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(54) TRANSPARENT LIGHT EMITTING DEVICE DISPLAY

(57) A transparent light emitting device display ac-
cording to an exemplary embodiment of the present ap-
plication comprises: a transparent substrate; at least one
light emitting device provided on the transparent sub-
strate; and a first common electrode wiring unit, a second

[Figure 1]

common electrode wiring unit, and a signal electrode wir-
ing unit provided on the transparent substrate, in which
the first common electrode wiring unit, the second com-
mon electrode wiring unit, and the signal electrode wiring
unit comprise a metal mesh pattern.
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Description
[Technical Field]

[0001] This application claims priority to and the benefit of Korean Patent Application No. 10-2017-0124169 filed in
the Korean Intellectual Property Office on September 26, 2017, the entire contents of which are incorporated herein by
reference.

[0002] The present application relates to a transparent light emitting device display.

[Background Art]

[0003] Recently, Korea creates various exterior lighting in parks and town centers, as well as colorful signs, and
provides information and attraction to urban residents through the convergence of high-tech information and communi-
cation technology (ICT) and light emitting diode (LED) technology. Particularly, a transparent LED display using a
transparent electrode material adopts an LED between glass, and has an advantage in that wires are not viewed, so
that it is possible to display light with high quality. Accordingly, the transparent LED display is utilized in the interior of a
hotel, a department store and the like, and has increasing importance in implementing media fagade of an exterior wall
of a building.

[0004] Accordingtoa spread of a smartdevice, demands of a transparent electrode, which is transparent, is electrically
conducted, and is used in a touch screen and the like, are explosive, and the most widely used transparent electrode
among the transparent electrodes is an indium tin oxide (ITO) that is an oxide of indium and tin. However, reserves of
indium, which is a main raw material of the material of the ITO transparent electrode, are not largely available globally
and indium is produced only in some countries, such as China, and production cost of indium is high. Further, indium
has a disadvantage in that indium has a high resistance value and does not adopt a constant resistance value, so that
an expressed light beam of an LED cannot display desired brightness and brightness is not uniform. Accordingly, the
transparent LED utilizing ITO has a limit in being utilized as a transparent electrode material with high performance and
low cost.

[0005] Itis a fact that the ITO has been most dominantly used as a transparent electrode material, but research and
technology development utilizing a new material are continuously conducted due to a limit in economic feasibility, re-
stricted performance, and the like. As a transparent electrode material attracting attention as a next-generation new
material, there are metal mesh, an Ag nanowire, carbon nano tube (CNT), conductive polymer, graphene, and the like.
Among them, the metal mesh is a new material, which occupies 85% of a material replacing the ITO, is low cost and
has high conductivity, so that a market of the metal mesh is expanded in an aspect of utilization of the metal mesh.
[0006] The transparent LED display utilizing the metal mesh has excellent conductivity, is easily repaired and main-
tained, is capable of saving resources, is capable of considerably preventing environmental contamination, and is eco-
nomical by a decrease in manufacturing cost, compared to an existing transparent display. Further, the transparent LED
display utilizing the metal mesh may be expansively applied for various purposes and may be applied to and utilized in
various products as a new transparent electrode material.

[Disclosure]
[Technical Problem]

[0007] The present application is aimed at providing a transparent light emitting device display using a metal mesh
pattern.

[Technical Solution]

[0008] An exemplary embodiment of the present application provides a transparent light emitting device display com-
prising: a transparent substrate; at least two light emitting devices provided on the transparent substrate; and a first
common electrode wiring unit, a second common electrode wiring unit, and a signal electrode wiring unit provided on
the transparent substrate, in which the first common electrode wiring unit, the second common electrode wiring unit,
and the signal electrode wiring unit comprise a metal mesh pattern, and the metal mesh pattern is provided in a region
having an area of 80% or more of an entire area of an upper surface of the transparent substrate, at least two light
emitting devices are serially connected with the signal electrode wiring unit, the metal mesh pattern is formed of parallel
wires parallel to the serial connection direction and vertical wires vertical to the parallel wires, and a ratio of a closing
ratio of the parallel wires per unit area expressed by Equation 2 to a closing ratio of the vertical wires per unit area
expressed by Equation 1 is 1.5 to 10.
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[Equation 1]

Closing ratio (%) of vertical wires per unit area = (W1 /P1) x 100

[Equation 2]
Closing ratio (%) of parallel wires per unit area = (W2 / P2) x 100

[0009] In Equations 1 and 2, W1 is a line width of the vertical wire, P1 is pitch of the vertical wire, W2 is a line width
of the parallel wire, and P2 is pitch of the parallel wire.

[Advantageous Effects]

[0010] According to the exemplary embodiment of the present application, it is possible to decrease visibility of the
wire by applying the metal mesh pattern, in which the line widths, the pitch, and the like of the vertical wire and the
parallel wire are adjusted, to the first common electrode wiring unit, the second common electrode wiring unit, and the
signal electrode wiring unit. Further, the metal mesh pattern is provided on the entire region of the effective screen unit
of the upper surface of the transparent substrate, except for the region, in which the light emitting devices are provided,
so that it is possible to maximize an extent of the common electrode wiring unit and reduce resistance.

