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57 ABSTRACT

A single layered smart window may include a substrate; and
a single layered coating formed on the substrate, wherein the
coating includes a composite of a vanadium oxide and a low
reflective material. The single layered smart window has
high visible light transmittance and is capable of blocking
infrared ray as a temperature is increased.
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SINGLE LAYER SMART WINDOW

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of Korean Patent Application No. 10-2015-0171163
filed on Dec. 3, 2015, in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference for all purposes.

BACKGROUND

[0002] 1. Field

[0003] The following description relates to a single layer
smart window, and, more particularly, a single layer smart
window having high visible light transmittance with a
simple structure and a method for manufacturing the same.
[0004] 2. Description of Related Art

[0005] As the cost of energy sources increases, the impor-
tance of energy saving technologies is emerging. In particu-
lar, cooling and heating accounts for a majority of energy
consumption, and about 24% of the energy consumed by
cooling and heating is lost through windows.

[0006] Smart window technology is an active control
technology that can reduce the energy loss by freely con-
trolling the light transmittance therethrough from the out-
side, and can be applied to various industrial fields such as
transportation, information, display, and architecture. The
existing smart window has a smart window using ther-
mochromic property.

[0007] The thermochromic property is as follows: the
crystal structure of a material changes around a specific
temperature and its physical properties change rapidly. The
smart window using the thermochromic property transmits
visible light when the temperature exceeds a certain tem-
perature, but it can prevent the rise of the room temperature
by blocking near infrared rays and infrared rays, thereby
improving energy efficiency.

[0008] However, since many materials having ther-
mochromic properties have a high phase transition tempera-
ture, they are substantially difficult to use for smart win-
dows. In the case of a smart window using vanadium dioxide
having a relatively practical phase transition temperature,
low visible light transmittance thereof may be problematic.
[0009] In order to compensate for this low visible light
transmittance, a method of manufacturing a multilayer smart
window by coating a substance capable of improving the
transmittance on a vanadium dioxide coating film may be
used. However, such a method requires an additional process
and increases the processing time and cost. In addition, there
is a problem that the infrared transmittance of the smart
window is reduced.

[0010] Therefore, there is a need for a smart window
having high visible light transmittance and a method for
manufacturing the same.

SUMMARY

[0011] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify all key features or essential features of
the claimed subject matter, nor is it intended to be used alone
as an aid in determining the scope of the claimed subject
matter.
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[0012] The present disclosure is to provide a smart win-
dow having high visible light transmittance with a simple
structure and a method for manufacturing the same.

[0013] In one aspect, there is provided a single layered
smart window comprising: a substrate; and a single layered
coating formed on the substrate, wherein the coating
includes a composite of a vanadium oxide and a low
reflective material.

[0014] In one implementation, the vanadium oxide com-
prises a vanadium dioxide.

[0015] Inoneimplementation, the low reflectivity material
is at least one selected from a group consisting of alumina
(A1,0,), silicon dioxide (SiO,), titanium dioxide (TiO,),
tungsten trioxide (WO;), zinc oxide (ZnO), hafnium oxide
(HfO,), silicon nitride (SiN), indium tin oxide (ITO), chro-
mium oxide (Cr,0;), cerium oxide (CeQ,), or tin oxide
(Sn0O,).

[0016] In one implementation, the single layered coating
contains a content of about 0.1% inclusive by weight to
about 0.5% exclusive by weight of the low reflective mate-
rial.

[0017] In one implementation, a concentration of the low
reflective material has a gradient in a thickness direction in
the single layered coating.

[0018] In one implementation, the single layered smart
window has a visible light transmittance peak value of 65%
or more at 90° C.

[0019] In one implementation, the substrate includes a
transparent glass substrate, a transparent polymer substrate,
or a transparent oxide substrate.

