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57 ABSTRACT

An organic light emitting diode (OLED) display device
including: a substrate; first, second and third thin film
transistors sequentially laminated over the substrate; a pixel
definition layer formed over the substrate and defining a
pixel area; and first, second and third organic light emitting
diode elements formed over the substrate, sequentially lami-
nated in the pixel area, and respectively connected to the
first, second and third thin film transistors.

21 Claims, 8 Drawing Sheets
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0019675 filed in the
Korean Intellectual Property Office on Feb. 9, 2015, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

(a) Field

The present disclosure relates to an organic light emitting
diode (OLED) display and a manufacturing method thereof,
and more particularly, to an OLED display that can provide
high resolution, and a manufacturing method thereof.

(b) Discussion of the Related Technology

Currently, as generally known display devices, there are a
liquid crystal display (LCD), a plasma display panel (PDP),
an organic light emitting diode (OLED) display, a field effect
display (FED), an electrophoretic display, and the like.

Particularly, the OLED display includes an array of pix-
els, each of which includes two electrodes and an organic
emission layer interposed therebetween. Electrons injected
from one electrode and holes injected from the other elec-
trode are combined in the organic emission layer to generate
excitons, and the generated excitons release energy to emit
light.

The OLED display may have a reduced thickness and
weight since it has a self-luminance characteristic and does
not require an additional light source, unlike the LCD.

In addition, the OLED display is receiving attention as a
next generation display device since it represents high
quality characteristics such as low power consumption, high
luminance, and high response speed.

Recently, a high resolution OLED display is required, but
such a high resolution display device has a limitation in
increasing the number of pixels within a limited area
because an aperture ratio of the pixels deteriorates.

The above information disclosed in this Background
section is only for enhancement of understanding of the
background of the invention, and does not constitute an
admission of the prior art.

SUMMARY

One aspect of the invention provides a high resolution
organic light emitting diode (OLED) display that is capable
of increasing the number of pixels formed in a limited area
and preventing a decrease in an aperture ratio, and a manu-
facturing method thereof.

Another aspect of the invention provides an organic light
emitting diode (OLED) display device, which may com-
prise: a substrate; first, second and third thin film transistors
sequentially laminated over the substrate; a pixel definition
layer formed over the substrate and defining a pixel area; and
first, second and third organic light emitting diode elements
formed over the substrate, sequentially laminated in the
pixel area, and respectively connected to the first, second
and third thin film transistors.

In the foregoing device, the device may further comprise
a first insulating layer formed between the first and second
organic light emitting diode elements, and a second insu-
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lating layer formed between the second and third organic
light emitting diode elements. Each of the first, second and
third organic light emitting diode elements may comprise: a
first electrode formed over the substrate; a light emission
layer formed over the first pixel electrode; and a second
electrode formed over the first emission layer, wherein the
light emission layer is disposed between the first and second
electrodes. The first, second and third thin film transistors
may be electrically connected to the first electrodes of the
first, second and third organic light emitting diode elements,
respectively. The first electrode, the light emission layer and
the second electrode may overlap when viewed in a direc-
tion perpendicular to a major surface of the substrate. The
first electrode, the light emission layer and the second
electrode may overlap when viewed in a direction parallel to
a major surface of the substrate. The light emission layer
may comprise a hole-injection layer, a hole-transporting
layer, an organic layer configured to emit light, an electron-
transporting layer, and an electron-injection layer which are
sequentially laminated.

Still in the foregoing device, the first, second and third
organic light emitting diode elements may overlap when
viewed in a direction perpendicular to a major surface of the
substrate, wherein the device may comprise an array of
pixels formed over the substrate, each of the pixels com-
prising the first, second and third organic light emitting
diode elements. The first, second and third organic light
emitting diode elements may be configured to emit red
colored light, green colored light and blue colored light,
respectively. Each of the first, second and third thin film
transistors may comprise an active semiconductor layer, a
gate electrode and an insulation layer disposed between the
active semiconductor layer and the gate electrode, wherein
the active semiconductor layer and the gate electrode may
overlap when viewed in a direction perpendicular to a major
surface of the substrate.