[0011] Further, according to the exemplary embodiment of the present application, it is possible to decrease visibility
of the wire by minimizing a width of the disconnection portion, which separates the metal mesh patterns of the first
common electrode wiring unit, the second common electrode wiring unit, and the signal electrode wiring unit from one
another.

[0012] Further, according to the exemplary embodiment of the present application, it is possible to increase an aperture
ratio of the metal mesh pattern without a loss of resistance by decreasing the closing ratio of the vertical wire vertical to
the current direction.

[Description of Drawings]
[0013]

FIG. 1is a diagram schematically illustrating electrode wiring of a transparent light emitting device display according
to an exemplary embodiment of the present application.

FIG. 2 is a diagram schematically illustrating a metal mesh pattern according to Example 1 of the present application.
FIG. 3 is a diagram schematically illustrating a metal mesh pattern according to Example 2 of the present application.
FIG. 4 is a diagram schematically illustrating a metal mesh pattern according to Example 3 of the present application.
FIG. 5 is a diagram schematically illustrating a metal mesh pattern according to Comparative Example 1 of the
present application.

FIG. 6 is a diagram schematically illustrating a metal mesh pattern according to Comparative Example 2 of the
present application.

FIG. 7 is a diagram schematically illustrating a metal mesh pattern according to Comparative Example 3 of the
present application.

FIG. 8 is a diagram schematically illustrating a metal mesh pattern according to Comparative Example 4 of the
present application.

FIG. 9 is a diagram schematically illustrating a line width, a line height, and pitch of the metal mesh pattern according
to the exemplary embodiment of the present application.

<Explanation of Reference Numerals and Symbols>
[0014]

10: parallel wire

20: vertical wire

30: first common electrode wiring portion
40: second common electrode wiring portion
50: signal electrode wiring portion



10

15

20

25

30

35

40

45

50

55

EP 3 534 404 A1

60: disconnection portion

70: first common electrode pad unit
80: second common electrode pad unit
90: signal electrode pad unit

100: capacitor pad unit

110: line width of metal mesh pattern
120: line height of metal mesh pattern
130: pitch of metal mesh pattern

140: transparent substrate

150: metal mesh pattern

[Best Mode for carrying out the Invention]

[0015] Hereinafter, the present application will be described in detail.

[0016] A transparent light emitting diode (LED) display provides various attraction for urban residents through an
information providing service and producing spectacle, and demands thereof are increasing in various fields. It is a fact
that an indium tin oxide (ITO) has been most dominantly used as a transparent electrode material until now, but research
and technology development utilizing a new material are continuously conducted due to a limit in economic feasibility,
restricted performance, and the like.

[0017] More particularly, in implementing a transparent LED display in the related art, transparent electrode wiring is
formed by adopting an Ag nanowire or a transparent metal oxide (ITO, indium zinc oxide (IZO), and the like). However,
the AG nanowire or the transparent metal oxide (ITO, IZO, and the like) has high resistance, but there is a limit in
manufacturing a transparent LED display to have a large area due to a limitin the number of LEDs driven. Further, when
a thickness of the Ag nanowire or the transparent metal oxide is increased in order to reduce resistance, there is a
problem in that transmittance of the transparent LED display deteriorates.

[0018] In this respect, the present application is characterized in that, in order to provide a transparent light emitting
device display having an excellent resistance characteristic and visibility, a metal mesh pattern is applied to transparent
electrode wiring of a transparent light emitting device display.

[0019] The metal mesh pattern may use a method of increasing a line width or pitch of the metal mesh pattern in order
to increase transmittance. However, when a line width or pitch of the metal mesh pattern is increased, there may be a
problem in that resistance is increased. In this respect, in the present application, an aperture ratio of the metal mesh
pattern is increased without a loss of resistance by decreasing a closing ratio of a wire vertical to a current direction.
[0020] A transparent light emitting device display according to an exemplary embodiment of the present application
comprises: a transparent substrate; at least two light emitting devices provided on the transparent substrate; and a first
common electrode wiring unit, a second common electrode wiring unit, and a signal electrode wiring unit provided on
the transparent substrate, in which the first common electrode wiring unit, the second common electrode wiring unit,
and the signal electrode wiring unit comprise a metal mesh pattern, the metal mesh pattern is provided in a region having
an area of 80% or more of a total area of an upper surface of the transparent substrate, at least two light emitting devices
are serially connected with the signal electrode wiring unit, the metal mesh pattern is formed of parallel wires parallel to
the serial connection direction and vertical wires vertical to the parallel wires, and a ratio of a closing ratio of the parallel
wires per unit area expressed by Equation 2 to a closing ratio of the vertical wires per unit area expressed by Equation
1is 1.5t0 10.

[0021] In the present application, the parallel wire parallel to the serial connection direction does not mean only the
wire completely parallel to the serial connection direction, and may also comprise the parallel wire having a parallel
deviation of = 2°. Further, the vertical wire vertical to the parallel wire does not mean only the wire completely vertical
to the parallel wire, and may also comprise the vertical wire having a vertical deviation of = 5°.

