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(57) ABSTRACT

The present invention relates to an organic light emitting
diode (OLED) display device and a manufacturing method
thereof. An object of the present invention is to provide an
organic light emitting diode (OLED) display device and a
manufacturing method thereof, in which an auxiliary elec-
trode is formed between a substrate and a second electrode of
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Publication Classification an OLED cell so as to be connected with the second electrode,
thereby improving the luminance uniformity of a large-area
(51) Imt.ClL the OLED display device, and enabling the quality improve-
HOIL 51/52 (2006.01) ment and economic manufacture of products adopting the
HOIL 51/56 (2006.01) OLED display device.
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[Figure 5]

A10e

17104




Patent Application Publication = Mar. 21,2013 Sheet 4 of 10 US 2013/0069067 A1

[Figure 6]
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ORGANIC LIGHT EMITTING DIODE (OLED)
DISPLAY DEVICE AND METHOD FOR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Exemplary embodiments of the present invention
relate to an organic light emitting diode (OLED) display
device and a manufacturing method thereof, and more par-
ticularly, to an organic light emitting diode (also, called
“OLED”) display device and a manufacturing method
thereof, in which the luminance uniformity of a large-area
OLED display device is improved through a simple structure
improvement of the OLED display device so as to enable the
quality improvement and economic manufacture of products
adopting the OLED display device.

[0003] 2. Description of Related Art

[0004] Recently, an interest in flat panel display (FPD)
devices grows increasingly, and examples of such FPD
devices include liquid crystal displays (LCDs), plasma dis-
play panels (PDPs), field emission displays (FEDs), elec-
troluminescence (also called “EL”) display devices. and the
like.

[0005] Among them, the EL display devices are self-emis-
sive display devices that have features of a high response
speed. increased luminous efficiency and high luminance,
and a wide viewing angle. In addition, the EL display device
is largely classified into an inorganic EL display device and an
organic EL display device depending on a material of an
emissive layer. The inorganic EL display device has a larger
power consumption and a lower luminance as compared to an
organic EL display device, which is called an organic elec-
troluminescence display device or an organic light emitting
diode (OLED) display device. In addition, the inorganic EL
display device cannot emit light of various colors such as red
(R), green (G), and blue (B). On the other hand, the organic
EL display device is driven at a low voltage more or less than
10V, has a high response speed, and can obtain a high lumi-
nance (brightness). In addition, the organic EL display device
is the most suitable for a next generation flat panel display
(FPD) as being capable of emitting light of various colors
such as red (R), green (G), and blue (B).

[0006] FIG. 1 shows an example of a top emission type
organic light emitting diode (OLED) display device as one of
various constitutions of a conventional organic light emitting
diode (OLED) display device according to the prior art and a
thin film transistor (TFT).

[0007] As shown in FIG. 1, the top emission type OLED
display device includes a unit pixel 60 arranged respectively
in aregion defined by the intersection of each of gate lines GL,
and each of data lines DL. When a gate pulse is supplied to the
gate line GL, the unit pixel 60 receives a data signal from the
data line DL so that the OLED display device emits light to
display images in response to the data signal. In addition, a
number of unit pixels gather to constitute a display element
region.

[0008] Inthe meantime, the unit pixel 60 includes an OLED
cell whose second electrode is connected to a driving voltage
source VDD, and a cell-driving part 62 which is connected to
the gate line GL, the data line DL, the ground voltage source
GND, the first electrode of the OLED cell, and a first elec-
trode of the OLED cell. The cell-driving part 62 includes a
switching thin film transistor (TFT) (hereinafter, referred to
as “TFT”) T1, a driving TFT T2, and a capacitor C.
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[0009] The switching TFT T1 is turned on when the gate
pulse is supplied to the gate line GL, and applies the data
signal supplied to the data line DL to a node N. A voltage
corresponding to the data signal applied to the node N is
charged in the capacitor C and is supplied to a gate electrode
of the driving TFT T2.

[0010] The driving TFT T2 controls the amount of current
supplied to the OLED cell from the driving voltage source
VDD in response to the data signal supplied to the gate
electrode thereof so as to adjust the amount of light emitted
from the OLED cell. In addition, although the switching TFT
T1 is turned off, the data signal is maintained by the capacitor
C. At this time, until a data signal of a next frame is supplied,
the driving TFT T2 supplies current I to the OLED cell from
the driving voltage source VDD to maintain the light emission
of the OLED cell.

[0011] FIG. 2isa cross-sectional view illustrating a partial
region of a unit pixel of the OLED display device shown in
FIG. 1;

[0012] Referring to FIG. 2, the conventional organic light
emitting diode (OLED) display device includes the switching
TFTT1 (see FIG. 1), the driving TFT T2 whose gate electrode
24 is connected to a drain electrode of the switching TFT, and
the OLED cell whose first electrode 12 is connected to a drain
electrode 28 of the driving TFT T2.

[0013] The switching TFT includes a gate electrode con-
nected to the gate line GL (see FIG. 1), a source electrode
connected to the data line DL (see FIG. 1), and a drain elec-
trode connected to the gate electrode 24 of the driving TFT
T2.

[0014] The driving TFT T2 includes a gate electrode 24
connected to the drain electrode of the switching TFT, a
source electrode 26 connected to the ground voltage source
GND, a drain electrode 28 connected to the first electrode 12
ofthe OLED cell, and an active layer 38 disposed between the
source electrode 26 and the drain electrode 28 to form a
channe] therebetween.

