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(54) Organic electro-luminescent display device and method of manufacturing the same

(57) An organic electroluminescence device which
includes a power line formed on the same layer as
source and drain electrodes of a thin film transistor
(TFT) and formed on a substrate on which the TFT is
formed, a first insulating layer formed on the TFT, a low-
er electrode that electrically connected to one of the
source and drain electrodes of the TFT and disposed
on the first insulating layer, a first auxiliary power line

and a second auxiliary power line formed on the same
layer as the lower electrode in the second insulating lay-
er, a second insulating layer formed on an edge portion
of the lower electrode and not formed on the second
auxiliary power line, wherein an opening that exposes
a portion of the lower electrode is formed, an organic
film formed on a substrate; and an upper electrode
formed on the substrate.
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Description

CLAIM OF PRIORITY

[0001] This application claims the priority of Korean
Patent Application No. 10-2004-0009842, filed on Feb-
ruary 14, 2004, in the Korean Intellectual Property Of-
fice, the disclosure of which is incorporated herein in its
entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an organic
electroluminescence display device and a method of
manufacturing the same, and more particularly, to an or-
ganic electroluminescence display device that can be
formed with a large size screen and can prevent non-
uniform brightness of a panel using an auxiliary power
line to prevent a voltage drop of a power line and an
upper electrode and a method of manufacturing the
same.

2. Description of the Related Art

[0003] Since organic electroluminescence display
(OELD) devices are emissive display devices that emit
light by electrically exciting an organic fluorescent com-
pound, can be driven at a low driving voltage, are slim
and lightweight, and have a wide viewing angle and a
quick response time, they are expected to solve the
problems of and replace liquid crystal display devices.
[0004] An OELD device generally includes an organic
film (or layer) formed in a predetermined pattern and
placed on a transparent insulating substrate formed of
glass or other material and electrodes formed on and
under the organic film. The organic film is formed of an
organic compound. In the above structure of the OELD
device, when a positive voltage and a negative voltage
are applied to the electrodes, holes migrate to a light
emitting layer via a hole transport layer (HTL) from the
electrode to which the positive voltage is applied, elec-
trons migrate to the light emitting layer via an electron
transport layer (ETL) from the electrode to which the
negative voltage is applied. Excitons are generated by
combining the holes and electrons in the light emitting
layer and the excitons change to a ground state while
being excited. Thus, an image is formed by light emitted
from fluorescent molecules of the light emitting layer.
[0005] An active matrix (AM) organic electrolumines-
cence display device includes at least two thin film tran-
sistors (TFTs) in each pixel. The TFTs are used as a
switching device that controls the operation of the pixel
and a driving device that drives the pixel. The TFTs have
a semiconductor active layer having source and drain
regions doped with a high concentration of dopant and
a channel region formed between the source and drain

regions. The TFT is composed of a gate insulating layer
formed on the semiconductor active layer, a gate elec-
trode formed on the gate insulating layer on the channel
region of the semiconductor active layer, and, on the
gate electrode, drain and source electrodes which are
connected to the source and drain regions via contact
holes through an inter-insulator.
[0006] FIG. 1 is a plan view of a pixel of an AM OELD
device, and FIG. 2 is a cross-sectional view of the pixel
of FIG. 1.
[0007] Referring to FIG. 1, the AM OELD device in-
cludes a plurality of sub-pixels. Each sub-pixel is ar-
ranged in a pixel region defined by a scan line (Scan),
a data line (Data), and a driving line (VDD), and each of
the sub-pixels can be simply formed of at least two TFTs,
such as a switching TFT (TFTsw) and a driving TFT
(TFTdr), one capacitor (Cst), and one organic light emit-
ting diode (OLED). The numbers of TFTs and capacitor
are not limited to two and one, respectively, and more
than two TFTs and more than one capacitor can be in-
cluded.
[0008] The switching TFT (TFTsw) transmits data sig-
nals applied to the data line Data by being driven by
scanning signals applied to the scan line (Scan). The
driving TFT (TFTdr) determines the amount of current
inputted to the OLED through the power line VDD ac-
cording to the data signals transmitted from the switch-
ing TFT (TFTsw), that is, a voltage difference Vgs be-
tween the gate and the source. The capacitor (Cst)
stores data signals transmitted through the switching
TFT (TFTsw) during one image frame.
[0009] FIG. 2 is a cross-sectional view of the pixel of
FIG. 1. In FIG. 2, only an OELD and a TFT driving the
OLED are illustrated.
[0010] Referring to FIG. 2, a buffer layer 110 is formed
on a glass substrate 100, and a TFT and an OLED are
formed on the buffer layer 110.
[0011] A semiconductor active layer 121 is formed in
a predetermined pattern on the buffer layer 110 on the
substrate 100. A gate insulating layer 130 formed of
SiO2 is formed on the semiconductor active layer 121,
and a gate electrode 141 as a conductive film formed of
MoW or Al/Cu is formed on the gate insulating layer 130.
As depicted in FIG. 1, the gate electrode 141 is connect-
ed to one of an upper or a lower electrode of the capac-
itor (Cst).
[0012] An inter-insulator 150 is formed on the gate
electrode 141, and the source and drain electrodes 161
are respectively connected to source and drain regions
(not shown) in the semiconductor active layer 121 via
contact holes. The power line VDD is also formed on the
inter-insulator 150 when the source and drain elec-
trodes 161 are formed. A passivation film 170 formed of
SiO2 or SiNx is formed on the source and drain elec-
trodes 161 and a planarizing film 175 formed of an or-
ganic material such as acryl, polyimide, or BCB is
formed on the passivation film 170.
[0013] Via-holes 175a and 170a connected to the
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source and drain electrodes 161 are formed in the pas-
sivation film 170 and the planarizing film 175 by photo-
lithography or perforation. A lower electrode layer 180
that acts as an anode is formed on the planarizing film
175 and is connected to the source and drain electrodes
161. A pixel defining layer 185 formed of an organic ma-
terial covering the lower electrode layer 180 is formed.
After forming a predetermined opening in the pixel de-
fining layer 185, an organic layer 190 is formed in a re-
gion defined by the opening. The organic layer 190 in-
cludes a light emitting layer. Next, an upper electrode
layer 195, which acts as a cathode is formed to cover
the organic layer 190. A portion of the organic layer 190
where the lower electrode layer 180 faces the upper
electrode layer 195 emits light by receiving holes and
electrons.
[0014] Conventionally, in the AM OELD device, a
transparent cathode is used for emitting light toward a
direction of a sealed substrate. Generally, the transpar-
ent cathode is formed of a transparent conductive ma-
terial such as ITO or IZO. However, to function as a cath-
ode, after thinly depositing a semitransparent metal film
using a metal having low work function, such as MgAg,
on a side that contacts the organic film, a thick transpar-
ent conductive film formed of ITO or IZO is deposited on
the semitransparent metal film.
[0015] In a conventional method of manufacturing the
OELD device, the transparent conductive film is formed
after forming the organic film 190. At this time, the trans-
parent conductive film is formed using a low tempera-
ture deposition process to minimize the damage of the
organic film by heat or plasma. Therefore, the transpar-
ent conductive film has poor film quality and has a high
specific resistance.
[0016] When the specific resistance of a cathode is
high, a non-uniform cathode voltage can be applied to
the pixels and can generate a voltage difference be-
tween a location close to the power supply point and a
location remote from the power supply point due to a
voltage drop. The voltage difference can cause non-uni-
form brightness and image characteristics, and increas-
es power consumption. The voltage drop is also a rea-
son that makes it difficult to manufacture a large size
AM OELD device.
[0017] To solve this problem, Shoji Terada et al. have
introduced a method of forming an auxiliary electrode
for preventing a voltage drop of the upper electrode on
a pixel defining layer 285 in 54.5L, SID2003 (Society for
Information Display International Symposium, Seminar
& Exhibition, Session 54, May 18-23, 2003, Baltimore,
MD). The OELD device depicted in FIG. 1 has a struc-
ture in which an auxiliary electrode line 193 for prevent-
ing a voltage drop of the upper electrode is formed on
the pixel defining layer 185 and the upper electrode 195
that acts as a cathode and is formed on an entire surface
of the insulating substrate 100 contacts the auxiliary
electrode line 193.
[0018] However, the OELD device can solve the prob-

