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METHOD OF MANUFACTURING CONNECTION STRUCTURE CONNECTING CATHODE

ELECTRODETO AUXILIARY CATHODEELECTRODE AND ORGANICLIGHT-EMITTING DIODE

DISPLAY DEVICE USING THE SAME

(57)  An organic light-emitting diode display device
(10) having an organic light-emitting diode (OLED) hav-
ing an anode electrode (ANO), an organic emission layer
(OL), and a cathode electrode (CAT) is provided. The
organic light-emitting diode display device (10) includes
a low potential source line (VSL) configured to supply a
low potential source voltage; and at least one auxiliary
cathode electrode (ACAT) configured to connect the low

potential source line (VSL) to the cathode electrode
(CAT). The at least one auxiliary cathode electrode
(ACAT) includes a first electrode layer (M1) connected
to the low potential source line (VSL), and a second elec-
trode layer (M2) connected to the first electrode layer
(M1) at a plurality of first positions and connected to the
cathode electrode (CAT) at a plurality of second positions
different from the plurality of first positions.
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Description
BACKGROUND

Field of the Invention

[0001] The present disclosure relates to an organic
light-emitting display device, and more particularly, to a
method of manufacturing a connection structure con-
necting a cathode electrode to an auxiliary cathode elec-
trode and an organic light-emitting diode display device
using the same.

Discussion of the Related Art

[0002] Recently, various flat panel display devices ca-
pable of reducing weight and the volume, that is, disad-
vantages of a cathode ray tube (CRT), are being devel-
oped. Examples of such a flat panel display device in-
clude a liquid crystal display (LCD), a field emission dis-
play (FED), a plasma display panel (PDP), and an organic
light-emitting diode display (OLED).

[0003] The OLED device of the flat panel display de-
vices is a self-emitting display device that emits light by
exciting an organic compound, and has advantages of
enabling a light weight thin type and simplifying the proc-
ess because it does not require a backlight used in an
LCD. Furthermore, the OLED device is widely used be-
cause it can be fabricated at a low temperature and it
has a response speed of 1 ms or less, a high-speed re-
sponse speed, and characteristics, such as low con-
sumption power, a wide viewing angle, and high contrast.
[0004] The OLED device includes an organic light-
emitting diode for converting electric energy into light en-
ergy. The organic light-emitting diode includes an anode
electrode, a cathode electrode, and an organic emission
layer (EML) disposed between the electrodes. Holes are
injected from the anode electrode, and electrons are in-
jected from the cathode electrode. When the holes and
the electrons injected through the anode electrode and
the cathode electrode are injected into the organic emis-
sion layer EML, excitons are formed, and the excitons
emit light while emitting energy in a light form.

[0005] Such an OLED device includes gate lines, data
lines, and a plurality of pixels partitioned by the crossings
of common power lines. Each of the pixels includes a
switching thin film transistor (hereinafter referred to as
"TFT"),adriving TFT, a storage capacitor, and an organic
light-emitting diode. When a scan pulse is supplied to a
gate line, the switching TFT is turned on and supplies
the storage capacitor and the gate electrode of the driving
TFT with a data signal supplied to a data line. The driving
TFT adjusts the amount of light emitted from the organic
light-emitting diode by controlling an electric current sup-
plied from a power line to the organic light-emitting diode
in response to the data signal supplied to the gate elec-
trode of the driving TFT. Although the switching TFT is
turned off, the storage capacitor charges a data voltage
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supplied from the data line through the switching TFT so
that the driving TFT supplies a constant current until a
data signal of a next frame is supplied and thus the emis-
sion of the organic light-emitting diode is maintained.
[0006] A related art OLED device is described below
with reference to FIGs. 1and 2. FIG. 1is a cross-sectional
view of some region of the related art OLED device, and
FIG. 2is a cross-sectional view of the OLED device taken
along line I-I' of FIG. 1.

[0007] Referring to FIGS. 1 and 2, the OLED device
includes a TFT substrate in which TFTs ST and DT and
an organic light-emitting diode OLE connected to the
TFTs ST and DT and driven are disposed in each pixel
region.

[0008] The TFT substrateincludes a switching TFT ST,
a driving TFT DT connected to the switching TFT ST,
and the organic light-emitting diode OLE connected to
the driving TFT DT. The switching TFT ST is neighboring
to and disposed in the intersection of a gate line GL and
a data line DL. The switching TFT ST functions to select
a pixel. The switching TFT ST includes a gate electrode
SG, a semiconductor layer SA, a source electrode SS,
and adrain electrode SD branched from the gate line GL.
[0009] The driving TFT DT functions to drive the or-
ganic light-emitting diode OLE 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 semiconductor layer DA, a source
electrode DS connected to a high potential source line
VDL, and a drain electrode DD. The drain electrode DD
of the driving TFT DT is connected to the anode electrode
ANO of the organic light-emitting diode OLE. A cathode
electrode CAT covering most of the substrate is disposed
on the anode electrode ANO. An organic emission layer
OL is disposed between the anode electrode ANO and
the cathode electrode CAT.

[0010] A gate pad GP connected to one end of the gate
line GL, a data pad DP connected to one end of the data
line DL, a high potential source pad VDP formed at one
end of the high potential source line VDL, and a low po-
tential source pad VSP formed at one end of the low
potential source line VSL are disposed in the outer cir-
cumferential portion of a display region in which pixels
are disposed.

[0011] Referring further to FIG. 2, the semiconductor
layers SA and DA of the switching TFT ST and the driving
TFT DT are formed on the substrate SUB. The gate elec-
trodes SG and DG are formed on a gate insulating film
Gl covering the semiconductor layers SA and DA. The
gate electrodes SG and DG overlap the central portions
of the semiconductor layers SA and DA, respectively.
The regions ofthe semiconductor layers SA and DA over-
lapping the gate electrodes SG and DG may be defined
as channel regions. Furthermore, the gate pad GP may
be formed on the gate insulating film GI.

[0012] One side portions of the semiconductor layers
SAand DA arerespectively connected to the source elec-
trodes SS and DS through contact holes formed in the
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gate insulating film GI, and the other side portions thereof
are respectively connected to the drain electrodes SD
and DD through contact holes formed in the gate insu-
lating film GI. The source electrodes SS and DS and the
drain electrodes SD and DD are formed on an insulating
film IN covering the gate electrodes SG and DG. A low
potential source line VSL is disposed on the insulating
film IN. Furthermore, the data pad DP, the high potential
source pad VDP, and the low potential source pad VSP
may be disposed on the insulating film IN.

