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SAME

(57)  Anorganic light-emitting display device that has
a modified structure capable of preventing degradation
of the aperture ratio and light leakage due to alignment

tolerance between upper and lower substrates and a

method of manufacturing the same are disclosed. The
organic light-emitting display device includes a substrate
including a plurality of sub-pixels, an insulation film dis-

posed on the substrate and including recesses each hav-
ing a bottom surface of a selected area and electrically
isolating regions are positioned adjacent to a correspond-
ing one of the recesses such that a pair comprising a
recess and an isolation region corresponds to each of
the sub-pixels. A first electrode is disposed on the bottom
surface of each of the recesses in each of the sub-pixels.
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Description
CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of Korean
Patent Application No. P 10-2016-0112244, filed on Au-
gust 31, 2016.

BACKGROUND
Technical Field

[0002] The present disclosure relates to an organic
light-emitting display device, and more particularly to an
organic light-emitting display device that has a modified
structure capable of preventing degradation of the aper-
ture ratio and light leakage due to alignment tolerance
between upper and lower substrates and a method of
manufacturing the same.

Description of Related Art

[0003] Inrecentyears, the field of displays that provide
video images and active Web pages has been rapidly
developed with the advent of the information age. Cor-
respondingly, a variety of flat display devices having ex-
cellent performance, such as a slim design, low weight
and low power consumption, have been developed and
have rapidly replaced conventional cathode ray tubes
(CRTs).

[0004] Current flat display devices may include a liquid
crystal display (LCD), a plasma display panel (PDP), a
field emission display (FED), and an organic light-emit-
ting display (OLED).

[0005] Among the aforementioned ones, the OLED is
considered a competitive approach because it does not
need a separate light source and can be a compact de-
vice design with accurate color reproduction.

[0006] The OLED comprises an organic light-emitting
diode, which is a self-luminous element, in a sub-pixel
and displays an image through the operation of the or-
ganic light-emitting diode for each sub-pixel. Since the
organic light-emitting diode is a self-luminous element
thatmay be used inillumination devices as well as display
devices, the development of the organic light-emitting
diode has recently attracted attention in the illumination
industry. Further, since the organic light-emitting diode
does not need a separate light source unit, it has the
advantage of being easily used in flexible display devices
or transparent display devices.

[0007] The organic light-emitting diode includes an or-
ganic light-emitting layer, which is disposed between an
anode and a cathode. A hole and an electron are respec-
tively injected from the anode and the cathode into the
organic light-emitting layer, and an exciton is formed by
combination of the electron and the hole at the organic
light-emitting layer. When the exciton transitions from an
excited state to a ground state, light is emitted from the
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organic light-emitting diode.

[0008] Hereinafter, the structure of a conventional or-
ganic light-emitting display device and problems there-
with will be described.

[0009] FIG. 1 is a sectional view showing an organic
light-emitting diode of a conventional organic light-emit-
ting display device, and FIG. 2 is a sectional view showing
the construction of the organic light-emitting diode when
a bank is formed in a misaligned manner in the conven-
tional organic light-emitting display device, to which the
structure in FIG. 1 is applied.

[0010] AsshowninFIG.1,aconventional organic light-
emitting display device is constructed such that a first
substrate 10 is sectioned into a plurality of sub-pixel re-
gions and an organic light-emitting diode is included in
each sub-pixel. The organic light-emitting diode includes
afirst electrode 11, a bank 12 disposed to partially over-
lap a marginal region of the first electrode 11, an organic
light-emitting layer 13 disposed on the first electrode 11
and the bank 12, and a second electrode 14 disposed
on the organic light-emitting layer 13.

[0011] In general, the first electrode 11 and the bank
12 are formed by performing an exposure and develop-
ment process using a photomask.

[0012] However, when misalignment of the mask,
which is used to form the bank 12, occurs, as shown in
FIG. 2, the bank 12 may be formed such that it does not
overlap the edge regions of the first electrode 11 in some
locations. In this case, the organic light-emitting layer 13,
which is formed through a deposition process without an
exposure mask after the formation of the bank 12, may
be formed such that vaporized organic material that
should be deposited only onto the flat top surface of the
first electrode 11, because of the misalignment, is also
in contact with the exposed lateral region that is the side-
wall of the first electrode 11. At this location, it may have
arelatively small thickness, or it might be so thin that little
or no material is on the sidewall of electrode 11. The
organic light-emitting layer may also have a portion on
the first substrate 10. One example of this misalignment
region is shown in the dashed-line circle labeled with the
letter "A" in Figure 2. Therefore, when the deposition of
the second electrode 14 is performed after the formation
of the organic light-emitting layer 13, the second elec-
trode 14 may come into contact with the sidewall or lateral
region of the first electrode 11, on which the organic light-
emitting layer 13 is formed thin or is not present, which
may cause an electric short-circuit.

[0013] Further, even though the organic light-emitting
layer 13 is formed thin on the lateral region of the first
electrode 11, the concentration of current in this region
is relatively intensified, thus causing degradation upon
operation thereof.

[0014] Meanwhile, although notillustrated in the draw-
ings, in order to realize color display, the above-de-
scribed organic light-emitting display device is construct-
ed such that the organic light-emitting layer is a white
organic light-emitting layer and such that a second sub-
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strate is provided opposite the organic light-emitting lay-
er. A red filter layer, a green filter layer and a blue filter
layer, which correspond to each sub-pixel, are provided
on the second substrate, and respective black matrix lay-
ers are provided between the red filter layer, the green
filter layer and the blue filter layer. The second substrate
having the above color filter array and the substrate hav-
ing the above organic light-emitting diode are bonded to
each other by interposing an adhesive layer therebe-
tween.

[0015] However, since the black matrix layer, the red
filter layer, the green filter layer and the blue filter layer,
which are formed on the counter substrate, are compo-
nents that are formed using exposure masks, at least
four exposure masks are separately needed for the coun-
ter substrate.

[0016] Further, when the first substrate 10 and the sec-
ond substrate are misaligned from each other, the black
matrix layers, which are light-blocking elements provided
between the color filter layers, may shield the light-emit-
ting region, which may cause a reduction in the aperture
ratio. In addition, there may occur a light leakage phe-
nomenon in which color mixture is caused when light
leaks from a certain sub-pixel due to misalignment and
passes through the color filter of the adjacent sub-pixel.

SUMMARY

[0017] Accordingly, the present disclosure is directed
to an organic light-emitting display device and a method
of manufacturing the same that substantially obviate one
or more problems of the related art.

[0018] One goal of the present disclosure is to provide
an organic light-emitting display device that has a struc-
ture capable of preventing degradation of the aperture
ratio and light leakage due to alignment errors or permit-
ted tolerance between upper as well as lower substrates
and a method of manufacturing the same.

[0019] Additional advantages, objects, and features of
the claimed subject-matter will be set forth in part in the
description which follows and in part will become appar-
ent to those having ordinary skill in the art upon exami-
nation of the following or may be learned from practice
of the disclosure. The objectives and other advantages
may be realized and attained by the structure particularly
pointed out in the written description and claims hereof
as well as the appended drawings.

[0020] According to embodiments organic light-emit-
ting display device, the formation of an organic light-emit-
ting diode and the formation of color filters for color dis-
play do not need an exposure and development process,
thus reducing the number of masks required. Further,
since the color filters are disposed in recesses of an in-
sulation film, it is possible to prevent degradation of the
aperture ratio and light leakage due to alignment toler-
ance between upper and lower substrates. Aspects of
an invention are defined in the appended independent
claims.

10

15

20

25

30

35

40

45

50

55

[0021] There is provided an organic light-emitting dis-
play device including a substrate including a plurality of
sub-pixels and an insulation film disposed on the sub-
strate. The insulation film includes recesses, each having
a bottom surface having a known area of a selected size
and insulation regions each positioned adjacent to a cor-
responding one of the recesses. A pair comprising a re-
cess and a flat surface corresponds to each of the sub-
pixels. Afirst electrode is disposed on the bottom surface
of each recess in each of the sub-pixels, and an organic
film is disposed on the insulation film including the first
electrode that is disposed in each of the recesses. The
organic film includes an organic light-emitting layer. A
second electrode is disposed on the organic film, and
color filters are disposed on the second electrode at se-
lected locations, filling in a corresponding one of the re-
cesses, corresponding to each of the sub-pixels. Prefer-
ably, each color filter has a generally a flat top surface.
[0022] The color filters may be in contact at their side-
walls and lateral portions thereof with each other in ad-
jacent ones of the sub-pixels.

[0023] The organic light-emitting display device may
further include a protective layer disposed on the color
filters.

[0024] The organic light-emitting display device may
further include a protective layer disposed between the
second electrode and the color filters.

[0025] Eachrecess may have a sidewall having a pos-
itive taper shape around the bottom surface, and the or-
ganic film, the second electrode and the protective layer
may be formed along the flat surfaces of the insulation
film and the lateral portion and the bottom surface of each
of the recesses , each of the organic film, the second
electrode and the protective layer having a constant
thickness.

