US 20160293888A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2016/0293888 A1

SHIM et al. 43) Pub. Date: Oct, 6, 2016
(54) AUXILIARY LINES REDUCING RESISTANCE Publication Classification
IN A CATHODE OF AN ORGANIC LIGHT (51) Int.Cl
EMITTING DISPLAY DEVICE H0‘1 I 5 1/52 (2006.01)
HOIL 27/32 (2006.01)
(71) Applicant: LG Display Co., Ltd., Seoul (KR) (52) US.CL
CPC ... HO1L 51/5256 (2013.01); HO1L 27/3246
(72) Inventors: Sungbin SHIM, Yangsan-si (KR); (2013.01); HO1L 51/5212 (2013.01)
Suhyeon KIM, Paju-si (KR); MoonBae (57) ABSTRACT

GEE, Paju-si (KR) An organic light emitting diode (OLED) display device is

described that includes a shared cathode between OLED pix-
els as well as auxiliary lines that are formed between rows
(21)  Appl. No.: 14/859,783 and/or columns of the OLED pixels. As the cathode is shared
between many if not all of the pixels of display device, resis-
tance within the cathode can affect the brightness of those

(22) Filed: Sep. 21, 2015 pixels that are further from the cathode’s voltage source. The
auxiliary lines serve to counteract the voltage drop caused by
(30) Foreign Application Priority Data this resistance. The auxiliary lines are electrically connected
to the cathode in close proximity to individual pixels of the
Apr.2,2015  (KR) oo 10-2015-0046695 display.
PIXEL CONTACT
440 540

L
T
R 2

i
| 1
[ as Vo | |
Pi 405 407410 415 420 P1'CH 520 c1



Patent Application Publication Oct. 6,2016 Sheet 1 of 20 US 2016/0293888 A1

2
—
!
a Q.
5
=
.
o .
R
Q.
J
>
Q Q o
=
T oy o
=~J =~ =J
N T Ry
o <
[w ~ )
9 — m




Patent Application Publication

190
J

180a

FIG.2

Oct. 6,2016 Sheet 2 of 20

US 2016/0293888 A1

180b



Patent Application Publication Oct. 6,2016 Sheet 3 of 20 US 2016/0293888 A1

FIG.3

EDGE CENTER EDGE
(180a) (180b)




US 2016/0293888 A1

Oct. 6,2016 Sheet 4 of 20

Patent Application Publication

| a“ﬁ% mmw
h%!“ gir ) /)
s
L3r—_F

_:w,v o6Y

1 PR Y 1
i 1
1 i
i '
i 1
1 i
i i
! t
1 i
i i
H l
i i
1 1

-
COAIVINQGD

8
NN
“ + 3+ 4+ o+ e+ &

T9Xid




US 2016/0293888 A1

Oct. 6,2016 Sheet 5 of 20

Patent Application Publication

—8lv

01V L0%  cpp 14

/ /)

|

13X1d




US 2016/0293888 A1

Oct. 6,2016 Sheet 6 of 20

Patent Application Publication

0LrL08  Gop 24

Ry

)




US 2016/0293888 A1

Oct. 6,2016 Sheet 7 of 20

Patent Application Publication

Gl olv 0¥

£ OIA



US 2016/0293888 A1

Oct. 6,2016 Sheet 8 of 20

Patent Application Publication

— 8ty /

/

086G

& DIA



Patent Application Publication Oct. 6,2016 Sheet 9 of 20 US 2016/0293888 A1

415

FIG.9

440




Patent Application Publication

Oct. 6,2016 Sheet 10 of 20

FIG. 10

420a 520

It

s

418

420b 57?0
\ /

s I
o B 4
<

US 2016/0293888 A1



Patent Application Publication Oct. 6,2016 Sheet 110f20  US 2016/0293888 A1

FIG. 11

420a 520 4200 520




Patent Application Publication Oct. 6,2016 Sheet120f20  US 2016/0293888 A1

FIG. 12

420a 520 420b 520

\
iy
i 540




Patent Application Publication Oct. 6,2016 Sheet130f20  US 2016/0293888 A1

FIG. 13

420a 520 420b 520




US 2016/0293888 A1

Oct. 6,2016 Sheet 14 of 20

Patent Application Publication

017 L0Y  cpp 24

ror ) )

048



US 2016/0293888 A1

Oct. 6,2016 Sheet 15 of 20

Patent Application Publication

20 z20.2d OIv L0V cpp 24

A cow ) )

5 5% S »K - ,,.,,,V,\\.\\../\ \v\\\ e Vf\;v,\..\/x
T e e

Ao

089 J /
org Ort

SYRIIL

L — 8l¥



Patent Application Publication Oct. 6,2016 Sheet160f20  US 2016/0293888 A1

FlG.16

620 620
4204 ) 420b |

NN

a8 | :

pybls |

o
,%y‘/ . 24
Qb e o T R S g
1
R IR,

R RTs

5wy



Patent Application Publication Oct. 6,2016 Sheet170f20  US 2016/0293888 A1

. N C
L iy A
N 5 g,
R e A A A
8 T

LRI 15 e N R LR

e s

S SR G

4 7 C
KGN GL K, o
4 Py t 4
AR — T Y .
A S S A SO NS LT v 4 S
e




Patent Application Publication Oct. 6,2016 Sheet 18 0f20  US 2016/0293888 A1

B
g 8 ©
NG = x
/f% ‘ ]
So= /
i /
I
14
— l———
\\ ?
MEAN
—] TN -
~JLL
\,\ B
e . am—
3
o
|
.
A -~
& \
P | \
ﬁ.
— o
— e
!
2
o

FIG. 18
\



Patent Application Publication Oct. 6,2016 Sheet190f20  US 2016/0293888 A1

1920
1920

1910
\

“~—— 1830

1810
f
|
%

NN
NN

N




Patent Application Publication Oct. 6,2016 Sheet200f20  US2016/0293888 A1

FIG.20

‘ START }

FORM PROTFCTIVE LAYER IN PIXEL ARFA ~— 52010
FORM FIRST AND SECOND CONTACT HOLES ~_ 50020
FORM FIRST ELECTRODE AND FIRST AUXILIARY LINE |~ cpa0
FORM BANK AND ORGANIC LIGHT-EMITTING LAYER |~ g0p40
FORM SECOND ELECTRODE CONNECTED WITH FIRST |
AUXILIARY LINE THROUGH FIRST CONTACT HOLE 52050
IN ORGANIC LIGHT-EMITTING LAYER

END



US 2016/0293888 A1l

AUXILIARY LINES REDUCING RESISTANCE
IN A CATHODE OF AN ORGANIC LIGHT
EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
under 35 U.S.C. §119(a) of Korean Patent Application No.
10-2015-0046695, filed on Apr. 2, 2015, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device in which auxiliary lines are disposed
around pixel areas, and a method of fabricating the same.
[0004] 2. Description of the Prior Art

[0005] With the development of an information-oriented
society, the demands for various display devices for display-
ing images are increasing. Recently, various display devices,
such as an LCD (Liquid Crystal Display), a PDP (Plasma
Display Panel), an OLED (Organic Light Emitting Display
Device), or an organic electro-luminescence display device,
have been utilized. The various display devices include dis-
play panels corresponding thereto.

