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7) ABSTRACT

Disclosed are a panel capable of performing transparent
display, a display device and a vehicle-mounted display
device. A transmission part includes an organic light-emit-
ting diode so as to perform light emission as well as display,
thereby increasing an emission area, reducing the driving
voltage required for emission driving, and consequently
increasing the lifespan of the display device.
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PANEL, DISPLAY DEVICE, AND
VEHICLE-MOUNTED DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Republic of
Korea Patent Application No. 10-2018-0074364, filed on
Jun. 27, 2018, which is hereby incorporated by reference as
if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a display device
capable of performing transparent display, and more par-
ticularly to a panel that is capable of performing transparent
display and dual emission display at the same time, thereby
improving transparency, an opening ratio, and the perfor-
mance and lifespan of elements, a display device, and a
vehicle-mounted display device.

Discussion of the Related Art

[0003] Recently, with the arrival of the information age,
the field of displays for visually displaying electrically
conveyed information signals has rapidly developed. In
response thereto, various kinds of flat panel display devices
having excellent characteristics, such as a small thickness, a
low weight, and low power consumption, have been devel-
oped and have rapidly replaced existing cathode ray tubes
(CRTs).

[0004] Representative examples of such flat panel display
devices may include a liquid crystal display (LCD) device,
a plasma display panel (PDP) device, a field emission
display (FED) device, an organic light-emitting display
(OLED) device, and a quantum dot display device.

[0005] Among these, a self-illuminating display device,
such as an organic light-emitting display device or a quan-
tum dot display device, is considered a competitive appli-
cation because it does not require a separate light source and
enables the realization of a compact device design and vivid
color display.

[0006] Further, in recent years, there has been increasing
demand for a transparent display device, which is configured
to allow light to pass through the front and rear sides thereof
and which is capable of displaying an image without
obstructing the field of vision of a user.

[0007] Still further, studies are being conducted to achieve
both self-illuminating display and transparent display
through a change in the arrangement of a light-emitting
diode.

[0008] However, high light emission efliciency is a top
priority for a self-illuminating region, whereas high light
transmittance is a top priority for a transparent region. That
is, the self-illuminating region and the transparent region
have different objectives from each other, and thus require
different configurations from each other. Thus, it is difficult
to form a structure capable of realizing both self-illuminat-
ing display and transparent display.

[0009] In the case in which a self-illuminating region and
a transparent region are formed together on a substrate,
elements such as a reflective electrode, which are required
for the self-illuminating region, need to be eliminated from
the transparent region in order to increase the light trans-
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mittance. Thus, the area of the self-illuminating region is
reduced by the area occupied by the transparent region.
Further, in order to realize self-illuminating display with a
predetermined or higher brightness using the reduced self-
illuminating region, a relatively high driving voltage is
required. Still further, because only the self-illuminating
region is consistently driven, the lifespan thereof is short-
ened.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to a
panel, a display device, and a vehicle-mounted display
device that substantially obviate one or more problems due
to limitations and disadvantages of the related art.

[0011] An object of the present invention is to provide a
panel that is capable of performing transparent display and
dual emission display at the same time, thereby improving
transparency, an opening ratio, and the performance and
lifespan of elements, a display device, and a vehicle-
mounted display device.

[0012] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0013] A panel, a display device and a vehicle-mounted
display device of the present invention are characterized in
that the display device is capable of performing transparent
display and in that a transmission part includes an organic
light-emitting diode for emitting light so that the transmis-
sion part as well as an emission part is used for light
emission, thereby reducing the driving voltage required for
emission driving and consequently increasing the lifespan of
the display device.

[0014] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, a display panel having a
plurality of emission parts and a plurality of transmission
parts includes a transparent substrate, a reflective anode in
each of the emission parts, a transparent anode in each of the
transmission parts, a first emission unit on the reflective
anode, a second emission unit on the transparent anode, and
a cathode provided on the first emission unit and the second
emission unit. The transmission parts include a plurality of
sub-emission parts at least some of which emitting lights
having different colors from each other.

[0015] The sub-emission parts may include first, second,
and third sub-emission layers configured to emit lights
having first, second, and third wavelengths, respectively, the
first wavelength being shorter than the second wavelength,
and the second wavelength being shorter than the third
wavelength.

[0016] The emission parts include first, second, and third
emission parts configured to emit lights having different
colors from each other. The first to third emission parts may
include first, second, and third emission layers, respectively.
Each of the first, second, and third emission layers may have
the same host and the same dopant as a corresponding one
of the first, second, and third sub-emission layers, respec-
tively, in the transmission parts. In this case, a first organic
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common layer and a second organic common layer may be
continuously provided under and on the first, second, and
third emission layers, respectively, in the first emission unit
and under and on the first, second, and third sub-emission
layers, respectively, in the second emission unit.

[0017] Alternatively, the emission parts may include a first
emission part and a second emission part configured to emit
lights having different colors from each other. The first
emission part and the second emission part may include first
and second emission layers, respectively, in the first emis-
sion unit. Each of the first and second emission layers may
have the same host and the same dopant as a corresponding
one of any two of the first, second, and third sub-emission
layers in the transmission part. In this case, a first organic
common layer and a second organic common layer may be
continuously provided under and on the first and second
emission layers, respectively, in the first emission unit and
under and on the first, second, and third sub-emission layers,
respectively, in the second emission unit.

[0018] Each of the first emission unit and the second
emission unit may include multiple stacks separated by at
least one charge generation layer, and the stacks vertically
disposed in each of the emission parts and the transmission
parts may include emission layers configured to emit lights
having the same color as each other.

[0019] The transmission parts include more second sub-
emission layers than the first and third sub-emission layers.
The first or the third sub-emission layer in the transmission
parts occupies a smaller area than the second sub-emission
layers.

[0020] Alternatively, the second sub-emission layer in the
transmission parts occupies a larger area than first sub-
emission layer or the third sub-emission layer.

[0021] The second emission unit may further include an
optical compensation layer. Alternatively, the second emis-
sion unit may further comprise first, second, and third
optical compensation layers in contact with the first, second,
and third sub-emission layers, respectively. The first, sec-
ond, and third optical compensation layers have different
thicknesses from each other.

[0022] Each of the first emission unit and the second
emission unit may include an organic stack configured to
emit a white light, and at least one color filter is provided on
the cathode so as to correspond to the emission parts.
[0023] In another example, the organic stack may include
multiple stacks separated by at least one charge generation
layer, and a plurality of emission layers configured to emit
light having different colors from each other may be stacked
in at least one of the stacks.

[0024] In this case, the second emission unit may further
include an optical compensation layer provided in at least
one of the stacks.

[0025] The multiple stacks including the at least one of
charge generation layer and the emission layers may be
continuously formed in the first emission unit and the second
emission unit without separation.

[0026] The transmission parts, included in the transparent
substrate, may have a total area greater than the total area of
the emission parts.

[0027] The above-described panel may further include a
first thin-film transistor electrically connected to the reflec-
tive anode and a second thin-film transistor electrically
connected to the transparent anode, the first thin-film tran-
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sistor and the second thin-film transistor being provided in
a region other than the transmission parts, and may be used
for a display device.

[0028] The display device may further include a bank
layer between adjacent ones of the transmission parts,
between adjacent ones of the emission parts, and between
the transmission parts and the emission parts, and the bank
layer 1s interposed between a layer of the transparent anode
and the reflective anode and a stack of the first emission unit
and the second emission unit.

[0029] The first thin-film transistor and the second thin-
film transistor may be formed to overlap any one of the bank
layer and the first emission unit.

[0030] In accordance with another embodiment of the
present invention, a vehicle-mounted display device is
mounted in a vehicle by attaching the above-described panel
to the vehicle, the vehicle-mounted display device including
a first thin-film transistor electrically connected to the reflec-
tive anode and a second thin-film transistor electrically
connected to the transparent anode, wherein the first thin-
film transistor and the second thin-film transistor are pro-
vided in a region other than the transmission parts in the
transparent substrate.

[0031] The first thin-film transistor and the second thin-
film transistor may be configured to receive power from a
battery provided in the vehicle.

[0032] The panel may be configured to be attached to at
least one of a dashboard, a removable display, a head-up
display device, a front window, a room mirror, or a side
mirror of the vehicle.

[0033] Inanother embodiment, a display device comprises
a transparent substrate; a first light emitting element, a
second light emitting element, and a third light emitting
element on the transparent substrate, the first light emitting
element, the second light emitting element, and the third
light emitting element including a first reflective electrode,
a second reflective electrode, and a third reflective electrode,
respectively, and a first light emitting layer, a second light
emitting layer, a third light emitting layer, respectively, on
the first to third reflective electrodes, respectively; and a
fourth light emitting element on the transparent substrate,
the fourth light emitting element including a first transparent
electrode and the first light emitting layer on the first
transparent electrode.

[0034] In some embodiments, the display device may
further comprise a fifth light emitting element on the trans-
parent substrate, the fifth light emitting element including a
second transparent electrode and the second light emitting
layer on the second transparent electrode, the fourth and the
fifth light emitting elements being separated by a scan line
or a data line therebetween.

[0035] In some embodiments, the display may further
comprise a fifth light emitting element on the transparent
substrate, the fifth light emitting element including a second
transparent electrode and the second light emitting layer on
the second transparent electrode, the fourth and the fifth light
emitting elements being surrounded by a pair of scan lines
and a pair of data lines.

[0036] In some embodiments, the display device may
further comprise a fifth light emitting element and a sixth
light emitting element on the transparent substrate, the fifth
light emitting element including a second transparent elec-
trode and the second light emitting layer on the second
transparent electrode, and the sixth light emitting element
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including a third transparent electrode and the third light
emitting layer on the third transparent electrode, and
wherein the fourth, the fifth, and the sixth light emitting
elements are surrounded by a pair of scan lines and a pair of
data lines.

[0037] In some embodiments, the fourth light emitting
element further comprises an optical compensation layer.
[0038] Insome embodiments, each of the first, the second,
and the third light emitting elements comprises an organic
stack configured to emit white light and further comprises a
first color filter, a second color filter, a third color filter each
associated with the first, the second, and the third light
emitting elements, respectively, and the fourth light emitting
element comprises another organic stack also configured to
emit white light.

[0039] In some embodiments, the display device further
comprises a first transistor, a second transistor, and a third
transistor disposed on the transparent substrate so as not to
overlap with the transparent electrode of the fourth light
emitting element, wherein the first transistor, the second
transistor, and the third transistor are electrically connected
to the first light emitting element, the second light emitting
element, and the third light emitting element, respectively;
and a fourth transistor disposed on the transparent substrate
so as not to overlap with the transparent electrode of the
fourth light emitting element, wherein the fourth transistor is
electrically connected to the fourth light emitting element.
[0040] In some embodiments, the first to the fourth tran-
sistors are configured to receive power from a battery
provided in the vehicle, the display device being attached to
at least one of a dashboard, a removable display, a head-up
display device, a front window, a room mirror, or a side
mirror of the vehicle.

