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AMORPHOUS OXIDE FILM AND ARTICLE HAVING SUCH FILM THEREON
The present invention relates to an amorphous'oxide kf
£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, 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 substrateasuch:asuaaglass-oruplasticc.-rfwﬁn~~rvw=:éru"

substrate. -

In the case of ordinary mirrors, Ag is formed by
.electroless plating,'or'Al or Cr is formed by e.g. vacuun
vaéor depbsition or sputtering. Aﬁong them, a Cr £ilm is
" relatively-tough; aﬁ&mas?suéh?"iSFuéed as a mirror having:— - ==
‘the coated surface exposed.
In the case of the heat radiation reflecting giass,
titanium oxide or tin oxide is formed by spraying,

chemical vapor deposition (CVD) or dipping. Recently, a
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heat'radiation reflecting glass has been available in

which a metal £ilm, a nitride £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
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

. construction where ornamental design is important.

A low emissiviﬁy dglass (low-emission glass) to
reflect a radiant heat frqm 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
structure of Zn0/Ag/Zn0/Ag/ZnO, wherein silver is

sandwitched between zinc oxide layers (Japanese Patent

'Applicatidh No. 280644/1986). It is used as a laminated-

*.~,glass -or--doublerglazed: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 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_gmploy vacuum vapor
deposition. During the film-forming operation, the

Substrate is heated to improve the abrasion resistance.
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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

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, tiﬂ'oxide, tantalum oxide, zirconium;oxide and

'“??siliC6@*oxidenére"knownwquﬂsuitablauoxidekfilm haSabeenpu;-~-

used depending upon the required propertieé.

220 _ Titénium oxide and zirconium oxide are excellent in

i the chemical stability, but they tend to form a _

% ctystalline £ilm, and the surface roughness tends to be
%"' substantial;'whérebfﬂthe*ﬁrigtionﬂinwsliding-contact-is S

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

i



v
P e L I
.

TONPNEUUY WS DRp Y

R PR

T I S A T

15

20

SRARR ATERNT - m

NPT E O T TN TR S [ YA

25

P[!“"

_4-
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

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

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

" one member-selected:from:the grouprconsisting of 2Zr, Ti, ~.wmesww

‘an-oxide containing-—-at--least-one member selected from-the -
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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
?index n-of-the £ilm. |

- Figure 1(e) is a graph showing the relation of the
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atomic ratio of Zr and B in a formed film relative to the
atomic ratio of Zr and B ;n the target composition, when
a ZrBxOy film_ié 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 amorphous 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 11 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 inventiom at the read
out portion of the bar cord reader.

The present invention is.based on diséovery that an

amorphous oxide containing at least one member selected

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

and at least one member selected from the group
consisting of B and Si, is a thin f£ilm which is excellent
in the scratch resistance, the abrasion resistance and
the chemical durability and which alsc has freeness for
optical design. -

Pable 1 shows'éhe properties of various amorphous
oxide films of the present invention. Each film was

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

sputtering by using a target having the composition as

L By 1y o W e LR L SR
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identified in Table i. ' The cryséallinity was determined
by a Ehin film X-ray diffraction analysis. The scratch
resistance was determined Sy the abiasion test by means
of an abrasive eraser.’ Symbol O means that no
substantial scratch mark was observed, and x means that
scratch marks easily formed.

The abrasion réSistance 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 mofe than 4%, and x means that the haze
exceeded 4%. |

The acid resistance was determiﬁed by immersion in
0.1N H3S04 for 240 hours. Symbol-C) means that the
change in Tv (visible light'tfﬁnSmittancé)'éna Rv
(visible light reflectivity) as between before and after
the immersion was within 1%, A means that the change was

from 1 to 4%, 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 -

was within 1%, and x means that the £ilm was dissolvéd.

