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ORGANIC LIGHT-EMITTING DIODE
DISPLAY HAVING MULTI-MODE CAVITY
STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority benefits of Korean
Patent Application No. 10-2014-0155730 filed on Nov. 10,
2014 and Korean Patent Application No. 10-2015-0146504
filed on Oct. 21, 2015. The contents of all these applications
are incorporated herein by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light-
emitting diode (OLED) display including a multi-mode cav-
ity structure and having an improved light efficiency and
color gamut. Furthermore, the present invention relates to an
OLED display having an improved aperture ratio by forming
a storage capacitor using a transparent conductive material.

[0004] 2. Discussion of the Related Art

[0005] Recently, a variety of types of flat panel displays
capable of reducing weight and volume (that is, the disadvan-
tages of a cathode ray tube) are being developed. Such flat
panel displays include a liquid crystal display (LCD), a field
emission display (FED), a plasma display panel (PDP), and
an electroluminescence (EL) device.

[0006] TheEL device is basically divided into an inorganic
EL device and an OLED device and is a self-emissive device.
The EL device has advantages of high response speed, great
emission efficiency and brightness, and a wide viewing angle.
[0007] FIG. 1 is a diagram showing the structure of an
OLED according to the related art. The OLED includes an
organic electroluminescence compound layer configured to
perform electroluminescence and a cathode electrode and
anode electrode configured to face each other with the organic
electroluminescence compound layer interposed therebe-
tween, as shown in FIG. 1. The organic electroluminescence
compound layer includes a hole injection layer (HIL), a hole
transport layer (HTL), an emission layer (EML), an electron
transport layer (ETL), and an electron injection layer (EIL).
[0008] Insuchan OLED, excitons are formed in an excita-
tion process in which holes and electrons injected into the
anode electrode and the cathode electrode are recombined in
the EML, and the OLED emits light due to energy from the
excitons. An OLED display displays an image by electrically
controlling the amount of light generated from the EML of an
OLED, such as that of FIG. 1.

[0009] An organic light-emitting diode display (OLEDD)
using the characteristics of an OLED, that is, an electrolumi-
nescence device, is basically divided into a passive matrix
type organic light-emitting diode (PMOLED) display and an
active matrix type organic light-emitting diode (AMOLED)
display.

[0010] The AMOLED display displays an image by con-
trolling an electric current flowing into an OLED using a thin
film transistor (hereinafter referred to as a “TFT”).

[0011] FIG. 2 is an example of an equivalent circuit dia-
gram showing the structure of a single pixel in an OLED
display according to the related art. FIG. 3 is a plan view
showing the structure of a single pixel in the OLED display
according to the related art. FIG. 4 is a cross-sectional view
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taken along line I-I' of FIG. 3 and shows the structure of an
OLED display according to the related art.

[0012] Referring to FIGS. 2 and 3, an AMOLED display
includes a switching TFT ST, a driving TFT DT connected to
the switching TFT ST, and an OLED configured to come in
contact with the driving TFT DT.

[0013] The switching TFT ST is formed at a portion where
ascan line SL. and a data line DL are intersected. The switch-
ing TFT ST functions to select a pixel. The switching TFT ST
includes a gate electrode SG branched from the scan line SL,
a semiconductor layer SA, a source electrode SS, and a drain
electrode SD. Furthermore, the driving TFT DT functions to
drive the OLED of a pixel selected by the switching TFT ST.
The driving TFT DT includes a gate electrode DG connected
to the drain electrode SD of the switching TFT ST, a semi-
conductor layer DA, a source electrode DS connected to a
driving current line VDD, and a drain electrode DD. The drain
electrode DD ofthe driving TFT DT is connected to the anode
electrode ANO of the OLED.

[0014] More specifically, referring to FIG. 4, the gate elec-
trodes SG and DG of the switching TFT ST and the driving
TFT DT are formed on the substrate SUB of the AMOLED
display. Furthermore, a gate insulating layer GI is covered on
the gate electrodes SG and DG. The semiconductor layers SA
and DA are formed on part of the gate insulating layer GI
overlapping the gate electrodes SG and DG. The source elec-
trode SS, DS and the drain electrode SD, DD are formed to
face each other at a specific interval on the semiconductor
layer SA, DA. The drain electrode SD of the switching TFT
ST comes in contact with the gate electrode DG of the driving
TFT DT through a contact hole formed in the gate insulating
layer GI. A passivation layer PAS configured to cover the
switching TFT ST and the driving TFT DT having such a
structure is coated on the entire surface.

[0015] Inparticular, if the semiconductor layers SA and DA
are made of an oxide semiconductor material, there are
advantages in terms of high resolution and high-speed driving
in a large-area TFT substrate having a high charging capacity
attributable to a high charge mobility characteristic. How-
ever, the oxide semiconductor material may further include
etch stoppers SE and DE for protecting a top surface from an
etchant in order to secure the stability of the device. More
specifically, the etch stopper SE, DE is formed to protect the
semiconductor layer SA, DA from being etched back by an
etchant which comes in contact with a top surface in a portion
between the source electrode SS, DS and the drain electrode
SD, DD.

[0016] A color filter CF is formed in a portion correspond-
ing to the area of the anode electrode ANO to be formed later.
The color filter CF may be formed to occupy a wide area, if
possible. For example, the color filter CF may be formed to
overlap a wide area of the data line DL, the driving current
line VDD, and the scan line SL at the front. The substrate in
which the color filter CF has been formed as described above
does not have a flat surface due to several elements formed
therein and has many steps. Accordingly, in order to make flat
a surface of the substrate, an overcoat layer OC is coated on
the entire surface of the substrate SUB.

[0017] Furthermore, the anode electrode ANO of the
OLED is formed on the overcoat layer OC. In this case, the
anode electrode ANO is connected to the drain electrode DD
of the driving TFT DT through a contact hole formed in the
overcoat layer OC and the passivation layer PAS.
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[0018] A bank pattern BN is formed on an area in which the
switching TFT ST, the driving TFT DT, and various lines DL,
SL, and VDD have been formed in order to define a pixel area
over the substrate in which the anode electrode ANO has been
formed.

[0019] The anode electrode ANO exposed by the bank pat-
tern BN becomes an emission area. An organic light-emitting
layer OLE and a cathode electrode layer CAT are sequentially
stacked on the anode electrode ANO exposed by the bank
pattern BN. If the organic light-emitting layer OLE is made of
an organic material that emits white light, it emits light of a
color designated to each pixel by the underlying color filter
CF. The OLED display having a structure of FIG. 4 is a
bottom emission type display device which emits light down-
wardly.

[0020] In such a bottom emission type OLED display, a
storage capacitor STG is formed in the space in which the gate
electrode DG of the driving TFT DT overlaps the anode
electrode ANO. The OLED display displays image informa-
tion by driving the OLED. Very high energy is required to
drive the OLED. Accordingly, a high-capacity storage capaci-
tor is necessary to accurately display image information
whose data value is rapidly changed, such as a moving image.
[0021] Inorder to sufficiently secure the size of the storage
capacitor, the area of a storage capacitor electrode needs to be
sufficiently large. In a bottom emission type OLED display, if
the area of the storage capacitor is increased, there is a prob-
lem in that an area that emits light, that is, an aperture ratio, is
reduced. In a top emission type OLED display, an aperture
ratio is not reduced although a high-capacity storage capaci-
tor is designed because the storage capacitor is able to be
installed under the emission area. In the bottom emission type
OLED display, however, there is a problem in that the area of
the storage capacitor is directly related to a reduction of the
aperture ratio.

[0022] Furthermore, recently, in order to improve light effi-
ciency ofan OLED display, an OLED display having a micro-
cavity structure is being developed. In such an OLED display
having a micro-cavity structure, light efficiency is greatly
increased by a resonant effect between electrodes. However,
the OLED display having a micro-cavity structure is prob-
lematic in that the color viewing angle is reduced because a
spectrum bandwidth is very narrow. Accordingly, active
research is recently carried out on an OLED display which
prevents a reduction of the color viewing angle while improv-
ing light efficiency.

SUMMARY OF THE INVENTION

[0023] An object of the present invention is to provide an
OLED display capable of securing a sufficient storage capaci-
tor without reducing an aperture ratio by forming a storage
capacitor using a transparent storage capacitor electrode in an
emission area. Another object of the present invention is to
provide an OLED display having a multi-mode cavity struc-
ture, which generates a dielectric Bragg mirror effect on the
upper side and also generates a weak cavity effect on the
lower side.

[0024] In one aspect, an organic light-emitting diode
(OLED) display includes a substrate configured to have an
emission area and a non-emission area defined in the sub-
strate; a thin film transistor disposed in the non-emission area;
afirst storage capacitor electrode and a second storage capaci-
tor electrode configured to be overlapped in the emission area
with a passivation layer interposed between the first and the
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second storage capacitor electrodes; an overcoat layer con-
figured to cover the thin film transistor and the second storage
capacitor electrode; and a first pixel area configured to com-
prise a first anode electrode and an insulating layer sequen-
tially stacked on the overcoat layer in such a way as to overlap
the second storage capacitor electrode and a second anode
electrode disposed on the insulating layer and configured to
come in contact with the thin film transistor and the first anode
electrode.

