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(57) ABSTRACT

An organic light emitting diode display having a driving
circuit portion for driving an organic light emitting diode
portion that includes a thin film transistor that has a semicon-
ductor layer, a gate electrode, a source electrode, and a drain
electrode, and is disposed between the organic light emitting
diode portion and the driving circuit substrate, and a storage
capacitor that has lower and upper electrodes and a dielectric
layer interposed therebetween and is disposed on the organic
light emitting diode portion is provided. The thin film tran-
sistor is formed between the organic light emitting diode
portion and the driving circuit substrate, and the storage
capacitor is formed on the organic light emitting diode por-
tion.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD OF MANUFACTURE
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2006-0113798 filed in the
Korean Intellectual Property Office on Nov. 17, 2006, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (OLED) display and a method of manufactur-
ing the OLED display, and more particularly, to an OLED
display having an improved aperture ratio and a method of
manufacturing the OLED display.

[0004] (b) Description of the Related Art

[0005] An OLED display is a flat display apparatus for
driving NxM OLEDs with current or voltage to display an
image.

[0006] The OLED displays may be classified into active
and passive matrix driving types according to driving
schemes.

[0007] The active matrix driving type of OLED display
includes a driving circuit portion and an OLED unit having
OLED:s that emit light according to driving signals from the
driving circuit portion.

[0008] The driving circuit portion includes a plurality of
thin film transistors (TFTs) and storage capacitors for driving
the OLEDs. Generally, each of the TFTs includes a semicon-
ductor layer, a gate electrode, a source electrode, and a drain
electrode.

[0009] The semiconductor layer may be made of amor-
phous silicon (a-Si) or low temperature polysilicon (LTPS).
Since mobility of the LTPS is higher than that of the a-Si, the
LTPS is more suitable for a high-speed circuit. Therefore,
recently, the LTPS has been widely used for the semiconduc-
tor layer.

[0010] However, a crystallization process of the LTPS is
completed at a temperature of 4007 or more.

[0011] In a conventional method, in order to prevent dam-
age to an organic layer of the OLED caused by the crystalli-
zation process of the LTPS, the driving circuit portion is
firstly formed on a substrate, and then the OLED unit is
formed on the driving circuit portion.

[0012] Inaddition, the active matrix driving type of OLED
displays may be classified into bottom, top, and bottom-top
emission types.

[0013] Inthebottom-emission active matrix driving type of
OLED display, light emitting from the organic layer of the
OLED passes through a space where the driving circuit por-
tionis not formed so as to display an image. Since the aperture
ratio decreases by the space where the driving circuit portion
is formed, there is a problem in that the aperture ratio may be
lowered to below 40% or less.

[0014] On the other hand, in the top-emission active matrix
driving type of OLED display, the aperture ratio can be
improved by up to 60% to 70%. However, first pixel elec-
trodes of the OLED unit must be made of a reflective conduc-
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tive material, and second pixel electrode of the OLED unit
must be made of a transparent or semi-transparent conductive
material.

[0015] Dark-point defects may be caused by contamination
occurring during a process of generating the first pixel elec-
trodes. In addition, in a case where the second pixel electrodes
are formed to be thin so as to improve transmittance, pin holes
may occur, and the organic layer may deteriorate.

SUMMARY OF THE INVENTION

[0016] The present invention provides a bottom emission
type of organic light emitting diode display with an improved
aperture ratio.

[0017] The present invention also provides a method of
effectively manufacturing the organic light emitting diode
display.

[0018] According to an aspect of the present invention,
there is provided an organic light emitting diode display
including a driving circuit portion for driving an organic light
emitting diode portion, the driving circuit portion including:
a thin film transistor that includes a semiconductor layer, a
gate electrode, a source electrode, and a drain electrode; and
a storage capacitor that includes lower and upper electrodes
and a dielectric layer interposed therebetween.

