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(57) ABSTRACT

Provided are a low-emissivity transparent laminate having a
multilayer structure that includes a base material and a coat-
ing layer, wherein the coating layer has a low-emissivity and
electrically conductive layer, a dielectric layer, and an optical
absorption metal layer in order starting from the base mate-
rial, and a method for manufacturing the low-emissivity
transparent laminate and a construction material including
the same.
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LOW-EMISSIVITY TRANSPARENT
LAMINATE, METHOD FOR
MANUFACTURING SAID LOW-EMISSIVITY
TRANSPARENT LAMINATE AND
CONSTRUCTION MATERIAL INCLUDING
THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a low-emissivity
transparent laminate, a building material and a method for
manufacturing a low-emissivity transparent laminate.

BACKGROUND ART

[0002] Low-emissivity glass is glass on which a low-emis-
sivity layer including a metal such as silver (Ag) having high
reflectance in an infrared range is deposited as a thin film. The
low-emissivity glass is a functional material providing energy
saving effects by reflecting solar radiation in summer while
preserving infrared rays generated from an indoor heater in
winter.

[0003] Typical dielectric layers are composed of metal
oxides, and include oxides of zinc (Zn), titanium (1), tin (Sn)
and the like, composite metals of zinc and tin (SnZn), and the
like. However, since the metal oxides composing the existing
dielectric layers are likely to cause interface reaction between
an oxide and a metal layer adjacent thereto after heat treat-
ment, there is a drawback in that visible light transmittance of
the metal oxides is prone to vary before and after heat treat-
ment.

DISCLOSURE
[0004] 1. Technical Problem
[0005] It is an aspect of the present invention to provide a

low-emissivity transparent laminate which simultaneously
realizes good visibility and privacy protection due to high
visible light reflectance of an outer surface thereof and low
visible light reflectance of an inner surface thereof while
securing thermal insulation properties.

[0006] It is another aspect of the present invention to pro-
vide a building material including the above low-emissivity
transparent laminate.

[0007] It is a further aspect of the present invention to
provide a method for manufacturing the above low-emissivity
transparent laminate.

Technical Solution

[0008] Inaccordance with one aspect of the present inven-
tion, a low-emissivity transparent laminate includes a sub-
strate and a coating layer, wherein the coating layer has a
multilayer structure including a low-emissivity electrocon-
ductive layer, a dielectric layer and a light absorption metal
layer in a sequential order from the substrate in an upward
direction.

[0009] The low-emissivity transparent laminate may have a
difference in visible light reflectance from about 30% to about
75% between one surface thereof at a substrate side and the
other surface thereof at a light absorption metal layer side.
[0010] The low-emissivity electroconductive layer may
have an emissivity of about 0.01 to about 0.3.

[0011] The low-emissivity electroconductive layer may
include a metal having a sheet resistance of about 0.78 Q/sq to
about 6.42 Q/sq.
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[0012] The low-emissivity electroconductive layer may
include at least one selected from the group consisting of Ag,
Au, Cu, Al, Pt, ion-doped metal oxides, and combinations
thereof.

[0013] Thelightabsorption metal layer may have an extinc-
tion coefficient from about 1.5 to about 3 in a visible light
range.

[0014] Thelight absorption metal layer may include at least
one selected from the group consisting of Ni, Cr, alloys of Ni
and Cr, Ti, and combinations thereof.

[0015] The dielectric layer may include at least one
selected from the group consisting of metal oxides, metal
nitrides and combinations thereof, or may include the at least
one doped with at least one element selected from the group
consisting of bismuth (Bi), boron (B), aluminum (Al), silicon
(Si), magnesium (Mg), antimony (Sb), beryllium (Be), and
combinations thereof.

[0016] The dielectric layer may include at least one
selected from the group consisting of titanium oxide, zinc tin
oxide, zinc oxide, zinc aluminum oxide, tin oxide, bismuth
oxide, silicon nitride, silicon aluminum nitride, and combi-
nations thereof.

[0017] The substrate may be a transparent substrate having
a visible light transmittance of about 90% to about 100%.

[0018] The substrate may be a glass or transparent plastic
substrate.
[0019] The low-emissivity electroconductive layer may

have a thickness of about 10 nm to about 25 nm.

[0020] The light absorption metal layer may have a thick-
ness of about 5 nm to about 25 nm.

[0021] The dielectric layer may have a thickness of about 5
nm to about 50 nm.

[0022] The coating layer may further include at least one
dielectric layer on one outermost surface thereof or on both
outermost surfaces thereof.

[0023] The low-emissivity transparent laminate may
include a first dielectric layer interposed between the sub-
strate and the low-emissivity electroconductive layer; a sec-
ond dielectric layer formed as the dielectric layer; and a third
dielectric layer located above the light absorption metal layer
opposite to the second dielectric layer.

[0024] In accordance with another aspect of the present
invention, a building material includes the low-emissivity
transparent laminate as set forth above.

