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(57) ABSTRACT

Provided are organic luminescence display and method for
manufacturing the same. According to an aspect of the
present invention, there is provided an organic luminescence
display comprising a substrate and a plurality of pixels dis-
posed on the substrate. The pixels comprise a plurality of first
pixels, each comprising a first organic light-emitting layer,
and a plurality of second pixels which are smaller than the
first pixels and each of which comprises a second organic
light-emitting layer. The surface roughness of the second
organic light-emitting layer is greater than the surface rough-
ness of the first organic light-emitting layer.
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FIG. 1
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ORGANIC LUMINESCENCE DISPLAY AND
METHOD OF MANUFACTURING THE SAME

REFERENCE TO RELATED APPLICATION AND
CLAIM OF PRIORITY

[0001] This application is a divisional/continuation of U.S.
application Ser. No. 14/133,218, filed on Dec. 18, 2013,
incorporates by reference the same herein, and claims all
benefits accruing under 35 U.S.C. §120. U.S. application Ser.
No. 14/133,218 makes reference to, incorporates into the
specification the entire contents of, and claims all benefits
accruing under 35 U.S.C. §119 from an application earlier
filed in the Korean Intellectual Property Office on Apr. 15,
2013, and there duly assigned Serial No. 10-2013-0041077.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic lumines-
cence display and a method of manufacturing the same, and
more particularly, to an organic luminescence display which
includes an organic light-emitting layer of a large pixel
formed by a deposition process and an organic light-emitting
layer of a small pixel formed by a transfer process and a
method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Generally, an organic luminescence display
includes a pixel electrode, a common electrode, and organic
layers interposed between the pixel electrode and the com-
mon electrode. The organic layers include at least an emitting
layer (EML) and may further include a hole injecting layer
(HIL), a hole transport layer (HTL), an electron transport
layer (ETL) and an electron injecting layer (EIL). In the
organic luminescence display, holes and electrons generated
by the pixel electrode and the common electrode may com-
bine in an organic layer, particularly, in the EML to form
excitons. When an energy level of the excitons changes from
an excited state to a ground state, the EML may emit light of
a color corresponding to the changed energy level.

[0006] Inorder to realize a full-color organic luminescence
display, it is required to pattern the above organic layer. To
pattern the organic layer, a deposition method using a fine
metal mask (FMM) or a transfer method (i.e., a laser induced
thermal imaging (LITT) method) using a laser may be utilized.
The deposition method using the FMM is a contemporary
method that has been used and ensures high efficiency and
stability. With the transfer method using the laser, fine pat-
terns can be formed easily.

[0007] Recently, the size of a pattern into which the organic
layer is patterned has been reduced in order to obtain a high-
resolution organic luminescence display. Accordingly, it has
become difficult to manufacture an FMM including an open-
ing that corresponds to the pattern. Even if the FMM can be
manufactured, the opening of the FMM may be clogged
immediately after the initiation of a deposition process.

SUMMARY OF THE INVENTION

[0008] Aspects of the present invention provide a high-
quality organic luminescence display which includes an
organic light-emitting layer of a large pixel formed by a
deposition process and an organic light-emitting layer of a
small pixel formed by a transfer process.

[0009] Aspects of the present invention also provide a
method of manufacturing an organic luminescence display, in
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which an organic light-emitting layer of a large pixel is
formed by a deposition process, and an organic light-emitting
layer of a small pixel is formed by a transfer process.

[0010] However, aspects of the present invention are not
restricted to the one set forth herein. The above and other
aspects of the present invention will become more apparent to
one of ordinary skill in the art to which the present invention
pertains by referencing the detailed description of the present
invention given below.

[0011] According to an aspect of the present invention,
there is provided an organic luminescence display compris-
ing a substrate and a plurality of pixels disposed on the sub-
strate. The pixels may be constructed with a plurality of first
pixels, each comprising a first organic light-emitting layer,
and a plurality of second pixels which are smaller than the
first pixels and each of which comprises a second organic
light-emitting layer. The surface roughness of the second
organic light-emitting layer is greater than the surface rough-
ness of the first organic light-emitting layer.

[0012] According to another aspect of the present inven-
tion, there is provided an organic luminescence display may
be constructed with a substrate and a plurality of pixels dis-
posed on the substrate. The pixels may be constructed with a
plurality of first pixels, each comprising a first organic light-
emitting layer, a plurality of second pixels, each comprising a
second organic light-emitting layer, and a plurality of third
pixels, each comprising a third organic light-emitting layer.
The surface roughness of the first organic light-emitting layer
is equal to the surface roughness of the second organic light-
emitting layer, and the surface roughness of the third organic
light-emitting layer is greater than the surface roughness of
the first organic light-emitting layer.

[0013] According to still another aspect of the present
invention, there is provided a method of manufacturing an
organic luminescence display. The method may be practiced
by forming a first organic light-emitting layer by depositing a
first organic light-emitting material on a first pixel electrode
which is disposed on a substrate and exposed by a pixel
defining layer, and forming a second organic light-emitting
layer by transferring a transfer layer containing a second
organic light-emitting material onto a second pixel electrode
which is disposed on the substrate and exposed by the pixel
defining layer. A minimum width of the second pixel elec-
trode exposed by the pixel defining layer is smaller than a
minimum width of the first pixel electrode exposed by the
pixel defining layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0015] FIG. 1 is a plan view schematically illustrating an
arrangement of pixels of an organic luminescence display
constructed as an embodiment according to the principles of
the present invention;

[0016] FIG. 2 is a cross-sectional view taken along line
A-A' of FIG. 1;
[0017] FIG. 3 is an enlarged cross-sectional view of a pixel

driver shown in FIG. 2;
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[0018] FIG. 4 is a cross-sectional view illustrating an
operation of preparing a substrate having a plurality of pixel
electrodes and a pixel defining layer in a method of manufac-
turing the organic luminescence display of FIG. 1;

[0019] FIG. 5 is a cross-sectional view illustrating an
operation of forming a first organic light-emitting layer in the
method of manufacturing the organic luminescence display
of FIG. 1;

[0020] FIG. 6 is a cross-sectional view illustrating an
operation of forming a third organic light-emitting layer in the
method of manufacturing the organic luminescence display
of FIG. 1;

[0021] FIG. 7 is a cross-sectional view illustrating an
operation of forming a second organic light-emitting layer in
the method of manufacturing the organic luminescence dis-
play of FIG. 1;

[0022] FIG. 8 is a cross-sectional view illustrating an
operation of forming a common electrode in the method of
manufacturing the organic luminescence display of FI1G. 1;
[0023] FIG. 9 is a plan view schematically illustrating an
arrangement of pixels of an organic luminescence display
constructed as another embodiment according to the prin-
ciples of the present invention;

[0024] FIG. 10 is a cross-sectional view taken along line
B-B' of FIG. 9;
[0025] FIG. 11 is a plan view schematically illustrating an

arrangement of pixels of an organic luminescence display
constructed as another embodiment according to the prin-
ciples of the present invention;

[0026] FIG. 12 is a plan view schematically illustrating an
arrangement of pixels of an organic luminescence display
constructed as another embodiment according to the prin-
ciples of the present invention;

[0027] FIG. 13 is a cross-sectional view taken along line
C-C' of FIG. 12;

[0028] FIG. 14 is a cross-sectional view illustrating an
operation of preparing a substrate having a plurality of pixel
electrodes and a pixel defining layer in a method of manufac-
turing the organic luminescence display of FIG. 12;

[0029] FIG. 15 is a cross-sectional view illustrating an
operation of forming a first organic light-emitting layer in the
method of manufacturing the organic luminescence display
of FIG. 12;

[0030] FIG. 16 is a cross-sectional view illustrating an
operation of forming a second organic light-emitting layer in
the method of manufacturing the organic luminescence dis-
play of FIG. 12;

[0031] FIG. 17 is a cross-sectional view illustrating an
operation of forminga third organic light-emitting layer in the
method of manufacturing the organic luminescence display
of FIG. 12;

[0032] FIG. 18 is a cross-sectional view illustrating an
operation of forming a common electrode in the method of
manufacturing the organic luminescence display of FIG. 12;
[0033] FIG. 19 is a plan view schematically illustrating an
arrangement of pixels of an organic luminescence display
constructed as another embodiment according to the prin-
ciples of the present invention;

[0034] FIG. 20 is a cross-sectional view taken along line
D-D' of FIG. 19;

[0035] FIG. 21 is a plan view schematically illustrating an
arrangement of pixels of an organic luminescence display
constructed as another embodiment according to the prin-
ciples of the present invention; and
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[0036] FIG. 22 is a plan view schematically illustrating an
arrangement of pixels of an organic luminescence display
constructed as another embodiment according to the prin-
ciples of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Advantages and features of the present invention
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of preferred embodiments and the accompanying draw-
ings. The present invention may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the concept of
the invention to those skilled in the art, and the present inven-
tion will only be defined by the appended claims. Thus, in
some embodiments, well-known structures and devices are
not shown in order not to obscure the description of the
invention with unnecessary detail. Like numbers refer to like
elements throughout. In the drawings, the thickness of layers
and regions are exaggerated for clarity.

