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r+1%DC SPUTTERI NG NETHOD AND TABGET FOR PRODUCI NG FI LMS BA\ ON SILICON
DI OXt DE The, present’ i-nvention relates to a method and targ or
sputtering . and notably to a target material to be used for |de
transparent thin filmconprising silicon dioxide as the main c onent by a
DC sputtering method and a method for ﬂorn1ng a filmconprising silicon

di oxi de as the main conponent, using this target, as well as a

_mul ti-layered
: AA-630 (F90-42)

DESCRIPTION
% ' FILM COMPRISING SILICON DIOXIDE AS THE MAIN COMPONENT
AND METHOD FOR ITS PRODUCTION

¥ TECHENICAL FIELD

The present inveqtion relates to a target material to
be used for forming aﬁ~oxide transparent thin film
comprising silicon dioxide as the main component by a
sputtering method and a f£ilm comprising silicon dioxide

10 as the main component, formed by means of this target, as
well as a multi-layered film usiﬁg such a £film.

BACKGROUND ART

Heretofore, it has beén known to employ silicon
~dioxide or magnesium fluoride for a transparent thin film
15 having a low refractive index. Such a thin f£ilm can be
formed by a vacuum deposition method or a coating method.
However, such film-forming methods are hardly applicable
to formation of films on substrates with large areas and
can not be used in a case where it is required to form a
20 film with a large area such as in the case of glass for
automobiles or for buildings. A DC sputtering method is
most suitable for forming a f£ilm with a large area.
However, there has been no target material suitable for
providing a transparent thin film having a low fefractive
25 index. Thus, it has been impossible to obtain a desired

thin f£film by means of a DC sputtering method capable of

—_
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i1.musing such a film Background Art Heretofore, it has been known to
npl oy silicon dioxide or magnesium fluoride for a transparent thin film
aving a low refractive index. Such a thin filmcan be formed by a vacuum
eposition nmethod (JP-A-55110127, JP-A-62073202) or a coating nethod.
owever, such filmform ng nmethodg are hardly applicable to formation of
ilms on substrates with |arge areas and can not be used in a case where it

s requirgpoéoeLg&glg’ in order to form a silicon dioxide thin
film by a DC sputtering me;hod, it is conceivable to
i employ a method wherein an electrically conductive Si
térget is subjected to réactive sputtering in an oxygen-
5 _ containing atmosphere to form a silicon dioxide thin
film. However, the surface of such Si target is oxidized
during the sputtering, whereby the conducti#ity
decreases, and sputtering can hardly be continued under a
stabilized condition. Further, the formed silicon
10 dioxide thin film has had a drawback that it is not
durable against alkalinity.
Further, heretofore known as typical examples of a
reflection preventive layer to be formed on the surface
of a substrate for optics such és camera lenses, eye

glasses or optical displays in order to reduce the

surface reg}ection of such optics, are a single-layered
anti-reflective film obtained by forming a thin £ilm with
a low refractive index to have an optical film thickness
of Ao/4 (Ao: designed wave length, the same applies
hereinafter), a double~layered anti-reflective film
obtained by forming substances with low and high two
types of refractive indices to have optical thicknesses
of Ao/4 - Ao/2 sequentially from the air side, a three-
layered anti-reflective £ilm obtained by fb:ming
substances with low, high and intermediate three types of
refractive indices to have optical film thicknesses of

Ao/4 ~ Ao/2 - Ao/4 seguentially from the air side, and a
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filmwith a |arge area such as in the case of glass for autonobiles or for
buil dings. A DC sputtering nmethod is nost suitable for forming a filmwth
a large area. However, there has been no target material suitable for
providing a transparent thin filmhaving a low refractive index. Thus, it
has been inpossible to obtain_aesired thin filmby nmeans of a DC
sputtering nethod capable of formng a filmwith a |arge area.

four-layered anti-reflective film obtained by laminating
substances wifh low, high, intermediate and low
reffactive indices from the air side to have optical film
lthicknesses of Zo/4 - do/2 - Ao/4 - 2o/2, respectively.

5 On the other hand, with respect to application of such
multi-layered reflection preventive films, a demand for
large size commercial products such as show windows for
shops has recently been seen in addition to a demand for
the above—ﬁentioned small size products such as camera

10 lenses, eye glasses or optical displays. However, since
the low refractive index material used for such multi-
layered reflection preventive films, such as MgF, or
Si0,, is an insulating material, it is difficult to form
such films by a DC sputtering method which is

15 advantageous for a large size i.e. large area coating
rfrom the viewpoint of productivity. Usually, a vapor
deposition method is employed for fiim—formation of such
low refractive index substances. Therefore, there is no
problem with respect to small size products such as

20 camera lenses or eye glasses. However, with respect to a
product with a large area, there is a problem such that
it is necessary to éontrol the f£ilm thickness uniformly.
As a means for forming MgF, or Si0O, into a film by a
‘sputtering method, a methéd is available wherein £ilm

25 | forming is conducted by a R.F. (high frequency)
sputtering method employihg a target made of a compound
of MgF, or SiO,. However, this method requires a time
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-2- For exanple, in order to forma silicon dioxide thin filmby a DC
sputtering nethod, it is conceivable to enploy a nethod wherein an
el ectrically conductive Si target is subjected to reactive sputtering in an

oxygen-
-~ 4 -

and costs for the preparation of the target, and the R.F.
sputtering method itself is not entirely reliable from
the viewpoint of the stability in-préduction over a long
period of time. As another means for forming Mng or
5 Si0, into a film by a sputtering method, it is
conceivable to form a f£ilm from a Mg or Si target by a
reactive sputteting method. However, in the case of
MgF,, it is necessary to use fluorine which is a
corrosive gas, and there is a problem in the maintenance
10 of the apparatus. In the case of SiO,, there is no such
problem since the sputtering gas is oxygen, but since Si
is semiconductor, DC sputtering tends to be difficult,
and the film-forming speed is usually slow, whereby the
production time is prolonged, which is disadvantageous
15 from the viewpoint of costs.
Glass sheets as transparent material are chemically
stable, excellent in the surface hardness, durable at a
high temperature at a level of from 500°C to 700°C and
excellent also in the electrically insulating properties
5 20 and optical properties, and they are used not only as
window glass material for buildings, vehicles and air
crafts but also for optical parts, electrical parts,
electronic parts, etc. In particular, an electrically
conductive glass sheet having a conductive coating f£ilm
25 " formed on a glass sheet surface is employed as an
amorphous solar cell substrate or as a display element

such as a liquid display element, an electrochromic
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éntaining atnosphere to forma silicon dioxide thin film However, the
urface of such Si target is oxidized during the sputtering, whereby the
onductivity decreases, and sputtering can hardly be continued under a
tabilized condition. Further, the formed silicon dioxide thin filmhas had
drawback that it is not durable ggginst al kalinity. Further, heretofore
nown as typical exanples of a .

element or an electric field light emitting element.
Soda lime silica glass sheets which are inexpensive and
‘most commonly employed, tend to be used as glass
substrates for such electrically conductive glass sheets.
5 However, such soda lime silica glass sheets contain from

iO to 20 wts of an alkali component such as sodium or
potassium. Accordingly, they have a drawback that when
used.fpr a long period of time, the coated conductive
film undergoes a property deterioration due to the

.10 diffusion of alkali ions to the surface from the glass
substrate. For example, turbidity is likely to form in
the conductive film of the electrically conductive glass
sheet, whereby the transparency is likely to decrease, or
the electric resistance of the conductive film is likely

15 to increase, or the chemicophysical durability tends to
deteriorate. Namely, in a liquid crystal display
element, an oxidation-reduction reaction takes place at
the display electrode surface due to the alkali diffused
from glass, whereby an indium.oxide film (ITO £ilm) or a

20 tin oxide film (nesa f£ilm) is modified, and the liquid
crystal itself undergoes electrolysis and deteriorates.
Also in an electrochromic element, electrodes are likely
.to wear out for the same reason, which causes a
deterioration of the durability of tungsten oxide or

25 molybdenum oxide as the electrochromic material, whereby
the element tends to deteriorate. Likewise, in the case

of an electric field light emitting element, an alkali
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flection preventive layer to be fornmed on the surface of a substrate for
ptics such as canera | enses, eye glasses or optical displays in order to
educe the surface reflection of such optics, are a single-I|ayered
nti-reflective filmobtained by forming a thin filmwith a lowrefractive
ndex to have an optical filmthickness of [err] [err] designed wave
ength, the sane applies herein& Ter), a double-layered anti-reflective

IIn:)ozed out of the glass surface by diffusion is likely to
penetrate through a conductive film into the light
emitting material, whereby the light emitting efficiency
or the emitted color is likely to be changed. Further,
in the case of an amorphous solar ceil, the electric
resistance of the conductive film tends to increase,
whereby the photoelectric conversion efficiency is likely
to be substantially lowered. In some cases, the.alkali
penetrated through the electrodes is likely to diffuse
into the amorphous silicon, thus leading to a
deterioration of the conversion efficiency.

Otherwise, alkali-containing glass such as soda lime
silica glass has a tendency such that when it is treated
at a high temperature, alkali ions tend to readily
migrate. Therefore, there is a drawback that due to
diffusion of alkali ions during a high temperature
treatment forithe preparation of conductive glass or

various coated glass, the performance of the conductive

film or the coated film tends to deteriorate.
RO A typical method for solving such a drawback is a

method of forming a certain thin film capable of

preventing the alkali diffusion, on the surface of usual.
soda lime silica glass, and a silica film is commonly
employed for this purpose. A silicon oxide £ilm (such as
25 .a §i0, film) is used for preventing the alkali diffusion

for such reasons that the film is amorphous and when

another thin film such as a conductive film is to be
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obt ai ned by form ng substances with | ow and high two types of
i ndi ces to have optical thicknesses of [err] - [err] sequentially fromthe

refractive

air side, a three- layered anti-reflective film obtained by form ng
refractive

substances with I ow, high and internedi ate three types of

i ndi ces to have opti cal filn1th%cgnesses of [err] sequentially fromthe air

side, and a

formed thereon, it is possible to form substantially the

same film as formed on glass. The refractive index of
the silicon oxide film is close to that of glass although

it is slightly lower than glass, and it is transparent to

5 1light usually in a wider range than a glass sheet,
whereby the transparency of glass will not thereby be

impaired.

However, while a conductive f£ilm to be formed on an

alkali barrier film is usually formed by a DC sputtering

10 method capable of forming a uniform film over a large

area at a high speed, the silicon oxide film can not be

formed by such a DC sputtering method, because if it is

attempted to form the silicon oxide £ilm by a DC

sputtering method using a Si target, the surface of the

15 Si target tends to be oxidized, whéreby the electric

conductivity will deteriorate, and sputtering can not be

continued under a stabilized condition. Therefqre}

silicon oxide f£ilm used to be formed by a RF sputtering

method or a CVD (chemical vapor deposition) method using

20 an oxide target.

Therefore, separately from the method of forming the

conductive £ilm, it is required to conduct tuning of the

RF sputtering or control of the sputtering atmosphere for

the silicon dioxide film, or it is required to form a
25 £ilm by the CVD method using a separate apparatus,

whereby it is impossible to continuously form the

conductive film and the silicon dioxide f£ilm in line, and
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3- four-layered anti-reflective filmobtained by | am nating substances

ith low, high, internediate and low refractive indices fromthe air side

o have optical filmthicknesses of [err] respectively. On the other hand,
Wi th respect to application of such

_8._.

thus there has been a problem that the productivity is
poor.

As is well known, a number of proposals have been
made for the technique for preparing functioﬁal glass by

5 applying a coatiné 31 on the surface of glass 30, as
shown in Figure 3. For example, an interference filter,
a reflection preventive film, a heat radiation reflecting
glass, a transpérent conductive glass, an electromagnetic
wave shielding glass and an electric heating.wiﬁdshield

10 9glass may be mentioned. 1In the transparent conductive
glass, the heat mirror, the electromagnetic shielding
glass and the electric heating windshield glass among
them, a transparent oxide conductor is formed as a main
constituting layer 31 in many cases. Particularly,

15 indiﬁm—tin oxide (ITO), fluorine—doped tin oxide (Sn0,: F)
or aluminum-doped zinc oxide (ZnO:Al) is used in many
cases. Further, as an ultraviolet cutting glass, a
product having a zinc oxide (ZnO) layer coated as an
ultraviolet absorbing layer on the surface of glass, may

20 be mentioned.

However, each of these transparent oxide materials
has a refractive index of from 1.8 to 2.2 which is large
as compared with glass, -whereby the reflectance will be
high at é wavelength satisfying the interference

25 conditions. This will be observed as the maximum

(ripple) in a spectral reflection (transmission)

spectrum. Accordingly, when a thin f£film of such material
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|ti-layered reflection preventive filnms, a demand for |arge size
mmer ci al products such as show wi ndows for shops has recently been seen
addition to a denand for the above-nentioned small size products such as
anera | enses, eye glasses or optical displays. However, since the | ow
efractive index material used for _sych multi- layered reflection-
reventive films, such as [err] or [&rr], is an insulating material, it is
ifficult to form
is coated on a glass sheet having a large area, the
wavelength at the maximum reflection is shifted due to a
variation (irregularity) of the in-plane f£ilm thickness,
which will be recognized by eyes as color shading_bf the
5 reflected color. '
An extremely high_levei of technique is required to
control the film thickness distribution on a glass
surface within 5% by vapor deposition or CVD when a
glass sheet of 1 m x 1 m is taken for example, although
10 it depends also on the method for forming the film.
According to our sﬁudy, in a case where the film
thickness distribution is assumed to be at the above
level, the in-plane color shading reaches a problematic
level when the above-mentioned transparent oxide film is
15 formed on the glass substrate in a thickness of 0.15 um
or more. 6n the other hand, as the film thickness
increases, chromaticness of the reflected color
decreases, and with a thickness of 0.6 gm or more,
colorfulness tends to decrease. However, for the
20 colorfulness to decrease sufficiently to a level where it
can hardly be recognized as color shading, the film
thickness is required to be at least 3 um, preferably at
least . 5 um.
Further, even if the film thickness distribution can
25 Dbe controlled uniformly, the large ripple in the spectrum

still remains and will be recognized by eyes as a

colorful color. If this is formed on a large sized
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;éuch films by a DC sputtering nmethod which is advantageous for a |large size
7i.e. large area coating fromthe viewpoint of productivity. Usually, a
.vapor deposition nethod is enployed for filmformation of such | ow
refractive index substances. Therefore, there is no problemw th respect to
:smal | size products such as canmera | enses or eye gl asses. However, wth
frespect to a product with a large Mt ea, there is a problem such that

glass, the maximum reflection wavelength is shifted

depending upon the sight angle i.e. the angle between the

The Sttt Sabheidis e rna

glass surface and the line of sight, whereby the color
changes, which is again recognized has color shading.

5 Accordingly, it is desired to minimize the ripple in the

spectrum itself.
When the film thickness is less than 0.15 um, the
variation in the film thickness distribution will be 75

A, whereby no substantial in-plane color shading will be

recognized, but the color shading due to the sight angle
will still be a problem.

Thus, when a transparent film with a high refractive
index is formed on a glass substrate in a thickness
exceeding a certain level, the glass exhibits glaring
(color shading) depending upon the in-plane fi;m
thickness distribution or the change in the sight angle,
whereby the commercial value may substantially be
impaired.

Some proposals have been made to prevent such color
shading. Japanese Examined Patent Publication No.
39535/1988 proposes to use an infrared reflecting

substance as a high refractive index transparent £ilm and

to provide a layer having a refractive index n 1.7 -

1.8 to the glass and a £ilm thickness d = 0.64 0.080

p#m. There is no particular suggestion for the specific

means of providing this layer, but vacuum vapor

deposition or atmospheric pressure CVD is exemplified,
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it is necessary to control the filmthickness uniformy. As a nmeans for’
formng [err] or [err] into a filmby a sputtering nethod, a nethod is
avai l abl e wherein filmformng is conducted by a R F. (high frequency)
sputtering nmethod enploying a target nmade of a conpound of [err] or [err].
However, this nmethod requires a tine

and it is described that atmospheric pressure CVD is
advantageous taking the coating on a large sized glass
sheet into consideration, and only atmospheric CVD is
described in Examples.

5 In Japanese Uneiamined Patent Publication No.
201046/1989, a technique of forming SiCxOy is shown as a
practical means for forming this primer layer. This is a
method wherein a float method is assumed for the process
for production of a sheet glass, and a gas mixture

10 comprising silane, én unsaturated hydrocarbon compound
and carbon dioxide is blown to the glass surface in a tin
tank furnace. This is basically a method for forming an
intermediate refractive index transparent f£ilm by
_atmospheric pressure CVD.

15 Film-forming by atmospheric ﬁressure CVD is very
effective particularly from the viewpoint of costs in a
case where a large amount of glass is treated
continuously (so-called on-line) in the process for its
production. On the other hand, it has a drawback that it

20 1is unsuitable for forming a multi-layered f£ilm or for the
prodﬁction of various kinds in small amounts. Therefore,
it 'is now common to employ a production system of a

sputtering method for the production of heat radiation

reflecting glass for automobiles or buildings. The
'sputtering method has merits such that it is excellent in
the control and the uniformity of the film thickness, and

production of various products in small amounts or
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4- and costs for the preparation of the target, and the R F. sputtering
nmethod itself is not entirely reliable fromthe viewpoint of the stability
i n production over a long period of tinme. As another neans for form ng
[err] or [err] into a filmby a sputtering nethod, it is conceivable to

10

15

20

25

orma filmfroma My or Si targetlzby a

forming of a multi-layered film is easy. Further, it has
an additional merit that its combination with other
vacuum-film forming means such as vapor deposition or
plasma CVD is easy from the viewpoint of désign of
apparatus. Therefore, it has been desired to prepare an
intermediate refractive index undercoating £ilm for
preventing iridescence, by sputtering. On the other
hand, the sputtering method has drawbacks that the film-
forming speed is slow, and the cost is high. Therefore,
a study is actively conducted to increase the film-
forming speed by sputtering. It is the most serious
drawback of the system that the film-forming speed is
extremely slow when a metal oxide coating £ilm is formed
by reactive sputtering from a metal target, and.it has
been consideréd difficult to form a film of an
intermediate refractive indéx transparent material which
is stable and excellent in the durability, at a high
speed by sputtering.

DISCLOSURE OF THE INVENTION

A first object of the present invention is to solve
the above problems and to provide a method for forming a
low réfractive index oxide transparent thin £ilm
comprising silicon dioxide as the main component by a
reactive DC sputtering method capable of forming a £ilm
with a large area, a target material to be used for the
method, and a film comprising silicon dioxide as the main
component, which is formed by the reactive DC sputtering

//
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reactive sputtering nethod. However, in the case of [err], it is necessary
.to use fluorine which is a corrosive gas, and there is a problemin the
.mai nt enance of the apparatus. |In the case of [err], there is no such
probl em since the sputtering gas is oxygen, but since Si is sem conductor,
DC sputtering tends to be difficult, and the filmformng speed is usually
sl ow, whereby the production tinre 13 -prolonged, which is di sadvant ageous

method. A further object is to overcome the low alkali
resistance of a silicon dioxide thin film.
The present invention provides a target for
sputtering, whiqh is capable of solving problems of the
5 low alkali resistance of a silicon oxide thin f£ilm and
the decrease of electric conductivity due to surface
oxidation during the sputtering of Si target. Namely, it
provides a target for sputtering comprising Si as the
main component, which contains at least one member
10 selected from ir, Ti, Ta} Hf, Mo, W, Nb, Sn, In, La and
Cr in a total amount of from 4 to 35 atoms relative to
from 65 to 96 atoms of Si.
In the present invention, the total content of Zr,
Ti, Ta, Hf, Mo, W, Nb, Sn, In, La, Cr, etc. is preferably
15 from 4 atomic % to 35 atomic % based on the total amount
including Si. Particularly preferred is a total content
of from 4 atomic $ to 15 atomic % for the reason that the
refractive index of a thin film thereby formed will be
very low at a level of not higher than 1.6. If the

20 content of Zr, etc. is less than 4 atodmic %, it becomes

difficult to conduct sputtering gnder a stabilized
condition due to surface oxidation of the target, and the
alkali resistance of the resulting thin fiim (e.g. a Si-
Zr-O0 type) will be poor. 1If the content of Zr, etc. is
larger than 35 atomic %, the refractive index of the
resulting thin film tends to be high, such being

undesirable in a case where-a film with a low refractive
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®Vvi ewpoi nt of costs. G ass sheets as transparent material are

i’y stable, excellent in the surface hardness, durable at a high
ature at a level of from[err] to [err] and excellent also in the
ically insulating properties and optical properties, and they are

ot only as w ndow glass material .for buildings, vehicles and air
but also for optical parts, eledfrical parts,

10

15

20

25

index is to be formed.

A uniform f£ilm can be formed when sputtering is
conducted using the target of the present invention in an
atmosphere of a mixture of Ar and oxygen under a vacuum
of from 1 x 103 to 1 x 10°2 Torr. The target of the
present invention is electrically conductive, and yet
surface oxidation of the target during éputtering is
minimum, whereby film-forming can be conducted by means
of a DC sputtering method, and a uniform £ilm over a
large area can be formed at a high speed. Of course, the-
target of the present invention is capable of forming a
similar film also by means of a high frequency (RF)
sputtering method or the like. |

In the foregoing, a non-oxide target has been
described. However, a low refractive index film of the
present invention can likewise be formed by conducting RF
sputtering using an oxide target comprising Sioz_as the
main cbmponent, which contains at least one member
selected from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and
Cr in a total amount of from 4 to 35 atoms relative to
from 65 to 96 atoms of Si.

Further, a low refractive index film of the present
invention can also be formed by a vapor deposition method
such as vacuum vapor deposition or ion plating using, as
a tablet, a material comprising §i0, as the main
component, which contains at least one member selected

from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr in a

L
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ctronic pafts, etc. In particular, an electrically conductive gl ass

et having a conductive coating filmfornmed on a glass sheet surface is
|l oyed as an anorphous solar cell substrate or as a display el enment such
a liquid display elenent, an electrochromc

- 15 -
total amount of from 4 to 35 atoms relative to from 65 to
95 atoms of Si.
The target or tablet of the present invention can be
prepared, for example, by the following method. For
5 example, in a case of a Si-Zr type target or tablet, the
target or tablet of the present invention can be formed
by subjecting a powder mixture of at least two members
selected from a zirconium silicide or silicon metal,
zirconium metal, zirconium silicide and zirconium oxide
10 (inclusive of zirconia stabilized or partially stabilized
by an addition of from 3 to 8 molg of ¥,0,, Cal, MgO,
etc.) to high temperature high pressure pressing, high
pressure pressing or high pressure pressing,'followed by
baking. In such case, the particle size of the powder is
15 suitably from 0.05 um to 40 gm. Further, the above
target may contain iron, aluﬁinum, magnesium, calcium,
yttrium, manganese and hydrogen in a total amount of at
most 3 wt%. Carbon may be contained in an amount of at
most 20 wt3, since carbon is converted to CO, and
20 disappears during the film-forming. Further, the target
of the present invention exhibits similar effects even
when copper, vanadium, cobalt, rhodium, iridium, etc. are
included at a level of impurities.
Table 1 shows the properties of films formed by
.conducting reactive DC sputtering in an atmosphere of a
mixture of Ar and 0, using various non-oxide targets of

the present invention. Table 1 also shows some examples
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lS- el ement or an electric field light emtting elenment. -Soda lime silica
gl ass sheets which are inexpensive and nost commonly enpl oyed, tend to be
used as gl ass substrates for such electrically conductive gl ass sheets.

However,

al kal i

such soda line silica glass sheets contain from10 to 20 wt % of an

conponent such as sodi um or potaSS|un1 Accordingly, they have a

dr awback that when

10

15

20

25

in which film—-forming is conducted by reactive RF
sputtering using other targets, for the purpose of
comparison. With respect to the films formed by using
various targets, the compositional ratio of the
constitﬁting substances, such as the ratio of e.g. Zr to
Si, in the target was substantially maiﬁtained in the
films. |

With respect to the alkali resistance of f£ilm in
Table 1, a film was immersed in 0.1N NaOH at room
temperature for 240 hours, whereupon the one wherein the
change in the film thickness was within 10% relative to
the thickness prior to the immersion was evaluated to be
O, and the one wherein the film was dissolved, was
evaluated to be X.

A film was formed in a film thickness of 1000 A using
as a substrate a soda-lime glass sheet prepared by a
float method, and it was used as a sample for evaluation.
The film thickness was obtained by measuring by a Taly
step method a step prepared by a mask during the film-
forming. |

With respect to the acid resistance, a film was
immersed in a 0.1N H,S0, aqueous solution at room

temperature for 240 hours, whereupon the one in which the

change in the film thickness was within 10% relafive to

the thickness before the immersion was evaluated to be
O. Further, with respect to the water resistance, a

film was immersed. in distilled water at 100°C under 1 atm
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sed for a long period of time, the coated conductive filmundergoes a
roperty deterioration due to the diffusion of alkali ions to the surface
romthe glass substrate. For exanple, turbidity is likely to formin the
onductive filmof the electrically conductive gl ass sheet, whereby the
ransparency is likely to decrease, or the electric resistance of the
onductive filmis likely to increadd, or the chemni cophysical durability
ends to

—~

for 2 hours, whereupon the one wherein the change of the
film thickness was within 10% relative to the thickness
before the immersion, was evaluated to be O.
As shown in Table 1, the refractive indices of the
5 oxide films formed by using the targets of the.present
invention are from 1.47 to 1.74, which are very small as
compared with the oxide films prepared by using the
targets as shown in Comparative Examples 1 to 4. As
shown by Examples 3, 4, 6 and 8 of.the present invention,
10 those wherein Si is at least 90 atomic %, have refractive
indices of at most 1.5, which were substantially the same
as the refractive index of the Si0, film. Besides, the
films prepared by using the-targets of the present-

invention were excellent also in the alkali resistance.
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degeriorate. Nanely, in a liquid crystal display elenent, an
ox§dati on-reduction reaction takes place at the display el ectrode surface

dug

fi
it

to the alkali diffused from gl ass, -whereby an indiumoxide film(ITO
m or atin oxide film(nesa film is nodified, and the liquid crystal
bel f undergoes el ectrolysis and deteriorates. Also in an electrochromc

el gment, electrodes are likely to wegy out for the same reason, which
caWses a
Table 1
. Refractive Alkali Acid ' Water
Composition ] . .
Sample No. index of resistance |resistance }jresistance
of target .
£ilm of f£ilm of film of £ilm

Comparative

Zr 2.1 O O O
Example 1
Comparative .

Ti 2.3 O O @)
Example 2
Comparative .

Ta 2.2 O O O
Example 3
Comparative Sn 2.0 C) C) ()
Example 4
Comparative .

Si 1.46 X O O
Example 5
Example 1 67S1i-33%r 1.74 _ O O O
Example 2 80Si-202r 1.57 O _ O O
Example 3 905i-102Zr 1.49 O O . O
Example 4 95Si-5Zr 1.47 O O O
Example 5 | 67Si~33Ti 1.66 o) O o)
Example 6 90Si~10Ti 1.51 O O O
Example 7 67Si-33Bf 1.75 O O O
Example 8 90Si~10Hf 1.49 O O O

-
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eterioration of the durability of tungsten oxide or nol ybdenum oxi de as
he el ectrochrom c material, whereby the elenent tends to deteriorate.

i kewi se, in the case of an electric field light emtting el enent, an

| kal i oozed out of the glass surface by diffusion is likely to

- 19 -

Further, with respect to the Si0O, film formed in
Comparative Example 5 and the 10Zr-90SiOyx f£ilm formed in
Example 3, hardness and internal stress were measured.

The hardness was measured by a dynamic super fine

5 hardness meﬁer {load: 1 g, indenter point angle: 115, DH:
115) manufactured by Shimadzu Corporation with respect to
the above films in a film thickness of 1000 A, whereby
the sioz film of Comparative Example 5 had a relative
value of 499, whereas the 10Zr-90SiOyx film of Example 3

10 had a value of 614 and thus was found to be very hard.
With respect to the internal stress, the Si0O, film of
Comparative Example 5 had a value of 10!° dyn/cm?,
~whereas the 10Zr-908i0x f£ilm of Example 3 had a value of
not higher than 10% dyn/cm? and thus was found to have a
15 very small internal stress.

In the non—-oxide target of the present invention,
most of Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In, La, Cr, etc.
in the target are present in the form of silicon
compounds, and Sn is present in the form of a Si-Sn

20 alloy. Thus, their activities to oxygen are small as

compared with Si, and they are hardly oxidized, whereby

they serve to prevent the decrease of the electric
conductivity due to surface oxidation of the target. A
second object of the present invention is to overcome the
above drawbacks inherent to the prior art by ﬁsing the
above described film comprising silicon dioxide as the

main component and to provide a large size reflection
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netrate through a conductive filminto the light emtting material,
ereby the light emtting efficiency or the emtted color is likely to be
anged. Further, in the case of an anorphous solar cell, the electric

rgsi stance of the conductive filmtends to increase, whereby the

otoel ectric conversion efficiency bs likely to be substantially | owered.
sone cases, the alkali penetratea through the electrodes is likely to

ffuse
preventive film which is useful for buildings or

automobiles, at low costs. Namely, the present invention
has been made to solve the above~mentioned problems and
provides a anti-reflective film having a low refractive

5 index film at least at the outermost layer as counted
from the air side, wherein the above low refractive index
film is a film comprising as the main component a
composite oxide containing Si and at least one member
selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In, La and

10 Cr.

The point of observation in the present invention is
that in a compbsite oxide containing Si and at least one
member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In,
La and Cr, such as a ZrSiyOz film, the refractive index

15 changes continuously as the proportion of Si changes.
Specifically, in a eriyoz system, as the atomic ratio y
of Si to Zr increases from 0 to 9.0, the refractive index
decreases continuously from 2.1 to 1l.5.

Table 2 shows refractive indices of films made of

20 composite oxides. In each case, film-forming was
conducted by reactive sputtering by using a target having

a composition as identified in-the Table.

e T
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iﬁto t he anorphous silicon, thus leading to a deterioration of the
conversion efficiency. herw se, alkali-containing glass such as soda |ine
silica glass has a tendency such that when it is treated at a high
tenperature, alkali ions tend to readily mgrate. Therefore, there is-a
drawback that due to diffusion of alkali ions during a high tenperature
treatnent for the preparation ot ggnductive glass or

Table 2
Substances Composition Film composition .
] . Refractive
constituting Jof target .
. index n
target (atomic $&) Si(y) O(z)
Zr-ZrSi, 95Zr-58i | 0.045 2.1 2.13
Zr-ZrSi, 91Zr-9Si 0.1 2.2 2.12
Zr—ZrSi2 80Zr-20Si 0.25 2.5 2.05
Zr—ZrSiz 70Zr-30Si 0.4 2.9 1.92
Zr-ZrSi, | 50%r-508i 1 4 1.75
2rsi, | 33zr-67Si 2.0 6.0 1.71
: ZrSi,~Si | 20Zr-80si 4 10 1.57
ZrSi,~Si | 10zr-90si 9 20 1.50
ZrSiz-Si 52r-958i 19 40 1.47
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arious coated glass, the performance of the conductive filmor the coated’
ilmtends to deteriorate. A typical nmethod for solving such a drawback is
nmet hod of forming a certain thin filmcapable of preventing the alkal

i ffusion, on the surface of usual soda linme silica glass, and a silica
ilmis commonly enpl oyed for thiszgurpose. A silicon oxide film (such as a
err]

R A e

10

15

20

film is used for preventing<ehe al kali diffusion

It should be noted here that with the £ilms having
compositions of Zr,,Siq;0, and ZrgSigs0,, the refractive
index can be as low as 1.5 and 1.47, respectively. These
values are slightly short to the value of 1.46 of Sio,,
but are sufficiently usefui as a material for low
refractive index films for a multi-layered reflection
preventive film. Further, as is different from a SioO,
film, these films are excellent in alkali resistance, and
improvement in the durability can be expected.
Furthermore, when such a Z2ry,Sigg0, £ilm or a ZrgSigg0,
film is formed by a reactive sputtering method, the Zr-Si
alloy used as the target has electric conductivity, as
mentioned above, whereby there is a substantial merit
that DC sputtering can be employed. This is
substantially advantageous as compared with the fact that
usual Si targets are semiconductors, whereby DC
sputtering can hardly be employed. Besides, the film-
forming speed of these films by the reactive sputtering
method is substantially high as compared with the SiO,
film, whereby the production time can be shortened, which
is advantageous also from the viewpoint of costs.

Accordingly, the above-mentioned low refractive index
film comprising silicon dioxide as the main component of
the present invention can be used as a low refractive
index film for various reflection preventive multi-
layered films, such as a single-layered anti-reflective

film formed on a transparent substrate in an optical film
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for such reasons that the filmis anorphous and when another thin film such
as a conductive filmis to be -7- formed thereon, it is possible to form
substantially the same filmas forned on glass. The refractive index of

- 23 -

thickness of Ao (designed wavelength, the same applies
hereinafter), a double-layered anti-reflective £ilm
having two substances having low and high refractive
indices formed in optical film thicknesses of (lo/4 -

5 Ao/2) sequentially from the air side, a three-layered
anti-reflective film having three substances having low,
high and intermediate refractive indices formed in this
order, in optical film thicknesses of (Ao/4'— Ao/2 -
Ao/4) sequentially from the air side, and a four-layered

10 anti-reflective film having substances of low, high,
.intermediate and low refractive .indices overlaid from the

air side in optical f£ilm thicknesses of (lo/4 - 1o0/2 -

Ao/4 - Ao/2), respectively. Further, the reflection
preventive multi-layered f£ilm can be formed continuously
by a physical vapor deposition method without breaking a
vacuum.

Now, let us consider the actual production of a
three-layered anti-reflective film according to the
present invention. A three-layered anti-reflective film
is ﬁidely practically used, since a low reflectance can
thereby be realized within a wide wavelength region
covering the entire visible light region. - In order to
prepare such a three-layered anti-reflective £film
according to the present invention, a ZrSiy0, f£ilm having
an optical film thickness of Ao/4 and a refractive index
of 1.49 is formed on the surface of a substrate as the

first layer counted form the air side. This film having
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he silicon oxide filmis close to that of glass although it is slightly
ower than glass, and it is transparent to light uswally in a w der range
han a gl ass sheet, whereby the transparency of glass will not thereby be
npai red. However, while a conductive filmto be formed on an al kal

arrier filmis usually formed by a DC sputtering nmethod capable of formng
d uniformfilmover a large - 24 - :

a refractive index of 1.49 can be realized simply by
slightly adjusting the above-mentioned composition of
Z2ry9Sigg0z- As a second layer, a ZrSixOz; film having an
optical f£ilm thickness of Ao/2 and a refractive index of
5 2.05 is formed. This film having a refractive index of
2.05 can be realized by adjusting the atomic ratio x of
Si to Zr to a level of about 0.25 according to Table 2.
In this case, the intermediate refractive index required
for the third layer will be about 1.49 x (1.52)%/2 e.q.
10 when the refractive index ng of the substrate (a soda
lime glass plate) is 1.52 and the refractive index of the
ZrSiy0; £film as the first layer is 1.49 according to the
condition for the three-layered anti-reflective f£ilm (n,
= n, - ng'/2). A film having such a refractive index can
15 readily be obtained by adjusting the atomic ratio of Si

to Zr according to Table 2.

Further, a anti-reflective film of more than three
layers may be formed in the same manner by adjusting the
refractive indices of the respective constituting films.

The point for such a multi-layered anti-reflective
film is the material for a low refractive index film.
ﬁere, according to the present invention, a film of a
refractive index of 1.5 can be realized, as described
- above, by adjusting the atomié-ratio y of Si to Zr in
.ZrSiyOz. The refractive index can further be reduced by
ihcreasing y. However, if the proportion of Si is too

large, it becomes difficult to form a f£ilm by a DC
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arEa at a high speed, the silicon oxide fil'mcan not be forned by such a DC
sputtering nethod, because if it is attenpted to formthe silicon oxide
filmby a DC sputtering nethod using a Si target, the surface of the S
target tends to be oxidized, whereby the electric- conductivity wll
deteriorate, and sputtering can not be continued under a stabilized
condition. Therefore, silicon oxide-fpgm-used to be forned by a RF
sputtering '

sputtering method as described above, and further, the
alkali resistance of the film tends to be low. The lower
limit for y as the material for a low refractive index -
film can not strictly be prescribed because it is
5 influenced by the type of the material of a high
refractive index film to be combined. However, if tﬁém
refractive index of this low refractive index material is
too high, the high refractive index material to be
combined tends to be restricted, and the reflection
10 preventive performance is likely to be low. Therefore,
the refractive index is suitably at a level of not higher
than 1.7. Accordingly, the value for y is preferably
within a range of from 2 to 19.
é In the present invention, as a substrate for forming
15 a reflection preventive film, glass, plastics or films
may be employed. It is preferably transparent with a
refractiye index of about from 1.45 to 1.60.
As the material for the high refractive index f£ilm or

for the intermediate refractive index film in the anti-

reflective film of the present invention, the one having
the refractive index increased by reducing the atomic
ratio'y of Si to Zr in the ZrSiyO, may be used as
mentioned above. However, the material is not limited to
such a specific example, and it is possible to use e.g.
-Tioz, Zr0,, ZInS or Ta,0; as a commonly employed high
refractive index material.. However,be using the same

ZrSiy0, for both the high refractive index material and
-
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thod or a CVD (chem cal vapor deposition) nethod using an oxi de target.
erefore, separately fromthe nethod of formng the conductive film it is
rgquired to conduct tuning of the RF sputtering or control of the
uttering atnosphere for the silicon dioxide film or it is required to
fprma filmby the CVD nethod u5|ngsa_separate apparatus, whereby it is
ifrpossi bl e to continuously formith
the low refractive index material, it is possible to
prevent ply separation which is likely to occur between
materials of different types, whereby an effect for
improvement of the adhesive strength can be expected.
5 '~ As a method for preparing a anti-reflective £film in
the present invention, a usual method such as vapor
deposition, sputtering or CVD (chemical vapor deposition)
may be employed. However, in order to sufficiently
obtain the effects of the present invention, it is
10 preferred to employ a sputtering method. Because the
feature of the present invention resides in that a low

4 refractive index f£film can be formed by DC sputtering as

described above. To form a low refractive index £ilm of

the present invention by DC spuftering, an alloy target
of Zr and Si is used as the target, and a gas mixture of
Ar and O, is used for the sputterihg gas. On the other
hand, the high refractive index f£ilm may likely be
prepared by reactive sputtering from the alloy target of
Zr and Si. However, other materials may be employed, so
long as the metal targets of the respective materials are
employed. Further, when a high refractive index film is
to be formed, a conductive material such as sintered ITO
may be employed as the target.
In the foregoing, description was made with respect
' to a film comprising as the main component a composite
oxide containing Si and Zr. However, the éame will apply

to material other than Zr such as Ti, Hf, Sn, Ta or In.