lem of non-uniform brightness caused by the voltage
drop by forming the auxiliary electrode line 193 but has
drawbacks in that the organic film 190 can be damaged
when forming the auxiliary electrode line 193 by pattern-
ing after forming the semitransparent metal film on the
pixel defining layer 185. Also, this process is complicat-
ed since a mask process for forming the auxiliary elec-
trode line 193 is added.
[0019] On the other hand, the power line (VDD) that
inputs a current to the source and drain electrodes 161
is simultaneously formed and connected to the source
and drain electrodes 161 when forming the source and
drain electrodes 161. However, in the TFT structure, the
wiring resistance is high due to a small cross-sectional
area of the wiring since the wiring of the power line
(VDD) is supplied from a side of the substrate. There-
fore, the amount of current supplied to the driving TFT
(TFTdr) is non-uniform due to an RC delay and voltage
drop resulting in the non-uniform brightness of the OE-
LD device.
[0020] As described above, due to the voltage drops
in the power line (VDD) and cathode, the manufacturing
of a large size AM OELD device is difficult.

SUMMARY OF THE INVENTION

[0021] It is therefore an object of the present invention
to provide an improved OELD device.
[0022] It is also an object of the present invention to
provide a method of manufacturing the OELD device.
[0023] It is still an object of the present invention to
provide an OELD device that prevents voltage drops of
a power line (VDD) and a cathode using an auxiliary
power line and a method of manufacturing the same.
[0024] It is further an object of the present invention
to provide an OELD device that can be formed in a large
size by improving image characteristics and brightness
thereof by preventing voltage drops of a power line
(VDD) and a cathode and a method of manufacturing
the same.
[0025] The above and other objects can be achieved
by the present invention.
[0026] According to an aspect of the present inven-
tion, there is provided an OELD device comprising: a
power line formed on the same layer as source and drain
electrodes of a TFT and formed on a substrate on which
the TFT is formed; a first insulating layer formed on the
TFT; a lower electrode that is electrically connected to
one of the source and drain electrodes of the TFT and
disposed on the first insulating layer; a first auxiliary
power line and a second auxiliary power line formed on
the same layer as the lower electrode; a second insu-
lating layer formed on an edge portion of the lower elec-
trode and not formed on the second auxiliary power line,
wherein an opening that exposes a portion of the lower
electrode is formed in the second insulating layer; an
organic film formed on a substrate; and an upper elec-
trode formed on the substrate.
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[0027] The first auxiliary power line is electrically con-
nected to the power line.
[0028] The first insulating layer is interposed between
the first auxiliary power line and the power line and the
first auxiliary power line is electrically connected to the
power line through a via-hole formed in the first insulat-
ing layer.
[0029] The second auxiliary power line is electrically
connected to the upper electrode. The second auxiliary
power line is electrically connected through a side sur-
face to the upper electrode.
[0030] Preferably, the lower electrodes, the first aux-
iliary power line, and the second auxiliary power line can
be formed of the same material. They can be formed of
a conductive material having a greater work function
than a conductive material for forming the upper elec-
trode, and more preferably, can be formed of a material
having a low specific resistance and high reflectance.
[0031] The lower electrode, the first auxiliary power
line, and the second auxiliary power line can be formed
as a single layer or a multiple layer and can be formed
of Al-ITO, Mo-ITO, Ti-ITO, or Ag-ITO.
[0032] The lower electrode, the first auxiliary power
line, and the second auxiliary power line can have a
greater thickness than the organic film.
[0033] The OELD device can include a plurality of
sub-pixels having the TFTs and power lines, and one
portion of the sub-pixels includes the first auxiliary pow-
er line and the other portion of the sub-pixels includes
the second auxiliary power line.
[0034] Each of the first auxiliary power lines can be
formed to cross the power line of the sub-pixel which
includes the first auxiliary power line. Also, each of the
second auxiliary power lines can be formed to cross the
power line of the sub-pixel which includes the second
auxiliary power line. The first auxiliary power lines and
the second auxiliary power lines of the sub-pixels can
be alternately formed.
[0035] According to another aspect of the present in-
vention, there is provided an OELD device comprising:
a power line formed on the same layer as source and
drain electrodes of a TFT and formed on a substrate that
includes the TFT; a first insulating layer formed on the
TFT; a lower electrode that is electrically connected to
one of the source and drain electrodes of the TFT and
disposed on the first insulating layer; a first auxiliary
power line and a second auxiliary power line formed on
the same layer as the lower electrode; a second insu-
lating layer formed on an edge portion of the lower elec-
trode and not formed on the second auxiliary power line,
wherein an opening that exposes a portion of the lower
electrode is formed in the second insulating layer; an
organic film formed on the lower electrode in the open-
ing; and an upper electrode formed on the substrate,
wherein the second auxiliary power line is electrically
connected to the upper electrode through a side surface
and an upper surface of the second auxiliary power line.
[0036] According to another aspect of the present in-

