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(57) Abstract: One embodiment of the present inven-
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ectly provided to at least one surface of a lens substrate
thereof, a multilayer film comprising deposited films
(excluding metal films and metal alloy films). The mul-
tilayer film includes at least one high refractive index
layer, and at least one low refractive index layer. The
total optical film thickness of the high refractive index
layer is at least /4 when the wavelength A = 780 nm.
The reflectance spectrum of the surface provided with
the multilayer film, said reflectance spectrum being
measured in the wavelength range 380-2000 nm, has a
reflectance maximum value in the wavelength range
800-1350 nm.
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DESCRIPTION

SPECTACLE LENS

Cross Reference of Related Application
[0001]

The present application claims priority based on
Japanese patent application No. 2013—244307 filed on November
26, 2013, and the entire description thereof is incorporated

here particularly as disclosure.

Technical Field
[0002]

The éresent invention relates to a spectacle lens, and
specifically to a spectacle lens capable of reducing burden of

the eye of a spectacle wearer.

Backgfound Art
[0003]

In general, various abilities are imparted to a spectacle
lens by realizing a desired refractive index due to a lens
substrate and forming various functional films on the lens
substrate. In order to obtain a desired ability, the lens
substrate may contain an additive. As the lens substrate for
spectacles, a plastic lens substrate and a glass substrate are

used. However, in recent years, the plastic lens substrate has



been widely used due to advantages that the plastic lens
substrate is light, is not cracked easily, and an additive is
added thereto easily.

[0004]

One of abilities desired for a spectacle lens is to reduce
burden of the eye due to incident light. Light incident on the
eye in daily life contains light of various wavelengths. JP
7-92301 A and JP 2013-11711 A (entire description thereof is
incorporated here particularly as disclosure) have proposed
imparting an ability (reduction in infrared ray) to reflect or
absorb an infrared ray to a spectacle lens in order to reduce
the amount of an infrared ray contained in sunlight incident

on the eye.

Summary of Invention
[0005]

JP 7-92301 A has proposed regulating transmission of an
infrared ray by adding a dye to a coating film provided on a
lens or a lens surface. However, addition of a dye causes
coloring of a lens inevitably, and therefore is not desirable
as an infrared ray reduction means in a spectacle lens,
requiring an extremely high transmittance (more specifically,
luminous transmittance).

Meanwhile, JP 2013-11711 A has proposed cutting light

in a wide wavelength range of 780 to 2500 nm by providing a



multilayer inorganic vapor deposition film containing a metal
or metal alloy film (hereinafter, referred to as "metallic thin
film") on a lens substrate. However, the means using a metal
thin film causes coloring of a lens due to metal, and therefore
leads to deterioration of a luminous transmittance. It is not
desirable to apply the means using a metallic thin film to a
spectacle lens.

As described above, in the method described in JP 7-92301
A or JP 2013-11711 A, it is difficult to obtain both a high
luminous transmittance and reduction in infrared ray required
for a spectacle lens.

[0006]

An aspect of the present invention provides a spectacle
lens capable of exhibiting a high luminous transmittance and
reducing burden of the eye due to an infrared ray contained in
sunlight.

[0007]

The present inventors made intensive studies, and as a
result, have conceived of the following novel technical idea.

A conventional infrared ray reduction means targets a
wide wavelength range. For example, JP 2013-11711 A targets
a wavelength range of 750 to 2500 nm. 1In addition to JP
2013-11711 A, JP 2012-208282 A (the entire description thereof
is incorporated here particularly as disclosure) targets a wide

wavelength range of 750 to 1800 nm.



Meanwhile, the present inventors focused on a fact that
an infrared ray contained in sunlight is not emitted uniformly
at a high intensity over a wide wavelength range, but a large
peak 1s present in a relatively short wavelength range in an
infrared region, and the intensity is reduced monotonously in
a longer wavelength range than the peak wavelength. Therefore,
it can be said that it is not necessarily necessary to target
light in a wide infrared region in order to reduce burden of
the eye due to sunlight effectively. This point has not been
consideredat all in a conventional infrared ray reductionmeans
in a spectacle lens, but has been newly focused on by the present
inventors.