~The-boiliﬁg test- was-conducted by immersing the test: -

'piece in water of 100°C fér 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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Table 1
Sam~ |Target ' [Target :'l:mi Film compogition ]Acid |[Alka~ }|Boll- }Scra- |Abra~ [Refrac-—|Crysta-|Notes
ple constitu- |[composi- :t:ogg : resis |11 ing teh sion tive 1linity
Nos. ting ftion Tatmos— * .. tance |resis [test resis jresis [index
substances phere) ) .B(x) s1(1i) oly) tance tance |tance .
....... Com- |z« Jzr 100 - _ : Crysta-|2r0;
_ para- ) : . . ' l1line |[film
- |tive - 1 1 _ 1o o] o x x 2.14
Exam-— '
ple
1 |ze-2cn, 3r90-B10 - . ]o.045} _ |2.07] O 0 0 x x 2.1 |crysta-
) . ' lline
2 %r-%rB2 2r70-B30 0.4 | _ 222 O O O @) o 2.05 |amor-
' ' ' phous
3 2c-%rB;  [2r50-BS0  |DC 0.22| _ |2a33] O o) o) o) 0 2.0 -|Amoc- .
. |sputtering : : . phous
s [oe]
4 %r-2¢By %r40-B60 (Ar + 02) | 0.72 _ |3.08} O 0o O] 0] (0] 1.85 |Amor- |[ZrByOy '
’ phous £ilm
5 ZrBy Zr33-B67 “foes| _ l3.49] A o} o} o o 1.80 |Amor— '
: : _ phous
6 Zriz-B 2r20~B80 “tare ] _ l4e7] x | x x o] o) 1.70 |Amor-
' ‘ phous
7 |uresiy lar3s-sis7 “f _ li47]49s] O o) o) O O | 1.735 [amor- [zesi,o0p
: ; phous Eilm
8 %rBy-%c8iy |%r33-B33- 0.22 | 0,92 | 4,17 0] (0] o } O O 1.741 |Amor—
- 8133 : ' phous 2rB,Si,0y
— s
— 9 %ZrB3-%Zr8iz~ | 2r20~-B20- "'l 0.22 | 2.23 | 6.78 (@] o o o o 1.626 |Amor- |Eilm
=-"-' E" si si60 . phous
E .
I 0
N
—_—
[0}
m—
——
—0
—
8
=9




Table 1 (continued
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gam- [Targat Target :llml Film composition }Acid |Alka~ |Boll- ]|Scra~ JAbra~ |Refrac-|Crysta-]Notes
ple constitu~ [composi~ orming regis |14 ing tch sion tive llinity
: method
Nos, ting tion (atmos- . tance |resis |test resis Jresis ]index
subatances phete) B(x) 8i(z) | o(y) tange tance jtance
10 %rBy-2rSlp- | Zr5-BS- pc 0.22| 9 }20,33] O o o O o 1.51 |amor- |2rB,S81;0,
si 8190 sputtering ‘ phous £ilm
n T1817 1133-8167 |(Ar + 0;) _ | 32]s84] O o o} 0 O | 1.658 |mmor- |Tisi,0,
. ' ' phous £11m
12 2rB;-3r0z |3r33-B4- |RP 0.045) _ 207 O (@ O x x 2.1 |crysta-
063 sputtering liine
13 %rBy-%r03 |%r33-B32- |(Ar + 0z) | .0.22 - | 2331 O el O O o 2.0 |Amor-~ |ZrB,Oy
Q35 phous £ilm
14 ZrDy-3r0; |%r33-B63-~ 099 | _ |3.49] & o} o} o) o} 1.80 |Amor-
04 ’ phous
! )
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With respect to a ZrBygOy £ilm, it is evident from -

T W TR TR ST .
: ) ",. .\‘i=

Table 1 that a crystalline £ilm tends to form when the

o

: 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,

-if 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 ZrOz 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
<A
-
&
:

g
b3
b3
b d
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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
in Figure 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 I}as éxcellent scratch resistance and
abrésion resistance, and the.refractive index can freely
be controlied by adjusting the amoﬁnt'of B, and it is an
amorphous oxide £ilm suitable for the purpose of the
present invention.