[0006] In the display panel, a thin film transistor is formed
in each pixel area, and a specific pixel area is controlled
though the current flow of the thin film transistor. The thin
film transistor is comprised of a gate and a source/drain elec-
trode.

[0007] The organic light emitting display includes a light-
emitting layer that is formed between two different elec-
trodes. When an electron created by one electrode and a hole
created by the other electrode are injected into the light-
emitting layer, the injected electron and the hole combine
with each otherto create an exciton. Then, the created exciton
emits light while it transitions from the excited state to the
ground state to thereby display images.

[0008] Meanwhile, inthe organic light emitting display, the
electrode, e.g., a cathode, which injects the electron, may
exhibit a voltage drop due to the resistance of the cathode. As
the size of the display device increases, the voltage drop may
increase and this may cause the degradation of the brightness.
Accordingly, an auxiliary line (or an auxiliary electrode) is
formed in order to reduce or eliminate the voltage drop.

SUMMARY OF THE INVENTION

[0009] A display device and method for its manufacture is
described where an auxiliary line can be formed to contact the
cathode of pixels of the display. The auxiliary line is formed
within a contacthole having aninverse tapered shape, thereby
removing the need for additional layers and process steps
during manufacturing to electrically connect the auxiliary
line to the cathode. In one embodiment, the display device
includes a pixel area and a contact area. Within the pixel area,
an anode is electrically coupled to a source or a drain of a thin
film transistor through a pacification layer. An organic light-
emitting layer is formed on the anode, and the cathode is
formed on the organic light-emitting layer. Within the contact
area, an auxiliary contact hole is formed in the pacification
layer, the auxiliary contact hole formed to have an inverse
tapered shape. An auxiliary line has a first portion formed
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over the pacification layer and a second portion formed in the
auxiliary contact hole. A portion of the cathode physically
contacts the second portion of the auxiliary line within the
auxiliary contact hole.

[0010] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

[0011] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Additional The above and other objects, features
and advantages of the present invention will be more apparent
from the following detailed description taken in conjunction
with the accompanying drawings, in which:

[0013] FIG. 1 schematically illustrates a display device
according to the embodiments;

[0014] FIG. 2 illustrates a structure in which the voltage
drop occurs;
[0015] FIG. 3 is a graph showing the degradation of the

brightness due to the voltage drop in the case of not adopting
an auxiliary electrode;

[0016] FIG. 4 illustrates a configuration for forming an
auxiliary electrode by a partition;

[0017] FIG. 5illustrates a stack structure of a display panel
that has a single pacification layer according to an embodi-
ment of the present invention;

[0018] FIG. 6 illustrates a stack structure of a display panel
that has two pacification layers according to another embodi-
ment of the present invention;

[0019] FIGS. 7 to 9 are sectional views illustrating the
process of forming the panel structure of FIG. 5 according to
an embodiment of the present invention;

[0020] FIGS.10to 13 are plan views related to the sectional
views of FIGS. 710 9;

[0021] FIGS. 14 and 15 are sectional views illustrating the
process of forming the panel structure of FIG. 6 according to
an embodiment of the present invention;

[0022] FIGS. 16 and 17 are plan views related to the sec-
tional views of FIGS. 14 to 15;

[0023] FIG. 18 is a view showing the positions of auxiliary
lines with respect to pixel areas and an anode in the panel in
applying an embodiment of the present invention thereto;

[0024] FIG. 19 is a view showing the positions of auxiliary
lines with respect to pixel areas and an anode in the panel in
applying another embodiment of the present invention
thereto; and

[0025] FIG. 20 is a flowchart illustrating the process of
implementing the embodiments of the present invention men-
tioned above.
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DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0026] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the accompany-
ing drawings. In designating elements of the drawings by
reference numerals, the same elements will be designated by
the same reference numerals although they are shown in
different drawings. Further, in the following description of
the present invention, a detailed description of known func-
tions and configurations incorporated herein will be omitted
when it may make the subject matter of the present invention
rather unclear.

[0027] Inaddition, terms, such as first, second, A, B, (a), (b)
or the like may be used herein when describing components
of the present invention. Each of these terminologies is not
used to define an essence, order or sequence of a correspond-
ing component but used merely to distinguish the correspond-
ing component from other component(s). In the case that it is
described that a certain structural element “is connected to”,
“Is coupled t0”, or “is in contact with” another structural
element, it should be interpreted that another structural ele-
ment may “be connected to”, “be coupled to”, or “be in
contact with” the structural elements as well as that the certain
structural element is directly connected to or is in direct
contact with another structural element.

[0028] FIG. 1 schematically illustrates a display device
according to the embodiments.

[0029] Referring to FIG. 1, the display device 100, accord-
ing to the embodiments, includes: a display panel 110 thathas
a plurality of the first lines VL1 to VLm formed in the first
direction (e.g., the vertical direction) thereon, and a plurality
of the second lines HL1 to HLn formed in the second direc-
tion (e.g., the horizontal direction) thereon; the first driving
unit 120 that supplies the first signal to the plurality of the first
lines VL1 to VLm; the second driving unit 130 that supplies
the second signal to the plurality of the second lines HL1 to
HLn; and a timing controller 140 that controls the first driving
unit 120 and the second driving unit 130.

[0030] In the display panel 110, a plurality of pixels (P) is
defined by the intersections of the plurality of the first lines
VL1 to VLm formed in the first direction (e.g., the vertical
direction) and the plurality of the second lines HLL1 to HLn
formed in the second direction (e.g., the horizontal direction).
[0031] Thefirst driving unit 120 and the second driving unit
130 may include at least one driver IC that outputs signals for
displaying images.

