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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thepresentapplication claims the benefit of priority
of Korean Patent Application No. 10-2013-0146277 filed on
Nov. 28,2013, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to an organic light
emitting diode display device. The present disclosure also
relates to an active matrix organic light emitting diode display
device.

[0004] 2. Discussion of the Related Art

[0005] Recently, flat panel display (FPD) technology has
developed to produce FPDs that are light weight and thin.
Among various FPDs, organic light emitting diode (OLED)
display devices are considered as a next generation display
device following a liquid crystal display (LCD.

[0006] Since the OLED display devices do not need back-
light (unlike LCD devices), the OLED display device has an
advantage of more applications compared to the LCD device.
Specifically, the OLED display device is better for transpar-
ent displays or flexible displays.

[0007] The OLED display device may be classified into two
types according to an emission direction: a bottom emission
type where a light is emitted toward a lower portion through
a substrate having a driving circuit thereon; and a top emis-
sion type where a light is emitted toward an upper portion
opposite to a substrate having a driving circuit thereon. For
the purpose of obtaining a high resolution OLED display
device including a flexible display and for the purpose of
improving an aperture ratio and transparency of a transparent
display, the top emission type OLED display device where
the driving circuit does not have an influence on aperture ratio
has been the recent focus.

[0008] In the OLED display device, an anode of a lower
electrode functions as a pixel electrode in a pixel region and a
cathode of an upper electrode functions as a common elec-
trode over an entire surface of a substrate. As a result, light
emitted from an organic material layer passes through the
anode in the bottom emission type OLED display device, and
a light emitted from an organic material layer passes through
the cathode in the top emission type OLED display device.
[0009] Since the anode is generally formed of a transparent
conductive oxide and the cathode is generally formed of a
metal, the metal for the cathode is formed as a thin film to
increase a transmittance in the top emission type OLED dis-
play device.

[0010] However, as a thickness of the thin film for the
cathode decreases, a resistance of the cathode increases and
brightness is reduced at a central portion of an image. In
addition, as a thickness of the thin film for the cathode
increases, a transmittance of the cathode decreases and light
emission efficiency is reduced.

SUMMARY

[0011] An organic light emitting diode display device
includes: a reflective electrode and an auxiliary electrode; a
bank layer on the reflective electrode and the auxiliary elec-

May 28, 2015

trode, the bank layer including a first open portion and a
second open portion exposing a portion of the reflective elec-
trode and a portion of the auxiliary electrode, respectively; a
separator on the auxiliary electrode, the separator disposed
within the second open portion; a pixel electrode in contact
with the portion of the reflective electrode exposed by the first
open portion of the bank layer, the pixel electrode being
disposed separated from the separator; an organic emission
layer on the pixel electrode, the organic emission layer
divided by the separator. the organic emission layer being
disposed separated from the separator; and a common elec-
trode on the organic emission layer, the common electrode
connected to the auxiliary.

[0012] In another aspect, an organic light emitting diode
display device includes: a pixel electrode and an auxiliary
electrode; a bank layer on the pixel electrode and the auxiliary
electrode, the bank layer including a first open portion and a
second open portion exposing a portion of the pixel electrode
and a portion of the auxiliary electrode, respectively; a sepa-
rator in contact with the auxiliary electrode, the separator
disposed within the second open portion; an organic emission
layer in contact with the pixel electrode at the first open
portion, the organic emission layer being disposed separated
from the separator; and a common electrode on the organic
emission layer, the common electrode connected to the aux-
iliary electrode.

[0013] In another aspect, an organic light emitting diode
display device includes: a pixel electrode; an auxiliary elec-
trode; a bank layer over both of the pixel electrode and the
auxiliary electrode, the bank layer defining: a first opening
exposing a portion of the pixel electrode; a second opening
exposed a portion of the auxiliary electrode; an organic emis-
sion layer in contact with the pixel electrode in the first
opening; and a common electrode over the organic emission
layer and in contact with the auxiliary electrode in the second
opening, the auxiliary electrode reducing an electrical resis-
tance of the common electrode.

[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the embodiments as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments and together with the description
serve to explain the principles of the disclosure. In the draw-
ings:

[0016] FIG. 1is across-sectional view showing a top emis-
sion type organic light emitting diode display device accord-
ing to a first embodiment of the present disclosure.

[0017] FIG. 2isa plan view showing an organic light emit-
ting diode display device according to a second embodiment
of the present disclosure.

[0018] FIGS.3A to3D are cross-sectional views showing a
method of fabricating a light emitting diode display device
according to a first embodiment of the present disclosure.
[0019] FIG. 4 is a cross-sectional view showing organic
light emitting diode display devices according to a second
embodiment of the present disclosure.

[0020] FIG. 5 is a cross-sectional view showing organic
light emitting diode display devices according to a third
embodiment of the present disclosure.
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[0021] FIG. 6 is a cross-sectional view showing organic
light emitting diode display devices according to a fourth
embodiment of the present disclosure.

[0022] FIG. 7 is a cross-sectional view showing organic
light emitting diode display devices according to a fifth
embodiment of the present disclosure.

[0023] FIG. 8 is a cross-sectional view showing organic
light emitting diode display devices according to a sixth
embodiment of the present disclosure.

[0024] FIGS.9A and 9B are plan views showing an organic
light emitting diode display device according to each of sec-
ond to sixth embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0025] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0026] FIG.1is across-sectional view showing a top emis-
sion type organic light emitting diode display device accord-
ing to a first embodiment of the present disclosure.

