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(57) ABSTRACT

An organic light emitting diode display that includes a first
electrode arranged on a substrate, an organic emission layer
arranged on the first electrode and a second electrode
arranged on the organic emission layer, the first electrode
includes a first layer, a second layer and a third layer stacked
sequentially on the organic emission layer, the second layer
has a lower work function than the third. Here, the second
layer has a higher work function than that of the third layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C.§119 from an application earlier filed in the Korean
Intellectual Property Office on 9 Oct. 2009 and there duly
assigned Serial No. 10-2009-0096338.

BACKGROUND OF THE INVENTION
[0002] 1.

Field of the Invention

[0003] The described technology relates generally to an
organic light emitting diode display that includes electrodes
facing each other and an organic emission layer that emits

light.
[0004] 2. Description of the Related Art
[0005] In general, an organic light emitting diode display

includes an anode and a cathode facing each other, and an
organic emission layer interposed between the anode and the
cathode. In such an organic light emitting diode display, the
anode injects holes into the organic emission layer, and the
cathode injects electrons into the organic emission layer.
Among them, the anode is preferably made out of a conduc-
tive material having a high work function in order to enhance
hole injection.

SUMMARY OF THE INVENTION

[0006] The described technology has been made in an
effort to provide an organic light emitting diode display that
includes an anode that includes a plurality of layers while
suppressing a decrease in work function.

[0007] One aspect of the present invention provides an
organic light emitting diode display including a first electrode
arranged on a substrate, an organic emission layer arranged
on the first electrode and a second electrode arranged on the
organic emission layer, wherein the first electrode includes a
first layer, a second layer and a third layer stacked sequen-
tially on the organic emission layer, the second layer has a
higher work function than that of the third layer.

[0008] The first layer may have a higher work function than
the second layer. The second layer may be thinner than each
of the first layer and the third layer. The organic light emitting
diode display may also include a thin film transistor arranged
on the substrate and including a source electrode and a drain
electrode, the source electrode and the drain electrode each
include the first layer, the second layer and the third layer. The
second layer may include one or more of silver (Ag), molyb-
denum (Mo), tungsten (W), nickel (Ni) and platinum (Pt).
The firstelectrode may also include a fourth layer arranged on
the third layer, the first layer may include indium tin oxide
(ITO), the third layer may include aluminum (Al), and the
fourth layer may include a different conductive material than
that of the third layer. The second layer may include silver
(Ag). The organic light emitting diode display may also
include an interlayer insulating layer arranged directly on the
third layer, the first layer may include indium tin oxide (ITQ)
and the third layer may include a different conductive mate-
rial than that of the second layer. The organic light emitting
diode display may also include an interlayer insulating layer
arranged directly on the third layer, the first layer includes a

Apr. 14,2011

nickel oxide (NiOx), the second layer includes aluminum
(Al) and the third layer includes a different conductive mate-
rial than that of the second layer. The first layer may be doped
with lithium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete appreciation of the invention and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0010] FIG. 1is across-sectional view schematically show-
ing an organic light emitting diode display according to a first
exemplary embodiment;

[0011] FIG.2isalayout view showing a structure of a pixel
of the organic light emitting diode display according to the
first exemplary embodiment;

[0012] FIG. 3 is a cross-sectional view taken alone line of
FIG. 2;

[0013] FIG. 4 is a cross-sectional view enlarging portion
“A” of FIG. 3;

[0014] FIG. 5isacross-sectional view showing a portion of

an organic light emitting diode display according to a second
exemplary embodiment; and

[0015] FIG. 6is a cross-sectional view showing a portion of
an organic light emitting diode display according to a third
exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0017] Also, among several exemplary embodiments, a
first exemplary embodiment will be representatively
described, and the other exemplary embodiments will be
described only with respect to components that differ from
those of the first exemplary embodiment.

[0018] To clearly describe the present invention, parts not
related to the description are omitted, and like reference
numerals designate like components throughout the specifi-
cation.

