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An organic light-emitting display device including a pixel-
defining layer and a spacer, and a method of manufacturing

(KR) the same. The method includes: forming an organic insulating
material layer on a pixel electrode; placing a half-tone mask
. ncluding a light-blocking portion, a partial-transmitting por-
(21) Appl.No.:  13/022,530 including a light-blocki i ial itti
tion, and a light-transmitting portion on the organic insulating
(22) Filed: Feb. 7. 2011 material layer and performing an exposure process so that the
' v pixel electrode corresponds to the light-transmitting portion,
. . L . a pixel-defining layer at least partially surrounding the pixel
(30) Foreign Application Priority Data electrode corresponds to the partial-transmitting portion, and
i } a spacer adjacent to the pixel-defining layer corresponds to
Feb. 16,2010  (KR) wocerrrevervcenncens 10-2010-0013846 the light-blocking portion; and etching a portion of the
. e organic insulating material layer that is exposed so that a pixel
Publication Classification area on the pixel electrode is at least partially surrounded by
(51) Int.CL the pixel-defining layer and the spacer. A taper angle of the
HOIL 51/52 (2006.01) pixel-defining layer is between about 15 degrees to about 30
HOIL 51/56 (2006.01) degrees.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0013846, filed on
Feb. 16, 2010, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] An embodiment of the present invention relates to
an organic light-emitting display device and a method of
manufacturing the same.

[0004] 2. Description of Related Art

[0005] In general, organic light-emitting display devices
are self-emissive display devices which include a pixel elec-
trode, a counter electrode, and an organic light-emitting layer
between the pixel electrode and the counter electrode such
that when an appropriate anode voltage and an appropriate
cathode voltage are applied to the electrodes, light is emitted
from the organic light-emitting layer.

[0006] As the sizes of organic light-emitting display
devices have recently increased, the organic light-emitting
layers have been formed by a printing process, such as nozzle
printing or inkjet printing, which obviates the need to use a
mask, more often than they have been formed by a mask
process.

[0007] In order to form the organic light-emitting layer by
using a printing process, a barrier may be used to prevent an
organic light-emitting layer solution that is ejected into a
pixel area from penetrating into an adjacent pixel area. A
spacer and a pixel-defining layer may serve as the barrier.
[0008] The pixel-defining layer at least partially surrounds
and separates each pixel from other pixels. The spacer
projects from the pixel-defining layer and acts as a barrier for
preventing the organic light-emitting layer solution from pen-
etrating into an adjacent pixel area.

SUMMARY

[0009] Because a conventional manufacturing method
involves patterning the pixel-defining layer on the pixel elec-
trode and patterning the spacer on the pixel-defining layer, a
two-mask process may need to be performed to form the
pixel-defining layer and the spacer. Accordingly, research for
a simpler manufacturing processes is ongoing.

[0010] Accordingly, an aspect of the present invention pro-
vides an organic light-emitting display device in which a
pixel-defining layer and a spacer are formed using a single-
mask process. Another aspect of the present invention pro-
vides a method of manufacturing the organic light-emitting
display device.

[0011] According to one embodiment of the present inven-
tion, there is provided an organic light-emitting display
device including: a pixel electrode electrically coupled to a
thin film transistor; a pixel-defining layer at least partially
surrounding the pixel electrode and defining a pixel area; a
spacer adjacent to the pixel-defining layer; a second electrode
corresponding to the pixel electrode; and an organic light-
emitting layer between the pixel electrode and the second
electrode, wherein a taper angle of the pixel-defining layer
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between the pixel electrode and the organic light-emitting
layer is in the range of about 15 degrees to about 30 degrees.

[0012] The pixel-defining layer may have a thickness of
less than about 4000 A. The spacer may be integrally project-
ing from the pixel-defining layer. The second electrode may
be facing the pixel electrode.