[0026] The organicfilmmay be configured to emitwhite
light.
[0027] The organic light-emitting display device may

further include a thin film transistor disposed correspond-
ing to each of the sub-pixels of the substrate, and the
insulation film may further include a contact hole formed
under the bottom surface of each recess in order to ex-
pose a portion of the thin film transistor.

[0028] The bottom surface of each recess may be lo-
cated such that the thickness from a surface of the insu-
lation film to the bottom surface is a portion of the overall
thickness of the insulation film.

[0029] The protective layer disposed on each recess
may be formed lower than the insulation film.

[0030] There is further provided an organic light-emit-
ting display device includes a substrate including a plu-
rality of sub-pixels, and an insulation film disposed on
the substrate. The insulation film includes recesses, each
having a bottom surface having a known area and depth.
Flat surfaces are positioned adjacent to a corresponding
recess such that a pair comprising a recess and a flat
surface corresponds to each of the sub-pixels. A first
electrode is disposed on the bottom surface of each re-
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cess in each of the sub-pixels. An organic filmis disposed
on the insulation film. The first electrode is disposed in
each recess. The organic film includes an organic light-
emitting layer. A second electrode is disposed on the
organic film. A color light filter is positioned overlying over
the second electrode and filling the recess. In one em-
bodiment, each of the recesses has the same depth. In
another embodiment, each recess has a different depth
that is custom-selected based on the color filter in the
recess and the desired optical properties of that filter.
[0031] There s also provided a method of manufactur-
ing an organic light-emitting display device includes pre-
paring a substrate including a plurality of sub-pixels, then
forming an insulation film on the substrate, to make re-
cesses in the insulating layer. Grooves or recesses are
formed in selected locations in the insulating layer. The
depth of each recess might be the same or they might
be different, depending on the optical properties desired
for that particular sub-pixel. Each recess has a bottom
surface having a known area and flat surfaces each po-
sitioned adjacent to a corresponding recess such that a
pair comprising a recess and a flat surface corresponds
to each of the sub-pixels. The first electrode is then
formed on the bottom surface of each recess in each of
the sub-pixels. An organic film is formed on the insulation
film and the first electrode in each recess to include an
organic light-emitting layer. A second electrode is then
formed on the organic film.

[0032] The forming the first electrode may include
forming a first electrode material on the insulation film
including the recesses to a constant thickness, coating
a photosensitive resist on the first electrode material such
that a top surface thereof has a constant height from each
of the flat surfaces of the insulation film, exposing the
first electrode material on each of the flat surfaces of the
insulation film by performing an ashing of the photosen-
sitive resist. This will permit selective removal of the first
electrode on the bottom surface of each recess by per-
forming an etching process with respect to the first elec-
trode material using the photosensitive resist as a mask.
[0033] The method may further include coating liquid-
type color filter materials on the second electrode so as
fillin any remaining depth in the recesses corresponding
to the sub-pixels, then hardening the liquid-type color fil-
ter materials. The forming color filters having flat surfaces
may include removing the color filter materials.

[0034] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary only. They intended to provide further ex-
planation so that it can be fully understood and practiced
by those of skill in the art, and not as limiting to the scope
of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035] The accompanying drawings, which are includ-

ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
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plication, illustrate embodiment(s) of the disclosure and
together with the description serve to explain the principle
of the disclosure. In the drawings:

FIG. 1 is a sectional view showing a conventional
prior art organic light-emitting display device;

FIG. 2 is a sectional view showing the construction
of an organic light-emitting diode when a bank is
formed in a misaligned manner in the conventional
organic light-emitting display device, to which the
structure in FIG. 1 is applied;

FIG. 3 is a sectional view showing an organic light-
emitting diode of an organic light-emitting display de-
vice according to an embodiment;

FIG. 4 is a sectional view showing a problem of a
bank-less structure according to a comparative ex-
ample;

FIGs.5Ato 5H are sectional views showing a method
of manufacturing the organic light-emitting diode ac-
cording to various embodiments;

FIG. 6Ais a sectional view showing the organic light-
emitting display device according to one embodi-
ment;

FIG. 6B is a sectional view showing the organic light-
emitting display device according to second embod-
iment;

FIGs.7Ato 7H are sectional views showing a method
of manufacturing the organic light-emitting display
device according to embodiments;

FIG. 8 is a plan view of the organic light-emitting
display device according to an embodiment; and
FIG. 9 is a sectional view showing the electric con-
nection between the organic light-emitting diode and
a thin film transistor in the organic light-emitting dis-
play device according to embodiments.

DETAILED DESCRIPTION

[0036] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings.

[0037] The embodiments to be described below are
provided by way of example. Therefore, the appended
claims are not limited to the exemplary embodiments set
forth herein but may be modified in many different forms.
In the drawings, widths, lengths, thicknesses or the like
of elements may be enlarged for the sake of convenience
and clarity. Wherever possible, the same reference num-
bers will be used throughout the drawings to refer to the
same or like parts.

[0038] Advantages and features of the claimed sub-
ject-matter and methods for achieving them will be made
clear from embodiments described below in detail with
reference to the accompanying drawings. The present
disclosure may, however, be embodied in many different
forms and should not be construed as being limited to
the embodiments set forth herein. Rather, these embod-
iments are provided so that this disclosure will be thor-
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ough and complete, and will fully convey the scope of
the appended claims to those skilled in the art.

[0039] Itwill be understoodthat, when an elementsuch
as a layer, film, region or substrate is referred to as being
"on or overlying" another element, it can be directly on
the other element or intervening elements may also be
present. On the other hand, when an element such as a
layer, film, region or substrate is referred to as being "di-
rectly on" another element, this means that there are no
intervening elements therebetween.

[0040] The spatially relative terms "below," "beneath,"
"lower," "under," "above," "upper," "overlying," "over,"
and the like, may be used herein for ease of description
to describe the relations between one element or com-
ponent and another element or component as illustrated
in the drawings. It will be understood that the spatially
relative terms are intended to encompass different ori-
entations of the device in use or operation, in addition to
the orientation depicted in the drawings. For example, in
the case where a device shown in the drawing is turned
over, the device positioned "below" or "beneath" another
device may be placed "above" another device. Accord-
ingly, the illustrative term "below" may include both the
lower and upper positions.

[0041] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It
will be further understood that the terms "comprises"
and/or "comprising," when used in this specification,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, compo-
nents, and/or groups thereof.

[0042] An organic light-emitting display device accord-
ing to embodiments may have the cross section shown
only in the pixel array region, in which a substrate includ-
ing constituent components performs display in a planar
manner. There is also a surrounding region of electrical
structures and connections positioned around the pixel
array region. The pixel array region is structured such
that an organic light-emitting diode and a thin film tran-
sistor electrically connected to the organic light-emitting
diode are provided at each of sub-pixels. The surround-
ing region of the substrate may include a pad region,
which is electrically connected to the organic light-emit-
ting diode and the thin film transistor, a pixel address
buffer, and a circuit unit, which are electrically connected
to the pad region in order to receive signals from the
outside and transmit pixel selection signals to the indi-
vidual pixels in the array.

[0043] FIG. 3 is a sectional view showing the organic
light-emitting diode of the organic light-emitting display
device according to an embodiment.

[0044] As shown in FIG. 3, the organic light-emitting
display device comprises a substrate 100 including a plu-
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rality of sub-pixels SP. There is an insulation film 110
disposed on the substrate 100. The insulation film 110
includes a plurality of recesses 110a, each having a bot-
tom surface having a known area and flat sidewall sur-
faces. There is a separation wall 110c positioned adja-
cent to a corresponding recess such that a pair compris-
ing a recess and a separation wall corresponds to each
of the sub-pixels. Preferably, this separation wall has a
top flat surface, but this is not required. A first electrode
111, isdisposed on the bottom surface of the recess 110a
in each of the sub-pixels. An organic film 112 including
an organic light-emitting layer is disposed on the insula-
tion film 110 and the first electrode 111. A second elec-
trode 113 are disposed on the organic film 112.

[0045] Here, the insulation film 110 is provided at the
top surface thereof with the recesses 110athathave side-
walls 110b. There is a separation wall 110c between each
recess 110a. This separation wall may have a top flat
region, or in other embodiments, the separation wall may
have other contours or shapes. Since the recess 110a
and the wall 110c are made in the same process steps,
they will be self-aligned with respect to each other and
eachrecess willbe assured of being separated from each
otherrecess by a separation wall 110c which has aknown
width. A single mask is used to define them both at the
same time. The recesses 110a have a constant depth
such that the organic film 112 and the second electrode
113 are provided along the stepped portions formed by
each recess. To this end, the insulation film 110 may
have a thickness ranging from 1 to 10 um and may be
made of a material having an excellent electrical insula-
tion property, for example, an organic material such as
photo acrylic or benzocyclobutene (BCB). The insulation
film 110 may be made of a transparent material or of a
colored or black light-blocking material. It may be more
advantageous to use a light-blocking material for insula-
tion film 110 in a top-emission type array.

