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Method for reducing near-infrared light exposure
by a laminate film structure on an eyewear

BACKGROUND
FIELD OF THE DISCLOSURE
[0001] The present disclosure relates to a method for reducing near-infrared light exposure to an
eye by a laminate film structure on an eyewear.

DESCRIPTION OF THE RELATED ART

[0002] Many studies have been done to evaluate the effects of near-infrared light (NIR) on human
eyes. Some studies show that NIR light can transmit through ocular media (e.g., cornea, lens,
aqueous, and iris, etc.) to the retina where NIR light is absorbed by retinal pigment epithelium. If
the retina is exposed to high intensity of NIR light, structural retinal damage happens by at least
one of three fundamental processes: photomechanical (or photoacoustic) process, photothermal
(heating effects) process, and photochemical process depending on the influence rate, total dose,
and spectral characteristics of the NIR light. Acute NIR light exposure is well known to lead to
cataracts and recent investigations show a strong presumption that cataracts can also be
triggered by chronic NIR exposure.

[0003] The foregoing “Background” description is for the purpose of generally presenting the
context of the disclosure. Work of the inventors, to the extent it is described in this background
section, as well as aspects of the description which may not otherwise qualify as prior art at the
time of filing, are neither expressly or impliedly admitted as prior art against the present
disclosure.

[0004] Aspects of the invention may address some of the above-described shortcomings in the
art, particularly using solutions set forth in the claims.

SUMMARY

[0005] The present disclosure relates to reducing near-infrared (NIR) light exposure to an eye by
the inclusion of a laminate film structure on eyewear.

[0006] The present disclosure relates to a laminate film structure for a wearer intended for
reflecting and absorbing near-infrared (NIR) light such as defined in the set of claims comprising

a near-infrared reflection layer reflecting the near-infrared light that is incident on the near-infrared
reflection layer, and

a near-infrared absorption layer disposed between an eye of the wearer and the near-infrared
reflection layer, the near-infrared reflection layer being disposed on the near-infrared absorption
layer and the near-infrared absorption layer absorbing the near-infrared light, wherein the near-
infrared absorption layer may be a thermoplastic film including thermoplastic resin and one or
more near-infrared light filters, each of the one or more near-infrared light filters may have a
different concentration and a different absorption range between 780 nm and 2000 nm, a first
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near-infrared light absorption layer of the one or more near-infrared light filters may have at least
one near-infrared light absorption peak within at least one of the following ranges: 780-880 nm,
960-1080 nm, 1180-1320 nm, 1480-1760 nm and a percentage of reflection of the near-infrared
light from the first near-infrared light absorption layer may be less than 9%, the near-infrared
reflection layer may include: a thermoplastic film with a silver nano-particle coating, or a multilayer
infrared reflecting film, or a thermoplastic film with a nano-ceramic coating, or a thermoplastic film
with an anti-reflection coating, or a thermoplastic film with a mirror coating, near-infrared light
transmission of the near-infrared reflection layer may be less than 30% and near-infrared light
reflection of the near-infrared reflection layer may be larger than 31%, a near-infrared light
reflection peak of the near-infrared reflection layer may be between 780 nm and 2000 nm, at
least one near-infrared light absorption peak of the near-infrared absorption layer substantially
matches at least one near-infrared light reflection peak of the near-infrared reflection layer, the
near-infrared reflection layer may be an outer layer of the laminate film structure, an ophthalmic
lens may be disposed between the near-infrared absorption layer and the eye of the wearer, the
near-infrared absorption layer may be integrated with the ophthalmic lens, the near-infrared
absorption layer may absorb a transmitted near-infrared light, the transmitted near-infrared light
first passing through the near-infrared reflection layer, and the near-infrared absorption layer
absorbs a reflected near-infrared light, the reflected near-infrared light first passing through the
near-infrared absorption layer and then reflecting from the backside of the near-infrared reflection
layer.

[0007] The present disclosure further relates to a method of reducing near-infrared light exposure
to an eye by a laminate film structure on an eyewear such as defined in the set of claims,
comprising absorbing near-infrared light by a first layer of the laminate film structure, the first layer
located between the eye and a second layer, and reflecting the near-infrared light by the second
layer of the laminate film structure, the second layer located on the first layer.

[0008] The present disclosure further relates to an eyewear structure such as defined in the set
of claims for protecting an eye from near-infrared light, comprising a near-infrared absorption
layer disposed on the ophthalmic lens, the near-infrared absorption layer absorbing the near-
infrared light, and a near-infrared reflection layer disposed on the near-infrared absorption layer,
the near-infrared reflection layer reflecting the near-infrared light, wherein the ophthalmic lens
may be disposed between the eye and the near-infrared absorption layer, and wherein the near-
infrared absorption layer may be disposed between the ophthalmic lens and the near-infrared
reflection layer, a total near-infrared light transmission through the eyewear structure may be less
than a total visible light transmission through the eyewear structure.

