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(57) ABSTRACT

An OLED display according to an exemplary embodiment
includes: a substrate; a plurality of thin film transistors
formed on the substrate; unit pixels formed on the thin film
transistors and including first to third organic emission layers
which are at least parts of respective sub-pixels; a first com-
mon electrode formed on the first organic emission layer; a
second common electrode formed on the second organic
emission layer; and a third common electrode formed on the
third organic emission layer, wherein the first and second
common electrodes are electrically insulated from each other.
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FIG. 1
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FIG. 3
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FIG. 5
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ORGANIC LIGHT EMITTING DIODE
DISPLAY HAVING REDUCED POWER
CONSUMPTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent

[0002] Application No. 10-2013-0083018 filed in the
Korean Intellectual Property Office on Jul. 15, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] (a) Field of the Invention

[0004] The present disclosure relates generally to flat panel
displays. More specifically, the present disclosure relates to
an organic light emitting diode (OLED) display having
reduced power consumption.

[0005] (b) Description of the Related Art

[0006] Display devices which are currently known include
aliquid crystal display (LCD), a plasma display panel (PDP),
an organic light emitting diode (OLED) display, a field effect
display (FED), and an electrophoretic display device.

[0007] The OLED display includes a pixel electrode, a
common electrode, and an organic emission layer disposed
between the pixel electrode and the common electrode. Elec-
trons injected from one electrode are coupled with holes
injected from another electrode on the organic emission layer
to form excitons, where each excitors emits light when it
enters a ground state.

[0008] Inaddition, each pixel formed in the substrate of the
OLED display includes sub-pixels of green, red, and blue
colors. In this case, a common electrode is formed on an
organic emission layer forming each sub-pixel.

[0009] Conventionally, a single common electrode is
formed on every organic emission layer. Accordingly,
although organic emission layers require different levels of
driving voltages depending on colors, the respective organic
emission layers are supplied with the same voltage, thereby
resulting in excessive power consumption.

[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0011] The present invention has been made in an effort to
provide an OLED display of which organic emission layers of
different colors are supplied with different levels of driving
voltages.

[0012] An OLED display according to an exemplary
embodiment of the present invention includes: a substrate; a
plurality of thin film transistors formed on the substrate; unit
pixels formed on the thin film transistor and including first to
third organic emission layers which are at least parts of
respective sub-pixels; a first common electrode formed on the
first organic emission layer; a second common electrode
formed on the second organic emission layer; and a third
common electrode formed on the third organic emission
layer, wherein the first and second common electrodes are
electrically insulated from each other.
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[0013] In this case, the third common electrode may be
connected to the second common electrode.

[0014] The first to third organic emission layers may be at
least parts of red, green, and blue sub-pixels, respectively.
[0015] Thefirst to third common electrodes may be formed
in the same layer.

[0016] Inthis case, the first to third common electrodes may
be made of the same material.

[0017] The third common electrode may be insulated from
the first and second common electrodes.

[0018] The first to third organic emission layers may be at
least parts of red, green, and blue sub-pixels, respectively.
[0019] The OLED display may further include an input pad
formed between the third common electrode and the sub-
strate, and configured to supply a voltage to the third common
electrode.

[0020] Each thin film transistor may include a semiconduc-
tor layer, a gate electrode, a source electrode, and a drain
electrode, and the input pad may be formed in the same layer
of one of the gate electrode, the source electrode, and the
drain electrode of at least one of the thin film transistors.
[0021] The input pad may be made of the same material as
the one of the gate electrode, the source electrode, and the
drain electrode of the at least one of the thin film transistors.
[0022] In another embodiment, an organic light emitting
diode (OLED) display comprises a substrate; a plurality of
sub-pixels formed on the substrate, each of the sub-pixels
having an emission layer configured to emit light; a first
common electrode formed on the emission layers of a first
group of the sub-pixels; and a second common electrode
formed on the emission layers of a second group of the sub-
pixels.

[0023] The first and second common electrodes may be
electrically insulated from each other.