\
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iconductive filmand the silicon dioxide filmin line, and +8- thus there
§has been a problemthat the productivity is poor. As is wel'l known, a
‘nunmber of proposal s have been :

i

- 27 -
A third object of the present invention is to provide

a conductive glass provided with an alkali barrier film
to prevent diffusion of alkali ions from glass of an
alkali-containing glass, by means of the above-mentioned

5 £ilm comprising silicon dioxide as the main component.

Namely, with respect to the above object, the present

invention has been made on the basis of a discovery of a
novel alkali barrier film which can be formed by a DC
sputtering method and provides an electrically conductive

10 glass having an alkali barrier layer for preventing the
diffusion of alkali from an alkali-containing glass and
an electrically conductive layer sequentially formed on
the surface of the alkali-containing glass, wherein the
above alkali barrier layer ié a film comprising as the

15 main component an oxide containing Si and at least one
member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In,
La and Cr, and a process for producing an electrically
conductive glass which comprises forming an alkali
barrier film comprising as the main component, an oxide

20 containing Si and at least one member selected from Zr,

Hf, Nb, Sn, La, Ti, Ta, Mo, W, Cr and In, on the surface
of an alkali-containing glass, followed by forming an
electrically conductive film.

The composition for the alkali barrier film of the
present invention is preferably such that Si is contained
in a proportion of at least 5 atoms of Si relative to 95

atoms in total of metals such as Z2r, Hf, etc. If the
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de for the technique for preparing functional
1 on the surface of glass 30, as shown in Figure 3. For exanple,
interference filter, a reflection preventive film a heat radiation

efl ecting glass, a transparent conductive gl ass, an el ectromagneti c wave
hi el ding gl ass and an electric heating w ndshield glass may be nenti oned.
in the transparent conductive glagg,-the heat mrror,
hi el di ng

10

content of Si is less than this proportion, the £ilm
tends to be crystalline, whereby the alkali barrier
performance tends to remarkably deteriorate. Further, it
is preferred that Si is contained in a proportion of not
more than 96 atoms of Si relative to 4 atoms in total of

metals such as Zr, etc. If the content of Si is higher

~than this proportion, it becomes difficult to form a film

by a DC sputtering under a stabilized condition due to
surface oxidation of the target.

The refractive index of the alkali barrier film of
the present invention can freely be adjusted by
controlling the composition. The change in the

refractive index due to the change of the composition of

" an alkali barrier film is shown in Table 3 with respect

to a case where Zr is used as the metal.

gl ass by applying a coating

the el ectronmagnetic
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ass and the electric heating wi ndshield glass anong them a transparent

¥i de conductor is fornmed as a main constituting layer 31 in nmany cases.
prticularly, indiumtin oxide (1 TO, fluorine-doped tin oxide [err] or

# um num doped zinc oxide [err] i$ used in many cases. Further, as an
itraviolet cutting glass, a product having a zinc oxide (ZnO | ayer coated
an ultraviol et absorbing l~a@ér —on the surface of gl ass, may

Table 3
mic ratio in the o
f£ilm composition of Zr| g,i3ing |Refractive |Crystal- Alka]"l
and Si oxides test *1 {index n linity barrier
- 7r si property *2
’-96 4 O 2.13 Crystalline X
91 9 O 2.12 Amorphous O
80 20 O 2.05 Amorphous O
70 30 O 1.92 Amorphous o
50 50 O 1.75 Amorphous O
33 67 O 1.71 Amorphous O _
20 80 O 1.57 Amorphous O-
10 90 O 1.50 Amorphous O
5 95 O 1.47 Amorphous O

(Film thickness being 1000 A in all cases)

t'*l: A sample was immersed in a water at 100°C under 1 atm
for 2 hours, whereupon the one wherein the changes in
Ty (visible light transmittance) and Ry (visible light
reflectance) were within 1% as compared with those

; before the immersion, was evaluated to be O.

¢ *2: A sample was stored in contact with pure water at 90°C
for 24 hours, whereupon the one wherein the amount of
Na* eluted into pure water was at least 0.8 #g/cm?,
was evaluated to be X, and the one wherein the amount
of such eluted Nat is less than 0.8 wg/cm?, was
evaluated to be O.

This Sheet H

/mmde




r nenti oned. However,

each of these transparent oxide materials has a

fractive index of from1.8 to 2.2 which is large as conpared with gl ass,

10

15

20

25

ereby the refl ectance wll

Accordingly, in the case of an electrically
conductive glass as a transparent electrode plate for
e.g. a display element wherein a transparent electrode
such as an ITO film (an indium oxide f£ilm containing tin)
is formed as an electrically conductive f£ilm, if the
composition of the alkali barrier £ilm of the preSeﬁt
invention is adjusted so that the refractive index will
be the same as the refractive index of such a transparent
electrode, there will be no difference in the refractive
index between the portion where a transparent electrode

pattern is formed on the alkali barrier f£ilm and the

" portion where no transparent electrode is formed and only

the alkali barrier film is formed, whereby the
transparent electrode pattern will not be prominent, and
it is possible to prevent a so-called "see-through"
phenomenon of the transparent electrode pattern. For
example, in an electfically conductive glass having a
structure of glass plate/alkali barrier film composed of
oxides containing Zr and Si/ITO film, the composition may
be controlled to be Zr:Si = 70:30 in accordance with
Table 1 so that the refractive index will be adjusted to
about 1.9 of the refractive index of the ITO £ilm.
Otherwise, in a case where it is desired that the
transparent electrode pattern can be seen for the.purpose
of registration in the production of a display element,
the refractive index can be differentiated from the

refractive index of the ITO £ilm, and the refractive

be high at a wavel ength satisfying the

terference conditions. This will be observed as the maxi mum (ri pple)
ectral reflection (transm ssion) spectrum Accordingly, when a thin film
such materi al - 30 -

in a
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_9_
maxi mumreflection is shifted due to a variation (irregularity) of the
in-plane filmthickness, which will be recogni zed by eyes as col or shadi ng

of the

I's coated on a glass sheet having a |large area, the wavel ength at the

- 31 -

index can be made low by increasing the proportion of Si.
In this manner, the composition of the alkali barrier
fiim of the present invention may suitably be selected
depending upon the refractive index of the conductive
film to be formed thereon.

The film thickness of the alkali barrier f£ilm of the
present invention is preferably at least 50 A so that
adequate alkali barrier pefformance can be obtained.
Especially, a thickness within a range of from 100 A to
5000 A is most practical.

As glass useful for the electrically conductive glass
of the present invention, not only the most commonly
employed soda lime silica glass containing from 10 to 20
wts of Na or K, but also various other alkali-containing
glasses may be mentioned.

In the electricallé conductive glass of the present
invention, the conductive film to be formed on the above-
mentioned alkali barrier £ilm, is not particularly
limited so long as it is a conductive film which is
susceptible to deterioration by alkali ions, for example,
a transpérent conductive oxide film such as an ITO film,
a F- or Sb-doped SnO, film or an Al-doped ZnO film, or a
film of conductive metal such as Ag or Au.

The alkali barrier f£film of an eleétrically conductive
glass of the present invention cén be formed by a DC
sputtering method. Therefore, a f£ilm which is uniform

over a large area can be formed at a high speed under a
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pcted color. An extremely high level of technique is required to

ol the filmthickness distribution on a glass surface within [err] by
)r deposition or CVD when a glass sheet of 1 mx 1 mis taken for

pl e, although it depends also on the nethod for formng the film
brding to our study, in a case where the filmthickness distribution is
med to be at the -above - 32 -

stabilized condition. This means that when a conductive
film to be formed on the alkali barrier f£ilm is formed by
a physical vapor deposition method using a vacuum such as
a DC sputtering method, the alkali barrier £ilm and the
conductive f£ilm can continuously be formed in an in-line
type vacuum process apparatus without breaking the
vacuum, which is particularly advantageous from the
viewpoint of the productivity.

Further, a fourth object of the present invention is
to provide a anti-iridescent glass having prevented
glaring (color shading) which used to be a problem when a
high refractive index transparent film is formed on a
glass substrate in a thickness of at least 0.15 um using
a film comprising silicon dioxide as the main component.

Namely, the present invention provides a anti-
iridescent glass having a high refractive index
transparent thin film with a refractive index n of at
least 1.8 and a thickness d of at least 0.15 um formed on
a glass substrate and having a transparent undercoaﬁing
film wiﬁh n=1.65- 1.8 formed in an optical film
thickness nd = 0.1 - 0.18 um between the high refractive
index transparent thin f£film and the glass substrate,
wherein said transparent undercoating film is a.film
comprising as the main component'a composite oxide
containing Si and at least one member selected from Zr,
Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr.l

Figure 1 shows a cross sectional view of one example _

K
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| evel, the in-plane color shading reaches a problematic |evel when the
above-nentioned transparent oxide filmis formed on the glass substrate in
a thickness of [err] or nore. On the other hand, as the filmthickness

i ncreases, chromaticness of the reflected col or decreases, and with a

t hi ckness of 0.6 [err] or nore, colorful ness tends to decrease. However,
for the colorfulness to decrease3§ufficiently to a level where it

of the anti-iridescent glass of the present invention.
10 indicates a glass substrate, 11 indicates a high
‘refractive index transparent thin f£ilm having n > 1.8 and
d > 15 pgm, and 12 indicates a transparent undercoating
5 film. |
As the high refractive index transparent thin £ilm 11
of the present invention, indium-tin oxide, fluorine-
doped tin oxide or zinc oxide may, for example, be
mentioned. However, it is not limited to such specific
10 examples.
The transparent undercoating £ilm 12 of the present
invention is a thin film having n (refractive index) =

1.65 - 1.8 and nd (optical £ilm thickness) = 0.1 - 0.18

pm to prevent glaring. The constituting material is
preferably a f£ilm comprising as the main component a
composite oxide containing Si and at least one member
selected from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and
Cr, because, such a film can be formed at a high speed by
reactive sputtering by means of a DC -sputtering method in
an oxygen—containing atmosphere using an alloy target
containing Si and metals such as Zr, etc., and it is
excellent in the physical and chemical durability.
Especiall&, a composite oxide containing Zr and Si is
particularly preferred since it is excellent in both acid
' resistance and alkali resistance. Further, a composite

oxide containing Si and metals such as Zr, etc., has a

merit that the refractive index can be adjusted to a
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cad® hardly be recogni zed as col or shading, the filmthickness is required

togpe at least 3 [err], preferably at least 5 [err]. Further, even if the
filgnthickness distribution can be controlled uniformy, the large ripple
inghe spectrumstill remains and will be recognized by eyes as a col orful

r.
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20

If this is formed on a | arge sized

_34_

desired value by controlling the blending ratio. 1In thé
case of a Zr-Si-0 film, in order to obtain n = 1.65 -
1.8, it is advisable to control the amount of Si to at
least 50 atoms and at most 150 atoms, relative to 50
atoms of Zr.

The same effects can be obtained also by a laminated
glass which is prepared by laminating the above-mentioned
anti-iridescent glass on another glass substrate w;th a
plastic interlayer interposed therebetween to form a
structure of glass/transparent undercoating film/high
refractive index transparent thin film/interlayer/glass.

The color shading is caused by the interference of
lights at the upper and lower interfaces of the high
refractive index transparent thin film. Therefore, the
spectrum will have the maximum and the minimum (ripple),
and deviation of the maximum and minimum due to variation
of the film thickness of the high refractive index thin
film is observed as color shading.

And, the transparent undercoating film of the present
invention serves to prevent the reflection at the |
interface between the glass and the high refractive index
transparent thin film. The result-will be as if this
interface has disappeared, whereby there will be no

reflection or interference of lights by transmittance.

' Namely, the ripple in the spectrum disappears, and there

will be no change in the spectrum even if the film

thickness is varied. Strictly speaking, this effect for
_—
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10 - glass, the maximumreflection wavel ength is shifted dependi ng upon
tfhe sight angle i.e. the angle between the glass surface and the |ine of

i ght, whereby the col or changes, which is again recognized has col or

hadi ng. Accordingly, it is desired to mnimze the ripple in the

._35_.
preventing the reflection due to interference of lights
is varied only at a certain one wavelength (main
wavelength), and the ripple remains to some extent at
other wavelengths.

5 Therefore, as a method for more effectively
preventing the ripple, it is preferred to provide a
reflection-preventing transparent top coating £ilm on the
top of the high refractive index transparent thin film as
shown in Figure 2. |

10. Figure 2 is a cross sectional view of another example
of the anti-iridescent glass of the present invention, in
which 20 indicates a glass substrate, 21 indicates a high

refractive index transparent thin film (the same thin

£ilm as 11 in Figure 1), 22 is a transparent undercoating
15 £ilm (the same thin film as 12 in Figure 1) and 23 is a
transparent top coating f£ilm. By this arrangement, it is
possible to diminish interference of lights at both the
upper and lower interfaces of the high refractive index
transparent thin film, whereby it is possible to obtain a
20 anti-iridescent glass which is substantially completely
free from iridescence. |
As such a transparent top coating £ilm 23, the one
having n = 1.35 - 1.55 and nd = 0.045 - 0.075 um, is
preferred. The constitutiﬂg material is not particularlf
25 limited, and SiO, may be used. However, a composite
oxide film containing Si and at least one member selected
from %Zr, Ti, Ta, Bf, Mo, W, Nb, Sn, In, La and Cr, is - :
_\
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spectrumitself. When the filmthickness is less than 0.15 [err], the

variation in the filmthickness distribution will be [err] 7.5 [err] (75
A), whereby no substantial in-plane color shading will be recogni zed, but
the col or shading due to the sight angle will still be a problem Thus,

when a transparent filmwth qjgéﬁLrefractive index is formed on a gl ass
substrate in a thickness

preferred since a film having n = 1.35 - 1.55 can thereby
be formed_at a high speed by a reactive sputtering method
by means of DC sputtering depending upon the
compositional ratio. With respect to a mixed oxide film

5 containing Zr and Si, a composition of at least 80 atoms
.of Si relative to 20 atoms of Zr, is preferred since the
refractive index will thereby be n < 1.55. On the other
hand, if Si is not more thanl96 atoms relative to 4 atoms
or Zr, a decrease of the electric conductivity due to

10 surface oxidation of the alloy target during the reactive
sputtering can be prevented, whereby the reactive
sputtering by a DC sputter can be conducted under a
stabilized condition.

Further, by suitably shifting the main wavelengths

15 A; = 4n,;d; and A, = 4n,d, capable of preventing the
reflection of the above transparent undercoating f£ilm 22
(refractive index: n,, optical film thickness: n,d,) and
transparent top coating film 23 (refractive index: n,,
optical film thickness: n,d,), the wavelength range

20 wherein the remaining ripple is sufficiently controlled,
can be enlarged, and the iridescence-preventing effects
‘can further be improved. For example, by adjusting them
to 4; > 0.55 pm and A, £ 0.55 um, or to 4; £ 0.55 xm and
A, > 0.55 gm, it is possible to sufficiently control the

25 .remaining ripple over a wide visible light wavelength
range.

At that time, it is more preferred that 1; and 1, are _
_ R S
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ceeding a certain level;the glass exhibits glaring (col or shadi ng)

ependi ng upon the in-plane filmthickness distribution or the change in

e sight angle, whereby the commercial value may substantially be '

pai red. Sone proposal s have been nade to prevent such col or shading.

bpanese Exam ned Patent Publication No. 39535/1988 proposes to use an
frared reflecting - 37 -

apart by 0.05 um. Because the ripple at a wavelength in
the vicinity of A, can be controlled by the top coating

layer, while the ripple at a wavelength in the vicinity

T M e A e, e i,

of A, can be controlled by the undercoating film.
Further, when.a color corresponding to a certain
specific wavelength range is undesired, the two
waveléngths may be set within the wavelength range, and
the f£ilm thicknesses of the top coating and undercoating
layers may be adjusted so that they correspond to 4; and
o A,, respectively. For example, when a red color is
undesired, by adjusting the wavelength to A, = 0.58 um-
~ and A, = 0.65 um, it is possible to control the ripple in
this wavelength range.
Such a anti-iridescent glass may be laminated on
?315 another glass substrate with the side on which the thin
film is formed located inside and with a plastié
interlayer interposed_therebetween. Figure 4 is a cross
sectional view of one embodiment of such a anti-
iridescent laminated glass of the present invention. 40
7(20 indicates a glass substrate, 41 indicates a high
refractive index transparent thin film (the same as 1l in
Figure 1 and as 21 in Figure 2), and 42 is a transparent
undercoating film (the same as 12 in Figure 1 and as 22
in Figure 2), 43 is a transparent top coating film, and
25 44 is a plastic interlayer.
In such a case, the transparent top coating fi;m 43

pPreferably has a refractive index n = 0.65 to 1.8 and an
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sgbstance as a high refractive index transparent filmand to provide a

| §yer having a refractive index n = 1.7 - 1.8 to the glass and a film
tickness d = 0.64 - 0.080 [err]. There is no particular suggestion for

t he specific nmeans of providing this |ayer, but vacuum vapor deoosition or

ajnospheric pressure CVD is exenplified,
_38_

optical film thickness nd = 0.1 to 0.18 gm in order to
control the reflection due to .interference at the
interface between the high refractive index transparent
thin £ilm 41 and the plastic interlayer 44. The material
5 may be the saﬁe film as the transparent undercoating film
12.
Further, in the same manner as in the example in

Figure 2, by suitably shifting the main wavelengths A =
4nyd4 and A, = 4n,d4, capable of preventing the reflection

10 of the transparent top coating f£ilm 43 (refractive index:
ny, optical film thickness: nyd;) and transparent
undercoating film 42 (refractive index: n,, optical film
thickness: n,d,), the wavelength range in which the
remaining ripple is sufficiently controlled, can be

'15 enlarged, for instance, by adjusting them to 4; > 0.55 um

and A, < 0.55 pm, or to A3.§ 0.55 gm and A, > 0.55 pm.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 diagrammatically illustrates the cross
section of one embodiment of the present invention. 1In

20 this Figure, 10 indicates a glass substrate, 1l indicates

a high refractive index transparent thin f£ilm, and 12
indicates a transparent undercoating film.
Figure 2 diagrammatically illustrates the cross
section of one embodiment of the present invention. 1In
25 ' this Figure, 20 indicates a glass substrate, 21 indicates
a high refractive index transparent thin £ilm, 22

indicates a transparent undercoating f£ilm, and 23
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anfl it is described that atnospheric pressure CVD is advantageous taking
the coating on a | arge sized glass sheet into consideration, and only
atprospheric CVD is described in Exanples. In Javanese Unexam ned Pat ent
Pupl i cati on No. 201046/1989, a technique of formng [err] is shown as a
prjacti cal nmeans for form ng this_pgéngr | ayer. This is a :

indicates a transparent top coating film.

Figure 3 diagrammatically illustrates the cross

section of a conventional product. 1In this Figure, 30
indicatés a glass substrate and 31 indicates a high
5 refractive index trahsparent thin £ilm.
Figure 4 is a cross section of one examplé of the
anti-iridescent laminated glass of the present invention.
In this Figure, 40 indicates a glass substrate, 41
indicates a high refractive index transparent thin film,
10 42 and 43 indicate the transparent undercoating f£ilm and
the transparent top coating film, and 44 indicates a
plastic interlayer.
Figures 5 and 6 indicate_spectral reflection spectra
of samples in the Example and the Comparative Example.
15 Figure 7 shows the spectral reflection spectra in a
visible region of samples used for the preparation of
reflection preventive films of the present invention. In

the Figure, 1 indicates a spectral reflection curve of

the sample prepared in accordance with Example 1, and 2
20 1indicates a spectral reflection curve of the sample
prepared in accordance with Example 2.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the reflection preventive films of the present
invention will be described with reference to Examples.
25 EXAMPLE 1
On a cathode.of an in-line system magnetron bC

sputtering apparatus, an alloy target of of Zr:Si = 10:90

|

MTRAT
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met hod wherein a fl oat hethod I s assuned for the process for production of
a-sheet glass, and a gas m xture conprising silane, an unsaturated
hydr ocar bon conpound and carbon dioxide is blown to the glass surface in a
tin tank furnace. This is basically a nethod for formng an internediate
refractive index transparent film at nospheric pressure CVD. Filmformng
by atnospheric pressure CVDis very
-and a metal target of Sn were set. A soda lime glass
substrate was thoroughly cleaned by a method such as
polishing and dried and then placed in a vacuum chamber,
which was evacuated to a level of not higher than 1 x 10~
5 ° Torr by an oil diffusion pump. At this time, no |
heating of the substrate was conducfed. Then, 0, gas was
introduced into the vacuum system, and the pressure was
adjusted to 3.0 x 1073 Torr. 1In this state, a power of
2.7 W/cm? was applied to the metal Sn target to form a
10 film of S8nO, (refractive index: 2.0} in a thickness of
1144 A. Then, the atmosphere in the vacuum system was
completely replaced by a gas mixture of Ar:0, = 60:40,
and the pressure was adjusted'to 3.2 x 1073 Torr. 1In
this state, a power of 3.6 W/cm? was applied to the Zr-si
alloy target to form a eriyoz £ilm (refractive index
1.49) in a thickness of 675 A. The film thickness was
controlled in all cases by changing the transportation
speed of the glass substrate passing in front of the
target, but to improve the precision of the film
_thickness, an optical multi-color monitor was used in
combination. The spectral reflection spectrum in the
_visual region of the sample thus prepared is shown by a
dotted line 1 in Figure 7 (the influence from the rear
surface of the glass substrate is removed).
EXAMPLE 2
On the cathode of the in-line system magnetron DC
sputtering apparatus as used in Example 1, an alloy

—
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effective particularly fromthe viewoint of costs in a case where a |arge
anount of glass is treated continuously (so-called on-line) in the process
for its production. On the other hand, it has a drawback that it is
unsuitable for forming a nulti-layered filmor for the production of
various kinds in small amounts. Therefore, it is now common to enploy a
production system of a sputterify Tmethod for the production of heat

radi ation
target of of Zr:Si = 8:2 was set instead of the metal Sn

target. In the same procedure as in Example 1, a ZrSi,0,
film (refractive index: 2.05) having a thickness of 215
A, a 2rSi 0, film (refractive index: 1.49) having a

5 thickness of 165 A&, a ZrSi,0, film (refractive index:
2.05) having thickness of 926 A and 2rsi,0, film
(refractive index: 1.49) having a thickness of 837 A were
sequentially formed on a soda lime glass substrate.
Further, as the f£ilm-forming conditions for this multi-

10 layered reflection preventive film, a gas mixture of
Ar:0, = 7:3 was used as the sputtering gas, and a power
of 7.8 W/cm? was applied to the alloy target of Zr-Si
under a pressure of 3.5 x 1073 Torr. To accurately
control the £ilm thickness, an optical multi-color

15 monitor was used in combination, as in Example 1. The
spectral reflection spectrum in the visible region of the
sample thus prepared is shown by a curve 2 in Figure 7
(the influence from the rear side of the glass substrate
was removed).

20 Now, the Examples for the electrically conductive
glass provided with an alkali barrier film of the present
invention will be described.

EXAMPLE 3
A usual glass sheet (soda-lime silica glass sheet) of

25 10 cm x 10 cm X 3 mm containing 15% of an alkali

component R,0 (R: Na, K) was thoroughly washed with a

washing agent, then washed with water and dried. This_
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reflecting gl ass for autonobiles or buildings. The sputtering nmethod has
merits such that it is excellent in the control and the uniformty of the
filmthickness, and production of various products in small anounts or -
12 - '

- 42 -

glass sheet was placed in a vacuum chamber in a
sputtering apparatus, and the chamber was evacuated to 1
x 1075 Torr. Then, a target comprising Zr and Si
(ir:Si= 10:90) was subjected to DC sputtering in a gas

5 mixture of argon and oxygen under a pressure of 2 x 1073
Torr to form a Zry ,Si; g0, f£ilm in a thickness of about
1000 A.
COMPARATIVE EXAMPLE 1

To the same glass sheet as in Examplg 3, a 5i0, film

10 was formed in a thickness of 1000 A by a CVD method using
SiH, and O, gas. The product of Example 3 and the
product of Comparative Example 1 were respectively
maintained in contact with pure water at 90°C for 24
hours, whereupon the amount of Na* eluted into the pure

15 water was measured to iévestigate the alkali barrier
property, whereby with the product of Example 3, the
amount was 0.60 zg/cm?, and with the product of
Comparative Example 1, the amount was 0.6l yg/cmz.
Further, the product of Example 3 and the product of

20 Comparative Example 1 were respectively washed with 5%
NaOH and then contacted with pure water at room
temperature for 24 hours, whereupon the amount of Nat
eluted into the pure water (the amount of Na* adsorbed
during the above washing) was measured to investigate the

25 alkali absorptivity, whereby with the product of Example
3, the amount was 0.13 ug/cm? and with the product of :

Comparative Example 1, the amount was 0.14 gg/cm?. This
-
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mng of a multi-layered filmis easy. ‘Further, it has an additional

it that its conbination with other vacuumfilmform ng neans such as
goor deposition or plasma CVD is easy fromthe viewpoint of design of
gparatus. Therefore, it has been desired to prepare an internedi ate
ractive index undercoating filmfor preventing iridescence, by
sguttering. On the other hand, the-s@® t~ering nethod has drawbacks that the
| m

indicates that the product of Example 3 has substantially
equal properties as the product of the Comparative
Example. |
EXAMPLE 4

5 In the same manner as in Example 3, a Zry ,8i; 40,
film was formed in a thickness of about 200 A.

EXAMPLE 5

In the same manner as in Example 3 except that as the
target a ZrSi, target (Zr:Si = 1:2) was used, a |

10 2Zrg 338ip (g0, film was formed in a thickness of about
22A.

EXAMPLE 6
In the same manner as in Example 5, a Zr; 338ig 60,
f£ilm was formed in a thickness of about 500 A.

15 The products of Examples 4 to 6 were respectively
stored in contact with pure water at 85°C fbr 24 hours;
whereupon the alkali barrier properties and the alkali
absorptivity were measuréd to obtain the results as shown

in Table 4.

——%—f\
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fgrmng speed is slow, and the cost is high. Therefore, a study is actively.
cpnducted to increase the film formng speed by sputtering. It is the nost
sgrious drawback of the systemthat the filmform ng speed is extrenely
sjow when a netal oxide coating filmis fornmed by reactive sputtering from
agnetal target, and it has been _cqnpsidered difficult to forma filmof an

i pternmedi ate refractive index transparent material which

Example 4
Alkall Alkali
) barrier -
lkali barrier Film roperty adsorptivity
Sample A thickness | > °P Amount of
film . Amount of . :
(B) adsorbed
eluted Nat Nat ( /cmz)
(pg/cm2) #3
; Product of .
Zr Si 0 200 0.63 0.074
Example 4 6.1770.9%2
Product of )
2r Si 0] 200 0.43 0.031
Example 5 0.33°10.66-2 _
Product of )
Zr Si 0 500 0.12 0.047
Example 6 0.33°%0.66-2

NT‘*“~___~__“N‘~
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i s !éble and excellent in the durability, at a high speed by sputtering. A
tering target is found in earlier European Patent Application 0 374

931@: DI SCLOSURE OF THE I NVENTION A first object of the present inyention is
.to @ol ve the above problens and to provide a method for formng a | ow
ref@active i ndex oxide transparent thin filmconprising silicon dioxide as-
t hegmai n conponent by a - 45 -~

w

10

is

20

On each of the products of Examples 3 to 6, an alkali
bérrier film was formed by a DC sputtering method, and
then onlsuch an alkali barrier f£ilm, an ITO film was
continuously formed by a DC sputtering method.
ihereafter, the product was stored at 90°C for 24 hours,
whereby no change was observed on the appearance of the
ITO f£ilm.

Further, in a case where Hf, Nb, Sn or La was used
instead of Zr, the same results as in the above Examples
were obtained, and the alkali barrier property was
observed.

Now, Examples for the anti-iridescent glass of the
present invention will be described.

EXAMPLE 7

A ZrSiyOy film was formed on a glass substrate in a

thickness of 900 A by DC sputtering in an atmosphere of a

mixture of Ar and oxygen under a vacuum of from 1 x 1073

to 1 x 1072 Torr using an alloy target of Zr: SI = 1l:2.

The refractive index of this film was 1.74, which
corresponds to nd = 0.16 um and A, = 0.63 gm. An ITO
thin film was formed thereon in a thickness of 8000 A by
ion plating. With respect to a separate ITO film formed
in the same manner, the refractive index was measured and
found to be 2.0. This sample was designated as Sample 1.
(Strucgﬁ;e of Figure 1)

EXAMPLE 8

On Sample 1, a Si0, film was formed in a thickness of
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rfactive DC sputtering nethod capable of forming-a filmwith a large area,
target material to be used for the nethod . - 13 - The present
ig@vention provides a nmethod for formng a filmconprising silicon

-. 46 -

900 A by vapor deposition. With respect to a ‘'separate
Si0, thin film formed in the same manner, the refractive
index was measured and found to be 1.47, which
corresponds to nd = 0.13 pm and 4, = 0.52 gm. This
5 sample was designated as Sample 2. (Structure of Figure
2)
EXAMPLE 9
Sample 1 was formed into a laminated glass using an
interlayer of PVB (polyvinyl butyral), and the laminated
‘10 glass was designated as Sample 3 (Structure of Figure 4)
EXAMPLE 10

On the ITO film of Sample 1, a ZrSixOp film was

formed in a thickness of 700 A under the same conditions

as in Example 1. The refractive index of this film was
15 1.74, which corresponds to nd = 0.12 um and A, = 0.49 um.

This sample was bonded to another glass with an

interlayer of PVB interposed therebetween to obtain a

laminated glass. This laminated glass was designated as

Sample 4. (Structure of Figure 4) ‘
20 COMPARATIVE EXAMPLE 2

On é glass substrate, an ITO thin film was directly
formed in a thickness of 8000 A by ion plating. The
refractive index of this f£ilm was 2.0. This product was
designated as Sample 5. (Structure of Figure 3)
COMPARATIVE EXAMPLE 3

Sample 5 was bonded to another glass with an

interlayer of PVB interposed therebetween to obtain a
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digxi de as a. main conponentby a DC sputtering nethod in an oxygen

cd@t ai ni ng at nosphere by neans of a target conprising Si- as a main

c onent, which target contains at |east one nmenber selected fromzzZr, Ti,

T H, Mo, W Nb, Sn, In, La and Cr in a total anount of at |east 4 atons
regative to 96 atons of Si. In the present invention, the total content of

Zr¢ Ti, Ta, Ef, Mo, W Nb, Sn, In, Ld7and C is preferably from4 atomc %
_to;35 atomic % based on the total amount :

laminated glass. This laminated glass was designated as
Sample 6.  The spectral reflection spectra of Samples 1,
2 and 5 are shown in Figure 5. In the Figure, 51} 52 and
53 correspond to Samples 1, 2 and 5, respectively. 1In
5 the case where a transparent undercoating f£film was formed
according to the present invention (51), the ripple is
evidently reduced as compared with the case without such
undercoating £ilm (53). This clearly indicates a
iridescence-preventing effect. It is evident that the
10 effect becomes more remarkable when a transparent top
coating f£ilm is provided (52).
The spectral reflection spectra of Samples 3, 4 and 6
are shown in Figure 6. In the Figure, 61, 62 and 63
correspond to Samples 3, 4 and 6, respectively. Like the
15 case of Figure 5, it is evident that the ripple-
| preventing effect is largest when a transparent
undercoating and a transparent top coating f£ilm are
formed on and under the high refractive index transparent
thin £ilm.
20 INDUSTRIAL APPLICABILITY

By using the target of the present invention, a
transparent thin f£ilm having a low refractive index and
being excellent in the alkali resistance can be provided
over a large area at a high speed under a stabilized

" condition. By its combination with a high refractive

index oxide transparent thin f£ilm, the optical design of

a thin film can be simplified.
. This Sheet Has Been Replace
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ding Si. Particularly preferred is a total content of from4 atomc %
5 atomc a for the reason that the refractive index of a thin film

eby formed will be very low at a | evel of not higher than 1.6. If the
ent of Zr, etc. is less than 4 atomic % it becones difficult to

uct sputtering under a stabilizeg condition due to surface oxidation of
target, and the alkali resistanc

of the resulting thin film(e.g. a

Further, the low refractive index film of the present
invention has chemical stability and can be used as an
overcoat for various articles. For example, it is most
suitable for a heat radiation reflective glass for
buildings or vehicles, for a protective plate for the
reader portion of a bar code reader, or for the outermost
layer of a reflection preventive £ilm, an eye glass lens,
etc.

According to the present invention, the f£ilm
comprising silicon dioxide as the main component can be
formed by a DC sputtering method. Therefore, it can be
combined with various physical vapor deposition methods
employing a vacuum (such as vacuum vapor deposition, ion
plating and sputtering). Thus, when a multi-layered film
containing at least one layer of a £ilm comprising
silicon dioxide as the main component; is to be formed,
each layer of such a multi-layered £ilm can be formed
continuously by a physical vapor deposition method
without breaking the vacuum, whereby the production
efficiency can remarkably be improved.

As described in the foregoing, according to the
present invention, it is possible to present a anti-
reflective film with a large area which used to be

difficult to prepare. Especially, in the present

'invention, by using ZrSiy0; f£ilms for both a high

refractive index film and a low refracti?e index film, an

effect for preventing interlaminar peeling can be

\
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Zr type) will be poor. |If the content of Zr, etc. is larger than 35
at@mc % the refractive index of the resulting thin filmtends to be high,
sullh bei ng undesirable in a case where a filmwith a |low refractive - 14
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20

- 49 -

expected. Further, the 2rSiy0; film is non-crystallized
by the addition of Si, and has an improved surface
smoothness, whereby an improvement in the abrasion
resistance is also observed. The ZrSiy0; f£ilm as the
material for a low refractive index f£ilm to be used in
the present invention is excellent in the alkali
resistance as compared with a SiO, film, and believed to
be dense with high hardness, whereby it is effeétive for
an improvement in the chemical resistance of the prepared
reflection preventive multi-layered f£ilm.

As described in the foregoing, according to the
present invention, a multi-layered anti-reflective film
can be prepared by an épparatus for an in~line DC
sputtéring method. And, this in-line DC sputtering
method has a feature that control of the uniformity of
the film thickness over a large area is relatively easy,
and as a result, it is possible to prepare a anti-
reflective film with a large area. Such a énti—
reflective £ilm with a large area can be used for a show
window of a shop, for a casing for a doll, for a front
glass for a picture, etc. Further, the capability of
producing a product with a large area means that small
products can be prepared in a large amount at the same
time. This means a reduction of the production costs.
Specific applications of this type include a front panel
for a display, a cover glass for a solar cell, a lens for

eye glasses, etc.
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index is to be forned. A uniformfilmcan be formed when sputtering is
conducted using the target of the present invention in an atnosphere of a
m xture of Ar and oxygen under a vacuumof from0.13 to 1.3 Pa (1 x [err]
to 1 x [err] Torr). The target of the present invention is electrically
conductive, and yet surface oxidabdon of the target during sputtering is
m ni mum whereby filmformng can be conducted by neans

The electrically conductive glass provided with an
alkali barrier film of the présent invention is
particularly suitable as a display device for e.g. a
liquid crystal device, an‘electrochromic device or an

5 electric field light emitting device, or as-an alkali
diffusion preventive f£ilm for an'electrically conductive
glass to be used for an amorphous solar cell substrate.

As shown from Table 3, it has heat resistance and is

stable and free from deterioration under various

10 environmental conditions during or subsequent to the
production of e.g. such a display device or a solar cell.

Of course, it can be applied for other uses, for example,

for an undercoating when an electrically conductive |

coating £ilm, a heat radiation.reflection preventive
15 coating £ilm, a reflection coating £ilm, a coloring
coating £ilm or a coating film having other various
functions is to be formed on a glass sheet.for various
transportation vehicles such as automobiles, aircrafts or
railway vehicles, for buildings, for various apparatus,
for optical equipments, for electrical parts or for
electronic parts.

Further, when the periphery of a liquid crystal cell
or the like is to be sealed, it is possible to prevent
peeling of a sealing agent by alkali by iﬁterposing an

~alkali barrier f£ilm of the present invention between the
sealing agent and the glass.

Further, the refractive index of the alkali barrier
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of a DC sputtering nethod, and a uniformfilmover a | arge area can be
fornmed at a high speed. O course, the target of the present invention is
capable of formng a simlar filmalso by means of a high frequency (RF)
sputtering nmethod or the |ike.
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film of the present invention can be adjusted to a
desired level by changing the proportions of Si and a
metal such as Zr. Therefore, the alkali barrier £ilm can
be used in a wide range of the above-mentioned various
applications.

Further, the alkali barrier film of the present
invention has a low alkali absorptivity. Therefore, it
can sufficiently be used even when the process for the
production of a liquid crystal cell or the like includes
a step of washing with an alkali-containing solution.

As is evident from the above Examples, in the present
invention, when a high refractive index transparent thin
film is to be formed on a glass substrate in a thickness
beyond a certain degree, it is possible to control the
ripple which appears in the spectrum, by interposing a
transparent undercoating film inbetween.

It is thereby possible to obtain an effect for
preventing color shading (glaring) due to the variation
in the film thickness of the high refractive index thin
film or due to the change of the sight angle. &
remarkable effect can be obtained especially when this is
applied to a glass substrate with a large area.

When a f£ilm comprising as the main component a

composite oxide containing Si and a metal such as Zr or’

"Ti, is used as a transparent undercoating f£ilm or as a

transparent top coating film of the present invention,

- £ilm forming can be conducted by a reflective sputtering
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he target or tablet of the present invention can be prepared, for exanple,

y the follow ng nethod. For exanple, in a case of a Si-Zr type target or
ablet, the target or tablet of the present invention can be forned

by. subj ecting a powder m xture of at |east two nenbers selected froma
zirconiumsilicide or silicon netal, "zirconiumnetal, zirconiumsilicide
and zirconium oxide (inclusive of ghrconia stabilized or partially
stabi'lized

method by means of a DC sputtering method. Accordingly
all thin films including the high refractive index
transparent thin film, can be formed continuously in-line
i.e. to form a anti-iridescent glass by a physical vapor
5 deposition method without breaking the vacuum, whereby
the production efficiency will be remarkably improved.

