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(54) DISPLAY DEVICE

(57) Disclosed is a display apparatus. The display
apparatus includes: a light emitting part including a plu-
rality of light emitting diodes regularly arranged thereon;
a TFT panel part including a plurality of TFTs driving the
plurality of light emitting diodes; and a light conversion
part converting light emitted from the light emitting part,
wherein the light emitting part and the TFT panel part are
coupled to each other so as to face each other at one
side thereof such that the light emitting diodes are elec-
trically connected to the TFTs, respectively; the plurality
of light emitting diodes includes at least one first light

emitting diode and at least one second light emitting di-
ode; the light conversion part emits red light through con-
version of light emitted from the at least one first light
emitting diode; and the at least one second light emitting
diode emits green light to the outside. The display appa-
ratus employs micro-light emitting diodes formed of ni-
tride semiconductors to realize high resolution, low power
consumption and high efficiency. Accordingly, the dis-
play apparatus can be applied to various apparatuses
including a wearable apparatus.
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Description
[Technical Field]

[0001] Exemplary embodiments of the present disclosure relate to a display apparatus, and more particularly, to a
display apparatus using micro-light emitting diodes.

[Background Art]

[0002] A light emitting diode refers to an inorganic semiconductor device that emits light through recombination of
electrons and holes. In recent years, light emitting diodes have been used in various fields including displays, automobile
lamps, general lighting, and the like, and application fields of such light emitting diodes have expanded.

[0003] Light emitting diodes have various advantages such as long lifespan, low power consumption, and rapid re-
sponse. Thus, a light emitting device using a light emitting diode can be used as a light source in various fields.
[0004] Recently, smart TVs or monitors realize colors using a thin film transistor liquid crystal display (TFT-LCD) panel
and use light emitting diodes as a light source for a backlight unit for color realization. In addition, a display apparatus
is often manufactured using organic light emitting diodes (OLEDs).

[0005] As a backlight light source of a TFT-LCD panel, one LED is used to supply light to many pixels of the TFT-LCD
panel. In this structure, since the backlight light source must be kept on regardless of colors displayed on a screen of
the TFT-LCD panel, the TFT-LCD panel suffers from constant power consumption regardless of brightness of a displayed
screen.

[0006] In addition, although power consumption of an OLED display apparatus has been continuously reduced due
to technological development, OLEDs still has much higher power consumption than LEDs formed of inorganic semi-
conductors and thus has low efficiency.

[0007] Moreover, a PM drive type OLED display apparatus can suffer from deterioration in response speed upon pulse
amplitude modulation (PAM) of the OLED having large capacitance. In addition, the PM drive type OLED display apparatus
can suffer from deterioration in lifespan upon high current driving through pulse width modulation (PWM) for realizing a
low duty ratio.

[0008] Moreover, an AM driving type OLED display apparatus requires connection of TFTs for each pixel, thereby
causing increase in manufacturing costs and nonuniform brightness according to characteristics of TFTs.

[Prior Literature]

[Patent Document]

[0009] Japanese Unexamined Patent Publication No. 2015-500562 (2015.01.05)
[Disclosure]

[Technical Problem]

[0010] Exemplary embodiments of the present disclosure provide a display apparatus using micro-light emitting diodes
having low power consumption to be applicable to a wearable apparatus, a smartphone ora TV.

[Technical Solution]

[0011] In accordance with one aspect of the present disclosure, a display apparatus includes: a light emitting part
including a plurality of light emitting diodes regularly arranged thereon; a TFT panel part including a plurality of TFTs
driving the plurality of light emitting diodes; and a light conversion part converting light emitted from the light emitting
part, wherein the light emitting part and the TFT panel part are coupled to each other so as to face each other at one
side thereof such that the light emitting diodes are electrically connected to the TFTs, respectively; the plurality of light
emitting diodes includes at least one first light emitting diode and at least one second light emitting diode; the light
conversion part emits red light through wavelength conversion of light emitted from the at least one first light emitting
diode; and the at least one second light emitting diode emits green light.

[Advantageous Effects]

[0012] According to exemplary embodiments, the display apparatus employs micro-light emitting diodes formed of
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nitride semiconductors to realize high resolution, low power consumption and high efficiency. Accordingly, the display
apparatus can be applied to various apparatuses including a wearable apparatus.

[0013] In addition, the display apparatus is manufactured using blue light emitting diodes and green light emitting
diodes, thereby improving efficiency while reducing manufacturing costs.

[0014] Further, in the display apparatus according to exemplary embodiments, a subpixel emitting red light has a
larger area than subpixels emitting blue light and green light. Thus, the display apparatus increases intensity of red light
emitted through phosphors such that blue light, green light and red light emitted from one pixel can have uniform intensity.

[Description of Drawings]
[0015]

FIG. 1 is a plan view of a pixel of a display apparatus according to a first exemplary embodiment of the present
disclosure.

FIG. 2 is a cross-sectional view of the pixel of the display apparatus according to the first exemplary embodiment
of the present disclosure.

FIG. 3 is a cross-sectional view of a pixel of a display apparatus according to a second exemplary embodiment of
the present disclosure.

FIG. 4 is a plan view of a pixel of a display apparatus according to a third exemplary embodiment of the present
disclosure.

FIG. 5 is a cross-sectional view of the pixel of the display apparatus according to the third exemplary embodiment
of the present disclosure.

FIG. 6 is a cross-sectional view of a pixel of a display apparatus according to a fourth exemplary embodiment of
the present disclosure.

FIG. 7 is a cross-sectional view of a pixel of a display apparatus according to a fifth exemplary embodiment of the
present disclosure.

FIG. 8is a plan of a pixel of a display apparatus according to a sixth exemplary embodiment of the present disclosure.
FIG. 9 is a cross-sectional view of the pixel of the display apparatus according to the sixth exemplary embodiment
of the present disclosure.

FIG. 10 is a cross-sectional view of a pixel of a display apparatus according to a seventh exemplary embodiment
of the present disclosure.

FIG. 11 is a plan view of a pixel of a display apparatus according to an eighth exemplary embodiment of the present
disclosure.

FIG. 12 is cross-sectional views taken along lines of FIG. 11.