[0015] Inmore detail, the driving TFT T2 includes the gate
electrode 24 formed together with the gate line, the source
and drain electrodes 26 and 28 formed together with the data
line, the active layer 38 disposed between the source electrode
26 and the drain electrode 28 to form a channel therebetween
with a gate insulating film 36 interposed between the gate
electrode 24 and the active layer 38 in an overlapped manner,
and an ohmic contact layer 40 for reducing a contact resis-
tance between the active layer 38 and the source electrode
26/the drain electrode 28. Further, the driving TFT T2
includes a drain contact hole 34 formed by penetrating
through a protective film 30 to expose the drain electrode 28
thereof in order to make the contact between the first elec-
trode 12 of the OLED cell and the drain electrode 28 thereof.
[0016] The OLED cell includes an organic light-emitting
layer 10, and a first electrode 12 and a second electrode 4,
which are insulated from each other by an insulating film 6
and are formed on and beneath the organic light-emitting
layer 10, respectively.

[0017] The second electrode 4 is formed of one or more
layers of a transparent conductive material such as indium tin
oxide (ITO), indium zinc oxide (1ZO), and the like, or an
opaque material such as aluminum (Al), an AlLi alloy, mag-
nesium (Mg), calcium (Ca), silver (Ag), an MgAg alloy, and
the like. The second electrode 4 is supplied with a driving
signal from the driving voltage source VDD (see FIG. 1) to
emit charges.
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[0018] The first electrode 12 is connected with the drain
electrode 28 of the driving TFT T2 through the drain contact
hole 34, and is formed in each OLED cell region. The first
electrode 12 is supplied with a driving signal from the drain
electrode 28 of the driving TFT T2 to emit charges.

[0019] The organic light-emitting layer 10 is formed by
sequentially depositing an electron injection layer 10a, an
electron transport layer 105, an emissive layer 10c, a hole
transport layer 104, and a hole injection layer 10e. The
organic light-emitting layer 10 is supplied with charges from
the first electrode 12 and the second electrode 4. Then, as
shown in FIG. 3, the second electrode 4 discharges holes,
which are in turn moved to the emissive layer 10c via the hole
injection layer 10e and the hole transport layer 10d. In addi-
tion, the first electrode 12 discharges electrons, which are in
turn moved to the emissive layer 10c¢ via the electron injection
layer 10a and the electron transport layer 105 so that the
moved carriers, i.e., the holes and the electrons are re-com-
bined in the emissive layer 10c¢ to cause the organic light-
emitting layer 10 to emit a visible light. At this time, the
emitted visible light exits the second electrode 4 as a trans-
parent electrode so that images are displayed on the OLED
display device.

[0020] In the meantime, in order to increase the amount of
the visible light emitted from the second electrode 4, the first
electrode 12 may be formed of at least one of an aluminum-
based metal including aluminum (Al), aluminum neodium
(AINd), and the like, Cr, a Cr alloy, and the like, which have
a high reflectivity.

[0021] However, the above structure does not cause a prob-
lem in a conventional a small-area OLED display device does
notencounters a problem, but a recently developed large-area
OLED display device entails a problem in that in the case
where current flows between a peripheral region and a central
region through the second electrode 4, when current reaches
a remote place from a place where the current is introduced,
a voltage drop occurs due to a resistance of the second elec-
trode, thereby resulting in a difference of luminance between
the peripheral part and the central part as shown in FIG. 4.
That is, for the large-area organic light emitting diode
(OLED) display device, since the luminance uniformity is
sharply deteriorated due to the difference of luminance
between the peripheral part and the central part caused by the
resistance of the second electrode. There is a need for a panel
structure or driving means which can complement the lumi-
nance difference.

SUMMARY OF THE INVENTION

[0022] Accordingly, the present invention has been made in
an effort to solve the aforementioned problems occurring in
the prior art, and it is an object of the present invention to
provide a structure of an organic light emitting diode (OLED)
display device and a manufacturing method thereof, in which
an auxiliary electrode is formed between a substrate and a
second electrode of an OLED cell so as to be connected with
the second electrode, thereby improving the luminance uni-
formity of a large-area the OLED display device.

[0023] To accomplish the above object, according to one
aspect of the present invention, there is provided an organic
light emitting diode (OLED) display device, including: a
substrate formed of any one of glass, metal, and plastic; a thin
film transistor (TFT) formed on the substrate for driving the
OLED display device; a display element region consisting of
a group of unit pixels, each of which is defined by the inter-
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section of each of data lines and each of gate lines of the thin
film transistor (TFT); a first electrode formed on a top of the
driving thin film transistor (TFT); an auxiliary electrode
formed on the substrate; an opening formed by exposing a
part of a top surface of the auxiliary electrode; a barrier rib
formed on the opening of the auxiliary electrode; an organic
light-emitting layer on the first electrode; a second electrode
on the organic light-emitting layer; and a conductive layer
formed on or beneath the second electrode so as to be a part of
the second electrode, whereby the second electrode or the
conductive layer is connected with the auxiliary electrode
using the barrier rib to reduce a resistance of the second
electrode.

[0024] Preferably, the auxiliary electrode may be formed
between the substrate and the second electrode so as to be as
a part of the driving TFT or as an independent wiring.
[0025] In addition, preferably, the opening may be formed
over a part or the whole of the pixels of the display element
region.

[0026] In addition, preferably, the barrier rib may be
formed at at least one part thereof in an inverted trapezoidal
(or tapered) shape which is gradually increased in width as it
goes toward the top from the bottom thereof.

[0027] Further, preferably, the barrier rib may be formed in
an inverted trapezoidal (or tapered) shape of a two or more-
layered structure, or may be formed to have a two or more-
layered structure in which a top layer has an overhang shape
(i.e., T shape).

[0028] Also, preferably, at least one barrier rib may be
formed on each opening of the auxiliary electrode.