[0025] In another aspect, a method of manufacturing an
organic light-emitting diode (OLED) display includes a first
step of forming a thin film transistor and a first storage capaci-
tor electrode on a substrate; a second step of forming a second
storage capacitor electrode overlapping the first storage
capacitor electrode with a passivation layer covering the first
storage capacitor electrode interposed between the second
storage capacitor electrode and the first storage capacitor
electrode; a third step of forming a color filter on the second
storage capacitor electrode; a fourth step of sequentially
forming a first anode electrode and an insulating layer over-
lapping the second storage capacitor electrode on an overcoat
layer covering the color filter and of forming a pixel contact
hole exposing a drain electrode of the thin film transistor
through the overcoat layer and the passivation layer; and a
fifth step of forming a second anode electrode coming in
contact with the drain electrode and the first anode electrode
and overlapping the first anode electrode with the insulating
layer interposed between the second anode electrode and the
first anode electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0027] FIG. 1isa diagram showing an OLED according to
the related art.
[0028] FIG. 2 is an equivalent circuit diagram showing the

structure of a single pixel in an OLED display according to
the related art.

[0029] FIG. 3 is a plan view showing the structure of a
single pixel in the OLED display according to the related art.
[0030] FIG. 4 is a cross-sectional view taken along line I-I'
of FIG. 3 and shows the structure of an OLED display accord-
ing to the related art.

[0031] FIG. § is a plan view schematically showing the
structure of an OLED display according to a first embodiment
of the present invention.

[0032] FIG. 6 is a cross-sectional view taken along line
1I-IT" of FIG. 5 and shows a schematic structure of the OLED
display according to the first embodiment of the present
invention.

[0033] FIGS. 7A to 7] are cross-sectional views showing a
method of manufacturing the OLED display according to the
first embodiment of the present invention.

[0034] FIG. 8 is a plan view schematically showing the
structure of an OLED display according to a second embodi-
ment of the present invention.

[0035] FIG. 9 is a cross-sectional view taken along line
TI-1IT' of FIG. 8 and shows the structure of the OLED display
according to the second embodiment of the present invention.
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[0036] FIGS.10A to 10] are cross-sectional views showing
a method of manufacturing the OLED display according to
the second embodiment of the present invention.

[0037] FIG. 11A is a graph illustrating an effect according
to the first embodiment of the present invention.

[0038] FIG. 11B is a graph illustrating an effect according
to the second embodiment of the present invention.

[0039] FIGS.12A to 12] are cross-sectional views showing
a method of manufacturing an OLED display according to a
third embodiment of the present invention.

[0040] FIGS. 13A to 13E are detailed diagrams showing a
processing process between FIGS. 12G and 12H.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0041] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention. In describing some embodiments, the same ele-
ments are representatively described in connection with a first
embodiment and may be omitted in other embodiments.

First Embodiment

[0042] An OLED display according to a first embodiment
of the present invention is described below with reference to
FIGS. 5 and 6. FIG. 5 is a plan view schematically showing
the structure of the OLED display according to the first
embodiment of the present invention. FIG. 6 is a cross-sec-
tional view taken along line II-II' of FIG. 5 and shows a
schematic structure of the OLED display according to the first
embodiment of the present invention.

[0043] Referring to FIGS. 5 and 6, the OLED display
according to the first embodiment of the present invention
includes a substrate SUB configured to have an emission area
AA and a non-emission area NA defined therein, a switching
TFT ST, a driving TFT DT connected to the switching TFT
ST, a second storage capacitor electrode SG2 configured to
come in contact with the driving TFT DT, a storage capacitor
STG formed by the overlapping of the second storage capaci-
tor electrode SG2 and a first storage capacitor electrode SG1,
and an OLED connected to the driving TFT DT through the
second storage capacitor electrode SG2. The storage capaci-
tor STG and the OLED are formed in the emission area AA,
and the TFTs ST and DT or lines SL, DL, and VDD are
formed in the non-emission area NA.

[0044] The scanline SL and the data line DL are formed on
the substrate SUB in a matrix form, thus defining a pixel. The
switching TFT ST is formed in an area in which the scan line
SL and the data line DL are intersected, and it functions to
select a pixel. The switching TFT ST includes a switching
gate electrode SG, a channel layer SA, a switching source
electrode SS, and a switching drain electrode SD. The switch-
ing gate electrode SG is connected to the scan line SL, and the
switching source electrode SS branched from the data line
DL.

[0045] The driving TFT DT includes a driving gate elec-
trode DG, a channel layer DA, a driving source electrode DS,
and a driving drain electrode DD. The driving gate electrode
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DG is connected to the switching drain electrode SD, and the
driving source electrode DS branched from the driving cut-
rent line VDD.

[0046] A passivation layer IN2 is formed to cover the
source electrodes SS and DS and drain electrodes SD and DD
of the TFTs ST and DT and to expose part of the driving drain
electrode DD. The second storage capacitor electrode SG2 is
formed on the passivation layer IN2 in such a way as to come
in contact with part of the driving drain electrode DD. In this
case, the second storage capacitor electrode SG2 overlaps the
first storage capacitor electrode SG1, simultaneously formed
when the source electrodes SS and DS and drain electrodes
SD and DD of the respective TFTs ST and DT are formed,
with the passivation layer IN2 interposed therebetween, thus
forming the storage capacitor STG.

[0047] The storage capacitor STG can be formed to have a
wide area without a reduction of the aperture ratio in the
emission area AA because it is formed by the overlapping of
the second storage capacitor electrode SG2 and the first stor-
age capacitor electrode SG1 made of a transparent conductive
material. Accordingly, the OLED display according to the
first embodiment of the present invention is capable of secur-
ing a sufficient storage capacitor STG.

[0048] Each color filter CF may be formed on the second
storage capacitor electrode SG2 in the emission area AA in
such a way as to correspond to each pixel area. Red, green,
and blue color filter CFs may be alternately disposed in the
color filter CF. The color filter CF may further include a white
color filter CF. In this case, the red color filter CF and/or the
green color filter CF may also be extended and formed on an
area which belongs to the pixel area and in which the TFTs ST
and DT have been formed in such a way as to cover the TFTs
ST and DT.

[0049] An overcoat layer OC configured to expose part of
the second storage capacitor electrode SG2 is formed on the
entire surface of the substrate SUB in which the color filter CF
has been formed. The overcoat layer OC is coated on the
entire surface of the substrate SUB in order to make flat a
surface of the substrate SUB in which the color filter CF has
been formed.

[0050] An anode electrode ANO is formed on the overcoat
layer OC so that it comes in contact with the second storage
capacitor electrode SG2. The anode electrode ANO is elec-
trically connected to the drain electrode DD of the driving
TFT through the second storage capacitor electrode SG2.

[0051] A bank BN configured to expose part of the anode
electrode ANO is formed on the anode electrode ANO. An
organic emission layer OLE is formed on part of the anode
electrode ANO exposed by the bank BN. A cathode electrode
CAT is formed on the organic emission layer OLE in such a
way as to cover the organic emission layer OLE. Accordingly,
the OLED including the anode electrode ANO, the organic
emission layer OLE, and the cathode electrode CAT is com-
pleted.

[0052] A process of manufacturing the OLED display
according to the first embodiment of the present invention is
described in detail below with reference to FIGS. 7A to 71.
The characteristics of the OLED display according to the first
embodiment of the present invention are described in more
detail through the manufacturing process. FIGS. 7A to 7] are
cross-sectional views showing the method of manufacturing
the OLED display according to the first embodiment of the
present invention.
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[0053] Referring to FIG. 7A, an opaque metal material is
coated on the entire surface of the substrate SUB. A light-
shield layer LS is formed by patterning the metal material
using a first mask process. The light-shield layer LS may be
formed to overlap the semiconductor layers of TFT to be
formed later, in particular, channel layers. The light-shield
layer LS functions to protect an oxide semiconductor device
against external light. An insulating material is coated on the
entire surface of the substrate SUB on which the light-shield
layer LS has been formed, thus forming a buffer layer BF.
[0054] Referring to FIG. 7B, a semiconductor material is
coated on the entire surface of the substrate SUB on which the
bufferlayer BF has been formed. The semiconductor material
may include an oxide semiconductor material, such as indium
gallium zinc oxide (IGZO). Semiconductor layers SE are
formed by patterning the semiconductor material using a
second mask process.

