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The invention is directed to an infrared reflective and
electrically conductive composite film (4) to coat on a
substrate (6), said composite film (4) comprising at least
one infrared reflective layer (8). The composite film further
comprises at least one metal layer (10) of connected metal
nanowires, each of said at least one infrared reflective
layer (8) and at least one metal layer (10) being
conformably covered by an optically transparent
conductive layer (12).

®

INFRARED REFLECTIVE AND ELECTRICAL CONDUCTIVE COMPOSITE FILM AND MANUFACTURING METHOD THEREOF.

FIG 1




114

Description

INFRARED REFLECTIVE AND ELECTRICAL CONDUCTIVE COMPOSITE FILM AND
MANUFACTURING METHOD THEREOF

Technical field

[0001]

The invention is directed to an optically transparent composite film
combining heat reflective properties and electrical conductivity to coat on a

substrate, preferably on an optically transparent substrate.

Background art

[0002]

[0003]

[0004]

[0005]

Infrared reflective and electrically conductive coatings on glass substrate
are used to reduce heat transfer through the substrate and provide
resistive heating for defogging and/or defrosting. Said coatings are used in
particular in the building and automotive glazing domains.

Current requirements for infrared reflective and conductive coatings for
glazing, in particular in the automotive industry, are very strict, combining
low heat transmission given by a high infrared reflection, high optical
transmission, low electrical resistance, given by the sheet resistance of the
coating, and good visual aspect which is defined by the reflected colour.
Current technologies are however reaching their physical limits and are
not able to meet new requirements in terms of better energy management
and/or delivering higher heating power with moderate applied voltage.
Prior art patent document published US 2011/0268941 A1 discloses a
process for manufacturing a glazing unit with 3 or 4 functional layers made
of silver that can act on solar radiation and/or infrared radiation, as well as
resistive heater. One objective is to provide a multilayer that has a low
surface resistivity, a high light transmission and a relatively neutral colour,
and that can undergo a heat treatment above 600°C without significant
change of the properties. The glazing unit comprises a laminated
structure. The glazing unit comprises a transparent glass substrate coated
with a composite film comprising an alteration of one functional layer
based on silver or metal alloy containing silver and positioned between two
antireflection coatings. The coatings are deposited on the substrate by the

vacuum technique. The composite film can be used to form heated glazing
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[0006]

[0007]

[0008]

[0009]

214

unit. The limitation of the structure is the absence of versatility on the
visual aspect, particularly on the reflected colour. Moreover, the
requirement to be able to undergo a heat treatment above 600°C makes
the structure complex and difficult to modify as a function of new
requirements from the customer.

Prior art patent document published US 2015/0185382 A1 discloses a
transparent infrared reflective and low emissivity composite film. The
composite film is configured to be coated on a transparent substrate and
comprises at least one silver based layer which provides infrared reflective
(IRR) properties, at least one metal based layer and at least one metal
oxide based layers and an atomic layer deposited (ALD) metal oxide layer
on the top of the composite film. The composite film does not provide any
electrical conductivity to said composite and does not reach good optical
properties.

Prior art patent document published US 2015/0183301 A1 discloses an
optically transparent and infrared reflecting (IRR) composite film. The
composite film is configured to be coated on a glass substrate. The film
comprises at least one metal based layer, at least one silver based layer
used to reflect infrared radiation and at least one metal oxide based layer.
The composite film does not provide any electrical conductivity to said
composite and does not reach good optical properties.

The cited prior art disclosed composite films that show a limited figure of
merit in terms of low heat transmission, high optical transmission, low
electrical resistance and well defined colour.

The cited prior art discloses composite films that are deposited by vacuum
technology, mainly sputtering, on flat substrates prior to high temperature
treatment. The disclosed composite films are complex and contain a lot of
layers in order to be able to stand additional processing steps, including
high temperature heating and in order to reach good infrared reflective and
optical properties and/or electrical conductive properties. Moreover, the
process described in this prior art allows only very low versatility for

changing the visual parameters of the resulting films.
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Summary of invention

Technical Problem

[0010]

[0011]

The invention has for technical problem to provide a solution which
overcomes at least one drawback of the cited prior art. More particularly,
the invention has for technical problem to provide an optically transparent
composite film, to coat on a substrate, comprising a simple structure and
which reaches improved optical transmission, infrared reflection and
electrical conductive properties, while allowing larger flexibility in terms of
visual aspect, in particular reflected colour.

The invention has also for technical problem to provide a method for the
realization of a product coated with a composite film combining heat

reflective, electrical conductivity and good optical properties.

Technical solution

[0012]

[0013]

[0014]

[0015]

[0016]

The invention is directed to an infrared reflective and electrically
conductive composite film to coat or to be applied or to deposit on a
substrate, said composite film comprising at least one infrared reflective
layer; remarkable in that said composite film further comprises at least one
metal layer of connected metal nanowires, each of said at least one
infrared reflective layer and at least one metal layer being conformably
covered by an optically transparent conductive layer.

According to a preferred embodiment, the at least one infrared reflective
layer has a surface coverage rate of at least 30%.