[0025] In accordance with a further aspect of the present
invention, a method for manufacturing a low-emissivity
transparent laminate includes: forming a low-emissivity elec-
troconductive layer by depositing a low-emissivity electro-
conductive metal or metal oxide onto a substrate; forming a
dielectric layer on an upper surface of the low-emissivity
electroconductive layer; and forming a light absorption metal
layer by depositing a light absorbing metal onto an upper
surface of the dielectric layer.

Advantageous Effects

[0026] The low-emissivity transparent laminate can simul-
taneously realize good visibility and privacy protection due to
high visible light reflectance of an outer surface thereof and
low visible light reflectance of an inner surface thereof while
securing thermal insulation properties.
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DESCRIPTION OF DRAWINGS

[0027] FIG. 1 is a schematic sectional view of a low-emis-
sivity transparent laminate according to one embodiment of
the present invention.

[0028] FIG. 2 is a schematic sectional view of a low-emis-
sivity transparent laminate according to another embodiment
of the present invention.

[0029] FIG. 3 shows results of reflectance of low-emissiv-
ity transparent laminates of Examples 1 to 7 as measured on
both surfaces thereof.

BEST MODE

[0030] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. It should be understood that the following embodi-
ments may be embodied in different ways and are not to be in
any way construed as limiting the present invention.

[0031] In the drawings, portions irrelevant to the descrip-
tion are omitted for clarity. Like components will be denoted
by like reference numerals throughout the specification.
[0032] In the drawings, thicknesses of several layers and
regions are enlarged for clarity. In addition, thicknesses of
some layers and regions are exaggerated for convenience.
[0033] Itwill be understood that when an element such as a
layer, film, region or substrate is referred to as being placed
“on” (or under or below) another element, it can be directly
placed on (or under or below) the other element, or interven-
ing layer(s) may also be present.

[0034] Hereinafter, a low-emissivity transparent laminate
according to one embodiment of the invention will be
described in detail with reference to FIG. 1.

[0035] FIG.1 is a sectional view of a low-emissivity trans-
parent laminate 100 according to one embodiment of the
present invention, which includes a substrate 110 and a coat-
ing layer 190. The coating layer 190 has a multilayer structure
that includes a low-emissivity electroconductive layer 130, a
dielectric layer 150 and a light absorption metal layer 170 in
a sequential order from the substrate 110.

[0036] The low-emissivity transparent laminate 100 may
have a difference in visible light reflectance from about 30%
to about 75% between one surface thereof (denoted by ‘A’ in
FIG. 1) at alight absorption metal layer 170 side and the other
surface thereof (denoted by ‘B’ in FIG. 1) at a substrate 110
side, which is opposite to the one surface thereof. For
example, if the difference in visible light reflectance is in the
range of about 50% to about 75%, when the low-emissivity
transparent laminate 100 is placed such that the surface
thereof at the glass substrate side faces an outdoor side, the
low-emissivity transparent laminate 100 serves as one way
minor due to high reflectance thereof, and conversely, can
maximize privacy protection since view toward the outside
can be sufficiently secured due to low reflectance at an indoor
side.

[0037] The coating layer 190 has a multilayer thin film
structure based on the low-emissivity electroconductive layer
130 selectively reflecting far infrared rays of sunlight, and
imparts thermal insulation properties due to low-emissivity
(low-e) to the low-emissivity transparent laminate 100 by
reducing emissivity. The low-emissivity transparent laminate
100 having such a structure is a functional material realizing
energy saving effects for buildings by reflecting solar radia-
tion in summer while preserving infrared rays generated from
an indoor heater in winter.

Jun. 11, 2015

[0038] Theterm “emissivity” as used herein refers to a ratio
by which an object absorbs, transmits and reflects energy
having any specific wavelength. That is, the term “emissivity”
as used herein indicates a degree of absorption of infrared
energy in an infrared wavelength range, and specifically
refers to a ratio of absorbed infrared energy to applied infra-
red energy when far infrared rays, which correspond to a
wavelength range from about 5 pm to about 50 um and exhibit
strong thermal action, are applied.

[0039] According to Kirchhoff’s law, since infrared energy
absorbed by a certain material is the same as energy radiated
back from the material, absorptivity of the material is the
same as emissivity thereof.

[0040] Inaddition, since infrared energy not absorbed by a
material is reflected by a surface of the material, emissivity
becomes lower with increasing reflectance of infrared energy.
This relationship is represented by Formula: Emissivity=1-
reflectance of infrared light.

[0041] Emissivity may be measured through various meth-
ods typically known in the art. For example, emissivity may
be measured using an apparatus such as a Fourier transform
infrared spectrometer (FT-IR) in accordance with KS[.2514,
without being limited thereto.

[0042] Absorptivity for far infrared rays exhibiting strong
thermal action, that is, emissivity for far infrared rays, may
have a very important meaning in measurement of a degree of
thermal insulation.