[0022] According to the exemplary embodiment of the present application, only the parallel wire parallel to the serial
connection direction involves resistance, so that it is possible to increase an aperture ratio without a loss of resistance
of the metal mesh pattern.

[0023] When the ratio of the closing ratio of the parallel wires per unit area expressed by Equation 2 to the closing
ratio of the vertical wires per unit area expressed by Equation 1 is less than 1.5, an effect in improving transmittance or
resistance may be little. Further, when the ratio of the closing ratio of the parallel wires per unit area expressed by
Equation 2 to the closing ratio of the vertical wires per unit area expressed by Equation 1 is larger than 10, short-circuit
vulnerability may be increased or the wires may exceed pattern implementation performance, and there may be a problem
in that a pattern is viewed.

[0024] The ratio of the closing ratio of the parallel wires per unit area expressed by Equation 2 to the closing ratio of
the vertical wires per unit area expressed by Equation 1 may be more preferably 1.5 to 6, but is not limited thereto.
[0025] In the present application, a line width of the parallel line may be larger than or equal to a line width of the
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vertical line. Further, a closing ratio of the metal mesh pattern per unit area expressed by Equation 3 below may be 5%
to 30%.

[Equation 3]
Closing ratio of metal mesh pattern per unit area = {(P2 X W1 + P1 X W2 — W1 X

W2) / (P1 % P2)} x 100

[0026] In Equation 3, W1, W2, P1, and P2 have the same definition as those of Equations 1 and 2.

[0027] When the closing ratio of the metal mesh pattern per unit area expressed by Equation 3 is less than 5%, there
may be a problem in that the LED is not driven, and when the closing ratio of the metal mesh pattern per unit area
expressed by Equation 3 exceeds 30%, there is a problem in that transmittance is decreased, so that the metal mesh
pattern cannot serve as a transparent electrode.

[0028] The closing ratio of the metal mesh pattern per unit area expressed by Equation 3 may be more preferably 5%
to 20%, but is not limited thereto.

[0029] In the exemplary embodiment of the present application, at least four electrode pad units, which electrically
connect the first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode wiring
unit with the light emitting devices, may be provided between the transparent substrate and each of the light emitting
devices. In this case, the metal mesh pattern may not be provided in at least partial regions among at least four electrode
pad units as illustrated in FIG. 1.

[0030] In the exemplary embodiment of the present application, two or more light emitting devices may be provided
on the transparent substrate, and the two or more light emitting devices may be serially connected with the signal
electrode wiring unit. The number of light emitting devices may be appropriately selected by those skilled in the art in
consideration of a usage of the transparent light emitting device display, and is not particularly limited. More particularly,
the number of light emitting devices is related to resistance of an electrode, and when an electrode has sufficiently low
resistance and an area of the display is large, the number of light emitting devices may be increased. When the number
of light emitting devices in the same area is increased, resolution becomes high, and when the number of light emitting
devices is increased with the same interval, an area of the display may be increased and electric lines of a power supply
unit may be decreased, so that the number of light emitting devices may be appropriately selected by those skilled in
the art in consideration of a usage of the transparent light emitting device display.

[0031] Inthe exemplary embodiment of the present application, the two or more light emitting devices may be serially
connected with the signal electrode wiring unit, and may be connected with the first common electrode wiring unit and
the second common electrode wiring unit in parallel. The first common electrode wiring unit and the second common
electrode wiring unit provide the amount of current enough to drive the light emitting devices, and a color signal of the
light emitting device may be transmitted only with a low current, so that the first common electrode wiring unit and the
second common electrode wiring unit may be serially connected with the signal electrode wiring unit. When all of the
light emitting devices are connected with the power supply unit through the electrodes thereof, respectively, in parallel,
not in the structure of the present application, for the driving and the transmission of the signals of all of the light emitting
devices, it is necessary to vary each electrode width in order to meet a resistance value according to a disposition
distance of the light emitting device (a width of the electrode connected to the farthest light emitting device is largest),
and it is difficult to configure an electrode of low resistance due to a spatial limit in an electrode disposition region
according to the characteristic in that the plurality of light emitting devices is provided.

[0032] In the exemplary embodiment of the present application, the signal electrode wiring unit may be provided
between the first common electrode wiring unit and the second common electrode wiring unit.

[0033] Inthe exemplary embodiment of the present application, the first common electrode wiring unit may be a positive
(+) common electrode wiring unit and the second common electrode wiring unit may be a negative (-) common electrode
wiring unit. Further, the first common electrode wiring unit may be a negative (-) common electrode wiring unit and the
second common electrode wiring unit may be a positive (+) common electrode wiring unit.

[0034] Electrode wiring of the transparent light emitting device display according to the exemplary embodiment of the
present application is schematically illustrated in FIG. 1.

[0035] According to the exemplary embodiment of the present application, a channel is formed in a structure, in which
the signal electrode wiring unit passes between the positive (+) common electrode wiring unit and the negative (-)
common electrode wiring unit, so that each light emitting device does not have a separate electrode wire, and may be
connected to the positive (+) common electrode wiring unit and the negative (-) common electrode wiring unit as a
common electrode.