[0013] Another embodiment of the present invention pro-
vides a method of manufacturing an organic light-emitting
display device including: forming an organic insulating mate-
rial layer on a pixel electrode; placing a half-tone mask
including alight-blocking portion, a partial-transmitting por-
tion, and light-transmitting portion on the organic insulating
material layer; performing an exposure process so that the
pixel electrode corresponds to the light-transmitting portion,
a pixel-defining layer at least partially surrounding the pixel
electrode corresponds to the partial-transmitting portion, and
a spacer adjacent to the pixel-defining layer corresponds to
the light-blocking portion; and etching a portion of the
organic insulating material layer so that a pixel area on the
pixel electrode is at least partially surrounded by the pixel-
defining layer and the spacer corresponding to the exposure
process.

[0014] The exposure process may include a defocusing
process, wherein at least one beam of light is focused away
from an exposed surface of the organic insulating material
layer. The defocusing process may include focusing the at
least one beam of light about 10 pm to about 15 um from the
exposed surface of the organic insulating material layer. A
taper angle of the pixel-defining layer between the pixel elec-
trode and the organic light-emitting layer in the pixel-defining
layer may be between about 15 degrees to about 30 degrees.
The pixel-defining layer may have a thickness of less than
about 4000 A. The light-blocking portion may have a light
transmittance of about 0%, the partial-transmitting portion
may have a light transmittance of about 40% to about 70%,
and the light-transmitting portion may have a light transmit-
tance of about 100%. The portion of the organic insulating
material layer may be exposed during the exposure process.
The method may also include preparing the half-tone mask.
[0015] According to embodiments of the present invention,
a pixel-defining layer and a spacer may be formed by using a
single-mask process using a half-tone mask, the manufactur-
ing process may be simplified, and a uniform organic light-
emitting layer may be formed by reducing a taper angle of the
pixel-defining layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention and, together with the description, serve to
explain the principles of embodiments of the present inven-
tion.

[0017] FIG. 1 is a cross-sectional view of an organic light-
emitting display device according to an embodiment of the
present invention;

[0018] FIG. 2 is an enlarged view illustrating portion A of
FIG.1;and

[0019] FIGS. 3A and 3B are cross-sectional views illustrat-
ing an embodiment of the present invention wherein a method
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of manufacturing is used to form the embodiment of the
organic light-emitting display device of FIG. 1.

DETAILED DESCRIPTION

[0020] Hereinafter, certain exemplary embodiments
according to the present invention will be described with
reference to the accompanying drawings. Here, when a first
element is described as being coupled to a second element,
the first element may be directly coupled to the second ele-
ment or may be indirectly coupled to the second element via
one or more additional elements. Further, some of the ele-
ments that are not essential to a complete understanding of the
invention are omitted for clarity. Also, like reference numer-
als refer to like elements throughout.

[0021] Hereinafter, exemplary embodiments of the present
invention are described in detail with reference to FIGS. 1 to
3B.

[0022] FIG. 1 is a cross-sectional view illustrating an
organic light-emitting display device according to one
embodiment of the present invention.

[0023] Referring to FIG. 1, the organic light-emitting dis-
play device according to one embodiment of the present
invention includes a thin film transistor (TFT) 30 formed on a
substrate 10, and also includes an organic light-emitting ele-
ment 40. It should be understood that although FIG. 1 illus-
trates one pixel of the organic light-emitting display device,
the organic light-emitting display device may include a plu-
rality of pixels.

[0024] The TFT 30 includes: an active layer 31 formed on
the substrate 10; a first insulating layer 32 covering the active
layer 31; a gate electrode 33 formed on the first insulating
layer 32; a second insulating layer 34 formed on the first
insulating layer 32 and covering the gate electrode 33; and
source/drain electrodes 35 respectively coupled to the active
layer 31 for coupling the active layer 31 to a pixel electrode 41
of the organic light-emitting element 40. Accordingly, if an
appropriate voltageis applied to the gate electrode 33, current
begins to flow to the pixel electrode 41 through the active
layer 31 and the source/drain electrodes 35.

[0025] Additionally, a buffer layer (not shown) for prevent-
ing penetration of impurities and for achieving planarization
of the substrate 10 may be disposed on a top surface of the
substrate 10.