[0020] In one implementation, the single layered coating
is formed on the substrate using a co-sputtering process,
wherein the co-sputtering process includes sputtering first
and second targets simultaneously, wherein the first target
includes a vanadium metal or vanadium oxide and the
second target includes at least one selected from a group
consisting of alumina (Al,O,), silicon dioxide (Si0,), tita-
nium dioxide (TiO,), tungsten trioxide (WO;), zinc oxide
(Zn0), hafnium oxide (HfO,), silicon nitride (SiN), indium
tin oxide (ITO), chromium oxide (Cr,0;), cerium oxide
(Ce0O,), or tin oxide (SnO,).

[0021] The present disclosure can provide the single-layer
smart window having a simple structure with a single layer,
exhibiting high visible light transmittance, and exhibiting
excellent infrared blocking ability at a temperature rise.
Thus, most of the visible light transmits through the window
due to its high visible light transmittance to keep the room
bright. In addition, since the single-layer smart window of
the present invention has the simple structure with the single
layer, the manufacturing process time and cost can be
reduced.

[0022] Other features and aspects may be apparent from
the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are incorpo-
rated in and form a part of this specification and in which
like numerals depict like elements, illustrate embodiments
of the present disclosure and, together with the description,
serve to explain the principles of the disclosure.

[0024] FIG. 1 is a graph for describing single layer smart
windows of various embodiments according to the present
disclosure.
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DETAILED DESCRIPTION

[0025] Examples of various embodiments are illustrated
and described further below. It will be understood that the
description herein is not intended to limit the claims to the
specific embodiments described. On the contrary, it is
intended to cover alternatives, modifications, and equiva-
lents as may be included within the spirit and scope of the
present disclosure as defined by the appended claims.
[0026] It will be understood that, although the terms
“first”, “second”, “third”, and so on may be used herein to
describe various elements, components, regions, layers and/
or sections, these elements, components, regions, layers
and/or sections should not be limited by these terms. These
terms are used to distinguish one element, component,
region, layer or section from another element, component,
region, layer or section. Thus, a first element, component,
region, layer or section described below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the present
disclosure.

[0027] It will be understood that when an element or layer
is referred to as being “connected to”, or “coupled to”
another element or layer, it can be directly on, connected to,
or coupled to the other element or layer, or one or more
intervening elements or layers may be present. In addition,
it will also be understood that when an element or layer is
referred to as being “between” two elements or layers, it can
be the only element or layer between the two elements or
layers, or one or more intervening elements or layers may
also be present.

[0028] Spatially relative terms, such as “beneath,”
“below,” “lower,” “under,” “above,” “upper,” and the like,
may be used herein for ease of explanation to describe one
element or feature’s relationship to another element s or
feature s as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” or “under” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, the example terms “below” and
“under” can encompass both an orientation of above and
below. The device may be otherwise oriented for example,
rotated 90 degrees or at other orientations, and the spatially
relative descriptors used herein should be interpreted
accordingly.

[0029] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the
singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises”, “comprising”, “includes”, and “including”
when used in this specification, specify the presence of the
stated features, integers, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, operations, elements, com-
ponents, and/or portions thereof. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. Expression such as “at least
one of” when preceding a list of elements may modify the
entire list of elements and may not modify the individual
elements of the list.
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[0030] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art
to which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0031] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of the present disclosure. The present disclosure
may be practiced without some or all of these specific
details. In other instances, well-known process structures
and/or processes have not been described in detail in order
not to unnecessarily obscure the present disclosure.

[0032] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
Further, the use of “may” when describing embodiments of
the present disclosure refers to “one or more embodiments
of the present disclosure.”

[0033] The single layer smart window in accordance with
the present disclosure comprises a substrate and a single
layered coating formed on the substrate. The coating is made
of a composite of a vanadium oxide and a low reflective
material.

[0034] The substrate may be formed of a transparent
material having high light transmittance. For example, the
substrate may be a transparent glass substrate, a transparent
polymer substrate, a transparent oxide substrate, or the like.
[0035] The single layered coating may be formed by
simultaneously co-sputtering the vanadium compound and
the low reflection material on the substrate. By simultane-
ously depositing the vanadium compound and the low
reflective material on the substrate, the single layer smart
window in accordance with the present disclosure has a
simple structure composed of a single layer and can reduce
the manufacturing process, time, and cost. In addition, it can
exhibit high light transmittance.