[0043] As described above, since the low-emissivity trans-
parent laminate 100 includes the coating layer 190 formed on
the transparent substrate 110 such as a glass substrate and the
like, the low-emissivity transparent laminate 100 can exhibit
reduced emissivity while maintaining certain transmissivity
in a visible light range, and thus can be used as an energy-
saving functional material for buildings providing excellent
thermal insulation.

[0044] The low-emissivity electroconductive layer 130 is
formed of an electrically conductive material having low-
emissivity, for example, metal, and has low sheet resistance,
thereby securing low-emissivity. For example, the low-emis-
sivity electroconductive layer 130 may have an emissivity
from about 0.01 to about 0.3, specifically from about 0.01 to
about 0.2, more specifically from about 0.01 to about 0.1, still
more specifically from about 0.01 to about 0.08. Within this
range, the low-emissivity transparent laminate 100 can
exhibit appropriate properties in terms of both thermal insu-
lation and visible light transmittance. The low-emissivity
electroconductive layer 130 having an emissivity within this
range may have a sheet resistance of about 0.78 £2/sq to about
6.42 Q/sq, as measured on a thin film specimen.

[0045] The low-emissivity electroconductive layer 130
serves to selectively transmit and reflect solar radiation. The
low-emissivity electroconductive layer 130 may include at
least one selected from the group consisting of Ag, Au, Cu, Al,
Pt, ion-doped metal oxides, and combinations thereof, with-
out being limited thereto. Examples of the ion-doped metal
oxides include indium tin oxide (ITO), fluorine-doped tin
oxide (FTO), Al-doped zinc oxide (AZO), gallium zinc oxide
(GZ0), and the like. In one embodiment, the low-emissivity
electroconductive layer 130 may be silver (Ag), and thus, the
low-emissivity transparent laminate 100 can realize high
electrical conductivity, low absorptivity in the visible light
range, excellent durability, and the like.

[0046] The low-emissivity electroconductive layer 130
may have athickness of, for example, about 10 nm to about 25
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nm. The low-emissivity electroconductive layer 130 having a
thickness within this range is suitable to simultaneously real-
ize low-emissivity and high visible light transmittance.
[0047] The light absorption metal layer 170 may be formed
of a metal exhibiting excellent light absorption. Since the
low-emissivity transparent laminate 100 includes the light
absorption metal layer 170, the low-emissivity transparent
laminate 100 can increase a difference in visible light reflec-
tance between one surface thereof at a coating layer 190 side
and the other surface thereof at a substrate 110 side.

[0048] Inoneembodiment, the light absorption metal layer
170 may have an extinction coefficient of 1.5 to 3 in the
visible light range. Extinction coefficient is a value derived
from an optical constant which an optical material has as an
inherent property thereof, and the optical constant is repre-
sented by an expression, n—ik. Here, the real partn is an index
of refraction, and the imaginary part k is an extinction coef-
ficient (also referred to as absorption coefficient). The extinc-
tion coefficient is a function of wavelength (A), and metal
generally has an extinction coefficient of greater than 0. The
extinction coefficient k and the absorption coefficient o are
expressed by Formula: a=(4rtk)/A. When the absorption coef-
ficient is o and the thickness through which light passes is d,
the intensity of light passing through the thickness d (I) is
decreased according to Formula I=I0exp(-ad), as compared
with the intensity of incident light (10).

[0049] Since the light absorption metal layer 170 uses a
metal having an extinction coefficient within the above range
in the visible light range and thus absorbs a certain portion of
visible light, the low-emissivity transparent laminate 100 has
a difference in visible light reflectance between one surface
(denoted by ‘A’ in FIG. 1) at a side on which the light absorp-
tion metal layer 170 is coated and the opposite surface thereto
(denoted by ‘B’ in FIG. 1, the other surface of the low-
emissivity transparent laminate 100 at the substrate 110 side).
[0050] Since the light absorption metal layer 170 has a
decreasing visible light absorptivity with decreasing extinc-
tion coefficient thereof, the difference in reflectance between
surface A and surface A is decreased, and since the light
absorption metal layer 170 absorbs a larger amount of light as
the extinction coefficient thereof becomes larger, there can be
difficulty securing transparency due to a lowered visible light
transmittance thereof. When the light absorption metal layer
170 has an extinction coefficient within the above range, the
light absorption metal layer 170 can secure a predetermined
level of visible light transmittance while securing a predeter-
mined level or higher of difference in reflectance between
surface A and surface B.

[0051] For example, the light absorption metal layer 170
may include at least one selected from the group consisting of
Ni, Cr, alloys of Ni and Cr, Ti, and combinations thereof,
without being limited thereto.

