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(57) ABSTRACT

The present invention is to provide an organic light emitting
display device for preventing a thin-film transistor from being
deteriorated due to hydrogen when forming a light compen-
sation layer configured to enhance viewing angle, and the
organic light emitting display device may include a first sub-
strate and a second substrate comprising a plurality of pixels;
a thin-film transistor formed at each pixel of the first sub-
strate; a color filter layer formed at each pixel; an insulating
layer formed on the color filter layer; a light compensation
layer formed on the insulating layer and made of a material
containing no hydrogen; a pixel electrode formed on the light
compensation layer of each pixel; an organic light emitting
unit formed on the pixel electrode to emit light; and a com-
mon electrode formed on the organic light emitting unit.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF FABRICATING
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0134862, filed on Dec. 14, 2011,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device, and more particularly, to an organic
light emitting display device and a fabrication method thereof
capable of enhancing color viewing angle characteristics.
[0004] 2. Description of the Related Art

[0005] In recent years, since an organic light emitting dis-
play device using poly-phenylene vinylene (PPV) which is
one of conjugate polymers has been developed, studies on
organic materials such as a conjugate polymer having con-
ductivity have been actively carried out. Studies for applying
such an organic material to a thin-film transistor, a sensor, a
laser, a photoelectric element, and the like have been continu-
ously carried out, and among them studies on organic light
emitting display devices have been most actively carried out.
[0006] In case of light emitting display devices made of
phosphor-based inorganic materials, an operating voltage
200 V is required and the display device is fabricated by a
vacuum deposition process. This causes difficulty in fabricat-
ing a large-sized display (particularly in exhibiting blue light
emitting characteristics) and disadvantage of high fabrication
cost. However, organic light emitting display devices made of
organic materials have been highly regarded as the next gen-
eration display devices due to advantages such as the facili-
tation of a large-sized screen, the convenience of a fabrication
process, and particularly easy implementation of blue light
emission, as well as allowing the development of a flexible
light emitting display device.

[0007] At present, similar to liquid crystal display devices,
studies on active matrix organic light emitting display devices
having an active driving element for each pixel have been
actively carried out to implement a flat panel display. In
particular, in recent years, a color filter layer for implement-
ing various colors has been formed on a substrate formed with
thin-film transistors, thus allowing light being emitted from
the light emitting unit to pass through the color filter layer to
display various colors. However, in an organic light emitting
display device having such a color filter on TFT (COT) struc-
ture, a color change is produced according to the viewing
angle, thereby causing a problem of narrow viewing angle.

SUMMARY OF THE INVENTION

[0008] Thepresent invention is contrived to solve the afore-
mentioned problem. An object of the present invention is to
provide an organic light emitting display device and a fabri-
cation method thereof in which a light compensation layer is
formed and has an enhanced viewing angle characteristic.

[0009] Another object of the present invention is to provide
an organic light emitting display device and a fabrication
method thereof in which a light compensation layer is formed
in a gas atmosphere containing no hydrogen, thereby prevent-
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ing a thin-film transistor from being deteriorated due to
hydrogen infiltration into a channel layer of the thin-film
transistor.

[0010] Still another object of the present invention is to
provide an organic light emitting display device and a fabri-
cation method thereof in which a hole for discharging foreign
substances is formed on the light compensation layer, thereby
efficiently discharging foreign substances during the vacuum
cure process.

[0011] In order to accomplish the foregoing object, an
organic light emitting display device according to the present
invention may include a first substrate and a second substrate
comprising a plurality of pixels; a thin-film transistor formed
onthe first substrate; a first insulating layer formed on the first
substrate including the thin-film transistor; a color filter layer
formed on the first insulating layer in the pixel region; a
second insulating layer formed on the first substrate including
the color filter layer; a light compensation layer formed on the
second insulating layer and made of a material containing no
hydrogen, wherein the light compensation layer comes into
contact with a pad of a drain of the thin-film transistor; a pixel
electrode formed on the light compensation layer of each
pixel region; an organic light emitting unit formed on the
pixel electrode to emit light; and a common electrode formed
on the organic light emitting unit.

[0012] The organic light emitting display device further
comprises a plurality of holes formed on the light compensa-
tion layer to discharge foreign substances. The holes are
formed in outer wall of each pixel regions.

[0013] The light compensation layer is made of SiNx,
indium tin oxide (ITO), indium zinc oxide (IZO), and the like,
having a refractive index of 1.5 to 2.7, and the SiNx is depos-
ited with a thickness of 1500 to 2000 A. A plurality of holes
are formed at the light compensation layer to discharge for-
eign substances during the vacuum cure process.

[0014] Furthermore, a method of fabricating an organic
light emitting display device according to the present inven-
tion may include providing a first substrate and a second
substrate comprising a plurality of pixels; forming a thin-film
transistor at each pixel of the first substrate; forming a first
insulating layer on the first substrate including the thin-film
transistor; forming a color filter layer on the first insulating
layer in the pixel region; forming a second insulating layer on
the first substrate including the color filter layer; forming a
light compensation layer made of SiNx in a gas atmosphere
mixed with SiH, and N, on the second insulating layer and
made of a material containing no hydrogen, wherein the light
compensation layer comes into contact with a pad of a drain
of the thin-film transistor; forming a pixel electrode on the
light compensation layer of each pixel region; forming an
organic light emitting unit for emitting light on the light
compensation layer; forming a common electrode on the
organic light emitting unit; and bonding the first substrate to
the second substrate.

[0015] At this time, the method according to the present
invention may further include forming a SiNx layer in a gas
atmosphere mixed with SiH, and NH;. The SiNx is formed by
alternatively changing the gas atmosphere mixed with SiH,
and N, and the gas atmosphere mixed with SiH, and HNj.
[0016] Furthermore, the foregoing method may further
include performing vacuum curing on the layers formed sub-
sequent to forming the pixel electrode for a predetermined
period of time in a vacuum state to discharge foreign sub-
stances contained in the formed layers through the holes.
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[0017] First, according to the present invention, a transpar-
ent light compensation layer having a refractive index of 1.5
to 2.7 may be formed, thereby enhancing a viewing angle
characteristic.