A high refractive index transparent f£ilm can be

formed without color shading on a glass with a large area
according to the present invention, and it can be applied
10 to applications with a large area without impairing the
appearance, such as for a heat mirror for buildings, an
electromagnetic shielding glass, an automobile electric
heating windshield glass, a transparent conductive
substrate for display, a transparent conductive substrate

15 for a solar cell and an ultraviolet ray cutting glass. °

_
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by gan addition of from3 to 8 mol % of [err], etc.) to high tenperature high
prepsure pressing, high pressure pressing or high pressure pressimg; — —
folg owed by baking. In such case, the particle size of thg RQME&N

suigtably fromO0.05 [err] 40 [err]. Further, the above tar %Ek&'elmmd
i ran, alum num magnesium calcium yttrium nmanganese anﬁmuaw
totial anmount of at nost 3 wt% Carboen gmy be contained in

CLAIMS
1. A film comprising silicon dioxide as the main
component, wherein at least one member selected from ZIr,
Ti, Ta, HEf, Mo, W, Nb, Sn, In, La and Cr, is contained in
5 a total amount of at least 4 atoms relative to 96 atoms
of si.
2. A method for forming a £film comprising silicon
dioxide as the main component, by & DC sputtering method
in an oxygen-containing atmosphere by means of a target
10 comprising Si as the main component, which target
contains at least one member selected from Zr, Ti, Ta,
Hf, Mo, W, Nb, Sn, In, La and Cr in a total amount of at
least 4 atoms relative to 96 atoms of Si.
3. A target for sputtering comprising Si as the main
15 component, which contains at least one member selected
from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr in a
total amount of at least 4 atoms relative to 96 atoms of
Si. .
4. The target for sputtering according to Claim 3, which
20 contains Zr in a proportion of from 4 to 15 atoms
% relative to from 85 to 96 atoms of Si.
5. A multi-layered anti-reflective film having a low
refractive index £ilm at least at the outermost layer as
counted from the air side, wherein the above low
25 refractive index film is a f£ilm comprising as the main
component a composite oxide containing Si and at least

one member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta,

AT




4D8t 20 wt % since carbon is converted to [err] and di sappears during the
filmform ng. Further, the target of the present invention exhibits simlar

ef fects even when copper, vanadi um cobalt, rhodiunnhggmgﬁﬂghagkg,m%&e
included at a level of inpurities. Table 1 shows the [ NS
formed by conducting reactive DC _s_pgateri ng in an at m’, mnlgn'l

. [ I Xture
of Ar and [err] using various non-oxrde targets of
6. An electrically conductive glass having an alkali

In, La and Cr.

barrier layer for prevehting diffusion of alkali from an
alkali-containing glass and an electrically conductive

5 layer sequentially formed on the surface of the alkali-
containing glass, wherein the above alkali barrier layer
is a film comprising as the main component an oxide
containing Si and at least one member selected from Zr,
Ti; Hf, Mo, W, Nb, Sn, Ta, In, La and Cr.

10 7. A anti-iridescent glass having a high refractive
index transparent thin film with a refractive index n of
at least 1.8 and a thickness d of at least 0.15 um formed
on a glass substrate and having a transparent
undercoating film with n = 1.65 - 1.8 formed in an

15 optical £ilm thickness nd = 0.1 - 0.18 um between the

high refractive index transparent thin film and the glass

substrate, wherein said transparent undercoating film is
a film comprising as the main component a composite oxide
containing Si and at least one member.selected from Zr,

20 Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr.

8. A method for contiﬁuously forming a multi-layered
film containing at least one layer comprising silicon
dioxide as the main component and containing at least one
member selected from %Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In,
25 La and Cr by a physical vapor deposition method without

breaking a vacuum.

A




he present invention. Table 1 al so shows, sone exanpl es - 16 - in which

ilmformng is conducted by reacti:ve RF sputtering using other targets,

or the—purpose of conparison. Wth respect to the filns formed by using
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i ous tar'gets the conpositional ratio of the constituting substances,

“h as thﬁlsBl@Tet'msQEen@{eﬁace r to Si, in the target was substantially
nt ai ned

Wth respect to the alkali resistance of filmin
, Msed in 0.1N NaCH at roomtenperature for 240
urs, V\,her wherein the change in the filmthickness was

le 1, a
vmthln 10% rel ative to
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the thrcknzi§+£;L§;S£§;£bgmlgnersion was eval uated to be 0, and the one :
wherein th | I'ssol ved, was evaluated to be X. Afilmwas fornmed in
a filmthi ck_nes% ' eplacedsi Ng as a substrate a soda-1ime glass sheet

prepared by B %Land it was used as a sanple for evaluation. The

filmthicknes by neasuring by a Taly step nethod a step
prepared by a e film

kB

FIGURE 7
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'forning._ﬂi%hf%especr’f"the aci d~resf®t-ance, a filmwas imersed in a 0. 1N
i[-err] aqueous SO utk%&' room tenperaturée for 240 hours, whereupon the one

‘in whi chhi e filmthickness was within 10%relative to the
t hi cknes Sﬁﬁzﬁa M}mversi on was evaluated to be O Further, with respect
to the afilmwas imersed in distilled mater at [err]
under 1 [err] - 55 -
ABSTRACT
The present invention relates to a film comprising
silicon dioxide as the main component, which contains Zr,
etc., and a method for forming it by reactive DC
5 sputtering. It makes it possible to form reflection
preventive films, alkali barrier films and-various multi-
layered films such as multi-layered films for anti-
iridescent glass, which contain said film comprising
silicon dioxide as the main component, by a physical

10 vapor deposition method without breaking a vacuum.




- 17 for 2 .hours, whereupon the one wherein the change of the film
t hi ckhess was mﬁthln 10% rel ative to the thi ckness before the i nmersion,
was evaluated to be O As shown in Table 1, the refractive indices of the

DESCRIPTION

FILM COMPRISING SILICON DIOXIDE AS THE MAIN COMPONENT
AND METEOD FOR ITS PRODUCTION

TECHNICAL FIELD

The present invention relates to a target material to
be used for forming.an oxide transparent thin film
comprising silicon dioxide as the main component by a
sputtering method and a f£ilm comprising silicon-dioxide
as the main component, formed by means of this Earget, as
well as a multi-layered film using such a film. 4

BACKGROUND ART

Heretofore, it has been known to employ silicon
dioxide or magnesium fluoride for a transparent thin film
having a low réfractive index. Such a thin film can be
formed by a vacuum deposition method or a coating method.
However, such film-forminglmethods are ﬁardly applicable
to formation of films on substrates with large areas and
can not be used in a case where it is required to form a
film with a large area such as in the case of glass for
automobiles or for buildings. A DC sputtering method is -
most sﬁitablé for forming a film with a large area.
However, there has been no target.material suitable for
providing a transparent thin film having a low refractive
index. Thus, it has been imposS;ble to obtain a desired
thin £ilm by means of a DC sputtéring method capable of

forming a film with a large area.

This is the replacement sheet-
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oxide films fornmed by using the targets of the present invention are from
1.47 to 1.74, which are very small as conpared with the oxide filns
prepared by using the targets as shown in Conparative Exanples 1 to 4. As
shown by Exanples 3, 4, 6 and 8 of the present invention, those wherein S
Is at least 90 atomc % have refractive indices of at nost 1.5, which were
substantially the sane as the refractive index of the SiQ2 film Besides,

the For example, in order to form a silicon dioxide thin
film by a DC sputtering method, it is conceivable to
employ a method wherein an electrically conductive Si
target is subjected to reactive sputtering in an oxygen-
containing atmosphere to form a éilicon dioxide thin
film. However, the surface of such Si target is oxidized
during the sputtering, whereby the conductivity
decreases, and sputtering can hardly be continued under a
stabilized condition. Further, the formed silicon
dioxide thin £ilm has had a drawback that it is not
durable against alkalinity.

Furthef, heretofore known as typical examples of a
reflection preventive layer to be formed on the surface
of a substrate for optics such as camera lenses, eye
glasses or optical.diéplays ih order to reduce the
surface reflection of such optics, are a single;layered
anti-reflective film obtained by forming a thin film with
a low refractive index to have an optigal £ilm thickness
of 1o/4 (Ao: designed wave length, the same applies-

- hereinafter), a double-layered anti-reflective film
obtained by forming substances with iow'and high two
types of refractive indices to have optical thicknesses
of lo/4 - 2o/2 sequentially f;pm the air side, a th:ee—'
léyered anti-reflective film obtained by forming
‘'substances with low; high and intermediate three types.of
‘refractive indices to have optical film thicknesses of.

Ao/4 - Ao/2 - lo/4 sequentially from the air side, and a

This Sheet Has Been Replaced - o , This ig th.e replacement sheet
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films prepared by using the targets of the present invention were excellent
also in the alkali resistance. -18- [err]

four—-layered anti-reflective f£ilm obtained by laminating
substances with low, high, intermediate and low
refractive indices from the air side to have optical £ilm
thicknesses of Ao/4 - Ao/2 - Ao/4 - Ao/2, respectively.
On the other hand, with respect to application of such
multi-layered reflection preventive films, a demand for
‘large size commercial products_such és show windows for
shops has recently been seen in addition to a demand for
the above—ﬁentioned small size products such as camera
lenses, eye glasses or optical displays. However, since
the low refractive index material used for such multi-
layered reflection preventive films, such as MgF, or
Si0,, is an insulating material, it is difficult to form
such films by a DC sputtering method which is
advantageous for a large size i.e. large area coating
from the viewpoint of productivity. Usually, a vapor
deposition method is employed for film-formation of such
low refractive index substances. Therefore, there is no
problem with respect to small size products such as
camera lenses or eye glasses. However, with respect to a
product with a large area, there is a problem such that
it is necessary tb control the f£ilm thickness uniformly.
As a means for forming MgF, or Si0O, into a film by a
sputtering method, a method is available wherein film
forming is conducted by a R.F. (high frequency)
sputtering method employing a target made of a compound

of MgF, or SiO,. However, this method requires a time

This Sheet Has Been Replac This is the replacement sheet

[T o 4 TEC 0%



- 19 - Further, with respect to the [err] filmfornmed in Conparative
Exanple 5 and the [err] filmformed in Exanple 3, hardness and interna
stress were neasured. The hardness was neasured by a dynam c super fine
hardness neter (load: 1 g, indenter point angle: 115, DE

- 4 -
and costs for the preparation of the target, and the R.F.
séuttering method itself is not entirely reliable from
the viewpoint of the stability in production over a long
period of time. As another means for forming MgF, or
$i0, into a £film by a sputtering method, it is
conceivable to form a film from a Mg or Si target by a
reactive sputtering method. However, in the case of
MgF,, it is necessary to use fluorine which is a
corrosive gas, and theré‘is a problem in the maintenance
of the apparatus. In the case of SiO,, there is no such
problem since the sputtering gas is oxygen, but since Si
is semiconductor, DC sputtering tends to be difficult,
and the film-forming speed is usually slow, whereby the
production time is prolonged, which is disadvantageous
from the viewpoint of costs.

Glass sheets as transparent material are chemically
stable, excellent in the surface hardness, durable at a
high temperature at a level of from 500°C to 700°C and
excellent also in the electrically insulating properties
and optical properties, and they are used not only as
window glass material for buildings, vehicles and air
crafts but also for optical parts, electrical parts,
electronic parts, etc. 1In particular, an electrically
conductive glass sheet having a conductive coaﬁing film
formed on a glass sheet surface is employed as an
amorphous solar cell substrate or‘as a display element

such as a liquid display element, an electrochromic

This is the replacement sheet
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115) manufactured by Shimadzu Corporation with respect to the above fil ns
in a filmthickness of 1000 A, whereby the [err] filmof Conparative
Exanple 5 had a rel ative value of 499, whereas the [err] filmof Exanple 3
had a val ue of 614 and thus was found to be very hard. Wth respect to the
internal stress, the [err] filmof Conparative Exanple 5 had a val ue of
1010 dyn/cnR2, whereas the [err] film of Bxanple 3 had a val ue of

element or an electric field light emitting element.
Soda lime silica glass sheets which are inexpensive and
most commonly employed, tend to be used as glass
substrates for such electrically conductive glass sheets.
However, such soda lime silica glass sheets contain from
10 to 20 wt% of an alkali component such as sodium_or'
potassium. Accordingly, they have a drawback that when
used for a long period of time, the coated conductive
film undergoes a property deﬁerioration due to the
diffusion of alkali ions to the surface from the glass
substrate. For example, turbidity is likely to form in
the conductive £ilm of the electrically conductive glass
sheet, whereby the transparency is likely to decrease, or
the electric resistance of the conductive film is likely
to increase, or the chemicophysical durability tends to
deteriorate. Namely, in a liquid crystal display
element, an oxidation-reduction reaction takes place at
the display electrode surface due to the alkali diffused
from glaSs, whereby an indium oxide film (ITO £ilm) or.a
tin oxide film (nesa film) is modified, and the liquid
crystal itself undergoes electrolysis.and deteriorates.
Also in an electrochromic element, electrodes are likely
to wear out for the same reason, which causes a
deterioration of the durability of tungsten oxide or
molybdenum oxide as the electrochromic material, whereby
the element tends to deteriorate. Likewise, in the case

of an electric field light emitting element, an alkali
_—
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not higher than [err] and thus was found to have a very small internal
stress. In the non-oxide target of the present invention, nost of [err] in
the target are present in the formof silicon conpounds, and Sn i s present
in the formof a Si-Sn alloy. Thus, their activities to oxygen are snmall as
conpared with Si, and they are hardly oxidized, whereby

_6_

oozed out of the glass surface by diffusion is likely to
penetrate through a conductive £ilm into the light
emitting material, whereby the light emitting efficiency
or the emitted color is likely to be changed. Further,
in the case of an amorphous solar cell, the electric
resistance of the conductive film tends to increase, -
whereby the photoelectric conversion efficiency is likely
to be substantially lowered. 1In some cases, the alkali
penetrated through the electrodes is likely to diffuse
into the amorphous silicon, thus leading to a
deterioration of the conversion efficiency.

Otherwise, alkali-containing glass such as soda lime
silica glass has a tendehcy.such that when it is treated
at a high teﬁperature, alkali ions tend to readily
migrate. Therefore, there is a drawback that due to
diffusion of alkali ions during a high temperature
treatmeﬁt for-the preparation of conductive glass or
various coated glass, the performance of the conductive
film or the coated film tends to deteriorate.

A typical method for solving such a drawback is a
method of'forming a certain thin £ilm capable of

-préventing the alkali diffusion, on the surface of usual
soda lime silica glass, and a silica film is commonly
employed for this purpose. A silicon oxide film (such as

.a Si0, film) is used for preventing the alkali diffusion
for such reasons that the film is amorphous and when

another thin film such as a conductive film is to be
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they serve to prevent the decrease of the electric conductivity due to
surface oxidation of the target. A second object of the present invention
is to overcone the above drawbacks inherent to the prior art by using the
above described filmconprising silicon dioxide as the main conponent and
to provide a large size reflection
-7 -

formed thereon, it is possible to form substantially the

same film as formed on glass. The refractive index of

the silicon oxide film is close to that of glass although

it is siightly lower than glass, and it is transparent to

light usually in a wider range than a glass sheet,

whereby the transparency of glass will not thereby be

impaired.

However, while a conductive f£ilm to be formed on an
alkali barrier film is usually formed by a DC sputtering
method capable of forming a uniform £ilm over a large
area at a high speed, the silicon oxide film can not be
formed by such a DC sputtering method, because if it is
attempted to form the silicon oxide fiim by a DC
sputtering method using a Si target, the surface of the

- 8i target tends to be oxidized, whereby the electric
conductivity will'deteriorate,.and sputtering can not be
continued under a stabilized condition. Therefore, |
silicon oxide film used to be formed by a RF sputtering
method or a CVD (chemical vapor deposition) method using
an oxide target.

Therefore, separately from the method of forming the
conductive film, it is required to conduct tuning of the
RF sputtering or control of the sputtering atmosphere for
the silicon-dioxide film, or it .is required to form a
film by the CVD method using a separate apparatus,
whereby it is impossible to continuously form the

conductive film and the silicon dioxide f£ilm in line, and
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- 20 - preventive filmwhich is useful for buildings or autonobiles, at |ow
costs. Nanely, the present invention has been nade to solve the
above-nenti oned probl ens and provides a anti-reflective filmhaving a | ow
refractive index filmat |east at the outernost |ayer as counted fromthe
air side, wherein the above Iom1refract%¥e I ndex

thus there has been a problem that the productivity is
poor.

As is well known, a number of proposals have been
made for the technique for preparing funcﬁional glass by
applying a coating 31 on the surface of glass 30, as
shown in Figure 3. For example, an interference filter,
a reflection preventive film, a heat radiation reflecting
glass, a transparent conductive glass, an electromagnetic
wave shielding glass and an electric heating windshield
glass may be mentioned. 1In the transparent conductive
glass, the heat mirror, the electromagnetic shielding
glass and the electric heating windshield glass among
them, a transparent oxide conductor is formed as a main
constituting layer 31 in many cases. Particularly,
indium—-tin oxide (ITO), fiuorine—doped tin oxide (SnO,:F)
or aluminum~-doped zinc oxide (ZnO:Al) is used in many
céses. Further, as an ultraviolet cutting glass, a
product having a zinc oxide (Zn0O) layer coated as an
ultraviolet absorbing laye: on the surface of glass, may
be mentioned.

However, each of these transparent oxide materials
has a refractive index of from 1.8 to 2.2 which is large
as compared with glass, whereby the reflectance will be
high at a wavelength satisfying the interference
conditions. This will be observed as the maximum
(ripple) in a spectral reflection (transmission)

spectrum. Accordingly, when a thin £ilm of such material

_—
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filmis a filmconprising as the main conponent a conposite oxide

contai ning Si

and at |east one nenber selected from[err] and C. The point

of observation in the present invention is that in a conposite oxide

contai ni ng Si
such as a Zr S

and at | east one nenber selected from[err] La and [err],

O film the refractive index
...9_.

is coated on a glass sheet having a large area, the
wavelength_at the maximum reflection is shifted due to a
variation (irregularity) of the in-plane £ilm thickness,
which will be recognized by eyes as color shading of the
reflected color.

An extremely high level of technique is required to
control the film thickness distribution on a glass
surface within #5% by vapor deposition or CVD when a
glass sheet of 1 m x 1 m is taken for example, although
it depehds also on the method for forming the film.
According to our study, in a case where the f£ilm
thickness distribution is assumed to be at the above
level, the in-plane color shading reaches a problematic
level when the above-mentioned transparent oxide film is
formed on the glass substrate in a thickness of 0.15 zm
or more. On the other hand, as the film thickness
increases, chromaticness of the reflected color
decreases, and with a thicknesé of 0.6 um or more,
colorfulness tends to decrease. However, for the
colorfulness to decrease sufficiently to a level where it
can hardly be recognized as color shading, the £film
thickness is required to be at least 3 -um, preferably at
least 5 wum.

Further, even if the film thickness distribution can
be controlled uniformly, the large ripple in the spectrum
still remains and will be recognized by eyes as a

colorful color. If this is formed on a large sized
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changes continuously as the proportion of Si changes; Specifically, in a
[err] system as the atomc ratio [err] of Si to Zr increases fromOQO to
9.0, the refractive index decreases continuously from2.1 to 1.5. Table 2
shows refractive indices of films nmade of conposit'e oxides. In each case,
filmform ng was conducted by reactive sputtering by using a target having
a conposition as identified in the Tabl &0 -~

glass, the maximum reflection wavelength is shifted
depending upon the sight angle i.é. the angle between the
glass surface and the line of.sight, whereby the color
changes, which is again recognized has color shading.
Accordingly, it is desired to minimize the ripple in the
spectrum itself.

When the £ilm thickness is less than 0.15 um, the
variation in the film thickness distribution will be %75
A, whereby no substantial in-plane color shading will be
recognized, but the color shading due to the sight angle
will still be a problem.

Thus, when a transparent f£ilm with a high refractive
index is formed on a glass substrate in a thickness
exceeding a certain level, the glass exhibits glaring
(color shading) depending upon the in-plane film
thickness distribution or the change in the sight angle,
whereby the commercial value may substantially be
impaired;

_ Some proposals have been made to prevent such color
shading. Japanese Examined Patent Publication No.
39535/1988 proposes to use an infrared reflecting
substance as a high refractive index transparent £ilm and

1.7 -

to provide a layer having a refractive index n
1.8 to the glass and a film thickness d = 0.64 ~ 0.080
M. There_is no particular suggestion for the speéific
Hmeans of providing this layer, but vacuum vapor
___ deposition or atmospheric pressure CVD is exemplified,
\
- This Sheet H.
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-21-

[err]

- 11 -

and it is described that atmospheric pressure.CVD is
advantageous taking the coating on a large sized glass
sheet into consideration, and only atmospheric CVD is
described in Examples.

In Japanese Unexamined Patent.Publication No.
201046/1989, a technique of forming SiCxOy is shown as a
practical means for forming this primer layer. This is a
method wherein a float method is assumed for the process
for production of a sheet glass, and a gas mixture
comprising silane, an unsaturated hydrocarbon compound
and carbon dioxide is blown to the glass surface in a tin
tank furnace. This is basically a method for forming an
intermediate refractive index transparent f£ilm by
atmospheric pressure CVD.

Film-forming by atmospheric pressure CVD is very
effective particularly from the viewpoint of costs in a
case where a large amount of glass is treated
continuously (so-called on-line) in the process for its
production. On the other hand, it has a drawback that it
is unsuitable for forming a multi-layered film or for the
production of various kinds in small amounts. Therefore,
it is now common to employ a production system of a
sputteriné method for the production of heat radiation

reflecting glass for automobiles or buildings. The

sputtering method has merits such that it is excellent in

the control and the uniformity of the film thickness, and

production of various products in small amounts or
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- 22 ¢
[err]

respecti

[err]

It should be noted here that with the filnms havi ng conpositions of

b

i

SB¢MEqm£&ract|ve I ndex can be as low as 1.5 and 1. 47,
ues are slightly short to the value of 1.46 of
ntIy useful as a material for low refractive index

lms for a nultl-layered reflection preventive film Further, as is
dlfferent froma S Q2 - 12 -

forming of a multi-layered film is easy. Further, it has
an additional merit that its combination with other
vacuum-£film forming means such as vapor deposition or
plasma CVD is easy from the viewpoint of design of
apparatus. Therefore, it has been desired to prepare an
intermediate refractive index undercoating £ilm for
preventing iridescence, by sputtering. On the other
hand, the sputtering method has drawbacks that the film-
forming speed is slow, and the cost is high. Therefore,
a study is actively conducted to increase the film-
forming speed by sputtering. It is the most serious
drawback of the system that the film-forming speed is
extremely slow when a metal oxide coating f£ilm is formed
by reactive sputtering from a metal target, and it has
been considered difficult to form a film of an
intermediate refractive index transparent material which
is stable and.excellent in the durability, at a high
speed by sputtering.

DISCLOSURE OF THE INVENTION

A first object of the present invention is tq solve
the above problems and to provide a method for forming a
low refractive index oxide transparent thin film
comprising silicon dioxide as the main component by a
reactive DC sputtering method capable of forming a f£ilm
with a large area, a target material to be used for the
method, and a film comprising silicon dioxide as the main

component, which is formed by the reactive DC sputtering
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film these filns are excellent in alkali resistance, and inprovenent in
the durability can be expected. Furthernore, when such a [err] filmor a
[err] filmis farmed by a reactive sputtering nmethod, the Zr-Si all oy used
as the target has electric conductivity, as mentioned above, .whereby there
Is a substantial nmerit that DC sputtering can be enployed. This is
substantially advant ageous as conpared Wﬁth the fact that

method. A further object is to overcome the low alkali
resistancé of a silicon dioxide thin film;

The present invention provides a target for
sputtering, which is capable of solving problems of the
low alkali resistance of a silicon oxide thin film and
the decrease of electric conductivity due to surface
oxidation during the sputtering of Si target. Namely, it
provides a target for sputtering comprising Si as £he
main component, which contains at least one member
selected from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and
Cr in a total amount of from 4 to 35 atoms relative to
from 65 to 96 atoms of Si.

In the present invention,.the total content of Zr,
Ti, Ta, BE, Mo, W, Nb, Sn, In, La, Cr, etc. is preférably
from 4 atomic % to 35 atomic % based on the total amount
including Si. Particularly preferred is a total content
of from 4 atomic % to 15 atomic % for the reason that the
refractive index of a thin.film thereby formed will be
very low at a level of not higher than 1.6. If the
content of Zr, etc. is less than 4 atomic %, it becomes
difficult to conduct sputtering under a stabilized
condition due to surface oxidation of the target, and the
alkali resistance of the resulting thin £ilm (e.g. a Si-
Zr-0 type) will be poor. If the content of Zr, etc. is |
larger than 35 atomic %, the refractive index of the

resulting thin film tends to be high, such being

undesirable in a case where a £film with a low refractive
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usual Si targets are sem conductors, whereby DC sputtering can hardly be
enpl oyed. Besides, the film formng speed of these filns by the reactive
sputtering nmethod is substantially high as conpared with the [err] film
wher eby the production tinme can be shortened, which is advantageous al so
fromthe viewioint of costs. Accordingly, the above-nentioned | ow
refractive index filmconprising siliceorldi-oxide as the main conponent of

index is to be formed.

A uniform.film can be formed when sputtering is
conducted using the target of the present invention in an
atmosphere of a mixture of Ar and oxygen under a vacuum
of from 1 x 1073 to 1 x 1072 Torr. The target of the
present invention is electrically conductive, and yet
surface oxidation of the target during sputtering is
minimum, whereby film-forming can be conducted by means
of a DC sputtering method, and a uniform film over a
large area can be formed at a high speed. Of course, the
target of the present invention is capable of forming a
similar film also by means of a high frequency (RF)
sputtering method or the like.

In the foregoing, a non-oxide target has been
described. However, a low refractive index film of the
present invention can likewise be formed by conducting RF
sputtering using an oxide target comprising SiO, as the
main component, which contains at least one member

selected from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and
Cr in a total amount of from 4 to 35 atoms relative to
from 65 to 96 atoms of Si.

Further, a.low refractive index £ilm of the present
invention can also be formed by a vapor deposition method
such as vacuum vapor deposition or ion plating using, as
a tablet, a material comprising SiO, as the main
component, which contains at least one member selected

from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr in a
f—————————-———______
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the present invention can be used as a |low refractive index filmfor
various reflection preventive multi- layered filnms, such as a
single-layered anti-reflective filmformed on a transparent substrate in an

optical film - 23 -
_15..
total amount of from 4 to 35 atoms relative to from 65 to
95 atoms of Si.

The target or tablet of the present invention can be
prepared, for example, by the following method. For
example, in a case of a SiQZr type target or tablet, the
Earget or tablet of the present inveniion cah be formed
by subjecting a powder mixture of at least two members
selected from a zirconium silicide or silicon metal,-
zirconium metal, zirconium silicide and zirconium oxide
(inclusive of zirconia stabilized or partially stabilized
by an addition of from 3 to 8 molg of ¥,0,5, CalO, MgO,
etc.) to high temperature high pressure pressing, high
pressure pressing or high pressure pressing, followed- by
baking. In such case, the particle size of the powder is
suitably from 0.05 gm to 40 ugm. Further, the above
target may contain iron, aluminum, magnesium, calcium,
yttrium, manganese and hydrogen in a total amount of at
most 3 wts. Carbon may be contained in an amoﬁnt of at
most 20 wts, since carbon is converted to Co, and
disappears during the film—forming. Further, the target
of the present invention exhibits similar effects even
when copper, vanadium, cobalt, rhodium, iridium, etc. are
included at a level of impurities.

Table 1 shows the.properties of films formed by

'“conducting reactive DC sputtering in an atmosphere of a
mixture of Ar and O, using various non-oxide targets of

the present invention. Table 1 also shows some examples
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t hi ckness of [err] (designed wavel ength, the same applies hereinafter), a
doubl e-l ayered anti-reflective filmhaving two substances having | ow and
high refractive indices formed in optical filmthicknesses of [err] Ao/2)
sequentially fromthe air side, a three-layered anti-reflective film having
t hree substances having | ow, high and internediate refractive indices
formed in this order, in optical filmithigknesses of [err]

iﬁ which filﬁ—forming is conducted by reactive RF
sputtering using other targets, for the purpose of
comparison. With respect to the films formed by using
various targets, the compositional ratio of the
constituting substances, such as the ratio of e.g. Zr to
Si, in the target was substantially maintained in the
films. |

With respect to the alkali resistance of £ilm in
Table 1, a film was immersed in 0.1lN NaOH at room
temperature for 240 hours, whereupon the one wherein the
change in.the film thickness was within 10% relative to
the thickness prior to the immersion was evaluated to be
O, and the one wherein the £ilm was dissolved, was
evaluated to be X.

A film was formed iﬁ a film thickness of 1000 A using
as a substrate a soda-lime glass sheet preparéd by a
float method, and it was used as a sample for evaluation.
The film thickness was obtained by measuring by a Taly
step method a step prepared by a mask dqring the film-
forming.
| With respect to the acid resistance, a film was
immersed in a 0.1N H,SO, aqueous solution at room
temperature for 240 hours, whereupon the one in which the
change in the f£ilm thickness was within 10% relative to.
the thickness before the immersion was evaluated to be
C). Further, with tespect to the water resistance, a
£ilm was immersed in distilled water at 100°C under 1 atm
" s the replacement
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Ao/ 4) sequentially fromthe air side, and a four-layered anti-reflective
fil mbhaving substances of |ow, high, internediate and |low refractive
i ndices overlaid fromthe air side in optical filmthicknesses of [err]
[err], respectively. Further, the reflection preventive nmulti-layered film
can be forned continuously by a physical vapor deposition nethod w thout
breaki ng a vacuum
...17...

for 2 hours, whereupon the one wherein the change of the

film thickness was within 10% relative to the thickness

before the immersion, was evaluated to be O.

As shown in Table 1, the refractive indices of the
oxide films formed by using the targets of the present
invention are from 1.47 to 1.74, which are very small as
compared with the oxide films prepared by using the
targets as shown in Comparative Examples 1 to 4. As
shown by Examples 3, 4, 6 and 8 of the present inventidn,
those wherein Si is at least 90 atomic %, have refractive
indices of at most 1.5, which were substantially the same
as the refractive index of the 85i0, £film. Besides, the

films prepared by using the targets of the present

invention were excellent also in the alkali resistance.
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Now, |et us consider the actual production of a three-layered
anti-reflective filmaccording to the present invention. A three-|layered
anti-reflective filmis widely practically used, since a | ow refl ectance
can thereby be realized within a wi de wavel ength regi on covering the entire
visible light region. 1In order to prepare such a three-|ayered
anti-reflective filmaccording to the prfgept I nvention, a [err] film

havi ng

Table 1
.. Refractive Alkali Acid Water
Composition
Sample No. index of resistance Jresistance |resistance
of target :
£ilm of £ilm of £film of £ilm

Comparétive

Zr 2.1 O @) O
Example 1
Comparative . '

Ti 2.3 O O O
Example 2.
Comparative Ta 2.2 @) 'e) '®)
Example 3
Comparative Sn 2.0 ®) O O
Example 4 :
Comparative . )

Si 1.46 X O O
Example 5
Example 1 67Si-33zr 1.74 O O O
Example 2 | B0Si-202Zr 1.57 O @) O
Example 3 90Si-10zr 1.49 O O O
Example 4 958i-52r 1.47 @ O O
Example S 675i-33Ti 1.66 O O O
Example 6 | 90Si-10Ti 1.51 O O O
Example 7 67Si-33Hf 1.75 O O O
Example 8 90Si-10HE 1.49 O O @
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an opt|ca+*+f+ﬂ%%hfekﬁess—e4 [err] and a refractive index of 1.49 is forned

on the su 268 9. RS bstrate as the first layer counted formthe air side.
This film, m]I Iai” o a refractive index of 1.49 can be realized

sinply by
Further, with respect to the SiO, £ilm formed in

-~ 19 -

Comparative Example 5 and the 102r-90SiOx £ilm formed in
Example 3, hardness and internal stress were measured.

The hardness was measured by a dynamic super fine
hardness meter (load: 1 g, indenter point angle: 115, DH:
115) manufactured by Shimadzu Corporation with respect to
the above films in a film thickness of 1000 A, whereby
the 5i0, f£ilm of Comparative Example 5 had a relative
value.of 499, whereas the 10Zr-90SiOx f£ilm of Example 3
had a value of 614 and thus was found to be very hard.
With respect to the internal stress, the SiO, film of
Comparative Example 5 had a value of 1020 dyn/cm?,
whereas the 10Zr—-90Si0Ox film of Example 3 had a value of
not higher than 10° dyn/cm? and thus was found to have a
very small internal stress.

In the non-oxide target of the present invention,
most qf Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In, La, Cr, etc.
in the térget are present in the form of silicon
compounds, and Sn is present in the form of a Si-Sn
alloy. Thus, their activities to oxygen are small as
compared with Si, and they are hardly oxidized, whereby
they serve to prevent the decrease of the electric
conducfivity due to surface oxidation of the target. A&
second object of the present invention is to overcome the
above drawbacks inherent td the prior art by using the
above described f£ilm comprising silicon dioxide as the

main component and to provide a large size reflection
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sIightlg/EgLE;L%QQ(Lhe/gbGVé-nentioned conposition of [err]. As a second
| ayer, i1 mhavingsan optical filmthickness of [err] and a

refractlvq_kgg§m&sﬁe : | s formed. This filmhaving a refractive index of
2.05 can be justing the atomic ratio x of Si to Zr to a |evel
of about 0,% Table 2. In this case, the internediate
refractive

_ required for the thiLdzbaxer w Il be about 1.49 x
(1.52)1/2 e.qg. :

preventive film which is useful for buildings or
automobiles, at low costs. Namely, the present invention
has been made to solve the above-mentioned problems and
provides a anti-reflective f£ilm having a low refractive
index film at least at the outermost layer as counted
from ﬁhe air side, wherein the above low refractive index
film is a film comprising as the main component a
composite oxide containing Si and at least one member
selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In, La and
Cr.

The point of observation in the present invention is
that in a compbsite oxide containing Si and at least one
member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In,
La and Cr, such as a eriyoz film, the refractive index
changes continuously as the proportion of Si changes.
Specifically, in a ZrSiyOz system, as the atomic ratio y
of Si to Zr increases from 0 to 9.0, the refractive index
decreases continuously from 2.1 to 1.5.

Table 2 shows refractive indices of films made of
composite oxides. In each case, film-forming was
conducted by reactive sputtering by using a target having

a composition as identified in-the Table.
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when the refractive index no of the substrate (a soda linme glass plate) is
1.52 and the refractive index of the [err] filmas the first layer is 1.49
according to the condition for the three-layered anti-reflective film(n3
[err]. A filmhaving such a refractive index can readily be obtai ned by
adjusting the atomc ratio of Si to Zr according to Table 2. Further, a

anti-reflective filmof nore than three

Table 2
Substances Compositiaon Film composition .
Refractive
constituting |of target .
. index n
target (atomic 8) Si(y) O(z)
Zr-ZrSi2 95Zr-5Si 0.045 2.1 2.13
Zr-ZrSi2 91Zr-9Si 0.1 2.2 2.12
Zr—ZrSiz 80Zr-20Si 0.25 2.5 2,05
Zr-Zrsi, 702r-30Si 0.4 2.9 1.92
zr-2rSi, | 502r-50Si 1 4 1.75
Zrsi, 33Zr-67Si 2.0 6.0 1.71
ZrSiz—Si 20Zr-80si 4 10 - 1.57
2rSi,~Si | 10Zr-90si 9 20 1.50
ZrSiz-Si 5Zr-95Si 19 40 1.47

ISSh
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| ayers may be formed in the same manner by adjusting the refractive indices
of the respective constituting filnms. The point for such a nulti-I|ayered
anti-reflective filmis the material for a low refractive index film Here,
according to the present invention, a filmof a refractive index of 1.5 can
be realized, as described above, by adjustlng the atomc ratioy of Si to
Zr in [err]. The refractive index can 44 ther be reduced by
'It should be noted here that with the films having

compositions of Zr;;Sie 0, and ZrgSig50,, the refractive

index can be'as low as 1.5 and 1.47, respectively. These

values are slightly short to the value of 1.46 of SiO,,

but are sufficiently usefui as a material for low

refractive index films for a multi-layered reflection

preventive film. Furtﬁer, as is different from a S§io,

£ilm, these films-are.excellent in alkali resistance, and

improvement in the durability can be expected.

Furthermore, when such a Zr,,Sig,0, £ilm or a ZrgSigs0,

film is formed by a reactive sputtering method, the Zr-Si

alloy used. as the target has electric conductivity, as

mentioned above, whereby there is a substantial merit

that DC sputtering can be employed. This is

substantially advantageous as compared with the fact that

usual Si targets are semiconductors, whereby DC

sputtering can hardly be employed. Besides, the film-

forming speed of these films by the reactive sputtering

method is substantially high as compared with the SiO,

film, whereby the production time can be shortened, which

is advantageous also from the viewpoint of costs.

Accordingly, the above-mentioned low refractive index

film comprising silicon dioxide as the main component of

the present invention can be used as a low refractive

index film for various reflection preventive multi-

layered f£ilms, such as a single-layered anti-reflective

film formed on a transparent substrate in an optical film
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I ncreasing y. However, if the proportion of Si is too |large, it becones
difficult to forma filmby a DC - 25 - sputtering nethod as descri bed
above, and further, the - alkali resistance of the filmtends to be |ow.

The | ower

- 23 -

thickness of Ao (designed wavelength, the same applies
hereinafter), a double-layered anti-reflective £ilm
having two substances having low and high refractive
indices formed in optical film thicknesses of (Ao/4 -
Ao/2) sequentially from the air side, a three-layered
anti¥reflective film having three substances having low,
high and intermediate refractive indices formed in this
order, in optical film thicknesses of (Ao/4 - lo/2 - |
Ao/4) sequentially from the air side, and a four-layered
anti-reflective film having substances of low, high,
intermediate and low refractive indices overlaid from the
air side in optical £ilm thicknesses of (io/4 - A0/2 -
Ao/4 - lo/2), respectively. PFurther, the reflection
preventive multi-layered £ilm can be formed continuously
by a physical vapor deposition method without breaking a
vacuum.