[0041] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0043] FIG. 1 is a cross-sectional view schematically
illustrating an emission part and a transmission part of a
display device of the present invention;

[0044] FIG. 2 is a plan view of a display device according
to a first embodiment of the present invention;

[0045] FIG. 3 isa cross-sectional view taken along line I-I'
in FIG. 2;
[0046] FIGS. 4A and 4B are cross-sectional views of

region A and region B, respectively, in FIG. 3;

[0047] FIGS. 5A and 5B are cross-sectional views of
region A and region B, respectively, in FIG. 3 with respect
to a modified example of the display device according to the
first embodiment of the present invention;

[0048] FIGS. 6 to 9 are plan views of display devices
according to second to fifth embodiments, respectively, of
the present invention;
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[0049] FIGS. 10 to 12 are cross-sectional views of organic
light-emitting diodes of display devices according to sixth to
eighth embodiments, respectively, of the present invention;
[0050] FIGS. 13 to 15 are cross-sectional views of organic
light-emitting diodes of display devices according to ninth to
eleventh embodiments, respectively, of the present inven-
tion;

[0051] FIG. 16 is a cross-sectional view of a display
device according to a twelfth embodiment of the present
invention;

[0052] FIGS. 17A and 17B are cross-sectional views of
organic light-emitting diodes of an emission part and a
transmission part, respectively, shown in FIG. 16;

[0053] FIGS. 18A and 18B are cross-sectional views illus-
trating organic light-emitting diodes of an emission part and
a transmission part, respectively, of a display device accord-
ing to a thirteenth embodiment of the present invention; and
[0054] FIG. 19 is a view illustrating a usage example of
the display device of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0055] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. The
same reference numerals used throughout the specification
refer to the same or like parts. In the following description
of the present invention, a detailed description of known
functions and configurations incorporated herein will be
omitted when it may make the subject matter of the present
invention rather unclear. Names of components used in the
following description are selected in consideration of facility
of specification preparation. Thus, the names of the compo-
nents may be different from names of components used in a
real product.

[0056] In the drawings for explaining the exemplary
embodiments of the present invention, for example, the
illustrated shape, size, ratio, angle, and number are given by
way of example, and thus, are not limited to the disclosure
of the present invention. Throughout the present specifica-
tion, the same reference numerals designate the same con-
stituent elements. In addition, in the following description of
the present invention, a detailed description of known func-
tions and configurations incorporated herein will be omitted
when it may make the subject matter of the present invention
rather unclear. The terms “comprises”, “includes”, and/or
“has”, used in this specification, do not preclude the pres-
ence or addition of other elements unless used along with the
term “only”. The singular forms are intended to include the
plural forms as well, unless the context clearly indicates
otherwise.

[0057] In the interpretation of constituent elements
included in the various embodiments of the present inven-
tion, the constituent elements are interpreted as including an
error range even if there is no explicit description thereof.
[0058] In the description of the various embodiments of
the present invention, when describing positional relation-
ships, for example, when the positional relationship between
two parts is described using “on”, “above”, “below”, “next
to”, or the like, one or more other parts may be located
between the two parts unless the term “directly” or “closely”
is used.

[0059] In the description of the various embodiments of
the present invention, when describing temporal relation-
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ships, for example, when the temporal relationship between
two actions is described using “after”, “subsequently”,
“next”, “before”, or the like, the actions may not occur in
succession unless the term “directly” or “just” is used
therewith.

[0060] In the description of the various embodiments of
the present invention, although terms such as, for example,
“first” and “second” may be used to describe various ele-
ments, these terms are merely used to distinguish the same
or similar elements from each other. Therefore, in the
present specification, an element indicated by “first” may be
the same as an element indicated by “second” without
exceeding the technical scope of the present invention,
unless otherwise mentioned.

[0061] The respective features of the various embodi-
ments of the present invention may be partially or wholly
coupled to and combined with each other, and various
technical linkages and modes of operation thereof are pos-
sible. These various embodiments may be performed inde-
pendently of each other, or may be performed in association
with each other.

[0062] FIG. 1 is a cross-sectional view schematically
illustrating an emission part and a transmission part of a
display device of the present invention.

[0063] As illustrated in FIG. 1, the display device of the
present invention includes a transparent substrate 100 hav-
ing a plurality of emission parts E and a plurality of
transmission parts 1/E, which are provided separately from
each other, a reflective anode 1100 provided in each of the
emission parts E, a transparent anode 1200 provided in each
of the transmission parts T/E, a first emission unit 130
provided on the reflective anode 1100, a second emission
unit 130" provided on the transparent anode 1200, the second
emission unit 130" being disposed parallel to the first emis-
sion unit 130 in a planar manner, and a cathode 140 provided
on the first emission unit 130 and the second emission unit
130'.

[0064] The display device of the present invention is
characterized in that both the transmission part T/E and the
emission part E are configured to emit light so as to increase
the light emission efficiency of the display device. The
transmission part T/E is so named due to its characteristics
of being transparent in a voltage-off state. However, the
transmission part T/E of the present invention acts not only
as a transmission part in a voltage-off state, but also as an
auxiliary emission part in a voltage-on state, in which light
is emitted. That is, in a voltage-off state, the transmission
part becomes colorless and transparent like a transparent
film so that the configuration under the transmission part is
visible, and in a voltage-on state, the transmission part emits
a colored light while maintaining transmissive properties.
[0065] As illustrated in FIG. 1 and FIG. 2, a bank layer
150 is formed on the edges of the emission part E and the
transmission part T/E in order to divide the emission part E
and the transmission part T/E from adjacent parts. Depend-
ing on the embodiment, the bank layer 150 may be omitted,
or may be further provided between the emission part E and
the transmission part T/E. The circuit elements, such as
thin-film transistors TFT 1 and TFT 2 and lines SL and DL
(refer to FIG. 2), are shielded by the bank layer 150 so as not
to affect the transparent display.

[0066] In order to more effectively prevent the colored
light emitted from the emission part E or the transmission
part T/E from being mixed with the colored light emitted
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from an adjacent part, it may be desirable that the emission
part E and the transmission part T/E be arranged parallel to
each other in a planar manner and be spaced apart from each
other so that the bank layer 150 is formed therebetween.
Thus, in the case in which the emission part E and the
transmission part T/E are spaced apart from each other, the
bank layer 150 may be formed between the emission part E
and the transmission part T/E. Alternatively, even when the
bank layer 150 is not formed, the emission part E and the
transmission part T/E may be divided from each other by the
division of the reflective anode 1100 and the transparent
anode 1200 from each other, thereby making it possible to
independently drive the emission part E and the transmission
part T/E.

[0067] To this end, the display device of the present
invention is configured such that the emission part E
includes a first organic light-emitting diode OLED1 and the
transmission part T/E includes a second organic light-emit-
ting diode OLED2.

[0068] In addition, in order to drive the first and second
organic light-emitting diodes OLED1 and OLED2, the dis-
play device of the present invention may further include a
first thin-film transistor TFT1, which is electrically con-
nected to the reflective anode 1100, and a second thin-film
transistor TFT2, which is electrically connected to the
transparent anode 1200. The first and second thin-film
transistors TFT1 and TFT2 may be disposed in a region (the
emission part E or the bank layer 150) other than the
transmission part T/E in the transparent substrate 100. The
reason why the second thin-film transistor TFT2, provided to
drive the transmission part T/E, is disposed in a region other
than the transmission part T/E is to prevent the transparency
of the transmission part T/E from being deteriorated by the
second thin-film transistor TFT2, which is mainly consti-
tuted of lines.

[0069] In the case in which the bank layer 150 is formed
between the emission part E and the transmission part T/E,
the first and second thin-film transistors TFT1 and TFT2
may be disposed under the bank layer 150 as well as in the
emission part E.

[0070] The first thin-film transistor TFT1 and the second
thin-film transistor TFT2 are electrically disconnected from
each other, and independently apply signals to the reflective
anode 1100 and the transparent anode 1200, respectively.
[0071] The cathode 140 is made of reflective-transmissive
or transmissive transparent metal, and is continuously
formed over the emission part E and the transmission part
T/E without an interruption therein. In order to inject elec-
trons into the first and second organic light-emitting diodes
OLED1 and OLED?2, the cathode 140 may include a metal
alloy layer having a transmittance of 70% or greater for a
wavelength of 520 nm. In the case in which the cathode 140
is made of reflective metal, the cathode 140 may be made of
an alloy including at least one of Ag, Mg, or Yb. In the case
in which the cathode 140 is made of transmissive metal, the
cathode 140 may be made of indium zinc oxide (IZO). The
thickness of the cathode 140 may be set differently in
consideration of the surface resistance and the injection of
electrons depending on whether the cathode 140 is made of
reflective metal or transmissive metal.

[0072] The first organic light-emitting diode OLED1 of
the emission part E has a top-emission-type structure that
includes the reflective anode 1100, the first emission unit
130 and the cathode 140, which are sequentially arranged
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from the bottom of the first organic light-emitting diode
OLEDL1. The second organic light-emitting diode OLED2 of
the transmission part T/E has a structure in which the
transparent anode 1200, the second emission unit 130" and
the cathode 140 are stacked on one another in order to
maintain transparency.

[0073] Inthe first and second organic light-emitting diodes
OLED1 and OLED?2, the cathode 140 is commonly provided
in the emission part E and the transmission part T/E without
intermittence or separation, the reflective anode 1100 is
provided in the emission part E, and the transparent anode
1200 is provided in the transmission part T/E. A transparent
electrode material that forms the transparent anode 1200
may also be included in a transparent electrode layer 112,
which is in contact with a reflective electrode layer 111 in the
reflective anode 1100 in the emission part E. In this case, the
reflective electrode layer 111 may be a reflective electrode,
which includes any one of APC (Ag:Pb:Cu), Ag, and Al, and
the transparent electrode layer 112 may include any one of
ITO, IZ0, and ITZ0.

[0074] The cathode 140 may include multiple layers.
Among the layers of the cathode 140, the layer that is the
most closely adjacent to the first and second emission units
130 and 130' may include an inorganic compound. For
example, the cathode 140 may include an inorganic com-
pound layer doped with LiF or Li so as to reduce an energy
barrier when electrons are injected from the cathode 140 into
the first and second emission units 130 and 130'. In this case,
each of the layers of the cathode 140 may include metal.
[0075] The first emission unit 130 and the second emission
unit 130' may include a first emission layer EML1 and a
second emission layer EML2, respectively, and may be
formed through the same stack-forming process.

[0076] The first emission layer EML1 and the second
emission layer EML2 may be emission layers that emit
lights having the same color as each other, or may be
emission layers that emit lights having different colors from
each other. As illustrated in FIG. 1, the first emission unit
130 may include a single layer, i.e. the first emission layer
EMLI1, and the second emission unit 130' may include a
single layer, i.e. the second emission layer EML2. However,
the present invention is not limited thereto. The first and
second emission units 130 and 130' may further include
organic common layers, which are disposed under and on
the first and second emission layers EML1 and EML2. In
this case, the organic common layers may be formed on the
substrate 100 without using a deposition mask. Alterna-
tively, even when a deposition mask is used, the organic
common layers may be formed on the substrate 100 using an
open mask configuration, which is open to the entire active
area AA. The organic common layers may be commonly
provided in the emission part E and the transmission part
T/E. Depending on the embodiment, in addition to the
organic common layers, a transport layer may be selectively
provided in a predetermined sub-pixel in the emission part
E or in the transmission part T/E in order to adjust the
optimal optical position of the emission layer emitting a
corresponding colored light in each of the emission part E
and the transmission part T/E. The transport layer, which is
selectively provided in a predetermined sub-pixel in the
emission part E or in the transmission part T/E, may be
provided so as to contact the lower sides or the upper sides
of the first and second emission layers EML1 and EML.2,
thereby adjusting the optimal position of the emission zone,
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which emits a corresponding colored light between the
reflective anode 1100 and the cathode 140 or between the
transparent anode 1200 and the cathode 140.

[0077] The first thin-film transistor TFT1 is electrically
connected to the reflective anode 1100 via a first connecting
portion CT1, and the second thin-film transistor TFT2 is
electrically connected to the transparent anode 1200 via a
second connecting portion CT2. The first and second con-
necting portions CT1 and CT2 are provided in the emission
part E or under the bank layer 150 in order to increase the
transmittance of the transmission part T/E. Here, a portion of
the transparent anode 1200 may extend to the emission part
E so as to overlap the second connecting portion CT2. In this
case, the transparent anode 1200 and the reflective anode
1100 are spaced apart from each other so as to be electrically
disconnected from each other.