[0029] Moreover, preferably, the second electrode may be
directly connected with the auxiliary electrode without form-
ing the conductive layer using the sputtering or the chemical
vapor deposition (CVD).

[0030] Inaddition, preferably, in the case where the second
electrode is formed by a thermal evaporation, the second
electrode may be indirectly connected with the auxiliary elec-
trode by forming the conductive layer using the sputtering or
the chemical vapor deposition (CVD).

[0031] Besides, preferably, in the case where the second
electrode is formed by a thermal evaporation method, the
second electrode may be deposited by inclining the substrate
such that the second electrode is deposited on the empty space
of the barrier rib so as to be connected with the auxiliary
electrode.

[0032] According to another aspect of the present inven-
tion, there is provided a method for manufacturing an organic
light emitting diode (OLED) display device, including: 1)
forming a substrate formed of any one of glass, metal, and
plastic, and a thin film transistor (TFT) formed on the sub-
strate for driving the OLED display device; 2) forming a first
electrode on a top of the driving TFT; 3) forming an auxiliary
electrode on the substrate and exposing a part of a top surface
of the auxiliary electrode to form an opening; 4) forming a
barrier rib on the opening of the auxiliary electrode; 5) form-
ing an organic light-emitting layer on the first electrode; 6)
forming a second electrode on the organic light-emitting
layer; and 7) forming a conductive layer on or beneath the
second electrode so as to be a part of the second electrode, if
necessary.

[0033] Terms and words used in the detailed description
and the claims should not be construed as a typical or dictio-
nary meaning, but should be interpreted as the meaning and
concept conforming to the technical idea of the present inven-
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tion based on the principle that the inventor can properly
define the concept of the terms to explain his or her invention
in the best way.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other objects, features and advan-
tages of the present invention will be apparent from the fol-
lowing detailed description of the preferred embodiments of
the invention when taken in conjunction with the accompa-
nying drawings, in which:

[0035] FIG.1isacircuit diagram equivalently illustrating a
conventional organic light emitting diode (OLED) display
device according to the prior art;

[0036] FIG. 2 isa cross-sectional view illustrating a partial
region of the organic light emitting diode (OLED) display
device shown in FIG. 1;

[0037] FIG. 3 is a diagrammatic view illustrating a lumi-
nescence principle of the conventional organic light emitting
diode (OLED) display device;

[0038] FIG. 41isatop plan view illustrating a panel formed
from a typical organic light emitting diode (OLED) display
device according to the prior art;

[0039] FIG. 5 is a cross-sectional view illustrating an
organic light emitting diode (OLED) display device accord-
ing an exemplary embodiment of the present invention;
[0040] FIG. 6isaprocess flow diagram illustrating a manu-
facturing method of an organic light emitting diode (OLED)
display device of according an exemplary embodiment of the
present invention;

[0041] FIGS. 7 to 12 are process charts illustrating a manu-
facturing method of an organic light emitting diode (OLED)
display device according to an exemplary embodiment of the
present invention;

[0042] FIG. 13 is a view illustrating modifications of a
barrier rib in an organic light emitting diode (OLED) display
device according to an exemplary embodiment of the present
invention;

[0043] FIG. 14 is a cross-sectional view illustrating an
organic light emitting diode (OLED) display device accord-
ing an exemplary embodiment of the present invention in
which a reflective plate is formed beneath a first electrode;
[0044] FIG. 15 is a cross-sectional view illustrating an
organic light emitting diode (OLED) display device accord-
ing an exemplary embodiment of the present invention in
which the reflective plate of FIG. 14 is used as an auxiliary
electrode;

[0045] FIG. 16 is a view illustrating an organic light emit-
ting diode (OLED) display device according an exemplary
embodiment of the present invention in which an opening and
a barrier rib are formed on a TFT arrangement region as a
non-emissive part;

[0046] FIG. 17 is a cross-sectional view illustrating a top
emission type organic light emitting diode (OLED) display
device according an exemplary embodiment of the present
invention in which an opening and a barrier rib are formed
below a BM as an upper non-light exiting region;

[0047] FIG.18 is atable illustrating a change in the contact
resistance between a second electrode and an auxiliary elec-
trode according to the taper angle of the barrier rib;

[0048] FIG. 19 is a cross-sectional view illustrating an
organic light emitting diode (OLED) display device accord-
ing an exemplary embodiment of the present invention in
which a protective thin film is formed on the barrier rib to
prevent moisture or oxygen from infiltrating into the opening
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and a side of the barrier rib and deteriorating the OLED
display device, thereby protecting the OLED display device;
and

[0049] FIG. 20 is a cross-sectional view illustrating an
organic light emitting diode (OLED) display device accord-
ing an exemplary embodiment of the present invention in
which a protective coating film as a substitute for the protec-
tive thin film is thickly formed on the barrier rib.

DETAILED DESCRIPTION

[0050] An organic light emitting diode (OLED) display
device and a manufacturing method thereof according to a
preferred embodiment of the present invention will now be
described in detail with reference to the accompanying draw-
ings. It should be noted that the same elements or parts are
denoted by the same reference numerals throughout the
specification. Herein, a detailed description of a known func-
tion or configuration ofthe present invention in describing the
spirit of the present invention will be omitted ifit is deemed to
obscure the subject matter of the present invention.

[0051] FIG. 5 is a cross-sectional view illustrating an
organic light emitting diode (OLED) display device accord-
ing an exemplary embodiment of the present invention, FIG.
6 is a process flow diagram illustrating a manufacturing
method of an organic light emitting diode (OLED) display
device of according an exemplary embodiment of the present
invention, and FIGS. 7 to 12 are process charts illustrating a
manufacturing method of an organic light emitting diode
(OLED) display device according to an exemplary embodi-
ment of the present invention.