[0036] In the exemplary embodiment of the present application, at least four electrode pad units, which electrically
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connect the first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode wiring
unit with the light emitting devices, may be provided between the transparent substrate and each of the light emitting
devices. According to the exemplary embodiment of the present application, four electrode pad units, which connect the
first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode wiring unit with
the light emitting devices, may be provided between the transparent substrate and each of the light emitting devices.
[0037] Inthe exemplary embodiment of the present application, the four electrode pad units may comprise two signal
electrode pad units, one first common electrode pad unit, and one second common electrode pad unit. The two signal
electrode pad units are signal in-out pad units of the light emitting devices and may be provided at distal ends of the
signal electrode wiring units, respectively, and the first common electrode pad unit and the second common electrode
pad unit may be provided at distal ends of the first common electrode wiring unit and the second common electrode
wiring unit, respectively. The distal end means a region, on which the light emitting device is provided and is electrically
connected with the first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode
wiring unit.

[0038] Further, at least one capacitor pad unit may be additionally provided on the transparent substrate. In the
exemplary embodiment of the present application, the number of capacitor pad units may be two.

[0039] The capacitor pad unit is a pad, to which a capacitor is attached, and the capacitor may serve to stabilize a
current supplied to the light emitting device.

[0040] The electrode pad units of the transparent light emitting device display according to the exemplary embodiment
of the present application are schematically illustrated in FIG. 1. FIG. 1 is a diagram illustrating the case where the
transparent light emitting device display comprises four electrode pad units and two capacitor pad units.

[0041] More particularly, in FIG. 1, a first common electrode wiring unit 30 may be a positive (+) common electrode
wiring unit and a second common electrode wiring unit 40 may be a negative (-) common electrode wiring unit. Further,
in FIG. 1, a signal electrode pad unit 90, which is a signal in-out pad unit of the light emitting device, is an electrode pad
unit provided to be connected to a distal end of the signal electrode wiring unit, the first common electrode pad unit 70,
which is a positive (+) pad unit of the light emitting device, is an electrode pad unit provided to be connected to a distal
end of the positive (+) common electrode wiring unit, and the second common electrode pad unit 80, which is a negative
(-) pad unit of the light emitting device, is an electrode pad unit provided to be connected to a distal end of the negative
(-) common electrode wiring unit. Further, the capacitor pad unit 100 may comprise a capacitor positive (+) pad unit and
a negative (-) pad unit.

[0042] Each of the first common electrode pad unit, the second common electrode pad unit, the signal electrode pad
unit, and the capacitor pad unit does not comprise a metal mesh pattern, and an entire region of each of the pad units
may be formed of metal. More particularly, the first common electrode pad unit, the second common electrode pad unit,
and the signal electrode pad unit are portions hidden by the welded light emitting devices, so that the first common
electrode pad unit, the second common electrode pad unit, and the signal electrode pad unit do not comprise the metal
mesh pattern, and the entire region of each of the first common electrode pad unit, the second common electrode pad
unit, and the signal electrode pad unit may be formed of metal.

[0043] A gap between the electrode pad unit and the capacitor pad unit may be independently 0.1 mm to 1 mm. By
the gap, itis possible to prevent a short-circuit phenomenon in consideration of clearance when a solder paste is screen-
printed for forming the light emitting device later.

[0044] The forms of the electrode pad unit and the capacitor pad unit are not particularly limited, and may be quad-
rangles. Further, each of a size of the electrode pad unit and the capacitor pad unit may be independently 0.1 mm?2 to
1 mm2, but is not limited thereto.

[0045] The four electrode pad units may be bonded to one light emitting device. That s, in the exemplary embodiment
of the present application, when the plurality of light emitting devices is provided on the transparent substrate, each of
the light emitting devices may be bonded to the four electrode pad units.

[0046] In the exemplary embodiment of the present application, the first common electrode pad unit, the second
common electrode pad unit, and the signal electrode pad unit may comprise the metal mesh pattern, and the metal
mesh pattern may be provided in an entire region of an effective screen unit of an upper surface of the transparent
substrate, except for the regions, in which the light emitting devices are provided. More particularly, the metal mesh
pattern may be provided in a region having an area of 80% or more of the entire area of the upper surface of the
transparent substrate, and may be provided in a region having an area of 99.5% or less. Further, the metal mesh pattern
may be provided in a region having an area of 80% or more of an area, in which a FPCB pad unit region and a light
emitting device pad unit region provided on the transparent substrate are excluded, based on the entire area of the
upper surface of the transparent substrate, and may be provided in a region having an area of 99.5% or less. In the
present application, the FPCB pad unit region comprises an FPCB pad unit applying external power, and an area of the
FPCB pad unit region may be equal to or larger than an entire area of an FPCB pad unit, and be equal to or smaller
than three times the entire area of the FPCB pad unit. Further, in the present application, the light emitting device pad
unit region may comprise the electrode pad unit, and an area of the light emitting device pad unit region may be equal
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to or larger than 1.5 times an entire area of the electrode pad unit, and be equal to or smaller than three times the entire
area of the electrode pad unit.

[0047] In the exemplary embodiment of the present application, the pattern form in the art may be used as the metal
mesh pattern of the first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode
wiring unit. More particularly, the metal mesh pattern may comprise a quadrangular pattern.