Still another aspect of the invention provides a method of
making an OLED display, which comprises: providing a
substrate; forming first, second and third thin film transistors
sequentially disposed over the substrate; forming a pixel
definition layer over the substrate to define a pixel area;
forming a first organic light emitting diode element in the
pixel area over the substrate; forming a first insulating layer
over the first organic light emitting diode element; forming
a second organic light emitting diode element over the first
insulating layer; forming a second insulating layer over the
second organic light emitting diode element; and forming a
third organic light emitting diode element over the second
insulating layer.

In the foregoing method, the first, second and third
organic light emitting diode elements may be connected to
first, second and third thin film transistors, respectively.
Each of the first, second and third organic light emitting
diode elements may comprise: a first electrode formed over
the substrate; a light emission layer formed over the first
pixel electrode; and a second electrode formed over the first
emission layer, wherein the light emission layer is disposed
between the first and second electrodes. The first, second and
third thin film transistors may be electrically connected to
the first electrodes of the first, second and third organic light
emitting diode elements, respectively. The first electrode, the
light emission layer and the second electrode may overlap
when viewed in a direction perpendicular to a major surface
of the substrate. The first electrode, the light emission layer
and the second electrode may overlap when viewed in a
direction parallel to a major surface of the substrate.
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Still in the foregoing method, the first, second and third
organic light emitting diode elements may overlap when
viewed in a direction perpendicular to a major surface of the
substrate, wherein the device may comprise an array of
pixels over the major surface, each of the pixels comprising
the first, second and third organic light emitting diode
elements. The second electrodes of the first, second and third
organic light emitting diode elements may be electrically
connected to one another to form a common electrode. The
light emission layer may comprise a hole-injection layer, a
hole-transporting layer, an organic emission layer, an elec-
tron-transporting layer, and an electron-injection layer that
are sequentially stacked. Each of the first, second and third
thin film transistors may comprise an active semiconductor
layer, a gate electrode and an insulation layer disposed
between the active semiconductor layer and the gate elec-
trode, wherein the active semiconductor layer and the gate
electrode overlap when viewed in a direction perpendicular
to a major surface of the substrate.

An OLED display according to an embodiment includes:
a substrate; first to third thin film transistors sequentially
laminated on the substrate; a pixel definition layer formed on
the substrate and defining a pixel area; and first to third
organic light emitting elements formed on the substrate,
sequentially laminated in the pixel area, and respectively
connected to the first to third thin film transistors.

The OLED display may further include a first insulating
layer formed between the first and second organic light
emitting elements, and a second insulating layer formed
between the second and third organic light emitting ele-
ments.

The first organic light emitting element may include: a
first pixel electrode formed on the substrate; a first emission
layer formed on the first pixel electrode; and a first common
electrode formed on the first emission layer.

The first thin film transistor may be electrically connected
to the first pixel electrode.

The second organic light emitting element may include: a
second pixel electrode formed on the first insulating layer; a
second emission layer formed on the second pixel electrode;
and a second common electrode formed on the second
emission layer.

The second thin film transistor may be electrically con-
nected to the second pixel electrode.

The third organic light emitting element may include: a
third pixel electrode formed on the second insulating layer;
a third emission layer formed on the third pixel electrode;
and a third common electrode formed on the third emission
layer.

The third thin film transistor may be electrically con-
nected to the third pixel electrode.

The first to third emission layers may be red, green, and
blue emission layers, respectively.

The first to third emission layers may be sequentially
laminated with a hole-injection layer, a hole-transporting
layer, an organic emission layer, an electron-transporting
layer, and an electron-injection layer, respectively.

A manufacturing method of an OLED display according
to an embodiment may include: preparing a substrate;
sequentially forming first to third thin film transistors on the
substrate; forming a pixel definition layer on the substrate to
define a pixel area; forming a first organic light emitting
element in the pixel area on the substrate; forming a first
insulating layer on the first organic light emitting element;
forming a second organic light emitting element on the first
insulating layer; and forming a second insulating layer on
the second organic light emitting element.
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The first to third organic light emitting elements may be
connected to first to third thin film transistors, respectively.