Furthef, as shown in Table 1, the acid resistance and
the alkali_resistance ténd to deteriorate with an
increase in the content of B in the film.. When x = 1,
the ‘acid resistance becomes poor, and when x > 1.5, thé

alkali resistance becomes poor and the boiling test

"+ result. shows  a -deteriorations: Accordingly, in-an:

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

‘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

—_—
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improved.' Furﬁher,l it is possible to control the
refractive index by adjusting the amount of B.

= Furthermore, as compared with the Zr0O; film, 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,
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 Replaced
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applications as a low refractive index film.

A ZrBxSizOy film is also suitable for the purpose of

the present inveniton. With respect to the atomic ratio

N . x of B, the atomic ratio z of Si and the atomic ratio y
5 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
10 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

15 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 tends-to be chemically unstable when the atomic :

ratio x' of B to Si in the B-Si-0 oxide exceeds 0.25. Y
 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,gZSngy

£ilm. . | —_—
This Sheet Has Bee :
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‘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 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

Sheet Has Been Replaced
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as a zirconium boride single sysEem, a zirconium silicide
single syétem, a zirconiuq boride—meﬁal zirconium mixed
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

This Sheet Has Been Replaced
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from 10 to 90 atomié $ of B. Likewise, the relation
between the desired f£ilm and the corresponding
composition of the target or the electrode, is shown in

Table 2.

- —
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Table 2
‘|Pesired film - Neceééary composition of the target (electrode ) (atomic %)
composition '
Non-oxide target . ' Oxide and non-oxide
- Oxide t t (tablet
(electrode) x4 arget (ta ). mixture target
ZrByOy Zr 90-10 Zr 31-4 r- 4-90
0.05 = x'= 3 B 10-90 B 3-35 B 3-90
2<y = 6.5 0 66-61 0 0-66
2rB,0y : Zr 90-33 Zr 31-12 Zr 12-90
0.05 = x = 1.0, |B 10-67 | 3-25 B 3-67
2<y = 3.5 0O 66-63 O 0-66
ZrSiz0y Zr 90-5 Zr 30-1. Zr 1-90
0.05 = z = 19 8i 10-95 Si 3-32 Si 3-95
2.1 = y < 40 ' 0 about 67 0 0-67
2rB,Siz0y ar 90-5 ar 30-1 Zr . 1-90
0.05 = x + z B + 8i 10-95 B + 8i 3-32 B + Si 3-95
z2<19 Provided when 0.66-67 Provided when
2 <y< 40 9%r < B, Provided when 9%r < B,
Provided when B < 0.258i + 92r 9%r < B, B < 0.258i + 92r
= x > 3, B < 0,258i + 92r
—& |[x = 0.25z + 3
- — _
—
=7
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Otherwise, the film-forming may 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 target or a zirconium oxide~boron

T ————

oxide-silicon oxide target. In this respect, preferred

ot b

compositional ranges of targets are shown in Table 2.
“-ownarz IR & case- where- the reactive sputtering is ‘conducted -

using a non-oxide target, 1f 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 concentration 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 f£ilm to a
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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 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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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 |
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

a case where a multi-~layered 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
conditions and can not gene;ally be defined. Those
mentioned in Table 1 are specific examples of such
dompositiohs. | '

. Phe 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 szlxcon, zirconium boride, zxrcon;um

T e sxlzczde, zlrconlum oxzde.(lncluszve of 21rcon1a e e

stabilized or partlally 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 higg pressure pressing, or by
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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 rhodium, 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
f«:ubm:may,ﬁﬁs.such,:bewapplied7to4va£iousJarticles-where-highau
‘durability 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, Bf, Sn, Ta and In and at least one member

selected from the group consisting of B and Si.
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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 glass

or plastic, numeral 2 indicates a first layer made of a

metal, nitride, carbide, boride, oxide, silicide or a

mixture thereof, and numeral 3 indicates a second layer

of an amorphous oxide f£ilm constituting the outermost

layer exposed to air, i.e. an amorphous oxide £ilm

composed essentially of an oxide 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.