According to a preferred embodiment, the at least one infrared reflective
layer is a layer of silver nanostructured particles with irregular shape or
disk shape and/or the metal nanowires are silver nanowires.

According to a preferred embodiment, the nanostructured particles of the
at least one infrared reflective layer are separated from each other with a
gap inferior to 1 um, preferably inferior to 100 nm.

According to a preferred embodiment, the nanostructured particles of the

at least one infrared reflective layer have different aspect ratio.
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[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

4/14

According to a preferred embodiment, the nanostructured particles of the
at least one infrared reflective layer have an average diameter comprised
between 1 nm and 10 ym, preferably between 10 nm and 1 ym.

According to a preferred embodiment, the at least one infrared reflective
layer has a thickness comprised between 1 nm and 30 nm.

According to a preferred embodiment, the connected metal nanowires of
the metal layer or each of the metal layer have a surface coverage rate
inferior to 20%, preferably inferior to 10%.

According to a preferred embodiment, the connected metal nanowires
have a length superior to 100 nm, preferably superior to 10 pym, a width
inferior to 10 um, preferably inferior to 100 nm and/or a thickness inferior
to 300 nm, preferably inferior to 100 nm

According to a preferred embodiment, each transparent conductive layer is
an optically transparent conductive metal oxide.

According to a preferred embodiment, each transparent conductive layer
has a thickness comprised between 10 and 1000 nm.

According to a preferred embodiment, the composite film further
comprises at least one wetting layer, said wetting layer or each wetting
layer being coated by an infrared reflective layer or by a metal layer.
According to a preferred embodiment, the wetting layer or each wetting
layer has a thickness inferior to 10 nm.

According to a preferred embodiment, the composite film comprised
between 1 and 5 infrared reflective layers and between 1 and 3 metal
layers.

The invention is also directed to a method for producing a product
comprising the steps of providing a substrate, depositing a composite film
on said substrate, remarkable in that the composite film of step of
depositing a composite film comprises at least one infrared reflective layer
and at least one metal layer of connected metal nanowires, each of said at
least one infrared reflective layer and at least one metal layer being
conformably covered by an optically transparent conductive layer, said

composite film being in accordance with the invention.
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[0028]

[0029]
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According to a preferred embodiment, the method further comprises a step
of depositing electrical contacts on said substrate.

According to a preferred embodiment, in step of depositing electrical
contacts on said substrate, said electrical contacts are deposited on the
substrate before the composite film or before at least one infrared
reflective layer or at least one metal layer.

According to a preferred embodiment, the step of depositing the composite

film is performed by atomic layer deposition and spray deposition.

Advantages of the invention

[0030]

[0031]

[0032]

The invention is particularly interesting in that the composite film
comprises at least one infrared reflective layer preferably of
nanostructures particles and at least one metal layer, each of said layers
being conformably covered by a transparent conducting layer. The
configuration of the composite film according to the invention provides
good infrared reflection and electrical conductive properties to said
composite film while keeping a good optical transparency of the composite
film and thus the optical transparency of the substrate.

Moreover, the invention provides a higher flexibility of the resulting visual
aspect, as compared to the prior art, due to the partial decoupling of the
infrared reflective layers and the electrical conductive layers, while keeping
a high level of performances due to the synergistical electrical conduction
provided by the transparent conductive layers.

Due to the method described in the invention for providing the afore-
mentioned layers with a high degree of accuracy of the thickness on
bended substrates, the number of layers can be reduced compared to

composite film of the prior art with the same level of performances.

Brief description of the drawings

[0033]

[0034]

Figure 1 illustrates a product comprising a composite film according to the
present invention.
Figure 2 is a cross section of the product represented on Figure 1,

according to a first embodiment.
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[0035]

[0036]

[0037]

[0038]
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Figure 3 is a cross section of the product represented on Figure 1,
according to a second embodiment.

Figure 4 is a cross section of the product represented on Figure 1,
according to a third embodiment.

Figure 5 illustrates a cross section of an example of a full optically
transparent product comprising the composite film and optional layers, in
accordance with the invention.

Figure 6 illustrates a cross section of the product of figure 1 comprising

electrical contacts.

Description of an embodiment

[0039]

[0040]

[0041]

In the following description, the term “optically transparent” is used to
mean that a material or a device transmits at least 40%, preferably at least
70%, more preferably at least 90%, of the incident visible light.

Figure 1 illustrates a product 2 comprising a composite film 4. Figure 2,
figure 3 and figure 4 respectively represent a cross section of the product
2 of figure 1 according to different embodiments. The products of figures 2,
3 and 4 are respectively numbered 2.1, 2.2 and 2.3. The product 2 is
preferably optically transparent and comprises a substrate 6 and the
composite film 4 coated on said substrate. Advantageously, the substrate
6 is optically transparent and is made of glass, PET or any optically
transparent material. The substrate 6 can be for example a windshield or a
window. The composite film 4 is coated on one face of the substrate but
can be coated on more faces of said substrate.