[0038] It will be understood that when an element or layer
is referred to as being “on,” or “connected to” another element
or layer, it can be directly on or connected to the other element
or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0039] Spatially relative terms, such as “below,” “beneath,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures.

[0040] Embodiments described herein will be described
referring to plan views and/or cross-sectional views by way of
ideal schematic views of the invention. Accordingly, the
exemplary views may be modified depending on manufactur-
ing technologies and/or tolerances. Therefore, the embodi-
ments of the invention are not limited to those shown in the
views, but include modifications in configuration formed on
the basis of manufacturing processes. Therefore, regions
exemplified in figures have schematic properties and shapes
of regions shown in figures exemplify specific shapes of
regions of elements and not limit aspects of the invention.
[0041] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings.
[0042] FIG. 1 is a plan view schematically illustrating the
pixel arrangement of an organic luminescence display con-
structed as an embodiment according to the principles of the
present invention. FIG. 2 is a cross-sectional view taken along
line A-A'of FIG. 1. FIG. 3 is an enlarged cross-sectional view
of a pixel driver shown in FIG. 2.

[0043] Referring to FIGS. 1 through 3, the organic lumi-
nescence display according to the current embodiment may
include a substrate 100, a pixel defining layer 130, a plurality
of pixel electrodes (140a, 1406, 140¢), a plurality of organic
light-emitting layers (150a, 1505, 150c¢), and a common elec-
trode 160.
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[0044] The substrate 100 may include an insulating sub-
strate 100a and a driver layer 1005 disposed on the insulating
substrate 100a.

[0045] The insulating substrate 100a may be a transparent
insulating substrate formed of glass, quartz, ceramic, plastic,
etc. The insulating substrate 100a may be shaped like a flat
plate or may be a flexible substrate that can be easily bent by
an external force.

[0046] The driver layer 1005 may be disposed on the insu-
lating substrate 100¢ and may include a pixel driver 110 for
driving the organic luminescence display and various wirings
such as data lines. The driver layer 1005 may consist of a
single layer or multiple layers.

[0047] Thepixel driver 110 may be connected to any one of
afirst pixel electrode 1404, a second pixel electrode 1405, and
a third pixel electrode 140c via a through hole 120. The pixel
driver 110 may control an electric current supplied to the first
pixel electrode 1404, the second pixel electrode 1405 or the
third pixel electrode 140c which is connected to the pixel
driver 110.

[0048] More specifically, referring to FIG. 3. the pixel
driver 110 may include a buffer layer 117, a semiconductor
layer (111,112,113), a gate insulating layer 118, an interlayer
insulating film 119, a gate electrode 114, a source electrode
115, and a drain electrode 116.

[0049] The buffer layer 117 may be formed of various
materials that can prevent the penetration of impurity ele-
ments and planarize the surface of the substrate 110. In an
exemplary embodiment, the buffer layer 117 may be formed
of any one of silicon nitride (SiN,), silicon oxide (Si0,), and
silicon oxynitride (SiO,N, ). However, the buffer layer 117 is
optional and can be omitted depending on the type of the
substrate 100 and process conditions.

[0050] The semiconductor layer (111, 112, 113) may be
formed on the buffer layer 117. The semiconductor layer
(111, 112, 113) may be formed of amorphous semiconductor
or polycrystalline semiconductor. Preferably, the semicon-
ductor layer (111, 112, 113) may be formed of polycrystalline
semiconductor. The semiconductor layer (111,112, 113) may
also be formed of oxide semiconductor. The semiconductor
layer (111, 112, 113) includes a channel region 111 undoped
with impurities and p+-doped source and drain regions 112
and 113 disposed on both sides of the channel region 111.
Here, an ion material used to dope the semiconductor layer
(111, 112, 113) may be boron (B)-containing P-type impuri-
ties such as B,H. The impurities used to dope the semicon-
ductor layer (111, 112, 113) may vary according to the type of
a thin-film transistor (TFT).

[0051] The gate insulating layer 118 may be formed on the
semiconductor layer (111, 112, 113). The gate insulating
layer 118 may be formed of SiN, or SiO,.

[0052] Theinterlayerinsulating film 119 may be formed on
the gate insulating layer 118. The interlayer insulating film
119 may cover the gate electrode 114. The gate insulating
layer 118 and the interlayer insulating film 119 may share
holes that expose the source region 112 and the drain region
113 of the semiconductor layer (111, 112, 113). Like the gate
insulating layer 118, the interlayer insulating film 119 may be
formed of SiN,, or SiO,,.

[0053] The gate electrode 114 may be formed on the gate
insulating film 118. The gate electrode 114 may be included
in a gate wiring. The gate wiring may further include a gate
line (not shown) and other wiring lines. The gate electrode
114 may overlap at least part of the semiconductorlayer (111,
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112, 113). In an exemplary embodiment, the gate electrode
114 may overlap the channel region 111.

[0054] The source electrode 115 and the drain electrode
116 may be formed on the interlayer insulating film 119. The
source electrode 115 and the drain electrode 116 may be
included in a data wiring. The data wiring may include a data
line (not shown), a common power supply line (not shown)
and other wiring lines. The source electrode 115 and the drain
electrode 116 may be connected to the source region 112 and
the drain region 113 of the semiconductor layer (111, 112,
113) via the holes, respectively.

[0055] The pixel defining layer 130 may be formed on the
driver layer 1005. The pixel defining layer 130 may be formed
of an organic insulating material or an inorganic insulating
material. The pixel defining layer 130 may also be formed of
a photosensitizer that contains black pigments. In this case,
the pixel defining layer 130 may function as a light blocking
member. The pixel defining layer 130 may include a plurality
of opening regions arranged in a matrix.

[0056] The pixel electrodes (140a, 1405, 140c) may be
disposed on the substrate 100. The pixel electrodes (140q,
1405, 140¢) may be located in the opening regions defined by
the pixel defining layer 130. The pixel electrodes (140a, 1405,
140¢) may include the first pixel electrode 140q, the second
pixel electrode 1405, and the third pixel electrode 140¢. Each
of the first pixel electrode 140a. the second pixel electrode
1405, and the third pixel electrode 140¢ may be connected to
the drain electrode 116 of the pixel driver 110 via the through
hole 120.

[0057] The pixel electrodes (140a, 1405, 140c) may be
formed of a reflective conductive material, a transparent con-
ductive material, or a semi-transparent conductive material.
The reflective conductive material may be lithium (L1), cal-
cium (Ca), lithium fluoride/calcium (LiF/Ca), lithium fluo-
ride/aluminum (LiF/Al), aluminum (Al), silver (Ag), magne-
sium (Mg), or gold (Au). The transparent conductive material
may be indium tin oxide (no), indium zinc oxide (IZO), zinc
oxide (Zn0), or indium oxide (In,0;). Also, the semi-trans-
parent conductive material may be a co-deposition material
containing one or more of Mg and Ag or may be one or more
of Mg, Ag, Ca, Li, and Al. The pixel electrodes (140a, 1405,
140¢) may consist of multiple layers and may exhibit reflec-
tive, transparent, or semi-transparent characteristics depend-
ing on the stacked structure of the multiple layers.

[0058] The organic light-emitting layers (150a, 1508,
150c) may be formed on the pixel electrodes (140a, 1405,
140¢). In an exemplary embodiment, a middle portion of one
organic light-emitting layer may contact one pixel electrode,
and edge portions of the organic light-emitting layer may
contact portions of the pixel defining layer 130 which are
adjacent to the one pixel electrode.

[0059] The organic light-emitting layers (150a, 1508,
150¢) may include a first organic light-emitting layer 150a, a
second organic light-emitting layer 1505, and a third organic
light-emitting layer 150c¢. The first organic light-emitting
layer 150a may be disposed on the first pixel electrode 1404,
the second organic light-emitting layer 1505 may be disposed
on the second pixel electrode 1405, and the third organic
light-emitting layer 150¢ may be disposed on the third pixel
electrode 140c.

[0060] The organic light-emitting layers (150a, 1505,
150¢), that is, the first organic light-emitting layer 150a, the
second organic light-emitting layer 1505, and the third
organic light-emitting layer 150¢ may be formed of different
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materials. However, the present invention is not limited
thereto, and at least two of the first organic light-emitting
layer 150a, the second organic light-emitting layer 1505, and
the third organic light-emitting layer 150¢ may be formed of
the same material. In addition, the first organic light-emitting
layer 1504, the second organic light-emitting layer 1505, and
the third organic light-emitting layer 150¢ may have the same
stacked structure. However, the present invention is not lim-
ited thereto, and at least one of'the first organic light-emitting
layer 1504, the second organic light-emitting layer 1505, and
the third organic light-emitting layer 150¢ may have a differ-
ent stacked structure.