[0032] Theplurality ofthe firstlines VL1 to VLm formed in
the first direction on the display panel 110, for example, may
be data lines that are formed in the vertical direction (the first
direction) to transfer a data voltage (the first signal) to the
vertical pixel lines, and the first driving unit 120 may be a data
driving unit for supplying the data voltage to the data lines.
[0033] In addition, the plurality of the second lines HL1 to
HLm formed in the second direction on the display panel 110,
for example, may be gate lines that are formed in the hori-
zontal direction (the second direction) to transfer a scan sig-
nal (the second signal) to the horizontal pixel lines, and the
second driving unit 130 may be a gate driving unit for sup-
plying the scan signal to the gate lines.

[0034] In addition, the display panel 110 includes a pad
portion connected with the first driving unit 120 and the
second driving unit 130. When the first driving unit 120
supplies the first signal to the plurality of the first lines VL1 to
VLm, the pad portion transfers the same to the display panel
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110, and likewise, when the second driving unit 130 supplies
the second signal to the plurality of the second lines HL1 to
HLn, the pad portion transfers the same to the display panel
110.

[0035] The pixel includes one or more sub-pixels. The sub-
pixel may have a color filter ofa specific color formed therein,
or the sub-pixel may refer to the unit in which the organic light
emitting diode can emit a light of a particular color without
the color filter. The colors defined in the sub-pixel may
include red (R), green (G), blue (B), and selectively white
(W), but the present invention is not limited thereto. The
sub-pixel includes a separate thin film transistor and elec-
trodes connected thereto, so hereinafter, the sub-pixel consti-
tuting the pixel will be regarded as a pixel area as well.
[0036] The organic light emitting display device may be
implemented in a top-emission type, a bottom-emission type,
or a dual-emission type. Even with any emission type, the
large-scale display panel may exhibit a voltage drop of the
cathode in the course of forming the cathode in the front, so an
auxiliary electrode or an auxiliary line may be formed in the
non-aperture area in order to reduce or eliminate the voltage
drop. Hereinafter, the description will be made of the display
device in the top-emission type in the present specification,
but the embodiments of the present invention are not limited
thereto, and the present invention may be applied to all of the
display devices that can prevent a voltage drop of the cathode.
[0037] FIG. 2 illustrates a structure in which the voltage
drop occurs. With regard to the structure that applies power to
the display panel, the power source 190 applies the base
power, such as the reference numerals 180a and 1805, to the
display area 111 of the display panel through the first driving
unit 120 and the second driving unit 130. Since the base
power is applied from the upper and lower edges, the bright-
ness is highest in the edges of the display area 111, and lowest
in the center thereof. This feature will be described in detail in
FIG. 3.

[0038] FIG. 3 is a graph showing the degradation of the
brightness due to a voltage drop in the case of not adopting an
auxiliary electrode. Referring to FIG. 3, the brightness is high
in the edges where the base power is supplied as the reference
numerals 180a and 1805 of FIG. 2, but is low in the center
thereof. As the size of the display device increases, such a
phenomenon may be more severe. The auxiliary electrode
would prevent this voltage drop and degradation of the bright-
ness.

[0039] The typical organic light emitting display device in
the top-emission type adopts a thin film cathode (~100 A), so
the non-uniformity in the brightness may be caused by the
high resistance of the cathode. In addition, since a white EL is
deposited on the front surface of the panel array, it is not easy
to apply the auxiliary electrode or the auxiliary line. One of
the methods to cope with the limit above introduces a parti-
tion structure to make the cathode come into contact with the
auxiliary electrode through the IZO deposition in such a way
that the auxiliary electrode is exposed, even though the white
EL is deposited on the panel array, to thereby improve the
uniformity of the brightness.

[0040] FIG. 4 illustrates a configuration for forming an
auxiliary electrode by a partition. A buffer 401 is positioned
ona substrate 401, and an active layer 405 on the buffer, a gate
insulator 407, a gate 410, an interlayer dialect 415, a source or
adrain 420, a passivation layer 425, the first pacification layer
427, a second pacification layer 435, a connection electrode
430 connected to the source or the drain 420, the first auxiliary
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electrode 431 formed of the same material as the connection
electrode 430, and the first electrode or, for example, an anode
440 are formed, wherein the source or the drain 420 is con-
nected with the active layer 405 through a contact hole 418
that is formed in the interlayer dialect 415. In addition, the
second auxiliary electrode 441 formed of the same material as
the anode 440, a bank 450, an organic light-emitting layer
470, the second electrode or, for example, a cathode 480, and
a partition 490 are positioned thereon. The first auxiliary line
431 may be the same thickness as the connection electrode
430, or the first auxiliary line may be thicker than the con-
nection electrode 430.

[0041] “Pixel” denotes a pixel area, and “Contact” refers to
acontact area where the auxiliary electrode and the cathode as
the second electrode are connected with each other.

[0042] When the partition structure of FIG. 4 is applied, the
uniformity of the brightness can be enhanced, but three layers
(430, 435, and 490) are to be added in order to form the
auxiliary electrode and the partition. That is, a thick auxiliary
electrode is used for the purpose of reducing the resistance, in
connection with the cathode, and the pacification layer is
added in order to flatten the same. In addition, a non-deposi-
tion area of the white EL, which is deposited on the front
surface in an area where the white EL is not formed due to the
partition (not separately labelled in FIG. 4), is formed to
thereby form the structure by which the auxiliary electrode
comes into contact with the cathode.

[0043] Three layers are used to implement the auxiliary
electrode using the partition structure of FIG. 4, and to this

end, a process of the auxiliary electrode 441
(deposition—exposure—development—etching), a process
of the bank layer 450
(coating—exposure—=development—heat treatment), and a
process of the partition 490
(coating—exposure—=development—heat treatment) are
added.

[0044] In the implementation illustrated in FIG. 4, the par-

tition 490 is formed on an island of bank material 452 formed
on a portion the second auxiliary line 441. In one embodi-
ment, the island of bank material fills the remainder of the
auxiliary contact hole 437 that the second auxiliary line is
formed in in order to contact the first auxiliary line 431. The
island of barnk material protrudes sufficiently far from the
second auxiliary line 441 and cathode 480 to allow the parti-
tion 490 to be formed without physically contacting the por-
tion of the cathode 480 physically contacting the second
auxiliary line.