[Best Mode]

[0016] In accordance with one aspect of the present disclosure, a display apparatus includes: a light emitting part
including a plurality of light emitting diodes regularly arranged thereon; a TFT panel part including a plurality of TFTs
driving the plurality of light emitting diodes; and a light conversion part converting light emitted from the light emitting
part, wherein the light emitting part and the TFT panel part are coupled to each other so as to face each other at one
side thereof such that the light emitting diodes are electrically connected to the TFTs, respectively; the plurality of light
emitting diodes includes at least one first light emitting diode and at least one second light emitting diode; the light
conversion part emits red light through wavelength conversion of light emitted from the at least one first light emitting
diode; and the at least one second light emitting diode emits green light.

[0017] The at least one first light emitting diode may be a blue light emitting diode or a UV light emitting diode, and
the light conversion part may include a red phosphor layer emitting red light through wavelength conversion of light
emitted from the at least one first light emitting diode.

[0018] The at least one first light emitting diode may be disposed in a first subpixel, the at least one second light
emitting diode may be disposed in a second subpixel, and the first subpixel may have a larger size than the second
subpixel.

[0019] The plurality of light emitting diodes may further include at least one third light emitting diode disposed in a third
subpixel. The first subpixel may have a larger size than the third subpixel and may be disposed on a side surface on
which the second and third subpixels are arranged in line.

[0020] The plurality of light emitting diodes may further include at least one third light emitting diode. In this exemplary
embodiment, the at least one second light emitting diode may be a green light emitting diode and the at least one third
light emitting diode may be a blue light emitting diode.

[0021] The plurality of light emitting diodes may further include at least one third light emitting diode. In this exemplary
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embodiment, the at least one third light emitting diode may be a UV light emitting diode and the light conversion part
may further include a blue phosphor layer emitting blue light through wavelength conversion of UV light emitted from
the UV light emitting diode.

[0022] The plurality of light emitting diodes may further include at least one fourth light emitting diode. In this exemplary
embodiment, the at least one fourth light emitting diode may be a blue light emitting diode and the light conversion part
may further include a white phosphor layer emitting white light through wavelength conversion of light emitted from the
fourth light emitting diode.

[0023] The first to fourth light emitting diodes may be disposed in first to fourth subpixels, respectively, and the first
and fourth subpixels may have larger sizes than the second and third subpixels.

[0024] The firstand second subpixels may be disposed in one column, the third and fourth subpixels may be disposed
in another column, and the first and fourth subpixels may be disposed in one row.

[0025] The light conversion part may include a color filter blocking light of other wavelengths excluding red light.
[0026] The light emitting part may include a plurality of light emitting diodes; a transparent electrode disposed on the
plurality of light emitting diodes and electrically connected to the plurality of light emitting diodes; a connection electrode
disposed under the plurality of light emitting diodes and electrically connected to the plurality of light emitting diodes;
and a blocking portions disposed between the plurality of light emitting diodes and electrically connected to the transparent
electrodes.

[0027] Each of the plurality of light emitting diodes may include an n-type semiconductor layer; a p-type semiconductor
layer; and an active layer interposed between the n-type semiconductor layer and the p-type semiconductor layer.
[0028] The light conversion part may include a phosphor layer including a red phosphor layer emitting red light through
wavelength conversion of light emitted from the at least one first light emitting diode; and a protective substrate disposed
on the phosphor layer.

[0029] The phosphor layer may further include a transparent layer through which light emitted from the second light
emitting diode passes without wavelength conversion.

[0030] Thedisplay apparatus may further include a color filter disposed between the phosphor layer and the protective
substrate and blocking light emitted from the phosphor layer and having a certain wavelength.

[0031] Exemplary embodiments of the present disclosure will be described in detail with reference to the accompanying
drawings.

[0032] FIG. 1is a plan view of a pixel of a display apparatus according to a first exemplary embodiment of the present
disclosure and FIG. 2 is a cross-sectional view of the pixel of the display apparatus according to the first exemplary
embodiment of the present disclosure.

[0033] Referringto FIG. 1and FIG. 2, the display apparatus 100 according to the first exemplary embodiment includes
a light emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting diode
part 110 includes a light emitting part 111 and a light conversion part 123.

[0034] Thelightemitting part 111 includes blue light emitting diodes 112a, green light emitting diodes 112b, transparent
electrodes 116, blocking portions 118, and first connection electrodes 122.

[0035] The blue light emitting diode 112a and the green light emitting diode 112b are provided in plural and arranged
atregular intervals. For example, a plurality of blue light emitting diodes 112a and a plurality of green light emitting diodes
112b may be arranged at constant intervals in rows and columns. With this arrangement of the plurality of blue light
emitting diodes 112a and the plurality of green light emitting diodes 112b, a plurality of pixels may be formed. Referring
to FIG. 1, in this exemplary embodiment, one pixel may be composed of three subpixels SP1, SP2, SP3, in which one
green light emitting diode 112b is disposed in a second subpixel SP2 and two blue light emitting diodes 112a are disposed
in the remaining two subpixels SP1, SP2, respectively. Although the following description will be given of the structure
wherein one light emitting diode 112a or 112b is disposed in one of the subpixels SP1, SP2, SP3, it should be understood
that two or more light emitting diodes may be provided to one subpixel SP1, SP2 or SP3, as needed.

[0036] In this exemplary embodiment, each of the subpixels SP1, SP2, SP3 may have a larger size than the light
emitting diode 112a or 112b disposed in the corresponding subpixel SP1, SP2 or SP3. In addition, the subpixels SP1,
SP2, SP3 may have the same size.

[0037] In the display apparatus 100 according to this exemplary embodiment, when power is applied to each of the
light emitting diodes 112a, 112b, each of the light emitting diodes 112a, 112b can be turned on or off by power applied
thereto and the light emitting part 111 coupled to the light conversion part 123 can be driven. That is, light emitted from
the light emitting part 111 is converted into blue light, green light and red light while passing through the light conversion
part 123, whereby blue light, green light and red light can be discharged from the display apparatus. Accordingly, the
light emitting diode part 110 of the display apparatus 100 can be driven without a separate LCD.