[0009] The foregoing paragraphs have been provided by way of general introduction, and are
not intended to limit the scope of the following claims. The described features, together with
further advantages, will be best understood by reference to the following detailed description
taken in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] A more complete appreciation of the disclosure and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying drawings,
wherein:
[0011] FIG. 1A is a schematic illustration of light paths to glasses of wearer from a front side,
within the scope of the present disclosure;
[0012] FIG. 1B is a schematic illustration of light paths to glasses of wearer from a backside,
within the scope of the present disclosure;
[0013] FIG. 2 is a schematic illustration of a near-infrared (NIR) light reflected into wearer’s eyes,
within the scope of the present disclosure;
[0014] FIG. 3 is a NIR full shield laminate made with a near-infrared (NIR) reflection layer and a
NIR absorption layer, within the scope of the present disclosure;
[0015] FIG. 4 is a NIR full shield laminate made with a near-infrared (NIR) reflection layer and a
NIR absorption layer integrated with another layer or a lens, within the scope of the present
disclosure;
[0016] FIG. 5 is a NIR reflection film, within the scope of the present disclosure;
[0017] FIGs. 6A and 6B are a transmission curve and a reflection curve of the MF 400 film, within
the scope of the present disclosure;
[0018] FIG. 7 is a Polycarbonates (PC) film extruded with PC resin mixed with NIR light filter,
within the scope of the present disclosure;
[0019] FIGs. 8A and 8B are a transmission curve and a reflection curve of the Polycarbonates
(PC) film with NIR light filters, within the scope of the present disclosure;
[0020] FIG. 9 is a NIR full shield laminate made with a PET film, a hard coating layer, a silver
nanoparticle coating, and a Polycarbonates (PC) film with NIR light filters, within the scope of the
present disclosure;
[0021] FIG. 10 is a NIR full shield laminate made with a PET film, a hard coating layer, a silver
nanoparticle coating, a Polycarbonates (PC) film with NIR light filters on a lens substrate, within
the scope of the present disclosure;
[0022] FIGs. 11A and 11B is a transmission curve of NIR full shield laminate-1 and a reflection
curve of NIR full shield laminate-1, within the scope of the present disclosure;
[0023] FIGs. 12A and 12B are a transmission curve of NIR filter film-2 and a reflection curve of
NIR filter film-2, within the scope of the present disclosure;
[0024] FIGs. 13A and 13B are a transmission curve of NIR full shield laminate-2 and a reflection
curve of NIR full shield laminate-2, within the scope of the present disclosure;
[0025] FIGs. 14A and 14B are transmission curves and reflection curves of MF400, NIR filter
film-1, and NIR full shield laminate filter-1, within the scope of the present disclosure; and
[0026] FIGs. 15A and 15B are transmission curves and reflection curves of MF400, NIR filter
film-2, and NIR full shield laminate filter-2, within the scope of the present disclosure.



10

15

20

25

30

35

WO 2022/064050 PCT/EP2021/076539

DETAILED DESCRIPTION
[0027] The terms “a” or “an”, as used herein, are defined as one or more than one. The term
“plurality”, as used herein, is defined as two or more than two. The term “another”, as used
herein, is defined as at least a second or more. The terms “including” and/or “having’, as used
herein, are defined as comprising (i.e., open language). Reference throughout this document to
"one embodiment”, “certain embodiments”, "an embodiment”, “an implementation”, “an example”
or similar terms means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present disclosure.
Thus, the appearances of such phrases or in various places throughout this specification are not
necessarily all referring to the same embodiment. Furthermore, the particular features,
structures, or characteristics may be combined in any suitable manner in one or more
embodiments without limitation.
[0028] Unless indicated otherwise, the features and embodiments described herein are operable
together in any permutation.
[0029] The terms “about” and “approximately” are defined as being close to as understood by
one of ordinary skill in the art.

» u

[0030] The process of the present disclosure can “comprise,” “consist essentially of,” or “consist
of particular ingredients, components, compositions, etc., disclosed throughout the specification.
[0031] The present disclosure describes a laminate film structure for a wearer intended for
reflecting and absorbing near-infrared light. For example, this laminate film combining a NIR
reflecting film with a NIR absorbing layer in a specific order may be created to protect wearer's
eyes from exposure of NIR light.

[0032] The present disclosure describes a method of reducing near-infrared light exposure to an
eye by a laminate film structure on eyewear. For example, this method may be used to provide
sunwear having lenses with NIR blocking which may be one of the most efficient ways to achieve
protection from NIR light.

