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(57) ABSTRACT

An organic light emitting diode display device, and method of
fabricating an organic light emitting diode display device are
discussed. The organic light emitting diode display device
according to one embodiment includes a first electrode on a
thin film transistor and connected to a drain electrode; an
auxiliary electrode on a same layer as the first electrode; a
bank layer covering edges of the first electrode and edges of
the auxiliary electrode and having a transmissive hole corre-
sponding and an auxiliary contact hole; a light emitting layer
on the first electrode in the transmissive hole; a residual layer
on the auxiliary electrode in the auxiliary contact hole. A
central portion of the residual layer has a larger thickness than
an edge portion of the residual layer. The organic light emit-
ting diode display device further includes a second electrode
on the light emitting layer and the residual layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Thepresentapplication claims the priority benefit of
Korean Patent Application No. 10-2014-0129522 filed in the
Republic of Korea on Sep. 26, 2014, the entire contents of
which are hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Disclosure

[0003] The present disclosure relates to an organic light
emitting diode display device, and more particularly, to an
organic light emitting diode display device and a method of
fabricating the same. The organic light emitting diode display
device provides uniform brightness and has a large size and
high definition.

[0004] 2. Description of the Related Art

[0005] Recently, flat panel displays have been widely
developed and applied to various fields because of their thin
profile, light weight, and low power consumption. Among the
flat panel displays, organic light emitting diode (OLED) dis-
play devices, which can be referred to as organic electrolu-
minescent display devices, emit light during loss of electron-
hole pairs. The electron-hole pairs are formed by injecting
charges into a light emitting layer between a cathode for
injecting electrons and an anode for injecting holes.

[0006] The OLED display device can be self-luminous and
include a flexible substrate such as plastic. The self-luminous
OLED display device can have an excellent contrast ratio and
aresponse time of several micro seconds. The self-luminous
OLED display device has advantages in displaying moving
images including a displaying the moving images at a wide
viewing angle and being stable under low temperatures. The
self-luminous OLED display device can be driven by a low
voltage of direct current (DC) 5V to 15V, and, as a result,
driving circuits in the OLED display can be easily designed
and manufactured. In addition, manufacturing processes of
the OLED display device can be simple because only depo-
sition and encapsulation steps are required.

[0007] In addition, OLED display devices according to
driving methods can be passive matrix type OLED display
devices and active matrix type OLED display devices. Active
matrix type display devices have low power consumption and
high definition. In addition, the size of active matrix type
display devices can be large.

[0008] FIG.11s a circuit diagram of one pixel region of an
OLED display device according to the related art. The OLED
display device includes a gate line GL, a data line DL, a
switching thin film transistor Ts, a driving thin film transistor
Td, a storage capacitor Cst and a light emitting diode De. The
gate line GL and the data line DL cross each other to define a
pixel region P. The switching thin film transistor Ts, the
driving thin film transistor Td, the storage capacitor Cst and
the light emitting diode De are formed in the pixel region P.

[0009] More particularly, a gate electrode of the switching
thin film transistor Ts is connected to the gate line GL and a
source electrode of the switching thin film transistor Ts is
connected to the data line DL. A gate electrode of the driving
thin film transistor Td is connected to a drain electrode of the
switching thin film transistor Ts, and a source electrode of the
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driving thin film transistor Td is connected to a high voltage
supply VDD. An anode of the light emitting diode De is
connected to a drain electrode of the driving thin film transis-
tor Td, and a cathode of the light emitting diode De is con-
nected to a low voltage supply VSS. The storage capacitor Cst
is connected to the gate electrode and the drain electrode of
the driving thin film transistor Td.

[0010] The OLED display devicecan be operated to turn on
switching thin film transistor Ts by a gate signal applied
through the gate line GL. The switching thin film transistor Ts
can be turned on to apply a data signal from the data line DL
to the gate electrode of the driving thin film transistor Td and
an electrode of the storage capacitor Cst through the switch-
ing thin film transistor Ts. When the driving thin film transis-
tor Td is turned on by the data signal, an electric current
flowing through the light emitting diode De is controlled,
thereby displaying an image. The light emitting diode De
emits light due to the current supplied through the driving thin
film transistor Td from the high voltage supply VDD.

[0011] Namely, the amount of the current flowing through
the light emitting diode De is proportional to the magnitude of
the data signal, and the intensity of light emitted by the light
emitting diode De is proportional to the amount of the current
flowing through the light emitting diode De. Thus, the pixel
regions P show different gray levels depending on the mag-
nitude of the data signal, and as a result, the OLED display
device displays an image.

[0012] The storage capacitor Cst maintains charges corre-
sponding to the data signal for a frame when the switching
thin film transistor Ts is turned off. Accordingly, even if the
switching thin film transistor Ts is turned off, the storage
capacitor Cst allows the amount of the current flowing
through the light emitting diode De to be constant and the
gray level shown by the light emitting diode De to be main-
tained until a next frame.

[0013] OLED display devices include bottom emission
type OLED display devices and top emission type OLED
display devices depending on an emission direction. In the
bottom emission type OLED display devices, light emitted
from the light emitting diode is output toward a substrate,
where the thin film transistors are formed, through the anode.
In the top emission type OLED display devices, light emitted
from the light emitting diode is output toward a direction
opposite to the substrate through the cathode.

[0014] Inthe OLED display devices, the thin film transis-
tors, generally, are formed under the light emitting diode, and
in the bottom emission type OLED display device, an effec-
tive emission area is limited by the thin film transistors. The
top emission type OLED display device has a larger effective
emission area than the bottom emission type OLED display
device. Therefore, the top emission type OLED display
device has a relatively high aperture ratio as compared with
the bottom emission type OLED display device. In addition,
the top emission type OLED display device can have a large
size and high definition.

[0015] In addition, the cathode can be formed of a metallic
material. In the top emission type OLED display device, the
cathode needs to have a relatively thin thickness to output
light through the cathode. As a result, a resistance of the
cathode increases, and a VSS voltage drop occurs, thereby
causing non-uniform brightness.
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SUMMARY OF THE INVENTION

[0016] Accordingly, the present disclosure is directed to an
organic light emitting diode display device and a method of
fabricating the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art. An object of the present disclosure is to provide an
organic light emitting diode display device having a large
size, a high definition and a uniform brightness, and a method
of fabricating the organic light emitting diode display device.
[0017] Additional features and advantages of these
embodiments will be set forth in the description which fol-
lows, and in part will be apparent from the description, or can
be learned by practice of the embodiments. The objectives
and other advantages will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0018] To achieve these and other advantages and in accor-
dance with the purpose of the present disclosure, as embodied
and broadly described herein, according to one or more
embodiments, an organic light emitting diode display device
includes a substrate; a thin film transistor on the substrate; a
first electrode connected to a drain electrode of the thin film
transistor; an auxiliary electrode on a same layer as the first
electrode; a bank layer covering edges of the first electrode
and edges of the auxiliary electrode and having a transmissive
hole corresponding to the first electrode and an auxiliary
contact hole corresponding to the auxiliary electrode; a light
emitting layer on the first electrode in the transmissive hole; a
residual layer on the auxiliary electrode in the auxiliary con-
tacthole. The residual layer has a thickness increasing from a
central portion to an edge portion. The organic light emitting
diode display device further includes a second electrode on
the light emitting layer and the residual layer.

[0019] Inanotheraspect,amethod of fabricating an organic
light emitting diode display device includes forming a thin
film transistor on a substrate; forming a passivation layer on
the thin film transistor; forming a first electrode and an aux-
iliary electrode on the passivation layer, the first electrode
connected to a drain electrode of the thin film transistor, and
the auxiliary electrode spaced apart from the first electrode;
forming a bank layer having a transmissive hole exposing the
first electrode and an auxiliary contact hole exposing the
auxiliary electrode; sequentially forming a hole injecting
material layer and a hole transporting material layer over
substantially all of the substrate including the bank layer;
forming a light emitting material layer on the hole transport-
ing material layer corresponding to the transmissive hole;
sequentially forming an electron transporting material layer
and an electron injecting material layer over substantially all
of the substrate including the light emitting material layer;
melting and drying the electron injecting material layer, the
electron transporting material layer, the hole transporting
material layer and the hole injecting material layer corre-
sponding to the auxiliary contact hole using an organic sol-
vent, thereby forming a hole injecting layer, a hole transport-
ing layer, an electron transporting laver and an electron
injecting layer corresponding to the light emitting material
layer and forming a residual layer on the auxiliary electrode in
the auxiliary contact hole. The residual layer has a thickness
increasing from a central portion to an edge portion. The
method further includes forming a second electrode on the
electron injecting layer and the residual layer.