[0046] As can be appreciated, the pixel array may be
of a type which emits light from the top surface, through
the electrode 113. Alternatively, it may emit light through
the substrate 100 and thus be a bottom light-emitting
array. In the design in which the pixel array is a top light-
emitting array, the substrate 100 and its insulation film
110, together with electrode 111 can be opaque materi-
als. In one embodiment, the electrode 111 together with
other portions of insulation film 110, may include light
reflection layers in order to maximize the amount of light
thatis output from the top surface through electrode 113.
Alternatively, if the pixel array is a bottom light-emitting
array, then the insulation layer film 110 as well as the
substrate 100, are made of a transparent material, as is
the electrode 111. Materials to form transparent elec-
trodes are well known in the art, as are materials to form
transparent electrical insulation layers and substrates,
and any one of such materials may be used in the em-
bodiments described herein.

[0047] The insulation film 110 is also referred to as an
overcoat layer, which is named after its function of cov-
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ering and planarizing a thin film transistor array disposed
therebelow.

[0048] The bottom surface of each recess 110a has a
selected area and is formed flat. The first electrode 111
is disposed on the bottom surface. The region in which
the first electrode 111 is disposed is defined as a light-
emitting region 119. The reason for this is that an organic
light-emitting diode is formed corresponding to each of
the sub-pixels by the organic film 112 and the second
electrode 113, which are formed vertically on the first
electrode 111 disposed in each of the recesses. Here,
the recesses 110a are provided separately from each
other corresponding to the sub-pixels, and the first elec-
trode 111 is necessarily located on the bottom surface
of each recess 110a. As a result, independent operation
of each of the sub-pixels is enabled. The non-light-emit-
ting region 117 of each sub-pixel corresponds to the sep-
aration wall between them. In the embodiment shown in
Figure 3, each of the recesses is shown as having the
same width and the same depth. Each recess will corre-
spond to a particular sub-pixel, such as red, green, blue,
white, or other color. In some embodiments, it is desired
for each sub-pixel to have the same area. In this case,
the footprint area of the each recess 110a will be the
same so that the area of each electrode 111 is the same
for each sub-pixel. In other embodiments, it is desired to
have the footprint area, namely the area of the bottom of
the recess of each sub-pixel, to be different. Forexample,
it may be desired to have the blue sub-pixel somewhat
larger in area than the green sub-pixel, and have both of
these somewhat larger in area than the red sub-pixel.
[0049] A pixel may be made up of a variety of different
sub-pixels; in one embodiment the sub-pixels are red,
green, and blue, while in other embodiments the sub-
pixels may be red, green, blue, and white, and in other
embodiments, different color combinations of sub-pixels
may make up a single pixel. Because the recesses are
formed using a single mask, and the pattern of the mask
will determine the area of the bottom of the recess, and
thus the area of the light emitted by each sub-pixel, it is
easily possible to select the area for each sub-pixel to be
a desired size, depending on the desired operating char-
acteristics of the particular display.

[0050] The first electrode 111 may be formed in any
one of a single-layered structure and a multi-layered
structure, both of which may include a transparent elec-
trode. Inthe case in which thefirstelectrode 111 is formed
in a multi-layered structure, the first electrode 111 may
include a transparent electrode and one or more reflec-
tive electrodes. When two or more reflective electrodes
are provided, the reflective electrodes may be divided so
astobedisposed onandunder the transparent electrode.
[0051] Because the formation of the organic film 112
does not need a deposition mask corresponding to each
of the sub-pixels, the organic film 112 may be evenly
formed on the top surface of the first electrode 111, the
sidewalls 110b of each recess 110a around the first elec-
trode 111, and the separation walls 110c of the insulation
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film 110. Namely, the organic film 112 may be formed by
a process that only partially conforms to the underlying
layer.

[0052] Inafully conformal deposition process, the layer
being deposited conforms exactly to the layer on which
it is being deposited, having a uniform thickness for its
entire length, as that term is known in the semiconductor
manufacturing art. On the other hand, some layers only
partially conform in the deposition process, and may form
a layer of uniform thickness on most flat surfaces, but on
sloped sidewalls, at corners, or at abrupt edges they may
be only partially conformable. In some embodiments,
they may only partially conform, and therefore may be
somewhat thicker or thinner at slopes or at abrupt edge
changes in the underlying surface. The material and
forming technique for light-emitting layer provided in the
organic film 112 is only a partially conformal deposition,
namely it generally conforms to the uppermost exposed
surface of the layer 110 on which it is deposited at the
flat regions, however, at some abut edges of the under-
lying surface, it does not fully conform and thus will have
different thicknesses at some regions.

[0053] Inthis case, because anorganic materialis con-
verted to a vapor state and deposited onto the substrate
100 and it only generally conforms to the lower layer, it
is preferable for the sidewalls 110b adjacent to the bottom
surface of the recess 110ato have a positive taper shape.
The purpose of this is to enable the recess 110a to better
perform a function as a light-emitting region. If the side-
walls 110b of the recess 110a is formed approximately
vertical, when an organic material having only a partially
conformal nature is supplied, the organic material is not
effectively deposited with a uniform thickness on the ver-
tical sidewalls of the recess 110a, which may cause a
short-circuit between the first electrode 111 and the sec-
ond electrode 113, which is formed later. Therefore, in
order to avoid this problem, it is preferable for the side-
walls 110b of each recess 110a to have a positive taper
shape, to ensure that an organic material is evenly de-
posited, with an even thickness on the flat surface of the
insulation film 110, the first electrode 111, and the regu-
lar-tapered lateral portion, namely the sidewalls of the
recess 110a, thus completing the formation of the organic
film 112. Therefore, the design provides for the use of an
organic film 112 which is only partially conformable, as
well a layer which is fully conformable. Such a structure
permits use of a wide range of different types of organic
films as well as different deposition techniques for apply-
ing the organicfilm 112. Various CVD or TCVD processes
can be used for this deposition step.

[0054] Of course, the shape of the sidewalls 110b of
recess 110a is not limited to the positive taper shape but
may be a vertical shape or a slightly reverse taper shape,
depending on the formation process for the organic film
112. If the deposition process is highly conformable, then
more vertical sidewalls 110b can be used, but if it is less
conformable, then more gently sloped sidewalls should
be used to ensure that sufficient organic material of the
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proper and uniform thickness is supplied to overlay the
first electrode 11. Further, the first electrode 111 may be
filled from the bottom surface up to the end of the side-
walls portion of the recess 110a. Namely, if a highly con-
formable material and process is used for the organic
film 112, then the sidewalls 110b can be vertical or even
have a slight reverse taper and have sufficient thickness
of organic film 112 to ensure that when the second elec-
trode 113 is applied, it will be evenly spaced from the first
electrode 111.

[0055] The slope of the sidewalls 110b, together with
the recesses 110a and the upper surface of wall 110c of
the insulating layer is selected to provide for the formation
of an organic film 112 which has a uniform thickness
throughout its entire length across the entire pixel array.
This provides the benefit of uniform current flow between
electrodes 111 and 113 and the avoidance of any hot
spots due to increased current flow at locations where
the organic film 112 may be thinner or have voids.
[0056] The organic film 112 may be configured as a
single organic light-emitting layer; however, the embod-
iment is not limited thereto. The organic film 112 may
include an organic light-emitting layer and one or more
organic common layers disposed on and under the or-
ganic light-emitting layer. For example, the organic com-
mon layer disposed under the organic light-emitting layer
may include a hole injection layer and a hole transport
layer, and the organic common layer disposed on the
organiclight-emitting layer may include an electron trans-
port layer and an electron injection layer.

[0057] Further, the organic film 112 may be formed in
a multi-stack structure, in which a light-emitting layer and
an organic common layer may be provided at each of the
stacks and a charge-generating layer may be disposed
between the stacks to supply holes and electrons to the
stack adjacent thereto.

[0058] For example, in the case in which the organic
film 112 is formed in a single stack structure, the organic
light-emitting layer may be a white-light-emitting layer. In
the case in which the organic film 112 is formed in a multi-
stack structure, it is designed to emit white light through
a combination of light from the respective stacks. The
light-emitting layers of the respective stacks may be light-
emitting layers configured to emit light of different colors
from each other or may be light-emitting layers config-
ured to identically emit white light.

[0059] Because the second electrode 113 is deposited
on the organic film 112 by means of sputtering without
using a mask corresponding to each of the sub-pixels,
the second electrode 113 is formed as a blanket depo-
sition along the entire exposed surface of the organic film
112.