[0052] Referring to FIG. 5, the organic light emitting diode
(OLED) display device according to exemplary embodiment
of the present invention includes a switching TFT T1 (see
FIG. 1), a driving TFT T2 whose gate electrode 124 is con-
nected to a drain electrode of the switching TFT, and an
OLED cell whose first electrode 112 is connected to a drain
electrode 128 of the driving TFT T2.

[0053] An organic light-emitting layer 110 is formed by
sequentially depositing an electron injection layer 110a, an
electron transport layer 1105, an emissive layer 110¢, a hole
transport layer 1104, and a hole injection layer 110e. The
organic light-emitting layer 110 is supplied with charges from
the first electrode 112 and the second electrode 104. Then, the
second electrode 104 discharges holes, which are in turn
moved to the emissive layer 110c¢ via the hole injection layer
110e and the hole transport layer 1104. In addition, the first
electrode 112 discharges electrons, which are in turn moved
to the emissive layer 110¢ via the electron injection layer
110a and the electron transport layer 1105 so that the moved
carriers, i.e., the holes and the electrons are re-combined in
the emissive layer 110¢ to cause the organic light-emitting
layer 110 to emit a visible light. At this time, the emitted
visible light exits the second electrode 104 as a transparent
electrode so that images are displayed on the OLED display
device.

[0054] The switching TFT T1 includes a gate electrode
connected to a gate line GL (see FI1G. 1), a source electrode
connected to a data line DL (see FIG. 1), and a drain electrode
connected to a gate electrode 124 of the driving TFT T2.
[0055] The driving TFT T2 includes a gate electrode 124
connected to the drain electrode of the switching TFT, a
source electrode 126 connected to the ground voltage source
GND (see FIG. 1), a drain electrode 128 connected to the first
electrode 112 of the OLED cell, and an active layer 138
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disposed between the source electrode 126 and the drain
electrode 128 to form a channel therebetween.

[0056] Inmore detail, the driving TFT T2 includes the gate
electrode 124 formed together with the gate line, the source
and drain electrodes 126 and 128 formed together with the
data line, the active layer 138 disposed between the source
electrode 126 and the drain electrode 128 to form a channel
therebetween with a gate insulating film 136 interposed
between the gate electrode 124 and the active layer 138 in an
overlapped manner, and an ohmic contact layer 140 for reduc-
ing a contact resistance between the active layer 138 and the
source electrode 126/the drain electrode 128.

[0057] Further, the driving TFT T2 includes a drain contact
hole 134 formed by penetrating through a protective film 130
to expose the drain electrode 128 thereofin order to make the
contact between the first electrode 112 of the OLED cell and
the drain electrode 128 thereof. In addition, an auxiliary elec-
trode 105 is formed on the driving TFT T2, and contacts with
the second electrode 104 viaa conductive layer 108 so as to be
supplied with a driving signal. Also, a barrier rib 107 is further
formed on the auxiliary electrode 105. Before the barrier rib
107 is formed on the auxiliary electrode 105, a top of the
auxiliary electrode 105 is partially exposed to form an open-
ing 1054 so that the barrier rib 107 is formed in the opening
105a. At this time, the opening 1054q of the auxiliary electrode
may be formed over a partial pixel or entire pixel of the unit
cell. The barrier rib 107 is formed in a tapered shape which is
gradually increased in width it goes toward the top from the
bottom thereof contacting with the top of the auxiliary elec-
trode 105 so that an empty space is formed between the
barrier rib and the organic light-emitting layer 110 upon the
deposition of the organic light-emitting layer 110 on the first
electrode 112. The reason for this is that an empty space is
secured which is not coated with the organic light-emitting
layer in a deposition step of the organic light-emitting layer in
which the scattering of a material has a linearity upon the
deposition of the organic light-emitting layer 110 so as to
prevent the auxiliary electrode from being completely coated
by the deposition of the organic light-emitting layer.

[0058] A conductive layer 108 is formed on the auxiliary
electrode 105 and the second electrode 104, and is configured
such that the auxiliary electrode 105 and the second electrode
104 are electrically conducted with each other by the conduc-
tive layer 108. In this case, the conductive layer 108 is filled in
the empty space formed around the barrier rib as mentioned
above.

[0059] Theconductive layer 108 is filled in the empty space
by using sputtering, chemical vapor deposition (CVD) or
glancing-angle deposition, which has an excellent step cov-
erage of a thin film.

[0060] The OLED cell includes the organic light-emitting
layer 110, and the first electrode 112 and a second electrode
104, which are insulated from each other by an insulating film
106 and are formed on and beneath the organic light-emitting
layer 110, respectively.

[0061] The second electrode 104 is formed of a transparent
conductive material. The second electrode 104 is supplied
with a driving signal from the driving voltage source VDD
(see FIG. 1) to emit holes.

[0062] The first electrode 112 is connected with the drain
electrode 128 of the driving TFT T2 through the drain contact
hole 134, and is formed in each OLED cell region. In addition,
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the first electrode 112 is supplied with a driving signal from
the drain electrode 128 of the driving TFT T2 to emit elec-
trons.