[0027] InFIG.1, atop emission type organic light emitting
diode (OLED) display device includes a substrate 110, a
switching transistor STR, a driving transistor DTR, a pla-
narization layer 120, a reflective electrode 131, an auxiliary
electrode 132, a separator 150, a pixel electrode 160, an
organic emission layer 170 and a common electrode 180.
[0028] The substrate 110 may include one of a glass, a
metal and a plastic. In addition, the substrate 110 may include
a flexible material such as polyethersulfone (PES), polyacry-
late (PAR), polyetherimide (PEI), polyethylene naphthalate
(PEN), polyethylene terephthalate (PET), polyphenylene sul-
fide (PPS), polyacrylate, polyimide (PT), polycarbonate (PC),
cellulose triacetate (TAC) and cellulose acetate propionate
(CAP).

[0029] The switching transistor STR and the driving tran-
sistor DTR are formed on the substrate 110. The switching
transistor STR includes a gate electrode (not shown) con-
nected to a gate line (not shown), a source electrode (not
shown) connected to a data line (not shown) and a drain
electrode. A gate signal of the gate line is applied to the gate
electrode of the switching transistor STR to turn of the
switching transistor STR. When the switching transistor STR
is turned on by the gate signal, a data signal of the data line is
transmitted from the source electrode to the drain electrode of
the switching transistor STR. In addition, the data signal of
the drain electrode of the switching transistor STR is trans-
mitted to a gate electrode (not shown) of the driving transistor
DTR. The driving transistor DTR transmits one ofa high level
voltage Vdd of a power voltage and a low level voltage Vs of
the power voltage to the reflective electrode 131 through a
drain electrode (not shown) of the driving transistor DTR
according to the data signal.

[0030] The high level voltage Vdd may be referred to as a
drain voltage, and the low level voltage Vss may be referred to
as a source voltage. Since the names of drain and source are
variable according to the kind of the transistor and the driving
method, the drain voltage having a relatively higher voltage
may be referred to as the high level voltage Vdd and the
source voltage having a relatively lower voltage may be
referred to as the low level voltage Vss.

[0031] The planarization layer 120 is formed on the switch-
ing transistor STR and the driving transistor DTR. The pla-
narization layer 120 planarizes the unevenness of the switch-
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ing transistor STR and the driving transistor DTR to improve
a structural stability for an organic light emitting diode on the
planarization layer 120.

[0032] Inaddition, the planarization layer 120 may include
an organic material such as acrylic resin (e.g., polyacrylate
resin), epoxy resin, phenolic resin, polyamide resin, polyim-
ide resin, unsaturated polyester resin, polyphenylene ether
resin, polyphenylene sulfide resin, photo acryl and benzocy-
clobutene (BCB).

[0033] A passivation layer (not shown) of an inorganic
material such as silicon oxide (SiOx) and silicon nitride
(SiNx) may be formed between the switching and driving
transistors STR and DTR and the planarization layer 120.
[0034] The reflective electrode 131 and the auxiliary elec-
trode 132 are formed on the planarization layer 120 and are
spaced apart from each other. The reflective electrode 131 is
connected to the driving transistor DTR and the low level
voltage Vss of the power voltage is supplied to the reflective
electrode 131 through the driving transistor DTR according to
the data signal. The reflective electrode 131 transmits the low
level voltage Vss to the pixel electrode 160.

[0035] Thereflectiveelectrode 131 may reflect alight emit-
ted from the organic emission layer 170 toward the common
electrode 180 to improve brightness due to increase in amount
of light. In addition, the reflective electrode 131 may be
formed to have a micro-cavity structure with the common
electrode 180 to further improve brightness due to amplifica-
tion of the light between the reflective electrode 131 and the
common electrode 180.

[0036] The reflective electrode 131 may include a material
having arelatively high reflectance such as a metallic material
for reflecting the light emitted from the organic emission
layer 170. For example, the reflective electrode 131 may
include at least one of molybdenum (Mo), aluminum (Al),
silver (Ag), chromium (Cr), gold (Au), titanium (T1), nickel
(Ni), neodymium (Nd) and copper (Cu) and an alloy having at
least one thereof In addition, the reflective electrode 131 may
have a single layer or multiple layers.

[0037] The auxiliary electrode 132 may be coplanar with
the reflective electrode 131. In addition, the auxiliary elec-
trode 132 may be formed together with the reflective elec-
trode 131 to have the same material as at least one of the
materials for the reflective electrode 131. The auxiliary elec-
trode 132 is connected to the common electrode 180 to reduce
the resistance of the common electrode 180.

[0038] Since the auxiliary electrode 132 is connected to the
common electrode 180, the auxiliary electrode 132 has the
same voltage as the common electrode 180. When the com-
mon electrode 180 is a cathode, the low level voltage Vss may
be supplied to the auxiliary electrode 132. In addition, when
the common electrode 180 is an anode, the high level voltage
Vdd may be supplied to the auxiliary electrode 132. In the
first embodiment of FIG. 1, since the common electrode 180
functions as an anode, the high level voltage Vdd is supplied
to the auxiliary electrode 132 and the auxiliary electrode 132
is connected to the common electrode 180 to reduce a resis-
tance of the common electrode 180.

[0039] Thebank layer 140 is formed on the reflective elec-
trode 131 and the auxiliary electrode 132. The bank layer 140
overlaps and covers an edge portion of each of the reflective
electrode 131 and the auxiliary electrode 132 to have open
portions exposing the reflective electrode 131 and the auxil-
iary electrode 132. The pixel electrode 160 and organic emis-
sion layer 170 are sequentially formed on the reflective elec-
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trode 131 exposed through the open portions and on the bank
layer 140. In addition, the separator 150 is formed on the
auxiliary electrode 132 exposed through the open portions.