[0038] In this exemplary embodiment, each of the blue light emitting diode 112a and the green light emitting diode
112b may include an n-type semiconductor layer 23, an active layer 25, and a p-type semiconductor layer 27. Here,
each of the n-type semiconductor layer 23, the active layer 25 and the p-type semiconductor layer 27 may include Group
IlI-V based compound semiconductors. By way of example, these semiconductor layers may include nitride semicon-
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ductors such as (Al, Ga, In)N. In other exemplary embodiments, locations of the n-type semiconductor layer 23 and the
p-type semiconductor layer 27 can be interchanged.

[0039] The n-type semiconductor layer 23 may be a conductive semiconductor layer including an n-type dopant (for
example, Si) and the p-type semiconductor layer 27 may be a conductive semiconductor layer including a p-type dopant
(for example, Mg). The active layer 25 is interposed between the n-type semiconductor layer 23 and the p-type semi-
conductor layer 27, and may have a multi-quantum well (MQW) structure. The composition of the active layer 25 may
be determined so as to emit light having a desired peak wavelength. With this structure, the blue light emitting diode
112a can emit blue light having a peak wavelength of, for example, 430 nm to 470 nm, and the green light emitting diode
112b can emit green light having a peak wavelength of, for example, 510 nm to 550 nm.

[0040] In this exemplary embodiment, each of the blue light emitting diode 112a and the green light emitting diode
112b may have the shape of a vertical type light emitting diode. In this structure, an n-type electrode may be formed on
an outer surface of the n-type semiconductor layer 23 and a p-type electrode may be formed on an outer surface of the
p-type semiconductor layer 27. The following description will be given of the structure wherein the n-type electrode and
the p-type electrode are omitted. In other exemplary embodiments, at least one of the n-type electrode and the p-type
electrode may be provided in plural.

[0041] The transparent electrode 116 may be electrically connected to the n-type semiconductor layer 23 of the blue
light emitting diode 112a and the green light emitting diode 112b, and may be electrically connected to the blocking
portion 118. The transparent electrode 116 may have as thin a thickness as possible and may be transparent to allow
light emitted from the blue light emitting diode 112a and the green light emitting diode 112b to reach the light conversion
part 123 therethrough. For example, the transparent electrode 116 may be formed of ITO.

[0042] The blocking portions 118 are disposed to define a region for one subpixel and may be formed of a material
exhibiting electrical conductivity. Accordingly, a region for each subpixel can be set by the blocking portions 118 and
each of the blue light emitting diode 112a and the green light emitting diode 112b can be disposed in each of the subpixels
SP1, SP2, SP3.

[0043] With this arrangement of the blocking portion 118, light emitted from one subpixel can be prevented from
reaching other subpixels adjacent thereto. In this exemplary embodiment, a side surface of the blocking portion 118
may be a reflective surface capable of reflecting light emitted from the blue light emitting diode 112a or the green light
emitting diode 112b. In addition, although the side surface of the blocking portion 118 is shown as being a vertical
surface, the side surface of the blocking portion 118 may be an inclined surface. Accordingly, light emitted from each of
the light emitting diodes 112a, 112b can be reflected by the blocking portion 118 to be discharged in an upward direction
of the subpixel.

[0044] The blocking portions 118 may be electrically connected to the TFT panel part 130 such that the TFT panel
part 130 can be electrically connected to the n-type semiconductor layer 23 through the transparent electrodes 116 and
the blocking portions 118.

[0045] The first connection electrodes 122 may be provided in plural such that one first connection electrode 122 is
provided to each of the subpixels SP1, SP2, SP3 to be electrically connected to the p-type semiconductor layer 27 of
the blue light emitting diode 112a and the green light emitting diode 112b. Accordingly, the TFT panel part 130 can be
electrically connected to the p-type semiconductor layer 27 through the first connection electrodes 122.

[0046] In this exemplary embodiment, the light conversion part 123 includes a phosphor layer 126, a color filter 127,
and a protective substrate 128.

[0047] The phosphor layer 126 may be disposed on the protective substrate 128 and include a red phosphor layer
126c¢ and a transparent layer 126e. In addition, a blocking layer 126d may be interposed between the red phosphor layer
126¢ and the transparent layer 126e. The blocking layer 126d can prevent mixture of light by preventing light having
entered the red phosphor layer 126¢ or the transparent layer 126e from entering another red phosphor layer 126¢ or
transparent layer 126e adjacent thereto.

[0048] AsshowninFIG. 1and FIG. 2, the red phosphor layer 126¢ is disposed in a region corresponding to a location
at which one of two blue light emitting diodes 112a is disposed, and the transparent layer 126e is disposed in a region
corresponding to a location at which each of the blue light emitting diode 112a and the green light emitting diode 112b
is disposed. That is, the red phosphor layer 126¢ is disposed in the first subpixel SP1 and the transparent layer 126e is
disposed in each of the second and third subpixels SP2, SP3. In this exemplary embodiment, the blocking layer 126d
may be disposed between sections of the transparent layer 126e.

[0049] In this structure, green light and blue light emitted from the green light emitting diode 112b and the blue light
emitting diode 112a disposed in the second and third subpixels SP2, SP3, on which the transparent layer 126e is
disposed, can be discharged through the transparent layer 126e. In addition, light emitted from the blue light emitting
diode 112a disposed in the first subpixel SP1 may be converted into red light through wavelength conversion of the red
phosphor layer 126¢ disposed at the location corresponding to the blue light emitting diode 112a, whereby the red light
can be discharged to the outside.

[0050] Further, in this exemplary embodiment, the color filter 127 may be interposed between the phosphor layer 126



10

15

20

25

30

35

40

45

50

55

EP 3 511 985 A1

and the protective substrate 128. The color filter 127 may include a red light portion 127c, a light blocking portion 1274,
and a transparent portion 127e. In this exemplary embodiment, the color filter 127 may be formed in a film shape and
can block light having passed through the color filter 127 excluding light of a certain wavelength.