[0019] In the drawings, the sizes and thicknesses of the
components are merely shown for convenience of explana-
tion, and therefore the present invention is not necessarily
limited to the illustrations described and shown herein.
[0020] In, the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. In the drawings,
the thicknesses of some layers and areas are exaggerated for
convenience of explanation. It will be understood that when
an element such as a layer, film, region, or substrate is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly on”
another element, there are no intervening elements present.
[0021] Thus, although the accompanied drawings illustrate
an active matrix (AM) type of organic light emitting display
panel having a 2Tr-1Cap structure in which one pixel includes
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two thin film transistors (TFTs) and one capacitor, the present
invention is not limited thereto. Therefore, the number of thin
film transistors, the number of capacitors, and the number of
lines of the organic light emitting display panel are not lim-
ited. A pixel is the smallest unit displaying an image, and the
organic light emitting panel displays an image through a
plurality of pixels.

[0022] In general, an organic light emitting diode display
includes an anode and a cathode facing each other, and an
organic emission layer interposed between the anode and the
cathode. In such an organic light emitting diode display, the
anode injects holes into the organic emission layer, and the
cathode injects electrons into the organic emission layer.
Among them, the anode is preferably made out of a conduc-
tive material having a high work function in order to enhance
hole injection.

[0023] Recently, an organic light emitting diode display
having a top emission structure to optimize the aperture ratio
has been adopted. In such an organic light emitting diode
display having a top emission structure, the anode has a light
reflecting structure, and the cathode has a light transmitting
structure. Light generated from the organic emission layer is
made visible on the outside through the cathode, and is
reflected by the anode and transmitted through the cathode to
be visible on the outside.

[0024] Inacase where theanode having such a light reflect-
ing structure includes a plurality of layers to enhance light
reflectance and hole injection, the light reflection efficiency is
further improved as compared to the anode employing just a
single layer, but neighboring layers among the plurality of
layers constituting the anode are made out of different metal-
lic materials, thus lowering the work function compared to a
single layer anode.

[0025] In particular, in the case of an anode having an
indium tin oxide (ITO) layer for hole injection and an alumi-
num (Al) layer for light reflection stacked thereon, the work
function at the interface between the indium tin oxide layer
and the aluminum layer is low compared to the work function
of the indium tin oxide layer, thus causing the anode to
decrease in terms of hole injection capability into the organic
emission layer.

[0026] Now, an organic light emitting diode display
according to a first exemplary embodiment will be described
with reference to FIGS. 110 4.

[0027] FIG.1isacross-sectional view schematically show-
ing an organic light emitting diode display 101 according to a
first exemplary embodiment. As shown in FIG. 1, the organic
light emitting diode display 101 according to the first exem-
plary embodiment includes a first substrate 110, a second
substrate 120, a driving circuit 130, and an organic light
emitting diode 140.

[0028] The first substrate 110 is an insulation substrate
made of glass, quartz, ceramic, plastic, or the like, however
the first exemplary embodiment is not limited thereto and the
first substrate 110 may instead be a metallic substrate made of
stainless steel or the like.

[0029] The second substrate 120 faces the first substrate
110, and covers the driving circuit 130 and the organic light
emitting diode 140. The second substrate 120 is made out of
a transparent material such as glass, quartz, ceramic, plastic,
or the like.

[0030] The driving circuit 130 and the organic light emit-
ting diode 140, which are formed on the first substrate 110,
are arranged between the first substrate 110 and the second
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substrate 120. The driving circuit 130 includes switching and
driving thin film transistors 10 and 20 (shown in FIG. 2) to
drive the organic light emitting diode 140. The organic light
emitting diode 140 emits light in response to a driving signal
transmitted from the driving circuit 130 and displays an
image in an upward direction, which is the direction of the
second substrate 120.

[0031] Although concrete structures of the organic light
emitting diode 140 and the driving circuit 130 are shown in
FIGS. 2 and 3, the exemplary embodiment is not limited to the
structures of FIGS. 2 and 3. The organic light emitting diode
140 and the driving circuit 130 can instead have other various
structures and still be within the scope of the present inven-
tion.