Now, let us consider the actual production of a
three-layered anti-reflective film according to the
present invention. A three;layered anti-reflective film
is widely practically used, since a low reflectance can
thereby be realized within a wide wavelength region
covering the entire visible light region. - In order to
prepare such a three-layered anti-reflective f£ilm
according to the present invention, a ZrSiy0, film having
an optical f£ilm thickness of A0/4 and a refractive index
of 1.49 is formed on the surface of a substrate as the

first layer counted form the air side. This £ilm having
—
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limt for y as the material for a lowrefractive index filmcan not
strictly be prescribed because it is influenced by the type of the nmateri al
of a high refractive index filmto be conbi ned. However, if the refractive
index of this low refractive index material is too high, the high
refractive index material to be conbined tends to be restricted, and the
reflection preventive performance is |4k yto be |low Therefore,

a refractive index of 1.49 can be realized simply by
slightly adjusting the above-mentioned composition of
Zrlosigooz. As a second layer, a 2rSiyO; £ilm having an
optical f£ilm thickness of Ao/2 and a refractive index of
2.05 is formed. This film having a refractive index of
2.05 can be realized by adjusting the atomic ratio x of
Si to Zr to a level of about 0.25 according to Table 2.
In this case, the intermediate refractive index required
for the third layer will be about 1.49 x (1.52)1/2 e.qg.
when the refractive index ng of the substrate (a soda
lime glass plate) is 1.52 and the refractive index of the
Z2rSiy0; £ilm as the first layer is 1.49 according to the
condition for the three-layered anti-reflective £ilm (ng4
=n; - nol/z). A film having such a refractive index can
readily be obtained by adjusting the atomic ratio of Si
to Zr according to Table 2.

Further, a anti-reflective film of more than three
layers may be formed in the same manner by adjusting the
refractive indices of the respective constituting films.

The point for such a multi-layered anti-réfleétive
film is the material for a low refractive index f£ilm.
Here, according to the present invention, a film of a
refractive index of 1.5 can be realized, as described
above, by adjusting the atomic ratio y of Si to Zr in
ZrSiy0z. The refractive index can further be reduced by
increasing y. However, if the proportion of Si is too

large, it becomes difficult to form a film by a DC

Tlns Sheet Has Béen Replac : This is the replacement sheet

WM | iy

Date:




the refractive index is suitably at a | evel of not higher than 1.7.
Accordingly, the-value for y is preferably within a range of from2 to 19.
In the present invention, as a substrate for formng a reflection
preventive film glass, plastics or filnms may be enployed. It is preferably
transparent with a refractive index of about from1l.45 to 1.60. As the
material for the high refractive index f43 mor

sputtering method as described above, and further, the
alkali resistance of the film tends to be low. The lower
limit for y as the material for a low refractive index
film can not strictly be prescribed because it is |
influenced by the type of the material of a high
refractive index film to be combined. However, if the
refractive index 6f this low refractive index material is
too high, the high refractive index material to be
combined tends to be restricted, and the reflection
preventive performance is likely to be low. Therefore,
the refractive index is suitably at a level of not higher
than 1.7. Accordingly, the value for y is preferably
within a range of from 2 to 189.

In the present invention, as a substrate for forming
a reflection preventive film, glass, plastics or films
may be employed. - It is preferably transparent with a
refractive index of about from 1.45 to 1.60.

As the material for the high refractive index film or
for the intermediate refractive index fiim in the anti-
reflective £ilm of the present invention, the one having
the.refractive index increased by reducing the atomic
ratio'y of Si to Zr in the ZrSiyO, may be used as
mentioned above. However, the material is not limited to
such a specific example, and it is possible to use e.g.

‘Tioz, Zr0,, ZnS or Ta,05 as a commonly employed high
refractive index material.. However, by using the same

ZrSiy0; for both the high refractive index material and
A
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for the internediate refractive index filmin the anti- reflective film of
the present invention, the one having the refractive index increased by
reducing the atomic ratioy of Si to Zr in the [err] may be used as

menti oned above. However, the material is not limted to such a specific
exanmple, and it is possible to use e.g. [err] as a commonly enpl oyed high
refractive index material. However, by g% Rg the sane

the low refractive index material, it is possible to
prevent ply separation which is likely to occur between
materials of different types, whereby an effect for
improvement of ﬁhe adhesive strength can be expected.

As a method for preparing a anti—feflective £ilm in
the present invention, a usual method such as vapor
deposition, sputtering or CVD (chemical vapor deposition)
may be employed. However, in order to sufficiently
obtain the effects of the present invention, it is
preferred to employ a sputtering method. Because the
feature of the present invention resides in that a low
refractive index film can be formed by DC sputtering as
described above. To form a low refractive index film of
the present invention by DC sputtering, an alloy target

.of Zr and Si is used as the target, and a §as mixture of
Ar and O, is used for the sputtering gas. On the other
hand, the high refractive index f£ilm may likely be
prepared by reactive.sputtering from the alloy target of
Zr and Si. However, other materials may be émpldyed, SO
long as the metal targets of the respective materials are
employed. Further, when a high refractive index film is
to be formed, a conductive material such as sintered ITO
may be employed as the target.

In the foregoing, deScription was made with respect
to a £ilm comprising as the main component a composite
oxide containing Si and Zr. However, the same will apply

to material other than Zr such as Ti, HE, Sn, Ta or In.
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[err] for bpth the high refractive index material and - 26 - the | ow
refractive index material, it is possible to prevent ply separation which

}s likely to occur between naterials of different types, whereby an effect
or

- 27 -

A third object of the present invention is to provide
a conductive glass provided with an alkali barrier film
to prevent diffusion of alkali ions from glass of an
alkali-containing glass, by means of the above—menﬁioned
film comprising silicon dioxide as the main component.

Namely, with respect to the ébove object, the present
invention has been made on the basis of a discovery of a
novel alkali barrier film which can be formed by a DC
sputteriné method and provides an electrically conductive
glass having an alkali barrier layer for preventing the
diffusion of alkali from an alkali-containing glass and
an electrically conductive layef sequentially formed on
the surfacé of the alkali-containing glass, wherein the
above alkali barrier layer is a £ilm comprising as the
main component an oxide containing Si and at least one
member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In,
La and Cr, and a process for producing an electrically
conductive glass which comprises forming an alkali .
barrier f£ilm comprising as the main component, an oxide
cbntaining Si and at least one member selected from Zr,
Hf, Nb, Sn, La, Ti, Ta, Mo, W, Cr and In, on the surface
of an alkali-containing glass, followed by forming an
electrically conductive film.

The composition for the alkali barrier f£ilm of the
present invention is preferably such that Si is contained
in a proportion of at least 5 atoms of Si relative to 95

atoms in total of metals such as Zr, HEf, etc. If the
.\\
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| nprovenent of the adhesive strength can be expected. As a nethod for
preparing an anti-reflective film a usual method, such as vapor
deposition, sputtering or CVD (chem cal vapor deposition) is known.
However, in order to sufficiently obtain the effects of the present
invention, it is required to enploy a DC sputtering nethod; because the
feature of the present invention resideggir that a |low refractive i ndex
filmcan be forned by DC sputtering as

content of Si is less than this proportion, the film
tends to be crystalline, whereby the élkali barrier
performance tends to remarkably deteriorate. Further, it
is preferred that Si is contained in a proportion of not
more than 96 atoms of Si relative to 4 atoms in total of
metals such as Zr, etc. If the content of Si is higher
than this proportion, it becomes difficult to form a film
by a DC sputtering under a stabilized condition due to
surface oxidation of the target.

The.refractive index of the alkali barrier film of
the present invention can freely be adjusted by
controlling the composition. The_change in the
refractive index due to the change of the composition of

" an alkali barrier film is shown in Table 3 with respect

to a case where Zr is used as the metal.
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descri bed above. To forma lowrefractive index filmof the present

I nvention by DC sputtering, an alloy target of Zr and Si is used as the
target, and a gas mixture of Ar and [err] is used for the sputtering gas.
On the other hand, the high refractive index filmmay |ikely be prepared by
reactive sputtering fromthe alloy target of Zr and Si. However, other
material s may be enployed, so |ong as Ege_netal targets of the respective
materials are

Table 3
::z?:mf‘::::tzz“t:: 2r | goiling {Refractive |Crystal- Alkali
and S oxides test *1 |index n linity barrier
"Zr , si _ property *2
796 4 @) 2.13 Crystalline P
91 9 O 2.12 Amorphous @)
80 20 O 2.05 Amorphous @)
70 30 @] 1.92 Amorphous O
50 50 O 1.75 Amorphous @)
33 67 O 1.71 Amorphous O
20 80 O 1.57 Amorphous O
10 90 O 1.50 Amorphous O
5 95 @ 1.47 Amorphous O

(Film thickness being 1000 A in all cases)

*1: A sample was immersed in a water at 100°C under 1 atm
for 2 hours, whereupon the one wherein the changes in
Ty (visible light transmittance) and Ry (visible light
reflectance) were within 1% as compared with those
before the immeréion, was evaluated to be O.

*2: A sample was stored in contact with pure water at 90°C
for 24 hours, whereupon the one wherein the amount of
Nat eluted into pure water was at least 0.8 ug/cm?,
was evaluated to be X, and the one wherein the amount
of such eluted Na* is less than 0.8 xg/cm?, was
evaluated to be O. '
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enpl oyed. Further, when a high refractive index filmis to be forned, a
conductive material such as sintered I TO nay be enployed as the target. In
t he foregoing, description was made with respect to a filmconprising as
the mai n conponent a conposite oxide containing Si and Zr. However, the
same will apply to material other than Zr such as [err] or [err].

_30_

Accordingly, in the case of an electrically
conductive glass as a transéarent electrode plate for
e.g. a display element wherein a transparent electrode
such as an ITO film (an indium oxide film containing tin)
is formed as an electrically conductive £ilm, if the
composition of the alkali barrier f£ilm of the present
invention is adjusted so that the refractive index will
be the same as the refractive index of such a transparent
electrode, there will be no difference in the refractive
index between the portion where a transparent electrode
pattern is formed on the alkali barrier film and the

" portion where no transparent electrode is formed and only
the alkali barrier film is formed, whereby the
transparent electrode pattern will not be prominent, and
it is possible to prevent a so-called "see-through"
phenomenon of the transparent electrode pattern. For
exampie, in an electrically conductive glass having a
structure of glass plate/alkali barrier film compbsed of
oxides containing Zr and Si/ITO film, the composition may
be controlled to be Zr:Si = 70:30 in accordance with
Table 1 so that the refractive index will be adjusted to
about 1.9 of the refractive index of the ITO film.
Otherwise, in a case where it is desired that the
transparent electrode pattern can be seen for the purpose
of registration in the production of a display element,
the refractive index can be differentiated from the

refractive index of the ITO £ilm, and the refractive
—e T
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27 A further filmobtainable according to the present invention is a
conductive glass provided with an alkali barrier filmto prevent diffusion
of alkali ions fromglass of an al kali-containing glass, by neans of the
above- mentioned film conprising silicon dioxide as the main

_.31..
index can be made low by increasing the proportion of Si.
In this manner, the composition of the alkali barrier
film of the present invention may suitably be selected
depending upon the refractive index of the conductive
£ilm to be formed thereon.

The £ilm thickness of the alkali barrier film of the
present invention is preferably at least 50 A so that
adequate alkali barrier pefformance can be obtained.
Especially, a thickness within a range of from 100 A to
5000 A is most practical.

| As glass useful for the electrically conductive glass
of the present invention, not only the most commonly
employed soda lime silica glass containing from 10 to 20
wts of Na or K, but also various other alkali-containing
glasses may be mentioned.

In the electrically conductive glass of the present
invention, the conductive film to be formed on the above-
mentioned alkali barrier £ilm, is not particularly
limited so long as it is a conductive fiim which is
susceptible to deterioration by alkali ions, for example,
a transparent conductive oxide film such as an ITO £ilm,
a F- or Sb-~doped Sn0, film or an Al-doped ZnO film, or a
£ilm of conductive metal such as Ag or Au. |

. The alkali barrier £ilm of an electrically conductive
glass of the present invention can be formed by a DC
'sputtering method. Therefore, a £ilm which is uniform

over a large area can be formed at a high speed under a
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conmponent. An alkali barrier filmcan be formed by a DC sputtering nethod
and provides an electrically conductive glass having an alkali barrier

| ayer for preventing the diffusion of alkali froman al kali-containing

gl ass and an electrically conductive |ayer sequentially fornmed on the
surface of the al kali-containing glass, wherein the above al kali barrier

| ayer is a filmconprising as the - 32 -

stabilized condition. This means that when a conductive
film to be formed on the alkali barrier film is formed by
a physical vapor deposition method using a vacuum such as
a DC sputtering method, the alkali barrier film and the
conductive film can continuously be formed in an in-line
type vacuum process apparatus without breaking the
vacuum, which is partiqularly advantageous from the
viewpoint of the productivity.

Further, a fourth object of the present invention is
to provide a anti-iridescent glass having prevented
glaring (color shading) which used to be a problem when a
high refractive index transparent film is formed on a
glass substrate in a thickness of at least 0.15 um using
a £film comprising silicon dioxide as the main component.

Namely, the present invention provides a anti-
iridescent glass having a high refractive index
transparént thin f£film with a refractive index n of at
least 1.8 and a thickness d of at least 0.15 um formed on
a glass substrate and having a transparent undercoating
film with n = 1.65 - 1.8 formed in an optical film
thickness nd = 0.1 - 0.18 um between the high refractive
index transparent thin film and the glass substrate,
wherein said transparent undercoatiﬂé film is a £ilm
comprising as the main component a composite oxide
containing Si and at least one member selected from Zr,
Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr.

Figure 1 shows a cross sectional view of one example
H L
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mai n conponent an oxide containing Si and at |east one nenber selected from
[err] La and [err], and a process for producing an electrically conductive
gl ass which conprises formng an alkali barrier filmconprising as the nain
conponent, an oxide containing Si and at |east one nmenber selected from
[err] [err] on the surface of an al kali-containing glass, followed by
formng an - 33 -

of the anti-iridescent glass of the present invention.

10 indicates a glass substrate, 1l indicates a high
refractive index transparent thin £ilm having n > 1.8 and
d > 15 pm, and 12 indicétés a transparent undercoating
film.

As the higﬁ refractive index transparent thin £film 11
of the present invention, indium-tin oxide, fluorine-
doped tin oxide or zinc oxide may, for example, be
mentioned. However, it is not limited to such specific
examples.

The transparent undercoating £ilm 12 of the present
invention is a thin film having n (refractive index) =
1.65 — 1.8 and nd (optical f£ilm thickness) = 0.1 ~ 0.18
pm to prevent glaring. The constituting material is
preferably a film comprising as the main component a
composite oxide containing Si and at least one member
selected from 2r, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and
Cr, beéause, such a film can be formed at a high speed by
reactive sputtering by means of a DC sputtering method in
an oxygen—containing'atmosphere using an alloy target
containing Si and metals such as Zr, etc., and it is
excellent in the physical and chemical durability.
Especiall&, a composite oxide containing Zr and Si ;s
particularly preferred since it is excellent in both acid
resistance and alkali resistance. Further, a composite
oxide containing Si and metals such as Zr, etc., has a

merit that the refractive index can be adjusted to a

- heet
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electrically conductive film 28 The conposition for the alkal
barrier film is preferably such that Si is contained in a proportion of
at least 5 atonms of Si relative to 95 atons in total of metals

- 34 -

desired value by controlling the blending ratio. 1In the
case of a Zr-Si-0 film, in order to obtain n = 1.65 -
1.8, it is advisable to control the amount of Si to at
least 50 atoms and at most 150 atoms, relative to S0
atoms of 2r.

The same effects can be obtained also by a laminated
glass which is prepared by laminating the above-mentioned
anti-iridescent glass oh another glass substrate with a
plastic interlayer interposed therebetween to form a
structure of glass/transparent undercoating film/high
refractive index transparent thin film/interlayer/glass.

The color shading is caused by the interference of
lights at the upper and lower interfaces of the high
refractive index transparent thin film. Therefore, the
spectrum will have the maximum and the minimum (ripple},
and deviation of the maximum and minimum due to variation
of the film thickness of the high refractive index thin
film is observed as color shading.

And, the transparent undercoating £ilm of the present
invention serves to prevent the reflection at the
interface between the glass and the high refractive index
transparent thin £ilm. The result-will be as if this
interface has disappeared, whereby there will be no
réflection or interference of lights by transmittance.
Namely, the ripple in the spectrum disappears, and there
will be no change in the spectrum even if the film

thickness is varied. Strictly speaking, this effect for

—_—
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such as Zr, Hf, etc. If the content of Si is less than this proportion, the
filmtends to be crystalline, whereby the alkali barrier performnce tends
to remarkably deteriorate; Further, it is required that Si is contained in
a proportion of not nore than 96 atons of Si relative to 4 atons in total

of netals such as Zr, etc. If the content of Si is higher than this
proportion, it becones difficult to forgyga-filmby a DC sputtering under a
stabilized condition due to surface

preventing the reflection due to interference of lights
is varied only at a certain one wavelength (main
wavelength), and the ripple remains to some extent at
other wavelengths.

Therefore, as a method for more effectively
préventing the ripple, it is preferred to provide a
reflection-preventing transparent top coating film on the
top of the high refractive index transparent thin film as
shown in Figure 2.

Figure 2 is a cross sectional view of another example
of the anti-iridescent glass of the present invention, in
which 20 indicates a glass substrate, 21 indicates a high
refractive index transparent thin film (the same thin
film as 11 in Figure 1), 22 is a transparent undercoating
film (the same thin film as 12 in Figure 1) and 23 is a
transparent top coating.film. By this arrangement, it is
possible to diminish interference Qf lights at both the
upper and lower interfaces of the high refractive index
traﬂsparent thin film, whereby it is possible to obtain a
anti-iridescent glass which is substantially completely
free from iridescence.

As such a transparent top coating film 23, the one
having n = 1.35 - 1.55 and nd = 0.045 - 0.075 um, is
preferred. The constituting material is not particularly
limited, and Si0, may be used. However, a composite
oxide film containing Si and at least one member selected

from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr, is
SoEm Rny 2o 2O T
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oxidation of the target. The refractive index of the alkali barrier film
can freely be adjusted by controlling the conposition. The change in the
refractive index due to the change of the conposition of an alkali barrier
fllﬂ}ls shown in Table 3 with respect to a case where Zr is used as the
met al .

_36..

preferred since a film having n = 1.35 - 1.55 can thereby
be formed at a high speed by a reactive sputtering method
by means of DC sputtering depending upon the
compositional ratio. With respect to a mixed oxide film
containing Zr and Si, a composition of at least 80 atoms
of Si relative to 20 atoms of Zr, is preferred since the
refractive index will thereby be n < 1.55. On the other
hand, if Si is not more than 96 atoms relative to 4 atoms
"or Zr, a decrease of the electric conductivity due to
surface oxidation of the alloy target during the reactive
sputtering can be prevented, whereby the reactive
sputtering by a DC sputter can be conducted under a
stabilized condition.
Further, by suitably shifting the main wavelengths
A, = 4n,d, and A, = 4n,d, capable of preventing the
reflection of the above transparent undercoating film 22
(refractive index: n,, optical film thickness: n,d,) and
tranéparent top coating £ilm 23 (refractive index: n,,
optical film thickness: n,;d,), the wavelength range
wherein the remaining ripple is sufficiently controlled,
can be enlarged, and the iridescence-preventing effects
‘can further be improved. For example, by adjusting them
to Ai > 0.55 gm and A, £ 0.55 pgm, or to A; £ 0.55 pm and
A, 2 0.55 wum, it'is possible to sufficiently control the
remaining ripple over a wide visible light wavelength
range.

At that time, it is more preferred that A; and i, are
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29 Table 3 [err] Atomc ratio in the filmconposition of Zr
Al kali for 2 hours, whereupon the one wherein the changes in Tv (visible

light transmttance) and Rv (visible Iight

...37...

apart by 0.05 gm. Because the ripple at a wavelength in
the vicinity of A, can be controlled by the top coating
layer, while the ripple at a wavelength in the vicinity
of A, can be controlled by the undercoating £ilm. |

' Further, when a color corresponding to a certain
specific wavelength range is undesired, the two
wavelengths may be set within the wavelength range, and
the £ilm thicknesses of the top coating and undercoating
layers may be adjusted so that they correspond to 4, and
A,, respectively. For example, when a red color is
undesired, by adjusting the wavelength to A, = 0.58 sm
and A, = 0.65 um, it is possible to control the ripple in.
this wavelength range.

Such a anti-iridescent glass may be laminated on
.another glass substrate with the side on which the thin
film is formed located inside and with a plastic
interlayer interposed therebetween. Figure 4 is a cross
sectional view of one embodiment of such a anti-
iridescent laminated glass of the present invention. 40
indicates a glass substrate; 41 indicates a high
refractive index transparent thin film (the same as 11 in
Figure 1 and as 21 in Figure 2), and 42 is a transparent
undercoating £ilm (the same as 12 in Figure 1 and as 22
in Figure 2), 43 is a transparent top coating film, and
44 is a plastic interiayer.

In such a case, the transparent top coating film 43

Preferably has a refractive index n = 0.65 to 1.8 and an
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reflectance) were within 1% as conpared with those before the i mersion
was evaluated to be O *2: A sanple was stored in contact with pure water
at [err] for 24 hours, whereupon the one wherein the anount of Na eluted
into pure water was at least 0.8 [err], was evaluated to be X, and the one
wherein the anount of such eluted [err] is less than 0.8 J[err], was
evaluated to be O , - 38 -

optical film thickness nd = 0.1 to 0.18 um in order to
control the reflection due to interference at the
interface between the high refractive index transparent
thin £ilm 41 and the plastic interlayer 44. The material
may be the same film as the transparent undercoating film
12.

Further, in the same manner as in the example in
Figure 2, by suitably shifting the main wavelengths i; =
4n,dy and 4, = 4n,4, capable of preventing the reflection
of the transparent top coating film 43 (refractive index:
ny, optical film thickness: nyd;) and transparent
undercoating f£ilm 42 (refractive index: n,, optical film
thickness: n,d,), the wavelength range in which the
remaining ripple is sufficiently controlled, can be
enlarged, for instance, by adjusting them to A5 > 0.55 um
and 3, < 0.55 um, or to A; < 0.55 gm and A, > 0.55 um.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 diagrammatically illustrates the cross
section of ‘one embodiment of the present invention. 1In
this Figure, 10 indicates a glass substrate, 11 indicates
a high refractive index transparent thin film, and 12
indicates a transparent undercoating f£ilm.

Figure 2 diagrammatically illustrates the cross
section of one embodiment of the present invention. 1In
this Figure, 20 indicates a glass substrate, 21 indicates
a high refractive index transparent thin film, 22

indicates a transparent undercoating f£ilm, and 23
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This is the replacenent sheet Date: 2 8 OCT At : - 30 -
Accordingly, in the case of an electrically conductlve glass as a
transparent electrode plate for

...39._

indicates a transparent top coating £ilm.

Figure 3 diagrammatically illustrates the cross
section of a conventional product. In this Figure, 30
indicates a glass substrate and 31 indicates a high
refractive index trahsparent thin £ilm.

Figure 4 is a cross section of one example of the
anti-iridescent laminated glass of the present invention.
In this Figure, 40 indicates a glass substrate, 41
indicates a high refractive index transparent thin £film,
42 and 43 indicate the transparent undercoating film and
the transparent top coating film, and 44 indicates a
plastic interlayer.

Figures 5 and 6 indicate spectral reflection spectra
of samples in the Example and the Comparative Example.

Figure 7 shows the spectral reflection spectra in a
visible region of samples used for the preparatiqn of
reflection preventive f£ilms of the present invention. 1In
the Figure, 1 indicates a spectral reflection curve of
the sample prepared in accordance with Example 1, and 2
indicates a spectral reflection curve of the sample
prepared in accordance with Examplé 2.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the reflection preventive films of the present
invention will be described with reference to Examples.
' EXAMPLE 1
On a cathode of an in-line system magnetron DC

sputtering apparatus, an alloy target of of Zr:Si = 10:90
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e.g. a display element wherein a transparent el ectrode such as an I TO film
(an indiumoxide filmcontaining tin) is formed as an electrically
conductive film if the conposition of the alkali barrier filmis adjusted
so that the refractive index will be the same as the refractive index of
such a transparent electrode, there will be no difference in the refractive
I ndex between the portion where a transpgpent el ectrode
and a metal target of Sn Qere set. A soda lime glass
substrate was thoroughly cleaned by a method such as
polishing and dried and then placed in a vacuum chamber,
which was evacuated to a level of not higher than 1 x 10~
5 Torr by an oil diffusion pump. At this time, no
heating of the substrate was conducted. Then, 0, gas was
introduced into the vacuum system, and the pressure was
adjusted to 3.0 x 1073 Torr. In this state, a power of
2.7 W/cm? was applied to the metal Sn target to form a
film of SnO, (refractive index: 2.0) in a thickness of
1144 A. Then, the atmosphere in the vacuum system was
completely replaced by a gas mixture of Ar:0, = 60:40,
and the pressure was adjusted to 3.2 x 1073 Torr. 1In
this state, a power of 3.6 W/cm? was applied to the Zr-Si
alloy target to form a ZISiyOz film (refractive index
1.49) in a thickness of 675 A. The film thickness was
controlled in all cases by changing the transportation
speed of the glass substrate passing in front of the
target, but to improve the precision of the film
thickness, an optical multi-color monitor was used in
combination. The spectral reflection spectrum in the
visual region oﬁ the sample thus prepared is shown by a
dotted line 1 in Figure 7 (the influence from the rear
surface of the glass substrate is removed).
EXAMPLE 2 |

On the cathode of the in-line system magnetron DC

sputtering apparatus as used in Example 1, an alloy
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pattern is fornmed on the alkali barrier filmand the portion where no
transparent electrode is formed and only the alkali barrier filmis forned,
whereby the transparent elegtrode pattern will not be prominent, and it is
possible to prevent a so-called "see-through" phenonenon of the
transparent electrode pattern. For exanple, in an electrically conductive
gl ass having a structure of gl ass pIaLeAfJgali barrier film conposed of

target of of Zr:Si = 8:2 was set instead of the metal Sn

target. In the same procedure as in Example 1, a ZrsSi,0,

film (refractive index: 2.05) having a thickness of 215

A, a 2rsi 0, film (refractive index: 1.49) having a

thickness of 165 A, a ZrSi,0, film (refractive index:

2.05) having thickness of 926 A and Zrsi 0, film

(refractive index: 1.49) héving a thickness of 837 A were

sequentially formed on a soda lime glass substrate.

Further, as the film-forming conditions for this multi-

layéred reflection preventive film, a gas mixture of

Ar:0, = 7:3 was used as the sputtering gas, and a power

of 7.8 W/cm? was applied to the alloy target of Zr-Si

under a pressure of 3.5 x 10~3 Torr. To accurately

control the film thickness, an optical multi-color

monitor was used in combination, as in Example 1. The

spectral reflection spectrum in the visible region of the

sample thus prepared is shown by a curve 2 in Figure 7

(the influence from the rear side of the glass substrate

was removed).

Now, the Examples for the electrically conductive
glass provided with an alkali barrier film of the present
invention will be described.

EXAMPLE _ 3.

A usual glass sheet (soda-lime silica glass sheet) of
JOcm x 10 cm x 3'mm containing 15% of an alkali
bomponent R,0 (R: Na, K) was thoroughly washed with a

washing agent, then washed with water and dried. This
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oxi des containing Zr and Si/ITOfilm the conposition may be controlled to
be Zr:Si = 70:30 in accordance with Table 1 so that the refractive index
will be adjusted to about 1.9 of the refractive index of the ITO film

O herwise, in a case where it is desired that the transparent el ectrode
pattern can be seen for the purpose of registration in the production of a
di splay el enent, the refractive index c&h be differentiated fromthe

glass sheet was placed in a vacuum chamber in a
sputtering apparatus, and the chamber was evacuated to 1
x 105 Torr. Then, a target comprising Zr and Si
(Zr:Si= 10:90) was subjected to DC sputtering in a gas
mixture of argon and oxygen under.a pressure of 2 x 1073
Torr to form a Zr, ;Si,; ¢0, £ilm in a thickness of about
1000 A.
COMPARATIVE EXAMPLE 1

To the same glass sheet as in Example 3, a §10, £ilm
was formed in a thickness of 1000 A by a CVD method using
SiH, and O, gas. The product of Example 3 and the
product of Comparative Example 1 were respectively
maintained in contact with pure water at 90°C for 24
hours, whereupon the amount of Na* eluted into the pure
water was measured to investigate the alkali barrier
property, whereby with the product of Example 3, the
amount was 0.60 xg/cm?, and with the product of
Comparative Example 1, the amount was 0.61 pg/cmz.
Further, the product of Example 3 and the product of
Comparative Example 1 were respectively washed with 5%
NaOH and then contacted with pure water at room
temperature for 24 hours, whereupon the amount of Na¥
eluted into the pure water (the amount of Nat adsorbed
during the above washing) was measured to investigate the
alkali absorptivity, whereby with the product of Example
3, the amount was 0.13 xg/cm? and with the product of

Comparative Example 1, the amount was 0.14 xg/cm?. This
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refractive index of the ITOfilm and the refractive - 31 - index can be
made | ow by increasing the proportion of Si. In this manner, the
conposition of the alkali barrier filmof the present invention nmay

suitably be sel ected

- 43 -

indicates that the product of Example 3 has substantially
equal properties as the product of the Comparative
Example.
EXAMPLE 4

In the same manner as in Example 3, a'Zro"lSio.go2
film was formed in a thickness of about 200 A.

EXAMPLE 5

In the same manner as in Example 3 except tha£ as the
target a erizltarget (2r:81 = 1:2) was used, a
2rg. 33515 602 £ilm was formed in a thickness of about
22A.

EXAMPLE 6

In the same manner as in Example 5, a 2rj 335ij 405
film was formed in a thickness of about 500 A.

The products of Examples 4 to 6 ﬁere respectively
stored in contact with pure water at 85°C for 24 hours,
whereupon the alkali barrier properties and the alkali
absorptivity were measured to obtain the results as shown

in Table 4.
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dependi ng upon the refractive index of the conductive filmto be forned
The fil mthickness of the alkal
|l east 5 nm (50 A) so that adequate alkal
obt ai ned. Especially,
500 nm (5000 A)

t her eon.

conductive gl ass,

is nost practical .

As gl ass useful

barrier filmis preferably at
barri er performnce can be
a thickness within a range of from10 nm (100 A) to
for the electrically

- 44 —
Example 4
Alkali ]
: . Alkali
Film barrier adsorptivity
Alkali barri
Sample . atl barcier thickness property Amount of
£ilm s Amount of
(a) adsorbed
eluted Nat ot 2
(pg/cm2) (pg/cm®)
Product of
Z i .
Example 4 Ig.151g,90, 200 0.63 0.074
Product of )
Example 5 | 270.335%0.6602 | 200 0.43 0.031
Product of
yA i )
Example 6 T9.3351p.6602 500 0.12 0.047
-
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not only the nost commonly enpl oyed soda line silica glass containing from
10 to 20 wt% of Na or K, but al so various other alkali-containing glasses
may be nentioned. In the electrically conductive glass, the conductive film
to be formed on the above- nentioned alkali barrier film is not
particularly limted so long as it is a conductive filmwhich is

_45_

On each of the products of Examples 3 to 6, an alkali
barrier film was formed by a DC sputtering method, and
then on such an alkali barrier f£ilm, an ITO f£ilm was
continuously formed by a DC sputtering method.
Thereafter, the product was stored at 90°C for 24 hours,
whereby no change was observed on the appearance of the
ITO f£ilm.

Further, in a case where Hf, Nb, Sn or La was used
instead of Zr, the same results as in the above Examples
were obtained, and the alkali barrier property was
observed. |

Now, Examples for the anti-iridescent glass of the
present invention will be described.

EXAMPLE 7

A ZrSiyOy £ilm was formed on a glass substrate in a ’
thickness of 900 A by DC sputtering in an atmosphere of a
mixture of Ar and oxygen under a vacuum of from 1 x 1073

. to 1 x 1072 Torr using an alloy target of Zr: SI = 1:2.
The refractive index of this film was 1.74, which
corresponds to nd = 0.16 um and A, = 0.63 gm. An ITO
thin film was formed thereon in a thickness of 8000 A by
ion plating. With respect to a separate ITO film formed
in the same manner, the refractive index was measured and

found to be 2.0. This sample was designated as Sample 1.

(Structure of Figure 1)

EXAMPLE 8

On Sample 1, a SiO, film was formed in a thickness of
— T
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susceptible to deterioration by alkali ions, for exanple, a transparent
conductive oxide filmsuch as an ITOfilm a F- or Sb-doped [err] filmor
an Al -doped ZnO filmor a filmof conductive netal such as Ag or Au. The
al kali barrier filmof an electrically conductive gl ass S
formed by a DC sputtering nethod. Therefore, a filmwhich is uniformover
a large area is fornmed at a high speeg‘Hydgr a
900 A by vapor deposition. With respect to a separate
S$i0, thin film formed in the same manner, the refractive
index was measured and found to be 1.47, wﬁich
corresponds to nd = 0.13 gm and A; = 0.52 gm. This
sample was designated as Sample 2. (Structure of Figure
2)
EXAMPLE 9
Sample 1 was formed into a laminated glass using an
inteflayer of PVB (polyvinyl butyral), and the laminated
glass was designated as Sample 3 (Structure of Figure 4)
EXAMPLE 10
On the ITO film of Sample 1, a ZrSiyOy f£ilm was
formed in a thickness of 700 A under the same conditions
as in Example 1. The refractive index of this film was
1.74, which corresponds to nd = 0.12 gmi and 2, = 0.49 um.
This sample was bonded to another glass with an
interlayer of PVB interposed therebetween to obtain a
laminated glass. This laminated glass was designated as
Sample 4. (Structure of Figure 4)
COMPARATIVE EXAMPLE 2
On a glass substrate, an ITO thin film was directly
formed in a thickness of 8000 A by ion.plating. The
refractive index of tﬁis £film was é.O. This product was.
designated as Sample 5. _(Structure of Figure 3)
' COMPARATIVE EXAMPLE 3 N

Sample 5 was bonded to another glass with an

interlayer of PVB interposed therebetween to obtain a
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- 32 - stabilized condition. This neans. that when a conductive filmto be
formed on the alkali barrier filmis formed by a DC sputtering nethod, the
al kali barrier filmand the conductive filmcan continuously be forned in

an in-line type vaccum

_47...

laminated glass. This laminated glass was designated as
Sample 6. The spectral reflection spectra of Samples 1,
2 and 5 are shown in Figure 5. In the Figure, 51, 52 and
53 correspond to Samples 1, 2 and 5, respectively. 1In
the case where a transparent undercoating film was formed
according to the present invention (51), the ripple is
evidently reduced as compared with the case wifhbut such
undercoating £ilm (53). This clearly indicaEéé a
iridescehce—preventing effect. It is evident that the
effect becomes more remarkable when a transparent top
coating film is provided (52).

The spectral reflection spectra of Samples 3, 4 and 6
are shown in Figure 6. In the Figure, 61, 62 and 63
correspond to Samples 3, 4 and 6, respectively. Like the
case of Figure 5, it is evident that the ripplé-
éreventing effect is largest when a transparent
undercoating and a transparent top coating film are
formed on and under the high refractive index transparent
thin film.

INDUSTRIAL APPLICABILITY

By using the target of the present invention, a
transparent thin film having a low refractive index and
being excellent in the alkali resistance can be prdvided
over a large area at a high speed under a stabilized
condition. By its combination with a high refractive
lindex oxide transparent thin film, the optical design of

a thin film can be simplified.
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process apparatus w thout breaking the vaccum which is particularly
advant ageous fromthe viewpoint of the productivity. Further, an
anti-iridescent galss can be formed having prevented glaring (color

shadi ng) which used to be a problemwhen a high refractive index
transparent filmis formed on a glass substrate in a thickness of at |east
0.15 [err] using a filmconprising siliggn-dioxide as the main conponent.

Further, the low refractive index film of the present
invention has chemical stability and can be used as an
overcoat for various articles. For example, it is most
suitable for a heat radiation reflective glass for
buildings or vehicles, for a protective plate for the
reader portion of a bar code reader, or for the outermost
layer of a reflection preventive film, an eye glass lens,
etc.

According to the present invention, the film
comprising silicon dioxide as the main component can be .
formed by a DC sputtering method. Therefore, it can be
combined with various physical vapor deposition methods
employing a vacuum (such as vacuum vapor deposition, ion
plating and sputtering). Thus, when a multi-layered £ilm
containing at least one layer of a film comprising
silicon dioxide as the main component, is to be formed,
each layer of such a multi-layered f£ilm can be formed
continuously by a physical vapor deposition method
without breaking the vacuum, whereby the production
efficiency can remarkably be improved.

As described in the foregoing, according to the
present invention, it is possible to present a anti-
reflective film with a large area which used to be
difficult to prepare. Especially, in the present
invention, by using ZrSiy0; films for both a high
refractive index film and a low refractive index film, an

effect for preventing interlaminar peeling can be
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Nanely, an anti-iridescent glass can be formed having a high refractive

I ndex transparent thin filmwith a refractive index n of at least 1.8 and a
thickness d of at least 0.15 [err] formed on a gl ass substrate and having a
transparent undercoating filmwith n = 1.65 - 1.8 fornmed in an optical film
thickness nd = 0.1 - 0.18 [err] between the high refractive index
transparent thin filmand the glass subsio at e,

expected. Further, the ZrSiy0; film is non-crystallized
by the addition of Si, and has an improved surface
smoothness, whereby an improvement in the abrasion
resistance is also observed. The 2ZrSiyO; film as the
material for a low refractive index film to be used in
the present invention is excellent in the alkali
resistance as compared with a Si0, £ilm, and believed to
be dense with high hardness, whereby it is effeétive for
an improvement in the chemical resistance of the prepared
reflection preventive multi-layered f£ilm.