[0045] Hereinafter, in the present specification, the con-
figuration for connecting the auxiliary electrode or the auxil-
iary line with the cathode without the partition is discussed.
To this end, the embodiments of the present invention may use
a difference in step coverage between a metal and an organic
material so that the organic light-emitting layer is not depos-
ited in some areas of the auxiliary line.

[0046] Although the buffer layer, the pacification layer (or
pacification film), and the passivation layer may be referred to
as different names, hereinafter, they will be referred to as a
protective layer altogether. The protective layer may be inter-
posed between the source/drain and the gate, the gate and the
active layer, the anode and the source/drain, or the anode and
the cathode, and may be formed of an organic material or an
inorganic material, but the protective layer is not limited
thereto in the present invention.
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[0047] 1In the present invention, the auxiliary line that
comes into contact with the cathode is positioned between the
pixel areas, and the auxiliary line is formed of the same
material as the anode, the source/drain, or a connection elec-
trode M3 for electrically connecting the same, so the process
of forming the auxiliary line may be performed without an
additional mask. In the present specification, the auxiliary
electrode and the auxiliary line will be used interchangeably.
In addition, during the process of connecting the auxiliary
line with the cathode by way of increasing the distance of the
auxiliary electrode/auxiliary line and the organic light-emit-
ting layer, the auxiliary line and the cathode are connected
with each other due to a difference of step coverage between
the organic light-emitting layer and the cathode material,
whereas the organic light-emitting layer cannot permeate
between the auxiliary line and the cathode so that the contact
portion of the auxiliary line and the cathode can increase.
[0048] Hereinafter, the present invention is applied to a
structure thatincludes a substrate on which a plurality of pixel
areas is defined, the first electrode positioned on each of the
pixel areas, and an organic light-emitting layer and the second
electrode, which are positioned on the plurality of the first
electrodes. The description will be made of the organic light
emitting display device, in which the first auxiliary lines,
which are positioned in at least one of the first direction or the
second direction between two or more pixel areas, come into
contact with the second electrode in the protective layer in
which the first electrode is positioned. More specifically, a
first contact hole (also referred to as an auxiliary contact hole
590) is positioned in the protective layer in order for the
second electrode to come into contact with the first auxiliary
line. The first auxiliary line is positioned between the pixel
areas, and since the first auxiliary line is formed of the same
material as the first electrode, e.g., the anode, in the same
process, the number of processes may be reduced. In addition,
a separate layer is not required to form the first auxiliary line,
so a thin film display panel can be attained. Furthermore,
since the second electrodes, e.g., the cathodes are uniformly
provided in the display panel due to the first auxiliary lines,
the brightness of the display panel can be uniform to thereby
enhance the visual sensibility.

[0049] In an embodiment of the present invention, the sec-
ond auxiliary line may be formed under the first auxiliary line.
Although various embodiments of forming the second auxil-
iary line are disclosed in FIG. 5 and FIG. 6, the present
invention is not limited thereto. That is, an embodiment of the
present invention may be implemented by eliminating the
second auxiliary line 520 or 620 of FIG. 5 or FIG. 6, or
another embodiment of the present invention may be imple-
mented by adopting the second auxiliary line 520 or 620 of
FIG. 5 or FIG. 6. That is, the second auxiliary line 520 or 620
may be selectively included.

[0050] FIG. 5illustrates a stack structure of a display panel
that has a single pacification layer according to an embodi-
ment of the present invention.

[0051] InFIG.5, the first auxiliary line 540 is formed of the
same material as the anode/reflector 440. The second auxil-
iary line 520 is formed of the same material as the source/
drain 420. The contact hole 580, through which the anode 440
and the source/drain 420 come into contact with each other, is
provided. The first pacification layer 427, which is an
example of the protective layer, is formed using negative
photoresist together with the contact hole 590 as the partition
structure. The low-resistance cathode is implemented
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through the contact between the cathode 480 and the first
auxiliary line 540. It is due to that fact that the organic mate-
rial of the organic light-emitting layer 470 travels straight in
the process of deposition, the organic material is not depos-
ited on the wall in the contact hole 590 in a step form or an
inversely tapered form. Meanwhile, the metal has good step
coverage due to the irregular directivity in the deposition, so
the metal can be deposited on the wall of the contact hole 590
in the inversely tapered form. Consequently, only the low-
resistance cathode comes into contact with the auxiliary elec-
trode 540 on the wall of the contact hole 540.

[0052] The pacification layer is different in its thickness
because the interlayer dialect 415 is formed under the source/
drain 420 in the pixel area, whereas the interlayer dialect
415is not formed under the second auxiliary line 520. Accord-
ing to this, as the thickness of the negative photoresist in the
inversely tapered form increases, the non-permeated area of
the organic material (EL) becomes wide, so that the cathode
more easily comes into contact with the auxiliary line. That is,
the permeation of the organic material may be prevented by
the step that is as high as the bank 450 and the pacification
layer 427.

[0053] Comparing the configuration of FIG. 5 with the
configuration of FIG. 4, since the connection electrode 430,
the second pacification layer 435, and the layers related to the
partition 490 of FIG. 4 are eliminated, the exposure process
may be reduced three times, and the efficiency of the process
can be enhanced by removing three layers. In particular, in the
case of application to the top-emission type, the number of
processes thereof may be the same as that of the bottom-
emission type, so the cost may be considerably reduced. In
addition, the present embodiment enables the thin film dis-
play panel, and reduces or eliminates the voltage drop of the
cathode by forming the auxiliary line in the contact area that
is the non-aperture area between the pixel areas to thereby
secure the uniform brightness. In addition, the passivation
layer 425 of F1G. 4 has been removed in the configuration of
FIG. 5 as well. The passivation layer 425 may be selectively
included for the step coverage.