The present inventors made further intensive studies
focusing on the above point. As a result, the present inventors
have newly found the following spectacle lens according to the
aspect of the present invention, including a multilayer film
of a vapor deposition film (excluding a metal film and a metal
alloy film) directly or indirectly at least on one surface of
a lens substrate, in which

themultilayer film includes at least one high refractive
index layer and at least one low refractive index layer,

the total optical film thickness of the high refractive
index layer is A/4 or more at a wavelength A = 780 nm, and

a reflection spectrum measured in a wavelength range of

380 to 2000 nm on a surface having the multilayer film has a



maximum reflectance in a wavelength range of 800 to 1350 nm.
A reason why the metal film and the metal alloy film are excluded
from the vapor deposition film constituting themultilayer film
is that a multilayer film including these metallic thin films
causes coloring of a lens to deteriorate a luminous
transmittance. Here, the metal film means a vapor deposition
film formed by using a metal simple substance as a vapor
deposition material, and the metal alloy film means a vapor
deposition film formed by using a metal alloy as a vapor
deposition material. As described above, the maximum
reflectance means a maximum reflectance in a reflection
spectrum measured in a wavelength range of 380 to 2000 nm. The
aspect of the present invention has been completed based on a
technical idea different from a conventional infrared ray
reduction means, that is, based on an idea that a multilayer
vapor deposition film is designed so as to have a maximum
reflectance in a wavelength range of 800 to 1350 nm in which
light with a high intensity is emitted of solar infrared rays
while the total optical film thickness of the high refractive
index layer is A/4 or more (A = 780 nm) in order to obtain an
infrared ray reflectivity in the wavelength range froma visible
ray to a near-infrared region.
[0008]

According to the aspect, the lens substrate is a plastic

lens substrate.



[0009]

According to the aspect, in the multilayer film, the
total layer number of the high refractive index layer and the
low refractive index layer is nine or less. JP 2012-208282 A
above describes that the lamination number is from 10 to 150
because a wavelength range in which reflection can be performed
can be widened with increase in the lamination number of a
multilayer film. Meanwhile, the smaller total lamination
number than the lamination number described in JP 2012-208282
A (the total lamination number of a high refractive index layer
and a low refractive index layer in a multilayer film formed
by vapor deposition is nine or less) is preferable in term of
capability of reducing time of exposure of a lens substrate to
a high temperature during vapor deposition. In an aspect in
which the lens substrate is a plastic lens substrate easily
deformed (furthermore, cracked due to deformation) or melted
due to a high temperature, the small lamination number of a
multilayer film formed by vapor deposition is preferable. By
making the total optical film thickness of a high refractive
index layer included in the multilayer film A/4 or more at a
wavelength A = 780 nm, it is possible to reduce burden of the
eye due to an infrared ray contained in sunlight even when the
lamination number is as low as nine or less.

[0010]

That is, a preferable aspect of the present invention



relates to a spectacle lens including a multilayer film of a
vapor deposition film (excluding a metal film and a metal alloy
film) directly or indirectly at least on one surface of a plastic
lens substrate, in which

themultilayer film includes at least one high refractive
index layer and at least one low refractive index layer, the
total layer number of the high refractive index layer and the
low refractive index layer is nine or less, and the total optical
film thickness of the high refractive index layer is A/4 or more
at a wavelength A = 780 nm, and

a reflection spectrum measured in a wavelength range of
380 to 2000 nm on a surface having the multilayer film has a
maximum reflectance in a wavelength range of 800 to 1350 nm.
[0011]

According to the aspect, the reduction ratio in solar
infrared spectrum in the spectacle lens is 25% or more. Here,
the reduction ratio in solar infrared spectrum is calculated
by the following formula using a mean spectral transmittance
weighted by a solar spectral intensity on the sea surface for
air mass 2 (AM2) (transmittance in solar infrared spectrum
defined in JIS T 7330, hereinafter referred to as “transmittance
in solar infrared spectrum”) at a wavelength of 780 to 2000 nm.
Reduction ratio in solar infrared spectrum (%) = 100 -
(transmittance in solar infrared spectrum) = 100 - fdA[I(A) x

T(A)]1/JdAL(A)



(Above, A means a range of 780 to 2000 nm, I(A) means a sunlight
spectrum, and T (A) means a transmittance spectrum of a spectacle
lens.)
[0012]

According to the aspect, the reflectance on the surface
having the multilayer film is 30% or less at a wavelength 1800
nm.

[0013]

According to the aspect, the mean reflectance on the
surface having the multilayer film is less than 10% in a
wavelength range of 600 to 780 nm. A spectacle lens having a
multilayer film including a metallic thin film tends to be
colored by increase in reflectance in the above wavelength range.
However, the multilayer film included in the spectacle lens
according to the aspect of the present invention does not
include a metallic thin film. This can realize a low
reflectance in the above wavelength range.

[0014]

According to the aspect, the mean transmittance of the
spectacle lens is 75% or more in a wavelength range of 600 to
780 nm.