As described in the foregoing, according to the
present invention, a multi-layered anti-reflective f£ilm
can be prepared by an apparatus for an in-line DC
sputtering method. And, this in-line DC sputtering
method has a feature that control of the uniformity of
the film thickness over a large area is relatively easy,
and as a result, it is possible to prepare a anti-
reflective film with a large area. Such a anti-
reflective film with a large area can be used for a show
window of a shop, for a casing for a doll, for a front
glass for a picture, etc. Further, the capability of
producing a product with a large area means that small
products can be prepared in a large amount at the same
time. This means a reduction of the production costs.
Specific applications of this type include a front panel
for a display, a cover glass for a solar cell, a lens for

eye glasses, etc.
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wherein said transparent undercoating filmis a filmconprising as the main
conponent a conposite oxide containing Si and at | east one nenber sel ected
fromZr, [err] Figure 1 shows a cross sectional view of one exanple

_50-.

The electrigaily conductive glass provided with an
alkali barrier £ilm of the present invention is
particularly suitable as a display device for e.g. a
liquid crystal device, an electrochromic device or an
electric field light emitting device, or as an alkali
diffusion preventive film for an electrically conductive
glass to be used for an amorphous solar cell substrate.
As shown from Table 3, it has heat resistance and is
stable and free from deterioration under various
environmental conditions during or subsequent to the
productibn of e.g. such a display device or a solar cell.
Of course, it can be applied for other uses, for example,
for an undercoating when an electrically conductive
coating £ilm, a heat radiation reflection preventive
coating £ilm, a reflection coating £ilm, a coloring
coating film or a coating film having other various
functions is to be formed on a glass sheet-for various
transportation vehicles such as automobiles, aircrafts or
railway vehicles, for buildings, for various apparatus,
for optical equipments, for electrical parts or for
electronic parts.

Furﬁher, whén the periphery of a liquid crystal cell
or the like is to be sealed, it is possible to prevent
peeling of a sealing agent by alkali by interposing an
alkali barrier film of the present invention between the
sealing agent and the glass.

Further, the refractive index of the alkali barrier
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- 33 - of an anti-iridescent glass. 10 indicates a glass substrate, 11

I ndi cates a high refractive index transparent thin filmhaving n > 1.8 and
d [err] 15 [err], and 12 indicates a transparent undercoating film As the
hi gh refractive |ndex transparent thin film 11 of the present i nvention,

i ndiumtin oxide, fluorine-

- 51 -
film of the preseﬁt invention can be adjusted to a
desired level by changing the proportions of Si and a
metal such as Zr. Therefore, the alkali barrier film can
be used in a wide range of the above-mentioned various
applications.

Further, the alkali barrier film of the present
invention has a low alkali absorptivity. Therefore, it
can sufficiently be used even when the process for the
production of a liquid crystal cell or the like includes
a step of washing with an alkali-containing solution.

As is evident from the above Examples, in the presént
invention, when a high refractive index transparent thin
film is to be formed on a glass substrate in a thickness
beyond a certain degree, it is possible to control the
ripple which appears in the spectrum, by interposing a
transparent undercoating £ilm inbetween.

It is Eﬁéreby possible to obtain an effect for
preventing color shading (glaring) due to the variation
in the film thickness of the high refractive index thin
film or due to the change of the sight angle. A
remarkable effect can be obtained especially when this is
applied to a glass substrate with a large area.
| When a £ilm comprising as the main component a
composite oxide containing Si and a metal such as Zr or
Ti, is used as a transparent undercoating £ilm or as a
transparent top coating film of the present invention,

f£ilm forming can be conducted by a reflective sputtering
_om s RET e T
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doped tin oxide or zinc oxide may, for exanple, be nmentioned. However, it

Is not limted to such specific exanples. The transparent undercoating film
12 is athin filmhaving n (refractive index) = 1.65 - 1.8 and nd (opti cal
filmthickness) = 0.1 - 0.18 [err] to prevent glaring. The constituting
material is preferably a filmconprising as the main. conponent a

- 52 -
method by means of a DC sputtering ‘method. Accordingly
all thin £ilms including the high refractive index
transparent thin film, can be formed continuously in-line
i.e. to form a anti-iridescent glass by a physical vapor
deposition method without breaking the vacuum, whereby
the production efficiency will be remarkably improved.

A high refractive index transparent f£film can be
formed without color shading on a glass with a large area
according to the present invention, and it can be applied
to applications with a large area without impairing the
appearance, such as for a heat mirror for buildings, an
electromagnetic shieiding glass, an automobile electric
heating windshield glass, a transparent condﬁctive
substrate for display, a transparent conductive substrate

for a solar cell and an ultraviolet ray cutting glass.
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conposite oxide containing Si and at |east one nenber selected from/[err]

Cr, because—~such_a~LLLglE€P be formed at a high speed by reactive
sputter+r§k means of a sputtering nethod in an oxygen-containi ng
atnnsphe eplabey target containing Si and nmetals such as Zr, etc.
and it i mink t he physical and chem cal durability. Especially, a

conposit |ng Zr and Si 653 -

CLAIMS
1. A film comprising silicon dioxide as the main
component, wherein at least one member selected from Zr,
Ti, Ta, HEf, Mo, W, Nb, Sn, In, La and Cr, is contained in
a total amount of at least 4 atoms relative to 96 atoms
of Si.
2. A method for forming a film comprising silicon
dioxide as the main component, by a DC sputtering method
in an oxygen-containing atmosphere by means of a target
comprising Si as the main component, which target
contains at least one member selected from Zr, Ti, Ta,
HE, Mo, W, Nb, Sn, In, La and Cr in a total amount of at
least 4 atoms relative to 96 atoms of Si.
3. A target for sputtering comprisin Si as the main
component, which contains at least one member selected
from Z2r, Ti, Ta, HE, Mo, W, Nb, Sn, In, La and Cr in a
total amount of at least 4 atoms relative to 96 atoms of
Si.
4. The target for sputtering according to Claim 3, which
contains Zr in a proportion of from 4 to 15 atoms
relative to from 85 to 96 atoms of Si.
5. A multi-layered anti-reflective £film having a low
refractive index film at least at the outermost layer as
counted from the air side, wherein the above low
refractive index film is a f£ilm comprising as the main
component a composite oxide containing Si and at least

one member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta,

_
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partLQuLaLLy_QLngLng_%jnce It is excellent in both acid resistance and
al kali resistance. Further, a conposite oxide containing Si and netal s such

as TTi@mrPha&waRTﬁk&; that the refractive index can be adjusted to a

Rl T

In, La and Cr.

...54_

6. An electrically conductive glass having an alkali
barrier layer for preventing diffusion of alkali from an
alkali-containing glass and an electrically conductive
layer sequentially formed on the surface of the alkali-
containing glass, wherein the above alkali barrier layer
is a film comprising as the main component an oxide
containing Si and at least one member selected from Zr,
Ti, Hf, Mo, W, Nb, Sn, Ta, In, La and Cr.

7. A anti-iridescent glass having a high refractive
index transparent thin film with a refractive index n of
at least 1.8 aﬁd a thickness d of at least 0.15 um formed
on a glass substrate and having a transparent
undercoating film with n =.1.65 - 1.8 formed in an
optical f£ilm thickness nd = 0.1 - 0.18 um between the
high refractive index trénsparent thin £ilm and the glass
substrate, wherein said transparent undercoating film is
a film comprising as the main component a éomposite oxide
containing Si and at least one member.selected from Zr,
Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr.

8. A method for continuously forming a multi-layered
film containing at least one layer comprising silicon
dioxide as the main component and containing at least one
member selected from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In,
La and Cr by a physical vapor deposition method without

breaking a wvacuum.
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desired value by controlling the blending ratio. In the case of a Zr-Si-0O
film in order to obtain n = 1.65 -.1.-8, i't is advisable to control the
amount of Si to at |east 50 atons and at nobst 150 atons, relative to 50
atons of Zr. The sane effects can be obtained also by a | am nated gl ass
which is_prepared by |am nating the above-nentioned anti-iridescent glass
on anot her gl ass substrate with a -

ABSTRACT
FILM COMPRISING SILICON DIOXIDE AS THE MAIN
COMPONENT AND METHOD FOR ITS PRODUCTION

The present invention relates to a film comprising
silicon dioxide as the main component, which contains Zr,
etc., and a method for forming it by reactive DC
sputtering. It makes it possible to form reflection
preventive films, alkali barrier films and various multi-
layered films such aé multi-layered films for anti-
iridescent-éléss, which contain said f£ilm comprising
silicon dioxide as the main -component, by a physical

vapor deposition method without breaking a vacuum.

(FIGURE 1)
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plastic interlayer interposed therebetween to forma structure of

gl ass/transparent undercoating filnm high refractive index transparent thin
filminterlayer/glass. The col or shading is caused by the interference of
lights at the upper and |ower interfaces of the high refractive index
transparent thin film Therefore, the spectrumw || have the maxi nrum and
the mnimum (ripple), and deviation of the maxi nrum and m ni nrum due to

vari ation ' -1 -

'FIGURE |
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of the filmthickness of the high refractive index thin filmis observed as
col or shading. And, the transparent undercoating filmserves to prevent the
reflection at the interface between the glass and the high refractive index
transparent thin film The result will be as if this interface has

di sappeared, whereby there will be no reflection or interference of lights

by transm ttance.

FIGURE 5
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Nanely, the ripple in the spectrum di sappears, and there will be no change
in the spectrumeven if the filmthickness is varied. Strictly speaking,
this effect for - 35 - preventing the reflection due to interference of

l'ights

FIGURE 7
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rm,sy d only at a certain one wavel ength (main wavel ength), and the

*%W

elca some extent at other wavel engths. Therefore, as a method
ver preventing the ripple, it is preferred to provide a
entl ng transparent top cqati ng filmon the top of the high

refractive index tp AT T HE) R

\/(SB ED ON SILICON DI

Descriptian

The srasent invention ralatas to a mathed and target {ar OC sputtaring and notably to a target material ta e used
tar lormung 3n cxida transparant thin film comprising silican diaxica as the main comgonent by 3 CC sputtaring mathed
anc a methed fer ferming a film comprising silicen dioxida as the main comgaanent, using this target, as well as a multi-
layarac film using such a film.

Backercung Ad

Haratctare, it nas been known to amploy silican dioxide or magnesium fluorica for a transgarent thin film having
alaw rafractive index. Such a thin film can be fermad by a vacuum degasition methed (JP-A-35110127, JP-A-§2073202)
or a ccating methed. Howavar, such film-lorming methcds ara hardly applicable to farmaticn of films on substrates with
large araas and ¢an not be used in a case whera itis requirad to form a film with 2 l2rge area such as in the casa of
glass for autemcbiles or for buildings. A OC sguttering methed is mast suitatle for ferming a film with a lacge area,
Howavar, nara has BSeen no target material suitable far providing a lransparent thin film having a low rafractive incex.
Thus, it "as been impassible to abtain a desirad thin film by means of a OC sputtering methca capable of forming a
film with a large araa.

Far axample, in crder to farm a silicen dioxide thin film by a OC sputtaring mathed, it is concaivatle ta empicy a
maethed winerein an electrically cenductiva Si target is subjected to reactive spultering in an oxygen-containing atmes-
phare 1 ferm a sificsn dioxide thin film. Haowevar, tha surfaca of such Si target is oxicized curing the sputtering, whersty
the csncuciivity decraases, and sputtaring can harcly be continued under a stabilized conditicn. Further the formed
silicen cicxide thin film has had a drawsack that it is nct durable against alkalinity.

Funner, neratefcra known as tygical examples of a reflacticn greventive layer o e fdtmed on the surface of a
substrate ‘cr cotics such as camera lansas, eye glassas or cptical displays in arder to'véduca the surface reflection of
such sgtics, are a singla-layerad ant-raflactive fiim cbiained ty feming a thin fiim with a low rafractive index tc have
an agtical fim hicknass of Ac/4 (As: cesigned wave langth, the same apolies herainalter), a couble-layared anti-re-
fectiva fim cotained oy terming substancas with low anc high two (ypes of rafractiva indices to have optical thicknessas
ef Aefe - Aei2 saguentially frem the air sida, a three-layered anti-reflective film chtained by forming subistances with
lew, hign anc intarmediate thrae types of rafractive incices io have optical film thicknesses of ic/a - Ae/2 - Ao/d se-
Quentially {rem tha air side, and a fourayerad anti-reflactive film gbrained by laminating substances with low, high,
intarmeciata and lew rafractive incices frem the air sice to have agtical film' hicknesses cf Ag/4 - Aa/2 - Aa/4 - Xa/2,
respectivaly. Cn ihe other hand, with resgec o apglicaticn of such multi-iayered raflection preventive films, a demand
for large 3ize commercial groducts such as show windows for shaps has racently been seen in acdition o a demand
for the accve-menticned small size preducts such as camera lensas, eye glasses cr optical dispiays. However, sinca
the lcw rafractivs index materal usad for such multi-layerad reflacticn preventive fiims, such as MgF, or SiQ,, is an
insulating material, it is difficult to form such films by 3 OC sputtering methed which is advantageaus lor a large size
i.a. large araa czating from the viewgcint of grecuctivity. Usually, a vagor degesiticn method is amployed for film-
formaticn of such low rafractive index sutistancaes. Therafara, thare is na problem with respect o small size products
such as camera lgnsas or aye glassas. However, with respectto 2 preduct with a large arsa, thers is 2 probiem such
thatitis nec2ssary ia control the film thickness unifcrmly. As a means for famming MgF, ar SiQ, inta a film by a sputtering
methcc, amethcd is available wherain film forming is canducted by a R.F. (high fraquency) sputtering methad empioying
a target mace of a compound of MgF, or Si0,, Howavar, this methed raguires a time and casts {er the praparation of
tha target, and tha A.F. sputtaring methcd itsalf is not entiraly reliable from tha viewpaint of the stability in preduction
aver aleng sericd of time. As ancthermaeans far farming MgF, or SiO, inta a film by 2 sputtering methed, itis concaivable
ta form a film frem a Mg or Si targat by a reactive sputtaring mathod. Howavar, in tha case of MgF,, itis necessary to
use fucrine which is a carrosive gas, and thera is a pretilem in the maintenance ¢f the apparatus. In the case of SiC,,
thers is 2o such srcolem sinca the sputtaring gas is cxygen, but since Si is samicencuctar OC sguttering tands to be
ditfieuit, anc:he ! film-forming speed is usually siow, wharaby the greduction tima is prelonged, which is disadvantagecus
from tha viewgaint of costs.

Glass sneets as transparant matanal ara chemically stable, axcellent in the surface harcness, durable ata high
temaaratura at 3 level of fram S00°C to 700°C and axcallent alsa in the alectrically insulating pragartias and gptical .
pragertias. and thay are used not only as wincow glass matarial for builcings, vahicles and ai¢ crafts but also {or aptical
parts. alecircal garnts, electronic parts, aic. In particular, an elactrically canductive glass sheet having a conductive
coating film ‘ormeccn a glass sheel surface is amployac as an amorphaus solar cell substrale ar as a display alemeant
such as a'icuid display alamant, an alectrachremic glement ar an elactric fiald light amitting alamant. Soda lime gilica

‘glass snaets wnich are inexpensiva and-mast cammcnly smployed, tend to be usad as glass substratas for such

alectacally cancuctiva glass shaeets. Howavar, such scda lima silica glass shaats contain from 10 to 20 wi% of an alkali
comecnent such as sadium or gatassium. Accardingly, they have a drawback that when used tar a long period ol time,
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Fi gure 2—i-s—a—eross_sectional view of anot her exanpl e of an anti-iridescent

in which 20. indicates a glass substrate, 21 indicates a high refractive

i ndex tra S11tas peep Reflackdn (t he sane thin filmas 11 in Figure 1), 22 is a
t ranspar ent : H ! film(the same thin filmas 12 in Figure 1) and 23
s a transp ihg film By tigs arrangenent, it is possible to
dimnish interference of |ights at both the

the coated conductive film undergoes a property deterioration due to tha diffusion of alkali ions to the surface from the
glass substrata. For example, turbidity is likely to farm in the conductive film of the slactrically conductiva glass sheat,
whereby the transparency is likely lo decrease, or the electric resistance of the conductive film is likely to increase, or
the chemicophysical durability tands lo detariorate. Namely, in a liquid crystal display elament, an oxidation-raduction
rgaction takes place at the display electrode surface due to the alkali difused from glass, whereby an indium oxide
fitm (ITO film) or a tin oxide film (nesa film) is modified, and the liquid crystal itself undergoes electrolysis and deteri-
orates. Also in an electrochromic elemant, electrodes ara likely to wear out for the same reasan, which causes a
deterioration of the durability of tungsten oxide or molybdenum oxide as tha electrochromic material, whereby the
alement tends to deteriorate. Likewise, in the case of an electric field light emitting element, an alkali cozed out of the
glass surface by diffusion is likely to penetrate through a conductive film into the light emitting material, whereby the
light emitting efficiency or the emitted color is likely to be changed. Further, in the case of an amorphous sciar cell, the
alectric resistance of the conductive film tends to increase, wheraby the photoelectric convarsion efficiency is likely to
be substantially lowered. In some cases, the alkali penetrated through the electrodes is likely to difuse into the amor-
phous silicon, thus leading to a deterioration of the conversion efficiency. :

Otherwise, alkalfi-containing glass such as soda lime silica glass has a tendency such that when it is treated at a
high temperature, alkali ions tend to readily migrate. Therelore, there is a drawback that due to diffusion ¢f alkali ions
during a high temperature treatment for the preparation of conductive glass or various coated glass, the gadormance
ol the conductive film or the coated film tends to deteriorate.

A typical methad for solving such a drawback is a method of forming a certain thin film capable of preventing the
alkali diffusion, on the surface of usual soda lime silica glass, and a silica film is commonly employed for this purposs.
A silicon oxide film (such as a SiO, film) is used for preventing the alkali diffusion for such reasons thz: the film is
amorphous and when anaother thin film such as a conductive film is to be formed thereon, it is possible i< form sub-
stantially the same film as formed on glass. The refractive index of the silicon oxide film is close to that of glzss although
it is slightly lower than glass, and it is transparant to light usually in a wider range than a glass sheet, wnereby the
transparency of glass will not thereby be impaired. . :

However, while a conductive film to be formed on an alkali barrier film is usually formed by a DC sputtesng method
capable of forming a uniform film over a large area at a high speed, the silicon oxide film can not be forred by such
a DC sputtering method, becausa if it is attempted to form the silicon oxide film by a OC sputtering methoz using a Si
target, the surface of the Si target tends to be oxidized, whereby the electric conductivity will deteriorate, anz sputtering
can not be continued under a stabilized condition. Therefore, silicon oxide film used to be formed by a RF sputtering
method or a CVD (chemical vapor deposition) method using an oxide target.

Therefore, separately from the method of forming the conductive film, it is required to conduct tuning of the RF
sputtering or control of the sputtering atmosphera for the silicon dioxide film, or it is required to farm a film 2 the CVD
method using a separate apparatus, whereby it is impossible to continuously form the conductive film ane the silicon
dioxide film in line, and thus there has been a problem that the productivity is poor.

As is well known, a number of proposals have been made for the technique for preparing functiorzi glass by
applying a coating 31 on the surfacs of glass 30, as shown in Figure 3. For example, an interference filter.  raflection
preventive film, a heat radiation reflecting glass, a transparent conductive glass, an electromagnetic wawe shielding
glass-and an electric heating windshield glass may be mentioned. in the transparent conductive glass, the “eat mirror,
the electromagnetic shielding glass and the slectric heating windshield glass among them, a transparer: =xide con-
ductqr is formed as a main constituting layer 31 in many cases. Particularly, indium-tin oxide (1TO), fluorin=—oped tin
oxide (SnO,:F) or aluminum-doped zinc oxide (ZnO:Al) is used in many cases. Further, as an ultraviolet ciring glass,
a product having a zinc oxide (ZnO) layer coated as an ultraviolet absorbing layer on the surface of glezs. may be
mentioned.

However, sach of these transparent oxide materials has a refractive index of from 1.8 to 2.2 which s large as
compared with glass, whereby the reflectance will be high at a wavelength satisfying the interference conciticns, This
will be observed as the maximum {ripple) in a spectral reflection (transmission) spectrum. Accordingly, whe- z thin film
of such material is coated on a glass sheet having a large area, the wavelength at the maximum reflectic ‘s shifted
due to a variation (irregularity) of the in-plane film thickness, which will be racognized by eyes as color shzzing of the
reflectad color, '

An extremaly high level of technique is required to control the film thickness distribution on a glass surzce within
+5% by vapor deposition or CVD when a glass sheat of 1 m x 1 m is taken for axample, although it deper=s alsa on
the methad (or forming the film. According to our study, in a case whera the film thickness distribution is zsumed to
be. at the above level, the in-plana color shading reaches a prablamatic level when the above-mentioned rensparent

' ?xlde_lfi!m is formed on the glass substrate in a thickness of 0.15 pm or more. On the other hand, as the fiirr rickness
increases. chromaticness of thae reflected color decreases, and with a thickness of 0.6 um or more, colorfurass tends
to decrease. Howaver, for the colorfulness to decraass sufficiently to a level whera it can hardly be recognizu«z as color

shading. the film thickness 1s requirad to be at least 3 um, prelerably at least 5 um. .
This is the replacement sheet.



upper a*rrd*kowe*r—r—nﬁe‘r“f-aces of the high refractive index transparent thin
film \/\,h.iehrl Xeth%s S eoagldble to obtain a anti-iridescent glass which is

subst ant1 free fromiridescence. As such a transparent top
coating fijd H having n = 1.35 - 1.55 and nd = 0.045 - 0.075
[err], is! he constituting Jmterial is not particularly

limted, and [err] may be used. However, a conposite

Further, even if the film thickness distribution can be controlled unitarmly, the large ripple in the spectrum still
remains and will be recognized by ayes as a colorful color. If this is formed on a large sized glass, the maximum
reflection wavelength is shifted depending upon the sight angle i.a. the angle batween the glass surface and the line
of sight, whereby the color changas, which is again recognized has color shading. Accordingly, it is dasired to minimize
the ripple in the spectrum itself.

When the film thickness is less than 0.15 pm, the variation in the film thickness distribution will be £ 7.5 nm (75
A), whereby no substantial in-plane color shading will be recognized, but the color shading due to the sight angle will
still be a problem.

Thus, when a transparent film with a high refractive index is formed on a glass substrate in a thickness exceeding
a certain level, the glass exhibits glaring (color shading) depending upon the in-plane film thickness distribution or the
changae in the sight angle, whereby the commoerciat value may substantially be impaired.

. Some proposals have been made to prevent such color shading. Japanese Examined Patent Publication No.
39535/1988 proposas o use an infrared reflecting substance as a high refractive index transparent film and to provide
a layer having a refractive index n = 1.7 - 1.8 to the glass and a film thickness d = 0.64 - 0.080um. Thera is no particular
suggestion for the specific means of providing this layer. but vacuum vapor depaesition or atmospheric pressure CVD
is exemplified, and it is described that atmospheric pressure CVD is advantageous taking the coating on a large sized
glass sheel into consideration, and only atmosgheric CVD is described in Examples.

In Japanese Unexamined Patent Publication No. 201046/1989, a technique of forming SiC,O, is shown as a prac-
tical means for forming this primer layer. This is a method wherein a float method is assumed for the process for
production of a sheet glass, and a gas mixture comprising silane, an unsaturated hydrocarbon compound and carbon
dioxide is blown to the giass surface in a tin tank furnace. This is basically a method for forming an intermediate
refractive index transparent film by atmasgheric pressure CVD,

Film-forming by atmosphaeric prassure CVD is very effective particularly from the viewpoint of costs in 2 case where
a large amount of glass is treated continuously (so-called on-line) in the process for its production. On the other hand,
it has a drawback that #t is unsuitable for forming a multi-layered film or for the praduction of various kinds in small
amounts. Therefore, it is now ¢t mmon to employ a production system of a sputtering method for the production of heat
radiation reflacting glass for automobiles or buildings. The sputtering method has maerits such that it is excellent in the
control and the uniformity of the film thickness, and production of various products in small amounts or forming of a
multi-layared film is’easy. Further, it has an additional merit that its combination with other vacuum-film forming means
such as vapor deposition or plasma CVD is easy from the viewpoint of design of apparatus. Therefore, it has been
desired to prepare an intermediate refractive index undercoating film for preventing iridescence, by sputtering. On the
cther hand, the spultering method has drawbacks that the film-forming speed is slow, and the cost is high. Therefore,
a study is actively conducted to increase the film-forming speed by sputtering. It is the most serious drawback of the
system that the {iim-forming speed is extremsly slow when a metal oxide coating film is formed by reactive sputtering
from a metal targst, and it has been considered difficuit to form a film of an intermediate refractive index transparent
material which is stable and excellent in the durability, at a high speed by sputtering.

A sputtering target is found in earfier European Patent Appilication 0 374 931.

DISCLOSURE OF THE INVENTION

. A first object of the present invention is to solve the above problems and to provide a method for forming a low
refractive index oxide transparent thin film comprising silicon dioxide as the main component by a reactive DC sputtering
method capable of forming a film with a large area, a target materiai to be used for the method.

The present invention provides a method for torming a film comprising silicon dioxide as a main component,by a
DC sputtering method in an oxygen-containing atmosphere by means of a target comprising Si as a main companent,
which target contains at least one member selected from Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr in a totat amount
of at least 4 atoms relative to 96 atoms of Si.

In the present invention, the total content of Zr, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and Cr is preferabiy from 4 atomic

% to 35 atamic % based on the total amount including Si. Particularly preferred is a total content of from 4 atomic %
to 15 atomic % for the reason that the refractive index of a thin film thereby formed will be very low at a leval of not
higher than 1.6. If the content of Zr, atc. is lass than 4 atomic %. it bacomes difficult to canduct sputtering under a
stabilized condition due to surface oxidation of the targst, and the alkali rasistance of the resulting thin film (e.g. a Si-
Zr-O type) will be poor. If the contant of Zr, atc. is targar than 35 atamic %, the rairactive index of the rasulting thin film
tends to be high, such being undesirable in a case whare a film with a low refractive index is to be formed. _

A uniform film can be farmed when spultering is conducted using the target of the present invention in an atmos-
phere of a mixture of Ar and oxygen under a vacuum of from 0.13to 1.3 Pa (1 x 103 to 1 x 102 Torr). The target of
the present invantion is electrically conductive, and yet surface oxidalion of the target during sputtering is minimum,
wharaby film-farming can be conducted by means of a DC spultering method, and a uniform film over a large area can
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e lormed at a high speed. Of course, thae target of the prasent invention is capable of forming a similar film also by
means of a high frequency (RF) sputtering method or the like.

The target or tablet of the prasent invention can be prapared, for example, by the following methad. Far example,
in a case of a Si-Zr type target or tablat, the target or tablet of the present invention can be formed by subjecting a
powder mixture of at least two membaers selected from a zirconium silicide or silican metal, zirconium melal, zirconium
silicide and zirconium oxide (inclusive of zirconia stabilized or partially stabilized by an addition of Irom 3 te 8 mol% of
Y20,. Ca0, MgO, etc.) to high temperature high pressure pressing, high pressure prassing or high pressure pressing,
followed by baking. In such case, the paricle size of the powder is suitably from 0.05 um to 40 ym. Further, the above
target may contain iron, aluminum, magnesium, calcium, yttrium, manganese and hydrogen in a total amount of at
most 3 wt%. Carbon may be contained in an amount of at most 20 wt%, since carban is converted to CO, and disappears
during the film-forming. Further, the target of the present invention exhibits similar effects aven when copper, vanadium,
cobalt, rhadium, iridium, etc. are included at a level of impurities.

Table 1 shows the properties of films formed by conducting reactive DC sputtering in an atmosphere of a mixture
of Ar and O, using various non-oxide targets of the present invention. Table 1 aiso shows some examples in which
film-forming is conducted by reactive RF sputtering using other targets, for the purpose of comparison. With respect
to the films formed by using various targets, the compositional ratio of the constituting substances, such as the ratio
of e.g. Zrto Si, in the target was substantially maintained in the films. '

With respect to the alkali resistance of film in Table 1, a film was immersed in 0.1N NaOH at room temperaturs for
240 hours, whereupen the one wharein the change in the film thickness was within 10% relative to the thickness prior
to the immersion was evaluated to be O, and the one wharein the film was dissolved, was evaluated to be X.

A film was formed in a film thickness of 100 nm using as a substrate a soda-lime glass sheet prepared by a float
method, and it was used as a sample for evaluation. The film thickness was obtained by measuring by a Taly step
maethod a step prepared by a.mask during the film-farming.

With respect to the acid resistance, a film was immaersed in a 0.1N H,SO, aqueous solution at room temperature
for 240 hours, whereupon the one in which the change in the film thickness was within 10% relative to the thickness
before the immersion was evaluated to be O. Further, with respect to the water resistance, a film was immersed in
distilled water at 100°C under 1 atm for 2 hours, whereupon the one wherein the change of the film thickness was

- within 10% relative to the thickness befare the immersion, was evaluated to be O.

As shown in Table 1, the refractive indices of the oxide films formed by using the targets of the present invention
are from 1.47 to 1.74, which are very small as compared with the oxide films prepared by using the targets as shown
in Comparative Examples 1 to 4. As shown by Examples 3, 4, 6 and 8 of the present invention, those whersin Si is at
least 90 atomic %, have refractive indices of at most 1.5, which were substantially the same as the refractive index of
the SiO, film. Besides, the films prepared by using the targets of the present invention were excellent also in the alkali

-4-

resistancs.
Table 1
Sample No. Compositionof | Refractiveindex | Alkali resistance Acid rasistance | Water rasistance
target of film of film of fitm of film
Comparative Zr 2.1 (o] 0 0
Example 1 _
Comparative Ti 2.3 0] o] o]
Example 2 .
Comparative Ta 2.2 ' o o o]
Example 3
Comparative Sn 2.0 Qo ' o] (o]
Example 4
Comparative Si 1.46 x o O
Example 5
Examgle 1 67Si-33Zr 1.74 o] @] o]
Example 2 808i-202Z¢ 1.57 O (o] o)
Example 3 90Si-10Z¢ 1.49 O O O
Example 4 95Si-5Zr 1.47 ) O o]
Example 5 67Si-33Ti 1.66 o Q O
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. Table 1 (continued)
: Sample No. Compasitionof | Refractiveindex | Alkali resistance Acid rasistance Watar rasistance
target of film aof film of film of film
Example 6 90Si-10Ti 1.51 o o @]
€xample 7 67Si-33H( 1.7 o} o] (o}
Example 8 90Si-10H¢ 1.49 O @] 0]

Further, with respect ta the SiO, film formed in Comparative Example 5 and the 10Zr-90SiO, film formed in Example
3, hardness and intarnal stress were measured.

The hardness was measured by a dynamic super fine hardness meter (load: 1 g, indenter point angle: 115, DH:
115) manufactured by Shimadzu Corporation with respect to the above films in a film thickness of 1000 A, whereby
the SiO, film of Comparative Example 5 had a relative value of 499, whereas the 10Zr-80SiQ, film of Example 3 had
a value of §14 and thus was found o be very hard. With respect to the intemal stress, the SiQ, film of Comparative
Example S had a value of 100 gyn/em?, whereas the 10Zr-90SiO, film of Example 3 had a value of not higher than
109 dyn/cm2 and thus was found to have a very small internal stress.

in the non-oxide target of the present invantion, most of Zr, Ti, Hf, Mo, W, Nb, Sn, Ta; In La, Cr, etc. in the target
are prasent in the form of silicon compounds, and Sn is present in the form of a Si-Sn alloy. Thus, their activities to
oxygen are smail as comparad with Si, and they are hardly oxidized, whersby thay serve to prevent the decrease of
the electric conductivity due to surface oxidation of the target. A second object of the present invention is to overcome
the above drawbacks inherent to the prior art by using the above described film comprising silicon dioxide as the main
component and to provide a large size reflection preventive film which is useful for buildings or automobiles, at low
costs. Namely, the present invention has been made to solve the above-mentioned problems and provides a anti--
reflective film having a low refractive index film at least at the outermost layer as counted from the air side, wherein
the above low refractive index film is a film comprising as the main compenent a composita oxide containing Si and at
least one member selected from Zr, Ti, Hf, Mo, W, Nb, Sn, Ta, In, La and Cr.

The point of observation in the present invention is that in a composite oxide contalmng Siand at least one member
selected from Zr, T, Hf, Mo, W, Nb, Sn, Ta, In, La and Cr, such as a ZrSi,O, film, the refractive index changes contin-
uously as the propartion of Si changes. Specifically, in a ZrSiyOz system, as the atomic ratio y of Si to Zr increases
from Q to 8.0, the refractive index decreases continuously from 2.1 to 1.5.

Table 2 shows refractive indices of films made of composite oxides. In each case, film-forming was conducted by
reactive sputtering by using a target having a composition as identified in the Table.

Table 2
Substances constituting target | Composition of target (atomic %) | Film composition | Refractive index n
Sty | Cw

Zr-ZrSiy 95Zr-58i 0.045 2.1 213
Zr-ZrSip 91Zr-98i 0.1 22 2.12
Zr-ZrSiy 80Zr-20Si 0.25 25 2.05
Zr-ZrSiy 70Zc-30Si 0.4 29 1.92
Zr-ZrSiy 50Zr-50Si 1 4 1.75

ZrSiy 33Zr-67Si 2.0 6.0. 1.71
ZrSiy-Si 20Zr-80Si 4 10 1.57
2ZrSiy-Si 10Zr-90Si 9 20 1.50
ZrSiy-Si §2r-95Si 19 40 1.47

it should be noted here that with the films having compositions of Zr,4SiggO, and ZrsSigsO,, the relractive index

can be as low as 1.5 and 1.47, respactively. These values are slightly short to the value of 1.46 of SiO,, but are

sufficiently useful as a material for low refractive index films for a multi-tayered reflection preventive film. Further, as

is different from a SiO, film, these films are excellent in alkali resistance, and improvement in the durability can be

expacted. Furthermore, when such a Zr,4SiggQ, film or a ZrsSigsO, film is lormed by a reactive sputtering methad, the

Zr-Si alloy used as the target has elactric conductivity, as mentionad above, wheraby there is a substantiai meril that
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DC sputtaring can be employed. This is substantially advantageous as compared with the fact that usual Si largets
5.-9 semiconductors, whareby OC sputtering can hardly be employad. Besides, the film-forming speed of thesae films
by the reactive sputtering method is substantially high as compared with the SiQ, film, whareby the production time
can be shortened, which is advantageous also from the viewpoaint of costs.

Accordingly, tha abave-mentioned low refractive index film comprising silicon dioxide as the main componant of
the prasent invention can be used as a low reiractive indax film for various raflection preventive multi-layered films,
such as a single-layerad anti-reflective film formed on a transparent substrate in an optical film thickness of Ao (designed
wavalength, the samae applies herainafter), a double-layered anti-reflective film having two substances having low and
high refractive indices formed in optical film thicknesses of (Ao/4 - Ao/2) sequentially from the air side, a three-layered
anti-reflective film having three substances having low, high and intermediate refractive indices farmed in this order,
in optical film thicknesses of (Ao/4 - Ao/2 - Ao/4) sequentially from the air side, and a four-layered anti-reflective film
having substances of low, high, intermediate and low refractive indices overlaid from the air side in optical film thick-
nesses of (Aa/4 - Aof2 - Ao/ - Aa/2), respectively. .Further, the reflection preventive multi-layered film can be tormed
continuously by a physical vapor deposition method without breaking a vacuum.

Now, let us consider the actual production of a three-layered anti-reflective film according to the prasant invention,
A three-layered anti-reflective film is widely practically used, since a low reflectance can thereby be realized within a
wide wavelength region covering the entire visible light region. In order to prepare such a three-layered anti-reflective
film according to the present invention, a ZrSi,O, film having an optical film thickness of Ao/4 and a refractive index of
1.49 is formed on the surface of a substrate as the first layer counted torm the air side. This film having a refractive
index of 1.49 can be raalized simply by slightly adjusting the abave-mantioned composition of Zr,4SiggO,. As a second
layer, a ZrSi,O, film having an optical film thickness of Ao/2 and a refractive index of 2.05 is formed. This film having
a refractiva index of 2.05 can be realized by adjusting the atomic ratio x of Si to Zr to a level of about 0.25 according
to Table 2. In this case, the intermediate refractive index required for the third layer will be about 1.49 x (1.52)'2 e.q.
when the refractive index no of the substrate (a soda lime glass plate) is 1.52 and the refractive index of the ZrS{,O,
film as the first layer is 1.49 according to the condition for the three-layered anti-reflective film (ny = n, - ng'2). A film
having such a refractive index can readily be obtained by adjusting the atomic ratio of Si to Zr according to Table 2.

Eurther, a anti-reflective film of more than three layers may be formed in the same manner by adjusting the refractive
indices of the respective constituting films.

The point for such a multi-layered anti-reflective film is the material for a low refractive index film. Here, according
to the present invention, a film of a refractive index of 1.5 can be realized, as described above, by adjusting the atomic
ratio y of Si to Zr in ZrSi,O,. The refractive index can further be reduced by increasing y. Howaver, if the proportion of
Siis teo large, it becomes difficult to form a film by a DC sputtering method as described above, and further, the alkali
resistancs of the film tends to be low. The lower limit for y as the material for a low refractive index film can not strictly
be prescribed because it is influenced by the type of the material of a high refractive index film to be combined. However,
if the refractive index of this low refractive index material is toc high, the high refractive index material to be combined
tends to be restricted, and the reflection preventive performance is likely to be low. Therefore, the refractive index is
suitably at a level of not higher than 1.7. Accordingly, the value for y is preferably within a range of from 2t019.

In the present invention, as a substrate for forming a reflection preventive film, glass, plastics or films may be
employed. It is preferably transparent with a refractive index of about from 1.45 to 1.60.

As the material for the high refractive index film or for the intermediate refractive index film in the anti-reflective
film of the prasent invention, the one having the refractive index increased by reducing the atomic ratio y of Sito Ztin
the ZrSi,O, may be used as mentioned above. However, the material is not limited to such.a specific example, and it
is possible to use e.g. TiO,, ZrO,, ZnS or Ta,Og as a commonly employed high refractive index material. However, by
using the same ZrSi,O, for both the high refractive index material and the low refractive index matarial, it is passible
to prevent ply separation which is likely to 6¢ccur between materials of different types, whereby an effect forimprovement
of the adhesive strength can be expected.