[0060] In this case, when the bottom surface of the
recess 110a has a first depth, each of the organic film
112 and the second electrode 113 has a constant thick-
ness such that the sum of the thickness of the organic
film 112 and the thickness of the second electrode 113
is less than the first depth, with the result that the organic
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film 112 and the second electrode 113 are formed along
the profile of the flat surface and the recess of the insu-
lation film 110, and the recess 110a is visible even after
the formation of the second electrode 113, as can be
seen in Figure 3.

[0061] As described above with reference to FIG. 3,
the organic light-emitting display device may be embod-
ied in a bank-less structure in which an existing bank that
is formed corresponding to each light-emitting region is
omitted and the organicfilm 112 is formed with a constant
thickness on the first electrode 111 in the recess 110a
and the gently regular-tapered sidewalls 110b of the re-
cess 110a. As a result, a short-circuit between the first
electrode 111 and the second electrode 113 may be pre-
vented and current leakage from a corner of the light-
emitting region may be prevented by the organic film 112
that is deposited to a constant thickness on the sidewalls
110b of the recess 110a.

[0062] Hereinafter, the bank-less structure according
to a comparative example will be described in compari-
son with the above-described organic light-emitting di-
ode.

[0063] FIG. 4 is a sectional view showing a problem of
the bank-less structure according to the comparative ex-
ample.

[0064] As shown in FIG. 4, the bank-less structure ac-
cording to the comparative example is embodied such
that an overcoat layer 20 for covering and planarizing a
thin film transistor array (not shown) is formed on a sub-
strate 10, a first electrode 21 is formed on each of sub-
pixels, and subsequently an organic light-emitting layer
22 and a second electrode 23 are formed. Here, the first
electrode 21 is formed in a manner by using a photoresist
pattern that is formed by deposition on a first electrode-
forming material. The metal layer is formed as a blanket
layer on overcoat layer 20, and then it is covered by a
coating of photoresist, and this is followed by exposure
and development using a mask for the formation of the
first electrode. The first electrode-forming material is
etched using the photoresist pattern. However, the first
electrode 21 is formed thin and the sidewall 219 thereof
is formed approximately vertically, which may cause
problems in thatthe organic light-emitting layer 22 formed
subsequently thereto is not effectively deposited with uni-
form thickness on the sidewall 21 a of the first electrode
21. If the layer 22 is formed thin on the sidewall 21 a, this
will lead to severe concentration of current near the side-
wall 21 a of the first electrode 21, as shown at the location
marked by the arrow "B."

[0065] On the other hand, according to embodiments,
as shown in FIG. 3, since the first electrode 111 is formed
along the bottom surface of the recess 110a, the top sur-
face of the first electrode 111 becomes flat, and conse-
quently the organic film 112 is deposited on the first elec-
trode 111 in a flat manner with full uniform thickness. In
addition, since the sidewall 110b of the recess 110a has
a positive taper shape, deposition of an organic material
has a uniform thickness along the sidewall 110b of the
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recess 110a. As a result, the concentration of current in
the corner of the light-emitting region may be prevented
and the lifespan of the product may be increased.
[0066] In addition, since the recess 110a of the insu-
lation film 110 is formed at the time at which a contact
hole is formed in the insulation film 110 in order to achieve
electric connection between a portion of the thin film tran-
sistor and the first electrode, an additional masking proc-
ess is not required and further use of a mask for forming
the first electrode may be omitted. In addition to being
able to eliminate one or more masks, it is possible to also
solve the problem of concentration of currentin the corner
of the light-emitting region, which is associated with a
conventional prior art bank-less structure.

[0067] Hereinafter, a method of manufacturing the or-
ganic light-emitting diode according to embodiments will
be described with reference to the drawings.

[0068] FIGs. 5A to 5G are sectional views showing a
method of manufacturing the organic light-emitting diode.
[0069] First, a substrate 100 including electric circuits
and transistors for use with a plurality of sub-pixels is
prepared.

[0070] Subsequently, an overcoat layer for covering a
thin film transistor array (not shownin FIG. 5A, but shown
in FIG. 9) is coated with the insulation 110 to a constant
thickness on the substrate 100. It is then selectively re-
moved to a desired depth at selected locations, as shown
in FIG. 5A, thereby forming an insulation film 110, which
includes recesses 110a each having a bottom surface
having a known, selected area and separation walls 110c
each positioned adjacenttoa correspondingrecess 110a
such that a pair comprising a recess 110a and a wall
110c corresponds to each of the sub-pixels SP.

[0071] The recess pattern shown on FIG. 5A can be
formed by any conventional method known in the inte-
grated circuit and semiconductor processing art. The in-
sulating layer 110 can be patterned and etched to a de-
sired depth using standard wet etch or plasma etching
techniques. There are well-known wet edge techniques
which produce a gradual slope of the sidewalls 110b of
the recess 110a.

[0072] In this etch process, a contact hole 109 (refer
to FIG. 9) may be formed under the bottom surface in
order to expose a portion of the thin film transistor.
[0073] Subsequently, as shownin FIG. 5B, afirst elec-
trode material 111a is formed to a constant thickness on
the insulation film including the recesses 110a. The elec-
trode deposition can be formed by a standard CVD dep-
osition of any acceptable conductor. Preferably, a
processing material is used in which the electrode 111 a
will conform with uniform thickness to the upper surface
of the insulator 110.

[0074] Subsequently, as shown in FIG. 5C, a photo-
sensitive resist 121 is coated on the first electrode ma-
terial 111 a such that the top surface thereof has a con-
stant height from the flat surface of the insulation film.
[0075] Subsequently, as shown in FIG. 5D, a photo-
sensitive resist pattern 121a is formed through ashing of
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the photosensitive resist 121 until it exposes the firstelec-
trode material 111 a that is located on the top surface of
the insulation film 110. Here, the key point is that the
photosensitive resist 121 is patterned to a constant thick-
ness through a blanket removal process of the photosen-
sitive resist 121 without an additional exposure process.
The blanket removal process of the photoresist may be
by any acceptable technique, including ashing, blanket
etching, whether wet etch or reactive ion etch, CMP, or
other known process for uniform removal of a blanket
layer covering a substrate. The removal process of the
photoresist 121 continues until the metal layer 111 a is
exposed on the top surfaces of the insulation film 110.
Subsequently, a blanket etch removal of layer 111 a is
carried out. This can be carried out by any acceptable
technique, with a wet etch being preferred. This blanket
removal alsois done withoutan additional exposure proc-
ess or further mask, and therefore saves a masking layer.
It ensures that the electrode is self-aligned in the recess
because the blanket wet etch can be carried out as a
timed etch that will remove all electrode material that is
not in the bottom of the recess. Any blanket etch or other
removal technique can be used, whether reactive ion
etch, plasma etch, or other equivalent. The type of etch
selected may depend on the slope of the sidewalls 110b,
as well as other factors, in order to obtain the results
shown in Figure 5F, in which the electrode 111 is posi-
tioned in the bottom of each recess 110a.

[0076] Thus, as shown in FIG. 5E, the first electrode
material 111 a is etched using the photosensitive resist
pattern 121a, which remains in the recesses 110a, as a
mask, such that the first electrode material 111 aremains
only on the bottom surface of each of the recesses 110a,
thus completing the formation of a first electrode 111.
That is, the first electrode 111 is formed in a self-align-
ment manner due to the structure of the recess 110a,
without performing a photolithography process including
exposure and development.

[0077] After the layer 111 is etched to the desired
shape, a selective etch or ashing of the photosensitive
resistpattern 121 ais carried out, resulting in the structure
shown in Fig. 5F.

[0078] Subsequently, as showninFIG. 5G, an organic
film 112 including an organic light-emitting layer is formed
on the insulation film 110 including the first electrode 111
disposed in each of the recesses 110a. The organic film
112 can be formed by any acceptable deposition proc-
ess, preferably a type of deposition process which is a
conformal deposition to the upper surface of insulator
110 and the electrode 111.

[0079] Subsequently, a second electrode 113 is
formed on the organic film 112, also by a blanket, con-
formal deposition process.

[0080] That is, the region of the organic light-emitting
diode is defined by the overcoat layer that has the re-
cesses and is disposed on the substrate without the for-
mation of a bank, and the first electrode is not shielded
by a bank. As a result, the region at which the first elec-
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trode is formed may perfectly serve as a light-emitting
region and the aperture ratio may be improved.

[0081] In addition, the use of one or more masks re-
quired for the formation of a bank may be omitted, and
the number of masks used for the formation of the first
electrode may also be reduced because the first elec-
trode is formed in a self-alignment manner.

[0082] Figure 5H shows an alternative embodimentac-
cordingto one preferred process and structure for making
sub-pixels that will form a single pixel. As shown in Figure
5H, three different recesses 110a are shown: a first re-
cess 110a1, a second recess 110a2, and a third recess
110a3. Each of these recesses has a differentdepth. The
depth of the recess will determine the final height of the
color filter for each sub-pixel, as will be shown hereafter.
In particular, light is created at the organic film 112 having
the light-emitting layer, and passes through the material
above the recess. The depth of the recess, therefore,
determines the height of material that the light must pass
through before it is emitted. By etching the recesses to
a selected depth, the exact amount of material which the
light passes through can be custom-selected for each
sub-pixel.