[0054] Referring to the configuration of FIG. 5, the contact
hole 590, in which the first auxiliary line 540 is formed is
deeper than the contact hole 580, to which the anode 440 is
connected. Both contact holes 580 and 590 (as well as contact
holes 680 and 690, described below with respect to FIG. 6)
are formed to have an inverted “V” structure, such that the
bottom of the contact hole is wider than the top of the contact
hole, and the sidewalls slope in an angled manner from bot-
tom to top. As a result of this construction, organic material
does not permeate into the contact hole 590 in the course of
depositing the the light emitting layer 470. In contrast, due to
the angled formation of the electrically conductive layers
(lines/electrodes) of the device, an electrical contact area is
formed between these any two electrically conductive layers
on the sidewalls of the contact holes. For the cathode and first
auxiliary lines in FIGS. 5 and 6 particularly, this electrical
contact is how power is transferred from the auxiliary lines to
the cathode, thereby reducing the resistance in the cathode
itself regardless of where the pixel is located in the display.
[0055] FIG. 6 illustrates a stack structure of a display panel
that has two single pacification layers according to another
embodiment of the present invention. According to the struc-
ture of FIG. 6, the second auxiliary line 620, which is formed
of the same material as the connection electrode 430 that
makes the source or the drain 420 come into contact with the
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anode 440 in the structure of FIG. 4, may increase in the
thickness. As a result, the resistance of the cathode 480 may
be lowered due to the increase in the thickness of the second
auxiliary line 620.

[0056] In other words, the second auxiliary line 620 is
formed independently from the source/drain 420, so the sec-
ond auxiliary line 620 may be thickly deposited in the pro-
cess. Consequently, the resistance of the cathode 480 may be
reduced by increasing the thickness of the second auxiliary
line 620.

[0057] Furthermore, since the second auxiliary line 620 is
formed in a different layer from the source/drain 420, it may
be connected vertically so as not to overlap the gate. That is,
the second auxiliary line 620 may be formed in the form ofa
mesh to overlap the first auxiliary line 640 in the vertical
direction. This will be described later with reference to FIG.
16.

[0058] That is, comparing FIG. 6 with FIG. 4, one layer is
eliminated by removing the partition 490 to thereby simplify
the process. In addition, when the thickness of the second
auxiliary line 620, which is formed in the non-aperture con-
tact area, is increased, the line resistance may be lowered. As
the embodiment of the present invention, the negative PR may
be used as the pacification layer. Here, the difference from the
embodiment of FIG. 5 is that a thicker line can be applied
using the auxiliary line to thereby secure a high aperture-
ratio. That is, the embodiment of FIG. 6 may be applied to the
case where a low resistance of the line is not easily obtained,
compared to the embodiment of FIG. 5. In the case of the
thick auxiliary line, the aperture-ratio of the panel may
increase.

[0059] Similarly to FIG. 4, the implementation may include
an island of bank material 452 that is formed on the first
auxiliary line near the bottom of contact hole 590. The island
of bank material is covered by the portion of the cathode 480
formed in the contact hole 590.

[0060] The active layer 405 of FIG. 5 and FIG. 6 may be
formed of an oxide semiconductor or low-temperature poly-
silicon (LIPS). The source/drain 420, the gate 410, the con-
nection electrode 430, and the second auxiliary line 520 or
620 are formed of conductive materials. For example, they
may be formed of an alloy of Cu/MoTi or Mo/Al/Mo, but they
are not limited thereto, while various materials may be
applied thereto. The anode/reflector 440 and the first auxiliary
line 540 or 640 may be formed of ITO or ITO/Ag/ITO. The
bank 450 may be formed using OC (overcoat), and the cath-
ode may be formed using IZO or MgAg.

[0061] Since the firstauxiliary line 540 or 640 in F1G. 5 and
FIG. 6 is formed of the same material as the anode 440, i.e.,
the first electrode, in the same process, the number of masks
can be reduced and the process can be simplified.

[0062] InFIG.5 and FIG. 6, the first auxiliary line 540 or
640 is connected with the second auxiliary line 520 or 620
through the contact hole 590 or 690, and the cathode with a
low resistance can be implemented by increasing the thick-
ness of the auxiliary line connected with the cathode. In
addition, in the case where the auxiliary lines are configured
to overlap each other in the form of a mesh, the auxiliary lines
are applied with the base power similar to the cathode so that
the base power is uniformly applied to the central area of the
display panel as well as the edges of the display panel, to
thereby improve the uniformity of the brightness in the dis-
play panel.
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[0063] FIGS. 7 to 9 are sectional views illustrating the
process of forming the panel structure of FIG. 5 according to
an embodiment of the present invention.

[0064] Referring to FIG. 7, the buffer 402 is positioned on
the substrate 401, and the active layer 405, the gate insulator
407, the gate 410, the interlayer dialect 415, the source and
drain 420, and the first pacification layer 427 are formed on
the buffer. In addition, the second auxiliary line 520 1s formed
of the same material as the source and drain 420 by the same
mask. The negative PR may be used as an example of the first
pacification layer 427.

[0065] FIG. 8 shows that the negative PR of FIG. 7 1s etched
to form the contact hole 580 to allow a part of the source/drain
420 to come into contact with the anode 440, and the contact
hole 590 for the partial contact of the second auxiliary line
520. The negative PR is etched to have an inversely tapered
form.

[0066] FIG. 9 shows that the anode 440 is formed to come
into contact with the source/drain 420 through the contact
hole 580 of F1G. 8, and the first auxiliary line 540 is formed to
come into contact with the second auxiliary line 520 as well.
Next, the bank 450, the organic light-emitting layer 470, and
the cathode 480 are formed, and the cathode 480 may come
into contact with the first auxiliary line 540.

[0067] FIGS.10t013 are plan views related to the sectional
views of FIGS. 710 9.

[0068] FIG. 10 is a plan view showing the structure before
the first pacification layer 427 is formed in the section of FIG.
7. The data lines 420a and 4205, the source/drain 420 that
comes into contact with the same, and the second auxiliary
line 520 of the same material are formed. When the second
auxiliary line 520 is not formed on the interlayer dialectric
415, it may have discontinuities in the vertical direction as
shown in FIG. 10. When the interlayer dialect 415 (not shown
in FIG. 10) is positioned under the second auxiliary line 520,
the second auxiliary line 520 may have a continuous structure
in the vertical direction. In the case where the step for pre-
venting the deposition of the organic material constituting the
organic light-emitting layer can be secured in another area,
the interlayer dialect 415 may be positioned under the second
auxiliary line 520. Otherwise, the interlayer dialect 415 is not
formed under the second auxiliary line 520 to secure the step,
and to thereby facilitate the deposition of the first auxiliary
line 540 and the deposition of the cathode 480 by the step
coverage.