[0078] Although not illustrated in the cross-sectional view,
the bank layer 150 (refer to F1G. 3), which is formed in order
to divide the emission part E or the transmission part T/E
from adjacent parts, may be made of polyimide, polyamide,
or photo acrylic. The bank layer 150 has a thickness of 1 pm
or greater, thereby dividing the first emission unit 130 and
the second emission unit 130", which are deposited in the
emission part E and the transmission part T/E so as to be thin
and flat, from each other. In the first and second emission
units 130 and 130, the organic common layers, except for
the emission layers EML1 and EML2 emitting different-
colored lights, may be formed without using a deposition
mask. The thickness of the organic common layer in at least
a side portion of the bank layer 150 is smaller than the
thickness of a flat portion of the emission part E or the
transmission part T/E disposed between the bank layers 150.

[0079] In the embodiments to be described below, the
emission layers EML1 and EML2 are configured as organic
emission layers. However, the present invention is not
limited thereto. The emission layer may be configured as an
inorganic emission layer like a quantum dot, so long as
efficiency and processability can be ensured to a predeter-
mined level.

[0080] The first and second organic light-emitting diodes
OLED1 and OLED2 may further include a capping layer,
which is provided on the cathode 140 in order to improve the
efficiency of extracting light upwards and to protect the
organic light-emitting diodes.

[0081] As described above, the display device of the
present invention includes the emission part E and the
transmission part T/E provided on the transparent substrate
100, the first organic light-emitting diode OLEDI1 provided
in the emission part E, and the second organic light-emitting
diode OLED2 provided in the transmission part T/E. In
addition, the display device of the present invention may
further include an opposite transparent substrate 200, which
is provided opposite the transparent substrate 100, a color
filter layer 210, which selectively transmits a colored light
emitted from the emission layer EML1 of each sub-pixel in
the emission part E, and an encapsulation layer 300, which
is provided between the transparent substrate 100 having the
first and second organic light-emitting diodes OLED1 and
OLED2 and the opposite transparent substrate 200 having
the color filter layer 210.

[0082] Depending on the embodiment, the color filter
layer 210 may not be located on the opposite transparent
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substrate 200, but may be located on the transparent sub-
strate 100, specifically, under the reflective anode 1100 or on
the cathode 140.

[0083] In order to secure the transparency of the transmis-
sion part T/E, the color filter layer 210 is not provided in the
transmission part T/E.

[0084] Depending on the embodiment, the opposite trans-
parent substrate 200 may be omitted. In this case, the color
filter layer 210 may be located on the first organic light-
emitting diode OLED1, and the encapsulation layer 300 may
be formed so as to cover the first and second organic
light-emitting diodes OLED1 and OLED2 and the color
filter layer 210. In the case in which the color filter layer 210
is formed on the transparent substrate 100, the opposite
transparent substrate 200 may be omitted. In the case in
which the opposite transparent substrate 200 is omitted, a
thin film, which is formed by alternately depositing inor-
ganic layers and organic layers, may be further provided on
the top surfaces of the first and second organic light-emitting
diodes OLED1 and OLED?2, i.e. on the capping layer.
[0085] The transparent substrate 100 and the opposite
transparent substrate 200 may be formed of a transparent
material that allows light to pass therethrough, for example,
glass, plastic, or the like, and may also be formed so as to
be flexible when the display device is mounted and used in
vehicles or portable apparatuses. Preferably, a light-blocking
film such as a polarizing sheet is not provided on any one of
the transparent substrate 100 and the opposite transparent
substrate 200 in order to secure the light-emitting and
transmitting properties of the transmission part T/E.

[0086] According to the display device of the present
invention, since the transmission part T/E is provided with
the second organic light-emitting diode OLED2 configured
to emit light like the emission part E, the transmission part
T/E is capable of achieving transparent display without
obstructing the field of vision of a driver and is also capable
of performing auxiliary light emission in addition to light
emission from the emission part E. Thus, it is possible to
achieve display with brightness exceeding a predetermined
level even when external natural light is reflected from the
display device or even when a polarizing film is used to
prevent such reflection of external natural light. As such,
since the light-emitting display with brightness exceeding a
predetermined level is achieved irrespective of external
light, it is possible to stably and clearly display information
to a user for a long time while maintaining transparency. In
particular, since the display device of the present invention
has improved light emission efficiency, it can be effectively
used in a front window, a demountable head-up display
device, a dashboard, a removable display, a side mirror, a
room mirror, or the like of a car (a vehicle).

[0087] The above-described display device may be
referred to as an active-type display device because the
emission part E and the transmission part T/E can be
selectively driven by the first thin-film transistor TFT1,
which is electrically connected to the reflective anode 1100,
and the second thin-film transistor TFT2, which is electri-
cally connected to the transparent anode 1200.

[0088] In another embodiment, the first and second thin-
film transistors TFT1 and TFT2 may be omitted from the
configuration shown in FIG. 1, and the reflective anode 1100
and the transparent anode 1200 may be arranged in series in
one direction so that the emission part E and the transmis-
sion part T/E may be integrally driven. This driving type is

Jan. 2, 2020

referred to as a passive type. The passive-type device
operates such that the emission part E and the transmission
part T/E emit light at the same time, but performs a limited
information-displaying operation, e.g. simple lighting. The
passive-type device is referred to as a (light-emitting) panel
in that the first organic light-emitting diode OLED1 and the
second organic light-emitting diode OLED?2 are provided in
the emission part E and the transmission part T/E, respec-
tively, on the transparent substrate 100.

[0089] In this case, in order to divide the reflective anode
1100 of the emission part E and the transparent anode 1200
of the transmission part T/E from each other, the reflective
anode 1100 of the emission part E may further include a
reflective electrode 111, and the reflective anode 1100 of the
emission part E and the transparent anode 1200 of the
transmission part T/E may commonly include a transparent
electrode 112.

[0090] In the display device of the present invention, the
transmission parts T/E are divided into a plurality of sub-
emission portions emitting different-colored lights, thereby
being capable of emitting multiple-colored lights as well as
a single-colored light. Thus, it is possible to improve the
efficiency of emission of a corresponding colored light in
response to a user’s demand or the environment. Concrete
examples thereof will be described below.

[0091] Hereinafter, the display devices according to the
embodiments of the present invention will be described in
detail with reference to plan views illustrating the arrange-
ment of the pixels and cross-sectional views thereof.

First Embodiment

[0092] FIG. 2 is a plan view of a display device according
to a first embodiment of the present invention, and FIG. 3 is
a cross-sectional view taken along line I-I' in FIG. 2.
[0093] One transmission part T/E and emission parts E
provided around the same in the display device according to
the first embodiment of the present invention will now be
described with reference to FIG. 2.

[0094] As illustrated in FIGS. 2 and 3, the display device
according to the first embodiment of the present invention
includes first and second emission parts RE and BE, which
are provided at the intersections between scan lines SL and
data lines DL and emit two lights having different colors
from each other, and a transmission part T/E provided
between the first emission part RE and the second emission
part BE.

[0095] Inthe display device according to the first embodi-
ment of the present invention, first emission parts RE and
second emission parts BE are alternately arranged in the
same row and in the same column. The first emission part
RE includes a red light emission layer and thus emits a red
light, and the second emission part BE includes a blue light
emission layer and thus emits a blue light. As such, since the
emission parts emit lights having the longest wavelength and
the shortest wavelength of the bands of visible light, the
emission of light having an intermediate wavelength (i.e. a
green wavelength) is insufficiently performed. Therefore,
the transmission parts T/E may be arranged such that trans-
mission parts G T/E, each including a green sub-emission
layer G emitting a green light, are provided in a greater
number than transmission parts including respective sub-
emission layers emitting lights of other colors. However, in
the display device according to the first embodiment of the
present invention, none of the transmission parts T/E emit a
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single-colored light. In order to supplement light emission
from the emission parts RE and BE, there are provided
transmission parts T/E including a red sub-emission layer
and a blue sub-emission layer, which are provided in the
same layer as the red and blue emission layers of the
emission parts RE and BE.

[0096] In the display device according to the first embodi-
ment of the present invention, since the transmission part
T/E includes the transparent anode 1200, the emitted light
progresses both in the upward direction and in the down-
ward direction, and thus the transmission part T/E has lower
light emission efficiency per unit area than the emission part
E (RE and BE). However, since the transmission part T/E is
formed to be larger than the emission part E (RE and BE)
and performs auxiliary light emission in addition to light
emission from the emission part E, the display device
according to the first embodiment of the present invention
achieves high light emission efficiency, an excellent color
gamut and low power consumption, compared to a display
device in which only an emission layer is provided in an
emission part.

[0097] Although the first and second emission parts RE
and BE are illustrated as having a diamond shape, the
present invention is not limited thereto. The first and second
emission parts PE and BE may be formed in a circular shape,
a rectangular shape, or a polygonal shape. in lieu of the
shape described above. The first and second emission parts
RE and BE emit light corresponding to the shape thereof.

[0098] As described above, since each of the first and
second emission parts RE and BE is provided at a lower
portion thereof with the reflective anode 1100, the light
emission thereof is not affected by the thin-film transistors
TFT1 and TFT2 provided under the reflective anode 1100.
[0099] In order to improve the transparency of the display
device, it is desirable that the transmission part T/E be
formed to have a larger area than each of the emission parts
RE and BE. Further, the total area of the transmission parts
T/E included in the transparent substrate 100 may be larger
than the total area of the emission parts E.

[0100] Although the transmission part T/E is illustrated as
having a hexagonal shape, the present invention is not
limited thereto. The transmission part T/E may be formed in
a circular shape or a polygonal shape, rather than the
hexagonal shape. In order to ensure the transparency of the
transmission part T/E, the transmission part T/E is disposed
s0 as not to overlap the emission parts RE and BE, each of
which includes the lines SL and DL, the thin-film transistors
TFT1 and TFT2 and the reflective anode 1100.

[0101] A bank layer 150 may be formed in a region other
than the emission parts E and the transmission parts T/E in
order to shield the light-blocking elements such as, for
example, lines and to divide adjacent pixels or adjacent
sub-pixels from each other.

[0102] Further, in order to ensure the transparency of the
transmission part T/E, it is desirable that the second thin-film
transistor TFT2, which is provided to drive the second
organic light-emitting diode OLED?2 included in the trans-
mission part T/E, be provided in the emission parts RE and
BE or under the bank layer 150 (refer to FIG. 3).

[0103] Here, a region may or may not be present between
the emission part E and the transmission part T/E. In the case
in which no region is present between the emission part E
and the transmission part T/E, the emission part E is
disposed to cover the lines SL and DL so that the lines
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located under the first organic light-emitting diode OLED1
of the emission part E are invisible.

[0104] The display device of the present invention emits
different-colored lights. Specifically, the display device
emits a red light, which has a wavelength of 600 nm to 650
nm, a blue light, which has a wavelength of 430 nm to 490
nm, and a green light, which has a wavelength of 510 nm to
590 nm.

[0105] An emission part E, which includes the first emis-
sion part RE and the second emission part BE, which are
disposed adjacent to each other, and two transmission parts
T/E, which are disposed adjacent to each of the first and
second emission parts RE and BE, may form a pixel. A
plurality of pixels may be arranged in a plurality of rows and
columns on the transparent substrate 100. The emission part
and the transmission part T/E function as sub-pixels, which
are connected with the first thin-film transistor TFT1 and the
second thin-film transistor TFT2, respectively, and are
driven independently.

[0106] The first emission parts RE and the second emis-
sion parts BE, which emit different-colored lights from each
other, are arranged such that the first emission parts RE are
arranged in a first diagonal direction, specifically, at the
left-upper side of the transmission part T/E and the right-
lower side thereof and such that the second emission parts
BE are arranged in a second diagonal direction, specifically,
at the right-upper side of the transmission part T/E and the
left-lower side thereof. The emission parts E (RE and BE)
may be located at positions corresponding to the intersec-
tions between the scan lines S and the data lines DL, and the
transmission parts T/E may be located so as to be spaced
apart from the emission parts E and so as not to overlap
either of the scan lines SL and the data lines DL.