[0083] The ability to custom-select the height of the
color filter by simply changing the depth of the recess
provides significant benefits in the manufacturing proc-
ess. The depth of a selected recess 110a can be easily
determined based on well-known etch chemistry and
etch process technology, based on timing or other tech-
niques. While a single base mask may be used to create
the initial shape for each of the recesses, simple overlays
may be applied at different stages during the etching
process so thatthe etching of recesses 110a1 and 110a2
will continue while the etching of recess 110a3 is blocked.
Then, at a later step in the same etching process, once
the recess 110a2 has reached the selected depth, then
access to it can be blocked, while the etching of recess
110a1 continues, until 110a1 has reached a selected
depth. Thus, with the use of a single definition mask,
which defines the area of the sub-pixel, and the relative
locations of each recess 110a to each other recess, the
depth of a particular recess can be custom-selected
based on the etching process and the timing for each
recess. Since the location of the recesses has been pre-
viously defined by the single definition mask, it is possible
to provide a simple blocking mechanism, whether anoth-
er by use of a broad mask or other technique. The addi-
tional blocking mechanism only needs to be sufficiently
aligned to block access to the recesses whose etching
is to stop, and thus may have a wide range of tolerances.
Namely, since the exactlocation of each recess has been
defined with respect to every other recess in a single
recess definition mask, any mask used later in process
to block etching can be applied without the use of ex-
tremely tight tolerances, which provides benefits in low-
cost manufacturing of the product, while at the same time
ensuring proper formation of the structure of Figure 5H.
[0084] There are numerous other techniques by which
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a particular recess can made to a selected depth. For
example, a different mask and etch process can be used
for each shallow recess 110a3 while applying, at a later
process step, a different mask and etch process for
110a2, and similarly for 110a1. Namely, it is not required
to use a single recessed definition mask for each, but
rather a separate recess mask and etch process can be
used for each recess on the display that has a different
depth. Thus, this is a second way that the different depth
recesses can be created.

[0085] Any process that creates the different depths of
the recesses as shown in Figure 5H is acceptable, not
just the two methods described herein. The height of in-
sulating film 110 is selected to ensure that the deepest
recess 110a1 will have it bottom surface positioned some
minimum distance above the substrate 100 and there will
be a sufficient thickness of the layer of insulating material
between the bottom of the recess 110a and the top of
the substrate 100 to ensure that there is electrical isola-
tion between the two regions.

[0086] Hereinafter, the organic light-emitting display
device including the organic light-emitting diode will be
described.

[0087] FIG. 6A s a sectional view showing the organic
light-emitting display device according to an embodi-
ment.

[0088] As shown in FIG. 6A, the organic light-emitting
display device of the present disclosure comprises the
substrate 100 including a plurality of sub-pixels, the
above-described organic light-emitting diode disposed
on the substrate 100 corresponding to each of the sub-
pixels, and color filters 131 a, 131b and 131 ¢ each dis-
posed on the second electrode 113 and filling a corre-
sponding one of the recesses 110a corresponding to
each of the sub-pixels and each having a flat top surface.
Sufficient material of color filters 131 a, 131 b, 131c is
deposited into each recess to fully fill each respective
recess.

[0089] The location of the respective sub-pixels is
shown in FIG. 6A with the lines SP1, SP2, and SP3. The
arrows at the end of each of the respective lines SP1
indicate the edges of each sub-pixel. As previously de-
scribed with respect to FIG. 3, each sub-pixel includes
two regions, a light-emitting region, which corresponds
to electrode 111, and a non-light-emitting region, which
corresponds to a separation wall 110c.

[0090] The color filters 131 a, 131b and 131c are in
contact at lateral portions thereof with each other in the
respective sub-pixels, and the organic light-emitting dis-
play device of the present disclosure does not employ a
black matrix. This is because the color filters 131 a, 131b
and 131 c are located in the corresponding recesses on
the substrate 100. Thatis, since the light from the organic
film 112 in each of the recesses 110a is output in the
form of straight light from the flat light-emitting region,
the light is prevented from passing through the adjacent
sub-pixels. As a result, an existing black matrix, which is
provided to prevent color mixture between the adjacent
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pixels, may be unnecessary. This avoids further process-
ing and layer application steps. It also provides for greater
light emission and a brighter display of the respective
colors.

[0091] Further, a conventional structure, in which color
filters are disposed at a counter substrate, has a problem
in that color mixture between sub-pixels occurs due to
an optical gap caused by a substrate, a counter substrate
and an adhesive layer. However, the organic light-emit-
ting display device of the present disclosure, in which the
colorfilters are disposed inthe recesses on the substrate,
may prevent color mixture between the sub-pixels and
may prevent degradation of the aperture ratio due to mis-
alignment between a substrate and a counter substrate.
[0092] Here, the organic light-emitting diode includes
an insulation film 110, which includes recesses 110a
each having a bottom surface having a known area of a
selected size and flat surfaces each positioned adjacent
to a corresponding concave region, a first electrode 111,
which is disposed on the bottom surface of the recess in
each of the sub-pixels, an organic film 112, which is dis-
posed on the insulation film 110 including the first elec-
trode 111 disposed in each of the recesses and includes
an organic light-emitting layer, and a second electrode
113, which is disposed on the organic film 112.

[0093] There may be further provided a first protective
layer 114, which is formed on the second electrode 113
before the formation of the color filter layers 131 a, 131b
and 131cin order to prevent the introduction of impurities
and moisture.

[0094] The first protective layer 114 may be formed in
a multi-layer structure in which an organic film and an
inorganic film are alternately arranged. At this time, the
sum of the thickness of the protective layer 114, the thick-
ness of the second electrode 113 and the thickness of
the organic film 112 including the organic light-emitting
layer is less than the depth of each of the recesses 110a.
Therefore, the protective layer 114 is also formed along
the surface profile of the flat surface and the recess 110a
of the insulation film 110.

[0095] There may be further provided a second pro-
tective layer 115, which is formed on the flat color filter
layers 131 a, 131b and 131 cin order to protect the color
filter layers from external shocks or damage.

[0096] Theformation ofthe organic light-emitting diode
and the formation of the color filters for color display do
not need an exposure and development process, thus
reducing the number of masks required. Further, since
the color filters are disposed in the recesses of the insu-
lation film, it is possible to prevent degradation of the
aperture ratio and light leakage due to alignment toler-
ance between upper and lower substrates.

[0097] The organic light-emitting display device ac-
cording to embodiments is formed through the following
processes in order to realize a structure in which the color
filter layers 131 a, 131b and 131 ¢ have flat top surfaces.
[0098] Figure 6B illustrates the completion of the sub-
pixel formation of the embodiment of Figure 5H in which
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the recesses have different depths. As shown in Figure
6B, a first sub-pixel SP1a having a red color filter 131 a
has a shallow depth. A second sub-pixel SP2 corre-
sponding to a green color filter 131 b may have a deeper
depth, and thus have more green color filter material
through which light must pass before it exits the display.
A third sub-pixel SP3, shown here as having a blue color
filter 131 ¢, as one example, will have an even greater
depth, and thus the light emitted by the organic film hav-
ing 112the light-emitting layer will have to pass through
an even greater amount of the blue filter material before
exiting the display. The different depths for different
colors, as shown in Figure 6B, are examples only, and,
of course, the depths may vary based on different colors
in any particular display, the properties of each filter, the
desired light balance and other features. For example,
in other case, the blue color filter 131 ¢ and the red color
filter 131 a are switched each other. That is, a blue color
filter 131 ¢ may be positioned in the first sub-pixel which
has the shallowest depth and a red color filter 131 a may
be positioned in the third sub-pixel which has the deepest
depth.

[0099] As can be appreciated, each color filter may
have different light attenuation properties. The red color
filter material may have greater attenuation than the
green color filter material, both of which may have greater
attenuation than the blue color filter material. If it is de-
sired to have the light exit at the same brightness for each
sub-pixel, then it might be preferred to have the red color
filter material be thinner so that as light exits from the red
filter it will have the same brightness, namely the same
luminosity, as the light exiting the green and blue color
filter materials. Of course, this amount light output can
also be controlled by the drive from the transistor if de-
sired, based on the data input and the drive signal. The
amount of drive current, and thus the light output level
might also vary based on the sizes of the drive transistors
and their W/L ratios. Thus, the ability to provide selected
different thicknesses of the color filter material for each
sub-pixel provides yet a different, and in many cases, a
more beneficial and faster way to vary the light output by
each color of the display. For example, it may permit the
sub-pixel drive transistor to be operated in the saturation
mode for all transistors of the sub-pixels, which has some
benefits in operation.