[0013] A passivation film PAS is formed on the sub-
strate SUB in which the switching TFT ST and the driving
TFT DT have been formed. A planarization film PL is
formed on the substrate SUB in which the passivation
film PAS has been formed.

[0014] Theanode electrode ANO thatcomes in contact
with the drain electrode DD of the driving TFT DT through
a contact hole is formed on the planarization film PL.
Furthermore, a gate pad terminal GPT, a data pad ter-
minal DPT, a high potential source terminal VDPT, and
a low potential source terminal VSPT respectively con-
nected to the gate pad GP, the data pad DP, the high
potential source pad VDP, and the low potential source
pad VSP through contact holes that penetrate the insu-
lating film are formed in an outer circumferential portion
in which the planarization film PL has not been formed.
A bank pattern BA is formed on the substrate SUB in
which the anode electrode ANO has been formed. The
bank pattern BA exposes most of the anode electrode
ANO. The organic emission layer OL is formed on the
exposed anode electrode ANO. The cathode electrode
CAT is formed on the substrate in which the organic emis-
sion layer OL has been formed. Accordingly, the organic
light-emitting diode OLE, including the anode electrode
ANO, the organic emission layer OL, and the cathode
electrode CAT, is formed.

[0015] The cathode electrode CAT to which a low po-
tential source voltage is applied through the low potential
source line VSL is formed in most of the entire surface
of the substrate SUB. If the cathode electrode CAT is
placed in an upper layer as in a top-emission display
device, the cathode electrode CAT needs to be formed
using a transparent conductive material, such as indium
tin oxide (ITO), because transmittance needs to be se-
cured. If the cathode electrode CAT is formed using a
transparent conductive material, such as ITO, there is a
problem in that picture quality is deteriorated because
electric resistance is increased.

[0016] If resistance increases as described above,
there is a problem in that a low potential source voltage
does not have a constant voltage value voltage value in
the entire area of the cathode electrode. More specifical-
ly, in the case of a large-area display device, there is a
phenomenon in which luminance becomes irregular over
the entire screen because a voltage deviation depending
on the position, for example, a voltage deviation depend-
ing on the distance from an incoming portion to which
the low potential source voltage is applied may be in-

10

15

20

25

30

35

40

45

50

55

creased.
SUMMARY

[0017] Accordingly, the presentinvention is directed to
a method of manufacturing connection structure con-
necting cathode electrode to auxiliary cathode electrode
and an organic light-emitting diode display device using
the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the re-
lated art.

[0018] An object of the present invention is to provide
an OLED device capable of minimizing a deviation in the
low potential source voltage of a cathode electrode de-
pending on the position.

[0019] Anotherobjectof the presentinventionis to pro-
vide a method of manufacturing a connection structure
capable of efficiently connecting an auxiliary cathode
electrode and a cathode electrode for minimizing a de-
viation in a low potential source voltage supplied to the
cathode electrode.

[0020] Additional features and advantages of the in-
vention will be set forth in the description which follows,
and in part will be apparent from the description, or may
be learned by practice of the invention. The objectives
and other advantages of the invention will be realized
and attained by the structure particularly pointed out in
the written description and claims hereof as well as the
appended drawings.

[0021] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an OLED device com-
prises an organic light-emitting diode having an anode
electrode, an organic emission layer, and a cathode elec-
trode, the organic light-emitting diode display device
comprising: a low potential source line configured to sup-
ply a low potential source voltage; and at least one aux-
iliary cathode electrode configured to connect the low
potential source line to the cathode electrode, wherein
the at least one auxiliary cathode electrode includes a
first electrode layer (e.g., first metal layer) connected to
the low potential source line, and a second electrode lay-
er (e.g., second metal layer) connected to the first elec-
trode layer at a plurality of first positions and connected
to the cathode electrode at a plurality of second positions
different from the plurality of first positions.

[0022] In one or more embodiments, the organic light-
emitting diode display device further comprises a first link
pattern configured to connect the low potential source
line and the first electrode layer of the auxiliary cathode
electrode.

[0023] In one or more embodiments, the organic light-
emitting diode display device further comprises a second
link pattern connected to another end of the at least one
auxiliary cathode electrode and disposed in parallel to
the first link pattern disposed to intersect the at least one
auxiliary cathode electrode.

[0024] In one or more embodiments, the organic light-
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emitting diode display device further comprises at least
one third link pattern configured to connect the first link
pattern to the second link pattern.

[0025] In one or more embodiments, the organic light-
emitting diode display device further comprises pixel re-
gions partitioned by gate lines and data lines crossing
each other, wherein, in a region in which the cathode
electrode and the auxiliary cathode electrode are con-
nected, the first electrode layer of the auxiliary cathode
electrode is disposed on a gate insulating film covering
the gate line, a planarization layer having an opening
portion exposing the first electrode layer at the plurality
of first positions is disposed on the first electrode layer,
a second electrode layer is disposed on the planarization
layer and connected to the first electrode layer at the
plurality of first positions, a residual organic emission lay-
er is disposed at positions of the second electrode layer
corresponding to the plurality of first positions, and the
cathode electrode is disposed on the residual organic
emission layer and the second electrode layer, and con-
nected to the second electrode layer at the plurality of
second positions.

[0026] In one or more embodiments, the first link pat-
tern is disposed on the same layer as the gate line and
made of the same material as the gate line, and the low
potential source line is disposed on the gate insulating
layer and made of the same material as the data line.
[0027] In one or more embodiments, the low potential
source line is connected to the first link pattern exposed
through a contact hole penetrating the gate insulating
layer in a non-display region.

[0028] In one or more embodiments, the cathode elec-
trode is connected to the low potential source line through
a contact hole through which the low potential source line
is exposed in the non-display region.

[0029] In one or more embodiments, the anode elec-
trode and the second electrode layer are made of a trans-
parent conductive material, and the first link pattern and
the first electrode layer are made of a low resistance met-
al material having a specific resistance lower than the
transparent conductive material.