[0033] Turning now to the figures, an exemplary illustration of light paths to glasses of a wearer
from a front side and a backside may be shown with reference to FIGs. 1A and 1B within the
scope of the present disclosure.

[0034] A light source 102 may be located at a front side of a wearer 106. The light source 102
may also be located at a backside of the wearer 106. The light from the light source 102 may
pass through glasses 104 of the wearer 106 to reach the eyes of the wearer 106 if the light source
102 may be located at the front side of the wearer 106. The light from the light source 102 may
be reflected from the glasses 104 to reach the eyes of the wearer. The light passing from the
front side of the glasses may be shown in the optical path 108. The optical path 108 may be from
0 degrees to 90 degrees if the optical path in front of the wearer's nose may be set as 0 degrees.
The light transmitting from the backside of the glasses may be shown in the optical path 110. The
optical path 110 may be from 135 degrees to 155 degrees if the optical path in front of the wearer’s
nose may be set as 0 degrees. The light source may be a UV light source, a near-infrared light
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source, an infrared light source, a visible light source, e.g., a blue light source, a yellow light
source, etc.

[0035] With reference to FIG. 2, an exemplary schematic illustration of a near-infrared (NIR) light
reflected into wearer’'s eyes may be presented within the scope of the present disclosure.

[0036] A reflection layer 204 may be located in front of wearer's eye 202. The reflection layer 204
may reflect an incident NIR light from the front surface of the reflection layer 204 and the back
surface of the reflection layer 204. For example, the incident NIR light 206 from the front side of
the reflection layer 204 may be partially reflected to become the reflected NIR light 208, and
partially transmitted to become the transmitted NIR light 214. The incident NIR light 210 from the
backside of the reflection layer 204 may be reflected into the direction of the wearer’s eyes and
become reflected NIR light 212. The reflected NIR light 212 and the transmitted NIR light 214
further travel into the wearer’'s eyes and may cause damages.

[0037] With reference to Table 1, a list of a percentage of NIR light transmission of ophthalmic
lens by different NIR reflection technologies from different companies is presented. For example,
the lowest percentage of NIR transmission is the reflection technology provided by HOLY-HOLT
which is 42%.

Table 1. Summary of TsIR% of ophthalmic lens using NIR reflection technology.

COMPANY RODENSTOCK HOLY-HOLT INDO TOKAI
Brand Red Sun 2 Triple Care Energy Esc
Product Sun Clear Clear Clear

IR Protection Reflection by Reflection by Reflection by Reflection by

Technology mirror coating anti-reflection | anti-reflection | anti-reflection
coating coating coating
TsIR% 67 42 45 55
Tv% 25 96.4 97.5 97.6

[0038] With reference to Table 2, an exemplary list of ISO requirements for sunglasses in NIR
protection may be presented within the scope of the present disclosure. For example, ISO 12321-
1 requires that the NIR light transmission for eye and face protection of sunglasses and related
eyewear should be less than visible light transmission, e.g., TsIR < Tv%, for all categories, where
categories may be defined based on visible light transmission, Tv%, as defined in Table 2. With
this requirement, if a reflection technology has a TsIR% for 42%, this reflection technology does
not meet ISO requirements for categories 3 and 4 since the Tv% needs to be lower than 18%.
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Table 2. ISO requirements on sunglasses for NIR protection.

Category Number Tv% TsIR%
0 80-100 < Tv%
1 43-80 < Tv%
2 18-43 < Tv%
3 8-18 < Tv%
4 3-8 < Tv%

[0039] With reference to FIG. 3, an exemplary NIR full shield laminate made with a near-infrared
(NIR) reflection layer and a NIR absorption layer may be presented within the scope of the present
disclosure.

[0040] A novel laminate with full NIR shield capability with a NIR reflection layer and a NIR
absorption layer may be shown in FIG. 3. The laminate may be made of two layers of film in a
particular order, e.g., the NIR reflection layer 304 may be a front layer of the laminate and the
NIR absorption layer 306 of the laminate may be a bottom layer. The front side of the laminate
has a NIR reflection function and the backside of the laminate has a NIR absorption function.
Such an arrangement may prevent backside NIR reflection while providing desired NIR blocking.
In order to absorb the reflection, the absorption film 306 has at least one absorption peak or
spectra matching one reflection peak or spectra from the reflection film 304.

[0041] As illustrated in FIG. 3, a NIR light 308 may be incident from the laminate’s front side. The
incident NIR light 308 may be partially reflected by the NIR reflection layer 304 and then partially
absorbed by NIR absorption layer 306, before reaching the wearer’s eye 302 as light 320A NIR
light 308 incoming from laminate’s backside may be partially absorbed by the NIR absorption
layer 306. The transmitted light 312 may be partially reflected by the NIR reflection layer 304. The
reflected light 314 may be partially absorbed again by the NIR absorption layer 306 before
reaching the wearer’'s eye 302 as light 322. In order to absorb the reflection, the absorption film
306 may have at least one absorption peak or spectra matching one reflection peak or spectra
from the reflection film 304. Thus, the complete NIR protection from the wearer's eyes may be
achieved.