[0052] The light absorption metal layer 170 may have a
thickness of, for example, about 5 nm to about 25 nm, spe-
cifically from about 15 nm to about 25 nm. Within this range,
since the difference in reflectance between upper and lower
surfaces of the low-emissivity transparent laminate, that is, a
value of an expression [ (reflectance of one surface thereof (A)
at the substrate 110 side)—(reflectance of the other surface
thereof (B) at the side at which the light absorption metal
layer 170 is coated)] is 30% or more, the low-emissivity
transparent laminate can realize sufficient privacy protection,
allow view toward the outside to be secured by appropriately
maintaining transmittance of the coated glass, and allow a
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reflective color of the one surface (A) at the substrate 110 side
to be implemented as a user preferred color such as blue.
[0053] The dielectric layer 150 is stacked to be interposed
between the low-emissivity electroconductive layer 130 and
the light absorption metal layer 170. As such, since the low-
emissivity electroconductive layer 130 and the light absorp-
tion metal layer 170 are separated from each other so as not to
be successively disposed, the low-emissivity transparent
laminate 100 can maximize the difference in visible light
reflectance between the one surface thereof at the substrate
110 side and the other surface thereof at the light absorption
metal layer 170 side. As such, since the one surface of the
low-emissivity transparent laminate 100 functions as a mirror
due to high reflectance thereof, the low-emissivity transpar-
ent laminate 100 can prevent the interior of a building from
being observed from the outside, while securing good visibil-
ity at the other surface thereof due to low visible light reflec-
tance of the other surface thereof. The low-emissivity trans-
parent laminate 100 can realize privacy protection. Therefore,
the low-emissivity transparent laminate 100 can be used as a
building material useful for blocking view from the outside in
a section requiring personal privacy protection and security,
such as lower floors of a building.

[0054] The dielectric layer 150 may be formed of a dielec-
tric material having an index of refraction from about 1.5 to
about 2.3. Depending upon the index of refraction of the
dielectric layer 150, the thickness of the dielectric layer 150
may be adjusted such that transmittance, reflectance, and
transmissive and reflective colors of the dielectric layers can
be realized to desired target levels. In addition, the dielectric
layer 150 may be formed of a material having an extinction
coefficient close to 0. An extinction coefficient of greater than
0 means that incident light is absorbed by the dielectric layer
before reaching a light absorption metal layer, and is not
advantageous by inhibiting transparency. Therefore, the
dielectric layer 150 may have an extinction coefficient of less
than 0.1 in the visible light range (wavelength range from
about 380 nm to about 780 nm).

[0055] Since ametal used as the low-emissivity electrocon-
ductive layer 130 is likely to be oxidized, the dielectric layer
150 may serve as an anti-oxidation film for the low-emissivity
electroconductive layer 130. In addition, the dielectric layer
150 also serves to increase visible light transmittance.
[0056] The dielectric layer 150 may include various metal
oxides, metal nitrides, and the like. For example, the dielec-
tric layer 150 may include at least one selected from the group
consisting of titanium oxide, zinc tin oxide, zinc oxide, zinc
aluminum oxide, tin oxide, bismuth oxide, silicon nitride,
silicon aluminum nitride, and combinations thereof, without
being limited thereto. The metal oxides and/or the metal
nitrides may be doped with at least one element selected from
the group consisting of bismuth (Bi), boron (B), aluminum
(Al), silicon (Si), magnesium (Mg), antimony (Sb), beryllium
(Be), and combinations thereof.

[0057] The optical properties of the low-emissivity trans-
parent laminate 100 may be adjusted by suitably adjusting
materials and properties of the dielectric layer 150. In addi-
tion, the dielectric layer 150 may be composed of a plurality
of layers.

[0058] The dielectric layer 150 may have a thickness of, for
example, about 5 nm to about 50 nm. The thickness of the
dielectric layer 150 may be variously adjusted depending
upon the location and material of the dielectric layer so as to
realize optical properties (transmittance, reflectance, color
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index) of the overall multilayer thin film satisfying target
properties. Within the above thickness range, the dielectric
layer 150 enables effectively control of optical properties of
the multilayer thin film and can provide an advantage in terms
of production rate.

[0059] The substrate 110 may be a transparent substrate
having high transmittance of visible light, for example, a
glass or transparent plastic substrate having a visible light
transmittance of about 90% to about 100%. For example, the
substrate 110 may be any glass used for construction, and
may have a thickness of, for example, about 2 mmto about 12
mm depending upon application.

[0060] The low-emissivity transparent laminate 100 may
be formed to have transmittance and reflectance correspond-
ing to wavelength ranges of light by adjusting a material and
thickness of each of the layers included in the coating layer
190, thereby realizing an optical spectrum suitable for usage.
For example, although the low-emissivity transparent lami-
nate 100 having high visible light transmittance can secure
comfortable view, there is a problem of invasion of personal
privacy by view from the outside due to low visible light
reflectance. Conversely, the low-emissivity transparent lami-
nate 100 having high visible light reflectance can block view
from the outside, but has a disadvantage in acting as a trans-
parent glass window due to insufficient visibility from an
indoor side to an outdoor side.