[0051] That is, the red light portion 127¢c allows only red light to pass therethrough by blocking light having other
wavelengths excluding red light. In this exemplary embodiment, the red light portion 127c¢ is disposed at a location
corresponding to the red phosphor layer 126¢, so that light emitted from the red phosphor layer 126¢ enters the red light
portion 127c. Thus, although most blue light emitted from the blue light emitting diode 112a is converted into red light
through wavelength conversion of the red phosphor layer 126¢, some fractions of the blue right can be discharged to
the outside without wavelength conversion. Accordingly, the red light portion 127c serves to block the blue light not
subjected to wavelength conversion while passing through the red phosphor layer 126c¢.

[0052] The transparent portion 127e may be disposed at a location corresponding to the transparent layer 126e of the
phosphor layer 126. Accordingly, the transparent portion 127e allows blue light and green light having passed through
the transparent layer 126e to be discharged therethrough without wavelength conversion. Further, the light blocking
portion 127d is disposed between the red light portion 127c and the transparent portion 127e and can block light having
passed though the red light portion 127¢ and the transparent portion 127e from being discharged to other sides.
[0053] The protective substrate 128 is disposed to contact the color filter 127 and can protect the color filter 127 from
an external environment by preventing the color filter 127 from being directly exposed to the outside. In this exemplary
embodiment, the protective substrate 128 may be formed of a transparent material so as to allow light to pass therethrough.
[0054] The TFT panel part 130 is coupled to the light emitting part 111 and serves to supply power to the light emitting
part 111. To this end, the TFT panel part 130 includes a panel substrate 132 and second connection electrodes 134.
The TFT panel part 130 can control power supply to the light emitting part 111 to allow only some of the blue light emitting
diode 112a and the green light emitting diode 112b in the light emitting part 111 to emit light and can control the intensity
of light emitted from the light emitting diodes 112a, 112b.

[0055] The panel substrate 132 may have a TFT drive circuit therein. The TFT drive circuit may be a circuit for driving
an active matrix (AM) or a circuit for driving a passive matrix (PM).

[0056] The second connection electrodes 134 are electrically connected to the TFT drive circuit of the panel substrate
132 and to the first connection electrodes 122 or the blocking portions 118 of the light emitting part 111. That is, the
connection electrodes 134 may be provided in plural and may be separated from each other. Power supplied through
the TFT drive circuit can be supplied to the blue light emitting diodes 112a and the green light emitting diodes 112b
through the first connection electrodes 122 and the blocking portions 118 via the second connection electrodes 134.
The second connection electrodes 134 may be covered by a separate protective substrate, which may include, for
example, SiNx.

[0057] The anisotropic conductive film 150 serves to electrically connect the light emitting part 111 to the TFT panel
part 130. The anisotropic conductive film 150 may include an adhesive organic insulating material and may contain
conductive particles uniformly dispersed therein to achieve electrical connection. The anisotropic conductive film 150
exhibits electrical conductivity in the thickness direction thereof and insulating properties in the plane direction thereof.
In addition, the anisotropic conductive film 150 exhibits adhesive properties. With this structure, the anisotropic conductive
film 150 can bond the light emitting part 111 to the TFT panel part 130 such that the light emitting part 111 can be
electrically connected to the TFT panel part 130 therethrough. Particularly, the anisotropic conductive film 150 may be
advantageously used to connect ITO electrodes which are difficult to solder at high temperature.

[0058] As such, in the structure wherein the light emitting part 111 is coupled to the TFT panel part 130 via the
anisotropic conductive film 150, each of the first connection electrode 122 and the blocking portion 118 can be electrically
connected to the second connection electrode 134 via an electrode connection portion 152.

[0059] FIG. 3 is a cross-sectional view of a pixel of a display apparatus according to a second exemplary embodiment
of the present disclosure.

[0060] Referring to FIG. 3, the display apparatus 100 according to the second exemplary embodiment includes a light
emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting diode part 110
includes a light emitting part 111 and a light conversion part 123. In description of the second exemplary embodiment,
descriptions of the same components as the first exemplary embodiment will be omitted.

[0061] Thelightemitting part 111 includes blue light emitting diodes 112a, green light emitting diodes 112b, transparent
electrodes 116, blocking portions 118, and first connection electrodes 122. The light conversion part 123 includes a
phosphor layer 126 and a protective substrate 128.

[0062] Unlike the first exemplary embodiment, the light conversion part 123 of the display apparatus 100 according
to this exemplary embodiment does not include the color filter 127. Accordingly, blue light emitted from one of two blue
light emitting diodes 112a in the light emitting part 111 is converted into red light by wavelength conversion while passing
through a red phosphor layer 126¢ of the phosphor layer 126, whereby the red light can be discharged to the outside
through the protective substrate 128. That is, in this exemplary embodiment, the phosphor layer 126 includes the red
phosphor layer 126¢ and a transparent layer 126e. As such, according to this exemplary embodiment, with the structure
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wherein the light conversion part 123 includes the phosphorlayer 126 and the protective substrate 128, the light conversion
part 123 can be formed to a smaller thickness than that of the first exemplary embodiment.

[0063] Although the light emitting part employs the blue light emitting diodes 112a and the green light emitting diodes
112bin the first and second exemplary embodiments, the light emitting part may further include a UV light emitting diode
112d, as needed. The UV light emitting diode 112d may be disposed in the first subpixel SP1, in which the red phosphor
layer 126¢ of the phosphor layer 126 is disposed, to replace the blue light emitting diode 112a of the first and second
exemplary embodiments. Accordingly, UV light emitted from the UV light emitting diode 112d is converted into red light
through wavelength conversion of the red phosphor layer 126¢, whereby the red light can be discharged to the outside.
In this exemplary embodiment, the UV light emitting diode 112d may emit UV light having a peak wavelength of, for
example, 360 nm to 430 nm.

[0064] As in the first exemplary embodiment, the second and third subpixels SP2, SP3 are provided with the green
light emitting diode 112b and the blue light emitting diode 112a, respectively.

[0065] FIG. 4 is a plan view of a pixel of a display apparatus according to a third exemplary embodiment of the present
disclosure and FIG. 5 is a cross-sectional view of the pixel of the display apparatus according to the third exemplary
embodiment of the present disclosure.

[0066] Referringto FIG. 4 andFIG. 5, the display apparatus 100 according to the third exemplary embodiment includes
a light emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting diode
part 110includes alight emitting part 111 and a light conversion part 123. In description of the third exemplary embodiment,
descriptions of the same components as the first exemplary embodiment will be omitted.