[0042] With reference to FIG. 4, an exemplary NIR full shield laminate having a near-infrared
(NIR) reflection layer and a NIR absorption layer integrated with another layer or a lens may be
presented within the scope of the present disclosure.

[0043] The integration may be performed, but not limited to, by lamination or an injection molding.
As described earlier, a NIR light 410 may be incident from the laminate’s front side. The incident
NIR light 410 may be reflected by the NIR reflection layer 404 to be reflected light 412. The
transmitted light from the NIR light 410 may be then absorbed by NIR absorption layer 406. The
NIR absorption layer 406 may be on another layer or a lens 408, e.g., an ophthalmic lens. A NIR
light 414 incoming from laminate’s backside may be absorbed by the NIR absorption layer 406.
In order to absorb the reflection, the absorption film 406 may have at least one absorption peak
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or spectra matching one reflection peak or spectra from the reflection film 404. Thus, the complete
NIR protection from the wearer's eyes 402 may be achieved.

[0044] With reference to FIG. 5, an exemplary NIR reflection film with three layers may be
presented within the scope of the present disclosure.

[0045] The film may be, for example, a MF400 film. The MF400 film includes a PET film 504
coated with a nano silver particle coating 502 on the backside of the PET film to reflect the NIR
light. The MF 400 film may be made by Fuijifiilm. The front side of the PET film may be a hard
coating layer 506. The hard coating layer 506 may be a protection layer used to protect the PET
film 504 and the nano silver particle coating 502.

[0046] With reference to Table 3, exemplary properties of a MF400 film may be presented within
the scope of the present disclosure. With reference to FIGs. 6A and 6B, an exemplary
transmission curve and an exemplary reflection curve of the MF 400 film may be also presented
within the scope of the present disclosure.

[0047] Comparative example 1.

[0048] The transmission may be measured from a front side of the MF 400 film or the side with
the hard coating layer 506. The reflection may be measured from a backside of the MF 400 film
or the side with a silver nano particle coating 502. As shown in Table 3, the TsIR% of the MF 400
film may be 29.6%, which may be much lower than other reflection technologies in Table 1.
However, the MF 400 film may be still not ISO conformable at categories 3 and 4 as listed in
Table 2. The NIR light reflection from the backside is noticeable which is 31.8%. The reflection
peak has the Amax at 1100 nm with a Half Width at Half Maximum (HWHM) of 300 nm.

Table 3. MF 400 film properties.

NIR light NIR light
Visible light total | NIR light total
reflection at AOl | reflection ISO
Sample transmission transmission
of 36° peak confor
- name
><. AmaxiHW mlty
w Tv% (D65) TsIR7s0-2000 RsIR7s0-2000
5 HM (nm)
S MF400 1100+£300 | Cate.
o . 69.6 29.6 31.8
&) film 1,2
P Lower TsIR than other NIR reflection technologies, e.g., mirror coating,
ros.
oranti-reflection coating.
Cons. NIR light reflected from backside.

[0049] With reference to FIG. 7, an exemplary PC film extruded with PC resin mixed with NIR
light filter 702 may be presented within the scope of the present disclosure.. Non-limiting
examples of the NIR filters may include polymethine, phthalocyanine, porphyrine,
triphenylmethane, iminium, squarylium, croconium, dithiolene, quinone, polyperylene, pyrilium,
thiopyrilium, cyanine, or any combination thereof. The NIR filter film-1 and the NIR filter film-2
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may have different NIR filters, and/or a different concentration of NIR filters, and/or a different
absorption range, and/or different absorption percentage
[0050] With reference to Table 4, exemplary properties of NIR filter flm-1 may be presented
within the scope of the present disclosure. With reference to FIGs. 8A and 8B, an exemplary
transmission curve and an exemplary reflection curve of the Polycarbonates (PC) film with NIR
light filters may be presented within the scope of the present disclosure.
[0051] Comparative example 2.
[0052] As shown in Table 4, the TsIR% of the NIR filter film-1 may be 67.3%, which may be close
to the TsIR% of Red Sun 2 by Rodenstock, but still higher than other reflection technologies in
Table 1. Thus, the NIR filter film-1 may be not ISO conformable at Cat. 2, 3&4. However, an
advantage may be that there is a much lower NIR light reflected from the backside, which may
be 8.2%, however, the NIR light may be only a quarter of the reflected light from MF 400. The
absorption peak of the NIR filter film-1 has a Amax at 1030 nm, which may be close to the
absorption peak of MF 400 with a HWHM 100nm, which may be only one third of the HWHM of
MF 400'’s reflection peak.