[0055] Referring to FIG. 7C, an insulating material and a
metal material are continuously coated on the entire surface
of the substrate SUB in which the semiconductor layers SE
have been formed. Gate insulating layers GI and the gate
electrodes SG and DG overlapping the gate insulating layers
GI are formed by simultaneously patterning the insulating
material and the metal material using a third mask process.
The gate electrodes SG and DG may be formed to overlap the
central areas of the semiconductor layers SE and to expose
both sides of the semiconductor layers SE. The central areas
ofthe semiconductor layers SE are respectively defined as the
channel layer SA of the switching TFT and the channel layer
DA ofthe driving TFT. The exposed semiconductor layers SE
become source areas SSA and DSA and drain areas SDA and
DDA respectively coming in contact with the source-drain
electrodes of the switching TFT and the driving TFT. If the
semiconductor material is an oxide semiconductor material,
the source areas SSA and DSA and the drain areas SDA and
DDA may be conductorized by a plasma processing process.
[0056] Referring to FIG. 7D, an interlevel insulating layer
IN1 is formed on the entire surface of the substrate SUB in
which the gate electrodes SG and DG have been formed by
coating an insulating material. Contact holes SSH and DSH
through which the source areas SSA and DSA of the semi-
conductor layer SE are exposed and contact holes SDH and
DDH through which the drain areas SDA and DDA of the
semiconductor layer SE are exposed are formed by patterning
the interlevel insulating layer IN1 using a fourth mask pro-
cess. At this time, a gate contact hole GH through which part
of the gate electrode DG of the driving TFT is exposed is also
formed.

[0057] Referring to FIG. 7E, a transparent conductive
material and a metal material are continuously coated on the
interlevel insulating layer IN1 in which the contact holes have
been formed. The transparent conductive material may be a
material, such as indium tin oxide, indium zinc oxide, or
indium tin zinc oxide. The source electrode SS and drain
electrode SD of the switching TFT ST and the source elec-
trode DS and drain electrode DD of the driving TFT DT are
formed by patterning the transparent conductive material and
the metal material using a fifth mask process. The first storage
capacitor electrode SG1 made of only a transparent conduc-
tive material is formed in the emission area AA. In this case,
the drain electrode SD of the switching TFT is connected to
the gate electrode DG of the driving TFT.

[0058] The fifth mask process is performed using a half-
tone mask. Each of the source electrode SS and drain elec-
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trode SD of the switching TFT ST and the source electrode
DS and drain electrode DD of'the driving TFT DT is formed
of a dual layer including the transparent conductive material
ITO and the metal material ME, and the first storage capacitor
electrode SG1 is formed of a single layer including the trans-
parent conductive material ITO, using the half-tone mask.
The source electrode SS, DS and drain electrode SD, DD of
the TFT ST, DT may be formed of a single layer including the
transparent conductive material ITO, but may be formed of a
dual layer in which the transparent conductive material ITO
and the metal material ME have been stacked by taking into
consideration high sheet resistance of the transparent conduc-
tive material ITO.

[0059] Referring to FIG. 7F, the passivation layer IN2 is
formed by coating an insulating material on the entire surface
of the substrate SUB in which the TFTs ST and DT have been
completed. a storage capacitor contact hole SGH is formed by
patterning the passivation layer IN2 using a sixth mask pro-
cess.

[0060] Referring to FIG. 7G, a transparent conductive
material is coated on the entire surface of the substrate SUB in
which the storage capacitor contact hole SGH has been
formed. The second storage capacitor electrode SG2 is
formed by patterning the transparent conductive material
using a seventh mask process. The second storage capacitor
electrode SG2 may be formed to overlap the first storage
capacitor electrode SG1. The second storage capacitor elec-
trode SG2 comes in contact with the drain electrode DD of the
driving TFT DT through the storage capacitor contact hole
SGH.

[0061] Inthiscase,inthe emissionarca AA, the first storage
capacitor electrode SG1 and the second storage capacitor
electrode SG2 are formed to overlap each other with the
passivation layer IN2 interposed therebetween. The storage
capacitor STG is formed in the area in which the first storage
capacitor electrode SG1 and the second storage capacitor
electrode SG2 overlap each other. Accordingly, in the OLED
display according to the first embodiment of the present
invention, the storage capacitor electrodes SG1 and SG2 can
be formed in the entire emission area AA without a reduction
of the aperture ratio because the storage capacitor electrodes
SG1 and SG2 are formed using the transparent conductive
material. Accordingly, the OLED display according to the
first embodiment of the present invention can secure a suffi-
cient storage capacitor STG because the storage capacitor
STG having a wide area can be formed.

[0062] Referring to FIG. 7H, red, green, and blue pigments
are coated on the entire surface of the substrate SUB in which
the second storage capacitor electrode SG2 has been formed.
Red, green, and blue color filters CF are sequentially formed
by sequentially patterning the red, green, and blue pigments
using respective eighth, ninth, and tenth mask processes. The
red, green, and blue color filters CF are selectively formed in
a pixel area in which red, green, and blue are respectively to
be displayed. In this case, the red color filter CF and/or the
green color filter CF may be extended and formed to cover the
TFTs ST and DT of the pixel area.

[0063] Referring to FIG. 71, the overcoat layer OC is
formed by coating an insulating material on the entire surface
of the substrate SUB in which the color filter CF has been
formed. A pixel contact hole PH is formed by patterning the
overcoat layer OC using an eleventh mask process.

[0064] Referring to FIG. 7], a transparent conductive mate-
rial is coated on the entire surface of the substrate SUB in
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which the pixel contact hole PH has been formed. The anode
electrode ANO is formed by patterning the transparent con-
ductive material using a twelfth mask process. The anode
electrode ANO comes in contact with the second storage
capacitor electrode SG2 through the pixel contact hole PH.
Furthermore, the anode electrode ANO is also electrically
connected to the drain electrode DD of the driving TFT
through the second storage capacitor electrode SG2.

[0065] Next, referring back to FIG. 6, an insulating material
is coated on the entire surface of the substrate SUB in which
the anode electrode ANO has been formed, and the bank BN
is formed by patterning the insulating material. The bank BN
defines an open area that will actually become the emission
area AA and may have a shape which opens an area that
belongs to the anode electrode ANO and that will emit light.
The organic emission layer OLE is formed to cover the anode
electrode ANO open by the bank BN. The cathode electrode
CAT is formed on the entire surface of the substrate SUB
including the organic emission layer OLE. Accordingly, the
OLED, including the anode electrode ANO, the organic emis-
sion layer OLE, and the cathode electrode CAT, is completed.
[0066] The OLED display according to the first embodi-
ment of the present invention can secure a sufficient storage
capacitor STG because the first storage capacitor electrode
SG1 and the second storage capacitor electrode SG2 can be
formed to have a wide area without a reduction of the aperture
ratio in the emission area AA. As a result, if the driving TFT
DT is an off state, the OLED display can maintain pixel data
until a next period using charges charged in the sufficiently
secured storage capacitor STG.

Second Embodiment

[0067] The second embodiment of the present invention
provides an OLED display having an improved light effi-
ciency and color gamut without adding a mask process com-
pared to the first embodiment in forming a storage capacitor
using transparent storage capacitor electrodes. That is, the
second embodiment of the present invention may provide an
OLED display having an improved light efficiency and color
gamut without a reduction of the color viewing angle in such
a manner that a dielectric Bragg mirror effect is generated by
sequentially stacking a first anode electrode, an insulating
layer, and a second anode electrode having different refrac-
tive indices and a weak cavity effect is also generated by
forming a first storage capacitor electrode and a second stor-
age capacitor electrode with a passivation layer interposed
therebetween. A structure in which a dielectric Bragg mirror
effect is generated on the upper side of the OLED display and
aweak cavity effect is simultaneously generated on the lower
side of the OLED display is defined as a multi-mode cavity
structure. The second embodiment of the present invention
provides an OLED display having such a multi-mode cavity
structure.

[0068] The OLED display according to the second embodi-
ment of the present invention is described below with refer-
ence to FIGS. 8 and 9. FIG. 8 is a plan view schematically
showing the structure of the OLED display according to the
second embodiment of the present invention. FIG. 9 is a
cross-sectional view taken along line ITI-IIT' of FIG. 8 and
shows the structure of the OLED display according to the
second embodiment of the present invention.

[0069] Referring to FIGS. 8 and 9, the OLED display
according to the second embodiment of the present invention
includes a substrate SUB configured to have an emission area
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AA and a non-emission area NA defined therein, a switching
TFT ST, a driving TFT DT connected to the switching TFT
ST, a first storage capacitor electrode SG1 connected to the
switching TFT ST, a storage capacitor STG formed by the
overlapping of the first storage capacitor electrode SG1 and a
second storage capacitor electrode SG2, and an OLED con-
nected to the driving TFT DT. The storage capacitor STG and
the OLED are formed in the emission area AA. The TFTs ST
and DT or lines SL, DL, and VDD are formed in the non-
emission area NA.

[0070] The scanline SL and the data line DL are formed on
the substrate SUB in a matrix form, thus defining a pixel. The
switching TFT ST is formed in an area in which the scan line
SL and the data line DL are intersected, and it functions to
select a pixel. The switching TFT ST includes a switching
gate electrode SG, a channel layer SA, a switching source
electrode SS, and a switching drain electrode SD. The switch-
ing gate electrode SG branched from the scan line SL, and the
switching source electrode SS branched from the data line
DL.

[0071] The driving TFT DT includes a driving gate elec-
trode DG, a channel layer DA, a driving source electrode DS,
and a driving drain electrode DD. The driving gate electrode
DG is connected to the switching drain electrode SD, and the
driving source electrode DS branched from the driving cur-
rent line VDD.