[0024] The first group of the sub-pixels may comprise red
sub-pixels. The second group of the sub-pixels may comprise
blue and green sub-pixels.

[0025] The OLED display may further comprise a third
common electrode formed on the emission layers of a third
group of the sub-pixels, wherein the third common electrode
is electrically insulated from both the first and second com-
mon electrodes.

[0026] Thethird group of the sub-pixels may comprise blue
sub-pixels.
[0027] In the OLED display according to the exemplary

embodiment of the present invention, the respective organic
emission layers of different colors are supplied with different
levels of driving voltages so that power consumption of the
OLED display can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1is a layout view of a plurality of pixels in an
OLED display.
[0029] FIG.2is across-sectional view ofthe OLED display

of FIG. 1, taken along the line II-II, where one common
electrode is formed on first to third organic emission layers in
the OLED display.

[0030] FIG. 3isa layout view of an OLED display accord-
ing to an exemplary embodiment.

[0031] FIG. 4is across-sectional view ofthe OLED display
of FIG. 3, taken along the line IV-IV.

[0032] FIG. 5isa layout view of an OLED display accord-
ing to another exemplary embodiment.
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[0033] FIG. 6isacross-sectional view ofthe OLED display
FIG. 5, taken along the line VI-VL

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] 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. The drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0035] Further, a size or a thickness of each component
illustrated in the drawings is arbitrarily selected for better
understanding and ease of description, and the present inven-
tion is not limited to the illustrated size or thickness.

[0036] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Further, in the
drawings, for better understanding and ease of description, a
thickness of some layers and regions is exaggerated. 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.

[0037] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the inclu-
sion of stated elements but not the exclusion of any other
elements. Further, in the specification, the word “on” means
positioning on or below the object portion, but does not essen-
tially mean positioning on the upper side of the object portion
based on a gravity direction.

[0038] Various features of the disclosed embodiments, as
well as others, can be employed in various combinations, all
falling within the scope of the invention.

[0039] Referring to FIG. 3 and FIG. 4, an organic light
emitting diode (OLED) display according to an exemplary
embodiment can control organic emission layers forming a
plurality of sub-pixels to be supplied with different voltages
by forming common electrodes respectively covering the
organic emission layers in an insulated manner.

[0040] Referring to FIG. 3 and FIG. 4, the OLED display
according to the exemplary embodiment includes a substrate
110, one or more thin film transistors 20, first to third organic
emission layers 720R, 720G, and 720B, and first to third
common electrodes 731, 733, and 733. Here, the second and
third common electrodes 733, 733 are parts of a single unitary
whole (although this need not necessarily be the case, and the
two electrodes 733, 733 can be separate electrodes that are
electrically connected). The two electrodes 733, 733 are dis-
tinguished by the different sub-pixels they cover. Here, each
of the two electrodes 733, 733 covers sub-pixels of different
color.

[0041] In the following description, a thin film transistor
applied to the OLED display will be described, focusing on a
driving thin film transistor as between a switching thin film
transistor and a driving thin film transistor.

[0042] Referring to FIG. 4, the substrate 110 may be
formed of an insulating material such as glass, quartz,
ceramic, plastic, and the like. However, the present invention
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is not limited thereto, and the substrate 110 may be formed as
a metallic substrate made of stainless steel and the like.
[0043] In addition, a buffer layer 120 is formed on the
substrate 110. The buffer layer 120 prevents permeation of
impurity elements and smoothes the surface of the substrate
110. In this case, the buffer layer 120 may be made of various
known materials that can perform the above-stated functions.
[0044] Driving semiconductor layers 132 are formed onthe
buffer layer 120. Each driving semiconductor layer 132 is
formed from a polysilicon layer. In addition, each driving
semiconductor layer 132 includes a channel area 135 in
which impurities are not doped, and a source area 136 and a
drain area 137 formed at respective sides of the channel area
135. The source area 136 and the drain area 137 are p+ doped.
[0045] Meanwhile, a gate insulating layer 140 is formed on
each of the driving semiconductor layers 132. The gate insu-
lating layer 140 may be made of a silicon nitride S,N_ or a
silicon oxide S,0..