[0019] The thin film transistor may be disposed between
the organic light emitting diode portion and a driving circuit
substrate, and the storage capacitor may be disposed on the
organic light emitting diode portion.

[0020] Inthe organic light emitting diode display, since the
storage capacitor is disposed on the organic light emitting
diode portion, it is possible to improve the aperture ratio by an
area of the storage capacitor when the light emitting from the
organic light emitting diode portion passes through the driv-
ing circuit portion to display an image.

[0021] Inthe above aspect of the present invention, the first
pixel electrode may be made of a transparent or semi-trans-
parent conductive material, and the second pixel electrode
may be made of a reflective conductive material. In addition,
the first pixel electrode, the second pixel electrode, and the
lower electrode may be formed on each of subpixels individu-
ally.

[0022] In addition, a passivation layer may be disposed
between the second pixel electrode and the lower electrode.

[0023] Accordingly, it is possible to suppress deterioration
of the organic layer caused by an inflow of moisture into the
organic light emitting diode display.

[0024] In addition, the semiconductor layer and the first
pixel electrode may be electrically connected to the source or
drain electrode of the thin film transistor, and the second pixel
electrode may be electrically connected to the gate electrode
of the thin film transistor.

[0025] Inthe organic light emitting diode display, since all
the components, that is, the semiconductor layer, the gate
electrode, the source and drain electrodes, the first pixel elec-
trode, and the second pixel electrode, can be used for the
electrodes of the capacitor, it is possible to further improve
capacitance of the capacitor.

[0026] The semiconductor layer may be made of a low
temperature polysilicon. The first pixel electrode may be used
as an anode, and the second pixel electrode may be used as a
cathode.

[0027] According to an aspect of the present invention,
there is provided a method of manufacturing an organic light
emitting diode display including: forming a thin film transis-
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tor on a driving circuit substrate; forming a first pixel elec-
trode on the thin film transistor; forming an organic layer on
the first pixel electrode; forming a second pixel electrode on
the organic layer; forming a passivation layer on the second
pixel electrode; forming a lower electrode of a storage capaci-
tor on the passivation layer; forming a dielectric layer on the
lower electrode; and forming an upper electrode of the stor-
age capacitor on the dielectric layer.

[0028] The first pixel electrode, the second pixel electrode,
and the lower electrode may be formed by using a lift-off
process and a dry-type process using a shadow mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings, in which:

[0030] FIG.1is a schematic perspective view showing first
and second semiconductor layers formed in an OLED display
according to an embodiment of the present invention;
[0031] FIG. 2 is a schematic perspective view showing a
gate insulating film and a gate wire line formed in the OLED
display according to the embodiment of the present invention;
[0032] FIG. 3 is a schematic perspective view showing an
interlayer insulating film formed in the OLED display
according to the embodiment of the present invention;
[0033] FIG. 4 is a schematic perspective view showing
source and drain wire lines formed in the OLED display
according to the embodiment of the present invention;
[0034] FIG. 5 is a schematic perspective view showing a
planarization film and a first pixel electrode formed in the
OLED display according to the embodiment of the present
invention;

[0035] FIG. 6 is a schematic perspective view showing an
organic layer and a second pixel electrode formed in the
OLED display according to the embodiment of the present
invention;

[0036] FIG. 7 is a schematic perspective view showing a
passivation layer formed in the OLED display according to
the embodiment of the present invention;

[0037] FIG. 8 is a schematic perspective view showing a
lower electrode of a storage capacitor formed in the OLED
display according to the embodiment of the present invention;
[0038] FIG. 9 is a schematic perspective view showing a
dielectric layer formed in the OLED display according to the
embodiment of the present invention;

[0039] FIG. 10 is a schematic perspective view showing an
upper electrode of the storage capacitor formed in the OLED
display according to the embodiment of the present invention;
and

[0040] FIG. 11 is a schematic perspective view showing an
electrical connection of a second pixel electrode used for an
electrode of a capacitor in the OLED display according to the
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0041] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
attached drawings such that the present invention can be
easily put into practice by those skilled in the art. However,
the present invention is not limited to the exemplary embodi-
ments, but may be embodied in various forms.
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[0042] 1If it is mentioned that a layer, a film, an area, or a
plate is placed on a different element, it includes a case that
the layer, film, area, or plate is placed right on the different
element, as well as a case that another element is disposed
therebetween.