[0072] A passivation layer IN2 configured to cover the
source electrodes SS and DS and drain electrodes SD and DD
ofthe TFTs ST and DT is formed. The second storage capaci-
tor electrode SG2 coming in contact with the second anode
electrode ANO2 through a storage capacitor contact hole
SGH is formed on the passivation layer IN2. In this case, the
second storage capacitor electrode SG2 overlaps the first
storage capacitor electrode SG1 simultaneously formed when
the source electrodes SS and DS and drain electrodes SD and
DD of the TFTs ST and DT are formed, with the passivation
layer IN2 interposed therebetween, thereby forming the stor-
age capacitor STG. The first storage capacitor electrode SG1
is connected to the drain electrode SD of the switching TFT
ST.

[0073] The storage capacitor STG may be formed to have a
wide area without a reduction of the aperture ratio in the
emission area AA because the second storage capacitor elec-
trode SG2 and the first storage capacitor electrode SG1 made
of the transparent conductive material are formed to overlap
each other. Accordingly, the OLED display according to the
second embodiment of the present invention can secure a
sufficient storage capacitor STG.

[0074] Furthermore, the OLED display according to the
second embodiment of the present invention can improve
emission efficiency because the constructive interference
and/or destructive interference of light is generated between
the first storage capacitor electrode SG1 and the second stor-
age capacitor electrode SG2. That is, in the OLED display
according to the second embodiment of the present invention,
the first storage capacitor electrode SG1, the passivation layer
IN2, and the second storage capacitor electrode SG2 are
sequentially stacked. The refractive index of at least any one
of the first storage capacitor electrode SG1, the passivation
layer IN2, and the second storage capacitor electrode SG2 is
different from a refractive index of another of the first storage
capacitor electrode SG1, the passivation layer IN2, and the
second storage capacitor electrode SG2. Accordingly, emis-
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sion efficiency and color purity can be improved through a
light amplification phenomenon (weak cavity) between the
layers.

[0075] Each color filter CF may be disposed on the second
storage capacitor electrode SG2 in the emission area AA so
that it corresponds to each pixel area. The color filter CF may
have red, green, and blue color filter CF alternately disposed
therein and may further include a white color filter CF. In this
case, the red color filter CF and/or the green color filter CF
may be extended and formed in an area that belongs to the
pixel area and in which the TFTs ST and DT have been
formed in such a way as to cover the TFTs ST and DT.

[0076] An overcoatlayer OC is formed on the entire surface
of the substrate SUB in which the color filter CF has been
formed. The overcoat layer OC is coated on the entire surface
of the substrate SUB in order to make flat a surface of the
substrate SUB in which the color filter CF has been formed.

[0077] A first anode electrode ANO1 and an insulating
layer IN3 are sequentially formed on the overcoat layer OC so
that they overlap in the emission area AA. A second anode
electrode ANO?2 is formed on the insulating layer IN3 and the
overcoat layer OC, and it comes in contact with the drain
electrode DD of the driving TFT DT through a pixel contact
hole PH formed to penetrate the overcoat layer OC and the
passivation layer IN2. In this case, the second anode electrode
ANOQO2 may come in contact with the first anode electrode
ANOL. In the drawings, a structure in which a pair of the first
anode electrode ANO1 and the insulating layer IN3 has been
formed has been illustrated, but one or more pairs of the first
anode electrode ANO1 and the insulating layer IN3 may be
stacked. That is, in the second embodiment of the present
invention, a plurality of the first anode electrodes ANO1 and
the insulating layers IN3 may be included. In this case, the
plurality of first anode electrodes ANO1 and insulating layers
IN3 are alternately stacked.

[0078] In the OLED display according to the second
embodiment of the present invention, a dielectric Bragg mir-
ror effect is generated because two or more layers made of
materials having different refractive indices are alternately
stacked. That is, in the second embodiment of the present
invention, the first anode electrode ANO1, the insulating
layer IN3, and the second anode electrode ANO2 are sequen-
tially stacked, and constructive interference and destructive
interference are generated between the layers. In this case, the
refractive index of at least any one of the first anode electrode
ANOL1, the insulating layer IN3, and the second anode elec-
trode ANO2 is different from a refractive index of another of
the first anode electrode ANOI, the insulating layer IN3, and
the second anode electrode ANO2. Accordingly, in the sec-
ond embodiment of the present invention, although a resonant
thickness suitable for a red, green, and blue or white wave-
length is not formed, light efficiency of the entire wavelength
band of red, green, and blue or white and the color gamut can
be improved by a difference between the refractive indices of
the first anode electrode ANO1, the insulating layer IN3, and
the second anode electrode ANO2 and the reflection and
concentration of light thereof.

[0079] Furthermore, the second embodiment of the present
invention may provide the OLED display having improved
light efficiency without a reduction of the color viewing angle
because the bandwidth of a spectrum is not narrowed unlike
in aresonant effect according to a micro cavity using a dielec-
tric Bragg mirror effect.
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[0080] The OLED display according to the second embodi-
ment of the present invention includes a plurality of the pixel
areas. The plurality of pixel areas may include first pixel areas
arranged in a matrix form, each having a structure in which
the first anode electrode ANO1 and the insulating layer IN3
have been stacked. In some embodiments, the plurality of
pixel areas may include the first pixel areas and second pixel
areas arranged in a matrix form. In this case, the second pixel
area does not have the structure in which the first anode
electrode ANO1 and the insulating layer IN3 have been
stacked. That is, the first anode electrode ANO1 and the
insulating layer IN3 may be selectively formed only part of
the pixel area.

[0081] Forexample, the firstanode electrode ANOI and the
insulating layer IN3 may be selectively formed only in a pixel
area which requires an improved light efficiency and color
gamut. That is, the first anode electrode ANO1 and the insu-
lating layer IN3 may be formed only in red pixel areas so that
red having a light efficiency and color gamut improved by a
dielectric Bragg mirror effect is displayed.

[0082] In this case, each of the first anode electrode ANO1
and the second anode electrode ANO2 may have a thickness
0f 50 A~2000 A. The insulating layer IN3 interposed between
the first anode electrode ANO1 and the second anode elec-
trode ANO2 may have a thickness of 100 A~5000 A.

[0083] A bank BN configured to expose part of the second
anode electrode ANO2 is formed on the second anode elec-
trode ANO2. The organic emission layer OLE is formed on
part of the second anode electrode ANO2 exposed by the bank
BN. A cathode electrode CAT is formed on the organic emis-
sion layer OLE in such a way as to cover the organic emission
layer OLE. Accordingly, the OLED, including the second
anode electrode ANO2, the organic emission layer OLE, and
the cathode electrode CAT, is completed.

[0084] As described above, the OLED display according to
the second embodiment of the present invention has a multi-
mode cavity structure in which a dielectric Bragg mirror
effect is generated on the upper side and at the same time a
weak cavity effect is generated on the lower side. Accord-
ingly, the second embodiment of the present invention may
provide the OLED display having an improved light effi-
ciency and color gamut while preventing a reduction of the
color viewing angle.

[0085] A process of manufacturing the OLED display
according to the second embodiment of the present invention
is described in detail below with reference to FIGS. 10A to
10J. The characteristics of the OLED display according to the
second embodiment of the present invention are described in
more detail through the manufacturing process. FIGS. 10A to
10J are cross-sectional views showing the method of manu-
facturing the OLED display according to the second embodi-
ment of the present invention.

[0086] Referring to FIG. 10A, an opaque metal material is
coated on the entire surface of the substrate SUB. A light-
shield layer LS is formed by patterning the metal material
using a first mask process. The light-shield layer LS may be
formed to overlap the semiconductor layers of TFTs to be
described later, in particular, channel layers. The light-shield
layer LS functions to protect an oxide semiconductor device
against external light. A buffer layer BF is formed by coating
an insulating material on the entire surface of the substrate
SUB on which the light-shield layer LS has been formed.
[0087] Referring to FIG. 10B, a semiconductor material is
coated on the entire surface of the substrate SUB on which the
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bufferlayer BF has been formed. The semiconductor material
may include an oxide semiconductor material, such as indium
gallium zinc oxide (IGZO). Semiconductor layers SE are
formed by patterning the semiconductor material using a
second mask process.

[0088] Referring to FIG. 10C, an insulating material and a
metal material are continuously coated on the entire surface
of the substrate SUB in which the semiconductor layers SE
have been formed. Gate insulating layers GI and gate elec-
trodes SG and DG overlapping the gate insulating layers GI
are formed by simultaneously pattering the insulating mate-
rial and the metal material using a third mask process. The
gate electrodes SG and DG may be formed to overlap the
central areas of the semiconductor layers SE and to expose
both sides of the semiconductor layers SE. The central areas
ofthe semiconductor layers SE are respectively defined as the
channel layer SA of the switching TFT and the channel layer
DA ofthe driving TFT. The exposed semiconductor layers SE
become source areas SSA and DSA and drain areas SDA and
DDA coming in contact with the source and drain electrodes
of the switching TFT and the driving TFT. If the semiconduc-
tor material is an oxide semiconductor material, the source
areas SSA and DSA and the drain areas SDA and DDA may
be conductorized using a plasma processing process.