vention, there is provided a method of manufacturing an
OELD device comprising: forming a lower electrode
electrically connected to one of source and drain elec-
trodes of a TFT on a substrate that includes the TFT and
a power line formed on the same layer as the source
and drain electrodes of the TFT and forming an auxiliary
power line having a first auxiliary power line and a sec-
ond auxiliary power line formed on the same layer as
the lower electrode; forming a pixel defining film that in-
cludes an opening for exposing a portion of the lower
electrode and is formed on an edge portion of the lower
electrode and not on the second auxiliary power line;
forming an organic film on the opening; and forming an
upper electrode on the substrate.
[0037] The forming of the auxiliary power line in-
cludes: forming a planarizing film on the substrate that
includes the TFT; forming a first via-hole that exposes
the one of the source and drain electrodes of the TFT
and a second via-hole that exposes the power line in the
planarizing film; and forming the lower electrodes elec-
trically connected to the one of the source and drain
electrodes through the first via-hole and a first auxiliary
power line electrically connected to the power line
through the second via-hole and a second auxiliary pow-
er line one the planarizing film.
[0038] The first via-hole and a second auxiliary power
line can be formed at the same time. The lower elec-
trode, the first auxiliary power line, and the second aux-
iliary power line formed on the planarizing film may be
formed of the same material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] A more complete appreciation of the present
invention, and many of the above and other features and
advantages of the present invention, will be readily ap-
parent as the same becomes better understood by ref-
erence to the following detailed description when con-
sidered in conjunction with the accompanying drawings
in which like reference symbols indicate the same or
similar components, wherein
[0040] FIG. 1 is a plan view of a conventional front
face emitting active matrix organic electroluminescence
display (AM OELD) device;
[0041] FIG. 2 is a cross-sectional view of a pixel of
FIG. 1;
[0042] FIG. 3 is a cross-sectional view showing struc-
tures of pixels arranged in an nth column and (n+1)th
column of an OELD device according to a first embodi-
ment of the present invention;
[0043] FIGS. 4A and 4B are cross-sectional views il-
lustrating a method of manufacturing an OELD device
according to an embodiment of the present invention;
[0044] FIGS. 5A and 5B are cross-sectional views il-
lustrating a method of manufacturing an OELD device
according to an embodiment of the present invention;
[0045] FIGS. 6A and 6B are cross-sectional views il-
lustrating a method of manufacturing an OELD device
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according to an embodiment of the present invention;
[0046] FIGS. 7A and 7B are cross-sectional views il-
lustrating a method of manufacturing an OELD device
according to an embodiment of the present invention;
[0047] FIG. 8 is a cross-sectional view showing struc-
tures of pixels arranged in an nth column and (n+1)th
column of an OELD device according to a second em-
bodiment of the present invention; and
[0048] FIG. 9 is a plan view of an OELD device ac-
cording to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0049] The present invention will now be described
more fully with reference to the accompanying drawings
in which exemplary embodiments of the invention are
shown.
[0050] In the drawings and the specification, when a
layer is shown or described as placed on another layer
or on a substrate in order to indicate that a layer is either
directly formed upon the other layer or on the substrate,
or, alternatively, that a layer is formed on a third layer
which, in turn, rests upon either the other layer or the
substrate.
[0051] FIG. 3 is a cross-sectional view showing struc-
tures of pixels arranged in an nth column and (n+1)th
column of an OELD device according to a first embodi-
ment of the present invention.
[0052] Referring to FIG. 3, the OELD device accord-
ing to a first embodiment of the present invention in-
cludes a buffer layer 210 formed on a substrate 200, a
thin film transistor (TFT) (hereinafter a first TFT) of a
pixel arranged in an nth column and a TFT (hereinafter
a second TFT) of a pixel arranged in an (n+1)th column.
The first and second TFTs are disposed on the buffer
layer 210. The substrate can be an insulating substrate
that includes glass or plastic or a metal substrate.
[0053] The first TFT includes a semiconductor active
layer 221, a gate electrode 241, source and drain elec-
trodes 261, and the second TFT includes a semiconduc-
tor active layer 222, a gate electrode 242, and source
and drain electrodes 262.
[0054] A gate insulating layer 230 is formed between
the semiconductor active layers 221 and 222 and the
gate electrodes 241 and 242, and the source and drain
electrodes 261 and 262 are formed on the inter-insulator
250 and respectively connected to the semiconductor
active layer 221 and 222 through each contact hole. Al-
so, power lines (VDD (n) and VDD (n+1)) are formed on
the inter-insulator 250 at the same level as the source
and drain electrodes 261 and 262.
[0055] Each of the nth power line (VDD(n)) and the
(n+1)th power line (VDD(n+1)) is connected in common
to a plurality of pixels arranged in a same column, that
is, the same data line. That is, as depicted in FIG. 3, the
nth power line (VDD(n)) is extended to connect in com-
mon to a plurality of pixels arranged in the nth column,