[0061] Holes and electrons generated by the pixel elec-
trodes (140a,1405, 140¢) and the common electrode 160 may
combine in the organic light-emitting layers (150a, 1505,
150¢). When an energy level of excitons formed by the com-
bination of the holes and the electrons changes from an
excited state to a ground state, light of a color corresponding
to the changed energy level may be emitted. In an exemplary
embodiment, the first organic light-emitting layer 150a, the
second organic light-emitting layer 1505, and the third
organic light-emitting layer 150¢ may emit light of different
colors. However, the present invention is not limited thereto,
and at least two of the first organic light-emitting layer 150q,
the second organic light-emitting layer 1505, and the third
organic light-emitting layer 150¢ may emit light of the same
color. In the exemplary embodiment of FIGS. 1 and 2, the first
organic light-emitting layer 150¢ may emit red light, the
second organic light-emitting layer 1505 may emit green
light, and the third organic light-emitting layer 150¢ may emit
blue light. In another exemplary embodiment, the first
organic light-emitting layer 150a may emit red light, the
second organic light-emitting layer 1505 may emit blue light,
and the third organic light-emitting layer 150¢ may emit
green light.

[0062] Although not shown in the drawings, in some
embodiments of the present invention, a hole transport layer
may further be formed between the first organic light-emit-
ting layer 150a and the first pixel electrode 1404, between the
second organic light-emitting layer 1505 and the second pixel
electrode 1405, and between the third organic light-emitting
layer 150¢ and the third pixel electrode 140c¢. In addition, a
hole injecting layer may further be formed between the hole
transport layer and each of the first pixel electrode 140a, the
second pixel electrode 1405 and the third pixel electrode
140c. Although not shown in the drawings, in some embodi-
ments of the present invention, an electron transport layer
may further be formed between the common electrode 160
and each of the first organic light-emitting layer 150a, the
second organic light-emitting layer 1505 and the third organic
light-emitting layer 150c¢, and an electron injecting layer may
further be formed between the electron transport layer and the
common electrode 160.

[0063] The common electrode 160 may be formed on the
organic light-emitting layers (150a, 1505, 150¢). An electric
potential applied to the common electrode 160 may create a
potential difference between the common electrode 160 and
the first pixel electrode 1404, the second pixel electrode 1405
or the third pixel electrode 140c.

[0064] The common electrode 160 may be formed of a
reflective conductive material, a transparent conductive mate-
rial, or a semi-transparent conductive material. The reflective
conductive material may be Li, Ca, LiF/Ca, LiF/Al, Al, Ag,
Mg, or Au. The transparent conductive material may be ITO,
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170, Zn0O, or In,0;. Also, the semi-transparent conductive
material may be a co-deposition material containing one or
more of Mg and Ag or may be one or more of Mg, Ag, Ca, Li,
and Al.

[0065] Although not shown in the drawings, an encapsulat-
ing layer may be formed on the common electrode 160. The
encapsulating layer may be disposed on the common elec-
trode 160 to face the substrate 100 and seals the first organic
light-emitting layer 150a, the second organic light-emitting
layer 1505, and the third organic light-emitting layer 150c¢
between itself and the substrate 100 from the outside envi-
ronment. Accordingly, the present invention may further
include a sealing member (not shown) used to bond and seal
the substrate 100 and the encapsulating layer. The sealing
member (not shown) may be formed of one or more materials
selected from the group consisting of acrylic resin, meth-
acrylic resin, polyisoprene, vinyl resin, epoxy resin, urethane
resin, and cellulose resin.

[0066] A plurality of pixels (P1, P2, P3) of the organic
luminescence display according to the current embodiment
will now be described with reference to FIGS. 1 and 2 again.
[0067] The organic luminescence display according to the
current embodiment may include a plurality of pixels (P1, P2,
P3) disposed onthe substrate 100. Specifically, the pixels (P1,
P2, P3) may be located in the opening regions of the pixel
defining layer 130. That is, the pixels (P1, P2, P3) may be
separated from each other by the pixel defining layer 130.
[0068] Each of the pixels (P1, P2, P3) may include one
organic light-emitting layer which overlaps one pixel elec-
trode. In addition, each of the pixels (P1, P2, P3) may further
include the one pixel electrode and the common electrode 160
which overlaps the one pixel electrode.

[0069] The pixels (P1, P2, P3) may include a plurality of
first pixels P1, a plurality of second pixels P2, and a plurality
of third pixels P3.

[0070] Referring to FIG. 1, the first pixels P1, the second
pixels P2, and the third pixels P3 may be quadrangular. Each
of the first pixels P1 may be shaped like a quadrangle includ-
ing short sides having a length of D1 and long sides having a
length of D2, each of the second pixels P2 may be shaped like
a quadrangle including short sides having a length of D3 and
long sides having a length of D4, and each of the third pixels
P3 may be shaped like a quadrangle including short sides
having a length of D5 and long sides having a length of D§.
That is, each of the first pixels P1 may be formed in a region
of D1xD2, each of the second pixels P2 may be formed in a
region of D3xD4, and each of the third pixels P3 may be
formed in a region of D5xD6. While the first pixels P1, the
second pixels P2 and the third pixels P3 may be quadrangular
as described above, their shape is not limited to the quadran-
gular shape. That is, the first pixels P1, the second pixels P2
and the third pixels P3 may also be circular, ellipsoidal, or
polygonal. In addition, at least one of the first through third
pixels P1 through P3 may have a different shape from that of
the other pixels.

[0071] Referring to FIG. 2, each of the first pixels P1 may
include the first organic light emitting layer 150a which over-
laps the first pixel electrode 1404, each of the second pixels
P2 may include the second organic light-emitting layer 150
which overlaps the second pixel electrode 1405, and each of
the third pixels P3 may include the third organic light-emit-
ting layer 150¢ which overlaps the third pixel electrode 140c.
In addition, each of the first pixels P1 may further include the
first pixel electrode 140a and the common electrode 160



US 2016/0181327 Al

which overlaps the first pixel electrode 140a, each of the
second pixels P2 may further include the second pixel elec-
trode 1405 and the common electrode 160 which overlaps the
second pixel electrode 1405, and each of the third pixels P3
may further include the third pixel electrode 140c¢ and the
common electrode 160 which overlaps the third pixel elec-
trode 140c. Each of the first through third pixels P1 through
P3 may further include a power supply unit (not shown)
which applies an electric potential to the common electrode
160 and a corresponding one of the first pixel electrode 1404,
the second pixel electrode 1405 and the third pixel electrode
140c.

[0072] The first through third pixels P1 through P3 may
emit light of different colors. However, the present invention
is not limited thereto, and at least two of the first through third
pixels P1 through P3 may emit light of the same color. In an
exemplary embodiment, the first pixels P1 may emit red light,
the second pixels P2 may emit green light, and the third pixels
P3 may emit blue light. In another exemplary embodiment,
the first pixels P1 may emit red light, the second pixels P2
may emit blue light, and the third pixels P3 may emit green
light.

[0073] The pixel arrangement of the organic luminescence
display according to the current embodiment will now be
described with reference to FIG. 1.

[0074] The first pixels P1 and the second pixels P2 may be
arranged adjacent to each other. In the exemplary embodi-
ment of FIG. 1, the first pixels P1 and the second pixels P2
may be arranged side by side. The order in which the first
pixels P1 and the second pixels P2 are arranged can be
reversed. That is, the first pixels P1 and the second pixels P2
may be arranged in the order of the first pixel P1 and the
second pixel P2 in an x direction or in the order of the second
pixel P2 and the first pixel P1 in the x direction.

[0075] The second pixels P2 and the third pixels P3 may
also be arranged adjacent 1o each other. In the exemplary
embodiment of FIG. 1, the second pixels P2 and the third
pixels P3 may be arranged side by side. The order in which the
second pixels P2 and the third pixels P3 are arranged can be
reversed. That is, the second pixels P2 and the third pixels P3
may be arranged in the order of the second pixel P2 and the
third pixel P3 inthe x direction orin the order of the third pixel
P3 and the second pixel P2 in the x direction.

[0076] The first pixels P1 and the third pixels P3 may also
be arranged adjacent to each other. However, a direction in
which the first pixels P1 and the third pixels P3 are arranged
may be perpendicular to a direction in which the first pixels
P1 and the second pixels P2 are arranged or a direction in
which the second pixels P2 and the third pixels P3 are
arranged. In the exemplary embodiment of FIG. 1, the first
pixels P1 and the third pixels P3 may be arranged side by side
in a 'y direction.

[0077] Each of the first pixels P1 may be disposed between
two second pixels P2. In the exemplary embodiment of FIG.
1, the second pixels P2 may be disposed on both sides of each
of the first pixels P1, that is, on a side of each of the first pixels
P1 in the x direction and the other side of each of the first
pixels P1 in a —x direction.

[0078] Each of the third pixels P3 may also be disposed
between two second pixels P2. In the exemplary embodiment
of FIG. 1, the second pixels P2 may be disposed on both sides
of each of the third pixels P3, that is, on a side of each of the
third pixels P3 in the x direction and the other side of each of
the third pixels P3 in the —x direction.
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[0079] Each of the second pixels P2 may be disposed
between a first pixel P1 and a third pixel P3. In the exemplary
embodiment of FIG. 1, a first pixel P1 may be disposed on a
first side of each of the second pixels P2, and a third pixel P3
may be disposed on a second side of each of the second pixels
P2 which is opposite the first side. Here, the first side of each
of the second pixels P2 may be a side thereof'in the x direction
or the —x direction.

