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Abstract

It isanobject of the invention to provide a method for producing
an optical element having a multi-layered antireflection film
formed on a synthetic resin substrate, 1n which the
antireflection film formed has good heat resistance, and 1its
heat resistance lowers little with time. The method makes 1t
possible .to form high-refraction layers within a shorter period
of time, not detracting from the good physical properties
intrinsic to the layers.

At least one high-refraction layer of the multi-layered
anti-reflection film contains niobium oxide, zirconium oxide,

vttrium oxide, and optionally aluminum oxilde.
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Title of the Invention
COMPOSITION FOR VAPOR DEPOSITION, METHOD FOR FORMING

ANTIREFLECTION FILM USING IT, AND OPTICAL ELEMENT

Detailed Description of the Invention
[0001]
Technical Field of the Invention

The present invention relates to a composition suitable
for vapor deposition, to a method for forming an antireflection
film using 1it, and to an optical element.
[0002]
Prior Art

For improving the surface reflection characteristic of
an optical element that comprises a synthetic resin, 1t 1is well
known to form an antireflection film on the surface of the
synthetic resin. For example, Japanese Patent Laid-Open No.
116003/1981 discloses an optical element having an
antireflection film formed on a substrate of CR-39 (diethylene
glycol bisallyl carbonate) resin, in which the antireflection
film comprises a basic layer made of S10, having a thickness
of 1.5 A, a first layer made of a two~layered equivalent film
constructedof a Z2r0, layer and an S10, layer and having an overall
thickness of about 0.25 A, a second layer made of Zr0O; having
a thickness of about 0.50 A and a third layer made of Si0, having

a thickness of about 0.25 A that are formed in that order on

the CR-39 resin substrate.
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[0003]

However, when an antireflection film is formed on a resin
substrate through vapor deposition, the temperature resistance
of the resin substrate could not be made so high like that of
glass substrates. Therefore, it cannotbesaidthat, forexample,
the heat resistance of a layer made of Zr0O, formed on a resin
substrate through vapor deposition is sufficient. Inaddition,
the heat resistance of the Z2r0; layer is apt to greatly lower
with time. Optical elements of which the heat resistance of
the antireflection film is not good as a whole and 1s apt to
greatly lower with time are often problematic 1n thelr practical
use, for example, for lenses for spectacles. This 1s because
plastic frames of spectacles are heated before lenses are fitted
thereinto and the heat is conducted to the lenses having been
fitted into the frames. An antireflection film of low heat
resistance isoftencrackedowingtothedifference inthe thermal
eXxpansion, etc.

[0004]

To solve the problem of heat resistance, for example,
Japanese Patent Laid-Open No. 291502/1990 and USP 5,181,141
disclose an optical element having an antireflection film of
which thehigh-refraction layer is formed froma vapor deposition
film containing Ta;0s, Zr0, and Y,03, and discloses a composition
for vapor deposition to form a vapor deposition film containing

Ta,0g, 24xr0-, and Y-03.
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[0005]
Object of the invention

The composition for vapordepositiondisclosedin Japanese
Patent Laid-Open No. 291502/1990 and USP 5,181,141 contalning
Ta,0Qs, Zr0, and Y,03, requires a relatively long period of time
to form the intended antireflection film, and 1s therefore
unfavorable in point of the working efficiency.

Especially in the field of spectacles, desired are new
optical elements forplastic lensescoatedwithanantireflection
film of which the heat resistance 1s good and does not lower
with time.

[0006]
The first object of the invention is to provide an optical

element, which comprises a synthetic resin substrate that must

be subjected to vapor deposition thereon at low temperatures

and which has an antireflection film formed, and in which the

heat resistance of the antireflection film is good and lowers

little with time.

The second object of the invention 1s to provide a
composition, which is suitable for vapor deposition and capable
of forming a high-refraction layer within a shorter period of
time not detracting from the physical properties intrinsic to

the high-refraction laver, and to provide a method for forming
an antireflection film.

[0007/]
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Summary of the invention

We, the present inventors assiduously studied to attailn
the objects as above, and, as a result, have found that, when
niobium oxide and optionally aluminum oxlide are added to the
conventional composition for vapor deposition in addition to
zirconium oxide and yttrium oxide, and when the resulting
composition is used for forming an antireflection film, then
amulti-layered antireflection film of good heat resistance can
be obtained, and that the vapor deposition film can be formed
within a short period of time, leading to the invention.