[0030] In another aspect, a method of manufacturing
a connection structure for connecting a cathode elec-
trode and an auxiliary cathode electrode in an OLED de-
vice is disclosed. The OLED device includes an anode
electrode, an organic emission layer, and a cathode elec-
trode disposed in pixel regions partitioned by gate lines
and data lines crossing each other. The method compris-
es: forming a first electrode layer (e.g., a first metal layer)
on a gate insulating film covering the gate line, the first
electrode layer being in parallel with the data line; forming
a planarization film on the first electrode layer to expose
some region of the first electrode layer; depositing a
transparent conductive material on the planarization film,
and forming the anode electrode and a second electrode
layer (e.g., a second metal layer) separated from each
other by patterning the transparent conductive material;
depositing an organic light-emitting material to cover the
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anode electrode and the second electrode layer; jetting
a solvent onto a region in which the second electrode
layer is formed and exposing the second electrode layer
by drying the solvent; and forming the cathode electrode
covering the exposed second electrode layer by depos-
iting a transparent conductive material.

[0031] In one or more embodiments, the planarization
film includes a concavo-convex shape having concave
portions and convex portions so that the first electrode
layer is exposed at a plurality of first positions.

[0032] In one or more embodiments, the second elec-
trode layer is exposed at a plurality of second positions
corresponding to the convex portions of the planarization
film.

[0033] Inaccordance with the OLED device of example
embodiments of the present invention, there may be an
advantage in that a failure attributable to luminance ir-
regularity due to a resistance deviation depending on the
position of a display panel can be prevented because a
deviation in the low potential source voltage of a cathode
electrode depending on a position of the display panel
can be minimized.

[0034] Furthermore, there maybe an advantage in that
a contact between an auxiliary cathode electrode and a
cathode electrode can be efficiently achieved because a
connection obstruction structure for the cathode elec-
trode and auxiliary cathode electrode of the organic light-
emitting device is effectively removed.

[0035] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

FIG. 1 is a cross-sectional view of some region of a
related art OLED device,

FIG. 2 is a cross-sectional view of the OLED device
taken along line I-I' of FIG. 1,

FIG. 3 is a block diagram schematically showing an
OLED device according to an embodiment of the
present invention,

FIG. 4 is an equivalent diagram schematically show-
inga 1 pixel region of a display panel shown in FIG. 3,
FIG. 5is a plan view showing a link pattern and aux-
iliary electrodes for supplying a low potential source
voltage to the cathode electrode of the display panel
shown in FIG. 3,

FIGs. 6A and 6B are plan views schematically show-
ing an example in which the link pattern and the aux-
iliary electrodes shown in FIG. 5 are disposed,
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FIG. 7 is a plan view showing some region of the
display panel shown in FIG. 3,
FIG. 8 is a cross-sectional view of the display panel

taken along line II-1I’ of FIG. 7,
FIG. 9 is a cross-sectional view of the display panel
taken along line IlI-III" of FIG. 7, and

FIGs. 10A to 10F are cross-sectional views showing
a manufacture process for connecting the cathode
electrode and the aucxiliary cathode electrode of FIG.
5.

DETAILED DESCRIPTION

[0037] Hereinafter, exemplary embodiments of the
present invention are described in detail with reference
to the accompanying drawings. The same reference nu-
merals denote substantially the same elements through-
out the specification. In the following description, a de-
tailed description of the known functions or elements re-
lated to the presentinvention will be omitted ifitis deemed
to make the gist of the present invention unnecessarily
vague. Furthermore, the names of elements used in the
following description have been selected by taking into
consideration only the ease of writing this specification,
and may be different from the names of actual parts.
[0038] Terms including ordinal numbers, such as the
first and the second, may be used to describe various
elements, but the elements are not limited to meanings
unique to the terms. The terms are used to only distin-
guish one element from the other element.

[0039] An OLED device according to an embodiment
ofthe presentinvention is described below with reference
to FIGs. 3 and 4. FIG. 3 is a block diagram schematically
showing an OLED device according to an embodiment
of the present invention, and FIG. 4 is an equivalent di-
agram schematically showing a 1 pixel region of a display
panel shown in FIG. 3.

[0040] ReferringtoFIG. 3,the OLED device 10 accord-
ing to an embodiment of the present invention includes
adisplay driving circuit 12, 14, and 16 and a display panel
DIS.

[0041] The display driving circuit includes a data driv-
ing circuit 12, a gate driving circuit 14, and a timing con-
troller 16 and writes the video data voltage of an input
image in the pixels of the display panel DIS. The data
driving circuit 12 generates a data voltage by converting
digital video data RGB, received from the timing control-
ler 16, into an analog gamma compensation voltage. The
data voltage output by the data driving circuit 12 is sup-
plied to data lines D1~Dm. The gate driving circuit 14
selects pixels of the display panel DIS in which a data
voltage is written by sequentially supplying gate lines
G1~Gnwith a gate pulse synchronized with the data volt-
age.

[0042] Thetiming controller 16 receives timing signals,
such as a vertical sync signal Vsync, a horizontal sync
signal Hsync, a data enable signal DE, and a main clock
MCLK, from a host system 19 and synchronizes the op-
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erating timing of the data driving circuit 12 and the gate
driving circuit 14. Data timing control signals for control-
ling the data driving circuit 12 include a source sampling
clock SSC and a source output enable signal SOE. Gate
timing control signals for controlling the gate driving cir-
cuit 14 include a gate start pulse GSP, a gate shift clock
GSC, and a gate output enable signal GOE.

[0043] The hostsystem 19 may be implemented using
any one of a TV system, a set-top box, a navigation sys-
tem, a DVD player, a blue-ray player, a personal com-
puter (PC), a home theater system, and a phone system.
The host system 19 includes a system on chip (SoC)
having a scaler embedded therein and converts the dig-
ital video data RGB of an input image into a format suit-
able for displaying the digital video data on the display
panel DIS. The host system 19 transmits the timing sig-
nals Vsync, Hsync, DE, and MCLK, together with digital
video data, to the timing controller 16.

[0044] The pixelarray of the display panel DIS includes
pixels defined by the data lines D1~Dm (m is a positive
integer) and the gate lines G1~Gn (nis a positive integer).
Each of the pixels includes an organic light-emitting diode
(hereinafter referred to as an "OLED"), that is, a self-
emitting device.

[0045] Referring to FIG. 4, in the display panel DIS,
the plurality of data lines DL and the plurality of gate lines
GL are intersected, and pixels are disposed in a matrix
form at the intersections of the data lines and the gate
lines. Each of the pixels includes an OLED OLE, a driving
TFT DT for controlling the amount of current flowing into
the OLED OLE, and a programming unit SC for setting
the gate-source voltage of the driving TFT DT.