and the (n+1)th power line (VDD(n+1)) is extended to
connect in common to a plurality of pixels arranged in
the (n+1)th column.
[0056] A passivation film 270 formed of SiO2 or SiNx
and a planarizing film 275 formed of an organic film of
acryl, polyimide, or BCB are formed on the substrate
200 on which the first and second TFTs are formed. A
lower electrode 281 that acts as an anode of an OLED
(a first OLED) of a pixel arranged in the nth column and
a lower electrode 282 that acts as an anode of an OLED
(a second OLED) of a pixel arranged in the (n+1)th col-
umn are formed on the planarizing film 275. The lower
electrode 281 is electrically connected to one of the
source and drain electrodes 261 of the first TFT through
via-holes 270a and 275a, and the lower electrode 282
is electrically connected to one of the source and drain
electrodes 262 of the second TFT through via-holes
270c and 275c.
[0057] Also, a first auxiliary power line (VDDa(n)) and
a second auxiliary power line (VSS(n+1)) are formed on
the planarizing film 275 at the same level as the lower
electrodes 281 and 282 of the first and second OLEDs.
[0058] The first auxiliary power line (VDDa(n)) is
formed on the same layer as the lower electrodes 281
and 282, and reduces the resistance of the nth power
line (VDD(n)) by electrically connecting to the nth power
line (VDD(n)) through the via-holes 270b and 275b. In
FIG. 3, for a better understanding, the first auxiliary pow-
er line (VDDa(n)) is shown rotated by 90 degrees. In
fact, the first auxiliary power line (VDDa(n)) has a struc-
ture that extends along a scan line.
[0059] The second auxiliary power line (VSS(n+1)) is
formed on the same level as the lower electrodes 281
and 282, and reduces the resistance of the upper elec-
trode 295 by electrically connecting to the upper elec-
trode 295. In FIG. 3, for a better understanding, the sec-
ond auxiliary power line (VSS(n+1)) is shown rotated by
90 degrees. In fact, the second auxiliary power line (VSS
(n+1)) has a structure that extends along the first auxil-
iary power line (VDD(n)).
[0060] A pixel defining film 285 is formed on a prede-
termined region including an edge portion of the lower
electrodes 281 and 282. The pixel defining film 285 is
formed not to be disposed on the second auxiliary power
line (VSS(n+1)). When patterning the pixel defining film
285, openings are formed by exposing portions of the
lower electrodes 281 and 282. The organic film 290 is
formed on the entire substrate or on the openings. As
depicted in FIG. 3, in the present embodiment, the or-
ganic film 290 is formed on the entire region on the sub-
strate, but an organic film 290 can be formed only on
the openings as depicted in FIG. 8.
[0061] The organic film 290 is not formed on a side
surface of the second auxiliary power line (VSS(n+1))
but exposes the side surface of the second auxiliary
power line (VSS(n+1)). An upper electrode 295 that acts
as a cathode of the first and second OLEDs is formed
on the organic film 290. The organic film 290 is electri-
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cally connected to the side surface of the second auxil-
iary power line (VSS(n+1)) since the side surface of the
second auxiliary power line (VSS(n+1)) is not covered
by the organic film 290.
[0062] At this time, not to form the organic film 290 on
side surfaces of the second auxiliary power line (VSS
(n+1)), the organic film 290 is coated after forming the
second auxiliary power line (VSS(n+1)) with a thickness
of greater than 3000 Å. The organic film 290 can be coat-
ed on the pixel defining film 285 since the pixel defining
film 285 is formed with a certain taper angle. However,
the side surfaces of the second auxiliary power line
(VSS(n+1)) are not completely covered by the organic
film 290 since the side surfaces of the second auxiliary
power line (VSS(n+1)) are formed almost vertically and
much thicker than the organic film 290.
[0063] The lower electrodes 281 and 282 that act as
anodes, the first auxiliary power line (VDDa(n)), the sec-
ond auxiliary power line (VSS(n+1)) can be formed of
the same material. Also, they can be formed of a con-
ductive material having greater work function than a ma-
terial for forming the upper electrode 295 that acts as a
cathode, for example, after forming a reflection film us-
ing Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound
of these metals, a transparent conductive film can be
formed on the reflection film using ITO, IZO, or In2O3.
Preferably, the lower electrodes 281 and 282, the first
auxiliary power line (VDDa(n)), and the second auxiliary
power line (VSS(n+1)) can be formed of a material hav-
ing a low specific resistance of 1-20µΩ·cm for reducing
the voltage drop of the power line (VDD) and the cath-
ode, and a material having high reflectance of
70-99.9%for increasing the reflectance of the organic
film 290 which will be formed in a subsequent process,
such as Al-ITO, Mo-ITO, Ti-ITO, or Ag-ITO or a material
that can be used for forming a reflection film or an anode.
[0064] Also, the lower electrodes 281 and 282, the
first auxiliary power line (VDDa(n)), and the second aux-
iliary power line (VSS(n+1)) can be formed as a single
layer or a multiple layer.
[0065] The organic film 290 formed on the opening
can be a low molecular weight organic layer or a polymer
layer. When the organic film 290 is a low molecular
weight organic layer, the organic film 290 may be a hole
injection layer (HIL), a hole transport layer (HTL), an
emission layer (EML), an electron transport layer (ETL),
an electron injection layer (EIL) or a combination of
these layers and can be composed of copper phthalo-
cyanine (CuPc), N,N'-Di(naphthalene-1-yl)-N,N'-diphe-
nyl-benzidine (NPB), or tris-8-hydroxyquinoline alumi-
num (Alq3). The low molecular weight organic layer can
be formed using an evaporation method.
[0066] If the organic film 290 is a polymer organic lay-
er, the organic film 290 can be an HTL and an EML. The
HTL can be formed of poly-(2,4)-ethylene-dihydroxy thi-
ophene (PEDOT) and the EML can be formed of a pol-
ymer such as Poly-Phenylenevinylene (PPV), or Poly-
fluorene and can be formed using a screen printing or