Table 4. NIR filter film-1’s properties.

Sample NIR NIR Visible NIR light NIR light

NIR light
name filter filter light total total absorption ISO
reflection at
conc. | transmissi | transmiss peak conf
) AOI of 35°
~ on ion ormit
] V% TsIR7s0. | (AmaxtHW y
5 RsIR7s0-2000
E (D65) 2000 HM) nm
3 | NR NIR | 350
&} ] ] Cat.
filter filter-1 ppm 83.9 67.3 1030100 8.2 0. 1
film-1 ’
Pros. Very low NIR reflection
Cons. Only conform to ISO Categories 0 and 1

[0053] With reference to FIG. 9, an exemplary NIR full shield laminate made with a PET film, a
hard coating layer, a silver nanoparticle coating, and a Polycarbonates (PC) film with NIR light
filters may be presented within the scope of the present disclosure.

[00564] MF400 layer including a hard coating layer 908, PET film 906, and a silver nano particle
coating layer 904 may be laminated onto a PC NIR filter film using a pressure-sensitive adhesive
(PSA). Other types of adhesive or bonding techniques may be used. MF400 may be used on the
front side of the laminate and PC NIR filter film may be used on the backside of the laminate as
shown in FIG. 9. The NIR filter film may be, but not limited to, NIR filter film-1 and NIR full shield
laminate-2.

[0055] With reference to FIG. 10, an exemplary NIR full shield laminate made with a PET film
1008, a hard coating layer 1010, a silver nanoparticle coating 1006, a Polycarbonates (PC) film
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with NIR light filters 1004 on a lens substrate 1002 may be presented within the scope of the
present disclosure.
[0056] As described earlier, the NIR full shield laminate may be bonded to the lens substrate
1002 using a pressure-sensitive adhesive (PSA). Other types of adhesive or bonding techniques
may be used. MF400 may be used on the front side of the laminate and PC NIR filter film may be
used on the backside of the laminate as shown in FIG. 10. The NIR filter film may be, but not
limited to, NIR filter film-1 and NIR full shield laminate-2.
[0057] With reference to FIG. 11A and 11B, an exemplary transmission curve of NIR full shield
laminate-1 and a reflection curve of NIR full shield laminate-1 may be presented within the scope
of the present disclosure.
[0058] Working example 1.
[0059] As shown in Table 5, the TsIR% of the NIR full shield laminate-1 may be 27.2%, which
may be lower than the TsIR% of MF400 or PC NIR filter film-1 alone. The RsIR of the NIR full
shield laminate-1 may be 17.0%, which may be also lower than the RsIR of MF400. A deep drop
at 1030+100 nm on the reflection curve in FIG. 11A indicating that the reflected NIR light from
MF400 may be absorbed by the NIR filter film-1. The transmission curve in FIG. 11B, on the other
hand, has a much lower value than that of MF400 or NIR filter film-1, indicating that more NIR
light may be blocked. This laminate shows an improvement comparing with MF400 and PC NIR
filter film alone.

Table 5. NIR full shield laminate-1’s properties.

Sample | Top Bottom | Visible light NIR light
NIR light total ISO
name layer layer total o reflection at
transmission confor-
transmission AOI of 35°
mity
Tv% (D65) TsIR7s0-2000 RsIR7s0-2000
ﬂj NIR full | MF40 NIR
o | shield 0 filter
£ _ _ 67.0 27.2 17.0 Cat1,2
=< | laminat film-1
o
= e-1
Pros. Very low NIR light transmission, low NIR light reflection
ISO not conformable at Cat.3&4. But this may be
Cons. solved using a film with higher NIR filter conc. and/or
broader NIR filter absorption range, to decrease TsIR.

[0060] Using a film with a higher NIR filter concentration and a broader NIR filter absorption
range, e.g., NIR filter film-2, and laminating this film with MF400, e.g., NIR full shield laminate-2,
may provide a lower TsIR% and RsIR%.

[0061] Comparative Example 3.
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[0062] With reference to FIG. 12A and 12B, an exemplary transmission curve of NIR filter film-2
and a reflection curve of NIR filter film-2 may be presented within the scope of the present
disclosure.

[0063] As shown in Table 6, although adding more NIR filters may decrease the TsIR, Tv% may
also be reduced. However, the Tv% may be less than the TsIR, which makes the film not ISO
conformable. As illustrated in FIGs. 12A and 12B, the absorption peak of NIR filter film-2 has
Amax at 900 nm with a HWHM of 200 nm, which may be close to the absorption peak of MF400.

Table 6. NIR filter film-2’s properties.