[0020] Inanotheraspect,amethodof fabricating an organic
light emitting diode display device includes forming a thin
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film transistor on a substrate; forming a passivation layer on
the thin film transistor; forming a first electrode and an aux-
iliary electrode on the passivation layer, the first electrode
connected to a drain electrode of the thin film transistor, and
the auxiliary electrode spaced apart from the first electrode;
forming a bank layer having a transmissive hole exposing the
first electrode and an auxiliary contact hole exposing the
auxiliary electrode; sequentially forming a hole injecting
layer, a hole transporting layer and a first light emitting mate-
rial layer on the first electrode exposed by the transmissive
hole; sequentially forming a second light emitting material
deposition layer, an electron transporting material layer and
an electron injecting material layer over substantially all of
the substrate including the first light emitting material layer;
melting and drying the electron injecting material layer, the
electron transporting material layer, and the second light
emitting material deposition layer corresponding to the aux-
iliary contact hole using an organic solvent, thereby forming
a second light emitting material layer, an electron transport-
ing layer and an electron injecting layer corresponding to the
first light emitting material layer and forming a residual layer
on the auxiliary electrode in the auxiliary contact hole. The
residual layer has a thickness increasing from a central por-
tion to an edge portion. The method further includes forming
a second electrode on the electron injecting layer and the
residual layer.

[0021] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory. The foregoing general description and
the following detailed description are intended to provide
further explanation of the embodiments as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0023] FIG. 1is a circuit diagram of one pixel region of an
OLED display device according to the related art;

[0024] FIG. 2is a cross-sectional view of an OLED display
device according to a first embodiment of the present disclo-
sure;

[0025] FIGS. 3A to 3H are cross-sectional views of an
OLED display device in steps of fabricating the display
device according to the first embodiment of the present dis-
closure;

[0026] FIG. 4isa cross-sectional view of an OLED display
device according to a second embodiment of the present
disclosure;

[0027] FIG. 5isa cross-sectional view of an OLED display
device according to a third embodiment of the present disclo-
sure;

[0028] FIG. 6 and FIG. 7 are cross-sectional views of an
OLED display device according to a fourth embodiment of
the present disclosure; and

[0029] FIGS. 8A to 8F are cross-sectional views of an
OLED display device in steps of fabricating the display
device according to the fourth embodiment of the present
disclosure.
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DETAILED DESCRIPTION OF THE INVENTION

[0030] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0031] FIG. 2isa cross-sectional view of an OLED display
device according to a first embodiment of the present disclo-
sure. The OLED display device according to the first embodi-
ment includes one pixel region and a semiconductor layer 122
formed on an insulating substrate 110. The substrate 110 can
be a glass substrate or a plastic substrate. The semiconductor
layer 122 can be formed of an oxide semiconductor material.
In addition, the OLED display device including the semicon-
ductor layer 122 formed of an oxide semiconductor material
caninclude alight-blocking pattern and a buffer layer formed
under the semiconductor layer 122. The light-blocking pat-
tern blocks light from the outside or light emitted from a light
emitting diode to prevent the semiconductor layer 122 from
being degraded by the light. Alternatively, the semiconductor
layer 122 can be formed of polycrystalline silicon, and in this
case, impurities can be doped in both ends of the semicon-
ductor layer 122.

[0032] A gateinsulating layer 130 of an insulating material
is formed on the semiconductor layer 122 over substantially
all of the substrate 110. The gate insulating layer 130 can be
formed of an inorganic insulating material such as silicon
oxide (Si0, ). When the semiconductor layer 122 is formed of
polycrystalline silicon, the gate insulating layer 130 can be
formed of an inorganic insulating material such as silicon
oxide (8i0,) and silicon nitride (SiN_).

[0033] A gate electrode 132 of a conductive material such
as metal can be formed on the gate insulating layer 130 to
correspond to the semiconductor layer 122. Inaddition, a gate
line and a first capacitor electrode can be formed on the gate
insulating layer 130. The gate line extends in a first direction,
and the first capacitor electrode can be connected to the gate
electrode 132. In addition, the OLED display device accord-
ing to the first embodiment of the present disclosure includes
the gate insulating layer 130 formed over substantially all of
the substrate 110. Alternatively, the gate insulating layer 130
can be patterned to have the same shape as the gate electrode
132.

[0034] An inter insulating layer 140 of an insulating mate-
rial is formed on the gate electrode 132 over substantially all
of the substrate 110. The inter insulating layer 140 can be
formed of an inorganic insulating material such as silicon
oxide (8i0,) and silicon nitride (SiN,) or an organic insulat-
ing material such as benzocyclobutene and photo acryl.
[0035] The inter insulating layer 140 includes first and sec-
ond contact holes 1404 and 1405 exposing top surfaces of
both sides of the semiconductor layer 122. The first and
second contact holes 140 and 1405 are spaced apart from the
gate electrode 132, and the gate electrode 132 is disposed
between the first and second contact holes 140a and 1405.
The first and second contact holes 140a and 1404 are also
formed in the gate insulating layer 130. Alternatively, when
the gate insulating layer 130 is patterned to have the same
shape as the gate electrode 132, the first and second contact
holes 140a and 1405 are formed only in the inter insulating
layer 140.

[0036] A source electrode 152 and a drain electrode 154 of
a conductive material such as metal are formed on the inter
insulating layer 140. In addition, a data line, a power supply
line and a second capacitor electrode can be formed on the
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inter insulating layer 140. The data line and the power supply
line extend in a second direction.

[0037] The source and drain electrodes 152 and 154 are
spaced apart from each other with respect to the gate electrode
132. The source and drain electrodes 152 and 154 contact
both sides of the semiconductor layer 122 through the first
and second contact holes 140a and 1405, respectively. The
data line can cross the gate line to define a pixel region. In
addition, the power supply line can be spaced apart from the
data line. The second capacitor electrode can be connected to
the drain electrode 154 and can overlap the first capacitor
electrode to form a storage capacitor with the inter insulating
layer 140 therebetween as a dielectric substance.

[0038] In the OLED display device, a thin film transistor
includes the semiconductor layer 122, the gate electrode 132,
the source electrode 152 and the drain electrode 154. The thin
film transistor can have a coplanar structure where the gate
electrode 132 and the source and drain electrodes 152 and 154
are disposed at sides of the semiconductor layer 122, over the
semiconductor layer 122.

[0039] Alternatively, the thin film transistor can have an
inverted staggered structure where the gate electrode is dis-
posed under the semiconductor layer and the source and drain
electrodes are disposed over the semiconductor layer. In this
case, the semiconductor layer can be formed of amorphous
silicon. In addition, the thin film transistor can be a driving
thin film transistor of the OLED display device. A switching
thin film transistor can have the same structure as the driving
thin film transistor formed over the substrate 110. At this time,
the gate electrode 132 of the driving thin film transistor is
connected to a drain electrode of the switching thin film
transistor, and the source electrode 152 of the driving thin film
transistor is connected to the power supply line. In addition,
the gate electrode and the source electrode of the switching
thin film transistor are connected to the gate line and the data
line, respectively.

[0040] A passivation layer 160 of an insulating material is
formed on the source and drain electrodes 152 and 154 over
substantially all of the substrate 110. The passivation layer
160 has a flat top surface and has a drain contact hole 160a
exposing the drain electrode 154. In FIG. 2, although the
drain contact hole 160a is formed directly over the second
contact hole 1404, the drain contact hole 160a can be spaced
apart from the second contact hole 1405.

[0041] The passivation layer 160 can be formed of an
organic insulating material such as benzocyclobutene and
photo acryl. A first electrode 162 of a conductive material
having a relatively high work function is formed on the pas-
sivation layer 160. The first electrode 162 is disposed in each
pixel region and contacts the drain electrode 154 through the
drain contact hole 160a. For example, the first electrode 162
can be formed of a transparent conductive material such as
indium tin oxide (ITO) and indium zinc oxide (IZ0).

[0042] The first electrode 162 can further include a reflec-
tive layer of an opaque conductive material. For example, the
reflective layer can be formed of aluminum-paladium-copper
(APC) alloy, and the first electrode 162 can have a triple-
layered structure of ITO/APC/ITO.

[0043] In addition, an auxiliary electrode 164 is formed on
the passivation layer 160 and spaced apart from the first
electrode 162. The auxiliary electrode 164 can be formed of
the same material as the first electrode 162. The auxiliary
electrode 164 can extend in the first direction and the second
direction over the substrate 110 and include an opening cor-
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responding to each pixel region to have a lattice shape. The
first electrode 162 can be disposed in the opening of the
auxiliary electrode 164.

[0044] A bank layer 170 of an insulating material is formed
on the first electrode 162 and the auxiliary electrode 164. The
bank layer 170 has a transmissive hole 170a and an auxiliary
contacthole 1705. The bank layer 170 covers edges of the first
electrode 162 and edges of the auxiliary electrode 164. The
transmissive hole 170a exposes the first electrode 162, and
the auxiliary contact hole 1705 exposes the auxiliary elec-
trode 164.