an inkjet printing.
[0067] The organic film is not limited thereto, but a va-
riety of embodiments can be applied.
[0068] The upper electrode 295 formed on the organic
film 290 can be used as a transparent electrode or a
reflection electrode. When the upper electrode 295 is
used as the transparent electrode since the upper elec-
trode 295 acts as a cathode, after depositing a metal
layer using a metal having a low work function, such as
Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound of these
metals, a transparent electrode material can be formed
on the metal layer using ITO, IZO, ZnO or In2O3. When
the upper electrode 295 is used as the reflection elec-
trode, the upper electrode 295 can be formed entirely
depositing a metal layer using a metal having low work
function, such as Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a com-
pound of these metals. In the present embodiment, the
upper electrode 295 in the front face emitting OELD de-
vice can be formed by forming an IZO film on an MgAg
metal layer having low work function and low electrical
resistance.
[0069] The upper electrode 295 is electrically con-
nected to the side surfaces of the second auxiliary pow-
er line (VSS(n+1)) since the side surfaces of the second
auxiliary power line (VSS(n+1)) are exposed, thereby
preventing the voltage drop of the cathode.
[0070] FIG. 8 is a cross-sectional view showing struc-
tures of pixels disposed in an nth column and an (n+1)
th column of an OELD device according to a second em-
bodiment of the present invention.
[0071] The AM OELD device depicted in FIG. 8 has
a similar structure with the AM OELD device of the first
embodiment. The difference between them is that the
organic film 290 in the first embodiment is formed on the
entire surface of the substrate, and the upper electrode
295 is electrically connected to the side surfaces of the
second auxiliary power line (VSS(n+1)), but an upper
electrode 395 in the second embodiment is electrically
connected to the side surfaces and the upper surface of
the second auxiliary power line (VSS(n+1)) since an or-
ganic film 390 in the second embodiment is formed only
on lower electrodes 381 and 382 not on the second aux-
iliary power line (VSS(n+1)).
[0072] At this time, the organic film 390 can be formed
only on the opening of a pixel defining film 385 formed
on an edge portion of the lower electrodes 381 and 382
by a method such as laser induced thermal imaging (LI-
TI) transferring or patterning. That is, unlike in the first
embodiment, the organic film 390 is not formed on the
second auxiliary power line (VSS(n+1)).
[0073] Therefore, the voltage drop of the upper elec-
trode 395 can be prevented by electrically connecting
the upper electrode 395 to both side surfaces and the
upper surface of the second auxiliary power line (VSS
(n+1)) that prevents the voltage drop of the upper elec-
trode 395.
[0074] FIG. 9 is a plan view of an OELD device ac-
cording to an embodiment of the present invention.
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[0075] Referring to FIG. 9, an OELD device has a ma-
trix shape of rows and columns having a plurality of sub-
pixels, in which TFTs, lower electrodes, an organic layer,
and an upper electrode are included. Conventionally,
each pixel is composed of R, G, B sub-pixels, but is not
necessarily limited thereto. The sub-pixels in the same
column are connected to the same power line (VDD)
and data line (Data). The sub-pixels in the same row are
connected to the same scan line (Scan). The sub-pixels
in the same row are connected to a first auxiliary power
line (VDDa) or a second auxiliary power line (VSS),
which is formed to cross the power line (VDD). The first
auxiliary power line (VDDa) is electrically connected to
the power line (VDD) by the via-holes 270b and 275b.
[0076] One portion of the sub-pixels are connected to
the first auxiliary power line (VDDa), and the other por-
tion of the sub-pixels are connected to the second aux-
iliary power line (VSS). In this manner, the sub-pixels
form a mesh shape.
[0077] In the embodiment depicted in FIG. 9, the first
auxiliary power line (VDDa) and the second auxiliary
power line (VSS) are alternately formed in each row.
However, the number of the first auxiliary power lines
(VDDa) can be increased if the voltage drop (IR drop)
of the power line (VDD) is needed to be taken into con-
sideration, and the number of the second auxiliary pow-
er lines (VSS) can be increased if the voltage drop of
the cathode is needed to be taken into consideration.
[0078] A method of manufacturing an OELD device
according to an embodiment of the present invention will
now be described with reference to the FIGS. 4A
through 7B.
[0079] FIGS. 4A and 4B are cross-sectional views il-
lustrating a method of manufacturing an OELD device,
in which first and second TFTs and a power line are
formed on a substrate, according to an embodiment of
the present invention.
[0080] A buffer layer 210 is formed on an insulating
substrate formed of glass or plastic or a metal substrate.
When the buffer layer 210 is formed, the penetration of
impurity elements is prevented and a surface is
planarized. The buffer layer 210 can be formed of SiO2
or SiN using p (PECVD), a (APCVD), low pressure
(LPCVD), or electron cyclotron resonance (ECR) in a
thickness of approximately 3000Å. After forming semi-
conductor active layers 221 and 222 on the buffer layer
210, ions are doped to the semiconductor active layers
221 and 222. Afterward, a gate insulating layer 230 is
formed on the semiconductor active layers 221 and 222
and gate electrodes 241 and 242 are formed on the gate
insulating layer 230. Next, source and drain electrodes
261 and 262 that contact the semiconductor active lay-
ers 221 and 222 through via-holes are formed. This
completes the manufacturing of the first and second
TFTs.
[0081] More specifically, the semiconductor active
layers 221 and 222 can be formed of an inorganic sem-
iconductor or an organic semiconductor in a thickness