Pigure 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

transparent dielectric f£film, numeral 12 indicates a

second layer of e.g. a nitride film similar to the first

.~substrate 1, numeral Xl indicates:.a.first layer. of:a:-iv.:&7

layer in Figure 2, and numeral 13 indicates a third layer

of an amorphous oxide film constituting the ocutermost

layer-exposed to alr. - -

o0 e e .

These embodiments have a multl-layered structure as

be inserted between the substrate 1 and the first layer

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

or the first layer 2 and the second layer 3 of Figure 2,

IR
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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 ZrBxOy wherein x is 0.05 < x < 1.0, and y is 2 = 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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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 considératidn 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

- Coating over a large area is required for e.g.
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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~£ilm7mit 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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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 ‘of such a dielectric film 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

~~~--." ~such. a- dielectric-has-a-large-refractive: 1ndex, it dse. s amn s
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refractive indices of the first iayer 11 and the third

layer 13 should preferably be selected within a range of

from 2.0 to 2.5, but they may be outside this range so

'long as the optical f£ilm thicknesses are within the

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

absorption of visible.lighﬁs 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
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

containing B and/or Si; particularly zirconium nitride,

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

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 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. In order to suppress the

reflection color due to.an interference, it is preferred
. = s
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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
5 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 virtue
| 10 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
15 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 Ehree layéréd film{ the reflectance can be

=~ ‘n . réduced by adjusting‘the refractive .index and the-film -

thickness by forming an additional layer between the
E 20 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
“*~additiona1-1ayer; 'it-iS'ppssible to employ-a ‘low . . -
refractive index fiim 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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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 such an oxide film. However, ZnO 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 Ulfsubstfate;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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layer exposed to aie of the optiaal 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 tonme.
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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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‘?O%: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
- /
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| transparent substrate, numerel 22 indicates a heat

_radiation shielding £ilm, end humeral 23 indicates an

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

| The most significant feature of the embodiment of

5 Figufe 4 is to form an oxide film having a refractive

index of at most 2.0 as the outermost layer exposed to
air. .If the.refractive index of the oxide £ilm of the
outermost lajer exposed to air eteeeds 2.0, the
reflectance for v151ble llghts tends to be high.

j 10. 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%. Thus, the refractive index of the oxide film 23 is
preferabiy at most 2;0, moie pfeferably at most 1.8, most

15 preferably at most 1.7.

There is no particular restriction as to the £ilm
material fer such an oxide £ilm 23 so long as it has high
v-»durablllty and a refractive index of at most 2.0... .:.:,

However, among amorphous oxide fllms composed essentlally'

of an oxide containing at least one member selected from
~ the group consisting of Zr; Ti, BE, Sn, Ta and In and at
leaet one member selected from the group consisting of B
<.and . Si according to.the present .invention, . the one .. ..
wherein n is at mosf 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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ZrSizOy wherein z is 0.22 = 2z < 19 and y is 2.44 < y

< 40 and a film of erxSizoy wherein x, z and y are 0.05

éx*z,z<19ana2<y<40prov1deuwhenx>3,x

< 3+ 0.25Z and n = 2.0, are most suitable for

-applications where high durability is required, since

they are exsellent'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
Zr and at least one of ﬁ or Si, has been described as_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

contain other components to improve the durability, to

- adjust the optical properties or to improve the speed and

the stabiiity for the film—ferming. Further, the oxide
tilm"-23'of the heat radiation shielding glass of Figure 4 -
may not hecessarily be completely 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

- thickness of the oxide-layer 23. However, if the ILayer-.--

is. too thin, no adequate durability will be obtained.

lTherefore, the thickness is preferably at least 50 A,

more preferably at least 100 A, most preferably at.least
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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 purpose or the desired
specification. Specificaily, a film composed essentially
of one member selected from the group consisting of
15 titaniuh, chromium, zirégnium, tantalum, hafnium,
titanium nitride, chromium nitride, zirconium nitride,

tantalum nitirde and hafnium nitride, is preferred, since