[0026] A passivation layer 20 may include an inorganic
insulating layer or an organic insulating layer. If the passiva-
tion layer 20 includes an inorganic insulating layer, the inor-
ganic insulating layer may include SiO,, SiNx, SiON, AL, O;,
Ti0,, Ta,05, HO,, ZrO,, BST, and/or PZT. If the passivation
layer 20 includes an organic insulating layer, the organic
insulating layer may include polymethyl methacrylate
(PMMA), a phenol-containing polymer derivative, an acryl-
based polymer, an imide-based polymer, an arylether-based
polymer, an amide-based polymer, a fluorine-based polymer,
a p-xylene-based polymer, a vinylalcohol-based polymer,
and/or a blend thereof. Alternatively, the passivation layer 20
may include both an inorganic insulating layer and an organic
insulating layer that are stacked.

[0027] The pixel electrode 41 of the organic light-emitting
element 40 contacting the source/drain electrodes 35 is
formed on the passivation layer 20.

[0028] A pixel-defining layer 51, which at least partially
surrounds the pixel electrode 41 and defines a pixel area, is
formed (e.g., integrally formed) with a spacer 52 on the pas-
sivation layer 20. An organic light-emitting layer 42 and a
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counter electrode 43 (which may be referred to as a second
electrode) of the organic light-emitting element 41 are formed
(e.g., sequentially formed) on the pixel electrode 41.

[0029] The organic light-emitting element 40, which is
electrically coupled to the TFT 30 and is configured to emit
light, includes the pixel electrode 41 electrically coupled to
the TFT 30, the second electrode 43 that is a common elec-
trode, and the organic light-emitting layer 42 between the
pixel electrode 41 and the second electrode 43. Accordingly,
if a voltage is applied to the pixel electrode 41 from the TFT
30 to generate an electric field between the pixel electrode 41
and the second electrode 43, the organic light-emitting layer
42 may emit light.

[0030] If the organic light-emitting display device is a top
emission organic light-emitting display device, whereby light
1s emitted in a direction toward the second electrode 43, then
the pixel electrode 41 may be reflective. To this end, the pixel
electrode 41 may include a reflective layer formed of an alloy
such as aluminum (Al) or silver (Ag).

[0031] Ifthepixelelectrode41 isusedas ananode, the pixel
electrode 41 may include a layer formed of a metal oxide with
a high work function (absolute value) such as indium tin
oxide (ITO), indium zinc oxide (IZO), or zinc oxide (ZnO). If
the pixel electrode 41 is used as a cathode, the pixel electrode
41 may be formed of a metal with a high conductivity and a
low work function (absolute value) such as silver (Ag), mag-
nesium (Mg), aluminum (Al), platinum (Pt), lead (Pd), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L), or calcium (Ca). Accordingly, in this case,
the aforesaid reflective layer is not necessary.

[0032] The second electrode 43 may be a transmissive elec-
trode. To this end, the second electrode 43 may include a
partial-transmitting reflective layer formed of Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca, or a light-transmitting metal
oxide such as ITO, IZON, or ZnQ. If the pixel electrode 41 is
used as an anode, the second electrode 43 may be used as a
cathode. Conversely, if the pixel electrode 41 is used as a
cathode, the second electrode 43 may be used as an anode.
[0033] The organic light-emitting layer 42 between the
pixel electrode 41 and the second electrode 43 may be formed
by stacking all or some of a hole injection layer, a hole
transport layer, a light-emitting layer, an electron injection
layer, and an electron transport layer. The organic light-emit-
ting layer 42 includes the light-emitting layer.