[0089] Referring to FIG. 10D, the interlevel insulating
layer IN1 is formed by coating an insulating material on the
entire surface of the substrate SUB in which the gate elec-
trodes SG and DG have been formed. Contact holes SSH and
DSH through which the source areas SSA and DSA of the
semiconductor layer are exposed and contact holes SDH and
DDH through which the drain areas SDA and DDA of the
semiconductor layer are exposed are formed by patterning the
interlevel insulating layer IN1 using a fourth mask process. In
this case, a gate contact hole GH through which part of the
gate electrode DG of the driving TFT is exposed is also
formed.

[0090] Referring to FIG. 10E, a transparent conductive
material and a metal material are continuously coated on the
interlevel insulating layer IN1 in which the contact holes have
been formed. The transparent conductive material may be a
material, such as indium tin oxide, indium zinc oxide, or
indium tin zinc oxide. The source electrode SS and drain
electrode SD of the switching TFT ST and the source elec-
trode DS and drain electrode DD of the driving TFT DT are
formed by pattering the transparent conductive material and
the metal material using a fifth mask process. The first storage
capacitor electrode SG1 made of only the transparent con-
ductive material is formed in the emission area AA. In this
case, the first storage capacitor electrode SG1 is electrically
connected to the drain electrode SD of the switching TFT.
Furthermore, the drain electrode SD of the switching TFT is
connected to the gate electrode DG of the driving TFT.
[0091] The fifth mask process is performed using a half-
tone mask. Hach of the source electrode SS and drain elec-
trode SD of the switching TFT ST and the source electrode
DS and drain electrode DD of the driving TFT DT is formed
of a dual layer including the transparent conductive material
ITO and the metal material ME, and the first storage capacitor
electrode SG1 is formed of a single layer including the trans-
parent conductive material ITO, using the half-tone mask.
The source electrode SS, DS and the drain electrode SD, DD
of the TFTs ST and DT may be formed of a single layer
including the transparent conductive material 1TO, but may
be formed of a dual layer in which the transparent conductive
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material ITO and the metal material ME have been stacked by
taking into consideration high sheet resistance of the trans-
parent conductive material ITO.

[0092] Referring to FIG. 10F, the passivation layer IN2 is
formed by coating an insulating material on the entire surface
of the substrate SUB in which the TFTs ST and DT have been
formed. Next, a transparent conductive material is coated on
the passivation layer IN2. The second storage capacitor elec-
trode SG2 is formed by patterning the transparent conductive
material using a sixth mask process. The second storage
capacitor electrode SG2 is formed to overlap the first storage
capacitor electrode SG1.

[0093] Inthis case, the first storage capacitor electrode SG1
and the second storage capacitor electrode SG2 are formed to
overlap each other with the passivation layer IN2 interposed
therebetween in the emission area AA. The storage capacitor
STG is formed in the area in which the first storage capacitor
electrode SG1 and the second storage capacitor electrode
SG2 are overlapped. Accordingly, in the OLED display
according to the second embodiment of the present invention,
the storage capacitor electrodes SG1 and SG2 can be formed
in the entire emission area AA without a reduction of the
aperture ratio because the storage capacitor electrodes SG1
and SG2 are made of the transparent conductive material.
Accordingly, the OLED display according to the second
embodiment of the present invention can secure a sufficient
storage capacitor STG because the storage capacitor STG
having a wide area can be formed.

[0094] Furthermore, the OLED display according to the
second embodiment of the present invention can improve
emission efficiency because the constructive interference
and/or destructive interference of light are generated between
the first storage capacitor electrode SG1 and the second stor-
age capacitor electrode SG2. That is, in the OLED display
according to the second embodiment of the present invention,
the first storage capacitor electrode SG1 the passivation layer
IN2, and the second storage capacitor electrode SG2 are
sequentially stacked. The refractive index of at least any one
of the first storage capacitor electrode SG1, the passivation
layer IN2, and the second storage capacitor electrode SG2 is
different from a refractive index of another of the first storage
capacitor electrode SG1, the passivation layer IN2, and the
second storage capacitor electrode SG2. Accordingly, emis-
sion efficiency and color purity can be improved through a
light amplification phenomenon (weak cavity) according to
resonance between the layers.

[0095] Referring to FIG. 10G, red, green, and blue pig-
ments are coated on the entire surface of the substrate SUB in
which the second storage capacitor electrode SG2 has been
formed. The red, green, and blue color filters CF are sequen-
tially formed by sequentially patterning the red, green, and
blue pigments using respective seventh, eighth, and ninth
mask processes. The red, green, and blue color filters CF are
selectively formed in a pixel area in which red, green, and
blue are respectively to be displayed. In this case, the red color
filter CF and/or the green color filter CF may be extended and
formed so that they cover the TFTs ST and DT of the pixel
area.

[0096] Referring to FIG. 10H, the overcoat layer OC is
formed by coating an insulating material on the entire surface
of the substrate SUB in which the color filter CF has been
formed. The pixel contact hole PH through which part of the
passivation layer IN2 is exposed is formed by patterning the
overcoat layer OC using a tenth mask process. In this case,
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although not shown in the cross-sectional views, a storage
capacitor contact hole SGH (refer to FIG. 8) through which
part of the second storage capacitor electrode SG2 is exposed
is formed along with the pixel contact hole PH.

[0097] Referring to FIG. 101, a transparent conductive
material and an insulating material are continuously coated
on the overcoat layer OC in which the pixel contact hole PH
has been formed. The insulating material may include an
inorganic insulating material, such as silicon oxide (8102),
silicon nitride (SiNx), or silicon oxynitride (SiON), but the
present invention is not limited thereto. For example, the
insulating material may include all types of insulating mate-
rials formed by a CVD process using SiH4, NH3, N20, or N2
gas. The first anode electrode ANO1, the insulating layer IN3,
and the pixel contact hole PH through which part of the drain
electrode DD ofthe driving TFT DT is exposed are formed by
patterning the transparent conductive material and the insu-
lating material using an eleventh mask process. The first
anode electrode ANO1 and the insulating layer IN3 are
formed to overlap the emission area AA.

[0098] The eleventh mask process may be performed
through twice etch processes. The first anode electrode ANO1
and the insulating layer IN3 are formed to overlap the emis-
sion area AA by patterning the transparent conductive mate-
rial and the insulating material using a primary wet etch
process. Inthis case, part of the passivation layer IN2 exposed
by the overcoat layer OC is partially etched (i.e., half etch)
(refer to @ of FIG. 10I). Next, the pixel contact hole PH is
formed to expose part of the drain electrode DD of the driving
TFT DT through a secondary dry etch process (refer to @ of
FIG. 10I). In some embodiments, the first anode electrode
ANO1, the insulating layer IN3, and the pixel contacthole PH
through which part of the drain electrode DD of the driving
TFT DT is exposed may be formed through a single wet etch
process. In this case, there may be problems in that the pixel
contact hole PH is formed excessively widely and an unnec-
essary part under the drain electrode DD is etched due to an
undercut attributable to wet etch. Accordingly, the eleventh
mask process may be performed through twice etch pro-
cesses.

[0099] In the drawings, a structure in which a pair of the
first anode electrode ANO1 and the insulating layer IN3 has
been formed has been illustrated. In some embodiments, one
or more pairs of the first anode electrode ANO1 and the
insulating layer IN3 may be stacked and formed. Further-
more, the first anode electrode ANO1 and the insulating layer
IN3 may be selectively formed in part of the pixel area. That
is, the first anode electrode ANO1 and the insulating layer
IN3 may be selectively formed only in a pixel area which
requires an improved light efficiency and a color gamut.
[0100] Referring to FIG. 10J, a transparent conductive
material is coated on the entire surface of the substrate SUB in
which the pixel contact hole PH and the insulating layer IN3
have been formed. The second anode electrode ANO2 is
formed by patterning the transparent conductive material
using a twelfth mask process. The second anode electrode
ANO2 comes in contact with the drain electrode DD of the
driving TFT DT through the pixel contact hole PH. In this
case, the second anode electrode ANO2 may also come in
contact with the first anode electrode ANO1. Furthermore,
although not shown in the cross-sectional views, the second
anode electrode ANO2 comes in contact with the second
storage capacitor electrode SG2 through the storage capacitor
contact hole SGH (refer to FIG. 8). Accordingly, the drain
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electrode DD of the driving TFT DT, the second anode elec-
trode ANO2, and the second storage capacitor electrode SG2
are electrically connected.