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.. ..

E visible 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
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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

L 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

~—~-formation .of .the..coating..£ilm,. and..the.neutral color.. ...
4 Reans that the valué of this coloi'chgnge is at most

7;§ 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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reflection ¢o;or maf be différenﬁ as between the surface
on which a coating'film i; formed and the surface on
which no sﬁch £film is fomred. In such a case, the
neutral color means the larger value.

5 When the heat radiation shielding f£ilm 22 is a

nitride £ilm, an oxide £ilm may be formed between the
glass substrate and the nitridé film in order to reduce
£he inteznal stréss of the nitride £ilm and thereby to
increase the adhesion with-thé_glass substrate. As

| 10 another method of incfeasiﬁg 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 ions are 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
injected,:énd'thereafter.a titanium nitride £ilm is
;EH'E#fﬁrmeé, théreby a-tifanium nitride film having strong:.
:_ adhesion is obtainable as the heat radiation shielding

b 20 fiim 22.

3 In the heat radiation shielding giass of Figure 4,

the oxide £ilm 23'as the outermost layer exposed to air,

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

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 radlatlon 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 registance, 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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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 automobiies or building construction where
a £ilm coveging'a large area ie 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 durablllty over the heat radiation
‘shielding glass shown in Figure 4. Namely, thls 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
Eigu:e~4.- The low tefractive—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 sefves to reduce the reflectance and to

reduce the color due. to interference of the reflection.

.It is preferred to form a thin metal layer prlor to the
.10 formation of such an oxz.de fJ.lm 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 pfotectif:e film 34 constituting the third layer
which has not only physical durability but also chemical
stability, a f£ilm of ZrByOy wherein x is 0.05 = x = 1.0
and'y is 2 < y < 3.5, a £ilm of ZrSi Oy wherein z is
%0505 S z < 19 and y is-2.1 S y < 40 and a film 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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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 preferably.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 thereof, in view of

the high heat radiation absorptive or refléctive _

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

 £ilm éS"dfrFigurew4¢L1- . T e ' PR

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 it is useful as a window glass. It is

't;;-available as a heat radiation shielding glass which is

k- Neutral with respect to both the transmission color and

- the reflection color.
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When a éhromium Exynitride £film is used as the heat
radiation shielding f£ilm, ;hé resistance is high (at
least 1 MQ/0) as compared ﬁith a titanium nitride £ilm,
which 15 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 preéent invéntion. Namely, it is a novel heat |

10 radiation shielding afticlé 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
h“utranséarent-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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With respect to the layered_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 lajer 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
iayer will be a transparent oxide layer 42, and an
amorphous oxlde £ilm 44 is coated as a protective layer
on the transparent oxlde layer 42 as the 2n + 1 layer.
The n va;ue-of the 2n + 1 layer }s 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 shreld;ng article of Figure 6 may vary
depending upon the material used but is generally within

the following range. Namely, as the first layer, the

EwthicknesS=is~from-200ﬁto.600'A& asxthe::2n-+ 1 layer:which-.. .:-

is the outermost layer of the 2n + 1 layer coatings, the
thickness is from 100 to 400 &, 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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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 preferably be at least about 60 A.

There is no particular restriction as to the

Shielding article of Figure 6. However, it is preferred
> to employ the amorphous oxide £ilm 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

- amorphous .oxide £ilm .to be used for.the heat.radiation ... . .
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least one member sel.ected from the -group consisting of B
and Si. .

More preferably, the amorphous oxide £ilm may be made
of an oxide containing 2Zr .and at. least one of B and Si;
Particularly, a film of ZrB4Oy 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 2ZrSizOy 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
0.05 < x + 2z, 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.

. 'fl‘he amorphous oxi_.d_e protective film of 'Fi‘gure 6 may
bé substituted 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,

<vgince 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 iriterpose" a- transparent -oxide layer -between -

the amorphous oxide £ilm and the silver layer.

The thickness of the amorphous oxide £ilm 44 in

f. Figure 6 is prefefably from 100 to 500 A, more preferably

from 200 to 400 A, although it is necessary to adjust it
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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

attain 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

5,15 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
e -~ 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 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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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 £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