[0063] The organic light-emitting layer 110 is formed by
sequentially depositing an electron injection layer 110a, an
electron transport layer 1105, an emissive layer 110¢, a hole
transport layer 1104, and a hole injection layer 110e. In addi-
tion, when the organic light-emitting layer 110 is supplied
with the driving signals from the first electrode 112 and the
second electrode 104, holes discharged from the second elec-
trode 104 and electrons discharged from the first electrode
112 are re-combined in the emissive layer 110¢ to cause the
organic light-emitting layer 110 to emit a visible light. At this
time, the emitted visible light exits the second electrode 104
as a transparent electrode so that images are displayed on the
OLED display device. Likewise, the auxiliary electrode and
the OLED second electrode are connected to each other by the
conductive layer so that electric current can be transferred
uniformly over the entire display element region owing to a
decrease in a resistance of the second electrode and thus a
reduction in a voltage drop by the auxiliary electrode, thereby
improving luminance uniformity.

[0064] In the meantime, the barrier rib 107 is used as a
means for preventing the organic light-emitting layer 110
from being deposited on the auxiliary electrode 105. The
barrier rib is not formed when the organic light-emitting layer
110 is deposited on the first electrode 112, but the organic
light-emitting layer 110 is deposited over up to the auxiliary
electrode and then only the organic light-emitting layer 110
deposited on the auxiliary electrode is removed to partially
expose a top surface of the auxiliary electrode. That is, as
mentioned above, the barrier rib 107 is used as a means for
preventing the organic light-emitting layer from completely
coating the auxiliary electrode. In order to prevent the organic
light-emitting layer from contacting with the auxiliary elec-
trode, a barrier rib forming process may be replace with a
removal process of the organic film of a relevant portion using
an etching method employing a laser or a chemical means.
However, it is a high possibility that the organic film will be
deteriorated or damaged during the etching process, or con-
taminants will be remained in the organic film after the etch-
ing process, thereby having an adverse effect on the reliability
of the OLED.

[0065] Meanwhile, in a preferred embodiment of the
present invention, the auxiliary electrode 105 has a sheet
resistance of from 0.01 to 50 Q/sq, and the second electrode
as a main electrode has a sheet resistance of from 0.1 to
10MQ/sq.

[0066] In addition, in the present invention, in the case
where the single second electrode or the second electrode
including the conductive layer serves as a cathode, i.e., a
negative (-) electrode, it may be configured to have a struc-
ture including at least one electrode layer whose electron
transport material matches with the work function of the
cathode. Also, in the case where the single second electrode or
the second electrode including the conductive layer serves as
an anode, 1.e., a positive (+) electrode, it may be configured to
have a structure including at least one electrode layer whose
hole transport material matches with the work function of the
anode.

[0067] A method for manufacturing the organic light emit-
ting diode (OLED) display device according to a preferred
embodiment of the present invention will be described here-
inafter with reference to FIG. 6.
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[0068] The method for manufacturing the organic light
emitting diode (OLED) display device includes:

[0069] 1) astep S10 of forming an auxiliary electrode on a
substrate having an OLED cell region defined by the inter-
section of each of data lines and each of gate lines;

[0070] 2) a step S20 of forming a first electrode on the
OLED cell region;

[0071] 3)astep S30 of forming a barrier rib on the auxiliary
electrode;
[0072] 4) a step S40 of forming an organic light-emitting

layer on the first electrode;

[0073] 5) astep S50 of forming a second electrode on the
organic light-emitting layer;

[0074] 6) a step S60 of forming a conductive layer on the
second electrode to interconnect the auxiliary electrode and
the second electrode through the conductive layer, if neces-
sary.

[0075] Inthe step S10, the auxiliary electrode is formed at
a specific position between a top of the substrate and the
second electrode depending on the process or a substrate
structure. In this case, in the step S30 of forming the barrier
rib, the barrier rib is formed in such a fashion as to be
increased gradually in width as it goes toward the top from the
bottom thereof, and an empty space where the organic light-
emitting layer is not deposited is formed below the barrier rib.
[0076] In the steps S50 and S60, the second electrode and
conductive layer are formed by any one of sputtering, chemi-
cal vapor deposition (CVD), glancing-angle deposition, gen-
eral deposition, and the like. Inthis embodiment, although the
auxiliary electrode 105 is formed on the TFT after the TFT
forming step, it may be formed before the TFT forming step
or at an arbitrary position within the TFT layer. After the
auxiliary electrode is formed, it is finally connected to the
second electrode or the conductive layer by a proper means.
[0077] The manufacturing method of the organic light
emitting diode (OLED) display device will be described in
detail with reference to FIG. 7.

[0078] An aluminum-based metal containing aluminum
(Al) and aluminum neodium (AINd) is deposited and pat-
terned on the entire top surface ofa substrate 122 on which the
switching TFT and the driving TFT T2 including a gate elec-
trode 124, a gate insulating layer 136, an active layer 138, a
source electrode 126, a drain electrode 128, an ohmic contact
layer 140, so that the first electrode 112 is formed so as to
connected with a drain electrode 128 of the driving TFT T2
through a drain contact hole 134. Subsequently, the auxiliary
electrode 105 is deposited on the driving TFT T2. Herein, the
auxiliary electrode 105 is preferably formed of the same
material as that of the first electrode 112. In this case, the
auxiliary electrode 105 is formed spaced apart from the driv-
ing TFT T2 by a predetermined distance.

[0079] Next, referring to FIG. 8, the auxiliary electrode 105
is deposited and patterned on the driving TFT T2, so that an
insulating film 106 is formed in a state in which a part of the
first electrode 112 on which the organic light-emitting layer
1101s to be formed and a part of the auxiliary electrode 105 on
which the barrier rib 107 is to be formed are exposed to form
an opening 105q. In this case, the opening 105 of the auxiliary
electrode may be formed over a partial pixel or the entire pixel
of a unit pixel of a display element region.