[0036] The vanadium compound may comprise vanadium
oxide. For example, the single layer smart window may
include vanadium dioxide (VO,) as the vanadium com-
pound. The vanadium dioxide is a material having a ther-
mochromic property which is phase-changed at a tempera-
ture of 68° C. Specifically, the vanadium dioxide has a
monoclinic crystal structure showing high infrared ray trans-
mittance at a temperature below 68° C. inclusive. However,
at a temperature exceeding 68° C., the crystal structure
thereof is phase-changed into a tetragonal crystal structure,
which exhibits low infrared transmittance. Therefore, it is
possible using these characteristics to construct a smart
window that can automatically shut off infrared rays when
the temperature rises

[0037] The low reflective material may comprise at least
one of oxide or nitride. For example, the low reflectivity
material may be at least one selected from the group
consisting of alumina (Al,O,), silicon dioxide (Si0,), tita-
nium dioxide (TiO,), tungsten trioxide (WO;), zinc oxide
(Zn0O), hafnium oxide (HfO,), silicon nitride (SiN), indium
tin oxide (ITO), chromium oxide (Cr,0;), cerium oxide
(CeO,), or tin oxide (SnO,). The low reflective material
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together with the vanadium oxide may be contained in the
single layer smart window, to improve the transmittance of
the single layer smart window.

[0038] Inone embodiment, the single layered coating may
be formed on the substrate using a co-sputtering process that
simultaneously uses the vanadium metal or vanadium oxide
as a first target and the low reflection material as a second
target. Specifically, the first target includes a vanadium metal
or a vanadium oxide, and the second target includes at least
one selected from a group consisting of alumina (Al,O;),
silicon dioxide (Si0O,), titanium dioxide (Ti0O,), tungsten
trioxide (WO;), zinc oxide (ZnO), hafnium oxide (HfO,),
silicon nitride (SiN), indium tin oxide (ITO), chromium
oxide (Cr,0s;), cerium oxide (CeQ,), or tin oxide (SnO,).
The co-sputtering process may be executed by sputtering the
first and second targets concurrently.

[0039] In this connection, it is possible to form the single
layered coating in which the concentration of the low
reflection material is uniform. Alternatively, the concentra-
tion of the low reflective material may have a gradient in the
single layered coating. Specifically, as the distance from the
outer surface of the single layered coating to the substrate
increases, the concentration of the low reflective material
increases or decreases. This may be achieved by sputtering
the first and second targets with different sputtering energies.

[0040] Inone embodiment, the single layered coating may
contain a content of about 0.1% inclusive by weight to about
0.5% exclusive by weight of the low reflective material. For
example, the single layered coating may be formed of a
composite in which the low reflective material is mixed with
a matrix of the vanadium compound with a content of about
0.1% inclusive by weight to about 0.5% exclusive by weight
of the low reflective material over the vanadium compound.
In this connection, the concentration of the low reflection
material is uniform in the matrix. Alternatively, the concen-
tration of the low reflective material may have a gradient in
the single layered coating.

[0041] When the single layered coating contains less than
0.1% by weight of the low reflective material, the visible
light transmittance of the single layer smart window may not
be improved. When the low reflective material comprises a
content of more than or equal to 0.5% by weight, the
thermochromic characteristics of the smart window may not
appear.

[0042] Further, the single layer smart window may have a
visible light transmittance peak value of 65% or more, and
preferably 80% or more.

[0043] Hereinafter, the single layer smart window in
accordance with the present disclosure will be described in
more detail with specific examples.

EXAMPLE 1

[0044] To fabricate a single layer smart window according
to an example 1 of the present invention, vanadium dioxide
was used as the vanadium oxide and alumina was as the low
reflection material.