[0045] A light emitting layer 180 is formed on the first
electrode 162 exposed by the transmissive hole 170a of the
bank layer 170. The light emitting layer 180 includes a hole
injecting layer 181, a hole transporting layer 182, a light
emitting material layer 183, an electron transporting layer
184, and an electron injecting layer 185 sequentially layered
on the first electrode 162. The hole injecting layer 181, the
hole transporting layer 182, the electron transporting layer
184 and the electron injecting layer 185 are formed over
substantially all of the substrate 110 excluding the auxiliary
contact hole 1705. The light emitting material layer 183 is
formed only in the transmissive hole 170a. The light emitting
material layer 183 can be one of red, green and blue light
emitting material layers.

[0046] A residual layer 187 is formed in the auxiliary con-
tact hole 170b. A central portion of the residual layer 187 is
smaller than an edge portion thereof in the auxiliary contact
hole 1705. The thickness of the edge portion of the residual
layer 187 can be 1.1 times or more than the thickness of the
central portion of the residual layer 187. Beneficially, the
thickness of the edge portion of the residual layer 187 may be
more than 10 times as thick as the thickness of the central
portion of the residual layer 187. For example, the thickness
of thle& central portion of the residual layer 187 can be less than
200 A.

[0047] The hole injecting layer 181, the hole transporting
layer 182, the light emitting material layer 183, the electron
transporting layer 184 and the electron injecting layer 185 can
be formed of an organic material. Alternatively, the electron
injecting layer 185 can be formed of an inorganic material.
The inorganic material, for example, can be sodium fluoride
(NaF). In this case, the residual layer 187 substantially
includes an inorganic material.

[0048] A second electrode 192 of a conductive material
having relatively low work function is formed on the light
emitting layer 180 over substantially all of the substrate 110.
Here, the second electrode 192 can be formed of aluminum
(Al), magnesium (Mg), silver (Ag) or their alloy. The second
electrode 192 can have a relatively thin thickness such that
light is transmitted therethrough. At this time, the transmit-
tance of the second electrode 192 can be about 45 to 50%.

[0049] The second electrode 192 is electrically connected
to the auxiliary electrode 164 through the auxiliary contact
hole 1705. The second electrode 192 can directly contact the
auxiliary electrode 164 or indirectly contact the auxiliary
electrode 164 through the residual layer 187. The first elec-
trode 162, the light emitting layer 180 and the second elec-
trode 192 constitute an organic light emitting diode. The first
electrode 162 functions as an anode, and the second electrode
192 serves as a cathode. Here, the OLED display device is a
top emission type in which light from the light emitting layer
180 is output to the outside through the second electrode 192.

Mar. 31, 2016

[0050] 1In the OLED display device according to the first
embodiment of the present disclosure, the second electrode
192 is connected to the auxiliary electrode 164, and the resis-
tance of the second electrode 192 is lowered. At this time, the
second electrode 192 can be connected to the auxiliary elec-
trode 164 through a simple process by removing the hole
injecting layer 181, the hole transporting layer 182, the elec-
tron transporting layer 184, and the electron injecting layer
185 in the auxiliary contact hole 1705 using an organic sol-
vent.

[0051] When a thin film is disposed between the second
electrode 192 and the auxiliary electrode 164, the clectrical
connection between the second electrode 192 and the auxil-
iary electrode 164 depending on the thickness of the thin film
will be explained with reference to Table 1.

[0052] Table 1 shows resistance of the electron injecting
layer between the auxiliary electrode and the second elec-
trode.

TABLE 1
NaF thickness ITO/NaF/Ag resistance
S1 50A 77 Q
S2 300 A 101Q
S3 1000 A several MQ

[0053] For example, an ITO layer of 500 A is formed over
the substrate as the auxiliary electrode, a NaF layer of 50 A
(81),300 A (82) or 1,000 A (S3) is formed over the ITO layer
as the electron injecting layer, and an Ag layer of 500 A is
formed over the NaF layer as the second electrode. A resis-
tance meter, which can be referred to as an ohmmeter, is
connected to the ITO layer and the Ag layer, and the resistance
between the ITO layer and the Ag layer is measured depend-
ing on the thickness of the NaF layer. Here, the NaF layer and
the Ag layer can be formed by a deposition method, and
prevent an electrical short between the Ag layer and the ITO
layer, an insulating tape can be disposed in edges of an area
where the NaF layer and the Ag layer are deposited.

[0054] As shown in Table 1, when the NaF layer 50 A (S1),
the resistance between the ITO layer and the Ag layer is 77
ohms, and when the NaF layer 300 A (S2), the resistance
between the ITO layer and the Ag layer is 101 chms. Thus, it
is noted that the ITO layer and the Ag layer are electrically
connected to each other. On the other hand, when the NaF
layer is 1,000 A (S3), the resistance between the ITO layer
and the Ag layer is several mega ohms, and the ITO layer and
the Ag layer are not electrically connected to each other.
Accordingly, although the residual layer 187 is disposed
between the second electrode 192 and the auxiliary electrode
164, the thickness of the residual layer 187 is less than 200 A,
and the second electrode 192 and the auxiliary electrode 164
are electrically connected to each other.

[0055] Next, FIGS. 3A to 3H are cross-sectional views of
an OLED display device in steps of fabricating the display
device according to the first embodiment of the present dis-
closure. Referring to FIG. 3 A, a semiconductor material layer
can be formed on an insulating substrate 110 by depositing a
semiconductor material, and the semiconductor material
layer is selectively removed through a photolithographic pro-
cess using a mask, thereby forming a semiconductor layer
122.

[0056] Here, the insulating substrate 110 can be a glass
substrate or a plastic substrate. In addition, the semiconductor
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layer 122 can be formed of an oxide semiconductor material.
The oxide semiconductor material can be indium gallium
zinc oxide (IGZ0), indium tin zinc oxide (ITZO), indium
zine oxide (IZ0), zinc oxide (ZnO), indium gallium oxide
(IGO) or indium aluminum zinc oxide (IAZ0O). At this time,
a light-blocking pattern and a buffer layer can be further
formed under the semiconductor layer 122. Alternatively, the
semiconductor layer 122 can be formed of polycrystalline
silicon,

[0057] Next, a gate insulating layer 130 is formed on the
semiconductor layers 122 by depositing an insulating mate-
rial over substantially all of the substrate 110 by a chemical
vapor deposition method, for example. The gate insulating
layer 130 can be formed of an inorganic insulating material
such as silicon oxide (Si0,) and silicon nitride (SiN,). When
the semiconductor layer 122 is formed of an oxide semicon-
ductor material, the gate insulating layer 130, beneficially,
can be of silicon oxide (Si0,).

[0058] Then, a first conductive material layer can be
formed on the gate insulating layer 130 by depositing a con-
ductive material such as metal by a sputtering method, for
example, and the first conductive material layer can be selec-
tively removed through a photolithographic process using a
mask, thereby forming a gate electrode 132. The gate elec-
trode 132 has a narrower width than the semiconductor layer
122 and is disposed to correspond to a central part of the
semiconductor layer 122. The gate electrode 132 can be
formed of at least one of aluminum (Al), copper (Cu), molyb-
denum (Mo), chromium (Cr), nickel (Ni), tungsten (W), and
an alloy thereof.

[0059] A first capacitor electrode and a gate line are formed
simultaneously with the gate electrode 132. The first capaci-
tor electrode can be connected to the gate electrode 132, and
the gate line can extend in a first direction. Next, an inter
insulating layer 140 is formed on the gate electrode 132 by
depositing or applying an insulating material over substan-
tially all of the substrate 110, and the inter insulating layer
140 and the gate insulating layer 130 are selectively removed
through a photolithographic process using a mask, thereby
forming first and second contact holes 140a and 1405. The
first and second contact holes 140a and 1405 expose top
surfaces of both sides of the semiconductor layer 122, respec-
tively. The first and second contact holes 140a and 1405 are
spaced apart from the gate electrode 132, and the gate elec-
trode 132 is disposed between the first and second contact
holes 140a and 1405. The inter insulating layer 140 can be
formed of an inorganic insulating material such as silicon
oxide (SiQ,) and silicon nitride (SiN,) or an organic insulat-
ing material such as benzocyclobutene and photo acryl.
[0060] Next, a second conductive material layer can be
formed on the inter insulating layer 140 by depositing a
conductive material such as metal by a sputtering method, for
example, and the second conductive material layer can be
selectively removed through a photolithographic process
using a mask, thereby forming source and drain electrodes
152 and 154. The source and drain electrodes 152 and 154 are
spaced apart from each other with respect to the gate electrode
132. The source and drain electrodes 152 and 154 contact
both sides of the semiconductor layer 122 through the first
and second contact holes 140a and 1405, respectively.
[0061] The source and drain electrodes 152 and 154 can be
formed of at least one of aluminum (Al), copper (Cu), molyb-
denum (Mo), chromium (Cr), nickel (Ni), tungsten (W), and
an alloy thereof. A dataline, a second capacitor electrode and
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a power supply are formed simultaneously with the source
and drain electrodes 152 and 154. The data line can extend in
a second direction and cross the gate line to define a pixel
region. The second capacitor electrode is connected to the
drain electrode 154, and the power supply line is spaced apart
from the data line.