[0046] The programming unit SC may include at least
one switching TFT and at least one storage capacitor.
[0047] The switching TFT is turned on in response to
a scan signal from the gate line GL, and applies a data
voltage from the data line DL to an electrode on one side
of the storage capacitor.

[0048] The driving TFT DT adjusts the amount of light
emitted by the OLED OLE by controlling the amount of
current supplied to the OLED OLE based on the amount
of a voltage charged in the storage capacitor. The amount
of light emitted by the OLED OLE is proportional to the
amount of current supplied by the driving TFT DT.
[0049] Each of the pixels is connected to a high poten-
tial source voltage source EVDD and a low potential
source voltage source EVSS and is supplied with a high
potential source voltage and a low potential source volt-
age from a power generation unit (not shown).

[0050] The TFTs forming the pixel may be implement-
ed in a p type or an n type. Furthermore, the semicon-
ductor layer of the TFTs forming the pixel may include
amorphous silicon, polysilicon, or oxide. The OLED OLE
includes an anode electrode ANO, a cathode electrode
CAT, and an organic emission layer interposed between
the anode electrode ANO and the cathode electrode
CAT. The anode electrode ANO is connected to the driv-
ing TFT DT. The organic emission layer includes an emis-
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sion layer (EML). A hole injection layer (HIL) and a hole
transport layer (HTL) and an electron transport layer
(ETL) and an electron injection layer (EIL) may be dis-
posed with the emission layer interposed therebetween
[0051] A configuration for supplying the low potential
source voltage to the cathode electrode in the OLED de-
vice according to an embodiment of the present invention
is described below with reference to FIGs. 5 to 6B.
[0052] FIG. 5is a plan view showing a link pattern and
auxiliary electrodes for supplying the low potential source
voltage to the cathode electrode of the display panel
shown in FIG. 3, and FIGs. 6A and 6B are plan views
schematically showing an example in which the link pat-
tern and the auxiliary electrodes shown in FIG. 5 are dis-
posed.

[0053] Referringto FIG. 5, the OLED device according
to an embodiment of the present invention includes the
display panel DIS to which driving signals and a power
source voltage from the display driving circuit 12, 14, and
16 of FIG. 3 are applied. The display panel DIS includes
a low potential source line VSL, the cathode electrode
CAT, the auxiliary cathode electrodes ACAT, and a first
link pattern LP1.

[0054] The low potential source voltage is applied to
the low potential source line VSL. For example, the low
potential source line VSL may be connected to a pad that
belongs to pads included in a pad unit PA and that is
supplied with the low potential source voltage. In this
case, the pad unit PA may be connected to a flexible film,
such as a chip on film (COF). The low potential source
voltage output by the power generation unit may be in-
putted to the low potential source line VSL of the display
panel DIS through the flexible film electrically connected
to the pad unit PA of the display panel DIS.

[0055] The cathode electrode CAT is connected to the
low potential source line VSL and supplied with the low
potential source voltage. In the case of a top-emission
OLED device, the cathode electrode CAT is made of a
transparent conductive material, such as indium tin oxide
(ITO), indium zinc oxide (1Z0O), or gallium-doped zinc ox-
ide (GZO), because the cathode electrode CAT placed
in an upper layer needs to transmit light. The transparent
conductive material has a higher specific resistance val-
ue than a metal material. If the cathode electrode CAT
including high specific resistance is used as described
above, there is a problem in that the low potential source
voltage applied to the cathode electrode CAT does not
have a constant voltage value in the entire area of the
cathode electrode CAT. For example, luminance may
not be constant depending on a position because a de-
viation between a low potential source voltage value in
the incoming portion, that is, on the side from which the
low potential source voltage is applied, and a low poten-
tial source voltage value in a position spaced apart from
the incoming portion.

[0056] Accordingly, a deviation between low potential
source voltage values depending on a position on the
display panel needs to be uniform. The OLED device
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according to an embodiment of the presentinvention pro-
vides a structure capable of uniformly supplying the dis-
play panel with the low potential source voltage supplied
by the low potential source line.

[0057] To this end, the OLED device according to an
embodiment of the present invention includes the first
link pattern LP1 connected to the low potential source
line VSL and a plurality of the auxiliary cathode electrodes
ACAT connected to the first link pattern LP1 and config-
ured to supply the low potential source voltage from a
plurality of positions to the cathode electrode CAT.
[0058] Thefirstlink pattern LP1 is connected to the low
potential source line VSL at a first contact position CP1,
for example and supplied with the low potential source
voltage. The first link pattern LP1 is connected to one
end of each of the auxiliary cathode electrodes ACAT at
a second contact position CP2, thus electrically connect-
ing the auxiliary cathode electrodes ACAT to the low po-
tential source line VSL.

[0059] The first link pattern LP1 is made of a material
having resistance lower than the cathode electrode CAT,
for example, a low resistance metal material. The first
link pattern LP1 may have a bar shape extended in the
direction that intersects the auxiliary cathode electrodes
ACAT.

[0060] The first link pattern LP1 may be connected to
the cathode electrode CAT at a plurality of positions (e.g.,
a third contact position CP3) including the incoming por-
tion of the low potential source voltage which is connect-
ed to the low potential source line VSL. If the first link
pattern LP1 is connected to the cathode electrode CAT
at the plurality of positions as described above, there is
an advantage in that resistance of the cathode electrode
CAT can be further reduced.

[0061] The plurality of auxiliary cathode electrodes
ACAT is disposed in the direction parallel to the data lines
and is connected to the firstlink pattern LP1 atthe second
contact position CP2. Furthermore, the plurality of aux-
iliary cathode electrodes ACAT is connected to the cath-
ode electrode CAT ata plurality of fourth contact positions
CP4, as shown in FIG. 5.

[0062] The cathode electrode CAT may directly re-
ceive the low potential source voltage EVSS, generated
by the power generation unit (not shown), through the
low potential source line VSL. Furthermore, the cathode
electrode CAT may receive the low potential source volt-
age, generated by the power generation unit, ata plurality
of positions through the first link pattern LP1 and the aux-
iliary cathode electrodes ACAT connected to the low po-
tential source line VSL. Accordingly, the low potential
source voltage may be supplied to the cathode electrode
CAT along aplurality oflow potential source supply paths.
Accordingly, there is an advantage in that a voltage de-
viation for each position, which is generated by the cath-
ode electrode CAT, can be minimized.