[0080] Then, referring to FIG. 9, the barrier rib 107 is
formed on the exposed auxiliary electrode 105. The barrier rib
107 is formed in a tapered shape which is gradually increased
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in width it goes toward the top from the bottom thereof
contacting with the top of the auxiliary electrode 105.
[0081] Next, referring to FIG. 10, an organic light-emitting
material is deposited on the substrate 122 to form the organic
light-emitting layer 110. Subsequently, as shown in FIG. 11,
the second electrode 104 is formed of one or more layers of a
transparent conductive material such as indium tin oxide
(ITO), indium zinc oxide (1Z0), and the like, or an opaque
material such as aluminum (Al), an AlLi alloy, magnesium
(Mg), calcium (Ca), silver (Ag), an MgAg alloy, and the like.
[0082] Inthis case, the barrier rib 107 is used to prevent the
organic light-emitting layer 110 from completely coating the
auxiliary electrode 105. That is, since the organic light-emit-
ting layer 110 has a high linearity upon the deposition thereof,
it cannot be deposited beneath the barrier rib, and thus an
empty space is formed between the auxiliary electrode and
the organic light-emitting layer through a tapered shape of the
bottom and the top of the barrier rib.

[0083] Thebarrierrib 107 is used as a means for preventing
the organic light-emitting layer 110 from being deposited on
the auxiliary electrode 105. In the process of depositing the
organic light-emitting layer 110 on the first electrode 112,
after the organic light-emitting layer is coated on the top of
the auxiliary electrode without using the barrier rib, only the
organic light-emitting layer coated on the auxiliary electrode
is partially removed through an etching process to expose a
part of the top of the auxiliary electrode to enable the auxiliary
electrode to be connected with the second electrode. That is,
as mentioned above, the barrier rib 107 is a means for pre-
venting the organic light-emitting layer from completely
coating the auxiliary electrode. The etching process for pre-
venting the organic light-emitting layer from contacting with
the auxiliary electrode may be replaced with the barrier rib.
[0084] Subsequently, referring to FIG. 12, a conductive
layer 108 is deposited on the second electrode 104 using any
one selected from the sputtering and the chemical vapor depo-
sition (CVD), and infiltrates into the empty space formed by
the barrier rib to coat a part of the auxiliary electrode 105 so
that the second electrode and the auxiliary electrode are con-
nected to each other by the conductive layer 108.

[0085] 1In FIG. 12, the second electrode and the auxiliary
electrode are connected to each other using the conductive
layer 108, but in the second electrode 104 forming step of
FIG. 11, when the second electrode is formed of indium tin
oxide (ITO), indium zinc oxide (IZO), or the like using the
sputtering or the CVD which has an excellent step coverage of
a thin film, the auxiliary electrode and the second electrode
are connected to each other despite the presence of the barrier
rib in the second electrode depositing step. Thus, a subse-
quent step, i.e., a conductive layer forming step may be omit-
ted. In other words, only in the case where the second elec-
trode depositing method employs a thermal evaporation
method having a high linearity, the conductive layer is formed
on the second electrode using the sputtering or the CVD,
which has an excellent step coverage of a thin film.

[0086] Inthe meantime, FIG. 13 is a view illustrating modi-
fications of the barrier rib. In FIG. 13, other structures of the
barrier rib are illustrated as substitutes for an inverted trap-
ezoidal (or tapered) shape which is gradually increased in
width as it goes toward the top from the bottom thereof. For
example, the barrier rib may be formed in an inverted trap-
ezoidal (or tapered) shape of a two or more-layered structure,
or may be formed to have a two or more-layered structure in
which a top layer has an overhang shape (i.e., T shape). In this
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case, in the two or more-layered structure, each layer is
formed of the same material and the etch rate is adjusted by
controlling the amount of light exposed or an exposure
method differently, or each layer is formed of different mate-
rials so as to be etched, so that the barrier rib having a multi-
layered structure forming various shapes and angles can be
made.

[0087] Another exemplary embodiment of the present
invention will be described hereinafter with reference to
accompanying drawings.

[0088] InFIG. 14, a reflective plate 200 is formed beneath
the first electrode 112 in order to apply the present invention
to a top emission type organic light emitting diode (OLED)
display device. Light emitted from the organic light-emitting
layer 110 and advancing downward is upwardly reflected
from the reflective plate 200. In this case, the second electrode
104 and the conductive layer 108 must be transparent or
translucent.

[0089] In FIG. 15, in the top emission type organic light
emitting diode (OLED) display device which is the same as in
FIG. 9, an auxiliary electrode 105 is used as the reflective
plate 200 and has a simpler structure than that in FIG. 14. In
this structure, the reflective plate 200 as the auxiliary elec-
trode 105 is connected with the second electrode 104 through
the barrier rib 107 so that the second electrode is brought into
close contact with the first electrode 112. Thus, an interlayer
insulating film 201 must be formed between the first electrode
and the reflective plate as the auxiliary electrode. At this time,
since coherence occurs between two electrode signals by
capacitance (i.e., parasitic capacitance) generated from the
interlayer insulating film 201 between the first electrode 112
and the auxiliary electrode 105, it is required that the inter-
layer insulating film 201 should be made thick. The present
invention proposes that the interlayer insulating film 201 has
a thickness of more than 0.2 um. In addition, although not
shown in FIG. 15, the first electrode 112 is connected with the
drain electrode 128.

[0090] Since the reflective plate 200 used in FIGS. 14 and
15 must reflect a part of light exiting the organic light-emit-
ting layer 110, it is required that the reflective plate should
have a light reflectance of more than 50%, preferably more
than 80% in order to minimize loss of light. In addition, in the
structure of FIG. 15, light exiting the organic light-emitting
layer 110 is transmitted through the interlayer insulating film
201 and is reflected from the reflective plate 200, and then is
re-transmitted through the interlayer insulating film 201
toward the top. Thus, the interlayer insulating film 201 has a
transmittance of more than 50%, preferably more than 80% in
order to minimize loss of light.

