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(57) ABSTRACT

Anorganic light emitting display is disclosed. The display has
a pixel which includes a transistor and a capacitor. The active
layer of the transistor and at least one of the electrodes of the
capacitor comprise a semiconductor oxide.
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ORGANIC LIGHT EMITTING DISPLAY AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0105985, filed on
Nov. 4, 2009, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The field relates to a method of manufacturing an
organic light emitting display, and more particularly, to a
method of manufacturing an organic light emitting display
including a thin film transistor (TFT) in which oxide semi-
conductor is used as an active layver and including a capacitor
having a metal-oxide-semiconductor (MOS) structure, and a
method of manufacturing the same.

[0004] 2. Description of the Related Technology

[0005] In general, a thin film transistor (TFT) includes an
active layer providing a channel region, a source region, and
a drain region and a gate electrode insulated from the active
layer of the channel region by a gate insulating layer.

[0006] The active layer of the TFT is made of a semicon-
ductor such as amorphous silicon or poly-silicon. When the
active layer is made of amorphous silicon, mobility is low so
that it is difficult to realize a driving circuit driven at high
speed. When the active layer is made of poly-silicon, since
mobility is high but a threshold voltage is not uniform, a
compensation circuit must be added.

[0007] In addition, it is difficult to apply a conventional
TFT manufacturing method using low temperature poly-sili-
con (LTPS)to a large area substrate since a high-price process
suchas laser heat treatment is included and TFT characteristic
control is difficult.

[0008] In order to solve the above-described problems,
research on using an oxide semiconductor as the active layer
have been recently performed.

[0009] In Japanese Patent Publication No. 2004-273614, a
TFT in which an oxide semiconductor using zinc oxide (ZnO)
as a main component is used as the active layer is disclosed.
[0010] The oxide semiconductor having ZnQO used as the
main component is estimated as an amorphous and stable
material. When the oxide semiconductor is used as the active
layer, the TFT may be manufactured by the conventional
LTPS process at a low temperature no more than 300° C.
[0011] However, when the oxide semiconductor is used as
the active layer, since the lower and upper electrodes of a
capacitor are to be formed in the processes of forming the gate
electrode and the source and drain electrodes of the TFT, the
capacitor may be realized only by a metal-insulator-metal
(MIM) structure. Since a thick insulating layer (inorganic
material) is to be used as a dielectric material, it is difficult to
realize high electrostatic capacity per a unit area. Therefore,
in order to secure a uniform level of electrostatic capacity, the
area of the capacitor is to be increased.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0012] One aspect is a method of manufacturing an organic
light emitting display. The method includes forming a gate
electrode and a lower electrode on a substrate, forming a first
insulating layer over the gate electrode and the lower elec-
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trode, forming an oxide semiconductor layer on the first insu-
lating layer, and patterning the oxide semiconductor layer to
form an active layer on the first insulating layer over the gate
electrode and to form an upper electrode on the first insulating
layer over the lower electrode. The method also includes
forming a second insulating layer over theactivelayer and the
upper electrode, forming source and drain electrodes coupled
to the active layer on the second insulating layer, forming a
third insulating layer including an organic material over the
source and drain electrodes, patterning the third insulating
layer to expose at least one of the source and drain electrodes,
and bathing the third insulating layer and the exposed portion
of the exposed electrode with a solution including H. The
method also includes forming a first electrode coupled to the
source or drain electrode on the third insulating layer, forming
a pixel defining layer over the first electrode, where the pixel
defining layer has an opening exposing the first electrode in
an emission region, forming an organic light emitting layer on
the exposed first electrode, and forming a second electrode on
the organic light emitting layer.

[0013] Another aspect is a method of manufacturing a dis-
play device. The method includes forming a transistor on a
substrate, where the transistor includes a gate electrode, and
drain and source electrodes connected to an active layer
which includes an oxide semiconductor material. The method
also includes forming a capacitor on the substrate, where the
capacitor includes first and second electrodes separated by an
insulating layer, where at least one of the electrodes includes
the oxide semiconductor material. The method also includes
forming an additional insulating layer over the transistor and
the capacitor, and bathing the additional insulating layer in a
solution including hydrogen, where the hydrogen diffuses
into the oxide semiconductor material of the capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, together with the
specification, illustrate exemplary embodiments, and,
together with the description, serve to explain various inven-
tive principles.

[0015] FIGS. 1 to 7 are cross-sectional views illustrating a
method of manufacturing an organic light emitting display.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0016] Inthe following detailed description, certain exem-
plary embodiments are shown and described, simply by way
of illustration. As those skilled in the art would realize, the
described embodiments may be modified in various ways,
without departing from the spirit or scope of the present
invention. Accordingly, the drawings and description are to
be regarded as illustrative in nature and not restrictive. In
addition, when an element is referred to as being “on” another
element, it can be directly on the other element or be indi-
rectly on the other element with one or more intervening
elements interposed therebetween. Also, when an element is
referred to as being “connected to” another element, it can be
directly connected to the other element or be indirectly con-
nected to the other element with one or more intervening
elements interposed therebetween. Hereinafter, like refer-
ence numerals generally refer to like elements.