[0062] Referring to FIG. 3B, a passivation layer 160 is
formed on the source and drain electrodes 152 and 154 by
depositing or applying an insulating material over substan-
tially all of the substrate 110, and the passivation layer 160 is
selectively removed through a photolithographic process
using a mask, thereby forming a drain contact hole 160a
exposing the drain electrode 154. The drain contact hole 160a
is formed directly over the second contact hole 1405. Alter-
natively, the drain contact hole 160« can be spaced apart from
the second contact hole 1405.

[0063] The passivation layer 160 can be formed of an inor-
ganic insulating material such as silicon oxide (SiO,) and
silicon nitride (SiN_) or an organic insulating material such as
benzocyclobutene and photo acryl. Beneficially, the passiva-
tion layer 160 can be formed of an organic insulating material
to flatten a top surface thereof.

[0064] Referring to FIG. 3C, a first electrode material layer
is formed on the passivation layer 160 by depositing a con-
ductive material having relatively high work function by a
sputtering method, for example, and the first electrode mate-
rial layer is selectively removed through a photolithographic
process using a mask, thereby forming a first electrode 162
and an auxiliary electrode 164. The first electrode 162 is
disposed in each pixel region and is connected to the drain
electrode 154 through the drain contact hole 160a. The aux-
iliary electrode 164 is spaced apart from the first electrode
162.

[0065] The first electrode 162 can include a transparent
conductive layer and a reflective layer. The transparent con-
ductive layer can be formed of a transparent conductive mate-
rial such as indium tin oxide (ITO) and indium zinc oxide
(IZ0), and the reflective layer can be formed of aluminum-
paladium-copper (APC) alloy. For example, the first elec-
trode 162 and the auxiliary electrode 164 can have a triple-
layered structure of ITO/APC/ITO.

[0066] Then, a bank material layer can be formed on the
first electrode 162 and the auxiliary electrode 164 by depos-
iting or applying an insulating material, and the bank material
layer can be selectively removed through a photolithographic
process using a mask, thereby forming a bank layer 170
having a transmissive hole 170¢ and an auxiliary contact hole
1705. The bank layer 170 covers edges of the first electrode
162 and edges of the auxiliary electrode 164, and the trans-
missive hole 170a and the auxiliary contact hole 1706 expose
the first electrode 162 and the auxiliary electrode 164, respec-
tively.

[0067] Referring to FIG. 3D, ahole injecting material layer
181a and a hole transporting material layer 182a are sequen-
tially formed on the bank layer 170, the first electrode 162 and
the auxiliary electrode 164 by vacuum depositing a hole
injecting material and a hole transporting material over sub-
stantially all of the substrate 110. Then, a light emitting mate-
rial layer 183 is formed in the transmissive hole 170a of the
bank layer 170 by selectively vacuum depositing an organic
light emitting material through a fine metal mask. At this time,
the light emitting material layer 183 can be one of red, green
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or blue light emitting material layer, and the other light emit-
ting material layers can be sequentially formed in the next
pixel regions, respectively.

[0068] Thelight emitting material layer 183 of FIG. 3D, for
example, can be a green light emitting material layer of a
green pixel region. Therefore, the green light emitting mate-
rial layer 183 is formed in the green pixel region by selec-
tively vacuum depositing a green light emitting material
through a first fine metal mask, a red light emitting material
layer is formed in a red pixel region by selectively vacuum
depositing a red light emitting material through a second fine
metal mask, and a blue light emitting material layer is formed
in ablue pixel region by selectively vacuum depositing a blue
light emitting material through a third fine metal mask. The
order of forming the red, green and blue light emitting mate-
rial layers can be changed.

[0069] Referring to FIG. 3E, an electron transporting mate-
rial layer 184a and an electron injecting material layer 185a
are sequentially formed on the light emitting material layer
183 by vacuum depositing an electron transporting material
and an electron injecting material over substantially all of the
substrate 110. Therefore, the hole injecting material layer
181a, the hole transporting material layer 182a, the light
emitting material layer 183, the electron transporting material
layer 1844 and the electron injecting material layer 185a are
sequentially formed on the first electrode 162. The hole
injecting material layer 181a, the hole transporting material
layer 182a, the electron transporting material layer 184a and
the electron injecting material layer 1854 are sequentially
formed on the auxiliary electrode 164. For example, the total
thickness of the hole injecting material layer 181a, the hole
transporting material layer 182a, the electron transporting
material layer 184a and the electron injecting material layer
185a on the auxiliary electrode 164 can be less than about
2,000 A.

[0070] The hole injecting material layer 181a, the hole
transporting material layer 182q, the electron transporting
material layer 184a and the electron injecting material layer
1854 formed in each pixel region by the vacuum deposition
method using a fine metal mask, in the OLED display device
according to related art, can result in problems including the
degree of accuracy in alignment of the mask and the substrate
110 and mass production. In addition, in the OLED display
device according to related art. as the size of the substrate
increases, the mask can sag.

[0071] However, according to the first embodiment of the
present disclosure, the hole injecting material layer 181a, the
hole transporting material layer 1824, the electron transport-
ing material layer 184a and the electron injecting material
layer 1854 are formed over substantially all of the substrate
110. Referring to FIG. 3F, common layers of the hole inject-
ing material layer 181a (refer to FIG. 3E), the hole transport-
ing material layer 182a (refer to F1G. 3E), the electron trans-
porting material layer 184a (refer to F1IG. 3E) and the electron
injecting material layer 185a (refer to FIG. 3E) on the auxil-
iary electrode 164 in the auxiliary contact hole 1705 are
melted by injecting an organic solvent in the auxiliary contact
hole 1705 using an injecting apparatus 197.

[0072] Thus, materials of the common layers are dissolved
in the organic solvent, thereby forming a common layer solu-
tion 1874 in the auxiliary contact hole 1705. At this time, the
organic solvent can be injected by an inkjet printing method
oranozzle printing method. The organic solvent can be one of
ethylene glycol, 4-methylanisole, ethyl benzoate, isopropyl
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alcohol (TPA), acetone, and N-methyl pyrrolidone (NMP).
Meanwhile, the hole injecting material layer 181a (refer to
FIG. 3E), the hole transporting material layer 182a (refer to
FIG. 3E), the electron transporting material layer 184a (refer
to FIG. 3E) and the electron injecting material layer 185a
(refer to FIG. 3E) on the first electrode 162 become a hole
injecting layer 181, a hole transporting layer 182, an electron
transporting layer 184 and an electron injecting layer 185,
respectively.

[0073] Referring to FIG. 3G, the common layer solution
187a (refer to FIG. 3F) is dried to volatilize the organic
solvent and the materials of the common layers dissolved in
the organic solvent. In addition, a residual layer 187 is formed
ontheauxiliary electrode 164 by the materials of the common
layers not volatilized. At this time, the residual layer 187 has
a thickness increasing from a central portion to an edge por-
tion thereof due to a coffee stain effect or coffee ring effect.
The thickness of the edge portion of the residual layer 187 can
be 1.1 times or more than the thickness of the central portion
of the residual layer 187. Beneficially, the edge portion of the
residual layer 187 can be more than about 10 times as thick as
the thickness of the central portion of the residual layer 187.
Here, the thickness of the central portion of the residual layer
187 can be less than about 200 A.

[0074] For example, the common layer solution 187a of
FIG. 3F can be dried under the temperature of less than 150
degrees of Celsius for less than about 10 minutes. Benefi-
cially, the common layer solution 187a can be dried under the
temperature of 80 to 150 degrees of Celsius, and more ben-
eficially, under the temperature of 100 to 150 degrees of
Celsius. In the meantime, to faster dry, the common layer
solution 1874 can be dried faster under a vacuum of less than
about 50 mTorr.

[0075] Referring to FIG. 3H, a second electrode 192 is
formed on the electron injection layer 185 and the residual
layer 187 by depositing a conductive material having a rela-
tively low work function over substantially all of the substrate
110 by a sputtering method, for example. The second elec-
trode 192 can be formed of a metallic material such as alu-
minum, magnesium and silver. The second electrode 192 has
arelatively thin thickness such that light is transmitted there-
through.

[0076] Here, the second electrode 192 is electrically con-
nected to the auxiliary electrode 164 through the auxiliary
contact hole 1704. The second electrode 192 can directly
contact the auxiliary electrode 164 or indirectly contact the
auxiliary electrode 164 through the residual layer 187.
Although the second electrode 192 is connected to the auxil-
iary electrode 164 through the residual layer 187, the second
electrode 192 is electrically connected to the auxiliary elec-
trode 164 because the thickness of the central portion of the
residual layer 187 is less than about 200 A.