Sample | NIR NIR Visible NIR light NIR light | NIR light
name filter | filter light total total absorptio | reflectio
conc. | transmiss | transmissi n peak n at AOI ISO
ion on of 35° confor
(AmaxtH mity
TV% Tsl R7so- Rsl R7so_
™ WHM)
> (D65) 2000 2000
w nm
'
‘g NIR | NIR2: 900+200
3 filter | 500
&) NIR
) 2& ppm
filter 21.9 29.5 3.5 No
i 3 NIRS:
film-2
1200
ppm
Pros. Very low NIR reflection
Cons. Not ISO conformable

[0064] Working example 2.

[0065] With reference to FIG. 13A and 13B, an exemplary transmission curve of NIR full shield
laminate-2 and an exemplary reflection curve of NIR full shield laminate-2 may be presented
within the scope of the present disclosure.

[0066] As shown in Table 7, after laminating NIR filter film-2 with MF400, the TsIR of the NIR full
shield laminate -2 may be further decreased to 9.9%, but Tv% may be only slightly reduced. A
deep drop to 0% at 900£100 nm on the reflection curve may be shown in FIG. 13A indicating that
the reflected NIR light from MF400 may be fully absorbed by the NIR filter film-2 at 800-1000 nm.
As shown in FIG. 13B, the transmission curve has lower value than the transmission curve of
MF400 or NIR filter film-2 indicating that more NIR light is blocked.

[0067] The laminate in the working example 2 may be conformable to ISO at Category 3. By
adding more NIR filters, 1ISO conformity at Category 4 may also be reached. The NIR light
reflected from the backside may be also lower than the NIR light reflected from the backside of
NIR full shield laminate-1.
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Table 7. NIR full shield laminate-2’s properties
Film Top Bottom Visible light NIR light ISO
NIR light total
name | layer layer total reflection at | confor-
transmission
transmission AOI of 35° mity
0{ Tv% (D65) TsIR7s0-2000 RsIR780-2000
W | NIR | MF40| NIR
o)
_;:: full 0 filter
& | shield film-2 21.0 9.9 9.8 Cat.3
= .
lamin
ate-2
P Very low NIR light transmission, low NIR light
ros.
reflection

[0068] Summary of above results may be listed in Table 8 and FIGs. 14A, 14B, 15A, and 15B.
FIGs. 14A and 14B may be transmission curves and reflection curves of MF400, NIR filter film-1,
and NIR full shield laminate filter-1, and FIGs. 15A and 15B may be transmission curves and
reflection curves of MF400, NIR filter film-2, and NIR full shield laminate filter-2 within the scope
of the present disclosure.

[0069] As shown in Table 8, the NIR full shield laminate (Working ex.1 and ex.2) shows an
improvement over the MF400 (Counter Ex.1) and PC NIR filter films (Counter Ex.2&3). They may
be conformable to ISO requirements at category 1, 2 or 3, for NIR protection on Sunwear, which
requires TsIR%<Tv%, and have much less backside reflection. The NIR filter film-1 or NIR filter
film-2 has an absorption peak that may be similar or close to the reflection peak of MF400 as
shown in FIGs. 14A, 14B, 15A, and 15B. This may be very important since the reflected light from
the backside of the MF400 may be absorbed by the NIR filter film.

Table 8. Summary of properties of MF400, PC NIR filter film, NIR full shied laminate

Sample Visible light NIR light total NIR light ISO
name total transmission reflection conformity
Example transmission at AOI of
35°
Tv% (D65) TsIR7s0-2000 RsIR7s0-2000
Counter
MF400 69.6 29.6 31.8 Cat1,2
Ex.1
Counter PC NIR
_ _ 83.9 67.3 8.2 Cat.0, 1
Ex.2 filter film-1
Counter PC NIR
_ _ 21.9 29.5 3.5 No
Ex. 3 filter film-2
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Sample Visible light NIR light total NIR light ISO
name total transmission reflection conformity
Example transmission at AOI of
35°
Tv% (D65) TsIR7s0-2000 RsIR7s0-2000
NIR full
Working ]
shield 67.0 27.2 17.0 Cat1,2
Ex.1
laminate-1
NIR full
Working )
shield 21.0 9.9 9.8 Cat.3
Ex.2 )
laminate-2

[0070] The particular configuration of the feature is also important. Currently, the configuration
may be substrate/ absorbing film/ reflecting film/ hard coating from a bottom to a top of the
laminate film, which led to the performance as presented in Table 8.

[0071] If the configuration may be substrate/ reflecting film/ absorbing film/ hard coating from a
bottom to a top of the laminate film, the NIR reflection performance may be less. The NIR
reflection performance may be lower for NIR light coming from the backside of the laminate film.
However, since the flux of NIR light from the backside of the laminate film may be less than the
flux of NIR light coming from the front side of the laminate film and the majority of the NIR light
may be blocked by the head of the wearer, the quality of NIR shielding from the backside of the
laminate film may be still acceptable comparing to the NIR shielding from the front side of the
laminate film.