[0046] In addition, gate wires including driving gate elec-
trodes 155 are formed on the gate insulating layer 140. In this
case, each driving gate electrode 155 overlaps at least a part of
the driving semiconductor layer 132, particularly, the channel
area 135.

[0047] Interlayer insulating layers 160 that cover the driv-
ing gate electrodes 155 are formed on the gate insulating layer
140. The gate insulating layer 140 and the interlayer insulat-
ing layer 160 have through-holes that expose the source areas
136 and the drain electrodes 137 of each driving semiconduc-
tor layer 132. In this case, like the gate insulating layer 140,
the interlayer insulating layer 160 is formed using a ceramic-
based material such as a silicon nitride S,N_ or asilicon oxide
S,0,.

[0048] In addition, data wires including a driving source
electrode 176 and a driving drain electrode 177 are formed on
the interlayer insulating layer 140 over each transistor 20. In
this case, the driving source electrode 176 and the driving
drain electrode 177 are respectively connected to the source
area 136 and the drain area 137 of the driving semiconductor
layer 132 through through-holes formed in the interlayer
insulating layer 160 and the gate insulating layer 140.
[0049] As described, a driving thin film transistor 20
including the driving semiconductor layer 132, the driving
gate electrode 155, the driving source electrode 176, and the
driving drain electrode 177 is formed. The configuration of
the driving thin film transistor 20 is not limited to the above-
stated example, and may be any other suitable transistor con-
figuration, as will be understood by one of ordinary skill in the
art.

[0050] Meanwhile, planarization layers 180 covering the
data wires 176 and 177 are formed on the respective interlayer
insulating layers 160. Each planarization layer 180 planarizes
the surface over the data wires 176 and 177, to improve
luminous efficiency of organic light emitting elements 71R,
71G, and 71B that are formed on the planarization layer 180.
In this case, the planarization layer 180 includes electrode
contact holes that partially expose each driving drain elec-
trode 177.

[0051] Pixel electrodes 710 of the organic light emitting
elements 71R, 71G, and 71B are formed on the planarization
layers 180. That is, the OLED display includes a plurality of
pixel electrodes 710 respectively arranged in each of the
plurality of sub-pixels.

[0052] Referring to FIG. 4, the pixel electrodes 710 are
disposed at a distance from each other. A single pixel elec-
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trode 710 is provided in each of the organic light emitting
elements 71R, 71G, and 71B. In this case, each pixel elec-
trode 710 is connected to its drain electrode 177 through an
electrode contact hole 182 formed in the planarization layer
180.

[0053] In addition, a pixel defining layer 190 having open-
ings that expose each pixel electrode 710 is formed on the
planarization layer 180. That is, the pixel defining layer 190
includes a plurality of openings formed over and defining the
respective sub-pixels. The pixel electrodes 710 are disposed
to correspond to the openings of the pixel defining layer 190.
[0054] Organic emission layers 720R, 720G, and 720B are
formed on the pixel electrodes 710, and common electrodes
731 and 733 are formed on the organic emission layers layer
720R, 720G, and 720B. Thus, the organic light emitting ele-
ments 71R, 71G, and 71B that include the pixel electrode 710,
the organic emission layers 720R, 720G, and 720B, and the
common electrodes 731 and 733 are formed.

[0055] The organic emission layers 720R, 720G, and 720B
are made of a low molecular organic material or a high
molecular organic material. In addition, the organic emission
layers 720R, 720G, and 720B may respectively be formed in
a multilayer configuration including an emission layer and at
least one of a hole injection layer (HIL), a hole transport layer
(HTL), an electron transport layer (ETL), and an electron
injection layer (EIL). In a case where the organic emission
layers 720R, 720G, and 720B include each of these layers, the
hole-injection layer (HIL) is disposed on the pixel electrode
710 which is the anode, and the hole-transporting layer
(HTL), the emission layer, the electron-transporting layer
(ETL), and the electron-injection layer (EIL) are sequentially
stacked thereon.