The composite film 4 comprises at least one infrared reflective layer 8 and
at least one metal layer 10 of connected metal nanowires. Each of the at
least one infrared reflective layer 8 and the at least one metal layer 10 is
conformably coated by an optically transparent conductive layer 12. The
term “conformably” is used to mean that the transparent conductive layers
cover/fit closely to the at least one infrared reflective layer and the at least
one metal layer by adapting to the shape of said at least one infrared

reflective layer and said at least one metal layer.
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[0042]

[0043]

[0044]

[0045]

[0046]
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Figure 1 only shows one infrared reflective layer 8 and one metal layer 10.
Preferably, the composite film 4 comprises between 1 and 5 infrared
reflective layers 8 and between 1 and 3 metal layers 10.

The at least one infrared reflective layer 8 has a surface coverage rate of
at least 30%. The at least one infrared reflective layer 8 is advantageously
a layer of nanostructured particles, as represented in figures 1, 2 and 3.
The nanostructured particles are advantageously flat silver nanoparticles
with an irregular shape or with a disk shape. Preferentially, the
nanoparticles are nanodisks. The term “nanodisk” is well-known by a
skilled-man. The term “irregular” is used to describe nanoparticles whose
contour does not form a perfect circle or disk. The nanostructured particles
have an average diameter comprised between 1 nm and 10 ym, preferably
between 10 nm and 1 ym. The nanostructured particles of the at least one
infrared reflective layer 8 are separated from each other with a gap inferior
to 10 um, preferably inferior to 100 nm.

The nanostructured particles of the at least one infrared reflective layer 8
have different aspect ratio and different surface coverage. In each of the at
least one infrared reflective layer 8, the nanostructured particles cover
different regions of said layer for larger reflection spectrum. The
nanostructured particles are advantageously atomic layer deposited
nanostructured particles, but not limited to it.

The connected metal nanowires of the at least one metal layer 10 have a
surface coverage rate inferior to 20%, preferably inferior to 10%.

The connected metal nanowires of the at least one metal layer 10 are
preferably connected silver nanowires. The connected nanowires can form
a disordered network of nanowires as represented in figure 1 or can be in
the form of a metal nanogrid (not represented). The connected metal
nanowires have a width inferior to 10 ym, preferably inferior to 100 nm and
a thickness inferior to 300 nm, preferably inferior to 100 nm. The width and
the thickness of the nanowires are respectively related to a plane parallel
to an average plane of the substrate and to a plane transversal to an
average plane of the substrate. The connected metal nanowires have a

length superior to 100 nm, preferably superior to 10 pm. In case of a
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[0048]

[0049]

[0050]
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nanogrid, the connected metal nanowires form a network with a length
between connexions superior to 100 nm, preferably superior to 1 ym. In
case of a disordered network of nanowires, the length between the
connexions is inferior to the length of the nanowires. The connected
nanowires can be deposited by spray-deposition. The metal grid can be a
mesh realised by lithography or by dewetting of a metal layer. The use of
connected metal nanowires allows to provide an electrical conductive layer
in the composite film 4 while keeping a good optical transparency of said
layer.

Each transparent conductive layer 12 conformably covers the
nanostructured particles of the at least one infrared reflective layer 8 and
the connected metal nanowires of the at least one metal layer 10, in order
to form a flattened surface. In order to reach the conformably covering of
said layers 8 and 10, the transparent conductive layers 12 are
advantageously deposited by Atomic Layer Deposition (ALD) but not
limited to it. Each transparent conductive layer 12 is a layer of an optically
transparent conductive material, preferentially transparent conductive
metal oxide such as but not limited to Al-doped ZnO layer or tin oxide.
Each transparent conductive layer 12 has a thickness comprised between
10 and 1 pm. Each transparent conductive layer 12 have different
thickness, or have the same thickness.

The combination of at least one infrared layer and at least one metal layer
of connected metal nanowires, with conformal transparent conductive
layers provides a solution to obtain optimum infrared reflective and
electrical resistance properties of the composite film 4, while keeping good
optical properties of the composite film in terms of optical transmission and
visual aspect.

The presence of several infrared reflective layers 8 with nanostructured
particles of different aspect ratios allows to improve the surface coverage
of the nanostructured particles in the composite film, thus improving the
infrared reflective properties of the composite film, while maintaining a

good optical transparency of said composite film.

LU100018




[0051]

[0052]

[0053]
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As represented in figures 1 and 2, the infrared reflective layer 8 is under
the metal layer 10, said configuration does not limit the invention. Indeed,
the metal layer 10 can also be above the infrared reflective layer 8, as
represented in figure 3. The terms “above” and “under” are related to the
substrate. In case of more than one metal layer 10 and more than one
infrared reflective layer 8, many configurations of the composite film 4 are
possible. One or several infrared reflective layers 8 can be made of
disconnected nanoparticles as represented in figures 1, 2 and 3, or of a
continuous metal film corresponding to a surface coverage of 100%, as
represented in figure 4.