[0040] The bank layer 140 may include one of an organic
material and an inorganic material. For example, the bank
layer 140 may include an organic material such as benzocy-
clobutene (BCB) resin, acrylic resin and polyimide resin, or
an inorganic material such as silica.

[0041] The separator 150 is spaced apart from the bank
layer 140 to provide a space for connection of the common
electrode 180 and the auxiliary electrode 132. In addition, the
separator 150 may have a reverse taper shape wherein a top
width is greater than a bottom width to prevent deposition of
materials, which has a poor step coverage property, for the
pixel electrode 131 and the organic emission layer 170 on the
auxiliary electrode 132 exposed between the separator 150
and the bank layer 140. As a result, the common electrode 180
is connected directly to the auxiliary electrode 132.

[0042] The separator 150 may include the same material as
the bank layer 140 to improve process efficiency. Alterna-
tively, the separator 150 may include a negative type photo-
resist so that the reverse taper shape can be easily obtained.

[0043] The separator 150 may divide each of the pixel
electrode 160 and the organic emission layer 170 by pixel
region such that each of the pixel electrode 160 and the
organic emission layer 170 is divided in a gap between the
separator 150 and the bank layer 140. The pixel electrode 160
and the organic emission layer 170 may be formed on the
separator 150. Since each of the pixel electrode 160 and the
organic emission layer 170 is divided by the separator 150
through a deposition step without an additional patterning
step due to a poor step coverage property, the process effi-
ciency of the OLED display device is improved.

[0044] The pixel electrode 160 is formed on the reflective
electrode 131 and the bank layer 140 and is separated from the
auxiliary electrode 132. An edge portion of the pixel electrode
160 is completely covered with the organic emission layer
170 such that the pixel electrode 160 is not electrically con-
nected to the common electrode 180.

[0045] The pixel electrode 160 may be an anode or a cath-
ode. In the first embodiment of FIG. 1, since the pixel elec-
trode 160 functions as a cathode, the pixel electrode 160
supplies an electron to the organic emission layer 170. As a
result, the pixel electrode 160 may include a material having
a relatively low work function.

[0046] The pixel electrode 160 may have a single layer or
multiple layers including at least one of silver (Ag), magne-
sium (Mg), calcium (Ca), aluminum (Al), lithium (Li) and
neodymium (Nd). Alternatively, the pixel electrode 160 may
have a single layer or multiple layers such as lithium fluoride/
aluminum (LiF/Al), cesium fluoride/aluminum (CsF/Al),
magnesium silver (Mg:Ag), calciuny/silver (Ca/Ag), calcium
silver(Ca:Ag), lithium fluoride/magnesium silver (LiF/Mg:
Ag), lithium fluoride/calcium/silver (LiF/Ca/Ag) and lithium
fluoride/calcium silver (LiF/Ca: Ag). Since a work function of
the metal is lower than a work function of the conductive
oxide, the pixel electrode 160 of multiple layers may include
a metal layer contacting the organic emission layer 170 to
supply the electron to the organic emission layer 170 easily. In
addition, since the light of the organic emission layer 170 is
emitted through the common electrode 180, the pixel elec-
trode 160 may be formed regardless of light transmittance. As
aresult, degree of freedom in selection of material and deter-
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mination of thickness increases and injection efficiency of
electron is maximized, thereby light efficiency inmproved.
[0047] Since the pixel electrode 160 functions as a cathode,
the low level voltage Vs is supplied to the pixel electrode 160
and the pixel electrode 160 supplies the electron to the
organic emission layer 170. Since the pixel electrode 160 is
divided by the separator 150 through a deposition step with-
out an additional patterning step due to a poor step coverage
property, current leakage phenomenon where the current
flows through adjacent pixel regions is prevented. As a result,
driving reliability is improved and accurate gray scale level is
displayed.

[0048] In the first embodiment of FIG. 1, since the pixel
electrode 160 is formed on the bank layer 140, an emission
area may be defined by the pixel electrode 160, the organic
emission layer 170 and the common electrode 180. As a
result, the emission area of the OLED display device accord-
ing to the first embodiment of FIG. 1 is enlarged as compared
with the emission area of the OLED display device according
to the related art where the emission area is defined by the
open portions of the bank layer.

[0049] The organic emission layer 170 is formed on the
pixel electrode 160. Since the organic emission layer 170
includes a material having a poor step coverage property, the
separator 150 divides the organic emission layer 170 by pixel
region through a deposition step without an additional pat-
terning step.

[0050] The organic emission layer 170 includes a thin film
of an organic material and generates a light using the electron
from the pixel electrode 160 and the hole from the common
electrode 180. Although not shown, the organic emission
layer 170 may include an electron injection layer (EIL), an
electron transport layer (ETL), an emission material layer
(EML), ahole transport layer (HTL) and a hole injection layer
(HIL). The electron injection layer (EIL) lowers the energy
barrier between the pixel electrode 160 and the emission
material layer (EML) to improve injection efficiency of the
electron from the pixel electrode 160. The electron transport
layer (ETL) restricts the electron transported from the pixel
electrode 160 to the emission material layer (EML) to
improve recombination efficiency of the electron and the
hole. The emission material layer (EML) includes a thin film
of an organic material of large molecule or small molecule.
The hole transport layer (HTL) restricts the hole transported
from the common electrode 180 to the emission material
layer (EML) to improve recombination efficiency of the elec-
tron and the hole. The hole injection layer (HIL) lowers the
energy barrier between the common electrode 180 and the
emission material layer (EML) to improve injection effi-
ciency of the hole from the common electrode 180.