[0080] The first through third pixels P1 through P3 may be
separated from each other by a predetermined distance. In the
exemplary embodiment of FIG. 1, the first pixels P1 and the
second pixels P2 may be separated from each other by a
distance of D7. Although not shown in FIG. 1, the second
pixels P2 and the third pixels P3 may also be separated from
each other by the distance of D7, and the first pixels P1 and the
third pixels P3 may also be separated from each other by the
distance of D7. However, this is merely an example, and the
distance between the first pixels P1 and the second pixels P2,
the distance between the second pixels P2 and the third pixels
P3, and the distance between the first pixels P1 and the third
pixels P3 may be different.

[0081] The first through third pixels P1 through P3 may be
arranged in a matrix. In the exemplary embodiment of FIG. 1,
arow direction may be the x direction, and a column direction
may be the y direction. An n” column of the pixels (P1, P2,
P3) may include the first pixels P1 and the third pixels P3
arranged alternately, an (n+1)” column adjacent to the n™
column may include the second pixels P2, and an (n+2)*
column adjacent to the (n+1)” column may include the first
pixels P1 and the third pixels P3 arranged alternately, and an
(n+3)™ column adjacent to the (n+2)” column may include
the second pixels P2. In the same row, any one of the first and
third pixels P1 and P3 may be disposed in the n column, and
the other one of the first and third pixels P1 and P3 may be
disposed in the (n+2)* column. Here, n is a natural number,
1.e., an integer greater than zero, and one pixel may be formed
at an intersection of one row and one column.

[0082] Then” column, the (n+1)* column, the (n+2)” col-
umn and the (n+3)” column may be parallel to one another. In
addition, the n column may include the first and third pixels
P1 and P3 arranged alternately, and the (n+2)” column may
include the first and third pixels P1 and P3 arranged in an
opposite order to that of the n column. In the (n+1)™ column
and the (n+3)” column, the second pixels P2 may be repeat-
edly arranged. That is, in the (n+1)™ column and the (n+3)”
column, each of the second pixels P2 may be adjacent to other
second pixels P2 on both sides in the column direction.
[0083] Each of the first pixels P1 may be adjacent to the
second pixels P2 in the row direction and may be adjacent to
the third pixels P3 in the column direction. Each ofthe second
pixels P2 may be adjacent to a first pixel P1 and a third pixel
P3 in the row direction and may be adjacent to other second
pixels P2 in the column direction. Each of the third pixels P3
may be adjacent to the second pixels P2 in the row direction
and may be adjacent to the first pixels P1 in the column
direction.

[0084] The pixel arrangement may be a repetition of the n”
column, the (n+1)” column, the (n+2)" column, and the (n+3)
# column in this order in the row direction.

[0085] The pixels (P1, P2, P3) of the organic luminescence
display according to the current embodiment will now be
compared with reference to FIGS. 1 and 2.

[0086] First, the first pixels P1 may be larger in size than the
second pixels P2. Here, the size of each of the first pixels P1
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may be the area of the region in which each of the first pixels
P1is located as seen in a plan view, and the size of each of the
second pixels P2 may be the area of the region in which each
of the second pixels P2 is located as seen in a plan view.
Specifically, referring to FIG. 1, the size of each of the first
pixels P1 may be D1xD2, and the size of each of the second
pixels P2 may be D3xD4. Here, the length of D2 may be equal
to the length of D4. However, since the length of D1 may be
two to four times the length of D3, the size of each of the first
pixels P1 may be two to four times the size of each of the
second pixels P2.

[0087] The first pixels P1 may be dot-shaped, and the sec-
ond pixels P2 may be stripe-shaped. Here, both the dot shape
and the stripe shape may be quadrangles. However, a value
obtained by dividing a length of short sides of the dot shape by
a length of long sides of the dot shape may be two to four
times a value obtained by dividing a length of short sides of
the stripe shape by a length of long sides of the stripe shape.
That is, a ratio of the length of the short sides to the length of
the long sides of the dot shape may be 1:1-2, and a ratio of the
length of the short sides to the length of the long sides of the
stripe shape may be 1:2.5-4. That is, the dot shape and the
stripe shape may be distinguished from each other by the
differences in the relative lengths of their short sides and long
sides.

[0088] Thelength ofthelong sides of each of the first pixels
P1 may be equal to the length of the long sides of each of the
second pixels P2, and the length of the short sides of each of
the first pixels P1 may be greater than the length of the short
sides of each of the second pixels P2. Specifically, referring to
FIG. 1, the length D2 of the long sides of each of the first
pixels P1 may be equal to the length D4 of the long sides of
each of the second pixels P2. However, the length D1 of the
short sides of each of the first pixels P1 may be two to four
times the length D3 of the short sides of each of the second
pixels P2. Here, the length D3 of the short sides of each of the
second pixels P2 may be 1 to 10 um, preferably, 3 to 7 pm.
[0089] A minimum width of each of the first pixels P1 may
be equal to or greater than a first width, and a minimum width
of each of the second pixels P2 may be equal to or smaller than
a second width which is smaller than the first width. The
minimum width of each of the first pixels P1 may be a shortest
distance across each of the first pixels P1 as seen in a plan
view, and the minimum width of each of the second pixels P2
may be a shortest distance across each ofthe second pixels P2
as seen in a plan view. In addition, the first width may be two
to four times the second width. Specifically, the first width
may be greater than 10 pm, and the second width may be 1 to
10 pum.

[0090] The size of each of the third pixels P3 may be equal
to the size of each of the first pixels P1. Here, the size of each
of the third pixels P3 may be the area of the region in which
each of the third pixels P3 is located as seen in a plan view.
Specifically, referring to FIG. 1, the size of each of the third
pixels P3 may be D5xD6. Here, the length of D6 may be equal
to the length of D2 and the length of D4. However, since the
length of D5 may be two to four times the length of D3, the
size of each of the third pixels P3 may be two to four times the
size of each of the second pixels P2.

[0091] The surface roughness of the second organic light-
emitting layer 1505 included in each of the second pixels P2
may be greater than the surface roughness of the first organic
light-emitting layer 150a included in each of the first pixels
P1. Here, surface roughness may denote the roughness of a
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surface of an object to be measured. More specifically, sur-
face roughness is a measure of texture of a surface and is
quantified by the vertical deviations of a real surface from the
ideal form of the real surface. That is, if the surface of the
object has many irregularities and/or if there are large differ-
ences between heights of the irregularities formed in the
surface of the object, the surface roughness of the object is
high. If the surface of the object has few irregularities and/or
if there are small differences between the heights of the
irregularities formed in the surface of the object, the surface
roughness of the object is low. In an exemplary embodiment,
the first organic light-emitting layer 150a may include a
smooth surface, and the second organic light-emitting layer
1505 may include a surface with random irregularities. Spe-
cifically, a surface (i.e., a side surface) of the first organic
light-emitting layer 150a which faces the second organic
light-emitting layer 1505 or the third organic light-emitting
layer 150¢ may be smooth, and a surface (i.e., a side surface)
of the second organic light-emitting layer 1505 which faces
the first organic light-emitting layer 150a or the third organic
light-emitting layer 1505 may be a surface with random
irregularities.

[0092] The surface roughness of the third organic light-
emitting layer 150¢ included in each of the third pixels P3
may be equal to the surface roughness of the first organic
light-emitting layer 150a included in each of the first pixels
P1. That is, the surface roughness of the third organic light-
emitting layer 150c may be greater than the surface roughness
of the second organic light-emitting layer 1504.

[0093] The first organic light-emitting layer 150a may pro-
trude out of each of the first pixels P1, and the second organic
light-emitting layer 1505 may protrude out of each of the
second pixels P2. A length by which the second organic
light-emitting layer 1505 protrudes out of each of the second
pixels P2 may be greater than a length by which the first
organic light-emitting layer 1504 protrudes out of each of the
first pixels P1. Here, if the first organic light-emitting layer
1504 protrudes out of each of the first pixels P1, edge portions
of the first organic light-emitting layer 150a may extend
beyond the region in which each of the first pixels P1 is
located to be disposed on the pixel defining layer 130 as seen
in aplanview. Inaddition, ifthe second organic light-emitting
layer 1505 protrudes out of each of the second pixels P2, edge
portions of the second organic light-emitting layer 1505 may
extend beyond the region in which each of the second pixels
P2 is located to be disposed on the pixel defining layer 130 as
seen in a plan view. In the exemplary embodiment of FIGS. 1
and 2, the length by which the first organic light-emitting
layer 150a protrudes out of each of the first pixels P1 may be
D7a, and the length by which the second organic light-emit-
ting layer 1504 protrudes out of each of the second pixels P2
may be D7b, wherein the length of D75 may be greater than
the length of D7a. Here, a distance between the first organic
light-emitting layer 1504 and the second organic light-emit-
ting layer 1505 may be D7¢, and the sum of D7a, D76 and
D7¢ may be equal to D7.