As a method for preparing an anti-reflective film, a usual method, such as vapor deposition, sputtering or CVD
(chemical vapor depasition) is known. However, in order to sufficiently obtain the effacts of the present invention, itis
required to employ a DC sputtering method; because the feature of the prasent invention resides in that a low refractive
index film can be formed by DC sputtering as described above. To form a low refractive index film of the present
invention by DC sputtering, an alloy target of Zr and Si is used as the target, and a gas mixture of Ar and O, is used
for the sputtering gas. On the ather hand, the high refractive index film may likely be prepared by reactive sputtering
trom the alloy target of Zr and Si. However, other materials may be employed, so long as the metal targets of the
raspective materials are employed. Further, when a high retractive index film is to be formed, a conductive material
such as sintared 1TO may be employed as tha larget.

In the toregaing, description was made with respect to a film comprising as the main companent a compoasite oxide
containing Si and Zr. However, the same will apply to material other than Zr such as Ti, Hf, Sn, Taor in.

A further film obtainable according to the present invention is a conductive glass pravided with an alkali barrier
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film to prevaent diffusion of alkali ions from glass of an alkali-containing glass, by means of the above-mentioned fiim
comprising silicon dioxide as the main component.

An alkali barrier film can be formed by a DC sputtering method and provides an electncally conductive glass having
an alkali barrier layer for praventing the diffusion of alkali irom an alkali-containing glass and an electrically conductive
layer sequentially formad on the surface of the alkali-containing glass, wherain the above alkali barrier layer is a film
comprising as the main component an oxide containing Si and at least one mambaer selected from Zr, Ti, Hf, Mo, W,
Nb, Sn, Ta. In, La and Cr, and a process for producing an electrically conductive glass which comprises forming an
alkali barrier film comprising as the main component, an oxide containing Si and at least one member selected from
Zr, Hf, Nb, Sn, La, Ti, Ta, Mo. W, CrandIn, on the surface of an alkali-containing glass, followed by forming an electrically
conductive film.,

The compasition for the alkali barrier film is preferably such that Si is contained in a proportion of at least § atoms
of Si relative to 95 atoms in total of metals such as Zr, Hf, etc. If the content of Si is less than this proportion, the film
tends to be crystalline, wheraby the alkali barrier performance tends to remarkably deteriorate. Further, it is raquired
that Si is contained in a proportion of not more than 96 atoms of Si relative to 4 atoms in total of metals such as Zr,
etc. If the content of Si is higher than this proportion, it becomes difficult to form a film by a DC sputtering under a
stabilized condition due to surface oxidation of the target.

The refractive index of the alkali barrier film can fresly be adjusted by controlling the compasition. The change in
the refractive index due to the change of the composition of an alkali barrier film is shown in Table 3 with respect to a
case where Zr is used as the metal.

Table 3
Atormnic ratio in the film composition Boiling test "1 Refractive index Crystallinity Alkali barrier
of Zr and Si oxides _ n property “2

Zr Si '

96 O 2.13 Crystalfine X

9 (o] 2.12 Amorphous )

80 : 20 @] 205 Amorphous O

70 30 o} 1.92 Amorphous o)

50 50 o 1.75 Amorphous (o}

k] : 67 o 1.71 Amorphous o)

20 80 o 1.57 Amorphous @)

10 90 o] . 1.50 Amorphous o
S 95 o . 1.47 " Amorphous o}
{Film thickness being 100 nm (1000 A) in all cases)

“1: A sample was immersed in a water at 100°C under 1 atm for 2 hours, whereupon the one wherein the changes in ﬂ(visihlo light transmittance}
and R, (visible light rellectanca) were within 15 as campared with those before the immersion, was evaluated to beO.

*2; A sample was stored In contact with pure water at 90°C for 24 hours, whersupon the ane wherain the amount of Na* eluted into pure waterwas
atleast 0.8 uglcmz. was evaluated to be X, and the one wherein the amount of such eluted Na* is less than 0.8 p.glemz. was evaluated to be Q.

Accordingly, in the case of an electrically conductive glass as a transparent electrode plate for e.g. a display element
wherein a transparent electrode such as an [TO {ilm (an indium oxide film containing tin) is formed as an alectricaily
conductive film, if the composition of the alkali barrier film is adjusted so that the refractive index will be the same as
the refractive index of such a transparent electrade, there will be no diftarence in the refractive index between the
portion where a transparent electrode patter is formed on the alkali barrier film and the portion where no transparent
electrode is formed and only the alkali barrier film is formed, whereby the transparent electrode pattern will not be
prominent, and it is possible to prevent a so-called “sae-through® phencmencn of the transparent elsctrode pattern.
For example, in an electrically conductive glass having a structure of glass plate/alkali barrier film compased of oxides
containing Zr and SNITO film, the compasition may be controlled to be Zr:Si = 70:30 in accordance with Table 1 so that
the refractive index will be adjustad to about 1.9 of the refractive index of the ITO film. Otherwise, in a case where it
is desired that the transparent elactrode pattem can be seen for the purpose of ragistration in the production of a
display elamant, the rafractive index can ba diffarantiated from the relfractive index of the ITO film, and the refractive
index can be made low by increasing the proportion of Si. In this manner, the compasition of the alkali barrier film of
the prasent invention may suitably be selectad dependmg upon the refractive index of the conductive film to be formed
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tharean,
Thae tilm thickness of tha alkali barriar lilm is pralerably at least S nm (5Q A) s that adaquata alkali barriar par-

tormance can be obtained. Espacially, a thicknass within a range of from 10 nm (100 A) 10 500 nm (5000 A) is most
practical.

As glass uselul for the aelactrically canductive glass, not anly tha most commonly amplayad soda lime silica glass
cantaining from 10 to 20 wt% of Na or K, but also various ather alkali-containing glasses may ba mantioned.

In the slactrically conductive glass, tha conductive film to be formed an the above-mantionaed alkali barrier film, is
not particularly limitad so long as it is a conductive film which is susceptible to deterioration by alkali ions, for exampie,
a transparent canductive oxida film such as an ITO film, a F- or Sb-doped SnO, film or an Al-daped ZnQ ilm, or a film
of conduclive metal such as Ag ar Au. ]

The alkali barrier film of an electrically conductive glass is formed by a OC sputtering method. Therefors, a film
which is uniform aver a large area is formed at a high speed under a stabilized condition. This means that when a
conductiva film to be formed on tha aikali bacrier film is formed by a OC sputtering method, the alkali barrier film and

‘the conductive film can continuously be formed in an in-ine type vacuum process apparatus without breaking the
vacuum, which is particularly advantageocus from the viawpoint of the productivity.

Further, an anti-iridescent glass can be lormed having pravented glaring (color shading) which used to be a problem
when a high refractive index transparent film is fonmed on a gfass substrate in a thickness of at feast 0.15 pm using a
film comprising silican dioxide as the main compenent.

Namely, an anti-iridescent glass can ba farmed having a high refractive index transparent thin film with a refractive
index n of at least 1.8 and a thickness d of at least 0.15 pm formed on a glass substrate and having a transparent
undercoating film with n = 1.85 - 1.8 lormed in an optical film thickness nd = 0.1 - 0.18 um betwaen the high rafractive
index transparent thin film and the glass substrate, whersin said transparant undercaating film is a film comprising as
the main component a composite oxide containing Si and at least one member selected from Zs, Ti, Ta, Ht, Mo, W, Nb,
Sn.in, Laand Cr.’ )

Figurs 1 shows a cross sectional view of ane example of an anti-iridescent glass. 10 indicates a glass substrate,
11 indicates a high refractive index transparent thin film having n = 1.8 and d = 15 um, and 12 indicates a transparent
undercoating film.

As tha high refractive index transparent thin film 11 of the prasent invention, indium-tin oxide, fluorine-doped tin
oxide or zinc axide may, for example, be menticned. Howevar, it is nat limited to such specific examples. '

The transparent undercoating film 12 is a thin film having n (refractive index) = 1.65 - 1.8 and nd (eptical film
thickness) = 0.1 - 0.18 um to prevent glaring. The constituting material is preferably a film comprising as the main
companent a2 compasite oxide containing Si and at least ane member selected from Zr, Ti, Ta, Hi, Mo, W, Nb, Sn, In,
La and Cr, becausae, such 2 film can be formed at a high speed by reactive spultering by means of 2 OC sputtering
mathed in an oxygen-centaining atmasphers using an alloy target containing Si and metals such as Zi, etc., and it is
exceilent in the physical and chemical durability. Especially, a compasite oxide caontaining Zr and Si is particularly
preferrad since it is excallent in both acid resistance and alkali resistance. Further, a compasite oxide containing Si
and metals such as Zr, etc., has a merit that the refractive index can be adjusted to a desired value by controlling the
blending ratic. in the case of a Zr-Si-O film, in order to gbtain n = 1.65-1.8, it is advisable to contral the amount of Si
to at least 50 atoms and at most 150 atoms, relative to 50 atoms of Zr.

.The same effects can be obtained also by a laminated glass which is prepared by lammatrng the above-mentioned
anti-iridescent glass on another glass substrate with a plastic interlayer interposed thersbstween to form a structure
of glass/transparent undercoating filmvhigh refractive index transparent thin film/interaysr/glass.

The color shading is caused by the interference of lights at the upper and lower interfaces of the high refractive
index transparent thin film, Therefare, the spectrum will have the maximum and the minimum (ripple), and deviation
of the maximum and minimum due to variation of the film thickness of the high refractive index thin film is abserved as
colar shading.

And, the transparent undercoating film serves la prevent the reflection at the interface between the glass and the
high refractiva index transparant thin film. The result will be as if this interface has disappeared, wheraby there will ba
no reflection or interference of lights by transmittance. Namely, the rippla in the spactrum disappears, and there will
be no chiange in the spectrum evan if the film thickness is varied. Strictly speaking, this affact for preventing the reflection

. due to intertarence of lights is variad only at a certain one wavelength (main wavelength), and the ripple remains to
sSome axtent at other wavelangths.

Theralore, as a method for more affactively prevanting the ripple, it is praferrad ta provide a reﬂectlon-prevennng
transparent top coating film on the tap of tha high refractive index transparent thin film as shown in Figure 2.

Figura 2 is a crass sactional view ol another exampla of an anti-iridescent glass, in which 20 indicates a glass
substrate, 21 indicates a high refractive index transparent thin film (tha same thin film as 11 in Figura 1), 22 is a
transparent undsrcaating film (the sama thin film as 12 in Figurs 1) and 23 is a transparent lop coating lilm. By this
arrangemant, it is possible to diminish intarfarance of lights at bath the uppar and lower intarfacas of the high ratractive
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index transparent thin film, wharaby it is possible to obtain a anti-iridescent glass which is substantially complelely fraa
from iridascenca.

As such a lransparent top coating film 23, the one having n = 1.35 - 1,55 and nd = 0.045 - 0.075 um, is preferred.

~ Tha conslituting material is not particularly limited, and SiQ, may be used. Howavar, a camgasita oxide film comtaining
Siand at least one member salected trom Zr, Ti, Ta, HI, Mo, W. Nb, Sn, In, La and Crt, is preferred since a film having
n = 1.35 - 1.55 can thereby be formad at a high speed by a reactive sputtaring method by means of OC sputtering
depending upon the compositional ratio. With respact to a mixed oxide film cantaining Zr and Si, a composition of at
least 80 atoms of Si relative to 20 atoms of Zr, is praferred since the relractive index will thereby be n 5 1.55. On the
other hand, if Si is not mare than 96 atoms relative to 4 atoms or Zr, a decrease of the slectric conductivity due to
surface oxidation of the alloy target during the reactive sputtering can be prevented, wheraby the reactive sputtering
by a OC sputter can be conducted under a stabilized canditian.

Further, by suitably shifting the main wavelengths A, = 4n,d, and A, = 4nyd, capable of preventing the reflection
of the above transparent undercoating film 22 (refractive index: na, optical film thickness: npd,) and transparant top
coating film 23 (refractive index: n,, optical film thickness: n,d,), the wavelength range wherein the remaining ripple
is sufficiently controlied, can be enlarged, and the isidescence-preventing effects can further be improved. For example,
by adjusting them to A, = 0.55 um and A, = 0.55 um, or to A, = 0.55 um and A, = 0.55 um, it is possible to sufficiently
control the remaining ripple over a wide visible light wavelength range.

At that time, it is more preferred that Ay and A, are apart by 0.05 um. Because the rigple at a wavelength in the
vicinity of A, can be controiled by the top coating layer, while the ripple at a wavelength in the vicinity of A, can be
caontrolled by the undercoating film.

Further, when a color corresponding to a certain spacific wavelength range is undesired, the two wavelengths may
be set within the wavelength range, and the film thicknessas of the top coating and undercoating layers may be adjusted
so that they corraspond to A, and A,, respectively. For example, when a red color is undesired, by adjusting the wave-
length to A, =0.58 um and A, = 0.65 um, it is possible to controi the ripple in this wavelength range.

Such a anti-iridescent glass may be laminated on another glass substrate with the side on which the thin film is
formed located inside and with a plastic interlayer interposed therebetween. Figure 4 is a cross sectional view of ane
embcediment of such a anti-iridescent laminated glass. 40 indicates a glass substrate, 41 indicates a high refractive
index transparent thin film (the same as 11 in Figure 1 and as 21 in Figure 2), and 42 is a transparent undercoating
film (the same as 12in Figure 1 and as 22 in Figure 2), 43 is a transparent top coating film, and 44 is a plastic intaclayer.

In such a case, the transparant top coating film 43 preferably has a refractive index n = 0.65 to 1.8 and an optical
film thickness nd = 0.1 to 0.18 um in order to contral the reflection dua to interterenca at the interface bstween the high
refractive index transparent thin film 41 and the plastic interlayer 44. The material may be the same film as the trans-
parent undercoating film 12.

Further, in the same manner as in the example in Figure 2. by suitably shifting the main wavelangths A5 = 4nsd;
and A, = 4n,d; capable of preventing the reflection of the transparent top coating film 43 (refractive index: n,, optical
film thickness: n,d,) and transparent undercoating film 42 (refractive index: ng, optical film thickness: n,d,), the wavs-
length range in which the remaining ripple is sufficiently controlled, can be enlarged, for instance, by adjusting them
toA3 20.55um and A, = 0.55 um, ortolgsClSSpmandl‘zOSSpm

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 diagrammatically illustrates the cross section of one coating. In this Figure, 10 indicates a glass substrate,
11 indicates a high refractive index transparent thin film, and 12 indicates a transparant undercoating film.

Figure 2 diagrammatically illustrates the cross section of ancther film. In this Figure, 20 indicates a glass substrate,
21 indlicatas a high refractive index transparent thin ﬁlm. 22 indicates a transparent undercoating film, and 23 indicates
a transparent top coating film.

Figure 3 diagrammatically llustrates the cross section of a conventional product. In this Figure, 30 indicates a
glass substrate and 31 indicates a high refractive index transparent thin film,

Figure 4 is a cross saction of ona example of an anti-iridescent laminated gtass. In this Figure, 40 indicates a glass
substrate, 41 indicates a high refractive index transparent thin film, 42 and 43 indicate the transparent undercoatlng
fiim and the transparent top coating film, and 44 indicatas a plastic interlayer.

Figures 5 and 6 indicate spactral reflection spectra of samples in the Example and the Comparative Example.

Figure 7 shows the spectral reflaction spactra in a visible ragion of samplas usad lor the praparation of raflection
preventive films. In the Figure, 1 indicates a spactral raflaction curve of the sample praparad in accordanca with Ex-
ample 1, and 2 indicates a spectral reflaction curve of the sample preparad in accordance with Example 2.
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BEST MODE FOR CARRYING QUT THE INVENTION

Now, tha raflaction praventive films of the prasent invention will be described with referance to Examples.

EXAMPLE 1

On a cathoda of an in-line system magnetron OC spultering apparatus, an alloy target of of Zr:Si = 10:90 and a
metal target of Sn wera set. A soda lime glass substrate was thoraughly cleaned by a method such as polishing and
dried and then placed in a vacuum chamber, which was evacuated to a lavel of not higher than 1.33 mPa (1 x 108
Torr) by an cil ditfusion pump. At this time, no heating of the substrate was conducted. Then, O, gas was introduced
into the vacuum system, and the pressura was adjusted 0 0.4 Pa (3.0 x 10-3 Torr). in this state, a power of 2.7 W/cm?2
was applied to the metal Sn target to form a film of SnQ, (refractive index: 2.0) in a thickness of 114.4 nm (1144 A).
Then, the atmosphere in the vacuum system was completely repiaced by a gas mixture of ArnO, = 60:40, and the
pressure was adjusted to 0,43 Pa (3.2 x 103 Torr). [n this state, a power of 3.6 W/em? was applied to the Zr-Si alioy
target to form a ZrSi,O, film (refractive index 1.48) ina thickness of 6§7.5 nm (675 A). The film thickness was controlled
in all cases by changing the transportation speed of the glass substrate passing in front of the target, but to improve
the pracision of the film thickness, an. optical multi-color monitor was used in combination. The spectral reflection
spactrum in the visual region of the sample thus prepared is shown by a dotted line 1 in Figure 7 (the influence from
the rear surface of the glass substrate is remaved).

EXAMPLE 2

On the cathade of the in-line system magnetron OC sputtering apparatus as used in Example 1, an alloy target of
of Zr:Si = 8:2 was set instead of the metal Sn target. In the same procedure as in Example 1, a ZrS{O, film (refractive
index: 2.05) having a thickness of 215 A, a ZrSO, film (refractive index: 1.49) having a thickness of 16.5 nm (165 A),
a ZrSi,0, film (refractive index: 2.05) having thickness of 92,6 nm (326 A) and ZrS{,0, film (refractive index: 1.48)
having a thickness of 83.7 nm (837 A) wers sequentially formed on a soda lime glass substrate. Further, as the fiim-
forming conditions for this multi-layered reflection preventive film, a gas mixture of Ar.O, = 7:3 was used as the sput-

‘tering gas, and a power of 7.8 W/cm2 was applied to the alloy target of Zr-Si under a pressure of 0,47 Pa (3.5 x 103
Torr). To accurately control the film thickness, an optical multi-color monitor was used in combination, as in Example
1. The spectral reflaction spectrum in the visible region of the sample thus prepared is shown by a curve 2 in Figure
7 (the influence from the rear side of the glass substrate was removed).

Now, the Examples for the elsctrically conductive glass provided with an alkali barrier film will be described.

EXAMPLE 3

A usual glass sheat (soda-lime silica glass sheet) of 10 cm x 10 cm x 3 mm containing 15% of an alkali component
R0 (R: Na, K) was thoroughly washed with a washing agent, then washed with water and dried. This glass sheet was
placed in a vacuum chamber in a sputtering apparatus, and the chamber was evacuated to 1.33 mPa (1 x 105 Torr).
Then, a target comprising Zr and Si (Zr:Si= 10:90) was subjected to OC sputtering in a gas mixture of argon and oxygen
under a pressure of 0.27 Pa (2 x 103 Torr) to form a Zrg 4 Sig 9O, film in a thickness of about 100 am (1000 A).

COMPARATIVE EXAMPLE 1

To the same glass sheet as in Example 3, a SiO, film was formed in a thickness of 100 nm (1000 A)by a CVD
methad using SiH, and O, gas. The product of Example 3 and the product of Comparative Example 1 were raspectively
maintained in contact with pure water at 90°C for 24 hours, wheraupon the amount of Na* eluted into the pure water
was measurad o investigate the alkali barrier proparty, wharsby with the product of Example 3, the amount was 0.60
pg/em?, and with the product of Comparative Exampla 1, the amount was 0.61 pgfem?, Furthar, the product of Example
3 and the product of Comparative Example 1 were raspectively washed with 5% NaOH and then contacted with pure
water at room temperatura for 24 hours, wherauporn the amount of Na* eluted into the pure water (the amount of Na*
adsorbed during the above washing) was measured lo invastigate the alkall absorptivity, whereby with the product of
Example 3, the amount was 0.13 ug/cm? and with the product of Comparative Example 1, the amount was 0.14pg/em?2,
This indicates that the product of Example 3 has substantially equal properties as the product of the Comparative -
Exampla. :
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EXAMPLE 4

In the same manner as in Example 3, a Zrg,,Sig g0, film was lormed in a thickness of about 20 nm (200 A).

EXAMPLE §

In the same mannar as in Example 3 axcapt that as the target a ZrSi, targat (Zr:Si = 1:2) was used, a Zfy 33Sig 6602
film was formaed in a thickness of about 2.2 nm (22A).

EXAMPLE &
In the same manner as in Example 5, a Zry 35Sy 5603 film was formed in a thickness of about 50 nm (500 A).

The products of Examples 4 to 6 were raspectively stored in contact with pure water at 85°C for 24 hours, where-
upon the alkali barrier proparties and the alkali absorptivity were measured to obtain the resuits as shown in Table 4.

Example 4
Sample Alkali bacrier film | Film thickness nm | Alkall barrier property | Alkali adsorptivity
Amount of eluted Na* | Amount of adsorbed
(uglem?) Na* (pg/cm?)
Product of Example 4 | - Zry 1Siy Qs 20,0 . 0.63 0.074
Product of Example § |  Zrg 145i5 6602 200 0.43 0.031
Product of Example 8 |  Zrg 325 6502 50,0 0.12 0.047

On sach of the products of Examples 3 to 6, an alkali barrier film was formed by a DC sputtering method, and then
on such an alkali barrier film, an ITO film was continuously formed by a DC sputtaring method. Thereafter, the product
was storad at 90°C for 24 hours, whereby no change was cbsarved on the appearance of the ITO film.

Further, in 2 case whera Hf, Nb, Sn or La was used instead of Zr, the same rasults as in the above Examples were
obtained, and the alkali barrier property was cbserved.

Now, Examples for an anti-iridescent glass will be described.

EXAMPLE 7

A er|xo, film was formed on a glass substrate in a thickness of 90 nm (900 A) by OC sputtering in an atmosphere
of a mixtura of Ar and oxygen under a vacuum of from 0,13 to 1,33 Pa (1 x 103 to 1 x 102 Torr) using an alloy target
of Zr: Sl = 1:2, The refractive index of this film was 1.74, which corresponds to nd =0.16 ym and 3, =0.63 um. An [TO
thin film was formed therecn in a thickness of 800 nm (8000 A) by ion plating. With respect to a separate ITO film
formed in the $ame mannaer, the rafractive index was measured and found to be 2.0. This sample was desxgnated as
Sample 1. (Structure of Figure 1)

EXAMPLE 8
On Sample 1, a SIO, film was formed in a thickness of 90 nm (900 A) by vapor deposition. With respect to a

separate SiO, thin film formed in the same manner, the refractive index was measured and found to be 1.47, which
corraspands to nd = 0.13 um and A, =0.52 um. This sample was designated as Sample 2. (Structure of Figure 2)

- EXAMPLE 9

Sample 1 was formed into a laminated glass using an interlayer of PVB (polyviny! butyral), and the laminated glass
was designated as.Sample 3 (Structure of Figure 4)

EXAMPLE 10
On the ITO film of Sample 1,a ZrSi\O, film was formed in a thickness of 70 nm (700 A) under the same conditions

as in Example 1. The refractive index of thls fitm was 1.74, which carresponds to nd = 0.12um and A, = 0.49 um. This.
sample was bonded to another glass with an interlayer of PVB interpasad tharebetween to oblain a laminated glass.

_ This Is the replasement sheet

Date: 49 JUN 1997



38 optical filmthickness nd = 0.1 to 0.18 [err] in order to control the
eer@t"F etctiae Béed Rie icecrference at the interface between the high refractive

. ndex t! "l”.‘,"lﬁ””,”"ln film4l and the plastic interlayer 44. The nmateri al
12

This laminated glass was designated as Sample 4. (Structure of Figure 4)
COMPARATIVE EXAMPLE 2

On a glass substrate, an ITO thin film was directly formed in a thickness of 800 nm (8000 A) by ion plating. The
rafractive index of this film was 2.0. This product was designated as Sample 5. (Structure of Figure 3)

COMPARATIVE EXAMPLE 3

Sample 5 was bonded to another glass with an interlayer of PVB intarpased thersbetwaen to obtain a laminatad
glass. This laminated glass was designated as Sample 6. The spectral reflection spectra of Samples 1, 2 and § are
shown in Figure 5. In the Figurs, 51, 52 and 53 correspond to Samples 1, 2 and 5, raspectively. In the case where a
transparent undarcoating film was formed according to the present invention (51), the ripple is evidently reduced as
compared with the case without such undercoating film (§3). This clearly indicates a iridescence-preventing effect. It
is evident that the effact becomes more remarkable when a transparent top coating film is provided (52).

_ The spectral reflection spectra of Samples 3, 4 and § are shown in Figure 6. In the Figurs, 61, 62 and 63 correspond
to Sampies 3, 4 and 6, respectively. Like the case of Figura §, it is evident that tha ripple-praventing effect is largest
when a transparent undercoating and a transparent top coating film are formed on and under the high refractive index
transparant thin film,

INDUSTRIAL APPLICABILITY

By using the target of the prasent invention, a transparent thin film having a low refractive index and being excallent
inthe alkali resistance can be provided over a large area at a high speed under a stabilized condition. By its combination
with a high rafractive index oxide transparent thin film, the optical design of a thin film can be simplified.

Further, the low refractive index film can be obtained which has chemical stability and can be used as an overcoat
for various articles. For example, it is most suitable for a heat radiation reflective glass for buildings or vehicles, for a
protective plate for the reader portion of a bar code reader, or for the outermost layer of a reflection preventive film, an
eye glass lens, atc.’

According to the present invention, the film is comprising silicon dioxide as the main component formed by a DC
sputtaering methed. it can be combined with various physical vapor deposition methods empioying a vacuum (such as
vacuum vapor deposition, ion plating and sputtering). Thus, when a multi-layered film containing at least one layer of
a film comprising silicon dioxide as the main component, is to be formed, each layer of such a multidayered film can
be formed continuously by a physical vapor deposition method without breaking the vacuum, whereby the production
efficiency can remarkably be improved.

As described in the foragoing, according to the present invention, it is possible to present a anti-reflective film with
a large area which used to be difficult to prepare. Especially, in the present invention, by using ZrSi,O, films for both
a high refractive index film and a low refractive index film, an effect for preventing interlaminar peeling can be axpected.
Further, the ZrSi, O, film is non-crystallized by the addition of S, and has an improved surface smoothness, whereby

- animprovement in the abrasion resistanca is also cbserved. The ZrSi,O, film as the material for a low refractive index
film to be used in the prasent invention is excellent in the alkali resistance as compared with a SiQ, film, and believed
to be dense with high hardness, wharsby it is effective for an lmprovement in the chemical resistancs of the prepared
reflection praventive multi-layered film.

As described in the foregoing, accordingto the present invention, a multi-layered anti-reflective film can be prepared
by an apparatus for an in-line DC sputtering methed. And, this in-iine DC sputtaring method has a feature that control
of the uniformity of the film thickness over a large area is relatively easy, and as a result, it is possible to prepare a
anti-reflective film with a large area. Such a anti-reflective film with a large area can be.usead for a show window of a
shop, for a casing for a doll, for a front glass for a picture, etc, Further, the capability of producing a product with a
large area means that small products can be prapared in a large amount at the sama time. This means a reduction of
the production casts. Spacific applications of this type include a front panel for a display, a cover glass for a solar cell,
a lens for eye glasses, atc.

An electrically conductive glass provided with an alkali barrier film is particularly suitable as a display device for
e.g. a liquid crystal device, an electrochromic device or an electric field light emitting davice, or as an alkali diffusion
preventive film for an electrically conductive glass to be used for an amorphous solar cell substrate. As shown from
Table 3, it has heat rasistance and is stable and frae from deterioration under various environmental conditions during
or subsequent ta the production of a.g. such a display davice or a solar cell. Of coursa, it can be applied for other uses,
for example, for an undercoating when an elactrically conductive coaling film, a heat radiation reflection preventive
coating film, a reflection coating film, a coloring coating film or a coating film having other various functions is to be
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«jormad an a glass shaet for various transpartation vehicles such as automacbilas, aircralts or railway vehicles, for build-
ings. lar various apparatus, for optical aquipmants, for alectrical parts or for electronic parts.

Further, when the periphery of a liquid crystal call or tha like is to be saalad, it is passible to pravant pesling af a
saaling agent by alkali by intarpasing an alkali barriar film of the presant invention batween the sealing agant and the
glass.

Further, the rafractive index of the alkali barrier film can be adjustad to a desired level by changmg the praportions
of Si and a metal such as Zr. Tharafore, the alkali barrier film can be used in a wids range of the abova-mantionad

" various applications.

Further, the alkali barrier film has a low alkali absamtivity. Therefare, it can sufficiently be usad aven when the
process for the preduction of a liquid crystal call or the fike includes a step of washing with an alkali-containing solution.

As is evident from the abave Examples, in the present invention, when a high ralfractive index transparent thin film
is to be farmed on a glass substrate in a thickness beyond a certain degree, it is possible to contral the ripple which
appears in the spectrum, by interposing a transparent undercoating flim inbetween.

Itis thereby possible to obtain an effect for preventing colar shading (glaring) due to the variation in the film thickness
of the high refractive index thin film or due to the change of the sight angle. A remarkable effect can be abtained
especially when this is applied to a glass substrate with a large area.

When a film comprising as the main companent a comgasite oxide containing Si and a metal such as Zror T, is

.used as a transparent undercoating film or as a transparent top coating film, film forming is conducted by a reactive
sputtering method by means of a OC sputtering methad. Accordingly ail thin films including the high refractive index
transparent thin film, can be formed continuously in-line i.a. to form a anti-iridescent glass by a physical vapor deposition
methad without breaking the vacuum, whereby the preducticn efficiency will be remarkably improved.

A high refractive index transparent film can be farmed without color shading on a glass with a largs area according
to the present invention, and it can be applied to applications with a large area without impairing the appearance, such
as for a heat mircar for buildings, an electromagnetic shislding glass, an automabile electric heating windshield glass,
a transparent conductive substrate for display, a transparent conductive substrate for a solar cell and an ultraviolet ray
cutting glass.
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Claims

1. A methed lor fomiing a film comprising silicon dloxide as the main camponaent, by a OC sputtaring method in an
oxygan-containing atmasphare by means of a target comprising Sl as the main component, which target contains
at least one membaer selected tram Zr, Ti, Ta, Ht, Mo, W, Nb, Sn, In, La and Cr¢ in a total amount of at least 4 atoms

ralative to 96 atoms of Si.

2. A target for OC sputtering comprising Si as the main compenent, which cantaing at least one membar salactad
trom Zr, Ti, Ta, H, Mo, W, Nb, Sn, In, La and Cr in a total amount of lrom 4 o 15 atoms ralative to from 85 to 96
atoms of Si.

3. The target for sputtering accarding to Claim 2 which contains Zr in a prapartion of {rom 4 to 15 atoms relative to
from 85 to 96 atoms of Si,

4. Amethodfor continuously forming a multi-layered film containing at least one film formed by the methad as defined
In claim 1 by a physical vapaor deposition method without breaking a vacuum,
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a high refractive index transparent thin film and 12 indicates a
transparent undercoating film Figure 2 diagrammatically illustrates the
cross section of another film In this
Figure, 20 indicates a glass substrate, 21 indicates a high refractive

I ndex transparent thin film 22 i ndi catlds a transparent undercoating film
and 23

ABSTRACT
DC SPUTTERING METHOD AND TARGET FOR PRODUCING
FILMS BASED ON SILICON DIOXTDE
The present invention relates td a film comprising silicon dioxide
as the main component, which contains Zr, etc., and a method for forming it by
reactive DC sputtering. It makes it possible to form reflection preventive
films, alkali barrier films .and various multi-layered films such as multi-layered
films for anti-iridescent glass, which contain said film conprising silicon dioxide as

the main component, by a physical vapor deposition method without breaking a vacuum.

FIGURE 1

_—_—
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- 39 - indicates a transparent top coating film Figure 3 diagrammatically
illustrates the cross section of a conventional product. -In this Fi gure
30 indicates a glass substrate and 31 |nd| cates a high refractlvey

transparent thin film
- P;rz-ibcr&«

0C SPUTTERING METHOD AND TARGET FOR PRODUCING .-
FILMS BASED ON SILICON DIOXIDE

The present invention relates to a method and target for DC sputtering and.

notably to a target material to be used for forming an oxide transparent thin film
comprising silicon dioxide as the main component by a DC spgttering method a_Lnd a
method for forming a film comprising silicon dioxide as the
main component, using this target, as well as a multi-layered
film using such a film.

Backgrcund Art
Heretofore, it has been known to employ silicon d;oxxde or magnesium fluoride for 2

- transparent thin film having a low rafractive index. Such 2 thin film can be formed by
a vacuum deposition method (JP-A-55110127, JP-A-62073202) or 2 coating method.

Eowever, such ;11m-;orm11g methces are haroly aonl;cable_
to formation of films on sunsgratas with large areas and
can not be used in a2 case where it is requzred to form 2
£ilm with a large area such as in the casé of glass for
automobiles or for buildings. A4 DC sputtering method is
most suitable for forming a £ilm with a large area.
Eowever, there has been no target material suiﬁable for
providing a transparent thin £film having a2 low refractive
index. Thus, it has been impossible to obtain a desired
thin £ilm Sy-mean§-o§ a DC sputtering method capable of

forming 2 film with a large area.
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"Figure 4 is a cross section of one exanple. of an anti-iridescent |aninated
glass. In this Figure, 40 indicates a glass substrate, 41 indicates a high
refractive index transparent thin film 42 and 43 indicate the transparent
undercoating filmand the transparent top coating film and 44 indicates a
plastic interlayer. Figures 5 and 6 indicate spectral reflection spectra
. -2 -
For example, in order to form a silicon dioxide thiﬁ
film by:a DC sputtering method, it is conceivable to
employ a method wherein an electrically conddctive Si
target is subjected ﬁo reactive sputtering in an oxygen-
containing atmosphere to form a silicon dioxide thin
.film. However, the surface of. such Si target is oxidized
during the spﬁttéring, whereby the conductivity.
decreases, and sputtering can hardly be continued under a
stabilized condition. Further, the formed silicon
dioxide thin film has had a drawback that it is not
durable against alkalinity. |
Purther, hefetofgre known as Eypical examples of a
- reflection preventive layer to be forhed on the surface
-0of a substrate for optics such as camera lenses, eye
glasses or optical displays in order to reduce-the
- surface reflection of such optics, are a single-;ayered
anti-refléctive f£ilm obtained by forming_a thin film with
‘a low refractive index to have an optical £ilm thickness
of 1o/4 (Ao: designed wave iength, the same applies
‘hereinafter), a dquble—layered anti-reflective film
obtained by.formihg substances with low and high two
types of refractive indices to have optical thicknesses
of lo/4 - Ao/2 sequentially Eroﬁ the air sidg, a three-
layered anti-reflective £ilm obtained by formiqg
substances with‘low,'high-and intermédiate Ehfeé types of
reEractive indices to have optical film thicknesses of

Ao/4 - Ao/z - lo/4 sequentlally from the air sxde, and a
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of sanples in the Exanple and the Conparative Exanple.
reflection spectra in a visible region of. sanples used for t he

spectr al

preparation of reflection preventive filns.
the Figure, 1 indicates a spectral reflection curve of the sanple prepared

I n accordance with Exanple 1, and 2 indicat'es ‘a spectral

of the sanple prepared in accordance with Exanple 2.

four-layered anti-reflective film obtained by laminating-
substances with low, high, intermediate and low
refractive indices from the air side to have optical film
thickhesses of Ao/4 - Ao/z.— Ao/4 - 1o/2, respectively.
On the other hand, with respect to application of such

multi—layered'reflecﬁion preventive films, a demand for

large size commercial products such as show windows for
- shops has recently been seen in addition to a demand for

. the above-mentioned small size products such as camera

'lePSes, eye glasses or optical displays. However, since
the low refractive index material used for such multi-
layered reflection preventive £films, such as MgF, or

§i0,, is an insulating material, it is difficult to form

" such f£ilms by a DC sputtering method which is

advantageous for a large size i.e. large area coating
from ehe viewpoint of érdéuctivity. Usuaily, e vapor
deposition ﬁethod is employed for film-formation of such
low refractive index substances; Therefore, there is no
problem with respect to small size products such as
camera lenses or eye glasses. However, with respect to a
§roduct with a large area, there is a problem such that
it is necessary to control the £ilm thickness uniformly.
As a means for forming MéFz or SiO, into a film by a

sputtering method, a method is available wherein film

- forming is conducted by a R.F. {high frequency)

‘sputtering method employing a target made of a compound

of MgFi or Si0,. However, this method reQuires a time

Fi gure- 7 shows the

In

refl ection curve
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BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Now, the reflection preventive
films of the present invention will be described with reference to
Exanpl es. EXAMPLE 1 On a cathode of an in-line-system magnetron DC
sputtering apparatus, an alloy target of of Zr:S = 10:90

-4 -

-~

=

and costs. for the-prepatation of the target, and the R.F.
sputtering method itself is not entirely reliable from
the viewpoint of theistability in production_over-a long

- period of time. As another means for forminé MgF, or
Sio, into a film by a sputtering method, it is '
concelvable to form a £ilm from a Mg or Si target by a
reactive sputterxng method. However, in the case of
MgF,, it is necessary to use fluorine thch is a
corrosive gas, and there is a problem in the maintenance
of'the-epparatus. In the case of Sioz,'there is no sueh
problem sipce the sputtering gas is oxygen, but since Si
is semiconductor, DC'sputtering.tends to be diffictlt,
and the £ilm-forming epeed is usually'slow, whereby the
production time is prolonged; which is disadvantageous_
Erom the viewpoint of ceets.