[0051] The electron injected from the pixel electrode 160
and the hole injected from the common electrode 180 are
recombined with each other in the emission material layer
(EML) to generate an exciton. The exciton emits a light
during a transition from an excited state to a ground state. The
color of the light is determined according to a kind of the
organic material for the emission material layer (EML) or an
energy difference between the excited state and the ground
state (i.e., a band-gap energy).

[0052] Thecommon electrode 180 is formed on the organic
emission layer 170. The common electrode 180 may include
amaterial having a relatively high work function to supply a
hole to the organic emission layer 170. For example, the
common electrode 180 may include a transparent conductive
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oxide (TCO) such as indium tin oxide (ITO), indium zinc
oxide (IZ0) and indium tin zinc oxide (ITZ0). Alternatively,
the common electrode 180 may have a single layer or multiple
layers including at least one of indium (In), silver (Ag), tin
(Sn), silver tin oxide (AZQ), gallium zinc oxide (GZO), zinc
oxide (Zn0O), indium tin oxide (ITO), indium zinc oxide
(1Z0) and indium tin zinc oxide (ITZO).

[0053] The common electrode 180 may further include a
metal for improving electrical conductivity and for reducing
resistance within an amount that does not cause reduction in
transmittance. In addition, the common electrode 180 may
include a conductive oxide layer contacting the organic emis-
sion layer 170. Since a work function of the conductive oxide
layer is higher than a work function of the metal, the common
electrode 180 may supply the hole to the organic emission
layer 170 through the conductive oxide layer easily.

[0054] Thecommon electrode 180 is electrically connected
to the auxiliary electrode 132. Since the common electrode
180 includes a material having an excellent step coverage
property, the common electrode 180 is deposited even on the
auxiliary electrode 132 between the separator 150 and the
bank layer 140. As a result, the common electrode 180 of a
transparent conductive oxide is formed on an entire top sur-
face of the substrate 110 including a side surface of the
separator 150. Since the resistance of the common electrode
180 is reduced due to connection of the common electrode
180 and the auxiliary electrode 132, uniformity of brightness
1s improved throughout the whole OLED display device.
[0055] FIG.2 isa plan view showing an organic light emit-
ting diode display device according to a second embodiment
of the present disclosure.

[0056] In FIG. 2, the emission area EA overlaps the bank
layer 140 and the separator 150 divides the organic emission
layer 170 by pixel region. As a result, the emission area EA
where the pixel electrode 160, the organic emission layer 170
and the common electrode 180 are sequentially formed may
be defined by the separator 150. Since the electron injected
from the pixel electrode 160 and the hole injected from the
common electrode 180 vertically move in the organic emis-
sion layer 170, the light is emitted from an area where the
pixel electrode 160, the organic emission layer 170 and the
common electrode 180 overlap each other.

[0057] Since the pixel electrode 160 is formed on the bank
layer 140, the pixel electrode 160, the organic emission layer
170 and the common electrode 180 overlap each other even
on the bank layer 140. As a result, the emission area EA
overlaps the bank layer 140 as shown in FIG. 2.

[0058] FIGS.3A to3D are cross-sectional views showing a
method of fabricating a light emitting diode display device
according to a first embodiment of the present disclosure.
[0059] InFIG.3A, adriving circuit including the switching
transistor STR and the driving transistor DTR are formed on
the substrate 110. The driving circuit for driving the organic
emission layer 170 may further include a conductive line of a
single layer or multiple layers. For example, the conductive
line of a single layer may include at least one of molybdenum
(Mo), aluminum (Al), silver (Ag), chromium (Cr), gold (Au),
titanium (T1), nickel (Ni), neodymium (Nd) and copper (Cu),
or alloy thereof. In addition, the conductive line of multiple
layers may have at least two layers each including at least one
of molybdenum (Mo), aluminum (Al), silver (Ag), chromium
(Cr), gold (Au), titanium (T1), nickel (Ni), neodymium (Nd)
and copper (Cu), or alloy thereof. For example, the conduc-
tive line of multiple layers may be double layers such as
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molybdenum/aluminum (Mo/Al) and molybdenum/alumi-
num neodymium (Mo/AINd) or triple layers such molybde-
nuny/aluminum/molybdenum (Mo/Al/Mo) and molybde-
num/aluminum neodymium/molybdenum (Mo/AINd/Mo).

[0060] The planarization layer 120 is formed on the switch-
ing transistor STR and the driving transistor DTR to planarize
the uneven top surface of the switching transistor STR and the
driving transistor DTR. The planarization layer 120 has a
contact hole CH exposing the driving transistor DRT. The
reflective electrode 131 and the auxiliary electrode 132 are
formed on the planarization layer 120. The reflective elec-
trode 131 is connected to the driving transistor DTR through
the contact hole CH.

[0061] InFIG.3B,the bank layer 140 and the separator 150
are formed on the reflective electrode 131 and the auxiliary
electrode 132. The bank layer 140 and the separator 150 may
be simultaneously formed. Alternatively, the bank layer 140
and the separator 150 may be formed of different materials
through different fabrication steps so that the bank layer 140
and the separator 150 can have a regular taper shape and a
reverse taper shape, respectively.