[0061] The low-emissivity transparent laminate 100 allows
fine control of optical properties such as color, reflectance,
transmittance and the like of a highly reflective surface
thereof, which is seen from the outside, by adjusting the
material and thickness of each of the layers included in the
coating layer 190.

[0062] The coating layer 190 may further include other
intervening layers in addition to the aforementioned structure
in order to realize desired optical properties, as described
above. In one embodiment, the coating layer 190 may further
include at least one dielectric layer on one outermost surface
or on both outermost surfaces thereof.

[0063] Details of the additional dielectric layer, which may
be further included in the coating layer 190, are as described
above in relation to the dielectric layer 150.

[0064] FIG.2 is a sectional view of a low-emissivity trans-
parent laminate 200 including a substrate 210 and a coating
layer 290 according to another embodiment of the present
invention. The coating layer 290 has a multilayer structure,
which includes a first dielectric layer 220, a low-emissivity
electroconductive layer 230, a second dielectric layer 250, a
light absorption metal layer 270 and a third dielectric layer
280 in a sequential order above the substrate 210.

[0065] In accordance with another aspect of the present
invention, a building material includes the low-emissivity
transparent laminate as set forth above. Since the building
material uses the low-emissivity transparent laminate, the
building material can simultaneously realize visibility and
privacy protection due to high visible light reflectance of an
outer surface thereof and low visible light reflectance of an
inner surface thereof while securing thermal insulation prop-
erties due to low-e, as described above.

[0066] In accordance with a further aspect of the present
invention, a method for manufacturing a low-emissivity
transparent laminate includes: forming a low-emissivity elec-
troconductive layer by depositing a low-emissivity electro-
conductive metal or metal oxide onto a substrate; forming a
dielectric layer on an upper surface of the low-emissivity
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electroconductive layer; and forming a light absorption metal
layer by depositing a light absorbing metal onto an upper
surface of the dielectric layer.

[0067] The low-emissivity transparent laminates 100, 200
may be manufactured by the method for manufacturing a
low-emissivity transparent laminate.

[0068] In the method for manufacturing a low-emissivity
transparent laminate, details of the low-emissivity electro-
conductive layer, the dielectric layer and the light absorption
metal layer are the same as described above.

[0069] Deposition may be performed by any method
known in the art without limitation.

[0070] The dielectric layer may also be formed by any
method known in the art, for example, by deposition. For
example, the dielectric layer may be formed by deposition
using a magnetron sputter.

[0071] Next, the present invention will be described in
more detail with reference to some examples. It should be
understood that these examples are provided for illustration
only and are not to be in any way construed as limiting the
present invention.

EXAMPLES

Example 1

[0072] A multilayer-structured low-emissivity transparent
laminate having a composition and thickness as listed in
Table 1 was manufactured using a magnetron (C-Mag) sput-
ter (Cetus-S, Selcos Co., Ltd.).

[0073] First, a 37.0 nm thick TiO, thin film was deposited
onto a 6 mm thick transparent glass substrate using a TiO,
ceramic as a target material and using a radio frequency
power device. As a processing gas, argon was supplied at a
flow rate o 100 sccm and pressure was maintained at 3 mTorr.
A power of 1.5 kW was applied. Next, a 6.4 nm thick ZnAlO,
layer was deposited using an oxide of a 10 wt % aluminum-
containing zinc-based alloy as a target material under condi-
tions of a radio frequency power of 1.2 kW, an argon flow rate
0f'100 sccm, and a pressure of 3 mTorr. Next, a 14.0 nm thick
Ag thin film was deposited using Ag metal as a target material
under conditions of a direct current power of 0.5 kW, an argon
flow rate of 100 sccm, and a pressure of 3 mTorr. A 13.1 nm
thick ZnAlO, layer was deposited onto an upper surface of the
Ag thin film in the same manner as in the above ZnAlQO, layer.
Next, a 35.2 nm thick SnZnO, layer was deposited using a 50
wt % Sn-50 wt % Zn alloy as a target material through
reaction during sputtering under conditions of a radio fre-
quency power of 1 kW, an argon flow rate of 30 sccm, and an
oxygen flow rate of 30 sccm while a pressure was maintained
at3 mTorr. A 6.0 nm thick NiCr thin film was deposited onto
an upper surface of the SnZnO, layer using a 80 wt % Ni-20
wt % Cr alloy as a target material under conditions of a direct
current power of 0.5 kW, an argon flow rate of 100 sccm and
a pressure of 5 mTorr. A 44.5 nm thick SnZnO, layer was
deposited again onto an upper surface of the NiCr thin film in
the same manner as in the SnZnO_ layer.

[0074] Thus, the low-emissivity transparent laminate, in
which a coating layer having components and thicknesses as
listed in Table 1 was formed on the glass substrate, was
manufactured.
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Examples 2 to 6

[0075] Low-emissivity transparent laminates, in which
coating layers having components and thicknesses as listed in
Table 1 were formed on glass substrates, were manufactured
as in Example 1 except that the NiCr thin film was deposited
to thicknesses 0f 9.0 nm, 12.0 nm, 15.0 nm, 18.0 nm and 21.0
nm in Examples 2 to 6, respectively.