[0094] Thethird organic light-emitting layer 150¢ may also
protrude out of each of the third pixels P3, and a length by
which the third organic light-emitting layer 150¢ protrudes
out of each of the third pixels P3 may be equal to the length by
which the first organic light-emitting layer 1504 protrudes out
of each of the first pixels P1. That is, although not shown in
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FIGS. 1 and 2, the length by which the third organic light-
emitting layer 150¢ protrudes out of each of the third pixels
P3 may be D7a.

[0095] Theadhesion of the first organic light-emitting layer
150a to the first pixel electrode 140a may be greater than the
adhesion of the second organic light-emitting layer 1505 to
the second pixel electrode 1405. That is, the interfacial adhe-
sion between the first organic light-emitting layer 150a and
the first pixel electrode 140a may be greater than the interfa-
cial adhesion between the second organic light-emitting layer
1505 and the second pixel electrode 140b. In addition, the
adhesion of the third organic light-emitting layer 150c to the
third pixel electrode 140¢ may be equal to the adhesion of the
first organic light-emitting layer 150q to the first pixel elec-
trode 140a.

[0096] A method of manufacturing an organic lumines-
cence display according to an embodiment of the present
invention will now be described with reference to FIGS. 4
through 8. FIG. 4 is a cross-sectional view illustrating an
operation of preparing a substrate 100 having a plurality of
pixel electrodes (140a, 1405, 140¢) and a pixel defining layer
130 in a method of manufacturing the organic luminescence
display of FIG. 1. FIG. 5 is a cross-sectional view illustrating
an operation of forming a first organic light-emitting layer
150q in the method of manufacturing the organic lumines-
cence display of FIG. 1. FIG. 6 is a cross-sectional view
illustrating an operation of forming a third organic light-
emitting layer 150c in the method of manufacturing the
organic luminescence display of FIG. 1. FIG. 7 is a cross-
sectional view illustrating an operation of forming a second
organic light-emitting layer 1505 in the method of manufac-
turing the organic luminescence display of F1G. 1. FIG. 8is a
cross-sectional view illustrating an operation of forming a
common electrode 160 in the method of manufacturing the
organic luminescence display of FIG. 1. For simplicity, ele-
ments substantially identical to those of FIGS. 1 through 3 are
indicated by like reference numerals, and thus a repetitive
description thereof will be omitted.

[0097] Referring to FIG. 4, to manufacture the organic
luminescence display of FIG. 1, the substrate 100 having the
pixel electrodes (140a, 1405, 140¢) and the pixel defining
layer 130 may be prepared. Here, after the pixel defining layer
130 is formed on the substrate 100, the pixel electrodes may
be formed. However, the present invention is not limited
thereto, and after the pixel electrodes are formed on the sub-
strate 100, the pixel defining layer 130 may be formed.
[0098] Referring to FIG. 5, after the substrate 100 having
the pixel electrodes (140a, 1405, 140¢) and the pixel defining
layer 130 is prepared, the first organic light-emitting layer
150a may be formed by depositing a first organic light-emit-
ting material on a first pixel electrode 1404 which is disposed
on the substrate 100 and exposed by the pixel defining layer
130. Specifically, a mask 200 having an opening 210 as large
as the first pixel electrode 140a exposed by the pixel defining
layer 130 may be placed such that the opening corresponds to
the first pixel electrode 140a exposed by the pixel defining
layer 130. Here, the mask 200 may be a fine metal mask. Next,
a deposition source 300 above the mask 200 may evaporate
the first organic light-emitting material in a liquid or semi-
solid state by heating the first organic light-emitting material.
The evaporated first organic light-emitting material may pass
through the opening 210 to be deposited on the first pixel
electrode 140a exposed by the pixel defining layer 130,
thereby forming the first organic light-emitting layer 150a.
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[0099] Referring to FIG. 6, after the formation of the first
organic light-emitting layer 150q, the third organic light-
emitting layer 150¢ may be formed by depositing a third
organic light-emitting material on a third pixel electrode 140¢
which is disposed on the substrate 100 and exposed by the
pixel defining layer 130. Specifically, a mask 200 having an
opening 210 as large as the third pixel electrode 140¢ exposed
by the pixel defining layer 130 may be placed such that the
opening corresponds to the third pixel electrode 140¢ exposed
by the pixel defining layer 130. Then, the deposition source
300 above the mask 200 may evaporate the third organic
light-emitting material in a liquid or semi-solid state by heat-
ing the third organic light-emitting material. The evaporated
third organic light-emitting material may pass through the
opening 210 to be deposited on the third pixel electrode 140¢
exposed by the pixel defining layer 130, thereby forming the
third organic light-emitting layer 150c.

[0100] Referring to FIG. 7, after the formation of the third
organic light-emitting layer 150c, the second organic light-
emitting layer 1505 may be formed by transferring a transfer
layer 430 containing a second organic light-emitting material
onto a second pixel electrode 1405 which is disposed on the
substrate 100 and exposed by the pixel defining layer 130.
[0101] Specifically, a donor substrate 400 including a base
film 410, a light-to-heat conversion layer 420 and the transfer
layer 430 may be placed on the second pixel electrode 1405
such that the transfer layer 430 faces the substrate 100.
[0102] The base film 410 may be formed of transparent
polymer. Examples of the transparent polymer include poly-
ester such as polyethylene terephthalate, polyacryl, polyep-
oxy, polyethylene, polystyrene, and the like. Among these
examples, the polyethylene terephthalate film is mainly used.
The base film 410 should have optical properties and
mechanical stability as a support film. The base film 140 may
have a thickness of 10 to 500 pum.

[0103] The light-to-heat conversion layer 420 may be dis-
posedon the base film 410. The light-to-heat conversion layer
420 absorbs light in the infrared ray-visible ray range and
converts some of the light into heat. To this end, the light-to-
heat conversion layer 420 should have optical density and
includes a light absorbing material. The light-to-heat conver-
sion layer 420 may be ametal layer which contains aluminum
oxide or aluminum sulfide as the light absorbing material or a
polymer organic layer which contains carbon black, graphite
or infrared dye as the light absorbing material. If the light-to-
heat conversion layer 420 is the metal layer, it may be formed
to a thickness of 100 to 5,000 A by vacuum deposition,
electron beam deposition or sputtering. If the light-to-heat
conversion layer 420 is the polymer organic layer, it may be
formed to a thickness of 0.1 to 10 um by typical film coating
methods such as roll coating, gravure coating, extrusion coat-
ing, spin coating, and knife coating.

[0104] Thetransfer layer 430 may be disposed on the light-
to-heat conversion layer 420. The transfer layer 430 is a layer
thatis actually transferred onto the substrate 100. The transfer
layer 430 may be formed of the same material as the second
organic light-emitting layer 1505 and may have the same
stacked structure as the second organic light-emitting layer
1505.

[0105] Although not shown in the drawing, the donor sub-
strate 400 may further include an intermediate layer. The
intermediate layer may be disposed between the light-to-heat
conversion layer 420 and the transfer layer 430. The interme-
diate layer may prevent the light absorbing material (e.g.,
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carbon black) of the light-to-heat conversion layer 420 from
contaminating the transfer layer 430 formed in a subsequent
process. The intermediate layer may be formed of acrylic
resin or alkyd resin. The intermediate layer may be formed by
a typical coating process such as solvent coating and a curing
process such as ultraviolet curing.

[0106] Although not shown in the drawing, the donor sub-
strate 400 may further include a buffer layer. The buffer layer
may be disposed between the light-to-heat conversion layer
420 and the transfer layer 430 or, if the intermediate layer is
present, between the intermediate layer and the transfer layer
430. The buffer layer may be formed to prevent the damage to
an organic layer formed in the transfer layer 430 and effec-
tively adjust the adhesion between the light-to-heat conver-
sion layer 420 and the transfer layer 430 or, if the intermediate
layer is present, between the intermediate layer and the trans-
fer layer 430. The buffer layer may contain at least one of an
insulating material, a metal, and a metal oxide.

[0107] The transfer layer 430 may be transferred onto the
second pixel electrode 1405 by irradiating beams of a laser
500 to a region of the donor substrate 400 which faces the
second pixel electrode 1405 exposed by the pixel defining
layer 130. As a result, the second organic light-emitting layer
1505 may be formed on the second pixel electrode 1404. That
is, the transfer layer 430 transferred onto the substrate 100
may be the second organic light-emitting layer 1505. Here,
the laser 500 may be any one of general-purpose lasers such
as solid, gas, semiconductor, pigments, etc. The beams of the
laser 500 may come in circular or other possible shapes.
However, the laser 500 is merely an example, and the present
invention is not limited to this example. That is, a xenon (Xe)
lamp or a flash lamp can also be used.

[0108] Referring to FIG. 8, after the formation of the sec-
ond organic light-emitting layer 1505, the common electrode
160 may be formed on the first organic light-emitting layer
150a, the second organic light-emitting layer 1505, and the
third organic light-emitting layer 150¢. Specifically, an open
mask (not shown) may be placed to correspond to the sub-
strate 100. Then, the deposition source 300 above the open
mask may evaporate an electrode material in a liquid or semi-
solid state by heating the electrode material. The evaporated
electrode material may be deposited on the first organic light-
emitting layer 150a, the second organic light-emitting layer
1505 and the third organic light-emitting layer 150¢, thereby
forming the common electrode 160.