[0101] In the OLED display according to the second
embodiment of the present invention, a dielectric Bragg mir-
ror effect is generated because two or more layers made of
materials having different refractive indices are alternately
stacked. That is, the second embodiment of the present inven-
tion may provide the OLED display in which constructive
interference and destructive interference are generated
between the first anode electrode ANO1, the insulating layer
IN3, and the second anode electrode ANO2 and thus light
efficiency and a color gamut have been improved because the
first anode electrode ANO1, the insulating layer IN3, and the
second anode electrode ANO2 having different refractive
indices are sequentially stacked. Furthermore, the second
embodiment of the present invention may provide the OLED
display in which the color viewing angle is not reduced while
improving light efficiency unlike in a resonant effect attrib-
utable to a micro cavity because the dielectric Bragg mirror
effect is used. For example, the first anode electrode ANO1
and the second anode electrode ANO2 may be made of ITO
having a refractive index of 2.0, and the insulating layer IN3
may be made of Si02 having a refractive index of 1.5. The
dielectric Bragg mirror effect can be generated by stacking
materials having different refractive indices between adjacent
layers as described above.

[0102] Next, referring back to FIG. 9, an insulating material
is coated on the entire surface of the substrate SUB in which
the second anode electrode ANO2 has been formed. The bank
BN is formed by patterning the insulating material. The bank
BN defines an open area which will actually become the
emission area AA and may have a shape in which an area that
belongs to the second anode electrode ANO2 and that will
emit light is open. The organic emission layer OLE is formed
to cover the second anode electrode ANO2 open by the bank
BN. The cathode electrode CAT is formed on the entire sur-
face of the substrate SUB including the organic emission
layer OLE. Accordingly, the OLED, including the second
anode electrode ANO2, the organic emission layer OLE, and
the cathode electrode CAT, is completed.

[0103] The OLED display according to the second embodi-
ment of the present invention can secure a sufficient storage
capacitor STG because the first storage capacitor electrode
SG1 and the second storage capacitor electrode SG2 can be
formed to have a wide area without a reduction of the aperture
ratio in the emission area AA. As a result, if the driving TFT
DT is an off state, the OLED display can maintain pixel data
until a next period using charges filled in the sufficiently
secured storage capacitor STG.

[0104] Furthermore, the second embodiment ofthe present
invention may provide the OLED display having an improved
light efficiency and a color gamut while preventing a reduc-
tion of the color viewing angle because a dielectric Bragg
mirror effect is generated on the upper side and at the same
time a weak cavity effect is generated on the lower side.
[0105] The effects of the OLED displays according to the
embodiments of the present invention are described below
through the results of spectrum analysis experiments. FIG.
11A is a graph illustrating an effect according to the first
embodiment of the present invention. FIG. 11B is a graph
illustrating an effect according to the second embodiment of
the present invention. In FIGS. 11A and 11B, a horizontal
axis denotes a wavelength of a visible ray zone, and a vertical
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axis denotes light intensity. Furthermore, in the graphs, a thin
line 100 shows a distribution of spectra in the OLED display
not including the first storage capacitor electrode/passivation
layer/second storage capacitor electrode structure and the
first anode electrode/insulating layer/second anode electrode
structure in accordance with a conventional OLED display.
[0106] InFIG.11A, athick line 200 shows a distribution of
spectra in the OLED display having the first storage capacitor
electrode/passivation layer/second storage capacitor elec-
trode structure in accordance with the first embodiment of the
present invention. Referring to FIG. 11A, a total area occu-
pied by the thick line 200 is wider than a total area occupied
by the thin line 100. The area occupied by the line denotes
light efficiency. It may be seen that the OLED display accord-
ing to the firstembodiment has higher light efficiency than the
conventional OLED display.

[0107] InFIG. 11B, athick line 300 shows a distribution of
spectra in the OLED display having a multi-mode cavity
structure in accordance with the second embodiment of the
present invention. Referring to FIG. 11B, a total area occu-
pied by the thick line 300 is wider than a total area occupied
by the thin line 100. Furthermore, the total area occupied by
the thick line 300 is also wider than the thick line 200 of FIG.
11A. Accordingly, it may be seen that the OLED display
according to the second embodiment of the present invention
has higher light efficiency than the OLED display according
to the first embodiment of the present invention in addition to
the conventional OLED display.

[0108] An OLED display having a micro-cavity structure
according to the related art may increase light efficiency
through a resonant effect, but has a narrow viewing angle
because a spectrum bandwidth is narrowed. In contrast, in the
OLED display having a multi-mode cavity structure in accor-
dance with the second embodiment of the present invention,
the bandwidth of a spectrum is not narrowed as shown in FIG.
11B. Accordingly, the second embodiment of the present
invention may provide the OLED display having improved
light efficiency while preventing a reduction of the viewing
angle because the bandwidth of a spectrum is not narrowed.

Third Embodiment

[0109] The third embodiment of the present invention pro-
vides an OLED display having an improved light efficiency
and color gamut in forming a storage capacitor using trans-
parent storage capacitor electrodes. That is, the third embodi-
ment of the present invention provides an OLED display
having a multi-mode cavity structure. In particular, the third
embodiment of the present invention provides a method of
manufacturing an OLED display having a reduced number of
mask processes compared to the first embodiment and the
second embodiment.

[0110] The final structure of the OLED display according
to the third embodiment of the present invention is substan-
tially the same as the structure of the OLED display according
to the second embodiment. Accordingly, hereinafter, a
description of the structure of the OLED display shown in
FIGS. 8 and 9 is omitted, and only another method of manu-
facturing the OLED display is described.

[0111] A process of manufacturing the OLED display
according to the third embodiment of the present invention is
described in detail below with reference to FIGS. 12A to 121
and 13A to 13E. FIGS. 12A to 121 are cross-sectional views
showing the method of manufacturing the OLED display
according to the third embodiment of the present invention.
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[0112] Referring to FIG. 12A, an opaque metal material is
coated on the entire surface of a substrate SUB. A light-shield
layer LS is formed by patterning the metal material using a
first mask process. The light-shield layer LS may be formed to
overlap the semiconductor layers of TFTs to be formed later,
in particular, channel layers. The light-shield layer LS func-
tions to protect an oxide semiconductor device against exter-
nal light. A buffer layer BF is formed by coating an insulating
material on the entire surface of the substrate SUB on which
the light-shield layer LS has been formed.

[0113] Referring to FIG. 12B, a semiconductor material is
coated on the entire surface of the substrate SUB on which the
buffer layer BF has been formed. The semiconductor material
may include an oxide semiconductor material, such as indium
gallium zinc oxide (IGZ0). Semiconductor layers SE are
formed by patterning the semiconductor material using a
second mask process.

[0114] Referring to FIG. 12C, an insulating material and a
metal material are continuously formed on the entire surface
of the substrate SUB in which the semiconductor layers SE
have been formed. Gate insulating layers GI and gate elec-
trodes SG and DG overlapping the gate insulating layers GI
are formed by simultaneously patterning the insulating mate-
rial and the metal material using a third mask process. The
gate electrodes SG and DG may be formed to overlap the
central areas of the semiconductor layers SE and to expose
both sides of the semiconductor layers SE. The central areas
of the semiconductor layers SE are respectively defined as the
channel layer SA of a switching TFT and the channel layer
DA of a driving TFT. The exposed semiconductor layers SE
become source areas SSA and DSA and drain areas SDA and
DDA which come in contact with the source and drain elec-
trodes of the switching TFT and the driving TFT. If the semi-
conductor material is an oxide semiconductor material, the
source areas SSA and DSA and the drainareas SDA and DDA
may be conductorized through a plasma processing process.

[0115] Referring to FIG. 12D, an interlevel insulating layer
IN1 is formed by coating an insulating material on the entire
surface of the substrate SUB in which the gate electrodes SG
and DG have been formed. Contact holes SSH and DSH
through which the source areas SSA and DSA of the semi-
conductor layer are exposed and contact holes SDH and DDH
through which the drain areas SDA and DDA of the semicon-
ductor layer are exposed are formed by patterning the inter-
level insulating layer IN1 using a fourth mask process. In this
case, a gate contact hole GH through which part of the gate
electrode DG of the driving TFT is exposed is also formed.

[0116] Referring to FIG. 12E, a transparent conductive
material and a metal material are continuously coated on the
interlevel insulating layer IN1 in which the contact holes have
been formed. The transparent conductive material may be a
material, such as indium tin oxide, indium zinc oxide, or
indium tin zinc oxide. The source electrode SS and drain
electrode SD of the switching TFT ST and the source elec-
trode DS and drain electrode DD of the driving TFT DT are
formed by patterning the transparent conductive material and
the metal material using a fifth mask process. A first storage
capacitor electrode SG1 made of only the transparent con-
ductive material is formed in the emission area AA. In this
case, the first storage capacitor electrode SG1 is electrically
connected to the drain electrode SD of the switching TFT.
Furthermore, the drain electrode SD of the switching TFT is
connected to the gate electrode DG of the driving TFT.
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[0117] The fifth mask process is performed using a half-
tone mask. Fach of the source electrode SS and drain elec-
trode SD of the switching TFT ST and the source electrode
DS and drain electrode DD of the driving TFT DT is formed
of a dual layer including the transparent conductive material
ITO and the metal material ME, and the first storage capacitor
electrode SG1 is formed of a single layer including the trans-
parent conductive material ITO, using the half-tone mask.
[0118] Referring to FIG. 12F, a passivation layer IN2 is
formed by coating an insulating material on the entire surface
of the substrate SUB in which the TFTs ST and DT have been
completed. A transparent conductive material is coated on the
passivation layer IN2. A second storage capacitor electrode
SG2 is formed by patterning the transparent conductive mate-
rial using a sixth mask process. The second storage capacitor
electrode SG2 may be formed to overlap the first storage
capacitor electrode SG1.