The composite film 4 can also comprise at least one wetting layer (not
represented). The wetting layer or each wetting layer is coated by an
infrared reflective layer 8 or a metal layer 10. The at least one wetting
layer promotes deposition of an infrared reflective layer 8 and/or of a metal
layer 10. The wetting layer can be made of metal or oxide or nitride or
sulfide layer or a combination. Preferably, the at least one wetting layer is
made of silver. The at least one wetting layer has a thickness inferior to 10
nm. The composite film 4 can also comprise supplementary layers such as
supplementary transparent conductive layers 12, protective insulating
layers, anti-reflecting layers or index matching layers, gas barrier layers
and/or haze reducing layers (not represented).

Figure 5 illustrates an example of a product coated with the composite film
according to the invention comprising optional additional layers. This
example does not restrict any other configuration. The product 102 is a full
optically transparent product. The product 102 comprised a substrate 106
which is coated with a composite film 104. The composite film 104
comprises two infrared reflective layers 108 and one metal layer 110, each
of said layers 108 and 110 being conformably coated with a transparent
conductive layer 112. The composite film 4 can also comprise others
transparent conductive layers 112. More particularly, a transparent
conductive layer 112 can be coated on the substrate 106 before
deposition of the at least one infrared reflective layers 108 or the at least

one metal layer 110. The composite film 104 can also comprise optical or
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barrier layers 114 and a protection layer 116 on the top of the composite
film 104, at the opposite side of the substrate 106.

Generally, the product 2 coated with a composite film 4 according to the
invention, can also comprise electric contacts 18, as illustrated in Figure 6.
The electrical contacts 18 are deposited on the substrate 6 before the
deposition of the composite film 4 on the substrate, or at least before one
of the infrared reflective layer or one metal layer. In case of a bended
substrate, as a car windshield, the composite film or at least part of the
composite film is deposited after the bending of the substrate. The
composite film, being mostly deposited by atomic layer deposition, allows
to have a direct electrical connection between the electrical contacts and
said composite film. The combination of electrical contacts with the
composite film provide defogging and defrosting properties to the product.
The manufacturing described here does not preclude post thermal
treatment at a moderate temperature below 300°C.

In another embodiment of the invention (not represented), the product
comprising a glass substrate coated with the composite film according to
the invention can also comprise a polymer film such as a polyvinyl butyral
film and a counter substrate glass, in order to form a laminated glass.

The composite film according to the invention can be used to produce low-
emissivity windows, glazing in vehicle such as cars, planes or trains, glass
for displays and/or transparent polymer substrate (e.g. helmet’s

eyeshade), all of them can be flat or bended.
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Revendications

Film composite (4) réfléchissant Finfrarouge et électriqguement conducteur, pour le
revétement d'un substrat (6), ledit film composite (4) comprenant au moins une
couche (8) refléchissant l'infrarouge

caractérisé en ce que ledit film composite comprend en outre au moins une couche
métallique (10) de nanofils meétalliques connectés, chacune desdites ay moins une
couche reflechissant I'infrarouge (8) et au moins une couche métallique (10) étant
recouverte de maniére conforme par une couche conductrice optiquement
transparente (12).

Film composite (4) selon la revendication 1, caractérisé en ce que la au moins une

couche réflechissant I'infrarouge (8) a un taux de couverture de surface d'au moins
30%.

Film composite (4) selon I'une quelconque des revendications 1 et 2, caractérisé
en ce que la au moins une couche réfléchissant linfrarouge (8) est une couche de
particules nanostructurées d'argent avec une forme irréguliére ou une forme de
disques et/ou les nanofils métalliques sont des nanofils d'argent.

Film composite (4) selon la revendication 3, caractérisé en ce que les particules
nanostructurees de la au moins une couche réfléchissant linfrarouge (8) sont
séparées l'une de l'autre avec un espace inférieur a 1 um, de préférence inférieur
a 100 nm.

Film composite (4) selon I'une quelconque des revendications 3 et 4, caractérisé
en ce que les particules nanostructurées de la au moins une couche refléchissant
linfrarouge (8) ont un rapport d'aspect différent.

Film composite (4) selon I'une quelconque des revendications 3 a 5, caractérisé
en ce que les particules nanostructurées de la au moins une couche réfléchissant
linfrarouge (8) ont un diamétre moyen compris entre 1 nm et 10 um, de préférence
entre 10 nm et 1 ym.

Film composite (4) selon I'une quelconque des revendications 1 a ©, caractérisé
en ce que la au moins une couche réfléchissant linfrarouge (8) a une épaisseur
comprise entre 1 nm et 30 nm.

Film composite (4) selon I'une quelconque des revendications 1 a 7, caractérisé

en ce que les nanofils métalliques connectés de la couche meétallique (10) ou de




chacune des couches métalliques (10) ont un taux de couverture de surface LU100018
inférieure a 20%, de préférence inférieur a 10%.

9. Film composite (4) selon f'une quelconque des revendications 1 a 8, caractérisé
en ce que les nanofils métalliques connectés ont une longueur supérieure a 100
nm, de préférence superieure a 10 pym, une largeur inférieure @ 10 um, de
préférence inférieure a 100 nm et/ou une épaisseur inférieure a 300 nm, de
préférence inférieure a 100 nm.

10. Film composite (4) selon l'une quelconque des revendications 1 a 9, caractérisé

en ce que chaque couche conductrice transparente (12) est un oxyde métallique

conducteur optiquement transparent.