[0100] The depth of each recess 110a can be tuned to
the light transmissive properties of the color filter material
to be placed therein, as well as the desired brightness
aspects of each particular color for any particular display.
The light transmissive properties of each of the color fil-
ters to be used-red, green, or blue-will be known to the
designer, and therefore the depth of each recess is se-
lected to achieve a desired light output. In some embod-
iments, it may be desired to have the red recess the deep-
est, and the blue the most shallow, the example being
shown in Figure 6B being only for illustration purposes.
[0101] It is also to be noted that the thickness of the
various layers in Figures 3 and 5A-7H is not to scale. In
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particular, the layers 111, 112, and 113 will generally be
much, much thinner than those shown. Even for the most
shallow pixel, all of these layers will not fill the recess.
Therefore, in most embodiments, the layer 114 will be
near the bottom or lower half of the recess and when the
colorfilter material is added, it will fill the rest of the recess
to the top. The color filter will therefore have a bottom
region that which is within the recess and the color filter
will fill the rest of the recess from the mid region to the
top region of the recess.

[0102] The color filter material as shown in Figures 6A
and 6B is preferably formed using inkjet printing. In par-
ticular, a high-quality precise inkjet print head will dis-
pense the red color filter material into the recesses 110a
of the first sub-pixels SP1, green color filter material into
the recesses 110a of the second sub-pixels SP2, and
blue color filter material into the recesses 110a to fully
fill any remaining portions in the third sub-pixels SP3,
and in some instances to overfill each recess 110a and
then etch it back. It will be formed as a liquid-type layer,
and then later hardened by the appropriate cure process.
Inkjet printing of liquid-type color filters provides a
number of advantages in precise application of each
color filter material, both in its location and in the quantity
deposited. The inkjet print process can be quite precise
in the amount of liquid material dispensed at each loca-
tion, as well as the location at which it is dispensed. As
described elsewhere herein, after the application of the
color filter material, the material is cured and hardened
using known techniques, after which a second protective
layer 115 is applied.

[0103] In a different embodiment, each sub-pixel SP1,
SP2, SP3 may have different widths. It can compensate
different color transmissive properties.

[0104] FIGs. 7A to 7H are sectional views showing a
method of manufacturing the organic light-emitting dis-
play device according to embodiments.

[0105] AsshowninFIGs. 7Ato 7E, the method of man-
ufacturing the organic light-emitting display device is per-
formed along the same lines to the above-described
method of manufacturing the organic light-emitting diode
set forth with respect to 5A-5G until the formation of the
second electrode 113 is completed and will not be re-
peated here.

[0106] As shown in FIG. 7B, photoresist layer 121 is
applied. The photoresist is uniformly etched to expose
the top surfaces of the electrode 111 a as shown in FIG.
7C. Afterwards, the portions of the electrode layer 111 a
are etched away from the exposed surfaces using any
acceptable etch, such as a wet etch. This will result in
the electrode 111 being at the bottom of the recess 110a
as shown in FIG. 7D.

[0107] The difference from the above-described meth-
od of manufacturing the organic light-emitting diode is
that a red sub-pixel, a green sub-pixel and a blue sub-
pixel, which are respectively indicated by a first sub-pixel
SP1, a second sub-pixel SP2 and a third sub-pixel SP3,
are defined. The colors of the sub-pixels are determined
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by the color filters that are formed in a final step. The
colors are not limited to red, green and blue, but may be
any other colors. In one embodiment, white light is emit-
ted through the combination of the colors. In other em-
bodiments, white light itself is one of the colors being
emitted, along with red, green and blue. Further, there
are embodiments in which two of the same color of sub-
pixels are provided in a single pixel, for example, the
sequence of sub-pixels could be red, blue, green, blue
in one design, while they are red, blue, white, green, blue
in another design, for a single pixel. Subsequently, as
shown in FIG. 7E, a protective layer 114 is formed on the
second electrode 113.

[0108] The protective layer 114 is formed so as to have
an area larger than the area of the second electrode 113,
in order to protect the organic light-emitting diode from
external moisture or oxygen.

[0109] Subsequently, as shownin FIG. 7F, liquid-type
color filter materials are coated on the second electrode
113 so to fill the recesses 110a corresponding to the re-
spective sub-pixels SP1, SP2, and SP3. Sufficient color
filter material will be deposited in some embodiments
over flow the top, as shown in Fig. 7F, then it be etched
back to desired height above layer 114 if desired. Name-
ly, sufficient color filter material is deposited to fully fill
and in some cases, overfill each respective recess. The
amount of overfilled might not be the same for each pixel.
This is acceptable because in the next step, as shown in
Figure 7G, a planarization step can be carried out to pro-
vide a smooth, flat top surface for all color filters that each
have all their top surfaces in the same plane.

[0110] The liquid-type color filter materials include a
red color filter material, a green color filter material and
a blue color filter material, which are sequentially coated.
After the coating of the color filter materials, a pre-bake
process is performed so that each of the color filter ma-
terials remains corresponding to a respective one of the
sub-pixels. In this case, the later-formed color filter ma-
terials may remain in a state of overlapping the previous-
ly-formed color filter materials at the boundary between
adjacent sub-pixels, and the top surfaces of the color
filter materials thathave undergone the pre-bake process
may not be flat. However, the recesses are individually
filled with the respective color filter materials, each having
a unique color for the corresponding sub-pixel, in a coat-
ing (or dotting) manner. The color filters may be formed
by any acceptable conventional technique, many of
which are known in the art. Therefore, all the particular
details by which the color filters are formed and posi-
tioned on the array are not described in detail.

[0111] Subsequently, as shown in FIG. 7G, the color
filter materials corresponding to the respective sub-pixels
are hardened through a post-bake process and are sub-
jected to an ashing process, thus completing the forma-
tion of the color filter layers 131 a, 131b and 131 ¢, which
are located adjacent to the protective layer 114 and have
flat top surfaces. Through this process, the portions of
the color filter materials that overlap each other are re-
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moved, and the color filter layers 131 a, 131 b and 131
c are formed so as to be in contact at lateral portions
thereof with each other in the respective sub-pixels and
to have flat surfaces.

[0112] Subsequently, as showninFIG. 7H, the second
protective layer 115 is formed on the color filter layers
131a, 131 b and 131 c.

[0113] According to the method of manufacturing the
organic light-emitting display device described above, af-
ter the formation of the organic light-emitting diode, the
process of forming the color filters in the recesses is per-
formed, which has the effect of reducing the number of
masks required by omitting the use of masks, which are
required for the formation of a color filter array in a con-
ventional structure, in which a color filter array substrate
is separately provided.

[0114] In addition, since the color filters are disposed
in the recesses, a separate counter substrate or black
matrix for forming a color filter array is unnecessary, thus
preventing degradation of the aperture ratio and light
leakage due to misalignment between a substrate and a
counter substrate.

[0115] In addition, the color filters are provided in the
recesses through a solution process and the recesses
are filled with the color filters through hardening and ash-
ing processes. Therefore, the color filters, which have
flat top surfaces, are formed without deviation from the
region including a light-emitting region in the respective
sub-pixels, and an existing black matrix, which is provid-
ed to prevent color mixture between the adjacent sub-
pixels, may be unnecessary.

[0116] In addition, the overcoat layer, which is an in-
sulation film provided for planarization of the thin film tran-
sistor on the substrate, is provided with the recesses cor-
responding to the respective sub-pixels, the first elec-
trode is formed on the bottom surface of each of the re-
cesses, and the organic film and the second electrode
are formed along the concave-convex surface of the in-
sulation film after the formation of the first electrode,
thereby defining the region at which the first electrode is
formed as a light-emitting region and consequently real-
izing a bank-less structure in which an existing bank,
which is an additional element for defining a light-emitting
region, is omitted.

[0117] In addition, in such a bank-less structure, since
the lateral portion of each of the recesses has a positive
taper shape, an organic material is conformally deposited
to a constant thickness on the lateral portion of each of
the recesses, thereby preventing concentration of cur-
rent in the corner and deterioration due to deposition of
the organic material to a small thickness.

[0118] In addition, the first electrode that composes
the organic light-emitting diode is formed in a self-align-
ment manner owing to the recesses without the necessity
of a photo mask, and further the formation of a bank is
omitted. Therefore, the use of masks for the formation of
a bank and the formation of the organic light-emitting
diode may be omitted.
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[0119] FIG. 8 is a plan view of a sub-pixel SP of the
organic light-emitting display device according to an em-
bodiment.