[0045] 0.1 wt % alumina over the vanadium dioxide and
the vanadium dioxide were co-sputtered simultaneously
onto a glass substrate to prepare a single layer smart window
(hereinafter, the present smart window 1) according to
example 1 of the present invention.
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EXAMPLE 2

[0046] To fabricate a single layer smart window according
to an example 2 of the present invention, vanadium dioxide
was used as the vanadium oxide and alumina was as the low
reflection material.

[0047] 0.3 wt % alumina over the vanadium dioxide and
the vanadium dioxide were co-sputtered simultaneously
onto a glass substrate to prepare a single layer smart window
(hereinafter, the present smart window 2) according to
example 2 of the present invention.

COMPARISON EXAMPLE 1

[0048] To fabricate a single layer smart window according
to a comparison example 1, only vanadium dioxide was used
as the vanadium oxide, and the low reflection material was
absent.

[0049] The vanadium dioxide was sputtered or deposited
onto a glass substrate to prepare a single layer smart window
(hereinafter, a comparison smart window 1) according to the
comparison example 1.

COMPARISON EXAMPLE 2

[0050] To fabricate a single layer smart window according
to a comparison example 2, vanadium dioxide was used as
the vanadium oxide and alumina was as the low reflection
material.

[0051] In this example, 0.5 wt % alumina over the vana-
dium dioxide and the vanadium dioxide were co-sputtered
simultaneously onto a glass substrate to prepare a single
layer smart window (hereinafter, a comparison smart win-
dow 2) according to the comparison example 2.

[0052] Characteristics of Present Smart Windows 1 and 2
[0053] FIG. 1 is a graph showing transmittances in visible
and infrared regions of the present smart windows 1 and 2
and comparative windows 1 and 2. The transmittances of the
present smart windows 1 and 2 and comparison windows 1
and 2 were measured at 30° C. and 90° C., respectively.
[0054] Table 1 below shows the results of measuring the
transmittance peak value and transmittance difference
between the present smart windows 1 and 2 and comparison
windows 1 and 2, respectively with reference to FIG. 1.

TABLE 1

Transmittance peak Transmittance peak Transmittance
value (TR,,;,) (%) value (TR,,;,) (%) difference

30° C. 90° C. (ATR) (%)
Comparison 40.6 42.6 58.9
window 1
Present smart 65.9 70.8 69.6
window 1
Present 67.2 82.0 72.0
smart window 2
Comparison 11.9 12.8 none
window 2
[0055] In Table 1, TR, represents the transmittance peak

value in the visible region, and ATR represents the differ-
ence between transmittance peak values at 30° C. and 90° C.
at a wavelength of 2500 nm.

[0056] Referring to FIG. 1 together with Table 1, the
present smart window 1 and 2 according to the examples 1
and 2 of the present invention exhibit high visible transmit-
tance peak values at 30° C. and 90° C., whereas the
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comparison window 1 and comparison window 2 exhibit
low transmittance peak values. Moreover, it can be seen that
the present smart windows 1 and 2 exhibit higher visible
light transmittances as well as excellent IR blocking in the
infrared region as the temperature rises.

[0057] Specifically, at 30° C., the present smart windows
1 and 2 exhibited high transmittance peak values of about
66% and 68%, respectively, while the comparison window
1 showed the low transmittance peak value of about 41%.
Further, at 90° C., the present smart window 1 and 2 showed
high transmittance peak values of about 71% and 82%,
respectively, while the comparison window 1 showed a low
transmittance peak value of about 43%.

[0058] In addition, as the temperature rises, the visible
window transmittance peak value of the comparison window
1 is increased by about 2%, in other words, has no substan-
tial change of the visible window transmittance, while each
of the visible window transmittance peak value of the smart
windows 1 and 2 is increased by about 5%, in other words,
the visible light transmittance is improved.

[0059] This means that the present smart windows 1 and
2, each of which includes the single coating film containing
both alumina and vanadium dioxide, exhibit higher trans-
mittance in the visible region than the comparison window
1, which does not contain alumina and contains only a
vanadium dioxide in the single coating film. That is, it can
be shown that the inclusion of alumina can improve the
visible light transmittance of the smart window.