[0067] Thelightemitting part 111 includes blue light emitting diodes 112a, green light emitting diodes 112b, transparent
electrodes 116, blocking portions 118, and first connection electrodes 122. The light conversion part 123 includes a
phosphor layer 126, a color filter 127, and a protective substrate 128.

[0068] Referring to FIG. 4, in this exemplary embodiment, one pixel includes three subpixels SP1, SP2, SP3, in which
two blue light emitting diodes 112a and one green light emitting diode 112b are provided to the three subpixels SP1,
SP2, SP3, respectively. Among the three subpixels SP1, SP2, SP3, a first subpixel SP1 has a larger size than second
and third subpixels SP2, SP3. The second and third subpixels SP2, SP3 may have the same area. In this exemplary
embodiment, although the first subpixel SP1 is shown as having an area about four times that of the second or third
subpixel SP2, SP3, it should be understood that other implementations are possible and the size of the subpixels can
be modified in various ways.

[0069] In this exemplary embodiment, the blue light emitting diodes 112a are disposed in the first and third subpixels
SP1, SP3, respectively, and the green light emitting diode 112b is disposed in the second subpixel SP2.

[0070] As in the first exemplary embodiment, the light conversion part 123 includes a phosphor layer 126, a color filter
127, and a protective substrate 128. The phosphor layer 126 includes a red phosphor layer 126¢, a blocking layer 126d,
and a transparent layer 126e. The color filter 127 includes a red light portion 127c, a blocking portion 118, and a
transparent portion 127e. In this exemplary embodiment, the red phosphor layer 126¢ is disposed in the first subpixel
SP1 and the transparent layer 126e is disposed in the second and third subpixels SP2, SP3. Each of the red phosphor
layer 126¢ and the transparent layer 126e may have a size corresponding to the size of the corresponding subpixel.
Thus, the red phosphor layer 126¢c may have a larger size than the transparent layer 126e.

[0071] In the color filter 127, the red light portion 127c is disposed in the first subpixel SP1 and the transparent portion
127eis disposed in each of the second and third subpixels SP2, SP3. Each of the red light portion 127c and the transparent
portion 127e may have a size corresponding to the size of the subpixelin which the red light portion 127c or the transparent
portion 127e is disposed. Thus, the red light portion 127c may have a larger size than the transparent portion 127e.
[0072] As described above, the structure wherein the first subpixel SP1 has a larger size than the second and third
subpixels SP2, SP3 results from the structure wherein the red phosphor layer 126¢ and the red light portion 127¢c are
disposed only in the first subpixel SP1.

[0073] The second and third subpixels SP2, SP3 allow green light and blue light emitted from the green light emitting
diode 112b and the blue light emitting diode 112a disposed therein to be discharged to the outside without wavelength
conversion, respectively. On the other hand, in the first subpixel SP1, blue light emitted from the blue light emitting diode
112a is converted into red light through wavelength conversion of the red phosphor layer 126¢, whereby the red light
can be discharged to the outside. Here, the intensity of light emitted from the blue light emitting diode 112a can be
reduced when discharged to the outside after passing through the red phosphor layer 126¢ and the red light portion 127c¢.
[0074] According to this exemplary embodiment, since the first subpixel SP1, in which the red phosphor layer 126¢
and the red light portion 127c¢ are disposed, has a larger size than the second and third subpixels SP2, SP3, light emitted
from the subpixels SP1, SP2, SP3 can have the same intensity. Thus, the sizes of the first to third subpixels SP1, SP2,
SP3 can be changed such that light emitted from the subpixels SP1, SP2, SP3 can have the same intensity.

[0075] According to this exemplary embodiment, the light emitting part 111, the light conversion part 123 and the TFT
panel part 130 have the same structures as those of the first exemplary embodiment, and are different in size and
location from those of the first exemplary embodiment in plan view.
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[0076] FIG. 6 is a cross-sectional view of a pixel of a display apparatus according to a fourth exemplary embodiment
of the present disclosure.

[0077] Referring to FIG. 6, the display apparatus 100 according to the fourth exemplary embodiment includes a light
emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting diode part 110
includes a light emitting part 111 and a light conversion part 123. In description of the fourth exemplary embodiment,
descriptions of the same components as the first exemplary embodiment will be omitted.

[0078] The light emitting part 111 includes green light emitting diodes 112b, UV light emitting diodes 112d, transparent
electrodes 116, blocking portions 118, and first connection electrodes 122. The light conversion part 123 includes a
phosphor layer 126, a color filter 127, and a protective substrate 128.

[0079] Unlike the first exemplary embodiment, the display apparatus 100 according to this exemplary embodiment
employs the UV light emitting diodes 112d instead of the blue light emitting diodes 112a. Thus, the UV light emitting
diodes 112d are disposed in two subpixels, respectively, and the green light emitting diode 112b is disposed in one
subpixel.

[0080] The phosphor layer 126 includes a blue phosphor layer 126a, a red phosphor layer 126¢, and a transparent
layer 126e. In addition, the phosphor layer 126 further includes a blocking layer 126d, which is disposed between the
blue phosphor layer 126a and the red phosphor layer 126¢ and between the red phosphor layer 126c¢ and the transparent
layer 126e.

[0081] As in the first exemplary embodiment, the red phosphor layer 126c¢ is disposed at a location corresponding to
the first subpixel SP1 and emits red light through wavelength conversion of UV light emitted from the UV light emitting
diode 112d. The blue phosphor layer 126a is disposed at a location corresponding to the third subpixel SP3 and emits
blue light through wavelength conversion of UV light emitted from the UV light emitting diode 112d.

[0082] In addition, the color filter 127 includes a blue light portion, a red light portion 127c, and a transparent portion
127e. The color filter 127 further includes a light blocking portion 127d, which is disposed between the blue light portion
and the red light portion 127¢ and between the red light portion 127c and the transparent portion 127e.