[0077] The hole injecting layer 181, the hole transporting
layer 182, the light emitting material layer 183, the electron
transporting layer 184 and the electron injecting layer 185
form a light emitting layer 180, and the first electrode 162, the
light emitting layer 180 and the second electrode 192 consti-
tute an organic light emitting diode. The first electrode 162
functions as an anode, and the second electrode 192 serves as
a cathode. Here, the OLED display device is a top emission
type in which light from the light emitting layer 180 is output
to the outside through the second electrode 192.

[0078] In the OLED display device according to the first
embodiment of the present invention, the auxiliary electrode
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164 is connected to the second electrode 192, and the resis-
tance of the second electrode 192 is lowered. At this time, the
auxiliary electrode 164 is formed through the same process as
the first electrode 162, and an additional process for forming
the auxiliary electrode 164 is not required. Additionally, the
common layers on the auxiliary electrode 164 are removed by
the organic solvent, and the auxiliary electrode 164 and the
second electrode 192 can be electrically connected to each
other through a simple process.

[0079] Inthe first embodiment of the present disclosure, the
electron injecting material layer 185a (refer to FIG. 3E), the
electron transporting material layer 184a (refer to FIG. 3E),
the hole transporting material layer 182a (of FIG. 3E) and the
hole transporting material layer 181a (of FIG. 3E) in the
auxiliary contact hole 1705 are completely melted and then
dried, thereby electrically connecting the second electrode
192 and the auxiliary electrode 164. Alternatively, the elec-
tron injecting material layer 185a (refer to FIG. 3E), the
electron transporting material layer 184a (refer to FIG. 3E),
the hole transporting material layer 182a (refer to FIG. 3E)
and the hole transporting material layer 181a (refer to FIG.
3E) in the auxiliary contact hole 1705 can be partially melted
and then dried, thereby electrically connecting the second
electrode 192 and the auxiliary electrode 164.

[0080] Next, FIG. 4 is a cross-sectional view of an OLED
display device according to a second embodiment of the
present disclosure. The display device of FIG. 4 has the same
structure as the display device of FIG. 2 except for the aux-
iliary electrode. The same reference numbers will be used to
refer to the same parts as the display device of FIG. 2, and
explanations for the same parts will be omitted.

[0081] A first dummy electrode 134 is formed on the gate
insulating layer 130. The first dummy electrode 134 can be
formed of the same material and through the same process as
the gate electrode 132. Next, the inter insulating layer 140
covers the first dummy electrode 134, and the inter insulating
layer 140 further includes a third contact hole 140¢ exposing
the first dummy electrode 134. A second dummy electrode
156 is formed on the inter insulating layer 140. The second
dummy electrode 156 overlaps the first dummy electrode 134
and contacts the first dummy electrode 134 through the third
contact hole 140¢. The second dummy electrode 156 can be
formed of the same material and through the same process as
the source and drain electrodes 152 and 154.

[0082] Next, the passivation layer 160 covers the second
dummy electrode 156 and has a fourth contact hole 1605
exposing the second dummy electrode 156. An auxiliary elec-
trode 164 is formed on the passivation layer 160. The auxil-
iary electrode 164 overlaps the second dummy electrode 156
and contacts the second dummy electrode 156 through the
fourth contact hole 1605.

[0083] The bank layer 170 is formed on the auxiliary elec-
trode 164. The bank layer 170 has an auxiliary contact hole
1705 exposing the auxiliary electrode 164. The residual layer
187 is formed on the auxiliary electrode 164 by melting and
drying the common layers. The second electrode 192 is
formed over substantially all of the substrate 110 and is elec-
trically connected to the auxiliary electrode 164 through the
auxiliary contact hole 1705. The second electrode 192 can
directly contact the auxiliary electrode 164 or indirectly con-
tact the auxiliary electrode 164 through the residual layer 187.
[0084] The auxiliary electrode 164 can extend in the first
direction and the second direction over the substrate 110 and
include an opening corresponding to each pixel region to have
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a lattice shape. The first dummy electrode 134 can extend in
the first direction, that is, parallel to the gate line and overlap
the auxiliary electrode 164. The second dummy electrode 156
can extend in the second direction, that is, parallel to the data
line and overlap the auxiliary electrode 164.

[0085] Inthe OLED display device according to the second
embodiment of the present disclosure, the first and second
dummy electrodes 134 and 156 are further formed and are
electrically connected to the auxiliary electrode 164 and the
second electrode 192. Therefore, the resistance of the second
electrode 192 is further lowered as compared to the first
embodiment, and the non-uniform brightness is improved.
Here, one of the first and second dummy electrodes 134 and
156 can be omitted.

[0086] Next, FIG. 5 is a cross-sectional view of an OLED
display device according to a third embodiment of the present
disclosure. The display device of FIG. 5 has the same struc-
ture as the display device of FIG. 2 except for the light
emitting layer. The same reference numbers will be used to
refer to the same parts as the display device of FIG. 2, and
explanations for the same parts will be omitted.

[0087] A light emitting layer 180a is formed on the first
electrode 162 exposed by the transmissive hole 170a of the
bank layer 170. The light emitting layer 180« includes a hole
injecting layer 181, ahole transporting layer 182, awhite light
emitting material layer 183a, an electron transporting layer
184, and an electron injecting layer 185 sequentially layered
on the first electrode 162. Here, the hole injecting layer 181,
the hole transporting layer 182, the white light emitting mate-
rial layer 183a, the electron transporting layer 184 and the
electron injecting layer 185 are formed over substantially all
ofthe substrate 110 excluding the auxiliary contact hole 1705.
[0088] The white light emitting material layer 183a emits
white light. The white light emitting material layer 183a can
include a single layer or more than two light emitting material
layers emitting different color light. For example, the white
light emitting material layer 183a can have alayered structure
of red, green and blue light emitting material layers.

[0089] The hole injecting layer 181, the hole transporting
layer 182, the white light emitting material layer 183a, the
electron transporting layer 184 and the electron injecting
layer 185 can be formed over substantially all of the substrate
110 by sequentially vacuum depositing a hole injecting mate-
rial, a hole transporting material, a white light emitting mate-
rial, an electron transporting material and an electron inject-
ing material without a fine metal mask.

[0090] A residual layer 1875 is formed in the auxiliary
contact hole 1705. The residual layer 1875 has a thickness
increasing from a central portion to an edge portion thereof in
the auxiliary contact hole 1705. The thickness of the edge
portion of the residual layer 1875 can be 1.1 times or more
than the thickness of the central portion of the residual layer
1875b. Beneficially, the thickness of the edge portion of the
residual layer 187 can be more than 10 times as thick as the
thickness of the central portion of the residual layer 1875. For
example, the thickness of the central portion of the residual
layer 187b can be less than 300 A.

[0091] The OLED display device according to the third
embodiment of the present disclosure includes red, green and
blue color filters (not shown). The color filters can be formed
over the substrate 110 or over a counterpart substrate attached
with the substrate 110 later.

[0092] In the meantime, the OLED display device accord-
ing to the third embodiment of the present disclosure can
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further include the first and second dummy electrodes con-
nected to the auxiliary electrode 164 similarly to the display
device of FIG. 4.

[0093] Next, FIG. 6 and FIG. 7 are cross-sectional views of
an OLED display device according to a fourth embodiment of
the present disclosure. FIG. 6 shows a structure correspond-
ing to ared or green pixel region, and F1G. 7 shows a structure
corresponding to a blue pixel region. Here, the similar refer-
ence numbers will be used to refer to the similar parts or same
parts as the first embodiment, and explanations for the same
parts will be simplified.

[0094] A semiconductor layer 222 is formed in each pixel
region on an insulating substrate 210. A gate insulating layer
230 of an insulating material is formed over substantially all
of the substrate 210.

[0095] A gate electrode 232 of a conductive material such
as metal is formed on the gate insulating layer 230 to corre-
spond to the semiconductor layer 222. In addition, a gate line
and a first capacitor electrode can be formed on the gate
insulating layer 230. The gate line extends in a first direction,
and the first capacitor electrode is connected to the gate elec-
trode 232.

[0096] An inter insulating layer 240 of an insulating mate-
rial is formed on the gate electrode 232 over substantially all
of the substrate 210. The inter insulating layer 240 has first
and second contact holes 240a and 2405 exposing top sut-
faces of both sides of the semiconductor layer 222. The first
and second contact holes 240a and 2405 are spaced apart
from the gate electrode 232, and the gate electrode 232 is
disposed between the first and second contact holes 240a and
240b. The first and second contact holes 2404 and 2405 also
can be formed in the gate insulating layer 230.