[0015]

According to the aspect, the luminous transmittance of

the spectacle lens is 80% or more. The luminous transmittance

is defined in JIS T 7330. As described above, the spectacle



lens according to the aspect of the present invention does not
include a metallic thin film to cause coloring of a lens in a
multilayer film, and therefore can exhibit such a high luminous
transmittance as 80% or more.
[0016]

According to the aspect, the above spectacle lens has
a main wavelength in a range of 400 to 500 nm. The main
wavelength is defined in JIS Z 8105. A spectacle lens having
a main wavelength in a range of 400 to 500 nm can reduce the
amount of short-wavelength light, so-called blue light,
incident on the eye. This point will be further described. A
monitor screen of a recent digital device has been changed from
a cathode-ray tube to a 1liquid crystal, and an LED liquid crystal
has also become popular recently. However, the liquid crystal
monitor, particularly an LED liquid crystal monitor strongly
emits short-wavelength light, so-called blue light, having a
wavelength of about 420 nm to 450 nm close to the wavelength
of an ultraviolet ray. Therefore, in order to effectively
reduce asthenopia or a pain of the eye caused by long time use
of a personal computer or the 1like, measures to blue 1ight should
be taken. In the spectacle lens according to the aspect of the
present invention, by an optical design of a multilayer film,
more specifically by adjusting a film thickness of each layer
of the multilayer film, the main wavelength can be controlled

to a range of 400 to 500 nm. As the lamination number of a



multilayer film is larger, an accuracy when a desired spectral
characteristic is obtained by adjustinga film thickness of each
layer of the multilayer film tends to be lower. However, the
lamination number of the multilayer film in the spectacle lens
according to the preferable aspect of the present invention is
nine or less, and therefore a desired spectral characteristic
can be realized easily by adjusting a film thickness of each
layer.

[0017]

According to the aspect, the spectacle lens includes the
multilayer film directly or indirectly on both surfaces of a
lens substrate. R
[0018]

According to the aspect, the high refractive index layer
is a vapor deposition film made of a high refractive index
material having a refractive index of 2.0 or more and less than
2.4 at a wavelength 780 nm.

[0019]

According to the aspect, the low refractive index layer

is a vapor deposition film made of a low refractive index

material having a refractive index of 1.2 or more and 1.8 or

less at a wavelength 780 nm.

Advantageous Effects of Invention

[0020]

10



The present invention can provide a spectacle lens
exhibiting a high luminous transmittance and capable of

effectively reducing burden of the eye due to sunlight.

Brief Description of Drawings
[0021]

Fig. 1 illustrates transmission spectra of spectacle
lenses 1 to 7 described below.

Fig. 2 illustrates a reflection spectrum and a
transmission spectrum for the spectacle lens 1, and a sunlight

infrared spectrum (AMZ2).

Description of Embodiments
[0022]

A spectacle lens according to an aspect of the present
invention relates to a épectacle lens including a multilayer
film of a vapor deposition film (excluding a metal film and a
metal alloy film) directly or indirectly at least on one surface
of a lens substrate. The multilayer film includes at least one
high refractive index layer and at least one low refractive
index layer, the total optical film thickness of the high
refractive index layer is A/4 or more at a wavelength A = 780
nm, and a reflection spectrum measured in a wavelength range
of 380 to 2000 nm on a surface having the multilayer film has

a maximum reflectance in a wavelength range of 800 to 1350 nm.

11



[0023]

A spectacle lens according to a preferable aspect of the
present invention includes a multilayer of a vapor deposition
film (excluding a metal film and a metal alloy film) directly
or indirectly at least on one surface of a plastic lens substrate.
The multilayer film includes at least one high refractive index
layer and at least one low refractive index layer, the total
layer number of the high refractive index layer and the low
refractive index layer is nine or less, the total optical film
thickness of the high refractive index layer is A/4 or more at
a wavelength A = 780 nm, and a reflection spectrum measured in
a wavelength range of 380 to 2000 nm on a surface having the
multilayer film has a maximum reflectance in a wavelength range
of 800 to 1350 nm.

[0024]

Hereinafter, the spectacle lenswill be described inmore

detail.
[0025]
Lens substrate

As the lens substrate, a lens substrate usually used for
a spectacle lens, for example, a plastic lens substrate or a
glass lens substrate can be used. Usually, the thickness of
the lens substrate is about 1 to 30 mm, the diameter thereof
is about 50 to 100 mm. However, the thickness and the diameter

are not particularly limited.