[0120] As shown in FIG. 8, the organic light-emitting
display device is structured such that each sub-pixel SP
has a bottom surface region of each recess 110a formed
in the insulation film 110 as a light-emitting region and
the remaining region 117 as a non-light-emitting region.
The first electrode 111 (refer to FIG. 3) is disposed on
the bottom surface of each of the recesses 110a without
overlapping with the non-light-emitting region, thus using
the entire area of the first electrode 111 for light emission.
Further, the organic film 112 is formed using the structure
of the recesses 110a without the use of a photo mask,
thus preventing degradation of the aperture ratio due to
misalignment between layers. Further, since the color
filter layers 131 a, 131 b and 131 c (refer to FIGS. 6A
and 6B) are disposed in the corresponding recesses
110a, the light is output in the form of approximately
straight light, thus making it possible to omit a counter
substrate. As aresult, itis possible to reduce degradation
ofthe aperture ratio and transmittance due to an adhesive
layer or a black matrix as compared to a conventional
structure including a counter substrate.

[0121] Hereinafter, the electric connection between
the organic light-emitting diode and the thin film transistor
in each of the sub-pixels in embodiments will be de-
scribed briefly.

[0122] FIG. 9 is a sectional view showing the electric
connection between the organic light-emitting diode and
the thin film transistor in the organic light-emitting display
device in an embodiment.

[0123] AsshowninFIG. 9, the thinfilm transistor (TFT)
is disposed corresponding to each of the sub-pixels as
part of the substrate 100. The substrate 100 includes a
plurality of various layers, including a support layer 92,
a first insulation layer 102 and a second insulation layer
104. It also includes a semiconductor layer 101 disposed
on a predetermined region of the support layer 92, a gate
insulation film 102 covering the semiconductor layer 101,
a gate electrode 103 disposed on a region of the gate
insulation film 102 that corresponds to the semiconductor
layer 101, an interlayer insulation film 104 covering the
gate electrode 103, and a source electrode 106a and a
drain electrode 106b, which are electrically connected to
two opposite end portions of the semiconductor layer 101
through a via hole formed in the interlayer insulation film
104 and the gate insulation film 102. Preferably, a TFT
may be provided for each sub-pixel and may be located
in the isolation regions between each recess, but these
are not shown for ease in illustration.

[0124] In the example shown, the substrate 100 on
which the light-emitting pixels are formed contains vari-
ous layers within it. The substrate 100 can be considered
to start at any acceptable layer and can include multiple
layers having various electrical circuits and connections
therein or it can be a basic fully insulating substrate
whose sole function is to support the light-emitting layers.



23 EP 3 291 303 A1 24

The term substrate is thus used in it broadest sense to
be a supporting layer or layers for any material above it.
[0125] It should be noted that the form of the thin film
transistor used is not limited to the top-gate type illustrat-
ed in the drawing but may be any one selected from
among the bottom-gate type, the top-gate type, and a
combination thereof.

[0126] Further, the semiconductor layer 101 may be
embodied as an amorphous silicon layer, a polysilicon
layer, an oxide semiconductor layer or the like.

[0127] In this case, the thin film transistor further in-
cludes aninorganic protective layer (not shown) provided
on the entire area thereof to protect the same. Subse-
quently, the above-described insulation film 110, that is,
the overcoat layer, is formed to a thickness sufficient for
planarization. In some cases, the insulation film 110 may
have a multi-layer structure.

[0128] The recess 110a and the contact hole 109 of
the insulation film 110 may be located on the drain elec-
trode 106b in each of the sub-pixels. In this case, the
contact hole 109 has a smaller diameter than the recess
110a and is located under the bottom surface of the re-
cess 110a. The first electrode 111, which is disposed on
the bottom surface of the recess 110a, is electrically con-
nected to the exposed portion of the drain electrode 106b
through the contact hole 109.

[0129] Here, the contact hole 109 and the recess 110a
may be defined through the same process and the same
mask. That is, the contact hole 109 and the recess 110a
may be defined together through a single exposure proc-
ess using a half-tone or multi-tone mask or using a mask
having a diffraction pattern corresponding to the recess
110a and having a light-blocking portion or an opening
corresponding to the contact hole 109.

[0130] The thickness from the flat surface (the sepa-
ration wall) 110c of the insulation film 110 to the bottom
surface of the recess 110ais a portion of the overall thick-
ness of the insulation film.

[0131] Theprotective layer 114 disposed on the recess
110a is formed lower than the flat surface 110c of the
insulation film 110 so that the color filter 131, which is
formed after the formation of the protective layer 114,
can be introduced into the concave region. The color filter
131 fully fills the recess 110a and a top surface of the
color filter 131 has flat.

[0132] A second protective layer 115 is disposed on
the flat top surface of the color filter 131.

[0133] As is apparent from the above description, an
organic light-emitting display device and a method of
manufacturing the same have the following effects.
[0134] First, an overcoat layer, which is an insulation
film provided for planarization of a thin film transistor on
a substrate, is provided with recesses corresponding to
respective sub-pixels, a first electrode is formed on the
bottom surface of each of the recesses, and an organic
film and a second electrode are formed along the con-
cave-convex surface of the insulation film after the for-
mation of the first electrode, thereby defining the region
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at which the first electrode is formed as a light-emitting
region and consequently realizing a bank-less structure
in which an existing bank, which is an additional element
for defining a light-emitting region, is omitted.

[0135] There are many techniques for forming recess-
es in insulating layers which are very well known in the
art and that have been refined over many years, as used
in the manufacture of integrated circuits. Accordingly, the
recesses 110a can be made having any desired shape
or pattern. They can be individual recesses which are
isolated from each other, having the separation wall 110c
completely surrounding the top of them. Therefore, an
electrode 111 formed in the bottom layer thereof is self-
aligned and also automatically electrically isolated from
all other electrodes. Because the flat portions 110 sur-
round each recess, the electrode 111 at the bottom of
each recess is automatically electrically isolated from all
other electrodes as part of the formation process, thus
avoiding the use of additional masks. The recess 110a
also provides the benefit that the organic film 112 as well
as the second electrode 113 and the color filters 131 will
be self-aligned with the electrode as well.

[0136] Second, in the bank-less structure, since the
sidewalls 110b of each of the recesses has a positive
taper shape, an organic material is easily deposited to a
constant thickness on the lateral portion of each of the
recesses, thereby preventing the concentration of cur-
rent in the corner and deterioration due to deposition of
the organic material to a small thickness.

[0137] Third, since color filters are disposed in the re-
cesses, a separate counter substrate for forming a color
filter array is unnecessary, thus preventing degradation
of the aperture ratio and light leakage due to misalign-
ment between a substrate and a counter substrate. Fur-
ther, as noted, each color filter can have a different thick-
nesstoachieve a desired color output and lightluminosity
from each sub-pixel. Insomeinstances, the depth of each
recess will be custom-selected to achieve a desired lu-
minosity value from each sub-pixel.

[0138] Fourth, the color filters are provided in the re-
cesses through a solution process and the recesses are
filled with the color filters through hardening and ashing
processes. Therefore, the color filters, which have flat
top surfaces, are formed without deviation from the re-
gion including a light-emitting region in the respective
sub-pixels, and an existing black matrix, which is provid-
ed to prevent color mixture between the adjacent sub-
pixels, may be unnecessary.

[0139] Fifth, the first electrode that composes the or-
ganic light-emitting diode is formed in a self-alignment
manner owing to the recesses without the use of a photo
mask. Therefore, the first electrode may be located at a
position that perfectly corresponds to the light-emitting
region, thus preventing misalignment of the first elec-
trode.

[0140] Sixth, since the formation of a bank is omitted,
the use of masks for the formation of a bank and the
formation of the organic light-emitting diode may also be
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omitted.

[0141] Finally, after the formation of the organic light-
emitting diode, a process of forming the color filters in
the recesses is performed, which has the effect of reduc-
ing the number of masks required by omitting the use of
masks at various steps, which are required for the for-
mation of a color filter array in a conventional structure,
in which a color filter array substrate is separately pro-
vided.

[0142] Thefeatures, structures and effects and the like
described in association with the embodiments above
are incorporated into at least one embodiment, but are
not limited only to the one embodiment. Furthermore, the
features, structures and effects and the like exemplified
in association with respective embodiments can be im-
plemented in other embodiments by combination or mod-
ification by those skilled in the art. Therefore, contents
related to such combinations and modifications should
be construed as falling within the scope of the appended
claims.

[0143] Inaddition, while exemplary embodiments have
been described, the appended claims are not limited
thereto. It will be understood by those skilled in the art
that various modifications and applications, which are
not illustrated above, may be made without departing
from the scope of the appended claims.

[0144] The various embodiments described above can
be combined to provide further embodiments.

[0145] These and other changes can be made to the
embodiments in light of the above-detailed description.
In general, in the following claims, the terms used should
not be construed to limit the claims to the specific em-
bodiments disclosed in the specification, but should be
construed to include all possible embodiments falling
within the scope of the appended claims. Accordingly,
the claims are not limited by the disclosure.