[0032] Now, theinternal structure of the organic light emit-
ting diode display 101 according to the first exemplary
embodiment will be described in detail with reference to
FIGS. 2 and 3. FIG. 2 is a layout view showing a structure of
apixel of the organic light emitting diode display 101 accord-
ing to the first exemplary embodiment and FIG. 3 is a cross-
sectional view taken along line of FIG. 2.

[0033] Asillustrated in FIG. 2 and FIG. 3, each pixel of the
organic light emitting diode display 101 includes a switching
thin film transistor 10, a driving thin film transistor 20, a
capacitor 80, and an organic light emitting diode 140. Here,
the combination of the switching thin film transistor 10, the
driving .thin film transistor 20, and the capacitor 80 is referred
to as the driving circuit 130. The driving circuit 130 further
includes a gate line 151 arranged along one direction, a data
line 171 insulated from and crossing the gate line 151, and a
common power line 172. One pixel may be defined by the
gate line 151, the data line 171, and the common line 172, but
the present invention is not necessarily limited thereto.
[0034] The organic light emitting diode 140 includes a first
electrode 710, an organic emission layer 720 formed on the
first electrode 710, and a second electrode 730 formed on the
organic emission layer 720. Here, the first electrode 710 is a
positive (+) electrode serving as a hole injection electrode,
and the second electrode 730 is a negative (-) electrode serv-
ing as an electron injection electrode. That is, holes and
electrons are injected into the organic emission layer 720
from the first electrode 710 and the second electrode 730,
respectively, and when excitons formed by recombinations of
the injected holes and electrons drop from an excited state to
a ground state, the organic emission layer 720 emits light.
[0035] The first electrode 710 includes a plurality of layers,
and a detailed configuration of the first electrode 710 will be
described later.

[0036] Moreover, in the organic light emitting diode dis-
play 101 according to the first exemplary embodiment, the
organic light emitting diode 140 emits light in the direction of
the second substrate 120. That is, the organic light emitting
diode 140 is a top emission type. Here, in order for the organic
light emitting diode 140 to emit light in the direction of the
second substrate 120, the first electrode 710 has a light
reflecting structure and the second electrode 730 has a light
transmitting structure.

[0037] The capacitor 80 includes a pair of capacitor plates
158 and 178 disposed with an interlayer insulating layer 160
interposed therebetween. Here, the interlayer insulating layer
160 is a dielectric material, and storage capacity is deter-
mined by the electric charges stored in the capacitor 80 and
the voltage difference between the capacitor plates 158 and
178.



US 2011/0084279 Al

[0038] The switching thin film transistor 10 includes a
switching semiconductor layer 131, a switching gate elec-
trode 152, a switching source electrode 173, and a switching
drain electrode 174. The driving thin film transistor 20
includes a driving semiconductor layer 132, a driving gate
electrode 155, a driving source electrode 176, and a driving
drain electrode 177. The driving source electrode 176, the
driving drain electrode 177 and the first electrode 710 are
produced simultaneously and each includes a plurality of
layers.

[0039] The switching thin film transistor 10 is used as a
switching element to select a pixel to emit light. The switch-
ing gate electrode 152 is connected to the gate line 151, the
switching source electrode 173 is connected to the data line
171 and the switching drain electrode 174 is spaced apart
from the switching source electrode 173 and is connected to
one of the capacitor plates (158 in this case).

[0040] The driving thin film transistor 20 applies driving
power to the first electrode 710 to emit light from the organic
emission layer 720 of the organic light emitting diode 140 in
the selected pixel. The driving gate electrode 155 is connected
to the capacitor plate 158 that is connected to the switching
drain electrode 174. The driving source electrode 176 and the
other capacitor plate 178 are connected to the common power
line 172. The driving drain electrode 177 is arranged on the
same layer as the first electrode 710 and is connected to the
first electrode 710.