[0107] As illustrated in FIG. 3, the first thin-film transistor
TFT1 of each of the emission parts E (RE and BE) includes
a first gate electrode 1120, which is formed in the same layer
as the scan lines SL, a first semiconductor layer 1110, a
channel region which overlaps the first gate electrode 1120,
and a first source electrode 1140 and a first drain electrode
1160, which are connected to both sides of the first semi-
conductor layer 1110. The first gate electrode 1120 may be
integrally formed with the scan lines SL in a pattern such
that the same protrudes from the scan lines SL. The first
source electrode 1140 may be formed in a pattern such that
the same protrudes from the data lines DL. The first drain
electrode 1160 is formed so as to be spaced apart from the
first source electrode 1140, and is connected to the reflective
anode 1100 of the first organic light-emitting diode OLED1
via the first connecting portion CT1.

[0108] The second thin-film transistor TFT2 may be
formed in the same process as the first thin-film transistor
TFT1. Thus, the second thin-film transistor TFT2 includes a
second gate electrode 1122, which is formed in the same
layer as the scan lines SL, a second semiconductor layer
1112, a channel region which overlaps the second gate
electrode 1122, and a second source electrode 1161 and a
second drain electrode 1142, which are connected to both
sides of the second semiconductor layer 1112. The second
gate electrode 1122 may be integrally formed with the scan
lines SL in a pattern such that the same protrudes from the
scan lines SL. Alternatively, additional scan lines (ASL, not
illustrated) may be provided, and the second gate electrode
1122 may be formed so as to protrude from the additional
scan lines ASL. In the case in which the second gate
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electrode 1122 is formed so as to protrude from the addi-
tional scan lines ASL or is connected thereto, the second
thin-film transistor TFT2 may be driven at a different time
point from the first thin-film transistor TFT1. The second
source electrode 1161 may be formed in a pattern such that
the same protrudes from the data lines DL. In this case, the
data lines DL to which the second source electrode 1161 is
connected may be different from the data lines DL to which
the first thin-film transistor TFT1 is connected. The second
drain electrode 1142 is formed so as to be spaced apart from
the data lines DL and the second source electrode 1161, and
is connected to the transparent anode 1200 of the second
organic light-emitting diode OLED2 via the second con-
necting portion CT2.

[0109] Hereinafter, the layered structure of the display
device will be described in detail with reference to FIG. 3.
[0110] A buffer layer 105 is provided on the transparent
substrate 100, and first, second and third semiconductor
layers 1110, 1112 and 1111 are provided on the buffer layer
105. The buffer layer 105 serves to prevent impurities, which
remain in the transparent substrate 100, from being intro-
duced into the semiconductor layers 1110, 1112 and 1111.
The semiconductor layers 1110, 1111 and 1112 may be
amorphous or crystalline silicon semiconductor layers, or
may be transparent oxide semiconductor layers. Both sides
of the first and second semiconductor layers 1110 and 1112,
to which the first and second source electrodes 1140 and
1161 and the first and second drain electrodes 1160 and 1142
are connected, may be regions into which impurities have
been injected. An intrinsic region of each of the first and
second semiconductor layers 1110 and 1112, which is
formed between the impurity-injected regions thereof, may
function as a channel region.

[0111] The third semiconductor layer 1111 may be located
so as to overlap storage electrodes 1121 and 1141, which are
to be formed thereon, and may be used as an auxiliary
storage electrode for increasing the capacity of the storage
capacitor when impurities have been injected. Alternatively,
depending on the embodiment, the third semiconductor
layer 1111 may be omitted.

[0112] A gate insulation film 106 is provided to cover the
first to third semiconductor layers 1110, 1112 and 1111, and
first and second gate electrodes 1120 and 1122 and the first
storage electrode 1121 are formed so as to overlap the
intrinsic regions of the first and second semiconductor layers
1110 and 1112 and the third semiconductor layer 1111.
[0113] A first interlayer insulation film 107 is provided so
as to cover the first, second and third semiconductor layers
1110, 1112 and 1111, the first and second gate electrodes
1120 and 1122 and the first storage electrode 1121.

[0114] Contact holes CT1, CT2 are formed by selectively
removing portions of the first interlayer insulation film 107
and the gate insulation film 106. The first source electrode
1140 and the first drain electrode 1160 are connected to both
sides of the first semiconductor layer 1110 through the
contact holes CT1, and the second source electrode 1161 and
the second drain electrode 1142 are connected to both sides
of the second semiconductor layer 1112 through the contact
holes CT2. In the same process, a second storage electrode
1141 is formed on the first interlayer insulation film 107,
which overlaps the first storage electrode 1121.

[0115] The first thin-film transistor TFT1 for driving the
first organic light-emitting diode OLED1 of the emission
part E (RE and BE) includes the first semiconductor layer
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1110, the first gate electrode 1120, a channel region which
overlaps the first semiconductor layer 1110, and the first
source electrode 1140 and the first drain electrode 1160
connected to both sides of the first semiconductor layer
1110, which are sequentially arranged from the bottom of the
first thin-film transistor TFT1. The second thin-film transis-
tor TFT2 for driving the second organic light-emitting diode
OLED2 of the transmission part T/E does not overlap the
transmission part T/E, and has the same layered structure as
the first thin-film transistor TFT1. The second thin-film
transistor TFT2 includes the second semiconductor layer
1112, the second gate electrode 1122, a channel region
which overlaps the second semiconductor layer 1112, and
the second source electrode 1161 and the second drain
electrode 1142 connected to both sides of the second semi-
conductor layer 1112, which are sequentially arranged from
the bottom of the second thin-film transistor TFT2.

[0116] The storage capacitor STC includes the first storage
electrode 1121 and the second storage electrode 1141, which
overlap each other with the first interlayer insulation film
170 interposed therebetween.

[0117] A second interlayer insulation film 108 is formed so
as to cover the first and second thin-film transistors TFT1
and TFT2 and the storage capacitor STC.

[0118] The first and second thin-film transistors TFT1 and
TFT2 and the storage capacitor STC include light-blocking
metal layers. The first and second thin-film transistors TFT1
and TFT2 and the storage capacitor STC may be arranged so
as not to overlap the transmission part T/E, and may thus be
arranged so as to overlap the emission part E (RE and BE)
or the bank layer 150. The bank layer 150 may be located
between the transmission part T/E and the emission part E,
or may be located between the red light-emitting region RE
and the blue light-emitting region BE of the emission part E,
which are spaced apart from each other. In the emission part
B, the reflective anode 1100 may prevent the metal layers,
which are disposed under the same, from being visible. The
bank layer 150, which is relatively thick, may prevent the
configuration under the same from being visible.

[0119] Inaddition, a planarization film 109 is formed so as
to cover the first interlayer insulation film 108 to planarize
the surface thereof. The first and second connecting portions
CT1 and CT2 are formed by selectively removing portions
of the planarization film 109 and the second interlayer
insulation film 108. Thus, the first and second thin-film
transistors TET1 and TFT2 may be connected to the reflec-
tive anode 1100 and the transparent anode 1200 via the first
and second connecting portions CT1 and CT2, respectively.
[0120] In the display device of the present invention, a
partition wall 160 is provided in a region in which the
transmission part T/E and the emission part E are not located
in order to divide the adjacent transmission parts T/E or the
adjacent emission parts E from each other. The partition wall
160 prevents a deposition mask (not illustrated), which is
used for deposition of an organic material, from directly
contacting the bank layer 150 when the emission units 130
and 130" (G) are formed, thereby causing the bank layer 150
for dividing regions to maintain the shape thereof without
collapsing.

[0121] The partition wall 160 includes a first layer 161,
which is formed in the same layer as the bank layer 150, and
a second layer 162, which covers the first layer 161 and has
a predetermined height from the top surface of the first layer
161. The second layer 162 may be formed in the same layer
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as a spacer (not illustrated) formed on the bank layer in order
to prevent a deposition mask, which is used for the forma-
tion of the organic common layer or the emission layer, from
directly contacting the bank layer 150 or drooping after the
formation of the bank layer 150.

[0122] Hereinafter, embodiments, which are varied
depending on the layered structures of the first organic
light-emitting diode OLED1 and the second organic light-
emitting diode OLED2, will be described. In each embodi-
ment, the transmission part T/E has an electrode structure in
which the transparent anode 1200 and the cathode 140 are
disposed opposite each other, and the emission part E has an
electrode structure in which the reflective anode 1100 and
the cathode 140 are disposed opposite each other. Although
the reflective anode 1100 is illustrated as having a two-
layered structure that includes a reflective electrode layer
111 and a transparent electrode layer 112, the present inven-
tion is not limited thereto. The transparent electrode layer
112 may be omitted, or each of the transparent electrode
layer 112 and the reflective electrode layer 111 may be
formed to have a multi-layered structure. In the case in
which the reflective anode 1100 includes the transparent
electrode layer 112, the transparent anode 1200 of the
transmission part T/E may be formed in the same process as
the transparent electrode layer 112. Depending on the
embodiment, the transparent electrode layer may be pro-
vided under the reflective electrode layer 111 as well as on
the reflective electrode layer 111. In this case, the transparent
anode 1200 may include transparent electrode layers having
a two-layered structure.

[0123] Hereinafter, various embodiments, in which the
configurations of the first and second emission units 130 and
130' (G) are varied, will be described.

[0124] Inthe display device of the present invention, since
the transmission part T/E performs light emission and trans-
mission at the same time, the configurations of the anode and
the emission units 130 and 130' (G) thereof are different
from those of the emission part E. It has been described
above that the emission part includes the reflective anode
and that the transmission part includes the transparent
anode. Hereinafter, various embodiments will be described
with reference to the difference in the configurations of the
emission units 130 and 130'".

[0125] FIGS. 4A and 4B are cross-sectional views of
region A and region B, respectively, in FIG. 3.

[0126] As illustrated in FIG. 4B, in the display device
according to the first embodiment of the present invention,
the first emission unit 130 of the emission part E has a
structure in which a first organic common layer 131, a first
emission layer 132R and a second organic common layer
133 are stacked on one another. The first organic common
layer 131 may be provided with layers associated with hole
transport, which may include a hole injection layer, a hole
transport layer and an electron-blocking layer. The second
organic common layer 133 may be provided with layers
associated with electron transport, which may include a
hole-blocking layer, an electron transport layer and an
auxiliary cathode layer.

[0127] As illustrated in FIG. 2, the first emission layer
includes a red light emission layer 132R, which is provided
in the red light emission part RE, or a blue light emission
layer, which is provided in the blue light emission part BE.
[0128] As illustrated in FIG. 4A, the second emission unit
130 of the transmission part T/E includes all of the elements
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of the first emission unit 130 of the emission part E, and
further includes an OCL (optical compensation layer) 135.
That is, the second emission unit 130' includes the first
organic common layer 131, a sub-emission layer 132G,
which is separate from the first emission layer 132R, and the
second organic common layer 133. Here, the sub-emission
layer in the second emission unit 130" includes a green
sub-emission layer 132G, which is located in the transmis-
sion part T/E G, a blue sub-emission layer, which is located
in the transmission part T/E B, or a red sub-emission layer,
which is located in the transmission part T/E R.