Specifically, the first aspect of the invention 1s
concerned with a composition, which contains niobium oxide,
zirconium oxide, yttrium oxide, and optionally alumlinum oxide.

The second aspect of the invention 1is concerned with a
method for forming an antireflection film, which comprises
sintering a powdery mixture of niobium oxide, zlrconlum oxide,
vttrium oxide, and optionally aluminum oxide, vaporizing the
sintered material to form a vapor of the mixed oxide, and
depositing the mixed oxide vapor on a substrate.

The third aspect of the invention 1s concerned with an
optical element having the antireflection film according to the
methodof the secondaspect as above formedonaplasticsubstrate.

[0008]

Detailed description of the invention

The invention i1is described 1n detall hereinunder.
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The composition of the invention is prepared by sintering
a powdery mixture that contains niobium oxide powder, zirconlum
oxide powder and yttrium oxide powder, preferably a powdery
mixture that contains Nb,Os powder, Zr0O, powder and Y,03 powder,
or a powdery mixture that contains Nb;0Os powder, Zr0O, powder,
Y,03 powder and Al,0; powder, and is short in the period of time
to forma vapordeposition filmandhigh in the filmproductivity,
as comparedwith a conventional composition for vapor deposition
that is prepared by sintering ZrO, alone.

[0009]

The reason why it is intended to mix the three components
in the invention is because pellets of niobium oxide alone often
cause a problem of splashes when heated with an electronic gun.
If splashed, an influence is caused such that fine particles
areattachedtolens substrates, therebycausing failedproducts.
In addition, the thin film 1s liable to be colored (absorbed).
To improve the tendency that the chemical resistance such as
acid resistance and alkali resistance is weak, a plurality of
components are mixed.

The addition of zirconium oxide (Z2r0;) 1s effective for
reducing splashes which are often seen in vapor deposition of
pellets of niobium oxide alone heated with an electronic gun
and which cause the film to peel off and cause adhesion of
impurities, and therefore, is favorable for obtaining films for

vapor deposition of stable quality.
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The addition of yttrium oxide (Y,03) acts to vary the oxide
condition of the thin film formed through vapor deposition under
heat with an electronic gun, and 1s therefore effective for
preventing the film from coloration (absorption) occurred in
the thin films formed through vapor deposition of pellets of
niobium oxide alone or of pellets of a mixture of niobium oxide
and zirconium oxilde.

[0010]

In the invention, the above-mentioned three components

that are mixed to form the composition for vapor deposition all
exhibit theilr individual effects, and, 1n addition, the heat
resistance of the antireflection film as formed lowers little
with time. This gives rise to an unexpected effect.

For better results, one 1deal blend ratio 1in the
composition for vapor deposition is as follows. It 1spreferred
that based on the total amount of the composition for wvapor
deposition, the amount of niobium oxide (calculated in terms
of Nb,Os) is from 60 to 90 % by welght, more preferably from
80to 90by weight, that of zirconium oxide (calculated in terms
of Zr0O,) 1s from 5 to 20 % by weight, more preferably from 5

to 10 by weight, and that of yttrium oxide (calculated in terms

N

of Y,03) is from 5 to 35 % by weight, more preferably from 5
to 10 by weight. If the amount of Nb,Os; and/or the amount of
Zr0, and/or that of Y,0; are within the preferred ranges, the

obtained high-refraction 1layer will exhibit particularly
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beneficial absorption characteristics; an amount of Y,03 above
50%byweightwill furthermoreleadtoanimprovedacidresilistance
of the obtained antireflection film .
[0011]

The composition for vapor deposition may furthermore

contain aluminum oxide so as to control the refractivity.

In the composition, the amount of aluminum oxide (1in terms

of Al1,03) ispreferably from0.3to7.5%bywelght, morepreferably

from 0.3 to 2.0 by weight, of the total of Nb;0Os, Zr0O, and Y,0s.

An amount of aluminumoxide above the lower 1limit of thepreferred
range will lead to most satisfactory results in controlling the
refractivity; an aluminum oxide content of not more than the
upper limit of the preferred range will result 1n a particularly
goodalkali resistanceof theobtainedantireflectionfilm. Not
interfering with the characteristics of the layer that are
induced by Nb,0s, Zr0, and Y,03, aluminum oxide (Al,03) can well
control the refractivity of the layer, and an amount within the
preferred range will prove to be particularly beneficial in this
respect.