[0062] Thebank layer 140 may include an organic material
such as benzocyclobutene (BCB) resin, acrylic resin and
polyimide resin, or an inorganic material such as silica. In
addition, the separator 150 may include a negative type pho-
toresist so that the reverse taper shape can be easily obtained.

[0063] Thebank layer 140has open portions (OP) exposing
the reflective electrode 131 and the auxiliary electrode 132.
The separator 150 is formed on the auxiliary electrode 132
exposed through the open portions (OP).

[0064] InFIG. 3C, the pixel electrode 160 and the organic
emission layers 170 are sequentially formed on the reflective
electrode 131 exposed through the open portions. The pixel
electrode 160 and the organic emission layer 170 are divided
in the gap between the separator 150 and the bank layer 140
by pixel region.

[0065] The pixel electrode 160 and the organic emission
layer 170 may be formed through a vacuum deposition
method or a thermal evaporation method. Since the materials
for the pixel electrode 160 and the organic emission layer 170
have a poor step coverage property, the materials for the pixel
electrode 160 and the organic emission layer 170 may not be
formed on the side surface of the separator 150 and the aux-
iliary electrode 132 exposed between the separator 150 and
the bank 140. As a result, the auxiliary electrode 132 between
separator 150 and the bank 140 is not covered with the mate-
rials for the pixel electrode 160 and the organic emission layer
170 even after the steps of forming the pixel electrode 160 and
the organic emission layer 170.

[0066] InFIG. 3D, the common electrode 180 is formed on
the organic emission layer 170. The common electrode 180
may be formed through a sputtering method and may include
a transparent conductive oxide (TCO). Since the transparent
conductive oxide (TCO) has an excellent step coverage, the
common electrode 180 may be formed on an entire top sut-
face of the substrate 110 including the side surface of the
separator 150 and the auxiliary electrode 132 exposed
between the separator 150 and the bank layer 140. As a result,
the common electrode 180 is connected to the auxiliary elec-
trode 132 throughout the whole substrate 110 and the resis-
tance of common electrode 180 is reduced.
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[0067] FIGS. 4 to 8 are cross-sectional views showing
organic light emitting diode display devices according to
second to sixth embodiments, respectively, of the present
disclosure.

[0068] In FIG. 4, a pixel electrode 260 is formed under a
bank layer 240, and areflective electrode 231 and an auxiliary
electrode 232 are formed on a planarization layer 220. For
example, after the reflective electrode 231 and the auxiliary
electrode 232 are simultaneously formed on the planarization
layer 220, the pixel electrode 260 may be formed on the
reflective electrode 231. The reflective electrode 231 and the
auxiliary electrode 232 may have the same layer and the same
material as each other. In addition, the reflective electrode 231
1s connected to a driving transistor DTR.

[0069] Since the pixel electrode 260 is formed before form-
ing the bank layer 240, an emission area is defined by open
portions of the bank layer 240. In addition, since the pixel
electrode 260 is separately formed in a pixel region, the
current leakage phenomenon is prevented and the reliability
of driving 1s improved.

[0070] The reflective electrode 231, the auxiliary electrode
232 and the pixel electrode 260 may be formed using first and
second masks. After a first material for the reflective electrode
231 and the auxiliary electrode 232 is formed on the pla-
narization layer 220, a first photoresist (PR) layer is formed
on the first material. After the first mask is disposed over the
first PR layer with alignment, a light is irradiated onto the first
PR layer through the first mask. After the first PR layer is
developed to form a first PR pattern, the first material is
etched through a dry etching method or a wet etching method
using the first PR pattern as an etching mask to form the
reflective electrode 231 and the auxiliary electrode 232. Next,
the first PR pattern is removed by a stripping.

[0071] Similarly, after a second material for the pixel elec-
trode 260 is formed on the reflective electrode 231 and the
auxiliary electrode 232, a second photoresist (PR) layer is
formed on the second material. After the second mask is
disposed over the second PR layer with alignment, a light is
irradiated onto the second PR layer through the second mask.
After the second PR layer is developed to form a second PR
pattern, the second material is etched using the second PR
pattern as an etching mask to form the pixel electrode 260.
Next, the second PR pattern is removed by a stripping.
[0072] In FIG. 5, a pixel electrode 360 is formed under a
bank layer 340, and areflective electrode 331 and an auxiliary
electrode 332 are formed on a planarization layer 320. For
example, after the reflective electrode 331 is formed on the
planarization layer 320, the auxiliary electrode 332 and the
pixel electrode 360 may be simultaneously formed on the
planarization layer 320 and the reflective electrode 331,
respectively. The auxiliary electrode 332 and the pixel elec-
trode 360 may have the same layer and the same material as
each other. In addition, the reflective electrode 331 is con-
nected to a driving transistor DTR.

[0073] Since the pixel electrode 360 is formed before form-
ing the bank layer 340, an emission area is defined by open
portions of the bank layer 340. In addition, since the pixel
electrode 360 is separately formed in a pixel region, the
current leakage phenomenon is prevented and the reliability
of driving 1s improved.

[0074] The reflective electrode 331, the auxiliary electrode
332 and the pixel electrode 360 may be formed using first and
second masks. After a first material for the reflective electrode
331 is formed on the planarization layer 320, a first photore-

May 28, 2015

sist (PR) layer is formed on the first material. After the first
mask is disposed over the first PR layer with alignment, a light
is irradiated onto the first PR layer through the first mask.
After the first PR layer is developed to form a first PR pattern,
the first material is etched through a dry etching method or a
wet etching method using the first PR pattern as an etching
mask to form the reflective electrode 331. Next, the first PR
pattern is removed by a stripping.