[0129] Unlike the emission part E including the reflective
anode 1100, the second organic light-emitting diode OLED2
of the transmission part T/E includes the transparent anode
1200. Thus, the Fabry-Perot effect, which is a reflection
interference phenomenon occurring between the reflective
anode 1100 and the cathode 140 in the first organic light-
emitting diode OLED1, occurs in a different way from that
in the second organic light-emitting diode OLED2 due to
differences of reflection, and the optical compensation layer
135 is provided to compensate for the difference in optical
resonance effects between the two regions. That is, because
the reflection interference phenomenon occurring between
the transparent anode 1200 and the transmissive or reflec-
tive-transmissive cathode 140, which are disposed opposite
each other, in the second organic light-emitting diode
OLED?2 of the transmission part T/E acts in a different way
from that in the first organic light-emitting diode OLED1,
the optical compensation layer 135 is further provided to
adjust the vertical position of the sub-emission layer 132G
so that light is optimally emitted through the cathode 140
when the transmission part T/E is used for light emission. In
this case, the optical compensation layer 135 is disposed so
as to be in contact with the top surface or the bottom surface
of the sub-emission layer 132G. In the case in which the
optical compensation layer 135 is located under the sub-
emission layer 132G, it is effective for adjustment of the
position of the sub-emission layer 132G between the trans-
parent anode 1100 and the cathode 140. When the optical
compensation layer 135 has a thickness of about 400 A to
about 1200 A, the transmission part T/E exhibits optimal
emission efficiency. More preferably, the thickness of the
optical compensation layer 135 may range from 700 A to
900 A. Since the transmission part T/E further includes the
optical compensation layer 135 compared to the emission
part E, the second emission unit 130" is thicker than the first
emission unit 130 of the emission part E.

[0130] The blue light emission layer provided in the
emission part E may have the same host and the same dopant
as the blue sub-emission layer located in the transmission
part T/E B, and the red light emission layer provided in the
emission part E may have the same host and the same dopant
as the red sub-emission layer located in the transmission part
T/E R. The reason for this is to form an emission layer and
a sub-emission layer that emit the same-colored light as each
other in the same process. Depending on the embodiment,
the emission layer and the sub-emission layer may be
formed of different materials (hosts and dopants) from each
other. This is for securing the optimal emission efficiency
and the optimal transparency of the emission part and the
transmission part.
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[0131] As described above, in the first embodiment, each
of the first and second emission units 130 and 130' has a
single vertical organic stack structure that includes a single
emission layer.

[0132] Hereinafter, a modified example, which includes

multiple stacks, each of which includes an emission layer,
will be described.

Modified Example of First Embodiment

[0133] FIGS. 5A and 5B are cross-sectional views of
region A and region B, respectively, in FIG. 3 with respect
to a modified example of the display device according to the
first embodiment of the present invention.

[0134] As illustrated in FIGS. 5A and 5B, in a modified
example of the display device according to the first embodi-
ment of the present invention, each of the first and second
emission units 130 and 130' includes two or more stacks (81,
S2, . .. ). However, as illustrated in FIG. 5A, an optical
compensation layer 135 is further provided in at least one
stack (S1or S2, ... ) so as to be in contact with the emission
layer 132G in the second organic stack 130'. Optical com-
pensation layers 135 may be provided so as to be in contact
with all of the emission layers provided in the first and
second organic stacks 130 and 130". Alternatively, an optical
compensation layer 135 may be provided so as to be in
contact with the emission layer in any one stack (S1 or S2,
...). Alternatively, in the case in which three or more stacks
are provided, optical compensation layers 135 may be
provided so as to be in contact with the emission layers in
two or more stacks. In any case, it is desirable that the total
thickness of the optical compensation layers 135 in the
whole organic stack be in the range of 400 A to 1200 A.

[0135] The optical compensation layer 135 may be formed
of the same material as any one of the organic layers
provided in the first and second organic stacks, or may
include a different material from the organic layers provided
in the first and second organic stacks. Depending on the
embodiment, the optical compensation layer 135 may
include an inorganic material unless it obstructs the extrac-
tion of light from the transmission part T/E and the emission
part E.

[0136] Depending on the embodiment, in the case in
which the first and second emission units 130 and 130" are
provided as multiple stacks, the optical compensation layers
135 may be located on the emission layers EML as well as
under the emission layers EML. In the case in which the
optical compensation layers are located in some of the
multiple stacks, an optical compensation layer may be
located under the emission layer in any one stack, and
another optical compensation layer may be located on the
emission layer in another stack. Thus, it is possible to adjust
the position of the emission layer (EML1, EML2, . . .,
EMLn) in each stack between the transparent anode 1200
and the cathode 140.

[0137] Depending on the embodiment, except for the first
organic common layer 131 and the second organic common
layer 133, in order to adjust the positions of the emission
layers 132R and 132G within the organic stacks 130 and
130" so as to have optimal emission efliciency, a hole
transport layer (not illustrated) may be further provided
adjacent to the emission layers 132R and 132G in a certain
sub-pixel of the emission part E or in the transmission part
T/E.
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[0138] In order to adjust the vertical position of the
emission region for each color between the reflective anode
1100 and the cathode 140 in each of the emission parts E, the
thicknesses of the emission layers 132R and 132B in the
emission parts E, which emit different-colored lights from
each other, may be different.

[0139] The red sub-emission layer and the blue sub-
emission layer of the transmission parts T/E, which are
formed in the same process as the emission layers 132R and
132B of the emission parts E, may have the same thickness
as the emission layers of the emission parts E. The green
sub-emission layer 132G, which is separately provided in
the transmission part T/E, may have a different thickness
from the red and blue light emission layers 132R and 132B.
[0140] The emission layers provided in the emission parts
E are not limited to the red and blue light emission layers
shown in FIG. 2, but may be substituted with emission layers
emitting other colored lights, e.g. a magenta light emission
layer and a cyan light emission layer. In this case, the green
sub-emission layer provided in the transmission part T/E
may be substituted with a sub-yellow light emission layer.
Further, like the emission parts E, the red sub-emission layer
and the sub-blue emission layer may be substituted with a
sub-magenta light emission layer and a sub-cyan light
emission layer.

[0141] Depending on the embodiment, in addition to the
two-color combination shown in FIG. 2, the emission parts
E may further include an emission layer emitting another-
colored light and thus may have a three-color combination.
A detailed description thereof will be made with reference to
embodiments to be described later.

[0142] Although the transmission part T/E is illustrated as
having a three-color combination, it may be configured to
have a combination of at least two colors in order to prolong
the lifespan of the emission layers provided in the emission
parts.

[0143] In the embodiment shown in FIG. 2, in order to
supplement the emission of green light, which is not emitted
from the emission parts RE and BE, the transmission parts
T/E are formed such that the area of the green sub-emission
layer is greater than the area of other emission layers.
However, in the case in which the emission parts include a
green light emission layer, the ratio of areas of the emission
layers provided in the transmission parts T/E may be varied
such that the area of other emission layers is greater than the
area of the green sub-emission layer.

[0144] 1In the case in which the display device is attached
to the front glass of a vehicle, because an optical film for
blocking external light is adhered to the rear surface of the
front glass, the front glass may not be uniformly transparent
to visible light in the entire wavelength range, but may
restrict the radiation of light within a specific wavelength
range. According to the display device of the present inven-
tion, an emission layer corresponding to light having a
wavelength range that is blocked by the optical film adhered
to the front glass is formed with a relatively large area in the
transmission parts T/E, thereby compensating for the insuf-
ficient amount of light that is radiated.

[0145] Depending on the embodiment, a sub-emission
layer emitting a light having a specific color may be dis-
posed with a relatively large area or a relatively small area
in the transmission parts in response to the demand of a
customer. In the latter case, when sub-emission layers emit-
ting lights having three colors are disposed in the transmis-
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sion parts, each of the sub-emission layers emitting lights
having two colors may be disposed with a larger area than
the sub-emission layer emitting the one remaining color.
[0146] In the case of a completely transparent front glass,
to which no optical film blocking light within a specific
wavelength range is adhered, it may be effective from the
aspect of light emission efficiency to dispose the green
sub-emission layer 132G, which is the most visible, in the
largest area in the transmission parts T/E. However, the
display device of the present invention is not limited thereto.
If a certain color is preferred in an application using the
display device, the sub-emission layer, which is disposed
with the largest area in the transmission parts T/E, may be
substituted with a sub-emission layer emitting a light having
a color other than green.

[0147] Hereinafter, second to fifth embodiments, in which
the planar arrangement of the emission layers and the
sub-emission layers of the transmission parts and the emis-
sion parts are varied, will be described with reference to the
drawings.

[0148] FIGS. 6 to 9 are plan views of display devices
according to second to fifth embodiments, respectively, of
the present invention.

Second Embodiment

[0149] As illustrated in FIG. 6, in the display device
according to the second embodiment of the present inven-
tion, the emission parts RE, GE and BE and the transmission
parts R, G and B are arranged such that the red, green and
blue emission layers and the red, green and blue sub-
emission layers are sequentially arranged in rows or col-
umns.

[0150] That is, the red, green and blue emission layers and
the red, green and blue sub-emission layers are evenly
disposed in the emission parts and the transmission parts. In
the display device according to the second embodiment of
the present invention, the sub-emission layer of the trans-
mission part, which emits a light having the same color as
the emission layer of the emission part, is used for auxiliary
light emission. That is, the transmission part performs aux-
iliary light emission in addition to light emission from the
emission part, thereby increasing the lifespan of the first
organic light-emitting diode OLED1 (refer to FIG. 3) in the
emission part.

[0151] Unlike the emission part including the reflective
anode 1100 (refer to FIG. 3), the transmission part including
the transparent anode 1200 (refer to FIG. 3), as illustrated in
FIGS. 4A and 5A, may further include an optical compen-
sation layer, which is in contact with the emission layer, in
order to compensate for the difference in fine resonance
between the anode and the cathode depending on the appli-
cation of the reflective anode. The optical compensation
layer may be formed of the same material as at least any one
of the layers provided in the emission unit, or may be formed
of a different material therefrom. Considering that the opti-
cal compensation layer is in contact with the emission layer,
if the optical compensation layer is formed of the same
material as a transport material formed on the front or rear
side of the emission layer, the use of a deposition mask may
be reduced.

[0152] In this case, since the transmission part further
includes the optical compensation layer, the thickness of the
emission unit, which is formed of an organic material on the
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anode and cathode, is greater than the thickness of the
emission unit of the emission part.

[0153] The emission part has a top-emission-type struc-
ture so that light is optimally extracted toward an observer.
However, the light emitted from the transmission part pro-
gresses both in the upward direction and in the downward
direction in order to maintain the transparency of the trans-
mission part, thus causing the loss of light. Thus, when the
respective emission layers of the emission part and the
respective sub-emission layers of the transmission part are
formed of the same material (host and dopant) as each other,
the full width at half maximum (FWHM) of the transmission
part is greater than the FWHM of the emission part. This
means that the color purity of the transmission part is
lowered when the emission layers and the sub-emission
layers are formed of the same material as each other.
However, since the transmission part is used not only for
emission, but also needs to maintain transparency at a
predetermined level, the function of the transmission part is
to perform auxiliary light emission in addition to light
emission from the emission part. Thus, the color purity of
the light emitted from the entire display device is not
determined by the color purity of the light emitted from the
transmission part, but is determined by the color purity of
the light emitted from the emission part.

[0154] Similar to the first embodiment described above,
the transmission part and the emission part include the
transparent anode 1200, the reflective anode 1100, the
second emission unit 130' provided on the transparent anode
1200, the first emission unit 130 provided on the reflective
anode 1100, the sub-emission layer provided in the second
emission unit 130", and the emission layer provided in the
first emission unit 130.

Third Embodiment

[0155] As illustrated in FIG. 7, the display device accord-
ing to the third embodiment of the present invention is
configured such that transmission parts G/R, B/G or R/B,
divided into two, rather than a single transmission part, are
disposed between adjacent emission parts (BE and RE, RE
and GE, or GE and RE). In addition to a first thin-film
transistor TFT1 for driving each emission part, second
thin-film transistors TFT21 and TFT22 for driving the
transmission parts divided into two are provided in the
emission part BE, RE or GE or under a bank layer 150 (refer
to FIG. 3) formed between the emission part and the
transmission part. The reflective anode 1100 of the emission
part may protrude toward the bank layer so as to overlap the
first thin-film transistor TFT1, and may be electrically
connected to the first thin-film transistor TFT1 via a first
contact hole CT1. The transparent anodes 1200a, 12005,
1200¢ and 12004 of the transmission parts may protrude
toward the bank layer so as to overlap the second thin-film
transistors TFT21 and TFT22, and may be connected to the
second thin-film transistors TFT21 and TFT22 via second
contact holes CT21 and CT22, respectively.