[0091] Further, as shown FIG. 16, in the formation of the
opening 105a and the barrier rib 107, when a TFT arrange-
ment region 211 as a non-emissive part is used as a substitute
for the opening 210 as an emissive part by the organic light-
emitting layer 110, a reduction in the aperture ratio by the
opening and the barrier rib can be avoided.

[0092] Meanwhile, in the top emission type organic light
emitting diode (OLED) display device, in the case where a
C/F forming part 216 including a color filter (C/F) is formed
in an upper substrate 215, as shown in FIG. 17, the opening
and the barrier rib may be disposed below a black matrix
(BM) positioned between the adjacent color filters to maxi-
mize the area of a C/F light exiting part. On the other hand,
even in the case where the upper substrate is merely used to
protect the organic light emitting diode (OLED) display
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device in place of the C/F, the opening and the barrier rib may
be first disposed below the non-light exiting region to maxi-
mize the area of the light exiting part.

[0093] FIG. 18 shows a change in the contact resistance
according to a taper angle formed by the outer inclined sur-
face of the barrier rib and the top surface of the substrate or the
outer inclined surface and the top surface of the barrier rib. It
can be seen that the taper angle must be less than 80° in order
for a contact resistance of less than 1 k2 to be obtained
between the second electrode 104 and the auxiliary electrode
105 required in the present invention.

[0094] As shown in FIG. 19, preferably, the auxiliary elec-
trode and the second electrode are connected with each other
by the conductive layer, and then a protective thin film 220 as
an inorganic film, an organic film or an inorganic and organic
film, which is formed of a single- or multi-layered structure,
is formed on the conductive layer to protect the OLED display
device so as to prevent moisture or oxygen from infiltrating
into the opening and a side of the barrier rib from the outside
of the OLED display device and deteriorating the OLED
display device. In addition, as another example, as shown in
FIG. 20, a protective coating film 225 may be thickly formed
to completely cover the barrier rib.

[0095] As such, according to the organic light emitting
diode (OLED) display device and the manufacturing method
thereof according to the exemplary preferred embodiments of
the present invention, the auxiliary electrode 105 contacting
with the second electrode 104 is disposed around the driving
TFT so that current flowing in the second electrode 104 and
the first electrode 112 can be uniformly supplied to the entire
area of the OLED display device, thereby obtaining the uni-
form luminance over the entire area of the OLED display
device.

[0096] In the meantime, in the present invention, the aux-
iliary electrode 105 or the reflective plate 200 serving as the
auxiliary electrode may be formed of a single metal such as
Cu, Al, Ag, Au, Nd, Co, Ni, Mo, Cr, Ti, Pt, or the like, or an
alloy thereof. In addition, in the present invention, in the case
where the organic light emitting diode (OLED) display
device is implemented as a top emission type, it is possible to
dispose a circularly polarizing plate or a multilayer film for
offsetting external light or improving a contrast ratio at the
outside of the second electrode in order to prevent the contrast
ratio form being deteriorated by the external light.

[0097] As described above, the organic light emitting diode
(OLED) display device and the manufacturing method
thereof according to the present invention has an advantage in
that since auniform luminance can be ensured for a large-area
OLED display device, the quality of a product adopting the
same can be increased. In addition, since the inventive OLED
display device does not require a conventional separate panel
structure or driving means for luminance security, the eco-
nomic manufacture of the product adopting the same is pos-
sible, thereby increasing productivity thereof.

[0098] While the present invention has been described in
connection with the exemplary embodiments illustrated in
the drawings, they are merely illustrative embodiments, and
the invention is not limited to these embodiments. It is to be
understood by a person having an ordinary skill in the art that
various equivalent modifications and variations of the
embodiments can be made without departing from the spirit
and scope of the present invention. Therefore, various
embodiments of the present invention are merely for refer-
ence in defining the scope of the invention, and the true
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technical scope of the present invention should be defined by
the technical spirit of the appended claims.

What is claimed is:

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

a substrate formed of any one of glass, metal, and plastic;

a thin film transistor (TFT) formed on the substrate for
driving the OLED display device;

a display element region consisting of a group of unit
pixels, each of which is defined by the intersection of
each of data lines and each of gate lines of the thin film
transistor (TFT);

a first electrode formed on a top of the driving thin film
transistor (TFT);

an auxiliary electrode formed on the substrate;

an opening formed by exposing a part of a top surface of the
auxiliary electrode;

a barrier rib formed on the opening of the auxiliary elec-
trode;

an organic light-emitting layer on the first electrode;

a second electrode on the organic light-emitting layer; and

a conductive layer formed on or beneath the second elec-
trode so as to be a part of the second electrode,

whereby the second electrode or the conductive layer is
connected with the auxiliary electrode using the barrier
rib to reduce a resistance of the second electrode.

2. The OLED display device according to claim 1, wherein
the auxiliary electrode is formed between the substrate and
the second electrode so as to be as a part of the driving TFT or
as an independent wiring.

3. The OLED display device according to claim 1, wherein
in the case where the OLED display device is implemented as
a top emission type, a reflective plate constituting a part of a
top emission element structure is formed beneath the first
electrode independently of the auxiliary electrode, ora part of
the whole of the reflective plate is used as the auxiliary elec-
trode so as to be connected with the second electrode.