Example 7

[0076] Inthesame mannerasin Example 1,a32.0 nm thick
TiO, thin film, a 5.2 nm thick ZnAlO, layer, a 21.3 nm thick
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having components and thicknesses as listed in Table 1 was
formed on the glass substrate.

Comparative Example 3

[0079] Inthe same manner as in Example 1,a37.0 nm thick
TiO, thin film, a 19.5 nm thick ZnAlO_ layer, a 35.2 nm thick
SnZn0O, layer, a 15.0 nm thick NiCr thin film, and a 44.5 nm
thick SnZnO, layer were sequentially deposited onto a 6 mm
thick transparent glass substrate, thereby manufacturing a
low-emissivity transparent laminate, in which a coating layer

having components and thicknesses as listed in Table 1 was
formed on the glass substrate.

TABLE 1

Multilayer structure (Film thickness, nm)

Example 1
Example 2
Example 3
Example 4
Example 5
Example 6
Example 7
Comparative
Example 1
Comparative
Example 2

Comparative
Example 3

Glass substrate/TiO,(37.0)/ZnAl0,(6.4)/Ag(14.0)/ZnAl0O,(13.1)/SnZn0,(35.2)/
NiCr(6.0)/SnZn0,(44.5)

Glass substrate/TiO,(37.0)/ZnAl0,(6.4)/Ag(14.0)/ZnAl0O,(13.1)/SnZn0,(35.2)/
NiCr(9.0)/SnZn0,(44.5)

Glass substrate/TiO,(37.0)/ZnAl0,(6.4)/Ag(14.0)/ZnAl0O,(13.1)/SnZn0,(35.2)/
NiCr(12.0)/SnZn0,(44.5)

Glass substrate/TiO,(37.0)/ZnAl0,(6.4)/Ag(14.0)/ZnAl0O,(13.1)/SnZn0,(35.2)/
NiCr(15.0)/SnZn0,(44.5)

Glass substrate/TiO,(37.0)/ZnAlO,(6.4)/Ag(14.0)/ZnAlO,(13.1)/SnZn0,(35.2)/
NiCr(18.0)/SnZn0,(44.5)

Glass substrate/TiO,(37.0)/ZnAl0,(6.4)/Ag(14.0)/ZnAl0O,(13.1)/SnZn0,(35.2)/
NiCr(21.0)/SnZn0,(44.5)

Glass substrate/TiO,(32.0)/ZnAl0,(5.2)/Ag(21.3)/ZnAlO,(5.0)/SnZn0,(32.0)/
NiCr(21.6)/SnZn0,(41.7)

Glass substrate/TiO,(37.0)/ZnAl0,(6.4)/Ag(14.0)/ZnAlO,(13.1)/SnZn0,(79.7)

Glass substrate/TiO,(37.0)/ZnAlO,(6.4)/Ag(14.0)/NiCr(15.0)/SnZn0O,(44.5)

Glass substrate/TiO,(37.0)/ZnAl0,(19.5)/SnZn0,(35.2)/NiCr(15.0)/
SnZn0,(44.5)

Ag thin film, a 5.0 nm thick ZnAlO_ layer, a 32.0 nm thick
SnZn0O, layer, a 21.6 nm thick NiCr thin film, and a 41.7 nm
thick SnZnO_ layer were sequentially deposited onto a 6 mm
thick transparent glass substrate, thereby manufacturing a
low-emissivity transparent laminate, in which a coating layer
having components and thicknesses as listed in Table 1 was
formed on the glass substrate.

Comparative Example 1

[0077] Inthesame mannerasin Example 1,a37.0 nm thick
TiO, thin film, a 6.4 nm thick ZnAlO, layer, a 14.0 nm thick
Ag thin film, a 13.1 nm thick ZnAlO, layer, and a 79.7 nm
thick SnZnO_ layer were sequentially deposited onto a 6 mm
thick transparent glass substrate, thereby manufacturing a
low-emissivity transparent laminate, in which a coating layer
having components and thicknesses as listed in Table 1 was
formed on the glass substrate.

Comparative Example 2

[0078] Inthe same manneras in Example 1, a37.0 nm thick
TiO, thin film, a 6.4 nm thick ZnAlO, layer, a 14.0 nm thick
Ag thin film, a 15.0 nm thick NiCr thin film, and a 44.5 nm
thick SnZnO, layer were sequentially deposited onto a 6 mm
thick transparent glass substrate, thereby manufacturing a
low-emissivity transparent laminate, in which a coating layer

[0080]

[0081] The low-emissivity transparent laminates manufac-
tured in Examples 1 to 7 and Comparative Examples 1 to 3
were evaluated as to the following properties.