[0109] In the above-described method of manufacturing
the organic luminescence display according to the current
embodiment, a minimum width of the second pixel electrode
1405 exposed by the pixel defining layer 130 may be smaller
than a minimum width of the first pixel electrode 140a
exposed by the pixel defining layer 130. Here, the minimum
width of the second pixel electrode 1405 exposed by the pixel
defining layer 130 may be 1 to 10 pm, preferably, 3 to 7 um.
In addition, the first pixel electrode 140a exposed by the pixel
defining layer 130 may be dot-shaped, and the second pixel
electrode 1405 exposed by the pixel defining layer 130 may
be stripe-shaped.

[0110] As described above, in the organic luminescence
display and the method of manufacturing the same according
to the current embodiment, first and third pixels P1 and P3
which are large in size may formed by a deposition process,
and second pixels P2 which are small in size may be formed
by a transfer process, i.e., a laser induced thermal imaging
(LITT) process. Specifically, the dot-shaped first and third
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pixels P1 and P3 may be formed by a deposition process, and
the stripe-shaped second pixels P2 may be formed by a trans-
fer process.

[0111] If a deposition process is used to form the second
organic light-emitting layer 1505 of each of the stripe-shaped
second pixels P2, since an opening of a mask 200 used in the
deposition process is narrow, the opening may be clogged
with the second organic light-emitting material evaporating
from the deposition source 300. Moreover, the mask 200 that
may droop or be pressed may contaminate the first organic
light-emitting layer 1504 and the third organic light-emitting
layer 150¢ already formed on the substrate 100. These phe-
nomena may cause defects such as dark spots, thereby
degrading the high-resolution image quality of the organic
luminescence display. Also, they may increase the process
time and cost, causing the overall work loss. In particular, if
the minimum width of each of the second pixels P2 is 1 to 10
um or, preferably, 3 to 7 um, it is difficult to manufacture the
mask 200 corresponding to this minimum width. Even if the
mask 200 corresponding to this minimum width can be manu-
factured, the opening of the mask 200 may be clogged imme-
diately after the initiation of a deposition process. Conse-
quently, it may be very difficult to form the second organic
light-emitting layer 1505 as desired.

[0112] Inthisregard,atransfer process may be used to form
the second organic light-emitting layer 1505 of each of the
stripe-shaped second pixels P2. In this case, the above phe-
nomena can be prevented. As a result, a high-quality organic
luminescence display can be manufactured, and unnecessary
work loss can be reduced by reducing the process time and
cost.

[0113] On the other hand, a conventional deposition pro-
cess may be used to form the first organic light-emitting layer
150a and the third organic light-emitting layer 150c¢ of the
dot-shaped first and third pixels P1 and P3. This ensures high
efficiency and stability.

[0114] Lengths by which the first organic light-emitting
layer 150a and the third organic light-emitting layer 150¢
formed by a deposition process protrude out of each of the
first pixels P1 and each ofthe third pixels P3, respectively, can
be adjusted by controlling the opening 200 of the mask 200.
However, it may be difficult to adjust a length by which the
second organic light-emitting layer 1505 formed by a transfer
process protrudes out of each of the second pixels P2 due to
cohesion characteristics inside the transfer layer 430.

[0115] Therefore, in the organic luminescence display
according to the current embodiment, the second organic
light-emitting layer 1505 whose protruding length is difficult
to adjust is placed between the first and third organic light-
emitting layers 150a and 150¢ whose protruding lengths are
easy to adjust. Accordingly, the distance between the pixels
can not only be adjusted easily but also be reduced, thereby
improving the overall aperture ratio of the organic lumines-
cence display. Specifically, the length by which the second
organic light-emitting layer 1505 protrudes out of each of the
second pixels P2 may be within a predetermined range, and as
long as the length by which the second organic light-emitting
layer 1505 protrudes out of each of the second pixels P2 is
within the predetermined range, it is possible to adjust the
length by which the first organic light-emitting layer 150a
protrudes out of each of the first pixels P1 and the length by
which the third organic light-emitting layer 150¢ protrudes
out of each of the third pixels P3 between the first organic
light-emitting layer 150 and the second organic light-emitting
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layer 1504 and between the second organic light-emitting
layer 1505 and the third organic light-emitting layer 150c.
Accordingly, the distance between the pixels can not only be
adjusted easily but also be reduced.

[0116] FIG. 9 is a plan view schematically illustrating the
pixel arrangement of an organic luminescence display con-
structed as another embodiment according to the principles of
the present invention. FIG. 10 is a cross-sectional view taken
along line B-B' of FIG. 9. For simplicity, elements substan-
tially identical to those of FIGS. 1 through 3 are indicated by
like reference numerals, and thus a repetitive description
thereof will be omitted.

[0117] Referring to FIGS. 9 and 10, in the organic lumines-
cence display according to the current embodiment, a second
organic light-emitting layer 1515 may extend continuously
over all rows in an (n+1)* column and an (n+3)” column.
[0118] As a result, the second organic light-emitting layer
1515 may be located in a region between a plurality of second
pixels P2 in a column direction. In this region, no electric
current flows because a second pixel electrode 1405 does not
exist while a pixel defining layer 130 exists. Thus, light is not
emitted.

[0119] In the organic luminescence display according to
the current embodiment, since the second organic light-emit-
ting layer 1515 is continuously formed at a time as described
above, process efficiency can be increased.

[0120] Inaddition, a reduction in the flatness of the organic
luminescence display due to an overlap between second
organic light-emitting layers 1514 adjacent in the column
direction can be prevented.

[0121] Further, a common electrode 161 formed on the
pixel defining layer 130 in the (n+1)” column and the (n+3)*
column may be flat. Therefore, the flatness of the organic
luminescence display can be ensured more easily.

[0122] FIG. 11 is a plan view schematically illustrating the
pixel arrangement of an organic luminescence display
according to another embodiment of the present invention.
For simplicity, elements substantially identical to those of
FIGS. 1 through 3 are indicated by like reference numerals,
and thus a repetitive description thereof will be omitted.
[0123] Referring to FIG. 11, in the organic luminescence
display according to the current embodiment, each of a plu-
rality of first pixels P1 or each of a plurality of third pixels P3
may be surrounded by a plurality of second pixels P2, and
each of the second pixels P2 may be surrounded by the first
pixels P1 and the third pixels P3. In an exemplary embodi-
ment, even-numbered rows or odd-numbered rows may be
shifted in a row direction by a predetermined distance. Spe-
cifically, since the even-numbered rows or the odd-numbered
rows are shifted in the row direction by the predetermined
distance, each of the first pixels P1 may be adjacent to two
second pixels P2 in a column direction, each of the second
pixels P2 may be adjacent to a first pixel P1 and a third pixel
P3 in the column direction, and each of the third pixels P3
may be adjacent to two second pixels P2 in the column direc-
tion.

[0124] As described above, in the organic luminescence
display according to the current embodiment, a distance
between second organic light-emitting layers 1505 whose
protruding distance is hard to adjust is increased as much as
possible. Therefore, the aperture ratio of the organic lumines-
cence display can be improved further.

[0125] FIG. 12 is a plan view schematically illustrating the
pixel arrangement of an organic luminescence display
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according to another embodiment of the present invention.
FIG. 13 is a cross-sectional view taken along line C-C' of FIG.
12. For simplicity, elements substantially identical to those of
FIGS. 1 through 3 are indicated by like reference numerals,
and thus a repetitive description thereof will be omitted.
[0126] Referring to FIG. 12, a plurality of first pixels P1', a
plurality of second pixels P2', and a plurality of third pixels
P3' may be separated from each other by a pixel defining layer
132. Each of the first pixels P1' may be shaped like a quad-
rangle including long sides having a length of D1' and short
sides having a length of D2', each of the second pixels P2' may
be shaped like a quadrangle including long sides having a
length of D3' and short sides having a length of D4', and each
ofthe third pixels P3' may be shaped like a quadrangle includ-
ing short sides having a length of D5' and long sides having a
length of D6'. That is, each of the first pixels P1' may be
formed in a region of D1'xD2', each of the second pixels P2'
may be formed in a region of D3'xD4', and each of the third
pixels P3' may be formed in a region of D5'xD6'. While the
first pixels P1', the second pixels P2' and the third pixels P3'
may be quadrangular as described above, their shape is not
limited to the quadrangular shape. That is, the first pixels P1',
the second pixels P2' and the third pixels P3' may also be
circular, ellipsoidal, or polygonal. In addition, at least one of
the first through third pixels P1' through P3' may have a
different shape from that of the other pixels.