[0156] In the display device of the third embodiment, the
sub-emission layers of the transmission parts divided into
two (1200a and 12005, or 1200¢ and 12004) are arranged
such that the ratio of the red and green sub-emission layers
to the blue sub-emission layer is 3:2. That is, the red and
green colors are emphasized to compensate for the light
emission efficiency. However, the present invention is not
limited thereto. The sub-emission layers of the transmission
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parts, which emit lights having three different colors from
each other, may be arranged such that a color other than red
and green is emphasized.

[0157] Here, the cross-sectional configurations of the
transmission part and the emission part are the same as
illustrated in FIG. 3, and a description thereof will be
omitted.

Fourth Embodiment

[0158] As illustrated in FIG. 8, the display device accord-
ing to the fourth embodiment of the present invention is
configured such that transmission parts R, G and B, divided
into three, rather than a single transmission part, are dis-
posed between adjacent emission parts (BE and RE, RE and
GE, or GE and RE). In addition to a first thin-film transistor
TFT1 for driving each emission part, second thin-film tran-
sistors TFT31, TFT32 and TFT33 for driving the transmis-
sion parts divided into three are provided in the emission
part BE, RE or GE or under a bank layer 150 (refer to FIG.
3) formed between the emission part and the transmission
part. The reflective anode 1100 of the emission part may
protrude toward the bank layer (between the transmission
part and the emission part) so as to overlap the first thin-film
transistor TFT1, and may be electrically connected to the
first thin-film transistor TET1 via a first contact hole CT1.
The transparent anodes 3200a, 32005 and 3200c of the
transmission parts may protrude toward the bank layer so as
to overlap the second thin-film transistors TFT31, TFT32
and TFT33, and may be connected to the second thin-film
transistors TFT31, TFT32 and TFT33 via second contact
holes CT31, CT32 and CT33, respectively.

[0159] In the display device of the fourth embodiment, the
sub-emission layers of the transmission parts are arranged
such that the sub-emission layer R, the sub-emission layer G
and the sub-emission layer B are evenly arranged between
the adjacent emission parts.

[0160] Due to this arrangement, the transmission part
compensates for the light emission efficiency evenly with
respect to the red, green and blue colors. The arrangement
for emitting red, green and blue light may be substituted
with the arrangement for emitting magenta, cyan and yellow
lights. However, the present invention is not limited thereto.
Sub-emission layers emitting lights having other colors may
be combined so as to realize a white light.

Fifth Embodiment

[0161] As illustrated in FIG. 9, the display device accord-
ing to the fifth embodiment of the present invention is
configured such that transmission parts R, G and B divided
into three and a single transmission part G including a green
sub-emission layer are alternately disposed between adja-
cent emission parts (BE and RE, RE and GE, or GE and RE).
In addition to a first thin-film transistor TFT1 for driving
each emission part, second thin-film transistors TFT31,
TFT32 and TFT33 for driving the transmission parts divided
into three and a third thin-film transistor TFT44 for driving
the single transmission part are provided in the emission part
BE, RE or GE or under a bank layer 150 (refer to FIG. 3)
formed between the emission part and the transmission part.
The reflective anode 1100 of the emission part may protrude
toward the bank layer (between the transmission part and the
emission part) so as to overlap the first thin-film transistor
TFT1. and may be electrically connected to the first thin-film

Jan. 2, 2020

transistor TFT1 via a first contact hole CT1. The transparent
anodes 3220a, 32205, 3220c and 2200 of the transmission
parts may protrude toward the bank layer so as to overlap the
second thin-film transistors TFT41, TFT42 and TFT43 and
the third thin-film transistor TFT44, and may be connected
to the second thin-film transistors TFT41, TFT42 and TFT43
and the third thin-film transistor TFT 44 via second contact
holes CT41, CT42 and CT43 and a third contact hole CT44,
respectively.

[0162] In the display device of the fifth embodiment, the
sub-emission layers of the transmission parts are arranged
such that a single green sub-emission layer is further pro-
vided, in addition to the red, green and blue sub-emission
layers. Since the green color is highly visible, the additional
green sub-emission layer provided in the transmission part
T/E improves the light emission efficiency and the bright-
ness efficiency of the transmission part T/E. As described
above, a sub-emission layer emitting a light having another
color may be additionally provided depending on the
demand or requirements of a customer.

[0163] Hereinafter, display devices according to sixth to
eleventh embodiments of the present invention will be
described with reference to cross-sectional views.

[0164] FIGS. 10 to 12 are cross-sectional views of organic
light-emitting diodes of display devices according to sixth to
eighth embodiments of the present invention.

Sixth Embodiment

[0165] Asillustrated in FIG. 10, the display device accord-
ing to the sixth embodiment of the present invention
includes multiple stacks, which are arranged as illustrated in
the plan view of FIG. 2 and have the same configuration as
the modified example illustrated in FIGS. 5A and 5B. FIG.
10 illustrates a red emission part RE, a blue emission part
BE, and a transmission part G T/E having a green sub-
emission layer. In this case, in addition to the green sub-
emission layer, a red sub-emission layer and a blue sub-
emission layer may be arranged parallel to each other in a
planar manner in the transmission part, as illustrated in FIG.
2.

[0166] Each of the red emission part RE and the blue
emission part BE is configured such that two stacks S1 and
S2 are provided between a reflective anode 1100 and a
cathode 140.

[0167] The first sub-stack S1 includes a p-type hole trans-
port layer 1301, a first hole transport layer 1302, a first
sub-stack emission layer 1311: Red1 (or 1312: Bluel), and
a first electron transport layer 1320, which are sequentially
arranged.

[0168] A charge generation layer 1330, in which an n-type
charge generation layer nCGL and a p-type charge genera-
tion layer pCGL are stacked, is provided on the first sub-
stack S1. The charge generation layer 1330 may be formed
in a single-layered structure in which a p-type dopant and an
n-type dopant are included in at least one host, or may be
formed in a three-layered structure in which a buffer layer
(not illustrated) is further provided between the p-type
charge generation layer pCGL and the n-type charge gen-
eration layer nCGL.

[0169] The second stack S2, in which a second hole
transport layer 130, a second stack emission layer 1351:
Redl (or 1352: Blue2) and a second electron transport layer
1360 are stacked on one another, is provided on the charge
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generation layer 1330. That is, the charge generation layer
1330 is disposed between two stacks S1 and S2.

[0170] Before the formation of the cathode 140, an aux-
iliary cathode layer 145, which is formed of an inorganic
compound such as LiF and a transmissive or semi-transmis-
sive metal compound having a small work function, may be
provided on the second stack S2.

[0171] The cathode 140 may be provided on the auxiliary
cathode layer 145. A capping layer 170, which is formed of
an organic material, may be further provided on the cathode
140 in order to protect the cathode 140 and to improve the
extraction of light in the upward direction. Since the auxil-
iary cathode layer 145 includes metal and is also formed of
an inorganic material or an inorganic compound, the auxil-
iary cathode layer 145 may be included in the constituent
elements of the cathode 140.

[0172] Before being bonded to the opposite transparent
substrate 200 (refer to FI1G. 1), the capping layer 170 may be
formed of the same material as any one of the layers of the
first and second emission units 130 and 130" (refer to FIG.
1) in the final stage of the process of forming the first and
second organic light-emitting diodes OLED1 and OLED2.
Accordingly, the capping layer 170 may be included in the
constituent elements of the first and second organic light-
emitting diodes OLED1 and OLED2 in the transmission part
T/E and the emission part E.

[0173] The emission layers 1311 and 1351 (or 1312 and
1352), which are provided in the first sub-stack S1 and the
second sub-stack S2, emit lights having the same color as
each other, and thus each sub-pixel emits a light of a single
color.

[0174] As illustrated in FIG. 10, in the sixth embodiment
of the present invention, all of the emission parts RE and BE
and the transmission part T/E include the first sub-stacks S1
and the charge generation layers 1330. However, in the
transmission part T/E, an optical compensation layer 1345 is
further provided between the second hole transport layer
1340 and the second stack emission layer Green2 within the
second sub-stack S2 provided on the charge generation layer
1330, and green sub-emission layers 1314 and 1354 are
provided as the sub-emission layers.

[0175] Here, the red emission layers 1311 and 1351, the
blue emission layers 1312 and 1352 and the green sub-
emission layers 1314 and 1354 may have different thick-
nesses from each other in order to adjust the light emission
efficiency and the vertical emission region between the
anode and the cathode.

[0176] Depending on the embodiment, the optical com-
pensation layer 1345 may be disposed in the first sub-stack
, rather than in the second sub-stack, or may be provided in
all of the first and second sub-stacks.

[0177] Further, the optical compensation layer 1345, as
illustrated in FIG. 10, may be located so as to be in contact
with the bottom surface of the sub-emission layer 1354 or
1314, or may be located so as to be in contact with the top
surface of the sub-emission layer 1354 or 1314.

Seventh Embodiment

[0178] As illustrated in FIG. 11, the display device accord-
ing to the seventh embodiment of the present invention
includes a green emission part GE, a blue emission part BE,
and a red transmission part R T/E.

[0179] The seventh embodiment has the same configura-
tion as the sixth embodiment, except that green emission
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layers 1313 and 1353 are disposed in the green emission part
GE, red sub-emission layers 1411 and 1461 are disposed in
the transmission part, and an optical compensation layer
1445 is provided so as to be in contact with the red
sub-emission layer 1461 in the second stack.

[0180] In this case, the display device according to the
seventh embodiment of the present invention operates such
that the transmission part emits a red light, which is not
emitted from the emission part.

Eighth Embodiment

[0181] Asillustrated in FIG. 12, the display device accord-
ing to the eighth embodiment of the present invention
includes a red emission part RE, a green emission part GE,
and a blue transmission part B T/E.

[0182] The eighth embodiment has the same configuration
as the sixth embodiment, except that green emission layers
1313 and 1353 are disposed in the green emission part GE,
blue sub-emission layers 1511 and 1561 are disposed in the
transmission part, and an optical compensation layer 1545 is
provided so as to be in contact with the blue sub-emission
layer 1561 in the second stack.

[0183] In this case, the display device according to the
eighth embodiment of the present invention operates such
that the transmission part emits a blue light, which is not
emitted from the emission part.

[0184] FIGS. 13 to 15 are cross-sectional views of organic
light-emitting diodes of display devices according to ninth to
eleventh embodiments, respectively, of the present inven-
tion.

Ninth Embodiment

[0185] Asillustrated in FIG. 13, the display device accord-
ing to the ninth embodiment of the present invention is
configured such that a red emission part RE, a green
emission part GE and a blue emission part BE are evenly and
sequentially arranged and such that a green transmission part
G T/E having a green sub-emission layer is provided in order
to emphasize a green color. The cross-sectional configura-
tion of each of the emission parts is the same as illustrated
in FIGS. 10 and 11 and the cross-sectional configuration of
the green transmission part is the same as illustrated in FIG.
10, and thus a description thereof will be omitted.

Tenth Embodiment

[0186] As illustrated in FIG. 14, the display device accord-
ing to the tenth embodiment of the present invention is
configured such that a red emission part RE, a green
emission part GE and a blue emission part BE are evenly and
sequentially arranged and such that a red transmission part
R T/E having a red sub-emission layer is provided in order
to emphasize a red color. The cross-sectional configuration
of each of the emission parts is the same as illustrated in
FIGS. 10 and 11 and the cross-sectional configuration of the
red transmission part is the same as illustrated in FIG. 13,
except that red sub-emission layers 1315 and 1355 are
provided in the lower and upper stacks, and thus a descrip-
tion thereof will be omitted.