[0017] Hereinafter, various aspects of certain embodiments
are described in detail with reference to the accompanying
drawings.
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[0018] FIGS. 1to 7 are cross-sectional views illustrating a
method of manufacturing an organic light emitting display.

[0019] Referring to FIG. 1, abuffer layer 12 is formed on an
insulating substrate 10 made of a transparent or substantially
transparent material, such as, glass or plastic. After forming a
metal layer on the buffer layer 12, the metal layer is patterned
to form the gate electrode 14a of a thin film transistor (TFT)
and the lower electrode 145 of a capacitor. Then, a first insu-
lating layer 16 is formed on the buffer layer 12, the gate
electrode 14a, and the lower electrode 144. The metal layer
may be made of, for example, metals such as W, Ti, Mo, Ag,
Ta, Al, Cu, Au, Cr, and Nb or an alloy of the above metals. The
gate insulating layer of the TFT and the first insulating layer
used as the dielectric material of the capacitor may be made
of, for example, SiOx or SiNx.

[0020] Referring to FIG. 2, after forming an oxide semi-
conductor layer on the first insulating layer 16, the oxide
semiconductor layer is patterned to form an active layer 18«
on the insulating layer 16 formed on the gate electrode 14a
and to form an upper electrode 185 on the insulating layer 16
formed on the lower electrode 145. The oxide semiconductor
layer may be made of, for example, ZnO or ZnO doped with
In, Ga, Hf, and Sn, for example, InZnO (IZ0O), GalnZnO
(GIZ0), and HfInZnO.

[0021] Referring to FIG. 3, a second insulating layer 20 is
formed on the first insulating layer 16, the active layer 18a,
and the upper electrode 185. A contact hole 20q is formed to
expose regions (source and drain regions) of the active layer
18a. The second insulating layer 20 may be made of, for
example, silicon oxide, silicon nitride, or gallium oxide.

[0022] Referring to FIG. 4, after a metal layer is formed on
the second insulating layer 20 in the contact holes 204 and
204, the metal layer is patterned to form source and drain
electrodes 22a and 22b. The source and drain electrodes 22a
and 225 are coupled to the active layer 184 in the source and
drain regions. The metal layer may be made of, for example,
metals such as W, Ti, Mo, Ag, Ta, Al, Cu, Au, Cr, and Nb oran
alloy thereof.

[0023] Inaprocess of patterning the metal layer in order to
form the source and drain electrodes 22a and 225, the second
insulating layer 20 may be used as an etch stop layer. The
patterning process may include dry etching. However, since
the second insulating layer 20 is formed on the active layer
18a in a channel region, it is possible to prevent certain
electric characteristics of the TFT from being harmed due to
damage of the active layer 18a.

[0024] Referring to FIG. 5, a third insulating layer 24 is
formed on the second insulating layer 20, and the source and
drain electrodes 22a and 2256. A fourth insulating layer 26
made of an organic material such as acrylic and polyimide is
formed on the third insulating layer 24 in order to planarize
the surface. The fourth insulating layer 26 and the third insu-
lating layer 24 are subsequently patterned to form a via hole
26a so that the source or drain electrode 22a or 225 are
exposed. In some embodiments, the third insulating layer 24
is omitted.

[0025]  After forming the viahole 264 in the third insulating
layer 24 and the fourth insulating layer 26, bathing is per-
formed with a solution containing H (hydrogen ions). In some
embodiments, the bathing removes etching residue and con-
taminants. In some embodiments, H,O is used as a bathing
solution in order to have H effectively permeate the fourth
insulating layer 26, which is made of the organic material.
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[0026] Referring to FIG. 6, after forming a transparent con-
ductive layer such as indium tin oxide (ITO) and indium zinc
oxide (IZO) on the fourth insulating layer 26 to contact the
source or drain electrode 22a or 225b. The transparent conduc-
tive layer is patterned to form the anode electrode 28 coupled
to the source or drain electrode 22a or 225. In this embodi-
ment, the anode electrode 28 is formed to completely overlap
the upper electrode 185 and to only partially overlap the
active layer 18a.

[0027] Referring to FIG. 7, after forming the pixel defining
layer 30 on the third insulating layer 26 and the anode elec-
trode 28, the pixel defining layer 30 is patterned to expose the
anode electrode 28 in the emission region. An organic light
emitting layer 32 is subsequently formed on the exposed
anode electrode 28 and a cathode electrode 34 is formed on
the pixel defining layer 30 and the organic light emitting layer
32.