The first organic light emitting element may include: a
first pixel electrode formed on the substrate; a first emission
layer formed on the first pixel electrode; and a first common
electrode formed on the first emission layer.

The first thin film transistor may be electrically connected
to the first pixel electrode.

The second organic light emitting element may include: a
second pixel electrode formed on the first insulating layer; a
second emission layer formed on the second pixel electrode;
and a second common electrode formed on the second
emission layer.

The second thin film transistor may be electrically con-
nected to the second pixel electrode.

The third organic light emitting element may include: a
third pixel electrode formed on the second insulating layer;
a third emission layer formed on the third pixel electrode;
and a third common electrode formed on the third emission
layer.

The third thin film transistor may be electrically con-
nected to the third pixel electrode.

The first to third emission layers may be sequentially
laminated with a hole-injection layer, a hole-transporting
layer, an organic emission layer, an electron-transporting
layer, and an electron-injection layer, respectively.

According to the OLED display and a manufacturing
method thereof described above, not only can the number of
pixels formed in the limited area of the OLED display be
increased, but the decrease in an aperture ratio can be
prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an organic light emitting
diode (OLED) display.

FIG. 2 is a schematic diagram of an OLED display
according to an embodiment of the present invention.

FIG. 3 is an equivalent circuit diagram of one pixel of the
OLED display according to the embodiment of the present
invention.

FIGS. 4 to 8 are drawings sequentially illustrating a
manufacturing process of an OLED display according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
more fully hereinafter with reference to the accompanying
drawings, in which 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.

On the contrary, embodiments introduced herein are pro-
vided to make disclosed contents thorough and complete and
to sufficiently transfer the spirit to those skilled in the art.

In the drawings, the thickness of layers and regions may
be exaggerated for clarity.

In addition, when a layer is described to be formed “on”
another layer or substrate, this means that the layer may be
formed directly on the other layer or substrate, or a third
layer may be interposed between the layer and the other
layer or the substrate.

Like reference numerals designate like elements through-
out the specification.
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An organic light emitting diode (OLED) display accord-
ing to an embodiment will now be described with reference
to FIGS. 2 and 3.

FIG. 2 is a schematic diagram of an OLED display
according to an embodiment of the present invention, and
FIG. 3 is an equivalent circuit diagram of one pixel of the
OLED display according to the embodiment of the present
invention.

Referring to FIG. 2, in the OLED display according to the
embodiment of the present invention, first, second and third
organic light emitting elements OL1, OL2, and OL3 are
sequentially laminated on a substrate 100.

In this case, the first, second and third organic light
emitting elements OL1, OL2, and OL3 may be disposed to
overlap.

In addition, first, second and third thin film transistors
TFT1, TFT2, and TFT3 are sequentially laminated to be
connected to the first, second and third orgamic light emitting
elements OL1, OL2, and OL3, respectively.

In addition, the first, second and third thin film transistors
TFT1, TFT2, and TFT3 may be disposed to overlap.

In the OLED display, one pixel consists of a plurality of
subpixels.

For example, one pixel may include a red subpixel, a
green subpixel, and a blue subpixel, which may emit red
colored light, green colored light and blue colored right.

According to the embodiment of the present invention,
the first, second and third organic light emitting elements
OL1, OL2, and OL3 corresponding to the plurality of
subpixels may be sequentially laminated and disposed.

In embodiments, as shown in FIG. 2, the first, second and
third organic light emitting elements OL1, OL2, and OL3
may be disposed to overlap each other.

In a typical OLED display, the plurality of subpixels
included in one pixel are disposed in a horizontal plane
without overlapping each other.

For example, as shown in FIG. 1, a red subpixel OL1, a
green subpixel OL2, and a blue subpixel OL3 are disposed
in the same horizontal plane.

In addition, the red, green, and blue subpixels OL1, OL2,
and OL3 may be connected to and controlled by the indi-
vidual thin film transistors TFT1, TFT2, and TFT3, respec-
tively.

In this typical arrangement, the thin film transistors TFT1,
TFT2, and TFT3 are disposed in the horizontal direction.