[0146] The following numbered items are also dis-
closed:

Item 1. An organiclight-emitting display device, com-
prising:

a substrate having circuits for a plurality of sub-
pixels;

an insulation film disposed on the substrate, the
insulation film including recesses each having a
bottom surface and flat surfaces positioned ad-
jacent to a corresponding one of the recesses,
a pair of a recess and a flat surface correspond-
ing to each of the sub-pixels;

afirst electrode disposed on the bottom surface
of each recess in each of the sub-pixels;

an organic film disposed on the insulation film
and on the first electrode disposed in each re-
cess, the organic film including an organic light-
emitting layer;

a second electrode disposed on the organic film;
and
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color filters disposed on the second electrode,
each color filter filling one of the recesses cor-
responding to each of the sub-pixels.

Iltem 2. The organic light-emitting display device ac-
cording to item 1, wherein the color filters are in con-
tact at lateral portions thereof with each other in ad-
jacent ones of the sub-pixels.

Iltem 3. The organic light-emitting display device ac-
cording to item 1, further comprising:

a first protective layer disposed on a top surface
of each color filter.

Iltem 4. The organic light-emitting display device of
item 1, wherein each recess is surrounded by adja-
centflat surfaces and each firstelectrode is disposed
only on the bottom surface of each recess.

Iltem 5. The organic light-emitting display device ac-
cording to item 1, further comprising:

a second protective layer disposed between the
second electrode and the color filters.

Iltem 6. The organic light-emitting display device ac-
cording toitem 5, wherein eachrecess has a sidewall
having a positive taper shape towards the bottom
surface.

Iltem 7. The organic light-emitting display device ac-
cording to item 6, wherein the organic film, the sec-
ond electrode and the second protective layer are
formed along the flat surfaces of the insulation film
and the sidewalls and the bottom surface of each
recess, each of the organic film, the second elec-
trode and the second protective layer having a uni-
form thickness.

Iltem 8. The organic light-emitting display device ac-
cording to item 1, wherein the organic film is config-
ured to emit white light.

Iltem 9. The organic light-emitting display device ac-
cording to item 1, further comprising:

a thin film transistor disposed corresponding to
each of the sub-pixels of the substrate,
wherein the insulation film further includes a
contact hole formed under the bottom surface
of each recess in order to expose a portion of
the thin film transistor.

Item 10. The organic light-emitting display device ac-
cording toitem 1, wherein the bottom surface of each
recess is located such that a thickness from a top
surface of the insulation film to the bottom surface
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of the recess is a portion of an overall thickness of
the insulation film.

Item 11. The organic light-emitting display device ac-
cording to item 1, further including:

a first recess among the plurality of recesses,
the first recess having a first depth;

a second recess among the plurality of recess-
es, the second recess having a second depth
that is greater than the first depth.

Item 12. The organic light-emitting display device ac-
cording to item 8, wherein portions of the second
protective layer disposed in on each the recess is
formed lower than the top surface of the insulation
film.

Iltem 13. An organic light-emitting display device,
comprising:

a substrate including a plurality of sub-pixels;
an insulation film disposed on the substrate, the
insulation film including recesses each having a
bottom surface and flat surfaces each posi-
tioned adjacent to a corresponding one of the
recesses such that a pair comprising a recess
and a flat surface corresponds to each of the
sub-pixels;

afirst electrode disposed on the bottom surface
of each recess in each of the sub-pixels;

an organic film disposed on the insulation film
and on the first electrode disposed in each re-
cess, the organic film including an organic light-
emitting layer; and

a second electrode disposed on the organic film.

Item 14. A method of manufacturing an organic light-
emitting display device, comprising:

preparing a substrate;

forming an insulation film on the substrate;
forming a plurality of recesses in the insulating
film, each recess having a bottom surface and
being separated from the bottom surface of each
adjacent recess by sidewalls and an upper sur-
face;

forming a first electrode on the bottom surface
of each recess;

forming an organic film overlying the first elec-
trode in each recess; and

forming a second electrode overlying the organ-
ic film.

Item 15. The method according to item 14, wherein
the upper surface of the insulation film around the
recesses is flat.
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Iltem 16. The method according to item 14, wherein
the forming the first electrode includes:

forming a first electrode material to a uniform
thickness on the insulation film including the re-
cesses;

forming a photosensitive resist on the first elec-
trode material to have a top surface;

exposing the first electrode material on each of
the upper surface of the insulation film by per-
forming removing the photosensitive resist; and
etching thefirstelectrode material using the pho-
tosensitive resist as a mask to remove all the
first electrode material that is outside of each
recess.

Iltem 17. The method according to item 14, further
comprising:

forming color filter materials that are overlying
the second electrode in each recess to fully fill
any remaining portions of each recess; and
hardening the color filter materials.

Iltem 18. The method according to item 17, further
comprising:

removing an upper layer of the color filter mate-
rial to create a planar upper surface on each
color filter material.

Iltem 19. The method according to item 14, further
comprising:

forming a contact hole in the bottom surface of
each recess after the recess is formed; and

depositing a conductive layer in the contact hole
and in the recess to form the first electrode and
a contact electrode to a transistor positioned be-
low the insulating film in a single deposition step.

Claims

An organic light-emitting display device, comprising:

a substrate (100) having a plurality of sub-pixels;
an insulation film (110) disposed on the sub-
strate, wherein:

the insulation film includes a plurality of sep-
aration walls and a plurality of recesses
(110a) defined between adjacent separa-
tion walls (110c),

eachrecess includes a bottom surface, and
arecess and at least a portion of a separa-
tion wall corresponds to each of the sub-
pixels;
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a first electrode (111) disposed on the bottom
surface of each recess;

an organic film (112) disposed on the plurality
of separation walls and the first electrode in each
recess, the organic film including an organic
light-emitting layer; and

a second electrode (113) disposed on the or-
ganic film.

The organic light-emitting display device according
to claim 1, further comprising a plurality of color filters
(131 a, 131b) disposed on the second electrode,
each color filter filling one of the recesses corre-
sponding to each of the sub-pixels.

The organic light-emitting display device according
to claim 2, wherein the color filters corresponding to
adjacent sub-pixels are in contact with each other.

The organic light-emitting display device according
to claim 2 or 3, further comprising a first protective
layer (115) disposed on each color filter.

The organic light-emitting display device according
toany of claims 2, 3 or 4, further comprising a second
protective layer (114) disposed between the second
electrode and the color filters.

The organic light-emitting display device according
to claim 5, wherein each separation wall has a sloped
side (110b) such that a width of each recess is ta-
pered in a direction towards the bottom surface.

The organic light-emitting display device according
to claim 6, wherein the organic film, the second elec-
trode and the second protective layer are formed on
the separation walls and the bottom surface of each
recess; and

each of the organic film, the second electrode and
the second protective layer have a substantially uni-
form thickness.

The organic light-emitting display device according
to claim 7, wherein portions of the second protective
layer disposed in each recess are formed lower than
the top surface of the separation wall.

The organic light-emitting display device according
to any preceding claim, further comprising:

a thin film transistor formed as part of the sub-
strate corresponding to each of the sub-pixels,
wherein the insulation film further includes a
contact hole (109) formed in the bottom surface
of each recess through the insulating layer in
order to expose a portion of the thin film transis-
tor.
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The organic light-emitting display device according
to any preceding claim, wherein a thickness from the
top surface of the separation wall to the bottom sur-
face of the recess is a portion of an overall thickness
of the insulation film.

The organic light-emitting display device according
to any preceding claim, further including:

a first recess among the plurality of recesses,
the first recess having a first depth;

a second recess among the plurality of recess-
es, the second recess having a second depth
that is greater than the first depth.

The organic light-emitting display device according
toany preceding claim, wherein each separation wall
has a substantially planar top surface extending be-
tween adjacent recesses.

A method of manufacturing an organic light-emitting
display device, the method comprising:

forming an insulation film (110) on a substrate
(100);

forming a plurality of recesses (110a) and a plu-
rality of separation walls in the insulating film,
the plurality of recesses defined between adja-
cent separation walls (110c), each recess hav-
ing a bottom surface;

forming afirst electrode (111) on the bottom sur-
face of each recess;

forming an organic film (112) on the plurality of
separation walls and the first electrode in each
recess; and

forming a second electrode (113) on the organic
film.

The method according to claim 13, wherein the form-
ing the first electrode in each recess includes:

forming a first electrode material to a substan-
tially uniform thickness on the separation walls
and in the recesses;

forming a photosensitive resist (121) on the first
electrode material to have a substantially planar
top surface;

exposing the first electrode material on each of
the separation walls by removing a substantially
uniform layer of the photosensitive resist; and
etching thefirstelectrode material using the pho-
tosensitive resist as a mask to leave the first
electrode material on the bottom of each recess.

The method according to claim 13 or 14, further com-
prising:

forming color filters (131 a, 131b) on the second
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electrode in each recess to fill any remaining
portions of each recess; and

removing an upper layer of the color filters to
form a substantially planar upper surface on
each color filter. 5
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