[0056] Meanwhile, the organic emission layers 720R,
720G, and 720B are distinguished with colors such as red,
green, blue, and the like according to a material and a type of
the emission layer. In the description of the OLED display
according to the exemplary embodiment, the organic emis-
sion layer 720R, the organic emission layer 720G, and the
organic emission layer 720B will be respectively described as
a red organic emission layer 720R, a green organic emission
layer 720G, and a blue organic emission layer 720B.

[0057] The pixel electrodes 710 and the common elec-
trodes 731 and 733 may respectively be made of a transparent
conductive material or a semi-transmissive or a reflective
conductive material. Depending on the type of the material of
the pixel electrodes 710 and the common electrodes 731 and
733, the OLED display may be classified as a front emission
type, a bottom emission type, or a dual emission type of
OLED display.

[0058] Referring to FIG. 3 and FIG. 4, according to this
exemplary embodiment, a first common electrode 731 dis-
posed on the organic emission layer 720R may be insulated
from second and third common electrodes 733 respectively
disposed on the organic emission layers 720G and 720B. In
further detail, the first common electrode 731 is separated
(i.e., electrically insulated) from the second and third com-
mon electrodes 733.

[0059] Now, an insulation structure of the common elec-
trodes 731 and 733 will be described in comparison with a
structure of common electrodes of a general OLED display of
FIG. 1 and FIG. 2.

[0060] FIG. 1 shows alignment of a plurality of pixels in a
substrate of an OLED display. In FIG. 1, R, G, and B respec-
tively show organic emission layers 720R, 720G, and 720B of
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FIG. 2. In the embodiment of FIGS. 3 and 4, multiple com-
mon electrodes are formed on the organic emission layers
720R, 720G, and 720B.

[0061] However, in FIG. 1 and FIG. 2, a single common
electrode 730 is formed on the organic emission layers 720R,
720G, and 720B. That is, the single common electrode 730
covers all the organic emission layers 720R, 720G, and 720B.
Accordingly, the organic emission layers 720R, 720G, and
7208 are respectively supplied with the same driving voltage
through the common electrode 730. Thus, although the
organic emission layers 720R, 720G, and 720B require dif-
ferent driving voltages for different light emission colors,
they are supplied with the same driving voltage.

[0062] However, in the embodiment of FIGS. 3 and 4, the
common electrodes 731 and 733 formed on the organic emis-
sion layers 720R, 720G, and 720B are formed to be insulated
from each other according to the organic emission layers
720R, 720G, and 720B respectively disposed therebelow.

[0063] Referring to FIG. 3, the first common electrode 731
is formed on the red organic emission layers 720R. In addi-
tion, the common electrodes 733 respectively formed on the
green organic emission layers 720G and the blue organic
emission layers 720B are formed as a single common elec-
trode 733. That is, a single common electrode 733 covers the
organic emission layers 720G and 720B. Thus, the second
commor electrode 733 and the third common electrode 733
of F1G. 4 are connected to each other.

[0064] Accordingly, the first common electrode 731 is
insulated from the second common electrode 733. Also, the
first common electrode 731 is insulated from the third com-
mon electrode 733. Therefore, a driving voltage supplied
through the first common electrode 731 may be different from
a driving voltage supplied through the second and third com-
mon electrodes 733.

[0065] For example, in the OLED display, the red organic
emission layer, the green organic emission layer, and the blue
organic emission layer may be respectively supplied with
driving voltages of 5.2V, 4.4V, and 4.4 V. When the common
electrodes are provided as a single common electrode, a driv-
ing voltage should be supplied as the highest driving voltage
with reference to the red organic emission layer, even though
the organic emission layers require different levels of driving
voltages.