[0041] With the above-described configuration, the switch-
ing thin film transistor 10 is driven by a gate voltage applied
to the gate line 151 and supplies a data voltage applied to the
data line 171 to the driving thin film transistor 20. A voltage
corresponding to the difference between the common volt-
age, which s supplied from the common power line 172 to the
driving thin film transistor 20, and the data voltage, which is
supplied from the switching thin film transistor 10, is stored in
the capacitor 80. A current corresponding to the voltage
stored in the capacitor 80 flows into the organic light emitting
diode 140 through the driving thin film transistor 20 to make
the organic light emitting diode 140 emit light. Light emis-
sion of the organic light emitting diode 140 is carried out
when the first electrode 710 injects holes into the organic
emission layer 720 and the second electrode 730 injects elec-
trons into the organic emission layer 720.

[0042] Now, the plurality of layers constituting the first
electrode 710 in the organic light emitting diode display 101
according to the first exemplary embodiment will be
described in detail with reference to FIG. 4.

[0043] FIG. 4 is a cross-sectional view enlarging a portion
A of FIG. 3. As shown in FIG. 4, the first electrode 710 of the
organic light emitting diode 140 of the organic light emitting
diode display 101 according to the first exemplary embodi-
ment includes a first layer 711, a second layer 712, a third
layer 713, and a fourth layer 714 that are stacked sequentially
from the organic emission layer 720.

[0044] The first layer 711 faces the organic emission layer
720 and is made of indium tin oxide (ITO). The indium tin
oxide constituting the first layer 711 has a work function of
4.7 to 5.8 eV, and has a relatively high work function com-
pared to the second layer 712 and the third layer 713. Control
of the work function of the indium tin oxide can be achieved
by doping impurities into the indium tin oxide or by perform-
ing a plasma treatment on the surface of the indium tin oxide.
[0045] The second layer 712 is arranged between the first
layer 711 and the third layer 713 and includes at least one of
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silver (Ag), molybdenum (Mo), tungsten (W), nickel (Ni),
and platinum (Pt). The second layer 712 has a work function
of 4.2 to 5.5 €V and has a relatively high work function
compared to the third layer 713. Moreover, the second layer
712 has a relatively low work function compared to the first
layer 711. The second layer 712 has a relatively small thick-
ness compared to each of the first layer 711, the third layer
713, and the fourth layer 714, and preferably includes at least
one of silver (Ag), molybdenum (Mo), tungsten (W), nickel
(Ni), and platinum (Pt). As the second layer 712 has a rela-
tively small thickness compared to the first layer 711 and the
third layer 713, this increases interference of the second layer
712 with regard to hole transportation from the third layer 713
to the first layer 711 via the second layer 712. The reason why
it is preferable for the second layer 712 to include silver (Ag)
will be described later.

[0046] The third layer 713 is arranged between the second
layer 712 and the fourth layer 714, and is made of aluminum
(Al) and has a high reflectance. The aluminum constituting
the third layer 713 has a work function 0f3.7 to 3.8 eV, which
is relatively low compared to the first layer 711 and the second
layer 712, but has a high light reflection property, and its
material cost is relatively low compared to that of the first
layer 711 and the second layer 712.

[0047] The fourth layer 714 is made of a different conduc-
tive material than that of the third layer 713 and is preferably
made of indium tin oxide, but is not limited thereto and may
instead be made out of other various conductive materials.
[0048] As seen above, in the organic light emitting diode
display 101 according to the first exemplary embodiment, the
first electrode 710 includes a first layer 711, a second layer
712, a third layer 713, and a fourth layer 714 that are sequen-
tially stacked from the organic emission layer 720. The first
layer 711 has the highest work function of all of the first layer
711, the second layer 712, and the third layer 713, the second
layer 712 has a higher work function than the third layer 713,
and the third layer 713 has the lowest work function of all of
the first layer 711, the second layer 712, and the third layer
713. That is, the work function of the second layer 712 has a
value between the work function of the first layer 711 and the
work function of the third layer 713.