[0097] A source electrode 252 and a drain electrode 254 of
a conductive material such as metal are formed on the inter
insulating layer 240. In addition, a data line, a power supply
line and a second capacitor electrode can be formed on the
inter insulating layer 240. The data line and the power supply
line extend in a second direction.

[0098] The source and drain electrodes 252 and 254 are
spaced apart from each other with respect to the gate electrode
232. The source and drain electrodes 252 and 254 contact
both sides of the semiconductor layer 222 through the first
and second contact holes 240a and 2405, respectively. The
data line crosses the gate line to define a pixel region, and the
power supply line is spaced apart from the data line. The
second capacitor electrode is connected to the drain electrode
254 and overlaps the first capacitor electrode to form a storage
capacitor with the inter insulating layer 240 therebetween as
a dielectric substance.

[0099] In the meantime, the semiconductor layer 222, the
gate electrode 232, the source electrode 252 and the drain
electrode 254 constitute a thin film transistor. A passivation
layer 260 of an insulating material is formed on the source and
drain electrodes 252 and 254 over substantially all of the
substrate 210. The passivation layer 260 has a flat top surface
and has a drain contact hole 2604 exposing the drain electrode
254. Although the drain contact hole 260a is formed directly
over the second contact hole 2405 (refer to FIGS. 6 and 7), the
drain contact hole 260a can be spaced apart from the second
contact hole 2405.

[0100] A firstelectrode 262 of a conductive material having
relatively high work function is formed on the passivation
layer 260. The first electrode 262 is disposed in each pixel
region and contacts the drain electrode 254 through the drain
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contact hole 260a. For example, the first electrode 262 can be
formed of a transparent conductive material such as indium
tin oxide (ITO) and indium zinc oxide (1Z0).

[0101] Meanwhile, the first electrode 262 can further
include a reflective layer of an opaque conductive material.
For example, the reflective layer can be formed of aluminum-
paladium-copper (APC) alloy, and the first electrode 262 can
have a triple-layered structure of ITO/APC/ITO.

[0102] Additionally, an auxiliary electrode 264 is formed
on the passivation layer 260 and spaced apart from the first
electrode 262. The auxiliary electrode 264 can be formed of
the same material as the first electrode 262. The auxiliary
electrode 264 can extend in the first direction in which the
gate line extends and in the second direction in which the data
line and the power supply line extend. In addition, the auxil-
iary electrode 264 can include an opening corresponding to
each pixel region to have a lattice shape. The first electrode
262 can be disposed in the opening of the auxiliary electrode
264.

[0103] A bank layer 270 of an insulating material is formed
on the first electrode 262 and the auxiliary electrode 264. The
bank layer 270 has a transmissive hole 270a and an auxiliary
contacthole 2705. The bank layer 270 covers edges of the first
electrode 262 and edges of the auxiliary electrode 264. The
transmissive hole 270a exposes the first electrode 262, and
the auxiliary contact hole 2705 exposes the auxiliary elec-
trode 264.

[0104] Alight emitting layer 280a or 2804 1s formed on the
first electrode 262 exposed by the transmissive hole 270a of
the bank layer 270. A first light emitting layer 280a is formed
in the red or green pixel region, and a second light emitting
layer 2805 is formed in the blue pixel region.

[0105] The first light emitting layer 2804 includes a hole
injecting layer 281, a hole transporting layer 282, a first light
emitting material layer 283, a second light emitting material
layer 284, an electron transporting layer 285, and an electron
injecting layer 286 sequentially layered on the first electrode
262. The second light emitting layer 2805 includes a hole
injecting layer 281, a hole transporting layer 282, a second
light emitting material layer 284, an electron transporting
layer 285, and an electron injecting layer 286 sequentially
layered on the first electrode 262. The first light emitting
material layer 283 canbe a red or green light emitting material
layer, and the second light emitting material layer 284 can be
a blue light emitting material layer.

[0106] Here, the hole injecting layer 281, the hole trans-
porting layer 282 and the first light emitting material layer
283 are formed only in the transmissive hole 270a, and the
second light emitting material layer 284, the electron trans-
porting layer 285 and the electron injecting layer 286 are
formed over substantially all of the substrate 210 excluding
the auxiliary contact hole 2705.

[0107] Namely, the second light emitting material layer
284 is formed in the red, green and blue pixel regions. In the
red and green pixel regions, the second light emitting material
layer 284 functions as a hole blocking layer, and in the blue
pixel region, the second light emitting material layer 284
serves as a blue light emitting material layer.

[0108] In the meantime, a residual layer 287 is formed in
the auxiliary contact hole 2705. The residual layer 287 has a
thickness increasing from a central portion to an edge portion
thereof in the auxiliary contact hole 2705. The thickness of
the edge portion of the residual layer 287 can be 1.1 times or
more than the thickness of the central portion of the residual
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layer 287. Beneficially, the thickness of the edge portion of
the residual layer 287 can be more than 10 times as thick as the
thickness of the central portion of the residual layer 287. For
example, the thickness of the central portion of the residual
layer 287 can be less than 50 A.

[0109] A second electrode 292 of a conductive material
having a relatively low work function is formed on the light
emitting layer 280a or 2805 over substantially all of the
substrate 210. Here, the second electrode 292 can be formed
of aluminum (Al), magnesium (Mg), silver (Ag) or theiralloy.
The second electrode 292 can have a relatively thin thickness
such that light is transmitted therethrough. At this time, the
transmittance of the second electrode 292 can be about 45 to
50%.

[0110] The second electrode 292 is electrically connected
to the auxiliary electrode 264 through the auxiliary contact
hole 2705. The second electrode 292 can directly contact the
auxiliary electrode 264 or indirectly contact the auxiliary
electrode 264 through the residual layer 287.

[0111] The first electrode 262, the light emitting layer 280a
or 2805 and the second electrode 292 constitute an organic
light emitting diode. The first electrode 262 functions as an
anode, and the second electrode 292 serves as a cathode.
Here, the OLED display device is a top emission type in
which light from the light emitting layer 280a or 2806 is
output to the outside through the second electrode 292.
[0112] Inthe OLED display device according to the fourth
embodiment of the present disclosure, the second electrode
292 is connected to the auxiliary electrode 264, and the resis-
tance of the second electrode 292 is lowered. At this time, the
second electrode 292 can be connected to the auxiliary elec-
trode 264 through a simple process by removing common
layers in the auxiliary contact hole 2705 using an organic
solvent.

[0113] The OLED display device according to the fourth
embodiment of the present disclosure can further include the
first and second dummy electrodes connected to the auxiliary
electrode 264 similarly to the display device of FIG. 4.
[0114] Next, FIGS. 8A to 8F are cross-sectional views of an
OLED display device in steps of fabricating the display
device according to the fourth embodiment of the present
disclosure. FIGS. 8A to 8F show a structure corresponding to
the red or green pixel region of FIG. 6. Here, explanations for
the similar steps as in the first embodiment will be simplified.
[0115] Referring to FIG. 8A, a semiconductor material
layer is formed on an insulating substrate 210 by depositing a
semiconductor material, and the semiconductor material
layer is selectively removed through a photolithographic pro-
cess using a mask, thereby forming a semiconductor layer
222. Next, a gate insulating layer 230 is formed on the semi-
conductor layers 222 by depositing an insulating material
over substantially all of the substrate 210 by, for example, a
chemical vapor deposition method.

[0116] Then, a first conductive material layer is formed on
the gate insulating layer 230 by depositing a conductive mate-
rial such as metal. In particular, the first conductive material
layer can be formed on the gate insulating layer 230 via, for
example, a sputtering method. The first conductive material
layer is selectively removed through a photolithographic pro-
cess using a mask, thereby forming a gate electrode 232. The
gate electrode 232 has a narrower width than the semicon-
ductor layer 222 and is disposed to correspond to a central
part of the semiconductor layer 222. Meanwhile, a first
capacitor electrode and a gate line are formed simultaneously
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with the gate electrode 232. The first capacitor electrode can
be connected to the gate electrode 232, and the gate line can
extend in a first direction.

[0117] Next, an inter insulating layer 240 is formed on the
gate electrode 232 by depositing or applying an insulating
material over substantially all of the substrate 210, and the
inter insulating layer 240 and the gate insulating layer 230 are
selectively removed through a photolithographic process
using a mask, thereby forming first and second contact holes
2404 and 2405b. The first and second contact holes 240a and
2405 expose top surfaces of both sides of the semiconductor
layer 222, respectively. The first and second contact holes
240a and 240 are spaced apart from the gate electrode 232,
and the gate electrode 232 is disposed between the first and
second contact holes 240a and 2405.

[0118] Next, a second conductive material layer is formed
on the inter insulating layer 240 by depositing a conductive
material such as metal by a sputtering method, for example,
and the second conductive material layer is selectively
removed through a photolithographic process using a mask,
thereby forming source and drain electrodes 252 and 254. The
source and drain electrodes 252 and 254 are spaced apart from
each other with respect to the gate electrode 232. The source
and drain electrodes 252 and 254 contact both sides of the
semiconductor layer 222 through the first and second contact
holes 240a and 2404, respectively.