[0018] Second, according to the present invention, the light
compensation layer may be formed in a gas atmosphere con-
taining no hydrogen, and thus hydrogen infiltration into a
channel layer of the thin-film transistor can be prevented
when forming the light compensation layer, thereby prevent-
ing a thin-film transistor from being deteriorated due to
hydrogen infiltration.

[0019] Third, according to the present invention, a hole for
discharging foreign substances may be formed on the light
compensation layer to efficiently discharge foreign sub-
stances during the vacuum cure process, thereby preventing a
failure due to foreign substances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0021] FIG. 1 is a view illustrating an equivalent circuit
diagram of an organic light emitting display device according
to the present invention.

[0022] FIG. 2 is a cross-sectional view illustrating the
structure of an organic light emitting display device accord-
ing to a first embodiment of the present invention.

[0023] FIGS. 3A through 3F are views illustrating a method
offabricating an organic light emitting display device accord-
ing to a first embodiment of the present invention.

[0024] FIG. 4 is a cross-sectional view illustrating the
structure of an organic light emitting display device accord-
ing to a second embodiment of the present invention.

[0025] FIGS.5A through SF are views illustrating a method
offabricating an organic light emitting display device accord-
ing to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings.
[0027] FIG. 1 is a view illustrating an equivalent circuit
diagram of an organic light emitting display device according
to the present invention. As illustrated in FIG. 1, an organic
light emitting display device 1 may be composed of a plural-
ity of pixels defined by a gate line (G) and a data line (D)
crossing in the vertical and horizontal directions, respec-
tively, and a power line (P) arranged in parallel with the data
line (D).

[0028] A switching thin-film transistor (Ts), a driving thin-
film transistor (Td), a capacitor (C), and an organic light
emitting element (E) may be provided within each pixel. A
gate electrode of the switching thin-film transistor (Ts) is
connected to the data line (D), and a drain electrode thereofis
connected to a gate electrode of the driving thin-film transis-
tor (Td). Furthermore, a source electrode of the driving thin-
film transistor (Td) is connected to the power line (P) and a
drain electrode thereof is connected to the light emitting
element (E).

[0029] When a scan signal is received through the gate line
(G) in the organic light emitting display device having the
foregoing configuration, the signal is applied to a gate elec-
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trode of the switching thin-film transistor (Ts) to drive the
switching thin-film transistor (Ts). As the switching thin-film
transistor (Ts) is driven, a data signal being received through
the data line (D) is received at a gate electrode of the driving
thin-film transistor (Td) through the source electrode and
drain electrode to drive the driving thin-film transistor (Td).

[0030] At this time, a current flows through the power line
(P), and as the driving thin-film transistor (Td) is driven, the
current of the power line (P) is applied to the light emitting
element (E) through the source electrode and drain electrode.
The size of the current outputted through the driving thin-film
transistor (Td) varies according to a voltage between the gate
electrode and the drain electrode.

[0031] As an organic light emitting element, the light emit-
ting element (E) emits light as the current is received through
the driving thin-film transistor (Td) to display an image. The
intensity of light emission varies according to the intensity of
current being applied thereto, and thus the intensity of light
can be controlled by controlling the intensity of the current.

[0032] FIG. 2 is a cross-sectional view illustrating the
actual structure of an organic light emitting display device
according to a first embodiment of the present invention. The
structure of an organic light emitting display device accord-
ing to this embodiment will be described below with refer-
ence to the drawing.

[0033] As illustrated in FIG. 2, an organic light emitting
display device according to this embodiment may include a
pixel R for outputting red light, and a pixel G for outputting
green light, and a pixel B for outputting blue light. Though not
shown in FIG. 2, an organic light emitting display device
according to the present invention may include a pixel W for
outputting white light. In this case, the pixel W outputs white
light to enhance the entire luminance of the organic light
emitting display device.

[0034] A color filter layer is formed at each pixel (R, G, B)
to output white light being outputted from the organic light
emitting unit as a specific color light. But when the pixel W is
disposed thereon, white light is outputted as it is from the
pixel W without requiring such a color filter layer.

[0035] As illustrated in FIG. 2, a first substrate 16 made of
a transparent material such as glass or plastic is divided into
R, G, B pixels, and a thin-film transistor is formed at each of
the R, G, B pixels.

[0036] The driving thin-film transistor may include a gate
electrode (11R, 11G, 11B) formed at the pixel (R, G, B),
respectively, on the first substrate 16, and a semiconductor
layer (12R, 12G, 12B) formed over the entire surface of the
first substrate 16 formed with the gate electrode (11R, 11G,
11B), and a source electrode (14R, 14G, 14B) and a drain
electrode (1SR, 15G, 15B) formed on the semiconductor
layer (12R, 12G, 12B). Though not shown in the FIG. 2, an
etching stopper is formed at part of the upper surface of the
semiconductor layer (12R, 12G, 12B) to prevent the semi-
conductor layer (12R, 12G, 12B) from being etched during
the etching process of the source electrode (14R, 14G, 14B)
and drain electrode (15R, 15G, 15B).

[0037] The gate electrode (11R, 11G, 11B) may be formed
of'a metal such as Cr, Mo, Ta, Cu, Ti, Al or Al-alloy, and the
gate insulating layer 22 may be a single layer made of an
inorganic material such as SiO, or SiNx or a double layer
made of Si0, and SiNx. The semiconductor layer (12R, 12G,
12B) may be formed of an amorphous semiconductor (a-Si),
acrystalline semiconductor, a transparent oxide semiconduc-
tor such as indium gallium zinc oxide (IGZO), or an organic
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semiconductor. Furthermore, the source electrode (14R, 14G,
14B) and drain electrode (15R, 15G, 15B) may be formed of
Cr, Mo, Ta, Cu, Ti, Al or Al-alloy.