‘“?fBrfthg*deterioratibn"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
: grain boundaries is utilized as a barrier agéinst

diffusion, whereby the durability is believed to be
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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

5 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.

10 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 compafed.with'the conQentional article. Purther, 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
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composed of one c; more layers iﬁcluding a metal layer
and other glass sheet are lamianted with a plastic
interlayer disposed therebetween with such a transparent
conductive £ilm located iﬁside, 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~selecéed-froﬁvthewgroup1consi§ting~of B and Si. - e ae—
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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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.

10 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 .

i{ls, the above-mentloned palstic lnterlayer 53, an amorphous

oxlde f11m 58 as a barrler formed by the amorphous oxlde 

£ilm of the present invention such as a ZrBxOy £ilm
if~::havin§:a 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 Been
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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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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
:20 .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

-

eet Has Been Replaced

T \\\l Il




-52-

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

5 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

10 Comparative Examples. The results are shown in Table 3.
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Table 3

Layered structures (The numerical values
indicate layer thicknesses (1).)

After UV irradiation
for 100 hours

'Turbidity
Cbmpara- PVB/ITO/GlaSS
tive ' . 500 Nil
Examples
PVB/8n0y/Glass
500 Nil
' PVB/%n0/ Ag/ %nO/ Glass |
450 100 450 Observed
PVB/Sn02/ Ag/ SnOz/ Glass
450 100 450 Observed
Examples |PVB/ 2rByOy/ 2%n0/ Ag/ %Zn0Q/ Glass
50 450 100 450 : Nil
PVB/ ZrBxOy/ %Zn0/ Rg/ a-Si/ 8n0z/ SiOp/ Glass
50 400 200 4000 6000 800 Nil
PVB/ ZrByxOy/ Ag/ a-Si/ Sn0O2/ SiOz/ Glass
400 200 4000 6000 800 Nil

-gg -
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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
& iy 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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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 film, 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 shleldlng glass prepared by a process whereby

_l the optlcal propertles of the article with high

10 durability of the present 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

15 building construction. 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
i radiation shielding layer is oxidized. The degree of the
oxidation can hardly be controlled by the techniéueMﬂ;“*--
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
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prevent such oxidation of the heat radiation shielding
1ayer} on the heat radiation shielding layer, prior to
the formation of an oxide f£ilm on the heat radiation
shielding layer. |

Figure 9 is a cross—sectional viewibf an embodiment
of a heat radiation shieldiﬁg glass prepared by such a
process, wherein a referehce numeral 81 indicates a
substrate qade of transparent or colored glass or
plastic, numeral 82 is a heat radiation shielding film
made of e.g. a metal, a nigride, a carbide, an absorptive
oxide of a mixture thereof,'numgral 83 indicates an
oxidation barrier f£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 film 82. 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 film or a nitride film
capable of being formed from a target useful also for the

heat radiation reflectlng £ilm or for the oxide film

formed on the- atmospherlc-alr side; is preferred in view - e

'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 reflecting £ilm 82 will be oxidized

when the outermbst oxide ﬁilm 4 is formed by reactive
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sputtering. On the other hand, if the film is too thick,
it will remain as not comnletely oxidized, whereby the
t-ansmittance 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 8l

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 .waever, the oxide £ilm 84 is not limited.to such
8peci£ic examples and may contain other components to
improée the durability; to adjust the optical properties

:or_toiimprove the speed and the stability for the f£ilm-
formingi The.okide film of the present invention may ‘not’

;.Zq necessarily be transparent and may be an absorptive film

: in an oxygen-lacking state or may contain a small amount
of nitrogen or carbon.

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

an oxide film is excellent in the scratch resistance and
—
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in the chemical stability.  When the oxide film 84

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

B3
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
10 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 preferably 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 mést '
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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

Sheet Has Been Replaced

"I




10

15

_60_

82 such as Ti will be partially oxidized to form TiOaz,

whereby the reflectance increases, 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 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
radiation reflecting film, whereby the adhesion between
the oxidation barrier layer 83 and the oxide f£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

structure will be the same as a double layered structure
from the optical point of view.
For eiémple,'when a ZrByxOy film is to be formed as -

the oxide film, it is possible to constantly obtain a