11. Film composite (4) selon 'une quelconque des revendications 1 a 10, caractérise
en ce que chaque couche conductrice transparente (12) a une épaisseur comprise
entre 10 et 1000 nm.

12. Film composite (4) selon I'une quelconque des revendications 1 & 11, caractérisé
en ce que ledit film composite (4) comprend en outre au moins une couche de
mouillage, ladite couche de mouillage ou chaque couche de mouillage étant
revétue par une couche réfléchissant linfrarouge (8) ou par une couche métallique
(10).

13. Film composite (4) selon la revendication 12, caractérisé en ce que la couche de
mouillage ou chaque couche de mouillage a une épaisseur inférieure a 10 nm.

14. Film composite (4) selon l'une quelconque des revendications 1 a 13, caractérisé
en ce que ledit film composite (4) comprend entre 1 et 5 couches réfléchissant
linfrarouge (8) et entre 1 et 3 couches métalliques (10).

15. Procédé de fabrication d'un produit (2) comprenant les étapes de:

- fourniture d’un substrat (6)

- dépét d'un film composite (4) sur ledit substrat (6)

caractérisé en ce que le film composite de I'étape de dépdt d'un film composite (4)
comprend au moins une couche réfléchissant linfrarouge (8) et au moins une
couche métallique (10) de nanofils métalliques connectés, chacune desdites au
moins une couche réfléchissant I'infrarouge et au moins une couche metallique
étant recouverte de maniére conforme par une couche conductrice optiquement

transparente, ledit film composite (4) étant conforme a !'une quelconque des
revendications 1 a 14.




16. Procedé selon la revendication 15, caractérisé en ce que ledit procédé comprend
en outre une étape de dépdt de contacts électriques (18) sur ledit substrat (6).

17. Procedé selon la revendication 16, caractérisé en ce que, lors de I'étape de dépot
de contacts électriques sur ledit substrat, lesdits contacts électriques sont déposés
sur le substrat (6) avant le film composite (4) ou avant au moins une couche
réfléchissant l'infrarouge (8) ou au moins une couche métallique (10).

18. Procede selon I'une quelconque des revendications 15 a 17, caractérisé en ce que
I'étape de depdt du film composite est réalisée par dépot de couche atomique et

dépébt par pulvérisation.
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Abstract

INFRARED REFLECTIVE AND ELECTRICAL CONDUCTIVE COMPOSITE FILM AND
MANUFACTURING METHOD THEREOF

The invention is directed to an infrared reflective and electrically conductive
composite film (4) to coat on a substrate (6), said composite film (4) comprising at
least one infrared reflective layer (8). The composite film further comprises at least
one metal layer (10) of connected metal nanowires, each of said at least one
infrared reflective layer (8) and at least one metal layer (10) being conformably

covered by an optically transparent conductive layer (12).

(Figure 1).




RNational Application
y y Psmbeyr
LU GO UVERNEMENT

DU GRAND-DULHE DE LUXEMBOURG SEARCH REPORT

Ministars de Meonoms

i1 accondanse with Artichs 351 a8}

of the Luxembourg aw on patenis 11:3 %?}ggl a
clated 20 Judy 1892
DOCUMENTS CONSIDERED TO BE RELEVANT
Csteaor {tation of dostment with indication, whers appropriste, Balevant CLASHFICATION QF THE
gory ol relevant passagss ¥ oiain APPLICATION (1PC)
¥ WO 20167031489 Al {FUJIFILM CORP [JF]) 1-18 IRV,
3 March 2016 (2016~-03-03) GOZBS/08
* the whole document * * GEZB5 /28

E <& US 20177145737 Al (HASEGAWA KAZUMIRQ ¥-18 BORRE 20
[JP]) 25 May 2017 {(2817-05~25)

* abstract & %

* paragraphs {aa??% - [0088], [008%] ~
0092}, [0147)1, 1[p18G] - [6196], [6201]

- (o261} *
* figures 1-3 *
¥ EF 2 374 5%% A2 {FUJIFILM CORP [JP}) 1-18

12 October 2811 {20611-18-12}

* abstract * ¥

* paragraphs [0689] - [0813]. [883%9] -
{op44], [op9l] - [pogs] ~

* figures 1,2 %

A WO 20137056242 Al (UNIV CALIFORNIA [US]} {1-18
18 April 2013 {2613-04-18)

* abstract * ¥ , TECHNICAL FIELDS
* paragraphs [00@3] -~ [oo08], [0016] - Teanoen LR
{6030], {0034) * G028

* figures 1-§ *
* ¢laims 29,35 *

A US 20157305166 Al {FRIED ANDREW T [US] ET (1-18
AL) 22 Dctober 2815 (2015-10-22)
* abstract * ¥

o -

,..f--

The presant seqrah repor has been desae up-forall slaims

1
Dbz of commphation ot the esanih EXERCRI
g 26 September 2017 Moroz, Alexander
™
§§ DATEGURY OF SITER DOCLIMENTS T theory gt prineiple undesiying the vention
o . : . E ¢ sarier patent dosument, it pubilished onyer
§;§ X pastioularly relevant i taken along: ) after the Hing date )
2 ¥ - pariicutary selsvant Fonmbined with aristher Ir v dosurient oited in the apphication
= ‘dacurnant of the sarme sadsypsry £orofimduire g sited Tor.other reasong
b L non-writien dinlosure’ & member of the same patentfamily, sorvespanding
Pz intermediate’ document dodiserernt