According to the embodiment of the present invention,
the first, second and third organic light emitting elements
OL1, OL2, and OL3 may be sequentially laminated and
disposed, as described above.

In addition, the first, second and third thin film transistors
TFT1, TFT2, and TFT3 may be sequentially laminated and
disposed to be connected to the first, second and third
organic light emitting elements OL1, OL2, and OL3, respec-
tively.

Compared with the typical OLED display, the number of
pixels that can be formed in a single region increases or the
area of each sub-pixel increases.

According to the embodiment of the present invention,
three times the number of pixels of the typical OLED display
can be formed in the single area.

Accordingly, a high-resolution display device may be
implemented through the OLED display according to the
embodiment of the present invention.

Meanwhile, according to the embodiment of the present
invention, first and second insulating layers 1L1 and IL.2 may
be disposed between the first, and second organic light
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emitting elements OL1 and OL2, and between the second
and third organic light emitting elements OL2 and OL3,
respectively.

The first and second insulating layers 111 and IL2 are
disposed between the respective organic light emitting ele-
ments OL1, OL2, and OL3 to prevent the organic light
emitting elements OL1, OL2, and OL3 from being short-
circuited.

More specifically, the first insulating layer IL1 may be
formed between the first organic light emitting element OL1
and the second organic light emitting element OL2.

The second insulating layer 112 may be formed between
the second organic light emitting element OL2 and the third
organic light emitting element OL3.

In this case, the first and second insulating layers I[.1 and
IL.2 may be formed of an organic or inorganic insulating
material.

In this case, the first organic light emitting element OL1
includes a first pixel electrode, a first light emission layer,
and a first common electrode.

The first pixel electrode may be formed of a transparent
conductive material such as indium tin oxide (ITO), indium
zine oxide (1Z0), zinc oxide (Zn0), indium oxide (In,0;),
etc., or a reflective metal such as lithium, calcium, lithium
fluoride/calcium, lithium fluoride/aluminum, aluminum, sil-
ver, magnesium, gold, etc.

In this case, the first pixel electrode may be electrically
connected to a driving drain electrode of the aforementioned
first thin film transistor TFT1 and the like.

The first emission layer may be formed on the first pixel
electrode.

The first emission layer may include a red organic emis-
sion layer for emitting red light, a green organic emission
layer for emitting green light, and a blue organic emission
layer for emitting blue light. The red, green, and blue organic
emission layers realize color images of red, green, and blue,
respectively.

In the first embodiment of the present invention, the first
emission layer may be the red organic emission layer.

More specifically, the first emission layer is formed as
multiple layers including one or more of the emission layer,
a hole-injection layer (HIL), a hole-transporting layer
(HTL), an electron-transporting layer (ETL), and an elec-
tron-injection layer (EIL).

According to the embodiment of the present invention,
the first emission layer may include all of them, and the HIL,
the HTL, the organic emission layer, the ETL, and the EIL
may be sequentially laminated on the first pixel electrode.

In addition, the first common electrode may be formed on
the first emission layer.

The first common electrode may be formed of a trans-
parent conductive material such as indium tin oxide (ITO),
indium zinc oxide (I1Z0), zinc oxide (ZnQ), indium oxide
(In,0,), etc.

Meanwhile, the second organic light emitting element
OL2 may be formed on the first organic light emitting
element OL1.

As described above, the first insulating layer IL1 is
positioned between the first and second organic light emit-
ting elements OL1 and OL2.

The second organic light emitting element OL2 includes
a second pixel electrode, a second light emission layer, and
a second common electrode.

The second pixel electrode may be formed on the afore-
mentioned first insulating layer IL1.
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The second pixel electrode may be formed of a transpar-
ent conductive material such as indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnQO), indium oxide
(In,0,), etc.

Since the second pixel electrode is formed of the trans-
parent conductive material, light emitted from the first
organic light emitting element OL1 therebelow may be
transmitted through the second organic light emitting ele-
ment OL2.

In this case, the second pixel electrode may be electrically
connected to a driving drain electrode of the aforementioned
second thin film transistor TFT2 and the like.