[0083] As in the first exemplary embodiment, the red light portion 127¢c is disposed at a location corresponding to the
first subpixel SP1 and allows light emitted from the red phosphor layer 126¢ to pass therethrough such that only the red
light can be discharged to the outside therethrough. The blue light portion is disposed at a location corresponding to the
third subpixel SP3 and allows light emitted from the blue phosphor layer 126a to pass therethrough such that only the
blue light can be discharged to the outside therethrough.

[0084] In this exemplary embodiment, the blue light portion allows only blue light to pass therethrough by blocking
light of other wavelengths excluding blue light.

[0085] FIG. 7 is a cross-sectional view of a pixel of a display apparatus according to a fifth exemplary embodiment of
the present disclosure.

[0086] Referring to FIG. 7, the display apparatus 100 according to the fifth exemplary embodiment includes a light
emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting diode part 110
includes a light emitting part 111 and a light conversion part 123. In description of the fifth exemplary embodiment,
descriptions of the same components as the first and fourth exemplary embodiments will be omitted.

[0087] The light emitting part 111 includes green light emitting diodes 112b, UV light emitting diodes 112d, transparent
electrodes 116, blocking portions 118, and first connection electrodes 122. The light conversion part 123 includes a
phosphor layer 126 and a protective substrate 128.

[0088] Unlike the fourth exemplary embodiment, in the display apparatus 100 according to this exemplary embodiment,
the light conversion part 123 does not include the color filter 127. Accordingly, UV light emitted from one of two UV light
emitting diodes 112d in the light emitting part 111 is converted into red light through wavelength conversion of a red
phosphor layer 126¢ of the phosphor layer 126, whereby the red light can be discharged to the outside through the
protective substrate 128. In addition, UV light emitted from the other UV light emitting diode 112d is converted into blue
light through wavelength conversion of a blue phosphor layer 126a of the phosphor layer 126, whereby the blue light
can be discharged to the outside through the protective substrate 128.

[0089] Thatis, asinthe fourth exemplary embodiment, the phosphor layer 126 according to this exemplary embodiment
includes the blue phosphor layer 126a, the red phosphor layer 126c¢, and the transparent layer 126e. As such, in this
exemplary embodiment, with the structure wherein the light conversion part 123 includes the phosphor layer 126 and
the protective substrate 128, the light conversion part 123 can be formed to a smaller thickness than that of the fourth
exemplary embodiment.

[0090] FIG. 8is a plan view of a pixel of a display apparatus according to a sixth exemplary embodiment of the present
disclosure and FIG. 9 is a cross-sectional view of the pixel of the display apparatus according to the sixth exemplary
embodiment of the present disclosure.

[0091] Referringto FIG. 8 and FIG. 9, the display apparatus 100 according to the sixth exemplary embodiment includes
a light emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting diode
part 110 includes alight emitting part 111 and a light conversion part 123. In description of the sixth exemplary embodiment,
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descriptions of the same components as the first exemplary embodiment will be omitted.

[0092] Inthis exemplary embodiment, one pixel includes four subpixels SP1, SP2, SP3, SP4. Among the four subpixels
SP1, SP2, SP3, SP4, blue light emitting diodes 112a may be provided to first, third and fourth subpixels SP1, SP3, SP4
may be provided with, respectively, and a green light emitting diode 112b may be provided to a second subpixel SP2.
[0093] In this exemplary embodiment, each of the subpixels SP1, SP2, SP3, SP4 may have a larger size than the
light emitting diode 112a or 112b disposed in the corresponding subpixel SP1, SP2, SP3 or SP4. The subpixels SP1,
SP2, SP3, SP4 may have the same size.

[0094] In this exemplary embodiment, the structure of the light emitting part 111 corresponding to one subpixel may
be the same as that of the first exemplary embodiment. In addition, one subpixel may have the same size as that of the
first exemplary embodiment or may have a smaller size than that of the first exemplary embodiment, as needed.
[0095] The light conversion part 123 includes a phosphor layer 126, a color filter 127, and a protective substrate 128.
[0096] The phosphor layer 126 includes a red phosphor layer 126c, a transparent layer 126e, and a white phosphor
layer 126f, and may further include a blocking layer 126d, which is disposed between the red phosphor layer 126¢ and
the transparent layer 126e and between the transparent layer 126e and the white phosphor layer 126f.

[0097] The red phosphor layer 126¢ is disposed in the first subpixel SP1, in which the blue light emitting diode 112a
is disposed. The transparent layer 126e is disposed in each of the second and third subpixels SP2, SP3, in which the
green light emitting diode and the blue light emitting diode 112a are disposed, respectively, and the white phosphor
layer 126f is disposed in the fourth subpixel SP4, in which the blue light emitting diode 112a is disposed.

[0098] The white phosphor layer 126f can emit white light through wavelength conversion of blue light emitted from
the blue light emitting diode 112a disposed in the fourth subpixel SP4.

[0099] The color filter 127 may include a red light portion 127c, a light blocking portion 127d, and a transparent portion
127e. In this exemplary embodiment, the color filter 127 includes one red light portion 127¢ and three transparent portions
127e, and the light blocking portion 127d may be disposed between the red light portion 127c and the transparent portion
127e.

[0100] The red light portion 127c is disposed in the first subpixel SP1 and blocks light having passed through the red
phosphor layer 126¢c excluding red light. The three transparent portions 127e are disposed in the second to fourth
subpixels SP2, SP3, SP4, respectively. With this structure, green light emitted from the green light emitting diode 112b
disposed in the second subpixel SP2 can be discharged to the outside through the transparent portion 127e and blue
light emitted from the blue light emitting diode 112a disposed in the third subpixel SP3 can be discharged to the outside
through the transparent portion 127e. In addition, white light emitted from the white phosphor layer 126f in the fourth
subpixel SP4 can be discharged to the outside through the transparent portion 127e.

[0101] As such, the four subpixels SP1, SP2, SP3, SP4 constitute one pixel, whereby blue light, green light, red light,
and white light can be discharged to the outside.

[0102] FIG. 10 is a plan view of a pixel of a display apparatus according to a seventh exemplary embodiment of the
present disclosure.

[0103] Referring to FIG. 10, the display apparatus 100 according to the seventh exemplary embodiment includes a
light emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting diode part
110includes a light emitting part 111 and a light conversion part 123. In description of the seventh exemplary embodiment,
descriptions of the same components as the first and sixth exemplary embodiments will be omitted.