The composition for vapor deposition of the invention may
further contain any other metal oxides such as tantalum oxide
(Ta,0s), titanium oxide (Ti0,) and the like not detracting from
the above-mentioned effects. The amount of the any other metal
oxides preferably does not exceed 30 wt.%, more preferably 10

wt.%, on the basis of the total composition.
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(0012]

For the low-refraction layer of the multi-layered

antireflection film in the invention, for example, usable 1is
a silicon dioxide (SiQ,) film in view of i1ts heat resistance.

Regarding its layer constitution, the antireflection film

includes a two-lavyered film of A/4 - A/4, and a three-layered

film of A/4 - A/4 - A/4 or A/4 - A/2 - A/4. In the context of

the present application, A has a value in the range of from 450

to 550 nm. In practice, a typical value of A is 500 nm. Not

limited thereto, the antireflection film may be any other
four-layered or multi-layered film. The first low-refraction
layer nearest to the substrate may be any of known two-layered
equivalent films, three-layered equivalent films or other
composite films.

[0013]

For the synthetic resin substrate used for the optical
element of the invention, for example, usable are methyl
methacrylate homopolymers, copolymers of methyl methacrylate
and one or more other monomers as monomer components, diethylene
glycol bisallyl carbonate homopolymers, copolymers of
diethylene glycol bisallyl carbonate and one or more other
monomers as monomer components, sulfur-containing copolymers,
halogen-containing copolymers, polycarbonates, polystyrenes,
polyvinyl chlorides, unsaturated polyesters, polyethylene

terephthalates, polyurethanes, etc.
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(0014]

For forming an antireflection film on a synthetic resin
inthe invention, itisdesirable that ahardcoat layer containing
an organosilicon polymer is first formed on the synthetic resin
surface in a method of dipping, spin coating or the like, and
thereafter the antireflection film 1s formed on the hard coat
layer. Typical compositions and coating methods for the hard
coat laver are disclosed in EP1041404. For 1improving the

adhesiveness between the synthetic resin substrate and the

antireflection film, the scratch resistance, etc., 1t 1s
desirable to dispose a basic layer between the synthetic resin
surface and the antireflection film or between the hard coat
layer formed on the synthetic resin substrate and the
antireflection film. The basilc layer may be, for example, a
vapor deposition film of silicon oxide or the like. Suitable
basic layers are disclosed 1n USP5,181,141.

[0015]

In the invention, preferred compositions comprise a
three-component composition consisting of niobium oxide,
zirconium oxide and yttrium oxide, as well as a four component
composition consisting of niobium oxide, zirconium oxide,
vttrium oxide and aluminum oxlde.

It is desirable that the composition of the invention 1s formed
by mixing a powder of niobium oxide (Nb,Os), a powder of zirconium

oxide (Zr0O,) and a powder of yttrium oxide (Y,03) , optionally,
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a powder of aluminum oxide (Al,0s3), and optionally powders of

other metal oxides (these powders mixed may sometimes be

hereinafter referred to as powdery mixtures), and pressing the
powdery mixture, followed by heating, for example, with
electronic beams to thereby deposit its vapor on a substrate.
Theuseofasinteredmaterial inapellet formpreparedbypressing
and sintering is more preferred because the vapor deposition
time can be reduced. The amount of each oxide 1in the powdery
mixture or in the sintered pellets may be properly variled,
dependingon the desired properties of thehigh-refraction layer
to be formed.

[0016]

As mentioned hereinabove, the antireflection film in the
invention may be formed by sintering the powdery mixture
comprising powders of niobium oxide, zirconium oxXlde, yttrium
oxide and, optionally, aluminum oxlde and, optionally, other
metal oxides, generating a vapor of the mixed oxide, and
depositing the generated vapor on a substrate. Preferably, the
process of forming the antireflection film is comblned with an
ion-assistedprocess. Such ion-assistedprocesses aredescribed
in M.Flindner et al., Society of Vacuum Coaters Albuquerque,
NM, USA.p237-241, 1995 as well as from the cited thereiln.