The second emission layer may be formed on the second
pixel electrode.

The second emission layer may include a red organic
emission layer for emitting red light, a green organic emis-
sion layer for emitting green light, and a blue organic
emission layer for emitting blue light. The red, green, and
blue organic emission layers realize color images of red,
green, and blue, respectively.

In the first embodiment of the present invention, the
second emission layer may be the green organic emission
layer.

More specifically, the second emission layer is formed as
multiple layers including one or more of the emission layer,
a hole-injection layer (HIL), a hole-transporting layer
(HTL), an electron-transporting layer (ETL), and an elec-
tron-injection layer.

According to the embodiment of the present invention,
the second emission layer may include all of them, and the
HIL, the HTL, the organic emission layer, the ETL, and the
EIL. may be sequentially laminated on the second pixel
electrode.

In addition, the second common electrode may be formed
on the second emission layer.

The second common electrode may be formed of a
transparent conductive material such as indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (Zn0O), indium
oxide (In,0;), etc.

The third organic light emitting element OL3 may be
formed on the second organic light emitting element OL2.

As described above, the second insulating layer 112 is
positioned between the second and third organic light emit-
ting elements OL2 and OL3.

The third organic light emitting element OL3 includes a
third pixel electrode, a third emission layer, and a third
common electrode.

The third pixel electrode may be formed on the afore-
mentioned second insulating layer I11.2.

The third pixel electrode may be formed of a transparent
conductive material such as indium tin oxide (ITO), indium
zine oxide (IZ0), zinc oxide (ZnQ), indium oxide (In,O;),
etc.

Since the third pixel electrode is formed of the transparent
conductive material, light emitted from the first and second
organic light emitting elements OL1 and OL2 therebelow
may be transmitted through the third organic light emitting
element OL3.

In this case, the third pixel electrode may be electrically
connected to a driving drain electrode of the aforementioned
third thin film transistor TFT3 and the like.

The third emission layer may be formed on the third pixel
electrode.

The third emission layer may include a red organic
emission layer for emitting red light, a green organic emis-
sion layer for emitting green light, and a blue organic
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emission layer for emitting blue light. The red, green, and
blue organic emission layers realize color images of red,
green, and blue, respectively.

In the first embodiment of the present invention, the third
emission layer may be the blue organic emission layer.

More specifically, the third emission layer is formed as
multiple layers including one or more of the emission layer,
a hole-injection layer (HIL), a hole-transporting layer
(HTL), an electron-transporting layer (ETL), and an elec-
tron-injection layer.

According to the embodiment of the present invention,
the third emission layer may include all of them, and the
HIL, the HTL, the organic emission layer, the ETL, and the
EIL may be sequentially laminated on the third pixel elec-
trode.

In addition, the third common electrode may be formed on
the third emission layer.

The third common electrode may be formed of a trans-
parent conductive material such as indium tin oxide (ITO),
indium zinc oxide (I1Z0), zinc oxide (ZnQO), indium oxide
(In,05), etc. In embodiments, the first, second and third
commorn electrodes may be connected to one another for
providing a common electrode.

Meanwhile, according to the embodiment of the present
invention, the first, second and third thin film transistors
TFT1, TFT2, and TFT3 may be sequentially laminated.

In the illustrated embodiment, the second thin film tran-
sistor TFT2 is positioned on the first thin film transistor
TFT1, and the third thin film transistor TFT3 is positioned
on the second thin film transistor TFT2.

As described above, the first, second and third thin film
transistors TFT1, TFT2, and TFT3 are sequentially lami-
nated, thereby increasing the number of pixels to be formed
in the single region or area.

According to the embodiment of the present invention,
three times the number of pixels of the typical OLED display
can be formed in the single area.

Accordingly, a high-resolution display device may be
implemented through the OLED display according to the
embodiment of the present invention.

In this case, the first, second and third thin film transistors
TFT1, TFT2, and TFT3 may include a switching transistor
and a driving transistor, respectively.

However, the first, second and third thin film transistors
TFT1, TFT2, and TFT3 may further include an additional
transistor in addition to the two thin film transistors.