[0104] Thelightemitting part 111 includes blue light emitting diodes 112a, green light emitting diodes 112b, transparent
electrodes 116, blocking portions 118, and first connection electrodes 122. The light conversion part 123 includes a
phosphor layer 126 and a protective substrate 128.

[0105] Unlike the sixth exemplary embodiment, in the display apparatus 100 according to this exemplary embodiment,
the light conversion part 123 does not include the color filter 127. Accordingly, blue light emitted from one of three blue
light emitting diodes 112a in the light emitting part 111 is subjected to wavelength conversion while passing through a
red phosphor layer 126¢ and blue light emitted from another blue light emitting diode is subjected to wavelength conversion
while passing through the white phosphor layer 126f. That is, blue light emitted from the blue light emitting diode 112a
disposed in the first subpixel SP1 is converted into red light through wavelength conversion of the red phosphor layer
126¢, whereby the red light is discharged to the outside through the protective substrate 128, and blue light emitted from
the blue light emitting diode 112a disposed in the fourth subpixel SP4 is converted into white light through wavelength
conversion of the white phosphor layer 126f, whereby the white light is discharged to the outside through the protective
substrate 128.

[0106] In addition, green light and blue light emitted from the green light emitting diode 112b and the blue light emitting
diode 112a disposed in the second and third subpixels SP2, SP3, respectively, can be discharged to the outside through
the transparent layer 126e and the protective substrate 128 without wavelength conversion.

[0107] As such, in this exemplary embodiment, the light conversion part 123 is composed of the phosphor layer 126
and the protective substrate 128, and thus can have a smaller thickness than the light conversion part 123 according to
the sixth exemplary embodiment.
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[0108] In addition, although the light emitting part employs the blue light emitting diodes 112a and the green light
emitting diodes 112b in the sixth and seventh exemplary embodiments, the light emitting part may further include UV
light emitting diodes 112d, as needed. The UV light emitting diode 112d may be disposed in each of the first subpixel
SP1, in which the red phosphor layer 126¢ is disposed, and the fourth subpixel SP4, in which the white phosphor layer
126f is disposed. With this structure, UV light emitted from the UV light emitting diode 112d disposed in the first subpixel
SP1 is converted into red light through wavelength conversion of the red phosphor layer 126¢, whereby the red light can
be discharged to the outside, and UV light emitted from the UV light emitting diode 112d disposed in the fourth subpixel
SP4 is converted into white light through wavelength conversion of the white phosphor layer 126f, whereby the white
light can be discharged to the outside.

[0109] As in the sixth and seventh exemplary embodiments, the second and third subpixels SP2, SP3 are provided
with the green light emitting diode 112b and the blue light emitting diode 112a, respectively.

[0110] FIG. 11 is a plan view of a pixel of a display apparatus according to an eighth exemplary embodiment of the
present disclosure, FIG. 12 (a) is a cross-sectional view taken along line A-A’ of FIG. 11, and FIG. 12 (b) is a cross-
sectional view taken along line B-B’ of FIG. 11.

[0111] Referring to FIG. 11 and FIG. 12, the display apparatus 100 according to the eighth exemplary embodiment
includes a light emitting diode part 110, a TFT panel part 130, and an anisotropic conductive film 150. The light emitting
diode part 110 includes a light emitting part 111 and a light conversion part 123. In description of the eighth exemplary
embodiment, descriptions of the same components as the first and sixth exemplary embodiments will be omitted.
[0112] Referring to FIG. 11, in this exemplary embodiment, one pixel includes four subpixels SP1, SP2, SP3, SP4.
Among the four subpixels SP1, SP2, SP3, SP4, blue light emitting diodes 112a may be disposed in first, third and fourth
subpixels SP1, SP3, SP4, respectively, and a green light emitting diode 112b may be disposed in a second subpixel SP2.
[0113] Among the four subpixels SP1, SP2, SP3, SP4, the first and fourth subpixels SP1, SP4 may have a larger size
than the second and third subpixels SP2, SP3. The first and fourth subpixels SP1, SP4 may have the same area, and
the second and third subpixels SP2, SP3 may have the same area. Although the first and fourth subpixels SP1, SP4
are illustrated as having an area about two times that of the second and third subpixels SP2, SP3 in this exemplary
embodiment, it should be understood that other implementations are possible and the size of the subpixels can be
modified in various ways.

[0114] Inthis exemplary embodiment, blue light emitting diodes 112a are disposed in the first, third and fourth subpixels
SP1, SP3, SP4, respectively, and a green light emitting diode 112b is disposed in the second subpixel SP2.

[0115] As in the sixth exemplary embodiment, the light conversion part 123 includes a phosphor layer 126, a color
filter 127, and a protective substrate 128. The phosphor layer 126 includes a red phosphor layer 126¢, a blocking layer
126d, a transparent layer 126e, and a white phosphor layer 126f. The color filter 127 includes a red light portion 127c,
a blocking portion 118, and a transparent portion 127e. The red phosphor layer 126¢ is disposed in the first subpixel
SP1 and the white phosphor layer 126f is disposed in the fourth subpixel SP4. In addition, the transparent layer 126e
is disposed in each of the second and third subpixels SP2, SP3. Here, each of the red phosphor layer 126¢, the transparent
layer 126e and the white phosphor layer 126f has a larger size than the corresponding subpixel. Thus, each of the red
phosphor layer 126¢ and the white phosphor layer 126f may have a larger size than the transparent layer 126e.
[0116] In the color filter 127, the red light portion 127c is disposed in the first subpixel SP1 and the transparent portion
127e is disposed in each of the second to fourth subpixels SP2, SP3, SP4. In this exemplary embodiment, the red light
portion 127c¢ disposed in the first subpixel SP1 and the transparent portion 127e disposed in the fourth subpixel SP4
may have a larger size than the transparent portions 127e disposed in the second and third subpixels SP2, SP3.
[0117] As such, the structure wherein the first and fourth subpixels SP1, SP4 have a larger size than the second and
third subpixels SP2, SP3 results from the structure wherein the red phosphor layer 126¢c and the white phosphor layer
126f are disposed in the first and fourth subpixels SP1, SP4, respectively.