[0063] Referringto FIGs. 6A and 6B, the OLED device
according to an embodiment of the presentinvention may
further include at least one of a second link pattern LP2
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and a third link pattern LP3.

[0064] Referring to FIG. 6A, the second link pattern
LP2 is connected to the other end of each of auxiliary
cathode electrodes ACAT. The second link pattern LP2
is made of a low resistance material and may be made
of the same material as a first link pattern LP1. The sec-
ond link pattern LP2 and the other end of the auxiliary
cathode electrode ACAT are interconnected at the sec-
ond contact position CP2.

[0065] The second link pattern LP2 may have a bar
shape extended in the direction that intersects the aux-
iliary cathode electrode ACAT.

[0066] Referring to FIG. 6B, the third link pattern LP3
is connected to a first link pattern LP1 and a second link
pattern LP2, thus electrically connecting the first link pat-
tern LP1 and the second link pattern LP2. The third link
pattern LP3 is made of a low resistance material and may
be made of the same material as the first link pattern LP1
and/or the second link pattern LP2. The first link pattern
LP1,the second link pattern LP2, and the third link pattern
LP3 may be formed in the same layer in one body form.
[0067] Itis advantageous to form an equal potential in
the entire surface of the cathode electrode CAT if the
second link pattern LP2 and the third link pattern LP3
include a low resistance material. Accordingly, if the sec-
ond link pattern LP2 and the third link pattern LP3 are
additionally included, there is an advantage in that a de-
viation in the low potential voltage of the cathode elec-
trode CAT depending on the position of a pixel can be
minimized.

[0068] The configuration of the OLED device accord-
ing to an embodiment of the present invention is de-
scribed in more detail below with reference to FIGs. 7 to
9. FIG. 7is a plan view showing some region of the display
panel shown in FIG. 3, FIG. 8 is a cross-sectional view
of the display panel taken along line II-II’ of FIG. 7, and
FIG. 9 is a cross-sectional view of the display panel taken
along line llI-1II’ of FIG. 7.

[0069] Referringto FIG. 7, the OLED device according
to an embodiment of the present invention includes a
substrate SUB including a display region AA on which
image information is displayed and a non-display region
NA in which several elements for driving the display re-
gion AA are disposed. A plurality of pixels P arranged in
a matrix form is disposed in the display region AA.
[0070] The plurality of pixels P may be arranged in var-
ious forms. For example, the pixels may have the same
size or have different sizes. Furthermore, as shown in
FIG. 5, the pixels, each having 3 sub-pixels indicative of
red (R), green (G), and blue (B) as one unit, may be
regularly arranged. The simplest structure of the pixels
is described below. The pixels P may be disposed in re-
gions defined by the crossing structures of the gate lines
GL proceeding in a first direction and the plurality of data
lines DL proceeding in a second direction.

[0071] The pad unit PA including a data pad, a high
potential source pad, and a low potential source pad is
disposed on one side of the non-display region NA. The
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data line DL is electrically connected to the data pad of
the pad unit PA and supplied with a data voltage. A high
potential source line VDL is electrically connected to the
high potential source pad of the pad unit PA and supplied
with a high potential source voltage. The low potential
source line VSL is electrically connected to the low po-
tential source pad of the pad unit PA and supplied with
a low potential source voltage. The cathode electrode
CAT is directly connected to the low potential source line
VSL and is supplied with a low potential source voltage.
Accordingly, a first supply path along which the low po-
tential source voltage is supplied is formed.

[0072] The data line DL is disposed between pixels P
neighboring in the first direction. The high potential
source line VDL is adjacent to and disposed in the data
line DL and disposed between pixels P neighboring in
the first direction. In this case, the high potential source
line VDL may notbe necessarily disposed between pixels
P neighboring in the first direction. In this case, any one
high potential source line VDL proceeding in the second
direction may be electrically connected to at least two
pixels P neighboring in the first direction. That is, at least
two pixels P neighboring in the first direction may share
one high potential source line VDL.

[0073] The auxiliary cathode electrode ACAT is dis-
posed between pixels P neighboring in the first direction.
The auxiliary cathode electrode ACAT may be disposed
in parallel to the data line DL and the high potential source
line VDL. The auxiliary cathode electrode ACAT may not
be necessarily disposed between pixels P neighboring
in the first direction. At least one of the high potential
source line VDL and the auxiliary cathode electrode
ACAT, together with the data line proceeding in the sec-
ond direction, may be disposed between the neighboring
pixels P. For example, both the high potential source line
VDL and the auxiliary cathode electrode ACAT or any
one of them may be disposed between the neighboring
pixels P. The high potential source line VDL and the aux-
iliary cathode electrode ACAT may be alternately dis-
posed. For example, one or more high potential source
lines VDL may be disposed between adjacent auxiliary
cathode electrodes ACAT. Furthermore, one or more
auxiliary cathode electrodes ACAT may be disposed be-
tween adjacent high potential source lines VDL.

[0074] TFTs fordriving an OLED are disposed in each
of the pixels P. The TFTs may be formed in a TFT region
TA defined on one side of the pixel P. The OLED includes
an anode electrode ANO, a cathode electrode CAT, and
an organic emission layer interposed between the two
electrodes ANO and CAT. A region that actually emits
light may be determined by the area of the organic emis-
sion layer overlapping the anode electrode ANO.
[0075] The anode electrode ANO is formed to occupy
some region of the pixel P and electrically connected to
a TFT formed in the TFT region TA. The anode electrode
ANO is formed in each pixel P. The anode electrode ANO
is spaced apart from the anode electrode ANO of a neigh-
boring pixel P at a specific interval so that the anode
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electrode ANO does not come in contact with the anode
electrode ANO of a neighboring pixel P. The organic
emission layer is formed on the anode electrode ANO.
The cathode electrode CAT is widely formed on the or-
ganic emission layer to fully cover the area of the display
region AA in which at least the pixels P are disposed.
The cathode electrode CAT is electrically connected to
the auxiliary cathode electrode ACAT at the first contact
position CP1.

[0076] The first link pattern LP1 is connected to one
end of each of the auxiliary cathode electrodes ACAT.
The first link pattern LP1 is electrically connected to the
auxiliary cathode electrode ACAT at the second contact
position CP2. Thefirstlink pattern LP1 may be electrically
connected to the cathode electrode CAT at the third con-
tact position CP3, if necessary. The first link pattern LP1
is connected to the low potential source line VSL, and
supplies the auxiliary cathode electrodes ACAT with a
low potential source voltage supplied by the low potential
source line VSL. Accordingly, a second supply path along
which the low potential source voltage is supplied is
formed.