[0038] A firstinsulating layer 24 may be formed on the first
substrate 16 formed with the driving thin-film transistor. The
first insulating layer 24 may be formed of an inorganic mate-
rial with a thickness of about 4500 A. A R-color filter layer
17R, a G-color filter layer 17G, and a B-color filter layer 17B
are formed on the R, G, B pixels, respectively, of the first
insulating layer 24.

[0039] A second insulating layer 26 is formed on the
R-color filter layer 17R, G-color filter layer 17G, and B-color
filter layer 17B. As an overcoat layer for planarizing the first
substrate 16, the second insulating layer 26 may be formed of
anorganic insulating material such as photoacryl with a thick-
ness of about 3 um.

[0040] A light compensation layer 27 is formed on the
second insulating layer 26. The light compensation layer 27
allows light entered into the color filter layer (17R,17G, 17B)
to be refracted to enhance the viewing angle characteristic of
light, and may be formed by depositing the SiNx layer having
a refractive index of 1.5 to 2.7 with a thickness of 1500-2000
A. The light compensation layer 27 is not limited to the SiNx
layer, and may be formed of any transparent material having
a refractive index of 1.5 to 2.7. For example, transparent
indium tin oxide (ITO) or indium zinc oxide (IZO) may be
used as the light compensation layer 27. The light compen-
sation layer 27 is formed over the entire surface of the first
substrate 10, and thus, the composition ratio of ITO or IZO
may be preferably controlled to minimize electrical conduc-
tivity, thereby removing the conductivity.

[0041] The light compensation layer 27 is a layer contain-
ing no hydrogen, and for example, the light compensation
layer 27 may be formed in an atmosphere containing no
hydrogen when forming a SiNx layer using the light compen-
sation layer 27, thereby preventing a thin-film transistor from
being deteriorated due to hydrogen infiltration into a channel
layer of the thin-film transistor.

[0042] A pixel electrode (21R, 21G, 21B) is formed on the
pixel (R, G, B), respectively, on the light compensation layer
27. A contact hole 29 is formed on the first insulating layer 24
and second insulating layer 26 of the drain electrode (15R,
15G, 15B) of a thin-film transistor formed on the pixel (R, G,
B), respectively, and thus, the light compensation layer 27 and
pixel electrode (21R, 21G, 21B) is formed on the contact hole
29 (see FIG. 3D). The pixel electrode (21R, 21G, 21B) is
electrically connected to the exposed drain electrode (15R,
15G, 15B), respectively, of the thin-film transistor.

[0043] Furthermore, a bank layer 28 is formed at each pixel
boundary region on the second insulating layer 26. Function-
ing as a partition wall, the bank layer 28 partitions off each
pixel to prevent a specific color light outputted from the
adjacent pixel from being mixed. In addition, the bank layer
28 fills up a portion of the contact hole 29 to decrease the step,
thereby preventing a failure from occurring at the organic
light emitting unit 23 due to an excessive step during the
formation of the organic light emitting unit 23.

[0044] The pixel electrode (21R, 21G, 21B) is made of a
transparent metal oxide material such as indium tin oxide
(ITO) or indium zinc oxide (IZO). In this invention, the pixel
electrode (21R, 21G, 21B) can be formed with a thickness of
about 500 A on the pixels (R, G, B), respectively.

[0045] The pixel electrode (21R, 21G, 21B) is brought
directly into contact with the light compensation layer 27.
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Accordingly, when the light compensation layer 27 is formed
of ITO or IZO, a signal applied to the pixel electrode (21R,
21G, 21B) is applied throughout the entire surface of the first
substrate 10, and thus an electrical conductivity of the ITO or
170 formed as the light compensation layer 27 is much lower
than that of the ITO or IZO formed as the pixel electrode
(21R, 21G, 21B).

[0046] The organic light emitting unit 23 may include a
white organic light emitting layer for emitting white light.
The white organic light emitting layer may be formed such
that a plurality of organic materials for emitting R, G, B
monochrome lights, respectively, are mixed with one another,
or may be formed such that a plurality of light emitting layers
for emitting R, G, B monochrome lights, respectively, are
deposited on one another. Though not shown in the FIG. 2, the
organic light emitting unit 23 may be formed with an organic
light emitting layer as well as with an electron injection layer
and a hole injection layer for injecting electrons and holes,
respectively, and an electron transport layer and a hole trans-
port layer for transporting the injected electrons and holes to
the organic light emitting layer, respectively.

[0047] A common electrode 25 is formed over the entire
surface of the first substrate 16 on the organic light emitting
unit 23. The common electrode 25 is made of materials such
as Ca, Ba, Mg, Al, or Ag.

[0048] Thecommon electrode 25 is a cathode of the organic
light emitting unit 23 and the pixel electrode (21R, 21G, 21B)
is an anode thereof. When a voltage is applied to the common
electrode 25 and pixel electrode (21R, 21G, 21B), electrons
are injected to the organic light emitting unit 23 from the
common electrode 25, and holes are injected to the organic
light emitting unit 23 from the pixel electrode (21R, 21G,
21B) to generate excitons within the organic light emitting
layer. As the excitons are decayed, light corresponding to a
difference between the lowest unoccupied molecular orbital
(LUMO) and the highest occupied molecular orbital
(HOMO) is produced and emitted to the outside (toward the
first substrate 16 in the drawing). Red light, green light, and
blue light are emitted from R, G, B light emitting layers,
respectively, contained in the organic light emitting layer, and
those lights are mixed to emit white light. The emitted white
light outputs only the light of a color corresponding to the
relevant pixel while penetrating the color filter layer (17R,
17G, 17B), respectively.

[0049] An adhesive is coated at an upper portion of the
common electrode 25 to form an adhesive layer 42, and a
second layer 50 is disposed thereon, and thus the second layer
50 is adhered to the first substrate 16 by the adhesive layer 42.