[0028] As shown in FIGS. 6 and 7, because the anode
electrode 28 is impermeable to the H, and covers or encapsu-
lates the upper electrode 185, the H near the upper electrode
185 does not diffuse to the outside, but diffuses to the upper
electrode 1856. The concentration of H of the oxide semicon-
ductor layer consequently increases. When the concentration
of H in the upper electrode 1856 is sufficient, because of the
number of carriers, the oxide semiconductor layer has con-
ductivity high enough to be effective as the upper electrode
185. In contrast, because the active layer 18a is notcovered or
encapsulated by the anode electrode 28, H that permeates the
fourth insulating layer 26 near the active layer 18a diffuses to
the outside via the diffusion path from the active layer 18a
through the second, third, and fourth insulating layers 20, 24,
and 26. In order to promote the diffusion of H, a heat treat-
ment may be included in the manufacturing processes of
FIGS. 6 and 7.

[0029] Intheorganic light emitting display according to the
present invention, a signal provided from the outside is stored
in the capacitor and a signal is provided to the anode electrode
28 by the TFT. Therefore, when a voltage is applied to the
anode electrode 28 and the cathode electrode 34, holes
injected through the anode electrode 28 and electrons injected
through the cathode electrode 34 recombine with each other
in the organic light emitting layer 32. Light is emitted from
the organic light emitting layer 32 due to energy differences
generated in this process and is projected to the outside to
display characters or an image.

[0030] While various inventive aspects have been
described, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements.

What is claimed is:
1. A method of manufacturing an organic light emitting
display, the method comprising:

forming a gate electrode and a lower electrode on a sub-
strate;

forming a first insulating layer over the gate electrode and
the lower electrode;

forming an oxide semiconductor layer on the first insulat-
ing layer;

patterning the oxide semiconductor layer to form an active
layer on the first insulating layer over the gate electrode
and to form an upper electrode on the first insulating
layer over the lower electrode;
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forming a second insulating layer over the active layer and

the upper electrode;

forming source and drain electrodes coupled to the active

layer on the second insulating layer;

forming a third insulating layer comprising an organic

material over the source and drain electrodes;
patterning the third insulating layer to expose at least one of
the source and drain electrodes;

bathing the third insulating layer and the exposed portion

of the exposed electrode with a solution including H;
forming a first electrode coupled to the source or drain
electrode on the third insulating layer,

forming a pixel defining layer over the first electrode,

wherein the pixel defining layer has an opening exposing
the first electrode in an emission region;

forming an organic light emitting layer on the exposed first

electrode; and

forming a second electrode on the organic light emitting

layer.

2. The method as claimed in claim 1, wherein the gate
electrode and the lower electrode each comprise a metal.

3. The method as claimed in claim 1, wherein the first
insulating layer comprises SiO or SiNx.

4. The method as claimed in claim 1, wherein the oxide
semiconductor layer comprises ZnO.

5. The method as claimed in claim 4, wherein the oxide
semiconductor layer is doped with at least one ion of Ga, In,
Hf, and Sn.

6. The method as claimed in claim 1, wherein the second
insulating layer is used as an etch stop layer in an etch process
of forming the source and drain electrodes.

7. The method as claimed in claim 1, wherein the organic
material of the third insulating layer comprises acrylic or
polyimide.

8. The method as claimed in claim 1, wherein the bathing
solution comprises H,O.

9. The method as claimed in claim 1, wherein the first
electrode overlaps the upper electrode.

10. The method as claimed in claim 1, further comprising
heating the display after forming the pixel defining layer.

11. The method as claimed in claim 1, wherein the bathing
cleanses at least one of the third insulating layer and the
exposed electrode.

12. The method as claimed in claim 1, wherein the first
electrode only partially overlaps the active layer.
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13. A method of manufacturing a display device, the
method comprising:

forming a transistor on a substrate, wherein the transistor

comprises:

a gate electrode; and

drain and source electrodes connected to an active layer
which comprises an oxide semiconductor material;

forming a capacitor on the substrate, wherein the capacitor

comprises:

first and second electrodes separated by an insulating
layer, wherein at least one of the electrodes comprises
the oxide semiconductor material;

forming an additional insulating layer over the transistor

and the capacitor; and

bathing the additional insulating layer in a solution com-

prising hydrogen, wherein the hydrogen diffuses into the
oxide semiconductor material of the capacitor.

14. The method of claim 13, further comprising heating the
device after bathing the additional insulating layer.

15. The method of claim 13, wherein bathing the device
cleanses the additional insulating layer.

16. The method of claim 13, further comprising forming an
oxide semiconductor layer and patterning the oxide semicon-
ductor layer to form the active layer of the transistor and the
at least one electrode of the capacitor.

17. The method of claim 13, further comprising forming a
metal layer and patterning the metal layer to form the gate
electrode of the transistor and one electrode of the capacitor.

18. The method of claim 17, further comprising forming a
first insulating layer over the gate electrode and the one elec-
trode of the capacitor, the first insulating layer configured to
electrically insulate the gate electrode from the active layer
and to electrically insulate the first electrode of the capacitor
from the second electrode of the capacitor.

19. The method of claim 13, further comprising after bath-
ing the additional insulating layer forming another layer over
the additional insulating layer, the other layer being imper-
meable to hydrogen.

20. The method of claim 19, wherein the other layer com-
pletely overlaps the oxide semiconductor material of the
capacitorand only partially overlaps the oxide semiconductor
material of the transistor.
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