfde.

9. The a.:t.lcle with h':‘.qh durability ac::a:ding to Cldim -

5 or § . wherein a total of 2n + 1 coating la.ye:s (n R

1) including a. transparent oxide I.aye: as the 2n + 1

layer (o & 0) and a-silver layer as the Zn layed (a =

1) are formed on the suhs-.:ate, and the amorphous oxide

layer is formed on the outetmst layer of said 2a + p

coating layers.

10. .. : :
% The article with high durability accocding te.Claim

Sors ., wherein one layer of ‘the amocphous c;xidg Lilm

is focmed on one side oc each side of the substrate.
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11. A process for prcduciﬁg an article with high

durability, which comprises:
~forming 2 heat radiation raflecting £ilm on a
substrate,

‘Eorming an oxidation Qa::ie: £ilm so as to protack
said heat racia tica raflecting fiim from. baing ‘oxidized
when the 2moTD paous oxide film is suosecuanuly ormad on
said ox_datxon bar-Ler rz.m, said oxidation bazrisr film
containing the same matal alement as the amor _:ous oxide
to be formed on said oxidation ba:ri;: £ilm,

Zforming the amorphous oxids £ilm on said oxidation
barrier £ilm, said amorphous oxide £ilm being composad
essentially of an oxide containing i and at least ona member

salected from the group consisting of 2r,. Ti, E£, Sa, Tz,

~aad In.

12. A double-glazed windowpane comprising:

(1) a substrate hav;ng . .
(i) a total of 2n + 1 coatir.tg layers (n = 1) formad
on szid substrate including a transparent oxide layer as
the 2n + 1 layer (n = 0) and a silver layer as the 2N
layer (n & 1) and
(i1) ad amorphous oxide layer as defined in Claim 1, formed

on the outermost layer of said 2n + 1 caating layers, aad
(2) one or more substrates,

double- or multi-glazed with an inner space between said
substrates, and with said 2n + 1 coating layers and said

amocphous oxide layer facing the inner space.
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AMORPHOUS OXIDE FILM AND ARTICLE HAVING SUCH FILM THEREON

ABSTRACT OF THE DISCLOSURE

An amorphous oxide film composed essentially of
an oxide coﬁtaining at least one member selected from
the group consisting of Zr, Ti, Hf, Sn, Ta and In and

at least one member selected from the group the group

consisting of B and Si.

FIGURE 2
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FIGURE
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FIGURE (b
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FIGURE [(c).
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FIGURE: | (e)
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FIGURE 5
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