4. The OLED display device according to claim 3, wherein
the reflective plate has a light reflectance of more than 50%.

5. The OLED display device according to claim 3, further
comprising an interlayer insulating film formed between the
auxiliary electrode and the first electrode to reduce an effect
of an parasitic capacitance generated between the first elec-
trode 112 and the auxiliary electrode 105.

6. The OLED display device according to claim 5, wherein
the interlayer insulating film has a thickness of more than 0.2
um and a light transmission of more than 50%.

7. The OLED display device according to claim 1, wherein
the auxiliary electrode or the reflective plate serving as the
auxiliary electrode is formed of a single metal such as Cu, Al,
Ag, Au, Nd, Co, Ni, Mo, Cr, Ti, Pt, or the like, or an alloy
thereof.

8. The OLED display device according to claim 1, wherein
the auxiliary electrode has a sheet resistance of from 0.01 to
50 ©Q/sq, and the second electrode as a main electrode has a
sheet resistance of from 0.1 to 10 M€/sq.

9. The OLED display device according to claim 1, wherein
the second electrode and the auxiliary electrode is connected
with each other, a contact resistance obtained between the
second electrode and the auxiliary electrode is less than 1 k€.

10. The OLED display device according to claim 1,
wherein in the case where the single second electrode or the
second electrode including the conductive layer serves as a
cathode, i.e., a negative (-) electrode, it is configured to have
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a structure including at least one electrode layer whose elec-
tron transport material matches with the work function of the
cathode, and in the case where the single second electrode or
the second electrode including the conductive layer serves as
an anode, i.e., a positive (+) electrode, it is configured to have
a structure including at least one electrode layer whose hole
transport material matches with the work function of the
anode.

11. The OLED display device according to claim 1,
wherein the opening and the barrier rib is formed over a part
or the whole of the pixels of the display element region.

12. The OLED display device according to claim 1,
wherein at least one barrier rib is formed on each opening of
the auxiliary electrode so as to increase the area of a connec-
tion part of the second electrode and the auxiliary electrode to
minimize the contact resistance described in claim 9 and
increase a contact possibility between the second electrode
and the auxiliary electrode.

13. The OLED display device according to claim 1,
wherein the opening and the barrier rib are formed at a non-
emissive region of the OLED display device.

14. The OLED display device according to claim 1,
wherein in the case where the OLED display device is imple-
mented as a top emission type, the opening and the barrier rib
are disposed below an upper substrate for the LED display
device or below a non-light exiting region of an top protective
means for protecting the OLED display device.

15. The OLED display device according to claim 1,
wherein the barrier rib is in close contact at a part thereof with
the top of auxiliary electrode, and is formed in such a fashion
as to be increased gradually in width as it goes toward the top
from the bottom thereof.

16. The OLED display device according to claim 1,
wherein a taper angle formed by the outer inclined surface of
the barrier rib and the top surface of the substrate or the outer
inclined surface and the top surface of the barrier rib is less
than 80°.

17. The OLED display device according to claim 1,
wherein the barrier rib is formed in an inverted trapezoidal (or
tapered) shape of a two or more-layered structure, or is
formed to have a two or more-layered structure in which a top
layer has an overhang shape (i.e., T shape).

18. The OLED display device according to claim 1,
wherein the second electrode is deposited using a vacuum
deposition equipment including the sputtering, the CVD, or
the like, which has an excellent step coverage of a thin film so
that the second electrode and the auxiliary electrode are
directly connected to each other.

19. The OLED display device according to claim 1,
wherein in the case where the second electrode is formed by
a thermal evaporation method, or the like, and thus it is not
connected to the auxiliary electrode, the conductive layer is
formed on the second electrode using a vacuum deposition
equipment including the sputtering, the CVD, or the like, so
that the second electrode and the auxiliary electrode are indi-
rectly connected to each other.

20. The OLED display device according to claim 1,
wherein in the case where the second electrode is formed by
a thermal evaporation method, the second electrode is depos-
ited by inclining the substrate such that the second electrode
is deposited on the empty space of the barrier rib so as to be
connected with the auxiliary electrode.

21. The OLED display device according to claim 1,
wherein in the case where the OLED display device is imple-
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mented as a top emission type, the second electrode or a
multilayered electrode in which the second electrode and the
conductive layer are combined has a light transmission of
more than 20%.

22. The OLED display device according to claim 1,
wherein the auxiliary electrode and the second electrode are
connected with each other by the conductive layer, and then
an inorganic film, an organic film or an inorganic and organic
film, which is formed of a single- or multi-layered structure,
is formed on the conductive layer to protect the OLED display
device so as to prevent moisture or oxygen from infiltrating
into the opening and a side of the barrier rib from the outside
of the OLED display device and deteriorating the OLED
display device.

23. The OLED display device according to claim 1,
wherein in the case where the OLED display device is imple-
mented as a top emission type, a circularly polarizing plate or
a multilayer film for offsetting external light or improving a
contrast ratio is disposed at the outside of the second electrode
in order to prevent the contrast ratio form being deteriorated
by the external light.
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24. A method for manufacturing an organic light emitting

diode (OLED) display device, comprising:

1) forming a substrate formed of any one of glass, metal,
and plastic, and a thin film transistor (TFT) formed on
the substrate for driving the OLED display device;

2) forming a first electrode on a top of the driving TFT;

3) forming an auxiliary electrode on the substrate and
exposing a part of'a top surface of the auxiliary electrode
to form an opening;

4) forming a barrier rib on the opening of the auxiliary
electrode;

5) forming an organic light-emitting layer on the first elec-
trode;

6) forming a second electrode on the organic light-emitting
layer; and

7) forming a conductive layer on or beneath the second
electrode so as to be a part of the second electrode, if
necessary.
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