of approximately 500Å. When the semiconductor active
layers 221 and 222 are formed of poly silicon of an in-
organic semiconductor, after forming amorphous sili-
con, the amorphous silicon can be crystallized to a poly
crystal by various crystallization methods. The active
layer has source and drain regions highly doped with an
N type or a P type dopant and a channel region is formed
therebetween. The inorganic semiconductor can be a
silicon material including CdS, GaS, ZnS, CdSe, CaSe,
ZnSe, CdTe, SiC, a-Si(amorphous silicon), or poly-Si
(poly silicon), and the organic semiconductor can be a
semiconductor organic material having a band gap in a
range of 1-4 eV and can include a poly organic material
such as polythiopene or a low molecular weight organic
material such as pentacene.
[0082] The gate insulating layer 230 formed of SiO2
is formed on the semiconductor active layers 221 and
222, and the gate electrodes 241 and 242 formed of a
conductive metal, such as MoW, Al, Cr, or Al/Cu, are
formed on a predetermined region on the gate insulating
layer 230. The material for forming the gate electrodes
241 and 242 are not limited thereto, and they can be
formed of various conductive materials such as conduc-
tive polymer. The region where the gate electrodes 241
and 242 are formed is a region corresponding to a chan-
nel region of the semiconductor active layers 221 and
222.
[0083] An inter-insulator 250 formed of SiO2 or SiNx
is formed on the gate electrodes 241 and 242, and the
source and drain electrodes 261 and 262 are formed on
the inter-insulator 250 after forming a contact hole in the
inter-insulator 250 and the gate insulating layer 230. The
source and drain electrodes 261 and 262 can be formed
of a conductive metal film such as MoW, Al, Cr, or Al/Cu
or a conductive polymer. The power lines (VDD(n) and
VDD(n+1)) are formed on the inter-insulator 250 at the
time the source and drain electrodes 261 and 262 are
formed. The power line (VDD) can be formed of the
same material or a different material for forming the
source and drain electrodes 261 and 262.
[0084] The structure of the TFT is not limited to the
above descriptions. The conventional TFTs can also be
employed.
[0085] Next, referring to FIGS. 5A and 5B, the lower
electrodes 281 and 282 electrically connected to one of
the source and drain electrodes 261 and 262 of the TFTs
are formed on the substrate 200 that includes TFTs and
the power line (VDD) formed on the same layer as the
source and drain electrodes 261 and 262 of the TFTs.
The first and second auxiliary power lines (VDDa and
VSS) are formed on the same layer as the lower elec-
trodes 281 and 282.
[0086] The first auxiliary power line (VDDa) is formed
on the same layer as the lower electrodes 281 and 282,
but it is electrically connected to the power line (VDD(n))
through via-holes 270b and 275b. In FIG. 5A, for a better
understanding, the first auxiliary power line (VDDa(n))
is shown rotated by 90 degrees. In fact, the first auxiliary
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power line (VDDa(n)) has a structure that extends along
the scan line (Scan).
[0087] Also, in FIG. 5B, for a better understanding, the
second auxiliary power line (VSS(n+1)) is shown rotated
by 90 degrees. In fact, the second auxiliary power line
(VSS(n+1)) has a structure that extends along the scan
line (Scan).
[0088] The lower electrodes 281 and 282, the first
auxiliary power line (VDDa(n)), and the second auxiliary
power line (VSS(n+1)) are formed on a passivation film
270 and a planarizing film 275 coated on the TFT.
[0089] The passivation film 270 is formed of SiNx on
the source and drain electrodes 261 and 262, and the
planarizing film 275 is formed of acryl, BCB, or polyimide
on the passivation film 270. In a sub-pixel of the nth col-
umn, via-holes 270a and 275a are formed in the passi-
vation film 270 and the planarizing film 275 to expose
the source and drain electrodes 261 and 262. Next, the
lower electrode 281 of the first OLED is formed on the
passivation film 270 and the lower electrode 281 is con-
nected to one of the source and drain electrodes 261
through the via-holes 270a and 275a.
[0090] In a sub-pixel of the nth column, other via-
holes 270b and 275b for exposing the power line (VDD
(n)) are formed at the time when the via-holes 270a and
275a are formed. The first auxiliary power line (VDDa
(n)) is formed to be connected to the power line (VDD
(n)) through the via-holes 270b and 275b at the same
time when the lower electrode 281 is formed on the
planarizing film 275.
[0091] Also, via-holes 270c and 275c for exposing the
source and drain electrodes 262 are formed in a pixel
of the (n+1)th column on the passivation film 270 and
the planarizing film 275 at the same time when the via-
holes 270a and 275a are formed in a pixel of the nth
column. Also, in the pixel of an (n+1)th column, the lower
electrode 282 of the second OLED is formed in the pixel
of an (n+1)th column, and the lower electrode 282 is
connected to one of the source and drain electrodes 262
through the via-holes 270c and 275c at the same time
when the lower electrode 281 of the first OLED is formed
on the planarizing film 275 in a pixel of the nth column.
Also, the second auxiliary power line (VSS(n+1)) is
formed on the power line (VDD(n+1)) in a sub-pixel of
the n+1th column at the same time when the lower elec-
trodes 281 and 282 are formed on the planarizing film
275.
[0092] The lower electrodes 281 and 282 used as an-
odes, the first auxiliary power line (VDDa), and the sec-
ond auxiliary power line (VSS) can be formed of the
same material, and can be formed of a conductive ma-
terial having a greater work function than a material for
forming the upper electrode 295 that acts as a cathode.
For example, after forming a reflection film using a metal
such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a com-
pound of these metals, the lower electrodes 281 and
282, the first auxiliary power line (VDDa), and the sec-
ond auxiliary power line (VSS) can be formed by forming