12



[0026]

In general, a plastic lens substrate is lighter and more
unlikely to be cracked than a glass lens substrate, and
therefore has been used widely as a lens substrate for a
spectacle lens in'recent years. As the plastic lens substrate,
a lens substrate made of plastic usually used for a spectacle
lens substrate, such as an allyl resin, a urethane resin, a
polysulfide resin, or a polycarbonate resin, can be used. The
plastic lens substrate can contain an additive in order to
impart a desired ability to a spectacle lens. As such an
additive, a known additive can be used according to a desired
ability. Examples thereof include an ultraviolet absorber.
As the ultraviolet absorber, a known ultraviolet absorber can
be used without any limitation. By providing amultilayer film
described below on a plastic lens substrate containing an
ultraviolet absorber, it is possible to obtain a spectacle lens
capable of reducing the amount of an ultraviolet ray or a
sunlight infrared ray incident on the eye, and furthermore, it
is possible to obtain a spectacle lens capable of reducing the
amount of anultraviolet ray, the above blue light, or a sunlight
infrared ray incident on the eye. Here, the ultraviolet ray
means light in a wavelength range of a wavelength of 280 to 380
nm. The transmittance in solar ultraviolet spectrum is
calculated according to 15.3.2 and 15.3.3 in JIS T 7330. As

illustrated in Fig. 1, according to the aspect of the present

13



invention, the transmittance can be 0% at a wavelength of 380
nm or less, and it is thereby possible to obtain a spectacle
lens in which the transmittance in solar ultraviolet spectrum
is less than 1%.

[0027]

The plastic lens substrate is more easily deformed or
melted as the time of exposure to a high temperature during vapor
deposition is longer. On the other hand, in the spectacle lens
according to the preferable aspect of the present invention,
the total layer number of a high refractive index layer and a
low refractive index layer constituting the multilayer film is
as émall as nine or less, and therefore deformation or melting
of the plastic lens substrate due to vapor deposition can be
avoided. Many high refractive index materials have high
melting points, and therefore the vapor deposition temperature
during formation of a high refractive index layer tends to be
high. Therefore, the larger lamination number of a high
refractive index lavyer causes deformation or melting of the
plastic lens substrate more easily. On the other hand, the
multilayer film included in the spectacle lens according to the
aspect of the present invention includes a high refractive index
layer and a low refractive index layer, and the high refractive
index layer and the low refractive index layer are usually
laminated alternately. The total lamination number of the high

refractive index layer is preferably five or less. In thisway,

14



the small lamination number of the high refractive index layer
is advantageous in order to prevent deformation or melting of
the plastic lens substrate.

[0028]

The above multilayer film may be formed directly on a
lens substrate surface, or may be formed indirectly through one
or more functional films. The functional film which can be
present between the lens substrate and the multilayer film is
not particularly limited. Examples thereof include a hard coat
layer which is a functional £film for contributing to improvement
of durability and a primer layer for improving adhesion
(adhesive layer). As these optionally formed functional films,
a known functional film can be used without any limitation. The
film thickness of the functional film is only required to be
set in a range capable of exhibiting a desired function, and
is not particularly limited. There are some commercially
available lens substrates with hard coat layers in order to
prevent generation of a scratch during storage or distribution.
In the aspect of the present invention, such a lens substrate
can be also used.

[0029]

The spectacle lens according to the aspect of the present
invention may include the multilayer film described in detail
below only on one of an object-side surface and an eyeball-side

surface or on both surfaces thereof. The multilayer film 1is

15



preferably provided on both surfaces of the spectacle lens from
a viewpoint of further reducing the amount of an infrared ray
incident on the eye.

[0030]

In the spectacle lens according to the aspect of the
present invention, the reflection spectrum measured in the
above wavelength range on a surface having the multilayer film
has a maximum reflectance in a wavelength range of 800 to 1350
nm. As described above, the maximum reflectance is present in
a wavelength range of light with a high intensity_of infrared
rays contained in sunlight, and it is thereby possible to
effectively reduce burden of the eye due to an infrared ray in
sunlight. In order to more effectively reduce burden of the
eye due to an infrared ray contained in sunlight, the wavelength
range in whicﬁ the maximum reflectance i1s present preferably
contains light with a higher intensity of infrared rays
contained in sunlight. From this point, the maximum
reflectance is present preferably in a wavelength range of 900
to 1200 nm, more preferably in a wavelength range of 1000 to
1100 nm.