[0077] The first link pattern LP1 may be disposed in
parallel to the gate lines GL in the non-display region NA.
The first link pattern LP1 intersects the data lines DL and
the high potential source line VDL. The first link pattern
LP1, and the data lines DL and the high potential source
line VDL are disposed in different layers with one or more
insulating films interposed therebetween so that the first
link pattern LP1, and the data lines DL and the high po-
tential source line VDL are short-circuited.

[0078] The cross structure of the OLED device accord-
ing to an embodiment of the present invention is de-
scribed in more detail below with reference to FIGs. 7 to
9. The substrate SUB of the display panel DIS includes
the non-display region NA and the display region AA.
The low potential source line VSL and the first link pattern
LP1 are disposed in the non-display region NA. A switch-
ing TFT ST, a driving TFT DT, and an OLED OLE are
disposed in the display region AA.

[0079] The gate lines GL, the gate electrode SG of the
switching TFT ST, and the gate electrode DG of the driv-
ing TFT DT are disposed in the display region AA of the
substrate SUB. The first link pattern LP1 is disposed in
the non-display region NA of the substrate SUB.

[0080] A gate insulating film Gl covering the gate lines
GL, the gate electrodes SG and DG, and the first link
pattern LP1 are disposed on the substrate SUB in which
the gate lines GL, the gate electrodes SG and DG, and
the first link pattern LP1 have been disposed.

[0081] Semiconductor channel layers SA and DA are
disposed in the display region AA of the gate insulating
film Gl so that they overlap the gate electrodes SG and
DG, respectively. The data line DL, the first metal layer
M1 (as a first electrode layer) of the auxiliary cathode
electrode ACAT arranged in parallel to the data line DL,
source electrodes SS and DS extended from the data
line DL and disposed on one side of the semiconductor
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channel layers SA and DA, and drain electrodes SD and
DD spaced apart from the source electrodes SS and DS
at a specific interval and disposed on the other side of
the semiconductor channel layers SA and DA are dis-
posed in the display region AA of the gate insulating film
Gl.

[0082] In the above structure, the switching TFT ST
includes the gate electrode SG, the gate insulating film
Gl, the channel layer SA, the source electrode SS, and
the drain electrode SD. Furthermore, the driving TFT DT
includes the gate electrode DG connected to the drain
electrode SD of the switching TFT ST, the gate insulating
film Gl, the channel layer DA, the source electrode DS,
and the drain electrode DD.

[0083] However, the structure of the TFTs ST and DT
according to an embodiment of the present invention is
not limited to the above structure. The structure of the
TFTs ST and DT may include all of structures, such as
a top gate structure and a double gate structure, if they
can drive an OLED device in addition to the aforemen-
tioned bottom gate structure.

[0084] The low potential source line VSL is disposed
in the non-display region NA of the gate insulating film
Gl. The low potential source line VSL is connected to the
first link pattern LP1 exposed through a contact hole that
penetrates the gate insulating film Gl.

[0085] A passivation film PAS and a planarization film
PL are sequentially disposed on the gate insulating film
Gl in which the data line DL, the first metal layer M1 of
the auxiliary cathode electrode ACAT, the source elec-
trodes SS and DS and drain electrodes SD and DD of
the TFTs ST and DT, and the low potential source line
VSL have been disposed so that they cover the data line
DL, the first metal layer M1 of the auxiliary cathode elec-
trode ACAT, the source electrodes SS and DS and drain
electrodes SD and DD of the TFTs ST and DT, and the
low potential source line VSL.

[0086] The planarization film PL has an island shape
so thatithas a plurality of opening portions through which
the first metal layer M1 is exposed at a plurality of posi-
tions in the region in which the first metal layer M1 of the
auxiliary cathode electrode ACAT has been formed.
[0087] The anode electrode ANO is disposed in the
display region AA of the planarization film PL. The anode
electrode ANO is connected to the driving drain electrode
DD of the driving TFT DT through a contact hole that
penetrates the passivation film PAS and the planarization
film PL. The second metal layer M2 (as a second elec-
trode layer) of the auxiliary cathode electrode ACAT in-
cluding the same material as the anode electrode ANO
is disposed on the planarization film PL. The second met-
al layer M2 is disposed to be extended from the display
region AA to the non-display region NA. The anode elec-
trode ANO and the second metal layer M2 are separated
from each other on the planarization film PL. The second
metal layer M2 is disposed on the planarization film PL
of an island shape and the first metal layer M1 exposed
through the opening portions of the planarization film PL
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of an island shape, and comes in contact with the first
metal layer M1 at a plurality of positions.

[0088] AbankpatternBAisformed on the planarization
film PL in which the anode electrode ANO and the second
metal layer M2 of the auxiliary cathode electrode ACAT
have been disposed. The bank pattern BA is formed to
expose the anode electrode ANO and the auxiliary cath-
ode electrode ACAT. An organic emission layer OL is
disposed on the anode electrode ANO exposed through
the opening portion of the bank pattern BA. A residual
organic emission layer ROL is disposed on the second
metal layer M2 of the auxiliary cathode electrode ACAT.
The residual organic emission layer ROL may not be
presentif it is perfectly removed in a process of removing
the second metal layer M2.

[0089] The cathode electrode CAT made of a trans-
parent conductive material is disposed on the bank pat-
tern BA, the organic emission layer OL, the residual or-
ganic emission layer ROL, and the second metal layer
M2 of the auxiliary cathode electrode ACAT. Accordingly,
the OLED OLE including the anode electrode ANO, the
organic emission layer OL, and the cathode electrode
CAT is formed. A connection structure in which the cath-
ode electrode CAT is connected to the auxiliary cathode
electrode ACAT including the first metal layer M1 and
the second metal layer M2 is formed.

[0090] The low potential source line VSL may be con-
nected to the cathode electrode CAT in an incoming por-
tion, and may supply a low potential source voltage to
the cathode electrode CAT at a plurality of positions
through the first link pattern LP1 and the plurality of aux-
iliary cathode electrodes ACAT.