[0127] Referring to FIG. 13, each of the first pixels P1' may
include a first organic light emitting layer 1524 which over-
laps a first pixel electrode 1424, each of the second pixels P2'
may include a second organic light-emitting layer 1525
which overlaps a second pixel electrode 1425, and each of the
third pixels P3' may include a third organic light-emitting
layer 152¢ which overlaps a third pixel electrode 142¢. In
addition, each of the first pixels P1' may further include the
first pixel electrode 142a and a common electrode 162 which
overlaps the first pixel electrode 1424, each of the second
pixels P2' may further include the second pixel electrode 1425
and the common electrode 162 which overlaps the second
pixel electrode 1425, and each of the third pixels P3' may
further include the third pixel electrode 142¢ and the common
electrode 162 which overlaps the third pixel electrode 142¢.
Bach of the first through third pixels P1' through P3' may
further include a power supply unit (not shown) which applies
an electric potential to the common electrode 162 and a cor-
responding one of the first pixel electrode 1424, the second
pixel electrode 1425 and the third pixel electrode 142¢.
[0128] Referring back to FIG. 12, an n” column of a plu-
rality of pixels (P1', P2', P3') may include the first pixels P1'
and the second pixels P2' arranged alternately, and an (n+1)”
column adjacent to the n™ column may include the third
pixels P3'. Each of the third pixels P3' may extend continu-
ously over a row in which the first pixels P1' are arranged and
arow in which the second pixels P2'adjacent to the first pixels
P1' are arranged. Here, if each of the third pixels P3' extends
continuously over a row in which the first pixels P1' are
arranged and a row in which the second pixels P2' adjacent to
the first pixels P1' are arranged, it means that each of the third
pixels P3' also exists between the row in which the first pixels
P1' are arranged and the row in which the second pixels P2'
adjacent to the first pixels P1' are arranged.

[0129] Each of the first pixels P1' may be adjacent to the
third pixels P3' in a row direction and may be adjacent to the
second pixels P2' in a column direction. Each of the second
pixels P2' may be adjacent to the third pixels P3' in the row



US 2016/0181327 Al

direction and may be adjacent to the first pixels P1' in the
column direction. Each ofthe third pixels P3' may be adjacent
to the first pixels P1' and the second pixels P2' in the row
direction and may be adjacent to other third pixels P3' in the
column direction.

[0130] A distance between the first and third pixels P1' and
P3'and a distance between the second and third pixels P2' and
P3' may be D7'. Although not shown in the drawing, a dis-
tance between the first and second pixels P1' and P2' may also
be D7

[0131] The pixel arrangement may be a repetition of the n”

column and the (n+1)” column in this order in the row direc-
tion.
[0132] Referring again to FIG. 12, a size of the first pixels

P1' may be equal to a size of the second pixels P2', and a size
of the third pixels P3' may be smaller than the size of the first
pixels P1'. In an exemplary embodiment, the first and second
pixels P1' and P2' may be dot-shaped, and the third pixels P3'
may be stripe-shaped. Specifically, the first through third
pixels P1' through P3' may be quadrangular, the length of the
short sides of each of the first pixels P1' may be equal to the
length of the short sides of each of the second pixels P2', and
the length of the short sides of each of the third pixels P3' may
be greater than the length of the short sides of each of the first
pixels PI'. In the exemplary embodiment of FIG. 12, the
length D2' of the short sides of each of the first pixels P1' may
be equal to the length D4' of the short sides of each of the
second pixels P2', and the length D5' of the short sides of each
of the third pixels P3' may be smaller than the length D2' of
the short sides of each of the first pixels P1'. In addition, the
length of the long sides of each of the third pixels P3' may be
two to five times the length of the short sides of each of the
first pixels P1'. That is, a minimum width of each of the first
pixels P1' and a minimum width of each of the second pixels
P2' may be equal to or greater than a first width, and a mini-
mum width of each of the third pixels P3' may be equal to or
smaller than a second width which is smaller than the first
width. Here, the first width may be greater than 10 um, and the
second width may be 1 to 10 um, preferably, 3 to 7 pm.
[0133] Referring again to FIGS. 12 and 13, the surface
roughness of the first organic light-emitting layer 1524 may
be equal to the surface roughness of the second organic light-
emitting layer 1525, and the surface roughness of the third
organic light-emitting layer 152¢ may be greater than the
surface roughness of the first organic light-emitting layer
152a. In an exemplary embodiment, each of the first organic
light-emitting layer 152a and the second organic light-emit-
ting layer 152b may include a smooth surface, and the third
organic light-emitting layer 152¢ may include a surface with
random irregularities.

[0134] In addition, a length by which the third organic
light-emitting layer 150¢ protrudes out of each of the third
pixels P3' may be greater than a length by which the first
organic light-emitting layer 152a protrudes out of each of the
first pixels P1' and a length by which the second organic
light-emitting layer 1525 protrudes out of each of the second
pixels P2'. In the exemplary embodiment of FIGS. 12 and 13,
the length by which the first organic light-emitting layer 152a
protrudes out of each of the first pixels P1' and the length by
which the second organic light-emitting layer 1524 protrudes
out of each of the second pixels P2' may be D7q', and the
length by which the third organic light-emitting layer 152¢
protrudes out of each of the third pixels P3' may be D75,
wherein the length of D75' may be greater than the length of
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D74'. Here, a distance between the first organic light-emitting
layer 1524 and the third organic light-emitting layer 152¢ and
a distance between the second organic light-emitting layer
1525 and the third organic light-emitting layer 152¢ may be
D7¢, and the sum of D7a', D75 and D7¢' may be equal to D7'.
[0135] Theadhesion of the first organic light-emitting layer
1524 to the first pixel electrode 1424 and the adhesion of the
second organic light-emitting layer 1525 to the second pixel
electrode 1425 may be greater than the adhesion of the third
organic light-emitting layer 152¢ to the third pixel electrode
142c¢.

[0136] A method of manufacturing an organic lumines-
cence display according to another embodiment of the
present invention will now be described with reference to
FIGS. 14 through 18. FIG. 14 is a cross-sectional view illus-
trating an operation of preparing a substrate 100 having a
plurality of pixel electrodes (1424, 142b, 142¢) and a pixel
defining layer 132 in a method of manufacturing the organic
luminescence display of FIG. 12. FIG. 15 is a cross-sectional
view illustrating an operation of forming a first organic light-
emitting layer 152a in the method of manufacturing the
organic luminescence display of FIG. 12. FIG. 16 is a cross-
sectional view illustrating an operation of forming a second
organic light-emitting layer 1525 in the method of manufac-
turing the organic luminescence display of FIG. 12. FIG. 17 is
a cross-sectional view illustrating an operation of forming a
third organic light-emitting layer 152¢ in the method of
manufacturing the organic luminescence display of FIG. 12.
FIG. 18 is a cross-sectional view illustrating an operation of
forming a common electrode 162 in the method of manufac-
turing the organic luminescence display of FIG. 12. For sim-
plicity, elements substantially identical to those of FIGS. 4
through 8 are indicated by like reference numerals, and thus a
repetitive description thereof will be omitted.

[0137] Referring to FIG. 14, the substrate 100 having the
pixel electrodes (142a, 1425, 142¢) and the pixel defining
layer 132 may be prepared.

[0138] Referring to FIG. 15, after the substrate 100 having
the pixel electrodes (142a, 1425, 142¢) and the pixel defining
layer 132 is prepared, the first organic light-emitting layer
1524 may be formed by depositing a first organic light-emit-
ting material on a first pixel electrode 142a which is disposed
on the substrate 100 and exposed by the pixel defining layer
132.

[0139] Referring to FIG. 16, after the formation of the first
organic light-emitting layer 152a, the second organic light-
emitting layer 1525 may be formed by depositing a second
organic light-emitting material on a second pixel electrode
1425 which is disposed on the substrate 100 and exposed by
the pixel defining layer 132.

[0140] Referring to FIG. 17, after the formation of the
second organic light-emitting layer 1524, the third organic
light-emitting layer 152¢ may be formed by transferring a
transfer layer 432 containing a third organic light-emitting
material onto a third pixel electrode 142¢ which is disposed
on the substrate 100 and exposed by the pixel defining layer
132.

[0141] Specifically, a donor substrate 402 including a base
film 410, a light-to-heat conversion layer 420 and the transfer
layer 432 may be placed on the third pixel electrode 142¢ such
that the transfer layer 432 faces the substrate 100. Then, the
transfer layer 432 may be transferred onto the third pixel
electrode 142¢ by irradiating beams of a laser 500 to a region
of the donor substrate 402 which faces the third pixel elec-
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trode 142¢ exposed by the pixel defining layer 132. As a
result, the third organic light-emitting layer 152¢ may be
formed on the third pixel electrode 142¢.

[0142] Referring to FIG. 18, after the formation of the third
organic light-emitting layer 152¢, the common electrode 162
may be formed on the first organic light-emitting layer 1524,
the second organic light-emitting layer 1525, and the third
organic light-emitting layer 152¢.

[0143] In the above-described method of manufacturing
the organic luminescence display according to the current
embodiment, a minimum width of the third pixel electrode
142¢ exposed by the pixel defining layer 132 may be smaller
than a minimum width of the first pixel electrode 1424
exposed by the pixel defining layer 132 and a minimum width
of the second pixel electrode 1425 exposed by the pixel defin-
ing layer 132.