Eleventh Embodiment

[0187] Asillustrated in FIG. 15, the display device accord-
ing to the eleventh embodiment of the present invention is
configured such that a red emission part RE, a green
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emission part GE and a blue emission part BE are evenly and
sequentially arranged and such that a blue transmission part
B T/E having a blue sub-emission layer is provided in order
to emphasize a blue color. The cross-sectional configuration
of each of the emission parts is the same as illustrated in
FIGS. 10 and 11 and the cross-sectional configuration of the
blue transmission part is the same as illustrated in FIG. 13,
except that blue sub-emission layers 1316 and 1356 are
provided in the lower and upper stacks, and thus a descrip-
tion thereof will be omitted.

[0188] In the display devices according to the ninth to
eleventh embodiments, the optical compensation layers,
which are disposed under the sub-emission layers of the
transmission parts, which emit lights having different colors
from each other, may have different thicknesses from each
other so as to be suitable for the efficiency of emission of
respective colors.

[0189] The inventor of the present invention has con-
firmed improvement of the light emission efficiency of the
display device having the cross-sectional configuration
according to the ninth embodiment of the present invention
(refer to F1G. 13), in which the first emission unit having an
emission layer has the following configuration in the emis-
sion part and the optical compensation layer is formed of the
same material as the second hole transport layer in the
transmission part.

[0190] That is, the first sub-stack S1 includes a p-type hole
transport layer 1301, a first hole transport layer 1302, first
sub-stack emission layers 1311, 1312 and 1313, and a first
electron transport layer 1310. The p-type hole transport layer
1301 is formed to have a thickness of 50 A, the first hole
transport layer 1302 is formed to have a thickness of 400 A
using an NPD material, and the first electron transport layer
1320 is formed to have a thickness of 150 A using an
anthracene-based organic compound. The first sub-stack
emission layers 1311, 1312 and 1313 may have different
thicknesses from each other. Specifically, the green emission
layer 1313 is formed to have a thickness of 400 A, the red
emission layer 1311 is formed to have a thickness of 600 A
to 700 A, and the blue emission layer 1312 is formed to have
a thickness of 150 A to 250 A.

[0191] The charge generation layer 1330 is formed by
stacking an n-type charge generation layer nCGL and a
p-type charge generation layer pCGL. The n-type charge
generation layer nCGL is formed to have a thickness of 150
A, and the p-type charge generation layer pCGL is formed
to have a thickness of 60 A.

[0192] The second sub-stack S2 includes a second hole
transport layer 1340, second sub-stack emission layers 1351,
1352 and 1353, and a second electron transport layer 1360.
The second hole transport layer 1340 is formed to have a
thickness of 400 A using an NPD material, and the second
electron transport layer 1360 is formed to have a thickness
of 300 A using an anthracene-based compound and an LiQ
compound. The second sub-stack emission layers 1351,
1352 and 1353 may have different thicknesses from each
other. Specifically, the green emission layer 1353 is formed
to have a thickness of 400 A, the red emission layer 1351 is
formed to have a thickness of 600 A to 700 A, and the blue
emission layer 1352 is formed to have a thickness of 150 A
to 250 A.

[0193] The reflective anode 1100 is formed by stacking a
first transparent electrode layer 1124, a reflective electrode
111 and a second transparent electrode layer 1125. In this
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case, the first and second transparent electrode layers 112a
and 1125 are formed of indium tin oxide (ITO), and the
reflective electrode 111 is formed of an APC (Ag:Pb:Cu)
alloy. The first and second transparent electrode layers 1124
and 1125 are formed to have a thickness of 70 A, and the
reflective electrode 111 is formed to have a thickness of 1000
A.

[0194] The auxiliary cathode layer 145, which is located
on the first emission unit 130, is formed to have a thickness
of 30 A using Mg and LiF in a composition ratio of 1:1, and
the cathode 140 is formed to have a thickness of 160 A using
Ag and Mg in a composition ratio of 3:1.

[0195] The capping layer 170 is formed by depositing an
NPD material to a thickness of 650 A.

[0196] The transparent anode 1200, in which the first and
second transparent electrode layers 112a and 1125 are
stacked, is provided in the transmission part. The transmis-
sion part has the same stack configuration as the first
emission unit 130, except that the optical compensation
layer 1345 is further provided under the green sub-emission
layer 1354.

[0197] In the display device according to the ninth
embodiment of the present invention, which includes the
emission part and the transmission part configured as
described above, the emission part, which is of a top-
emission type, may achieve light emission efficiency of 200
Cd/A or greater, and the transmission part having the optical
compensation layer may additionally achieve light emission
efficiency of 40 Cd/A or greater, thereby improving the light
emission efficiency over the entire region of the substrate.
[0198] According to the above-described embodiments,
lights having colors corresponding to sub-pixels are emitted
using the emission layers provided in the transmission parts
and the emission parts.

[0199] However, the present invention is not limited
thereto. The display device of the present invention may be
configured such that the transmission part and the emission
part have organic stack configurations to thus emit white
lights and further include color filter configurations to divide
the colors of lights emitted from the emission part and such
that a configuration securing the transparency is not pro-
vided at the outer sides of the transparent anode and the
cathode in the transmission part in order to reduce the loss
of light.

[0200] A more detailed description will now be made with
reference to the drawings.

Twelfth Embodiment

[0201] FIG. 16 is a cross-sectional view of a display
device according to a twelfth embodiment of the present
invention, and FIGS. 17A and 17B are cross-sectional views
of organic light-emitting diodes of an emission part and a
transmission part, respectively, shown in FIG. 16.

[0202] As illustrated in FIG. 16, the display device accord-
ing to the twelfth embodiment of the present invention is
configured such that red, green and blue sub-pixels R_SP,
G_SP and B_SP corresponding to emission parts include
white organic stacks OS between respective reflective
anodes 1100 and a cathode 236 and such that a sub-pixel
T_SP of the transmission part includes a white organic stack
OS between a transparent anode 1200 and the cathode 236.
[0203] Inthis case, the transparent substrate 200 is divided
into the red, green and blue sub-pixels R_SP, G_SP and
B_SP and the transparent sub-pixel T_SP. Each of the
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sub-pixels has a driving thin-film transistor, which includes
a gate electrode 202, a semiconductor layer 214, a drain
electrode 210 and a source electrode 208, which are con-
nected to both sides of the semiconductor layer 214, and an
etch stopper 236, which corresponds to a channel portion of
the semiconductor layer 214 and is in contact with the
semiconductor layer 214.

[0204] In addition, a gate insulation film 212 is provided
between the gate electrode 202 and the semiconductor layer
214. A first protective film 218 and a second protective film
226 are provided in a region, other than a contact hole 220,
between the driving thin-film transistor and the reflective
anode 1100.

[0205] The reflective anode 1100 is formed by stacking a
first transparent electrode layer 2204, a reflective electrode
layer 2205 and a second transparent electrode layer 220¢ on
one another. The transparent anode 1200 includes the first
and second transparent electrode layers 220a and 220c¢
without the reflective electrode layer 2205.

[0206] Bank layers 230 are provided between the reflec-
tive anode 1100 and the white organic stack OS and between
the transparent anode 1200 and the white organic stack OS,
thereby defining the respective sub-pixels.

[0207] A capping layer 240 is formed on the cathode 236
in order to secure the extraction of light and to protect the
organic light-emitting diodes. The red, green and blue sub-
pixels R_SP, G_SP and B_SP, which correspond to the
emission parts, include red, green and blue color filters
224R, 224G and 224B provided on the capping layer 240.
[0208] As illustrated in FIGS. 17A and 17B, in the display
device according to the twelfth embodiment of the present
invention, each of the emission part and the transmission
part realizes a white color using two white organic stacks.
[0209] As illustrated in FIG. 17A, each of the red, green
and blue sub-pixels R_SP, G_SP and B_SP, which corre-
spond to the emission parts, includes: a first sub-stack S1,
which includes a p-type hole transport layer 2301, a first
hole transport layer 2302, a blue emission layer 2311, and a
first electron transport layer 2320; a charge generation layer
2330, in which an n-type charge generation layer nCGL and
a p-type charge generation layer pCGL are stacked; a second
sub-stack S2, which includes a second hole transport layer
2340, a green emission layer 2351, a red emission layer
2352, a second electron transport layer 2360, and an auxil-
iary cathode layer 235; and a cathode 236. The first sub-
stack S1, the charge generation layer 2330, the second
sub-stack S2 and the cathode 236 are sequentially stacked on
the reflective anode 1100.

[0210] As illustrated in FIG. 17B, the transparent sub-
pixel T_SP, which corresponds to the transmission part,
further includes an optical compensation layer 2345, which
is in contact with the bottom surface of the green emission
layer 2351 in the second sub-stack S2'.

[0211] The transparent sub-pixel T_SP includes the emis-
sion layer, but does not include a color filter in order to
secure transparency.

[0212] In the stack, the combination of the red, green and
blue emission layers may be substituted with the combina-
tion of magenta, yellow and cyan emission layers, or may be
substituted with the combination of emission layers emitting
lights having other colors to realize a white light. Alterna-
tively, the green emission layer and the red emission layer,
which are stacked in the second stack S2', may be substituted
with yellow green emission layers, and the emission layers
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may be formed in the shape of multiple layers that have
different dopant concentrations from each other.

[0213] In addition, in the twelfth embodiment of the
present invention, the optical compensation layer 2345 is
provided in the transparent sub-pixel T_SP so as to corre-
spond to the red, green and blue sub-pixels SP of the
emission parts, thereby compensating for the difference
between the resonance between the reflective anode and the
cathode and the resonance between the transparent anode
and the cathode and the difference in the extraction of light
between top emission and dual emission.

[0214] In the case in which the transmission part and the
emission part commonly include the white organic stack, the
organic stack is configured such that an opening portion does
not correspond to a specific region in the active area, thereby
omitting the use of a fine metal mask and facilitating the
process.

[0215] Depending on the embodiment, the illustrated
mask may be changed to the shape described above with
reference to FIG. 3.

[0216] In the case in which each sub-pixel includes a
white organic emission stack emitting a white light like the
display device according to the twelfth embodiment of the
present invention, the light emission efficiency of the entire
display device may be improved, and the display device may
be effectively used for an application requiring high bright-
ness.

Thirteenth Embodiment

[0217] FIGS. 18A and 18B are cross-sectional views illus-
trating organic light-emitting diodes of an emission part and
a transmission part of a display device according to a
thirteenth embodiment of the present invention.

[0218] The above-described twelfth embodiment realizes
a white color using two white organic stacks, whereas the
display device according to the thirteenth embodiment of the
present invention realizes a white color using three white
organic stacks.

[0219] As illustrated in FIG. 18A, in the display device
according to the thirteenth embodiment of the present inven-
tion, each of the red, green and blue sub-pixels R_SP, G_SP
and B_SP, which correspond to the emission parts, includes:
a first sub-stack S1, which includes a first hole transport
layer 2400, a first blue emission layer 2410, and a first
electron transport layer 2420; a first charge generation layer
2430, in which an n-type charge generation layer nCGL and
a p-type charge generation layer pCGL are stacked; a second
sub-stack S2, which includes a second hole transport layer
2440, a green emission layer 2450, a red emission layer
2455, and a second electron transport layer 2460; a second
charge generation layer 2470, in which an n-type charge
generation layer nCGL and a p-type charge generation layer
pCGL are stacked; a third sub-stack S3, which includes a
third hole transport layer 2480, a second blue emission layer
2490 and a third electron transport layer 2500; and a cathode
340. The first sub-stack S1, the first charge generation layer
2430, the second sub-stack S2, the second charge generation
layer 2470, the third sub-stack S3 and the cathode 340 are
sequentially stacked on the reflective anode 330. In the
emission part, a color filter 224 is located on the cathode 340
in order to realize each color of the sub-pixel.