[0069] FIG.11isaplanview corresponding to the sectional
view of FIG. 9. The anode 440 comes into contact with the
source/drain 420 through the contact hole 580. In addition,
the first auxiliary line 540 is formed of the same material as
the anode 440 in the same process. The first auxiliary line 540
may be formed in the form of a lattice (or grid or matrix
having row and columns) in both the vertical direction and the
horizontal direction. In another embodiment, the first auxil-
iary line 540 may be formed in one of either the vertical
direction or the horizontal direction. In another embodiment
of the present invention, the first auxiliary line 540 may be
formed in one of either the horizontal direction or the vertical
direction.

[0070] The contact hole 590 of FIG. 11 (as well as the
contact hole 690 from the embodiment illustrated in FIG. 6)
may be extended in the vertical direction or in the horizontal
direction. That is, the whole of the first auxiliary line 540 may
be configured to include the step similar to the contact hole
580, and the size and the position of the contact hole 590 may
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vary according to the properties of the display panel. That is,
if the contact portion between the first auxiliary line 540 and
the cathode increases, the contact hole 590 may be variously
formed or etched in the boundary of the first auxiliary line
540.

[0071] FIG. 12is aplan view in which the bank is formed in
FIG. 11. The bank 450 may be formed such that the first
auxiliary line 540 is exposed in part (This is also applicable to
first auxiliary line 640 from the embodiment illustrated in
FIG. 6). The area of the first auxiliary line 540, which is not
covered by the bank 450, may come into contact with the
cathode in order to prevent the voltage drop of the cathode.
[0072] FIG. 13 is another plan view in which the bank is
formed in FIG. 11. The embodiments of FIGS. 5 and 6 illus-
trate example implementations where the bank 450 at least
partially covers the first auxiliary line 540/640, such as the
portion on the top surface of the top-most pacification layer
(427 and 435 in FIGS. 5 and 6 respectively). However, in
other embodiments, the bank 450 may be formed such that the
whole of the first auxiliary line 540 is exposed. The area of the
first auxiliary line 540 that is not covered by the bank 450,
may come into contact with the cathode to prevent the voltage
drop of the cathode.

[0073] FIGS. 14 and 15 are sectional views illustrating the
process of forming the panel structure of FIG. 6 according to
an embodiment of the present invention.

[0074] Referring to FIG. 14, the buffer 402 is positioned on
the substrate 401, and the active layer 405, the gate insulator
407, the gate 410, the interlayer dialect 415, the source and
drain 420, the passivation layer 425, and the first pacification
layer 427 are formed in sequence on the buffer. The connec-
tion electrode 430 comes into contact with the source and
drain 420 through the contact hole 670, and the second aux-
iliary line 620 is formed of the same material as the connec-
tion electrode 430.

[0075] FIG. 15 is a sectional view showing the second
pacification layer 435, and the anode 440 and the first auxil-
iary line 640 formed thereon. The negative PR may be coated
as an example of the second pacification layer 435. Two
contact holes 680 and 690 of the second pacification layer 435
are formed in an inversely tapered form, and the anode 440
and the first auxiliary line 640 are formed on the wall of the
contact holes 680 and 690. Next, the bank 450, the organic
light-emitting layer 470, and the cathode 480 are formed so
that the cathode 480 comes into contact with the first auxiliary
line 640.

[0076] FIGS. 16 and 17 are plan views related to the sec-
tional views of FIGS. 14 to 15.

[0077] FIG. 16 is a plan view showing the configuration of
the lines except for the interlayer dialect 415, the passivation
layer 425, and the first pacification layer 427, which corre-
spond to the protective layer, of FIG. 14.

[0078] Referring to FIG. 17, as shown in the section of FIG.
15, the anode 440 (shown in FIG. 15 but not FIG. 17) and the
first auxiliary line 640 are formed. The anode 440 comes into
contact with the connection electrode 430 through the contact
hole 680, and the first auxiliary line 640 comes into contact
with the second auxiliary line 620 through the contact hole
690. Afterwards, the bank 450 (shown in FIG. 6, not shown in
FIG. 17) is formed such that the first auxiliary line 640 comes
into contact with the cathode as shown in FIG. 12 and FIG. 13.
[0079] As described in FIG. 11 above, the contact hole 690
of FIG. 17 may be extended in the vertical direction or in the
horizontal direction. That is, the whole of the first auxiliary
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line 640 may be configured to include the steps similar to the
contact hole 690, and the size and the position of the contact
hole 690 may vary according to the properties of the display
panel. Thatis, ifthe contact portion between the first auxiliary
line 640 and the cathode increases, the contact hole 690 may
be variously formed or etched in the boundary of the first
auxiliary line 640.

[0080] In the case of applying the present invention, the
wall of the contact hole 590 or 690, where the first auxiliary
line 540 or 640 is deposited, is shaped into an inversely
tapered form. In an embodiment, when the protective layer, in
which the contact hole 590 or 690 is formed, for example, the
pacification layers 427 and 435 are formed using the negative
PR, the contact holes 590 and 690 are formed in the inversely
tapered form, and the organic material (EL) does not perme-
ate into the walls to thereby enable the contact of the cathode
and the first auxiliary line 540 or 640. The permeation of the
organic material into the contact hole may be prevented by the
step that is as high as the bank 450 and the pacification layer
427.

[0081] That is, even though the organic material is depos-
ited without a mask, the organic material is not deposited on
the wall of the first auxiliary line 540 or 640 to thereby
increase the electrical contact area between the cathode and
the first auxiliary line 540 or 640. Meanwhile, when the
organic layer is deposited without a mask or when the organic
layer is deposited without separating the auxiliary line area,
the organic light-emitting layer may be formed under the
contact hole 590 or 690. According to this, in forming the
auxiliary line in the present invention, the mask is not added
when depositing the organic material to thereby increase the
efficiency of the process.

[0082] In forming the auxiliary lines in the form of a mesh
on the display panel as described above, the auxiliary lines
may be formed in one direction, or preferably, in two direc-
tions (e.g., the vertical direction and the horizontal direction)
to come info contact with the cathode.