heat radiation shielding glass having a structure of

substrate/heat radiation reflecting £ilm/ZrByOy 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 ZrBxOy 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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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,
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and the substrate may have a curved shape or any other
shape. From the viewpoint of safety, a glass eubstrate
is praferably the one strengthened by air cooling
reinforcement or chemical reinforcement, or the one

treated by lamination to prevent scattering of glase

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

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

optical properties or to improve the speed and the

stability for film-forming. : —
' ‘ This Sheet Has Be
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The contents of B and/or Si and the thickness of the

scratch resistant protective film 91 are suitablly

selected depending upon the particular purpose of the

transparent sheet. For example, in the case of glass to
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.

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,
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
energf of particles reaching the.substrate is high, and
it is ﬁossible 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 level 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
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substrate. Further, depeding upon the particular
purpose, it is also effective to reduce the frictional
coefficient by coating a thin organic lubricating £ilm on
the protective £ilm 91. As an application of the scratch

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
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,
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 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 Pigures 2 and 3. -

EXAMPLE 1

A glass substrate was placed in a vacuum chamber of a

~ sputtering apparatus, and the vacuum chamber was

evacuated to a pressure of 1 x 10-6 Torr. A gas mixture
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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
5 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 =
10 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

15 gléss thus obtained, were 53%, 42%,'6% and 28%,

respectively. The f£ilm was immersed in a 1N hydrochloric
E 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 transmittance 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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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 10-6 Torr. A gas mixture of argon and
oxygen was 1ntroduced 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 (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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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
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
(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 vaéuum 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

obtained was about 1.5%. The durability was excellent as

in the case of Example 1.

EXAMPLE S

A glass substrate was placed in a vacuum chamber of a

sputtering apparatus. The chamber was evacuated to a

- pressure-of 1 x 1076 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 (%r:B =

70:30) was Subjected to RF (radio freguency) magnetron

sputtering to form an amorphous oxide £ilm 2rBxOy (first
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layer 2 = 0.14, v = 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.
lThen, a titanium target was subjected to high freguency
5 magneﬁron 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.
10 “The visible light transmittance Tv and the solar
energy transmittange Te of the _samp.le 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 660.A. Then, the gas was
.changed to a gas mixture of argon and nit:ogen, and the
.pressure was adjusteﬁ to 2 x 10-3 Torf.: Then, a titaniﬁm
target was subjectéd to high frequency magnetron

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

T




- 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 EXAMELE 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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gas mixture of argoﬁ and nitrogen, and the pressure was
adjusted to 2 x 10-3 Torr;_ Then, a tltanium target was
subjectea to hlgh frecuency magnetron snu;teflng 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 tﬁickneés 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 given.
EXAMPLE 7

" a glass substrate was placgd in a vacuum chamber of a
sputtering apparatus. The chamber was evﬁcuated to a
pressure oE 1 x 10-6 Torr. As a glass substrate, a blue
glasstsubstrate having a thickness of 4 mm was used. The
same glass'substraté waélused also in Example 8 et éeq.
Then, a gas mikturé of argon and'nitrogen was introduced
to bring the pressﬁ:e to 2 x 10-3 Torr. Then, titanium.
was subjected to reactive sputtering to forﬁ titanium

nitride (first layer) in 2 thickness of about 20 A.

¥ Then, the gas was changed to a gas mixtﬁre of argon and
=i oxygen, and the pressure was adjusted to 2 x 10-3 Torr.
3 Then, a ZrBz target was subjected to reactive sputtering

i Lo form an oxide film comprising zirconium and boron
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.(second layer) in a thickness ofzabout 200 A. The
visible light transmittancg Tv, .the the solar energy
transmittance TE, The visible light reflectance on the
coating surface Rvr, the visible light reflectance on the

5 glass surface RvG and color changes in the transmlttance

and in the reflectance

.% 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
Qfsubjected.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

s
i
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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.

The optical ptbperties Tv, TE, RVF, RvVG and the color
! changes in the transmittance and in the reflectance of
the heat radiation shielding glass 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

Subjected .to reactive sputtering to form an oxide film