Glass sheets as transparent material are chemically
stable, excellent in the surface hardness, durable at a
high temperature.at a level of from 500°C to 700°C and
excellent also in the electrically insulating properties
and optical properties, and thej are used not only as
window glass material for buildinge, vehicles and air
crafts but also for optical parts, eleet:ical parts,
electtoﬁic parts,-etc. In particular, an electrically
cenductive glass sheet having a conductive coating £ilm
formed on a glass sheet surface is employed as an
amorphous solar cell substrate or as a display element:
such as a liquid dlsolay element, an electrochromic

This is the replacement lheet :
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40 and a nmetal target of Sn were set. A soda line glass substrate was
t horoughly cl eaned by a nethod such as polishing and dried and then placed
i n a vacuum chanber. which was evacuated to a | evel of not higher than 1.33
mPa (1 x [err] Torr) by an oil diffusion punp. At this tine, no heating of
‘the substrate was conducted. Then, [err] gas was ' :
_ - s
‘element or an elecﬁtic.field light emitting element.
Soda lime silica glass sheets which are inexpensive and
most commonly employed, tend to be used as glass
‘substrates for such electrically conductive glass sheets.
However, such soda lime silica glass sheets contain £rom
10 to 20 wts of an alkali component such as sodium or
potassium. Accordingly, they haﬁe'a drawback that when
used for a long period of time, the coated conductive
£ilm undergoes a property deterioration due to the
diffusion of alkali ions to the surface from the glass
substrate. For ekgmple; turbidity is likely to form in
the conductive £ilm of the electricallj conductive glass
sheet, whereby the transparency is likely %o decrease, or
‘the electric resistance of the conductive_film is likely
to increase, or - the chemicophysical durability ‘tends to
detefiorate. Namely, in a liquid cryétal display
elemeﬁt; an-oxidétion—reduction reaction takes place at
the display electrode surface due to the alkali diffused
from glass, whereby an indium oxide f£ilm (ITO film) or a
tin oxide film (nesa £ilm) is modified, and the liquid
crystal itsélf_undergoes electrolysis and deteriorates.
Also in an eléctroéhromic element, electrodes-aré likely
to wear out fbr the séme reason, which causes a |
deterioratioﬁ of the durability of tungsten oxide or
molybdenum oxide as the electrochromic material, whereby
the element tends:to.deteriorate._ Likewise, in the casé

‘of ‘an electric field light emitting element, an alkali X
< the rep\acema“t shee

. 28 BCT 193

This



i ntroduced into the vacuum system and the pressure was adjusted to 0.4 Pa
(3.0 x [err] Torr). In this state, a power of 2.7 [err] was applied to the
netal Sn target to forma filmof SnQ2 (refractive-index: 2.0) in a

t hi ckness of 114.4 nm[err]. Then, the atnosphere in the vacuum system
was conpletely replaced by a gas m xture of [err] = 60:40, and the pressure
was -adj usted to 0.43 Pa [err]. In this state, a power of 3.6 [err] was

applied to.the Zr-Si -6 -

- oozed out of the glass.surface by diffusion is likely to
penetrate thfduéh a conductive film into the iight |
emitting material, whereby the light emitting efficiency |
or the emitted color is likely ﬁo be changed. Further, |
'in the case of an amofphous-solar cell, the.electric
resistance of the conductive fiim tends to increase,
whereby the photoelectric conversion efficiency is likely
to be substantially lowered. In some cases, the alkali
penetrated through the electrodes is likely to diffuse

'-iqto'the amorphous silicon, thus leading to a
deterioration of the conversion effiéiency.h

| Otherwise, alkéli-containing_glass sucﬁ.as soda lime

‘silica glass has a tendency such thaﬁ when it is treated
~at a high tempetatﬁre,'alkali ions tend to readily
‘migrate. Therefore, there is a drawback -that due to-

-_diffusion of alkali ions during a high temperature
treatment for the prepafation'of conductive glass or
various coatéd glass, the performance of the conductive
film or the coated film tends to deteriorate.

A typical method for solvigg'such a drawbéck is a
meghod of forming a certain thin'film capable of
preventing the alkali diffusion, on the surface of usual
soda lime silica'glasé, and a silica film is commonly
'émployed fpr-this_purpose. A silicon oxide film (such as
a §i0, film) is used for preventing Ehe alkali diffusion
for such reasons that the f£ilm is amorphoué and when

another :hin £ilm such as a conductive film is to be
 This is te replacement sheet
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alloy target to forma [err] filn1(refractive index 1.49) in a thickness of
67.5 nm (675 [err]). The filmthickness was controlled in all cases by
changi ng the transportation speed of the glass substrate passing in front
of the target, but to inprove the precision of the filmthickness, an
optical multi-color nonitor was used in conbination. The spectral _
reflection spectrumin the visual region of the sanple thus prepared i's
shown by a R S A
- formed thereon, it is possible to form substéntially the-
-same £ilm as formed on glass. The refractive index of
the silicon”oxide film is close to that of glass although
it is slightly lower than glass, and it is transparent to
. light usuaily in a wider range than a glass sheet,
whereby the transparency of glass will not thereby be
impaired. |
: Eowe&er, while a conductive £ilm to be formed on an
alkali barrier film is usually formed by a DC sputterihg.
mqthod capable of forming a uniform f£ilm over é large
area at a high speed, the silicon oxide f£ilm can not be
formed by such a DC. sputtering method, because if it is
- attempted to form the silicon oxide £ilm by a DC
sputtering method using a Si target, the surface of the
_Siﬁta;get tends to be. oxidized, whereby'the_electriég
condu;tivity will deteriorape, énd sputtering can not be
continued under a stabilized condition. Therefore,
silicon oxide £ilm used to be formed by a RF sputtering
method'or a CVD (chemical wvapor deposifion) method using
an oxide target.
| Therefore, seéarately from the méthoﬁ of forming the
conduétive £ilm, it is required to conduct tuning of the
RF sputtering or control of the sputtering atmosphere for
the siliconjdioxide Eilm, or it is required to form a
£ilm by the CVD method using a separate apparatus,

whereby it is impossible to continuodsly form the

conductive £ilm and the silicon dioxide film in line, and
| | | o .. This is the replacement sheet
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dotted line 1 in Figure 7 (the influence fromthe rear surface of the glass
substrate is renoved). EXAMPLE 2 On the cathode of the in-line system
magnetron DC sputtering apparatus as used in Exanple 1, an all oy

.~ 8 =
thus there has been a problem that the productivity is -
poor. |
As is well known, a number of proposals have been
made for the technique for preparing fﬁnctional glass by
applying a coating 31 on the surface of glass 30, as
" shown in Figure 3. .fof éxample; an interference filter,
a reflection prevenﬁive £ilm, a heat radiation reflectiné
- glass, a transparent conductive glass, an electromagnetic
| wave shielding glass and an electric heating windshield
gla;s may be mentioned. In the transparent conductive
glass, the heat mirror, the electromagnetic shielding
" glass and the elecﬁrig heating windshield glass among
them, a transpareht_oxide'conductor is formed as a main
constituting layer 31 in many cases. Particularly,
indium-tin oxide.(ITO), fluo:ine-doped tin oxidé (Sn0,:F)
or aluminum-doped zinc oxide (ZnO:Al) is used in.many
caseé. Further, as an ultraviolet cutting glass, a
. product having a zinc oxide (ZnO) layer coated as an
ultraviolet absorbing layér on the surface of gléss,-may
'be mentioned.
| However, each of thesg transparent oxide materials
"has a refractive index of from 1.8 to 2.2 which is large
as compared with glasé, wheréby the reflectance will be
high at a wavelength satisfying the interference
conditions. This will be observed as the maximum
(ripple) in a spectral refléction (transmission)

spectrum. 'Accotdingly, when a_thin £ilm of such material
This is tee replacement sheet
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- 41 - target of of Zr:Si = 8:2 was set instead of the netal Sn target.
the sanme procedure as in Exanple 1, aferr] film(refractive index: 2.05)
having a thickness of 215 [err], a [err] film(refractive index: 1.49)

In

havi ng a thickness of 16.5 nn1(165 [err]), a [err] film(refractive index:

2.05) having thickness of 92.6 nm (926 [err]) and [err] film(refractive
i ndex: 1.49) having a thickness of 83.;_nn1(837 [err])

is coated on a glass sheet having a large area, the

| wavelength at the maximum reflection is shifted due to a
variation (irregularity) of the in-plane film thickness,
which will be recognized by eyes as color shading of the
reflected color. | R

An extremély.high 1evei of technique is required to

control the f£ilm thickness distribution on a glass

~surface within ¥5% by vapor deposition or CVD when a

- glass sheet of 1 m x 1 m is taken for examplé, although

it depends alsé on'the method for forming the f£film.
According to our study, in a case where .the £ilm
thickness distribution is assumed to be at the above
level, the in-plane color shading'reaches a problematic
level when the above-mentioned transparent o#ide £ilm i#
formed on the glass substrate in a thickness of 0.15 um
or more. On the other hand, as the £ilm thickness
increases, chromaticness of the.reflected color
decreases, and with a thickness of 0.6 ym or more,

' colorfulness tends to decrease. However, for the
colorfulness to-decrease_suffiéiently to a level where it

can hardly be recégnized as color shading, the film |
thickness is required to be at least 3 um, preferably at
least 5 gm.

Further,. even if the film thickness distribution can

be controlled uniformly, the large ripple in the spsctrum
still remains and will be recognized by eyes as a |

colorful color. If thls is formed on a large sized
| ' ' This is the replacement sheet
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were sequentially formed on a soda |ine glass substrate. Further, as the
filmformng conditions for this multi- |ayered reflection preventive film
a gas mxture of [err] = 7:3 was used as the sputtering gas, and a power of
.8 [err] was applied to the alloy target of Zr-Si under a pressure of 0.47
Pa (3.5 x [err] Torr). To accurately control the filmthickness, an optical
mul ti-color nonitor was used in conbiqﬁgion, as in Exanple 1. The

glass, the maximum :eflection'wavelength is shifted -
jepending upon.the sight angle i.e. the angle between the
glass surface and the line of sight, whereby the'colpr_
'changes, which is again recogn;zed has color shadzng
Accordingly, it is desired to minimize the r*onle in the
spectrum itself.

When the f£ilm thickness is 1e§s than O.iS xm, the
variation in the film thickness distribution will be * 7.5 nm
(75 &), whereby no substantial in-plane color shading will be

| recognized, but the cglor shading due té the sight aagle
will still be a problem.-

Thus, when a transparent £ilm with a'high.refractive'
index is formed on a glass substrate in a thickness

exceeding a certain level, the giass exhibits glaring
(color shading) depending upon the infplane £ilm
thickneSS'distribution or the change in the sight aﬁéle;
whereby the commercial value may substantially be
impaired. |

Some proposals have been made to prevent such color
shading. Japanese Examined.Patent Publication No.
39535/1988 proposes.to use an infrared reflecting
substance as a high refractive index trénsoareﬁt film and
to prov;de a layer having a refractzve index n=1. 7 -
1.8 to the glass and a film thickness d = 0.64 - 0. 080
um. There is no_pafticular suggestion for the spec1f1c
means of providing this lé}er, but vacuum vapor |

ceDOSLtlon or atmospheric ptessure CvD is evenollfled .
| | ~ This is the replacsment lheet N
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spectral reflection spectrumin the vi-sible region of the sanple thus"
prepared is shown by a curve 2 in Figure 7 (the influence fromthe rear
side of the glass substrate was renoved). Now, the Exanples for the
electrically conductive glass provided with an al kali barrier filmwll be
descri bed. EXAMPLE: 3

and it is described that athospheric pressure cvD is

advantageous taking the coating on a large sized glass

sheet into consideration, and_bnly atmospheric CVD is
_ described.in Examples.

In Japénese Unexamined Patent Publication No.
201046/1989, a technique of forming SiCx0y is shown as a
'practical means for forming this.prime: layer. This is a
' method wherein a float method is assumed for the process

for production of a sheet glasé, and a gas mixture
cogpriéing silane, an unsaturated hydrocarbon compound
and carbon dioxidé is blown to the glass surface in a tin
tank fuﬁnace._'This is basically a method for forming an
lntermedxate refractlve index transnaren; fllm by
atmospheric pressure CVvD. |

Film-forming by atmospheric pressﬁre CVD is- very -
effective particularly from the viewpoint of costs in a
case where a large amount of glass is treated
éontinuously (so-called on-line) in the process for its
production. On the other hand, it has a drawback that it
is unsuitable for forming a multi-layered film or for the
pfoducﬁion of variéué kinds in_small amounts. 'Thereforé,
it is now common to employ-a production system of a
sputtering method for the.production of heat radiation
.reflecting-gléss_for automobiles or buildings. The
sputtering method has merits such thaE it is excellent in
the control and:the uniformity of the fiim.thickness, and
- production of various products in small amounts or
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A usual gl ass sheet (soda-line silica glass sheet) of 10 cmx 10 cmx 3 nmm
contai ning 15% of an al kali conponent [err] (R Na, K) was thoroughly
mashed with a washi ng agent, then washed with water and dried. This 42

- 12 -
forming of a multi-layered film is easy. Further, it has

an additional mg;it that its combination with other

vacuum-£ilm fofﬁing means such as’ vapor deposition_qr
plasma CVD is easy from the viewpoint of design of
apparatus.. Therefore, it has been desired to prepare an
intermediate refractive index undercoating film for
preventing iridescence, by sputteriﬁg. On the other
hand, the sputtering method has drawbacks that the £ilm-
forming speed is slow, and the cost is high. Thereforeﬂ
a study is actively conducted to increase the film-

 forming speed by sputtering. It is the most serious
‘érawback of the system that the film-forming'speed is |
extremely slow when a2 metal oxide coating £ilm is formed ."
by.reactiva sputtering from 2 metal target, and it has
been considered difficult.tc form a film of an
intermediate refractive index transparent materiél_wh;th
is stable and excellent in the durability, at a high

speed by sputtering.

A sputtering target is found in earlier European Patent Application 0 374 931.

DISCLOSURE OF THE INVENTION

A first object oE.the present invention is to solve
the above problems and to prdvide a method for forming a
lov refractive index bxide transpareﬁﬁ thin £ilm
comprising'silicén dioxide as the main component by a
reactive DC spﬁttéring method capable of forming a £ilm
with a large area,’a target material to be used for the

method. This is tiwe replacement sheet .
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gl ass sheet was placed in a vacuum chanber in a sputtering apparatus, and

t he chanber was evacuated to 1.33 nPa (1 x [err] Torr). Then, a target
conprising Zr and Si (Zr:Si= 10:90) was subjected to DC sputtering in a gas
m xture of argon and oxygen .under a pressure of 0.27 Pa (2 x [err] Torr)to
forma [err] filmin a thlckness of about 100 nm (1000 [err]). COVPARATI VE
EXAMPLE 1 S _

- 13 -

The preéent invention provides a method for forming 2 fi lm comprising silicon’
dxox:de as a main component by a DC sputtenng method in an oxygen-
contaxnmg atmosphere by means of a target comprising Si as a main
componenit, which target contains at least one member selected from Zr, Ti,
Tz, Hf, Mo, W, Nb, Sn, In, La and Cr in a total amount of at least 4 atoms
relative to 96 atoms of Si.

In th present invention, the total content of Zr,
‘§i, Ta, HE, Mo, W, Nb, Sn, In, La and Cr is preferably
. Ecom 4_at6mic $ to 35 atomic § based oa the total amount
including Si. Particularly preferred is 2 totzl ‘contsat
of from 4 ztomic % to 15 ztomic % for the reason that the
refractive index of .5th £ilm thﬂreoj ;orme will be
very low at a level of riot hxgher than 1.6.. If the
coateqf of Zr, etc. is less than 4 ztomic %, it becomes
difficult to-conduct-sputteriﬁg under z stabilized
condition due to surface.oxi&étién of the target, zndé the
2lkali resistahce of the resulting thin £ilm (e.g. 2 Si-
2:—0 type) will be poor. _IE the content of Zr, etc. is
larger than 35 atomic %, the refractive index of the
resulting thin £ilm ted&s to be Aigh,'such being

undesirzble in a case where a film with 2 low refractive -

This is the replacsment sheet
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To the sanme gl ass sheet as in Exanple 3, a [err] filmwas forned in a

t hi ckness of 100 nm (1000 [err]) by a CVD nethod using [err] and [err] gas.
The product of Exanmple 3 and the product of Conparative Exanple 1 were
respectively maintained in contact with pure water at [err] for. 24 hours,
wher eupon the anount of [err] eluted into the pure water was neasured to

I nvestigate the alkali barrier properfy, -wsereby with the product of
Exanmpl e 3, the I

index is to be formed.
A uniform £ilm can be formed when sputtering is
conducted using the target of the present invention in an

~atmosphere of a mixture of Ar and oxygen under a vacuum

of from 0.13 to 1.3 Pa (1 x 10" to 1 x 10”2 Torr). The target

of the present invention is electrically conductive, and yet

éqrf#ce oxidation of the target during sputtering is
minimum, whereby film-forming can be conaucted by means

of a DC sputtering method, and a uniform f£ilm over a

large area can be formed at a2 high speed. Of course, the

taféet of the present invention is capable of forming a
- similar £ilm also by means of a high fregquency (RT)

sputtering method or the like.

This is the replacement sheet
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anount was 0.60 [err], and with the product of Conparative Exanple 1, the
amount was 0.61 [err] Further, the product of Exanple 3 and the product of
Conparative Exanple 1 were respectively washed with 5% NaOH and t hen
contacted with pure water at roomtenperature for 24 hours, whereupon the
anount of Na+ eluted into the pure water (the anpunt of Na+ adsorbed during.
t he above washing) was neasured to Tn¥8sTigate the

The target or tablet of the present invention can be
prepared, for example, by the following method. .For
example, in a case of a Si-Zr type target or tablet, the
target or tablet of the present.invention can be formed
by .subjecting a powder mixture of at least two members
selected from a zirconium silicide or silicon metal,
zirconium metal, zirconium silicide and zirconium oxide
(inclusive of zirconia Stabilized_df partially stabilized
by an addition of from 3 to 8 mols of ¥,0;, Cal, Mgo,'.
etc.) to high temperature high pressure pressing, hignh

_ pressure pressing or high pressu:e pressing, followed by
‘baking. In such case, the particle size of the powder is
suitably from 0.05 zm to 40 gzm. Further, the above
target may contain iron, aluminum, magnesium, calcium,
yttrium, manganese and hydrogen in a total amount of at
most 3 wty. Carbon may be contained in an amount of at
most 20 wti, since carbon is converted to co, and
disappears during the film-forming.  Further, the target
of the present invention exhibits similar effects even
when copper, vanadium, cobalt, rhodium, iridium, etc. are
included at a level of iﬁputities.

Table 1 shows the properties of films formed by
conducting reactive DC sputtering in.an atmosphere of a
mixture of Ar and O, using various non-oxide targets of
the present inQention._ Table 1 also shows some examples

This is the replacement sheet
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al kali absorptivity, whereby with the product of Exanple 3, the anmpbunt was
0.13 [err] and with the product of Conparative Exanple 1, the anpunt was
0.14 [err]. This 43 indicates that the product of Exanple 3 has
substantially

- 16 -
in which film-forming is conducted by reactive RF -
sputtering using other ta:gets; for Ehe purpose of
comparison, With respect to the £ilms formed by uSing
various targets, the compositional ratio of the
constituting substances; sﬁch-as the fatio of e.g. Zr to
-si, in the target was substantially maintained in the
films.

With respect to the alkali resistance of £ilm in
Table 1, 2 £ilm was immersed in 0.1N NaOH at room
temperature for 240 hours, whereupon the one wherein the

~ change in the film thickness was within lO%Irelative to
the thickness prior to the immgrsion.was evaluateé to be
C), and the one wherein the film was dissolved, was
evaluated to be X.

A film was formed in a film thickness of 100 am using =~
as a substrate a soda-lime glass sheet prepared by & |
float method,.and it was used as z sample for evaluation.
The £ilm thickness was obtained by measuring by a Taly
‘step method a step prepared by a mask during the film-
forming.

With respect. to the aqié resistance, a film was
immersed in a 0.1N H,S0, agueous solution at room |
tempe:atg;e for 240_hours, whereupon the one in which the
change in the film thickness was within 10% relative to
the thickness before the immersion was evaluated to be
O. Further, with respect to the water resistance, a

" film-was immersed in distilled water at 100°C under 1 atm
' This is the replacerhent sheet
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equal pkoperties és the product of the Conparative Exanple. EXAMPLE 4 In
the sanme manner as in Exanple 3, a [err] filmwas forned in a thickness of
about 20 nm (200 A). EXAMPLE 5 In the sanme manner as in Exanple 3 except
that as the target a [err] target (Zr:S = 1:2) was used, a
_17—-
for 2 hours, whereupon the one wherein the change of tﬁé
£ilm thickness was within 10% relative to the thickness
before the immersion, was evaluated to be O.
Aé shown in Table 1, the refractive indices of the
~ oxide filmslfotmed by using the targets of the present
invention are from 1.47 to 1.74, which are very small as
compared with the oxide films prepared by using the |
targets as shpwn in Comparative Examples 1 to 4. &As
shown by Examplés 3, 4, 6 and 8 of the preéent invention,
thése wherein Si is at least 90 atomic %, have refractive
indices of.at most'l.s; which were subétanti;lly the same
'as the refractive index of the Si0, film. Besides, the
films prepared by using the targets of the present

invention were excellent also in the alkali resistance.

. This is the replacgmen’t sheet

Date: 2_8 0OCT. 1998



[err] filmwas fornmed in a thickness of about 2.2 nm (22 A). EXAVPLE 6 In

the sanme manner as in Exanple 5, a [err] filmwas forned in a thickness of

- about 50 nm (500 A). The products of Exanples 4 to 6 ver e respectively
stored in contact with pure water at [err] for 24 hours, whereupon the

al kali barrier properties and the al kali

- 18 -
Table 1
o .. Refractive |Alkali Acid' Water
Composition .
Sample No. - index of resistance |resistance {resistance
of target
film of £ilm of £ilm | of £ilm
Comparative '
Zr 2.1 . O O - 0O
| Example 1 : : .
Comparzative . |
Example 2 ' .
Comparative '
_ Ta 2.2 O O O
Example 3 .
Comparative sn 2 ..0 '®) O O
Example 4
Compa:ati;e . ,
- si 1.46 X O O
Example 3
éxample 1 67Si-337r 1.74 O O O
|exampre 2 | 80si-202z | 1.57 O 0 o ,
Example 3 90si-10zZr 1.49 O ) O
Example 4 | 95Si-5Zr 1.47 _ e O @)
Example S 678i-33Ti | 1.66 @ o O
Example § | 90Si-10Ti 1.51 @) O O
Example 7 67Si~33Hf 1.75 O O O
Example 8 90.55.-10_35 . 1.49 O o o
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absorptivity were neasured to obtain the results as shown in Tabl e 4. 44
[err]

-19_

Further, with respect to the 5iQ, f£ilm formed in
Comparative Example 5 and the 1021:—'90510x £ilm fo;med in
Exémple 3, hardness and internai stress were measured.

The hardness was measured by a dynamic super fine
"hardness meter (load::l g, indenter point angle: 115, DH:
115) manufactured by Shimadzu Corporation with'respect to
the above films in a film thickness of 1000 A, whereby
the Si0, film of Comparativé_Example 5 had a relative.
value of 499, whereas the 10Zr-90SiOx film of Example 3

- had a value of 614 and thus was found to be very hard.
With :espect1to the internal stress, the $i0, film of
Comparative Example 5 had a value of 10%% dyn/cm?,
whereas the IOZr-QOSiOx f£ilm of Example 3 had a value of

".not higher than 10° dyn/cm? and thus was found to have a
very small internal stress.

In the non-oxide targeﬁ of thé present invention,
mostiofIZr, Ti, HE, Mo, W, Nb, Sh,.Ta, In, La, Cr, etc.
in the target are present in the form of silicon
compounds, and Sn is present in the form of.a Si-sn

.élloy. _Thus;'fheir activitieé-to oxygen are small as
compared with si, and they are hardly oxidized, whereby
they serve to'pfevent the decrease of the eleétric
conductivity due tblsurface oxidation of the target. A
second object of the preseht invention is to overcome thé
above drawbacks inherent to the prior art by using the
above described film comprising silicon dioxide as the

main component and to provide a large size reflection
| This is the replasament sheet .
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45 On each of the products of Exanples 3 to 6, an alkali barrier filmwas
formed by a DC sputtering nmethod, and then on such an al kali barrier film
an I TOfilmwas continuously formed by a DC sputtering nethod. Thereafter,
t he product was stored at [err] for 24 hours,

_zp.-
preventive £ilm which is useful for buildings or
automobiles, at low costs. Namely, the present invention
has been made to solve the above-mentioned problems and
provides a anti-reflective £ilm having a low refractive
index f£ilm at least at the outermost layer as counted
from the air side, wherein the above low refractive index
£ilm is'a film comprising as the main component a
composite oxide containing Si and at least one member
selected from 2r, Ti, Bf, Mo, W, Nb, Sn, Ta, In, La and
Cr. |
The,point of observation in the present invention is
that in a compbsite oxide containing Si and at least one
member selected from Zr,.Ti;.Hf, Mo, W, Nb, Sn, Ta, In,
La and Cr, such as a ZrSiyoz £ilm, the refractive index
qpénges continuously as the proportion of Si ghanges;
Specifiéaily, in a zfsiyoz system, as the atomic ratio y
of Si to Zr increases from 0 to 9.0, the refractive index
.decreases éontinuously from.z.l to 1.5.
" pable 2 shows refractive indices of £ilms made of
- composite oxides. In each case, film-forming was
conducted by reactive sputtering by using a target having

a composition as_idehtified in the Table.

This is the replacement sheet

oate: 28 OCT 1998



wher eby no change was observed on the appearance of the ITOfilm Further,
in a case where H, Nb, Sn or La was used instead of Zr, the same results
as in the above Exanpl es were obtai.ned, and the alkali barrier property was
observed. Now, Exanples for an anti-iridescent glass will be described.

- 21 -
‘Table 2
Substances Composition Film composition - R
. . Refractive
constituting | of target .
. ' o index n
target (atom;q %) si(y) O(z)
2r-zrSi, | 952r-5Si | 0.045 . | 2.1 2.13
Zr-%rSi, | 91Zr-9Si 0.1 2.2 2.12
Zr-2rSi, | 80Zr-20si 0.25 2.5 2.05
Zr-zrSi, | 702r-308i | . 0.4 2.9 1.92
Zr-2rSi, | 50Zr-50si 1 4 1.75
zZrsi, 332r-678i | 2.0 6.0 1.71
ZrSi,~si | 20zr-80si | 4 10 1.57
ZrSi,~Si | 10Zr-90si 9 20 . 1.50
ZrSi,~si | 52zr-95si 19 40 '1.47
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EXAMPLE 7 A [err] filmwas formed on a glass substrate in-a thickness of 90
mm (900 A) by DC sputting in an atnosphere of a m xture of Ar and oxygen
under a vacuumof fromO0.13 to 1.33 Pa (1 x [err] to 1 x [err] Torr) using

an alloy target of Zr: SI = 1:2. The refractive index of this filmwas

1. 74, which corresponds to nd = 0.16 [err] and [err] = 0. 63 [err]. An

I TOthin filmwas formed thereon in a thickness of 800 nm (8000 A) by '
: - 22 - '

t should be noted here thatlwith the films having““
compositions of 2r;4Sigy0, and ZrSSiésoz, the refractive
index can be as low as 1.5 and 1.47, respectively. The;e
values are slightly short to the.value of 1.46 of Si0O,,
but are sufficiently useful as a material for low
refractive'index filmé fér a multi—layered reflection
preventive film. PFurther, as is different from a_sioz:
film, these films a#e excellent in alkali resistance, and
improvement in the durability can be expected.
Furthermore, when such a Zrmsigooz £ilm or a 2ZrgSigs0,
film is formed by a reactive sputterihg'method, the Zr-Si
alloj used as the target has electric.conductivity, as
mentioned above, Mhefeby there is a substantial merit .
that DC sputtering can be employed. This is
substantially advantageous as compared with the fact that

- ﬁsua;-Si targets are semiconductors, whereby DC
sputtering can hardly be employed. Besides, the f£ilm-
forming speed of these £ilms by the reactive sputtering

-method'is substantially high as compared with the sio,
film, whereby the production time can be shortened, which
is éavantageous also f£rom the viewpoint of costs. |

Accordingly, the above-mentioned low refractive index
film comprising silicon dioxide as the main component of
the present invention can be used as a low refractive
index f£ilm for various reflection preventive multi-

.laye;gdﬁfilms,_such as a single-layered anﬁi-reflective

| film.forﬁed on a transparent substrate in an optical film
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lon plating. Wth respect to a separate ITOfilmformed in the sane manner,
the refractive i ndex was neasured and found to be 2.0. This sanple was
designated as Sanple 1. (Structure of Figure 1) EXAMPLE 8 On Sanple 1 a
[err] filmwas formed in a thlckness of

- 23 -

thickness of Ao.(designed wavelength, the same applieéi‘
hefeinafter), a double-layered anti-reflective film
having two'substances having low and hj.gi'x'refra.c:t:j.vn=
indices formed in optlcal fllm thicknesses of (AO/4 -
Ao/2) sequentially from the air side, a three-layered
anti-reflective £ilm having three substances having low,
high and intermediate refractive indices formed in this
order, in optical film thicknesses of (lo/4 - 20/2 -
Ao/4) sequentialiy from the air side, and a four-layered
anti-reflective £ilm having substances of low, high,
intermediate and low refractive indices overlaid from the
air side in optical £ilm thicknesses of (20/4.— Ao/2 -
Ao/4.- Ao/2), respectively. .Further, the reflection
prevenéiée multi-layered £ilm can be formed continuously
by a physical vapor deposition method without -breaking a
vacuum. | |
ﬁow, let us consider fhé actual.productioh of a

three-layered anti-reflective film according to the
present'invention. A three-layered énti—reflective film
is wideiy practically used, since a low reflectance can
thereby be realized within a.wide wavelength region
covering the entire visible light region. In order to

~ prepare such a three-layered anti-reflective film
according to. the preseht invention, a'ZrSi,Oz £ilm having
an optical £ilm thickness of lo/4 and a refractive index"
of 1.49 is formed on the surface of a substrate as the
first layer counted form_the air side. This £film having

. This is the repiacomont sheet
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46 90 nm-(900 A) by vapor deposition. Wth respect to a separated SiQ2 thin
filmformed in the sanme manner, the refractive i ndex was neasured and found
to be 1.47, which corresponds to nd = 0.13 [err] and [err] = 0.52 [err].
Thi s sanple was designated as Sanple 2. (Structure of Figure 2)

- 24 -

a refractive index of 1.49 can be'realized simply by
slightly adjusting the above—mentioﬁed composition of
2r,4Sig402- As a second layer, a ZrSix0O; £ilm having an
opEical £ilm thickness of 1o/2 and a refractive index of
2.05 is formed. This_film having a refractive index of

f2.05 can be realized by adjﬁsting the atomic ratio x.of

| Si to Zr to a level of about 0.25 according to Table 2.
In this case, the intermediate refractive index_required
for the third layer will be about 1.49 x (1.52)1/2 e.g.
when the refractive index ng of the 'substrate (a soda

- lime glass plate) is 1.52 and the refracﬁive index of the
2rSiy0; f£ilm as the first layer is 1.49 accofding to the
condition for the three-layered anti-reflective film (n3'
=n, - nollz). A film having such a refractive index can
readily be obtained by adjusting the atomic ratio of si
to 2Zr according to.Téble 2.

.Furthér, a anti-reflective £film of more than three
‘layers may be formed in.the same manner by adjﬁsting-the
refractive indices of the respective constituting films.

The point for such a multi-layered anti-reflective
£ilm is the material for a low refractive index £ilm.
Here, accordipg to the present invention, a film of a
refractive indexlof';.s can be realized, as describea 
~above, by adjusting the atomic ratio y of Si to Zriin
2rSiy0;. The refractive index can further be reduced by
‘increasing y. However, if the propoftion of Si is too
largé, it'becoﬁeS'difficult to form a film-by a DC o
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EXAMPLE 9 Sanple 1 was fornmed into a | am nated gl ass using an interlayer of
PVB (pol yvinyl butyral), and the | am nated gl ass was desi gnated as Sanple 3
(Structure of Figure 4) EXAMPLE 10 On the ITO filmof Sanple 1, a [err]
filmwas forned in a thickness of 70 nm (700 [err]) under the sane .
conditions as - in Exanple 1. The refractive index of this filmwas

- 25 -
sputtering method as described above, and further, the -
alkali resistance of the film tends to be low. The lower
.limit for y as the material for a low #efractive index
£ilm can not strictly be prescribed because it is
influenced by the type of the material of a high
‘refractive index film to be combined. However, if the
zrefragtiye index of this low refractive index material is
too high, the high refractive index material to be
‘combined tends to be restricted, and the reflection
preventive performance is likely to be low. Therefore,
the.refractive indexlis suitably at a level of not higher
than 1.7. Accordingly, the value for y is preferably
within a range of from 2 to 19.

In the presedt invention, as a substrate for forming
a«reflectioe preventive £ilm, glass, plaetics or £ilms
may be employed. It is preferably transparent with a
refractive index of about from 1.45 to 1.60.

As the material for the high'refraeﬁive index £ilm or
for the intermediate refractive index £film in the anti-
reflective £film of the present invention, the one having
the refractive.inéex increased by'reduciné the atomic
ratio y of Si to Zr in the ZfSiyoz may be used as
mentioned above. However, the material is not limited to
such a specific-example, and it is poesible to use e.g.
TiO,, 2r0O,, ZnS or Ta,0; as a commonly employed high
refractive index material.  However, by using the same
2rSiy 0, for both the high refractive index material and
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1.74, which corresponds to nd = 0.12 [err] and A2 = 0.49 [err]. This sanple
was bonded to another glass with an interlayer of PVB interposed - _

t herebetween to obtain a |am nated glass. This |amnated gl ass was :
designated as Sanple 4. (Structure of Figure 4) COVWARATI VE EXAMPLE 2- On a

gl ass substrate, an ITOthin filmwas directly forned in a thickness of 800

nm (8000 A) by ion plating. The
_ - 26 -

the low refractive index material, it is possible to
prevent ply separation which is likely to occur batween
materials of different types, whereby an effect for

improvement of the adhesive strength can be expected.

As a method for prepéring an anti-reflective film, a usual
method, such as vapor deposition, sputtering or CVD
(chemical vapor deposition) is known. However, in order to
sufficiently obtain the effects of the present invention,

it is required to employ a DC sputtering method; because the
feature of the present invention resides in that a low
‘refractive index film can be formed by DC sputtering as

described above. To form a2 low refractive index film of
the present invention by DC sputtering, an alloy targst

of Zr and Si is used as the target, and a gas mixture of

b }

'Ar and 0, is used for the sputtering gas. On the othe

hand, the high refractive index film may likely be - -

ra

prepa;ed by reactive sputtering from the alloy térget o
Zr and Si. However, other materials may be employed, so
long as the metal targets of the respecti?e'materials are
- employed. Further, when a high refractive index film is
to be formed, a éonductiﬁe material such as sintered ITO
may be employed as the target.
In the fofegoing, description'was made with respect

to a2 £ilm somprising as the main cbﬁponent a composite
oxide containing Si and Zr. However, the same will apply

to material other than 2r such as Ti, HE, Sn, Ta or In.
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refractive index of this filmwas 2.0. This product was designated as
Sanple 5. (Structure of Figure 3) COVMPARATI VE EXAMPLE 3 Sanple 5 was bonded
to another glass with an interlayer of PVB interposed therebetween to

obtain a

_27-

A further film obtainable according to the present
invenf.ion is a conductive glass provided with an alkali
barrier film to prevent diffusion of alkali ions from glass
of an alkali-containing glass, by means of the above-
mentioned film comprising silicon dioxide ‘as the main
component. :

An alkali barrier film can be formed by a DC

sputtering method and provides an electrlcally conductive
glass having an alkali berrier layer for preventing the -
diffusion of alkali from an alkali-containing glass and
‘an electrically conductive layer sequentially formed on
the suiface of the alkali-containing glass, wherein the
above alkali barrier layer is a film comprislng as the

T main component an oxide containiﬁg Si and at least one
member selected from Zr, Ti, Bf, Mo, W, Nb, Sn, Ta, Im,
La ané Cr, and a process for producing an electrically
conductive glass which comprises forming an alkali
barrier film comprising as the maiﬁ component, an oxide
containing Si and at leest one member selected from'Zr,
HE, Nb, Sn, La, Ti, Ta, Mo, W, Cr and In, on the surface
of an alkali-containing glass,. followed by formlng an

electr;cally conductzve film.
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- 47 - laninated glass. This laminated gl ass was designated as Sample 6.

The spectral

reflection spectra of Sanples 1, 2 and 5 are shown in Figure

5. In the Figure, 51, 52 and 53 correspond to Sanples 1, 2 and 5,

respectively.

In the case where a transparent undercoating filmwas forned

according to the present invention (51), the ripple is evidently reduced as

conpared with the case w thout such

- 28 -

The composition' for the alkali barrier film is
preferably such that Si is contained in a proportion of at
least 5 atoms of Si relative to 95 atoms in total of metals

such as 2r, Hf, etc. If the content of Si is less than this

_proportion, the film tends to be crystalline, whereby the

alkali barrier performance tends to. remarkably deteriorate. -

Further, it is reéﬁired that Si is centained in a;broportion
of not more than 96 atoms of Si relative to 4 atoms in total

of metals such as 2r, etc. If the content of Si is higher

than this proportion, it becomes difficult to form a.film by

a DC sputtering under a stabilized condifion due to surface
oxidation of the target. | |

The refractive index of the alkali barrier film caﬁ
freely be adjusted by controlling the composition. The change
in the refractive index due to the change of the composition

of an alkali barrier film is shown in Table 3 with respect to

a case where Zr is used as the metal.
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undercoating film (53). This clearly indicates a iridescence-preventing
effect. It is evident that the effect becones nore renarkabl e when a
transparent top coating filmis provided (52). The spectral reflection
spectra of Sanples 3, 4 and 6 are shown in Figure 6. In'the Figure, 61, 62
and 63 correspond to Sanples 3, 4 and 6, respectively. Like the case of
Figure 5 it is evident that the rlpplezg C _ :

Table 3

Atomic ratio in the

ilm compasition of Zc| goyying |ageractive |ceystar- | PHFRLE

and Si oxides test *1 |index n linity bacries
2r Si property *2
96 4 O 2.13 Crystalline x
91 9 o 2.12 | Amorphous | O
80 20 O 2.05 | amocphous O
70 ‘30 | O 1.92 | Amocphous o)
50 : 50 O 1.75 Amorphous O
33 67 O 1.71 Amorphous - O
20 80 o) '1.57 amorphous O
10 90 o 1.50 Amozphous O
S - 95 O 1.47 Amorphous @]

(Film thickness being 100 nm (1000 i).iﬁ all cases)
*1: A sample'waé immersed in a water at 100°C under 1 atm
for 2 hours, whereupon the one wherein the changes in
Ty (visible light transmittance) and Ry (visible light
reflectance) were within 1% as compared with those
before the immersion, was evaluated to be O.

- *2: A sample was stored in contact with pure water at 90°C
.for 24 hours, Ghereunon the one wherein the amount of
‘Na* eluted into pure water was at least 0.8 pg/cm
was evaluated to be X, and the one wherein the amount
of such eluted Na* is less than 0.8 pg/cm , wWas
evaluated to be O.