Sz

page 1 of



Naftomal Application

Mapmber
LU UVERNEMENT
DU GRAND-DUCHE DE LUKEMBOURG SEARCH REPORT
Miristare de Seanorais
' ' i1 accondanse with Artichs 351 a8}
. . LO 1558
ol the Luxembourg-igw on patents (U 100018
dated 20 Ay 1882
DOCUMENTS CONSIDERED TO BE RELEVANT
Cstegar {tation of dostment with indication, whers appropriste, Balevant CLASSIFICATION OF THE
sory ol rzievant passages to olaim APPLICATION (IPC)
A TANJA SCHILLING ET AL:  “Percolation in  |1-18

suspensions of hard nanoparticles: From

spheres to needles”,

EUROPHYSICS LETTERS: A LETTERS JOURNAL

EXPLORING TRE FRONTIERS OF PHYSICS,

vol. 111. no. 5,

1 September 2015 (2015-08-01), page 56004,

XPO55409926,

FR ‘

1SSN: 0295-5875, DOI:

10, 1209/0205~5075/111/56004

* abstract » *

* tables 1,2 *

* figure 3 *

TECHMICAL FIELDS
SEABCHELS {es)

i The presant seqrah repor has been desae up-forall slaims
- Dbz of commphation ot the esanih EXERCRI
g 26 September 2017 Moroz, Alexander
;\; DATEGURY OF SITER DOCLIMENTS T theory gt prineiple undesiying the vention
o . : . E ¢ sarier patent dosument, it pubilished onyer
§;§ X pastioularly relevant i taken along: ) after the Hing date )
2 ¥ - pariicutary selsvant Fonmbined with aristher Ir v dosurient oited in the apphication
= ‘dagurnert of tie sarree solupny L oobpsuimet gifed tor other resgong
7 £ nonswritien divalosure &rmember ofthe same patent tamily, sorrespunding
o P irtermediate dogurment dogisrrmnt

page 2 of



EREORM PUET

ANNEX TO THE SEARCH REPORT
ON LUXEMBOURG PATENT APPLICATION NQ. LQ %gggza
A

This annex fists the patent family members rslating to the patent dostiments cited - e abovssmentinned Eurapean sasrchreport.
Tha members are as corfained in e Buropsan Patent - Dffice ERP lle nn
The BEuropaars Patant Offies s v nooway Bable for these particnlars which are mevely givercior he purpoess of information.

26-09-2017
Patent dosument Fublication Patent famiy Publication
cited i search report dats memnbers) date
WO 2016031489 AL 03-03-2016 CN 106575004 & 15-84-2017
JP WD2016031489 Al 15-06-2017
s 20817145737 Al 25-85-2017
WO 2315631489 Al 83-03-2016
US 2017145737 AL 25-05-2017 CN 106575004 A 19-04-2017
JP W02016031489 Al 15-06~2017
Us 2817145737 Al 25-85-2017
WE 2016031489 Al 83~83-2016
EP 2374558 A2 12~ 1@ 2011 ¢ 102219388 & 19-10-2011%
EP 2374559 A2 12-10-2011
JP 5635208 B2 23-12-2014
JP 2811219887 A g4-11-2011
Us 201125@43? Al 13~-10-2011
NG 2913@56242 Al 18- 84 2013 EP 288@994 Al 12 11-2014
JP 2015501534 & 15-01-2015
KR 20140088150 A 09-~07-2014
Us 20142908987 Al #2-10-2014
WO 2013058242 Al 18-04~2013
us ?@153851a6: Al 22= l@ ﬁ@lS' TH 2@168?391 & 16-02-2016
s 2015305166 Al £22-10-2015
WO 2015164024 Al 29- 1& 2815

A Aa AT A B A W e Ba T AR B AR N N e e AL B AR NI N e e A T AR W e e e A R e e e e A N e e e e e e e aA AR aa W e

5 Formore details abaut this aanex: ses Oficiat Jourmal of the Elrspean Ratent Difics; N, 12782




EOOUVERNEMINT
DU GRAND-BUCHE DE LUREMBOURG
pinistirede  Ecomoniin

WRITTEN OPINION

Fila N Filing date (daydrontfyiearn Priceity date: (dayinenitvesn Application Mg
L1559 PEOT.28Y7 LUTann18

imierrsa‘limaiﬁ Paient Classification (IPC)

V. GO2BH08 GO2B528 GO2BSZ0

Applicant
Lixembourg Institule of Selence and Technology (LIST)

This repon condaing indlications felating fo the following tems;

Bax Mol Basis of the gpinian

Bax No. il Pricrity

Box Mo L Nen-satablishmant of a‘piniﬂn‘ with regard to novedty, inventive steg and induatrial applicakility
Box Ne, T Lack ol unity of inventian

B N, ¥ Reasunad stalement with regard to novelty; inventive step or industrial spplicability;
citations and explanadivns sugpaning such stalement ’ '

Box No. VWi Ceriain deoumenis ofted
Bowo NG Vi Cartgin delects in the application
Box Na. Vi Cartain obaervations off the application

BHD BOCOH

{ Fxariner

i Moroz, Alexander
Form LUJ237A& (Cover Sheat) Uiangary 2007}




AppticationNg

WRITTEN OPINION LU100018

Box No. I Basis of the opinion

. This opinion has bean established on the basis of the latest sotof ¢laims fied Defore tha stark of the search.