[0043] Inthe embodiments described later, a driving circuit
portion which is formed in each subpixel with a 2Tr-1Cap
structure constructed with two thin film transistors (TFTs)
and a storage capacitor is exemplified.

[0044] However, the structure of the driving circuit portion
is not limited thereto, but may be modified in various forms
according to applications.

[0045] FIGS. 1 to 10 are perspective views showing a
method of manufacturing an OLED display according to an
embodiment of the present invention.

[0046] More specifically, FIG. 1 is a schematic perspective
view showing first and second semiconductor layers formed
in the OLED display, FIG. 2 is a schematic perspective view
showing a gate insulating film and a gate wire line formed in
the OLED display. and F1G. 3 is a schematic perspective view
showing an interlayer insulating film formed in the OLED
display.

[0047] FIG. 4 is a schematic perspective view showing
source and drain wire lines formed in the OLED display, FIG.
5 is a schematic perspective view showing a planarization
film and a first pixel electrode formed in the OLED display,
and FIG. 6 is a schematic perspective view showing an
organic layer and a second pixel electrode formed in the
OLED display.

[0048] FIG. 7 is a schematic perspective view showing a
passivation layer formed in the OLED display.

[0049] FIGS. 8 to 10 are schematic perspective views
showing a lower electrode, a dielectric layer, and an upper
electrode of a storage capacitor formed sequentially in the
OLED display.

[0050] FIG. 11 is a schematic perspective view showing an
electrical connection of a second pixel electrode used for an
electrode of a capacitor in the OLED display.

[0051] Firstly, a method of manufacturing an OLED dis-
play according to an embodiment of the present invention is
described with reference to FIGS. 1 to 10.

[0052] The OLED display includes a driving circuit sub-
strate 10. The driving circuit substrate 10 may be a transparent
glass substrate or an opaque resin substrate. Alternatively, the
driving circuit substrate 10 may be a metal foil.

[0053] For simplification of the drawings, a driving circuit
substrate in one subpixel region where the driving circuit
portion is formed is shown in FIGS. 1 to 10.

[0054] As shown in FIG. 1, a buffer layer 20 is formed on
the driving circuit substrate 10. Next, first and second semi-
conductor layers 110 and 120 are formed on first and second
thin film transistor (TFT) regions above the buffer layer 20,
respectively.

[0055] Although not shown in detail, each of the first and
second semiconductor layers 110 and 120 may be made of
low temperature polysilicon (LTPS) and have source and
drain regions and a channel region interposed therebetween.
[0056] Next, as shown in FIG. 2, a gate insulating film 22 is
formed, and a gate wire line is formed on the gate insulating
film 22.

[0057] The gate wire line may include a first gate electrode
120, a scan line 310 that is integrally formed with the first gate
electrode 120, and a second gate electrode 220.
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[0058] Next, as shown in FIGS. 3 and 4, an interlayer insu-
lating film 24 and source and drain wire lines are sequentially
formed.

[0059] The source and drain wire lines may include source
and drain electrodes 130 and 140 of a first TFT T1 and a data
line 330 that is integrally formed with the source electrode
130 of the first TFT T1.

[0060] In addition, the source and drain wire lines may
further include source and drain electrodes 230 and 240 of a
second TFT T2 and a common power source line 340 that is
integrally formed together with the source electrode 230 of
the second TFT T2.

[0061] The dataline 330 is formed to extend in a direction
perpendicular to the scan line 310. The source electrode 130
of the first TFT T1 is electrically connected to the source
region of the first semiconductor layer 110 through a via hole
132. The drain electrode 140 of the first TFT T1 1s eclectically
connected to the drain region of the first semiconductor layer
110 through a via hole 142.