[0082] <Transmittance and Reflectance>

[0083] Using a UV-Vis-NIR spectrometer (Solidspec-
3700, Shimadzu Co., Ltd.), an optical spectrum was mea-
sured at intervals of 1 nm in a range from 250 nm to 2500 nm,
followed by calculating visible light transmittance, reflec-
tance on a surface at a coating layer side of the low-emissivity
transparent laminate, and reflectance on a surface at a glass
substrate side thereof using measurement results in accor-
dance with KS L 2514.

[0084] FIG. 3 shows results of visible light reflectance of
low-emissivity transparent laminates of Examples 1 to 6 as
measured on both surfaces thereof.

[0085]

[0086] Using an FT-IR spectrometer (Frontier, Perkin
Elmer Co., Ltd.), a far infrared reflectance spectrum on one
surface of a low-emissivity transparent laminate at a side on
which a light absorption metal layer was coated was mea-
sured, followed by calculation of an average reflectance from
measurement results in accordance with KS 2514. Then,
emissivity was evaluated according to Formula: 100%-(aver-
age far infrared reflectance).

[0087] <Color Index>

[0088] Using a colorimeter (CM-700d, KONICA
MINOLTA SENSING, Inc.), values of L*, a*, and b* were

Evaluation of Properties

<Emissivity>
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measured in accordance with CIE1931. Here, a KS illuminant
D65 was used as a light source.

[0089] From results of Examples 1 to 6, it can be seen that,
as the thickness of the NiCr layer was increased, visible light
reflectance was slowly increased and reflectance on the sur-
face at the coating layer side was more rapidly reduced,
thereby increasing a difference in reflectance between the
surface at the glass substrate side and the surface at the coat-
ing layer side. However, since the transmittance of the coated
glass is reduced with increasing thickness of the NiCr layer,
view toward the outside can be darkened. Even in this case, it
can be confirmed that the NiCr layers of Examples 1 to 6 had
an appropriate thickness.

[0090] Measurement results of optical properties of the
low-emissivity transparent laminates of Examples 4 and 7
and Comparative Examples 1 to 3 are shown in Table 2.

TABLE 2
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Example 1 provided extremely poor effects of securing pri-
vacy through a difference in reflectance.

[0094] The low-emissivity transparent laminate of Com-
parative Example 2 did not include a dielectric layer between
the silver layer and the NiCr layer. In this case, although the
difference in reflectance between the surface at the coating
layer side and the surface at the glass substrate side was
secured to a level of 29%, since the reflective color of the
surface at the coating layer side had color indices a*=23.36
and b*=-22.21 and thus provide dark purple, there was a
problem in that the low-emissivity transparent laminate of
Comparative Example 2 exhibited a non-preferred color to
indoor users.

[0095] The low-emissivity transparent laminate of Com-
parative Example 3 did not include a silver layer correspond-
ing to the low-emissivity electroconductive layer. In this case,

Comparative Comparative Comparative

Evaluation item Example 4 Example 7 Example 1 Example 2 Example 3
Transmittance 18.1% 7.5% 42.3% 33.6% 37.1%
Reflectance Surface at coating 6.2% 3% 51.4% 5.3% 2.6%
layer side
Surface at glass 58.1% 72.1% 48.9% 34.5% 31.8%
substrate side
Surface at glass 52% 69% -2.5% 29.2% 29.2%
substrate side -
Surface at coating
layer side
Transmissive L* 49.62 32.97 66.64 64.63 67.33
color a* -1.94 -3.46 0.35 -7.31 0.26
b* -4.23 -7.55 11.62 8.41 6.94
Coated L* 29.9 19.97 80.51 27.47 18.36
reflective a* -1.95 6.62 -2.47 23.36 26.73
color b* -6.79 2.16 -7.97 -22.27 -7.71
Reflective L* 80.8 87.99 78.81 65.35 63.16
color of a* -3.12 -2.13 -3.87 3.28 -10.32
surface at b* -0.06 4.18 -6.64 -17.86 -20.29
glass
substrate side
Emissivity 3.14% 2.25% 2.28% 2.73% 86.72%
[0091] The low-emissivity transparent laminate of although the difference in reflectance between the surface at

Example 4 had a transmittance of 18.1%, and all of the trans-
missive color, the reflective color at the coating layer side, and
the reflective color at the glass substrate side had color indices
a* and b* between 0 and -10 and thus provided pale blue in
neutral colors, the low-emissivity transparent laminate of
Example 4 realized a comfortable color for view of users.
Generally, when a color of a low-emissivity transparent lami-
nate is red and purple, the color falls within non-preferred
colors of users. The low-emissivity transparent laminate of
Example 4 also had a far infrared emissivity of 3.14%, and
thus secured better thermal insulation properties than general
low-e coated glasses.

[0092] The low-emissivity transparent laminate of
Example 7 had a difference in reflectance of up to 69%
between the surface at the glass substrate side and the surface
at the coating layer side.