[0048] The metal mesh pattern may be provided in the entire region of the effective screen unit of the upper surface
of the transparent substrate, except for the region, in which the light emitting devices are provided, so that it is possible
to secure a maximally allowable wiring region, thereby improving a resistance characteristic of the transparent light
emitting device display. More particularly, surface resistance of the metal mesh pattern may be 0.1 Q/sq or less.
[0049] Pitch of the metal mesh pattern may be 100 um to 1,000 um, may be 100 pwm to 600 pwm, and 100 um to 300
pm, but may be adjusted by those skilled in the art based on desired transmittance and conductivity.

[0050] A material of the metal mesh pattern is not particularly limited, but may comprise one or more of metal and a
metal alloy. The metal mesh pattern may comprise gold, silver, aluminum, copper, neodymium, molybdenum, nickel, or
an alloy thereof, but is not limited thereto.

[0051] A line height of the metal mesh pattern is not particularly limited, but may be 1 wm or more in an aspect of
conductivity of the metal mesh pattern and economic feasibility of a process of forming the metal mesh pattern, and may
be 20 pwm or less and may be 10 um or less. More particularly, the line height of the metal mesh pattern may be 1 pm
to 20 wm, and may be 1 pum to 10 pm.

[0052] A line width of the metal mesh pattern may be 50 um or less, and may be 40 pm or less, but is not limited
thereto. The smaller line width of the metal mesh pattern may be advantageous in an aspect of transmittance and wire
visibility, but may cause a decrease in resistance, and in this case, when the line height of the metal mesh pattern is
high, itis possible to improve the decrease in resistance. The line width of the metal mesh pattern may be 5 um to or more.
[0053] An aperture ratio of the metal mesh pattern, that is, a ratio of an area, which is not covered by the pattern, may
be 70% or more, 85% or more, and 95% or more.

[0054] Inthe exemplary embodiment of the present application, the aperture ratio of the metal mesh pattern may mean
aratio of an area, which is not covered by the metal mesh pattern, based on the area of the upper portion of the transparent
substrate, and a closing ratio of the metal mesh pattern may mean a ratio of an area, which is covered by the metal
mesh pattern, based on the area of the upper portion of the transparent substrate.

[0055] Inthe exemplary embodiment of the present application, the metal mesh patterns of the first common electrode
wiring unit, the second common electrode wiring unit, and the signal electrode wiring unit may be separated from each
other by a disconnection portion, in which the metal mesh pattern is not provided. The disconnection portion means a
region, in which a part of the metal mesh pattern is disconnected to cut an electric connection. A width of the disconnection
portion may mean a distance between the most adjacent distal ends among the first common electrode wiring unit, the
second common electrode wiring unit, and the signal electrode wiring unit, which are spaced apart from one another.
The width of the disconnection portion may be 80 um or less, may be 60 um or less, may be 40 um or less, and may
be 30 wm or less, but is not limited thereto. The width of the disconnection portion may be 5 wm or more.

[0056] According to the exemplary embodiment of the present application, it is possible to decrease visibility of the
wire by minimizing a width of the disconnection portion, which separates the metal mesh patterns of the first common
electrode wiring unit, the second common electrode wiring unit, and the signal electrode wiring unit.

[0057] Further, a line width 110, a line height 120, and pitch 130 of the metal mesh pattern according to the exemplary
embodiment of the present application are schematically illustrated in FIG. 9. A line width, a line height, and pitch of the
metal mesh pattern may be measured by using a method well known in the art. For example, the method may comprise
a method of observing and measuring a scanning electron microscope (SEM) cross-section, a measurement method
using a contactless surface shape measuring device (optical profiler), a measurement method using a stylus surface
step measuring device (alpha step or surface profiler), and the like.

[0058] In the exemplary embodiment of the present application, each of the metal mesh patterns of the first common
electrode wiring unit, the second common electrode wiring unit, and the signal electrode wiring unit may also be formed
by an independent printing process, and may also be formed by one printing process at the same time. Accordingly, the
metal mesh patterns of the first common electrode wiring unit, the second common electrode wiring unit, and the signal
electrode wiring unit may have the same line height. In the present application, the same line height of the metal mesh
patterns means that a standard deviation of a line height is 10% or less, preferably, 5% or less, and more preferably 2%
or less.

[0059] Inthe exemplary embodiment of the present application, the printing method is used for forming the metal mesh
patterns of the first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode
wiring unit, so that it is possible to form the metal mesh patterns of the first common electrode wiring unit, the second
common electrode wiring unit, and the signal electrode wiring unit, which have the small line width and are precise, on
the transparent substrate. The printing method is not particularly limited, and off-set printing, screen printing, gravure
printing, flexographic printing, inkjet printing, nano-imprint, and the like may be used as the printing method, and a
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complex method comprising one or more of offset printing, screen printing, gravure printing, flexographic printing, inkjet
printing, and nano-imprint may also be used. The printing method may use a roll to roll method, a roll to plate method,
a plate to roll method, or a plate to plate method.