[0075] Similarly, after a second material for the auxiliary
electrode 332 and the pixel electrode 360 is formed on the
planarization layer 320 and the reflective electrode 331, a
second photoresist (PR) layer is formed on the second mate-
rial. After the second mask is disposed over the second PR
layer with alignment, a light is irradiated onto the second PR
layer through the second mask. After the second PR layer is
developed to form a second PR pattern, the second material is
etched using the second PR pattern as an etching mask to form
the auxiliary electrode 332 and the pixel electrode 360. Next,
the second PR pattern is removed by a stripping.

[0076] In FIG. 6, a pixel electrode 460 is formed under a
bank layer 440, and a reflective electrode 431 and an auxiliary
electrode 432 are formed on a planarization layer 420. For
example, after the reflective electrode 431 is formed on the
planarization layer 420, the planarization layer 420 may be
patterned to have a contact hole exposing a driving transistor
DTR. Next, the auxiliary electrode 432 and the pixel elec-
trode 460 may be simultaneously formed on the planarization
layer 420 and the reflective electrode 431, respectively. The
auxiliary electrode 432 and the pixel electrode 460 may have
the same layer and the same material as each other. In addi-
tion, the pixel electrode 460 is connected to the driving tran-
sistor DTR through the contact hole.

[0077] Since the pixel electrode 460 is formed before form-
ing the bank layer 440, an emission area is defined by open
portions of the bank layer 440. In addition, since the pixel
electrode 460 is separately formed in a pixel region, the
current leakage phenomenon is prevented and the reliability
of driving is improved.

[0078] The reflective electrode 431, the auxiliary electrode
432 and the pixel electrode 460 may be formed using first and
second masks. After a first material for the reflective electrode
431 is formed on the planarization layer 420, a first photore-
sist (PR) layer is formed on the first material. After the first
mask is disposed over the first PR layer with alignment, a light
is irradiated onto the first PR layer through the first mask.
After the first PR layer is developed to form a first PR pattern,
the first material is etched through a dry etching method or a
wet etching method using the first PR pattern as an etching
mask to form the reflective electrode 431. Next, the first PR
pattern is removed by a stripping.

[0079] Similarly, after a second material for the auxiliary
electrode 432 and the pixel electrode 460 is formed on the
planarization layer 420 and the reflective electrode 431, a
second photoresist (PR) layer is formed on the second mate-
rial. After the second mask is disposed over the second PR
layer with alignment, a light is irradiated onto the second PR
layer through the second mask. After the second PR layer is
developed to form a second PR pattern, the second material is
etched using the second PR pattern as an etching mask to form
the auxiliary electrode 432 and the pixel electrode 460. Next,
the second PR pattern is removed by a stripping.

[0080] Inanother embodiment, the reflective electrode 431
may be omitted. The pixel electrode 460 functions as a cath-
ode supplying an electron and is not required to transmit the
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light. As a result, the pixel electrode 460 may include a
material having a relatively high reflectance and the reflective
electrode 431 may be omitted.

[0081] In FIG. 7, a pixel electrode 560 is formed under a
bank layer 540, and areflective electrode 531 and an auxiliary
electrode 532 are formed on a planarization layer 520. For
example, after the reflective electrode 531 and the auxiliary
electrode 532 are simultaneously formed on the planarization
layer 520, the planarization layer 520 may be patterned to
have a contact hole exposing a driving transistor DTR. Next,
the pixel electrode 560 may be formed on the reflective elec-
trode 531. The reflective electrode 531 and the auxiliary
electrode 532 may have the same layer and the same material
as each other. In addition, the pixel electrode 560 is connected
to the driving transistor DTR through the contact hole.
[0082] Since the pixel electrode 560 is formed before form-
ing the bank layer 540, an emission area is defined by open
portions of the bank layer 540. In addition, since the pixel
electrode 560 is separately formed in a pixel region, the
current leakage phenomenon is prevented and the reliability
of driving 1s improved.

[0083] The reflective electrode 531, the auxiliary electrode
532 and the pixel electrode 560 may be formed using first and
second masks. After a first material for the reflective electrode
531 and the auxiliary electrode 532 is formed on the pla-
narization layer 520, a first photoresist (PR) layer is formed
on the first material. After the first mask is disposed over the
first PR layer with alignment, alight is irradiated onto the first
PR layer through the first mask. After the first PR layer is
developed to form a first PR pattern, the first material is
etched through a dry etching method or a wet etching method
using the first PR pattern as an etching mask to form the
reflective electrode 531. Next, the first PR pattern is removed
by a stripping.

[0084] Similarly, after a second material for the pixel elec-
trode 560 is formed on the reflective electrode 531 and the
auxiliary electrode 532, a second photoresist (PR) layer is
formed on the second material. After the second mask is
disposed over the second PR layer with alignment, a light is
irradiated onto the second PR layer through the second mask.
After the second PR layer is developed to form a second PR
pattern, the second material is etched using the second PR
pattern as an etching mask to form the pixel electrode 560.
Next, the second PR pattern is removed by a stripping.
[0085] 1In FIG. 8, a pixel electrode 660 is formed under a
bank layer 640, and areflective electrode 631 and an auxiliary
electrode 632 are formed on a planarization layer 620. The
auxiliary electrode 632 includes lower and upper layers 6324
and 6325. For example, after the reflective electrode 631 and
the lower layer 6324 of the auxiliary electrode 632 are simul-
taneously formed on the planarization layer 620, the upper
layer 6325 of the auxiliary electrode 632 and the pixel elec-
trode 660 may be simultaneously formed on the lower layer
632a and the reflective electrode 631, respectively. The
reflective electrode 631 and the lower layer 632a of the aux-
iliary electrode 632 may have the same layer and the same
material as each other, and the pixel electrode 660 and the
upper layer 6325 of the auxiliary electrode 632 may have the
same layer and the same material as each other. In addition,
the reflective electrode 631 is connected to a driving transistor
DTR. Alternatively, the pixel electrode 660 may be connected
to the driving transistor DTR in another embodiment.
[0086] Since the pixel electrode 660 is formed before form-
ing the bank layer 640, an emission area is defined by open
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portions of the bank layer 640. In addition, since the pixel
electrode 660 is separately formed in a pixel region, the
current leakage phenomenon is prevented and the reliability
of driving is improved.