[0083] FIG. 18 is a view showing auxiliary lines with
respect to the pixel areas and the anode in the panel, to which
the present invention is applied. The anode 440 and the aux-
iliary lines 1810 and 1820 are positioned in the pixel area. The
auxiliary lines 1810 and 1920 are arranged to form a grid of
lines. Vertical lines 1810 pass along a first axis and are mostly
if not entirely parallel to each other and are also mostly if not
entirely parallel to the plane of the display surface. Horizontal
lines 1820 pass along a second axis and are mostly if not
entirely perpendicular to the first axis and are also mostly if
not entirely parallel to the plane of the display surface.
[0084] Lines 1810 and 1820 may be placed between each
row ot column of subpixels or pixels, between every two rows
or columns subpixels, between every row and every other
column of subpixels, vice versa, or any other combination of
arrangements including between every fifth row and third
column, etc. Greater distance between lines represents a
tradeoft, as the greater the distance between lines, the greater
the resistance in the cathode at pixels located distant from one
of the lines.

[0085] Under the vertical auxiliary line 1810 of the auxil-
iary lines, another (second) auxiliary line (see 520 in the
embodiment of FIG. 5) formed of the same material as the
source or the drain electrode may be positioned, or another
auxiliary line (see 620 in the embodiment of FIG. 6) formed
of the same material as the connection electrode (see 430 in
the embodiment of FIG. 6) may be positioned. In addition, the
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auxiliary lines, which overlap each other, may come into
contact with each other through the contact hole in the intet-
section area 1830.

[0086] In addition, in FIG. 18, one end or both ends of the
auxiliary lines 1810 and 1820 may be applied with the same
power (the base power) and/or the same voltage and current as
the cathode, i.e., the second electrode, so that the base power/
voltage/current can be more uniformly applied throughout
the display panel. Therefore, the brightness is uniform in both
the edges and the center of the display panel.

[0087] Although the auxiliary lines 1810 and 1820 are posi-
tioned between the pixel areas in FIG. 18, the auxiliary lines
may be variously formed in consideration of the aperture-
ratio.

[0088] FIG. 19 shows the embodiment in which the auxil-
iary lines 1910 and 1920 are formed in a part of the non-
aperture area between the pixel areas, unlike FIG. 18. This
may be variously applied in consideration of the size of the
display panel and the aperture-ratio thereof. That is, the whole
of the non-aperture area between the pixel areas is not con-
figured as the contact area, whereas a part thereof may be
configured as the contact area where the auxiliary lines 1910
and 1920 are formed.

[0089] FIG. 20 is a flowchart illustrating the process of
implementing the embodiments above in the present inven-
tion. A plurality of pixel areas is formed on the substrate, and
the protective layer is formed on the pixel areas (S2010). This
corresponds to the operation of forming the pacification layer
(see 435 of FIGS. 5, and 427 of FIG. 6) on which the anode
440 is to be positioned in FIGS. 5 and 6 above. In the protec-
tive layer, the first contact hole 590 or 690 where the first
auxiliary line is positioned, and the second contact hole 580,
which exposes a part of the source or the drain 420 of the thin
film transistor positioned in the pixel area, or the second
contact hole 680, which exposes the connection electrode
connected with the source or the drain 420 are formed
(52020). Next, the first electrode 440 is formed such that the
first electrode 440 is deposited on the wall of the contact hole
580 or 680, and the first auxiliary line 540 or 640 is formed
such that the first auxiliary line 580 or 680 is deposited on the
wall of the first contact hole 590 or 690 (S2030).

[0090] Afterwards, the bank, which defines the pixel area
and exposes the first contact hole 590 or 690, is formed, and
then, the organic light-emitting layer is formed (32040). In
forming the organic light-emitting layer, the organic light-
emitting layer is not deposited on the wall of the first contact
hole 590 or 690 due to the bank 450 and the step of the first
contact hole 590 or 690. Exceptionally, the organic light-
emitting layer may be deposited on the bottom surface of the
first contact hole 590 or 690. Afterwards, the second elec-
trode, which comes into contact with the first auxiliary line
540 or 640 through the first contact hole 590 or 690, is formed
on the organic light-emitting layer (S2050).

[0091] The structure of FIG. 5 may further include the
operation of forming the second auxiliary line 520 prior to the
operation 52010. For example, the source or the drain 420,
and the second auxiliary line 520 may be formed before the
operation 52010, and the second auxiliary line 520 may be
exposed in the first contact hole 590. The structure of FIG. 5
may reduce the protective layer so that the process efficiency
can be enhanced.

[0092] The structure of FIG. 6 may further include the
operation of forming the second auxiliary line 620 prior to the
operation 52010. For example, the third contact hole 670,
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which exposes a part of the source or the drain 420, may be
formed before the operation 52010, and the connection elec-
trode, which is connected with the source or the drain 420
through the third contact hole 670, and the second auxiliary
line 620 may be formed. After that, the second auxiliary line
620 may be exposed through the first contact hole 690. At this
time, the second auxiliary line 620 may be thickly formed.
That is, since the second auxiliary line 620 is formed inde-
pendently from the source/drain 420, the second auxiliary
line 620 may be thickly deposited in the process. Conse-
quently, the resistance of the cathode 480 may be reduced by
increasing the thickness of the second auxiliary line 620.
[0093] The present invention may be applied to the devel-
opment of a structure by which the uniformity of the bright-
ness can be enhanced in the large-scale display panel, par-
ticularly, in the organic light emitting diode (OLED) in the
top-emission type.

[0094] When the processes of FIG. 20 are applied, the first
auxiliary line is positioned between the pixel areas, and the
first auxiliary line is formed of the same material as the first
electrode, i.e., the anode, in the same process, so the number
of processes can be reduced. In addition, since it is not
required to form a separate layer for the first auxiliary line, it
is possible to make a thin film display panel. Furthermore, the
second electrodes, i.e., cathodes, are uniformly provided in
the display panel through the first auxiliary lines so that the
brightness of the display panel can be uniform, and the visual
sensibility thereof can be improved as well.

[0095] In general, a high cathode-resistance of the TE
OLED causes the non-uniformity in the brightness, so in
order to overcome the same, a low-resistance cathode is
required. As shown in FIG. 3, in the case where the auxiliary
line is interposed between the pacification layers, and the
cathode comes into contact with the auxiliary line through the
partition structure, the number of layers may increase. For
example, layers, such as the second pacification layer, the
auxiliary line, or the partition, may increase.