[0091] The first link pattern LP1 is made of a low re-
sistance material. For example, the first link pattern LP1
may be formed of a single layer including Mo, Cu, Ag,
Cr, Al, or MoTi or a multiple layer including a stack of Mo,
Cu, Ag, Cr, Al, or MoTi. The low potential source line VSL
and the first metal layer M1 of the auxiliary cathode elec-
trode ACAT may be made of the same low resistance
material as the first link pattern LP1. The second metal
layer M2 of the auxiliary cathode electrode ACAT may
be made of the same transparent conductive material as
the anode electrode ANO.

[0092] The connection structure of the cathode elec-
trode CAT and the auxiliary cathode electrode ACAT is
described in more detail below with reference to FIG. 9.
[0093] The auxiliary cathode electrode ACAT includes
the first metal layer M1 disposed on the gate insulating
film Gl of the display region AA and the second metal
layer M2 connected to the first metal layer M1, as shown
in FIG. 9. The first metal layer M1 is disposed on the gate
insulating film Gl in the opening portion region of the bank
pattern BA, and is made of the same material as the low
potential source line VSL and the dataline DL in the same
layer as the low potential source line VSL and the data
line DL.

[0094] The passivation PAS and the planarization lay-
er PL are stacked on the first metal layer M1 to expose
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the first metal layer M1. The planarization layer PL is
formed to have an island shape in the opening portion
region of the bank pattern BA, and exposes the first metal
layer M1 at the plurality of positions.

[0095] The second metal layer M2 is disposed in ac-
cordance with the opening portion region of the bank pat-
tern BA on the planarization film PL and the first metal
layer M1 exposed through the planarization film PL. The
second metal layer M2 is connected to the first metal
layer M1, exposed through the planarization layer PL
having an island shape, at the plurality of positions. The
second metal layer M2 is disposed in the same layer as
the anode electrode ANO and made of the same material
as the anode electrode ANO.

[0096] The second metal layer M2 has a concave por-
tion at each of a plurality of positions where the first metal
layer M1 and the second metal layer M2 come in contact
with each other and has a convex portion at the top po-
sition of the planarization layer P1 by the planarization
layer PL having an island shape.

[0097] The concave portion of the second metal layer
M2 is connected to the first metal layer M1. The residual
organic emission layer ROL is formed on the concave
portion of the second metal layer M2. The residual or-
ganic emission layer ROL is the residue of an organic
light-emitting material that remains after the organic light-
emitting material on the second metal layer M2 is melted
by a solvent and dried. The residual organic emission
layer ROL may not be present if the organic light-emitting
material is removed by a long-term process.

[0098] The cathode electrode CAT is disposed to cover
the bank pattern BA, the second metal layer M2, and the
residual organic emission layer ROL. Accordingly, the
cathode electrode CAT is connected to the first metal
layer M1 of the auxiliary cathode electrode ACAT through
the second metal layer M2 of the auxiliary cathode elec-
trode ACAT.

[0099] Accordingly, the cathode electrode CAT is sup-
plied with the low potential source voltage through the
low potential source line VSL and the first link pattern
LP1 as shown in FIG. 5, and is also supplied with the low
potential source voltage through the low potential source
line VSL, the first link pattern LP1, and the auxiliary cath-
ode electrode ACAT at the plurality of positions of the
pixel region.

[0100] A method of manufacturing the connection
structure of the cathode electrode CAT and the auxiliary
cathode electrode ACAT is described in more detail be-
low with reference to FIGs. 10A to 10F. The connection
structure of the cathode electrode CAT and the auxiliary
cathode electrode ACAT is formed in accordance with
the opening portion of the bank pattern BA.

[0101] ReferringtoFIG. 10A, a transparent conductive
metal material is disposed on the first metal layer M1 of
the auxiliary cathode electrode ACAT, formed onthe gate
insulating film GI exposed through the opening portion
of the bank pattern BA, and the planarization film PL of
a concavo-convex structure having an island shape by
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sputtering. The second metal layer M2 is formed by pat-
terning the transparent conductive metal material. The
planarization film PL in which the second metal layer M2
is formed has a concavo-convex structure of an island
shape, which has a plurality of opening portions so that
the first metal layer M1 is exposed at a plurality of first
positions. When the second metal layer M2 is formed,
the anode electrode ANO is also formed on the planari-
zation layer PL.

[0102] Referring to FIG. 10B, the organic emission lay-
er OL made of an organic light-emitting material is de-
posited by a CVD (Chemical Vapor Deposition) method
so that the bank pattern BA, the anode electrode ANO
exposed through the opening portion of the bank pattern
BA, and the second metal layer M2 of the auxiliary cath-
ode electrode ACAT are covered.

[0103] Referring to FIGs. 10C to 10E, a solvent is
sprayed into the opening portion of the bank pattern BA
on which the organic emission layer OL has been depos-
ited using an inkjet device INJ. The organic emission lay-
er OL on the second metal layer M2 is melted by the
solvent. The organic light-emitting material that remains
intact by drying gathers on the second metal layer M2
corresponding to the concave portion of the planarization
film PL due to the concavo-convex structure of the
planarization film PL having an island shape, thus form-
ing the residual organic emission layer ROL. The second
metal layer M2 is exposed at a plurality of second posi-
tions corresponding to the convex portions of the planari-
zation film PL. That is, the second metal layer M2 formed
on the planarization film PL is externally exposed as
shown in FIG. 10e.

[0104] Referring to FIG. 10F, the cathode electrode
CAT is formed by depositing a transparent conductive
material on the substrate SUB in which the organic emis-
sion layer OL and the residual organic emission layers
ROL have been formed.

[0105] Thecathode electrode CAT is connected to por-
tions of the second metal layer M2 of the auxiliary cathode
electrode ACAT in which the residual organic emission
layer has not been formed and which is externally ex-
posed, the second metal layer M2 of the auxiliary cathode
electrode ACAT is connected to the first metal layer M1,
and the first metal layer M1 is connected to the first link
pattern LP1 as shown in FIG. 8. The first link pattern LP1
is connected to the low potential source line VSL. Ac-
cordingly, the low potential source voltage is supplied to
the cathode electrode CAT through the low potential
source line VSL.

[0106] In accordance with the OLED device according
to an embodiment of the present invention, there is an
advantage in that a failure attributable to luminance ir-
regularity due to a resistance deviation depending on a
position of the display panel can be prevented because
adeviationin the low potential source voltage of the cath-
ode electrode depending on a position of the display pan-
el can be minimized.

[0107] Furthermore, there is an advantage in that a
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contact between the auxiliary cathode electrode and the
cathode electrode can be efficiently achieved by effec-
tively removing a connection obstruction structure for the
cathode electrode and the auxiliary cathode electrode
according to an OLED device.