The reflectance at the maximum reflectance is preferably
25% or more, more preferably 30% or more, still more preferably
35% or more, and further still more preferably 40% or more. The
reflectance at the maximum reflectance, for example, of 70% or

less, furthermore, of about 60% or less or 50% or less can reduce

16



burden of the human eye sufficiently effectively.
[0031]
Multilayer film

In the spectacle lens according to the aspect of the
present invention, the multilayer film provided directly or
indirectly at least on one surface of.a lens substrate is a
laminated body of a vapor deposition filmexcluding a metal film
and ametal alloy film. The vapor deposition film can be a vapor
deposition film of an inorganic compound excluding a metal and
ametal alloy, such as an inorganic oxide, an inorganic nitride,
an inorganic fluoride, or amixture of two or more kinds thereof,
and may be a vapor deposition film of a vapor depositionmaterial
containing an inorganic compound and an organic compound.
Details thereof will be described below. The vapor deposition
film constituting the multilayer film does not contain a metal
film or a metal alloy film. Therefore, a high luminous
transmittance required for the spectacle lens can be realized.
The spectacle lens according to the aspect of the présent
invention can exhibit, for example, a luminous transmittance
of 80% ormore, or also of 90% or more. For example, the luminous
transmittance is 99% or less. However, the higher the luminous
transmittance is, the better, and the upper limit thereof is
not particularly limited. Reduction in the total lamination
number of a multilayer film can also contributé to further

improvement of the luminous transmittance.

17



[0032]

A multilayer film including a metallic thin film tends
to cause coloring. This is mainly because the reflectance in
a wavelength range of 600 to 780 nm is increased. On the other
hand, the spectacle lens according to the aspect of the present
invention does not include a metallic thin film in the
multilayer film, and therefore can realize a low reflectance
in the wavelength range of 600 to 780 nm. Specifically, in the
wavelength range of 600 to 780 nm, the spectacle lens according
to the aspect of the present invention can realize a mean
reflectance of less than 10%, preferably 7% or less, more
preferably 6% or less, for example, 3 to 6% or 4 to 6%. The
spectacle lens according to the aspect of the present invention
can exhibit a high transmittance in the wavelength range of 600
to 780 nm. Specifically, in the wavelength range of 600 to 780
nm, the spectacle lens according to the aspect of the present
invention can exhibit a mean transmittance of preferably 75%
or more, more preferably 80% or more, still more preferably 85%
or more, for example, 85 to 99%. The high transmittance in the
wavelength range of 600 to 780 nm is preferable because of being
able to contribute to improvement of a luminous transmittance.
[0033]

(High refractive index layer)

Themultilayer film includes at least one high refractive

index layer. The total layer number of the high refractive

18



index layer is preferably two or more, and may be three, four,
five, or six or more. As described above, by setting the total
optical film thickness of the high refractive index layer to
A4 (0.250 A) (A = 780 nm) or more, a multilayer film capable
of effectively reducing burden of the eye due to an infrared
ray contained in sunlight can be obtained.

[0034]

When two or more high refractive index layers are
included, the film thickness of each layer is only required to
be set appropriately based on a known optical design method.
The total optical film thickness of the high refractive index
layer is preferably A or less at a wavelength A = 1350 nm from
a viewpoint of preventing deformation or melting of a plastic
lens substrate more effectively while realizing a desired
reflection characteristic.

[0035]

As ahigh refractive indexmaterial constituting the high
- refractive index layer, it is possible to use various high
refractive index materials known as a material constituting a
high refractive index layer of a multilayer film generally used
as an antireflection coating of a spectacle lens. Among the
materials, a high refractive index material having a refractive
index of 2.0 or more and less than 2.4 at a wavelength 780 nm
can realize a desired reflection characteristic with a

relatively thin film thickness. A thinner film thickness makes
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vapor deposition time shorter. Therefore, an influence of
vapor deposition on a plastic lens substrate can be prevented
more effectively. From the above points, preferable examples
of the high refractive indexmaterial include nicbiumoxide (for
example, Nb;0s), titanium oxide (for example, TiO;), zirconium
oxide (for example, Zr0;), tantalum oxide (for example, Ta,0s),
and a composite oxide formed of two or more kinds selected from
the group consisting of these oxides. When the multilayer film
includes two or more high refractive index layers, these high
refractive index layers may be formed of the same kind of
inorganic compound or may be formed of different kinds of
inorganic compounds. This point is similar.in51lOW'refractive
index layer described below.
[0036]
(Low refractive index layer)

The low refractive index layer is only required to be
a layer exhibiting a lower refractive index than the high
refractive index layer. The low refractive index layer is a
vapor deposition film made of a low refractive index material
having a refractive index preferably of 1.2 or more and 1.8 or
less, more preferably inarangeof 1.233to1.746 at awavelength
780 nm. Preferable exampleé of the low refractive index
material include silicon oxide (for example, Si0;), aluminum
oxide (for example, Al;03), magnesium fluoride (for example,

MgF;), calcium fluoride (for example, CaFz), and aluminum

20



fluoride (for example, AlFj3).