[0072] Obviously, numerous modifications and variations are possible in light of the above
teachings. It is therefore to be understood that within the scope of the appended claims, the
invention may be practiced otherwise than as specifically described herein.

[0073] Embodiments of the present disclosure may also be as set forth in the following
parentheticals.

[0074] (1) A laminate film structure for a wearer, intended for reflecting and absorbing near-
infrared light, comprising a near-infrared reflection layer reflecting the near-infrared light that is
incident on the near-infrared reflection layer, and a near-infrared absorption layer disposed
between an eye of the wearer and the near-infrared reflection layer, the near-infrared reflection
layer being disposed on the near-infrared absorption layer and the near-infrared absorption layer
absorbing the near-infrared light.

[0075] (2) The laminate film structure according to (1), wherein the near-infrared absorption layer
is a thermoplastic film including thermoplastic resin and one or more near-infrared light filters.
[0076] (3) The laminate film structure according to any one of (1) and (2), wherein each of the
one or more near-infrared light filters has a different concentration and a different absorption
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range between 780 nm and 2000 nm, e.g., 800 nm, 900 nm, 1000 nm, 1100 nm, 1200 nm, 1300
nm, 1400 nm, 1500 nm, 1600 nm, 1700 nm, 1800 nm, 1900 nm, or 1950 nm.

[0077] (4) The laminate film structure according to any one of (1) and (2), wherein a first near-
infrared light absorption layer of the one or more near-infrared light filters has at least one near-
infrared light absorption peak within at least one of the following ranges: 780-880 nm, 960-1080
nm, 1180-1320 nm, and 1480-1760 nm, and a percentage of reflection of the near-infrared light
from the first near-infrared light absorption layer is less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
or 1%.

[0078] (5) The laminate film structure according to (1), wherein the near-infrared reflection layer
includes: a thermoplastic film with a silver nano-particle coating, or a multilayer infrared reflecting
film, or a thermoplastic film with a nano-ceramic coating, or a thermoplastic film with an anti-
reflection coating, or a thermoplastic film with a mirror coating.

[0079] (6) The laminate film structure according to (1), wherein near-infrared light transmission
of the near-infrared reflection layer is less than 30%, 25%, 20%, 15%, 10%, 5% or 1%, and near-
infrared light reflection of the near-infrared reflection layer is larger than 31%, 40%, 50%, 60%,
70%, 80%, 90%, 95%.

[0080] (7) The laminate film structure according to (1), wherein a near-infrared light reflection
peak of the near-infrared reflection layer is between 780 nm and 2000 nm, e.g., 800 nm, 900 nm,
1000 nm, 1100 nm, 1200 nm, 1300 nm, 1400 nm, 1500 nm, 1600 nm, 1700 nm, 1800 nm, 1900
nm, or 1950 nm.

[0081] (8) The laminate film structure according to (1), wherein at least one near-infrared light
absorption peak of the near-infrared absorption layer substantially matches at least one near-
infrared light reflection peak of the near-infrared reflection layer.

[0082] (9) The laminate film structure according to (1), wherein the near-infrared reflection layer
is an outer layer of the laminate film structure.

[0083] (10) The laminate film structure according to (1), wherein an ophthalmic lens is disposed
between the near-infrared absorption layer and the eye of the wearer.

[0084] (11) The laminate film structure according to any one of (1) and (10), wherein the near-
infrared absorption layer is integrated with the ophthalmic lens.

[0085] (12) The laminate film structure according to (1), wherein the near-infrared absorption
layer absorbs a transmitted near-infrared light, the transmitted near-infrared light first passing
through the near-infrared reflection layer.

[0086] (13) The laminate film structure according to (1), wherein the near-infrared absorption
layer absorbs a reflected near-infrared light, the reflected near-infrared light first passing through
the near-infrared absorption layer and then reflecting from the backside of the near-infrared
reflection layer.

[0087] (14) A method of reducing near-infrared light exposure to an eye by a laminate film
structure on an eyewear, comprising absorbing near-infrared light by a first layer of the laminate
film structure, the first layer located between the eye and a second layer, and reflecting the near-



10

15

20

WO 2022/064050 PCT/EP2021/076539
14

infrared light by the second layer of the laminate film structure, the second layer located on the
first layer.

[0088] (15) An eyewear structure for protecting an eye from near-infrared light, comprising an
ophthalmic lens, a near-infrared absorption layer disposed on the ophthalmic lens, the near-
infrared absorption layer absorbing the near-infrared light, and a near-infrared reflection layer
disposed on the near-infrared absorption layer, the near-infrared reflection layer reflecting the
near-infrared light, wherein the ophthalmic lens is disposed between the eye and the near-
infrared absorption layer, and wherein the near-infrared absorption layer is disposed between the
ophthalmic lens and the near-infrared reflection layer.