[0096] Meanwhile, in the present invention, the source/
drain and the anode (or reflector) are used as the auxiliary
lines, and the first pacification layer is formed as the partition
structure by using the negative PR, so that the cathode comes
into contact with the auxiliary line to thereby implement the
low-resistance cathode. Since the organic material travels
straight, but the metal has good step coverage due to the
irregular directivity, in the deposition process, the metal can
be deposited on the contact hole formed in the pacification
layer, so that the auxiliary line comes into contact with the
cathode. In addition, the auxiliary line may be formed in the
vertical direction when the source/drain is formed, and addi-
tionally, the auxiliary lines may be formed in the form of a
mesh when the anode is formed to thereby come into contact.
[0097] The above description and the accompanying draw-
ings provide an example of the technical idea of the present
invention for illustrative purposes only. Those having ordi-
nary knowledge in the technical field, to which the present
invention pertains, will appreciate that various modifications
and changes in form, such as combination, separation, sub-
stitution, and change of a configuration, are possible without
departing from the essential features of the present invention.
Accordingly, the embodiments disclosed in the present inven-
tion are merely to not limit but describe the technical spirit of
the present invention. Further, the scope of the technical spirit
of the present invention is limited by the embodiments. The
scope of the present invention shall be construed on the basis
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of the accompanying claims in such a manner that all of the
technical ideas included within the scope equivalent to the
claims belong to the present invention.

What is claimed is:

1. A display device comprising:

a pixel area comprising:

a pacification layer;

an anode electrically coupled to a source or a drain of a
thin film transistor though the pacification layer;

an organic light-emitting layer formed on the anode;

a cathode formed on the organic light-emitting layer;
and
a contact area comprising:
an auxiliary contact hole formed in the pacification
layer, the auxiliary contact hole having an inverse
tapered shape;

an auxiliary line having a first portion formed over the
pacification layer and a second portion formed in the
auxiliary contact hole;

aportion of the cathode physically contacting the second
portion of the auxiliary line within the auxiliary con-
tact hole.

2. The display device of claim 1 further comprising:

a bank layer formed on both the pacification layer and the
first portion of the auxiliary line.

3. The display device of claim 1 further comprising:

a bank layer formed on the pacification layer but leaving
exposed the first portion of the auxiliary line.

4. The display device of claim 1 wherein the inverse
tapered shape of the auxiliary contact hole is such that an
upper portion of the auxiliary contact hole is narrower than a
bottom portion of the auxiliary contact hole.

5. The display device of claim 1

wherein the second portion of the auxiliary line is formed
against a plurality of sidewalls of the auxiliary contact
hole; and

wherein the portion of the cathode physically contacts the
second portion of the auxiliary line formed against the
sidewalls.

6. The display device of claim 1 further comprising;

an island of bank material formed on the second portion of
the auxiliary line formed on a bottom of the auxiliary
contact hole, the island of bank material located beneath
some portion of the cathode.

7. The display device of claim 1

wherein the auxiliary contact hole is extended to have a
greater length or width in a horizontal or a vertical direc-
tion, respectively, along a direction parallel to a surface
of the display device.

8. The display device of claim 1 further comprising:

an anode contact hole formed in the pacification layer, the
anode contact hole having an inverse tapered shape.

9. The display device of claim 8 wherein the anode is
formed against a plurality of sidewalls of the anode contact
hole.

10. The display device of claim 1 wherein the auxiliary line
is a first auxiliary line and wherein the display device further
comprises:

a second auxiliary line formed on a same layer as the
pacification layer and electrically coupled to the auxil-
iary line.

11. The display device of claim 10

wherein the second auxiliary line has a thickness greater
than the source or drain of the thin film transistor.
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12. The display device of claim 1

wherein the pacification layer comprises a first thickness in
the contact area and a second thickness in the pixel area;
and

wherein the first thickness is thicker than the second thick-
ness.

13. The display device of claim 1 wherein the pacification
layer is a first pacification layer, and wherein the auxiliary line
is a first auxiliary line.

14. The display device of claim 1 wherein the pacification
layer is a second pacification layer, and wherein the auxiliary
line is a first auxiliary line, the display device further com-
prising:

a first pacification layer formed beneath the second pacifi-

cation layer.

15. The display device of claim 14 further comprising

a connection electrode electrically coupled to a source or a
drain of a thin film transistor through the first pacifica-
tion layer;

an anode electrically coupled to the connection electrode
though the second pacification layer

16. The display device of claim 15

a second auxiliary line formed on a same layer as the
second pacification layer and electrically coupled to the
first auxiliary line, the second auxiliary electrode having
a thickness greater than the connection electrode.

17. A display device comprising:

a plurality of organic light emitting diode (OLED) pixels
formed in grid pattern across a surface, each of the pixels
comprising an anode electrically isolated from each
other anode, the pixels sharing a common cathode that is
electrically coupled to each of the pixels;

a horizontal set of first auxiliary lines traversing the pixel
area along a first axis, each of the auxiliary lines of the
set passing between two rows of the pixels;
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a vertical set of first auxiliary lines traversing the pixels
along a second axis, each of the auxiliary lines of the set
passing between two columns of the pixels; and

wherein each of the first auxiliary lines is electrically
coupled to a portion of the cathode located proximately
to one of the pixels.

18. The display device of claim 17 wherein for at least a
subset of the pixels, one of the auxiliary lines is located on at
least one side of each pixel in the subset.

19. The display device of claim 18 wherein for the subset of
pixels, one of the auxiliary lines is located on each side of
each pixel in the subset.

20. The display device of claim 17 further comprising:

a plurality of contact holes located at a plurality of inter-
section points between the horizontal and the vertical
sets of first auxiliary lines; and

wherein the horizontal and the vertical sets of first auxiliary
lines are electrically coupled through the contact holes.

21. The display device of claim 17 further comprising:

a horizontal set of second auxiliary lines formed under-
neath and electrically connected to the horizontal set of
first auxiliary lines; and

a vertical set of second auxiliary lines formed underneath
and electrically connected to the vertical set of first
auxiliary lines.

22. The display device of claim 21 wherein the second
auxiliary lines are formed of a same material as a source, a
drain, or a connection electrode of each of the pixels.

23. The display device of claim 21 wherein the second
auxiliary lines comprise a plurality of discontinuities, leaving
gaps in the second auxiliary lines between each pixel.

24. The display device of claim 21 further comprising;

an interlayer dielectric formed under and physically con-
tacting the second auxiliary lines.
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