The layer number of the low refractive index layer
included in the multilayer film is one or more, preferably two
or more, more preferably three or more, and may be four, five,
or six or more. The total optical film thickness of the low
refractive index layer and the film thickness of each layer are
only required to be adjusted appropriately so as to obtain a
desired reflection characteristic, and are not particularly
limited. The low refractive index material generally has a
relatively low melting point. Therefore, it can be said that
a possibility that the low refractive index material is exposed
to such a high temperature that a plastic lens substrate is
deformed or melted during film formation of the low refractive
index layer is low or little.

[0037]

In the spectacle lens according to the aspect of the
present invention, the total layer number of a high refractive
index layer and a low refractive index layer of the multilayer
film is nine or less in the aspect, and is 10 or more in another
aspect. Ten or more means, for example, about 10 to 15, but
is not particularly limited.

[0038]

In the multilayer film included in the spectacle lens

according to the preferable aspect of the present invention,

the total layer number of a high refractive index layer and a
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low refractive index layer is nine or less. This small
lamination number is preferable from a viewpoint of preventing
deformation or melting of a plastic lens substrate. The small
total layer number of a high refractive index layer and a low
refractive index layer is also preferable from a viewpoint of
further improving a luminous transmittance. In the spectacle
lens according to the preferable aspect of the present invention,
the total layer number of a high refractive index layer and a
low refractive index layer can be eight or less, or smaller.
The total film thickness of the multilayer film is preferably
thin, for example, 1400 nm or less as a physical film thickness
from a viewpoint of preventing deformation or melting of a
plastic lens substrate more effectively.

[0039]

The high refractive index layer or the low refractive
index layer described above can be formed by sequentially
performing vapor deposition using a high refractive index
material or a low refractive iﬁdex material as a vapor
deposition source. Vapor deposition can be performed by a
vacuum vapor deposition method, an ion plating method, a plasma
CVD method, an ion assist method, a reactive sputtering method,
or the like. The ion assist method is preferable in order to
obtain a high film hardness and excellent adhesion. As an
assist gas (ionized gas) used in the ion assist method, oxygen,

nitrogen, argon, or a mixed gas thereof is preferably used from
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a viewpeoint of reactivity during film formation. In the
spectacle lens of the present invention, the total number of
a high refractive index layer and a low refractive index layer
constituting the multilayer film is as small as nine or less.
Therefore, exposure of a plastic lens substrate to a high
temperature for a long time during vapor deposition due to
longer film formation time can be avoided.
[0040]
Spectral characteristic of spectacle lens

In the spectacle lens according to the aspect of the
present invention, the reflection spectrum measured on a
surface having the multilayer film has a maximum reflectance
in a wavelength range of 800 to 1350 nm. Meanwhile, as described
above, an infrared ray contained in sunlight has a large peak
in a relatively short wavelength range, and the intensity is
reduced monotonously in a longer wavelength range than the peak
wavelength. For example, the intensity of an infrared ray in
a wavelength range of a wavelength 1800 nm or more is lower than
that at the peak wavelength. Therefore, the reflectance in a
wavelength range of a wavelength 1800 nm or more is not large,
but it is possible to effectively reduce burden of the eye due
to a sunlight infrared ray. From this point, in the spectacle
lens according to the aspect of the present invention, the
reflectance on a surface having the above multilayer film at

a wavelength 1800 nm may be 30% or less. Furthermore, the
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reflectance in a long wavelength range of a wavelength 1800 nm
or more may be 30% or less. The above reflectance is, for
example, 2% or more, but the lower limit thereof is not
particularly limited.

[0041]

The reduction ratio in infrared spectrum calculated with
the above calculation formula is preferably 25% or more, more
preferably 30% or more, still more preferably 40% or more, and
further still more preferably 50% or more. Thehigherreductioh
ratio in infrared spectrum is more preferable from a viewpoint
of reduction in burden of the eye. However, as long as the
reduction ratio in infrared spectrum is the above preferable
lower limit value or more, even when the reduction ratio in
infrared spectrum is 80% or less or 70% or less, it is possible
to effectively reduce burden of the eye due to an infrared ray
in sunlight in daily life.

[0042]

As described above, the spectacle lens according to the
aspect of the present invention preferably has amain wavelength
in a range of 400 to 500 nm. The main wavelength in this range
can reduce burden of the eye due to blue light in addition to
a sunlight infrared ray. Inorder to impart anability to reduce
blue light to a spectacle lens, as described above, it is only
requirajtoadjustthefilmthickne&sofeachlayerconstituting

a multilayer film by a known optical design method. By the
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adjustment, in the spectacle lens according to the aspect of
the present invention, a reductioﬁ ratio in blue light, for
example, of 30% or more, for example, in a range of 30 to 50%
can be realized. Here, the reduction ratio in blue light is
calculated by the following formula in conformity with British
Standard BS2724.