[0060] Inthe exemplary embodiment of the present application, in order to implement the precise metal mesh pattern,
a reverse offset printing method may be applied. To this end, in the present application, there may be performed a
method, in which an upper portion of silicon-based rubber, which is called a blanket, is entirely coated with ink, which
may serve as the resist during etching, an unnecessary portion is firstly removed from the blanket through an intaglio,
in which a pattern called a cliché is carved, a printing pattern left on the blanket is secondarily transferred to a base
material, such as a film or glass, on which metal and the like is deposited, and then a desired pattern is formed through
plasticizing and etching processes. When the method is used, the base material, on which metal is deposited, is used,
so that uniformity of a line height is secured in the entire region and thus there is an advantage in that it is possible to
uniformly maintain resistance in a thickness direction. In addition, the present application may comprise the direct printing
method, in which conductive ink is directly printed by using the reverse offset printing method and then is plasticized to
form a desired pattern. In this case, the line height of the pattern may be flattened by pressing impression pressure, and
conductivity may be given by a thermoplastic process or microwave plasticizing process, a laser partial plasticizing
process, and the like, which aim at connecting metal nano particles by mutual surface welding.

[0061] In the present application, as the transparent substrate, a glass substrate or a plastic substrate known in the
art may be used, but the transparent substrate is not particularly limited thereto.

[0062] In the present application, the light emitting device provided on the transparent substrate may be formed by
using a material and a method known in the art.

[Mode for Carrying Out the Invention]

[0063] Hereinafter, the exemplary embodiment described in the present specification will be exemplified through Ex-
amples. However, this does not intend to limit the range of the exemplary embodiments by the Examples.

<Example>
<Example 1>

[0064] Fabric, in which a transparent film (Polyester film V7200, SKC Company) is plated with Cu, and dry film resist
(DFR) (SPG-152 of Asahi Chemical Industry) were laminated. Then, the laminated material was exposed by using a
pattern mask and then was developed to form a desired DFR pattern. Then, a desired Cu wiring pattern was manufactured
by etching Cu and peeling the DFR.

[0065] The form of the Cu wiring pattern of Example 1 is represented in FIG. 2.

[0066] Pitch of a parallel wire of the Cu wiring pattern of Example 1 is 200 wm, a line width of the parallel wire is 20
pm, pitch of a vertical wire is 400 um, and a line width of the vertical wire is 20 um. Further, line heights of the parallel
wire and the vertical wire of the Cu wire pattern are 2 pm.

<Example 2>

[0067] Except for the form of the Cu wiring pattern illustrated in FIG. 3, the method was identically performed to that
of Example 1.

[0068] Pitch of a parallel wire of the Cu wiring pattern of Example 2 is 200 wm, a line width of the parallel wire is 20
pm, pitch of a vertical wire is 400 um, and a line width of the vertical wire is 20 um. Further, line heights of the parallel
wire and the vertical wire of the Cu wire pattern are 2 pm.

<Example 3>

[0069] Except for the form of the Cu wiring pattern illustrated in FIG. 4, the method was identically performed to that
of Example 1.

[0070] Pitch of a parallel wire of the Cu wiring pattern of Example 3 is 200 wm, a line width of the parallel wire is 32
pm, pitch of a vertical wire is 200 um, and a line width of the vertical wire is 8 wm. Further, line heights of the parallel
wire and the vertical wire of the Cu wire pattern are 2 pm.

<Example 4>

[0071] Except that pitch of a parallel wire of the Cu wiring pattern adopted was 100 um, a line width of the parallel
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wire adopted was 25 pm, pitch of a vertical wire adopted was 300 wm, and a line width of the vertical wire adopted was
25 pm, and line heights of the parallel wire and the vertical wire of the Cu wire pattern adopted was 8 pm in Example
1, the method was identically performed to that of Example 1.

<Example 5>

[0072] Except that pitch of a parallel wire of the Cu wiring pattern adopted was 100 pm, a line width of the parallel
wire adopted was 25 pm, pitch of a vertical wire adopted was 600 pwm, and a line width of the vertical wire adopted was
25 um, and line heights of the parallel wire and the vertical wire of the Cu wire pattern adopted was 8 pum, the method
was identically performed to that of Example 1.

<Example 6>

[0073] Except that pitch of a parallel wire of the Cu wiring pattern adopted was 200 pm, a line width of the parallel
wire adopted was 25 pm, pitch of a vertical wire adopted was 600 pm, and a line width of the vertical wire adopted was
25 um, and line heights of the parallel wire and the vertical wire of the Cu wire pattern adopted was 8 pm in Example
1, the method was identically performed to that of Example 1.

<Comparative Example 1>

[0074] Except for the form of the Cu wiring pattern illustrated in FIG. 5, the method was identically performed to that
of Example 1.

[0075] Pitch of a parallel wire of the Cu wiring pattern of Comparative Example 1 is 200 um, a line width of the parallel
wire is 20 pm, pitch of a vertical wire is 200 wm, and a line width of the vertical wire is 20 wm. Further, line heights of
the parallel wire and the vertical wire of the Cu wire pattern are 2 pum.

<Comparative Example 2>

[0076] Except for the form of the Cu wiring pattern illustrated in FIG. 6, the method was identically performed to that
of Example 1.