[0093] The low-emissivity transparent laminate of Com-
parative Example 1 did not include NiCr corresponding to the
light absorption metal layer. In this case, since the visible light
reflectance of the surface at the coating layer side was
increased to 51.4% and the visible light reflectance of the
surface at the glass substrate side was decreased to 48.9%, the
low-emissivity transparent laminate of Comparative

the coating layer side and the surface at the glass substrate
side was secured to a level 0ot 29%, since the emissivity of the
surface at the coating layer side was 86.7% and thus was the
same as that of the non-coated surface at the general glass
substrate side, the low-emissivity transparent laminate of
Comparative Example 3 did not secure thermal insulation
properties as a low-emissivity transparent laminate having
low-e effects.

LIST OF REFERENCE NUMERALS

[0096] 100, 200: low-emissivity transparent laminate
[0097] 110, 210: substrate

[0098] 130, 230: low-emissivity electroconductive layer
[0099] 150, 220, 250, 280: dielectric layer

[0100] 170, 270: light absorption metal layer

[0101] 190, 290: coating layer

1. A low-emissivity transparent laminate comprising:

a substrate; and

a coating layer,

wherein the coating layer has a multilayer structure com-
prising a low-emissivity electroconductive layer, a
dielectric layer and a light absorption metal layer in a
sequential order from the substrate.
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2. The low-emissivity transparent laminate according to
claim 1, wherein the low-emissivity transparent laminate has
a difference in visible light reflectance from 30% to 75%
between one surface thereof at a substrate side and the other
surface thereof at a light absorption metal layer side.

3. The low-emissivity transparent laminate according to
claim 1, wherein the low-emissivity electroconductive layer
has an emissivity from 0.01 to 0.3.

4. The low-emissivity transparent laminate according to
claim 1, wherein the low-emissivity electroconductive layer
comprises a metal having a sheet resistance from 0.78 Q/sq to
6.42 Q/sq.

5. The low-emissivity transparent laminate according to
claim 1, wherein the low-emissivity electroconductive layer
comprises at least one selected from the group consisting of
Ag, Au, Cu, Al, Pt, ion-doped metal oxides, and combinations
thereof.

6. The low-emissivity transparent laminate according to
claim 1, wherein the light absorption metal layer has an
extinction coefficient from 1.5 to 3 in a visible light range.

7. The low-emissivity transparent laminate according to
claim 1, wherein the light absorption metal layer comprises at
least one selected from the group consisting of Ni, Cr, alloys
of Ni and Cr, Ti, and combinations thereof.

8. The low-emissivity transparent laminate according to
claim 1, wherein the dielectric layer comprises at least one
selected from the group consisting of metal oxides, metal
nitrides and combinations thereof, or comprises the at least
one doped with at least one element selected from the group
consisting of bismuth (Bi), boron (B), aluminum (Al), silicon
(81), magnesium (Mg), antimony (Sb), beryllium (Be), and
combinations thereof.

9. The low-emissivity transparent laminate according to
claim 1, wherein the dielectric layer comprises at least one
selected from the group consisting of titanium oxide, zinc tin
oxide, zinc oxide, zinc aluminum oxide, tin oxide, bismuth
oxide, silicon nitride, silicon aluminum nitride, and combi-
nations thereof.
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10. The low-emissivity transparent laminate according to
claim 1, wherein the substrate is a transparent substrate hav-
ing a visible light transmittance from 90% to 100%.

11. The low-emissivity transparent laminate according to
claim 1, wherein the substrate is a glass or transparent plastic
substrate.

12. The low-emissivity transparent laminate according to
claim 1, wherein the low-emissivity electroconductive layer
has a thickness from 10 nm to 25 nm.

13. The low-emissivity transparent laminate according to
claim 1, wherein the light absorption metal layer has a thick-
ness from 5 nm to 25 nm.

14. The low-emissivity transparent laminate according to
claim 1, wherein the dielectric layer has a thickness from 5 nm
to 50 nm.

15. The low-emissivity transparent laminate according to
claim 1, wherein the coating layer further comprises at least
one dielectric layer on one outermost surface thereof or on
both outermost surfaces thereof.

16. The low-emissivity transparent laminate according to
claim 15, wherein the low-emissivity transparent laminate
comprises: a first dielectric layer interposed between the sub-
strate and the low-emissivity electroconductive layer; a sec-
ond dielectric layer formed as the dielectric layer; and a third
dielectric layer located above the light absorption metal layer
opposite to the second dielectric layer.

17. A building material comprising the low-emissivity
transparent laminate according to claim 1.

18. A method for manufacturing a low-emissivity transpar-
ent laminate, comprising:

forming a low-emissivity electroconductive layer by

depositing a low-emissivity electroconductive metal or
metal oxide onto a substrate;

forming a dielectric layer on an upper surface of the low-

emissivity electroconductive layer; and
forming a light absorption metal layer by depositing a light
absorbing metal onto an upper surface of the dielectric layer.
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