[0220] As illustrated in FIG. 18B, the transparent sub-
pixel T_SP corresponding to the transmission part has the
same white organic stack configuration as the emission part,
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except that the transparent sub-pixel T_SP includes an
optical compensation layer 2485, which is in contact with
the bottom surface of the second blue emission layer 2490
in the third sub-stack S3. The optical compensation layer
2485 is provided in the transparent sub-pixel T_SP so as to
correspond to the red, green and blue sub-pixels SP of the
emission parts, thereby compensating for the difference
between the resonance between the reflective anode and the
cathode and the resonance between the transparent anode
and the cathode and the difference in the extraction of light
between top emission and dual emission.

[0221] Although the optical compensation layer 2485 is
illustrated as being provided in the uppermost sub-stack, the
present invention is not limited thereto. The optical com-
pensation layer 2485 may be provided in another sub-stack
or in a plurality of stacks. The arrangement of the optical
compensation layer 2485 may be adjusted in consideration
of the efficiency and transparency of the corresponding
transparent sub-pixel.

[0222] The transparent sub-pixel T_SP includes the emis-
sion layer, but does not include a color filter in order to
secure transparency.

[0223] The thirteenth embodiment of the present inven-
tion, which includes the three sub-stacks, has more
improved light emission efficiency than the twelfth embodi-
ment.

[0224] The display device of the present invention may be
formed in various shapes, and may be applied to mobile
devices or vehicles. Further, the transparent substrate 100 or
200 may be formed of a flexible material so as to be flexible
and thus to facilitate mounting and demounting thereof.

[0225] An example, in which the display device of the
present invention performs transparent display and is
applied to a vehicle, will be described below.

[0226] FIG. 19 is a view illustrating a usage example of
the display device of the present invention.

[0227] As illustrated in FIG. 19, the transparent substrate
100 or 200 of the display device of the present invention
(refer to FIGS. 1 to 18) may be attached to at least one of a
dashboard, a head-up display device 2000, a front window
3000, a room mirror (not illustrated), or a side mirror 3100
of a vehicle. In this case, the display device mounted in the
vehicle may be used as a device for providing information
to a driver.

[0228] The first thin-film transistor and the second thin-
film transistor for driving the emission part and the trans-
mission part disposed on the transparent substrate 100 are
driven by receiving power from a battery mounted in the
vehicle, and subsequently the first and second organic light-
emitting diodes are driven by receiving current. Since the
display device of the present invention has high light emis-
sion efficiency, it is capable of displaying information with
high brightness and improved visibility even when a user is
outdoors. Further, the active area of the display device is
evenly used for light emission, thereby preventing degrada-
tion of a specific region in the display device and improving
the lifespan thereof.

[0229] The usage example of the display device of the
present invention shown in FIG. 19 is merely illustrative.
The present invention is not limited thereto. The display
device of the present invention may be used for any devices
requiring information display with certain transparency.
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[0230] As is apparent from the above description, a panel,
a display device and a vehicle-mounted display device
according to the present invention have the following
effects.
[0231] First, in the display device of the present invention,
which includes a transparent substrate for transparent dis-
play, since the transmission part also includes an organic
light-emitting diode for light emission, most of the region of
the substrate is used as an emission region. Thus, it is
possible to extend the lifespan of the display device, com-
pared to a conventional transparent display device in which
only an emission part emits light and an organic light-
emitting diode of the emission part is continuously driven.
That 1s, since most of the region of the substrate is used for
light emission, current density per unit area is reduced, and
thus the lifespan of the display device is lengthened.
[0232] Second, since both the emission part and the trans-
mission part are capable of emitting light, the light emission
efficiency of the display device is improved.
[0233] Third, since the transmission part includes multiple
sub-emission layers emitting lights having different colors
from each other, it is possible to obtain light emission effect
from the emission part and the transmission part at the same
time, thereby extending the lifespan of the emission layers
provided in the emission part and the transmission part.
[0234] Fourth, unlike the electrode structure of the emis-
sion part, the electrode structure of the transmission part is
formed such that transparent electrodes are disposed so as to
face each other in order to perform transparent display.
[0235] Fifth, the organic light-emitting diode of the trans-
mission part includes an optical compensation layer, which
is disposed in the transparent electrode structure and is
formed to be thicker than the emission layer, thereby
improving the color sense of the light emitted from the
transmission part.
[0236] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.
What is claimed is:
1. A display panel having a plurality of emission parts and
a plurality of transmission parts, the display panel compris-
ing:
a transparent substrate;
a reflective anode in each of the emission parts;
a transparent anode in each of the transmission parts;
a first emission unit on the reflective anode;
a second emission unit on the transparent anode; and
a cathode on both the first emission unit and the second
emission unit,
wherein the plurality of transmission parts include a
plurality of sub-emission parts at least some of which
emitting lights having different colors from each other.
2. The display panel according to claim 1, wherein the
plurality of sub-emission parts comprise first, second, and
third sub-emission layers configured to emit lights having
first, second, and third wavelengths, respectively, the first
wavelength being shorter than the second wavelength, and
the second wavelength being shorter than the third wave-

length.
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3. The display panel according to claim 2, wherein the
plurality of emission parts include first, second, and third
emission parts include first, second, and third emission
layers, respectively, configured to emit lights having differ-
ent colors from each other, and

wherein each of the first, second, and third emission

layers has a same host and a same dopant as a corre-
sponding one of the first, second, and third sub-emis-
sion layers, respectively, in the transmission parts.

4. The display panel according to claim 3, wherein a first
organic common layer and a second organic common layer
are continuously provided under and on the first, second, and
third emission layers, respectively, in the first emission unit
and under and on the first to third sub-emission layers
respectively, in the second emission unit.

5. The display panel according to claim 2, wherein the
plurality of emission parts include a first emission part and
a second emission part configured to emit lights having
different colors from each other,

wherein the first emission part and the second emission

part comprise first and second emission layers, respec-
tively, in the first emission unit, and

wherein each of the first and second emission layers has

a same host and a same dopant as a corresponding one
of any two of the first, second, and third sub-emission
layers in the transmission part.

6. The display panel according to claim 5, wherein a first
organic common layer and a second organic common layer
are continuously provided under and on the first and second
emission layers, respectively, in the first emission unit and
under and on the first, second, and third sub-emission layers,
respectively, in the second emission unit.

7. The display panel according to claim 1, wherein each
of the first emission unit and the second emission unit
comprises multiple stacks separated by at least one charge
generation layer, and

wherein the stacks vertically disposed in each of the

emission parts and the transmission parts comprise
emission layers configured to emit lights having a same
color as each other.

8. The display panel according to claim 2, wherein the
transmission parts include more second sub-emission layers
than the first and third sub-emission layers.

9. The display panel according to claim 2, wherein the
first or the third sub-emission layer in the transmission parts
occupies a smaller area than second sub-emission layer.

10. The display panel according to claim 2, wherein the
second sub-emission layer in the transmission parts occupies
a larger area than first sub-emission layer or the third
sub-emission layer.

11. The display panel according to claim 2, wherein the
second emission unit further comprises an optical compen-
sation layer.

12. The display panel according to claim 2. wherein the
second emission unit further comprises first, second, and
third optical compensation layers in contact with the first,
second, and third sub-emission layers, respectively.

13. The display panel according to claim 12, wherein the
first, second, and third optical compensation layers have
different thicknesses from each other.

14. The display panel according to claim 1, wherein each
of the first emission unit and the second emission unit
comprises an organic stack configured to emit a white light,
and
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wherein at least one color filter is provided on the cathode
so as to correspond to the emission parts.

15. The display panel according to claim 14, wherein the
organic stack comprises multiple stacks separated by at least
one charge generation layer, and

wherein a plurality of emission layers configured to emit
lights having different colors from each other are
stacked in at least one of the stacks.

16. The display panel according to claim 15, wherein the
second emission unit further comprises an optical compen-
sation layer provided in at least one of the stacks.

17. The display panel according to claim 15, wherein the
multiple stacks comprise the at least one charge generation
layer and the emission layers are continuously formed in the
first emission unit and the second emission unit without
separation.

18. The display panel according to claim 1, wherein the
transmission parts, included in the transparent substrate,
have a total area greater than a total area of the emission
parts.

19. A display device comprising:

the display panel according to claim 1;

a first thin-film transistor electrically connected to the
reflective anode; and

a second thin-film transistor electrically connected to the
transparent anode,

wherein the first thin-film transistor and the second thin-
film transistor are provided in a region other than the
transmission parts.

20. The display device according to claim 19, further

comprising:

a bank layer between adjacent ones of the transmission
parts, between adjacent ones of the emission parts, and
between the transmission parts and the emission parts,

wherein the bank layer is interposed between a layer of
the transparent anode and the reflective anode and a
stack of the first emission unit and the second emission
unit.

21. The display device according to claim 20, wherein the
first thin-film transistor and the second thin-film transistor
are overlapped with any one of the bank layer or the first
emission unit.

22. The display device of claim 19, wherein the display
device is mounted in a vehicle.

23. The display device according to claim 22, wherein the
first thin-film transistor and the second thin-film transistor
are configured to receive power from a battery provided in
the vehicle.

24. The display device according to claim 23, wherein the
display panel is configured to be attached to at least one of
a dashboard, a removable display, a head-up display device,
a front window, a room mirror, or a side mirror of the
vehicle.

25. A display device comprising:

a transparent substrate;

a first light emitting element, a second light emitting
element, and a third light emitting element on the
transparent substrate, the first light emitting element,
the second light emitting element, and the third light
emitting element including a first reflective electrode, a
second reflective electrode, and a third reflective elec-
trode, respectively, and a first light emitting layer, a
second light emitting layer, a third light emitting layer,
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respectively, on the first, second, and third reflective
electrodes, respectively; and

a fourth light emitting element on the transparent sub-
strate, the fourth light emitting element including a first
transparent electrode and the first light emitting layer
on the first transparent electrode.

26. The display device of claim 25, further comprising a
fifth light emitting element on the transparent substrate, the
fifth light emitting element including a second transparent
electrode and the second light emitting layer on the second
transparent electrode, the fourth and fifth light emitting
elements being separated by a scan line or a data line
therebetween.

27. The display device of claim 25, further comprising a
fifth light emitting element on the transparent substrate, the
fifth light emitting element including a second transparent
electrode and the second light emitting layer on the second
transparent electrode, the fourth and fifth light emitting
elements being surrounded by a pair of scan lines and a pair
of data lines.

28. The display device of claim 25, further comprising a
fifth light emitting element and a sixth light emitting element
on the transparent substrate, the fifth light emitting element
including a second transparent electrode and the second light
emitting layer on the second transparent electrode, and the
sixth light emitting element including a third transparent
electrode and the third light emitting layer on the third
transparent electrode, and wherein the fourth, the fifth, and
the sixth light emitting elements are surrounded by a pair of
scan lines and a pair of data lines.

18
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29. The display device of claim 25, wherein the fourth
light emitting element further comprises an optical compen-
sation layer.

30. The display device of claim 25, wherein each of the
first, the second, and the third light emitting elements
comprises an organic stack configured to emit white light
and further comprises a first color filter, a second color filter,
a third color filter each associated with the first, the second,
and the third light emitting elements, respectively, and

the fourth light emitting element comprises another

organic stack also configured to emit white light.

31. The display device of claim 25, further comprising:

a first transistor, a second transistor, and a third transistor

disposed on the transparent substrate so as not to
overlap with the transparent electrode of the fourth
light emitting element, wherein the first transistor, the
second transistor, and the third transistor are electri-
cally connected to the first light emitting element, the
second light emitting element, and the third light emit-
ting element, respectively; and

a fourth transistor disposed on the transparent substrate so

as not to overlap with the transparent electrode of the
fourth light emitting element, wherein the fourth tran-
sistor is electrically connected to the fourth light emit-
ting element.

32. The display device of claim 31, wherein the first to
fourth transistors are configured to receive power from a
battery provided in a vehicle, the display device being
attached to at least one of a dashboard, a removable display,
a head-up display device, a front window, a room mirror, or
a side mirror of the vehicle.
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