Combined with an ion-assisted process, the film formation
produces various advantages. Concretely, when  the

high-refraction layer 1is formed through vapor deposition

10
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assisted by oxygen ions, the absorption of the lenses can be
reduced further. When an ion-assisted process using a mixed
gas of oxygen and argon is employed, the alkall resistance 1s
improved. Preferably, the mixed gas comprises from 90 to 95 %
of oxyvgen gas and from 5 to 10 ¥ of argon gas. If the amount
of the oxygen gas is too small, the films formed may possibly
not keep the optical properties. Withasuitable amount of argon
gas, the film density can be 1ncreased.

[0017]

For obtaining the composition for vapor deposition in the
invention, the powderymixturemaybe pressed inanyconventional
method. Preferably, for example, 1t 1s pressed under a pressure
of from 200 kg/cm® to 400 kg/cm® (from 19.6 to 39.2 MPa). The
sintering temperature varies depending on the composition of
the constituent components, etc., but may be in the range of,
for example, from 1000 to 1400°C. The sintering time varies
depending on the sintering temperature, etc., but may be
generally in the range of from 1 to 48 hours.

The high-refraction films in the invention may be formed
by vaporizing the composition for vapor deposition as defined
above using any method of vacuum evaporation, sputtering, 1on
plating or the 1like under ordinary conditilons. These
conventional methods are described in more detaill 1in Handbook
of Thin Film Technology Edited by Leon I. Malissel and Reinhand

Glang. That is, from the composition for vapor deposition 1s

11
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generated a vapor of the mixed oxide of the composition, and
‘the resulting vapor isdepositedonasubstrate. Thetemperature
of the synthetic resin substrate to be heated varies depending
on the heat resistance of the synthetic resin, but may be 1n
the range of, for example, from 70 to 85°C.

According to the method of the invention, even in the case
where the film formation must be carried out at a low temperature
ranging from 70 to 85°C 1n terms of the heating temperature of
the substrate at vaporization as in synthetlic resin substrates,
the antireflection film having good heat resistance, the heat
resistance of which is hardly loweredwith time, can be obtailned.
[0018]

The optical element having an antireflection film of the
invention may be used not only for lenses for spectacles but
also for lenses forcameras, windshields forautomobiles, optical
filters to be fitted to displays of word processors, etc.
[0019]

Examples

The invention is described 1n detall with reference to
the following Examples. The physical properties of the optical
elements havingan antireflection filmproduced in the followlng
Examples and Comparative Examples were measured according to
the test methods mentioned below.

(1) Melt condition of composition for vapor deposition:

The melt condition was checked according to the following

12
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criterla:

UA: Not splashed.

A: Splashed a little.
B: Splashed frequently.
C: Always splashed.

In the context of the present invention, “splashing” is defined
as the degree of condition regarding the surface of the
composition for wvapor deposition.
(2) Attachment condition of fine foreign materials

After finishing vapor deposition, the state of attachment
conditionof fineparticlesona lens surface in vapor deposition
by splashing was checked by means of naked eyes and evaluated

according to the followling criteria:

UA: No fine foreilign materials found.

A: 1 to 5 fine foreign materials found.

B: 6 to 10 fine foreign materials found.

C: 11 or more fine foreign materlals found.

(3) Alkall resistance test:

\

Lenses were dipped in an aqueous 10 wt % NaOH solution

of a temperature of 20 C. After 30 minutes and 60 minutes,
they were checked as to whether or not the coating film had been

peeled, and as to whether or not the lens surface had been

roughened.

UA: Few peeled dots are found.

13
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A: Small peeled dots of at most 0.1 mm 1n size were
found on the entire surface, or a few peeled dots of around 0.3
mm in diameter were found.

B: The density of peeled dots was higher than in the
rank A, and the proportion of larger peeled dots was higher than
in the rank A.

C: Peeled dots of around 0.3 mm in size were found
everywhere on the surface, or the density of small peeled dots
was high.

D: A lot of peeled dots were found everywhere on the
surface, and the surface looked white. All the others inferior
to those samples are in the rank D.

(4) Scratch resistance test:

The surface was rubbed with steel wool of #0000 and under
a weight of 1 kg being applied thereto. After 20 strokes of
rubbing, the surface condition was checked according to the

following criterilia:

UA: Scratched little

A: Scratched slightly.
B: Much scratched.
C: Coating film swollen.