[0119] Inthis case, the first storage capacitor electrode SG1
and the second storage capacitor electrode SG2 are formed to
overlap each other with the passivation layer IN2 interposed
therebetween in the emission area AA. A storage capacitor
STG is formed in the area in which the first storage capacitor
electrode SG1 and the second storage capacitor electrode
SG2 are overlapped. Accordingly, in the OLED display
according to the third embodiment of the present invention,
the storage capacitor electrodes SG1 and SG2 can be formed
in the entire emission area AA without a reduction of the
aperture ratio because the storage capacitor electrodes SG1
and SG2 are made of the transparent conductive material.
Accordingly, the OLED display according to the third
embodiment of the present invention can secure a sufficient
storage capacitor STG because the storage capacitor STG
having a wide area can be formed.

[0120] Furthermore, the OLED display according to the
third embodiment of the present invention can improve emis-
sion efficiency because the constructive interference and/or
destructive interference of light are generated between the
first storage capacitor electrode SG1 and the second storage
capacitor electrode SG2. That is, in the OLED display accord-
ing to the third embodiment of the present invention, the first
storage capacitor electrode SG1, the passivation layer IN2,
and the second storage capacitor electrode SG2 are sequen-
tially stacked. The refractive index of at least any one of the
first storage capacitor electrode SG1, the passivation layer
IN2, and the second storage capacitor electrode SG2 is dif-
ferent from a refractive index of another of the first storage
capacitor electrode SG1, the passivation layer IN2, and the
second storage capacitor electrode SG2. Accordingly, emis-
sion efficiency and color purity can be improved through a
light amplification phenomenon (weak cavity) according to
resonance between the layers.

[0121] Referring to FIG. 12G, red, green, and blue pig-
ments are coated on the entire surface of the substrate SUB in
which the second storage capacitor electrode SG2 has been
formed. Red, green, and blue color filters CF are sequentially
formed by sequentially patterning the red, green, and blue
pigments using respective seventh, eighth, and ninth mask
processes. The red, green, and blue color filters CF are selec-
tively formed in a pixel area in which red, green, and blue are
respectively to be displayed. In this case, the red color filter
CF and/or the green color filter CF may be extended and
formed to cover the TFTs ST and DT of the pixel area.
[0122] Referring to FIG. 12H, an overcoat layer OC is
formed by coating a first insulating material on the entire
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surface of the substrate SUB in which the color filter CF has
been formed. At the same time, a transparent conductive
material and a second insulating material are continuously
coated on the first insulating material. The second insulating
material may include an inorganic insulating material, such as
silicon oxide (8102), silicon nitride (SiNx), or silicon oxyni-
tride (SiON), but the present invention is not limited thereto.
For example, the second insulating material may include all
types of insulating materials formed by a CVD process using
SiH4, NH3, N20, or N2 gas.

[0123] The overcoat layer OC, the transparent conductive
material, and the second insulating material are patterned
using a tenth mask process. Since the overcoat layer OC is
patterned, a pixel contact hole PH through which part of the
drain electrode DD of the driving TFT DT is exposed is
formed. Since the transparent conductive material and the
second insulating material are patterned, a first anode elec-
trode ANOI and an insulating layer IN3 are formed. The first
anode electrode ANO1 and the insulating layer IN3 are
formed to overlap the emission area AA.

[0124] The tenth mask process is described in more detail
below with further reference to FIGS. 13A to 13e. FIGS. 13A
to 13E are detailed diagrams showing a processing process
between FIGS. 12G and 12H.

[0125] Referring to FIG. 13A, the first insulating material
IM1, the transparent conductive material MM, and the second
insulating material IM2 are sequentially coated on the entire
surface of the substrate SUB in which the color filter CF has
been formed. A half-tone mask HM is prepared in order to
pattern the first insulating material IM1, the transparent con-
ductive material MM, and the second insulating material IM2
using the tenth mask process. The half-tone mask HM
includes a full-tone area FA blocking all pieces of radiated
light, a half-tone area HA transmitting only some of radiated
light and blocking some of the radiated light, and an area GA
transmitting all of radiated light. A photoresist film PR made
of a photoresist material, such as a photoresist, is formed on
the entire surface of the substrate SUB in which the first
insulating material IM1, the transparent conductive material
MM, and the second insulating material IM2 have been
coated. Light is selectively radiated through the prepared
half-tone mask HM. The photoresist film PR may be a nega-
tive type or a positive type. In the following description, the
photoresist film PR is assumed to be a positive type.

[0126] Referring to FIG. 13B, if the photoresist film PR
exposed to light through the half-tone mask HM is developed,
the photoresist film PR of the area GA transmitting all pieces
of light is removed, and the photoresist film PR1 of the full-
tone area FA and the photoresist film PR2 of the half-tone area
HA remain intact. In this case, the photoresist film PR1 of the
full-tone area FA is formed to be thicker than the photoresist
film PR2 of the half-tone area HA. Part of the area PHA of the
first insulating material IM1 is exposed by simultaneously
patterning the second insulating material IM2 and the trans-
parent conductive material MM through a mask process using
the remaining photoresist films PR1 and PR2. The exposed
part of the area PHA of the first insulating material IM1 is an
area in which the pixel contact hole will be formed.

[0127] Referring to FIG. 13C, an asking process for remov-
ing part of the thickness of the photoresist films PR1 and PR2
is performed so that only the photoresist film PR1 of the
full-tone area FA remains intact. A second insulating material
IM2_2 remained in the half-tone area HA is removed through
a mask process using the remaining photoresist film PR1. A
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wet etch process may be performed in order to remove the
second insulating material IM2_2 remained in the half-tone
area HA.

[0128] Referring to FIG. 13D, the pixel contact hole PH
through which part of the drain electrode DD of the driving
TFT DT s exposed is formed by patterning the first insulating
material IM1 and the passivation layer IN2 through a mask
process using the remaining photoresist film PR1 and the
remaining transparent conductive material MM_2 ofthe half-
tone area HA. In order to form the pixel contact hole PH, adry
etch process may be performed. As described above, the
remaining transparent conductive material MM_2 ofthe half-
tone area HA functions as a mask. Accordingly, although an
etch process for forming the pixel contact hole PH is per-
formed, the firstinsulating material IM1 under the transparent
conductive material MM_2 is not damaged.

[0129] In the process of forming the pixel contact hole PH
through the etch process, an undercut UA may be generated
under the transparent conductive materials MM_1 and MM_2
(refer to OD of FIG. 13D). The generated undercut UA may
generate a failure that opens the second anode electrode
ANO2 (refer to FIG. 121) to be formed later. That is, if the
undercut is generated, the transparent conductive materials
MM_1 and MM_2 are more protruded toward the inside of
the pixel contact hole PH than the first insulating material
IM1. In this case, a failure in which the second anode elec-
trode ANO2 (refer to FIG. 12I) is open by the protruded
transparent conductive material MM_1 may be generated
because the second anode electrode ANO2 is deposited on a
surface of the pixel contact hole PH and a top surface of the
second insulating material IM2. In order to prevent such an
open failure, an additional process for removing the pro-
truded transparent conductive material MM_1 may be per-
formed (refer to @ of FIG. 13D). The additional process may
be a wet etch process.

[0130] Referring to FIG. 13E, the transparent conductive
material MM_ 2 remained in the half-tone area HA is removed
through a mask process using the remaining photoresist film
PR1. In order to remove the transparent conductive material
MM_2, a wet etch process may be performed. An etchant
used in this case has selectivity by which a transparent con-
ductive material, such as ITQ, is etched, but a metal material,
such as copper (Cu), is not etched. For example, the etchant
may be oxalic (Oz) acid series. Accordingly, although the etch
process for removing the transparent conductive material
MM_2 is performed, the drain electrode DD exposed through
the pixel contact hole PH is not damaged. That is, the drain
electrode DD exposed through the pixel contact hole PH can
be prevented from being damaged by the etchant because it is
formed of a dual layer (i.e., ITO and ME) and a metal mate-
rial, such as Cu, is placed in the upper ME coming into a direct
contact with the etchant.

[0131] The pixel contact hole PH configured to expose the
drain electrode DD through the overcoat layer OC and the
first anode electrode ANO1 and the insulating layer IN3 con-
figured to be overlapped in the emission area AA are formed
through the tenth mask process. The remaining first insulating
material IM1, the transparent conductive material MM_1,
and the second insulating material IM2_1 respectively
become the overcoat layer OC, the first anode electrode
ANO1, and the insulating layer IN3 through the tenth mask
process.