[0062] The source electrode 230 of the second TFT T2 is
electrically connected to the source region of the second
semiconductor layer 210 through a via hole 232. The drain
electrode 240 of the second TFT T2 is electrically connected
to the drain region of the second semiconductor layer 210
through a via hole 242.

[0063] The common power supply line 340 is formed to
extend in a direction perpendicular to the scan line 310 and to
face the data line 330. The common power supply line 340 is
integrally formed together with the source electrode 230 of
the second TFT T2.

[0064] Next, as shown in FIG. 5, a planarization film 26 is
formed, and a first pixel electrode 410 is formed above the
planarization film 26.

[0065] The first pixel electrode 410 may be an anode elec-
trode used as a hole injection electrode. The first pixel elec-
trode 410 may be formed of a transparent or semi-transparent
conductive material such as indium tin oxide (ITO) or indium
zine oxide (IZ0).

[0066] The first pixel electrode 410 is electrically con-
nected to the drain electrode 240 of the second TFT T2
through a via hole 412.

[0067] Next, as shown in FIG. 6, an organic layer 420 and
a second pixel electrode 430 are sequentially formed on the
first pixel electrode 410.

[0068] The second pixel electrode 430 may be a cathode
electrode used as an electron injection electrode.

[0069] Moreover, the positions of the first and second pixel
electrodes may be interchanged according to a specification
of a product.

[0070] The second pixel electrode 430 may be constructed
with areflective conductive layer so as to reflect light emitting
from the organic layer 420 toward the driving circuit substrate
10 or to improve a work function or electrical conductivity
between the transparent conductive electrode and the second
pixel electrode 430.

[0071] Generally, the second pixel electrode 430 may be
made of one of aluminum (Al), an Al alloy, silver (Ag), a Ag
alloy, gold (Au), and a Au alloy.

[0072] The organic layer 420 may be constructed with a
multi-layered structure which multiple organic layers are
stacked above and below a light emitting layer so as to effi-
ciently transport carrier such as holes and electrons to the
light emitting layer.
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[0073] For example, the organic layer 420 may be con-
structed with a multi-layered structure where a hole injection
layer, a hole transport layer, a light emitting layer, a hole
blocking layer, an electron transport layer, and an electron
injection layer are sequentially stacked on the first pixel elec-
trode of the OLED.

[0074] Small-molecule materials used to form the multi-
layer organic layer may be classified into a hole injection
material, a hole transport material, a hole blocking material,
an electron transport material, and a light emitting material
according to functions thereof.

[0075] In addition, the small-molecule materials may be
classified into a fluorescent material originating from a sin-
glet exciton and a phosphorescent material originated from a
triplet exciton. In addition, the small-molecule materials may
be classified into blue, red, yellow, and orange light emitting
materials according to colors thereof.

[0076] Thesmall-molecule light-emitting materials may be
classified into host and dopant materials according to a func-
tion thereof. In addition, the small-molecule light-emitting
materials may be classified into an organic host material, an
organic metallic host material, an organic dopant material,
and an organic metallic dopant material.

[0077] In general, light can be emitted by using only the
host or dopant material. However, in this case, efficiency and
luminance are lowered. In addition, since the molecules are
close to each other, there is a problem in that excimer char-
acteristics unique to the molecules occur.

[0078] The structure of the organic layer of the OLED and
amanufacturing process thereof vary with types of the small-
molecule materials.

[0079] The first pixel electrode 410, the organic layer 420,
and the second pixel electrode 430 constitute the OLED 400.

[0080] Subsequently, as shown in FIG. 7, a passivation
layer 440 is formed. The passivation layer 440 has a function
of preventing moisture from flowing into the organic layer
420.