[0034] The organic light-emitting layer 42 may be formed
by a printing process such as inkjet printing or nozzle print-
ing. That is, the organic light-emitting layer 42 may be
formed by ejecting an ink droplet into the pixel area defined
by the pixel-defining layer 51 and the spacer 52 to fill the pixel
area with the ink droplet and then drying the ink droplet.
[0035] Since it is undesirable for the ink droplet to pen-
etrate into an adjacent pixel area, the pixel-defining layer 51
and the spacer 52 may act as a barrier. If the pixel-defining
layer 51 1s too thick in a limited space, however, a taper angle
0 (see FIG. 2) toward the pixel area may be too large. In this
case, the ink droplet may not be uniformly filled ina region B
(see FIG. 2) corresponding to a boundary between the pixel
area and the pixel-defining layer 51, thereby potentially lead-
ing to a poor quality pixel. Accordingly, the pixel-defining
layer 51 may have a thickness “h” (see FIG. 2) of less than
about 4000 A and the taper angle 6 (see FIG. 2) may be
between about 15 degrees to about 30 degrees.

[0036] If the pixel-defining layer 51 is too thin, since the
pixel-defining layer 51 cannot act alone as a barrier, the
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spacer 52 should be formed without fail. However, if the
pixel-defining layer 51 and the spacer 52 are formed by using
masks corresponding to patterns of the pixel-defining layer
51 and the spacer 52, then the manufacturing process may be
complicated. Accordingly, a half-tone mask 100, as illus-
trated in FIG. 3B, may be used.

[0037] FIGS. 3A and 3B illustrate one embodiment of the
present invention wherein a process of manufacturing the
pixel-defining layer 51 and the spacer 52 uses the half-tone
mask 100.

[0038] Referring to FIG. 3A, an organic insulating material
layer 50 for forming the pixel-defining layer 51 and the spacer
52 may be formed on the pixel electrode 41. The organic
insulating material layer 50 may be formed of polyimide or
the like. The foregoing materials are provided merely as
examples, and should not be interpreted as limiting the
present invention or embodiments thereof.

[0039] Referring to FIG. 3B, the half-tone mask 100 is
placed on the organic insulating material layer 50 and an
exposure process is performed. Due to the half-tone mask
100, the exposure process may be performed on the pixel area
on which the pixel electrode 41 is disposed, an area on which
the pixel-defining layer 51 is to be formed, and an area on
which the spacer 52 is to be formed. Conventionally, this may
have been formed with different doses and at different times.
[0040] The half-tone mask 100 includes a light-transmit-
ting portion 110 that transmits light (that is, has a light trans-
mittance of about 100%), a light-blocking portion 130 that
blocks light (that is, has a light transmittance of about 0%),
and a partial-transmitting portion 120 which partially trans-
mits light. The exposure process may be performed by plac-
ing the half-tone mask 100 so that the light-transmitting por-
tion 110 corresponds to the pixel area of the pixel electrode
41, so that the partial-transmitting portion 120 corresponds to
the area of the pixel-defining layer 51, and so that the light-
blocking portion 130 corresponds to the area of the spacer 52.
[0041] Next, a portion of the organic insulating material
layer 50 that is exposed by the light-transmitting portion 110
may be removed during a subsequent etching process to
expose the pixel electrode 41, and a portion of the organic
insulating material layer 50 to which light is blocked by the
light-blocking portion 130 may remain to form the spacer 52.
A portion of the organic insulating material layer 50 through
which light is partially transmitted may remain partially to
form the pixel-defining layer 51. Accordingly, since the pixel-
defining layer 51 and the spacer 52 are formed with each other
using a single-mask process, the inconvenience of using two-
mask processes in a conventional method may be avoided.
[0042] The partial-transmitting portion 120 used to form
the pixel-defining layer 51 may have a light transmittance of
about 40% to about 70%. If the exposure process is carried out
when the partial-transmitting portion 120 has a light trans-
mittance of about 40% to about 70%, then the pixel-defining
layer 51 may have the thickness “h” (see FIG. 2) of about
4000 A, which is less than a thickness of the spacer 52, and the
taper angle 8 (see F1G. 2) may be between about 15 degrees to
about 30 degrees.

[0043] During the exposure process, defocusing, which
causes a beam of light to be focused away from an exposed
surface of the organic insulating material layer 50, may be
performed. That is, if defocusing is carried out in such a
manner that a beam of light is focused about 10 pm to about
15 um from the exposed surface, then the sharpness of borders
between the areas exposed through the light-transmitting por-
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tion 110 and the partial-transmitting portion 120 of the half-
tone mask 100 may be reduced.