[0049] In this manner, the second layer 712 of the first
electrode 710, which is disposed between the neighboring
first layer 711 and third layer 713, has a work function
between the work function of the first layer 711 and the work
function of the third layer 713, thereby suppressing a decrease
in work function at the interface between the first layer 711
and the, third layer 713. More specifically, the difference in
work function between the second layer 712 and the third
layer 713 is smaller than the difference in work function
between the first layer 711 and the third layer 713, and the
difference in work function between the second layer 712 and
the first layer 711 is smaller than the difference in work
function between the first layer 711 and the third layer 713.
Thus, the second layer 712 serves as a bridge between the first
layer 711 and the third layer 713, thereby suppressing a
decrease in work function at the interface between the first
layer 711 and the second layer 712 that are adjacent to the
organic emission layer 720.

[0050] For example, in a case where the second layer 712
includes only silver (Ag) that has a work function 0f4.2t04.3
eV, the work function of the second layer 712 has a value
between the work function of the first layer 711 and the work
function of the third layer 713. This suppresses a decrease in
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work function at the interface between the first layer 711 and
the third layer 713 generated when the first layer 711 and the
third layer 713 are in direct contact with each other. That is,
the work function at the interface between the first layer 711
and the second layer 712 is higher than the work function at
the interface between the first layer 711 and the third layer
713 generated when the first layer 711 and the third layer 713
are in direct contact with each other.

[0051] As seen above, in the organic light emitting diode
display 101 according to the first exemplary embodiment, the
second layer 712 is not simply interposed between the first
layer 711 made of indium tin oxide and the third layer 713
made of aluminum. Instead, the second layer 712 having a
work function between the work function of the first layer 711
and the work function of the third layer 713 is interposed
between the first layer 711 and the third layer 713 so as to
suppress a decrease in work function at the interface between
the first layer 711 contacting the organic emission layer 720
and a neighboring layer by considering the difference in work
function between the first layer 711 and the third layer 713.
[0052] Moreover, in the organic light emitting diode dis-
play 101 according to the first exemplary embodiment, the
work function of the interface between the first layer 711 and
the second layer 712 stacked from the organic emission layer
720 is higher than the work function at the interface between
the interface between the first layer 711 and the third layer
713 generated when the first layer 711 and the third layer 713
are in direct contact with each other, thus improving the
emission efficiency of the organic emission layer 720. Fur-
thermore, the driving voltage for driving the organic emission
layer 720 is lowered, so that the lifespan of the organic emis-
sion layer 720 is enhanced.

[0053] Now, an organic light emitting diode display
according to a second exemplary embodiment will be
described with reference to FIG. 5.

[0054] FIG.51isacross-sectional view showing a portion of
an organic light emitting diode display according to a second
exemplary embodiment. As shown in FIG. 5, the first elec-
trode 710 of the organic light emitting diode display 102
according to the second exemplary embodiment includes a
first layer 711, a second layer 712, and a third layer 713 that
are stacked sequentially from the organic emission layer 720.
[0055] The first layer 711 faces the organic emission layer
720, and is made of indium tin oxide (ITO). The indium tin
oxide constituting the first layer 711 has a work function of
47 to 5.5 eV, and has a relatively high work function as
compared to each of the second layer 712 and the third layer
713.

[0056] The second layer 712 is arranged between the first
layer 711 and the third layer 713, and is made of silver (Ag).
The second layer 712 has a work function of4.2 to 4.3 eV, and
has a value between the work function of the first layer 711
and the work function of the third layer 713.

[0057] Thethird layer 713 is made of a different conductive
material than the second layer 712 and is preferably made out
of aluminum (Al), but is not limited thereto and may instead
be made out of other various conductive materials.

[0058] As seen above, in the organic light emitting diode
display 102 according to the second exemplary embodiment,
the work function of the second layer 712 has a value between
the work function of the first layer 711 and the work function
of the third layer 713. Thus, the work function at the interface
between the first layer 711 and the second layer 712 stacked
from the organic emission layer 720 is higher than the work
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function at the interface between the first layer 711 and the
third layer 713 generated when the first layer 711 and the third
layer 713 are in direct contact with each other. That is, the
organic light emitting diode display 102 according to the
second exemplary embodiment can suppress a decrease in
work function at the interface of a neighboring layer, thus
improving the emission efficiency of the organic emission
layer 720.