[0081] As shown in FIG. 8, after the formation of the pas-
sivation layer 440, a lower electrode 320 of the storage
capacitor is formed, and the lower electrode 320 is electri-
cally connected to the drain electrode 140 of the first TFT T1
through a via hole 320"

[0082] Next, as shown in FIGS. 9 and 10, a dielectric layer
322 is formed, and an upper electrode 324 of the storage
capacitor is formed on the dielectric layer 322. The upper
electrode 324 is electrically connected to the common power
supply line 340 through a via hole 324'.

[0083] As shown in the drawings, the first pixel electrode,
the organic layer, the second pixel electrode, and the lower
electrode of the storage capacitor are formed on each of the
subpixels individually and are individually driven according
to a signal of the driving circuit portion.

[0084] A common layer used among the aforementioned
organic layers may be formed on the entire area of the OLED
display.

[0085] Therefore, the first pixel electrode, the organic layer,
the second pixel electrode, and the lower electrode of the
storage capacitor may be formed by using a dry-type process.
[0086] As an example of the dry-type process, there are a
deposition process using a shadow mask, and a lift-off pro-
cess.
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[0087] Insome of the processes, after all the structures are
formed on the driving circuit substrate 10, a sealing process
using an encapsulation glass, a metal cap, or a sealing thin
film is performed.

[0088] According to the embodiment of the present inven-
tion, the lower and upper electrodes of the storage capacitor
are formed on the second pixel electrode.

[0089] Therefore, in the OLED display according to the
embodiment of the present invention, the area of the first pixel
electrode can increase by the area or more of the storage
capacitor, so that the aperture ratio can be improved.

[0090] In addition, since the first pixel electrode without a
reflective layer and the relatively thick second pixel electrode
can be employed, it is possible to prevent occurrence and
spreading of pin holes and to improve the aperture ratio.
[0091] In addition, since the organic layer is formed after
the formation ofa thin film transistor, it is possible to form the
organic layer without damage thereto.

[0092] On the other hand, as described above, the second
pixel electrode and the lower electrode are formed on each of
the subpixels individually so as to form the lower and upper
electrodes of the storage capacitor on the second pixel elec-
trode.

[0093] Accordingly, it is possible to further improve
capacitance of a capacitor by electrically connecting some of
the TFTs formed on the subpixels with the second pixel
electrode.

[0094] Namely, the capacitance of the capacitor increases
in proportion to the area of the conductive material.

[0095] Therefore, as shown in FIG. 11, one electrode of a
capacitor is formed by electrically connecting semiconductor
layers formed with some of the TFTs with the source and
drain electrodes S/D and the first pixel electrode.

[0096] Next, the other electrode of the capacitor is formed
by electrically connecting the gate electrode of the TFT with
the second pixel electrode, that is, a cathode.

[0097] According to the formation of the electrodes of the
capacitor, all of the conductive materials, that is, the semi-
conductor layer, the gate electrode, the source and drain elec-
trodes, the first pixel electrode, and the second pixel electrode
can be used for the electrodes of the capacitor.

[0098] Accordingly, it is possible to improve the capaci-
tance of the capacitor, so that the aperture ratio can be further
improved.

[0099] Although the exemplary embodiments of the
present invention have been described, the present invention
is not limited to the embodiments, but may be modified in
various forms without departing from the scope of the
appended claims, the detailed description, and the accompa-
nying drawings of the present invention. Therefore, it is natu-
ral that such modifications belong to the scope of the present
invention.

What is claimed is:

1. An organic light emitting diode display, comprising:

a driving circuit substrate;

an organic light emitting diode portion that includes a first
pixel electrode, an organic layer, and a second pixel
electrode, and is disposed on the driving circuit sub-
strate; and

a driving circuit portion that drives the organic light emit-
ting diode portion,

wherein the driving circuit portion comprises

a thin film transistor including a semiconductor layer, a
gate electrode, a source electrode, and a drain electrode
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and that is disposed between the organic light emitting
diode portion and the driving circuit substrate, and

a storage capacitor that includes lower and upper elec-
trodes and a dielectric layer interposed therebetween
and that is disposed on the organic light emitting diode
portion.