[0119] In the meantime, a data line, a second capacitor
electrode and a power supply line are formed simultaneously
with the source and drain electrodes 252 and 254. Although
not shown in the figure, the data line extends in a second
direction and crosses the gate line to define a pixel region. The
second capacitor electrode is connected to the drain electrode
254, and the power supply line is spaced apart from the data
line.

[0120] Next,a passivationlayer 260 is formed on the source
and drain electrodes 252 and 254 by depositing or applying an
insulating material over substantially all of the substrate 210.
In addition, the passivation layer 260 is selectively removed
through a photolithographic process using a mask, thereby
forming a drain contact hole 260a exposing the drain elec-
trode 254.

[0121] Next, a first electrode material layer can be formed
on the passivation layer 260 by depositing a conductive mate-
rial having relatively high work function. In particular, the
first electrode material layer can be formed on the passivation
layer 260 by, for example, a sputtering method, for example.
The first electrode material layer is selectively removed
through a photolithographic process using a mask, thereby
forming a first electrode 262 and an auxiliary electrode 264.
The first electrode 262 is disposed in each pixel region and is
connected to the drain electrode 254 through the drain contact
hole 260a. The auxiliary electrode 264 is spaced apart from
the first electrode 262.

[0122] The first electrode 262 can include a transparent
conductive layer and a reflective layer. The transparent con-
ductive layer can be formed of a transparent conductive mate-
rial such as indium tin oxide (ITO) and indium zinc oxide
(IZ0), and the reflective layer can be formed of aluminum-
paladium-copper (APC) alloy. For example, the first elec-
trode 262 and the auxiliary electrode 264 can have a triple-
layered structure of ITO/APC/ITO.

[0123] Then, a bank material layer (not shown) is formed
on the first electrode 262 and the auxiliary electrode 264 by
depositing orapplying an insulating material. The bank mate-
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rial layer is selectively removed through a photolithographic
process using a mask, thereby forming a bank layer 270
having a transmissive hole 270« and an auxiliary contact hole
2705. The bank layer 270 covers edges of the first electrode
262 and edges of the auxiliary electrode 264, and the trans-
missive hole 270¢ and the auxiliary contact hole 2705 expose
the first electrode 262 and the auxiliary electrode 264, respec-
tively.

[0124] Referring to FIG. 8B, a hole injecting layer 281, a
hole transporting layer 282 and a first light emitting material
layer 283 are sequentially formed on the first electrode 262
exposed by the transmissive hole 270a by applying a hole
injecting material, a hole transporting material and a first light
emitting material through a solution process using a first
injecting apparatus 297. The solution process can include a
printing method or a coating method. For example, the solu-
tion process can include an inkjet printing method or a nozzle
printing method.

[0125] Here, the first light emitting material layer 283 of
FIG. 8B can be one of red and green light emitting material
layers, and another light emitting material layer can be
formed in the next pixel region. For instance, the first light
emitting material layer 283 of FIG. 8B can be a green light
emitting material layer of the green pixel region. Thus, the
green light emitting material layer 283 is formed in the green
pixel region by applying a green light emitting material
through a solution process. A red light emitting material layer
can be formed in the red pixel region by applying a red light
emitting material through a solution process. The order of
forming the red and green light emitting material layers can
be changed.

[0126] Referring to F1G. 8C, a second light emitting mate-
rial deposition layer 284q is formed on the first light emitting
material layer 283 by vacuum depositing a second light emit-
ting material, 1.e., a blue light emitting material over substan-
tially all of the substrate 210. Then, an electron transporting
material layer 285¢ and an electron injecting material layer
286 are sequentially formed on the second light emitting
material deposition layer 284a by vacuum depositing an elec-
tron transporting material and an electron injecting material
over substantially all of the substrate 210.

[0127] Therefore, in each ofthe red and green pixel regions,
the hole injecting layer 281, the hole transporting layer 282,
the first light emitting material layer 283, the second light
emitting material deposition layer 284q, the electron trans-
porting material layer 2854 and the electron injecting mate-
rial layer 286a are sequentially formed on the first electrode
262, and common layers of the second light emitting material
deposition layer 284a, the electron transporting material
layer 285a, and the electron injecting material layer 286a are
sequentially formed on the auxiliary electrode 264. For
example, the total thickness of the second light emitting mate-
rial deposition layer 284a, the electron transporting material
layer 2854 and the electron injecting material layer 286a on
the auxiliary electrode 264 can be less than about 500 A.
[0128] Meanwhile, in the blue pixel region, the hole inject-
ing layer 281, the hole transporting layer 282, the second light
emitting material deposition layer 284a, the electron trans-
porting material layer 2854 and the electron injecting mate-
rial layer 286a are sequentially formed on the first electrode
262, and the second light emitting material deposition layer
284a, the electron transporting material layer 2854, and the
electron injecting material layer 2864 are sequentially formed
on the auxiliary electrode 264.
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[0129] In the fourth embodiment of the present disclosure,
the hole injecting layer 281, the hole transporting layer 282,
and the first light emitting material layer 283 of red or green
are formed through the solution process, and the second light
emitting material deposition layer 284a of blue, the electron
transporting material layer 2854 and the electron injecting
material layer 286a are formed over substantially all of the
substrate 210 by the vacuum deposition method. Thus, prob-
lems such as the degree of accuracy in alignment of the mask
and the substrate 210 and mass production can be prevented.
In addition, it is prevented that the mask sags. The light
emitting layer 280a of FIG. 6 or 2806 of FIG. 7 can be
uniformly formed even if the size of the substrate 210
increases.

[0130] Referring to FIG. 8D, the common layers of the
electron injecting material layer 286a of FIG. 8C, the electron
transporting material layer 2854 of FIG. 8C, and the second
light emitting material deposition layer 284a of FI1G. 8C on
the auxiliary electrode 264 in the auxiliary contact hole 2705
are melted by injecting an organic solvent in the auxiliary
contact hole 2705 using a second injecting apparatus 299.
Thus, materials of the common layers are dissolved in the
organic solvent, thereby forming a common layer solution
287a in the auxiliary contact hole 2705. At this time, the
organic solvent can be injected by an inkjet printing method
or a nozzle printing method.

[0131] The organic solvent can be one of ethylene glycol,
4-methylanisole, ethyl benzoate, isopropyl alcohol (IPA),
acetone, and N-methyl pyrrolidone (NMP). The second light
emitting material deposition layer 284a of FIG. 8C, the elec-
tron transporting material layer 2854 of FIG. 8C and the
electron injecting material layer 286a of FIG. 8C on the first
electrode 262 become a second light emitting material layer
284, an electron transporting layer 285 and an electron inject-
ing layer 286, respectively.

[0132] Referring to FIG. 8E, the common layer solution
2874 of FIG. 8D is dried to volatilize the organic solvent and
the materials of the common layers dissolved in the organic
solvent, and a residual layer 287 is formed on the auxiliary
electrode 264 by the materials of the common layers not
volatilized.

[0133] At this time, the residual layer 287 has a thickness
increasing from a central portion to an edge portion thereof
due to a coffee stain effect or coffee ring effect. The thickness
of the edge portion of the residual layer 287 can be 1.1 times
or more than the thickness of the central portion of the
residual layer 287. Beneficially, the edge portion of the
residual layer 287 can be more than about 10 times as thick as
the thickness of the central portion of the residual layer 287.
Here, the thickness of the central portion of the residual layer
287 can be less than about 50 A.

[0134] Referring to FIG. 8F, a second electrode 292 is
formed on the electron injection layer 286 and the residual
layer 287 by depositing a conductive material having rela-
tively low work function over substantially all of the substrate
210 by a sputtering method, for example. The second elec-
trode 292 can be formed of a metallic material such as alu-
minum, magnesium and silver. The second electrode 292 has
arelatively thin thickness such that light is transmitted there-
through.