(5) Adhesiveness test:

According to JIS-Z2-1522, the surface was cut to have 10

x 10 cross-cuts, and tested three times for cross-cut peeling

14
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withanadhesive tape, Cellotape (TradeName, ProducedbyNichiliban
Corp.). The number of the remalining cross-cuts was counted.
(6) Luminous Reflectance:

Using a spectrophotometer, U-3410 made by Hitachi, Ltd.,
the luminous reflectance was measured.
(7) Luminous transmittance:

Using a spectrophotometer, U-3410 made by Hitachi, Ltd.,
the luminous transmittance was measured.
(8) Absorbance:

The absorbance was obtalned by subtracting the luminous
reflectance and the luminous transmittance from 100 3.
(9) Heat resilistance test:

An optical element having an antireflection film
immediately after forming a vapor deposition film was heated
in an oven for 1 hour, and checked as to whether 1t was cracked

or not. Concretely, it was heated first at 50°C over a period

of 60 minutes, and the temperature was elevated at intervals
of 5°C (of a duration of 30 minutes for each interval), and the
temperature at which it was cracked was read.

Further, anoptical element having an antireflection film
immediately after forming a vapor deposition film for the heat

resistance testwith time was exposedto theopenair for 2months,

and thereafter subjected to the same heat resistance test and

evaluated as above.

[0020]

15
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Example 1, Example 4, Comparative Example 1 and Comparative

Example 4:

For the synthetic resin substrate to be coated with an
antireflection £film, prepared was a plastic lens (CR-39:
substrate A) made of diethylene glycol bisallyl carbonate as
a major component and contalning a UV absorbent,
2-hydroxy—-4-n-octoxybenzophenone 1in a ratio by weight of the
former to the latter 0of 992.97/0.03, andhavinga refractive index
of 1.499.

Formation of hard coat layer (nd 1.50)

The plastic lens was dipped 1n a coating solution
containing 80 mol% of colloidal silica and 20 mol% of

Y-glycidoxypropyltrimethoxysilane, and cured to formahardcoat

layer A thereon.
[0021]

In Example 1, the plastic lens with the hard coat layer

formed thereon was heated at 80°C, and a basic layer made of
S10, (having a refractive index of 1.46 and a thickness of 0.48775
A (A =500 nm)) was formed on the hard coat layer through vacuum
evaporation (in vacuum of 2 x 10™ Torr). Next, a layer (having

arefractive indexof 2.12 and a thickness of 0.0502 A) was formed

thereon by heating a three-component composition A for wvapor
deposition (Nb;Og5:2r0,:Y,03 = 76:16.6:7.4 % by welight) prepared
by mixing powder of Nb;Os;, powder of Z2r0, and powder of Y,0s,

pressing the resulting mixture under a pressure of 300 kg/cm?,

10
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and sintering it at a temperature of 1300°C under heat with an

electronic gun at an output current of 170 mA; and a first

low-refraction layer made of S10; (having a refractive 1ndex
of 1.46 and a thickness of 0.0764 A) was further formed thereon.
On the first low-refraction lavyer, formed was a high-refraction
layer (havingarefractive indexof2.12anda thicknessof 0.4952

A) with the composition A for vapor deposition; and a second

low-refraction layer made of Si0, (having a refractive 1ndex
of 1.46 and a thickness of 0.2372 A) was further formed thereon,
to obtain the plastic lens having an antireflection film. The
low-refraction layersandthehigh-refraction layerswere formed
all in the same manner of vacuum evaporation as that for the
basic layer.

In Example 4, an antireflection film was formed 1n the
same manner of vacuum evaporation for which a composition B for
vapor deposition prepared by adding 1 % by welight of Al,03 to
the composition A for vapor deposition was used for forming the
high-refraction layers.

In Comparative Example 1, a conventional vapor source of
Zr0O, was used for forming the high-refraction layers of the
antireflection film to coat theplastic lens; and 1n Comparative
Example 4, a vapor source of niobium oxide alone was used for
forming them.