2. The organic light emitting diode display of claim 1,
wherein the first pixel electrode is made of a transparent or
semi-transparent conductive material, and the second pixel
electrode is made of a reflective conductive material.

3. The organic light emitting diode display of claim 2,
wherein the first pixel electrode, the second pixel electrode,
and the lower electrode are formed on each of subpixels
individually.

4. The organic light emitting diode display of claim 3,
wherein a passivation layer is disposed between the second
pixel electrode and the lower electrode.

5. The organic light emitting diode display of claim 4,

wherein the semiconductor layer and the first pixel elec-
trode are electrically connected to the source or drain
electrode of the thin film transistor, and

wherein the second pixel electrode is electrically con-
nected to the gate electrode of the thin film transistor.

6. The organic light emitting diode display of claim 4,
wherein the semiconductor layer is made of a low tempera-
ture polysilicon.

7. The organic light emitting diode display of claim 6,
wherein the first pixel electrode is used as an anode, and the
second pixel electrode is used as a cathode.

8. An organic light emitting diode display comprising:

a thin film transistor that includes a semiconductor layer, a
gate electrode, a source electrode, and a drain electrode,
and that is disposed on a driving circuit substrate;

a first pixel electrode that is formed on the thin film tran-
sistor and is driven individually in units of subpixels;

an organic layer formed on the first pixel electrode;

a second pixel electrode that is formed on the organic layer
and is driven individually in units of subpixels;

a lower electrode of a storage capacitor that is formed on
the second pixel electrode and is driven individually in
units of subpixels;

a dielectric layer that is formed on the lower electrode; and

an upper electrode of the storage capacitor that is formed
on the dielectric layer.

9. The organic light emitting diode display of claim 8§,
wherein the first pixel electrode is made of a transparent or
semi-transparent conductive material, and the second pixel
electrode is made of a reflective conductive material.

10. The organic light emitting diode display of claim 9,
wherein a passivation layer is disposed between the second
pixel electrode and the lower electrode.

11. The organic light emitting diode display of claim 10,

wherein the semiconductor layer and the first pixel elec-
trode are electrically connected to the source or drain
electrode of the thin film transistor, and

wherein the second pixel electrode is electrically con-
nected to the gate electrode of the thin film transistor.

12. The organic light emitting diode display of claim 10,
wherein the semiconductor layer is made of a low tempera-
ture polysilicon.

13. The organic light emitting diode display of claim 12,
wherein the first pixel electrode is used as an anode, and the
second pixel electrode is used as a cathode.
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14. A method of manufacturing an organic light emitting
diode display, comprising steps of:

forming a thin film transistor on a driving circuit substrate;

forming a first pixel electrode on the thin film transistor;

forming an organic layer on the first pixel electrode;

forming a second pixel electrode on the organic layer;

forming a passivation layer on the second pixel electrode;

forming a lower electrode of a storage capacitor on the
passivation layer;

forming a dielectric layer on the lower electrode; and

forming an upper electrode of the storage capacitor on the

dielectric layer.

15. The method of claim 14, wherein the first pixel elec-
trode is made of a transparent or semi-transparent conductive
material, and the second pixel electrode is made of a reflective
conductive material.
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16. The method of claim 14, wherein the first pixel elec-
trode, the second pixel electrode. and the lower electrode are
formed individually in units of subpixels.

17. The method of claim 16, wherein the second pixel
electrode is formed by using a dry process.

18. The method of claim 17, wherein the forming of the
thin film transistor comprises:

forming a semiconductor layer on the driving circuit sub-

strate;
forming a gate electrode on the semiconductor layer with a
gate insulating film interposed therebetween; and

forming source and drain electrodes on the gate electrode
with an interlayer insulating film interposed therebe-
tween.

19. The method of claim 18, wherein the semiconductor
layer is made of a low temperature polysilicon.
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