[0044] Accordingly, since the pixel area formed by the
etching process after the exposure process is gradually
inclined, the taper angle 6 may also be small. Accordingly, if
the taper angle 0 is less than about 30 degrees, an ink droplet
for forming the organic light-emitting layer 42 may more
uniformly fill the pixel area, thereby reducing the risk of
forming a poor quality pixel. If the taper angle 0 is too small,
however, then the pixel-defining layer 51 may fail to deter-
mine the size of a pixel. Therefore, the taper angle 0 is typi-
cally greater than about 15 degrees.

[0045] The organic light-emitting display device of FIG. 1
may be manufactured by forming the pixel-defining layer 51
and the spacer 52 as described above, ejecting an ink droplet
into the pixel area to form the organic light-emitting layer 42,
and forming the second electrode 43, which is a common
electrode, on the organic light-emitting layer 42.

[0046] Additionally, a protective layer (not shown) may be
formed on the second electrode 43, and sealing may be per-
formed by using, for example, glass.

[0047] As described above, since the organic light-emitting
display device and the method of manufacturing the same
according to the embodiments of the present invention form a
pixel-defining layer and a spacer by using a single-mask
process using a half-tone mask, amanufacturing process may
be simplified. Furthermore, a uniform organic light-emitting
layer may be formed by reducing a taper angle of the pixel-
defining layer.

[0048] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An organic light-emitting display device comprising:

a pixel electrode electrically coupled to a thin film transis-

tor;

a pixel-defining layer at least partially surrounding the

pixel electrode and defining a pixel area;

a spacer adjacent to the pixel-defining layer;

a second electrode corresponding to the pixel electrode;

and

an organic light-emitting layer between the pixel electrode

and the second electrode,

wherein a taper angle of the pixel-defining layer between

the pixel electrode and the organic light-emitting layeris
in the range of about 15 degrees to about 30 degrees.

2. The organic light-emitting display device of claim 1,
wherein the pixel-defining layer has a thickness of less than
about 4000 A.

3. The organic light-emitting display device of claim 1,
wherein the spacer is integrally projecting from the pixel-
defining layer.

4. The organic light-emitting display device of claim 1,
wherein the second electrode is facing the pixel electrode.

5. A method of manufacturing an organic light-emitting
display device comprising:

forming an organic insulating material layer on a pixel

electrode;
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placing a half-tone mask comprising a light-blocking por-
tion, a partial-transmitting portion, and a light-transmit-
ting portion on the organic insulating material layer;

performing an exposure process so that the pixel electrode
corresponds to the light-transmitting portion, a pixel-
defining layer at least partially surrounding the pixel
electrode corresponds to the partial-transmitting por-
tion, and a spacer adjacent to the pixel-defining layer
corresponds to the light-blocking portion; and

etching a portion of the organic insulating material layer so

that a pixel area on the pixel electrode is at least partially
surrounded by the pixel-defining layer and the spacer
corresponding to the exposure process.

6. The method of claim 5, wherein the exposure process
comprises a defocusing process, wherein at least one beam of
light is focused away from an exposed surface of the organic
insulating material layer.

7. The method of claim 6, wherein the defocusing process
comprises focusing the at least one beam of light about 10 um
to about 15 pm from the exposed surface of the organic
insulating material layer.
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8. The method of claim 5, wherein a taper angle of the
pixel-defining layer between the pixel electrode and the
organic light-emitting layer in the pixel-defining layer is
between about 15 degrees to about 30 degrees.

9. The method of claim 5, wherein the pixel-defining layer
has a thickness of less than about 4000 A.

10. The method of claim 5, wherein the light-blocking
portion has a light transmittance of about 0%, the partial-
transmitting portion has a light transmittance of about 40% to
about 70%, and the light-transmitting portion has a light
transmittance of about 100%.

11. The method of claim 5, wherein the portion of the
organic insulating material layer is exposed during the expo-
sure process.

12. The method of claim 5, further comprising preparing
the half-tone mask.
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