[0077] Pitch of the Cu wiring pattern of Comparative Example 2 is 200 wm and a line width of the Cu wiring pattern is
20 wm. Further, a line height of the Cu wire pattern is 2 pm.

<Comparative Example 3>

[0078] Except for the form of the Cu wiring pattern illustrated in FIG. 7, the method was identically performed to that
of Example 1. The Cu wiring pattern of Comparative Example 3 is a pattern formed of only parallel wires, without vertical
wires.

[0079] Pitch of the parallel wire of the Cu wiring pattern of Comparative Example 3 is 200 um and a line width of the
Cu wiring pattern is 20 wm. Further, a line height of the parallel wire of the Cu wiring pattern is 2 pum.

<Comparative Example 4>

[0080] Except for the form of the Cu wiring pattern illustrated in FIG. 8, the method was identically performed to that
of Example 1.

[0081] Pitch of a parallel wire of the Cu wiring pattern of Example 4 is 200 um, a line width of the parallel wire is 8
pm, pitch of a vertical wire is 200 um, and a line width of the vertical wire is 32 pum. Further, line heights of the parallel
wire and the vertical wire of the Cu wire pattern are 2 pm.

<Comparative Example 5>

[0082] Except that pitch of a parallel wire of the Cu wiring pattern adopted was 100 pm, a line width of the parallel
wire adopted was 25 pm, pitch of a vertical wire adopted was 100 wm, and a line width of the vertical wire adopted was
25 um, and line heights of the parallel wire and the vertical wire of the Cu wire pattern adopted was 8 pum, the method
was identically performed to that of Comparative Example 1.
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<Comparative Example 6>

[0083] Except that pitch of a parallel wire of the Cu wiring pattern adopted was 300 pm, a line width of the parallel
wire adopted was 25 pm, pitch of a vertical wire adopted was 300 pwm, and a line width of the vertical wire adopted was
25 pm, and line heights of the parallel wire and the vertical wire of the Cu wire pattern adopted was 8 pm in Comparative
Example 1, the method was identically performed to that of Comparative Example 1.

<Experimental Example 1>

[0084] Closing ratios, channel resistance, and short-circuit vulnerability of the Cu wiring patterns of Examples 1 to 3
and Comparative Examples 1 to 4 are evaluated and are represented in Table 1 below.

[0085] A closing ratio of the Cu wiring pattern was calculated by Equations 1 to 3, and channel resistance is a linear
resistance value obtained by measuring resistance of both distal ends of a channel having a length of 17 mm and a
width of 1.2 mm. Further, in the short-circuit vulnerability, in the case where the wires are short-circuited due to inflow
of foreign substances, the case where the entire wires are electrically short-circuited is indicated by "NG" and the case
where some wires are short-circuited, but an electric path may bypass is indicated by "OK".

[Table 1]
A /B | Closing ratio (%) | Channel resistance | Short-circuit vulnerability

Example 1 2 14.5 1.58 OK

Example 2 2 14.5 1.58 OK

Example 3 4 19.4 0.95 OK
Comparative Example 1 1 19 1.58 OK
Comparative Example 2 1 19 1.95 OK
Comparative Example 3 - 10 1.58 NG
Comparative Example4 | 0.25 19.4 4.74 OK
A: Closing ratio of parallel wire per unit area
B: Closing ratio of vertical wire per unit area

<Experimental Example 2>

[0086] Closing ratios, channel resistance, and electrode transmittance of the Cu wiring patterns of Examples 4 and 5
and Comparative Example 5 are evaluated and represented in Table 2 below.

[0087] A closing ratio of the Cu wiring pattern was calculated by Equations 1 to 3, and channel resistance is a linear
resistance value obtained by measuring resistance of both distal ends of a channel having a length of 660 mm and a
width of 12 mm. Transmittance was obtained by measuring transmittance of a metal mesh pattern portion while avoiding
an LED pad unit by using COH-400 equipment by Nippon Denshoku Company.

[Table 2]
A/B | Closing ratio (%) | Channel resistance | Electrode transmittance
Example 4 3 237 0.9 66.4
Example 5 6 18.6 1.0 70.8
Comparative Example 5 1 38.0 0.9 53.9
A: Closing ratio of parallel wire per unit area
B: Closing ratio of vertical wire per unit area

<Experimental Example 3>

[0088] Closing ratios, channel resistance, and LED lighting of the Cu wiring patterns of Example 6 and Comparative
Example 6 are evaluated and represented in Table 3 below.
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[0089] A closing ratio of the Cu wiring pattern was calculated by Equations 1 to 3, and channel resistance is a linear
resistance value obtained by measuring resistance of both distal ends of a channel having a length of 660 mm and a
width of 12 mm. Further, the LED lighting is based on whether the final serially connected LED is turned on, and the
case where the final serially connected LED is turned on is indicated by "OK" and the case where the final serially
connected LED is not turned on is indicated by "NG".