[0132] In the figures, a structure in which a pair of the first
anode electrode ANO1 and the insulating layer IN3 has been
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formed has been illustrated. In some embodiments, one or
more pairs of the first anode electrode ANO1 and the insulat-
ing layer IN3 may be stacked. Furthermore, the first anode
electrode ANOI and the insulating layer IN3 may be selec-
tively formed only in some pixel area. That is, the first anode
electrode ANOI and the insulating layer IN3 may be selec-
tively formed only in a pixel area which requires an improved
light efficiency and color gamut.

[0133] Referring to FIG. 121, a transparent conductive
material is coated on the entire surface of the substrate SUB in
which the pixel contact hole PH and the insulating layer IN3
have been formed. A second anode electrode ANO2 is formed
by patterning the transparent conductive material using a
twelfth mask process. The second anode electrode ANO2
comes in contact with the drain electrode DD of the driving
TFT DT through the pixel contact hole PH. In this case, the
second anode electrode ANO2 may also come in contact with
the first anode electrode ANOI.

[0134] Inthe OLED display according to the third embodi-
ment of the present invention, a dielectric Bragg mirror effect
is generated because two or more layers made of materials
having different refractive indices are alternately stacked.
That is, the third embodiment of the present invention may
provide an OLED display in which constructive interference
and destructive interference are generated between the first
anode electrode ANOI, the insulating layer IN3, and the
second anode electrode ANO2 and thus light efficiency and a
color gamut are improved because the first anode electrode
ANOL1, the insulating layer IN3, and the second anode elec-
trode ANO2 having different refractive indices are sequen-
tially stacked. Furthermore, the third embodiment of the
present invention may provide an OLED display not having a
reduced color viewing angle while improving light efficiency
unlike in a resonant effect according to a micro cavity using
the dielectric Bragg mirror effect. For example, the first anode
electrode ANO1 and the second anode electrode ANO2 may
be made of ITO having a refractive index of 2.0, and the
insulating layer IN3 may be made of SiO2 having a refractive
index of 1.5. The dielectric Bragg mirror effect can be gen-
erated because materials having different refractive indices
are stacked between adjacent layers as described above.
[0135] Next, referring back to FIG. 9, an insulating material
is coated on the entire surface of the substrate SUB in which
the second anode electrode ANO2 has been formed. A bank
BN is formed by patterning the insulating material. The bank
BN defines an open area that will actually become the emis-
sionarea AA. The bank BN may have a shape in which an area
that belongs to the second anode electrode ANO2 and that
will emit light is open. The organic emission layer OLE is
formed to cover the second anode electrode ANO2 open by
the bank BN. The cathode electrode CAT is formed on the
entire surface of the substrate SUB including the organic
emission layer OLE. Accordingly, the OLED, including the
second anode electrode ANO2, the organic emission layer
OLE, and the cathode electrode CAT, is completed.

[0136] The OLED display according to the third embodi-
ment of the present invention can secure a sufficient storage
capacitor STG because the first storage capacitor electrode
SG1 and the second storage capacitor electrode SG2 can be
formed to have a wide area without a reduction of the aperture
ratio in the emission area AA. As a result, if the driving TFT
DT is an off state, the OLED display can maintain pixel data
until a next period using charges charged in the sufficiently
secured storage capacitor STG.



US 2016/0133681 A1l

[0137] Furthermore, the third embodiment of the present
invention may provide an OLED display having an improved
light efficiency and color gamut while preventing a reduction
of the color viewing angle because a dielectric Bragg mirror
effect is generated on the upper side and at the same time a
weak cavity effect is generated on the lower side.

[0138] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a substrate configured to have an emission area and a

non-emission area defined in the substrate;

a thin film transistor disposed in the non-emission area;

a first storage capacitor electrode and a second storage
capacitor electrode configured to be overlapped in the
emission area with a passivation layer interposed
between the first and second storage capacitor elec-
trodes;

an overcoat layer configured to cover the thin film transis-
tor and the second storage capacitor electrode; and

a first pixel area configured to include a first anode elec-
trode and an insulating layer sequentially stacked on the
overcoat layer in such a way as to overlap the second
storage capacitor electrode and a second anode electrode
disposed on the insulating layer and configured to come
in contact with the thin film transistor and the first anode
electrode.

2. The OLED display of claim 1, further comprising a
second pixel area configured to include the second anode
electrode disposed on the overcoat layer and connected to the
thin film transistor.

3. The OLED display of claim 1, wherein a plurality of the
stacked first anode electrode and insulating layer is alter-
nately stacked.

4. The OLED display of claim 1, wherein the first storage
capacitor electrode, the second storage capacitor electrode,
the first anode electrode, and the second anode electrode are
made of a transparent conductive material.

5. The OLED display of claim 1, wherein the insulating
layer is made of an inorganic insulating material.

6. The OLED display of claim 1, wherein a refractive index
of at least any one of the first storage capacitor electrode, the
passivation layer, and the second storage capacitor electrode
is different from a refractive index of another of the first
storage capacitor electrode, the passivation layer, and the
second storage capacitor electrode.

7. The OLED display of claim 1, wherein a refractive index
of at least any one of the first anode electrode, the insulating
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layer, and the second anode electrode is different from a
refractive index of another of the first anode electrode, the
insulating layer, and the second anode electrode.

8. A method of manufacturing an organic light-emitting

diode (OLED) display, the method comprising:

a first step of forming a thin film transistor and a first
storage capacitor electrode on a substrate;

a second step of forming a second storage capacitor elec-
trode overlapping the first storage capacitor electrode
with a passivation layer covering the first storage capaci-
tor electrode interposed between the second storage
capacitor electrode and the first storage capacitor elec-
trode;

a third step of forming a color filter on the second storage
capacitor electrode;

a fourth step of sequentially forming a first anode electrode
and an insulating layer to overlap the second storage
capacitor electrode on an overcoat layer covering the
color filter. and of forming a pixel contact hole exposing
a drain electrode of the thin film transistor through the
overcoat layer and the passivation layer; and

a fifth step of forming a second anode electrode coming in
contact with the drain electrode and the first anode elec-
trode and overlapping the first anode electrode with the
insulating layer interposed between the second anode
electrode and the first anode electrode.

9. The method of claim 8, wherein the fourth step com-

prises:

forming the overcoat layer covering the color filter and
exposing part of the passivation layer; and

forming the first anode electrode and the insulating layer
overlapping the second storage capacitor electrode on
the overcoat layer, and forming a pixel contact hole
exposing the drain electrode through the passivation
layer.

10. The method of claim 8, wherein the first step com-

prises:

forming a semiconductor layer disposed on the substrate
and configured to have a channel layer, a source area,
and a drain area defined in the semiconductor layer;

forming a gate electrode overlapping the channel layer
with a gate insulating layer interposed between the gate
electrode and the channel layer;

forming an interlevel insulating layer covering the gate
electrode and including a source contact hole and a drain
contact hole exposing the source area and the drain area;
and

forming the first storage capacitor electrode, a source elec-
trode coming in contact with the source area through the
source contact hole, and the drain electrode coming in
contact with the drain area through the drain contact hole
on the interlevel insulating layer.

11. The method of claim 10, wherein:

the source electrode and the drain electrode includes a dual
layer formed by stacking a metal material and a trans-
parent conductive material, and

the first storage capacitor electrode includes a single layer
made of the transparent conductive material.

I S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS

CPCH%E=

L 5ER

H 20T S0k
ShEREELE

BEG®F)

BHRXZIRE (OLED ) ERFAIEENR , ﬁgﬂibﬂmlﬁﬁiﬁﬁgc
WRAPPREMN RN XEMIER N X, EEEAEREEIFR X P, H—
FRERFERMNE-FHRERTHFEN  REENERARFHESR ,
HYRBEAEF - NE_FHERRENCABEERE  ATESEER
HENF -_FHBRGRENFE-—BEXE , HERENSEINFHEEE
FRARE LNE—FARBRMEERE , WESRE —FEBERRE
RAREBEFTRL SR LR E ZFARERERH BREE N MR EE
REE M — AR B,

BNAX-_REERRERZRREN

US20160133681A1

US14/937376

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

NAM KYOUNGJIN
KIM YONGMIN
KIM JEONGOH
BEAK JUNGSUN
YUN JEONGGI

NAM, KYOUNGJIN
KIM, YONGMIN
KIM, JEONGOH
BEAK, JUNGSUN
YUN, JEONGGI

HO1L27/32 HO1L51/52 HO1L51/56

2016-05-12

2015-11-10

patsnap

HO1L27/3265 HO1L51/56 HO1L27/3248 HO1L2227/323 HO1L27/322 HO1L27/3258 HO1L51/5212
HO1L27/326 HO1L27/3225 HO1L28/60 HO1L51/5271 HO1L51/5265

1020140155730 2014-11-10 KR
1020150146504 2015-10-21 KR

US10026797

Espacenet USPTO

I

]

I

i

i e ol

o
QG

w
T

Al



https://share-analytics.zhihuiya.com/view/7120b6a1-9a5d-4716-a9b8-38cf3cbcfc8f
https://worldwide.espacenet.com/patent/search/family/054478652/publication/US2016133681A1?q=US2016133681A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160133681%22.PGNR.&OS=DN/20160133681&RS=DN/20160133681