[0060] Furthermore, when comparing the transmittances
in the infrared region due to the temperature rise from 30°
C. 10 90° C., the present smart windows 1 and 2 show about
70% and 72% of differences between infrared transmittances
at 30° C. and 90° C. respectively, while the comparison
example 1 shows that the difference between infrared trans-
mittances at 30° C. and 90° C. is about 59%, which is lower
relative to the smart windows 1 and 2, although it blocks
infrared rays at the temperature rise.

[0061] Therefore, it can be confirmed that the present
smart window including the single coating film containing
the vanadium oxide and low reflection material exhibits high
visible light transmittance, and exhibits further improved
visible light transmittance and excellent infrared ray block-
ing efficiency at the time of temperature rise.

[0062] Comparing the present windows 1 and 2 according
to the example 1 and 2 of the present invention with the
comparison window 2 according to the comparison example
2, wherein the comparison window 2 contains 0.5 wt %
alumina and vanadium dioxide, the comparison window 2
shows very low transmittance over all of wavelengths. In
other words, it can be seen that the comparison window 2
does not show infrared blocking due to the thermochromic
characteristics. This means that if the film contains a content
equal or more than 0.5% by weight of the low-reflectance
material, the thermochromic characteristic may not be pres-
ent. Thus, the smart window preferably contains less than
0.5% by weight of the low-reflectance material.

[0063] Moreover, when comparing the present smart win-
dows 1 and 2 with each other, both smart windows 1 and 2
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exhibited excellent visible transmittance peak value and
infrared blocking due to temperature rise. However, com-
pared with the present smart window 1 containing 0.1 wt %
alumina, the visible window transmittance peak value and
the infrared blocking property of the present smart window
2 including 0.3 wt % alumina are better. This means that the
single layer smart window of the present invention most
preferably comprises 0.3% by weight of the low reflective
material.

[0064] While the disclosure has been shown and described
with reference to certain exemplary embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the scope of the disclosure as defined by the
appended claims.

What is claimed is:

1. A single layered smart window comprising:

a substrate; and

a single layered coating formed on the substrate, the

coating including a composite of a vanadium oxide and
a low reflective material.

2. The window of claim 1, wherein the vanadium oxide
comprises a vanadium dioxide.

3. The window of claim 1, wherein the low reflectivity
material comprises at least one selected from a group
consisting of alumina (Al,O,), silicon dioxide (Si0,), tita-
nium dioxide (TiO,), tungsten trioxide (WO;), zinc oxide
(Zn0), hafnium oxide (HfO,), silicon nitride (SiN), indium
tin oxide (ITO), chromium oxide (Cr,0;), cerium oxide
(CeO,), and tin oxide (SnO,).

4. The window of claim 1, wherein a content of the low
reflective material in the single layered coating is in a range
of about 0.1 wt. % to about 0.5 wt. %.

5. The window of claim 4, wherein a concentration of the
low reflective material is variable according to a thickness
direction in the single layered coating.

6. The window of claim 1, wherein the single layered
smart window has a visible light transmittance peak value of
about 65% or more at 90° C.

7. The window of claim 1, wherein the substrate com-
prises one selected from a group consisting of a transparent
glass substrate, a transparent polymer substrate, and a trans-
parent oxide substrate.

8. The window of claim 1, wherein the single layered
coating is formed on the substrate by a co-sputtering process
comprising sputtering first and second targets simultane-
ously, and

wherein the first target comprises a vanadium metal or

vanadium oxide and the second target comprises at
least one selected from a group consisting of alumina
(AL,0O;), silicon dioxide (Si0O,), titanium dioxide
(Ti0,), tungsten trioxide (WO;), zinc oxide (ZnO),
hafnium oxide (HfO,), silicon nitride (SiN), indium tin
oxide (ITO), chromium oxide (Cr,0;), cerium oxide
(Ce0,), and tin oxide (SnO,).
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