[Table 3]
A /B | Closingratio (%) | Channel resistance | Short-circuit vulnerability
Example 6 3 16.2 22 OK
Comparative Example 6 1 15.9 3.5 NG

A: Closing ratio of parallel wire per unit area
B: Closing ratio of vertical wire per unit area

[0090] As can be seen from the result, according to the exemplary embodiment of the present application, it is possible
to decrease visibility of the wire by applying the metal mesh pattern, in which the line widths, the pitch, and the like of
the vertical wire and the parallel wire are adjusted, to the first common electrode wiring unit, the second common electrode
wiring unit, and the signal electrode wiring unit. Further, the metal mesh pattern is provided on the entire region of the
effective screen unit of the upper surface of the transparent substrate, except for the region, in which the light emitting
devices are provided, so that it is possible to maximize an extent of the common electrode wiring unit and reduce
resistance.

[0091] Further, according to the exemplary embodiment of the present application, it is possible to decrease visibility
of the wire by minimizing a width of the disconnection portion, which separates the metal mesh patterns of the first
common electrode wiring unit, the second common electrode wiring unit, and the signal electrode wiring unit from one
another.

[0092] Further, according to the exemplary embodiment of the present application, it is possible to increase an aperture
ratio of the metal mesh pattern without a loss of resistance by decreasing the closing ratio of the vertical wire vertical to
the current direction.

Claims
1. A transparent light emitting device display, comprising:

a transparent substrate;

at least two light emitting devices provided on the transparent substrate; and

a first common electrode wiring unit, a second common electrode wiring unit, and a signal electrode wiring unit
provided on the transparent substrate,

wherein the first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode
wiring unit comprise a metal mesh pattern, and the metal mesh pattern is provided in a region having an area
of 80% or more of an entire area of an upper surface of the transparent substrate,

the at least two light emitting devices are serially connected with the signal electrode wiring unit,

the metal mesh pattern is formed of parallel wires parallel to the serial connection direction and vertical wires
vertical to the parallel wires, and

a ratio of a closing ratio of the parallel wires per unit area expressed by Equation 2 to a closing ratio of the
vertical wires per unit area expressed by Equation 1 is 1.5 to 10:

[Equation 1]

Closing ratio (%) of vertical wires per unit area = (W1 /P1) x 100

[Equation 2]

Closing ratio (%) of parallel wires per unit area = (W2 / P2) x 100

1"



10

15

20

25

30

35

40

45

50

55

EP 3 534 404 A1

In Equations 1 and 2, W1 is a line width of the vertical wire, P1 is pitch of the vertical wire, W2 is a line width of the
parallel wire, and P2 is pitch of the parallel wire.

The transparent light emitting device display of claim 1, wherein a ratio of a closing ratio of the parallel wires per
unit area expressed by Equation 2 to a closing ratio of the vertical wires per unit area expressed by Equation 1 is

1.5t0 6.

The transparent light emitting device display of claim 1, wherein the line width of the parallel wire is larger than or
equal to the line width of the vertical wire.

The transparent light emitting device display of claim 1, wherein a closing ratio of the metal mesh pattern per unit
area expressed by Equation 3 is 5% to 30%.

[Equation 3]

Closing ratio of metal mesh pattern per unit area = {(P2 X W1 + P1 X W2 — W1 X

W2) / (P1 x P2)} x 100

10.

1.

12.

In Equation 3, W1, W2, P1, and P2 have the same definition as the definitions of claim 1.

The transparent light emitting device display of claim 1, wherein at least four electrode pad units, which electrically
connect the first common electrode wiring unit, the second common electrode wiring unit, and the signal electrode
wiring unit with the light emitting devices, are provided between the transparent substrate and each of the light
emitting devices, and

the at least four electrode pad units comprise two signal electrode pad units, one first common electrode pad unit,
and one second common electrode pad unit.

The transparent light emitting device display of claim 1, wherein the signal electrode wiring unit is provided between
the first common electrode wiring unit and the second common electrode wiring unit.

The transparent light emitting device display of claim 1, wherein a line width of the metal mesh pattern is 50 um or
less, pitch of the metal mesh patternis 100 umto 1,000 wm, and aline height ofthe metal mesh patternis 1 um or more.

The transparent light emitting device display of claim 1, wherein the metal mesh patterns of the first common electrode
wiring unit, the second common electrode wiring unit, and the signal electrode wiring unit are separated from one
another by a disconnection portion, in which the metal mesh pattern is not provided, and a width of the disconnection
portion is 80 wm or less.

The transparent light emitting device display of claim 5, wherein a size of each of the electrode pad units is inde-
pendently 0.1 mm2to 1 mm?2,

The transparent light emitting device display of claim 5, wherein a gap between the electrode pad units among the
at least four electrode pad units is independently 0.1 mm to 1 mm.

The transparent light emitting device display of claim 1, wherein the metal mesh pattern comprises gold, silver,
aluminum, copper, neodymium, molybdenum, nickel, or an alloy thereof.

The transparentlight emitting device display of claim 1, wherein at least one capacitor pad unitis additionally provided
on the transparent substrate.
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[Figure 1]

[Figure 2]
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[Figure 3]

_ Serial Connection Direction of Light Emitting Device

[Figure 4]
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[Figure 5]

- Serial Connection Direction of Light Emitting Device
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[Figure 6]

— Serial Connection Direction of Light Emitting Device

[Figure 7]
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[Figure 8]
- Serial Connection Direction of Light Emitting Device
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