a layer using ITO, IZO, ZnO, or In2O3 on the reflection
film.
[0093] More preferably, the lower electrodes 281 and
282, the first auxiliary power line (VDDa), and the sec-
ond auxiliary power line (VSS) can be formed of a ma-
terial having a low specific resistance for reducing the
voltage drop of the power line (VDD) and the upper elec-
trode 295 which acts as the cathode, and having high
reflectance for increasing the reflectance of the organic
film 290 which will be formed in a subsequent process,
such as Al-ITO, Mo-ITO, Ti-ITO, or Ag-ITO or a material
that can be used for forming a reflection film or an anode.
[0094] Also, the lower electrodes 281 and 282, the
first auxiliary power line (VDDa), and the second auxil-
iary power line (VSS) can be formed as a single layer
or a multiple layer. The manufacturing process can be
reduced by forming the lower electrodes 281 and 282,
the first auxiliary power line (VDDa(n)), and the second
auxiliary power line (VSS(n+1)) at the same time. The
lower electrodes 281 and 282, the first auxiliary power
line (VDDa(n)), and the second auxiliary power line
(VSS(n+1)) are formed as thick as possible so that the
organic film 290, which will be coated on the second
auxiliary power line (VSS(n+1)) in a subsequent proc-
ess, can not cover side surfaces of the second auxiliary
power line (VSS(n+1)). An upper electrode 295, which
will be formed on the organic film 290 in a subsequent
process, is electrically connected to the second auxiliary
power line (VSS(n+1)) through the side surfaces of the
second auxiliary power line (VSS(n+1)).
[0095] After forming the lower electrodes 281 and
282, the first auxiliary power line (VDDa(n)), and the
second auxiliary power line (VSS(n+1)), a pixel defining
film 285 is formed on edge portions of the lower elec-
trodes 281 and 282 on the substrate 200. As depicted
in FIGS. 6A and 6B, the pixel defining film 285 is not
formed on the second auxiliary power line (VSS(n+1)).
Openings that expose portions of the lower electrodes
281 and 282 are formed by forming the pixel defining
film 285 on edge portions of the lower electrodes 281
and 282.
[0096] Afterward, an organic film 290 that includes a
light emitting layer is coated on an entire surface of the
insulating substrate 200. The organic film 290 is not
formed on side surfaces of the second auxiliary power
line (VSS(n+1)). On the other hand, an upper electrode
295 that acts as a cathode of an OLED is formed on the
organic film 290. The upper electrode 295 is electrically
connected to the second auxiliary power line (VSS
(n+1)) through the side surfaces of the second auxiliary
power line (VSS(n+1)) since the side surfaces of the
second auxiliary power line (VSS(n+1)) are not covered
by the organic film 290.
[0097] At this time, the forming of the organic film 290
on the side surfaces of the second auxiliary power line
(VSS(n+1)) can be avoided such that the organic film
290 is coated on the second auxiliary power line (VSS
(n+1)) after forming the second auxiliary power line
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(VSS(n+1)) to a thick thickness of greater than 3000Å.
The pixel defining film 285 is formed with a certain taper
angle so that the organic film 290 can be coated, but the
organic film 290 can not be formed on the side surfaces
of the second auxiliary power line (VSS(n+1)) since the
second auxiliary power line (VSS(n+1)) is formed to a
much greater thickness than the thickness of the organic
film 290 and the side surfaces of the second auxiliary
power line (VSS(n+1)) is almost vertical.
[0098] Next, referring to FIGS. 7A and 7B, the upper
electrode 295 that acts as a cathode is formed on an
entire surface of the substrate 200. The upper electrode
295 can be formed such that, after depositing a metal
layer using a metal having a low work function, such as
Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound of these
metals, toward the organic film 290, a transparent elec-
trode material, such as ITO, IZO, ZnO, or In2O3 can be
formed on the metal layer. In the present embodiment,
the upper electrode 295 can be formed by forming an
IZO film on an MgAg metal layer having low work func-
tion and low electrical resistance.
[0099] The upper electrode 295 is electrically con-
nected to the side surface of the second auxiliary power
line (VSS(n+1)) by coating the upper electrode 295. As
described above, the upper electrode 295 can be elec-
trically connected to the second auxiliary power line
(VSS(n+1)) since the side surfaces of the second aux-
iliary power line (VSS(n+1)) is formed thick enough not
to be covered by the organic film 290.
[0100] The embodiment depicted in FIG. 8 shows that
the organic film 390 is coated only on lower electrodes
381 and 382 and openings. Therefore, the side surfaces
and an upper surface of the second auxiliary power line
(VSS(n+1)) can contact the upper electrode 395. The
rest of elements are identical to the first embodiment.
[0101] FIG. 9 is a plan view of an OELD device ac-
cording to an embodiment of the present invention. Re-
ferring to FIG. 9, an OELD device has a matrix shape of
rows and columns having a plurality of sub-pixels in
which TFTs, the lower electrodes 281 and 282, the or-
ganic film 290, the upper electrode 295 are included.
The sub-pixels in the same column are connected to the
same power line (VDD) and data line (Data). The sub-
pixels in the same row are connected to the same scan
line (Scan). The sub-pixels in the same row are connect-
ed to a first auxiliary power line (VDDa) or a second aux-
iliary power line (VSS), which is formed to cross the pow-
er line (VDD). At this time, the first auxiliary power line
(VDDa) is electrically connected to the power line (VDD)
by the via-holes 270b and 275b.
[0102] One portion of the sub-pixels are connected to
the first auxiliary power line (VDDa), and the other por-
tions of the sub-pixels are connected to the second aux-
iliary power line (VSS). In this manner, the sub-pixels
form a mesh shape on a plane.
[0103] In the present embodiment depicted in FIG. 9,
the first auxiliary power line (VDDa) and the second aux-
iliary power line (VSS) are alternately formed in each

row. However, the number of the first auxiliary power
lines (VDDa) can be increased if the voltage drop (IR
drop) of the power line (VDD) is needed to be taken into
consideration and the number of the second auxiliary
power lines (VSS) can be increased if the voltage drop
of the cathode is needed to be taken into consideration.
[0104] As described above, according to the OELD
device according to the present invention and the meth-
od of manufacturing the OELD device, the voltage drop
of the power line (VDD) and the voltage drop of the cath-
ode can be reduced at the same time by using a first
auxiliary power line and a second auxiliary power line.
The non-uniform brightness and image characteristics
of the OELD device can be prevented by preventing the
voltage drop of the power line (VDD) and the voltage
drop of the cathode.
[0105] A bus line for preventing the voltage drop can
be formed, without an additional masking process, by
forming the first and second auxiliary power lines at the
time the anode is formed.
[0106] The present invention can provide an OELD
device that has low power consumption and a large
screen size by preventing the voltage drop of the power
lines and the cathode, and can provide an improved life-
time and reliable OELD device.
[0107] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details, such as addition, deletion, modification, or revi-
sion of elements that constitute the present invention,
may be made therein without departing from the spirit
and scope of the present invention as defined by the
following claims.
[0108] For example, although one TFT is depicted in
the drawings, a plurality of TFTs can be disposed on a
practical plane according to a circuit design, the lower
electrode can be used as an anode, the upper electrode
can be used as a cathode, the location of electrodes can
be easily changed, and therefore, all these modifica-
tions should considered with in the scope of the present
invention.

Claims

1. An organic electroluminescence display device,
comprising:

a substrate;
a thin film transistor formed on the substrate,
said thin film transistor including source and
drain electrodes;
a power line formed on the same layer as the
source and drain electrodes of the thin film tran-
sistor and formed on the substrate;
a first insulating layer formed on the thin film
transistor;
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a lower electrode electrically connected to one
of the source and drain electrodes of the thin
film transistor and disposed on the first insulat-
ing layer;
a first auxiliary power line and a second auxil-
iary power line formed on the same layer as the
lower electrode;
a second insulating layer formed on an edge
portion of the lower electrode and not formed
on the second auxiliary power line to form an
opening that exposes a portion of the lower
electrode;
an organic film formed on the substrate; and
an upper electrode formed on the substrate.

2. The organic electroluminescence display device of
claim 1, wherein the first auxiliary power line is elec-
trically connected to the power line.

3. The organic electroluminescence display device of
claim 2, wherein the first insulating layer is inter-
posed between the first auxiliary power line and the
power line, and the first auxiliary power line is elec-
trically connected to the power line through a via-
hole formed in the first insulating layer.

4. The organic electroluminescence display device of
claim 1, wherein the second auxiliary power line is
electrically connected to the upper electrode.

5. The organic electroluminescence display device of
claim 4, wherein the second auxiliary power line is
electrically connected to the upper electrode
through a side surface of the second auxiliary power
line.