[0135] Here, the second electrode 292 is electrically con-
nected to the auxiliary electrode 264 through the auxiliary
contact hole 2705. The second electrode 292 can directly
contact the auxiliary electrode 264 or indirectly contact the
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auxiliary electrode 164 through the residual layer 287.
Although the second electrode 292 is connected to the auxil-
iary electrode 264 through the residual layer 287, the second
electrode 292 is electrically connected to the auxiliary elec-
trode 264 because the thickness of the central portion of the
residual layer 287 is less than about 50 A. Here, the OLED
display device is a top emission type in which light from the
first light emitting layer 280q is output to the outside through
the second electrode 292.
[0136] Inthe OLED display device according to the fourth
embodiment of the present invention, the auxiliary electrode
264 is connected to the second electrode 292, and the resis-
tance of the second electrode 292 is lowered. At this time, the
auxiliary electrode 264 is formed through the same process as
the first electrode 262, and an additional process for forming
the auxiliary electrode 264 is not required. Additionally, the
common layers on the auxiliary electrode 264 are removed by
the organic solvent, and the auxiliary electrode 264 and the
second electrode 292 can be electrically connected to each
other through a simple process.
[0137] In the fourth embodiment of the present disclosure,
the electron injecting material layer 2864 of FIG. 8C, the
electron transporting material layer 2854 of FIG. 8C, and the
second light emitting material deposition layer 284a of FIG.
8C in the auxiliary contact hole 2705 are completely melted
and then dried, thereby electrically connecting the second
electrode 292 and the auxiliary electrode 264. Alternatively,
the electron injecting material layer 2864 of FIG. 8C, the
electron transporting material layer 2854 of FIG. 8C, and the
second light emitting material deposition layer 2844 of FIG.
8C in the auxiliary contact hole 2705 can be partially melted
and then dried, thereby electrically connecting the second
electrode 292 and the auxiliary electrode 264.
[0138] According to embodiments of the OLED display
device of the present disclosure, light emitting from the light
emitting layer is output to the outside through the second
electrode. As a result, the OLED display device in which light
is output to the outside through the second electrode has a
relatively high aperture ratio, large size and high definition.
Because the second electrode is connected to the auxiliary
electrode, the resistance of the second electrode is lowered,
and the brightness is uniform.
[0139] In further detail, according to embodiments of the
present disclosure, the manufacturing process of the OLED
display device is simplified due to the auxiliary electrode
being formed of the same material and on the same layer as
the first electrode. Also, according to embodiments of the
present disclosure, the manufacturing process of the OLED
display device is simplified because the common layers on the
auxiliary electrode are removed using the organic solvent,
and the second electrode is connected to the auxiliary elec-
trode. Accordingly, the manufacturing costs of the OLED
display device are also reduced.
[0140] It will be apparent to those skilled in the art that
various modifications and variations can be made in a display
device of the present disclosure without departing from the
sprit or scope of the embodiments. Thus, itis intended that the
present disclosure covers the modifications and variations of
this invention provided they come within the scope of the
appended claims and their equivalents.

1. An organic light emitting diode display device compris-
ing:

a substrate;

a thin film transistor on the substrate;
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afirst electrode on the thin film transistor and connected to
a drain electrode of the thin film transistor;

an auxiliary electrode on a same layer as the first electrode;

abank layer covering edges of the first electrode and edges
of the auxiliary electrode and having a transmissive hole
corresponding to the first electrode and an auxiliary
contact hole corresponding to the auxiliary electrode;

a light emitting layer on the first electrode in the transmis-
sive hole;

a residual layer on the auxiliary electrode in the auxiliary
contact hole, wherein a thickness of a central portion of
the residual layer is smaller than a thickness of an edge
portion of the residual layer; and

a second electrode on the light emitting layer and the
residual layer.

2. The organic light emitting diode display device of claim

1, wherein the thickness of the edge portion of the residual
layer is 1.1 times or more than the thickness of the central
portion of the residual layer.

3. The organic light emitting diode display device of claim

1, wherein the light emitting layer includes a hole injecting
layer, a hole transporting layer, a light emitting material layer,
an electron transporting layer and an electron injecting layer,
and

wherein the hole injecting layer, the hole transporting
layer, the electron transporting layer and the electron
injecting layer are disposed over the bank layer.

4. The organic light emitting diode display device of claim

3, wherein the light emitting material layer is formed on the
first electrode corresponding to the transmissive hole of the
bank layer.

5. The organic light emitting diode display device of claim

1, wherein the light emitting layer of a first pixel region
includes ahole injecting layer, a hole transporting layer, a first
light emitting material layer, a second light emitting material
layer, an electron transporting layer and an electron injecting
layer, and

wherein the second light emitting material layer, the elec-
tron transporting layer and the electron injecting layer
are disposed over the bank layer.

6. The organic light emitting diode display device of claim

5, wherein the light emitting layer of a second pixel region
adjacent to the first pixel region includes a hole injecting
layer, a hole transporting layer, a second light emitting mate-
rial layer, an electron transporting layer and an electron
injecting layer.

7. The organic light emitting diode display device of claim

6, wherein the first light emitting material layer of the first
pixel region is a red or green light emitting material layer, and
the second light emitting material layer of the second pixel
region is a blue light emitting material layer.

8. The organic light emitting diode display device of claim

1, further comprising:

a first dummy electrode on a same layer as a gate electrode
of the thin film transistor; and

a second dummy electrode on a same layer as the drain
electrode of the thin film transistor,

wherein the first and second dummy electrodes are electri-
cally connected to the auxiliary electrode.

9. The organic light emitting diode display device of claim

1, wherein the second electrode is electrically connected to a
center of the auxiliary electrode.

10. (canceled)



US 2016/0093680 A1

11. A method of fabricating an organic light emitting diode
display device, the method comprising:

forming a thin film transistor on a substrate;

forming a passivation layer on the thin film transistor;

forming a first electrode and an auxiliary electrode on the

passivation layer, the first electrode connected to a drain
electrode of the thin film transistor, and the auxiliary
electrode spaced apart from the first electrode;

forming a bank layer having a transmissive hole exposing

the first electrode and an auxiliary contact hole exposing
the auxiliary electrode;

sequentially forming a hole injecting material layer and a

hole transporting material layer over substantially all of
the substrate including the bank layer;

forming a light emitting material layer on the hole trans-

porting material layer corresponding to the transmissive
hole;

sequentially forming an electron transporting material

layer and an electron injecting material layer over sub-
stantially all of the substrate including the light emitting
material layer;

melting and drying the electron injecting material layer, the

electron transporting material layer, the hole transport-
ing material layer and the hole injecting material layer
corresponding to the auxiliary contact hole using an
organic solvent, thereby forming a hole injecting layer, a
hole transporting layer, an electron transporting layer
and an electron injecting layer corresponding to the light
emitting material layer and forming a residual layer on
the auxiliary electrode in the auxiliary contact hole,
wherein a thickness of a central portion of the residual
layer is smaller than a thickness of an edge portion of the
residual layer; and

forming a second electrode on the electron injecting layer

and the residual layer.

12. The method of claim 11, wherein the hole injecting
material layer, the hole transporting material layer, the light
emitting material layer, the electron transporting material
layer and the electron injecting material layer are formed by
a vacuum deposition method.

13. The method of claim 11, wherein the light emitting
material layer is formed over substantially all of the substrate,
and wherein forming the residual layer includes melting and
drying the light emitting material layer corresponding to the
auxiliary contact hole using the organic solvent.

14. The method of claim 11, wherein the organic solvent is
injected by an inkjet printing method or a nozzle printing
method.

15. The method of claim 11, wherein the second electrode
is electrically connected to a center of the auxiliary electrode.
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16. The method of claim 11, wherein the thickness of the
edge portion of the residual layeris 1.1 times or more than the
thickness of the central portion of the residual layer.

17. A method of fabricating an organic light emitting diode
display device, the method comprising:

forming a thin film transistor on a substrate;

forming a passivation layer on the thin film transistor;

forming a first electrode and an auxiliary electrode on the

passivation layer, the first electrode connected to a drain
electrode of the thin film transistor, and the auxiliary
electrode spaced apart from the first electrode;

forming a bank layer having a transmissive hole exposing

the first electrode and an auxiliary contact hole exposing
the auxiliary electrode;
sequentially forming a hole injecting layer, a hole trans-
porting layer and a first light emitting material layer on
the first electrode exposed by the transmissive hole;

sequentially forming a second light emitting material
deposition layer, an electron transporting material layer
and an electron injecting material layer over substan-
tially all of the substrate including the first light emitting
material layer;
melting and drying the electron injecting material layer, the
electron transporting material layer, and the second light
emitting material deposition layer corresponding to the
auxiliary contact hole using an organic solvent. thereby
forming a second light emitting material layer, an elec-
tron transporting layer and an electron injecting layer
corresponding to the first light emitting material layer
and forming a residual layer on the auxiliary electrode in
the auxiliary contact hole, wherein a thickness of a cen-
tral portion of the residual layer is smaller than a thick-
ness of an edge portion of the residual layer; and

forming a second electrode on the electron injecting layer
and the residual layer.

18. The method of claim 17, wherein the hole injecting
layer, the hole transporting layer and the first light emitting
material layer are formed through a solution process, and the
second light emitting material deposition layer, the electron
transporting material layer and the electron injecting material
layer are formed by a vacuum deposition method.

19. The method of claim 17, wherein the organic solvent is
injected by an inkjet printing method or a nozzle printing
method.

20. The method of claim 17, wherein the second electrode
is electrically connected to a center of the auxiliary electrode,
and

wherein the thickness of the edge portion of the residual

layer is 1.1 times or more than the thickness of the
central portion of the residual layer.
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