[0066] However, according to the exemplary embodiment,
since the common electrodes of the red organic emission
layer and the green organic emission layer (also including the
blue organic emission layer) are insulated from each other,
the red organic emission layer and the green organic emission
layer (also including the blue organic emission layer) can be
supplied with different levels of driving voltages.

[0067] In this case, the first common electrode 731 may
include a first input terminal 731a that is supplied with a
voltage from an external source. In addition, the second and
third common electrodes 733 may include a second input
terminal 733a. Thus, the first common electrode 731 and the
second and third common electrodes 733 can be supplied
with different levels of driving voltages respectively though
the first input terminal 731a and the second input terminal
733a.

[0068] Meanwhile, the common electrodes 731 and 733
respectively formed on the organic emission layers 720R,
720G, and 720B may be formed of the same layer. In a
process for layering the common electrodes, separated pat-
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terns may be used to form the first common electrode 731 and
the second common electrodes 733, as shown in FIG. 3.

[0069] Further, the first to third common electrodes 731 and
733 may be made of the same material. As described above,
the first to third common electrodes 731 and 733 may be made
of a transparent conductive material or a semi-transmissive or
reflective conductive material.

[0070] Referring to FIG. 5§ and FIG. 6, in an OLED display
according to another exemplary embodiment, first to third
common electrodes 751, 753, and 755 are formed to be insu-
lated from each other. That is, as shown in FIG. 5, the first to
third common electrodes 751, 753, and 755 are separated and
spaced apart from each other.

[0071] According to the present exemplary embodiment,
the first to third common electrodes 751, 753, and 755 are
respectively disposed on first to third organic emission layers
720R, 720G, and 720B. In this case, the first to third common
electrodes 751, 753, and 755 are insulated from each other.
Thatis, unlike the second and third common electrodes 733 of
FIG. 3 and FIG. 4, the second and third common electrodes
753 and 755 of the present exemplary embodiment are insu-
lated from each other.

[0072] Accordingly, the first to third organic emission lay-
ers 720R, 720G, and 720B can be supplied with different
levels of driving voltages by the insulated first to third com-
mon electrodes 751, 753, and 755.

[0073] Thus, when the first to third organic emission layers
720R, 720G, and 720B of red, green, and blue colors require
different driving voltages, they can be supplied with respec-
tively corresponding levels of driving voltages.

[0074] In this case, the first common electrode 751 may
include a first input terminal 7514 that can be supplied with a
voltage from an external source. In addition, the second com-
mon electrode 753 also can be supplied with a voltage from an
external source through a second input terminal 753a.

[0075] Referring to FIG. 5, an input pad 810 may further be
included to supply a driving voltage to the third common
electrode 755. In this case, the input pad 810 may be formed
below the third common electrode 755.

[0076] Theinput pad 810 may be formed of the same layer
of one of a gate electrode 155, a source electrode 176, and a
drain electrode 177. That is, the input pad 810 and one of the
gate electrode 155, the source electrode 176, and the drain
electrode 177 may be substantially simultaneously formed.

[0077] In addition, the input pad 810 may be made of the
same material as that of the gate electrode 155, source elec-
trode 176, or drain electrode 177.

[0078] For example, when the input pad 810 is formed of
the same material as the gate electrode 155, the input pad 810
may be formed when the gate electrode 155 is layered. In this
case, the input pad 810 may be made of the same material as
the gate electrode 155.

[0079] Meanwhile, an insulation layer may be formed
between the input pad 810 and the common electrodes. The
insulation layer is provided to prevent the input pad 810 from
being connected with the first and second common electrodes
751 and 753.

[0080] In this case, openings 811 that expose the input pad
810 may be formed in the insulation layer to connect the input
pad 810 with the third common electrodes 755. In addition, a
third input terminal 8104 may be formed in the input pad 810
for receiving a voltage from an external source. Therefore, the
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voltage input through the third input terminal 810a may be
supplied to the third common electrodes 755 through the
input pads 810.