Reduction ratio in blue light (%) = 100 - {JjdA T(A)}/SdA
(Here, A means a range of 380 to 500 nm, and T(A) means a
transmittance spectrum of a lens.)

[0043]

The spectacle lens according to the aspect of the present
invention includes at least the above multiiayer film on one
surface or both surfaces thereof, but can include one or more
functional films usually formed on a spectacle lens at any
positionﬁjladdition1xathexm;ltilayer film. Such a functional
film is not particularly limited. However, examples thereof
include a known hard coat layer, a water-repellent layer, an
antistatic layer, and a primer layer for improving adhesion
between layers. The antistatic layer may be laminated on the
multilayer £ilm, or may be included in the multilayer film. For
example, a high refractive index layer may act as the antistatic
layer, and such an aspéct is also included in the present
invention as an aspect. A known treatment such as cleaning or
drying can be performed before and after formation of each

layer.
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Examples
[0044]

Hereinafter, the present invention will be further
described with Examples, but the present invention is not
limited to the aspects indicated by Examples.

[0045]
[Spectacle lens 1]
(1) Preparation of plastic lens substrate with hard coat layer

A urethane resin plastic lens substrate containing an
ultraviolet absorber (glass transition temperature of urethane
resin used Tg = 90°C) was subjected to ultrasonic cleaning with
a neutral detergent, then was subjected to ultrasonic cleaning
with each of an alcohol and pure water, and then was dried. A
silica sol-containing hard coat layer was formed on both
surfaces of the plastic lens base material after drying by a
dipping method.

[0046]
(2) Preparation of spectacle lens with double-sided multilayer
film

On each surface of a plastic lens substrate (surfaces
of the hard coat layer prepared in the above (1)), a multilayer
film having seven layers of a low refractive index layer and
a high refractive index layer in total laminated alternately
was formed using vapor deposition materials shown in Table 1

under ion assist conditions shown in Table 2 by a vacuum vapor
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deposition method using an ion assist. The temperature of the
plastic lens substrate during film formation was measured by
performing a vapor deposition treatment by sticking a thermo
seal to the plastic lens substrate.

In this way, the spectacle lens 1 having the multilayer
films on both surfaces of the plastic lens substrate was
obtained.

[0047]
[Spectacle lenses 2 to 7]

A spectacle lens was prepared in a similar manner to
Example 1 except that amultilayer filmhaving five to ten layers
of a low refractive index layer and a high refractive index layer
in total laminated alternately was formed using vapor
deposition materials shown in Table 1 under ion assist
conditions shown in Table 2 by a vacuum vapor deposition method

using an ion assist.
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[0050]
Evaluation method
(1) Evaluation of reflection characteristic

A reflection spectrum on a convex surface (object-side
surface) of each of the spectacle lenses 1 to 7 was obtained
using a Hitachi spectrophotometer U-4100. In order to remove
an influence by concave surface reflection, the reflectance was
measured by painting a concave surface black. A wavelength at
which the maximum reflectance in a wavelength range of 380 to
2000 nm on the convex surface of each spectacle lens was obtained
was determined using the obtained reflection spectrum. In this
evaluation, the reflection spectrum was obtained on the convex
surface. However, a multilayer film was formed also on the
concave surface under the same film formation conditions, and
therefore a similar reflection spectrum may be obtained even
when measurement is performed on the concave surface.
(2) Evaluation of transmittance characteristic

A transmission spectrum of each of the spectacle lenses
1 to 7 was measured using the above spectrophotometer. The
obtained transmission spectrum is illustrated in Fig. 1. A
mean transmittance in a wavelength range of 600 to 780 nm was
determined for each spectacle lens using the measurement
result of the transmission spectrum. The reduction ratio
in solar infrared spectrum was calculated with the above

formula using the obtained spectrum. The reduction
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ratio in blue light was calculated by the above formula in
conformity with JIS T 7330 using the obtained spectrum.
(3) Calculation of main wavelength

Main wavelengths of the spectacle lenses 1 to 7 were
determined in conformity with JIS Z 8105.
(4) Measurement of substrate temperature

The maximum temperature of a plastic lens substrate
during formation of a multilayer film was measured with a thermo
seal.
(5) Evaluation of presence of film formation crack

The spectacle lenses 1 to 7 were observed visually, and
presence of a crack in the substrate after formation of a
multilayer film was evaluated.
[0051]

The above results are shown in Table 3. Fig. 2
illustrates a reflection spectrum and a transmission spectrum
measured for the spectacle lens 1, and a sunlight infrared

spectrum (AM2).
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[0053]
Evaluation result

By the result shown in Table 3, it can be confirmed that
each of the spectacle lenses 1 to 6 has a high luminous
transmittance, a high reduction ratio in solar infrared
spectrum, and a high reduction ratio in blue light.