[0059] Furthermore, the driving voltage for driving the
organic emission layer 720 is lowered, so the lifespan of the
organic emission layer 720 is enhanced.

[0060] Now, an organic light emitting diode display
according to a third exemplary embodiment will be described
with reference to FIG. 6.

[0061] FIG. 6isacross-sectional view showing a portion of
an organic light emitting diode display according to a third
exemplary embodiment. As shown in FIG. 6, the first elec-
trode 710 of the organic light emitting diode display 103
according to the third exemplary embodiment includes a first
layer 711, a second layer 712, and a third layer 713 that are
stacked sequentially from the organic emission layer 720.
[0062] The first layer 711 faces the organic emission layer
720 and is made out of a nickel oxide (NiOx) or a lithium-
doped nickel oxide (Li-doped NiOx). The first layer 711 has
awork functionof4.8to 5.5eV, which is higher than the work
function of the second layer 712 and the work function of the
third layer 713.

[0063] The second layer 712 is arranged between the first
layer 711 and the third layer 713, and is made of aluminum.
The second layer 712 has a work function of 3.7 to 3.8 eV, and
has a value between the work function of the first layer 711
and the work function of the third layer 713. The third layer
713 is made of a different conductive material than that of the
second layer 712 and has a lower work function value than
that of the second layer 712.

[0064] As seen above, in the organic light emitting diode
display 103 according to the third exemplary embodiment,
the work function of the second layer 712 has a value between
the work function of the first layer 711 and the work function
of the third 1ayer 713. Thus, the work function at the interface
between the first layer 711 and the second layer 712 stacked
from the organic emission layer 720 is higher than the work
function at the interface between the first layer 711 and the
third layer 713 generated when the first layer 711 and the third
layer 713 are in direct contact with each other. That is, the
organic light emitting diode display 103 according to the third
exemplary embodiment can suppress a decrease in work
function at the interface of a neighboring layer, thus improv-
ing the emission efficiency of the organic emission layer 720.
Furthermore, the driving voltage for driving the organic emis-
sion layer 720 is lowered, so the lifespan of the organic
emission layer 720 is enhanced.

[0065] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An organic light emitting diode display, comprising:

a first electrode arranged on a substrate;

an organic emission layer arranged on the first electrode;
and
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a second electrode arranged on the organic emission layer,

wherein the first electrode includes a first layer, a second
layer and a third layer stacked sequentially on the
organic emission layer, the second layer has a higher
work function than that of the third layer.

2. The organic light emitting diode display of claim 1,
wherein the first layer has a higher work function than the
second layer.

3. The organic light emitting diode display of claim 2,
wherein the second layer is thinner than each of the first layer
and the third layer.

4. The organic light emitting diode display of claim 3,
further comprising a thin film transistor arranged on the sub-
strate and including a source electrode and a drain electrode,
the source electrode and the drain electrode each include the
first layer, the second layer and the third layer.

5. The organic light emitting diode display of claim 4,
wherein the second layer comprises a material selected from
a group consisting of silver (Ag), molybdenum (Mo), tung-
sten (W), nickel (Ni) and platinum (Pt).

6. The organic light emitting diode display of claim 5,
wherein the first electrode further comprises a fourth layer
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arranged on the third layer, the first layer includes indium tin
oxide (ITO), the third layer includes aluminum (Al), and the
fourth layer includes a different conductive material than that
of the third layer.

7. The organic light emitting diode display of claim 6,
wherein the second layer comprises silver (Ag).

8. The organic light emitting diode display of claim 5,
further comprising an interlayer insulating layer arranged
directly on the third layer, the first layer includes indium tin
oxide (ITO) and the third layer includes a different conductive
material than that of the second layer.

9. The organic light emitting diode display of claim 5,
further comprising an interlayer insulating layer arranged
directly on the third layer, the first layer includes a nickel
oxide (NiOx), the second layer includes aluminum (Al) and
the third layer includes a different conductive material than
that of the second layer.

10. The organic light emitting diode display of claim 9,
wherein the first layer 1s doped with lithium.
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