[0081] In the OLED display of the exemplary embodi-
ments, the common electrodes formed on the organic emis-
sion layers are formed to be insulated from each other to
provide different levels of driving voltages to the organic
emission layers of different colors, to thereby reduce power
consumption of the OLED display.

[0082] While this invention 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.

<Description of Symbols>

110: substrate
155: gate electrode

20: thin film transistor
132: semiconductor layer
176: source electrode 177: drain electrode

720R: first organic emission layer ~ 720G: second organic emission layer
720B: third organic emission layer 731, 751: first common electrode
733, 753: second common 755: third common electrode
electrode

What is claimed is:

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

a substrate;

a plurality of thin film transistors formed on the substrate;

unit pixels formed on the thin film transistors and including

first to third organic emission layers which are at least
parts of respective sub-pixels;

a first common electrode formed on the first organic emis-

sion layer;

a second common electrode formed on the second organic

emission layer; and

a third common electrode formed on the third organic

emission layer,

wherein the first and second common electrodes are elec-

trically insulated from each other.

2. The OLED display of'claim 1, wherein the third common
electrode is connected to the second common electrode.

3. The OLED display of claim 2, wherein the first to third
organic emission layers are at least parts of red, green, and
blue sub-pixels, respectively.

4. The OLED display of claim 1, wherein the first to third
common electrodes are formed in the same layer.

5. The OLED display of claim 4, wherein the first to third
common electrodes are made of the same material.

6. The OLED display of claim 1, wherein the third common
electrode is insulated from the first and second common elec-
trodes.

7. The OLED display of claim 6, wherein the first to third
organic emission layers are at least parts of red, green, and
blue sub-pixels, respectively.

8. The OLED display of claim 7, further comprising an
input pad formed between the third common electrode and
the substrate, the input pad configured to supply a voltage to
the third common electrode.

9. The OLED display of claim 8, wherein each thin film
transistor comprises a semiconductor layer, a gate electrode,
a source electrode, and a drain electrode, and the input pad is
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formed in the same layer as one of the gate electrode, the
source electrode, and the drain electrode of at least one of the
thin film transistors.

10. The OLED display of claim 9, wherein the input pad is
made of the same material as the one of the gate electrode, the
source electrode, and the drain electrode of at least one of the
thin film transistors.

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

a substrate;

a plurality of sub-pixels formed on the substrate, each of
the sub-pixels having an emission layer configured to
emit light;

a first common electrode formed on the emission layers of
a first group of the sub-pixels; and

asecond common electrode formed on the emission layers
of a second group of the sub-pixels;

wherein the first and second common electrodes are elec-
trically insulated from each other.

12. The OLED display of claim 11, wherein the first group

of the sub-pixels comprises red sub-pixels.

13. The OLED display of claim 12, wherein the second
group of the sub-pixels comprises blue and green sub-pixels.

14. The OLED display of claim 11, further comprising a
third common electrode formed on the emission layers of a
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third group of the sub-pixels, wherein the third common
electrode is electrically insulated from both the first and sec-
ond common electrodes.

15. The OLED display of claim 14, wherein the first group
of the sub-pixels comprises red sub-pixels.

16. The OLED display of claim 15, wherein the second
group of the sub-pixels comprises green sub-pixels.

17.The OLED display of claim 16, wherein the third group
of the sub-pixels comprises blue sub-pixels.

18. The OLED display of claim 14, further comprising an
input pad formed between the third common electrode and
the substrate, the input pad configured to supply a voltage to
the third common electrode.

19. The OLED display of claim 18, further comprising a
plurality of thin film transistors, wherein each thin film tran-
sistor comprises a semiconductor layer, a gate electrode, a
source electrode, and a drain electrode, and the input pad is
formed in the same layer as one of the gate electrode, the
source electrode, and the drain electrode of at least one of the
thin film transistors.

20. The OLED display of claim 19, wherein the input pad
is made of the same material as the one of the gate electrode,
the source electrode, and the drain electrode of at least one of
the thin film transistors.

* ok %k
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