FIG. 3 is an equivalent circuit diagram of one pixel of the
OLED display according to the embodiment of the present
invention.

Referring to FIG. 3, the equivalent circuit diagram of the
single subpixel formed on the substrate 100 will now be
described.

For example, the first organic light emitting element OL1
driven by the first thin film transistor TFT1 will be
described.

The OLED display includes a plurality of signal lines 121,
171, and 172, and subpixels connected thereto.

In this case, the subpixels may be any one of a red pixel
R emitting red colored light, a green pixel G emitting green
colored light, and a blue pixel B emitting blue colored light.

The signal lines include gate lines 121 for transmitting a
scanning signal, data lines 171 for transmitting a data signal,
a driving voltage line 172 for transmitting a driving voltage,
and the like.
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The gate lines 121 substantially extend in a row direction
and are nearly parallel to each other, while the data lines 171
substantially extend in a column direction and are nearly
parallel to each other.

The driving voltage lines 172 are illustrated to substan-
tially extend in the column direction, but they may extend in
the row or column direction or have a net-like shape.

In this case, the single subpixel includes a thin film
transistor including a switching transistor T1 and a driving
transistor T2, a storage capacitor Cst, and an organic light
emitting element LD.

In embodiments, one pixel PX may further include a thin
film transistor and a capacitor to compensate a current that
is supplied to the organic light emitting element LD.

The switching transistor T1 includes a control terminal
N1, an input terminal N2, and an output terminal N3.

In this case, the control terminal N1 is connected to the
gate line 121, the input terminal N2 is connected to the data
line 171, and the output terminal N3 is connected to the
driving transistor T2.

The switching transistor T1 transmits the data signal
transmitted via the data line 171 to the driving transistor T2
in response to the scanning signal transmitted via the gate
line 121.

The driving transistor T2 also includes a control terminal
N3, an input terminal N4, and an output terminal N5.

In this case, the control terminal N3 is connected to the
switching transistor T1, the input terminal N4 is connected
to the driving voltage line 172, and the output terminal N5
is connected to the organic light emitting element LD.

The driving transistor T2 outputs an output current Id, an
amount of which varies according to a voltage applied
between the control terminal N3 and the output terminal N5.

In this case, the capacitor Cst is connected between the
control terminal N3 and the input terminal N4 of the driving
transistor T2.

The capacitor Cst is charged with a data signal applied to
the control terminal N3 of the driving transistor T2, and
maintains the data signal even after the switching transistor
T1 is turned off.

For example, as an organic light emitting diode (OLED),
the organic light emitting element LD has an anode con-
nected to the output terminal N5 of the driving transistor T2
and a cathode connected to a common voltage Vss.

The organic light emitting element LD displays an image
by emitting light of varying intensities according to the
output current Id of the driving transistor T2.

The organic light emitting element LD may contain an
organic material that represents one or more of primary
colors including three of those such as red, green, and blue,
and the OLED display displays a desired image with a
spatial sum of these colors.

The switching transistor T1 and the driving transistor T2
are n-channel electric effect transistors (FETs), but at least
one of them may be a p-channel FET.

In addition, a connection relationship between the tran-
sistors T1 and T2, the capacitor Cst, and the organic light
emitting element LD may be changed.

A manufacturing method of an OLED display according
to an embodiment will now be described.

When describing the manufacturing method of the OLED
display according to the embodiment of the present inven-
tion, a detailed description of the same components as those
of the aforementioned OLED display will be omitted.

FIGS. 4 to 8 are drawings sequentially illustrating a
manufacturing process of the OLED display according to the
embodiment of the present invention.
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First, referring to FIG. 4, first, second and third thin film
transistors TFT1, TFT2, and TFT3 are sequentially lami-
nated on one region of a substrate 100.

In the illustrated embodiments, the second thin film
transistor TFT2 is laminated on the first thin film transistor
TET1, and the third thin film transistor TFT3 is laminated on
the second thin film transistor TFT2.

As described above, the first, second and third thin film
transistors TFT1, TFT2, and TFT3 may include, for
example, a switching transistor and a driving transistor,
respectively.