[0118] The second and third subpixels SP2, SP3 allow green light and blue light emitted from the green light emitting
diode 112b and the blue light emitting diode 112a disposed therein to be discharged to the outside without wavelength
conversion. On the other hand, in the first and fourth subpixels SP1, SP4, blue light emitted from the blue light emitting
diodes 112a disposed therein is subjected to wavelength conversion in the red phosphor layer 126¢ and the white
phosphor layer 126f. As a result, the intensity of light emitted through the red phosphor layer 126¢ and the white phosphor
layer 126f can be reduced.

[0119] According to this exemplary embodiment, since the first and fourth subpixels SP1, SP4, in which the red
phosphor layer 126¢ and the white phosphor layer 126f are disposed, have a larger size than the second and third
subpixels SP2, SP3, light emitted from the subpixels can have the same intensity.

[0120] Here, the sizes of the first to fourth subpixels SP1, SP2, SP3, SP4 can be changed such that light emitted from
the subpixels SP1, SP2, SP3, SP4 can have the same intensity.

[0121] Although some exemplary embodiments have been described herein, it should be understood by those skilled
in the art that these embodiments are given by way of illustration only, and that various modifications, variations, and
alterations can be made without departing from the spirit and scope of the invention. Therefore, the scope of the present
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disclosure should be limited only by the accompanying claims and equivalents thereof.

*List of Reference Numerals
100: display apparatus
110: light emitting diode part
111: light emitting part
112a: blue light emitting diode

112b: green light emitting diode 112d: UV light emitting diode
23; n-type semiconductor layer 25: active layer

27: p-type semiconductor layer 116: transparent electrode
118: blocking portion 122: first connection electrode
123: light conversion part

126: phosphor layer 126a: blue phosphor layer
126¢: red phosphor layer 126d: blocking layer

126e: transparent layer 126f: white phosphor layer
127: color filter 127c: red light portion

127d: light blocking portion 127e: transparent portion

128: protective substrate

130: TFT panel part 132: panel substrate

134: second connection electrode

150: anisotropic conductive film 152: electrode connecting portion

SP1 to SP4: first to fourth subpixels

Claims

1.

A display apparatus comprising:

a light emitting part comprising a plurality of light emitting diodes regularly arranged thereon;

a TFT panel part comprising a plurality of TFTs driving the plurality of light emitting diodes; and

a light conversion part converting light emitted from the light emitting part,

wherein the light emitting part and the TFT panel part are coupled to each other so as to face each other at one
side thereof such that the light emitting diodes are electrically connected to the TFTs, respectively;

the plurality of light emitting diodes comprises at least one first light emitting diode and at least one second light
emitting diode;

the light conversion part emits red light through wavelength conversion of light emitted from the at least one
first light emitting diode; and

the at least one second light emitting diode emits green light.

The display apparatus according to claim 1, wherein the at least one first light emitting diode is a blue light emitting
diode or a UV light emitting diode, and the light conversion part comprises a red phosphor layer emitting red light
through wavelength conversion of light emitted from the at least one first light emitting diode.

The display apparatus according to claim 2, wherein the at least one first light emitting diode is disposed in a first
subpixel and the at least one second light emitting diode is disposed in a second subpixel,
the first subpixel having a larger size than the second subpixel.

The display apparatus according to claim 3, wherein the plurality of light emitting diodes further comprises at least
one third light emitting diode disposed in a third subpixel,

the first subpixel having a larger size than the third subpixel and being disposed on a side surface on which the
second and third subpixels are arranged in a line.

The display apparatus according to claim 2, wherein the plurality of light emitting diodes further comprises at least
one third light emitting diode,

the at least one second light emitting diode is a green light emitting diode, and

the at least one third light emitting diode is a blue light emitting diode.
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The display apparatus according to claim 2, wherein the plurality of light emitting diodes further comprises at least
one third light emitting diode, the at least one third light emitting diode being a UV light emitting diode, and

the light conversion part further comprises a blue phosphor layer emitting blue light through wavelength conversion
of UV light emitted from the UV light emitting diode.

The display apparatus according to claim 5, wherein the plurality of light emitting diodes further comprises at least
one fourth light emitting diode, the at least one fourth light emitting diode being a blue light emitting diode, and
the light conversion part further comprises a white phosphor layer emitting white light through wavelength conversion
of light emitted from the fourth light emitting diode.

The display apparatus according to claim 7, wherein the first to fourth light emitting diode are disposed in first to
fourth subpixels, respectively,
the first and fourth subpixels having a larger size than the second and third subpixels.

The display apparatus according to claim 8, wherein the first and second subpixels are disposed in one column, the
third and fourth subpixels are disposed in another column, and the first and fourth subpixels are disposed in one row.

The display apparatus according to claim 1, wherein the light conversion part comprises a color filter blocking light
of other wavelengths excluding red light.

The display apparatus according to claim 1, wherein the light emitting part comprises:

a plurality of light emitting diodes;

atransparent electrode disposed on the plurality of light emitting diodes and electrically connected to the plurality
of light emitting diodes;

a connection electrode disposed under the plurality of light emitting diodes and electrically connected to the
plurality of light emitting diodes; and

a blocking portions disposed between the plurality of light emitting diodes and electrically connected to the
transparent electrodes.

The display apparatus according to claim 11, wherein each of the plurality of light emitting diodes comprises:
an n-type semiconductor layer;
a p-type semiconductor layer; and
an active layer interposed between the n-type semiconductor layer and the p-type semiconductor layer.
The display apparatus according to claim 1, wherein the light conversion part comprises:
a phosphor layer comprising a red phosphor layer emitting red light through wavelength conversion of light
emitted from the at least one first light emitting diode; and

a protective substrate disposed on the phosphor layer.

The display apparatus according to claim 13, wherein the phosphor layer further comprises a transparent layer
through which light emitted from the second light emitting diode passes without wavelength conversion.

The display apparatus according to claim 13, further comprising:

a color filter disposed between the phosphor layer and the protective substrate and blocking light emitted from the
phosphor layer and having a certain wavelength.

12
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