[0050] Any material with a good adhesiveness and with a
good thermal and water resistivity may be used for the adhe-
sive, but in this invention, a thermosetting resin such as an
epoxy-based compound, an acrylate-based compound, or
acrylate-based rubber. The adhesive layer 42 is coated with a
thickness of about 5 to 100 pm, and cured at temperatures of
about 80 to 170 degrees. The adhesive layer 42 enables the
first substrate 16 and second layer 50 to be bonded together,
and performs the role of a sealing agent for preventing mois-
ture from being infiltrated into an inner portion of the organic
light emitting display device. Accordingly, in the detailed
description of the present invention, reference numeral 42 is
referred to as an adhesive, but it is only a matter of conve-
nience, and the adhesive may be also referred to as a sealing
agent.
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[0051] As an encapsulation cap for sealing the adhesive
layer 42, the second layer 50 may be formed with a protective
film such as a polystyrene (PS) film, a polyethylene (PE) film,
a polyethylene naphthalate (PEN) film, or a polyimide (PI)
film. Furthermore, the second layer 50 may be made of plastic
or glass, and any other material may be also used to protect the
foregoing structure formed on the first substrate 16.

[0052] Though not shown in the drawing, an auxiliary elec-
trode formed between the first substrate 16 and second layer
50 in an outer region of the organic light emitting display
device to supply a common voltage to the common electrode
25 may be formed thereon.

[0053] As described above, the light compensation layer 27
is formed under the organic light emitting unit 23 to compen-
sate white light entering the R, G, B color filter layers (17R,
17G, 17B) out of the organic light emitting unit 23, thereby
enhancing the viewing angle characteristic.

[0054] The light compensation layer 27 is made of a layer
containing no hydrogen, thereby preventing a thin-film tran-
sistor from being deteriorated due to hydrogen infiltration
into a channel layer of the thin-film transistor during the
formation of the light compensation layer 27.

[0055] Hereinafter, a method of fabricating an organic light
emitting display device having the structure of FIG. 2 is
described as follows.

[0056] FIGS.3A through 3F are views illustrating a method
offabricating an organic light emitting display device accord-
ing to the present invention. First, as illustrated in FIG. 3A,
the first substrate 16 made of a transparent material such as
glass or plastic is prepared, and then a non-transparent mate-
rial having a good conductivity such as Cr, Mo, Ta, Cu, Ti, Al
or Al-alloy is deposited by a sputtering process and then
etched by a photolithography process to form the gate elec-
trode (11R, 11G, 11B).

[0057] Then, an inorganic insulating material is deposited
over the entire surface of the first substrate 16 by a chemical
vapor deposition (CVD) process to form a gate insulating
layer 22. For the gate insulating layer 22, SiNx may be formed
at a thickness of about 2000 A.

[0058] Subsequently, a semiconductor material such as an
amorphous silicon (a-Si), a transparent oxide semiconductor
such as indium gallium zinc oxide (IGZO), or an organic
semiconductor is deposited by the CVD process and then
etched to form the semiconductor layer (12R, 12G, 12B).
Furthermore, though not shown in the drawing, impurities are
doped into part of the semiconductor layer (12R, 12G, 12B)
or amorphous silicon to which impurities have been added is
deposited to form an ohmic contact layer.

[0059] Then, a non-transparent metal having a good con-
ductivity such as Cr, Mo, Ta, Cu, Ti, Al or Al-alloy is depos-
ited on the first substrate 16 by a sputtering process and then
etched to form the source electrode (14R, 14G, 14B) and
drain electrode (15R, 15G, 15B) on the semiconductor layer
(12R, 12G, 12B), strictly speaking, on the ohmic contact
layer.

[0060] Then, as illustrated in FIG. 3B, an inorganic insu-
lating material is deposited over the entire surface of the first
substrate 16 formed with the source electrode (14R, 14G,
14B) and drain electrode (15R, 15G, 15B) to form the first
insulating layer 24. For the first insulating layer 24, SiO, may
be formed at a thickness of about 4500 A. Subsequently, the
R-color filter layer 17R, G-color filter layer 17G, and B-color
filter layer 17B may be formed on the R, G, B pixels, respec-
tively, on the first insulating layer 24.
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[0061] Subsequently, as illustrated in FIG. 3C, an organic
insulating material such as photoacryl is coated over the
entire surface of the first substrate 16 formed with the R-color
filter layer 17R, G-color filter layer 17G, and B-color filter
layer 17B to deposit the second insulating layer 26. Then the
first insulating layer 24 and second insulating layer 26 are
etched to form a contact hole 29 (see FIG. 3D) on which the
drain electrode (15R, 15G, 15B) of the thin-film transistor is
exposed. The second insulating layer 26 may be formed at a
thickness of about 3 um. Furthermore, though the first insu-
lating layer 24 and second insulating layer 26 are etched at the
same time to form the contact hole 29 in the drawing, the first
insulating layer 24 may be etched and then the second insu-
lating layer 26 formed therewithin may be etched to form the
contact hole 29.

[0062] Subsequently, a material such as SiNx or the like is
deposited on the second insulating layer 26 and then etched to
form the light compensation layer 27. The light compensation
layer 27 may be formed at an inner portion of the contact hole
29, but may be patterned to externally expose the drain elec-
trode (15R, 15G, 15B).

[0063] The light compensation layer 27 is formed by a
chemical vapor deposition (CVD) process. In other words, a
gas mixed with SiH, and N, is supplied into the vacuum
chamber, and then the CVD process is carried out to form a
SiNx layer.

[0064] Of course, the SiNx layer may use a gas mixed with
SiH, and NH;. However, in this case, hydrogen contained in
NHj infiltrates a channel layer of the thin-film transistor dur-
ing the process. The infiltration of hydrogen applies a shock to
the channel layer of the thin-film transistor, which appears to
be akey reason of the deterioration of the thin-film transistor.
[0065] However, according to the present invention, a SINX
layer is formed using a gas mixed with SiH, and N,, and thus,
hydrogen does not infiltrate the channel layer of the thin-film
transistor, thereby preventing a thin-film transistor from dete-
riorating due to hydrogen.