However, the first, second and third thin film transistors
TFT1, TFT2, and TFT3 may further include an additional
transistor in addition to the two thin film transistors.

Next, pixel definition layers PDL1 and PDL.2 are formed
on the substrate 100 to define a pixel area.

The pixel definition layers PDL1 and PDL2 represent the
region where one pixel can be formed, and the first, second
and third organic light emitting elements OL1, OL2, and
OL3 may be positioned in the pixel definition layers PDL1
and PDL2.

In addition, the first organic light emitting element OL1 is
formed in the pixel definition layers PDL1 and PDL2.

The first organic light emitting element OL1 may be
connected to the first thin film transistor TFT1.

The first organic light emitting element OL1 may be
formed by sequentially laminating a first pixel electrode, a
first emission layer, and a first common electrode.

In this case, the first emission layer formed on the first
pixel electrode may be formed by sequentially laminating a
hole injection layer, a hole-transporting layer, an organic
emission layer, an electron-transporting layer, and an elec-
tron-injection layer.

According to the first embodiment of the present inven-
tion, an organic emission layer of the first emission layer
may be the red emission layer.

Next, a first insulating layer 1L1 is formed on the first
organic light emitting element OL1.

The first insulating layer IL.1 may prevent the first organic
light emitting element OL1 and a second organic light
emitting element OL.2 thereabove from being short-circuited
to each other.

After forming the first insulating layer IL1, a second
organic light emitting element OL2 is formed on the first
insulating layer IL1.

The second organic light emitting element OL2 may be
connected to the second thin film transistor TFT2.

Similar to the first organic light emitting element OL1, the
second organic light emitting element OL2 may be formed
by sequentially laminating a second pixel electrode, a sec-
ond light emission layer, and a second common electrode.

In this case, the second emission layer formed on the
second pixel electrode may be formed by sequentially
laminating a hole-injection layer, a hole-transporting layer,
an organic emission layer, an electron-transporting layer,
and an electron-injection layer.

According to the first embodiment of the present inven-
tion, an organic emission layer of the second emission layer
may be the green emission layer.

Next, a first insulating layer 1.2 is formed on the second
organic light emitting element OL2.

The second insulating layer 1L.2 may prevent the second
organic light emitting element OL2 and a third organic light
emitting element OL3 thereabove from being short-circuited
to each other.
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After forming the second insulating layer 112, the third
organic light emitting element OL3 is formed on the second
insulating layer TL2.

The third organic light emitting element OL3 may be
connected to the third thin film transistor TFT3.

Similar to the first organic light emitting element OL1, the
third organic light emitting element OL3 may be formed by
sequentially laminating a third pixel electrode, a third light
emission layer, and a third common electrode.

In this case, the third emission layer formed on the third
pixel electrode may be formed by sequentially laminating a
hole-injection layer, a hole-transporting layer, an organic
emission layer, an electron-transporting layer, and an elec-
tron-injection layer.

According to the first embodiment of the present inven-
tion, an organic emission layer of the third emission layer
may be the blue emission layer.

According to the embodiment of the present invention,
the OLED display where three times the number of pixels of
the typical OLED display is formed in the single area can be
manufactured.

Accordingly, the high-resolution display device can be
realized.

While embodiments of this invention have been
described, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An organic light emitting diode (OLED) display device
comptrising:

a substrate;

first, second and third thin film transistors sequentially

laminated over the substrate;

a pixel definition layer formed over the substrate and

defining a pixel area; and

first, second and third organic light emitting diode ele-

ments formed over the substrate, sequentially lami-
nated in the pixel area, and respectively connected to
the first, second and third thin film transistors, wherein
the first, second and third organic light emitting diode
elements overlap in the depth dimension of the OLED
display device.

2. The device of claim 1, wherein each of the first, second
and third organic light emitting diode elements comprises:

a first electrode formed over the substrate;

a light emission layer formed over the first electrode; and

a second electrode formed over the light emission layer,

wherein the light emission layer is disposed between
the first and second electrodes.

3. The device of claim 2, wherein the first, second and
third thin film transistors are electrically connected to the
first electrodes of the first, second and third organic light
emitting diode elements, respectively.