(2rBySizOy) containing zirconium, boron and silicon
(second layer x = 0.99} z2 = 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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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
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; targeﬁ was subjected to
reactive sputtering to form an oxide £ilm coﬁtaining 

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 Rve of
these glasses, there was no substantial difference among
chromium,'kifanium and zirconium, and they were 72%, 58%,
11ls aﬁd 10%, respectively. The color changes in the
transmission color and the reflection colar weré 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 5 and 9 will be given.

"EXAMPLE 11

In the same manner as in Example 7, titanium nitride

(flrst layer) was formed in a thickness of 20 A. Then,
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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 argen and oxygen,
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 éas 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 325041 0.1N NaOH and water of 100°C for 200 hours,
=200 heurs and two hours, respectiveiy. In each case, the
changee 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 sefatch.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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.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,
59%, 10% and 9%, respectively. Its durability was as
excellent as in Example il. |
EXAMPLE 13 |

In the same manner es in Example 11, 20 A 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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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 changéd 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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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 & as the fourth layer, and a ZnO film
was forﬁed in a thickness of iOO A as the fifth layer.
Then, also in the same manner as in Examplé 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 tranémittance was 80;1%, and no change was
observed 5& visual iﬁspection. 'The same sample was left .

to stand 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 manner as in'Example 14, a ZnO f£film 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
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thereon. The visible light transmittance of the sample
thus obtained was 78.4s. 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
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intentionally put on the sﬁrface of the £ilm, and the
sample was left to stand for 19 hours, whereupon the
large pinholés were formed at the finger printed portion.
The same sample was left ﬁo stand in a weatherometer for -
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,
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 5 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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£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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pressure of 1 x 10-6 Torr. Bs a glass substrate, a blue
glass substrate havzng a thlckness 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

‘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.
Then, a Zr-B target (ir:B s 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 transmittanee Te, The visible Iight
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 neat radiation 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

Sheet Has Been Replaced

TR




- 82 -—
. . ,
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 durability test was conducted in the same

e
—_—
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excellent properties as in Example 17.
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Our Ref.: EA-8364(6875)

i : ASAHI GLASS COMPANY .l .
toplicant 5 £ | l-_ll!llllcl 0RO

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
' 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.
| - ' This Sheet Has Been R\,ﬂ aced
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8. The article with high durability according 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

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

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

E made'of an amorphous oxide f£ilm accord1no to any one of
- Claims 1 to 4. | —_
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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,_wheréin 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 essent1a1]y of ZrS1ZOJ wherein z is 0.05 %z <19 and y
is 2.1<y£40.,

© 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,
j which are laminated with a plastic interlayer disposed therebe-
; tween, wherein an amorphous oxide film composed essentially of
; an oxide containing at Jeast one member selected from the group
i-cdnsisting of Zr, Ti, Hf,:Sn, Ta and In and at least one member
; selected from the group consisting of B and Si, is disposed

B between said transparent conductive film and said plastic inter-
;TTayer.

R 15, 2 building or transportaztion means having windows
-iprovided with a windowpane which comprises a transparent
f substrate and one or more thin film layers formed
itherecn, wherein the oﬁtermost layer exposed to air is
fmcue of an amorphous oxide f£ilm composed essentizlly of
ian oxide containing at least._.one member se‘eﬁteﬂ from tne
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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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 ZrSi 0, wherein z is 0.05€ z <19 and y is
2.1£y<40.
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21. A process for producing an article with high
durability, which comﬁrises:

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

forming an oxidation barrier £ilm so as to protect

said heat radi 'ion reflecting £ilm from being oxidized

when the amorphous oxide £ilm is subsequently formed on

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

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 group consisting of Zr, Ti, Ef, Sa, Ta,

and In.
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