[0066] On the other hand, according to the present inven-
tion, a gas mixed with SiH, and NH; and a gas mixed with
SiH, and N, are alternatively supplied and then the CVD
process is carried out to form a SiNx layer. When forming a
SiNx layer, the deposition speed of a case where a gas mixed
with SiH, and NH, is supplied to perform the CVD process is
faster than the deposition speed of a case where a gas mixed
with SiH, and N, is alternatively supplied to perform the
CVD process. Accordingly, the deposition speed is enhanced
in the present invention to efficiently perform the process as
well as the content of hydrogen is reduced to the maximum to
prevent the deterioration of the thin-film transistor.

[0067] Subsequently, as illustrated in FIG. 3D, a transpar-
ent conductive material such as ITO or IZO is deposited on
the light compensation layer 27 and then etched to form the
pixel electrode (21R, 21G, 21B). The pixel electrode (21R,
21G, 21B) is extended to an inner portion of the contact hole
29 to electrically connect the drain electrode (15R, 15G, 15B)
of the thin-film transistor. Furthermore, the pixel electrode
(21R, 21G, 21B) of the relevant pixel is electrically insulated
from the pixel electrode (21R, 21G, 21B) of the adjacent
pixel.

[0068] Then, as illustrated in FIG. 3E, a bank layer 28 is
formed between each pixel. The bank layer 28 partitions off
each pixel to prevent a specific color light outputted from the
adjacent pixel from being mixed, and fills up a portion of the
contacthole 29 to decrease the step. The bank layer 28 may be



Patent Application Publication  Jun. 20, 2013 Sheet 2 of 15 US 2013/0153870 Al

|
17B

21B

158

{

|

14B 12B 11B

%

17G

FIG.
21G
15G

|

|

14G 12G 11G

|
17R

21R

15R

|

14R 12R 11R

3
1
|
|




US 2013/0153870 Al

formed by depositing and etching an inorganic insulating
material using the CVD process or may be formed by depos-
iting an organic insulating material and then etching it.
[0069] Subsequently, the organic light emitting unit 23 is
formed over the entire surface of the first substrate 16 formed
with the bank layer 28 and pixel electrode (21R, 21G, 21B).
The organic light emitting unit 23 is composed of an electron
injection layer, an electron transport layer, a white organic
light emitting layer, a hole transport layer and a hole injection
layer, and the white organic light emitting layer may be a layer
mixed with a R-organic light emitting material, a G-organic
light emitting material, and a B-organic light emitting mate-
rial, or a structure on which a R-organic light emitting layer,
a G-organic light emitting layer, and a B-organic light emit-
ting layer are deposited. The electron injection layer, electron
transport layer, organic light emitting layer, hole transport
layer and hole injection layer may be formed by depositing
various materials currently being used.

[0070] Then, a metal such as Ca, Ba, Mg, Al, and Ag is
deposited on the organic light emitting unit 23 to form the
common electrode 25.

[0071] Subsequently, as illustrated in FIG. 3F, the adhesive
layer 42 made of a thermosetting resin such as an epoxy-
based compound, an acrylate-based compound, or acrylate-
based rubber is formed over the entire surface of the second
substrate 50 in a thickness of about 5 to 100 um, and then a
pressure is applied to the first substrate 10 and second sub-
strate 50 in a state that the second substrate 50 is placed on the
first substrate 16 to bond the first substrate 10 to the second
substrate 50.

[0072] The adhesive agent or adhesive film is coated or
deposited on the first substrate 16, and then the second sub-
strate 50 is placed thereon to bond both of them together.
[0073] The second substrate 50 may be made of plastic or
glass, or formed with a protective film such as a polystyrene
(PS) film, a polyethylene (PE) film, a polyethylene naphtha-
late (PEN) film and a polyimide (PI) film.

[0074] As described above, the first substrate 16 and second
substrate 50 are bonded together, and then the adhesive layer
42 is heated at temperatures of about 80 to 170 degrees to cure
the adhesive layer 42. The organic light emitting display
device is sealed by the curing of the adhesive layer 42, thereby
preventing moisture from infiltrating from the outside. Fur-
thermore, the second substrate 50 is operated as a sealing cap
for sealing the organic light emitting display device to protect
the organic light emitting display device.

[0075] As described above, according to the present inven-
tion, the light compensation layer 27 is formed under the light
emitting unit 23 to refract light being emitted from the light
emitting unit 23, thereby enhancing the color viewing angle
characteristic of light that penetrates the color filter layer
(17R, 17G, 17B). According to the present invention, SiNx is
used for the light compensation layer 27, and the SiNx may be
formed in a gas atmosphere mixed with SiH, and N, butnotin
a gas atmosphere mixed with SiH, and NHj;, thereby effec-
tively preventing the thin-film transistor from being deterio-
rated due to hydrogen infiltration into the thin-film transistor.
[0076] FIG. 4 is a cross-sectional view illustrating the
structure of an organic light emitting display device accord-
ing to a second embodiment of the present invention. The
structure of the second embodiment is similar to that of the
first embodiment illustrated in FIG. 2, and therefore, the same
structure will be described in brief, and only the different
structure will be described in detail.
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[0077] As illustrated in FIG. 4, the driving thin-film tran-
sistor formed at the pixel (R, G, B) on the first substrate 116
may include a gate electrode (111R, 111G, 111B) formed at
the pixel (R, G, B), respectively, on the first substrate 116, and
a semiconductor layer (112R, 112G, 112B) formed on the
gate electrode (111R, 111G, 111B), and a source electrode
(114R, 114G, 114B) and a drain electrode (115R, 115G,
115B) formed on the semiconductor layer (112R, 112G,
112B).