[0108] Informing an organic light-emitting diode of the
related art OLED device, some layers (for example, a
hole injection layer, a hole transport layer and an emis-
sion layer) of the organic light-emitting diode may be
formed by a soluble method, and other layers (for exam-
ple, an electron transport layer and an electron injection
layer may be formed by an evaporation method. This is
the reason why solvent material contained in the electron
transport layer brings a serious adverse affect on quality
of the emission layer if the electron transport layer is
formed by the soluble method.

[0109] The OLED device according to the embodiment
of the present invention is particularly useful when the
emission layer of the organic light-emitting diode is
formed by a chemical vapor deposition method in order
to solve the mentioned above problems.

[0110] Those skilled in the art may change and modify
the present invention in various ways without departing
from the present invention through the aforementioned
contents.

[0111] For example, in the OLED device according to
an embodiment of the presentinvention, the low potential
source voltage has been illustrated as being supplied to
the cathode electrode through the low potential source
line, the first link pattern, and the auxiliary cathode elec-
trode, but the first link pattern may be omitted and the
low potential source line may be directly connected to
the auxiliary cathode electrode.

[0112] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

Claims

1. An organic light-emitting diode display device (10)
comprising an organic light-emitting diode (OLE)
having an anode electrode (ANO), an organic emis-
sion layer (OL), and a cathode electrode (CAT), the
organic light-emitting diode display device (10) com-
prising:

a low potential source line (VSL) configured to
supply a low potential source voltage; and

at least one auxiliary cathode electrode (ACAT)
configured to connect the low potential source
line (VSL) to the cathode electrode (CAT),

wherein the at least one auxiliary cathode
(ACAT) electrode includes a first electrode layer
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(M1) connected to the low potential source line
(VSL), and a second electrode layer (M2) con-
nected to the first electrode layer (M1) at a plu-
rality of first positions and connected to the cath-
ode electrode (CAT) at a plurality of second po-
sitions different from the plurality of first posi-
tions.

The organic light-emitting diode display device (10)
of claim 1, further comprising a first link pattern (LP1)
configured to connect the low potential source line
(VSL) and the first electrode layer (M1) of the auxil-
iary cathode electrode (ACAT).

The organic light-emitting diode display device (10)
of claim 2, further comprising a second link pattern
(LP2) connected to another end of the at least one
auxiliary cathode electrode (ACAT) and disposed in
parallel to the first link pattern (LP1) disposed to in-
tersect the at least one auxiliary cathode electrode
(ACAT).

The organic light-emitting diode display device (10)
of claim 3, further comprising at least one third link
pattern (LP3) configured to connect the first link pat-
tern (LP1) to the second link pattern (LP2).

The organic light-emitting diode display device (10)
of any one of claims 2 to 4, further comprising pixel
regions partitioned by gate lines (GL) and data lines
(DL) crossing each other,

wherein, in a region in which the cathode electrode
(CAT) and the auxiliary cathode electrode (ACAT)
are connected,

the first electrode layer of the auxiliary cathode elec-
trode (ACAT) is disposed on a gate insulating film
(GI) covering the gate line (GL),

a planarization layer (PL) having an opening portion
exposing the first electrode layer at the plurality of
first positions is disposed on the first electrode layer,
a second electrode layer (M2) is disposed on the
planarization layer (PL) and connected to the first
electrode layer (M1) at the plurality of first positions,
a residual organic emission layer is disposed at po-
sitions of the second electrode layer (M2) corre-
sponding to the plurality of first positions, and

the cathode electrode (CAT) is disposed on the re-
sidual organic emission layer and the second elec-
trode layer (M2), and connected to the second elec-
trode layer (M2) at the plurality of second positions.

The organic light-emitting diode display device (10)
of claim 5, wherein:

the first link pattern (LP1) is disposed on the
same layer as the gate line (GL) and made of
the same material as the gate line (GL), and

the low potential source line (VSL) is disposed
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on the gate insulating layer (Gl) and made of the
same material as the data line (DL).

The organic light-emitting diode display device (10)
of claim 6, wherein the low potential source line (VSL)
is connected to the first link pattern (LP1) exposed
through a contact hole penetrating the gate insulat-
ing layer (Gl) in a non-display region (NA).

The organic light-emitting diode display device (10)
of claim 7, wherein the cathode electrode (CAT) is
connected to the low potential source line (VSL)
through a contact hole through which the low poten-
tial source line (VSL) is exposed in the non-display
region (NA).

The organic light-emitting diode display device (10)
of claim 7 or 8, wherein:

the anode electrode (ANO) and the second elec-
trode layer are made of atransparent conductive
material, and

the first link pattern (LP1) and the first electrode
layer are made of a low resistance metal mate-
rial having a specific resistance lower than the
transparent conductive material.

A method of manufacturing a connection structure
for connecting a cathode electrode (CAT) and an
auxiliary cathode electrode (ACAT) in an organic
light-emitting diode display device (10) in which an
organic light-emitting diode (OLED) having an anode
electrode (ANO), an organic emission layer (OL),
and a cathode electrode (CAT) are disposed in pixel
regions partitioned by gate lines (GL) and data lines
(DL) crossing each other, the method comprising:

forming a first electrode layer (M1) on a gate
insulating film (GI) covering the gate line (GL),
the first electrode layer (M1) being in parallel
with the data line (DL);

forming a planarization film (PL) on the first elec-
trode layer (M1) to expose some region of the
first electrode layer (M1);

depositing a transparent conductive material on
the planarization film (PL), and forming the an-
ode electrode (ANO) and a second electrode
layer (M2) separated from each other by pat-
terning the transparent conductive material;
depositing an organic light-emitting material to
cover the anode electrode (ANO) and the sec-
ond electrode layer (M2);

jetting a solvent onto a region in which the sec-
ond electrode layer (M2) is formed and exposing
the second electrode layer (M2) by drying the
solvent; and

forming the cathode electrode (CAT) covering
the exposed second electrode layer (M2) by de-
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positing a transparent conductive material.

The method of claim 10, wherein the planarization
film (PL) includes a concavo-convex shape having
concave portions and convex portions so that the
first electrode layer (M1) is exposed at a plurality of
first positions.

The method of claim 11, wherein the second elec-
trode layer (M2) is exposed at a plurality of second
positions corresponding to the convex portions of
the planarization film (PL).
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FIG. 8
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FIG. 10C
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