2. With regard to any niclectide andior amino acid sequence disclosedt irihé application and necessary o the

claimed invention, Hiis opinion has been established on ths basis of:
a. type of material:

1 asequence listing

L1 tablets) refateddo the sequence listing
b format of materiak

O onpaper

£ i electronic form
¢, Hme of filingfuraishing:

£l contained in the application asfiled.

L3 filed together with the application: in electranic form.

EF fumished subsequentiy.
. B} ncaddition, in the case thal more than ong-version oy copy of a sequence listing andor table relating thersto
hag bean filed orfumishad, the required staternenis that the.nformation in the subseguent or additional
coplas isddentical to that in the gpplication as hled or doas not go beyond the application ag filad, as
gppropriate, wera furnishad

- Adgitional comments:

Box No. V' Reasoned statement with regard 10 novelty, inventive step and industrial applicability;
citations and explanations supporting such siatement

P

1. Statement
Novelty Yes: Claims 118
No: Claims
Investtives step Yes: Claims: ‘
Mo Claims 1-18
tndustrial applicability Yeg: Claims 118

Mo Claims

Citations and explanations

see separate shest
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Box Ne. Vit Certain defects in the application

The fobowing defects in the form e contents of the application have bean noted:

see separate sheet

Box No. Vil Certain observations on the application

see sepavate sheet
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WRITTEN OPINION Application number
{SEPARATE SHEET) LU 60018_

Reference is made to the following documents; the numbering will be adhered o in
the rest of the procedure:

11

D1 WO 2016/031488 A1 (for the applicant's convenience, passages from a
family member US 2017145737 A1 written in English were quoted)

D2 EP 2 374 859 A2

D3: WO 2013/056242 Al

D4: UGS 2015/3051686 At

D8 XPDES409928 (TANJA S8CHILLING ET AL: "Percolation in suspensions of
hard nanoparticles: From spheres 1o needies”, EURQPHYSICS LETTERS,
vl 117, no. 5, 1 September 2015 (2015-09-01), page 56004, FRISGN:
D285-5075, DOL 10.1209/0285-5075/111/58004)

em V

inventive step

The subject-matier of claims 118 lacks an inventive siep.

{Regarding independent claim 1): Document D1 {(abstract; paragraphs [D077]
- [a0as], [008Y] ~ [D0Y2], {01471, [0180] - [0186], [0201] - [0261]; figures 1-8)
discloses {the references in ;pa-renthesés applying fo thig document; emphasis
added; not applicable alternatives or features strike out)

infrared reflective and electrically conductive composite filmto coatona
substrate ({0062} "As shown m FIG. 1, itis preferable rhaz‘ the heat insulating
film 103 of the invention includes a pressure sensitive adhesive fayer 51 on a
surtace of the support 10 on the window (glass 61 in FIG. 3) side and it is
preferable that the glass 61 and the pressure sensitive adhesive layer 81 are
bonded to each other"),
said composite film comprising atleast-enc-infraredreflcctive-layer{8y

i te-H : niprises at least one metal layer of connected

metal nanowires - cf. D1 (paragraph [00801): " in order to easily forin more
transparent tibrous conductive particles-containing layer, fibrous gonductive

P LORAT-3 {separaie sheell (January 8007 {shaet 1}
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particles having an average short axis length of 1 nm o 150 nm are
preferable, for example, as the fibrous canductive particles such as metal
nanowires." Metal nanowires are regarded to be connected because their
aspect ratico is at least 10 - cf, DT {paragraph [0180}): "From a viewpoint of
the effect, a content of the fibrous conductive particles such as metal
nanowires (preferably, metal nanowires having an aspect ratio equal to or
greater than 10}, which in combination with their volume fraction of at least
&50% - of, D1 {paragraph [0084]}: "... a confent of fibrous conductive particles
such as metal nanowires ... is preferably equal to or greater than 50% by
mass) implies that thay are above a percolation threshold - cf. DS (abstract;
tables 1.2; figur@ 3%

Heast rerect-refiocthy yer-{8)-and at least one metal
iayer bemg conformab y covered by an optscal!y transparent conductive
layer - cf. D1 {paragraph [0147)): "In the heat insulaling film of the invention,
it is preferable that the main component of the binder of the fibrous
conductive particles-containing layer is a conductive polymer. The
conductive pelymer giso effectively shields infrared light and exhibils heat
ngulating properties.”