[0078] A first insulating layer 124 may be formed on the
first substrate 116 formed with the driving thin-film transistor.
The first insulating layer 124 may be formed of an inorganic
material with a thickness of about 4500 A. A R-color filter
layer 117R, a G-color filter layer 117G, and a B-color filter
layer 117B are formed on the R, G, B pixels, respectively, of
the first insulating layer 124.

[0079] A light compensation layer 127 is formed on the
second insulating layer 126. The light compensation layer
127 is a material having a refractive index of 1.5t0 2.7, and a
transparent material such as SiNx, ITO, or IZO may be used
for the light compensation layer 127. The light compensation
layer 127 is a layer containing no hydrogen, and may be
formed in an atmosphere containing no hydrogen when form-
ing a SiNx layer or the like, thereby preventing a thin-film
transistor from being deteriorated due to hydrogen infiltrating
into a channel layer of the thin-film transistor. In this embodi-
ment, the light compensation layer 127 may also contain
hydrogen.

[0080] A plurality of holes 1274 are formed on the light
compensation layer 127. The holes 12 7a are formed in outer
wall of each pixel regions. The holes 127a discharge foreign
substances produced from the second insulating layer 126 or
another layer. Though details will be described later, an
organic light emitting layer is formed at an upper portion of
the light compensation layer 127, and a vacuum cure process
for allowing underneath layers to be exposed for a predeter-
mined period of time in a vacuum state is carried out to
remove foreign substances or the like from the layers formed
at a lower portion of the organic light emitting layer prior to
forming the organic light emitting layer. The foreign sub-
stances produced from the second insulating layer 126 or the
like during the vacuum cure process should be discharged in
a gas phase to the outside, but such foreign substances cannot
be discharged in case where the light compensation layer 127
is formed, thereby causing a failure.

[0081] According to the present invention, the holes 127a
are formed on the light compensation layer 127, thereby
allowing foreign substances produced during the vacuum
cure process to be discharged through the holes 127a. The
holes 127a may be formed over the entire surface of the light
compensation layer 127 or may be formed only in a region of
the light compensation layer 127 corresponding to the R, G, B
pixels, or may be formed in a regular or irregular manner.
[0082] A pixel electrode (121R, 121G, 121B) is formed on
the pixel (R, G, B), respectively, of the light compensation
layer 127. A contact hole 129 is formed on the first insulating
layer 124 and second insulating layer 126 of the drain elec-
trode (115R, 115G, 115B) of the thin-film transistor formed
on the pixel (R, G, B), respectively, and thus the light com-
pensation layer 127 and pixel electrode (121R, 121G, 121B)
are formed on the contact hole 129 (see FIG. 5D), and the
pixel electrode (121R, 121G, 121B) is electrically connected
to the exposed drain electrode (115R, 115G, 115B), respec-
tively, of the thin-film transistor.



US 2013/0153870 Al

[0083] Furthermore, a bank layer 128 is formed at each
pixel boundary region on the second insulating layer 126, and
an organic light emitting unit 123 for emitting white light is
formed on the light compensation layer 127 and bank layer
128. A common electrode 125 is formed over the entire sur-
face of the first substrate 116 on the organic light emitting unit
123.

[0084] An adhesive is coated at an upper portion of the
common electrode 125 to form an adhesive layer 142, and a
second substrate 150 is disposed thereon, and thus the second
substrate 150 is secured to the first substrate 116 by the
adhesive layer 142.

[0085] FIGS.5A through SF are views illustrating a method
of fabricating an organic light emitting display device accord-
ing to a second embodiment of the present invention.

[0086] First, as illustrated in FIG. 5A, the first substrate 116
is prepared, and then a non-transparent material having a
good conductivity is deposited by a sputtering process and
then etched by a photolithography process to form the gate
electrode (111R, 111G, 111B).

[0087] Then, an inorganic insulating material is deposited
over the entire surface of the first substrate 116 by a chemical
vapor deposition (CVD) process to form a gate insulating
layer 122, and then a semiconductor material such as an
amorphous silicon (a-Si), a transparent oxide semiconductor
such as indium gallium zinc oxide (IGZO), or an organic
semiconductor is deposited by the CVD process and then
etched to form the semiconductor layer (112R, 112G, 112B).
Furthermore, though not shown in the drawing, impurities are
doped into part of the semiconductor layer (112R, 112G,
112B) or amorphous silicon to which impurities have been
added is deposited to form an ohmic contact layer.

[0088] Then, a non-transparent metal having a good con-
ductivity is deposited on the first substrate 116 by a sputtering
process and then etched to form the source electrode (114R,
114G, 114B) and drain electrode (115R, 115G, 115B) on the
semiconductor layer (112R, 112G, 112B), strictly speaking,
on the ohmic contact layer.

[0089] Then, as illustrated in FIG. 5B, an inorganic insu-
lating material is deposited over the entire surface of the first
substrate 116 formed with the source electrode (114R, 114G,
114B) and drain electrode (115R, 115G, 115B) to form the
first insulating layer 124. Then the R-color filter layer 117R,
G-color filter layer 117G, and B-color filter layer 117B may
be formed on the R, G, B pixels, respectively, on the first
insulating layer 124.

[0090] Subsequently, as illustrated in FIG. SC, the second
insulating layer 126 is deposited over the entire surface of the
first substrate 116 formed with the R-color filter layer 117R,
G-color filter layer 117G, and B-color filter layer 117B. Then
the first insulating layer 124 and second insulating layer 126
are etched to form a contact hole 129 on which the drain
electrode (115R, 115G, 115B) of the thin-film transistor is
exposed. Though the first insulating layer 124 and second
insulating layer 126 are etched at the same time to form the
contact hole 129 in the drawing, the first insulating layer 124
may be formed and the contact hole is formed and then the
second insulating layer 126 formed again and then the second
insulating layer 126 is etched to form the contact hole,
thereby forming the contact hole 129 formed on the first
insulating layer 124 and second insulating layer 126.