‘*.:-
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preventing effect is |largest when a transparent undercoating and a .
transparent top coating filmare forned on and under the high refractive
i ndex transparent thin film |NDUSTRI AL APPLI CABI LI TY By using the target
of the present invention, a transparent thin filmhaving a |ow refractive
i ndex and being excellent in the alkali resistance can be provi déd

- 30 -

Accordingly, in the case of an electrically

- conductive glass as a transparent electrode plate for
e.g. a display element wherein a transparent electrodé
such as an ITO film (an indium oxide f£ilm containing tin)
is formed as an electrically conductive £ilm, if the
composition of the alkali barrier film
is adjusted so that the refractive index will

be the same as the refractive index of such a transparent
electrode, there will be no difference in the refractive
index between the pdrtion where a transparent electrode _
pattern is formed on the alkali barrier £ilm and the

. portion where no transparent eledtrode is formed and odly
the alkali barrier film is formed, whereby the |
transparent electrode pattern will not be prominent,.and.
it is possible to. prevent a so-called "see-through”
phenomenon of the transparent electrode pattern. for
example, in anlelectrically.conductive glass having a

- structure of glass.plate/alkali barrier £ilm composed of
oxides contaihing’Zr and-Si/ITOlfilm, the coﬁpoéition méy
‘be controlled to:be Zr:8i = 70:30 in accordahce Qith
Table 1 so that the refractive index will be adjusted to
about 1.9 of the refractive index of the ITO film.
Otherwise, in a case where it is desired that the
transparent électrode pattern can‘be seen for thé purpose
of registration in the production of a display element,
the refractive_index can be differentiated from the

) ,E ‘o ] d . - .
re.ractlve index of the ITO £ilm, and the'rﬁigfwfﬂw%t%e‘ﬁacment_cheet
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over'a | ar ge area at a hi gh speed under a stabilized condition. By.its
conbination with a high refractive index oxide transparent thin film the
optical design of a thin filmcan be sinplified. - 43 -

. - 31-

index can be made low by increasing the proportion of Si.
In this manner, the composition of the alkali barrier
£ilm of the present invention may suitably be selected
depending upbn the.refractive index of the:cogductivé
film to be formed thereon...

The £ilm thickness of the.alkali barrier film
is preferably at least 5 nm (50 &) so that
adequate alk;li‘barrier peffOrmance can be obtainea.
Especially, a thickness within a range of from 10 nm (100 &)
to 500 nm (5000 &) is most practical.

As glass useful for the electrically conductive glass,

not only the most cbmﬁonly
employed soda lime silica glass containing from 10 to 20
'wt% of Na or K, but also vafious other alkali—containiné
glasses may be mentioned.

In the electrically conductive glass,

| ‘the conductive f£ilm to be formed on the above-
mentioned alkali barrier film, is not.particularly. | |
limited so long as it is a conductive film which is
susceptible to détggioration by alkali ions, for example,
a transparent conductive oxide film suéh as an ITO fiim;
a F- or Sb-doped SnO,* £ilm or an Al-doped ZnO £ilm, or a
_film.of conductive meﬁal such as Ag or Au.

The alkali barrier film of an electrically conductive
glass . is formed by a DC
sputtering method. Therefore, a film which is uniform
over a large area is formed at'a-ﬁigh speed under a

" This i's'the'raplacement s-he_et
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Further, the low refractive index filmcan be obtai ned which has chem cal
stability and can be used as an overcoat for various articles. For
exanple, it is nost - suitable for a heat radiation reflective glass for
bui | di ngs or vehicles, for a protective plate for the reader portion of a
bar code reader, or for the outernost |ayer of a reflection preventive
film an eye glass |lens, etc. - -

- 32 -

stabilized condition. This means.that when a conductive film
to be formed'bn the alkali barrier film is formed by a DC
sputtering method, the alkéli barrier film and the conductive
film can continuously be fofmed_in an in-line type vaccum
process apparatus without breéking the wvaccum, which is
particularly advantageous from the viewpoint of the
- productivity. |

Further, an anti-iridescent galss can be formed having
prevented glaring (color shading) which used to be a problem

when'a high refractive index transparent film is formed on a

glass substrate in a thicknéss 6f at least 0.15 gzm using
~a film comprising silicon dioxide as the main component.
Namely, an anti-iridescent glass can be formed
having a high refractive index |
transparent thin £ilm ﬁith a refractive index n of at
least 1.8 and a thickness d of at least 0.15 um formed on
a glass Substrate.énd.having a transparent undercoating.
£ilm with n=1.65 - 1.8 formed in an optical film
thickneés nd = 0.1 - 0.18 um between the high refractive
index transparent thin film and the gléss substrate,
wherein said transparent undercoating £ilm is a film
_comprising as the main component a composite oxide
containing Si and at least one member selected from Zr,
Ti, Ta, HE, Mo, W, Nb, Sn, In, La and Cr.

°lgure 1l shows a cross sectxonal view of one examg
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According to the present invention, the filmis conprising silicon dioxide
as the main conponent forned by a DC sputtering method. It can be conbi ned
with various physical vapor deposition methods enploying a vacuum (such as
vacuum vapor deposition, ion plating and sputtering). Thus, when a :
nmul ti-layered filmcontaining at |east one.layer of a f|In1conpr|5|ng
S|I|con di oxi de as the main conponent 353 to be forned,

of an anti-iridescent glass.

10 indicates a glass substrate, 11 indicates a high
refractive index ﬁranéparent thin £ilm having n > 1.8 and
d > 15 pgm, and 12 indicates a transparent undercoating
£ilm.

- As the high refractive indgx-ttansparent thin film 11
of the present EnVention, indium-tin oxide, f£luorine-
doped tin oxide or zinc oxide may, for exaﬁple, be
mentioned. However, it is not limited to such specific
examples.

The transparent undercdating £ilm 12
is a thin film having n (refractive index) =
1.65 - 1.8 and nd (optical £ilm thickness) = 0.1 - 0.18
s to preéent glaring. The constituting material is
.preferably a £ilm comprising.as:the main. component a-
composite oxide containing Si and at leasﬁ one member
selected from 2r, Ti, Ta, Hf, Mo, W, Nb, Sn, In, La and
Cr, because, such a f£ilm can be formed at a high speed by
- reactive sputtering by means of a DC sputtering method in
an oxygen-conéaining atmosphere using an alloy'target
'containing Si and metals such as zr, etc., and it is
excellent in the physical and chemical durability.
Especially, a composite oxide containing 2Zr and Si is
parficularly.preferred since it is excellent in both acid_.
resistance and alkali resiétance. Further, a composxte
oxide contalnlng Si and metals such as 2r, etc., has a

merit that the refractive index can be adjusted to a

This is the replacament sheet

28 UCT 1998

Date:



each | ayer of such a nulti-layered filmcan be formed continuously by a
physi cal vapor deposition nmethod w thout breaking the vacuum whereby the
production efficiency can remarkably be inproved. As described in the
foregoi ng, according to the present invention, it is possible to present a
anti- reflective filmwth a large area which used to be difficult to

prepare. Especially, in the present _ 34 -

desired value by controlling the blehding ratio. 1In the

case of a Zr-Si-0 film, in order to obtain n = 1.65 -

1.8, it is advisable to control the amount of Si to at

least 50 atoms and at most lSOIatoms, relative to 50
"atoﬁs of Zr.

The same effects can be obtained also by a laminated
glass which is prepared by lamlnatlng the above-menuloned
anti-iridescent glass on another glass substrate with a

. Plastic interlayer interposed therebetween to form a
sgrﬁcture of glass/transpérent undercoating £ilm/high
refractive index ﬁranSparent_thin film/interlayer/glass.

'The color shading is.caused by the interference of
lights at the upper and lower iaterfaces.of the high

- refractive index transparent thin film. Therefore, the
spectrum will have the maximum and the minimum. (ripple),
and devzatlon of the maximum and minimum due to varlatzon
of the film thickness of the high refractive index thin
£ilm is observed as color shading.

And, the transpareht undercoating £ilm

| serves to prevent the reflection at the
interface between the glass and the high refractive index
transparent'thin £ilm. Thé result will be as if this
interface has disappeared, whefeby there will be no
reflection or interference of'lights by transmittance.
Na@ely, the ripple in the spectrum disappears, and theré'.
will be no change in the spectrum even if the film

thickness is varied. Strictly speaking, this effect for

et
This is the rep\aeomom she .

29 OCT 1998,

- Date:



.inventlon, by using [err] filnms for both a high refractive index filmand a
low refractive index film an effect for preventing interlamnar peeling
can be et - 49 - expected. Further, the [err] filmis

non-crystallized
_35-

preventing the reflection due to interference of iights“ :
is VAried only at a certain one wavelength (main

_waﬁelehgth), and the ripple remains to some extent at
other wavelengths.

Therefore, as a method for more effectively
preventing the ripple, it is preferred to provide.a.
reflection—prevénting-transparent top coating £ilm on the
top of the high refractive index transparent thin £ilm as
shown in Figure 2.

Figure 2 is a cross sectional view of another example
of an anti-iridescent in

: which 20_indicate$ a glass substrate, 21 indicates é high.
refractive index transpﬁrent'thin £ilm (the same thin,
£ilm as 11 in Figure 1), 22 is a transparent undercoating'
£ilm (the same thin film as 12 in Figure.l) and 23 is a
transpérent top'cdating £ilm. By this arrangement, it is

.possiﬁle to diminish interference of lights at both the

| upper and lower interfaces of the high refractivg index
transparent thin £ilm, whereby it is possible to obtain a
anti-iridescent glass which is substantially completely'
free £rom iridescénce.. |

As such a transparent top coating f£ilm 23, the one
having n = 1.35 = 1.55 and nd = 0.045 - 0.075 sm, is

-prefe::ed;. The.constituting material is not particularly
limited; and Si0O, may be used. However, a composité

- oxide film containing Si and at least oﬁe member.selected
from 2r, Ti, Ta, HE, Md, W, Nb, Sn, In, La and Cr, is
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by the addition of Si, and has an inproved surface snoothness, whereby an

i nprovenent in the abrasion resistance is also observed. The [err] filmas
the material for a lowrefractive index filmto be used in the present
~invention is excellent in the alkali resistance as compared with a [err]
film and believed to be dense with high hardness, whereby it is effective

for an inprovenment in the .chenical resistance of the prepared -
: ' . = 36 - ' .

preferréd $ince a film having n = 1.35 - 1.55 can theréby
be forméd at a high'speed bg a reactive sputtering method
by means of DC sputtering depending upon the
compositidnal:ratio. With respect Eo_a_mixed oxide f£ilm
ﬁontaining Zr and Si, a composition of at least 80 atoms
of Si relative to 20 atoms of 2Zr, is preferfed since the
refractive index will thereby'be n < 1.55. On the otherl
.hand; if Si is not more than 96 atoms relative to 4 atoms
or Zr, a decrease of the electric conductivity due to
surface oxidatién of the alloy target during the reactive
sﬁuttering can be prevented, whereby the reactive
sputtering by a DC sputter can be conducted under a
stabilizéd condition.
Further, by suitably shifting the main wévelengths
- Ay = 4n,d; and 1, = 4n,d, capable of prevénting the
reflection of the above trahsparent undercoating film 22
(refractive index: n,, optical film thickness: n,d,) and
transparent top coatihg £film 23 (refractive index: n,,
optical £film thicknéss: n,d,), the wavelength range
wherein the remaiping ripple is sufficiently controlled,
can be enlarged, and the iridescence-preventing effects
can furthef be improved._ For example, by adjusting them
-to 4; > 0.55 m and A £ 0.55 zm, or to 4; £ 0.55 um and
A > 0.55 Hm it is possible to sufficiently control the
remaining ripple over a wide visible light wavelength
range.
At that time, it is more preferred that A, and A, are
This is tve replac'oment sheet
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reflection preventive nmulti-layered film As described in the foregoing,
according to the present invention, a nulti-layered anti-reflective fillm
can be prepared by an apparatus for an in-line DC sputtering nmethod. And,
this in-line DC sputtering nethod has a feature that control of the
uniformty of the filmthickness over a large area is relatively easy, and
as aresult, it is possible to prepare_a anti- _

- 37 -

‘apart by 0.05 wm. Becaﬁse the ripple at a wavelengéh in
the vicinity of i, cén be controlled_by the top coating
layer, while the ripple at a wavelength in thé viciniﬁy
of kz can be controlled by the undercoating filmf

Furthet, when a color porreéponding to a certain
- specific wavelehgth'range is undesired, ﬁhe two
-wavelengths may be set within the wavelength range, and
the f£ilm thicknesses of the_top coating and undercoating
layers may be adjusted so:that they correspond to A, and
A,, respectively. For example, when a red color is
undesired, by adjusting the.wavelength to 4, = 0.58 mm
and 3, = 0.65 um, it is possible to contrdl the ripple in
this wévelength range. |

Such a anti-iridescent glass may be laminated on
another.glass.substréte with the side on-which- the thin
'film.is formed located inside and with a plastic
interlayer intérposed therebetween. Figure'4 is a cross
sectional view of one embodiment of such a anti-
iridegcent laﬁinated-glass. ' 40
indicates a glass substrate, 41 indicates a h;gh | |
refractxve index transparent thin £ilm (the same as 11l in

- Figure 1 and as 21 in Figure 2), and 42 is a transparent

undercoating £ilm (the same as 12 in Figure 1 and as 22
in Figure 2), 43 is a transparent top coating £ilm, and
44 is a plastic'interlayer. |

In such a case, the transparent top coatxng film 43
preferably has a. refractzve index n = 0.65 to 1.8 and an -
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reflective filmwith a large area. Such a anti- reflective filnimﬁth a
| arge area can be used for a show wi ndow of a shop, for a casing for a
doll, for a front glass for a picture, etc. Further, the capability of
producing a product with a |arge area neans that small products can be
prepared in a |large amount at the sane tinme. This.neans a reduction of the
production costs. Specific applicgttqusci this type include a front panel
optical film thickness nd = 0.1 to O.lB.ym in order to
control the reflection due to interference at the
interface between the_high refractiQe index transparent
thin £ilm 41 and the plastic inteflayer 44. The material
may be ﬁhe same £ilm as the transparent undercoating film
12.
Further, in the same manner.as in the example in
Figure 2, by suitably shifting the maih wavelengths 1; =
4n3d; and 4, = 4n,d, capable of preventing the refleqﬁion
of.the traﬁsparent top coating £ilm 43 (refractive index:
ny, optical film thickness:.n§d3) and transparent
undercoating £ilm 42 (fefracti&e index: ng, optical film
thickness: n,d,), the_wavelength_range in which the
remaining;ripple is sufficiently controlled, can be
enlarged, for instance, by adjusting them to 1; > 0.55 zm
- 'and A £ 0.55 sm, or to i; < 0.55 szm and A, > 0.55 zm.
BRIEF DESCRIPTION OF DRAWINGS
- "Figure 1 diagrammatically illustrates the cross
section of one coating. : | ~ In
this Figure, 10 indicates a glass substrate, ll.indicates
a high refractive index transpareﬁt thin £ilm, and 12
indicates a transparent undercoating f£ilm.
Figure 2 diagrammatically illustrates the cross
~ section of another film. : In
this Figure, 20 indiCates a glass'substrate, 21 indicatés
-2 high refractive index traﬁsparent thin £ilm, 22

indicates a transparent undercoating f£ilm, and- 23
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for a display, a cover glass for a solar cell, a lens for eye gl asses, etc.
50 An electrlcally conductlve gl ass pr.ovi ded MAth an alkall barrier film

is -

—39_

indicates a transpatent top coating fllm.

Figure 3 dzagrammatlcally illustrates the cross
section of a conventional product. 1In this Figure, 30
ihdicates-efélass substrate and 31 indicates a high
refractive index transparent thin film.
| Figure 4 is a cross section of one example of an
anti-iridescent laminated glass,

In this Figure, 40 indicates a glass substfete, 41
indicates a high refractive index transparent thin £ilm,
42 end'43.indicate the transparent undercoating £ilm and
the-trensparent top coating film, and 44 indicates a
plastic interlayer. | |

Figutes 5 and 6 indicaﬁe spectral reflection spectra
of samples.in the Example and the Comparative Example.

Figure 7 shows the spectral reflection spectra in a
visible region of samples used for the Qreparation of
refleetion preventive films ) In
the Figure, l'indicates.a.spectral reflection curve of
the sample prepared in aecordence with Example 1, and 2
indicates a spectral reflectiog cﬁrve of ﬁhe sample
prepared in accordance with Example 2.

BEST MODE FOR CARRYING OUT THE INVENTION
| Now, the reflection pfeventive films'OE the present
invention will be described with reference to Examples.
EXAMPLE 1 |
On a cathode of an in-line system magnetron DC

snutte:xng apparatus, an alloy target of of Zr:Si = 10:90

" This is the replacement sheet
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particularly suitable as a di splay device for e.g. a liquid crystal device,
an el ectrochromc device or an electric field light emtting device, or as
an al kali diffusion preventive filmfor an electrically conductive glass to
be used for an anorphous solar cell substrate. As shown from Table 3, it ,
has heat resistance and is stable and free fromdeterioration under various
envi ronnmental conditions during or sgbﬁsqgent to the

and a metal target of Sn were set. A soda lime glass -

substrate was thoroughly cleaned by a method such as

polishing and dried and then placed in a vacuum chamber.
which was evacuated to a level of not higher than 1.33 mPa

(1 x 1075 Torr) by an 0il diffusion pump. At this time, no

heating of the substrate was conducted. Then, O, gas was
" introduced into the vacuum.system{ and the pressure was
~ adjusted to 0.4 Pa (3.0 x 10-2 Tori'). In this state, a power of
2.7 W/cm? was applied to the metal Sn target to form a
film of SnO, (refractive index: 2.0) in a thickness of 114.4
nm (1144 A). Then, the atmosphere in the vécuum.systém was
completely replaced by a gas mixture of Ar:0, = 60:40,
and the pressure was adjusted to 0.43 Pa (3.2 x 10~° Torr). In
this state, a power of 3.6 W/cmz was applied to tﬁe Zr-Si
alloy target to form a ZrSiyoz £ilm (ref;active index
1.49) in a thickness of 67.5 nm (675 &). ".'!i'he.film-thickness was
- controlled in all cases by changing the transportation
'speed of the glass substrate passing in front of the
target, but to'improve the.precision of the film
| thickneés, an optical ﬁulti-cblor monitor was used in
combination. The spectral reflection spectrum in the
visual region of the ‘sample thus prepared is shown by a
dotted line 1 in Figure 7 (the influence from the rear
surface 6f-the'glass substraté is removed).
EXAMPLE 2 |
On the cathode of the iﬁ-iine system magnetron DC
'sputtering'apparatus as used in.Example 1, an alloy
| This is the reblaéémont sheet |
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production of e.g. such a display device or a solar cell. O course, it can
be applied for other uses, for exanple, for an undercoating when an

el ectrically conductive coating film a heat radiation reflection
preventive coating film a reflection coating film a coloring coating film-
or a coating film having other various functions is to be forned on a gl ass
sheet for various transportation vethhgs_such as autonobiles, aircrafts or

target of of Zr:Si - 8:2 was set instead of the metal Sn
target. 1In the-saﬁe ptocedure as in Ex#mple 1, a 2rsi, 0,
film (refractive index: 2;05) having a thickness of 215§
A,_a eriyoz £ilm (refractive index: 1.49) having a .
thickness éfj16.5 nm (165 &), a Zrsi,0; film (refractive index:
2.05) having thickness .of' 92.6 nm (926 A) and 2rsi 0, film

(refractive index: 1.49) having a thickness of 83.7 nm (837 &)

. were sequentially formed on a soda lime glass substrate.

Further, as the film—-forming conditions for this multi-

- layered reflection preventive film,-a gas mixture of
Aézoz = 7:3 was used as thg sputtering gas, and a pbwe;
of 7.8 W/cm? was applied to the alloy target of Zr-Si
under a pressure of 0.47 Pa (3.5 X 10”® Torr). To accurately
control the film thickness, an optical multi¥color;
monitor was used in combination, as in Example 1. The
spectral refleqtion spectrum in the visible region of the
samplé thus prepared is shown'by a curve 2 in Figure 7
(the influence from the rear side of the glass substrate
was femoved). |

Now, ﬁhe Examples for the electgiéally conductive
glass provided wifﬁ an alkali barrier £ilm

“will be described.

EXAMPLE 3
| A usual glass sheet (sqda;lime silica glass sheet) of
10 cm x 10 cm x 3 'mm containing 15% of 2n alkali
componenﬁ aio (R: Na, K) was thorgughly washed with a
washing agent, then washed with water and dried. .This
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railway vehicles, for buildings, for various apparatus, for optical

equi pnents, for electrical parts or for electronic parts. Further, when the-

periphery of a liquid crystal cell or the like is to be sealed, it is

possi ble to prevent peeling of a sealing agent by alkali by interposing an

al kali barrier filmof the present invention between the sealing agent and

t he gl ass. - 42 -
glass sheeﬁ'was placed in a vacuum'chamber in a
sputtering apparatus, and the chamber was evacuated.to'
1.33 mPa (1 x 10~° Torr). Then, a target comprising Zr and Si
(Zr:Si= 10:90) wae subjected to - DC sputtering in a gas
mixturer of argon and oxygen under a pressure of 0.27 Pa (2 x 107
Torr) to form a 'z:.-o‘-ls'i,,'.soz film in a thickness of about
100 nm (1000 A). 5
' COMPARATIVE EXAMPLE 1

To the same glass sheet as in Example 3, 2 sio, £ilm.
was formed in a thickness of 100 nm (1000 A) by a CVD method using
SiE, and 0, gas. The product. of Example 3 and the
product of Compafative Example 1 were respectively
maintained in contact with pure water at 90°C for 24
houre, whereupon the amount of Nat eluted into the'pure
water was measured to investigate the alkali barrier
property, whereby with the product of Example 3, the
amount was 0.60 ug/cm2, and with the product of
Comparative Exaﬁple 1, Ehe amount was 0.61 pg/cﬁz.
Further, the product of Example 3 and the product of
Comparative Example.l were respectively washed wi:h'S%

- NaOH and then contacted.with pure water at room
temperature for 24 hours, whereupon the amount of Na*
eluted into the pure water (the amount of Na* adsorbed
during the above washing) was measured to investigate the
alkali absorptivity, whereby with the product of Example
3, the amount was 0.13 xg/cm? and with the product of
Comparative Example 1, the amount was 0.14 wpg/cm?. This
| This is the replacement s-heet'_ .
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Further, the refractive index of the alkali barrier film

can be adjusted to a desired | evel by changing the proportions of Si and a
metal such as Zr. Therefore, the alkali barrier filmcan be used in a w de
range of the above-nentioned various '

- 43 -

indicates that the product of Exémple 3_has substantially
equal properties as the pfoduct of the Comparative
Example. - |

'EXAMPLEA

In the same manner és.in_Exaﬁple 3, a Zry ;Sig 40,
film was formed in a thickness of about 20 nm (200 A).

 EXAMPLE 5

In the same manner as.in ﬁxample 3 except that as the
target a ZrSi2 target (2r:Si = 1:2) was used, a
Zr°.33Sio.sédi £ilm was formed in a thickness of about
2.2 nm (22 &). |
EXAMPLE 6 _

In the same nianner: as in Example 5, a Zry. 335ig 440,
film was formed in a thickness of about 50 nm (500 ).

The products of Examples 4 to 6 were-feSpectively
stored in contact with pure Qater at 85°C for 24 hours,
wheréupon'the alkali barrier properties and the alkali
absorptivity were measurediéo obtain the results as shown

"in Table 4.
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applications. Further, the alkali barrier filmhas a | ow al kal i _
absorptivity. Therefore, it can sufficiently be used even when the process
for the production of a liquid crystal cell or the like includes a step of
washing with an al kali-containing solution. As is evident fromthe above
"Exanmpl es, in the present invention, when a high refractive index

transparent thin _ - 44 -
Example ¢
Alkali L
: . Alkali
. : Film barrier 2dsocpbivik
Sampl Alkali barrier o property ! P 4
aplLe g3 thickness Amount of
£ilm Amount of adsocbed
nm- ' eluted Na¥t ot :.e/. 2
(ug/cm2) #3/cm”)
Product of .
Example 4 | 2F0.15%10.592 200 0.63 | 0.074
~ {Product of . .
{exampie 5 | 2F0.335%0.6602 | 200 0.43 | o0.031L
Product of -
sxample § | 270.33510.6602 sop 0.12 0.047
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filmis to be forned on a glass substrate in a thickness beyond a certain
degree, it is possible to control the ripple which appears in the spectrum .
by interposing a transparent undercoating filminbetween. It is thereby.
possible to obtain an effect for preventing col or shading (glaring) due to
the variation in the filmthickness of the hi gh refractive |ndex thin film

or due to the change of the sight anglfé A

- On each of the products of Examples 3 to 6, an alkali
barrier film was formed by a DC sputtering method, aad
then on such an alkali barrier Eilm} an ITO film was
continuously formed by a DC sputtefing method.
Théreaftet, the product was stored at 90°C for 24 hours,
whereby no change was observed on the appearance of the
IT0 film. | |

Further, in a case where Hf, Nb, Sn or La was used
instead of Zr, the same results as in the above Examples
were obtained, and the alkali barrier property was
'obsefved. |

Now, Examples.for ‘an  anti-iridescent glaés

~ #ill be described.

EXAMPLE 7

A ZrSixOY film was formed on a glass substrate inm a
th:.ckness of 90 mm (900 A) by DC sputt:.ng in an atmosphere of a

' m:.xture of Ar and oxygen under a vacuum of from 0.13 to 1. 33 Pa (1

x 107 to 1 x_ 10-? Torr) using an alloy target of Zr: SI = 1:2.
The ;efractive index of this film was 1.74, which
COriesponds to nd = 0.16 gm and A, = 0.63 xm. An ITO
thin film was formed thereon in.a thickness of 800 nm (8000 &) by
idn-plating. With respect to a-senaréte ITO £ilm formed
in the same manner; the refractlve index was measured and'
found to- be 2.0. - This sample was deslgnated as Sample 1.
(Structure of Eigure 1) |
EXAMPLE 8

'On Sample 1, a Si0, £ilm was formed in a thickness of
- This is the'replace'ment'oheet
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remar kabl e effect can be obtained especially when this is applied to a

gl ass-substrate with a large area. Wen a filmconprising as the main
conpanent a conposite oxide containing Si and a netal such as Zr or Ti, is
used as a transparent undercoating filmor as a transparent top coating

film :
T - 46 -
90 nm (900 A) by vapor deposition. With respect to a separated
§i0, thin film formed in the éame manner, the refractive
index was measured and found to be 1.47, thch
correspdnds to nd = 0.13 gm and 4; = 0.52 pm;;wThis-
sample was'deSignated as Sample 2. (Structure of Figure
2)
EXAMPLE 9
| Sample 1 was formed into a laﬁinéted glass using.an'
inte:laye£ of PVB (polyvinyl butyral), and the laminated
glass was designated as Sample 3 (Structure of Figure 4)
EXAMPLE 10 |
On the ITO £film of Sample 1, a ZrSixOy £ilm was
formed in a thickness of 70 nm (700 A) under the same conditions
as in Example 1. The refractive index of this film was
- 1.74, which correéponds tond = 0;12 #m and A,-= 0.49 um.
This sample was bonded to another glass with an
interiayer of PVB interposed-therebetwéen to obtain 2
1aminated'glass. This'laminated'glass was designated as
Sample 4. (Structure of Figure 4)
COMPARATIVE EMLE 2 |
| On a glass suSstrate, an ITO thin £ilm was direcély
:Eormet."l in a thickness of 860 nm (8000 &) by ion plating. The
refractive index of this £ilm was 2.0. This product was
designated as Sample 5. (Structure of Figure 3)
COMPARATIVE EXAMPLE 3
Sample 5 was.bqnded to another glass with an
interlayer of PVB inte:ﬁoséd therebetween to obtain a
This is the replacement sheet
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- 52 - method by neans of a DC sputtering nmethod. Accordingly all thin
films including the high refractive index transparent thin film can be
formed continuously in-linei.e. to forma anti-iridescent glass by a
physi cal vapor deposition method w thout breaking the vacuum whereby the
production efficiency will be remarkably inproved.

- 47 -
laminated glass. This laminated glass was designated as
Samplg's, The spéétral réflection'spectfa of Samples 1,

-2 and 5 are shoﬁn in Figure 5. 1In the Figure, 51, 52 and
S3 correspond to.Samples 1, 2 and 5, reépecgively. In
the case where a tfansparent undercoating f£film was'formed
according to the present invention (51), the ripple is
evidently reduced as compared with the case without such |
undercoating £ilm (53). This clearly indicates a
iridescence-preventing effect. It is evident ﬁhat the
effect becoﬁes more remarkable when a transparent top
éoating film is provided (52).

The spectrallfeflection speCtra of Samples 3, 4 and 6
are shown'in.Figure 6. In.thé Figure, 61, 62 and 63
' correspond té Samples 3, 4 and 6, respectively. Like the
 case of Figure 5, it is evident that the. ripple-
prevgnting'effect is largest when a tranSparént
undercoating and a transparent top coating film are
formed on and under the high refractive index transparent
thin £ilm.
INDUSTRIAL API;LICABI'LITY
By using the target of the present invention, a

-transparent ﬁhin film having a low refractive index and
being excellent in Ehe alkali resistance can be provideg
over a large area at a high speed under a.stabilized
condition. By its combination with a high refractive
index oxide'gransparent-thin film, the optical design of
a thin £ilm can be simplified.
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A high refractive index transparent filmcan be fornmed w thout col or
shading on a glass with a |large area according to the present invention,
and it can be applied to applications with a |arge area w thout inpairing
t he appearance, such as for a heat mrror for buildings, an el ectromagnetic
shi el ding gl ass, an autonobile electric heating wi ndshield glass, a
transparent conductive substrate for dlsplay a transparent conductive
substrate 48 S '
Further, the low refractive index film can be obtalned

which has chemical stability and can be_used as an

overcoat for various articles. For example, it is most
suitable for a heat radiation reflective glass for
.buildings or thicles, for a protective plate for the
reader portibn of a bar code'réader, or for the outermost
layer of a reflection p;eventive f;Lm, an eye glass lens,
etc.

According to the present invention, the £ilm is
.comprising_silicon dioxide as the main component
formed by a DC sputtering method. It can be
combined with various physical vapot.deposition methods
employing a2 vacuum (sﬁch'as vacuum vapor depositioﬁ, ion

"plating and $outtering) - Phus, when a multi-layered film
'con;alnlng at least one layer of a f£ilm COﬁDtlSlng
silicon dioxide as the main component, is to be LOLMéd,
each layer of such a multi-layered film can be formed
continuously by a physical vapor deposition method
'_without breaking the vacuum, whereby the production
efficiency can remarkably be.impgcveﬁ.

As described in the foregoing, according to the
present invention, it is possible to present a anti-
reflective film with a2 large area which used to be )
difficult to p;epare. Especially, in the present
invention, by using eri,oz films for both a high
refractive[index film and a low refractive index film, an

effect for orevéntin interl-minaf eling can be _ o
DI ting. a | .P g This is the replacement sheet
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for a solar cell and an ul traviol et ray cutting gl ass. 53 Cainms 1. A
met hod for formng a filmconprising silicon dioxide as the nmain conponent,
by a DC sputtering nethod

- 49.—

expected.. Further, the 2rSiy0; film is non-crystallized
by the addition of Si, ahd has an improved surface
smoothness, whereby an improvement in the abrasion
resistance is also observed. The ZrSi,0, £ilm as the
material fof a.low';efractive index film to be used in
the present invention is excellent in the alkali
resistance as comparéd with a 5i0, f£ilm, and believed to-
be dense with high hardnéss,_whereby it is effeétive for
_an improvément in the chemical resistance of the prepared
reflection preventive multi-layered film.

As described in the foregoing, accérding to the
present invention, a multi-layered anti-reflective £ilm
can be preparad by an apparaﬁus for an in—line DC
sputtering method. And, this in-line DC sputtering
method has a feature that gonbrol of the uniformity of
the f£film thickness over a large area is relatively easy,
and as a result, it is possibie to prepare a anti- |
reflective film with a large area. Such a anti-
reflective £film with a . large area can be used for a show
window of a shop, for a casing for:a doll, for a front
glass for a picture, etc; Further, the capability of
prqducing.é prodﬁct with a large area means that small
products can be pre?ared in a large amount at the same
time.':This means a reduction of the productibn costs.

- Specific applications of this type include a front panel
for a display, a cover glass.for a solar cell, a lens for

eye glasses, etc.
This is the replacement sheet
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I n an oxygen-contai ni ng at nosphere by neans of a target conprising Si as
the mai n conponent, which target contains at |east one nenber selected from
Zr, Ti, Ta, H, M, W No, Sn, In, La and Cr in a total anount of at |east
4 atons relative to 96 atonms of Si. 2. A target for DC sputtering ' -
conprising Si as the main conponent, which contains at |east one nmenber
selected from[err] ' ¥
. _50-

An electrlcally conductlve glass provxded wx;h an .
alkali barrier fllm ' ' ) ' . is
partzcularly su;table as a disglay device for e.g. a
1iqﬁid crystal device, an eleétrochromic device or an
electric field light emitting dévicé, or as an alkali
diffusion preventiveffilm fér an.electrically conductive
glass to be used for an amorphous solar cell'susstrate.
As shown from Table 3, it has heat resistance and is
stable and freé ftom'deteriération under'various
environmental condltlons during or subsequent to the
nroductlon of e. g. such a display device or a solar cell.
Of course, it can be applied for other uses, for example,
for an undercoating when an electricaily conductive
coating £ilm, a heat radiation reflection preventive
coating filﬁ, a reflectioﬁ coating £ilm, "a édldring -
coating £ilm or a coéting film having other various
functions is to be formed on a glaés sheet for various
transportation vehicles such as-ﬁutomobiles, aircrafts or
railway vehicles, fo: buildings, for various apparatus,
for optical equipments, for electrical parts or for |
electronic parts. o

Furthef, when the periphery of a liquid crystal cell
or the like is to be sealed, it is possiblé’tb prevent
peeling of a-sealing agent by alka1i by interposing_an
alkali bar;ier £ilm of the present invention between the:
sealing agent and the glass. |

Further, the refractlve index of the alkali barrier t
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total anmount of from4 to 15 atons relative to from85 to 95 atons of . :
[err]. 3. _The target for sputtering according to Caim 2 which contains
Zr. in a proportion of from4 to 15 atons relative to from85 to 96 atons
of *Si. 4. A nmethod for continuously fornming a nulti-layered film containing
at least one filmfornmed by the nethod as defined in claim1 by a phy5|cal
vapor deposition nethod wi t hout breakigjg -2 vacuum _

film . -~ can be adjusted to a
desired level by changing the proportions of Si and a
metal such as Zr. Therefore, the alkali barrier film can
be used in a wzde.range of the above-mentioned. varlous
applications.

Further, the aikali-barrie; £ilm

. has a low alkali absorétivity. Therefore, it

_can sufficiently be used even when the process for the
production of a liquid crystal cell or the like includes
'a step of washing with an alkali-containing solution.

As is evident frdm'the above Examples,.in the present
invention, when a high refractive index transparent thin
f£ilm is to be formed on a glass substrate in a thickness
beyond a certain degree, it is possible to control the
ripple which_appears in thé;spectrum, by_interposing.é
transparent undercoating f£ilm inbetween.

_IE_is thereby.possible.to obtain an gffect for
preventing color shading (glaring) due to the variation
in the £ilm thickness of the high refractive index thin
£ilm or due to the change of the sight angle. A&
remarkable effect can be obtained especially when this is
appliea'to a glass substrate with a léfge area.

When a film comprising as the main component a
composite oxide containing Si and a metal such as Zr or
Ti, is_used as a transparent'undercoating £ilm of as a
transparent top coating film,
£ilm forming is i conducted by a reactive 'spﬁttefing
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- 52 -

méthod by means of a DC sputtering method. Accordingly |
all thin films including the high refractive index
transparent thiﬁ'film, can be formed continuoﬁsly in-line
i.e. to form_a.énti-ifidescent glass by a physical vapor-
| deposition method withou£ breaking the vacuum, whereby
the production efficiehcy will be remarkably improved.

A high refractive index transparent £ilm can be
formed without.color shading on a glass with a large a:ea
according.to-the present invention, and it can-be_applied'
to applications with a large area without impairing the
appearaﬁce, suéh as for a héat mirrof for buildings, an
electromégnetic shielding glass, an automobile electric
heating windshield glass, a transparent conductive
substrate for display, a transparent éonductive'substrate

for a solar cell and an ultraviolet ray cutting glass. -
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i. A nethod-.for forming 2 £ilm comprising silicén
diéz’cida és thé mzin component, by & DC sputtering method
in an dxygea;cont£ining atmosphere by means of a target
comprising Si as the main componeant, which target
contains zt le st one member selected froam Zr, Ti, Ta,,
BE, Mo, W, Nb, Sn, Ir, La an.d Cr in a tctal amount_of at
lsast ¢ atéms relative to 96 atoms cof-Si.

| 2. A target for DC sputtenng comprising Si as the main .
component, which contains at "ea=t one member se‘lected
from 2r, Ti, Ta, Hf, Mo, W, Nb, Sn, in, La and Cr in a
total amouﬁt of frém 4 to 15 atoms relative to from 85 to 95 atoms
of Si. | ' o

3. The target for sputtering according to Claim 2 which
contains Zr.in 2 proportion of from 4 to 15 ztoms

relative to from 85 to 96 ztoms of Si.

4. A method for continuously'.fo.rming a multi-layered film containing
at least one filmr formed by the method as defined in claim 1 by a
- physical vapor deposition method without breaking a vacuum.
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STRACT

'DC SPUTTERING METHOD AND TARGET FOR PRODUCING
_ FILMS BASED ON SILICON DIOXIDE : :

| The preseh; inVer_xfibn relates to a film comprising éiiicon dioxide
as the main component, which contains Zr, etc., and a method for forming it by
reactive DC sputtering. It makes it possible to fofm reflection preventive
films, alkali béfrier films and various multi-layered films such as multi-layered
films for anti-iridescent glasé, .which coﬁtain said film conprising silicon dio_xide as

the main component, By a physical vapor deposition method without breaking a vacuum.

FIGURE 1
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