[0144] As described above, in the organic luminescence
display and the method of manufacturing the same according
to the current embodiment, first and second pixels P1' and P2'
which are large in size may formed by a deposition process,
and third pixels P3' which are small in size may be formed by
a transfer process. Specifically, the dot-shaped first and sec-
ondpixels P1' and P2' may be formed by a deposition process,
and the stripe-shaped third pixels P3' may be formed by a
transfer process.

[0145] Therefore, a high-quality organic luminescence dis-
play can be manufactured, and unnecessary work loss can be
reduced by reducing the process time and cost. In addition,
since a conventional deposition process is still used, high
efficiency and stability can be ensured. Further, the overall
aperture ratio of the organic luminescence display can be
improved.

[0146] FIG.19 is a plan view schematically illustrating the
pixel arrangement of an organic luminescence display
according to another embodiment of the present invention.
FIG. 20 is a cross-sectional view taken along line D-D' of
FIG. 19. For simplicity, elements substantially identical to
those of FIGS. 12 through 13 are indicated by like reference
numerals, and thus a repetitive description thereof will be
omitted.

[0147] Referring to FIGS. 19 and 20, in the organic lumi-
nescence display according to the current embodiment, a
third organic light-emitting layer 153¢ may extend continu-
ously over all rows in an (n+1)” column.

[0148] In the organic luminescence display according to
the current embodiment, since the third organic light-emitting
layer 153¢ is continuously formed at a time as described
above, process efficiency can be increased.

[0149] Inaddition, a reduction in the flatness of the organic
luminescence display due to an overlap between third organic
light-emitting layers 153¢ adjacent in a column direction can
be prevented.

[0150] Further, a common electrode 163 formed on the
pixel defining layer 132 in the (n+1)” column may be flat.
Therefore, the flatness of the organic luminescence display
can be ensured more easily.

[0151] FIGS. 21 and 22 are plan views schematically illus-
trating the pixel arrangement of organic luminescence dis-
plays according to other embodiments of the present inven-
tion. For simplicity, elements substantially identical to those
of FIGS. 12 through 13 are indicated by like reference numer-
als, and thus a repetitive description thereof will be omitted.
[0152] Referring to FIG. 21, in the same row, any one of
first and second pixels P1' and P2' may be disposed in an n”
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column, and the other one of the first and second pixels P1'
and P2' may be disposed in an (n+2)” column.

[0153] Therefore, color reproducibility of the organic lumi-
nescence display according to the current embodiment can be
improved.

[0154] Referring to FIG. 22, first and second pixels P1' and
P2' may be surrounded by third pixels P3', and each of the
third pixels P3' may be surrounded by the first and second
pixels P1' and P2'

[0155] In the organic luminescence display according to
the current embodiment, a distance between third organic
light-emitting layers 152¢ whose protruding distance is hard
to adjust is increased as much as possible. Therefore, the
aperture ratio of the organic luminescence display can be
improved further.

[0156] Embodiments of the present invention provide at
least one of the following advantages.

[0157] That is, ahigh-quality organic luminescence display
can be manufactured, and unnecessary work loss can be
reduced by reducing the process time and cost.

[0158] Inaddition, since a conventional deposition process
is still used, high efficiency and stability can be ensured.
[0159] Further, the overall aperture ratio of the organic
luminescence display can be improved.

[0160] However, the effects of the present invention are not
restricted to the one set forth herein. The above and other
effects of the present invention will become more apparent to
one of daily skill in the art to which the present invention
pertains by referencing the claims.

[0161] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims. It is
therefore desired that the present embodiments be considered
in all respects as illustrative and not restrictive, reference
being made to the appended claims rather than the foregoing
description to indicate the scope of the invention.

What is claimed is:

1. An organic luminescence display device, comprising:

a substrate;

a pixel defining layer disposed on the substrate and includ-

ing a plurality of opening regions and

a plurality of pixels located in the plurality of opening

regions defined by the pixel defining layer;

the pixels comprising:

a plurality of first pixels, each comprising a first organic

light-emitting layer; and

a plurality of second pixels which are smaller in size than

the first pixels and each of which comprises a second
organic light-emitting layer;

the first organic light-emitting layer protruding out of each

of the first pixels, the second organic light-emitting layer
protruding out of each of the second pixels, and a length
by which the second organic light-emitting layer pro-
trudes out of each of the second pixels is greater than a
length by which the first organic light-emitting layer
protrudes out of each of the first pixels.

2. The organic luminescence display device of claim 1,
wherein an edge portion of the first organic light-emitting
layer and an edge portion of the second organic light-emitting
layer are disposed on the pixel defining layer.
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3. The organic luminescence display device of claim 1,
wherein the first pixels are dot-shaped, and the second pixels
are stripe-shaped.

4. The organic luminescence display device of claim 3,
wherein the first and second pixels are quadrangular, a length
of long sides of each of the first pixels is equal to a length of
long sides of each of the second pixels, and a length of short
sides of each of the first pixels is greater than a length of short
sides of each of the second pixels.

5. The organic luminescence display device of claim 1,
wherein the pixels comprise a plurality of third pixels which
are equal in size to the first pixels and each of which com-
prises a third organic light-emitting layer, wherein a length by
which the third organic light-emitting layer protrudes out of
each of the third pixels is equal to the length by which the first
organic light-emitting layer protrudes out of each of the first
pixels.

6. The organic luminescence display device of claim 5,
wherein each of the second pixels is disposed between the
first and third pixels.

7. The organic luminescence display device of claim 6,
wherein the pixels are arranged in a matrix having a plurality
of columns and a plurality of rows intersecting the columns,
wherein an n-th column comprises the first pixels and the
third pixels arranged alternately, an (n+1)-th column adjacent
to the n-th column comprises the second pixels, an (n+2)-th
column adjacent to the (n+1)-th column comprises the first
pixels and the third pixels arranged alternately, and an (n+3)-
th column adjacent to the (n+2)-th column comprises the
second pixels, and wherein, in a same row, any one of the first
and third pixels is disposed in the n-th column, and another
one of the first and third pixels is disposed in the (n+2)-th
column, where n is a natural number.

8. The organic luminescence display device of claim 7,
wherein the second organic light-emitting layer extends con-
tinuously over all rows in the (n+1)-th column and the (n+3)-
th column.

9. The organic luminescence display device of claim 5,
wherein each of the first pixels or each of the third pixels is
surrounded by the second pixels, and each of the second
pixels is surrounded by the first pixels and the third pixels.

10. The organic luminescence display device of claim 1,
wherein each of the first pixels comprises a first pixel elec-
trode which contacts the first organic light-emitting layer, and
each of the second pixels comprises a second pixel electrode
which contacts the second organic light-emitting layer, and
wherein adhesion of the first organic light-emitting layer to
the first pixel electrode is greater than adhesion of the second
organic light-emitting layer to the second pixel electrode.

11. An organic luminescence display device, comprising:

a substrate; and

a plurality of pixels disposed on the substrate;
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the pixels comprising:

a plurality of first pixels, each comprising a first organic

light-emitting layer;

a plurality of second pixels, each comprising a second

organic light-emitting layer; and

a plurality of third pixels, each comprising a third organic

light-emitting layer,
wherein a length by which the first organic light-emitting
layer protrudes out of each of the first pixels is equal to
a length by which the second organic light-emitting
layer protrudes out of each of the second pixels; and

wherein a length by which the third organic light-emitting
layer protrudes out of each of the third pixels is greater
than the length by which the first organic light-emitting
layer protrudes out of each of the first pixels.

12. The organic luminescence display device of claim 11,
wherein the first and second pixels are dot-shaped, and the
third pixels are stripe-shaped.

13. The organic luminescence display device of claim 12,
wherein the first through third pixels are quadrangular, a
length of short sides of each of the first pixels is equal to a
length of short sides of each of the second pixels, and a length
of short sides of each of the third pixels is smaller than the
length of the short sides of each of the first pixels.

14. The organic luminescence display device of claim 13,
whereina length of long sides of'each of the third pixelsis two
to five times the length of the short sides of each of the first
pixels.

15. The organic luminescence display device of claim 12,
wherein a minimum width of each of the first pixels and a
minimum width of each of the second pixels are not less than
a first width, and a minimum width of each of the third pixels
is not greater than a second width which is smaller than the
first width.

16. The organic luminescence display device of claim 11,
wherein the pixels are arranged in a matrix having a plurality
of columns and a plurality of rows intersecting the columns,
wherein an n-th column comprises the first pixels and the
second pixels arranged alternately, and an (n+1)-th column
adjacent to the n-th column comprises the third pixels,
wherein each of the third pixels extends continuously over a
row in which the first pixels are arranged and a row in which
the second pixels adjacent to the first pixels are arranged,
where n is a natural number.

17. The organic luminescence display device of claim 16,
wherein the third organic light-emitting layer extends con-
tinuously over all rows in the (n+1)-th column.

18. The organic luminescence display device of claim 11,
wherein the first and second pixels are surrounded by the third
pixels, and each of the third pixels is surrounded by the first
and second pixels.
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