6. The organic electroluminescence display device of
claim 1, wherein the lower electrode, the first auxil-
iary power line, and the second auxiliary power line
are formed of the same material.

7. The organic electroluminescence display device of
claim 6, wherein the lower electrode, the first auxil-
iary power line, and the second auxiliary power line
are formed of a conductive material having a great-
er work function than a conductive material for form-
ing the upper electrode.

8. The organic electroluminescence display device of
claim 6, wherein the lower electrode, the first auxil-
iary power line, and the second auxiliary power line
are formed of a material having a low specific re-
sistance and high reflectance.

9. The organic electroluminescence display device of
claim 6, wherein the lower electrode, the first auxil-
iary power line, and the second auxiliary power line
are formed as a single layer or a multiple layer.

10. The organic electroluminescence display device of
claim 6, wherein the lower electrode, the first auxil-
iary power line, and the second auxiliary power line
are formed of one selected from the group consist-
ing of Al-ITO, Mo-ITO, Ti-ITO, and Ag-ITO.

11. The organic electroluminescence display device of
claim 6, wherein the lower electrode, the first auxil-
iary power line, and the second auxiliary power line
has a greater thickness than the organic film.

12. The organic electroluminescence display device of
claim 1, wherein the organic electroluminescence
display device includes a plurality of sub-pixels hav-
ing the thin film transistor and the power lines, and
one portion of the sub-pixels includes the first aux-
iliary power line and the other portion of the sub-
pixels includes the second auxiliary power line.

13. The organic electroluminescence display device of
claim 12, wherein each of the first auxiliary power
lines is formed to cross the power line of the sub-
pixel which includes the first auxiliary power line.

14. The organic electroluminescence display device of
claim 12, wherein each of the second auxiliary pow-
er lines is formed to cross the power line of the sub-
pixel which includes the second auxiliary power
line.

15. The organic electroluminescence display device of
claim 12, wherein the first auxiliary power lines and
the second auxiliary power lines of the sub-pixels
are alternately formed.

16. An organic electroluminescence display device,
comprising:

a substrate;
a thin film transistor formed on the substrate,
said thin film transistor including source and
drain electrodes;
a power line formed on the same layer as the
source and drain electrodes of the thin film tran-
sistor and formed on the substrate;
a first insulating layer formed on the thin film
transistor;
a lower electrode electrically connected to one
of the source and drain electrodes of the thin
film transistor and disposed on the first insulat-
ing layer;
a first auxiliary power line and a second auxil-
iary power line formed on the same layer as the
lower electrode;
a second insulating layer formed on an edge
portion of the lower electrode and not formed
on the second auxiliary power line to form an
opening that exposes a portion of the lower
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electrode;
an organic film formed on the lower electrode
in the opening; and
an upper electrode formed on the substrate,

wherein the second auxiliary power line is
electrically connected to the upper electrode
through a side surface and an upper surface of the
second auxiliary power line.

17. A method of manufacturing an organic electrolumi-
nescence display device, comprising:

forming a lower electrode connected to one of
source and drain electrodes of a thin film tran-
sistor on a substrate that includes the thin film
transistor and a power line formed on the same
layer as the thin film transistor and the source
and drain electrodes of the thin film transistor;
forming an auxiliary power line comprising a
first auxiliary power line and a second auxiliary
power line on the same layer as the lower elec-
trode;
forming a pixel defining film on an edge portion
of the lower electrode and not on the second
auxiliary power line to form an opening for ex-
posing a portion of the lower electrode;
forming an organic film on the opening; and
forming an upper electrode on the substrate.

18. The method of claim 17, wherein the forming of the
auxiliary power line includes:

forming a planarizing film on the substrate;
forming a first via-hole that exposes the one of
the source and drain electrodes and a second
via-hole that exposes the power line in the
planarizing film; and
forming the lower electrode electrically con-
nected to one of the source and drain elec-
trodes through the first via-hole and the first
auxiliary power line and the second auxiliary
power line electrically connected to the power
line through the second via-hole on the
planarizing film.

19. The method of claim 18, wherein the first via-hole
and a second via-hole are formed at the same time.

20. The method of claim 18, wherein the lower elec-
trode, the first auxiliary power line, and the second
auxiliary power line formed on the planarizing film
are formed of the same material.

21. The method of claim 18, wherein the lower elec-
trode, the first auxiliary power line, and the second
auxiliary power line formed on the planarizing film
are formed of a conductive material having a great-

er work function than a conductive material for form-
ing the upper electrode.

22. The method of claim 18, wherein the lower elec-
trode, the first auxiliary power line, and the second
auxiliary power line formed on the planarizing film
are formed of a material having a low specific re-
sistance and high reflectance.

23. The method of claim 18, wherein the lower elec-
trode, the first auxiliary power line, and the second
auxiliary power line are formed as a single layer or
a multiple layer.

24. The method of claim 18, wherein the lower elec-
trode, the first auxiliary power line, and the second
auxiliary power line are formed of one selected from
the group consisting of Al-ITO, Mo-ITO, Ti-ITO, and
Ag-ITO.

25. The method of claim 18, wherein the lower elec-
trodes, the first auxiliary power line, and the second
auxiliary power line has a greater thickness than the
organic film.

26. The method of claim 17, wherein the organic film is
not formed on the side surfaces of the second aux-
iliary power line, and the second auxiliary power line
is electrically connected to the upper electrode
through said side surface of the second auxiliary
power line.

27. The method of claim 17, wherein the organic film is
not formed on the side surfaces and the upper sur-
face of the second auxiliary power line, and the sec-
ond auxiliary power line is electrically connected
through the side surface and the upper surface of
the second auxiliary power line.

28. The method of claim 17, wherein a plurality of sub-
pixels having the first and second auxiliary power
lines are formed at the same time with the formation
of the auxiliary power line, and the first auxiliary
power line is formed on one portion of the sub-pixels
and the second auxiliary power line is formed on the
other portion of the sub-pixels.

29. The method of claim 17, wherein each of the first
auxiliary power lines is formed to cross the power
line of the sub-pixel which includes the first auxiliary
power line.

30. The method of claim 17, wherein each of the second
auxiliary power lines is formed to cross the power
line of the sub-pixel which includes the second aux-
iliary power line.

31. The method of claim 17, wherein the first auxiliary
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power lines and the second auxiliary power lines of
the sub-pixels are alternately formed.
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