1.1.1 Difference: The subject-matier of claim 1 differs from the disclosure of the
maost relevant state of the art D1 in that it comprises "an additional infrared
reflective layer’,

cormected metal nanowires and the mfrarad re-fieciwa layer in a single layer.
See:

- D1 {paragraph [D180Y): “The fibrous conductive particies-containing layer
may include gther. conductive materials, for example, conductive particles”

- D1 (paragraph [0182]): "... “For example, in a case where the fibrous
conductive particles are szfver nanowires and the ¢o i rlicle
silver particles” {cf. claim 3-of the application)

Foarn: LRI (Heparate ehealy Lanussy 20071 (sheet @
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1.1.2  Since the closest prior art provides all the technical effects of the invention,
the objective problem to be solved by the present invention may therelfore
be regarded as lo provide an "afternative infrared rellective and electrically
conductive compaosite Gim to coat on a substrate”.

1.1.3  The skilled person would is well aware of the option of having an "addilional
infrared reflective layer’. Seg in thiz regard D2 {abstract; paragraphs [0D08] -
[0013], [0038] - [0044], [0091] - [0008]: figures 1,2), which anticipates all the
features of the infrared reffective layer of claim 1.

The alternative of having an infrared reflective layer as a separate layerto
the metal layer (10) of gonnected melal nanowires in an infrared reflective
and electrically conductive composite fitm, each of said at least one infrared
reflective layer and at least one metal fayer being conformably covered byan
pptically transparent conductive layer is regarded o be a constructional detail
which comes within the scope of customary practice followed by persons
skifled in the ant, especially as the achieved advantages can be readily
cortemplated in advance.

1.2 (Regarding independent claim 18} The same applies, mutatis mutandis, {0
the independent method claim 15.

1.3 {Regarding claims 9,11): Furthermore, D1 disclozes the features introduced
by the subject-matier of dependent claims 9,11,

- €91 the connectad metal nanowires have g length superior to 100 nm,
preferably supetior to 10 pm, a width inferior to 10 pm, preferably inferior to
100 nm and/or a thickness inferior to 300 nm, preferably inferior to 100 nm -
cf. D1 {paragraph [00821): " The average long axis Jength of the fibrous
corxductive particles such as metal nanowires is preferably § pm to 50 um, in
order fo easily reflect lar infrared rays at a wavelength of § to 50 um, more
preferably 10 yim to 40 um, and gven more preferably 185 pm to 40 ',

D1 {paragraph [DOB1}): "From easiness of handling at the time of the
manufacturing, an average short axis length (average diameter) of the fibrous
conductive particles such as metal nanowires is preferably equal to or

Foem LU237R Jsepaiaie sheety {daruary 2007 {sheet 8
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smaller than 100 nm, mors preferably squal to or smaller than 60 nm, and
even more preferably equal to or smaller than 80 nm, and the average short
axis length thereof is particularly equal to or smaller than 25 nm';

- ¢11: fransparent conductive laver (12} has a thickness comprised belween
10 and 1000 nm - ¢f. D1 {paragraph [0188]): "An gverage film thickness of
the fibrous conductive particles-containing fayer is normally selected from a
range of 8005 ym o 2 um.”

A4 (Regarding dependent claiims 2-8,10,12-14,16-18): Given the closest prior arnt
D1 taken in combination with D2, the additional features introduced by
dependent claims 2-8,10,12-14,16-18 are regarded minor constructional
details and mersly some of several straightforward possibilities from which
the skilled person would select, in accordance with circumstances, without the
exercise of inventive skill. There appears 1o be no surprising or synergetic
gffect resulting from the implementation of any of these additional features.

2 ltem VI

The application contravenes the following rules: (identification of relevant prior
art D1,D2,03,D4) and two-part form does not propetly reflects the cited prior
art.

3 ltem Vil

33 {Regarding claim 2): A surface coverage rate of what? The feature of “the at
least one infrared reflective fayer (8) has a surlace coverage rafe of al least
30%" is unclear because the infrared reflective layer has not been defined
yel as e.q. "a fayer of silver nanostructwred particles with irregular shape or
disk shape” - ¢l clainy 3.

The above abjection can be overcome by redrafting claim 1 so that it defines
"the al least one infrared reflective layer (8) of silver nanosiructured particles
with irregular shape or disk shaps®

Foem LU237R Jsepaiaie sheety {daruary 2007) {sheet 4]
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32 {Regarding claims 6,7): How can "the at least one infrared reflective layver (8
have g thickness comprised between I nm and 30 nm' i "the
nanostrustured particles of the at least one infrared reflective layer (8) have
an average diameter comprised between 1 nm and 18 um, preferably
between 10 nm and ¥ pm'?

3.3 (Regarding claim 9): The technical meaning of metal nanowirss which have
length shorter than their width and/or thickness is unclear - of. "the connected
metal nanowires have g length superior to 100 nm, ..., & width inferior fo
18 pm, ... and/or a thickness inferior to 300 nm, preferably inferior to 100
nm’,

331  What is a geometrical meaning of a width and a thickness of a metal
nanowire? How one.can differentiate between the two?

Fodm LUES7-3 {sepmaie sheeti {danuary 2007  shaet Bt
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