[0022 ]

Example 2, Example 5, Comparative Example 2 and Comparative

17




CA 02360619 2001-10-29

Example 5:
142 parts by weilight of an organosilicon compound,

Yy-=glycidoxypropylmethoxysilane was put into a glass container,

to which were dropwilise added 1.4 parts by weight of 0.01 N
hydrochloric acid and 32 parts by welght of water with stirring.
After the dropwise additilion, this was stirred for 24 hours to
obtaln ' a solution of hydrolyzed Y-glycidoxypropyl-
trimethoxysilane. To the solution, added were 460 parts by
welght of stannicoxide-zirconiumoxlide composite sol (dispersed
in methanol, having a total metal oxide content of 31.5 % by
welght and having a mean particle size of from 10 to 15 nm),
300 parts by weight of ethyl cellosolve, 0.7 parts by weight
of a lubricant, silicone surfactant, and 8 parts by weight of
a curing agent, aluminum acetylacetonate. The mixture was
stirred well and subsequently filtered to prepare a coating
solution.

Formation of hard coat layer

A plastic lens substrate (a plastic lens for spectacles
made by Hoya Corporation, EYAS (a trade name) having a refractive
indexof 1.60-substrateB) was pretreatedwith anagqueousalkalil
solution, and dipped in the coating solution. After havingbeen

thus dipped therein, this was taken out at a pulling rate of

20 cm/min. Then, the plastic lens was heated at 120°C for 2

hours to form a hard coat layer B.

Next, as 1ndicated in the Table below, a 5-layered

18
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antireflection film was formed to produce plastic lenses, for
which the composition A for vapor deposition was used for forming

the 2nd and 4th high-refraction layers 1n Example 2; the

composition B for wvapor deposition was used for forming the
antireflection film in Example 5; a conventilonal vapor source
of Zr0, was used for forming the antireflection film 1in
Comparative Example 2; and a vapor source of niobium oxide alone
was used for forming the antireflection film in Comparative
Example 5.

[0023]

Example 3, Example 6, Comparative Example 3 and Comparative
Example 6:

100 parts by welight of an organosilicon compound,
Yy—glycidoxypropyltrimethoxysilane was put 1into a glass
container, to which were added 1.4 parts by weight of 0.01 N
hydrochloric acid and 23 parts by weight of water with stirring.
After the addition, this was stirred for 24 hours to obtain a

solution of hydrolyzed y-glycidoxypropyltrimethoxysilane. On

the other hand, 200 parts by weight of an inorganic particulate

substance, composite sol of particulatesmadeof titaniumoxide,
zlirconiumoxide and silicon oxide as major components (dispersed
in methanol, having a total solid content of 20 % by weight and
having a mean particle size of from 5 to 15 nm - in this, the
atomic ratio of Ti/Si in the core particles is 10, and the ratio

bywelght of the shell tothecore1s0.25, this sol canbe prepared

19
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according to Japanese Patent Laid-OpenNo.270620/1988) wasmixed
with 100 parts by weight of ethyl cellosolve, 0.5 parts by weight
of a lubricant, silicone surfactant, and 3.0 parts by weight
of a curing agent, alumlinum acetylacetonate. The resulting
mixture was added to the hydrolyzed
v—-glycidoxypropyltrimethoxysilane, andwell stirred. This was
filtered to prepare a coating solution.

Formation of hard coat layer

A plastic lens substrate (a plastic lens for spectacles
made by Hoya Corporation, Teslalid (a trade name), having a
refractive 1ndex of 1.71 - substrate C) was pretreated with an
aqueous alkall solution, and dipped in the coating solution.
After having been thus dipped therein, this was taken out at
a pulling rate of 20 cm/min. Then, the plastic lens was heated
at 120°C for 2 hours to form a hard coat layer C.

Next, as 1ndicated 1n the Table below, a 7-layered
antireflection film was formed to produce plastic lenses, for
which the composition A for vapor depositionwas used for forming
the 2nd, 4th and 6th high-refraction layers in Example 3; the
composition B for vapor deposition was used for forming the
antirefelction film 1n Example 6; a conventional vapor source
of Zr0O, was used for forming the antireflection film in
Comparative Example 3; and a vapor source of niobium oxide alone
was used for forming the antireflection film in Comparative

Example 6.
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[0024]

Table 1 shows the plastic lens substrates, the hard coat
layers, the composition for vapor deposition and the thickness
of the constituent layers of the antireflection films, and the
data of the physical properties 1n Examples and Comparative
Examples.