[0087] The reflective electrode 631, the auxiliary electrode
632 and the pixel electrode 660 may be formed using a single
mask. After a first material for the reflective electrode 631 and
the lower layer 632a of the auxiliary electrode 632 and a
second material for the pixel electrode 660 and the upper
layer 6324 of the auxiliary electrode 632 are sequentially
formed on the planarization layer 620, a photoresist (PR)
layer is formed on the second material. After the single mask
is disposed over the PR layer with alignment, a light is irra-
diated onto the PR layer through the single mask. After the PR
layer is developed to form a PR pattern, the second material is
etched through a dry etching method or a wet etching method
using the PR pattern as an etching mask to form the pixel
electrode 660 and the upper layer 632a of the auxiliary elec-
trode 632. Next, the first material is etched through a dry
etching method or a wet etching method using the PR pattern
as an etching mask to form the reflective electrode 631 and the
lower layer 632a of the auxiliary electrode 632. Next, the PR
pattern is removed by a stripping.

[0088] Thefirst material for the reflective electrode 631 and
the second material for the pixel electrode 660 may be the
same as each other, and the first and second materials may be
etched through a dry etching method using the same etching
gas or a wet etching method using the same etching solution
(etchant). Alternatively, the first material for the reflective
electrode 631 and the second material for the pixel electrode
660 may be different from each other, and the first and second
materials may be etched through a dry etching method using
different etching gases or a wet etching method using differ-
ent etching solutions.

[0089] FIGS.9A and 9B are plan views showing an organic
light emitting diode display device according to each of sec-
ond to sixth embodiments of the present disclosure.

[0090] In FIGS. 9A and 9B, the pixel electrode 260, 360,
460, 560 and 660 is formed under the bank layer 240, 340,
440, 540 and 640. As a result, an emission area EA where the
light is emitted may be defined by open portions of the bank
layer 240, 340, 440, 540 and 640.

[0091] In addition, the pixel electrode 260, 360, 460, 560
and 660 is not required to be divided by pixel region, and a
separator 250, 350, 450, 550 and 650 for dividing the pixel
electrode 260, 360, 460, 560 and 660 is not required to be
formed at a boundary of all pixel regions. While the separator
250, 350, 450, 550 and 650 is formed at all two horizontal
boundaries and all three vertical boundaries of the pixel
regions in FIG. 9A, the separator 250, 350, 450, 550 and 650
is formed at one of two horizontal boundaries and two of three
vertical boundaries in FIG. 9B. In another embodiment, the
separator 250, 350, 450, 550 and 650 may be formed only at
the horizontal boundaries or only at the vertical boundaries.
Further, the separator 250, 350, 450, 550 and 650 may be
formed at the alternate horizontal boundaries and the alter-
nate vertical boundaries. In addition, the separator 250, 350,
450, 550 and 650 may be randomly formed at the horizontal
boundaries and the vertical boundaries.

[0092] Since the position of the separator 250, 350, 450,
550 and 650 is the same as the position where the common
electrode 280, 380, 480, 580 and 680 and the auxiliary elec-
trode 232, 332, 432, 532 and 632 are connected, the position
of the separator 250, 350, 450, 550 and 650 may be deter-
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mined on the basis of resistance reduction effect for the com-
mon electrode 280, 380, 480, 580 and 680. Since the resis-
tance reduction effect increases according to increase of the
contact area where the common electrode 280, 380, 480, 580
and 680 and the auxiliary electrode 232, 332, 432, 532 and
632 are connected, an area for the separator 250, 350, 450,
550 and 650 may be minimized to obtain sufficient resistance
reduction effect.

[0093] Consequently, in the top emission type OLED dis-
play device of the present disclosure, since the anode is dis-
posed at the upper portion as the common electrode and the
cathode is disposed at the lower portion as the pixel electrode,
the light emitted from the organic emission layer is transmit-
ted through the transparent anode. As a result, brightness of
the OLED display device is improved.

[0094] In addition, since the cathode is divided by pixel
region, the current leakage phenomenon where the current
flows through adjacent pixel regions is prevented.

[0095] Further, the cathode is divided by the separator at the
boundary of the pixel region, the cathode is divided by the
separator without an additional patterning step.

[0096] Moreover, since the cathode is disposed in the pixel
region, degrees of freedom in selection of material and deter-
mination of thickness increase and injection efficiency of
electron is maximized. As a result, light efficiency is
improved.