[0091] Subsequently, a material such as SiNx or the like is
deposited on the second insulating layer 126 and then etched
to form the light compensation layer 127. Then a plurality of
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holes 1274 are formed on the light compensation layer 127.
The holes 127a are formed only in a region corresponding to
the R, G, B pixels in the drawing, but may be formed over the
entire surface of the light compensation layer 127.

[0092] The light compensation layer 127 is formed by a
CVD process. In other words, a gas mixed with SiH, and NH,
may be supplied into the vacuum chamber and then the CVD
process may be carried out to form a SiNx layer, or a gas
mixed with SiH, and N, may be supplied and then the CVD
process may be carried out to form a SiNx layer. Otherwise, a
gas mixed with SiH, and N, and a gas mixed with SiH, and N,
may be alternatively supplied and then the CVD process may
be carried out to form a SiNx layer.

[0093] Subsequently, as illustrated in FIG. SD, a transpar-
ent conductive material such as ITO or IZO is deposited on
the light compensation layer 127 and then etched to form the
pixel electrode (121R, 121G, 121B).

[0094] Then, as illustrated in FIG. 5E, a bank layer 128 is
formed between each pixel, and then the organic light emit-
ting unit 123 is formed over the entire surface of the first
substrate 116 formed with the bank layer 128 and pixel elec-
trode (121R, 121G, 121B). The organic light emitting unit 23
is composed of an electron injection layer, an electron trans-
port layer, a white organic light emitting layer, a hole trans-
port layer and a hole injection layer, and the white organic
light emitting layer may be a layer mixed with a R-organic
light emitting material, a G-organic light emitting material,
and a B-organic light emitting material, or a structure on
which a R-organic light emitting layer, a G-organic light
emitting layer, and a B-organic light emitting layer are depos-
ited. The electron injection layer, electron transport layer,
organic light emitting layer, hole transport layer and hole
injection layer may be formed by depositing various materials
currently being used.

[0095] Though not shown in FIG. 5E, the fabricated layer is
exposed in a vacuum state for a predetermined period of time
subsequent to the formation of the bank layer 128 and prior to
the formation ofthe organic light emitting unit 123 to perform
vacuum curing.

[0096] Then, a metal such as Ca, Ba, Mg, Al, and Ag is
deposited on the organic light emitting unit 123 to form the
common electrode 125.

[0097] Subsequently, as illustrated in FIG. 5F, an adhesive
layer 142 is formed over the entire surface of the second
substrate 150. Then pressure is applied to the first substrate
116 and second substrate 150 in a state that the second sub-
strate 150 is placed on the first substrate 116 to bond the first
substrate 116 to the second substrate 150. The adhesive agent
or adhesive film is coated or deposited on the first substrate
116. Then the second substrate 150 is placed thereon to bond
both of them together.

[0098] As described above, the first substrate 116 and sec-
ond substrate 150 are bonded together. Then the adhesive
layer 140 is cured by heating at temperatures of about 80 to
170 degrees, thereby finishing the organic light emitting dis-
play device.

[0099] The organic light emitting display device having a
specific structure has been disclosed as an organic light emit-
ting display device in the foregoing detailed description, but
the present invention is not be limited to the organic light
emitting display device having such a specific structure.
[0100] For example, the organic light emitting unit is com-
posed of an electron injection layer, an electron transport
layer, an organic light emitting layer, a hole transport layer,
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and a hole injection layer in the foregoing description, but the
organic light emitting unit may be formed only with an
organic light emitting layer or formed only with an electron
injection layer and an organic light emitting layer. Further-
more, the organic light emitting unit may be formed only with
an organic light emitting layer and a hole injection layer, and
other various configurations are also available.

[0101] Inother words, if a configuration such as the forma-
tion of a light compensation layer in which the content of
hydrogen is minimized, a plurality of holes formed on the
light compensation layer, or the like, which is a key gist of the
present invention, is merely included therein, it may be appli-
cable to all kinds of organic light emitting display devices
with a widely known structure.

What is claimed is:

1. An organic light emitting display device, comprising:

a first substrate and a second substrate comprising a plu-

rality of pixels;

a thin-film transistor formed on the first substrate;

a first insulating layer formed on the first substrate includ-

ing the thin-film transistor;

a color filter layer formed on the first insulating layer in a

pixel region;

a second insulating layer formed on the first substrate

including the color filter layer;

alight compensation layer formed on the second insulating

layer and made of a material without hydrogen, wherein
the light compensation layer comes into contact with a
pad of a drain of the thin-film transistor;

apixel electrode formed on the light compensation layer of

each pixel region;

an organic light emitting unit formed on the pixel electrode

to emit light; and

a common electrode formed on the organic light emitting

unit.

2. The organic light emitting display device of claim 1,
further comprising:

aplurality of holes formed on the light compensation layer

to discharge foreign substances, wherein the holes are
formed in an outer wall of each pixel regions.

3. The organic light emitting display device of claim 2,
wherein the light compensation layer is made of a transparent
material.

4. The organic light emitting display device of claim 3,
wherein the light compensation layer is formed of a material
selected from a group consisting of SiNx, indium tin oxide
(ITO), and indium zinc oxide (IZO).

5. The organic light emitting display device of claim 4,
wherein the SiNx is deposited with a thickness of 1500 to
2000 A.

6. The organic light emitting display device of claim 5,
wherein the plurality of holes are formed in a region corre-
sponding to the color filter.
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7. The organic light emitting display device of claim 5,
wherein the plurality of holes are formed in a region corre-
sponding to the color filter and within a color filter region.

8. A method of fabricating an organic light emitting display
device, the method comprising:

providing a first substrate and a second substrate compris-

ing a plurality of pixels;

forming a thin-film transistor at each pixel of the first

substrate;

forming a first insulating layer on the first substrate includ-

ing the thin-film transistor;

forming a color filter layer on the first insulating layer in a

pixel region;

forming a second insulating layer on the first substrate

including the color filter layer;
forming a light compensation layer made of SiNx in a gas
atmosphere mixed with SiH, and N, on the second insu-
lating layer and made of a material without hydrogen,
wherein the light compensation layer comes into contact
with a pad of a drain of the thin-film transistor;

forming a pixel electrode on the light compensation layer
of each pixel region;

forming an organic light emitting unit for emitting light on

the light compensation layer;

forming a common electrode on the organic light emitting

unit; and

bonding the first substrate to the second substrate.