In each of the spectacle lenses 1 to 5, the total
lamination number of a multilayer film is as small as nine or
less. Therefore, the substrate temperature during film
formation could be prevented from becoming high, and as a result,
generation of a crack in the plastic lens substrate could be
prevented. As shown in Table 3, each of the spectacle lenses
1 to 5 has a high mean transmittance and a high luminous
transmittance in a wavelength range of 600 to 780 nm. Such a
spectacle lens is preferable also in terms of less coloring
because the mean reflectance in a wavelength range of 600 to
780 nm is less than 10%.

The spectacle lens 6 has a higher reduction ratio in solar
infrared spectrum because the lamination number of the
multilayer film is 10, larger than those of the spectacle lenses
1 to 5. However, the transmittance in a range of 600 to 780
nm was reduced due to the large lamination number (red
reflection occurred), and the luminous transmittance was
reduced with this.

Meanwhile, the multilayer film of the spectacle lens 7
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has a structure of a multilayer £ilm conventionally used as an
antireflection coating. As shown in Table 3, the multilayer
film of the spectacle lens 7 has a low reduction ratioc in solar
infrared spectrum, and cannot effectively reduce burden of the
eye due to an infrared ray contained in sunlight.

The above results have verified that the aspect of the
present invention can provide a spectacle lens capable of
exhibiting a high reduction ratic in solar infrared spectrum
and further capable of effectively reducing burden of the eye

due to blue light.

Industrial Applicability
[0054]

The present invention is useful in a field of
manufacturing a spectacle lens.
[0055]

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and "comprising",
will be understood to imply the inclusion of a stated integer
or step or group of integers or steps but not the exclusion of
any other integer or step or group of integers or steps.
[0056]

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgement or any form
of suggestion that the prior art forms part of the common general

knowledge in Australia.
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CLAIMS
1. A spectacle lens comprisiﬁg’alnultilayer‘filntofeavapor
deposition film (excluding a metal film and a metal alloy film)
directly or indirectly at least on one surface of a lens
substrate, wherein
themultilayer filmincludes at least one high refractive
index layer and at least one low refractive index layer,
the total optical film thickness of the high refractive
index layer is A/4 or more at a wavelength A = 780 nm, and
a reflection spectrum measured in a wavelength range of
380 to 2000 nm on a surface having the multilayer film has a
maximum reflectance in a wavelength range of 800 tco 1350 nm.
2. The spectacle lens according to claim 1, wherein the
total layer number of the ﬁigh refractive index layer and the
low refractive index layer is nine or less.
3. The spectacle lens according to claim 1 or 2, wherein
the lens substrate is a plastic lens substrate.
4. The spectacle lens according to any one of claims 1 to
3, wherein the reduction ratio in solar infrared spectrum is
25% or more.
5. The spectacle lens according to any one of claims 1 to
4, wherein the reflectance on the surface having the multilayer
film is 30% or less at a wavelength 1800 nm.
6. The spectacle lens according to any one of claims 1 to

5, wherein the mean reflectance on the surface having the
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multilayer film is less than 10% in a wavelength range of 600
to 780 nm.

7. The spectacle lens according to any one of claims 1 to
6, wherein the mean transmittance in a wavelength range of 600
to 780 nm is 75% or more.

8. The spectacle lens according to any one of claims 1 to
7, wherein the luminous transmittance is 80% or more.

9. The spectacle lens according to any one of claims 1 to
8, having a main wavelength in a wavelength range of 400 to 500
nm.

10. The spectacle lens according to any one of claims 1 to
9, comprising themultilayer filmdirectly or indirectly on both
surfaces of the lens substrate.

11. The spectacle lens according to any one of claims 1 to
10, wherein the high refractive index layer is a vapor
deposition film made of a high refractive index material having
a refractive index of 2.0 or more and less than 2.4 at a
wavelength 780 nm.

12. The spectacle lens according to any one of claims 1 to
11, wherein the low refractive index layer is a vapor deposition
filmmade of a low refractive index material having a refractive

index of 1.2 or more and 1.8 or less at a wavelength 780 nm.
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