Inall Examples and in Comparative Examples 4 to 6 in which
niobium oxide alone was used for forming the high-refraction
layer of theantireflection film, the substrates were pretreated
with ions, and the formation of the high-refraction layer was
assisted by ions. Concretely, both in the 1on-pretreatment and
in the 1on-assisted process, oxygen gas was used. In the
ion-pretreatment, theacceleratingvoltagewas 150V, thecurrent
was 100 mA, and the exposure time was 60 seconds; and 1n the
ion—-assisted process, the accelerating voltage was 100 V, and
the accelerating current was 20 mA. In Comparative Examples
1 to 3 in which a conventional wvapor source of Zr0O, was used
for formingthehigh-refractionlayerof theantireflectionfilm,
the substrate was not pretreated with ions, and the formation

of the high-refraction layer was not assisted by lons.]

21
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[0027]

As indicated in Table 1, the compositions A and B for vapor
deposition of the inventionused inExamples 1 to 6 were prevented
from splashing, and stably deposited. Accordingly, attachment
of fine particles by splashing was not found on the lens surface,
and an excellent thin optical film was obtailned.

Also as 1n Table 1l, the antireflection film-coatedplastic
lenses of Examples 1 to 6 in which was used any of the composition
A or B for vapor deposition of the invention all had better heat
resistance as compared with the antireflection film-coated
plastic lenses obtained in Comparative Examples 1 to 6, and their
heat resistance lowered little with time.

[0028]
Example 7 to Example 18:

In the same manner as 1n Examples 1 to 6 but not assisted
by ions, an antireflection fi1lm was formed under the condition
asinTable 2 andTable 3, andtested for theirproperties. Though
not assisted by ions, were obtalned good physical properties

as 1n Table 2 and Table 3.

In the Tables, A indicates the wavelength of the light

applied, and A =500 nm.

24
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[0031]
Composition A and Composition B 1n the Tables above mean

that the layer was formed of the composition A or the composition

B.

The 1nventive exXamples of the present application describe
preferred embodiments of the present 1invention. However,
composltions having compositional ratios Dbetween the
composlitions of the examples are also preferred. Similarly,
antireflection films having thicknesses between thosedisclosed
in the examples are also preferred. Finally, optical elements,
having layer structures between those disclosed in the examples

are also preferred.

Advantages of the Invention

As 1s obvious from the above-mentioned Examples, the
inventionhasmade i1t possibletoobtainanoptical element having
an antireflection film and having good heat resistance, which
lowers little with time, even on a synthetic resin substrate
that must be processed at low temperatures for vapor deposition
thereon.

In addition, using the composition of the invention and
according to the method for forming an antireflection film of
the invention, high-refraction layers can be formed within a

shorter period of time, and the good physical properties
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intrinsic thereto are not worsened at all. The composition and

the method of the inventlon ensure high working efficiency.

28
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The embodiments of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A composition comprising from 60 to 90% by weight of
niobium oxide, calculated in terms of Nbﬂx“ from 5 to 20%
by wéight of zirconium oxide, calculated in terms of Zr0,,
and from 5 to 35% by weight of yttrium oxide, calculated in

terms of Y,03, based on the total amount of the composition.

2. The composition according to claim 1, additionally

comprising aluminum oxide.

3. The composition according to claim 2, wherein the
aluminum oxide content, calculated in terms of Al,0;, 1is
from 0.3 to 7.5% by weight of the total of niobium oxide,

zirconium oxide and yttrium oxide.

4. A method for forming an antireflection film
comprising:
sintering a composition as defined in claim 1, 2 or 3;
vaporizing the resulting oxide; and

depositing the vapor on a substrate.

5. The method according to claim 4, wherein the substrate

1s a plastic substrate.

6. The method according to claim 5, wherein the plastic

substrate has one or more coating layers.

7. The method according to claim 4, 5 or 6, which is

combined with an ion-assisted process.

8 . An antireflection film comprising, in an alternating

fashion, at least one layer of silicon dioxide and at least
29
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one layer obtainable as defined in any one of claims 4 to

7.

9. An optical element comprising a hard ccat layer on a

plastic substrate and an antireflection film as defined in

claim 8.

10. An optical element accdrding to claim 9, comprising a
lens for spectacles, a lens for a camera, a windshield for

an automobile, or an optical filter to be fitted to a

display of a word processor.

30
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