9. The method of claim 8, further comprising:

etching the light compensation layer to form a plurality of

holes formed in an outer wall of each pixel regions.

10. The method of claim 9, wherein the SiNx is transparent.

11. The method of claim 10, further comprising:

forming a SiNx layer in a gas atmosphere mixed with SiH,

and NH;, wherein the SiNx is formed by alternatively
changing the gas atmosphere mixed with SiH, and N,
and the gas atmosphere mixed with SiH, and HNj.

12. The method of claim 11, wherein further comprising:

performing vacuum curing on the layers formed subse-

quent to forming the pixel electrode for a predetermined
period of time in a vacuum state to discharge foreign
substances contained in the formed layers through the
holes.

13. The method of claim 8, wherein:

the light compensation layer is made of a transparent mate-

rial.

14. The method of claim 8, wherein the light compensation
layer is formed of a material selected from a group consisting
of SiNx, indium tin oxide (ITO), and indium zinc oxide
(1Z0).

15. The method of claim 8, wherein further comprising:

performing vacuum curing on layers formed subsequent to

forming the pixel electrode for a predetermined period
oftime in a vacuum state to discharge foreign substances
contained in the formed layers through the holes.

* * % Ed *



Patent Application Publication  Jun. 20,2013 Sheet 3 of 15 US 2013/0153870 Al

22
16

I I‘SB

|

14B 12B 11B

3A

FIG.

|
156

|

|

14G 12G 11G

ILR

14R 12R 11R

L




Patent Application Publication  Jun. 20, 2013 Sheet 4 of 15 US 2013/0153870 Al

/
o
22

16

[
=
— N
an] N
o
l— L0
—
[an]
——— —i
————— —
RS
Lo
m
m | S
™) o
(&) —
-
&) |
[
E 2
— 10
—{
[do]
-
-t — —
(€]
—— QO
—
i —S
th PESSNEN -Y
o~
—
o
1
o
— L0
—
2™
| v
—_t——— —
(o™
———C\
Lo
%‘d
J— —{




Patent Application Publication  Jun. 20,2013 Sheet 5 of 15 US 2013/0153870 Al

1
|
/
|

4 o7
+—26
,!~24
|
|
+—16
|
1

e
N
] —&
/m
5
i
e
[aa]
i
—_—— —— — —
Q2
a Lo
/m
2 )
@) Z—
=]
4]
™ = 5 S
(9]
L] g
(@) =
—_ L LB
ES = -
w2
(@]
|
- —
(€]
N
— Ao
R,
A
o
o~
b
L
(2’4
o
O
Lo |
e
— - —
- —
a4
N
i
o
PR 7 I P, —_l —




Patent Application Publication  Jun. 20, 2013 Sheet 6 of 15 US 2013/0153870 Al

22

24
|

,!~ 16
|
|

/
27
126

A

21B

115B

|

|

14B 12B 11B

3D

17G

FIG.
216

|
15G

|

|
14G 126G 11G

i

21R

it

|

14R 12R 11R

]




Patent Application Publication  Jun. 20, 2013 Sheet 7 of 15 US 2013/0153870 Al

|
17B

ILB

|

14B 12B 11B

|

3E

|
17G

FIG.

|
15G

|

14G 12G 11G

17R

21R

1t|')R

|

14R 12R 11R

i



US 2013/0153870 A1

Jun. 20,2013 Sheet 8 of 15

Patent Application Publication

dil

daT

di1 dg1 9l

LT

96T

OIT D21 vl LT da1

dIT 42T 91

R
ST
BRI
e e e e e e e T e T
P e e e e T T T T
Pr v e el
[N

0G—r—

4

4

dIe

.
_
_
_
|
T
_




US 2013/0153870 A1

Jun. 20,2013 Sheet 9 of 15

Patent Application Publication

qgl1 nzI1 1T
qL1 gcTT  dITT | i1 9LIT oGIT  OITT | HFPIT  dLIT ASTT  ATTT | WPIT
|
911 —+
_
gel —
21—t
921 —+
121

P

001




patsnap

TRAFROE) BNAXREREEREGHES
NIF(2E)E US20130153870A1 K (2E)R 2013-06-20
RS US13/706216 iR 2012-12-05

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG DISPLAY CO., LTD. ,
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA SEO HYUN SIK
LEE JEONG HOON
KIM DAE WON
CHOI YONG HO

KA SEO, HYUN-SIK
LEE, JEONG-HOON
KIM, DAE-WON
CHOI, YONG-HO

IPCH =S HO1L51/52

CPCH¥%(= HO1L51/5275 HO1L27/322 HO1L51/5262 HO1L27/3272 HO1L27/1248

i 1020110134862 2011-12-14 KR

H 20 FF 30k uUsS8921837

SNEBEEE Espacenet USPTO

BEGB) G ¢
ARARBE—MENARETEE , ATEERA T HEASN LM ‘ \

B EERSAEREMSE  ARRNAXERRETEESE & Ts 1
WRAME—ER , BESNMERERESE - ERNWENMRELNEESR & 1 . |

EHESMELTRESRE MREROER LHLERXEIE |
B RBRELSEL  MTSANMBSREZLRERESMREN ——D
HIMER L BHENET | HREGEBREUZUREANENE | — >
TR SRR
E—ﬂf’f%
G



https://share-analytics.zhihuiya.com/view/5a199f37-81dd-4a0f-b759-4f658e89d528
https://worldwide.espacenet.com/patent/search/family/048588586/publication/US2013153870A1?q=US2013153870A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130153870%22.PGNR.&OS=DN/20130153870&RS=DN/20130153870