[0097] It will be apparent to those skilled in the art that
various modifications and variations can be made in an
organic light emitting diode display device of the present
disclosure without departing from the sprit or scope of the
disclosure. Thus, it is intended that the present disclosure
covers the modifications and variations of these embodiments
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An organic light emitting diode display device, compris-

ing:

areflective electrode;

an auxiliary electrode;

a bank layer on the reflective electrode and the auxiliary
electrode, the bank layer including a first open portion
and a second open portion exposing a portion of the
reflective electrode and a portion of the auxiliary elec-
trode, respectively;

a separator on the auxiliary electrode, the separator dis-
posed within the second open portion;

apixel electrode in contact with the portion of the reflective
electrode exposed by the first open portion of the bank
layer, the pixel electrode being disposed separated from
the separator;

an organic emission layer on the pixel electrode, the
organic emission layer divided by the separator, the
organic emission layer being disposed separated from
the separator; and

a common electrode on the organic emission layer, the
common electrode connected to the auxiliary electrode.

2. The organic light emitting diode display device accord-

ing to claim 1, further comprising a thin film transistor on a
substrate, wherein the reflective electrode is connected to the
thin film transistor.

3. The organic light emitting diode display device accord-
ing to claim 1, wherein the reflective electrode and the aux-
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iliary electrode are coplanar within the display device, the
reflective electrode and the auxiliary electrode fabricated
from a same material.

4. The organic light emitting diode display device accord-
ing to claim 1, wherein the auxiliary electrode is fabricated
from a same material as the pixel electrode.

5. The organic light emitting diode display device accord-
ing to claim 1, wherein the auxiliary electrode is fabricated
from a same material as the reflective electrode.

6. The organic light emitting diode display device accord-
ing to claim 1, wherein the reflective electrode is in contact
with a driving transistor.

7. The organic light emitting diode display device accord-
ing to claim 1, wherein the pixel electrode is in contact with a
driving transistor.

8. The organic light emitting diode display device accord-
ing to claim 1, wherein the separator has a reverse tapered
shape that is narrower at a bottom than at a top.

9. The organic light emitting diode display device accord-
ing to claim 1, wherein a work function of the common
electrode is greater than a work function of the pixel elec-
trode.

10. The organic light emitting diode display device accord-
ing to claim 1, wherein a low level voltage is supplied to the
pixel electrode and a high level voltage is supplied to the
common electrode.

11. The organic light emitting diode display device accord-
ing to claim 1, wherein the common electrode is connected to
the portion of the auxiliary electrode exposed by the second
opening between the separator and the bank layer.

12. The organic light emitting diode display device accord-
ing to claim 1, wherein the pixel electrode includes a metal
layer contacting the organic emission layer.

13. The organic light emitting diode display device accord-
ing to claim 1, wherein the common electrode includes a
conductive oxide layer contacting the organic emission layer.

14. An organic light emitting diode display device, com-
prising:

a pixel electrode;

an auxiliary electrode;

a bank layer on the pixel electrode and the auxiliary elec-
trode, the bank layer including a first open portion and a
second open portion exposing a portion of the pixel
electrode and a portion of the auxiliary electrode,
respectively;

a separator in contact with the auxiliary electrode, the
separator disposed within the second open portion;

an organic emission layer in contact with the pixel elec-
trode at the first open portion, the organic emission layer
being disposed separated from the separator; and

a common electrode on the organic emission layer, the
common electrode connected to the auxiliary electrode.

15. The organic light emitting diode display device accord-
ing to claim 14, further comprising a reflective electrode
under the pixel electrode.

16. The organic light emitting diode display device accord-
ing to claim 15, further comprising a thin film transistor on a
substrate, wherein one of the pixel electrode and the reflective
electrode is connected to the thin film transistor.

17. The organic light emitting diode display device accord-
ing to claim 15, wherein one of the pixel electrode and the
reflective electrode is coplanar with the auxiliary electrode
within the display device.
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18. The organic light emitting diode display device accord-
ing to claim 15, wherein one of the pixel electrode and the
reflective electrode is fabricated from a same material as the
auxiliary electrode.

19. The organic light emitting diode display device accord-
ing to claim 15, wherein the auxiliary electrodes includes a
lower layer and an upper layer on the lower layer, wherein the
reflective layer and the lower layer are at a first same layer
within the display device and fabricated from a same first
material as each other, and wherein the pixel electrode and the
upper layer are at a second same layer within the display
device and fabricated from a same second material as each
other.

20. The organic light emitting diode display device accord-
ing to claim 14 wherein the separator has a reverse taper
shape.

21. The organic light emitting diode display device accord-
ing to claim 14, wherein a work function of the common
electrode is greater than a work function of the pixel elec-
trode.

22. An organic light emitting diode display device, com-
prising:

a pixel electrode;

an auxiliary electrode;

a bank layer over both of the pixel electrode and the aux-

iliary electrode, the bank layer defining:
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a first opening exposing a portion of the pixel electrode;
a second opening exposing a portion of the auxiliary
electrode;

an organic emission layer in contact with the pixel elec-

trode in the first opening; and

a common electrode over the organic emission layer and in

contact with the auxiliary electrode in the second open-
ing, the auxiliary electrode reducing an electrical resis-
tance of the common electrode.

23. The organic light emitting diode display device of
claim 22, further comprising a separator disposed in the sec-
ond opening between the auxiliary electrode and the common
electrode, the common electrode connected to the auxiliary
electrode between the separator and the bank layer.

24. The organic light emitting diode display device of
claim 22, wherein the organic emission layer is disposed in
contact with the auxiliary electrode in the second opening.

25. The organic light emitting diode display device of
claim 22, further comprising a reflective electrode in contact
with the pixel electrode on a side opposite the organic emis-
sion layer.

26. The organic light emitting diode display device of
claim 25, wherein the auxiliary electrode and the reflective
electrode are coplanar.
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