[0089] (16) The eyewear structure according to (15), wherein a total near-infrared light
transmission through the eyewear structure is less than a total visible light transmission through
the eyewear structure.

[0090] The foregoing discussion discloses and describes merely exemplary embodiments of the
present invention. As will be understood by those skilled in the art, the present invention may be
embodied in other specific forms without departing from the spirit or essential characteristics
thereof. Accordingly, the disclosure of the present invention is intended to be illustrative, but not
limiting of the scope of the invention, as well as other claims. The disclosure, including any readily
discernible variants of the teachings herein, defines, in part, the scope of the foregoing claim
terminology such that no inventive subject matter is dedicated to the public.
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CLAIMS

1. A laminate film structure for a wearer, intended for reflecting and absorbing near-infrared
light, comprising:
a near-infrared reflection layer reflecting the near-infrared light that is incident on the near-
infrared reflection layer; and
a near-infrared absorption layer disposed between an eye of the wearer and the near-
infrared reflection layer, the near-infrared reflection layer being disposed on the near-infrared
absorption layer and the near-infrared absorption layer absorbing the near-infrared light.

2. The laminate film structure according to claim 1, wherein the near-infrared absorption
layer is a thermoplastic film including thermoplastic resin and one or more near-infrared light
filters.

3. The laminate film structure according to any one of claims 1 and 2, wherein each of the
one or more near-infrared light filters has a different concentration and a different absorption
range between 780 nm and 2000 nm.

4. The laminate film structure according to any one of claims 1 and 2, wherein a first near-
infrared light absorption layer of the one or more near-infrared light filters has at least one near-
infrared light absorption peak within at least one of the following ranges: 780-880 nm, 960-1080
nm, 1180-1320 nm, and 1480-1760 nm, and a percentage of reflection of the near-infrared light
from the first near-infrared light absorption layer is less than 9%.

5. The laminate film structure according to claim 1, wherein the near-infrared reflection layer
includes: a thermoplastic film with a silver nano-particle coating, or a multilayer infrared reflecting
film, or a thermoplastic film with a nano-ceramic coating, or a thermoplastic film with an anti-
reflection coating, or a thermoplastic film with a mirror coating.

6. The laminate film structure according to claim 1, wherein near-infrared light transmission
of the near-infrared reflection layer is less than 30% and near-infrared light reflection of the near-
infrared reflection layer is larger than 31%.

7. The laminate film structure according to claim 1, wherein a near-infrared light reflection
peak of the near-infrared reflection layer is between 780 nm and 2000 nm.

8. The laminate film structure according to claim 1, wherein at least one near-infrared light
absorption peak of the near-infrared absorption layer substantially matches at least one near-
infrared light reflection peak of the near-infrared reflection layer.
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9. The laminate film structure according to claim 1, wherein the near-infrared reflection layer
is an outer layer of the laminate film structure.

10. The laminate film structure according to claim 1, wherein an ophthalmic lens is disposed
between the near-infrared absorption layer and the eye of the wearer.

11. The laminate film structure according to any one of claims 1 and10, wherein the near-
infrared absorption layer is integrated with the ophthalmic lens.

12. The laminate film structure according to claim 1, wherein the near-infrared absorption
layer absorbs a transmitted near-infrared light, the transmitted near-infrared light first passing
through the near-infrared reflection layer.

13. The laminate film structure according to claim 1, wherein the near-infrared absorption
layer absorbs a reflected near-infrared light, the reflected near-infrared light first passing through
the near-infrared absorption layer and then reflecting from the backside of the near-infrared
reflection layer.

14. A method of reducing near-infrared light exposure to an eye by a laminate film structure
on an eyewear, comprising:

absorbing near-infrared light by a first layer of the laminate film structure, the first layer located
between the eye and a second layer; and

reflecting the near-infrared light by the second layer of the laminate film structure, the second
layer located on the first layer.

15. An eyewear structure for protecting an eye from near-infrared light, comprising:

an ophthalmic lens;

a near-infrared absorption layer disposed on the ophthalmic lens, the near-infrared
absorption layer absorbing the near-infrared light; and

a near-infrared reflection layer disposed on the near-infrared absorption layer, the near-
infrared reflection layer reflecting the near-infrared light,

wherein the ophthalmic lens is disposed between the eye and the near-infrared absorption
layer, and

wherein the near-infrared absorption layer is disposed between the ophthalmic lens and
the near-infrared reflection layer.

16. The eyewear structure according to claim 15, wherein a total near-infrared light
transmission through the eyewear structure is less than a total visible light transmission through
the eyewear structure.
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