4. The device of claim 2, wherein the first electrode, the
light emission layer and the second electrode overlap in the
depth dimension of the OLED display device.

5. The device of claim 2, wherein the first electrode, the
light emission layer and the second electrode overlap in a
direction parallel to the depth dimension of the OLED
display device.

6. The device of claim 2, wherein the light emission layer
comprises a hole-injection layer, a hole-transporting layer,
an organic layer configured to emit light, an electron-
transporting layer, and an electron-injection layer are
sequentially laminated.
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7. The device of claim 1, wherein the device comprises an
array of pixels formed over the substrate, each of the pixels
comprising the first, second and third organic light emitting
diode elements.

8. The device of claim 1, whetrein the first, second and
third organic light emitting diode elements are configured to
emit red colored light, green colored light and blue colored
light, respectively.

9. The device of claim 1, wherein each of the first, second
and third thin film transistors comprises an active semicon-
ductor layer, a gate electrode and an insulation layer dis-
posed between the active semiconductor layer and the gate
electrode, and wherein the active semiconductor layer and
the gate electrode overlap in the depth dimension of the
OLED display device.

10. The device of claim 1, wherein the first, second and
third thin film transistors overlap in the depth dimension of
the OLED display device.

11. An organic light emitting diode (OLED) display
device comprising;

a substrate;

first, second and third thin film transistors sequentially

laminated over the substrate;

a pixel definition layer formed over the substrate and

defining a pixel area; and

first, second and third organic light emitting diode ele-

ments formed over the substrate, sequentially lami-
nated in the pixel area, and respectively connected to
the first, second and third thin film transistors; and

a first insulating layer formed between the first and second

organic light emitting diode elements, and a second
insulating layer formed between the second and third
organic light emitting diode elements.

12. A method of making an OLED display, the method
comprising:

providing a substrate;

forming first, second and third thin film transistors

sequentially disposed over the substrate;

forming a pixel definition layer over the substrate to

define a pixel area;

forming a first organic light emitting diode element in the

pixel area over the substrate;

forming a first insulating layer over the first organic light

emitting diode element;

forming a second organic light emitting diode element

over the first insulating layer;

forming a second insulating layer over the second organic

light emitting diode element; and

forming a third organic light emitting diode element over

the second insulating layer.

13. The method of claim 12, wherein the first, second and
third organic light emitting diode elements are connected to
first, second and third thin film transistors, respectively.

14. The method of claim 12, wherein each of the first,
second and third organic light emitting diode elements
comprises:

a first electrode formed over the substrate;

a light emission layer formed over the pixel electrode; and

a second electrode formed over the light emission layer,

wherein the light emission layer is disposed between
the first and second electrodes.

15. The method of claim 14, wherein the first, second and
third thin film transistors are electrically connected to the
first electrodes of the first, second and third organic light
emitting diode elements, respectively.



US 9,704,936 B2

13

16. The method of claim 14, wherein the first electrode,
the light emission layer and the second electrode ovetlap in
the depth dimension of the OLED display.

17. The method of claim 14, wherein the first electrode,
the light emission layer and the second electrode overlap in
a direction parallel to the depth dimension of the OLED
display.

18. The method of claim 14, wherein the first, second and
third organic light emitting diode elements overlap in the
depth dimension of the OLED display, wherein the device
comprises an array of pixels over the substrate, each of the
pixels comprising the first, second and third organic light
emitting diode elements.

19. The method of claim 14, wherein the second elec-
trodes of the first, second and third organic light emitting
diode elements are electrically connected to one another to
form a common electrode.

20. The method of claim 14, wherein the light emission
layer comprises a hole-injection layer, a hole-transporting
layer, an organic emission layer, an electron-transporting
layer, and an electron-injection layer that are sequentially
stacked.

21. The method of claim 12, wherein each of the first,
second and third thin film transistors comprises an active
semiconductor layer, a gate electrode and an insulation layer
disposed between the active semiconductor layer and the
gate electrode, wherein the active semiconductor layer and
the gate electrode overlap in the depth dimension of the
OLED display.
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